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ABSTRACT

Treatment of 1-bromo-2,2-dichloro-3-trimethylsilylcyclopropane with CsF in THF refluxing temperature gave chlorocyclopropenyl cation (1),
which reacted with various nucleophiles to generate 3-monosubstituted 1-chlorocyclopropenes. The Diels-Alder reactions of 3-monosubstituted
1-chlorocyclopropenes with 1,3-diphenylisobenzofuran (DPIBF) yielded only the exo-anti adducts in excellent yield. When cation 1 was treated
with water and trapped with DPIBF, an aldehyde, 12, was isolated.

Although the first derivative of cyclopropane was obtained
as early as 1881, and cyclopropane itself was obtained the
following year,1 the first authenticated synthesis of cyclo-
propene was not obtained until four decades later.2 Cyclo-
propenes continue to fascinate both theoretical and experi-
mental chemists because of their unique structure, high
degree of ring strain, and difficult synthesis.3 Consequently,
the chemistry of cyclopropenes is very rich, containing many
unusual processes such as ene dimerizations, [2 + 2]
cycloadditions, and ring-opening reactions to release strain
energy.3 Cyclopropenes containing 3-hydrogen usually un-
dergo ene dimerizations to form 3-cyclopropylcyclopropenes,
and such asymmetric compounds undergo ene reactions to
generate several regio- and stereodimers.4 To understand the
chemical properties of 3-monosubsituted cyclopropenes, it
is very important to identify systematic methods and an easier
route for synthesizing such compounds. Several synthesis
methods for cyclopropenes have been developed.1,4i,5 There
are two easy methods to synthesize cylopropenes: one uses
cyclopropenyl anions at carbon-1 with electrophiles to give

1-substituted cyclopropenes;6 the other uses cyclopropenyl
cations, the smallest Hückel aromatic system compounds,7

with nucleophiles to generate 3-substituted cyclopropenes.

(1) Markownikoff, W.; Krestownikoff, A. Justus Liebigs Ann. Chem.
1881, 208, 334.

(2) Dem’yanov, N. Y.; Doyarenko, M. N. Bull. Acad. Sci. Russ. 1922,
16, 297.

(3) Halton, B.; Banwell, M. B. Cyclopropenes. In The Chemistry of the
Cyclopropyl Group; Rappoport, Z., Ed.; Wiley: New York, 1987; Chapter
21.

(4) (a) Breslow, R.; Dowd, P. J. Am. Chem. Soc. 1963, 85, 2729. (b)
Komatsu, K.; Niwa, T.; Akari, H.; Okamoto, K. J. Chem. Res., Miniprint
1985, 8, 2847. (c) Baird, M. S.; Hussein, H. H.; Clegg, W. J. Chem. Res.,
Miniprint 1988, 4, 1101. (d) Garratt, P. J.; Tsotinis, A. J. Org. Chem. 1990,
55, 84. (e) Billups, W. E.; Lee, G.-A.; Arney, B. E., Jr.; Whitmire, K. H
J. Am. Chem. Soc. 1991, 113, 7980. (f) Lee, G.-A.; Shiau, C.-S.; Chen,
C.-S.; Chen, J. J. Org. Chem. 1995, 60, 3565. (g) Deng, Q.; Thomas, B. E.,
IV; Houk, K. N.; Dowd, P J. Am. Chem. Soc. 1997, 119, 6902. (h) Lee,
G.-A.; Chen, C.-S. Tetrahedron Lett. 1997, 38, 8717. (i) Lee, G.-A.; Chang,
C.-Y. Tetrahedron Lett. 1998, 39, 3013. (j) Lee, G.-A.; Chang, C.-Y. J.
Org. Chem. 2004, 69, 8949. (k) Sheshenev, A. E.; Baird, M. S.; Croft,
A. K.; Starikova, Z. A.; Shashkov, A. S.; Zhuze, A. L.; Bolesov, I. G.
Tetrahedron Lett. 2006, 47, 2839. (l) Chen, K. C.; Wang, W. C.; Chen,
M.-Y.; Chen, W.-C.; Her, M.-C.; Lee, G.-A. Eur. J. Org. Chem. 2007, 6,
953.

(5) (a) Baird, M. S. In Cyclopropenes: Synthesis by Construction of the
System, Houben-Weyl; de Meijere, A., Ed.; Georg Thieme Verlag: Stuttgart,
1996; Vol. E17d, pp 2695-2744. (b) Baird, M. S.; Bushby, R. J. In
Cyclopropenes: Synthesis by Ring Contraction, Houben-Weyl; de Meijere,
A., Ed.; Georg Thieme Verlag: Stuttgart, 1996; Vol. E17d, pp 2747-2759.
(c) Hopf, H. In Cyclopropenes: Synthesis by Rearrangement of the Carbon
Framework, Houben-Weyl; de Meijere, A., Ed.; Georg Thieme Verlag:
Stuttgart, 1996; Vol. E17d, pp 2745-2746. (d) Rubin, M.; Rubina, M.;
Gevorgyan, V. Synthesis 2006, 8, 1221.

(6) (a) Padwa, A.; Krumpe, K. E.; Terry, L. W.; Wannamaker, M. W.
J. Org. Chem. 1989, 54, 1635. (b) Kurek-Tyrlik, A.; Minkaztym, K.; Wicha,
J J. Am. Chem. Soc. 1995, 117, 1849. (c) Rubina, M.; Rubin, M.; Gevorgyan,
V. J. Am. Chem. Soc. 2003, 125, 7198. (d) Liao, L.-A.; Yan, N.; Fox, J. M.
Org. Lett. 2004, 6, 4937. (e) Weatherhead-Kloster, R. A.; Corey, E. J. Org.
Lett. 2006, 8, 171.

ORGANIC
LETTERS

2008
Vol. 10, No. 9
1843-1845

10.1021/ol8004479 CCC: $40.75  2008 American Chemical Society
Published on Web 04/10/2008



Cyclopropenyl anions can be generated by treatment with
1-halocyclopropenes with alkyllithium,8 1-trimethylsilyl-
cyclopropenes with fluoride salt,9 or cyclopropenes contain-
ing 1-hydrogen with alkyllithium.10 Cyclopropenyl cations
can be formed by treatment of cyclopropenes containing
3-hydrogen with triphenylmethyl perchlorate, NO+BF4

-,11

or trialkyloxonium salts.12 3-Chlorocyclopropenes with
strong Lewis acids also form cyclopropenyl cations.13 In the
literature, polysubstituted cyclopropenyl cations such as
1,2,3-trichloro, 1,2,3-triphenyl,14 3-methyl-1,2-diphenyl,14a

tri-tert-butylcyclopropenyl,15 and diphenyl16 reacted with
nucleophiles to give various types of 3-substituted cyclo-
propenes. To the best of our knowledge, there is only one
report using chlorocyclopropenyl cation. Breslow and co-
workers reported that treatment of a mixture of 1,3- and 3,3-
dichlorocyclopropenes with SbCl5 afforded chlorocyclopro-
penyl cation (1), allowing hydrolyzation to cyclopropenone.17

We now report a simpler preparation of cation 1, which
followed treatment with nucleophiles to form various 3-mono-
substituted 1-chlorocyclopropenes. In addition, the stereo-
chemistry of these cyclopropenes with DPIBF was studied.

1-Bromo-2,2-dichloro-3-trimethylsilylcyclopropane (2)4h

was treated with 1.2 equiv of CsF and 1.2 equiv of DPIBF
at refluxing temperature, and the mixture was then stirred
for 8 h. The mixture was purified by chromatography and a
sole product 317 was obtained. According to the 1H NMR
spectrum and single-crystal X-ray analysis, the structure of
product 3 was confirmed to be an exo-anti adduct of 1,3-
dichlorocyclopropene with DPIBF (Scheme 1).

A plausible reaction mechanism is depicted in Scheme 2.
1-Chloro-3-bromocyclopropene (5a) or 3,3-dichlorocyclo-

propene (5b) was generated by the fluoride-induced elimina-
tion of 1-bromo-2,2-dichloro-3-trimethylsilylcyclopropane
(2). Neither of the intermediates 5a or 5b expelled a halide
ion autonomously to yield a chlorocyclopropenyl cation (1).
According to the literature, the order of nucleophilicity was
Cl- > Br- in an aprotic solvent (THF).18 A chloride ion
attacked the intermediate 1 at the C-2 position to afford 1,3-
dichlorocyclopropene, which was further trapped by DPIBF
to yield an exo-anti adduct 3 (Scheme 2).

To prove the mechanism, compound 2 was treated with
1.2 equiv of CsF, 1.2 equiv of DPIBF, and 10 equiv of
MeOH at a gently refluxing temperature. Compound 7 was
the only isolated product of this reaction, and its structure
was confirmed by single-crystal X-ray analysis (Figure 1).

Intermediate 1-chloro-3-methoxycyclopropene was syn-
thesized by the reaction of methanol as it attacked the
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Scheme 1

Scheme 2

Figure 1. X-ray structure of compound 7.
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chlorocyclopropenyl cation (1) at the C-2 position. 1-Chloro-
3-methoxycyclopropene formed a DPIBF adduct (exo-anti)
in 85% yield.

In the literature, 3-substituted 1-chlorocyclopropenes are
rare because they are difficult to synthesize.17,19 Based on
these reports, we plan to synthesize a series of 3-substituted
1-chlorocyclopropenes using this methodology. The results
of the reaction of chlorocyclopropenyl cation (1) with various
nucleophilic agents are shown in Table 1.

Reaction of DPIBF with 3-substituted 1-chlorocyclopro-
penes yielded only the exo-anti adducts. Compounds 3 and
10 were isolated by chromatography in 75% and 9% using
10 equiv of 2-propanol, but compound 10 was the only
product isolated using 2-propanol as a solvent (yield ) 68%).

Chlorocyclopropenyl cation (1) reacted with water and was
further trapped by DPIBF. The mixture was then concen-
trated and chromatographed to give aldehyde 12 (yield )
84%). A possible explanation for its production of compound
12 could be an intermediate 11 via a ring-opening reaction
to release the strain energy (Scheme 3).

In summary, we have prepared, in high regioselectivity, a
very good yield of the chlorocyclopropene family by the
reaction of chlorocyclopropenyl cation (1) with various
nucleophiles. Diels-Alder cycloaddition of chlorocyclopro-
penes with 1,3-diphenylisobenzofuran (DPIBF) yielded only
an exo-anti adduct. The structures of these compounds were
determined by single-crystal X-ray analysis, and the chem-
istry of all 3-substituted 1-chlorocyclopropenes is being
investigated.
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Table 1. Various Nucleophilic Agents Reacted with
Monochlorocyclopropenyl Cation (1)
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