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Abstract

b,b-Diphenyl-a-(trifluoromethyl)vinylstannane 6 was prepared in good yield via several steps from
2,3,3,3-tetrafluoro-1-phenyl-1-phenylthiopropene. The cross-coupling reactions of 6 with aryl iodides in
the presence of a catalytic amount of Pd(PPh3)4 and CuI provided trifluoromethylated triphenylethene
derivatives 7 in high yields. © 2000 Elsevier Science Ltd. All rights reserved.
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The introduction of a trifluoromethyl (CF3) functionality into organic molecules is an
important subject in organofluorine chemistry because some of the resultant compounds exhibit
unique properties in the areas of agrochemicals, pharmaceuticals and material science.1

Although direct trifluoromethylation2 and halogen-exchange reaction3 have been widely utilized
to construct trifluoromethylated compounds, a promise alternative approach is to use trifl-
uoromethylated building blocks.4 Of particular interests in this conjunction is b,b-diphenyl
a-(trifluoromethyl)vinylstannane, which is a quite useful building block for the synthesis of
trifluoromethylated triphenylethene derivatives. It has been well known that triphenylethene
unit5 is the important framework of many nonsteroidal antiestrogens which exhibit mammary
tumor inhibiting properties via binding to the estrogen receptor. In particular, trifluoromethyl-
analogs have received much attention in recent years because of enhancement of biological
property.6 Although a-(trifluoromethyl)vinylmetal reagents bearing proton, fluorine or ethoxy
groups at b-position have been synthesized via previous methods, however, methodology for the
preparation of a-(trifluoromethyl)vinylmetal reagents bearing two phenyl groups at b-position
has not been exploited previously. Generally, a-(trifluoromethyl)vinyllithium reagents7 are quite
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unstable even at low temperature, in which difluoroallene was formed via defluorination of
a-(trifluoromethyl)vinyllithium. However, b,b-difluoro-a-(trifluoromethyl)vinyllithium8 can be
prepared from the reaction of 2-hydropentafluoropropene with LDA or t-BuLi at −78°C. Jiang
prepared a stable a-(trifluoromethyl)vinylzinc reagent9 from the reaction of 2-bromotrifluoro-
propene with Zn(Ag) in the presence of TMEDA. The coupling reactions of a-(trifluoromethyl)-
vinylzinc reagent with aryl and vinyl halides have been quite successful,9,10 but
a-(trifluoromethyl)vinylzinc reagent failed to react with acyl chlorides in the presence of
palladium catalyst.9 a-(Trifluoromethyl)vinylzinc reagents bearing fluorine11 or ethoxy group12 at
b-position were also prepared in a similar manner and their coupling reactions with aryl halides
afforded the corresponding a-trifluoromethylated compounds. Recently, a-(trifl-
uoromethyl)vinylstannane reagents bearing only hydrogens at b-position have been prepared
from the reaction of 2-bromotrifluoroisopropene with lithium tributylstannate in the presence of
CuI and utilized for the cross-coupling with acyl halides to give a-(trifluoromethyl)vinyl
ketones.13 However, there is no report on the coupling reaction of a-(trifl-
uoromethyl)vinylstannane with aryl halides. Thus, we wish to describe a new and efficient
method for the preparation of novel b,b-diphenyl-a-(trifluoromethyl)vinylstannane reagent and
cross coupling reactions with aryl iodides to give trifluoromethylated triphenylethene derivatives
in this communication.

A novel starting material, b,b-diphenyl-a-(trifluoromethyl)vinylstannane reagent, was pre-
pared via several steps from 2,3,3,3-tetrafluoro-1-phenyl-1-phenylthiopropene (1).14 Oxidation of
1 with mCPBA (2.5 equiv.) in CH2Cl2 at reflux temperature for 24 hours afforded 2,3,3,3-tetra-
fluoro-1-phenyl-1-phenylsulfonylpropene (2)15 in 92% yield. Treatment of 2 with sodium thio-
phenoxide (4 equiv.) in toluene at 0°C for 24 hours resulted in the formation of
3,3,3-trifluoro-1-phenyl-1-phenylsulfonyl-2-phenylthiopropene (3)15 in 81% yield. The choice of
solvent and reaction temperature are quite important to give 3 in this reaction. The use of
solvents, such as THF, CH3CN or DMF, or elevated reaction temperature caused the formation
of a significant amount of 1,2-bis(phenylthio)-3,3,3-trifluoro-1-phenylpropene. When 3 was
reacted with phenyllithium (1.5 equiv.) in toluene at −78°C for 24 hours, 3,3,3-trifluoro-1,1-
diphenyl-2-phenylthiopropene (4)15 was obtained in 82% yield. Oxidation of 4 with mCPBA (2.5
equiv.) in CH2Cl2 at reflux temperature for 24 hours provided 3,3,3-trifluoro-1,1-diphenyl-2-
phenylsulfonylpropene (5)15 in 94% yield. Finally, b,b-diphenyl-a-(trifluoromethyl)vinylstannane
(6)15 reagent can be obtained in 84% yield by treatment of 5 with Bu3SnH (1.5 equiv.)/AIBN (10
mol%) in benzene at reflux temperature for 24 hours. The reducing product, 3,3,3-trifluoro-1,1-
diphenylpropene, was obtained in less than 5% yield (Scheme 1).

Since the vinylstannane group is an excellent functionality for carbon�carbon bond formation
with electrophiles in the presence of palladium catalyst,16 we examined the reaction of 6 with
aryl iodides bearing a substituent on benzene ring in the presence of several palladium catalysts.
The use of a Pd catalyst such as Pd(PPh3)4 or Pd(PPh3)2Cl2 in THF, DMF, toluene or HMPA
did not provide any cross-coupling product. However, the cross-coupling reaction was well
proceeded by using a mixture of 10 mol% Pd(PPh3)4 and 10 mol% CuI in DMF. The reaction
was completed in 4 hours at room temperature. Aryl bromides did not provide a cross-coupling
adduct even at 80°C. Therefore, aryl iodides bearing a bromo, methoxy, methyl, nitro or
trifluoromethyl on para- or meta-position of benzene ring underwent the cross-coupling reaction
with 6 in the presence of 10 mol% Pd(PPh3)4 and 10 mol% CuI in DMF at room temperature
for 4 hours, and the corresponding coupling products were obtained in high yields. Unfortu-
nately, the coupling product, formed from the reaction of 6 with aryl iodides bearing a methoxy
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Scheme 1.

or methyl on ortho-position of benzene ring, was obtained in less than 5% yield under the same
reaction conditions, whereas a reducing product and dimerization product (butadiene) were
formed as major products. The heating of the reaction mixture at 80°C resulted in the formation
of a messy reaction mixture. The experimental results are summarized in Table 1.

Table 1
The cross-coupling reactions of 6 with aryl iodides

Yield (%)aXCompound no.

H 937a
p-Br7b 86
p-OCH3 897c

88p-CH37d
p-NO2 937e

90p-CF37f
7g 88m-Br

m-OCH3 807h
m-CH3 817i
m-NO2 827j

85m-CF37k
o-CH3 B57l
o-OCH3 B57m

a Isolated yields.
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A typical reaction procedure for the preparation of 7c is as follows. To a DMF (5 ml) solution
of p-iodoanisole (0.066 g, 0.28 mmol) and b,b-diphenyl-a-(trifluoromethyl)vinylstannane (0.118
g, 0.22 mmol) was added Pd(PPh3)4 (10 mol%) and CuI (10 mol%), and the reaction mixture was
stirred at room temperature for 4 hours under an argon atmosphere. After the reaction mixture
was quenched with water and then washed with 5% KF solution and brine, the solution was
extracted with ether twice. The ether solution was dried and chromatographed on a SiO2

column. Elution with a mixture of hexane and ethyl acetate (20:1) provided 0.069 g of
3,3,3-trifluoro-2-(4%-methoxy)phenyl-1,1-diphenylpropene 7c in 89% yield. Compound 7c: mp
67–68°C; 1H NMR (CDCl3) d 7.84–6.69 (m, 14H), 3.75 (s, 3H); 19F NMR (CDCl3) d −56.47 (s,
3F); MS, m/z (relative intensity) 354 (M+, 100), 285(7), 270(11), 241(8), 165(5), 126(3), 120(3),
51(3); IR (KBr) 3058, 2926, 2853, 1733, 1661, 1608, 1511, 1445, 1328, 1250, 1226, 1170, 1111,
1033, 983, 824, 757, 701, 640 cm−1.
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