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50-60% over 3 steps

An esterification—RCM approach to a variety of biologically relevant -C-glycoconjugates is reported herein. A range of carboxylic acids were
coupled with several different olefin alcohols 1 to provide esters 3. The esters were then converted to the final ring-closed product 6 in three
steps in 49-60% overall yield. The formed compounds are biologically relevant and serve as stable carbohydrate mimics of the corresponding
O-glycosides.

The replacement of the interglycosidic oxygen atom in  Our laboratory has been involved in the synthesis of a
O-glycosides leads to stablé-glycoside analogues that variety ofC-saccharidemimics via a ring-closing metathesis-
exhibit increased stability toward hydrolydisSthere have basefl (RCM) approacH,and in this letter, we communicate
been a wealth of synthetic approachesvard this class of ~ our results toward the synthesis of a variety @C-
carbohydrate mimicdand in recent years, biological data glycoconjugate$.

on these compounds have started to appear. Recently, several Our generic approach t&€-glycosides is outlined in
C-glycoside derivatives have been found to possess hindingScheme 1 and shows the esterificatiétCM protocol to
constants and biological properties very similar to those of

their oxygen counterparfs. _

Scheme 1. RCM Approach to3-C-Glycosides
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Accordingly, known olefin alcohola® was coupled with
acid 2al° to give esteBain good yield! Takai methylena-
tion'? of ester3ato acyclic enol ethe#a was followed by
exposure of cruddato 20 mol % of the second generation
Grubbs catalys#*® in hot toluene to give an intermediate
glycal 5a that was not isolated but regioselectively hydrobo-
rated* with an excess of BHTHF. Oxidative quench (5D-,

This three-step protocol efficiently provided the target
C-glycoside6a, a carbon mimic of a®-phenyl glycosidé?
in good overall yield.

To explore the use of different protecting groups on the
olefin alcohol fragment, compoundlb was targeted for
synthesis. Deacetylation of tri-O-acetyglucal (8) was
followed by p-methoxybenzylation to delived. Oxidative

NaOH) of the intermediate borane then afforded the target cleavage of the olefii then gave aldehydo-formate ester

B-C-glycosideba in 55% yield® over three steps, Scheme
2. The stereochemistry of hydroboration was verified by

Scheme 2. Synthesis of a Benzylig-C-Glycoside
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10 that was isolable but instable and, therefore, directly
converted to lactol1 by exposure to basic methanol. Wittig
reaction of the lactol with an excess of PHCH, then
provided olefin alcohollb, Scheme 3.

Scheme 3. Synthesis of Olefin Alcohollb
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A variety of diverseC-glycoconjugates (6a—i) were then
prepared as outlined in Table 1. The esterifications-(2
— 3), mediated by DCC and 4-DMAP, proceeded in
excellent yield, and application of the three-step protocol to
the formed ester8a—i served to deliver the targei-C-
glycosidesba—i, respectively, in 49—60% overall yield for
the three steps. Entry 2 representS-glycoside that carries
a very lipophilic group at the anomeric center.

Entries 3 and 4 are stable mimics of sterol glycosides,
while compoundse and 6f are C-glycoside analogues of
O-linked amino acid glycosides based on serine and ty-
rosine'®
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Table 1. Synthesis of3-C-Glycoconjugates

entry ester 3/ enol ether 4 C-glycoside 6°°

BnO Me B Me
BnO BnO
BRO BnO
N X HO

6a, 55%

B BnO
BRO BnO
Bro. BnO.
N X H
3b: X =0, 93% 6b, 60%
2 ab: X =CHp
’ L@[Sb oo
%% T
N
36: X=0,82%
3 N e XZoHy HO e, 509

3d: X=0,91%
4d: X =CH,

BnO Bocly
BnO ~
Bro
N\ X
3e: X =0, 85%
5 de: X =CH,
BnO:-
BnO:
B0 BoclN
N\ X ‘
s 3 X=0,82%
af. X =CH,
R
Fro
N\ X
7 3g: R=Bn, X =0, 94% 6g: R=Bn, 57%
4g: R=Bn, X=CHy
8 3h: R=PMB, X =0, 87% 6h: R = PMB, 50%
4h: R =PMB, X= CHp
& M an
Bn0§ BnO
N X HO
9 30 X=0,97% 6i: R=Bn, 57%
4i; X=CHy

aAll compounds have been fully characterized by standard spectral
methods? Formed by RCM with 20 mol % followed by hydroboration
(BH3s*THF) and oxidative quench (NaOH,.8,). ¢ Yields are over three
steps (methylenation, RCM, and hydroboration and oxidative quench).

of O-glycoglycerolipids. Certai®-glycoglycerolipids have
been found to possess antitumor activiyand the corre-
spondingC-glycoside analogué$ would provide stable
mimics of these compounds.

Scheme 4 shows the conversion6gfto a representative
C-glucoglycerolipid 13. Benzylation of O-2 onég was

Scheme 4. Synthesis of3-C-Glucoglycerolipid
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followed by removal of the acetonide protecting group and
acylation with stearic anhydride of the resulting diol yielding
12in 60% overall yield. Hydrogenolysis of the benzyl groups
then completed the sequence to produceGhglucoglyc-
erolipid 13. The use op-methoxybenzyl groups, as &h,
should allow for the introduction of double bonds in the long-
chain fatty acid.

We have shown that our convergent RCM-based approach
to -C-glycosides is flexible and allows for the synthesis of
a variety of functionalized3-C-glycoconjugates such as
C-glucoglycerolipids,C-glycosyl amino acids, an@-gly-
cosyl steroids in good overall yield.
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even in the presence of an excess of the Takai reagent.

Compoundssg—i are precursors t€-glycoside analogues
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