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ABSTRACT

syn- and anti-bis-cyclopropanes have been efficiently prepared through two distinct routes via the trapping of cyclopropylcarbinyl cationic
intermediates. A ring-closing olefin metathesis for the formation of the necessary allylsilane precursors highlights the initial route. The
cyclopropanation step proceeds in good yield to provide exclusively trans-vinylcyclopropanes. Iteration of the sequence has provided an
efficient route to bis-cyclopropanes. The stereospecificity of the second cyclization was shown to be dependent on distal functionality. An
alternative approach produces these interesting structural units from skipped dienes in a single step.

Two natural products have recently been isolated which
contain remarkable contiguous cyclopropane structural units.
FR-900848 is a nucleoside analogue isolated from the
fermentation brothStreptoVerticillium ferVens.1 This interest-
ing compound has shown potent selective activity against
filamentous fungi, but is surprisingly inactive against bacteria
and nonfilamentous fungi. More recently U-106305, a
cholesteryl ester transfer protein inhibitor, was reported
containing a structurally related lipid side chain.2 The

combination of their interesting biological activity, novel
structural and conformational properties, and their potential
utility as scaffolds for combinatorial chemistry, molecular
recognition, catalysis design, and nanotechnology make

oligocyclopropanes ideal targets for synthetic methodological
development. Several groups have reported synthetic efforts
for the preparation of these novel compounds3-6 with
strategies largely based on the stereoselective cyclopropa-
nation of cyclopropyl-substituted olefins using modified
Simmons-Smith methodology. In contrast, we have been
investigating an approach based on the iterative generation,
stabilization, and trapping of cyclopropylcarbinyl cationic
intermediates.7,8
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Recently, we reported a route totrans-syn-transandtrans-
anti-transbis-cyclopropanes through an efficient sequence
of steps as outlined in Scheme 1.7,9 The cyclopropanation

was achieved by the activation of a homoallylic alcohol1
with triflic anhydride. Rapid cyclization occurred to form
an intermediate cyclopropylcarbinyl cation, which was
stabilized and trapped by the presence of aâ-trimethylsilyl
group. The ring closure proceeded in excellent yield and
provided exclusivelytrans-vinylcyclopropane2. Epoxidation
followed by reiteration of the methodology provided efficient
access to diastereomerically puresyn- andanti-bis-cyclo-
propanes4.

Since this preliminary report we have developed an
alternative, more versatile route to similar cyclization precur-
sors. The new sequence begins with an easily accessible
starting material, homoallylic alcohol5, Scheme 2. While a

diverse range of homoallylic alcohols are available from the
allylation of aldehydes,5 was prepared in a single step

(vinylMgBr, CuI) from commercially available benzyl gly-
cidyl ether. Protection of the secondary alcohol was
accomplished with allylchlorodimethylsilane. The resulting
bis-olefin was subjected to Grubbs’ ruthenium alkylidene
catalyst, providing silyoxycycloheptene6 in excellent yield.10

Exposure of the cyclic silyl ether6 to methyllithium provided
the allylsilane derivative7a, qualitatively identical to com-
pound 1 prepared by our previously reported acetylene
sequence. Not surprisingly, activation of alcohol7a, with
trifluoromethanesulfonic anhydride provides thetrans-vinyl-
cyclopropane8 in 77% yield for the two steps. Alternatively,
silyl ether 6 could be fragmented by exposure to HF‚pyr,
providing 7b, which upon subsequent activation yielded8
in 71% yield for the two-step sequence. These complemen-
tary cleavage conditions provide opportunities to prepare
more functionalized cyclopropane derivatives. The general
sequence allows for the efficient conversion of easily
accessible homoallylic alcohols to correspondingtrans-
vinylcyclopropanes.

At this point we can exploit the potential of the strategy
by iteration of the synthetic sequence. Vinylcyclopropane8
underwent clean oxidative cleavage to the corresponding
aldehyde by treatment with OsO4/NaIO4, Scheme 3. The

necessary homoallylic alcohol was prepared by exposure to
allylmagnesium bromide at low temperature. The homoallylic
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Scheme 1a

a (a) Propargyl-TMS, BuLi, THF,-78 °C; BF3‚OEt2; then
epoxide; (b) H2, Lindlar; (c) Tf2O, CH2Cl2, 2,6-lutidine.

Scheme 2

Scheme 3
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alcohol 9a,b was obtained as a mixture of diastereomers
(1:1) in >90% yield from8. While the separation of these
alcohols was fairly tedious, each diastereomer could be
obtained with>95% stereoisomeric purity through the use
of flash chromatography. While it is expected that stereo-
selective allylation of the cyclopropylaldehyde could be
accomplished using reagent-based methods,11 a stereorandom
allylation enabled us to test the stereospecificity of a second
ring closure.

The final sequence of steps is presented for each diaste-
reomer in Scheme 3. After silylation and ring-closing
metathesis, the fragmentation proceeded smoothly for each
isomer, yielding the cyclopropanation precursors10a and
10b. Activation of either diastereomeric homoallylic alcohol
under our standard conditions provided high yields of the
bis-cyclopropane products. The only byproduct of this
reaction is the trimethylsilyl ether of10a and 10b, which
can be isolated in as high as 20% yield. Apparently, the
cyclization step, which generates an equivalent of TMSOTf
is extremely fast relative to the generation of the triflate.

Although the formation of the bis-cyclopropanes was
extremely efficient, we were surprised to isolate an identical
1:1 (syn:anti) mixture of diastereomers from the reaction of
each precursor,10aand10b.12 This suggests that the second
ring closure is slower than ionization of the intermediate
triflate, formation of a cyclopropylcarbinyl cation, and loss
of the stereochemical integrity of the starting homoallylic
alcohol stereogenic center.

The lack of stereospecificity in the second cyclization
strongly contrasts our previously published work,13 which
contained a distal phenoxy group in place of the benzyl ether
(Scheme 1). A potential explanation is that benzyl ether
assists in the ionization of the secondary triflate and
stabilization of the homoallylic carbocation14 through pro-
posed intermediateA which then undergoes sequential
cyclizations to provide the mixture of diastereomeric bis-
cyclopropanes. On the basis of this hypothesis, it should be
possible to generate multiple cyclopropanes in a single step
from an acyclic skipped diene structure.

Skipped diene13 was efficiently prepared through the
sequence shown in Scheme 4. Epoxide fragmentation with
the alkynyl anion ofO-THP-propargyl alcohol was im-

mediately followed by acid-catalyzed deprotection. The
primary alcohol underwent selective conversion to the
propargylic bromide12 in good yield. A skipped diyne was
then prepared by condensation of propargyltrimethylsilane
with the bromide under the conditions reported by Jeffery
et al.15 The diyne was then selectively reduced to theZ,Z-
diene 13 via Lindlar hydrogenation in the presence of
pyridine. Exposure of the13 to the standard actiVation
conditions proVided the bis-cyclopropane14as a 1:1 mixture
of diastereomers in a remarkable 69% yield. Only minor
uncharacterizable byproduct formation was observed in the
1H NMR of the crude reaction mixture. Presumably, the bis-
cyclopropane forms via trapping of the intermediate cyclo-
propylcarbinyl cation.14 This appears to be faster than
trapping of the related homoallylic cation to form a ther-
modynamically more stable cyclohexene isomer through a
six-membered ring transition state. Alternatively, both carbon-
carbon bonds could be forming in a more concerted fashion
without the generation of a discrete cyclopropylcarbinyl
cation.

In summary, we have developed a practical method for
the conversion of readily available homoallylic alcohols to
trans-vinylcyclopropanes and oligocyclopropanes based upon
novel reactive intermediates. A ring-closing olefin metathesis
and an intramolecular displacement of a homoallylic triflate
with an allylsilane nucleophile highlight the efficient four-
step sequence. The route is general and applicable to the
stereocontrolled preparation of 1,2,3-trisubstituted cyclopro-
panes, which will be reported in a subsequent publication.
The stereospecificity of the second cyclization was shown
to be dependent upon the nature of functionality distal to
the cyclopropylcarbinyl triflate. The tandem cationic cy-
clization, reminiscent of the elegant work of W. S. Johnson16

is extraordinarily facile. We are continuing to explore many
aspects of this work and related synthetic and mechanistic
challenges.
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Scheme 4a

a (a) BuLi, THF,-78 °C; BF3‚OEt2; phenylglycidyl ether, 58%,
(b) pTsOH, CH3OH; 89%; (c) CBr4, Ph3P, CH2Cl2; 98%; (d)
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pyr; 76%; (f) Tf2O, CH2Cl2, 2,6-lutidine; 69%.
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