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Abstract—A variety of cyclopropane derivatives bearing stereochemistry at all three positions on the ring were readily obtained in a
high yield of 76–92% and high stereoselectivity (trans:cis > 95:5) when the monocarboxylic vinyl epoxide analogues reacted with
dithianyllithiums in the presence of HMPA. This reaction was supposed to be a tandem conjugation addition-opening epoxide ring
sequence.
� 2005 Elsevier Ltd. All rights reserved.
The smallest cycloalkane, cyclopropane, is found as a
basic structure element in a wide range of naturally
occurring compounds.1 Moreover, many cyclopro-
pane-containing unnatural products have been prepared
to test the bonding features of this class of highly
strained cycloalkanes and to study enzyme mechanism
or inhibition. Cyclopropanes have also been used as ver-
satile synthetic intermediates in the synthesis of more
functionalized cycloalkanes and acyclic compounds.
Especially, the 1,2,3-trisubstituted cyclopropanes are
found widely in natural products and biologically active
molecules.2 The Michael induced ring closing reactions
(MIRC) play an important role in this field of chemistry
and many synthetic applications are described in the lit-
erature so far.3 But in this reaction, in most cases it is
necessary to use doubly activated substrates. When only
one activating group is present on the substrates, the
reaction usually fails due to an unfavourable Michael
equilibrium.4 Kasatkin reported the synthesis of cyclo-
propane dicarboxylates using MIRC reactions of diethyl
2,3-epoxybutylidene-malonate with methylmagnesium
iodide and lithium phenylacetylide in the presence of
5 mol % CuI.5 However, when Yamamoto et al. studied
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the reactions of monocarboxylic vinyl epoxide with cop-
per reagents in the similar reaction conditions, they
found that only SN2 or SN0

2 products were obtained.6

So in Kasatkin�s reaction conditions, the doubly activate
2,3-epoxybutylidene must be required in the MIRC
reaction. There have been few applications of the MIRC
reaction to monocarboxylic vinyl epoxide analogues.

Recently, we reported one approach to 1,2,3-trisubsti-
tuted cyclopropanes derivatives that were readily
obtained using phenylvinyl epoxide with dithianyllithi-
ums in the presence of HMPA.7 However, this work
only suitable for one type of substrate, mono epoxides
of diaryl-substituted dienes (Scheme 1).

Encouraged by our previous results, we intend to extend
the reaction scope. Initially, (E)-methyl 3-(3-methyloxi-
ran-2-yl) acrylate 1a was chosen as substrate to optimize
the reaction condition. The reaction was found to be
critically dependent upon temperature and the presence
R=2-alkyl-1, 3-dithiane, Me, Bu up to 97% yield and 99:1 dr
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of HMPA.8 The reaction of 2a with 1a proceeded
smoothly at �50 to �20 �C in anhydrous THF. When
the reaction was performed in a lower temperature,
the product of Michael addition was obtained in high
yield. When the reaction was performed in the absence
Table 1. Cyclopropanation of monocarboxylic epoxide analogues with dithi

R1 OR3

O
O

S S

R

n-BuLi/HMPA/THF
-50 to -20oC

R2

Entrya R1 R2 R3

1 Me H Me

2 Me Me Me

3 Ph H Me

4 4-Cl–Ph H Me

5 Me H i-Pr

6 Me H Me

7 Me H Me

8 Me H t-Bu

9 Me H Me

aAll the experiments were done according to Ref. 11.
b All the products were identified by 1H NMR, 13C NMR, HRMS and IR.1
of HMPA, the reaction became complicated and the ex-
pected product 3a was obtained in a minor amount.
Meanwhile, we found that Lewis acid such as BF3 did
not promote the reaction. Using catalytic amount of
BF3, the starting materials disappeared quickly, very lit-
tle desired product was detected by TLC and the reac-
tion also became very complicated. It is also worth
noticing that this reaction needs anhydrous and oxy-
gen-free conditions. Moreover, the solvents played an
important role in this reaction. For example, the use
of anhydrous THF as the solvent could lead to the for-
mation of cyclopropane in high yield, whereas the reac-
tion was carried out with difficulty in toluene and ethyl
ether. When MeLi or n-BuLi was used under the current
anyllithiums
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reaction conditions, the reaction was complex and the
desired cyclopropane product was not obtained (Scheme
2).

Having established optimal reaction condition, several
racemic monocarboxylic epoxide analogues9 and a vari-
ety of dithianyllithiums were prepared and the reaction
results are summarized in Table 1. The substituents of
the epoxide terminal did not affect cyclopropanation
reaction (Table 1, entries 1–4). When R3 was a small ste-
ric group such as methyl, a tandem reaction occurred
and the corresponding cyclopropane-bearing lactones
were obtained as the sole products (Table 1, entries 1,
3, 6 and 9). We also found the steric factor of 1,3-dithi-
ane did not obviously affect stereoselectivity of cyclo-
propanation (Table 1, entries 1, 6, 7 and 8). In all
cases, 1,2,3-trisubstrated cyclopropanes were obtained
in a high yield of 76–92% and high stereoselectivity
(trans:cis > 95:5). The NMR analysis of the crude reac-
tion revealed that in all cases, the trans isomers were
formed exclusively and the cis isomers have not been
detected by the NMR spectrum.3,4,10,12

Based on the experimental results, a plausible mecha-
nism was suggested as follows (Scheme 3). This cyclo-
propanation reaction was supposed to be a tandem
conjugation addition-opening epoxide ring sequence.

In summary, we have developed a new and high stereo-
selective process for synthesis of 1,2,3-trisubstrate
cyclopropanation derivatives in high yields. More
importantly, a variety of substituents could be intro-
duced into the resulting cyclopropane monocarboxylic
ester derivatives with a highly stereoselective. Further
mechanistic and synthetic studies are currently in
progress.
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