
Synthesis of novel β-lactams is still the subject of intensive
investigation in spite of the drug resistance to some β-lactam
antibiotics.1 At the beginning of β-lactam research, only
bicyclic compounds were shown potent biological activity.2

Later, some monocyclic β-lactams with antibacterial properties
were reported.2 However, in comparison, the synthesis of tri-
cyclic β-lactams was not actively investigated. Recently, syn-
theses of tricyclic β-lactams have appeared in the literature.3

In continuation of our research on β-lactams,4 biologically
active polycyclic aromatic compounds5 and metal-mediated
reactions,6 we became interested in the development of an
expeditious synthesis of functionalised tricyclic β-lactam
using Heck methodology.7 To our knowledge, this is the first
report of synthesis of tricyclic β-lacatm by palladium acetate8

mediated cyclization of unsaturated monocyclic β-lactam.
Synthesis of the starting monocyclic β-lactams9 was

achieved by the cycloaddition reaction of imines with acid
chlorides in the presence of a tertiary base. We used allyl
amine and 2-bromobenzaldehyde for the preparation of the
imine 1. With phenoxy and benzyloxy acid chloride (2), the
imine 1 produced β-lactam 3 in 70% yield (Scheme 1).

Heck reaction mediated by palladium acetate in the pres-
ence of triethyl amine was then performed to accomplish the
synthesis of tricyclic β-lactams. The phenoxy β-lactam 3aand
the benzyloxy β-lactam 3b under identical conditions afforded
three tricyclic β-lactams 4a, 5a and 6a. The structure of the
major product was deduced to be an olefinic product 4a with
excocyclic double bond. The structure of the minor product
was found to be the olefinic β-lactam 5a with endocyclic 
double bond and the third compound 6a was the unsaturated

β-lactam with a 7-membered ring. Experiments were per-
formed to improve the ratio of 4a, but the proportion could not
be increased, presumably because of the stability of the con-
jugated system and basic media (partial isomerization).
Similarly, β-lactam 3b produced 4b, 5b and 6b in a ratio 
of 4:1:1. The β-lactams reported herein are functionalised at
the middle rings and several chemical transformations can be
performed for the preparation of different tricyclic analogues.
For example, oxidative cleavage of the double bond in 4 and
base-catalysed alkylation can provide carbacephem type of
system.10 Similar transformations with tributyltin hydride
mediated radical cyclizations9 produced mixtures of saturated
β-lactams.11 We believe the present methodology has great
potential for further elaboration because of the presence of the
double bond in each of the products.

Experimental procedure

To a solution of β-lactam 3 (1mmol) in acetonitrile (50 ml) was added
triphenyl phospine (1 mmol), triethyl amine (1mmol) and palladium
acetate (1mmol). The mixture was refluxed under argon atmosphere
for 8 h. Most of the solvents were distilled off under reduced pressure
and then the residue was extracted with dichloromethane (50 ml),
washed with brine and purified by column chromatography over sil-
ica gel (ethyl acetate: hexanes, 10:90).

4a: IR CH2Cl2): 1760cm–1; NMR (CDCl3, 300 MHz) δ: 7.38 (d,
J=8Hz, 1H), 7.25–7.14 (m, 8H), 6.47 (dd,J1=3Hz, J2=10Hz, 1H),
5.80 (d,J=5.5Hz, 1H), 5.69 (d,J=5.5Hz, 1H), 5.17–5.10 (m, 1H),
4.15–4.03 (m, 1H), 3.06–2.94 (dd,J1=8.8Hz,J2=12Hz, 1H); m/e278
(M+H)+.

6a: IR (CH2Cl2): 1755cm–1; H NMR (CDCl3, 300MHz) δ:
7.29–7.02 (m, 9H), 6.40 (d,J=8Hz, 1H), 5.81–5.75 (m, 1H), 5.60 (d,
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J=4.85Hz, 1H), 5.27 (d,J=4.80Hz, 1H), 4.67 (dd,J1=8Hz,J2=13Hz,
1H), 3.89 (m, 1H); m/e278 (M+H)+

4b: IR (CH2Cl2): 1750cm–1; 1H NMR (CDCl3, 200MHz) δ: 7.95
(m, 1H), 7.45–7.00 (m, 8H), 6.40 (dd,J1=3Hz, J2=11Hz, 1H), 5.50
(d, J=5.6Hz, 1H), 5.21 (d,J=5.52Hz, 1H), 5.0–4.95 (m, 1H), 4.95 (d,
J=12Hz, 1H), 4.85 (d,J=12Hz, 1H) 4.1–4.0 (m, 1H), 3.0 (dd,J1=8Hz,
J2=12Hz, 1H); m/e292 (M+H)+.

6b: IR (CH2Cl2): 1755cm–1. 1H NMR (CDCl3, 200MHz) δ:
7.40–7.25 (m, 9H), 6.38–6.35 (m, 1H), 5.9–5.72 (m, 1H), 5.20 (d,
J=4.9Hz, 1H), 5.05 (d,J=4.9Hz, 1H), 4.60 (d,J=12Hz, 1H),
4.52–4.50 (m, 1H), 4.40 (d,J=12Hz, 1H), 3.80–3.69 (m, 1H); m/e
292 (M+H)+.

This work was supported in part by a grant received from the
Robert J. Kleberg, Jr and Helen C. Kleberg Foundation and
NIH Cancer Center Support Grant, 5-P30-CA16672-25, in
particular the shared resources of the Pharmacology and
Analytic Center Facility. S.S.N. was a summer participant,
University of Texas at Austin, Texas. A.O. was a summer par-
ticipant, Stevens Institute of Technology, New Jersey.

Received 8 September 2000; accepted 3 January 2001
Paper 00/523

References and Notes

1 For a recent example, see: A.G.M. Barrett, M. Ahmed, S.P. Baker,
S.P.D. Baugh, D.C. Braddock, P.A. Procopiou, A J.P. White and
D.J Williams J. Org. Chem., 2000,65, 3716

2 A.K. Bose, M.S. Manhas, B.K. Banik and V. Srirajan In The
Amide Linkage: Selected Structural Aspects in Chemistry,
Biochemistry, and Material Science; A. Greenberg, C.M.
Breneman and J.F. Liebman, Eds; Wiley-Interscience: New York,

2000; p.157, chapter 7 (β-Lactams: Cyclic Amides of
Distinction). 

3 For the synthesis of tricyclic β-lactams, see (a) B. Alcaide, J.M
Alonso, M.F .Aly, E.S M.P. Martinez-Alcazar and F. Hernandez-
Cano Tetrahedron Lett.1999,40, 5391; (b) F. Bertha, J. Fetter,
M.Kajtar-Peredy and K Lempert Tetrahedron1999,55, 5567.

4 (a) B.K. Banik, A. Ghatak and F.F. Becker J. Chem Soc., Perkin
Trans 1, 2000, 2179; (b) B.K. Banik and F.F. Becker Tetrahedron
Lett. 2000,41, 6551.

5 (a) F.F. Becker and B.K. Banik Bioorganic Med. Chem. Lett
1998,50, 2877; (b) F.F. Becker, C. Mukhpadhyay, L. Hackfeld,
I. Banik, B.K. Banik Bioorganic Med. Chem. 2000, 8,2693; 
(c) B.K. Banik and F.F. Becker Current Medicinal Chemistry,
2000; (d) B.K. Banik and F.F. Becker Bioorganic Med. Chem.
2001,9, 593.

6 (a) B.K. Banik, C. Mukhopadhyay, M.S. Venkatraman and 
F.F. Becker Tetrahedron Lett. 1998,39, 7243; (b) B.K. Banik,
O. Zegrocka, I. Banik, L. Hackfeld and F.F. Becker Tetrahedron
Lett. 1999,40, 6731; (c) A. Ghatak, F.F. Becker and B.K. Banik
Tetrahedron Lett.2000,41, 3793; (d) M.K. Basu, F.F. Becker and
B.K. Banik Tetrahedron Lett. 2000, 41,5603; (e) M.K. Basu,
F.F. Becker and B.K. Banik J. Chem. Res.,2000, 406; 
(f) B.K. Banik, M. Suhendra, I. Banik and F.F. Becker Synth.
Commun 2000, 30, 3745; (g) M.K. Basu and B.K. Banik
Tetrahedron Lett.2001,42, 187; (h) B.K. Banik, L. Hackfeld; F.F.
Becker, Synth. Commun, 2001, in press.

7 For a recent review on Heck reaction, see: W. Cabri and 
I. Candiani Acc. Chem. Res.1995,28, 2.

8 J.W. Dankwardt and l.A. Flippin J. Org. Chem.1995,60, 2312.
9 B.K. Banik, G.V. Subbaraju, M.S. Manhas and A.K. Bose

Tetrahedron Lett.1996,37, 1363.
10 B.K. Banik Current Organic Chemistry1999,3, 469.
11 J. Kant and D.G. Walker In:The Organic Chemistry of β-

Lactams, Ed. G.I. Georg (chap. 3, VCH) 1992.

J. CHEM. RESEARCH (S), 2001 119

Scheme 2


