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AbstractÐAn ef®cient synthesis of (^)-cis-bis-b-lactams (5 and 6) via cycloaddition reaction of bisimines (3a±c) with acid chlorides (4) in
the presence of triethylamine in very good yield is described. q 2000 Published by Elsevier Science Ltd.

Although b-lactam derivatives are well known for their
antibiotic activities,1 recently they have also been used as
a synthon for the synthesis of various natural and unnatural
products.2 Ojima has shown the utility of bis-b-lactams for
the synthesis3 of peptides. The synthesis of bis-b-lactams, in
general, have been reported by step-wise construction of
b-lactam rings.4 In continuation of our work on synthesis
of bis-b-lactams,4d,5 we were interested in building bis-b-
lactams with spacer groups. Herein, we report the synthesis
of bis-b-lactams in single step from bisimines derived from
bis-amines.

The starting N,N 0-bis-(p-anisylmethylene)ethane diamine
(3a)6 and N,N 0-bis-(phenylmethylene)ethane diamine (3b)7

were prepared in excellent yields by stirring a mixture of the
aromatic aldehydes (2a,b), ethylenediamine and anhydrous
MgSO4 in dry dichloromethane (Scheme 1). The bisimine
N,N 0-bis-(styrylmethylene)ethane diamine (3c)8 was
prepared in quantitative yield by re¯uxing ethanolic
solution of ethylenediamine and cinnamaldehyde.

The bisimines 3a±c on cycloaddition reaction (Staudinger

reaction) with various acid chlorides (4a±c) in the presence
of triethylamine gave diastereomeric mixtures of (^)-cis-
bis-b-lactams9 (5a±g and 6a±g) in good to excellent yields
(Scheme 2, Table 1). The TLC and 1H NMR spectral
analysis of the crude reaction mixture showed the presence
two diastereomers. These diastereomers were separated by
¯ash column chromatography. The C-symmetric structure
for bis-b-lactams 5a±g was assigned from the 1H NMR
spectral analysis. The 1H NMR spectra of all these
compounds showed two doublets at about d 2.8 and 3.8
with geminal coupling of 11±12 Hz for the protons of the
methylene group joining two b-lactam rings. The meso
structure was assigned to the other diastereomers 6a±g as
1H NMR spectra of all compounds in this series showed two
multiplets (d ,3.0 and 3.5) due to non-equivalence of two
methylenes joining two b-lactam rings.

The structures for both C2-symmetric and meso bis-b-
lactams (5a±g and 6a±g) were further con®rmed by single
crystal X-ray analysis of the representative compounds 5b
and 6c. The X-ray crystal analysis of isomer (^)-5b showed
C2-symmetry in the molecule and the relative stereo-
chemistry of b-lactam ring centres was assigned as 3S,
4R, 3 0S, 4 0R or 3R, 4S, 3 0R, 4 0S (Fig. 1).

The meso stereochemistry of the isomer (^)-6c was
established from its X-ray structure and the relative stereo-
chemistry of b-lactam ring centres was assigned as 3S, 4R,
3 0R, 4 0S or 3R, 4S, 3 0S, 4 0R (Fig. 2).

We have extended the above methodology to the asym-
metric synthesis of bis-b-lactams. To achieve the stereo-
selectivity in b-lactam ring formation via ketene±imine
cycloaddition reaction, a sterically demanding chiral acid
7, derived from camphor sultam (Oppolzer's sultam) was
chosen as a ketene precursor. The starting acid 7 was
obtained in overall 70% yield from camphor sultam in
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Scheme 2.

Table 1. Synthesis of bis-b-lactams 5 and 6

Compound R1 R2 Compound 5 and 6

Yielda (%) Ratiob of 5 and 6 mp of 5c (8C) mp of 6c (8C)

a Anisyl Ph 80 42:58 204±205 182±183
b Anisyl Bn 86 55:45 138±139 227±228
c Anisyl Ac 75 51:49 184±185 194±195
d Ph Ph 79 38:62 212±213 195±196
e Ph Bn 85 30:70 128±129 242±243
f Styryl Bn 60 58:42 Semisolid 151±153
g Styryl Ph 66 61:39 196±198 195±196

a Isolated yields of diastereomeric mix of 5 and 6.
b The diastereomeric ratio of 5 and 6 was determined from 1H NMR spectral data.
c The diastereomers 5 and 6 were separated by ¯ash column chromatography.

Figure 1. ORTEP diagram of bis-b-lactam 5b without solvent molecule.

Figure 2. ORTEP diagram of bis-b-lactam 6c.
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two steps using our earlier reported procedure.10 The
cycloaddition reaction of ketene derived from the acid 7
with imine 3a in the presence of triethylamine and phenyl-
dichlorophosphate, as an acid activator, furnished stereo-
speci®cally bis-b-lactam 8 in excellent yield (Scheme 3).
The formation of a single diastereomer was evident from 1H
NMR and HPLC analysis of the crude reaction mixture. The
C2-symmetric structure was assigned to bis-b-lactam 8
based on its 1H NMR spectrum, which compares very
well with the 1H NMR spectra of C2-symmetric bis-b-
lactams 5 obtained earlier. The absolute stereochemistry
for this bis-b-lactam 8 was assigned as 3R, 4S, 3 0R, 4 0S
based on our earlier work on asymmetric synthesis of
b-lactams10 using ketene derived from Oppolzer's sultam
and imines.

Experimental

General

1H NMR Spectra were recorded in CDCl3 solution on a
Bruker AC 200 spectrometer at 200 MHz and chemical
shifts are reported in ppm down®eld from tetramethylsilane.
13C NMR spectra were recorded in CDCl3 solution on a
Bruker AC 200 and Bruker MSL 300 instruments and
chemical shifts were reported in ppm relative to the center
line of CDCl3 (77.0 ppm). Infrared spectra were recorded on
a Perkin-Elmer Infracord Spectrophotometer Model 599-B
using sodium chloride optics. Melting points were deter-
mined on a Thermonik Campbell melting point apparatus
and were uncorrected. The microanalyses were performed
on a Carlo-Erba, CHNS-O EA 1108 Elemental analyzer.
Optical rotations were recorded on a JASCO-181 digital
polarimeter under standard conditions.

General procedure for imines 3a and 3b

A mixture of freshly distilled aldehyde (0.15 mol), ethylene-
diamine (0.05 mol), anhydrous MgSO4 (24 g) and dry
dichloromethane (200 mL) was stirred for 15 h at room
temperature. The reaction mixture was then ®ltered through
a bed of celite and the solvent from the ®ltrate was removed
by distillation under reduced pressure. The residue was then
treated with a 10% solution of ethyl acetate in petroleum
ether (60±80) to remove unreacted aldehyde and ®ltered to
give required imines 3a,b in excellent yield as a crystalline
solid.

N,N 0-Bis(p-methoxyphenylmethylene)ethane-1,2-diamine
3a. It was obtained as a white solid, crystallized from
EtOAc:petroleum ether (90:10) as needles, yield 88%; mp
109±1108C [lit. mp6 110±1118C]; nmax (CHCl3) 830, 1010,
1450, 1630 cm21; dH (200 MHz, CDCl3) 3.74 (s, 6H); 3.84
(s, 4H); 6.78 (d, J�8 Hz, 4H); 7.50 (d, J�8 Hz, 4H); 8.06 (s,
2H).

N,N 0-Bis(phenylmethylene)ethane-1,2-diamine 3b. It was
isolated as a white solid and crystallized from EtOAc:
petroleum ether (90:10) to give white needles; yield 84%;
mp 52±538C [lit. mp7 51.5±538C]; nmax (CHCl3) 960, 1000,
1350, 1430, 1610 cm21; dH (200 MHz, CDCl3) 3.88 (s, 4H);
6.92±7.88 (m, 10H); 8.14 (s, 2H).

Preparation of N,N 0-bis(styrylmethylene)ethane-1,2-di-
amine 3c

A solution of freshly distilled cinnamaldehyde (14.18 g,
0.107 mol) and ethylenediamine (3 g, 0.05 mol) in ethanol
(40 mL) was re¯uxed for 1 h. The solvent was removed by
distillation under reduced pressure and the residue was puri-
®ed by crystallization from ethyl acetate:petroleum ether
(90:10) to yield 14.38 g (100%) of pure bisimine 3c as a
crystalline pale yellow solid, mp 108±1098C [lit. mp8

1098C]; nmax (CHCl3) 979, 1164, 1218, 1450, 1635, 2846,
2939 cm21; dH (200 MHz, CDCl3) 3.80 (s, 4H); 6.70±6.95
(m, 4H); 7.15±7.55 (m, 10H); 7.95 (d, J�6.6 Hz, 2H).

Typical procedure for the preparation of b-lactams 5a±g
and 6a±g

A solution of the acid chlorides (4a±c, 2.53 mmol) in dry
CH2Cl2 (15 mL) was slowly added to a solution of imines
(3a±c, 3.5 mmol) and triethylamine (10 mmol) in CH2Cl2

(15 mL) at 08C. The reaction mixture was then allowed to
warm to room temperature and stirred for 15 h. It was then
washed with water (2£20 mL), satd NaHCO3 (15 mL), brine
(15 mL) and dried (Na2SO4). The removal of organic
solvent by distillation under reduced pressure gave crude
product of a diastereomeric mixture. The diastereomers
were separated by ¯ash column chromatography (silica
gel, 230±400, petroleum ether:ethyl acetate, 3:1) to give
pure diastereomer of b-lactams (5a±g and 6a±g).

1,2-Bis[3 0-phenoxy-4 0-(p-methoxyphenyl)azetidin-2 0-one-
1 0-yl]ethane 5a. It was isolated as white solid from dia-
stereomeric mixture by ¯ash column chromatography and

Scheme 3.
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crystallized from dichloromethane:petroleum ether, mp
204±2058C; [Found: C, 72.40; H, 5.49; N, 4.69.
C34H32N2O6 requires C, 72.32; H, 5.71; N, 4.96%]; nmax

(Nujol) 1735 cm21; dH (300 MHz, CDCl3) 2.80 (d,
J�11.4 Hz, 2H); 3.75 (s, 6H); 3.82 (d, J�11.4 Hz, 2H);
5.17 (d, J�6.5 Hz, 2H); 5.34 (d, J�6.5 Hz, 2H); 6.60±
6.93 (m, 12H); 7.02±7.33 (m, 6H); dC (75.2 MHz, CDCl3)
37.36, 55.24, 60.76, 82.55, 113.93, 116.86, 129.16, 129.80,
155.37, 160.14, 166.82; m/z (EI) 121(100%), 134, 148, 161,
226.

1-[3-Phenoxy-4-(p-anisyl)azetidin-2 0-one-1 0yl]-2-[31-phen-
oxy-41-(p-methoxy-phenyl)-azetidin-2 00-one-1 00-yl]ethane
6a. It was obtained as a white solid, which was crystallized
from dichloromethane:petroleum ether, mp 182±1838C;
[Found: C, 72.50; H, 5.76; N, 4.76. C34H32N2O6 requires
C, 72.32; H, 5.71; N, 4.96]; nmax (Nujol) 1740 cm21; dH

(200 MHz CDCl3) 3.00±3.24 (m, 2H); 3.50±3.75 (m, 2H);
3.78 (s, 6H); 4.88 (d, J�5.4 Hz, 2H); 5.24 (d, J�5.4 Hz,
2H); 6.57±7.42 (m, 18H); dC (75.2 MHz, CDCl3) 38.24,
55.27, 61.68, 82.16, 113.99, 116.80, 129.16, 129.86,
155.37, 160.23, 165.84; m/z (EI) 245 (100%), 148, 161,
226, 254.

1,2-Bis[3 0-benzyloxy-4 0-(p-methoxyphenyl)azetidin-2 0-one-
1 0-yl]ethane 5b. It was obtained as a white solid, crystal-
lized from dichloromethane:petroleum ether, mp 138±
1398C; [Found: C, 72.69; H, 6.22; N, 4.58. C36H36N2O6

requires C, 72.95; H, 6.12; N, 4.72]; nmax (Nujol)
1735 cm21; dH (200 MHz, CDCl3) 2.72 (d, J�10.8 Hz,
2H); 3.72 (d, 10.79 Hz, 2H); 3.81 (s, 6H); 4.14 (d,
J�8.1 Hz, 2H); 4.30 (d, J�8.1 Hz, 2H); 4.82 (d,
J�4.2 Hz, 2H); 5.00 (d, J�4.2 Hz, 2H); 6.73±7.04 (m,
8H); 7.12±7.41 (m, 10H); dC (50.3 MHz, CDCl3) 37.34,
55.64, 60.99, 72.65, 84.69, 114.34, 125.77, 128.16,
128.39, 128.52, 130.12, 136.85, 160.32, 168.32; m/z (EI)
91(100%), 149, 261, 281, 331, 484, 501(M1-Bn).

1-[3-Benzyloxy-4-(p-methoxyphenyl)azetidin-2 0-one-1 0yl]-
2-[3 0-benzyloxy-4 0-(p-methoxyphenyl)azetidin-2 00-one-1 00-
yl]ethane 6b. The title compound 6b was obtained as a
white solid, crystallized from dichloromethane:petroleum
ether, mp 227±2288C; [Found: C, 72.76; H, 6.17; N, 4.85.
C36H36N2O6 requires C, 72.95; H, 6.12; N, 4.72]; nmax

(Nujol) 1750 cm21; dH (200 MHz, CDCl3) 2.81±3.02 (m,
2H); 3.41±3.62 (m, 2H); 3.82 (s, 6H); 4.14 (d, J�10.8, Hz,
2H); 4.26 (d, J�10.8 Hz, 2H); 4.58 (d, J�4.2 Hz, 2H); 4.70
(d, J�4.2 Hz, 2H); 6.78±7.02 (m, 8H); 7.12±7.33 (m, 10H);
dC (75.2 MHz, CDCl3) 37.81, 55.48, 61.59, 72.33, 83.77,
114.17, 125.22, 128.00, 128.24, 128.36, 129.92, 136.54,
160.22, 167.34; m/z (EI) 90 (100%), 148, 240, 268, 501
(M1-Bn).

1,2-Bis[3 0-acetoxy-4 0-(p-methoxyphenyl)azetidin-2 0one-
1 0-yl]ethane 5c. It was obtained as a white solid, crystal-
lized from ethyl acetate:petroleum ether, mp 184±1858C.
[Found: C, 62.77; H, 5.72; N, 5.77. C26H28N2O8 requires
C, 62.90; H, 5.68; N, 5.64]; nmax (Nujol) 1755 cm21; dH

(200 MHz, CDCl3) 1.72 (s, 6H); 2.88 (d, J�10.3 Hz, 2H);
3.79 (d, J�10.3 Hz, 2H); 3.82 (s, 6H); 5.13 (d, J�4.5 Hz,
2H); 5.74 (d, J�4.5 Hz, 2H); 6.89 (d, J�8.69 Hz, 4H);
7.17±7.32 (m, 4H); dC (50.3 MHz, 1:1DMSO:CDCl3)
19.98, 38.23, 38.77, 39.18, 39.59, 40.01, 40.43, 40.85,

41.27, 55.36, 60.13, 76.26, 77.26, 77.62, 113.98, 124,97,
129.74, 159.85, 161.39, 165.40, 168.66; m/z (EI)
121(100%), 161, 262, 304.

1-[3-Acetoxy-4-(p-methoxyphenyl)azetidin-2 0-one-1 0-yl]-
2-[3 0-Acetoxy-4 0-(p-meth-oxyphenyl)azetidin-2 00-one-1 00-
yl]ethane 6c. The title compound 6c was obtained as a white
crystalline solid, crystallized from ethyl acetate: petroleum
ether, mp 194±1958C; [Found: C, 62.62; H, 5.69; N, 5.50.
C26H28N2O8 requires C, 62.89; H, 5.68; N, 5.64]; nmax

(Nujol) 1758 cm21; dH (200 MHz, CDCl3) 1.73 (s, 6H);
3.02±3.18 (m, 2H); 3.46±3.67 (m, 2H); 3.83 (s, 6H); 4.85
(d, J�5.4 Hz, 2H); 5.65 (d, J�5.4 Hz, 2H); 6.92 (d,
J�9.7 Hz, 4H); 7.14±7.30 (m, 4H); dC (75.2 MHz,
CDCl3) 19.84, 38.45, 55.24, 61.31, 77.43, 113.93, 123.82,
129.65, 160.14, 165.26, 168.92; m/z (EI) 150 (100%), 121,
135.

1,2-Di-[3 0-Phenoxy-4 0-phenylazetidin-2 0-one-1 0-yl]ethane
5d. It was obtained as a white crystalline solid, crystallized
from dichloromethane:petroleum ether; mp 212±2138C;
[Found: C, 76.05; H, 5.30; N, 5.40. C32H28N2O4 requires
C, 76.17; H, 5.59; N, 5.55]; nmax (CHCl3) 1752 cm21; dH

(300 MHz, CDCl3) 2.86 (d, J�11.5 Hz, 2H); 3.88 (d,
J�11.5 Hz, 2H); 5.22 (d, J�3.9 Hz, 2H); 5.38 (d,
J�3.9 Hz, 2H); 6.58±7.39 (m, 20H). dC (75.2 MHz,
CDCl3) 37.54, 61.16, 82.62, 115.64, 116.92, 128.49,
129.01, 129.13, 132.45, 155.28, 166.85; m/z (EI) 230
(100%), 196, 224.

1-[3 0-Phenoxy-4 0-phenylazetidin-2 0-one-1 0-yl]-2-[3 00-phen-
oxy-4 00-phenylazetidin 2 00-one-1 00-yl]ethane 6d. It was
isolated as a white solid, crystallized from dichloro-
methane:petroleum ether, mp 195±1968C; [Found: C,
76.30; H, 5.36; N, 5.31. C32H28N2O4 requires C, 76.17; H,
5.59; N, 5.55]; nmax (CHCl3) 1729 cm21; dH (200 MHz,
CDCl3) 3.00±3.23 (m, 2H); 3.55±3.79 (m, 2H); 4.87 (d,
J�4.2 Hz, 2H); 5.22 (d, J�4.2 Hz, 2H); 6.52±6.73 (m,
4H); 6.97±7.20 (m, 4H); 7.20±7.43 (m, 12H); dC

(75.2 MHz, CDCl3) 38.30, 62.08, 82.16, 116.80, 128.55,
129.16, 132.27, 155.28, 165.81; m/z (EI) 230 (100%), 196.

1,2-Di[3 0-benzyloxy-4 0-phenylazetidin-2 0-one-1 0-yl]ethane
5e. It was obtained from the diastereomeric mixture by
column chromatography (silica gel, 230±400) and crystal-
lized from dichloromethane:petroleum ether, mp 128±
1298C; [Found: C, 76.43; H, 6.16; N, 4.98. C34H32N2O4

requires C, 76.67; H, 6.05; N, 5.26]; nmax (Nujol)
1740 cm21; dH (200 MHz, CDCl3) 2.75 (d, J�10.9 Hz,
2H); 3.80 (d, J�10.9 Hz, 2H); 4.12 (d, J�10.8 Hz, 2H);
4.29 (d, J�10.8 Hz, 2H); 4.90 (d, J�4.4 Hz, 2H); 5.08 (d,
J�4.4 Hz, 2H); 6.94 (m, 4H); 7.18±7.46 (m, 16H); dC

(50.3 MHz, CDCl3) 37.29, 61.32, 69.19, 72.64, 80.16,
81.13, 82.98, 83.11, 84.73, 86.08, 90.09, 128.03, 128.25,
128.38, 128.72, 133.90, 136.56, 166.11, 168.21, 175.39.

1-[3 0-Benzyloxy-4 0-phenylazetidin-2 0-one-1 0-yl]-2-[3 00-
benzyloxy-4 00-phenylazetidin-2 00-one-1 00-yl]ethane 6e. It
was obtained as a white solid, crystallized from dichloro-
methane:petroleum ether, mp 242±2438C; [Found: C,
76.51; H, 6.31; N, 5.27. C34H32N2O4 requires C, 76.67; H,
6.05; N, 5.26]; nmax (Nujol) 1750 cm21; dH (200 MHz,
CDCl3) 2.90±3.10 (m, 2H); 3.51±3.71 (m, 2H); 4.12 (d,
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J�10.3 Hz, 2H); 4.24 (d, J�10.34 Hz, 2H);.59 (d,
J�4.3 Hz, 2H); 4.68 (d, J�4.3 Hz, 2H); 6.84±6.97 (m,
4H); 7.14±7.54 (m, 16H); dC (75.2 MHz, CDCl3) 37.72,
61.95, 72.24, 83.71, 127.88, 128.21, 128.46, 128.58,
128.79, 133.34, 136.24, 167.09.

1-[3 0-Benzyloxy-4 0-styrylazetidin-2 0-one-1 0-yl]-2-[3 00-ben-
zyloxy-4 00-styrylazetidin-2 00-one-1 00-yl]ethane 5f. Isolated
as a semisolid material. [Found: C, 78.17; H, 6.13; N,
4.54. C38H36N2O4 requires C, 78.06; H, 6.20; N, 4.79];
nmax (CHCl3) 1747 cm21; dH (200 MHz, CDCl3) 3.00 (d,
J�11.8 Hz, 2H); 3.62 (d, J�11.8 Hz, 2H); 4.52 (dd,
J�4.4, 9.2 Hz, 2H); 4.62 (d, J�7.3 Hz, 2H); 4.68 (d,
J�7.3 Hz, 2H); 4.83 (d, J�4.4 Hz, 2H); 6.23 (dd, J�9.2,
16.1 Hz, 2H); 6.72 (d, J�16.1 Hz, 2H); 7.15±7.50 (m,
20H); dC (75.2 MHz, CDCl3) 37.89, 60.53, 72.59, 83.65,
122.69, 126.37, 127.84, 128.02, 128.31, 135.44, 136.40,
167.17. m/z 494 (M1-90), 236, 91(100%).

1-[3 0-Benzyloxy-4 0-styrylazetidin-2 0-one-1 0-yl]-2-[3 00-ben-
zyloxy-4 00-styrylazetidin-2 00-one-1 00-yl]ethane 6f. The title
compound 6f was obtained as a white solid, crystallized
from dichloromethane/methanol, mp 158±1598C; [Found:
C, 77.87; H, 6.41; N, 4.84. C38H36N2O4 requires C, 78.06;
H, 6.20; N, 4.79]; nmax (CHCl3) 1747 cm21; dH (200 MHz,
CDCl3) 3.10±3.27 (m, 2H); 3.39±3.50 (m, 2H); 4.37 (dd,
J�4.4, 9.5 Hz, 2H); 4.53 (d, J�11.0 Hz, 2H); 4.64 (d,
J�10.8 Hz, 2H); 4.76 (d, J�4.4 Hz, 2H); 6.30 (dd, J�9.5,
15.4 Hz, 2H); 6.63 (d, J�15.4 Hz, 2H); 7.15±7.50 (m,
20H); dC (75.2 MHz, CDCl3) 38.39, 61.31, 72.82, 83.68,
123.54, 126.87, 128.00, 128.21, 128.39, 128.73, 135.93,
136.51, 136.76, 167.31; m/z (EI) 494 (M1-90), 236, 91
(100%).

1-[3 0-Phenoxy-4 0-styrylazetidin-2 0-one-1 0-yl]-2-[3 00-phen-
oxy-4 00-styrylazetidin-2 00-one-1 00-yl]ethane 5g. It was
obtained as a white solid, crystallized from dichloro-
methane/methanol, mp 196±1988C; [Found: C, 77.56; H,
5.71; N, 4.89. C36H32N2O4 requires C, 77.67; H, 5.79; N,
5.03]; nmax (CHCl3) 1755 cm21; dH (200 MHz, CDCl3) 3.12
(d, J�11.3 Hz, 2H); 3.76 (d, J�11.7 Hz, 2H); 4.80 (dd,
J�4.9, 9.3 Hz, 2H); 5.40 (d, J�4.9 Hz, 2H); 6.25 (dd,
J�9.3, 15.6 Hz, 2H); 6.80 (d, J�15.6 Hz, 2H); 6.90±7.60
(m, 20H); dC (75.2 MHz, CDCl3) 37.57, 38.67, 38.94,
39.22, 59.70, 81.15, 114.42, 121.13, 121.34,
125.65,.127.36, 127.60, 128.46, 134.65, 136.12, 156.14,
164.93; m/z (EI) 292, 222, 128 (100%).

1-[3 0-Phenoxy-4 0-styrylazetidin-2 0-one-1 0-yl]-2-[3 00-phen-
oxy-4 00-styrylazetidin-2 00-one-1 00-yl]ethane 6g. It was
obtained as white solid, crystallized from dichloro-
methane/methanol, mp 195±1968C. [Found: C, 77.45; H,
5.68; N, 4.81. C36H32N2O4 requires C, 77.67; H, 5.79; N,
5.03]; nmax (CHCl3) 1757 cm21; dH (200 MHz, CDCl3) 3.27±
3.67 (m, 4H); 4.75 (dd, J�4.3, 9.2 Hz, 2H); 5.42 (d, J�
4.4 Hz, 2H); 6.37 (dd, J�9.2, 15.6 Hz, 2H); 6.75 (d, J�
15.6 Hz, 2H); 6.88±7.55 (m, 20H); dC (75.2 MHz, CDCl3)
38.33, 39.31, 3958, 39.86, 60.89, 81.61, 114.17, 115.09,
121.68, 122.20, 126.35, 127.94, 128.18, 128.97, 135.32,
136.64, 156.78, 165.63. m/z (EI) 292, 222, 128 (100%).

Preparation of bis-b-lactam 8. To a stirred mixture of
bisimine 3a (0.75 g, 2.53 mmol), acid 7 (2.418 g,

8.86 mmol), triethylamine (0.6 mL) and dry CH2Cl2

(10 mL), a solution of phenyl dichlorophosphate (2 mL,
0.013 mol) in dry CH2Cl2 (40 mL) was added at 08C. The
reaction mixture was allowed to warm to room temperature
and stirred further for 15 h. The reaction mixture was
diluted with CH2Cl2 (30 mL) and successively washed
with water (30 mL), satd. NaHCO3 solution (30 mL),
brine (30 mL) and dried (Na2SO4). The CH2Cl2 solution
was concentrated to give the crude product, which was
column chromatographed (silica gel, 60±120, petroleum
ether:ethyl acetate) to furnish 1.9 g (93%) of pure 8 as a
white crystalline solid, mp 229±2318C; [Found: C, 62.32;
H, 6.54; N, 6.85. C42H54N4O8S2 requires C, 62.51; H, 6.74;
N, 6.94]; [a ]D

25�196.56 (c 0.99, CHCl3); nmax (CHCl3)
1757 cm21; dH (200 MHz, CDCl3) 0.36 (s, 6H); 0.76 (s,
6H); 1.15±1.52 (m, 4H); 1.60±1.90 (m, 10H); 2.80±3.12
(m, 6H); 3.47±3.62 (m, 2H); 3.78 (s, 6H); 3.84 (d, J�
10.8 Hz, 2H); 4.94 (d, J�4.8 Hz, 2H); 5.02 (d, J�4.8 Hz,
2H); 6.88 (d, J�8.7 Hz, 4H); 7.19 (d, J�8.7 Hz, 4H); dC

(50.3 MHz, CDCl3) 19.97, 20.27, 26.99, 32.94, 38.27,
39.10, 45.41, 47.62, 48.92, 50.30, 55.62, 59.71, 63.60,
66.36, 114.38, 126.53, 129.24, 160.17, 165.15; m/z (EI)
121 (100%), 228, 459.

X-Ray diffraction study

X-Ray structure determination of 5b [C37H36N2O8]: Single
crystals of compound 5b were grown by slow evaporation of
dichloromrthane:petroleum ether. A crystal of size
0.60£0.47£0.06 mm was used for data collection on an
Enaraf Nonius CAD-4 single crystal X-ray diffractometer
using CuKa radiation (l�1.5406 AÊ ) and v -2u scan mode
to a maximum u range of 658. M�636.68, monoclinic,
space group C2/c, a�23.944 (3), b�10.716(3), c�
25.821(3) AÊ , b�95.47(2)8, V�6595(2) AÊ 3, Z�8, Dc�
1.282 Mg m23. The structure was solved by direct methods
using shelxs and re®ned by full-matrix least-squares on F2

using shelxl-97.11 Empirical absorption correction was
applied. Least squares re®nement of scale, positional and
anisotropic thermal parameters of non-hydrogen atoms was
carried out while the positions of hydrogen atoms was held
®xed. Each H atom was assigned the same isotropic thermal
parameter as the atom to which it was bonded. The re®ne-
ment with number of re®ned parameters 410, converged
to R1�0.0665, Rw�0.190, w�1/s 2[(Fo2)1(0.1513P)21
1.199P] where P�(Fo212Fc2)/3 from 5977 unique re¯ec-
tions ([I.2s(I)]), from a total of 6806 collected. The
residual density in the difference map for peak and hole is
0.390 and -0.612 e AÊ 23, respectively.

X-Ray structure determination of 6c [C26H28N2O8]: Single
crystals of compound 6c were grown by slow evaporation of
methylene chloride/petroleum ether. A crystal of size
0.62£0.5£0.2 mm was used for data collection on Enaraf
Nonius CAD-4 single crystal X-ray diffractometer using
CuKa radiation (l�1.5406 AÊ ) and v -2u scan mode to a
maximum u range of 658. M�496.50, Triclinic, space group
P-1, a�6.425 (2), b�14.161 (2), c�14.811(3) AÊ , a�106.45
(2), b�100.58 (2), g�98.76 (2)8, V�1240.3 (5) AÊ 3, Z�2,
Dc�1.330 Mg m23. The structure was solved by direct
methods using shelxs and re®ned by full-matrix least-
squares on F2 using shelxl-97.11 Empirical absorption
correction was applied. Least squares re®nement of
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scale, positional and anisotropic thermal parameters of non-
hydrogen atoms was carried out while the positions of
hydrogen atoms was held ®xed. Each H atom was assigned
the same isotropic thermal parameter as the atom to which it
was bonded. The re®nement with number of re®ned para-
meters 326, converged to R1�0.0532, Rw�0.168, w�1/
s 2[(Fo2)1(0.1075P)210.5243P] where P�(Fo212Fc2)/3
from 3934 unique re¯ections ([I.2s(I)]), from a total of
4516 collected. The residual density in the difference map
for peak and hole is 0.362 and -0.252 e AÊ 23, respectively.
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