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Abstract

The reaction of o-, m-, and p-F,C=CFCgH,X with SFsBr produces an intermediate adduct, FsSCF,CFBrC¢H4X, which, on treatment with
AgBF,, affords the first useful, high yield preparation of o-, m-, and p-FsSCF,CF,CgH,X.

© 2003 Elsevier Science B.V. All rights reserved.

Keywords: SFs-fluoroalkyl aromatics; Sulfur hexafluoride derivatives; Trifluorostyrenes

1. Introduction

The properties of organic compounds are often signifi-
cantly enhanced or modified by the incorporation of per-
fluoroalkyl groups [1-3]. Although a large body of work has
been published with compounds containing perfluoroalkyl
groups, only a small number of compounds containing an
FsS-group or FsS(CF,),-groups has been prepared and
investigated, even though useful properties that range from
liquid crystals to pesticides to dielectrics are enhanced by
incorporation of the FsS-moiety [4]. In the liquid crystal
field, the F5S-group as a polar terminal group has produced a
new class of liquid crystals that have both very strong
dielectric anisotropy and moderately high clearing points
[5]. The first reported organic superconductor contained an
FsS-group [6]. Since this initial report, a number of FsS-
containing materials ranging from superconductivity to
metallic conductivity to semiconductivity have been
reported [7,8]. Polymeric FsS-containing imides with low
dielectric constants (2.51-3.00) have potential use in the
electronics industry [9]. When the surfactant properties of
the F5S-group have been compared to similar F;C-contain-
ing analogs, the F5S-group has been found to be superior for
lowering aqueous surface tension [10], and polymers con-
taining the FsS-moiety have exhibited fluorinated surfaces
with low wettability [11,12].
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There are many known meta-, para- and several ortho-
derivatives of SFsCgHs [13—15]. However, only a relatively
small number of meta-FsSCF,CF,CcH4X derivatives has
been prepared; there are no known ortho- or para-deriva-
tives [16,17]. In our laboratories, we have developed several
synthetic pathways for preparing FsSCF,CF,C¢Hs [17,18];
the first method involves a multistep procedure for making
FsSCF,CF,I (1), which in turn is reacted with benzene while
the second method is a two-step process in which SF;sBr is
reacted with CF,=CFCgHs and the addition product is then
treated with AgBF,. With FsSCF,CF,CgHs (2), electrophilic
aromatic substitution reactions occur giving exclusively
meta derivatives. When aromatic compounds other than
benzene, such as toluene, are reacted with (1), only very
low yields of FsSCF,CF,-aryl products are obtained. Con-
sequently, this pathway did not lead to ortho- and para-
analogs.

2. Results

The above limitations prompted us to seek a new, more
general route to the functionalized FsSCF,CF,C¢H4X (0, m,
p) derivatives. The recent report of a low-cost general route
for the preparation of o-, m-, and p-trifluorostyrene deriva-
tives [19] (Scheme 1) suggested a general entry into the
preparation of o-, m-, and p-SFsCF,CF,C¢Hy4X (Scheme 2).
Since the substituent in the styrene precursor can be ortho,
meta, or para, the FsS-analogs (4) can contain a variety of
ortho, meta or para atoms or groups. Interestingly, no
deactivating effect of ortho substituents in either reaction
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Scheme 1. The preparation of trifluorostyrene derivatives [19].
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Scheme 2. The preparation of FsSCF,CF,CqH X derivatives.

scheme was observed. Tables 1 and 2 summarize these
results.

For both reaction steps, a range of reactivities was
found—estimated by reaction times and temperatures for
complete reaction. The addition of SFsBr to the trifluoros-

Table 1
Preparation of FsSCF,CFBrC¢H,X (3)
Entry F,C=CFC4H,X + FsSBr %
CH,Cl,/0°C

X Conditions Yield of 3 (%)*°
1 m-Br 18h 53
2 p-Br 25h 53
3 p-Cl 20h 52
4 p-CH, 48 h 41
5 p-CF; 20h 22°
6 p-NO, 51h 80
7 o-F 17h 82
8 0-CF; 18h 74
9 0-CH(CH;),  18h 67

# Isolated yield of 3.

 All products gave satisfactory '°F, '"H NMR and HRMS data
consistent with the assigned structure.

¢ Low yield due to volatility of product.

Table 2
Preparation of FsSCF,CF,CcH X (4)

Entry 3+ AgBE, "4

X Conditions Yield of 4 (%)*°
1 m-Br 44 h/RT 99
2 p-Br 21 h/0°C — RT 98
3 p-Cl 20 h/0 °C — RT 97
4 p-CH; 2/3 h/80 °C 38°
5 p-CF; 28 h/100 °C 9
6 p-NO, 46 h/138 °C¢ 67
7 o-F 22.5 h/0 °C 93
8 0-CF; 3 /100 °C 99
9 0-CH(CHs), 45h/—78 °C — RT 89

#Isolated yield of 4.
® All products gave satisfactory '°F, 'H NMR and HRMS data
consistent with the assigned structure.

¢ Low yield due to loss in the filtration process.
9 Boiling xylene (solvent).

tyrenes proceeded faster with alkyl or halogen substituents
(p-CHs, 0-CH(CH3),, o-F, m-Br, p-Br, and p-Cl) and less
readily with electron withdrawing substituents (o0-CF;,
p-CF3, and p-NO,). Similar reactivity patterns were found
in the conversion of 3 to 4.

In conclusion, we have developed a simple, general route
to FsSCF,CF,CcHX derivatives, where X can be a variety
of o, m, and p atoms or groups. This methodology avoids
S,F19, and since S,Fq is prepared from SFsBr, saves one
additional step, avoids the use of C,F,, and provides entry to
any pattern of aromatic substitution.

3. Experimental

The reactant SFsBr was prepared using SF,, BrFs, Bry,
and CsF [20].

A typical experimental procedure is described below.

The reactions were carried out in a 30 ml Carius tube
equipped with a Kontes PTFE valve and a PTFE coated
stirring bar. After evacuation, the Carius tube was filled with
argon. The trifluorostyrene derivative, dissolved in pentane
(1-2 g of the styrene in 3—5 ml pentane), and CH,Cl, (5 ml)
were added to the Carius tube. After cooling to —196 °C, the
vessel was evacuated and up to 2 mol-equivalents of SFsBr
were added via vacuum transfer. The Carius tube was then
placed in a 0 °C circulating water bath under three 90 W sun
lamps at a distance of 15-20 cm. Completion of the reaction
was marked by a change of color from light yellow to red-
brown. The absence of a vinyl stretching frequency (1756—
1790 cm™ ') in the infrared spectrum confirmed the total
consumption of the trifluorostyrene derivative. The pentane
and CH,Cl, were removed by rotary evaporation and the
product isolated by silica gel chromatography (hexane as
eluant). Hexane and any residual solvents were removed
under vacuum to give the pure product (3). For example,
1.0 g (5.7 mmol) o-F-trifluorostyrene in 3 ml pentane, 5 ml
CH,Cl,, and 1.53 g (7.4 mmol) SFsBr were added to a 30 ml
Carius tube. The mixture was irradiated for 17 hat 0 °C. The
product was isolated by silica gel chromatography; yield
was 82%.

To a 30 ml Carius tube equipped with a Kontes Teflon
valve and a Teflon coated stirring bar, was added AgBF,.
Anhydrous CH,Cl, (5 ml) was transferred to the Carius tube
under vacuum, and a ~0.5 molar equivalent amount of 3 was
added under an argon atmosphere. The reaction mixture was
usually stirred at room temperature or with heating (cf.
Table 2). When GC-MS analysis indicated total consump-
tion of 3, the reaction mixture was cooled to room tempera-
ture, the solid phase removed by vacuum filtration and the
solid washed with 2-3 ml of CH,Cl,. The CH,Cl, fractions
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were combined and separated by silica gel chromatogra-
phy—solvent removed under vacuum to give pure 4, iden-
tified by IR, '°F and '"H NMR and HRMS. For example,
0.98 g (2.6 mmol) of the above o-F adduct, 5.2 ml CH,Cl,,
and 0.89 g (4.6 mmol) AgBF, were added to a 30 ml Carius
tube under an argon atmosphere. The reaction mixture was
stirred for 22.5 h at 0 °C; the solid phase was removed by
vacuum filtration and washed with small amounts of
CH,Cl,. The filtrate was passed through a short column
of silica gel in order to remove any polar constituents and the
eluate was concentrated under vacuum at —24 °C. The yield
of the product was 93%.
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