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ABSTRACT

A short synthesis of highly functionalized seven- and eight-membered carbocyclic rings from galactose derivatives has been achieved. The
key steps are a zinc-mediated reductive ring opening of 6-iodogalactopyranoses and a subsequent ring-closing olefin metathesis using Grubbs’
ruthenium catalyst.

Carbohydrate to carbocycle transformations offer an attrac-
tive route for the synthesis of optically active natural
products. Although a wide range of methods for producing
functionalized cyclohexane and cyclopentane derivatives
from sugars are available,1,2 few reports have been published
on the preparation of medium sized (seven- and eight-
membered) carbocyclic rings.3,4 The interest in the construc-
tion of such rings is largely due to their presence in an
increasing number of biologically active compounds.

In particular, cyclooctanoid natural products remain promi-
nent synthetic challenges owing to the difficulties associated
with cyclooctane chemistry.5

Ring-closing metathesis (RCM) has emerged as one of
the most popular methods for the construction of unsaturated
cyclic systems from acyclic dienes.6

Despite the unfavorable thermodynamic factors that im-
pede the preparation of eight-membered rings, this method
has been successfully applied to the synthesis of carbocyclic
rings of this size.7 Herein we describe the use of this reaction
in a flexible approach to unsaturated medium-carbocyclic
rings from readily available galactose derivatives, using
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Grubbs’ commercially available ruthenium catalyst [(PCy3)2-
Cl2RudCHPh].

The RCM precursors were prepared from either methyl
6-deoxy-6-iodo-3,4-isopropylidene-2-O-(tert-butyldimethyl-
silyl)-D-galactopyranoside18 or from 6-deoxy-6-iodo-1,2:
3,4-di-O-isopropylidene-D-galactopyranoside10.9

Zinc-mediated reductive ring opening of1 under sonication
in aqueous THF in the presence of allyl bromide cleanly
afforded diene2 in 93% yield as a mixture of syn and anti
(1.2:1) isomers separable by flash chromatography.10 On the
other hand, a one-pot reductive ring opening, amination, and
allylation of 1 was achieved with zinc dust in the presence
of benzylamine followed by the addition of allyl bromide in
anhydrous THF under sonication11 and led to amino diene4
as a 6:1 mixture of diatereomers in 65% yield. In this
transformation, the intermediate aldehyde7 was intercepted
with the amine prior to the alkylation. In fact, in the absence
of amine or the alkylating agent, reductive ring opening of
1 gave 7 in nearly quantitative yield. Treatment of this
compound with butenylmagnesium bromide at 0°C afforded
alcohol 8 as a mixture of diastereomers (2:1 ratio, 77%
overall yield). Alcohols2 and8 and amine4 were acetylated
respectively to3, 5, and9 under standard conditions (Scheme
1).

The seven- and eight-membered ring precursors12-17
were constructed starting from10 as illustrated in Scheme

2. Reductive ring opening with zinc dust under sonication
converted10 to the hitherto unknown hemiketal11 as a
mixture of diastereomers, which was treated with allylmag-
nesium bromide to afford12 as a 3:2 separable mixture of
diatereomers in 70% overall yield. The syn configuration of
the minor isomer was assigned later on the basis of the X-ray
structure of the RCM reaction product25a. It is worthy of
note that when this transformation was perfomed in a one-
pot procedure under the Barbier conditions as above, a
mixture of products was obtained from which the desired
product12was isolated in low yield. This diol was converted
into diacetate13 (Ac2O, Py, rt) or cyclic carbonate14 (1,1′-
carbonyldiimidazole, THF, rt) in high yields.

Similary, reaction of11 with butenylmagnesium bromide
at 0 °C in ether gave diene15 as a 3:1 mixture of
diastereomers in 71% yield from10. In this case, the
stereochemistry of the vicinal diol in the major isomer has
been found to be anti on the basis of the X-ray structure of
cyclized products28b and 29b.The diol moiety was then
protected either as diacetate15 or the cyclic carbonate16
as shown in Scheme 2.

The dienes prepared above were submitted to RCM using
5-7% Grubbs’ catalyst in CH2Cl2, and the results are
summarized in Table 1. In this study, the metathesis reaction
was carried out either separately on each diastereomer of
dienes or on the mixture. In the latter case, the sepration
was undertaken at this stage. Except for carbonates14, both
diastereomers led to the cyclized products roughly in the
same yield. As expected,12 carbocyclization of dienes2, 3,
5, 6, and13 was readily achieved at room temperature with
5% catalyst to furnish substituted cycloheptenes in excellent
yield. Under these conditions, diol12 and amino diene4
failed to give any cyclization product (Table 1). Amino-
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polyhydroxylated cycloheptanes such as21 and22 may be
used as intemediates in the synthesis of calystegines and
related tropane alkaloids.13

RCM reaction of cis and trans cyclic carbonates14aand
14b gave the corresponding cycloheptenes25a and 25b,
respectively, in high yield. However, while the conversion
of the syn isomer14awas achieved after 2 h in thepresence
of 5% catalyst, cyclization of the trans isomer needed 10%
catalyst and more than 24 h to be complete. The cis

configuration of25awas deduced from detailed NMR studies
and confirmed by X-ray crystallographic analysis (Figure 1).

We turned next to the more problematic formation of the
eight-membered ring. Exposure of diene8 containing a free
hydroxyl group to RCM conditions gave a mixture with
predominant formation of a dimer. In contrast, the corre-
sponding acetate9 was successfuly converted into cy-
clooctene27 (5 mol % of catalyst, 0.006 M in CH2Cl2 at
reflux) in 94% yield. Under these conditions, protected diols

Table 1. Substituted Cycloheptenes and Cyclooctenes by RCM with Grubbs’ Catalyst in CH2Cl2

Figure 1. X-ray structures of25a and28b.
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16 and 17 led to cyclooctenes28 and 29, respectively, in
excellent yield (Table 1). The structures of these compounds
were assigned on the basis of spectroscopic data, and the
relative stereochemistry of each was determined by X-ray
crystallographic analysis of diacetate28b and cyclic carbon-
ate29b (Figure 1 and Supporting Information).

In conclusion, we have described a rapid route to highly
functionalized cycloheptenes and cyclooctenes involving
zinc-mediated reductive ring opening of readily available

carbohyrate derivatives, followed by a ring-closing metathesis
reaction using the commercially available Grubbs’ catalyst.

Supporting Information Available: Spectroscopic data
for compounds and19, 21, 22, 24a, 24b, 25a, 25b, 28b,
and 29b. X-ray crystal data for compounds25a, 28b, and
29b. This material is free of charge via the Internet at
http://pubs.acs.org.
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