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ABSTRACT

Synthesis of 1-bromo-1-fluoroolefins was achieved in good yields via a Wittig reaction promoted by diethylzinc, even with nonactivated aldehydes
and ketones as starting materials.

Introduction of fluorine into molecules frequently leads to
the discovery of novel and potent tools in various domains,
from liquid crystalline materials1 to biologically active agents,
peptide isosteres,2 or enzyme inhibitors.3 A wide variety of
methods have been developed for the preparation of fluori-
nated compounds.

Among them 1-bromo-1-fluoroolefins are very useful and
versatile building blocks. Indeed, the olefins can be conve-
niently converted to various functionalized fluoroolefins, i.e.,
1-substituted-1-fluoroolefins by the palladium-catalyzed cross-
coupling reaction,4 1-fluorovinylphosphonates,5 R-fluoro-R,â-
unsaturated esters,6 and fluorovinyl compounds via a car-
benoid reaction.7 Generally, the bromofluoroolefins are

synthesized via Wittig reactions with triphenylphosphine,
fluorotribromomethane, and appropriate aldehydes or ke-
tones.8 Another attractive method, giving good stereoselec-
tivity, is brominative addition on unsaturated fluoroacids,
followed by decarboxylative elimination.9 An alternative
approach is the elimination of a leaving group LG (acetate
or tosylate) from RCH(LG)CBr2F with a Grignard reagent.10

All of these methods are very interesting but usually give
low yields with nonactivated ketones or aliphatic aldehydes.

Herein we report a convenient and mild method to
synthesize bromofluoroolefins via a Wittig reaction. The key
factor in our improvement of this known reaction is the use
of diethylzinc instead of zinc. This is, to our knowledge,
the first report that diethylzinc can promote the Wittig
reaction, producing the desired bromofluoroolefins in moder-
ate to good yields depending on the nature of the carbonyl
compound.

* Address correspondence to this author. Fax: (33) 2-35-52-29-59.
Phone: (33) 2-35-52-24-27.

(1) Yokokoji, O.; Shimizu, T.; Koh, H.; Kumai, S.The 14th International
Symposium on Fluorine Chemistry; July 31-Aug. 5, Yokohama, Japan,
1994; P300.

(2) Takeuchi, Y.; Yamada, A.; Suzuki, T.; Koizumi, T.Tetrahedron1996,
52, 225-232.

(3) Wnuk, S. F.; Valdez, C. A.; Khan, J.; Moutinho, D.; Robins, M. J.;
Yang, X.; Borchardt, R. T.; Balzarini, J.; De Clercq, E.J. Med. Chem.
2000,43, 1180-1186.

(4) Chen, C.; Wilcoxen, K.; Huang, C. Q.; Strack, N.; McCarthy, J. R.
J. Fluorine Chem.2000,101, 285-290.

(5) Zhang, X.; Burton, D. J.J. Fluorine Chem.2001,112, 47-54.
(6) Xu, J.; Burton, D. J.Org. Lett.2002,4, 831-833.

(7) Shimizu, M.; Yamada, N.; Takebe, Y.; Hata, T.; Kuroboshi, M.;
Hiyama, T.Bull. Chem. Soc. Jpn.1998,71, 2903-2921.

(8) Burton, D. J.; Yang, Z.-Y.; Qiu, W.Chem. ReV.1996,96, 1641-
1715.

(9) Eddarir, S.; Francesch, C.; Mestdagh, H.; Rolando, C.Bull. Soc. Chim.
Fr. 1997,134, 741-755.

(10) Kuroboshi, M.; Yamada, N.; Takebe, Y.; Hiyama, T.Tetrahedron
Lett. 1995,36, 6271-6274.

ORGANIC
LETTERS

2004
Vol. 6, No. 13
2101-2104

10.1021/ol049742d CCC: $27.50 © 2004 American Chemical Society
Published on Web 05/20/2004



In our ongoing program on biological compound mimics,
bromofluoroolefins are key intermediates. We tried first to
obtain bromofluoroolefins via the more general method
which is the Wittig reaction (Scheme 1). Using standard

conditions, described by Burton,8 we studied the Wittig
reaction of 3-phenylpropionaldehyde (1.0 equiv) with tri-
phenylphosphine(3.0 equiv) and fluorotribromomethane (1.0
equiv) in the presence of activated zinc powder (3.0 equiv)
in dry THF at room temperature under argon. The desired
product was never observed in the reaction mixture, even
after 24 h. Burton demonstrated in his review8 that the yields
of the Wittig reaction for nonactivated ketones or aliphatic
aldehydes are often low. Therefore, we tested various Lewis
acids to activate the substrate under the above reaction
conditions. The results were very discouraging, and most of
the Lewis acids such as BF3‚OEt2, AlCl3, ZnCl2, TiCl4, TiCl-
(OiPr)3, Ti(OiPr)4, AlMe3, and Et2AlCl had only a small
effect on the reaction. The best result was obtained with use
of Cp2TiCl2 as an activating agent, and 1-bromo-1-fluoro-
4-phenylbutene was isolated in 65% yield when 3-phenyl-
propionaldehyde was treated with the mixture of PPh3/CBr3F/
Zn/Cp2TiCl2 (3.0/1.0/3.0/1.0 equiv) in anhydrous THF under
Ar at room temperature overnight. Unfortunately, the im-
provement obtained with titanocene chloride was not general
and replacing 3-phenylpropionaldehyde by 2-acetylnaphtha-
lene, a ketone, led to a lower yield (20%). In addition, the
phosphonium salt could rarely be observed by19F NMR.
The mechanism of the Wittig reaction in the absence or
presence of activated zinc has been published8,11-13 (Scheme
2).

The first step in the above mechanism is the formation of
the phosphonium salt, through the rearrangement of the
methide ion and the bromophosphonium cation obtained from

the reaction between triphenylphosphine and tribromofluo-
romethane. In the presence of a second equivalent of
triphenylphosphine, the phosphonium salt can be debromi-
nated to give the ylide. This step is an equilibrium, which
lies to the left, but in the presence of a trapping agent, i.e.,
an aldehyde, the equilibrium is shifted to the right. An
alternative procedure with activated zinc to debrominate the
phosphonium salt gives a stable solution of a metal-stabilized
ylide. Phosphine and zinc are the two reagents used to
debrominate the phosphonium salt derived from tribromo-
fluoromethane, to form the key ylide intermediate.

Recently it was reported that the zinc carbenoid could be
produced in situ from tribromofluoromethane treated with
diethylzinc. The carbenoid was then added to the appropriate
aldehydes or ketones to give the corresponding alcohols.14

Another interesting paper reports that the zinc carbenoid
derived from diethylzinc and chloroiodomethane could react
with tetrahydrothiophene to give the corresponding sulfonium
ylide.15 In regard to these papers, we wondered whether
diethylzinc could act as a debrominating agent of phospho-
nium derived from tribromofluoromethane to generate the
reacting ylide. This might constitute an alternative to the
classical condition.

In the first assay, we added dropwise diethylzinc (1 equiv)
to a THF solution of triphenylphosphine, 3-phenylpro-
pionaldehyde, and tribromofluoromethane (3/1/1 equiv,
respectively) at room temperature. Using these conditions,
the bromofluorovinyl Wittig product could be isolated in an
encouraging 65% yield, the best ever obtained for that
particular aldehyde. By optimizing the reaction conditions,
changing the solvent (THF, CH2Cl2, Et2O, diglyme), the
temperature (from-78 to 100 °C), the nature of the
phosphine (PPh3, P(NMe2)3), and the number of equivalents,
and employing the phosphonium salt instead of forming it
in situ, the yields could be increased to 88% by using THF
as solvent at room temperature with a 3-phenylpropion-
aldehyde/Et2Zn/CBr3F/PPh3 ratio of 1.0/1.2/1.2/1.2. (see the
typical procedure in ref 16).

Then, various aldehydes were subjected to these optimized
reaction conditions, giving the corresponding bromofluo-
roolefins with high yields (Table 1). Under the above
conditions, even nonactivated aldehydes could be converted
to the corresponding bromofluoroalkenes (Table 1; entries
1-3). The reaction is general and can tolerate various
functional groups such as ester, nitro, protected alcohol, and
others with yields always around 80-90%.

Unfortunately, whatever the conditions and the aldehydes
were, the stereoselectivity was never better than 70:30. At
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Scheme 1. Synthesis of Bromofluoroolefins

Scheme 2. Formation of the Ylide with or without Zinc
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that stage, we tried to find a general method to have access
to each diastereoisomer in pure form. Numerous methods
have been developed to obtain pureE or Z bromofluoro-
olefins from mixtures. Among them, the more attractive are
separation by gas chromatography17-19 and isomerization
with a catalytic amount of bromine,19 with palladium II9 or
with light.17 However, none of these methods are general
and adapted to variously functionalized bromofluoroolefins.17

Instead of isomerizing or separating the two diastereoisomers,
we decided to consume chemoselectively one of the two
isomers. We found an interesting paper from Perichon’s
group where they dehydrobrominate 1,1-dibromoroalkenes
to give the corresponding bromoalkynes.20

On the basis of the difference of reactivity between
bromine and fluorine atoms, we decided to try the stereo-
selective dehydrobromination, and it worked. After optimiza-
tion, the best bases to promote the transformation were DBU
in DMSO at 95°C or LiHMDS in THF at room temperature,

yielding, after column chromatography, pureE isomer in
good to excellent yields (Table 2). As byproducts, fluoro-
alkynes were expected, but we could not observe them,
probably due to their instability.

The pureZ isomer could also be isolated by engaging the
mixture of isomers in a palladium coupling reaction. In that
case, only theE isomer reacted as already demonstrated by
Burton et al.,21 and we obtained theZ isomer unchanged
(Scheme 3). In our hands, as an example, the yield of the

recovered pure Z isomer was 89% with 1-bromo-1-fluoro-
2-(4-methoxyphenyl)ethene.

To broaden the scope of the reaction, we then subjected
unactivated ketones to Wittig conditions with diethylzinc
activation (Table 3).

The yields of isolated bromofluoroalkene from aromatic
or aliphatic ketones were often moderate to good. Nonethe-

Table 2. Access to PureE Isomer

entry R base/solvent yielda (%)

1 PhCH2CH2 LiHMDS/THF 88
2 TBDPSO-CH2CH2 LiHMDS/THF 98
3 4-NO2-C6H4 DBU/DMSO 55
4 4-MeO-C6H4 DBU/DMSO 85
5 4-MeO2C-C6H4 DBU/DMSO 83
6 4-MeO2C-C6H4 LiHMDS/THF 98
7 2-naphthyl DBU/DMSO 90
8 4-F-C6H4 DBU/DMSO 22
9 4-F-C6H4 LiHMDS/THF 67

a Based on startingE isomer.

Scheme 3. Access to PureZ Isomer

Table 3. Reaction with Ketones

Table 1. Reaction with Aldehydes

entry R1

yielda

(%)

19F (ppm),
Z/E Z/Eb

1 PhCH2CH2 88 -71.7/-75.4 1.00/1.05
2 TBDPSOCH2CH2 90 -70.6/-75.0 1.00/0.88
3 TBDPSOCH2CH(CH3) 83 -71.7/-74.7 1.00/1.38
4 4-Br-C6H4 74 -66.2/-69.6 1.00/0.81
5 4-F-C6H4 73 -64.4/-67.2 1.00/0.96
6 4-NO2-C6H4 85 -59.3/-62.3 1.00/0.73
7 4-MeOC6H4 94c -68.2/-71.4 1.00/1.03
8 2-NO2-C6H4 87 -64.3/-67.6 1.00/0.43
9 2-MeO-C6H4 91 -65.6/-69.5 1.00/0.72

10 3,4(OCH2O)-C6H4 91 -67.6/-70.6 1.00/0.92
11 4-MeO2C-C6H4 81 -62.2/-64.5 1.00/0.81
12 2-naphthyl 78 -65.1/-67.9 1.00/0.92

a Isolated yield.b Ratio determined by19F NMR or1H NMR. c Aldehyde/
Et2Zn/CBr3F/PPh3 ratio of 1.0/1.5/1.5/1.5.
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less, the structure of the ketones could contain various
functional groups such as amine, protected alcohol, etc.
Interestingly, we also could obtain 1-bromo-1-fluoro-1,3-
diene and 1-bromo-1-fluoro-2-trimethylsilylalkene in moder-
ate yield via the reaction (Table 3; entries 7 and 5,
respectively). However, the reaction was not suitable for
easily enolizable substrates such as 2-oxocyclopentane-
carboxylamide (Table 3; entry 10) orâ-tetralone. In these
particular cases, theR-hydrogen is probably too acidic and

the ylide reacts first with it, instead of adding to the carbonyl
group.

In conclusion, we found a novel and convenient method
to synthesize 1-bromo-1-fluoroolefins via Et2Zn-promoted
Wittig reaction of CBr3F/PPh3 with aldehydes or ketones.
The yields for the aldehydes are excellent, and those for
ketones are good to moderate. The reaction could tolerate
various functional groups, and could be a useful method to
provide various fluorovinyl-containing building blocks. It is
also, to our knowledge, the first example of using Et2Zn as
a promotor for the Wittig reaction.

Supporting Information Available: Analytical data for
the bromofluoroolefins. This material is available free of
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