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Abstract—The base induced ring opening of b-lactam derivatives, 3, 5, 7, 9, 11 with LDA gave c-lactam derivatives, 4, 6, 8, 10, 12
stereoselectively. The c-lactam derivatives were formed stereoselectively depending on C-3 substituent of b-lactam derivatives.
� 2005 Published by Elsevier Ltd.
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The general methods to prepare monocyclic c-lactams
through one-carbon ring expansion of b-lactams have
been shown1 powerful synthetic tools. These reactions
frequently involve strained nitrogen rings in which the
strain release acts as a driving force for the enlargement.
The general methods of ring expansion in b-lactam
derivatives have been known as the cleavage of the
C(2)–C(3) bond,1a N(1)–C(4) bond1b or N(1)–C(2)1c in
b-lactam derivatives. Recently, we have found that c-
lactam derivatives 2 were prepared from b-lactam deriv-
atives 1 through the N(1)–C(4) cleavage and C(5) car-
bon insertion with lithium diisopropylamide (LDA),
and the stereochemistry on C-4 and C-5 in c-lactam
derivatives 2 was controlled by the substituents on C-3
in b-lactam derivatives 1. NOE experiments indicated
the relative stereochemistry of C-3, C-4, and C-5 in the
c-lactam derivatives 2 (Scheme 1).

2-Azetidinones, 3, 5 as starting substrates, were pre-
pared from imines and ketene derived from acid
chloride.3 Treatment of 1-benzyl-3,3,4-triphenyl-2-
azetidinone (3) and 1-benzyl-3,3-methyl-4-phenyl-2-aze-
tidinone (5), which has no stereogenic center at C(3)
with lithium diisopropylamide (LDA) gives the corre-
sponding 3,3,4,5-tertraphenyl-2-pyrrolidinone (4)7a and
3,3-dimethyl-4,5-diphenyl-2-pyrrolidinone (6)7b in good
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yield. From our proposed mechanism,2a our results
could be explained the ring expansion through N(1)–
C(4) bond cleavage process on the four-membered lac-
tam ring and then recyclization. The stereochemistry
of the ring expansion reaction is depend on the substit-
uents at C(3) of the starting b-lactam derivatives, 3, 5. In
the case of the two phenyl or two methyl substituents,
the anti relationship stereochemistry at C(4) and C(5)
in c-lactam derivatives, 4, 6, were obtained as a single
diastereomer. syn Relationship stereochemistry at C(4)
and C(5) in c-lactam derivatives does not observed.
The bulkyness of two phenyl or two methyl substituents
at C3 on b-lactam ring may control the stereochemistry
to get c-lactam with high diastereoselectivity. The struc-
ture of stereochemistry was tentatively assigned by rela-
tive stability of each compounds (Scheme 2).

Starting substrate, spiro b-lactam 7 was prepared from
imines and acid chloride in the presence of Et3N.
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Scheme 2. Product 4 (65%), product 6 (67%).
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2-Benzyl-3-phenyl-2-aza-spiro[3,5]nonan-1-one (7), which
has cyclohexyl group substituent at C(3), was treated
with LDA at room temperature to get the trans-3,4-
diphenyl-2-aza-spiro[4,5]decan-1-one (8)7c as a single
diastereomer (Scheme 3).

The stereochemistry of the trans-3,4-diphenyl-2-aza-
spiro[4,5]decan-1-one (8) was determined by NOE differ-
ence spectra.6 The coupling constant of H4 and H5 in c-
lactam derivative 8 is 12 Hz, which has relatively large
value which two protons have close to 0� or 180� by
Karplus equation. If two protons have close to 0�, the
NOE between two protons have effect, but two protons
have close to 180�, the NOE between two protons have
no effect. No NOE effect was observed between H4 and
H5 by our NOE experiment. Thus, an anti relative
stereochemistry of these two protons was assigned for
compound 8.

In the case of two stereogenic center in b-lactam deriva-
tives, 9, 11, the bulky group on the a-position in b-lac-
tam would control the b-, c-stereogenic center in the
recyclization step to forming the c-lactam derivatives.

trans-1-Benzyl-3,4-diphenyl-2-azetidinone (9) and trans-
1-benzyl-3-methyl-4-phenyl-2-azetidinone (11), which
have two stereogenic center (C-3 and C-4) were pre-
pared.3 The assignment of the trans-stereochemistry of
b-lactam derivatives 9, 11 was based on the observed
coupling constants between H3 and H4, which has 2.6
Hz in trans-b-lactam and 5.6 Hz in cis-b-lactam, com-
paring with the literature values revealed.5 Formation
of anti,anti-3,4,5-triphenyl-2-pyrrolidione (10)7d and
anti,anti-3-methyl-4,5-diphenyl-2-pyrrolidione (12),7e

which have three stereogenic centers, is accomplished
by treatment of trans-b-lactam derivatives 9, 11 with
LDA in THF at rt (Scheme 4).

b-Lactam derivatives 9, 11 underwent ring expansion to
provide one diastereomer 10, 12 with high diastereo-
selectivity. The formation of one diastereomer was anti-
cipated that bulky phenyl or methyl group on C-3 in b-
lactam derivatives would control the stereogenic center
at C-4 and C-5 in c-lactam derivatives, 10, 12 during
the recyclization.

The stereochemistry of the anti,anti-3,4,5-triphenyl-2-
pyrrolidione (10) was established by NMR techniques,
particularly by vicinal proton coupling and NOE differ-
ence spectra. The coupling constant of H3 and H4 in c-
lactam derivative 10 is 9 Hz, which has relatively large
value. By our NOE experiment results, the significant
NOE effect on H3 and no NOE effect on H4 were ob-
served upon irradiation on H5. NOE irradiation of H3 re-
sulted in significant NOE effect on H5 and no NOE effect
on H4. No NOE effect was observed on H3 and H5 upon
irradiation onH4. Thus, an anti,anti relative stereochemi-
stry was assigned for 3,4,5-triphenyl-2-pyrrolidione (10).
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Further studies were underway to prove the mechanism
of the formation of c-lactam derivatives from b-lactam
derivatives and the electronic or steric effect of C(5)
substituents in b-lactam derivatives.
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