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Abstract—Cross-metathesis (CM) of a variety of carbohydrate-based C-6 and olefins with related C-1 and C-6 carbohydrate-based
olefins proved to be unselective. CM was selective when an unhindered straight chain olefin was coupled with a carbohydrate-
based C-6 olefin. When related short chain alkenols were tethered, via a Me2Si linker, to a suitably protected carbohydrate-based
C-6 olefin, good yields of ring-closed products were obtained with the second-generation Grubbs catalyst 3. A few examples where
two carbohydrate-based olefinic alcohols were tethered via a Me2Si linker and subjected to ring-closing metathesis (RCM) have
also been examined. © 2002 Elsevier Science Ltd. All rights reserved.

Olefin metathesis has attracted a great deal of attention
from the synthetic community as evidenced by the large
number of papers and reviews1 that have appeared on the
subject. This has been due in large part to the availability
of a variety of catalysts2–5 with varying degrees of
stability and reactivity. Metathesis chemistry has become
quite popular in the realm of carbohydrate chemistry as
evidenced from two recent reviews on the subject.6,7

Our group has published several papers that involve an
esterification–RCM approach directed towards the syn-
thesis of C-disaccharides8–10 and C-glycosides11 and, in
this letter, we present our initial results of a tethering–
RCM metathesis approach towards stable C-saccharide-
type derivatives.12 These compounds have potential as
enzyme inhibitors and as stable carbohydrate mimics.

Our present approach to carbohydrate mimics is partly
inspired by the work of several groups13,14 and some of
which were even employed for the preparation of C-
disaccharides.15–18

The cross-metathesis (CM)19 of a simple carbohydrate-
based olefin such as 5 with a variety of simple straight-
chain olefinic alcohols was initially examined using 20
mol% of 3.4 It was found that the hydroxyl group on the
straight-chain alcohol must be protected (entries 1–3
versus 5–8, Table 1) and used in a two-fold excess for
efficient CM to occur and the reaction proceeded best in
hot dichloromethane (entries 3 and 4 versus 5). The yields
with different olefinic alcohols (entries 5–8) were found
to be acceptable and, in all the cases, the trans isomer
was the major isomer produced.20

It was then surmised that the use of RCM might be one
way to improve the overall efficiency of the process. By
tethering21 the straight chain olefin alcohol to O-4 on the
sugar, the metathesis reaction now becomes intramolec-
ular. For this, access to alkene 11 was needed, and it was
readily prepared from 7 as shown in Scheme 1.

A variety of tethered derivatives 12 were prepared as
shown (Table 2) and subjected to RCM with 10–15 mol%
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Table 1. CM of 5 with alkenyl acetatesa

R Temp. (°C)Entry Yieldc (%)n

H1 231 13
2 1 H 40 15
3 3 H 83b 7

Ac 233 174
45 Ac 40 66
36 Ac 40 56

Ac 402 497
Ac8 401 69

a The reactions were carried out with 2 equiv. of the straight chain
olefin.

b Reaction carried out in 1,2-dichloroethane.
c Yields refer to chromatographically homogeneous materials.

and 15) and the simple dimer 16 began to appear in the
product distribution (Fig. 1).

Next, the cross-metathesis of several sugar-based olefins
was examined. Roy23 and others6 have carried out some
work in the area of metathetical-based sugar olefin
dimerization. We expected mixtures of compounds and
our expectations proved to be correct. Mixtures of
cross-coupled and dimerization products were formed
in roughly equal amounts, and Scheme 2 shows the
yields of the desired products. The CM was carried out
with 20 mol% of catalyst 3 and an equimolar amount of
each olefin. The trans isomer was the major isomer
formed in almost all of the cases we examined. It was
observed that compound 20 was formed in higher yield
than most of the other examples, and this is likely due
to the fact that one of the olefin coupling partners is
considerably less sterically hindered.

One way of circumventing this problem was to tether
the two olefins and carry out a RCM reaction in lieu of
a non-selective CM reaction. We decided to follow the
precedent for tethering established by Sinaÿ.16 Com-
pound 11 was deprotonated with a slight excess of
n-butyllithium, and the formed lithium alkoxide was
quenched with an excess of Me2SiCl2. The reaction was
then concentrated under high vacuum and then exposed
to alcohol 22a in the presence of imidazole to give the
coupled product 23a24 in 67% yield. RCM with the
second-generation Grubbs catalyst 3, in hot

of catalyst 3 at ambient temperature. In almost every
one of the cases, good yields of RCM products were
obtained with the cis-isomer predominating in all the
cases.

When the tether increased in length (entries 6 and 7,
Table 2), the head-to-tail dimerization product22 (14

Scheme 1.

Table 2. RCM of the tethered derivatives 12a

X Yield of 12 (%)Entry Yield of 13c (%) Ratio (Z :E)d

74 1:01 64b−CH2O-SiMe2−
−CH2CH2O-SiMe2− 64b2 81 4.8:1
−CH2CH2CH2O-SiMe2− 61b3 84 3.6:1
−CH2− 954 90 1:0

1:09685 −CH2CH2−
−CH2CH2CH2− 916 79 1:tracee

−CH2CH2CH2CH2− 92 40 2.1:1f7

a Yields refer to chromatographically homogeneous materials.
b 15–25% of 11 was recovered from these reactions.
c Reaction carried out at 0.02 M in substrate.
d Determined from coupling constants in the 1H NMR spectra.
e The head to tail isomer 14 was isolated in 10% yield.
f The head to tail isomer 15 was isolated in 24% yield along with 14% of dimer 16.
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Figure 1.

Scheme 2.

Scheme 3.

Table 3. Tethering-RCM approach to (1�6)-C-disaccharidesa
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dichloromethane, gave an 87% yield of 24a25 as a single
trans-isomer. The protecting groups were removed
(TBAF followed by H2, Pd/C), and the resulting crude
tetrol was peracetylated to give the C-disaccharide-like
compound 25a in good overall yield (Scheme 3).

Given our success with the example shown in Scheme 3,
we decided to tether a more functionalized carbohy-
drate alcohol-olefin to 11 in order to prepare a (1�6)-
linked-C-disaccharide.26 Known alcohol 22b27 was
tethered with 11, but in this case, the tethering chem-
istry proceeded poorly giving 23b in only 30–35% yield
with the majority of the mass balance being recovered
alcohols 11 and 22b (entry 2, Table 3). Also, both the
1H and 13C NMR spectra of 22b showed the appear-
ance of extra signals indicating the presence of
rotamers.28 The crude material was nevertheless
exposed to catalyst 3 in the hope that a favorable
equilibrium would allow for the complete conversion of
the product 24b if the RCM was carried out at elevated
temperatures. The RCM reaction of 23b was very slug-
gish and proceeded to give 24b in only 35–40% yield
with reaction temperatures of 60°C and 30 mol% of 3
added in two to three portions over several hours. The
efforts made to optimize29 this sequence did not signifi-
cantly improve the overall yield of 24b, but did produce
enough material to allow for its full characterization
and conversion to 25b (entry 2, Table 3).

Similar results were obtained with the corresponding
�-vinyl derivative. Olefinic alcohol 22c30 was tethered to
11 to give 23c, once again as a mixture of compounds.
In this case, the RCM reaction (23c�24c) proved to be
even less efficient proceeding in only 10–15% yield with
30–40 mol% of 3 added portionwise over several hours
at 60°C (entry 3, Table 3).

It is clear that a tethering approach to such carbohy-
drate mimics is superior to simple CM. The dimethyl-
silyl linker works well for relatively unhindered pyran
rings and simple olefin alcohols, but not with fully
oxygenated monosaccharides. We are currently screen-
ing a variety of linkers to try and improve the overall
efficiency of this tethering-RCM approach to both �-
and �-(1�6)-linked-C-disaccharides.
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Commun. 1993, 864–865.

16. Mallet, A.; Mallet, J.-M.; Sinaÿ, P. Tetrahedron: Asym-
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