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ISHC 2017 Bus time tables

Informations on Bus Lines

At the conference registration desk you will get a free bus ticket (valid from Sunday —
Friday).

Please note: If you take the bus to the conference registration you have to buy a single ride
ticket. Bus tickets can be purchased at ticket machines and bus drivers in the buses.*

* The fine costs € 60 if a passenger ride without a valid ticket

Recommended Bus Lines

Inner city hotels

Altstadthotel am Pach Lines 6 and 11, bus stops Arnulfplatz,
Altstadthotel Arch Dachauplatz or Albertstrale
Bohemian Hotel

Brook Lane Hostel

Hotel am Peterstor

Hotel Bischofshof

Hotel David

Hotel Goliath

Hotel Miinchner Hof und Blauer Turm

Hotel Roter Hahn

Hotel Weidenhof

Hotel zum fréhlichen Tirken

Other hotels:
Atrium im Park Hotel: Line 8, bus stop Vilsstralle-Gewerbepark
change on Dachauplatz or Albertstralle to lines 6 or 11
IBIS Style Hotel: Line 12, bus stop Pfaffensteiner Briicke,
change on Dachauplatz or AlbertstralSe to lines 6 or 11
B&B Hotel, Mercure Hotel Line 11, bus stop Benzstrale
Hotel Wiendl Line 11, bus stop Oberer katholischer Friedhof
Hansa Apart Hotel or a 20 min. walk
St. Georg Business Hotel Mo-Fr: Line 2, bus stop Karl-Stieler-Str.
Line 2B: direct connection,
Line 2A: change on AlbertstaRe to line 6 or 11
or a 20 min. walk
Hotel Apollo A 15 min. walk, no bus
Youth hostel Line 8 or 12, bus stop Wohrdstralle

change on Dachauplatz or Albertstral3e to lines 6 or 11



ISHC 2017

Bus time tables

For up to date bus schedules we highly recommend the RVV app: http://www.rvv.de/app

Bus Time Tables Sunday evening

Line 6, Sun, Final Destination: Klinikum

Line 6, Sun, Final Dest.: Wernerwerkstralle

10-23
Arnulfsplatz 18 48
Dachauplatz 22 52
HBF/AlbertstralRe 30 00
Universitat 36 06

10-23
Universitat 20 50
HBF/Albertstrale 30 00
Dachauplatz 33 03
Arnulfsplatz 39 09

Line 11, Sun, Final Dest. Burgweinting - Herm.-
Hocherl-Strale

Line 11, Sun, Final Dest. Roter-Brach-Weg

10-23
Arnulfplatz 33
Dachauplatz 40
HBF/AlbertstralRe 45
Oberer kath. Friedhof 48
Universitat 51
Benzstralle 59

10-23
BenzstraRe 26
Universitat 35
Oberer kath. Friedhof 37
HBF/Albertstrale 42
Dachauplatz 48
Arnulfplatz 54

Line 12, Sun, Final Dest. Hauptbahnhof

Line 12, Sun, Final Dest. Pielenhofen

Pfaffensteiner Briicke 16:12 | 18:12 | 20:12 Hauptbahnhof 18:30 | 20:30 | 21:30 | 22:30
WohrdstralRe 16:19 | 18:19 | 20:19 Dachauplatz 18:33 | 20:33 | 21:33 | 22:33
Dachauplatz 16:21 | 18:21 | 20:21 Wohrdstralle 18:35 | 20:35 | 21:35 | 22:35
Hauptbahnhof 16:25 | 18:25 | 20:25 Pfaffensteiner Briicke 18:43 | 20:43 | 21:43 | 22:43

Line 8, Sun, Final Dest. Hauptbahnhof (HBF)
10-23

VilsstraRe-Gewerbepark 30

WodhrdstraRRe 35

Dachauplatz 40

HBF/Albertstrale 42

‘ Line 8, Sun, Final Dest. Griinthal
19-23
HBF/AlbertstraRe 45
Dachauplatz 47
Wohrdstralle 51
Vilsstralle-Gewerbepark 58

Line 2, Sun, Final Dest. Gra}

Line 2, Sun, Final Dest. Schwabenstrale

9-23
HBF/AlbertstaRe 15 45
Dachauplatz 17 47
Arnulfsplatz 23 53
Karl-Stieler-StralRe 34 04

9-18 19-23
Karl-Stieler-StralRe 07 37 09 39
Arnulfsplatz 19 49 19 49
Dachauplatz 25 55 25 55
HBF/AlbertstaRe 27 57 27 57
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Bus Time Tables Monday - Friday

Bus time tables

Line 12, Mo-Fr, Final Destination Hauptbahnhof (HBf)

7 8 9-13 14 | 15-19 20
Pfaffensteiner Briicke 15 | 14 | 04 14 | 04 09
Wohrdstralle 23 22 12 22 12 17
Dachauplatz 25 | 24 | 14 24 | 14 19
Hauptbahnhof 30 | 29 | 19 29 | 19 24

Line 12, Mo-Fr, Final Destination Pielenhofen / Heitzenhofen

8-11 12 13-17 18-20 22
Hauptbahnhof 30 30 | 30 40 40
Dachauplatz 33 33 | 33 43 42
Wohrdstralle 35 38 | 37 45 44
Pfaffensteiner Briicke 45 48 | 45 55 52

Line 6, Mo-Fr, Final Destination: Klinikum
7-17 18 19 20-22 23

Arnulfsplatz 11 26 41 56 11 26 46 06 26 49 19 49 19 49
Dachauplatz 19 [34 |49 |04 |19 |34 |54 |14 |34 |55 |25 |55 |25 |55
HBF/AlbertstraRe 23 |38 |53 |08 [23 |38 |58 |18 [38 |00 |30 [00 |30 |00
Universitat 30 |45 |00 |15 |30 |45 |05 |25 |45 |06 |36 |06 |36 |06
Line 6, Mo-Fr, Final Destination: Wernerwerkstral3e

7-18 19 20 21-23 0
Universitat 04 |19 |34 |49 |04 |21 |36 |51 |06 [21 |50 |20 |50
HBF/AlbertstraRe 13 |28 |43 |58 [13 |30 |45 |00 | -- 30 |00 |30 |00
Dachauplatz 16 |31 |46 |01 |16 |33 |48 |03 |- 33 |03 |33 |03
Arnulfsplatz 23 |38 |53 |08 [23 [40 |55 |10 | -- 40 |09 |39 |09
Line 11, Mo-Fr, Final Destination Burgweinting - Herm.-Hocherl-Stra3e

7-17 18 19 20 21-23
Arnulfplatz 12 |32 |52 |12 |32 |03 [33 |03 |34 |04 |34
Dachauplatz 20 |40 |00 |20 |40 |11 |41 |11 |40 |10 | 40
HBF/AlbertstraRe 24 |44 |04 |24 |44 |15 |45 |15 | 45 |15 | 45
Oberer kath. Friedhof 28 | 48 |08 |28 |48 |19 |49 |19 |48 |18 | 48
Universitat 31 |51 |11 |31 |51 |22 |52 |22 |51 [21 |51
BenzstraRe 40 |00 |20 |40 |00 |31 |01 |31 [59 |29 |59
Line 11, Mo-Fr, Final Destination Roter-Brach-Weg

8-17 18 19 20-22 23
BenzstraRe 11 |31 |51 |11 |31 |54 |24 |54 |27 |57 |27
Universitat 22 |42 |02 |22 |42 |05 |35 |05 |36 |06 |36
Oberer kath. Friedhof 24 | 44 |04 |24 |44 |07 |37 |07 |38 |08 |38
HBF/AlbertstraRe 32 |52 |12 |32 |52 |12 |45 |15 | 45 |15 | 45
Dachauplatz 35 |55 |15 |35 |55 |15 |48 |18 | 48 | 18 | 48
Arnulfplatz 42 |02 |22 |42 |02 |22 |55 |25 |54 |24 |54



ISHC 2017 Bus time tables

Line 8, Mo-Fr, Final Destination AlbertstraRe/HBF

7 8-17 18 19 | 20 21-23
VilsstraRe-Gewerbepark 03 23 | 43 03 23 43 03 23 43 30 | 00 30 | 30
Dachauplatz 14 |34 |54 |14 |34 |54 |14 |34 |54 |41 |11 |39 |39
HBF/AlbertstraRe 16 |36 |56 |16 |36 |56 |16 |36 |56 |43 |13 |42 | 42

Line 8, Mo-Fr, Final Destination Griinthal

7-12 13 14-19 20 21-23
HBF/AlbertstraRe 10 30 50 10 30 50 10 30 50 15 45 45
Dachauplatz 12 32 52 12 32 52 12 32 52 16 47 47
VilsstraRe-Gewerbepark 23 43 03 23 43 03 23 | 43 03 24 58 58

Line 2B, Mo-Fr, direct connection from/to University

Final Destination Karl-Stieler-Str. Final Destination Schwabenstralie
7-18 19 7-18

Universitat 10 | 40 | 10 Karl-Stieler-StraRRe 19 | 49

Karl-Stieler-StralRe 15 | 45 15 Universitat 23 53

Line 2A / 2B, Mo-Fr, Final Destination Karl-Stieler-Str. /GraR

8-14 15-18 19-23
HBF/AlbertstaRe 04 |19 [34 [49 |04 |19 [34 |15 |45
Dachauplatz 06 |21 [36 |17 |06 |21 |36 |17 |47
Arnulfsplatz 13 |28 [43 |58 |13 |28 |43 |23 |53
Karl-Stieler-StraRe 26 |45 |56 |15 |26 |45 |56 |04 | 34

Line 2A / 2B, Mo-Fr, Final Destination SchwabenstraRe

8-14 15-18 19 20-23
Karl-Stieler-StraRe 07 19 37 49 07 19 37 49 06 36 06 39
Arnulfsplatz 19 (34 (49 |04 |19 |34 |49 |04 |18 |48 |18 | 49
Dachauplatz 26 |41 |56 |11 |26 |41 |56 |11 |25 |55 |25 |55
HBF/AlbertstaRe 30 |45 |00 [15 |30 |45 |00 |15 |29 [59 |29 |57

Platform map HBF/AlbertstraBe

Line Direction Platform
2 SchwabenstraRe B
2 Karl-Stieler-Strafie F
6 Wernerwerkstralle C
6 Universitat — Klinikum | LA LB ) LC)
8 Grinthal G HBF / Albertstralie
11 Roter-Brach-Weg C
11 Burgweinting /Hermann- | Ltil) (el LEJ
Hocherl-Str. B g
12 Pielenhofen 3 E g
8
-
Bahnhofstrale §
Haqplbah_nhof / e
. Train Station -
More Information at www.rvv.de, RVV app and 3

information desk



ISHC 2017

Sunday, Sep 3
17:00 — 18:30 Central Lecture Hall Building
Conference Registration

18:30—-21:00

Monday, Sep 4

7:30-9:00 Conference Registration

8:45-9:00 Audimax

Conference Opening
9:00 - 10:55 Plenary Lecture 1 Audimax
Benjamin List

10:00-10:30  Coffee Break

10:30 — 11:25 Plenary Lecture 2 Audimax
Christina Nevado

11:30 - 12:25 Plenary Lecture 3 Audimax
John Sutherland

12:30-14:00 = Lunch

Central Lecture Hall Building

Reception

Conference Schedule



ISHC 2017
Monday, Sep 4 (continued)
14:00 — 14:40 Invited Lecture Al Audimax
Corey Stephenson
14:40 — 15:20 Invited Lecture A2 Audimax
Lutz Ackermann
15:20 — 15:40 Oral Presentation Al Audimax
Alan Aitken
15:40 - 16:20 Coffee Break — THIEME SOS
16:20 — 16:40 Oral Presentation A2 Audimax
Mitsuru Kitamura
16:40-17:00 Oral Presentation A3 Audimax
Antonio C.B. Burtoloso
17:00-17:20 Oral Presentation A4 Audimax
Richard Bunce
17:25 — 18:05 Invited Lecture A3 Audimax
Mike Doyle
17:25 -18:05

Invited Lecture B1

Daniel Gryko

Invited Lecture B2

Michail Hocek

Oral Presentation B1

Shigeru Arai

Oral Presentation B2

Yongwen Jiang

Oral Presentation B3

Tetsuhiro Nemoto

Oral Presentation B4

Tun-Cheng Chien

Invited Lecture B3

Wenjun Tang

H2

H2

H2

H2

H2

H2

H2

Invited Lecture C1

Olga Garcia-Mancheno

Invited Lecture C2

Shuji Akai

Oral Presentation C1

Vakhid Mamedov

Oral Presentation C2

Stefan Kirsch

Oral Presentation C3

Jurij Svete

Oral Presentation C4

Leonid Voskessesnky

Oral Presentation E1

Jonathan Sperry

Oral Presentation E2

Andrea Penoni

H3

H3

H3

H3

H3

H3

H3

H3

Oral Presentation D1

Conference Schedule

H4

Fabio Marinelli

Oral Presentation D2

H4

Mitsuhiro Arisawa

Oral Presentation D3

H4

Hiroyuki Suga

Oral Presentation D4

H4

Rodney Fernandes



ISHC 2017 Conference Schedule

Tuesday, Sep 5
7:30-9:00 Conference Registration
9:00 - 9:55 Plenary Lecture 4 Audimax

Alois Flirstner

MOLECULES LECTURE

10:00 —10:30 = Coffee Break

10:30 - 11:25 Plenary Lecture 5 Audimax

Karl Anker Jgrgensen

11:30 - 12:25 Plenary Lecture 6 Audimax

Sarah Reisman

12:30-14:00  Lunch

14:00 — 14:40 Invited Lecture A4 Audimax Invited Lecture B4 H2 Invited Lecture C4 H3
Nicolai Cramer Sergii Pazenok Jan Deska
14:40 — 15:20 Invited Lecture A5 Audimax Invited Lecture B5 H2 Invited Lecture C5 H3
John Bower Benjamin Sherry C. Oliver Kappe
15:20 — 15:40 Oral Presentation A5 Audimax Oral Presentation B5 H2 Oral Presentation C5 H3 Oral Presentation D5 H4
Dorota Gryko Andreas Brunschweiger Suguru Yoshida Adrian Dobbs

15:40 —16:20 = Coffee Break



ISHC 2017 Conference Schedule

Tuesday, Sep 5 (continued)

15:40-16:20 = Coffee Break

16:20 — 16:40 Oral Presentation A6 Audimax Oral Presentation B6 H2 Oral Presentation C6 H3 Oral Presentation D6 H4
Till Opatz Keiichi Hirano Przemyslaw Boratynski Artur Silva
16:45 — 17:25 Invited Lecture A6 Audimax Invited Lecture B6 H2
Akkattu Biju Guanglin Luo
17:30-18:00 Audimax H2
Flash Presentation TUE 1 Flash Presentation TUE 2
18:00 - 20:30 .
Poster Session TUE

10



ISHC 2017 Conference Schedule

Wednesday, Sep 6
7:30-9:00 Conference Registration
9:00 - 9:55 Plenary Lecture 7 Audimax

Christopher Vanderwal

10:00 —10:30 = Coffee Break

10:30 - 11:25 Plenary Lecture 8 Audimax
Karl Scheidt
11:30-12:10 Invited Lecture A7 Audimax Invited Lecture B7 H2
Mimi Hii Peter J. Stang
12:15-12:35 Oral Presentation A7 Audimax Oral Presentation B7 H2 Oral Presentation C7 H3 Oral Presentation D7 H4
Takashi Otani Simona Rizzo Craig Francis Malose Jack Mphahlele

12:40-14:00 = Lunch

14:00 — 14:40 Invited Lecture A8 Audimax Invited Lecture B8 H2
Martin Eastgate Keisuke Suzuki
14:40 — 15:20 Invited Lecture A9 Audimax Invited Lecture B9 H2
Peter Meier Jeffrey Aube
15:20 — 15:40 Oral Presentation A8 Audimax Oral Presentation B8 H2 Oral Presentation C8 H3 Oral Presentation D8 H4
Hidetoshi Tokuyama Kiyosei Takasu Tonis Kanger Vasiliy Bakulev

11



ISHC 2017 Conference Schedule

Wednesday, Sep 6 (continued)

15:40-16:20 = Coffee Break

16:20 — 16:40 Oral Presentation A9 Audimax Oral Presentation B9 H2 Oral Presentation C9 H3 Oral Presentation D9 H4

Donatella Giomi Daniel B. Werz Lwiza Chouguiat Saeed Balalaie
16:45 — 17:25 Invited Lecture A10 Audimax Invited Lecture B10 H2

Peter Maienfisch Pauline Chiu
17:30-18:00 Audimax H2

Flash Presentation WED 1 Flash Presentation WED 2
18:00 - 20:30 .
Poster Session WED

12



ISHC 2017 Conference Schedule

Thursday, Sep 7
7:30-9:00 Conference Registration
9:00 - 9:55 Plenary Lecture 9 Audimax

Ilhyong Ryu

10:00 —10:30 = Coffee Break

10:30 - 11:10 Invited Lecture A1l Audimax Invited Lecture B11 H2
Burkhard Konig Mélanie Etheve-Quelquejeu

11:10 - 11:50 Invited Lecture A12 Audimax Invited Lecture B12 H2
Wen-Jing Xiao Ivone Carvalho

11:50 - 12:20 Invited Lecture A13 Audimax Invited Lecture B13 H2
Kirsten Zeitler Ullrich Jahn

12:30-13:50 = Lunch

Minisymposium Photocatalysis

14:00 -17:00
Sight seeing tours: 13:00 - 18:00 H4
Boat trip to Walhalla (see separate program)
or City tour Regensburg
or Thurn&Taxis palais
19:30 —-22:00

Conference Dinner
Restaurant St. Erhard, Kolpinghaus, Adolph-Kolping-StralSe 1
Bus stop Dachauplatz

13



ISHC 2017 Conference Schedule

Friday, Sep 8
9:00 - 9:55 Plenary Lecture 10 Audimax
Yasuyuki Kita
10:00 — 10:55 Plenary Lecture 11 Audimax
Huw M.L. Davies
11:00-11:20 Audimax
Closing Remarks

11:30-13:00 Lunch

14
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Conference Schedule

Program of the 30™ seminar day GRK >~
1626 »
September 7", 2017 Chemical
Photocatalysis
Minisymposium Photocatalysis
September 7" (lecture hall H4, University of Regensburg)
time topic Speaker
13:00-13:10 Opening remarks Burkhard Koénig
Chair Session | Andreas Graml
13:10-13:40 Talk 1 Leyre Marzo
13:40-14:00 Talk 2 Ethienne Brachet
14:00 -15:00 Tutorial Wen-Jing Xiao
15:00-15:30 Coffee break
Chair Session 11 Simon Dusel
15:30-15:50 Talk 3 Qing-Yuan Meng
15:10-16:30 Talk 4 Kirsten Zeitler
16:30-16:50 Talk 5 Indrajit Ghosh
17:00-18:00 Tutorial Ilhyong Ryu

15
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ISHC 2017 Plenary Lectures

Plenary Speaker

Davies, Huw M.L., Emory University PL11

C-H Functionalization with Carbenes Derived from N-Sulfonyltriazoles

Flrstner, Alois, Max-Planck-Institut fiir Kohlenforschung MOLECULES LECTURE PL4

Heterocycle Synthesis via m-Acid Catalysis

Jorgensen, Karl Anker, Aarhus University PL5

Organocatalysis for the Construction of Chiral Heterocyclc Compounds

Kita, Yasuyuki, Ritsumeikan University PL10
Metal-Free Oxidative Coupling Reactions Using Hypervalent lodine
Reagents

List, Benjamin, Max-Planck-Institut fiir Kohlenforschung PL1

A New Concept for Asymmetric Lewis Acid Catalysis

Nevado, Cristina, University of Zurich PL2

On mechanistic puzzles in metal catalyzed reactions

Reisman, Sarah, California Institute of Technology PL6

Necessity is the Mother of Invention: Natural Products and the Chemistry
They Inspire

Ryu, llhyong, Osaka Prefecture University PL9

Cooperative Radical/Polar Annulation Approach to Nitrogen-Heterocycles

Scheidt, Karl A., Northwestern University PL8

Cooperative Catalysis for Chemical Synthesis

Sutherland, John, Medical Research Council PL3

Origins of Life Systems Chemistry

Vanderwal, Christopher, University of California, Irvine PL7

Synthesis and Biological Evaluation of the Lissoclimide Cytotoxins

17



ISHC 2017 Plenary Lectures 1

ISHC 2017 Abstract (A New Concept for Asymmetric Lewis Acid Catalysis)

Prof. Dr. Benjamin List*
Max-Planck-Institut fir Kohlenforschung, Milheim an der Ruhr, Germany

As a fundamental activation mode, Lewis acid catalysis enables key reactions in chemical synthesis,
such as the Diels—Alder and Friedel-Crafts reactions, and various aldol, Mannich, and Michael
reactions. Consequently, substantial efforts have been directed towards the development of
enantiopure Lewis acids, which have enabled important asymmetric variations of such reactions.
Despite the plethora of elegant catalysts and methodologies developed in this context, a key
limitation of enantioselective Lewis acid catalysis is the frequent need for relatively high catalyst
loadings, which result from issues such as insufficient Lewis acidity, product inhibition, hydrolytic
instability, and background catalysis.

We have recently developed in situ silylated disulfonimide-based organocatalysts, which address
some of these problems in highly enantioselective Mukaiyama-type reactions involving silicon-
containing nucleophiles with unprecedentedly low catalyst loadings. As an example of asymmetric
counteranion-directed catalysis (ACDC), these reactions proceed via silylation of an electrophile,
generating a cationic reactive species that ion-pairs with an enantiopure counteranion and reacts
with a silylated nucleophile. We became interested in expanding this “silylium-ACDC” approach
to, in principle, all types of Lewis acid catalyzed reactions, including those that do not involve
silylated reagents. In my presentation, | will discuss how the concept evolved from our studies on
ACDC. | will furthermore describe its first realization with the development of extremely active
organic Lewis acid catalysts that enable new approaches to heterocycles and asymmetric versions of
highly challenging Diels—Alder reactions.

AN | / Contact

Si lon Pai
Substrate | + onral
\/* Substrate
X*~
e
—Si—-X*
/
NIV
Si
| +
Product* Product
X*~
Silylium-

Asymmetric Counteranion Directed Catalysis
(Si-ACDC)

18



ISHC 2017 Plenary Lectures 2

On mechanistic puzzles in metal catalyzed reactions

Andrés Garcia-Dominguez, Wei Shu, Zhaodong Li and Cristina Nevado*
University of Zurich, Department of Chemistry. Winterthurerstrasse 190, 8057 Zurich (Switzerland)
E-mail: cristina.nevado@chem.uzh.ch;

Intermolecular processes involving formation of new C-C bonds across multiple bonds are in

high demand as they provide a fast access to complex molecules from readily available

]

substrates."! Our efforts towards the development of metal catalyzed multicomponent

[2]

dicarbofunctionalizations of alkynes and alkenes™ as well as on the utilization of 1,n-H

migration processes[3] to build up molecular complexity will be presented. The mechanistic
lessons underpinning these transformations, most of which proceed via metal-catalyzed single

electron transfer processes, will be discussed.

REFERENCES:

[1] a) E. Negishi, Z. Huang, G. Wang, S. Mohan, C. Wang, H. Hattori, Acc. Chem. Res. 2008,
41, 1474; b) A. B. Flynn, W. W. Ogilvie, Chem. Rev. 2007, 107, 4698; c) M. lhara, K. Fukumoto,
Angew. Chem. Int. Ed. 1993, 32, 1010; d) M. J. Chapdelaine, M. Hulce Org. React. 1990, 38,
225.

[2] a) Z. Li, A. Garcia-Dominguez, C. Nevado, J. Am. Chem. Soc. 2015, 137, 11610; b) Z. Li, A.
Garcia-Dominguez, C. Nevado, Angew. Chem. Int. Ed. 2016, 55, 6938; c) A. Garcia
Dominguez, Z. Li, C. Nevado. J. Am. Chem. Soc. 2017, 10.1021/jacs.7b03195.

[3] a) W. Shu, A. Lorente, E. Gémez-Bengoa, C. Nevado, Nature Commun. 2017, 8, 13832; b)
W. Shu, C. Nevado, Angew. Chem. Int. Ed. 2017, 56, 1881; c) W. Shu, C. Nevado, Angew.
Chem. Int. Ed. 2017, ASAP.
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ISHC 2017 Plenary Lectures 3

Origins of Life Systems Chemistry

John D. Sutherland*
MRC Laboratory of Molecular Biology, Cambridge UK

By reconciling previously conflicting views about the origin of life — in which one or other cellular
subsystem precedes, and then ‘invents’ the others — we suggested a new modus operandi for its
study. Guided by this, we uncovered a cyanosulfidic protometabolism which uses UV light and the
stoichiometric reducing power of hydrogen sulfide to convert hydrogen cyanide, and a couple of
other prebiotic feedstock molecules which can be derived therefrom, into nucleic acid, peptide and
lipid building blocks. We are now considering the transition of systems from the inanimate to the
animate state through intermediate stages of partial ‘aliveness’, and recent progress in the
elaboration of building blocks into larger (oligomeric) molecules and systems in this context will
also be described.

[1] Patel, B.H. et al. Nature Chem. 2015, 7, 301~307.
[2] Sutherland, J.D. Angew. Chem. Int. Ed. 2016, 55, 104~121.

20



ISHC 2017 Plenary Lectures 4

MOLECULES LECTURE

Heterocycle Synthesis via n-Acid Catalysis

Alois Furstner
Max-Planck-Institut flr Kohlenforschung, D-45470 Mulheim/Ruhr (Germany)
Email: fuerstner@kofo.mpg.de

A significant part of traditional heterocycle synthesis relies on carbonyl condensation reactions.
Although the primacy of this chemistry is undisputed, it is worthwhile and necessary to contemplate
possible alternatives. Since the C-atom of a carbonyl compound has formally the same oxidation
state as that of an alkyne, any method that renders a triple bond susceptible to attack by a
heteroatom nucleophile potentially opens orthogonal gateways.

It is in this context that the advent of w-acid catalysis in general and gold catalysis in particular have
had a major impact. After a short discussion of the reasons for the exponential growth of this
research area since the turn of the millennium, a few specific case studies will be outlined that are
meant to illustrate the power of the concept [1]. Emphasis will be put on applications to the total
synthesis of structurally complex heterocyclic targets of biological significance [2-6].

[1] A. Furstner, Acc. Chem. Res. 2014, 47, 925.

[2] K. Gebauer, A. Furstner, Angew. Chem. Int. Ed. 2014, 53, 6393.

[3] L. Hoffmeister, T. Fukuda, G. Pototschnig, A. Furstner, Chem. Eur. J. 2015, 21, 4529.

[4] A. Ahlers, T. de Haro, B. Gabor, A. Firstner, Angew. Chem. Int. Ed. 2016, 55, 1406

[5] C.-X. Zhuo, A. Furstner, Angew. Chem. Int. Ed. 2016, 55, 6051.

[6] J. Preindl, S. Schulthoff, C. Wirtz, J. Lingnau, A. Firstner, Angew. Chem. Int. Ed. 2017, in press
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Organocatalysis for the Construction of Chiral Heterocyclc Compounds
Karl Anker Jgrgensen
Department of Chemistry, Aarhus University, DK-8000 Aarhus C, Denmark
The lecture will demonstrate how organocatalysis has opened new avenues for the construction of
chiral heterocyclic compounds.
Based on the activation of carbonyl compounds by primary and secondary amine catalysts it will be

shown how various heterocyclic compounds, ranging from small to large ring-systems, can be
constructed based on e.g. cycloaddition reactions.
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Necessity is the Mother of Invention: Natural Products and the Chemistry They Inspire

Sarah E. Reisman
California Institute of Technology
Division of Chemistry and Chemical Engineering
1200 E. California Blvd, MC 101-20, Pasadena CA 91125
reisman@caltech.edu

Abstract:

The chemical synthesis of natural products provides an exciting platform from which to
conduct fundamental research in chemistry and biology. Our group is currently pursuing
the synthesis of a number of structurally complex natural products, including the
diterpenoids ryanodine and talatisamine, as well as the antibiotic pleuromutilin. The
densely-packed arrays of heteroatoms and stereogenic centers that constitute these
polycyclic targets challenge the limits of current technology and inspire the development
of new synthetic strategies and tactics. This seminar will describe the latest progress in our
methodological and target-directed synthesis endeavors.
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Synthesis and Biological Evaluation of the Lissoclimide Cytotoxins

Christopher D. Vanderwal*
Department of Chemistry, University of California, Irvine, CA 92697-2025, USA

The lissoclimides are a family of labdane diterpenoids bearing an unusual succinimide
motif, many of which were reported to have potent cytotoxic activity against representative
mammalian cancer cell lines. Until recently, none of the 20+ natural products in this family have

been made my chemical synthesis.
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Our short semi-synthesis from sclareolide and our complementary analogue-oriented
synthesis approach have provided a series of lissoclimide natural products and analogues that
permitted expansion of the structure-activity relationships (SAR) in this family. The semi-synthesis
approach yielded significant quantities of chlorolissoclimide that allowed us to obtain an X-ray co-
crystal structure of the synthetic secondary metabolite with the eukaryotic 80S ribosome. While it
shares a binding site with other imide-based natural product translation inhibitors, a particularly
interesting and apparently novel attractive face-on halogen-m interaction between
chlorolissoclimide’s alkyl chloride and a guanine residue surfaced from this study. Our analogue-
oriented synthesis supplemented our array of lissoclimide compounds, many of which were tested
against aggressive human cancer cell lines, and whose cytotoxicity was correlated to their protein
synthesis inhibitory activity. Computational modeling was used to explain the SAR of certain key
compounds, setting the stage for structure-guided design of better translation inhibitors.

Finally, our efforts to synthesize the most potent known lissoclimide, haterumaimide J, led
to the exploration of an underappreciated mode of cationic polycyclization, which is likely to have
value outside of this small family of secondary metabolites. Our most recent results in each of

these areas will be described.
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Cooperative Catalysis for Chemical Synthesis

Karl A. Scheidt*
Department of Chemistry, Northwestern University, Evanston, IL 60201 USA

N-heterocyclic carbenes (NHCs) have tremendous versatility as ligands for transition metals and as
highly selective organocatalysts. Our research program has pioneered the development of NHCs as
unique Lewis base catalysts for stereoselective C—C and C—N bond forming processes involving
unique homoenolate and enolate reactivity. These metal-free, catalytic reactions provide immense
opportunities for development and application in target synthesis. This presentation will describe
our recent discoveries in the area of cooperative catalysis and the applications to the synthesis of
medically relevant natural products.

Cooperative Organocatalysis
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innovative chemical reactivity * new reaction development
enabling strategies for synthesis

Acknowledgements: Financial support by the National Institutes of Health, National Institute of
General Medical Sciences (NIGMS R01 073072) is gratefully acknowledged.
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Cooperative Radical/Polar Annulation Approach to Nitrogen-Heterocycles

IIhyong Ryu
Department of Chemistry, Osaka Prefecture University, Sakai, Osaka 599-8531, Japan and
Department of Applied Chemistry National Chiao Tung University, Hshinchu, Taiwan

With a strong desire to develop radical carbonylation chemistry, we naturally focused our attention
on the key reactive intermediates acyl radicals. Acyl radicals have been regarded as nucleophilic
radicals towards electron-poor alkenes akin to vinyl radicals. However, deeming that acyl radicals
may act as pseudo-carbonyl compounds, we observed acyl radicals to behave as electrophilic
species, very unlike vinyl radicals. We reported that o,3-unsaturated acyl radicals, generated by the
addition of alkenyl radicals to CO, underwent N-philic radical cyclization onto the nitrogen of N-C
double bonds, providing a wuseful annulation method for the synthesis of lactams.[1]
Intermolecular [2+2+1] cycloaddition reaction of acetylenes, amidines or the related compounds,
and CO also proceeded well to give five membered o,f-unsaturated lactams (eq 1).[2] As an
application of catalyst-free carbonylation of aromatic iodides,[3] we found that acyl radicals were
successfully trapped by DBU, which gave ring-expanded N-heterocycles (eq 2).

o)
R N AIBN, BusSnH R1Q-R3 (1)
R ST ¥
R Y 6''6 R2
Y = Ar, NR,, OR

N
’d
wiveo o (X0
N 0
hv or A NH (2)
MeCN o

[1] (a) Tojino, M.; Otsuka, N.; Fukuyama, T.; Matsubara, H.; Ryu, I. J. Am. Chem. Soc. 2006,
128, 7712. (b) Kyne, S. H.; Lin, C. Y.; Ryu, L.; Coote, M. L.; Schiesser, C. H. Chem.
Commun. 2010, 46, 6521. (¢) Ryu, 1., Fukuyama, T., Tojino, M., Uenoyama, Y., Yonamine,
Y., Terasoma, N., Matsubara, H. Org. Biomol. Chem., 2011, 9, 3780. (d) Ueda, M.,
Uenoyama, Y., Terasoma, N., Doi, S., Kobayashi, S., Ryu, 1., Murphy, J. A. Beilstein J. Org.
Chem., 2013, 9, 1340.

[2] Fukuyama, T.; Nakashima, N.; Okada, T.; Ryu, L. J. Am. Chem. Soc. 2013, 135, 1006.

[3] Kawamoto, T.; Sato, A.; Ryu, I. Chem. Eur. J. 2015, 21, 14764.
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Metal-Free Oxidative Coupling Reactions Using Hypervalent lodine Reagents

Yasuyuki Kita
Research Organization of Science and Technology, Ritsumeikan University,
Kusatsu, Shiga, Japan/ Country Code

We started our hypervalent iodine research about 30 years ago in the mid-1980’s. We soon
successfully developed the single-elecron-transfer oxidation ability of a hypervalent iodine reagent,
specifically, phenyliodine(l11) bis(trifluoroacetate) (PIFA), toward aromatic rings of phenyl ethers
for forming aromatic cation radicals. This was one of the exciting and unexpected events in our
research studies so far, and the discovery was reported in 1991. It also led to the next challenge,
developing the metal-free oxidative coupling for C-H functionalizations and direct coupling
between the C-H bonds of valuable aromatic compounds. In general, the methods for reacting non-
activated aromatic substrates are known to have difficulty in achieving selective cross-biaryl-
couplings because of the over-oxidation of the products and competitive homodimer formations by
undesired coupling between the same aryl substrates. We have pioneered a number of new metal-
free oxidative aromatic coupling methods for providing several types of mixed biaryls in high
yields with perfect cross-coupling selectivities. They are classified into two types of aromatic ring
activation modes based on the pattern of the reaction mechanisms, which involve i) the aromatic
cation radicals and ii) diaryliodonium salts. [1]

Ar; heteroaryl, aryl Metal-Free C-H Cross-Coupling
R', R% anilines, phenols

1 ) Hypervalent lodine(lll) ] , X
R R Reagent R _R? | R G
R—
“ & ) "
X=8,NR' @

X =NR', OH

These oxidative coupling reactions were successfully applied to other biaryl compounds having
heteroatoms in and on the aromatic ring. [2]

In this lecture, 1 will explain about the background of our hypervalent iodine chemistry and then
recent progress in the field of metal-free oxidative cross-coupling reactions of aromatic compounds
having heteroatoms using hypervalent iodine(lll) reagents will be mainly presented.

[1] (a) Kita, Y.; Tohma, H.; Hatanaka, K.; Takada, T.; Fujita, S.; Mitoh, S.; Sakurai, H.; Oka, S.,
J. Am. Chem. Soc. 1994, 116, 3684~3691. (b) Kita, Y.; Morimoto, K.; Ito, M.; Ogawa, C.; Goto,
A.; Dohi, T., J. Am. Chem. Soc. 2009, 131, 1668~1669. (c) Kita, Y.; Dohi, T., Chem. Rec. 2015,
15, 886~906.

[2] (a) Morimoto, K.; Sakamoto, K.; Ohshika, T.; Dohi, T.; Kita, Y. Angew. Chem. Int. Ed. Engl.
2016, 55, 3652~3656. (b) Morimoto, K.; Dohi, T.; Kita, Y., Synlett, 2017, in press.
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C-H Functionalization with Carbenes Derived from N-Sulfonyltriazoles

Huw M. L. Davies*
Department of Chemistry, Emory University, Atlanta, GA 30322, USA

N-Sulfonyltriazoles have been widely explored in recent years as precursors to reactive
donor/acceptor carbene intermediates [1]. We have demonstrated that they can be used in
cyclopropanations [2] , 3+2 cycloadditions [3,4], 4+3 cycloadditions [5], cyclization to pyrroles [6],
and indole alkylations [7]. More recently, we have focused on applying the intermediates in site
selective and stereoselective C—H functionalization [8]. This presentation will highlight our recent
studies on expanding the scope of the C-H functionalization chemistry and some unusual
transformations that were discovered during these studies.

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

_ cyclopropanation
N’N‘N_ Rh(ll) Rh N 3+2 cycloaddition

~ /s )J\// ~Ts 4+3 cycloaddition
C-H functionalization

Davies, H. M. L.; Alford, J. S. Chem. Soc. Rev. 2014, 43, 5151-5162.

Alford, J. S.; Davies, H. M. L. Org. Lett. 2012, 14, 6020-6023.

Parr, B. T.; Green, S. A.; Davies, H. M. L. J. Am. Chem. Soc. 2013, 135, 4716-4718.
Spangler, J. E.; Davies, H. M. L., J. Am. Chem. Soc. 2013, 135, 6802-6805.

Alford, J. S.; Spangler, J. E.; Davies, H. M. L., J. Am. Chem. Soc., 2013, 135, 11712-11715.
Parr, B. T.; Davies, H. M. L., Angew. Chem. Int. Ed. 2013, 52, 10044-10047.

Alford, J. S.; Davies, H. M. L., J. Am. Chem. Soc. 2014, 136, 10266-10269.

Kubiak, R. W.; Mighion, J. D.; Wilkerson-Hill, S. M.; Alford, J. S.; Yoshidomi, T.; Davies,
H. M. L. Org. Lett. 2016, 18, 3118-3121
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Natural product synthesis leveraging persistent radicals

Corey Stephenson*
Department of Chemistry, University of Michigan, Ann Arbor, MI, USA 48109

Single electron transfer (SET) processes — frequently utilized by Nature to activate its substrates —
significantly enhance the reactivity of organic molecules. These SET reactions provide facile access
neutral radicals — reactive intermediates that are particularly attractive for use in complex settings as
a consequence of their general lack of reactivity with polar functional groups. The use of redox
catalysis (e.g. photocatalysis and electrocatalysis) furthers the benefits of SET processes enabling
the reduction of stoichiometric waste byproducts and toxic or hazardous reagents compared with
classical approaches. The development of approaches to resveratrol derived natural products
involving the selective generation of persisten radical intermediates underpinned on practicality and
mechanistic understanding will be presented in this talk.>*?

R='Bu
or SiMe;

nepalensinol B

[1] Keylor, M. H.; Matsuura, B. S.; Griesser, M.; Chauvin, J.-P. R.; Harding, R. A.; Kirillova, M.
S.; Zhu, X.; Fischer, O. J.; Pratt, D. A.; Stephenson, C. R. J. Science 2016, 354, 1260.

[2] Matsuura, B. S.; Keylor, M. H.; Li, B.; Lin, Y.; Allison, S.; Pratt, D. A.; Stephenson, C. R. J.
Angew. Chem. Int. Ed. 2015, 54, 3754.

[3] Keylor, M. H.; Matsuura, B. S.; Stephenson, C. R. J. Chem. Rev. 2015, 115, 8976.
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Selectivity Control in C—H Activation

Lutz Ackermann*
Institute for Organic and Biomolecular Chemistry, Georg-August-University Gottingen, 37077
Gottingen, Germany

C—H activation has surfaced as a powerful platform in molecular synthesis, with transformative
applications to material sciences and drug discovery, among others! Thus, we have introduced
secondary phosphine oxides and carboxylates as additives for positional selective C—H arylations and
alkylations with versatile ruthenium(Il) complexes,? displaying complementary chemo- and site-
selectivities as compared to palladium,3 nickel,2°1 cobalt,* iron,d coppert®! or manganesel®"
catalysis. Detailed mechanistic insights into the working mode of the key C-H ruthenation step set
the stage for ruthenium(ll)-catalyzed twofold C—H bond functionalizations as well as step-
economical oxidative alkyne annulations.*®! The oxidative C—H bond functionalization strategy
proved broadly applicable and enabled, among others, ruthenium(ll)-catalyzed oxygenations,
nitrogenations, cyanations and halogenations, as well as meta-and para-selective arene

diversification.®!
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[1] (8) Zhu, R.-Y.; Farmer, M. E.; Chen, Y.-Q.; Yu, J.-Q., Angew. Chem. Int. Ed. 2016, 55, 10578-10599. (b) Daugulis, O.; Roane, J.; Tran, L. D., Acc.
Chem. Res. 2015, 48, 1053-1064. (c) Ackermann, L.; Vicente, R.; Kapdi, A. Angew. Chem. Int. Ed. 2009, 48, 9792-9826.

[2] Ackermann, L. Chem. Rev. 2011, 111, 1315-1345.

[3] Representative examples: (a) Ackermann, L.; Althammer, A.; Fenner, S. Angew. Chem. Int. Ed. 2009, 48, 201-204. (b) Song, W.; Lackner, S.;
Ackermann, L. Angew. Chem. Int. Ed. 2014, 53, 2477-2480. (c) Li, J.; Ackermann, L. Angew. Chem. Int. Ed. 2015, 54, 8551-8554. (d) Gu, Q.; Al
Mamari, H. H.; Graczyk, K.; Diers, E.; Ackermann, L. Angew. Chem. Int. Ed. 2014, 53, 3868-3871. (e) Yang, F.; Koeller, J.; Ackermann, L., Angew.
Chem. Int. Ed. 2016, 55, 4759-4762. (f) Ruan, Z.; Sauermann, N.; Manoni, E.; Ackermann, L., Angew. Chem. Int. Ed. 2017, 56, 3172-3176.

[4] (a) Warratz, S.; Kornhaal}, C.; Cajaraville, A.; Niepdtter, B.; Stalke, D.; Ackermann, L., Angew. Chem. Int. Ed. 2015, 54, 5513-5517. (b)
Ackermann, L. Acc. Chem. Res. 2014, 47, 281-295

[5] Bechtoldt, A.; Tirler, C.; Raghuvanshi, K.; Warratz, S.; KornhaaR3, C.; Ackermann, L., Angew. Chem. Int. Ed. 2016, 55, 264-267.

[6] (@) Ruan, Z.; Zhang, S.-K.; Zhu, C.; Ruth, P. N.; Stalke, D.; Ackermann, L., Angew. Chem. Int. Ed. 2017, 56, 2045-2049. (b) Li, J.; Warratz, S.;
Zell, D.; De Sarkar, S.; Ishikawa, E. E.; Ackermann, L. J. Am. Chem. Soc. 2015, 137, 13894-13901.
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New Constructions of Heterocycles and Carbocycles by Cycloaddition from
Metallo-enolcarbenes

Michael P. Doyle, Yongming Deng, and Qing-Qing Cheng
Department of Chemistry, University of Texas at San Antonio, San Antonio, Texas 78249, USA

Enoldiazo compounds have proven to be one of the most versatile reagents for
cycloaddition reactions in highly efficient constructions of various carbocycles and
heterocycles. They have enormous flexibility in their chemical reactions for
cycloaddition reactions of metal carbene intermediates. Applications of [3+3]-,
[3+2]-, and [3+1]-cycloaddition reactions for highly selective asymmetric synthesis
include dihydrooxazines, pyrazolidinones, quinolizidines, tetrahydropyridazines,
cyclopentane amino acids, cyclobutenes and azacyclobutenes. Enoldiazoacetates and
enoldiazoacetamides are stable at room temperature and below for weeks or months,
yet they undergo thermal dinitrogen extrusion at temperatures as low as 50°C to
quantitatively form donor-acceptor cyclopropenes that are precursors to the same
metalloenolcarbenes that are formed from the corresponding enoldiazo compounds.
These donor-acceptor cyclopropenes are themselves highly reactive dipolarophiles or
dienophiles that form bi- or tricyclic structures which are subject to further
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Xu, X.; Doyle, M. P. Acc. Chem. Res. 2014, 47, 1396-1405.
Cheng, Q.-Q.; Doyle, M. P. in Adv. Organometal. Chem., Vol. 66 Perez, P. J., Ed.,
Elsevier Limited. Oxford, United Kingdom, 2016. Chapter 1, pg. 1-26.
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The Quest for Efficient Ligands in Asymmetric C-H Functionalizations

N. Cramer*
Laboratory of Asymmetric Catalysis and Synthesis, EPFL SB ISIC LCSA, BCH 4305, CH-1015
Lausanne / CH

Reactions involving the selective activation and subsequent functionalization of C-H bonds have a
high synthetic potential because of their economic and ecological benefits. Despite significant
progress in addressing reactivity and selectivity issues, as well as refining mechanistic
understanding of the different pathways, catalytic enantioselective transformations remain largely
underdeveloped. Often harsh conditions, the use of uncommon ligand systems or bar metal salts as
catalysts have hampered developments in this area. Therefore, the design and development of
efficient ligand systems is critical to the success these transformations. The presentation will focus
on our recent developments of activating enantiotopic C(sp®)-H bonds using Pd(0)-catalysts.[1] The
utility and versatility of chiral cyclopentadienyls as enabling ligands for a variety of late transition-
metals for enantioselective C-H activations will be discussed, showcasing the use of these
techniques for a streamlined access to relevant small molecules.[2]
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[1] a) T. Saget, S. Lémouzy, N. Cramer, Angew. Chem. Int. Ed. 2012, 51, 2238; b) J. Pedroni, N.
Cramer, Chem. Commun. 2015, 51, 17647; ¢) 3.  J. Pedroni, T. Saget, P. A. Donets, N. Cramer,
Chem. Sci. 2015, 6, 5164.

[2] ) B. Ye, N. Cramer, Science 2012, 338, 504; b) B. Ye, N. Cramer, Acc. Chem. Res. 2015, 48,
1308; c) C. G. Newton, D. Kossler, N. Cramer, J. Am. Chem. Soc. 2016, 138, 3935.
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Catalytic Chirality Generation: New Strategies for N-Heterocyclic Chemistry

John F. Bower*
School of Chemistry, University of Bristol, Bristol, BS8 1TS, United Kingdom.

Our research programme is focussed upon the development of new catalysis platforms that enable
direct access to medicinally valuable chiral scaffolds. Recently, we outlined a metal-catalysed
(3+1+2) carbonylative cycloaddition strategy for the synthesis of complex nitrogen containing
scaffolds (Scheme 1A).[1] The key metallacyclic intermediates are generated by Rh-catalysed
carbonylative ring expansion of readily available amino-substituted cyclopropanes. To control the
regioselectivity of this process we have developed a directing group strategy, which takes advantage
of the N-protecting group (Scheme 1B). This approach controls (a) the regioselectivity of oxidative
addition (into the more hindered cyclopropane C-C bond) and (b) the regioselectivity of CO
insertion. Mechanistic aspects of this process will be discussed and prototypical catalytic processes
that involve trapping of the metallacyclic intermediate with tethered alkynes or alkenes will be
presented.[1-4]

(A) Multicomponent carbonylative ring expansions of aminocyclopropanes:
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Scheme 1

[1] Shaw, M. H.; Melikhova, E. Y.; Kloer, D. P.; Whittingham, W. G.; Bower, J. F.; J. Am. Chem.
Soc. 2013, 135, 4992-4995.

[2] Shaw, M. H.; McCreanor, N. G.; Whittingham, W. G.; Bower, J. F.; J. Am. Chem. Soc. 2015,
137, 463-468.

[3] Shaw, M. H.; Croft, R. A.; Whittingham, W. G.; Bower, J. F.; J. Am. Chem. Soc. 2015, 137,
8054-8057.

[4] Wang, G.-W.; McCreanor, N. G.; Shaw, M. H.; Whittingham, W. G.; Bower, J. F.; J. Am.
Chem. Soc. 2016, 138, 13501-13504.
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Sustainable N-Heterocyclic Carbene (NHC) Organocatalysis

Akkattu T. Biju*

Department of Organic Chemistry, Indian Institute of Science, Bangalore-560012
E-mail: atbiju@orgchem.iisc.ernet.in

Catalysis is a fundamentally sustainable process, which can be used to produce a wide range of

chemicals and their intermediates. Among the
various catalytic methods, N-heterocyclic carbene
(NHC)-catalyzed umpolung of aldehydes is
widely used for the unconventional access to
target molecules.™ In this context, we have
recently demonstrated, for the first time, the
NHC-catalyzed umpolung of imines for the
synthesis ~ of  2,3-disubstituted  indoles.?!
Moreover, NHC-catalysis is widely used for the
generation of  a,B-unsaturated acyl azoliums
followed by their interception with various
nucleophiles, the formal [3+3] annulation
reactions. In this area, recently we have reported
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the enantioselective NHC-catalyzed annulations for the synthesis of dihydropyranones,
dihydropyridinones, cyclopentenes, pyrazoles, spirocyclohexadienones and functionalized f-

lactones.’® The details of these works will be presented.

Selected References

1. For reviews, see: (a) Flanigan, D. M.; Romanov-Michailidis, F.; White, N. A. Rovis, T. Chem.
Rev. 2015, 115, 9307. (b) Enders, D.; Niemeier, O.; Henseler, A. Chem. Rev. 2007, 107, 5606.

2.
2017, 56, 2730.

Patra, A.; Mukherjee, S.; Das, T. K.; Jain, S.; Gonnade, R. G.; Biju, A. T. Angew. Chem., Int. Ed.

(@) Yetra, S. R.; Bhunia, A.; Patra, A.; Mane, M. V,; Vanka, K.; Biju, A. T. Adv. Synth. Catal.

2013, 355, 1089. (b) Yetra, S. R.; Kaicharla, T.; Kunte, S. S.; Gonnade, R. G.; Biju, A. T. Org.
Lett. 2013, 15, 5202. (c) Yetra, S. R.; Roy, T.; Bhunia, A.; Porwal, D.; Biju, A. T. J. Org. Chem.
2014, 79,4245. (d) Mondal, S.; Yetra, S. R.; Patra, A.; Kunte, S. S.; Gonnade, R. G.; Biju, A. T.
Chem. Commun.2014, 50, 14539. (e) Yetra, S. R.; Mondal, S.; Suresh, E. ; Biju, A. T. Org. Lett.
2015, 17, 1417. (f) Yetra, S. R.; Mondal, S.; Mukherjee, S.; Gonnade, R. G.; Biju, A. T. Angew.

Chem., Int. Ed. 2016, 55, 268.
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Heterocycles for heterocycles: Synthesis of highly-substituted oxazolines using pyridines and
N-heterocyclic carbenes

King Kuok (Mimi) Hii*
Department of Chemistry, Imperial College London, Exhibition Road, London SW7 2AZ, U.K.
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The KKH research group has a long-standing interest in heterofunctionalization reactions,
particularly the addition of O-H and N-H to unsaturated carbon-carbon moieties, using group 11
metal catalysts such as copper and silver.[1] Intramolecular variants of these reactions can offer
new routes to the synthesis of heterocyclic scaffolds.

In recent years, we have developed catalytic methodologies for the synthesis of highly-substituted
oxazolines/oxazoles, based on silver complexes. [2] The discovery of some of these synthetic routes
will be presented in this talk, including the synergistic effects between the nature of the heteroatoms
present in the acyclic precursor (Y and Z in the above scheme) and the electronic and steric
characteristics of the ligand (L), leading to the discovery of silver-NHC complexes as a novel class
of catalyst for these reactions.[3]

[1] J. G. Taylor, N. Whittall and K. K. Hii, Org. Lett. 2006, 8, 3561-3564; L. A. Adrio and K. K.
Hii, Chem. Commun. 2008, 2325-2327; J. L. Arbour, H. S. Rzepa, A. J. P. White and K. K. Hii,
Chem. Commun. 2009, 7125-7127; L. A. Adrio, L. S. Quek, J. G. Taylor and K. K. Hii,
Tetrahedron, 2009, 65, 10334-10338; L. A. Adrio and K. K. Hii, Eur. J. Org. Chem. 2011, 1852—
1857; J. L. Arbour, H. S. Rzepa, J. Contreras—Garcia, L. A. Adrio, E. M. Barreiro, and K. K. Hii,
Chem. Eur. J. 2012, 18, 11317-11324

[2] V. H. L. Wong, T. S. A. Hor and K. K. Hii, Chem. Commun. 2013, 49, 9272-9274; V. H. L.
Wong, A. J. P. White, T. S. A. Hor and K. K. Hii, Adv. Synth. Catal. 2015, 357, 2485-2491; V. H.
L Wong, A. J. P. White, T. S. A. Hor and K. K. Hii, Adv. Synth. Catal. 2015, 357, 3943-3948.

[3] V. H. L. Wong, S. V. C. Vummaleti, L. Cavallo, A. J. P. White, S. P. Nolan, and K. K. Hii,
Chem. Eur. J. 2016, 22, 13320-13327.
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Innovation in the Synthesis of Complex Pharmaceutical Compounds

Martin D. Eastgate
Chemical and Synthetic Development, Bristol-Myers Squibb, New Brunswick, NJ, USA

Modern pharmaceuticals are increasingly complex.! Todays clinical candidates often contain
challenging stereochemistry, difficult molecular architectures and uncommon heterocyclic
frameworks, wherein the disposition of ring heteroatoms produces unexpected reactivity patterns.
Developing safe, scalable and innovative approaches to these molecules, in the context of
increasingly short development timelines, requires an approach focused on creative chemical
solutions — those that have significant impact to efficiency, greenness and cost — so called
‘disruptive innovations’.?

This presentation will cover the strategies used to solve the synthetic challenges of molecules such
as the nitrogen-rich JAK2 inhibitor BMS-911543% and the HIV attachment inhibitor pro-drug,
Fostemsavir, BMS-663068.% The commercially viable routes invented for these molecules led to the
discovery of several new synthetic methods, such as a strategy for the regioselective synthesis of
1,4-disubstituted imidazoles,” the direct imidation of arenes® and the regioselective C2-halogenation
of nitrogen containing heterocycles’ — work which will be described in detail.
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[1] Li, J., Eastgate, M. D.; Org. Biomol. Chem., 2015, 13, 7164.

[2] Eastgate, M. D., Schmidt, M. A., Fandrick, K. R; Nature Reviews: Chemistry, 2017, 1, 16.

[3] Fitzgerald, M. A., Andujar-De Sanctis, 1., Soltani, O., Sklair, D., Zheng, B., Li, J., Albrecht, J.,
Eastgate, M. D.; J. Org. Chem., 2015, 80, 6001.

[4] Chen, K., Risatti, C., Bultman, M., Soumeillant, M., Simpson, J., Zheng, B., Fanfair, D.,
Mahoney, M., Mudryk, B., Fox, R., Xiao, Y., Murugesan, S., Conlon, D., Eastgate, M. D.; J. Org.
Chem., 2014, 79, 8757.

[5] Schmidt, M., Eastgate, M. D.; Org. Biomol. Chem., 2012, 10 (5), 1079.

[6] Foo, K., Sella, E., Thome, I., Eastgate, M. D., Baran, P. S.; J. Am. Chem. Soc., 2014, 136, 5279.
[7] Wengryniuk, S. E., Weickgenannt, A., Reiher, C., Strotman, N., Chen, K., Eastgate, M. D.,
Baran, P. S.; Org. Letters., 2013, 15, 4, 792.
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A Journey Through Heterocycles in Drug Discovery at Novartis

Peter Meier
Global Discovery Chemistry, Novartis Institutes for Biomedical Research, 4056 Basel, Switzerland

Heterocycles play a key role in drug discovery in the pharmaceutical industry. To cover the
structural and property space in a most effective manner for the discovery of new leads, different
strategies were applied for the selection of heterocycles and the scope of their variation. [1]
Numerous examples will demonstrate these endeavors and show that these methodologies evolved
over the years and led to the development of new concepts and technologies.

[1] P. Meier et al. Current Topics in Medicinal Chemistry 2005, 5, 397-411.
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Synthesis and Properties of novel Spiroindoline Insecticides

Peter Maienfisch
Syngenta Crop Protection AG, Crop Protection Research
CH-4002 Basel, Switzerland
Email: peter.maienfisch@syngenta.com

Increasing resistance risks, pest shifts and higher regulatory safety margins require further crop
protection research with the aim to discovery newer, safer and more effective products. In the last
two decades heterocycles have proven to be of tremendous value for the lead optimization of
pharmaceuticals and agrochemicals. Today, the vast majority of insecticides introduced to the
market bear at least one heterocyclic ring, and it is expected that this trend will continue.

Substituted spiro[indoline-3,4'-piperidine] compounds (spiroindolines) are a recently discovered
class of insecticides acting at the vesicular acetylcholine transporter (VAChHT) [1] and providing
excellent activity against lepidopteran pests. An initial research program resulted in the discovery of
the exploratory insecticide 1. Further optimization was undertaken to identify even more potent
compounds.
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As part of this program novel modification of the 2,8-diaza-spiro[4.5]dec-3-ene moiety were
investigated. The presentation will report on the synthetic methodology applied to the preparation of
the target compounds of types 2, 3, 4 and 5 as well as the biological activity and structure-activity
relationships of spiroindoline insecticides. Our work resulted in the identification of the acyclic
spiroindoline 4 (R'=CF;, R*=ClI, R3=Cl) - a compound with improved activity against lepidopteran
pests.

[1] A. Sluder, S. Shah, J. Cassayre, P. Maienfisch, et al., Spiroindolines identify the wvesicular
acetylcholine transporter as a novel target for insecticide action. PLoS One, 7, e34712, 2012
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Functionalization of 5- and 6-membered heteroarenes by visible light photocatalysis

I. Ghosh, L. Marzo, R. Shaikh, A. Graml, A. Berger, A. Das, and B. Kénig*
Faculty of Chemistry and Pharmacy, University of Regensburg, Regensburg/D

Light is a fascinating reagent for chemistry as it provides energy to drive reactions, but leaves no
trace. The Italian chemist Giacomo Ciamician discovered and promoted the use of visible light in
chemistry more than 100 years ago. In the last decade, photoredox catalysis has regained enormous
interest. Colored, redox active dyes, metal complexes or organic heterocycles, convert visible light
into redox energy allowing photoinduced electron transfer reactions.[1]
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[1] Ghosh, I.; Marzo, L.; Das, A.; Shaikh, R.; Kénig, B. Acc. Chem. Res. 2016, 49, 1566.

[2] Meyer, A. U.; Wimmer, A.; Konig, B. Angew. Chem. Int. Ed. 2017, 56, 409; Shaikh, R. S.;
Dusel, S. J. S.; Konig, B. ACS Catal. 2016, 6, 8410; Marzo, L.; Ghosh, I.; Esteban, F.; Konig, B.
ACS Catal. 2016, 6, 6780; Ghosh, I.; Konig, B. Angew. Chem. Int. Ed. 2016, 55, 7676; Meyer, A.
U.; Berger, A. L.; Konig, B. Chem. Commun. 2016, 52, 10918.
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Construction of Heterocyclic Architectures through Reactions of Sulfur Ylides

Liang-Qiu Lu, Jia-Rong Chen and Wen-Jing Xiao*
College of Chemistry, Central China Normal University, 152 Luoyu Road, Wuhan, 430079, China

Heterocyclic compounds are a diverse class of organic molecules that have received extensive
interest owing to their popularity in many natural products and synthetic drugs.[1] Although
numerous methods exist to construct various heterocyclic systems,[2] new strategies with reduced
numbers of transformation steps and purification procedures, lower costs and minimized chemical
waste are still in high demand. We will describe a few new synthetic methods that are based on
cascade strategies developed in our group. These cascade reactions aimed at the efficient
construction of heterocyclic systems feature the following issues: 1) new understanding of sulfur
ylides,[3] or designing new reagents based on catalyst character or retrosynthetic analysis of given
structures; 2) in-depth investigations of reaction mechanisms and then designing novel cascade
reactions; and 3) successful synthetic applications to access valuable synthetic building blocks,
natural products, drugs and their analogs.
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[1] Dua, R.; Shrivastava, S.; Sonwane, S. K.; Srivastava, S. K. Adv. Biol. Res. 2011, 5, 120-144.
[2] (a) Eicher, T.; Hauptmann, S. The Chemistry of Heterocycles: Structure, Reactions, Syntheses,
and Applications, Wiley-VCH, 2nd ed., 2003. (b) Joule, J. A.; Mills, K. Heterocyclic Chemistry.
Wiley-Blackwell, 5nd ed., 2010.

[3] Sun, X.-L.; Tang, Y. Acc. Chem. Res. 2008, 41, 937-948.
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Multicatalytic Transformations in a New Light

Kirsten Zeitler
Institut fir Organische Chemie, Universitét Leipzig,
D-04103 Leipzig/DE

Catalysis has been recognized as a key methodology for efficient and sustainable synthesis.
Especially alternative approaches in the course of reactions, such as sequential, concerted or
synergistic combinations of separate catalytic cycles enable previously unattainable
transformations.™

However, in the context of such multicatalytic approaches concurrent activation of complementary
reaction partners and the synchronization of the different catalytic cycles are major challenges.
Umpolung strategies, including biomimetic NHC catalysis®®®! and/or orthogonal activation such as
by visible light,”* which both represent non-traditional reaction manifolds, are among the
activation modes to circumvent these inherent problems.

Our latest advances in developing new (multi)catalytic transformations for the activation of C—H
and C-0 bonds, both with and without the aid of light, will be discussed.

[1] a) Allen, A. E.; MacMillan, D. W. C. Chem. Sci. 2012, 3, 633; b) Wende, R. C.; Schreiner, P. R. Green
Chem. 2012, 14, 1821.

[2] a) K. Zeitler, Angew. Chem. Int. Ed. 2005, 44, 7506; b) D. M. Flanigan, F. Romanov-Michailidis, N. A.
White, T. Rovis, Chem. Rev. 2015, 115, 9307.

[3] For a recent example: P. J. W. Fuchs, K. Zeitler, J. Org. Chem. 2017, DOI: 10.1021/acs.joc.7b00830.

[4] @) M. Neumann, K. Zeitler, Chapter 9 in Chemical Photocatalysis, ed. B. Konig, de Gruyter, 2013;
b) M. N. Hopkinson, B. Sahoo, J.-L. Li, F. Glorius, Chem. Eur. J. 2014, 20, 3874; c) K. L. Skubi, T. R.
Blum, T. P. Yoon, Chem. Rev. 2016, 116, 10035.

[5] @) M. Neumann, S. Fiildner, B. Konig, K. Zeitler, Angew. Chem. Int. Ed. 2011, 50, 951; b) M. Neumann,
K. Zeitler, Org. Lett. 2012, 14, 2658; c) M. Neumann, K. Zeitler, Chem. Eur. J. 2013, 19, 6950;
d) J. F. Franz, W. B. Kraus, K. Zeitler, Chem. Commun. 2015, 51, 8280; e) E. Speckmeier, C. Padié,
K. Zeitler, Org. Lett. 2015, 17, 4818.
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Diketopyrrolopyrroles - the Journey from Ferrari Pigments to Fluorescent Functional Dyes

Marek Grzybowski,® Anna Purc,! Vincent Hugues,? Mireille Blanchard-Desce? and Daniel T.
Gryko**
YInstitute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44-52, 01-224 Warsaw,
Poland

2Université de Bordeaux, ISM (UMR5255 CNRS), F 33400, Bordeaux, France

First reported by Farnum as long as 40 years ago, diketopyrrolopyrroles (2,5-dihydropyrrolo[4,3-
c]pyrrolo-1,4-diones) are currently one of the most widely used dyes, with applications that span
high-quality pigments, field-effect transistors, bulk-heterojunction solar cells, dye-sensitized solar
cells, and fluorescence imaging. [1]

Structurally unique z-expanded diketopyrrolopyrroles were designed and synthesized. Strategic
placement of a fluorene scaffold at the periphery of a diketopyrrolopyrrole via tandem Friedel-
Crafts-dehydratation reactions, resulted in dyes with supreme solubility. Despite the extended ring
system, the dye still preserved good solubility and was further functionalized using Pd-catalyzed
coupling reactions, such as Buchwald-Hartwig amination. By placing two amine groups at
peripheral positions of the resulting dyes, we have achieved values of two-photon absorption cross-
section on the level of 2000 GM around 1000 nm, which generated a two-photon brightness of
~1600 GM. These characteristics in combination with red emission (665 nm) make these new z-
expanded diketopyrrolopyrroles of major promise as two-photon dyes for bioimaging applications.
[2,3]

,’)u{'

[1] Grzybowski, M.; Gryko, D. T. Adv. Opt. Mater. 2015, 3, 280-320.

[2] Grzybowski, M.; Hugues, V.; Blanchard-Desce, M.; Gryko, D. T. Chem. Eur. J. 2014, 20,
12493-12501.

[3] Grzybowski, M.; Glodkowska-Mrowka, E.; Hugues, V.; Brutkowski, W.; Blanchard-Desce, M.;
Gryko, D. T. Chem. Eur. J. 2015, 21, 9101-9110.
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Base-Modified Nucleosides, Nucleotides and Nucleic Acids. Synthesis, Medicinal Chemistry
and Chemical Biology

Michal Hocek®"*
% Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingovo nam. 2
CZ16610 Prague 6, Czech Republic; hocek@uochb.cas.cz
b Dept. of Organic Chemistry, Faculty of Science, Hlavova 8, CZ12840 Prague 2, Czech Republic

The talk will summarize our most recent findings in development of new methods of synthesis of
modified nucleobases, nucleosides, nucleotides and oligonucleotides. The use of these methods will
be demonstrated on the discovery and optimization of new deazapurine nucleoside cytostatics. [1]
The second part of the talk will focus on synthesis of modified nucleotides and polymerase
synthesis of base-modified DNA (and RNA) and applications in diagnostics (environment-sensitive
fluorescent labelling, redox labelling etc.) and chemical biology (bioconjugations, cross-linking,
regulation of protein-DNA binding and transcription). [2]
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[1] (a) Bourderioux, A.; Naus, P.; Perlikova, P.; Pohl, R.; Pichova, I.; Votruba, I.; DZzubak, P.;
Konec¢ny, P.; Hajduch, M.; Stray, K. M.; Wang, T.; Ray, A. S.; Feng, J. Y.; Birkus, G.; Cihlar, T.;
Hocek, M. J. Med. Chem. 2011, 54, 5498-5507. (b) Naus, P.; Caletkova, O.; Kone¢ny, P.; Dzubak,
P.; Bogdanova, K.; Kolaf, M.; Vrbkova, J.; Slavétinska, L.; Tloustova, E.; Perlikova, P.; Hajdtach
M.; Hocek, M. J. Med. Chem. 2014, 57, 1097-1110. (c) Tichy, M.; Smolen, S.; Tloustova, E.; Pohl,
R.; Ozdian, T.; Hejtmankova, K.; Liskova, B.; Gurska, S.; Dzubak, P.; Hajdtch, M.; Hocek, M. J.
Med. Chem. 2017, 60, 2411-2424.

[2] (a) Dadova, J.; Orsag, P.; Pohl, R.; Brazdova, M.; Fojta, M.; Hocek, M. Angew. Chem. Int. Ed.
2013, 52, 10515-10518. (b) Vanikov4, Z.; Hocek, M. Angew. Chem. Int. Ed. 2014, 53, 6734-6737.
(c) Kielkowski, P.; Fanfrlik, J.; Hocek, M. Angew. Chem. Int. Ed. 2014, 53, 7552-7555. (d)
Balintova, J.; Spacek, J.; Pohl, R.; Brazdova, M.; Havran, L.; Fojta, M.; Hocek, M. Chem. Sci.
2015, 6, 575-587. (d) Dziuba, D.; Jurkiewicz, P.; Cebecauer, M.; Hof, M.; Hocek, M. Angew.
Chem. Int. Ed. 2016, 55, 174-178. (e) Matyasovsky, J.; Perlikova, P.; Malnuit, V.; Pohl, R.; Hocek,
M. Angew. Chem. Int. Ed. 2016, 55, 15856-15859.
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Natural Product Synthesis Facilitated by Ligand Design

Wenjun Tang*
State Key Laboratory of Bio-Organic & Natural Products Chemistry, Shanghai Institute of Organic
Chemistry, Shanghai 200032, China

The asymmetric intramolecular Heck reaction have become one of most successful method
for constructing polycyclic skeletons bearing an all-carbon chiral quaternary center in natural
product synthesis. Despite its versatile synthetic utilities, the asymmetric Heck cyclization employs
an olefinic starting material which often requires multiple synthetic steps to prepare. In addition, the
transformation of its olefinic product to a target molecule is sometimes tedious. An attractive
alternative is enantioselective intramolecular dearomative cyclization which employs an often more
accessible substrate with an aryl moiety and leads to a multicyclic product bearing an all-carbon
quaternary center. Because of the closer resemblance of the cyclic product to a variety of chiral
natural products, this method offers advantages over the Heck reaction for the synthesis of a number
of chiral polycyclic natural products. The key issue is how to achieve satisfactory reactivity,
chemoselectivity, and enantioselectivity by employing an effective chiral phosphorus ligand. Herein
we described the ligand design that have enabled an effective dearomative cyclization and the
efficient asymmetric synthesis of several biologically important terpenes, alkaloids, and
polyketides.

asymmetric dearomative cyclization

Pd, P*
X R R
®
N =~
H NN
crinine aspidospermidine minfiensine dalesconol A

[1] Du, K.; Guo, P.; Chen, Y.; Cao, Z.; Wang, Z,; Tang, W* Angew. Chem., Int. Ed. 2015, 54, 3033.
[2] Zhao, G.; Xu, G.; Qian, C.; Tang, W* J. Am. Chem. Soc. 2017, 139, 3360.

[3] Du, K.; Yang, H.; Guo, P.; Feng, L.; Xu, G.; Zhou, Q.; Chung, L. W.; Tang, W.* Chem. Sci.
2017, in press.
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A general approach towards the heterocyclic compounds bearing emergent
fluorinated substituents

S. Pazenok* and F. Leroux
*Bayer AG, Crop Science Division, Alfred-Nobel-Stral3e 50, 40789 Monheim, Germany
University of Strasbourg, UMR CNRS 7509, 25 Rue Becquerel, 67087 Strasbourg, France

Fluorinated heterocycles are important building block in pharmaceutical and agrochemical
sciences and play a key role in modern Crop Protection. Fluoroalkyl- and fluoroalkoxy- groups
are popular functional substituents and their introduction can significantly improve biological
activity of active ingredients. a,a-Difluoroalkylamines belong to the so-called Fluoroalkyl
Amino Reagents (FAR) and can be readily prepared from commercially available fluoro-olefins
(monomers used for polymers production) and secondary amines. While these reagents have
previously been used only for the replacement of OH with Fluorine in alcohols and carboxylic
acids, we recently became interested in their use to prepare fluoroalkyl-containing heterocycles.
It has been demonstrated that FARs, after activation with Lewis acids such as BF; and AIClI;,
afford iminium salts with Vilsmeier-type activity and with “unexhausted” potential for further
transformations. We have exploited their reactivity to prepare diversity of fluorinated pyrazoles,
isoxazoles, pyrimidines, quinolines, which are important building blocks for numerous modern
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1) Aribi, F.; E. Schmitt, E.; Panossian, A.; Vors, J. P.; Pazenok, S.; Leroux, F. Org. Chem. Front.
2016, 3, 1392-1415.

2) Schmitt, E.; Panossian, A.; Vors, J. P.; Lui, N.; Funke, C.; Pazenok, S.; Leroux, F.; Eur. J.
Org. Chem. 2016, 22, 11239-11244.

3) Schmitt, E.; Rugeri, B.; Panossian, A.; Vors, J. P.; Pazenok, S.; Leroux, F. Org. Lett. 2015,
17, 4510-4513.

4) Schmitt, E.; Landelle, G.; Vors, J. P.; Lui, N.; Pazenok, S.; Leroux, F. Eur. J. Org. Chem.
2015, 6052-6063.
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Development of Efficient Processes to Nitrogen Heterocycles

Benjamin D. Sherry*
Department of Process Research & Development, Merck Sharp & Dohme, Ltd.
Rahway, NJ 07065

Nitrogen heterocycles are prominent structural components in compounds of pharmaceutical
relevance. The development of innovative and efficient means to construct these increasingly
diverse motifs is a paramount problem in the field of pharmaceutical process research and
development.

This seminar will describe three case studies in heterocycle synthesis applied to advanced clinical
development candidates. The examples span planar aromatic comounds to more topologically

complex saturated systems.

A focus throughout the discussion will be the discovery of new and enabling bond constructions or
technologies that allow for the target structures to be prepared in an efficient and robust manner.
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Evolution of Heterocyclic Replacements Led to a Potent Oral CGRP Receptor Antagonist for
Migraine Treatment

Guanglin Luo*
Bristol-Myers Squibb R&D
Wallingford, CT 06492, USA

Migraine is a painful and incapacitating disease that affects a significant portion of the adult
population. CGRP receptor antagonists have been shown to be efficacious in treating migraine in
clinical trials, but no marketed drugs in the CGRP area have yet been approved. Evolving from our
intranasal lead, BMS-742413 (BHV-3500), through a series of heterocyclic replacements, we were
able to discover a highly potent, orally bioavailable CGRP antagonist, BMS-927711 (BHV-
3000)/rimegepant. This compound showed efficacy in a phase Ilb clinical trial for acute migraine
and is currently being progressed into further development..

N o
NO/ N O  Bms-742413
—~ (BHV-3500)

BMS-927711
(BHV-3000)
rimegepant

Luo, G.; Chen, L.; Conway, C. M.; Denton, R.; Keavy, D.; Gulianello, M.; Huang, Y.; Kostich, W.;
Lentz, K. A.; Mercer, S.; Schartman, R.; Signor, L.; Browning, M.; Macor, J. E.; Dubowchik, G. M.
ACS. Med. Chem. Lett., 2012, 3, 337~341.

Luo, G.; Chen, L.; Conway, C. M.; Denton, R.; Keavy, D.; Signor, L.; Kostich, W.; Lentz, K. A;;
Santone, K. S.; Schartman, R.; Browning, M.; Tong, G.; Houston, J. G.; Dubowchik, G. M.; Macor,
J. E., J. Med. Chem. 2012, 55, 10644~10651.

Luo, G.; Chen, L.; Conway, C.M.; Kostich, W.; Johnson, B.M.; Ng, A.; Macor, J.E.; Dubowchik,
G.M., J. Org. Chem. 2017, 82, 3710~3720.
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Abiological Self-Assembly: Predesigned Metallacycles and metallacages via
Coordination
Peter J. Stang
Department of Chemistry, The University of Utah, Salt Lake City, UT 84112

The use of just two types of building blocks, linear and angular, in conjunction with symmetry
considerations allows the rational design of a wide range of metallocyclic polygons and
polyhedra via the coordination motif."> We have used this approach to self-assemble a variety
of 2D supramolecular polygons such as triangles, rectangles, squares, hexagons, etc. as well as
a number of 3D supramolecular polyhedra: truncated tetrahedra, triginal prisms,
cubooctahedra4 and dodecahedra.® An example of the methodology is illustrated in Figure 1.
More recently we have functionalized these rigid supramolecular scaffolds with different
electroactive, host-guest, dendritic (Figure 2), and hydrophobic/hydrophilic moieties and have
investigated the properties of these multifunctionalized supramolecular species.® Additionally,
we have begun to explore the self-assembly of 2D polygons and 3D polyhedra on a variety of
surfaces with the aim of developing their potential to be used in device settings.”'? These novel,
supramolecular ensembles are characterized by physical and spectral means. The design
strategy, formation, characterization and potential uses of these novel metallocyclic assemblies
will be discussed, along with our very recent results.
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- Figure 2: A cavity-cored dendritic
Figure 1: Self-assembly of a nanoscale dodecahedron.

hexagon.

1. S.R. Seidel, P. J. Stang, Acc. Chem. Res., 35, 972-983 (2002).

2. S. Leininger, B. Olenyuk, P. J. Stang, Chem. Rev., 100, 853-908 (2000) .

3. P. J. Stang, B. Olenyuk, Acc. Chem. Res., 20, 502-518 (1997).

4. B. Olenyuk, J. A. Whiteford, A. Fechtenkétter, P. J. Stang, Nature, 398, 796-799 (1999).

5. B. Olenyuk, M. D. Levin, J. A. Whiteford, J. E. Shield, P. J. Stang, J. Am. Chem. Soc., 121,
10434-10435 (1999).

6. S. S. Li; B. H. Northrop, Q. H. Yuan, L. J. Wan, P. J. Stang, Acc. Chem. Res., 42, 249-259
(2009).

7. R. Chakrabarty, P. S. Mukherjee, P. J. Stang, Chem. Rev., 111, 6810-6918 (2011).

8. T. R. Cook, Y.-R. Zheng, P.J. Stang, Chem. Rev., 113, 734-777 (2013).

9. T. R. Cook, V. Vajpayee, M. H. Lee, P. J. Stang, K.-W. Chi, Acc. Chem. Res., 46, 2464-2474 (2013).

10. I. V. Grishagin, J. B. Pollock, S. Kushal, T. R. Cook, P. J. Stang, B. Z. Olenyuk, Proc. Nat. Acad. Sci.,
111, 18448-18453 (2014).

11. T. R. Cook, P. J. Stang, Chem. Rev., 115, 7001-7045 (2015).

12. M. L. Saha, X. Yan, P. J. Stang, Acc. Chem. Res., 49, 2527-2539 (2016).
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Strategies in Total Synthesis of Polyketide-11 Natural Products:
Total Syntheses of Tetracenomycins C and X

Keisuke Suzuki*
Department of Chemistry, Tokyo Institute of Technology, Tokyo 152-8551, Japan

The polyketide-Il biosynthetic pathway produces an impressive array of polycyclic architectures
with functional and stereochemical complexity, thus serving as a rich source of biologically active
molecules. Charmed by the challenges posed by such attractive structures, we have been engaged in
the synthetic studies, centering attention to strategies and tactics that would enable rapid assembly
of polycyclic scaffolds and also allow installation of multiple functionalities and stereogenic centers
in a regio- and stereo-controlled manner.[1]

This talk will illustrate our approach by focusing on the recent total syntheses of tetracenomycins C
and X, that feature 1) preparation of hexasubstituted naphthonitrile oxide A by successive benzyne
cycloadditions and an oxidative ring-opening reaction; 2) a novel ortho-quinone mono-acetal B as
the A-ring unit; 3) construction of three contiguous stereogenic centers by an asymmetric benzoin
cyclization, an isoxazole oxidation, and a stereoselective reduction.[2]
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[1] K. Suzuki, Chem. Rec., 10, 291 (2010).
[2] S. Sato, K. Sakata, Y. Hashimoto, H. Takikawa, K. Suzuki, submitted.
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New Opioid Biology Arising From Heterocyclic Chemistry

Jeffrey Aubé*
UNC Eshelman School of Pharmacy, University of North Carolina, Chapel Hill, NC 27517, USA

The worldwide opioid crisis has occasioned efforts to develop new opioids for both existing uses
(pain control) as well as new indications (itch, addiction). We have focused on the discovery of
compounds able to selectively activate one of the two main intracellular pathways associated with
the kappa opioid receptor. This type of activity, called “functional selectivity” or “ligand bias”, has
the potential to segregate many of the ultimate biological effects of therapeutic opioids.

This project is an effort of a multidisciplinary, multi-institutional team led by the speaker and
Professor Laura Bohn of the Scripps Research Institute.[1,2] It began with the development of a
speculative library for screening against a range of potential biological targets based on a known but
underexplored isoquinolinone synthesis. Applying this chemistry to library synthesis led to a hit
compound that stoked our interest in biased ligand discovery, ultimately leading to the discovery of
Triazole 1.1, a strongly biased KOR agonist with a fascinating in vitro and in vivo profile. These
efforts and recent results will be described.
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[1] Bohn, L.M.; Aubg, J. ACS Med. Chem. Lett, 2017, 8, 694—700.

[2] Brust, T. F.; Morgenweck, J.; Kim, S. A.; Rose, J. H.; Locke, J. L.; Schmid, C. L.; Zhou, L.;
Stahl, E. L.; Cameron, M. D.; Scarry, S. M.; Aubg, J.; Jones, S. R.; Martin, T. J.; Bohn, L. M.
Biased Agonists of the Kappa Opioid Receptor Suppress Pain and Itch Without Causing Sedation or
Dysphoria. Sci. Signal. 2016, 9, rall7.
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Applications of Intramolecular (4+3) Cycloadditions of Furans and Pyrroles
to the Synthesis of Natural Products

J. He, L. L. Liu, L. Kuang, and P. Chiu*
Department of Chemistry and State Key Laboratory of Synthetic Chemistry,
The University of Hong Kong, Hong Kong, P. R. China

Intramolecular cycloadditions are efficient reactions for the construction of polycyclic frameworks
that are found in many bioactive compounds and complex natural products. However, heterocycles
undergo cycloaddition reactions with different propensities.

We have developed an intramolecular (4+3) cycloaddition of epoxy enolsilanes and furan that afford
products containing an oxabicyclic nucleus in good to excellent yields. The use of optically enriched
epoxy enolsilanes affords cycloadducts as single enantiomers bearing multiple stereocenters.[1] We
have applied this (4+3) cycloaddition as the key step in the asymmetric formal total synthesis of
cortistatin A, which has been found to exhibit potent anti-angiogenetic, anti-HIV and anti-leukemic
activity.[2]

Generally, (4+3) cycloadditions with pyrroles acting as dienes are far less common. This is because
pyrroles tend to undergo Friedel-Crafts type of reactions, resulting in the restoration of aromaticity
instead of cycloadditions. However, our studies have found that pyrroles also engage readily in
intramolecular (4+3) cycloadditions with epoxy enolsilanes, resulting in optically active polycyclic
structures harboring a tropane nucleus. Based on these results, we have applied this reaction as the
key step for the construction of the BCDEF core common to the Type II galbulimima alkaloids.[3]
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[1] (a) Chung, W. K.; Lam, S. K.; Lo, B.; Liu, L. L.; Wong, W.-T., Chiu, P. J. Am. Chem. Soc.
2009, /31, 4556. (b) Krenske, E. H.; Lam, S.; Ng, J. P. L.; Lo, B.; Lam, S. K.; Chiu, P.; Houk, K.
N. Angew. Chem. Int. Ed. 2015, 54, 7422.

[2] (a) Liu, L. L.; Chiu, P. Chem. Commun. 2011, 3416-3417. (b) Kuang, L.; Liu, L. L.; Chiu, P.
Chem.-Eur. J. 2015, 21, 14287.

[3] He, J.; Chen, Z.; Li, W.; Chiu, P. manuscsript in preparation.
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Post-functionalization of RNAs for specific conjugations with peptides and proteins

Nicolas Sakkas!® Matthieu Fonvielle™, Laura lannazzo™, Emmanuelle Braud®®, Michel Arthur™
and Mélanie Etheve-Quelquejeul®*

a-Laboratoire de Chimie et de Biochimie Pharmacologiques et Toxicologiques, Université
Paris Descartes, UMR 8601, Paris, F-75005 France ; CNRS UMR 8601, Paris, F-75006
b-Centre de Recherche des Cordeliers, Equipe 12, UMR S 1138; INSERM; Université Pierre et

Marie Curie-Paris 6; Université Paris Descartes

RNA functionalization is challenging due to RNA instability and limited range of available enzymatic
reactions. Since few years, we develop versatile methods for the synthesis of modified aa-tRNA'. We
report here the synthesis of electrophilic RNAs based on post-functionalization of an azido group
incorporated by SPS®. The post-functionalization step involved the addition of a squarate diester following
reduction of the azido group. This strategy was fully compatible with the introduction of other
functionalities in the RNA moiety, including a fluorescent probe for the detection of RNA-enzyme adducts
and a hairpin loop linker for stabilization of RNA base-pairing. The squaramate-RNAs specifically reacted
with the primary amine of unprotected UDP-MurNAc-pentapeptide. The squaramate unit also promoted
specific cross-linking of RNA to the catalytic Lys of FemXy, but not to related transferases recognizing
different aminoacyl-tRNAs. Thus, squaramate-RNAs provide specificity for cross-linking with defined groups
in complex biomolecules due to its unique reactivity.

These modified RNAs are interesting tools to investigate in the field of RNA biology.
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1- a) M. Fonvielle, 1. Li de la Sierra-Gallay, A. El-Sagheer, M. Lecerf, D. Patin, D. Mellal, C. Mayer, D. Blanot, N. Gale, T.
Brown, H. van Tilbeurgh, M. Etheve-Quelquejeu, M. Arthur, Angewandte Chem., 2013, 125, 7419-7422. b) M.
Fonvielle, D. Mellal, D. Patin, M. Lecerf, D. Blanot, A. Bouhss, M. Santarem, D. Mengin-Lecreulx, M. Sollogoub, M.
Arthur, M. Etheve-Quelquejeu, Chem. Eur. J. 2013, 19, 1357-1363. b) L. lannazzo, G. Laisné, M. Fonvielle, E. Braud, J-P.
Herbeuval, M. Arthur, M. Etheve-Quelquejeu, Chembiochem, 2015, 16, 477-486.

2- M. Fonvielle, N. Sakkas, L. lannazzo, C. Le Fournis, D. Patin, D. Mengin-Lecreulx, A. EI-Sagheer, E. Braud, S. Cardon,
T. Brown, M. Arthur, M. Etheve-Quelquejeu, Angewandte Chem., 2016, 55, 13553—-13557.
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SYNTHESIS OF NEW QUINAZOLINE AND DIKETOPIPERAZINE SCAFFOLDS
AND APPLICATIONS FOR MEDICINAL CHEMISTRY

lvone Carvalho

'School of Pharmaceutical Sciences of Ribeirdo Preto, University of Sdo0 Paulo, Av.
Café s/n, Ribeirdo Preto, SP 14040-930, Brazil *Email: carronal@usp.br

Quinazolines represent one of the most widespread scaffolds among natural and
synthetic bioactive compounds. In fact, the therapeutic relevance of quinazoline
derivatives can be explained by a wide range of biological activities, such as
anticancer, antiviral, antimicrobial, antiparasitic, anti-inflammatory etc. Over the past
years, synthetic approaches toward this simple ring structure have been extensively
investigated and advances have been made through novel and improved methods.!"!
In this sense, we have designed a concise strategy to obtain 4-amino 6,7-disubstituted
quinazoline rings bearing bioreductive groups as potential prodrugs to treat tumor
hypoxia. Firstly, a quinazolinone nucleus was synthesized by regioselective
demethylation of 4,5-dimethoxy-2-nitrobenzoic acid at position 5, followed by protection
of the functional groups (carboxylic acid and phenol), one-pot reductive ring cyclization
and replacement of the hydroxyl group at C-4 by amine derivatives. We have also
explored the concept of click chemistry to obtain a diverse set of potential antitumoral
compounds and have investigated a radiolabeling approach for hypoxia tumour
imaging (unpublished results).

Just as important as, 2,5-diketopiperazines (2,5-DKPs) are abundantly found in nature
and can be easily synthesized by the condensation of two a-amino acids. 2,5-DKPs are
privileged scaffolds and became very attractive for drug discovery due to several
characteristics, such as stability to proteolysis, conformational rigidity, three-
dimensional shape, presence of donor and acceptor groups for hydrogen bond, peptide
bond mimicking, convenient functionalization at different positions and configurations.
These relevant chemical aspects favour interactions with different targets, thus
resulting in a wide spectrum of biological activities.**! Herein, we present a novel and
facile solution-phase synthesis of 2,5-DKPs and O-glycosylated analogs.® Encouraged
by these results, we have also addressed the synthesis and biological evaluation of
some glycosyl diketopiperazines for the development of novel anti-trypanosomal
agents and Trypanosoma cruzi trans-sialidase (TcTS) inhibitors.””! Recently, we have
designed 2,5-DKP derivatives as potential hAChE inhibitors exploring a moiety
replacement approach based on donepezil drug used to treat Alzheimer's disease
(unpublished results).

References
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10153-10202. [2] Marzaro, G.; Guiotto, A.; Chilin, A., Expert Opin. Ther. Patents 2012,
22, 223-252. [3] Wang, D.; Gao, F., Chem. Cent. J. 2013, 7, 95-110. [4] Borthwick, A.
D., Chem. Rev. 2012, 112, 3641-3716. [5] Martins, M.B.; Carvalho, I., Tetrahedron
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New Efficient Approaches to the Total Synthesis Piperazinone Alkaloids and Analogs
Vaclav Chmela, Irena Dokli, Tynchtyk Amatov, and Ullrich Jahn*

Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingovo ndmésti
2, 16610 Prague, Czech Republic

Bridged diketopiperazine alkaloids and their semi-reduced piperazinone congeners' as well as
quinazoline-piperazinone alkaloids® are diverse classes of natural products displaying various
biological activities. Their scarce occurrence in Nature and complex scaffolds serve as inspiration
for the development of new efficient approaches for their total synthesis to provide sufficient
material for their biological investigation.

In this contribution, our progress toward simple and efficient total syntheses of alkaloids such as the

fumiquinazolines, ardeemin or asperparaline C is reported.

o . O Asperparaline C
Fumiquinazoline F Ardeemin
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H

1. Reviews: a) Finefield, J. M.; Frisvad, J. C.; Sherman, D. H.; Williams, R. M. J. Nat. Prod. 2012,
75, 812-833. b) Williams, R. M. J. Org. Chem. 2011, 76, 4221-4259.
2. Recent review: Kshirsagar, U. A. Org. Biomol. Chem. 2015, 13, 9336-9352.
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1,2,3,-Triazoles: From Metal- to Supramolecular Organic Catalysis

O. Garcia Manchefio*

Institute for Organic Chemistry, Regensburg University, 93053 Regensburg/DE

1,2,3-Triazoles constitute usual heterocyclic ligands in biology and coordination chemistry.
Although such structure is well known since the 19th century, the main breakthrough in triazole
chemistry was made by the introduction of the “click” chemistry concept by Kolb, Finn and
Sharpless.[1] The 1,2,3-triazole is an intriguing heterocycle, with really interesting intrinsic
properties such as a highly polarized C-H bond, a large dipole moment and a notable acidity
character of the C-H bond. These special features make possible different supramolecular
interactions: from metal (M) coordination to anion (A") complexation.[2]

Based on these properties, my group has recently designed novel 1,2,3-triazoles-based ligands and
catalysts. In this lecture, some of our results on the use of triazole-based catalysts in Lewis acid
metal catalysis,[3] counter-anion catalysis[4] and cooperative H-donor-based anion-binding
organocatalysis[5] will be presented.

Lewis-Acid Catalysis Anion-Binding Catalysis

[1] H. Kolb, M. G. Finn, K. B. Sharpless, Angew. Chem. Int. Ed. 2001, 40, 2004-2021.

[2] M. Zurro, O. Garcia Mancheno, Chem. Rec. 2017, 17, 485-498.

[3] S. Beckendorf, O. Garcia Mancheno, Synthesis 2012, 44, 2162-2172.
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572-585. See also: b) A. J. Neel, J. P. Hehn, P. F. Tripet, F. D. Toste J. Am. Chem. Soc. 2013, 135,
14044-14047; ¢) A. Milo, A. J. Neel, F. D. Toste, Science 2015, 347, 737-742.
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13999-14002; b) O. Garcia Mancheno, S. Asmus, M. Zurro, T. Fischer, Angew. Chem. Int. Ed.
2015, 54, 8823-8827; ¢) M. Zurro, S. Asmus, J. Bamberger, S. Beckendorf, O. Garcia Manchefio,
Chem. Eur. J. 2016, 22, 3785-3793; d) T. Fischer, J. Bamberger, O. Garcia Manchefio, Org.
Biomol. Chem. 2016, 14, 5794-5802; e) T. Fischer, Q.-N. Duong, O. Garcia Mancheno, Chem. Eur.
J. 2017, 23, 5983-5987.

58



ISHC 2017 Invited Lectures C 2

Arynes as Powerful Platforms for Regioselective Construction of
Fused Heteroaromatic Compounds

Shuji Akai*
Graduate School of Pharmaceutical Sciences, Osaka University
Suita, Osaka 565-0871, Japan

Benzo-fused nitrogen-containing heterocycles are abundant in biologically active compounds. One
of the most effective methods for preparing such heterocycles is the cycloaddition reactions of
benzynes with nitrogen-containing compounds. However, the reactions of unsymmetrically
substituted benzynes generally show low regioselectivity to produce mixtures of two regioisomers.
In this symposium, we present the synthesis of both regioisomers of multisubstituted benzo-fused
azoles through the regiocomplementary (3 + 2) cycloaddition reactions of 3-boryl-, 3-silyl, and 3-
triflyloxy-benzynes 1 with 1,3-dipoles, in which the substituent M at the C3-position effectively
control the reaction site of 1. Similar preparations of multisubstituted indolines and other fused
nitrogen-containing heterocyclic compounds are also available by using 1. The substituent M of the
cycloaddition products is applicable to installation of a range of carbon-, nitrogen-, and oxygen-
substituents at its ipso position. The improved generation of the functionalized benzynes 1 as well
as benzdiynes from new precursors and the analysis of mechanisms for these regioselective
cycloaddition reactions by density functional theory calculations will also be discussed.™
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[1] Akai, Ikawa, et al. Angew. Chem. Int. Ed. 2008, 47, 7673; Angew. Chem. Int. Ed. 2010, 49,
5563; Org. Lett. 2011, 13, 1730; Angew. Chem. Int. Ed. 2011, 50, 5674; J. Synth. Org. Chem. Jpn.
2012, 70, 1123 (Special Issue in English); J. Org. Chem. 2013, 78, 2965; Tetrahedron 2013, 69,
4338; Org. Biomol. Chem. 2013, 11, 8145; Chem. Eur. J. 2014, 20, 16228; Aust. J. Chem. 2014, 67,
475; Org. Biomol. Chem. 2015, 13, 526; Adv. Synth. Cat. 2015, 357, 2287; Chem. Sci. 2016, 7,
5206; J. Org. Chem. 2017, 82, 4242.
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Stereoselective Enzymatic Ring Expansion and Ring Contraction Reactions of O-Heterocycles

J. Deska*
Department of Chemistry & Materials Science, Aalto University, Helsinki/FIN

Biocatalysis is steadily gaining ground as module in the organic chemist's toolbox for the synthesis
of well-defined building blocks. However, with regard to an even broader application of enzyme
catalysts in classical synthetic chemistry, the lack of biosynthetic precedence for numerous
synthetically relevant reactions and hence the consequent lack of biocatalysts to promote those
reactions needs to be considered a major drawback. Since many years, catalytic promiscuity, the
enzymes' ability to catalyze fundamentally different chemical interconversions, has been in the
scientific focus,[1] however, just recently entirely abiotic transformations came within reach by
means of specialized, evolved proteins.[2-4]

In our search of biological catalysts with abilities to address synthetically important reactions
beyond the biosynthetic repertoire, a first breakthrough was achieved in form of non-natural ring-
closing and ring-expanding transformations, respectively.[5,6] Wild-type metalloenzymes are not
only qualifying as exquisite alternatives to chemical reagents or catalysts, but moreover, allow for
the construction of short ex vivo metabolisms and thus for the stereoselective preparation of highly
functionalized building blocks on basis of a biological synthetic-organic machinery.

Herein, we present a novel, fully biocatalytic toolkit for the synthesis and valorization of
Achmatowicz-type pyranones including ring expansion, ring contraction and isomerization
reactions, as well as their application in the creation of artificial metabolisms and total synthesis.
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[1] U. T. Bornscheuer, R. J. Kazlauskas, Angew. Chem. 2004, 116, 6156.

[2] P. S. Coelho, E. M. Brustad, A. Kannan, F. H. Arnold, Science 2013, 339, 307.

[3] M. Hohne, U. T. Bornscheuer, Angew. Chem. 2014, 126, 1222.

[4] Z.J. Wang, N. E. Peck, H. Renata, F. H. Arnold, Chem. Sci. 2014, 5, 598.

[5] D. Thiel, D. Dokni¢, J. Deska, Nature Commun. 2014, 5, 5278.

[6] J. Naapuri, J. D. Rolfes, J. Keil, C. Manzuna Sapu, J. Deska, Green Chem. 2017, 19, 447.
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Going with the Flow — The Use of Continuous Processing in Organic Synthesis

C. Oliver Kappe*
Institute of Chemistry, University of Graz, 8010 Graz, Austria

Continuous flow processes form the basis of the petrochemical and bulk chemicals industry where
strong competition, stringent environmental and safety regulations, and low profit margins drive the
need for highly performing, cost effective, safe and atom efficient chemical operations. In contrast
to the commodity chemical industry, however, the fine chemical industry primarily relies on its
existing infrastructure of multipurpose batch or semi-batch reactors. Fine chemicals, such as drug
substances and active pharmaceutical ingredients (APIs), are generally considerably more complex
than commodity chemicals and usually require numerous, widely diverse reaction steps for their
synthesis. These requirements generally make versatile and reconfigurable multipurpose batch
reactors the technology of choice for their preparation. However, the advantages of continuous flow
processing are increasingly being appreciated also by the pharmaceutical industry and, thus, a
growing number of scientists, from research chemists in academia to process chemists and chemical
engineers in pharmaceutical companies, are now starting to employ continuous flow technologies
on a more routine basis [1].

In this lecture, contributions from our research group in the field of continuous flow processing will
be highlighted. Emphasis will be given to highly atom efficient and process intensified chemical
transformations useful for the synthesis of APIs or key heterocyclic intermediates that are often too
hazardous to be executed in a batch reactor. These involve azide [2], diazomethane [3] and nitration
chemistry [4], selective precious metal-free olefin [5] and nitrogroup [6] reductions, oxidation
reactions involving pure oxygen [7], and flow photochemistry applications [8].

[1] Review: Gutmann, B.; Cantillo, D.; Kappe, C. O. Angew. Chem. Int. Ed. 2015, 54, 6688.

[2] Gutmann, B.; Roduit, J.-P.; Roberge, D.; Kappe, C. O. Angew. Chem. Int. Ed. 2010, 49, 7101.

[3] Mastronardi, F.; Gutmann, B.; Kappe, C. O. Org. Lett. 2013, 16, 5590.

[4] Cantillo, D.; Damm, M.; Dallinger, D.; Bauser, M.; Berger, M.; Kappe, C. O. Org. Process Res.
Develop. 2014, 18, 1360.

[5] Pieber, B.; Martinez, S. T.; Cantillo, D.; Kappe, C. O. Angew. Chem. Int. Ed. 2013, 52, 10241.

[6] Cantillo, D.; Baghbanzadeh, M.; Kappe, C. O. Angew. Chem. Int. Ed. 2012, 51, 10190.

[7] Gutmann, B.; Weigl, U.; Cox, D. P.; Kappe, C. O. Chem. Eur. J. 2016, 22, 10393.

[8] Cantillo, D.; de Frutos, O.; Rincon, J. A.; Mateos, C.; Kappe, C. O. Org. Lett. 2014, 17, 5590.
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A New Route to 3-Amino-2-arylbenzofurans and Related Heterocycles

R. Alan Aitken* and Andrew D. Harper
EaStCHEM School of Chemistry, University of St Andrews, St Andrews, UK

Treatment of o-benzyloxyphenyloxazolines 1, readily prepared from methyl salicylate, with a
mixture of BuLi and KOBU' leads to intramolecular attack of the benzyl carbanion on the oxazoline,
ring-opening and aromatisation to give the hydroxyalkylaminobenzofurans 2. This reaction has
been extended in several ways: the 2-allyloxy compound gives the 2-vinylbenzofuran while the a-
methylbenzyloxy oxazoline gives a mixture of diastereomeric spiro compounds 3. For the
diphenylmethyl ether the iminodihydrobenzofuran 4 is produced.

The process is also possible for the corresponding benzyloxythienyloxazolines leading
initially to the sensitive thienofuran products 5 and 6 with uncommon fused ring systems. However
in each case hydrolytic or oxidative processes follow and the isolated products are respectively 7
and 8 (X-ray shown).
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It can also be extended to formation of indoles such as 10 starting from the benzylic amine 9 and
benzothiophenes 12 (for which an X-ray structure was obtained) starting from the sulfide 11. The
corresponding sulfone 13 gives a mixture of diastereomeric spiro compounds 14.
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Azidoimidazolinium Salts:
Safe and Efficient Diazo-transfer Reagents and Unique Azido-donors

Mitsuru Kitamura,* Norifumi Tashiro, Rie Sakata, Satoshi Miyagawa, Masakazu Yano, Tatsuya
Koga, Kento Murakami, So Kato, Kazushige Konai, and Tatsuo Okauchi
Department of Applied Chemistry, Kyushu Institute of Technology
1-1 Sensuicho, Tobata, Kitakyushu 804-8550 Japan

2-Azido-1,3-dimethylimidazolinium chloride (ADMC) and its corresponding hexafluorophosphate
(ADMP) were found to be efficient diazo-transfer reagents to various organic compounds.™
ADMC was prepared by the reaction of 2-chloro-1,3-dimethylimidazolinium chloride (DMC) and
sodium azide. ADMP was isolated as a crystal having good thermal stability and low explosibility.
ADMC and ADMP reacted with 1,3-dicarbonyl compounds under mild basic conditions to give 2-
diazo-1,3-dicarbonyl compounds in high yields, which were easily isolated in virtue of the high
water solubility of the by-products. ADMP showed high diazo-transfer ability to primary amines
even in the absence of metal salt such as Cu(ll). Using this diazotization approach, various
alkyl/aryl azides were directly obtained from their corresponding primary amines in high yields.
Furthermore, naphthols reacted with ADMC to give the corresponding diazonaphthoquinones in
good to high yields. In addition, 2-azido-1,3-dimethylimidazolinium salts were employed as azide-
transfer and migratory amidation reagents.
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[1] M. Kitamura, Chem. Rec. 2017, DOI: 10.1002/tcr.201600118.
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Towards the Total Synthesis of the Tetracyclic Core of Ergot Alkaloids

Edson G. Vilca and Antonio C. B. Burtoloso*
Chemistry Institute of Sdo Carlos, University of Sdo Paulo, Brazil

Ergot alkaloids are a class of compounds which were initially isolated from the fungus
Claviceps Purpurea. For several decades, researches have shown that these natural products and its
analogues have a wide spectrum of biological activity. In this work we report a direct and
stereoselective synthetic route to build an advanced tetracyclic intermediate of these alkaloids,
which can be used as key intermediates in the total synthesis of (+)-lysergic acid as well as other
important ergot alkaloids such as Lysergol. Our strategy to build the tetracyclic core skeleton of
ergot alkaloids consists in four key steps as shown in Scheme 1.
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We started our work by the ring-opening of aziridine 6 with indole 5, giving the desired
intermediate 15 in 60% yield on a multigram scale (Scheme 2). After installation of the tosyl group
and removal of TBS, followed by oxidation with IBX, aminoaldehyde 17 was obtained in 78%
overall yield. Compound 17 was subjected to a HWE olefination, resulting in unsaturated
diazoketone 4 in a 63% yield. Then, construction of D-ring by an N-H insertion reaction, gave 20 in
47% vyield. Cyclization of 20 by an intramolecular Heck reaction to afford the desired tetracyclic
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Synthesis and Evaluation of Oxygen Analogues of a Promising Anticancer Drug

Field M. Watts, Donghua Zhou, K. Darrell Berlin, Doris M. Benbrook" and Richard A. Bunce*
Department of Chemistry, Oklahoma State University, Stillwater, OK 74078, USA
"Department of Obstetrics and Gynecology, University of Oklahoma Health Sciences Center,
Oklahoma City, OK 73104, USA

The thiochroman-based anticancer compound S-Het-A2 (1, NSC721689) has been shown to
selectively induce apoptosis in cancer cells while leaving normal cells unharmed, and has been
approved for development as a chemopreventive agent against ovarian cancer. This agent,
however, possesses two metabolically reactive groups not normally valued in drug molecules, and
could benefit from further improvements to its potency and efficacy.

S-Het-A2 (NSC721689)

In order to eliminate the reactive substituents as well as improve its drug properties, chroman-based
analogues 2 of S-Het-A2, bearing nitro as well as less reactive functionality with similar
donor/acceptor properties, have been prepared in seven steps from phenol and 3,3-dimethylacryloyl
chloride. Based on the analogues prepared thus far, certain structural features have been identified
as important to its drug interaction with HSPA9 in cancer cells. Additionally, important binding
interactions have been ascertained by tracking chemical shift perturbations for amino acid residues
when S-Het-A2 is bound to the active site of this protein. The presentation will include synthesis
and activity data for 24 analogues of S-Het-A2 highlighting important substituent groups for
optimal binding.
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During the course of this work, a new synthesis of 4-chromanones was discovered, and this will
also be disclosed [1]

[1] Meraz, K.; Gnanasekaran, K. K.; Thing, R.; Bunce, R. A. Tetrahedron Lett., 2016, 48, 5057-
5061.
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Porphyrins as photoredox catalysts for efficient C-C bond forming reactions

K. Rybicka-Jasinska, K. Ortowska, D. Gryko*
Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44-52, 01-224 Warsaw

Porphyrins are natural functional dyes which are utilized by Nature as prosthetic groups of

various enzymes not per se because of their coordination characteristic, but due to the combination
of other properties with absorption of light (which translates to color) being the most important.
An efficient C—C bond formation in a green, nontoxic, and inexpensive way has always been a
challenge and development of light-induced methodologies is one of the means to achieve such a
goal.[1] Photoredox catalysis is based on a photoinduced electron transfer process (PET) between a
substrate and a photoredox catalyst, commonly with Ru- or Ir-complexes.[2] Though organic dyes
have been well-known for their ability to participate in photoinduced electron transfer processes,
their use as catalysts in such reactions has been less explored as the replacement of Ir- and Ru-
complexes with known organic dyes is not always possible.[3] We wondered whether simple
porphyrins could be used as photocatalysts.

Herein, we demonstrate a successful application of these compounds as efficient photoredox
catalysts for C-C bond forming reactions involving the reductive or oxidative quenching.
Employing dual catalytic system — photocatalysis merged with enamine-iminium catalysis
alkylation of carbonyl compounds at the o position was accomplished (a).[4] We have also found
that porphyrins with tuned physicochemical properties, via tailoring various substituents at the
periphery of the macrocycle, are also effective in catalyzing light-induced direct arylation of
heteroarenes and cumarins with diazonium salts (b).[5]
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a) Alkylation of carbonyl compounds at the a-position b) Arylation of heteroarenes

[1] a) M. Fintecave, Angew. Chem. Int. Ed. 2015, 54, 6946. b) Bucker, J. W.; Stephenson, C. R. J. J.
Org. Chem. 2012, 77, 1617. C) Skubi, K. L.; Blum, T. R.; Yoon, T. P. Chem. Rev. 2016, 116,
10035.

[2] Prier, C. K.; Rankic, D. A.; MacMillan, D. W. C.Chem. Rev. 2013, 113, 5322.

[3] Nicewicz, D. A.; Nguyen, T. M. ACS Catal. 2014, 4, 355.

[4] K. Rybicka-Jasinska, W. Shan, K. Zawada, K. M. Kadish, D. Gryko J. Am. Chem. Soc. 2016,
138, 15451.

[5] K. Rybicka-Jasinska, B. Konig, D. Gryko, Eur. J. Org. Chem. 2017, 2104.
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The Magic of Light — Photochemistry in the Synthesis of Nitrogen Heterocycles

Till Opatz
Institute of Organic Chemistry, Johannes Gutenberg-University, Mainz/D

Photoredox catalysis has become an attractive tool for synthetic organic chemistry and permits bond
forming reactions under exceptionally mild conditions. While complexes of transition metals like
Ru and Ir are frequently used in this context, simple and inexpensive organic compounds like
phenanthrene can serve the same purpose. [1] Decarboxylative coupling reactions and a novel o-
bond metathesis in benzylisoquinoline alkaloids based on this concept will be presented. [2] These
processes can be driven by sunlight in easy-to-build micro capillary photoreactors. [3]
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Uncatalyzed photochemistry can be combined with bond forming reactions catalyzed by earth-
abundant transition metals to build reaction cascades. As an example, the synthesis of pyrrolo-fused
cycloheptadienones in a domino process involving two consecutive photochemical reactions (one of
them being entirely unprecedented) and a new Co-catalyzed pyrrole synthesis will be discussed. [4]

acetylacetone [e)
O-N Co(acac), (10 mol-%) Ph Me

hv (300
U \\ O DCM, hv (300 nm), rt / v( nm)
N~ ~Me
O

(racemic)

quant.

[1] T. Itou, Y. Yoshimi, T. Morita, Y. Tokunaga, M. Hatanaka, Tetrahedron 2009, 65, 263
[2] B. Lipp, A. M. Nauth, T. Opatz, J. Org. Chem. 2016, 81, 6875.

[3] A. M. Nauth, A. Lipp, B. Lipp, T. Opatz, Eur. J. Org. Chem. 2017, in press.

[4] S. Pusch, D. Schollmeyer, T. Opatz, Org. Lett. 2016, 18, 3043.
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Facile Two-step Synthesis of Highly Fluorescent Polyaza[7]helicenes

Takashi Otani'™* and Takanori Shibata
Course of Chemical Engineering, National Institute of Technology, Anan College
265 Aoki, Minobayashi, Anan, Tokushima 774-0017 (Japan)
2 Department of Chemistry and Biochemistry
School of Advanced Science and Engineering, Waseda University
3-4-1 Okubo, Shinjuku, Tokyo 169-8555 (Japan)

Helicenes have attracted considerable attention in material science and thus their syntheses have
been widely studied. To the best of our knowledge, however, more than five steps were required for
the synthesis of [7]helicene derivatives in all cases. We have developed a facile two-step synthesis
of aza[7]helicenes 3 possessing a 6-5-6-6-6-5-6 skeleton from commercially available 2,9-dichloro-
1,10-phenanthroline (1) via double-amination with aniline derivatives followed by hypervalent
iodine reagent-mediated intramolecular double-NH/CH couplings.!*?

/;N N:<\ 4 Q \>

4 A + F(4C>—NH2 — HN NH —> N N N\
=N N= Nf:@N
cl cl
1 2 INZ
R R R
2 3

hypervalent iodine reagent-mediated
double NH/CH coupling

Single-crystal X-ray analyses of the helicenes revealed unique structures, including both a
significantly twisted center and planar terminals of the skeleton. The azahelicenes show high
fluorescent quantum yields (@) under both neutral (®: 0.25-0.55) and acidic conditions (®: up to
0.80 for 3a (R = H)).
ca
86 0’ ce

..0

[ ] g/.

Enantiomers of 3a (R = H), which were resolved from a racemic mixture using HPLC with a chiral
column, showed high circularly polarized luminescence (CPL) activity under both neutral and
acidic conditions (gjum: up to 0.009). The high gum and ® values suggest that 3 could be attractive
for use as a CPL-emitting material.

[1] Kutsumura, N.; Kunimatsu, S.; Kagawa, K.; Otani, T.; Saito, T.; Synthesis, 2011, 3235-3240.
[2] Otani, T.; Tsuyuki, A.; lwachi, T.; Someya, S.; Tateno, K.; Kawali, H.; Saito, T.; Kanyiva, K. S.
Shibata, T. Angew. Chem. Int. Ed. 2017, 56, 3906-3910.
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Total Syntheses of (-)-Histrionicotoxin and (-)-Histrionicotocin 235A via
Radical Translocation Cyclization Cascade

Manabu Sato, Hiroki Azuma, Akihiro Daigaku, Souta Sato, Kiyosei Takasu, Kentaro Okano, and
Hidetoshi Tokuyama*
Graduate School of Pharmaceutical Sciences, Tohoku University, Sendai, Miyagi 980-8578, Japan

Histrionicotoxin (1, HTX) was isolated from the poison-arrow frog Dendrobates histrionicus by
Daly and Witkop. This compound possesses a 1-azaspiro[5.5]undecane core with two (Z)-enyne
side chains. We have demonstrated our radical translocation-cyclization strategy™! was efficient for
stereoselective construction of the 1-azaspiro[5.5]undecane core and accomplished total syntheses
of (-)-HTX (1) and (-)-HTX 235A (2).[! §-Lactam 3 bearing an optically active cyclic acetal
moiety was readily prepared as a 1:1 mixture of diastereomers from ketodiester 4 and benzylamine
5. Under radical conditions using (Me3Si);SiH, compound 3 underwent the radical translocation-
cyclization to furnish spiro compound 6 in high diasterelselectivity. Optical purity of the major
compound 6 was determined to be 94% ee after deacetalization. Stereoselective introduction of an
allyl group on unprotected lactam 8 was achieved in a one-pot protocol by titanium hydride-
mediated reduction to cyclic imine and subsequent allylation using ally zinc ate complex. The
stereochemistry of 9 was confirmed by conversion to (-)-HTX 235A (2). Finally, two vinyl groups
of 2 were converted to the (Z)-enyne side chains to complete the total synthesis of (-)-HTX (1).

Me Me
\\ Me
% Y\ cat. AIBN
MeO,C co,Me /\O><O/\ (Me3Si)sSiH 07 H
n > 0" N COZMe4>O/&};7 —
OMe JT07Me
WA~ O

OMe benzene
HZN/II : 7 steps ﬁ 3 reflux
Br OMe Br OMe W= CO:Me
Ti(Oi-Pr),
FeCly Et,SiH,
o SiO, 6 steps THF, reflux; k K
—> O —_ > »
—> MgCl
g acetone : AN :
MeO,C o% reflux  veo,c” O OTBDPS  cat. ZnCly 7 5TBDPS
6 MdVY Me 7 (94% ee) 8 —78*Cront 9 single isomer
socl,
TBAE imidazole
B = |NH OH ~—_ 7
80°C Z OH “ 0°c Z OH
(-)-HTX 235A (2) 10 (=)-HTX (1)

[1] Fujitani, M.; Tsuchiya, M.; Okano, K.; Takasu, K.; lhara, M.; Tokuyama, K. Synlett, 2000, 822.
[2] Sato, M.; Azuma, H.; Daigaku, A.; Sato, S.; Takasu, K.; Okano, K.; Tokuyama, H. Angew.
Chem. Int. Ed. 2017, 56, 1087.
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1-(2-Pyridyl)- and 1-(2-quinolyl)-2-propen-1-ol as useful reagents to access
hydroxyindolizidine derivatives

Alberto Brandi, Jacopo Ceccarelli, Donatella Giomi*
Dipartimento di Chimica “Ugo Schiff”, Universita di Firenze, 50019 Sesto Fiorentino (FI), ITALY

Nitrogen heterocycles are widely present in biologically active molecules and, in particular,
polyhydroxylated alkaloids, usually referred as iminosugars, can act as potent and selective
glycosidase inhibitors with important effects on glycoproteins as well as on cell-cell and cell-
virus/bacteria recognition processes. Concerning 1,2-dihydroxyindolizidine systems, natural (+)-
lentiginosine is a potent and selective inhibitor of fungal amyloglucosidases as well as Heat shock
protein 90 (Hsp90), while the non-natural enantiomer acts as an apoptosis inducer on tumor cells of
different origin. [1]

H H OH 4 OH
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/,,O

OH [
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14 vy
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+
A
\
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e
X

(+)-lentiginosine OH i

-
~

X =0H, Br, I, OMe, OAc

In this context, 1-(2-pyridyl)- and 1-(2-quinolyl)-2-propen-1-ol, obtained by vinylation of
commercially available 2-pyridine- and 2-quinoline-carboxaldehyde, behaved as useful reagents for
the synthesis of indolizidine and benzo[e]indolizidine systems through a simple process involving
bromination, reduction, and nucleophilic substitution (via elimination/addition). 1-(2-Pyridyl)-2-
propen-1-ol afforded (+)-lentiginosine, in ca. 27% overall yield, as well as the non-natural
diastereomer with inverted configuration at C-8a, [2] while 1-(2-quinolyl)-2-propen-1-ol allowed the
synthesis of (+)-benzo[e]lentiginosine in 19% overall yield.

Mechanistic aspects and synthetic applications of this new approach will be discussed.

[1] F. M. Cordero, D. Giomi, A. Brandi Curr. Top. Med. Chem. 2014, 14, 1294-1307.

[2] D. Giomi, R. Alfini, A. Micoli, E. Calamai, C. Faggi, A. Brandi J. Org. Chem. 2011, 76, 9536-
9541.
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Total Synthesis of Kopsia Alkaloids

Shigeru Arai, Masaya Nakajima and Atsushi Nishida*
Graduate School of Pharmaceutical Sciences, Chiba University

Kopsia alkaloids have been
attractive synthetic targets due to
their structure and biological
activities. Lundurine A and B
have unique hexacyclic ring
system including indoline
cyclopropane, therefore their total
synthesis has been  major
challenge in synthetic chemistry.

Recently, we have accomplished
the total synthesis by two different
strategies (Scheme 1).[1-3] The
key cyclopropanations are 1)
iodine-mediated cyclization using
ketoester[2] and 2) Sm(ll)-
mediated radical cyclization using
spiroenone A.[3] The symmetric
spiroketone B is a suitable
substrate to introduce chirality in
spiroenone  C by Koga’s
asymmetric deprotonation[4] and
the total synthesis of (-)-lundurine
B with determination of its

0o R 14 steps
o~ e I O 2
o) N \=

commercially available

Chiba, Japan, 2608675

Scheme 1. Intramolecular Cyclopropanation' 23

BnO o I, K,COj BHO\/I H ref. 2
o BnNEt;Cl o) (26 steps)
2:0 84% (12:1) Ar \
MeO CO,Me MeOC O

MeO

EtOZC

EtOZC bone
Sml, (+)-Lundurine A (X = O)
MeO ool MeO (+)-Lundurine B (X = H,)
52 % ref 3
(12 steps)
COzMe cone

A (prepared in 16 steps)

Scheme 2 Asymmetric Total Sytnthesis of (-)-Lunduirine B

Et0,C 1) chiral Li amideref- 4 Et0,C
then TMSCI
MeO / MeO V/ _
@fi@m 2PdOA, /N0 5 (yLundurine B
N N =
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Scheme 3 Asymmetric Total Synthesis of Grandilodine C & Lapidilectine B ¢

@)

CO,Me
D: (up to 75% ee)

CO,Me

(+)-Grandilodine C (X = O)
(+)-Lapidilectine B (X = H,)

absolute stereochemistry was achieved (Scheme 2).[5] A similar chiral spiroenone D, prepared in
only 5 steps, was also applicable for the asymmetric total synthesis of (+)-lapidilectine B and (+)-
grandilodine C and their absolute stereochemistry has been confirmed (Scheme 3).[6]

[1] For review; Arai, S.; Nakajima, M.; Nishida, A. The Alkaloids: Chemistry and Biology. Editor:
Knolker, H.-J. 2017, 78, in press. http://doi.org/10.1016/bs.alkal.2017.01.001

[2] Hoshi, M.; Kaneko, O.; Nakajima, M.; Arali, S.; Nishida, A. Org. Lett. 2014, 16, 768-771.

[3] Arai, S.; Nakajima, M.; Nishida, A. Angew. Chem. Int. Ed. 2014, 53, 5569-5572.

[4] Aoki, K.; Koga, K. Tetrahedron. Lett. 1997, 38, 2505-2506.

[5] Nakajima, M.; Arai, S.; Nishida, A. Chem. Asian J. 2015, 10, 1065-1070.

[6] Nakajima, M.; Arai, S.; Nishida, A. Angew. Chem. Int. Ed. 2016, 55, 3473-3476.
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Concise Construction of 3,3-Disubstituted-2-amino-3H-indoles via Copper-catalyzed Coupling
of Aryl Chloride and a-Alkyl Cyanoacetate

Yongwen Jiang,* Xi Jiang,” Dequn Sun? and Dawei Ma™*
IState Key Laboratory of Bioorganic and Natural Products Chemistry, Shanghai Institute of
Organic Chemistry ,Chinese Academy of Sciences, 345 Lingling, Shanghai 200032,China; “Marine
College, Shandong University at Weihai, 180 W.Rd wenhua, Weihai 264209,China

3,3-Disubstituted-2-amino-3H-indole and its analogues are an important class of pharmaceutical
heterocycles that display a wide range of biological properties. A-366 is potent and selective
inhibitors of histone methyltransferase G9a." Genz-668764 inhibits P. falciparum in vitro.?

F
C\ EtO
N o
~N N, cl OH
NH,
o O /N2
N

A-366 Genz-668764
Great progress in Cu-catalyzed coupling reactions provides abundant opportunity for discovering
new methodologies to elaborate various heterocycles. Recently, we revealed that some oxalic
diamides and related amides are very powerful ligands for copper catalysis, especially for coupling
of less active aryl chlorides with some nucleophiles.>* Herein, we described a concise method for the
synthesis of 3,3-disubstituted-2-amino-3H-indoles based on copper-catalyzed C-C coupling of 2-
chlorotrifluoroacetanilides 1 and a-alkyl cyanoacetate 2 under the promotion of methyl 2-((2-

methylnaphthalen-1-yl)amino)-2-oxoacetate (L2).
10 mol% Cul

' NHCOCF
N~ NHCOCF; R 10 mol% L2 N T XN
RC ¥ NC)\WO\/ R A _en | ———Ri [ >—NH,
= al DMSO,Cs,CO4 . over night = R’
o 90°C, 24h CO%E'[
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Presentative examples--------------oooooooo Single X-ray of 42
N N N O:N N FsC N
F MeO
CO,Et CO,Et CO,Et CO,Et COyEt
4a: 80% 4b: 70% 4d: 49% 4e: 72% (90 °C) 4f: 75% (90 °C)

[1] Sweis, R. F.; Pliushchev, M.; Brown, P. J.; Guo, J.; Li, F.; Maag, D.; Petros, A. M.; Soni, N. B.;
Tse, C.; Vedadi, M.; Michaelides, M. R.; Chiang, G. G.; Pappano, W. N. ACS Med. Chem. Lett.
2014, 5, 205209

[2] Biamonte, M. A.; Wanner, J.; Le Roch, K. G. Bioorg. Med. Chem. Lett. 2013, 23, 2829-2843.
[3] Zhou, W.; Fan, M.; Yin, J.; Jiang, Y.; Ma, D. J. Am. Chem. Soc., 2015, 137(37), 11942-11945.
[4] Fan, M.; Zhou, W.; Jiang, Y.; Ma, D. Angew. Chem. Int. Ed., 2016, 55(21), 6211-6215.
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Synthesis of 3,4-Fused Tricyclic Indoles Using Transition Metal Catalysis

Shun-ichi Nakano, Yuta Suzuki, Naoya Inoue, Yuito Tanaka, Yasumasa Hamada,
and Tetsuhiro Nemoto*
Graduate School of Pharmaceutical Sciences, Chiba University
1-8-1, Inohana, Chuo-ku, Chiba 260-8675, Japan

3,4-Fused tricyclic indole skeletons are found in various bioactive natural products and
pharmaceuticals. Most of these molecules possess a functionalized medium-size ring bridging the
C3 and C4 positions of the indole. This class of compounds is an attractive target in synthetic
organic chemistry due to the ubiquity of the structural motif in bioactive molecules, as well as their
characteristic structures. In this presentation, two-types of synthetic method of this structural motif
will be discussed.

Allenes generally react with an aryl halide in the presence of a Pd(0) catalyst to give the
corresponding m-allylpalladium(I1) species through a Heck insertion process. We hypothesized that
treatment of allenes tethered to ortho-iodoaniline derivatives at the meta-position with a Pd(0)
catalyst in the presence of base would lead to the formation of 3,4-fused tricyclic 3-alkylidene
indoline derivatives, which would be isomerized to 3,4-fused tricyclic indole skeletons. The
corresponding substrates were reacted with 5-10 mol % of Pd catalyst and 4 equiv of K,COj3 in
DMSO at 90 °C, producing 3,4-fused tricyclic 3-alkylidene indoline derivatives in moderate to
excellent yield. The products were divergently transformed into three types of 3,4-fused tricyclic
indole derivatives. [1]

Difficulty in preparing multi-substituted iodoaniline derivatives limited the flexibility to
synthesize 3,4-fused tricyclic indoles with additional substituents on the aromatic ring using the
developed Pd catalysis. Therefore, a novel Pt-catalyzed cascade cyclization reaction was developed
by intramolecular Friedel-Crafts-type C-H coupling of aniline derivatives with a propargyl
carbonate unit-allylic amination sequence. Treatment of various propargyl carbonates tethered to
meta-aniline derivatives with a Pt(dba)s/DPEphos catalyst system afforded the corresponding 3,4-
fused tricyclic 3-alkylidene indolines, which could be transformed into the target compounds in
excellent yield. [2]

* Pd-catalyzed Heck Insertion-Allylic Amination Cascade * Pt-Catalyzed C-H Coupling-Allylic Amination Cascade
E
E 1) Pd(dba),/P(2-furyl)s E Me 1) Pt(dba)z / DPEphos E
E  KyCO, DMSO E COOMe DMSO, 100 °C
90 °C, 78% yield COOMe 89% yield Me
"l

2) TFA, CH,Cl, S 2) TFA, CH,Cl, N

NHTs i 94% yield N / NHTs  S\OCOOMe  gge yield N
(E = COOMe) Ts Ts

[1] S. Nakano, N. Inoue, Y. Hamada. T. Nemoto. Org. Lett. 2015, 17, 2622-2625.
[2] Y. Suzuki, Y. Tanaka, Y. Hamada, T. Nemoto, et al. Chem. Eur. J. 2016, 22, 4418-4421.
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Cul-catalyzed Intramolecular Aminocyanation of Terminal Alkynes

Zhen-Yuan Liao, Pen-Yuan Liao and Tun-Cheng Chien*
Department of Chemistry, National Taiwan Normal University, Taipei 11677, Taiwan

Cyanamide derivatives have been extensively used as reactive N-C-N building blocks in
organic synthesis, and as ambidentate ligands in coordination chemistry. Recently, the use of N-
cyano-N-phenyl-p-toluenesulfonamide (NCTS, 1) and its derivatives as organic cyanating reagents
has received considerable attention, of which the N-CN bond cleavage provided reactive CN
species for expeditious synthesis of a wide variety of cyano-containing organic molecules.

Our attention was attracted by the intramolecular CN migration reaction of ortho-substituted
NCTS derivatives, wherein the NCTS portion served as an internal cyano donor for intramolecular
cyanation of unsaturated carbon-carbon bonds. Wang found that the Rh(l)-catalyzed reactions of
ortho-vinyl substituted NCTS derivatives resulted in the intramolecular alkene-cyanation (A).M
Douglas, Nakao and Shi, independently reported that ortho-allyl or homoallyl substituted NCTS
derivatives or the N-acyl-N-phenylcyanamide congeners underwent intramolecular aminocyanation

in the presence of boranes as activators (B).!!
(A) Wang (2013):
R2 R2

= Rh(l) catalyst = M
R CN R CN
NN N NH

|
Ts
B) Douglas (2014), Nakao (2014), Shi (2016):

R? R=Ac
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with BR3 rR1-Z (:E/K
R3 or
A Me

N CN R Ts: R CN R =Ac, Rz aryl
B(CeFs)s R=AcorTs R3R* = cyclopropyl
R®=R*=H,n=1~2 n=0
(C) This work:
¢t catcul CN
07 Na,COs =
| :1-\‘ on - . R1_ | \ H
1,4-dioxane A ITI

SO,R?  80°C,3h, Ar SO,R2

We herein reported a Cul-catalyzed intramolecular aminocyanation of terminal alkynes in
N-(2-ethynylphenyl)-N-sulfonylcyanamides (C). The reaction was initiated by the formation of Cu-
acetylide to trigger N-CN bond cleavage of the N-sulfonylcyanamide moiety followed by CN
migration to form p-cyano Cu-vinylidene intermediate. Subsequently, the indole ring closure
furnished the corresponding 1-sulfonyl-3-cyanoindoles.™

[1] R.Wangand J. R. Falck, Chem. Commun. 2013, 49, 6516.

[2] (a) Z. Pan, S. M. Pound, N. R. Rondla and C. J. Douglas, Angew. Chem. Int. Ed. 2014, 53, 5170; (b)
Y. Miyazaki, N. Ohta, K. Semba and Y. Nakao, J. Am. Chem. Soc. 2014, 136, 3732; (c) Y.-C.
Yuan, H.-B. Yang, X.-Y. Tang, Y. Wei and M. Shi, Chem. Eur. J. 2016, 22, 5146.

[3] Z.-Y. Liao, P.-Y. Liao and T.-C. Chien Chem. Commun. 2016, 52, 14404.
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Access to DNA-encoded screening libraries of heterocycles
through a tailored encoding strategy

A. Brunschweiger*
TU Dortmund, Department of Chemistry and Chemical Biology,
Otto-Hahn-StraRe 6, 44227 Dortmund, Germany

DNA-encoded compound libraries (DELs) have found widespread use as screening technology for
drug research.*? Tagging compounds with genetic information allows for synthesis of very large
screening collections, and for pooling these collections to mixtures. These are screened efficiently
on disease-relevant target proteins by selection for bioactive compounds. Bioactive compounds are
identified post-selection by PCR-amplification and next generation sequencing of the amplicon
mixtures. Heterocycles are essential structures in the chemical space of bioactive compounds.
Transition metal catalysts, and acid organocatalysts enable access to diverse drug-like heterocycles
from simple starting materials, but interact or even react with purine bases eventually causing
depurination of the DNA tag. To circumvent this impediment to methods development for DELSs,
we utilize a hexathymidine sequence “hexT” as an adapter oligonucleotide in the initial step of DEL
synthesis (Figure 1).! The hexT tolerated several catalysts and harsh reaction conditions for
heterocycle synthesis. The hexT-heterocycle conjugates were readily ligated to coding DNA
sequences with a hexa-adenosine overhang.

solid
phase

ligation
w + ml h + [N
T code 2 code 1 ]

Figure 1: An access to DNA-encoded libraries based on the chemoresistant sequence “hexT”.

[1] Salamon, H.; Klika Skopi¢, M.; Jung, K.; Bugain, O.; Brunschweiger, A. ACS Chem. Biol.
2016, 11, 296 — 307.

[2] Klika Skopic’, M.; Bugain, O.; Jung, K.; Onstein, S.; Brandherm, S. Kalliokoski, T.;
Brunschweiger, A. Med. Chem. Commun. 2016, 7, 1957-1965.

[3] Klika ékopié, M.; Salamon, H.; Bugain, O.; Jung, K.; Gohla, A.; Doetsch, L. J.; dos Santos, D.;
Bhat, A.; Wagner, B.; Brunschweiger, A. Chem. Sci. 2017, 8, 3356-3361.
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Novel Accesses to Boron-containing Cycles and Related Structures

Keiichi Hirano and Masanobu Uchiyama
Graduate School of Pharmaceutical Sciences, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Organoboron compounds have been one of the most important classes of organic compounds owing
to their flexibility in chemical synthesis enabling facile C—C bond formation as well as C—
heteroelements bond formations. Recently, the preconception of toxicity of boron is being mended,
and the utilization of organoborons in medicinal chemistry is actively developing. From these facts,
efficient methodologies for regio-, stereo-, and chemoselective introduction of boron atom into
organic molecules is eagerly anticipated.

We have been working on transition metal-free boration methodologies based on Lewis basic
activation of boron reagents." Taking advantage of the pseudo-intramolecular activation of boron
atom by propargylic alcohols, we have established a novel and facile access to diverse oxaborolol
structures via diboration” and carboboration® of the triple bond, which have been attracting much
attention as novel pharmacophores. Oxaborolols are also useful synthetic building blocks providing
regio- and stereocontrolled multiply substituted olefins. Using allylic alcohols instead of
propargylic counterparts, allylic boronates are readily obtained, which are unless otherwise labor-
intensive to synthesize.’
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[1] Takita, R.; Hirano, K.; Uchiyama, M. et al. J. Am. Chem. Soc. 2013, 135, 18730-18733.
[2] Hirano, K.; Uchiyama, M. et al. J. Am. Chem. Soc. 2014, 136, 8532-8535.

[3] Hirano, K.; Uchiyama, M. et al. Manuscript submitted.

[4] Hirano, K.; Uchiyama, M. et al. Org. Chem. Front. 2016, 3, 565-569.
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Impressive enantiodiscrimination ability of
1,1°-bibenzimidazolium and 3,3’-bicollidinium salts in achiral ionic liquids

Simona Rizzo,? Serena Arnaboldi,” Patrizia R. Mussini® and Franco Sannicolo®*

a. Istituto di Scienze e Tecnologie Molecolari CNR, Milan/Italy 20133
b. Dip. di Chimica, Universita degli Studi di Milano, Milan/Italy 20133

In "inherently chiral” materials the stereogenic element responsible for chirality coincides with the
molecular portion responsible for their specific properties. This concept was successfully tested in
designing chiral organic semiconductors employed by us as highly stereoselective electrode
surfaces [1] and it is now applied to the preparation of inherently chiral ionic liquids (ICILs) and
transport electrolytes.

According to this strategy, we synthesised the N,N’-dialkyl salts of bi-heteroaromatic systems
characterized by atropisomeric 1,1’-biimidazole 1 and 3,3’-bipyridine 2 scaffolds. The enantiopure
dialkyl salts were prepared by alkylation of the enantiopure antipodes of a series of 2-alkyl-1,1’-
bibenzimidazoles and of 3,3’-bicollidine. They were obtained in an enantiopure state by resolution
of the corresponding racemates by employing semi-preparative HPLC on CSP in the former case
and by crystallization of the diastereomeric salts with the O,O-dibenzoyltartaric acids in the latter.

[2], [3]

In particular, the long alkyl chain salts 2 are liquid at room temperature, therefore, they are the first
atropisomeric ICILs. The new ICILs have been employed as additives to achiral ILs in
cyclovoltammetric experiments devoted to check their enantiorecognition ability towards the
antipodes of several probes differing in structure and stereogenic element on achiral electrodes. In
particular, the selected probes are the N,N’-dimethyl-1-ferrocenyl-ethylamine (FcA), the 2,2°-bis[2-
(5,2'-bithiophenyl)]-3,3'-bithianaphthene (BT,T,), DOPA, DOPA Methylester, Ofloxacin and
Thalidomide enantiomers, while BMIMPFg and BMIMBF, are the selected media.

The new chiral bis-onium salts provide outstanding differentiation of the oxidation or reduction
peaks of the enantiomers of all the probes. [3]

These results appear indeed attractive on account of both the impressive enantiorecognition levels
and the very small chiral inductor consumption.

Stereoselection mechanistic hypotheses are discussed.

[1] F. Sannicolo et al., Angew. Chem. Int. Ed. 2014, 53, 2623~2627; P.R. Mussini, et al., Chemical
Science 2015, 6, 1706~1711.

[2] S. Rizzo et al., J. Chromatogr. A 2014, 1363, 128~136.

[3] F. Sannicolo et al,. Angew. Chem. Int. Ed. 2017, 56, 2079~2082.

81



ISHC 2017 Oral Presentations B 8

An Arylative Ring Expansion Cascade of Fused Cyclobutenes
via Short-lived Cycloakladienes with Planar Chirality

Norihito Arichi, Yousuke Yamaoka, Ken-ichi Yamada, and Kiyosei Takasu”
Graduate School of Pharmaceutical Sciences, Kyoto University,
Yoshida, Sakyo-ku, Kyoto 606-8501, JAPAN

Thermal 4r electrocyclic reaction of cyclobutenes proceeds in a conrotatory manner to give 1,3-
butadienes in accordance with Woodward-Hoffmann rules. Conrotatory electrocyclization of fused
cyclobutene 1 generates highly strained cis,trans-cyclooctadiene 2, which is unisolable due to the
rapid reverse reaction to the starting material 1. However, we envisioned trapping of this short-lived
intermediate 2 by intermolecular reaction to provide access to medium ring compounds, which are
generally difficult to construct by intramolecular cyclization strategy due to large entropy and
enthalpy cost.

Moreover, our attention was directed to inherent planar chirality of the short-lived intermediate 2.
Certain medium ring trans-cycloalkenes are known to display planar chirality. For a representative
example, trans-cyclooctene exhibits stable planar chirality at ambient temperature due to the highly
rigid structure. We envisaged chirality transfer in a palladium-catalyzed ring expanding reaction of
1 to afford medium ring fused trans-indoline 3 through transient planar chirality of 2.

When 1 (>99%ee) was treated with o-iodoaniline derivative in the presence of palladium catalyst
and Ag,COs3 in toluene at 100 °C, indoline 3 was obtained in 79% yield as a single diastereomer
without any loss of enantiopurity. Tricyclic cyclobutene 4 was also subjected to the reaction, which
resulted in the isolation of 6 in 78% yield with 84%ee. The partial racemization was observed due
to more facile ring flip of 9-membered transient intermediate 5.[1]

OTBS R TBSO R
(?TBS H
- R TsHN Pd(0) cat.
OO0 o | G - g |
- | 100 °C N
A A Ns
1 2 3
(>99% ee) R = CO,Et: 79%, >99%ee
TBSO R
Pd(0) cat. OTBS <
100 OC / [e) - N
H Ns
5 6
(>99% ee) R = CO,Et: 78%, 84%ee

[1] Arichi, N., Yamaoka, Y., Yamada, K. Takasu, K. J. Am. Chem. Soc. 2015, 137, 9579-9582.
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Donor-Acceptor-Cyclopropanes as Unique Structural Units
to Access Heterocyclic Compounds

Daniel B. Werz*
Institute of Organic Chemistry, TU Braunschweig, Braunschweig/Germany

Donor-acceptor (DA) cyclopropanes are highly strained entities which are unique building blocks for
heterocyclic and carbocyclic systems.[+? Our previous work was mainly focused on rearrangement
reactions of DA cyclopropanes leading to spiroketals, oligoacetals,! pyrrolst and thiophenes. The
recent developments in the lab deal with [3+n]-cycloaddition reactions (n =1, 2, 3, 4).

Approaches to four-membered ring formation by insertion of one atom are presented. [3+3]-
Cycloaddition reactions lead to tetrahydropyridazines.[®! Similar reactions using carbonyl ylides
allow the preparation of complex bicyclic scaffolds in a simple manner. The formation of seven-
membered rings with unusual 2-atom moieties being inserted are discussed. Such transformations
pave the way to 1,4-bisamines by the formal addition of “NHR” and “CH2NHR” to the 1- and 3-
position of the cyclopropane.[”
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[1] H.-U. ReiBig, R. Zimmer, Chem. Rev. 2003, 103, 1151-1196.

[2] D. B. Werz, J. Kaschel, D. B. Werz, Angew. Chem. Int. Ed. 2014, 53, 5504-5523.

[3] T. F. Schneider, J. Kaschel, S. I. Awan, B. Dittrich, D. B. Werz, Chem. Eur. J. 2010, 16, 11276-
11288.

[4] J. Kaschel, T. F. Schneider, D. Kratzert, D. Stalke, D. B. Werz, Angew. Chem. Int. Ed. 2012, 51,
11153-11156.

[5] L. K. B. Garve, M. Petzold, P. G. Jones, D. B. Werz, Org. Lett. 2016, 18, 564-567.

[6] M. Petzold, P. G. Jones, D. B. Werz, unpublished results.

[7] P. G. Jones, D. B. Werz, Angew. Chem. Int. Ed. 2017, 57, accepted.
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Rearrangements of Quinoxalinones with “Outside” Group Participation
Towards Benzimidazol(on)oes

Vakhid A. Mamedov,**® Nataliya A. Zhukova,*” Oleg G. Sinyashin®”

A, E. Arbuzov Institute of Organic and Physical Chemistry,Kazan Research Center of the
Russian Academy of Sciences, Arbuzov str. 8, 420088 Kazan, Russian Federation
PKazan National Research Technological University, Karl Marx str. 68, 420015 Kazan,
Russian Federation, e-mail: mamedov@iopc.ru

This report will focus on two aspects of our research program including reactions of quinoxalin-
2(1H)-one derivatives when exposed to various N-nucleophilic reagents (TYPE I)*? and C,N-
nucleophilic reagents (TYPE 11).?* These functionalized quinoxalinones are suitable for ring
transformations via spiro-quinoxalinone intermediates to afford a whole variety of 2-heteroaryl-
bensimidazoles and 1-heteroary|-benzimidazolones

N-i nucleophlles
[/\[ fI
oOH H (0]
qumoxalm -2-yl, pyrazin-2-yl, imidazol-2-yl, |ndoI|Z|n 2-yl,
pyrazol-5(3)-yl, pyrrol-2-yl, quinolin-2-yl, quinolin-4-yl @
R! H
zZ_N z H @ z
7 N O C,N-nucleophiles H* N
r | Arnucleophes - 7 | Mr [ >=o TYPEN
YRASNN0 YRS N0 H AN
R H R H R H

Note, when FG in structure Q (TYPE 1) contains substituents of electrophilic character (centers),
the N-nucleophiles can be not only aromatic diamines such as 1,2-diaminobenzenes, pyridine-2,3-
diamine, pyrimidine-4,5-diamine, but also a-picolines and other amines - hydrazine,
arylmethanediamines (prepared in situ), 2,3-diaminomaleonitrile. When FG in structure Q involves
substituents of nucleophilic character (centers) the spiro-quinoxalinone sQ is formed either through
the direct attack of the N atom of the amine group or via attack of C-2 of the enamine moiety
formed in situ in the reaction of quinoxalines with ketones.?

When the reactions of aroyl- and alkanoyl- quinoxalinones and their azaanalogues were carried out
with the commercially available enamines and enamines generated in situ this protocol reflected an
effective strategy that enabled access to N-pyrrolylbenzimidazolones with good yields, while using

environmentally friendly metal-free conditions.*>
(Z=Y=CH,

a OTZ=N.Y=CH, R?
AlkO,C / orZ=CH,Y =N) o @=Y=CcH) \ A

R1=H M 2 P CoAk .

=H, Me, z NH, Z r? R3COMe, R°COMe, NH,0Ac. R'=H, Me,
PhCO, CO,H ( >=o |/ | >=o PhCO COzH

2 _ Y Y/
R®=Ar, n-Pr / ACOH, A AN N0 MeOH, A
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This work was supported by the Russian scientific foundation (grant No. 14 23 00073).

[1] Hassner, A.; Namboothiri, I., Organic Syntheses Based on Name Reactions; 3th ed.; Elsevier:
Amsterdam, 2012, pp 299-300.

[2] Mamedov, V.A., RSC Advances, 2016, 6, 42132-42172.

[3] Mamedov, V.A.; Zhukova, N.A.; Sinyashin, O.G., Mendeleev Commun., 2017, 27, 1-11.

[4] Mamedov, V.A.; Zhukova, N.A.; Zamaletdinova, A.l.; Beschastnova, T.N.; Kadyrova, M.S.;
Rizvanov, I. Kh.; Syakaev, V.V.; Latypov, Sh.K., J. Org. Chem., 2014, 79, 9161-9169.

[5] Mamedov, V.A.; Zhukova, N.A.; Beschastnova, T.N.; Syakaev, V.V.; Krivolapov, D.B.;
Mironova, E.V.; Zamaletdinova, A.l.; Rizvanov, I.Kh., Latypov, Sh.K., J. Org. Chem., 2015, 80,
1375-1386.
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Geminal diazides: A versatile toolbox for the synthesis of heterocyclic entities

H. Ehrhardt, F. Ballaschk and S. F. Kirsch*
Organic Chemistry, Bergische Universitat Wuppertal, 42119 Germany

We present new studies on the synthesis and reactivity of geminal diazides, a mostly neglected class
of compounds. The first geminal diazides were reported by Forster et al. in 1908.[1] However, the
class of geminal diazides barely found attention in chemical sciences, and reports on their reactivity
are rare.[2] It is now shown how geminal diazides (and even triazides) can be easily obtained from a
range of highly functionalized starting compounds.[3] For example, 1,3-dicarbonyls undergo direct
diazidation when treated with sodium azide and iodine in aqueous DMSO. Besides methods for
their synthesis, new reactions with geminal diazides are discussed: In the realm of heterocycles, the
thermolysis of geminal diazides can be used to access 3-hydroxypyridines, pyrazines or 1,3,4-
oxadiazoles in a controlled way.[4] Unconventional bistriazoles and tristriazoles can be formed
through sequential cycloaddition with alkynes.[5]
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This presentation aims to make the class of geminal diazides more attractive to researchers by
explaining the ease of their synthesis and the great potential of their reactions.

[1] M. O. Forster, H. E. Fierz, W. P. Joshua, J. Chem. Soc., Trans. 1908, 93, 1070.

[2] A. P. Haring, S. F. Kirsch, Molecules 2015, 20, 20042.

[3] a) P. Klahn, H. Erhardt, A. Kotthaus, S. F. Kirsch, Angew. Chem. Int. Ed. 2014, 53, 7913. b) T.
Harschneck, S. Hummel, S. F. Kirsch, P. Klahn, Chem. Eur. J. 2012, 18, 1187. ¢) H. Erhardt, A. P.
Hiring, A. Kotthaus, M. Roggel, M. L. Tong, P. Biallas, M. Jiibermann, F. Mohr, S. F. Kirsch, J.
Org. Chem., 2015, 80, 12460.

[4] a) H. Erhardt, F. Mohr, S. F. Kirsch, Eur. J. Org. Chem. 2016, 5629. b) H. Ehrhardt, K. Kunz, S.
F. Kirsch, Org. Lett. 2017, 19, 178.

[5] H. Erhardt, F. Mohr, S. F. Kirsch, Chem. Commun. 2016, 52, 545.
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Cu-catalyzed azomethine imine-alkyne cycloadditions (CUAIAC), a fluorescent alternative to
azide-alkyne cycloaddition (CuUAAC)

Eva Pusavec Kirar, Ur§a TomaZin, Uro§ Groselj, Franc PoZgan, Bogdan Stefane, and Jurij Svete*
University of Ljubljana, Faculty of Chemistry and Chemical Technology, Vecna pot 113, SI-1000
Ljubljana, Slovenia

Copper-catalyzed cycloadditions of azomethine imines to acetylenes (CuAIAC) provide an easy
access towards 2,3-dihydro-1H,5H-pyrazolo[1,2-a]pyrazoles in a regio- and stereoselective manner
and under mild conditions that are compliant with requirements of "click™ chemistry. CUAIAC can
also be catalyzed by copper metal (Cu®), Cu*, or Cu?* to give fluorescent cycloadducts in very high
yields. Availability of azomethine imines, mild reaction conditions, simple workup, and scalability
make CUAIAC a viable supplement to CuAAC reaction in 'click' chemistry [1]. Recent
combinatorial study also revealed promising activity of Cu(ll)-acacen complexes in CuAIAC
reaction [2].

O\: o Cu® = Cu-powder, Cu-graphite, Cu-Fe, etc.
- Cu* = Cul-DIPEA
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allow for large-scale operations acacen-type ligands yellow fluorescent bimane analogue

In the non-racemic 2,3-dihydro-1H,5H-pyrazolo[1,2-a]pyrazole series the absolute configuration of
representative compounds were determined by VCD and X-ray diffraction. A clear correlation
between the sign of specific rotation and configuration at position C(1) allows for easy
determination of the absolute configuration by ECD and NMR [3].
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[1] E. Pusavec Kirar, U. Groselj, G. Mirri, F. Pozgan, G. Strle, B. Stefane, V. Jovanovski, J. Svete
J. Org. Chem. 2016, 81, 5988.

[2] U. Tomazin, U. Groselj, M. Pockaj, F. Pozgan, B. Stefane, J. Svete ACS Comb. Sci. 2017 article
ASAP, doi: 10.1021/acscombsci.7b00027.
[3] E. Pusavec Kirar, U. Groselj, A. Golobi¢, F. Pozgan, S. Pusch, C. Weber, L. Andernach, B.

Stefane, T. Opatz, J. Svete J. Org. Chem. 2016, 81, 11802.
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Multicomponent and domino reactions of alkynes and benzynes in the synthesis of N-
heterocycles. Recent advances.

Leonid G. Voskressensky
Organic Chemistry Department of the RUDN University, Moscow, Russia 117198

The development of new step-economical approaches to N-containing heterocyclic compounds,
producing less waste and by-product, continues to be of considerable interest and important for
modern organic and medicinal chemistry, particularly, for drug discovery and development. In the
past several years, we and others have developed a series of Michael addition triggered domino
reactions that provide easy access to multiple functionalized ring structures of chemical and
pharmaceutical interest.

CO,Me

Ac’O

This presentation will cover recent results obtained in the synthesis of heterocyclic molecules based
on MCR reactions initiated by the Michael addition with the emphasis on N- heterocycles reactions
with alkynes and arynes.

This work was supported by the Russian foundation for basic research (grants # 17-03-00605 and 16-53-
540004 viet-a)
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Synthesis of Aniline Derivatives via Aryne Intermediates
Enabling Facile Preparation of Nitrogen-Containing Heterocyclic Compounds

Suguru Yoshida,"* Yu Nakamura,' Takahisa Yano,' Keisuke Uchida,' Yuki Hazama,'
Yoshihoro Misawa,' Yasuyuki Sugimura,” Kazunobu Igawa,’ Shigeomi Shimizu,’
Katuhiko Tomooka,’ Takamistu Hosoya'*

!Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Tokyo 101-0062
’Medical Research Institute, Tokyo Medical and Dental University, Tokyo 113-8510
I Institute for Materials Chemistry and Engineering, Kyushu University, Fukuoka 816-8580

Aniline derivatives play an important role in various fields, including materials science and
medicinal chemistry. In spite of the importance, synthesis of complex nitrogen-containing arenes
including multisubstituted anilines and condensed organonitrogen compouds is not easy. Herein we
disclose facile methods to prepare a variety of anilines via aryne intermediates.

We found that 3-amino-2-silylaryl triflates could be easily prepared via regioselective
silylamination of 3-triflyloxyarynes, which were efficiently generated from ortho-iodoaryl triflate-
type aryne precursors. 3-Aminoarynes were efficiently generated from the precursors synthesized
by this method, which rendered a diverse range of aniline derivatives such as 5-aminocoumarins
easily accessible, demonstrating the synthetic utility of aryne relay chemistry.
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During the course of our studies to prepare anilines by the reaction between arynes and sulfilimines,
we unexpectedly found that o-sulfanylaniline was produced instead of aniline. Based on this
discovery, we have developed a novel method for preparing a diverse range of o-sulfanylanilines
via direct thioamination of arynes, generated from o-silylaryl triflates, with sulfilimines, followed
by migratory N-arylation. The reaction using a cyclic sulfilimine afforded a unique ring-expanded
eight-membered thiazocine derivative in high yield.
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[1] S. Yoshida, Y. Nakamura, K. Uchida, Y. Hazama, T. Hosoya, Org. Lett. 2016, 18, 6212.
[2] S. Yoshida, T. Yano, Y. Misawa, Y. Sugimura, K. Igawa, S. Shimizu, K. Tomooka, T. Hosoya,
J. Am. Chem. Soc. 2015, 137, 14071
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Biheterocycles and linked heterocycles based on Cinchona alkaloids

P. J. Boratynski*
Department of Organic Chemistry, Wroctaw University of Technology, Wroctaw, Poland

Cinchona alkaloids (e.g. quinine) and their derivatives are highly relevant to asymmetric catalysis
and, now in diminishing extent, to medicine. In our laboratory, we have introduced various
biheterocyclic systems to the Cicnchona alkaloids.[1-2] Alternatively we exploited the already
present ring systems of quinoline and quinuclidine and made them linked directly to another
heterocycle (Figure).[3-5] Perhaps the easiest way to obtain a new heterocycle is through copper-
catalyzed 1,3-dipolar cycloaddition of azides and alkynes. The formed 1,2,3-triazoles were,
however, seldom carrying ‘“stand-alone” useful function but their combination with another
heterocycle (such as pyridine, pyrimidine, quinoline, or an extra triazole) led to introduction of new
interesting properties.

Some of the obtained products were found to form complexes with copper (11).[2] In case of
bitriazole system, where the complexes are moderately stable, they catalyzed asymmetric Michael-
hemiacetalization reaction providing up to 80%ee.[1] On the other hand, some other alkaloid-based
biheterocycles gave promising in vitro results. The corresponding details will be presented.

Founded by National Science Center NCN, Poland (No. 2013/11/D/ST5/02909)

[1] Boratynski, P. J.; Kowalczyk, R. J. Org. Chem. 2016, 81, 8029.

[2] Galezowska, J. et.al. Polyhedron 2017, 121, 1.

[3] Boratynski, P. J.; Skarzewski, J. J. Org. Chem. 2013, 78, 4473.

[4] Boratynski, P. J.; Kraj, A.; Skarzewski, J. Phosphorous Sulfur 2017, 192, 227.

[5] Boratynski, P. J.; Kowalczyk, R.; Kobylanska, A.; Bgkowicz, J. J. Org. Chem. 2016, 81, 12489.
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Reactions of N,N-Dialkyl-N’-Chlorosulfonyl Chloroformamidines with 1,3-NCC Bis-
Nucleophiles: Synthesis of New Fused Thiadiazine Ring Systems.

Dylan Innes,* Michael V. Perkins,* Andris J. Liepa,? and Craig L. Francis®*
'Flinders University, Adelaide, SA, Australia; 2CSIRO, Melbourne, VIC, Australia

N,N-Dialkyl-N’-chlorosulfonyl chloroformamidines 1 have proven to be highly versatile 1,3-bis-
electrophilic intermediates for the synthesis of a wide variety of structurally unique heterocyclic
ring systems.!] Recently, we have been evaluating the reactions of dichlorides 1 with a range of
1,3-NCC dinucleophiles and the first example, the regioselective reaction with 1-substituted-
5-aminopyrazoles 2 to afford derivatives of the new pyrazolo[3,4-e][1,2,4]thiadiazine ring
system 3 (Scheme 1), has been reported.?!
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It was of interest to investigate the effect of a reversed arrangement of nucleophilic centres in a
1,3-NCC bis-nucleophile, i.e. an exocyclic carbon nucleophile and a ring nitrogen nucleophile, on
the regioselectivity of reactions with dichlorides 1. Benzimidazole derivatives 4 (Scheme 1) were
chosen to represent such a system and we will report the regioselective synthesis of a new
benzimidazo-fused thiadiazine ring system bearing various electron withdrawing groups (EWG), as
well as some substitution reactions, and other aspects of the reactivity of this new molecular
scaffold.

We have also been investigating the reactions between the dichlorides 1 and 1,3-NCC bis-
nucleophilic aniline derivatives. In addition to the expected benzothiadiazine products, we will
report examples of a variety of unexpected, new and unusual heterocyclic systems generated from
these reactions, particularly those involving electron-deficient aniline derivatives.

[1] C. L. Francis. Arkivoc 2016, 212-275 and references therein.
[2] R. E. Norman, M. V. Perkins, A. J. Liepa, C. L. Francis, Aust. J. Chem. 2015, 68, 1455-1466.
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TRIAZOLE-BASED HALOGEN BOND DONORS

Mikk Kaasik, Tonis Kanger*
Department of Chemistry and Biotechnology, Tallinn University of Technology, Estonia

A halogen bond (XB) is a noncovalent interaction between an electrophilic halogen atom and some
nucleophilic counterpart of the same or another molecule. [1] This concept has been widely used in
crystal engineering, however, its application in solution, in particular, in catalysis, is scarce.

We have shown that enantiomerically pure triazole-based halides 1 or corresponding triazolium
salts 2 are efficient XB donors in the solid state as well as in the solution. [2] The most intriguing
property of these compounds were their ability to participate in the enantiodiscrimination of chiral
thioureas in solution via XB formation. Our ongoing work is focusing on the use of these XB
donors as organocatalysts. The rational design of the catalyst and tuning its properties will be
discussed. Aza-Diels-Alder reaction was studied as a model reaction to address enantioselective
catalysis and cooperative catalysis in the presence of XB donors.
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[1] G. R. Désiraju, P. S. Ho, L. Kloo, A. C. Legon, R. Marquardt, P. Metrangolo, P. Politzer, G.
Resnati, K. Rissanen. Pure Appl. Chem. 2013, 85, 1711-1713.

[2] M. Kaasik, S. Kaabel, K. Kriis, I. Jarving, R. Aav, K. Rissanen, T. Kanger. Chem. Eur. J. 2017,
23, 7337 —7344.
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The synthesis of new 1,4-benzoxazines via the Petasis multicomponent reaction

L. Chouguiat, R. Boulcina and A. Debache*
Laboratoire de synthése de molécule d’intérét biologique, Université de Constantine 1, Algérie,
25000.

Heterocycles constitute one of the biologically important classes of compounds in organic
chemistry. [1,2] The selection of heterocycles by nature as the basis of most essential biological
systems may be due to the fact that the introduction of heteroatom into cyclic compound imparts
new properties and its chemical flexible nature leading to better response to the many demands of
biochemical systems..

As part of our ongoing research towards the synthesis of heterocyclic compounds, [4,5] we wish to
report herein, a protocol for the synthesis of new 2-hydroxy-1,4-benzoxazines via a Petasis
multicomponent reaction in a single process. The protocol involves the use of secondary amines
synthesized by the reaction between 2-aminophenols and aromatic aldehydes, via the reduction of
the corresponding imines. The reaction between these secondary amines, phenylboronic acid and
glyoxal gives the new corresponding 2-hydroxy-1,4-dihydrobenzoxazine derivatives in good to
excellent yields.
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The synthetic route to the benzoxazines 7 is shown in Scheme 1 mentioned above.

[1] Andrade MM, Barros MT (2009) Arkivoc, 11:299-306.
[2] Baruah B, Prajapathi D, Baruah A, Sandhu JS (1997) Synthetic Commuication 27: 2563-2567 .
[3] B. Kalluraya (2015) International Journal of Current Advanced Research, 4(5):98-111.

[3] a)L Chouguiat, R Boulcina, B Carboni, A Demonceau, A Debache, (2014) Tetrahedron Letters
55: 5124-5128; b) S Mahjoub, C Derabli, R Boulcina, G Kirsch, A Debache (2016) Journal Of
Chemical Research 13(7):482-490 .

[4] a) | Amine Khodja, R Boulcina, A Debache, (2015) Letters in Organic Chemistry 12:77-84,
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B-(2-aminophenyl)-a—B-ynones as a valuable building blocks for the synthesis of heterocycles

Antonio Arcadi, Navnath D. Rode and Fabio Marinelli*
Department of Physical and Chemical Sciences, University of L’Aquila, L Aquila, 1taly 67100

B-(2-Aminophenyl) o,B-ynones 1 represent useful starting materials for the synthesis of quinoline
derivatives.”! Over the years, we have developed various strategies for this transformation, including Pd-
catalyzed transfer hydrogenation, Rh and Pd-catalyzed hydroarylation with organoboron derivatives,
conjugate additions and cycloadditions. All these methodologies are based on the conversion of the C-C
triple bond of the ynone into an alkene moiety, in which —NH, and carbonyl groups are in a cis relationship;
sequential cyclocondensation results in the formation of quinolines 2 (Scheme 1).

o
A AT

Z 5 g B

various — N

methodologies ©\);<f0 -H,0

—_— —_—

P

NH, NH, R N R

1 2
Scheme 1
We have recently used this approach for the synthesis of 4-nitro, 4-sulfonyl, 4-aminoguinolines and
4-quinolones ' by conjugate addition of nucleophiles to 1. We wish to report here some new
strategies for the synthesis of heterocycles from p-(2-aminophenyl) o,p-ynones. (Scheme 2). The
reaction of 1 with electron-rich pyrrole and indole derivatives in the presence of Ag(l) catalyst
results in the formation of pyrrolo- and indoloquinolines 3 and 4 (path a). Moreover, in the presence
of a gold(l) catalyst, an unprecedented sequential intermolecular/intramolecular hydroamination
allows the construction of challenging eight-membered dibenzo[1,5]diazocine structure 5 (path b).
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Finally, the use of Ag(l) as catalyst change the selectivity of the hydroamination (path c), allowing
the formation of 2-acylindoles 6 through an anti-Michael intramolecular 5-endo-dig process.

[1] For a review see: Abbiati, G.; Arcadi, A.; Marinelli, F.; Rossi, E. Synthesis 2014, 687 and

references therein.
[2] Rode, N.D.; Arcadi, A.; Chiarini, M.; Marinelli, F. Synthesis 2017, 49, 2501.
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Synthesis of Novel Nitrogen-containing Polyheterocycles
via Ruthenium-catalyzed One-pot Metathesis / Non-metathesis Reaction

Yuki Fujii', Kohei Yamashita', Shohei Yoshioka'
Satoshi Shutoz, Hiromichi Fuhioka' and Mitsuhiro Arisawa'*
!Graduate School of Pharmaceutical Sciences, Osaka University, Osaka, Japan
Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo, Japan

Olefin metathesis using ruthenium alkylidene catalysts were useful for the synthesis of medicine or
functionalized molecules because of wide scope and easy handling. Over the past decade, several
reaction sequences consisting of an olefin metathesis step and a subsequent non-metathesis
transformation[1] were developed with using ruthenium alkylidene catalysts, such as ring-closing
metathesis (RCM) / hydrogenation, RCM / radical cyclization, RCM / isomerizationor RCM /
aromatization. Recently, we developed three ruthenium-catalyzed one-pot reactions for the
synthesis of polycyclic nitrogen-containing compounds from simple aniline or benzylamine
derivatives; RCM / 1,3-dipolarcycloaddition/ oxidation (Scheme 1)[2], olefin isomerization /
enamine-RCM / 1,3-dipolar cycloaddition / oxidation[3] and enyne metathesis / olefin isomerization
/ Diels-Alder reaction / oxidation (Scheme 2)[4]. These reactions are useful to synthesize an
isoindolo[2,1-a]quinoline core, an isoindolo[1,2-a]isoquinoline core and a naphtolf, e]quinolone
core. We discovered these novel nitrogen-containing polyheterocycles are novel solution-
processable pi-conjugated small molecules whose color can be altered dramatically by exchanging a
substituent on the core. We also revealed some of these novel nitrogen-containing polyheterocycles
have good absorbance or fluorescent properties in near-infrared (NIR) region. NIR dyes were more
attractive in the field of electronic industry material or medicine.

o) M\
R A R QA\,‘ ‘ MeCslN NMes
e R3 MesN NMes "Ru=
R (10 mol%) R3® O (10eq) ot o}
N AN | 3 R o)
] w benzene b benzene + Cl
R2 reflux, 30 min R2 reflux, 1 h NV PCy3 /\
=en |__Grubbs Il (A) _Hoveyda-Grubbs Il (B) |
Scheme 1. (1,3-dipolar cycloaddition] R" = H, Me, Ph, R2 = H, CO,E, Ph, R3 = H, Br, yield = 11 - 95%

@) [
(0]

] U ‘
A / Q[‘ /:J )

. | <

©\// (10 mol%) N ‘ 0 (50eq) o ‘
THF, reflux THF, reflux

’?W 1h \ N 1h O |

’ ) " (P I R=Bn. 4-MeOBn, 4-Bren
Scheme 2. (€Nyne isomerization reaction R yield = 16 - 65%

1] Grela, K; Olefin Metathesis —Theory and Practice, WILEY, 2014.
2] Angew. Chem. Int. Ed. 2013, 52, 1003-1007.
3] Adv. Synth. Catal. 2015, 357, 4055-4062.

]

[
[
[
[4] Chem. Eur. J. 2015, 21, 17491-17494.
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Chiral Amine-urea Mediated Asymmetric Cycloadditions of Nitrile Oxides with o-
Hydroxystyrenes and Their Computational Studies for Asymmetric Induction

Hiroyuki Suga,”" Yohei Hashimoto,” Yasunori Toda,” Kazuaki Fukushima,* and Hiroyoshi Esaki*
"Department of Materials Chemistry, Faculty of Engineering, Shinshu University, Wakasato,
Nagano 380-8553, Japan and Department of Chemistry, Hyogo College of Medicine,
Mukogawacho, Nishinomiya, Hyogo 663-8501, Japan

The nitrile oxide cycloadditons (NOCs) followed by reductive N-O bond cleavage sequence has
been classically utilized for a number of natural product syntheses to construct stereogenic centers
bearing nitrogen and oxygen functionalities. It is hence necessary to develop the enantioselective
NOCs, as well as chiral substrate-based diastereoselective NOCs. However, up to date, only a few
methodologies of enantioselective NOCs by using chiral Lewis acids [1] or metal catalysts [2] have
been reported. This is probably due to their linear symmetrical structure that does not form an
enantioface. Furthermore, enantioselective NOCs that involve organocatalytic variants or even in
the presence of stoichiometric amount of chiral organic media have yet to be explored. To
overcome the intrinsic challenge, we propose a novel dual-activation strategy involving LUMO
activation by a Brgnsted acid and HOMO activation by a Brgnsted base in inverse electron-demand
cycloadditions between nitrile oxides and o-hydroxystyrenes employing chiral amine-urea. In the
congress, we describe the first example of cinchona alkaloid-based amine-urea-mediated
asymmetric 1,3-dipolar cycloadditions between nitrile oxides and o-hydroxystyrenes, based on the
dual activation methodology. In addition to stoichiometric asymmetric induction, catalytic amount
of amine-urea enables the cycloadditions in an enantioselective manner. The high levels of
asymmetric induction were strongly supported by DFT calculations of the energy differences
between the anti-open TS (S) and anti-open TS (R). It has been also disclosed by the calculations
that both the LUMO of nitrile oxides and HOMO of o-hydroxystyrenes can be activated by chiral
amine-urea engaging the two reactants.

Dual activation strategy: Inverse electron-demand 1,3-dipolar cycloadditions
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[1] Sibi, M.; Itoh, K.; Jasperse, C. J. Am. Chem. Soc. 2004, 126, 5366-5367.
[2] Ukaji, Y.; Sada, K.; Inomata, K. Chem. Lett. 1993, 22, 1847-1850.
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Allylic C-H Activation v/s Leaving Group lonization for
n-Allylpalladium: Unprecendented Bis-arylation

Rodney A. Fernandes*

Chemistry Department, 11T Bombay, Powai Mumbai 400076, India,
rfernand@chem.iitb.ac.in

An efficient palladium-catalyzed site-selective arylation of y-vinyl-y-lactone by aryl boronic acid
has been developed. An unprecedented allylic C-H activation™ based r-allylpalladium formation
was observed versus the allylic-OH based leaving group ionization.!! The mono-arylation by allylic
substitution was followed by site-selective second arylation by directed allylic C-H activation
giving stereoselectively anti-y-(aryl,styryl)-s-hydroxy acids. This methodology has been elaborated
to synthesize highly substituted tetrahydrofurans including aryl-Hagen’s gland lactone analogues
via intramolecular iodoetherification.®! The 2,4-biarylfuran moiety is present in calyxolanes A and
B and magnosalicin. The insights of this work will be presented.
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[1] Fraunhoffer, K. J.; Bachovchin, D. A.; White, M. C. Org. Lett. 2005, 7, 223-226.
[2] Wu, H.-B.; Ma, X.-T.; Tian S.-K. Chem. Commun. 2014, 50, 219-221.
[3] Nallasivam, J. L.; Fernandes, R. A. J. Am. Chem. Soc. 2016, 138, 13238-13245.
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The Asymmetric Aza-Prins Reaction

M. Ramana Reddy and Adrian Dobbs*
Pharmaceutical and Chemical Sciences, University of Greenwich, Chatham Maritime, Kent, ME4
4TB, United Kingdom

The acid catalyzed condensation between homoallylic alcohols and aldehydes — known as the Prins
cyclisation — is a rapid and highly efficient method for the preparation of tetrahydropyrans. More
recently, we (and others) have demonstrated the use of homoallylic amines in this reaction to
generate substituted piperidines — the so called aza-Prins reaction. [1]

In 2015, List reported the first example of an asymmetric organocatalytic Prins reaction. [2]
Herein, we report the development and first examples of an asymmetric aza-Prins reaction to
generate substituted piperidines as a single enantiomer.
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Furthermore, the piperidine structure is a highly targetted scaffold in drug discovery, as compound
libraries are moving away from traditional (hetero)aromatic 2-dimensional compounds towards
more structurally diverse and 3-dimensional sp®-rich compounds. We shall additionally
demonstrate the usefulness of our enantiopure bicyclic intermediates and piperidine products as 3D
heterocyclic scaffolds. The libraries have been analysed by LLAMA [3] for their shape diversity,
chemical space accessed and general lead-like properties.

O

v

[1] A. Dobbs et al., Org. Biomol. Chem. 2010, 1064; B.V.S. Reddy et al., Eur. J. Org. Chem., 2017,
1805.

[2] G.C. Tsui, L. Liu, B. List, Angew. Chem. Int. Ed., 2015, 54, 7703.

[3] https://llama.leeds.ac.uk/index.php
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Oxygen and nitrogen heterocycles from 3-electron withdrawing substituted chromones

Artur M. S. Silva
Department of Chemistry & QOPNA, University of Aveiro, 3810-193 Aveiro, Portugal

Oxygen and nitrogen heterocyclic compounds constitute the largest and most varied families of
organic compounds, comprising a great number of classes according to the size, number of
heteroatoms and heterocyclic ring oxidation. There is a huge number of marketed drugs, food
additives and other industrial products based in these two types of compounds. These important
industrial and biological applications and also some problems associated with their application,
such as multiple drug resistance to some nitrogen heterocycles and potential carcinogenesis of high
doses of oxygen heterocyclic-based antioxidants, led us to develop new synthetic methods for novel
biologically active derivatives of both referred families of heterocyclic compounds.

This communication will be focused on the use of chromones bearing electron withdrawing
substituents at position 3 as building blocks for the synthesis of several other nitrogen and oxygen
heterocycles. These transformations involve one-pot reactions, conjugated and cycloddition
reactions, oxygen heterocyclic ring opening, heterocyclisations, and tandem reactions and allowed
us to prepare a plethora of different structures, such as pyrazoles 1 and 2 [1], coumarins 3 and 4 [2],
furans 5 [3], polysubstituted chromones 6 [4], and polycyclic compounds 7-10 [5]. We will present
and discuss the chemistry involved in each one of these synthetic routes and also some of the
biological activities presented by some of those heterocycles.

Thanks are due to University of Aveiro and FCT/MEC for the financial support of the QOPNA

research unit (FCT UID/QUI/00062/2013) through national founds and, where applicable, co-

financed by the FEDER, within the PT2020 Partnership Agreement, and to the Portuguese NMR

Network.

[1]. @) C. M. M. Santos, Artur M. S. Silva, J. Jekd, A. Levai, Arkivoc 2012, v, 265. b) J. P. A.
Ferreira, V. L. M. Silva, J. Elguero, A. M. S. Silva, Tetrahedron 2013, 69, 9701.

[2]. a) O. Talhi, M. Makhloufi-Chebli, D. C. G. A. Pinto, M. Hamdi, A. M. S. Silva, Synlett 2013,
24, 2559. b) O. Talhi, M. Schnekenburger, J. Panning, D. G. C. Pinto, J. A. Fernandes, F. A. A.
Paz, C. Jacob, M. Diederich, A. M. S. Silva, Bioorg. Med. Chem. 2014, 22, 3008.

[3]. J. L. C. Sousa, O. Talhi, D. H. A. Rocha, D. C. G. A. Pinto, F. A. A. Paz, K. Bachari, G.
Kirsch, A. M. S. Silva, Synlett 2015, 26, 2724.

[4]. O. Talhi, L. Brodziak-Jarosz, J. Panning, B. Orlikova, C. Zwergel, T. Tzanova, S. Philippot, D.
C. G. A. Pinto, F. A. A. Paz, C. Gerhauser, T. P. Dick, C. Jacob, M. Diederich, D. Bagrel, G.
Kirsch, A. M. S. Silva, Eur. J. Org. Chem. 2016, 965.

[6]. @) J. L. C. Sousa, O. Talhi, R. F. Mendes, F. A. Almeida Paz, K. Bachari, A. M. S. Silva, Eur. J.
Org. Chem. 2016, 3949. b) J. L. C. Sousa, A. M. S. Silva, Synlett 2017, 28, 316.
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2-Amino-5-bromo-3-iodoacetophenone and 5-bromo-2-hydroxy-3-iodoacetophenone as
synthons for novel indoles and benzofurans and their annulated derivatives

M.M. Maluleka and M.J. Mphahlele*
Department of Chemistry, University of South Africa, Pretoria/0003

Specially prepared 2-amino-5-bromo-3-iodoacetophenone, 2-amino-5-bromo-3-iodobenzamide and
5-bromo-2-hydroxy-3-iodoacetophenone undergo sequential palladium catalyzed Sonogashira cross-
coupling with terminal acetylenes followed by heteroannulation to yield novel 1-(2-aryl-1H-indol-7-
yl)ethanones,  2-aryl-1H-indole-7-carboxamides  and  7-amino-2-aryl-5-bromobenzofurans,
respectively.

Molecular hybridization to append a chalcone moiety to these heterocyclic scaffolds was achieved
via initial Claisen-Schmidt aldol condensation of 2-amino-5-bromo-3-iodoacetophenone and 5-
bromo-2-hydroxy-3-iodoacetophenone with benzaldehyde derivatives followed by sequential
palladium catalyzed Sonogashira cross-coupling and heteroannulation. Boric acid-mediated
cyclocondensation of the 3-alkynyl-5-bromoanthranilamides with benzaldehyde derivatives followed
by palladium chloride-mediated cyclization, on the other hand, afforded the 2,3-dihydro-1H-
pyrrolo[3,2,1-ij]Jquinazolin-1-ones.[1]

The indole derivatives were transformed into the corresponding 3-trifluoroacetyl substituted
derivatives, which were found by single crystal X-ray diffraction to exist as twin crystals.[2,3] The
oximes derived from the 7-acetyl-substituted indoles and benzofurans were, in turn, subjected to
Beckmann rearrangement followed by hydrolysis to afford the corresponding 7-amino—substituted
derivatives. Amino-dechlorination of the 4-chloroquinazoline derivatives with the 7-aminoindoles
and 7-aminobenzofurans afforded novel quinazoline-appended indoles and benzofuran hybrids. The
anticancer properties of some of the prepared compounds will also be discussed.

[1] Maluleka M.M.; Mphahlele M.J. J. Fluorine. Chem. 2016, 189, 88-95.
[2] Mphahlele M.J.; Makhafola T.J.; Mmonwa M.M. Bioorg. Med. Chem. 2016, 24, 4576-4586.
[3] Mphahlele M.J.; Khoza T.A.; Mabeta P. Molecules 2017, 22, 55-68.
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Switchable Rearrangements in 1,2,3-Thiadiazole and 1,2,3-Triazole

series

Vasiliy A. Bakulev*?, Valeriy O. Filimonov?, Lidia N. Dianova®, Kristina A. Galata®,
Tetyana V. Beryozkina®, Mikhail S. Novikov®
2Ural Federal University, Yekaterinburg, Russia; 620002; ° St. Petersburg State

University, St. Petersburg, Russia, 199034
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1,2,3-Triazoles and 1,2,3-thiadiazoles have been receiving permanent interest due to
their exciting chemical reactivity including ring rearrangements and transformations
to other heterocyclic compounds and valuable organic building blocks. [1,2]

We report here high yield solvent-base-controlled, transition metal-free synthesis of
4,5-functionalized 1,2,3-thiadiazoles and 1,2,3-triazoles from 2-cyanothioacetamides
and sulfonyl azides. 2-Cyanothioacetamides were shown to operate under diazo
transfer conditions in the presence of a base in an aprotic solvent as C—C-S building
blocks produce 5-amino-4-cyano-1,2,3-thiadiazoles exclusively. The use of
alkoxide/alcohol system completely switches the reaction course due to the change of
one of the reaction centers in the 2-cyanothioacetamide (C—C—N building block)
resulting in the formation of 5-sulfonamido-1,2,3-triazole-4-carbothioamide sodium
salts as the only products. The latter serve as good precursors for 5-amino-1,2,3-
thiadiazole-4-carboximidamides, the products of Cornforth-type rearrangement
occurring in neutral protic medium or under acid conditions.

Authors thank RSF, project 15-13-10031 for financial support

[1] Bakulev, V. A.; Dehaen, W. The Chemistry of 1,2,3-Thiadiazoles; John Wiley &
Sons Inc., Hoboken, Heidelberg, New York, Dordrecht, London, 2004, p 384;

[2] Bakulev, V.; Dehaen, W.; Beryozkina, T. Thermal rearrangements and
transformations of 1,2,3-triaazoles. In Chemistry of 1,2,3-triazoles; Dehaen, W.;
Bakulev, V., Eds.; Springer-Verlag: Berlin Heidelberg, 2015; pp 1-50;
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Synthesis of functionalized heterocyclic scaffolds using Post-Ugi transformations

Saeed Balalaie™P

aPeptide Chemistry Research Center, K. N. Toosi University of Technology, P. O. Box
15875-4416, Tehran, Iran, E-mail: Balalaie@kntu.ac.ir
b Medical Biology Research Center, Kermanshah University of Medical Sciences,
Kermanshah, Iran

The combination of established isocyanide based multicomponent reactions (IMCR)
with post-reaction transformations have become useful tools for generating complex and
diverse molecular libraries with novel properties.? Among IMCRs, the Ugi-4CR has
been used successfully to access a-acylamino-carboxamides. In this context, most
noteworthy post-condensation modifications in the Ugi reaction include cycloadditions,
cyclo-condensations, or ring-closure metathesises that perform on properly
functionalized Ugi adducts to provide efficient routes to synthesize various cyclic
scaffolds. Thus, the wise choice of starting materials is essential to providing scaffolds
with appropriate functionalities paired for further transformations.?3

In this lecture, an overview of post —Ugi transformation which makes some biologically
active heterocyclic skeletons will be presented. Some important synthesized
heterocyclic scaffolds such as 2-oxindoles, p-lactams, diketopiperazines, isoxazolino
and isoxazolo benzazepines, and spiro compounds are illustratred.*

Mueller, T.J.J. Ed., Multicomponent Reactions 1 & 2 Thieme Verlag, Stuttgart, 2014.

Herrera, R. P.; Marques-Lopez, E. Multicomponet Reactions, Wiley, New York, 2014.

Orru, R. V. A. ; Ruijter, E. Eds. Synthesis of Heterocycles via Multicomponent reactions I,
2010, Springer Verlag, Heidelberg.

(a) Ghabraie, E.; Balalaie, S,; Mehrparvar, S.; Rominger, F. J. Org. Chem. 2014, 79, 7926; b)
Maghari, S.; Ramezanpour, S.; Balalaie, S.; Darvish, F.; Rominger, F.; Bijanzadeh, H. R., J.
Org. Chem. 2013, 78, 6450; ¢) Bararjanian, M.; Balalaie, S.; Rominger, F.; Movassagh, B.;
Bijanzadeh, H. R. J. Org. Chem. 2010, 75, 2806; d) Ghabraie, E.; Balalaie, S. Helv. Chim.
Acta, 2014, 97, 1555.
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Natural Product Synthesis enabled by Ir-catalyzed C-H borylation

Associate Professor Jonathan Sperry
School of Chemical Sciences, University of Auckland, New Zealand

The vast majority of heterocycle syntheses are defined by a cyclization reaction that is typically the
key synthetic step. These heterocyclizations require precursors that are not always readily available.
A conceptually disparate approach to this traditional methodology would be to subject a simple,
readily available heterocyclic scaffold to sequential C-H functionalization reactions,’ thus avoiding
any cyclisation steps. We have found the iridium-catalysed C-H borylation? to be successful in this
regard and some ongoing natural product syntheses using this approach will be discussed.

[1] Eastabrook, A. S.; Sperry, J. Aus. J. Chem. 2015, 68, 1810; (b) Eastabrook, A. S.; Sperry, J.
Synthesis. 2017, accepted.

[2] (a) Ishiyama, T.; Takagi, J.; Hartwig, J. F.; Miyaura, N. Angew. Chem., Int. Ed. 2002, 41, 3056;
(b) Sulanga, P.; Chotana, G. A.; Holmes, D.; Reichle, R. C.; Maleczka Jr, R. E.; Smith IlI, M. R. J.
Am. Chem. Soc. 2006, 128, 15552; (c) Lo, W. F.; Kaiser, H. M.; Spannenberg, A.; Beller, M.; Tse,
M. K. Tetrahedron Lett. 2007, 48, 371.
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Synthesis and Electrochemical Properties of Biindole Compounds

Luca Scapinello, Luca Vaghi,” Giulio Appoloni,? Patrizia R. Mussini,® Serena Arnaboldi,® Roberto
Cirilli,” Tiziana Benincori,* Andrea Penoni®*
& Dipartimento di Scienza e Alta Tecnologia, Universita degli Studi dell’Insubria, via Valleggio 9,
22100, Como — Italy
b Dipartimento di Scienza dei Materiali, Universita degli Studi di Milano-Bicocca, Via Cozzi 55,
20125, Milano - Italy

¢ Dipartimento di Chimica and C.1.Ma.l.Na, Universita degli Studi di Milano, via Golgi 19, 20133 —
Milano, Italy
9 Dipartimento del Farmaco, Istituto Superiore di Sanita, viale Regina Elena 299, 00161 — Roma,
Italy

Very recently electroactive chiral polyheterocycles, where chirality is not external to the
electroactive backbone but inherent to it, was investigated. Chirality results from a torsion
generated by the periodic presence of atropisomeric, conjugatively active biheteroaromatic
scaffolds, (3,3’-bithianaphthene).[1-3]

More recently, with the aim to investigate the properties of indole derivatives substituted with
oligothiophene frameworks we afforded two different constitutional isomers by methodologies used
by Arcadi and coworkers.[4-5]

[1] Sannicolo, F.; Arnaboldi, S.; Benincori, T.; Bonometti, V.; Cirilli, R.; Dunsch, L.; Kutner, W.;
Longhi, G.; Mussini, P. R.; Panigati, M.; Pierini, M.; Rizzo, S. Angew. Chem. Int. Ed. 2014, 53,
2623.

[2] Sannicolo, F.; Mussini, P. R.; Benincori, T.; Cirilli, R.; Abbate, S.; Arnaboldi, S.; Casolo, S.;
Castiglioni, E.; Longhi, G.; Martinazzo, R.; Panigati, M.; Pappini, M.; Quartapelle Procopio, E.;
Rizzo, S. Chem. Eur. J. 2014, 20, 15298.

[3] Sannicolo, F.; Mussini, P. R.; Arnaboldi, S.; Quartapelle Procopio, E.; Panigati, M.; Martinazzo,
R.; Selli, E.; Chiarello, G. L.; Benincori, T.; Longhi, G.; Rizzo, S.; Cirilli, R.; Penoni, A. WO
2015/177763.

[4] Abbiati, G.; Arcadi, A.; Beccalli, E.; Bianchi, G.; Marinelli, F.; Rossi, E. Tetrahedron 2006, 62,
3033.

[5] Arcadi, A.; Chiarini, M.; D’ Anniballe, G, Marinelli, F.; Pietropaolo, E. Org. Lett. 2014, 16,
1736.
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New possibilities and features of synthesis of quinoxaline derivatives
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Facile One-Pot Synthesis of New Tricyclic 1,4-Benzodiazepines and
Derivatives
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Visible light mediated generation and trapping of vinyl radicals derived from
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Chemoenzymatic Synthesis of Heterobiaryl Natural Products and their
Derivatives

Grigoryan, Sevak
The synthesis and structure prove of 6-(bromomethyl)-3- substituted -5,6-
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Ruthenium(ll)-Catalyzed Site-Selective Acylation of Indolinic C-H Bonds with
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under Rhodium Catalysis
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Microporous organic polymers embedded with magnetic Co/C nanobeads
and transition metal nanoparticles as recyclable multifunctional catalysts

Hell, Alexander

Development of new scaffolds for chiral diene-ligands
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Enantioselective synthesis of 1,4-dihydroquinoline-3-carboxylates via in situ
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Orthogonal two wavelength regulation by coumarinylmethyl caging groups

111

Poster Session

WED-P 126

TUE-P 31

TUE-P 23

TUE-P 107

TUE-P 4

TUE-P5

WED-P 140

TUE-P 10

WED-P 39

WED-P 98

WED-P 118

WED-P 54



ISHC 2017

Homafar, Maryam

Different Monomers— Containing Microporous Organic Polymers
Encapsulated with Pd Nanoparticles and CO/C nanobeads for
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Synthesis of partially reduced imidazo[1,2-a]pyridines through
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Park, Jihye TUE-P3

Ru(ll)- or Rh(lll)-Catalyzed Grignard-Type C-H Additions of Indolic Scaffolds
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Penoni, Andrea
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Petzold, Daniel WED-P 127

Reactions of Donor-Acceptor Cyclopropanes with Carbonyl Ylides

Prishchenko, A.A.

New Azaheterocycle Derivatives of Phosphonic Acid as Perspective TUE-P 15
Bioactive Compounds and Polydentate Ligands

Mono- and Bisorganophosphorus Proline Derivatives with P-C-N Moieties TUE-P 16
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Electrophilic Activation of lodonium Ylides by Halogen-Bond-Donor
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Chemistry of Biologically Active Marine Natural 1,2,3,4-
Tetrahydroisoquinoline. Unpredictable Photochemical Transformation of
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Chromones as versatile building blocks in cycloaddition reactions
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Axially Chiral Hemiaminals from a-Amino Acid Derivatives (Thiohydantoins):
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Syntheses and Electronic Properties of Di(benzothieno)thiazines

Sehout, Imene TUE-P 73

New Green Synthesis of 1.8-Dioxodecahydroacridine Derivatives and
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Total Synthesis of Echinocidin D
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Synthesis by Their Strong Reactivities
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Uygur, Mustafa TUE-P 34
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Total Synthesis of Hippolachnin A
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Stereoselective Cobalt-Catalyzed Halofluoroalkylation
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Synthesis of 1,4-dihydropyridine linked bis-triazoles as fluorescent sensors for detection

of iron(Il) and iron(l11)

Rakesh Kumar ®, Parveen Gahlyan,?

Department of chemistry, University of Delhi, Delhi-110007

Abstract

*e-mail - rakeshkp@email.com

Development of transition metal ion sensors has received a great deal of attention due to their
relevance in environmental and biological processes. Copper and Iron ions play an important
role in different biological processes. Balanced concentration of copper ions is required for
smooth functioning of the liver and kidney whereas their accumulation leads to adverse
effects on the gastrointestinal process in addition to damage to the liver and kidney.'while
excess of iron(lll) leads to cancer, hepatitis, hemochroma-tosis, and dysfunction of vital

organs.

This prompted us to synthesize a new class of water soluble Dihydropyridine —
linked bis-triazoles as fluorescent sensors for recognition of metal ions. Presence of sugar or
glycerol unit to enhances solubility of these fluorescent sensors. These bis—triazoles are also
expected to be of pharmacological importance®.
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Chemistry of Biologically Active Marine Natural 1,2,3,4-Tetrahydroisoquinoline. Unpredictable

Photochemical Transformation of Renieramycin Type p-Quinone into Ecteinascidin Type Phenol

Naoki Saito,” Keiyo Nakai, Miku Yamazaki, and Masashi Yokoya
Graduate School of Pharmaceutical Sciences, Meiji Pharmaceutical University, 2-522-1 Noshio, Kiyose,
Tokyo 204-8588, Japan

Bis-1,2,3,4-tetrahydroisoquinoline (THIQ) natural products along with their reduced form, such as
renieramycins, jorunnamycins, cribrostatin 4, and ecteinascidins have persistently attracted considerable
interest for more than three decades due to their novel structures and meagre availability in nature as well as
their potent antitumor activity. Among them, ecteinascidin 743 (Et 743: 1) is currently marketed in over
seventy countries for the treatment of soft-tissue sarcoma and phase I1/111 clinical trials for the treating other
cancers are ongoing.

In the course of our research of new metabolites through the isolation and characterization of biologically
active compounds together with many synthetic analogues, we have succeeded to isolate and elucidate the
structures of renieramycins from Thai blue sponge, Xestospongia sp after stabilization of the marine organism
homogenized in phosphate buffer solution by the addition of KCN. [1] We have also reported total synthesis
of several renieramycin group of marine natural products along with identified the trace metabolite
renieramycin T (2), which possesses a highly functionalized aromatic E ring bearing a characteristic
substitution pattern as that of Et 743. [2] As it might be very interested in reneramycin T, we have recently
finished total synthesis of 2. [3] We report here an unpredictable photo-induced transformation of p-quinones
into the ecteinascidin type arene at the E ring. This procedure is able to find that a diluted CH.ClI solution of

renieramycin M (3) was stirred at 25°C with sun light afforded 2 in excellent yield.
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[1] Suwanborirux, K.; Amnuoypol, S.; Plubrukarn, A.; Pummangura, S.; Kubo, A.; Tanaka, C.; Saito, N. J. Nat. Prod.
2003, 66, 1441-1446.

[2] Daikuhara, N.; Tada, Y.; Yamaki, S.; Charupant, K.; Amnuoypol, S.; Suwanborirux, K.; Saito, N. Tetrahedron Lett.,
2009, 50, 4276-4278.

[3] Yokoya, M.; Toyoshima, R.; Suzuki, T.; Le, V. H.; Williams, R. M.; Saito N., J. Org. Chem. 2016, 81, 4039-4047.
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Ru(l1)- or Rh(I11)-Catalyzed Grignard-Type C—H Additions of Indolic Scaffolds
with Activated Aldehydes and Ketones

Jihye Park* and In Su Kim
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
insukim@skku.edu

The indole heterocycle is among the most important structural motif found in natural
products and pharmaceuticals with a broad spectrum of medicinal applications. In
particular, many pharmaceutical agents include C7-substituted indoline and C2-
substituted indole frameworks. With advances in catalytic C-H bond
functionalization, it has been recognized as the most straightforward protocol leading
to highly functionalized indoles and indolines. Recently, a great deal of effort has
been made toward the directing-group assisted transition-metal-catalyzed C-H
functionalization of indoles at the C2-position. In addition, the catalytic C—H bond
functionalization of indolines at the C7-position has been intensively explored. For
instance, arylation, alkenylation, alkylation, acylation, amidation, and alkynylation of
indolines at the C7-position were investigated. Direct C—H additions to produce the
desired alcohols can be realized by using electron-deficient aldehydes and ketones as
the acceptors. To the best of our knowledge, there has been no example on the
ruthenium-catalyzed nucleophilic addition of sp?> C—H bonds to aldehydes and ketones.

Inspired by recent studies on the catalytic functionalization of indoles and indolines,
we herein disclose the ruthenium(ll)- or rhodium(lll)-catalyzed site-selective C—H
addition reactions of indolines and indoles to aldehydes and ketones via C—H bond

activation.
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Ruthenium(l1)-Catalyzed Site-Selective Acylation of Indolinic C-H Bonds
with Ethyl Glyoxalate

Sang Hoon Han*
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
sang0306@nate.com

The C7-functionalized indolines have been recognized as important structural motifs found in
a number of natural and synthetic products. With the development of catalytic
functionalizations of inactive C-H bonds, it has become the most attractive strategy leading to
C7-functionalized indolines. In this context, acylation, arylation, olefination, alkylation,
amination, alkynylation and thiolation of indolines at the C-7 position were described
bifunctional o-ketoesters can act as important backbones in some natural products, such as
the 3-deoxy-2-ulosonic acids and their derivatives. In addition, aryl a-ketoesters have been
used as useful intermediates for the synthesis of bioactive molecules such as potent inhibitors
of proteolytic enzymes, inhibitors of leukotriene A4 hydrolase, photopolymerization initiators,
and antisunburn agents.

Since a-ketoesters bear two vicinal functional groups, strongly electron-deficient carbonyls
and neighboring binding-capable esters, it makes them useful synthons for asymmetric
reduction, aminohydroxylation, fluorination, aldol reactions, lactonization, tandem
heterocyclization and construction of various bioactive natural products. Due to the
significance of a-ketoesters, various classical procedures have been reported including
oxidation of a-hydroxyl esters using various kind of oxidants, Friedel-Crafts acylation,
oxidation of methyl 2-phenylacetate, hydrolysis and esterification of acyl cyanides, and other
methods. In addition, there have been numerous reports for the synthesis of a-ketoesters
under metal catalysis or under metal-free conditions with different coupling partners.

Recently, the directing group-assisted catalytic addition reaction of inactive C(sp?)-H bonds
to carbonyl compounds has emerged as a green and atom economical strategy to afford the
corresponding secondary or tertiary alcohols. Very recently, our research group disclosed the
catalytic addition reaction of heterocyclic C-H bonds to activated aldehydes or ketones
furnishing the corresponding secondary and tertiary alcohols. During the optimization of
reaction conditions in the coupling of indolines and ethyl glyoxalate, we found that a
Cu(OAc);, additive provided C7-indolinyl ketoesters as major products instead of alcohol
compounds. Inspired by this interesting finding, we herein report the first Ru(ll)-catalyzed
site-selective acylation of indolinic C-H bonds with ethyl glyoxalate affording C7-indolinyl

o-ketoesters.
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Redox-Neutral Coupling Reaction of N-Acyl Ketimines with Maleimides
under Rhodium Catalysis

Sang Hoon Han*
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
sang0306@nate.com

Isoindolinones are among the most interesting class of nitrogencontaining
heterocycles, as they are found in various natural products and biologically active
compounds. Among those, spiroisoindolinones also have their own importance as
they exhibit various properties such as aldose reductase inhibition or can act as
chemical sensors. imines have been utilized for the [3 + 2] cyclization reaction to
provide aminoindanes or aminoindenes under transition-metal catalysis. In this
context, cyclic imines are of prime importance as they could lead to the formation of
spirocompounds via a [3 + 2] annulation reaction. In particular, a number of reactions
have been carried out on cyclic N-sulfonylketimines under various transition-metal
catalysts.

Herein, we report the [3 + 2] annulation reaction between cyclic N-acyl ketimines
generated in situ by the dehydration of 3-aryl-3-hydroxyisoindolin- 1-ones and
activated olefins for the formation of various spiroisoindolinone frameworks.
Furthermore, the synthesized spiroisoindolinones have been evaluated for the
cytotoxic effect against androgen-sensitive human prostate adenocarcinoma cells
(LNCaP), human prostate adenocarcinoma cells (DU145), human endometrial
adenocarcinoma cells (Ishikawa), human breast cancer cell (MCF-7), and triple
negative human breast cancer cells (MDA-MB-231).
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Rhodium(l11)-Catalyzed Trifluoromethylallylation of Indolic Scaffolds with CF3-
Substituted Allylic Carbonates

Sukhun Lee*
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
krasid@naver.com

With considerable progress in medicinal chemistry, the incorporation of fluorine or
fluoroalkyl groups in pharmaceuticals and biologically active molecules have gained
increasing attention in the past decades. In particular, the trifluoromethyl group is
prevalent in pharmaceuticals, agrochemicals, and functional materials. Owing to its
unique characteristics such as high electronegativity, hydrophobicity, metabolic
stability, bioavailability and binding affinity, trifluoromethyl groups into organic
molecules can bring beneficial effects on pharmacokinetic properties. Recently, the
directing group assisted trifluoromethylation of aromatic C—H bonds using various
electrophilic and nucleophilic CF; sources has been disclosed. In addition, the
photoredox catalysis and radical process also provided the facile access to the
formation of aromatic C(sp?)-CFs; bonds. In contrast to aromatic C-H
trifluoromethylation, the olefinic and alkynyl trifluoromethylations have been less
explored. With the development of catalytic C—H bond functionalization, the direct
C—H allylations have been performed using various metal catalysts. However, the
CFs-containing allyl substrates have rarely been explored in the C-H allylation
strategy.

We herein present the first directing group assisted Rh(lll)-catalyzed v-

trifluoromethylallylation of various heterocyclic C—H bonds with a-trifluoromethyl
allyl carbonate.
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Tandem C-H Olefination and Cyclization of Benzamides with Various Alkenes
under Rhodium Catalysis

Sukhun Lee*
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
krasid@naver.com

With considerable progress in medicinal chemistry, the construction of O-
heterocycles has received increasing attention in the past decades. In particular,
phthalides are widely found to be biologically relevant scaffold in natural products,
pharmaceuticals, agrochemicals, and functional materials. For example, n-
butylphthalide (NBP) is currently in the market as an antiplatelet drug for ischemia-
cerebralapoplexy, and has led to the development of phthalides as a class of
pharmaceutically important natural products. In addition, mycophenolic acid is under
clinical trial for the prevention and reversal of transplant rejection and anticancer.

The transition-metal-catalyzed C—H activation reactions have been recognized as a
powerful tool in organic and medicinal chemistry. In this context, the direct formation
of heterocycles has recently been studied using various metal catalysts. Among them,
secondary amide groups have been intensively used for the formation of
isoindolinones, dihydroisoquinolones, 2-quinolinones, phenanthridinones,
isoquinolones/pyridiones, azepinones, benzoisoxazoles, and etc.

In sharp contrast to annulation reaction of sencondary amide groups, tertiary amide
groups have been rarely used for the formation of cyclic compounds. We herein
described the synthesis of phthalides through tandem rhodium-catalyzed C-H
olefination and annulation of benzamides.

o [RhCp*Cly], (2.5 mol %) o
Cu(OAC),*H,0 (2 equiv.) 7
D + 2 R—— o]
R '\L : ZTEWG DCE/ACOH (3:1) Oz
= =N o
Y 130°C, 21 h EWG
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Rhodium(l11)-Catalyzed C(sp*)-H alkylation of 8-Methylquinolines
with Allylic Alcohols in Water

Taejoo Jeong™
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
bonbatj@nate.com

The rhodium(11)-catalyzed cross-coupling reaction of 8-methylquinolines with a range of
allylic alcohols in water is described. This approach leads to the synthesis of various y-
quinolinyl carbonyl compounds, which are synthetically useful precursors for the
construction of bioactive tetrahydroquinoline and azasteroid derivatives. Induced by the need
to streamline the synthesis of valuable building blocks and complex molecules, the transition-
metal catalyzed C—H bond activation has evolved as an important field in organic synthesis.
It has attracted tremendous interest in developing cross-coupling reactions at low cost without
the use of stoichiometric amounts of organometallic reagents.

In particular, C(sp®)-H functionalization has been studied to a greater extent, whereas less
research attention has been paid to the activation of C(sp®)-H bonds. In this area, sp* C-H
functionalizations have been executed with the assistance of a range of chelating auxiliaries
such as amides, carboxylic acids, oximes, N-heterocycles, etc. In particular, 8-
methylquinolines have been found to be good substrates for sp* C—H functionalization due to
their ability to form cyclometalated complexes. In this context, amination, acylation and
alkenylation reactions have been studied with various catalysts using different coupling
partners. However, sp® C-H alkylation of 8-methylquinolines has rarely been explored.
Although the catalytic C-H bond functionalizations provide atom economy, which
constitutes a great contribution to the cross-coupling reaction, most of these reactions have
been carried out in organic solvents. Thus, another important step to make these cross-
coupling reactions more interesting is the use of water as a solvent. Undeniably, water as a
solvent has many advantages over conventional organic solvents, because it is inexpensive,
nontoxic, non-polluting, non-flammable and readily accessible.

In addition, the unique physiochemical properties of water such as the hydrogen-bonding
effect and amphiphilicity can strongly influence the reactivity and selectivity of catalysts and
reagents. As a result, various efforts have been made recently in the development of catalytic
sp?> C-H functionalization processes by employing water as a solvent or medium to
accomplish efficient synthesis of organic compounds. In continuation of our Rhglll)-
catalyzed sp? and sp®> C—H alkylations, we herein report for the first time the C(sp*)-H
alkylation of 8-methylquinolines with allylic alcohols in water as a green solvent.

0
H Me
\ on  [RNCD'Claly, ACOH
RIS N /\( Cu(OAC),*H,0
|
NG Me H,0, 100 °C, 20 h 0
T
P
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Synthesis of C7-Aminated Indolines with Anthranils under Rhodium Catalysis

Taejoo Jeong™
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
bonbatj@nate.com

Transition-metal-catalyzed C—N bond formation reactions based on the C—H bond
activation strategy have been of great significance in organic synthesis and medicinal
chemistry due to the prevalence of nitrogen-containing bioactive molecules.[1] For
the introduction of amino groups, various amino surrogates such as N-carboxylates,
N-tosylates, N-fluorobenzenesulfonimide (NFSI), organic azides and dioxazolones
have been investigated as relevant sources for C—H amination reactions. Very
recently, anthranils have also been employed in the direct C—H amination reactions of
sp® and sp® C—H bonds. Recently, the directing group-assisted C7-functionalization of
indolines has been an interesting area due to the prevalence of a range of bioactive
natural products and pharmaceutical agents. In this regard, acylation, arylation,
alkylation, alkynylation, and olefination at the C7-position of indolines have been
developed via the C—H activation protocol.

In continuation to our recent works on the rhodium(lll)-catalyzed site-selective C—H
functionalization of indolines, we herein report the Cp*Rh(lll)-catalyzed direct
amination of indolines with anthranils to afford C7-aminated indolines tethered to an
electrophilic carbonyl group.[2] Particularly noteworthy was the resulting framework
containing amino and carbonyl groups, which represents an important synthetic
building block to readily convert to biologically interesting heterocycles.

X
R=i—
N Z =N
R N [RhCp*Cl,], (2.5 mol %)
Z~N ., RETo AgSbF (10 mol %) e NH N)\'{'
X > i
HoAN DCE, 120 °C, 24 h "IN O =

N™ R?
<) v

References:

[1] (@) N. Kuhl, N. Schroder and F. Glorius, Adv. Synth. Catal., 2014, 356, 1443; (b) F.
Wang, S. Yu and X. Li, Chem. Rev., 2016, 45, 6462; (c) L. Yang and H. Huang, Chem.
Rev., 2015, 115, 3468; (f) W.-H. Rao and B.-F. Shi, Org. Chem. Front., 2016, 3,
1028; (g) S. Sharma, N. K. Mishra, Y. Shin and I. S. Kim, Curr. Org. Chem., 2016,
20, 471.

[2] N. K. Mishra, M. Jeon, Y. Oh, H. Jo, J. Park, S. Han, S. Sharma, S. H. Han, Y. H.
Jung and I. S. Kim, Org. Chem. Front., 2017, 4, 241
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Cross-Coupling Reaction of 8-Methylquinolines with Maleimides
under Rhodium Catalysis

Sangil Han* and In Su Kim
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
insukim@skku.edu

Transition-metal-catalyzed C—H bond activation and its subsequent functionalization
has been one of the most attractive topics in organic synthesis because of its
remarkable potential for atom economy and environmental sustainability. In this
addition, a variety of C(sp?)-H functionalization has been developed under metal
catalysis in the past decade. Recently, much attention has been moved towards the
C(sp®)-H functionalization events, which continue to be a challenging issue. In this
area, directing group assisted sp® C—H functionalization has been explored by use of
amides, carboxylic acids, oximes, N-heterocycles, and etc. In particular, 8-
methylquinolines have been found as good substrates for sp> C—H functionalization
due to its ability to form cyclometalated complexes. Succinimides have been
recognized as privileged structural cores found in a number of bioactive natural
products, pharmaceuticals, and functional materials. Furthermore, the reduced
derivatives such as pyrrolidines and y-lactams have been also found in a large number
of pharmaceutical relevant molecules, thus making them one of the most important
and promising compounds.

We herein describe the first C(sp®)-H activation of 8-methylquinolines and
subsequent functionalization with maleimides to afford various succinimide

derivatives.
R\N 0
H [RhCp*Cll, AgSbFs
N ﬂ AdCO,H, DCE
I N + 0 N o) S - N
70°C, 24 h N

Z /\ R ild conditi | T S+

R1 mild conditions _ _

functional group tolerance
broad substrate scope
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ANEW MULTICOMPONENT MCR4 REACTION FOR THE SYNTHESIS OF CHIRAL
ANALOGS OF STAUROSPORINE.
M. Gellman, T. Massarano, R. Lavi and G. Byk*
Dept. of Chemistry, Bar llan University, Ram at Gan/lsrael

Multicomponent reactions are of special interest because they can generate in a single reaction
complex molecules, such as hetero aliphatic and hetero aromatic polycyclic rings, and can be
adapted to parallel automated synthesis. Special attention was devoted to Staurosporine, a natural
alkaloid, which acts as non-selective inhibitor of protein kinases and induces apoptosis. Thus, its
derivatives have potential applications for cancer treatment. This compound is characterized by a
hexa-substituted benzene ring with a fused indole ring and a fused lactam ring. Two recent works
deserved as driving forces for the synthetic strategy we present here: the first a conceptually new
strategy for the synthesis of the hexa-substituted benzenes. The key-step of the reaction was the
generation in situ of a furan intermediate which upon the presence of appropriate dienophiles
undergoes Diels Alder reaction resulting in a non-stable intermediate that after rearrangement
produces hexa-substituted benzenes [1]. The second, proposed the formation of substituted furans
by reacting barbituric acid with isocyanides and aldehydes at room temperature [2]. Herein we
combined both approaches for obtaining novel hexa-substituted benzenes. The advantage of the
new approach is that chiral derivatives can be easily obtained. We have developed a new “Ugi like”
MCR4 by using chiral B-keto-y-lactams as precursors. The reaction can be performed both in
solution and in solid phase. Products display significant biological activity in XTT viability assays
in different cell lines. The mechanism of action will be discussed.

?1
RZ (@) R3 N
R i, O
(0] ~ 2/,
R(—N E [ B N/R4 — gf
1 " ’ N \ /7 O\
Rs I % o H L£—Rs
o R4 5 —C/
R, X\
NH
/
R4

[1] Janvier, P.; Bienayme, H.; Zhu, J. Angew. Chem. Int. Ed. 2002,114, 4467-4470.
[2] Teimouri, M. B.; Bazhrang, R. Bioorganic Med. Chem. Lett. 2006, 16, 3697-3701.
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Highly Enantioselective Allylation of Ketones —
An Efficient Approach to all stereoisomers of Tertiary Homoallylic Alcohols

M. Mantel®, M. Brauns®, J. Schmauck®, M. Guder?, M. Breugst® and J. Pietruszka®®
#Institut fur Bioorganische Chemie, Heinrich-Heine Universitat Disseldorf
im Forschungszentrum Jilich, Julich/Germany
PDepartment fur Chemie, Universitat zu Koln, Cologne/Germany
“Institut fir Bio- und Geowissenschaften, Forschungszentrum Jiilich, Jilich/Germany

The boron based
allylation of carbonyl
compounds is an effective
and reliable tool for the
generation of
enantiomerically pure
homoallylic compounds,

2/dia-2
2 steps, 94%, d.r. >95:5

o}

L, o

1 <

RLH, g HE

5 Examples
E/Z up to 94:1
ee up to >99%
ji OH
+>R1 R2 R1M Et

Lewis Acid R3

No conversion

a moiety of widespread presence [1]. As a very potent agent on this behalf, we developed
tartrate derived protecting group 1 providing an outstanding reactivity/stability balance. Thus,
the convenient and highly selective syntheses of all four stereoisomers of secondary
homoallylic alcohols depending on the configuration of the corresponding allylboronate
2/dia-2 could be demonstrated. However, due to their inherently lower reactivity, ketones

remained inert to the systems established [2].

In order to overcome this problem, rational
reagent design was employed ‘tuning’ the
reagents’ reactivity suitably. Herein we
present new allylation reagents 3 enabling
the very convenient and highly selective
generation of all sterecisomers of tertiary

13 Examples

O
RZMR3 ort
r Et
R R R27\/\/
5 R3
other than H
4a-m

yields up to 91%
e.r.up to >99:1, d.r. up to 99:1

homoallylic alcohols 4a-m. Not only can the 2" generation compounds be utilized without
requiring inert conditions, but moreover highly selective access to E- and Z- configured
tertiary homoallylic alcohols was given for the first time. Conclusively, all synthetic
approaches and findings were investigated by DFT-calculations, revealing further mechanistic
insight and rationalizing the presented methodology thoroughly.

[1] a) M. Yus, J. C. Gonzalez-Gomez, F. Foubelo, Chemical Reviews 2011, 111, 7774-7854; b) M.
Yus, J. C. Gonzalez-Gomez, F. Foubelo, Chem Rev 2013, 113, 5595-5698.
[2] M. Brauns, F. Muller, D. Gulden, D. Bose, W. Frey, M. Breugst, J. Pietruszka, Angew Chem Int

Ed Engl 2016, 55, 1548-1552.
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Synthesis of substituted octahydrochromenes, promising inhibitors of tyrosyl-
DNA phosphodiesterase |

Li-Zhulanov N.S.%°, Volcho K.P.?*, Korchagina D.V.?, Salakhutdinov N.F.%**
4Department of Natural Sciences, Novosibirsk State University, 2 Pirogova Street, Novosibirsk,
630090, Russia
°N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry SB RAS, 9 Lavrentiev Avenue,
Novosibirsk, 630090, Russia

It was found earlier that reaction between (-)-isopulegol and heteroaromatic aldehydes in the
presence of K10 montmorillonite clay led to formation of compounds with octahydrochromene
framework [1]. Some products demonstrated promising biological activity, e.g. high analgesic
activity [2].

In this work, we have developed a method for synthesizing octahydrochromenes containing an
amide groups. We carried out the reactions of (-)-isopulegol and 5-nitrothiophene-2-carbaldehyde in
the presence of K10 montmorillonite clay to get nitro compounds 1. Successive reduction of
compounds 1 to corresponding amines 2 and selective acylation of the amino groups results in the
desired products.

o
| s
NO, montmorillonite clay
\ / + OH

Na25204, K,CO3

H v —_—
/\ EtOH, H,0
(-)-isopulegol 1
R

CH

(RCO),0 or RCOCI 3

» CF3
DMAP, EtOAc Ph

2 yields 55-85 %

It was found that the obtained products exhibit inhibitory activity in low micromolar concentration
range against tyrosyl-DNA phosphodiesterase | (Tdp 1). Tdpl plays a crucial role in the removal of
DNA damage, caused by anticancer drugs, e.g. camptothecin and its derivatives. It is making it a
perspective target to enhance anticancer treatment in combination with DNA damaging therapies.

[1] Yadav, J.S.; Subba Reddy, B.V.; Mahesh Kumar, G.; Murthy, C.V.S.R., Tetrahedron Lett.,
2001, 42(1), 89~91.

[2] Nazimova, E.; Pavlova, A.; Mikhalchenko, O.; II’ina, I.; Korchagina, D.; Tolstikova, T.;
Volcho, K.; Salakhutdinov, N., Medicinal Chemistry Research, 2016, 25, 1369~1383.
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One-pot synthesis of 1,5,3-oxathiazepanes via the three-component condensation

Kseniya S. Kovaleva**", Olga I. Yarovaya®®, Dmitriy S. Fadeev®, Nariman F. Salakhutdinov®®
®Novosibirsk State University, Pirogova St. 2, 630090, Novosibirsk, Russia

°N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry SB RAS, 9 Lavrentiev Avenue,
Novosibirsk, 630090, Russia

The development of new heterocyclic systems is of interest not only as examples of
fundamental achievements in organic chemistry, but as valuable sources of pharmaceutical products
and raw materials for various industrial sectors. The interest in multicomponent reactions (MCRS)
has increased in recent years and are an area of focus in heterocyclic chemistry due to their atom
economy, mild reaction conditions and high convergence. [1] The three-component condensation
reaction of primary amines, formaldehyde and 2-mercaptoethanol using salts of transition and rare
earth metals as catalysts was developed to obtain new 7-membered heterocyclic structural building
block, 1,5,3-oxathiazepanes, in good to excellent yields. No reports have been published of the

synthesis of this structural block. The structure of the heterocyclic fragment was confirmed by

NMR spectroscopy.

o CHCI3 r.t., 20 h //S
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This work was supported by Foundation by the Russian Foundation Research (N 15-03-00193A)

[1] Cioc, R. C.; Ruijter, E.; Orru, R. V. A. Green Chem. 2014, 16, 2958-2975.
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New Azaheterocycle Derivatives of Phosphonic Acid as Perspective Bioactive Compounds and
Polydentate Ligands

A.A. Prishchenko*, R.S. Alekseyev, M.V. Livantsov, O.P. Novikova, N.N. Meleshonkova,
L.l. Livantsova, V.l. Terenin, V.S. Petrosyan
Department of Chemistry, M.V. Lomonosov Moscow State University, Moscow, 119991, Russia

Functionalized organophosphorus acids and their derivatives with heterocyclic moieties are of great
interest as effective chelating ligands and perspective bioactive substances with various properties.
These acids are well-known biomimetics of hydroxy- or aminocarboxylic acids and natural
pyrophosphates, and some of them such as zoledronic, risedronic, and minodronic acids are widely
used in medicine [1]. We have synthesized the new functionalized phosphonic acids and their
derivatives 1-5 including azaheterocycles via addition of tris(trimethylsilyl) phosphite to
azaheterocyclic formamides and ketones. Trimethylsilyl-containing organophosphorus compounds
easily react with methanol excess or with sodium methylate in methanol giving water soluble acids
or their sodium salts in high yields [2,3].

o
P(OX)Z
HetClHIg(OX)Z HetC'H  Het= //_ )\ O/ Y, [\< (;[
ox \P(OX)Z Me
1 2
" 0 0
XO_ P(OX) P(OX), P(OX),  X=H, MesSi, Na; Y=H, Me, Bn, Ac, MeSO,;
@ OX L/m)x Z = 4-BrCgH,, 4-MeOCzH,, 4-Me,NC¢H,, Fc.
N N \I
v z
3 4 5

The resulting compounds are the perspective biologically active substances and polydentate ligands
with versatile properties as well as the promising precursors for multitarget drug discovery. This
work was financially supported by the RFBR (grants numbers 15-03-00002 and 17-03-00169).

[1] Kukhar V.P.; Hudson H.R., Aminophosphonic and Aminophosphinic Acids. Chemistry and
Biological Activity. New York: Wiley, 2000. 634 pp.

[2] Prishchenko A.A.; Livantsov M.V.; Novikova O.P.; Livantsova L.l.; Petrosyan V.S., Heteroat.
Chem., 2016, 27, 381-388.

[3] Prishchenko A.A.; Livantsov M.V.; Novikova O.P.; Livantsova L.I.; Petrosyan V.S., Mendeleev
Commun., 2017, 27, 90-92.
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Mono- and Bisorganophosphorus Proline Derivatives with P-C-N Moieties

A. A. Prishchenko*, M. V. Livantsov, O. P. Novikova, L. I. Livantsova, V. S. Petrosyan
Department of Chemistry, M.V. Lomonosov Moscow University, Moscow, 119991 Russia

The functionalized organophosphorus derivatives of aminocarboxylic acids and their corresponding
peptides are the perspective organophosphorus biomimetics of natural phosphates and hydroxy or
amino acids. These compounds with nonhydrolysable P-C bonds interfere with various enzymatic
processes and possess the antibacterial, antiviral, antibiotic, pesticidal, antitumor and enzyme
inhibitory properties. Several phosphorus containing peptides with proline moieties have attached
attention in the capacity of the competitive inhibitors of human immunodeficiency virus protease
[1]. Recently the organophosphorus derivatives of glycine, B-alanine and y-aminobutyric acid with
PCH,N moieties have been synthesized by us [2]. We have developed a convenient two- or three-
component aminomethylation of varios PH-acids as the perspective method for synthesis of mono-
and bisorganophosphorus proline derivatives with P-C-N moieties using proline or its highly
reactive functionalized precursors. Trimethylsilyl-containing organophosphorus compounds easily
react with methanol excess with formation of water soluble acids in high yields.
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) ©) H(O)C C[P(OEY),],
YOOC (le

XY = Et, Me3Si, H, Na

The resulting compounds are the promising synthons for preparation of various organophosphorus
peptides with different arrangement of proline moieties as well as the perspective polydentate
ligands and biologically active substances with versatile properties. This work was financially
supported by the RFBR (grants numbers 15-03-00002 and 17-03-00169).

[1] Tarasova, N.l.; Gulnik, S.V.; Prishchenko, A.A.; Livantsov, M.V.; Lysogorskaya, E.N.;
Oksenoit, E.S. Advances in Experimental Medicine and Biology. 1991, 306, 539-.

[2] Prishchenko, A.A.; Livantsov, M.V.; Novikova, O.P.; Livantsova, L.l.; Petrosyan, V.S.
Heteroat. Chem. 2010, 21, 236-.
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One-pot synthesis of cyclic ethers using phosphonium salts

Kenta Morita, Reiya Ohta, Kenichi Murai, Mitsuhiro Arisawa, Hiromichi Fujioka*
Graduate School of Pharmaceutical Sciences, Osaka University
Yamada-oka, 1-6 Suita, Osaka.

Discriminative transformation of one of the two functional groups having similar reactivity is
important subject especially in the synthesis of multi-functional compounds such as natural
products. We have been developing such transformation of carbonyl compounds using in situ
protection methodology,!! and recently reported two-type transformations of o,B-unsaturated ester,
transformation of ester moiety and transformation of olefin moiety in the presence of enone using
two-type phosphonium salts.!”) Furthermore, we have developed highly chemoselective one-pot
transformation of B-disubsitututed enone in the presence of B-monosubsitututed enone by using
phosphonium salts. Application of these two-type transformations to the substrates having a,f-
unsaturated ester and enone in the same molecule afforded a nice way for concise 6-steps one-pot
synthesis 5-and6-membered oxacyclic compounds were in 57 to 68% yields (Scheme 1).

1% o @ © ®
« PPh; (1.0 eq.) oTf PPha h 7 OTf PPhy
[ ome TMSOTf (1.0eq) | R~ OMe _BUAH (3.0 eq.) R~ oH __INHCI
- _ —_—
: CH,Cl, OTM | OT™M |
(n=1,2) n "
K2080,2H,0

0, oxa-
ot PPhs 7 NI\(/I1C()) g(?)l/eoq orr F’F’hs _KeCOs(5.0eq) Michael R\(\_J)\/
W Ace(tgge1/;-|20 WCH 1 4r|;);ﬁj>;ane 'OH
Scheme 1. One-pot synthesis of cyclic ethers using 2 types of phosphonium salts.

In relation to the substrates having B-monosubsitututed enone and B-disubsitututed enone in the
same molecule afforded a nice way for concise 4-steps one-pot synthesis of 5 membered oxacyclic
compounds in 62 to 71% vyields (Scheme 2).

o PPh; (1.5 eq.) OTMS OTMS
L 5 TMSOTf (1.5 eq.) _Reduction _ KOs
R 0
| CH2C|2 @ OTf OTf MeOH
PPhg PPh3

| WOH i oxa-Michael R N0 °
| R ——— > R2 R3
Scheme 2. One-pot synthesis of cyclic ethers using phosphonium salts.
[1] a) Angew. Chem. Int. Ed. 2011, 50, 12232. b) Org. Lett. 2014, 16, 3680.

[2] 46™ Congress of Heterocyclic Chemistry Kanazawa, JAPAN, Program and Abstracts, 341
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Simple Synthesis of Phosphindolium-Cored Structures

S. Arndt, M. M. Hansmann* and A. S. K. Hashmi*
Organisch-Chemisches Institut Ruprecht-Karls-Universitat Heidelberg, Heidelberg/69120

The intramolecular phosphinoauration of alkynes is presented comprising the synthesis of stable,
aurated phosphindolium complexes 2 from easy accessible (o-alkynylphenyl)phosphines 1. In order
to overcome the strong bonding affinity of phosphine to gold, an FLP-motivated approach was
attempted. Upon formation of a mixed phosphine NHC/phosphine phosphine gold species, elevated
temperatures induced the cyclization to give 2. This concept could furthermore be extended to
overall neutral (phosphindolium)aurate complexes 3 featuring the yet unknown phosphindole ligand
(Scheme 1).[1]

trans- R, Ry R R
PR, phosphino __PR, - P\ ' -
auration e */ R " D—R ! O/
*~ + +Au-L —_— - - * ! /
\ :
AN R AL\J Au: ' AH _
1 L L o]
2 ! 3

Scheme 1. Gold-mediated anti-phosphinoauration of unactivated alkynes.

The second part of the talk will focus on the synthesis of n-extended phosphindolium salts by
simple proton-induced cyclization. During the course of our study the acid-mediated cyclization
was discovered (Scheme 2). The process allows for a general metal-free and extraordinary simple
protocol towards the target structures. The rearrangement proceeds in complete atom economy
without the need for further purification. Photophysical measurements recorded quantum yields up
to 97% in solution (Scheme 3) and fluorescence was observed in the solid state.[2]

Ph Ph
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Scheme 2. Protophosphonylation of (o-Alkynylphenyl)phosphanes.

Scheme 3. Fluorescence in solution.

[1] A. Stephen K. Hashmi, Chem. Eur. J. 2017, 23, 2542-2547.
[2] A. Stephen K. Hashmi, Chem. Eur. J. 2017, accepted (DOI: 10.1002/chem.201700889)
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Synthesis and antibacterial activity of fluorinated oxazolopyridine from pentafluoropyridine

Reza Ranjbar-Karimi* and Mohammad Javad Ranjbar-Karimi

Department of Chemistry, Faculty of Science, Vali-e-Asr University, Rafsanjan 77176, Islamic
Republic of Iran

Perfluorinated heteroaromatics are useful scaffold for synthesis of a wide range of corresponding
heterocycles because of their high reactivity toward nucleophilic attack that result from their
electron-deficient nature [1]. The order of nucleophilic attack on pentafluoropyridine follows the
sequence 4-F > 2-F > 3-F [2]. However, this site-reactivity order may be impressed by each
substituent once attached to the heterocyclic ring and the nature of the attacking nucleophile.
Continuing our research on synthesis of new perhalo heterocyc;ic compounds, we investigate the
reaction of amides with 4-phenylsulphonyl tetrafluoropyridine to synthesis of ozazolopyridine.
Attempt to intrermolecular cyclization of 4a-d, in the presence of potassium carbonate and in the
DMF as solvent led to 4,6, 7-trifluoro-2-methyloxazolo[5,4-c]pyridine 5a-d. Two resonances by *°F
NMR (-92 and -149 ppm), indicate displacement of fluorine atom attached to the 2 and 3-position
of the pyridine ring by the nitrogen and oxygen nucleophiles.
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The Medium used for the antibacterial testing was nutrient agar media (NAM) of the following
composition: peptone 10 g; beef extract 6 g; sodium chloride 10 g; agar 3% and final volume of the
media was adjusted to 1 | with distilled water and autoclave at 15 Ibs/in2.

The newly synthesized compounds 4a-d were screened for their antibacterial activity against Gram-
positive bacteria i.e. Staphylococcus aureus (MTCC 96) and Gram-negative bacteria i.e.
Escherichia coli (MTCC 1652) using the disc diffusion assay technique and minimum inhibition
concentration (MIC) method. Compounds 5a, 5b and 5d showed moderate antibacterial activity
against Gram-positive bacterium, Staphylococcus aureus.

[1] Chambers, R. D. Fluorine in Organic Chemistry; Blackwell: Oxford, 2004.

[2] Ranjbar-Karimi, R.; Hashemi-Uderji, S.; Danesteh, R. J. Iran. Chem. Soc. 2012, 9, 747.
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Ruthenium-catalyzed 1,6-enyne cycloisomerization of o-alkynyl phenyl enol ether;
synthesis of 2,3-disubstituted benzo[b]furan

Shohei Ohno, Kohei Takamoto, Hiromichi Fujioka, and Mitsuhiro Arisawa*
Graduate School of Pharmaceutical Sciences, Osaka University
Yamada-oka 1-6, Suita, Osaka, 565-0871 JAPAN

Enol ether has electron-rich nature which confers a very unique reactivity compared to other
alkenes, and various types of valuable synthetic transformations are possible [1]. It’s reaction using
a transition metal catalysts is limited to the Alder-ene reaction with rhodium catalyst [2], oxidative
[2+2+1] annulation with copper catalyst [3], and the cycloisomerization reaction with triazole-gold
catalyst [4]. Here, we investigated the novel reaction of o-alkynyl phenyl enol ether 1 with
ruthenium hydride catalysts. As a result, 1,6-enyne cycloisomerization of 1 giving the cyclized 2
which were automatically aromatized, gave 2,3-disubsutituted benzo[b]furans 3 in excellent yields
(up to 93% yield).

R

R R
R\ _Z R / R
cat. Ru-H | up to 93% yield
o~ X cycloisomerization o X aromatization o | 20 examples

1 2 3
R = SiMes, Si(i-Pr)3;, SiMe,Ph, SiMe,Bn

Functional group transformations

of the substituents of 2,3- 2 Ph (2 eq)) SiMes
dISUbStItUt%ﬂI benzo[b]fu:an 3a Grubbs 11 (5 mol%) |
were r|?os_5| e. For exgmp e, cror?s CH,Cl,, reflux, 2 h, 94% o
metathesis reaction between the Cross Metathesis 4 o
alkene unit at 2 position of 3a and
styrene proceeded to give 4 in 94% SiMe; 1) 9-BBN (2 SiMe;
yield.  Hydroboration-oxidation 3 )T;_”: 1é heq')
reaction of the alkene unit at 2 | ’ |

" : 072 2) 3N NaOH 0
position of 3a proceeded to give 5 | 0 0
. . . 3a 30% H202, 6 h, 93% 5 OH
in 93% yield. Moreover, fluoride Hydroboration-Oxidation
anion _promoted the fo_rmatlon_ of PhCHO (3 eq.)
carbanion by  detrimethylsilyl n-BuNF (1 eq.) Ph
group at 3 position of 3a followed DMF4 80 °C 1'2 h 90% o I on
by  coupling reaction  with C-C Bond Formation 6 |

benzaldehyde to give 6 in 90%
yield.

[1] D. J. Winternheimer, R. E. Shade, C. A. Merlic, Synthesis, 2010, 15, 2497.

[2] N. Sakiyama, K. Noguchi, K. Tanaka, Angew. Chem. Int. Ed., 2012, 51, 5976.

[3] M. Hu, R. Song, X. Ouyang, F. Tan, W. Wei, J. Li, Chem. Commun. 2016, 52, 3328.
[4] S. Hosseyni, L. Wojtas, M. Li, X. Shi, J. Am. Chem. Soc., 2016, 138, 3994.
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Chiral pool based ionic liquids: Resourceful catalysts for asymmetric hydrogenation reactions
Avtar Singh, Nirmaljeet Kaur and Harish Kumar Chopra*
“"Department of Chemistry, Sant Longowal Institute of Engineering and Technology, Longowal -

148106, Distt. Sangrur (Pb.), India, Email: hk67@rediffmail.com,
Tel: +91-1672-253204, Fax: +91-1672-280072.

Recently, asymmetric synthesis gained much interest of the chemists due to the applications of the
enantiopure products in pharmaceutical and other industries. Since two enantiomers of a compound
can have different pharmacological activity and toxicity levels, so the synthesis of enantiopure
compounds is of utmost importance. Chiral ionic liquids are well known for their use as reaction
media and/or organocatalysts in many reactions. With low vapour pressure, excellent thermal
stability and solvent potential these species are considered as the future solvents for organic
synthesis [1,2]. These ionic species coordinates with substrates and led to stereoselectivity in many
organic reactions, one such reaction is asymmetric hydrogenation. We have developed some new
chiral ionic liquids based on benzimidazolium (or 2-mercaptobenzthiazolium) salts [3,4].
o) o)

R'\O)K‘ X_ R\O)J\\ X_
+ +

R'=Menthyl or Bornyl X=-Cl, -BF, -PFg, -OSO,CH,CH,Br
Fig. 1. Structure of the chiral ionic liquids synthesized from chiral pool

These chiral ionic liquids were employed in asymmetric reduction of prochiral ketones using
sodium borohydride (illustrated in Scheme 1). Using both type of catalysts, moderate to excellent
(ee>99%) enantiomeric excess was obtained. The chirality transfer is due to the formation of ionic
intermediate between the ionic liquid catalysts and ketone substrates, in the solution. Furthermore,

benzimidazolium based salts can be recycled and reused for three times.
o OH

SR ClL(10mol%) @X&
= NaBH,, MeOH/H,O >/~

X X

Scheme 1: Asymmetric hydrogenation using chiral ionic liquids

[1] Singh A.; Chopra, H.K. Curr. Org. Synth. 2017, DOI:10.2174/1570179413666160818145415.
[2] Bica, K.; Gaertner, P. Eur. J. Org Chem. 2008, 3235-3250.

[3] Singh, A.; Chopra, H.K. Tetrahedron: Asymmetry 2016, 27, 448-453.

[4] Singh, A.; Chopra, H.K. Tetrahedron: Asymmetry 2017, 28(3), 414-418.
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Expeditious and Divergent Total Syntheses of Aspidosperma Alkaloids Exploiting Iridium(l)

Catalyzed Generation of Reactive Enamine Intermediates

Peng Wen Tan*", Jayasree Seayad®* and Darren J. Dixon®*
a Organic Chemistry, Institute of Chemical and Engineering Sciences, 8 Biomedical Grove,
Neuros, Singapore 138665

b Department of Chemistry, University of Oxford, Chemistry Research Laboratory, 12 Mansfield

Road, Oxford OX1 3TA

An expeditious approach for the divergent total syntheses of (%)-Vincaminorine, (£)-N-
methylquebrachamine, (x)-Quebrachamine, (x)-Minovine and (£)-Vincadifformine, each in less
than 10 linear steps starting from a single -lactam building block, is reported.® The late-stage
generation of reactive enamine functionality from stable indole-linked &-lactams via a highly
chemoselective iridium(l) catalyzed reduction is the key to our route design. The efficiently formed
secodine intermediates subsequently undergo either a formal Diels-Alder cycloaddition or a
competitive Michael addition/reduction to access Aspidosperma-type alkaloids in excellent
diastereoselectivities. Product selectivity could be controlled by subtly changing the indole N-
protecting group in the reductive cyclization precursors. An asymmetric variant of this synthetic

strategy for the synthesis of (+)-20-epi-ibophyllidine is also described.
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(£)-N-methylquebrachamine

[1] P. W. Tan, J. Seayad, D. J. Dixon, Angew. Chem. Int. Ed. 2016, 55, 13436. (Highlighted
Synfacts)
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Facile synthesis of [1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine-1-oxides from N-triazol-3-yl
imidate

A. Hajri* and M. L. Marzouki

Laboratory of Functional Physiology and Valuation of Bio-resources, Higher Institute of
Biotechnology of Baja, B.O. 382 Habib Bourguiba Street 900-baja, University of Jendouba,
Tunisia.

*Corresponding author; E-mail address: lazharhajri.fsb@gmail.com

Abstract

A facile method for the synthesis of [1,2,4]triazolo[4,3-b][1,2,4,6]thiatriazine-1-oxides (3a-h) is
presented. Our approach to access these triazolothiatriazine-oxides involves a cyclocondensation
reaction between N-triazol-3-yl amidines (2a-h) and thionyl chloride in presence of pyridine. The
N-triazol-3-yl imidate 1 were obtained by condensation of 3-amino[1,2,4]triazole with orthoesters
according to a previously reported method [1]. The predicted structures of the synthesized
compounds were confirmed by different spectral analysis studies including IR, *H NMR, *C NMR,
elemental analyses and mass spectral analysis of (3a-h).

Keywords: [1,2,4]triazole, thiatriazine-oxides, amidines, iminoester, synthesis, thionyl chloride.

~-N
N
-N NN Refluxing/éh | || S—N
I S—N ) Absolute ethanol I N +socl, ——— N H—rR!
N S—ocHs T R*-NH; N \>7R1 Pyridine / | 1N
H R 2M5 r.t/ 3 days H HN‘ 1,4dioxine O//S\Cl \Rz
2207 A
1 -
-N
LN
N Y Rt
/S\N
(®) R2
3a-h

3a: R' = CHj, R? = C,H5 ; 3b : R' = C,Hg, R? = CoH5
3c:R'=CH;, R?=C3Hy ; 3d : R'= C,H5, R?= C3H5
3e : R' = CH3, R? = CgHg ; 3f : R = C,H5, R? = C5Hyg

3g: R'=CHj;, R?=Ph-CH, ; 3h : R' = C,Hs, R?= Ph-CH,

[1] Abderrahim, R. A Novel Synthetic Route to New 1,2,4-Triazolo-1,3,5-triazin-4-ones
derivatives. Phosphorus Sulfur Silicon Relat Elem. 2006, 181(3), 581-585.
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Insights into Aza-Indoles and Aza-Indazoles as Photoswitches

N. A. Simeth,® S. Crespi, M. Fagnoni ° and B. Kénig **
% Institute of Organic Chemistry, Department of Chemistry and Pharmacy, University of
Regensburg, Regensburg D-93040
® PhotoGreen Lab, Department of Chemistry, University of Pavia, Pavia 1-27100

In recent years, the field of photopharmacology expanded rapidly.[1] The usage of small, light-
responsive molecule to generate enzyme inhibitors,[2] switchable antibiotics[3] and molecules,
which cause light-induced apoptosis of single cells in tissue[4] illustrate the potential of the
approach. Using light as an external stimulant adds an extrinsic parameter determining the
selectivity of the compound. Furthermore, light is non-invasive, easy to apply, and offers an
inimitable spatiotemporal control over the process of interest. Azobenzenes interconvert upon light
irradiation between two structural isomers, which differ strongly in their physical properties, and
thus also in their activity towards biomolecules.[1] However, they often suffer from low
photoisomerization yields and insufficient thermal stability of the cis-isomer. Thus, there is a need
to investigate novel azobenzene derivatives with improved properties.[5]

Both indoles and indazoles are nitrogen containing, bicyclic aromatic compounds. Indoles are
widely spread scaffolds in natural compounds, various drugs and dyes. Indazoles occur rarely in
nature, though, but also show potency as pharmaceuticals and are utilized pigments.

R'

X" R
A e @y
I -
QN &) vz N:N

X =N, CH

We used a scaffold-hoping strategy and moved from azo-benzenes to aza-indoles and -indazoles.
The presented molecules were investigated from a synthetical, spectroscopical and computational
aspect to conclude a structure-activity relationship regarding the switching properties of the
molecules.

[1] Szymanski, W.; Beierle, J. M.; Kistemaker, H. A. V.; Velema, W. A.; Feringa, B. L., Chemical Reviews
2013, 713

[2] Falenczyk, C.; Schiedel, M.; Karaman, B.; Rumpf, T.; Kuzmanovic, N.; Grotli, M.; Sippl, W.; Jung, M.;
Konig, B., Chemical Science 2014, 5 (12), 4794-4799

[3] Lien, L.; Jaikaran, D. C. J.; Zhang, Z.; Woolley, G. A., J Am Chem Soc 1996, 118 (48), 12222-12223

[4] Borowiak, M.; Nahaboo, W.; Reynders, M.; Nekolla, K.; Jalinot, P.; Hasserodt, J.; Rehberg, M.; Delattre,
M.; Zahler, S.; Vollmar, A.; Trauner, D.; Thorn-Seshold, O., Cell 2015, 162 (2), 403-411.

[5] R. Travieso-Puente, S. Budzak, J. Chen, P. Stacko, J. T. B. H. Jastrzebski, D. Jacquemin, E. Otten,
Journal of the American Chemical Society 2017, 139, 3328-3331.
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Construction of an Azasteroid Library

Manwika Charaschanya®, and Jeffrey Aubé®
®Department of Medicinal Chemistry, University of Kansas, Lawrence, Kansas
"Division of Chemical Biology and Medicinal Chemistry,
University of North Carolina, Chapel Hill, North Carolina

As screening collections remain an important aspect in early stage drug and probe discovery, access
to diverse representations of chemical scaffolds is of considerable interest. Steroid natural products
are attractive starting points for library construction because of their structural complexity and
ability to interact with biological targets. Here, we describe a stereoelectronic approach towards
regiochemical diversification of an azasteroid library using the azido-Schmidt reaction. This
chemical method modifies steroidal ketones via a nitrogen insertion mechanism that enables
predictable control of regiochemistry, and direct conversions to functionalized amino-steroids. The
application of such a strategy has afforded access to a diverse collection of new steroid-like
molecules that will be submitted for biological evaluation.

Outline of synthetic strategy: Me Me
o H
N—" A N—7
Nucleophiles _ HO‘(_/ HO‘(_/
Ph Ph
Me Me
(6] | S |
N—"H N—"H
Diversity element #1: steroidal ketones N 3‘(_/ HO‘(_/
-8 ketones .
-Reactions in A, B, C, and D rings Ph M Ph
e

Ph
Dlversny element #2 chiral hydroxyalkyl azides

Iydro alkyl azides (@]
Con ol of regiochemistry Q N
sf

Diversity element #3: nucleophiles
-5 nucleophiles
-Ring opening using different nucleophiles
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Ultrasound Promoted Facile One-Pot, Four-Component Synthesis of 2-Amino-3-
Cyanopyridines Using Copper-Doped Silica Cuprous Sulfate(CDSCYS)

Somayeh Behrouz*
Medicinal Chemistry Research Laboratory, Department of Chemistry, Shiraz University of
Technology, Shiraz 71555-313, Iran

The pyridine substructure is a famous scaffold which found frequently in the structure of numerous
natural and synthetic products exhibiting a wide range of biological and pharmacological properties.
[1] Among pyridine derivatives, 2-amino-3-cyanopyridines have attracted considerable attention
due to their remarkable biological properties. They exhibit diverse biological activities such as
anticancer, anti-inflammatory, antiviral, antimicrobial, antihypertensive, antitubercular and
antioxidant properties. Moreover, they have been frequently used as valuable intermediates for the
construction of a variety of heterocyclic derivatives. [1] Given the significance of 2-amino-3-
cyanopyridine derivatives, many synthetic approaches have been developed so far to access
structurally diverse 2-amino-3-cyanopyridines. However, most of them are accompanied by one or
more drawbacks such as harsh reaction conditions, complicated reaction procedures, the use of
toxic solvents, utilizing expensive metal catalysts, multi-step syntheses, long reaction times, tedious
work-ups, and unsatisfactory yield of the desired products. Consequently, the search for a simple,
efficient, and practical synthetic strategy with suitable generality is still of great demand.

Nowadays, ultrasound-assisted organic synthesis has proved to be a clean and advantageous
approach especially for the synthesis of heterocyclic compounds. [2] The ultrasound irradiation
affords many important advantages in comparison with conventional thermal heating such as higher
yield, the increment of the reaction rate, easier manipulation, minimizing the side-product, mild
reaction condition, and higher selectivity. In light of the remarkable biological activities of 2-
amino-3-cyanopyridines, hereby we would like to report an ultrasound-promoted synthesis of 2-
amino-3-cyanopyridine derivatives 5 through one-pot, 4CR of different aldehydes, ketones,
malononitrile, and ammonium acetate in the presence of copper-doped silica cuprous sulfate
(CDSCS) in EtOH (Scheme 1).

R1
(0] (@] CN
cDSCS
R1J\H " RZJ\CH + NHOAc + NN ——— = [
3 ). EtOH, rt. P2
R27 N7 NH,
1 2 3 4 5

R', R2= aryl and heteroary!
CDSCS: (Si0)—0S05Cu

Scheme 1

[1] Allais, C.; Grassot, J.-M.; Rodriguez, J.; Constantieux, T. Chem. Rev. 2014, 114, 10829-10868.
[2] Cravotto, G.; Cintas, P. Chem. Soc. Rev. 2006, 18, 180-196.
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Ultrasound Promoted Facile Three-Component Synthesis of 1-Substituted Tetrazoles Using
Cu/Graphene/Clay Nanohybrid as a Highly Efficient Heterogeneous Nano-Catalyst

Somayeh Behrouz*
Medicinal Chemistry Research Laboratory, Department of Chemistry, Shiraz University of
Technology, Shiraz 71555-313, Iran

Tetrazoles are an important class of heterocyclic compounds with increasing applications in
different research areas. In addition, tetrazole core is a key structural motif found in numerous
biological active compounds and several famous drugs. [1] Due to their broad utility, the synthesis
of tetrazole derivatives has attracted considerable attention, and several preparative methods have
been established so far. The methods reported for the synthesis of 1-substituted tetrazoles involve
acid-catalyzed cycloaddition between hydrazoic acid and isocyanides or trimethylsilylazide,
cyclization between primary amines with an orthocarboxylic acid ester or ethyl orthoformate and
sodium azide in the presence of acetic acid, acidic ionic liquid, ytterbium triflate and natrolite
zeolite, etc. [2] However, most of these methods are accompanied by drawbacks such as long
reaction times, harsh reaction conditions, the use of expensive and toxic reagents, and tedious work-
up. To overcome these drawbacks, the search for mild and efficient synthesis of 1-substituted
tetrazoles still remains as an important challenging subject in organic synthesis. Recently, we have
reported the synthesis and application of Cu/aminoclay/reduced graphene oxide nanohybrid
(Cu/AC/r-GO nanohybrid) as a highly efficient organic-inorganic hybrid nano catalyst for click
synthesis of 1,2,3-triazolyl carboacyclic nucleosides. [3] Herein, we report the ultrasound-promoted
three-component reaction of primary amines, triethyl orthoformate, and [bmim]N; catalyzed by
Cu/AC/r-GO nanohybrid to afford the corresponding 1-substituted tetrazoles in good to excellent
yields (Scheme 1).
=N
A~ NHz Cu/AC/-GO Nanohybrid = ~7

G~ | + HC(OEt); + [bmim]Nj - G |
A ))), DMF, r.t. A

G=H, Me, CI, OMe,NO,,...

Scheme 1

[1] Kleeman, A.; Engel, J.; Kutscher, B.; Reichert, D. Pharmaceutical substances, Thieme:
Stuttgart, 1999.

[2] Naeimi, H.; Kiani, F. Ultrason. Sonochem. 2015, 27, 408-415 and references cited therein.

[3] Soltani Rad; M.N., Behrouz, S.; Hoseini, S.J.; Nasrabadi, H.; Saberi Zare, M. Helv. Chim. Acta
2015, 98, 1210-1224.
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Design and Synthesis of Novel Phenothiazine-Triazole Hybrids as Potential Chemotherapeutic
Agents

Somayeh Behrouz*
Medicinal Chemistry Research Laboratory, Department of Chemistry, Shiraz University of
Technology, Shiraz 71555-313, Iran

Phenothiazine derivatives are widely wused in medicinal chemistry exhibiting diverse
pharmacological activities such as antihistamines, analgesic, anti-inflammatory, anticonvulsants,
antibacterial, antifungal, antipsychotic, anti-malarial, neuroleptics, diuretics, and sedative activity.
[1] The most common route to obtain the new phenothiazine derivatives is the introducing a new
substituent at the thiazine N(10) atom.

The 1,2,3-triazole derivatives has gained increasing attention in drug discovery since they can
readily associate with biologically targets through the dipole interaction and hydrogen bonding. [2]
Therefore, the incorporation of the 1H-1,2,3-triazolyl moiety into a molecular structure is a
significant strategy in drug design. As a prototype of ‘click chemistry’, the Cu(I)-catalyzed
Huisgen’s azide-alkyne cycloaddition (CUAAC) has emerged the powerful tool for introducing a
1,2,3-triazolyl residue into a molecule’s scaffold. [3]

Inspired by the remarkable biological activities of phenothiazine and 1,2,3-triazole derivatives, we
now describe the design and synthesis of novel hybrid structure 4 having phenothiazine and 1,2,3-
triazole residues. In this research, a variety of hybrid compound 4 analogues were efficiently
synthesized through 3CR Huisgen 1,3-dipolar cycloaddition reaction between N-propargyl
phenothiazine, structurally diverse epoxides, and [bmim]N3 as a green source of azide in the
presence of copper-doped silica cuprous sulfate (CDSCS) (Scheme 1). Thus, a variety of hybrid
compounds 4 were obtained in good to excellent yields as potential chemotherapeutic agents. The
structure of all synthesized compounds was confirmed by *H-NMR, *C-NMR, MS, and IR.
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Scheme 1

[1] Kleeman, A.; Engel, J.; Kutscher, B.; Reichert, D. Pharmaceutical substances; 3rd ed.; Thieme:
Stuttgart, 1999.

[2] Moses, J. E.; Moorhouse, A. D. Chem. Soc. Rev. 2007, 36, 1249-1262.

[3] M. Meldal, C.W. Tornge, Chem. Rev. 2008, 108, 2952-3015.
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Synthesis and Biological Assessment of New 5-Substituted-1H-Tetrazole Derivatives Tethered
to Bioactive N-Heterocyclic Cores Using Chitosan-Silica Sulfate Nano Hybrid (CSSNH) as a
Novel Heterogeneous Nano Catalyst

Mohammad Navid Soltani Rad *
Medicinal Chemistry Research Laboratory, Department of Chemistry, Shiraz University of
Technology, Shiraz 71555-313, Iran

Tetrazoles are an important class of N-heterocyclic compounds exhibiting widespread applications
in industries and medicine. Tetrazoles can be served as bioisosteres for the carboxylic acids.
Additionally, the replacement of a carboxyl group with tetrazolyl moieties improved the metabolic
stability, bioavailability and cell permeability of a drug molecule. [1]

The synthesis of tetrazoles has attracted considerable attention since the broad utilities found for
tetrazoles. In this context, the different preparative methods have been emerged so far. Among
them, the [3+2]-cycloaddition reaction of nitriles with azides is a well-known and most extensively
studied and used procedure for synthesis of diverse 5-substituted-1H-tetrazoles. [2]

Nowadays, there has been a growing interest in the application of natural biopolymers as
environmentally benign materials for preparation of heterogeneous catalysts. Along this line,
polysaccharides like chitosan as one of the most abundant biomolecules in nature that extensively
applied. In recent years, organic-inorganic hybrid materials or catalysts have gained particular
attention. Regarding to benefits of biopolymers as the green catalysts, the use of biopolymer-
inorganic hybrid catalysts have been emerged as an attractive strategy in preparation of new
catalysts in organic reactions. Herein, the synthesis and characterization of chitosan-silica sulfate
nano hybrid (CSSNH) as a novel heterogeneous nano catalyst has been described and this catalyst
was used in synthesis of new 5-substituted-1H-tetrazole derivatives tethered to bioactive N-
heterocyclic cores 2. The synthesized tetrazoles were tested in vitro against some pathogenic fungal
including candida krusei, candida glabrata, aspergillus flavus and aspergillus fumigatus in which
some entries have displayed antifungal activity to some extent.
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[1] Soltani Rad, M. N.; Behrouz, S.; Sadeghi Dehchenari, V.; Hoseini, S. J. J. Heterocyclic Chem.,
2017, 54, 355-365.

[2] Soltani Rad, M. N,. J. Braz. Chem. Soc., 2017, 28, 11-20.
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Accessing Polyoxygenated Dibenzofurans via the Union of Phenols and 0-Benzoquinones:
Rapid Syntheses of Metabolites Isolated from Ribes takare

Meng Yao Zhang and Russell A. Barrow*
Research School of Chemistry, Australian National University
Acton, ACT 2601

Oxygen-rich dibenzofurans are a class of compounds prevalent in nature.[1] The structural
complexity and promising biological activity of dibenzofuran natural products have continuously
inspired the development of methodology for the preparation of compounds and total syntheses of
natural products bearing this structural motif.[2]

isolated from Ribes takare
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While various routes towards the syntheses of polyoxygenated dibenzofurans exist in the literature
which traverse through biphenyl intermediates, we were interested in a complementary approach
whereby the desired dibenzo[b,d]furan framework would be constructed in a single process from
unprotected phenols/naphthols and o0-benzoquinones via a Michael-oxidation-oxa-Michael
cascade.[3] The utility of this transformation was demonstrated in the generation of a library of highly
substituted dibenzofurans, featuring specifically substituted molecules containing broad ranges of
functionality. The developed methodology was also applied to the total syntheses of two
dibenzofurans recently isolated from Ribes takare, which possess mild a-glucosidase inhibitory
activity.[4] Assemblage of the carbon scaffold of both natural products was achieved in a single
operation, completing the syntheses in three and five steps.

[1] Liu, J.-K. Chem. Rev. 2006, 106, 2209.

[2] Love, B. E. Eur. J. Med. Chem. 2015, 97, 377.

[3] Zhang, M. Y.; Barrow, R. A. Org. Lett. 2017, DOI: 10.1021/acs.orglett.7b00840

[4] Chen, X.-Z.; Lu, S.-M.; Li, G.-Y.; Jiao, W.; Huang, T.-F.; Yang, T.; Fang, D.-M. Chin. Chem.
Lett. 2014, 25, 127.
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The synthesis and structure prove of 6-(bromomethyl)-3- substituted -5,6-dihydrothiazolo[2,3-
c][1,2,4]triazole)

S.V.Grigoryan, A.S.Galstyan, T.V.Ghochikyan
Faculty of Chemistry, Yerevan State University,
Yerevan, Republic of Armenia, 0025, 1 Alex Manoogian

One of the most interesting heterocyclic compounds are triazoles. The different derivatives of
which show important biological activities as antifungal, antibacterial, and antitumor etc[1-2]. Some
derivatives are already used in drugs: Epoxiconazole, Fluconazol, Itraconazol etc[2]. The big field
of using of thriazoles tell us to find both new derivatives and new methods of synthesis.

We tried to make new system, which contains triazol and other heterocyclic groups. For that
on base of 4-allyl-5-substitited-4H-1,2,4-triazole-3-thiol (1) we successfully did some reactions
which are presented here[3]:
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The structure of final product of reaction of cyclization with halogenation was established
with NMR and X-Ray methods. It is also proved, that the ring of triazole is fused with thiazole ring.
The same prove the chemical reactions of that compounds. On the base of the 2 compounds we
succeed in getting the new system, where the system of triazolothiazoles coupled with 1,2,3-triazole
ring.

[1] G. Singh, P. Sharma, S. Dadhwal, P. Garg, S. Sharma, N. Mahajan, S. Rawal, Int. J. Curr.
Pharm. Res. 2011, Vol 3, Issue 2, 105-118

[2] H. Bektas , N. Karaali, D. Sahin , A. Demirbas , S. A. Karaoglu , N. Demirbas,
Molecules 2010, 15, 2427-2438

[3] T.V. Kochikyan, M.A. Samvelyan, A.M. Petrosyan, P.D. Langer, 2015, published in
Zhurnal Organicheskoi Khimii, 2015, Vol. 51, No. 10, pp. 1499-1503

158



ISHC 2017 Poster Abstracts TUE-P 32

Copper-Catalyzed Cascade Amination Route to N- Aryl Benzimidazoquinazolinones
Arpan Banerjee, Parthasarathi Subramanian and Krishna P. Kaliappan*

Department of Chemistry, Indian Institute of Technology Bombay
Powai, Mumbai 400076, India
kpk@chem.iitb.ac.in

An efficient one-pot Cu-catalyzed C—H functionalization/two-fold C—N bond formation protocol
for the syntheses of N-aryl benzimidazoquinazolinones has been reported. Our strategy involves a
Cu-catalyzed C—N bond coupling reaction between N-anilinoquinazolinones and aryl/heteroaryl
halides followed by acetate ligand-assisted intramolecular C—H amination. This reaction is high-
yielding, has good functional group tolerance and straightforward for the synthesis of anti-cancer
drug analogues of benzimidazo-quinazolinones.

Cu(II) Scalable
)\ 22 examples
)\ NH, Br High yield

(Immunosuppressor
/Anti-tumor drug)
Excellent regioselectivity
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\"/ \, 4
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[1] Banerjee, A.; Subramanian, P.; Kaliappan, K. P. J. Org. Chem. 2016, 81, 10424—10432.

+ Drug analogs
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Novel Pt(Il) Coordination Complexes as Visible Light Photocatalyst
Antonio Casado-Sanchez!, Daniel Gonzalez-Mufioz?, Silvia Cabrera** and José Aleméan®*
(1) Departamento de Quimica Inorganica, Facultad de Ciencias, Universidad Autonoma de
Madrid, Madrid, Spain
(2) Departamento de Quimica Orgéanica, Facultad de Ciencias, Universidad Autonoma de Madrid,
Madrid, Spain

During last years, visible light photoredox catalysis has been established as a novel and powerful
tool that aims to prepare diverse molecules under mild conditions through bond-selective
activation.! The catalysts involved in most of the processes are Ru(ll) and Ir(IIl) complexes or
photoorganocatalysts such as eosyn Y or flavin. By contrast, few studies have focused on the
development of photocatalysts based on other metal complexes.
Recently, our group has synthesized different coordination complexes relied on platinum(ll) and
hydroxyquinoline ligands which have proved to be excellent candidates as antitumoral complexes.?
Their yellow-orange colour and their photophysical properties led us to postulate whether these
platinum complexes could be used as visible light photocatalysts for different transformations.
Herein, we describe that hydroxyquinoline-Pt(ll) complexes are capable of undergoing reductive
and oxidative photocatalytic quenching pathways. We have developed the photooxidation of a large
number of aryl and alkyl sulfides, as well as more complex structures such as heterocycles and
methionine aminoacid, with complete chemoselectivity and without detection of other byproduct.®
We have carried out mechanistic studies that suggest an electron-transfer process via oxygen radical
anion as plausible mechanism. Also, we have obtained preliminary results in the o-alkylation of
aldehydes using these platinum complexes in combination with the MacMillan’s catalyst, affording
the corresponding products in high yields and ee’s.
o
oxidative quenching A
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[1] Albini, A.; Fagnoni, M., Handbook of Synthetic Photochemistry, Wiley-VCH, Weinheim, 2010.
[2] Martin-Santos, C.; Cabrera, S.; Padron, J.; Lopez-Solera, 1.; Quiroga, A.; Medrano, M. A.;
Navarro-Ranninger, C.; Aleman, A., Dalton Trans. 2013, 42, 13343-13348.

[3] Casado-Sanchez, A.; Gémez-Ballesteros, R.; Tato, F.; Soriano, F. J.; Pascual-Coca, G.; Cabrera,
S.; Alemén, J., Chem. Commun. 2016, 52, 9137-9140.
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Atom Economic Oxidative Ugi-Type Reaction of Acridanes. Access to Novel Acridinium-
Based Photocatalysts

M. Uygur, A. Gini and O. Garcia Manchefio*
Department of Organic Chemistry, University of Regensburg, Regensburg/DE

Acridinium-based photocatalysts belong to one of the most important groups of photooxidants and
represent a cheap, bench-stable alternative to their transition-metal counterparts.[1] Their redox
properties can be tuned by variation of the substituents at position C9 or at the acridinium core.
However, only a few derivatives have been reported until now, in which only aromatic rests at the
C9, such as mesityl for the commercially available Fukuzumi catalyst, are introduced.[1-2]
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Cu-catalyst o N*RS o N\Rs
B R3-CN Trityl*X"
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oxidant
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We herein report an effective and atom economic strategy for the construction of 9-substituted
imido-acridanes by a Cu-catalyzed oxidative Ugi-type C-H functionalization in the presence of
benzoyl peroxide as key oxidant. The obtained acridanes were further oxidized to the corresponding
acridinium salts under mild conditions. Their photo- and electrochemical properties were
determined by spectroscopic and cyclic voltammetric measurements and the novel catalysts were
applied in visible light mediated dehydrogenative lactonization of biphenyl-2-carboxylic acid.

References:

[1] @) S. Fukuzumi, H. Kotani, K. Ohkubo, S. Ogo, N. V. Tkachenko, H. Lemmetyinen,

J. Am. Chem. Soc., 2004, 126, 1600.b) D. S. Hamilton, D. A. Nicewicz, J. Am. Chem. Soc., 2012,
134, 18577. c¢) S. Fukuzumi, K. Ohkubo, Chem. Sci., 2013, 4, 561.

[2] a) A. Joshi-Pangu, F. Lévesque, H. G. Roth, L.-C. Campeau, D. A. Nicewicz, D. A. DiRocco, J.
Org. Chem., 2016, 81, 7244. b) N. Xu, P. Li, Z. Xie, L. Wang, Chem. Eur. J., 2016, 22, 2236.
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Azaheterocycles for Multiple Tasks in Medicinal Chemistry

Violeta Vasilache' and lonel I. Mangalagiu*
“Alexandru Ioan Cuza” University of lasi, Faculty of Chemistry; CERNESIM'; Bd. Carol 11,
700506 lasi, Romania.

Over the past decades, five and six member ring azaheterocyclic compounds have received
considerable attention due to their important applications from pharmacological, industrial, and
synthetic points of view. Azaheterocyclic derivatives, especially azine, diazine and diazols, were
reported as valuable scaffolds in medicinal chemistry, showing variously biological activities such
as antiviral and anticancer, antituberculosis and other antimicrobials, etc.

As part of our ongoing research in the field of azaheterocycles derivatives, we present herein
some core results obtained by our group in the field of nitrogen heterocycles derivatives, focused on
chemistry and their pharmacological potential applications as anticancer, antituberculosis and other
antimicrobials, leishmaniasis [1]. Our design has had in mind to get compounds with at least two
biological activities.

As far for anticancer activity, several classes of azaheterocycles (diazols, fused azine and
diazine, mono- and bis- indolizines, 1,10- 1,7- and 4,7- phenanthroline) was designed, synthesized,
and tested. Some of the compounds have a significant and selective anticancer activity against
Melanoma, Renal cancer, Brest cancer and Lung cancer. As to the mechanism, our classes of
compounds belong to DNA-intercalators, either via covalent bonding interactions (alkylators) either
via non-bonding interactions (intercalations between base pairs, minor/major groove binding, G-
quadruplex interactions).

Design, synthesis and antimycobacterial activity of some new classes of nitrogen
heterocycles (namely azine and bis-azine, diazine and bis-diazine, mono- and bis- indolizines,
phenanthroline) is presented. The primary cycle high throughput screening reveals that some
compounds are potent inhibitors against Mycobacterium tuberculosis (Mtb), their antitubercular
activity being superior to the second-line antitubercular drug Pyrimethamine and Cycloserine. The
MIC, MBC, LORA, intracellular (macrophage) drug screening, and MTT cell proliferation,
indicate, for some of our compounds, the intracellular drug effectiveness against Mtb, the lack of
toxicity, a significant activity against both replicating and non-replicating Mth, a bactericidal
mechanism of action, excellent solubility in microbiological medium. For the most active
compounds, a complete ADMET studies have been performed (these including Plasma Protein
Binding, Caco-2 Permeability, Cytochrome P450 Inhibition, In vitro microsomal Stability, HepG2
Cytotoxicity) with very good and promising results.

Design, synthesis and antileishmaniasis activity of three new classes of nitrogen
heterocycles (imidazo- isoquinolines and phthalazine, (substituted)- bis-pyridazinone,
PyrroloBenzoQuinone- pyridazine and phthalazine) is presented. The antileishmania assay against
Leishmania donovani intramacrophage amastigote reveal a very good and promising activity for
some compounds.

[1] Relevant literature data could be found to ORCID number 0000-0002-4632-5076.
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Synthesis of 3-Benzazepines by Metal-Free Oxidative C—H Bond
Functionalization—Ring Expansion Tandem Reaction

Julia Bamberger,? Andrea Gini,? Javier Luis,” Mercedes, Zurro,? Jose Aleman,™ Olga Garcia
Manchefio™

& Department of Organic Chemistry, University of Regensburg, Regensburg/DE
b Department of Organic Chemistry, Universidad Auténoma de Madrid, Madrid/ES

The nitrogen-containing seven-membered ring heterocycles 3-benzazepines are a unique class of
compounds important in drug discovery. [X The main strategy to synthesize the 3-benzazepine core
is based on Lewis-acid mediated Friedel-Crafts-type cyclization approaches. However, in these cases
multiple reaction steps or special substituted substrates are required. Therefore, more general and
efficient synthetic strategies for this type of heterocycles are still needed.

Herein, we report a strong new methodology for the construction of the seven-ring structure by an
oxidative C-H functionalization approach from readily available tetrahydroisoquinolines (THIQS).
Based on our experience with trimethylsilyldiazomethane (TMSCHN2) as nucleophile,? a
straightforward one-pot synthesis of 3-benzazepines by an innovative, mild, metal-free, T*BF4-
mediated oxidative C-H bond functionalization!®! — ring expansion process has been developed.
This methodology has proven to be quite general and functional group tolerant.
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- ' Lorcaserin :
CH,Cly, 80 °C, 1-4 h 21 examples Lo omemem e
R = Aryl, Alkyl, Acyl, Carbamoyl up to 80% yield

In order to gain insights into the mechanism, several experiments, including deuterium-labelling, and
DFT calculations have been carried out. These investigations suggest an ionic oxidation and an
aromatic driven ring-expansion step. Finally, the synthetic applicability of the developed
methodology was demonstrated by the synthesis of the drug Lorcaserin.

[1] For example: A. Zhang, L. J. Neumeyer, J. R. Baldessarini, Chem. Rev. 2007, 107, 274-302.

[2] T. Stopka, L. Marzo, M. Zurro, S. Janich, E.-U. Wiirthwein, C. G. Daniliuc, J. Aleman, O. Garcia
Manchefio, Angew. Chem. Int. Ed. 2015, 54, 5049-5053.

[3] Selected examples: (a) A. J. Neel, J. P. Hehn, P. F. Tripet, F. D. Toste, J. Am. Chem. Soc. 2013,
135, 14044-14047; (b) H. Richter, R. Frohlich, C. G. Daniliuc, O. Garcia Manchefio, Angew. Chem.
Int. Ed. 2012, 51, 8656-8660; (c) H. Richter, O. Garcia Manchefio, Org. Lett. 2011, 13, 6066-6069.
[4] A. Gini, J. Bamberger, J. Luis, M. Zurro, R. Mas-Ballesté, J. Aleman, O. Garcia Manchefio, Adv.
Synth. Catal. 2016, 358, 4049 —4056.
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Synthetic approaches to indazole-based anthranilic diamides

André Stoller*, Andrew J. F. Edmunds, Roger G. Hall, Olivier Loiseleur and André Jeanguenat
Syngenta Crop Protection AG, Schaffhauserstrasse, CH-4332 Stein, Switzerland

Modern farming relies a lot on chemical pest management. One of the recurrent problems in pest
control is the adaptation of the pests to the methods used to limit them. Cross resistance may appear
with the repeated use of different active ingredients showing the same mode of action. This reduces
the usefulness of whole classes of compounds. For this reason it is very desirable to find substance
classes that show new modes of action.

Recently, in the field of chemical insect control, new classes of diamides were found and made their
way to the market. They modulate the insect ryanodine receptors (calcium channels), which was a
new mode of action for commercial use [1].

The first compounds of this class introduced to the market were the phthalamide, flubendiamide
(Nyhon Nohyaku [2]) and the two anthranilic diamides, chlorantraniliprole (DuPont [3]) and
cyantraniliprole (DuPont [4]). Syngenta, as a major player in crop protection, was also very active
in this field. Syngenta’s approach led to the discovery of novel insecticidally active bicyclic
diamides. Especially interesting biological profile and efficacy were found in indazole based
diamides, like compound (1) (Syngenta [5]).

XS\\S,/O Br Br o—
I HN \ N\
o AN o. I N o. I N
° \ o N o \ ¢
|
HN ol o\,
FF ¢ NZ
< HN,_ HN__

N
ol
\
N-N HN
H j/
FINF
Flubendiamide Chlorantraniliprole Cyantraniliprole Compound (1)

Polysubstituted indazole compounds can present a synthetic challenge, especially when a
commercially viable access is sought for. A selection of synthetic strategies to access compound (1)
will be presented.

[1] a) Cordova D. et al; Pestic Biochem Physiol 84 :196-215 (2006). b) Ebbinghaus-Kintscher U.
et al; Cell Calcium 39 :21-33 (2006). c) André Jeanguenat et al; Bioorganic & Medicinal
Chemistry 24 (2016) 403-427.

[2] Tohnishi, M. et al.; J. Pestic. Sci. (2005), 30, 354-360.

[3] Lahm G. P. et al; Bioorg Med Chem Lett 17:6274-6279 (2007).

[4] Selby, T.P. etal.; Bioorg. Med. Chem. Lett., 23, 6341-6345 (2013).
[5] PCT Int. Appl. (2007), WO 2007093402 Al 20070823.
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Biphotonic Catalyzed C-C Coupling Reactions

R. Pérez-Ruiz, C. G. Lépez-Calixto, M. Liras and V. A. de la Pefia O’Shea
Photoactivated Processes Unit, Imdea Energy Institute, Av. Ramon de la Sagra 3, 28935 Mdstoles,
Spain

To achieve low energy demanding synthetic protocols using CO, as C1 building block, efficient
interactions with the specific substrate is required. Furthermore, to use CO, in a more benign and
practical manner, efficient transformations with less activated substrates under mild conditions have
to be developed. In this context, the reduction of activated carbon halide (C-X) bonds has attracted
considerable interest, especially in organic synthesis due to generation of carbon centered radical
intermediates. Visible light photoredox catalysis is actually considered one of the most powerful
tools in addressing these processes; it offers more effective and safer alternatives to traditional
dehalogenation protocols involving metal halogen exchange, stoichiometric tin hydride and other
highly toxic reagents. The scope of photocatalytic bond activations is generally limited by the
energy of the visible photon, which in principle allows the cleavage of weak C—I, C(sp3)-Br and n
bonds by energy or electron transfer mechanisms. However, a single visible photon does not
provide sufficient energy for the dissociation of the stronger aryl-Br, C—Cl, C-O, and C—H bonds.
Therefore, activation of higher energy aryl halides (Br, Cl) under mild conditions is found to be a
significantly more challenging task. Among protocols using UVA (380 nm) light sources,[1] some
recent examples have shown that upconversion processes (two-photons) are suitable techniques for
the activation of aryl halides converting photoredox catalysts into “super reductants” using visible
light. Hence, photogeneration of radical anions of aryl halides can be achieved by means of both a
consecutive photoinduced electron transfer (conPET) process [2] and formation of a delayed
fluorescence (higher energy) afforded by triplet-triplet annihilation, TTA (lower energy).[3] Related
to the latter process, despite the fact that the use of low energy visible light ensures high functional
group tolerance in chemical transformations, applications of photon upconversion (UC) based on
TTA in C-C coupling reactions remain still missing. Thus, development of TTA-UC technology for
addressing critical bond activations (i.e. CO, and hitherto unreactive aryl halides) or electron
transfers in organic synthesis would be advantageous while retaining the benefit of mild reaction
conditions by the use of lower energy visible light. Here, we will discuss the chemical
transformation of CO; and its integration into synthetic organic molecules as well as generation of
reactive aryl radical species through this novel combination of visible to UV photon up-conversion
plus a SET initiated process and
study subsequent C-C bond forming
reactions. Visible
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[1] (@) Chem. Commun. 2015, 51,
11705; (b) J. Org. Chem. 2016, 81,
7155.

[2] (a) Science 2014, 346, 725; (b) J. Am. Chem. Soc. 2016, 138, 3958; (c) Angew. Chem. Int. Ed.
2016, 55, 7676; (d) ACS Catal. 2016, 6, 6780; (e) ACS Catal. 2016, 6, 8410.

[3] (a) Chem. Eur. J. 2015, 21, 15496; (b) Chem. Commun. 2015, 51, 16848.
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Triazole-Based Anion-Binding Catalysis for the Enantioselective Dearomatization of N-
Heteroarenes with P-Nucleophiles
Theresa Fischer, Qui-Nhi Duong, Olga Garcia Manchefio, *
Organische Chemie,Chemie-Pharmazie Regensburg/DE

Chiral a-amino phosphonic acid derivatives are important bioactive structures in the pharmaceutical
and medicinal industry, as well as valuable building blocks in organic synthesis.[1] Despite the
extraordinary applicability of chiral N-heterocyclic a-amino phosphonic acids, there is still a
demand for mild and simple synthetic methods. In this regard, the Mukherjee’s group recently
reported on a thiourea-based anion-binding-catalyzed asymmetric dearomatization of isoquinolines
by acylation and subsequent reaction with trimethylsilyl-substituted phosphites.[2] Inspired by this
work, and based on the observed superior performance of our recently developed triazole-based
chiral H-donor catalyst[3] with the more challenging substrates quinolines and pyridines,[4] we
decided to explore the enantioselective dearomatization of these heteroarenes with phosphorous
nucleophiles.

The first enantioselective synthesis of chiral R Rocd RN
heterocyclic a-amino phosphonates by nucleophilic 5;_.:';3 % Q;Q]Qj\pi‘;i‘
dearomatization of quinolines and pyridines using an or~"or R e
anion-binding organocatalysis approach is described.[5] \ﬂ

_SiRy
Chiral tetrakistriazoles were employed as efficient o {@j 6’] O.Rm.?
hydrogen-bond donor catalysts by the formation of a i

chiral close ion-pair with the in situ formed N-acyl salts (. .\ ... .ssion of veterosrenes with phosphorus nucteo-
with Troc-chloride and subsequent treatment with P

various phosphorous nucleophiles, such as silyl protected dialkyl phosphites and trialkylphosphites.
Thus, the corresponding products were obtained in complete or high regioselectivities and up to
97:3 e.r. for quinolines or up to 89:11 e.r. for the more demanding pyridine substrates. This method
allows the rapid access to substituted chiral cyclic a-amino phosphonates, which can easily further
transform into phosphonic acid derivatives.

References:

[1] V. P. Kukhar, H. R. Hudson, Aminophosphonic and Aminophosphinic Acids: Chemistry and
Biological Activity, John Wiley & Sons, Chichester, UK, 2000.

[2] A. R. Choudhury, S. Mukherjee, Chem. Sci. 2016, 7, 6940.

[3] Recent account: a) M. Zurro, O. Garcia Manchefio, Chem. Rec. 2017, 17, 1-15. See also: b) M.
Zurro, S. Asmus, J. Bamberger, S. Beckendorf, O. Garcia Manchefio, Chem. Eur. J. 2016, 22, 3785.
c) T. Fischer, J. Bamberger, O. Garcia Manchefio, Org. Biomol. Chem. 2016, 14, 5794.

[4] a) M. Zurro, S. Asmus, S. Beckendorf, C. Mick-Lichtenfeld, O. Garcia Manchefio, J. Am.
Chem. Soc. 2014, 136, 13999. b) O. Garcia Manchefio, S. Asmus, M. Zurro, T. Fischer, Angew.
Chem. Int. Ed. 2015, 54, 8823.

[5] T. Fischer, Q.-N. Duong, O. Garcia Manchefio, Chem. Eur. J. 2017, DOI:
10.1002/chem.201605660.
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New possibilities and features of synthesis of quinoxaline derivatives

Yu.A. Azev, O.S. Ermakova,* V.A. Bakulev, O.N. Chupakhin

Ural Federal University, Russia, e-mail: ermakova26@yandex.ru

Quinoxaline derivatives possess various kinds of biological activity [1, 2]. For example,
quinoxidine and dioxidine are used as antimicrobial agents[3]. The synthesis and biological activity
of a large number of quinoxalin-2-one derivatives were reviewed in [4].

We have found that quinoxalines 1a,b reacted with indoles 2a,b heating in acetic acid to give the
corresponding products of hydrogen substitution 3a,b and tris(1-methyl-1H-indol-3-yl)methane
4a,b.

Unusual transformations occurred during the reaction of quinoxalone 1b with acetophenone
derivatives 5a-d. Beside of the products 6a-d, (Z)-3-((3-oxo-3,4-dihydroquinoxalin-2(1H)-
ylidene)methyl)quinoxalin-2(1H)-one 7 was obtained.

Yy CLr
N~ N

a R-H 2,34 2 R;=Me,Ry=H 8,9 aR=H Ry=Me 5,6 aR=Me
b R=0 b R,=H, R,=Me b R =H, R,=Ph bR, =Ph

€ R,=Me, Ry=Et ¢ R, =Ph-OCH;(p)

d R, = Ph-NO,(p)

The reaction of quinoxalone 1b with B-dicarbonyl compounds 8a-c yielded the derivatives of the
new heterocyclic system 6a,7-dihydropyrido[1,2-a]quinoxalines-6,8-dione 9a-c

Possible mechanisms of the discovered new chemical transformations of quinoxalines are
considered. The diagnostic spectral characteristics of the compounds obtained were determined by
using NMR and mass spectroscopy.

[1] The Chemistry of Heterocyclic Compounds: The Pyrazines, Barlin G.B., Ed., New York: Wiley,
1982,vol. 41.

[2] The Chemistry of Heterocyclic Compounds: Condensed Pyrazines, Cheeseman, G.W.N. and
Cookson, R.F., Eds.,

New York: Wiley, 1979, vol. 35.

[3] Mashkovskii, M.D., Lekarstvennye sredstva (Medicines), Moscow: Meditsina, 1993, 12th ed.,
part 11, p. 356.

[4] Sakata, G. and Makino, K., Heterocycles, 1988, vol. 27,p. 2481.
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Ruthenium nanoparticles-catalyzed ligand-free Suzuki-Miyaura Coupling
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Japan

Transition metal catalyzed cross-coupling is an important reaction to make functional molecules. Especially,
the development of immobilized transition metal nanoparticles (NPs) as catalysts for carbon-carbon (hetero)
forming cross-coupling reactions is one of the most important areas in organic synthesis because these
immobilized catalysts have several advantages such as recyclability and low metal contaminations. We
developed a sulfur-modified Au-supported Pd catalyst (SAPd) and used it to catalyze Suzuki-Miyaura
coupling, Buchwald-Hartwig coupling and C-H functionalization without any ligands.[1] However,
recyclable and low-leaching non-palladium catalysis like ruthenium for ligand-free Suzuki-Miyaura coupling
has not been developed very
well.[2] To solve this problem, here
we developed a conceptually and

Scheme 1. Preparation of SARu.

(i) sulfur modification (ii) Ru NPs immobilization (iii) washing

. . Ru(acac)s
methodological novel ruthenium(0) Aumesh 4-methoxybenzyl alcohol SAR
. u
NPs catalyst, sulfur-modified Au- (12x14mm) H,SO, Na;S;0g p-xylene p-xylene
rt, 30 min 135°C,12 h 135°C,12 h

supported Ru catalyst (SARu).
SARu is easily prepared via three-steps; (i) sulfur modification, (ii) NPs immobilization and (iii) washing
(Scheme 1). SARu is an ideal ruthenium catalyst for liquid-phase combinatorial synthesis, because SARu
repeatedly catalyzes ligand-free Suzuki-Miyaura
coupling of arylhalide, including heterocyclic
arylbromide. The results are summarized in Table

Table 1. SARu catalyzed Suzuki-Miyaura coupling
of heterocyclic arylbromides.

1. It can be used for the reaction with various kinds SARu SARu
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the cahracterization of SARu. Br B
1 87 6 (/j 82

References N . ° N

[1] (@) J. Am. Chem. Soc. 2010, 132, 7270-7272. 5 [ ] 89 7 (j@( 95

(b) Adv. Synth. Catal. 2011, 353, 743-748. () Adv. g N

Synth. Catal. 2012, 354, 1061-1068. (d) J. Org. Br Br

Chem. 2013, 78, 7575-7581. s (T o & WY e

[2] (3) Y. Na, S. Park, S. B. Han, H. Han, S. Ko, S. B H

Chang, J. Am. Chem. Soc. 2004, 126, 250-258. (b) 4 (] 20 9 CTBr 85

M. Kawatsura, K. Kamesaki, M. Yamamoto, S. NN

Hayase, T. ltoh, Chem. Lett. 2010, 39, 1050-1051. %TBF w |10 T

S N”>NH,

168



ISHC 2017 Poster Abstracts TUE-P 42

Total Synthesis of (+)-Laurenidificin

Yusuke Yoshikawa, Maki Yamakawa, Tetsuya Kobayashi, Kenichi Murai,
Mitsuhiro Arisawa, Hiromichi Fujioka

Graduate School of Pharmaceutical Sciences, Osaka University,1-6, Yamadaoka, Suita, Osaka
565-0871, Japan. yoshikawa-yu@phs.osaka-u.ac.jp

cis,cis fused-THF g - . . P
) oH (+)-Laurenidifcin was isolated from red algae Laurencia nidifica by

Wang et al in 2010.7 It has fused-bis THF skeleton and enyne structure
in its side chain. It is only shown that the relative configuration of the
fused-bis THF skeleton is cis,cis-form, and the absolute configuration

at C6 position is R.

(+)-laurenidificin

In our laboratory we have recently developed the efficient method for construction of fused-bis
THF skeletons stereoselectively in one pot operation.) For example, cis,cis fused-bis THF can be
constructed from TMS protected E,E-diene diol derivative efficiently in high yield by
intramolecular double bromoetherification.

T™MSO. NBS ( SOeq O-,
OTMS CHzCIz
0°C tort o
78%

Br

trans trans Br cis,trans

cis,cis
Not Found

We synthesized one possible isomer of laurenidificin by using this reaction as a key step. Optically
active 2 having the TMS protected E,E-diene diol was synthesized from commercially available
(2S,3S)-1,4-dichlorobutane-2,3-diol 1. Treatment of 2 with 2,4,4,6-tetrabromo-2,5-
cyclohexadienone (TBCO) in dichloromethane afford cis,cis fused-bis THF 3 in good yield. Then,
several transformations including the introduction of hydroxyl group at C6 position gave compound
4, a possible isomer of laurenidificin, and it's *H- and **C-NMR data are in complete agreement
with natural one.® The details of its synthesis will be presented.

Intramolecular Double Br oH
TMSO OTMS Bromoetherification OTBDPS A
OH N o on
= TBCO X
A_Cl —» —_— R
o~ — 3 / \ _>CH2 o e I
(e) steps (o)
on steps OTBDPS 72% P
1 2 Br 3 Br 4

(2S,3S)-1,4-dichlorobutane-2,3-diol (cis,cis fused-bis THF)

References:

1) B. G. Wang et al., Chin. Chem. Lett. 2010, 1213.
2) J. Org. Chem. 2015, 80, 10261.

3) Eur. J. Org. Chem. in press.
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Small Libraries of Bioactive Heterocycles from Dithiocarboxylates
T. Prasanta Singh and Okram Mukherjee Singh*

Department of Chemistry, Manipur University, Canchipur, Imphal-795003, Manipur, India
E-mail: ok_mukherjee@yahoo.co.in

B-oxodithioesters are versatile multifunctional synthons in organic synthesis. A broad range of
three- to six-membered, and several fused heterocycles have been synthesized using dithioesters.

B-Oxodithioesters 1[1] exhibit intriguing nucleophilic reactivities as shown in Scheme 1. Among
the dithioesters, functionalized B-oxodithioesters have been recognized as potential C; fragments
for the synthesis of diverse heterocyclic systems.[2-3] Possessing ambident electrophilicity at the
1,3-carbon centers due to the presence of carbonyl and thiocarbonyl functionalities, they can react
with various dinucleophiles to afford a number of five- and six-membered heterocycles. In addition
to this, they undergo cycloadditions, addition-elimination reactions, intramolecular ring
cyclizations, and multicomponent reactions to generate libraries of bioactive heterocycles. In this
presentation our recent developments on the synthesis of new bioactive heterocycles using this

synthon will be highlighted.
P
B E
SR 0 S
E+/1‘\N_u X > \<)
3

/—\_
O Nu-, Nu
~> -SR S Nu

RS - H,0 4

-H,0

s
B o s EMSR
+ E'+ )J\/U\ — |
X SR B ?
A 5

Scheme 1

[1] Ramadas, S.R.; Srinivasan, P.S.; Ramachandran, J.; Sastry, V.V.S.K., Synthesis, 1983,
605-622.

[2] Singh, O.M., Dithiocarboxylates and related compounds in the synthesis of
heterocycles, in Targets in Heterocyclic Systems: Chemistry and Properties 2012, VVol.16,
265-308. Attanasi, Orazio A.; Spinelli, Domenico (Eds.).

[3] Singh, T.P.; Bhattacharya, S.; Singh, O.M., Org. Lett. 2013, 15, 1974-1977
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Hypervalent lodine Promoted Organocatalytic Oxidative Ugi Reaction Under Metal-Free
Condition

Siddharth Sharma* and Karandeep Singh
Department of Chemistry, Mohanlal Sukhadia University, Udaipur, India 313001

o]
[0) R
1/ j
N\ + -
R NH, ———» | R7 N R|——— > 7 NT
H
R
Bis-amides
® 29 Examples @ Mild condition
@ Metal-free @® Environmentlly benign alternative to toxic organic solvents
@ Operationally simple @ Catalyst recycle
@® No chromatoaranhv @® Solvent recvcle

Organocatalytic oxidations, the use of small organic molecules as catalysts for the oxidation
reactions, are considered to be the major branch of organic synthesis along with transition metal
catalysis. Despite their importance, oxidation reactions using organocatalysts have received limited
synthetic attention with respect to their site-specific activity in asymmetric synthesis. We have
developed a novel IBX-promoted oxidative coupling of primary amines and its utilization to Ugi
reaction. Advantageously, the reaction could be carried out in choline chloride urea as a natural
deep eutectic solvent. A range of imines and bisamides from pseudo-four-component oxidative Ugi
reaction could be synthesized under mild and metal-free conditions.Advantageously, the oxidant
(1IBX) and solvent could be recycled up to five times with only a slight loss in activity

[1] Singh, Karandeep.; Kaur, A.; Mithu, V. S.; Sharma, S.; J. Org. Chem, 2017,
http://dx.doi.org/10.1021/acs.joc.7b00594.

171



ISHC 2017 Poster Abstracts TUE-P 45

Enantioselective Access to Fragrances via An Asymmetric Prins Cyclization Reaction

Luping Liu, Philip S. J. Kaib and Benjamin List*
Homogeneous Catalysis, Max-Planck-Institut fiir Kohlenforschung,

Mulheim an der Ruhr/45470

The Prins cyclization is an acid-catalyzed condensation of an aldehyde with a homoallylic alcohol.
It is an efficient approach to construct functionalized tetrahydropyrans, which frequently present in
natural products, pharmaceuticals and fragrances. Herein, we present a general Prins cyclization
reaction, which provides an enantioselective access to perfumery ingredients, for example, rose
oxide and doremox and a variety of scented compounds.*

(0]
lBu)J\H
+ iIDP (5mol%) J\)}j Pd/C, H, EtOH
82% 2% ‘Bu Ph
HO rose o><|de doremox
1.02g cis‘trans = 8:1
98:2 er, 20:1 11 97.5:2.5 ergg
scent: green, metallic, scent: cedary,
rose oxide, oily-fatty mild chamomile

In 2015, the List group developed the first organocatalytic asymmetric Prins cyclization catalyzed
by a chiral imidodiphosphate (IDP).> Functionalized 4-methylene tetrahydropyrans were afforded
with moderate to good yields and excellent regio- and enantioselectivities. However, the scope of
this reaction was limited to activated salicylaldehydes. We disclose that the development of new
types of highly acidic and confined Brgnsted acids imino-imidodiphosphates (ilDPs) enables a

general catalytic asymmetric Prins cyclization here.
Selected examples catalyzed py iIDP

A New Highly Acidic and Confined Bransted Acid /dj ﬁ‘j
O O Bu O

rt, 2.5 days 730 °C, 7 days 0°C, 7 days

iIDP
! OO OO 89%, 95.5:4.5 er 87%, 95:5 er 85%, 95:5 er
T Acidity gL 11:11r >20:1 17
o P/ ~F‘
T Reactivity O o NH &% Q

T Confinement
O O

T Stereoselectivity
imino-imidodiphosphate (iIDP)

0,
1, 7 days, 84%, 1, 3 days, 80%

10 °C, 2 days cis‘trans = 1.2:1 S .
! ‘trans >20:1
69%, 96:4 er 97:3 ergg c;z 7.053 er9 ,
982 ertrans o oS

[1] L. Liu, P. S. J. Kaib, A. Tap, B. List J. Am. Chem. Soc. 2016, 138, 10822-10825.

[2] G. C. Tsui, L. Liu, B. List Angew. Chem. Int. Ed. 2015, 54, 7703-7706.
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SYNTHESIS, CHARACTERIZATION AND BIOLOGICAL ACTIVITY OF THE
3-NITRO ISOMER OF BIOREDUCTIVE TB DRUG PRETOMANID (PA-824)

Muriel Bonnet,®* Andrew M. Thompson®, Ho H. Leel, Scott G. Franzblau™, Baojie Wan™, George S.
Wong!®, Christopher B. Cooper™, William A. Denny™®

[a] Auckland Cancer Society Research Centre, Faculty of Medical and Health Sciences, The University of
Auckland, Private Bag 92019, Auckland 1142, New Zealand; *m.bonnet@auckland.ac.nz

[b] Institute for Tuberculosis Research, College of Pharmacy, University of Illinois at Chicago, 833 South
Wood Street, Chicago, Illinois 60612, USA

[c] Summit CMC Alliance LLC, 61 Hawthorne Place, Summit, New Jersey 07901, USA

[d] Global Alliance for TB Drug Development, 40 Wall Street, New York 10005, USA

Tuberculosis (TB) is still a major global public health threat — a persistent epidemic that currently afflicts
over 11 million people worldwide. Although TB can be treated, the lengthy and complex treatment
regimens are inadequate to contain the disease, especially its multidrug resistant (MDR) forms. Very few
new drugs have been developed in the past 50 years, and there is a need for anti-TB agents with different
modes of action. The nitroimidazooxazine Pretomanid? (PA-824, 1) is representative of a new class of
bioreductive TB drugs and is currently undergoing Phase 11/111 clinical trials as part of a novel combination
of agents (with bedaquiline, moxifloxacin and pyrazinamide) which can potentially reduce treatment

duration and complexity®.
OCF; OCF;
O e
\O \o
/ Nﬁ" 2/\N/j
O,N
2 4’\1;\0 N/J\o

PRETOMANID (1) 3-NITRO ISOMER (2)

During the course of our studies, we became interested in the biological activity of the 3-nitro isomer of
Pretomanid (2). The synthesis of 2 proved to be very challenging. The key and limiting step of the synthesis
was a nitration reaction, involving the dihydro-imidazooxazinol intermediate 3. We report here our
optimization of the synthetic route, allowing us to prepare 10 g of the desired final target 2. The structure of
2 was confirmed by X-ray crystallography. Preliminary data on its biological activity are also reported.

o ON OCF,
fNH (/\N WOH Nitration OH O,N Ov©/
B I ) I A S
N">No, N"~o Kev st NEh /J\
y step (o) N o
3 2

(1) Global tuberculosis report 2016; World Health Organization: Geneva, Switzerland, 2016.

(2) Stover, C. K.; Warrener, P.; VanDevanter, D. R.; Sherman, D. R.; Arain, T. M.; Langhorne, M. H.;
Anderson, S. W, Towell, J. A;; Yuan, Y.; McMurray, D. N.; Kreiswirth, B. N.; Barry, C. E.; Baker, W. R.
Nature 2000, 405, 962-966.

(3) a) Kwon, Y.-S.; Koh, W.-J. Expert Opin. Investig. Drugs 2016, 25, 183-193. b) Global alliance for TB
drug development [online] 2017. Available: https://www.tballiance.org/portfolio/regimen/bpamz [Accessed
26 April 2017].
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Synthesis of 2-arylquinoxaline via a triphenylstibane catalyzed oxidative cycloaddition of
a-hydroxy ketones with 1,2-diamines

Mio Matsumura®, Rie Takada®, Yuu Ukai?, Mizuki Yamada®, Yuki Murata®, Naoki Kakusawa®
and Shuji Yasuike**
#School of Pharmaceutical Sciences, Aichi Gakuin University, Nagoya 464-8650
PFaculty of Pharmaceutical Sciences, Hokuriku University, Kanazawa 902-1181

Quinoxaline is an important building block for the synthesis of functional organic materials, and
biologically active compounds. Among them, many synthesis methods of 2-arylquinoxalines have
been reported, one of which is the oxidative cyclization of a-hydroxy ketones with 1,2-diamines in
the presence of a transition metal or inorganic catalyst such as CuCl,, MnO,, CaO. Recently, we
had reported triarylstibane to be a useful catalyst for the oxidation of benzoin to the corresponding
benzyl derivative under mild conditions. [1] As a continuation of our studies on the promotion of
oxidative catalytic reactions by organoantimony reagents, we report the one-pot tandem oxidative
cyclization of a-hydroxy ketones with 1,2-diamines to afford the corresponding 2-arylquinoxalines
under aerobic conditions. [2]

First of all, the reaction conditions such as antimony catalysts, solvents, and additives were studied
using the oxidative cyclization of 2-hydroxyacetophenone (1; Ar = Ph) with 1,2-phenylendiamine
(2; RY, R? = H). The result showed that the reaction in the presence of triphenylstibane (10 mol%)
as catalyst led to the formation of 2-phenylquinoxaline (3) in excellent yield under aerobic
conditions. The sufficiency and generality of this protocol was evaluated by examining the reactions
of various a-hydroxy ketones and o-phenylendiamines. a-Hydroxy ketones and o-phenylendiamines
gave the corresponding 2-arylquinoxalines in moderate to good yields, whether bearing electron-
donating or -withdrawing group on their aromatic ring. The reaction using aliphatic diamine was
also gave the corresponding hexahydroquinoxaline. This reaction is the first example of oxidative
cyclization catalyzed by organoantimony compounds. The possible mechanism of triphenylstibane
catalyzed oxidative cycloaddition will be discussed.

1 1
0 Rj@[NHZ Ph3Sb (10 mol%) Rj@[Nj/Ar
+ >
Ar)K/OH R2 NH, rt, under Air R2 N
1 2 3

Ar = 4-Tol, Ph, 4-CNCgH,4, 2-Naphthyl, etc.
R', R2 = H, OMe, Me, CN, etc.

[1] Yasuike, S.; Kishi, Y.; Kawara, S-i.; Kurita, J. Chem. Pharm. Bull. 2005, 53, 425-427.
[2] Matsumura, M.; Takada, R.; Ukai, Y.; Yamada, M.; Murata, Y.; Kakusawa, N.; Yasuike, S.
Heterocycles 2016, 93, 75-83.
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Synthesis and physico-chemical characterization of some thiazole aurones

Fana-Maria Coman®, Denisa Leonte!, Laurian Vlase?, Laszl6 Csaba Bencze®,
Daniela Hanganu?, Valentin Zaharia®

YOrganic Chemistry, Department 1, Faculty of Pharmacy, “Iuliu Hatieganu” University of Medicine and
Pharmacy, Cluj-Napoca

2Pharmaceutical Technology and Biopharmacy, Department 4, Faculty of Pharmacy, “luliu Hatieganu”
University of Medicine and Pharmacy, Cluj-Napoca

*Biocatalysis and Biotransformation Research Group, Faculty of Chemistry and Chemical Engineering, Babes-
Bolyai University, Cluj-Napoca

*Pharmacognosy, Department 3, Faculty of Pharmacy, “Iuliv Hatieganu” University of Medicine and
Pharmacy, Cluj-Napoca

Aurones, 2-benzylidenebenzofuran-3-(2H)-ones, and chalcones, 1,3-aryl-2E-propene-1-ones,
are natural compounds whose therapeutic potential has been highlighted with studies that
revealed their anticancer, antimicrobial, antioxidant and anti-inflammatory properties (1, 2).
Based on these considerations and being aware of the biological potential of thiazole, our aim
was to synthesize new thiazole ortho-hydroxychalcones and the corresponding aurones in
order to evaluate their biological properties. The thiazole ortho-hydroxychalcones were
synthesized via Claisen-Schimdt condensation of thiazole aldehydes with ortho-
hydroxyacetophenones. By the oxidative cyclization of thiazole ortho-hydroxychalcones with
mercury (11) acetate in pyridine, the corresponding aurones were synthesized.

OH Ny
7 KoH 5, CHaCO0RHIPY 0 4
A"_< , + N | — S
NN \
Rl 1

(o}

Ar

Another series of aurones was synthe3|zed by condensation between thiazole aldehydes and
benzofuran-3-ones in basic media. The benzofuran-3-ones were synthesized by the cyclization
of variously substituted phenoxyacetic acids in the presence of polyphosphoric acid (PPA).

O/L o @+Ar,</]ﬁo _KOH W
R R,

2

The compounds were purified by column chromatography or recrystallization and their
chemical structure was confirmed by *H NMR, *C NMR, IR and MS.

The thiazole ortho-hydroxychalcones were tested for their antioxidant activity using the
DPPH free radical scavenging assay with ascorbic acid and butyl-hydroxytoluene as
standards. The synthesized thiazole ortho-hydroxychalcones showed no inhibition towards the
free radical DPPH, compared to the standards.

1. Narsinghani T, Sharma M, Bhargav S. Synthesis, docking studies and antioxidant activity of some
chalcone and aurone derivatives. Medicinal Chemistry Research. 2013;22(9):4059-68.
2. Mahapatra DK, Bharti SK, Asati V. Chalcone scaffolds as anti-infective agents: Structural and

molecular target perspectives. European Journal of Medicinal Chemistry. 2015;101:496-524.
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One-pot and step-wise regioselective synthesis of polyfunctionalized
thieno[3,2-c]pyridin-4-ones

Shally, Satya Narayan Sahu, Surjeet singh, Rahul Panwar, Ranjay Shaw and Ramendra Pratap*
Department of Chemistry, University of Delhi,
North campus, New Delhi 110007

Email: ranashally91l@gmail.com

Abstract: One pot and step wise synthesis of methyl 3,5-diaminothieno[3,2-c]pyridine-4-one-2-
carboxylates 3 has been delineated by reaction of 6-aryl-4-methylthio-2H-pyran-2-one-3-carbonitriles
1, methyl mercaptoacetate 2 and hydrazine hydrate.!*? During stepwise synthesis functionalized
thieno[3,2-c]pyran-4-one 1 was isolated “ and treated with hydrazine hydrate in further step to
afford the desired product. Analogously, condensation-cyclisation of with hydrazine hydrate
delivered identical product, thieno[3,2-c]pyridine-4-ones 3 in excellent yields. The structure of
isolated product 3 was ascertained by spectroscopic and single crystal X-ray diffraction analyses.

MeOOC
Ar € NH,

=
I ]\
o) \NHzNHz_HQO
A
Et;N 5 NH, 5 ve & w :
/ One-Pot / ; o S <
Ar_~ S Ar_~ NH,NH, H,0 @ " ' \
| ())Et;N/DMF & | g , o P
° -- N wo—g Ny { 3
CN (ii)NH,NH, H,0 HoN | -~ ‘ o~
o) o) NH, o

Scheme 1- One pot synthesis of N-aminothieno[3,2-c]pyridin-4-ones.

References-

1- N. I. Sweidan, M. Z. Nazer, M. M. El-Abadelah and W. Voelter, Letters in Organic

Chemistry, 2010, 7, 79-84.

P. Song, P. Peng, M. Han, X. Cao, X. Ma, T. Liu, Y. Zhou and Y. Hu, Bioorg. & Med. Chem.

Lett., 2014, 22, 4882-4892.

3- S.N. Sahu, M. K. Gupta, S. Singh, P. Yadav, R. Panwar, A. Kumar, V. J. Ram, B. Kumar and
R. Pratap, RSC Adv., 2015, 5, 36979-36986.

4- P. Mishra, H. K. Maurya, B. Kumar, V. K. Tandon and V. J. Ram, Tetrahedron Lett., 2012,
53, 1056-1059
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Synthesis of partially reduced imidazo[1,2-a]pyridines through
unprecedented base mediated (4+2) cyclization

Rahul Panwar 2, Shally Rana °, Ranjay Shaw °, Ramendra Pratap* ©
Department of Chemistry, University of Delhi, North Campus, New Delhi, India-110007

Email I1d: rahulchemistry2010@gmail.com
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Abstract: A water-mediated regioselective synthesis of 6,7-diaryl-5-oxo0-2,3,5,6-tetrahydro-
imidazo[1,2 a] pyridine-6-carbonitriles have been developed by reaction of 2-[1-cyano-2, 2- bis
(methylsulfanyl) vinyl]benzonitrile and 1-aryl-2-(imidazolidin-2-ylidene)ethanones* under basic
conditions. This reaction involves unprecedented (4+2) annulations to yield sterically hindered
compounds. The compound structure was confirmed by single crystal X-ray.
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Fig. 1 ORTEP diagram of compound at 30% probability with atom numbering scheme. Only one
molecule of the asymmetric unit comprising of two molecules is presented

References:

1. (a) Pan, L.; Bi, X,; Liu, Q. Chem. Rev., 2013, 42, 1251; (b) Pan, L.; Liu, Q. Synlett, 2011,
1073.

2. lla, H.; Junjappa, H.; Barun. O. J. Organometal. Chem, 2001, 624, 34.
3. Huang, Z. T.; Wang, M. X. J. Org. Chem. 1992, 57, 184.
4. Sommen, G. L.; Comel, A.; Kirsch, G. Synth. Commun, 2005, 35, 693.
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Regioselective Ring-Opening Cyclization of Spirocyclopropanes with Amines:
An Efficient Synthetic Method for Highly Substituted Indoles

Hisanori Nambu, Masahiro Fukumoto, Wataru Hirota, Takafumi Tamura, Takayuki Yakura®*
Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama, Sugitani,
Toyama 930-0194, Japan

Cyclopropanes are extremely versatile building blocks in organic synthesis because of the high
reactivity arising from their strong ring strain. Ring-opening cyclization of doubly activated
cyclopropanes has emerged as a powerful method for the synthesis of a variety of carbo- and
heterocyclic compounds. We herein report the ring-opening cyclization of cyclohexane-1,3-dione-
2-spirocyclopropanes 1[1] with primary amines as a potential route to highly substituted indoles.
The reaction of spirocyclopropanes 1 with primary amines at room temperature proceeded
regioselectively to give tetrahydroindol-4(5H)-ones 2 without any 3-substituted isomers in good to
excellent yields. A variety of primary amines and spirocyclopropanes 1 can be used in the reaction
and 2 was readily converted into 4-hydroxyindole 3 by oxidation.[2]

Since 2 contains  the

) X 0 0 OTBS
enaminone moiety and has
. . . , R°NH, > | oxidation N\ o2
several reaction points, it R? R? | ——— R
. 1 1 N N
would become a potential R o rt R 2 g3 s RO
. . 1
key synthetic intermediate MO 2a: 211=||;|/|’ R2R=2Pr|;,hR;=38ré b
. . 2> : =NMe = =bn
for  highly  substituted e MeLi_- 2a \\\\ Me

readily available 6- OTBS Bn
methyltetrahydroindol-
4(5H)-one 2b by oxidation. N_pp N_ph Ph
Synthesis of 5- and 7- N Me” 6 N 7 N\
methylindoles 5 and 7 was 5 Bn 6 Bn Me 7
achieved by regioselective methylation of 2a followed by oxidation to indoles. 4-Methylindole 4
was synthesized by oxidation to pyrrole derivative, methylation with methyllithium, and oxidation
to indole. Furthermore, synthesis of 4,5,6,7-tetramethylindole 8 was achieved from 2b by using
these regioselective alkylations.

B
4 °" o1BS OTBS

2
indoles. 6-Methylindole 6 2 \ /LDA ) LIHMDS N\ _pr,
was synthesized from a N Ph M(V \Mel N

Acknowledgements: This work was supported, in part, by JSPS Core-to-Core Program, B. Asia-Africa Science
Platforms.

[1] (8) Nambu, H.; Fukumoto, M.; Hirota, W.; Ono, N.; Yakura, T., Tetrahedron Lett., 2015, 56, 4312—4315. (b)
Nambu, H.; Ono, N.; Hirota, W.; Fukumoto, M.; Yakura, T., Chem. Pharm. Bull. 2016, 64, 1763—1768.
[2] Nambu, H.; Fukumoto, M.; Hirota, W.; Yakura, T., Org. Lett., 2014, 16, 4012—4015.
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Stereoselective Total Synthesis of Myriocin and Related Natural Products
through Oxathiazinane Intermediate

Hisanori Nambu, Narumi Noda, Tomoya Fujiwara, Takayuki Yakura*
Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama, Sugitani,
Toyama 930-0194, Japan

Myriocin (1), mycestericin D (2), and sphingofungin E (3) are complex a,a-disubstituted amino acid
natural products structurally related to sphingolipids. Due to their challenging structural motif
containing a quaternary chiral center and interesting biological activity, 1—3 are attractive targets for
total synthesis. We herein report stereoselective total synthesis of 1-3 using a sequence of Rh(ll)-
catalyzed C—H amination to oxathiazinane N,O-acetal and the following its alkylation as a key step.

Ho,c XMz OH " Ho,C N2 o Ho,c 2 OH 0
HO\)\/.\M\)J\ HOW HOW
2 s CeH13 27 s CeH13 2 i 5 CeH13
OH OH OH OH
myriocin (1) mycestericin D (2) sphingofungin E (3)

Our synthesis started from diethyl L-tartrate, which was converted into sulfamate 4 in 4 steps. The
reaction of 4 with PhlI(OAc), and MgO in the presence of Rhy(OAc), afforded stereospecifically
oxathiazinane N,O-acetal 5 in high vyield. Alkenylation of N,O-acetal 5 using vinylmagnesium
bromide in the presence of zinc chloride proceeded stereoselectively to provide an oxathiazinane 6
bearing a quaternary chiral center in high yield. After conversion of 6 into aldehyde 7, myriocin (1),
myecestericin D (2), and sphingofungin E (3) were synthesized, respectively.[1]

o O O O

\Y2 N/

TBDPSO O/S\NHZ cat. Rhy(OAc), H\N/S\O ZMgBr
diethyl — = j\) Phi(OAc), _ |reopso”™ _J | ZnC
L-tartrate o = Rh(I)-catalyzed o : stereoselective

%«O 4 C-H amination A’O 5 alkylation
oxathiazinane

O\\ //O Boc intermediate

BN “NH
HN™ "0 - Q

TBDPSO 3 . TBDPSONH ——_—_——>, myriocin (1), mycestericin D (2),
| z = and sphingofungin E (3)
OH 0

6 7<07

common intermediate

Acknowledgements: This work was supported, in part, by JSPS Core-to-Core Program, B. Asia-Africa Science
Platforms.

[1] (@ Nambu, H.; Noda, N.; Niu, W.; Fujiwara, T.; Yakura, T., Asian J. Org. Chem., 2015, 4, 1246-1249. (b)
Noda, N.; Nambu, H.; Ubukata, K.; Fujiwara, T.; Tsuge, K.; Yakura, T., Tetrahedron, 2017, 73, 868-878. (c)
Noda, N.; Nambu, H.; Fujiwara, T.; Yakura, T., Chem. Pharm. Bull., in press.
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Acid-Catalyzed Ring-Opening Cyclization of Spirocyclopropanes:
Total Synthesis of Benzofuran Natural Product Cuspidan B

Hisanori Nambu, Yuta Onuki, Naoki Ono, Takayuki Yakura*
Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama, Sugitani,
Toyama 930-0194, Japan

Recently, we reported a novel ring-opening cyclization of spirocyclopropanes 1[1] with primary
amines to generate 2-substituted tetrahydroindol-4(5H)-ones 2, one of which was easily converted
into 4-hydroxyindole 3.[2] The reaction of 1 with a primary amine proceeded at room temperature
without any additives in contrast to similar reactions of nonspirocyclopropanes. This high reactivity
of spirocyclopropanes 1 stimulated us to investigate further development of the reaction using 1.
We herein reported acid-catalyzed ring-opening cyclization of cyclohexane-1,3-dione-2-
spirocyclopropanes as a new route to benzofurans.

0 0 OH
R3NH, p
ﬁi\[\A\RZ , &Rz . ®R2
o THF, rt /- N N
R 4 upto 98% yield R 2 R 3 R

The reaction of 2-aryl- and 2-alkyl-substituted spirocyclopropanes 1 using a catalytic amount of
TsOH proceeded at room temperature to provide 2-substituted 3,5,6,7-tetrahydro-1-benzofuran-
4(2H)-ones 4 in high yields without the formation of 3-substituted isomers.[3] Although the
reaction of nonsubstituted spirocyclopropanes 1 (R = H) did not proceed under the same conditions,
the use of iodotrimethylsilane (TMSI) as a catalyst gave the corresponding product 4 in 96% yield.
The obtained product 4 was converted into benzofuran 5 by oxidation. Furthermore, the first total
synthesis of cuspidan B (6)[4] was achieved by using the present method.

0] (@] OH OH OH
&R cat. acid &R oxidation @R O A O
o CH,Cly, rt o o o
1 . _ 4 5 OH
1 acid  yield cuspidan B (6)

R=Ph TsOH 98%
R=H TMSI 96%

Acknowledgements: This work was supported, in part, by JSPS Core-to-Core Program, B. Asia-Africa Science
Platforms.

[1] (&) Nambu, H.; Fukumoto, M.; Hirota, W.; Ono, N.; Yakura, T., Tetrahedron Lett., 2015, 56, 4312—4315. (b)
Nambu, H.; Ono, N.; Hirota, W.; Fukumoto, M.; Yakura, T., Chem. Pharm. Bull. 2016, 64, 1763—1768.

[2] Nambu, H.; Fukumoto, M.; Hirota, W.; Yakura, T., Org. Lett., 2014, 16, 4012—4015.

[3] Nambu, H.; Ono, N.; Yakura, T., Synthesis, 2016, 48, 1892—-1901.

[4] Shimokawa, Y.; Hirasawa, Y.; Kaneda, T.; Hadi, A.H.A.; Morita, H., Chem. Pharm. Bull., 2012, 60, 790—792.
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Synthesis of benzo[b]selenophene-fused imidazo[1,2-a]pyridines: Copper-catalyzed tandem
cyclization of 2-(2-iodophenyl)imidazo[1,2-a]pyridine derivatives with selenium

Mio Matsumura®, Yumi Sakata®, Atsuya lwase®, Masatoshi Kawahata®, Yuki Murata®,
Naoki Kakusawa®, Kentaro Yamaguchi®, Shuji Yasuike®*

#School of Pharmaceutical Sciences, Aichi Gakuin University, Nagoya 464-8650, Japan;

® Pharmaceutical Sciences at Kagawa Campus, Tokushima Bunri University, Kagawa 769-2193,
Japan;

¢ Faculty of Pharmaceutical Sciences, Hokuriku University, Kanazawa 920-1181, Japan

Organoselenium compounds have attracted significant interest because of their potential as
important reagents in organic synthesis and biological activities. Transition metal-catalyzed cross-
coupling reaction is one of the most popular methods to form C-Se bonds. Herein, we report
efficient and simple Cu-catalyzed tandem cyclization via one-step Ullmann-type Se-arylation and
Csp’~H selenation for the synthesis of novel benzo[4',57selenopheno[3',2"4,5]imidazo[1,2-
a]pyridines 2 from 2-(2-iodophenyl)imidazo[1,2-a]pyridine derivatives 1 and selenium powder in
the absence of additives under aerobic conditions.”

We initially focused our attention on the determining the optimum conditions for the cyclization of
2-(2-iodophenyl)imidazo[1,2-a]pyridines 1a (R= H) with Se powders. The best reaction condition
was determined to be as follows: 1a was treated with 1.0 eg. Se powder using 10 mol% Cul as
catalyst in DMSO at 130 °C without the use of any ligand and/or inorganic reagent under aerobic
conditions. To demonstrate the efficiency and versatility of the determined protocol, reactions of
various iodides 1 with Se powder were investigated under the optimized reaction conditions. The
substrates 1 bearing different functional groups with electron-donating and electron-withdrawing
substituents at the 6-position on the imidazopyridine ring afforded the corresponding
benzoselenophene-fused imidazopyridines 2 in good-to-excellent yields. The absorption maxima of
2a (R= H), imidazopyridine, and benzoselenophene are 351.0, 302.5, and 305.0 nm, respectively.
The maximum absorption of tetracyclic compound 2a was red-shifted by 45-47 nm in comparison
with those of the other two cyclic heteroles. These results suggest that the m-conjugated system of
benzoselenophene-fused imidazopyridine 2a is expanded.

R
Ne~_N Cul (10mol%) R N
@g/ - Se -
X DMSO, 130 °C ~ sé
| under Air
1 R = H, OMe, Me, Br, CO,Me, CF; etc. 2

[1] Matsumura, M.; Sakata, Y.; lwase, A.; Kawahata, M.; Kitamura, Y.; Murata, Y.; Kakusawa, N.;
Yamaguchi, K.; Yasuike, S., Tetrahedron Lett., 2016, 57, 5484-5488.
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Synthesis of 5-organostibano-1H-1,2,3-triazoles
by Cu-catalyzed azide-alkyne cycloaddition and their reactivity

Mizuki Yamada,* Mio Matsumura,® Yuki Uchida,® Masatoshi Kawahata,” Yuki Murata,?
Naoki Kakusawa,® Kentaro Yamaguchi ® and Shuji Yasuike
#School of Pharmaceutical Sciences, Aichi Gakuin University, Nagoya, 464-8650,
PPharmaceutical Sciences at Kagawa Campus, Tokushima Bunri University, Kagawa, 769-2193,
‘Faculty of Pharmaceutical Sciences, Hokuriku University, Kanazawa, 920-1181

1,3-Dipolar azide-alkyne cycloaddition (AAC) has been effective for the synthesis of a wide variety
of 1,2,3-triazoles. Recently, 1,4,5-trisubstituted-1,2,3-triazoles have been synthesized and applied
for organic synthesis. To the best of our knowledge, there have been no reports concerning the
systhesis of 1,4,5-trisubstituted-1,2,3-triazoles having antimony (Sb) atom at 5-position. Herein, we
reported the synthesis of 5-stibanotriazole using the Cu-catalyzed AAC of various ethynylstibanes
(1) with organic azide (2) and their reactivity. [1,2]

First, the optimal experimental conditions were determined for the regioselective Cu-catalyzed
AAC reaction of di-p-tolylethynylstibane (1a) and benzyl azide (2a). The best reaction condition
was determined to be as follows: 1a was treated with 2a using 5 mol% CuBr in THF at 60 C under
aerobic conditions. The reaction of 1 and 2 bearing various functional groups afforded the
corresponding products (3) in good to excellent yields. We investigated reactivity of 5-position of
triazole (3a) as an anion equivalent. The acyl-induced deantimonation of 5-stibanotriazole (3a) with
acyl chlorides afforded the corresponding trisubstituted 5-acyltriazoles (4). 3a was treated with an
equimolecular amount of phenyllithium at -78 C. Sb-Li exchange reaction was proceeded and
subsequent treatment with various electrophiles formed corresponding triazoles containing a benzyl
moiety. These result indicate that functionalization of heterocycles are possible based on Sb side
chain.

2 1
]
N R )l\ N R
CuBr N// | Ar (¢]] N/ |
R—=—sb(p-Tol); + RN, ———> — Y Ar
Sb(p-Tol),
RZJ PhJ o)
1 (0.5 mmol) 2(1eq.) 3 4
R'=1a:Ph R%2=2a:Ph Ar =4a:Ph
2a : 4-MePh 2b : cinnamyl 4b : 4-MeOPh
3a:nBu 2c : CO,Et ete. 4c : 2-NO, efc.

[1] M. Yamada, M. Matsumura, Y. Uchida, M. Kawahata, Y. Murata, N. Kakusawa, K. Yamaguchi,
S. Yasuike, Beilstein J. Org. Chem. 2016, 12, 1309-1313.

[2] M. Yamada, M. Matsumura, Y. Murata, M. Kawahata, K. Saito, N. Kakusawa, K. Yamaguchi, S.
Yasuike, Tetrahedron, 2017, 73, 2614-2622.
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Enantioselective C-H Photooxygenation of Aldehydes via Enamine Catalysis

Dominika J. Walaszek, Katarzyna Rybicka-Jasinska, Sabina Smolen,
Maksymilian Karczewski and Dorota Gryko*
Institute of Organic Chemistry Polish Academy of Sciences
01-224 Warsaw, Poland

Singlet oxygen is an efficient and ecological tool for oxidation of organic compounds that can be
easily generated by visible light via photosensitization of dyes (e.g. tetraphenylporphyrin). Despite
high reactivity and small size of this reagent, there are many successful examples of using
it in diastereoselective synthesis. On the contrary, enantioselective reactions are quite limited.[1,2]
The interesting idea of the synergistic use of an organocatalyst and singlet oxygen in
enantioselective a-oxygenation of carbonyl compounds, previously reported by Cordova,[3] was
contradictory to the well established fact, that enamines can be easily oxidized by singlet oxygen to
amides and carbonyl compounds.[4]

Our detailed optimization and wide organocatalyst screening allowed elaborating a method for
efficient a-photooxygenation of aldehydes. We were able to obtain both enantiomers using catalysts
easily derived from natural aminoacids. The (R)-enantiomer predominated in prolinamide-catalyzed
reactions, while imidazolidinone assured the formation of the (S)-stereoisomer. Mechanistic studies,
including DFT calculation and detailed analysis of the reaction mixture, confirmed the enamine
mechanism of the reaction.[5]
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™ O\(O v NMe OH
H_\\OH N ' gl S HO,,.H

H  NHPr \& H0 H,0 N
R (R 2 o H R (S)
| T |
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WOOH \l I/ HOO,,,
H R R H
R 0 R
. NMe H.O
H20 O\ <
2 {” ~CONHiPr o 2 Bn ,q)\ ?

[1] Clennan, E.L., Tetrahedron, 2000, 56, 9151-9179.

[2] Skubi, K.L.; Blum, T.R.; Yoon, T.P., Chem. Rev. 2016, 116, 10035-10074.

[3] Cordova, A.; Sunden, H.; Enggvist, M.; lbrahem, I., J. Am. Chem. Soc. 2004, 126, 8914-8915.
[4] Foote, C.S.; Lin, J.W.-P., Tetrahedron Lett. 1968, 9, 3267-3270.

[5] Walaszek, D.J.; Rybicka-Jasinska, K.; Smolen, S.; Karczewski, M.; Gryko, D., Adv. Synth.
Catal. 2015, 357, 2061-2070.
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Stereoselective Non-covalent remote functionalization in the synthesis of tetrahydrothiophene
derivatives

Artur Przydacz, Y.ukasz Albrecht™

Institute of Organic Chemistry, Lodz University of Technology, Zeromskiego 116 90-924 Lodz,
Poland

Possibility of stereocontrolled remote functionalization of organic compounds is one of the most
interesting feature of modern asymmetric catalysis. Abovementioned term refers to a reaction which
takes place on a distant site of the prochiral substrate i.e. a reaction site separated with at least 5
chemical bonds form the stereodifferentiating structural motif. First examples of such
transformations were non-catalytic and very limited in terms of substrate scope [1]. Aminocatalysis
overcame these limitations and became a tool of choice for the remote functionalization of carbonyl
compounds [2]. Herein, we report a novel, non-aminocatalytic and non-covalent example of
organocatalytic asymmetric remote functionalization of 2,4-dienones [3]. Developed reaction
cascade proceeds in a sequence involving 1,6-conjugate addition followed by the intramolecular
aldol reaction and leads to heterocyclic systems containing three contiguous stereocenters
(including one quaternary) with high enantiomeric and diastereoisomeric ratios and good to high
yields. Possible mechanism of the developed reaction is also proposed and rationalized.
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up to 97:3 er
up to >20:1 dr
up to 98% yield

[1] H. Sailes, and A. Whiting, J. Chem. Soc. Perkin Trans. 2000, 1, 1785.
[2] H. Jiang, L. Albrecht, and K.A. Jergensen, Chem. Sci. 2013, 4, 2287.
[3] A. Przydacz, R. Kowalczyk, L.. Albrecht, submitted.

This project was realized within the Sonata Bis programme (grant number: 2015/18/E/ST5/00309)
from the National Science Centre, Poland.
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Brgnsted Acid-Catalyzed Addition of Enamides to ortho-Quinone Methide
Imines — Efficient and Highly Enantioselective Synthesis
of Chiral Tetrahydroacridines

M. Kretzschmar, T. Hodik and C. Schneider*
Institut fir Organische Chemie, Universitat Leipzig
04103 Leipzig (Germany)

Due to their high biological activity 1,4-dihydroquinolines are priviliged structural motifs
in the field of medicine and biology.! However, only a few direct syntheses towards
this class of substances are currently known, which are also quite limited in their
substrate scope.[? Herein we report a conceptual novel, one-step synthetic strategy
comprising a highly enantioselective, phosphoric acid-catalyzed formal cycloaddition
of in situ generated ortho-quinone methide imines with enamides 2 as the central
step.l®! The transient ortho-quinone methide imines whose synthetic potential was only
discovered very recently were formed through acid-catalyzed dehydration of ortho-
amino benzyl alcohols 1 and the initial cycloadducts were converted to the final
tetrahydroacridines 3 by elimination of acetamide.

R R
N OH 10 mol% cat. 4 X
R * - R

NH AN o 4AMs ZON

PMB P CHCl, | R"

 ad PMB
1 2 3
up to 99% vyield,

up to 99:11 er
(28 examples)

The tetrahydroacridines 3 were obtained with generally good yields and excellent
enantioselectivity of up to 99:1 e.r. Furthermore, they could be readily converted into
either protected or deprotected saturated hexahydroacridines 5/6 containing two new
stereogenic centers with very high diastereoselectivity.

Ph

O ‘ Pd/C (10 mol%), 90 bar H,
N

Pd/C (10 mol%)
Pd(OH),/C (10 mol%)
AcOH, 90 bar H,

\ EtOH MeOH/CH,Cl,
PMB rt, 7d rt, 2d
70% 90% 6
3a 97:3 e.r. 5 96:4 e.r.
97:3 e.r. dr>20:1 dr>20:1
r Pd/C (10 Mol-%), Pd(OH),/C (10 Mol-%), AcOH, 90 bar H, MeOH/CH,Cl, rt, 3d T

85%
96:4 e.r.
dr>20:1

[1] M. Hemmer, I. Simon, A. Hilgeroth, Bioorg. Med. Chem. Lett. 2015, 25, 3005-3008.
[2] Y. Lee, S. Heo, S.-G. Kim, Adv. Synth. Catal. 2015, 357, 1545-1550.

[3] M. Kretzschmar, T. Hodik, C. Schneider, Angew. Chem. Int. Ed. 2016, 55, 9788-
9792; Highlighted in Synfacts 2016, 12, 970.
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Synthesis and Pharmacological Evaluation of Translocator 18 kDa Protein (TSPO) Ligands
with Binding Sensitivity to Human Single Nucleotide Polymorphism rs6971.

Renee Sokias, Eryn Werry, Tristan Reekie, and Michael Kassiou
School of Chemistry, The University of Sydney, Sydney, NSW, 2006, Australia
rsok4948@uni.sydney.edu.au

The increasing incidence of pathological conditions associated with neurodegeneration including
Alzheimer’s and Parkinson’s disorders have prompted the need for novel therapeutic targets.** Since its
discovery in 1977 and elucidation of its role in neurosteroid biosynthesis, the 18 kDa translocator protein
(TSPO, formally known as the peripheral benzodiazepine receptor) presents a viable target for
pharmaceutical intervention.! Furthermore, its upregulation within cancer has attracted considerable
attention as a potential biomarker for neoplastic growth or as a novel receptor target for chemotherapy.*

The clinical utility of TSPO ligands currently available has been hindered by the presence of a
polymorphism, rs6971, which causes a hon-conservative

substitution of alanine for threonine at amino acid

residue 147 (TSPO A147T).* Efforts to develop a TSPO

ligand that binds TSPO WT and TSPO A147T with ( O O
similarly high affinity have been hampered by a lack of

knowledge about how ligand structure differentially O
influences interaction with the two forms of TSPO. R
Whilst there are several distinctive chemical classes

of TSPO ligands, there is no definitive chemotype.

Each chemical class has different activity and selectivity profiles, making the characterisation of the
TSPO binding sites a promising area of research. A series of novel TSPO ligands were developed
based on the indole (1) and carbazole (2) heterocyclic core. To assess the potential of these analogues
between the two TSPO isoforms, human embryonic kidney cell lines stably over-expressing human
TSPO WT and TSPO A147T were established, and the analogues synthesised were tested to determine
their binding affinity to both isoforms. Presently, the carbazole acetamides (2) are a class of high
affinity TSPO ligands, displaying nanomolar binding affinities to both TSPO isoforms. Details of the
current work on the synthesis and binding affinity of these analogues will be presented.

R2
1 2
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Diverse and versatile synthesis of bioactive heterocyclic compounds
from keto acids

Ahmed Majeed Hsskia and Bening Chen*
Chemistry department, Sheffield University
Sheffield, S3 7THF, U.K.

Keto acids or ketoacids are also called oxoacids that can be identified as organic
compounds containing a ketone group and carboxylic acid group. Keto acids are
employed to be bifunctional starting material in multicomponent reactions MCR. Keto
acids are key components for preparing new heterocyclic using MCR.

Multicomponent Reactions (MCRs) are reactions that combine at least three starting
materials in a one-pot reaction to produce a new product. MCR are more beneficial due
to their tremendous atom efficiency and they have played a significant role in the
synthesis of heterocyclic compounds. It has been observed that high diversity and
complexity can be obtained by using post-multicomponent reactions. This approach is
suitable to provide high functionalized compounds such as lactams involving sequential
reactions with further post-transformation reactions for instance cyclization and
nucleophilic addition. The lactams feature privileged moieties in medicinal chemistry,
therefore flexible synthetic methods are in high demand. Further functionalization of
multicomponent products were employed to synthesize new heterocyclic compounds
such as diones, tetrazoles, isoquinolines, isoindoline, pyrazol and piperazine derivatives.
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Maiti, B; Chanda, K; Selvaraju, M., ACS Comb. Sci. 2013, 15, 291~ 297.
Ghabraie, E; Balalaie, S; Mehrparvar, S., J. Org. Chem. 2014, 79, 7926~7934.

Wang,W; Doemling, A; Chem. Commun. (Cambridge, U. K.) 2010, 46, 770~772.
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A green, robust and scalable continuous-flow synthesis of fused 3-aminoimidazo-heterocycles.
A. Blake J. M. Baker ", B. Prof. William. J. Kerr®and C. Dr Darren. L. Poole *@

% GlaxoSmithKline Medicines Research Centre, Gunnels Wood Road, Stevenage, Hertfordshire,

2G1 2NY, UK.

® Department of Pure and Applied Chemistry,University of Strathclyde, 295 Cathedral Street,

Glasgow, G1 1XL, UK.

The Groebke-Blackburn-Bienaymé reaction (GBBR) is an Ugi-like 3 component reaction,

combining aldehyde, a-aminoazine and isocyanide reagents in a one-pot procedure to produce

3-aminoimidazo-heterocycles. [1][2][3]

Though there have been many developments since its discovery, use of the GBBR can still suffer
from various problems using published procedures, including the use of chlorinated or hazardous
solvents and expensive/environmentally unsustainable metal catalysts, limited substrate scope
robustness, and long reaction times.[4][5]

Moreover, no currently published flow-based processes offer high yields across a broad substrate
scope. [6][7] Aliphatic aldehydes and formaldehyde also have limited reported use in the GBBR. [8]

Our process delivers a flow-based, efficient, scalable and robust synthetic route towards a range of
complicated heterocycles, utilising green conditions with ethanol as solvent, and only a dilute
mineral acid catalyst.

R3
N "NH
co Within bespoke flow reactor,
(@) I 2 h 20 min total reaction time /\g7R2
+ m + N® >
R2 R3 130 °C, 1.25 M HCl in EtOH (0.1 eq),
n=01 Ethanol, 0.200 mL/min flow rate

> 25 Examples

1_
R*=H, Br, Me, CH,0H, COOEt, Ph Up to 96 % Yield

X=C,N Y=CN,S
RZ = H, Me, “propyl, tbutyl, "butyl, Ar, Hetero-Ar, (CH),-Ph
R3 = 'Butyl, 'Octyl, "butyl, “hexyl, Ar, Bn, CH,COOEt, (CH,),-Morpholinyl, CH,-TMS
The process tolerates various functional groups and substitution patterns on all reagents, and,
crucially, enables the use of formaldehyde and aliphatic aldehydes. Over 25 examples have been
synthesised in moderate to excellent yields.
References:
[1] Groebke, K.; Weber, L.; Mehlin, F. Synlett. 1998, 6, 661.
[2] Blackburn, C. et al. Tetrahedron Lett. 1998, 39, 3635.
[3] Bienayme, H.; Bouzid, K. Angew. Chem. Int. Ed. 1998, 37, 2234.
[4] Shaabani. A.; Maleki, A.; Rad, J.; Soleimani, E. Chem. Pharm., 2007, 55, 957.
[5] Vidyacharan, S. et al. Green Chem. 2014, 16, 1168-1175.
[6] Reutlinger, M. et al. Angew. Chem. Int. Ed. 2014, 53, 582.
[7] Butler, A. J. E. et al. J. Org. Chem. 2014, 79, 10196.
[8] Lyon, M. A.; Kercher, T. S. Org. Lett. 2004, 6, 4989.
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Towards an Asymmetric Synthesis of Tetrodotoxin

David B. Konrad and Dirk Trauner*
Department of Chemistry, Ludwig-Maximilians-Universitdt, 81377 Munich, Germany

Tetrodotoxin (1, a) is one of the most toxic non-proteinaceous poisons with low molecular weight
(M.W. = 319.3 g-mol ™, LDsp= 10.2 pg-kg™).!" It is well-known as the toxin of the puffer fish (b),
which has been a delicacy in Japanese cuisine for centuries and is renowned for its refined taste.
The origin of its toxicity is the ability to selectively block voltage-gated sodium channels (Nay1.1-
1.9) with a preference for Nay1.1-1.4 and Nay1.6-1.7.

Huisgen
cycloaddition b.
Kishi
guanidylation

Tetrodotoxin (1)

vinyl addition

Our retrosynthetic analysis is based upon the premise that the latent C4 aldehyde and the C8a a-
tertiary amine may arise from an isoxazolidine (2, a). This isoxazolidine moiety enables two reliable
key retrons: a Huisgen 1,3-dipolar cycloaddition and a vinyl anion addition into the resulting oxime.
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[1] C. Hanifin, Mar. Drugs 2010, 8, 577-593.
[2] L. Biilow, A. Naini, J. Fohrer, M. Kalesse, Org. Lett. 2011, 13, 6038-6041.
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Nitroso BODIPY dyes in the Development of Thiol Sensors
Shaiani M. G. Melo, Lucas C. D. Rezende, Flavio S. Emery*
Departamento de Ciéncias Farmacéuticas, Faculdade de Ciéncias Farmacéuticas de Ribeiréo

Preto, Universidade de Sao Paulo, Ribeirdo Preto, SP, Brazil.

Previous work in our research group have explored nitrosation

@/A@ %m of BODIPY dyes[1], fluorophores with remarkable versatility
N5 N7 Zg e concerning photophysical and reactivity properties[2]. Based
T B yields on previously reported nitroso-dyes properties[3], we
envisioned the application of nitroso BODIPY's as sensors for

m & thiols. To test it, we analyzed the fluorescence of a solution of

nitroso BODIPYs (0.5mM) in MeOH/Water 1:1 in the
presence of thiopropanol, from which we observed an increased red-shifted emission. Similar
emission changes were observed for solutions treated with cysteine (Cys), N-acetylcysteine (NAC),
glutathione (GSH) and 2-mercaptopyridine while no relevant changes were observed for solutions
treated with cystine, ethylamine or other amino acids.
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To understand the underlying mechanism of the response of nitroso-substituted BODIPYSs to thiol
compounds, the reaction between 1 and thiopropanol was further investigated. Remarkably, TLC
control showed the formation of a mixture of fluorescent red-shifted products. From this mixture, it
was possible to isolate a major compound that was confirmed to be the thiopropyl-substituted
BODIPY 2. Further studies will correlate structure and photophysical properties of this new
compound to understand the mechanism involved in fluorescence changes while testing thiols.

[1].  Emery, F. S. Unpublished results, 2017 - See posters in this conference

[2]. Loudet, A.; Burgess, K. Chem Rev, 2007, 107, (11), 4891~932; Ulrich, G.; Ziessel, R.;
Harriman, A. Angew Chem Int Edit, 2008, 47, (7), 1184~1201.

[3]. Renault, K.; Sabot, C.; Renard, P.-Y. Eur J Org Chem 2015, 36, 7992~7996.
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Microwave-Assisted Synthesis of a Novel Series 2-(Coumarin-3-yl)imidazo[1,2-a]pirimidin
Fluorophores as Water Soluble Fluorescent Light-Up pH Probe For Acidic Environment

Burcu AYDINER* and Zeynel SEFEROGLU
Department of Chemistry, Gazi University, Ankaara, Turkey 906500

Detection of hydrojen ion by chemosensors is significant for biological environment. Especially,
fluorescent chemosensors have several advantages due to their sensitivity, specificity, and real-time
monitoring with fast response time. Main aim of this study, synthesis of new series 2-(coumarin-3-
yl)imidazo[1,2-a]pyrimidine derivatives which are combined with coumarin ring, which is
fluorophore group with well-known photophysical property, and imidazo[1,2-a]pyrimidine ring,
which has potentially biological active, in the same molecule. Furthermore, titration studies were
also investigated by UV-vis and fluorescence spectroscopy in the presence of trifluoroacetic acid
(TFA) to determine the pH sensitivity of the compounds synthesized for their potential used as pH
prob. Finally, acid dissociation constant (pKa) were determined by the UV-vis absorption
spectroscopic method in buffer solution for selected three 2-(7-diethylaminocoumarin-3-
yl)imidazo[1,2-a]pyrimidine derivatives.
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Fluorescence emission spectra of probe (L1)
(10 pM) in NaHPO,-citric acid buffer
solution at various pH values.

pH-dependent photographs under day light
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H, J.; Burgess, K., Chemical reviews, 2009, 110.5: 2709-2728.

Liu, X. D.; Xu, Y.; Sun, R.; Xu, Y. J.; Lu, J. M.; Ge, J. F., 2013, Analyst, 138(21), 6542-6550.
Steenackers, H. P. L. et al., 2011, Journal of Medicinal Chemistry, 54(2), 472-84.
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Enzyme catalyzed multicomponent reactions as efficient tools for the synthesis of new
N-phenyl-2-aminothiazole derived Mannich bases

Denisa Leonte’”, LaszI6 Csaba Bencze?, Valentin Zaharia®
!Department of Organic Chemistry, Faculty of Pharmacy, luliu Hafieganu University of Medicine
and Pharmacy, Cluj-Napoca, Romania 400012
“Biocatalysis and Biotransformation Research Group, Faculty of Chemistry and Chemical
Engineering, Babes-Bolyai University, Cluj-Napoca, Romania 400028

Mannich bases, also known as beta-amino ketones, are recognized to possess various biological
activities such as antibacterial, antifungal, anti-inflammatory and anticancer properties.[1]

The 2-aminothiazole scaffold is an important pharmacophore which is currently found as central
core in the structure of many bioactive compounds.

Multicomponent reactions (MCRs) have become powerful and versatile tools in drug discovery and
modern synthetic chemistry because of their practical simplicity, rapidity and high atom economy.
Enzyme catalyzed reactions represent a valuable green alternative in organic synthesis due to their
low toxicity, mild reaction conditions and high chemo-, regio- and stereoselectivity. Lipases are
versatile biocatalysts which, besides their natural role, are able to catalyze different multicomponent
reactions, such as C-C and C-N bond forming, in Mannich type condensations.[2]

Being aware of the biological potential of Mannich bases and 2-aminothiazole derivatives, we
decided to apply the lipase catalyzed multicomponent Mannich type condensation in order to access
new thiazole derived Mannich bases for medicinal applications.

The thiazole aldehydes necessary as substrates in the enzymatic reactions were synthesized starting
from different aryl isothiocyanates, by treatment with ammonia, followed by the Hantzsch
condensation of the obtained N-aryl thioureas with 1,3-dichloracetone. The obtained 2-arylamino-4-
chloromethylthiazoles were transformed into the corresponding aldehydes by N-acetylation with
acetic anhydride, followed by Sommelet reaction.

The thiazole Mannich bases were synthesized by applying an enzymatic trimolecular condensation
of thiazole aldehydes with aniline and acetone, using lipase B from Candida antarctica as
biocatalyst, in acetone/water mixture as reaction media, at neutral pH.

NH, 0

enzyme catalyzed NH O N
- L MCRs P RAQN_Q T
Het \O + H3C CH3 Het ; AC S :

The chemoenzymatic method allowed us to obtain new pharmacologically useful Mannich bases
containing the 2-arylaminothiazole moiety, in good vyields and by using mild and eco-friendly
reaction conditions. Spectral analyses MS, *H NMR and **C NMR confirmed the structures of the
obtained compounds.

[1] Bala, S.; Sharma, N.; Kajal, A.; Kamboj, S.; Saini, V., Int. J. Med. Chem. 2014, ID 191072.

[2] He, T.; Li, K.; Wu, M.Y.; Feng, X.W.; Wang, N.; Wang, H.Y_; Li, C.; Yu, X.Q., J. Mol. Catal.
B: Enzym. 2010, 67, 189-194.

192



ISHC 2017 Poster Abstracts TUE-P 66

Stereoselective chemoenzymatic synthesis of chiral thiazole beta-amino acids

Denisa Leonte!”, Laurian Vlase?, Valentin Zaharia®
'Department of Organic Chemistry, Faculty of Pharmacy, luliu Hatieganu University of Medicine
and Pharmacy, Cluj-Napoca, Romania 400012
’Department of Pharmaceutical Technology and Biopharmacy, Faculty of Pharmacy, Iuliu
Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania 400012

Enantiomerically pure B-amino acids and their derivatives are of great utility in medicinal
chemistry, both individually as well as key-intermediates in the synthesis of new chiral bioactive
compounds such as peptides, polymer materials and other functionalized compounds.
The thiazole ring, originally a naturally occurring heterocycle, is currently present as central core in
the structure of many bioactive compounds with antiinflammatory, anticancer and antimicrobial
properties.
Lipases are versatile biocatalysts with various applications in kinetic resolutions of racemic esters,
alcohols, amides and other substrates, maintaining their selectivity even in organic solvents [1].
Based on these considerations, the aim of this study was to implement a stereoselective method for
the efficient production of new enantiomerically pure 3-amino acids containing the thiazole core,
based on the enzyme catalyzed kinetic resolution of racemic 3-amino esters.
Several lipases were tested as biocatalysts for the enantioselective hydrolysis of thiazole derived -
amino esters, in different reaction conditions, in order to find the optimal conditions for the enzyme
performance. The reactions were monitored by RP-HPLC with chiral stationary phase.

NH, H,N H H NH,

lipase catalyzed 8 :
N COOR yinetic resolution N COOH N COOR
Ar— | Ar— | + A< |
S S S

H,O/organic solvent
DL-la-e L-2a-e D-la-e

ee>96% HZO/H"J

H NH,
N__~~_ COOH
Ar{/ |
° D-2a-e, ee>98%
The optimized kinetic resolution process was successfully applied at preparative scale, affording the
thiazole derived L-f-amino acids with high enantiopurity (ee>96%), as well as their corresponding
D-B-amino esters which remained untransformed during the kinetic resolution. The D-B-amino
esters were hydrolysed in acid catalysis, leading the corresponding thiazole D-B-amino acids,
without affecting the enantiopurity of the products (ee>98%).
Acknowledgments: The work described was performed under the research contract financed by
“Iuliu Hatieganu” University of Medicine and Pharmacy Cluj-Napoca, Romania, by internal grant
no. 4945/11/08.03.2016.
[1] Carvalho, A.C.; Fonseca, T.S.; de Mattos, M.C.; de Oliveira, Mda C.; de Lemos, T.L.; Molinari,
F.; Romano, D.; Serra, 1., Int. J. Mol. Sci. 2015, 16(12):29682-29716.
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Click chemistry and in situ biological screening in the discovery of glycosidase inhibitors

Macarena Martinez-Bailén, Pilar Elias-Rodriguez, Valeria Pingitore, Antonio J. Moreno-Vargas,
Ana T. Carmona, Inmaculada Robina, Elena Moreno-Clavijo*
Departamento de Quimica Organica, Facultad de Quimica, Universidad de Sevilla
C/ Prof. Garcia Gonzalez 1, E-41012, Sevilla, Spain.

Glycosidases are enzymes that present a key role in the biosynthesis and processing of N-linked
glycoproteins and oligosaccharide metabolism and, for this reason, their inhibitors have attracted
considerable attention as potential drugs against diseases such as cancer, viral infections, diabetes or
genetic disorders [1]. Iminosugars are polyhydroxylated saturated heterocycles that can be
considered as carbohydrate mimics containing a nitrogen atom instead of an oxygen in the ring.
They constitute the most important class of glycosidase inhibitors [2]. The inhibition properties of
glycosidase inhibitors may be increased when an aromatic/aliphatic moiety is attached to the
iminosugar backbone, as it has been observed in the case of fucosidase inhibitors [3].

Click chemistry followed by in situ biological evaluation appears as a tempting approach for the
rapid identification of an optimal moiety attached to the hydroxylated heterocyclic core. This
methodology implies the use of high-yield click organic reactions that can be carried out in water or
water-miscible solvents on microscale without protecting groups, so that the product can be assayed
directly in situ without isolation or purification. Based on our successful previous results in the
identification of potent and selective a-fucosidase inhibitors [3], we report herein the extension of
this methodology for the rapid discovery of a-galactosidase and [-glucosidase inhibitors based on
pyrrolidine and pyrrolizidine iminosugars.

click
N __» + R reactio (,,N 4;» Q |
A» e D = l ™ 9 |
HO' HO" water
OH OH dilution In situ

biological evaluation

The authors acknowledge the Ministerio de Economia y Competitividad (CTQ2012-31247 and CTQ2016-
77270-R) of Spain and Junta de Andalucia for financial support. M. M.-B. and P. E.-R. thank the Ministerio
de Educacién for FPU fellowships.

[1] @) Asano, N. Cell.Mol.Life Sci. 2009, 66, 1479-1492. b) Liang, P.-H.; Cheng, W.-C.; Lee, Y.-H.;
Yu, H.-P.; Wu, Y.-T.; Lin, Y.-L.; Wong, C.-H. ChemBiochem 2006, 7, 165-173.

[2] Compain, P.; Martin, O. R. (Eds.), Iminosugars: from synthesis to therapeutic applications, John
Wiley & Sons, Ltd, Chichester, 2007.

[3] Elias-Rodriguez, P.; Moreno-Clavijo, E.; Carmona, A. T.; Moreno-Vargas, A. J.; Robina, I.
Org. Biomol. Chem. 2014, 12, 5898-5904 and references therein.
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Synthesis, anti-inflammatory and analgesic activities of new thiazolo[3,2,-b][1,2,4]triazoles
bearing benzensulfonamide moiety

Anamaria Cristina'*, Denisa Leonte®, Laurian Vlase', L4szI6 Csaba Bencze?, Silvia Imre?, Cristina
Mogosan®, Valentin Zaharia
'Department of Organic Chemistry, “Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-
Napoca, Romania 400012
“Biocatalysis and Biotransformation Research Group, Babes-Bolyai University, Cluj-Napoca,
Romania 400028
$Analitical Chemistry and Drug Analysis, University of Medicine and Pharmacy, Tg.-Mures,
Romania 540139

The aim of this study was the synthesis, characterization and biological evaluation of new
thiazolo[3,2,-b][1,2,4]triazoles and their corresponding thioethers bearing benzensulfonamide as
well as other adequate moieties which led to anti-inflammatory and analgesic activities.
Thiazolo[3,2-b][1,2,4]triazoles derivatives were synthesized from 3-thio-5-benzensulfonamide-
1,2,4-triazoles, which underwent a condensation reaction with a—halogenocarbonyls. According to
reaction conditions, thiazolo[3,2-b][1,2,4]triazole derivatives were obtained directly, or via acyclic
thioether intermediates. [1]

Ar
N. 1
N-NH Oy Ary 0 ; NX
arl Hosn* 1 Ar—= Ar: ~®—SOZNH2

Br H
N* O Al'l
HO: /4 lji H
Ar N S™SH

The synthesized compounds, characterized by *H NMR, **C NMR, IR and MS, were evaluated in
vivo for their biological activities, using a pharmacological model of acute inflammation induced in
rats. The anti-inflammatory activity was evaluated by a pletismometric method and the analgesic
activity was evaluated by Randall-Selitto test. The new synthesized heterocycles were evaluated for
their gastric irritation side effect, by direct observation of the gastric mucosa. [2,3]

The spectral analysis confirmed the structures of the new polyheterocyclic compounds. All
synthesized molecules showed good anti-inflammatory and analgesic activities compared to the
positive control group, without any evidence of gastric toxicity.

[1] Tozkoparan B.; Aytac S.P.; Giirsoy S.; Aktay G., Med Chem Res, 2012, 21, 192~201

[2] Ahmadi F.; Ghayahbashi M.R.; Sharifzadeh M.; Alipoiur E.; Ostad S.N.; Vosooghi M.; et al,
Med Chem, 2014, 11, 69~76.
[3] Van der Kam E.L.; De Vry J.; Schiene K.; Tzschentke T.M., Pain, 2008, 136, 373~379.
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Deprotometallation of fluoro- and methoxypyridines using lithium-zinc combinations
M. HEDIDI*"*"  G. BENTABED-ABABSA®, Y.S. HALAUKO ¢, F. MONGIN " "

& Département de chimie, Faculté des Sciences Exactes et Informatique
Université Hassiba Benbouali de Chlef, Hay Es-salam RN 19, 02000 Chlef, Algeria
® Chimie Organique et Interfaces, Institut des Sciences Chimiques de Rennes, UMR 6226,
Université de Rennes 1-CNRS, Batiment 10A, Campus de Beaulieu, 35042 Rennes, France
¢ Laboratoire de Synthése Organique Appliquée, Faculté des Sciences Exactes et Appliquées,
Université d’Oran 1 Ahmed Ben Bella, BP 1524 El M’Naouer, 31000 Oran, Algeria
9 UNESCO Chair of Belarusian State University, 14 Leningradskaya Str., Minsk 220030, Belarus

m.hedidi@univhb-chlef.dz florence.mongin@univ-rennesl.fr

Aromatic heterocycles are present in numerous molecules of chemical or biological interest,
as well as in organic materials for different applications. In particular, pyridines are key skeletons
present in pharmaceuticals and in functional materials. Deprotonative metallation using polar
organometallic bases is a powerful tool to functionalize such substrates.

Recently, pairs made of a monometallic base and a monometallic in situ trap were used to
achieve deprotonative lithiation and subsequent “trans-metal trapping”, and allowed sensitive
substrates to be functionalized. Within this context, we have developed the putative 1:1 LiTMP-
Zn(TMP), (TMP = 2,2,6,6-tetramethylpiperidino) pair, generated in situ from ZnCl,-TMEDA
(TMEDA = N,N,N’,N -tetramethylethylenediamine) and LiTMP in a 1:3 ratio for the room
temperature functionalization of numerous substrates including pyridines.

A series of fluoro- and methoxypyridines were deprotometallated in tetrahydrofuran by using
this combination, and the metallated species were subsequently intercepted by iodine. Efficient
functionalization was observed, either at the 3 position from 4-methoxy, 2-methoxy, 2,6-dimethoxy,
2-fluoro and 2,6-difluoropyridine, or at the 4 position from 3-methoxy and 2,3-dimethoxypyridine.
Interestingly, clean dideprotonation was noticed from 3-fluoropyridine (at C2 and C4) and 2,6-
difluoropyridine (at C3 and C5).

e 1 b Zo(TMP) Re 1) n equiv. LITMP |
T o | n equiv. Zn(TMP),
B - B S Re THF, rt, 2 h B Ry
Ry N7 R 2) I Ry N” R, P _
N" R, 2) 1, N7 R,

R1=OMe,R2=H,R3=H
R1=F,R2=H,R3=H
R1=H,R2=OM6,R3=H
R, = OMe, R, = H, R; = OMe
R1=F,R2=H,R3=F

M. Hedidi, G. Bentabed-Ababsa, A. Derdour, Y. S. Halauko, O. A. Ivashkevich, V. E. Matulis,
F. Chevallier, T. Roisnel, V. Dorcet, F. Mongin, Tetrahedron, 2016, 72, 2196-2205
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p-Lactam synthesis through diiodomethane addition onto amide dianions

Alaa Zidan,™! Marie Cordier, Julian Garrec,[ Ali Khalil Ali,™ Abeer M. EI-Naggar,™ Nour
Eldein Abdel-Sattar,”” Mohamed Ali Hassan,™ and Laurent El Kaim*®!
[21_aboratoire de Synthése Organique, CNRS, Ecole Polytechnique, ENSTA ParisTech-UMR 7652,

Université Paris-Saclay, 828 Bd des Maréchaux, 91128 Palaiseau, France. ’)Chemistry
Department, Faculty of Science, Ain Shams University, Abbasia, Cairo 11566, Egypt.
]| aboratoire de Chimie Moléculaire, UMR 9168, Department of Chemistry, Ecole
Polytechnique, CNRS, 91128, Palaiseau Cedex, France. [!Unité Chimie et Procédés, ENSTA

ParisTech, Université Paris-Saclay, 828 Bd des Maréchaux, 91128 Palaiseau. France.

The [3+1] type cyclization of amide dianions with diiodomethane was first reported by Hirai et al.

in 1979. [1]
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Despite a very simple and practical protocol, this approach didn’t attract further interest probably
due to very low reported yields and limited scope. Indeed, in agreement with the proposed
episulfonium intermediate (1) in the reaction mechanism, the transformation was only described
with thio derivatives. [2]

The biological importance of B-lactams inspired us to investigate further this reaction. Following
our optimization, we were delighted to observe that the reaction could be transformed into a general
access for B-lactams where the presence of the thio ether group is no more compulsory.
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This methodology could be extended as well to afford B-lactams from Ugi adducts allowing a 4-
component preparation of the former.
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[1] Hirai, K.; lwano, Y., Tetrahedron Lett. 1979, 2031-2034.
[2] Langer, P.; Freiberg, W., Chem. Rev. 2004, 104, 4125-4149.
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Synthesis and Cycloaddition Reactions of Stabilized Miinchnones

Taban K. K. Kakaawla, and Joseph P. A. Harrity *
Chemistry department, Sheffield University
Sheffield, S3 7HF, U.K.

This poster will describe the synthesis and cycloaddition reactions of so-called
‘miinchnones’, which are a class of mesionic compounds. These compounds have been
shown to be involved in the synthesis of highly substituted pyrroles from simple starting
materials. ™ We developed a family of stabilized miinchnones bearing an acyl group at
C4 and studied their behaviour in alkyne cycloaddition reactions. These reactions are
highly regioselective, and this methodology represents a rapid and straightforward route
to densely substituted pyrroles. Finally, the C4-stabilizing units can be further
manipulated to furnish carboxylic acid and amide groups, or removed altogether to
provide unsubstituted pyrroles (Scheme 1). @
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I | — 3
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Further functionalization

Scheme 1. Use of stabilized miinchnones in the synthesis of pyrrole.

References

[1] Huisgen, R. et al, Angew. Chem., Int. Ed. Engl., 1964, 3, 135.
[2] Taban K. K. Kakaawla, Will C. Hartley and Joseph P. A. Harrity., Eur. J. Org.
Chem. 2016, 2786~2792.
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Syntheses and Electronic Properties of Di(benzothieno)thiazines

A. Schneeweis, W. Frank and T. J. J. Muller*
Heinrich-Heine-Universitat Disseldorf, 40225, Diisseldorf

Dithienothiazines are tricyclic electron rich m-systems capable of reversible electron transfer
processes. [1] The properties of the oxidised state, i. e. the radical cation, are the key to
understanding the electronic characteristics of the neutral molecule. Therefore, we generated and
studied the radical cation and dication of a dithienothiazine by spectroelectrochemistry. In addition,
the radical cation salt was prepared and characterized. EPR-spectroscopy proves the stabilisation of
the unpaired spin by extended delocalisation. [2]

The interesting electronic characteristics of the dithienothiazines prompted us to synthesise
di(benzothieno)thiazines, annelated derivatives of the parent system. [3] Surprisingly, two
regioisomers are formed under the same reaction conditions. The formation of the syn-anti isomer
can be explained by a novel Pd-catalysed reaction mechanism.

Br Pd(dba);
S x \\ /\), o <
S S, dppd - I I \ / —~ —S,
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Encouraged by the formation of the syn-anti regioisomer also the third possible regioisomer of
di(benzothieno)thiazine was selectively prepared by Buchwald-Hartwig amination. [4] The three
isomers display intriguing differences in their electronic properties, such as oxidation potentials and
luminescence as a consequence of the variable annellation of the benzothiophene units.
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[1] C. Dostert, C. Wanstrath, W. Frank, T. J. J. Muller, Chem. Commun. 2012, 48, 7271-7273.
[2] A. Schneeweis, A. Neidlinger, G. J. Reiss, W. Frank, K. Heinze, T. J. J. Miller, Org. Chem.
Front. 2017.

[3] Y. Ren, T. Baumgartner, Chem Asian J 2010, 5, 1918-1929.

[4] R. P. Dickinson, B. Iddon, J. Chem. Soc. C: Org. 1968, 2733-2737
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New Green Synthesis of 1.8-Dioxodecahydroacridine Derivatives and Polyhydroquinolines,
Via Two Natural Catalysts in a Solvent-Free Medium

A. Imene Sehout, and B. Abdelmadjid Debache*
Laboratory synthesis of molecules of biological interest, Department of Chemistry; Faculty of exact
science; University of Constantine 1, Constantine, Algeria, 25000

Requirements of modern chemistry, including the development of new synthesis with new
secure, economic and environmentally protocols guide us to the field of green chemistry [1]. The
development of solvent-free organic synthetic methods has become an important research area,
aiming to save energy and to prevent hazardous solvent waste and toxicity in chemical processes.
On the other hand, the catalyst is the most important factor in organic synthesis for its important
role in a reaction by its presence or by its intervention. Green chemistry has allowed the
emergence of new horizons in the field of catalysis; it is now the ninth principle of green
chemistry. Several green methods were applied as microwave , ultrasound , ionic liquids [2],
nanoparticles. On our part we have contributed to this effect by the development of two new
natural catalysts, inexpensive, non-toxic and very available, which are ascorbic acid and acetyl
salicylic acid.

We applied our two new natural catalysts in the Hantzsch reaction (Figure:1), which is a
multicomponent reaction, it is considered as a green reaction, by the fact they generate in record
time and with good yields molecular structures with great complexity. The achieved results are
remarkable, we could synthesize a range of 1.8-dioxodecahydroacridine derivatives (6), and
polyhydroquinolines (7) with yields ranging between (47-99) % in the time range from (1.5-6)
hours, we also enriched the bibliography molecules by synthesis of authentic molecules.
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[1] P.T . Anastas, J. Warner, Green chem, 1998, 30.

[2] J. Legeay, J.J.V. Eyndeb and J.P. Bazureau, Tetrahedron Lett, 2005, 61, 12386.
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Nano-CuO catalyzed synthesis of 1-alkyl-3-aryl-4,5-
bis(arylimino)-2-alkyliminoimidazolidines

Nooshin Zahedi and Issa Yavari*

Department of Chemistry, Tarbiat Modares University
PO Box 14115-175, Tehran, Iran

The imidazolidine nucleus, among the nitrogen heterocycles, is a prominent motif
that exists in numerous natural products [1]. 2-Iminoimidazoles are important
heterocycles endowed with a broad spectrum of biological activities, and are
emerging as valuable pharmacophores for biomedical research. We prepared nano-
CuO and used it as a new, simple and efficient catalytic system for guanylation of
carbodiimides with amines to afford 1,3-dialkyl-2-arylguanidines [2]. Then, the
reaction of these guanidine derivatives with bis(imidoyl) chlorides led to the
synthesis of functionalized 4,5-bis(arylimino)-2-alkyliminoimidazolidines in
moderate to good yields. The structures of the products were deduced from their IR
and NMR spectroscopic data and a single crystal X-ray diffraction study.

Ar' /N /
Ar'NH, CuO-NPs 2> é A" \N\—N
(10mol%) R /k Ar’N Cl ,
+ —_— R > N=— N)EN .
N toluene, NaH, reflux, 5h  /
R. _C7 “r 80°C,8h Ar? Ar'
N
13 Examples
Yields: 47-79%
References

[1] Chattopadhyay, B. Gevorgyan, V. Angew. Chem. Int. Ed. 2012, 51, 862.
[2] Yavari, I. Sodagar, E. Nematpour, M. Helv. Chim. Acta. 2014, 97, 420; Yavari, I,
Sodagar, E, Nematpour, M. Askarian-Amiri, M. Synlett 2015, 26, 1230.

201



ISHC 2017 Poster Abstracts TUE-P 75

Synthesis of Spiropyrrolizines and Dihydro-1H-Pyrrolizines via [2+3] Cycloaddition
Reactions

Leila Baoosiand Issa Yavari*
Department of Chemistry, Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran

Pyrrolizines are bicyclic 5-5 systems with a nitrogen atom at the ring junction. They are the main part
of numerous natural and non-natural products which show various biological activities. Several
pyrrolizine derivatives, such as Ketorolac [1], is an important drug. The cycloaddition of azomethine
ylides to alkenes and alkynes is an elegant entry to pyrrolidines. The required 1,3-dipoles can be
produced from the reaction of a-amino acids with carbonyl compounds by eliminating carbon dioxide
[2]. Herein, a one-pot synthesis of dihydro-1H-pyrrolizine derivatives via [2+3] cycloaddition
reaction of azomethine ylides, prepared in situ from proline and ninhydrin, with dialkyl
acetylenedicarboxylates, in alcohols, is described.

R20 o]
0

O CO,R!
1 h,rt N
o + O—COZH+ |+ Rreon \
N /
o) H CO,R! R'0,C
1 2a

CO,R’

3 4 5
When the reaction of ninhydrin and proline was carried out with DMAD or ethyl propiolate in water,
dimethyl 5-(1-hydroxy-3-oxo0-1,3-dihydroisobenzofuran-1-yl)-2,3-dihydro-1H-pyrrolizine-6,7-
dicarboxylate (7a) and ethyl 5-(1-hydroxy-3-oxo-1,3-dihydroisobenzofuran-1-yl)-2,3-dihydro-1H-
pyrrolizine-6-carboxylate (7b) were obtained, respectively. The NMR spectra of products showed no
signals for the keto tautomer 6.

MeO,C Co,Me Et0,C
6a Ta (78%) 6b 7b (62%)
The reaction between ninhydrin and proline or sarcosine in the presence of alkyl propiolates in
MeOH or EtOH, led to the formation of stable spirans 8a-c in good yields.

(6] ‘ (0] ‘ (6]
N N N
= = e
O CcO,Me O CO,Et O CO,Me
8a (75%) 8b (69%) 8¢ (80%)

[1] Buckley, M.M.; Brogden, R.N., Drugs 1990, 39, 86~109.

[2] Monakhova, N.; Ryabova, S.; Makarov, V., J. Heterocyclic Chem. 2016, 53, 685~7009.
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New Chemistry of 1,2,6-Thiadiazines

Andreas S. Kalogirou and Panayiotis A. Koutentis*
Department of Chemistry, University of Cyprus, Nicosia, 1678, Cyprus

4H-1,2,6-Thiadiazines are important compounds as they find uses in the agrochemical* and material
sciences.> While most syntheses of 1,2,6-thiadiazines rely on 3,5-dichloro-4H-1,2,6-thiadiazin-4-
one (1)° as the thiadiazine starting material, we focused in developing the chemistry of 3,4,4,5-
tetrachloro-4H-1,2,6-thiadiazine (2), an overlooked but potentially versatile scaffold.

Tetrachlorothiadiazine 2 can be readily converted to 4-dicyanomethylene-1,2,6-thiadiazine 3,* N-
aryl-3,5-dichloro-4H-1,2,6-thiadiazin-4-imines 4,> 3,5-dichloro-4,4-dialkoxy-4H-1,2,6-thiadiazines
5 and 3,5-dichloro-4,4-bis(alkylthio)-4H-1,2,6-thiadiazines 6.°

X cl cl RA AR
C\Hk(m C|\%§(C| cl cl
[ - || - . [
N_ _N N_. _N N_ _N

\S/ \S/ \S/
1 (X =0) 2 5 (A=0, R= Me, Ph,
3 [X = C(CN),] (CHy),, 1,2-CgHy)
4 (X = NAr) 6 [A=S, R=Bn, Ph,

1,2-CgHy, Ac)

More recently, the degradation of tetrachlorothiadiazine 2 under reductive (dissolving Sn) or
thermal conditions was investigated to reveal a plethora of interesting new fused heterocycles
identifying new chemistry of this system.
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[1] Portnoy, R. C. U.S. Pat. 4,497,807, 1985. [2] Haddon, R. C.; Kaplan, M. L.; Marshall, J. H. J. Am. Chem. Soc. 1978,
100, 1235-1239. [3] Geevers, J.; Trompen, W. P. Recl. Trav. Chim. Pays-Bas 1974, 93, 270-272. [4] Kalogirou, A. S.;
Koutentis, P. A. Molecules 2015, 20, 14576-14594. [5] Kalogirou, A. S.; Manoli, M.; Koutentis, P. A. Org. Lett. 2015,
17, 4118-4121. [6] Kalogirou, A.S.; Koutentis, P. A. Tetrahedron Lett. 2016, 57, 203-206.
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A Convergent, Efficient, and Scalable Total Synthesis of Halichondrins

Kenzo Yahatal, Ning Ye, Yanran Ai, and Yoshito Kishi
Department of Chemistry, Harvard University, Cambridge, Massachusetts, USA

Lcurrent affiliation: Graduate School of Pharmaceutical Sciences, Osaka University, Osaka, Japan

A convergent, efficient, and scalable total synthesis of all the members in the halichondrin class of
natural products was accomplished. Newly designed left half and right half were synthesized
stereoselectively from the same intermediate, which was prepared from D-galactal. New Zr/Ni-
mediated one-pot ketone synthesis was developed to achieve the final assembly.[1]

Halichondrins are polyether macrolides, originally isolated from the marine sponge Halichondria
okadai by Uemura, Hirata, and coworkers.[2] Due to their intriguing structural architecture and
extraordinary antitumor activity, halichondrins have received much attention from the scientific
community. Although we have previously reported efficient syntheses of halichondrins and
norhalichondrins, an attempt of synthesizing homohalichondrins via the same route gave only a
modest success.[3]

In this presentation, we report a convergent, efficient, and scalable synthesis of all the members,
including homohalichondrins A~C, in the halichondrin class of natural produts, with use of newly
developed Zr/Ni-mediated one-pot ketone synthesis as the final coupling reaction.

[1] (@) K. Yahata, N. Ye, Y. Ai, K. Iso, and Y. Kishi, submitted for publication. (b) K. Yahata, N.
Ye, K. Iso, S. R. Naini, S. Yamashita, Y. Ai, and Y. Kishi, submitted for publication. (c) K.
Yahata, N. Ye, K. Iso, Y. Al, J. Lee, and Y. Kishi, submitted for publication. (d) Y. Ai, N. Ye,
Q. Wang, K. Yahata, and Y. Kishi, submitted for publication.

[2] (@) D. Uemura, Y. Hirata, et al., J. Am. Chem. Soc. 1985, 107, 4796. (b) Y. Hirata, D. Uemura,
Pure Appl. Chem. 1986, 58, 701.

[3] A. Ueda, A. Yamamoto, D. Kato, and Y. Kishi, J. Am. Chem. Soc. 2014, 136, 5171.
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Novel d° a® synthon equivalents for the stereocontrolled synthesis of functionalized 1,4-amino
alcohol precursors

Piotr Drelich, Marek Moczulski and L.ukasz Albrecht*
Institute of Organic Chemistry, Lodz University of Technology
Zeromskiego 116, 90-924 Lodz, Poland

One of the most relevant topic in contemporary organic synthesis is the design of new
stereoselective methods for the preparation of privileged structural motifs found in bioactive
molecules [1]. The 1,4-amino alcohol framework, being of high importance for the life science
industry, is readily available via the N-O bond cleavage in the corresponding tetrahydro-1,2-
oxazines [2]. In this study, the synthesis and application of a novel group of aminooxylating
reagents 3 has been demonstrated [3]. Due to their structural features, they can be considered as d%®
synthon equivalents for organic synthesis. Their usefulness has been demonstrated in
organocatalytic domino reactions, with either a,B-unsaturated aldehydes 2a or nitroolefines 2b,
providing straightforward access to polysubstituted tetrahydro-1,2-oxazine derivatives 1, serving as
direct precursors of functionalized 1,4-amino alcohols. The tetrahydro-1,2-oxazines have been
obtained with excellent stereoselectivity (>20:1 dr, >98% ee) and with high yields (up to 93%).
Furthermore, the applicability of polysubstituted tetrahydro-1,2-oxazines have been presented in
various chemoselective transformations.

POHN" ™ ¢ | N
g 53
5t o1 e
OH ‘

W 1,4-Amino alcohol moiety M  Novel d° a® synthon

B Present in various B Facile introduction of the
biologically relevant 1,4-amino alcohol moiety
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Reaction design: @
R R /\/CHO o R R NO,
1 2a 2b

R
PgNj '
O — NHPg

| )
Asymmetric o) EWG
EWG
organocatalysis TN

1R" = CHO or NO, 3

[1] Busacca, C. A.; Fandrick, D. R.; Song, J. J.; Senanayake C. H., Adv. Synth. Catal. 2011, 353,
1825.

[2] Keck, G. E.; Wager, T. T.; McHardy S. F. Tetrahedron, 1999, 55, 11755.

[3] Drelich, P.; Moczulski, M.; Albrecht, L. Org. Lett. in press.

This project was financially supported by the Ministry of Science and Higher Education, Poland within the “Tuventus
Plus” programme realized in the period 2015-2017, project number: 0008/1P3/2015/73.
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Preparation and Transformations of 1-Allyloxy-2-ethynylbenzene Derivatives
for Synthesis of Oxygen-containg Heterocyclic Compounds

Kohei Watanabe, Takashi Mino*, Yasushi Yoshida and Masami Sakamoto
Graduate School of Engineering, Chiba University,
1-33 Yayoi-Cho, Inage-Ku, Chiba 263-8522, Japan

1-Allyloxy-2-ethynylbenzene derivatives were known as an effective precursor for oxygen-
containg heterocyclic compounds such as benzofuran and benzopyran. For example, Tanaka’s group
reported the annulation of 1-allyloxy-2-ethynylbenzene derivatives using rhodium cartalyst afforded
3-benzylbenzofuran.[1] On the other hand, Lovely’s group reported benzopyran derivatives could be
obtained by Pauson-Khand reaction of 1-allyloxy-2-ethynylbenzene derivatives in the presence of
cobalt catalyst.[2] Therefore, synthetic methodology of 1-allyloxy-2-ethynylbenzene derivatives is
very important for the access to various oxygen-containg heterocyclic compounds.

Herein, we found that copper catalyzed Suzuki-Miyaura reaction of I-(bromoethynyl)-2-
allyloxybenzene, which was easily prepared from salicyaldehyde, with arylboronic acids afforded the
corresponding 1-allyloxy-2-ethynylbenzene derivatives in effectively (eq. 1).[3] We further
demonstrate that four types of transformation using 1-allyloxy-2-ethynylbenzene derivatives for the
access to various heterocyclic compounds. At first, transformation of 1-allyloxy-2-ethynylbenzene
derivatives in the presence of palladium catalyst led to 3-allylbenzofuran derivatives in excellent
yields (eq. 2).[4] Second, using gold catalyst gave the branch type 3-allylbenzofuran derivatives from
same substrate (eq. 3). Third, aluminium reagent caused claisen rearrangement followed by
annulation afforded 7-allylbenzofuran derivatives (eq. 4). Finally, enyne metathesis reaction of 1-
allyloxy-2-ethynylbenzene derivatives using Grubbs 2™ catalyst led to the corresponding benzopyran
derivatives (eq. 5).

(eq. 1)
Ar Ar

Br Ar—B(OH),
= (eq. 5)
4 Cu catalyst = 3
W — Grubbs 2"%—> AN
!

R condition! 0
\ g

(eq. 2) |Pd| (eq.3) Au (eq. 4)| Al Benzopyran
Y \ Sa
- R |
N
CHO Ar
X
N Ar
OH E P Ar o RN )

Salicylaldehyde

3 steps

Benzofurans

[1] R.Okamoto, E. Okazaki, K. Noguchi, K. Tanaka, Org. Lett. 2011, 13, 4894.

[2] C.J. Lovely, H. Seshadri, Synth. Commun. 2001, 31, 2479.

[3] K. Watanabe, T. Mino, E. Ishikawa, M. Okano, T. Ikematsu, Y. Yoshida, M. Sakamoto, K. Sato,
K.Yoshida, Eur. J. Org. Chem., 2017, 2359.

[4] K. Watanabe, T. Mino, T. Ikematsu, C. Hatta, Y. Yoshida, M. Sakamoto, Org. Chem. Front., 2016, 3,
979.
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Isocyanide as modern tool for the synthesis of diversified isoindolin-1-one derivatives via Pd-
Catalysed insertion/cyclization reaction.
Ramdas S. Pathare!, Dr. D.M. Sawant?, Prof. R.T. Pardasani.’*
!School of chemical sciences and 2Pharmacy, Central University of Rajasthan, Bandarsindri,
Kishangarh, Ajmer, Rajasthan 305801, India

Isocyanides are widely explored as a versatile C1 building blocks via Pd-catalysis® and offer a vast

potential for the synthesis of nitrogen containing heterocyclic molecules. A simple and efficient Pd—
catalysed tandem carboxamidation/hydroamidation of 2- bromophenylacetylene has been developed
for the synthesis of 3-benzylidineisoindolin- 1-one. The method developed demonstrated high
substrate scope and diversity. The salient feature of the methodology involves formation of four
chemical bonds and high regio- and stereo-selectivity with wide substrate scope. The mechanistic
studies suggests that the reaction is following non-radical path. We also carried out controlled
experiments to understand the both carboxamidation and hydroamidation step discretely. We also
explore one pot protocol for the synthesis of complex isoindolinone derivatives starting from the
simple 2-bromo iodobenzene substrate. The detailed mechanistic studies will be presented.

R, Isocyanide .
=7 R-NC insertionxy, 0 Hydration
S | 3 mol% Pd(OAc), N J«\f
& 3 mol% XantPhos :‘ N-R
Cs,CO;, DMF/H,0, \
100 °C, 4h S
Sequential C-C/C-O/ \ L/
R up to 92% yield
1 up to >99:1 E/Z
Four new chemical bonds formed

[1] Vlaar, T.; Ruijter, E.; Maes, B. U. W.; Orru, R. V. A. Angew. Chem. Int. Ed. 2013, 52, 7084-
7097
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Solvent-free synthesis of 2,4,5-trisubstituted-2,4-dihydro-3H-pyrrol-3-ones from alkyl 2-
aminoesters

Diego Quiroga*, Lili Becerra, Paola Borrego and Ericsson Coy-Barrera
Bioorganic Chemistry Laboratory, Facultad de Ciencias Bésicas y Aplicadas, Universidad Militar
Nueva Granada, Bogota/Colombia

Phytoalexins are secondary metabolites which are produced by plants under exposure to physical,
biological or chemical stress. Indole derivatives have received great attention for their potential
application in the agricultural and pharmaceutical fields [1]. The application of bioisosteric
compounds stimulates the design and production of new agrochemical agents based on the
structural skeleton of phytoalexins. In the Bioorganic Chemistry Laboratory of Universidad Militar
Nueva Granada, recent results have allowed to establish an efficient methodology for the synthesis
of alkyl dithiocarbamates derived from L-tryptophan, which showed antifungal activity against
Fusarium oxysporum [2]. With the aim to explore the feasibility to employ 2-aminoacids as
precursors of new agrochemical agents, we continue the research on the derivatization of 2-
aminoacids. In this paper, we presented the synthesis of 2,4,5-trisubstituted-2,4-dihydro-3H-pyrrol-
3-ones 1. The first step of the synthetic methodology involved the esterification of L-alanine, L-
phenylalanine and L-tyrosine in excellent yields (93-98 %).

2 1
1 o COOR__R 0 4
R 2 o R 4 T KOH, 200 °C ) "
»—COOR + TEA, THF| R \ﬂ/\fN Kom200°c A,
e
HoN R3 3 Solvent free N R
A O R
2 3 1
4
R'= Me, R?*=Me, Et, 2-Pr, n-Bu R®= Me, R*=Me R'= Me, R*=Me, R*=Me
R'= CH,Ph, R*=Me, Et, 2-Pr, n-Bu R*= Me, R*=OMe R'= Me, R’=Me, R*=OMe
R'= CH,-4-PhOH, R?=Me, Et, 2-Pr, n-Bu R'= CH,Ph, R*=Me, R*=Me

R'= CH,Ph, R*=Me, R*=OMe
R'= CH,-4-PhOH, R*=Me, R*=Me
R'= CH,-4-PhOH, R*=Me, R*=OMe

Reactions of 2 with carbonyl compounds 3 were carried out employing triethylamine and THF at
reflux conditions to obtain alkyl 2-substituted[(E)-(1,3-disubstituted-3-oxopropylidene)
amino]acetate 4 in good yields (72-85%). Compounds 4 were evaluated using EM-EI and NMR *H.
All the mass spectra of 4 showed intense and characteristic signals which corresponded to the ion
molecular for compounds 1. These results suggested that compounds 4 could undergo 5-exo-trig
cyclization towards 1. Equimolar mixtures of 4 and KOH were heated employing solvent-free
conditions. In all the cases, compounds 1 were obtained in moderate to good yields (45-81%),
confirming the potential of 2-aminoacids as precursors of nitrogen-containing heterocyclic
compounds. Product derived from the project IMP-CIAS-2294 funded by Vicerrectoria de
Investigaciones at UMNG - Validity 2017.

[1] Pedras, M.S.C.; Sarwar, M.; Suchy, M.; Adio, A. M. Phytochemistry, 2006, 67, 1503~1509.

[2] Quiroga, D.; Becerra, L. D.; Sadat-Bernal, J.; Vargas, H.; Coy-Barrera, E. Molecules, 2016,
21(10), 1349.

[3] Li, J.; Sha, Y. Molecules, 2008, 13, 1111-1119.
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Stereospecificity in Intramolecular Photoredox Reactions of Naphthoquinones:
Enantioselective Total Synthesis of (—)-Spiroxin C

Yoshio Ando, Atsuko Hanaki, Ryota Sasaki,
Takashi Matsumoto, Ken Ohmori, and Keisuke Suzuki*
Department of Chemistry, Tokyo Institute of Technology, Tokyo/Japan 152-8551

During the course of our synthetic study toward the C-glycosylated natural products, we discovered
an intriguing photoreaction of naphthoquinone: The substituted naphthoquinone I is converted to an
oxacycle II through Noriish-II-like reaction and cyclization under room light. This process
corresponds to an intramolecular redox reaction, as its benzylic positions oxidized, while the quinone
moiety is reduced into the hydroquinone.

In this presentation, we will discuss on the substrate

scope and the mechanistic aspect of this 1 OH
photoreaction."! Also, the first asymmetric total O‘ hv OO reduced
synthesis of (—)-spiroxin C, one of the members of a photoredox J

class of marine natural products isolated from a F,;- H O reaction IT:{, \_O/ oxidized

fungal strain, by employing the photoredox reaction I il

is discussed.

Several substituted naphthoquinones were subjected to the model study, which clarified that the
presence of oxygen atom(s) or two alkyl groups at the benzylic position is essential in order for the
photoredox reaction to proceed.!'! Interestingly, this transformation proceeds in a stereospecific
manner when the naphthoquinone has a stereogenic center at the benzylic position.

Our synthetic strategy features the stereospecific photoredox reaction of naphthoquinone 1 to
construct the key spiroether 2 with retentive manner, from which increase in the oxidation level and
deprotection allowed the total synthesis. This synthetic route would be applicable to the other
congenerts as well, which will be discussed in this presentation.

hv

stereospecific
photoredox
reaction

1 2 3 (-)-spiroxin C
retention

[1]Y. Ando, T. Matsumoto, K. Suzuki, Synlett 2017, 28, 1040—1045.
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Exploration of the P2X;R pharmacophore using hybrid P2X;R antagonists

James O’Brien-Brown*, Shane M. Wilkinson, Tristan Reekie, Alexander Jackson, Eric Wong, Eryn
Werry and Michael Kassiou
Department of Chemistry, The University of Sydney
Sydney, NSW 2000, Australia

There is growing evidence suggesting that chronic inflammation is the underlying cause of several
neurodegenerative and neuropsychiatric diseases, including Alzheimer’s disease, Parkinson’s
disease, and major depressive disorder.>? The P2X; receptor (P2X-R) plays an essential role in the
release of pro-inflammatory cytokines such as interleukin-1p (IL-1p) within the central nervous
system (CNS). % As such, inhibition of P2X;R-mediated signaling is an attractive therapeutic target.
However, the clinical development of a P2X7R antagonist has remained elusive despite a persistent
research effort by several major pharmaceutical organizations including AstraZeneca and Pfizer.

We have recently reported a structure-activity relationship (SAR) analysis of a series of adamantyl
cyanoguanidines based on the aryl cyanoguanidine scaffold 1.* These demonstrated potent P2X;R
inhibition, with heterocyclic derivatives displaying favorable drug-like properties and up to a five-
fold increase in activity compared to 1. The pyridyl analogue 2 displayed an anti-depressant
phenotype in mice exposed to the forced swim test, providing evidence of CNS activity. We have
also thoroughly explored the adamantyl benzamide 4 class, alternatively through the introduction of
adamantane bioisosteres or with heteroaromatic isosteres of the benzene ring. Incorporation of the
trifluoroadamantane polycycle 3 reduces lipophilicity to facilitate CNS-penetration and increase the
metabolic stability of the hydrophobic adamantane moiety. In this presentation, we will describe
recent progress made into exploring the common features of these discrete P2X;R antagonist
classes in order to better understand the P2X;R pharmacophore. This insight will assist in the
development of a CNS-permeable P2X;R antagonist combining the optimal features from each

class.
. OMe OMe
Hoo [ H H\/@ H
Do GO ha 0 e
NN N F o «a o ¢
1 2 3 4

ICs50 =93 nM ICs50 = 69 NM ICs0 = 33.9nM ICs0 = 10.5 nM
no reported in vivo activity in vivo mouse liver mouse liver

antidepressant activity microsome t;;, = 81.1 min microsome ty, = 8.5 min

N/
5

[1] Le Feuvre, R.; Brough, D.; Rothwell, N., Eur. J. Pharmacol., 2002, 447, 261-269.
[2] Boucher, A. A. et al., Neuroscience, 2011, 189, 170.

[3] Pelegrin, P.; Surprenant, A., Purinergic Signal., 2009, 5, 129-137.

[4] O'Brien-Brown, J. et al., Eur. J. Med. Chem., 2017, 130, 433-439.
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Gas-Phase Reaction of Heterocycles over Solid-Supported Molybdenum Trioxide

Ajaya K. Malapati and R. Alan Aitken*
EastCHEM School of Chemistry, University of St Andrews, St Andrews, UK

Based on some unpublished preliminary studies [1] we have explored the use of MoO3 supported on
pumice stone chips as a solid reagent / catalyst in flash vacuum pyrolysis of heterocyclic
compounds. This is a stable and relatively abundant metal oxide, which, once reduced, may be
regenerated simply by heating in air. Aromatisation of tetrahydroquinoline and -isoquinoline 1 and
2 as well as piperidine 3 is easily achieved. Attempted extension to oxazolines 4 gave no oxazoles,
but instead resulted in clean thermal cleavage into nitrile and aldehyde fragments, in what appears
to be a previously unreported reaction.

FVP, 600 °C FVP, 600 °C FVP, 700 °C
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The Hantzsch dihydropyridines 5 are readily aromatised at lower temperatures but as the
temperature is raised first one and then the other ester group is lost as ethene and CO, to give the
pyridine products shown. The pyranone and thiopyranone 6 and 7 undergo perhaps the most
surprising process: loss of (thio)formaldehyde to give methyl vinyl ketone and also loss of water or
H,S to form divinyl ketone which is assumed to be the source of cyclopentenone, formed in an as
yet unexplained isomerisation process. Finally the oxazolidinone 8 undergoes decarboxylation and
oxidation to afford acetonitrile. Extension of many of these processes from the basic heterocycles to
substituted examples is expected to lead to a range of new useful synthetic methods.

[1] McDougald, G.; McNab, H. unpublished results cited in: Aitken, R. A.; Boubalouta, Y. Adv.
Heterocycl. Chem. 2015, 115, 93-150.
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Synthesis of sp® rich azepanes in an enantiomerically enriched fashion

P. Katai and W. J. Kerr*
Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow, UK, G1 1XL

In 2009, Lovering et al. reported that the proportion of sp* centres in a target structure directly
correlates with success rate in drug discovery.[1] Such structures are not readily achievable by
traditional cross-coupling methods, therefore the synthesis of highly functionalized sp*-rich
scaffolds is highly desirable and warrants more extensive study.[2] Accordingly, the development of
new synthetic strategies for the preparation of such molecules is required.

In our laboratory, a novel four-step sequence for the preparation of enantiomerically enriched
azepane scaffolds was envisioned (Scheme 1). Employing chiral magnesium bases developed in the
Kerr group, enol phosphates 2 were obtained in high enantioselectivities.[3b] Following this, a
novel Pd PEPPSI catalyzed protocol for the cross coupling of enantiomerically enriched enol
phosphates 2 with aryl Grignard reagents was developed, furnishing substituted chiral cyclohexenes
3 in high yield. Finally, the chiral trisubstituted alkenes 3 were oxidatively cleaved with ozone and
the subsequent reductive amination of the intermediate keto-aldehyde was achieved in a one-pot
fashion. The chiral, trisubstituted enantiomerically enriched azepanes 4 were obtained in good
yields and high diastereomeric ratios. In this manner, a range of functionalized azepanes 4 were
obtained, which will be presented in this poster.

o o O%F;]h R2 Ozonolysis/ R3
Asymmetric Reductive RZ N
deprotonation Cross- Couplmg amination y
—_—
T Riwger MgBr, R3NH,
R N Ph Mg R Pd PEPPSI cat. R R
1 2 3 4
74-93%, 75-94% 9 examples
er 84:16- 99:1 41-71%,
er 84:16- 99:1,

d.r. up to >99:1

Scheme 1

[1] (d) F. Lovering, J. Bikker, C. Humblet, J. Med. Chem., 2009, 52, 6752. (b) F. Lovering, Med.
Chem. Commun., 2013, 4, 515.

[2] (a) J. Christoffers, A. Mann, Angew. Chem. Int. Ed., 2001, 40, 4591. (b) J. Christoffers, A. Baro,
Adv. Synth. Catal., 2005, 347, 1473.

[3] Synthesis of enol phosphates: (a) W. J. Kerr, D. M. Lindsay, V. K. Patel, M. Rajamanickam,
Org. Biomol. Chem., 2015, 13, 10131. (b) M. Rajamanickam, PhD Thesis, University of
Strathclyde, 2015.
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Stereoselective Synthesis of Tetrahydropyridine Derivatives via an Organocatalytic One-Pot
Multicomponent Reaction

Radell Echemendia Pérez, *°* Gustavo Piva da Silva, ® Vitor Alcantara, * Marcio Weber Paix3o, ®
and Daniel G Rivera®
& Department of Chemistry, Universidade Federal de Sdo Carlos, Sdo Carlos, 97105-900, Sdo
Paulo
b Center for Natural Products Research, Faculty of Chemistry, University of Havana, 10400, La
Habana

Tetrahydropyridines (THPs) are an important class of heterocycles that belongs to a widespread
substructure in naturally occurring compounds and some synthetic bioactive molecules. They have
recently attracted a lot of attention because of their widespread occurrence and their pronounced

pharmacological properties.
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This work describes a highly stereoselective approach for the one-pot synthesis of complex natural
product hybrids incorporating fragments such as THPs, peptides and lipids. The approach involves
an asymmetric organocatalytic conjugate addition of o cyano ketones to a,B-unsaturated aldehydes,
followed by an intramolecular 4-center 3-component reaction including amine and isocyanide

components.
™ S
» Q
NC_ ﬁ NC. /\ o "
H . ‘ H H
| LN 'ung(‘(bMC I] ..\T ,-",,”/N\)LN N\i)J\OMe
NF ‘ ot Co?Mc 0 P2
g O = Amine
CO,Me O = Isoyanide
O =g-cyano ketones
O = o, p-unsaturated aldehydes
The strategy combines the stereocontrol of organocatalysis with the diversity-generating character
of multicomponent reactions, thus leading to structurally unique peptidomimetics integrating
heterocyclic (THP) and lipidic moieties.

[1] Jain, R.; Chen, D.; White, R. J.; Patel, D. V.; Yuan, Z. Curr. Med. Chem. 2005, 12, 1607—1621.
[2] Niu, Z., He, X., Shang, Y. Tetrahedron: Asymmetry. 25, 2014 , 796-801.

[3] Echemendia, R., de La Torre, A.F., Monteiro, J., Pila, M., Correa, A.G., Westermann, B.,
Rivera, D.G, Paixao, M.W., Angew. Chem. Int. Ed. 2015, 54, 7621 —7625.
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Metal-free regioselective tandem synthesis of functionalized benzimidazo-fused
benzofuro[3,2-c]pyridines, y'-carbolines and benzofuro/thieno[2,3-c]pyridines in
aqueous medium

Pawan K. Mishra?, Akhilesh K. Verma ©*

Synthetic Organic Chemistry Research Laboratory, Department of Chemistry,
University of Delhi, Delhi 110007, India

averma@acbr.du.ac.in

In the continuation of our ongoing lab work using ortho-alkynyl aldehydes,*?

we have design an
operationally simple greener approach for the synthesis of broad range of functionalized benzimidazolo-
fused benzofuro[3,2-c]pyridines, benzofuro/ thieno[2,3-C]pyridines and y-carbolines under the metal-free
condition in water has been described. The aqueous medium accelerates the formation of desired product
by avoiding side-product as well as drastic reaction condition. The reaction proceed through inter and
intramoleculer C-N bond formation in one-pot via 6-endo-dig cyclization. The deuterium labelling and X-

ray crystallographic studies supported the proposed mechanistic pathway for the targeted cyclized product.

100°C 8-12h : é]

NH,
2
5N R C( =0 NH2
rR2E | Y NHz ', Ar/ \
NS N = R

— NH2

R! 100 °C 6-10 h
X=0&S X=0,S & NMe
R' = Substituted aryl/alkyl ‘@[
: : R2= Me. Ol 100 °C, 10-18 h
e Regioselective e,

e One-Pot Green Protocol
® Mild Reaction Condition

References:

1. (a) Patel. M., Saunthwal, R. K., and Verma A. K., Acc. Chem. Res., 2017, 50, 240; (b) Mishra P.K. and Verma, A.
K. Green Chem., 2016, 18, 6367; (c) Rustagi, V.; Tiwari, R. and Verma, A. K. Eur. J. Org. Chem., 2012, 4590. (d)
Rustagi, V.; Aggarwal, T. and Verma, A. K. Green Chem., 2011, 13, 1640; (e) Saunthwal, R. K..; Patel, M;
Tiwari, R. K.; Parang.; K.and Verma, A. K. Green Chem., 2015, 17, 1434.

2. (@) Verma, A. K.; Jha, R. R.; Chaudhary, R.; Tiwari, R. K.; Reddy; K. S. K. and Danodia, A. J. Org. Chem., 2012,
77, 8191. (b) Joshi, M.; Patel, M.; Tiwari, R. and Verma, A. K. J. Org. Chem., 2012, 77, 5633.(c) Shukla, S. P.;
Tiwari, R. K. and Verma, A. K. J. Org. Chem., 2012, 77, 10382. (d) Aggarwal, T.; Kumar, S.; Dhaked, D. K;
Tiwari, R. K.; Bharatam, P. V. and Verma, A. K. J. Org. Chem., 2012, 77, 8562. j
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Total Synthesis of (-)-Codonopsinine using Chlorosulfonyl Isocyanate

Jun Min Jung®, Yeon Su Kim, Da Eun Kim, Su Yeon Koh, Ki Min Park and Young Hoon Jung**
1School of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea

Polyhydroxylated pyrrolidine alkaloids have been frequently reported in nature and synthesized in
laboratories. Moreover, these alkaloids have received considerable attention as potential medical
agents because of their interesting pharmacological properties such as viral infections, cancer,
malaria, insecticides, diabetes and cancer.

Among these, pyrrolidine alkaloids which have aryl substituent are rarely to be found. (-)-
Codonopsinine and (-)-Codonoposine were isolated from Codonopsis Clematidea at 1969 and their
structures and absolute stereochemistry were elucidated in 1972. These compounds have p-
methoxyphenyl moiety in their pyrrolidine ring and exhibit antibiotic and hypotensive activities
without affecting the central nervous system.

Due to the unique structural feature and interesting biological property, a number of efforts have
been devoted to the development of various approaches for the efficient synthesis of (-)-
Codonopsinine.

Recently, regioselective and diasteroselective amination of various 1,2-anti-dibenzyl ether using
chlorosulfonyl isocyante(CSl) and its application to the synthesis of various biologically active
alkaloids have been reported from our laboratory.

In this presentation, we describe a concise and efficient asymmetric synthesis of (—)-Codonopsinine.
The total synthesis of (—)-Codonopsinine has been accomplished in 12 steps from readily available
p-anisaldehyde, and the key steps in this route involve lithium enolate Aldol reaction, Lewis acid
mediated chelation controlled Grignard reaction, CSI-mediated amination and intramolecular
cyclization using amidomercuration.
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DEOXYGENATION REACTION IN THE SYNTHESIS OF NEW AZOLYLSUBSTITUTED
HETEROCYCLIC SYSTEMS

M. Dubovis, G. Rudakov
D. Mendeleev University of Chemical Technology of Russia, Miusskaya sq. 9, 125047,Moscow,
Russia

Several methods are currently known for deoxygenation of primary and secondary nitroalkanes with
trivalent phosphorus compounds leading to the formation of nitriles, amines and derivatives of
oximes. Recently we have shown that substituted 1-(5-nitro-1,3-dioxan-5-yl)-1H-1,2,3-triazoles la-
0 easily transform into a new 4,7-dihydro-1,3,5-dioxazepine 2a-o0 heterocyclic system by heating
with triethylphosphite [1]. Also we had positive results when 1-(1-tert-butyl-3-nitroazetidine-3-yl)-
1H-1,2,3-triazoles 3a-k were used as start materials. We got a range of 1-(1-tert-butyl-2,5-dihydro-
1H-imidazole-4-yl)-1H-1,2,3-triazoles 4a-k with a good yield. We carefully studied the mechanism
of this process and found that it occurred similarly to deoxygenation of germinal
cloronitrocycloalkanes with triphenylphoshine [2]. Based on this information we created various

imidazoles which contain different azoles 4l-q in the fourth position.
Az _N N
ON_ Az I\\]\>/R P j/
N= Az oN_ N7 N
P(OEt P(OEt);,Az 2 P(OEY), N
N o, (") 8 &

0.0 CHet 0O o ><N\/ Gl N Gl r\<

R

N\/N
R1>< R, R?< R, ><

1a-o 22-0 4kq 3a-k 4a-k
R,=R,= CH,, Az = imidazole-1-yl (1a), pyrazole-1-yl (1b), benzoimidazole-1-yl (1c), R = H (4a); SiMe, (4b); Cyclo-C;H, (4¢), C.H, (4d),
1,2,3-triazole- 1-yl (1d), benzotriazole-1-yl (1e), 1,2,3-triazole-2-yl (1f), benzotriazole-2-yl (1g) 2-FC¢H, (4e), 2-CIC H, (4f), 3-CIC H, (4g),
R, =R, =H, Az=1,2,3-triazole-1-yl, (1h), R, = R, =Me, Az =1,2,3-triazole-1-yl (1i), 2,4-C1,CH, (4h), 4-CF,C H, (4i), 3-CF,C H, (4j),
R, =H, R, =Ph, Az=1,2,3-triazole-1-yl (1j), R, =R, = Me, Az = 1,2,3-triazole-1-yl (1k), 3-CH,;0CH, (4k); Az = imidazole-1-yl (41),
R, =Me, R, =Et, Az = 1,2,3-triazole-1-yl (1I), R, =R, =Me, Az = 4-phenyl-1H-1,2,3-triazole-1-yl (1m), pyrazole -1-yl (4m), benzoimidazole-1-yl (4n),

R; =R, =-(CH,),, Az=1,2,3-triazole-1-yl (In), R, =R, =-(CH,)s-, Az = 1,2,3-triazole-1-yl (o), benzotriazole-1-yl (40), adenine-9-yl (4p), L-histidine (4q)
R, =R, =Me, Az = 4-trimethylsilyl-14-1,2,3-triazole-1-yl (10)

These structures could be interesting as new systems or as start materials for obtaining new
heterocyclic systems such as 6a-q:

NN Az
4 A g
NaN (6) = AICI
14— 4a-q o N 78 . %N
EOH-H,0,t ¢ S ><N\/ to’\l/luv?lne HN—//
>
Sa-q 6a-q

Some of these molecules were tested on a range of phytophatogenic fungi.
[1] G.F. Rudakov, M.V. Dubovis, A.S. Kulagin, K.V. Tsar'kova, A.S. Goloveshkin, and V. F.

Zhilin, Chem. Heterocycl. Compd., 2015, 50, 1634.
[2] M. Ohno, N. Kawabe, Tetrahedron Lett., 1966, 7, 3935.
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DESIGN, SYNTHESIS AND BIOLOGICAL EVALUATION OF NOVEL
DIHYDROPYRANOINDOLE SYSTEMS FOR THE ENHANCEMENT OF ANTI-
CANCER EFFECTS OF HDAC INHIBITORS

Murat Bingul***", Belamy B. Cheung®, Glenn M. Marshall**, Naresh Kumar?, David StC.
Black?®”

LSchool of Pharmacy, Dicle University, Diyarbakir, 21280, Turkey
2School of Chemistry, The University of New South Wales, Sydney, NSW 2052, Australia
3 Children’s Cancer Institute Australia for Medical Research, Lowy Cancer Research Centre,
The University of New South Wales, Sydney, NSW 2052, Australia
* Centre for Children’s Cancer and Blood Disorders, Sydney Children’s Hospital, Randwick,
NSW 2031, Australia
Email: murat.bingul@dicle.edu.tr

Chemotherapy is one of the most common treatments for high-risk cancer patients. [1,2]
A range of well-known agents have been used to combat to various cancers in modern
chemotherapeutic approaches. [3,4] However, a major problem faced in chemotherapy is the
resistance to commonly-used anti-cancer drugs. [5] Therefore, exploration of novel
chemotherapeutic agents is in urgent demand in the area of drug discovery and development.
The key objective of this research is to synthesize a range of novel indole-based heterocyclic
molecules that can potentially be used for multi-targeted cancer therapies in combination with
clinical doses of Histone deacetylase (HDAC) inhibitors. The work therefore consists of the
design and synthesis of novel indole scaffolds as well as their systematic pre-clinical in vitro
evaluation against human cancer cell lines in combination with HDAC inhibitors. A variety of
unique indole-based fused dihydropyrano systems has been developed by using different
synthetic methodology. Key tricyclic and tetracyclic pyranoindole systems have been
prepared through treatment of dihydroxybenzaldehydes with haloalkynes to generate aryl
ether benzaldehydes and the application of Hemetsberger indole synthesis allowed to build
indole moiety. The Claisen cyclization of the alkyne indole ethers yielded the desired
dihydropyranoindole systems. The cytotoxic profile of the novel compound was determined
against a range of neuroblastoma (SH-SY5Y and Kelly) and breast cancer (MCF-7 and MBA-
231) cells. The toxicity study for the healthy human cells was evaluated against the MRC-5
and WI-38 human fibroblast cells.

References

1. Matthay, K. K.; Yanik, G.; Messina, J.; Quach, A.; Huberty, J.; Cheng, S. C.; Veatch,
J.; Goldsby, R.; Brophy, P.; Kersun, L. S.; Hawkins, R. A.; Maris, J. M., J Clin Oncol 2007,
25 (9), 1054-1060.

2. DuBaois, S. G.; Kalika, Y.; Lukens, J. N.; Brodeur, G. M.; Seeger, R. C.; Atkinson, J.
B.; Haase, G. M.; Black, C. T.; Perez, C.; Shimada, H.; Gerbing, R.; Stram, D. O.; Matthay,
K. K., J Pediat Hematol Onc 1999, 21 (3), 181-189.

3. Matthay, K. K.; Reynolds, C. P.; Seeger, R. C.; Shimada, H.; Adkins, E. S.; Haas-
Kogan, D.; Gerbing, R. B.; London, W. B.; Villablanca, J. G., J Clin Oncol 2009, 27 (7),
1007-1013.

4. Smith, M. A.; Seibel, N. L.; Altekruse, S. F.; Ries, L. A. G.; Melbert, D. L.; O'Leary,
M.; Smith, F. O.; Reaman, G. H., J Clin Oncol 2010, 28 (15), 2625-2634.

5. Lautz, T. B.; Jie, C.; Clark, S.; Naiditch, J. A.; Jafari, N.; Qiu, Y. Y.; Zheng, X.; Chu,
F.; Madonna, M. B., Plos One 2012, 7 (7).
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A synthesis of functionalized indolizines by 1,3-dipolar cycloaddition reaction of azomethine
ylides and phosphorylated hydroxyketenes

Maryam Naeimabadi and Issa Yavari~
Department of Chemistry, Tarbiat Modares University, PO Box 14115-175, Tehran, Iran

The 1,3-dipolar cycloadditions of azomethine ylides are generally stereospecific, with the
stereochemistry of the dipole and dipolarophile retained in the cycloadduct. In this work, a method
has been developed for the generation of azomethine ylides via C-H activation of unreactive
C(sp®)-H bonds of 2-methylazaarenes. Molecular iodine-promoted metal-free C—H activation of
alkyl azaarenes has been described [1]. Herein, we represent a novel indolizine synthesis from the
reaction of pyridinium ylides, generated from iodine-mediated reaction of 2-methylquinoline and
pyridine, with phosphorylated hydroxyketenimines, formed via a Nef-Perkow cascade [2] involving
isocyanides as starting material, in moderate to good yields. Various featurs of these
transformations will be presented and discussed.
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Scheme. One-pot multicomponent synthesis of indolizine derivatives.

[1] Kumar, A.; Gupta, G.; Srivastava, S. Org. Lett. 2011, 13, 6366~6369.
[2] Coffinier, D.; El Kaim, L.; Grimaud, L. Org. Lett. 2009, 11, 1825~1827.
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PTSA-catalysed Rearrangement Reaction of §~-Hydroxyalkynones
to 6-Substituted 2,3-Dihydro-4H-pyran-4-one

Sachin P. Gholap and Rodney A. Fernandes*
Department of Chemistry, Indian Institute of Technology Bombay,
Mumbai, Maharashtra, India 400076

Pyrones are one of the important class of compounds which is present in various biological active
molecule and natural products.!*] A PTSA-catalyzed intramolecular rearrangement reaction of &-
hydroxyalkynones to 6-substituted 2,3-dihydro-4H-pyran-4-ones has been developed. The desired
rearranged product has been accomplished regioselectively over more conventional cyclization under
mild and open-air conditions. The scope of the work has been illustrated by synthesizing a new class
of aliphatic and aromatic 6-substituted 2,3-dihydro-4H-pyran-4-ones substrates in upto 96% yield
with 100% atom economy and regiosectivity that can be used for constructing complex molecular

targets.
0] 0] O
- 0 X
R)\/\ p-TsOH (10 mol %) ﬁ NXS fﬁ
OH MeOH, rt, air
1-8 hr R™ 0 RO
R = alkyl or aryl -100 % Regioselectivity X=1lorBr
-100 % Atom economy
-Upto 96 % yield
-Mild reaction condition
-Open air reaction
-Catalytic amount of PTSA used
-Low concentration of solvent
References:

[1] L. F. Cavalieri, Chem. Rev. 1947, 41, 525-584.
[2] I.-K. Lee, B.-S. Yun, The Journal of Antibiotics 2011, 64, 349-359.
[3]1J.S. Lee, Mar. Drugs 2015, 13, 1581-1620.
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Syntheses and Characterizations of Novel 6-(Pyridinyl)pyrimidine-2,4-diamines using
Pd-catalysed Suzuki Cross-Coupling Reactions

Ali Tuna*, Mihai Raducan, Bernhard Spingler

Department of Chemistry, University of Zurich, Zurich, Switzerland, CH-8057
ali.tuna@uzh.ch

Suzuki cross-coupling reactions which involve Pd-catalysed cross-coupling reactions are useful for
preparing hetero-aryl functionalised heterocyclic compounds. [1,2]

Some 6-aryl-2,4-diaminopyrimidine derivative compounds have been published with their
potentially interesting molecular recognitions, agrochemical and pharmaceutical properties such as
diarylamides derivatives have been highlighted as potential antiproliferative agents against a variety
of cancer cell lines. [3]

We studied the reaction of between 6-chloro-2,4-diaminopyrimidine and 3- and 4- substituted
pyridylboronic acids to give novel 6-(pyridinyl)pyrimidine-2,4-diamines.

During the literature searching, syntheses of similar compounds were resulted in lower yields.
6-(pyridinyl)pyrimidine-2,4-amines may be used as an easily synthesizable and functionalizable to
prepare its derivatives via amino groups functionalizing. The amino group of 2-position is more
reactive than 4-position, thus 2-position may be functionalized before addition on 4-position or they
may be functionized with same reagent on both amino groups. Several of variety of functionalizing
is open for free amino groups. [4,5]

N
NT | X
| = =
ZZIN " >N
s s
HoN N NH, H,oN N NH,

Scheme 1: 6-(pyridin-3-yl)-2,4-diaminopyrimidine (left),
6-(pyridin-4-yl)-2,4-diaminopyrimidine (right)

The reaction conditions were optimized using different solvents. The novel 6-(pyridinyl)pyrimidine
compounds were purified by flash column chramotography and characterized by NMR and X-ray
studies.

[1] G. Cooke et al., Tetrahedron, 2001, 57, 2787-2789.

[2] H. W. Lee et al., Heterocyclics, 2005, 65, 2505-2511.

[3] M. Moorjani et al. Bioorganic Medicinal Chemistry Letters, 2008, 18 5402-5405.

[4] A.Z. Abdelazem et al. Bioorganic & Medicinal Chemistry Letters, 2016, 26, 1301-1304.
[5] L. H. Gilbert et al. Journal of Medicinal Chemistry, 2016, 59, 6101-6120.
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Synthesis, Characterization and NMR studies of Azahemiporphyrazines

Ali Tuna*, Thomas Fox, Bernhard Spingler

Department of Chemistry, University of Zurich, Zurich, Switzerland, CH-8057
ali.tuna@uzh.ch

Hemiporphyrazines (Hps) are tetradentate, C,, symmetric, nearly planar and with a cross-conjugated
20 m-electron macrocylic non-aromatic compounds. Hemiporphyrazines are also called analogues of
phthalocyanines (Pc), in which two opposing (trans) isoindoline units are replaced by 2,6-diamino
substituted pyridine rings. These macrocyclic molecules with a cross-conjugated 20 m-electron
system, do not display aromatic behavior. The free base hemiporphyarzine (HpH,) and metallo
hemiporphyrazines (MHp) were first synthesized by Linstead in 1952. The simple
hemiporphyrazine structure contains two co-facial isoindole and two co-facial 2,6-diaminopyridine
that are linked through four aza bridges as benzo-fused porphyrazine (tetraazaporphine). [1,2,3]

In this study, 3,4-dicyanopyridine was synthesized from pyridine-3,4-dicarboxylic acid and reacted
with 2,6-diaminopyridine to prepare the desired macrocyclic ring. The free base ring was purified
by washing, dried and characterized by ESI-MS, UV-Vis, FTIR, EA, 1D and 2D-NMR
spectroscopic techniques.

During the NMR studies, we realized that the two conformers as cis and trans-isomers are present

in a 1:1 ratio of both conformers. The assignment of all proton (H) and carbon (C) atoms of both
conformers as achived as well.
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Scheme 1: cis-azahemiporphyrazine (left) and frans-azahemiporphyrazine (right).

[1]J. A. Elvidge and R. P. Linstead, J. Chem. Soc, 1952, 1, 5008-5012.
[2] D. Attanasio, I. Collamati and E. Cervone, Inorg. Chem., 1983, 22, 3281-3287
[3] S. M. Huber, Master thesis, 2012, University of Zurich, Switzerland
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Accounting for Different Reactivities of Sulfinate and Thiosulfate Salts in
Regioselective Azetidine Coupling via C-H Sulfenylation of Indoles and
First Formal Synthesis of Methyl Echinosulfone A Alkaloid.

Muhannad A. E. Al-Saedy®®, Anne-Chloé M. A. Nassoy® and Joseph P. A. Harrity™*

*Department of Chemistry, University of Sheffield, Sheffield, S3 7HF, U.K.
®Department of Chemistry, University of Al-Mustansiriyah, Baghdad, Iraq.
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| SR=SO,Na | SR=SSO:;Na !
i Narrow scope i Broad scope E
' via Az-S(O)-1 \ via Az-S-I |

Australian marine sponge

Echinosulfone A “ Echinodictyum sp.”

The regioselective incorporation of azetidines into indoles, pyrroles and imidazo[1,2-
a]pyridines is reported via a formal C-H sulfenylation reaction. While sodium sulfinate salts
undergo C3 sulfenylation of electron rich indoles only, the corresponding thiosulfate salts
have proved to be more general. In addition, thiosulfate salts have been shown to successfully
couple to pyrroles and imidazo[1,2-a]pyridines. A mechanistic hypothesis for the different
reactivities of sulfinate and thiosulfate salts is provided. The application of C-H sulfenylation
chemistry using Bunte salt for the first formal synthesis of methyl Echinosulfone A alkaloid
is described.
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Base-catalyzed one carbon ring expansion of azetidin-2-ones

Marcin Mielczarek, Pablo Pefia, Roberto Quesada and Maria Garcia-Valverde*
Department of Chemistry, University of Burgos, 09001 Burgos, Spain
e-mail: mmielczarek@ubu.es, *magaval@ubu.es

LDA- and n-BuL.i-catalyzed one carbon ring expansion of B-lactams (azetidin-2-ones) 1 through the
N(1)-C(4) bond cleavage followed by C(5) carbon insertion has been found a convenient method
for the preparation of y-lactams (pyrrolidin-2-ones) 2 with aryl substituents at positions 4 and 5.

Ph
Ph :
PN LDA N Ph
B ——
R THF R
o R rt o R
1a (R = Me) 2a (R = Me)
1b (R = Ph) 2b (R = Ph)

Our research interests include applications of the Ugi reaction and other multicomponent reactions
in the synthesis of complex heterocyclic structures.!? The reaction of azetidin-2-one 3 (synthesized
by an Ugi/cyclization sequence) and LDA has been explored. Formation of pyrrolidin-2-one 4 as a
product of one carbon ring expansion has been observed. Interestingly, either deacylated derivative
5 or pyrrolidin-2,5-dione 6 has been obtained as a side product.

Q
Ph—\ N’
ﬁ H
o R ph O R o 5
H R

1= t
Ph—\ NH | DA (3.0 equiv.) N = Bn, Cy, 'Bu, n-Bu
N 0 HN o * or R? = 4-MeCgH,, 4-MeOCgHy,,
THE /N, 4-CIC4H4, Ph, Me

o R? rt/5h 3 R2 0 g

(as a mixture of two R1‘N

diastereoisomers) @
4

Structural elucidation of the unexpected five-membered ring product 6 has been investigated and a
suggested mechanism of its formation will be presented.

[1] (@) Park, J.-H.; Ha, J.-R.; Oh, S.-J.; Kim, J.-A; Shin, D.-S.; Won, T.-J.; Lam, Y.-F.; Ahn, C.
Tetrahedron Letters 2005, 46, 1755; (b) Escalante, J.; Gonzalez-Tototzin, M. A. Tetrahedron:
Asymmetry 2003, 14, 981.

[2] (a) Pertejo, P.; Corres, N.; Torroba, T.; Garcia-Valverde, M. Org. Lett. 2015, 17, 612; (b)
Pertejo, P.; Garcia-Valverde, M.; Pefia, P.; Cordero, N. A.; Torroba, T.; Gonzélez-Ortega, A. Org.
Biomol. Chem. 2014, 12, 4905.

This work has been supported by the European Union’s Horizon 2020 research and innovation programme (TAT-CF
Project, Grant agreement No: 667079).
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Dazine derivatives of potential interest in leishmaniasis

Dorina Mantu,* Philippe M. Loiseau,? Sandrine Cojean, * lonel I. Mangalagiu® and Violeta
Vasilache*'"
1. “Alexandru loan Cuza” University of lasi, Faculty of Chemistry, CERNESIM? Research
Center, Bd. Carol 11, 700506-1asi, Romania.
2. Université Paris-Sud, Faculté de Pharmacie, Antiparasitic Chemotherapy-UMR 8076 CNRS
BioClIS, LabEx LERMIT 5, Rue Jean-Baptiste Clément, 92290- Chatenay-Malabry, France.

Cutaneous Leishmaniasis is the most common form of leishmaniasis. Current treatments for
cutaneous leishmaniasis are performed with success using classical drugs such us pentamidine and
imidazoquinolines. However, their use is limited by their toxicity, side effects, relatively high cost,
discomfort and the emergence of drug resistance. This is why new approaches are urgently needed.

Nitrogen derivatives are “privileged structures” in drug design, optoelectronics, etc., the
azaheterocycle scaffold being a core skeleton for multiple purposes. Pentamidine is a second-line
drug largely used in treatment against cutaneous leishmaniasis caused by Leishmania major
infection. The emphasis of this work consists in design, synthesis, characterization and
determination of antileishmanial activity of new bis-pyridazine (BP) derivatives analogues of
pentamidine.

Pentamidine

NH» HoN
HN H o [
2 P G\
(@) (@)

The synthesis of our BP derivatives is straightforward and efficient, involving either a N-alkylation
of BP (for BP-I class), either a N-alkylation followed by substitution with hydrazine for BP-II
class, and finally, a condensation for BP-111 class.

(e}

BP-E O

O BP-I

BP-II BP-III

The structures have been elucidated by elemental and spectral analysis: IR, NMR (1H-, 13C- and
2D-experiments), X-ray analysis on monocrystal including.
The antileishmanial assay against Leishmania donovani intramacrophage amastigotes

revealed a very good and promising activity for some BP compounds.
Acknowledgements. Authors are thankful to COST Action CM1307 and POSCCE-O 2.2.1, SMIS-CSNR 13984-901,
No. 257/28.09.2010 Project, CERNESIM.
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Competent route to Unsymmetric Dimer Architectures:
Total Synthesis of (-)-Lycodine and (-)-Complanadines A and B

Chihiro Tsukano,*™® Le Zhao,™™ Eunsang Kwon,"”! Masahiro Hirama,™ Yoshiji Takemoto!®
a. Graduate School of Pharmaceutical Sciences, Kyoto University
Sakyo-ku, Kyoto 606-8501, Japan
b. Departmetn of Chemistry, Graduate School of Sciences, Tohoku University
Aobaku-ku, Sendai 980-8578, Japan

Complanadine A and B were isolated from club moss Lycopodium complanatum by Kobayashi and
coworkers. Its structure was characterized by a dimeric motif of lycodine-type CisN, skeleton.
Interestingly complanadine A and B induced mRNA expression level for nerve growing factor
(NGF) in 1321N1 human astrocytoma cells.[1] Because of the intriguing biological activity and
complex structure, we started a synthetic program toward complanadines. Herein, we will present
the total syntheses of lycodine, complanadines A and B.

In the synthesis of lycodine, diastereoselective Diels-Alder followed by Mizoroki-Heck reactions
was employed for accessing a bicycle[3.3.1]Jnonane core in the skeleton. A key coupling reaction of
the lycodine units, pyridine N-oxide (+)-1 and bromopyridine derivative (+)-2, through C—H
functionalization gave an unsymmetric dimer (+)-3 at a late stage of the synthesis. The total
synthesis of (—)-complanadine A and B was achieved from the intermediate (+)-3. We will report
the detail of our total synthesis as well as biological studies. [2,3]

mCPBA =

76% I 0 O >\ 1. Acs0, 120 °C
RN NN PA(OAC), H: 2. K,CO3, MeOH H: o
>\: Cbz & tBuDavePhos 3. DMP, Ct‘zcb 7
t' z (+)-1 Cs,CO3, PivOH P N 4.HCI, 70 °C,
/Y mesitylene, 130 °C 56% (4 steps)
e, — + - = Cb = X B —
N Z >N 52% "’|_>, or
| < ’,
NG H: (33 N /" Pd(OH)IC
) Y HCO,NH, _
(-)-Cbz-lycodine s MeOH, 65% (-)-Complanadine A (R = H,)
1.[Icob)OMe)l, N~ Y °N (-)-Complanadine B (R = O)

Budpy.. Bin)l, Cbz )

2. CuBr,, MeOH-H,0
60% (2 steps) Br . .
(+)-2 Scheme 1. Total Synthesis of Complanadine A and B.

[1] (a) Kobayashi, J.; Hirasawa, Y.; Yoshida, N.; Morita, H. Tetrahedron Lett. 2000, 41, 9069. (b)
Morita, H.; Ishiuchi, K.; Haganuma, A.; Hoshino, T.; Obara, Y.; Nakahata, N.; Kobayashi, J.
Tetrahedron 2005, 61, 1955.

[2] Tsukano, C.; Zhao, L.; Takemoto, Y.; Hirama, M., Eur. J. Org. Chem., 2010, 4198.

[3] (@) Zhao, L.; Tsukano, C.; Kwon, E.; Takemoto, Y.; Hirama, M., Angew. Chem. Int. Ed., 2013,
52, 1722. (b) Zhao, L.; Tsukano, C.; Kwon, E.; Shirakawa, H.; Kaneko, S.; Takemoto, Y.; Hirama,
M., Chem. Eur. J., 2017, 23, 802.
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Towards the Total Synthesis of Divergolide Ansamycins: Preparation of macrocyclic
precursors for the exploration of their biomimetic diversification

Daniel W. Terwilliger and Dirk Trauner*
Ludwig-Maximilians-Universitdt, Munich, Germany

The divergolides represent strikingly diverse family of ansamycin polyketides. Studies on their
biosynthesis reveal remarkable plasticity: a single molecule grants acts as a precursor to four
different ring systems that resemble the skeletons of almost 20 different natural products.[1] Most
of these show promising biological activity and have therefore evoked considerable interest in the
synthetic community, yet no successful synthesis has been reported.

hypothetical
pro-divergolide

15 steps longes! linear sequence

divergolide D divergolide E
In our latest approach, we demonstrate how advanced macrocyclic compounds can be accessed in a
rapid and convergent fashion, enabling us to explore the biomimetic endgame. We will present the
evolution of this highly optimized synthesis as well as our forays into the final cyclization reactions.
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[1] Angew. Chem. Int. Ed. 2011, 50, 1630. Gene 2014, 93. ChemBioChem 2014, 15, 1274. OBC,
2014, 6, 1579. RSC Advances, 2015, 5, 98209
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Synthesis of Functionalized Pyrazoles, Isoxazoles and Triazoles using 1,3-Dipolar Cycloaddition
Reaction of Nitrile Imine and Nitrile Oxide

Atefeh Roosta and Abdolali Alizadeh”
Department of Chemistry, Tarbiat Modares University, PO Box 14115-175, Tehran, Iran

Development of versatile heterocycle synthesis has always been an important area in synthetic organic
chemistry [1]. The 1,3-dipolar cycloaddition is a powerful approach for the construction of five-
membered heterocycles since it was first reported by Huisgen in the 1960s [2]. The pyrazoles, 4,5-
dihydroisoxazoles and 1,2,4-triazoles are found in natural and synthetic products that exhibit a wide range
of biological activities [3]. Herein, we represent a novel method for the synthesis of these compounds by
nitrile imine and nitrile oxide as 1,3-dipoles through a one pot procedure.
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Scheme 1. Synthesis of 1,3-diphenyl-1H-pyrazole-5-carbonitrile via three-component reaction.
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Scheme 2. Synthesis of 1,3,5-trisubstituted 1,2,4-triazoles.
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Scheme 3. Synthesis of substituted 3-bromo-4,5-dihydro isoxazoles

[1] Eicher, T.; Hauptmann, S. The Chemistry of Heterocycles; Wiley-VCH: Weinheim, 2003.

[2] He, Z,; Liu, T.; Tao, H.; Wang, C. J. Org. Lett. 2012, 14, 6230~6233.

[3] Yang, Y.S.; Li, Q.S,; Sun, S.; Zhang, Y. B.; Wang, X. L.; Zhang, F.; Tang, J. F.; Zhu, H. L. Bioorg.
Med. Chem. 2012, 20, 6048~6058.
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Optimization of fragment-like CsrA-RNA interaction inhibitors as potential anti-infectives

Kirsch, Philine', Jakob, Valentin®, Maurer, Christine K.}, Empting, Martin®"

"Helmholtz Institute for Pharmaceutical Research Saarland, Universitatscampus E8.1, 66123
Saarbriicken/GER

The carbon storage regulator A (CsrA) is an astonishingly wide-spread bacterial RNA binding
protein mediating global effects on translation by binding to GGA-motifs in mRNAs [1]. In
pathogens, it is involved in regulation of pathogenicity traits rendering CsrA as a promising anti-
infective drug target [2]. It is highly conserved in structure and RNA recognition [3] and is involved
in virulence, motility, and biofilm formation [4]. Notably, a CsrA mutant of the pathogen Yersinia
pseudotuberculosis displayed attenuated virulence in a murine infection model.

In a previous study, we discovered the first CsrA-RNA interaction inhibitors via biological and
biophysical screenings of different small molecule libraries and the DZIF natural compound library
[5]. From libraries of ~ 1000 molecules, 7 compounds were identified inhibiting the interaction by
binding to CsrA, not to RNA. Among these hit molecules, we identified three promising
heterocyclic scaffolds of fragment-like size suitable for facile medicinal chemistry optimization.

First, we elaborated synthetic routes to these compounds, which enabled us to introduce further
modifications systematically. Then, we evaluated the hit scaffolds and their derivatives in a
fluorescence polarization competition assay regarding their ability to disturb the RNA-protein
interaction. The gained SAR insights will be exploited for future fragment-growing efforts.

[1] C. A. Vakulskas, A. H. Potts, P. Babitzke, B. M. M. Ahmer and T. Romeo,
Microbiology and molecular biology reviews: MMBR 2015, 79, 193-224.

[2] A. K. Heroven, K. Bohme, and P. Dersch, RNA biology 2012, 9, 379-391.

[3] A. K. Dubey, C. S. Baker, T. Romeo, P. Babitzke, RNA 2005, 11, 1579.

[4] J. Timmermans, L. Van Melderen, Cell Mol. Life Sci. 2010, 67, 2897.

[5] C. Maurer, Future Med. Chem. 2016, 9, 931-947.

228



ISHC 2017 Poster Abstracts TUE-P 102

A Photocatalytic Meerwein Approach to the Synthesis of Isochromanones and
Isochromenones

S. Crespi,® S. Jager,” B. Konig® and M. Fagnoni®*
 PhotoGreen Lab, Department of Chemistry, University of Pavia, Pavia 1-27100
® Institute of Organic Chemistry, Department of Chemistry and Pharmacy, University of
Regensburg, Regensburg D—-93040

Isochromanones and isochromenones are molecules belonging to the isocoumarin—like product
family. These molecules are commonly isolated from a wide variety of natural sources, such as
plants, insects and microbes. [1] The interest regarding these classes of compounds is clearly
witnessed by the vast number of reports regarding their activities, that span from antifungal to
cytotoxic, antimalarial and anti—allergic properties. [2] In particular, heterosubstituted derivatives B
have emerged as a class of iridium ligands in strongly emitting organometallic complexes that could
find application in the development of tunable organic light-emitting diodes (OLEDs). [3] The large
number of applications has triggered the development of various synthetic routes towards these
compounds.

Herein we report a visible—light Ru" photoredox Meerwein approach to the synthesis of
isochromanones and isochromenones, [4] starting from diazonium salts of differently substituted
anthranilic acids and various alkenes. This strategy is reliable and efficient, affording the desired
products in good yields with high selectivity under mild conditions. The method allowed to build a
small library of 3,4-dihydroisocoumarins. Both the presence of different substituents on the ring of
the diazonium salt and modifications of the nature of the substituents on the unsaturated moiety do
not affect the reaction outcome.

X R

R3 R oor U R3
N,BF, HO™ A Jﬁ:Q’R
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R? OH  [Rupy)gcl, R ©

R" O (2 mol %) Ry O R O
LED @ 455 nm 13 examples 4 examples

2h, MeCN 23-95% 44-65%
isochromanones isochromenones

[1] S. Pal, V. Chatare, M. Pal, Curr. Org. Chem., 2011, 15, 782-800;

[2] J. Barbier, R. Jansen, H. Irschik, S. Benson, K. Gerth, B. Bohlendorf, G. Hofle, H. Reichenbach,
J. Wegner, C. Zeilinger, A. Kirsching, R. Muller, Angew. Chem. Int. Ed. 2012, 51, 1256-1260;
Angew. Chem. 2012, 124, 1282-1286

[3] X. Ren, M. E. Kondakova, D. J. Giesen, M. Rajeswaran, M. Madaras, W. C. Lenhart, Inorg.
Chem. 2010, 49, 1301-1303.

[4] S. Crespi, S. Jager, B. Kénig, M. Fagnoni Eur. J. Org. Chem. 2017, 2147-2153
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Preparation of a Novel TetraPyrazinoPorphyrazine

Luca Scapinello,? Luca Vaghi,” Giovanni Palmisano,® Andrea Penoni®*
& Dipartimento di Scienza e Alta Tecnologia, Universita degli Studi dell’Insubria, via Valleggio 9,
22100, Como - Italy
® Dipartimento di Scienza dei Materiali, Universita degli Studi di Milano-Bicocca, Via Cozzi 55,
20125, Milano - Italy

TetraPyrazinoPorphyrazines (TPyzPzs) are highly conjugated macrocyclic compounds that are
particularly known, studied and used starting from the last century.[1] The ever growing interest in
this class of compounds is connected with many potential applications in material science. Different
TPyzPzs and their corresponding metal-complexes (TPyzPzsM) were illustrated as electronic
devices, organic transitors, pigments, liquid-crystaline films.

n-Octyl O
N

NC Q MXo
O | N—Octyl ———>
NC @Cl
9, e

Metal-complexes can be directly synthesized by the reaction of dinitrile precursors at high
temperature in the presence of metal salts. Our studies in this class of compounds started with their
use in catalytic procedures for the cyclopropanation of alkenes with EDA (EthylDiazo Acetate).[2]
We started with this research following our previous interest in oxcarbazepine compounds and our
particular attention was devoted to the preparation of a class of TPyzPzsM containing a
dibenzoazepine moiety.[3]

[1] M. P. Donzello, C. Ercolani, V. Novakova, P. Zimcik, P. A. Stuzhin Coord. Chem. Rev. 2016,
309, 107-179

[2] M. Parravicini, L. Vaghi, G. Cravotto, N. Masciocchi, A. Maspero, G. Palmisano, A. Penoni
ARKIVOC 2014, vi, 72-85

[3] L. Vaghi, E. Calcio Gaudino, G. Cravotto, G. Palmisano, A. Penoni Molecules 2013, 18, 13705-
13722
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Chromones as versatile building blocks in cycloaddition reactions

H. M. T. Albuquerque,* C. M. M. Santos,"*" J. A. S. Cavaleiro, and A. M. S. Silva®
'Department of Chemistry & QOPNA, University of Aveiro, 3810-193 Aveiro, Portugal
2Scholl of Agriculture, Polytechnic Institute of Braganca, 5301-855 Braganca, Portugal

4H-Chromen-4-ones commonly referred as chromones are a class of naturally occurring
heterocyclic compounds implicated in a series of biological and pharmacological properties.[1] It is
also an interesting scaffold involved in a range of chemical transformations for the preparation of
novel and more complex oxygen-containing heterocyclic derivatives.[2]

Following our interest in the chemistry of chromones, we design two different building blocks, 2-
[(1E,3E)-4-arylbuta-1,3-dien-1-yl]-4H-chromen-4-ones 1 and (E)-2-(4-arylbut-1-en-3-yn-1-yl)-4H-
chromen-4-ones 2, and explore the reactivity of the unsaturated systems in cycloaddition reactions.
In the former case, chromones 1 were used as dienes in microwave-assisted Diels—Alder (DA)
reactions with various electron-poor and electron-rich dienophiles to provide flavone-type
compounds 3.[3] In the latter case, the diene system of chromones 2 was involved in DA reactions
with N-methylmaleimide whereas the acetylene moiety react with sodium azide, via 1,3-dipolar
cycloaddition reaction, to afford xanthene-1,2,3-triazole dyads 4.[4] In this communication, we will
present and discuss the synthetic details and spectroscopic characterization of the main products and
some interesting byproducts, as well as the intermediate compounds isolated in each case.

R1

o 1 0O 2
Diels-Alder reaction with electron-poor Diels-Alder reaction with N-methylmaleimide
and electron-rich dienophiles and 1,3-dipolar reaction with sodium azide

Thanks are due to University of Aveiro and FCT/MEC for the financial support of the QOPNA research unit
(FCT UID/QUI/00062/2013) through national founds and, where applicable, co-financed by the FEDER,
within the PT2020 Partnership Agreement, and to the Portuguese NMR Network, as well as to the Instituto
Politécnico de Braganca. H.M.T.A. is grateful to FCT for their PhD grant (SFRH/BD/86277/2012).

[1] S.K. Sharma, S. Kumar, K. Chand, A. Kathuria, A. Gupta, R. Jain, Curr. Med. Chem. 2011, 18,
3825.

[2] a) M.A. Ibrahim, T.E. Ali, Y.A. Alnamer, Y.A. Gabr, Arkivoc 2010, (i), 98. b) C.M.M. Santos,
A.M.S. Silva, Eur J. Org. Chem. 2017, in press.

[3] H.M.T. Albuquerque, C.M.M. Santos, C.F.R.A.C. Lima, L.M.N.B.F. Santos, J.A.S. Cavaleiro,
A.M.S. Silva, Eur. J. Org. Chem. 2017, 87.

[4] H.M.T. Albuquerque, C.M.M. Santos, J.A.S. Cavaleiro, A.M.S. Silva, Eur. J. Org. Chem.
2015, 4732.
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Synthesis of stable trans-cyclooctene containing amino acids for in vivo inverse-electron
demand Diels-Alder cycloaddition with tetrazines.

N. V. Shymanska, J.-E. Hoffmann, D. W. Will, C. Schultz and E. A. Lemke*
Structural and Computational Biology Unit, Cell Biology and Biophysics Unit
Chemical Biology Core Facility, European Molecular Biology Laboratory
Heidelberg 69117, Germany

Bioorthogonal ligation strategies based on Diels-Alder cycloaddition are gaining widespread
attention in the fields of chemical biology, medicine and diagnostics. In particular, specific and fast
reactivity of strained trans-cyclooctenes with 1,2,4,5-tetrazines in the inverse-electron demand
Diels-Alder cycloaddition (IEDDAC) enabled selective tagging of biomolecules with small-
molecule fluorophores suitable for in vivo super-resolution microscopy. [1] Notably, some trans-
cyclooctene (TCO) based strained dienophiles can react rapidly with unhindered tetrazines
exceeding reaction rates of enzymatic reactions. The high rate of the IEDDAC reaction is partly due
to the ring strain induced by the trans geometry of the double bond. However, the induced strain
makes trans-cyclooctenes containing probes susceptible to nucleophilic attack by thiols present in
biological media. [2] Additionally, the dihydropyridazine product of IEDDAC reaction between
trans-cyclooct-2-en-1-ol can undergo a side-reaction to eliminate a carbamate moiety under release
of carbon dioxide and the linked amino acid. [3]

RS H T RS < R,
2 H RS 2 H R H 2 H
N% 2 H N* N* N7
| | | |
N__- N~ N N — N
HU N H /Q‘ HAUNA N
Ry 02 HoN—AA ‘ R1™X ¥ Ry {xvi Ry 9¢
0 | o | A x
HN, : HN " AA O H,N’§
AA AA:aminoacid Ji AA o AA O

In the context of protein labelling such side-reaction lead to a drop in labelling efficiency when
carbamate derivatives of (E)-cyclooct-2-en-1-ol are utilized. Therefore, there is a need in synthesis
of new stable trans-cyclooctene containing amino acid side chains. We hypothesized that changing
the carbamate to non-eliminating linker may suffice to overcome elimination problem.
Stereoselective Mitsunobu-type displacement was used to install the desired linker onto (E)-
cyclooct-2-en-1-ol. Synthesis of a new trans-cyclooctene containing unnatural amino acid is
reported, as well as its genetic encoding into living mammalian cells. Furthermore, the stability of
the conjugates with tetrazines was characterized by NMR and Forster resonance energy transfer
studies.

[1] Nikic, I.; Girona, G. E.; Kang, J. H., Paci, G.; Mikhaleva, S.; Koehler, C.; Shymanska, N. V.;
Santos, C. V.; Spitz, D.; Lemke, E. A. Angew. Chem. Int. Ed. Engl. 2016, 55,16172~16176.

[2] Hoffmann, J.-E.; Plass, T.; Nikic, I.; Aramburu, I. V.; Koehler, C.; Gillandt, H.; Lemke, E. A;
Schultz, C. Chem. Eur. J. 2015, 21, 12266~12270.

[3] Versteegen, R. M.; Rossin, R.; Hoeve, W.; Janssen, H. M.; Robillard, M. S. Angew. Chem. Int.
Ed. 2013, 52, 14112~14116.

232



ISHC 2017 Poster Abstracts TUE-P 106

Chemoselective activation of amide carbonyls towards nucleophilic reagents

Barttomiej Furman®
Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw,
Poland

Amides represent an important class of compounds in chemistry, chemical biology, and
pharmaceutical industry. Their broad utility in many fields is closely tied to the structure of the
amide moiety which endows these compounds with unique features. The low reactivity of amide
carbonyls towards nucleophiles is a major obstacle to their further functionalization. Selective
activation of amides and lactams enables access to novel reactivity pathways and opens up
intriguing perspectives in synthesis.

Recently, we have demonstrated that upon treatment with Cp,Zr(H)Cl (Schwartz’s reagent), five-
and six-membered lactams, including sugar- and hydroxy acid-derived lactams,' can be easily
converted into imines under mild conditions. In addition, in situ generated cyclic imines can be
directly subjected to further reactions with nucleophilic reagents such as allyltributylstannane,?
Grignard reagents,® enolates’ or Danishefsky’s diene® to afford o-functionalized pyrrolidines,
piperidines, and polyhydroxylated pyrrolidine peptidomimetic® scaffolds in a one-pot manner.

The key advantage of the presented approach is the simplicity and convenience of generation of
sugar-derived imines from readily available starting materials: sugar-derived lactams. The use of
sugar-derived lactams as cyclic imine precursors is crucial to the efficiency of the described
synthetic method. These compounds are more readily prepared, handled, and stored than the
alternative precursors of cyclic imines such as nitrones, N-chloroamines, or azido aldehydes. In the
second part of the presentation, a synthesis of previously inaccessible imines from readily available
amides will be briefly presented.

[1] Szczesniak, P.; Stecko, S.; Maziarz, E.; Staszewska-Krajewska, O.; Furman, B. J. Org. Chem.
2014, 79, 10487-10503.

[2] Szczesniak, P.; Stecko, S.; Staszewska-Krajewska, O.; Furman, B.Tetrahedron 2014, 70,
1880—1888.

[3] Szczesniak, P.; Stecko, S.; Maziarz, E.; Furman, B. J. Org. Chem. 2015, 80, 3621-3633.
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Synthesis of Novel RGD Peptides and Their Coupling with Bioactive
Heterocyclic Skeleton

Fatima Hamdan,
Zahra Bigdeli, Ahmad Shahir Sadr, Saeed Balalaie*

Peptide Chemistry Research Center, K. N. Toosi University of Technology, P. O. Box 15875-

4416, Tehran, Iran, E-mail: Balalaie@kntu.ac.ir, ya.zahra2madad@gmail.com

Arginine-glycine-aspartic (RGD), is a cell adhesion motif displayed on many extracellular
matrix (ECM) and plasma proteins. RGD plays an important role in cell recognition and also
tumor therapy and tissue engineering.
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RGD peptide

Adding bioactive heterocyclic skeleton to the RGD peptides has an essential role in their
conformation and also their biological activities. Meanwhile, there is some heterocyclic
backbone that were selected as a candidate to add to the C- or N- terminal of synthesized
RGD peptides such as pyrazine that exists in the structure of bortozomib as an anti-cancer
drug.

Pyrazines are a class of compounds that occur almost ubiquitously in nature. Their
effectiveness at very low concentrations and the ever increasing application of synthetic
pyrazines in the food and pharmaceutical industries are responsible for the high interest in
these compounds.? Herein, we wish to report the coupling of RGD peptides with 2-pyrazine
carboxylic acid and other bioactive heterocyclic skeletons to access the novel peptides and
show their effect to the conformation of the peptide. The structure of compounds was
confirmed based on the HR-MS (ESI) data. The details about synthetic approach and
structure of product will be further discussed in the conference.
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References:

1- Fen, W.; Yuanyuan,L.; Yinggiang,S.; Anming,W.; Shuling,W.; Tian,X., Int. J. Mol. Sci.
2013, 14, 13447-13462
2- 2- Seitz,L.; Suling,W.; Reynolds,R., J. Med. Chem. 2002, 45, 5604-5606
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An Expedient Synthesis of CMF-019, a Potent Apelin Receptor (APJ) Agonist

Lena Trifonov, Edward E. Korshin,* and Arie-Lev Gruzman
Department of Chemistry, Bar-llan University, Ramat-Gan 52900, Israel

The apelin receptor (APJ) represents a recently identified G protein-coupled receptor,[1] that
activates through a binding with an endogenous peptide apelin.[2] Nowadays, the apelin—APJ
system has emerged as an important regulator of cardiovascular homeostasis.[3] In a some stage of
our study on a heart failure chemotherapy an efficient non-peptidic agonist of the APJ-receptor was
required. Recently, a series of benzimidazole-derived APJ-agonists was patented,[4a] and CMF-
019 was recognized as the lead compound.[4b] However, neither CMF-019 nor it’s more water-
soluble potassium salt 6 were commercially available. Moreover, the reported synthesis suffered
from the drawbacks associated with low yields in several key steps, luck of the spectroscopic data
and detailed description of the synthetic procedures.[4] For preparation a considerable amount of 6
the previously described insufficient transformations of 2 — 6 were modified and improved.
Particularly, the benzimidazole ring in 3 was better tailored by a condensation 2 with (thiophene-2-
yl)acetimidate salt, prepared by a modified Pinner method (AcCl-MeOH in ether). Saponification of
3 and subsequent condensation of the free acid 4 with the corresponding enantiopure p-aminoacid
methyl ester smoothly gave the precursor 5. Treatment of the latter with methanolic KOH or with
MesSiOK in THF followed by HPLC-purification afforded the desired product 6 in good yield.
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CMF-019 (potassium salt)

[1] O’Dowd, B.F.; Heiber, M.; Chan, A.; et al. Gene, 1993, 136, 355-360.

[2] Tatemoto, K.; Hosoya, M.; Habata, Y.; et al. Biophys. Res. Commun. 1998, 251, 471-476.

[3] Japp, A.G.; Newby, D.E. Biochem. Pharmacol. 2008, 75, 1882-1892.

[4] (a) Hachtel, S.; Wohlfart, P.; Weston, J.; et al. US Pat. 2014,0094450A1. (b) Read, C.; Fitzpatrick, C. M.;
Yang, P.; et al. Biochem. Pharmacol. 2016, 116, 63-72.
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Construction of Hexahydrophenanthrenes by Rhodium(I)-Catalyzed Cycloisomerization of
Benzylallene-Substituted Internal Alkynes through C-H Activation

Yasuaki Kawaguchi, Shigeo Yasuda and Chisato Mukai*
Devision of Pharmaceutical Sciences, Graduate School of Medical Sciences
Kanazawa University, Kakuma-machi, Kanazawa, 920-1152 (Japan)

Cyclization reactions using transition-metal catalyzed C-H and/or C-C bond activation are powerful
step- and atom-economic methods for the straightforward construction of complex polycyclic
skeletons that are inaccessible by other conventional methods. These activation processes frequently
require directing groups in the substrates, which bind the transition-metal catalyst at a position close
to the reactive site. Relief of the high strain energy would be an alternative driving force to facilitate
the cleavage of C-C bonds in cycloalkanes. We recently disclosed that the RhCI(PPhs); catalyzed
intramolecular cycloisomerization of alkynes with a pendant allenylcyclopentane moiety 1 efficiently
provides bicyclo[7.4.0]tridecatrienes 2." We presumed that this reaction occurred by the initial
formation of rhodabicyclo[4.3.0] intermediate A, followed by B-carbon elimination and reductive
elimination. The plausible key intermediate A could accelerate the unprecedented cleavage of the
unactivated cyclopentane ring by releasing its low strain energy (6.3 kcal/mol). Thus this result allow
for the assumption that the allene-alkyne unit functions as a highly reactive m component towards the

Y
which would subsequently activate C-C and/or C- REC(':(::Z)B N \Me d
H bond near the Rh species. activation X x A=
1 2 A
While investigating the Rh'-catalyzed cyclization of allene-alkynes, we observed a novel
cycloisomerization for the benzylallene-substituted terminal alkynes 3 (R'=H, R’=alkyl) that

Rh' catalyst to form a rhodabicyclic intermediate, JO Me

proceeds through C(sp”)-H bond activation on the benzene ring to produce 4. This reaction was
assumed to proceed via the unique vinylidene carbene Rh intermediate B. Herein, we describe another
type of C-H activation of benzylallene-alkyne species 3 (R'#H, R’=alkyl); the replacement of the
terminal alkyne with an internal one dramatically changed the ring-closing mode to furnish the
hexahydrophenanthrene skeleton 5 in high yields.?

2 R2 2
v R2 R2 v R* R RR2
I I
N X Rh _Rh'cat. R: Jﬁ@ Rh'cat.
T
X X 2 R2¢H
-\\Rh R —alkyl \___R1 R<=alkyl N
B 4 Prewous study This study R

5
1) Mukai, C.; Ohta, Y.; Oura, Y.; Kawaguchi, Y.; Inagaki, F. J. Am. Chem. Soc. 2012, 134, 19580-
19583; 2) Kawaguchi, Y.; Yasuda, S.; Kaneko, A.; Oura, Y.; Mukai, C. Angew. Chem. Int. Ed. 2014,
53, 7608-7612; 3) Kawaguchi, Y.; Yasuda, S.; Mukai, C. Angew. Chem. Int. Ed. 2016, 55, 10473-
10477.
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Nucleobase azide—ethynylribose click chemistry contributes to stabilizing oligonucleotide
duplexes and stem-loop structures

Yoshiaki Kitamura®?, Ryo Asakura!, Koki Terazawa!, Aya Shibatal?, Masato Ikeda®?3#

and Yukio Kitade2®

!Department of Biomolecular Science, Graduate School of Engineering, ?Department of Chemistry

and Biomolecular Science, Faculty of Engineering, *United Graduate School of Drug Discovery
and Medical Information Sciences, “Gifu Center for Highly Advanced Integration of Nanosciences
and Life Sciences (G-CHAIN), Gifu University, Gifu 501-1193, Japan

Department of Applied Chemistry, Faculty of Engineering, Aichi Institute of Technology, Toyota,

Aichi 470-0392, Japan

Copper-catalyzed azide-alkyne cycloaddition (CuAAC) has been widely used for the post-
modification of oligonucleotides. Various nucleic acid mimics bearing ethynyl groups and their
phosphoramidite derivatives have been developed to incorporate ethynyl residues into
oligonucleotides by the standard phosphoramidite solid-phase method. We have also developed
versatile probes possessing an ethynyl unit and post-labeling methods using CUAAC.[1-3] Here, we
describe the synthesis of oligonucleotides with 1-deoxy-1-ethynyl-p-b-ribofuranose (RE) using the
corresponding phosphoramidite compound prepared by a method that is more practical and reliable
than conventional methods.[4] Oligonucleotides bearing nucleobase-substituted 1,2,3-triazole
nucleosides were synthesized by the CUAAC post-modification method. A thermal stability study
showed that oligonucleotide-tethered base-pairing nucleobases introduced via g I
CUuAAC greatly stabilized the duplex. Moreover, 1,4-disubstituted 1,2,3-triazole o

units formed by CuAAC stabilized stem-loop structures. These findings could
contribute to advancing the development of oligonucleotide-based medicine, HO  OH
including ribozymes and miRNA possessing stem-loop regions. RE
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[1] Shiraishi, T.; Kitamura, Y.; Ueno, Y.; Kitade, Y. Chem. Commun., 2011, 47, 2691-2693.

[2] Kitamura, Y.; Edayoshi, K.; Kitade, Y. Tetrahedron Lett., 2012, 53, 6987-6989.

[3] Ren, Q.; Tsunaba, K.; Kitamura, Y.; Nakashima, R.; Shibata, A.; Ikeda, M.; Kitade, Y. Bioorg.
Med. Chem. Lett., 2014, 24, 1519-1522.

[4] Kitamura, Y.; Asakura, R.; Terazawa, K.; Shibata, A.; Ikeda, M.; Kitade, Y. Bioorg. Med.
Chem. Lett., 2017, 27, 2655-2658.
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Transition Metal-Catalyzed Regioselective Intramolecular Dehydrogenative C-5 and C-2
Cross Coupling in an N-substituted Pyrrole-Azole System

Devalina Ray, Krishna Nand Tripathi and Ravi P. Singh*

Department of Chemistry, Indian Institute of Technology, Delhi, Hauz Khas, New Delhi, 110 016,
India

In recent years, transition-metal catalyzed direct C—C bond formation via oxidative C-H cross
coupling reactions have emerged as one of the most important methodologies. The importance of
heteroaromatic moiety lies in the fact that they are found in the core structure of several biologically
active systems. The existing aim of synthesizing six membered and seven membered rings
embedded in between the heterocycles through controlled site selective C-H activation provides
significant attention to this methodology since this primary skeleton is found in certain natural
products. Functionalized polycyclic pyrrole-azole structures possessing fused rings were directly
synthesized via ligand-enabled Pd-catalyzed C-5 selective and Cu-catalyzed C-2 selective
intramolecular cross coupling of N-substituted pyrrole-azoles. The Pd-catalyzed C5-H activation in
the presence of reactive C2-H remains a challenge to be addressed, which was targeted to be
resolved through the present approach by the use of apropriate pd-catalyst, ligand, oxidant and
solvent, generating the cyclized products ranging from 83-100% selectivity. On the other hand, Cu-
catalyzed, ligand free intramolecular site selective dehydrogenative cross coupling of
unsymmetrically substituted pyrrole-azole systems, provides the C-2 selective polyheteroaromatic
framework upto 88% yield and 95% selectivity.

The featured methodology provides a novel disconnection for the synthesis of pyrrole containing
alkaloids and medicinal compounds.

Hy m Hy
N \ Pd-catalyst "~ N N \
Cu- catalyst H2N N—x R— ”: 2\
ui Ve Ligand, Oxidant, Ss-~N X
OX|dant Hsg Solvent - Y
Solvent Y Elect "
ectronically _
X=-CHO, -CN N02 pKa controlled controlled X=-CHO, -COCHj,

-CO,Et, CO,Bu
Y=-H, -Ph

Scheme 1: Regioselective C-2 and C-5 dehydrogenative cross coupling reactions

Y=-H, -Ph

[1] P.Krishnaiah, V. L. N. Reddy, G.Venkataramana, K.Ravinder, M. Srinivasulu, T. V. Raju, K.
Ravikumar,D. Chandrasekar, S. Ramakrishna and Y. Venkateswarlu, J. Nat. Prod. 2004, 67, 1168.
[2] Y. Su, H. Zhou, J. Chen, J. Xu, X. Wu, A. Lin and H. Yao, Org. Lett., 2014, 16, 4884

[3] D. Ray, T. Manikandan, A. Roy, K. N. Tripathi and R. P. Singh, Chem. Commun., 2015,
51, 7065.
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Synthesis of 3,4,5-Trisubstituted-1,2,4-triazin- 6(1H)-one through Five-Component Sequential
Ugi/Nucleophilic Reaction of 3-iminosaccharins with Hydrazine

Sorour Ramezanpouri*, Mohammad Nasim Rezaei +, Frank Rominger*

+ Department of Chemistry , K. N. Toosi University of Technology, P.O. Box 15875-4416 Tehran, Iran
fQOrganisch-Chemisches Institut der Universitaet Heidelberg, Im Neuenheimer Feld 270, 69120 Heidelberg, Germany

1,2,4-Triazinones are analogues of the pyrimidine bases of nucleic acids and an important class of
molecules with several biological properties. For example, 1,2,4-triazin-3(2H)-ones have been
shown to possess potential as anticancer,! antiviral? and antibacterial drugs.® However, to the best of
our knowledge, no examples of 3,4,5-Trisubstituted-1,2,4-triazin- 6(1H)-one have been reported in
the literature. Multicomponent reactions (MCRs) have become useful tools for diversity-oriented
and complexity-generating synthesis of natural products and drug-like small molecules with novel
properties.

1 + JI\ + N
R NH, + + H,N-NH, —>DMF’ rt HN

\vaRl

R?

Herein, we report a five component sequential Ugi/nucleophilic addition reaction of aromatic
aldehydes, primary amines, Saccharin, isocyanides, and hydrazine has been developed in order to
access 3,4,5-Trisubstituted-1,2,4-triazin- 6(1H)-one. The reaction may proceed through formation
of 3-iminosaccharins as intermediates. The direct use of commercially available and inexpensive
reagents, easy workup, short reaction times, and mild reaction conditions at room temperature make
this domino reaction very attractive and practical.

The details about the synthesis will be further discussed in the conference.

Keyword: Multicomponent Condensation, Saccharin, 1,2,4-Triazinones.
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Modular Synthesis of Poly-substituted Pyridines via a Hydroamination of Alkynes and N-
Silylamines

A. Erica K. J. Lui, B. Daniel Hergesell and C. Laurel L. Schafer*
Department of Chemistry, University of British Columbia, Vancouver, British Columbia, CA

Hydroamination, the direct addition of an N-H bond across an unsaturation, such as an alkene or
alkyne, is a powerful transformation towards the synthesis of nitrogen containing compounds. [1]
The first example of a catalytically competent hydroamination of alkynes with N-silylamines has
been developed. Using a bis(amidate)bis(amido)titanium(lV) precatalyst, the hydroamination

reaction results in the formation of N-silylenamines with high to exclusive selectivity over the imine

tautomer.
i) Ph Ar
R2 o =N
/ (-\
Rl/ H R3 X RS R3 OI"'-'lri-“‘\\NMez
1-10 mol% [Ti 2 -y
. o [T] RZ/\/N\S[R RI_AL o(J'|\l NMe;
| :
R Rl R R 10 mol% [F] | Z Ph b
, A 1 5 Ar
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H,N" R Ar = 2,6-diisopropylphenyl
Titanium Complex

It has been previously shown that the additon of o,3-unsaturated carbonyls to bis-silylenamines in
the presence of catalytic amounts of a fluoride source delivers pyridines. [2] A sequential
hydroamination reaction/pyridine formation has been achieved. Addition of o,p-unsaturated
carbonyls to the crude reaction mixtures in the presence of catalytic amounts of a fluoride source,

followed by oxidation affords a variety of highly substituted pyridines in up to 96% vyield.

[1] Mdiller, T. E.; Hultzsch, K. C.; Yus, M.; Foubelo, F.; Tada, M. Chem. Rev. 2008, 108, 3795.

[2] Corriu, R. J. P.; Moreau, J. J. E.; Pataud-Sat, M., J. Org. Chem. 1990, 55, 2878.
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Diastereoselective Intramolecular (3+2) Cycloadditions of Epoxy & Aziridinyl Enolsilanes

Yueyao Chen, Jesse Ling and Pauline Chiu*
Department of Chemistry, the University of Hong Kong,
Pokfulam Road, Hong Kong

We have been studying and exploiting the reactivity of epoxy and aziridinyl enolsilanes for
inter- and intramolecular (4+3) cycloadditions with dienes such as cyclopentadiene and furan, to
produce cycloheptanoid cycloadducts in high yields and with good diastereo- and enantiomeric
excesses.[1]

When we used open dienes in intramolecular reactions with aziridinyl enolsilanes or epoxy
enolsilanes, diastereoselective (3+2) cycloadditions occurred instead to afford perhydroindanes
bearing four contiguous stereocenters. These cycloadditions proceed by a stepwise mechanism,
through an activated epoxide or aziridine 4 as intermediate. When the reaction was carried out with
enantiomerically pure aziridines (Eq. 1) and epoxides (Eq. 2), cycloadducts were obtained with
retention of ee. This reaction could be applicable as a key step in the asymmetric total synthesis of
natural products such as (—)-oplopanone.
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[1] (a) Chung, W. K.; Lam, S. K,; Lo, B.; Liu, L. L.; Wong, W.-T., Chiu, P. J. Am. Chem. Soc.

2009, 131, 4556; (b) Krenske, E. H.; Lam, S.; Ng, J. P. L.; Lo, B.; Lam, S. K.; Chiu, P.; Houk, K.
N. Angew. Chem. Int. Ed. 2015, 54, 7422.
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Induction of Apoptosis in Hepatocellular Carcinoma Cell Lines by Novel Indolylacrylamide
Derivatives: Synthesis and Biological Evaluation

Mohammad Hawash®, Deniz Cansen Kahraman, Rengul Cetin-Atalay® and Sultan Nacak Baytas® *

'Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Gazi University, 06330, Ankara,
Turkey
Department of Molecular Biology and Genetics, Bilkent University, 06800, Ankara, Turkey
$Cancer Systems Biology Laboratory, Informatics Institute, METU, 06800, Ankara, Turkey

Hepatocellular carcinoma (HSC) is the sixth most common cancer and the second most common
cause of cancer-related mortality. Each year, five hundred thousand new cases are diagnosed
worldwide and about 85% of all cases come from developing countries. The 5-year survival rate of
HSC patients is low and the incidence of HSC continues to increase (3-fold increase in 20 years).
Hepatitis B virus (HBV) and hepatitis C virus (HCV), aflatoxin exposure, chronic alcohol intake
and chronic infection caused by obesity are the etiologic factors associated with HSC. At present,
the multikinase inhibitors Sorafenib and Regorafenib are drugs approved by the FDA for the
treatment of HSC. Since liver cancer cells show resistance to conventional chemotherapy and
radiotherapy, developing new therapeutic drugs against HSC is very important. We aimed to
synthesize novel indole derivatives designed based on the structure of lead compound SNB178
developed by our research group [1] and investigate their anticancer activity on the molecular level.
In the first group, 3e, 41, 4d, which are the most active ones against Huh7, HCT116 and MCF7 cells
among the synthesized 42 of the indole-3-yl-acrylamide derivatives, were tested by the SRB method
in the liver cell panel. In flow cytometry analysis, 4l caused G2/M arrest in Mahlavu and SNU475
cells while 3e caused arrest in G2/M in all cells. Immunofluorescence staining technique has shown
that 3e, 41 and 4d cause apoptosis in liver cell lines. Western blot analysis showed that the level of
CDK1 protein involved in the G2/M phase fell and cleaved-PARP bands were formed in the cells
treated with the compounds. Furthermore, it has been determined that these three compounds cause
reduction in phospho-ERK levels and decrease in level of c-Jun protein in ERK pathway in
Mahlavu and Huh7 cells. (This study was supported by TUBITAK research grant 113S973).
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[1] Baytas, S.N., Inceler, N., Yilmaz A., Olgac, A., Menevse, S., Banoglu, E., Hamel, E., Bortolozzi, R., Viola, G.,
Synthesis, biological evaluation and molecular docking studies of trans-indole-3-acrylamide derivatives, a
new class of tubulin polymerization inhibitors. Bioorg. Med. Chem, 2014. 22: p. 3096-3104.
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Ring-Opening of Bicyclo[3.1.0]hexan-2-ones: Applications in Heterocyclic Synthesis

Johannes Feierfeil and Dr. Thomas Magauer*
Department of Chemistry and Pharmacy, Ludwig-Maximilians-University Munich
Butenandtstralle 5-13, 81377 Munich, Germany

A new method for the synthesis of substituted indoles and indazoles will be presented based on our
recently published ring-opening-aromatization reaction. [1]

In our novel synthesis of substituted indoles, O-vinyl oxime 1 is converted to the corresponding
substituted indole 2. Mechanistically, we propose that 1 first undergoes a thermal 2zn-disrotatory
ring-opening-aromatization reaction to form an aryl-O-vinyl-oxime that affords the indole 2 via a
facile acid-promoted [3,3] rearrangement.

H
k( _ ORGOOH EWG ‘ N
/
EWG sulfolane, 100 °C \Rg;/i
OMe

24 examples (26-97%) 9)

N

EWG = COOMe or CI
O-Vinyl oxime 1 was synthesized in two steps from bicyclo[3.1.0]hexanones 3. The first step of
this reaction sequence is the condensation reaction of hydroxylamine hydrochloride with ketone 3
to give oxime 4. Oxime intermediate 4 reacts with methyl propiolate under base-catalyzed
conditions to give the corresponding O-vinyl oxime 1.
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In addition to our indole synthesis, we have also developed a one-pot strategy for the synthesis of
indazoles from diketone 5. Condensation of 5 with hydrazine monohydrochloride and subsequent

ring-opening-aromatization reaction gave us the desired indazole 6 directly.
o

P NoHy « HCI i N
0 2M4 MeO N,
R -~ N
MeO'q MeOH/H,0, 70 °C
nine examples (563-77%)
5 6

Using this method, simple variation of the diketone 5 allows us to gain access to a variety of C3-
substituted indazoles.

[1] J. Feierfeil, A. Grossmann, T. Magauer, Angew. Chem. Int. Ed. 2015, 54, 11835-11838.
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PhB(OH),-Mediated synthesis of 3-substituted isoindolin-1-ones via cascade
Mannich/lactamization approach

Angel Palillero-Cisneros, Mercedes Bedolla-Medrano and Mario Ordéfiez*

Centro de Investigaciones Quimicas-1ICBA, Universidad Autonoma del Estado de Morelos.
Av. Universidad 1001, 62209 Cuernavaca, Morelos, México.

The 3-acyl substituted isoindolin-1-ones have attracted a great deal of attention because they have
important pharmacological activities; for example, the pagoclone is a partial GABAAa agonist[1] and
the pazinaclone which act as an anxiolytic agent.[2]
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Due to the valuable applications of 3-substituted isoindolin-1-ones, much effort has been devoted to
the development of various synthetic methods for its preparation.[3] In this context, we herein
report an efficient one-pot and eco-friendly approach for the synthesis of 3-functionalized
isoindolin-1-ones by cascade Manich/lactamization reaction between 2-formylbenzoic acid, primary
amines and several ketones under thermal and solvent free-conditions catalyzed by phenylboronic
acid, providing the 3-acyl substituted isoindolin-1-one derivatives in 76-91% yield.
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A convenient synthesis of 1,2,3,4-tetrahydroisoquinoline-1-phosphonic and 1-phosphinic acids

Jesus Tadeo Hernandez-Moreno,? Ivan Romero-EstudiIIo,b José Luis Viveros-Ceballos,?
and Mario Ordofiéz®*

#Centro de Investigaciones Quimicas-1ICBA, Universidad Auténoma del Estado de Morelos, Av. Universidad
1001, 62209 Cuernavaca, Morelos, México. "Catedratico-CONACYT del Centro de Investigaciones
Quimicas.

The 1,2,3,4-tetrahydroisoquinoline-1-carboxylic acid (1-Tic) 1 core constitutes the skeleton of several
compounds with a wide-ranging of therapeutic applications. The 1-Tic is also important as a
conformationally constrained analogue of phenylglycine, present in several biologically active peptides.[1]

On the other hand, the a-aminophosphonic and a-aminophosphinic acids are probably the most important
analogues of the a-amino acids,[2] these compounds are considered as stable mimetics of the tetrahedral
transition state of peptide hydrolysis, providing greater bioavailability, stability and selectivity.[3]

Nevertheless, a small number of chemical methods are available for the synthesis of the conformationally
constrained 1,2,3,4-tetrahydroisoquinoline-1-phosphonic acid 2, whereas the synthesis of the 1,2,3,4-
tetrahydroisoquinoline-1-phosphinic acid 3 has not yet been described in the literature.[4]
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Due to the important properties of these organic compounds, here we report a new, practical and efficient
method for the preparation of 1,2,3,4-tetrahydroisoquinoline-1-phosphonic acid 2 and the first synthesis of
1,2,3,4-tetrahydroisoquinoline-1-phosphinic acid 3 in excellent yield from cheap and commercially available
isochroman and 1,2,3,4-tetrahydroisoquinoline.
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Investigation on Continuous-Flow Photooxidations of 1-Phenyl-1-cyclohexenes with Singlet
Oxygen in a Micro Flow Reactor

P. Bayer, J. Schachtner, M. Méjek, A. Jacobi von Wangelin*
University of Regensburg, Institute of organic chemistry, Regensburg/D

As reactions of organic molecules with molecular oxygen in its ground state often show poor
selectivity, protocols applying singlet oxygen are common. We used a home built photo-flow
microreactor for these quasi tri-phasic reactions (gas, liquid, visible light). [1,2]

The combination of green reagents together with visible light within a safe, scalable, and efficient
reactor technology is a promising approach towards environmentally benign reactions. We
investigated the oxidation of phenylcyclohexenes with singlet oxygen, generated via
photosensitization of oxygen with methylene blue (MB) under visible light:

major
pathway Ph
‘f’

in a photo-flow : T —
microreactor »f!
capillary: 15 m —
txn: ~ 2 min N

Depending on the substitution at the )

arene moiety, conversion of startmg .
material and ratio between the two main
oxidation products, hydroperoxide 1 and [4+2]-cycloaddition product 2 were mvestlgated in a
Hammett study revealing two distinct reaction mechanisms. Interestingly, the hydroperoxides were
stable enough be quantified via GC-FID, isolated, and stored for up to several months. To obtain
even more stable products, the hydroperoxides were converted in Sharpless-type self-epoxidations
[3] or efficiently reduced with PPhs to yield allylic alcohols without the need of intermediate work-
up steps.

[1] Norell, S., & Flors, C. (Eds.), Singlet Oxygen: Applications in Biosciences and Nanosciences
(Vol. 1), Cambridge: Royal Society of Chemistry.

[2] J. Schachtner, P. Bayer, A. Jacobi von Wangelin, Beilstein J. Org. Chem. 2016, 12, 1798-1811.
[3] W. Adam, A. Griesbeck, E. Staab, Angew. Chem. Int. Ed. 1986, 25, 269-270.
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Enantioselective Desymmetrization of para-Quinamines through an
Aminocatalyzed Aza-Michael/Cyclization Cascade Reaction

L. Pantaine, V. Coeffard,* X. Moreau and C. Greck*

Institut Lavoisier de Versailles, UMR CNRS 8180, Université de Versailles-St-Quentin-en-Yvelines,
45 Avenue des Etats-Unis, 78035 Versailles cedex, France

Desymmetrization processes are powerful means of transforming prochiral or meso-
molecules into functionalized enantioenriched compounds. [1] The chief challenge facing the
organic chemists within this field lies in the use of a catalyst enabling the discrimination between
two enantiotopic atoms or groups during the symmetry-breaking transformation. Among the vast
array of substrates available for such transformations, cyclohexadienone systems contain a rigid six-
membered ring and functionalities, making them attractive starting materials to reach complex
cyclic architectures via a desymmetrization process. [2] While several reports have described
desymmetrization processes for which the nucleophile that attacks the dienone is already attached to
the cyclohexadienone motif, bimolecular transformations have received less attention.

(0}
o Desymmetrization
CHO At
P desymmetrization H Q Challenging aza-Michael
+
) CHO O Four contiguous stereocenters
R' "NHTs R? R N Q Multiple functionalities
Cat. Ph Ts Y Q@ Hydroindole frameworks
N Ph 16 examples
H OTBS 69-97% ee

As part of our ongoing research into the development of organocatalytic methodologies, we
wish to report herein the implementation of a novel dissymmetrical construction of functionalized
nitrogen-containing polycycles via an aza-Michael/cyclization cascade reaction. [3] The ability of
chiral secondary amines to promote iminium and enamine activation of a,p-unsaturated aldehydes
in one catalytic cycle will be the centerpiece of our desymmetrization strategy toward hydroindole
structures, which are common motifs in natural substances and biorelevant compounds such as
alkaloids. [4]

[1] Rovis, T. In New Frontiers in Asymmetric Catalysis; Mikami K., Lautens M., Eds.; Wiley:
Hoboken, NJ, 2007, 275;

[2] For reviews, see: (a) Kalstabakken K. A., Harned, A. M., Tetrahedron 2014, 70, 9571; (b)
Maertens G., Ménard M.-A., Canesi S., Synthesis 2014, 46, 1573; (c) Yang X., Wang J., Li P., Org.
Biomol. Chem. 2014, 12, 2499;

[3] Pantaine L., Coeffard V., Moreau X., Greck C., Org. Lett. 2015, 17, 3674;

[4] (a) Fridrichsons J., Mathieson A., Tetrahedron Lett. 1960, 1, 18; (b) Crow W. D., Aust. J. Chem.
1962, 15, 159; (c) Fridrichsons J., Mathieson A., McL. Acta Crystallogr. 1963, 16, 206; (d) Pfaffli
P., Hauth, H., Helv. Chim. Acta 1978, 61, 1682; (e) Jepsen T. H., Jensen A. A., Lund M. H.,
Glibstrup E., Kristensen J. L., ACS Med. Chem. Lett. 2014, 5, 766.
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Synthesis of (pyridin-3-yl)diindolymehtane derivatives through different energy sources

Angeles T. Reyes,* Eduardo Gonzalez-Garcia,' Javier P. Flores,? Francisco B. Téllez,* Ricardo
A. Luna-Mora,'* José G. Penieres-Carrillo,*
1)Seccién Quimica Organica, Facultad de Estudios Superiores Cuautitlan-Universidad Nacional
Auténoma de México (UNAM). Avenida 1 Mayo s/n, Cuautitlan Izcalli, Edo de México, C.P. 54740.
2) Instituto de Quimica, UNAM, Cd Universitaria, Coyoacan, Cd. De México, México, C.P. 04510

Cruciferae vegetables (eg. Cabbage, broccoli, cauliflower and Brussels sprouts, within others)
contain phytochemical compounds which are precursors of indolyl-3-carbinol and 3,3’-
diindolymethane (DIM-1). These precursors are either hydrolyzed by mirosinase enzyme or by the
acidic media of stomach and their products are biologically actives, including indoles and
isothiocianates. [

DIM is a dimer of indolyl-3carbinol (I3C) and it is known that it acts as prevention cancer moiety
by induction of apoptosis on anticancer, Scheme 1.

Iz
I
z

NH
13C I

Continuing our studies for the syntheses of DIM derivatives, in this work a study for the synthesis
of a series of (pyridin-3-yl)diindolylmethanes by an ecological friendly methodology, using
alternative energy sources (IR, US, MW), in short reaction times, with good yields and economic
advantages' is presented. The results obtained with those generated with the use of conventional
thermal energy are compared.

X
2 \ Re  + AN a),b), ©), d)
{ |
N a) = A, Ethanol
Ry F b) = MW, Bentonitic clay

¢) = IR, Ethanol

d) = US, Ethanol
1R,=H, R,=H 5 6R,=H, R,=H
2 R;=Me, Ry=H 7 R;=Me, R,=H
3R;=H, R,=Me 8 R;=H, R,=Me
4R=H, Ry=0 9R,=H, R,=0

1 Higdon, J.V.; Williams, D. E. et al. Pharm Res, 2007, 55, 224-236.

2 Penieres-Carrillo, J. G.; Garcia-Estrada, J. G., et al. Green Chem, 2003, 5, 337-339.
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Synthesis of new 5(6)-alkyl(aryl)amino-2-aryl-1H-benzimidazoles using alternative energy
sources

Ricardo A. Luna-Mora,'* Angeles Torres-Reyes,' Fernando Ortega-Jiménez,* Hulme Rios-
Guerra,’ Jessica V. Gonzalez-Carrillo,*Javier Pérez-Flores,” Francisco Barrera-Téllez,* José
G. Penieres-Carrillo™*
1)Seccién Quimica Organica, Facultad de Estudios Superiores Cuautitlan-Universidad Nacional
Auténoma de México (UNAM). Avenida 1 Mayo s/n, Cuautitlan lIzcalli, Edo de México, C.P.

54740.
2) Instituto de Quimica, UNAM, Cd Universitaria, Coyoacan, Cd. De México, México, C.P. 04510

The structure of benzimidazole is a very versatile core contained in several substances that possess
a wide range of pharmacological activities. Some applications are as anticancer,!! antimicrobial™
and antiviral,Bl\within others. Therefore, the development of new synthetic methodologies of
benzimidazoles is considered a goal by many organic chemists.

In this communication, conventional heating source versus eco-friendly energy sources (IR, US,
MW) for preparation of a series of new 5(6)-alkyl(aryl)amino-2-aryl-1H-benzimidazoles with
biological interest is presented. The synthetic pathway includes 5-halo-2-nitroaniline (X = F, Cl, Br,
1) as start material and several alkyl(aryl)amines as nucleophilic agent for SNAr reactions and the
products react with benzaldehyde derivatives and sodium dithionite as oxidizing agent to form the
target molecules (Scheme 1) always with the best results using alternative energy sources.

— Qoo

Q

V.
NO, NO, 11-13
NH, NH, NayS,0, "
DMSO EtOH N R
_—
= HO /C[ />_©
X R-NH, HN 0 ~N N
D H
1X=F SR=-C¢Hg R 14-16
2Xx=cCl 6 R =-CH,-CH,-OH
3X=Br 7R =-NH-Ar R
4X=1I - H
8 R=H H R
9 R= 34-dimetoxi /@: >_®
10 R= 4-N(Me), N*N N

17-19

Scheme 1.

1 Amal M. Y.; Ahmed M.; Mona H. B.; Rasha Y. E. and Ahmed S. S. Med. Chem. 2016, 8, 15-162.

2 Namrata S.; Annamalai P.; Kavita R.; Preeti A.; Arsad A.; Amit K. T. Int. Curr. Pharm. J. 2012,
1, 119-127.

3 Tonelli, M.; Paglietti, G.; Boido, V.; Sparatore, F.; Marongiu, F.; Marongiu, E.; La Colla, P.;
Loddo, R. Chem. Biodivers. 2008, 5, 2386-2401.
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Divergent carbonylative syntheses of functionalized benzimidazopyrimidinone and
benzimidazimidazole derivatives

Bartolo Gabriele, Patrizio Russo, Lucia Veltri*,
Dipartimento di Chimica e Tecnologie Chimiche, Universita della Calabria, Via P. Bucci, 12/C,
87036 Arcavacata di Rende (CS), Italy

Benzo[4,5]imidazo[1,2-a]pyrimidin-2(1H)-one  derivatives and imidazo[1,2-a]benzimidazole
derivatives exhibit a wide spectrum of biological activities. In particular, their structural scaffold is
present in drugs displaying analgesic, anti-inflammatory, hypotensive, anti-aggregant,
hypoglycemic, and anti-cancer activities [1].

In this Communication, we report divergent carbonylative approaches for the direct synthesis of
carbonylated benzimidazopyrimidinones and benzimidazimidazoles, starting from readily available
(1-prop-2-ynyl-1H-benzimidazol-2-yl)amines 1. When allowed to react with carbon monoxide (16
atm) and oxygen (4 atm of air) in the presence of the Pdl,/KI catalytic system [2] (Pdl,, 0.01-0.003
eq; Kl, 0.3 - 1 eq), substrates 1 selectively afforded either benzo[4,5]imidazo[1,2-a]pyrimidin-
2(1H)-ones 2 or 1H-benzo[d]imidazo[1,2-a]imidazoles 3 depending on reaction conditions. In
particular, carrying out the reaction of 1 in an alcoholic solvent, at 100° C for 4 - 6 h, a mixture of 2
and N-substituted (Z)-2-(1-methyl-2-ox0-1,2-dihydrobenzo[4,5]imidazo[1,2-a]pyrimidin-3(4H)-
ylidene) esters 2’ was obtained, which was then quantitatively converted into
benzimidazopyrimidinone 2 by base-promoted isomerization (Scheme 1, path a).

On the other hand, the same substrates were converted into 3 by performing the catalytic
carbonylation reaction in CH3CN at 100°C in the presence of an excess of a nucleophilic secondary
amine (Scheme 1, path b).

NR; = / oR OR
— —
R? NW Pdlz/KI 2 | pdgk R Nﬁgi R2 N//Cf)
N, O coo, |R N R N N
7R )—NH | €002 /a R e R
R? N CH3CN,RoNH, | 2 N 2 N + g2 N
2

ROH,100°c R

R
3 (64-96%) 10/3622 ’1724h ! i} ’ ‘ gg(l)-ert 15 h
path a Y
2 (68-80%)
Scheme 1

[1] P. N. Preston, D. M. Smith and G. Tennant (Eds.), Benzimidazoles and its congeneric tricyclic
compounds, Part 2, Interscience, New York (1981).

[2] (a) Gabriele, B.; Salerno, G. Pdl,. In e-EROS (electronic Encyclopedia of Reagents for Organic
Synthesis); Crich, D., Ed.; Wiley-Interscience, New York, 2006. (b) Gabriele, B.; Mancuso, R.;
Salerno, G. Eur. J. Org. Chem. 2012, 6825-6839 (microreview).
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Nano Fe;04-GO-SOsH as a heterogeneous solid acid catalyst for the synthesis of
1"Hspiro[isoindoline-1,2-quinazoline]-3,4"(3"H)-dione derivatives
A. Shahnaz Rostamizadeh, B. Mahdieh Abdi and C. Shahnaz Rostamizadeh*

Department of Chemistry, Faculty of Science, K.N.Toosi University of Technology, Tehran 15875 -
4416, 1. R. Iran.
corresponding author E-mail address: shrostamizadeh@yahoo.com,
Tel: +98 21 22853308, Fax: +98 21 2285 3650

Spirooxindoles possess a wide range of biological and pharmaceutical activities.! These compounds have
been prepared by different methods. One of which is from the reaction of isatoic anhydride, primary
amines and isatin in the presence of a variety of catalysts such as KAI(SO4),. 12H,0.2

Graphene oxide, owing to abundant oxygen-containing functionalities (C-O, —OH) on their
basal plane of sheet and carboxylic acids along the sheet edges, offers a wide range of routes to
synthesize various functional catalysts.®

Herein, a facile procedure for the synthesis of 1"Hspiro[isoindoline-1,2-quinazoline]-3,4 (3H)-
dione derivatives by one-pot reaction of isatoic anhydride (1), aliphatic or aromatic primary amines
(2) and isatin (4) in the presence of nano Fe;04-GO-SO3H, as a magnetic, heterogeneous solid acid
catalyst have been reported (Scheme 1).

0 RNH, 0
0 2) NR
(:61 Fe;0,-GO-SO;H @ _O
) -y

(0) NH
Solvent free, 120°C H

N
H
m N
O;{EO @
(@)

3)
Scheme 1. Synthesis of spirooxindoles in the presence of Fe;04-GO-SO3H nanocatalyst.

[1] Larsen, T. O., A. Svendsen, and J. Smedsgaard. Journal of Applied and Environmental
Microbiology 67 (2001): 3630-3635.

[2] Mohammadi, A. A., M. Dabiri, and H. Qaraat. Tetrahedron 65 (2009): 3804-3808.

[3] Pyun, J. Angewandte Chemie International Edition 50 (2011): 46-48.
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Proline Catalysed Sequential Reactions for the Synthesis of 1,2-syn, 1,4-anti Diamino Alcohols
Rupali Kalshetti, Brij B. Ahuja and Arumugam Sudalai*

Chemical Engineering & Process Development Division, National Chemical Laboratory
Dr. Homi Bhabha Road, Pune - 411008, Maharashtra, India.

Diamino alcohols are useful motifs present in many pharmaceutical compounds such as polyhydroxy
alkaloids, azasugars, glycosphingolipids, amino acids and protease inhibitors. For instance, Sperabillins A-D
(Fig. 1) with diamino units are potentially active against both Gram-positive and Gram-negative bacteria.

OH NH; O NH Sperabillin A: R' = Me, R>=H, R® = H
RS~ N/\)J\NH Sperabillin B: R' = Me, R =H, R® = Me
: 2 S . p1 = 2 _ 3_
= H Sperabillin C: R =H, R“*=Me, R°= H
R? Pz NH 2HCI ’ ’
j/\/\[( .y Sperabillin D: R! = H, R2 = Me, R3 = Me
ig.
R? o

There is only one report available in the literature for the synthesis of 1,2-syn, 1,4-anti diamino
alcohols (4) that uses toxic tin reagents. In continuation of our work on proline catalyzed sequential
reactions, we present a new organocatalytic method for the synthesis of 1,2-syn, 1,4-anti diamino
alcohols in high enantio- and diastereoselectivities. Firstly, the protocol involves a sequential L-
proline catalyzed a-amination / Prins-Ritter amidation of aldehydes (1), all occurring in a single
step, for the construction of tetrahydropyran (THP) units (2) (Scheme 1). This was followed by the
Zn-mediated reductive ring opening sequence to produce 1,2-syn, 1,4-anti- amino alcohols (Scheme
2).

X
1. L-Proline (10 mol %) HN™ "CHs
2, - 2 H
o R OZC-N—:l-COZR (1 equiv), 15 Examples
;
R%H CHaCN, 07C, 3N RN R3 82-87 % yield
OH 2 N 92-99 % ee
2. : R20,C-N.
Ry = Me, Et, st\/\ (1.2 equiv.) Z7NHCO,R? dr >99 %
i-Pr, Bn etc.
BF3.0Et, (1.2 equiv), ) R?=Bn, iPr
3=
1 20°C,2h R® =aryl, Bn
alkyl, CH,OTs
Scheme1: Synthesis of THP units
NHAc
OH NHAc
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R! o X —_— : N 82-90 % yield
: EtOH, reflux, 2 h N
CbzN. ret CbZN- oz > 98 % ee
NHCbz
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2, X=0Ts ) Nal, acetone, aminoalcohols
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Scheme 2: Synthesis of amino alcohols from THP units

Katayama, N.; Nozaki, Y.; Tsubotani, S.; Kondo, M.; Harada, S.; Ono, H. J Antibiot 1992, 45, 10.

Davies, S. G.; Haggitt, J. R.; Ichihara, O.; Kelly, R. J.; Leech, M. A.; Mortimer, A. J. P.; Roberts, P. M.;
Smith, A. D. Org. Biomol. Chem., 2004, 2, 2630.

Kotkar, S. P.; Chavan, V. B.; Sudalai, A. Org. Lett. 2007, 9, 1001-1004; B. S. Kumar,;
V.Venkatramsubramnian.; Sudalai, A. Org. Lett., 2012, 14, 2468; V. Rawat.; B. S. Kumar.; Sudalai, A. Org.
Biomol. Chem., 2013, 11, 3608; R. D. Aher.; B. S. Kumar.; Sudalai, A. J. Org. Chem. 2015, 80, 2024—2031.
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New method for post-functionalization of BODIPY dyes using nitrosation chemistry

Shaiani M. G. Melo, Lucas C. D. Rezende, Flavio S. Emery*
Departamento de Ciéncias Farmacéuticas, Faculdade de Ciéncias Farmacéuticas de Ribeirdo
Preto, Universidade de S&o Paulo, Ribeir&o Preto, SP, Brazil.

BODIPY is an outstanding class of fluorescent dyes with wide applications in biological research.
Innovations regarding the post-functionalization of this class of compounds are notorious and have
received great prominence in the literature, which enables the development of libraries of new
BODIPYs fluorophores with structure and fluorescence properties diversity.> Herein we show a
new method for the post-funcionalization of BODIPY dyes by means of nitrosation with NOBF, in
yields of 19 to 93%.
m NOBF, MeCN N
/'}‘\/g,/N -5°C, 10 min /Q‘\/B\/N NO
F F F F

Nitroso substitution of BODIPYSs is unprecedented in the literature, and not only due to originality
regarding these fluorophores, but also because is not very common for five-membered rings.
Furthermore, direct nitrosation opens opportunity for the development of new fluorescent probes.

[1] Treibs, A.; Kreuzer, F. H. Justus Liebigs Ann. Chem. 1968, 718, 208-223.
[2] (a) Loudet, A.; Burgess, K. Chem. Rev. 2007, 107, 4891-4932. (b) Ulrich, G.; Ziessel, R.;
Harriman, A.; Angew. Chem., Int. Ed. 2008, 47, 1184-1201.
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Facile One-Pot Synthesis of New Tricyclic 1,4-Benzodiazepines and Derivatives
Adedamola S. Arojojoye, Josephat U. 1zunobi and Oluwole B. Familoni*
Department of Chemistry, University of Lagos, Akoka, Lagos, Nigeria
*familonio@unilag.edu.ng
Abstract

Benzodiazepines have been used in the treatment of mental disorders. They act primarily on the
Central Nervous System where they alter brain functions thereby resulting in temporary changes in
perception, mood consciousness and behaviour.! Amongst the various psychiatric medications
available, anxiolytics have been found to contain the benzodiazepine ring system. 1,4-Benzo-
diazepines are recognised as “privileged heterocyclic medicinal scaffolds™ by virtue of their ability
to provide ligands to a number of functionally and structurally discrete biological receptors. The
fusion of a third ring system to the bicyclic 1,4- benzodiazepine scaffold has been shown to enhance
biological activity.?

Novel tricyclic and tetracyclic benzodiazepines 3—-7 were synthesised, in good vyields, by the
reaction of isatoic anhydride 1 with different cyclic amino acids 2, such as L-proline, thiazolidine-
4-carboxylic acid, pipecolinic acid, indoline-2-carboxylic acid and quinoline-2- carboxylic acid, in
dimethyl sulphoxide at 120130 °C for 2—-3 hours. The resulting tricyclic benzodiazepines were also
homologated with alkyl and aryl halides to furnish alkylated compounds 8-22.

Keywords: alkylation, benzodiazepines, central nervous system (CNS) effectors, tricycles
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Scheme 1: One-pot synthesis of tricyclic and tetracyclic benzodiazepines

References
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focus on newer generation compounds. Psychopharmacology, 114(4), 559-565.
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Investigation of an Unexpected Anti-Baldwin Cyclization Leading to
Chiral Pyrrolidinones

Christian Lembacher-Fadum®*, Jakov Ivkovi¢!, Jakob Pletz}, Karin Ratzenbdck®, Markus Maringer*
and Rolf Breinbauer’

Linstitute of Organic Chemistry, Graz University of Technology, Stremayrgasse 9/4, 8010 Graz, Austria

“Corresponding author: christian.lembacher-fadum@tugraz.at

Cyclization reactions for the generation of heterocycles play an important role in organic synthesis.
In 1976, J. E. Baldwin proposed rules describing the issue of favoured and disfavoured ring closure
formations as a fundamental concept in organic chemistry. For trigonal systems 6 to 7-endo-trig
cyclization reactions are favoured processes, while 3 to 5-endo-trig are disfavoured.™ Indeed,
there are couple of exceptions especially for 5-endo-trig cyclizations.2® During the course of the
development of specific inhibitors for the enzyme dipeptidyl-peptidase Ill, we used a standard
Horner-Wadsworth-Emmons reaction for the synthesis of the core structure. Beside the expected
product 2, also a disfavoured 5-endo-trig cyclization could be observed at elevated temperatures
leading to byproduct 3 with an interesting pyrrolidinone scaffold. We have explored the mechanism
and synthetic potential of this unexpected Anti-Baldwin cyclization for the development of new
interesting molecules.
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Selective Chlorination of Benzimidazolone Ring: Practical Synthesis of a CRF; Receptor
Antagonist

Yasuhiro Sawai*
Process Chemistry, Pharmaceutical Sciences, Takeda Pharmaceutical Company Limited
Osaka, Japan
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Novel selective chlorination of the 4-position of benzimidazolone 1 has been developed with
chlorinating reagent 1,3,5-trichloro-1,3,5-triazinane-2,4,6-trione (TCCA) in the presence of t-
BuONa. [1] The selectivity was resulting from the chlorine migration mechanism, in which a
chlorine atom migrated from the 3-position of the N-chloro intermediate 2 to the 4-position of 3.
The novel selective chlorination combined with other process improvements allowed the synthesis
to produce quality Corticotropin-releasing factor 1 (CRF1) receptor agonist 4 with high >99%
purity in 35 % yield over 6 steps on kilogram scale, compared to 10% yield in the literature. [2]
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[1] Sawali, Y.; Yabe, O.; Nakaoka, K.; Ikemoto, T. Org. Process Res. Dev. 2017, 21, 222-230.

[2] Mochizuki, M.; Kojima, T.; Kobayashi, K.; Kotani, E.; Ishichi, Y.; Kanzaki, N.; Nakagawa, H.;
Okuda, T.; Kosugi, Y.; Yano, T.; Sako, Y.; Tanaka, M; Aso, K. Bioorg. Med. Chem. 2017, 25,
1556-1570.
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Synthesis of Benzo[d]-3-aza-deca-4,6,7-trienes and its Thermolysis

Alexander A. Titov*, Maxim S. Kobzev, Alexey V. Varlamov, Leonid G. Voskressensky
Department of Organic Chemistry, RUDN University, 117198, Moscow, Miklukho-Maklaya str. 6
e-mail: titov_aa@rudn.university

The first synthesis of cyclic ten-membered and eleven-membered allenyl lactams was
described in 2011 [1]. For the first time our group prepared benzo[d]-3-aza-deca-4,6,7-trienes [2]
via tandem reaction of 1-phenylethynyl-1-alkyl(aryl)-1,2,3,4-tetrahydroisoquinolines with methyl
propiolate and acetylacetylene and studied thermolysis of the azacyclic allene on one example.

R!=H; OMe
—> R? = Me; i-Pr; Bn; Ph
CF;CH,OH  p1 X = CO,Me; Ac
| | +7°C

Me

N MeO

Me A ¢
—_—

MeO CO,Me MeO

Me Ph
1
A MeO
50%
MeO
COZMe
L = 3

The main products of thermolysis were azabenzo[a]cyclopropa[cd]azulene 2 and
(epiminomethano)cyclopenta[a]indene 3, the cyclobutabenzazocine 4 was obtained in trace
amounts. The azabenzo[a]cyclopropa[cd]azulene 2 was transformed to
(epiminomethano)cyclopenta[a]indene 3 as a result of thermolysis. We suppose that 2 was formed
due to the transformation of the allenyl system in azadecatriene 1. It can be assumed that
compounds 3 and 4 were formed through [2+2] cycloaddition of the enamine fragment to the bond
of the 7,8 and 6,7-allene system.

The publication was financially supported by the Ministry of Education and Science of the
Russian Federation (the Agreement Ne 02.403.21.0008), the Russian Foundation for Basic
Research (grants 17-03-00605, 17-53-540001).

[1] Perscheid, M.; Schollmeyer, D.; Nubbemeyer, U., Eur. J. Org. Chem., 2011, 5250-5253.

[2] Voskressensky, L. G.; Titov, A. A.; Dzhankaziev, M. S.; Borisova, T. N.; Kobzev, M. S,
Dorovatovskii, P. V.; Khrustalev, V. N.; Aksenov, A. V. and Varlamov A. V., New J. Chem.,
2017,41, 1902-1904.
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Synthesis of ethyl (5S)-2-hydroxy-2, 5-disubstituent-4-oxopyrrolidine-3-carboxylate type
compounds: a DFT B3LYP computational study of the reaction mechanism

Lili Becerra and Diego Quiroga*
Bioorganic Chemistry Laboratory, Facultad de Ciencias Bésicas y Aplicadas, Universidad Militar
Nueva Granada, Bogota/Colombia

Heterocyclic systems such as pyrrole and indole are present in a broad family of natural products.
These compounds have received a great interest due their wide range of biological activities, being
employed for the design of new drugs and agrochemical agents. To obtain new biologically active
molecules, InQuiBio group in Universidad Militar Nueva Granada have studied the reaction
between some enolates and 2-aminoalkyl esters derived of common amino acids such as L-tyrosine,
L-alanine and L-phenylalanine. We presented a DFT B3LYP computational study of the
condensation reaction of enolates derived from diethyl malonate and ethyl acetoacetate against alkyl
2-aminoesters. Both, electrophilic and nucleophilic Fukui functions were calculated (f + and f-)
using 6-31G(d,p) bases. These computational descriptors showed the (C=0)OR group in alkyl 2-
aminoesters 1 have higher electrophilic character. These results are in agreement with the LUMO
representation, which is located in the antibonding orbital 7* C = O. Moreover, enolate ions showed
the highest nucleophilic character according the f- values (between 0.056-0.077). Thus, the first step
in the reaction mechanism involves the attack of the enolate ion against the (C=0)OR group in 1
which leads to the formation of an alkoxide intermediate. The HOMO-LUMO GAP values were
calculated for the mentioned nucleophilic and electrophilic reagents. These results showed decrease
of the HOMO-LUMO GAP depending of the substituent R* in 1. These results suggest the
existence of anchimeric assistance due the existence of both, electronic inductive and mesomeric
effects in the alkyl 2-aminoesters 1. The second step of the reaction mechanism involves the
formation of the intermediate 3, which undergo intramolecular 5-exo-trig cyclization towards 4.
According to the calculated Gibbs free energy values for the involved steps in the reaction
mechanism, the cyclization to afford 4 consists in an equilibrium reaction at standard conditions.
However, strong conditions such as strong bases and heating leaded to the formation of the product
of interest in higher vyields. Product derived from the project IMP-CIAS-2294 funded by
Vicerrectoria de Investigaciones at UMNG - Validity 2017.
o]
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[1] Mohamed, M.S.; El-Domany, R. A.; Abd El-Hameed, R. H. Acta Pharm. 2009, 59(2),
145~158.

[2] Quiroga, D.; Becerra, L. D.; Sadat-Bernal, J.; Vargas, H.; Coy-Barrera, E. Molecules, 2016,
21(10), 1349.[3] Yang, W.; Mortimer, W. J. J. Am. Chem. Soc. 1986, 108(19), 5708-5711.
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Hydroxylated pyrrolidine-derived phosphines as organocatalysts in [3+2] cycloaddition
reactions between allenoates and electron-deficient imines

Pilar Elias-Rodriguez, Elena Moreno-Clavijo, Antonio J. Moreno-Vargas,
Inmaculada Robina, Ana T. Carmona*
Departamento de Quimica Organica, Facultad de Quimica, Universidad de Sevilla
C/ Prof. Garcia Gonzalez 1, E-41012, Sevilla, Spain.

Chiral trivalent phosphines have recently found wide applications as nucleophilic catalysts in the
enantioselective preparation of compounds of biological or synthetic relevance. In this context,
phosphine catalyzed [3+2] cycloaddition reactions between allenoates and electron deficient alkenes
and imines have been successfully used for the synthesis of highly functionalized carbo- and
heterocycles [1]. Recently, chiral bidentate phosphines based on amino-acid scaffolds have proven
to be efficient in the synthesis of these compounds [2].

We present the synthesis of several diastereomeric and enantiomeric hydroxylated pyrrolidine
derivatives containing the amine-phosphine function using a multi-step synthetic route that employs
carbohydrates as starting materials. These compounds have been used as organocatalysts in the
[3+2] cycloaddition between alkyl allenoates and N-tosyl imines, affording 2,5-substituted-3-
pyrrolines. The catalytic properties of these phosphines can be conveniently tuned with the
appropriate substituents at the nitrogen atom and hydroxyl groups, configuration of the stereogenic
centers and distance between the diphenylphosphine group and the pyrrolidine skeleton. The easy
access to both enantiomeric forms of these organocatalysts has allowed the preparation of the
corresponding enantiomeric 3-pyrrolines with similar yields, diastereo- and enantioselectivities.

Ts R2
COOEt TS R N. Ar N 1
+ | PPhR 1 PPhyR™ nPPh,

Ri Ar Solvent, T2 —

COOEt PO OP

The authors acknowledge the Ministerio de Economia y Competitividad (CTQ2016-77270-R) of Spain and
Junta de Andalucia for financial support. P. E.-R. thanks the Ministerio de Educacion for a FPU fellowship.

[1] (a) Wel, Y.; Shi, M. Chem. Asian J. 2014, 9, 2720. (b) Wang, Z.; Xu, X.; Kwon. O. Chem. Soc.
Rev. 2014, 43, 2927.

[2] Lia, W.; Zhang, J. Chem. Soc. Rev. 2016, 45, 1657.
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Generation and in situ screening of a library of dimeric pyrrolidine iminosugars as
glycosidase inhibitors

Sebastian Carrion-Jiménez, Elena Moreno-Clavijo, Ana T. Carmona,
Inmaculada Robina and Antonio J. Moreno-Vargas*
Departamento de Quimica Organica, Facultad de Quimica, Universidad de Sevilla
C/ Prof. Garcia Gonzalez 1, E-41012, Sevilla, Spain.

Multivalent glycosidase inhibitors with extremely enhanced activity respect to the monovalent
parent have been successfully developed only for a selected group of these enzymes, such as a-
mannosidases (Jack beans) and, to a lesser extent, B-glucocerebrosidases and hexosaminidases [1].
We have recently reported a methodology for the rapid discovery of a-fucosidase inhibitors based
on the copper catalyzed azide alkyne cycloaddition (CUAAC) between an alkynyl-iminosugar and a
set of azides followed by the in situ biological screening of the resulting (pyrrolidin-2-yl)triazole
library [2a]. We show now the extension of this methodology to the discovery of divalent systems
for the inhibition of B-galactosidases, enzymes directly related with some lysosomal storage
diseases such as gangliosidosis GM1 and Morquio B. The divalent structures showed in this
communication are inspired on the monovalent (pyrrolidin-2-yl)furan 1, which is a moderate and
selective inhibitor of B-galactosidases (bovine liver and Aspergillus oryzae) according to our
previous findings [2b]. CUAAC reaction between pyrrolidine derivative 2 and a set of diazides
followed by in situ screening of the resulting library towards B-galactosidases has allowed the
selection of the best candidates for divalent interactions with the enzyme. The existence of a
divalent effect was further evaluated by comparison of the inhibition data of the dimers with those
of the adequate monovalent reference.

N2 \\ NHB
N NS n
M o]
HO  OH
1

IC5q = 20 uM (B-galactosidases from Aspergillus oryzae)

IC59 = 120 uM (B-galactosidases from bovine liver)

(set of diazides)

p Grinosuga) Grinosuge)
i R mw{Copacer g - <
M8 o
/ o N\N N/’N 3

HO OH CuAAC in situ screening

2

We acknowledge the Ministerio de Economia y Competitividad of Spain (CTQ2016-77270-R) and Junta de
Andalucia for financial support. S. C.-J. thanks the Ministerio de Educacion (Spain) for a FPU fellowship.

[1] For recent reviews, see : (a) Zelli, R.; Longevial, J. —F.; Dumy, P.; Marra, A. New J. Chem.
2015, 39, 5050; (b) Gouin, S. Chem. Eur. J. 2014, 20, 11616.

[2] (a) Elias-Rodriguez, P.; Moreno-Clavijo, E.; Carmona, A. T.; Moreno-Vargas, A. J.; Robina, 1.
Org. Biomol. Chem. 2014, 12, 5898. (b) Moreno-Vargas, A. J.; Demange, R.; Fuentes, J.; Robina,
I.; Vogel, P. Bioorg. Med. Chem. Lett. 2002, 12, 2335.
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Y-BUTYROLACTONES: A STEREOSELECTIVE CASCADE REACTION

Ceyda Kumru®; Thomas Classen? and Jérg Pietruszka'?

! Institute of Bioorganic Chemistry, Heinrich-Heine-Universitat Diisseldorf at Forschungszentrum Jillich, D-52425
Jilich, Germany
2 Institute of Bio- and Geosciences, Forschungszentrum Jiilich, D-52425 Jiilich, Germany
* Corresponding author: c.kumru@fz-juelich.de

y-Butyrolactones are common building blocks of various natural compounds showing diverse biological
activities and are also known as flavour and fragrance compounds. Therefore, they are in great demand of
food, fragrance as well as of pharmaceutical industries. For the synthesis of y-butyrolactones several
conventional chemical methods and in particular enzyme-catalysed approaches, using for example lipases or
baker’s yeast, are described in literature.! 2

We will report on an alternative chemoenzymatic approach towards vy-butyrolactones: Different «,f-
unsaturated y-ketoesters (1), which are readily available by Wittig- or Horner-Wadsworth-Emmons-reactions,
serve as a starting point for a consecutive one-pot enzyme cascade, first reducing with an ene reductase and
then with an alcohol dehydrogenase, leading to various substituted y-butyrolactones (2), e.g. the quercus
lactone (3), in preparative scale (Figure 1).2*

o O
O R® ene reductase o
R,IJJ\(H(OV > o R3
1 SORG)
RZ O alcohol dehydrogenase R R2 e
1 2 3
quercus lactone

Figure 1: One-pot enzyme cascade towards several substituted y-butyrolactones.

[1] E. Brenna, F. G. Gatti, D. Monti, F. Parmeggiani, A. Sacchetti, J. Valoti, J. Mol. Catal. B: Enzym.
2015, 114, 77-85; 'Substrate-engineering approach to the stereoselective chemo-multienzymatic
cascade synthesis of Nicotiana tabacum lactone'.

[2] S. Serra, in Biocatalysis for Green Chemistry and Chemical Process Development, First ed. (Eds.: J.
A. Tao, R. Kazlauskas), John Wiley & Sons, Ltd., 2011.

[3] T. Classen, M. Korpak, M. Scholzel, J. Pietruszka, ACS Catal. 2014, 4, 1321-1331; 'Stereoselective
Enzyme Cascades: An Efficient Synthesis of Chiral y-Butyrolactones'.

[4] M. Korpak, J. Pietruszka, Adv. Synth. Catal. 2011, 353, 1420-1424; '‘Chemoenzymatic One-Pot
Synthesis of y-Butyrolactones'.
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A novel [4+1]-cyclization using allenoates

Katharina Zielke and Mario Waser
Institute of Organic Chemistry, Johannes Kepler University,
Altenberger Stral3e 69, 4040 Linz, Austria

Phosphines and amines have been used previously as catalysts for reactions with allenoates for the
generation of molecules with high molecular complexity starting from simple molecules. Since Lu’s
pioneering studies on a phosphine catalyzed [3+2] annulation reaction, many useful reactions have
been published. The coupling partners for allenoates range from electron-deficient olefins and
imines to aldehydes, which allows for a large diversity in structure and reactivity of the products.
There are many examples for [3+2] and [4+2] reactions with allenoates, which also include
enantioselective versions, but [4+1] cyclizations remain scarce [1,2].

Herein we present a novel reaction using a disubstituted allenoate 2 and an in-situ-generated ortho-
quinone-methide 1 which react under phosphine catalysis to the highly substituted product 3.

S 1] AN
. CO,Et .
Et0,C PPh, =
+ —
Xy CO,Et
Tos . | ; p
| NF 0 |
OH CO,Et
1 2 3

[1] C. Zhang and X. Lu; J. Org. Chem., 1995, 60, 2906.
[2] Q. Zhao, Z. Lian, Y. Weli, M. Shi; Chem. Commun., 2012, 48, 1724-1732
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Unprecedented Base-Mediated Transformation
of (Hetero)aromatic 1,2-Dinitriles into vic-Amidino Acids

Volodymyr A. Tkachuk, Iryna V. Omelchenko, Olga V. Hordiyenko*
Department of Chemistry, Taras Shevchenko National University of Kyiv
Kyiv, Ukraine 01601
SSI “Institute for Single Crystals” National Academy of Science of Ukraine
Kharkiv, Ukraine 61001

Reaction of phthalonitrile with ammonia is used for the synthesis of 1-imino-1H-isoindol-3-amine
known as 1,3-diiminoisoindoline, one of the most important phthalogens. Recently, our group
reported isolation of 2-carbamimidoylbenzoic acid (2a) as a by-product in its synthesis. [1]

We elaborated synthetic method of amidino acid 2a preparation by phthalonitrile partial hydration
in MeOH/H,O media with an equimolar amount of NaOH in one step. Similar vic-amidino
(hetero)aromatic acids 2b-d also could be synthesized from corresponding 1,2-dinitriles by
hydrolysis of in situ generated 1,1-dimethoxy-1H-isoindol-3-amine (1) analogs. In the crystal
amidino acids exist in zwitterionic form. [2]

NaOH/MeOH/H,0, reflux (up to 72%, 20 g scale) 4%
| NH, OMe NH, N NH, NH,
CN hlcﬂee%’\#ia H20
\N NH = | NH
rt reflux OH X, OH
CN OMe 50% N
MeO
(e} 0]
1 2b 62% 2c 61% 2d 69%

This transformation appears to be a general phenomenon which provides a simple direct synthetic
entry to new type of 1,2-amidino acids from vic-dinitriles when steric arrangement of cyano groups
would allow the pyrrole ring closure. Basic chemical properties of amidino acid 2a were studied:
protonation (for 2a,b,d), esterification, re-amination with N-nucleophiles.

N 70% aq. NH, NH, cIO
//B H,N(CH,)oNH, NH,NH,.H,0 a: 1) K,CO45(1 eq.)/H.0 o)
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3 O 2) R=Me: 4 O quantitative 8a,b,d OH
HCI, MeOH, rt © e
NOH  NH,OHHCI, EtsN | b) ROH (R=Me, Et), Nﬁzg aq. NaHCOj3 (10%) NH, §§:(Y;HC¢_(3%>M 8b
MeOH SOCly, reflux NH, O TEA MeOH o Y Oe (80)
NH 2 N X=N, Y=CH (8d)
quantitative 97-98% 0 96%
5 O 6ab OR 7 O

This new variety of compounds has a potential to be modified at both carboxylic and amidinic
groups.

[1] Hordiyenko, O.V.; Biitseva, A.V.; Kostina, Y.Y.; Zubatyuk, R.I.; Shishkin, O.V.; Groth, U.M.;
Kornilov, M.Yu., Struct. Chem. 2017, 28, 607~616.
[2] Tkachuk, V.A.; Omelchenko, I.V.; Hordiyenko, O.V., Synlett, 2017, 28, 851~857.
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Synthesis of y-Cyclobutane Amino Acids via Visible Light

Sabine Kerres?, David J. Aitken®, Oliver Reiser™

4Institut fir Organische Chemie, Universitat Regensburg, Universitatsstr.31,
93053 Regensburg/D

PUniversité Paris Sud, 15 rue Georges Clemenceau, 91405 Orsay cedex, Paris/F

y-aminobutyric acid (GABA) displays one of the major inhibitory neurotransmitter in the
mammalian central nervous system. Therefore, this prominent representative plays an important
role in the clinical treatment of diseases related to the central nervous system such as epilepsy,
neuropathic pain or anxiety.’ Over recent years a wide variety of GABA derivatives have been
synthesized and investigated. Especially, cyclic GABA analogues have proven to be of significant
therapeutic value./” Besides their own biological activity, y-amino acids have been of great interest
due to their potential application in the design and synthesis of oligopeptides, which adopt well
defined secondary structures. Cyclic y-amino acids seem to be promising building blocks for such
peptides due to the limitation of their backbone torsional mobility.!®! The focus of this work is on
the synthesis of cyclobutane containing y-amino acids. In common procedures these compounds are
synthesized via an UV-mediated [2+2] photocycloaddition. Herein, a variety of azabicyclo-
heptanones were successfully synthesized via a photocatalytic [2+2] cycloaddition of amide-linked
dienes by irradiation with blue LEDs (Aem =455 nm). The so obtained bicyclic compounds were
transformed into the desired y-amino acids. By derivatization and subsequent separation the y-

amino cyclobutane carboxylic acids were also prepared in enantiomerically pure form.

R! R?
Pg R! R?
R N R? [Ir(dF(CF3)ppy)2(dtbbpy)PF¢]
NN AN - —_—
70(\/ visible light, DMSO N O H2N 0
Pg HO
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Total synthesis of welwistatin using rhodium (I1) catalyzed diazoketone rearrangement

Ignatius Ip, Pauline Chiu*
Department of Chemistry, The University of Hong Kong, Pok Fu Lam, Hong Kong

Abstract

(—)-Welwistatin is a natural product showing significant anti-multiple drug resistance (anti-MDR)
activity. In 2012, Rawal® and Garg? independently published the total synthesis of welwistatin. As
recent as 2015, Hatakeyama® developed a strategy to synthesize it in 24 steps.

The aim of this project is to utilize the rhodium (1) catalyzed diazoketone rearrangement as the key
step in a synthetic approach to welwistatin. The a-diazo-p-hydroxyketone intermediate 1.1 has been
synthesized to investigate the strategy. We found that the [4.2.1] bicyclic dione 1.2 was found as the
sole product in good yield (77% brsm). Efforts to convert it to the welwistatin core structure are
ongoing.

Rh (Il) catalyzed diazoketone rearrangement
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Utility of benzyl substituted B,y—unsaturated 8-lactams in the synthesis of alkaloid-like
compounds with unique benzomorphan skeleton

Tomasz J. ldzik, L.ukasz Struk and Jacek G. So$nicki*
Department of Organic and Physical Chemistry, Faculty of Chemical Technology and Engineering,
West Pomeranian University of Technology, Szczecin, Piastow Avenue 42, 71-065 Szczecin - POL

Piperidine alkaloids are one of the most important groups of compounds of natural origin. Probably
the best known representatives of this group are Morphine or Codeine, which contain the
benzomorphan skeleton in their structure [1]. Currently, benzomorphan skeleton became the basis
for building a new, biologically active compounds such as Pentazocine or Metazocine [2]. Although
d—lactams are often used in the synthesis of piperidine derivatives, only a,p—unsaturated 6—lactams
have been used in the synthesis of benzomorphanones [3].

|\‘/|G
Benzomorphan R=H: Morphine Metazocine (R)-Pentazocine (S)-Pentazocine
R=Me: Codeine

In this communication we present the results of the utilization of benzyl substituted ,y—unsaturated
d-lactams 2 in the synthesis of novel and unique alkaloid-like piperidine derivatives 4, which
structure can be considered as bridged benzomorphan skeleton. Our three-step synthesis strategy is
based on the nucleophilic addition of lithium benzyl magnesiate to 2-pyridones (applied as simple
precursors) [4], intramolecular halocarbocyclization and intramolecular cyclopropanation. In the
preliminary attempts we found that products 4 are excellent starting materials for further
transformations, leading e.g. to structures 5, 6 and 7 (Scheme 1).
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Scheme 1

[1] D. C. Palmer, M. J. Strauss, Chem. Rev., 1977, 77, 1-36.

[2] www.pubchem.com

[3] Q. Chen, X. Huo, H, Zheng, X. She, Synlett 2012, 1349-1352; B. Fang, H. Zheng, C. Zhao, P.
Jing, H. Li, X. Xie, X. She, J. Org. Chem., 2012, 77, 8367—8373.

[4] J.G. Soénicki, T.J. Idzik, A. Borzyszkowska, E. Wroblewski, G. Maciejewska, t.. Struk,
Tetrahedron, 2017, 73, 481-493.
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Synthesis of N-(azetidin-3-yl)pyrazolecarboxylates

M. Iékauskiené*l, G. Ragaitél, F. A. Slgk?, A. Sackus®
! Institute of Synthetic Chemistry, Kaunas University of Technology, Radvilény pl. 19, LT-50254 Kaunas, Lithuania

*Vipergen ApS, Gammel Kongevej 23A, DK-1610 Copenhagen V, Denmark
email:monika.dargyte@ktu.edu

Pyrazole carboxylic acids have found wide application as building blocks in organic synthesis for
designing of pharmaceuticals and agrochemicals [1].

The aim of the present work is the synthesis of pyrazolecarboxylates bearing an azetidin-3-yl
substituent at the pyrazole nitrogen atom. The azetidine moiety has previously been identified as a
privileged motif within medicinal chemistry [2-4]. The synthetic combination of two
pharmacologically relevant pyrazole and azetidine motifs can provide interesting building blocks
for developement of lead molecules. The synthesis strategy included coupling of various
pyrazolecarboxylates with 3-hydroxy-, 3-mesyloxy- and 3-iodoazetidines. For example, treatment
of structurally symmetrical ethyl pyrazole-4-carboxylate 1 with N-Boc protected 4-iodoazetidine 2
(Y =1) in the presence of cesium carbonate afforded compound 3 as a sole product in a good yield,
while analogous reaction of unsymmetrical ethyl pyrazole-5-carboxylate 4 gave a mixture of
isomeric compounds 5 and 6. The Mitsunobu reaction of pyrazoles 1 and 4 with 4-hydroxyazetidine
was carried out as well. The bromination of the obtained N-(azetidin-3-yl) substituted pyrazoles was
performed and Pd-catalysed cross-coupling reactions of the corresponding bromo substrates were
investigated.

COOEt

EtOOC

] 1 \ 7 \
N/_y COOEt NG
‘N~ COOEt +
N
" 5o 3> 35
N 6
Boc

4

N
[3,]

Scheme 1. Y = OH, OMs, |
The structure of the synthesized new compounds was confirmed by data of the *H, *C and N
NMR spectroscopy and HRMS.

[1] Khidre, R. E.; Abdel-Wahab, B. F.; Farahat, A. A.; Mohamed, H. A. J. Heterocyclic Chem.
2011, 48, 543-546.

[2] Duncton, M. A. J.; Estiarte, M. A. et al. Org. Lett. 2008, 10, 3259-3262.

[3] Rainoldi, G.; Faltracco, M.; Lo Presti, L.; Silvani, A.; Lesma, G. Chem. Commun. 2016, 52,
11575-11578.

[3] Antermite, D.; Degennaro, L.; Liuisi, R. Org. Biomol. Chem. 2017, 156, 34-50.
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Trifluoromethylation of Pyridines via N-methoxymethylpyridinium Salt
Intermediate
Yuichi Kuboki, Reiya Ohta, Mizushi Yanagihara, Kenichi Murai
Mitsuhiro Arisawa and Hiromichi Fujioka*
Graduate School of Pharmaceutical Sciences, Osaka University
Yamada-oka, 1-6 Suita, Osaka.

Molecules containing trifluoromethyl group have attracted attention in the field of
agrochemical and medical drugs because of its high electron-withdrawing nature and
high lipophilicity. Therefore, trifluoromethylation reactions have been extensively
studied, and reported well. On the other hand, we previously discovered that treatment
of alkyl methoxymethyl ethers (MOM ethers) 1 with 2,2'-bipyridyl and trimethylsilyl
trifluoro-methanesulfonate (TMSOTT) gave a salt intermediates 2, which were treated
with nucleophile to give the corresponding compounds reacted at position a. ™

However, when

trifluoromethylating reagents owon 22yt | [ _ e TMSCF _ _
were used as nucleophile, the  © R oS | rON ‘
reaction occurred at position FSaeL . i , o
b and trifluoromethyled ot memediats and dearomatiation

dihydropyridines 3  were

obtained in high yields.

We herein report an effective method for trifluoromethylation of six-membered

N-heteroaromatic compounds. N-methoxymethylpyridinium salt intermediates 4 were

formed by treatment of pyridine derivatives with dimethoxymethane and TMSOTT. The

reaction of 4 with trifluoromethylating reagents proceeded under mild conditions to give

2-trifluoromethyldinydropyridines 5 in high vyields. Compounds 5 were further

transformed to N-heterocycles. Thus, oxidation of 5 afforded pyridines and reduction of

5 gave piperidines. Both transformations proceeded smoothly without any problem.
dimethoxymethane (3 eq.) ( R N

€.
oxidation pZ
TMSCF; (3 eq.) /
7N TMSOTf (2 eq.) (> CsF (3 eq.)
(> N®

N CH.Cly, 1h ) o

MeO OTf MeO
4
MeO

5 reduction

[1] Adv. Synth. Catal., 2012, 354, 1861
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Development of Photochromic Kinase Inhibitors based on Fulgimides
Lisa-Marie Altmann, Nadja A. Simeth and Burkhard Konig

Institute of Organic Chemistry, University of Regensburg, D-93040 Regensburg, Germany

Kinases play an important role in signal transduction and in regulation of nearly every metabolic
pathway. The dysregulation of kinases can lead to several diseases including diabetes and cancer.
Therefore, kinase enzymes are a very popular target in the search for novel therapeutics.™

Gaining control over the activity of pharmaceuticals using light represents a very mild and selective
method. Photoresponsive enzyme inhibitors which can change their binding properties when
irradiated with light of specific wavelength can be used as a tool for controlling enzyme activity
with high temporal and spatial resolution.?*!

For this reason, photochromic moieties have received remarkable interest. Fulgimides containing a
heterocyclic ring undergo a pericyclic reaction between the closed and opened isomer when
irradiated with light (Figure 1). They exhibit a good photochromism and a high fatigue resistance.
Furthermore, fulgimides can switch in an aqueous environment which is crucial for
pharmaceuticals.**

o) 0
NH NH ﬁ\(
T &,
A\ ’ Vis O ©
N N
3 3 iL

open closed

\

s O

Figure 1: Reversible switching between the opened and closed isomer.

Herein, we describe the synthesis of different fulgimide-based kinase inhibitors (containing residues
from already known kinase inhibitors) and the characterization of the photophysical properties.
Therefore, light is used to switch reversibly between the more active and less active photo isomer.

[1] D. Wilson, J. W. Li, N. R. Branda ChemMedChem. 2017, 12, 284-287.

[2] W. A. Velema, W. Szymanski, B. L. Feringa J. Am. Chem. Soc., 2014, 136, 2178-2191.
[3] D. D. Young, A. Deiters Org. Biomol. Chem., 2007, 5, 999-1005.

[4] M.-M. Russew, S. Hecht Adv. Mater. 2010, 22, 3348-3360.
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Chiral Tetrahydrothiophene Ligands in Asymmetric Catalysis

Rong-Jie Chein," * Singam Naveen Kumar,! Hsin-Yi Wu,’ Meng-Ting Huang,* Shang-Hua Wang'
and Isaac Furay Yu?
YInstitute of Chemistry, Academia Sinica, Taipei, Taiwan 11529
Department of Chemistry, National Taiwan University, Taipei, Taiwan 10617

Chiral sulfur ligands are becoming a versatile tool in organic chemistry due to the blossomed
development achieved in the past years. This presentation describes an expeditious and efficient
preparation of enantiopure (thiolan-2-yl)diarylmethanols and the applications of their derivatives to
the catalytic and asymmetric Corey-Chaykovsky epoxidation,' the imino Corey-Chaykovsky
aziridination,> the Corey-Chaykovsky cyclopropanation,” as well as the first oxathiaborenium
catalyzed asymmetric Diels-Alder reaction.’

asymmetric
Corey-Chaykovsky
epoxidation

asymmetric
imino

Corey-Chaykovsky

aziridination

95-98% ee

up to 92% ee

Asymmetric
Cyclopropanation

\ s’ OH 91-94% ee
sulfur ylide/
H-bond donor
dual catalyzed
H Ph asymmetric imino
O:—:fph Oxathiaborolium Corey-Chaykovsky
S, catalyzed asymmetric reaction

Diels-Alder reaction up to 96% ee

up to 96% yield
up to >99% ee
upto 98 :2dr

(1) H.-Y. Wu, C.-W. Chang, R.-J. Chein J. Org. Chem. 2013, 78, 5788.
(2) M.-T. Huang, H.-Y. Wu, R.-J. Chein Chem. Commun. 2014, 50, 1101
(3) S.-H. Wang, R.-J. Chein, Tetrahedron 2016, 72, 2607-2615.

(4) Unpublished results.
(5) S. N. Kumar, I. F. Yu, R.-J. Chein Org. Lett. 2017, 19, 22-25. (Highlighted in C&EN 2017,

95(1), 9).
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Asymmetric Conjugate Addition of Alkylzirconium Reagents to a, B-Unsaturated Thioesters:
Access to fragrances and acyclic stereochemical arrays

Zhenbo Gao and Stephen P. Fletcher *
Department of Chemistry, University of Oxford. Chemistry Research Laboratory, 12 Mansfield
Road, Oxford, OX1 3TA (UK)/+44

Copper-catalyzed asymmetric conjugate addition of alkylzirconium species to o, B-unsaturated
thioesters is reported. A variety of functioanlized alkyl nucleophiles were introduced with yields
around 70% and ee’s over 92%. The method was applied to the straightforward syntheses of the
commercially important fragrances phenoxanol (both enantiomers 97% ee), and hydroxycitronellal
(98% ee). The 1,4-addition products can be converted to enantiomerically enriched linear building
blocks bearing a terminal functional group. Formation of further o, f-unsaturated thioesters provides

a) Previous work

(o]
Rie™ ziep,ci Rise™ ziep,c
ﬁ\ u(l) Ligand /ﬂ\ ngand J

o Ketone products
» a—carbonyl groups difficult to differentiate
b) This work

RIS [Cp,ZrHCI] DCM; ‘ .
p2Lr]
o CuCl (20 mol%) AgOTf (22 mol /) /\)k
/\)J\ Ligand D (20 mol%) SEt OO
Ry N~ gEt 17examples

TMSCI (5.0 eq)
Et,0/DCM, ice bath, 40 hours up to 99% ee

* Easily functional group interconversion
¢ Access to linear building blocks
* Access to fragrances

* Use in iterative synthesis
¢ Catalyst control in acyclic arrays

Ry Ry Ry Ry Ry

Ro™* SEt Ry SEt Ry NG SEt

Scheme 1 a) Previous work on ACA of alkyl zirconium species to enones provides
ketones b) This work, hydrozirconation / ACA of alkenes to a,B—unsaturated
thioesters ives chiral products with an easily differentiated functional group and
allows synthesis of functionalized acyclic stereochemical arrays.

an iterative route for the stercocontrolled
synthesis of functionalized acyclic arrays and
we demonstrate almost complete catalyst
control in the formation of additional
stereocentres.

Asymmetric addition of alkyl nucleophiles to
o.B unsaturated  aldehydes, esters and
thioesters are high value transformations as
enantiopure  -substituted carboxylic acid
derivatives have enormous synthetic utility.
While a great many non-enantioselective
procedures have been developed and used in
synthesis, there are only a few -catalytic

enantioselective methods, and these are limited to the addition of simple alkyl nucleophiles. The Loh
group' used Grignard reagents to form stereogenic centres by ACA to esters, while the
Minnaard/Feringa® and Alexakis® groups built tertiary centres from a, B-unsaturated thioesters and

aldehydes respectively.

11S.Y. Wang and T. P. Loh, Chem. Commun 2010, 46, 8694-8703.
2] R. D. Mazery, M. Pullez, F. Lo’ R. Harutyunyan, A. J. Minnaard and B. L. Feringa,

J. Am. Chem. Soc., 2005, 127, 9 66 9967

3] A. Alexakis, S. Goncalves-Contal, L. Gremaud, L. Palais and L. Babel, Synthesis, 2016, 48,

301-3308.
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Synthesis of Novel and Structurally Diverse Iminosugar C-glycosides

Sure Siva Prasad, Soundararasu Senthilkumar and Sundarababu Baskaran*
Department of Chemistry, Indian Institute of Technology Madras, Chennai- 600036, India

Iminosugars have served as lead molecules for treatment of various diseases, including cancer,
diabetes, viral infections, and lysosomal storage disorders.! Slight modifications in both mono- and
bicyclic iminosugars, including stereochemical changes and functional group variation like
introduction of lipophilic substituents at the N-/C;-position, alter their potency and specificity. As a
consequence, there has been ever growing interest towards a simple, general and reliable synthesis
of various N-/C;-alkyl substituted iminosugars for wide spectrum of biological evaluations.*

We have developed an efficient one-pot method for stereoselective synthesis of hydrophobically
modified iminosugar C-glycosides via in situ generated iminium ion with various carbon
nucleophiles.>* The synthetic utility of this methodology is further extended towards the synthesis
of skeletally challenging bicyclic iminosugars and iminosugar hybrids.

Ph_ OO O .OH Phj Oy X
N 10 ()" DR
HCIN. s —
o_ o . .
. OH > HO " g M
HO™ ™ “oH C X=0,N
OH D-ribose tosylate 07/’ -
IC5 26.22 pg/mL Q R-NH, Iminosugar B-C-coumarinyl/
Y, quinolinonyl glycoside
against MCF-7 3 o
cancer cell line %, R
2 o@-
< g
- Ph I‘?
N N\
. 3 R——Cu @
HO® " "o RCM HO" 7 “0 [3+2]-cycloaddition
071— oL
Tetrahydroindolizine Iminium ion 7Z-
derivative Y o 5 7 cx, GR30921X
Y N o 66\\‘\0 . C',,h M/Oe analogue
. e S,
s A,
o ﬂ\ﬁq 1. CH;NO, % eJ,%s TSN
=N > =
o N - 2 ¥ 2. SET oxidative radical % N
cyclization 7 'NOy
Ph - .
\HJ\O\ ) HO™ o
(')7L CH : o
. N 3 07L_
Indolizidine derivative N "l
o NO, Quinolizidine
. . . X derivative
_: /o X : ’/o
074— 07L—
Indolizomycin derivative Castanospermine anlalogue

Scheme 1. Synthesis of novel and structurally diverse iminosugar C-glycoside

[1] @) Compain, P.; Martin, O. R., Iminosugars: From Synthesis to Therapeutic Applications;
Wiley, 2007. b) Butters, T. D.; Dwek, R. A.; Platt, F. M. Chem. Rev. 2000, 100, 4683.

[2] Prasad, S.S.; Senthilkumar, S.; Srivastava, A.; Baskaran, S., Org. Lett. 2017 (ASAP).

[3] Senthilkumar, S.; Prasad, S. S.; Das, A.; Baskaran, S., Chem. Eur. J. 2015, 21, 15914.

[4] Senthilkumar, S.; Prasad, S.S.; Kumar, S. P.; Baskaran, S., Chem. Commun., 2014, 50, 1549.
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Transition Metal-free Cycloaddition of N-Boc Propargylenamine
for the Synthesis of Functionalized Pyrroles

Takayasu Yamauchi, Yuya Chikayuki, Shigeru Sasaki, and Kimio Higashiyama*
Institute of Medicinal Chemistry, Hoshi University
Ebara, Shinagawa, Tokyo 142-8501, Japan

Of the many known pyrrole derivatives has always attracted the attention of chemists due to their
many chemical and biological applications. Most of the cycloaddition is used transition metal
catalyst, in particular gold and copper ion, as it can be activated alkenes and alkynes. Due to the
cytotoxic properties of Au (1), (I11), Cu (1) and (I1), it is important to remove the metal catalysts
from the reaction product. Recently, guideline for elemental impurities (Q3D) should enter into
force by international council on harmonization (ICH) of technical requirements for registration of
pharmaceuticals for human use. This guideline presents a process and control elemental impurities
in the drug product using the principles of risk management. This process provides a platform for
developing a risk-based control strategy to limit elemental impurities in the drug product.

We will present our recent research into the 5-exo-dig cycloaddition of N-Boc propargylenamines
under basic condition, resulting to give pyrroles in high yield. The intrinsic reactivity profiles of
these enamines in a short time have been examined with a wide range of substrates. Interestingly,
deprotection of tert-butoxycarbonyl group proceeded under sequential basic reaction.

This feature makes it possible to functionalize pyrrole derivatives by simple synthetic procedure
that do not require toxic transition metal catalysts.

| | Ri R1 4 mi . i
tert-BuOK mild and nontoxic condition
L JI ﬂ\ + simple operation and purification
N" Ry THF, 70°C N~ Rz« broad scope
Boc 5 min H + short time
+ high yield

R4; carbonyl, cyano, carboxyl
Ro; alkyl, aryl
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LR-1 and LR-2 : Synthesis and its cytotoxic activity
Ritmaleni,* Rumiyati and Sisimindari
'Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Universitas Gadjah Mada,

Yogyakarta, Indonesia/55281

* Corresponding author : ritmaleni@ugm.ac.id

Multicomponent reactions (MCRs) is one of the important reaction in organic synthesis and
medicinal chemistry. This kind of reaction can produce different kind of molecules with different
kind of biological activities. Biginelli reaction is one of example of MCR. The modification on the
Biginelli reaction has been made by most of researchers who worked in this kind of reaction for
example by changing the startimg material of 1,3-dicarbonyl of the reaction. Our research is
focused on the changing of the used of 1,3-dicarbonyl to 2-indanone.(1) This research is aimed to
synthesis and evaluate the cytotoxic activity of 4-phenyl-3,4-dihydro-indeno[2",1 ]pyrimidin-
2(1H)-one (LR-1) and 4-phenyl-3,4-dihydro-indeno[2",1 ]pyrimidin-2(1H)-thione (LR-2).

The synthesis is involved the reaction of 2-indanone, benzaldehyde and urea(thiourea) in acid
condition. The reaction conditions have been optimised. The best reaction conditions are when the
reaction run in phosphoric acid for 6 hours of the reaction time.

Q X
o+ Ho+ )]\ EtOH, HCI
HoN NHz  reflux, 6h

2-Indanone X=0,8

Scheme 1. Synthesis LR-1 and LR-2

The biological activity that is evaluated is its cytotoxicity activity based on the similar structure of
LR-2 with monastrol, an anticancer agent. The cytotoxic activity of LR-2 has been studied on
different cancer cell lines and gave LCsp as 159.5 uM, 65 uM, 268 uM to T47D (2), Myeloma and
HeLa (3) respectively. The LCs of Vero (normal) cell were undetermined, it means that LR-2 was
not toxic to Vero cell, which indicates a good selectivity for anticancer drug candidate. The indeno-
ring on LR-2 makes the molecule less polar or more non-polar (compared to monastrol) and makes
the bioavailability of the drug in the body higher.

[1] Ritmaleni and Nurcahyani, W., 2006, Synthesis 4-phenyl-3,4-tetrahydro-indeno[2,1]-
pyrimidine-2-one (LR-1), Majalah Farmasi Indonesia, 17, 3, 149-155

[2] Ritmaleni, Anitasari, A., Susanti, S., Rumiyati, Sismindari, 2011, Synthesis and cytotoxic
activity of LR-2 againts breast cancer cell line T47D, Majalah Farmasi Indonesia, 22, 1, 21-32

[3] Ritmaleni, Arifin, M., F., Laksmiani, N. P. L., Rumiyati, Sismindari, 2012, The effect of
benzaldehyde excess in the synthesis of LR-2 and the cytotoxicity activity of LR-2 againts
HeLa cancer cell line, Indonesian J. Pharm., 23, 1,9 — 17

274


mailto:ritmaleni@ugm.ac.id

ISHC 2017 Poster Abstracts WED-P 2

Enantioselective Construction of Quaternary Stereocenters by 1,4-Addition of 3(2H)-
Furanones to Alkynones

Petra Vojackova, David Chalupa and Jakub Svenda*
Department of Chemistry, Masaryk University, Brno 625 00, Czech Republic

3(2H)-Furanone represents an important structural element found in many biologically active
natural products. However, preparation and handling of 3(2H)-furanones can be challenging due to
their limited stability including facile air oxidation. As part of our research on stereoselective
synthesis of two natural spirocyclic alkaloids, cephalimysins B and C, we were led to study the
enantioselective 1,4-addition between 2-(trifluoroethyloxycarbonyl)-3(2H)-furanone 1 and
alkynone 2.* In light of the fact that neither 2-(alkoxycarbonyl)-3(2H)-furanones nor alkynones
feature frequently in enantioselective Michael additions, we performed a screen of common
organocatalysts and selected organometallic complexes. Ni(ll)-diamine complex developed by
Evans et al.>® emerged as a superior catalyst for this transformation, providing 1,4-adduct (R)-3 in
96% ee. To our best knowledge, the Ni(ll)-diamine catalyst has not been described in conjugate
additions with alkynones or alkenones previously. Key reaction parameters and substrate scope of
the Ni(ll)—diamine-catalyzed 1,4-addition of in situ formed 3(2H)-furanones to alkynones will be
presented.

WNH '|3r HN
N
N | e
OH ) Br |\
HsC o Ph Ph

(S.,S)-Ni(ll)—diamine (10 mol%)

CH,Cly/toluene, —40 °C, 120 h

¢ ]
O,
(@)
o
\;\
o o

CH3

CH3  Cephalimysin C

(R)-3

79% yield (over 2 steps)
96% ee, Z:E = 5:1

(1) Chalupa, D.; Vojackova, P.; Partl, J.; Pavlovié, D.; Ne¢as, M.; Svenda, J. Org. Lett. 2017, 19,
750-753.

(2) Evans, D. A; Seidel, D. J. Am. Chem. Soc. 2005, 127, 9958-9959.

(3) Evans, D. A.; Mito, S.; Seidel, D. J. Am. Chem. Soc. 2007, 129, 11583-11592.
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Trifluoroacetylation of indole-chalcones derived from the 2-amino-3-(arylethynyl)-5-bromo-
iodochalcones

M.J. Mphahlele and M.M. Maluleka*
Department of Chemistry, University of South Africa, Pretoria/0003

Indole-based compounds exhibit important biological properties such as antimicrobial, anti-oxidant,
anticancer and antitubercular activities, and this moiety is widely distributed in numerous natural
products.[1] Likewise, chalcone (1,3-diaryl-2-propen-1-one) moiety forms the central core for a
variety of biologically active compounds with antimicrobial, antitumor, antioxidant, antimalarial,
antiviral, antileishmanial and anti-inflammatory properties.[2,3] We became interested in the design
and synthesis of indole-chalcone derivatives in which the five-membered moiety is fused to the 1,3-
diaryl-2-propen-1-one framework on the aryl ring and bearing trifluoroacetyl group at the 3-position
of the indole moiety.

We envisioned that molecular hybridization to construct an indole ring onto the 1,3-diaryl-2-propen-
1-one framework through the standard indole synthesis would lead to the requisite indole-chalcones
with potential to undergo trifluoroacetylation on the indole framework. In order to proof this
assumption, we prepared 2-amino-5-bromo-3-iodoacetophenone 1 and subjected it to base-mediated
Claisen-Schmidt aldol condensation with benzaldehyde derivatives. The prepared 2-amino-3-iodo-5-
bromochalcones 2 were, in turn, subjected to Sonogashira cross-coupling with arylacetylenes
followed by palladium chloride-mediated endo-dig Csp—N cyclization of the incipient 3-alkynyl-2-
amino-5-bromochalcones 3 to afford novel indole-chalcones 4. Further chemical transformation of
these indole-chalcones via trifluoroacetylation afforded the corresponding novel 3-trifluoroacetyl—
substituted indole-chalcones 5.[4]

0 o Br 0 Spd 0 0
Br T B 1 B 1
\@H\Cm W, 7 i) iy T o

— — NH, - RN
! NH, NH, || _ NH 1) _ NH
I
2 2
A2 Ar FsC Ar
4 5

1 2 3

[1] EI-Mekabaty, A. Synthetic Commun. 2015, 45, 2271-2302.

[2] Singh, P.; Mittal, A.; Bhardwaj, A.; Kaur, S. Bioorg. Med. Chem. Lett. 2008, 18, 85-89.

[3] Mphahlele M.J.; Makhafola T.J.; Mmonwa M.M. Bioorg. Med. Chem. 2016, 24, 4576-4586.
[4] Maluleka M.M.; Mphahlele M.J. J. Fluorine. Chem. 2016, 189, 88-95.
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First Enantioselective Synthesis of VAChT Inhibitors Vesamicol, Benzovesamicol,
Spirovesamicols and Other Analogues
J. Agarwal, A. Sharma and R. K. Peddinti
Department of Chemistry and Center of Advanced Studies, Panjab University,
Chandigarh, INDIA, 160014

Vesamicol, a B-amino alcohol, is an important tool for physio-logical studies of cholinergic nerve
terminals. It acts as an inhibitor for the transportation of neurotransmitter acetylcholine, and shows
potential quantitative imaging in Alzheimer’s disease.! The potency of one of its isomers is 500
times more than that of others. A kinetic resolution technique was applied to afford a single
enantiomer of vesamicol and its derivatives;? however, to date, no reports are available for the
direct enantioselective synthesis of vesamicol and its derivatives. Therefore, there is an urgent need
to develop a convenient method for the enantioselective synthesis of vesamicols.

Chiral salen metal complexes are known as privileged catalysts for numerous asymmetric
transformations such as asymmetric epoxidation, Kinetic resolution of terminal epoxides,
desymmetrization of meso-epoxides, polymerization, enantioselective Diels—Alder reactions, and
other asymmetric transformations in organic synthesis.® The desymmetrization of meso-epoxides
with different nucleophiles, such as nitrogen, sulfur, oxygen, halides, and selenium has been
successfully accomplished and established as a key step in the enantioselective synthesis of many
natural products and important biologically potent scaffolds. Herein, we report the first
asymmetric aminolysis of meso-epoxides with 4-phenylpiperidine derivatives using a chiral
[salenCo(lll)] complex to afford vesamicol, benzovesamicol, and their derivatives with high
enantioselectivities.

o ; R R R
1.RBr,Mg, THF /> /.~~~ v ! :
2.CHiCOOH. HCI : : N N N ;

ey :Oz Y ;
3 : 'OH OH :
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l‘ Nucleophiles ‘ +‘\ BF4 Ziiff:ff::iif::ff::iff::ff::if:::iff:ff::iiff:f::ff:l‘
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Scheme 1: Asymmetric Synthesis of Vesamicol, Benzovesamicol and Spirovesamicol.

References:

[1] C. Barthel, D. Sorger, W. D-Conrad, M. Scheunemann, S. Schweiger, P. Jackel, A. Roghani, J
Steinbach, G. Schiiirmann, O. Sabri, P. Brust and B. Wenzel, Eur. J Med. Chem., 2015, 100, 50-67.

[2] Y. Z. Ponce, S. Mavel, T. Assaad, S. E. Kruse, S. M. Parsons, P. Emond, S. Chalon, N. Giboureau, M.
Kassiouc and D. Guilloteau, Bioorg. Med. Chem., 2005, 13, 745-753.

[3] Q.P.Shi, Z. H. Shi, N. G. Li, Y. P. Tang, W. Li, H. Tang, W. Zhang, M. Z. Shen and J. A. Duan, Curr.
Org. Chem., 2014, 18, 1226-1241.

[4] A. Sharma, J. Agarwal and R. K. Peddinti, Org. Biomol. Chem., 2017, 15, 1913-1920.
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A very short synthesis of lythranidine
N. L. Magann, M. S. Sherburn*
Research School of Chemistry, Australian National University, ACT 2601, Australia

Of the many measures of efficiency in total synthesis, step economy is king. Thus, the exploitation
of multi-bond forming reactions to rapidly generate molecular complexity is of paramount
importance in total synthesis. This philosophy is exemplified by our remarkably short synthesis of a
pseudopterosin natural product which was constructed in just ten steps using three multi-bond-
forming Diels-Alder reactions.

Our recent work extends the use of multi-bond-forming reactions to alkaloid synthesis, culminating
in the step economical total synthesis of lythranidine, a macrocyclic alkaloid, isolated from the
Japanese perennial plant Lythrum anceps Makino.? The previous shortest synthesis of this natural
product was completed by Firstner and co-workers, with a longest linear sequence of 15 steps,
producing 8 mg of material.® This presentation will detail our exploitation of a (barely) hidden C2
symmetry in the structure to complete the first practical, gram scale, single digit step count
synthesis of the natural product.

Simple commercially
available starting
materials

gram scale

lythranidine

[1] Newton, C. G.; Drew, S. L.; Lawrence, A. L.; Willis, A. C.; Paddon-Row, M. N.; Sherburn, M.
S. Nat Chem. 2015, 7, 82-86
[2] Fujita, E.; Fuji, K.; Bessho, K.; Sumi, A.; Nakamura, S. Tetrahedron Lett. 1967, 8, 4595-4600.

[3] Gebauer, K.; Firstner, A. Angew. Chem. Int. Ed. 2014, 53, 6393-6396.
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Chiral Hypervalent lodine(l11) Catalyst Promotes Highly Enantioselective Sulfonyl- and
Phosphoryl-oxylactonizations

C. Gelis, A. Dumoulin and G. Masson*
ICSN-CNRS, 91198 Gif-sur-Yvette Cedex

Chiral y-butyrolactones (dihydrofuran-2-ones) are prevalent motifs found in diverse biologically
active natural and synthetic products. [1] In addition, y-(hydroxymethyl)-y-butyrolactones are
valuable key building blocks for the synthesis of various natural products. [2] Direct oxycyclization
of 4-pentenoic acids mediated by hypervalent iodine(l11) represents one of the most straightforward
approaches starting from readily available precursors (scheme 1). In spite of the recent
developments, [3] few efficient enantioselective oxylactonizations have to date been recorded.

2 3
MOH oxydant, R7OH, I-R Rzot%
O

0
\*R3 / R'
\I\

Scheme 1

Within this context and in conjunction with our interest in enantioselective hypervalent iodine(l11)
catalysis,[4] we describe herein the first enantioselective sulfonyl- and phosphoryl-oxylactonization
of nonrigid 4-pentenoic acid derivatives using stoichiometric or catalytic amounts of chiral
hypervalent iodine precursors. This methods provides an efficient acces to various interesting
enantioenriched y-lactones through a tandem sequence, in acceptable yields and moderate to
excellent enantioselectivity (scheme 2). [5]
- Cat.
Cat. (20mol% or 1eq)

R at R?07N-O, : 0 I o)
BA (2 0r3 .
M]/OH + R20H mCp Q( or eqe) o J\/o o}
Et,0, 0°C or -45°C ¢ MesHN™ ™ NHMes

0 R
13 examples
yield up to 88%
ee up to 93%

Scheme 2

[1] Seitz, M.; Reiser, O. Curr. Opin. Chem. Biol. 2005, 9, 285.

[2] Dey, S.; Karabal, P. U.; Sudalai, A. Synth. Commun. 2015, 45, 1559.

[3] Woerly, E.; M.; Banik, S. M.; Jacobsen, E. N. J. Am. Chem. Soc. 2016, 138, 13858.

[4] Bekkaye, M.; Masson, G. Synthesis 2016, 48, 302.

[5] Gelis, C.; Dumoulin, A.; Bekkaye, M.; Neuville, L.; Masson, G. Org. Lett. 2017, 19, 278.
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Visible light triggers the direct C-H heteroarylation of anilines

Dr. Leyre Marzo, Shun Wang and Prof. Dr. Burkhard Konig*
Institute of Organic Chemistry, University of Regensburg, Regensburg, Germany, D-93040.

Aniline derivatives are important compounds for the society, present in our daily life. As an
example, many pharmacologically active compounds present this moiety in their structure.[1] In
addition , they are employed in industry as precursors for the obtention of pigments, dyestuffs,
rubber products, etc.[2] Transition metal catalyzed cross-coupling approaches are probably the most
common methodologies for their arylation.[3] However, prefunctionalized anilines are required as
starting materials in these reactions. More direct approaches involved the direct C-H
functionalization of anilines. So far, the approaches described require either the presence of
stoichiometric amounts of the reductant or oxidant reagent, or the use of high temperatures in the
reaction.[4] Here we present an alternative to the previous methods, that using visible light as the
source of energy and allows the direct C-H heteroarylation of anilines from EWG-substituted
thiophenes and furanes and anilines, using only DIPEA as sacrificial electron donor. A variety of
anilines bearing substituents of different electronic nature can be heteroarylated under these
conditions, and the method showed a broad functional group tolerance. Mechanistic studies of the
reaction suggested the formation of a transient heteroaryl radical by excitation under blue LED
irradiation followed by a single electron transfer from DIPEA, that is consecutively trapped by the
aniline moiety present in the media.

NR,

Blue LED (455 nm)
EWG /Y\ x* [ > D—: >
N DIPEA (0.5 equiv) Ewg” Y '\'R

(o] R ACN, r.t.
B

Yield =40 - 78%

[1] @) G. Gellerman, Org. Prep. and Proced. Int. 2012, 44, 187; b) T. Boibessot, C. P. Zschiedrich,
A. Lebeau, D. Bénime¢lis, C. Dunyach-Rémy, J.-P. Lavigne, H. Szurmant, Z. Benfodda, P. Meffre,
J. Med. Chem. 2016, 59, 8830; c) P. Kovacic, R. Somanathan, Med. Chem. Commun., 2011, 2, 106.

[2] A. S. Travis, 2009. Manufacture and Uses of the Anilines: A Vast Array of Processes and
Products. Patai's Chemistry of Functional Groups.

[3] For some examples see: a) M. Akula, P. Yogeeswari, D. Sriram, M. Jhac, A. Bhattacharya, RSC
Adv. 2016, 6, 46073; b) Y. Liu, Y. Zhang, Q. Lan, S. Liu, Z. Qin, L. Chen, C. Zhao, Z. Chi, J. Xu, J.
Economy, Chem. Mater. 2012, 24, 1212; ¢) T. D. Nelson, R. D. Crouch, Organic Reactions, 2004,
63, 265.

[4] a) A. Wetzel, V. Ehrhardt, M. R. Heinrich, Angew. Chem. Int. Ed. 2008, 47, 9130; b) H. Jasch,
J. Scheumann, M. R. Heinrich, J. Org. Chem. 2012, 77, 10699; c) T. Jiang, S.-Y. Chen, G.-Y.
Zhang, R.-S. Zenga, J.-P. Zou, Org. Biomol. Chem., 2014, 12, 6922.
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Preparation of Solid Organozinc Pivalates with Enhanced Air and Moisture Stability for
Organic Synthesis

Y.-H. Chen, and P. Knochel*
Chemistry Department, Ludwig-Maximilians-Universitat, Miinchen 81377

We have reported the preparation of solid and air-stable zinc amide enolates [1] and poly-
functionalized alkynylzinc pivalates [2] from the corresponding morpholinoamides or alkynes using
TMPZnX (TMP = 2,2,6,6-tetramethylpiperidyl) as base. These organozinc pivalates are obtained as
powders under mild conditions in excellent yields that can be manipulated in air for several hours
without significant decomposition. These zinc reagents show an excellent reactivity in various
carbon-carbon bond forming reactions including 1,3-dipolar cycloaddition. And they have been
used to prepare 3-formyl indole derivative and carboxyamidotriazole with crucial biological activity
in concise way and good overall yield.

1) TMPZnCI-LiCl

o (1.2equi:/) o Q H
L THE25°Cth I zn0Pv — = MeO
B - =" Oom
o/ 2)Mg(OPV), O/ N
(1.2 equiv) H

6 steps, 23% overall yield

N=N,
_N
1) TMPZnOPiv HZNOC/‘\<
THF, 25°C, 1 h - Q cl
Et0,C—=—H >  Et0,C—==—2ZnOPiv > NH,

2) solvent evaporation
) P 82% yield after 4 h “ O “
reaction (e}

expose to air. Carboxyamidotriazole
8 steps, 55% overall yield

[1] Y.-H. Chen, M. Ellwart, G. Toupalas, Y. Ebe, P. Knochel, Angew. Chem. Int. Ed. 2017, 56,
4612-4616.

[2] Y.-H. Chen, C. P. Tillmann, M. Ellwart, P. Knochel, Angew. Chem. Int. Ed. 2017, DOI:
10.1002/anie.201704400.
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Rhodium-Catalyzed Synthesis of Unsymmetric Di(heteroaryl) HetAr-X-HetAr’ Compounds

Saori Tanii, Mieko Arisawa, and Masahiko Yamaguchi
Department of Organic Chemistry, Graduate School of Pharmaceutical Science,
Tohoku University, 6-3 Aoba, Sendai, Japan

Di(heteroaryl) structure HetAr-HetAr is an important scaffold for drugs and functional organic
materials, and the construction of its carbon framework has been extensively studied using the C—C
coupling reactions between two aryl sp®-carbons. On the other hand, the synthesis of di(heteroaryl)
compound HetAr-X-HetAr’ (X = O, S, CH,, NH...) connected by a one-atom linker has been quite
rare compared with HetAr-HetAr compounds. HetAr-X-HetAr’ compounds are characterized by the
flexible structure possessing two rotating sp>-C/X bonds, and it is considered that HetAr-X-HetAr’
can exhibit novel chemical and biological function not observed with HetAr-HetAr compounds.
However, efficient and versatile synthetic method has not been known.

Recently, we developed rhodium-catalyzed synthesis of di(heteroaryl) ethers[1], di(heteroaryl)
sulfides[2], and di(heteroaryl) methanes[3] from heteroaryl ethers by heteroaryl exchange reaction
(Schemel). The synthesis provides a diversity of unsymmetric five/six-membered di(heteroaryl)
HetAr-X-HetAr’ compounds, which were not known before.

0 0
[HetAr}s-0-Ar + PRCEX-€HEtAD X€HetAD + PhC-O-Ar (1)
A B

C D
X =CH,, O, S

For example, unsymmetric di(heteroaryl) ethers were synthesized by heteroaryl exchange between
heteroaryl aryl ethers and heteroaryl esters[1]. When 2-phenoxybenzothiazole (1, 3 equiv.) was
reacted with pyridin-3-yl benzoate (2) in the presence of RhH(PPhs)s (5 mol%) and dppBz (10
mol%) in refluxing chlorobenzene for five hours, 2-(3-pyridinyloxy)benzothiazole (3, 60%) and
phenyl benzoate (4, 70%) were obtained. No reaction occurred in the absence of RhH(PPhs), or
dppBz (Scheme 2). The reverse reaction of 3 (1 equiv.) and 4 (1 equiv.) under the same condition
gave 1 (39%) and 2 (40%), which indicated the equilibrium nature of the reaction.

RhH(PPhs), (5 mol%)

Cl
©:§>'§'O—©—C| + ©)Oi0/©\l CprZ (10 mol%) g ©::‘>—O—Q . OO/©’ o
4

1 (3 equiv.) PhCl, refl, 5 h 3 60% 70%

Broad applicability of the rhodium-catalyzed method is due to the equilibrium nature of the
exchange reaction using stable substrates, which do not employ metal bases.

[1] Tanii, S.; Arisawa, M.; Tougo, T.; Horiuchi, K.; Yamaguchi, M. Synlett, in press.

[2] Arisawa, M.; Tazawa, T.; Tanii, S.; Horiuchi, K.; Yamaguchi, M. J. Org. Chem. 2017, 82, 804.
[3] Li, G.; Arisawa, M.; Yamaguchi, M. Chem. Commun., 2014, 50, 4328.
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Synthesis, In-vitro antimycobacterial evaluation and docking studies of some
new 2-heterostyrylbenzimidazole compounds as Inhibitors of Mycobacterium
tuberculosis Pantothenate Synthetase

B. Rama Devi and T. Ashok Kumar*
Department of Chemistry, Jawaharlal Nehru Technological University Hyderabad, College of
Engineering, Kukatpally, Hyderabad (T.S) — 500085, India.

Tuberculosis is one of the oldest documented infectious disease and threat to worldwide public
health, mainly caused by Mycobacterium tuberculosis (M.tb.) bacteria species. It is the only disease
that does not require any vector for transformation from one person to another [1]. In 2010, there
were around 8.8 million incident cases of TB, and around 1.1 million deaths from TB among HIV-
negative people, and an additional 0.35 million deaths from HIV-associated TB [2].

Cinnamic acids, its derivatives such as ethyl cinnamate, sodium cinnamate, and
benzylcinnamate have century old history as potential antituberculosis agents. 2-
Styrylbenzimidazoles which were synthesized from these Cinnamic acids are also showed
promising antituberculosis activity, but the practicable greener routes available for the synthesis of
novel 2-heterostyrylbenzimidazoles are very less in the literature. Herein, we report the facile
synthesis of some novel 2-heterostyrylbenzimidazoles using greener routes which were tested
against Mycobacterium Tuberculosis and other Gram positive and Gram negative bacteria.

R NH, o X u
: + = Green Conditions \@E H =\ X
C= -
NH, HO N/>_ ﬁ@
(@) X

@
(3a-¢)

R = H, NO, ,-COPh
X = H, CHj;, C1, F, NO,

Figure 1: Synthesis of 2-heterostyrylbenzimidazoles (3a-c).
Pantothenate synthetase (PS) was considered as the target for the molecular docking studies and

evaluated the binding pattern at active site, as PS plays a significant role in the biosynthesis of
pantothenate in Mycobacterium tuberculosis (MTB).

\ |
& W L
“T N 4 - \ / 7\ 4 -'1“"
™ [ ”;_;/’ 2T
l‘ : A . \ 4 1 4 \
v u‘,— ‘/(,_ i’b‘ - ,“ﬂ'ﬁ‘_' - ’,\l ’/f /1. ieser 1 "
f* s 3 - A”:#\ e Y\ % /7 & 1
" v . ‘\.,h‘ r ;

[1] A. K. Dutt, W. W. Stead, Epidemology and Host Factors: Tuberculosis and Nontuberculosis
Mycobacterial Infection, W. B. Saunders Company, Philadelphia, Pa, USA, 4™ Edition, 1999.
[2] World Health Organization Report 2011: Global Tuberculosis Control, WHO/HTM/TB/2011.16.
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Unnatural Amino Acid Derivatives Through Click Chemistry: Synthesis of Triazolylalanine
Analogues

Pravin C. Patil Frederick A. Luzzio*

Department of Chemistry, University of Louisville, 2320 South Brook Street, Louisville, Kentucky
40292 USA

The synthesis and utilization of unnatural amino acids is a vital component of protein engineering,
drug design and enzyme modification." Most frequently, the preparation of many unnatural or
otherwise non-proteinogenic amino acids begins with the preparation of so-called glycine
equivalents and further manipulation through the installation of side chains.? In general the term
‘glycine equivalent’ infers a two-carbon fragment whereby the carboxyl group and the amino group
bear suitable protection so that the methylene group may be activated as a nucleophile or
electrophile to facilitate side-chain installation. A novel tert-butyl 2-(1-oxoisoindolin-2-yl) acetate
derivative is selectively alkylated with propargyl bromide in the presence of lithium
hexamethyldisilazide (LIHMDS). After removal of the tert-butyl protecting group, the resulting N-
isoindolinyl (ethynylalanine) derivative is reacted with a series of azides

NxN

o) 0O o)
- \
— N\ _N.
Ol == O, = G (e
o)
R'O

0]
R'O
Rl=tert-butyl, R'=H, R?=alkyl, benzyl
Click conditions: R,-N3/CuS0O,.5H,0/Na accorbate/THF-H,0; Yields, 67-95%; 7 Examples.
Benzylic oxidation conditions: Oxone®/KBr/MeCN-H,0; Yields, 72-91%; 7 Examples.

under ‘click’ cycloaddition conditions. The click reactions afford an array of N-isoindolinyl- 1,2,3-
triazolylalanine derivatives as the free carboxylic acids. Following esterification, the N-
isoindolinone protecting group is transformed into the more easily-removable N-phthaloyl group by
selective oxidation (Oxone®/KBr) at the benzylic position (7 examples). The benzylic oxidation of
an isoindolinone to a phthalimide is a novel application of the Oxone system and was found to
applicable to a range of isoindolinone-protected a—amino acid derivatives having alkyl and
aromatic side chains.

patil, P. C.; Luzzio, F. A. Synlett (In Press).
?patil, P. C.; Luzzio, F. A.; Ronnebaum, J. M. Tetrahedron Lett. (Submitted).
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Axially Chiral Hemiaminals from a-Amino Acid Derivatives (Thiohydantoins): Nonracemic

Synthesis and Stereodynamics

Sevgi Sarigul and llknur Dogan*
Bogazici University, Chemistry Department, Bebek, 34342, Istanbul, Turkey

Stable, nonracemic axially chiral hemiaminals (O, N-hemiacetals) incorporated into cyclic thiourea
structures have been synthesized stereoselectively from lithium aluminum hydride (LiAIH,)
reductions of previously synthesized [1] nonracemic 5-methyl- and 5-isopropyl-3-(o-aryl)-2-
thiohydantoins in THF at room temperature in 10 minutes (Scheme 1). The S configuration at C-5
of the thiohydantoin ring was found to direct the reduction to produce predominantly S configured
hemiaminals at C-4 of the heterocyclic ring (by 80% when the C5 substituent is methyl, by 97%
when it is isopropyl). The stereochemical outcome of the axially chiral hemiaminals resulted from
their conformational preferences which in turn arose from either a tendency for an intramolecular
hydrogen bond formation or out of steric reasons. The stereodynamics of the axially chiral

hemiaminals leading to their conformational preferences were investigated.

1. LiAlH, (4eq)
_—

2. H,0

Ar = o-tolyl, o-fluorophenyl, o-chlorophenyl, o-bromophenyl,o-iodopheny]l,
1-naphtyl and phenyl
R= CH; and isopropyl

Scheme 1 The reduction reaction of 5-methyl- and 5-isopropyl-3-(o-aryl)-thiohydantoins

[1] Sarigul, S.; Dogan I. J. Org. Chem. 2016, 81, 5895—5902.
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Synthetic Applications of y-Benzyloxy Vinylogous Urethanes

Guo-Ming Ho, Hsiang-Yu Chuang, Cheng-Chiao Li and Yu-Jang Li*
Department of Applied Chemistry, National Chiayi University
Chiayi City, Taiwan 60004

y-Benzyloxy vinylogous urethanes were used in various studies including; 1) [1,2]-Wittig
rearrangement, 2) 2,3,3,4-tetrasubstituted oxetane synthesis, 3) [1,3]-sigmatropic rearrangement
followed by m-CPBA oxidation and rearrangement, 4) aldol reaction with cinnamaldehyde. [1] [2]

Products generated from [1,2]-Wittig rearrangement studies were applied to complete the total
synthesis of (+)-y-lycorane, the formal synthesis of (+)-maculalactone and the B-C-D fragment of
planchol C. Studies of [1,3]-sigmatropic rearrangement lead to the compound having crispin A core
structure. Vinylogous urethane lactone obtained from aldol reaction was facilely transformed into

(-)-isoaltholactone.
Meo\m ; I

Maculalactone BCD Planchol C Lycoranr

[1 2])-WittigRearr.

MeO
O CO,Me
N, Oxetane syntheS|s R g/ [1 ,3]- Slgmatroplc Rearr.
R

2,3,3,4-Substituted Oxetyans \Aldol reaction
0]

o
-10QH (-)-Isoaltholactone

Ph

[1] Li, Y.-J.; Chang, Y.-K.; Ho, G.-M.; Huang, H.-M. Org. Lett. 2009, 11, 4224-4227.
[2] Ho, G.-M.; Li, Y.-J., Chem. Commun. 2016, 52, 12108-12111.
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Synthesis of 2-thioxo-quinazolidin-4-ones

Sule Erol Gunal” and Ilknur Dogan
Chemistry Department, Bogazici University, Bebek, 34342, Istanbul, Turkey

Quinazoline is one of the main classes of nitrogen-containing heterocycles. Its derivatives are
versatile synthetic building blocks and precursors of many biologically active molecules [1-3].
Because of their great value, the synthesis of quinazoline derivatives has always received much
attention. In order to synthesize 2-thioxo-quinazolidin-4-one derivatives, anthranilic acid was
reacted with appropriate isothiocyanates in toluene, however the mixture of 3-aryl-2-thioxo-2,3-
dihydroquinazolin-4(1H)-ones (1), 2-mercapto-3-aryl-quinazolin-4(3H)-ones (2), 2-(arylimino)-1H-
benzo[d][1,3]thiazin-4(2H)-ones (3) and 2-(arylamino)-4H-benzo[d][1,3]thiazin-4-ones (4) were
obtained. Their structures were identified by *"H NMR. When the same reaction was carried out in
ethanol, only 3-aryl-2-thioxo-2,3-dihydroquinazolin-4(1H)-ones (1) was obtained.

O O
COOH
N=Cc=g -oluenc _ N R, N R,
+ reflux /& R + /)\ R
1 1
N S
NHy g7 R N N~ “SH
1 2

EtOH
reflux

0 0
+
NS
. NN R, N/)\H R,
R'I R1
CEJ\N R, 3 4
R
N/&S !
H

(a) Ri=H R,=H

1 (b) R1=CH3 R2=H
(c) R4=R,=Benzo
(d) R1=F R2=H
(e) R1=C| Ry=H
(f) R1=Br R2=H
(9) Ri=l Ry=H

[1] Gundla, R.; Kazemi, R.; Sanam, R.; Muttineni, R.; Sarma, J. A. R. P.; Dayam, R.; Neamati, N.
J. Med. Chem. 2008, 51, 3367-3377.

[2] Mendes da Silva, J. F.; Walters, M.; Al-Damluji, S.; Ganellin, C. R. Bioorg. Med. Chem. 2008,
16, 7254-7263.

[3] Luth, A.; Lowe, W. Eur. J. Med. Chem. 2008, 43, 1478—1488.
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Synthesis of 2-Iminothiazolidine-4-one Derivatives as Single Enantiomers

Senel Teke Tuncel, llknur Dogan
Department of Chemistry, Bogazici University,

Istanbul/TURKEY ,34342

2-Iminothiazolidine skeleton finds a great application area not only on medicinal chemistry because
of its various biological activities but also in synthetic organic chemistry due to the
functionalization posibilities on its different positions. We have constructed 2-iminothiazolidine-4-
one rings 6-10 as single enantiomers via cyclization of the corresponding N,N*-bis thioureas 1-5
with an a-halo acid in the presence of a mild base (NaOAc) in a polar solvent (Scheme 1) and

identified the products by NMR, polarimetry and HPLC on chiral stationary phases.

0
S Br S G= Phenyl 6RR and 6SS
HXMe& MQ;(H HOJ\/ H. ChHs //(’/K Naphtyl 7RR and 7SS
Sy SN e o e 55
H H EtOH/NaOAc HaC 'H p-Methoxypheny an
€ G

and
ey,
S n- Z ’/‘\\
G= Phenyl 1RR and 1SS _ CL C _ NN o)
2RRand 233 and  O" NJ\N“' N=Bn A e
H H

Naphtyl
Cyclohexyl 3RR and 3SS
p-Methoxyphenyl 4RR and 4SS Q 10RR and 10SS
|
5RR and 5SS Bn

Scheme 1. Synthesis of chiral 2-imino thiazolidine-4-ones as single enantiomers

12.66

L'V absorbtion
(254 nm)
L'V absorbtion
(254 nm)
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Gaoe (alirwie) e (et )

[a]**36p = (+) 6050.9° [4]*360 = (-) 6050.9°

a b

Figure 1. HPLC chromatograms of 7RR and 7SS on Chiralpak IC columnn, mobile solvent :
Hexane:Ethanol (95:5), flow rate: 0.6 mL/min.
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A General and Direct Reductive Amination of Aldehydes and Ketones with
Electron-Deficient Anilines

Bernhard Berg?, Jakob Pletz* and Rolf Breinbauer®*
%Institute of Organic Chemistry, Graz University of Technology, Graz,
Stremayrgasse 9, 8010 Graz, Austria
Email: b.berg@student.tugraz.at

hydride reductant source

NH, o R carbonyl activating reagent H R
EWG + Y » EWG ﬁ/z
R? R
(1.0 eq) (1.0-1.5eq) A) 3.0 eqBHzTHF, AcOH/DCM = 1:2
0-20 °C, 3-41 h

29 different products
B) 1.0 eq BH4THF, 2.5 eq TMSCI, DMF yields up to 99%
0 °C, 10-230 min

EWG: -CN, —NOz, -COQH, -COzMe,
-Cl, -F, -CF3, -acetyl,
-P(O)(OEt),

C) 1.0 eq NaBHy, 2.5 eq TMSCI, DMF
0 °C, 10-230 min

In organic synthesis, reductive amination is the primary method for the generation of secondary or
tertiary amines. During the design and synthesis of substrate analogues of intermediates of the
PhzA/B catalyzed transformation occurring in the biosynthesis of phenazines by Pseudonomas
aeruginosa,'! we discovered limitations in current existing methods for C-N bond formation in
reductive amination using electron-deficient anilines as substrates.l?! In order to overcome these
constraints, we performed several screening experiments and report herein three scalable and robust
methods with considerable substrate scope. Low-priced Method A using BH3; THF/AcOH/CH,CI,
gave full conversions in several hours while Method B (BH3; THF/TMSCI/DMF) and Method C
(NaBH4/TMSCI/DMF) presented efficient reaction times of 10 to 230 min.®! With these methods
we tested 14 ketones, 3 aldehydes and 12 anilines in total, with functional group tolerance to acetyl,
alkoxycarbonyl, halo, cyano, nitro, carboxy and diethylphosphonyl groups. Within this scope the
coupling of heterocyclic aldehydes, ketones and amines was achieved. In experiments, where
sterically hindered substrates were loaded the more reactive TMSOTTf was used as an alternative to
TMSCI to further increase reaction conversions.

[1] Mentel, M.; Ahuja, E. G.; Mavrodi, D. V.; Breinbauer, R.; Thomashow, L. S.; Blankenfeldt, W.
ChemBioChem 2009, 10, 2295.

[2] Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, R. D. J. Org. Chem.
1996, 61, 3849-3862.

[3] Pletz, J.; Berg, B.; Breinbauer, R. Synthesis, 2016, 48, 1301-1317.
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Radical Aromatic Substitutions Mediated by Very Weak Bases

Denis Koziakov, Michal Majek and Axel Jacobi von Wangelin*
Institute of Organic Chemistry, University of Regensburg, Regensburg/DE

We have developed operationally facile protocols of radical aromatic substitutions which utilize
simple sodium carboxylates as initiators. Such weak inorganic bases are cheap, environmentally
benign, and easily removed from organic products while organic bases are mostly more expensive,
hazardous, and miscible with organic phases. This general concept has been applied to metal-free
thiolations (with disulfides) and alkoxycarbonylations (with carbon monoxide and alcohols).

Aromatic thioethers and analogous heavier chalcogenides were prepared by reaction of readily
available arenediazonium salts with disulfides in the presence of NaOAc. The mild and practical
reaction conditions (equimolar reagents, DMSO, r.t., 8 h) tolerate various functional groups (e.g.
Br, Cl, NO,, CO;R, OH, SCF3, furans). Mechanistic studies indicate the operation of a radical
aromatic substitution mechanism via aryl, acetyloxyl, thiyl, and dimsyl radicals. [1]

Utilizing gaseous carbon monoxide, the base-mediated alkoxycarbonylation of arenediazonium salts
affords benzoate esters in the presence of sodium formate at room temperature. Diverse t-butyl,
alkyl, and i-propyl benzoates with electron-poor and electron-rich substituents were synthesized.
Experimental and theoretical studies indicated the operation of an initial homolysis of the
diazoformate that is followed by generation of an aryl radical, which subsequently reacts with

carbon monoxide to provide the acyl radical. [2]
N2BF; pase 0,
oS — ;
2 CO, R'OH @ / °Mj©)‘\ot3u
O Fss

RS SR
NaOAc

“NaO,CH

[1] D. Koziakov, M. Majek, A. Jacobi von Wangelin, Org. Biomol. Chem., 2016, 14, 11347-11352.
[2] D. Koziakov, M. Majek, A. Jacobi von Wangelin, Org. Biomol. Chem., 2017, manuscript
submitted.
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Bio-inspired Total Synthesis of Pyrrolidine and Indolizidine Alkaloids

Jing-Shiuan Wang, Chia-Chun Hsu, Pei-Hua Tsai, Yu-Chiao Shih, Chi-Ti Peng, Tun-Cheng Chien*
Department of Chemistry, National Taiwan Normal University, Taipei 11677, Taiwan

2-(Acylmethylene)pyrrolidine  derivatives  were  synthesized via intermolecular
decarbonylative Mannich reaction from various methyl ketones and 1-alkyl-1-pyrroliniums,[1] gen-
erated in situ from 1-alkylprolines.[2] This methodology features the advantages that direct for-
mation of pyrrolinium intermediates from 1-alkylprolines and subsequent intermolecular Mannich
reactions with methyl ketones could both be carried out under simple and mild conditions without
the use of metal catalysts and other additives. This approach mimics the biosynthetic pathway and
provides a direct access to a series of 2-(acylmethylene)-pyrrolidine alkaloids, including hygrine, N-
methylruspolinone, dehydrodarlinine and ruspolinone. Further elaboration of the Mannich adducts
can lead to a series of indolizidine alkaloids, such as septicine and seco-antofine.

iy o

. (i) (COCl), A Mg 0
cat. DMF w
D H H
R R=Bn CH,Cl, R t-BuOH R
Me rt, 3 h rt, 15 h (20 examples)
N Me N OMe O OMe
| |
Me R
hygrine R=H ruspolinone OMe |
Me N-methylruspolinone N
o ®
OMe
NN §
Me R = H: seco-antofine
dehydrodarlinine R = OMe: septicine

. J

Meanwhile, the decarbonylative Mannich reaction was also applicable to m-electron-excess
heteroarenes as the nucleophilic counterparts. A series of pyrrole and indole derivatives underwent
the decarbonylative Mannich reaction with 1-alkylprolines under the same condition to give the
corresponding 1-alkyl-2-heteroarylpyrrolidines in very good yields. The reactions took place exclu-
sively at the C2-position of pyrroles and C3-position of indoles. Further application of this method-
ology would be amenable to the synthesis of versatile 2-substituted pyrrolidine derivatives.

[1] Shih, Y.-C.; Wang, J.-S.; Hsu, C.-C.; Tsali, P.-H.; Chien, T.-C. Synlett, 2016, 27, 2841.

[2] Shih, Y.-C.; Tsai, P.-H.; Hsu, C.-C.; Chang, C.-W.; Jhong, Y.; Chen, Y.-C.; Chien, T.-C. J. Org.
Chem. 2015, 80, 66609.
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Construction of Azabicyclo[6.4.0]dodecatrienes Based on Rhodium(l)-Catalyzed
Intramolecular [6+2] Cycloaddition Between Azetidine, Allene, and Alkynes

Shigeo Yasuda, Haruna Yokosawa and Chisato Mukai*
Department of Pharmaceutical Sciences, Graduate School of Medical Sciences, Kanazawa
University, Kakuma-machi, Kanazawa 920-1192, Japan

Small-sized cycloalkanes are often of significant use from synthetic points of view. We recently
disclosed that the rhodium(l)-catalyzed cycloaddition of allenylcyclopropane-alkynes 1 (n=0)
afforded the bicyclo[5.4.0]undecatrienes 2 (n=0)! in the [5+2] ring-closing manner. The reaction
must have proceeded via cleavage of the cyclopropane ring due to of the relief of its high strain
energy (27.5 kcal/mol). A similar ring construction could be realized using allenylcyclobutane-
alkynes 1 (n=1) producing the eight-membered bicyclic compounds 2 (n=1)! in high yields ([6+2]
cycloaddition). The unfunctionalized simple cyclobutane ring is generally known not to open, let
alone being used as a C4-building block. We tentatively interpreted that the production of 2 (n=1)
would be initiated by the formation of the rhodabicyclo[4.3.0] intermediate 3 (n=1), which should
be susceptible to S-carbon elimination, with release of the ring strain energy (26.3 kcal/mol) giving
rise to the nine-membered rhodabicyclic species 4. Reductive elimination would occur to provide
the final products. The successful application of this methodology to the cyclopentane derivative 1
(n=2) afforded the nine-membered bicyclic compounds 2 (n=2).2! This novel [7+2] cycloaddition
involves the unprecedented cleavage of the normal-sized cyclopentane ring by releasing its strain

energy (6.3 kcal/mol) via ) R
R
In

4 ) v R v R vy R n Y

the intermediate 3 (n=2), (E o4 =

- . - —_— X AN —_— X
similar  to that of the | R=H,akyl | xRt N
cyclobutane derivatives. = 1 2 3 4 —fh
We now report the application of a newly developed eight-membered ring formation method for the

preparation of the bicyclic azocine derivatives 6 (Z=NR’) as well as the oxa analogue 6 (Z=0) from
allenylheterocyclobutane-alkynes 5 (Z=NR’, 0). The

1—Z R
polycyclic skeleton containing an eight-membered " ,:R)FEJ Rh' catalyst ~7
heterocycle has been found as the core structure in | Z=NR,0 e N
various natural products and biologically-active %RZ O
compounds.

[1] Inagaki, F.; Sugikubo, K.; Miyashita, Y.; Mukai, C. Angew. Chem. Int. Ed. 2010, 49, 2206—
2210.

[2] Inagaki, F.; Sugikubo, K.; Oura, Y.; Mukai, C. Chem. Eur. J. 2011, 17, 9062-9065.

[3] Mukai, C.; Ohta, Y.; Oura, Y.; Kawaguchi, Y.; Inagaki, F. J. Am. Chem. Soc. 2012, 134, 19580-
19583.

[4] Yasuda, S.; Yokosawa, H.; Mukai, C. Chem. Pharm. Bull. 2016, 64, 805-810.
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Total synthesis of Lamellarin G trimethyl ether

Vanessa C. Colligs and Professor Till Opatz
Department of Organic Chemistry, Johannes-Gutenberg-Universitat
55128 Mainz, Germany

Lamellarins are a class of pyrrole alkaloids, which have been first isolated from the the prosobranch
mollusc Lamellaria sp., in 1985. These natural products have shown a remarkable variety of
pharmacological features, such as inhibition of HIV-Integrase and type | topoisomerase and the
initiation of natural cell death in multi drug resistant tumor cells.™

Starting from the commercially available veratraldehyde, the model compound lamellarin G
trimethyl ether has been synthesised in seven steps with an overall yield of 14%. The key step is the
deprotonation of an a-amino nitrile with KHMDS and a following Michael addition to an enone.
This method has been devised in the Opatz group and since has found many applications in the
synthesis of natural products.”® The developed synthesis strategy potentially allows the access

i 3 steps MeO. 3 &

veratraldehyde o—aminonitrile \

3 steps 3 MeO™ >F > B(OH), :

MeO OMe

Lamellarin G trimethyl ether

[1] R. J. Andersen, D. J. Faulkner, C. H. He, G. D. Van Duyne, J. Clardy, J.Am.Chem.Soc. 1985, 107, 5492-5495.
[2] Till Opatz, Synthesis 2009,12, 1941-1959 .

[3] I. Bergner, C. Wiebe, N. Meyer, T. Opatz , J. Org. Chem., 2009, 74, 8243-8253.

[4] N. Otto, T. Opatz, Chem. Eur. J. 2014, 20, 13064-13077.

[5] C. Bailly, Curr Med Chem Anticancer Agents 2004, 4, 363-378.
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Light-Induced Alkylation of (Hetero)aromatic Nitriles in a Transition-Metal-Free
C-C-Bond Metathesis

Benjamin Lipp, Alexander Lipp and Till Opatz*
Department of Chemistry, Johannes Gutenberg-Universitat, Mainz (55128), Germany.

N-substituted 1,2,3,4-tetrahydroisoquinolines are among the most frequently used electron donors in
photoredox-catalyzed transformations.™ Upon oxidation, the initially formed amine radical cations
are typically converted to the corresponding iminium ions by abstraction of a hydrogen atom or by
deprotonation and subsequent one-electron oxidation of the resulting neutral radical.l! However, for
1-benzyl-2-alkyltetrahydroisoquinolines abstraction of an electron from nitrogen is instead followed
by the cleavage of the C*(sp®)-C(sp®)-c-bond giving rise to stabilized benzylic radicals. In the
presented work?, these radicals have been used for the ipso-substitution of (hetero)aromatic nitriles
proceeding through another single-electron transfer-mediated C—C-bond cleavage and formation
with concomitant elimination of cyanide. Trapping of the iminium ion generated upon liberation of
the benzylic radical from the 1-benzyltetrahydroisoquinoline by cyanide gives rise to the
corresponding a-aminonitrile, thereby completing a new type of o-bond metathesis in which two
C—C bonds are formed at the expense of two other C—C bonds. This constitutes the first report of a
light-induced C—C-c-bond metathesis.

H3;CO
CN
N. CN light-induced
H3;CO CHs , N SET N
N i | — e R
R-— N N
. S
electron donor electron acceptor radical precursor radical acceptor
key step: unusual C—C-bond cleavage
C—C-bond
H3CO metathesis
@
N
H,CO CHj
H R® =
R3 = benzyl ‘ R3 = benzyl
H ' C-C-bond
or | cleavage
“HO_ : -R?
H5CO ' HyCO substituents swapped
N. ! ~N. 25 examples, up to 75% yield of
HCO:©:) CH'HCOJCE/\' CH ples, up oY
3 R3® S Y ® 3 alkylated aromatics

[1] Hu, J.; Wang, J.; Nguyen, T. H.; Zheng, N., Beilstein J. Org. Chem. 2013, 9, 1977-2001.
[2] Lipp, B.; Lipp, A.; Detert, H.; Opatz T., Org. Lett 2017, 19, 2054-2057.
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A New Entry for the Synthesis of Disubstituted Furanones Employing an Asymmetric

Dihydroxylation of a,p-Unsaturated Diazoketones.

Alexéander G. Talero and Antonio C. B. Burtoloso™

Chemistry Institute of Sdo Carlos, University of Sdo Paulo, Brazil

o,B-Unsaturated o’-diazoketones® have proven to be important building blocks in synthesis.
Possessing a diazo group, a carbonyl and a double bond, unsaturated diazoketones can be important
platforms for the direct synthesis of several molecules, including heterocycles. As a continuation of
our studies with this class of diazocompounds, we would like to show our preliminary results in the
asymmetric functionalization of some a,B-unsaturated diazoketones using a Sharpless Asymmetric
dihydroxylation. After this study, moderate to good yields and excellent enantioselectivities were
obtained in the synthesis of several o,B-dihydroxy o’-diazoketones. These intermediates were
employed in the direct synthesis of chiral 2-furanones after a photochemical Wolff rearrangement.
To the best of our knowledge, this sequence (3 steps starting from aldehydes) is among the shortest
ways to prepare enantiopure 2-furanones.

Sharpless asymmetric

a,B-unsaturated
diazoketone

0
(|) o O 0.5 M NaOH
M+ 0P _25°C . AN "
Ar Et0 |
N2 N2
H O HO,

mQ

HO,

O,N

(.

Wolff
dihydroxylation Ar/\_)g rearrangement .
o = | Ar (@]

OH N, O

up to >99% ee enantiomeric pure 2-furanones
3 steps from aldehydes

HO, HC,
Ph
Me 80% 68%

90%
HO, HO, HO,
O (@) 0 0O @nn\[}o

72% Cl 85% 86%

[1] Burtoloso, A. C. B.; Dias, R. M. P.; Bernardim, B. Acc. Chem. Res. 2015, 48, 921.
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Potential New Store-Operated Calcium Entry (SOCE) inhibitors from benzimidazole-azole
linked derivatives for cancer.

Christelle N'Ta Ambeu™*", Thierry Roisnel®, Christophe Brigaudeau®, Yves-Alain Bekro?, Janat
Mamyrbekova?, Olivier Mignen®, Jean-Pierre Bazureau®
! Institut des Sciences Chimiques de Rennes (ISCR), UMR 6226, Université de Rennes 1, Campus de
Beaulieu, B10A, 263 Av. du Geén. Leclerc, 35042 Rennes Cedex, France
2 Laboratoire de Chimie Bio Organique et de Substances Naturelles (LCBOSN), Université Nangui
Abrogoua (UNA), BP 802, Abidjan, Céte d'lvoire
% Groupe Canalopathies & Signalisation Calcique, Inserm U1227, Université de Bretagne Occidentale
(UBO), 22 Avenue Camille Desmoulins, 29200 Brest Cedex, France

* christelle.ambeu@univ-rennesl.fr

lon channels are membrane proteins that control the passage of several ions [1]. They have a central
role in the physiology of excitable cells for neurons or muscle and cardiac cells and also for ions.
lon channels are present in all tissues and cell types and their deregulation leads to many diseases
[2]. The Store-Operated Calcium Entry (SOCE) inhibitors [3] are attractive as new generation of
potential anti-cancer drugs [4]. In this context, we decided to investigate the multi-step synthesis of
benzimidazole-azole derivatives [5] as alternative SOCE ligands to establish a preliminary relation-
ship activity (RSA) study. For this presentation, we shall describe, for the first time, the total
synthesis and biological properties with various tumor cells for these benzimidazole-azole linked or
"aza azoles" derivatives.

RY /
H. N
VY o Oy e
| n y— V7 2 .
N~ NF X=( N n =(
H R? H  COEt R?
“ oS %

o}

N \ OEt
- . N \ + N_<
benzimidazole-azole linked derivatives )\\ /

n=1,2, 4and R, R =H, CF3 H CO,Et
X =N, Y =C (pyrazole)
X =C, Y =N (imidazole)

[1] S.K. Bagal, A.D. Brown, P.J. Cox, K. Omoto, R.M. Owen, D.C. Pryde, B. Sidders, S.E.
Skerratt, E.B. Stevens, R.I. Storer, N.A. Swain, J. Med. Chem. 56 (2012) 593-624.

[2] C.A. Hubner, T.J. Jentsch, Hum. Mol. Genet. 11 (2002), 2435-2445

[3] a) C.D. Dago, E. Messé, O. Mignen, C. Brigaudeau, Y-A. Bekro, J-P. Bazureau, Molbank 2016
(2016) M909. b) J.E. Merritt, W.P. Amstrong, C.D. Benham, T.J. Hallam, R. Jacob, A. Jaxa-
Chamiec, B.K. Leigh, S.A. Mc Carthy, K.E. Moores, T.J. Rink,. Biochem. J. 271 (1990) 515-
522. ¢) S.O. Sage, R. Reast, T.J. Rink, Biochem. J. 265 (1990) 675-680.

[4] C.D. Dago, P. Le Maux, T. Roisnel, C. Brigaudeau, Y-A. Bekro, O. Mignen, J-P. Bazureau,
2017, submitted to publication.

[5] C.N. Ambeu, T. Roisnel, C. Brigaudeau, Y-A. Bekro, J. Mamybekova, O. Mignen, J-P.
Bazureau, Eur. J. Med. Chem. 2017, submitted to publication.
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Development of a Practical Process for the Synthesis of VEGF Inhibitors

Masaki Toda, Masamichi Shimizu and Masahiro Miyake*
Manufacturing Process Development Department (API)
Production Headquarters, Otsuka Pharmaceutical Co., Ltd.,
224-18, Hiraishi Ebisuno, Kawauchi-cho, Tokushima 771-0182, Japan

Two synthetic routes to VEGF inhibitors have been established for the practical process.

The first generation route utilizing a Negishi-coupling reaction requires a hazardous and expensive
material (z-Bulii), and a low temperature condition (-78 °C) to prepare organozinc reagent derived
from 7-chlorothienopyridine (2). Therefore we have investigated the following practical synthetic
routes.

Suzuki cross-coupling route makes it possible to avoid a very low temperature used in
Negishi-coupling. And we have also developed an efficient synthetic method for 6-bromopyridin
derivatives (1) and 7-chlorothienopyridin-2-boronic acid (4).

The other synthetic route is via a nonmetallic coupling method. The synthesis begins with the
nitration of commercially available 2-acetylthiophene (5). No metallic coupling reactions are
involved in the process. This route is advantageous in costs and management of elemental

impurities.

First generation Route
/—@Br ' Negishi coupling
RN =N + m
RZ \ N/
2

1

Suzuki cross-coupling Route
Cl H FFS
N N.
cl P,
/—@—Br S~ Suzuki coupling /S |\ T
-N =N B N . N D o
\R \N Ri—N N N s q I
Re 7 N\ ‘
_ N\ P
1 R—N N N

Nonmetallic coupling Route
VEGEF inhibitors

5

N. Miyaura,; K. Yamada,; A. Suzuki, 7Tetrahedron Lett. 1979, 20, 3437-3440.

T. Ishiyama,; J. Ishiyama,; J. F. Hartwig, N. Miyaura, Angew. Chem. Int. Ed. 2002, 41, 3056-3058.
M. Mannion,; S. Raeppel,; S. W. Claridge,; F. Gaudette,; L. Isakovic,; L. Zhan,; O. M. Saavedra,;

T. Uno,; M. Kishida,; A. Vaisburg, W0 2009/109035 A1
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Application of Vinylogous Mukaiyama-Mannich Reaction (VMMR) towards the synthesis of
various Alkaloids
Manisha Tripathy, and Prof. Dr. Christoph Schneider*
Institut flr Organische Chemie, Universitat Leipzig, Leipzig/Germany

Our group has successfully established a versatile procedure for accessing various Indolizidine and
Quinolizidine moieties through a highly enantio and diastereoselective VMMR.[1-2] The process
involves the use of BINOL based phosphoric acids (CPA) as organocatalysts for the key reaction
(Scheme 1).

Q
0 PMP
OTBS 10 mol% CPA N~ 0
SO+ e ¢ R Ay e ~
o THF, -50°C, 17h H OEt OO
Rq
Ry Ro
_PMP
PN &)
—_—
—_
-0kt - B
H 0
R R,

Scheme 1: Versatile VMMR access to 16 alkaloids

These alkaloids were discovered by John Daly and his co-workers from the skin of neotropical
Panaemean Dendrobates frogs. Alkaloid (-)-205B (2) belongs to this family of lipid soluble
alkaloids.[3] Its antipode has shown activity towards inhibition of «7 nicotinic acetylcholine
receptor and could probably help to cure Alzheimer’s and Parkinson’s diseases. This alkaloid is
present in miniscule quantity in nature because of which its applications have not been explored.
Our target is to synthesize 2 in gram scale, by employing VMMR strategy as one of the key steps,

to make its further biological study possible. H

3 PMP_CO,E
S =
Central Building _ - Alkaloid (-)-205B

Block from VMMR

1- 2

Scheme 2: Access to Alkaloid (-)-205B via VMMR

In the present work, we have successfully synthesized the central building block in gram scales and
the next target is to perform a substrate controlled alkylation followed by few chemical
modifications to get the unique 8b-azaacenonaphthylene structure (2) (Scheme 2).

[1] Abels, F.; Lindemann, C.; Schneider, C. Chem. Eur. J. 2014, 20, 1964~1979.

[2] Lindemann, C.; Schneider C. Synthesis, 2016, 48, 828~844.
[3] Tsukanov, S.; Comins, D. J. Org Chem. 2014, 79, 9074~9085.
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Synthesis of T-Extended 9-Hydoroxyfluoranthenes by KHMDS-Promoted Domino Reaction

Naoki Ogawa, Yousuke Yamaoka, Hiroshi Takikawa, Ken-ichi Yamada, and Kiyosei Takasu*
Graduate School of Pharmaceutical Sciences, Kyoto University, Kyoto 606-8501, Japan

Polycyclic aromatic hydrocarbons (PAHs) are widely used as organic materials, hence
developing new methodologies to synthesize PAHs are highly demanded. We previously reported a
KHMDS-promoted (2 + 2)-cycloaddition of biaryl compounds bearing acyl and vinyl moieties to
furnish fused cyclobutanols.® These cyclobutanols could be transformed into PAHs by acid-
promoted ring-opening reaction (Scheme 1).

Scheme 1. KHMDS-Promoted (2 + 2)-Cycloaddition and Acid-Promoted Ring-Opening Reaction

We have developed a unique domino reaction furnishing w-extended fluoranthenes.? Biaryl
compound 1 bearing naphthylalkenyl group was transformed into dibenzofluoranthene 5 by treating
with KHMDS (Scheme 2). Oxapropellane 3 and carbopropellane 4 were found to be the
intermediates in this reaction. Mechanistic studies suggested a unique reaction mechanism where
KHMDS acts as both a base and a single-electron donor. First, oxapropellane 3 is formed via
intramolecular SyAr reaction of cyclobutanol 2, which is produced via (2 + 2)-cycloaddition of
biaryl 1. Then, SET from KHMDS to 3 occurres and the resulting radical anion spices undergo a
rearrangement reaction to furnish 4. Finally, retro (2 + 2)-cycloaddition of 4 gives fluoranthene 5.

Synthetic applications of oxapropellane 3 for heterocyclic aromatic compounds will also be
discussed.

G"O

Scheme 2. Formation of dibenzofluoranthene

[1] Nagamoto, Y.; Yamaoka, Y.; Fujimura, S.; Takemoto, Y.; Takasu, K. Org. Lett. 2014, 16, 1008-1011.
[2] Ogawa, N.; Yamaoka, Y.; Yamada, K.; Takasu, K. Org. Lett. 2017, 19, 3327-3330.
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The Use of Derivatives of 8- Propyldithieno[3,2- b:2',3"- e]pyridine-3,5-diamine
(DITIPIRAM) for Molecular Recognition of Carboxylates

Adgnieszka Cholewiak’, Agnieszka Tycz? and Janusz Jurczak**

YInstitute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, Poland
“Faculty of Chemistry, Warsaw University, Pasteura 1, 02-093 Warsaw, Poland

Anions play important role in many chemical and biological processes. Their complexation can be
fundamental in catalysis,[1] pharmacy, and medicine.[2] For this reason, the design and synthesis of
receptors that are capable of binding anions efficiently, is very important issue of modern
supramolecular chemistry. Over the past two decades there has been an immense progress in the
field of anion complexation, which resulted in development of many efficient and selective anion
receptors. Moreover, the most effective among them possess rigid heteroaromatic central units.[3]
Choice of such central unit (platform) plays a key role in the design of new anion receptors; given
the importance of proper geometry of the binding site, even the small changes in arrangement of
hydrogen bond donors may result in a different efficiency and selectivity of anion binding.[4]
Herein the synthesis and determination of anion binding properties of two novel receptors will be
presented. These receptors incorporate a new and very promising heteroaromatic platform -
8- propyldithieno[3,2- b:2',3"- e]pyridine-3,5-diamine (DITIPIRAM).[5]

S S

& | X° | N - new rigid heteroaromatic platform

S O \ L L7 . i

N N - unique geometry of binding pocket
H2N NH; oﬁ/NH\ _ /HN\FO - cooperative binding of carboxylates
.0%--0 .
DITIPIRAM NH - Y ~HN (Ka > 104, DMSO'd6+0.5% Hzo)
R

References

[1] P. Dydio, R.J. Detz, J.N.H. Reek, J. Am. Chem. Soc., 2013, 135, 10817.

[2] S.-K. Ko, S.K. Kim, A. Share, V.M. Lynch, J. Park, W. Namkung, W. Van Rossom, N.
Busschaert, P.A. Gale, J.L. Sessler, I. Shin, Nature Chem., 2014, 6, 885;

[3] P.A. Gale, S.E. Garcia-Gerrido, J. Garric, Chem. Soc. Rev., 2007, 151.

[4] (a) K. Dgbrowa, M. Pawlak, P. Duszewski, J. Jurczak, Org. Lett., 2012, 14, 6298; (b) P. Dydio,
T. Zielinski J. Jurczak, Chem. Commun., 2009, 4560.

[5] A. Cholewiak, A. Tycz, J. Jurczak, Org. Lett. 2017, 19, 3001.

300



ISHC 2017 Poster Abstracts WED-P 28

Polysubstituted pyrimidines with anti-inflammatory properties

F. Kalgic,? V. Kolman,? Z. Zidek,® Z. Janeba®*
aInstitute of Organic Chemistry and Biochemistry CAS, Flemingovo nam. 2, 166 10 Prague 6,

Czech Republic; *e-mail: janeba@uochb.cas.cz
®Institute of Experimental Medicine CAS, Videriska 1083, 142 20 Prague 4, Czech Republic

The main aim of this study was to design and synthesize new polysubstituted pyrimidines,
derived from the current lead structure WQE-134, with improved biological properties, namely higher
potency to inhibit prostaglandin E2 (PGE-) production and increased water-solubility.

The first structure-activity relationship study (SAR) was focused on enhancement of the
anti-inflammatory efficacy (inhibition of PGE: production) through modifications of the phenyl moiety
in the position C4 of pyrimidine. The key reaction was Suzuki-Miyaura cross-coupling. Firstly, eleven
analogues were prepared which showed similar anti-inflammatory activity as WQE-134, but the most
potent compound 9g exhibited 62 times higher activity compared to the lead. Based on the results,
ten additional derivatives bearing benzyloxy moiety were prepared, resulting in the discovery of 10d
with three orders of magnitude higher anti-inflammatory efficacy compared to the lead.

Further, a series of eleven WQE-134 analogues bearing a suitable moiety in the C5 position
was prepared to increase their solubility. All prepared derivatives proved to be more soluble than
WQE-134. Unfortunately, the biological data showed that this type of modification led to the decrease
of anti-inflammatory efficacy. Nevertheless, the most soluble compound 25e achieved two orders of
magnitude higher solubility than WQE-134 while the biological activity decreased only slightly.

N o/\/o\/\o/\/O\

Lo
HZNJ\N
o/

10d 99 WQE-134 25e
three orders of magnitude two orders of magnitude
higher anti-inflammatory efficacy higher water-solubility

Since the mechanism of action of the studied pyrimidine derivatives remains unclear,
biotinylated analogues of WQE-134 were also synthesized for subsequent pulldown experiments.

Acknowledgements. This work was supported by the Institute of Organic Chemistry and
Biochemistry (RVO: 61388963) and by Technology Agency of the Czech Republic (TE01020028).
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Heck Initiated Multicomponent Reactions for the Synthesis and Functionalization of Nitrogen
Heterocycles
Marvin Stephan, Jesco Panther, Fabio Wilbert and Thomas J. J. Miller*
Institute of Organic Chemistry and Macromolecular Chemistry,
Heinrich Heine University, Disseldorf/DE

Established already in the early days of organic chemistry,!! the concept of multicomponent
reactions (MCR) has changed the paradigm that only two component reactions could be reliably
conducted. Consequently, MCR have become a general reactivity-based principle and synthetic
concept./ Following this fundamental principle, our group has recently identified a novel catalytic
system for the synthesis of E-configured a,f-unsaturated carbonyl derivatives by exploiting
microwave assisted one-pot Pd-catalyzed Heck reactions.!®! This approach combines several
advantages, such as short reaction times, minimal work up, cheap and commercially available
starting materials. Applying microwave accelerated conditions allows low catalyst loading and
prevents side reactions (e.g. polymerization of vinyl substrates). By the choice of the ligand aryl
bromides can be transformed rapidly and under mild reaction conditions. Thereby cinnamaldehyde
and chalcone derivatives are obtained in high yields, or they can subsequently undergo
cyclocondensations to form pyrazoles in a one-pot fashion. Upon concatenating a subsequent
Knoevenagel condensation merocyanine-type chromophores can be easily accessed.
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Acc
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not isolated! Acc = Acceptor

While pyrazoles are known for biological and pharmacological activity,” phenothiazine based
merocynine chromophores have successfully been applied in dye-sensitized solar cells (DSSCs). By
expanding m-system, the bathochromic shift can be adjusted to reach the maximum efficiency of

DSSC.PHe]

[1] A. Strecke, Justus Liebigs Ann. Chem. 1850, 75, 27-45. [2] T. J. J. Miller, Science of Synthesis Series, Georg
Thieme Verlag KG, Stuttgart 2014, 5-27. [3] J. Panther, M. Stephan, F. Wilbert, P. Ozog, T. J. J. Miller, manuscript in
preparation. [4] A. Schmidt, A. Dreger, Curr. Org. Chem. 2011, 15, 1423-1463. [5] T. Meyer, D. Ogermann, A.
Pankrath, K. Kleinermanns, T. J. J. Muller, J. Org. Chem. 2012, 77, 3704-3715. [6] A. M. Grabarz, A. D. Laurent, B.
Jedrzejewska, A. Zakrzewska, D. Jacquemin, B. O$miatowski, J. Org. Chem.2016, 81, 2280-2292.
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A successful bioisosteric replacement in the design and synthesis of potent and selective
HDACSG inhibitors
M. Lattanzio, M. Marchini, G. Pavich, M. Pezzuto, G. Sandrone, B. Vergani, G. Caprini, P. Cordella,
M. Skorupska, C. Steinkuhler, G. Fossati, A. Stevenazzi*
Department of Drug Discovery, ITALFARMACO S.p.A., 1-20092 Cinisello Balsamo (MI)

Zinc-dependent histone deacetylases (HDAC) are a class of 11 different enzymes, involved in
regulating the acetylation status of histone and non-histone proteins. HDAC inhibitors were first
developed in oncology based on the observation of frequent epigenetic defects in both solid and heme
malignancies. These first-generation inhibitors however hit several, if not all, of the 11 Zn-dependent
HDACSs and suffer from a low therapeutic window that limits the possibility to target specific
biological functions of individual HDAC subtypes. To further explore therapeutic opportunities in
the HDAC field, there is a considerable interest in the development of isoform-selective HDAC
inhibitors.[1]

HDACSG6 appears to be a particularly attractive target, since its expression and function alterations
have been correlated to a variety of pathologies, such as autoimmune disorders, neurodegenerative
diseases and cancer. HDACS is primarily a cytoplasmic protein and its main deacetylase activity is
on non-histone substrates, such as tubulin, HSP90 and cortactin. Moreover, selective inhibition of
HDACSG6 does not show cytotoxic effects.[2]

With the aim of ameliorating potency, HDAC6 vs HDAC3 selectivity and ADME of a series of
amides of the p-amino methyl benzoic hydroxamic acid (see, for example, compound 1), we designed
a library of 3,5-difluoro-benzohydroxamate-derivatives, bearing a 5-membered heterocyclic ring
scaffold as a non-classical amide bioisostere.[3]

hf’:}- - . Compound HDAC6  Selectivity vs HDAC3
A oy <V ey o ICq[tM]  [log(HDACE/HDAC3)]
N >\ P > o [+
QL@i W NH %@\)Lﬁ/\%n.m 199 1,2
Q : =
%0 H Q')—g:' N f 5 3,0
PN ) N ‘}S ) 2 <
C,P_ : < /_@_(NYS H
0, /{T { N ;‘J‘l“ Non 5 -2,7
& —<\N' Q v Q 3 F o]
=N NNy HN
s — Ly ,{Nf Tubastatin A 18,9 2,4

We synthesized more than 200 compounds, most of them showing a relevant low nM HDAC6
inhibitory activity, with selectivity of up to 3 orders of magnitude vs HDAC3 and, in some cases,
better ADME profiles when compared to other known HDACS inhibitors.[4]

[1] Br. J. Cancer 2016, 114, 605-611; J. Med. Chem. 2013, 56, 6297-6313; Mol. Cell. Biol. 2008, 28(5), 1688-1701,;
[2] Epigenomics 2015, 7(1), 103-118; Mini-Rev. Med. Chem. 2016, 16, 1175-1184; Neuropsychopharmacology 2014,
39, 389-400;

[3] J. Med. Chem. 2011, 54(8), 2529-2591; Eur. J. Med. Chem. 2010, 45, 1868-1872.

[4] M. Marchini et al, Italian Patent Appl. n. 102017000041723, 14 April 2017.
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Synthesis and antiviral activities of trisubstituted pyrimidines

Lucie Cechova®", Ondfej Baszezynski ?, David Saman®, George Stepan®, Eric HU®, Eric Lansdon®,
Petr Jansa®, Zlatko Janeba® and Petr Simon®"
%Institute of Organic Chemistry and Biochemistry CAS, Prague, Czech Republic;
bGilead Sciences Inc., Foster City, CA, USA
* e-mail: cechoval@uochb.cas.cz, petr.simon@uochb.cas.cz

Research of anti-HIV agents is still a promising field and substituted pyrimidines play key role as
non-nucleoside reverse transcriptase inhibitors (NNRTIs), especially diarylpyrimidine (DAPY)
derivatives’. We followed our previous research® and a new series of 2,4,6-trisubstituted
pyrimidines derived from DAPY family was prepared as potential antiretroviral agents. Pyrimidine
ring was substituted with 4-cyanophenylamino moiety, small group (NH,, OCHj3; or CH3) and aryl
moiety attached through the carbonyl linker. 2,4,6-Trichloropyrimidine was used as a starting
compound, therefore, three possible regioisomers were obtained (Fig. 1).

o
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R NH,
X, Ly
AN N7 SO o N~ NH P&
H,NT N
i F F F F i .
CN R’ R CN

R: NH,, OCHg, CHg
R": F, OCH,4

Fig. 1: Trisubstituted pyrimidines with the carbonyl linker.

The most potent candidate was expected to be the derivative with 4-cyanophenylamino arm in the
C2 position as it is a structural analogue of approved antiviral drugs (etravirine and rilpivirine). This
motive was used further and derivatives with O and NH linkers were synthesized after optimization
of the synthesis (Fig. 2). Final products were tested on anti-HIV activities. The most potent

compounds exhibited low nanomolar activity comparable with known anti-HIV drugs.
R

HN)‘\N/ NH HN)‘\N/ (0]
© F\©/F © F\©/F
CN F CN F

R: NH,, OCHg, OH
Fig. 2: Trisubstituted pyrimidines with the NH and O linkers.

Acknowledgments: Institute of Organic Chemistry and Biochemistry AS CR, RVO 61388963.

[1] Kang, D.; Fang, Z.; Li, Z. et al. J. Med. Chem. 2016, 59, 7991-8007.
[2] Simon, P.; Baszczytiski, O.; Saman, D. et al. Eur. J. Med. Chem. 2016, 122, 185-195.
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Generation of Arynes Triggered by Carbon—-Carbon Bond Cleavage Reaction

Keisuke Uchida, Suguru Yoshida and Takamitsu Hosoya*
Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University,
Tokyo 101-0062, Japan

Aryne is a highly reactive intermediate useful in constructing complex aromatic compounds.* Previously,
we disclosed an efficient generation method of 3-triflyloxyarynes | from 1,3-bis(triflyoxy)-2-iodoarenes
using a trimethylsilylmethyl Grignard reagent. Various transformations via 3-triflyloxyarynes | enabled an
efficient synthesis of a wide range of aryl triflates including benzocyclobutenones bearing a triflyloxy group.

During the course of the study to transform the products to benzocyclobutenols via the addition of
organometallic reagents, we found that an aryne intermediate was generated efficiently via C-C bond
cleavage of the four-membered ring. For example, the treatment of a mixture of benzocyclobutenones 1 and
furan with phenyllithium provided three component-coupled a-aryl ketone 2 in high yield. Generation of
arynes by this method allowed for modular synthesis of multisubstituted arenes from a variety of
benzocyclobutenones, organolithium reagents, and arynophiles. In addition, mechanistic studies indicate that
the reaction proceeds via generation of aryne IO triggered by the carbon—carbon bond cleavage of
benzocyclobutenoxide intermediate II, which led us to find a fluoride-mediated aryne generation method
from triflyloxy-substituted benzocyclobutenone silyl acetal precursors.’

1 EtO\”/OSiMezt-Bu
I
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_ | Me;SiCH,MgClI _ O BhLi N o
. o |
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/-
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[1] Yoshida, S.; Hosoya, T., Chem. Lett. 2015, 44, 1450~1460.

[2] a)Yoshida, S.; Uchida, K.; Igawa, K.; Tomooka, K.; Hosoya, T., Chem. Commun. 2014,
50, 15059~15062; b) Uchida, K.; Yoshida, S.; Hosoya, T., Synthesis 2016, 48, 4099~41009.

[3] Uchida, K.; Yoshida, S.; Hosoya, T., Org. Lett. 2017, 19, 1184~1187.
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Direct and divergent N-glycofunctionalization of amides utilizing halogenated azolium salts

Y. Kobayashi, Y. Nakatsuji, S. Li, Y. Takemoto*
Graduate School of Pharmaceutical Sciences, Kyoto University, Yoshida, 606-8501 Kyoto, Japan

N-Glycosides are found in various pharmaceuticals, biologically active compounds, and natural
products. However, synthetic methodologies for N-glycosylamides are not as well developed as
those for nucleosides or O-glycosides. Among the reported synthetic methods for N-glycosylamides,
direct N-glycosylation of amides is the most straightforward but challenging approach because of
the poor nucleophilicity of the amides, and only limited catalytic conditions have been reported to
date.[1]

During the course of the investigation on the halogen-bond (XB)-donor organocatalysis,[2] we
found two types of direct N-glycofunctionalization of amides; 1) unique N-acylorthoamides (5)
were obtained from Schmidt glycosyl donor (3) and various amides through Schreiner thiourea-XB
donor (1) co-catalysis, and 2) the desired N-glycosides (6) were obtained from the same glycosyl
donor (3) utilizing newly developed XB donor-Brgnsted acid hybrid catalyst (2).[3]

XB donor 1 (10 mol%) BBSO 1) e N
BnO o Schreiner thiourea (10 mol%) “Bro 1-C1zHas H ©
= - ° o f N® o or
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AOG Nk |Gl MS AR T XNJLR @E Vaks O Dk
H N OTf N
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HN. R CF
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o > Bno T XB d 1 -
glycosyl acceptor (4) CH,Cl,, MS 4A, rt, 24 h AcO o onor (1) XB donc?r—Bransted acid
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g P y H,N N=\ o 1) 3 (1.5 equiv) HO O 0
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functionalized has only an amide group ~ © g N Schreiner thiourea

o N[ ¥
e . /KHN—((NgN
for a traceless modification. For example, 2) deprotection )

the anticancer drug temozolomide (7) can  temozolomide (7)

. ) (anti-tumor drug)
be transformed into the corresponding N- poor solubility
acylorthoamide. After deprotection of the benzyl group of the product, the corresponding triol (8)
was found to be soluble in protic solvents, such as methanol, while 7 itself is almost insoluble.

prodrug (8)
improved solubility

[1] (a) Tanaka, H.; lwata, Y.; Takahashi, D.; Adachi, M.; Takahashi, T. J. Am. Chem. Soc. 2005,
127, 1630. b) Li, Y.; Yang, X.; Liu, Y.; Zhu, C.; Yang, Y.; Yu, B. Chem. Eur. J. 2010, 16, 1871.
[2] (a) Tsuji, N.; Kobayashi, Y.; Takemoto, Y. Chem. Commun. 2014, 50, 13691. (b) Saito, M.;
Tsuji, N.; Kobayashi, Y.; Takemoto, Y. Org. Lett. 2015, 17, 3000. (c) Saito, M.; Kobayashi, Y.;
Tsuzuki, S.; Takemoto, Y. Angew. Chem. Int. Ed., 2017, 56, 7653.

[3] to be Submitted.
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Lead Optimization of 2-Aminobenzothiazoles as Inhibitor of 3D Polymerase against Foot-
and-Mouth Disease (FMD)

Jung-hun Lee', Kwi-wan Jeong*, Sun-mi Park®, Joo-Hyung Choi?, Jong-Hyeon Park?, Jin-Mo Ku**
1Gyeonggi Biocenter, Gyeonggi Institute of Science and Technology Promotion (GSTEP), Suwon, Gyeonggi-do, Korea, *Foot-and-
Mouth Disease Division, Animal and Plant Quarantine Agency, Anyang-si, Gyeonggi-do, Korea

Foot-and mouth disease (FMD) has been described as the most contagious disease of livestock,
such as cloven-hoofed animals. Because of its high morbidity and rapid spread to other animals,
outbreaks of FMD have caused severe social and economic losses of stockbreeding. From the
aspect of a drug target against Foot-and-mouth disease virus (FMDV), we chose 3D polymerase
(non-structural protein) which is used to develop potent antiviral drugs because of their essential
role in the viral life cycle. Inspired from 2-amino-4-arylthiazole which we had primarily studied, we
modified its structure into 2-aminobenzothiazole via structure-activity relationship (SAR) as a
second generation. The drug profiles including cytopathic effect (CPE; ECsp), selectivity index,
physicochemical properties (i.g. pKa, LogP, Sk, Seq, PAMPA), pharmacokinetic parameter (i.g. tis,
F, Cmax and Tmax etc.) and toxicity were provided for in-vivo model. We observed that 2-
aminobenzothiazole (9u,BAMTI-299) increased survival rates of C57/BL6 mouse infected by the
FMDV Asial/Sharmir strain comparing with PBS control.
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Scheme 1.General preparation of 2-Aminobenzothiazoles
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Cu(ll) Mediated Chalcone Synthesis via a-bromocarbonyl Intermediate: A One-Step
Synthesis of Echinatin

Jung-hun Leet, Dae-Youn Jeong:, Seung-Young Jung:, Sukchan Lees, Kye Won Park*2and Jin-Mo Ku*:

‘Natural Product Research Team, Gyeonggi Bio-Center, Gyeonggi Institute of Science and Technology Promotion, 147 Gwanggyoro,
Yongtong-gu, Suwon-si, Gyeonggi-do, Republic of Korea; :Department of Food Science and Biotechnology, Sungkyunkwan
University,Suwon 16229, Republic of Korea sDepartment of Genetic Engineering, Sungkyunkwan University, Suwon, 16419,

Republic of Korea

Since introduction of chalcones in 1899, chalcones have been considered as precursors of flavones
in the biosynthesis of flavonoids. However, because the chalcones include multi-functional groups
on aromatic rings, developments of efficient synthetic methodologies as well as synthetic strategies
involving protection/deprotection should be considered.

Table 1. Scope of reaction and synthesis of natural products.
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“Reaction conditions: acetophenone (0.5 mmol), aldehvde (0.5 mmol), CuBr; (10 mol %) in ethanol at 70 °C for 8 h. “Isolated yields. “Natural products. “Synthetic compounds.
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Biomimetic Synthesis of Thebaine via an Anodic Aryl-Aryl-Coupling

A. Lipp, D. Ferenc, M. Geffe and T. Opatz*
Department of Chemistry, Johannes Gutenberg-Universitat, Mainz (55128), Germany.

Thebaine, a biosynthetic precursor of morphine, is used as starting material for the industrial
semisynthetic production of multiple important drugs such as oxycodone, naloxone or
buprenorphine and is thus unarguably of outstanding relevance for medicinal chemistry.™ The key-
step in the biosynthesis of thebaine and morphine is the intramolecular oxidative aryl-aryl-coupling
of (R)-reticuline.!”] For decades, chemists have attempted to mimic this oxidative coupling using
conventional chemical oxidants. However, their approaches were of limited success as they suffered
from poor to moderate yields, required stoichiometric amounts of (often toxic and transition-metal
based) oxidants and typically gave rise to mixtures of coupling products due to the lack of regio-
selectivity in the aryl-aryl-coupling.’®! Based on the pioneering work of Schafer,! we are currently
developing a biomimetic approach to thebaine using an anodic, regio- and diastereoselective aryl-
aryl-coupling of 1-benzyltetrahydroisoquinolines which are synthesized from inexpensive and
naturally occurring starting materials.
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[1] B. Murphy et al. Adv. Synth. Catal. 2014, 356, 2679-2687; [2] B.H. Novak et al. Curr. Org. Chem. 2000, 4, 343—
362; [3] e.g., M.A. Schwartz et al. J. Am. Chem. Soc. 1975, 97, 1239-1240; [4] e.g., A. Brockmeyer, Thesis,
Westfalische Wilhelms-Universitat, Munster, 2003.
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N-Cyanomethyl quaternary salts, o-hydroxybenzaldehydes and nucleophiles in synthesis of
imidazo[1,2-a]pyridines annulated with chromene moiety

Olga A. Storozhenko, Alexey A. Festa and Leonid G. Voskressensky*
Department of Organic Chemistry, RUDN University, Moscow 117198

An imidazopyrrolopyridine fragment appears in the marine natural products isogranulatimides,
isolated from the Brazilian ascidian Didemnum granulatum, which show high inhibitory activities
against the G2 DNA damage checkpoint, the kinases Chk1 (IC50 = 0.1 uM) and GSK-3 beta and
various other kinases[1]. The current project involves the preparation of imidazopyrrolopyridines
fused with a chromene moiety through a base-promoted domino reaction of isomeric N-
(cyanomethyl)azaindolium salts with o-hydroxybenzaldehydes, creating imidazole and pyran cycles

in an effective manner[2].
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Imidazoles annulated with chromenes A have recently been characterized as cytotoxic agents
against HCT116 cancer cells due to their ability to induce cell cycle arrest and apoptosis without
significant effects on normal cells[3]. Due to the wuseful biological activity of
chromenoimidazopyridines A we decided to broaden the scope of such compounds through the
introduction of different substituents at the methylene group. This has been successfully realized. At
first step we generated iminochromenes B[4] and then added different nucleophilic agents such as
indoles, azaindoles, pyrolle and nitromethane followed by an oxidant.
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[1] Hénon, H.; Conchon, E., Hugon, B., Messaoudl, S.; Golsteyn, R. M., Prudhomme, M.
Anticancer Agents Med. Chem., 2008, 8, 577-597.

[2] L.G. Voskressensky, O.A. Storozhenko, A.A. Festa, R.A. Novikov, A.V. Varlamov, Synthesis,
2017; 49(12): 2753-2760.

[3] Lima, C. F.; Costa, M.; Proenca, M.F.; Pereira-Wilson, C. Eur. J. Pharm. Sci., 2015, 72, 34-45.

[4] M. Costa, A.l. Rodrigues, F. Proenga, Tetrahedron, 2014, 70, 4869-4875.
This work was supported by the Ministry of Education and Science of the Russian Federation under the program for
improving the competitiveness of RUDN University among leading global scientific and education centers for 2016—
2020
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Synthesis of a modular system for major groove sequence-selective DNA
recognition

Shubhankar Gadre, Max Peters, Alvaro S. Farifias and Thomas Schrader*
University of Duisburg-Essen, Universitatsstr. 7, 45117 Essen, Germany

Nucleic Acid Recognition is a fundamental biological process. It
is the basis of Central Dogma of Molecular Biology which allows
for the flow of genetic information across all living organisms.
Nature generally uses four different avenues for DNA
recognition: intercalation into base pairs,! unspecific binding to
the sugar phosphate backbone and minor? as well as major groove
insertion.® For the purpose of addressing a specific gene, a ligand
must be directed towards the minor or major groove, because here
the base sequence becomes freely accessible - and readable.

Numerous efforts have been previously made towards achieving e
the goal of DNA recognition. However, they suffer from !'c.ﬁ‘,.-.—.«?,\,y -
limitations like invasion of Duplex DNAs* due to extraordinary '
thermodynamic stability of the triplex, limited recognition up to
only 7-10 base pairs >5, or being exclusive only to homopurines’.
There exists therefore, necessity of creating a modular system
which can bind sequentially to any given number of base pairs of
a gene, specifically in the major groove of DNA.

We therefore, envisage the construction of synthetic sequence-

selective Heterocyclic DNA ligands which operate by general base-pair recognition inside the major
groove, thus providing a tool for Gene-specific manipulation of DNA. We intend to synthesize 4
hydrogen bonding ligands which would form a triplex with the each natural base pair (AT-, TA-, CG-
and GC-) in a perpendicular orientation, fitting snuggly into the major groove side of base pairs
respectively. These new ligands are intended to be covalently fused to a template strand, which directs
the whole recognition module inside the major groove.

[1] W. D. Wilson, DNA Intercalators, in Comprehensive Natural Products Chemistry (Eds.: K. Nakanishi, D. Barton),
Elsevier, New York, 1999.

[2] W. C. Tse, D. L. Boger, Sequence-Selective DNA Recognition: Natural Products and Nature’s Lessons, Chemistry &
Biology 2004, 11, 1607-1617.

[3] Protein—Nucleic Acid Interaction: Major Groove Recognition Determinants, Y. Xiong, M.Sundaralingam, in:
Encyclopedia of Life Sciences, McMillan Publishers, Nature Publishing Group, 2001.

[4] P. E. Nielsen, Structural and biological properties of peptide nucleic acid (PNA), Pure & Appl. Chem. 1998, 70, 105-
110; P. E. Nielsen in Sequence-Specific DNA Binding Agents (Ed.: M. J. Waring), RSC, Cambridge, 2006, pp. 96-108.
[5] D. M. Chenoweth, D. A. Harki, J. W. Phillips, C. Dose, P. B. Dervan, Cyclic Pyrrole-Imidazole Polyamides Targeted
to the Androgen Response Element, J. Am. Chem. Soc. 2009, 131, 7281-7288.

[6] K. A. Muzikar, N. G. Nickols, P. B. Dervan, Repression of DNA-binding dependent glucocorticoid receptor-mediated
gene expression, Proc. Natl. Acad. Sci. USA 2009, 106, 16598-16603.

[7]1F. A. Rogers, J. A. Lloyd, P. M. Glazer, Repair of DNA lesions associated with triplex-forming oligonucleotides,Curr.
Med. Chem. - Anticancer Agents 2005, 5, 319-326; M. Duca, P. Vekhoff, K. Oussedik, L. Halby, P. B. Arimondo, The
triple helix: 50 years later, the outcome, Nucleic Acids Research 2008, 36, 5123-5138.
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Microporous organic polymers embedded with magnetic Co/C nanobeads and transition
metal nanoparticles as recyclable multifunctional catalysts

Andreas Hartl, Lisa Stadler, Sara Ranjbar, Jian Zhi, Oliver Reiser*
Institute of Organic Chemistry, University of Regensburg, Universitatsstr. 31
93053 Regensburg, Germany

Microporous organic polymers (MOPs) embedded with metal nanoparticles (NPs) show a high
potential with respect to their use in catalytic applications.™? On the one hand, the polymer
preserves the NPs from agglomeration or deactivation and, on the other, their size controlling effect
positively influences the formation and homogeneous distribution of metal NPs over the MOPs. 2!
In this work, MOPs grown on magnetic carbon-coated cobalt (Co/C) nanobeads and are used after
the incorporation of metal NPs. The overall effectiveness of the novel catalysts were evaluated
regarding activity, stability, and especially, recyclability. Therefore, several reactions were chosen
as model reactions, resulting in a good activity of the catalysts for several consecutive runs,
displaying a low metal leaching and high recyclability of the catalysts. The developed catalytic
systems were successfully applied in several cross coupling reactions such as Heck and Suzuki
reactions, various hydrogenation reactions including a wide range of different substrates, as well as
transfer hydrogenations of aromatic carbonyl compounds.
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References

[1] B. Li, Z. Guan,W. Wang, X. Yang, J. Hu, B. Tan, T. Li, Adv. Mater. 2012, 24, 3390-3395. [2]
B. Li, R. Gong, W. Wang, X. Huang, W. Zhang, H. Li, C. Hu, B. Tan, Macromolecules 2011, 44,
2410-2414. [3] K. Song, P. Liu, J. Wang, L. Pang, J. Chen, I. Hussain, B. Tan, T. Li, Dalton Trans.
2015, 44, 13906-13913.
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Visible light mediated generation and trapping of vinyl radicals derived from a-halo

chalcones and cinnamates

Thomas Fo6ll, Suva Paria, Oliver Reiser*

Universitat Regensburg, Institut fur Organische Chemie
Universitatsstr. 31, 93053 Regensburg, Germany

A photochemical approach for the generation of vinyl radicals is presented. Whereas previous re-
ports were predominantly based on harsh and economically unfriendly reaction conditions which
included highly toxic reagents like SnBuzH and AIBN,*? we herein present a mild and environ-
mentally benign protocol generating vinyl radicals derived from vinyl halides.**! Using well estab-
lished photoredox catalysts, these highly reactive radicals are easily accessible via SET (SET = sin-
gle electron transfer) from bench stable precursors like a-bromo chalcones or a-chloro cinnamates.
Careful trapping with a large set of different substrates gives access to powerful transformations and

unprecedented bond formations.

32 examples

0-95%
X
| OAc
/\/
R )\Rs B
3
o) O R o)
R2
R | R
Xy, 16 examples XX 22 examples
| 0-98% e 0-82%
/\/ /\
R’ R'
[1] D. P. Curran, D. Kim, H. T. Liu, W. Shen, J. Am. Chem. Soc. 1988, 110, 5900-5902.
[2] D. P. Curran, W. Shen, J. Am. Chem. Soc. 1993, 115, 6051-6059.
[3] J. D. Nguyen, E. M. D'Amato, J. M. R. Narayanam, C. R. J. Stephenson, Nat. Chem. 2012, 4, 854-
8509.
[4] S. Paria, V. Kais, O. Reiser, Adv. Synth. Catal. 2014, 356, 2853-2858.
[5] S. Paria, O. Reiser, Adv. Synth. Catal. 2014, 356, 557-562.
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A Nef/Perkow access to imidazoles

Somayeh Ghorbani,"? Ebrahim Soleimani,* Laurent El Kaim?
! Department of Chemistry, Razi University, Kermanshah 67149-67346, Iran
? Laboratoire de Synthése Organique, CNRS, Ecole Polytechnique, ENSTA ParisTech-
UMR 7652, Université Paris-Saclay, 828 Bd des Maréchaux, 91128 Palaiseau, France

We report an efficient synthesis of imidazolyl vinyl phosphate and imidazolyl phosphate derivatives
via a one-pot sequential four-component reaction. The addition of isocyanides to acyl chlorides
(Nef reaction) [1] leads to imidoyl chlorides which can later be treated with trialkylphosphites in a
Perkow-type reaction. [2] The outcome of this reaction step depends of the nature of the starting
acyl chloride.

For acyl chlorides possessing chloride atoms at the 2 possition, the vinyl phosphate derivatives are
obtained. However for acyl chlorides substituted by esters, the Perkow step leads to the formation
of ketenimines phosphates. [3]

Vinyl phosphate imidoyl chlorides and ketenimine phosphates obtained in Nef/Perkow sequence
may be easily converted to imidazolyl vinyl phosphate and imidazolyl phosphate derivatives under
addition of propargyl amine in basic condition and in the presence of silver carbonate as a catalyst
at 60 C.
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o o) \ /\\ 7\ 3
cl\)k R?NC cl cl P(OR®); g P\OR3 HN 7 =
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; ) MeCN, 60°C ~ R'  N_//
R'" NR R?2
R'=H, Cl, or Me - -
3
DIPEA (1eq) O, ,OR
OR3 I:’\
O \ — 7/
Q R2NC P(OR) o s N o OR®
R1JJ\CI R’ “ oR N
Nef reaction NR2 Perkow reaction R! C\\NRZ Ag,CO3( 20 mol%) R -
MeCN, 60 °C N—/
1— R2
R'= COOEt

We are currently exploring the potential addition of othere nucleophiles to these Nef-Perkow
phosphate intermediates.

[1] J.U. Nef, Liebigs Ann. Chem. 1892, 270, 267-335.

[2] (&) W. Perkow, K. Ullerich, F. Meyer, Chem. Abstr. 1953, 47, 8248. (b) F.W. Lichtenthaler,
Chem. Rev. 1961, 61, 607-649.

[3] D. Coffinier, L. ElI Kaim, L. Grimaud, Org. Lett. 2009, 11, 1825-1827.
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Study on the photochemical decarboxylation of Asp and Glu derivatives:
Optimized conditions and substrate scope

Simon Budde, Christian Eichinger and Oliver Reiser*
Institut fiir organische Chemie, University of Regensburg, 93053 Regensburg/Germany

A study on the photochemical B/y decarboxylation of aspartic/glutamic acid derivatives is
presented. Therefore, the primary carboxylic acid was activated as N-acyloxyphthalimide[1-3],
which undergoes decarboxylation upon visible light irradiation in the presence of a catalyst and a
sacrificial electron donor. After decarboxylation, inter and intramolecular reactions of the resulting
radical are feasible, depending on the structure of the derivatives. Hence, the reaction conditions
were closely examined, and a variety of intra- and intermolecular reactions were tested with suitable
aspartic/glutamic acid derivatives[4] to synthesize (un)natural amino acids or pyrrolidine/piperidine
derivatives from inexpensive and abundant starting materials. Noteworthy, the stereocenter of the
starting amino acid is conserved in the product.
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Scheme 1: Synthesis of suitable precursors and intermolecular reaction of Glu and Asp derivatives upon
visible light mediated decarboxylation.
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[2] M. J. Schnermann, L. E. Overman, Angew. Chem. Int. Ed. 2012, 51, 9576-9580.
[3] G. Kachkovskyi, C. Faderl, O. Reiser, Adv. Synth. Catal. 2013, 355, 2240-2248.
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Ammonium ylide mediated synthesis of enantioenriched 2,3-dihydrofurans

L. Ohler, D. Worgull*
Institute of Bioorganic Chemistry, Heinrich-Heine-University Dusseldorf, Forschungszentrum
Julich, Julich 52428

The application of ammonium ylides in asymmetric synthesis is rather limited in comparison to
phosphorus or sulfur ylides. [1] Yet, a couple of transformations based on pyridinium and DABCO
derived ylides leading to highly functionalized, racemic products have been described. [2] Chiral
ammonium ylides were also used in asymetric [4+1] annulation reactions. [3]

Our research focuses on the development of novel methods for the generation of enantioenriched
substances via chiral ammonium ylides. As a model reaction, we investigated the formation of
tetrasubstituted 2,3-dihydrofurans. Employing modified cinchona alkaloids and cheap,
commercially available phenacyl bromide or its derivatives, in combination with arylidendicarbonyl
compounds gave access to the desired target molecules. The reactions proceeds via ammonium salt
and ylide formation through a base, 1,4-addition and subsequent 5-exo-tet cyclization to exclusively
yield the trans-2,3-dihydrofurans in up to 75% with good to excellent enantioselectivity.

| ~ “OBn via: =
O  (hebAr N~ 7 (hetAr '
Br (@] N O
Lo 0 2
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.0eq. .5 eq. 60 °C, 2-3 d up to 75% vyield N__~
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[1] P.-F. Zheng, Q. Ouyang, S.-L.Niu, L. Shuai, Y. Yuan, K. Jiang, T.-Y. Liu, Y.-C. Chen, J. Am.
Chem. Soc. 2015, 137, 9390.

[2] (@) C. D. Papageorgiou, S. V. Ley, M. J. Gaunt, J. Angew. Chem. Int. Ed. 2003, 42, 828. (b) C.-
P. Chuang, K.-P. Chen, Tetrahedron 2012, 68, 1401. (c) M. J. Gaunt, C. C. C. Johansson, Chem.
Rev.2007, 107, 5596. (d) K. Jiang, Y.-C. Chen, Tetrahedron Lett. 2014, 55, 2049.

[3] N. Meisinger, L. Roiser, U. Monkowius, M. Himmelsbach, R. Robiette, M. Waser, Chem. Eur.
J. 2017, 23, 5137.
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Pd-Catalyzed Heck Type Arylation of Alkenes with 1,5-Azastibocines
Naoki Kakusawa*, Shun Morinaga', Masaaki Ueda', Shuji Yasuike?
Faculty of Pharmaceutical Sciences, Hokuriku University, Kanazawa, Japan, 920-1181
’Faculty of Pharmaceutical Sciences, Aichi Gakuin University, Nagoya, Japan, 464-8650

The Mizoroki-Heck reaction, Pd-catalyzed coupling reaction of alkenes with aromatic halides or
triflates, have become a standard method for C-C bond formation in organic synthesis. The typical
conventional reaction requires high temperature and prolonged heating with a base. In order to avert
these drawbacks, various surrogates for aromatic halides have been investigated using highly
reactive organometallic agents, such as boronic acids, arylsilanoles, organostannanes. *

As part of our continuing studies on organoantimony compounds?, we have investigated Pd-
catalyzed Mizoroki-Heck type arylation of alkenes with Sh-aryl-1,5-azastibocine (1) which is
highly reactive pseud-hypervalent organoantimony compound with intramolecular N-Sb interaction.

Screening of various Pd catalysts and solvents was undertaken using 1 and methyl vinyl ketone
(2a), which revealed that the reaction of 1 with 2a gave Heck adduct (3a) in desirable yield (84%)
under PdCI;(CH3CN), (5 mol%)
catalyst in DMA. Various aryl
groups, other than  phenyl

PdCl,(CH3CN),

ituents, were al I %
substituents, were also coupled ©:§bj© . % (“Heck Adduct )
b 1

with 2a in good yields using 1 Ar. 80°C

Table 1. Reaction of 1,5-azastibocine with various alkenes

bearing various aryl groups. 2a-f 3a-f
Table 1 shows the results of the Entry Alkene Time (h) Product Yield (%)
reaction of 1 with various alkenes. 1 0 ] 0 o
Enones (2a, b) were good %cm Ph&%}cm
substrates to give the adducts (3a, o o
b) in high vyields (entries 1, 2). SN 5 NG &7
Aromatic and aliphatic alkenes (2c, 2b 3
d) were applicable affording 3c, d 3 P 3 Ph” PN 70
in good vyields (entries 3, 4). 2 *
Enoates (2e, f) also underwent c
) 4 o -CsHi7 12 P X CsH7 76
arylation to gave the adducts (3e, o 3d
f) in i [ :
) in good yields (en'_[rles 5, 6) ] §i 5 Nﬁ .
Advantageous is that the L, oo T OC
reaction proceeds without a base in 2e 3e
. (¢] o
an _amblen_t atmqsphere under NG S o s opn 7
relatively mild condition. 2t s

1) a) Kim, Y. W. et. al. Org. Lett. 2014, 16, 1574-1577. b) Hirabayashi, K. et. al. Bull. Chem. Soc, Jpn.
2000, 73, 1409-1417. c¢) Parrish, J. P. et. al. J. Org. Chem. 2002, 67, 7127-7130.
2) Kakusawa, N. et. al. Heterocycles, 2015, 91, 1170-1175 and references cited therein.

317



ISHC 2017 Poster Abstracts WED-P 45

Application of Epoxy and Aziridinyl Enolsilanes in Dearomative (4+3) Cycloadditions

Jesse Ling, Sarah Lam and Pauline Chiu*
Department of Chemistry, University of Hong Kong
Pokfulam Road, Hong Kong, China

We have been using vinyl epoxide and aziridine derivatives, namely epoxy and aziridinyl
enolsilanes, as dienophiles for diastereoselective (4+3) cycloadditions. They react with a wide range
of dienes, including furans and pyrroles, to generate high yields of heterocycles embedded in seven-
membered rings. This reaction has been applied to the synthesis of various heterocyclic bioactive
molecules, such as cortistatin A.

Under suitable conditions, carbocyclic arenes also undergo (4+3) cycloaddition as dienes
with epoxy/aziridinyl enolsilanes (Scheme 1). This intramolecular reaction, in effect a
dearomatization, is surprisingly facile, and occurs even on benzene derivatives. The scope and the
mechanism of the reaction have been studied. This dearomative cycloaddition may be applicable to
the synthesis of polycyclic natural products such as tubingensin B.

Me! '
@ TESOTf or TFA
_ > —
) CH,Cl, or EtNO, )
R/__ n R/_ n
X =0, NTs Yields = 22-89%
n=1,2 16 examples Tubingensin B

Scheme 1

The olefin bridge of cycloadduct 1 can be cleaved under reductive ozonolysis to afford
polycyclic triol 2 as a single diastereomer (Scheme 2). This demonstrates the potential of the
dearomative (4+3) cycloaddition to synthesize bridged and non-bridged polycycles alike.

NHTs HO H NHTs

e' 1. 03, CHyClp, -78°C O
\nl‘

2. NaBH,, MeOH, 0 °C

single diastereomer
Yield = 61%

Scheme 2

Ling, J; Lam, S; Low, K.-H.; Chiu, P. Angew. Chem., Int. Ed. 2017, 56, 8879-8882.
Lam, S. K.; Lam, S.; Wong, W.-T.; Chiu, P. Chem. Commun. 2014, 50 (14), 1738-1741.
Lo, B.; Lam, S.; Wong, W.-T.; Chiu, P. Angew. Chem., Int. Ed. 2012, 51, 12120-12123.
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Kinetics and Mechanism of Oxirane-Formation by Darzens Condensation of Ketones

Zhen Li, Quan Chen, Harish Jangra, Hendrik Zipse, Herbert Mayr*
Department Chemie, Ludwig-Maximilians-Universitat Minchen,
Butenandtstr. 5-13, 81377 Miinchen, Germany

In order to quantify the electrophilic reactivities of aliphatic ketones (Scheme 1), we measured the rates of their reactions with

arylsulfonyl-substituted halomethyl anions photometrically in DMSO at 20 °C (Scheme 2).

Scheme 1. Cyclic Ketones la-h and Acyclic Ketones 1i-j
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n=1 (1a) X=NMe (1e) (1h) X=CH, (1i)
n=2 (1b) X=0 (1f) X=S (1§)
n=3 (1c) X=8 (19)
n=4 (1d)
Scheme 2. Mechanism of the Reactions of Arylsulfonyl-Substituted Halomethyl Anions with Ketones
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d[2)/dt = -k>® [1][2]= -kec[11[2]/(K-colkee + 1) (1)
logk =sn(N+E) (2)

We performed crossover experiments as described in Scheme 3 to elucidate the rate-determining step of this reaction cascade.
For that purpose, the independently synthesized halohydrin 4 was treated with NaOH in the presence of a more reactive ketone
5. The formed intermediate | then has the choice either to undergo ring closure with formation of the epoxide 3 or retroaddition
with regeneration of 1 and 2. As 5 is considerably more reactive than 1, the carbanion 2 will exclusively be converted into the
crossover product 6, i.e. the ratio [6]/[3] equals the ratio k.cc/k.. By combination of the measured second order rate constant
k.®® with the ratio k.cc/kr according to eq 1, we can determine kcc, the rate constant for the attack of 2 at the ketones 1. By
substitution of kcc and the published parameters N and sy for 2 into eq 2, it was possible to derive the electrophilicity parameters
E of the ketones 1. DFT calculations revealed a decent correlation of the electrophilicity parameters E with the methyl anion

affinities calculated for DMSO solution.

Scheme 3. Crossover Reaction
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[1] Li, Z.; Chen, Q.; Mayer, P.; Mayr, H. J. Org. Chem. 2017, 82, 2011-2017.
[2] For a comprehensive database of nucleophilicity parameters N and sy as well as electrophilicity parameters E, see

http://www.cup.Imu.de/oc/mayr/DBintro.html.
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Rational Design of Ready-to-Shape New Classes of Organo-Photocatalysts
A. Gini, M. Uygur, O. Garcia Manchefio *
Organic Chemistry Department, University of Regensburg, Regensburg/DE

Over the past last decade, the renewed interest around photoredox catalysis resulted in a continuous
flux of many valuable light-induced synthetic transformations.[1][2] Even though there are several
advantages of a photoredox-mediated approach respect to standard thermal processes, most common
catalysts are based on expensive nobel transition metals, such as iridium and ruthenium.[1] Moreover,
they might contaminate the products, which is especially undesirable in the synthesis of
pharmaceuticals. Thus, the use of organo-photocatalysts represents a valuable and attractive
alternative, mainly because organic dyes are cheaper, harmless and easy to handle than the
corresponding metal-based photocatalysts.[2] As follows, it is evident the advantage coming within
the employment of such organic photosensitizers, but the exiguous variety of structures, which are
based essentially on fluorescein, rhodamine, eosin and 9-mesityl-10-methylacridinium salt platforms,
limit the possible applications. For this reason, new classes of organo-photocatalysts are highly
demanding to both discover new synthetic solutions and improve the performance in standard
catalytic photoredox reactions.

Following this perspective, we present herein several innovative one-pot strategies to achieve new
classes of easily tunable and ready-to-shape (thio)xanthene or acridine-based photocatalysts, in which
a Csp®-H oxidative functionalization is involved as key step of the synthetic approach.[3][4]
Furthermore, to show the potential and the versatility of such new structures, various applications in
photoredox-catalysis are reported.

+ R New classes of
A photocatalyst
| Multicomponent
R X = reaction
| —| Oxidation | or OR —
X & . R
A 2-step one pot
X:N-R, O, S | reaction
e =
X CS: conjugated
systems and
heteroarenes,

[1] C. K. Prier, D. A. Rankic and D. W. C. MacMillan, Chem. Rev., 2013, 113, 5322.

[2] N. A. Romero and D. A. Nicewicz, Chem. Rev., 2016, 116, 10075. [3] A. Gini, T. Brandhofer
and O. Garcia Manchefio, Org. Biomol. Chem., 2017, 15, 1294. [4] T. Stopka, L. Marzo, M. Zurro,
S. Janich, E.-U. Wirthwein, C.G. Daniliuc, J. Aleman and O. Garcia Manchefio, Angew. Chem. Int.
Ed., 2015, 54, 5049.
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Regioselective Transformation of Azido to Diazo Group

Taiki Yokoi, Tomomi Ueda, Hiroki Tanimoto,* and Kiyomi Kakiuchi
Graduate School of Materials Science, Nara Institute of Science and Technology (NAIST)
8916-5 Takayama-cho, Ikoma, Nara 630-0192, JAPAN / 81

Azido group has been well used in wide research areas due to its valuable reactivity. Especially,
azide-alkyne cycloaddition reactions which can combine two components through rigid triazole
rings have been applied in chemical biology and polymer chemistry. Toward further development
of azide chemistry, multi-azido compounds are attractive as platform molecules for synthesis of
multi-functionalized molecules. However, regioselective transformation of specific azido groups in
multi-azido molecules is still challenging problem because of the high reactivity. With this
background, we designed selective transformation of azido group at a-carbonyl positions to diazo
group (Scheme 1). We envisioned that acidic a-proton can proceed nitrogen gas elimination from
azido group [1], and the generated imine could be transformed to diazo group thorough formation of
hydrazone followed by Bamford-Stevens reaction, while other positions retain the azido moieties.
Because diazo group was reported to have different reactivity on click reaction to azido group [2],
our regioselective transformation of azido group can lead flexible functionalization using multi-
azido compounds.
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Scheme 1. Regioselective transformation of azido to diazo group

With tetrabutylammonium fluoride as base, regioselective conversion of azido to diazo group at o~
carbonyl was achieved in the presence of alkyl azide (Scheme 2). Addition of pyrrolidine as second
base for Bamford-Stevens reaction sequence, the isolated yield of desired product was improved.
Comparing amides and ketones, ketones with more acidic o-protons were successfully transformed
under mild conditions. With these results, the regioselective transformation reaction of other di-,
and triazido substrates was investigated.

hydrazide
base

(o] (0]
o g
N3/\/\’II)J\/ 3 N3/\/\'?‘ s
Ph Ph

diazido substrate diazo-azido compound
Scheme 2. Regioselective transformation of diazido substrate

[1] Mains, P. A.; Rathke, M. W. J. Org. Chem. 1980, 45, 4952.
[2] Aronoff, M. R.; Gold, B.; Raines, R. T. Org. Lett. 2016, 18, 1538.
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Stereoselective Cobalt-Catalyzed Halofluoroalkylation

G. Wu and A. Jacobi von Wangelin*
Department of Chemistry, University of Regensburg
93040 Regensburg/D

Fluorinated hydrocarbons constitute key structural motifs in many bioactive molecules,
agrochemicals, and pharmaceuticals due to their high metabolic stability, lipophilicity, and
bioavailability compared with the parent compounds.!! As a result, the development of efficient
process for fluoroalkyl groups introduction has been a significant issue in organic synthesis. An
efficient and robust method that operates at mild conditions and low catalyst loading and is
applicable to various difluoro and perfluoroalkyl bromides would have considerable use in the
synthesis of densely functionalized fluorinated building blocks.

The utility of alkyl halide building blocks in organic synthesis programs has recently been greatly
enhanced by the advent of new cross-coupling protocols catalyzed by low-valent metal catalysts
(Fe, Co, Ni).”Y Among them, efficient cobalt catalysis has been reported for reductive couplings and
Heck-type reactions between alkyl halides and alkenes. Herein, we reported the low-valent cobalt-
catalyzed halofluoroalkylation of alkynes, which enabled the highly regio- and stereoselective
synthesis of halofluoroalkenes under mild conditions
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[1] K. Miiller, C. Faeh, F. Diederich, Science 2007, 317, 1881.
[2] a) G. Cahiez, Moyeux, A. Chem. Rev. 2010, 110, 1435; b) A. Guérinot, J. Cossy, Top Curr
Chem. Lett. 2016, 374: 49; ¢) T. lwasaki; N. Kambe, Top Curr Chem. Lett. 2016, 374: 66.
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C-H Functionalization of deazapurine nucleobases
Nazarii Sabat,® Michal Hocek®"*

& Dept. of Organic Chemistry, Faculty of Science, Charles University in Prague, Hlavova 8, CZ-
12843 Prague 2, Czech Republic
® Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic,
Gilead & I0CB Research Center, Flemingovo nam. 2, CZ-16610 Prague 6, Czech Republic
e-mail: sabat@uochb.cas.cz, hocek@uochb.cas.cz

Modified pyrrolo[2,3-d]pyrimidine (7-deazapurine) bases and nucleosides display a variety of
biological effects. [1] Therefore, development of chemo- and regioselective synthesis of
deazapurines bearing diverse substituents is a worthwhile goal.

Here we report on complementary C-H activation methods for the modification of deazapurine
nucleobases. Protocols for selective direct C-H imidation, C-H amination, [2] C-H silylation and C-
H phosphonation [3] of deazapurines have been developed (Scheme 1). The scope and limitations
of the methods, as well as synthesis of series of multifunctionalized deazapurine bases and their
possible further transformations are presented.
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This work was supported by the institutional support of the Charles University and Academy of
Sciences of the Czech Republic (RVO: 61388963), by the Czech Science Foundation
(P207/12/0205, 16-0011785) and by Gilead Sciences.

[1] Chakka, N.; Bregman, H.; Du, B.; Nguyen, H. N.; Buchanan, J. L.; Feric, E.; Ligutti, J.; Liu, D.;
McDermott, J. S.; Zou, A.; McDonough, S. I.; Di Mauro, E. F. Bioorg. Med. Chem. Lett. 2012, 22,
2052-2062.

[2] Sabat, N.; Klecka, M.; Slavétinska, L.; Klepetafova, B.; Hocek, M. RSC Adv. 2014, 4, 62140 — 62143.
[3] Sabat, N.; Postova Slavétinska, L.; Klepetaiova, B.; Hocek, M. J. Org. Chem. 2016, 81, 9507 — 9514.
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Synthesis and Optical Properties of Novel 1,2,3-Triazole — (7-Deaza)purine Conjugates

Karolis Karpaviéiusl*, Jonas Bucevi¢ius®, Maris Turksz, Tadas Bucevicius®, Paulius Baronas®,
Saulius Jur§énas®, Sigitas Tumkevigius®

! Department of Organic Chemistry, Faculty of Chemistry and Geosciences, Vilnius University,
Vilnius, Lithuania; 2 Faculty of Materials Science and Applied Chemistry, Riga Technical
University, Riga, Latvia; ® Institute of Applied Research, Vilnius University, Vilnius, Lithuania.

Heterocycles containing 1,2,3-triazole moiety have found application in fields of bioconjugation,
material science, chemical sensors, drug discovery and related areas [1]. Recently, we have shown
that 2,6-bis(1,2,3-triazol-1-yl)-7-deazapurines exhibit strong fluorescence and are promising
candidates as functional materials [2]. In this report we present the synthesis and photophysical
properties of novel triazole — 7-deazapurine and purine conjugates.

Synthetic pathway to the target (1,2,3-triazol-4-yl)-7-deazapurines and purines (6, 7) is depicted in
Scheme 1.

SiMe; SiMe;
i X
</X | SN i </ | . (j\JQ N (% N
N N//‘& !\l N Cl N Cl
{ SiMe "
) ’ 2(76%) 4 (86%)
3 (75-90%) (76%) (86%)
1,3: X=CH or N; R = CHjs,
v NnCyzHas,Tos, CH,CO,Et l i

NN 5-7:X = CHor N; R = Me, Tos, S N
CH,CO,Et, nCyaHps;
XN Ar = Ph, 4-MeOCgHy, 4-FCgHa, 4-
</ | _ N CH3CgHy, 4-(CH3)2,NCgHy4, 2-naphthyl,
!\l NJ\&‘ N 1-naphthyl;
R N R' = Ph, 4-FCgHj,,4-(CH3),NCgHg, 4
7 (upto 87%) ‘ar  CF3CgHg, 2-Pyridyl. 6 (up to 99%) 5 (89-99%)

Scheme 1. Reagents and conditions: i -Me3SiCCH, Pd(PPh3),Cl,, Cul, PhsP, Et3N, 45-50 °C, argon; ii - KF,
MeOH, r.t.; ii - Ar-Ng, Cul, DIPEA, AcOH, CH,Cly, r.t., argon; iv - BuzSnR', Pd(PPhs),Cl,, AsPhs, dioxane, MW,
180 °C, argon; v - Ar-N3, KF, CuSOy, Na ascorbate, THF:HZO:‘BuOH.

Peculiarities of reactivity of (7-deaza)purines (1, 5) in the alkynylation and arylation cross-coupling
reactions and fluorescence properties in conjunction with DFT calculations of the synthesized
molecules will be discussed.
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Halogenation of Dimethyl Indole-2,3-dicarboxylate Using Phenyliodine Diacetate and
Alkali Metal Halides
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Halogenated indoles with novel biological activities have been found as secondary metabolites of
marine organisms. [1] Most bromoindole alkaloids have a bromine atom at the 5- or 6-position.
Chae and co-workers reported the selective bromination of dimethyl indole-2,3-dicarboxylate using
bromine in the presence of sodium acetate in acetic acid to give dimethyl 5-bromoindole-2,3-
dicarboxylate as the sole product. [2] We then investigated the bromination of various N-protected
dimethyl indole-2,3-dicarboxylates using pyridinium hydrobromide perbromide (PHPB) and
bromine in the presence of Lewis acid. Interestingly, the introduction of a protective group on the
indole nitrogen affected the selectivity of bromination position, and an electron-withdrawing group
resulted in preferential bromination of the 6-position. [3] Here, we investigated bromination and
iodination of N-protected dimethyl indole-2,3-dicarboxylates using phenyliodine diacetate and
alkali metal halide.

Treatment of dimethyl 1-benzenesulfonylindole-2,3-dicarboxylate with a combination of PIDA (1.5
eq) and LiBr (1.5 eq) in the presence of ZnCl, (2 eq) in CF;CH,OH to give a mixture of dimethyl 1-
benzenesulfonyl-5-bromoindole-2,3-dicarboxylate (28%) and dimethyl 1-benzenesulfonyl-6-
bromoindole-2,3-dicarboxylate (65%).

The reaction of dimethyl 1-benzenesulfonylindole-2,3-dicarboxylate was conducted using PIDA
and Lil instead of LiBr in the presence of BF;-Et,O (5 eq) in CH,CI, to provide a mixture of
dimethyl 1-benzenesulfonyl-5-iodoindole-2,3-dicarboxylate (52%) and dimethyl 1-benzene-
sulfonyl-6-iodoindole-2,3-dicarboxylate (47%).

COsMe X CO,Me CO,Me
_AbA LA L
N~ >CO.Me rt N~ >CO.Me X N~ ~CO.Me
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[1] (@) G. W. Gribble, Environ. Sci. Pollut. Res., 2000, 7, 37; (b) G. W. Gribble, Chem. Soc. Rev.,
1999, 28, 335; (c) G. W. Gribble, Acc. Chem. Res., 1998, 31, 141; (d) G. R. Gribble, J. Nat.
Prod., 1992, 55, 1353; () M. Alvarez, M. Salas, and J. A. Joule, Heterocycles, 1991, 32, 1391.

[2] D.-K. Chae, W.-K. Chung, M.-W. Chun, and B. Y. Lee, Seoul Univ. J. Pharm. Sci., 1979, 4, 1.
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The chemical synthesis of natural antibiotics has been a challenge for many years. One example of
bioactive natural products is the polyketide family of tetrahydroanthraquinones - Altersolanols -. [1]
In nature Altersolanols and derivatives are a class of secondary metabolites produced in endophytic
fungi such as Alternaria solani or Stemphylium globuliferum and provide the basis of symbiotic
interactions between plants and fungus. It protects the plant against microbial infections, bacteria
and dryness without having any toxic effects on the eukaryote. [2] Structure determination and
antimicrobial activity tests were clarified by Proksch and co-workers in the Heinrich-Heine
University of Ddusseldorf. [3] A first test has shown that Altersolanol M has an increased
antimicrobial activity and the position of the acetate group has a specific importance. [4] This
project is focusing on the total synthesis of Altersolanol derivatives and clarification of ring-

opening reactions of epoxides by 2D-NMR studies.
Altersolanol R! RZ R3 R* R> RS R’

oH Q H A |[OH H Me H OH OH H
B H H Me H H H OH
C [ OH H Me H H H OH
D |OH H H MeOH H OH
E [OH H Me H OH H OH
F HOH H MeOH H H
Altersolanol M G |OH H Me H Me H OH
H [OH H Me H H OH H

We will present our recent findings toward the total synthesis of Altersolanol M and derivatives
based on synthesized precursors from Brassard’s diene.

[1] Becker, A. M.; Rickards, R. W.; Schmalzl, K. J.; Yick, H. C. J. Antibiot. 1978, 31 , 324-329.

[2] M.-H. Teiten, F. Mack, A. Debbab, A. H. Aly, M. Dicato, P. Proksch, M. Diederich, Biorg.
Med. Chem. 2013, 21, 3850-3858.

[3] A. Debbab, A. H. Aly, R. Edrada-Ebel, V. Wray, W. E. G. Milller, F. Totzke, U. Zirrgiebel, C.
Schéchtele, M. H. G. Kubbutat, W. H. Lin, M. Mosaddak, A. Hakiki, P. Proksch, R. Ebel, J. Nat.
Prod. 2009, 72, 626-631.

[4] SEALIFE PHARMA GMBH; PCT Int. Appl., A. Pretsch, P. Proksch, A. Debbab, Patent 2010
WO 2010135759 Al.
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Orthogonal two wavelength regulation by coumarinylmethyl caging groups
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In recent years, the photolytic regulation of cellular functions, also known as optogenetics, proved
to be useful in many biotechnological applications. The combination of photolabile protecting
groups and small effector molecules enables the masking of their biological activity until the
irradiation with light of a specific wavelength releases the caged molecule. [1] We present the
utilisation of the versatile photolabile chelator DMNP-EDTA to control Cu?* release upon UV-A
irradiation, resulting in the first example of a caged metal ion to regulate recombinant gene
expression. [2] We endeavour to cage the previously released Cu®*-ions through use of different
chelators. The applied chelators are caged by aminocoumarin derivatives, which can orthogonally
be addressed by higher wavelengths. We present the synthesis and characterisation of these
coumarin derivatives and the hopeful application in this biological system.
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[2] Kusen, P. M.; Wandrey, G.; Krewald, V.; Holz, M.; Meyer zu Berstenhorst, S.; Biichs, J.;
Pietruszka, J., J. Biotechnol. 2017, http://dx.doi.org/10.1016/j.jbiotec.2017.04.032.
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Tandem One-pot Synthesis of Triaryl Cyclopentenones: Access to Enantioselective
Combretastatin A-4 Analogues

Rajashekar Narra, Sundarababu Baskaran*
Department of Chemistry, Indian Institute of Technology Madras, Chennai - 600 036, India.

The development of convergent and enantioselective methods for the synthesis of
biologically active molecules is of high importance in fields of both synthetic and medicinal
chemistry. Cyclopentenones are important structural scaffolds which are extensively found in
natural products as well as biologically active molecules, used as versatile synthetic intermediates
for the assembly of complex natural products and bioactive molecules,™ such as cyctotoxic agents
Rocaglamide and Chamaecypanone C (Figure 1).) Moreover, Among the naturally occurring
compounds, Combretastatin A-4 (Figure 1) is one of the best characterized antimitotic agents.
When the alkenyl motif of Combretastatin A-4 was replaced by cyclopentenone, the analogues
show enhanced activity compared to parent compound.!

[o]

OH H,CO
OH O MeO \
7 ‘ H,CO O
OCH,
d OH
OCH,
OH
(+)-Chamagcypanone C Rocaglamide Combretastatin A-4 Analogues of
cytotoxic agent cytotoxic agent microtubule inhibitor  Combretastatin A-4)

Figure 1. Representative molecules show anticancer activity
We have developed a tandem one-pot method for the facile synthesis of triaryl substituted
cyclopentenones (scheme 1).* Our synthetic strategy has successfully exploited in the
enantioselective synthesis of 5-hydroxy substituted Combretastatin A-4 analogues which displayed
promising microtubule inhibitor activity against various cancer cell lines.

OH o)
L_oH 9 HO
R, H® Ry R, Oxidant R~ R;
or + R,CHO — —_— ™
- Chiral catalyst

fo) 1
R1/Q Combretastatin A-4 Analogue

Scheme 1. Enantioselective synthesis of 5-hydroxy cyclopentenones
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b) Liang, G.; Gradl, S.N.; Trauner, D.; Org. Lett. 2003, 5, 4931.
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Burman, A. C.; J. Med. Chem. 2007, 50, 1744.
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Development of Electron-Poor Phosphine Ligands Having 1,3,5-Triazinyl Groups

K. Abe, H. Fujita, M. Kitamura, and M. Kunishima*
Faculty of Pharmaceutical Sciences, Kanazawa University, Japan

Introduction: Many phosphine ligands developed hitherto are generally more electron-rich than
triphenylphosphine (PPh3) because they promote the oxidative addition. Although electron-poor
phosphine ligands are considered to accelerate the reductive elimination, transmetalation, and
insertion reaction,” there is still room to further investigate those ligands. Because 1,3,5-triazine,
which is part of the structure of reagents for condensations® or O-alkylations® developed by us,
shows highly m-electron-deficient property, we are interested in reactivity of 1,3,5-triazin-2-
ylphosphines as a ligand for metals. However, to the best of our knowledge, there are a few reports
of the reactions using triazinylphosphines as a metal ligand, all of which are limited to
mono(triazinyl)phosphines.”) Here, we report the synthesis of several types of triazinylphosphines
and the use of them as a ligand for the Stille cross-coupling.

Results & Discussion: Tris(4,6-diphenyl-1,3,5-triazin-2-yl)phosphine (1) has
been successfully synthesized in a good yield (Figure 1). The effect of the
triazinylphosphine ligands on the catalytic activity for the Stille cross-coupling Ph>_N

N

Figure 1

reaction was examined. Stille coupling is performed better with less o-donating

ligands such as tri(2-furyl)phosphine [P(2-furyl)s], because the rate- >\—N
determining step of the reaction is the transmetalation step.” In the cross- PH 3
coupling reactions between  4-(trifluoromethyl)iodobenzene  and 1

tributyl(phenylethynyDtin, 1 gave a higher yield compared to those using P(2-

furyl); and PPh; (Scheme 1). The highly electron-withdrawing character of 1 was confirmed by IR
spectrum, 3P NMR, and X-ray single crystal structure analysis. In this presentation, we will also
discuss the synthesis and ligand activity of other triazinylphosphines.

Scheme 1
[PACI(C3Hs)]»

Ligand
F3C | + BU3sn ——Ph F3C ——Ph
THF

Ligand 1 P(2-furyl)s PPhs

Yield (%) 93 576) 16)

References: 1) T. Korenaga et al., Angew. Chem. Int. Ed. 2011, 50, 10703. 2) M. Kunishima et al.,
Tetrahedron 1999, 55, 13159. 3) K. Yamada et al., Org. Lett. 2012, 14, 5026. 4) M. Hayashi et al.,
Eur. J. Org. Chem. 2009, 2009, 4956. 5) V. Farina et al., J. Am. Chem. Soc. 1991, 113, 9585. 6) E.
Shirakawa et al., Tetrahedron Lett. 1997, 38, 3759.
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Different Monomers— Containing Microporous Organic Polymers Encapsulated with Pd
Nanoparticles and CO/C nanobeads for Hydrogenation

Maryam Homafar, Jian Zhi, Oliver Reiser*

Institute of Organic Chemistry, University of Regensburg, Universitatsstr. 31
93053 Regensburg, Germany

Owing to the specified chemical structure and rich functionality, microporous organic polymers
(MOPs) confer flexibility immobilizing catalytic sites. Metal nanoparticles like Pd is embedded in
the interior MOPs in order to produce recyclable heterogeneous catalyst. Hence, desire surface area
and pore size could impact the catalyst activity efficiently by preventing nanoparticles (NPs) from
agglomeration and leaching. [1] Herein, we report the synthesis of two different polymer of this
type, using aromatic building blocks such as biphenyl and bisphenol. MOPs were synthesized by
formaldehyde dimethyl acetal (FDA) as an external cross-linker in the presence of the Lewis acid
(FeCl3). One advantage of MOPs is the low-cost synthesis and the cost-effective of starting
materials, In order to find the impact of active functional group such as —OH to encage Pd
nanoparticles, we evaluated the catalysts in hydrogenation reactions with respect to activity,
selectivity, and recyclability.

HO

OH

FeCls, 45 to 80 °C .
NaNO,, HCI ey doto Pd,(dba); * CHCl,
+ HN =
0°C
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OO~ .DCE MW, 110 °C, 2 min

[1] K. Song, P. Liu, J. Wang,B. Tan, T. Li, Porous Mater. 2016, 23, 725-731
[2] B. Li, R. Gong, W.Wang, X. Huang, W.Zhang, H. Li, C.Huang,B. Tan, Macromolecules.
2011, 44, 2410-2414

330



ISHC 2017 Poster Abstracts WED-P 58

Synthesis of pyrrole-fused 7-deazapurine ribonucleosides
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Substituted 7-deazapurine nucleosides exert diverse biological activities, but, despite extensive
systematic study of this type of compounds, there is still potential for the development of new
anticancer and antiviral drugs. Recently, our group discovered a new class of cytostatic compounds
— 4-substituted (het)aryl-fused 7-deazapurine ribonucleosides with a fused benzene or thiophene
ring. Some of these derivatives displayed nano- to micromolar anticancer and antiviral activities. [1]

Based on these results, we decided to synthesize and investigate biological activities of similar N-
methylpyrrole-fused 7-deazapurine ribonucleosides. Desired nucleobases were prepared starting
from a corresponding halopyrrole and 4,6-dichloropyrimidine, and then were subjected to
Vorbruggen glycosylation to yield the key benzoylated p-nucleosides. Target free nucleosides were
prepared using various palladium-catalyzed coupling reactions and nucleophilic substitutions with
subsequent deprotection.
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High-pressure mediated 1,4-conjugated addition of diethyl malonate to heterocyclic
nitroolefins: The combination of high hydrostatic pressure and thiourea based catalysis

Thomas Weinbender and Oliver Reiser*
Institute of Organic Chemistry, University of Regensburg
Universitatsstr. 31, 93053 Regensburg/D

The field of organocatalysis, which was successfully established at the turn of the millennium, is
developing as an important tool for organic chemistry, competing with metal- and biocatalysis.
[1,2] Especially the low price of organocatalysts and their accessibility through easy preparatory
routes make them beneficial in contrast to metal-based catalysts. Furthermore, organocatalytic
methods seem to be very attractive for the synthesis of e.g. pharmaceutical agents, due to the fact
that metal contamination of the final product can be avoided. [3] High pressure acts as a mild and
non-destructive activation mode for chemical reactions. Surprisingly, the combined effects of
catalysis and high pressure activation, although known for a long time, has not been investigated
to a larger extent until now. This is unfortunate, as this strategy can lead to significant rate
acceleration, increased selectivity and the possibility of suppressing side product formation. [4]
Catalytically active thiourea derivatives have been investigated in the area of molecular
recognition due to their strong hydrogen bonding activity, making them to outstanding
organocatalysts. The catalyzed Michael reactions of nitroolefins represent a convenient access to
nitroalkanes, which are key compounds in organic synthesis. [5] We present our recent results
using thiourea derivatives in the asymmetric 1,4-Michael addition of diethyl malonate to N-, S-
and O-heterocyclic nitroolefins under ambient as well as high pressure conditions. In this reactions
yields up to 99% and ee up to 94% could be achieved. The pressurized reactions showed a
dramatically increase in reactivity by stabilizing the hydrogen-bond scaffolds. [6]
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[1] B. List, R. A. Lerner, C. F. Barbas J. Am. Chem. Soc. 2000, 122, 2395-2396. [2] K. A. Ahrendt,
C. J. Borths, D. W. C. MacMillan J. Am. Chem. Soc. 2000, 122, 4243-4244. [3] A. Berkessel, H.
Groger Asymmetric organocatalysis. From biomimetic concepts to applications in asymmetric
synthesis, Wiley-VCH, Weinheim, [Great Britain], 2005. [4] G. Jenner Tetrahedron 2002, 58,
5185-5202. [5] T. Okino, Y. Hoashi, T. Furukawa, X. Xu, Y. Takemoto J. Am. Chem. Soc. 2005,
127, 119-125. [6] K. Mori, J. Maddaluno, K. Nakano, Y. Ichikawa, H. Kotsuki Synlett 2009,
2346-2350.
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Visible light mediated synthesis of polysubstituted N-heterocycles via deoxygenative
radical formation

Eugen Lutsker and Oliver Reiser*
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Universitatsstr. 31, 93053 Regensburg/D

A variety of natural products and pharmaceutical agents contain N-heterocycles such as
pyrrolidines and tetrahydroquinolines. [1] The activation of the strong C-O bond, which plays a
crucial role in functional behavior of different renewable resources, is a big challenge due to the
environmental aspect. Based on the previous work of our group on deoxygenation of alcohols
via visible light photoredox catalysis, we present a strategy for the construction of
polysubstituted N-heterocycles via intramolecular C—C bond formation. [2] The transformation
of the hydroxy group of the easily accessible mono-allylated/propargylated and N-protected
amino alcohols into inexpensive ethyl oxalates or recyclable 3,5-bis(trifluoromethyl)benzoates
gives access to a broad range of substrates. Under irradiation with blue light (LED 455 nm) in
the presence of fac-Ir(ppy)s as photocatalyst the intermediary radical is formed which undergoes
intramolecular  cyclization  reaction to form  polysubstituted pyrrolidines and
tetrahydroquinolines in moderate to good yields.

OAct visible light photo- CF,
redox catalysis o
Act: or ﬁﬂ)J\ E
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= Pg: protecting group

27-70% yield

[1] (a) O’Hagan, D. Nat. Prod. Rep. 2000, 17, 435-446. (b) Speroni, E.; Schwaiger, S.; Egger,
P.; Berger, A. T.; Cervellati, R.; Govoni, P.; Guerra, M. C.; Stuppner, H. J. Ethnopharmacol.
2006, 105, 421-426. (c) Dobner, M. J.; Sosa, S.; Schwaiger, S.; Altinier, G.; Della Loggia, R.;
Kaneider, N. C.; Stuppner, H. Planta Med. 2004, 70, 502-508. (d) Katritzky, A. R.; Rachwal, S.;
Rachwal, B. Tetrahedron 1996, 52, 15031-15070.

[2] (a) Rackl, D.; Kais, V.; Kreitmeier, P.; Reiser, O. Beilstein J. Org. Chem. 2014, 10, 2157-
2165. (b) Rackl, D.; Kais, V.; Lutsker, E.; Reiser, O. Eur. J. Org. Chem. 2017, 2130-2138.
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Enantioselective Synthesis of 2-Cyclopentenones: Total Synthesis of Phomapentenone A
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The core structure of cyclopentenones is present in various pharmaceutical drugs and natural
products and therefore a valuable building block for synthesis. [1] The synthesis of enantiopure
4,5-disubstituted cyclopent-2-en-1-ones, that are suitable for synthesis of prostaglandine
derivatives, was published by our group in 2015. [2] Referring to this publication synthesis of
trisubstituted cyclopentenones seemed attractive in terms of the natural product
Phomapentenone A (1). [3]

o)
H OH

OH

Phomapentenone A (1)

For the synthesis of 2,4,5-trisubstituted cyclopent-2-en-1-ones various substituted 2-
furylcarbinols 2, outcoming from Green Chemistry, were employed as precursors. Subjecting
the substituted furylcarbinols 2 to a continuous flow system or microwave-assisted reaction the
5-substituted 4-hydroxycyclopentenones 3 were efficiently obtained as anti/syn diastereomers
via Piancatelli rearrangement. Subsequent Boc-protection of the hydroxy group led to an
activated compound that is suitable for kinetic resolution. Via asymmetric Tsuji-Trost allylation
the Kkinetic resolution of the activated Boc-compound is carried out giving rise to an optically
active product 4. Finally, various 2,4,5-trisubstituted cyclopent-2-en-1-ones 5 were received via
directed aldol type reaction and consecutive elimination of the O-Boc group employing
compound 4 as starting material. This reaction showed excellent enantio- and diastereocontrol
including the C1'-position.
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[1] a) Trost, B. M. Angew. Chem. 1986, 25, 1735. b) Wickel, S. M.; Citron, C. A.; Dickschat, J.
S. Eur. J. Org. Chem. 2013, 2906.

[2] Arisetti, N.; Reiser, O. Org. Lett. 2015, 17, 94-97.

[3] Che, Y.; Gloer, J. B.; Wicklow; D. T. J. Nat. Prod. 2002, 65, 399-402.

334



ISHC 2017 Poster Abstracts WED-P 62

Synthesis of negatively photochromic spirooxazines
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The phenomenon of negative photochromism remains little explored.[1] This study involves the influence of
structural diversity upon the photochromic response of one of the few known negative photochromic
systems, the transition metal complexes of spiro[indoline-2,2'-[1,4]oxazino[2,3-f][1,10]phenanthrolines]
(Figure 1).[2]

: 350 nm
M2 600 nm/A

coloured colourless

1 3
Figure 1. Negative photochromism of complex 1

Variation of the indoline unit at the 1-position of 1 with variously branched alkyl chains has been
accomplished and this chain branching has a significant impact on the photochromic cycling and physical
properties of the system. The N-alkylated indolenines 6 required for the preparation of 1 were synthesised
either using a five-step sequence which utilized benzotriazole (Bt) as a synthetic auxillary and terminates
with a Fischer indolisation or in the case of 8 and 9 by direct Fischer indolisation (Scheme 1). Condensation
of 6 with 6-nitroso-1,10-phenanthrolin-5-ol affords the positively photochromic oxazines 7 which are then
complexed with a metal (M*") salt leading to 1. The versatility of the novel Fischer bases 6 has been
demonstrated by their conversion to novel positively photochromic phenanthrene derived oxazines 2 and
squaraine dyes 3.

R‘\
R? N
0 (i), (i) NH, D) iy
0 NH N == y -
N 4 R 5 R 6 R

4aR = ibut (79%) 5a R = i-but (81%) 6a R = i-but (44%) 7a R = i-but (68%)

4bR = 3,5,5-trimethylhexyl (89%) 5b R = 3,5,5-trimehtylhexyl (74%) 6b R = 3,5,5-trimethylhexyl (54%) 7b R = 3,5,5-trimethylhexyl (32%)

4C R = neopentyl (76%) 5¢ R = neopentyl (78%) 6c R = neopentyl (33%) 7¢ R = neopentyl (57%)

4d R = cyclohexylmethyl (88%) 5d R = cyclohexylmethyl (72%) 6d R = cyclohexylmethyl (64%) 7d R = cyclohexylmethyl (71%)

4e R = butyl (81%) 5f R =MeR, +R, = cyclohexyl (64%)  ge R = butyl (56%) 7e R = butyl (69%)

4f R = Me Ry+R; =cyclohexyl 6f R=Me Ry+R (67%) 7f R =Me Ry+R; = cyclohexyl (77%)

Reagents: (i) Btz, R-CHO, NaBH,, THF ; (i) NaNO,, HCI, H,0; (iii) Red-Al, PhMe; (iv) 3-methyl-2-butanone; (v) CH;COOH (vi) 6-nitroso-1,10-phenanthrolin-5-ol, EtOH.

Me
CO,Et
@ ENGge™
N

\
9 Me

(11%) (8%)

Reagents: (i) 3-acetyldihydrofuran-2(3H)-one; PhMe; CH3SO3H (ii) ethyl 2-methyl-3-oxobutanoate; Et,0; H,SO,

Scheme 1. Fischer base synthesis

References
[1] ‘Photochromism Molecules and Systems’, revised edition, eds H. Durr and H. Bouas-Laurent, 2003, Elsevier (Amsterdam)
[2] R. Kopelman, S. Snyder and N. Frank, J. Am. Chem. Soc, 2003, 125, 13684
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Synthesis and Photoswitching of Naphthopyran Rhenium Complexes

Orlando de Azevedo*, Christopher D. Gabbutt, Paul I. Elliott, B. Mark Heron
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Figure 1.

This project explores the synthesis of photochromic
naphthopyrans (NP) [1] which have been decorated with pyridine
units that serve as ligands in luminescent rhenium complexes
(Figure 1, 2). It is envisaged that cycling the NP will not only
generate the coloured photomerocyanines but will also modulate
the luminescence of the derived Re complexes [2].

Preliminary spectroscopic data has shown that the novel Re
complexes exhibit P-type photochromism with variable half-lives

Ar = phenyl or p-anisyl

Figure 2.

depending on the point of attachment on the NP core and the nature of the bidentate ligands.
Emission profiles and lifetimes (te) were measured. 2-Methoxy-6-(4-pyridyl)naphthalene-Re
complexes were prepared and their luminescence profiles acquired so providing an insight to the

energy-transfer processes in a model system.

Diverse synthetic strategies were employed to
access the Re complexes depending on the
position and the orientation of the pyridyl
substituent on the NP ring. During Suzuki
coupling of the pyridine unit to the NP nucleus a
ring contraction was observed. This reaction has
been developed into an efficient base-mediated
protocol to access multiple naphthofurans,

Scheme 1.

naphthodifurans and benzo-fused indoles (Scheme 1) in generally good yields.

[1] J. D. Hepworth, B. M. Heron, in Functional Dyes, Ed. S-H. Kim, Elsevier, (Amsterdam), 2006, pp. 85;
A. Mukhopadhyay, J. N. Moorthy, J. Photochem. Photobiol. C., 2016, 29, 73.

[2] H.L.Bozec, V. Guerchais, C. R. Chimie, 2013, 16, 1172.
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Synthesis of Novel Electrochromic Materials

Thomas D. Broadbent,* Stuart Aiken,
Christopher D. Gabbutt, and B. Mark Heron
4Department of Chemical Sciences, University of Huddersfield, Huddersfield, UK

Electrochromism is a phenomenon exhibited by certain molecules whereupon a reversible colour
change is observed by way of an electrochemical reaction induced by application of an electrical
current.[1] Electrochromism has been harnessed in a variety of multifunctional devices [2] and is
displayed by several polymer systems [3]. An interesting and very active area of electrochromism
is the study of compounds known as viologens which are founded on a diquaternised
4,4'-bipyridinium core. These structures can form highly coloured radical cations upon application
of either a negative voltage or reaction with an appropriate reducing agent (Scheme 1).

7\ — ee e@
DO =

Colourless Colour 1 Colour 2

Scheme 1: Electrochemical transformation of viologen-type dications.

In order to extend the currently limited range of properties associated with simple viologens a series
of terpyridines and their derived salts, which may be considered as pyridine core extended
viologens, were synthesised and studied. The synthesis commenced from a series of readily
available dibromopyridines 1 which were subject to poly-functionalisation involving either a one-
pot double Suzuki coupling reaction or sequential, selective Suzuki — Negishi reactions to access
the isomeric terpyridines 2. Subsequent N-alkylation (or N-arylation) afforded the novel
electrochromic terpyridinium (1,1',1"-trialkyl(aryl)[terpyridine]-1,1',1"-triium) tetrafluoroborates 3
(Scheme 2). One unexpected observation was that the tris-N-hexylated 4,3"5',4"-terpyridine salt
was strongly emissive in solution yet also displayed electrochromism comparable to that of the
other terpyridine isomers investigated.

g i 1
N— ®N= e S o A
. \ /Z Q /2 3BF; ‘ I :
N i Ny /N iy, v S g N K?, a
e O Oe LLTXY L
|I? '® ».\ﬁ,,-r o o P & o <
3 v

1 2
Reagents: i) 4-(4,4,5,5-tetramethyl-1,3,2-dioxoborolan-2-yl)pyridine, K,CO3,
Pd(PPh3),, PhMe, EtOH, reflux; ii) 1-iodohexane, MeCN, reflux;
iii) NaBF 4, aq. MeOH; iv) Me3OBF 4, CH,Cl,

V]

Scheme 2: Synthesis of terpyridinium salts 3 Figure 1: Selected structures of terpyridines 2

[1] D.R. Rosseinsky; R. J. Mortimer, Adv. Mater., 2001, 13, 783-793.
[2] G. Cai; J. Wang; P. Lee, Acc. Chem. Res., 2016, 49, 1469-1476.
[3] A.L.Dyer; E.J. Thompson; J. R. Reynolds, ACS Appl. Mater. Inter., 2011, 3, 1787-1795.
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Adapting The Zav’yalov Pyrrole Synthesis to Access
4-Acetoxy- and 4-Acetamido- Pyrrole-3-carboxylates

G. K. Armitage*, B. M. Heron, C. R. Rice and C. D. Gabbutt
Department of Chemical Sciences, University of Huddersfield, Huddersfield, UK

Pyrroles are of fundamental academic and industrial interest. [1] In spite of significant accessibility
to structural diversity, access to certain pyrrole substitution patterns, in particular 2,5-unsubstituted
systems, remains difficult. [2] In this study we extend our earlier investigations [3a)] of the little-
known Zav’yalov pyrrole synthesis. [3b)] Thus, we have investigated the anhydride-mediated
cyclisation of a variety of enamino acids 1, derived from a-amino acids, to obtain substituted
pyrrole-3-carboxylates 2 and 3 (Scheme 1).

o o 0 9
EtO OAc EtO OEt R = H, alkyl, aryl,
Eto)kfj\OEt Ac,0, NEt, B . R C4H2,COOH,
NH N R N R C,H,,CONH,,
on A A CaH2nCO,R
R n=1,2
1 O 2 3

Scheme 1

This cyclisation chemistry has been extended to enaminonitriles 4, which when cyclised provided
novel pyrroles 5 (Scheme 2). Derivatives of enaminonitrile 7 were synthesised with substituents Y
chosen for their steric and electronic properties. Interestingly, varying Y had little effect on the
distribution of products and rather the R group dictates the outcome of the reaction. When R = Me,
the product from the reaction is mainly 9, whereas when R = Ph the product is usually 10. In
contrast, when R = H the reactions produce a range of products (8-10); interestingly an alternate
mechanistic pathway provided novel pyranones 11 (R = H, Y = Ph or An).
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OH | | oY "®
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o}

CN Y, CN NC, OAc Y NR’Ac H

Y NC N

- 5 G 5 G A
NH N R N R N R

| | | Y

OH Ac Ac Ac oo

7 o 8 9 10 1

\
Y = Me, Bu, Ph, t40)rome s<Cp-wme, £C)-no: 3015 R = H, Me, Ph; R'= H, COMe

Scheme 2

The Zav’yalov pyrrole synthesis has been utilised to produce a wide range of substituted pyrroles.
The mechanism has been thoroughly investigated through means including **C-labelling and
trapping of mesoionic intermediates and these findings will be presented. In addition, C—H
functionalistion reactions of the novel pyrroles will be described.
[1] G. Jones et al. eds., Comprehensive Heterocyclic Chemistry 111, Elsevier Science, Oxford, 2008,
vol. 3, pp. 1-388.
[2] For a review see: F. J. Leeper et al., Org. Prep. Proced. Int., 2013, 45, 171-210.
[3](a) C. D. Gabbutt et al., J. Chem. Soc., Perkin Trans. 1, 2002, 2799;
(b) S. I. Zav’yalov et al., Izv. Akad. Nauk SSSR, Ser. Khim. (Engl. Transl.), 1973, 2505.
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Bransted-Acid catalyzed enantioselective intramolecular Povarov reaction

Lucie Jarrige, Florent Blanchard and Géraldine Masson*
Institut de Chimie des Substances Naturelles, ICSN - CNRS UPR 2301, Université Paris-Sud
1, av. de la Terrasse, 91198 Gif-sur-Yvette, France
geraldine.masson@cnrs.fr

Highly substituted heterocyclic rings are key structural features in a wide range of natural bioactive
products. Heterocycles are also common structural units in marketed drugs and in medicinal
chemistry targets in the drug discovery process. Over 80% of top small molecule drugs by US retail
sales in 2010 contain at least one heterocyclic fragment in their structures. [1]
Therefore, the development of an efficient catalytic asymmetric method for the preparation of
heterocycles is still an unmet need with potentially wide-ranging utilities.

The stereoselective cycloaddition is one of the most convergent strategies for the synthesis of chiral
heterocycles. Although the utility of these reactions has been explored fruitfully over the past two
decades,[2] quite limited progress has been made in catalytic asymmetric variants.

On the basis of these facts, we describe a chiral Brgnsted acid-catalyzed enantioselective synthesis
of original functionalized heterocycles. With a very simple and rapid process, a wide range of new
molecules can be prepared with excellent results in reactivity as well as selectivity. Evaluation of
biological activities of synthetized compounds are currently in progress. [3]

[1] Gomtsyam, A., Chem. Het. Comp. 2012, 48, 7.
[2] Nicolaou, K. C.; Snyder, S. A.; Montagnon, T.; Vassilikogiannakis, G., Angew. Chem. Int. Ed.

2002, 41, 1668.
[3] Jarrige, L.; Blanchard, F.; Masson, G.* submitted
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Continuous Flow Synthesis of Indoles by Pd-catalyzed Deoxygenation of
2-Nitrostilbenes with Carbon Monoxide

Gabriel Glotz,*® Bernhard Gutmann,*® Paul Hanselmann,® Anna Kulesza,® Dominique Roberge,®
and C. Oliver Kappe®"*
#Institute of Chemistry, University of Graz, NAWI Graz, Graz, Austria
PResearch Center Pharmaceutical Engineering (RCPE), Graz, Austria
‘Microreactor Technology, Lonza AG, Visp, Switzerland

Indoles are among the most abundant heterocycles in nature and a vastly diverse array of natural
and synthetic compounds contain the indole scaffold. Even though first methods for the generation
of indoles were discovered well over a century ago, the ubiquity and structural diversity of
biologically active indoles has continued to drive research towards their synthesis and
functionalization. In particular, the development of regioselective methods for the construction of
indoles with complex substitution patterns has remained an active area of research [1].

Herein we present an intensified and scalable continuous flow protocol for the palladium-catalyzed
deoxygenation of o-vinylnitrobenzenes to produce indoles employing carbon monoxide as terminal
reductant (Scheme). The reaction proceeds with catalyst loadings of 1 to 2 mol% Pd(OAc); in the
presence of suitable ligands/additives and generates carbon dioxide as the only stoichiometric side-
product. The reductive cyclization proceeds in a clean fashion with high initial reaction rates in the
pressurized flow reactor, ultimately leading to deposition of catalytically inactive palladium(0)
inside the channels of the flow device, allowing for an efficient catalyst recovery. A variety of o-
vinylnitrobenzenes (o-nitrostilbenes and —styrenes) were converted to the corresponding indoles
within 15 to 30 min at a reaction temperature of 140 °C to furnish products in good to excellent
yields (10-20 bar CO pressure). Mechanistic aspects and the scope of the transformation are
discussed [2].

140 °C ~ 15 min

“cheap reagent” [

R1
L
R? NO,
2 mol% Pd(OAc),

4 mol% Phen
0.4 equiv BusN, MeCN

11 examples
40 - 90% vyield

[1] Review: Gutmann, B.; Cantillo, D.; Kappe, C. O. Angew. Chem. Int. Ed. 2015, 54, 6688
[2] Glotz, G.; Gutmann, B.; Hanselmann, P.; Roberge, D.; Kappe, C. O. RSC Adv. 2017, 7, 10469
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Temperature Controlled Selective C-S bond formation: First Photocatalytic Sulfonylation of
Unactivated Heterocycles utilizing Aryl Sulfonyl Chlorides
Santosh K. Pagire, Asik Hossain, and Oliver Reiser*
Institut fir Organische Chemie, Universitat Regensburg, Universitatsstralle 31, 93053 Regensburg
Germany.

Abstract: We report a new, facile, and efficient method for heterocyclic sulfonylation by
employing visible-light-induced oxidative quenching cycle of Iridium or Ruthenium photocatalysts
at room temperature conditions. This protocol provides a direct access to the novel class of sulfonyl
substituted heterocycles in excellent yields. Furthermore, this transformation also offers a
straightforward route for the synthesis of corresponding sulfonyl-containing biologically active
molecules. On another hand, the C-C bond formation reaction proceeds with the extrusion of the
SO, group at elevated temperature conditions.

Notably, sulfur-containing organic compounds have been recognized as important building
blocks in synthetic as well as in medicinal chemistry.! The introduction of a sulfur group on the aryl
or heteroaryl moiety either in the form of sulfanyl, a sulfinyl, or a sulfonyl tremendously enhances
the synthetic utility and biological activity of the resulting organic compounds.?® Consequently,
numerous and elegant synthetic approaches have been developed in this direction.**

Herein, we also present our strategy for direct C-H functionalization of heteroaromatics
utilizing bench stable sulfonyl chlorides and unactivated heterocycles under different temperatures
conditions operated by visible-light photocatalysis (Scheme 1).
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8 examples SO, extrusion L I via2 | ! SO, preservation 16 examples

. o
up to 82% yields C-C bond formation via C-S bond formation up to 90% yields

Scheme 1: Temperature controlled C-C or C-C bond formations by visible-light photocatalysis

(1) a) Granchi, D.; Scarso, A.; Bianchini, G.; Chiminazzo, A.; Minto, A.; Sgarbossa, P.; Michelin,
R. A.; Di Pompo, G.; Avnet, S.; Strukul, G. Eur. J. Med. Chem. 2013, 65, 448-455.

(2) a) Gijsen, H. J. M.; Cleyn, M. A. J. de; Surkyn, M.; van Lommen, G. R. E.; Verbist, B. M. P.;
Nijsen, M. J. M. A.; Meert, T.; van Wauwe, J.; Aerssens, J. Bioorg. Med. Chem. Lett. 2012, 22,
547-552; b) Asai, T.; Takeuchi, T.; Diffenderfer, J.; Sibley, D. L. Antimicrob. Agents Ch. 2002,
46, 2393-2399.

(3) Benhamu, B.; Martin-Fontecha, M.; Vazquez-Villa, H.; Pardo, L.; Lopez-Rodriguez, M. L. J.
Med. Chem. 2014, 57, 7160-7181.

(4) Qiu, J.-K.; Hao, W.-J.; Wang, D.-C.; Wei, P.; Sun, J.; Jiang, B.; Tu, S.-J. Chem. Comm. 2014,
50, 14782-14785;

(5) a) Chen, M.; Huang, Z.-T.; Zheng, Q.-Y. Chem. Comm. 2012, 48, 11686-11688; b) Meyer, A.
U.; Wimmer, A.; Konig, B. Angew. Chem., Int. Ed. 2017, 56, 409-412.
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Synthesis of Novel Heteropropellanes

Issa Yavari* and Aliyeh Khajeh-Khezri
Department of Chemistry, Tarbiat Modares University, PO Box 14115-175, Tehran, Iran

Propellane is a special kind of fused tricyclic system containing three non-zero bridges and
one zero bridge between a pair of bridgehead carbon atoms. Although the first propellanes were
synthesized in 1930s, the term propellane was proposed in 1966 by Ginsburg because of the
characteristic propeller shape of these molecules. Propellane skeletons have received much
attention in synthetic organic chemistry due to their fascinating topology and significant
chemical and physical properties.

Highly chemoselective and regioselective methods for the synthesis of dioxopropellanes,
thioxo[3.3.3]propellanes, and oxo-thioxo[3.3.3]propellanes have been developed by reaction of
the Knoevenagel adducts of acenaphthoquinone (or ninhydrin) and malononitrile, with various
nucleophiles.
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Yavari, |.; Khajeh-Khezri, A.; Bahemmat, S.; Halvagar, M.R., Synlett, 2017, 28, 564-765.
Yavari, |.; Khajeh-Khezri, A.; Halvagar, M.R., Arabian J. Chem., 2017,
Yavari, |.; Khajeh-Khezri, A., Mol. Divers., 2017,
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Total Synthesis of Hippolachnin A

Nils Winter” and Dirk Trauner’*

*Department of Chemistry, New York University, Silver Center, 100 Washington Square East, Room
712, USA

*Department of Chemistry, Ludwig-Maximilians-Universitat Miinchen, Butenandtstr. 5-13, 81377
Munich, Germany

Hippolachnin A is an antifungal molecule that bristles with ethyl groups mounted on a caged
heterotricyclic core. It has shown potent activity against Cryptococcus neoformans, a fungus that
affects immunocompromised patients as an opportunistic pathogen.™ Herein we describe a concise
and scalable synthesis of (+) hippolachnin A. It features a powerful photochemical opening step,”? a
diastereoselective addition of an ethyl cuprate and a strategical sequence to install two additional
ethyl groups on the convex face of the molecule™ as well as a chelate-controlled alkylation of a tin
enolate! to generate the thermodynamically less stable (Z)-double bond of the natural product.

OMe
OMe hv hv
H H H
Q0 == e | -
o} e} o}

104 mg prepared

(1) Piao, S.-J.; Song, Y.-L.; Jiao, W.-H.; Yang, F.; Liu, X.-F.; Chen, W.-S.; Han, B.-N.; Lin, H.-
W. Org. Lett. 2013, 15, 3526—3529.

(2) Dauben, W.-G.; Koch, K.;, Smith, S.-L-; Chapman, O.-L. J. Am. Chem. Soc. 1963, 85,
2616-2621.

(3) Aono, M.; Hyodo, C.; Terao, Y.; Achiwa K., Tetrahedron Lett. 1986, 27, 4039-4042.

(4) Reetz, M.-T.; Chatziiosifidis, I.; Schwellnus, K. Angew. Chem. 1981, 93, 716-171.
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Serendipitous Synthesis of Isatogen Compounds by Reaction of C-Nitrosoarenes with Alkynes

Lorenzo Crippa,® Kenneth M Nicholas,” Giovanni Palmisano® and Andrea Penoni®*
% Dipartimento di Scienza e Alta Tecnologia, Universita degli Studi dell’Insubria, via Valleggio 9,
22100, Como — Italy
b Department of Chemistry and Biochemistry, University of Oklahoma, 101 Stephenson Parkway,
Norman, OK, 73019 — USA

Indole derivatives are probably the most diffuse and important heterocyclic compounds studied by
many research groups both in academy and industry.[1] Recently, we developed a novel
indolization procedure by using nitrosoarenes and alkynes.[2] This reaction led us to afford a wide
library of different indole compounds by cycloaddition of C-nitrosoaromatics with conjugated
aromatic terminal alkynes in moderate to good yields.[3] This synthetic protocol was used even to
achieve marine alkaloids containing indole fragment like the meridianins.[4]

” O toluene % X toluene Q
N OoN
o 2 A ’}I

X =EWG or EDG R
R=H, OH

In a very recent study, in the aim to expand the synthetic scope of the reaction, we tried to use the
nitroso-alkyne cycloaddition reaction using 2-nitrophenylacetylene as starting material. Surprisingly
the reaction, carried out without any metal catalyst, shows the presence of isatogen compounds as
major products and no traces of indole derivatives.

[1] G. Palmisano, A. Penoni, M. Sisti, F. Tibiletti, S. Tollari, K. M. Nicholas Curr. Org. Chem.
2010, 14, 2409-2441

[2] A. Penoni, J. Volkmann, K. M. Nicholas Org. Lett. 2002, 4, 699-701

[3] A. Penoni, G. Palmisano, G. Broggini, A. Kadowaki, K. M. Nicholas J. Org. Chem. 2006, 71,
823-825; A. Penoni, G. Palmisano, Y.-L. Zhao, K. N. Houk, J. Volkman, K. M. Nicholas J. Am.
Chem. Soc. 2009, 131, 653-661; G. leronimo, A. Mondelli, F. Tibiletti, A. Maspero, G. Palmisano,
S. Galli, S. Tollari, N. Masciocchi, K. M. Nicholas, S. Tagliapietra, G. Cravotto, A. Penoni
Tetrahedron 2013, 69, 10906-10920

[4] F. Tibiletti, M. Simonetti, K. M. Nicholas, G. Palmisano, M. Parravicini, F. Imbesi, S. Tollari,
A. Penoni Tetrahedron 2010, 66, 1280-1288
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A Revisited Survey of the Synthesis of CR-1015

Hasnat Mehmud,? Gabriele Riva,® Giovanni Palmisano® and Andrea Penoni®*
% Dipartimento di Scienza e Alta Tecnologia, Universita degli Studi dell’Insubria, via Valleggio 9,
22100, Como — Italy

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) are pharmaceutical agents that show anti-
inflammatory, analgesic and antipyretic effects.[1] All of them work by blocking cyclo-oxygenase
(COX-1 and COX-2) enzymes. Both types produce prostaglandins that have a number of different
effects, one of which is to regulate inflammation. Proglumetacin is one of the most popular
pharmaceutical agents that belongs to NSAID list and contains two fundamental moieties like
Indomethacin that plays the role of anti-inflammatory drug and proglumide that inhibits
gastrointestinal motility and reduces gastric secretions.[2]
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In a very recent study, in the aim to synthesize CR-1015, that is known as a side product in the large
scale production of Proglumetacin, we tried to repeat some procedures reported in literature to
afford CR-1015 and we detected controversial results that will be discussed.

[1] E. J. Corey, B. Czako, L. Kurti Molecules and Medicines 2007 John Wiley & Sons, Inc.,
Hoboken, New Jersey
[2] I. Setnikar, R. Arrigoni, R. Chisté, F. Makovec, L. Revel Arzneimittel-Forschung 1987, 37,

698-702.


https://en.wikipedia.org/wiki/Gastrointestinal
https://en.wikipedia.org/wiki/Motility
https://en.wikipedia.org/wiki/Gastric_secretion

ISHC 2017 Poster Abstracts WED-P 73

New synthesis of carbamoyl and thiocarbamoyl derivatives of chromones

D.Y. Demin, K.A. Myannik, V.N. Yarovenko and M.M. Krayushkin*
N. D. Zelinsky Institute of Organic Chemistry, Moscow,
Russian Federation, 119991

Chromones and their derivatives are very important heterocyclic compounds, which is a
common and integral feature of a variety of natural products and medicinal agents. These
heterocycles show a variety of pharmacological properties, and change of their structure offers a
high degree of diversity that has proven useful for the search of new therapeutic agents. A large
volume of research has been carried out on chromones, which has proved the pharmacological
importance of this heterocyclic nucleus.

The present work focuses on the synthesis and some properties of carbamoyl- and
thiocarbamoylchromone derivatives. It should be noted that replacement of the carbonyl function
for the thiocarbonyl one can result in drastic increasing biological activity. These chromones
have a very high synthetic potential but practically unknown in the literature.

We worked out a very simple and convenient method for synthesis of 3-carbamoyl- and
3-thiocarbamoylchromones (2a, 2b) from available enaminones 1 and isocyanates and
isothiocyanates.

NMe,
. (0] X
R™ ™~ R (0] X
N~ R?
O R2NCX H N~
- o \"NMe, |~ = | H
1 1
L ] 2a. X=0; 2b. X=S

X =8,0; R=R2=FG, Ar,Het; R" = H,Ar,Het
Some reactions of chromones will be presented. Thus, compounds 3 react with hydrazines to
give both linear amidrazones 4 and condensed pyrazoles 5.

R1

|
N—N @) S

R |\ _Ar R Ar o N/NH

N NHNH NT R |

| -2 % | H  RINHNH, N

o) 5 0 3 T ] H

o7 4

Unlike thioderivatives 3 carbamoylchromones 6 interact with hydrazine with splitting
benzopyrane cycle that is an evidence of some peculiarity of these thioamides.

— - H
O O o O O O OH N—N
NS
NR .
| gH N,H, N NR
1) O NH OH \N O~ 'NR
6 ' ' H
B NH2 NH2 7
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First Total Synthesis of Avenaol: New Strategy for Synthesis of All-cis-Substituted
Cyclopropane Natural Products

Motohiro Yasui, Rina Ota, Chihiro Tsukano* and Yoshiji Takemoto*
Graduate School of Pharmaceutical Sciences, Kyoto University,
46-29 Yoshida-Shimo-Adachi-cho, Sakyo-ku, Kyoto 606-8501, Japan

Avenaol (1), which was isolated from the allelopathic
plant black oat (Avena strigosa Schreb.) by Yoneyama
and coworkers, is the first reported natural Cy
germination stimulant structurally related to strigolactones
(SLs)*. The structure of avenaol is characterized by a
bicyclo[4.1.0]heptanone  skeleton with an all-cis Avenaol (1) Strigol
substituted cyclopropane on which the three main Pt ypeatsh
substituents are positioned in the same direction. Avenaol shows potent germination-stimulating
activity for Phelipanche ramose seeds, but low activities for Striga hermonthica and Orobanche
minor. To date, no total synthesis of avenaol (1) has been reported. Because of its unique structure,
important biological activity, and limited availability from the natural source, we started a synthetic
project of avenaol.

In this presentation, we would like to present the first total synthesis of avenaol (1), which features

the following reactions: (i) Rh-catalyzed intramolecular cyclopropanation of an allene (2 = 3), (ii)
Ir-catalyzed stereoselective double-bond isomerization (4 -> 5), (iii) differentiation of two
hydroxymethyl groups by intramolecular Sy1 reaction (6 - 7), and (iv) regioselective C-H
oxidation of tetrahydropyran (8 - 9). This synthetic route through an alkylidenecyclopropane
effectively avoids undesired side reactions including ring-opening of a cyclopropane. The proposed
structure of avenaol, especially the all-cis-substituted cyclopropane was confirmed to be correct by
our total synthesis.

cat.

Hew ' OTIPS oTiPs CHO CF.
"U Rhy(OAC), OH [Ir(cod)(pyr)(PCy3)IBArg o 3
‘ __(5mol%) _ mol"/) CHZClz Ha 1t BArg= B
N2 CH,Cl, PMBO 8% PMBO, F
g 99% all-cis : trans T “Me CFy/ 4

CN 10:1
2 d:astereoselectlve diastereoselective 5
cyclopropation of allene double bond
isomerization J J

OH

CF3 H rOR _—OH
s TsOH (30 mol%) 3
0-0 PhSH (10 eq)
0O ~—— PMBO
CH,Cl, /4 CH,Cly, rt
-78 °C, 96% | YMe 88% | YMe

(R =Bz) 7(R=H) (R=H)

o
Avenaol (1) regloselectlve 8 (R=Bz) intramolecular
C H oxidation Sy

[1] Yoneyama, K. et al. Phytochemistry 2014, 103, 85.
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The application of cyclopropanated pyrrroles: the synthesis of non-proteinogenic
pyrrolidine- and piperidine-based amino acids

Urszula Klimczak, Thomas Ertl, Julietta Yedoyan, Saerom Park, Oliver Reiser*

*Institute of Organic Chemistry, University of Regensburg
Universitatsstrafle 31, 93053 Regensburg, Germany
oliver.reiser@chemie.uni-regensburg.de

Monocyclopropanated pyrroles 2 constitute useful building blocks in organic synthesis: they can be
readily obtained from the corresponding pyrroles 1 in moderate to good yields with high
enantiomeric excess and the presence of the double bond and the donor-acceptor cyclopropane
ring system in 2 enables a broad range of transformations."! Through the selective cleavage of the
cyclopropane ring, 2 can be converted to amino acids 3 without loss of ee, pyrrolines 4 via radical
pathway and finally substituted piperidine derivatives 5 under hydrogenation conditions.”
Pyrrolidine- and piperidine-based amino acids resulting from these transformations play an
important role in medicinal and organic chemistry i.e. as structural elements of peptide analogues,

organocatalysts or intermediates in the synthesis of more complex molecules.

H
R’ N wNu
;&E
a HO,C R?
RS 3
. Nfl\cozR4 PG s
| ” H
ri_N condition A or B - R1 N ‘\\\Ha b ArSO, N
c 3 —— = CO,H
\ / \ ~R _ 2
R2 2 i CO,R? R?
R H 2 4

2 c
A: Cu-aza(bis)oxazoline \ H
(R, R% R =H, R* = t-Bu) RI_N
44%, 87% ee QCOZH
(>99% ee after recrystallization) R? R3
B: Rh(ll)/chiral ligand 5

R'=H, CO,Me, RZ = CO,Me, H,
2 2
COMe, R® = Ph, R* = Me)

[1 Reiser, O. Isr. J. Chem. 2016, 56, 531-539.
[2]  Pilsl, L. K. A.; Ertl, T.; Reiser, O. Org. Lett. 2017, 19, 2754-2757.
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The furo[2,3-b]furan motif as core structure of natural products

Matthias Gnahn, Regensburg/D, Roman Kucera, Regensburg/D, Oliver Reiser, Regensburg/D
Prof. Dr. Oliver Reiser, Institut fir Organische Chemie, Universitat Regensburg, Universitatsstr. 31,
D-93053 Regensburg

The furo[2,3-b]furan motif can be found in a variety of natural products, especially in a group of
spongiane diterpenes. Members of this hardly exglored subgroup of marine diterpenes are, e.g.,
norrisolide, dendrillolide A and macfarlandin C.[*¥) Moreover, the fused tetrahydrofuran-y-lactone
scaffold is also present in (+)-Paeonilide 3 and the fungal metabolite dermatolactone 443 (4)-
Paeonilide 3 is a highly oxygenated monoterpenoid, which was first isolated from the roots of
Paeonia delavayi in 2000. It is selectively inhibiting the PAF (platelet activating factor) induced
platelet aggregation with an ICs value of 25 uM (8 pg/mL).!!

The novel sesquiterpene dermatolactone 4 shows nematicidal and cytotoxic activity. It was first
isolated in 1996 from the extracts of an ascomycete (strain A4990) belonging to the Dermateaceae.
Up until now no total synthesis is known in the literature.!

Starting from commercially available 3-furoic methyl ester 1 the substituted tetrahydrofuro[2,3-
b]furan-2(3H)-one core structure 2 of these two natural products can be obtained via a
cyclopropanation and acid-catalyzed ring expansion sequence.®!

The synthesis of a library of (+)-Paeonilide 3 derivatives and subsequent biological evaluation as
well as studies towards the total synthesis of dermatolactone 4 are currently ongoing.

o)
o)
BzO 0
0 o H H 0
\ ] %//" 3
MeO,C R H O\ O H
1 2 o)
H o
|
4

[1] J. E. Hochlowski, D. J. Faulkner, G. K. Matsumoto, J. Clardy, J. Org. Chem. 1983, 48, 1141-
1142.
[2] S. C. Bobzin, D. J. Faulkner, J. Org. Chem. 1989, 54, 5727-5731.

[3] T. T. Molinski, D. J. Faulkner, C. H. He, G. G. Van Duyne, J. Clardy, J. Org. Chem. 1986, 51,
4564-4567.

[4] J.-K. Liu, Y.-B. Ma, D.-G. Wu, Y. Lu, Z.-Q. Shen, Q.-T. Zheng, Z.-H. Chen, Biosci. Biotechnol.
Biochem. 2000, 64, 1511-1514.

[5] A. Mayer, B. Koepke, H. Anke, O. Sterner, Phytochemistry 1996, 43, 375-376.

[6] C. Kim, T. Brady, S. H. Kim, E. A. Theodorakis, Synth.Commun. 2004, 34, 1951-1965.
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Synthesis of Pyrazines from Vinyl Azides utilizing a Visible-Light-Mediated Photocascade
Process
Asik Hossain, Santosh K. Pagire, and Oliver Reiser*
Institut fir Organische Chemie, Universitat Regensburg, Universitatsstralle 31, 93053 Regensburg
Germany.

Abstract: A convenient method for the synthesis of substituted pyrazines from vinyl azides has
been developed utilizing a dual energy transfer and electron transfer strategy enabled by visible-
light photocatalysis. Initially, vinyl azides are activated by a triplet sensitization process from an
excited [Ru]-photocatalyst under the aqueous conditions to form dihydropyrazines, followed by a
single electron transfer (SET) process under oxygen (air) atmosphere leads to the tetrasubstituted
pyrazines in good to excellent yields under mild reaction conditions (Scheme 1).

COOEt [Ru(bpy)s]Cl, (1 mol%) N
N
(Het)Ar/\/ Visible-Light »
N3 (Het)Ar N™ "COOEt
Vinyl-Azides H,O then O, (air) Pyrazines

Energy Electron

H
Transfer (Het) Arj: N IC OOEt Transfer
EtOOC H Ar(Het)

dihydropyrazines

_N2

Scheme 1: Synthesis of pyrazines from vinyl azides by a photocascade process

Recently, many photocatalytic organic transformations have been achieved by activating the
colorless organic substrates in two different pathways. The substrate can either be activated by
direct energy transfer (ET) or single-electron-transfer (SET) from the excited state photocatalyst.™
However, the utilization of both ET followed by SET (a photocascade process) together is not well
established with only a few examples are known.” Following our recent report of activation of
vinyl bromides by the photocascade process,”™! herein, we extend the scope of such a dual
activation strategy for the synthesis of pyrazines from corresponding vinyl azides. This method is
very successful for the synthesis of desired N-containing heterocycles in good to excellent yields at
room temperature conditions.

References:

[1] C. K. Prier, D. A. Rankic, D. W. C. MacMillan, Chem. Rev. 2013, 113, 5322.

[2] J.-R. Chen, D.-M. Yan, Q. Wei, W.-J. Xiao, ChemPhotoChem. 2017, 1, 148.

[3] S. K. Pagire, P. Kreitmeier, O. Reiser, Angew. Chem. Int. Ed. 2017, 10.1002/anie.201702953.
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Synthesis of tetra-Substituted Thiophenes via Direct Metalation

Jan Skécel,*, Dana Hockov4, Zlatko Janeba
The Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences,
Flemingovo ndm. 2, CZ-16610 Prague 6, Czech Republic
* e-mail: skacel@uochb.cas.cz

Thiophenes are important heterocyclic building blocks in many parts of an industry (e.g. pharma
industry). Thiophenes can be easily derivatized with direct or halogen-exchange metalation, yet,
there are only a few metalation examples of highly substituted thiophenes with reactive functional
groups in the literature.*® In this work, tetra-substituted thiophenes were synthesized by
combination of several approaches with direct metalation as the most important one.

As the scheme below shows, several metal-introducing reagents were used in both high and low
temperature metalations. Then, organometallic intermediates allowed reactions with required
electrophiles. The reactivity and the compatibility of the function groups as well as the proper
reaction condition requirements will be discussed.

1.1 eq. HP(O)(OEt),

2 eq. HB(Pi
1.25 eq. i-PrMgBr 1.1 eq. TMPMgCI.LiCI 1.5 eq. TEA s glq. T(EAm) ‘ S, P(O)(OE
s 2 eq. CICOOEt s 2eq. 1 \5/ | 5% Pd,(dba)s ® POXOEY): 59, pa(t-BuP), o ) P(O)OE),
THF, 0°C - RT, 20h THE. =20 - 0 °C. 30 min. S_T 10% XANTPHOS S_Z/ . B
V5 M — T e o/ Ncoomt __DIOXANE 60°C s’ oot THF, 40°C, 1h 4 COOEt
Q Q __DIOXANE, 60°C o —
&’ B 83 % B’  COOEt 9% § 60 %

OBn  pgoc

N7 N
cca3ldeq. [ | /
N

Br
3 % Xphos G2
2 eq. K3PO,
THF/H,0,40°C, 1h

1) 1.5 eq. LDA
THF, -100°C, 1-2 min
2) 2 eq. Sulphur
THF, -100-0°C

1.5 eq.
S\/P(O)(O"Pr)z TfOCH,P(O)(Oi-Pr),
0°C, THF

3 steps
2 chromatography
63 %

2 steps

one-pot
(E1O,(O)P (E10)(0)P ne

(EtO),(0)P

Scheme 1: Example of the synthesis
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Ir(l)-Catalyzed Enantioselective Formal C-H Conjugate Addition of Acetanilides
to g-Substituted-a,f-Unsaturated Esters

Hisaki Kurita,® Masamichi Michino,® Yu-ki Tahara,® Kyalo Stephen Kanyiva,”
Takanori Shibata®*
& Department of Chemistry and Biochemistry, School of Advanced Science and Engineering,
Waseda University, 3-4-1 Okubo, Shinjuku, Tokyo 169-8555, Japan
® International Center for Science and Engineering Programs (ICSEP), Waseda University,
3-4-1 Okubo, Shinjuku, Tokyo 169-8555, Japan
¢ JST, ACT-C, 4-1-8 Honcho, Kawaguchi, Saitama, 332-0012, Japan

C-H bond functionalization is a straightforward transformation because it is efficient and atom-
economical. Therefore, it is the most important strategy in organic synthesis. While sp? C-H
alkylation with alkenes, such as styrenes, has been studied comprehensively, sp?> C-H alkylation
with a,f-unsaturated carbonyl compounds, namely formal C-H conjugate addition has recently
attracted research interest.[1] However, there were few examples of enantioselective formal C-H
conjugate addition. We have already reported enantioselective sp> C-H bond activation of
ferrocenes[2] and sp® C-H bond activation of y-butyrolactams along with the reactions with
acrylates.[3]

Next, we focused on sp? C-H bond activation at the ortho-position of anilide derivatives by chiral Ir
catalysts and recently achieved the first example of enantioselective formal C-H conjugate addition
to f-substituted-o,f-unsaturated esters.[4]

R! [Ir(cod){(S)-difluorphos}]OTf R

|\ X VHAC LR (10 mol%) |\\ NHACc
Zn COMe enantioselective _ com
C-H conjugate addition olvle

R2
up to 99% ee
The obtained product 1 was transformed into chiral o-lactam 2 by acidic hydrolysis and
tetrahydroquinoline 3 by subsequent boran-reduction. This protocol can be useful because
pharmaceutical agents often include optically active tetrahydroquinoline moiety.

(S)-DIFLUORPHOS,

H H
NHAc 6N HCl aq. N0 BH,-THF (1.5 eq.) N
COMe MeOH, reflux, 12h THF, reflux, 12h
1 2: >99% 3:62%
References

[1] For an example: K. Shibata, N. Chatani, Org. Lett. 2014, 16, 5148-5151.
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PIDA-Mediated Efficient Synthesis of Dihydroquinoxalinones

by Oxidative Intramolecular N-H/C-H Coupling

Masashi Horiuchi,® Kyalo Stephen Kanyiva,® and Takanori Shibata®¢
2 Department of Chemistry and Biochemistry, School of Advanced Science and Engineering, Waseda University,
3-4-1 Okubo, Shinjuku, Tokyo 169-8555, Japan
b International Center for Science and Engineering Programs (ICSEP), Waseda University, 3-4-1 Okubo,
Shinjuku, Tokyo 169-8555, Japan
¢JST, ACT, 4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan

Quinoxalinone derivatives including dihydroquinoxalinones have various bioactive properties such as
anti-cancer, anti-HIV and absorption inhibitory actions. In addition, quinoxalinone derivatives are
versatile intermediates for the synthesis of useful organic compounds. Therefore, development of new
and efficient methods for their synthesis is strongly desired in organic chemistry.

o__0O
o \He \f
N~ ~O0 N~ ~O Cl N~ ~O
H H H
W02011103028 GW420867X WO 2014195695
anti-cancer agent anti-HIV agent  absorption inhibitory action

In the past, dihydroquinoxalinones were synthesized using two main strategies. One of them involves
the reaction of 1,2-disubstituted benzenes with amino acids or their derivatives in two or more steps.
In addition, 1,2-disubstituted benzenes are often expensive and/or difficult to prepare. The other
strategy is the asymmetric hydrogenation of quinoxalinone derivatives using transition metal catalysts
such as rhodium and iridium. But from the viewpoint of pharmaceutical synthesis, the use of transition
metals is undesirable.

N._R

@[ OR @[ I Chiral Rh, Ir @[ I

asynmmetrlc N 6}
hydrogeneration H
X=1LBr,F

Y = NH,, NO,
Recently, hypervalent iodine has attracted much attention as a substitute for transition metals in
various coupling reactions.! We considered that dihydroquinoxalinones could be synthesized by direct
intramolecular N-H/C-H bond formation using hypervalent iodine. We established a method for the
synthesis of dihydroquinoxalinones by simple operation from readily available anilines and amino acid
derivatives. For example, when N-methyl-N-phenyl-2-(tosylamino) propanamide reacted with
(diacetoxy)iodobenzene (PIDA) in dichloroethane at 90 °C for 24 h, intramolecular N-H/C-H coupling
proceeded smoothly to give the desired dihydroquinoxalinone in high yield with perfect retention of
enantiometric excess. The reaction tolerates a wide scope of functional groups, as well as amino acids.

Me phi0Ac), (2.0 eq.) Me R =Me:84%
I I I = Br: 82%
DCE, 90 °C, 24 h = NMe,: 82%

= CF3: 65%

>99%ee 91%, >99%ee

[1] T. Dohi, Y. Kita, Chem. Commun. 2009, 2073.
[2] K. S. Kanyiva, M. Horiuchi, T. Shibata, Manuscript in preparation.
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Intramolecular C-H Activation at the C-2 Position of Indoles:
Exo and Endo Selective Alkenylation by the Choice of Metal Catalyst

Takumi Baba,® Hideaki Takano,? Kyalo Stephen Kanyiva,” and Takanori Shibata®®
& Department of Chemistry and Biochemistry, School of Advanced Science and Engineering,
Waseda University, 3-4-1 Okubo, Shinjuku, Tokyo, 169-8555, Japan
® International Center for Science and Engineering Programs (ICSEP), Waseda University,
3-4-1 Okubo, Shinjuku, Tokyo, 169-8555, Japan
¢ JST, ACT-C, 4-1-8, Honcho, Kawaguchi, Saitama, 332-0012, Japan

Transition metal-catalyzed C-H bond activation is the most important reaction in modern organic
chemistry. Especially, direct C-H functionalization of heterocycles, which are often found in
bioactive molecules, is strongly desired in pharmaceutical and agricultural chemistry. We have
comprehensively studied the C-H functionalization of indole skeletons. For example, we reported
linear/branch selective intermolecular C-H alkylation at the C-2 position of indole derivatives.[1]

= | N R? Ir cat. = | A Ir cat. = | A

S N A R2 S N N R2 S N R2
R1 Ac R R1 R R R Bz
up to >99:<1 (L:B) R =Ac up to >99:<1 (B:L)

Bz
We further reported an intramolecular C-H alkylation at the C-2 position of indole. This reaction of
N-alkenylindole derivatives proceeded with high enantioselectivity by using a chiral Ir catalyst, but
the Rh counterpart was ineffective for this transformation.[2]

O O
Ar Ar
= Ir cat. =
Sk —— [ [ >R
7~"N 7~"N
R = R
RZ

up to 98% ee
We here examined an intramolecular C-H alkenylation of N-alkynylindole derivatives. In this
transformation, Ir catalyst promoted 6-exo-dig cyclization to give pyrido[1,2-a]indole derivatives.
On the other hands, Rh catalyst did 7-endo-dig cyclization to give azepino[1,2-a]indole derivatives.
These reactions have wide substrate scope. For example, both electron-donating and -withdrawing
groups could be available as a substituent on the indole ring (R), and the corresponding tri- and

tetracyclic compounds were obtained in good to excellent yields.[3]

OR3

Ir cat. = A Rh cat.

6-exo-dig 7 | N 7-endo-dig

R' \N R2

up to 93% up to quant. -

[1] Pan, S.; Ryu, N.; Shibata, T., J. Am. Chem. Soc. 2012, 134, 17474.
[2] Shibata, T.; Ryu, N.; Takano, H., Adv. Synth. Catal. 2015, 357, 1131.
[3] Shibata, T.; Baba, T.; Takano, H.; Kanyiva, K. S., Adv. Synth. Catal. 2017, 359, 1849.
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Alkenes as functionalised nucleophilic surrogates and a journey towards the synthesis of
Taxol® core

Jiao Yu Wang, Stephen P. Fletcher*
ChemistryResearch Laboratory, University of Oxford, 12 Mansfield Road, Oxford OX1 3TA, UK

Our group has developed methodology which uses hydrozirconated terminal alkenes/alkynes as
nucleophilic surrogates. Using a Cu(l) source and a chiral phosphoramidite system, 1,4-addition
products can be prepared from cyclic enones with high yield and enantioselectivity (up to 97 % yield
and 95 % ee) [1]. This methodology ako tolerates a wide variety of functional groups, allowing for
rapid generation of molecular complexity in short steps. As a consequence, this leads to increased
efficiency and elegance ofthe overall chemical synthesis.

The purpose of this poster s two-fold. We showcase the use of a new functionalised diene that

would give products not previously available and then apply this newly developed methodology
towards the chemical synthesis of the Taxol® core.

Cp,ZrHCI (1.9 eq.), CH,CI upto:
B N P ( o) 272, Br \ 88 % ee
‘ * CuCl (8 mol %), 71 % yield
ligand (8 mol %),
(24 eq) o gand ) o

AgNTf; (14 mol%), A
solvent, temperature

The development of an end game strategy is currently underway. It is envisaged that a coupling

between fragments A and B, followed by a 6m electrocyclic ring closure will give access to the final
core structure.

Ph
(o]
NH AcO O OoH
6n Ph— o]
Br \ coupling electrocyclisation /\//<
R A e SR E L L L N U - 3 o
2 & HO o <
H H R\ o
A O : B X o © H g O OH § AcO
NN o Taxol® core Ph«
BPin o
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[1] Sidera, M., Roth,P. M. C., Maksymowicz, R. M., & Fletcher, S.P., Angew. Chem. Int. Ed. 2013,
52(31), 7995-7999.
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A Biosynthetically Inspired Route to Substituted Furans Using the Appel Reaction: Total
Synthesis of F-Acid Fs*

Robert J. Lee, Gareth J. Pritchard* and Marc C. Kimber*
Department of Chemistry, Loughborough University, Loughborough, United Kingdom

Furan fatty acids (F-Acids) are widely distributed in nature, and are present in high concentrations
in several marine lipid sources. The isolation of single F-Acids from natural sources is a difficult
task due to their susceptibility to oxidation and degradation by enzymes present in the sources;
however, a consequence of this instability is the powerful antioxidant and radical-scavenging
properties of F-Acids.? Such characteristics may prove beneficial in the resolution of diseases with
an inflammatory response.

R2 R3 R2 R3 R2 R3
o~ 10, R1>2:$<R4 CBr, / PPh, M
—_— >
R’ / \ R* H o-d H Mild Dehydration R" Yo7 "R?*

& Aromatisation

The conditions of the Appel reaction® have been harnessed to affect a mild, biosynthetically
inspired, dehydration of endoperoxides allowing for the preparation of multi-substituted furans.
Unlike traditional dehydrative procedures, this method is metal and acid free, and can be achieved
under redox neutral conditions. It is general for a range aryl and alkyl substituted endoperoxides,
and is tolerant of both a range of functional groups, and unstable furans which may be generated.
Furthermore, the mild reaction conditions allowed for the total synthesis of a highly electron rich F-
Acid (Fs), which due to its reactivity cannot be prepared via classical means.

8 o

Furan Fatty Acid F;

[1] Lee, R. J.; Lindley, M. R.; Pritchard, G. P.; Kimber, M. C. Chem. Commun. 2017, 53, 6327.
[2] Wakimoto, T.; Kondo, H.; Nii, H.; Kimura, K.; Egami, Y.; Oka, Y.; Yoshida, M.; Kida, E.; Ye,
Y.; Akahoshi, S.; Asakawa, T.; Matsumura, K.; Ishida, H.; Nukaya, H.; Tsuji, K.; Kan, T.; Abe, I.
P. Natl. Acad. Sci-Biol. 2011, 108, 17533.

[3] Appel, R. Angew. Chem. Int. Ed. 1975, 14, 801
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Aromatic substitutions of aryl halides enabled by dual photoactivation of a small organic dye

Michael Neumeier,** Diego Sampedro,” Victor de la Pena O’Shea,® Axel Jacobi von Wangelin,?
Raul Pérez-Ruiz°
4Institute of Organic Chemistry, University of Regensburg, Universitaetsstr. 31, 93040, Regensburg,
Germany
bDepartment of Chemistry, CISQ, University of La Rioja, Madre de Dios 53, 26006, Logrofio, Spain
‘Photoactivated Processes Unit, IMDEA Energy Institute, Ramon de la Sagra 3, 28935, Mdstoles, Spain
e-mail: michael.neumeier@ur.de, axel.jacobi@ur.de, raul.perez-ruiz@imdea.org

Metal-free photocatalytic activations of aryl halides are generally limited by the photonic energy
and the efficiency of energy and electron transfer processes. While two-photon processes would
provide sufficient photonic energy, the ultra-short lifetimes of the excited states prohibit chemical
reactions. We were able to utilize 9,10-dicyanoanthracene (DCA), a simple organic dye, for the
photocatalytic aromatic substitution of non-activated aryl halides. This reaction operates under VIS
irradiation via sequential photonic, electronic, and photonic activation of the organic dye and
greatly expands the scope of current photoorganocatalysis.?®

Het
+ HetY RO
X DCA
R > ] \
@ DIPEA N
+ MeCN, 20 °C

N ’ 3 R \
X = Br, CI XN~ white LED

(410-700 nm)

Figure 1. Abstract scheme of the presented project.

The ultimately formed excited radical anion DCA+—* enables the reductive activation of various
aryl bromides and aryl chlorides under mild conditions and the application to hetero-biaryl cross-
coupling and heteroatom functionalization reactions. Detailed spectroscopic and theoretical studies

support the postulated dichromatic photocatalytic mechanism.*
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1 M. Neumeier, D. Sampedro, M. Mégjek, A. Jacobi von Wangelin, R. Pérez-Ruiz, manuscript submitted.

2 a) I. Ghosh, T. Ghosh, J. I. Bardagi, B. Konig, Science 2014, 346, 725. b) I. Ghosh, B. Kbnig, Angew.
Chem. Int. Ed. 2016, 55, 7676.
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Organo-lodine(l11) Catalyzed Oxidative Cross-Coupling Reaction of Phenols

Koji Morimoto*, Kazuma Sakamoto, Toshifumi Dohi, Yasuyuki Kita
Ritsumeikan University 1-1-1 Nojihigashi, Kusatsu, Shiga 525-8577, Japan

Phenol biaryls are important cores found in a wide range of compounds such as natural products,
and ligands for transition-metal catalysts. Therefore, the development of the oxidative cross-
coupling of unprotected phenols is important because of their environmentally-friendly processes
and economical advantages. However, the catalytic oxidative cross-coupling reaction of phenols by
C-H/C-H’ coupling has remained challenging because of the formation of the undesired homo-
coupling as a by-product and over-oxidation of the coupling products.

Recently we developed a new synthetic method that enables the metal-free C-H/C-H’ cross-
coupling of two aromatic compounds using hypervalent iodine(l11) reagents,* and then reported the
oxidative cross-coupling reaction of phenols using stoichiometric hypervalent iodine reagents.
However, the hypervalent iodine(l1l) catalyzed cross-coupling reaction of phenols still remains to
be realized. In this poster session, we present an organo-iodine(lll) catalyzed oxidative cross-
coupling reaction of phenols using Oxone® as a terminal oxidant (Scheme 1).2
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OH X Ir:—’\\/ | 1
N - Ny | Organocatalysis ’L::\;’, U R
—_— i 2 s =
L/,\IR+L\\.R _______________ )
. CAOCOCHS), T 1 D ge
X=H,OH Tttt C S AR
T OXONE I}
CH;COOH
Arl Cross-Coupling Poduct

[1] a) Dohi, T.; Ito, M.; Morimoto, K.; lwata, M.; Kita, Y. Angew. Chem. Int. Ed. 2008, 47, 130; b)
Kita, Y.; Morimoto, K.; Ito, M.; Ogawa, C.; Goto, A.; Dohi, T. J. Am. Chem. Soc. 2009, 131,
1668.

[2] Morimoto, K.; Sakamoto, K.; Ohnishi, Y.; Miyamoto, T.; Ito, M.; Dohi, T.; Kita, Y. Chem. Eur.
J. 2013, 19, 8726.

[3] Morimoto, K.; Sakamoto, K.; Ohnishi, Y.; Miyamoto, T.; Ito, M.; Dohi, T.; Kita, Y. Angew.
Chem. Int. Ed. 2016, 55, 3652.
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Hypervalent iodine as an Excellent Promoter of Thioglycosides in Glycosylation Reaction

Tetsuya Kajimoto*, Koji Morimoto, Kana Yanase, Ibuki Odaka, Yasuyuki Kita
Ritsumeikan University 1-1-1 Nojihigashi, Kusatsu, Shiga 525-8577, Japan

Thioglycosides are available donors in glycosylation due to the stability of the anomeric C-S bond
under general reaction conditions of protection and deprotection as well as orthogonality in their
activation. Thus, the tunable reactivity of thioglycosides has often been used for the synthesis of
various oligosaccharides. The conventional glycosylation of thioglycosides was performed using a
mercury salt, such as HgSO4, HgCl,, Hg(OBz),, or Hg(NO3),. The use of Cu(OTf), (Mukaiyama) or
CuBr-BusNBr-AgOTf (Ogawa and Ito) as an activator was further explored. However, these
methods for the glycosylation of thioglycosides have relied on a toxic heavy metal oxidant for
glycisidic bond formation.

The hypervalent iodine(l1l) reagents have been widely applied to useful organic transformations
due to their mild oxidation abilities, low toxity, easy handling, and an alternative to toxic heavy
metal reagents. Recently, we have reported reactions of hypervalent iodine-induced glycosylation
reaction of thioglycoside.” In the present poster session, we present a glycosylation reaction of thio-
glycosides with various alcohols using a combination of hypervalent iodine(l11) reagent and Lewis
acid. The reaction proceeds in a very short time in excellent yields at room temperature.

Glycosylation of thioglycosides using hypervalent iodine(lll) reagent .

ROH
lodine(lll) Reagent

R{_O Lewis Acid R
SR1 EeWIS ACI = (@)
R3o/§e/ > R3O/§Y§/OR
R3O 2 CH2C|2 (DCM)

R R30 R?

R'= Me, Ph, p-CgH;70-Ph
R? = OAc, NPhth, R3 = Ac, Bn etc.
R* = CH,0Ac, CO,Me etc.

Scheme 1. Hypervalent iodine induced metal-free glycosylation

[1] @) T. Kajimoto, K. Morimoto R. Ogawa, T. Dohi, Y. Kita, Eur. J. Org. Chem., 2015, 2138;
b) T. Kajimoto, K. Morimoto R. Ogawa, T. Dohi, Y. Kita, Chem. Pharm. Bull. 2016, 64, 838.
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First Enantioselective Syntheses of Blennolides D, E and F

S. Senthilkumar, G. Valdomir, D. Ganapathy, L. F. Tietze*
Institute furOrganische und BiomolekulareChemie, Georg-August Universitat, Tammannstr. 2,
37077 Gottingen, Germany.

Natural products are very important as lead structures in the development of drugs and
agrochemicals. Xanthones and chromanones are common skeletons present in a vast amount of
natural products predominantly isolated from different types of fungi.l! Moreover, many of the
naturally occurring xanthone and chromanone derivatives as well as artificial derivatives exhibit
various bioactivities.! Recently, new interesting chromanone containing natural products, namely
blennolides D-F, have been isolated from Blennoria sp., an endophytic fungus from Carpobrotus
edulis.”

OH O OH O
o™ OH o1\ .oH +OH
MeO,C Q‘ MeO,C ¢
. o . o Unnatural ©
Blennolide D (1) Blennolide E (2) Blennolide F (3) Blennolide (4)
OH O
OMe OMe
OH a-hydroxylation
H Me benzylic oxidation
—_— AN & —— —_—
- o : -
OH Bno~
5 6 (99% ee) o Blennolide D, ent-Blennolide D&E

as well as unnatural blennolide

Our sustained interest in the design and synthesis of natural products using domino process has
resulted in the enantioselective total syntheses of several complex and structurally diverse natural
products such as (—)-blennolide A, (-)-diversonol, (+)-linoxepin, and (+)-dicerandrol C, and
secalonic acid E.1®! Here we describe the first enantioselective total syntheses of blennolide D, E,
and F as well as of an unnatural diastereomer starting from resorcinol. The procedure is based on an
enantioselective Wacker-type cyclization which allows us to obtain compound 6 with 99% ee. It
follows a diastereoselective dihydroxylation, formation of a protected hydroxy aldehyde, Wittig
reaction, Michael addition, lactonisation, hydroxylation and benzylic oxidation to obtain the desired
natural products.

[1] @) Saengchantara, S. T.;Wallace, T. W., Nat. Prod. Rep.1986, 3, 465-47.b) Brase, T. ; Masters, K-S.,Nat. Prod.
Rep.2015, 32, 6-28. ¢) Gnerre, C.; Thull, U.; Gailland, P.; Carrupt, P.-A.; Testa, B.; Fernandes, E.; Silva, F.; Pinto,
M.; Pinto, M. M.; Wolfender, J.-L.; Hostettmann, K.; Cruciani. G, Helv. Chim. Acta2001, 84, 552.

[2] Zhang, W.; Krohn, K.; Zia-Ullah,; Fl¢rke, U.; Pescitelli, G.; Di Bari, L.; Antus, S.; Kurtan, T.; Rheinheimer,
J.; Draeger, S.; Schulz, B., Chem. Eur. J.2008, 14, 4913-4923.

[3] a) Tietze, L. F.; Brasche, G.; Gericke, K. M., Domino Reactions in Organic Synthesis; Wiley-VCH:
Weinheim, 2006. b) Tietze, L. F.; Jackenkroll, S.; Hierold, J.; Ma, L.; Waldecker, B., Chem. Eur. J. 2014, 20,
8628. c) Tietze, L. F.; Ma, L.; Reiner, J. R.; Jackenkroll, S.; Heidemann, S., Chem. Eur. J. 2013, 19, 8610. d)
Tietze, L. F.; Jackenkroll, S.; C. Raith, C.; Spiegl, D. A.; Reiner, J. R.; Ochoa Campos, M. C., Chem. Eur. J.
2013, 19, 4876. e) Tietze, L. F.; Clerc, J.; Biller, S.; Duefert, S-C.; Bischoff, M., Chem. Eur. J. 2014, 20, 17119. f)
Ganapathy, D.; Reiner, J. R.; Valdomir, G.; Senthilkumar, S.; Tietze, L. F., Chem. Eur. J. 2017, 23, 2299.
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Construction of Dibenzazepine Skeleton
via Au(l)-Catalyzed Cycloisomerization on 7-Position of Indoline
“Daisuke Inoue, “Mamoru lto, *Ryosuke Kawasaki, "Kyalo Stephen Kanyiva,
and *“Takanori Shibata*

& Department of Chemistry and Biochemistry, School of Advanced Science and Engineering,
Waseda University, 3-4-1 Okubo, Shinjuku, Tokyo 169-8555, Japan
® International Center for Science and Engineering Programs (ICSEP), Waseda University,
3-4-1 Okubo, Shinjuku, Tokyo 169-8555, Japan
¢ JST, ACT-C, 4-1-8 Honcho, Kawaguchi, Saitama, 332-0012, Japan

Dibenzazepine is a compound, where two benzene rings fuse with seven-membered azepine core.
The dibenzazepine skeleton is found in various medicines, therefore, many stoichiometric or
catalytic synthetic methods have been already reported. For example, palladium-catalyzed tandem
intermolecular coupling of 2-bromostylene and 2-chloroaniline is a successful example.[1]

We recently achieved an atom-economical synthesis of dibenzazepine derivatives by cationic Au(l)-
catalyzed cycloisomerization. The intramolecular reaction of N-(2-alkynylphenyl)carbazoles gave
dibenzazepine derivatives containing a carbazole skeleton.[2]

R
A\

R
O cationic Au(l) catalyst O O
N N

Cycloisomerization

O )

We further examined the cycloisomerization of N-(2-alkynylphenyl)indoline (n = 1) in order to
expand the substrate scope. As a result, dibenzazepine derivatives could be obtained by cationic
Au(l) catalyst, and the addition of a catalytic amount of pyridine was critical for the high yield
different from the previous reaction of carbazole-containing substrates. The obtained cycloadducts
could be characterized by NMR analyses, but were unstable for the silica gel purification.
Subsequent dehydrogenation by DDQ gave stable tetracyclic compounds where indole fuses with
azepine skeleton. We also achieved to synthesize azepine derivatives fused with tetrahydroquinoline
(n=2).

R [ Au catalyst + Ag salt (10 mol%) R R
% pyridine (10 mol%) — DDQ —
N O o OLD
)n =

n=12 up to >99% R =H, aryl, alkyl
up to >99%

[1] D. Tsvelikhovsky, S. L. Buchwald, J. Am. Chem. Soc. 2010, 132, 14048.
[2] M. Ito, R. Kawasaki, K. S. Kanyiva, T. Shibata, Eur. J. Org. Chem. 2016, 31, 5234.
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Synthesis and Photophysical Properties of Fluorescent Thieno[3,2-b]pyridin-5(4H)-ones

Dan-Bi Sungt, Bo Hyun Mun+, Sol Park}, Hyi-Seung Leef, I, Jihoon Leet, Yeon-Ju Leeft, f, Hee
Jae Shint, i, and Jong Seok Lee*,T, I

Marine Natural Products Chemistry Laboratory, Korea Institute of Ocean Science and Technology

(K10ST), Ansan, Republic of Korea, 15627
ZDepartment of Marine Biotechnology, Korea University of Science and Technology, Daejeon,
Republic of Korea, 34113

Molecular fluorescence is a rapidly growing research field, which has significant applications in
physical, chemical, material, and biomedical sciences. In our continued efforts to construct a small
molecular library of natural product-inspired fused heterocylic ring systems, thieno[3,2-b]pyridine-
5(4H)-one has been recognized as a novel fluorescent scaffold. In this presentation, we demonstrate
the synthesis of highly fluorescent thieno[3,2-b]pyridine-5(4H)-one derivatives and the
photophysical properties of the resulting products.

R, =Me, Bn

SC‘{llh.‘.,/r'x‘y'

Color

Brightness
Ry=Ar

R, = Esler, Benzoyl, Acetyl, Carboxylic acid, Alcohol, Br

The chemical synthesis of these novel fluorophores employs a series of subsequent reactions
employing the Suzuki-Miyaura cross-coupling reaction, and a regioselective aza-[3 + 3]
cycloaddition reaction of 3-aminothiophenes with(] ¢, f-unsaturated carboxylic acids promoted by
BOP ((benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexafluorophosphate). The structure-
property relationship study of this novel fluorescent scaffold revealed that the introduction of a
specific functional group to the thieno[3,2-b]pyridine-5(4H)-one scaffold enables the photophysical
properties to be finely tuned. Consequently, significant hypsochromic and bathochromic shifts with
large Stokes shifts up to 7672 cm™ were observed and high quantum yields up to 99% were
obtained in dichloromethane. The inherent ease of chemical modification of this fluorescent
scaffold would bestow a tailor-made function into a molecule of choice.

[1] Valeur, B.; Berberan-Santos, M. N., Molecular Fluorescence, Second Edition. Wiley: 2012.
[2] Lavis, L. D.; Raines, R. T., ACS Chem. Biol. 2008, 3, 142-155.
[3] Lavis, L. D.; Raines, R. T., ACS Chem. Biol. 2014, 9, 855-866.
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Total Syntheses of (-)-Rotenone and (-)-Deguelin

Seiya Matsuoka, Kayo Nakamura, Ken Ohmori* and Keisuke Suzuki*
Department of Chemistry, Tokyo Institute of Technology
Tokyo, 152-8851, Japan

Rotenoids, as represented by (—)-rotenone (1) and (—)-deguelin (2), constitute a class of isoflavonoids
with insecticidal and fish poison activities. These compounds possess a unique pentacyclic skeleton,
composed of two aromatic and three oxacyclic rings. Herein, we will report an efficient synthetic
approach to this class of molecules by way of stereospecific 1,2-rearrangement’ and SyAr

oxycyclization.”

OMe

(-)-rotenone (1) (-)-deguelin (2)

Scheme 1 illustrates the key aspects of our synthetic strategy.” Two aromatic units were successively
installed into epoxylactone 3, giving the corresponding fert-alcohol 4 in rigorous stereoselectivity.
Epoxyalcohol 4 was subjected to Lewis acid-promoted 1,2-rearrangement to give aldol 5 where only
the aryl unit A underwent the 1,2-migration. Sequential SyAr oxycyclizations constructed the
rotenoid skeleton. By exploiting this unified strategy, we have achieved the asymmetric total
syntheses of 1 and 2.

F F
H
Li Li Lewis acid HO. -~ ¢ Base O ~o
O (0] (0) C| B
stereoselective S F 1,2-shift SNAr X 2
5 H

o] @ o]
5

Scheme 1

1) K. Maruoka, M. Hasegawa, H. Yamamoto, K. Suzuki, M. Miyazawa, M. Shimazaki,
G. Tsuchihashi, J. Am. Chem. Soc. 1986, 108, 3821.

2) S. Stadlbauer, K. Ohmori, F. Hattori, K. Suzuki, Chem. Commun. 2012, 48, 8425.

3) Nakamura, K.; Ohmori, K.; Suzuki, K. Angew. Chem. Int. Ed. 2017, 56, 182.
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Catalyst-free synthesis of 2,2-bis(pyridin-2-ylamino)cyclobutanols and their application in 5-
(pyridin-2-ylamino)dihydrofuran-2(3H)-ones synthesis

L. Ghisu, F. Secci and A. Frongia*
Dipartimento di Scienze Chimiche e Geologiche, Universita degli Studi di Cagliari, Complesso
Universitario di Monserrato, S.S. 554, Bivio per Sestu, 1-09042, Monserrato, Cagliari, Italy
afrongia@unica.it

As part of our continuing interest in the chemistry of cyclobutanes,[1] in order to gain access to new
molecular functions, we were curious if a-hydroxy cyclobutanone (given its chemical reactivity
bestowed by the presence of two adjacent functional groups on a strained four-membered-ring)[2]
could be harnessed to participate in reversible intermolecular bond-forming reactions, and therefore,
as a versatile platform for the creation of aminal[3] based cyclobutanes 3. In this respect,
intramolecular hydrogen bonding could be used as a driving force to stabilize the reaction adduct.
With this strategy in mind, the reaction of a-hydroxy cyclobutanone 1 and 2 equiv. of 2-
aminopyridines 2 was screened. Under the optimum conditions, various substituents that
differentiate the stereoelectronic nature of the starting 2-aminopyridines including methyl, ethyl,
benzoyloxy, chloro, bromo could be applied with a general good efficiency of the process.

A
OH  Toluene, RT E( L/j\ H, I:[ qo H,,_N Eiﬁid“."n?n"g ié
Qo /\/L — ,g' _> N\H * P ﬁ
R
1 2 C (/ RC R@ 4

| 2

R
During the course of our studies, after the successful achievement of 3, we decided to employ them
as starting materials for the synthesis of the corresponding a,a-diamino cyclobutanones by Dess-
Martin periodinane oxydation. Surprisingly, we found that 3 in the presence of Dess-Martin
periodinane underwent unexpected ring expansion process providing functionalized 5-(pyridin-2-
ylamino)dihydrofuran-2(3H)-ones 4.
On the basis of the abovementioned results, a novel periodinane-mediated ring expansion was
established, providing a range of novel y-lactones bearing an amino pyridine unit.

[1] (a) Melis, N.; Secci, F.; Boddaert, T.; Aitken, D. J.; Frongia, A. Chem. Commun. 2015, 51, 15272-15275.
(b) Melis, N.; Ghisu, L.; Guillot, R.; Caboni, P.; Secci, F.; Aitken, D. J.; Frongia, A. Eur. J. Org. Chem. 2015,
4358-4366. (c) L. Ghisu, N. Melis, F. Secci, P. Caboni and A. Frongia, Tetrahedron, 2016, 72, 8201-8209.

[2] (a) J. C. Namsylo and D. E. Kaufmann, Chem. Rev., 2003, 103, 1485; (b) N.-Y. FuandS.-H.Chan, in The
Chemistry of Cyclobutanes, ed. Z. Rappoport and J.F.Liebman,Wiley, Chichester, 2005, pp.357-440.

[3] L. You, J. S. Berman, E. V. Anslyn, Nat. Chem., 2011, 3, 943-948.

364



ISHC 2017 Poster Abstracts WED-P 92

Reaction of Dehydroacetic Acid N-Acyl Hydrazones with Phenylboronic Acid. Synthesis of
Novel Tetrahedral Boron Heterocycles with Antioxidant and Anti-inflammatory Activities.

Kyriakos Mavromatis,® Elvira Kotali,® Antigoni Kotali,** Philip A. Harris,”
Ewa Rozycka-Sokotowska,® Piotr Batczewski,“® John A. Joule,’
John Fotopoulos’ and Dimitra Hadjipavlou-Litina’

%Laboratory of Organic Chemistry, Department of Chemical Engineering, Aristotle University of
Thessaloniki, Thessaloniki 54124, Greece; "GlaxoSmithKline, 1250 South Collegeville Rd, P.O. Box 5089,
Collegeville, PA 19426-0989,USA; “Institute of Chemistry, Environmental Protection and Biotechnology, Jan
Diugosz University in Czestochowa, 42-201 Czestochowa, Poland;, “Department of Heteroorganic Chemistry,
Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, 90-363 £4dz, Poland; °The
School of Chemistry, The University of Manchester, Manchester M13 9PL, UK; 'Department of
Pharmaceutical Chemistry, School of Pharmacy, Aristotle University of Thessaloniki, Thessaloniki 54124,
Greece

Our interest in boron heterocycles [1] as well as in the biological activity of small molecules [2]
prompted us to design a synthesis of tetrahedral boron heterocycles 3 and investigate their
antioxidant and anti-inflammatory activity. The presence of a pyrone ring, hydrazone moieties and a
boron atom in compounds 3, makes them potential candidates to possess antioxidant properties.

The new compounds 3 have been synthesized in good yields via cyclocondensation of dehydroacetic
acid N-acyl hydrazones 2 with phenylboronic acid. Their characterization was achieved by their
spectroscopic data and an X-Ray analysis for a representative example 3g (R=2-thienyl).
Subsequently, their reducing activities as % interaction with the free stable radical DPPH and their %
anti-lipid peroxidation activities (anti-LP %) using the assay of lipid peroxidation induced by AAPH
has been studied according to our protocol [2]. Compounds have been tested as lipoxygenase
inhibitors to define their anti-inflammatory activity. It was found that derivatives 3c and 3e are
excellent inhibitors of lipid peroxidation (93% and 92% respectively). Among the tested compounds,
the 4-Cl-substituted phenyl 3c was found to highly inhibit LOX (100%) at 100uM, followed by 2-
furyl derivative 3f (88%) and the derivative 3a (84%). Thus, derivative 3c exhibits a very interesting
biological profile combining antioxidant as well as anti-inflammatory activities and could be used as
lead molecule for the design of LOX inhibitors.

O CH,
o) CH3 [o) \N+N
o o RCONHNH, T ¢ R PhB(OH), g >R
] 0" N-N"N0 HsC 0] ©
1 2 3

a: R =Ph, b: R =4-MeCgHy, c: R = 4-CICgHy, d: R = 4-O,NCgHy, e: R = 2-O,NCgHy, f: R = 2-furyl, g: R = 2-thienyl, h: R = CH,Ph
Acknowledgement: The authors are grateful to the Alan and Linde Katritzky Foundation for financial support.
[1] A. Kotali, A. Maniadaki, E. Kotali, P. A. Harris, E. Rdzycka-Sokotowska, P. Batczewski, J. A. Joule,

Tetrahedron Lett., 2017, 58, 512-515.
[2] A. Kotali, D. A. Nasiopoulou, C. A. Tsoleridis, P. A. Harris, C. A. Kontogiorgis, D. J. Hadjipavlou-
Litina, Molecules, 2016, 21(2): 138.
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Copper-Catalysed Asymmetric Allylic Alkylation of Alkylzirconocenes with Racemic Chloro-
Tetrahydropyridines

Thomas Palacin, Sedef Karabiyikoglu and Stephen P. Fletcher *
Department of Chemistry, Chemistry Research Laboratory, University of Oxford, 12 Mansfield
Road, Oxford OX1 3TA, UK

Asymmetric synthetic methods are important as they produce new organic scaffolds with desired
stereostructures. Achieving enantiomerically enriched outcomes via stereoselective transformations
of racemic substrates is especially valuable. Among those transformations asymmetric allylic
alkylation (AAA) has been proven to be one of the most efficient and useful. We have developed
copper catalysed-AAA’s of in situ formed, non-stabilized alkylzirconocene nucleophiles with
various cyclic allylic halides and pseudohalides. Racemic 3-chloro-1,2,3,6-tetrahydropyridines (1)
were also tested as substrates and shown to go through kinetic resolution.
1,2,3,6-Tetrahydropyridines constitute an important subgroup of heterocycles as they are found in a
wide range of biologically active compounds including alkaloids and iminosugars. Therefore,
chemists have worked on development of new stereoselective strategies to afford these
heterocycles. Here we report the successful kinetic resolution of racemic 3-chloro-1,2,3,6-
tetrahydropyridines in Cu-catalysed reactions with alkylzirconocenes leading to formation of novel,
enantiomerically enriched 1,2,3,6-tetrahydropyridines.

I, L*, AgOTf
A~ Cl CuCl, L*, AgO y Ph
CpoZrHCl
+ ANpp ——m—m————
N l}l 40%

0,
én CHCI3, 0°C Bn ce = 93%

. g“w

[1] Basle, O.; Denicourt-Nowicki, A.; Crevisy, C.; Mauduit, M. In Copper-Catalyzed Asymmetric
Synthesis; Alexakis, A., Krause, N., Woodward, S., Eds.; Wiley-VCH: Weinheim, 2014; p 85.

[2] Maksymowicz, R. M.; Roth, P. M. C.; Fletcher, S. P. Nat. Chem. 2012, 4, 649.

[3] Rideau, E.; You, H.; Sidera, M.; Claridge, T. D. W.; Fletcher, S. P. J. Am. Chem. Soc. 2017,
139, 5614.

[4] Allais, C.; Roush, W. R. Org. Lett. 2017, 19, 2646.
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Dual Copper/Proline Catalysis Towards Dynamic Kinetic Asymmetric Transformations

J. Gonzélez and S. P. Fletcher*
Department of Chemistry, University of Oxford
Oxford, United Kingdom

The ability to make carbon-based compounds efficiently is essential for the development of
new medicines, fragrances, polymers, materials, catalysts and the study of biological and
physical properties. Asymmetric C—C bond formation generates single enantiomers of chiral
molecules at the same time as the molecular framework is assembled and is therefore
strategically powerful in synthesis design. In this context, the use of racemic mixtures of
chiral starting materials in dynamic kinetic asymmetric transformations (DYKATS) allows to
access highly enantiomerically enriched products in yields superior to 50%.' This approach
constitutes a complementary strategy to the more widely embraced use of prochiral starting
materials or Kinetic resolutions. However, the development of efficient DYKAT processes is
rather limited.

Our research group has recently found that alkylzirconium reagents can be used in highly
efficient DYKATs with racemic allyl chlorides in the presence of 10 mol% of a Cul-
phosphoramidite complex.? Mechanistic studies suggest that this process takes place through
the racemization of the allyl chloride via succesive S,2reactions with Cul (see scheme
below). Selective nucleophilic attack on one of the enantiomers leads to enantioenriched
products.®

Based on this principle, we envisioned that this copper-catalyzed racemization could be
carried out in the presence of other nucleophiles, such as enamines. In this way, by using a
chiral organocatalyst (i.e. proline) and if a selective nucleophilic attack takes place we could
generate two enantioenriched contiguous stereocentres.
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Herein we will describe our efforts toward the implementation of this strategy as well as the
problems encountered so far.

[1] E. Vedejs, M. Jure, Angew. Chem. Int. Ed. 2005, 44, 3974.
[2] H. You, E. Rideau, M. Sidera, S. P. Fletcher, Nature 2015, 517, 351.
[3] E. Rideau, H. You, M. Sidera, T. D. W. Claridge. S. P. Fletcher, J. Am. Chem. Soc. 2017, 139, 614.
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Divergent synthesis of 2,3-disubstituted indoles

Artur Ulikowski* and Bartlomiej Furman
Institute of Organic Chemistry PAS, Kasprzaka 44/52, 01-224, Warsaw, Poland

Compounds containing an indole moiety are very valuable due to their diverse biological properties.
A number of methods for their synthesis are known. However, these are often hampered by certain
limitations: poor regioselectivity and non-ideal functional group tolerance. We have designed and
developed an approach to the synthesis of 2,3-disubstituted indoles in a manner which overcomes
these obstacles.[1] The selective activation of the amide carbonyl in isatin-derived oxindoles by
Schwartz’s reagent-mediated reduction has allowed us to obtain the title compounds
regiospecifically and with excellent functional group tolerance.

Classical approaches

annulat|on m
R!
partial
addltlon _reduction \ R2
“addition >
N
R

The obtamed compounds were investigated for acetylcholinesterase (AChE) inhibitory activity as
the indole skeleton is often seen in the structure of enzyme inhibitors. All of the compounds
inhibited AChE isolated from Electrophorus electricus (electric eel). The determined 1Cso values
were in the range of 2.69-279.7 uM. Moreover, such properties as logP, blood-brain barrier
transport parameters, and Caco2 permeabilities were also calculated. The inhibitory potency
towards AChE activity and the ability to penetrate into the central nervous system (CNS) illustrate
their potential in vivo activity.

Additionally, investigations into the divergent synthesis of biindoles utilizing the described
methodology will be described.

This work

[1] A. Ulikowski; B. Furman Org. Lett. 2016, 18, 149.
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Vinylogous type of Ferrier-Petasis rearrangement of vinyl ethers and alkoxydienes

Anna Domzalska, Bartlomiej Furman*®
Institute of Organic Chemistry, Polish Academy of Sciences, Warsaw, Poland

Vinyl ethers undergo two particular transformations. One of them is the [3,3] sigmatropic
rearrangement of allyl vinyl and allyl aryl ethers, known as the Claisen rearrangement, which leads
to y,0-unsaturated carbonyl compounds. On the other hand, a less well-known transformation of
vinyl ethers is the Lewis acid-catalyzed [1,3] rearrangement. [1]
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Pioneering investigations of the [1,3] rearrangement have been made by the Ferrier group
in the 1970s.[2] They’ve shown that enol ethers, furanose and pyranose derivatives undergo smooth
reorganization with a catalytic amount of mercury salts. This process, called the Ferrier
carbacyclization, leads to polyhydroxylated cyclohexenes and cyclopentenes.[3] In later years,
Petasis and co-workers have demonstrated that the rearrangement of vinyl ethers, called
the Ferrier-Petasis rearrangement, is a useful tool in the synthesis of stereochemically defined
natural products and biologically active compounds.

While conducting research on the modification of the transformation described above,
we discovered that alkoxydienes undergo a smooth rearrangement in a vinylogous manner
with a catalytic amount of titanium (IV) chloride, which leads to highly substituted cyclohexenes.

[1] @) Ch. G. Nasveschuk, T. Rovis, Org. Biomol. Chem., 2008, 6, 240-254;
(b) Ch. G. Nasveschuk, T. Rovis, Org. Lett., 2005, 7, 2173-2176

[2] E. C. Minbiole, K. P. C. Minbole, J. Antibiot., 2016, 69, 213-219

[3] (a) R. J. Ferrier, J. Chem. Soc., 1962, 3667-3670; (b) N. A. Petasis, P. S. Lu, J. Am. Chem. Soc.,
1995, 117, 6392-6395; (c) N. A. Petasis, P. S. Lu, Tetrahedron Lett., 1996, 37, 141-144
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Synthesis and Transformation of 1,2-Diketones via Sequential Catalysis

P. Niesobski, I. Santana, S. Kustosz and T. J. J. Muller*
Institut flr Organische Chemie und Makromolekulare Chemie, Heinrich-Heine-Universitat
Dusseldorf, Universitatsstr. 1, 40225 Dusseldorf

1,2-Diketones are very important structural units in biologically active molecules®™ that can be
transformed into complex structures in organic synthesis.”l A number of methods for the synthesis
of 1,2-diketones have been developed where the Pd(11)- and Cu(ll)-catalyzed oxidation of alkynes is
considered to be one of the most practical strategies.

The aim of the present work is the preparation of the 1,2-diketone moiety via a consecutive pseudo-
four-component reaction while a single catalyst system is reused, without isolation of the
intermediate alkyne. The sequence starts with a Pd(0)/Cu(l)-catalyzed Sonogashira coupling of a
terminal alkyne and an aryl (pseudo)halide in DMSO. Subsequently, the solvent serves as an
oxidant, whereas the catalyst system is reoxidized by molecular oxygen furnishing the desired
product. Due to its modular nature the reaction sequence offers quick access to a broad range of
variably substituted 1,2-diketones by virtue of the terminal alkyne and aryl (pseudo)halide. Electron
releasing as well as withdrawing substituents are equally well tolerated.

1,2-Diketones can be transformed into quinoxalines, which are of interest as an important class of
stable fluorescent heterocycles, finding use in several practical applications, such as laser dyes,
emitters in light-emitting diodes, and as fluorescent sensors.! Based upon this strategy, we also
report a one-pot synthesis of quinoxalines in a consecutive pseudo-five-component process. This
sequence additionally includes a cyclocondensation transforming the 1,2-diketone to the
corresponding heterocyclic compound (Scheme 1).

Moreover, different binucleophiles can also be employed in the one-pot sequence furnishing other
heterocyclic systems. These processes are currently under investigation.

HaN
0 I;_Rs 1
[Pd, Cu] o H,N RN
R1_X + = R2 1 R | _R3
R _
DMSO 5 R2ONT N

then: O,

X =1, OTf, ONf > 10 examples > 5 examples

up to 94% yield up to 86% yield
Scheme 1: Multi-component one-pot procedures for the synthesis of 1,2-diketones or quinoxalines.

[1] Maurya, R.; Singh, R.; Deepak, M.; Handa, S.S.; Yadav, P.P.; Mishra, P.K., Phytochemistry
2004, 65, 915-920.

[2] Deng, X.; Mani, N., Org. Lett. 2006, 8, 269-272.

[3] Gao, A.; Yang, F.; Wu, Y., Tetrahedron 2012, 68, 4950-4954.

[4] Aldakov, D; Palacios, M.A.; Anzenbacher, P., Chem. Mater. 2005, 17, 5238-5241.
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Development of new scaffolds for chiral diene-ligands

Alexander Hell and Stephen P. Fletcher*
Department of Chemistry, Chemistry Research Laboratory, University of Oxford, 12 Mansfield
Road, Oxford OX1 3TA, United Kingdom

More than a decade ago, first examples of chiral diene-ligands were developed and applied
successfully in the asymmetric addition of boronic acids to conjugated enones. More recent
advances in this field extended the applicability of this ligand class to a variety of transformations,
however, the use of such chelating diene-ligands remains restricted to Rhodium or Iridium
catalyzed transformations. The design of these chiral diene-ligands is limited to the asymmetric
substitution of a rigid core structure, such as bicyclic dienes, and to binaphtyl-based ligands.

Ar
L
7 Ph
) A
AT

Hayashi, 2003 D, 2010

We envision overcoming these structural limitations of chiral diene-ligands by designing suitable
dienes with asymmetric quaternary centers as a source of chirality. The synthesis strategy applies
the recently reported asymmetric allylic arylation of racemic halides with boronic acids as the key
step to create chiral olefins, e.g. 1. This approach allows us to subsequently modify these
compounds to access a range of dienes such as 2 or 3 and test them as potential diene ligands.
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[1] T. Hayashi, K. Ueyama, N. Tokunaga, K. Yoshida JACS 2003, 125, 11508-115009.
[2] for a review: M. Nagamoto, T. Nishimura ACS Catal. 2017, 7, 833-847.

[3] Z. Cao, H. Du Org. Lett. 2010, 12, 2602-2605.

[4] M. Siderea, S. P. Fletcher Nature Chem. 2015, 7, 935-939.
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Manganese(l)-Catalyzed C-C/C-H Activation

Tjark H. Meyer, Weiping Liu, Milica Feldt, Axel Wuttke, Ricardo A. Mata, Lutz Ackermann*
Institute of Organic and Biomolecular Chemistry, University of Goéttingen,
Tammannstr.2, 37077 Géttingen (Germany)

The functionalization of unreactive C—H bonds has emerged as a powerful tool for molecular
synthesis.!*l Although notable progress has been achieved for precious 4d and 5d transition-metal
catalysts, focus has shifted towards the use of more sustainable base-metal compounds.?! In recent
years, non-toxic and inexpensive manganese catalysis has gained a significant impetus in C-H
functionalizations.®! Furthermore, as a new strategy for organic synthesis, challenging C—C bond
cleavage reactions have a great potential to gain future interest in academic and industrial research.
In spite of these undisputed advances, catalytic C-H/C—C activations continue to be scarce, with all
the reported examples requiring the precious metal rhodium, whereas only one example used a
cobalt(111)-based catalyst in the presence of silver salts as additives.[

In sharp contrast, we have developed a simple manganese(l) catalyst for C—H activation of different
heteroarenes, followed by C—C activation with good to excellent yields. The reaction occurred with
high regio- and E-diastereoselectivity.[®! Detailed mechanistic studies provided strong support for a
facile C-H activation and a rate determining C-C cleavage, with key contributions of London
dispersionl™ interactions. The power of this method has been highlighted with a broad substrate scope,
including the racemization-free transformation of amino acids via C—C/C—H activation.

W A @

sustainable manganese E
non-toxic & inexpensive
no silver required
dispersion-enabled
unique E-selectivity
C-H/C—C activation on amino acids

[1] L. Ackermann, Chem. Rev. 2011, 111, 1315-1345.

[2] a) G. Cera, L. Ackermann, Top. Curr. Chem. 2016, 374, 191-224; b) K. Gao, N. Yoshikai, Acc. Chem. Res. 2014,
47,1208-1219; c) M. Moselage, J. Li, L. Ackermann, ACS Catal. 2016, 6, 498-525; d) J. Yamaguchi, K. Muto, K.
Itami, Eur. J. Org. Chem. 2013, 19-30; €) A. A. Kulkarni, O. Daugulis, Synthesis, 2009, 4087—4109; f) E. Nakamura, T.
Hatakeyama, S. Ito, K. Ishizuka, L. Ilies, M. Nakamura, Org. React. 2004, 83, 1-209.

[3] W. Liu, L. Ackermann, ACS Catal. 2016, 6, 3743-3752.

[4]J.-Q. Wu, Z.-P. Qiu, S.-S. Zhang, J.-G. Liu, Y.-X. Lao, L.-Q. Gu, Z.-S. Huang, J. Li, H. Wang, Chem. Commun. 2015,
51, 77-80.

[5] D. Zell, Q. Bu, M. Feldt, L. Ackermann, Angew. Chem. Int. Ed. 2016, 55, 7408-7412.

[6] T. H. Meyer, W. Liu, M. Feldt, A. Wuttke, R. A. Mata, L. Ackermann, Chem. Eur. J. 2017, 23, 5443-5447.

[7] @) D. Zell, M. Bursch, V. Miller, S. Grimme, L. Ackermann, Angew. Chem. Int. Ed. 2017, 56, in press.; b) D. Zell,
U. Dhawa, V. Mdiller, M. Bursch, S. Grimme, L. Ackermann, ACS Catal. 2017, 7, 4209-4213.
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Functionalization of dehydroacetic acid by electroactive moieties

Samira Baaziz ,*™* Nathalie Bellec?, Yann Le Gal®, Rachedine Kaoua,*® Franck Camerel,? Saleha
Bakhta,*® Bellara Nedjar-Kolli,’ Thierry Roisnel,? Vincent Dorcet,* Olivier Jeannin,* Dominique
Lorcy.?

% Institut des Sciences Chimiques de Rennes (ISCR), UMR 6226 CNRS-Université de Rennes 1,
35042, France. ® Laboratoire de Chimie Organique et Appliquée, Université des Sciences et de la
Technologie Houari Boumediene (USTHB), 16111 Alger, Alegria

Dehydroacetic acid (DHA) is a versatile starting material for the synthesis of a wide variety of
heterocyclic ring systems. Moreover, DHA and its Schiff base can complex difluoroboron moiety
and such difluoroboron complexes present two advantages: (i) it enhances the reactivity of DHA
itself and (ii) some of these derivatives can exhibit fluorescence properties. We report in this work
the functionalization of DHA-BF, and its Schiff base by a phenyl ring or an electroactivecore
(tetrathiafulvalene or ferrocene) in order to analyze the influence of the electrophore on the
fluorophore properties.

OH O OH Nl
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DHA Shiff base of DHA

For that purpose, three approaches were used: i) Wittig reaction at the 6 position involving
aldehydes bearing an electroactive unit and a phosphonium salt of DHA, ii) condensation reactions
of these aldehydes with DHA BF; at the acetyl position and iii) condensation of the aldehydes on
the DHA-hydrazone as demonstrated below. Depending on the reaction used, the spacer group
between the DHA moiety and the electroactive part will be different as well as the position of the
connecting part on the DHA core. The redox and the photophysical properties of obtained
derivatives have been studied. [1]

N _/F
oo
| R F R
L " N
- _B, +NH
X OH O OH N o] N
(0) (0] | |
E E \ | X CH, | X CH, X CH,
\_~ —_— N —_— |
/B\ . / HaC (] o] HsC O o HsC O o}
o o
|
X = R

[1] Baaziz, S.; N.Bellec, N.; Le Gal, Y.; Kaoua, R.; Camerel, F.; Bakhta, S.; Nedjar-Kolli, B.;
Roisnel, T.; Dorcet, V.; Jeannin, O.; Lorcy. D., Tetrahedron. 2015, 72, 464~471.
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Synthesis of Acridines via Micellar Open Air Palladium Catalyzed Amination in Water

L. Vaghi,* S. Pagani, R. Stara, A. Papagni and L. Beverina
Department of Material Science, University of Milano-Bicocca, Milano/Italy 20125

Acridines displayed interesting properties in biological active applications, like antibacterial,
antimicotic and anticancer agents, mainly owing to their inhibition of DNA-related enzymes, such
as topoisomerases, by intercalation. [1] Fluorinated acridines were also successfully used in
material science, as additives in intraocular lens to prevent the calcium containing deposit. [2] A
recently reported methodology for the synthesis of unsymmetrical acridines involves a tandem
coupling-cyclization  approach  under  Pd(0)-catalysis by using readily available
2-bromobenzaldehydes and anilines as starting materials. [3] One of our main research activity
entail the synthesis of fluorinated hydroxy aza heterocycles to be tested against resistant bacteria,
we decide to apply the amination-electrocyclization synthetic strategy to the synthesis of acridines
intermediates.
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1) Pd(0), Diphosphine Ligand, Base, Kolliphor (1.97% H,0) / cosolvent 9:1, open air, 60 °C, 2h.
2) TFA, r.t., 12h.

The use of an innovative micellar catalysis method in water for the palladium catalyzed amination
step, with Klolliphor® EL as surfactant agent, allowed us to obtain excellent yields, lowering by
more than ten fold the reaction times respect to the classical organic solution process, without the
need of an inert atmosphere.

[1] Cholewinski, G.; Dzierzbicka K.; Kotodziejczyk, A.M., Pharmacol. Rep., 2011, 63, 305-336;
[2] Ghatora, B.; Foot, P.; Barton, S.; Thatti, R.; Papagni, A.; Vaghi, L., Journal of Biomaterials and
Nanobiotechnology, 2017, 8, 176-187.

[3] Wang, T.J.; Chen, W.W.; Li, Y.; Xu, M.H., Org. Biomol. Chem., 2015, 13, 6580-6586.
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Desymmetrisation of Meso-Cyclic Dialkylphosphates
via Cu-Catalysed Allylic Alkylation

Reece Jacques and Stephen P. Fletcher
Department of Chemistry, Chemistry Research Laboratory, University of Oxford,
12 Mansfield Road, Oxford, OX1 3TA, United Kingdom

Desymmetrisation reactions of meso-compounds derived from simple starting materials can provide
highly functionalised building blocks for the synthesis of chiral molecules." These valuable
transformations are often limited by poor functional group compatibility. We report here a novel
Cu(l)-catalysed asymmetric allylic alkylation procedure that involves hydrozirconated alkenes
generated in situ.” Phosphoramidite ligands are used as a source of asymmetric induction and the
electrophile is a bis-dialkylphosphate easily accessed from a meso-diol.
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This carbon-carbon bond forming reaction provides cyclic compounds bearing 2 stereocentres with
an alkene and phosphate group for further functionality. In addition the procedure consistently
demonstrates high enantioselectivity and diastereoselectivity.

[1] J. Merad, M. Candy, J-M Pons and C. Bressy, Synthesis, 2017, 49, 1938-1954
[2] H. You, E. Rideau, M. Sidera and S. P. Fletcher, Nature, 2015, 517, 315-335
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Molecular and Chiral Recognition of Anions Using Diamidonaphthalenedipyrrole-Derived
Fluorescent Sensors

Pawel Stepniak,’ Maciej Piejko,? Pawel Dydio,! Tomasz Zielinski* and Janusz Jurczak®
YInstitute of Organic Chemistry, Polish Academy of Sciences, Warsaw, Poland
2Faculty of Chemistry, University of Warsaw, Warsaw, Poland

The spectroscopic properties of bisamide derivatives of naphthalenedipyrrole (1) can be fine-tuned
through small modifications of the structure at the sensor periphery.

I\
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NH H H HN
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1a: R=n-Bu
1b: R=Ph

We will show that the strong fluorescence of these compounds is perturbed through the binding of
anionic species in the binding pocket through four hydrogen bonds. Importantly, these effects
depend on the nature of the anionic guest, its concentration, and the specific structure of the
receptor host. As shown in Fig. 1, in the case of one derivative (1a) the fluorescence is selectively
quenched upon addition of PhCO,", while other anions do not have an effect on its spectral
properties. In another case (1b), only H,PO,™ triggers a spectacular enhancement of fluorescence
(more than five times higher intensity), while other anions do not change its spectral properties.
Such selective responses are related to the selectivity of the anionic species binding, which can be
controlled with the structure of the binding pocket. In this poster we demonstrate that a
diamidonaphthalenedipyrrole platform can be used to construct selective sensors for anions that
allow for fast and efficient identification of the desired anion present in the analytical samples [1],
and we provide results of recent studies on chiral recognition abilities of this platform.

Fig. 1 Fluorescence of receptors 1a (a) and 1b (b) in DMSO.

[1] J. Jurczak, P. Dydio, P. Stepniak and T. Zielinski, Sens. Actuators, B: Chem. 2016, 237, 621-
627.
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Reversible Folding of a B-hairpin peptide by a metal chelating amino acid

Jan Reutzel, Timm Marian Diogo and Armin Geyer
Department of Chemistry, Philipps-University Marburg, Germany
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5-(1-Hydroxy-pyridin-2(1H)-onyl) L-alanine (Hop)is a N-hydroxy-1,2-pyridone functionalized o-
amino acid with the desired metal chelating properties of DOPA but without its unwanted redox
activity. The Fmoc-protected amino acid Fmoc-L-Hop(tBu)-OH was synthesized from glycine
phosphonate followed by enzymatic hydrolysis of the methyl ester yielding the Hop L-isomer in
96% ee. The Hop amino acid is used in automated peptide synthesis for the assembly of a 14mer -
hairpin peptide with the sequence [dsb'**]H-CHXETGKHGHKLVC-OH (X = W, L-Hop). While
the 10 = electron containing indol side-chain of L-Trp in peptide completes the formation of a
hydrophobic cluster and results in 90% folding, the folded fraction is significantly decreased to
approximately 30% for the 6 = electron L-Hop side chain. Metal chelation of Ga** reconstitutes the
folding oft the Hop-peptide to above 60% due to the formation of a trimer. The chelating process of
is monitored by NMR spectroscopy and the subsequent release of Ga** by a competitive metal
chelator exemplifies the reversible oligomerization of peptide epitopes by metal chelation, bearing
the opportunity to synthesize protein-sized aggregates on the basis of reversible chemistry in

water.[!

[1] J. Reutzel, T.M. Diogo, A. Geyer, Chem. Eur. J. 2017, 23, 8450-8456.
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Luminescent Quinoxaline and Phenazine Dyes
One-pot Syntheses, Photophysics and
Electronic Structure

F. K. Merkt, T. J. J. Mller*
Heinrich-Heine-Universitat Disseldorf, Institut fir Organische und Makromolekulare Chemie,
UniversitatsstraBe 1, Dusseldorf, Germany.

Especially in today's times, the concept of one-pot and multicomponent reactions (MCR) adopts a
central position in modern synthetic chemistry. Particularly the formation of fluorophores and
chromophores via a rapid and elegant MCR approach remains a paramount challenge for organic
and materials chemists.[1] Ultimately, with adequate reflection of this issue a crucial aspect of the
one-pot fashion is the diversity-oriented nature. With the aid of this methodology substance libraries
can be set up. These conceptual approaches has already found its way into the construction of
highly luminescent and stable heterocycles. For this purpose, our group has recently developed a set
of complementary one-pot syntheses of fluorescent and solvatochromic 3-ethynyl quinoxalines and
2-triazolyl quinoxalines (Scheme 1) [2,3] based on intermediary ynediones.[4] Interestingly, the
indole substituted 3-trimethylsilyl quinoxaline undergoes an cycloisomerization and leads to indolo
phenazine derivatives.

2-triazolyl quinoxaline
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Scheme 1: Diversity-oriented multi-component procedures for the synthesis of 3-ethynyl-, 2-triazolyl quinoxalines and
indolo phenazines.

Consequently, we set out to investigate the reaction scope as well as the photophysical and chemical
properties of the synthesized compounds.

[1] T.J. J. Miiller, ACS Symp. Ser. 2016, Vol. 1226, Chapter 6, 85-112.

[2] C. F. Gers, J. Nordmann, C. Kumru, W. Frank, T. J. J. Miiller, J. Org. Chem. 2014, 79, 3296-
3310.

[3] F. K. Merkt, S. P. Howedes, C. F. Gers-Panther, T .J .J. Muller, manuscript in preparation.
[4] E. Merkul, J. Dohe, C. Gers, F. Rominger, T. J. J. Muller, Angew. Chem. Int. Ed. 2011, 50,
2966-29609.
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Design of Novel Mixed Thiourea-Triazole H-Donor and H-Donor/Halogen-Donor
Catalysts

Florian Ostler and Prof. Dr. Olga Garcia Manchefio*
Institute of Organic Chemistry, University of Regensburg, Universitatsstr. 31, 93053
Regensburg

In the past years, asymmetric hydrogen-donor catalysis has emerged as a powerfull synthetic
approach for the preparation of a variety of valuable chiral organic molecules. Among the
different types of H-donors, (thio)ureas represent the most exploited active moieties.™
Alternatively, our group recently demonstrated that 1,2,3-triazoles, which present an
intrinsically weaker H-donor character via their less polarized C-H bonds, are also excellent
structures for catalytic anion-binding processes.”” Furthermore, the principle of halogen-
bonding offers further possibilities to tune the properties of non-covalent organocatalysts, as
polarized halides are able to act as electron accepting sites.™!

“—
Herein, we present the design and synthesis of new types of chiral « J%
bifunctional catalysts, based on a thiourea and a 1,2,3-triazole active lkl "‘”“”\0"
moieties. In addition, 5-iodo-1,2,3-triazole-containing structures have TG

H ; 5 4 \g:a:
been designed, presenting both hydrogen- and halogen-donor == A
properties. In these cases, the iodo-triazole moiety enhances the &~ YKT'L"
hydrogen-donor properties of the thiourea-moiety of another catalyst- 5y
molecule by intermolecular I—S halogen-bonding. k’.&*"“-,

1. A. G. Doyle, E. N. Jacobsen, Chem. Rev. 2007, 107, 5713.

2. (@) M. Zurro, S. Asmus, S. Beckendorf, C. Muck-Lichtenfeld, O. G. Mancheno, J. Am.
Chem. Soc. 2014, 136, 13999. (b) S. Asmus, M. Zurro, T. Fischer, O. Garcia Mancheno
Angew. Chem. Int. Ed. 2015, 30, 8823.

3. G. Cavallo, P. Metrangolo, R. Milani, T. Pilati, A. Priimagi, G. Resnati, G. Terraneo,

Chem. Rev. 2016, 116, 2478.
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Conversion of Ester Moieties to Bromophenol

S. Akatsuka, K. Ueda, T. Fukuyama, S. Yokoshima*
Department of Phermaceutical Science, Nagoya University
Furo-cho, Chikusa-ku

We have reported a reaction to synthesize bromobenzene E from ester A via dibromocyclopropane
B. When B was heated in DMF, ring opening of B proceeded to generate allyl cation intermediate
C. Deprotonation of C, followed by dehydration of the resulting diene D, afforded E. When DMSO
was used as a solvent for the ring opening instead of DMF, hydroxyketone G was obtained in a
moderate yield. Mechanism of the production of G is considered as follows. Ring opening of the
dibromocyclopropane generated the same intermediate C, which was captured by DMSO to give
sulfonium intermediate F. Then, deprotonation at a-position of the oxygen atom and elimination of
dimethyl sulfide gave G. By addition of silver tosylate, the ring opening reaction of B could be run
at a lower temperature, resulting in improvement of the yield. The resulting hydroxyketone G could
be converted into bromophenol H. In this congress, we will present the details of this
transformation, including the substrate scope.

1) AllyIMgCl H_,
0 2) Grubbs 2nd OH 2,6-lutidine HO = HO
L B T 9 W < Vo U g
OMe 3) CHBr3, NaOH Br DMF, 110°C R\ RC
H
Br
A B c D E
2,6-lutidine
additive
DMSO, temp.

HO -‘ HO dehydration
e e e Dy
R o additive temp. yield R

C@/ '%’2 o} OH
F

- 110°C 45% G H

AgOTs, MS4A 50°C 84%

K. Ueda, H. Umihara, S. Yokoshima, and T. Fukuyama, Org. Lett., 17, 3191 (2015)
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Membrane-Spanning Building Blocks for Artificial Signal Transduction

R. Bekus, K. Bernitzki, M. Maue and T. Schrader*
Department of Chemistry, University of Duisburg-Essen
Universitdtsstrasse 7, 45117 Essen (Germany)

Signal transduction is the intercellular communication initiated by signaling molecules and
prerequisite for all living organisms. Despite the enormous importance of signal transduction in
nature, only very few entirely artificial transduction systems have been reported, which were designed
by chemists.!'> 2

Inspired by nature, we now present a chemical model that mimics the entire process from receptor
docking, over signal transmission, to the chemical reaction on the intracellular side of the membrane.
Our concept imitates the signaling principle of receptor tyrosine kinases: Two rigid lipophilic
transmembrane (TM) units, which are made from steroids, both carry bisphosphonate receptor head
groups for the ditopic recognition of small triammonium cations. This recognition event brings also
the opposite ends of both TM units in close proximity, so that a chemical reaction can be triggered
inside. Since thiols play crucial roles in biological systems, we envisage the use of a pair of tail
moieties, which are capable of performing a thiol-Michael addition reaction. Here, on the one end of
the TM unit, we decided to use a coumarin-based fluorescent probe with an “open” maleimide as the
thiol acceptor, which will be specifically attacked by a cystein thiol linked to the other end of the
second TM unit. The maleimide moiety efficiently quenches the coumarin fluorescence, which is,

however, immediately restored after thiol addition. This leads to a drastic increase in fluorescence
]

quantum yield — the output signal. (21,13

Extracellular

Membrane

[1] S. J. Singer, Science 1992, 255, 1671 —1677; G. Krauss, Biochemistry of Signal Transduction
and Regulation, Wiley, New York, 1999.

[2] a) H. P. Dijkstra, J. J. Hutchinson, C. A. Hunter, H. Qin, S. Tomas, S. J. Webb, N. H. Williams,
Chem. Eur. J. 2007, 13,7215 — 7222; b) K. Bernitzki, M. Maue, T. Schrader, Angew. Chem.
2009, 121, 8145 —8149; Angew. Chem. Int. Ed. 2009, 48, 8001 —8005; ¢) K. Bernitzki, M.
Maue, T. Schrader, Chem. Eur. J. 2012, 18, 13412-13417.

[3] L. Yi, H. Li, L. Sun, L. Liu, C. Zhang, Z. Xi, Angew. Chem. Int. Ed. 2009, 48, 4034 —4037.
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Electrophilic Activation of lodonium Ylides
by Halogen-Bond-Donor Catalysis for Cross Enolate Coupling
Masato Saito. Yusuke Kobayashi. Seiji Tsuzuki. and Yoshiji Takemoto*

Graduate School of Pharmaceutical Sciences, Kyoto University
46-29 Yoshida, Sakyo-ku, Kyoto 606-8501, Japan

Halogen bonding (XB) is known as the non-covalent interactions between an XB donor (Lewis
acidic moiety of an electron deficient haloalkene or -arene) and an XB acceptor (Lewis base).
Despite many reports on XB interactions in the areas of crystal engineering and supramolecular
chemistry, the utilization in synthetic organic chemistry is still developing research area. Recently,
we have developed several reactions utilizing the unique properties of XB interaction." In
particular, we focused on the soft Lewis acidity of XB donors, which would allow them to
preferentially interact with soft co-catalyst’ and electrophiles,® enabling otherwise inaccessible
transformation.

Very recently, we found that an iodonium(l1l) ylide was effectively activated by an XB-donor
catalyst, and the umpolung alkylation of silyl enol ethers proceeded under mild conditions to afford
various 1,4-dicarbonyl compounds in high yields.

Unlike typical transition-metal activation processes of such ylide precursors, which tend to
proceed via carbenoid intermediates, experimental and computational studies indicate that halogen
bonding between the XB donor catalyst and the iodonium ylide plays a crucial role in promoting the
reaction. To make the reaction direct and more atom-economical, the identification of a compatible
Bransted base catalyst enabled the extension of this method to enols generated in situ to give the
corresponding adducts in good yields.®

OTMS O CO,Me

XB donor (15 mol %)
CO,Me =
O O PSS
u
MeOMOMe - (\deodecyl
N CO,Me On—
Ph \N / XB donor (15 mol %) MeO,C - R/N\<| eY
iodonium ylide base (15 mol %) \N / B donor
(6]

C N
H

Iz
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1. Tsuji, N.; Kobayashi, Y.; Takemoto, Y. Chem. Commun., 2014, 50, 13691-13694.

2. Saito, M.; Tsuji, N.; Kobayashi, Y.; Takemoto, Y. Org. Lett. 2015, 17, 3000-3003.

3. Saito, M.; Kobayashi, Y.; Tsuzuki, S.; Takemoto, Y. Angew. Chem. Int. Ed., 2017, 56, 7653—
7657.
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Pd(0) catalyzed carbonylative annulation of 1,3-diphenyltriazene derivatives for facile and
highly selective synthesis of 3-arylbenzo[1,2,3]triazin-4(3H)-ones.

Attoor Chandrasekhar and Sethuraman Sankararaman*
Department of Chemistry, Indian Institute of Technology Madras, Chennai 600036, India

sanka@iitm.ac.in

1,2,3-triazin-4-one is an important heterocyclic scaffold in medicinal chemistry. Derivatives of
1,2,3-triazin-4-ones exhibit a wide variety of biological activities such as sedative, diuretic,
anesthetic, antiarthritic, antitubercular and antitumor activities'. Benzo-1,2,3-triazin-4-ones are also
useful starting materials in organic synthesis for the synthesis of isoquinolones by metal catalyzed
denitrogenative transannulation reactions with allenes and alkynes?. Conventionally 1,2,3-
benzotriazin-4(3H)-ones were synthesized through a multistep synthesis from methyl anthranilates
and anthranilamides using diazotization of the amino functional group®. Pd catalyzed
denitrogenative carbonylation of aryltriazenes in acidic conditions yields amides®.

Although transition metal catalyzed carbonylative annulation reaction has been applied to the
synthesis of a variety of heterocyclic scaffolds’, it has not been applied to the synthesis of 1,2,3-
benzotriaz-4(3H)-ones. Our interest in Pd(0) catalyzed carbonylation reactions® using carbon
monoxide led us to the investigation of carbonylative annulation of 1-(2-X-phenyl)-3-phenyltriaz-1-
ene (X = Br, 1). Using the carbonylative annulation strategy a facile synthetic method has been
developed for the synthesis of 3-arylbenzo[1,2,3]triazin-4(3H)-ones. Interestingly in the presence of
catalytic amount of carbon monoxide the reaction led to the formation of benzotriazoles. A probable
mechanism for these reactions has been proposed by investigation of control experiments.

¥ O
\N
" X=1,Br Ar

[©]
Pd(0), DABCO up to 97%
toluene | = 24 examples
v Br = 10 examples

M Ar
AN g‘ N
N

catalytic amount of N
Cco

Pd catalyzed carbonylative annulation of iodo and bromo 1,2,3-triazenes

[1] A) Gadekar, S. M.; Ross, E. J. Org. Chem. 1961, 26, 613. B) Zandt,V.; Michael, C. PCT Patent,
WO 9, 743, 239. C) Rosowsky, A. PCT Patent, WO 9, 304, 051.

[2] Fang, Z-J.; Zheng, S-C.; Guo, Z.; Guo, J-Y.; Tan, B.; Liu, X-Y. Angew. Chem. Int. Ed. 2015,
54, 9528.

[3] A) Colomer, J. P.; Moyano, E. L.; Tetrahedron Lett. 2011,

[4] Li, W.; Wu, X. F. Org. Lett. 2015, 17, 1910.

[5] Wu, X. F.; Neumann, H.; Beller, M. Chem. Rev. 2013, 113, 1.

[6] Chandrasekhar, A.; Ramkumar, V.; Sankararaman, S. Eur. J. Org. Chem. 2016, 4041.
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New Photosensitizers with extended 1,4-dithiin ligand

E. Erdmann®, W. W. Seidel” and B. Konig**
Faculty of Chemistry and Pharmacy, Universitat Regensburg, Germany
PInstitut fir Chemie, Universitat Rostock, Germany

Sun-powered photophysical processes can contribute to an environmentally friendly supply of fuel
or valuable substances in the future. Charge- and energy transfer are the key elements in
photocatalysis and their understanding and optimization are of crucial importance. A variety of
polynuclear complexes with Ru(ll) or Ir(111) chromophores have shown remarkable potential of
charge separation or energy transfer. [1] A 1,4-dithiine moiety is nonplanar (however, the activation
barrier of the swinging-through via a planar conformation is very low). On the other hand, the
oxidized 1,4-dithiin structure is planar. Therefore, an electron transfer might be accelerated, or
delayed, by the oxidation state of the 1,4-dithiine moiety.

We present a row of new Ru(ll) and Ir(lll) photosensitizers with a new ligand system expanded
with a 1,4-dithiine structure. Furthermore, we investigated the photophysical properties and
compared the photocatalytic applications with a benchmark system. [2]

] PP | PR | PFer
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Br :© SJ@
y "] PR _ " PR _ ) Pre
S | | |
X N X N X
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[1] S. Ladouceur; E. Zysman-Colman, Eur. J. Inorg. Chem, 2013, 2985.
[2] E. Erdmann, W. W. Seidel, B. Konig, manuscript in prep.
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Synthesis of New 1,2,4-Trioxane-Chloroquinoline Hybrids via Organo- and Cu(l)-catalyzed
Click Reactions and their Biological Evaluation

A. Capci Karagoz,* C. Hutterer,> M. Leidenberger,® O. Friedrich,®> M. Marschal,? B. Kappes® and

S. B. Tsogoeva**
'Organic Chemistry Chair | and Interdisciplinary Center for Molecular Materials, Friedrich-Alexander University of
Erlangen-Nurnberg, Henkestralle 42, 91054 Erlangen, Germany
%Institute for Clinical and Molecular Virology, Friedrich-Alexander University of Erlangen-Nirnberg, Schlossgarten 4,
91054 Erlangen, Germany
%Institute of Medical Biotechnology, Friedrich-Alexander University of Erlangen-Nirnberg, Paul-Gordon-StraRe 3,
91052 Erlangen, Germany

The natural sesquiterpene artemisinin and its derivatives have proven to be versatile antimalarial,
anticancer and antiviral agents.t! Recently, we have reported a series of 1,2,4-trioxane hybrid
molecules obtained via various domino and one-pot transformations./”? Notably, our results have
shown that the new molecular structures, prepared via hybridization, demonstrate strongly
improved properties compared to their parent compounds. In this study, artemisinin and
chloroquinoline derivatives have been chosen due to their highly antimalarial activity. Moreover,
comparative synthesis of triazole-linked hybrids via Cu(l)-catalyzed and organocatalyzed click
reactions have also been carried out.
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[1] T. Frohlich, A. Capci Karagoz, C. Reiter, S. B. Tsogoeva, J. Med. Chem. 2016, 59, 7360-7388.

[2] a) C. M. Bock, G. Parameshwarappa, S. Bonisch, C. Neiss, W. Bauer, F. Hampel, A. Gorling, S. B. Tsogoeva,
Chem. Eur. J. 2016, 22, 5189-5197; b) C. M. Bock, G. Parameshwarappa, S. Bonisch, W. Bauer, C. Hutterer, M.
Leidenberger, O. Friedrich, M. Marschall, B. Kappes, A. Gorling, S. B. Tsogoeva, ChemistryOpen, 2017, 6, 364-374; c)
F. E. Held, A. A. Guryev, T. Frohlich, F. Hampel, A. Kahnt, C. Hutterer, M. Steingruber, H. Bahsi, C. von Bojni¢i¢-
Kninski, D. S. Mattes, T. C. Foertsch, A. Nesterov-Mueller, M. Marschall, S. B. Tsogoeva, Nature Commun. 2017, 8,
15071.
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Synthesis of tryptophan-derived a-Amino Acids via directed C-H Activation

Lennart Nicke, Klaus Harms and Armin Geyer*
Department of Chemistry, Philipps-University Marburg, Germany

The increasing desire for unnatural o-amino acid building blocks for the synthesis of bioactive and
well-structured peptides made us investigate in the derivatization of canonic amino acids by the
means of directed B-C-H activation. Especially the need for bulky tryptophan derivatives

encouraged us to study the p-indoylation of a suitable protected phenylalanine with 8-
aminoquinoline as the directing group.

I 20 mol% Pd(OAc),, %
z 1.5 eq AgOAc NR
BOREOS S i
PhthN N tol, 80 °C, 72 h N |
PhthN
@)

o) R

R =Bn, Boc 67-78%, d.r. > 25:1
multi-gram scale

The well-established B,3"-diarylation of amino acids was to this point not expanded towards the use
of 3-iodoindoles,'*? which display a reasonable challenge in Pd(I1)/Pd(IV) catalyzed C-H activation
due to their high steric demand because of the adjacent benzoannelation to its pyrrole core. Also,
the lability of the 3-iodoindole compound makes the use of inert gas atmosphere crucial which
stands in sharp contrast to other Pd(11)/Pd(1V) catalyzed, directed C-H activation reactions.

[1] E. J. Corey et al., Org. Lett. 2006, 8 (15), 3391.
[2] J.-Q. Yu et al., Sciene 2014, 343, 1216.
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Synthesis of Anti-Inflammatory Oxacyclododecindione-Type Macrolactones

C. Weber, J. Tauber, T. Lucas and T. Opatz*
Institute of Organic Chemistry, Johannes Gutenberg University,
55128 Mainz, Germany

The fungal secondary metabolite oxacyclododecindione (3), a 12-membered macrolactone, and its
derivatives such as (S)-curvularin (1) and (14S, 15R)-14-deoxyoxacyclododecindione (2), exhibit
highly potent anti-inflammatory activities in cell culture and were successfully used in an in vivo
mouse model of systemic lupus erythematodes (SLE). [1]

Oxacyclododecindione-Type Macrolactones

" Vo] cH cl ’
Ho 3 "o HsC.] CHs
CHs CHs
A N
OH ©3 OH 04

To identify the biological targets and to gain a better understanding of structure-response
relationships, we strive for the total syntheses of the above named natural products and some
synthetic derivatives. Since the 12-membered ring bears intense ring strain, a ring closing method
with correct double bond and substituents positions poses the crucial step. We recently found a
Steglich esterification/intramolecular Friedel-Crafts acylation sequence to be suitable for the
racemic syntheses of 14-deoxyoxacyclododecindione (2) and the C-14 gem-dimethyl derivative 4.
[2,3]

The transfer of this ring closing method to the synthesis of oxacyclododecindione (3) and the
elucidation of its absolute configuration at C-14 and C-15 is still subject of ongoing research.

Key Step: Intramolecular Friedel-Crafts acylation
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[1] J. Richter, L. P. Sandjo, J. C. Liermann, T. Opatz and G. Erkel, Org. Biomed. Chem., 2015, 23,
556-563.

[2] J. Tauber, K. Rudolph, M. Rohr, G. Erkel and T. Opatz, Eur. J. Org. Chem., 2015, 3587—-3608.
[3] J. Tauber, M. Rohr, T. Walter, G. Erkel and T. Opatz, Org. Biomed. Chem., 2016, 14, 3695—
3698.
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Synthesis and functionalization of promising heteroaromatic ring of the future for medicinal
chemistry applications

P.E. da Silva Jnior,® T. Opatz,® A. Ganesan,® F.S. Emery™*
4 Faculty of Pharmaceutical Sciences of Ribeirdo Preto, University of Sdo Paulo, Rib. Preto, Brazil
® Institute of Organic Chemistry, Johannes Gutenberg-University,Mainz, Germany
¢School of Pharmacy, University of East Anglia, Norwich, UK

Heterocycles are an indispensable component of life occurring in a vast array of natural small
molecules as well as biopolymers including proteins and nucleic acids. Consequently, it is not
surprising that medicinal chemists are heavily dependent on heterocycles for drug discovery.
Inspired by the computational study by UCB Celltech to identify ‘Heteroaromatic Rings of the
Future’, here we describe our efforts to synthesize and explore the reactivity of a scaffold that fall
under the underprivileged category, 1,6 -dihydro-5H-pyrazolo[3,4-c]pyridin-5-one 1. [1]

The synthesis of 1 is based on a one-pot strategy that consists of subsequent reactions: reduction,
acetylation, nitrosation and hydrolysis to afford 1 [2]. Once established the synthesis of 1 in
multigram scale, we carried out a reactivity study, that resulted in regioselective strategies to acess

several positions of these complex heterocyclic system, 1.
HO
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[1] Pitt, W.R.; Parry D.M.; Perry, B.G.; Groom. C.R. J. Med. Chem. 2009, 52, 2952,
[2] Silva Junior, P. E.; Rezende, L. C. D.; Gimenes, J. P.; Maltarollo, V. G.; Dale, J.; Trossini, G. H.
G.; Emery, F. S.; Ganesan, A., Rsc Advances 2016, 6 (27), 22777-22780.
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One-Pot synthesis of pyrimido[2,1-a]isoindoles

P. Kramer, Dr. G. Manolikakes*
Department of Biochemistry, Chemistry and Pharmacy, Institute for Organic Chemistry and
Chemical Biology, Goethe-University, Max-von-Laue Str. 7, 60438 Frankfurt am Main, Germany

Nitrogen-containing heterocycles are abundant structural elements of a myriad of natural products
and biologically active compounds. Therefore, there is a sustained interest in the efficient
construction of these heterocycles. New methods for the synthesis of uncommon or so far
inaccessible heterocyclic cores are of particular interest for medicinal chemistry. ™

In the last few years Enamides and Enimides have become a useful tool for the synthesis of many
different nitrogen-containing molecules.”?! In the course of our work on a stereodivergent synthesis
of 1,3-diaminest™, we serendipitously discovered an unprecedented, highly stereoselective reaction
sequence of enimides with N-acylimines leading to novel, highly substituted
pyrimido[2,1-a]isoindoles with up to three continuous stereogenic centers.!!

A 1
\_/ X
R HN’R4 SnCl, o O °N TEA, NBu4I 1 s > 20 examples
o N o + )\ . N K‘) 'R3 R up to 73%
MeO” RS / \ R2 dr >98:<2
N ==/ 0 |

R? R!

This transformation is based on the hetero-Diels-Alder reaction of an in situ formed acylimine with
an enimide. The formed oxazin then undergoes a Brgnsted-acid-catalyzed rearrangement to the final
pyrimido[2,1-a]isoindole. The scope of the reaction is broad and encompasses various substituted
enimides and N-acyl-N,O-acetals. The tricyclic products were obtained in good yields and excellent
stereoselectivities. In summary we developed a novel reaction sequence for the synthesis of
pyrimido[2,1-a]isoindoles. Our method offers an efficient access to this of uncommon heterocyclic
scaffold and can provide an entry to new biologically active compounds.

[1] A.P. Taylor, R. P. Robinson, Y. M. Fobian, D. C. Blakemore, L. H. Jones, O. Fadeyi, Organic &
biomolecular chemistry 2016, 14, 6611.

[2] D.R. Carbery, Org. Biomol. Chem. 2008, 6, 3455.

[3] J. Halli, M. Bolte, J. Bats, G. Manolikakes, Org. Lett. 2017, 19, 674.

[4] P. Kramer, G. Manolikakes, Manuscript in preperation.
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Synthesis of p-methoxyphenyl sulfated 2-acetamido-2-deoxy-g-D-galactopyranoside
derivatives with inhibitory activity against Japanese encephalitis virus

Miho Sakuragi', Takumi Kodama', Rui Kawamura®, Ryoko Suzuki', Kazuya I. P. J. Hidari®, Takashi
Yamanaka® and Hirofumi Nakano™*
'Department of Chemistry, Aichi University of Education, Kariya, Aichi, Japan 448-8542; *Junior College Division,
University of Aizu, Ikki-machi, Aizuwakamatsu, Fukushima, Japan 965-8570; *Epizootic Research Center, Equine
Research Institute, Japan Racing Association, 1400-4 Shiba, Shimotsuke, Tochigi, Japan 329-0412

Japanese encephalitis virus (JEV) infection is considered a major public health concern. JEV has
caused a major outbreak of viral encephalitis in south, southeast, and east areas of Asia. More than
67,000 cases, including approximately 20,000 deaths annually, occur from the viral infection.
Vaccination is the most effective way to prevent JEV infection. JEV is not fully controlled in areas
with relatively lower vaccine coverage. Since there are no clinically-approved anti-JEV drugs
available, patients are confined to symptomatic alleviation and supportive care. Therefore,
therapeutic use of anti-JEV drugs need to be developed. Heparin and chondroitin sulfate E (CS-E)
are involved in host cell recognition in the early stage of JEV infection as host co-receptors. [1] In
this study, we focused on the structure of N-acetylgalactosamine (GalNAc) in CS-E because CS-E
shows strong inhibitory activity against JEV infection. We designed, chemically synthesized, and

characterized GalNAc on OH Lh o o oH 050,
derivatives with  different ,OSSO%OMF — °1 — H%ow = o0

numbers and positions of ol A HON o | e GalNAc:;g;
sulfate groups that showed . o, 2 N \ OSO os0.
effective inhibitory activity Ho%ow / T OP'VO T OT[ OMP
against JEV infection. The NrAG PrONSOHT NHAC e
synthesis of a series of p- ~ CelNAtSSS yan e \ soReEe
methoxyphenyl ~ B-GalNAc OQS(@& 0@ et
derivatives (GalNAc3S — MF’%@O/CH HONA TN O HONAIS O 080\ O
GalNAC354S6S)  with  a GelliActs GalNAceS GalNAc3SaS

sulfate group at 3-, 4-, and/ or 6-positions was carried out using an efficient route through a
common synthetic intermediate 1. [2]

In order to introduce various substituent to GalNAc, Cu(l)-catalyzed cycloaddition of propargyl
glycoside 5 with azide derivatives to give 1,2,3-triazoles and glycosylation of 7 having azide group
at 4-position followed by deprotection to give 9 were carried out. In the latter synthesis, Troc group
at 2-position was converted to alkoxycarbonyl group by treatment of the corresponding alkoxide
with removal of Piv groups. We also present their inhibitory activity against JEV.

Ng_OPiv

0380 _OH 0,80 _OH . Nz _OPiv N; _OH
¢ % Cu(l) 8 o % Glycosylation o) R’ONa <o
R N=N PivO SPh ——p OR ——» OR
HO o = HO O, U NHT PivO } HO ,
NHAC > N4-CH,CH;0R’ NHAc\&N\CHZCHZOR' roe ROH NHTroc ~ R'OH NHCOOR
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[1] D. Kato, S. Era, I. Watanabe, M. Arihara, N. Sugiura, K. Kimata, Y. Suzuki, K. Morita, K. I. P. J. Hidari, T. Suzuki.
Antiviral Res. 88, 236 (2010). [2] M. Sakuragi, R. Suzuki, K. I. P. J. Hidari, T. Yamanaka, H. Nakano. Pure Appl.
Chem. 2017; DOI 10.1515/pac-2016-0921
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Enantioselective synthesis of 1,4-dihydroquinoline-3-carboxylates via in situ generated
ortho-quinone methide imines

Tomas Hodik and Christoph Schneider*
Institut fir Organische Chemie, Universitat Leipzig, Leipzig 04103/Germany

The 1,4-dihydroquinoline architecture 1 represents an important structural motif of various natural
products and pharmaceutically active compounds.[1] Classical methods to synthesize this
heterocycle are mainly based on annulation reactions typically requiring harsh reaction
conditions.[2]

Recently, we have developed a phosphoric acid-catalysed strategy to form ortho-quinone methide
imines (0-QMIs) in situ from N-protected 2-aminobenzhydryl alcohols upon dehydration (Fig. 1).
The hydrogen-bonded o0-QMIs thus formed reacted with enamides in a formal [4+2]-cycloaddition
through a well-organised transition state assembly to form tetrahydrobenzo|[c]acridines 2 with good
chemical yields and excellent enantioselectivity in just one step.[3]

Previous work Current work
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Fig.1: The use of 0-QMIs in the synthesis of enantiomerically enriched heterocycles

We have now extended that concept to the enantioselective conjugate addition of B-keto esters
toward 0-QMI furnishing 1,4-dihydroquinoline-3-carboxylates 3 in one step after ensuing
cyclodehydration.[4] The desired heterocycles were obtained with good chemical yields and
enantioselectivity under ambient reaction conditions.
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[1] El-Essawy, F. A.; Boshta, N. M.; Alotaibi, M. A.; Elsayed, M. S.; Tarabees, R.; Saleh, E. A.,
Res. Chem. Intermed., 2016, 42, 8157.

[2] Viault, G.; Grée, D.; Roisnel, T.; Chandrasekhar S.; Grée, R., Tetrahedron, 2009, 65, 10149.

[3] Kretzschmar, M.; Hodik, T.; Schneider, C., Angew. Chem. Int. Ed., 2016, 55, 9788.

[4] Hodik, T.; Schneider, C., Org. Biomol. Chem., 2017,15, 3706.
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Selective C-5 iodination of furo[2,3-b]pyridine core and use thereof

Fernando Fumagalli*, Lutz Ackermann® and Flavio S. Emery*
* Department of Pharmaceutical Sciences, School of Pharmaceutical Sciences of Ribeirdo Preto, University
of Sdo Paulo, 14040-903 Ribeirao Preto-SP, Brazil
“Institut fur Organische und Biomolekulare Chemie Georg-August-Universitat Gottingen, Tammannstrasse
2, 37077 Gottingen (Germany)
We recently reported an efficient strategy for the synthesis of 2,3-substituted furo[2,3-b]pyridines,*
an fused heterobicyclic ring system with potential utility as a core unit for the development of
medicinal chemistry compound libraries.> We mapped the reactivity of the relatively underexplored
heterocyclic core in various reaction sequences, including C-H amination. In this case, we first
described the S-amination of the pyridine moiety, which can be largely influenced by the fused
furan ring."

o
R = DBU,DMAP YR ‘
(©) DCM, rt.,18h 0 :

N/ OEt O OEt E:NH 47(%\* OEt :
006 |

) K,
R'= H or Halogen R2 \® | CHs, PyBrop DIPEA
10 Examples ; NT O MeCN, rt, 18 h
i or 50-91% ! o‘@ 50%
cI” R R2= Alkyl or Aryl ~ TTTTTTTTTTTToTTommmmommsoosssooesoscooosoooocooooooooooes

Considering this unique reactivity, we explore other type of reaction, with different activating agent
and nucleophile. Based on recently described regioselective C-4 bromination of thieno[2,3-
blpyridine,> we used triflic anhydride to activate the furopyridine N-oxide derivative and
tetrabutylammonium iodide, as nucleophile source. The product obtained in moderated yield (46%,
isolated) showed the selectivity for iodination at C-5. It was not observed product with iodine at C-
4, as described for thieno[2,3-b]pyridine,® and just traces of C-6 iodine substituted furopyridine was
observed. Therefore we could active selective functionalization at C-5, which still will be
optimized.

o o) o)
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46% R
120°C, 18h 60%

The reactivity at C-5 is important to synthesize some biological active compounds.* Therefore we
also performed one example of use of this iodine derivative trough Suzuki coupling reaction. It was
possible to obtain the desired product in good yield.

These findings showed to be promising, but to the better understand of the pathways involved in
this selective C-5 activation reaction, other nucleophiles and activated agents will be tested.

[1] Fumagalli, F.; da Silva Emery, F., J. Org. Chem. 2016, 81 (21), 10339-10347.

[2] Sirakanyan, S. N.; Hovakimyan, A. A.; Noravyan, A. S., Russ. Chem. Rev. 2015, 84 (4), 441.

[3] Lucas, S. C. C.; Moore, J. E.; Donald, C. S.; Hawkins, J. L., J. Org. Chem. 2015, 80 (24), 12594-12598.
[4] Eastman, K. J.; Parcella, K. E.; Kadow, J. F. US Patent 2014/0275154 Al - Novel Compounds for the
Treatment of Hepatitis C. September, 18, 2014.
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Synthesis and transformations of aryl-functionalized 6-benzyl-3,6-dihydropyridin-2-ones
upon treatment with halogen- containing reagents as an example of Diversity-Oriented
Synthesis

Aleksandra Borzyszkowska, fukasz Struk and Jacek G. So$nicki*
Department of Organic and Physical Chemistry, Faculty of Chemical Technology and Engineering,
West Pomeranian University of Technology, Szczecin, Piastow Avenue 42, 71-065 Szczecin - POL

On the one hand, aryl substituted 2-pyridones and their fully or partially saturated derivatives,
including natural compounds such as camptothecin [1] and clausenamide [2] have been recognized
as promising pharmacophores showing a wide range of pharmacological activities [3].

On the other hand, 4(5)-aryl-functionalized 6-benzyl-3,6-dihydropyridin-2-ones (1), obtained by us
recently via the addition of benzyl magnesiate to corresponding aryl-pyridones [4], were found to
be suitable starting materials for halocarbocyclisation reactions, which deliver various products,
dependently on reagents and conditions used. For example, upon treatment of 1 with NBS, one of
the products formed belongs to bromo-benzomorphan derivatives (products A). The other products
(B) are derivatives of hexahydroindenopyridin-2-ones, resulted from the new aza-pinacol
rearrangement, which could be applied as a new synthetic tool to obtain natural alkaloids and
nitrogen-containing heterocyclic compounds [5].

Herein, we just present the preliminary results of halocarbocyclisation of 1 as an example of
Diversity-Oriented Synthesis, providing quick access to the libraries of structurally different
molecules (such as A, B, C, D) from simple precursors.
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[1] C. Taijie, L. Yu, H. Youhong, Y. Bo, L. Wei, Eur. J. Med. Chem., 2013, 64, 613-620.

[2] M.-H. Yang, Y.-Y. Chen, L. Huang, Phytochemistry 1988, 27, 445-450.

[3] M. Torres, S. Gil, M. Parra, Curr. Med. Chem., 2005, 9, 1757-1779.

[4] J.G. Sos$nicki, T.J. Idzik, A. Borzyszkowska, E. Wroblewski, G. Maciejewska, L. Struk,
Tetrahedron, 2017, 73, 481-493.

[5] Y. Yu, G. Li, L. Zu, Synlett 2016, 1303-13009.
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The Best Use of Acyl Groups Installed by Dynamic Kinetic Resolution for Asymmetric Total
Synthesis of Heterocyclic Natural Products

Shinji Kawanishi, Koji Sugiyama and Shuji Akai*
Graduate School of Pharmaceutical Sciences, Osaka University
1-6 Yamadaoka, Suita, Osaka 565-0871, Japan

Recently we developed a new method for dynamic Kinetic resolution (DKR) of racemic allylic
alcohols using a combination of lipases and our original racemization catalyst, V-MPS, in which
oxovanadium moieties were covalently bound on the inner surface of mesoporous silica (MPS) to
achieve perfect compatibility between the lipase and the oxovanadium moiety due to its narrow
pore. The DKR proceeds by the lipase-catalyzed kinetic resolution (KR) of the allylic alcohols
outside of MPS and the V-MPS-catalyzed racemization of remaning alcohols via 1,3-transposition
of the hydroxyl group inside of MPS to provide optically active allylic esters in quantitative yields
(Fig. 1a).! On the other hand, there are very few examples which utilize the acyl groups installed by

KR or DKR. In most cases, the acyl groups are removed or converted into other functional groups

during subsequent transformations. In this symposium, we present asymmetric total synthesis of

heterocyclic natural products, (—)-crinane and (—)-himbacine, by making best use of the acyl groups
installed by DKR of racemic alcohols (1a and 1b) (Fig. 1b). The presentation includes the following
topics:

I. An optically active allyl acetate (R)-3a, generated by DKR of a cyclic alcohol (+)-1a, with vinyl
acetate 2a, was converted into the cycloalkene 4 bearing all-carbon quaternary stereogenic centers
via the Ireland-Claisen rearrangement. Further chemical transformation of 4 achieved the
asymmetric total synthesis of (—)-crinane.?

Il. DKR of a dienol (+)-1b with an acyl donor 2b possessing a reactive dienophilic moiety produced
an optically active ester 3a, which caused an intramolecular Diels—Alder reaction in a one-pot
procedure to afford an optically-active lactone-fused decalin derivative 5. This method was
successfully applied to the asymmetric total synthesis of (—)-himbacine.’

(a)

V-MPS
HQ, « lipase R2 OH
Rzﬁ/\é acyl donor R1MR3 7 (-)-crinane
R'" RS
V-MPS-catalyzed
racemization &
1,3-migration NMe
inside of MPS H H
RZ QCOR* lipase R2 OH . Z
H acyl donor H > _H=IH
R1JV\R3 1 R1J\/\R3 e 7
lipase-catalyzed |E| 0
kinetic resolution | PhSO
outside of MPS 2 H H
5 (-)-himbacine

Fig. 1. (a) Outline of lipase/V-MPS combo-catalyzed DKR of allyl alcohols. (b) Lipase/V-MPS combo-catalyzed DKR of racemic allylic
alcohols 1a, b followed by chemical transformation using the installed acyl moieties.

1) (a) S. Akali, et al., Angew. Chem. Int. Ed. 2013, 52, 3654. (b) S. Akai, et al., Catal. Sci. Technol. 2016, 6,
5023. 2) S. Akai, et al. Green Chem. 2017, 19, 411. 3) S. Akai, et al. manuscript submitted.
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Syntheses of C4/C5 Cyclopropanated Uridine Analogues

C. Koéllmann, D. B. Werz*
Institut flr Organische Chemie, Technische Universitat Braunschweig, Braunschweig/DE

Nucleoside analogues proved to be a strong tool for anti-viral and anti-cancer therapy since the late
1960s. [1] Spirocyclopropanes are enhancing rigidity and conformational confinement of
nucleosides making protein interactions with these compounds more likely and feature drug
applicability. Up to now, only syntheses of difluorospirocyclopropanated nucleosides have been
performed by transfer of difluorocarbenes to an exocyclic terminal alkene. This method yielded
nucleoside analogues lacking the natural polarity and biological recognizable substitution pattern of
nucleosides at the C5. [2]

Recently our group developed a suitable diastereoselective cyclopropanation method to generate
spirocyclopropanated pyranoses by using the Furukawa procedure of the Simmons-Smith
reaction. [3] Further we established a novel class of C4/C5 cyclopropanated uridine analogues
conserving the natural nucleoside core structure (Scheme 1). [4] Finally an appropriate protection
strategy offers access to interesting unprotected spirocyclopropanated uridine analogues.

OYR OYR
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OH o 1) ZnEty, CH,l,
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HO 0 BOMO 0 2) Hy, Pd/C HO o)
N/i N/i N/i
)\N )\N )\N 0
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O 0]

R = iPr, C11H23

Scheme 1: Abridgement of the C4/C5 cyclopropanated uridine synthesis.

[1] L. P. Jordheim, D. Durantel, F. Zoulim, C. Dumontet, Nat. Rev. Drug Discov. 2013, 12, 447—
464.

[2] I. Nowak, M. J. Robins, J. Org. Chem. 2006, 71, 8876-8883.

[3] C. Brand, M. Granitzka, D. Stalke, D. B. Werz, Chem. Commun. 2011, 47, 10782-10784.

[4] C. Kéllmann, D. B. Werz, unpublished results.
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Catalytic Asymmetric Synthesis of Geminal Dicarboxylates (Acylals)
Nisha Mistry and Stephen P. Fletcher*
Chemistry Reasearch Laboratory, University of Oxford, 12 Mansfield Road, Oxford, OX1 3TA

Geminal dicarboxylates, also known as acylals, are a relatively under-explored class of compounds.
The diacetate derivative of these compounds is mostly used as a protecting group for aldehydes.™ It
has been shown that prochiral gem-dicarboxylates can be used in an asymmetric Pd-catalysed
allylic substitution reaction to give allylic esters in high ee.’ However, to the best of our
knowledge, there has only been one asymmetric synthesis of a gem-dicarboxylate, in which only 10
% ee was achieved.®! We have developed a rhodium-catalysed asymmetric synthesis of gem-
dicarboxylates starting from a prochiral starting material. The method uses common and readily
available carboxylic acids as nucleophiles, forming a new C-O bond enantioselectively.
Preliminary studies have shown the method can be applied to both aromatic and aliphatic carboxylic
acids giving both high yields and excellent enantioselectivities.
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[1] T. W. Greene, P. G. M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, Inc., New York,
USA, 1999.

[2] B. M. Trost, C. B. Lee, J. Am. Chem. Soc. 2001, 123,3671-3686.

[3] B. Zhang, S.-F. Zhu, Q.-L. Zhou, Tetrahedron Lett. 2013, 54, 2665-2668.
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Tris(triazolyl)methanols: A potential new class of
triazole-based H-donor catalysts

Qui-Nhi Duong, Prof. Dr. Olga Garcia Manchefio*
Institute of Organic Chemistry, University of Regensburg, Universitatsstr. 31, 93053 Regensburg
Qui-Nhi.Duong@ur.de

In the past years, hydrogen-bonding catalysis has been consolidated as a powerful synthetic
tool. It constitutes an important research field in asymmetric catalysis, in order to efficiently
prepare enantioenriched products. Typically, H-donor catalysts bear strong polarized O-H or
N-H bonds, such as in (thio)ureas or diols like BINOL. However, recent studies from our
group showed that 1,2,3-triazole- structures are also suitable as C-H-based H-donors in anion-
binding catalysis. [1]

Pericas et al. recently designed tris(triazolyl)methanol derivatives (TTM) as a new family of
asymmetric tridentate ligands for copper(l) catalysis. They were already efficiently employed
in several reaction types like cyclopropenation, insertion into a C-H bond, aziridination,
allylic- or sulfide oxidation, a-amination and the Henry reaction. [2] Furthermore, these
structures show a similar geometry like thiophosphoramides (TPA), which were presented by
Nagorny in 2013 as efficient three-hydrogen bond organocatalysts. [3] Thus, the three triazole
rings in the TTM-structures could also interact as a hydrogen-bond donor catalyst.

Herein, we present the first study of tris(triazolyl)methanol derivatives as potential new
hydrogen donor organocatalysts, in which the anion-binding activity is based on three 1,2,3-
triazole moieties.
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[1] (@ M. Zurro, S. Asmus, S. Beckendorf, C. Muck-Lichtenfeld, O. Garcia Manchefio,
J. Am. Chem. Soc. 2014, 136, 13999. (b) S. Asmus, M. Zurro, T. Fischer, O. Garcia
Manchefio, Angew. Chem. Int. Ed., 2015, 30, 8823.

[2] P. Etayo, C. Ayats, M. A. Pericas, Chem. Commun., 2016, 52, 1997.

[3] A. Borovika, P.-l., Tang, S. Klapman, P. Nagorny, Angew. Chem. Int. Ed., 2013, 52,
13424,
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Tetrasubstituted Enol Ethers via an anti-Carbopalladation/Alkoxylation Cascade

T. Schitter®, P. G. Jones® and D. B. Werz**
& Institut fir Organische Chemie, Technische Universitéat Braunschweig, Braunschweig/DE
® Institut fiir Anorganische Chemie, Technische Universitat Braunschweig, Braunschweig/DE

The formation of two or more bonds in one single step is becoming more and more relevant,
especially in terms of efficiency and atom economy. Such transformations are named domino
reactions, when they take place under the same reaction conditions without adding additional
reagents and catalysts, and in which the subsequent reactions are a consequence of the functionality
formed in the previous step. [1] Recently, our group developed a formal anti-carbopalladation of
alkynes. [2] Since such a process leads to a tetrasubstituted vinyl palladium species a terminating
step, e.g., a Heck reaction, needs to be added. [3]

In the present study, a nucleophilic attack by a hydroxyl group is used as terminating process. By
this anti-carbopalladation/alkoxylation cascade tetrasubstituted enol ethers are easily available
(Scheme 1). [4]

@34 | on [Pd] R /
o @)

Scheme 1: Example of an anti-carbopalladation/alkoxylation cascade.

[1] L. F. Tietze, Chem. Rev. 1996, 96, 115-136.

[2] M. Pawliczek, T. F. Schneider, C. Maal}, D. Stalke, D. B. Werz, Angew. Chem. Int. Ed. 2015,
54,4119-4123.

[3] M. Pawliczek, B. Milde, P. G. Jones, D. B. Werz, Chem. Eur. J. 2015, 21, 12303-12307.

[4] T. Schitter, P. G. Jones, D. B. Werz, unpublished results.
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Chemoenzymatic Synthesis of Heterobiaryl Natural Products and their Derivatives
Julian Greb', Anja Ullrich* and Jérg Pietruszka'*
YInstitute of Bioorganic Chemistry, Heinrich Heine University Diisseldorf located at
Forschungszentrum Julich, Stetternicher Forst, 52426 Jiilich
2|BG1: Biotechnology, Forschungszentrum Jiilich, 52428 Jiilich

As multi drug resistance (MDR) of cancer cells and pathogens has become an increasingly pressing
problem for the pharmaceutical treatment of diseases in the recent years, there is a growing demand
for novel drug-like molecules and lead structures. Therefore, modern natural product synthesis has
partly shifted its focus away from a ‘classical’, purely target-oriented approach towards more
diversity-oriented strategies [1]. Among the broad variety of bioactive natural products — from
which medicinal chemists draw their inspiration — dimeric heterobiaryls exhibit remarkable
bioactivities and an intriguing chemistry. Some prominent representatives are Phomoxanthone A
[2], which belongs to the diverse class of tetrahydroxanthone dimers [3], or the naphthopyranone
biaryl Viriditoxin [4] as well as related iso-coumarin dimers or monomers like Angelicoin B [5].
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Here, we will present our findings towards the syntheses of these complex compounds based on
common precursors, which should enable a rapid diversity generation.

[1] Tan, D.S., Nature Chemical Biology 2005, 1, 74-84; [2] Ronsberg, D.; et al., J. Org. Chem.
2013, 78, 12409-12425; [3] Wezeman, T.; Brése, S.; Masters, K.S., Nat. Prod. Rep. 2015, 32, 6-28;
[4] Wang, J., J. Biol. Chem. 2003, 278, 44424-44428; [5] Shibano, M; et al., Chem. Pharm. Bull.
2006, 54, 717-718.
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Reactions of Donor-Acceptor Cyclopropanes with Carbonyl Ylides

Martin Petzold? P. G. Jones®, D. B. Werz®"
# Institute of Organic Chemistry, Technische Universitat Braunschweig, Braunschweig/DE
 Institute of Inorganic Chemistry, Technische Universitat Braunschweig,Braunschweig/DE

The formation of complex structural motifs within one step is the key to many synthetic
strategies. Donor-acceptor (DA) cyclopropanes are of high value for this effort. Due to their
high ring strain (~115 kJ-mol™) and a strongly polarized vicinal carbon-carbon-bond they
offer unique reactivity and it is possible to unleash their full synthetic potential as Cs-building
blocks in various transformations. [1-3]

In this study DA cyclopropanes were reacted with carbonyl ylides. These 1,3-dipoles are well
known in literature for cycloadditions with e.g. olefins, alkynes, imines or carbonyls. [4,5]
They can be easily prepared in situ from the corresponding diazo compounds. The reaction

with DA cyclopropanes results in oxygen-bridged carbocycles (Scheme 1) with tunable
substitution pattern. [6]

OMe O O
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+ 3 2 .
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MeO N2 MeOZC Q
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Scheme 1: [3+3]-Cycloaddition of a DA cyclopropane with an in situ generated
carbonyl ylide.

[1] T. F. Schneider, J. Kaschel, D. B. Werz, Angew. Chem. Int. Ed. 2014, 53, 5504-5523.

[2] H.-U. Reissig, R. Zimmer, Chem. Rev. 2003, 103, 1151-1196.

[3] L. K. B. Garve, M. Petzold, P. G. Jones, D. B. Werz, Org. Lett. 2016, 18, 564-567.

[4] T. Hashimoto, K. Maruoka, Chem. Rev. 2015, 115, 5366-5412.

[5] Q.-Q. Cheng, J. Yedoyan, H. Arman, M. P. Doyle, Angew. Chem. Int. Ed. 2016, 55, 5573
5576.

[6] M. Petzold, D. B. Werz, unpublished results.
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Synthetic Strategy of Fused Benzofurans by using Quinone Monoacetals

Tohru Kamitanaka, Kohei Tsuboshima, Koji Morimoto, Toshifumi Dohi and Yasuyuki Kita
Research Organization of Science and Technology, Ritsumeikan University
Kusatsu, Shiga, Japan 525-8577

Highly functionalized fused-aromatic compounds widely exist in nature, pharmaceuticals,
agrochemicals and functional materials. These skeletons are generally constructed by the transition
metal-catalyzed reactions using the metal- or halogen-functionalized aromatic compounds as the
starting materials. Recently, direct coupling reactions of unfunctionalized aromatics by C-H
activation have been reported as atom-economical reaction by various research groups. However,
significant problems, such as regioselectivity and over reaction, are still remain in direct coupling
reactions. To dissolve these problems, we have focused on quinone monoacetals (QMAS) as aryl
equivalent. QMAs can be easily synthesized by the oxidation of phenols using hypervalent iodine
reagents, such as phenyliodine diacetate (PIDA) and phenyliodine bis(trifluoroacetate) (PIFA).
Regarding the reactivity, QMAs can be functionalized by various nucleophiles, because all ring
carbon atoms have electrophilic nature due to o,f-unsaturated carbonyl and allyl acetal moieties. A
number of 1,2- or 1,4-addition reactions to the a,B-unsaturated carbonyl moiety have been reported,
whereas substitution reactions to the allyl acetal moiety have been rarely reported.

Meanwhile, we have developed the regioselective substitution reactions to the allyl acetal moiety by
the aid of suitable acid promotors in 1,1,1,3,3,3-hexafluoroisopropanol. For example, electron-rich
aromatic compounds, such as alkoxy arenes, were introduced into the a-position of carbonyl on
QMAs, and o-substituted phenols were efficiently obtained,!! and alkene nucleophiles afforded
dihydrobenzofurans by Bransted acid-catalyzed [3+2] coupling reaction.” Moreover, we have
recently reported the synthesis of phenol cross-coupling products by the regioselective substitution
of phenols into the a-position of carbonyl.®! In this conference, we report the application of this
cross-coupling reaction to the synthesis of highly functionalized fused-benzofurans. This strategy
can afford the highly functionalized dibenzofurans without any transition-metal catalyst and pre-
functionalized aromatic compounds.
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[1] Angew. Chem. Int. Ed. 2011, 50, 6142; Chem. Eur. J. 2012, 18, 13614.
[2] Org. Lett. 2011, 13, 4814; Tetrahedron 2012, 68, 8424; J. Org. Chem. 2013, 78, 5530.
[3] Angew. Chem. Int. Ed. 2016, 55, 15535.
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Synthesis of Medium-sized trans-Cycloalkenes
by Domino 4n-Electrocyclization — Alkylation of Fused Cyclobutenes

Tomohiro Ito, Ken-ichi Yamada, Yousuke Yamaoka, Kiyosei Takasu*
Graduate School of Pharmaceutical Sciences, Kyoto University
Yoshida, Sakyo-ku, Kyoto 606-8501, JAPAN

A thermal 4n-electrocyclization of cyclobutenes stereospecifically proceeds in a
conrotatory manner to give 1,3-butadienes in accordance with the Woodward-Hoffmann rule. The
thermal electrocyclic ring-opening reaction of fused cyclobutenes 1 might generate cis,trans-
cycloalkadienes 2. When the size of the fused ring of 1 is not enough large, equilibrium of the
electrocyclization must be unfavorable for the production of 2 due to its severe ring strain. Despite
the latent planar chirality and the synthetic utility of the trans-cycloalkenes, the chemistry has been
rarely developed.

We have reported a domino reaction involving 4r-electrocyclization of 1 with chirality
transfer of the short-lived planar chiral intermediate 2, followed by Heck reaction to give fused
Indolines.! In present work, we focused on the high reactivity of the silyl enol ether moiety of
intermediate 2, and planned to synthesize the medium-sized trans-cycloalkenes with highly strain as
isolable products. When cyclobutenes 1 were treated with [18-crown-6K][F] and electrophiles (R-
X) at the appropriate temperature, trans-cycloalkenones 3 were obtained in good to excellent yield.
Stereoselective synthesis of tri-substituted trans-cycloalkene was also achieved. Medium-sized ring
synthesis using hetero-atom-containing fused cyclobutens and the chirality transfer experiment will
be discussed. The strategy would be a powerful and facile method for the formation of medium-
sized rings.
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Reference

1. Arichi, N., Yamaoka, Y., Yamada, K. Takasu, K. J. Am. Chem. Soc. 2015, 137, 9579-9582.
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Unsaturated N-Containing Four-Membered Heterocycles — A Versatile Building Block for
Drug Discovery

Dorian Didier,* Michael Eisold, Andreas N. Baumann

Ludwig-Maximilians Universitat, Department of Chemistry and Pharmacy
Butenandtstralle 5-13, 81377 Miinchen, Germany

Small, strained ring systems have recently received increased attention due to their large
applicability in drug discovery and development. However, generating these systems is often
limited by the restricted number of efficient and available methods. Spurred on by the recent
emerging interest that the chemical community has shown for unsaturated four-membered
heterocycles, we designed an unprecedented approach to nitrogen-containing four-membered rings.
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After having established a solid base for the efficient and stereoselective synthesis of their
carbonated analogues: cyclobutenes (CBs)! and alkylidenecyclobutanes (ACBs),**! we took on
the challenge of opening a new route toward substituted azetines.™ A step further was then taken by
developing a stereo- and regioselective access to fused alkylideneazetidines,® N-containing
analogues of biologically active fused ACBs.["!

[1] M. Eisold, A. N. Baumann, G. M. Kiefl, S. T. Emmerling, D. Didier, Chem. Eur. J. 2016, 23,
1634-1644.

[2] M. Eisold, D. Didier, Angew. Chem. Int. Ed. 2015, 54, 15884-15887.

[3] M. Eisold, G. M. Kiefl, D. Didier, Org. Lett. 2016, 18, 3022-3025.

[4] M. Eisold, D. Didier, Org. Lett. 2017, DOI: 10.1021/acs.orglett.7b01803

[5] A. N. Baumann, M. Eisold, A. Music, G. Haas, Y. M. Kiw, D. Didier, manuscript submitted.

[6] A. Music, M. Eisold, A. N. Baumann, D. Didier, manuscript submitted.
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Palladium activates thiocyanates:
Sulfur-carbon bond cleavage for the intramolecular cyanothiolation of internal alkynes

M. Biirger!, M. Loch?®, P. G. Jones? and D. B. Werz""

YInstitute of Organic Chemistry, 2Institute of Inorganic and Analytic Chemistry
Technical University of Braunschweig, Hagenring 30, 38106 Braunschweig, GERMANY
marcel.buerger@tu-braunschweig.de

Palladium-catalyzed cross-coupling reactions have been established as essential tools in organic
chemistry and are also of high importance in pharmaceutical and material science.! While in the
beginning primarily carbon-carbon bond formation has been investigated nowadays also carbon-
heteroatom bond construction plays a significant role. Besides C-X, C-O and C-N bond
functionalization the coupling of C-S bonds is only little investigated. An interesting approach is the
activation of Het-CN moieties as it was shown for oxycyanation, aminocyanation and also for the
reaction between aryl thiocyanates and terminal alkynes or arynes, respectively.?

As our group continuously strives for new methods to build up complex and valuable structures or
key scaffolds in a single synthetic step, we developed a methodology for the intramolecular
cyanothiolation of internal alkynes. This transformation leads to novel compounds with a
heterocyclic backbone (e.g. 1,4-benzoxathiines, thiopyranes or thiophenes) bearing a
tetrasubstituted exocyclic double bond (Scheme 1).*!
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Scheme 1: Intramolecular cyanothiolation of an internal alkyne.

In our initial studies, we show that the activation of the sulfur-cyano bond of an aromatic or
aliphatic thiocyanate enables the cyanothiolation of an internal triple bond. This transformation
includes a thiopalladation and the associated dislocation of the released cyanide as straightforward
termination step of the catalytic cycle.

[1] a) King, A.O.; Yasuda, N. Palladium-Catalyzed Cross-Coupling Reactions in the Synthesis of
Pharmaceuticals. In: Organometallics in Process Chemistry. Topics in Organometallic Chemistry,
Vol 6. Springer, Berlin, Heidelberg, 2004. b) Negishi, E. Handbook of Organopalladium Chemistry
for Organic Synthesis; John Wiley & Sons: New York, NY, 2002.

[2] (a) Pawliczek, M.; Garve, L. K. B.; Werz, D. B. Org. Lett. 2015,17, 1716-1719. (b) Miyazaki,
Y.; Ohta, N.; Semba, K.; Nakao, Y. J. Am. Chem. Soc. 2014, 136, 3732. c) Koester, D. C.;
Kobayashi, M.; Werz, D. B.; Nakao, Y. J. Am. Chem. Soc. 2012, 134, 6544. (d) Kamiya, I.;
Kawakami, J.-1.; Yano,S.; Nomoto, A.; Ogawa, A. Organometallics 2006, 25, 3562.

[3] Biirger, M.; Loch, M.; Jones, P. G.; Werz, D. W. unpublished results.
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Design and synthesis of chiral ligands using multivariate modelling

Alexandre Brethome, Robert S. Paton* and Stephen P. Fletcher*
Department of Chemistry, University of Oxford.
Chemistry Research Laboratory, 12 Mansfield Road, Oxford, OX1 3TA (UK)

Asymmetric catalysis is at the core of modern synthetic chemistry but catalyst design has been
driven by trial-and-error processes for decades. New techniques have recently emerged such as
high-throughput experimental screening®2 and physical-organic approaches.

The latter is expected to give a faster and systematic route to new catalysts. In particular, the
statistical analysis of multivariate models coupled with synthetic and mechanistic expertise shows
promise.3 Combining these separate areas will permit the development of more valuable and time
effective approaches to design new ligands in asymmetric catalysis.

In this work, we present the elaboration of experimentally validated quantitative structure
selectivity relationships in order to discover, design and synthesize new chiral ligands for
asymmetric catalysis.

This general rational approach to improve asymmetric induction has been applied to a copper-
catalysed asymmetric conjugate addition of alkylzirconium nucleophiles. The addition initially
proceeded in 59% yield with 33% ee+ and it now gives up to 99% vyield and 94% ee. Our work
shows that a systematic approach to catalyst design can be straightforward and effective.
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[1] Collins, K. D.; Gensch, T.; Glorius, F. Nat. Chem. 2014, 6 (10), 859.

[2] McNally, A.; Prier, C. K.; MacMillan, D. W. C. Science 2011, 334 (6059), 1114.
[3] Harper, K. C.; Sigman, M. S. J. Org. Chem. 2013, 78 (7), 2813.

[4] Roth, P. M. C,; Fletcher, S. P. Org. Lett. 2015, 17 (4), 912.
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Chiral ligand design for Copper catalysed conjugate addition with the aid of quantitative
structure-selectivity relationship

R.Ardkhean, R. Paton*, S. Fletcher*
Chemistry Research Laboratory, 12 Mansfield Road, Oxford, OX1 3TA, UK.

Cyclopentenones are challenging substrates for enantioselective conjugate addition reactions."” We
developed a mild and effective protocol for the synthesis of all-carbon quaternary centres using
copper catalysed asymmetric conjugate addition (ACA) of alkylzirconocenes derived from readily
available alkene starting materials.” To aid the design of the chiral phosphoramidite ligands for this
transformation, we used quantitative structure-enantioselectivity relationship and computational
calculations. The model showed correlations of electronic terms of the aryl moiety of the ligand and
the steric terms with the enantioselectivity observed.

(1) Alexakis, A.; Backvall, J. E.; Krause, N.; Pamies, O.; Diéguez, M. Chem. Rev. 2008, 108 (8),
2796.

(2) Quasdorf, K. W.; Overman, L. E. Nature 2014, 516 (7530), 181.

(3) Maksymowicz, R. M.; Roth, P. M. C.; Fletcher, S. P. Nat. Chem. 2012, 4 (8), 649.
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Cyclization of some bioisosteres of brassinin towards 1,3-thiazinane-2-thiones and 1,3-
thiazolidine-2-thiones

Diego Quiroga and Lili Becerra
Bioorganic Chemistry Laboratory, Facultad de Ciencias Bésicas y Aplicadas, Universidad Militar
Nueva Granada, Bogota/Colombia

Phytoalexins are secondary metabolites which are produced by plants for protecting against
microbial pathogens, heavy metals and UV irradiation. Among the cruciferous (Brassicaceae)
phytoalexins, brassinin has a fundamental role due to its central position in the biosynthetic
pathway of phytoalexins [1]. Some brassinin bioisosteres 1 have been synthesized from L-
tryptophan [2]. Antifungal activities showed the potential application of 1 as agrochemical agents.
To explore the cyclization reaction of 1 to 4-substituent-3-alkyl-1,3-thiazinane-2-thiones 2, some
reactions of 1 were carried out. We presented the synthesis of 2 and 4-alkyl-1,3-thiazolidine-2-
thiones 3 showing the dependence of the reaction conditions in the reaction pathway. The first step
of the synthetic methodology involved the esterification of L-alanine, L-phenylalanine and L-
tyrosine in excellent yields (93-98 %) to afford alkyl 2-aminoesters 4. Reactions of 4 with carbon
disulfide and Michael acceptors 5 were carried out using triethylamine and THF at room
temperature to obtain 2 in good yields (87-92%). The basicity of the reaction medium was modified
using triethylamine (TEA), potassium carbonate, potassium hydroxide and potassium methoxide,
respectively. When the reactions were performed at room temperature, compounds 3 were detected
using NMR *H and *3C. However, the presence of compounds 2 was also detected in CDCls
solutions. These results suggested the existence of opening-closure ring reactions. The major yields
for 2 were detected using soft bases such as TEA and potassium carbonate. The yield of 2 decreased
using stronger bases. Moreover, when the reactions were performed at reflux conditions,
compounds 3 were obtained as majority products in all the cases. These results suggested
compounds 1 could undergo collateral reactions with C-S bond cleavage. Then, ionic
dithiocarbamates 6 suffer ring cyclization to afford compounds 3. Product derived from the project
INV-CIAS-2043 funded by Vicerrectoria de Investigaciones at UMNG - Validity 2017.
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[1] Pedras, M. S. C.; Minic, Z. Bioorgan. Med. Chem. 2014, 22, 459~467.
[2] Quiroga, D.; Becerra, L. D.; Sadat-Bernal, J.; Vargas, H.; Coy-Barrera, E. Molecules, 2016, 21(10), 1349.
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Total Synthesis of Echinocidin D

K. Shimoda, Y. Yamaoka, H. Takikawa, K. Yamada, K. Takasu*
Graduate School of Parmaceutical Science, Kyoto University,
Yoshida, Sakyo-ku, Kyoto 606-8501, Japan

Protoilludane sesquiterpenoids, " cro
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between B- and C-rings, such as
echinocidin D (1) and melleolide (2),
display attractive biological activities (Figure 1). Echinocidin D, isolated from Echinodontium
tsugicola, was reported to accelerate plant growth process™. We will discuss about total synthesis
of echinocidin D and the synthetic study towards melleolide by using a new cyclobutene formation
reaction.

Cyclic ketene silyl acetal 4 was synthezed from known diketone 3 in several steps. AlMe;

catalyzed [2+2] cycloaddition of 4 with propiolate, which was recently reported by us, gave
tricyclic cyclobutene 5 in 94% yield. Transformation of o,-unsaturated ester 5 into cyclobutanone
7 was nicely achieved by Curtius rearrangement followed by hydrolysis. Intramolecular Morita-
Baylis-Hillman reaction was attempted to construct of the protoilludane skeleton. After several
exploration, the reaction of o,B-unsaturated aldehyde 8 with trimethylphosphine as a solvent gave
the desired tricyclic aldehyde 9. Further transformation provided echinocidin D (1). The synthesis
of melleolide (2) will be also presented.
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Scheme 1 Total synthesis of echinocidin D

[1] Y. Shiono et al. Z. Naturforsch 2005, 60b, 449.
[2] Y. Yamaoka, K. Takasu et al. Tetrahedron Lett. 2017 in press.
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Nitrosoallenes: Inter- and Intramolecular Reaction for Heterocycles Synthesis
by Their Strong Reactivities

H. Tanimoto,* S. Ueda, T. Shitaoka, K. Yokoyama, and K. Kakiuchi
Graduate School of Materials Science, Nara Institute of Science and Technology (NAIST),
Ikoma/JAPAN

Nitroso compounds are well known to be highly fascinating reactive species to construct nitrogen-
containing cyclic structures of various alkaloids and bioactive heterocycles. However, due to the
instability and synthetic difficulty, reaction potentials of nitroso compounds is to be further
developed.

Emerged from our research of azido cyclization with propargyl cations,[1] we have
developed the unique reactive intermediate nitrosoallenes. These showed strong electron-
withdrawing character by the presence of nitroso group, and a-substituted enoximes were rapidly
obtained in the presence of heteronucleophilic reagents through 1,4-addition to nitrosoallenes.[2]
With these strong electron-withdrawing ability, we envisioned that the high reactivity of
nitrosoallenes could give various heterocycles. We present synthesis of heterocyclic compounds by
intermolecular [3+2] reactions, and intramolecular endo-dig type cyclizations reactions on ISHC
congress.

With carbonyl compounds like ketones, formal [3+2] reactions rapidly occurred to give
oxacyclic nitrones.[3] Among them, spirooxacyclic nitrones proceeded further unique skeletal
rearrangement to give densely substituted spirocarbocyclic nitrones. Ester and nitrile nucleophiles
showed different reactivities to produce azacycles.

On the other hand, with substrates possessing internal nucleophilic sites, intramolecular
endo-dig type cyclizations, which were usually disfavored cyclization manners, were smoothly
carried out to afford exo-methylene enoximes of 5-7 membered rings, which contained S, O, and N
atoms, as well as carbocycles by C-C bond formations. The exo-methylene enoxime positions in
these (hetero)cyclic products are very efficient for further construction of the heterocycle structures.
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[1] H. Zhang, H. Tanimoto, T. Morimoto, Y. Nishiyama, K. Kakiuchi, Org. Lett. 2013, 15, 5222—
5225.

[2] H. Tanimoto, K. Yokoyama, Y. Mizutani, T. Shitaoka, T. Morimoto, Y. Nishiyama, K.
Kakiuchi, J. Org. Chem. 2016, 81, 559-574.

[3] H. Tanimoto, T. Shitaoka, K. Yokoyama, T. Morimoto, Y. Nishiyama, K. Kakiuchi,
J. Org. Chem. 2016, 81, 8722-8735.
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Synthesis of alkyl 5-(furan-2-yl)-3-ox0-2,3,4,5-tetrahydro[1,1'-biphenyl]-4-carboxylate type
compounds from heterocyclic chalcones

Lili Becerra and Diego Quiroga
Bioorganic Chemistry Laboratory, Facultad de Ciencias Bésicas y Aplicadas, Universidad Militar
Nueva Granada, Bogota/Colombia

Chalcone derivatives have been of great interest in the plant metabolism research, especially due
their importance in the biosynthesis of secondary metabolites such as flavonoids [1]. Moreover,
compounds with chalcone skeleton have shown an interesting behavior as antimicrobial, anti-
inflammatory, analgesic and anticancer agents [2]. Recently, chalcone type compounds have been
employed as reagents for the synthesis of various heterocyclic compounds such as flavones and
chromenes [3]. Exploring the potential application of chalcone derivatives as precursor of
biologically interest heterocyclic systems, we present the synthesis and application as synthetic
precursor of (2E)-3-(furan-2-yl)-1-phenylprop-2-en-1-ones 3. First, compound 3 was synthesized
starting from furfural 1 and acetophenone 2 in mild conditions. Then, compound 3 was evaluated as
precursor of alkyl 5-(furan-2-yl)-3-ox0-2,3,4,5-tetrahydro[1,1'-biphenyl]-4-carboxylate type
compounds 6. Some reactions between 3 and enolates derived from alkyl acetoacetates were studied
varying the reaction conditions such as base strength, temperature and solvent. NMR ‘H
experiments in CDCI; showed Michael addition reaction is the first step in the reaction mechanism.
This reaction only occurs under TEA catalysis, forming intermediate 5 in all the cases. When
stronger bases were used as catalysts, self-condensation reaction of carbonyl compounds occurred.
To avoid self-condensation reaction, 3 and 4 reacted using TEA as catalyst. Then, addition of
stronger bases in the reaction media leaded to the formation of 6 through Robinson annulation
reactions with moderate yields (45-63%). Some experiments were performed employing alkaline
metals as catalysts. Sodium-catalyzed reactions carried out to the compounds 6 formation in good
yields (79-87 %). Product derived from the project IMP-CIAS-2294 funded by Vicerrectoria de
Investigaciones at UMNG - Validity 2017.

[1] Winkel-Shirley, B. Curr. Opin. Plant Biol. 2002, 5(3), 218~223.
[2] Go, M. L.; Wu, X.; Liu, XL. Curr. Med. Chem. 2005, 12(4), 483~499.
[3] Zhang, G. et al. Eur. J. Med. Chem. 2017, 129, 303~309.
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Ru-catalyzed 1,6-enamide-yne cycloisomerization
for 2,3-disubstituted indoles synthesis

Kohei Takamoto, Norimichi Hyogo, Shohei Ohno, Hiromichi Fujioka, Mitsuhiro Arisawa*
Graduate School of Pharmaceutical Sciences, Osaka University
Yamada-oka 1-6, Suita, Osaka, 565-0871 JAPAN

A substituted indole, including a 2,3-disubstituted indole, is a key component of natural products
with bioactivities, and the synthesis of this important structure has been a research topic for many
years. Although several sophisticated methods for the synthesis of indole have been developed, it is
still challenging to construct a 2,3-disubstituted indole with a proper substituent at a desired
position.

Enamide in which the nitrogen atom of enamine is used as an amide has attracted in recent years,
because reactions of enamide with organometallic catalysts is useful for heterocycles synthesis. For
example, reactions of aliphatic enamide with organometallic catalyst (Co, Ru, Pd, etc.) gave
substituted pyrrole and pyridine [1, 2].

Here, we demonstrate ruthenium hydride catalyst A catalyzed 1,6-enamide-yne cycloisomerization
of 1, and subsequent aromatization to give a 2,3-disubstituted indole 3 (Fig. 1) [3].

Fig. 1 1,6-Enamide-yne cycloisomerization for 2,3-disubstituted indoles
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Yield of 3 from 1 R = H (92%), 3-Cl (60%), 4-Cl (73%), 5-Cl (85%), 6-Cl (69%), 4-OMe (81%)

We will also discuss chemical conversions of compounds 2 and 3 (Fig. 2).

[1] L. Wang, L.
Ackermann, Org.
Lett. 2013, 15, 176-
179; [2] J. Wu, W.
Xu, Z. X. Yu, J.
Wang, J. Am. Chem.
Soc. 2015, 137, 9489-
9496

[3] K.Takamoto, S. Ohno, N. Hyogo, H. Fujioka, M. Arisawa, J. Org. Chem., in press

Fig. 2 Examples of chemical conversions of compounds 2 and 3
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Visible light catalyzed [2+2] cycloadditions of a,fB-unsaturated esters by energy transfer.

Lukas Traub, Santosh Pagire, Asik Hossain, Sabine Kerres and Oliver Reiser*
Institute of Organic Chemistry, University of Regensburg.
Universitatsstr. 31, 93053 Regensburg, Germany

Cyclobutanes are a recurring structural motive in natural product synthesis. In the past, direct triplet
sensitization of n-systems by UV light enabled [2+2] cycloadditions for a variety of cyclobutane
derivatives.!! Starting from 2012, Yoon et al. developed intramolecular [2+2] cycloadditions
catalyzed by visible light by an energy transfer mechanism.’ However, the substrate scope up to
this point has been limited to styrene, diene and chalcone derivatives to achieve suitable triplet
energy levels.™!
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Scheme 1: A general overview for dimerization of o, -unsaturated esters.

A more diverse substrate scope with a variety of a,p-unsaturated esters for visible light catalyzed
[2+2] cycloadditions was accomplished. The substrate scope demonstrated tolerance towards
multiple different heterocycles, substituted cinnamates, chalcones and styrenes. Additionally, hetero
dimerizations with asymmetric products were explored and optimized. Moreover, selectivity for the
head-to-head product in intermolecular dimerization reactions was obtained using =n-stacking
interactions.

[1] S. Poplata, A. Troster, Y.-Q. Zou, T. Chem. Rev. 2016, 116, 9748—9815.
[2] Anna E. Hurtley, Zhan Lu, and Tehshik P. Yoon Angew. Chem. Int. Ed. 2014, 53, 8991 —8994.
[3] Zhan Lu and Tehshik P. Yoon Angew. Chem. Int. Ed. 2012, 51, 10329 —10332.
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Directed C—H Functionalization of Chromones, 1,4-Naphthoquinones, and
Xanthones with Maleimides under Rhodium(I11) Catalysis

Sang Hoon Han*
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
sang0306@nate.com

The weakly coordinating ketone group-directed C—H functionalizations of chromones,
1,4-naphthoquinones and xanthones with various maleimides under rhodium(lll)
catalysis are described. These protocols efficiently provide a range of succinimide-
containing chromones, naphthoquinones and xanthones with excellent site-selectivity
and functional group compatibility. All synthetic compounds were screened for in
vitro anticancer activity against human breast adenocarcinoma cell lines (MCF-7).
The ketone-containing bi- and tricyclic scaffolds have been recognized as ubiquitous
frameworks found in a large number of chromones, naphthoquinones and xanthones.
Particularly this class of compounds has attracted considerable attention by virtue of
their diverse and interesting biological activities, i.e. anticancer activity, antioxidant
activity, a-glucosidase inhibitory activity, antibacterial activity and antifungal activity.
As a consequence, various synthetic derivatives have been synthesized and evaluated
for clinical applications. We herein report the rhodium(lll)-catalyzed C-H alkylation
of chromones, naphthoquinones and xanthones with maleimides affording various
succinimide derivatives. In addition, all synthetic compounds have been screened for
the cytotoxic activity against human breast adenocarcinoma MCF-7 cell lines.
Moreover, compounds selected from initial activity screening were further tested
against various cancer cell lines, such as human prostate adenocarcinoma cells
(LNCaP), human liver carcinoma cells (HepG2), human lung carcinoma cells (A549)
and human ovarian carcinoma cells (SKOV3), and were found to exhibit promising
anticancer properties competitive with anticancer doxorubicin.
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Rhodium(l11)-Catalyzed C7 Functionalization of Indolines
with 1,4,2-Dioxazol-5-Ones

Sukhun Lee*
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
krasid@naver.com

Indolic scaffolds are recognized as ubiquitous structures found in a large number of
natural products and pharmaceuticals. Particularly, C7-amidated indolines and indoles
have attracted considerable attention by virtue of the discovery of interesting
biological properties. In fact, this class of compounds is known to display diverse
biological profiles, such as tublin polymerization inhibition, histone deacetylase
(HDAC) inhibitory activity, acyl CoA-monoacylglycerol acyltransferase-2 (MGAT2)
inhibition for hypocholesterolemic action, and antiproliferative activity. The
biological activities of these compounds are closely associated with C7-amino
functionality but vary depending on the nature and/or position of the substituents on
indolic scaffolds.

The past decade witnessed the transition-metal-catalyzed C—H functionalization as a
powerful method for the efficient construction of structurally diverse molecules in
organic and medicinal chemistry. In this context, a great deal of effort has been
devoted to the C—H functionalization of indolic scaffolds with various coupling
partners. In particular, the directing group-assisted C-7 functionalizations of indolines
have been of intensive research area due to prevalence of many pharmaceutical agents.
We herein disclose the Rh(lll)-catalyzed direct C—H amidation of indolines with
dioxazolones under mild reaction conditions. Also, our synthetic compounds have
been evaluated for the cytotoxic effect against human prostate adenocarcinoma cells
(LNCaP), human endometrial adenocarcinoma cells (Ishikawa) and human ovarian
carcinoma cells (SKOV3), and were found to have promising anticancer properties
competitive with that of anticancer agent doxorubicin.
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Synthesis of Bioactive Indazole Compounds via C—H Addition and Cyclization of
Azobenzenes under Rhodium Catalysis

Taejoo Jeong™
School of Pharmacy, Sungkyunkwan University, Suwon 16419, Republic of Korea
bonbatj@nate.com

The indazole heterocycle has been recognized as a crucial structural core found in natural
products and pharmaceuticals with a broad spectrum of medicinal applications.[1] In
particular, the 3-acyl indazole motif is present in molecules that possess anticancer, antiemetic,
viral polymerase inhibition, and anti-inflammatory activities.[2] The classical routes to 3-acyl
indazoles involve (i) N-nitrosation of acetanilides followed by intramolecular cyclization onto
the ortho-methylene group, (ii) multistep synthesis from isatins via hydrolysis of the amide
unit, diazotization and reduction, and (iii) direct lithiation at the C3-position followed by the
addition of electrophiles.

In continuation of our recent studies on the rhodium-catalyzed C—H functionalization and
heterocycles synthesis,[3] we herein present the Rh(lll)-catalyzed direct C—H addition
followed by intramolecular cyclization of azobenzenes with a-keto aldehydes, such as ethyl
glyoxalate and aryl glyoxals, affording 3-acyl-(2H)-indazoles.[4]

o] [RhCp*Cl,], (2.5 mol %) N

X AgSbFg (10 mol %) ~ N
N\\ + H > —
©i N o) NaOAc or AgOAC
o)
H X = OEt, Ar DCE, 60-100 °C X
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Efficient PhB(OH),-catalyzed synthesis of 3-substituted isobenzofuran-1-ones via
aldol-lactonization reaction under solvent-free conditions.

Angel Palillero-Cisneros, Victoria Labastida-Galvan, Irma Linzaga-Elizalde and Mario Ordofiez*

Centro de Investigaciones Quimicas-11CBA, Universidad Autonoma del Estado de Morelos.
Av. Universidad 1001, 62209 Cuernavaca, Morelos, México.

Isobenzofuran-1-ones or phthalides, are considered as internal esters of the corresponding y-
hydroxycarboxylic acids. Within this class of compounds, the 3-substituted isobenzofuran-1-ones
have shown several important biological activities. For example, the isobenzofuran-1-one 1 exhibit
significant antiproliferative active against two cancer cells (lymphoma and leukemia),[1] and 2 is a
precursor of n-butylphalide (NBP), which is currently in the market as an antiplatelet drug for
ischemia-cerebral apoplexy.[2]

0 0
Cr :
O o}
HO ‘
) Et
M Me

1

Although, exist a large number of protocols for the synthesis of 3-acyl substituted isobenzofuran-1-
ones, most of these methods involve the use of strong, corrosive and harmful acids and bases.[3]
For this reason, the introduction of an efficient, environmentally friendly, water resistant and
recyclable catalyst for the synthesis of these compounds under solvent free conditions is still a
challenge. Therefore, in connection with our program on the development of novel organic synthetic
methodologies, herein we report our results on the synthesis of 3-acyl substituted isobenzofuran-1-
ones in 67 to 80% vyield via an aldol-lactonization reaction between 2-formylbenzoic acid and
ketones catalyzed by PhB(OH), under solvent-free conditions.

(0]
o O
OH )J\ PhB(OH), .
—>
H Me R A
67-80% 0
) 13 examples
R
2; R = Alkyl, aryl
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Convenient one-pot synthesis of 2,3-disubstituted isoindolin-1-ones promoted by PhB(OH),

Melchor Solis-Santo,? Grecia Sanchez-Mufioz,? Ivan Romero-Estudillo,” Diego Lomeli-Rosales,®
Sara Angélica Cortes-Llamas,® and Mario Ordéfiez*

4Centro de Investigaciones Quimicas-1ICBA, Universidad Auténoma del Estado de Morelos, Av. Universidad
1001, 62209 Cuernavaca, Morelos, México. "Catedratico-CONACYT del Centro de Investigaciones
Quimicas. “Centro Universitario de Ciencias Exactas e Ingenierias, Universidad de Guadalajara, 44430
Guadalajara, Jalisco, México.

The isoindolin-1-ones (2,3-dihydro-1H-isoindol-1-ones) constitute a very interesting class of
organic compounds due to their attractive pharmacological properties, including antiinflamatory,
antitumor, antibacterial and antihypertensive activities. Additionally, the isoindolin-1-ones are key
intermediates for the synthesis of many naturally occurring bioactive compounds.[1] As result,
different methods have been developed for the preparation of these heterocycles, which suffer
various drawbacks such as long reaction times, high temperatures, unsatisfactory yields and the use
of expensive reagents.

In accordance with the increasing need to develop new methods to prepare these active compounds,
in this communication we report a straightforward, efficient and sustainable method for the one-pot
synthesis of new isoindolin-1-ones derivatives. The methodology involves the one-pot reaction of
2-formylbenzoic acid and aromatic or aliphatic amines in the presence of phenylboronic acid
PhB(OH), as a nontoxic, cheap and reusable catalyst, providing an important library of 2,3-
disubstituted isoindolin-1-ones in excellent yields (Scheme 1).[2]

'd N\
[ X
H,N—R
PhB( OH)2 OH H2N R
25to110 °C PhBOH
0to 50 C
83-96% = IkyI aryl 80-96% :
4 examples =C,N 8 examples
(. v

These new isoindolin-1-ones may find useful applications in organic synthesis, medicinal chemistry
and for the development of chemosensors.
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Efficient allylic substitutions catalyzed by bifuntional nanoparticles

Benjamin Kastl, Regensburg/D, Oliver Reiser, Regensburg/D

Prof. Dr. Oliver Reiser, Institut fir Organische Chemie, Universitit Regensburg, Universitatsstr. 31, D-
93053 Regensburg, Germany

The well-established Tsuji-Trost reaction is one of the most important protocols to form new C-
C/C-0 bonds via introducing an allylic group into organic molecules. As both base and palladium
catalyst are required and have to be selected carefully to avoid self-quenching, it would be desirable
to find an easy system which combines both active species in one catalyst and does not face those
problems. In this work we describe the PEI-system!? (polyethylenimine) on magnetic carbon-coated
nanoparticles (Co/C) as scavenger for palladium nanoparticles and its use in Tsuji-Trost reactions.?
The tertiary amine groups in the particles should act as base and the Pd(0) nanoparticles as
palladium catalyst. Recycling of the base is done via stirring the particles in a K,COs-solution. The
new hybrid material was applied successfully in the reaction of Ac- and Boc-protected (%)-4-
hydroxycyclopenten-1-one with p-methoxyphenol.1**!
R=Ac, 4 h, 0 °C, 92%

o OH
E? + © —  Pd@Co/C-PEI (0.2mol%)
OR OMe

R=Boc, Cs,CO3, 2.5 h, 0 °C, 90%

O
O\©\
OMe

The Pd@Co/C-PEI nanoparticles showed high activity in five consecutive cycles and could be recycled

successfully without any significant loss in activity.
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Sustainable synthesis of 3-substituted phthalides from pyrones

Michael Leitner, Daniel Dobler and Oliver Reiser*
Institut fir Organische Chemie, Universitat Regensburg
93053 Regensburg/D

The structural motif of phthalides (3H-isobenzofuran-1-ones) is a key structure in many natural
products isolated from plants and microorganisms.™! Especially, 3-substituted phthalides are
important heterocycles that possess a broad range of biological activities and significant
pharmacological potentials.” Furthermore, phthalides bearing an alkyl or aryl substituent at the C-3
position are valuable building blocks for the synthesis of plenty natural products and
pharmaceutical agents.®) Therefore, the synthesis of those target molecules is an interesting
research field. The focus of this work is to prepare a variety of 3-substituted phthalides and
derivatives via a Diels-Alder reaction of 6-substituted 2-pyrones and alkynes. We present a
synthetic route to different 6-a-hydroxyalkyl 2-pyrones A starting from 4-hydroxy-2-
cyclopentenone, which can be obtained from agricultural waste products.[**! Although 2-pyrones
are known to undergo [4+2]-cycloaddition with alkynes to give rise to benzene derivatives, no
cycloaddition reactions of 6-a-hydroxyalkyl 2-pyrones A are reported to date.! During the
investigations of the Diels-Alder reaction of those pyrones A with alkyne esters B, the formation of
phthalide derivatives D were observed. In addition, also an intramolecular Diel-Alder reaction was
developed yielding 3-substituted derivatives F. Studies towards an enantioselective synthesis of
those compounds are currently ongoing.

o CO,Et R? O R? o
(e I — o — (o
% OH , OH
R1 R R1 R1
A B c D
0
0
o
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E F
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ISOCYANIDES IN NEW THREE-COMPONENT REACTIONS

Pieter Mampuys,* Helfried Neumann,’ Eelco Ruijter,” Romano V.A. Orru,”
Matthias Beller,” Bert U.W. Maes, **

 Department of Chemistry, University of Antwerp, Groenenborgerlaan 171, B-2020 Antwerp,
Belgium.

" Leibniz-Institut fiir Katalyse e.V. an der Universitat Rostock Albert-Einstein-Strasse 29a, 18059
Rostock, Germany.

" Department of Chemistry & Pharmaceutical Sciences and Amsterdam Institute for Molecules,
Medicines and Systems (AIMMS), VU University Amsterdam, De Boelelaan 1083, 1081 HV
Amsterdam, The Netherlands.

Isocyanides (R*NC) are readily available and valuable C;-reactants for organic synthesis.[1] They
are especially valuable in the context of multicomponent reactions as they allow library synthesis in
a rapid and step-efficient manner. The one-pot nature of these reactions avoids multiple work-ups,
which is important in the context of sustainable chemistry.[2] Our laboratories have explored the
combination of R?NC with R*SO,SR? (thiosulfonates) in three-component reactions which gave
access to new methods for isothiourea (A) and thiocarbamate synthesis (B).[3] More recently, the
combination of R?NC and CO, was studied. Their simultaneous use in transition-metal catalyzed
reactions is a challenge due to the difference of these C;-reactants in kinetic and thermodynamic
stability. The Pd-catalyzed three-component reaction of 2-bromoanilines, CO, and RNC yielded N3-
substituted quinazoline-2,4(1H,3H)-diones (E). While two other heterocycles (C, D) can potentially
be formed, the three-component reaction delivered E in a completely regio- and chemoselective
manner.

N-
R »—NH
Cu-catalyst LN Br Z~N R2 o
R c 2
= R

1
1
1
1
:
= ® © NH2 , N N/
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Pd-catalyst | N~ ~O
! o] H
| N E
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