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Abstract. A new route for the high yield synthesis (better then 90% ) of exclusively
trans-B-lactams (azetidin-2-ones ) is reported which involves the 1:1 reaction of an o-aminoacid
ester zinc enolate with an appropriate imine. The reaction can be carried out as a ‘one-pot’ synthesis
as has been demonstrated for the synthesis of trans-3-diethylamino-4-phenyl azetidin-2-one (93%
yield ). The novel zinc enolates have most likely a Z-geometry as a result of intramolecular chelate
coordination. Evidence has been obtained that in the first step these zinc enolates react with the

imine in a highly diastereoselective manner
undergoes ring closure to the azetidin-2-one.

B-Lactams are the principal building blocks of naturally
occurring and synthetic penicillins! and therefore much effort
has been spent in the development of new and efficient
procedures for their preparation.2 Compared to the large
number of studies concerning the aldol condensation,3
parallel investigations on the condensation of metal enolates
with imines, which in principle would lead to B-lactams or
B-lactam precursors, have been far less numerous. The
stereochemical aspects of the latter reactions have been
covered in a review of the Reformatsky reaction. Procedures
have been described in which B-lactams are obtained from the
reaction of lithium ester enolates with either simple imines3:6
or secondary N-(cyanomethyl)amines.7 From these reactions
the B-lactams are isolated either as cis/trans mixtures or solely
as the cis stereoisomer. The synthesis of
trans-3-benzoylamine substituted B-lactams, starting from the
dianion of N-benzoyl substituted amino acid esters and
imines, have been reported. However, this procedure is

providing the threo aldolate which in a subsequent step

limited to the synthesis of 1,4-diaryl substituted l3-lactams.5

We recently found that 1,3,4-trisubstituted rrans-f-lactams are
the exclusive products from the reaction of a-iminoesters with
diethylzinc.ga In these reactions zinc enolates were proposed
as important intermediates. We now report the use of this
knowledgs for an easy and selective synthesis of
1,3,4-trisubstituted and 3,4-disubstituted trans-B-lactams that
is based on the condensation reaction of an preformed
a-aminoacid ester zinc enolate with an appropriate imine.

Reaction of a benzene solution of 3a, the ethylzinc enolate of
EtyNCH,COOEt ( prepared from the reaction of the lithium
ester enolate 2 (vide infra) with EtZnCl) , with one equivalent
of N-methylbenzaldimine (80°C, 1/2 h.) affords in
quantitative yield the B-lactam rrans-1-(N,N-diethylamino)-
-4-phenylazetidin-2-one, 4a , and ethylzinc ethoxide as
shown in Scheme 1. Under the same conditions 3b, the
chlorozinc enolate of EtyNCHyCOOEt (prepared from 2 and
ZnCly), reacts with N-methylbenzaldimine to afford the same
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trans-azetidin-2-one in high yield. The preparation of this
trans-B-lactam can be carried out as a facile "one-pot"
synthesis as follows. Firstly lithiumdiisopropylamide (LDA)
is generated in benzene solution by reaction of
diisopropylamine with n-butyllithium, then one equivalent of
the N,N-diethylglycine ethylester 1 is added, followed by
ZnCly.
N-methylbenzaldimine is added, the reaction mixture refluxed

one equivalent of anhydrous Finally
for 30 minutes and the product isolated after hydrolysis and
work up. This synthesis of trans-B-lactams has been extended
to a variety of 3,4-disubstituted and 1,3,4-trisubstituted
compounds 4a-4e which have been prepared in high yield,
from the appropriate imines . The use of silyl protecting
groups

3,4-disubstituted zrans-B-lactams 4c-de ; the trimethylsilyl

is noteworthy since they provide a route to the

group at the 1 position of the initially formed trans-B-lactams
is removed by hydrolysis during the aqueous work up. It has
been shown that the use of N-silyl protected amino acid esters
and trimethylsilyl substituted imines are important starting
materials for the synthesis of 1-unsubstituted ! and 3-amino
substituted 16 B-lactams. The potential of this new route is
particularly demonstrated by the easy synthesis of
trans-3-amino-4-substituted azetidin-2-ones (see eqn 1), the
principal building blocks of B-lactam antibiotics.
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for 30 minutes and the product isolated after hydrolysis and
work up. This synthesis of trans-p-lactams has been extended
to a variety of 3,4-disubstituted and 1,3,4-trisubstituted
compounds 4a-de which have been prepared in high yield,
from the appropriate imines . The use of silyl protecting
groups is noteworthy since they provide a route to the
3,4-disubstituted zrans-B-lactams 4c-4e ; the trimethylsilyl
group at the 1 position of the initially formed trans--lactams
is removed by hydrolysis during the aqueous work up. It has
been shown that the use of N-silyl protected amino acid esters
and trimethylsilyl substituted imines are important starting
materials for the synthesis of 1-unsubstituted!> and 3-amino
substituted 10 B-lactams. The potential of this new route is
particularly demonstrated by the easy synthesis of
trans-3-amino-4-substituted azetidin-2-ones (see eqn 1), the
principal building blocks of B-lactam antibiotics.

The trans-B-lactams 4a-de were characterized by 1 NMR
spectroscopy, melting points and elemental analyses.9
Preliminary experiments showed that reaction of the
enantiomerically pure (-)menthyl ester of N,N-diethylglycine
with N-methylbenzaldimine, under the conditions (1 h. reflux
) of Scheme 2 , yields the two enantiomers of trans-p-lactam
4a in a 2:1 ratio i.e. with an enantiomeric excess of 50%.!1
However , when this reaction mixture was quenched after 5
min. reflux, the non-cyclized product Sb could be isolated
and almost no rrans-B-lactam had been formed, see Scheme 2.
This latter observation indicates that the first step in this
reaction is the formation of an aldolate (i.e. 5a, see scheme
2) from the zinc enolate and an E-imine. Moreover, because
only zrans-B-lactams are found this aldolate must be formed in
a highly diastereoselective manner and we believe that this
species has a threo stereochemistry. The pericyclic transition
states involved in this condensation step leading to Sa are
likely to be analogous to those proposed for aldehydes with
the extra constraint imposed by the imine geometry.3 We
propose that the zinc enolate involved has a Z-geometry as a
result of intramolecular chelate coordination as shown in 3a
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and 3b ; this geometry was established for the lithium enolate

2 by X-ray crystallography.

12 (Others have found that

cis-trans mixtures of B-lactams result from erythro adducts

formed from zinc ester enolates and imines under
Reformatsky conditions). 13

To our knowledge the new route described in this paper for

the high-yield synthesis of exclusively trans-B-lactams is

without precedent and studies regarding its synthetic scope are

being carried out. Structural investigations of the enolates are

also in progress.

Both the ethylzinc enolate 3a and the

chlorozinc enolate 3b appear to be formed as aggregates with

LiCl (1.0 and 0.5 equiv. respectively ) as depicted in Scheme

1. These species are soluble in benzene and provide complex
temperature dependent 250 MHz., 1H NMR spectra which
have not yet been fully interpreted. Results of these

investigations into both the applications and mechanism of

this new synthetic route will be the subject of forthcoming
papers.
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