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ABSTRACT

The stereoselective synthesis of both cis- and trans-β-fluorostyrene derivatives from a common intermediate, (Z)-1-aryl-2-fluoro-1-(trimethylsilyl)ethenes,
is described. The trans isomers are obtained by a stereospecific replacement of the silyl group in the presence of water and a fluoride source, whereas the
preparation of the cis isomers is achieved by a bromination/desilicobromination sequence followed by reduction of the newly created C-Br bond. A
stereoselective transformation of both stereoisomers of β-fluorostyrene is also presented.

Addition of fluorine atoms on a bioactive molecule is
often used to modulate its solubility, lipophilicity, meta-
bolic stability, conformation, hydrogen-bonding ability,

or chemical reactivity. Thus, the number of drugs or
agrochemicals with at least one fluorine atom has in-
creased dramatically over the past decade.1,2 It is therefore
not surprising that a parallel interest in the development of
novel methods for the synthesis of organofluorine com-
pounds has been observed. For this purpose, two comple-
mentary approaches are generally employed: formation of
a C-F bond from a suitable functional group with a
fluorinating reagent or functionalization of simple and
readily available fluorinated synthons.1a

In regard to the second approach, one simple fluorinated
synthon that is surprisingly missing from the toolbox is β-
fluorostyrene (trans or cis) and its derivatives. Indeed, a
wide range of diversified fluorinated synthons could be
obtained from β-fluorostyrenes if a practical and stereo-
selective access to them was available. While numerous
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synthetic routes to β-fluorostyrenes3 have been described,
the majority are either nonselective4 or display low to high
selectivity.5 This is problematic since, in most cases, it is
impossible to separate the isomers by flash chromatogra-
phy, and this mixture of geometrical isomers may impact
the stereochemical purity of the product generated by a
further transformation. Methods providing exclusively
one isomer are rarewith two notable exceptions.6,7 Indeed,
while the fluorination of trans-β-lithiostyrene generated
from trans-β-iodostyrene with PhSO2N(F)t-Bu is a known
transformation,6 when we tried to reproduce this result
using NFSI instead,8 we obtained a moderate conversion
(55%) of an inseparable mixture (ca. 1:1) of trans-β-
fluorostyrene and styrene.9 More recently, a silver(I) tri-
flate mediated transformation of styrylboronic acid into
trans-β-fluorostyrene using Selectfluor was reported by
Ritter.7 To the best of our knowledge, no stereocontrolled
access to the cis isomer has ever been reported.

We have recently described the first stereocontrolled
method for the preparation of 1,1-diaryl-2-fluoroethenes
(6, Scheme 1).2d First, 1-aryl-1-bromo-2-fluoroethenes (4)
are generated using an addition/elimination reaction of
hydride to silylated β,β-difluorostyrene derivatives (1)
followed by a bromination/desilicobromination sequence.
Subsequent Suzuki-Miyaura coupling with a variety of
boronic acids gives access to the desired 1,1-diaryl-2-
fluoroethenes. Based on these results, we envisioned that
the intermediate 2 could potentially be used as a common
precursor to give direct and stereoselective access to both
isomers of β-fluorostyrene derivatives. We report herein
that the trans-β-fluorostyrene derivatives (3) can be pre-
pared by a stereospecific replacement of the silyl group in
the presence of water and a fluoride source whereas the
preparation of cis-β-fluorostyrenes (5) can be achieved by
the reduction of the C-Br bond created from the bromi-
nation/desilicobromination sequence of 2 (Scheme 1).

Our stategy for the synthesis of trans-β-fluorostyrenes
relied on protodesilylation of 2with retention of the alkene
geometry.10 The requisite (Z)-1-aryl-2-fluoro-1-(trime-
thylsilyl)ethenes (2) were prepared using an addition/elim-
ination reaction of hydride to silylated β,β-difluorostyrene
derivatives (1) as described previously2d and were used
crude after an aqueous workup. A survey of various

Scheme 1. Stereoselective Approaches to Both Isomers of β-
Fluorostyrenes

Scheme 2. Synthesis of trans-β-Fluorostyrene Derivatives a,b

a See Supporting Information for details concerning the reaction
conditions. bIsolated yield of the fluorostryrene for 2 steps (from 1).
cThe product is contaminated with ca. 2% of 4-ethynylanisole. dEsti-
mated yield by NMR as the product is contaminated with ca. 30% of
1-ethynylnaphthalene.
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experimental conditions for the stereospecific protodesily-
lation led to the finding of the optimal conditions [TBAF,
H2O (2 equiv), THF, 40 �C]. The scope of the addition/
elimination reaction of a hydride followed by a stereospe-
cific protodesilylation is presented in Scheme 2. In all the
cases, the β-fluorostyrenes were isolated in moderate to
good yields in two steps (averages of 55-80% per step) as
the trans isomer only (vide infra). Notably, with the excep-
tion of 3a, the synthesis of pure trans isomers of 3b-h have
not been reported before while 3i and 3j were unknown
compounds though potentially interesting fluorinated syn-
thons. It should be noted that all of these compounds
display significant volatility rendering their isolation on a
small scale (0.4-1.4 mmol) challenging.

The only side products isolated are the corresponding
alkynes (7). Interestingly, the fluorostyrenes were always
isolated as single isomers even though the crude intermedi-
ates 2 were not totally isomerically pure (Z/E = 83/17 to
>97/3) depending on the substitution pattern.11 A possi-
ble explanation for this phenomenon is found in Scheme 3
where we postulate that the minor isomer ((E)-2) is kine-
tically destroyed under the reaction conditions. Indeed, the
fact that we do not observe the cis isomer seems to indicate
that the anti-elimination between the silyl group and the
fluorine atom is facile12 under those conditions and kine-
tically overrides the stereospecific protodesilylation. On
the contrary, in (Z)-2, the silyl group and the fluorine atom
are cis toone anotherwhichwoulddisfavor the elimination
over the stereospecific protodesilylation.However, the fact
that the amount of alkyne (7) isolated exceeds the

percentage of (E)-2 detected in the crude mixture indicates
that the elimination is still a competing process.
For the preparation of the cis-fluorostyrenes, we envi-

sioned a palladium-catalyzed reduction of the C-Br
bond13 of 1-aryl-1-bromo-2-fluoroethenes (4). The latter
were prepared using an addition/elimination reaction of
hydride to silylated β,β-difluorostyrene derivatives (1)
followed by a bromination/desilicobromination reaction
to afford 4 in 51-86% yields (1 f 4, Scheme 1).2d

The scope of the synthesis of cis-β-fluorostyrenes (5)
from the reduction of 1-aryl-1-bromo-2-fluoroethenes (4)
is presented in Scheme 4. In all the cases, the β-fluorostyr-
eneswere isolated inmoderate to good yields (56-73%) as
the cis isomer only indicating that no scrambling of the
geometry occurred at the reduction with the exception of
5e where ca. 3% of the trans isomer was observed. Here
again, with the exception of 5a,14 the synthesis of the pure
cis isomer of 5b-e had not been reported before.

To illustrate the potential utility of trans- and cis-β-
fluorostyrenes as fluorinated synthons, their Diels-Alder

Scheme 3. Mechanistic Hypothesis

Scheme 4. Synthesis of cis-β-Fluorostyrene Derivativesa,b

a See Supporting Information for details concerning the reaction
conditions. bIsolated yield of the fluorostyrene. cThe product is con-
taminated with ca. 3% of the trans isomer.

Scheme 5. Diels-Alder of Both Isomers of β-Fluorostyrene
with 1,3-Diphenylisobenzofuran
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reactionwith 1,3-diphenylisobenzofuran (8) was examined
(Scheme 5).15When trans-β-fluorostyrene (3a) was used, a
moderate yield of the cycloadduct (9) was isolated as an
endo/exo mixture (60/40) with respect to the fluorine
atom.16 Using cis-β-fluorostyrene (5a) led to the pure endo
isomer (10) in 44% yield. This transformation illustrates
the rationale for a stereoselective access to both isomers of
β-fluorostyrene without which diastereoselective prepara-
tion of the cycloadducts (9 and 10) would have been
difficult.
In conclusion,we have described a stereoselectivemethod

for the preparation of both cis- and trans-β-fluorostyrene

derivatives from a common intermediate, (Z)-1-aryl-2-
fluoro-1-(trimethylsilyl)ethenes. The short and simple syn-
thetic sequences provide an effective synthetic approach to
both stereoisomers of a wide range of β-fluorostyrene
derivativeswith excellent stereocontrol. Further expansion
of the scope and application of this methodology for the
preparation of novel fluorinated synthons are currently
underway.
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