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ABSTRACT

4C4-restricted substrate R'sSiH

B-C-glycoside

Lewis acid
v&{m R v&rR

OH

The reduction of glyconolactols having an anomeric carbon substituent by Et

H

3SIHITMSOTf proceeded with complete stereoselectivity to produce

the corresponding  f-C-glycosides when the substrates were conformationally restricted in the 4Cy-chair form by a 3,4- O-cyclic diketal or a
4,6-0-benzylidene protecting group. Thus, the efficient construction of P-C-glycosides was achieved on the basis of the conformation restriction

strategy.

C-Glycosides are of interest as stable mimics of natural studies orC-glycoside trisphosphates as nowgycinositol

O-glycosides with biological activity:?> Although various
effective methods for providing-C-glycosides have been
developed, the stereoselective synthesig-af-glycosides
has been more challengifg’ In the course of our synthetic
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trisphosphate receptor ligantise needed a highly stereo-
selective method for the construction of variofsC-
glycosides.

An efficient procedure for providing-C-glycosides has
been developed by Kishi and co-workers. It involves addition
of an organometallic reagent to a glyconolactone to give an
anomeric mixture of the corresponding lactols that is reduced
stereoselectively by trialkylsilane under Lewis acidic condi-
tions to give the3-C-glycoside (Scheme 2)3-C-Glucosides
and -galactosides have been stereoselectively synthesized by
this method. A drawback is that the stereochemical outcome
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Scheme 1. Synthesis ofC-Glycosides via the Lewis Acid
Prompted Silane Reduction
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Scheme 2. Working Hypothesis for the Kinetic Anomeric
Effect-Dependent Silane Reduction Forming th€-Glycosides

4C,-restricted *Cy-chair-like
substrate transition state
R'sSiH
—~—0 Lewis acid ,g
WR W;—F{
OH A o-attack & B
HSIE
p-C-glycoside (HSiEt)
-0
w_...n

H Cc

of reduction depends on the starting sugar structure, and theScheme 2. in the reduction of substrateonformationally

stereoselectivity is not always higlizor example, when the

method was applied to mannose derivatives, the reduction

was almost nonstereoselectit/e report here a completely
stereoselective construction ®fC-glycosides via the Lewis
acid-promoted ESiH reduction by manipulation of the
anomeric effect through use of the conformationally restricted
substrates.

The anomeric effeéf is a stereoelectronic effect ascribed
to n— ¢* hyperconjugation between the nonbonding orbital
on the ring oxygen and the antibonding orbital of the
anomeric carbon-heteroatom bcdhd? When this kind of
orbital interaction stabilizes the transition state during
anomeric bond-forming (or bond-cleavage) processes, it is
referred to as the kinetic anomeric efféct? We have shown
that, in radical and Lewis acid promotegiglycosidation
reactions, the kinetic anomeric effect can be manipulated by
the substrate conformation. Depending on whether the
conformation of the substrates is restricted toBe or the
1C4-form, a- or -selective reactions can be made to occur
highly stereoselectivel§

In the Lewis acid-promoted silane reduction (Scheme 1),

restricted to a*Cj-chair form, the transition state would
assume théC;-chairlike formB, where the anomeric center
would be pyramidal. Accordingly, th& C-glycosidic product

C could be produced highly selectively. The axial attack
transition stateB in the “C;-restricted form would be
significantly stabilized by the interaction between the anti-
bondingo™* of the newly forming anomeric €H bond and
the orbital of a nonbonded electron pai)ron the ring
oxygen because of their planar arrangeniént.

Based on this hypothesis, we planned to examine the Lewis
acid promoted EBiH reduction with the various conforma-
tionally restricted and unrestricted substrates. In this study,
the glucose- and mannose-type substrates were employed to
compare their stereochemical outcomes, since these two were
considered the typical stereoselective and nonselective
substrates in the reductions reported previots$iyhus, we
designed the conformationally restricted substr&asc,
4a—c, and5 and the corresponding conformationally unre-
stricted substrate$a—c and3a—c (Table 1), derived from
D-glucose om-mannose. The conformation of the pyranose
ring of the substrate®a—c and4a—c bearing a 3,49-cyclic

occur predominantly from the-axial directiod? due to the

group would be restricted in the desiré&zi-form due to the

kinetic anomeric effect, at least in the cases of glucose andrans decalin-type ring systef:13.14
galactose derivatives. We expected that the stereoselectivity 11 conformationally unrestricted substrates—c and

of the reduction could be improved even further by enhancing
the kinetic anomeric effect through placing conformational
restrictions in the substrates employed. The conformation
of the transition state and the intermediate can be strongly
influenced by conformational effects, which stabilize the
ground-state conformatioif:®!! Therefore, as shown in
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3a—c were prepared by the previously reported mettigell®
The conformationally restricted substrats-c and4a—c
were synthesized from 1-thiophenyl-2,3,4,6,-tédracetyl
sugars6 or 7 via mannolactone&0'® or 11 (Scheme S1 in
the Supporting Information). Similarly, another conforma-
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Table 1. Reduction of the Conformationally Restricted and

Unrestricted Substrates with SiH/TMSOT®R

cyclic protecting groups on the conformational stability was
unclear at least from th#H NMR analysis.

The reduction of these substrates was carried out with Et
SiH (1.1 equiv) and TMSOTTf (1.1 equiv) in GBI, at —78

o , OP9 °C7 and the results are summarized in Tablé® TThe
Png R 532% Pgmn stereoselectivity was first examined with the glucose-type
PgO  OH CHLCl, Pgo substrates, which were the conformationally unrestricted

Entry Substrate (a/B)° R Major product la—c and the restricte®?a—c (entries +-6). The silane
T reduction of 1-carbon-substituted glucolactols having benzyl

OBn OBn
Bn Bn
BnO OH

BnO
unrestricted

protecting groups is known to occur stereoselectively to
produce the correspondifiyC-glucosides:” In accord with
these previous results, the 1-methyl substitdeand the
1-phenyl substrat&b were reduced with a complete stereo-
selectivity to give theS-products (entries 1 and 2). The

1 1a@55) Me 81% (only ) corresponding conformationally restricted substraeand
2 1b(1:9) Ph 59% (onlv ) 2b also gave th@-C-glucosides as the sole product (entries
8 1e(19) alyl 79%" (10:90) 4 and 5), where the yields were higher than those in the cases
M 0Bn of the unrestricted substrates. Although, in the reduction of
€ - OBn the conformationally unrestricted substrate having an
R R anomeric allyl substituent th&-selectivity decreased some-
oMe  BnO oy 4C o BnO what @/ = 10:90, entry 3), the corresponding conforma-
¢ . tionally restricted substratéc was reduced to only the-C-
4 2a(95:5) Me 93%' (only B) . . . )
s 2b(e19) Ph 50% (only B) glucoside in high yield (entry 6). These reactions with the
s 2 (91:9) i 92; (Omy : glucose substrates showed that the conformational restriction
o(21:9)  aly ©(ony B improved the yield of theg8-C-glucosides, probably due to
Bn Bn Bn Bn the stabilized transition state.
Bno _R Bn 2 r The reduction of the mannose substrates, the conforma-
tricted OH Bn tionally restricted lactolgla—c and5, and the unrestricted
unrestri lactols 3a—c was next examined (entries—13). In the
7 3a(>99:1) Me 68%° (22:78) ) . .
reduction of the conformationally unrestricted te®asenzyl
8  3b(>99:1) Ph 53% (only B) ;
. substrates, the 1-phenyl mannose derivailveras converted
9 3¢ (>99:1) allyl 61%°(33:67) . . . .
into theS-product with complete selectivity in moderate yield
Meo Bn MeO Bn (entry 8). However, thé-stereoselectivity in the reduction
o%ﬁ( . of the 1-methyl substratga and the 1-allyl substratéc was
R o R . X : . .
ac, poor, in accord with the previous results with the 1-substi-
OMe OH OMe tuted mannolactoléWhen the*Cy-restricted substrates were
10 4a(>99:1) Me 68% (only B) used, the stereoselectivity was significantly improved as
11 4b(>99:1) Ph 91% (only B)

12 4c(>99:1) allyl

Ph/vo o Bn
Bn R

expected (entries 10, 11, and 13). Reduction of the 1-methyl
and the 1-phenyl lactola and4b with the 3,4-cyclic ketal
protection occurred with complete stereoselectivity to give

P o—\ ©Bn ) :
% R R the desire@-products (entries 10 and 11). On the other hand,
Bn o C1 reduction of the conformationally restricted 1-allyl substrate
4c was very slow, and most of the starting material was
13 5(>99:1) alyl 95% (only B)

recovered. When the 4®-benzylidene-protected lactél

aReaction was carried out with £&iH (1.1 equiv) and TMSOTf (1.1 was employed as the conformationally restricted substrate,

e_cll_uiV) ir? CTbCIZ ath—78 tC for 6;% ;nhin, anclig thebprotéuctsﬂ\:vefe Pf_ufiﬁeg by  the reduction proceeded effectively to produce the desired
silica gel column chromatograph§Theo. or § is based on the configuration . . i
of the anomeric hydroxyl, and the ratio was determined*HyNMR. 1-allyl-3-C-mannoside as the sole product in 95% yield.

¢ Substrate was recovered in entries 2 (18%), 8 (22%), 10 (18%), and 12 Thus, the!C;-conformational restriction effectively improved

(64%).9 Determined by isolated yields for entry 3 and By NMR for i ; ;
entries 7 and % Yield of the mixture of thex- andj-C-glycosides! The the Stere056|eCt|VIty as well as the yleld in- the; St

reaction time was 75 min. reduction.
As shown in Table 1, while all of the 1-substituted lactol
substrates used in this study mainly includeddhleydroxy

tionally restricted substrate was prepared (Scheme S2 in
the Supporting Information), and the conformation of these  (16) de Kort, M.; Regenbogen, A. D.; Valentijn, A. R. P. M.; Challiss,

R. A. J; lwata, Y.; Miyamoto, S.; van der Marel, G. A.; van Boom, J. H.
substrates was analyzed by théid NMR spectra. As Chem. Eur. 33000 6. 2696-3704.

summarized in Table S1 (Supporting Information), these ~ (17) when FB-OEt was used as the Lewis acid, the 3,4-cyclic ketal
coupling constants suggested that, irrespective of the protect.moiety of the conformationally restricted substrates was partially reduced.

. (18) The stereochemistry of tH@glycosidic products was determined
Ing groups, all of the substrates seem to prefer ‘0 by the J; » values for theC-glucosides or by NOE experiments for the

chairlike conformation. Thus, the effect of the constrained C-mannosides.
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isomer, the stereoretainBeC-glycoside was always obtained In conclusion, we have developed an efficient method for
as the major product, indicating that the reduction proceededproviding 5-C-glycosides based on the conformationally
mainly via an §1 or an analogous mechanism. In the restricted strategy. The present study together with our
glucose-type substrates, the reduction selectively occurredprevious resulfs suggests that the kinetic anomeric effect
from the a-face even without conformational restriction. can be manipulated by the substrate conformation to increase
However, in the Conformationa”y unrestricted mannose-type the stereose]ectivity in the anomeric reactions.

substrates, thg-selectivity was low, and the conformational
restriction effectively improved the stereochemical outcome.
The tetra©-benzyl glucosubstratesa—c would be more
stable in the*C;-chair conformation, due to the 2,3,4-all-
equatorial substituents on the pyranose ring, than the
corresponding manno substrat8a—c having an axial
substituent at the 2-position. Accordingly, the kinetic ano-
meric effect may work rather effectively even in the
conformationally unrestricted gluco substrales-c. OL048525+

Supporting Information Available: Schemes S1 and S2,
Table S1, and experimental details on the synthesis of the
reaction substrates and the Lewis acid promoted silane
reduction;'H NMR spectra of8b, 5, and the silane reduction
products from2c and4a. This material is available free of
charge via the Internet at http://pubs.acs.org.
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