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compounds promoted by samarium metal in DMF

Yongjun Liua and Yongmin Zhanga,b,*

aDepartment of Chemistry, Zhejiang University (Campus Xixi), Hangzhou 310028, PR China
bState Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,

Shanghai 200032, PR China

Received 9 July 2003; revised 18 November 2003; accepted 21 November 2003
Abstract—Promoted by samarium metal in DMF, aroyl chlorides react readily with iso-pentylene in a four-molecule manner, which
offers an efficient stereo- and regiospecific synthesis of (E)-b,c-unsaturated carbonyl compounds and also provides a facile method
for the construction of monoterpene skeleton. The reaction is an additional example of organic reactions mediated by direct use of
unactivated metallic samarium.
� 2003 Elsevier Ltd. All rights reserved.
Though SmI2 is a useful reducing reagent,1 however, its
application in organic synthesis is limited to some
extent. For example, Sm2þ has only one electron to give,
which seriously restricts its application in large scale.
Therefore, the direct use of metallic samarium as a
reducing agent in organic transformations has attracted
the attention of many organic chemists.2 In most cases,
the reactions promoted by samarium were carried out in
THF,3 and metallic samarium had to be activated or
pretreated by various methods so as to ensure the
reactions proceeding smoothly.3;4 Until now, only a few
reports were found concerning organic reactions pro-
moted efficiently by metallic samarium without activa-
tion or pretreatment.5 In our investigations on the
applications of metallic samarium in organic synthesis,
we have recently found that metallic samarium, in the
absence of any activator, exhibited some extraordinary
capabilities when N,N-dimethylformamide (DMF) was
used as reaction medium instead of THF.6

b,c-Unsaturated carbonyl moieties, known to exist
in natural products, serve as versatile intermediates in
organic transformations7 and have wide application in
natural product synthesis.7a;b A number of synthetic
Keywords: Samarium; DMF; Aroyl chloride; iso-Pentylene; (E)-b,c-
Unsaturated ketone; Terpenoid; Stereo- and regiospecific reaction.

* Corresponding author. E-mail: yminzhang@mail.hz.zj.cn

0040-4039/$ - see front matter � 2003 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2003.11.124
methodologies have appeared,8 however, few general
preparative methods are available and the synthesis is
usually complicated mainly due to a proclivity toward
prototropic rearrangement producing conjugated a,b-
unsaturated isomers. To develope a more convenient
and efficient method for the preparation of b,c-unsatu-
rated carbonyl compounds is of practical importance
and still in demand.

We now report a novel and facile synthesis of (E)-b,c-
unsaturated ketone compounds promoted by metallic
samarium. As shown in Scheme 1, samarium, without
any activation or pretreatment, can promote a four-
molecule reaction of aroyl chlorides 1 and iso-pentylene
2 to afford (E)-b,c-unsaturated ketones 3 when DMF is
used as a solvent.

The reaction proceeds smoothly and efficiently in both
stereo- and regiospecific manner, and resulting a variety
of the corresponding (E,E)-3,8-dimethyl-1,10-diaryl-
deca-3,7-diene-1,10-diones 3 in good yields (Table 1).9

The results show that the substituents on the aromatic
rings does not have notable effects on the yields of
product 3, though a relative longer time was required to
complete the reaction when R are electron-donating
groups. Attempts to extend the reaction to aliphatic acid
chlorides were not successful and lead to a complex
mixture (entries 9 and 10). Although the physical data
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Table 1. Sm-promoted four-molecule reaction of aroyl chlorides with

iso-pentylene to afford (E)-b,c-unsaturated ketones in DMF10

Entry Substrate 1 Time (h) Yield of

product 3a

1 C6H5COCl (1a) 3 92 (3a)

2 4-F–C6H4COCl (1b) 3 94 (3b)

3 4-CH3–C6H4COCl (1c) 3 87 (3c)

4 4-Cl–C6H4COCl (1d) 3 82 (3d)

5 4-CH3O–C6H4COCl (1e) 5 90 (3e)

6 3-CH3–C6H4COCl (1f) 2 76 (3f)

7 3-Cl–C6H4COCl (1g) 1 65 (3g)

8

O COCl  (1h)

5 61 (3h)

9 PhCH2COCl 5 ––b

10 CH3CH2COCl 5 ––b

a Isolated yields based on aroyl chlorides.
bA complex mixture was obtained.
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(1H NMR, 13C NMR, IR, MS, and elemental analysis)
of product 3 shows that it must be a four-molecule
coupling product, the coupling of some protons is weak
Figure 1.
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as indicated in 1H NMR.10 To further ascertain the
structure, a single-crystal X-ray diffraction study of 3b
was done and it was determined unambiguously that
product 3 is in E,E-configuration (Fig. 1). The chain
elongation was realized regioselectively by combining
two isoprene units in a �head-to-head� direction with two
aroyl groups attaching, respectively, on the �tail� of each
of the isoprene unit. The fact that all the products share
the same NMR patterns suggests the stereochemistry of
these compounds should be identical.

According to the experimental results, we suggested that
the mechanism may involve a radical procedure (Scheme
2). Firstly, an aroyl radical is formed with the reduction
of samarium and the 1-position of iso-pentylene is
attacked intermediately to give the intermediate A,
which is more stable than A0. In an equilibrium A
rearranges to intermediate B, which then dimerizes to
afford product 3 in a sterically more favored E,E-con-
figuration.11

The adoption of DMF as the reaction medium is crucial.
If THF is used as a solvent instead, this reaction did not
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occur, even the self-coupling products of aroyl chloride
can hardly be achieved.12 As a solvent with strong
polarity and excellent dissolubility, DMF may play an
important role in stabilizing the intermediates and dis-
solving samarium salt, thus ensuring the reaction to
proceed smoothly.

Products 3 containing 1,5-diene moieties are in fact
isoprenoid compounds. Most of the isoprenoids are
biosynthesized from the universal precursors such as
isopentenyl diphosphate (IPP) and dimethylallyl
diphosphate (DMAPP),13a–d A variety of artificial
methods were also developed for their syntheses.13e;f;g

In conclusion, the samarium-promoted four-molecule
reaction of aroyl chlorides with iso-pentylene afforded
an unprecedentedly efficient, highly selective protocol
for the synthesis of stereo- and regiodefined b,c-unsat-
urated ketones, it provides an extremely facile method
for the construction of monoterpene skeleton, which is
useful in the natural products syntheses. As a result of
direct use of metallic samarium without activator, sim-
ple equipment and material, short reaction time, facile
operation procedure, mild reaction conditions, as well as
high potential for large-scale preparation, this innovat-
ing reaction would offer one of the most promising
method for the synthesis of such compounds.
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