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1,1-diaryl-2-fluoroethenes

A simple and effective method for stereocontrolled preparation of 1,1-diaryl-2-fluoroethenes is reported. First, 1-aryl-1-bromo-2-fluoroethenes are
generated using an addition/elimination reaction of hydride to silylated ,f-difluorostyrene derivatives followed by a bromination/desilicobromination
reaction. Subsequent Suzuki—Miyaura coupling with a variety of boronic acids gives access to the desired 1,1-diaryl-2-fluoroethenes.

1,1-Disubstituted-2-fluoroethenes (1—3 in Figure 1) are of
interest in medicinal chemistry because they can be used,
for example, in the design of mechanism-based enzyme
inhibitors." Although a few methods for the stereoselective
preparation of 1 (R! = R?)?™* and 2°° exist, to the best of
our knowledge, no method for the stereoselective preparation
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of 3 (R' # R?) has been reported.” Regardless of this
synthetic shortcoming, bioactive 1,1-diaryl-2-fluoroethenes
(i.e., 4 and 5 in Figure 1) have been reported (as a E/Z
mixture).®

We have recently reported an addition/elimination reaction
of organolithium reagents to silylated f3,3-difluorostyrene
derivatives (6 or 7 in Scheme 1) followed by a bromination/
desilicobromination reaction as a simple and effective
synthetic approach to a wide range of bromofluoroalkenes
(Z/E up to >97/3). These were then submitted to a number
of Pd-catalyzed transformations giving access to both tri-
and tetrasubstituted fluoroalkenes.” On the basis of these
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Figure 1. Terminal fluoroalkenes and bioactive 1,1-diaryl-2-
fluoroethenes.

results, we envisoned that the addition/elimination reaction
of hydride nucleophile followed by a bromination/desilico-
bromination reaction could potentially generate stereoselec-
tively 1-aryl-1-bromo-2-fluoroethenes (8)'° (Scheme 1). A
Suzuki—Miyaura coupling with a variety of boronic acids
would give access to the desired 1,1-diaryl-2-fluoroethenes
(3). Herein, we report the first stereocontrolled method for
the preparation of 1,1-diaryl-2-fluoroethenes. This short and
simple synthetic sequence (only five steps from commercially
available CF;CH,I) provides an effective synthetic approach
to a wide range of 1,1-diaryl-2-fluoroethenes with good to
excellent stereocontrol (up to 97/3).

Scheme 1. Stereoselective Approach to 1,1-Diaryl-2-fluoroethenes
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1,1-diaryl-2-fluoroethenes (3)

The idea was initially tested on compound 7a (Scheme
2). The addition, using LiBEt;H as the hydride source,
proceeded smoothly to afford a crude mixture of the desired
fluoroalkene 9a with complete conversion and with an
excellent selectivity of 7/93 in favor of the (Z)-isomer.'' The
preference for the (Z)-isomer was expected on the basis of
our previous work on the addition of organolithium reagents
to 6 or 7.° However, it is difficult at this point to rationalize
the fact that a higher selectivity is observed with a hydride
nucleophile as compared to an organolithium reagent, and
experiments are underway in order to understand this trend.

Submission of the mixture to bromination/desilicobromina-
tion conditions'? resulted in inversion of the stereochemistry
with loss of selectivity (9a; E/Z = 7/93 — 8a; E/Z = 78/
22). This result follows the stereochemical path expected for
this transformation'? but is in clear contrast with our previous
work where retention was observed with isomeric enrich-
ment.’

Scheme 2. Initial Results
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Solvent is known to influence the stereoselectivity in the
bromination of styrene derivatives.'> We therefore decided
to examine various solvents as shown in Table 1 with the

Table 1. Optimization of the Bromination/Desilicobromination
Step”

TES i) Bry, solvent, -78 °C

ii) CHyONa, 40 °C
cl NoF
H

Br

Cl \H
F

9a (E/Z = 7/93) 8a
result
entry solvent convn (%)° E/Zb
1 CH,Cl, 100 78/22
2 MeOH 28 50/50
3 Et,O 30 37/63
4 hexane 100 92/8

“See Supporting Information for details concerning the reaction
conditions. * Determined by "’F NMR and/or "H NMR spectroscopic analysis
of the crude product.

hope of finding a solvent that would not result in a lost of
selectivity. The use of MeOH resulted in a complete loss of
selectivity (entry 2), while using Et,O gave 8a with retention
of configuration and loss of selectivity (entry 3). Finally,
hexane was found to be the solvent of choice for the

(10) The synthesis of 8 (Ar' = Ph) as a 50/50 E/Z mixture has been
reported; see: Petasis, N. A.; Yudin, A. K.; Zavialov, I. A.; Prakash, G. K. S.;
Olah, G. A. Synlett 1997, 606—608.

(11) The stereochemistry of the major product was confirmed by
'"H—!F NOESY (HOESY) experiment. See Supporting Information for
more details.
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bromination/desilicobromination step since inversion was
observed with little stereochemical erosion (entry 4). The
variation in selectivity for the bromination/desilicobromina-
tion reaction might be due to a change in mechanism in the
bromination step (bromonium-like vs carbocation-like), 4 and
we are currently investigating this reaction in more details.

Having optimized the bromination/desilicobromination
step, we next investigated the scope of the addition/
elimination reaction of hydride followed by a bromination/
desilicobromination reaction as presented in Table 2. In

Table 2. Formation of 1-Aryl-1-bromo-2-fluoroethenes (8)“

i) LIBEt3H

[sil ii) Br, in hexane then CH;ONa Br
AN AN H
F F
6; [Si] = TMS (E)-8
7; [Si] = TES
entry substrate product yield (%) ElZ
™S
1 Lad o 73 95/5
6b xH
Y
2 Ph)\Fr F e 61 94/6
7b
T™MS Br
~F WH
3 51 89/11
Me’ F Me F
6c 8c
T™MS Br
o F ~H
4 I I 0 (68)' (92/8)"
MeO MeO
6d 8d
TMS
Cl o F
5 I o 78 97/3
6a Cl xH
TES F
Cl ~F
6 I o 86 92/8
7a
TMS Br
FaC ~F FsC ~H
7 60 93/7
F F
6e 8e
Cl  TMS Cl  Br
o F xH
8 I I 57 78/22
6f 8f
MeO TMS MeO  Br
~F ~H
9 I I 68 86/14
69 8g

“See Supporting Information for details concerning the reaction
conditions. ” Isolated yield of the combined isomers for the 2 steps.
¢ Determined by 'F NMR and/or 'H NMR spectroscopic analysis of the
crude product. “ The desired bromofluoroalkene 8d (E/Z = 92/8) was
contaminated by 32% of an unidentified and inseparable side-product.

general, the bromofluoroalkenes were isolated in good to
excellent yield (up to 86% for 2 steps) with good to excellent
stereocontrol (up to 97/3) in favor of the (E)-isomer.'" It is

(14) (a) Brook, A. G; Duff, J. M.; Reynolds, W. F. J. Organomet. Chem.
1976, 121, 293-306. (b) Miller, R. B.; McGarvey, G. J. Org. Chem. 1978,
43, 4424-4431. (c) Colvin, E. W. Silicon Reagents in Organic Synthesis;
Academic Press Limited: London, 1988.
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Table 3. Synthesis of 1,1-Diaryl-2-fluoroethenes (3)“

Ar?B(OH),
Br Pd(PPhg), Ar?
K,CO
ar AN K€% Ar1)\(H
PhH/H,O/EtOH
80°C F
(E)-8 3
entry substrate ArB(OH), product yield
(%)’
5]
Cl B(OH),
1 AP 69

o¥ )<
g
I

Br B(OH), O
2 A+ /@( 67
PH MeO xAH

0
7\ N
3 s~ “B(OH), 65
le} xH
F
3¢
B(OH), O
4 ©/ cl o H 88
O
Br 3d
Cl ~H Q
F
8a CgHi7N.
5 BPm O 64
geH” Cl x~-H
1
3e
FiC O
‘ FiC B(OH), .
6 01 ® wH 71
Br Me’ F
s~ _H 3f
o
Me' F
8c B(OH), O
7 Y©/ 66°
oM
° ®
Me’ F
HaN B(OH),
8 o -
MeO Br
oM
F
8g
B(OH),
9 r 61

“See Supporting Information for details concerning the reaction
conditions. ” Isolated yield. < Compound 8¢ with E/Z = 89/11 was used.
“Isolated as a E/Z mixture (98/2). ¢ Isolated as a E/Z mixture (92/8).

important to note that in most cases both geometrical isomers
were easily separable by simple flash chromatography. The
reaction is applicable to a number of substrates with either
an electron-rich or electron-poor aryl substituent, although
silylated /3, B-difluorostyrene derivatives with a substituent

Org. Lett, Vol. 11, No. 23, 2009



at the 2 position of the aryl group resulted in slightly reduced
selectivity (entries 8 and 9). Practically, whereas the bro-
mofluoroalkenes (8) with an electron-neutral or electron-rich
aryl group were stable upon storage at room temperature,
the ones with an electron-poor aryl had the tendency to
decompose upon standing at room temperature. Nevertheless,
they could be used successively in a Suzuki—Miyaura cross-
coupling if they were used promptly (vide infra).

The 1-aryl-1-bromo-2-fluoroethenes (8) were then sub-
jected to standard Suzuki—Miyaura conditions'® with a
variety of arylboronic acids giving access to a wide range
of 1,1-diaryl-2-fluoroethenes (3) in moderate to excellent
yields (Table 3).'! It is interesting to note that this approach
permits the stereocontrolled preparation of 1,1-diaryl-2-
fluoroethenes with little steric differentiation at the aryl
groups (e.g., entry 2 or 7) that would be challenging to
discriminate otherwise. In addition, the versatility of this
methodology allows the synthesis of both stereoisomers (e.g.,
3a/3d) by simple changes in the synthetic sequence.

In conclusion, we have described the first stereocontrolled
method for the preparation of 1,1-diaryl-2-fluoroethenes. This
short and simple synthetic sequence (only five steps from
commercially available CF;CH,I) provides an effective
synthetic approach to a wide range of 1,1-diaryl-2-fluoro-
ethenes with good to excellent stereocontrol (up to 97/3).

(15) Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457-2483.
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First, 1-aryl-1-bromo-2-fluoroethenes are generated using an
addition/elimination reaction of hydride to silylated }.3-
difluorostyrene derivatives followed by a bromination/
desilicobromination reaction. For the latter transformation,
hexane was found to be the key solvent for the conservation
of the selectivity. Subsequent Suzuki—Miyaura coupling with
a variety of boronic acids gives access to the desired 1,1-
diaryl-2-fluoroethenes. Further expansion of the scope,
mechanistic studies and application of this methodology for
the synthesis of bioactive compounds are currently underway.
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