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Abstract—When promoted by samarium in DMF, aroyl chlorides react readily with acrylates to afford �,�-diaroylpropionates in
good to excellent yields without pretreating or activating the metallic samarium. © 2003 Elsevier Science Ltd. All rights reserved.

The direct use of metallic samarium as a reducing agent
in organic transformations has attracted the attention
of many organic chemists.1 However, in most cases, the
reactions promoted by samarium are usually carried
out in THF,2 and metallic samarium has to be activated
or pretreated by various methods so as to ensure the
reactions proceed smoothly. Generally, metallic samar-
ium is activated for reaction by other reagents, such as
iodine, hydrochloric acid, and alkyl halides, etc.2,3 Until
now, few precedents have appeared in the literature
using metallic samarium without any activator or
pretreatment.4

1,4-Dicarbonyl compounds, constitute key intermedi-
ates in various natural product syntheses, and are
important synthetic precursors of cyclopentenones,
cyclopenta-1,3-diones, butenolides, and derivatives of
furan and pyrrole,5 and a number of methods for their
synthesis have been developed.6 1,3-Dicarbonyl com-
pounds have also been widely used in organic synthesis.

However, the syntheses of 2-alkoxycarbonyl 1,4-dike-
tones are rarely reported, and only a few methods are
available which required unusual substrates and rela-
tively harsh reaction conditions.7

Here we wish to report that when N,N-dimethylform-
amide (DMF) is used as a solvent instead of THF,
metallic samarium, without the need to be activated or
pretreated, can promote the reactions of acrylates 2
with aroyl chlorides 1, affording a conceptually new
strategy for the synthesis of 2-alkoxycarbonyl 1,4-dike-
tones 3 (Scheme 1).

As a result of direct use of metallic samarium without
activator, simple equipment and material, short reac-
tion times, facile operation procedures, mild reaction
conditions, and high potential for large-scale prepara-
tions, this reaction type seems to offer one of the most
promising methods for the synthesis of the target
compounds.

Scheme 1.
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Table 1. Sm-promoted carbon�carbon double bond addition products of acrylates with aroyl chlorides
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Scheme 2.

A typical procedure is as follows: to a mixture of Sm
powder (1 mmol), methyl acrylate (4 mmol) in freshly
distilled N,N-dimethylformamide (DMF, 10 mL), ben-
zoyl chloride (2 mmol, freshly distilled) was added at
room temperature with magnetic stirring under a nitro-
gen atmosphere. The resulting solution turned yellow–
green within 15 min and an exothermic reaction was
observed. After the completion of the reaction (about 1
h), a routine workup of the reaction mixture followed
by column chromatography afforded methyl �,�-diben-
zoylpropionate in 91% yield.

A variety of 2-alkoxycarbonyl 1,4-diketones 3 were
obtained in good to excellent yields in the Sm/DMF
system, as shown in Table 1.8 Notably, in this Sm-pro-
moted reaction, when an �-substituted acrylate was
used as the substrate (for example, methyl �-methyl-
acrylate, 2c), the reaction still afforded compounds 3c,
3f, 3i, 3l and 3m smoothly as the major products.
However, the reaction is strongly influenced by the
substituent on the �-position of the acrylate, and
attempts to extend this reaction to methyl cinnamate
(2f), ethyl crotonate (2g) and methyl �-dimethylacrylate
(2h) were in vain. Only substrate 2e, perhaps due to its
double activation, could afford the corresponding
product 3n in 46% yield.

Interestingly, carbon�carbon double bond addition
product 3o and the 1,4-addition product 3p were
obtained simultaneously in a ratio of about 1:1 when
furan-2-carbonyl chloride was used (Scheme 2). How-
ever, when aliphatic acid chlorides (such as phenyl-
acetyl chloride, lauroyl chloride and acetyl chloride)
were used instead of aroyl chlorides, the reaction did
not occur at all. The temperature also influences the
reaction. Hardly any reaction was observed after 2 h
when the reaction temperature was below −10°C, and
by-products formed by self-coupling of the aroyl chlo-
ride increased when the reaction temperature exceeded
40°C. Generally, the ideal temperature is about 15–
25°C.

The mechanism of the reaction is not clear. From
experimental results, we suggest that the reaction
involves a radical mechanism. Because aroyl radicals
are much more stable than acyl radicals, aroyl radicals
may be formed in the presence of Sm whereas aliphatic
acyl radicals are not. On the other hand, DMF may
play an important role in stabilizing the intermediates
as a solvent with strong polarity and excellent solubil-
ity, dissolving the samarium salts, etc. because the

reaction does not occur in THF, indeed, even self-cou-
pling products from the aroyl chloride are rarely
formed.9

In conclusion, the Sm-promoted carbon�carbon double
bond addition of acrylates with aroyl chlorides offers a
facile, efficient, convenient and novel method for the
synthesis of useful polycarbonyl compounds in good to
excellent yields from very simple starting materials.
Furthermore, because the direct use of metallic samar-
ium in organic synthesis without any activator is rarely
reported, this reaction may have additional significance.
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