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WELCOME

The Organizing Committee cordially welcomes all participants and accompanying persons to Lisbon for
the 19" European Symposium on Organic Chemistry (ESOC 2015).This meeting aims at stimulating new
emerging areas in organic chemistry. Particular emphasis is given to catalysis and synthesis, while
contributions in topics covering recent advances in the chemistry of carbohydrates and proteins, natural
products, materials and polymers are also presented and discussed.

The meeting, approved by EuCheMs and by IUPAC, has attracted sponsorship from industrial partners
and science publishing companies, and the newest findings presented in this symposium clearly
demonstrate the relevance of organic chemistry to innovation for health. Bringing together scientists,
industrials and students with expertise in a diversity of areas covering organic chemistry, this symposium
is a unique opportunity not only to share the most recent results but also to foster new collaborations
between academic and industrial partners, offering also new perspectives for business opportunities and

innovation in Europe.

We hope you will enjoy the sharing and exchanging of your expertise in this symposium, held in the

beautiful and culturally rich city of Lisbon!

Amélia Pilar Rauter
Chair






ESOC HISTORY

The European Symposium on Organic Chemistry (ESOC) is a prestigious biannual event, first held in
Cologne (Germany) in 1979. ESOC offers plenary and invited lectures, oral presentations and poster
sessions, and brings together experts from Academia and Industry, and students whose research covers
Organic Chemistry and related areas. Characterized by the excellence of their speakers, these
prestigious events were held all over Europe. The last ESOC was held in Marseille, France (ESOC18)
and below, ESOC meetings are listed in chronological order:

2013 - ESOC 18 Marseille, France, July 7-12

2011 - ESOC 17 Crete, Greece, July 10 -15

2009 - ESOC 16 Prague, Czech Republic, July 12 - 16

2007 - ESOC 15 Dublin, Ireland, July 8 - 13

2005 - ESOC 14 Helsinki, Finland, July 4 - 8

2003 - ESOC 13 Dubrovnik, Croatia, September 10 -15

2001 - ESOC 12 Groningen, The Netherlands, July 13 - 18

1999 - ESOC 11 Goteborg, Sweden, July 23 - 28

1997 - ESOC 10 Basel, Switzerland, June 22 - 27

1995 - ESOC 9 Warszawa, Poland, June 18 - 23

1993 - ESOC 8 Barcelona, Spain, August 291 September 3

1991 - ESOC 7 Namur, Belgium, July 15 - 19

1989 - ESOC 6 Beograd, Yogoslavia, September 10 - 15

1987 - ESOC 5 Jerusalem, Israel, August 30 7 September 3

1985 - ESOC 4, Aix-en-Provence, France, September 2 - 6

1983 - ESOC 3 Canterbury, England, September 5 - 9

1981 - ESOC 2 Stresa, Italy, June 1-5

1979 - ESOC 1 Cologne, Germany, August 20 - 23

The 19th European Symposium on Organic Chemistry will now take place in Lisbon, a historical city

facing the ocean, near the most occidental point of the European continent.
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GENERAL INFORMATION

Meeting Venue

The Meeting will take place at the Rectory building of Universidade de Lisboa, located in Cidade
Universitaria, Alameda da Universidade.

The Rectory building is easily accessed from Lisbon airport, either by taxi (5 -10 min, 107 15 ()
Metro (Cidade Universitaria subway station, yellow line). The following buses are also convenient to
access the conference venue:

Bus 738, direction Quinta de Barros: Leave the bus at the stop "Cidade Universitaria or Cantina
Universidade" located in front of the Lisbon University Rectory. The route of bus 738 provides an
alternative transportation for participants staying at hotels in the city centre near the Avenida da

Liberdade and the area of the Saldanha Square.

Bus 735, direction Hospital Santa Maria: Leave the bus at the stops Cidade Universitaria or Cantina
Universidade located in front of the Lisbon University Rectory. The route of bus 735 provides an

alternative transportation for participants staying at hotels at Avenida de Roma.

Bus 736, direction Odivelas: Leave the bus at the stop Campo Grande / Av. Brasil. Walk along the
Avenida de Brasil towards the Alameda da Universidade. The route of bus 736 provides an alternative
transportation for participants staying at hotels in the city centre, along the Avenida da Liberdade and
the area of the Saldanha Square.

Some of the conference hotels are located within a walking distance from the Rectory building (15

minutes).

Universitaria)

T

" -
Buses 731, 735, 738,
755, 701, 736, 783
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Inside the Rectory building, conference room, speakers preview room and exhibition, poster session and
coffee break areas will be accordingly signposted, as illustrated in the map below.

COFp——
Ee
P, BREg,
OSTeR § Esgf Anp
§, T —
/ Prevpeakers
‘ 0 |
| B EXHIBITION %?;Tf
® -4 CONFERENCE AREA AND POSTER
R < AND -1
x ROOM COFFEE | POSTER SESSION
LUNCH E BREAK SESSION
MEETING o
POINT
U A
LISBOA
Lunches

Lunches on monday, tuesday and wednesday (July 13, 14 and 15) will be served at the University
restaurant, a few minutes walking distance from Rectory, and are included in the registration fee. We

kindly ask all participants to present their lunch tickets to the staff.

WiFi
A temporary login for the wireless Academic Network (eduroam) has been created. Please use the

following credentials:

Guest User Name: esoc

Password: esoc2015

Profile: guest-ULisboa

Language

English is the official language of ESOC 2015.
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Voltage

In Portugal the line voltage is 220 V and the connection is made by a two-pin plug. Travellers from USA

will require a voltage converter and those from UK will require a plug adapter.

Time Zone
The time zone in Lisbon is GMT.

Climate
In July, the temperature in Lisbon is on average 25°C (Low of 18°C and Max of 35°C). Eventually, it could

rain, although it is not usual.

Water

Tap water in Portugal is drinking water.

Insurance
All conference attendees are advised to arrange private travel insurance. The conference organizers

and committee accept no liability for personal accidents or damage to property.

Banking and Post Offices

Several banks and ATMs are located within 5 min walking distance from the Rectory of UL. Most
restaurants and shops will accept credit cards.

The national currency in Portugal is Euro. Banks are open from Monday to Friday between 8.30 am and
3 pm. Post offices are usually open between 8.30 am and 6 pm. Exchange houses operate everyday
between 9 am and 1 pm and from 2 pm to 7 pm.

Shopping

Shops are opened from Monday to Friday, between 9 am and 7 pm, in some cases with lunch break
from 1 pm to 3 pm. On Saturdays, shops open only in the morning, from 9 am to 1pm. The exception are
the Shopping Centres that do a 10 am to 10 or 11 pm stretch 7 days a week. The large Supermarkets

also stay open until 9 or 10 pm, 7 days a week.
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SOCIAL PROGRAMME

Welcome Reception and Concert
The social programme starts with a welcome reception, included in the registration fee, on the 12" of
July at 19h30, following a musical journey around Europe, a concert given at 18h30 by the EurJOC

Young Researcher Awardee Nuno Maulide (piano) and the singer Armando Possante (baritone).
Gala Dinner

The Gala dinner is at CASINO ESTORIL on the 14" of July (20:00 h) and is also included in the
registration fee. Buses will depart from the Rectory at 19h00 and will bring the participants to Casino
Estoril. Dinner will be served at the Black and Silver Room, and will be followed by a musical, based on
the history of Estoril, directed by Filipe la Féria, an acclaimed Portuguese producer with 47 years of
experience in theatre and show production. Buses will bring participants back to the conference hotels
after the show by 23h30.

Excursions on the 15th of July (not included in the registration fee)

The historical Lisbon tour, the excursions to Sintra, to Estoril and Cascais, and to Arrabida will start at
16h00 on the 15" of July. Departure will be from the Rectory of Universidade de Lisboa, and excursions
will end also at the Rectory of Universidade de Lisboa. They will be organized provided they have at
least 20 participants.

Historical Lisbon Tour

Lisbon is a remarkable City, with nearly 2.500 years of history. Highlights of this tour include the 12th

century fortress of St Georgeds, |l ocated on to of
Tagus River and the former Moorish quarter of Alfama, where some of the buildings have survived the
1755 earthquake. Then, the historical Belem will be visited, from where, in the 15th century, the
Portuguese Caravelas (sailing boats) departed in expeditions to find the maritime ways to Africa, Asia
and Brazil, in glorious seaadvent ur es. I n Bel em, the Jeroni mosos

Manueline style, will be visited, followed by the famous landmarks Belem Tower and the Monument to

the Discoveries.

Excursion to Sintra

The excursion to Sintra includes the visit to the Pena National Palace, one of the Seven Wonders of
Portugal that stands on the top of a hill above Sintra, a UNESCO World Heritage Site. The palace
constitutes one of ther major expressions of 19th century Romanticism in the world, which displays a
unique and intentional mix of Gothic, the Portuguese manueline, islamic and Renaissance styles. It is

really worth visiting!
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Excursion to Estoril and Cascais

In this excursion Cape Roca, the most occidental point of continental Europe, will be visited. The tour
will pass by Guincho beach, one of the most beautiful beachesiear Lisbon. This wild paradise stands on
an unspoiled dunes' area in the Sintra-Cascais natural park. This beach and surroundings are a wild
paradise for surfing, biking, horse riding and walking!

Following the scenic road along the coast line, where the Tejo River meets the Atlantic Ocean, you will
cross Estoril and Cascais, the Portuguese Riviera. This coast has attracted kings and queens since sea
baths became fashionable at the end of the 19th century. Following the coastline, the tour will pass by

Boca do Inferno (Hell's Mouth), an ocean carved spectacle in rock.

Excursion to Arrabida & the Southern Lisbon Wine Region

The excursion starts Heading South of Lisbon and crossing the Vasco da Gama bridge, one of the

l ongest in Europe, 17 kilometers, on the way to Az
cheese and the excellence of its wines. The tour will stop for a visit to the historical wine-cellars of José

Maria da Fonseca, the producer s of AMoscatel 6 wine, as well
proceeds for a scenic drive by the coastal road along the Arrabida Mountain, a preserved Natural Park

due to its unique vegetation in Europe, offering superb views over the mouth of the Sado River and the

Atlantic Ocean. The tour continues by passing through Setubal, one of the most important fish-caning

centers along the Sado River. A town of great traditions dated from the Celtic Cetobriga which housed

the Roman settlers who held in Setubal fish-salting tanks.
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SCIENTIFIC INFORMATION

Presentation Preview Room

Speakers are kindly asked to contact the organizing committee (Jodo Pedro Pais, Rafael Nunes,
Catarina Dias or Ana Marta Matos) at the preview room 24 h before presentation. If the speakers use a

Mac computer, previewing is also advised.

Posters

Posters will be displayed in the selected halls of the Rectory. Authors are requested to display their own
posters on the boards on Sunday before the opening session. Material to attach posters will be available.
Two poster sessions are scheduled on the 13" and the 14" of July from 16h15 to 17h30. Authors are
requested to stay near their posters during both sessions in order to be able to answer any questions
asked by the participants and by the evaluation pannel, in charge of selecting the posters to be awarded
with Poster Prizes.

AWARDS AND PRIZES

In ESOC 2015, three Awards will be given, namely the PATAI-RAPPOPORT LECTURE AWARD, the
EurJOC YOUNG RESEARCHER AWARD and the EuCheMS LECTURE AWARD.

Prof. llan Marek, Chief Editor of the PATAI series, is gratefully
acknowledged for the creation of the PATAI RAPPOPORT

Wl LEY Lecture, an award given for the first time in ESOC2015. The

Awardee is Prof. Peter Chen (ETH).

For the first time, the EurJOC YOUNG RESEARCHER
E ) AWARD is given, on behalf of ChemPubSoc Europe, the
“r .;;;};?_;J:;,.j;,;,‘;,.mu of organization of chemical societies that co-own the European
S i Journal of Organic Chemistry. By recognizing excellence in
research in Organic Chemistry by a young researcher, this
award will motivate the young generation of organic chemists
to continuing research in this scientific area and will stimulate
them to strive for excellence when conducting research.
We are particularly grateful to Dr. Haymo Ross, the Editor of
the European Journal of Organic Chemistry for the creation of
the EurJOC Young Researcher Award. The Awardee is Prof.

Nuno Maulide (University of Vienna).
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Clarke, Modet & C°

PORTUGAL

The EuCheMS LECTURE AWARD honours outstanding
achievements by a European chemist. It also serves to
enhance the image of European chemistry and to promote
scientific cooperation in Europe. The 2014 EuCheMS Lecture
Award was co-attributed to Prof. Christina Moberg and it will
be the Closing Lecture of ESOC2015.

Clarke, Modet & C Portugal Awards

The following awards will be given by Clarke, Modet & C
Portugal to ESOC 2015 participants:

1 - Clarke, Modet & C° Portugal - Provisional Portuguese
Patent Application Award

This award comprises preparation, technical revision and
patent application in Portugal at INPI

2 - Clarke, Modet & C° Portugal - Industrial Property
Diagnostics Award

This award comprises analysis of the technology, search for
patent documents and eventually other modalities, and
presentation of the report on Diagnostics of Industrial Property.
Applications comprising potential  provisional patent
applications should be submitted to Clarke Modet & C
Portugal, (info@clarkemodet.com.pt), for confidential
purposes, until September 30, 2015. The two best
applications will be chosen and the awards consist on a free
provisional patent application and on an industrial property
Diagnostics for free.

Clarke, Modet & C Portugal was founded in 1965. This
company relies on 40 specialists in Intellectual Property (IP) in
its offices in Lisbon and Oporto, which provide personalized
management of customers throughout the process of
innovation. It counts with professionals in several IP areas,
namely Patents, Designs, Trademarks, Copyrights and
Domain Names, Intelligence and Technological Surveillance,
Evaluation of Patents and Trademarks and Technology
Transfer.The offered services provide a complete support in
identifying and selecting the most appropriate form of

protection regarding the company's business strategy, as well
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as on the process of management and exploitation of its IP
assets. Clarke, Modet & C Portugal is part of the Clarke,
Modet & C Group, specialized in Intellectual Property since
1879 with companies in Spain, Argentina, Brazil, Chile,
Colombia, Mexico, Peru, Uruguay and Venezuela.

In addition to the described awards, the best oral

presentation prize and six poster communication prizes

will be given:
Organic & Best Oral Presentation Prize to award an oral
Biomolecular
Chemistry communication or a flash presentation, sponsored by Organic
and Biomolecular Chemistry i RSC
Organic & Organic and Biomolecular Chemistry Poster Prize
Biomolecular
Chemistry

MedChemComm Poster Prize

MedChemComm

ChemComm Poster Prize
ChemComm

SYNFACTS Poster Prize

 Thieme

The Portuguese Society of Chemistry Poster Prize

SOCIEDADE PORTUGUESA DE QUIMICA

The ESOC 2015 Poster Prize

SPECIAL ISSUE DEDICATED TO ESOC 2015

Authors of plenary and invited lectures, and oral communications are invited to submit a paper to the
IUPAC journal Pure and Applied Chemistry, that will dedicate an issue to ESOC 2015. Manuscript
submission and review will proceed following the journal policy and submission deadline is October 31,
2015.

The authors are requested to send ESOC 2015 chair (Prof. Amélia Pilar Rauter) the title of their

manuscript until the end of August.
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SCIENTIFIC PROGRAMME

The scientific programme aims at stimulating new emerging areas in organic chemistry, namely those
related to organic electronics for chemical sensing, photopharmacology, vaccines, among others.
Contributions to organic/bioorganic chemistry e.g. in the areas of carbohydrates and proteins, natural
products, small molecule and polymers, materials, and in synthesis and catalysis have demonstrated the
importance of organic chemistry for new developments and innovation in a broad range of applications.

The programme comprises contributions on the following topics:
A - Synthesis
B 1 Catalysis
C i Domino Reactions
D 7 Medicinal Chemistry
E 1 Natural Product Chemistry
F i Biomolecular Chemistry
G 1 Green Chemistry
H i Polymer Chemistry
| 7 Materials
J 1 Physical Organic Chemistry

K1 Other areas

The Meeting schedules 12 plenary lectures, 10 invited lectures, 24 oral and 8 flash communications, and
two poster sessions.
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PROGRAMME SCHEDULE

July 14,

July 15,

July 16,

10.307 16.00

Registration

9.00 -

9.45

9.4571 10.15

10.157

10.307

10.4071

11.00 7

11457

12.007

12.157

12.3071

12457

10.30

10.40

11.00

11.45

12.00

12.15

12.30

12.45

14.00

SESSION 1
Chaired by:
A. Echavarren,
C. Vaz
Sponsor: Hovione

PL1
|. Marek

IL1
B. Olofsson

ocC1
R. Loureiro

Coffee Break

SESSION 2
Chaired by:
J. A. Rodriguez,
H. Wennemers
Sponsor: Bruker
BioSpin

PL2
P. Seeberger

IL2
A. Marx

0ocC2
A. Hermann

0OC3
A.P. Antonchick

Lunch

Tuesday

SESSION 5
Chaired by:

M. Chmielewski,

A. Silva
Sponsor: BIAL

PL3
E. Giralt

IL6
D. Gillingham

0OC11
L. E. Kiss

F1 U. Hanefeld

Coffee Break

SESSION 6
Chaired by:
A. Burke,

P. Guiry

Sponsor: Techimede

PL4
H. Wennemers

IL7
G. Kokotos

0C12
F. Dénes

0OC13
Y. Queneau

Lunch

Wednesday

SESSION 9
Chaired by:
W. Magnus,
A.P. Rauter
Sponsor: Lilly

Lilly ESOC
Plenary Lecture
PL6
F.D. Toste

IL9
G. Poli

0OC20
E.V. Eycken

Coffee Break

SESSION 10
Chaired by:
B. Chen,

A. Minnaard

Sponsor: Fundagéo
Jacqueline Dias de

Sousa

PL7
G. Lloyd Jones

YIL3
R. Martin

0C21
M.E. Muratore

0C22
N. Krause

Lunch

Thursday

SESSION 12
Chaired by:
J. Cavaleiro,
|. Stary
Sponsor: AMSlab

PL8
T.M. Swager

PL9
C.A.M. Afonso

Coffee Break

SESSION 13
Chaired by:
D. Cole-Hamilton
Sponsor: EuCheMS

EuCheMS
Lecture 2014
C. Moberg

Award Ceremony

ESOC 2017

OC/Poster Awards

Final Remarks
Closure
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10.307 16.00

16.007 16.30

16.3071 17.15

17.157 17.30

17.3071 18.15

18.1571 18.30

18.3071 19.30

19.307 21.30

Registration

Opening
Session

PATAI
RAPPOPORT
Lecture 2015

P. Chen

Chaired by:
I. Marek

Sponsor: Wiley

Award
Ceremony

EurJOC
Young
Researcher
Lecture 2015
N. Maulide

Chaired by:
J. Jimenez-
Barbero,
H. Ross

Sponsor:
PubSocChem

Award

Ceremony

CONCERT
A musical

journey around

Europe

Armando
Possante,
Baritone

Nuno Maulide,

Piano

Sponsor: TCI

Welcome

Reception

14.007

14.3071
14.357

14.4071
14.457

145071
145517

15.00 1

15.1517

15.3071
15.351

15.4071
15.457

155071
15551
16.00 1

16.157

17.3071

174517

18.00 7

18.151

18.3071

19.00 7

20.007

14.30

14.35
14.40

14.45
14.50

14.55
15.00

15.15

15.30

15.35
15.40

15.45
15.50

15.55
16.00
16.15

17.30

17.45

18.00

18.15

18.30

19.00

19.30

23.30

SESSION 3
Chaired by:
F. Proenga,
Z. Witczak
Sponsor: nanalysis

IL3
M. Bandini

IL4
R. Orru

oc4
S. Riegel

0OC5
S. Xie

0OC6
N.R. Candeias

YIL1
J. Codee

Coffee Break and
Poster Session 1

SESSION 4
Chaired by:
C. Maycock,
T. Pinho e Melo
Sponsor: ScanSci

OC7
F.G. Zhang

0OC8
E.M. Scanlan

0C9
J.D. Wallis

0OC10
N. Eisink

YIL2
J. Tomé

IL5
A. Gabibov
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SESSION 7
Chaired by:
M.L. Cristiano,
M. Stratakis
Sponsor: GalChimia

PL5
D. Trauner

OC14
C. Bressy

0OC15
R. J. Estevez

OC16
L. Branco

F2 T. Gosh
F3 A. Gini

F4 S. Lemouzy

OC17
G. Lemiére

Coffee Break and
Poster Session 2

SESSION 8
Chaired by:
L.L. Gundersen,
A. Lobo
Sponsor: IUPAC

OC18
B. Hess

0OC19
A. Millan

IL8
M. Garson

Gala Dinner

SESSION 11
Chaired by:
S. Doron,
R. Moreira
Sponsor: Thieme
Chemistry

IL10
D. Werz

F5 V. Hornillos
F6 J. Dodonova
F7 J.F. Briere

ocC23
J. George

0C24
W.F. Patureau

YIL4
G. Masson

Excursion




DETAILED PROGRAMME

Sunday, the 12" of July 2015
10:30 Registration
16:00 Opening Ceremony

Chaired by llan Marek
Sponsor: Wiley

16:30 Opening Catalytic Electrophilic Cyclopropanation without Diazo Compounds:
Lecture De Novo Mechanistic Design and a Historical Twist
Al PATAI RAPPOPORT Lecture 2015
Peter Chen

ETH, Switzerland

17:15 Award
Ceremony

Chaired by: Haymo Ross and Jesus Jiménez-Barbero
Sponsor: ChemPubSoc

17:30 A2 Catalytic Rearrangements as Tools for Bond Formation
EurJOC Young Researcher Lecture 2015
Nuno Maulide
University of Vienna, Institute of Organic Chemistry, Austria

18:15 Award
Ceremony
Sponsor: TCI
18:30 Concert A musical journey around Europe
Nuno Maulide, piano
Armando Possante, Baritone
19:30 Welcome Reception

Monday, the 13" of July 2015

SESSION 1
Chaired by Antonio Echavarren and Claudia Vaz
Sponsor: Hovione

9:00 PL1 Preparation and Reactivity of Acyclic Trisubstituted Enolates
llan Marek
Schulich Faculty of Chemistry, Technion-Israel Institute of
Technology, Haifa, Israel

9:45 IL1 Green Arylations with Diaryliodonium Salts
Berit Olofsson
Department of Organic Chemistry, Stockholm University, Sweeden
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10:15 oC1 Active Pharmaceutical Ingredients: Purification Scale-up Challenges
Rui Loureiro
Hovione FarmaCiéncia SA, Portugal

10:30 Coffee Break

SESSION 2
Chaired by Jean-A. Rodriguez, Helma Wennemers
Sponsor: Bruker BioSpin

11:00 PL2 Fully Synthetic Carbohydrate Vaccines
Peter H. Seeberger
Max-Planck Institute for Colloids and Interfaces, Potsdam, Germany

11:45 IL2 Synthetic Tools to Study Protein and DNA Modifications
Andreas Marx
University of Konstanz, Germany

12:15 0oC2 DNA as a Scaffold for Reactions, Catalysts and Protective Groups
Andreas Herrmann

Zernike Institute for Advanced Materials, University of Groningen, The
Netherlands

12:30 0C3 Direct Oxidative Synthesis of Heterocycles
Andrey P. Antonchick

Max-Planck-Institut fir Molekulare Physiologie and Technische
Universitat Dortmund, Germany

12:45 Lunch

SESSION 3
Chaired by Fernanda Proencga and Zbigniew Witczak
Sponsor: Nanalysis

14:00 IL3 New Opportunities for the Stereoselective Dearomatization of
Indoles
Marco Bandini
University of Bologna, Italy

14:30 IL4 Multicomponent reactions: Advanced Tools for Sustainable Organic
Synthesis

Romano V. A. Orru
VU University, Amsterdam, The Netherlands

15:00 0oC4 Benchtop NMR Spectroscopy of Reation Monitoring
Susanne D. Riegel
Nanalysis Corp., Calgary, Canada

15:15 OC5 Perfluoraryl Azides: Pre-activated Dipole in Cycloadditions
Sheng Xie, Olof Ramstrém, Mingdi Yan

Department of Chemistry, KTH-Royal Institute of Technology,
Stockholm, Sweden

15:30 0OC6 Petasis Borono-Mannich Reactions in Glycerol
Nuno R. Candeias, Tomi Rosholm, and Robert Franzen
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Department of Chemistry and Bioengineering,
Tampere University of Technology, Finland

15:45 YIL1 A Sweet Twist: Conformational Behavior of Oxocarbenium lons
Jeroen D. C. Codee
Leiden Institute of Chemistry, Universiteit Leiden, The Netherlands

16:15 Coffee Break and Poster Session 1

SESSION 4
Chaired by: Christopher Maycock and Teresa Pinho e Melo
Sponsor: ScanSci

17:30 OoC7 Brook Rearrangement as a Trigger for the RingZDpening of
Cyclopropanes
FaZsuang Zhang, Guillaume Eppe and llan Marek

Schulich Faculty of Chemistry, Technion - Israel Institute of
Technology, Haifa, Israel

17:45 ocCs8 Applications of Intramolecular Thiyl Radical Reactions in Synthesis
Eoin M. Scanlan

School of Chemistry, Trinity Biomedical Science Institute, Trinity
College Dublin, Ireland

18:00 0C9 Bond Formation and Interactions in Peri-Disubstituted Naphthalenes

Nerea Mercadal, Amélie Wannebroucq, Gizem Saritemur, Mateusz B.
Pitak, Simon J. Coles,

Gregory J. Rees, John V. Hanna and John D. Wallis

School of Science and Technology, Nottingham Trent University,
Nottingham, UK

18:15 OC10 Selective Modification of Unprotected Oligosaccharides
Niek N. H. M. Eisink, Martin D. Witte, Adriaan J. Minnaard
University of Groningen, The Netherlands

18:30 YIL2 Photoactive Molecules and Materials Based on Porphyrins
and Phthalocyanines
Jodo P.C. Tomé

Department of Chemistry, University of Aveiro, Portugal and
Department of Organic and Macromolecular Chemistry, Ghent
University, Belgium

19:00 IL5 Modern Pharmacology: Magic Bullet & Combinatorial
Approaches. Mechanisms of Antigen Degradation
Alexander Gabibov
Lomonosov Moscow State University, Russia
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Tuesday, the 14" of July 2015

SESSION 5
Chaired by Marek Chmielewski and Artur Silva
Sponsor: BIAL

9:00 PL3 Peptides as Molecular Interactors
Ernest Giralt
Institute for Research in Biomedicine (IRB Barcelona) and
Department of Organic Chemistry, University of Barcelona, Spain

9:45 IL6 Advances in Bioconjugation: New Twists on Old Reactions
Dennis Gillingham
University of Basel, Switzerland

10:15 OC11 COMT Inhibition as a Target for Drug Discovery
Laszlo E. Kiss and Patricio Soares-da-Silva

Laboratory of Chemistry, Department of Research & Development,
BIAL, Portugal

10:30 F1 Enantioselective Addition of Water
UIf Hanefeld, Bi-Shuang Chen, Linda G. Otten, and Verena Resch
Technische Universiteit Delft, Delft, The Netherlands

10:40 Coffee Break

SESSION 6
Chaired by Anthony Burke and Patrick Guiry
Sponsor: Tecnimede

11:00 PL4 Controlling Supramolecular Assemblies with Proline-Rich Scaffolds
Helma Wennemers
Laboratory of Organic Chemistry, ETH Zirich, Switzerland

11:45 IL7 Design, Synthesis and Study of Phospholipase A: Inhibitors as Tools
and Novel Medicinal Agents

George Kokotos
University of Athens, Greece

12:15 0C12 Chemoselective Access to Highly Substituted Butenolides via a
Radical Cyclization Pathway: Mechanistic Study, Limits and
Application

Romai m ®B ®a u ;ChristaplzenRouaud, Carole F. Despiau,
AnneBoussonni r e, Jandaksi cebD®n ¢

Université de Nantes, France

12:30 0C13 Synthesis of Sugar Phosphates Analogues of Agrocinopine A:
Insights in the Binding Mode of the Protein accA of Agrobacterium
tumefaciens

Mohammed Ahmar, Si-zhe Li, Laurent Soulére, Abbas El Sahili, Denis
Faure, Solange Morera

and Yves Queneau
Université de Lyon, INSA Lyon, France

12:45 Lunch
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SESSION 7

Chaired by Maria. L. Cristiano and Manolis Stratakis
Sponsor: GalChimia

14:00

14:45

15:00

15:15

15:30

15:40

15:50

16:00

16:15

SESSION 8

PL5

OC14

OC15

OC16

F2

F3

F4

OC17

Controlling Biological Function with Photopharmacology
Dirk Trauner
Ludwig-Maximilians-Universitat, Munich, Germany

Amplification of Enantioselectivity During  Organocatalyzed
Desymmetrization of meso Diols

Cyril Bressy
Aix Marseille Université, Centrale Marseille, CNRS, Marseille, France

A New Contribution to Nitro Sugar Chemistry: Transformation of 3-O-
Benzyl-5,6-dideoxy-1,2-O-isopropylidene-5-C-(methoxycarbonyl)-6-
nitro-U-D-glucofuranose int o Hi ghl y Q\minc Acidsaandn
Seven Me mbrno Acills b

Amalia M. Estévez, Marcos A. Gonzalez, Rosalino Balo, Juan C.
Estévez, and Ramén J. Estévez

Center for Research in Biological Chemistry and Molecular Materials
(Glycochemistry Laboratory), Santiago de Compostela, Spain

Natural Chiral Organic Salts for Asymmetric Catalysis
Luis C. Branco, K. Zalewska, Goncalo Carrera and M. N. Ponte
Department of Chemistry, Universidade Nova de Lisboa, Portugal

Reduction of Aryl Halides by Consecutive Visible Light-Induced
Electron Transfer Processes

Tamal Ghosh, Indrajit Ghosh, Javier |. Bardagi and Burkhard Konig
Institute of Organic Chemistry, University of Regensburg, Germany

Tempo-Mediated in situ Formation and Trapping of Unstable Nitrones:
Synthesis of N-Carbamoyl/Acyl Isoxazolines

Andrea Gini, M. Segler, O. Garcia Manchefio
Institute for Organic Chemistry, University of Regensburg, Germany

Stereospecific Synthesis of Uand b Functionalised P-Chiral Tertiary
Phosphine-Boranes

Sébastien Lemouzy, Duc Hanh Nguyen, Laurent Giordano, Damien
Hérault and Gérard Buono

Ai x Marseille Universit®, Centr

Bismuth triflate-catalysed Cycloisomerizations Involving Allenes
Gilles Lemiere, Ilhem Diaf, Pierrick Ondet, and Elisabet Dufiach
Nice Institute of Chemistry, Université Nice Sophia Antipolis, France

Coffee Break and Poster Session 2

Chaired by Lise-L. Gundersen and Ana Lobo

Sponsor: IUPAC

17:30

0OC18

Biosynthetic Mechanism of Lanosterol: Cyclization

B. Andes Hess, Jr., Nanhao Chen, Shenglong Wang, Lidia Smentek,
and Ruibo Wu
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17:45 0OC19
18:00 IL8
18:30

19:00

Department of Chemistry, Vanderbilt University, Nashville,
Tennessee, USA

Total Synthesis of Clavosolide A
Alba Millan and Varinder K. Aggarwal
School of Chemistry, University of Bristol, UK

Natural Bioassay-Guided Isolation of Sesquiterpenes with Rare
Carbon Skeletons from Marine Animals

Mary J. Garson

The University of Queensland, Brisbane, Australia

Photo

Departure to the Gala Dinner

Wednesday, the 15" of July, 2015

Chaired by Walter Magnus and Amélia P. Rauter

SESSION 9

Sponsor: Lilly

9:00 PL6

9:45 IL9

10:15 0C20

10:30 Coffee Break
SESSION 10

Concepts and Catalysts for Organic Synthesis
Lilly ESOC Plenary Lecture

F. Dean Toste

University of California, Berkeley, USA

Palladium Catalysis in Sequential and Oxidative Transformations:
Where Are We?

G. Poli
Sorbonne Université, UPMC Univ Paris 06, Paris, France

Gold-Catalysed Post-Ugi Heteroannulations and Domino Reactions
Erik V. Van der Eycken
Department of Chemistry, University of Leuven (KU Leuven), Belgium

Chaired by Beining Chen and Adriaan Minnaard
Sponsor: Fundagéo Jaqueline Dias de Sousa

11:00 PL7
11.45 YIL3
12:15 0ocC21

Reagents in Catalysis: Mechanism, Design and Control
Guy C. Lloyd-Jones
School of Chemistry, University of Edinburgh, UK

Metal-Catalyzed Reductive Carboxylation with CO>
Ruben Martin

Institute of Chemical Research of Catalonia (ICIQ), Tarragona, and
Catalan Institution for Research and Advanced Studies (ICREA),
Barcelona, Spain

The Versatility of Gold(l)-Catalysis Applied to the Total Syntheses of
(-)-Nardoaristolone B and Lundurine C
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Michael E. Muratore, Mariia S. Kirillova, Anna Homs, Ruth Dorel, and
Antonio M. Echavarren

Institute of Chemical Research of Catalonia, Tarragona, Spain

12:30 0C22 Sustainable Gold Catalysis: Synthesis of New Spiroacetals
Norbert Krause
Dortmund University of Technology, Germany

12:45 Lunch

SESSION 11
Chaired by Shabat Doron and Rui Moreira
Sponsor: Thieme Chemistry

14:00 IL10 Carbopalladation Cascades i Not Only Syn, but Also Anti
Daniel B. Werz
Technische Universitat Braunschweig, Germany

14:30 F5 Direct Catalytic Cross-Coupling of Organolithium Compounds

Valentin Hornillos, Massimo Giannerini, Carlos Vila, Martin
Fananas-Mastral

and Ben L. Feringa
University of Groningen, The Netherlands

14:40 F6 2,4,6-Triarylpirrolo[2,3-d]pyrimidines by Suzuki Coupling and C-H
Arylation Reactions
Jelena Dodonova and Sigitas Tumkevicius
Vilnius University, Lithuania

14:50 F7 Organocatalyzed Synthesis of Heterocycle s : The M
Approach

Jean-Francois.Briere, C. Berini, R. Noél, E. Pair, S. Postikova,
T.Tite. M. Sabbah, and V. Levacher

University of Rouen; INSA Rouen, Mont Saint Aignan, France

15:00 0C23 Biomimetic Synthesis of Chlorinated Meroterpenoids from
Streptomyces bacteria

Jonathan H. George
Department of Chemistry, University of Adelaide, Australia

15:15 0C24 0O.-Mediated Radical Dehydrogenative Amination Reactions
Frederic W. Patureau
FB Chemie, TU Kaiserslautern, Germany

15:30 YIL4 Asymmetric Difunctionalization of Enamides via Hydrogen Bond
Catalysis
Géraldine Masson
Institut de Chimie des Substances Naturelles, Gif-sur-Yvette, France

16:00 Excursion
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Thursday, the 16th of July, 2015

SESSION 12
Chaired by José Cavaleiro and Ivo Stary
Sponsor: AMSlab

9:00 PL8 Organic Electronics for Chemical Sensing
Timothy M. Swager
Massachusetts Institute of Technology, USA

9:45 PL9 From Biorenewable Resources to Heterocycles
Carlos A. M. Afonso
Faculty of Pharmacy, University of Lisbon, Portugal

10:30 Coffee Break

SESSION 13
Chaired by David Cole-Hamilton
Sponsor: EuCheMS

11:00 A3 Recycling in Asymmetric Catalysis
EuCheMS Lecture 2014
Christina Moberg

Department of Chemistry, KTH Royal Institute of Technology,
Stockholm, Sweden

11:45 Award Ceremony

12:00 ESOC 2017

12:15 OC/Poster Awards
Closure
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LIST OF LECTURES
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AWARD LECTURES

PATAI RAPPOPORT Lecture 2015

CATALYTIC ELECTROPHILIC CYCLOPROPANATION WITHOUT DIAZO COMPOUNDS: DE NOVO

MECHANISTIC DESIGN AND A HISTORICAL TWIST
Peter Chen
Laboratorium fur Organische Chemie, ETH Zirich, Switzerland

EurJOC Young Researcher Lecture 2015

CATALYTIC REARRANGEMENTS AS TOOLS FOR BOND FORMATION
Nuno Maulide
Institute of Organic Chemistry, University of Vienna, Austria

EuCheMS Lecture 2014
RECYCLING IN ASYMMETRIC CATALYSIS

Christina Moberg
Department of Chemistry, KTH Royal Institute of Technology, Stockholm, Sweeden

PLENARY LECTURES

PREPARATION AND REACTIVITY OF ACYCLIC TRISUBSTITUTED ENOLATES
llan Marek
Schulich Faculty of Chemistry, Technion-Israel Institute of Technology, Haifa, Israel

FULLY SYNTHETIC CARBOHYDRATE VACCINES
Peter H. Seeberger
Max-Planck Institute for Colloids and Interfaces, Potsdam, Germany

PEPTIDES AS MOLECULAR INTERACTORS

Ernest Giralt

Institute for Research in Biomedicine (IRB Barcelona) and
Department of Organic Chemistry, University of Barcelona, Spain

CONTROLLING SUPRAMOLECULAR ASSEMBLIES WITH PROLINE-RICH SCAFFOLDS

Helma Wennemers
Laboratory of Organic Chemistry, ETH Zrich, Switzerland

CONTROLLING BIOLOGICAL FUNCTION WITH PHOTOPHARMACOLOGY
Dirk Trauner
Ludwig-Maximilians-Universitat, Munich, Germany
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A2

A3

PL1

PL2

PL3

PL4
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CONCEPTS AND CATALYSTS FOR ORGANIC SYNTHESIS
F. Dean Toste
University of California, Berkeley, USA PL6

REAGENTES IN CATALYSIS: MECHANISM, DESIGN AND CONTROL
Guy C. Lloyd-Jones
School of Chemistry, University of Edinburgh, UK PL7

ORGANIC ELECTRONICS FOR CHEMICAL SENSING
Timothy M. Swager
Massachusetts Institute of Technology, USA PL8

FROM BIORENEWABLE RESOURCES TO HETEROCYCLES
Carlos A. M. Afonso
Faculty of Pharmacy, University of Lisbon, Portugal PL9

INVITED LECTURES

GREEN ARYLATIONS WITH DIARYLIODONIUM SALTS
Berit Olofsson
Department of Organic Chemistry, Stockholm University, Sweeden IL1

SYNTHETIC TOOLS TO STUDY PROTEIN AND DNA MODIFICATIONS
Andreas Marx
University of Konstanz, Germany IL2

NEW OPPORTUNITIES FOR THE STEREOSELECTIVE DEAROMATIZATION OF

INDOLES

Marco Bandini

University of Bologna, Italy IL3

MULTICOMPONENT REACTIONS: ADVANCED TOOLS FOR SUSTAINABLE

ORGANIC SYNTHESIS

Romano V. A. Orru

VU University, Amsterdam, The Netherlands IL4

MODERN PHARMACOLOGY: MAGIC BULLET & COMBINATORIAL

APPROACHES. MECHANISMS OF ANTIGEN DEGRADATION

Alexander Gabibov

Lomonosov Moscow State University, Russia IL5

ADVANCES IN BIOCONJUGATION: NEW TWISTS ON OLD REACTIONS
Dennis Gillingham
University of Basel, Switzerland IL6
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http://www.cchem.berkeley.edu/toste/toste.html
http://chemistry.mit.edu/people/swager-timothy

DESIGN, SYNTHESIS AND STUDY OF PHOSPHOLIPASE A, INHIBITORS AS TOOLS
AND NOVEL MEDICINAL AGENTS

George Kokotos

University of Athens, Greece

NATURAL BIOASSAY-GUIDED ISOLATION OF SESQUITERPENES WITH RARE
CARBON SKELETONS FROM MARINE ANIMALS

Mary J. Garson

The University of Queensland, Brisbane, Australia

PALLADIUM CATALYSIS IN SEQUENTIAL AND OXIDATIVE TRANSFORMATIONS:
WHERE ARE WE?

G. Poli

Sorbonne Universités, UPMC Univ Paris 06, Paris, France

CARBOPALLADATION CASCADES - NOT ONLY SYN, BUT ALSO ANTI
Daniel B. Werz
Technische Universitat Braunschweig, Germany

YOUNG RESEAROQWHEEDI&CTURES

A SWEET TWIST: CONFORMATIONAL BEHAVIOR OF OXOCARBENIUM IONS
Jeroen D. C. Codée
Leiden Institute of Chemistry, Universiteit Leiden, The Netherlands

PHOTOACTIVE MOLECULES AND MATERIALS BASED ON PORPHYRINS

AND PHTHALOCYANINES

Jodo P. C. Tomé

Department of Chemistry, University of Aveiro, Portugal and Department of Organic and
Macromolecular Chemistry, Ghent University, Belgium

METAL-CATALYZED REDUCTIVE CARBOXYLATION WITH CO3

Ruben Martin

Institute of Chemical Research of Catalonia (ICIQ), Tarragona, and Catalan Institution
for Research and Advanced Studies (ICREA), Barcelona, Spain

ASYMMETRIC DIFUNCTIONALIZATION OF ENAMIDES VIA HYDROGEN BOND
CATALYSIS

Géraldine Masson

Institut de Chimie des Substances Naturelles, Gif-sur-Yvette, France
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IL10

YIL1

YIL2

YIL3
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ORAL AND FLASH COMMUNICATIONS
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ORAL COMMUNICATIONS

ACTIVE PHARMACEUTICAL INGREDIENTS: PURIFICATION SCALE-UP CHALLENGES
Rui Loureiro
Hovione FarmaCiéncia SA, Portugal OocC1

DNA AS A SCAFFOLD FOR REACTIONS, CATALYSTS AND PROTECTIVE GROUPS
Andreas Herrmann
Zernike Institute for Advanced Materials, University of Groningen, The Netherlands ocCc2

DIRECT OXIDATIVE SYNTHESIS OF HETEROCYCLES
Andrey P. Antonchick
Max-Planck-Institut fir Molekulare Physiologie and Technische Universitat Dortmund, Germany OC3

BENCHTOP NMR SPECTROSCOPY OF REACTION MONITORING
Susanne D. Riegel
Nanalysis Corp., Calgary, Canada 0oC4

PERFLUORARYL AZIDES: PRE-ACTIVATED DIPOLE IN CYCLOADDITIONS
Sheng Xie, Olof Ramstrém, Mingdi Yan
Department of Chemistry, KTH-Royal Institute of Technology, Stockholm, Sweden 0OC5

PETASIS BORONO-MANNICH REACTIONS IN GLYCEROL

Nuno R. Candeias, Tomi Rosholm, and Robert Franzen

Department of Chemistry and Bioengineering,

Tampere University of Technology, Finland OC6

BROOK REARRANGEMENT AS A TRIGGER FOR THE RINGZPENING OF
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PATAI RAPPOPORT Lecture 2015

CATALYTIC ELECTROPHILIC CYCLOPROPANATION WITHOUT DIAZO COMPOUNDS:
DE NOVO MECHANISTIC DESIGN AND A HISTORICAL TWIST

Peter Chen

Laboratorium fur Organische Chemie, ETH Zirich
Vladimir-Prelog-Weg 2 / HCI G209, CH-8093 Zurich
peter.chen@org.chem.ethz.ch

We report mechanistic studies aimed at a catalytic, electrophilic cyclopropanation of unactivated olefins
without diazo compounds, especially without diazomethane. The reaction would replace the Simmons-
Smith cyclopropanation, which is super-stoichiometric in metal. Mass spectrometric experiments on
electrosprayed organometallic complexes lays the groundwork for computational studies, using DFT
methods, which then proceed to development of synthetic methodology under realistic solution-phase
conditions. The new reactions designed and discovered in this work provide a further basis for

mechanistic studies; we show an iterative cycle of discovery, investigation, and improvement of catalytic
cycles.
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EurJOC Young Researcher Lecture 2015

CATALYTIC REARRANGEMENTS AS TOOLS FOR BOND FORMATION
Nuno Maulide

University of Vienna, Institute of Organic Chemistry
Wahringer Strasse 38, 1090 Vienna, Austria
nuno.maulide@univie.ac.at

The turn of the century brought about a pressing need for new, efficient and clean strategies for the
chemical synthesis of biorelevant compounds. Our group has studied the use of various molecular
rearrangements and atom-economical transformations as particularly appealing means towards the
streamlined synthesis of complex small molecule targets.1?3

In this lecture, we will present an overview of our research in these areas and how they provide efficient
solutions for total synthesis as well as platforms for the discovery of unusual reactivity.
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RECYCLING IN ASYMMETRIC CATALYSIS
Christina Moberg

KTH Royal Institute of Technology, Department of Chemistry, Organic Chemistry,
SE 100 44 Stockholm, Sweden, kimo@kth.se

Recycling of the undesired product enantiomer from an enantioselective reaction to achiral starting
material is an attractive option for improving the enantiomeric purity of the product. Although the principle
of microscopic reversibility states that the reverse reaction cannot favor reaction of the S-enantiomer in
case the forward, product-forming, reaction favors formation of R, chemical energy input via influx of a
sacrificial reagent with high chemical energy and the removal of a compound with lower energy may
serve as the driving force for a cyclic process.

We have developed minor enantiomer recycling procedures driven by thermodynamically favoured
transformation of acyl cyanides to carboxylate (Scheme)®! as well as of methyl cyanoformate to carbon
dioxide.” The reactions are characterized by steadily increasing yields and enantiomeric ratios. The
procedures have been applied to the synthesis of compounds which have been difficult to obtain with
high enantiomeric purity by conventional methods.?!
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PREPARATION AND REACTIVITY OF ACYCLIC TRISUBSTITUTED ENOLATES
llan Marek

Schulich Faculty of Chemistry,Technion-Israel Institute of Technology, Haifa, 32000 Israel
chilanm@tx.technion.ac.il

The field of stereoselective synthesis has witnessed tremendous advances over the past half-century
providing access to a very large variety of sophisticated molecular fragments with very high diastereo-
and enantioselectivity. In this rapidly changing field, initial strategies for single carbon-carbon bond-
forming event per chemical steps are now days evolving into new approaches leading to the creation of
more than one bond particularly for the synthesis of complex cyclic systems (domino and cascade
reactions). However, when structural complexity of the target molecules increases, only very few
methods maintain their efficiency. One of the elements that invariably increase the difficulty is the
presence of quaternary carbon stereocenters in acyclic systems. This challenge is further exacerbated
if more than one stereogenic center is created in the final adducts. Therefore, the preparation of these
desired sub-structures with heightened levels of efficiency leads usually to a single carbon-carbon bond-
forming event per chemical step between two components. Taking into consideration the significance of
enolates as valuable intermediates in asymmetric organic synthesis, one can evaluate the consequence
to develop an efficient method to the direct access of trisubstituted metal enolates 1, in a single-pot
operation from common starting materials, as a new route to the formation of the desired quaternary
carbon stereocenters. This lecture will describe our approach to the formation of trisubstituted metal
enolates.

R1
R2 R1
Easily accesible 2 R3 E*  R3 =
starting material 7 R2 E
MO 0

R' = R? = R3 = alkyl
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FULLY SYNTHETIC CARBOHYDRATE VACCINES

Peter H. Seeberger

Max-Planck Institute for Colloids and Interfaces, Am Muhlenberg 1, 14476 Potsdam, Germany
peter.seeberger@mpikg.mpg.de

Most pathogens including bacteria, fungi, viruses and protozoa carry unique glycans on their surface.
Currently, several vaccines against bacteria are marketed very successfully. Since many pathogens
cannot be cultured and the isolation of pure oligosaccharides is extremely difficult, synthetic
oligosaccharide antigens provide now a viable alternative. Based on the automated synthesis platform,!
that has now been completely overhauled 23 and commercialized./ In addition to their function as
antigens, synthetic oligosaccharides serve as tools to create monoclonal antibodies, and to establish
glycan microarrays to map vaccine epitopes.® Diagnostic and preventive approaches against a host of
bacteria, fungi, and parasites are being pursued. &7
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PEPTIDES AS MOLECULAR INTERACTORS
Ernest Giralt [al [F]

[a] Institute for Research in Biomedicine (IRB Barcelona), Baldiri Reixac 10, 08028,
Barcelona, Spain, ernest.giralt@irbbarcelona.org

[b] Department of Organic Chemistry, University of Barcelona, Marti Franqués 1, 08028,
Barcelona, Spain

The breakthrough concept that proteins function as a contact network rather than as independent
individuals is not only one of the most important advances in our comprehension of living systems, but

also translates to a new era in drug discovery. The few reported examples of diseases caused by

Ai mpoliteodo protein social behavior <cert adimetvgntonepr e
through molecules designed to selectively modulate the strength and specificity of protein-protein
interactions (PPIs) is becoming a reality. This will not only feature molecules with inhibitory capacity:

equally or even more interesting are those compounds which can rescue pre-established interactions or
structures whose loss results in disease.

In this context, peptides are destined to play a major role as therapeutic agents. My laboratory is
contributing to speeding up this process. On the one hand, we devote efforts to studying the molecular
details and dynamics of the events that occur during molecular recognition at protein surfaces. We
succeeded to design and synthesize peptides able to modulate these recognition events either
permanently or in response to light. On the other hand, we are discovering and designing peptides able
to cross biological barriers. Our aim is to use these peptides as shuttles for targeting therapeutic agents
to organs, tissues, or cells, with a special emphasis on drug delivery to the brain.

PPIs are the result of an ensemble of exquisitely regulated molecular recognition events that take place
at protein surfaces. Inspection of protein-protein interfaces allows distinguishing two categories of PPIs:
domain-domain and peptide-mediated PPIs.!*! Relatively rigid peptides and peptidomimetics have proved
to be very efficient inhibitors of this last class of interactions. In this presentation, recent results from our
group related to the use of peptides to modulate PPIs will be discussed. This include, among others: i)
the recent development of cell-permeable photoswitchable PPI inhibitors, that opens the way to
manipulating a specific PPI locally and in a time-controlled manner using illumination patterns 22; i) the
application of the retro-enantio approach to obtain a peptide capable of overcoming the bloodi brain
barrier,®4: and iii) the use of peptides to modulate the dynamic behavior of prolyl oligopeptidase (POP),
a large 80 kDa protease relevant as therapeutic target in schizophrenia.®
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CONTROLLING SUPRAMOLECULAR ASSEMBLIES WITH PROLINE-RICH SCAFFOLDS

Helma Wennemers

Laboratory of Organic Chemistry, ETH Zurich, Vladimir-Prelog-Weg 3, 8093 Zurich, Switzerland
Helma.Wennemers@org.chem.ethz.ch

Self-assembly and selective recognition events involving proteins are critical in nature for the function of
numerous different processes, for example, catalysis, signal transduction or the controlled formation of
structural components such as bones. My group is intrigued by the question whether also peptides with
significantly lower molecular weights compared to proteins can fulfill functions for which nature evolved
large macromolecules. Specifically we ask whether peptides can serve as effective asymmetric
catalysts,t) templates for the controlled formation of metal nanoparticles,'? hierarchical supramolecular
assemblies,®! synthetic collagen based materials,! or tumor targeting vectors.

The lecture will focus on the development of pH responsive collagen and illustrate the value of distance-
controlled molecular templates for the development of supramolecular assemblies.
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CONTROLLING BIOLOGICAL FUNCTION WITH PHOTOPHARMACOLOGY
Dirk Trauner

Ludwig-Maximilians-Universitat, Munich, Germany

Light can be used to control biological events with unmatched temporal and spatial precision. A case in
point is optogenetics, which is currently revolutionizing neuroscience. Optogenetics relies on natural
photoreceptors that typically employ retinal as the chromophore. Recently, the incorporation of synthetic
photoswitches, such as azobenzenes, i nto natur
molecules can bind covalently or non-covalently to a wide variety of proteins, including ion channels,
GPCRs, enzymes, molecular motors, and components of the cytoskeleton, effectively turning them into
photoreceptors. As such, photoswitchable molecules add another dimension to pharmacology. | will
discuss the advantages and disadvantages of photopharmacology and its potential in biology and
medicine, in particular with respect to restoring vision and fighting cancer.
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CONCEPTS AND CATALYSTS FOR ORGANIC SYNTHESIS

F. Dean Toste

Department of Chemistry, University of California, Berkeley CA USA 94720-1480

This lecture will emphasize a reactivity driven approach to development of electrophilic catalysts for
addition, rearrangement, cycloaddition and coupling reactions of C-C multiple bonds. More specifically,
the application of cationic gold(l) complexes,™ chiral counterions®? and chiral acids®! in enantioselective
transformations initiated by “ -activation will be discussed. Particular attention will be devoted to the
mechanistic hypotheses!® that form the basis for catalyst discovery and the development of new
reactions.
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REAGENTS IN CATALYSIS: MECHANISM, DESIGN AND CONTROL

Guy C. Lloyd-Jones

School of Chemistry, David Brewster Road, University of Edinburgh, EH9 3FJ, UK

PL7

The liberation™ and delivery of reactants from precursor reagents will be the major topic of the
presentation. This will feature selected examples from mechanistic studies into the catalysis of C-C bond
forming reactions?® using strategic combinations of isotopic labelling, NMR, kinetics, mass spectrometry
calorimetry, computation, X-ray crystallography, and small-angle neutron scattering. What has emerged
from these studies, and been of particular interest to us, is the way in which a variety of subtle chemical
and physical changes and unanticipated consequences of these changes can conspire to facilitate a
useful reaction, or to inhibit undesired ones. A recurring theme is that the controlled delivery®® or

release!*® of reactants can be a key part of the success of the overall chemical process.
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ORGANIC ELECTRONICS FOR CHEMICAL SENSING
Timothy M. Swager

Massachusetts Institute of Technology, USA

tswager@mit.edu

PL8

This lecture will detail the creation of ultrasensitive sensors based on electronically active conjugated
polymers (CPs) and carbon nanotubes (CNTSs). A central concept that a single nano- or molecular-wire
spanning between two electrodes would create an exceptional sensor if binding of a molecule of interest

to it would block all electronic transport. The use of
molecular electronic circuits to give signal gain is not limited
to electrical transport and CP-based fluorescent sensors
can provide ultratrace detection of chemical vapors via
amplification resulting from exciton migration. Nanowire
networks of CNTs provide for a practical approximation to
the single nanowire scheme. These methods include
abrasion deposition and selectivity is generated by covalent
and/or non-covalent binding selectors/receptors to the
carbon nanotubes. Sensors for a variety of materials and
cross-reactive sensor arrays will be described. The use of
carbon nanotube based gas sensors for the detection of
ethylene and other gases relevant to agricultural and food
production/storage/transportation are being specifically
targeted and can be used to create systems that increase
production, manage inventories, and minimize losses.
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FROM BIORENEWABLE RESOURCES TO HETEROCYCLES
Carlos A. M. Afonso

The Research Institute for Medicines (iMed.ULisboa); Faculty of Pharmacy, University of Lisbon, Av. Prof. Gama
Pinto, 1649-003 Lisbon, Portugal
carlosafonso@ff.ulisboa.pt

Due to the reduction of fossil resources for energy consumption and platform chemicals for different
purposes, several building blocks derived from renewable resources such as ethanol, glycerol, lactic
acid, furfural, succinic acid, levulinic acid, are already in use or considered with potential importance in
the near future™ Among them, 5-hydroxymethyl-furfural (HMF) has been considered a very promising
intermediate building block due to its potential rich chemistry that allows different transformations such
as to biofuels, polymer monomers, levulinic acid, adipic acid, caprolactam and caprolactone and many
other more specific molecules.? In line with our interest in the valorization of natural resources®® and
heterocyclic chemistry™ will be described recent achievements from this laboratory on C-H insertion of
acetamide,® production of HMF,® transformation of HMF and furfural to several building blocks via
Cannizzaro reaction 1,2,/""amine condensation-rearrangement-cyclization 3, homo Mannich reaction
of trienamine/iminium-ion pair 4 and Friedel-Crafts reaction.[®! In addition, will be presented some
biological activity of the synthesized heterocycles and selection guidelines for human exposure of
furfural-related compounds.™%
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GREEN ARYLATIONS WITH DIARYLIODONIUM SALTS
Berit Olofsson

Department of Organic Chemistry, Arrhenius Laboratory, Stockholm University, 106 91 Stockholm, Sweden
berit.olofsson@su.se

Diaryliodonium salts have recently gained considerable attention as environmentally benign, reactive
and selective electrophilic arylation reagents with a variety of nucleophiles.t! The lack of efficient
synthetic routes towards diaryliodonium salts has previously limited their application in organic chemistry.
We have recently developed several one-pot syntheses of diaryliodonium triflates, tosylates and
tetrafluoroborates.””? These complimentary routes provide facile access to a wide range of both
symmetric and unsymmetric salts with various functional groups.

We have applied these electrophilic arylation agents in arylation of oxygen, nitrogen and carbon
nucleophiles under mild and metal-free conditions, providing facile routes to aryl ethers, aryl esters,
aryloxyamines, N-arylated amides and a-aryl nitroalkanes.®! We have also developed a metal-free one-
pot route to benzofurans, allowing facile access to several biologically important compounds.® The
chemoselectivity in reactions with unsymmetric diaryliodonium salts will also be discussed.

Arylation of alcohols:
X

NaOH, H,0 allylic alcohols  up to 79%
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Arylation of amides:
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SYNTHETIC TOOLS TO STUDY PROTEIN AND DNA MODIFICATIONS
Andreas Marx

Chair of Organic Chemistry / Cellular Chemistry, Konstanz Research School Chemical Biology & Department of
Chemistry, University of Konstanz, Universitatsstr. 10, 78457 Konstanz, Germany
andreas.marx@uni-konstanz.de

DNA is the storage of genetic information in Nature. Transmission of the genetic information from the
parental DNA strand to the offspring is crucial for the survival of any living species. The entire DNA
synthesis in DNA replication is catalyzed by DNA polymerases and depends on their ability to select the
canonical nucleotide from a pool of structurally similar building blocks. Human cells express 17 DNA
polymerases that have diverse functions and properties. Their coordination remains enigmatic.

The aim of our research is to gain insights into the complex mechanisms of DNA replication and its
coordination through application of synthetic molecules with tailored functions and properties. | will report
insights into how DNA polymerases faithfully recognize their template,™! new approaches to study the
orchestration of human DNA polymerases by mimicry of posttranslational protein modification,’ and
nucleotide signalling molecules.?!
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NEW OPPORTUNITIES FOR THE STEREOSELECTIVE DEAROMATIZATION OF
INDOLES

Marco Bandini

Alma Mater Studiorumi Uni ver sity of Bol ogna, Department of
40126 Bologna-I
marco.bandini@unibo.it

Dearomative synthetic processes of readily available indolyl cores represent a reliable synthetic route to
a wide portfolio of polycyclic fused aza-heterocycles, with potential applications in medicinal chemistry
and agrochemistry.'¥ In this context, the concomitant creation of new stereogenic centers inspired the
development of new stereoselective methodologies based on metal and metal-free approaches.*”!

Our ongoing interest on the chemical decoration of the indole periphery? by means of catalytic tools,
prompted to elect the intermolecular condensation of electron-rich heteroarenes and activated allenes
(i.,e. allenamides, aryloxyallenes) as a valuable synthetic shortcut towards a chemical
diversity/complexity within alkaloid chemistry."!

The well-known isolobal analogy often interconnecting [Au(l)] species and the proton enabled the
development of several chemo-, regio- and stereoselective catalytic methodologies aiming at the
synthesis of densely functionalized indoline as well as indolenine scaffolds (Figure).!
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An extensive survey across the realized stereoselective dearomatizing protocols along with detailed
mechanistic investigations (DFT, NMR) will be presented in the communication.
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MULTICOMPONENT REACTIONS: ADVANCED TOOLS FOR SUSTAINABLE
ORGANIC SYNTHESIS

Romano V. A. Orru

Department of Chemistry & Pharmaceutical Sciences, Amsterdam Institute of Molecules, Medicines and Sysems,
VU University, Amsterdam, The Netherlands r.v.a.orru@vu.nl

Multicomponent reactions (MCRS) receive increasing attention because they address both diversity and
complexity in organic synthesis. With these one-pot reactions diverse sets of relatively complex
structures, especially heterocycles, can be generated from simple starting materials. In many MCRs (e.g.
the Ugi reaction), isocyanides are important building blocks. Recently, isocyanides have found also
application as versatile C1 building block in palladium catalysis. These reactions offer a vast potential
for the synthesis of nitrogen containing fine chemicals. In this presentation, the development of novel
atom- and step efficient Pd-catalyzed reactions involving isocyanide insertion will be presented. Further,
in order to address stereoselectivity issues connected to certain MCRs, biocatalysis offers unique
opportunities. Recently, we have developed several methods based on the enzymatic desymmetrization
of meso-pyrrolidines using a monoamine oxidase N (MAO-N) from Aspergillus niger optimized by
directed evolution and its combination with highly diastereoselective Ugi-type three-component and Ugi-
Smiles reactions. In this presentation we highlight several aspects of this chemistry in the context of
heterocycle synthesis with applications in green chemistry and pharmaceuticals.
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MODERN PHARMACOLOGY: MAGIC BULLET & COMBINATORIAL APPROACHES.
MECHANISMS OF ANTIGEN DEGRADATION

Alexander Gabibov

Shemyakin & Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences
Lomonosov Moscow State University, Moscow
gabibov@mx.ibch.ru

The different ways how antigens may be degraded by antibodies (abzymes) and proteasome will be
discussed (Belogurov et al, BioEssays, 2009,FEBS Lett.,2012 JBC, 2014). Covalent catalysis is a highly
evolved enzymatic trait that poses a significant challenge for artificial enzyme design. Here we describe
an immunoglobulin variable fragment obtained by mechanism-based, irreversible covalent reaction
(reactibody), which emulates cooperative functionality, for catalysis (Reshetnyak et al. JACS, 2007,
Smirnov et al PNAS, 2011). Specific phosphonylation at a single tyrosine within the variable light chain
framework was confirmed in an IgG construct. High resolution crystallographic structures of unmodified
and phosphonylated Fab displayed a novel 15 A-deep, two-chamber cavity at the interface of VH and
VL, with nucleophilic tyrosine at the base of the site (Smirnov et al. ChemBiol.Interact, 2013) The X-Ray
structures of phosphorusime t abol i zi ng Areacti bodieso, intermedi:
Ponoarenko et al. Acta Crystallogr. D). ThheOc ovim ¢ é p
described. The peculiarities of autoantigen degradation via proteasomal pathway will be emphasized.
The vast majority of cellular proteins are degraded by the 26S proteasome after their ubiquitination. Here,
we report that the major component of the myelin multilayered membrane sheath, myelin basic protein
(MBP), is hydrolyzed by the 26S proteasome in a ubiquitin-independent manner both in vitro and in
mammalian cells (Kuzina et Bi.omed Res Int. 2014). As a proteasomal substrate, MBP reveals a distinct
and physiologically relevant concentration range for ubiquitin-independent proteolysis. Enzymatic
deimination prevents hydrolysis of MBP by the proteasome, suggesting that an abnormally basic charge
contributes to its susceptibility toward proteasome-mediated degradation. To our knowledge, our data
reveal the first case of a pathophysiologically important autoantigen as a ubiquitin-independent substrate
of the 26S proteasome Belogurov et al. FASEB J., 2015). We recently showed that myelin basic protein
(MBP) is hydrolyzed by 26S proteasome without ubiquitination Beelogurov et al.JBC, 2014) The
previously suggested concept of charge-mediated interaction between MBP and the proteasome led us
to attempt to compensate or mimic its positive charge to inhibit proteasomal degradation. We
demonstrated that negatively charged actin and calmodulin (CaM), as well as basic histone H1.3, inhibit
MBP hydrolysis by competing with the proteasome and MBP, respectively, for binding their counterpart.
Interestingly, glatiramer acetate (GA), which is used to treat multiple sclerosis (MS) and is structurally
similar to MBP, inhibits intracellular and in vitro proteasome-mediated MBP degradation. Therefore, the
data reported in this study may be important for myelin biogenesis in both the normal state and
pathophysiological conditions. Combinatorial approaches were used to search for potential inducer of
autoimmune neurodegeneration at MS (Gabibov et al., FASEB J, 2011). The MBP i derived peptides
where shown to cure EAE in SJL/J mice (Belogurov et al. FASEB J., 2013). These peptides encapsulated
in liposomes passed the lla phase as a potential drug of MS.
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ADVANCES IN BIOCONJUGATION: NEW TWISTS ON OLD REACTIONS
Dennis Gillingham

Department of Chemistry, University of Basel, CH-4056, Basel, dennis.gillingham@unibas.ch

One of the open challenges in chemical biology is to identify reactions that proceed with large rate
constants at neutral pH. We have recently discovered that the reaction of O-alkylhydroxylamines with
dialdehydes proceed at pH 7.2 with rates of 500 M*s™.!l The key to these conjugations is an unusually
stable cyclic intermediate, which ultimately dehydrates to an oxime (see graphic). The rate constant for
dialdehydes has set a new standard in oxime condensations; but more importantly, the mechanistic
insight gleaned in the study of dialdehydes has led us to develop even faster reactions (k > 10* M1s™)
with the potential for broad application in bioconjugation. | will discuss our initial findings and how our

mechanistic analysis has guided us to create exciting new variations on the venerable oxime
condensation.®!
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DESIGN, SYNTHESIS AND STUDY OF PHOSPHOLIPASE Az INHIBITORS AS TOOLS
AND NOVEL MEDICINAL AGENTS

George Kokotos

Department of Chemistry, University of Athens, Panepistimiopolis, Athens 15771, Greece,
gkokotos@chem.uoa.gr

Phospholipase Az (PLAz) enzymes catalyze the hydrolysis of the sn-2 ester bond of glycerophospholipids
producing free fatty acids, including arachidonic acid, and lysophospholipids. Both products are
precursor signaling molecules that are involved in inflammation. The three predominant types of PLA:
found in human tissues are the cytosolic (such as the GIVA cPLA>), the secreted (such as the GIIA
sPLAy), and the calcium-independent (such as the GVIA iPLA;) enzymes. Each PLA; type seemsto play
distinct roles and thus, there is a great interest in developing potent and selective PLA; inhibitors as tools
and novel agents to treat inflammatory and neurological disorders. A variety of synthetic PLA; inhibitors
have been developed and some of them reached clinical trials.™*?

In our lab, we have developed several classes of novel PLA inhibitors, including 2-oxoamides and
thiazolyl ketones targeting GIVA cPLA., and fluoroketones targeting GVIA iPLA;. Thiazolyl ketone GK470
was found to be a potent inhibitor of GIVA cPLA,, able to suppress the release of arachidonic acid with
an ICso value of 0.6 eM in SW982 fibroblast-like synoviocytes.®! In a prophylactic and a therapeutic
collagen-induced arthritis model, GK470 exhibited anti-inflammatory effects comparable to the reference
drug methotrexate and enbrel, respectively. The binding mode of a fluoroketone inhibitor to the active
site of GVIA iPLA; has been studied by a combination of molecular dynamics and deuterium exchange
mass spectrometry, providing a new tool for the design of more potent GVIA iPLA; inhibitors.['We have
recently shown that administration of fluoroketone FKGK18 to non-obese diabetic mice significantly
reduced diabetes incidence, reflected by improved glucose homeostasis, and b-cell preservation.® In
this presentation, we will review the inhibitors developed in the past in our lab and we will discuss our
most recent novel PLA; inhibitors targeting GIVA cPLA; and GVIA iPLA..
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NATURAL BIOASSAY-GUIDED ISOLATION OF SESQUITERPENES WITH RARE

CARBON SKELETONS FROM MARINE ANIMALS
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Istituto di Chimica Biomoleculare, Consiglio Nazionale delle Ricerche, Via campi Flegrei,
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Natural product researchers, armed with a suite of 2D NMR methods and knowledge of biosynthetic
pathways, can usually deduce the planar structure of a complex natural product without difficulty. The
more complex task of assigning stereochemistry (that is relative and absolute configuration) presents
more of a challenge, especially when small quantities of material are available. In this talk, | will describe
how a marine chemical ecology study on colour and chemical defense in marine mollusks? led us to the
isolation of tricyclic isothiocyanato- or isocyanosesquiterpenes with the rare caryolane or clovene
skeletons,? and of a diterpene isonitrile with an unusual carbon skeleton. NOESY data run at 900 MHz,
together with detailed conformational analysis informed by molecular modeling and DFT calculations,
and H-'H coupling studies enables assignment of individual configurations. The antimalarial and
antifungal activities of selected metabolites have been explored.
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PALLADIUM CATALYSIS IN SEQUENTIAL AND OXIDATIVE TRANSFORMATIONS:
WHERE ARE WE?

M. M. Lorion,@ J. Oble,dl F. J. S. Duarte,®! M. J. Calhorda,® and G. Polil@"

[a] Sorbonne Universités, UPMC Univ Paris 06, UMR 8232, Institut Parisien de Chimie
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[b] Centro de Quimica e Bioquimica, DQB, Faculdade de Ciéncias, Universidade de Lisboa,
1749-016 Lisboa, Portugal

Unsaturated amine derivatives can cyclize under Pd-catalysis according to different mechanistic paths,

whose control is a challenging task.™ In this context, we recently discovered that the oxidative
intramolecular Pd(Il)-catalyzed amination of unsaturated N-sulfonyl carbamates and carboxamides takes

place affording high-energy cyclic (5- or 6-membered) aminopalladated intermediates (AmPIs). Such
intermediates can subsequently evolve along several different pathways such as di s ocyc
el imination, oxidative acet yl aHelinmnation, asafunctiorpobseverald a t |
parameters. Furthermore, in the absence of the above reactivities, the cyclic AmPlIs are just off-cycle
intermediates in equilibrium with the initial substrate, which opens the way to further reactivities such
[3,3]-sigmatropic rearrangements or allylic C-H activation of the olefinic substrate.® In particular, an in

depth DFT study of this latter transformation allowed unveiling its full mechanism. The different routes
involved in these intramolecular oxidative cyclization and the factors biasing toward one or the other path

will be rationally discussed.

0] 0]

Ts < )J\ Ts < )J\ Q

AN N™ Y. HX NT Y- HX TS\N)J\Y

~—  X[Pd] 50r6 ," ," —_— HW ," -
R Rl |

e AmPI Pap, [Pd]X

dormant or evolving

References:

11 F. Liron, J. Oble, M. M. Lorion, G. Poli, Eur. J. Org. Chem. 2014, 5863-5883. b) M. M. Lorion, F. Nahra, V.-L. Ly,
C. Mealli, A. Messaoudi, F. Liron, J. Oble, G. Poli, Chim. Oggi, 2014, 32, 30-35.

(2 Rajabi, J. Lorion, M. M. Ly, V. L. Liron, F. Oble, J. Prestat, G. Poli, G. Chem. Eur. J. 2014, 20, 1539-1546.

Bl F. Nahra, F. Liron, G. Prestat, C. Mealli, A. Messaoudi, G. Poli, Chem. Eur. J. 2009, 15, 11078-11082.

4 F.J.S. Duarte, G. Poli, M. J. Calhorda, manuscript in preparation.

115



IL10

CARBOPALLADATION CASCADES - NOT ONLY SYN, BUT ALSO ANTI
Daniel B. Werz

Technische Universitat Braunschweig, Institut fir Organische Chemie, Hagenring 30, 38106 Braunschweig,
Germany; d.werz@tu-braunschweig.de

A characteristic feature of carbopalladation reactions is the syn-attack of the organopalladium species
L-X[Pd]-R o n t he -systemd'tSuch @step resultsin compounds bearing Pd and R on the same
side of the originating alkene moiety. Embedded into longer domino sequences complex structures are
efficiently obtained by a repetition of this syn-carbopalladation step. In this way, linear oligoynes were
cyclized in a dumbbell-mode and led to benzene-type structures or higher oligoenes.™

We exploited this chemistry to synthesize not only chromans, isochromans!? and dibenzopenta-
fulvalenes,P butalsot o access t he -helicertesvihichwonlyccansist of a Z,Z,Z,..-oligoene
chain that is fixed in an all s-cis arrangement.! All these domino processes are based on a syn-
carbopalladation cascade.

However, a carbopalladation cascade involving formal anti-carbopalladation steps opens new avenues
to create compounds with tetrasubstituted double bonds (Scheme 1). Such a process was realized, and
mechanistically and computationally investigated. The synthetic potential was demonstrated for the
preparation of various oligocyclic frameworks (e.g. highly substituted dibenzofurans and carbazoles)."
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Scheme 1. Formal anti-carbopalladation reaction embedded in a domino cascade.
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A SWEET TWIST: CONFORMATIONAL BEHAVIOR OF OXOCARBENIUM IONS

Jeroen D. C. Codée

Leiden Institute of Chemistry, Universiteit Leiden, Einsteinweg 55, 2333CC Leiden
jcodee@chem.leidenuniv.nl

Carbohydrate derivatives bearing a positive charge at C1, such as glycosyl oxocarbenium and iminium
ions, take up very different conformations than their non-charged counterparts. To understand the -
sometimes striking- reactivity of these species we have to understand their conformational preferences.
This lecture will highlight our recent insights into how stereoelectronic substituent effects control the
shape of oxocarbenium ions, iminium ions and ammonium ions and how they affect the reactivity and
stereoselectivity of these reactive species. These insights will, amongst others, be exploited in the
(automated solid phase) construction of challenging 1,2-cis glycosidic linkages and stereoselective Ugi
reactions.
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PHOTOACTIVE MOLECULES AND MATERIALS BASED ON PORPHYRINS AND
PHTHALOCYANINES

Jodo P. C. Toméhl

[a] QOPNA and Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal;
jtome@ua.pt

[b] Department of Organic and Macromolecular Chemistry, Ghent University, B-9000 Gent,
Belgium; joao.tome@ugent.be

Light covers several and important human activities and because of that UN/UNESCO declares 2015
the international year of light and light-based technologies.! Indeed, the humanity has been
using/exploring/controlling the light for many applications. The use of light covers, if not all, many
scientific areas, such as: physics, organic and materials chemistry, catalysis, environment, biology and
medicine. For that, natural or artificial photoactive compounds/materials, which can absorb/interact with
light, are necessary.

Nature has many examples of photoactive processes, being the photosynthesis probably the most
important one. In this context, porphyrins and related compounds constitute a group of natural
(photo)active molecules, which play key roles in several vital functions. The possibility to mimic those
functions and explore several others, especially when combined with light, have been highly investigated.
The decoration of the periphery of the porphyrin macrocycles with different motifs and the selection of
their central metals, opens the possibility to fine-tune the physicochemical properties/functionalities of
novel molecules/materials to be used in many scientific and technological areas.?

In this talk, it will be highlighted some of our recent works on porphyrins, chlorins and phthalocyanines,
presenting the used synthetic strategies and some of the obtained results in different areas of research,
namely in: i) cancer photodynamic therapy (PDT);®ii) photodynamic inactivation of microorganisms
(PDI);“iii) photoinduced energy- and electronic-transfer materials;® and iv) optical (chemo)sensing of
pollutants and biomolecules.©!
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the projects PTDC/QUI/65228/2006 and PTDC/CTM/101538/2008; CNPq (Brazil) for funding the
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METAL-CATALYZED REDUCTIVE CARBOXYLATION WITH CO2
Ruben Martin
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Activation of inert entities has been and continues to be of extreme interest to any organic chemist.™
This is especially true with activation of atmospheric molecules such as CO..@ The development of
operationally-simple and practical catalytic methods for CO, fixation would be highly desirable, as many
of the current methods involve the use of stoichiometric amounts or air-sensitive organometallic
reagents. In the last years, our research group has reported some progress directed towards the catalytic
reductive carboxylation of organic matter with CO (Scheme 1).B! These methods are characterized by
their simplicity, wide substrate scope, including challenging substrate combinations with particularly
sensitive functional groups and a diverse set of substitution patterns.
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Scheme 1. Metal-catalyzed reductive carboxylation with CO-
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ASYMMETRIC DIFUNCTIONALIZATION OF ENAMIDES VIA HYDROGEN
BOND CATALYSIS

Géraldine Masson

ICSN, Institut de Chimie des Substances Naturelles, 1 Av. de la Terrasse, Bat 27, 91198 Gif-sur-Yvette
geraldine.masson@cnrs.fr

Nitrogen-activated carbon-carbon double bonds, as demonstrated by successful existing works on
enamines, have a high potential for the construction of various nitrogen-containing products. In order to
expand the application of this class of substrates, we have focused on studying the reactivity of the
promising enamide derivatives. Starting from the well-known aza-Diels-Alder reaction, we have gradually
been drawn to develop other cycloaddition reactions and more generally an extended range of U,b-
difunctionalization methods. This lecture will detail our contribution towards the the development of
general approaches toward the synthesis of highly functionalized U,b-substituted amines¥! in the context
of an ongoing study towards the synthesis of various biologically active natural and non-natural products.

NHCOR'

0&\ NHR*

R? NHCOR'

References:

(11 (a) Dumoulin, A. ; Lalli, C. ; Retailleau, P. ; Masson, G. Chem. Commun. 2015 DOI: 10.1039/C4CC08052A ; (b)
Lalli, C. ; Dumoulin, A. ; Lebée, C. ; Drouet, F. ; Guérineau, V. ; Touboul, D. ; Gandon, V. ; Zhu, J. ; Masson, G.
Chem. Eur. J. 2015, 21, 1704 (c) He, L.; Laurent, G.; Retailleau, P.; Folléas, B.; Brayer, J.-L.; Masson, G. Angew.
Chem. Int. Ed. 2013, 52, 11088. (d) Alix, A.; Lalli, C.; Retailleau, P. ; Masson, G. J. Am. Chem. Soc. 2012, 134,
10389. (e) Dagousset, G.; Zhu, J.; Masson, G. J. Am. Chem. Soc. 2011, 133, 14804.

122



ORAL COMMUNICATIONS




124



OC1

ACTIVE PHARMACEUTICAL INGREDIENTS: PURIFICATION SCALE-UP CHALLENGES

Rui Loureiro

Hovione FarmaCiéncia SA, Sete Casas, 2674-506 Loures, Portugal, rloureiro@hovione.com

The synthesis, purification and isolation of various Active Pharmaceutical Ingredients (API) developed
at Hovione will be discussed. Different cases studies will be discussed and the different challenges
involved in taking an innovative drug from discovery to manufacturing.

The added value of introducing Quality by Design (QbD) in the scale-up process and purification step
will also be discussed with various examples. In the introduction of QbD the use of process analytical
tools (PAT) are of paramount importance to enable process control and reduce operating and holding
periods.

In the scale-up of purifications processes different procedures like crystallization, chromatography and
reverse-osmosis are required to effectively remove by-products or adjust concentrations of aqueous
solutions of various process streams.
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DNA AS A SCAFFOLD FOR REACTIONS, CATALYSTS AND PROTECTIVE GROUPS
Andreas Herrmann

Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4, 9747 AG Groningen, The
Netherlands, a.herrmann@rug.nl

In Nature, DNA serves as the storage for genetic information. However, chemists have used nucleic
acids in very different contexts to template reactions,t! as catalysts®?! or as scaffolds for nanoscopic
structures.®! It will be demonstrated how DNA templates a transition metal catalysed reaction. During
this reaction a non-fluorescent starting material is converted into a fluorescent product allowing the
detection of target DNA down to 10 pM. Instead of templating a dye molecule, it was also possible to
use hybridization of ligand-modified oligonucleotides on a target DNA strand to generate an efficient
dehalogenation catalyst. Each catalytic site produces several hundred fluorescent compounds enabling
nucleic acid detection down to 10 fM.! Besides DNA detection, nucleic acids can serve as
supramolecular protective groups. These aptameric protective groups block several functionalities in
complex natural products like aminoglycoside antibiotics bearing multiple chemically equivalent groups
during binding. The chemical functionalities that are not in contact with the aptamer can be transformed
enabling the highly chemo- and regioselective derivatization of complex drug molecules in a single
synthetic step with excellent conversions.®® The broad scope of this new paradigm in organic synthesis
will be highlighted.
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DIRECT OXIDATIVE SYNTHESIS OF HETEROCYCLES

Andrey P. Antonchick@b

[a] Max-Planck-Institut fir Molekulare Physiologie, Otto-Hahn-Str. 11, 44227 Dortmund,
Germany, e-mail: andrey.antonchick@mpi-dortmund.mpg.de
[b] Technische Universitat Dortmund, Otto-Hahn-Strasse 6, 44221 Dortmund, Germany

Heterocyclic compounds constitute the majority of organic compounds. Nitrogen-containing heterocycles
are present in many natural compounds, biological probes, chemicals and materials. However, the
chemical space which can be occupied by relatively simple bicyclic heteroaromatic compounds has not
been fully explored and hundreds of novel molecules still remain to be synthesized. A considerable
amount of novel ring systems successfully enter drug space annually. Therefore, the development of
novel efficient methods of heterocycle synthesis is highly desired and represents a field of intense
investigation.

We developed a novel, highly efficient organocatalytic method for the preparation of isoquinolones by
regioselective annulation of N-alkoxybenzamide derivatives with readily available alkynes.™! The desired
products formed smoothly at ambient temperature in short times using peracetic acid as oxidant and
simple organocatalysts such as iodobenzene.
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A novel annulation of arenes with 2-aminopyridine derivatives mediated by a hypervalent iodine reagent
was developed.®?! This intermolecular approach was applied to the efficient synthesis of benzimidazole
derivatives under metal-free conditions. For the first time, we demonstrated application of the methyl
group in methyl arenes as a directing, non-chelating, and traceless group in a highly regioselective cross-
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Recently, we developed a multicomponent route for the synthesis of indoles.! In the developed method,
alkene trifluromethylation was elegantly demonstrated to provide entry into Fischer indole synthesis. The
developed process provides access to the divergent and selective syntheses of trifluoromethylated
heterocycles under similar reaction conditions. A comprehensive scope of the developed process and
the tolerance of a variety of functional groups were successfully demonstrated.
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BENCHTOP NMR SPECTROSCOPY OF REACTION MONITORING
Susanne D. Riegel
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The science of organic chemistry looks to build carbon-carbon bonds in a straightforward and repeatable
manner. This requires a toolbox of reliable reactions that chemists can use to build a specific molecule.
However, these reactions must be tailored to different substrates and different starting materials. This
can require a great deal of reaction monitoring and optimization. Typical reaction monitoring mechanisms
include quenching an aliquot and monitoring reaction progress with thin layer chromatography (TLC),
and/or gas chromatography-mass spectrometry (MS). Nuclear Magnetic Resonance Spectroscopy
(NMR), however, can be beneficial as it provides more information about the specification and relative
guantity of the reaction components. Herein we describe the use of benchtop NMR Spectroscopy to
monitor a variety of reactions, from simple small molecule to polymerizations. This monitoring can be
done through traditional sampling techniques or through the online NMR spectroscopy.
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PERFLUORARYL AZIDES: PRE-ACTIVATED DIPOLE IN CYCLOADDITIONS
Sheng Xie, [ Olof Ramstrém, " Mingdi Yan(a.0I

[a] Department of Chemistry, KTH-Royal Institute of Technology, Stockholm, Sweden.
Email: sxie@kth.se
[b] Department of Chemistry, University of Massachusetts Lowell, Lowell, MA 01854, USA

Perfluoraryl azides constituted a special class of dipole owning to highly electron-deficient activation.
They react with enamines at room temperature without any catalysts to form 5-aminotriazolines which
rearrange to stable amidines, whereas phenyl azide yields isolable triazolines.l!l Reaction of these
activated azides with aldehyde yielded amides efficiently under near-neutral conditions at room
temperature.? In addition, perfluoroaryl azides in thioacid/azide amidations also displayed high reactivity
comparable to sulfonyl azides.B! Those cycloaddition-initiated transformations proved efficient with fast
and mild reaction conditions, which are highly attractive to a wide range of applications including
bioconjugations, surface functionalization, and nanomaterial synthesis.“
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PETASIS BORONO-MANNICH REACTIONS IN GLYCEROL

Nuno R. Candeias,* Tomi Rosholm, and Robert Franzen

Department of Chemistry and Bioengineering, Tampere University of Technology, Korkeakoulunkatu 8, 33101
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The Petasis borono-Mannich (PBM) reaction, a multicomponent reaction of boronic acids,
aldehydes/ketones and amines, is a remarkable tool for preparation of complex molecules in a single
step from readily available starting materials.!!

Glycerol is an abundant, biodegradable, cheap, non-toxic, and highly hydrophilic solvent, composed of
a strong hydrogen bond network. It has low vapor pressure, high-boiling point, high dielectric constant
and a polarity value similar to DMSO or DMF. Glycerol is a side product in the production of biodiesel,
representing ca. 10 wt% of the total output and its worldwide production could have reached 2 million
tons in 2010. In 10-15 years it is expected that biodiesel production from algae will account for 37 % of
the worldwide production. If so, this may result in a twenty-fold oversupply of glycerol in the upcoming
years. Besides its widely spread use in industries like cosmetic, pharmaceutical, food or textile, new uses
of glycerol are desirable in order to solve the surplus production issue.?

After the previous reports on the use of water as solvent in the PBM reaction® and the comparable
reactivity of boronic acids and boronic esters in such reaction, it was envisioned that by mixing a boronic
acid in glycerol, the corresponding glycerol boronic esters could be formed and subsequently react to
provide the PBM product in this peculiar medium (Scheme 1).
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The results on the use of glycerol as an effective medium for the Petasis borono-Mannich reaction will
be presented.! Alkylaminophenols containing tertiary amines, allyl derivatives, 2-substituted pyridines
as well as 2H-chromenes, can be prepared in glycerol in good yields (Scheme 2). Crude glycerol derived
from biodiesel production was successfully tested in this procedure. A comparative mechanistic study of
the reaction, accounting for the possible formation of glycerol-derived boronic esters seems to be
competitive to the one where the free boronic acid is considered.
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BROOK REARRANGEMENT AS A TRIGGER FOR THE RING-OPENING OF
CYCLOPROPANES

Fa-Guang Zhang, Guillaume Eppe and llan Marek

The Mallat Family Laboratory of Organic Chemistry, Schulich Faculty of Chemistry, Technion-Israel Institute of
Technology, Technion City, Haifa 32000 (Israel). faguangzhang1987@gmail.com

In organic synthesis, it has been a long-standing objective to construct valuable molecules from simple
starting materials. In this context, over years our group has developed several efficient stereo- and
enantioselctive strategies for C-C bond forming process in a single pot operation.! Herein, we disclose
a tandem diastereoselective carbometallation of cyclopropene, nucleophilic addition to acylsilane, Brook
rearrangement and selective ring-opening of cyclopropane process in one pot operation. With this
method, a variety of linear amides fragments bearing all-carbon quaternary stereogenic centres can be
prepared in good yields form easily available cyclopropenyl derivatives. Enantiomerically enriched
example and mechanistic proposal are also presented.
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APPLICATIONS OF INTRAMOLECULAR THIYL RADICAL REACTIONS IN SYNTHSIS

Eoin M. Scanlan

School of Chemistry, Trinity Biomedical Science Institute, Trinity College Dublin, 152-160 Pearse Street, Dublin,
Ireland. eoin.scanlan@tcd.ie

Thiosugars are carbohydrate analogues where one or more oxygen atoms are substituted with sulfur in
both furanoside and pyranoside structures. Due to the unique conformational and electronic properties
conferred by the presence of the sulfur atom, these compounds offer fascinating prospects in medicinal
chemistry as glycosidase inhibitors and they have been shown to demonstrate potent biological activity
as antiviral, antidiabetic and anticancer compounds.™ A number of synthetic routes have previously been

reported for the synthesis of thiosugars but free-radical cyclisation strategies have not been widely
investigated for their preparation.!
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Figure 1. 5-exo-trig cyclisation pathway for the preparation of C-linked thiosugars

We have developed a highly efficient synthetic methodology to access novel thiosugars by employing
intramol eenkdr c§rchi s hkhtiBotn5-exoeaad G-endo wyxlisation pathways have
been investigated to access a range of novel thiosugar constructs. Cyclization reactions occur in high
yield with excellent regio- and diastereoselctivity.
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BOND FORMATION AND INTERACTIONS IN PERI-DISUBSTITUTED NAPHTHALENES

Nerea Mercadal,@ Amélie Wannebroucq,® Gizem Saritemur,l@ Mateusz B. Pitak,! Simon J. Coles,! Gregory J.
Rees,l John V. Hannal® and John D. Wallisla*

[a] School of Science and Technology, Nottingham Trent University, Clifton Lane,
Nottingham NG11 8NS, UK, john.wallis@ntu.ac.uk

[b] National Crystallography Service, Department of Chemistry, University of Southampton,
Southampton SO17 1BJ, UK

[c] Department of Physics, University of Warwick, Coventry CV4 7AL, UK

The interactions between electrophilic and nucleophilic functional groups placed at the peri-positions of
a naphthalene ring, measured by X-ray crystallography, have been investigated as examples of incipient
through-space bond formation with particular examples involving amines, ethers or thioethers with
carbonyls, polarized alkenes and alkyne groups.™? This system is particularly good since through-space
interactions usually outweigh the possible conjugative interactions with the naphthalene system.
Furthermore, the degree of bond formation can be probed by charge density measurements and solid-
state NMR studies.

Here we report the structures of systems such as 1, 3 and 5 with a much higher degree of C-N bond
formation formed by reaction between a dimethylamino group and an aldehyde or ketone promoted by
protonation or acylation of the carbonyl oxygen atom. In this respect this peri-arrangement of an amino
and carbonyl functionality coul d b eNhbomdtesgihslie in e
range 1.624-1.669 A for 1 and 3 but 1.566-1.568 A for 5, which reflects the inability of an oxygen lone
pair in 5 to overlap with the C-N anti-bonding orbital. Protonation of the phenyl or t-butyl ketone leads a
different situation 6 where the protonated amine hydrogen bonds to the carbonyl pi electron density.
Solid-state NMR studies will be presented which characterize these two modes of interaction. The power
of charge density analysis to characterize bond formation will be illustrated by contrasting results from
the aldehyde 2 and the zwitterion 4, the latter formed by spontaneous reaction between a dimethylamino
group and a polarized alkene.

Initial studies will be described on salts of anion 7, in which the nucleophilic centre is a negatively charged
oxygen atom, and which show either O ---C=0 or H---CO- interactions in the solid state.
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SELECTIVE MODIFICATION OF UNPROTECTED OLIGOSACCHARIDES

Niek N. H. M. Eisink , Martin D. Witte, Adriaan J. Minnaard

Stratingh Institute for Chemistry, University of Groningen Nijenborgh 7, 9747 AG, Groningen (The Netherlands),
n.n.h.m.eisink@rug.nl

Selective modification of unprotected carbohydrates is a relatively unexplored area, with the exception
of the modification of the primary hydroxyl group and the anomeric center. Such modifications on
oligosaccharides are scarce and furthermore seldom involve one of the secondary hydroxyl groups. In
the field of chemical biology, where often more complex carbohydrates are employed, selective
modifications are highly desired. Recently, in our group we have developed an effective procedure for
the regioselective oxidation of mono- and disaccharides.* With this method, we can selectively oxidize
the C3 hydroxyl group on the terminal glucose residue in maltose and cellobiose. The formed ketone
moeity opens up a whole range of further modifications of these carbohydrates. We envisioned that we
could apply the same method to modify higher oligosaccharides. A boundry in applying our method for
oligosaccharides lies in the fact that the carbohydrates have to be non-reducing to yield products which
are easier to identify/characterize. For the preparation of non-reducing oligosaccharides we used the
approach of Tanaka et al.2In here the authors show an effective method to yield glycosyl azides. In that
report, the obtained products were purified via preprative HPLC, we desired however a more scaleable
purification method. Standard silica gel chromatography turned out succesful for glucosyl azide but not
for higher oligosaccharides. In search of an effective way to purify oligosaccharides on a preparative
scale we studied charcoal column chromatography. Following the work of Whistler et al., we could
sequentially elute different carbohydrates by employing a smooth gradient of ethanol/water. With this
effective purification method we were able to employ our method for the selective oxidation. With 7.5
mol% of [(neocuproine)PdOACc].OTf. full conversion in the oxidation was obtained and we could isolate
the oxidized oligosaccharide pure and in good isolated yields. Identification of the oxidation position was
carried out using 2D-NMR techniques combined with mass fragmentation studies. In all cases the
terminal glucose residue was oxidized on the C3 position.
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COMT INHIBITION AS A TARGET FOR DRUG DISCOVERY
Laszl6 E. Kiss Bland Patricio Soares-da-Silva @b
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[b] Department of Pharmacology & Therapeutics, Faculty of Medicine, University of Porto,
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Over the last 50 years COMT enzyme has become an attractive target for treatment of various peripheral
and central nervous system disorders.%? COMT inhibitors prevent the enzymatic O-methylation of
neurotransmitters as well as of xenobiotic substances and hormones incorporating a catecholic structure

(Fig. 1).
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Dopamine is one of the most common neurotransmitters, involved in many biological functions and
several diseases are associated with the dysfunction of the dopaminergic system. Therefore it has been
postulated that the clinical use of COMT inhibitors may provide symptomatic relief in patients afflicted
with Parkinson’s Disease (PD), restless leg syndrome, schizophrenia, mood disorder, depression,
bipolar disorder, edema formation state, gastrointestinal disturbances, substance dependency (e.qg.
opiate and tobacco addiction) and other dopamine deficiency-related diseases such as attention deficit
disorders (ADDs) and attention deficit hyperactivity disorders (ADHDs). The sole clinical application of
COMT inhibitors thus far is their co-administration with an amino acid decarboxylase (AADC) inhibitor
plus L-DOPA (biological precursor of dopamine) for the symptomatic treatment of PD. However, the
aforementioned wide range of possible medical applications of COMT inhibitors has helped to maintain
the keen interest of several research groups in development of clinically effective and safe COMT
inhibitors. The talk will focus on the medicinal chemistry of COMT inhibitors, how their physicochemical
properties are understood to exert influence over their pharmacoligal properties. and discusses the
clinical benefits of the most relevant COMT inhibitors.

References:
(11 Axelrod, J.; Tomchick, R. Biol. Chem. 1958, 233, 7021 705.

2 Jatana, N.; Apoorva, N.; Malik, Sonika; Sharma, A.; Latha, N. Cent. Nerv. Syst. Agents Med. Chem. 2013, 13,
1661194.

135



OC12

CHEMOSELECTIVE ACCESS TO HIGHLY SUBSTITUTED BUTENOLIDES VIA A
RADICAL CYCLIZATION PATHWAY: MECHANISTIC STUDY, LIMITS AND APPLICATION
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The introduction of trialkylboranes as a source of alkyl radicals represents a significant advance in the
field of radical chemistry as it allows initiation of radical chain processes at a very low temperature.™
Besides the beneficial effect to the selectivities of radical reactions (including chemoselectivity), the
possibility to carry out reactions at i 78 °C also offers the opportunity to extend the scope of precursors
to include thermally unstable intermediates. Some years ago we developed a new approach to gamma-
lactols and methylene-gamma-lactols based upon the reduction alpha-bromo esters with DIBAL-H,
followed by the radical cyclization of the resulting aluminium acetal intermediates.?® The aluminium
acetals resulting from the cyclization process could engage in further functionalization in situ, as
illustrated by the Oppenauer-type oxidation to give the corresponding lactones™ and butenolides.
Mechanistic studies (NMR analysis and molecular modelling) gave us insights into the reaction
mechanism.

R2 OH

Compared to the approach involving classical conditions for the radical cyclization of alphabromoesters
(high temperature, high dilution and slow addition techniques), the cyclization of aluminium acetals
proved to be highly chemoselective. Our recent results will be described, and the efficiency of the
methodology will be illustrated by the short total syntheses of naturally’ occurring butenolides.
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SYNTHESIS OF SUGAR PHOSPHATES ANALOGUES OF AGROCINOPINE A : INSIGHTS
IN THE BINDING MODE OF THE PROTEIN ACCA OF AGROBACTERIUM TUMEFACIENS
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Agrocinopine A is a phosphodiester of sucrose and L-arabinose produced by plant cells modified by
Agrobacterium tumefaciens. Transported by the PBP protein AccA, it serves as nutrient for the bacteria.
Interestingly, the natural antibiotic agrocin 84 which is constructed with a nucleosidic backbone is also
able to bind this protein. In the frame of the SENSOR ANR consortium led by biologists in Gif-sur-Yvette,
one aim was to establish the binding mode of these compounds through crystallographic investigations
of AccA in the presence of its usual or unusual ligands and to propose hypotheses on the minimal
scaffold able to be recognized by AccA. To do so, samples of the non-commercially available
agrocinopine A and some of its analogs were required, leading us to define to design a strategy offering
access to agocinopine A itself as well as to diverse analogues.
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The synthetic sequence relies on the synthesis of an adequately protected sucrose and its reaction with
a phosphate precursor bearing a L-arabinose substituent. Using an alternative phosphinylation reagent
compared to the only few previously reported syntheses of agrocinopine A 2 and by carefully isolating
all intermediates, a series of new agrocinopine A derivatives, bearing different protecting groups has
been synthesized. Agrocinopine A bearing a 3i O-benzoate group on the fructose moiety, which was
found to also bind the protein though in a different manner, was investigated more closely. Several
analogues, namely L-arabinose-2-phosphate and L-arabinose-2-isopropylphosphate and D-glucose-2-
phosphate were also prepared. The communication will focus on the synthesis of this series of
compounds and their detailed structural identification and briefly show the results of the structural

investigations.
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AMPLIFICATION OF ENANTIOSELECTIVITY DURING ORGANOCATALYZED
DESYMMETRIZATION OF MESO DIOLS

Cyril Bressy
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The desymmetrization of meso compounds is a powerful strategy to obtain complex chiral building blocks
bearing multiple stereogenic centers using a single enantioselective transformation. We recently
explore the possibility to combine this strategy with the enantioselective organocatalyzed acylation in
two cases. The first one is the desymmetrization of meso primary diols usually employed as substrates
in biocatalyzed acyl ation. We found that the Fubd
symmetry of precursors bearing all-carbon quaternary stereocenters. The second case concerns the
desymmetrization of meso acyclic secondary 1,3-diols, an important pattern in natural product. We
established a general method to obtain chiral monoester with high level of enantioselectivity, which was
successfully applied iDiospdndirceA? ot al synthesis of (

CiMe M
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Me Me, Me pe Me Me Me me
AcO o OH
HO o OH C o
H H
ORGANOCATALYST

Me
OH OH OH ok"

0 meso acyclic O O O

secondary 1,3-diol 78%, er > 99:1

meso primary 68%, er =97:3

dial

We observed in both cases an amplification of the enantioselectivity due to the synergistic combination
of a desymmetrization and a chiroablative kinetic resolution leading to the production of a small amount
of meso diester. The organocatalyst converts the minor enantiomer of the chiral monoester, obtained
after the step of desymmetrization, in the achiral diester leading to improve the enantiopurity of the
monoester.
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A NEW CONTRIBUTION TO NITRO SUGAR CHEMISTRY: TRANSFORMATION OF
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Center for Research in Biological Chemistry and Molecular Materials (Glycochemistry Laboratory),
Calle Jenaro de la Fuente s/n, 15782-Santiago de Compostela, Spain; ramon.estevez@usc.es

Nitro sugars are powerful synthetic materials that combine the synthetic potential of sugars and the
chemical versatility of nitro compounds for the formation of carboni carbon bonds prior to conversion of
the nitro group into a range of other functionalities.*! 2-Substituted 3-nitropropanoic acids were showed
to act as inhibitors against carboxypeptidase A (CPA), and as useful synthetic intermediates for the
transformati on o-fminoactds® ol efins into b

We have previously described a transformation of 2-C-glucosyl-3-nitropropanoic acid 1 and its C-5
epi mer into the first repor t-anidno ac laydhintodar renginamyain e d
analogue, respectively.?4

As a new contribution to the nitro sugar facilitated synth e s i s o f -amimoragidisehrre e present
a new synthesis of 2-C-glucosyl 3-nitropropanoic acid 1 and its transformation into the highly constrained
p-aminoacids2,3and4and t he seveanmmeaedadber ed b
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Interest in this chemistry lies on the novelty of compounds 2, 3 and 4, and on the pharmacological
potential of compounds 5 and their derivatives.
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NATURAL CHIRAL ORGANIC SALTS FOR ASYMMETRIC CATALYSIS
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LAQV-REQUIMTE, Departamento de Quimica, Faculdade de Ciéncias e Tecnologia, Universidade Nova de
Lisboa, 2829-516 Caparica, Portugal; l.branco@fct.unl.pt

Natural Chiral organic salts and chiral lonic Liquids (CILs) can be useful as organocatalysts, chiral
ligands or chiral reaction media of different asymmetric catalytic processes.! 2 Nowadays, the discovery
of chiral molecules as novel catalysts remains to grow as a wide range of small organic molecules,
including aminoacids and sugar derivative moieties. Recent examples showed the possibility to use
chiral salts or ILs as efficient organocatalysts or chiral ligands for Asymmetric Aldol and Michael additions
as well as Sharpless dihydroxylation of olefins, among others.E*!

In this context, novel Bioinspired chiral ionic liquids (BioCILs) or organic salts based on L-cysteine and
L-proline derivatives as well as monosaccharide, oligosaccharide and cholic acid derivatives have been
developed.[ 7

L-Proline L-Cysteine Bioinspired - -
M CiLs )C’:ILS Chiral Ionic quu:d - Cholic Acid CiLs
* TD @
“ HaCS New, functionalized material

\ // 3 H
Chiral [ cation Asymmetric
Asy mmetric ,M'Chael’ : Recognition\  + = catalysis \ J
Aldol and Mannich reactions \) e

All novel BioClILs are prepared using efficient and sustainable synthetic methods and their potential as
chiral organocatalysts in asymmetric direct aldol, Michael additions, Mannich and epoxidation reactions
have been evaluated. For many cases, pure chiral products in good to excellent yields and enantiomeric
excesses comparable or higher than conventional systems can be achieved.

The chiral reaction media including BioClLs can be recycled and re-used by efficient sustainable
methodologies. For most promising catalytic processes, supercritical carbon dioxide is tested as cleaner
extraction method.
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NAN/120658/2010 projects and postdoctoral fellowship GVSMC - SFRH/BPD/72095/2010).
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BISMUTH TRIFLATE-CATALYSED CYCLOISOMERISATIONS INVOLVING ALLENES
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The development of catalytic, efficient and mild synthetic methods to create C-C bonds remains an
important topic in the field of organic chemistry. Our group has been involved during the past years in
the design of cycloisomerisation reactions catalysed by metal triflates and metal triflimides. These
cyclisations are usually based on the activation of substituted olefins and found some applications in
fragrance chemistry.l Among the metallic species used to perform these cycloisomerisations, the
corresponding triflate salt of non-toxic bismuth has proven to be a very active catalyst. Some new
transformations catalysed by Bi(OTf)s of various polyunsaturated systems containing an allene or a
conjugated-diene moiety such aryl-allenes!?, keto-allenes® and enol ether-allenes® will be presented.
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These methodologies based on cationic cyclisations represent a convenient approach towards
(poly)cyclic compounds through C-C bonds formation under mild reaction conditions. The scope of these
reactions as well as the limitations and some of the mechanistic aspects will be discussed.
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BIOSYNTHETIC MECHANISM OF LANOSTEROL: CYCLIZATION
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The remarkable cyclization mechanism of the formation of the 6-6-6-5 tetracyclic lanosterol (a key
triterpenoid intermediate in the biosynthesis of cholesterol) from the acyclic 2,3-oxidosqualene catalyzed
by oxidosqualene cyclase (OSC) has stimulated the interest of chemists and biologists for over a half
century. We will report the 2-D QM/MM MD simulations that clearly show that the cyclization of the A-C
rings involves a nearly concerted, but highly asynchronous cyclization, to yield a stable intermediate with
"6-6-5" rings followed by the ring expansion of the C-ring concomitant with the formation of the D-ring to
yield the "6-6-6-5" protosterol cation. The calculated reaction barrier of the rate-limiting-step (~22
kcal/mol) is comparable to the experimental kinetic results. Furthermore all previous experimental
mutagenic evidence is highly consistent with the identified reaction mechanism.

A-ring RC =r-d,-d,
B-ring RC=d;
C-ring RC=d,

Tyr98

Figure 1. The definition of the reaction coordinates and the QM subsystem
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TOTAL SYNTHESIS OF CLAVOSOLIDE A
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The clavosolides are a family of marine diolide glycosides isolated from extracts of the marine sponge
Myriastra clavosa, collected in the Phillipines.¥ The unique architecture of this sponge metabolite has
attracted considerable interest from the synthetic community 7 with the first total synthesis described by
Willis et al.l’l Herein we present a short and highly convergent synthesis towards Clavosolide A, with a
"one pot" Lewis-base mediated allylboration-Prins reaction and lithiation-borylation as the key steps.
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‘“qo&.ﬂe glycosidation Lewis base- mediated

OMe allylboration
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Clavosolide A /K/’ + oc b/\)
5 6

Clavosolide A is first disconnected through the ester linkages to give the key intermediate 2.
Tetrahydropyran 2 is formed in the forward direction by the enantioselective lithiation of the primary
carbamate 3, followed by its trapping with boronic ester 4 and subsequent 1,2-metallate rearrangement.®!
Carbamate 3 is synthesised by Lewis base-mediated allylboration to form (E)-homoallylic alcohol, with
control of olefin geometry,” followed by a highly stereoselective Prins reaction® to form the densely
substituted tetrahydropyran core in a single step from the boronic ester 5 and the aldehyde 6. The xylose
moiety is attached in a diasteroselective manner through a glycosidation reaction using a neighboring
group participation strategy. This methodology allows the synthesis of this intriguing natural product in
just 11 steps in the longest linear sequence, far shorter than any synthesis currently reported.
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GOLD-CATALYZED POST-UGI HETEROANNULATIONS AND
DOMINO REACTIONS
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Gold catalysis is one of the fast growing research topics of modern organic chemistry. In this context,
gold-catalyzed carbocyclization and heteroannulation strategies have recently attracted much attention
due to the selective and efficient activation of the C-C triple bond towards a wide range of nucleophiles.
Moreover, the combination of multicomponent reactions with gold catalysis, gives access to complex
molecular architectures in few steps, as compared to traditional multistep processes.* We will comment
on our recent findings in this field. A concise route to indoloazocines? via a sequential Ugi/gold-catalyzed
intramolecular hydroarylation® will be presented. A diversity-oriented approach to spiroindoles via a
post-Ugi gold-catalyzed diastereoselective domino cyclization™ will be described (Scheme), as well as
a regioselective approach for the synthesis of pyrrolopyridinones and pyrroloazepinones employing a
gold(l)/platinum(ll) switch.®"Emp 1 oyi ng dual @G/  activation, cationic gold e
cyclization of N-propynylbutynamides via Csps-H funtionalization to give cyclopentapyridinones. !
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up to 80% yield
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THE VERSATILITY OF GOLD(I)-CATALYSIS APPLIED TO THE TOTAL SYNTHESES OF
(1 -NARDOARISTOLONE B AND LUNDURINE C
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The breadth of reactions catalyzed by electrophilic gold(l) complexes and salts™! and the versatility of
intermediates accessible through these transformations have been utilized to develop expedient and
efficient total syntheses of the natural products (i )-nardoaristolone B and lundurine C. Notably, the first
enantioselective synthesis of nardoaristolone B has been accomplished implementing for the first time
an oxidative gold(l)-catalyzed cyclization of 1,5-enyne in the context of total synthesis, in 7 steps and
111 13% overall yield (Scheme 1).2

o Enantioselective
Cu-catalyzed Au-catalyzed
b o _—>
conjugate addition/ oxidative
enolate trapping bicyclization
92% ee (-)-Nardoaristolone B

3:1dr 7 steps

11-13% overall yield
Scheme 1. First enantioselective total synthesis of (i )-nardoaristolone B.

Furthermore, with a distinct strategy, an intramolecular gold(l)-catalyzed hydroarylation of alkyne has
proved successful to efficiently prepare the polycyclic core of the lundurines and complete the synthesis
of lundurine C. Our 11-step longest linear synthetic sequence provides a rapid entry towards this
architecturally complex natural product and related analogues (Scheme 2).

o]
0
MeO N\ A Cata/yzed MeO \CFQ: —» MeO
alkyne
H \\\ hydroarylation ‘
74 (8-endo-dig) CO,Me
R Lundurine C
11 steps
(longest linear sequence)
Scheme 2. Total synthesis of lundurine C.
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SUSTAINABLE GOLD CATALYSIS: SYNTHESIS OF NEW SPIROACETALS
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Spiroacetals appear in a wide range of natural products and biologically active molecules. Consequently,
there is a high demand for efficient methods to synthesize these privileged scaffolds. Among these,
transition metal-catalyzed cyclizations of suitable unsatured substrates are gaining importance. In
particular, several examples for the gold-catalyzed spiroacetalization of acetylenic diols and related
substrates have been disclosed recently.[!lHere, we describe the application of recyclable gold catalysts
to spiroacetalizations in water as bulk reaction medium. For example, treatment of acetylenic diols with
ammonium-salt-tagged NHC-gold complexes of the type A affords saturated [O,QO]-spiroacetals of the
type 1, whereas the use of gold catalysts in nanomicelles (B) provides unsaturated spiroacetals 2 from
acetylenic triols by dehydrative spirocyclization.®! Recently, we have extended the spirocyclization to new
types of [O,0]- and [N,O]-spiroacetals (e.g., 3-5), which are of interest as new molecular scaffolds in
medicinal chemistry.
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BIOMIMETIC SYNTHESIS OF CHLORINATED MEROTERPENOIDS FROM
STREPTOMYCES BACTERIA

Jonathan H. George

Department of Chemistry, University of Adelaide, Adelaide, SA 5005, Australia.
jonathan.george@adelaide.edu.au

Streptomyces bacteria possess complex secondary metabolism that is responsible for the production of
over two-thirds of clinically useful antibiotics of natural origin. In this project, we are interested in studying
the organic chemistry of three families of related Streptomyces natural products i the merochlorins, the
napyradiomycins and the naphterpins. We propose that all of these unusual halogenated meroterpenoids
are biosynthesized from 1,3,6,8-tetrahydroxynaphthalene (THN) via predisposed cascade reactions
initiated by oxidative dearomatization. We have used our biosynthetic proposals to inspire concise
synthetic approaches to all three natural product families.[!!
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One of the key advantages of the direct aromatic functionalization strategy is the absence of pre-
activation steps at the C-H aromatic position. Thus, molecular complexity can be achieved in a single
chemical step. A large disadvantage however, aside from the C-H regio-selectivity issue, resides in the
often necessary pre-activation or pre-oxidation of the coupling partner such that it becomes sufficiently
reactive for the coupling reaction to occur.

. metal-free R1\N’R2
R" hallde-free
1\ / 4 |
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R

The direct dehydrogenative construction of C-N bonds,*? a strategic connectivity in organic synthesis
which is classically approached through Cu catalyzed cross-coupling chemistry, has been achieved
between unprotected phenols and a series of cyclic anilines, without resorting to any kind of metal
activation of either substrates, and without any halide. The resulting process relies on the exclusively
organic activation of molecular oxygen and the subsequent oxidation of the aniline substrate. This allows
for the coupling of ubiquitous phenols, thus furnishing amino-phenols in a most atom-economical and
most sustainable dehydrogenative amination method. This new reactivity concept, relying on the intrinsic
organic reactivity of cumene in what is seen as a modified Hock activation process of oxygen, is expected
to have a large impact for the formation of C-N bonds.®! These results and resulting future perspectives
will be discussed.
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ENANTIOSELECTIVE ADDITION OF WATER

Ulf Hanefeld,[@* Bi-Shuang Chen,@ Linda G. Otten,[@ and Verena Reschlab!

[a] Gebouw voor Scheikunde, Afdeling Biotechnologie, Technische Universiteit Delft.
Julianalaan 136, 2628BL Delft (The Netherlands); E-mail: u.hanefeld@tudelft.nl
[b] University of Graz, Organic and Bioorganic Chemistry, Institute of Chemistry,

Heinrichstrasse 28, 8010 Graz (Austria)

Water is a very bad nucleophile and notoriously unreactive. Its direct addition to double bonds is
therefore a major challenge in chemistry. The Michael addition of water is catalyzed by amino acids
and some amines, however it is very slow and yields are often low in this reaction. 2 Very few
examples of enantioselective Michael additions of water have been described and most of them are
enzyme catalyzed. These enzymes, hydratases, however suffer in most cases from a very narrow
substrate scope. Indeed some only accept one single substrate.

— + H,0
R’ °T 0 R o]

R2 R2

Target

State of the Art
- Hydroboration Oxidative
R O ~with chiral igand work up R! ¢}
R2

New catalytic approach
0

(0]
o Many Rhodoccus species o) Yield > 80 %
\ many substrates \ ee>95%

HO":

Rhodococcus species have the ability to catalyze the Michael addition of water to many substrates. 4
This activity has now been explored and remarkable activities and enantioselectivities have been
found. It seems that a wide range of related Rhodococcus species can catalyze these reactions. These
straightforward to use catalysts can easily be recycled and used many times. Moreover they catalyze
the reaction in the reagent water, leading to a very environmentally benign reaction with an excellent
atom economy. Thus the classical stoichiometric hydroboration and subsequent oxidative work up can
be replaced by a single catalytic step.

References:
MV, Resch, C. Seidler, B.-S. Chen, I. Degeling, U. Hanefeld, Eur. J. Org. Chem. 2013, 76971 7704.
[2v. Resch, U. Hanefeld, Catal. Sci. Technol., 2015, 5, 13851 1399.
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REDUCTION OF ARYL HALIDES BY CONSECUTIVE VISIBLE LIGHT-INDUCED
LECTRON TRANSFER PROCESSES

Tamal Ghosh, Indrajit Ghosh, Javier |. Bardagi and Burkhard Konig®

Institute of Organic Chemistry, University of Regensburg, Universitatsstr. 31, D-93053 Regensburg, Germany,
Burkhard.Koenig@ur.de

Biological photosynthesis uses the energy of several visible light photons for the challenging oxidation
of water, whereas chemical photocatalysis typically involves only single-photon excitation. Perylene
bisimide is reduced by visible light photoinduced electron transfer (PET) to its stable and colored radical
anion.We reported that subsequent excitation of the radical anion accumulates sufficient energy for the
reduction of stable aryl chlorides giving aryl radicals, which were trapped by hydrogen atom donors or
used in carbon-carbon bond formation. This consecutive PET (conPET) overcomes the current energetic
limitation of visible light photoredox catalysis and allows the photocatalytic conversion of less reactive
chemical bonds in organic synthesis.™!
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A recent application is the generation of highly reactive aryl radicals, which are useful arylating reagents
in synthesis, by photoinduced electron transfer (PET) from photoredox catalysts to suitable precursors
followed by bond scission.®l Our approach is to overcome the limitations of visible lighti mediated
chemical photocatalysis by using the energies of two photons in one catalytic cycle. However,
compounds that are less reactive (e.g., aryl bromides and chlorides) due to a more negative reduction
potential, higher carbon-halide bond dissociation energy, and a different, stepwise cleavage
mechanism are not accessible by this process using typical photocatalysts and, more importantly,
visible light.Our approach is inspired by the Z scheme of biological photosynthesis, which has already
been used in water photooxidation® but, surprisingly, has not yet been applied in organic synthesis.
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TEMPO-MEDIATED IN SITU FORMATION AND TRAPPING OF UNSTABLE NITRONES:
SYNTHESIS OF N-CARBAMOYL/ACYL ISOXAZOLINES
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[a] Institute for Organic Chemistry, University of Regensburg, Universitatsstr. 31,
93053 Regensburg
[b] Institute of Organic Chemistry, University of Minster, Corrensstrasse 40, 48149 Minster

4-lsoxazolines (1) are valuable heterocycles used as versatile building blocks for the preparation of
bi ological acti ve -aninogridsy ardnsalcahaiscon alkalads.™ Although several
methods for their synthesis have been described, the main and most used strategy to obtain the 4-
isoxaline core is the 1,3-dipolar cycloaddition (1,3-DCA) between isolated stable N-alkyl and N-aryl
nitrones and a dipolarophile, such as an alkene or an alkyne.® This leads to isoxazolines with
unremovable or difficult to cleavage groups at the nitrogen in the presence of the N-O bond, which
significantly limits the scope of this methodology. Thus, the use of intrinsic unstable nitrones bearing
easily removable electron-withdrawing groups such as acyl or carbamoyl units is still highly desirable.!?

Herein, we present a new and convenient synthesis of N-carbamoyl and N-acyl 4-isoxalines. Based on
our experience on oxidative C(sp®)-H coupling reactions with TEMPO derivatives as mild oxidants,® an
efficient TEMPO-mediated in situ formation and trapping of unstable nitrones from benzyl, allylic and
alkylic hydroxylamines has been developed. Moreover, an unexpected mechanism with this nitroxide
radical oxidant will also be discussed.

NH-Isoxazolines
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0 . 0 " -7 &B-amino acids

O. )
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Chiral phosphines are efficient sources of chirality in many transition-metal catalyzed transformations,!!
as well as being powerful organocatalysts themselves.? While most of the phosphine ligands used in
asymmetric transition-metal catalysis have a chiral backbone, the ones bearing the chiral center at
phosphorus (P-stereogenic phosphines) have known tremendous increase of interest. Indeed, in some
cases, P-stereogenic phosphines were found to be superior ligands (both in terms of reactivity and
enantioselectivity) than their chiral-backbone phosphine counterparts.®
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INVERSION
— BH
A , FG_ b
k\\ ~— A
€oordination/reactivity Alk R Pff
module Ph
P-stereogenic FG = OH, C(R)(R")OH

heterobidentate ligands

In this context, we have developed a new synthetic pathway towards the preparation of phosphorus-
based bidentate ligands where the chirality is held by the phosphorus atom. Our synthesis relies on the
use of chiral H-adamantyl phosphinate precursor which can be functionalized™ in a very straightforward
manner by one-pot addition of organolithium compound / electrophilic trapping. The corresponding
phosphine oxides are then reduced by borane in a stereospecific fashion to allow the formation of
functionalized phosphine-borane,® which are precursors to potential P-stereogenic bidentate ligands.!®
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DIRECT CATALYTIC CROSS-COUPLING OF ORGANOLITHIUM COMPOUNDS

Valentin Hornillos, Massimo Giannerini, Carlos Vila, Martin Fafianas-Mastral and Ben L. Feringa”
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The development of new catalytic methodologies for carbon-carbon bond formation continues to be a
major challenge in organic synthesis. Cross-coupling reactions, in particular palladium-catalyzed
processes, are among the most important current methods for C-C bond formation.*? A tremendous
effort has been dedicated in the last 40 years to expand the scope of these methodologies and many
organometallic reagents as Grignard, zinc, boron, tin and silicon reagents were identified as suitable
partner in this reactions. Organolithium reagents in contrast have been scarcely considered due to the
difficult control of their reactivity. Considering the importance of organolithium compounds, a procedure
to directly employ this reagent in Pd-catalyzed cross-coupling reactions is highly desirable.

Herein we report a general methodology for the cross-coupling of organolithium reagents with aryl
(pseudo)halides that proceeds under mild conditions and in short time (Scheme 1).2% The observed
high efficiency of organolithium in cross-coupling also prompted us to exploit them in the challenging
synthesis of highly hindered tri- and tetra-ortho-substituted biaryls.["
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Scheme 1. Direct catalytic cross-coupling of organolithium compounds
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2,4,6-TRIARYLPYRROLOJ[2,3-d]PYRIMIDINES BY SUZUKI COUPLING AND C-H
ARYLATION REACTIONS

Jelena Dodonova* and Sigitas Tumkevicius
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Naugarduko 24, LT-03225 Vilnius, Lithuania
jelena.dodonova@gmail.com

Pyrrolo[2,3-d]pyrimidine ring system (7-deazapurine) represents an important pharmacophore in drug
discovery and many its derivatives bearing multiple substituents at the carbon atoms of the heterocycle
display valuable biological effects. On the other hand, the pyrrolo[2,3-d]pyrimidine-core based
oligoarylenes exhibit strong UV-blue fluorescence and are promising candidates as fluorescent
functional materials.” Therefore, development of efficient and economic methods for the synthesis of
arylpyrrolo[2,3-d]pyrimidines is a worthwhile goal. Methods for the preparation of 4,5-, 4,6-diaryl- and
4,5,6-triarylpyrrolo[2,3-d]pyrimidines have been recently established,? however, synthesis of 2,4,6-
triarylpyrrolo[2,3-d]pyrimidines is still explored insufficiently. Herein, we report on the sequential
assembly of aryl groups onto the pyrrolo[2,3-d]pyrimidine core as a useful method for the construction
of pyrrolopyrimidine extended ~ -systems. The synthetic strategy for the introduction of aryl groups to
afford 2,4,6-triarylpyrrolo[2,3-d]pyrimidines is based on a combination of the Suzuki cross-coupling and
direct C-H arylation reactions.

Cl Ar Ar
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N ArB(OH), N7 . N7
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N N  Suzukicoupling A, N N Pd cat. Ar N N
\ \ C-H arylation \

1 2 3
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The developed protocols allow a wide library of the title compounds to be generated. The methods are
compatible with many valuable functional groups. The C-H arylation reaction works well with aryl
bromides bearing both, electron-donating and electron-withdrawing substituents. Reasonable yields of
the target compounds 3 were also obtained with sterically encumbered aryl bromides.

Scope and limitations of the arylation reactions will be discussed.
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ORGANOCATALYZED SYNTHESIS OF HETEROCYCLES:
THE MELDRUMO6S ACI D APPROACH

Briére, J.-F.,” Berini, C., Noél, R., Pair, E., Postikova, S., Tite, T., Sabbah, M. and Levacher, V.

Normandie univ, COBRA, UMR 6014 et FR 3038; Univ Rouen; INSA Rouen; CNRS, IRCOF, 1 rue Tesniére,
76821 Mont Saint Aignan cedex, France.
jean-francois.briere @insa-rouen.fr

The search for efficacious catalytic construction of chiral bio-relevant heterocyclic architectures is still a
fascinating endeavor for chemists intending to explore new chemical spaces and to develop a more
sustainable organic synthesis. In this context, we investigated novel/underexplored chemical reactivity
of Mel dr umd s aacchedp afdMeadlily available starting materials.! Based on organocatalytic
processes, we intended to capitalize both upon the unique acidity (pKa = 4.8 in water) and electrophilicity
of MA derivatives.*?
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First of all (Path A) , it was found that Mel dr u mdtsoneadipaled visaan i o0 n

key (3+2) annulation followed by a domino fragmentation-decarboxylation-protonation reaction to
furnish isoxazolidinones; useful precursors of bio-r e | e v-aminb aclils after the facile N-O bond
cleavage.?®® Interestingly, Meldrum's acid behaves as a user-friendly ketene equivalent along this overall
process. Next (Path B), it was recently shown that in situ formed alkylidene Meldrum's acid derivatives
turned out to be useful acceptors of aza-Michael reaction leading to biclyclo-pyrazolidinones; possible
precursors of cyclic peptides.?® This constitutes an original asymmetric multicomponent reaction (MCR)
involving a domino Knoevenagel-aza-Michael-Cyclocondensation sequence (KaMC). All these reactions
were allowed by means of dedicated achiral and enantiopure Brgnsted base organocatalyst (RsN*) and
only releases a molecule of acetone, CO, and H>O upon soft conditions (exclusion of air not required,
temp. < 40°C). A story of this chemistry will be told.
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USE OF SUBSTITUTED PHENYLACETONES IN ORGANIC SYNTHESIS
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E-mail: aabanerje@gmail.com
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Zulia, Maracaibo, Venezuela

In relation of our studies on the utility of substituted 1-tetralones for the synthesis natural products, we
have observed that the substituted phenylacetones can also be selected as staring material for natural
products. The use of the commercially available phenylacetones 1 and 2 in organic synthesis will be
discussed in this symposium. The phenylacetone 1 was converted to 3-methoxy-4-aminopropio-phenone
3 in four steps (Wolff-Kishner reduction, nitration with copper (ll) nitrate, oxidation with PCC in benzene
and reduction with Pd/C (10%) and ammonium formate). The condensation of 3 with dimethylacetylene
dicarboxylate 4 followed by the cyclization of the resulting compound with PPA afforded the kynurenic
acid derivative 5 in 60% yield.
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Figure 1

The phenylacetone 2 was converted to benezenesulfonyl derivative 6 in three steps (reduction with
NaBH,4, bromination with NH4Br, H.O2, AcOH, sulfonyl derivative with PhSOCI, Py). The conversion of
6 to U-asarone 7 was accomplished in two steps (dehydration with NaH, DMF, rt, substitution with
copper (1) bromide, Na OMeasaromeMgs detebted. t r ace of oI
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Figure 2

The kynurenic acid and its derivatives exhibit a broad biological activities in neurodegenerative disorders
(Al zhei mer ds, reenal klamage, setc) dU-Asagoaes & substance of potent hypolipidemic
activity, is mainly found in plant growing in Southwestern Mexico. It is found to have sedating,
neuroleptic, spasmolytic and antiulcerogenic activity.
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NEW PATHWAY FOR HETEROCYCLES SYNTHESIS: COMBINING CARBONYLATION
AND NUCLEOPHILIC SUBSTITUTION

Xiao-Feng Wu, Helfried Neumann, Matthias Beller
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Xiao-Feng.wu@catalysis.de

Transition metal-catalyzed carbonylation reactions have already become a powerful tool box in modern
organic synthesis.! On the other hand, nucleophilic substitution is a fundamental class of organic
reactions in which nucleophile attacks the positive charge of an atom to replace a so-called leaving group
(electrophile) and forms a new chemical bond. Remarkably, no transitional metal catalyst is involved in
nucleophilic substitution which is a big advantage in carbonylation reaction as no CO insertion will occur
here. Hence, by the combination of carbonylation and nucleophilic substitution will definitely offer new
options for heterocycles synthesis. With this idea in mind, we developed several novel methodologies
for the synthesis of carbonyl containing heterocycles. Quinazolinones, isochromenones and
isoquinolinones were prepared selectively with high efficiency.? The advantage of these procedures
have been proved as well.
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Offers new pathway for heterocycle synthesis!
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NOVEL PYRAZOLE METAL COMPLEXES: SYNTHESIS AND REACTIONS OF
TRISSPIRO(3H-PYRAZOL-3-ONE) DERIVATIVE

Hiroshi Maruoka,* Nobuhiro Kashige, Ryoko Tomita, Eiichi Masumoto,
Fumio Miake, Kenji Yamagata, and Toshihiro Fujioka

Faculty of Pharmaceutical Sciences, Fukuoka University, 8-19-1 Nanakuma, Jonan-ku, Fukuoka 814-0180,
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As a part of systematic investigation of synthesis and biological activities of pyrazole metal complexes,™
a novel series of bis[nonakisspiro(3H-pyrazol-3-one)] metal complexes were synthesized. The cleaving
agents of nucleic acid have attracted extensive attention due to their potential applications in the fields
of molecular biological technology and drug development.” Simple metal complexes have been
successfully employed to accelerate the rate of double-stranded DNA hydrolysis and those metal
complexes with intrinsically high affinity for DNA are the most effective reagent.lIn this view, the design
of small complexes that can bind to DNA becomes more and more important. In connection with our
current research interests in the synthesis and reactivity of pyrazole derivatives, we have reported the
synthesis of pyrazole tin(IV) complexes.i In this work, we wish to report the preparation of novel
bis[nonakisspiro(3H-pyrazol-3-one)] metal complexes.

The reaction of 3H-pyrazol-3-one 1 with NBS in the presence of EtsN gave the trisspiro(3H- pyrazol-3-
one) 2. Thermal treatment of 2 in boiling toluene caused radical polymerization to afford the
nonakisspiro(3H-pyrazol-3-one) 3. Compound 3 was reacted with metal(ll) reagents, such as iron(ll)
chloride, copper(ll) chloride, nickel(ll) chloride, zinc chloride, and platinum(ll) chloride, to provide the
corresponding bis[nonakisspiro(3H-pyrazol-3-one)] metal complexes 4a-e. Newly synthesized
compounds 214 were tested in vitro for their DNA cleavage activity. Furthermore, 2-4 were evaluated
for their antifungal activity against Candida albicans and Saccharomyces cerevisiae.

iii)

o Mt
Reaction conditions:
1) 1) NBS/CHCl,, rt, 2 h; 2) EGN/CHCL,, rt, 2 h 2
ii) toluene, reflux, 10 h
iii) M"Cly/toluene, reflux, 10 h M: a=Fe. b=Cu,c=Ni, d=2Zn e=Pt
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SYNTHESIS AND REACTIONS OF 4-ACYLOXY-3H-PYRAZOL-3-ONES:
BIOLOGICAL ACTIVITIES OF NOVEL SYNTHESIZED COMPOUNDS

Eiichi Masumoto,* Hiroshi Maruoka, Nobuhiro Kashige, Fumi Okabe,
Fumio Miake, Toshihiro Fujioka, and Kenji Yamagata

Faculty of Pharmaceutical Sciences, Fukuoka University, 8-19-1 Nanakuma, Jonan-ku, Fukuoka 814-
0180, Japan; masumoto@fukuoka-u.ac.jp

Five-membered nitrogen-containing heterocycles have received intensive research interests because
they constitute an important class of natural and unnatural products, which display biological activities,
and are important as precursors in the synthesis of many biologically active compounds.*l Among them,
the pyrazol-3-one and pyrazole motifs are attractive targets due to their widespread potential biological
activities. On the other hand, hydrazones have also been a useful scaffold in medicinal chemistry for
many years.Fl In this work, we have demonstrated a novel convenient approach to spiroepoxide-3H-
pyrazol-3-ones 2a-c and 4-acyloxy-3H-pyrazol-3-ones 3a-d. Moreover, we have developed a divergent
synthesis of 1H-pyrazole-4,5-diols 4a-d, 4-hydroxy-3H-pyrazol-3-ones 5a-d, and phenylhydrazones 6a-
d from 4-acyloxy-3H-pyrazol-3-one 3a.

4-Alkylidene-3H-pyrazol-3-ones la-c were reacted with m-chloroperbenzoic acid in the presence of
potassium carbonate to give the corresponding 2a-c. Treatment of 2a with acid anhydride in the presence
of boron trifluoride diethyl etherate led to the corresponding 3a-d. The reactions of 3a with U
chloroketones, ketones, and/or secondary amines gave the corresponding 4a-d, 5a-d, and 6a-d.
Furthermore, novel synthesized compounds were tested in vitro for their DNA cleavage activity and
evaluated for their antifungal activity against Candida albicans and Saccharomyces cerevisiae.

A Me 12| R 45| Rr2
R A\ Me Re_Q  Me >/.——o Me  — o T
\N 0) R \N (i) o I\{\l b | -(CHy)s- b | Ph
—_—
0 T/ ¢ ,\ll/ o 0 '\Il/ ¢ | -(CHye ¢ | 4-Me-CgH,
Ph Ph v Ph d | 4-Cl-CgHy
1a-c 2a-c 2 4a-d
R
(ii) R2 3 R 6 |R
Ph—NH Me
\N_ R! a [ Me a [ MeoN
0 >/"O Me o Me b | Et b | 4-morpholinyl
HO L
o (v) 0 I\<N (iv) \N c | n-Pr ¢ | 4-piperidinyl
N—R' O N/ O N~ d | n-Bu d | 1-pyrrolidinyl
o/ | |
Ph Ph
6a—d 3a—d 5a-d

Reaction conditions: (i) m-CPBA, K,CO3, CHCl, 0-5 °C, 1 h; (ii) (R'CO),0, BF5-OEt,, CHCls, r.t., 12 h; (iii) CICH,COR?Z, NaH, DMF rt., 12 h;
(iv) MeCOR?, EtzN-H,0, r.t., 12 h; (v) R',NH-HCI, Et;N, THF, reflux, 2 h or R',NH, Et;N, THF, 80 °C, 1 h.
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SYNTHESIS AND ANTIOXIDANT ACTIVITY OF SOME BIOLOGICAL ACTIVE
COMPOUNDS ARISING FROM [3+2] CYCLOADDITIONS USING SULPHUR
SUBSTITUTED AZOMETHINE YLIDES AND NITRILE OXIDES

Melek Gul*, Yiannis Elemes

Amasya University, Faculty of Science and Arts, 05100 Amasya, Turkey
loannina University, Faculty of Science and Arts, 45110 loannina, Greece
melekgul2005@yahoo.com
(This work is dedicated with respect to the memory of Associate Prof. YiannisElemes)

The cycloaddition reactions are among the powerful tools for ring construction in organic synthesis [1].
Azomethine ylides and nitrile oxides are reactive 1,3-dipoles, giving rise to a variety of five-membered
heterocyclic compounds which have synthetic applications in heterocyclic and natural product chemistry
[2]. We report here on the isolation of 5H-dihydro-pyrrolo derivatives from the cycloaddition of a series
of N,N-[bis-methylsulfanyl]-imines of glycine esters to N-phenylmaleimide, in good yields under neutral
conditions at high temperatures, and their full spectroscopic characterization [3]. The second part of the
work includes the addition of nitrile oxides to fragrance and flavor compounds such as (R)/(S)-Limonene,
carveol, carvone, and alpha-terpinene. The new isoxazoline and dihydro-pyrrolo compounds have been
screened for scavenging ability against the free radical 2,2-diphenyl-1-picryl-hydrazyl (DPPH) and
chelating activity on ferrous ions.

o o
RS 0 3.5 mL dry Phe
>=N \)L +
RS OMe 185 °C
72h

endo- anh.’endo -syn
“ Ph
Ovo
! .
RS M9 _ome O _OMe
Hg O
0 D|J (0]
Ph

Aknowledgements: We gratefully acknowledge financial support of this work by the Amasya University
Scientific Research Projects Coordination Department (Project No FMB-BAP14-054/14-086).

molar ratio 1 55 double adduct
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[3+2] CYCLOADDITIONS OF UNSATURATED N, MB&STRICYCLIC IMIDES

Omer T. Gunkaral@*, Melek Gul?, Irem Kulul® and Nuket Ocall@

[a] Yildiz Technical University, Faculty of Science and Arts, Davutpasa Campus, 34220
Istanbul, Turkey

[b] Amasya University, Faculty of Science and Arts, Ipekkoy Campus, 05100 Amasya,
Turkey
omerrrgunkara@hotmail.com

A huge number of biological activities have been conferred to heterocycles and they play a important
role as both pharmaceutical and agrochemical products [1]. Imide moiety is an integral part of structures
of wvarious important molecules such as fumaramidmycin, granulatimide, isogranulatimide,
rebeccamycin, and thalidomide. These molecules are reported to exhibit wide variety of biological
activities such as antitumor, anti-inflammatory, and antimicrobial [2]. In addition, N-substituted imides,
such as maleimides isohematinic acids and especially bicyclic and tricyclic derivatives such as
tandospirone derivatives [3] are known for their broad spectrum of pharmacological properties, thus
showing antibiotic, fungicidal, analgesic, anxiolytic and cytostatic effects.

The 1,3-dipolar cycloaddition reaction of azomethine ylides to alkenes is one of the most important and
elegant methods for the construction of nitrogen-containing five-membered ring compounds. For this
reason, we focused on the [3+2] cycloaddition reactions with azomethine ylide to obtain fused spiro-1,3-
indandionolylpyrrolidine compounds to have more potentially biologically active molecules available.
Spiro compounds are well known to possess varied pharmacological activities and hence their synthesis
has always been a challenge and an attraction to organic chemists [4].

Aknowledgements: We gratefully acknowledge financial support of this work by the Yildiz Technical
University Scientific Research Projects Coordination Department (Project No. 2011-01-02-KAPO03).
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DIRECT ASYMMETRIC ALDOL REACTION FOR THE SYNTHESIS OF SUGARS
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The chemistry of carbohydrates has been extensively developed for over a century. While many synthetic
methods based on orthogonally protected sugar precursors have been developed, examples of a direct
de novo approach from simple carbonyl precursors is still limited.!*! Especially the synthesis of higher-
carbon sugars, an important group of monosaccharides that take part in various biochemical processes,
still needs improvement.

Recently we have developed a straightforward synthesis of syn-configured ketohexoses in a direct aldol
reaction of unprotected dihydroxyacetone and both (R)- or (S)-glyceraldehyde acetonides in the
presence of water.[? Herein, we report a broader application of that methodology for the synthesis of
naturally occurring higher-carbon sugars.

OTBDPS

o) © NH,
OH Ph.__NH

| catalyst O%yNHZ

l\OTBDPS
O ~ | BnO 0
o\ (R,R,R,R)iperinamide U

O o) (0} = do =
| )::’O “To

(@) z

NH

)_/O
: OH O
OH
HO Y

OH OH O OH OH OH OH O

: OH D-fructose HO OH
HO z z z

OH OH OH OH OH

D-glycero-L-galacto-oct-2-ulose sedoheptulose

In the key step the direct aldol reaction of dihydroxyacetone and D-erythrose catalyzed by serine-based
organocatalyst promotes the reaction to yield natural heptose - sedoheptulose (D-altro-hept-2-ulose).
The synthesis of naturally occurring octose - D-glycero-L-galacto-oct-2-ulose was accomplished when D-
xylose was used. The reactions proceed with very high yields and diastereoselectivities.

Acknowledgements: Financial support from the Polish National Science Centre (grant number NCN
2011/03/B/ST5/03126) is gratefully acknowledged.
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N-TRIFLUOROMETHYLTHIOLATION OF SULFOXIMINES

Christian Bohnen and Carsten Bolm*

Institute of Organic Chemistry, RWTH Aachen University, Landoltweg 1, 52074 Aachen, Germany; Email:
carsten.bolm@oc.rwth-aachen.de

Fluorinated moieties are important in organic syntheses,! and they find various applications in
biologically active compounds.? Hence, their incorporation into molecules became an indispensable
strategy for the development of drugs and crop protecting agents. The trifluoromethylthio group (SCFs)
received increasing interest in medicinal chemistry®®! due to its high lipophilicity.*!

Sulfoximines, the mono-aza analogues of sulfones, contain a modifiable imine nitrogen. Changing the
N-substituent can lead to a change of physical properties such as the solubility and lipophilicity of the
respective molecule.® Therefore, sulfoximines have attracted attention as drug candidates® and as crop
protection agents.[”

The combined advantages of the sulfoximidoyl moiety and the favorable effects induced by a
trifluoromethylsulfenyl substituent are of special interest.

Herein, we present the syntheses of various N-SCFz functionalized sulfoximines representing a new
class of substrates for potential bioactive compounds.

2 steps
O, NH o O, NSCF;
7 \R1 one-pot 7 \R1 R'= aryl, alkyl, CF3; 14 examples
P e \ S \ R? = Cl, Br, OMe,NO;, Me, H 50 - 98%
2 = 2 —
R it,<1h R
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IMPORTANCE OF SULFORAPHANE, AN ANTI-CANCER COMPOUND, AND ITS
SULFOXIMINE ANALOGS
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In 1992, Zhang et al.M isolated for the first time a small molecule, Sulforaphane (1), which derived from
the hydrolysis of glucosinolates present in Brassica vagetables, especially broccoli.”? Since then, the
biological activities of this compound were deeply investigated. In fact, Sulforaphane plays a fundamental
role in the prevention of several kinds of cancer, for instance inhibiting Phase | enzymes, inducing
Phase Il enzymes, modulating apoptosis, and showing anti-inflammatory effects.

It was also proven that the configuration of the sulfoxide in 1 can be relevant in the stimulation of
detoxifying enzymes.! Motivated by the importance of this moiety on the biological properties of
Sulforaphane, we decided to investigate in detail the influence of the oxidation state of the sulfur atom.
Here, we present the synthesis of Sulforaphane analogs, where the sulfoxide is replaced by sulfilimidoyl
(2) and sulfoximidoyl (3) functionality. Studies about the biological activities of these derivatives are still
ongoing and have shown promising preliminary results.

Q s X NR
S .C~  — g
Me™ S~ SN Me/S\/\/\N//C

0]

Sulforaphane (1) Sulfilimine 2, X
Sulfoximine 3, X
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Sulfoximines, the mono-aza analogues of sulfones, are of special interest for application in medicinal
chemistry as well as crop protection.™! In contrast to sulfones, sulfoximines have an imine-nitrogen that
can be modified to improve physical properties, for example solubility.?? Whilst the synthesis of N-methyl
sulfoximines can be achieved under classical Eschweiler-

Clarke conditions,®! the alkylation using more complex _

groups has proved more challenging. Recently, our group O NH /A'kym‘

developed two methods to prepare N-alkylated S

4

R? R?

2

sulfoximines!¥ that led us to further explore the chemistry O. N—

of N-alkylated sulfoximines. \>34 Alky!
Herein, we present an iron-catalyzed dealkylative R "R2
acylation of N-alkyl sulfoximines. This methodology allows Acyl

to prepare, starting from the N-alkylated sulfoximines, a |Cleavage Fe-Catalyzed

broad variety of N-acyl sulfoximines and NH-sulfoximines. Acylative

The first step of the reaction process is a Polonovski-type O De-Alkylation
dealkylation of the N-alkylated sulfoximine, generating a /U\

reactive intermediate which is trapped either by an
aldehyde or an anhydride to form the N-acyl sulfoximine.
In a second step the acetyl-group can be cleaved under R’
acidic conditions to form the NH-sulfoximine.

This methodology now enables the use of alkyl moieties as a nitrogen protecting group that tolerates
various reaction conditions, allowing the syntheses of more complex sulfoximine derivatives.
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ASYMMETRIC GRIGNARD SYNTHESIS OF TERTIARY ALCOHOLS
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Chiral tertiary alcohols constitute an important class of biologically active molecules.! Most conveniently
they can be prepared by a stereoselective addition of organometallic reagents to ketones. Among
organometallics, the Grignard reagents present the widest scope and greatest versatility. However,
stereoselective synthesis of tertiary alcohols by direct 1,2-addition of Grignard reagent to ketones is
extremely challenging and most of the successful cases involve transmetallation using transition
metals.!? To best of our knowledge, only a single case was reported to date where high enantioselectivity
was obtained in the absence of metals other than magnesium.!

The challenges of asymmetric Grighard synthesis of tertiary alcohols lie in: the reduced enantioface
discrimination between the prochiral sides of a ketone (as compared to an aldehyde), competitive non-
stereoselective reactions, low yields due to enolization/reduction side reactions, and dynamic processes
originating from the Schlenk equilibrium.®

R3MgX
hiral ligand L* (1.0 eq.
JOL chiral figan (1.0eq) OH ees: up to 94%
R1” R2 > R1/{'""2R3 yields: up to 99%
toluene

-78°C, 15 min-3h
R' - aryl; R?, R3 - aryl, alkyl

We focused our research on development of a general methodology of 1,2-addition of Grignard reagents
to arylalkyl ketones in the presence of a new class of chiral ligands. By using stoichiometric amounts of
readily available enantiopure ligand L*®!it was possible to prepare tertiary alcohol products with high
enantioselectivities (up to 94%) and high yields (up to 99%). The method was found to be general for a
range of ketones and Grignard reagents. The chiral ligand L* can easily be recycled from the crude
reaction mixture.
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Many natural products with the spiro core are known and they have showed significant biological
activities. Therefore, our aim was to develop a general and efficient method for preparing such type of
molecules.! Herein, we would describe a thiol-mediated acyl radical cyclization to access spiro
compounds. Enone-aldehydes 1 were subjected to tert-dodecanethiol and AIBN? at 75 °C in toluene and
various spirocyclic o-diketones 2 in good yields were obtained. The ring size of the spiro compounds can
be easily controlled either by using different cyclic enones or by altering the length of the side chain. The
synthetic details will be discussed.

o o)
o)
o | . t-CyoHpsSH, ABN gL
PhMe, 75 °C .
n m
- 0,
1 22- 80% , o m
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THIOPHENYL GROUP DIRECTING SYNTHESIS OF gHYDROXYBUTENOLIDES VIA
FURAN PHOTOOXYGENATION
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g-Hydroxybutenolide motifs appear in a variety of bioactive natural products and there are continuous
efforts for uncovering new methodologies for their synthesis. Studying the photooxygenation (reaction
with singlet molecular oxygen, O,) of 2-thiophenyl-substituted furans in methanol, we found™ that they
cleanly and within a few minutes of reaction time, lead to g-hydroxybutenolides (Figure 1). The carbonyl
group of butenolide is in the position of the former C-S bond. The fate of thiophenyl moiety is to form
diphenyl disulfide, indicative of decomposition of the initially formed [4+2] endoperoxide via an O-O bond
radical scission forming thiophenyl radical and the hydroxybutenolide. As 2-thiophenyl furans can be
easily synthesized, the current protocol is highly compelling for the regiocontrolled and clean synthesis
of g-hydroxybutenolides from photooxygenation of suitable furan®lprecursors.

Rn R'

/ o 0

R 0 SPh MeOH, 0 °C R® O
quantitative reactions

Figure 1: Synthesis of g-hydroxybutenolides from singlet oxygenation of 2-thiophenyl-substituted
furans in methanol.
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In recent years, bi- and multiphotochromic systems are widely studied due to their practically attractive
properties. One of their potential applications is a new generation of materials for molecular electronics,
such as molecular switching devices, molecular logic gates. In this context, first important feature in the
design of such systems is a different photochemical behavior of constituent elements.

Two different synthetic ways are presented to obtain two series of hybrid compounds on the base of
spyronaphthoxazine fragment and substituted salicylideneimine one.

N

b

N=—N
Me e
o r@
|/E<€:4{/—\Q7N HO

1 type 2 type
Photolysis products were detected using pulse photolysis technique in toluene and methanol solutions.
Nitrogen and dye lasers were used for excitation with radiation wavelengthes 337 and 430 nm. Both
compounds demonstrate strong dependence of photochemical behavior on a fragments combination
mode, wavelength of excitation and solvent nature [,
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SYNTHESIS OF FLUORESCENTLY LABELED GLYCOSPHINGOLIPIDS FOR
BIOPHYSICAL INVESTIGATIONS

Katharina Kettelhoit and Daniel B. Werz"

Institut flr Organische Chemie, Technische Universitat Braunschweig, Hagenring 30,
38106 Braunschweig (Germany), d.werz@tu-braunschweig.de

Glycosphingolipids (GSLs) represent an essential structural component of mammalian cell membranes.
They consist of a ceramide moiety with an N-acetylated sphingosine group. Either simple
monosaccharides or more complex oligosaccharides can be linked to the primary hydroxyl group of the
sphingosine as carbohydrate head group (Figure 1).1

O Fatty Acid Ceramide
l¢] o HN R
(HO)”%O\R/ O\/\‘/\/\/\/\/\/\/\/
Carbohydrate OH

D-erythro-Sphingosine

Figure 1. General structure of glycosphingolipids.

After being underestimated for a long time, research over the past decades proved that GSLs are
involved in many physiological processes, such as their involvement in cell adhesion/recognition
processes or the modulation of signal transduction. Overexpression, redistribution and degradation are
associated with several diseases.! However, their role in many cellular processes is not yet fully
understood.

GSLs are not distributed homogeneously in the membrane. It is postulated that they form semi-ordered
lipid microdomains, so called lipid rafts.l! The synthesis of fluorescently labeled GSLs would enable a
direct proof of their localization in artificial membranes and their phase behavior and lateral mobility could
be analyzed. Herein, we report recent advances in synthesizing fluorescently labeled derivatives of
globotriaosylceramide (Ghs) for biophysical investigations. The fluorophore shall be installed at the
carbohydrate head group in such a way that typical properties of the GSL remain unaffected (Scheme 2).
Within this synthesis, the selective installation of the fluorescent dye is the most challenging endeavor.
The monosaccharide building blocks depicted in Scheme 1 were identified as suitable precursors for this
purpose.

RO OR
o) Bno OBn PMBO OBn
RO o o
RO BnO 0._CCls OBuU

BnO O\F; OB
RO (0]

o> RO OR' OBn
/ OR o
linker FmocO
X BnO OBn
fluorophore

OBn
Scheme 1. Retrosynthetic analysis of fluorescently labeled globotrioses (R = protecting group).
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DESIGN AND STEREOSELECTIVE SYNTHESIS OF SECONDARY STRUCTURE
MIMETICS WITH PPII HELIX CONFORMATION
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[b] Leibniz-Institut fir Molekulare Pharmakologie (FMP), Campus-Berlin-Busch, Robert-
Rossle-Stralle 10, 13125 Berlin

Interactions of proteins containing proline-rich motifs (PRMs) with so called proline-rich motif-recognizing
domains (PRDs) are widely utilized by nature and are involved in several relevant processes such as
tyrosine kinase receptor signaling, endocytosis, cytoskeletal rearrangements, transcription, and splicing.
In recent years, some PRDs were identified as putative therapeutical targets that can possibly be
addressed by synthetic small molecules. !

Aiming at the development of polyproline type Il helix (PPII) secondary structure mimetics for the
modulation of proline-rich motif mediated protein-protein interactions!?, new conformationally rigidified
diproline mimetics (ProM-2) and (ProM-12) were designed by bridging the two pyrrolidine rings of either
a L-Pro-L-Pro or a L-Pro-D-Pro unit through a Z-vinylidene moiety.

AcHN™" 3 (R' = OH, OMe, NH,)

Cl

ot © 0O

Fmoc-ProM-2-OH (2)

The main goal of our work is the development of small drug like molecules such as (3) which resemble
a section of a PPII helix and act as specific interface inhibitors replacing natural PRM ligands from their
respective PRDs.
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SYNTHETIC STUDIES TOWARD THE TOTAL SYNTHESIS OF HEXACYCLINIC ACID

Alexandre Audic, Joélle Prunet

School of Chemistry, Joseph Black Building, University of Glasgow, Glasgow, G12 8QQ, Scotland,
alex.audic@gmail.com

Hexacyclinic acid is a polyketide that was isolated for the first time in 2000 by Zeeck et al. [l from
Streptomyces cellulosae and has shown interesting cytotoxic activities. The retrosynthesis envisaged by
the group involves an oxa-Michael reaction to close the D ring, formation of a nine-membered ring and
a Michael reaction between the ABC tricycle and the DEF fragment (Scheme 1).

Ee] H

H
Et0,C

2 oH P % OH

o o oTBS
_— Michael AcO

DEF fragment

ABC tricycle

(Scheme 1)

Advanced intermediates in the synthesis of the ABC tricycle have been successfully synthesised using
a route previously developed by the group. This pathway involves a diastereoselective Michael reaction

followed by a radical cyclisation (Scheme 2). 2
o O

7\ TBSO (o]
OTBS Michael . TBSOH HO Snider . HH ., H
reaction i : O cyclisation E Q , --------- - . L
L e , el (T
70 0N > AcO o
e 2 %ozc H

OTMS RO,C 4\\
Q Single isomer

)( (R= t-Bu and TMSE)
(o)

(Scheme 2)

RO

ABC tricycle

We developed a synthetic route for a CDEF model and we are currently investigating the formation of
the nine-membered ring, the key step of our synthesis (Scheme 3).

o o OoTBS R
R P ). -
Commercialy EtO == A -

available aldehydes > e}

DEF fragment .
41-54% over 4 steps C-ring model
Single isomer Ry=H, i-Pr
R4=H, TMS
(Scheme 3)
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PALLADIUM-CATALYZED ENANTIOSELECTIVE DECARBOXYLATIVE ALLYLATION: A
STRAIGHTFORWARD METHOD TO ACCESS OPTICALLY ACTIVE SPIROIMINES
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Gymnodimine A 1 (GYM A) and 13-desmethyl spirolide C 2 (SPX C) belong to a class of complex marine
phycotoxins, produced in small amount by microorganisms.™ These toxins are then transferred and
concentrated into shellfishes to finally end up into fishes and humans, causing intoxication due to
consumption of contaminated seafood. Recently, it was shown that GYM A and SPX C are potent
antagonists of nicotinic acetylcholine receptors (NAChRs) with limited selectivity toward a subtype of
NAChRs.[23l

Gymnodimine A1 13-desmethyl spirolide C 2

We report herein a straightforward enantioselective synthesis of analogues of the spiroimine core of GYM A affdl SPX C.
We developed a threstep sequence that includes ad@thlyzed decarboxylation of azideketoester (=8 to set the
stereochemistry of the quaternary carbon atom. Then isomerization of the allyl molefyllofved by azidealkene [3+2]
cycloaddition of5 furnished optically active spiroiminés

[3+2]-cycloaddition
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DIASTEREOSELECTIVE HYDROXYMETHYLATION OF CYCLIC N-TERT-
BUTANESULFINYLKETIMINES USING METHOXYMETHANOL AS FORMALDEHYDE
SOURCE

Martins Priede, Mihail Kazak, Toms Kalnins, Kirill Shubin, Edgars Suna*

Latvian Institute of Organic Synthesis, Aizkraukles 21, LV-1006, Riga, Latvia, edgars@osi.lv

Hydroxymethylation of cyclic (Ss)-tert-butylsulfinylketimine-derived lithium enamides  with
methoxymethanol as a source of anhydrous monomeric formaldehyde affords (Ss,R)i a-hydroxymethyl
ketimines with excellent diastereoselectivity (99:1 dr). Subsequent diastereoselective reduction of the
ketimine moiety from Re-face with BHs-THF provided (Ss,R,R)-N-sulfinyl-1,3-amino alcohols.
Diastereomeric (Ss,R,S)-1,3-amino alcohols were also obtained by using LIBHEt; as the reducing agent.
The tert-butylsulfinyl chiral auxiliary controls the diastereoselectivity of both hydroxymethylation reaction
and subsequent reduction of ketimines. Further studies to expand the scope of aldehydes in the reaction
with (Ss)-tert-butylsulfinyl ketimines are ongoing in our laboratory.™
\k/\\o
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SYNTHESIS OF QUATERNARY PROLINE DERIVATIVES BY DIASTEREOSELECTIVE
INTRAMOLECULAR ARYLATION OF AMINO ESTER ENOLATES

Julien Maury,” Jonathan Clayden

University of Manchester, School of Chemistry, Oxford Road, Manchester, M13 9PL, United Kingdom.
julien.maury@manchester.ac.uk

In the last decades, naturaland non-n at ur al p r ol dquatersaryalerivhtivesthavé becotde of
great interest in many fields, such as peptide chemistry and design of new chiral organocatalysts for
asymmetric chemistry. However, although proline ester derivativ e s ar e r eadi | yarylatibnk y | a't
is still challenging. One solution is to promote intramolecular coupling of an enolate with an arene by
tethering them through a urea linkage. This strategy has already proved successful for the arylation of

organolithiums.*
2
1. KHMDS, LiCl Wk
N CO;Me THF, -78 °Ctort o)

o il
7\ 2. NH,CI N
1 /N_Q 1 o] N4
R
l-He T-Meo6

The deprotonation of urea derivatives of chiral substituted proline analogues leads to hydantoins, via a
cascade reaction involving intramolecular nucleophilic aromatic substitution and cyclisation, in good
yields and high diastereoselectivity (d.r. > 50:1). The hydrolysis of these various hydantoin intermediates
generates various quaternary proline derivatives.

O 4

0 vey
G,O{‘ position 5 position 3 A
” CO,H u ‘CoH

65% (e.r. >99%) 62% (e.r. 93%)

H
T TR’ » positions - ©
RN AN position 4 4and 5 y o
N CcoH N~ “CoH >N “co,H
2 H 2 49-99% HH 2
83 -91% (e.r. >99%) d.r. 1.8:1 to >50:1 70% (e.r. >99%)

er.>93%
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REACTION OF PHOSPHORUS AND PHOSPHORUS-CONTAINING NUCLEOPHILES WITH
THE MORITA-BAYLIS-HILLMAN ADDUCTS

Artur Mucha,” Mateusz Jackowski, and Agata Rydzewska
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The Morita-Baylis-Hillman adducts (activated allyl acetates and bromides) are useful trifunctional
substrates for a range of nucleophilic displacements, additions and rearrangements.™™ Accordingly, they
have been exploited as the synthetic platform in multitude transformations, proceeding both in an inter-
and intramolecular manner, frequently with a stereoselective induction. The application of the MBH
adducts in organophosphorus chemistry has attracted a limited attention. A few types of P-nucleophiles
has been studied for substitution of the electrophilic components.[? In this communication we report the
results of our studies on the reactivity of MBH acetates and bromides with hypophosphites, phosphites,
phosphinates, and carboxyphosphonate and methylenebisphosphonate carbanions. After hydrolysis
multifunctional phosphonic and phosphinic acid products are structurally novel compounds of a biological
activity potential.
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A POWERFUL STEREOSELECTIVE ENTRY TO 4,5-DISUBSTITUTED PROLINES:
APPLICATION IN THE SYNTHESIS OF TRANDOLAPRIL

Slim Chiha, Arne Soicke,@ Ronald Kihne*®! and Hans-Gunther Schmalz*@l

[a] Department of Chemistry, Cologne, Germany, schiha@smail.uni-koeln.de
[b] Leibniz Institute for Molecular Pharmacology, Berlin, Germany

In the course of our studies towards the synthesis of proline-based dipeptide mimetics with defined
conformation,™ we have developed a methodology for the stereoselective preparation of proline
derivatives starting from pyroglutamic acid (1).

R

COztBU
A N

B \
R, V Boc
p‘ CoOH p—coztsu Z MgBr 3
N — N
o \ MeO
H Boc /Oé/\‘ R,
1 2 4 O<C02t8u

This method led to a variety of trans-4-substituted prolines (2) and allowed the subsequent introduction
of a second side-chain, which could be installed with high diastereoselectivity, to afford either the cis-(3)
or the trans-isomer (4) depending on the metal additive used.”? The power of the method was
demonstrated in an efficient synthesis of the ACE-inhibitor trandolapril (5),1® a synthetic drug used for
the treatment of high blood pressure.

HN B N\ 74 \B
S H oc
3 Boc
H COgEt dr = 94:6
Trandolapril (5) 6 7

Key steps of this synthesis include the formation of a diallylated proline derivative 7 and a Ruthenium-
catalyzed ring closing metathesis to the hexahydroindole species 6.
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A FACILE ACCESS TO DIHYDROBENZO[b]PYRIMIDOI[5,4-f|AZEPINE AND
DIHYDRO[1,2,4]TRIAZOL O[ 4 6, 3 6 : 1 Q[8,5-}BERZOMJALEPINE DERIVATIVES

Justo Cobo,*b! Lina Maria Acosta,@ Alirio Palma,*@ Manuel Noguerasl!

[a] Laboratorio de Sintesis Organica, Escuela de Quimica, Universidad Industrial de
Santander, Bucaramanga, Colombia; jcobo@ujaen.es

[b] Departamento de Quimica Inorganica y Organica, Universidad de Jaén, Espafia.

It is well known that pyrimidine derivatives have considerable pharmacological and chemical significance
because of their important roles in fundamental biological processes and in pharmaceutical industry. ™
Our work is now focused on the design and synthesis of new dihydrobenzo[b]pyrimido[5,4-flazepine
derivatives, a tricyclic-pyrimidine system little studied®, despite of its closely structural similarity to the
widely studied dihydrodibenzo[b,flazepine system, an heterocyclic nucleus presents in the structure of
synthetically developed drugs such as imipraminel®, carbamazepine and oxcarbazepinel™. In our
ongoing research program on the search of new molecules with potential anticancer activity, we report
here the easy functionalization of the 6,11-dihydro-5H-benzo[b]-pyrimido[5,4-flazepine core at C-4
position. The synthetic scheme to prepare compounds 3a-e / 3 ¢ &,/ 4and5a-0 is depicted below;
The procedure involves a nucleophilic aromatic substitution of chlorine atom promoted by different bases
over compounds 2. The preparation of compounds 5a-0 is carried out in three steps, so, the initially
formed hydrazines were further subjected to an oxidative cyclocondensation, first in a reaction with
different aldehydes and afterwards with ferric chloride as oxidant agent.

N—
c 7 R o /4 \
Ry Q Ry 1. NHNHoH,O/EtOH/reflux  Ra™ ™y
N7 CHgSOsH N 2. ArCHO/EtOH/reflux P
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/ /
75-90% R4 82-93% R4
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Rz =H, CHs, OCHjz, CI, OH R, = H, CH3, OCH3, CI, OH
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STEREOSELECTIVE SYNTHESIS VIA A Zn i1 BROOK REARRANGEMENT FOLLOWED
BY AN ENE-ALLENE CARBOCYCLIZATION REACTION

Polina Smirnov and llan Marek”
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markus.leibeling@gmail.com

The design of new enantioselective methods for the construction of stereogenic centers is of primordial
importance in organic synthesis. Previous research in our group led to the development of new
methodologies that create several carbon-carbon bonds and stereogenic centers, including quaternary
ones, in a single-pot operation, from acylsilanes 1 and alkynes involving the Zni Brook rearrangement
followed by an ene-allene cyclization.

In this current research we were able to extend this concept to substrates that lead to the construction
of alternate stereocenters in acyclic system as described below. In this process, three new bonds and
two new stereogenic centers, including a tertiary alcohol are created. The scope and limitations of this
new reaction will be described in the poster.

I
» H
- ﬁ MeySi—=—H | o._ f OEt —=_  sico [0] o
e T T g - l——5iMe, | —= HO~ B
;5' R EtZn, L* ; ;‘Sx . R, ; *-;HWH
i ..Elrﬂe_-! ._HT_ E ""-\-E
Rl
3 new bonds
2 new stereogenic
centers
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SYNTHESIS OF HIGHLY FUNCTIONALIZED OXEPANES BY BRONSTEDT ACID-
MEDIATED CYCLISATION OF 1,2-OXAZINE DERIVATIVES

Greta UtechtandMar ci n Jasi Eski
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gretautecht@gmail.com

In a series of recent papers lithiated alkoxyallenes have been demonstrated as a versatile building blocks
for the construction of numerous heterocyclic systems,™ including furan and pyran derivatives as well as
7-membered oxacycles of biological importance.? Here we report on three-step approach to enantiopure
septanoside analogues starting with aldopentose-derived d-siloxynitrones,® which after the reaction with
lithiated alkoxyallenes provided key 3,6-dihydro-1,2-oxazine derivatives. Bronstedt-acid induced
cyclisation of the latter compounds followed by N-O bond cleavage afforded title oxepanes in high overall

yields.
S
| (+3] isati R acid-induced
+3]-cyclisation ring closure
- Drhoreaten, AN Y oy o doure jj
OR' ~NBn N-O cleavage BnHN

O

Scheme 1
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UNEXPECTED REACTIONS OF 3-BROMOOXINDOLE WITH
4-METHOXYTHIOBENZAMIDE AND THIOUREA

Ji $2 HaRichas] €&mmel, and Denisa Tarabova

Institute of Organic Chemistry and Technology, University of Pardubice, Studentsk& 573, CZ 532 10, Pardubice,
Czech Republic, jiri.hanusek@upce.cz

In our previous works we extensively studied the ability of butyrolactam® and butyrolactone® ring
containing a substituted or an uns upositionitatuadergadringt s ot |
transformation reactions. In all cases the corresponding substituted 1,3-thiazolidin-4-ones were formed
exclusively under mild conditions in aqueous buffer solutions.

In present the reactions of 3-bromo-1,3-dihydro-2H-indol-2-one (1b) with 4-methoxythiobenzamide and
thiourea under mildly basic conditions is studied. While analogous 3-bromo-1-benzofuran-2(3H)-one (1a)
gave the expected 5-(2-hydroxyphenyl)-2-(4-methoxyphenyl)-1,3-thiazol-4-ol (2) or 2-amino-5-(2-
hydroxyphenyl)-1,3-thiazol-4(5H)-one (5) the lactam 1b reacted with thioamide via an unexpected
Eschenmoser coupling reaction to give (3Z)-3-[amino(4-methoxyphenyl)-methylidene]-1,3-dihydro-2H-
indol-2-one (3). When lactam 1b is treated with thiourea, isoindigo (4) is the only isolated product. The
reaction mechani sms, ithioimmilinv or risgthiofiraniurm aalts ama theis basel
catalyzed decomposition is also proposed.=!
OH

OH
Z:0 = N
NH,CSNH, /" base S—7
base 4-MeOCgH,CSNH,
z 2
O OMe

1a(ZO)
ZZNH  1b(Z:NH) \_ ZNH

NH,CSNH, 4-MeOCgH,CSNH,
base base

H 4 MeO

It is worth mentioning that product 3 has previously been synthesized using a dlfferent synthetic approach
showed significant kinase inhibitor activity® (ICso = 3.1-10'6). The Eschenmoser coupling reaction of
lactam 1b and its analogs therefore represents a suitable alternative to the existing synthetic
approaches.
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Supramolecular chemistry™ is very attractive research field, because of the interdisciplinary topics
(biochemistry, biology) which deals with the non-c o val enitgu&lsd Ht i nteracti ons.
is already quite well explored, the search for new classes of macrocycles receptors, being able to
distinguish the individual enantiomers of the guest molecules, is still continued.

In our group in the IOC PAS, the search of new class of chiral receptors: crown and aza-crown ether
analogues with sucrose scaffold is pursued.’??® Several such receptors display interesting complexing
properties were already prepared.>4 To broaden this field we are now exploring the possibility of the

synthesis of sucrose-b ased receptors in which the terminal p o
long polyhydroxylated carbon linker. Model synthesis of such macrocycle (4) was accomplished by
reaction of modified sucrose (2) with di-acetylene3under t he &éclické condition
OMe
O ”‘\/ O O}
o '
H R 7 "N
OR RO OR CuSQ,, AscNa N\L\ /r'\i
— \N/N 6 6_/N
TN 1: X = OH, R = OH Solvent MeO
I, ii, 1ii 2: X =Ny, R = OMe MeO o \O OMe
0" om
MeO” e
OMe OMe z
OMe —
\\\/O%o\/ 4 n=2
n
OMe 3

i. Ph3P, CCly, Py, 60°C; ii. TBAB, CH3l, KOH, DMF, rt; iii. NaN3, DMF, 120°C

References:

[11J. M. Lehn, Chem. Soc. Rev. 2007, 36, 152-160.

(21 B. Lewandowski, S. Jarosz, ChemComm. 2008, 6399-6401

[B1 M. Kowalski, P. Cmoch, S. Jarosz, SYNLETT 2014, 25, 0641-0644
4 M. A. Potopnyk, S. Jarosz, Eur. J. Org. Chem. 2013, 5117-5126

189



P28

SYNTHESIS OF NOVEL MACROCYCLIC DERIVATIVES WITH SUCROSE SCAFFOLD
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Chiral macrocyclic compounds, because of their wide application in enantioselective recognition, are
important targets in organic synthesis.! We have proposed several approaches enabling efficient
synthesis of sucrose-based macrocycles.??® Encouraged by their promising cation-binding properties, we
have designed preparation of novel macrocyclic derivatives of type 4. This was realized by connection of
the terminal positions [C-6 (glucose) and C-6 6 ( f r u c t o $he3ajO-benzylsukrose aror 6,6'-
diamino-6,6'-dideoxy-hexa-O-benzylsucrose 1b with suitably modified simple sugars. The desired
macrocyclic framework was obtained by a ring-closing metathesis of either 1a or 1b, which provided
olefin 4a or 4b as a single isomer with the E-geometry across the double bond.

2.[0]

O._..OMe
' <——  Methyl alpha-D-
MeO“\. "'OMe ~<— glucopyranoside
1.Zn
OMe

OMe
. . MCOOH OMeMeO
6 OBnN / 6' OMe OMe 2
7 OBn
BnO™\_ /o7 -H,0
BnO oBn  OBn \
1a (X = OH) \

3a(Y=0) 4a (Y = 0)
3b (Y = NR) 4b (Y = NH)
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BOIMPYs 1 NEW MEMBERS APPROACHING THE BODIPY FAMILY
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BODIPYs developed into a versatile family of reliable fluorophores occupying wide fields of biological, biochemical
and biophysical research areas.>? Their advantageous features are well-known: great photostability, high,
solvent independent quantum vyields, long wavelength absorption and easy preparation; further
developments embark e.g. on improving water solubility®), channeling the absorbed energy in others
ways!¥l, assembling specific indicators®, but quite generally, on accessing the less energetic NIR region.
In the 90s the latter feature led to the revival of aza-dipyrromethenes as precursors for so called aza-
BODIPYs, which captivate due to bathochromic shifts in their absorption properties.©

Herein another class of fluorophores was designed to combine even longer wavelength absorptions and
short preparation times by equally exploiting the crucial meso-position of the native BODIPY core.
Bearing a benzimidazole moiety as the <central

appropriate, catchy term for distinction.

The route to this novel fluorophores is straightforward and relies on the faithful condensation between
pyrroles and aldehydes followed by an oxidation-coordination step to furnish BOIMPY's in good yields by
a two-step protocol. The substitution patterns can be diverse; the bathochromic advance of approx. 90
nm in comparison to usual BODIPYs can contribute to a facile preparation of NIR-fluorophores.

Aabs = 600 nm
Aem =612 nm

\
N=<H + (:l\':)—R'
1
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SYNTHESIS OF ENANTIOENRICHED 1,2-TRANS-DIAMINES USING THE BORONO-
MANNICH REACTION WITH N-PROTECTED ALPHA-AMINO ALDEHYDES
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The Petasis borono-Mannich (PBM) process is a powerful method involving the condensation of an aryl
or a vinylic boronic acid with an amine and a carbonyl compound.® This reaction constitutes one of the
most direct and mild methods for preparing geometrically pure allylamines. Usually, the Petasis reaction
relies on the presence of a hydroxyl or a carboxylic acid group proximate to the reacting carbonyl group.
This allows the activation oftheorganobor oni c acid as an fiatedo compl
organyl ligand transfer to a transient iminium species.? By taking advantage of the directing effect of the
U-hydroxyl group of chiral aldehydes,® this reaction leads to the corresponding enantiopure [J-amino
alcohols with an exclusive anti diastereoselectivity. The obtained motif b-amino alcohols has been widely
utilized as a key step in the synthesis of many bioactive molecules and complex natural products such
as polyfunctionalized pyrrolidines, iminosugars, conduramines, N-acetylneuraminic acid, or anti-influenza
agents. We report here the direct use of N-protected a-amino aldehydes as substrates for the Petasis
reaction to produce enantioenriched 1,2-diamines with a pure trans selectivity (scheme 1). This class of
aldehydes is particularly challenging since it is known to be unstable and prone to racemization.

from L-Val - 3
- } R< _R
o ( L-Leu, L-Ser N
R4 R4
H)K./ PBM HV
H E— 1 N
N RUE
H™ PG H™ PG
1 3 up to 71% yield,
I/:\R RZ\N’R up to 98% enantiomeric
B(OH)2 |I-| purity

Scheme 1
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THE QUEST OF CONFIGURATIONALLY STABLE CHIRAL ALLYL ZINC COMPOUNDS

Markus Leibeling, Khriesto A. Shurrush and llan Marek*

Schulich Faculty of Chemistry, Technion - Israel Institute of Technology, Technion City, 32000 Haifa (Israel),
Markus.Leibeling@gmail.com

Organometallic species bearing a stereogenic carbon center attached to the metal depict an important
class of chiral intermediates. After reaction with different organic electrophiles, a variety of chiral products
can be obtained. In this context the preparation of chiral organolithium reagents has been an active
research field and led to configurationally stable organometallic compounds, which proved to be of great
utility in organic synthesis. The absence of a heteroatom at the a- position led to configurationally
unstable organolithium compounds. It is anticipated that organometallic compounds bearing a more
covalent carbon-metal bond, such as carbon-zinc bonds, should be configurationally more stable.™!

Qur approach makes use of an unprecedent eld and

subsequent electrophilic trapping of the allyl zinc intermediate. Therefore chiral tertiary allyl alcohols

were prepared via an asymmetric copper catalyzed 1,2-addition of Grignard reagents to a variety of acyl

silanes.®! Two major questions arise in the course of this project: 1) Would be the newly formed allyl zinc

species configurationally stable? and 2) Would a transfer of chirality occur whilst electrophilic trapping?
a) ZnEt,

@ s ( =)

Complete Transfer

of Chirality
er =90:10 to 95:5 er =90:10 to 95:5
R3SIQ, (iBU R;SI0 & R3SiO .iBu
0 Ph S :
m Cy/ﬁ)\ﬂ/ Ph Mew
(@) (o) (e}
R1 = Me (85%) R2 = Et (97%) R3 = 2-thiophenyl (81%)
R! = iPr (80%) R2 = Bu (86%) R3 = 4-CF5-Ph (71%)
R1 = Cy (70%) R2 = C,H,Ph (82%) R3 = Naph (74%)

R2 = C3HgCHCH, (94%)  R3 = OMe (65%)

All reactions provided the corresponding chiral hydroxyketones in high yields and complete transfer of
chirality (>99%). Electron rich as well as aliphatic acyl chlorides furnished only poor yields (< 20%) and
unclean crude mixtures. In addition to acyl chlorides also methyl chloroformate could successfully be
converted into the respective ester (65%), which opens the route to a broader variety of substrates.
Further electrophiles as well as mechanistic studies are under current investigation.
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CHIRAL MODULAR CATALYSTS BEARING PYRIDINES AND PHENANTHROLINES.
SYNTHESIS AND APPLICATION IN ENANTIOSELECTIVE REACTIONS
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Department of Organic Chemistry, Faculty of Chemist
Wyspianskiego 27,50-3 70 Wr oc §aw, Pol and, jacek.skarzews}

Many enantioselective reactions are simultaneously facilitated by a nucleophile/Brgnsted base and a
Lewis acid. Thus, an effective catalyst should have both functionalities properly located within its
structure. Based on this idea, in order to create an additional Lewis acid center, we introduced to
various chiral motifs the complexing moieties of pyridine and 1,10-phenanthroline.

As a first chiral scaffold we adopted Cinchona alkaloids, itself being privileged catalysts.!. We have
recently reported diastereoselective Corey-Chaykovsky 9-epoxymethylation of Cinchona alkaloid 9-
ketones.? The regio- and stereoselective ring opening of the epoxide resulted in the simple synthesis
of the respective modular catalysts, such as 1. We developed the synthesis of new C9 sulfur-
containing Cinchona derivatives 2 with the pyridine and phenanthroline moieties.

A

OCH;

OCH3;
N = 2-pyridinethiol

1,10-phenanthroline-2(1H)-thione

=

Another class of chiral frameworks constituted chiral 2-azanorborn-3-yl derivatives. Also these
compounds were conjugated to the respective metal-complexing fragments (3).

Furthermore, a series of the Diels-Alder reaction products with the metal complexing moieties (pyridine
or 1,10-phenanthroline) was obtained. These rigid chiral compounds (e.g. 4) were deracemized and
examined directly as the modular parts of chiral catalysts.

The effectiveness of the devised modular catalysts in the model Cu-catalyzed Henry, Zn-catalyzed
aldol, and Pd-catalyzed Tsuji-Trost reactions was examined and the outcomes will be discussed.
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THIENO-FUSED HETEROCYCLES VIA THERMOLYSIS OF
1-(THIOPHEN-2-YL)-1H-TETRAZOLES
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Tetrazoles are important and versatile building blocks in synthetic chemistry.™*l Among their reactions,
the thermal ones represent an important example of the synthetic utility of these nitrogen heterocycles.[4]
Currently we are interested in exploring thermal reactions of monosubstituted 1-heteroaryl-1H-tetrazoles
as a route to thieno[2,3-d]pyrimidines and thieno[2,3-d]imidazoles. Recently, we reported the first results
on the thermal reactivity of 1-(thiophene-2-yl)-1H-tetrazoles. The solution thermolysis of 1-(thiophene-
2-yl)-1H-tetrazoles 1 under conventional heating and microwave irradiation afforded the unexpected new
thieno[2,3-d]pyrimidines 4 incorporating two thiophene rings which were obtained as major or only
product. The synthesis of these heterocycles was rationalized considering the initial nitrogen elimination
to generate imidoylnitrene 2 followed by rearrangement to the corresponding carbodiimide and
subsequent cyclization triggered by the nucleophilic attack of the in situ generated 2-aminothiophene.
Under flash vacuum pyrolysis or solution thermolysis 1-(thiophene-2-yl)-1H-tetrazoles 1 also gave
thieno[2,3-d]imidazoles 3 via formal insertion into a C-C bond of the corresponding imidoylnitrene
intermediate.

Thieno[2,3-d]pyrimidines are an important class of compounds in Medicinal Chemistry characterized by
a broad spectrum of biological activities, including antibacterial, antiviral and antitumoral. Due to the
interesting potential of this class of compounds, the scope of the thermolysis of 1-(thiophen-2-yl)-1H-
tetrazoles as an approach to new thieno[2,3-d]pyrimidine derivatives was extended to new derivatives
(e.g. 1H-tetrazoles 5). Thus, in this communication we report our recent research on the thermal
reactions of 1-(thiophen-2-yl)-1H-tetrazoles. Preliminary results of the biological evaluation of thieno[2,3-
d]pyrimidines 4 as antitumoral agents will also be presented.

Conventional [TTTTTTmmmmmmmmmmmommmmmooes '
Heating ' R' OR? ;
R CO;R’ or Microwave R1 CO;R? : L R2 ! 1
D N Irradiation . ) N 4 IR a /NL S ) ; R CO,Et
el TRy T s ey el |
N o | " CoR | R*Sg” "N N
1a R' R? =-(CHy)s-, R*= Me 2 | Flash Vacuum Pyrolysis T 3 4_ RGN \=
1b R',R? =-(CH,)s-, R®=Et via Electrocyclization major or only product 5a R'=p-CICgHs R? =H
1c R'=R? = Me, R® = Et 5b R'=H,R?=Ph
1d R1=Ph R? =H, R®=Et 5¢ R'=Me, R? = j-Pr
1e R'=Me, R?=CO,Me, R® = Et

Scheme 1. Thermolysis of 1-(thiophen-2-yl)-1H-tetrazoles.
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COMBINATION OF THE Sn" REACTION, SUZUKI CROSS-COUPLING AND
PHOTOCYCLIZATION AS A VERSATILE STRATEGY FOR CONSTRUCTION OF NEW
POLYCYCLIC SYSTEMS ON THE BASIS OF THE PYRIMIDINE SCAFFOLD
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A convenient synthetic route to novel thienoacene (2 and 3) systems, 5-R-1-thia-9,11-diaza-
cyclopenta[llphenanthrenes (4) and 8-R-benzo[g,h]dithieno[2,3-e:3',2'-]]perimidines (5) bearing the
fused pyrimidine ring has been advanced. A commercially available 5-bromopyrimidine (1) was used as
the starting material to obtain various polycyclic systems through nucleophilic aromatic substitution of
hydrogen (the Sy™ reaction), the Suzuki coupling, and oxidative photocyclization. The redox and optical
measurements for some new compounds have been performed. The data obtained show usefulness of
dithienoquinazoline [1] and azapyrene systems in organic electronic applications.

.....

S Oxidative
Photocyclization

Syt reaction

Suzuki

cross-coupling Oxidative

Photocyclization
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1,2-BIFUNCTIONALIZATION OF ARYNES
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Aryne chemistry has become an important pillar for the facile 1,2-bifunctionalization of arene
units in recent years. The aryne precursor 2-trimethylsilylphenyl triflate can be functionalized
under mild reaction conditions via cycloaddition reactions or multicomponent reactions.!!

During our work on aryne chemistry, we discovered a palladium-catalyzed three-component
coupling of arynes with terminal alkynes (as nucleophile) and vinyl cyclopropane dicarboxylate
(as electrophile). This process represents the first example of aryne chemistry combined with
the ring-opening of vinyl cyclopropanes (Scheme 1).12

R2
— gz
oTf H——FR? Z
T G
CO,Me
N"1us s A C0aMe A N 2
CO,Me COyMe

Scheme 1. Palladium-catalyzed three-component coupling involving arynes.

Another palladium-catalyzed reaction dealing with arynes allows the activation of carbon-sulfur
bonds of aryl thiocyanates to generate new Ci Sar and Ci CN bonds in one step. The aryne
mediated SiCN bond cleavage of thiocyanates provides a straightforward access to
1,2-thiobenzonitriles (Scheme 2).Bl

oTf SCN S
TMS CN

Scheme 2. Sulfur-carbon bond cleavage of thiocyanates and reaction with arynes.
Moreover, we developed a broadly applicable transition metal-free methodology for the synthesis of

thianthrene scaffolds. For this purpose, readily available amphiphilic dithioloimines containing one
negatively and one positively charged sulphur were transformed using aryne chemistry (Scheme 3).14]

= oTf o S X metal-free = S N
R1—\ | + HN—< | /—R4 —  » R'— | | - R4
T™MS X S 7

Scheme 3. Facile metal free access to thianthrenes.
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SUBSITUTED PERYLENEIMIDE ACIDS: REGIOSELECTIVE SYNTHESIS AND
PROPERTIES
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Department of Chemistry and Bioengineering, Tampere University of Technology, P.O. Box 541, 33101
Tampere, Finland. Zafar.ahmed@tut.fi

Perylene dyes are one of the most versatile and robust chromophores known to be thermally and
photophysically stable. The functionalization of the perylene core at peri-, bay- and ortho-positions
greatly influences the solubility, electronic and morphological properties of the dyes.*? The current work
presents a way towards highly regioselective synthesis of perylenemonoimide anhydrides and
dicarboxylic acids where isomerically pure 7-pyrrolidinyl or 7, 12-dipyrrolidinyl derivatives are
synthesized in satisfactory to good yields. The amination proceeds through a radical anion mechanism
and can be tuned at will to obtain either mono or bis-substitued perylenes.! The synthesized PMI
diesters were then converted into PMI dicarboxylic acids via a ring closing-opening strategy in good to
excellent yields.™

BuO,C  CO,Bu

BuO,C  CO,Bu

OH OH

7, 12 isomer only SAMs & Arrays
Scheme 1. Regioselective synthesis of PMI acids

The electrochemical and photo physical properties of these compounds were studied both
experimentally and computationally in detail and self-assembling monolayers (SAMs) were prepared
over ZnO films and TiO2 nanoparticles. The results of the studies suggest that these compounds can be
good candidates for their potential use as sensitizers in DSSCs and related applications.
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THE SYNTHESIS AND OPTICAL PROPERTIES OF POLYCYCLIC
IMIDAZO[1,2-a]PYRIDINE ANALOGUES

Mariusz Tasior, Gukasz Kielesi Eski and Dani el T.

Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, Poland
mariusztasior@gmail.com

Imidazo[1,2-a]pyridines are a group of very important heterocycles possessing strong and diverse
biological activity. Their structural motif can be found in several marketed drugs, such as anxiolytic
alpidem, necopidem and saripidem and in drugs used for the treatment of insomnia and brain disorders
(zolpidem). Their antiviral, antiparasitic, antibacterial, anti-inflammatory, analgesic and antipyretic
properties are also well documented, as well as the ability to inhibit b-amyloid formation. Besides the
pharmacological importance, imidazo[l,2-a]pyridines exhibit interesting optical properties. Not
surprisingly, methodology of their synthesis has attracted significant attention in the last decade.

In the advent of interest in ladder type aromatic heterocycles, we reasoned that * -expanded imidazo[1,2-
a]pyridines being analogues of recently explored systems such as indolo[3,2-b]indoles, can offer new
opportunities once the efficient synthetic methodology is developed. Indolo[3,2-blindoles (1),
benzofuroindoles (2) and benzothioindoles (3) were recently reported as highly active sex steroid
hormone receptor modulators and anticancer agents and were also investigated in optoelectronics. Only
three synthetic methodologies leading to our targeted 5H-pyrido[2',1":2,3]imidazo[4,5-b]indoles were
reported: Cadogan cyclization,® multicomponent Bienaymé reaction followed by N-arylation?® and ionic
liguid promoted cyclization of N-methylisatin and 2-aminopyridine.* The synthesis of the library of
pyridoimidazoindoles and the analysis of the relationship between their structure and spectroscopic
properties might open a door for their future optoelectronic applications.

Herein, we propose novel strategy towards this class of nitrogen containing heterocycles, with key step
involving oxidative C-H bond amination of easily available 2-(2-aminophenyl)imidazo[1,2-a]pyridines by
the use of copper (ll) triflate, trifluoroacetic acid and (diacetoxyiodo)benzene. The obtained library of ~ -
expanded imidazo[1,2-a]pyridines was for the first time fully characterized spectroscopically. Prepared
compounds strongly absorb UV light exhibit fluorescence in the 4151 461 nm region.®
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5H-pyrido[2',1":2,3]imidazo[4,5-b]indoles
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SYNTHESIS OF LUPANE SAPONINS FROM ACETYLATED GLYCOSYL DONORS

Kinga Kuczynska, Zbigniew Pakulski

Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, Poland,
kinga.kuczynska@icho.edu.pl

Acetylated Schmidt donors are cheap and versatile starting materials for the synthesis of glycoside bond.
Acetyl migration from donor to acceptor molecules is, however, usually observed during their reaction
with lupane-type triterpenes as shown in sheme below.*?! As a result, acetylated triterpenes are isolated
as main, and sometimes only products instead of the expected glycosides. We found that in the presence
of acetonitrile, reaction of acetylated Schmidt donors with lupanes affords the required saponins in high
yield. In this communication, we will present detailed results on the use of peracetylated Schmidt donors
in the synthesis of lupane saponins.!

Q@ CH3CN

AcO
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INVESTIGATION OF PROMOTOR SYSTEMS FOR EFFICIENT ACTIVATION OF
GLYCOSYL HALIDES

Gyrithe Lanz and Robert Madsen®
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New efficient procedures for activation of glycosyl halides are in high demand. The Koenigs-Knorr
reaction has been the paramount coupling reaction between saccharides for more than a century.1
However in this and related procedures glycosyl halides are generally activated by toxic and expensive
metals salts, which most commonly contain silver or mercury.2 As a result, we envisioned to use
inexpensive halogen electrophiles as promotors.

Here a protocol for efficient activation of highly disarmed glycosyl bromides using an iodine source for
activation is described as an alternative to the metal salts commonly used in the Koenigs Knorr
glycosylation. The disarmed donor used in all initial investigations is 2,3,4,6-tetra-O-benzoyl-U-D-
glucopyranosyl bromide, since it is stable and easy to handle. We have been able to successfully
glycosylate different monosaccharide acceptors using the protocol developed in good vyield and
reasonable reaction times.

OBz OBz

o) [1] o)
BzO —_— BzO
Bzoéﬁ + ROH ol BzO OR
BzO

Br
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COHERENT-SYNCHRONIZED OXIDATION OF PYRIDINE WITH
NITROUS OXIDE TO 2,2- AND 2,3-DIPYRIDYL

I.T.Nagieva,l2b! N.I.Ali-zadeh,l@ T.G.Valieva, @ T.M.Nagievla"]

[a] Nagiev Institute of Catalysis and Inorganic Chemistry, National Academy of Sciences of
Azerbaijan, 113 H.Javid Av., 370143 Baku, Azerbaijani Republic

[b] Baku State University
tnagiev@azeurotel.com

In the present work, we report the results of the coherent-synchronized oxidation experiments of pyridine
with nitrous oxide to 2,2- and 2,3-dipyridyl.The reaction was performed in the flow quartz reactor of
according methods in [1-3], construction of which ensured the entry of nitrous oxide vapors into zone by
a quartz tube, separately from pyridine. By another quartz tube preliminarily heated pyridine in a gaseous
state is feeded. The volume of the reaction zone made up 5.5 cm?. The reaction products were analyzed
chromatographically. The qualitative determination of the reaction products composition was performed
by chromatomass-spectroscopic method: Agilent Technologies (Germany).

Coherent-synchronous oxidation of pyridine with nitrous oxide was studied in a wide range of process
parameters: pyridine feed rate - 0,948 mi/h -1,896 ml/h, nitrous oxide feed rate 250 i 750 ml/h. The
reaction was carried out at various temperatures between 530 and 600°C.

The reaction is carried out in the temperature range 530-600°C. Experimental studies have shown that
the oxidation reaction of pyridine with nitrous oxide proceeds to form 2,2- dipyridyl and 2,3-dipyridyl.
Small amounts were detected 2.2": 6'.2" terpiridil to 4.6 wt.%, 2.2- oxidipyridyl to 2.09 wt.%. As a positive
factor it should be noted that observed stable formation of 2,2-dipyridyl and 2,3-dipyridyl in all
experiments.

As result of our studies, it was found that frpherent-synchronized oxidation of pyridine with nitrous oxide
leads mainly to the formation of 2,2-dipyridyl and 2,3-dipyridyl in a yield of 21.4 wt.% and 22.9 wt.%,
respectively.

Experimental investigation was carried out with a view to of establishing the kinetic laws of the process
of the homogeneous process of pyridine with nitrous oxide.
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EFFICIENT TOOL FOR ORGANIC REACTIONS: PREPARATION OF BUILDING BLOCKS

Petri A. Turhanen® and Jouko J. Vepsalainen
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petri.turhanen@uef.fi

We have recently reported a powerful tool to perform organic addition and substitution reactions.™*! The
reported tool enables e.g. effective esterifications under very mild conditions, transesterification of used
cooking oil to produce biodiesel and selective substitution of primary HO-group over secondary HO-

groups in sugar (mannose) without any protection steps. The tool is based on the use of dried Dowex®
(A) and Nal .l

A, cat. Nal
A, cat. Nal 0]

i MeOH O2CR ’Me(')H
=t on T W Rcoz{ o " Po-

7 7 yield >95% o,cr  refl. 18h
yield>95%  piodiesel

OH A, Nal,
HO OH refl 18h
\" @) 2- Propanol
HO - yield 83%

mannose

The reported tool also enables to prepare highly interesting building blocks for e.g. medicinal chemistry
purposes. Polyethylene units with variable chain lengths are highly important linkers to optimize e.g.
physicochemical properties of drug molecules.?® Here we describe some examples to prepare
haloalkanols from cyclic ethers, like 1,4-dioxane or even 12-Crown-4 ether.

@)
A, Nal o

— 1NN on
o 105°C, 18h

yield 68%

_ ANl o o
P VT W e N o
xylene, 125°C

2 d, yield 20%
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DIRECT STEREOSELECTIVE SYNTHESIS OF ENANTIOMERICALLY PURE ANTI-b-
AMINO ALCOHOLS

Gaston Silveira-Dorta,” Victor S. Martin and José M. Padréon
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b-Amino alcohols have received much attention in the scientific community due to they can be used as
chiral ligands in asymmetric synthesis, as chiral synthons in the synthesis of natural products, as well as
in the synthesis of molecules with biological interest. An important class of amino alcohols are the
sphingolipids (SLs) represented by sphinganine, which show an anti-2S-3R configuration (Scheme 1).
Another relevant group of long-chain amino alcohols are the 1-deoxySLs such us spisulosine (Scheme
1). It was initially a promising antiproliferative agent against diverse human tumor cell lines. However
clinical studies were discontinued in phase I. In the literature, there are many SLs reported with
antiproliferative activity, and the number is still growing.

Due to, the SLs are associated with bioactive properties, and as part of our interest in the synthesis of
nitrogen-containing bioactive molecules. The aim of this work was to develop a more versatile and
efficient one-pot methodology for the synthesis of functionalized anti-b-amino alcohols based on the in
situ DIBAL-H r e d u ¢ &(N,N-diberzylamitlo)benzyl esters to their corresponding aldehyde, followed
by the sequential addition of commercially available Grignard reagent. In order to obtain new SLs
analogues and test their antiptroliferative activity. To demonstrate the versatility of this methodology
spisulosine and sphingani ne weN,N-dbgnzylamihogbenzyt estdrs df
alanine.!!

Direct synthetic

One pot procedure! application
OH
0 i) DIBAL-H OH :
R o 1 -
R M T8 RUAG HO > ",
NH
NBn, iy R2MgBr  NBn; 2
sphinganine
R'! = Me, Bn, CH,0H, R?= Et, HC=CH, C=CH
(R)-CH(CH5)OH OH
i) DIBAL-H OH M
-78°C  HO 2 12
QI“NB”Z — YR NH,
Y i) R?MgBr NBn, spisulosine

Scheme 1. Scope of one pot procedure and synthetic application of natural products.
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V-SHAPED BIS-COUMARINS: SYNTHESIS AND OPTICAL PROPERTIES
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Regardless of the presence in nature and well-documented biological activity, growing interest in the
synthesis of new coumarins has mainly been driven by their applications. As a result of strong light
absorption, high fluorescence quantum yields, and large Stokes shifts, they have been widely
investigated as optical brighteners, fluorescent probes, emitter layers in organic light emitting diodes
(OLEDs), etc.

Coumarins fused with other aromatic units have recently emerged as a hot topic of research. Their
synthesis is partly based on the classical methodologies such as Pechmann reaction or Knoevenagel
condensation, but it also sparked the discovery of completely new pathways.?

Herein we would like to present the highly efficient procedure for the synthesis of bis-coumarins fused at
the pyranone ring. The electron-rich phenols reacted with esters of coumarin-3-carboxylic acids, afforded
substituted chromeno[3,4-c]lchromene-6,7-diones in the good yields. The reaction is compatible with
various functionalities such as NO2, Br, and OMe. Not only benzene derivatives but also
dihydroxynaphthalenes are reactive in this reaction. Moreover, the structure of the product can be
controlled by adjusting the reaction conditions. Furthermore, a double addition is possible, leading to a
horseshoe-shaped system comprised of seven conjugated rings. Compounds with four structurally
unigue skeletons have been obtained and have been shown to strongly absorb in the violet, blue, and/or
green regions of the visible spectrum. Most of them display strong greenish-yellow fluorescence, which
can be modulated by both structural changes and the character of the solvents. Again, introduction of an
electron-donating group in the chromeno[3,4-c]chromene-6,7-diones caused a significant red shift in
both the absorption and emission maxima, and the effect became especially noteworthy in the case of
amino substituents.

The broad study consisting of synthetic aspects as well as optical properties of the products will be
presented.

Gs - In(OT;
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3-METHYLENE-2,4-CHROMANDIONE IN SITU TRAPPING
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The reactivity of ortho-quinone methides (0-QMs) has been exploited in natural product synthesis, total
synthesis, medicinal chemistry and biochemistry. The high reactivity of this structural intermediate makes
it attractive, in particular for multi-component reactions (MCR).! Quinone methides have been hardly
ever isolated, due to reactions favored by rearomatization into phenol, acting as the driving force (Figure

la).
; 0__0O
Q\ z @;;@R
© ; © OH
I 3 I + Mannich adduct
' isolabl
' 0 0 : !;Z;: ?n solid form ¢ 0-QM major form in solution
| + highly reactive species for MCR
© AR | |
0© 3 oo @ l
ortho-quinone methide 3-methylene-2,4-chromandione Nucleophile Trapping

Figure 1. a) Structural analogy with 4-hydroxycoumarin skeleton; b) Equilibrium between Mannich
adducts and 3-methylene-2,4-chromandione

Recently, our laboratory reported an effective procedure for C-3 reductive alkylation of 4-
hydroxycoumarin by a dehydrogenative oxidation of benzylic alcohols in the presence of
tris(triphenylphosphine)ruthenium(ll) dichloride (5 mol%), KOH (0.2 eq) in ™"amyl alcohol under
microwave irradiation at 140°C in 2 hours.”) Supposed mechanism is described as a first step of
activation of the alcoholic substrate by metallo-catalyzed dehydrogenative oxidation, followed by a
Knoevenagel condensation / reduction sequence (restitution of hydride or H, by the metal depending on
its nature). All these steps proceeded under one pot conditions with a single catalytic species. The
Knoevenagel adduct (3-methylene-2,4-chromandione) displaying similar structural analogy (Figure 1a)
with more classical o-quinone methide, is a versatile substrate for MCR.F®! The approach developed in
the laboratory is to trap the 3-methylene-2,4-chromandione highly reactive intermediate in a solid-state
stable Mannich adduct. In solution, the equilibrium is more favourable for the 0-QM adduct which upon
treatment with various nucleophilic species can react in excellent yields (Figure 1b). This communication
aims to describe our recent efforts developed for trapping this intermediate by different nucleophiles
(including simple reduction methods).™

References:

(11 a) N. J. Willis, C. D. Bray, Chem. Eur. J. 2012, 18, 9160; b) M. S. Singh, A. Nagaraju, N. Anand, S.
Chowdhury, RSC Adv. 2014, 4, 55924.
[21 A, Montagut-Romans, M. Boulven, M. Lemaire, F. Popowycz, New. J. Chem. 2014, 1794.

Bl1G. Appendino, G. Cravotto, L. Toma, R. Annunziata, G. Palmisano, J. Org. Chem. 1994, 59, 5556.
[l A, Montagut-Romans, M. Boulven, M. Lemaire, F. Popowycz, submitted to publication.

206



P45

NEW FUNCTIONALIZED METHYLENEBISORGANOPHOSPHORUS ACIDS AND THEIR
DERIVATIVES AS PERSPECTIVE LIGANDS AND BIOACTIVE SUBSTANCES
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Functionalized methylenebisorganophosphorus acids and their derivatives are of great interest as
effective chelating ligands and perspective bioactive substances with various properties. These acids
are well-known analogs of hydroxy or amino carboxylic acids and natural pyrophosphates. We have
developed the organosilicon-based synthesis of new functionalized bisorganophosphorus acids and
their derivatives including heterocyclic, aromatic and unsaturated fragments as well as hydroxyl, amino,
and carboxyl groups using as starting compounds the trimethylsilyl esters of several trivalent phosphorus
acids and functionalized alkenes, aldehydes, imines, and various derivatives of carboxylic acids. The
obtained trimethylsilyl esters of bisorganophosphorus acids easily react with methanol or sodium
methylate in methanol yielding the new water soluble bisorganophosphorus acids or their salts which
are presented here.

[(XO)PI,C(RINH,  [(XO)PL,CHNAIK,  [(XO)P1:C(RINH, - [(XO)RIo.CHNAIK [(XO)R1.C(RINHCHO
o) o) O

O)CH 0
[(XO)R1.CHR xo:P C(OX)R ArHO) ;p 2 CHNR, 4
o) U HO ! o
2 o
(XOXP" ~ POX),
[(XO)-P(O)],CHN COOX HC(O)N(lCl?[P(O)(OX)Z]Z O ©

OX
t-Bu
N
R = Me(CH=CH),, PhCH=CH, Me(CH,);CH=CH(CHy)y, 4-MeOCqH,, O. HO
0] t-Bu

X =H, B, MesSi, Na; Y = H, OX, (CH,),Ph, (CH,),Py, (CH,),COOX, (CHz)nNz 7 n=12.

The obtained functionalized methylenebisorganophosphorus acids with various unsaturated, aromatic
and heterocyclic fragments containing hydroxyl, amino or amido groups are promising polydentate
ligands and organophosphorus biomimetics of natural pyrophosphates and hydroxy or amino acids as
well as effective antioxidants and cytoprotectors with the multifactor activity.[?!
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SYNTHESIS OF HIGHLY FUNCTIONALIZED DECALINS FROM GLUCOSE
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Some of polyhydroxylated bicyclic derivatives can act as inhibitors of glycosidases; in optically pure form
such compounds can be conveniently prepared from sugars.™ The important category of these bicycles
is represented by derivatives with a decalin skeleton.”! Synthesis of this system is relatively
underexplored, since most of the reported methods lead to racemic products.

We have proposed a stereoselective route to optically pure, highly functionalized cis-decalins via the
intramolecular Diels-Alder reaction of sugar derived trienes.B! Configuration at the ring junction is
dependent on the configuration across the internal double bond of the precursor; the E-diene gives the
cis-decalin. We reason that the Z-isomer should cyclize to trans-decalin. Our standard methodology,
however, provides only the E-dienes.?!

% "CO*Aux \
H -

‘OBn

Now we propose the methodology which allows to obtain dienes with either E- or Z-configuration across
the internal double bond as shown by a transformation of D-glucose (1) into dienes 2 and 3. The key
step involves an allyltitanation of the appropriate sugar aldehyde followed by the Petersen elimination of
resulting b-hydroxysilyl moiety. Such elimination, carried out in acidic medium, provided only the E-diene,
while elimination induced by base yielded the alternative Z-diene.

Dienes 2 and 3 were transformed into trienes by PCC oxidation folowed by Horneri Wadsworthi Emmons
olefination. This compounds were subjected to intermolecular Diels-Alder reaction catalyzed by Et,AICI
providing decalins with high selectivity.
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MICROWAVE ASSISTED SYNTHESIS OF LAPACHOL ANALOGUES VIA QUINONE
METHIDE NUCLEOPHILIC ADDITION
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Quinones methides are reactive intermediates found in many areas of chemistry and biology, being
renowned for their polar characteristics and high reactivity.™! These intermediaries have great relevance
in organic synthesis one they are able to react with various nucleophiles of biological interest, like
alcohols, thiols,” nucleic acids, proteins and phosphodiesters. The aim of this work consists in the
synthesis of new analogues of lapachol (1) from lawsone (2) via O-Quinone methides (Figure 1).

(0] (0]
OO OO
X S‘Rz
(6] (0] R4
M

4a-l (R = H)

5a-1 (R = Ph)

6a-l (R, = p-NO,-Ph)
7a-1 (R4 = p-OMe-Ph)

Figure 1. Lapachol (1) and analogues

Lapachol

In this methodology, lawsone (2) was used as the starting material and, it reacted with different aldehydes
via the Knoevenagel condensation, followed by nucleophilic addition of thiols to the O-Quinone methide
generated in situ (Scheme 1).

O

0) 0]
Ly e | s, o
E|\t/l(\)/\|/_| AN O‘ S\R2
© O Ry 0 R
2 3 4a-l (R = H); 49-85%
R; = H, Ph, p-NO,-Ph, p-OMe-Ph 5a-1 (Rq = Ph); 33-89%

_ ) L 6a-l (Rq = p-NO,-Ph); 44-79%
R, = Aromatic or Aliphatic 7a-l (R, = p-OMe-Ph); 32-66%
Scheme 1. Synthesis of lapachol analogues

The reaction studied was performed in EtOH under microwave irradiation (150° C, 20 min.). Applying
this protocol, it was possible to prepare 48 new compounds using 12 different thiols as nucleophiles, in
moderate to excellent yields (Scheme 1). All reaction products were purified by column chromatography
using silica gel and subsequently characterized by conventional spectroscopic techniques.

In summary, in this work we showed that nucleophilic addition in 2 employing thiols proved to be a good
alternative for the synthesis lapachol analogues.

References:

(11 Rokita, S. E. in Quinone Methides, John Wiley & Sons, New Jersey, 2009.
[2 Ramakrishnan, K., Fisher, J., J. Med. Chem. 1986, 29, 12151 1221.

209



P48

SYNTHESIS AND REACTIVITY OF
TRIMETHYL[1,1,2,2-TETRAFLUORO-2-(ARYL)ETHYL]SILANES
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Fluorinated and perfluoroalkylated compounds are of great interest to medicinal chemists and material
scientists due to their unique reactivity, stability and bioavailability.!*! The trifluoromethyl group is the most
frequently used motif, and trifluoromethylation methodologies have attracted much attention in the last
decade. Interestingly, manipulation of the tetrafluoroethyl moiety has been studied less, despite its
prevalence in liquid crystals and bioactive targets.?

Few methods for the synthesis of bridging tetrafluoroethylene motifs are known. Building-block
approaches have been considered, as well as methods relying on the use of highly reactive fluorinating
reagents (SbF4/HF or F,).Bl Ogoshi and Hu have recently published copper-mediated methodologies,
utilizing tetrafluoroethylene or 2-bromo-1,1,2,2-tetrafluoroethyl compounds, respectively, as the source
of the tetrafluoroethylene motif.[

The Ruppert-Prakash reagent (MesSiCF3) is a powerful and extremely useful reagent for
trifluoromethylation.®™ In comparison, its perfluoroalkylated derivatives have been studied less
comprehensively. Here, we report the synthesis and reactivity of substituted
trimethyl(tetrafluoroethyl)silanes (ArCF.CF,SiMes), a new class of reagents allowing access to a range
of disubstituted tetrafluoroethyl compounds.
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DIVERSITY ORIENTED SYNTHESIS OF BIOLOGICALLY ACTIVE IMIDAZOLES
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The imidazole scaffold is omnipresent in biological relevant molecules showing a wide range of
pharmacological activity.™ In particularly the 2-aminoimidazole scaffold has attracted increased interest
over the last decade due to its emerging biologic activity.’>® Several synthetic methodologies towards 2-
aminoimidazoles have been reported,” however the majority of these methods lead to a specific
substituent decoration of the 2-aminiomidazole scaffold. Therefore a diversity-oriented approach towards
2-aminoimidazoles and their analogues is desired. This approach should allow late stage modification of
different substituent positions depending on the requirements. We have developed a synthesis
methodology, presented in Scheme 1, starting from 4-bromo-1H-imidazole based upon 3 set of reactions
(A, B and C) which can be performed sequentially to obtain selective functionalization on each position.
By altering the order of the reactions the order of functionalization can be controlled and specific late
stage modification can be obtained.

4-Bromo-1H-imidazole

NN
\=( Rs Rs
= R1\NA\N c, R1\N)§N
77777777777777 l V Rz R4 R,
; )R\z | )R\Z Rimn X e
: 1 CA B 1~N N A 1~N" SN
PRSNSN L o Ry o — — \—
M= \=( Br R,
Ry Ra Br
””””””” C\« TR
Ri~N"SN !
\—( LA :R1\N)§N
Rs R ‘ ):<
. Ry R

Scheme 1. Diversity Oriented Synthesis of Imidazoles.
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REGIOSELECTIVE AMINATION OF PERYLENEIMIDES
Lijo George, Zafar Ahmed, Helge lemmetyinen, and Alexander Efimov”
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Perylene imides are organic molecule with good thermal and photostability, high fluorescence quantum
yields, molar absorptivity and excellent redox properties. M Its application in photovoltaics, field effect
transistors, biosensors, organic light emitting diodes are well known. @ Classic functionalization of
perylene imides involves bay-region bromination and subsequent replacement of bromines with suitable
substituents. However the procedure results in the formation of 1, 6- and 1, 7- isomers which have
significantly different photochemical properties. B! We herewith report the regioselective amination of
perylene imides which does not require any leaving group for substitution. The presence of imide cycle
is very important for reaction to occur. Reaction proceeds via oxidation of radical anion and amination
occurs at mild conditions and with remarkable selectivity. The diimides are exclusively substituted at 1,
6- bay position and monoimides at 7, 12- positions with yields ranging from 20-97%.“

A) B)
0. lll o (0] l\ll o]
OO OO OO — PDI starting material
_ MNRz ReN RZN NR2, e Radi o :
Radical anion intermediate
Cat oxidant
Temp, time
5 |
07 "N Yo 07 "N Yo < oo
! & .
1: R1=n0cty| a b
1" R'= Ph(tBu)2
tBu > e
R'= n-Octyl, 5:HNRZ,=/ ) 6:HNRZ,= O 400 500 600 700 800 900
N N
H nm

tBu
A) Regioselective amination of perylenediimide (PDI); B) Absorption of PDI and its radical anion intermediate.
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MECHANISTICAL ASPECTS OF THE STEREOSPECIFIC REDUCTION OF
HYDROXYMETHYL FUNCTIONALISED PHOSPHINATES AND PHOSPHINE OXIDES

Damien Hérault,[@ Duc Hanh Nguyen, David Gatineau, Sébastien Lemouzy, Laurent Giordano and Gérard Buono

[a] Ai x Marseille Universit®, Centrale Marseille,
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We present recent advances in the understanding of the reduction of optically pure hydroxymethyl
functionalised phosphinates or phosphine oxides which represent key intermediates for the preparation
of P-stereogenic ligands. Their reduction conducts to P-chiral phosphinites or phosphines. This reaction
is not trivial due to the strength of the P=0O bond. Many reagents can reduce the P=0 bond with inversion
or retention of configuration at phosphorus atom.™ However the relatively high temperature necessary
to obtain the desoxygenated compounds in high yield is a major drawback, and moreover, could be
prejudicial to the chemo- and the stereoselectivity of the reaction. When the P=0 bond bears an alcohol
function in proximity, the problem can be circumvented.?! The reduction can occur stereospecifically with
inversion of configuration using BHs. THF which plays three roles: activating, reducing an protecting
agent. Here we present the recent results B! obtained during the reduction of hydroxymethyl
functionalised phosphinates or phosphine oxides, as well as the experimental evidences of the P=0
activation by BHs through the formation of a 5-membered ring intermediate (Scheme).
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ENANTIOSELECTIVE ORGANOCATALYZED MULTICOMPONENT
BIGINELLI- AND UGI-LIKE REACTIONS INVOLVING ISATINS
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2-Oxindoles, especially those 3,3-disubstituted or spiro-fused to other cyclic frameworks, feature in a
large number of natural and unnatural compounds with important biological activities and serve as key
intermediates for the synthesis of many kinds of drug candidates.¥l Multicomponent reactions (MCRS)
are very efficient tools to quickly prepare pharmacological compounds, and its application in the field of
indole-based derivatives has attracted considerable interest owing to its exceptional synthetic efficiency
and extensive diversity-generating ability. Even if the application of organocatalytic processes to
enantioselective MCRs is still in its infancy, the results reported until now show the possibilities and
versatility of this type of strategy, with an elevate level of atom efficiency being reached. In particular,
the use of asymmetric MCRs catalyzed by chiral Brgnsted acids, mainly BINOL-derived monophosphoric
acids, has recently emerged as a particularly robust tool, in the context of asymmetric counteranion-
directed catalysis (ACDC).1

Going on with our interest in the asymmetric synthesis of 3,3-disubstituted oxindole derivatives and
related spiro-compounds,® we have developed a project aimed to explore the applicability of
organocatalysis, particularly ACDC, to the enantioselective synthesis of isatin-derived 2-oxindoles, by
means of multicomponent Biginelli- and Ugi-like reactions. The Biginelli-like reaction, employing isatins
as carbonyl ¢ ompon e n-ticarbonyl compmundsnatiowed astd obtairsa siall library
of chiral spiro(indoline-pyrimidine)-diones derivatives (1) with good vyields and moderate
enantioselectivity. Post-condensation reactions have been performed, increasing the number of
potentially useful compounds. On the other hand, starting from isatin-derived imine s an
isocyanoacetamides, we applied an unprecedented Ugi-like reaction, affording chiral 3-(amino)-3-
(oxazol-2-yl)indolin-2-ones derivatives (2) with high yields and good enantioselectivity. The assignment
of the configuration at the new oxindole C-3 stereocenter through X-ray diffraction of selected
compounds, as well as computational studies in order to explain enantioselectivity and stereochemical
outcome of both reactions, are currently underway.
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SYNTHESIS OF HYDROXYLATED BIPHENYL COUMARINS AS POTENTIAL BIOACTIVE
AGENTS
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The biphenyl unit is embedded in many structures of bioactive natural products and some of them are
present in compounds of high biological relevance like vancomicin and biphenomicins. In our laboratory
we have been actively engaged in the synthesis and biological evaluation of hydroxylated natural-like
biphenyls.'¢ Hydroxylated biphenyls generally manifest higher antioxidant activity and less toxicity
than the corresponding monomers.?>c'We have considered coumarins, an important class of bioactive
compounds-widespreaded in various plants. They have been used in various sectors like cosmetics,
pharmaceuticals, antioxidants. Some examples are reported in the literature on coumarins bearing
biphenylic unit where the biphenyl is fused to coumarin moiety (e.g. kotanin and desertorin)E® and
where a hydroxylated biphenyl acts as a linker between coumarinic units (e.g. 3).E
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HsCO 0o S X O N
HaCO 00 H,C O 00 © Hsco
O HsC— N0, CHs
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CH3 OCH3 HsCO

kotanin 3

OH R

> 96

0.__0 HO 0._0 2aR=H
O P O P 2b R=CH;

OH R

1 2a-b

We have synthetized new biphenylic coumarines by Pechmann condensation reaction starting from C»
symmetric biphenols using malonic acid or b-ketoesters under different acidic conditions. The dimeric
coumarins (e.g. 1, and 2a-b) have been fully characterized and the synthesis will be described.

desertorin
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Xylanase is a family of glycoside hydrolases, which hydrolyses xylosidic linkages in the xylan component
of plant cell walls. These enzymes are currently used widely in pulp and paper manufacture, alcohol,
brewery and food industries, and the need for these enzymes continuously grows!*2,
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Figure 1. Retrosynthetic pathway

In this project we wish to prepare linear and branched thiooligosaccharides of xylans, which can be used
as inhibitors/stable ligands in the determination of the properties and the specificities of the enzymes. In
order to synthesize the thiooligosaccharides, we propose in this poster an interesting strategy for making
thioglycosides, which is straightforward and easy to perform. The overall synthesis of the thiotetraxylan
is based on a 2+2 coupling strategy, which intends to make the synthesis more flexible and suitable for
different types of target molecules.
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FORMATION OF STEREODEFINED TRISUBSTITUTED SILYL ENOL ETHERS AS A NEW
ROUTE TO CARBON QUATERNARY STEREOCENTERS

Zackaria Nairoukh and Ilan Marek*

Schulich Faculty of Chemistry, Technion i Israel Institute of Technology, Haifa 32000, Israel
chilanm@tx.technion.ac.il

Formation of enantiomerically pure quaternary carbon center U to a carbonyl center remains a
challenge in modern synthetic organic chemistry. The aldol reaction could provide an access to such
molecular framework if stereodefined trisubstituted enolate could be formed stereoselectively.™ To
solve this problem, we have developed a one-pot method for the generation of stereodefined
trisubstituted enolates from simple alkynes by a carbometalation/ oxidation sequence®? that was
subsequently trapped as trisubstituted silyl enol ether 3. Using the Mukaiyama aldol reaction of these
silyl enol ethers with aliphatic and aromatic aldehydes led to the formation of the aldol products
possessing the expected quaternary stereocenter in high yield and diastereoselectivity (Scheme 1).5!
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Scheme 1. The Mukaiyama addition with stereodefined trisubstituted silyl enol ether derivatives
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Functionalized propar gyl i ¢ substrates are class of alkynes w
acidic transition metal salts are used as catalysts for activation of triple bond and therefore subsequent
cyclizations or skeletal rearrangement processes become possible.™

In this presentation, we present our recent findings on electrophile-promoted rearrangements of
propargylic substrates.?? We have found that the title compounds being representative of nucleophilic
alkynes are able to react with electrophilic reagents forming ionic intermediates. Then a neighboring
nucleophilic group participates in stabilization of vinylic carbocations. This reactivity mode gives a
precedent for electrophile initiated rearrangements or cyclization reactions and therefore considerably
extends the synthetic utility of propargylic substrates (esters, amides, (thio)carbamides and
carbamates).
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The mechanistic aspects of the reactions together with scope and limitations will be discussed.
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COUPLING APPROACHES TO UNSYMMETRICAL PHTHALOCYANINE ANALOGUES
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Tetrapyrazinoporphyrazines (TPyzPz) are the most studied class of phthalocyanine aza-analogues with
interesting spectral and photophysical properties. Intramolecular charge transfer (ICT) is responsible for
quenching of excited states in aminosubstituted TPyzPz 1., Peripheral amine which is in conjugation
with acceptor serves as a donor and the TPyzPz core as an acceptor of the electrons. The process of
ICT can be blocked by various factors that can be used for sensoric applications 2. The aim of this study
is to evaluate the effect of the distance between donor and acceptor moiety on ICT efficiency. In general,
synthesis of unsymmetrical TPyzPz is based on cyclotetramerization of two appropriate precursors,
mostly substituted pyrazine-2,3-dicarbonitriles. In this study, the TPyzPzs wi t kextehded linkers
between donor (N,N-dimethylamino) and acceptor moiety were prepared. The linkers were presented by
one and two 1,4-phenylene units or with two and three 1,4-phenylene units with inserted triple bond.
Precursors with one and two 1,4-diphenylene units arised from halogene 5-substituted pyrazine-2,3-
dicarbonitriles and pinacol ester boronic acid derivatives under Suzuki-Miyaura coupling condition.
Afterwards, these precursors were allowed to react with 5,6-bis(tert-butylsulfanyl)pyrazine-2,3-
dicarbonitrile using magnesium butoxide as an initiator of the reaction to form TPyzPz 1 i 2 (Figure
below). The starting compound for further post-cyclotetramerization modification (i.e, iodo substituted
TPyzPz 3) was prepared from 5-(4-iodophenyl)pyrazine-2,3-dicarbonitrile and 5,6-bis(tert-
butylsulfanylpyrazine-2,3-dicarbonitrile in the similar way. TPyzPz 4 i 5 (Figure below) were prepared
from TPyzPz 3 by the reaction with linkers containing terminal ethynyl group via Sonogashira coupling
reaction. Finally, the TPyzPz 6 containing donor without conjugation with TPyzPz core was synthesized.
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SYNTHESIS OF 2-IMINO-1,3-THIAZINES AND 2-THIOXOPYRIMIDINES
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Polarized ethylenes represent suitable starting material for synthesis of various heterocycles.MThe
synthesis of 2-thioxopyrimidines (thiouracils)?® starting from (alkoxymethylidene)malonates and
substituted thioureas is known for a long time (Scheme 1) but corresponding isomeric 1,3-thiazines were
not published yet.

Therefore we decided to start our synthesis from original isothiuronium salts (1a-d) prepared from easily
available dimethyl (2-chloromethylidene)malonate and substituted thioureas. These isothiuronium salts
were submitted to the reaction with various bases (TEA, agueous ammonia, sodium methoxide, sodium
carbonate) in water, methanol or in biphasic system (chloroform/water) and reaction products were
investigated. It was found that strong bases in excess (and sometimes also in equimolar ratio) caused
complete decomposition of individual salts to many different product. When equimolar amount or slight
excess of weaker base (ammonia) was used then the formation of cyclic product was observed (Scheme
2). In the case of unsubstituted isothiuronium salt corresponding methyl-2-imino-4-oxo-3,4-dihydro-2H-
1,3-thiazine-5-carboxylate (2a) was isolated whereas N,N @imethyl (1b), N-phenyl (1¢) and N-phenyl-
N énethyl  (1d) isothiuronium  salts possessed corresponding  4-oxo-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylates (3b-d).
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EtO COOEt
R: H, Me, Et, Ph

Scheme 1. Described method of preparation of 2-thioxopyrimidines(?=l
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Scheme 2. Our method of preparation of 2-Imino-1,3-thiazines and 2-thioxopyrimidines

On the basis of careful NMR measurements it was found that corresponding 2-imino-1,3-thiazines are
always formed first which subsequently undergo nucleophile-assisted Dimroth rearrangement to give 2-
thioxopyrimidines (3b-d).
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TOWARDS A SHORT SYNTHESIS OF (R,R,R)-U—TOCOPHEROL
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The most bioactive compound within the vitamin E class is (R,R,R)-U-tocopherol (1). The industrially
manufactured product i s -toa@phenol stereonisomers,ods knawnl syntbeticg h t
approaches to the optically pure (R,R,R)-U-tocopherol are lengthy and complicated.!

An achiral organocatalytic approach to chromans had been published in 1978 by Kabbe and Heitzer.?
Tocotrienols were accessible in good yields using 2-acetyl-3,5,6-trimethylhydroquinone (3) and farnesyl
acetone (4) as starting materials. In the present contribution we disclose how we achieved a very short
synthesis of optically enriched (R,R,R)-U-tocopherol starting from industrially available 2,3,5-
trimethylhydroquinone (2) and farnesyl acetone (4) using chiral organocatalysts having a pyrrolidine
backbone such as 5. After subsequent asymmetric hydrogenation of the side-chain containing
unfunctionalized olefins by applying the Pfaltz methodology,® we obtained a stereoisomerically enriched
(R,R,R)-U-tocopherol (1) in only four steps and very good yield. We discuss the influences of various
reaction conditions, mechanistic studies as well as the limitations of this approach.
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SYNTHESIS AND BIOLOGICAL EVALUATION OF IMINOSUGARS C-GLYCOSIDES AS
GIcNAc MIMICS

J. Désiré, N. Fontelle, T. Legigan, J. Bouquet, and Y. Blériot"

IC2MP, UMR CNRS 7285 - Poitiers University, 4 Rue M. Brunet 86073 Poitiers, France
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Iminosugars, sugars in which the ring oxygen has been replaced by nitrogen, constitute undoubtedly the
most promising class of sugar analogues!! because their unique glycosidase and/or glycosyltransferase
inhibition profile make them promising therapeutics.? As a consequence, some iminosugar derivatives
are already on the market to treat diabetes or Gaucher disease while others are currently involved in
clinical trials to treat cancer, viral infections or genetic diseases such as cystic fibrosis. Introduction of a
stable pseudoanomeric substituent produces iminosugar C-glycosides that are usually more potent and
selective towards glycosidases compared to the parent iminoalditols, an improved efficacy which can be
attributed in part to the information brought by the aglycon moiety.F!

The main challenge associated with iminosugars C-glycosides is currently the design of efficient and
general routes enabling introduction of structural diversity from advanced synthons to accelerate the
discovery of biologically relevant molecules.”! We have developped a powerful strategy towards
piperidine iminosugar C-glycosides synthesis based on the alkylation of a seven-membered electrophilic
iminosugar and its subsequent ring isomerisation.® Surprisingly, except our recent synthetic routes to
homoiminosugars derived from N-acetyl-D-glucosamine (D-GIcNAc)® and one report on the synthesis
of iminosugar C-glycoside analogues of U-D-GlcNAc-1-phosphate, no general access to iminosugars
C-glycosides, as GIcNAc mimics, bearing diversity at C-1 has been described so far.

H H R
0._OH § ¥ N N__R
HO HO HO
. NHAc NHAc
HO NHAc HO HO NHAc HO HO NHAc
OH ho OH OH Ho OH OH
D-GIcNAc known iminosugars targets iminosugars C-glycosides

We will present herein our recent results regarding the synthetic access, the biological and the synthetic
potential of six and seven-membered iminosugars C-glycosides in the GIcNAc series.
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SYNTHESIS OF OLIGOSACCHARIDE FRAGMENTS OF RHAMNOGALACTURONAN-II
Enzo Mancuso and Mads H. Clausen*

Center for Nanomedicine and Theranostics & Technical University of Denmark, Kemitorvet,
Building 201, 2800 Kgs. Lyngby, Denmark, enzmanc@kemi.dtu.dk

A considerable interest in the biology of the plant cell wall has been grown recently, especially in respect
to the polysaccharides and polyesters that dominate the dry mass of the walls. This is driven both by a
lack of detailed molecular understanding of the structures and their role in plant development, growth
and evolution and by the huge potential cell walls have as a source of biomass.!%

In this project, we are targeting one of the three major structural component of pectin,
rhamnogalacturonan-Il (RG-I1). RG-Il is highly conserved between plant species and has been shown to
be very important to plant cell wall function.l? Several research groups have attempted the synthesis of
RG-II, focusing on different fragments of the polysaccharide, but none has been successful.B Therefore,
our goal is to develop synthetic routes for the backbone homogalacturonan that will allow us to introduce
branching at a late stage of the synthesis and we will target the C and D side chains specifically (Figure
1).
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Figure 1. Example of target molecule.

These structures are shorter than the very complex A and B chains and completion of backbone HG with
the C and D chains installed will provide valuable knowhow for future research in this area. Furthermore,
the target oligosaccharides will be highly valuable in their own right, since such structures have never
been synthesized before and will allow us to perform chemical biology studies of RG-II modifying
enzymes and to raise antibodies that will facilitate in planta studies of RG4| localization and function.

References:

(11 M. FitzPatrick, P. Champagne, M. F. Cunningham, R. a. Whitney, Bioresour. Technol. 2010, 101, 8915-892; M.
Pauly, K. Keegstra, Curr. Opin. Plant Biol. 2010, 13, 305-312.

[2'S. A. Nepogodiev, R. A. Field, I. Damager, In Annual Plant Reviews 2010, 41, 65-92.

BlY. Rao, G. J. Boons, Angew. Chemie - Int. Ed. 2007, 46, 6148-6151; S. A. Nepogodiev, M. Fais, D. L. Hughes,
R. A. Field, Org. Biomol. Chem. 2011, 9, 66701 6684.

223



P62

SYNTHESIS OF MODEL LIGNIN-CARBOHYDRATE COMPLEXES AND THEIR
DEGRADATION VIA GLUCURONOYL ESTERASES

Cl ot i | dé¥Rdng Eygaaid Monrad® and Robert Madsenla

[a] Department of Chemistry, Technical University of Denmark, 2800 Kgs. Lyngby,
Denmark, clod@kemi.dtu.dk
[b] Novozymes A/S, Krogshgijvej 36, 2880 Bagsveerd, Denmark.

In the process of biomass degradation, the presence in the plant cell wall of covalent linkages between
polysaccharides (hemicellulose) and lignin fragments, so called lignin-carbohydrate complexes (LCCs),
has been implied to have a recalcitrant role, complicating the separation of lignin from cellulose and
hemicellulose.™ Among the various LCCs found in nature (benzyl ethers, phenyl glycosides, esters), the
ester linkage between 4-O-methyl-D-glucuronic acid residues of xylans and lignin alcohols could be
subjected to enzymatic degradation and it has been proposed to be hydrolyzed by a recently discovered
class of enzymes, Glucuronoyl esterase (GE).?® In other to further investigate the activity and the
specificity of GEs, in this work model substrates have been prepared to develop a simple and efficient
enzymatic assay.
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Figure 1

The desired molecules have been obtained in few steps and good yields with a straightforward synthetic
pathway |, starti ng -Digluanpyranos&le. tHgnte twd different GEs, both expressed and
purified at Novozymes, have been characterized and the activity evaluated via determination of kinetic
parameters (Km, Vmax, Kcat).[
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EFFICIENT DIRECT TRIFLUOROETHYLATION OF INDOLES WITH HIPERVALENT
IODONIUM REAGENTS: SCOPE, MECHANISM AND SYNTHETIC OUTLOOK
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[b] Servier Research Institute of Medicinal Chemistry, Zahony utca 7. H-1031 Budapest,
Hungary

[c] Research Centre for Natural Sciences of the Hungarian Academy of Sciences,
Department of Theoretical Chemistry, Magyar Tudésok koratja 2., 1117 Budapest,
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The installation of fluorous functional groups into organic molecules is an important area of research,
since the introduction of fluor atom modifies the physical, chemical and biological properties of the
compounds. Aromatic and heteroaromatic cores equipped with trifluoromethyl, trifluoromethoxy and
trifluormethyltio groups are important compounds in the field of medicinal chemistry, due to their
beneficial biological activity. Regarding their synthesis, the efficient introduction of trifluoroethyl group as
the desired functional group to aromatic core is still rare.
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Short reaction time Mechanistic studies
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Outlook: other applications

We designed a new a hypervalent iodonium salt which is efficently applicable as trifluoroethylating agent.
With the utilization of the salt we successfully accomplished the trifluoroethylation of indoles in position
3 in a rapid reaction under mild conditions. The reaction works efficiently in the trifluoroethylation of
indoles bearing both electron donating and electron-withdrawing substituents. With the help of DFT
calculations the mechanism of the reaction was revealed, which explained the importance of the basic
additive (2,6-ditertbutylpyridine) in the transformation.’! Beyond the detailed discussion of this
methodology a brief outlook will be provided regarding further application of the salt in the field of
transition metal catalyzed C-H activation.
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FLUORIDE-ALCOHOL COMPLEXES MODULATES REACTIVITY
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Although highly sought-after, examples of metal-free catalytic nucleophilic fluorinations starting from
fluoride are rare. This is rooted in limited solubility of common fluoride salts as well as the high basicity
of free fluoride leading to side reactions. Also, solvation through hydrogen bonding affects its
nucleophilicity. In the fluorinase enzyme, nature overcomes these problems using carefully positioned
hydrogen bond donors in its active site to effect desolvation and control basicity making possible the
synthesis of 5"-fluoro-5"-deoxyadenosine from fluoride in aqueous medium (Scheme 1).14
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reactivity as well as selectivity, structural studies of hydrogen bonded fluoride complexes remain scarce.
In this contribution we will present the structure of 14 complexes of fluoride anion with alcohols of varying
steric bulk which were studied by X-ray as well as neutron diffraction crystallography (Figure 1). The
structural diversity will be related to differences in reactivity as well as Sy2/E2 selectivity of these fluoride
sources as determined on a model reaction. A rationale for the observed trends will be discussed.
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REACTION OF 3-BROMOCOUMARAN-2-ONE WITH THIOUREAS, THIOAMIDES AND
DITHIOCARBAMATES
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There are two reactive centers in the structure of 3-bromocoumaran-2-one, i.e. carbonyl group and
carbon atom carrying bromine. 3-Bromocoumaran-2-one therefore easily reacts ™ with thioureas to
isothiuronium salts and these salts rearrange to appropriate 2-imino-1,3-thiazolidin-4(5H)-ones under
mild base conditions. When the aromatic thioamides are used instead of thioureas, the reaction gives
1,3-thiazol-4-oles whose enol tautomeric form was confirmed by *H and **C NMR spectra. While the 2-
imino-1,3-thiazolidin-4(5H)-ones are colorless and they do not display any fluorescence, structurally
similar 1,3-thiazol-4-oles form orange solids displaying intense fluorescence in the solution but no
fluorescence in solid state. 1,3-Thiazol-4-oles can be easily converted to their anionic forms because of
the presence of the two hydroxy groups. Fluorescence of this anionic form is lower in solution but when
this anionic form is isolated in solid state its fluorescence is sustained. For comparison dithiocarbamates
were also used for synthesis 1,3-thiazol-4-oles from 3-bromocoumaran-2-one. These 1,3-thiazol-4-oles
are slightly yellow but any fluorescence in solution or solid state was not observed. Synthesis, structure
and behavior of prepared 2-imino-1,3-thiazolidin-4(5H)-ones and 1,3-thiazol-4-oles will be discussed in
detail.
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SYNTHESIS OF CHIRAL PROMOTERS FOR STEREOSELECTIVE CATALYSIS
BASED ON T-BIEHIGPHEN&E SCAFFOLD
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Chiral promotersforstere o s el ect i ve reacti ons -telhametlylelt, ditbiophened by
atropoisomeric scaffold exhibit high stereoselection levels, both as complexes of transition metals (bis-
oxazolines!¥and bis-phosphanes!?) and as organic catalysts (bis-phosphane oxides!). The good results
achieved with these chiral mediators prompted us to prepare a new family of chiral analogues
characterized by a 2 , 2 6-tettaphén§l-3 , -Bithiophene core. We considered an interesting task to
investigate the effects of the different steric and electronic properties on the catalytic activity and the
stereoselection ability of the new mediators.

The key intermediate for the synthesis of all the new chiral compounds 1, 2,3and4i s t hdérosa- 4 6
2, 2 b-tettaphéngl-3, 2oibhiophene (5), as reported in the scheme:

Ph_g
| Y, Ph
Br
Br
pesesmcsccosccencny Ph-¢ |
' Phos ' — S pn ~— FEECEEEELEELEEEEE ,
' )¢ P o : i s ;
! p-Tal),P O H : ¥, H
' o PO-ToD; 1 ! Ho '
: Ph | ' i OH H
: Ph : 1 Ph s I :
; 1 : ; P
f-mmmmmmmmmeo - - ' 2 H
1
----------------- -

3a,b (R=Ph)
4a,b (R=iPr)

The synthesis and the chemical and chiroptical characterization of all new compounds are reported.

The preliminary results obtained employing the bis-phosphane oxide 1 as organocatalysts and the
behavior of bisoxazolines 3 and 4 as ligands of different transition metals (Zn, Cu, Pd) are discussed.
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FUNCTIONALIZATION OF PHOTOCHROMIC DITHIENYLMALEIMIDES
D. Wutz, C. Falenczyk, N. Kuzmanovic and B. Kénig"
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burkhard.koenig@ur.de

The incorporation of photochromic molecules in biological systems as light dependent triggers has
become a valuable tool for the study of many important cellular processes and pathogeneses.™
Dithienylethenes (DTEs) were successfully applied as light-controllable inhibitors for various
enzymes.># The increased hydrophilicity and biocompatibility of dithienylmaleimides compared to other
classes of DTEs makes them more favorable for biological applications. They can reversibly be switched
between an open and closed photoisomer by irradiating with light of an appropriate wavelength.®!

$II
o=N_o0
propeller- —
[\ I\ Vis
R S S R
open closed

Synthetic routes for the functionalization of photochromic dithienylmaleimides at three different positions
are reported: at each of the thiophene moieties and the maleimide nitrogen.®! A Perkin-type condensation
of two thiophene precursors is used as the key step to assemble the maleimide core, which allows the
synthesis of non-symmetrically substituted dithienylmaleimides, such as photochromic amino acids. A
different approach to the maleimide core is provided by the reaction of a dithienylmaleic anhydride with
amines or hydrazides leading to maleimide protected dithienylmaleimides and photochromic labeled
natural amino acids. The photochromic properties of the new photoswitches were investigated showing
reversible photochromism in polar organic solvents.
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AN EFFICIENT ONE-POT SYNTHETIC APPROACH TO
PYRROLO[4,3,2-de] QUINOLINONES

Zhengjie He" and Changjiang Yang

The State Key Laboratory of Elemento-Organic Chemistry and Department of Chemistry, Nankai University, 94
Weijin Road, Tianjin 300071, China; zhengjiehe@nankai.edu.cn

Pyrrolo[4,3,2-de]quinoline core is a characteristic substructure found in a number of natural products
which often exhibit a wide range of biological activities.! For example, an array of newly discovered
marine alkaloids ammosamides!? with such fused cyclic skeleton possess attractive bioactivities
including significant cytotoxicity against human HCT-116 colon carcinoma and moderate inhibitory
potency against human quinone reductase. They are also thought to modulate tubulin and actin
dynamics through myosin binding.B! Promising biological activities of those natural products have
stimulated much interest from organic chemists and biologists. However, the lack of efficient and practical
methods for preparation of diverse pyrrolo[4,3,2-de]quinolines somehow retards exploring their potential
application as pharmaceutics. Recently we developed a novel annulation reaction between 3-alkylidene
oxindoles and Huisgen zwitterions which provided an efficient and convenient access to functionalized
pyrrolo[4,3,2-de]quinolinones. By this method, we also demonstrated a concise total synthesis of marine
alkaloid ammosamide B (Scheme 1). Herein we present the synthetic details.

CONH,
R3
N |
’
CO,Bu-t 1.PPhy N7 HoN
' A 2. H,SO 1 o ©
t-BuO,C - H290 RT/ Cl N\
N‘R2 NH2
ammosamide B

Scheme 1
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HIGHLY DIASTEREO- AND ENANTIOSELECTIVE SYNTHESIS OF CHIRAL
HYDROCHCOUMARINS VIA ORGANOCATALYZED CASCADE MICHAEL ADDITION-
TRANSESTERIFICATION OF AZLACTONES AND 2-((E)-2-NITROVINYL)PHENOLS

Zhenghong Zhou® and Yuehua Wang

Institute and State Key Laboratory of Elemento-Organic Chemistry, Nankai University, 94 Weijin Road, Tianjin
300071, China; z.h.zhou@nankai.edu.cn

Hydrocoumarin is a privileged structural motif presenting in many biologically active compounds which
exhibit antioxidant, antifungal, and anti-inflammatory activities.! Despite their high relevance as
biologically active compounds, however, the methodology for the asymmetric synthesis of nonracemic
hydrocoumarins have been rarely explored.? Therefore, it is desirable to develop novel methodologies
for the synthesis of chiral hydrocoumarins, which could potentially lead to this type of compounds with
enhanced pharmacological features. As part of our ongoing studies on organocatalyzed asymmetric
cascade reactions,® we wish to describe herein the highly stereoselective cascade Michael addition-
transesterification of azalactones and 2-((E)-2-nitrovinyl)phenols catalyzed by a bifunctional tertiary
amine-squaramide organocatalyst.
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X— . O2N\ CFg
OH Cat. (5 mol%) H 0

©  NHCOR w2
N CHClj, - 15 °C SR > j;/[
7 S oo oy
o
Yield: 60~99%
© ee: 87~98% cat.
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SYNTHESIS OF CHIRAL SULFONIMIDOYLALKYL NAPHTHOLS BY BETTI
CONDENSATION UNDER SOLVENT-FREE CONDITIONS
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The classic ABetti react i-typeodcondessatiok rbetween 2anaphthal,
benzaldehyde and ammonia. As a multicomponent reaction (MCR) it offers a simple one-pot procedure
and quick access to a large number of complex compounds by variation of the three reactants.
Subsequently, various naphthol analogues, aldehydes and nitrogen sources [such as primary or
secondary amines, amides or (thio-)ureas] have successfully been applied.¥! To date, sulfoximines!?
such as 1 have never been investigated in this type of process.

Herein, we present the application of (chiral) sulfoximines in the Betti-type condensation with aldehydes
and naphthol derivatives. The developed process features an environmentally friendly setup (no solvent,
mild reaction temperature, reactants in almost ideal stoichiometry and water as only by-product) and
gives rise to a broad range of products 2 in uniformly high yields. The products are stereogenic at sulfur
and carbon and in nearly all cases the diastereomers were fully separated by column chromatography.
The absolute configuration of one of the sulfonimidoylalkyl naphthols was determined by X-ray
crystallography which allowed unambiguous identification of all stereogenic centers.
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THE SYNTHESIS OF PHOSPHONONAPHTHALENES VIA DIELS-ALDER REACTION

Marek Koprowski, * Pi otr Bagczewski
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We proposed new approach to the synthesis of functionalised 3-phosphono-1-aryl-1,2,3,4-
tetrahydronaphthalenes with generally high yields starting from simple substrates. Regioselectivity of
cycloadditions (the key step) is controlled by more electron withdrawing group (EWG) of dienophiles. We
observed that activatiemgangi owu pdsitod tB thenost electcon gogating
substituent (aryl) in the corresponding major cycloadducts. There are only a few reports on cycloaddition
reactions between isobenzofurans and alkenyl/alkynyl phosphonates/phosphine oxides.™ The simple
and readily available diarylomethanols 1 in the presence of catalytic amounts of acid (eg.: p-TSA)
generates isobenzofurans 2 which react with phosphorylated dienophiles 3 to give cycloadducts 4 i 3-
phosphono-1,2,3,4-tetrahydronaphthalenes. The ratio of endo/exo isomers varies from 2.5:1 to 8.0:1
depending of nature of substituents in substrates. In the cycloaddition reaction were observed small
a mo u n tmse togfadudts too. The ratio of ortho/meta isomers was about 5:1. Cycloaddition reaction
with dienophile having triple bond - 5a produce unsaturated adduct 6a (3-phosphono-1,4-
dihydronaphthalene). Subsequent hydrogenolysis of 6 give us only one isomer (ortho and exo 3-
phosphono-1,2,3,4-tetrahydronaphthalene). Analogous 5b (bis(diethoxyphosphoryl) acetylene) give us
product 6b with two phosphoryl group.
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The proposed approach will be utilized in total syntheses of biologically active compounds possessing
1l-aryl-1,2,3,4-tetrahydronaphthalene skeleton which belong to lignan family.
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HYPERVALENT IODINE REAGENTS: A NOVEL AND EFFICIENT METAL FREE METHOD
FOR THE OXIDATION OF N,N-DISUBSTITUTED HYDROXYLAMINES TO NITRONES

Camilla Matassini,[& Camilla Parmeggiani, [ Francesca Cardonal® and Andrea Gotil@
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Hypervalent iodine reagents such as diacetoxyiodobenzene (DIB, 1), Dess-Matrtin periodinane (DMP, 2)
and o-iodoxybenzoic acid (IBX, 3) are commercially available oxidizing agents widely employed in the
oxidation of several organic functional groups (Figure 1).1! However, to the best of our knowledge, no
examples of their use in the oxidation of hydroxylamines have been reported to date. Searching for novel
and convenient metal-free methods for the synthesis of nitrones, useful intermediates for the obtainment
of alkaloids and other nitrogen containing products,’ we envisaged in hypervalent iodine reagents
suitable candidates.

OAc O
QAc AcO, (—OAc \i/OH
| \ \
©/ “OAc @O ©:§<O
@) @)
1, DIB 2, DMP 3, IBX
Figure 1

We present herein our results on the oxidation of several N,N-disubstituted hydroxylamines (cyclic,
acyclic, symmetric, hon symmetric) to the corresponding nitrones, by hypervalent iodine oxidants 1-3
(Figure 2).

1-3
1.5 i
R/\N/\R1 ﬂ» R&ﬁAR1
OH dry CH,Cl, O-
rt, 2 h
Figure 2

The procedure is very simple and user friendly and affords the target compounds with high efficiency
and regioselectivity, highlighting IBX as the reagent of choice due to the higher yields obtained and the
possibility to avoid, in most cases, any separation technique . Moreover, IBX presents uncommon
potentiality for the regioselective oxidations of non symmetric hydroxylamines especially in the
preferential formation of aldo- vs. keto-nitrones, for which a remarkable increase in regioisomeric ratio
for this transformation was shown in comparison to the most common oxidants. A mechanistic hypothesis
of the oxidation of hydroxylamines with IBX, supported by collected spectroscopic evidences, will be also
discussed.
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FROM " -EXPANDED COUMARINS TO * -EXPANDED PENTACENES
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The synthesis of t weapanded \caumnaring ygs ebeen defelopéd.t! Modified
Knoevenagel bis-condensation afforded 3,9-dioxa-perylene-2,8-diones. Subsequent oxidative aromatic
coupling or light driven electrocyclization reaction led to dibenzo-1,7-dioxacoronene-2,8-dione.
Unparalleled synthetic simplicity, straightforward purification and superb optical properties have the
potential to bring these perylene and coronene analogs towards various applications.
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SYNTHESIS OF PHOTOACTIVATABLE FATTY ACIDS FOR THE FUNCTIONNAL AND
STRUCTURAL STUDY OF THE MITOCHONDRIAL MEMBRANE
UNCOUPLING PROTEIN UCP1

F. Accettella, S. Masscheleyn, F. Giusti and B. Miroux*

UMR 7099/IBPC/CNRS-Paris Diderot, 13 rue Pierre et Marie Curie, 75005 Paris
florian.accettella@ibpc.fr

Uncoupling protein 1 or UCP1is a mitochondrial membrane protein that uncouple the respiratory chain
from ATP synthesis by allowing the passive diffusion of protons, from the intermembrane space (where
protons are accumulated) to the mitochondrial matrix. In vivo, the protein is activated by the fatty acids
(FAs) and inhibited by puric nucleotides. Several hypotheses concerning the interaction of UCP; with its
ligands and the mechanisms of the protons transport have been established during the last two
decades™®. More recent works!” contributed to elucidate the mechanisms of protons transport but the
FAs binding pocket within UCP1 remained unknown.

Our aim is to determine how protons transport is regulated by UCP; and what is the peptidic sequence
involved in FAs binding. To achieve this goal we designed FAs derivatives to cross-link them to UCP; by
using photochemistry!®l,

Various photoactivatable lauric acid derivatives were synthetized by introducing the probe (aliphatic or
aromatic azido group, aliphatic or aromatic diazirine, benzophenone) at various position along the fatty
chain.

The yielded photoactivatable FAs were incubated, in a first preliminary step, with liposomes in order to
assess the effect of the position of the probe on the FAs fatty tail on liposomes proton permeability. We
found that having the probe close to the carboxylic function drastically increased the proton permeability
on liposomes.

Initial activity tests on UCP:-containing liposomes have shown that few of the synthetized derivatives are

fully able to activate the protophoric activity of UCP;, opening the way to determine the aminoacids
involved in the FAs binding pocket by mass spectroscopy analysis.
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CATALYTIC REGIOSELECTIVE OXIDATION OF AMINOGLYCOSIDE ANTIBIOTICS
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Since the discovery of streptomycin by Waksman in 1944, aminoglycoside antibiotics have been applied
successfully in the treatment of bacteri al i nfecti
the codon-decoding A-site, the codon-anticodon pairing is hampered, resulting in mistranslation and cell

death.™™ Unfortunately, by developing aminoglycoside modifying enzymes, bacteria have found a way to
chemically modify and deactivate aminoglycoside antibiotics. One class of these aminoglycoside
modifying enzymes comprises the aminoglycoside O-phosphotransferases (APHSs), which selectively
phosphorylate the aminogl ycBRémdev alntadfbitohtd c3 @ th ytchrea
deactivation of the aminoglycoside by APHs.

Catalyst:

HO ﬁw [(neocuproine)PdOACc],OTf,
HO » Ri Benzoquinone

X = H, OH, NHACc
R, = OMe, OPh, SPh, OGlc
R, = H, TBS, TBDPS, Bz

Scheme 1. Catalytic regioselective oxidation of glycosides.

Recently, our group reported the catalytic regioselective oxidation of mono- and disaccharides at the 3
position, without using laborious protection and deprotection steps (Scheme 1).l We envisioned that the
sy nt he s-ideoxy anfinogd/dpside antibiotics could be realized in a concise manner using the
oxidation methodology reported by our group. As a proof of principle, Chz protected neomycin B (1) was
regioselectivel y o x i d i-kete dNeorhyoin B3 @) (Scheme 2). Formation of the corresponding
tosylhydrazone followed by the reductive removal of the tosylhydrazone moiety using a two step
methodology developed by Nairetal.Blr e s u | t-dedxy neamy&ndB (3). With 3 in hand we are going
to evaluate its activity on different resistant bacterial strains.

NHZ NHZ
HO 0 HO 0
X ZHN ZHN
2) HoNNHT: NHZ ﬁ;
HOY NHZO(MNHZ )NZBH CT\I HCI/MeOH HO OO Nz
) OoH 8) NaBHZON, HOIMeOH o oH
4) NaOAc
NHzZ O OH NHzZ O OH
Mo o
NHZ
OH NHZ OH
1: X=0H,Y=H 3
1) cat, benzoquinone
22X=Y=0

Scheme 2. Regioselective oxidation and reduction of neomycin B.
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INTRAMOLECULAR THIOL-YNE CYCLISATION REACTIONS FOR THE SYNTHESIS OF
THIOGLYCALS

Lauren McSweeney, Vincent Corce and Eoin M. Scanlan
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152-160 Pearse Street, Dublin, mcsweenl@tcd.ie

Sulfur containing heterocycles are of particular interesting in medicinal chemistry due to the unique
electronic properties of the sulphur atom.! In glycoscience, thiosugars have been identified as
competitive glycosidase inhibitors and a number of synthetic routes have been developed for their
synthesis.? The intramolecular thiol-ene reaction has been reported as a facile and efficient strategy for
the synthesis of sulfur containing heterocycles, including thiosugars.BI“ We have demonstrated that the
related thiol-yne cyclisation can be employed for the efficient preparation of unusual thioglycals of both

D- and L-sugatrs.
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The intramolecular thiol-yne radical cyclisation was investigated using thiol derivatives prepared from tri-
O-benzylated arabinofuranose. Both D- and L-sugars were investigated under radical cyclisation
conditions. The L-sugar gave a mixture of both exo- and endo-thioglycal products, however the D-sugar

gave exclusively the exo-thioglycal. An ionic cyclisation pathway was also investigated for both D- and L-
sugars and furnished the endo-glycal products exclusively.

References:

1 B. R. Beno, K.-S. Yeung, M. D. Bartberger, L. D. Pennington and N. A. Meanwell, Journal of Medicinal Chemistry,
2015, Ahead of Print.

2 W. Korytnyk, N. Angelino, O. Dodson-Simmons, M. Hanchak, M. Madson and S. Valentekovic-Horvath,
Carbohydrate Research, 1983, 113, 166.

81 A, Malone and E. M. Scanlan, Journal of Organic Chemistry, 2013, 78, 10917.

4 E. M. Scanlan, V. Corce and A. Malone, Molecules, 2014, 19, 19137.

238



P77

PHOTOCHROMIC DI-INDOYLETHENES
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Photochromic compounds have received considerable interest because of their potential use in optical
data storage and as investigation tools in biology. Among such compounds, 1,2-diarylethenes containing
heterocyclic rings are particularly promising for practical use. The compounds undergo conrotatory
electrocyclic reactions yielding the ring-c | os e d i somer . A-tonjegatedt systerm of o f
diarylethene derivatives through structural rearrangement by photoirradiation can be used to control
reactivity, donor-acceptor interactions, magnetic properties and physiological response. Such changes,
induced by light, are essential for creation of new materials and devices as well as for molecules of
biological relevance.*l

Dithienylethenes (DTES) are frequently used for the preparation of photochromic compounds as they
exhibit fast and almost quantitative photoisomerisation as well as excellent fatigue resistance.
However, DTESs require UV light to be ring-closed which can be a crucial drawback especially for the
application in a biological environment as it causes cellular damage. Therefore, the investigation of new
photochromic materials absorbing light in the visible range is of current interest. One approach is to move
to heterocyclic systems as indoles as their absorption range is bathochromic shifted in comparison to
the respective thiophenes. In addition, especially indole containing maleimides exhibit a very broad
spectrum of biological applications.*
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In the presented work we hence focus on Di-indoylethenes (DIEs).Both synthetic strategies and
photophysical characterization is discussed for several scaffolds.
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Being relatively unexplored, azaindoles have been a recent focus in synthetic research, for its promising
pharmaceutical properties due to the similarity with the indole ring. Despite this, azaindoles feature
unique electronic properties and a heteroatom as an extra site for binding, as well as to increase
solubility®. With the existence of four possible positions for the heteroatom, the chance of suitable
enzyme binding is increased, improving selectivity and bioavailability.? Owing to the electron deficiency
of pyridines, methods for indole synthesis cannot be applied as successfully to azaindoles. Regardless,
several methods for the preparation of azaindoles have been developed (Figure 1).
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Figure 11 Synthetic methods for the preparation of azaindoles3.

X =Cl, Br, OTf

We are developing a novel regioselective method to synthesize azaindoles, using haloaminopyridines
as readily available starting materials. One of the key steps in our research plan consist of a C-N cross
coupling of a properly functionalized aminopyridine with an aromatic vinyltriflate or aromatic halovinyl
compound.

Herein we will present the recent developments on a novel synthetic approach towards 5-azaindoles and
7-azaindoles.

Acknowledgements: We would like to thank the Faculdade de Ciéncias e Tecnologia for the support.
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Ene-reaction of allyltrialkyltin, allylgermanes, allylsilanes and enoxysilanes with sulfur dioxide are well
known.* Our research is focused on application of silyl sulfinates 1 in the synthesis of functionalized
sulfoxides 2 (Scheme 1). Application of silyl sulfinates 1 in organic chemistry has been demostrated in
different fields, including their transformation into sulfones, sulfonamides, sulfonic esters,! in total
synthesis of polypropionate antibiotics? and as silylation reagents for GC-MS quantative analysis.?
Traditional synthesis of sulfoxides 2 includes oxidation of sulfides and C-S bond formation with
nucleophilic substitution.* Various sulfinyl transfer agents have been used for C-S bond creation, but silyl
sulfinates 1 provide a new approach towards sulfoxide 2 synthesis.

In order to optimize the reaction conditions for sulfoxide 2 synthesis we investigated influence of solvent,
temperature, organometallic reagent and Lewis acid additive on sulfoxide 2 yield. We have also
diversified silyl moiety in sulfinate 1 structure, examining trimethylsilyl- (1a), terc-butyldimethylsilyl- (1b)
and triisopropylsilyl sulfinate (1¢) in order to increase the yields of sulfoxides 2. The optimal reaction
conditions will be discussed and the scope of the method will be demonstrated on aryl-, alkyl-, allyl- and
heterocyclic organometallic reagents.

N SiR'R?R® 50, R ('S') R*M ~ ('S?
! —— ¢ YTOSIR'R?RE ———— 7 yUR4
N4 R L P Ik _—

> R > R

1aR'=R2=R3=Me
1b R' = R? = Me, R® = t-Bu
1cR'=R?=R%=j-Pr

R = H or Me; R* = aryl-, alkyl-, allyl- or heterocyclic.

Scheme 1. Strategy of sulfoxide 2 synthesis.
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Asymmetric organocatalysis is a powerful method to assemble chiral molecules without using transition
metals or harsh reaction conditions. Most of the applied organocatalysts have been synthesized from
renewable sources (e.g., amino acids, alkaloids) and used in enantio- and diastereoselective syntheses
of complex chiral molecules, which are valuable building blocks. Moreover, this methodology
demonstrated the potential in natural product synthesis.™

We have developed bifunctional cinchona based thiourea catalysts, which have been used in several
asymmetric transformations with high enantioselectivities and yields.? Recently, we have applied these
bifunctional catalysts in organocascade reactions to assemble densely substituted cyclohexane
derivatives.®! These ring closing reactions are useful methods to synthesize selectively chiral building
blocks with quaternary stereocenters.

O O 0 0
| /R1 | R1
| O organocascade o~
) ring closing )
R OOCWAO R3COOR
R3 aspidospermidine

key building block

As part of our synthetic program, we wished to use our cyclohexane intermediates in the concise
synthesis of biologically active natural products. We aimed to use our methods in the synthesis of
aspidospermidine.™ Our results in the asymmetric synthesis and transform of various building blocks will
be disclosed in the poster.

Acknowledgements: Financial support provided by grants OTKA PD-112268 and Janos Bolyai Research
Scholarship of the Hungarian Academy of Sciences are gratefully acknowledged.
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STEREOSELECTIVE SYNTHESIS OF STEREOTRIADS WITH ORGANOCATALYTIC
DESYMMETRIZATION

Péter Spréanitz, Szilard Varga and Tibor Soés
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Synthesis of polypropionate polyketides is a challenging endeavour because of their rich and complex
stereochemistry.!2To streamline the complexity their synthesis, molecules containing three directly
adjacent stereogenic centers i called stereotriads T can be useful. The diastereoselective synthesis of
stereotriads is an additional stereochemical problem.

Initiated by this problem, we have developed a synthetic method which enables producing stereotriads
with good vyields with not only high diastereoselectivity, but also high enantioselectivity. The
enantioselective step is the desymmetrization of a trisubstituated glutaric anhydride with using
bifunctional squareamide derived organocatalyst.?!

Rz 10 eq. R3OH
5 steps R R 1% cat.

O o o ! ! RT O Ry O
~ w ~ > H, ‘R
o) o 070" o , 0 0

77-95% vyield Ri Ry
cat: = 85-92% ee
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0 0

As part of our synthetic program, we are planning to functionalize these chiral building blocks and use
them in the synthesis of complex structures and biologically active, natural products. The synthetic
route to these stereotriads will be disclosed in our poster.
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BIO-INSPIRED CATALYTIC OXYGENASE CASCADES TO GENERATE COMPLEX SMALL
MOLECULES

Yao Wang and Kamal Kumar

Department of Chemical Biology, Max-Planck-Institut fir Molekulare Physiologie, Otto-Hahn Strae-11,
44227-Dortmund, Germany; yao.wang@mpi-dortmund.mpg.de

Catalytic, selective and controlled oxidative functionalization of C-H bonds using molecular oxygen as
oxidant remains highly desired and equally challenging in the development of synthetic methodologies.!!!
Herein we present first Cu(l) catalyzed oxygenative transformation of an allylic methyl group into an
aldehyde in 3-methylidene oxindoles. The Cu(l) catalyzed oxygenase reaction used in tandem with a
base catalyzed annulation of b-ketoesters with newly generated aldehyde provides the first oxygenase
cascade synthesis of substituted dihydrofuran appended oxindoles.? Furthermore, we developed a
vinylogous oxygenation of ketones, which remains an elusive problem in current organic synthesis. We
believe that with rising demands for sustainable and environmentally benign synthetic routes to complex
molecules, catalytic oxygenase cascades that employ O as driving force in a domino or cascade reaction
sequence will draw further attention of broader chemistry community and find more applications in green
and clean bioinspired organic syntheses.
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TOTAL SYNTHESIS OF ENT-PROGESTERONE AND TRUNCATED ANALOGS
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Steroids occur in Nature exclusively in one enantiomeric form, due to conservative biosynthetic
pathways. Clearly defined binding pockets in nuclear receptors distinguish between natural (nat-) and
enantiomeric (ent-) steroids. However, some membrane steroid receptors (e.g. GABA,) are effected by
ent-steroids, probably through membrane perturbation.™ We will discuss here a total synthesis of ent-
progesterone | (Fig. 1) to probe the mechanism of action of steroids at the NMDA receptor. The
retrosynthesis was planned in respect to explore the minimum binding requirement of these substrates
at NMDA receptors. Physiological activities of some neurosteroid congeners will be discussed.

Robinson
annulation

Methylation ~__ O\\/

organocatalytic Cu' catalyzed

asymmetric
Robinson conjugate addition/oxygenation
annulaton —————————— with PRE mediated cyclization

Figure 1. ent-Progesterone retrosynthesis

The key step of the synthesis is a novel reaction sequence consisting of Cu-catalyzed conjugate addition
and oxygenation. A thermal radical cyclization employing the persistent radical effect (PRE)®! leads to
annulation of the five-membered ring. The synthesis of ent-progesterone is accomplished in a total of 15
steps.
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SYNTHESIS OF OLIGOSACCHARIDES OF THE LINKAGE REGION AS POTENTIAL
SUBSTRATES OR INHIBITORS OF GLYCOSYLTRASNFERASES INVOLVED IN THE
BIOSYNTHESIS OF PROTEOGLYCANS

Chrystel Lopin-Bon,” Samir Dahbi, Benjamin Ayela and Hélene Ledru
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Proteoglycans (PGs) are a family of complex macromolecules characterized by the presence of
glycosaminoglycan (GAG) chains covalently linked to a core protein. GAGs play important roles in a
plethora of biological processes, such as cell growth and proliferation, embryonic development, and the
coagulation cascade. They are also involved in the pathogenesis of several diseases including

arthropathies, Al zhei mer 6s di s eas &AG@chains oelnes the .

sequential action of glycosyltransferases (GTs) responsible for the formation of a tetrasaccharide
sequence GIcA-b-1,3-Gal-b-1,3-Gal-b-1,4-Xyl-b-O-attached to a L-serine residue of a core protein. This
GAG-linkage region serves as a primer for polymerization of two types of GAG chains, heparin/heparan
sulfates (Hep/HS) and chondroitin sulfates/dermatan sulfate (CS/DS). While the elongation is in
progress, the GAG chains are modified by the cooperative action of multiple sulfotransferases and
epimerases to yield the final complex GAG structure. It has been reported that the linkage region may
be modified by sulfation or phosphorylation but the exact role of these substitutions in not yet fully
understood.
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The major goal of our team is to synthesize oligosaccharides of linkage region in order to advance our
knowledge in the biosynthetic pathways of GAGs and particularly in the catalytic mechanism of the two
human GTs: b 4 G a7 which transfers the first Gal residue and CSGalNAcT-7 which orientates the
biosynthesis towards the CS/DS. Synthesis of modified xylosides and GlcA-Gal disaccharides will be
presented as well as preliminary enzymatic results.
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1-OXO-1H-PHENALENE-2,3-DICARBONITRILE: CHEMICAL STORY OF MISASSIGNED
STRUCTURES

Arnaud Tessier*, Romaric Lenk, Pierre Lefranc, Virginie Silvestre, Aurélien Planchat, Virginie Blot,
Didier Dubreuil, Jacques Lebreton*

Université de Nantes, CNRS, CEISAM, UMR CNRS 6230, 2 Rue de la Houssiniére, 44322 Nantes, France
arnaud.tessier@univ-nantes.fr

The preparation of substituted and fused polycyclic aromatic compounds and their corresponding
heteroaromatic derivatives is an important field of organic chemistry with various applications from
medicinal chemistry to materials sciences.

After being prepared for the first time in 2005, the derivatives from 8-oxo-8H-acenaphtho[1,2-b]pyrrol-
9-carbonitrile 1a appeared in major publications by describing their great optical properties for
fluorescent chemosensor devices.”? Analogous structures 1b were also recently reported for their
promising effect as potent inhibitors of Bcl-2 and Mc1-1 proteins.?

(0]
NC
N
|
\ Fluorescent
| p \\ Chemosensor
A=
1a

(e) CN
NC\HJ\N NC o)
| ‘ —_ s 2
> se ¥
| A Protein Inhibitor ’ j ‘&

NF N.  2b of Apoptosis £
N_ 1b j

L s
S

A synthesis of the originally proposed 8-oxo-8H-acenaphtho[1,2-b]pyrrol-9-carbonitrile la led to a
structural revision, and the product has now been identified as unknown compound 1-oxo-1H-phenalene-
2,3-dicarbonitrile 2a. Thorough examinations of the structure and mechanism were investigated and will
be discussed along with new chemical transformations.!
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A FACILE METHOD TO OBTAIN 1-ARYL-1,2,3,4-TETRAHYDROISOQUINOLINES
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1,2,3,4-Tetrahydroisoquinolines (THIQ) are widely used biologically active compounds. Still, many of the
methods currently used for their preparation are expensive or difficult to scale-up. We needed to develop
a simple and convenient way to obtain significant quantities of the parent 1-phenyl-THIQ that could also
be used to prepare other THIQ. Many compounds of this class have been prepared by acid catalyzed
cyclization of the corresponding imines i Pictet-Spengler reaction™. Still, polyphosphoric acid has been
used mainly to prepare THIQ from imines that undergo cyclization with easel?, while a detailed study of
the synthesis of the parent 1-phenyl-THIQ under these conditions has not yet been performed. Our aim
was to adjust the reaction conditions, so that the synthesis could be used to obtain several hundred
grams of this compound, and possibly even more. For research purposes, we also needed smaller
guantities of substituted 1-aryl-THIQ, so we wished to extend the scope of this reaction.

We found it most convenient to carry out the synthesis in two separate steps (Scheme 1). First, we
condensed phenethylamine with several benzaldehydes. Only the unsubstituted imine was obtained in
high purity under the usual conditions (room temperature, dehydrating agent MgS0O.). Other imines often
contained traces of the starting substituted benzaldehyde. We improved reaction conditions and obtained
the requisite imines in absolute ethanol under reflux. All imines were essentially pure (GC and NMR),
and the yields were quantitative. Further, we carried out cyclization of the imines in polyphosphoric acid
(1:2 85% H3PO4:P,0s5 by mass) at 160°C. Reaction half-time was established by GC for six imines
(Scheme 1). No considerable side-reactions were detected, the yield of the THIQ was close to
guantitative (GC) and still very good after isolation (Scheme 1), and the prepared THIQ were essentially
pure, except that they occasionally contained trace of the initial imine. We also used this method to
prepare 1-(2-piridyl)- and 1-(1-isoquinolyl)-THIQ. These reactions proceeded faster even at lower
temperature, but gave slightly lower yields. Preparation conditions of the unsubstituted 1-phenyl-THIQ
were further improved by lowering the concentration of polyphosphoric acid, so that commercial acid
could be used, and increasing its amount. Reaction time did not change appreciably, while the yield of
the THIQ on 100 g scale remained as high as 90% and it was completely pure (GC and HPLC).

CHO
" S =
o S ‘ EIOH, reflux ‘ PPA
XR F,h/\/N R Xy \ NH
R
Aldehyde* Pictet-Spengler Yield, % /
reaction half time, min

Benzaldehyde 122 90 ’
2-Bromobenzaldehyde 65 92 N
3-Bromobenzaldehyde 58 88 R
4-Bromobenzaldehyde 95 80
4-Chlorobenzaldehyde 135 85
4-Fluorobenzaldehyde 175 75
2-Pyridinecarbaldehyde > 58
Isoquinoline-1-carbaldehyde * 62

* Used for imine synthesis
** Not determined

Scheme 1. Synthesis of THIQ
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OXIDATIVE C-C BOND CLEAVAGE OF KETONE ENOLATES BY NITROSATION
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The Beckmann rearrangement and Baeyer-Villiger oxidation represent traditional ways of cleaving the
otherwise rather inert C-C bond in ketones. In both cases, the regioselectivity of the reaction is mainly
dictated by the substrate, i.e. E/Z configuration of oxime in case of the Beckmann rearrangement or
relative migratory aptitudes in the case of Baeyer-Villiger oxidation. Since oxidative opening of ketones
is a useful synthetic tool,!! ways of controlling the site of the cleavage are very desirable. The possibility
to direct the cleavage to the side of the less substituted carbon (the side of kinetic enolate) would
complement the existing methodology.

o) X =NH 0o Lo Q

\<<j§ Beckmann v?zﬂ\; ? X COOT)(
or
— U U

Baeyer-Villiger

To address this issue, we found that treatment of ketone enolates with alkyl nitrites at low temperature
results in facile C-C bond cleavage producing two new carbon termini in different oxidation states, namely
ester and aldoxime - thereby simultaneously introducing nitrogen functionality. Aldoximes are versatile
synthetic intermediates that can be transformed in one step to primary amines, aldehydes, nitriles or
nitrile oxides.

0] o) R1 R1
5{ OR2 ° (@00R2
R1 —_— ( )nf‘fW —_— n \ OH
X X N+
X =H, F, OMe 66 - 99 % R2 = j-Am, n-Bu 69 -82 %
R'=H, Me R'=H, Me
R? = t-Bu, n-Bu, i-Am, i-Bu n=2

The practical aspects and scope of this transformation will be discussed on examples of various alkyl
aryl ketones, cyclic and linear aliphatic ketones as well as reactivity of different metal enolates in
combination with linear and branched alkyl nitrites.
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Self-assembly as a strategy towards creating large, highly organized structures from relatively simple
building blocks is an attractive goal and the design of organic compounds with the ability to adopt specific
compact conformations continues to be a flourishing area of research.! Many meso-substituted As-
porphyrins do self assemble and Balaban and co-workers have proved that porphyrins possessing the
minimum number of vantage points can create large organized assemblies as well.? The only known
example of self-assembly of corroles has been as the amphiphilic sodium salt.® During our work we
improved that trans-A;B-corroles bearing i OCH,CONHR substituents at ortho position of the meso-
phenyl substituent, undergo self organization both in the solid state as well as in solution.

® L&
0" >co,Me o™~ NVR
CO,Me o)
Or CsFs
S~ L HCI, MeOH/H,0 R-NH,, DBU
* A\ / S CeFs CeFs ————————> Ce¢Fs CesFs
CHO NH HN 2. DDQ, 54% MeOH, toluene

The character of the internal NH at the corrol
responsible for the strong self-organizing properties of these compounds. When combined with the
special nature of the T CONHi group, these donating properties lead to the formation of aggregates in
the solid state.

In solution, UV-vis absorption and fluorescence analyses revealed the formation of large aggregates in
methanol/water mixtures at a critical water percentage of about 40-50%. The formation of strong
intermolecular hydrogen bonds was clearly visible in crystallographic structures as well as in *H NMR
spectra as strong upfield shifts of the amide-arm signals. The nature of hydrogen-bonded assembly can
be regulated via the presence of an additional hydrogen-bond acceptor at the amide arm, opening
interesting perspectives for the applications for the reported corroles.
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MODULAR SYNTHESIS OF HEPARAN SULFATE OLIGOSACCHARIDES
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Heparan Sulfates (HS) are a class of sulfated polysaccharides which function as dynamic biological
regulators of the interactions of diverse proteins.l Chemical synthesis of defined oligosaccharide
structures represents a challenging but powerful approach to understand the structure-activity
relationships of the complex sulfation patterns present in HS.

We have developed a novel generic method for the synthesis of HS oligosaccharides applied to the
production ofalibraryof 16 hexa-t 0 dodecasacchar i de ssita ARP clpavingeedzyraet
1) inhibition.!?® In vitro activity assays using FRET peptides identified several compounds as potent non-
coagul ant i vsdtriethske with patential ffor the development as leads for the treatment of
Al zhei mer 6s Di sease -feftidedevets. ¥ | ower i ng of AD

@ @omp @@omp

~0,SO/HO
0S0, o OR
0]
OH
HO o)
RHN OH n=2,3,4,5

In an effort to broaden the applicability of this synthetic methodology, we present here the use of
additional protecting groups, enabling the synthesis of more complex and specifically sulfated or N-
substituted HS oligosaccharides.
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METAL-FREE U-ARYLATION OF NITROALKANES USING DIARYLIODONIUM SALTS
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Nitroalkanes are synthetically important structural intermediates that have been used in total synthesis
of natural compounds,®! and the nitro group can be transformed into numerous other functional groups.®
Unlike theU-arylation of carbonyl compounds such as ketones, esters, and amides, fewer protocols are
known for the U-arylation of nitroalkanes. These include Pdi catalyzed U-arylation; or stoichiometric use
of organolead(IV), organothallium(lll), or organobismuth(V) reagents, which are all toxic metals.

Hypervalent iodine compounds have recently received substantial attention as mild, and nontoxic
reagents in organic synthesis. Diaryliodonium salts were used for the U-arylation of carbonyl compounds,
as well as for the O-arylation and N-arylation.®! Herein we communicate a metal-free protocol for the U-
arylation of nitroalkanes using diaryliodonium salts. Diaryliodonium salts were used for this purpose in
the early sixties, but the limited scope of these reactions and the need for preformed alkalinitronate
encouraged us to find a more efficient and user-friendly protocol.

OoN ® © O,N_ Art
OTf 1.2 equiv. base
/\ + AnT AR k > , + A%
‘U _(J’)n solvent, r.t., 16h 4
1 2 3
1 equiv. 1 equiv. 30 examples

upto 93% vyield
Scheme 1. Metal-free U-arylation of the nitroalkane using the diaryliodonium salts

We have optimized the reaction and it was found that no excess of reagents is required and the reaction
can be carried out at room temperature (Scheme 1). The yields are excellent independent of the ring
size of the cyclic nitroalkanes. Both electron donating and electron withdrawing groups on the aryl ring
of the iodonium salt afforded excellent yield in the U-arylation reactions. Similar to the cyclic nitroalkanes,
the acyclic nitroalkanes were also successfully arylated in excellent yields.
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STEREOSELECTIVE SYNTHESIS OF NATURAL PRODUCT INSPIRED COMPOUND
LIBRARY OF TETRAHYDROINDOLO[2,3-a] QUINOLIZINES
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In the process of drug discovery, the hit and lead structures are discovered by high throughput screening
(HTS) campaigns of different compound libraries.™ Often, library synthesis efforts are driven by the
availability of inexpensive substrates or synthesis routes which result in heavily compromised structural
features of molecules and yield, for instance relatively flat heterocycles.? Such compound collections
may fail to provide interesting starting points for drug discovery research.® Hence there is always a need
for synthesis protocols towards novel core-structures or scaffolds to build a compound collection. Natural
products (NP) have been an important source of drug discovery, with many useful drugs developed from
plant sources. Bioactivity screening of NP derivatives and NP-derived compounds has become a feasible
strategy for hit and lead identification in early phase of drug discovery.”! In NP-inspired synthesis
approachl®, not only the relative positions and nature of substituents around a NP-scaffold can be varied
but also different relative stereochemistry patterns can be generated covering a broader chemical space
of a particular structural class. In order to enrich the compound collection being developed in the
consortium European Lead Factory (ELF)® with natural product based structural motifs, we set out to
develop synthetic access to indole alkaloids inspired tetrahydroindolo[2,3-a]quinolizine scaffold and a
compound collection based on this framework. Here we present the stereoselective synthetic access to
a compound collection of tetrahydroindolo[2,3-a]quinolizine molecules.
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1,5-OR MIGRATION / CYCLIZATION: APPLICATION TO THE TOTAL SYNTHESIS OF
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As part or a program aimed at the synthesis of natural sesquiterpenes, we targeted (+)-schisanwilsonene
A (1) which was isolated from Schisandra wilsoniana, a medicinal plan indigenous to southern China.™
This natural product has shown to be a potent antiviral agent against the hepatitis B displaying higher
activity than current over-the-counter drugs (e.g. Epivir-HBV or Zeffix).

In 2013 we reported the first total synthesis of 1, where the key reaction sequence 1,5-migration /
cyclization was catalyzed by gold.?! Nevertheless, partial racemization and low yield in the Au-mediated
reaction was obtained as a result of a competitive 1,2-shifting of the 1 OAc migrating group.

Now we are looking for new routes that improve the former features of the synthesis. Preliminary results
show T OPNP (p-nitrophenoxy) is a promising migrating group: the use of starting material bearing i
OPNP prevents racemization (SM = 89% ee in the starting material leads to 89% ee in the product), and
enhances remarkably the chemical yield (78-80%).

Further improvements will be presented in the near future.

+
AuL OH

AuL* (cat.) | cyclopropanation

g — >

> e 7,

5-exo-dig cyclization JL L@
followed by , ,
1,5-migration OR R R 1
R'=-CH,OTBS (+)-Schisanwilsonene A
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The biological importance of glycostructures made them popular targets in modern synthetic chemistry,
in particular those incorporating N-acetyl-D-glucosamine (NAG) units. The urgent need of these
compounds in pure form and in significant amount has implied vast synthetic efforts.

Usually oligosaccharides are constructed through sugar monomers manipulation, which implies time-
consuming protection/deprotection steps and wild glycosylation reactions. Thus, in the last years, several
approaches have been developed to attain complex glycostructures.l However, it has been
demonstrated that glycosylation using NAG derivatives as glycosyl donors is still a difficult task.?

Our group has been also involved in the synthesis of glycostructures based on NAG units,®! more
specifically on the assembly of small fragments of bacterial peptidoglycan which will allow the
identification of key interactions that determine their recognition by the host. Since these structures are
composed of NAG and N-acetylmuramic acid (NAM) units connected via a b-1,4 linkage, it was
envisaged that chitin could be used as an interesting starting material due to its particular structure i a
linear (b $4)NAG polymeric chain. This biopolymer provides a new dimension to attain the desired
glycostructures by a reversed synthetic approach: the use of a high molecular weight biopolymer to attain
a smaller molecule, as an alternative to classical glycosylation methods.

Herein, we report our recent advances on the synthesis of a biologically important NAG-NAM fragment
associated with expression of bacterial resistance to different antibiotics and with a variety of
host/bacteria interactions. Taking advantage of our preliminar work on chitin manipulation, it is reported
its chemical modification and an attractive regioselective approach to construct the NAG-NAM structure.

chemical modification/

OH NHA OH regioselective approach OH on
o o © ° NHAc ° NHAc o NHAC
HO oHo %o oHo o — o oHo 0 g oHo
NHA o o — > o g o
€ NHAc NHAc e
o ° u O
OH R L )
Chitin Peptidoglycan fragments (n <5)
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Glycosylation is ubiquitous in nature and more
than half of proteins are glycosylated. Glycan
chains of glycoproteins are involved in numerous
biological events.! Well-defined N-glycans are
essential tools in glycobiology. Isolation from
nature is possible but challenging and the
quantities obtained are rather small.”!’ Chemical
synthesis can be used to obtain larger quantities
but is time-consuming because of the structures
complexity (Figure). Fast transformations are still
required in order to work out new synthetic
strategies.

@ Mannose (Man)

(O Galactose (Gal)

0 N-Acetylgalactosamine (GalMAc)
B N-Acetylglucosamine (GlcMNAc)
@ N-Acetylneuranimic acid (Meu5Ac)
A Fucose (Fuc)

Asn = asparagine

Asn

Figure. Structure of a complex N-glycan

Efficient and highly selective glycosylation with p e r a ¢ e t yN-aaetylgldcosdmine donor, using
iron(lll) triflate under microwave conditions, has been described by our group.® Various disaccharides
were rapidly obtained in good yields. We will report the use of these conditions to synthesize a number
of branched structures of N-acetylglucosamine units on a mannosidic core, which are present in each
complex N-glycan. The polyglycosylation was achieved with complete b-selectivity (Scheme). The
synthesis of this kind of motifs has been described in several steps with moderate overall yields.™
Depending on the anomeric group, the oligosaccharides were finally engaged in another glycosylation

reaction or in a CuAAc click reaction to introduce a functionalized linker.
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Scheme 1. Synthesis of complex N-glycan mimics
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Coumarins, heterocyclic compounds having oxygen, occur naturally in a number of plants. They are
isolated from various plants or obtained synthetically, in the commercial uses. Coumarin derivatives are
especially important in medicine due to variety of biological activity. Furthermore, their applications range
in perfume, food, plastic and dye industries!.

Chalcones are an important class of organic compounds being studied over the years and reported to
possess wide spectrum of biological properties[? such as antibacterial®, antifungal®, antimalarial®,
antitumor®®8  anti-inflammatory®,  anticancer®"®,  antitubercular®¥, and anti-oxidant®*"#l
activities.Chalcone also used to regulate the cholesterol levels, reduces blood pressure and blood sugar,
reduces allergy and sinus problem, improve vision and memory, aids sleep, suppresses gastric acid
secretion®4678 As a potent antioxidant, it helps to protect the organ from destructive free radical and
shows the ageing process*78l,

In this study, we synthesized 3-acetylcoumarin, which is going to be used for synthesis of chalcone, with
traditional method and ultrasonic vibration. In the second step this coumarin compound reacted with
benzaldehyde derivatives and three different catalysts. The effect of catalyst amount on the coumarin-
chalcone hybrid yield was also investigated. The seven desired chalcone derivatives were obtained with
from moderate to excellent yield (40-92%) after 2-5 hours reaction time.

o
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o
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»
+ 0/\ —
OH Piperidine or F

Amberlyst 26A

Catalysis: Piperidine, Amberlyst-26, NaOH

R: -H, -OH, -pCHs, -pOCHj, -pCl, -0Cl, -30H40CH;,
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Our aim has been to develop chiral building blocks, which can be utilized as key intermediates in the
synthesis of terpenoids. The terpenoids can be recognized in many molecules derived from natural
sources. Moreover, they show potent biological activity and can be used in the pharmaceutical and
perfume industry as well. !

Our major focus has been the synthesis of an appropriately decorated decalin rings which are common
motives in terpenoids. We envisioned a new chiral building block having a quaternary stereocenter that
can be prepared by an organocatalytic tandem react
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With the cyclohexene derivative in hand, two ring closing reactions were probed for the preparation of
thecissdecal ins which were the anionic Deslongchamps :
Diels-Alder reaction.?® The result of this synthetic work, the diastereoselectivity of the process will be

outlined in this poster.
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EPIMERIZATION OF TERTIARY, ALKYL-SUBSTITUTED STEREOGENIC CENTRES VIA A
RADICAL PATHWAY
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Polysubstituted butenolides were obtained in good to high yields from alpha-bromoesters derived from
propargyl alcohols via a one-pot reaction involving the radical cyclization of alpha-bromo aluminium
acetals,? followed by the oxidation of the resulting cyclic aluminium acetals in an Oppenauer-type
processt® and migration of the exocyclic C=C bond into the alpha,beta-position. A comparison with the
direct cyclization of alpha-bromoesters at high temperature and under high dilution conditions is
described. Deuterium-labelling experiments allowed us to uncover "invisible" 1,5-Hydrogen Atom
Transfers (1,51 HATS) that occur during these cyclization processes, and the consequences of the latter
in the epimerization of stereogenic centres.
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Compared to the classical approach, the cyclization of aluminium acetals proved to be highly
chemoselective. Our recent results in this field will be discussed herein.
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Molecular architectures based on the combination of both a pyridine ring and an additional saturated
heterocycle such as piperidine or tetrahydropyran represent challenging targets in organic synthesis.
Despite increasing reports dealing with the applications of such patterns, their preparation suffers from
a lack of generality. We focused our attention on pyridyl-heterocycles patterns 1 or with an ethylene-
based spacer linking both heterocycles 2.

X=0, NH

The use of a Prins cyclization as a key step allowed us very short preparations and a large structural
scope of 1 and 2. The Prins reaction most often required a minimum of 3 equivalents of acid, which is
guite important in regard of the Lewis acids generally used, quite expensive and generating problems of
purification and wastes. In this context, an additional hurdle to overcome could arise from the use of
pyridine derivatives as substrates due to potential neutralization or complexation of the pyridine nucleus
with the acid requested for the reaction. The resolution of these inconvenients will be discussed.™

Such structures can be found in alkaloids®! and synthetic bioactive molecules.”? Further, these
bisheterocyclic molecules have been recently shown to be efficient ligands in transition-metal promoted
transformations.® The use of our targets 2 as organo- and metallocatalyst will be described.
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MECHANOCHEMICAL RITTER REACTION: A RAPID APPROACH TO FUNCTIONALIZED
AMIDES AT ROOM TEMPERATURE
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We report a general procedure for Brgnsted acid catalysed mechanochemical Ritter reaction under mild
conditions: room temperature, short reaction time, and a solvent-free or low-solvent environment. The
versatility of the protocol was veryfied through a wide substrate scope investigation, including
functionalized nitriles, as well as secondary and tertiary alcohols.™

The Ritter reaction is an organic reaction that allows formation of amides from a carbocation precursor
(tertiary alcohol or substituted olefin) and a nitrile using a strong acid catalyst. Although the Ritter reaction
found its application in drug, and natural product and natural product-like syntheses, the traditional use
of stoichiometric amounts of strong corrosive acids at elevated temperatures and long reaction times
limit its wider application. Moreover, harsh reaction conditions confine functional group variety.

Mechanochemistry has been recognized as one of the most successful modes of solvent-free synthesis.
Mechanochemical reactions, usually performed in ball mills, are now present in all fields of chemistry,
and their application in organic synthesis is increasing. Recently, it has been shown that conditions
produced by a ball mill could be compared to those produced when performing the same reaction at
elevated temperature in a solution, though the temperature in the vial remains virtually ambient./? Hence,
the activation energy of the Ritter reaction could be overcome during ball milling.

The hypothesis was proved valid, as the Ritter reaction was successfully performed in a ball mill in 30
min at room temperature utilizing sulfuric acid catalyst. The reaction is tolerant of a wide range of
functionalized nitriles, as well as secondary and tertiary alcohols, generating amides in up to 94 %
isolated yield. In most examples, recrystallization was sufficient purification method. The reaction
proceeds in a solvent-free environment with equimolar amounts of reagents, however, in several cases
liquid-assisted grinding with nitromethane was required.

Developed procedure offers a rapid approach to functionalized amides, and may find application in the
synthesis of complex frameworks and natural product analogues comprising sensitive functional groups.

@ °R3

R? OH H,50, cat. .)J\
.@ _— -
CN + ;
ball mill, 30 Hz N
@ 30 min, r.t. @ H @

aromatic or tertiary or 21 examples
aliphatic nitrile secondary up fo 94 ¥ yield
alcohol

References:

an Dokl i, BdrJ @g.€E€hkmn.|2G1%, doi: 10.1002/ejoc.201500051.
K. S. McKissic, J. T. Caruso, R. G. Blair, J. Mack, Green Chem. 2014, 16, 1628i 1632.

261



P100

4-SUBSTITUTED-4-ALKYNYL 2-OXAZOLINES VIA THE RITTER REACTION

Jekaterina Sirotkina, Aigars Jirgensons

Latvian Institute of Organic Synthesis, jekaterina.sirotkina@gmail.com

Oxazolines are important building blocks for the synthesis of chiral ligands, natural products and other
materials. In addition, oxazolines can be readily transformed to amino alcohols and amino acids.

The Ritter reaction has been used to prepare oxazolines from epoxides and diols. Importantly, the

substrates for the Ritter reaction should have a group, which stabilize the intermediate carbocation.!*! 2l
(3]
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OH N Me
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R, R OH R 0 z
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R ® _oH 2>>__OH R Ro OH
MeCN ™~
"y, - ‘r, 2z —_— 7,
(0C)5CoZ—4Co(CO)s ( Z Z

0C);Co gO(CO)a (OC);Co ‘Co(CO);
&

@

llla b IVa
Figure 1

In our poster, we present a hew method for the synthesis of 4-alkynyl oxazolines VI from Co2(CO)s
complexed alkynyl diols || and acetonitrile via the Ritter reaction (Figure 1). It was found that Co complex
with alkyne is crucial for the successful reaction. This can be attributed to the formation carbocation at
the U-position of the alkyne llla stabilized by delocalization of positive charge into Co2(CO)s (mesomeric
structure Il b). Attack of nitrile to carbocation results in the formation of iminium ion 1V a,b, which cyclizes
to oxazolines V. Finally, the oxidative destruction of Co complex provides alkynyl 2-oxazoline VI.
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Aromatic nitro compounds are key intermediates in the synthesis of many dyes, plastics and
explosives.t! Nitrations are commonly performed via an electrophilic aromatic substitution (EAS)
between an arene and a nitronium ion. This method suffers from the limitations of EAS reactions,
including regioselectivity issues and reactivity problems for electron-deficient arenes. Furthermore,
unforgiving conditions are necessary, supporting the need for more selective and milder protocols.?
Buchwald and co-workers have developed a high-yielding protocol for ipso-nitration of aryl chlorides,
triflates and nonaflates using palladium catalysis.®! However, this protocol suffers from a limited scope
and the use of metal catalysts. Recently, Goswami and co-workers published a metal-free alternative
that nitrates arylboronic acids using a nitro radical.”¥! While this procedure is mild and has a broad scope,
it requires an excess of reagents and the use of boronic acids.

Our group has used electrophilic hypervalent iodine reagents, diaryliodonium salts, to arylate several
different C-B and O-nucleophiles!®. We now wish to extend this methodology to include N-arylation, for
the regiospecific, metal-free synthesis of nitroarenes.

By employing sodium nitrite together with diaryliodonium salts, we have achieved an efficient synthesis

of nitroarenes under mild conditions (Scheme 1). The reaction uses the sustainable solvent ethyl acetate
and requires no excess of reagents or inert atmosphere.

X

.
AN NaNo, (1.1 equiv) N0 N
Ri— ‘ —R2 > R + ‘ —R2
P P EtOAc, 70 °C,16 h = =

X =0Tf, OTs, BF, up to 96 %

Scheme 1. The optimal conditions used in the nitration of diaryliononium salts.

The reaction has a broad scope; bulky or sterically hindered arenes, electron withdrawing and donating
groups and halogen substituents are allowed and deliver the nitroarene in good to excellent yields.
Heteroaryl groups, such as pyridine, are also tolerated and give the nitrated product in high yields.
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Although there are publications on the synthesis and structural evidence of 1-acetyl-2-thiohydantoin
derivatives from optically active amino acids [1-2], there is no information about the enantiomeric purity
of the products. We attempted to investigate whether 1-acetyl-2-thiohydantoin derivatives synthesized
as a single enantiomers or as racemates using (S)-TFAE and (1R,2S)-(-)-ephedrine as chiral auxilaries
and enantioselective HPLC with Chiralpak IC column at 7 °C and found out that the syntheses produced
racemic mixtures.

-1-acetyl-5-isopropyl-2-thichydantoin (R)-1-acetyl-5-methy-2-thiohydantoin
© yand (R)p en%tiomer 4 and (S)enantiomer

A A

Figure 1. The HPLC chromotogram of 1-acetyl-5-isopropyl-2-thiohydantoin on Chiralpak IC showing
the presence of R and S enantiomers.

T T T T T T T
450 4.25 400

Figure 2. 'H NMR r;Zaks of éWH protor;wat C-5 of 1-acetyl-5-isopropyl-2-thiohydantoin in the (a)
absence of chiral auxiliary (b) presence of chiral auxiliary (1R, 2S)-(-)-ephedrine.
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THE EFFECT OF THE SUBSTITUENT ON PROLINE-CATALYZED ALDOL REACTIONS
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Environmentally friendly synthesized 5-substituted thiohydantoins (Scheme 1)1 were used as additives
inproline-cat al yzed al dol reactions of cycl oh-el.xkefoomaton wi t h
of the diastereomeric products (anti- & syn-) (Scheme 2) was proved by using difference in the coupling
constants in *H NMR and the enantiomeric ratios were determined by HPLC with a chiral stationary
phase. It was observed that the position and the type of the substituent have an effect on the

diastereoselectivity.
H CH, H
HNi HN
32\ o 82\ o
N N
H H

Scheme 1. The synthesized 5-substituted thiohydantoins

|

R2

1) R;=H, R,=NO,
2) R,=NO,, R,=H
3)R;=H, R,=Cl
4)R,=R,=H

anti-adduct syn-adduct

Scheme 2. The adducts in proline-catalyzed aldol reaction
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The synthesis of biologically active molecules from carbohydrates derivatives requires the preparation
of suitably protected monomers. The one-pot regioselective protection of hydroxyl groups represents an
important strategy for the preparation of these molecules.!Yl However, the selective deprotection of this
function could represent an interesting alternative method. The benzyl ether is one of the most widely
used protecting group due to its easy formation, stability under various conditions and the numerous
deprotection methods. Hence, several methods of de-O-benzylation of perbenzylated saccharidesl?
have been reported in the literature. Most of these approaches are however incompatible with
thioglycosides which represent a major building block in oligosaccharides synthesis. For this purpose,
we have developed a tin-free regioselective radical de-O-benzylation, which is based on an unusual 1,7-
intramolecular hydrogen transfer.¥l We will report here the extension of our methodology to non
glycosidic structures with NMR evidence on the mechanism.

(o

. N
’ \

{ ) Lauroyl peroxide {
H (CICH,),, reflux H
—_———— >
o /O‘ Hydrolysis |_/|O OH
Ph I/S'\ then TBAF
S-S

1,7-Intramolecular
EtO Hydrogen
Abstraction
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STABLE TETRAHEDRAL INTERMEDIATES DURING ENAMIDINE FORMATION
REACTIONS
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Imine conjugated hemiaminals (2a-d), which are tetrahedral intermediates during enamidine formation
reactions, have been isolated as stable compounds from LiAlH4 reductions of the corresponding 2-
arylimino-3-aryl-thiazolidine-4-ones™™ (1a-d) and identified by *H NMR. In solution, the hemiaminals have
been found to slowly convert to the corresponding enamidines (3a-d) with time (Figure 1). The first order
rate constants for the conversion processes have been determined by time dependent *H NMR analyses.
The half-life times of the hemiaminals were found in the range of 2.5 days to >5 months. The hemiaminals
owed their ease of formation mainly to the imine conjugation of the amide nitrogen N3 which is expected
to give a ketone character to the amide carbonyl by shifting the lone pair of electrons on the amide
nitrogen towards the imine side. The stabilities of the hemiaminals were due to the amidine conjugation
of the hemiaminal nitrogen and partly due to an intramolecular H-bonding interaction for the o-
methoxyphenyl derivative.

R AiL Q AimﬁQ ii
1sBiliie

la. R=OCHj43 2a. R=0CH, 3a. R=0OCHjy
1b. R=H 2b. R=H 3b. R=H

1c. R=CHj 2c. R=CHj, 3c. R=CHj,3
1d. R=benzo 2d. R=benzo 3d. R=benzo

Scheme 1. Synthesis of the compounds 2a-d and 3a-d.
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Recently, we have developed a chiral cyclohexene building block which can be used as an intermediate
in terpenoid total synthesis. This compound can be synthetized from easily available starting materials
(the well-known Nazarov reagent and an U-formyl carboxylate) in an enantioselective Michael-aldol
tandem reaction catalyzed by cinchona alkaloid based organocatalyst. The building block contains two
esther groups and an electron-deficient olefin bond providing possibility for further functionalisation.

Our aim was to synthetize two general structural moiety from the these building blocks. The
bicyclo[3.2.1]octane ring system is a key fragment of the Isodon terpenoid family. We have developed a

palladium catalyzed route to prepare this motif using the silyl enol ether of the allyl substituted
cyclohexene derivative.[

COOEt

COOMe

Additionally, novel routes to assemble trans decalin skeleton will be outlined. Hosomi-Sakurai allylation
of the building block resulted a diallyl compound diastereoselectively.?) By subsequent ring closing
metathesis reaction we obtained the desired product in moderate yield. Additionally, a four-step pathway
have been developed relying on a double-allylation- metathesis sequence.

0
COOEt
- > H
MeOOC"
Q CooEt
r:H
COOMe
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Aziridine and azetidine moieties are important small ring N-heterocycles in organic synthesis due to their
biological and pharmacological properties and synthetic potential as a building blocks.™! Modifications of
these aza-heterocycles can lead to the formation of various classes of compounds, such as
heterocycles, alkaloids B! and non-natural amino acids.”! The reactivity of aziridines and azetidines
strongly depends on variation of ring substituents, activation of nitrogen atom and ring strain. Due to the
latter, the most common transformations of these heterocycles are the nucleophilic ring-opening
reactions (NRORs). NRORs have been exhaustively described in excellent reviews.?!

Halogen nucleophiles can be introduced under acidic conditions (e.g.: with HCI).®! Another source of
halogen nucleophiles are metal halides. However, there are only a few precedents of ring opening using
halides MXn.["

R! R2 R! R2 R’

AN g R2
N ) "
PG . PG — HN-pg
1a 2a
o S0, or * (802), or M = Li*, Na*, K*, Mg?*
3 VX, . \ X = CI, Br, I, SCN-
R R R
&R“ - &R“ - KK(X
N N _NH R*
| |
PG L PG - "
1b * 2b

[M* (SOz)] * n[X™ (SOy),]

Here we present a new synthetic process of aziridine and azetidine NRORs with metal halides and other
nucleophiles in liquid sulfur dioxide. The use of sulfur dioxide in organic synthesis has recently seen a
renaissance [8]. Reactions were carried out in three temperature modes. The efficiency of each aziridine
or azetidine ring opening reaction was monitored in several solvents in parallel experiments: SO2(lig.),
DMSO, MeCN, TFE. We have used | and Il group metal halides as a nucleophile source.

The obtained results showed that the aza-heterocycles NRORs in liquid sulfur dioxide occurs noticeably
faster and cleaner than in other solvents.
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Peptidoglycan (PGN) is the major component of the bacterial cell wall, and is composed of alternating
b-(1,4) linked N-acetylglucosamine (NAG) and N-acetylmuramic acid (NAM) residues, cross-linked by
short peptide bridges (Figure 1). PGN is recognized by invertebrate and vertebrate innate immune
system (IIS) and is capable of inducing an innate immune response.™ Due to the biological relevance of
PGN several research groups have contributed to the development of muropeptide synthesis.? Our
research group have been dedicated to the preparation of glucosamine building blocks and NAG-NAM
disaccharides.®

During our research on PGN recognition by molecular patterns on IS, we came across with the
structural similarity of chitin/chitosan and the carbohydrate skeleton of bacterial PGN, murein.E Thus
we have embarked on the synthesis of PGN of different molecular weight from chitosan, through
selective chemical modifications of the naturally abundant biopolymer.

Herein we will present our recent developments on the quest for an artificial bacterial PGN, starting with
commercial chitosan through chemoselective modifications and enzymatic recognition.

OH OH OH OH
Ho -
/\?ONHAC NHAC /\FONHAC NHAC
L-Ala L-Ala
D-GluNH, D-GluNH,
L-Lys-(Gly)s L-Lys- (Gly)5
D-Ala b-Ala
b-Ala D Ala
OH
. O O
/\FONHAC oNHAC O
L- Ala
p-GluNH, D GIuNH
L- I,_A)IIS (G|Y)5 L- Lys (Gzly)5

— b-Aa

Figure 1. Structure of the S. aureus peptidoglycan (a Lys-type PGN).
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[a] Université Paris-Su d , I nstitut de Chimie Mol ®cul aire e

Laboratoire de Synthése de Biomolécules, UMR CNRS 8182, 91405 Orsay, France
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[b] Centre de Recherche de Gif, Institut de Chimie des Substances Naturelles du CNRS,
Avenue de la Terrasse, F-91198 Gif-Sur-Yvette, France

Some natural sulfoglycolipids, metabolites found in Mycobacterium tuberculosisé c e | | wa l

synthetic analogues, were recently identified as new antigens able to control mycobacterial infection!!

and appeared to be promising additive candidates for the development of a new and efficient vaccine

against tuberculosis.”? Thes e met abolites ar e a-o-tyehadbgde edérivatives d
esterified at C2 by palmltlc acid and at C3 by a chiral polydeoxyproplonlc chain (Figure 1).

HO
O HO
Na03S0 | Na0,SO |
C14H29 Ca6Hs3

0 C15H31 O C15H31
Natural Acyl,SGLs (1): n = 2-9; major n = 7 (C32) Active synthetic analogue (2)
Figure 1. Natural sulfoglycolipids (1) and a synthetic analogue (2)

In order to evaluate the influence of chain length and sulfated moiety on the immune response, we
focused on the synthesis of new analogues of sulfoglycolipids. In our approach (Figure 2), O-sulfated
glucose unit was replaced by diverse mimetic units and acylated intermediates were prepared starting
from D-glucose using selective functionalizations, including a tandem regioselective protection.! The
anal oguesb6 synthesis present ed peohiddoxyprdpionate chains usag
Myersé al kylation and cross ietathesis olefina

Enantioselective Myers' alkylation

Mimetic unit

/—/%

NaO3SO/\é

Cross metathesis
H31C1s 0 then reduction

Selective functionalization of
the carbohydrate core

Figure 2 : Approach to new sulfoglycolipid analogues
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SYNTHESIS AND FUNCTIONALIZATION OF TRIAZOLOPYRIDOPYRIMIDINES

Karen Plé,[a Achraf Laabid,2t! Ahmed Benharref, 201 Anthony Champiré,@ Christine Vala,
and Sylvain Routier &

[a] I nstitut de Chimie Organique et Analytique,
6759, F-45067 Orléans, France karen.ple@univ-orleans.fr
[b] Department de Chimie, Faculté des Sciences Semlalia-Marrakech, Université Cadi

Ayyad, Marrakech/Maroc

Pyridopyrimidines are interesting pharmacophores for the construction of biologically active compounds.
Very recently, our laboratory reported the synthesis of two new dual PI3K/mTOR inhibitors which
incorporated this scaffold having nanomolar enzymatic and cellular activities.!! This current work is
based on the reactivity of a molecule synthesized in Orleans several years ago: 2,4-dichloropyrido[3,2-
d]pyrimidine (1).?! Regioselective substitution of the first chlorine atom in position C-4 was possible to
give, in only two steps, pyrido[2,3-e][1,2,4]triazolo[4,3-c]pyrimidine (2) in good yield.

N._ ClI \N Cl
oY = QO
A__N — Pz N
N" g N v
N—-N
2

Cl
1

Molecules with a fused pyrido[3,2-d]pyrimidine/1,2,4-triazolo ring are very rare and poorly described in
the literature. We wished to explore the reactivity of derivative 2 in Suzuki-Miyaura and Sonogashira
coupling reactions in order to increase molecular diversity and chemical space around this innovative
platform.

During our investigation, we judiciously used a 1,2,4-triazolo isomerization (Dimroth rearrangement)® to
elaborate two novel platforms using the sole and unique starting material 2. We have found that by
correctly choosing the reaction conditions both the substituted 1,2,4- and the 1,3,4-
triazolopyridopyrimidine ring | and Il systems can be selectively obtained in good to excellent yields.

Ar
N._CI Conditions N Het(Ar) N
X X

Y/~ Y o (T
N/ N N/ N Pz N,
L) L) NTOYOON
N N—-N N—/
1 1]
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NOVEL APPLICATIONS OF SULFUR DIOXIDE IN ORGANIC AND ANALYTICAL
CHEMISTRY

MUris  FurlsgelAija Lugi Aina, Daniels Posevins, Agnese
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Faculty of Material Science and Applied Chemistry, Riga Technical University, P. Valdena Str. 3, Riga, LV-1007,
Latvia; maris_turks@ktf.rtu.lv

Sulfur dioxide, which is a gas at ambient conditions, reveals a rather long liquid range: it boils at -10 °C
and freezes at -75.5 °C. Most importantly, SO, condenses easily by compression due to its high critical
temperature (157.35 °C, 7.88 MPa) and its phase diagram predicts only ~10 atm pressure at 60 °C in a
closed reactor.™t! Sulfur dioxide has a high dipole moment (1.61 D), therefore it readily can dissolve both
organic and inorganic salts. On the other hand, SO2 has been reported as reaction medium for processes
involving carbenium ions.??!

This has prompted us to search for organic reactions that would profit from their running in liquid SO, as
a reaction medium.®! We have discovered that carbamate-protected aziridines and azetidines undergo
efficient ring-opening reactions in liquid SO with | and Il group metal halides, including NaCl and KBr
(Scheme 1). The advantage of this approach is based on the fact that carbamate groups (Cbz, Boc) can
be easier removed if required than their well-described sulfonamide counterparts. We have also found
application of liquid SO, as an interesting solvent for the Ritter reactions. The screening of suitable
Lewis acid catalysts and scope and limitations of amidation reaction under these conditions will be
discussed.

i Ky - ' N . 7.453
Solventin y i Silylation 3.979 4 )\+
organic — i and GC-analysis | SO, + |
synthesis I!l:[) =01 Dn=0.1 only volatile by-products |
o "ol Mx EA (RS) HN : o o
OR \ V'~/ =0 5 )\,S / _ Me;Sion osiMe
M = Li*, Na*, K*, Mg?* RSH t"& RO : OSiMe, p-ribose ’ 37556
, A : i i -ri Py .
yields: up to 99% ; trimethylsilyl Me,SiO 0SiMe;

X=CI, Br, I, SCN

methallylsulfinate (1)

tr(a-2) = 7.56 min
tr(B-2) = 7.45 min

S n ™~ \f
v a tr(1) = 3.98 min

Cogl? . Sulfoxide I )t min
yields: up!o 86% . synthesis 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00

Scheme 1

Additionally, we have developed a method of derivatization of polyhydroxy compounds via silylation and
subsequent GC-anal ysi s by Vogel) whih isdbthiyet in sila-éné lieaction eetwden
methallylsilane and SO..! This reagent easily transfers the silyl group and forms only volatile by-
products: isobutylene and SO,. Moreover, the reactions of silyl sulfinates with organometallic reagents
providing a direct entry in sulfoxide synthesis will be discussed. This opens a novel approach for
allylsulfoxide synthesis from allylsilanes via the sila-ene reaction of the latter with SO> followed by
addition of Grignard reagents.

The authors thank ESF project Nr. 2013/0007/1DP/1.1.1.2.0/13/APIA/VIAA/024 for financial support.
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SEPARATION OF HELICENE ENANTIOMERS
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Curious structure of helicenes, inherently chiral o-condensed polyaromatic compounds, grants them
several interesting properties (e.g. unusually high Uvalue). Our group has developed feasible multigram-
scale synthesis of various racemic helicenes!*! and respective derivatives?. However, full exploration of
their application potential asks for their resolution into pure enantiomers. Furthermore, considering the
current price of these materials in racemic form®, this operation should be preparative, reasonably
(in)expensive, quick and efficient T given facts exclude methods based on chromatography with chiral
stat. phases.

OQur reflections |l ead us to optimization of icl ass
crystallizations, precipitations, complex formations, sophisticated solvent systems or temporary helicene
derivatizations leading to diastereomeric compounds (resolvable by non-chiral chromatography etc.).
Pharmaceutical industry describes many optimized large-scale processes focused on this field, however
helicenes do not share structural similarities with common racemic drugs. Inherently chiral PAHs (5+
annul ated rings) often exhibit unexpected properti
trivial operations can represent a challenge in sense of finding the appropriate principle strategies and
conditions. To the best of our knowledge, simple resolution of helicenes has not been reported so far.

We are namely focused on formation of helicene diasteremoeric pi-pi complexes, covalent derivatives
and salts resolvable by convenient preparative methods providing helicene enantiomers. In addition,
appropriate merging of interactions (pi-electronic, ionic, steric) within scope of one structural pair could
further endorse the resolution process (scheme 1). Current state of knowledge will be discussed on
poster session.

steric hindrance

rich pi-system

Scheme 1. Examples of diastereomeric pairs potentially leading to conventional racemate resolutions.
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FUNCTIONALIZATION OF QUINAZOLIN-4-ONES VIA
Pd-CATALYZED MICROWAVE AND COPPER-ASSISTED
C-H ARYLATION

Corinne Fruit, Marine Harari, Julien Godeau, Sylvain Laclef, Vincent Levacher, Thierry Besson

Normandie Univ, COBRA, UMR 6014 et FR 3038; Univ Rouen ; INSA Rouen;
CNRS, IRCOF, 1 rue Tesniére, 76821 Mont Saint Aignan Cedex, France.

Our group is focused on the synthesis of C,N,S- or C,N,O-containing heterocyclic precursors of bioactive
molecules able to modulate the activity of kinases involved to some extent in Alzheimer's disease.!!!
Previous biological results lead us to intensively study thiazoloquinazolin-4-one backbone especially
modulations of positions 1 and 2. Following our effort for the construction of a broad range of substituted
thiazoloquinazolin-4-one derivatives as potential kinase inhibitors,'? modulating the position 3 was further
explored. As an efficient and versatile approach in complex molecules synthesis palladium-catalyzed,
Ci H functionalization of heteroarenes!® represents an extremely attractive approach.

1) LiOtBu, Cul (50 mol%)

1

N 2 (o] 2) Pd(OAc), (5 mol%) o
Ligand (0-10 mol%) R

; ) .

Rﬁ/ s 9 - & Rt )N Het-Ar-X or ArX g fl J“\
P\ . ! . '
NN N7 DMF,120 °C (uW) Z>N” Het-Ar or Ar
L /) 40 min
N yield up to 98%

We described the first extensive study of palladium-catalyzed direct C-H (hetero)-arylation of quinazolin-
4-ones with aryl iodides, bromides and chlorides under microwave irradiation.”! This innovative
methodology tolerates a broad range of heteroaryl and aryl halides substituted by electronically different
groups. The scope of substrates was extended to pyridinopyrimidin-4-ones. This method provides an
efficient, versatile, and rapid access to 2-arylquinazolin-4-one backbone and will be extended to our
thiazoloquinazolin-4-one derivatives.
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SYNTHESIS AND SPECTRAL CHARACTERIZATIONS OF 2-(2°/3"-CHLORO- AND
2°,4°13",4"-DICHLORO-PHENYL)-5-METHYL-1,3-BENZOXAZOLES

Adem Cinarli, Duygu Ozata, Demet Gurbuz

Istanbul University, Faculty of Engineering, Department of Chemistry, 34320, Avcilar, Istanbul, Turkey. E-mail:
adem@istanbul.edu.tr

Benzoxazole ring is one of the most common heterocycles in medicinal chemistry. Previous reports
revealed that substituted benzoxazoles possess diverse chemotherapeutic activities including antibiotic,
antimicrobial, antiviral, topoisomerase | and Il inhibitors and antitumor activities!!l. In addition,
benzoxazoles are found in a variety of natural products and are important targets in drug discovery and
also find applications in material science as photochromic agents and laser dyes!?.

In this study, 2-(2°/3"-chloro- and /2",4°/3",4"-dichloro-phenyl)-5-methyl-1,3-benzoxazoles (11 4, Figure
1) were synthesized by reaction of 2-amino-4-methylphenol with 2/3-chloro-, 2,4-dichloro- and 3,4-
dichloro-benzoic acids in polyphosphoric acid media. The compounds were characterized by using
analytical data, FT-IR, *H- and *C-NMR, ESI-MS and fluorescence spectroscopy.

According to the fluorescence spectral data, 1, 3 and 4 show dual fluorescence in ethanol whereas 2
presents triple fluorescence. 2-(2°,4 -Dichloro-phenyl)-5-methyl-1,3-benzoxazole (3) is the most
thermally stable derivative among the compounds; the 2-chloro derivative (1) has the lowest thermal
stability. Thermal stabilities of the compounds decrease in the following order: 3>4>2>1. It is observed
that the second chloro substituent brings high thermal stability to the compounds.

H,C

Figure 1. The general formula of the compounds in the study
(1, R;= —ZIﬁRzz H; 2, Ri= -Blf)Rzz H; 3, Ri= —Qlf)Rzz -@lf)‘]-, R;= -Gl,ﬁRzz -@l)’j
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A METATHESIS APPROACH TO BUTENOLIDE-MACROLIDE MOLECULES
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A concise strategy towards the bicyclic butenolide-macrolide core structure of several natural products
has been achieved.! The macrolide rings ranging from 12- to 16-membered annulated (bicyclic) on to a
butenolide moiety have been synthesized with ease employing a relay ring-opening/double ring-closing
metathesis strategy (Figure 1). The starting precursors could be assembled through an esterification
using cyclobutene carboxylic acid. The potential of this strategy has been further demonstrated by the
protecting group free synthesis of (°)-desmethyl manshurolide.*? The strategy has future potential
towards the synthesis of bicyclic butenolide-macrolide natural products.

N Me 0
\ RRO-DRCM ring-contracting
— - / metathesis
)n —_ =
0”0 Me Me

(x)-desmethyl macrolide-butenolide o o) M Me
manshurolide bicyclic structure € o o)

RRO-DRCM = relay ring-opening/ asteriscunolide C

double ring-closingmetathesis

Figure 1. Metathesis approach to butenolide-macrolide molecules.

Similarly, a metathesis approach towards the first stereoselective synthesis of (-)-asteriscunolide®® has
also been developed through a ring contraction strategy® (Figure 1).
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TWO-STEP SOLVENTLESS SYNTHESIS OF NUCLEOBASET DERIVED IONIC LIQUIDS AND
THEIR BIOLOGICAL EVALUATION

Kamna Goel*, Dhananjoy Mondal and Man Singh
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goel.kamna2011@gmail.com

Nucleobase are nitrogen containing five and six membered heterocyclic compounds having potent
synthetic and biological applications.! Over the years, the nucleobase turned out to be a vital
pharmacophor and they are also closely allied with the development of organic chemistry. Therefore, on
the basis of literature survey, we have focused on the synthesis of biologically potent nucleobase-derived
novel ionic liquids (ILs).lonic liquids are molten salts that results from the combination of organic cations
and various anions with melting point below 100 °C.2lonic liquids have received a significant interest due
to their attractive properties such as chemical and electrochemical stability, high ionic density,
conductivity, negligible volatility, and low flammability. Owing to this, they are accredited as
environmental friendly solvents to conventional solvents and find considerable applicability in organic
synthesis and catalysis, chemical engineering, electrochemistry, pharmaceutical chemistry and in
polymerization3The physi cochemical properties of these
be tailored by altering independently the cationic and anionic moiety with the motive to promote
exploration of new compounds preparation, characterization, and applicability of their properties in
various physical, chemical, biological and medical fields. Furthermore, the ILs shows biological potency
against microorganisms reveals the relationship between cationic moiety and microorganisms.*
Therefore, our interest in this field is to enterprise and synthesise ILs that contains nucleobase as a
cation moiety and to study their biological potency. We have developed a strategy to synthesise a series
of nucleobase-derived novel ionic liquids in a safe and controllable manner with different anionic moiety
i.e. BF4, PFe, NTF2, AICI;,CH3sCOO", NOetc.

RY
AN ®Il1 X '
I\ll/ji \> R and R'=Cl1 - C12 alkyl group ;
kN/ N X = BF,, PFs , NTF,, AICl,", CH;COO", NO,"
I
R
@ ()

The proposed method is high yielding and partially greener because it is a solvent free method and
practical due to commercial availability of the starting materials. The characterization of synthesised
novel ILs was done by 'H, *C NMR, FT-IR, and LC-MS. Methods used to synthesise ILs of high purity,
eliminate the use of volatile organic solvents, the severity of reaction which in turn made the preparation
of ILs feasible in a rapid and reproducible manner.
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NUCLEOPHILIC RING-OPENING OF BICYCLIC VINYL AZIRIDINES UNDER
PHYSIOLOGICAL CONDITIONS
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Universidade Nova de Lisboa, Monte da Caparica, 2829-516 Caparica, Portugal

Aziridines are reactive three-membered heterocycles, used as intermediates in the synthesis of
carbocycles with significant biological activity, such as aminocyclopentitols and beta-lactams.! An easy
and useful procedure for the synthesis of aziridines was reported in 1972 by Kaplan et al., describing the
photochemical transformation of pyridinium salts to bicyclic vinyl azridines under basic conditions (Figure
1).1 The scope and mechanism of the pyridinium ion photohydration reaction has been investigated ever
sincel®! and the aziridine product studied in several reactions such as nucleophilic ring-opening,** and
used as a precursor in the total synthesis of important natural products.®

Herein is reported the synthesis of bicyclic vinyl aziridines by photochemical transformation of pyridinium
salts, followed by nucleophilic ring-opening under physiological conditions (Figure 1). A range of
nucleophiles were investigated and the results show that thiols, 1,3-dicarbonyl compounds and nitrogen
nucleophiles such as azide, aniline and imidazole were reactive, giving moderate yields. The best results
were obtained using sulfur nucleophiles, providing the aziridine the potential to bind to cysteine
containing peptides such as glutathione and cysteine proteases, common targets in medicinal
chemistry.["]

'1“ R,OH, Base N NuH Nu NH
AN ‘,
| hv Aqueous phosphate buffer
= ©"’OR2 a phosp Q"’ORZ
R, =H or Me pH 7.4, 37°C

Figure 1. Photohydration of pyridinium salt followed by nucleophilic ring-opening of the bicyclic vinyl
aziridine under physiological conditions.
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1,1'-BIS-2-NAPHTHOLE AS A USEFUL STRUCTURAL COMPONENT OF MACROCYCLIC
RECEPTORS FOR CHIRAL CATIONS AND ANIONS
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Complexation of natural anions via hydrogen bonds is a crucial step in many chemical and biological
processes, and plays an important role in medicine, ecology and industry. Chiral recognition is a very
complex and significant phenomenon, especially in the case of chiral anions, for example carboxylates.
Therefore design and development of anion binding receptors are ones of the major tasks in modern
supramolecular chemistry.™

We would like to present our studies concerning synthesis of new macrocyclic receptors based on 1,1'-
bis-2-naphthole as a platform, which is a continuation of our long-time investigations.”) We used

methods, developed in our laboratory, to obtain nearly 30 new macrocyclic receptors and investigated
their properties using methodology of combinatorial chemistry, *H NMR and UV-Vis titration.
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DYNAMIC COMBINATORIAL CHEMISTRY OF CHIRAL DISULFIDES ACTING
AS ENANTIOSELECTIVE ANION RECEPTORS

Agnieszka Cholewiak, Filip Ulatowski, Janusz Jurczak”
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acholewiak@icho.edu.pl

Designing of new synthetic enantioselective anion

receptors

is unquestionably required for

understanding and exploration of chiral recognition processes.!¥! Dynamic Combinatorial Chemistry
(DCC) has been quite well recognized as a powerful method in supramolecular chemistry. Herein we
present a synthesis of various chiral thiols based on picolinic acid, incorporating cysteine moiety.?3l Upon
oxidation, disulfide macrocyclic structures (DDC library) are obtained.® The equilibrium in such a mixture
of chiral anion receptors can be altered by templation with various chiral carboxylates.
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POLYHYDROXYLATED 1,2- AND 1,3-CYCLOALKANEDIAMINES
AS PROMISING NEW ORGANOCATALYSTS

Maria Campos, Marcos Gonzalez, Juan C. Estévez* and Ramon J. Estévez*

Center for Research in Biological Chemistry and Molecular Materials (CIQUS) (Glycochemistry
Laboratory), Calle Jenaro de la Fuente s/n, 15782-Santiago de Compostela, Spain.
juancarlos.estevez@usc.es or ramon.estevez@usc.es

Chiral 1,2- and 1,3-diamines are first order synthetic tools due to their interest as syntons in the
preparation of natural products.™™ This interest increased notably in the last two decades because of its
usefulness for the preparation of new organocatalysts,? as Jacobsen's catalysts.®! Inside this group of
diamines stand out those of cyclical nature, because its conformational rigidity makes them even more
useful for the generation of new organocatalysts.

Surprisingly polyhydoxylated cycloalkane diamines have not yet been described, in spite of their interest
as potential water soluble catalysts. Here we present preliminary results on a strategy designed for the
synthesis of polyhydroxylated 1,2- and 1,3-cyclohexanediamines from sugars. A Michael addition of
amines R1R2NH to D-glucose derived nitrocyclohexene 1# followed by reduction of the nitro group easily
gave cyclohexane-1,2-diamines 2. The same strategy allowed to prepare 1,3-diamine 3. It consisted of
a Michael addition of nitromethane to nitrocyclohexene 1, followed by reduction of the two nitro groups
of the resulting adduct.

NH, NO, NH, R
' NH, 1) CHaNO, 1) RyR,NH : N~R2
: . 2) Reducti . 4 2) Reducti : »
AcO' 'OAc )Reduction , o° ‘oac 2 Reducton o0 'OAc
3 OBn 1 OBn 2 0OBn

Preliminary results on testing these amines as catalysts in asymmetric aldolic reactions will be
presented.
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SYNTHESIS & REACTIVITY OF UNPRECEDENTED
PYRANOSE BASED THIOIMIDATE N-OXIDES

Marie Schuler,” Stéphanie Marqueés, and Arnaud Tatibouét*
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*marie.schuler@univ-orleans.fr; arnaud.tatibouet@univ-orleans.fr

In our long-term study of the glucosinolate family,™ sulfur-containing plant secondary metabolites, our
group has recently revealed a rare and unusual thiofunction: the Thiolmidate N-Oxide function (TINO)."
Having in mind the synthetic potential of this function, we decided to prepare pyranose-based thioimidate
N-oxides. Indeed these enantiomerically pure backbones could be highly valuable synthetic
intermediates in the preparation of various complex iminosugars as potential carbohydrate-processing
enzymes modulators.®! It is worth mentioning that, although the synthesis of five-membered
carbohydrate-based cyclic nitrones has been extensively studied, the number of methods to access such
six-membered cyclic nitrones has remained rather limited to date. In the same way, while the synthesis
of some furanose-based thioimidate N-oxides! has already been developed in our group, we had to
devise new methodologies for the pyranose series.

Thus, we report here the synthesis of unprecedented pyranose-based TINOs, representatives of
pentoses and hexoses, as a gateway to all the compounds of both classes (Scheme 1). The key-
cyclisation step was achieved by taking advantage of the nucleophilic ability of the thiohydroximate
function, either through a Mitsunobu type reaction or using a desilylative cyclisation. These key
intermediates I, judiciously 2,3,4,(6)-O-protected, can be prepared in a few steps from the corresponding
carbohydrate-derived aldoximes 1.

Liebeskind-Srogl

Cyclisation
0 - cross coupling
J — Tj — ﬁj = ﬂj
BnO BnO BnO BnO
R=H, CH,0Bn
ketonitrones TINOs thiohydroximates aldoximes

Scheme 1. Retrosynthetic pathway to carbohydrate based thioimidate N-oxides Il and ketonitrones IV.

In a second part, we will also disclose our results regarding the synthesis of novel ketonitrones IV through
Liebeskind-Srogl type cross-coupling reactions.

These studies enable access to a unique family of polyhydroxypiperidine thioimidate N-oxides from both
aldopentoses and aldohexoses, thus extending the relatively limited class of cyclic 6-membered nitrones
analogues available to date.
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RECOGNITION OF CHIRAL CARBOXYLATES BY SWEET PHOTOSWITCHABLE
AZOBENZENE DERIVATIVES

Patryk Niedbala, Kajetan Dabrowa, Janusz Jurczak

Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw,
Poland,pniedbala@icho.edu.pl

Molecular recognition and transport of anions is one of the youngest, yet belonging to the most important
areas of supramolecular chemistry.™ However, despite much advances made in this field in the last
years, so far only a scare number of hosts effective in the recognition of chiral anionic guests have been
reported.® Furthermore, the use of light to control their binding properties, very favorable from practical
point of view, is unknown.!

Herein, we present that readily available urea-azobenzenes, decorated with sugars, are able to
discriminate between biologically important chiral carboxylates even in a highly demanding solvent
(ID6]DMSO + 0.5% H»0). Moreover, the receptors can be easily and reversibly switched by external
stimuli, such as light and/or temperature, between E- and Z-isomers possessing very different chiral
environment.
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NEW PHTHALOCYANINES BEARING SULFONAMIDE UNITS

Nunes da Silva, R., @b Cunha, A.[l, and Tomé, A. C. &
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rsons@ua.pt

Due to their photophysical properties, phthalocyanines (Pcs) have been applied in a range of scientific
areas. In particularly, they have been used as photosensitizers in the photodynamic therapy of tumors
(PDT) and in the photodynamic inactivation of microorganisms (PDI). In these processes, the
photosensitizers, in combination with visible light and molecular oxygen, generate reactive oxygen
species (ROS) that are cytotoxic to the target cells.!!

Furthermore, sulfonamides have been extensively used as antimicrobials, by inhibiting the enzyme
dihydropteroate synthase (DHPS) in the folic acid pathway,?! and have also been studied as anti-tumoral
drugs because they are able to inhibit carbonic anhydrases IX and XII.E!

As an extension of our previous work,“! in this communication we will discuss the synthesis and structural
characterization of Pcs bearing sulfonamide units with isopropyl and heterocyclic groups.

RHNOzS SOZNHR

\Q: /\@/

N
RHNOzS SOZNHR
RHNOzS M= Mg, 2H, Zn SOzNHR

N
R= or —</]
S
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A ONE-POT SYNTHESIS OF FURAN-BASED POLYPHENOLICS
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The furan heterocycle is found in a variety of biologically active synthetic and natural compounds.™? In
light of our long-standing interest in preparing oxygen-containing heterocycles using 3-bromochromone
derivatives as starting materials,® in this work we will present a one-pot synthetic route towards a series
of novel furan-based polyphenolic derivatives obtained in moderate to good vyields (26-70%). Our
methodology relays on the 1,4-conjugate addition of 1,3-dicarbonyl compounds 2 on 3-bromochromones
1 catalysed by DBU which follows a tandem process of chromone-ring-opening/furan-heterocyclization
(Scheme 1). All the newly synthesized furans 3a-i were characterized by 2D NMR and single-crystal X-
ray diffraction techniques. Simplicity and soft execution of our synthetic procedure are the main
advantages leading to the creation of an important library of potential biologically active poly-substituted
furans.

R? o
R! 0. R!
I . JCI)\/ICI)\ DBU I N\__R3
Br R? RS THF, reflux ©
o} OH O
1 2 3 (26-70%)
3a) R'= H, R?= R3= Me 3f) R'= OMe, R?= R3= Me
3b) R'= H, R?= 2-OH-4-OMe-Ph, 3g) R'= OMe, R?= 2-OH-Ph, R3= Me
R3= 3,4-dimethoxystyryl 3h) R'= OMe, R?= 2-OH-Ph, R3®= 4-CI-Ph
3c) R'= H, R?= 2-OH-Ph, R3= 4-Cl-styryl 3i) R'= OMe, R?= 2-OH-4,6-dimethoxy-Ph,
3d) R'= H, R?= 2-OH-Ph, R3= 4-Me-Ph R3= 4-OMe-styryl

3e) R'= H, R2= 2-OH-4-OMe-Ph, R3= H

Scheme 1. Synthesis of furan-based polyphenolics 3a-i from 3-bromochromones 1 and 1,3-dicarbonyl
compounds 2 in the presence of catalytic amount of DBU.
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SYNTHESIS OF XANTHONE-1,2,3-TRIAZOLE DYADS
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Xanthones and 1,2,3-triazoles are known to exhibit several biological, pharmacological and biocidal
propertiestl. The potential applications of these two classes of heterocycles led us to develop new
strategies to synthesize xanthone-1,2,3-triazole dyads, aiming to get potentially improved therapeutic
agents®. With this rational in mind we designed and synthesized novel chromone derivatives 1a-d to be
used as building motifs and to explore the reactivity of the two unsaturated systems (the diene and the
alkyne). In the present communication we will present a new synthetic route towards the synthesis of
xanthone-1,2,3-triazole dyads 7a-d using consecutively the azide-alkyne Huisgen 1,3-dipolar
cycloaddition and Diels-Alder reaction. Our approach involves the synthesis chromone-triazole
derivatives 2a-d using the reaction of 1a-d with sodium azide, followed by the methylation of the NH of
the triazole moiety. The methylation afforded three isomers 3a-d, 4a-d and 5a-d, as expected. The major
isomers 3a-d were used in the Diels-Alder reaction with N-methylmaleimide, and the adducts obtained
6a-d were oxidized to afford the xanthone-1,2,3-triazole dyads 7a-d. All the synthetic details as well as
the structural characterization (by 1D and 2D NMR studies) of the new synthesised compounds will be
presented and discussed.

O 1a-d S 5a-d
67-82% (traces)
A: NaNs, dry DMF, 1 h, reflux; ~ C | 30-40%
B: K,CO3, Me,S0O,, acetone, 1 h, reflux; R 2
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METAL-CATALYZED C-N CROSS-COUPLING REACTIONS IN THE SEARCH OF HIGH
VALUE TETRAPYRROLIC DERIVATIVES
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The introduction of different functionalities into the porphyrin core can offer the means by which optical,
electrochemical and physical properties of the tetrapyrrolic macrocycle can be modulated. In fact, metal-
catalyzed C-N cross-coupling approaches have been valuable synthetic tools in the construction of a
diverse array of porphyrin macrocycles for applications in catalysis, energy transfer, and medicine,
among other areas.™

Following our interest in the field, the C-N copper-catalyzed cross-coupling was used to synthesize
porphyrins 1 functionalized with one or two carbazole or phenoxazine groups, in which the first oxidation
step occurs on the external nitrogen atoms.?! By using the palladium-catalyzed amination, we have also
reported the preparation of electron donor-acceptor substituted porphyrinic macrocycles 2; these
demonstrate a reasonable power conversion efficiency in DSSC devices.F! In continuation of our
research in this area, we have synthesized the new dimer 3 as an unexpected side-product.”! The
preparation of compounds 1, 2 and 3 will be presented in this communication. The optical,
electrochemical and photovoltaic properties exhibited by these molecules will be also described.

CO.H
1 Lr
OMe Ar MeQ Ph HN Arl Al
[ @ w

9 O

;
OMe Art MeO Ph Ar
1 2, M = 2H or Zn(ll) 3

Ar'! = p-tolyl, Ar2 = p-anisyl
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The preparation of enantiopure compounds is an indispensible area of research in modern chemistry.
To this end, the use of readily modifiable chiral donor ligands coupled with metal catalysts has emerged
as one of the most popular strategies for asymmetric synthesis.2

In this poster we describe the preparation of a range of novel ferrocene oxazoline N,O ligands bearing
both central and planar chirality (Ligands A - E). Central chirality is obtained from the chiral pool in the
form of (S)-valine and planar chirality is installed via a highly diastereoselective directed ortho-lithiation.2
Studies of this lithiation were initiated in order to provide insight into the source of diastereoselectivity
and some preliminary results are presented.
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The effect of these ligands on catalytic activity and enantioselectivity was investigated utilizing the
diethylzinc addition to aldehydes as a model reaction.2 We then applied our ligand class in the more
challenging diphenylzinc addition to aldehydes.? The effect of planar chirality on the ferrocene (R, or Sp)
was investigated with ligands A and C, as was the effect of additional steric bulk offered by tri-substituted
ferrocene ligands B and D. Triferrocenyl ligand E allowed us to investigate the influence of increased
steric bulk around the oxygen donor atom.

EtZnR2

Ligand (A - E) (5 mol%) OH
_—

i
R" "H R T R2
R2 = Ph; upto >99% ee

R2 = Et; upto 96% ee
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SHORT SYNTHETIC STRATEGY FOR THE SYNTHESIS OF N-MCT
(N-2'-DEOXYMETHANOCARBA THYMIDINE) FROM 4-HYDROXYCYCLOPENTENONE

Tamilselvan Rajasekaran, Krassimira P. Guerra, Raquel F. M. Frade, Carlos A. M. Afonso

Research Institute for Medicines and Pharmaceuticals Sciences(iMed.UL), Faculdade de Farmacia da
Universidade de Lisboa, Av. Prof. Gama Pinto, 1649-019 Lisboa, Portugal, rajasekaran@ff.ulisboa.pt

In present days, the increasing demand of developing safe and effective drugs have created much
attention with the growing knowledge on molecular disease pathways and reduced output of new
medicines. Notably, 2-cyclopentene, motif is a valuable for future drug design due to inherent bioactivity.
Bioactivity is related to chemical reactivity which differsoneach2-cyc|l opent ene ringds
is critical for anticancer and antiviral effects of synthetic molecules. The DNA-damaging properties of
these molecules as a potent NF-kB inhibitors of cysteine proteases of cysteine-dependent enzymes
allowed the proapoptotic activity in cancer cells.? The anti-viral effects were found to correlate with potent
inhibition of NF-kB-dependent HIV-1 transcription in human cells and virus protein synthesis by the

expression of new cytoprotective heat shock proteins (HSP) like Hsp70.3

Morita Baylis Hillman (MBH) reaction since discovery has been extremely explored due to the high
synthetic values of obtained derivatives.* We have developed a new catalytic system based on the N-
methylpyrrolidine/Ba(OH). for efficient Morita-Baylis-Hillman reaction of cyclopent-2-enone for the
synthesis of 2-(hydroxymethyl)cyclopent-2-enone.® In continuation with this work, we indulge to apply
this strategy for the synthesis of advanced intermediate of antiviral nucleoside (N)-MCT.

OH
MBH —
_reaction steps OI\N
HN—
(6]

N-MCT
Scheme 1. Synthesis of 2,4-disubstituted cyclopentenones.

Acknowledgements: We thank the Fundacdo para a Ciéncia e Tecnologia for financial support
PTDC/QUI-QUI/119823/2010).
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LACTIC ACID AS AN EFFICIENT SOLVENT AND CATALYST FOR ONE-POT THREE-
COMPONENT SYNTHESIS OF POLYSUBSTITUTED PYRROLES

Dil ek Akhbvekhlnert Er k at & and E.GuitanrGiray'’e mi r k ol

Chemistry Department, Arts&Science Faculty, Cukurova University Adana, Turkey
dakbaslar@cu.edu.tr

Pyrrole derivatives have high importance due to exist in the structure of many natural products
possessing biological activity!'l. Both feature of being versatile building blocks in organic synthesis and
important starting materials for various synthetic transformations lead researchers to develop new
methods for the synthesis of them.

Multicomponent reactions have emerged as a powerful technique in synthesizing structurally complex
molecules in a single step. This strategy presents some advantageous such as minimizing waste, less
time consuming, superior atom economy, avoidance costly purification processes, and bond forming
efficiency!?.

With the increasing demand for environmentally friendly methods, the application of bio-based materials
as green and bio-degradable reaction solvents for synthesis and catalysis takes attention of researchers.
Lactic acid has been used as bio-based green solvent to promote organic synthesist.

Being aware of the importance of both pyrrole derivatives and development of new, efficient and green
synthetic method for them, we started a project to combine multicomponent reactions and benign
reaction media for the synthesis of polysubstituted pyrroles. In lactic acid, 1-(2-methyl-1,4-diphenyl-1H-
pyrrol-3-yl)ethan-1-one was synthesized in 99% yield at room temperature via multicomponent reaction.
Herein, we report a facile one-pot synthesis of poly-substituted pyrrole derivatives via three-component
condensation reaction of amines, 1,3-di car bonyl c o +irgns nitrotyseneausing ladtic acid
as bio-based green solvent.

4 Y

0 0
Lactic Acid

R'-NH, + PhJ\NOZ + )I\/U\ —_—
RT

R': -CH,C¢Hs, -Ph, -pOMeC¢H,, -pCIC¢H,, -pCH;C¢H,, -pNO,C¢H,, -mCF;C¢H,
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OXOPYRIMIDINES AND THIOXOPYRIMIDINES AS POTENTIAL
ACETYLCHOLINESTERASE INHIBITORS AND ANTITUMORAL MOLECULES

M. Domingues,@ M. Isabel Ismael,[@ J. Albertino Figueiredo,@ M. Gomes,@ M. Lucas,® M. Schuler,!
A Tatibouét.l’], S. Silvestrel®l, A. P. Duartel

[a] Chemistry Department, University of Beira Interior, Rua Marqgqu°s Do6Cvil
Covilha, 6201-001, Portugal, iismael@ubi.pt
[b] Institut de Chimie Organique et Analytique, Uni ver si t ® Rud @d® Cha®esn s ,

Orléans, 45067, France.
[c] CICS-UBI i Health Sciences Research Centre, University of Beira Interior, 6201-506

Covilha, Portugal

Sugar derivatives possessing heterocycles C-C linked to anomeric and non-anomeric positions are
known for a variety of biological activities.!*! Attractive aspects of Biginelli compounds lie in an expected
increase in bioavailability and water solubility and in the generation of new families of C-nucleosides.?
Starting from single sugars like D-glucosamine, two anomeric sugar aldehydes were obtained followed
by one-pot cyclocondensation (Biginelli reaction) it was possible the synthesis of 4 new oxo-
/thioxopyrimidines linked to furanoses with b-manno configuration. We report the synthesis, via Biginelli
reaction (figure 1). In addition, the inhibition of acetylcholinesterase activity determined by Ellman
method and the cytotoxicity against human normal and tumoral cell lines by these compounds is also
presented. Cell proliferation studies were performed by the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay after exposition of cell to several concentrations of the compounds
under study. [3]

0 CH3COCH,CO,Et, HN” “NH
0 ‘\\\ILH NH,XNH, o %
Roﬁﬁj\OR EtOH Roﬁij\ CO,Et
RO rRG OR
1R=H 3R=H,X=0
2 R=Ac 4R=H, X=S
5 R= Ac, X= O
6 R= Ac, X= S

Figure 1. Synthesis of oxopyrimidines and thioxopyrimidines.
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IMINOSUGARS FUSED WITH 1,3-OXAZOLIDIN-2-ONES AS GLYCOSIDASE INHIBITORS

M. Domingues,@ M. I. Ismael,[@ J. A. Figueiredo,[® M. Gomes@, M. Lucasl@ M. Schuler,®! A Tatibouét,®!
S. Silvestreld, A. P. Duarteld
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Orléans, 45067, France.
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Covilha, Portugal

Iminosugars are small molecules closely related to carbohydrates through the replacement of the
endocyclic oxygen with a nitrogen atom. Thus in the biological conversions of glycosides (hydrolysis or
biosynthesis) they mimic the transition state.l¥ Consequently, iminosugars have exhibited a wide range
of biological activities namely antiviral, anticancer and antibiotic activities.?

The functionalization of iminosugars by introduction of an oxazolidinone ring resulted in the formation of
unexpected and unique products. In this work we report the synthesis of 6 new iminosugars fused with
1,3-oxazolidin-2-ones (figure 1), as well as their potential to inhibit glycosidases and cytotoxicity against
human normal and tumoral cell lines. Cell proliferation studies were performed by the MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay after exposition of cell to several
concentrations of the compounds under study."

HoH H
NN O— N 0OH
>:O — / >:O — /ng/\[:
HO 0 N3 0O HO OH
OR RO HO

R=H or PG
Figure 1. Retrosynthesis of iminosugars fused with 1,3-oxazolidin-2-one ring.
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SOLID PHASE SYNTHESIS OF PEPTIDES WITH 3-NITROTYROSINE

Petr Niederhafner, 2t Martin Ga f ab$ Evia Brichtova Pland J ar os| av B Gebest 2k

[a] FFBT, ICT Prague, Technick& 5, Praha 6, Czech Republic, 166 28.
[b] | OCB AS LR Flemingovo n8§mBhDst2 2, Praha 6, Cze
E-mail: niederhafner@uochb.cas.cz

Many physiological disorders including neurodegenerative diseases are influenced by oxidative stress.™
Nitration of aromatic amino acids can influence the role of important proteins. In order to better
understand the influence of nitration on biophysical functions, we propose selective synthesis of nitrated
peptides and proteins with 3-nitrotyrosine (H-Nit-OH). The use of Boc-Nit(Bzl)-OH, Fmoc-Nit-OH and
Fmoc-Nit(Trt)-OH was described in literature.?* For Fmoc-Nit(Trt)-OH, we have found that the described
procedure* does not provide Fmoc-Nit(Trt)-OH but mixture of Fmoc-Nit-OH and Trt-OH. The tritylation
did not led to completion; attempts of chromatographic purification using mobile phase with various
bases, led to Trt cleavage. It appears that Nit(Trt) is even more labile than Tyr(Trt).5!

We used also direct nitration with N.O4©" in organic solvents and with tetranitromethane, and attempted
several step syntheses of Fmoc-Nit(tBu)-OH via Etoc-Nit-OMe,* and Fmoc-Nit-OMe.

Finally, we have synthesized neurodedegenerative peptides using Fmoc-Nit-OH and Fmoc-Nit(Bzl)-OH
and compared the yields and purity of both attitudes.

Acknowledgements: This work was supported by the Czech Science Foundation (reg. No. 14-004315S).
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DIRECTED ORTHO-METALATION OF BRANCHED ALKYL DIPHENYLPHOSPHINE
OXIDES7T A SIMPLE APPROACH TO FORM NEW PHOSPHINE BORANE COMPLEXES

Shraddha G. Mahamulkar, and Ullrich Jahn*

Institute of Organic Chemistry and Biochemistry AS CR, Flemingovo nam. 2, 16610 Prague 6, Czech Republic.
shrddhmahamulkar@gmail.com

The important role of phosphines in organic synthesis and catalysis has resulted in a diverse range of
methods being developed for their synthesis.! Phosphines and phosphine-borane complexes can be
easily obtained from the parent phosphine oxides.? Phosphine oxides like carbonyl compounds, sulfones
or sul foxides n-deprowaatibnywithubasdse becpase d the strong acidifying influence
onnei g h b o spiotong. U

Recently it was f o-digildated sulfones directectoatso-eetalation taked place even
in the pr emwtens.tWe hypdthedirzed that branched alkyl diphenylphosphine oxides behave
in a similar manner to produce ortho-substituted phosphine oxides. Here we present syntheses of ortho-
substituted phosphine-borane complexes, starting from branched alkyl diphenylphosphine oxides (Fig.
1).% Further diversification of the ortho-substituted compounds by cross coupling leading to structurally
new phosphine oxides and their respective phosphines will be presented.

R
H O |_H

R
E O H
I I ) I
R” "R n-BuLi/TMEDA R™ "R HSICly, EbNH P—(R
@ 78°C. E*. toluene @ toluene, 120 °C )\\\/

then BH3*THF

R = CH,TMS, CH,CH(CHs), 67-90% 62-80%

Figure 1. DoM of phosphine oxides and syntheses of phosphine-borane complexes from ortho-
substituted phosphine oxides.
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TANDEM 1,2-ADDITION/ISOMERIZATION/OXIDATIVE DIMERIZATION REACTIONS.
APPLICATION TO THE SYNTHESIS OF TETRAHYDROFURAN LIGNANS

Pratap Jagtap, Ullrich Jahn*

Institute of Organic Chemistry and Biochemistry AS CR, Flemingovo nam. 2, 16610 Prague 6, Czech Republic;
prataprjagtap@gmail.com

Cascade reactions are a prevalent tool in the synthesis of target molecules in a short and time-efficient
way. The development of reaction cascades, which involve intermediates in different oxidation states
and to make use of them to approach complex molecules from simple starting commodities, is a
continuing goal. Anionic/radical/cationic tandem processes by oxidative or reductive single electron
transfer processes are well known.!! Our current interest is to develop transition metal-catalyzed/single
electron transfer-induced cascade reactions involving multiple organometallic and radical
intermediates.?

Here we present our results on the synthesis of 1,4-diketones in tandem reactions involving 1,2-
addition/transition metal catalyzed isomerization/SET- induced oxidative dimerization steps. The 1,4-
diketones are applied in short syntheses of tetrahydrofuran lignans like manassantin A, galbelgin and
veraguensin.

[Ru(p- cymene )Cls]» (2 mol%),

R_©/ )v P(OMe)s (2 mol%) -

Manassantin A

then @ T__>. Galbelgin
SF R Veraguensin
6 .
R = Me, OMe, -OCH,0- d/l:meso
R'=H, Me, Et, Ph 3-7:1

Figure 1
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HIGH INTERNAL OLEFINS RECEIVED FROM RENEWABLE SOURCES
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sevilxalilova@gmail.com

There is increased interest in application of organic substances of vegetable origin as an alternative fuel
and also for preparation of other useful products. First of all, it has been connected with renewability of
this fuel resource and its ecological purity. In our work, unsaturated acids which are obtained from
vegetable oils can increase the petrochemistry feedstock. So that, high internal olefins, such as
heptadecene-8, are received by decarboxylation reaction of the high unsaturated acids. These obtained
internal olefins are important feedstock in the synthesis of surface-active compounds, insecticides, and
in the paper industry.

In the decarboxylation reaction, the various catalysts, such as oxides and nitrides of transition metals,
palladium on coal, etc. have been used. In our investigations, series of catalysts, particularly, natural and
synthetic aluminosilicates, nano-sized catalytic systems on the basis of Mg and Ti oxides has been tested
for decarboxylation of organic acids received from vegetable oils. However, it is determined that, the
best results obtained in the application of nano-sized MgO and TiO- catalysts. The structure of particles

of nano-sized metal oxides has been studied on the atomic-f or ce mi cr 0-5 in eegmieconta& [ Y

mode. It has been established that, an average size of particles of nano-sized magnesium oxide is in the
range of 100 nm, and for titanium oxide 1 in the ranges of 20-25 nm.

Synthesis of high molecular olefins such as heptadecene-8 is mainly two steps process consisting
hydrolysis and decarboxylation. As a feedstock, we have used different vegetable oil such as corn oil,
canola oil, sunflower oil etc. First, unsaturated acids are obtained from vegetable oils by hydrolysis. Then,
decarboxylation reaction of those unsaturated acids are carried out. Heptadecene-8 is obtained mainly
from oleic and linoleic acid. The decarboxylation reaction is conducted in a continuous flow reactor, 250-
400 °C temperature, 1 h volume rate over nano-sized MgO and TiO, catalysts

Oleic acid hydrolysed from corn oil was used as a unsaturated acid and it has the following physical-
chemical indices: boiling temperature 223°% (100 mm. Hg. ) , pR@1M58R,acdic Bumider
179 mg sf{1/9g, iodine number 70.7 g J2/100 g.

It is determined that, the best results are observed in 350°C and volume rate 1.0 h*, in both cases of
nano-sized magnesium oxide and titanium oxide. In these conditions, the conversions of oleic acid are
99.1 and 99.2 %, the acidic numbers of reaction product are decreased to 1.5 and 1.3 mg KOH/g,
accordingly. The application of nano-sized catalysts i magnesium and titanium oxides allows to
decrease the process temperature correspondingly.?

The achieved decarboxylation product of oleic acid i heptadecene-8 has been identified by physical-
chemical analysis method and had the following indicators: refraction index 1.4430; density 0.8021 g/ml,
boiling temperature 173% ( 15 mm Hg) .

As it was known, heptadecene-8 refersto industrially-i mpor t ant hi gh i;setiesandemd
applications in various areas of industry and agriculture. In this regard, synthesis of the similar internal
olefins has certain practical and theoretical interest.
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NOVEL DOMINO PROCEDURES FOR THE SYNTHESIS OF CHROMENES

Zakieh Izakian,* Afsaneh Zonouzi
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Design of one-pot procedures which could provide maximum structural complexity and diversity to
synthesize a group of compounds with potential biological activities is a major challenge in organic
synthesis. Chromenes (benzopyrans), which occur in many biologically active compounds,*! are getting
increasing significance in drug research. Following our previous research on developing the procedures
for the synthesis of chromene derivatives,*% we synthesized novel dioxatricyclo [7.3.1.0%7] trideca-9,13-
dicarboxylates 1 by a one-pot three-component procedure via DABCO catalyzed domino Knoevenagel-
Michael addition reactions.

0=/ OR'
DABCO (20mol%) 0
mol%o
3 \F 10 compounds (60-88%)
CH,Cl,, . t. o
2%~12y e}
1 ro
O O
+ R'0,C—=—CO,R! .
« NN RO, 2 o) R'OZCJjCOZR
¥ </f\
) N:C: o 07N
R H, 5-Cl, 5-Br, 5-OMe, 3-OMe ~ R“: Me, Et ~7 S
N, EtOH (o)
. CO,R ——— |
. heat
CH,Cly, Reflux COzR ea 0
2 E/Z: 1/1 3
9 compounds (55-89%) 4 compounds (69-80%)

Also an efficient four-component reaction for the synthesis of some new cyclohexylimino-2-methylpyrano
[3,4-c]Jchromene-4a,5-dicarboxylates 2 has been developed via domino Knoevenagel-intramolecular
oxo-Diels-Alder reactions. When 3-methoxy-2-hydroxy benzaldehyde was used as the reactant, the yield
of the product bearing diethylacetylenic ester groups was very low. Therefore, we postulated that the
target product could not be prepared in acceptable yields as a result of steric hinderance of bulky ethyl
groups of neighbouring COEt.

Thermal stability of compounds 2 in hot EtOH is dependent on the steric hindrance of ester groups.
Compounds 2 bearing ethyl groups convert to compounds 3 probably to get rid of their highly steric
hindrance. X-ray crystallography confirmed the structure of the new compounds.
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TRANSFORMATION OF CARBOHYDRATES TO POLYMER MONOMERS VIA OXIDATION
OF 3-CHLOROMETHYLFURFURAL
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Monomers and polymers obtained from renewable resources, namely 3,6-furan derivatives, have
witnessed a significant growth of interest within both the scientific and industrial communities. These
furan derivatives, which can be prepared from sugars and/or polysaccharides, is expected to create a
whole original realm of polymers and may also contribute to a considerable range of future
macromolecular materials.!! 3-Hydroxymethylfuraldehyde (HMF) and its derivative 2,5-diformylfuran
(DFF) have been identified as promising building blocks intermediates of polyester.”) Due to HMF
chemical instability,! some of these approaches consider the in situ conversion of this monomer into its
more stable dialdehyde (DFF) derivative. On the other hand, DFF can also be obtained from 5-
chloromethyl furfural (CMF), a stable and hydrophobic organic liquid. A range of carbohydrates has been
rapidly and selectively converted to CMF using microwave heating in a biphasic reaction system with a
range of organic solvents, providing yields higher than 70% obtained in 15 minutes (Scheme 1)." Here
is described our efforts in order to achieve an efficient method for the oxidation of CMF to DFF.

HCI DCE,mw,80°C, 15min. Q4 oxidant, catalyst N\ o

ref. 3 H \N/ Cl solvent, A H \ / H

Fructose

CMF DFF

Scheme 1. Synthetic approach to obtain CMF starting from fructose [2] and posterior oxidation to
obtain DFF.

Acknowledgements: We thank the Fundacdo para a Ciéncia e a Tecnologia (PTDC/QEQ-
PRS/2757/2012) for financial support.

References:

(11 Gandini., A., Green Chem., 2011, 13, 1061-1083.

[@ Dutta, S. et al., Chem. Plus. Chem. 2012, 77, 259-272.

(81 Afonso, C.A.M. et al. Green Chem., 2011, 13, 754-793; de Vries, J. G. et al., Chem. Rev. 2013, 113, 1499-
1597.

4l Breeden, S. W. et al., Green Chem., 2013, 15, 72-75.

299



P138

SYNTHESIS OF b-CARBOLINE-3-CARBOXYLATES VIA HETERO-DIELS-ALDER
REACTION OF NITROSOALKENES WITH INDOLES
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Natural and synthetic tetrahydro-b-carboline and b-carboline alkaloids are well known compounds that
possess a variety of biological properties, such as antitumoral and antiprotozoal activities.!! Studies on
a variety of synthetic b-carboline derivatives have demonstrated the influence of the nature of the
substituents in positions-1, -3, -5 and -9 of the b-carboline skeleton on the biological activities.
Appropriate substituents on these positions can lead to active potent compounds with reduced toxicity.!?
The reported antiprotozoal and antitumoral activity makes this class of compounds an interesting scaffold
to be explored. It is well established that the hetero-Diels-Alder reaction of nitrosoalkenes with indole
leads to open chain oximes via rearomatization of the initially formed cycloadducts.F These adducts can
be reduced to afford tryptophan analogues. We envisioned that this chemistry could be further explored
in order to obtain new tryptophan derivatives (e.g. 6) to be used as building blocks in the synthesis of
nove | -cafbolines (e.g. 8).

In this context, the hetero-Diels-Alder of nitrosoalkene 2 with 5-methoxyindole (3) was carried out giving
open chain oxime 5. The subsequent reduction of compound 5 with zinc in acetic acid afforded the
correspondent amine 6 which underwent condensation via Pictet-Spengler reaction to give the
tetrahydro-b-carbolines 7. Conversion of derivative 7 to the corresponding b-carbolines 8 was carried
out by oxidation with sulphur in refluxing xylene (Scheme 1). More details of this study will be presented.
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A DIAZAOXA[7]HELICENE ANALOGUE OF DIAZADIOXA[8]CIRCULENES

Nicolaj Nylandsted Andersen,” Thomas Hensel, and Michael Pittelkow

Department of Chemistry, University of Copenhagen, Universitetsparken 5,
DK-2100 Kgbenhavn @, Denmark, kxq689@alumni.ku.dk

Inspired by chemistry performed by Hogberg'i n t he 197006s, who synthesised
benzoquinones with a dihydroxydibenzofuran as an important intermediate, we have explored the role

of dihydroxycarbazoles?! in the synthesis of diazadioxa[8]circulenes.
Hoégberg: Pittelkow:

(0]
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O} .0, ¢

A variety of hetero[8]circulene derivates have been synthesised,® including products of the conden-

sation between quinones, carbazoles, or mixtures hereof. The heterocyclic [8]circulenes have proven
valuable in discerning the concept of antiaromatic
core.b!

We have now set out to synthesise a [7]helicene analogue to the [8]circulenes. The key steps are the
mono-demethylation of dimethoxycarbazole, followed by condensation to form the desired chiral pro-
duct, of which crystals were grown.
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Having developed a feasible synthesis of the [7]helicine scaffold, we will explore this novel synthetic
approach to prepare longer [n]helicenes and we will seek to functionalise the [n]helicenes to prepare
water soluble derivatives with possible applications in DNA recognition.
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SYNTHESIS OF BIOTIN[6]URILHEXAESTERS AND THEIR ANION TRANSPORT
CAPABILITY
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Recently we described the high yielding one step synthesis of biotin[6]uril (B6U) by an anion templated
condensation reaction between biotin and formaldehyde in aqueous mineral acid. ! The novel
macrocycle has structural similarities with cucurbit[6]uril,? hemicucurbit[6]uril,'® and bambus[6]uril.) The
B6U is water soluble and binds anion in water.! Here we show that changing the COzH groups to alkyl
esters give macrocycles which are soluble in organic solvents and bind anions like fluoride, chloride,
bromide and iodide. The B6U hexaester macrocycles are anionphores (transports anions across lipid
membranes), that recognise the anions by means of C-H interactions.® We found that the B6U hexaester
macrocycles favors less hydrophobic (e.g., ClI) anions over the strongly hydrated anions (e.g.,HCO3".)
The B6U hexaester macrocylces showed selectivity for ClI- over HCOs™ in an aniontransmembrane
transport study. ©

Here we describe the synthesis, anion-binding properties and anion-transport properties of the B6U
esters.
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STRAIGHTFORWARD APPROACH TO DISUBSTITUTED DIAMONDOIDS VIA
INTRAMOLECULAR C-H AMINATION REACTION

Radim Hrdina,@ Fabian M. Metz,lal Marta Larrosa,@ Jan-Philipp Berndt,l@ Yevgeniya Y. Zhygadlo,
Sabine Becker, Jonathan Becker!®!
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Giessen, Germany, radim.hrdina@org.chemie.uni.giessen.de
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We present a three-step approach to disubstituted diamondoidstt from readily available carboxylic acids.
A rhodium acetate catalyzed (1 mol%) nitrene insertion reaction of sulfonamides was chosen for the
intramolecular Ci H functionalizations.? This straightforward approach enables the effective synthesis of
a variety of cyclic sulfamidates, which are synthetically valuable building blocks. As an example, we
report the five step synthesis of Vildagliptin® analogues as new DPP-4 inhibitors, antidiabetic drug

candidates (Scheme 1).0
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GLYCOSAMINOGLYCANS IN CANCER BIOLOGY
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Glycosaminoglycans (GAGS) are heterogeneous polysaccharides comprising repeating uronic acid and
amino sugar disaccharide units. These macromolecules can be covalently attached to core proteins to
form proteoglycan side chains, or located in the extracellular matrix.¥! Recently, it was shown that the
sulfate groups present in chondroitin sulfate GAGs (CS) encode important functional information for the
regulation of physiological processes such as cancer metastasis and spinal cord injury.? El

To probe the Asul fation coded of CS in biological
to obtain all the 16 theoretically possible sulfation patterns in the chondroitin sulfate (CS) repeating unit;
these include rare but potentially important sulfation motifs which have not been isolated earlier. The
library of synthesized disaccharides was screened on different breast cancer cell lines, to determine the
effect of CS sulfation patterns on cancer development.
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OXIDATIVE SINGLE-STEP UMPOLUNG U-ALKYLATION OF CARBONYL COMPOUNDS

O. Svetlana Shneider, @ Evgeni Pisarevsky, @ Peter Fristrup® Alex M. Szpilmanl@*

[a] Schulich Faculty of Chemistry, Technion-Israel Institute of Technology, Haifa, Israel
[b] Department of Chemistry, Technical University of Denmark, Lyngby, Denmark

A novel alkylative reaction of 1,3-dicarbonyl compounds or ketone enolates has been designed,
developed and studied.™ The reaction entails oxidative umpolung reaction mediated by the hypervalent
iodine oxidant, Koser 6s r ©pogtiemof the cabionyltcdmgound, while employing dialkylzinc
reagents as the alkyl source.

The reaction was found to be applicable to a wide range of carbonyl compounds including 1,3- dicarbonyl
compounds and ketones, as well as capable of forming quaternary carbon centres. The alkylated
carbonyl products were formed in good to excellent up to 93% yields. Extensive mechanistic studies
were performed, in order to examine possible carbene, radical, and ionic pathways. Based on meticulous
product analysis, NMR studies, computational model, and cross-over experiments, an ionic mechanism
was deduced. Following the symmetric alkylation method, an asymmetric single step oxidative umpolung
al kyl ation of Evanso6 betlda keto imides was devel
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MULTICOMPONENT PRINS CYCLIZATION FROM ALLYLSILYL ALCOHOLS LEADING
TO DIOXASPIRODECANES

Francisco J. Pulido, Asuncién Barbero and Alberto Diez-Varga

Dpto. Quimica Organica, Facultad Ciencias, Campus Miguel Delibes, Universidad de Valladolid, 47011,
Valladolid, Spain; pulido@qo.uva.es

A multicomponent Sakurai-Prins reaction for the preparation of dioxaspirodecanes 2 starting from
allylsilyl alcohols 1 was achieved. The one-pot sequence involves the sequential acid-catalyzed reaction
of an allylsilyl alcohol with an aldehyde to afford an alkenediol I. The subsequent Prins cyclization of the
homoallylic alcohol moiety generates a tetrahydropyranyl carbocation, which is intramolecularly trapped
by the second hydroxyl group. The chemoselectivity of the process shows dependence on the nature of
the aldehyde and the concentration of the catalyst. Formation of methyleneoxepanes 3 would proceed
through initial formation of an (E)-oxocarbenium ion Il, which would be trapped by the nucleophilic
allylsilane.
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The chemoselectivity of the dioxaspirodecane vs the oxepane derivative is dependent on both
stereoelectronic factors and nature of the Lewis acid. This multicomponent coupling allows the synthesis
of complex dioxaspirodecanes in a sequence where three new stereogenic centers are created with
excellent stereoselectivity.*2
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SUPRAMOLECULAR METHODOLOGY - DYNAMIC COMBINATORIAL CHEMISTRY
WITH TWO SIMULTANIOUS REVERSIBLE REACTIONS:
DISULFIDE AND BORONIC ACID ESTER EXCHANGE

Morten Kristensen, Sanna Lund Diemer, Brian Rasmussen, and Michael Pittelkow”

Department of Chemistry, University of Copenhagen, Universitetsparken 5, DK-2100, Copenhagen &, Denmark;
pittel@kiku.dk

Dynamic combinatorial chemistrytl is a highly efficient methodology that can be used to identify new
supramolecular receptors. Dynamic Combinatorial Libraries (DCLS) are obtained from a set of building
blocks that are able to oligomerize via reversible reactions. The majority of studies in the area look at
just one reversible reaction, however recent studies have demonstrated that it is possible to increase the
complexity in DCLs by combining two or three reversible reactions, mostly a covalent binding combined
with coordination chemistry.2 The multible reversible reactions may either be reversible at the same time

or orthogonal.
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HOQOH SH Q Bﬂssﬂs D = © S‘D‘B\OD

In our system we investigate a new system using two simultainously equilibrating reversible reactions --
disulfide- and boronic acid esters exchange. Here we present a proof-of-concept study where we identify
conditions where the two exchange reactions equilibrate simultaneously under thermodynamic control.
We also present the synthesis of a new water soluble building block containing a thiol and a boronic acid
incorporated in one molecule. The synthetic route starts from the commercial available m-toluic acid and
involves a boronylation with an iridium catalyst,® a bromination using light as initiator and a thiolation
with potassium thioacetate.
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THIOSULFINYLIMIDATES: WHEN SULFUR EXTENDS IMIDATES CHEMISTRY
Loréne Crespin, Sébastien Carret, and Jean-Francois Poisson”

Université Joseph Fourier, Département de Chimie Moléculaire, Grenoble i France
lorene.crespin@uijf-grenoble.fr

Sulfinylimines are certainly the most useful chiral ammonia derivatives for the synthesis of chiral
amines.™ Their preparation through the condensation of sulfinamide with aldehydes is very simple but
suffers from a important drawback: the difficulty of generating stereodefined U-chiral sulfinylimines due
to the potential (and often effective) epimerization through enolization. Indeed, this synthetic route is so
far limited to U-oxygenated or U-aminated derivatives.”! As branched chiral amines are ubiquitous in
nature, it would be very desirable to find an alternative pathway to synthesize such U-chiral sulfinylimines,
opening a new entry to this important class of chiral amine. We will present our recent results in the
preparation, alkylation, coupling and reduction of novel thiosulfinylimidates as precursor to U-chiral
sulfinylimines.®! These precursors have been used in the total synthesis of natural products of the
lycorine family.
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FUNCTIONALIZATION OF BIS(FURAN-2-YL)METHANES VIA
HETERO-DIELS-ALDER REACTIONS OF NITROSOALKENES AND AZOALKENES
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Centro de Quimica de Coimbra, Department of Chemistry, University of Coimbra, P-3004-535 Coimbra, Portugal.
susy.lopes@live.com.pt

Bis(furan-2-yl)methanes are interesting compounds in the chemistry of natural and synthetic
porphyrinoids, allowing the synthesis of structural varients of porhyrins such as tetraoxaprophyrins and
other types of macrocycles.M They are also useful as flavoring agents, finding applications in the perfume
industry and showing important pharmacological properties.” On the other hand, bis(furan-2-
yl)methanes provide wide possibilities for further transformations by exploring the furan-ring-opening
reactions, affording other useful organic compounds.E!

We have previously developed a methodology for the functionalization of dipyrromethanes via hetero-
Diels-Alder of nitrosoalkenes and azoalkenes.™ This chemistry was now extended to the funcionalization
of bis(furan-2-yl)methanes. Bis(furan-2-yl)methane 3 participated in the Diels-Alder reaction with
nitrosoalkenes and azoalkenes, generated from the corresponding a-bromooximes and a-
bromohydrazones, giving the corresponding cycloadducts (e.g. 4, Scheme 1). The hetero-Diels-Alder of
nitrosoalkene 2a with compound 3 gives the bicyclic oxazine 4a which leads to the open chain oxime 5
by refluxing in dichloromethane. On the other hand, the tetrahydropyridazine 4b, obtained from
azoalkene 2b and difuranylmethane 3, undergoes ring-opening-recyclization of the furan unit by
treatment with HCI giving the ketone derivative 6. Details of this study will be presented.
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THE STRATEGY OF THE SYNTHESIS OF NEW DERIVATIVES
OF 2-AMINO-3-OX0-1-HYDROXYPYRROLO-[1,2-a]-PIRAZINE

M. V. Voievudskyi @, O. I. Petukhova®!

[a] Department of Chemical Technology of Organic Substances and Pharmaceutical
Preparations, Ukrainian State University of Chemical Technology, Dnepropetrovsk,
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Dnepropetrovsk, Ukraine, 49000.

It is known that derivatives of pyrrolo-[1,2-a]-pirazine possess a wide range of biological activities
(anticonvulsant, antihistamines, antiarrhythmic, analgesic, sympatholytic). It should also be noted that
pyrrolo-[1,2-a]-pirazyne is an analoge of natural alkaloid Peramine, is an insect feeding deterrent isolated
from perennial ryegrass infected with the endophyte Acremonium loliae™ . In this context, the availability
of a synthetic route to pyrrolo-[1,2-a]-pirazyn-1(2H)one carrying a pyrrole moiety could be of particular
interest from the chemical and biological points of view.

The regiochemistry of reduction annelation pyrrolopirazine 1 with sodium borohydride in ethanol was
investigated. It is shown that, the interaction with this reducing agent is proceeds regioselectivity and
leads to the formation hydroxypirazine 2.

During our work on the reactivity of hydroxypirazine 2 with carbonyl compounds (aromatic aldehydes
and ketones) was observed next fact. In the case of presence of acid catalysis the reaction followed with
formation of hydrazone on first step and formation of products dehydration 3, 4 on the second step.

Our approach allows a preparation of such synthetically and biologically interesting molecule. The scope,
limitations of the reactions presented above are now under investigation and detailed results will be
published elsewhere.
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MECHANOCHEMICAL OXIDATION OF PERFLUORO ANILINES TO PERFLUORO
AZOBENZENES
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Aromatic azo compounds have been extensively used in industrial applications mainly as organic dyes
and pigments, but also as food additives, indicators, and therapeutic agents.™ Moreover, exploiting their
peculiar photochemical response, the applications of azo compounds have been recently extended to a
broad range of light-responsive functional materials, such as liquid crystals, molecular switches, smart
polymers and photochromic ligands. 2 A multitude of synthetic methods to affording symmetric azo
compounds are known, Bl the most used involve the oxidative coupling of aromatic amines and the
reductive homodimerization of nitroarenes. In the case of anilines omocoupling the stoichiometric use of
toxic and environmentally unfriendly transition-metal based oxidants, like mercury, lead and manganese
derivatives, is often needed to achieve satisfactory yields, especially with electron-poor aromatic amines.
One of our research efforts entail the synthesis of polifluorinated aromatic compounds as possible
candidates to be used in material science applications.*5! On the route to target perfluorinated molecules
we needed an efficient method to gain perfluoro azobenzenes, we focused our attention on the
mechanochemical approach. !

NH, =
Oxidant N LF,
% Ball milling Fo o P

n

Gratifying the use of environmental friendly oxidants in a zirconia mill, without the aid of milling
auxiliaries, afforded the desired products in good to excellent yields.
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VIA H-BOND TEMPLATED MACROCYCLISATION AND SUBSEQUENT POST-
FUNCTIONALIZATION
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Macrocyclic compounds have attracted much attention in medicinal and supramolecular chemistry since
their offer high level of preorganization, conformational preferences, and improved biostability in
comparison to acyclic analogs.*? The formation yield of desired macrocyclic products is, however,
generally low from steric and entropic reasons. Moreover, purification is often challenging due to
formation of cyclic and linear oligomers. Recently, we utilized macrocycles with a flexible lariat arm, so
called unclosed cryptands (UCs), in the construction of potent anion receptors in solution as well as a
platform for studying transient water cluster in the solid state.®* However, method of their preparation
does not allow post-functionalization.

Herein, we report the efficient synthesis of diversely functionalized UCs from commercially available and
inexpensive starting materials. Moreover, the crucial macrocyclisation step does not require anhydrous
and high-dilution conditions and is completed within 1-2 days. The high yield of macrocyclisation is
anticipated to templation by a chloride anion and intramolecular H-bonds which both help to adopt an
entropically disfavored pre-cyclization conformation of the linear precursor. The subsequent post-
functionalization allows mild, selective, and efficient incorporation of various functional groups to the
interior of a macrocyclic scaffold.
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Malonic Acid Half Oxyesters (MAHOs) have been used as cheap glycine equivalents under mild metal-
free conditions for the direct synthesis of polyfunctional esters. Malonic acid and its derivatives have
been used in various reactions due to the ease of functionalizing the central methylene. Malonates and
malonic acids are available substrates which are widely used in various conditions and specifically in
organocatalysis. In this field, we became interested to amido-MAHO derivatives while studying

asymmetric decarboxylative protonat i-ammodcidsi! a di

Following this research about using amido-MAHO as starting materials, we have described the synthesis
of Anti-b-hydroxy-U-amino esters. These polyfunctional molecules are obtained directly and exclusively
in very high yields from various aldehydes by utilizing decarboxylative aldol reactions.?! To complete the
assess ment-amnd-Matotici Azid HAIf Oxyesters, this communication will also introduce an
alternative and efficient approach affording various dehydroamino acid derivatives in mild conditions.
Finally, a mechanistic study will be discussed to explain the stereochemistry of these reactions. In
summary, the cheap readily available MAHOs can be used as a useful scaffold in the synthesis of various
non proteinogenic amino acid derivatives.
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TARGETED PROTECTING GROUP STRATEGIES FOR E-RING CYCLISATION
IN THE TOTAL SYNTHESIS OF (+)-AJMALINE
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Indole alkaloids are an important class of natural products due to their medicinal properties. Ajmaline is
no exception and has found use as an important diagnostic drug for the identification of Brugada
syndrome. !
The total synthesis of ajmaline has been attempted by many groups, yet an elegant stereoselective
synthesis remains elusive. The first formal synthesis was by Masamune in 1967 shortly after the structure
was discovered.? An asymmetric total synthesis was not completed until over thirty year later in 1999
by CookPlCookds synthesis was an impressive achieveme]
polycyclic structure of ajmaline provides a significant challenge for developing a successful asymmetric
synthesis. However, one significant issue still remains, as even after extensive optimisation the formation
of the C2 stereocentre in Cookds synthesis stildl
epimer as a minor product.
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Our synthesis aims to close the E ring first and the D ring second in the final steps of the synthesis. We
believe that closure of the E ring first will allow greater control over the formation of the C2 stereocentre.
“ We have found that the choice of protecting group for the basic nitrogen is crucial to the success of
our synthetic strategy. The hybridization at the nitrogen appears vital in inducing cyclisation and steric
bulk is required to direct the reduction to the desired face. It has been particularly challenging to find a
group which will survive the strong acidic conditions of the ring closure step whilst still allowing for
removal after the transformations have taken place.

Previous work focused on the use of a pivolyl amide protecting group. [ This group seemed successful
until its removal proved difficult. This poster aims to introduce and discuss current work that utilises
different protecting groups in order to overcome this problem.
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Synthesis of complex carbohydrate structures remains a difficult task in spite of many notable advances.
Selective formation of glycosidic linkages requires both regio- and stereochemical control. In the last
decades a number of efforts were made to reduce protecting group manipulations and shorten synthetic
sequences. For this reason, glycosylation with unprotected carbohydrates is now under in-depth study.!

A useful promoter for the regioselective glycosylation of the secondary alcohols in unprotected glycosyl
acceptors is under investigation. The procedure concerns the synthesis of 6-linked disaccharides via
stannylene intermediates?@ to armed donors. In the glycosylation protocol D-glucose, D-galactose and
D-mannose are studied as both donors and acceptors.
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Figure 1. Example of a glycosylation with a tin reagent.
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HETEROAROMATICS AND THEIR APPLICATIONS ON COORDINATION AND
CATALYSIS

Yanlan Wang,@ Pierre-Alexandre Deyris,[@ Tatiana Caneque,@ Florent Blanchard,® Yanling Li,’! Franca Bigi,
Raimondo Maggi,©! Sebastien Blanchard,®! Giovanni Maestri,l2cl* and
Max Malacriala.b!

[a] ICSN CNRS (UPR 2301) 1 Av. de la Terrasse, Bat. 27, 91198 Gif s/Yvette (France).
yanlan.wang@cnrs.fr

[b] UPMC Sorbonne Universités, IPCM (UMR CNRS 7201) 4 place Jussieu, C. 229, 75005
Paris (France)

[c] Universita degli Studi di Parma, Dept. of Chemistry 17/A Parco Area delle Scienze,
43124 Parma (Italy)

A simple synthetic method allows the one-pot assembly of Cs-symmetric, 44 core valence electrons
triangular Pd or Pt clusters and their heterobimetallic mixed Pd/Pt analogues. These mixed metal
complexes are the first examples of stable triangular all-metal heteroaromatics. In contrast to traditional
heteroaromatic molecules formed combining main-group elements, they actually retain structural and
electronic features of their homonuclear analogues. These aromatic clusters were found further
applications as a catalyst of semi-reductions of alkynes. These cationic clusters were also proved to be
efficient ligands to Lewis acids due to their Lewis base properties. The discovery of these new clusters
enriched the chemistry on the aromaticity of all-metal complexes.l*
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Figure 1. Triangular all-metal aromatics and heteroaromatics.
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The need for peptide-based medicines or the roles of peptides in drug discovery, etc. secure the high
importance of the peptide synthesis. Introducing methyl groups into the peptidic amide bonds affects
the physicochemical properties of peptides. This modulation, N-methylation, together with peptide
cyclization, confers unprecedented pharmacokinetic properties to the peptides, including membrane
permeability, metabolic stability, and even oral bioavailability.? Since its introduction by Merrifield, the
synthesis of peptides was performed almost exclusively on solid supports. However, still a general
property of these methodologies are the high number of amino acid equivalents required for total
coupling. Continuous-flow (CF) technologies have recently emerged as a productive methodology in
modern synthetic chemistry. This is due to the great number of advantages they deliver over conventional
batch procedures such as faster heat and mass transfer, the efficient mixing of substrates, shorter
reaction times and facile scale up.™

Figure 1. Schematic representation of the constructed CF reactor.

In this work a fast and highly efficient continuous-flow solid-phase peptide synthesis (CF-SPPS)
technique is presented for the preparation of multiple N-methylated cyclic alanine peptides. In this
methodology only 1.5 equivalents of amino acids is required for the coupling to maintain quantitative
conversions. During the syntheses, the CF reactor allows the application of high pressures and
temperatures with low solvent consumption, as well as low coupling and deprotection times. The
evidence of the effectiveness, the linear version of the multiple N-methylated cyclic peptides is
assembled in excellent yields. A method of peptide cyclization is described as well, which can be used
to obtain the N-methylated cyclic peptide and which are not limited to specific peptide sequences. It is
possible to incorporate exotic and expensive artificial amino acids into sequences by an automated way
using exceptionally low numbers of amino acid equivalents in a highly economic and more sustainable
manner.
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