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Stereospecific synthesis of trifluoromethyl-substituted
polyfunctionalized cyclopropanes
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Abstract—Treatment of methyl (Z)-2-bromo-4,4,4-trifluoro-2-butenoate 1 with active methylene compounds 2 in the presence of
NaH as base affords a stereospecific synthetic route to trifluoromethyl substituted cyclopropanes in good yields.

© 2004 Elsevier Ltd. All rights reserved.

The cyclopropyl group is a vital structural unit in many
synthetic and naturally occurring compounds, exhibit-
ing a wide spectrum of biologic properties, ranging from
enzyme inhibition to herbicidal, antibiotic, antitumor,
and antiviral activities.!> In particular, cyclopropanes
containing trifluoromethyl (-CF3) group are attractive
to organic chemists because the introduction of fluorine
atoms may bring in different physiochemical properties
and bioactivities of organic compounds.> Though the
synthetic methods of cyclopropanes have long been well
documented,* so far, a few approaches toward the ster-
eoselective synthesis of CFs-substituted cyclopropyl
derivatives have been reported.> However, these meth-
ods have some drawbacks, such as difficulty of obtaining
the starting materials, low yields of the products, and
low stereoselectivities. Indeed, the development of an
efficient and practical method for the synthesis of CF5-
containing cyclopropanes in a stercoselective manner is
still highly desirable. Herein, we report a stereoselective
synthesis of CF3-containing cyclopropanes under mild
reaction conditions in good yields.

A novel building block with a CF3; group, methyl (£)-2-
bromo-4,4,4-trifluoro-2-butenoate 1, was synthesized in
our group.® The sodium salt of PhSO,CH,CN (using
NaH as base) was treated with 1 in THF at —30°C for
30min, and then at room temperature for 2h to afford
the cyclopropyl derivative (3a) in 83% yield. The behav-
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ior of a series of active methylene compounds was exam-
ined and all of them reacted with 1 to afford the
corresponding CF;-containing cyclopropanes as the sole
product in good to excellent yields under these reaction
conditions (Scheme 1).7 The results were summarized in
Table 1.

The stereochemistry of compounds 3a—h was established
by the '°F and "H NMR spectra. The 'F NMR spectra
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Scheme 1.

Table 1. Reactions of methyl (Z)-2-bromo-4,4,4-trifluoro-2-butenoate
1 with active methylenes 2 (R;CH,R;)

Entry R;CH;R, Product Yield (%)*
1 R; =PhSO,, R, =CN 3a 83
2 R; =R, =COMe 3b 80
3 Rl = Rz = COzEt 3¢ 85
4 R, =R, = CO,Me 3d 87
5 Rl = COzEt, R2 = CN, 3e 75
6 R] = Rz =CN 3f 68
7 R, = Ph, R, = COMe 3g 64
8 R, = Ph, R, = CO,Et 3h 78

?Yields are based on methyl (Z)-2-bromo-4,4,4-trifluoro-2-bute-
noate 1.
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Figure 1. The ORTEP view of 3a.
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Figure 2. Newman projection formula of B.

of 3a shows a peak at —13.1ppm (d, J=5.6Hz,
CF;COOH as internal standard), indicating one sole tri-
fluoromethylated compound was obtained. In addition,
the '"H NMR spectra of compound 3a shows a new set
of signals: doublets at 3.14ppm (J = 8.2Hz, 1H) were
assigned to the cyclopropyl proton in o-position to
CO,Me group and the multiplets at 3.41 (1H) ppm were
assigned to the other cyclopropyl proton. For 3b-h, the
YF and 'H NMR spectra of compounds 3b-h manifest
themselves in a similar manner. In all of compounds 3a—
h, the coupling constant of the two vicinal cyclopropyl
protons is in the range of 7.1-8.4 Hz, which is a distinc-
tive clue for deducing a trans relationship between the
vicinal hydrogen atoms.® Moreover, the analysis of
NOESY for compound 3b shows there is no NOE effect
for the two vicinal protons. Based on these results, we
deduce that the vicinal protons on the 3a-h are trans.

Furthermore, the stereochemistry of compound 3a was
confirmed by a single crystal X-ray crystallographic
study (Fig. 1).° It is unambiguous to observe the trans
relationship between CF3; and both CO,Me and PhSO,.

Using building block 1, a series of stereospecific prod-
ucts 3a-h were obtained. We assumed that the Michael
addition reaction of carbanion to 1 was involved to yield
A, which could institute a proton transfer from C; to C;
to form B. From the Newman projection formula of B, a
conformational analysis of B reveals that in an anti con-
formation, CF; and CO,Me will be trans, and the large
groups, R, and R, will be far apart from CFj; (Fig. 2).
Thus, the cyclopropanation occurred stereospecificaly
via an intramolecular anionic attack to release a Br™
(Scheme 2).
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Scheme 2. Proposed reaction pathway.

In summary, highly functionalized cyclopropanes con-
taining the trifluoromethyl group were stereospecificaly
synthesized under mild conditions in good yield. These
versatile cyclopropane building blocks may have poten-
tial applications in the synthesis of trifluoromethylated
natural products.
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