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Abstract—A new synthetic method for the preparation of vinyl chlorides and vinyl bromides from acyclic and cyclic ketones is
described. Vinyl halides are practically obtained from the corresponding vinyl phosphate intermediates with triphenylphosphine
dihalide.
� 2004 Elsevier Ltd. All rights reserved.
Vinyl halides have become important intermediates in
organic synthesis for C–C and C–N bond formation
such as Pd-catalyzed coupling reaction1 and vinyl radi-
cal cyclization.2 Recently, we have reported SUN
N4057, which has a vinyl chloride moiety, as a pharma-
ceutical candidate for the treatment of acute phase of
cerebral infarction (Figure 1).3 In this research project,
we need to develop a practical synthetic method for
vinyl halides. Although vinyl halides in general are pre-
pared from alkynes4 and/or aldehydes,5 these methods
are restricted to the application of simple substrates such
as terminal vinyl halides. Vinyl halides can also be syn-
thesized from ketones by using acetyl halide in a strong
acid solvent,6 thionyl chloride,7 phosphorus trihalide,8

phosphorus pentahalide,9 phosphorus oxyhalide,3,10

and so on.11,12 However these methods suffer from dis-
advantages such as usage of a large amount of acid
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Figure 1. Structure of SUN N4057.
halide, low yields in some cases, contamination of insep-
arable gem-halide compounds11 and/or various other
by-products.8,12,13 To make matters worse, at the
work-up procedure there are risks of generating acid
gas, a sudden rise in temperature and a bumping in
the neutralization reaction for treatment and decompo-
sition of the excessive acid halide and, therefore, these
method are unsuitable for the industrial scale of
application.

In this letter, we present a facile preparation of vinyl
halides 3 from ketones 1 via the corresponding vinyl
phosphate intermediates 2 with triphenylphosphine
dichloride and triphenylphosphine dibromide (Scheme
1).

Triphenylphosphine dichloride (Ph3PÆCl2) and triphen-
ylphosphine dibromide (Ph3PÆBr2) were used as
obtained from commercial sources. Vinyl phosphates 2
were obtained from ketones 1 in reasonable yields (67–
100%) according to the procedure similar to that
described in the literatures.14 Vinyl phosphate 2 was
treated with 1.2 equiv of fresh Ph3PÆCl2 or Ph3PÆBr2 in
acetonitrile at room temperature, giving the correspond-
ing vinyl halide 3 in 2 h.15 As shown in Table 1, chlori-
nation and bromination of vinyl phosphates 2 with
Ph3PÆCl2 and Ph3PÆBr2 proceeded smoothly in suitable
yields (54–91%). Not only acyclic ketone 1a but also cyc-
lic ketones 1b, 1c were converted to vinyl halide deriva-
tives (entries 1–6). We have found that this method was
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Scheme 2. Application to the intermediate 12 of SUN N4057.

Table 1. Chlorination and bromination of vinyl phosphate 2

Entry Ketone 1 Vinyl phosphate 2 Reagent Vinyl halide 3 % Yield from 2

1

CH3

Ph O
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CH2
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2a
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CH2

Ph Cl
4

70
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5 69
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Scheme 1. Preparation of vinyl halides 3 from ketones 1 via the corresponding vinyl phosphates 2.
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applicable to the imide 1d as well, giving vinyl halides in
high yields (entry 7, 8). By the same procedure the vinyl
chloride 14, the intermediate compound for SUN
N4057, was synthesized from imide 123 via the corre-
sponding vinyl phosphate 13 in good yield (Scheme 2).
In all cases, no by-product was observed and the
work-up process was easy and safe (see a typical
procedure15).

Although a reaction of b-diketones with triphenylphos-
phine dihalides has been reported,16 in which conjugate
addition of halide ion to b-triphenylphosphoniumoxy
a,b-unsaturated ketones afford b-halo a,b-unsaturated
ketones, monocarbonyl compound did not directly react
with triphenylphosphine dihalides. In our new method,
once a monocarbonyl compound 1 is converted to the
corresponding vinyl phosphate intermediate 2, it may
be easily transformed into vinyl halide 3.17

A tentative reaction mechanism is as follows (Scheme 3).
A vinyl phosphate intermediate 2 reacts with PPh3 activ-
ated by X2 (X = Cl, Br), giving an oxonium-triphenyl-
phosphonium derivative 15. A halide ion consecutively
attacks carbonyl moiety to form a carbon–halide bond.
Intramolecular transfer and elimination reaction of 16
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smoothly occurs to generate the vinyl halide 3 and
PPh3@O.

In summary, we described a new practical synthetic
method for the preparation of vinyl chlorides and vinyl
bromides from acyclic ketones as well as cyclic ketones
via the corresponding vinyl phosphate intermediates.
This new process is satisfactory in an industrial scale
of production since the work-up procedure is easy to
operate. Moreover, this method is applicable to imide
carbonyl moiety, and now we have applied to the indus-
trial production of SUN N4057. The reaction mecha-
nism in detail and applications to more versatile
substrates are currently under investigation.
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