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I N T R O D U C T I O N

With the beginning of “antibiotic era”, new observations
were bountiful, each being welcomed and dealt with warmth
and vivacity. These miracle drugs can be seen as the ‘Fairy
Godmother’ who played a major role in increasing the human
life expectancy. Any new antibiotic is expected to possess some
features of superiority over all the impressive finery of available
β-lactam antibiotic [1]. Over the years, researchers have made
umpteen structural modifications in naturally occurring β-
lactam antibiotics to scavenge for necessaries with a promise
of better therapeutic properties [1]. The β-lactam antibacterials
block the final step in the biosynthesis of the bacterial cell
wall and thus ultimately causing the death of the organism by
lysing the cell wall [2]. In an activated β-lactam antibiotic, the
specific spatial arrangement of its substituents and the rings
decisively affect the potency, biological spectrum, pharmaco-
kinetics and toxicity [3].

The possible use of cis-3-alkoxy-β-lactams in the synthesis
of C-13 side chain of Taxol has been catalogued [4]. A class of
3-methoxy-β-lactam A (Fig. 1) has been found to have apoptotic
activity against human leukaemia, breast, prostate and head-

Synthetic investigations of monosubstituted and disubstituted β-lactams
via C-3 functionalization of cis-3-methoxy-3-phenylthio-β-lactams
are described. β-Lactam carbocation equivalents of type 1 on treatment
with methanol and zinc chloride-silica rendered cis-3-methoxy-3-
phenylthio-β-lactams 2, which on further treatment with active aliphatic/
aromatic nucleophiles in the presence of a Lewis acid promote a facile
and stereoselective C-3 substitution to provide monosubstituted β-lactams
3 and symmetrically disubstituted β-lactams 4, 5 and 6. The stereo-
chemistry of monosubstituted product 3 was established by performing
desulfurization with Raney-Ni, which led to the formation of cis-β-
lactam 7. The structural and stereochemical establishment of novel β-
lactams was made by using FT-IR, NMR (1H and 13C) and elemental
analysis (CHNS). The cis or trans configuration of hydrogen/PhS/OMe/
nucleophile at C-3 was assigned with respect to C4-H.
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neck cancer cells, thus exhibiting antitumour activity [5]. In
addition to this, 3-methoxy spiro-β-lactam B (Fig. 1) has also
been found to be an inhibitor of both poliovirus and human
rhinovirus 3C-proteinases [6]. Disubstituted β-lactams C (Fig.
1) have been shown to exhibit antibacterial and antifungal
activities [7] whereas monosubstituted β-lactams D (Fig. 1)
act as cholesterol transferase inhibitors [8].
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Fig. 1. Biologically active β-lactams

Our research group has been actively engaged in the
designing, synthesis, characterization and biological evaluation
of novel β-lactam heterocycles [9]. We pursued the synthesis
of monocyclic, bicyclic, spirocyclic β-lactams including cis-
and trans-alkoxy β-lactams and successfully performed the
C-3 functionalization of these 3-thio/seleno-β-lactams [3,9].
In continuation to the previous work, we here envisaged the
studies towards the C-3 functionalization of cis-3-methoxy-
3-phenylthio-β-lactams with active aliphatic/aromatic
nucleophiles.

E X P E R I M E N T A L
1H NMR was recorded using BRUKER or JEOL 400 MHz

and 300 MHz NMR spectrometers respectively. The chemical
shifts are expressed in δ values (ppm) using tetramethylsilane
as an internal standard. Infrared spectra were recorded using
Perkin-Elmer Model 1430 spectrophotometer with potassium
bromide (KBr) plates or Nujol with NaCl optic plates and are
reported in cm-1. The elemental analysis (C, H, N) was carried
out using a Perkin-Elmer 2400 elemental analyzer. Column
chromatography was performed using Merck Silica Gel (60-
120 mesh) and eluted with ethyl acetate: hexanes mixtures.
Thin-layer chromatography (TLC) was performed using Merck
Silica Gel G. For visualization, TLC plates were stained with
iodine vapours. All the melting points are uncorrected were
determined with a Thomas-Hoover capillary melting point
apparatus. The synthesis of β-lactams was carried out under
dry and deoxygenated nitrogen atmosphere. Phosphorus
oxychloride (Merck), triethylamine (Qualigen), ethyl acetate
(Merck) and all other commercially available compounds/
reagents/solvents were of reagent grade quality and used
without any further purification. Dichloromethane and acetone
were dried and distilled over anhydrous P4O10. Toluene was

distilled under N2 from sodium-benzophenone immediately
before use.

C-3 monosubstituted/disubstituted βββββ-lactams: To a well
stirred solution of cis-3-methoxy-3-phenylthio-β-lactam 2 (1
eq.) and nucleophile (1 eq.) in dry methylene chloride at 0 °C
was added Lewis acid (1 eq.) rapidly under nitrogen atmos-
phere. The resulting solution was stirred for 2 h at the same
temperature. The progress of the reaction was checked by TLC,
which showed the appearance of new spots having Rf value
different with respect to the starting compound. The reaction
was quenched with water, extracted with methylene chloride
(4 × 10 mL), washed with 5 % NaHCO3 solution (2 × 5 mL)
and then dried over anhydrous Na2SO4. After evaporation of
the solvent under vacuum, the residue was purified by silica
gel column chromatography using 8 % ethyl acetate: hexane
as eluent and products were identified using spectroscopic
studies.

Desulfurization: To a suspension of Raney-nickel (10
eq., 100 % activated) in absolute ethanol was added 3c (1 eq.).
The suspension was refluxed for 1 h. Progress of the reaction
was checked by TLC. After disappearance of spot corresponding
to starting β-lactam and appearance of new spot, the suspension
was filtered and ethanol was evaporated under vacuum, extracted
with methylene chloride (3 × 20 mL) and then dried over anhy-
drous Na2SO4. After evaporation of the solvent under vacuum,
the residue was purified by silica gel column chromatography
using 8 % ethyl acetate: hexane as eluent to furnish the reduced
product (69 %) as oil.

Data for the synthesized compounds is given below:

Spectroscopic data for synthesized compounds 3b, 4a-c,
4e, 5a-b has already been reported in earlier publications [3,10].

trans-1-Benzyl-3-(2′′′′′,5′′′′′-dimethoxyphenyl)-3-phenyl-
thio-4-phenylazetidin-2-one (3a): IR (CHCl3): 1741 (C=O)
cm-1; 1H NMR (400 MHz, CDCl3) δ: 7.29-6.12 (m, 16H, ArH),
5.36 (s, 1H, C4-H), 4.55 (d, J = 15.0 Hz, 1H, CH2Ph), 3.79 (d,
J = 15.0 Hz, 1H, CH2Ph), 3.72 (s, 3H, OCH3), 3.46 (s, 3H, OCH3);
13C NMR (CDCl3) δ: 174.2, 153.3, 150.4, 137.8, 136.5, 136.4,
128.9, 128.2, 127.8, 127.0, 125.8, 124.6, 120.5, 116.3, 113.9,
67.4, 65.7, 57.8, 54.6, 47.7.

cis-1-Benzyl-3-allyl-3-phenylthio-4-phenylazetidin-2-
one (3c): IR (CHCl3): 1746 (C=O) cm-1; 1H NMR (400 MHz,
CDCl3) δ: 7.62-6.73 (m, 15H, ArH), 5.81-5.75 (m, 1H,
CH2CH=CH2), 5.23 (br s, 1H, CH2CH=CH2), 5.22-5.19 (m,
1H, CH2CH=CH2), 5.05 (s, 1H, C4-H), 4.60 (d, J = 15.1 Hz,
1H, CH2Ph), 3.80 (d, J = 15.0 Hz, 1H, CH2Ph), 2.81 (d, J =
7.3 Hz, 2H, CH2CH=CH2). 13C NMR (CDCl3) δ: 179.2, 138.4,
136.8, 136.7, 134.7, 129.5, 128.9, 128.7, 128.4, 128.1, 127.6,
127.1, 126.5, 123.2, 114.5, 66.2, 63.4, 47.1, 41.2.

1-Benzyl-3,3-bis(2',5'-dimethoxyphenyl)-4-phenyl-
azetidin-2-one (4d): IR (CHCl3): 1741 (C=O) cm-1; 1H NMR
(400 MHz, CDCl3) δ: 7.29-6.12 (m, 16H, ArH), 5.36 (s, 1H,
C4-H), 4.55 (d, J = 15.0 Hz, 1H, CH2Ph), 3.79 (d, J = 15.0 Hz,
1H, CH2Ph), 3.72 (s, 3H, OCH3), 3.46 (s, 3H, OCH3), 3.30 (s,
3H, OCH3), 2.80 (s, 3H, OCH3); 13C NMR (CDCl3) δ: 170.1,
155.6, 151.7, 137.4, 136.3, 135.8, 128.9, 128.2, 125.7, 116.6,
114.0, 111.1, 67.5, 55.8, 55.2, 54.9, 47.2.

1-Benzyl-3,3-bis(2',4'-dimethoxyphenyl)-4-phenyl-
azetidin-2-one (4f): IR (CHCl3): 1749 (C=O) cm-1; 1H NMR
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(400 MHz, CDCl3) δ: 7.72-5.92 (m, 16H, ArH), 5.45 (s, 1H,
C4-H), 4.67 (d, J = 15.1 Hz, 1H, CH2Ph), 3.92 (d, J = 15.0 Hz,
1H, CH2Ph), 3.75 (s, 3H, OCH3), 3.72 (s, 3H, OCH3), 3.35 (s, 3H,
OCH3), 2.86 (s, 3H, OCH3). 13C NMR (CDCl3) δ: 170.7, 160.6,
160.0, 158.9, 157.8, 136.3, 136.0, 132.1, 130.0, 129.4, 128.9, 128.5,
127.4, 127.2, 126.9, 118.1, 103.9, 103.4, 98.9, 98.4, 69.8, 66.0,
55.2, 55.0, 53.9, 44.5.

1-(4'-Methoxyphenyl)-3,3-dimethoxy-4-phenylthio-
azetidin-2-one (6a): m.p.: 105-106 °C; IR (KBr): 1735 (C=O)
cm-1; 1H NMR (400 MHz, CDCl3) δ: 7.36-6.75 (m, 9H, ArH),
5.03 (s, 1H, C4-H), 3.73 (s, 3H, OCH3), 3.58 (s, 3H, OCH3),
3.15 (s, 3H, OCH3). 13C NMR (CDCl3) δ: 162.1, 156.3, 133.8,
130.6, 128.7, 128.0, 118.9, 114.3, 108.3, 68.8, 55.1, 52.3, 51.3.

cis-1-Benzyl-3-(2',5'-dimethoxyphenyl)-4-phenyl-
azetidin-2-one (7): IR (CHCl3): 1739 (C=O) cm-1; 1H NMR
(400 MHz, CDCl3) δ: 7.38-6.33 (m, 13H, ArH), 5.16 (d, J =
5.7 Hz, 1H, C3-H), 4.63 (d, J = 15.0 Hz, 1H, CH2Ph), 4.56 (d,
J = 5.7 Hz, 1H, C4-H), 3.68 (d, J = 15.0 Hz, 1H, CH2Ph),
3.49 (s, 3H, OCH3), 3.34 (s, 3H, OCH3); 13C NMR (CDCl3) δ:
171.8, 152.3, 150.6, 139.5, 137.4, 127.6, 127.0, 125.6, 120.8, 115.1,
113.7, 113.2, 59.4, 56.9, 53.7, 47.3, 39.9.

R E S U L T S A N D   D I S C U S S I O N

Starting substrate cis-3-methoxy-3-phenylthio-β-lactam
(2) was prepared by treatment of cis-3-chloro-3-phenylthio-
β-lactam (1) with methanol and zinc chloride-silica using
reported procedure [3] (Scheme-I).
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Scheme-I: Synthesis of cis-3-methoxy-3-phenylthio-β-lactams 2a and 2b

Initial study was performed by subjecting the substrate
2a [R1 = (p-OCH3)Ph] under C3 functionalization using anisole
as the active nucleophile in TiCl4. The reaction afforded a
mixture of disubstituted β-lactams, which were separated by
column chromatography and identified (using spectroscopic
studies) as 4a and 5a, respectively (Scheme-II, Table-1, entry 1).
Similar results were obtained using β-lactam (2b) and SnCl4,
however, mild Lewis acid ZnBr2 furnished only 3,3-bis(phenyl-
thio)-β-lactam (5a) (Table-1, entry 2, 3). β-Lactams of type 4
and 5 have been obtained when substrate 2a was treated with
other aromatic nucleophiles such as 1,3-dimethoxy-benzene or
1,4-dimethoxybenzene (Table-1, entries 4-5, 7-9). Interestingly,
β-lactam (2b) (R1 = -CH2Ph) on treatment with aromatic 1,4-

dimethoxybenzene as a nucleophile in the presence of 1 equiv.
of TiCl4 or SnCl4 furnished monosubstituted β-lactam (3a) as
a major product along with disubstituted β-lactams of type 4
and 5 (Scheme-II, Table-1, entry 6).

Further studies were pursued with aliphatic nucleophile
allyltrimethylsilane. Initially, exclusive formation of mono-
substituted β-lactam (3b) was observed when the reaction of
compound 2a was performed with allyltrimethylsilane in the
presence of one equivalent of TiCl4 at 0 °C (Table-1, entry 10).
However, the same reaction with SnCl4 as Lewis acid at 0 °C
surprisingly furnished disubstituted 3,3-dimethoxy-β-lactam
(6a) as a major product along with compound 5a as minor
one (Table-1, entry 11). In addition to this, N-benzyl-β-lactam
(2b) afforded monosubstituted β-lactam (3c) exclu-sively with
Lewis acid TiCl4 or SnCl4 (Table-1, entry 12).

These products were separated by column chromato-
graphy and after purification were identified on the basis of
their spectral (1H and 13C NMR) analysis.

These studies reveal that the presence of R1 group, choice
of Lewis acid and nucleophile affects the formation of
differently substituted products 3, 4, 5 and 6. The plausible
explanation for the formation of product trans-1-benzyl-3-
(2′,5′-dimethoxyphenyl)-3-phenylthio-4-phenylazetidin-2-one
(3a) can be explained as the Lewis acid first forms a complex
with β-lactam which (complex) being bulkier in size hinders
the approach of nucleophile from same side (Scheme-III).
Therefore, the reaction probably proceeds via SN

2 mechanism
and results in trans-stereochemistry. In case of trimethylallylsilane
as aliphatic nucleophile, monosubstituted products 3(b-c) were
formed but with retention of stereochemistry at C-3. Here the
reaction most likely follows SN

1 mechanism involving the
formation of carbocation at C-3 as an intermediate (Scheme-
III). Then the nucleophile approaches the carbocation from
the side of hydrogen atom at C-4, which is less hindered. The
assignment of α-stereochemistry to the nucleophile at C-3 of
3b has already been established by its X-ray crystallographic
studies [10].

The possible role of the monosubstituted product 3 as an
intermediate in the formation of disubstituted β-lacatm (4)
was supported by the transformation of monosubstituted β-
lacatm (3c) into disubstituted β-lactam (4a) on treatment with
1,4-dimethoxybenzene in the presence of SnCl4. Groups PhS
and MeO play dual characters for being a leaving group as
well as a nucleophile at the same time and hence led to the
formation of disubstituted products 5 and 6. The group MeO
is more polar and forms a better leaving group than PhS and
thus we get a product of type 3 after nucleophillic substitution.
Also, carbocation generated by the elimination of MeO group
is resonance stabilized by PhS group and therefore favours
the elimination of MeO group over PhS functionality. It has
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Scheme-II: Synthesis of C3 monosubstituted/disubstituted β-lactams
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TABLE-1 

Product of type, yield (%) 
Entry Substrate Nucleophile Lewis acid R1 

3 4 5 6 

1 2a OCH3
 

TiCl4/SnCl4 OCH3
 

– 4a (52) 5a (17) – 

2 2a OCH3
 

ZnBr2 OCH3
 

– – 5a (58) – 

3 2b OCH3
 

TiCl4/SnCl4 

H2
C

 
– 4b (47) 5b (15) – 

4 2a OCH3H3CO
 

TiCl4/SnCl4 OCH3
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5 2a OCH3H3CO
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Scheme-III: Plausible mechanism for the monosubstituted/disubstituted β-lactams
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also been observed that benzene and toluene do not undergo
alkylation under these conditions. The preference of TiCl4 or
SnCl4 as Lewis acids over ZnBr2 was justified in relation to
afford novel differently disubstituted β-lactams of type 4 over
3,3-bis(phenylthio)-β-lactam of type 5.

Desulfurization studies: The stereochemistry of
monosubstituted product 3b has already been established by
their X-ray crystallographic analysis reported in earlier
publications [3,10]. However, compound 3a has been obtained
as a semi-solid and hence desulfurization studies have been
performed to establish its stereochemistry. For this, 3a was
treated with Raney-nickel in ethanol and it led to the formation
of cis-β-lactam 7 (Scheme-IV). On the basis of this stereospecific
transformation, trans stereochemistry was assigned to β-lactam
3a and evident from its 1H NMR data which is in accordance
with earlier reports on desulfurization [3,10].

Raney-Ni
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7

N
O

HH
OCH3

H3CON
O

PhS

H

3a

OCH3

H3CO

Scheme-IV: Desulfurization using Raney-Ni

Conclusion

In conclusion, synthetic investigations in monosubstituted
and disubstituted β-lactams via C-3 functionalization of cis-
3-methoxy-3-phenylthio-β-lactams have been explored in
detail. Successive attempts were made for the exclusive forma-
tion of monosubstituted β-lactam (3a-c) and novel symmet-
rically substituted dimethoxy β-lactam (6a). The plausible
mechanistic routes for the formation of these types of products
have been incorporated and structure confirmation was achieved
by using spectroscopic techniques (1H NMR and 13C NMR).
The interesting results of these studies further extend our investi-
gations on C-3 functionalization of differently substituted β-
lactams.
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