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Abstract—A simple and efficient procedure has been developed for the synthesis of aryl-substituted chloro and bromo olefins from
aromatic ketones and acetyl halides in the presence of silica gel-supported zinc halides. The Z-isomer is selectively formed. © 2001
Elsevier Science Ltd. All rights reserved.

Aryl-substituted chloro and bromo olefins are impor-
tant intermediates in organic synthesis. Many methods
have been developed for the synthesis of substituted
halo olefins, but most of these methods are not fully
satisfactory with regard to yield, reaction conditions,
generality and operational simplicity. One of the most
preferred routes to prepare substituted olefins is by
reacting a phosphonate carbanion with a carbonyl com-
pound via the Horner–Wadsworth–Emmons reaction.1

Synthesis of aryl-substituted halo olefins by this route
would require the corresponding halogenophospho-
nates.2 The carbanion generated from diethyl a-
chlorophenylmethanephosphonate reacts with
aldehydes or ketones to give 1-chloro-1-phenyl-1-alke-
nes.3 However, this method requires a strong base, and
the stereoselectivity is low. Recently, the preparation of
vinyl halides by using arsonium ylides,4 and by treating
ketones with acetyl halides in a strongly acidic solvent,
such as trifluoroacetic acid,5 has been reported. In the
course of our studies aimed at developing supported
reagents as catalysts for the Friedel–Crafts reaction,6

we found that the reaction of anisole with phenylacetyl
chloride using ZnCl2/SiO2 as a catalyst affords chloro-

stilbene 2 as well as the expected acylated product 1
(Scheme 1).

Similar products have been seen in the Montmoril-
lonite-supported FeCl3-catalyzed Friedel–Crafts acyla-
tion.7 When the ratio of acetyl halides to anisole
increased, acylated product 1 decreased and chlorostil-
bene 2 became a significant product. It was found that
2 is formed by reacting excess acetyl chloride with 1.
We wish to report here a simple and practical proce-
dure for the synthesis of aryl-substituted halo olefins
from readily available aromatic ketones and acetyl
halides.

In a typical procedure, a mixture of benzyl phenyl
ketone (0.196 g, 1 mmol), acetyl chloride (0.628 g, 8
mmol) and ZnCl2/SiO2

8 (0.68 g) in dichloroethane (10
ml) was stirred at 30°C for 4 h. ZnCl2/SiO2 was
removed by filtration and the filtrate was washed with
aq. NaHCO3 to remove excess acetyl chloride. The
filtrate was then dried and evaporated to leave crude
products, which were purified by column chromatogra-
phy over silica gel. (Z)-1-Chloro-1,2-diphenylethene9

Scheme 1.
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a. The reaction was carried out at 30°C in 1,2-dichloroethane.
b. By GLC, all products were characterized by 1H, 13C NMR, IR spectroscopy and mass spectrometry.

[ketone]:[halide]:[ZnX2/SiO2] =1:8:1 (in mmol).
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Table 1. Preparation of aryl-substituted halo olefinsa

was obtained in 90% yield (0.194 g) as a white solid.
The reaction using zinc chloride alone under similar
conditions afforded only 37% yield of the chlorostilbene
product. The reaction could be carried out by using
FeCl3 and SnCl4 instead of ZnCl2/SiO2, but AlCl3 was
ineffective. ZnCl2/SiO2 is the most effective among
these Lewis acids and can be removed from the reaction
mixture by filtration. When phenylacetyl chloride or
benzoyl chloride was used instead of acetyl chloride, the
same product as for the reaction with acetyl chloride
was obtained, but these yields were lower than that in
the reaction with acetyl chloride. The yield of the
chlorostilbene product increased with increasing the
amount of acetyl chloride against the ketone. As shown
in Table 1, aryl benzyl ketones and aryl alkyl ketones
react with acetyl halides to produce the corresponding
halostilbene and halostyrene products in high yields,
respectively, but aliphatic ketones did not react.

Silica gel-supported zinc bromide was used for the
preparation of the bromo olefins since the ketones
reacted with acetyl bromide in the presence of ZnCl2/
SiO2 to give chloro olefins as well as bromo olefins.
Bromo olefins were less stable than chloro olefins

(entries 3, 9, and 12). The yield of 1-bromo-1-(4-
methoxyphenyl)-2-phenylethene in the reaction of 4-
methoxyphenyl benzyl ketone with acetyl bromide
decreased when the reaction time was prolonged. All
aryl-substituted halo olefins prepared from the ketones
show only the E-isomer in 1H and 13C NMR spectra,10

except in the case of entry 6 in which a mixture of Z-
and E-isomers was formed in approximately a 5:1 ratio.
In the synthesis of aryl-substituted chloro and bromo
olefins from halogenophosphonates and ketones, a mix-
ture of the E- and Z-isomers is formed, and aryl-substi-
tuted bromo olefins are difficult to obtain.11 Aryl alkyl
ketones reacted with acetyl halides to give halostyrene
products in high yields. When the reaction time was
prolonged, the yields of halostyrene products decreased
owing to decomposition of the products. This is in
agreement with the observation made by Bastock et al.7

Scheme 2.
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Scheme 3.

Scheme 4.

(Scheme 2). Ethyl phenyl ketone afforded the corre-
sponding chlorostyrene in 91% yield, whereas acetophe-
none did not react with acetyl chloride and unchanged
acetophenone was recovered. Naphtyl ketones and
acylthiophenes also react with acetyl halides to give the
corresponding halo olefins in high yields. For example,
reaction of 2-methyl-4-butyrylthiophene with acetyl
chloride in the presence of ZnCl2/SiO2 was carried out
in 1,2-dichloroethane at 30°C for 0.5 h to afford the
corresponding vinyl chloride in 91% yield (entry 18).
The bromostilbene products were easily transformed
into the corresponding alkynes through elimination
reaction with potassium hydroxide/methanol (Scheme
3).

This route to aryl-substituted halo olefins from ketones
and acetyl halide is different from the mechanism pro-
posed by Bastock et al.7 for the formation of
chlorostyrene products in the reaction of anisole with
acyl chloride. Either acetyl chloride or phenylacetyl
chloride in the reaction with a ketone afforded the same
chlorostyrene product. From these results, the forma-
tion of halo olefins in the reaction of ketones with
acetyl halides probably proceeds through addition of
acetyl halides to the carbonyl, resulting in an a-haloac-
etate, followed by elimination of acetic acid.5

Acetyl halides add to the carbonyl of aldehydes to give
a-haloacetate in the presence of zinc chloride12 (Scheme
4).

In conclusion, the present procedure using silica gel-
supported ZnCl2 provides an efficient synthesis of aryl-
substituted halo olefins from readily available aromatic
ketones and acetyl halides. The notable advantages of
this procedure are: (a) operational simplicity; (b) mild

conditions; (c) high yield; (d) stereoselectivity; and (e)
no phosphorous-containing reagents are used. We
believe this will provide a better and more practical
alternative to the existing methodologies for the synthe-
sis of aryl-substituted halo olefins.
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