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Abstract  

This   study  is  concerned  with   the   synthesis  and  characterization  of   the 
3–phenylthio/3-phenoxyazetidine-2-one 3(a-e). These compounds  were prepared by 
phenylthio/phenoxyacetic acid (1) with the appropriate Schiff  bases 2(a-d) in the 
presence of triethylamine with phosphorusoxychloride in dry methylene chloride under 
nitrogen atmosphere at 0˚C. The active acid chloride reacts with triethylamine to 
generate corresponding ketene in situ which further reacts with Schiff’s base to furnish 
corresponding 3–phenylthio/3-phenoxyazetidine-2-one 3(a-e) in moderate yields . 

  الخلاصة
ون التي تم -2-فينوكسي ازيتيدين-3/فنيل ثايو-3تشخيص بعض مركبات تضمنت الدراسه تخليق و

فينوكسي اسيتك اسد مع بعض قواعد شف بوجود ثلاثي اثيل امـين واوكسـي   /تحضيرها من تفاعل فنيل ثايو

حيث ينتج كيتين والذي يتفاعل مع قواعد .كلوريد الفسفور في كلوريد الاثيلين الجاف عند درجه الصفر المئوي

شخصت المركبـات باسـتخدام اطيـاف تحـت     .ون-2-فينوكسي ازيتيدين-3/فنيل ثايو-3طي الناتج شف ليع

واقتـران طيـف الـرنين     13الحمراء وطيف الكتله ومطيافيه الرنين النووي المغناطيسي البروتوني وكاربون 

  .13البروتوني البروتوني والبروتوني وكاربون 
Introduction 
      Azetidin-2-ones (figure1), 
commonly known as -β-lactam 
constitute a well-known class of 
heterocyclic compounds. 
 
 

 
 

β-Lactams, being a structural motif in 
most widely used antibiotics which 
have occupied a pivotal position in 
medicinal chemistry for almost a 
century now1,2 With the 
microorganisms retaliating the  
 
 
 

N

H H

O

R1R2

Figure 1



 National Journal of Chemistry,2011, Volume      41الواحد والاربعونالمجلد  2011-المجلة القطرية للكيمياء
 

91 
 

traditional antibiotics via β-lactamase 
enzymes, the need for novel antibiotics 
prevails making synthesis of newer β-
lactams ever more important. Besides 
their use as antibiotics, β-lactams are 
increasingly being used as synthons for 
biologically important molecules3,4,5,6 
Apart from this, the recent literature 
has seen a spurt in the number of other 
diverse applications of the β-lactams. 
They have been shown to increase the 
expression of glutamate transporters 
through gene Activation7 . 
β-Lactams have also been found to act 
as cholesterol acyl transferase 

inhibitors8,9 ,[thrombin inhibitors10 
,human cytomegalovirus protease 
inhibitors11. 
 
Results and Discussion  
Taking a lead from our earlier 
studies,12 it was considered to utilise 
ketene-imine cyclization in the 
presence of triethylamine use C3–C4 
bond formation of β-lactam by 
employing Et3N: as key steps for the 
synthesis of 3-phenylthio/3-Phenoxy 
substituted  β-lactams of type A and B. 

 

 

 

A                                                                          B  

  

 So,the key step for the 
synthesis of 3-phenylthio/3-
phenoxyazetidine-2-ones 3(a-e) 
involve the treatment of imines 2(a-d) 
with phenylthioacetic 
acid/phenoxyacetic aci d in the 

presence of triethylamine and 
phosphorusoxychloride  with 
dichloromethane as solvent under dry 
system(N2 atmosphere) as shown in 
scheme 2:                        

  

  

  
2(a-d)                                                    Azetidine-2-ones  

3(a-e)  
  

Scheme 2  
The required Various Schiff's 

bases 2(a-d) for the β-lactam formation 
3(a-e) were prepared from reacting of 
equimolar amounts  of appropriate 
aromatic aldehydes and aromatic 
amines either in dry methylene 

chloride in the presence of molecular 
sieves (4Aº) or in refluxing ethanol. 
The structures of these imines 2(a-d) 
were confirmed on the basis of their 
spectral data (IR and NMR). 
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Table(3-1) : Schiff's bases 2(a-d)  
S.No. Schiff’s 

Base 
R1 R2 

1. 2a OCH3
 

N
CH2CH3

CH2CH3

2. 2b Cl
 

N
CH2CH3

CH2CH3

3. 2c 
N

CH3

CH3

CH3
 

4. 2d Cl
 

CH3
 

 
As, mentioned in the beginning 

,the 3-phenylthio/3-phenoxyazetidine-
2-ones 3(a-e) were prepared from 
phenylthioacetic acid/phenoxyacetic 
acid 1 and appropriate Schiff’s bases 
2(a-d) in the presence of triethylamine. 
The active acid chloride formed from 
an appropriate acid (1) with POCl3 was 
reacted  with triethylamine to gave the 

corresponding ketene in situ which 
subsequently reacted with Schiff’s base 
2(a-d) and afforded the corresponding 
β-lactam in moderate yields .The 
proposed mechanism for their 
formations  was shown as below in 
scheme 3 : 
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The structures of these azetidine-2-
ones were established on the basis of 
spectral data UV, IR, Mass,1H 
NMR,13C NMR and 1H-1H, 1H-13C 
COSY NMR spectra . IR spectra of 
these compounds 3(a-e) showed strong 
stretching absorption band at 1743-
1658 cm-1 for (C=O) as shown Fig (3-
1.The IR absorption frequencies of 
carbonyl groups (C=O) depended upon 
the nature  of substituents at adjacent 
 nitrogen atom .So the substitution of 
the phenyl ring by electron-donating 
groups such as N,N-dimethylamino, 
methoxy or N,N-diethylamino group 
lowered the absorption frequencies 

where as the substitution by an 
electron-withdrawing chloro group 
increased the absorption 
frequency.Asimilar trend in IR 
absorption frequency is reported by 
Lacroix et al. 13, 14,15 
        The protons at C3-H and C4-H 
positions of the ring have been 
observed to resonate from 4.93 to 5.61 
ppm16,17. The 1H-NMR spectroscopy is 
the most powerful tool for the 
determination of relative 
stereochemistry at C3-H and C4-H 
positions of 3-phenylthio/3-
phenoxyazetidine-2-ones. The 
coupling constant for vicinal protons at 



 National Journal of Chemistry,2011, Volume      41الواحد والاربعونالمجلد  2011-المجلة القطرية للكيمياء
 

94 
 

C3-H and C4-H is 4.5-6.0 Hz for cis 
derivatives and 2.0-2.5 Hz for trans 
derivatives for examples, the 
compound 3a the stereochemistry is 
trans then the compound 3b the 
stereochemistry is cis . The 1H-NMR 
spectra of these compounds 3(a-e) 
showed two singlets around δ 4.93-
5.72and 4.58-5.61 ppm corresponding 
to C3-H and C4-H positions of the β-
lactam ring .The 1H-NMR spectra of 
the compounds showed 13 aromatic 
protons at 6.52-7.54 ppm  

The 2D NMR COSY 1H-1H 
studies led to assignment of signals to 
protons and protons in the azetidine-2-
ones 3(a-e) . 
      The application of COSY using 1H-
1H COSY NMR spectra in 
characterization of such compounds is 
discussed in succeeding paragraphs by 
taking representative examples of 
3a,3b,3cand 

As stated in the 1H and 1H 
NMR subsections,the characterization 
of 3a required assignment of proton 
signals at δ 4.94 and 4.58 ppm, showed 
the correlation with the protons signals 
at 4.58,4.59,4.93,4,94; thus the signal 
could be assigned to the C3-H and C4-
H positions of azetidine-2-ones . 
           Also, the COSY 1H-1H 
spectrum of  3a showed the correlation 
of the each aromatic proton signal at 
6.52-7.46 ppm 
with6.52,6.54,6.91,6.93,6.99,7.00,7.26,

7.27,7.28,7.29,7.30,7.32,7.33,7.34, 
7.44,7.46 which led to the assignment 
of this signal to the aromatic protons . 

The 13C-NMR spectra of 
azetidine-2-ones showed the typical 
carbonyl resonance at δ 162.02-167.40 
ppm. However,the values outside this 
range are possible if strong electron 
withdrawing or electron donating 
groups are present on the adjacent 
carbon atoms . For example, the 13C-
NMR spectra of 4-(4-
chlorophenyl)azetidine-2-one 3e 
showed the carbonyl carbon signal at δ 
167.40 ppm where as the carbonyl 
group in 1-(4-N,N-
diethylamino)phenylazetidine-2-one 3a 
resonated at 162.3518,19 

The 2D NMR HMQC 1H-13C 
spectram of 3c showed the correlation 
of the methoxy proton in compound 3c 
signal at δ 3.72 ppm with carbon signal 
at δ 55.60 ppm, which led to the 
assignment of this signal to the 
methoxy group carbon. The HMQC 
spectrum showed the correlation of 
proton signals at δ 5.60-5.61and 5.71-
5.72 ppm with carbon signals at δ 
61.02 and 81.02, respectively.20,21,22 

The aromatic protons from δ 
6.60 to 7.40 ppm correlation with 
carbon aromatic signals at 
112.06,113.05,114.02,118.72,122.84,1
25.22,125.75, 130.22,143,02 ppm 
Fig(3-6)-(3-10) 

 
 

 

  

 

 

 

Schme 4: 1H-1H COSY and 1H-13C COSY of compounds 3a and 3c 
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           The Mass  spectra  of  the  
compounds 3a and 3b showed the 
molecular ion peak corresponding to 
the particular compound 
(M+,432,18%,420,21%). The 
fragmentation of the 3-phenylthio/3-
phenoxy azetidine-2-one leading to the 
imine (282,7%,286,6.6%) base peak 
and the corresponding ketene 

(150,1.5%,134,2%) also the 
fragmentation of this compound 
showed the alkene peaks 
(242,34%,230,1.4%) and isocyanates 
(190,100%,190,72%).The  
fragmentation  mechanism  of  
compounds 3a and 3b were shown  
below 23,24fig(3-1)and(3-2):   
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Figure(3-1) : `Mass spectra of 1-(4-N,N-diethylamino)phenyl-3-phenylthio-4-(4-
methoxyphenyl) azetidine-2-one    3a . 

 

  
Figure(3-2): Mass spectra of 1-(4-N,N-diethylamino)phenyl-3-phenoxy-4-(4-

chlorophenyl) azetidine-2-one  3b . 
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Figure (3-3): IR spectra of 1-(4-N,N-diethylamino)phenyl-3-phenoxy-4-(4-

chlorophenyl) azetidine-2-one  3b . 

 
 
Figure(3-4) : `1H NMR spectra of 1-(4-N,N-diethylamino)phenyl-3-   phenylthio-

4-(4-methoxyphenyl)azetidine-2-one  3a .  
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Figure(3-5) : `13C NMR spectra of 1-(4-N,N-diethylamino)phenyl-3- phenylthio-4-

(4-methoxyphenyl)azetidine-2-one  3a . 

 

Figure (3-6): COSY 1H-1H spectra of 1-(4-N,N-diethylamino) phenyl-3-
phenylthio-4-(4-methoxyphenyl)azetidine-2-one  3a . 
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Figure (3-7): COSY 1H-13C spectra of 1-(4-N,N-diethylamino) phenyl-3-

phenylthio-4-(4-methoxyphenyl)azetidine-2-one  3a . 
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Figure (3-8): COSY 1H-1H spectra of 1-(4-N,N-diethylamino) phenyl-3-phenoxy-

4-(4-chlorophenyl)azetidine-2-one  3b . 
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Figure (3-9): COSY 1H-13C spectra of 1-(4-N,N-diethylamino) phenyl-3-phenoxy-

4-(4-methoxyphenyl)azetidine-2-one  3c . 

 

 

  

  

  

  

  

  

  

  Figure (3-10): COSY 1H-1H spectra of 1-(4-N,N-diethylamino) phenyl-3-

phenoxy-4-(4-methoxyphenyl)azetidine-2-one  3c . 
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The Expermental     
All solvents were distilled / dried prior 
to use, when this seemed necessary by 
standard methods. All solvent extracts 
were dried over anhydrous sodium 
sulphate  unless  other wise  specified. 
All the melting points are uncorrected 
and are expressed in degree(°C), using 
melting point \SMP31. 
13C NMR; 1H-13C Heteronuclear 2D 
Correlation  Spectroscopy (Cosy), 
HETCOR; 1H-1H Homonuclear 2D 
Correlation  Spectroscopy (Cosy)  
were recorded  using  Bruker DRX 
system AL 500 (500 MHz). in the 
Department of  Chemistry ,Sharif 
University, Tahran, Iran. Mass 
spectrum were  recorded at 70 eV 
using agalint technologes    Spectrum 
5973  in the Department  of  
Chemistry,Tahran Uinversity, 
Tahran,Iran.                                                                                                                      
Preparation  of  Schiff  base    2(a-d) 

24,25 
General  Procedure        
 A mixture of an appropriate aromatic 
amine (0.01 mole) and an aromatic 
aldehyde (0.01 mole) in 10 ml of 
absolute ethanol and  one drop of 
glacial acetic acid was heated  in water 
bath  at (70-80˚C)  for  30 min .The 
progress of  the  reaction  was checked  
by TLC. After completion  the  solvent 
was evaporated then recryastalized  
from a suitable solvent  
3. Preparation of 3-phenylthio/3-
phenoxyazetidine-2-one 3(a-e) 26,27  
3.1 Trans 1-(4-N,N-Diethylamino) 
phenyl-3-phenylthio-4-(4-methoxy 
phenyl) azetidine-2-one  3a . To a 
mixture of  phenylthioacetic acid   
(0.89g , 1.5mmole),                        
imine  2a  (1g , 1. mmole) and  
triethylamine (1.074 g , 3mmole)  in 
dry  dichloromethane 40 mLat 0˚C 
under N2  atm. , asolution   of  POCl3 
(0.813g , 1.5mmole ) in dry 
dichloromethane 20 mL was added as 
dropwise . The mixture was stirred 
overnight at room temperature. 

Thereafter ,the contents were washed 
successively with 1N HCL30mL,water 
(3×30mL) ,5% NaHCO3 30mL and 
brine 30mL.The organic layer was 
separated and dried over anhydrous 
sodium sulphate (Na2SO4).The solvent 
was removed under reduced pressure 
and  the crude  product  was  column  
chromatographed   over  silica gel  
using  ethyl acetate – hexane 3:7  as 
eluent , solvent evaporation  furnished  
pure β-lactam-   3a, 70%Yield,m.p°C 
120-122 IR (CCl4) : 1741 cm-1 
;MS,M+  432 :+44% ;1H 
NMR(CDCl3): 0.9(t,6H,-CH2CH3) 
3.73  (s,3H,-OCH3),3.20(q,4H,- 
CH2CH3) 4.94 (d,1H, J = 2.4 Hz C3-
H),4.59(d,1H, J = 2.2Hz C4-H), 6.52-
7.46(m,13H,aromatic)  13C 
NMR(CDCl3/DMSO)162.35,160.36,1
45.44,133.42, 131.73, 130.07, 129.16, 
128.99128.34, 126.35,119.81,115.18, 
112.59, 62.71,60.19,55.99, 44.47,31.20  

Anal. Calcd. for C26H28N2O2S : 
C, 72.22; H, 6.48; N, 6.48;  
Found: C, 72.18; H, 6.45; N, 6.41 
 
3.2 Cis 1-(4-N,N-
Diethylamino)phenyl-3-phenoxy-4-
(4-chlorophenyl)  azetidine-2-one   
3b . 

  To   a mixture  of  
phenoxyacetic  acid   ( 0.795g , 
1.5mmole) ,Imine           2b ( 1g , 
1mmole )   and  triethylamine (1.056 g , 
3 mmole) in dry dichloromethane (40 
mL) at 0˚C under N2  atm. , asolution  of  
POCl3 ( 0.801g , 1.5 mmole )  in dry  
dichloromethane (20 mL) was added as 
dropwise . The  reaction  mixture  after 
completion of   reaction   was  worked  
up as usual . The crude  product  was  
column  chromatographed   over silica 
gel using  ethyl acetate – hexane 3:7   as 
eluent ,solvent  evaporation  furnished  
pure -β- lactam   3b64.75%Yield, m.p°C 
140-142, IR (CHCl3) : 1743 cm-1 
;MS,M+  420 :+48%; ; 1H NMR(CDCl3):  
1.01 (t,6H,-CH2CH3) 3.20(q,4H,-
CH2CH3), ,5.61(d,1H, J = 4.8 Hz,,C4-H), 
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,5.72( d,1H, J = 4.8 Hz, C3-H), 6.60-7.51 
(m,13H,aromatic),13C NMR 
(CDCl3/DMSO162.02, 158.33, 145.65, 
133.03131.77, 
131.03,129.05,127.03123.43,120.01,115.
04,112.82,81.02, 61.02, 42.10, 12.20. 

Anal. Calcd. for C25H25O2N2Cl : C, 
71.34; H, 5.94; N, 6.65; 
Found      : C, 71.23; H, 5.87; N, 6.61. 
3.3 Cis 1-(4-N,N-
Diethylamino)phenyl-3-phenoxy-4-
(4-methoxy phenyl) azetidine-2-one  
3c . 

To a mixture of phenoxyacetic 
acid  (0.808 g , 1.5mmole), Imine        
2a  (1g , 1mmole), and  triethylamine 
(1.074 g ,3mmole)  in dry  
dichloromethane 40 mLat 0˚C under 
N2  atm. , asolution of  POCl3 (0.813g , 
1.5mmole ) in dry dichloromethane (0 
mLwas added as dropwise .The 
reaction of the  mixture  after  
completion of reaction   was  worked  
up as usual . The crude  product  was  
column  chromatographed   over  silica 
gel  using  ethyl acetate – hexane 3:7  
as eluent, solvent evaporation  
furnished  pure -β- lactam 3c . 
68%Yield, m.p °C 119-120: IR (CCl4) 
: 1741 cm-1 ; 1H NMR(CDCl3):   
0.99(t,6H,-CH2CH3) ,3.72(s,3H,-
OCH3),3.30(q,4H,-CH2CH3) ),5.72 (d, 
J = 2.7 Hz ,1H,C3-H),5.61(d,1H, J = 
2.7 Hz, C4-H), 6.60-
7.40(m,13H,aromatic),13CNMR(CDCl
3/DMSO). 
162.06,160.09,158.55,145.08131.44,12
8.82,128.04,122.05, 120.01, 116.04, 
115.02, 113.4581.20, 61.10, 55.60, 
43.80, 12.03   
:C,72.22; H, 6.48; N, 6.48;   
Anal.Calcd. for 
C26H28N2O2S   
:C,72.18; H, 6.45; N, 
6.41.  Found 
3.4 Cis  1-(4-Methylphenyl)-3-
phenoxy-4-(4-N,N-dimethylamino) 
phenylazetidine -2-one   3d To a 
mixture of phenoxyacetic acid    ( 0.95 
g , 1..5mmole)  ,  imine 2c               

(1g , 1mmole )   and  triethylamine  
(1.27g , 3mmole ) in dry  
dichloromethane 40 mLat 0˚C under 
N2  atm. , asolution  of  POCl3  (0.96 g 
, 1,5mmole) in dry dichloromethane 40 
mL was added as dropwise. The 
reaction of   the  mixture  after  
completion   of reaction   was  worked  
up as usual . The crude  product  was  
column  chromatographed   over silica 
gel  using  ethyl acetate – hexane 3:7  
as eluent, solvent  evaporation 
furnished  pure -β- lactam  3d 50. 
%Yield, m.p°C ;  116-118,  IR (CCl4) 
:1753cm-1;1H(CDCl3). 
3.35(s,3H,CH3),2.25(d,6H,CH3) 6.95-
7.54(m,13H,aromatic), 
13CNMR(CDCl3/DMSO).167.18,158.7
0,136.74,133.51, 
130.37,129.95,122.03,120.61                                               
115.55,68.02,21.31 
:C,78.64; H, 6.79; N, 6.79; Anal. 
Calcd. for C27H28N2O2 
:C, 72.58; H, 6.74 N, 6.71.Found  
3.5 Trans 1-(4-N,N-
Diethylamino)phenyl-3-phenylthio-
4-(4-chloro phenyl) azetidine-2-one  
3e   This was prepared from 
phenylthioacetic acid (0.87 g, 1.5 
mmol), imine 2c (1.0 g, 1 mmol), 
triethylamine (1.46 mL, 3 mmol) and 
POCl3 (0.48 mL, 1.5 mmol). Following 
the procedure reported for β-lactam3a. 
The residue obtained after usual 
workup and chromatographic 
purification furnished the desired β -
lactam3e(1.24 g, 65%) as a crystalline 
solid and its structure was confirmed 
on the basis of following data : 
m.p. : 124-126°C; IR (CCl4) : 1753 
cm-1 ; 1H-NMR (CDCl3)δ: 1.1 (t, 6H, 
2xCH3), 3.3 (q, 4H, 2xCH2), 4.1 (d, 
1H, J = 2.19 Hz, C4-H), 4.7 (d, 1H, J = 
2.11 Hz, C3-H), 6.7-7.6 (m, 13H, 
aromatic protons) ; 
13C-NMR (CDCl3) δ : 12.4, 44.4, 
61.3, 63.4, 112.2, 119.2, 126.1, 126.3,  
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127.1, 128.1, 129.1, 132.9, 132.4, 
135.6, 144.1, 162.6; 

Anal. Calcd. for C25H25N2OSCl : C, 
68.72; H, 5.72; N, 6.41; 
     Found: C, 
68.59; H, 5.69; N, 6.35. 
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