VOLUME EDITORS:




Glycoscience
Synthesis of Substrate Analogs
and Mimetics

Volume Editors: H. Driguez, ]J. Thiem

With contributions by

J.M. Beau, P. Boullanger, A. de Raadt,
H. Driguez, M. Ebner, C.W. Ekhart,

T. Gallagher, I. Lundt, F. Nicotra, R. Roy,
R.V. Stick, A.E. Stiitz, H.P. Wessel

: Springer




This series presents critical reviews of the present position and future trends in
modern chemical research. It is addressed to all research and industrial chemists
who wish to keep abreast of advances in the topics covered.

As arule, contributions are specially commissioned. The editors and publishers will,
however, always be pleased to receive suggestions and supplementary information.
Papers are accepted for “Topics in Current Chemistry” in English.

In references Topics in Current Chemistry is abbreviated Top. Curr. Chem. and is
cited as a journal.

Springer WWW home page: http://www.springer.de
Visit the TCC home page at http://www.springer.de/

ISSN 0340-1022
ISBN 3-540-62032-X
Springer-Verlag Berlin Heidelberg New York

Library of Congress Catalog Card Number 74-644622

This work is subject to copyright. All rights are reserved, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other
ways, and storage in data banks. Duplication of this publication or parts thereof is
only permitted under the provisions of the German Copyright Law of September 9,
1965, in its current version, and permission for use must always be obtained from
Springer-Verlag. Violations are liable for prosecution under the German Copyright
Law.

© Springer-Verlag Berlin Heidelberg 1997
Printed in Germany

The use of general descriptive names, registered names, trademarks, etc. in this
publication does not imply, even in the absence of a specific statement, that such
names are exempt from the relevant protective laws and regulations and therefore
free for general use.

Typesetting: Fotosatz-Service Kohler ong, 97084 Wiirzburg
SPIN: 10552237 66/3020 - 5 43 210 - Printed on acid-free paper



187

Topics in Current Chemistry

Editorial Board

A.de Meijere - K.N. Houk - J.-M. Lehn - S. V. Ley
J. Thiem - B.M. Trost - F. Vogtle - H. Yamamoto



Springer

Berlin
Heidelberg
New York
Barcelona
Budapest
Hong Kong
London
Milan
Paris
Santa Clara
Singapore
Tokyo



Volume Editors

Dr. Hugues Driguez

Centre de Recherches sur les
Macromolécules Végétales (CERMAV)
601, Rue de la Chimie, B.P. 53

F-38041 Grenoble Cedex 9, France
E-mail: HDriguez@cermav.grenet.fr

Editorial Board

Prof. Dr. Armin de Meijere

Institut fiir Organische Chemie
der Georg-August-Universitdt
Tammannstrafle 2

D-37077 Gottingen, FRG
E-mail: ucoc@uni-goettingen.de

Prof. Jean-Marie Lehn

Institut de Chimie

Université de Strasbourg

1 rue Blaise Pascal, B.P.Z 296/R8
F-67008 Strasbourg-Cedex, France
E-mail: lehn@chimie.u-strasbg.fr

Prof. Dr. Joachim Thiem

Institut fiir Organische Chemie
Universitit Hamburg
Martin-Luther-King-Platz 6

D-20146 Hamburg, FRG

E-mail: thiem@chemie.uni-hamburg.de

Prof. Dr. Fritz Vogtle

Institut fiir Organische Chemie

und Biochemie der Universitat
Gerhard-Domagk-Strafie 1

D-53121 Bonn, FRG

E-mail: voegtle@plumbum.chemie.uni-bonn.de

Prof. Dr. Joachim Thiem

Institut fiir Organische Chemie
Universitit Hamburg
Martin-Luther-King-Platz 6

D-20146 Hamburg, FRG

E-mail: thiem@chemie.uni-hamburg.de

Prof. K.N. Houk

Department of Chemistry and Biochemistry
University of California

405 Higard Avenue

Los Angeles, CA 90024-1589, USA

E-mail: houk@chem.ucla.edu

Prof. Steven V. Ley

University Chemical Laboratory
Lensfield Road

CB2 1EW Cambridge, England
E-mail: svliooo@cus.cam.ac.uk

Prof. Barry M. Trost

Department of Chemistry

Stanford University

Stanford, CA 94305-5080, USA
E-mail: bmtrost@leland.stanford.edu

Prof. Hisashi Yamamoto

School of Engineering

Nagoya University

464-01 Chikusa, Nagoya, Japan

E-mail: j45988a@nucc.cc.nagoya-u.ac.jp



Preface

Within recent years and after a first coverage of carbohydrate chemistry in
the series Topics in Current Chemistry (Vol. 154 in 1990) this field has under-
gone something like a “quantum jump” with regard to interest for a wider
community of scientists. Apparently, for most areas of the natural sciences
in general and in particular for those bordering natural products chemistry,
progress in the saccharide field has attracted considerable attention and, in
fact, many bridging collaborations have resulted. Glycoscience is becoming
a term to cover all sorts of activities within or at the edge of carbohydrate
research.

It was within the course of a sabbatical collaboration that the editors -
both “born” carbohydrate chemists — felt it highly appropriate and desirable
to compile a number of contemporary reviews focussing on developments
in this field. A number of colleagues actively pursueing outstanding research
in the saccharide field agreed to discuss topical issues to which they with
their groups have contributed significantly. The result is a fresh and con-
temporary coverage of selected topics including future outlooks in glyco-
science.

In this current volume, particular emphasis has been placed on the demand-
ing synthetic approaches to and on the biological implications of carbohydrate-
derived modulators or inhibitors. The sophisticated and now already highly
developed synthetic approaches to complex C-glycosides is highlighted by
J.-M. Beau and T. Gallagher and the synthesis of the more biological revelant
C-glycosides by E. Nicotra. H. Driguez focusses on the synthesis and applica-
tion of thiooligosaccharides for inhibitory studies. The previously nicely
developed sugar lactone chemistry allows its synthetic wealth to flow into very
attractive syntheses of functionalized heterocycles as described by I. Lundt.
Further glycosidase inhibitors have been elaborated as outlined by A. de Raadlt,
C.W. Ekhart, M. Ebner and A.E. Stiitz. Approaches to inhibitors for other
glycanohydrolyses are reported by R.V Stick, and the synthetic develop-
ment of heparinoid mimetics is elaborated by H.P. Wessel. The increasing
interest and recent development of multivalent glycoconjugates is covered
by R. Roy,and in his contribution on amphiphilic sugar derivatives P. Boullanger
allows us to imagine the supramolecular features embedded in carbohydrate
structures.

The authors, the editors and the publisher hope that, by reading this volume,
many scientists in the life sciences area will have been able to acquire a taste for
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the subject and that they will join the growing glycoscience community and
actively contribute to this most fascinating research.

Grenoble and Hamburg Hugues Driguez
December 1996 Joachim Thiem
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Nucleophilic C-Glycosyl Donors for C-Glycoside Synthesis

Jean-Marie Beau' and Timothy Gallagher?

! Institut de Chimie Moléculaire, Université de Paris-Sud, F-91405 Orsay, France
2 School of Chemistry, University of Bristol, Bristol, BS8 1TS, United Kingdom

This chapter reviews the methods available for the synthesis of C-glycosides that involve the
use of carbohydrate units expressing nucleophilic reactivity at C(1) (the anomeric site).
A wide variety of “anionic” (organometallic derivatives) and neutral (free radical) C(1)
nucleophiles are known and examples of all structural types are presented. Coverage includes
methods for generating effective C(1)-nucleophiles, their reactivity and utility in C-glycoside
synthesis and, where appropriate, any associated limitations.
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1
Introduction

The synthesis of C-glycosides has experienced a rapid and widespread evolution
over the last two decades [1-4]. While a variety of methods exist for establishing
C-glycosyl linkages, conventional carbohydrate reactivity, that is the addition of
an external nucleophile to an electrophilic C(1) (anomeric) center (Scheme 1),
is most widely employed. Access to this reactivity is governed by the presence of
the ring-oxygen atom, but this residue will also support the establishment of
nucleophilic reactivity at C(1). Such nucleophilicity, though not readily exploit-
ed in O-glycosylation, does provide a versatile and complementary approach to
the synthesis of C-glycosides (Scheme 2).

Defining the boundaries associated with nucleophilic reactivity is, however,
less clear cut. With this in mind (and to allow the reader to make an informed
assessment of the chemistry that is now available), we have avoided making our
classifications too rigid.

In the following we have broadly divided the available C(1) nucleophiles
according to structure and reactivity. C (1)-Nucleophiles based on metallation at
an sp’-center are categorized in terms of the presence and, as appropriate, the
nature of a hetero atom (O or N) substituent at C(2). C(1)-Lithiated glycals
correspond to nucleophilic sp>-centers, and variations on this theme (concern-
ing the nature of the metal component) are covered in depth.

Enolates represent a special class of sp>-hybridized C(1) nucleophiles. This is
an important and developing aspect of carbohydrate reactivity and the carbonyl
function can either be located at C(2), or be external to the sugar ring (as in
sialic acid derivatives). Although the latter are not strictly C(1) nucleophiles,
both their value in C-glycoside synthesis and relationship to other topics
covered in this chapter merit inclusion of these systems.

Carbon-based radicals stabilized by oxygen, though electronically neutral,
can exhibit nucleophilic reactivity. C-Glycoside synthesis based on anomeric

O o) 0
(RO)n ¢ — Nu

Electrophilic C-Glycosyl Donor

Scheme 1

0
(RO)n% e/\ P (RO)n%OH" E

Nucleophilic C-Glycosyl Donor

Scheme 2
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radicals is very important, but the space available here precludes a comprehen-
sive coverage of the topic. Key features, which accentuate the nucleophilic
aspects of anomeric radicals will, however, be addressed.

2
Nucleophilic sp3-Anomeric Centers

2.1
C(1)-Metallated 2-Deoxypyranosyl Compounds

2.1.1
Reductive Metallation Processes

The first example of the non-stabilized C(1)-organolithium nucleophile was
provided by reductive lithiation of 2-deoxy-p-glucopyranosyl chloride 2 or
phenylsulfides 3 [5] with lithium naphthalenide (LN), a process discovered by
Cohen and Matz [6] on cyclic a-alkoxysulfides, to give the C(1)-lithiated
2-deoxypyranoside 4. Lithio reagent 4 reacts with electrophiles in moderate
yields to provide selectively the corresponding a-p-C-glycosides 5 (Scheme 3).
The stereoselectivity results from a two-step single-electron transfer mecha-
nism. In the first step, transfer of one electron occurs from LN to the LUMO
of X (X=Cl, SPh) to provide anion radical 6 which cleaves to generate
axial radical 7 (stabilized by the anomeric effect) (Scheme4). A second
electron transfer to 7 then leads, under kinetic control, to the organolithium
4, which is configurationally stable at -78°C and reacts with electrophiles
with retention of configuration. This method has been used as a key step in
a synthesis of 11, a monocyclic analogue of compactin, by reductive lithia-
tion of thioglycoside 8 with lithium di-tert-butylbiphenylide (LDBB) at low tem-

0Bn OBn OBOn
HCI, PhCH, Bnoﬁ, 2LN, -78° | g0
Bé‘%@ ——— “Bro X Bn0

Li
1 | H%AcO 2 X=Cl(@ 4

2. PhSH, BF;.E;0 .3 X = SPh (o and B) RCHO

H-P

5a R =PhpOCH; 65% (3:1) 0Bn

0B
BnO On B k
5b R= BnO -y BnO
OH HO

Scheme 3 5
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= Li*
OBOn 0OBn
0
Bno& g0, BnO/&J
B x LN (BRI
2or3
6
OBn OBOn
0
: BnO _78° BnO
x|ty buwe Bnoﬁ\\ .
L]
Li
Scheme 4 7 4

OTBS LDBB, OTC?S
&\ -78°C
TBSO
TBSO SPh

Li
8 9

Scheme 5 11 84% (7:1)

perature followed by addition of the a-lithio reagent 9 to aldehyde 10 [7]
(Scheme 5).

All attempts to transform the a-lithio reagent 4 to the more stable f-anomer
by warming to -20°C, a process that is successful with less functionalized sub-
strates [8], failed, though C(1) isomerization was achieved when the hydroxyl
groups of the sugar are protected as methyl ethers [9]. Thus, reductive lithiation
(LDBB) of sulfide 12 gives the a-lithio reagent 13 at - 78 °C which reacts with
acetone to furnish the a-C-glycoside 15 (Scheme 6). When the lithiated reagent
13 is warmed to -20°C for 45 min, essentially complete isomerization takes
places leading to the fS-lithio reagent 14 which was trapped by acetone to give
P-C-glycoside 16. The lower yield observed with 16 (vs. 15) is attributed to com-
peting protonation during isomerisation but this study also provided a detailed
analysis of the stereoselectivity of this type of process.

When electrophiles other than carbonyl compounds or alkyl halides are
employed, the basic a-lithio reagents need to be converted to other organo-
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OCHs OCHj ocH;
Q LDBB, -78°C 0 |-30°C, 45 min ,
CHso(ﬁ\pSPh L PR — . |CHsC Li
CHs CHs | CHs
12 13 14
>=0 >=0
-78°C -78°C
OCHj OCH3 on
CH307 2 CH307 R o
3
CHj CHs CHs
HsC"ToH
CHs
Scheme 6 15 81% (B, 98:2) 16 59% (c:B, 1:99)

metallic nucleophiles. Access to cuprate reagents is possible, which occurs with
retention of configuration, and an example is shown in Scheme 7. Reductive
lithiation of the a-chloride (obtained by hydrochlorination of glycal 17) pro-
vides the o-lithio reagent 18 which was converted into the mixed cuprate reagent
19 [10]. Reaction of 19 with racemic epoxide 20 requires the presence of
an excess of BF;. Et,0, and leads to the a-C-glycosides 21 (as a mixture of
diastereomers) (Scheme 7). This transformation has been used as a key step in
the stereochemical assignment of the C(1)-C(10) fragment of nystatin A1 [10].

The reductive lithiation of a-alkoxy phenylsulfides is a slow process (typically
0.5-1h at -78°C) and lowering the LUMO of the electron acceptor by using,
for example, an anomeric sulfone, leads to a much faster electron transfer [11].
Reductive lithiation of sulfone 22 is fast (less than 1 min) and leads to similar
a-lithio reagents to those described above and Scheme 8 shows examples of
simple a-C-2-deoxyglycosides 23 and 24 prepared by this protocol. The most
interesting feature of anomeric sulfones is that alkylation prior to the reductive
desulfonylation event is achievable. In this way, a one-pot four-step sequence

OTBS 1. HCI, PhCH; OTBS
0 2.2 LN, -78°C 0
BnO o~ BnO

M
17
[:18 M=Li
19 M = CH,0C(CHj),-=CuLi
?>\Noan, BF;.Et,0 OTC*)BS
20 BnO
OBn
OH

Scheme 7 21 (36% from 17)
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o18s 1.2 LN, -78°C 0TBS
TBSO/X§;:;L\ 2.RCHO TBSO ]
TBSO TBSO

SO,Ph
22 HO R
23a R =Ph 66%
23b R= CsH“ 45%
23¢ R =CH(CH;), 59%
0TBS
0
PCC, AcONa BSO
TBSO
0” "R
Scheme 8 24 83-90%

involving sequential sulfone deprotonation-electrophile (EI*) addition-reductive
lithiation-protonation provides a stereoselective entry to -C-2-deoxyglycosides
28 from sulfone 22 [12] (Scheme 9). Again, homolytic C-S bond cleavage of the
initial alkylated intermediate 25 provides an axial radical 26 that, after a second
electron transfer, generates the configurationally stable lithium reagent 27 which
is protonated, using methanol, to give 28 with retention of configuration.

/X§;§§§j 1. LDA or BuLi Oﬂss 0TBS
BSO 2. EI* T LN, -78°C 0
TBSO SE— $326X§;:;§f5' —— - TBSO El

S0,Ph TBSO
S0,Ph
22 25 26
OE?S 0TBS 0OTBS
TBSO 0 0
LN, -78°C El| MeOH TBSO TBSO{X§;:;¥/
—— TBSEX§;:;%/ TBSO = TBSO CHs
Li H
27 28 28a 43%
0TBS
OT8%H o OH 0TBS,,,
TBSO TBSO : — o} 0 0B
n
TBSO Ph TBSO ! o Tead b2
ff{ BnO OCH;
28b 74% 28¢ 62% (9:1) 28d 51% (3:1)
Scheme 9

If dimethyl carbonate or phenyl esters (e.g. phenyl 1,2-O-isopropylidene-p-
glycerate 29) are used as electrophiles towards 22, then a-C-2-deoxyglycosides
are obtained selectively [13] (Scheme 10). In this case, the intermediate acylated



