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Abstract—Exposure of 3�-chloro-3-phenylthioazetidin-2-ones and allyltrimethylsilane to a Lewis acid promotes a remarkably
facile and stereoselective C-3 allylation to give 3�-allyl-3-phenylthioazetidin-2-ones 4 in excellent yield. These allylated azetidin-2-
ones undergo smooth desulphurization with tri-n-butyltin hydride or Raney-nickel producing cis-3-allyl- and cis-3-propylazetidin-
2-ones. © 2003 Elsevier Science Ltd. All rights reserved.

Amongst the most fundamental and important organic
reactions for creating carbon�carbon bonds, Lewis
acid-promoted addition of allylsilanes and allyltributyl-
stannanes to carbonyl compounds is by now a well
established1 synthetic approach. Likewise the synthetic
potential of �-chlorosulphides has also been explored2,3

which undergo a facile reaction with a variety of nucle-
ophiles including allylsilanes. As a part of our ongoing
studies towards C-3 functionalization4 of azetidin-2-
ones, we became interested in the incorporation of allyl
groups at C-3 of azetidin-2-ones. It was envisaged to
employ �-chlorosulphides, the �-lactam carbocation
equivalents of type 1 (Fig. 1) for this reaction to afford
valuable �-lactam synthons. �-Chlorosulphides, the aze-
tidinones of type 1 are also precursors for azetidin-2,3-
diones 2.5

Recently densely substituted �-lactams6–8 have been
recognized as important intermediates as well as
molecules of great practical and biological significance.
A limited number of reports on allylation9–11 of aze-
tidin-2-ones have appeared in the literature, which
employ appropriate substrates having a carbonyl func-
tionality at C-3 for their reactions with organometallics
in organic as well as aqueous media.

We wish to report here the stereoselective introduction
of an allyl group at C-3 of azetidin-2-ones using the
�-lactam carbocation equivalents 1 and allylmetals in
the presence of a Lewis acid (Scheme 1).

The starting substrates 3�-chloro-3-phenylthio-azetidin-
2-ones 1(a–d)2 were obtained by SO2Cl2 �-chlorination
of 3-phenylthioazetidin-2-ones 3(a–d) which in turn
were prepared through the Staudinger reaction of
phenylthioacetic acid and an appropriate imine using
POCl3 as the condensing agent in the presence of Et3N
in CH2Cl2 at 0°C. Exposure of the �-chloro-sulphide
�-lactam 1a to Lewis acids such as TiCl4, SnCl4, ZnBr2

in the presence of allyltrimethylsilane under nitrogen in
CH2Cl2 resulted in a facile and stereoselective C-3
allylation giving 4a as a single isomer in excellent yield.
The product after chromatographic purification was

Figure 1.

Scheme 1.
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Table 1. Stereoselective allylation of azetidin-2-ones 1(a–d)

Entry Producta R1 R2 Lewis acid MR3 Temp. (°C)/time (h) Yieldb (%)

C6H5 C6H4·OMe(p) TiCl44a SiMe31 0/2 86
4a2 C6H5 C6H4·OMe(p) SnCl4 SiMe3 0/2 80

C6H5 C6H4·OMe(p) TiCl4 SnBu3 0/23 524a
C6H4·OMe(p) C6H4·OMe(p) TiCl44b SiMe34 −10/2 85

4c5 C6H4·Cl(p) C6H4·CH3(p) TiCl4 SiMe3 0/1.5 88
C6H5 C6H4·Br (p)6 TiCl44d SiMe3 0/2 85
C6H5 C6H4·OMe(p) ZnBr24a SiMe37 25/48 75

a All new compounds have been characterized by IR, NMR, MS and CHN analysis.
b Isolated yields after purification by column chromatography.

identified as 3-allyl-3-phenylthio-1-(4-methoxyphenyl)-
4-phenylazetidin-2-one 4a12 on the basis of its spectro-
scopic data. The reaction was found to be general with
several substrates and the results are summarized in
Table 1. The stereochemical assignment of the allyl
group at C-3 was established by single-crystal X-ray
crystallographic analysis13 of 4a as depicted in its
ORTEP diagram (Fig. 2).

Although the role of sulphur is not yet completely
understood, the formation of a single isomer of 4a may
be explained in terms of the Lewis acid first coordinat-
ing the halogen at C-3 followed by abstraction leading
to the formation of a C-3 carbocation stabilized by the
lone pair on sulphur. Subsequent approach of the
nucleophile to this carbocation from the less hindered
face would lead to the observed stereoselectivity.

In an effort to demonstrate the synthetic potential of
this reaction and versatility of the products, we have
carried out the following transformations (Scheme 2).
Tri-n-butyltin hydride reduction of 4a catalyzed by
AIBN in toluene at reflux led to stereoselective desul-
phurization to afford cis-3-allyl-1-(4�-methoxyphenyl)-
4-phenylazetidin-2-one 5a. The cis stereochemistry of
the 3-allyl-azetidin-2-ones 5(a–c) was assigned on the
basis of the coupling constant J3H�4H (5.6 Hz) in the 1H

Scheme 2.

NMR spectrum and is due to donation of hydrogen to
the less hindered face of the intermediate radical.

Alternatively, treatment of 4a with Raney-nickel in
refluxing acetone resulted in desulphurization accompa-
nied by hydrogenation of the double bond giving only
cis-3-propyl-1-(4�-methoxyphenyl)-4-phenyl-azetidin-2-
one 6a. The unexpected cis stereochemistry of these
products 6(a–c) was established on the basis of the
coupling constant J3H�4H (5.3 Hz). These reactions were
carried out with different substrates 4(b,c) and the
results are summarized in Table 2. The formation of
only the cis �-lactam accompanied by hydrogenation of
the double bond is quite interesting during the reductive
desulphurization14 with Ra-Ni.

In summary this work not only provides a facile and
stereoselective method for allylation of azetidin-2-ones

Figure 2. ORTEP representation of 4a.

Table 2. Reductive desulphurization of azetidin-2-ones
4(a–c)

Entry Substrate Reagent Producta Yieldsb (%)

4a1 n-Bu3SnH 5a 50
2 4b n-Bu3SnH 5b 43

4c n-Bu3SnH3 5c 53
4a Rn-Ni4 6a 45
4b Rn-Ni5 6b 100

6c 48Rn-Ni4c6

a All new compounds have been characterized by IR, NMR and
CHN analysis.

b Isolated yields after purification by chromatography.
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at C-3, but also extends the scope of the Lewis acid-cat-
alyzed allylation using carbocation equivalents with
allylsilanes and allylstannanes. Further elaboration of
these products to potentially useful building blocks is
underway in our laboratory.
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