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Abstract—Treatment of acid chlorides (2) with allyl chlorides (1) in the presence of zinc dust and a catalytic amount of
chlorotrimethylsilane (TMSCl) in THF brought about highly facile and effective coupling to give the corresponding gem-bisallyl-
ation products, 4-hydroxy-penta-1,6-dienes (3), in good to excellent yields. These reactions are assumed to proceed through
allylzinc intermediates generated in situ. © 2002 Elsevier Science Ltd. All rights reserved.

The reaction of organometallics and carbonyl com-
pounds provides a fundamental methodology in syn-
thetic organic chemistry. Aldehydes, ketones, esters and
acid halides are widely used as convenient starting
materials for such transformations. Allylation and gem-
bisallylation of these are most interesting processes
since these are useful methods for the preparation of
homoallylic alcohols, �,�-unsaturated ketones, and so
on.1 Various metals such as In, Sm, Mg, sonoelectro
produced Zn, Sn, Al, and so on have been used for this
purpose.2 Among these, however, the bisallylation reac-
tions of carboxylic esters and acid chlorides has scarcely
been investigated.3 The synthetic utility of these meth-
ods may be considerably limited because special equip-
ment, expensive reagents, and multi-step procedure are
required. In addition, some of these procedures entail
problems of corrosive and effluent pollution. Therefore,
the development of new allylmetals was explored to

overcome these difficulties. Recently, we have reported
that metallic zinc with chlorotrimethylsilane (TMSCl)
markedly facilitates the olefination of aldehydes and
ketones by reaction with gem-dihalides.4

In this letter, we report a mild, efficient, and convenient
zinc metal-promoted gem-bisallylation reaction of acid
chlorides (1) with allyl chlorides (2) in the presence of
TMSCl to provide various 4-hydroxy-penta-1,6-dienes
(3) in THF (Scheme 1). To our knowledge, gem-bisallyl-
ation of acid chlorides with allyl chlorides using zinc
metal without any pre-treatment has not yet been
reported.5 The present method using these easily avail-
able reagents is also characterized by high operational
simplicity, convenient one-pot, and inexpensive
method. The 4-hydroxy-penta-1, 6-dienes can be easily
converted to many important building blocks for natu-
ral and bioactive product synthesis.6

Scheme 1.
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The reactions were usually carried out at 60°C for 4 h
in anhydrous THF containing powdered metallic zinc
(60 mmol), a catalytic amount of TMSCl (3 mmol),
acid chlorides (10 mmol), and allyl chlorides (30
mmol).7 Commercially available zinc dust (purity; 95%)
was used without any pre-treatment. Detailed studies
on the reaction of benzoyl chloride (1a) with allyl
chloride (2a) to 4-phenyl-4-hydroxy-hepta-1,6-diene
(3a) showed that this catalytic cross-coupling is consid-
erably influenced by the molar ratio of 2/1, Zn/1, and
the solvents used, as shown in Table 1.

Noteworthy is the fact that none of the products 3a was
obtained when the reaction was run in the ratio of
2a/1a=1 (entry 1), while increasing the ratio let the
bisallylation reaction proceed smoothly to give 3a in
excellent yields. Though 4-hydroxy-penta-1,6-diene (3a)
was obtained in the absence of TMSCl, the reaction
proceeded more smoothly and efficiently by the addi-
tion of TMSCl. Allyl chloride showed the same satis-
factory reactivity compared with allyl bromide. As
shown in Table 1, the best result for formation of
product 3a was obtained when the relative proportion
of 1a:2a:Zn:TMSCl was 1:2:6:0.3. Also, THF was
found to be a much better solvent for this reaction than
other aprotic solvents such as DMF and DCE.

A combination of zinc metal and a catalytic amount of
TMSCl has been found to promote the transformation
of various acid chlorides with allyl chlorides to the
corresponding cross-coupling gem-bisallylation prod-
ucts under mild reaction conditions. To demonstrate
the efficiency and scope of the present method, we
applied this catalytic system to a variety of allyl chlo-
rides. For the allyl chlorides as coupling partners, the
presence of various alkyl and aryl substituents at the �,
�, and � positions did not exhibit any significant effect
on the yield. The results are summarized in Tables 2
and 3.

Under the optimized conditions, 1a was treated with
allyl chloride (2a) and methallyl chloride (2c) to pro-
duce 3a and 3c in 92 and 97% yield, respectively. The

reaction of 1a with crotyl chloride (cis :trans=1:6.2, 2b)
and 3-chloro-1-betene (2d) gave 3b and 3d in 84 and
71% yield, respectively, as a mixture of Z and E isomers
of � and � products. The reaction of 1a with prenyl
chloride (2e) gave selectively a 1:1 monoallylation
product, phenyl prenyl ketone (4e), as a � product. In
the case of cinnamyl chloride (2f), the desired product
3f was obtained in 60% yield as a mixture of � and �
products (�:�=4:1), but the product resulting from the
� attack predominates. For a large number of acid
chlorides, e.g. aryl, alkyl, �,�-unsaturated, and hetero-
aromatic acid chlorides, the reaction with allyl chloride
(2a) did not show any significant effect on the product
yields.

Table 2. Reaction of benzoylchloride (1a) and allyl chlo-
rides (2) in the presence of Zn/TMSCl

Table 1. Zinc-promoted reaction of benzoylchloride (1a) and allylchloride (2a) in the presence of TMSCla

Molar ratio of

Solvent 2a/1aEntry Zn/1a TMSCl/1a Yield of 3a (%)b

0c1 0.3THF 61
2 0.36 852THF

THF 33 6 0.3 92
THF 34 6 0.3 91d

THF 35 3 0.3 63
6 THF 3 6 0 80

0.3 637 3DMF 6
DCEe 03 68 0.3

a General reaction conditions: 1a 10 mmol was used in THF 40 ml at 60°C for 4 h.
b Isolated yield.
c Adducts of THF and 1a, such as 4-chlorobutylbenzoates, were obtained in 28% yield.
d Allyl bromide was used instead of allyl chloride.
e 1,2-Dichloroethane
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Table 3. Reaction of allyl chlorides (2a) with various
acylating agents in the presence of Zn/TMSCl

In conclusion, we have demonstrated that in situ gener-
ated allylzinc reagents from the reaction of zinc with
allyl chlorides in the presence of TMSCl could be
effectively cross-coupled with acid chlorides to give the
corresponding gem-bisallylation products, 4-hydroxy-
penta-1,6-dienes (3), in good to excellent yields. The
present method complements the existing synthetic
method due to some advantageous properties of the
allylzinc reagents such as availability and selectivity,
operational simplicity, and low toxicity.
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