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Foreword

The ACS SYMPOSIUM SERIES was founded in 1974 to provide a
medium for publishing symposia quickly in book form. The
format of the Series parallels that of the continuing ADVANCES
IN CHEMISTRY SERIES except that, in order to save time, the
papers are not typeset but are reproduced as they are submitted
by the authors in camera-ready form. Papers are reviewed under
the supervision of the Editors with the assistance of the Series
Advisory Board and are selected to maintain the integrity of the
symposia; however, verbatim reproductions of previously pub-
lished papers are not accepted. Both reviews and reports of
research are acceptable, because symposia may embrace both
types of presentation.
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Preface

CﬂiBOHYDRATES, CHIRAL ORGANIC MOLECULES found naturally or
obtained by synthetic transformations, currently comprise a quarter of a
million or so known compounds. The rich structural diversity of this
group and the multifaceted importance of carbohydrates in biochemistry,
medicinal chemistry, microbiology, technology, and many other areas
have long challenged synthetic chemists toward a multitude of objectives.
The potential of sugars as starting points for highly efficient,
stereochemically designed syntheses of noncarbohydrate targets is now
increasingly recognized by the wider chemical community. Carbo-
hydrates also serve as excellent systems for the study of fine aspects of
stereochemical influence and control of chemical transformations in
multifunctional, three-dimensional matrices.

Trends in Synthetic Carbohydrate Chemistry is divided into two
sections, each of which may be further subdivided into three themes. The
first section, “Synthetic Transformations in Carbohydrate Chemistry”,
surveys a variety of synthetic methodologies useful for transformation of
natural saccharides into desired target molecules. The initial three
chapters focus on functional-group transformations and protective-group
strategy, with special emphasis on aminodeoxy, deoxyfluoro, and
deoxynitro sugars and cyclitols, as well as the formation and cleavage of
cyclic acetals. Examples of applications to specific synthetic aims are
given in Chapters 46, including the synthesis of bicyclic nucleosides, the
Wittig approach to long-chain sugars, and the transformation of sugar
precursors into chiral pyrrolidine alkaloids. The last three chapters of
the first section address the ever-significant problem of high-yielding,
stereoselective glycosidic coupling procedures, first from the standpoint
of basic methodology, next in glycosylations directed toward antibiotics
containing deoxy sugars, and finally in the notable applications that have
provided practical syntheses of cyclodextrins and complex oligo-
saccharides.

The second section of the book, entitled “Total Synthesis of
Carbohydrates”, focuses on strategies for the generation of monomeric
carbohydrates, with major emphasis on the use of nonchiral, acyclic
precursors. The contributors do not “reinvent the wheel” by providing
tedious synthetic access to abundant natural sugars. Rather, they show
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the potential of synthetic design for controlled access to molecules
containing multiple chiral centers that are not readily accessible from
natural precursors. Chapters 10-13 illustrate from a variety of
viewpoints the great utility of Diels—Alder reactions for the direct and
indirect formation of chirally functionalized tetrahydropyrans and
tetrahydrofurans. Chapters 14—16 address the aldol reaction and its
control, the use of boron and tin enolates, and the use of chiral
auxiliaries in the stereocontrolled formation of carbon—carbon bonds
generating new chiral centers. Finally, the last two chapters describe the
harnessing of enzymes as synthetic tools for chiral precursors and target
products, both by use of isolated enzymes and by reactions brought
about by living cultures of microorganisms.

Trends in Synthetic Carbohydrate Chemistry offers the reader a wealth
of contemporary ideas for the construction of complex natural molecules
and their analogs, from conceptualization to practical realization. The
rich legacy of the carbohydrate literature in conjunction with newer
concepts in general organic synthesis has created a unified field that
provides some of the most exciting challenges for today’s chemist. As the
molecular basis of biological concepts opens up new vistas of
understanding, the synthetic chemist is presented with unique
opportunities for exercising creative talent toward significant objectives
of ever-increasing complexity. Emulation of the virtuosity of nature in
synthesis provides an ever-present challenge for the chemist. We hope
that the efforts of those who have created this book will bring broader
awareness of the role of carbohydrates in modern synthetic work and
stimulate others in the pursuit of great intellectual satisfaction and
worthy objectives for their creative efforts in the laboratory.

This book is an international collaborative effort, with authors from
Canada, France, the Federal Republic of Germany, Great Britain, Italy,
Japan, Sweden, Switzerland, and the United States. It is not possible to
cover all aspects of this subject in a single volume, but the contributions
here are broadly representative of innovative work in the field. The
order of the chapters is developed from the relationship of the topics
and is not necessarily related to the sequence of contributions at the two
symposia from which much of the initial material was derived.
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Chapter 1

New Synthetic Methods Emphasizing
Deoxyfluoro Sugars and
Protective-Group Strategy

Walter A. Szarek

Department of Chemistry, Queen’s University, Kingston,
Ontario K7L 3N6, Canada

The selective introduction of fluorine is of continuing
interest not only because of the synthetic challenge
but also because of the possibility of a dramatic
change in biological activity. The fluoride-ion dis-
placement of carbohydrate trifluoromethanesulfonates
using tris(dimethylamino)sulfonium
difluorotrimethylsilicate (TASF) provides a convenient
route to deoxyfluoro sugars. Partially protected mono-
saccharides, having the anomeric hydroxyl underiva-
tized, react with pyridinium poly(hydrogen fluoride) to
yield the corresponding glycosyl fluorides. Two new
developments in protective-group strategy are also
described. These are (i) a method for the selective
silylation of primary hydroxyl groups in carbohydrates
involving the use of N-trimethylsilyl- or N-tert-
butyldimethylsilyl-phthalimide and (ii) a method for
acetal cleavage in carbohydrate derivatives using the
simple reagent system, iodine in methanol.

The search for new methods of synthesis of halogenated carbohydrates
continues to be an active area of investigation. The compounds are
of utility as synthetic intermediates, and many of them are of
intrinsic value in biochemistry and pharmacology. In the present
Chapter methods for the synthesis of deoxyfluoro sugars and glycosyl
fluorides are discussed.

Because of the polyfunctional nature of carbohydrates,
protective-group strategy plays an important role in synthetic
methodology involving this class of compounds. In the present
Chapter, results are described from a study of the utility of N-
trimethylsilyl- and N-tert-butyldimethylsilyl-phthalimide for the
selective silylation of primary hydroxyl groups in carbohydrates.
Also described, is a new, facile method for cleavage of acetals
and dithioacetals in carbohydrate derivatives; the method involves
treatment of the derivatives with a dilute solution of iodine in
methanol.

0097—-6156/89/0386—0002$06.00/0
© 1989 American Chemical Society
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1. SZAREK  Deoxyfluoro Sugars and Protective-Group Strategy 3

Synthesis of Deoxyfluoro Sugars

The expanding application of deoxyfluoro sugars for the study of
carbohydrate metabolism and transport in both normal and
pathological states has stimulated interest in their chemical
(1,2) and biological (3—S5) properties. Furthermore, it has
actuated intensive efforts to develop improved methods of
synthesis, and especially procedures suitable for the preparation
of !®F-labeled carbohydrates for use in medical imaging (6,7).
Included in the approaches taken to this end are addition
reactions of such reagents as molecular fluorine (8—11), xenon
difluoride (12—14), and acetyl hypofluorite (15—20), reaction of
free hydroxyl groups with (diethylamino)sulfur trifluoride
(21—23), nucleophilic ring-openings with potassium
hydrogenfluoride (24—27), and nucleophilic displacement of good
leaving groups by a range of fluoride salts (28—35).

We recently described (gg,gz) the rapid, fluoride-ion dis-
placement of carbohydrate triflates using
tris(dimethylamino)sulfonium difluorotrimethylsilicate (TASF)
(38), a reagent which previously had been utilized (39) for the
synthesis of 1-deoxy-1-fluoro-D-fructose. TASF is a hygroscopic
solid which is freely soluble in a variety of organic solvents in
which it acts as an effective fluoride-ion donor when employed
under rigorously anhydrous conditions; the relatively brief
reaction times (36,37) are such that it may be of interest for the
potential synthesis of !®F-labeled radiopharmaceuticals for
positron emission tomography. Examples of the utility of the
reagent are described in the present Chapter; TASF has been used
to effect the displacement, with inversion of configuration, of
triflate groups at each of C-2, C-3, C-4, and C-6 of suitably
protected aldohexopyranosides, at C-6 of 1,2:3,4-d4i-0-
isopropylidene-a~D-galactose, and at C-3 of 1,2:5,6- di- -0-
isopropylidene-a- Q allofuranose.

The synthetic results have been summarized in Table I. 1In
most cases the displacement of triflate anion occurred rapidly
(230 min) at or below reflux temperature; however, in two examples
(see Table I, compounds A4 and 13) an elimination reaction was
found to predominate.

The reaction of methyl 4,6-0-benzylidene-3-0-methyl-2-0-
trifluoromethanesulfonyl-p-D- mannopyranoside (l) with TASF (an
approximately 3-fold molar excess of reagent was employed per mole
of triflyl group in each case) in dichloromethane occurred rapidly
(<10 min) in cold solution to afford methyl 4,6-O-benzylidene-2-
deoxy-2-fluoro-3-0-methyl-pg-D-glucopyranoside (lh) in 647 yield.
The 3-0-benzyl derivative 2 underwent a rapid ré3ction with TASF at
reflux temperature to give methyl 3-0-benzyl-4,6-0-benzylidene-2-
deoxy-2-fluoro-B-D-glucopyranoside (15) in 457 yield and a minor
product (197 yield) tentatively assigned the structure of methyl 3-
0-benzyl-4,6-0-benzylidene-2-deoxy-R-D-erythro-hex-2-enopyranoside.
Base-catalyzed elimination reactions with triflyl derivatives are
uncommon (40,41), but have been observed in certain furanoid (40,42)
and, recently, in pyranoid (33,35) ring systems (see also Table I).
Eliminations in glycopyranosides occurred (33,35) under conditions
which decreased the ease of nucleophilic substitution (33,43,44).
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4 TRENDS IN SYNTHETIC CARBOHYDRATE CHEMISTRY

Table I. Reactions of TASF with Derivatives (R= SO CF3) of
Aldohexo-pyranoses and -furanoses

Substrate Reaction Reaction Product Yield
Time  Temperature (%)
(min) °c)
O0CH,
/0 Hy / 0.OMe
PhCH oM <10 0-20 PRCH / e 64
\ Me R \0
0 F
1 14
/° Ha /° "2
Me
0. OMe 0
PhCH 1 PhCH 45
\ (98" R ° 40 \Aeen
0 0
F
2 15
Bn0 HZ BnOCH,
0 0Bn o 9Bn
8n R A5 0-20 Bn 11
B3nO Bn0
3 16 "

BnO Hz BnO Hz
0 0
B8n R 50 23 77
Bn0 08n BnO 0Bn
Bn
4 17
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1. SZAREK  Deoxyfluore Sugars and Protective-Group Strategy

Table I. Continued
Substrate Reaction Reaction Product
Time Temperature
(min) (°c)
0CH; OCH,
Pheh 0 OMe PhCH o Me
Me 60 \40 \\ Me £ 65
0 0
OR
5 18
///o Hy OCH,
CH5CCl OCH»CCl3
PhCH o0g 3 PhCH oy 2
\\ger 300 40 AN Al 1 23
0 0
OR
6 19
OCH, OCH,

// 0. OMe
PhCH
\\ R <10
0
OMe
7
Bn0 Hz
0. OMe
08Bn 20
RO
0Bn
8

M
Phdg/ NS
0-20 \\ 65
[o]
F OMe
20
BnO Hz
F oMQ
40 08n 77
08n
21

BnOCH,

BnOCH,
Ri i::::o i::::o
08n 10 0-20 0Bn 67
OMe F OMe
08n 08n
9 22

Continued on next page.
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6 TRENDS IN SYNTHETIC CARBOHYDRATE CHEMISTRY

Table I. Continued

Substrate Reaction Reaction Product Yield
Time Temperature (%)
{min) (°c)
RO H2 F Hz
0 0
/ <10 0-20 / 0 71
Me; MeC
10 23
RO H, FCHz
0, OMe F 0. OMe
0Bn 30 140 0Bn 39
RO
0Bn 0Bn
1 24
OCH»
M92r<
OCH o]
<10 0-20 66
i
OR 0—CMe)
12
7~
Me,C
2V~ H H o
2 I 83
<10 0-20 HoC—C
2 ‘ \
\ q
—!IMez CMe) —CMe3

26
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1. SZAREK  Deoxyfluoro Sugars and Protective-Group Strategy 7

The reaction of benzyl 3,4,6-tri-0-benzyl-2-0-trifluoromethane-
sulfonyl-B-D-mannopyranoside (3) with TAST was complete in less than
5 min below room temperature, to give a low (11%) yield of benzyl
3,4,6-tri-0-benzyl-2-deoxy-2-fluoro-B-D-glucopyranoside (16)

whereas the isomeric a- D- mannopyran051de 4 reacted relatlvely slowly
with TASF at room temperature to give a product tentatively assigned
the structure of 17.

The reactions of the B-D-glucopyranosides 3, 6, and ] with
TASF yielded results which were very different in each case, but
which were fully consistent with the current understanding of
nucleophilic displacements in carbohydrates (41,43—46). The less
rapid and efficient displacement of triflate anion from 6, as
compared with that from 5, may be attributable to the increased
steric hinderance occasioned by the introduction of benzyl and
2,2,2-trichloroethyl groups in place of methyl groups.

Furthermore, the facile displacement of triflate from C-3 of 7
reflects the diminution of the steric and electronic effects which
render the displacement of C-2 sulfonates in B-D-glucopyranosides
much more difficult (44). It is noteworthy that the product of

the relatively difficult reaction of TASF with 6 was found to
contain, in addition to l?, two unidentified components, a result
which indicates the relative increase in competing reactions as
nucleophilic substitution is impeded. The reaction of methyl
2,3,6-tri-O-benzyl-4-0-trifluoromethanesulfonyl-B-D-glucopyranoside
(8) with TASF in dichloromethane at reflux temperature gave within
20 min methyl 2,3,6-tri-O-benzyl-4-deoxy-4-fluoro-Bp-D-
galactopyranoside (21) in 77% yield. Methyl 2,3,6-tri-0-benzyl-4-0-
trifluoromethanesulfonyl-a-D-galactopyranoside (9) reacted with TASF
much more rapidly than did 8 the conversion was complete within 10
min after the addition of TASF to a cold solution of 9 to afford
methyl 2,3,6-tri~0-benzyl-4-deoxy-4-fluoro-a-D- glucopyran051de (22)
in 677 yield. The enhanced ease of dlsplacement of the axially
oriented trifloxy group of 9, as compared to that of the
equatorially oriented one of 8 8, is consistent with the suggestion
(45) that a galacto isomer has a higher ground-state energy than the
corresponding gluco compound.

The nucleophilic displacement by TASF of a trifloxy group
located on a primary carbon atom occurred with great rapidity
under mild conditions. Thus, the reaction of 1,2:3,4-di-0-
isopropylidene-6~0-trifluoromethanesulfonyl-a-D-galactopyranose
(19) with TASF was complete in less than 10 min at 0—20°C and
afforded a 717 yield of 6-deoxy-6-fluoro-1,2:3,4-di-0-
isopropylidene-a-D-galactopyranose (23) In a similar manner,
methyl 2,3-di-0- benzyl-4,6-bis- 0- (trifluoromethanesulfonyl)-p- D-
glucopyran051de (11) reacted rapldly with TASF at reflux
temperature to glve a 397 yield of methyl 2,3-di-0O-benzyl-4,6~
dideoxy-4,6-difluoro-B-D-galactopyranoside (24), this, however, was
accompanied by the formation of a slightly smaller amount of a less-
polar, unidentified compound.

The selective introduction of fluorine into a furanose ring
was demonstrated by the reaction of TASF with 1,2:5,6-di-0-
isopropylidene-3-0-trifluoromethanesulfonyl-a-D- allofuranose (12)
which gave a 667 y1e1d of 3-deoxy-3-fluoro-1,2: :5,6-di- -0-
isopropylidene-a-D-glucofuranose (25). The isomeric triflate 13,
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TRENDS IN SYNTHETIC CARBOHYDRATE CHEMISTRY

having the D-gluco configuration, reacted with TASF under the same
conditions to give an 837 yield of the elimination product,
3-deoxy-1,2:5,6-di-0-isopropylidene-a-D-erythro-hex-3-enofuranose
(26), but no fluorine-containing product was detected.

“~  Very recently, there have been reports of the utility of
TASF for the synthesis of 2'-deoxy-2'-fluoroinosine (47) and of
the 8-6'-fluoro analog of (t)-aristeromycin (48).

Synthesis of Glycosyl Fluorides

The utility of glycosyl fluorides in enzymology (49—51) and as
glycosylating agents (52—64) has stimulated interest in their
preparation and chemistry (2,52,65). The original synthesis (66)
of glycosyl fluorides employed the reaction of peracetylated
aldoses with hydrogen fluoride. 1In addition, glycosyl fluorides
have been obtained by treatment of an acylated glycosyl bromide or
chloride with silver fluoride (67,68), or with silver
tetrafluoroborate (69,70), or with 2,4,6-trimethylpyridinium
fluoride (71). Two recently reported methods involve treatment of
1-0-acetylated sugar derivatives with pyridinium poly(hydrogen
fluoride) (72) and treatment of phenyl l-thioglycosides with
diethylaminosulfur trifluoride (DAST) and N-bromosuccinimide (59).
Also, glycosyl fluorides have been obtained by substitution of a
free, anomeric hydroxyl group by fluorine using 2-fluoro-1-
methylpyridinium tosylate (54), or diethyl 1,1,2,3,3,3-
hexafluoropropylamine (56,73), or diethylaminosulfur trifluoride
(74,15).

We recently described (76) a method for the synthesis of
glycosyl fluorides involving treatment of partially protected
monosaccharides, having the anomeric hydroxyl group underivatized,
with pyridinium poly(hydrogen fluoride), a reagent introduced by
Olah et al. (77). Examples which illustrate the scope of the
reaction are given in Table II. The utilization of Olah's reagent
for the fluorination of carbohydrates at sites other than the
anomeric carbon failed in a series of experiments with methyl
he;opyranosides or their partially protected derivatives (see Ref.
78).

In the case of 2,3,5-tri-0-benzoyl-D-ribofuranose (27)
pyridinium poly(hydrogen fluoride) was added to a solution of 27
in anhydrous dichloromethane and the solution was shaken at room
temperature for 10 h in an atmosphere of dry argon. Anhydrous
acetone was found to be equally effective in most reactions. The
reaction of compound 28 with Olah's reagent required the use of
znhydrous acetone or anhydrous dichloromethane—collidine [1:1
(v/v)]; in the case of compound 30 the addition of collidine was
disadvantageous, whereas in the case of compound 31 best results
were obtained using anhydrous acetone—collidine {1:1 (v/v)] as
the solvent. Compounds 32 and 33 were treated using pyridinium
poly(hydrogen fluoride) as the only solvent. Reaction times
varied from 2 h for compound 3] to more than 12 h for 32 and 33.

The action of pyridinium poly(hydrogen fluoride) on
compounds 29—33 resembles that of anhydrous hydrogen fluoride on
peracetylated D glucopyranose (2,66), and of silver
tetrafluoroborate in diethyl ether (when prolonged) on
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1. SZAREK  Deoxyfluoro Sugars and Protective-Group Strategy

Table II. Synthesis of Glycosyl Fluorides

Substrate Product Yield
(%)
BzOCH BzOCH
20 | 2:0: .
OH 78.8—
B20 Bz0 Bz0 BzO
27 34
BnOCH BnOCH
BnQ /~OH BnoO [
F
0Bn 0OBn
28 35 58.0
(total)
BnOCH
2 0 E
BnO 26 (B)
OBn
36
OCH
Me,C{ 12 Me,c [ 2
OCH o OCH
o2 o7 OH My 31.4
F
29 37

Continued on next page.
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10 TRENDS IN SYNTHETIC CARBOHYDRATE CHEMISTRY

Table II. Continued
Substrate Product Yield
(%)
CHZOAc CH0AC
0 0
OAc OH OAc 53
AcO Ac F
OAc OAc
30 38
CHZOBn CH-0Bn
0 0
OBn OH 0OBn go2
BnO Bn0O F
0Bn BnO
K} 39
CHZOAc CH)0Ac
0 0
0Ac AcO )OH QAc AcO 69
AcO AcO F
32 40
CHZOAc CHy0Ac
AcO 0 Ac 0
OAc OH 0Ac 62
F
OAc OAc
33 41

!H-NMR data indicated that the ratio of g- and R-isomers was v1l:1.

1o 1o

A trace of the B-isomer was indicated by the !H-NMR spectrum.
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1. SZAREK  Deoxyfluoro Sugars and Protective-Group Strategy 11

peracetylated a-D-glucopyranosyl chloride (69) in that it gives
rise to the thermodynamically stable isomer. Moreover, with
compounds 30, 32, and 33, Olah's reagent contrasts with both 2,4,6-
trimethylpyridinium flGoride (71) and silver fluoride (68) in
affording the a-glycosyl fluoride from a partially acetylated
aldose regardless of whether the participating group at C-2 is
cis- or trans-related to the fluorine atom.

Reactions of N-Trimethylsilyl- or N-tert-Butyldimethylsilyl-
phthalimide with Carbohydrate Derivatives

N-Trimethylsilylphthalimide (42) (79) is a poor donor of the
trlmethylsllyl group, and, hence, its application in organic
chemistry has been limited to only special cases (80,81), not
involving hydroxyl groups. However, we have found that 42 in the
presence of weak bases as catalysts provides a reagent system
capable of performing selective trimethylsilylation of primary
hydroxyl groups. As catalysts, the tertiary phosphines,
triphenylphosphine, tri-n-butylphosphine, and
methyldiphenylphosphine, and 4-N,N-dimethylaminopyridine are
suitable; the use of triethylamine affords mono- and higher-
trimethylsilylated products.

The silylation reactions were performed by treatment of a
solution of the substrate (1 mol. equiv.) in oxolane [or a 4:1
(v/v) mixture of oxolane—dimethyl sulfoxide for substrates
insoluble in oxolane] with 42 (1.4—1.5 mol. equiv.) and
triphenylphosphine (0.5 mol. equiv.). The structures of the
substrates employed and of the products obtained, and yields, are
shown in Figure 1. Under the particular reaction conditions
employed secondary hydroxyl groups are either not silylated
or are silylated distinctly slower.

Although a trimethylsilyl group blocking a primary hydroxyl
group is not very stable (82,83) and can be readily removed, for
example, under acetylation conditions (§ﬁ), nevertheless, we have
been able to perform a significant reaction at a secondary
hydroxyl group leaving the (trimethylsilyloxy)methyl group
intact. Thus, ethyl 2,3-dideoxy-a-D-erythro-hex-2-enopyranoside
(48) reacted readily with 42 and triphenylphosphine to afford 49
and phthalimide; this mixture, on treatment in situ with diethyl
azodicarboxylate, gave ethyl 2,3,4-trideoxy-4-phthalimido-6-0-
trimethylsilyl-a-D-threo-hex-2-enopyranoside (50) in 71.4%7 overall
yield (see Figure 2) A salient feature of th1s synthetic process
is that two of the reagents required in the Mitsunobu amination
(85) step, namely triphenylphosphine and phthalimide, are present
already from the first step.

The tert-butyldimethylsilyl group is known to be a
particularly useful blocking group, and Ogilvie and Hakimelahi
(86) have described a method for the introduction of this group
selectively at primary hydroxyl groups. We have examined the
utility of N-tert-butyldimethylsilylphthalimide for this purpose.
Using conditions similar to those employed in the case of N-
trimethylsilylphthalimide did not lead to the transfer of the
tert-butyldimethylsilyl group; even heating at reflux temperature
for several hours was not successful. If the solvent system was

In Trends in Synthetic Carbohydrate Chemistry; Horton, D., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1989.



Y
&4
= *saaTjeAaTIap 93eipiyoqied
m U3t opturTeylzyd-TATTsTAY3IaWTPTAINg-3153~N 10 -TATISTAUISWTI3-N
H Jo suotr3oeal ay3z 103 s3onpoid pue s93RIISQNS *1 21nb1g
Q .
= (7.28) EaNiS =¥ ‘9
m H=Y ‘D
Ly (.07 g ZanIS =y LoSON = SK
m HO (v.67) Eamis =y g (40L) Esmi1S =y *q
2 H=Y4 ‘0 H=d
E 5
© 9%
2 o SWO
m Vo CHooy 3INO OH INo OH
m _ J\ OH H SWO
7 - NH 0 0
2 8 ZHI0y 0y
z
m (477 "G 3NIS =y (/17 N8YZaNIS =y ©0
(765) Eamis =y tq (84) CaWis =y 19
He=y ‘b H=Y ‘D
vy 124 44
No_zo/\o N»ZU/\.O 0
. 0 )
HO HO Eapis—N
072504 0 HI0H
HO0Y

12

In Trends in Synthetic Carbohydrate Chemistry; Horton, D., et al.;
ACS Symposium Series; American Chemical Society: Washington, DC, 1989.



1. SZAREK  Deoxyfluoro Sugars and Protective-Group Strategy 13
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H20$iME3
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CH,0SiMe3
0
0 OEt
50 (71.4%)
Figure 2. Synthesis of ethyl 2,3,4-trideoxy-4-phthalimido-

G-Q—trimethylsilyl—aig-threo—hex-2—enopyranoside.
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changed to 4:1 (v/v) oxolane—hexamethylphosphoric triamide, then
43a and 44a at room temperature gave products having the primary
hydroxyl group silylated in 41 and 447 yield, respectively, and
46a at reflux temperature gave the corresponding product in 407
yield. The non-carcinogenic solvent, 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (87), could not be employed as a
substitute for hexamethylphosphoric triamide.

Cleavage of Acetals and Dithioacetals in Carbohydrate Derivatives
Using Jodine in Methanol

The reagent system, iodine and methanol, has been reported
(88,89) to open oxirane rings to afford B-methoxy alcohols. We
have found (90) that this reagent system is a highly efficient one
for the cleavage of acetal and dithioacetal groupings in
carbohydrate derivatives, groupings which find wide application in
synthetic carbohydrate chemistry (gl,gg). Benzylidine, ethylidene
and isopropylidene acetals can be cleaved at room temperature or
by heating at reflux temperature for a short period. If two
acetal groupings are present in the molecule, one of them can be
removed selectively. Simple glycosides and disaccharides do not
undergo cleavage of their glycosidic linkages under the conditions
employed. Also, acetyl groups survive the reaction conditjons.
However, if the reaction mixture is heated at reflux temperature
for a prolonged period, carbohydrates having a free hydroxyl
group at the anomeric center are converted into methyl glycosides.
It is noteworthy that methyl glycofuranosides preponderate in the
mixtures of glycosides that are formed, a result that resembles
that generally observed in the case of the acid-catalyzed, Fischer
glycoside synthesis (93). The results obtained using a variety of
carbohydrate acetals are shown in Table III. The overall yields
are usually high. Recently, we were able to cleave the
isopropylidene acetal in 6-chloro-9-(3-deoxy-5,6-0-isopropylidene-
a-D-threo-hexofuranosyl-2-ulose)purine and the B-D-erythro isomer
by treatment with a dilute solution of iodine in methanol to
afford the corresponding, parent 3'-deoxy-2'-ketonucleosides, in
each case in 657 yield; these results are particularly
significant, since both of the protected ketonucleoside
derivatives were found to be labile under acidic conditions
normally required for the removal of an QO-isopropylidene group.
The acetal-cleavage reactions presumably involve initially a
complexation of an iodine species with one of the oxygen atoms; a
subsequent reaction with methanol would lead to the free alcohols.
On this basis it would be expected that dithioacetals should
undergo facile cleavage, since the soft acid, iodine, would be
expected to complex readily with the soft sulfur site. Indeed,
treatment of D-arabinose diethyl dithioacetal with a 17 solution
of iodine in methanol afforded, after 2 days at room temperature,
methyl a-D-arabinofuranoside in 707 yield. Other examples of the
removal of dithioacetal groupings under mild conditions are given
in Table III. It was found that cleavage of the dithioacetal
grouping in D-glucose ethylene dithioacetal required heating at
reflux temperature; it is known that mercury(II) chloride-
catalyzed hydrolysis of ethylene dithioacetals occurs slowly (94).
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Table III. Cleavage of Carbohydrate Acetals and Dithioacetals
Using Iodine and Methanol

15

Substrate Reaction Compounds Overall
ConditionsZ Obtained Yield
(%)

HOCH,
0. Me
A, reflux, 30 min H >90
HO |
OH
HO H2
0
A, room temp, 16 h H 85
or reflux, 6.5 h HO Me
H
Me ZC,O Hy HOEH,
~OCH 0 HOCH 0
H B, room temp, 24 h H 80
or reflux, 1—1.5 h
~CMe o g

—CMe;
HO
MGC/D?HZ 0 HZ HOCHZ

2~0CH .0 HOCH 0 < o
H B, reflux, H OMe + H 80
4 h HO OMe

H

~CMe2 H

ocH 4.2(q):4.6(R):1.2
Meyc? f 2 HOCH,

OCH 0 |
A, room temp, 24 h HOCH O
or reflux, 4.5h 65—70
H o 0= l i?
CMe) H ~CMey

Mech HZ HO b
OCH 0O HOCH O Me ™
A, room temp, 36 h 85—90
or reflux, 10 h
H  0-CMe;

—_

XI
x N
X

Continued on next page.
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Table III. Continued
Substrate Reaction Compounds Overall
Conditions® Obtained Yield
(%)
HOCH, 0
H \CM92 A, room temp, 14 h HocHy 0 OMe 90—95
/ or reflux, 7 h Hi CH-0H
H HLo ?
OH
3(a):7(B)
0?\
2-CM
€2 A, room temp, 6 h o‘?\CMez 35
Ho0H
Mezc8 2 HO H CHOH
O\ HOCH, 0
\? Me2 A, room temp, 14 h » OMe 90
or reflux, 6 h H
p CHZOH CH0
Me -~ OH
Ho N 0 75
CMe; A, room temp, 6 h \
T ed M e
. HO H
0 HOCH, O

OMe

H CMe A, room temp, 24 h
2
CHy0H 90

0/ or reflux, 6 h
HL
MexC— OH

0CH, HOCH,
Phcﬁ 0  AcOCH 0 0  AcOCH2 0
Ac Ac Ac Ac
0 CH0Ac  HO 0 CH,0AC
Ac Ac Ac AC

A, room temp, 24 h
or reflux, 2.5 h 85—90

b
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Table III. Continued
Sybstrate Reaction Compounds Overall
Conditions— Obtained Yield
(%)
HO H2
)
/ A, room temp, starting .
Me,C 100 h material
0—-CMe;
Ha HOCH, b
?-0 0 - 0 Me
MEZC/ A, reflux, 4 h H + 51
L1 Me
0-CMe, H H(OH H
2 H,0H
b
HSE), HOCH, O =
HOGH A, room temp, 48 h 70
HCOH M
HCOH e
Hy0H
CHISEN), HOGH2
HGOH HOCH 0 b
HOCH A, room temp, 32 h OMe 74
HCOH
HCOH
HOH
l{a):2 (B)
> HOGH,
HCOH £ h 0
HOCH A, reflux, 18 H
HCOH
HCOH
HZOH 4(a) :1(B)
HSCHzPh)Z
HogH HOEH,
Hg SL A, room temp, 24 h HO H 0 76
HCOH
Hy0H

Y

Solution A: 1% iodine in methanol (w/v); solution B: 0.5% iodine

in methanol (w/v).

Isolated as the per-O-acetylated derivative.
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Developments in protective-group strategy, including the
formation and cleavage of acetals, continue to be of interest in
synthetic carbohydrate chemistry (95,96). The attractiveness of
the reagent system described here stems from its simplicity,
convenience, versatility, and the high yields of the cleavage
products.
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Chapter 2

New Approaches to the Synthesis
of Nitrogenous and Deoxy Sugars
and Cyclitols

Hans H. Baer

Department of Chemistry, University of Ottawa, Ottawa,
Ontario KIN 9B4, Canada

Chiral syntheses based on nitroalkane cyclization, of 3-
amino-2,3-dideoxy- -D-myo- and D- epx ~inositol and of some
asymmetrically substituted derivatives and preparative
precursors of 2-deoxystreptamine are reported. A new mode
of formation of carbohvdrate nitrocyclopropane derivatives
by an internal, cyclizing displacement is disclosed, with
a discussion of the potential of such compounds in chiral
synthesis. Methods for the preparation of amino and deoxy
analogs of o,&-trehalose are outlined, including nitro-
methane cyclization, oxyamination, selective triflate dis-
placement, reductive anination and desulfonyloxylation,
palladium-catalvzed allylic substitution, and iron carbonyl-
mediated chain elongation.

Ongoing concerns in this laboratory include the study of methods for
functional and stereochemical modification of carbohydrates, the
adaptation of synthetic tools largelv developed outside the field to
the special requirements in carbohydrate chemistry, and the synthesis
of sugar derivatives of potential value in biochemical research. For
the advancement of biological and medicinal research there is a need
not only for efficient syntheses of natural products of recognized
significance, but also for a steady supply of synthetic derivatives,
stereoisomers and other analogs which may, potentially, display bio-
activities of their own or may serve as probes for unraveling mecha-
nisms of biological action. Aminocyclitols, because of their central
standing in the field of antibiotics, constitute a particularly
important case in point. The present article describes (a) chiral
syntheses of molecules related to 2-deoxystreptamine, a pivotal com-
ponent of aminocyclitol antibiotics: (b) discloses a new, preparative
route to carbohydrate nitrocyclopropane derivatives having potential
for conversion into various chiral, branched-chain synthons; and (c}
outlines several current methods being developed for the synthesis of
amino and deoxy analogs of the biologically important disaccharide,
o of-trehalose.

0097—-6156/89/0386—00223$06.50/0
© 1989 American Chemical Society
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Chemical Synthesis of an Intermediate in the Biosynthesis of 2-Deoxy-
streptamine

2-Deoxystreptamine (}) is a central building block in the structures
of many important aminocyclitol antibiotics, including the neomycins,
kanamycins, and gentamicins (1). The pathway for its biosynthesis from
D-glucose has been proposed by Rinehart (2 3) to involve an amino-
cyclohexanetetrol, most probably 1L-(1,3 5/2 4)~5-amino-1,2,3,4~cyclo-
hexanetetrol, also designated as 3-amino-2,3- dideoxy-D-myo-inositol
(2), which was then unknown. This assumption was subsequently proved
correct when 2 was isolated from culture media of certain microorgan-
isms (4), its structure confirmed through comparison with a semisyn-~
thetic : sample obtained from deqgradation of chemically modified kana-
nycin-A (E), and its bioconversion into 1 demonstrated (6).

OH H
oA " i
HO NH, NH2
1 R = NHp HO EX
2 R=OH

Convenient preparative access to such chiral aminocyclitols as
2 should facilitate chemical analog synthesis and biochemical muta-
synthesis in the field of aminocyclitol antibiotics. A short and
economical synthesis of 2 and its hitherto unknown 1;—(1,3,4,5/2), or
D- ep1, stereoisomer 3 was therefore devised (7) It is based on the
nitroalkane cycllzatlon method (8), and is delineated in Figure 1.
The nitro sugar 4, available (2 lg) from D-glucose in four steps with
high yields, gives in a single operation (Ac,0--NaOAc; 84%) the nitro-
alkenic acetate 7, via the intermediary diacetate 3 (10). Reduction
of 7 by sodium borohydride had been reported (ll) to furnish the
nitroalkanol 9 directly, but only in 49% yield, on a small scale.
Scaled-up operation under carefully controlled conditions, with isol-
ation of the intermediate 8, now gave 9 in 92% yield from 7. Various
attempts to prepare 9 directly from the 3,5-diacetate 3, by reductive
dehydroacetoxylation and O-deacetylation with sodium borohydride,
proved unsatisfactory. The same was true when the 3,5-bis(trifluoro-
acetate) 6 was used instead; although some 3 could be isolated, a
major (and undesired) by-product was in this case identified as the
trifluoroethylidene acetal 1l.

Hydrolytic removal of the isopropylidene qroup in 9 then gave
5,6-~dideoxy- 6—n1tro~D—q1ucose (10, not isolated), whlch was caused to
cyclize immediatelv by renderlng its aqueous solution slightly basic.
The mixture of 4-epimeric, 2,3-dideoxy-3-nitroinositols (12) could
not be separated but their tetraacetates 13 and 14 could be isolated
pure by fractional crystallization (29 and 23%)." Standard, catalytic
hydrogenation followed by deacetylation procedures finally furnished
the target compounds 2 and 3 via their acetylated derivatives 15-18.
Hydrogenation of the mixture 12, followed by sequential N- and O~
acetylation of the amines produced, proved to be more economical for
larger-scale preparations. This permitted clean separation of the
epimers by virtue of a high tendency for 18 and }é to crystallize.
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(]:H2N02 %HNOE CH,NO» (lleNf)z
ROCH 0 CH 0 CHo 0 CHZO
R —_— R ab, —< H OH
O 84t 0  92% ~100%
\ \
O’\CMGZ O’CMQZ O’CMGZ OH
‘&RiH IR=A ﬁRfAc 10
2 R=Ac a gR=H Y
LR= CoCF3 ——’('_7_ R = COCF3)
OH
QH12NO, o-yc” NO,
CH
rlfo
\CH ‘OI a d | ~100%
/ \
CFy 0-CMe, "o
a. NaBH4—EtOH,-25° ‘l_}'
b. KCOy-MeOH,22° HO OH
c. 0.025 M H,S04,100°
d. Ba(OH),, PH B.5-8.9 HO
2 o N02
e. Aczo BI-‘3, 0-25 12
f. Fractional cryst. A~
g. Hy-Pt e, £
h. NaQMe-MeOH
i. Ba(OH),,98°
AcO
AcO
g,h,1i

Rl
RO OR’
R'O
NHR  Dmyo
15R = R'= Ac
16 R = Ac,R'= H
ZR=R'=H

‘@

uR=w-m
18 R = Ac,R'= H
3R=R'=H

Figure 1. Synthesis of 3-amino-2,3-dideoxy-D-myo- and D-epi-inositols (2 and 3).
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A Chiral Synthesis of 2-Deoxystreptamine

Although 2-deoxystreptamine (1) is itself achiral (meso), it is ren-
dered chiral by monosubstitution at either of the enantiotopic OH-4
or OH-6 groups, or at either amino group, or by unequal disubstitu-
tion at these sites. Such patterns are typical for aminocyclitol
antibiotics. For instance, the neomycins and ribostamycins possess a
glycosylated OH-4 (and OH-5) group, whereas OH-€ is unsubstituted; in
the seldomycins, kanamycins, and gentamicins, both enantiotopic posi-
tions are occupied but unequally so. The stereoisomers destomycin A
and hygromycin B differ solely by being N-monomethylated in positions
1 and 3, respectively. Total syntheses that employ, as building blocks,
unsymmetrically modified but racemic derivatives of 1 must rely on
diastereoselectivities which may be modest, and on diastereomer sepa-
ration at an advanced stage, which may be cumbersome and inefficient.
It would clearly be advantageous to have available, as synthons,

some chiral derivatives of 1 (or suitable, preparative precursors)

in pure enantiomeric forms rather than as racemates. A new approach
to L was therefore designed, starting from D-mannose and proceeding
entirely through chiral stages, thereby providing a number of opti-
cally active intermediates of the type desired (Figures 2-4) (12).

The known l-deoxy-l-nitro- D- glycero-D-galacto-heptitol hexa-
acetate (192), obtained from D-mannose by the nitromethane method
(13), was reductlvely dehydroacetoxylated and the product (20) O-
deacetylated The resultant dideoxynitropentol 21 was acetonated
under thermodynamic control to give, exclusively, the 4,5;6,7-diiso-
propylidene acetal 22. The latter is the favored regioisomer as it
incorporates a trans-disubstituted dioxolane structure. The mesylate
23 and triflate—zghthen prepared were the keystones for later intro-
duction of a second nitrogenous function (Figure 2}.

From this point onward, two alternative routes leading to the
same targets were pursued. They differed in the sequence whereby the
carbocyclic system was established and the second nitrogen group in-
corporated. In the first variant (Figure 3), compound 23 was selec-
tively deacetonated with 90% trifluoroacetic acid in toluene at -20°
to furnish the 6,7-diol 23, which was cleaved by periodate to give
the substituted, 5,6-dideoxy-6-nitro-aldehydo-D-arabino-hexose 26.
Base-catalyzed cyclization of this nitro sugar led to a separable
mixture of epimeric cyclitols, 27 and 28, with the latter slightly
preponderating. When the mixture was fractionally crystallized from
ethanol in the presence of a trace of alkali, part of the less stable
(and more soluble) 27 present was converted into the desired, less
soluble epimer 28, which crystallized in 70% yield. Compounds 27 and
28 were readily hydrolyzed to the respective triols 30 and 32, char-
acterized as highly crystalline triacetates (gl and 2}). Next, both
28 and its progeny 32 were subjected to displacement reactions with
azide ion, which gave high yields of azidonitrocyclitols. However,
both products had lost their stereochemical inteqrity, as partial
eépimerization at the carbinol position vicinal to the nitro group
occurred during the process, vitiating the preceding epimer separa-
tion. Nevertheless, pure triol 34 was isolated in 72% vield, and
purification of the isopropylidene derivative 29 was also possible
(see later). -

In the second approach, the sequence of ring closure and azide
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cI:HZNo2 $H2Noz
HCOAc CH,
I ! ozNu(! OR
AcOCH ROCH e G o "
ACOCH NaBli— MeCN ROC(ZH Me,C(OMe),, MepCo, H* { 2
1 0°; 854 i 259; 81%
HCOAc¢ HCOR
HCOAc¢ HCOR \
Me,C =
CH,0AC CH,O0R
20 R = Ac R=H
12 NaQMe i i';g R = Ms (76%)
80% L2l R=H 28R=Tf (>67%)

Figure 2. Synthesis of 1,2-dideoxy-1-nitroheptitol 3-sulfonates.

?H,No2 ?HZNOZ
CHe ?H,
MsOCH MgOCH
23 0% TFA O(I:H NaIO, ocH NaQMe
~ phne,—zoﬁezc’__h MezC/ i MeOH, 25°
H(I:O H?O
HCOH CHO
CH, OH 26
5 L
% o % NN
0—CMe, O—CMe,, 0—CMe,
29 (+ epimer)
ONMs
O N Na
OH
HO
OR RO
DR=H 32R=H 34 (+ epimer)
31 R = Ac [R=A

Figure 3. Synthesis of azidonitrocyclitols 29 and 34.
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displacement were reversed (Fiqure 4). First experiments to displace
the mesyloxy group in 23 under conventional conditions gave the pro-
tected azidonitroheptanetetrol 35 in low yields only, as an unexpec-
ted side-reaction intervened (to be discussed in the next section).
Although pase-transfer conditions were eventually found that produced
35 from 23 in 76% yield, the reaction was inordinately slow (6 days
at 567). “The 3- -triflate 24, on the other hand, proved far superior in
that regard, affording 35 (> 85%) within 6 h at 25°. selective 6,7~
deacetonation, followed by periodate oxidation of the diol 36, gave
the aldehydo-azidonitrohexose 37, which was cyclized by base cataly-
sis to provide a mixture of 29 and epimer 38. Again, fractional
crystallization under epimerizing conditions (as for 27 + 28) allowed
the less-soluble 29 to be isolated in~70% yvield. Finally, platinum-
catalyzed hydrogenation converted the triol 34 into 2-deoxystreptamine
(l), and the acetal 29 into the optically active 4,5-0-isopropylidene
derivative (39) of l, isolated as the crystalline diacetamide 40.
Compounds 29, Qﬂ 39, and 40 constitute chiral synthons suitable
for use in stereospecific aminocyclitol synthesis. Thus, 40 or other,
appropriately N-protected derivatives of 39 may be employed for
stereospecific substitution at OH- 6; alternatlvelv, after temporary
protection of OH-6 followed by removal of the acetal, the molecule
should be amenable to manipulation at OH-4. In 29 and 34, the two
unequal nitrogenous functions may be reduced stepwise to amino groups,
thus offering possibilities for stereospecific introduction of an N-
substituent at either position. In order to demonstrate that such a
strategy is feasible, reaction sequences leading to the enantiomers
of mono-N-methyl-2-deoxystreptamine were performed, as illustrated
in Figurg 5.

Formation and Potential Utility of Carbohydrate Nitrocyclopropanes

As mentioned in the foregoing section, an unexpected side-reaction
was observed when various conditions for azide displacement in the
mesylate 23 were studied. Homogeneous-phase reaction with tetrabutyl-
ammonium azide in boiling toluene consumed 23 completely within 1 h,
but gave only 46% of 35. Three byproducts, isolated in yields of 25,
4.5 and 3%, were elucidated (14) as the l-epimeric nitrocyclopropanes
4l and 42, and the branched-chain azidonitro compound 43 (Figure 6).
Evidently, 41 and 42 arose from internal displacement initiated by
proton abstraction from the nitromethylene group, caused by the basi-
city of azide ion (Equation 1), and 43 seems to stem from a slow,
subsequent nucleophilic substitution on the ring, with nitronate
anion functioning as the leaving group. The results of using phase-
transfer conditions are also shown in Figure 6.

CHNO, CHy CHNO,
e /o | Scano, Hzc/ |
H : P
23 — HC ‘ — HC = New (88
- Sk I |
MsO5C &
=

With solid §9§ium hydrogencarbonate instead of the azide, com-
pound 23 gave 41 as the main product (85%), together with a trace of
ﬁg (14) This recalls a related precedent, namely, 7-elimination of
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Zor
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HCN HCN HCN
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Me, C—h Me,C— Me,C 1
HCIZO HCIZO
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S 3
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Figure 4. Synthesis of chiral acetals 39 and 40 derived from 2-deoxystreptamine.
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a. Pd-cyclohexadiene.

b. Ac,0 — MeOH. c. AcCOCHO s~ MeOH. d. H =~ Pt. e
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. DHP « TSOH.
g. MeyNCH(OMe),. h. HCl. i. MeOTf.

Figure 5. Synthesis of the enantiomeric mono-N-methy1-2-deoxystreptamines from 29.
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hydrogen bromide by the action of potassium acetate from (x-alkyl-or
aryljﬂ—nltroethyl)bromomalonates (15 16), see Equation 2. Our reaction
took place under conditions similar to those of the well-known, nitro-
alkene-forming dehydroacetoxylation of A-nitro esters (the Schmidt —
Rutz reaction) and might therefore be dubbed a "homo" variant of the
latter. CHR

OzN-—CHz-CHR—CBr'(COzMe) 7 = 02N—CH——-C (C02Me) 2 (2)

Spurred by these observations, we examined a relevant application
of the method for nitrocyclopropane synthesis from nitroalkenes and
dimethylsulfoxonium methylide (17), Equation 3. It had previously lreen
employed for the synthesis of a 2 3-dideoxv-2, 3~ C—nethylene 3-nitro-
hexopyranoside, the first one of the small number of carbohvdrates
containing the nitrocyclopropane structure thus far known (18).

CY2
+ -
R-CH=CH-NO, + Me,S-—~CH, —& R-CH-——-CH-NO, + Me,S (3)
[e]

Treatment of the known nitroalkene 44 with the ylide indeed gave
41, but it was accompanied by a small proportion of the stereoisomer
45 (14). Although the preparative yield was low (~30%), the high
diastereofacial selectivity of the methylene addition was remarkable.
It becomes plausible on inspection of a molecular model, which points
to hindered approach from one face, and unhindered approach from the
other (Figure 7).

Another mode of formation of carbohydrate nitrocvclopronanes,
studied by us earlier (lg), consists of nitrogen extrusion from
pyranosidic, 2,3-dideoxy-3-nitro sugars bearing a methvleneazo bridge
in the 2,3-positions. Such fused-ring l-pyrazolines had been obtained
(19) by 1,3-dipolar cvcloaddition of diazomethane to 3-nitro-2-eno-
pvranosides (Fiqure 8). In order to explore a possible application to
carbohydrates possessing a terminal nitroalkene grouping, the com-
pounds 7 44, and 46 were treated with ethereal diazomethane. They
reacted rapidly at low temperatures, but not in altogether clear ways.
(More than 1 molar equivalent of CH2N2 was consumed.) Crvstalline,
yellow products isolated in moderate yields were determined to be
4-substituted, 3-nitro-2-pyrazolines (48) , probably formed by tauto-
merization of the l-pvrazolines expected as the primary adducts (20) ;
see Figqure 9.

In the readily available cyclopropane 41, C-2 comprises a center
of chain branching whose configuration is riqorously defined (as R)
thanks to the manner in which it was engendered. It should be possible
to take advantage of this circumstance for generating, bv scission of
the 3-membered ring, some stereospecifically functionalized molecules
which, after appropriate manipulations in the sugar moiety, could
serve as useful synthons for general purposes. Compound 43, apparently
originating from ring opening after azide-promoted formation of 41
(or 42), offers itself as a first candidate for such transformations,
provided it can be prepared in an acceptable yield. Thus, sequential
reductions of the two nitrogenous functions, each followed by indivi-
dual N-substitution as desired — in analoqy to the transformations of
29 illustrated in Figure 5 — would provide avenues to compounds of
type 49, in which the residue Z, originally representing the polvol
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Figure 6. Formation of nitrocyclopropanes 41 and 42 from mesylate 24.
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Figure 7. Formation of nitrocyclopropanes from nitroalkene 44.
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Ph Ph Ph
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Figure 8. Formation of a carbohydrate nitrocyclopropane from a nitroalkenic sugar via a
pyrazoline.
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Figure 9. Preparation of some carbohydrate pyrazolines by cycloaddition of diazomethane
to nitroalkenic sugars.
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chain, may be modified by degradation to comprise functionalities
(e.g., ~CHO, —CH,Br) suitable for carbon — carkon bond formation.
Furthermore, conversion of the nitromethyl group into a formyl, hydr-
oxymethyl, or carboxyl group by existing procedures (21), deamination
of a selectively-formed amino group, and other functional modifica-
tions may be contemplated, which should make 43 an exceedingly versa-
tile stepping stone in syntheses of chiral, w,w’'~disubstituted isoalkyl
structures. We have not yet achieved a preparative conversion of 41
into 43 by azide, but sodium thiophenoxide in boiling oxolane reacted
readily with ﬁ} to give the thioether 50a and, interestingly, the thio-
hydroximic phenyl ester 20b (R as for 44 in Figure 9) . Both products
were desulfurized and reduced with Raney nickel, yielding the same
anine (30c), isolated as a crystalline N-acetyl derivative (Baer,H.H.,
williams, U., Radatus, B., Carbohydr. Res., in press). Oxidative de-
gradation of the (deprotected) sugar chain then led to (=)-(R)-3-
amino-2-methylpropanoic acid, a compound of considerable importance
(22) in thymine metabolism and elsewhere in biochemistry. Its carho-
hydrate-based, stereospecific synthesis exemplifies the concept just
propounded.

1,2
CHZNR R CH2N02 PhS\C4,N0H H2CNH2
R3R4NCH2—'C —H PhSCH2 —C=H PhSCH2 —C-H CH3—C-H
I I
49 Z §ga R 50b R Egc R

In general, however, fission of the nitrocyclopropane ring in 41
appears to be unusually difficult. A number of reagents known to open
cyclopropane rings were found ineffective under the conditions tried:;
they included hvdrochloric and hydrobromic acids, bromine, and cata-
lvtically activated hydrogen. Hydroaenation over palladium-on-carbon
readilv reduced the amino group but failed to cleave the ring. The
exploitation of chiral nitrocyclopropanes for purposes of stereospe-
cific synthesis therefore remains a challenging probhlem.

Methods for the Synthesis of Aminodeoxy and Deoxy Disaccharides

Related to«x-Trehalose

The disaccharide o,d-trehalose (1) is a sugar of great biological sig-
nificance because of the varied roles it plays in Nature as a struc-
tural constituent (e.g., in the cord factor of mycobacteria), as a
reserve source of energy (e.g., in insects during flight), and as a
possible intermediate in D- qlucose resorption (23) Furthermore, its
2-, 3-, and 4-aminodeoxy derivatives (52—54) as “well as an ®-D-manno
stereoisomer of 32 (52, with OH-2' 1nverted) occur as actlnomycetal
metabolites, reported to show (modest) antibiotic activity (gﬁfQZ)
The chemical synthesis of derivatives and analogs has long cormmanded
much interest, as such compounds are required for the study of struc- .
ture—activity relationships in the action of trehalases (23,28), may
serve as substitutes for 31 in the synthesis of cord-factor analogs
to be used as probes in the field of mycobacterial biochemistry (29,
30), and could possibly prove to possess interesting properties as
enzyme inhibitors or antibiotic agents.

Several groups of investigators have reported syntheses of numer-
ous, aminated ®-D-hexopyranosyl o -D-hexopyranosides. These include
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the natural products 352 (31 32) ~and its aforementioned D-manno isomer
(32), the 6-amino isomer 35 (33 34), the x—D-altto,<x>D~q1uco stereo-
1somet(35)of 23, and 6, 6' —dlamlno -6 6'-d1deoxy-( o« -trehalose (33 36)
as well as 1ts 2,2'~diamino-2,2"'-dideoxy-« -D~altro, -D~ altro isomer
(35,37), the 3,3'-diacetamido-3, 3’—d1deoxy-« D-allo, o —D -allo analog
(38), the 3,6,6'-triacetamido-3,6,6" —ttldeoxy- -D—allo, o ~D- qluco
analog (39), and the 4,4',6,6'-tetraamino-4,4',6 6'—tetradeoxy- -D-
galacto, « -D-gglacto analog (40). Many further 2, 2'-, 3,3'-, 4,4'-

and 6,6'-diamines and 4,4',6, 6'-tetraamines that possess addltlonal
(unsubstituted) deoxy groups were described by Hough, Richardson, and
their associates in an extensive series of articles published during
1970—1973 (see 35 41 for lead references). Although some of the
syntheses here teferred to were based on Koenigs—Knorr condensations
of monosaccharidic components, the majority comprised chemical trans-
formations starting from commercial 21. Oour own efforts in this domain
were focused partly on the latter approach, and partly on a third
alternative; the methods employed for preparing the new, aminated
trehalose analogs 53 and 36— 67 are surveyed in the subsections that
follow. Only the key steps relevant to introducing nitrogen and estab-
lishing the regio- and stereo-chemical patterns in the molecules will
be highlighted, whereas well-precedented procedures for generatina the
requisite starting compounds and for elaborating the final targets
cannot be reviewed here. The last two subsections deal with the pre-
paration of some non-nitrogenous deoxy analogs.

Nitromethane Cyclization. In the realm of disaccharides, the first
application of the nitromethane method for cyclization of "sugar di-
aldehydes" had afforded, from sucrose selectively cleaved in the
fructofuranosyl moiety with lead tetraacetate, a mixture of nitro
sugars from which reduction furnished 4-amino-4- deoxyﬂG—D-qluco~hept-
ulopyranosyl «-D-glucopyranoside (42). when the method was applied
later (43) to the tetraaldehyde quantitatively produced from trehalose
(31) by periodate oxidation, a mixture of 3,3'-dideoxy-3,3'-dinitro
dlsaccharldes was obtained (in 90% crude yield), which corresponded,
configurationally, chiefly to 59, 60, and 6l. Separation of the nitro
isomers was laborious, however, giving them pure in yields (based on
51) of only 14, 16 and 6%, respectively. Catalytic hydrogenation then
afforded 59—61, isolated as crystalline hydrochlorides.

Osmylation. Osmium tetraoxide-catalyzed cis-oxyamination of the di-
saccharidic diene 2Q was used to prepare the regioisomeric D-manno,D-
manno diamines 61—63 (44) and the corresponding ronoamines 56 and 37
(45). A practlcal procedure for preparing 70 from tri- O-acetyl D-glucal
(§§) was first elaborated. It consisted of converting one part of 68
into "4,6-di-O-acetyl- D-pseudoglucal” (§9) and then condensing the
latter with a second part of the former by catalysis with boron tri-
fluoride (Ferrier reaction). Oxyamination with chloramin-T then gave
mixtures of bis- and mono-tosylamido suqars (71 + 72), in ratios depen-
dent on the proportion of reagent used (Fiqure 10). Separation of the
regioisomers gave the bis (sulfonamides) (2:4:7 ratio) and the mono-
(sulfonamides) (~1:1 ratio) individually in pure form. The latter were
Eigjhydroxylated under osmium tetraoxide catalysis in the presence of
either N-methylmorpholine N-oxide or triethylamine N-oxide, to give

the isomers 73 in high vields. Each of the five tosylamides (71 and

73) was finally converted into the corresponding amine by treatment
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Figure 10. Synthesis of trehalose-type amino and diamino sugars having the D-manno,D-
manno configuration.
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with sodium in liquid ammonia. The osmylations appeared to occur with
complete diastereofacial selectivity, with the reagent attacking the
face of the alkene opposite from the allylic substituents present (at
C~1 and C-4); no evidence for the formation of allo products was found.

The mono-unsaturated disaccharide 74 was also prepared (46). It
was obtained in 93% yield by condensation of 68 with 2,3,4,6~tetra-
O-benzyl-x -D-glucose under catalysis (47) with stannic chloride.Pre-
liminary expériments indicated that it can likewise be oxyaminated
(48). If this is borne out in further studies, a route would be open
to the D-manno,D-gluco stereoisomers of 56 and 57.

Trifluoromethanesulfonate Displacements by Azide. We were first per-
suaded of the superior leaving-group characteristics of the trifluoro-
methylsulfonyloxv qroup, as corpared to the mesyloxy group, during our
synthesis (ig) of 3-amino-3-deoxv-&,o -trehalose (2}) which, incident-
ally, anteceded by a year the discoverv of this compound as an anti-
biotically active metabolite of Norcardiopsis species (25). Displace-
ment with lithium azide in the mesylate 75 was extremely slugagish,

and was accompanied by a great deal of 3,4-elimination, whereas the
triflate 76 reacted smoothly under mild conditions, with elimination
being avoided (Figure 11).

However, even triflate displacement may be problematical, as was
realized in a new, stereospecific synthesis of the diamine g1 (50),
undertaken because the two aforedescribed syntheses had furnished 61
as a minor product only. The partially blocked ®-D-altro,x-D-altro
disaccharide 11, obtained (51) from 51 in 4 steps—(53% overall), gave
the bis(triflate) 18, which was subjected to the action of azide ion
under a large variety of conditions. Invariably, the desired diazide
72 was accompanied by elimination products (8Q and 8l), which often
preponderated (Figure 12). This was perhaps to be exrected as 78,
unlike its counterpart 76, is axially substituted at C-2; displacement
at C-3 is thereby impeded and competing elimination becomes more
favored. Nevertheless, optimal conditions involving phase-transfer
reaction were worked out that permitted isolation of 739 in 51% vield.
Hydrolytic removal of the benzylidene acetals, followed by catalytic
transfer hydrogenolysis for simultaneous reduction of the azide groups
and O-debenzylation, provided 61 in 30% overall vield from 77 (16%
from 51).

The unsymmetrical ditriflate 82, identical with 78 in one half of
the molecule but regio- and stereo-isomeric in the other (Figure 13),
showed interesting behavior in azide displacement performed under the
same phase-transfer conditions (52) . Mainly the axial 3-triflate group
in the altro moietv reacted, with a ratio for displacement (to give
55% of monoazide 83) and elimination (to give 22% of enol ether 84)
qualitatively similar to that observed for 78: only 8% of diazide 83
vas formed, indicating a much lower reactivity of the equatorial 2-
triflate group in the gluco moiety. However, 83 was convertible into
85 (yield, 78%) by azide displacement in homogeneous phase. The dis-
covery that displacements in a ditriflate may be performed regioselec-
tively in a stepwise fashion was exploited for an alternative route
to the monoamine 57. Thus, the 3-azido-2'-triflate 83 was subjected
to a second displacement, but with sodium Lenzoate in homogeneous
phase, and the product (86) was then by standard procedures converted
into EZ, obtained in 14% yield over 6 steps from 82 (§39.
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Figure 11. The key step in the synthesis of 3-amino-3-deoxy-a,a-trehalose (53).
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Differential triflate reactivities as just described similarlv
gave access to the regioisomeric triamines 65 and 66 from a single
precursor, the unsyrmetrical diazido sugar 89 (Figure 14). Action of
sodium azide upon the diepoxide 87 (readily prepared from 51) had been
known known to give mainly the symmetrical counterpart 88 (35), bhut
was now found (53) to yield additionally the (partial) anti-First —
Plattner product, 89, on a practical scale. Sequential displacements
in its ditriflate, with azide followed by benzoate and in reverse
order, furnished 2,3,3'- and 2,3,2'~triazido D-manno,D-manno deriva-
tives, respectively, which were used to prepare 5 and 66 by standard
manipulations. The tetraamine g7 was synthesized via double displace-
ment, with azide, from the ditriflate of gﬁ (22).

Reductive Amination. Reductive amination of ketones with sodium cyano-
borohvdride in the presence of ammonium acetate constitutes a useful,
general method for amine synthesis (54). In order to explore its poten-
tial merits in disaccharide functionalization, the diketone 90 was pre-
pared from the diol 77 by Pfitzner—Moffatt oxidation, and subjected

to that reaction (55). The resultant rather complex mixture was treated
with acetic anhydrfae in methanol, in order to N-acetvlate any amines
rresent, and then partially fractionated by chfghatoqraphv, furnishing
in €40% yield the k- D- -altro, K-J%altro diacetanide °1 as the main pro-
duct. Functional- qroup adjustnent led to thre dlanlno suqar 64, which
was identical with €4 concurrentlyv prepared for comparison throuqh de-
benzylidenation and hydrogenation of the known (35) diazide 92 {Fiqure
15). -

About one-half of the product-weight could not be recovered in
chromatography of the reductive-amination mixture, and more work is
clearly needed to unravel the complexity of the process. Thus far, 4
ninor byproducts were isolated crvstalline in yields of 1.5—8%. All
possessed one 3-acetamido-3-deoxy-«& -D-altro residue, in common with
2;, but were not aminated in the second residue. Two of them were epi-
meric 3'-carbinols resulting from nonaminative reduction, and the other
two were epimeric 3'-cyanohydrins.

Palladium-catalyzed, Allylic Amination. RAllylic substitution of mono-
sacchariaic hex-2- enopyranos?gguztsbetates with secondary amines in

the presence of tetrakis(triphenylphosphine)palladium(0) had led to a
large variety of 4-aminated 2-enosides, with retention of configura-
tion (56-58). The method was applied to the disaccaridic enoside 74

to give, with benzylmethylamine or dibenzvlamine, the 4-amino sugar
derivatives 38 in yields of 92 and 67% (46) . Studies concerning hydrox-
ylation of the double bond and subsequent deprotection are incomplete.

Deoxy Analogs by Reductive Desulfonyloxylation with Lithium Triethyl
borohydride. Lithium triethvlborohydride (LTBH) is an efficient rea-
gent for the reductive desulfonyloxylation of certain secondary p-
toluenesulfonates of monosaccharidic glycosides (§2). Its action
differs mechanistically and, consequentlyv, with respect to the stereo-
chemistry of the major products formed, from that of lithium aluminum
hydride, a less efficient reagent previously used for similar purposes.
The newer method of deoxygenation has been applied successfully (60)
to various sulfonic esters of &,«-trehalose (Figure 16). Thus, treat-
ment of 4,6;4"',6'-di- -O-benzylidene-2,3,2',3"'~tetra-0-tosyl-aatrehalose
(93) with TTRH in boilina oxnlane for 3 h caused preferential O-desul-
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fonylation at 0-2 and 0-2', followed by internal displacement of the

3- and 3'-tosyloxy groups and reduction of the resulting epoxide rings,
to give directly the 2,2'-dideoxy disaccharide 98 (yield, 65%), prev-
iously obtained (61,62) from the diepoxide 97 by its reduction (18 h)
with lithium aluminum hydride (yield, 52%).

Action of LTBH upon the 2,2'-ditosylate 24 afforded the known
3,3'-dideoxy sugar 100 less efficaceously, evidently because of com-
peting, partial O-desulfonylation which, however, provided as a benefit
the new, unsymmezfical disaccharides 102 and 103 (11 and 8%) that were
formed via the monoepoxide 10l. Compound 102 was the main product of
deoxygenation when the 2-monotosylate 95 was treated with LTBH, al-
though anti-Flirst—Plattner opening of intermediary oxirane 101 is
believed to have taken place as a minor side-reaction in this instance.

The 2,3,2'-tritosylate 36 produced a complex mixture from which
the main products, namely, the new unsymmetrical 2,3'-dideoxy and 3-
deoxy sugars 104 and 105 were isolated crystalline, each in~20% vyield
after chromatography.

For possible future applications of the LTBH method with other
oligosaccharide derivatives it must be borne in mind that regio- and
stereo-chemical reaction courses as just described are contingent on
a sterically rigid protection of the 4,6-positions (as is present in
trans-fused, cyclic acetals), and on a 2,3-trans substituent arrange-
ment (that permits formation of intermediary epoxides). In the absence
of the former constraint, contraction of the pyranoid to a bkranched-
chain, furanoid ring may occur (63), whereas for 2,3-cis orientations,
as for example in 4,6- -0- benzylldene—u. D-mannopyran051des, the regio-
chemistry of deoxyqenatlon is reversed owing to intervention of intra-
molecular hvdride shifts (gﬁ).

Chain Elongation by Means of an Iron Carbonyl Reagent, The method of
chain elongation at the nonreducing terminal of 6-deoxy-6-halo and 6-
O-tosyl-hexopyranosides, recently developed (65) on the basis of
organoiron chemistrv, was applied to 6,6'-di- O- tosyl-d ok -trehalose
hexaacetate (l9§)' Reaction of 1Q€ with sodlun dicarhonyl- *L—cyclo—
ventadienyliron in oxolane at 25° led to substitution of the tosyloxy
substituents by the anionic iron complex (Figure 17). Without its
isolation, the vroduct was treated with bromine in the presence of
methanol, effecting oxidative carbonvl insertion followed by methan-
olysis, to give dimethyl (2,3,4-tri- -0- acetvl-6-deoxy~ d.—D—qluco hepto-
pyranosyluronate) (2,3,4-tri- 0~ acetvl-6- ~deoxy- & ~-D-gluco- hentopvrano~
siduronate) (107), the first derlvatlve of a trehalose homolog con-
sisting of two seven-carbon sugars. The dibenzyl ester was ohtained
in similar fashion, and studies are underway to prepare the free di-
carboxylic acid and, by its reducticn, the neutral 6-deoxyheptopvran-
osyl 6-deoxyheptopyranoside (Baer, H. H., Breton, R.; unpublished).
The goal of these investigations is to synthesize novel “pseudo cord-
factors" by esterifying the 7,7'-rositions of the neutral sugar with
lipid acids, and "mirror pseudo cord-factors", by esterifyving the
dicarboxylic acid with lipid alcoliols. Similar syntheses have been
performed (ZE,EQ,QEJEZ) with other “rehalose analogs including (% ~2—
glucopyranosyluronic acid) (o -D-gqlucopvranosiduronic acid), with a
view to providing probes for corre:ating structure with biological
function in mycobacterial lipids.
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Chapter 3

New Method of Orthoesterification
Under Kinetic Control

Formation and Selective Hydrolysis of Methoxyethylidene
Derivatives of Carbohydrates

Mohamed Bouchra, Pierre Calinaud, and Jacques Gelas

Ecole Nationale Superieure de Chimie, Universit¢ de Clermont-Ferrand,
Boite Postale 45, 63170 Aubiére, France

The reaction of ketene acetals upon mono- and
oligo-saccharides is a new route to unusual cyclic
orthoesters escentially under kinetio control . The
reaction proceeds by preferential attack of the
reagent on the primary hydroxvyl!l sroup if arny, and
the prefered tautomeric form in solution for
free sugers. Ohtention of cstrained-and medium-sizod
rings is possible.

The methoxvethylidene derivatives thuo obloined
are very sensitive to hydrolysis and very mild
conditions can be uced tao ohtolin selectively X~ or
B-hydroxvacetates useful as intermediates in struc-
tural modifications of sugars or in glvecosidic syvn-
these-« .

The usce of encl ethers 1s now a well-eatalrlishand
methodl for acetonation of carbohvdrates under kinetic
control (1,21 Specially, P-methaxyvinropene rceacts with
diols (Figure 1) to give isopropyvlidene derivetives whici
may be siunificantly different from those obteined under
classical thermodviamic conditions. The reaction hes been
successfully applied to free sugars and deoxysugars { 3-7],
plvcosides (8), oligossccharides (9-12), diethyldithio-
acetals of free sugers (13-15) and polyols (18} . [ts
extension to the use of other enol ethers has also been
exploited: elhylidene (from ethyl vinvyl ether) 13, 14)
and cyclohexylidene ( from 1-ethoxycyclohexenel (17} deri-
vatives were obtained under the same conditions. Specifi-
cally protected qugars thus availabile, ucually in higph
vields, have heen prepared in varicus other laboratories
and ecnploved in structural modification of cugarse ar in
glvcosydic svnthesis (see, for instance, refs. 18- 22) .
Bcating-up tive reaction precsents no maior difficulties
{ave, For instance, ref. 23 Far the ayntheais of 1,2:5,6-
di -0-isopronylidenc-D-mannito) on more than a 100-gram
trasis following ref. 1A, notwithastanding some adifficulticos
apparently experienced bv some authors (24.25)7 .

0097-6156/89/0386—0045306.00/0
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46 TRENDS IN SYNTHETIC CARBOHYDRATE CHEMISTRY

Having at hand this strategy for specific acetala-
tion of susars, we considered the use of ketene acetals
instead of eaol ethers might afford a good mean of access
to orthoesters under kineticelly controlled conditions

(Figure 2). At the time we initiested this work, at least
two reeactions of ketene acetals with an alcohol were known
(Figure 21. The first one described the intramoleculear

addition of the primary hydroxyl group at position 47 of
4-hydroxymethyl-2-methylene-1,3-dioxolane (26);: the second
one was the production (27) of a bicyeclic orthoester of
the bicyclol(2.2.2loctane series from dehydrohalogenation
of a8 bifunctionnel 1,3-dioxane [ probably through the in-
termediacy of the (non-isolated) methvlene dioxane gene-
rated by PB-elimination of HCl and suhsequent intramole-
cular addition of the hydroxyl groupl.

By analopgy with the resction using enol ethers
{which generally does not cause any attack on the hydroxyl

graunp ot the anomeric center) , we expected that the reasc-
tion using ketene acetals would lead to orthoesters at the
non-anomeric positions. Although 1.,2-~urthoesters of sugar
are well-known (28-30) and widely wused, especially for
glycoside synthesis (31-34). few orthoesters are know in
which the anomeric center is not involved. Four different
examples are given in Figure 3, respectively in the

nucleoside series {35-37) (ethanolysis of the 2,3-orthoes-
ter gave a mixture of reesicisomers of formates), for
methyl x-D-arabinopvranoside (38) (reduction of the 3,4-
orthoester provivied an unusual Approach to ethylidene
derivatives), for a D-galacto derivative (39) (hydrolysis
of the 3,4-orthoester was regiospecific, giving the axial
ester, affording OH-3 free for glycosyletion in the syn-
thesis of hloocd-group substances) and, finally, for the 3-
O-methyl-1,2-0-isopropyvlidene-a-D-glucofuranose(40) (ther-
mal degrasdation of the 5,6-orthoester led to an ethylenic
sugar) . Very few other examples can be found in the lite-
rature: they concern (i} the hydrolysis of the 3,4-ortho-
acetate of methyl 2.6-dideoxy-a-D-lyxo-hexopvranoside
{41):; (ii) the formation of the 2,3:5,6-diorthoformate
derivative of methyl a-D-mannofuranoside (42): eand (1iii)}
the isolation of the 4,6-orthocacetate of D-idopyranose 1in
the reaction of antimony pentachloride with B-D-glucopyra-
nose pentaacetate (43)

ORTHOESTFRIFTICATION OF PYRANDSES AND PYRANDOSIDES

The reagent chosen for this study was 1,1-dime-
thoxyethene orepared by dehydrochlorination of chloroace-
taldehyde dimethvl acetal according to Mcklvein (44). The
dry reagent can be stored for several weeks or months in
small vials, with molecular sieves, in & refrigerator.

A magnetically stirred sclution of methyl o-D-
glucopvranoside l (Fipure 4) in drv N.N-dimethvlformamide
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OH HCONMe O __Me
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Figure 1. Synthesis of acetals from enol ethers and diols.
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Figure 2. Synthesis of orthoesters from ketene acetals and
diols.
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Figure 3. Orthoesters at non-anomeric position.
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Figure 4. Orthoesterification of Methyl a-D-glucopyranoside
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3. BOUCHRAETAL.  Orthoesterification Under Kinetic Control 49

containing a small guentity of a desiccant (Sikkon. Drie-
rite, or moleculsar sieves) was maintained at a temperature
below 5°C {ice-bhath). Twice the stoichiometric samount of
1,1-dimethoxyethene and a few crystals {5 to 28 mg) of p-
toluenesulfonic acid (e pyridinium salt, such as pyridi-
nium chloride or pyridinium p-toluenesulfonate, is also an
efficient catalyst) were added. After a few hours (3—
4h) all of the starting materisl had disappesred (t.l.c.
monitoring). The solution wes stirred for one hour with
sodium carbonate, filtered and the filtreate evaporated
under diminished pressure (1 mm Hg, bath below 45°C). The
residue showed essentially a single spot on t.l.c. (crude
yield 92%) and could be used directly in a multistep
synthesis. Purification of this compound by column chroma-
tography could not te performed without decomposition if
the silica gel and eluent were not carefully dried (a
small auantity of triethylamine could also be added to the
eluent) . The product was itdentified (n.m.r. and mass spec-
tra) as methyl 4,6-0-methoxvethylidene-a-D-glucopyranoside
2 [m.p. 97--98°C, [ﬂ]%” +112° {acetone)] . Depending on the
method of purification ({crystallization or column chroma-
tograwvhy) , the ratio hetween the two possible diastereoi-
somers [identified by the '"H-n.m.r. chemical shift of
substituents according to criteris published {45} for 2-
alkoxy-1,3-dioxanes] at the orthoester carbon atom was in
the range 70:30 to 99:1 in favor of the axial position of
the methoxyl group and provides an illustration of the
influence of the anomeric effect. The diol 3 wes readily
transformed into the diacetate 4 [m.p. 57--58°C, [a) 2@
+85° {chloroform )] which was submitted to partial hydro-
lysis performed by one of Lthe three following methods: (1)
action of 1:3 acetic acid-—water at room temperature;
(ii) addition of 1-5 mg of p-toluenesulfonic ecid to a
stirred solution of 4 in a 19:1 chloroform water; {iii)
adsorption of a solution of ﬁ (in @ mixture of <chloroform
and water) onto a small column of silice gel for a few
hours, followed by classical elution. In each experiment,
a mixture of acetates 5 and § (ratio 65:35) was obtained
auantiteatively. These derivatives having respectively 0OH-4
ar OH-6 free were scparated in high vield.

The formation of orthoester g may be explained
hy the preferential addition of the ketene acetal to the
most reactive alcohol function {(primary hvdroxyl group)
giving the {non-isoclated) acyclic orthoester‘g, which ig
attacked by the neighbouring OH-4 with subseguent elimina-
tion of methanol. The partial hydrolvsis of the diascetate
4 is Assumed to proceed through protonation of the metho-
xyl group (7). via the dioxocarbenium ion B and the or-
thoacid 3, collapse of 9 bv either path b or path g accor-
ding to the mechanism generally proposed {see, for
instance, ref. 29 and refs. cited therein) affords the
compounds g or B respectively.

Having demonstrated the feasibility of the reac-
tion of ketene acetels for the synthesis of unususal or-
thoesters from plvcosides, it was essential to test the
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50 TRENDS IN SYNTHETIC CARBOHYDRATE CHEMISTRY

behaviour of free sugars in the seme reaction to answer the
question of the reactivity of the anomeric hydroxyl group.
Using conditions already descrithed for its methyl glyvco—

side, D-glucose pave the 4,6-0-metnoxyethylidene deriva-
tive 10 (Figure S}, which was easily transformed into the
B-triacetate lJ fvield 77% from D-glucose after purifice-
tion, syrup, [(a]l®2° -372° [(chloroform)]. Partial hydrolysis
of the orthoester function gave quantitatively the mixture
of regioisomers 12 and 13 {(ratio 65:35). This experiment

confirmed the results obtained in the glycoside series and
showed that the anomeric group did not compete with OH-6
for addition of ketene acetal . This conclusion was also
confirmed by the reaction performed on D-mannose (Figure
6) which led to the orthoester 14 { crude yield quantitae-
tive, 60% after purification, m.p. 67-68°C, [a]gﬂ +12°,
final (chloroform)l. Acetylation afforded quentitatively a
mixture of anomers of the triscetate l§. which could be

separated into the pure o [yield S55%, m.p. 42-43°C, [a}l=°
+48° (chloroform)1 and pure B anomer [yield 20% m.p. 49--
51°C, [GJ%O -17.5° (chloroform)]l. Starting from the «
anomer, partial hydrolysis of acetate 15 gave a mixture of
regioisomers 19 and gz {ratio 65:35).

The wuestion that then arose was the possible
use of ketene acetals in the synthesis ot 2,3-ortho-

esters if position 6 is not available. Starting from 4,6-
O-isopropylidene-D-mannopyranoase Lg {readily prepared bry

the acetonation of D-mennopvranose with 2-methoxynropene
according to ref. 85), a diastereoisomeric mixture of the
orthoesters 19 {yield 80%, m.p. 115--116°C, [alf® -14°
final (chloroform)| was obtained without any significant
participation of the ancmeric hydroxyl group. Acetylation
of this mixture gave essentially the a anomer of diaste-
reocisomeric mixture of acetates 20 [vield 73%. m.p. 108—
109°C, [olg° +26° (chloroform)].  Psrtial hydrolysis was
highly regioselective and essentially only the derivative
EJ [vield 60% m.pn. 125--126°C, [a}29 +43.5°(chloroform)]
having OH-3 free and AcO-2 axial was obtained (only 2-3%
of the regioisomer having OH-2 free was detected in the 7'H-
n.m.r. spectrum of the crude product). This high regio-
selectivity {or repiospecificity) was not unexpected as
other examples have been previously described in the cy-
clohexane {46) and carhbohydrate (39, 47, 48) series, and
have been discussed (49).

Although the strategy of using ketene acetals
for the synthesis of 4,6~ and 2,3-orthoesters, especially
from free sugars, is new , the preparation of orthoesters
from wvicinal ¢is diols of plycosides having all other
positions subisituted, using orthoacetates or orthoformates

(transorthoesterification), was already available (see,
for instance, the preparation of o 3,4-methoxyethylidene
derivative in the D-galacto series in ref. 39) . [t was

thus of 1intaerest to try to extend our results to the
sjituation where transorthoesterification does not readily
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Figure 5. Orthoesterification of free sugars: example of D-
glucose.
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Figure 6. Orthoesterification of D-mannose.
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give an orthaoester, namelv, with a vicinal trans—diocl.
We compared (fFigure 7) the behavior of the 2,3-diol for
the D-manno and the D-gluco serieg .In the first case {D-
manno) , from methyl 4,6-0-isopropylidene—-a-D-mannopyrano-
side 23 (prepared according to ref. §) results were simi-
lar to those described in Figure 6 for the free sugar l§
[gg: syrup, fc]go +20° (chloroform); 24: yield 85%, m.p.
97-98°C, [GJ%D +32.6 {(chloroform)l. Starting from the
protected glucoside 25 (3, 8), an excellent yield of the
trans 2,3-orthoester 22 [ 80%, syrup, [a]%o +78° {chloro-
form)} was obtained. The use of such reagents as ketene
acetals for the preparation of five-membered strained
cyclic orthoesters, where two equatorial bonds are en-
goaged, is comparable to the synthesis of similar isopropy-
lidene derivatives from enol ethers (8). Assuming that OH-
2 1is more reactive than OH-3, the intermediacy of the
acyclic orthoester 26 may be hypothesized.

As expected, compounds 23 and 27 {(and also com-
pounds 29 and 21) were mixtures of diastereoisomers
corresponding to both possible configurations of methoxyl

and methyl groups. It is noteworthy that although the
ratio between stereoisomers [ n.m.r. determination) depen-
ded on the oripgin of the sample {(crude material, sample
from column chromatography, or from crystallization), in

no instance we did observe a large displacement in favor
of one of the two isomers [often the ratio varied between
50:50 and 60:40). This may be an 1indication that the
anomeric effect is not as influential in five-membered
ringe as it is in six-membered rings.

Finally, partial hydrolysis of compound 22 (ad-
sorptionn of a solution in chloroform-—water onto a column
of silice-gel and standard elution) gave regiospecifi-

cally the acetate 2§ fvield 60%, plus recovery of 10% of
starting material, m.p. B83--84%C, [a]®° +56° (chloroform)]
with OH-2 free. This orientation was not affected if we

started from samples of compound 22 containing different
proportions of diastereoisomers.

At this stage, it was not easy to determine
whether the results of partial hydrolysis of such com-
pounds as 5, Lg and 27 corresponded to kinetic or thermo-
dvnamic control. [t is well known that selective acyla-
tions may favor either OH-2 or 0OH-3, according to the
structure of the starting material and the conditions of
the reaction (see ref. 50 and references cited therein).
For instance, acyl migration from position 3 to position 