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Abstract—The synthesis of a substituted (Z)-2-(2-methylenecyclopropyl)vinyl N,N-dialkylcarbamate is presented. Via a-deprotona-
tion of a 4-chloromethyl-2,4-dienyl carbamate and succeeding intramolecular S0

E-cycloalkylation reaction, the diastereomerically
pure cyclopropane is formed.
� 2005 Elsevier Ltd. All rights reserved.
Methylenecyclopropanes and some of their derivatives
have been known for several years in organic synthesis,
but there are only few methods reported for the synthe-
sis of functionalized 1-methylene-2-vinylcyclopropanes.1

Elimination reactions of halo- and dihalocyclopropanes
offer an access to this class of compounds but 1-methyl-
ene-2-alk-1-enylcyclopropanes are obtained as a mixture
of the corresponding cis- and trans-isomers.1c,2

The exact mechanism of these base-induced eliminations
and double-bond migrations, which leads to 1-methyl-
ene-2-vinylcyclopropanes, is not yet completely under-
stood. Here, we report a simple method for the
formation of a substituted diastereomerically pure (Z)-
configured 2-(2-methylenecyclopropyl)vinyl ester deriv-
ative based on a-deprotonation of the x-functionalized
dienyl carbamate 6.3 6 was synthesized in few steps start-
ing from the aldehyde 2 which was prepared according
to the literature from phosphonate 1 (Scheme 1).4 After
a Horner–Wadsworth–Emmons chain elongation of the
aldehyde 2 with triethyl phosphonoacetate, the ethyl
ester was isolated as a crude product. Due to the insta-
bility of the ester, direct reduction with DIBAL-H was
necessary. The corresponding allylic alcohol 3 was
obtained after two steps in 24% yield. Treatment of
the alcohol 3 with sodium hydride and N,N-diisoprop-
ylcarbamoyl chloride furnished the carbamate 4 in
59% yield. Removal of the TBS group with TBAF
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yielded the carbamate 5 in 90%. Transformation of the
hydroxy group of 5 into chloro via an Appel reaction
leads to the (2E)-dienyl carbamate 6 in 80% yield as a
single diastereomer.

After deprotonation of the carbamate 6 with n-butyl-
lithium in the presence of different bis-tertiary diamines
at �78 �C in diethyl ether, the diastereomerically pure
(Z)-configured cyclopropane 8 could be isolated. Using
N,N,N 0,N 0-tetramethylethylenediamine (TMEDA), rac-
8 was obtained in 33% yield as a crystalline solid
(Fig. 1).7 With (�)-sparteine (+)-8 was obtained in
52% yield with an enantiomeric excess of 50%.8,9 Due
to the fast epimerization of the intermediate, configura-
tionally unstable dienyllithium intermediate 7, we
obtained only a moderate enantiomeric excess. The
(Z):(E) ratio of the product was >98:2 in all cyclization
reactions.

The N,N-diisopropylcarbamoyl group is required for
activation and the regioselective deprotonation of the
dienyl moiety. It acidifies the dienylic protons at C-1
and fixes the lithium counter ion after the deprotonation
of 6 in the a-position.5 In the cyclization reactions, at
least 2 equiv of n-butyllithium were required. This can
be explained by the high acidity of the formed vinylic
proton at the C-1 position in the cyclopropane 8. Quan-
titative removal of one a-dienylic proton in 8 is therefore
just possible when using at least 2 equiv of n-butyl-
lithium. The a-lithiated intermediate 7 reacts from the
(2E)-endo-conformation endo-7 to form by an intramo-
lecular S0

E-cycloalkylation the (Z)-configured 2-(2-meth-
ylenecyclopropyl)vinyl ester 8 (Scheme 2).6
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Scheme 1. Reagents and conditions. (a) (i) (C2H5O)2P(O)CH2CO2C2H5, NaH, Et2O; (ii) DIBAL-H, toluene, �78 �C, 24%; (b) CbCl, NaH, THF,
59%; (c) TBAF, Et2O, 90%; (d) PPh3, Cl3CCN, C6H5Cl, 80 �C, 80%.

O

O

N

Figure 1. Solid-state structure of (Z)-N,N-diisopropylcarbamic acid [2-(2-methylenecycloprop-1-yl)vinyl] ester (8).
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Scheme 2. Synthesis of 2-(2-methylenecycloprop-1-yl)vinyl ester 8.
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In conclusion, we have shown a simple way for the
synthesis of the highly strained (Z)-configured 2-(2-
methylenecyclopropyl)vinyl ester 8 in good yield,
high diastereoselectivity, and moderate enantio-
selectivity.
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