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Abstract—6-exo Cyclisations of methylenecyclopropyl ketones, mediated by samarium diiodide, have been investigated with a series
of substrates. The efficiency of the cyclisations are highly dependent on the stereochemistry of the cyclisation precursor.
� 2004 Elsevier Ltd. All rights reserved.
SmI2 mediated 5-exo cyclisations of methylenecyclo-
propyl ketones provide an efficient route to meth-
ylenecyclohexyl radicals, and have been used in several
radical cascade sequences for the synthesis of polycyclic
systems,1;2 including a synthesis of paeonilactone B.3

The corresponding 6-exo cyclisation (e.g., of 1) is a more
demanding reaction since the desired cyclisation (lead-
ing to 2) is likely to have to compete with 7-endo cycli-
sation and direct reduction,4 but should provide a route
to methylenecycloheptanyl radicals (such as 3), which
again could be used in cascade sequences (Scheme 1). In
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particular we hoped to access the bicyclic 7,5 ring system
4, which is found in many natural products.

Herein we describe studies on such cyclisations, the
efficiencies of which are highly dependent on the ste-
reochemistry (and thus preferred conformation) of the
cyclisation precursor.

Cyclisation of simple methylenecyclopropyl ketone 5
was investigated under a range of conditions, but gen-
erally gave little or no cyclised product. The best result
was obtained by addition of SmI2 (2.2 equiv of a 0.1M
solution in THF) to a solution of the ketone in THF
with tBuOH (2.2 equiv) and HMPA (8 equiv),5;6 which
did give alcohol 6, derived from a 6-exo cyclisation, in
25% yield, and alcohol 7, derived from a 7-endo cycli-
sation, in 13% yield (Scheme 2).7

Treatment of propargyl ether 8 under the same condi-
tions also gave a mixture of products 9 and 10 (Scheme
3) from 7-endo and 6-exo cyclisations, respectively, but
the major product was 11 resulting from 8-endo cycli-
sation onto the terminal alkyne.8
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Cyclisation of the diastereomeric propargyl ether 12
likewise gave a mixture of products 13–15 with 8-endo
cyclisation onto the alkyne again leading to the major
product. However, this latter mode of cyclisation can be
suppressed by blocking the alkyne terminus with a
trimethylsilyl (TMS) group, so, for example, cyclisation
of 16 gave a good overall yield of cyclised products 17
and 18 (Scheme 4).7

Introduction of the propargyl ether clearly gives better
yields of cyclised products overall (compared with 5),
possibly due to chelation of the ether and ketyl oxygens
by the samarium metal, but 6-exo cyclisation is not the
dominant reaction.

Cyclisation of ketones 20 and 23, however, gave no 7-
endo cyclisation products. Instead ketone 20 gave the cis
fused bicyclic alcohol 21, resulting from initial 6-exo
cyclisation, in excellent yield (Scheme 5). The diastereo-
meric ketone 23, on the other hand, also gave an excellent
yield, but of a 1:1 mixture of alcohol diastereoisomers 24.

The selective reactivity of the diastereomeric ketones, 20
and 23, can be rationalised by considering the confor-
mation of the methylenecyclopropyl ketyl radical nec-
essary for cyclisation. For diastereoisomer 23, 6-exo
O
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cyclisation would require eclipsing of the ketyl C–O
bond with the alkene (conformation 25) and the conse-
quent electronic repulsion disfavours this arrangement.9

The eclipsing is avoided on cyclisation of 20, via con-
formation 22.

Incorporating the successful elements of the cyclisations
described above, we prepared all four diastereoisomers
of the silylated propargyl ethers 27, by addition of
lithiated methylenecyclopropane to aldehyde 26 and
subsequent etherification (Scheme 6).

Attempted cyclisation of three of these isomers gave
only complex mixtures of products. The fourth diaste-
reoisomer 28, however, cyclised very efficiently to give
the tricyclic ether 29 in 76% yield and as a mixture of
vinylsilane isomers (Fig. 1: X-ray crystal structure10 of
Z-vinylsilane 29) (Scheme 7).

Thus, 6-exo cyclisation of methylenecyclopropyl ketones
can be used for the efficient synthesis of cycloheptane
derivatives provided the stereochemistry of the starting
material favours suitable conformations for the cycli-
sation. Such cyclisations can be incorporated into cas-
cade reaction sequences, providing routes to polycyclic
products with natural product-like structures.
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Figure 1. X-ray crystal structure of Z-vinylsilane 29.
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