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Diastereoselective formation of seven-membered oxacycles by
ring-expansion of cyclopropanated galactal�
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Abstract—The cyclopropanation and ring-expansion of 4,6-O-di-(tert-butyl)silanediyl-D-galactal using catalytic amounts of
TMSOTf and silated nucleophiles gave a range of substituted oxepanes. Good to excellent yields were obtained in addition to very
high selectivities.
© 2003 Elsevier Ltd. All rights reserved.

Seven-membered oxacycles are the central nuclei of
numerous natural products.1 From the complex
polyether cytotoxins brevetoxins2 and ciguatoxin,3 to
the simple zoapatanol4 (Fig. 1), these molecules repre-
sent challenging synthetic targets. Given their frequent
natural occurrence and unusual biological properties,
numerous studies toward their synthesis have
appeared.5

As part of our interest in developing efficient synthetic
methods for the preparation of oxepanes, we have
introduced cyclopropanated carbohydrates as substrates
for their formation (Eq. (1)).6 We proposed that the
reaction involves loss of acetate to give oxonium ion I,
which is intercepted by a nucleophile to give the ring-
expanded oxepane. This methodology thus incorporates
the optical activity and multiple functionality inherent in
carbohydrates. In a full report, we described a range of
derivatives of 2 that were obtained in good to excellent
yields, however, in all cases poor diastereoselectivity was
obtained.7 Subsequent to our introduction of this concept,
Sugita and co-workers adapted it to the formation of
oxepanones obtaining modest to good selectivities.8 While
our ring-expansion enables the efficient construction of
the core oxepane structure, the poor stereochemical
outcome diminishes this strategy’s synthetic usefulness.
Herein we report methodology that gives greatly
improved selectivity for the reaction, and significantly
enhances its synthetic utility.Figure 1. Zoapatanol.
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Table 1. Ring expansion of 4

In using the silyl protecting group in 1,9 a robust
protecting group for the ring-expansion was obtained;
however, this also resulted in a planar, intermediate
oxonium ion, thus leading to poor facial selectivity. We
reasoned that enhanced stereoselectivity would be
obtained through use of the galactal system, which
would result in hindrance of the upper face of the
intermediate and direct attack of the nucleophile from
below. The required cyclopropane was synthesized as
shown in Eq. (2). Silanediyl protected galactal 3,10

obtained in one step from D-galactal, was cyclo-
propanated using Furukawa conditions11 in over 250:1
diastereoselectivity. The stereochemistry of the cyclo-
propane was determined by comparison with our previ-
ously synthesized 1,2-cyclopropanated glycals6,7 and is
rationalized by an allylic oxygen-directed cyclopropa-
nation.12 Standard acetylation afforded acetate 4 in
65% overall yield from 3.

Ring-expansions of 4 proved to be successful in good to
excellent yields with a variety of nucleophiles (Table 1).
This shows the diverse range of nucleophiles that can
be used but most importantly the high selectivity that
results in this system. Using catalytic amounts of
TMSOTf and 5 equiv. of a silylated nucleophile in
acetonitrile, oxepane 5 was obtained with the � stereo-
chemistry predominating. As seen, excellent selectivity
and yields were obtained with the allyl, phenylsulfide,
ketene acetal and propargyl nucleophiles, entries 1, 2, 5
and 7. As previously observed,7 use of the allyloxy

nucleophile, entry 4, does not produce any desired
product and results in an intractable mixture. Finally,
contrary to results obtained in the glucal system,7 no
elimination products across C-3�C-4 were observed in
these reactions.

The stereochemistry of this reaction was established by
assignment of the chemical shifts of the products using
HSQC and COSY NMR. Subsequent NOESY 1D
experiments with 5e and 5g showed positive NOEs
from the methine H-1 proton to the gem-dimethyl of 5e
and in the case of 5g to the allene methine proton. As
the remainder of the products all had overlapping
signals, we based the assignment of these by compari-
son to 5e and 5g.

During the course of these studies, we also reacted 4
with Et3SiH to further establish the scope of this sys-

tem. Surprisingly, we observed what appeared to be the
formation of oxepane 6, in which displacement of a
silyloxy group had occurred (Eq. (3)). Examination of
the 1H and 13C NMR of 6 showed two upfield methyl-
ene groups and an Et3Si moiety. This structure was
further substantiated by MS analysis and desilylation to
give the volatile oxepane 7. No isomers of 6 or 7 were
observed, thus we assume that the formation of either
an intermediate cation or radical species is not occur-
ring. Given the small nature of the hydride nucleophile
and the axial configuration of the silyloxy substituent

(2)
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that is being displaced, the appearance of 6 with only
Et3SiH, and only in this system (as compared to the
glucose system in which 6 is not observed) can be
rationalized. The formation of the Et3SiO-linkage
results from the Et3SiOAc by-product of the ring-
expansion reaction.

(3)

Finally, the geometries of both the original glucose and
the current galactose based intermediates were modeled
using a semi-empirical AM1 calculation and the results
are shown in Figure 2.13 As can be seen in the case of
glucal derivative B, the planar intermediate leaves both
faces of the oxepane intermediate unhindered to nucle-
ophilic attack. However, the simple change in the stereo-
chemistry of galactose results in a hindered top face
and a greatly improved selectivity. Presumably, replace-
ment of the tethered silanediyl in the glucose system
with untethered protecting groups would resolve this
issue. We have, however, reported earlier that a C-6
tert-butyldimethyl silyl group in the starting glucal is
prone to cleavage in the ring-expansion reaction.6b,c In
this work, we have attempted to use a trityl protecting
group in the glucose system but cyclopropanation was
prevented. Continued work on this is ongoing and will
be reported in the future.

We have developed a facile method for the synthesis of
highly functionalized seven-membered ring systems that
uses readily available galactal as an enantiomerically
pure, chiral template.14 The ring-expansion greatly
enhances the available methodology for oxepane syn-
thesis in a highly stereochemical manner. Furthermore,
the chemistry demonstrated above offers access to the
framework of naturally occurring seven-membered ring

systems such as isolaurepinnacin and rogioloxepane A.1

Further research is underway to apply this methodol-
ogy to natural product synthesis and to expand the
selectivity in the glucal system.
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Figure 2. Oxonium intermediates from galactal system A and
from glucal system B (all hydrogens, except for two methyl-
enes are omitted for clarity).


	Diastereoselective formation of seven-membered oxacycles by ring-expansion of cyclopropanated galactal
	References


