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ABSTRACT

A new methodology for the synthesis of (Z)-r-fluoro-â-trifluoromethylvinylstannanes, which are useful polyfluorinated organotin reagents for
the synthesis of fluorine-containing biologically active compounds, is described.

In the past several decades, much effort has been devoted
to introducing a fluorine or trifluoromethyl functionality into
organic molecules because of the dramatic effects of this
functionality on their structure stability, reactivity, and
biological activity of the resulting compounds.1 Fluorinated
organometallic reagents provide a useful and convenient
methodology for the introduction of fluorine or trifluorom-
ethyl functionality into organic molecules.2 Organotin com-
pounds are versatile reagents in synthetic organic chemistry.
Among them, vinylstannanes have attracted special attention
and emerged recently as highly valuable intermediates in
organic synthesis.3 In particular, a number of complex
naturally occurring compounds have been synthesized by
using the Stille palladium-catalyzed coupling reaction of
vinylstannanes which were employed as key intermediates.4

Recently, the stereospecific synthesis of (E)- and (Z)-(1-
fluorovinyl)stannanes was reported5 and applied to the
synthesis of enzyme inhibitors containing 2-fluoro terminal
olefins.6 The synthesis of 1,2-difluorovinylstannanes7 and
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1-trifluoromethylvinylstannanes8 also has been reported.
However, to the best of our knowledge, the synthesis of
polyfluorinated organotin reagent has not been reported
previously. We now wish to report the synthesis of poly-
fluorinated organotin reagents, (Z)-R-fluoro-â-trifluoro-
methylvinylstannanes, which we expect to be useful reagents
in the synthesis of fluorine-containing biologically active
compounds.

The reaction sequences are shown in Scheme 1. Treatment
of diethyl (1-fluoro-1-phenylsulfonyl)methylphosphonate19a

with n-butyllithium in tetrahydrofuran (THF) at-78°C gave
carbanion2 which was reacted with trifluoroacetic anhydride
to form the trifluoromethylated phosphonate3. Without
isolation,3 was attacked by Grignard reagents followed by
elimination of phosphonic acid anion to afford the desired
product4 in 77-98% yields (three steps). The results are
summarized in Table 1. The reaction was stereospecific and
the Z-isomer was obtained exclusively.

On the basis of F-CF3 coupling constants across the
double bond reported in the literature,9b if the trifluoromethyl
group was trans with respect to the F group, the4JFFtrans

ranged from 7 to 13 Hz, while for those cis with respect to
the F group, the4JFFcisranged from 21 to 31 Hz. In our cases,
4JFF is equal to 12 Hz; hence the configuration of the products
4 could be ascertained as theZ-isomer.

The stereochemical results may be rationalized as follows.
The mechanism for the formation of trifluoromethylated
R-fluoro-R,â-unsaturated sulfones is analogous to that of the
intramolecular Horner-Wadsworth-Emmons reaction11 and
is shown in Scheme 2. The reaction is initiated by the

nucleophilic attack of Grignard reagent on the carbon-
oxygen double bond of the carbonyl group, and for the
addition containing an asymmetricR-carbon, the Felkin-
Anh model of asymmetric induction12 predicts the predomi-
nant diastereomer. The incoming nucleophile preferentially
attacks the less hindered side of the plane containing the
CdO bond. Therefore, the relative steric bulk of F and SO2-
Ph play an important role in the stereoselectivity. The relative
steric bulk of F is smaller than that of SO2Ph, and the attack
is from the rear (the side of plane containing the small group)
of 3 forming the intermediate5a, while the reverse is true
for the attack from the front, forming intermediate5b. Each
of these intermediates decomposes via a syn elimination,
giving 4-Z or 4-E. In our case, formation of5a will be
favored over5b and theZ-isomer was obtained exclusively.

The polyfluorinated sulfones4 could be easily converted
to polyfluorinated stannanes6 by treatment of4 with
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Scheme 1

Table 1. (Z)-R-Fluoro-â-trifluoromethylvinyl Sulfones4
Prepared

compd10 R yield (%)a Z:Eb

4a 4-FC6H4 73 100:0
4b 4-ClC6H4 75 100:0
4c 2-CH3C6H4 83 100:0
4d 3-CH3C6H4 66 100:0
4e 4-CH3C6H4 58 100:0
4f 2-CH3OC6H4 72 100:0
4g C6H5 64 100:0
4h 2-thienyl 78 0:100c

a Isolated yields.b The ratio ofE- andZ-isomers is estimated on the basis
of NMR spectra and TLC data.c According to the sequence rules, in4h
(sulfur containing compound), when the trifluoromethyl group is trans with
respect to the F group, the stereoisomer is assigned as theE-isomer, while
in other cases they are assigned as theZ-isomer.

Scheme 2
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tributyltin hydride (2.0 equiv) and 2,2′-azobisisobutyronitrile
(AIBN, 15 mol %) in high yields13 (Scheme 3). The results

are summarized in Table 2. This transformation was ste-
reospecific and theZ-isomer was obtained exclusively. No

E-isomer was detectable from the NMR spectra and TLC
data. Similarly, the configuration of the products6 was
ascertained on the basis of their coupling constants (4JFF) as

theZ-isomer. It has been reported that5a (fluorovinyl)sulfones
obtained from ketones were transformed to (fluorovinyl)-
stannanes with retention of configuration, while those
obtained from aldehydes gave mixtures of [(E)- and (Z)-
fluorovinyl]stannanes. In our studies, the retention of con-
figuration was observed for the hemolytic cleavage of the
vinyl phenylsulfonyl group with replacement by tributyltin.
The stereochemical results of stannylation may be rational-
ized by a radical addition-elimination mechanism.5a,13

In summary, we have developed a new and convenient
methodology for the synthesis of (Z)-R-fluoro-â-trifluorom-
ethylvinylstannanes, which would be useful organotin poly-
fluorinated reagents for the synthesis of fluorine-containing
biologically active compounds. The detailed application of
this reagent in organic synthesis is being pursued.
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Scheme 3

Table 2. (Z)-R-Fluoro-â-trifluoromethylvinylstannanes6
Prepared

compd14 R yield (%)a Z:E

6a 4-FC6H4 98 100:0
6b 4-ClC6H4 83 100:0
6c 2-CH3C6H4 93 100:0
6d 3-CH3C6H4 93 100:0
6e 4-CH3C6H4 98 100:0
6f 2-CH3OC6H4 79 100:0
6g C6H5 77 100:0
6h 2-thienyl 98 0:100c
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