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Abstract

An e�ective route to novel C-3 substituted b-lactams is described. This involves reaction of a b-lactam
carbocation equivalent with active aromatic nucleophiles in the presence of a Lewis acid. The stereo-
speci®city of the formation of mono-substituted products may be rationalised on the basis of the SnCl4
mediated intermediate complex A that reacts via an SN2 mechanism. # 2000 Elsevier Science Ltd. All
rights reserved.

b-Lactams are well-acknowledged structural elements of the widely used penicillins, cephalo-
sporins, thienamycins and other monocyclic b-lactam antibiotics1 such as monobactams. New
routes for the synthesis of monocyclic b-lactams with di�erent appendages at C-3 and C-4 con-
tinue to present a challenge for the synthetic organic chemist. More recently, C-3 aryl substituted
monocyclic b-lactams have been shown to be potential inhibitors of cholesterol acyl transferase2

which is mainly responsible for atherosclerotic coronary heart disease.
Transformations at the C-3 carbon of b-lactams leading to the formation of diverse molecules

involving anionic and cationic b-lactam equivalents 1 and 2, respectively (Fig. 1) are an important
area of research.3 The potential of the anionic b-lactam equivalent of type 1 has been explored by
many groups4 for the preparation of di�erent b-lactam synthons.

However, the chemistry involving the cationic b-lactam equivalent 2 is not fully explored. A
related study involving SN2

0 substitution at C-3 has recently been reported.5 Hence, our attention
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Figure 1.
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was focused on the use of the cationic b-lactam equivalent type 2 and the exploration of its
potential in synthetically useful transformations. We report here a new strategy for the synthesis
of novel C-3 substituted b-lactams involving an easily available6 a-chloro-a-phenylthio-b-lactam
6. This b-lactam is capable of functioning as a C-3 carbocation equivalent in the presence of a
Lewis acid.
Thus, in the presence of the Lewis acid7 SnCl4, b-lactam 6 reacts with a number of active aromatic

nucleophiles to produce a variety of substituted b-lactams. A number of interesting C-3 mono-
substituted as well as disubstituted b-lactams which may not be easily prepared via the classical
routes using an acid chloride-imine cycloaddition8 approach, are accessible using this strategy
(Scheme 1).

b-Lactams 5, suitable for this study, were prepared from potassium phenylthioacetate 3 and
appropriate Schi� bases 4 by the reported procedure.6 These b-lactams 5 were converted to the
corresponding 3-chloro-3-phenylthioazetidin-2-ones 6(a±c) by reacting with SO2Cl2.

9 Initial studies
were carried out by reacting 6a with anisole as the nucleophile10 in the presence of 1 equivalent of
SnCl4 at ^78�C. Instead of leading to the formation of the expected monosubstituted product of
type 7, surprisingly, the product was found to be a mixture of two compounds. These products,
after chromatographic puri®cation, were identi®ed as 3,3-bis(4-methoxyphenyl)-1-(4-methoxy-
phenyl)-4-phenylazetidin-2-one 8a and 3,3-bis(phenylthio)-1-(4-methoxyphenyl)-4-phenylazetidin-2-
one 9a on the basis of their spectroscopic data and by X-ray crystallography. The reaction was
found to be general for several active aromatic nucleophiles and the results obtained are summarised
in Table 1.

Scheme 1.
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Most of the activated aromatic nucleophiles produce the 3,3-disubstituted azetidin-2-ones of
type 8, along with varying amounts of 3,3-diphenylthioazetidin-2-ones of type 9. However, it is
interesting to note that the monosubstituted products of type 7 were formed along with disub-
stituted ones in the case of b-lactams 6a and 6c (entries 3, 8 and 9). The spatial juxtaposition of
the C-4 hydrogen and nucleophile at C-3 in 7a was assigned trans on the basis of its transformation
to the cis-b-lactam (J=6.2 Hz, C3-H and C4-H) on stereospeci®c11 Raney-nickel desulphurisation.
This was further con®rmed by the X-ray crystallographic analysis12 of monosubstituted b-lactam
7a (Fig. 2).

The same result was established for 7c via its Raney-nickel desulphurisation leading to the
formation of cis-b-lactam 10 (Scheme 2) (J=5.6 Hz, C3-H and C4-H). Similarly, 11c also produced
the cis-b-lactam on desulphurisation. The reaction proceeds well in CH2Cl2 at ^78 to ^5�C using 1
equivalent of SnCl4.

Table 1
Reaction of cationic b-lactam equivalents 6 with various active aromatic nucleophiles using SnCl4 as Lewis acid

Figure 2. Ortep representation of 7a
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It is interesting to note that the monosubstituted products are formed by approach of the
nucleophile to the more hindered face of the b-lactam. A possible explanation is that the Lewis
acid forms complex A (Scheme 1) thus preventing the approach of the incoming nucleophile from
the same side. The reaction probably follows Path A and proceeds via an SN2 mechanism. The
intermediate formation of carbocation Bwould have led to the opposite con®guration of b-lactams
7a and 7c. This is supported by the fact that benzene and toluene, being milder nucleophiles,
failed to react to give corresponding products.
The possible role of 7 as an intermediate in the formation of the disubstituted products 8 was

supported by the conversion of monosubstituted b-lactam 7c, into the disubstituted b-lactam 8c
on treatment with anisole, in the presence of SnCl4.
The formation of 9a (Scheme 1) was totally unexpected. The ambiphilic behaviour of -SPh as a

leaving group (leading to 8) and at the same time acting as a nucleophile (leading to 9) is
remarkable. The role of SnCl4 in these processes as a complexing agent may be involved (complex
A) and 9 may be formed by the approach of the nucleophilic -SPh from the opposite side to the
Lewis acid in complex A. However, the exact mechanism may be quite complex. Further studies
using heterocycles and trimethyl silyl enol ethers as nucleophiles are in progress in our laboratory.
In summary, the reaction of a b-lactam cation equivalent 6 with active aromatic nucleophiles

provides access to novel C-3 monocyclic substituted b-lactams. The starting b-lactams are easily
available and the reaction procedure, workup and the product puri®cation are also easy to carry
out.
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