
DMF

N
O

R1

OH

R2

K

DMF

R1 : CH3

R1 : CH2-C6H5

R1 : CH2-C6H11

TFA

R2 : C6H5

R2 : C6H5

R2 : CH2CO2CH3

O

N

HO

R1 R2

O

O OH

R1

O

H
N

R2

O

(+/-) 1 2

3

 tert-Butoxide+

a.

b.

c.

     tert-Butyl
methyl malonate

1.)

2.)

TETRAHEDRON
LETTERS

Tetrahedron Letters 43 (2002) 2491–2493Pergamon

Two-carbon ring expansion of �-lactams via N(1)�C(4)
cleavage reactions

Larry A. Cabell and John S. McMurray*

The University of Texas M. D. Anderson Cancer Center, Department of Neuro-Oncology, Box 316, 1515 Holcombe Blvd,
Houston, TX 77030, USA

Received 10 December 2001; revised 15 February 2002; accepted 18 February 2002

Abstract—The base-catalyzed ring opening of 4-(4�-hydroxyphenyl)-azetidine-2-ones with potassium tert-butoxide in the presence
of tert-butyl methyl malonate gave 1,3,4,5-substituted glutarimides in a simple and efficient manner. The glutarimides were formed
stereoselectively depending on the size of the 3-substituent of the �-lactam. © 2002 Elsevier Science Ltd. All rights reserved.

Due to ring strain, �-lactams are susceptible to reac-
tions that cleave one or more of their bonds. �-Lactam
cleavage reactions have been used to expand the size of
the ring to 5-membered and larger heterocycles. The
weakest bond is the amide bond and amidolytic 1,2
cleavage mechanisms have been used to prepare macro-
cyclic alkaloids,1 cyclic polyamines,2 and 4-amino-3,4-
dihydro-2(1H)-quinolones,3 to name but a few. Scission
of other bonds has also been used in mechanisms to
expand the size of the ring. For example, cleavage of
the C(2)�C(3) bond has been employed in the synthesis
of N-carboxyanhydrides via Baeyer–Villiger oxidation
of �-keto �-lactams.4 Additionally, pyrazines5 and
oxazines6 have been formed through rearrangement
following C(3)�C(4) bond cleavage of substituted �-
lactams.

Herein we report the first two-carbon ring expansion of
a �-lactam through cleavage of the C(4)�N(1) bond.
Treatment of 4-(4�-hydroxyphenyl)-azetidine-2-ones (1)
with tert-butyl methyl malonate in the presence of
potassium tert-butoxide gives the corresponding glu-
tarimides (3) in good yields (Scheme 1).7 These ring
expansion reactions follow the same mechanism as our
previously reported base-catalyzed 4-(4�-hydroxy-
phenyl) �-lactam ring opening reactions.8 Upon potas-
sium tert-butoxide addition, the phenolate anion is
formed followed by rearrangement to an intermediate
quinone methide (2), with concomitant cleavage of the
C(4)�N(1) bond. The reactive quinone methide is then
quenched by the tert-butyl methyl malonate anion in a

Michael-type 1,6 conjugate addition at the benzylic
carbon. Under these highly basic conditions the amide
nitrogen attacks the carbonyl carbon of the methyl
ester group to split off methanol and form the substi-
tuted glutarimide. The intramolecular condensation is
selective for the methyl ester carbonyl carbon over that
of the tert-butyl ester group. The tert-butyl group was
subsequently removed with trifluoroacetic acid.

The stereochemistry of the ring expansion reaction is
dependant on the substituent at C(3) of the starting
�-lactam. In the case of methyl substitution both trans–

Scheme 1.
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trans {C(3)�C(4) and C(4)�C(5)} and cis–trans
{C(3)�C(4) and C(4)�C(5)} stereoisomers of the glu-
tarimide ring were present in the crude product of 3a as
judged by analysis of 1H NMR spectra. The ratio of
stereoisomers was 2:1. In the trans–trans isomer, the
coupling constants JH3,H4 and JH4,H5 were both 12 Hz
indicating that the two H�C�C�H dihedral angles were
approximately 180°. In the cis–trans isomer JH3,H4 was
5 Hz whereas JH4,H5 was 12 Hz. The configuration at
C(5) was no doubt set by base-catalyzed epimerization
to the thermodynamically more stable trans geometry.
Thus the 1,6-conjugate addition of tert-butyl methyl
malonate to 2a was not stereoselective (see Table 1). In
contrast, the reactions leading to 3b and 3c were
stereospecific as only the trans–trans stereoisomer was
present in compounds 3b–c (JH3,H4=JH4,H5=12 Hz).

The starting �-lactams were synthesized by the [2+2]
cycloaddition of ketenes derived from acid chlorides to
4-benzyloxybenzylidene amines.9 Hydrogenolytic
removal of the benzyl group gave the 4-(4�-hydroxy-
phenyl) starting materials. As is typical of this
method, the products were racemic mixtures of trans
�-lactams (JH3,H4=2–3 Hz). Because of the stereospe-
cific addition of the malonate anion, the trans, trans
glutarimides, 3b and 3c, are racemic mixtures of enan-
tiomers. However, because the 1,6 conjugate addition
to 2a is not stereoselective, 3a is actually two sets of
enantiomers.

Interestingly, attempts to decarboxylate the glutarim-
ides by treatment with neat trifluoroacetic acid at either
room temperature or at 60°C for 2–3 h were unsuccess-
ful. Thus it appears that the highly constrained ring is
not able to easily accommodate the change in
hybridization of the C(5) atom from sp3 to sp2,
required in the decarboxylation mechanism.

The reaction presented here has potential for the syn-
thesis of stereochemically defined libraries of com-
pounds that can be assayed as tyrosine mimetics. In this
system, the glutarimide ring serves as a scaffold to
present the phenol, to mimic the side chain of tyrosine,
as well as structural diversity incorporated at N(1) and
C(3) of 3. In addition, derivatization of the carboxyl
group at C(5) could also add functionality to the

library. Studies on the use of this reaction in this
context will be the subject of further communications.
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Table 1. Yield and stereochemical outcome of the synthe-
sis of 3

% YieldaC(3) substituent Product ratiob

2:11a, Me 54
73 100:0c1b, Bn

1c, C6H11CH2 100:0c77

a Yield obtained after chromatographic purification.
b The ratio of trans/trans to cis/trans diastereomers. Product ratios

were determined from integration of proton resonances in the 1H
NMR spectra of crude products.

c Only one stereoisomer was detected.
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Found: C, 68.50; H, 6.24; N, 2.84%.

8. Cabell, L.; Hedrich, L. W.; McMurray, J. S. Tetrahedron
Lett. 2001, 42, 8409–8413.

9. Browne, M.; Burnett, D. A.; Caplen, M. A.; Chen, L.-Y.;
Clader, J. W.; Domalski, M.; Dugar, S.; Pushpavanam, P.;
Sher, R.; Vaccaro, W.; Viziano, M.; Zhao, H. Tetrahedron
Lett. 1995, 36, 2555–2558.


	Two-carbon ring expansion of beta-lactams via N(1)C(4) cleavage reactions
	Acknowledgements
	References


