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Abstract—Treatment of a mixture of alkyl aldehydes (1) with acid chlorides (2) in the presence of zinc metal powder and a catalytic
amount of chlorotrimethylsilane (TMSCl) in dichloromethane brought about highly facile and effective coupling to give selectively
the corresponding a-haloacylation and gem-bisacylation products, a-haloalkyl carboxylates and 1,1-dicarboxylates (acylals), in
good to excellent yields.
� 2004 Elsevier Ltd. All rights reserved.
The reaction of organometallics and carbonyl com-
pounds provides a fundamental methodology in syn-
thetic organic chemistry.1 Aldehydes, ketones, esters,
and acid halides are widely used as convenient starting
materials for such transformations. a-Haloacylation and
gem-bisacylation of these are most interesting since these
are useful methods for synthesis of a-haloalkylesters,
acylals, and so on. The reactions of aldehydes with acid
halides, however, are limited, because they are not
simple and straightforward.2 In addition some of these
procedures entail the problems of corrosive and effluent
pollution. Recently, we have reported that metallic zinc
with chlorotrimethylsilane (TMSCl) markedly facilitates
the olefination of aldehydes and ketones by the reaction
with gem-dihalides, gem-bisallyation of acid chlorides,
nucleophilic addition of aldimines, and so on.3

Acylals are synthetically useful protecting groups for
carbonyl compounds due to their stability and also are
important building blocks for the synthesis of dienes in
Diels–Alder reaction.4 Usually the preparation of acyl-
als is carried out using several catalysts such as protic or
Lewis acid, iodine, NBS, and so on.5 Several inorganic
heterogeneous reagents have also been developed such
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as zeolites, sulfated zirconia, montmorillonite clay,
expansive graphite, and zeolite HSZ-360.6 Many of
these reagents are highly corrosive and difficult to han-
dle while some of them are rather expensive.

On the other hand, a-chloroalkyl acetates are also inter-
esting and important bifunctional derivatives containing
two leaving groups with different reactivity. These are
effectively synthesized by the reaction of carbonyl com-
pounds with acyl halides in the presence of Lewis acid
such as zinc chloride, aluminum chloride, and so on.7

Although a number of catalysts have been reported for
the reactions of aldehydes with acid chlorides, the zinc
metal promoted-reaction and the selective formation of
a-haloalkylesters and acylals have not been reported.

Herein we wish to disclose a mild, efficient, and conve-
nient zinc metal-promoted cross-coupling of aldehydes
and acid chlorides to provide selectively the corre-
sponding a-chloroalkyl carboxylates and 1,1-dicarb-
oxylates (acylals) in good to excellent yields through
a-haloacylation and gem-bisacylation of aldehydes with
acid chlorides or acid anhydrides using commercial
available zinc powder and a catalytic amount of chlo-
rotrimethylsilane in dichloroethane (Scheme 1).

The reactions were usually carried out at rt for 4 h in
anhydrous 1,2-dichloroethane containing powdered
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metallic zinc (60mmol), a catalytic amount of TMSCl
(3mmol), acid chlorides (10mmol), and aldehydes
(30mmol).8 Commercially available zinc dust (purity;
95%) was used without any pre-treatment. Detailed
studies on the reaction of benzoyl chloride (2a) with
butyraldehyde (1a) showed that this catalytic cross-
coupling is considerably influenced by the molar ratio of
2/1, Zn/1, and the solvents used, as shown in Table 1.

1-Chlorobutyl benzoate (3Aa) was obtained selectively
by the treatment of a mixture of butyraldehyde (1a) and
benzoyl chloride (2a) in the presence of zinc powder and
a catalytic amount of TMSCl in dichloromethane in
good yields (entry 3). Though 3Aa was obtained in the
absence of TMSCl (entry 4), the reaction proceeded
more smoothly and more efficiently with the addition of
TMSCl. When the reaction carried out at reflux tem-
perature, butyl 1,1-dibenzoate (3Ba) was selectively and
quantitatively obtained (entry 7). DCE as solvent and
Zn metal as the metal were found to be much better for
this reaction than other aprotic solvents and metals such
as DMF, THF, acetonitrile, and Mn, Ca, and Mg.
Excess of Zn was needed. As shown in Table 1, the best
result for formation of products was obtained when the
relative proportion of 1a:2a:Zn:TMSCl was 1:3:6:0.3.
Table 1. Zinc-promoted reaction of benzoyl chloride with butyraldehyde in

n-PrCHO
PhCOCl1a

Zn/TMSCl, DCE

(2a)
3

n-PrC

Entry 2a/1a TMSCl/1a Metal/1a (mol equiv)

1 1 0.3 Zn (6)

2 2 0.3 Zn (6)

3 3 0.3 Zn (6)

4 3 0 Zn (6)

5 3 0 Zn (0)

6 3 0.3 Zn (2)

7c 3 0.3 Zn (6)

8 3 0.3 Zn (6)

9 3 0.3 Zn (6)

10 3 0.3 Zn (6)

11 3 0.3 Mn (6)

12 3 0.3 Ca (6)

13 3 0.3 Mg (6)

aGeneral reaction conditions: benzoyl chloride 30mmol, aldehydes 10mmol
b Isolated yield by SiO2 column chromatography.
c At reflux temperature.
A combination of zinc metal and a catalytic amount of
TMSCl has been found to promote selectively the
transformation of various acyl chlorides with aldehydes
to the corresponding cross-coupling acylation products,
such as a-haloalkyl carboxylation and gem-biscarboxyl-
ation products under mild reaction conditions.

To demonstrate the efficiency and scope of the present
method, we applied this combination system to a variety
of acid chlorides. The results are summarized in Table 2.

The a-chloroalkyl carboxylates were selectively
obtained. Under the optimized conditions, 1a was
treated with benzoyl chloride (2a) and acetyl chloride
(2b) to give 3A and 3B in 95% yield (3A/3B ratios were 4/
1 and 2/1, respectively). Aromatic and aliphatic acid
chlorides were smoothly reacted with aldehydes to give
the corresponding cross-coupling products in high
yields. For a vast number of alkyl aldehydes, for
example, primary, secondary, and tertiary aldehydes,
the reaction with benzoyl chloride (2a) had no signifi-
cant effect on the product yields. Aliphatic and aromatic
ketones did not give any of these products.

Further applications of the reaction were studied using
acid bromides (2c), acid cyanide (2d), and acid anhy-
drides (2e, 2f) instead of acid chlorides (Table 3). The
reaction of 1a with benzoyl bromide (2c) gave
a-bromoesters (3Ac) as a minor product in only 8%
yield. Benzoyl cyanide (2d) gave selectively 1-cyano-
butyl benzoate (3Ad) in 56% yield as a mixture with 3Bd,
while the reaction of acid anhydrides (2e, 2f) with 1a
yielded selectively and quantitatively bis-acylation
product, acylal (3B) as the sole product. These results
well demonstrated that the zinc reagent from the reac-
tion of zinc with acyl chloride in the presence of a cat-
alytic amount of TMSCl has enough and wide reactivity
for some of the aliphatic aldehydes.
the presence of TMSCla

Aa 3Ba

H
OCOPh

Cl
n-PrCH(OCOPh)2+

Solvents Yield of 3Aa and 3Ba (%)b

CH2ClCH2Cl 1 35

CH2ClCH2Cl 71 8

CH2ClCH2Cl 75 20

CH2ClCH2Cl 61 20

CH2ClCH2Cl 0 0

CH2ClCH2Cl 54 12

CH2ClCH2Cl 0 100

THF 0 0

DMF 0 0

CH3CN 1 2

CH2ClCH2Cl 0 0

CH2ClCH2Cl 0 0

CH2ClCH2Cl 0 0

, Zn 60mmol, and TMSCl 3mmol in DCE 40mL at rt for 4 h.



Table 2. Reaction of aldehydes and benzoyl chloridea

R2-COX+R1-CHO
Zn/TMSCl

DCE, rt
1 2 3A 3B

R1CH
OCOR2

X R1CH
OCOR2

OCOR2
+

Entry RCHO (1) R0COX (2) Yield of 3 (%) Ratio of 3A/3B (%)b

1 n-PrCHO (1a) PhCOCl (2a) 95 4/1

2 1a 2a 100 0/1c

3 1a MeCOCl (2b) 95 2/1

4 n-HexCHO (1b) 2a 98 2/1

5 iso-PrCHO (1c) 2a 85 2/1

6 1c 2a 47 0/1c

7 sec-BuCHO (1d) 2a 52 1/2

8 PhCH2CH2CHO (1e) 2a 71 2/1

9 t-BuCHO (1f) 2a 100 1/1

10 1f 2a 62 0/1c

aGeneral reaction conditions: benzoyl chloride 30mmol, aldehydes 10mmol, Zn 60mmol, and TMSCl 3mmol in DCE 40mL at rt for 4 h.
b Isolated yield by SiO2 column chromatography.
cAt reflux temperature.

Table 3. Reaction of aldehydes and acylating agenta

Entry RCHO (1) R0COX (2) Yield of 3

(%)

Ratio of

3A/3B (%)b

1 1a PhCOBr (2c) 59 1/7

2 1a PhCOCN (2d) 56 13/1

3 1a (PhCO)2O (2e) 100 0/1

4 1a (MeCO)2O (2f) 100 0/1

5 1c 2f 78 0/1

6 1e 2f 52 0/1

aGeneral reaction conditions: 2 30mmol, 1 10mmol, Zn 60mmol, and

TMSCl 3mmol in DCE 40mL at rt for 4 h.
b Isolated yield by SiO2 column chromatography.
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Although the details concerning the mechanism still
remain ambiguous, the reaction may proceed through
in situ generated organozinc compounds (I) as reaction
intermediates. In the reaction zinc metal may act as
Lewis acid, and then the complex (II) generated by the
reaction with aldehydes gave the products 3 by intra-
molecular transformation of chloro or carboxyl groups.9

The elucidation of the detailed reaction mechanism must
await further study (Scheme 2).

In conclusion, we have demonstrated that in situ gen-
erated zinc reagents from the reaction of zinc metal and
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Scheme 2. Possible reaction pathway.
acyl chlorides in the presence of TMSCl could be effec-
tively reacted with aldehydes to give selectively the
corresponding a-haloacylation and gem-bisacylation
products, a-haloalkylesters (3A), and 1,1-dicarboxylates
(acylals) (3B), in good to excellent yields. The present
method complements the existing synthetic methodol-
ogy due to some advantageous properties of zinc
reagents such as availability and selectivity, operational
simplicity, and low toxicity.
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