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ABSTRACT

(i i) RLi

F
[Si] = TMS or TES

ZIE up to >97/3

Br Pd cat. R'

i) Brp then CH30Na R'-X
Ar)ﬁ/F g g
R

R

R' = H, aryl or alkynyl

An addition/elimination reaction of organolithium reagents to silylated p,f-difluorostyrene derivatives followed by a bromination/
desilicobromination reaction provides a simple and effective synthetic approach to a wide range of bromofluoroalkenes (up to >97/3). In
addition, the bromofluoroalkenes can be used in Pd-catalyzed transformations giving access to both tri- and tetrasubstituted fluoroalkenes.

The properties of a bioactive molecule can often be
modulated by adding fluorine atoms since this leads to
changes in solubility, lipophilicity, metabolic stability,
conformation, hydrogen-bonding ability, or chemical reactiv-
ity.! Consequently, much effort has been devoted to the
development of novel methods for the synthesis of fluorinated
molecules.'®*? Among the vast array of fluorine-containing
functionalities, fluoroalkenes are of particular interest since
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they have potential applications in material sciences,*
medicinal chemistry,” and organic chemistry where they can
be utilized as synthons for further functionalization.®

The stereoselective synthesis of nonfluorinated tri- and
tetrasubstituted alkenes represents a synthetic challenge even
though more approaches have been developed recently.’
However, only a few of these methods are applicable for
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the preparation of tri- or tetrasubstituted fluoroalkenes.
Consequently, stereocontrolled and practical access to tri-
and tetratetrasubstituted fluoroalkenes remains a synthetic
challenge, in particular when one or more of the substituents
are aryl groups.®*8710

Herein, we document a novel stereocontrolled method for
the preparation of tri- and tetrasubstituted fluoroalkenes using
an addition/elimination reaction of organolithium reagents
to silylated 3,5-difluorostyrene derivatives (1 or 2) followed
by a bromination/desilicobromination reaction (Scheme 1).

Scheme 1. Stereoselective Approach to Bromofluoroalkenes
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This sequence provides an effective synthetic approach to a
wide range of bromofluoroalkenes (5) with moderate to
excellent stereocontrol (up to >97/3). In addition, the
bromofluoroalkenes can be used in Pd-catalyzed transforma-
tions giving access to both tri- and tetrasubstituted fluoro-
alkenes.

In our initial plan, we envisioned that silylated f,3-
difluorostyrene derivatives (1 or 2) would be suitable
substrates for an addition/elimination reaction with organo-
lithium reagents. Various derivatives of 1 and 2 are readily
available in two steps from commercially available
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CF;CH,L'! These alkenes are ideal substrates to undergo
carbolithiation for the following reasons: (a) electron-
deficient character and (b) polarization due to the +1, effect
of the fluorine atoms,'® the resonance effect (+R) of
fluorine,'® as well as the j3-effect of the silicon.'? Upon
carbolithiation, the generated carbanion is stabilized by the
a effect of the silicon'? and the inductive effect (—1,)'* and
negative hyperconjugation of fluorine.'®'? Finally, the loss
of a fluorine atom as a leaving group via  elimination would
produce silylated fluoroalkenes (3 or 4). While literature
precedence indicated that this would be a viable
strategy,”’*'*!> questions remained as to whether or not this
reaction would present useful selectivity and if it would be
possible to later substitute the silyl group with a more
versatile substituent.

Table 1. Initial Results: Addition/Elimination Sequence”

[si] RLi (2 equi ™S TES
o )\(F _ Ru@eawy) )\F Foor oy /Sﬁ F
F THF,-78 °Cto rt R R
1a; [Si] =TMS 3a; R=1{-Bu 4a; R = t-Bu
2a; [Si]=TES 3b; R=n-Bu 4b; R = n-Bu
3¢; R=Ph 4c; R=Ph
entry  substrate R product  yield® (%) Z/E*¢
1 la t-Bu 3a 81 87/13
2 n-Bu 3b 86 80/20
3 Ph 3c 76 50/50
4 2a t-Bu 4a 72 90/10
5 n-Bu 4b 61 83/17
6 Ph 4c 63 75/25

“ Reaction conditions: 1 or 2 (I mmol), RLi (2 mmol), THF (7 mL) at
—78 °C to rt for 1 h (see the Supporting Information for details); * Isolated
yield of the combined isomers; © Determined by '°F NMR and/or 'H NMR
spectroscopic analysis of the crude product.

In our initial screening experiments, we found that the
addition/elimination proceeded readily at —78 °C in THF
with different organolithium reagents (Table 1).">~'7 In all
cases, both geometrical isomers were easily separable by
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1986, 32, 377-388.
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London, 1988;. and references therein.

(13) Dixon, D. A.; Fukunaga, T.; Smart, B. E. J. Am. Chem. Soc. 1986,
108, 4027-4031.
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24, 5616-5618. (c) Martin, S.; Sauvétre, R.; Normant, J.-F. J. Organomet.
Chem. 1984, 264, 155-161. (d) Lee, J.; Tsukazaki, M.; Snieckus, V.
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simple flash chromatography.'® From these initial results, it
can be seen that using a bulkier RLi and/or silyl group results
in increased selectivity (up to 90/10 = Z/E ratio)."’
Having established the basic reactivity of this class of
substrate, we then sought to investigate the transformation
of the silyl group. In particular, we were interested in finding
a reaction that would transform the silyl group into a halide,
thus opening the way to a wide range of metal-catalyzed
transformations. We first evaluated a bromination/desilico-
bromination reaction.'>?® This two step/one-pot procedure
allows for the conversion of vinylsilanes into vinyl bromides
with inversion of configuration at the carbon bearing the silyl
group due to the geometrical requirement for both steps
(trans bromination followed by anti elimination). Unexpect-
edly, when the reaction was tested on (Z)-3a, the desired
product Sa was isolated in 80% yield but as the Z isomer
(ZIE = >97/3) instead of the expected E isomer, as
confirmed by single-crystal X-ray analysis (Scheme 2).'®

Scheme 2. Isomeric Enrichment via Bromination/

Desilicobromination
™S Br,, CH,Cl,, -78 °Cto 0 °C Br
S F then CH3ONa, CH3;0H,0°Ctort S F
PR Ph
(2)-5a
(Z)-3a 80%, Z/IE =>97/3
(E)-3a 61%, Z/E = 70/30
Bry, CH,Cly, -78 °C 10 0 °C
then CH30Na, CH;OH,0°Ctort
3a {Z)-5a
(Z/IE = 87/13) (88%, >97/3)
™S Br,, CH,Cl,, -78 °C t0 0 °C Br
then CH3;ONa, CH;0H, 0 °C to rt
F
P Ny F PN
Ph Ph
3c

(Z)-5¢
(Z/E = 50/50) (92%, Z/E = 70/30)

More surprisingly, reaction of (E)-3a occurred with partial
inversion furnishing Sa as a mixture (Z/E = 70/30). The
unexpected selectivity of the bromination/desilicobromination
reaction might be due to a change in mechanism for the
bromination step, and we are currently investigating this
reaction in more detail.'?*?! Nevertheless, these results open
the way to isomeric enrichment since the opposite geo-
metrical isomer of the silylated fluoroalkene 3 (or 4) is
converted to the same Z isomer of the bromofluoroalkene 5.
This idea was tested on an isomeric mixture of 3a (Z/E =

(18) The stereochemistry of the major product was unambiguously
confirmed by single-crystal X-ray analysis. See the Supporting Information
for more details.

(19) Silylated f3,3-difluorostyrene with [Si] = TBS has been prepared
but is unreactive under these conditions with either #-BuLi or PhLi.

(20) Fisher, R. P.; On, H. P.; Snow, J. T.; Zweifel, G. Synthesis 1982,
127-129.

(21) (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.
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Table 2. Stereoselective Preparation of (Z)-5 from 1 or 2 in the
One-Pot Procedure”

IS i'))%u then CH;ON T
i) Br, then CH3ONa
Ar/\r F —_— Ar/Srf F
F R
1; [Si] = TMS (2)-5
2: [Si] = TES
entry substrate product yield ZIE*
(%)

o F
1 P“)I 76 >97/3
B5a
Br
2 F
2 P“/K(A 68 96/4

Br
3 ™S Y 9%  76/24
P P Ph
E Sc
1a Br
Ph o F
4 72 88/12
CFs
5d
Br
Ph 2 F
5 OO 69 93/7
Se
TES Br
6 el PN 81 88/12
F Ph
2a 5S¢
T™MS Br
WF xF
7 72 85/15
MeQ’ F MeO’ Ph
1b 5f
TES Br
Cl o F Cl x F
8 I I 72 8119
2b 5g
Cl  TMS Cl Br
xF o F
9 i o 65 78/22
1c 5h
F ™S F Br
F xF d
10 I I 2% 85/15
1d 5i

“ See the Supporting Information for details concerning the reaction
conditions. ? Isolated yield of the combined isomers. ¢ Determined by !°F
NMR and/or 'H NMR spectroscopic analysis of the crude product. ¢ A
number of unidentified nonfluorinated side products were also isolated.

87/13), which upon reaction gave the desired product (Z)-
Sa as a single isomer (Z/E = >97/3). Similarly, reaction of
isomeric mixture of 3¢ (Z/E = 50/50) gave the bromofluo-
roalkene Sc as an enriched mixture in favor of the Z isomer
(ZIE = 70/30).

This interesting aspect of the reaction has been further
exploited by carrying out the entire transformation (1 (or 2)
— 5) as a one-pot sequence, thus avoiding the purification
of the intermediate (3 or 4) while generating C—C and C—Br
bonds in a single flask. The scope of the addition/elimination
reaction of organolithium reagents followed by a bromina-
tion/desilicobromination reaction is presented in Table 2. In
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all the cases, the bromofluoroalkenes were isolated in good
to excellent yield (up to 90%) with good to excellent
stereocontrol (up to >97:3) in favor of the (Z)-isomer. A
number of substrates (1a—d, 2a—b) can be used including
two bearing a chlorine atom (entries 8 and 9), a useful
synthetic handle for further elaboration. From the point of
view of the organolithium reagent, various alkyl- and
aryllithiums can be used including a functionalized one such
as 3-lithiotrifluoromethylbenzene (entry 4).%* It is important
to note that, in most cases, both geometrical isomers were
easily separable by simple flash chromatography.

Scheme 3. Synthetic Elaboration of (Z)-5a

CHO
phenylacetylene Ph
4-CHO-CgH4B(OH), Pd(PPhs),Cl,
Pd(PPh,), cul Il
K,CO3 TBAF
~F (2)-5a s F
Ph PhH/H,O/EtOH THF,60°c PN
80 °C
HCO,H
2)-6 (82% PdCI(PPhs), 2)-7 (45%
(2)-6 (82%) n-BuN (2)-7 (45%)
DMF, 60 °C
H

F
Ph)l

(E)-8 (47%)

To illustrate the utility of these bromofluoroalkenes, we
carried out a number of synthetic transformations on (Z)-5a
as demonstrated in Scheme 3. For example, (Z)-5a can be
converted into single isomers of tetrasubstituted fluoroalkenes
6 and 7 via Suzuki—Miyaura or Sonoghashira cross-coupling
in 82% and 45% yields (nonoptimized), respectively. Simi-
larly, the bromine atom can be reduced to produce the
trisubstituted fluoroalkene 8 as a single isomer in 47% yield
(nonoptimized).”

Finally, the versatility of this methodology can be il-
lustrated by the fact that, in the case of 1,1-diaryl-2-
fluoroethene derivatives, both stereoisomers can be obtained
by a simple change in the synthetic sequence (Scheme 4).
For example, both 2a and 2b can be obtained from the same
precursor, CF;CH,I, in two steps by using the proper aryl
iodide (PhI vs 3-Cl-CgHyD).!'! These compounds can then be
submitted to the one-pot procedure (addition/elimination
reaction of PhLi followed by a bromination/desilicobromi-

(22) Leroux, F.; Schlosser, M.; Zohar, E.; Marek, 1. In The Chemistry
of Organolithium Compounds; Rappoport, Z., Marek, 1., John Wiley & Sons
Ltd.: Chichester, 2004; pp 435—493, and references therein.

(23) Xu, J.; Burton, D. J. Org. Lett. 2002, 4, 831-833.
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Scheme 4. Stereoselective Preparation of Both Geometrical

Isomer of 9
Cl l

3-CI-CgH,B(OH),

B Pd{PPh3),4
r K,CO3
o F xF
PhH/H,O/EtOH
Ph 80 °C Ph

5¢ (ZIE = 88/12)

PhB(OH),
B PA(PPhs)s

9 (85%; Z/E = 88/12)

K,CO;3
cl o F cl o F
PhH/H,O/EtOH
80 °C Ph
5g (Z/E = 91/9) 9 (82%; Z/E = 7/93)

nation reaction) to furnish the (Z)-bromofluoroalkenes 5S¢ and
5g in good yield and selectivity (Table 2, entries 6 and 8).
In the last step, a Suzuki reaction is performed on the
bromofluoroalkene with the proper arylboronic acid partner
(i.e., 3-C1-C¢H4B(OH), and PhB(OH),, respectively) to give
both stereoisomers of the tetrasubstituted fluoroalkene 9 in
excellent yields. Thus, both stereoisomers can be selectively
obtained in four steps from commercially available CF;CH,I.

In conclusion, we have described a novel, stereocontrolled
method for the preparation of tri- and tetrasubstituted
fluoroalkenes using an addition/elimination reaction of org-
anolithium reagents to silylated j3,5-difluorostyrene deriva-
tives followed by a bromination/desilicobromination reaction.
This short and simple synthetic sequence provides an
effective synthetic approach to a wide range of bromofluo-
roalkenes with moderate to excellent stereocontrol (up to
>97/3). In addition, the bromofluoroalkenes can be used in
Pd-catalyzed transformations giving access to both tri- and
tetrasubstituted fluoroalkenes. 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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