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A new series of 4-aryl-3-chloro-1-(3,5-dimethyl-isoxazol-4-yl)-azetidin-2-ones 4 have been prepared from 4-amino-
3,5-dimethylisoxazole 1. Compound 1 on treatment with aromatic aldehydes 2a-i furnishes the Schiff bases 3a-i, which are 
then reacted with chloroacetyl chloride in presence of triethyl amine to afford the title compounds viz., isoxazolyl azetidin-2-
ones 4a-i. The structures of β-lactams 4a-i have been confirmed by IR, 1H and 13C NMR and mass spectral data. QSRT 
studies have been performed, and the compounds 4a-ihave been evaluated for their in vitro antibacterial activity. 
Compounds 4b, 4c and 4d exhibited promising antibacterial activity. 
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The β-lactams (azetidin-2-ones) are one of the best 
known and extensively investigated heterocyclic ring 
system as a result of both their biological activity as 
antibiotics1, and their utilities as synthetic 
intermediates2. Hence, the synthesis of β-lactam 
antibiotics has occupied an important place in the field 
of medicinal and pharmaceutical research. Azetidin-2-
ones and its derivatives possess various 
pharmacological properties such as antihypertensive, 
anti-inflammatory, antihyperlipidemic, antimicrobial, 
antitubercular and anticonvulsant3-6. In addition to their 
use as medicines, β-lactams are increasingly being used 
as synthons for other biologically important 
molecules7-12. Similarly, isoxazole derivatives represent 
an interesting class of compounds possessing a wide 
spectrum of biological activities. A large number of 
isoxazole derivatives exhibit antibacterial13, 
anticonvulsant14, analgesic15, and anticancer 
activities16. Attracted by these scaffolds viz., isoxazoles 
and β-lactams, and their pharmacological properties, it 
was decided to develop new targets by molecular 
hybridization for antibacterial evaluation. As a sequel 
to our work on the synthesis of pharmaceutically active 
isoxazole derivatives17-19, we, herein, report the 
synthesis, QSRT (Qualitative Structure Relationship 
Technique) studies and antibacterial activity of 
isoxazolyl azetidin-2-ones. 

Results and Discussion 
 

Chemistry 
The reaction of 4-amino-3,5-dimethylisoxazole 

1with aromatic aldehydes 2a-i in boiling ethanol 
solution furnished the condensation products viz., 
4-benzalamino-3,5-dimethylisoxazoles 3a-i19. 
Compounds 3a-ion treatment with chloroacetyl 
chloride in presence of triethyl amine underwent 
cycloaddition to give 4-aryl-3-chloro-1-(3,5-dimethyl-
isoxazol-4-yl)-azetidin-2-ones 4a-i (Scheme I). 
 

The IR spectra of 4a exhibited a strong absorption 
band at 1700 cm−1 due to C=O functional group. 1H NMR 
spectra of 4a manifested two characteristic doublets at 
δ 5.10 and 5.30 due to C4-H and C3-H protons 
respectively with coupling constant (J) values 5.40 Hz. 
The coupling constant (J) values of C4-H and C3-H 
protons of β-lactam ring indicates their cis-geometry20. 
13C NMR spectra of 4 displayed C4 and C3 and carbonyl 
carbon signals at δ 62.0, 63.2 and 164.8 respectively 
confirming, β-lactam ring formation. The mass spectra of 
4a agrees very well with the proposed β-lactam ring by 
displaying the molecular ion [M + H]+ at m/z 277. 

All the newly synthesized compounds 4a-i were 
confirmed by their IR, 1H and 13C NMR, and mass 
spectral data. C, H, N analyses are satisfactory and 
confirmed elemental composition and purity of the 
newly synthesized compounds 4a-i. 
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QSRT studies 
According to Lipinski’s ‘Rule of Five’21 all the 

synthesized compounds 4a-i are within drug likeness 
creteria. From BCF and adsorption coefficient data22, all 
compounds 4a-i are non-bioaccumulative, so there is 
very less chance to be incorporated in to biological food 
chains from environment. Among all the tested 
compounds 4d and 4i are having high values (Table I). 
Compounds 4b, 4c and 4d show 86 to 90% PPB value, 
hence they are strongly bound i.e., the fraction of 
metabolised or excreted drug will be 10-14% only. Rest 
of the compounds 4a, 4e, 4f and 4i are weakly bound. 
Remaining compounds are moderately bound. All 
compounds 4a-i bind to human serum albumin23. 
Among all the compounds, 4d is having high value. 
Compounds 4a-i are considered to be good p-gp 
inhibitors24. From AMES data compound 4c may act as 
a carcinogenic agent25,26. All compounds 4a-i possess β-
lactam ring mustard fragment27 (Figure 1). Haloethyl 
mustards form adducts with guanine nucleobases, hence 
may be considered to exhibit genotoxic nature. From 
hERG data, all compounds 4a-i are found to possess 
non-cardio toxicity28. Relative binding affinity (RBA) 

values are within the range. So compounds 4a-i may 
possibly bind to alpha estrogen receptor29,30 (Table II). 
From all parameters compounds 4b, 4c and 4d follow 
Lipinski rule of five, high PPB value, ready to bind 
human serum albumin. Compound 4c is found to 
possess carcinogenic character, whereas 4b and 4d do 
not have carcinogenic character. All the compounds 4a-i 
are having geno-toxicity, and they are possibly bind to 
alpha estrogen receptor. So, among all compounds 4b 
and 4d are found to possess drug like character. 
 

Antibacterial activity 
The antibacterial activity results showed that 

compounds 4a-i displayed a better activity and were 
more active than standard drug Ciprofloxacin 
(Table III) due to the presence of β-lactam ring. The 

 
 

Scheme I 
 

Table I — Lipinski and Physico-chemical parameters of compounds 4a-i 

Compd 
Lipinski’s properties  Log D (at pH)  BCF BIO 

MW HBD HBA TPSA RB Log P 1.6 4.6 6.5 7.4 8.2 BCF KOC 

4a 276.72 0 4 46.34 2 3.33  3.33 3.33 3.33 3.33 3.33  13.2 220 
4b 311.16 0 4 46.34 2 3.67  3.67 3.67 3.67 3.67 3.67  37.3 464 
4c 321.71 0 7 95.17 3 3.37  3.37 3.37 3.37 3.37 3.37  8.21 157 
4d 345.61 0 4 46.34 2 4.91  4.91 4.91 4.91 4.91 4.91  108 994 
4e 336.77 0 6 64.8 4 2.56  2.56 2.56 2.56 2.56 2.56  8.31 158 
4f 306.74 0 5 55.57 3 2.97  2.97 2.97 2.97 2.97 2.97  11.4 198 
4g 355.61 0 4 46.34 2 3.88  3.88 3.88 3.88 3.88 3.88  50.8 579 
4h 282.75 0 4 74.58 2 3.05  3.04 3.05 3.05 3.05 3.05  7.50 147 
4i 266.68 0 5 59.48 2 2.43  2.43 2.43 2.43 2.43 2.43  3.03 77.0 

 

 
 

Figure 1 — Mustard fragment 
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activity was expressed in terms of minimum inhibitory 
concentration (MIC). The compounds 4b, 4c and 4d 
are highly active, because the activity is considerably 
affected by the presence of groups like chloro and nitro 
as substituents on benzene ring, besides the presence of 
isoxazole and β-lactam rings. Compounds 4e, 4f, 4g, 
4h and 4i carrying thienyl and furyl groups, methoxy 
and bromo substitutions on benzene ring exhibited 
good activity. Compound 4a showed least activity, 
because it has no substituent on the benzene ring. 
However, the degree of inhibition varied both with the 
test compound as well as with the bacteria used in the 
present investigation. 
 

Experimental Section 
All the melting points were determined on a Cintex 

melting point apparatus and are uncorrected. Analytical 
TLC was performed on Merck precoated 60 F254 silica 
gel plates. Visualization was done by exposing to UV 
light. IR spectra (KBr pellet) were recorded on a Perkin-
Elmer BX series FT-IR spectrometer. 1H NMR (300 
MHz) and 13C NMR (75 MHz) spectra were recorded on 
a Bruker spectrometer in CDCl3 with TMS as internal 

standard. ESI mass spectra were recorded on an Agilent 
LC-MSD mass spectrometer. Elemental analyses were 
performed on a Carlo Erba 106 and Perkin-Elmer model 
240 analysers. All the chemicals were procured from 
Sigma-Aldrich and used as such without further 
purification. 
 

General procedure for synthesis of 4-aryl-3-chloro-
1-(3,5-dimethylisoxazol-4-yl-azetidin-2-ones, 4a-i 

To a well stirred solution of N-arylidene-3,5-
dimethyl-isoxazol-4-amines 3a(0.01 mol) and triethyl 
amine (0.02mol) in dry benzene (10mL), was added 
chloroacetyl chloride (0.02 mol) drop-wise at RT for 
15 min. After complete addition, the reaction mixture 
was refluxed for 4 h, and separated triethyl amine 
hydrochloride was removed by filtration. The solvent 
was distilled under vaccum, and the crude product 
was purified by column chromatography by elution 
with n-hexane and ethyl acetate (8:2). 
 

3-Chloro-1-(3,5-dimethylisoxazol-4-yl)-4-phenyl-a 
zetidin-2-one, 4a: m.p. 118-19°C. Yield 68%. IR 
(KBr): 1700 cm−1; 1H NMR (300 MHz, CDCl3): δ 

Table II — ADME parameters and toxicity parameters of compounds 4a-i 

Compd 
DBP  p-gp inhibition  

AMES 
 hERg 

Inhibitors 
 Endocrine Disruptions 

PPB (%) Log Ka
HSA Probability Ki Log RBA>-3 Log RBA>0 

4a 77.39 4.29  0.07 0.01  0.36  0.09  0.15 0 
4b 88.23 4.57  0.1 0  0.3  0.12  0.29 0 
4c 86.07 4.05  0.09 0.01  0.83  0.07  0.15 0 
4d 90.54 4.97  0.12 0  0.25  0.23  0.4 0.01 
4e 74.51 4.25  0.11 0.01  0.33  0.1  0.15 0 
4f 74.82 4.24  0.08 0.01  0.33  0.09  0.18 0 
4g 83.22 4.45  0.1 0  0.32  0.1  0.34 0 
4h 80 4.15  0.04 0  0.36  0.03  0.09 0 
4i 73.55 4.15  0.05 0  0.41  0.07  0.04 0 

 

Table III — Antibacterial screening of 4-aryl-3-chloro-1-(3,5-dimethylisoxazol-4-yl)azetidin-2-ones 4a-i 

Compd Ar 
 

Conc. 
(µg/mL) 

 Minimum Inhibitory Concentration (MIC)a,b 

Gram-positive  Gram-negative 
Bs Bsp Sa Pa Ka Cv 

4a C6H5  100  18 8 20  20 25 20 
4b 4-ClC6H4  100  12 12 10  10 13 11 
4c 4-NO2C6H4  100  8 10 12  15 13 13 
4d 2,4-(Cl)2C6H3  100  8 9 11  12 11 10 
4e 3,4-(OCH3)2C6H3  100  15 14 15  16 16 15 
4f 3-OCH3C6H4  100  16 16 16  15 15 18 
4g 3-BrC6H4  100  15 15 15  10 11 11 
4h 2-thienyl  100  15 14 14  20 20 18 
4i 2-furyl  100  15 18 16  20 16 18 

Ciprofloxacin  100  20 20 25  30 25 25 
aNegative control (acetone)-No activity 
bValues are indicated in µg/mL 
 



INDIAN J. CHEM., SEC B, MARCH 2019 
 
 

384

2.11 (s, 3H, isoxazole-CH3), 2.25 (s, 3H, isoxazole-
CH3), 5.10 (d, 1H, J = 5.4 Hz, C4-H), 5.30 (d, 1H, J = 
5.4 Hz, C3-H), 7.30 (m, 5H, Ar-H); 13C NMR (75 
MHz, CDCl3): δ 10.1, 10.9, 62.0, 63.2, 114.7, 126.7, 
127.1, 127.6, 128.8, 129.4, 138.0, 158.0, 164.8, 166.0; 
ESI-MS: m/z 277 [M + H]+. Anal. Calcd for 
C14H13ClN2O2: C, 60.77; H, 4.74; N, 10.12. Found: C, 
60.74; H, 4.72; N, 10.11%. 
 

3-Chloro-4-(4-chlorophenyl)-1-(3,5-dimethylisoxa 
zol-4-yl)azetidin-2-one, 4b: m.p. 138-40°C. Yield 
70%. IR (KBr): 1695 cm−1; 1H NMR (300 MHz, 
CDCl3): δ 2.00 (s, 3H, isoxazole-CH3), 2.08 (s, 3H, 
isoxazole-CH3), 5.00 (d, 1H, J = 5.4 Hz, C4-H), 5.20 
(d, 1H, J = 5.4 Hz, C3-H), 7.20 (d, 2H, J = 7.8 Hz, Ar-
H), 7.31 (d, 2H, J = 7.8 Hz, Ar-H); 13C NMR (75 
MHz, CDCl3): δ 9.9, 10.9, 62.0, 63.1, 113.8, 128.0, 
128.9, 134.9, 135.5, 158.0, 164.9, 166.0; ESI-MS: m/z 
311 [M + H]+. Anal. Calcd for C14H12Cl2N2O2: C, 
54.04; H, 3.89; N, 9.00. Found: C, 54.02; H, 3.87; N, 
8.99%. 
 

3-Chloro-1-(3,5-dimethylisoxazol-4-yl)-4-(4-nitro 
phenyl)azetidin-2-one, 4c: m.p. 182-83°C. Yield 
71%. IR (KBr): 1708 cm−1; 1H NMR (300 MHz, 
CDCl3): δ 2.01 (s, 3H, isoxazole-CH3), 2.10 (s, 3H, 
isoxazole-CH3), 5.12 (d, 1H, J = 5.4 Hz, C4-H), 5.30 
(d, 1H, J = 5.4 Hz, C3-H), 7.39 (d, 2H, J = 8.1 Hz, Ar-
H), 8.22 (d, 2H, J = 8.1 Hz, Ar-H); 13C NMR, (75 
MHz, CDCl3): δ 9.9, 10.9, 62.9, 63.9, 113.9, 123.9, 
126.8, 144.0, 147.5, 158.2, 164.8, 166.0; ESI-MS: m/z 
322 [M + H]+. Anal. Calcd for C14H12ClN3O4: C, 
52.27; H, 3.76; N, 13.06. Found: C, 52.24; H, 3.74; N, 
13.05%. 
 

3-Chloro-4-(2,4-dichlorophenyl)-1-(3,5-dimethylis 
oxazol-4-yl)azetidin-2-one, 4d: m.p. 127-29°C. Yield 
72%. IR (KBr): 1701 cm−1; 1H NMR (300 MHz, 
CDCl3): δ 2.05 (s, 3H, isoxazole-CH3), 2.09 (s, 3H, 
isoxazole-CH3), 5.18 (d, 1H, J = 5.4 Hz, C4-H), 5.38 
(d, 1H, J = 5.4 Hz, C3-H), 7.20-7.48 (m, 3H, Ar-H); 
13C NMR (75 MHz, CDCl3): δ 10.0, 10.9, 61.8, 62.9, 
114.0, 127.9, 128.9, 133.2, 134.5, 135.0, 140.0, 157.9, 
165.5, 166.7; ESI-MS: m/z 345 [M + H]+. Anal. Calcd 
for C14H11Cl3N2O2: C, 48.65; H, 3.21; N, 8.11. Found: 
C, 48.66; H, 3.19; N, 8.09%. 
 

3-Chloro-4-(3,4-dimethoxyphenyl)-1-(3,5-dimethyli 
soxazol-4-yl)azetidin-2-one, 4e: m.p. 122-23°C. 
Yield 70%. IR (KBr): 1711 cm−1; 1H NMR (300 
MHz, CDCl3): δ 2.02 (s, 3H, isoxazole-CH3), 2.09 (s, 
3H, isoxazole-CH3), 3.81(s, 6H, (OCH3)2) , 5.13 (d, 
1H, J = 5.4 Hz, C4-H), 5.31 (d, 1H, J = 5.4 Hz, C3-H), 

6.78-6.92 (m, 3H, Ar-H); 13C NMR (75 MHz, 
CDCl3): δ 10.2, 10.8, 58.6, 59.2, 62.0, 62.9, 113.0, 
114.1, 116.0, 122.7, 139.8, 150.2, 150.9, 158.2, 165.0, 
166.8; ESI-MS: m/z 337 [M + H]+. Anal. Calcd for 
C16H17ClN2O4: C, 57.06; H, 5.09; N, 8.32. Found: C, 
57.05; H, 5.07; N, 8.31%. 
 

3-Chloro-4-(3-methoxyphenyl)-1-(3,5-dimethyliso 
xazol-4-yl)azetidin-2-one, 4f: m.p. 104-105°C. Yield 
70%. IR (KBr): 1712 cm−1; 1H NMR (300 MHz, 
CDCl3): δ 2.05 (s, 3H, isoxazole-CH3), 2.19 (s, 3H, 
isoxazole-CH3), 3.78 (s, 3H, OCH3), 5.21 (d, 1H, J = 
5.4 Hz, C4-H), 5.39 (d, 1H, J = 5.4 Hz, C3-H), 6.68 (s, 
1H, Ar-H), 6.82-7.21 (m, 3H, Ar-H); 13C NMR (75 
MHz, CDCl3): δ 10.0, 10.9, 55.9, 61.0, 62.9, 112.8, 
113.0, 114.2, 121.0, 129.2, 138.0, 156.0, 158.9, 165.2, 
166.2; ESI-MS: m/z 307 [M + H]+. Anal. Calcd for 
C15H15ClN2O3: C, 58.73; H, 4.93; N, 9.13. Found: C, 
58.76; H, 4.94; N, 9.14%. 
 

4-(3-Bromophenyl)-3-chloro-1-(3,5-dimethylisox 
azol-4-yl)azetidin-2-one, 4g: m.p. 99-100°C. Yield 
70%. IR (KBr): 1710 cm−1; 1H NMR (300 MHz, 
CDCl3): δ 2.00 (s, 3H, isoxazole-CH3), 2.11 (s, 3H, 
isoxazole-CH3), 5.20 (d, 1H, J = 5.4 Hz, C4-H), 5.38 
(d, 1H, J = 5.4 Hz, C3-H); 7.22-7.68 (m, 4H, Ar-H); 
13C NMR (75 MHz, CDCl3): δ 9.9, 11.0, 61.9, 62.1, 
114.5, 121.8, 125.6, 129.3, 130.5, 131.9, 147.1, 157.9, 
165.5, 167.1; ESI-MS: m/z 355 [M + H]+. Anal. Calcd 
for C14H12BrClN2O2: C, 47.28; H, 3.40; N, 7.88. 
Found: C, 47.30; H, 3.41; N, 7.89%. 
 

3-Chloro-1-(3,5-dimethylisoxazol-4-yl)-4-(thiophe 
n-2-yl)azetidin-2-one, 4h: m.p. 152-53°C. Yield 
69%. IR (KBr): 1712 cm−1; 1H NMR (300 MHz, 
CDCl3): δ 2.05 (s, 3H, isoxazole-CH3), 2.19 (s, 3H, 
isoxazole-CH3), 5.21 (d, 1H, J = 5.4 Hz, C4-H), 5.39 
(d, 1H, J = 5.4 Hz, C3-H), 6.82-7.21 (m, 3H, Ar-H); 
13C NMR (75 MHz, CDCl3): δ 10.1, 10.8, 61.2, 62.5, 
113.9, 122.9, 126.8, 127.4, 128.5, 158.0, 164.5, 166.7; 
ESI-MS: m/z 283 [M + H]+. Anal. Calcd for 
C12H11ClN2O2S: C, 50.97; H, 3.92; N, 9.91. Found: C, 
50.95; H, 3.90; N, 9.90%. 
 

3-Chloro-4-(furan-2-yl)-1-(3,5-dimethylisoxazol-4-
yl)azetidin-2-one, 4i: m.p. 142-43°C. Yield 68%. IR 
(KBr): 1704 cm−1; 1H NMR (300 MHz, CDCl3): δ 
2.08 (s, 3H, isoxazole-CH3), 2.18 (s, 3H, isoxazole-
CH3), 5.21 (d, 1H, J = 5.4 Hz, C4-H), 5.38 (d, 1H, J = 
5.4 Hz, C3-H), 7.42-7.65 (m, 3H, Ar-H); 13C NMR 
(75 MHz, CDCl3): δ 10.0, 10.8, 61.0, 62.2, 110.0, 
112.2, 114.3, 140.6, 148.9, 157.6, 164.2, 166.0;ESI-
MS: m/z 267 [M + H]+. Anal. Calcd for 
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C12H11ClN2O3: C, 54.05; H, 4.16; N, 10.50. Found: C, 
54.07; H, 4.17; N, 10.51%. 
 

QSRT studies 
For all the synthesized compounds 4a-i QSRT 

parameters viz., physico chemical properties, ADME, 
and toxicity parameters are calculated by using 
Chemsketch ACD-Lab online software31. 
 

Antibacterial activity 
The antibacterial activity was done by broth dilution 

method32 and expressed as minimum inhibitory 
concentration. The ready made nutrient broth medium 
(Himedia, 24 g) was suspended in distilled water (100 
mL) and heated to boiling until it dissolved completely. 
The medium and test tubes were autoclaved at pressure 
of 15 lb/in2 for 20 min. A set of sterilized test tubes 
with nutrient broth medium was capped with cotton 
plugs. The test compounds 4a-iwere dissolved in 
suitable solvent (acetone) and concentration of 
100 µg/mL of test compound was added in the first test 
tube, which was serially diluted. A fixed volume of 
0.5 mL overnight culture was added in all test tubes 
and were incubated at 37°C for 24 h. After 24 h, these 
tubes were measured for turbidity. Bacterial strains 
used for the present investigation are Bacillus subtilis 
(Bs), Bacillus sphaericus (Bsp), Staphylococcus aureus 
(Sa), Pseudomonas aeruginosa (Pa), Klebsiella 
aerogenes (Ka), and Chromobacterium violaceum 
(Cv). Ciprofloxacin was used as standard drug for 
comparison. 
 

Conclusion 
In conclusion, we report the synthesis of new 

isoxazolyl azetidin-2-ones using inexpensive and 
commercially available materials with potent 
antibacterial properties. The newly synthesized 
compounds 4a-i have been studied for their QSRT, 
and evaluated for their antibacterial activity. QSAR 
studies revealed that compounds 4b, 4c and 4d may 
be bioactive. Antibacterial studies also indicated that, 
among all the tested compounds 4a-i, compounds 4b, 
4c and 4d exhibit potential antibacterial activity 
which are in accordance with QSRT studies. 
 

Acknowledgements 
The authors are thankful to Department of 

Chemistry, University College of Science, Satavahana 
University, Karimnagar and Department of Chemistry 
and Siddhartha Degree & P.G. College, Narsampet, 
Warangal for providing laboratory facilities and JNTU-
Kakinada for their constant encouragement. All the 

authors are thankful to Prof. E. Rajanarendar for his 
valuable suggestions. The authors are grateful to Prof. 
M. V. Rajam, University of Delhi, South Campus for 
screening anti bacterial activity. The authors are also 
grateful to the CSIR-IICT, Hyderabad, for providing 
1H and 13C NMR, and mass spectra. 
 
References 

1 (a) Katritzky A R, Rees C W & Scriven E F V, 
Comprehensive Heterocyclic Chemistry II, Chapters 1.18-
1.20 (Pergamon, New York) (1996); (b) Ojima & Delaloge 
F, Chem Soc Rev, 26 (1997) 377. 

2 Bruggink A, Synthesis of β-Lactam Antibiotics Chemistry, 
Biocatalysis and Process Integration (Kluwer, Dordrecht, 
Netherlands) (2001). 

3 Bakale R P, Naik G N, Mangannavar C V, Muchchandi I S, 
Shcherbakov I N, Frampton C & Gudasi K B, Eur J Med 
Chem, 73 (2014) 38. 

4 Mistry B & Jauhari S, Med Chem Res, 22 (2013) 635. 
5 Keri R S, Hosamani K M, Shingalapur R V & Reddy H R S, 

Eur J Med Chem, 44 (2009) 5123. 
6 Chhajed S S, Manisha P, Bastikar V A, Animeshchandra H, 

Ingle V N, Upasani C D & Wazalwar S S, Bioorg Med Chem 
Lett, 20 (2010) 3640. 

7 Southgate R, Contemp Org Synth, 1 (1994) 417. 
8 Broccolo F, Carnally G, Caltabiano G, Cocuzza C E A, 

Fortuna C, Galletti G, Giacomini P D, Musumarra G, 
Musumeci R & Quitavalla, J Med Chem, 49 (2006) 2804. 

9 Alcaide B, Almendros P & Aragoncillo C, Chem Rev, 107 
(2007) 4437. 

10 Deshmukh A R A S, Bhawal B M, Krishnaswamy D, 
Govande V V, Shinkre B A & Jayanthi A, Curr Med Chem, 
11 (2004) 1889. 

11 Alcaide B & Almendros P, Synlett, 381 (2002). 
12 Ojima I, in The Organic Chemistry of β-Lactams, edited by 

Georg G I (VCH, New York, NY, USA), p.197 (1993). 
13 Nakayama E, Miyanchi M, Fugimoto K & Idle J, J Antibiot, 

43 (1990) 1122. 
14 Clausen R P, Moltzen E K, Perregaard J, Lenz S M, Sanchez 

C, Falch E, Frolund B, Bolvig T, Sarup A, Larsson O M, 
Schousboe A & Krogsgaard-Larsen P, Bioorg Med Chem, 3 
(2005) 895. 

15 Kano H, Adachi I, Kido R & Hirose K, J Med Chem, 10 
(1967) 411. 

16 Kamal A, Bharathi E V, Reddy J S, Ramaiah M J, Dastagiri D, 
Reddy M K, Viswanath A, Reddy T L, Shaik T B, Pushpavalli 
S N & Bhadra M P, Eur J Med Chem, 46 (2011) 691. 

17 Kakkerla R, Marri S, Murali Krishna M P S, Molgara P & 
Reddy Y N, Lett Org Chem, 15 (2018) 124. 

18 Kakkerla R, MarriS, Murali Krishna M P S & Rajam M V, 
Indian J Chem, 57B (2018) 823. 

19 Marri S, Kakkerla R, Murali Krishna M P S, Lingabathula H, 
Reddy Y N& Merugu R, Indian J Chem , 58B (2019) 109. 

20 Zarei M & Jarrahpour A, Synlett, 17 (2011) 2572. 
21 Lipinski C A, Lombardo F, Dominy B W & Feeney P J, Adv 

Drug Deliv Rev, 23 (1997) 3. 
22 Aranda J F, Bacelo D E, Leguizamón Aparicio M S, 

Ocsachoque M A, Castro E A & Duchowicz P R, SAR and 
QSAR in Environ Res, 28 (2017) 749. 



INDIAN J. CHEM., SEC B, MARCH 2019 
 
 

386

23 Klara V, Shenaz N, Chris B, Michael H A & Derek P R, J 
Pharm Sci,92 (2003) 2236. 

24 Seelig A, Blatter X L & Wohnsland F, Int J Clin Pharmacol 
Ther, 38(3) (2000) 111. 

25 ACD/Tox Suite, version 2.95, Data Sheet, 2012, Advanced 
Chemistry Development, Inc., Toronto, On, Canada. 
http://www.acdlabs.com. 

26 Helma C, Cramer T, Kramer S & Raedt L D, J Chem Inf 
Comput Sci, 44 (2004) 1402. 

27 Kovacic P & Jacintho J, Curr Med Chem, 8 (2001) 863. 
28 Nakajima M, Ohyama K, Nakamura S, Shimada N, 

Yamazaki H & Yokoi T, Drug Metab Dispos, 27 (1999) 792. 

29 Blair R M, Fang H, Branham W S, Hass B S, Dial S L, Moland 
C L, Tong W, Shi L, Perkins R&Sheehan D M, Toxicol Sci, 54 
(2000) 138. 

30 Fang H, Tong W, Shi L M, Blair R, Perkins R, Branham W, 
Hass B S, Xie Q, Dial S L, Moland C L&Sheehan D M, Chem 
Res Toxicol, 14 (2001) 280. 

31 ACD/Percepta, Algorithm Version v5.0.0.184. Advanced 
Chemistry Development Inc.: Toronto, ON, Canada, 2015; 
Available online: www.acdlabs.com (accessed April/May 2017). 

32 National Committee for Clinical Laboratory Standards 
(NCCLS), Standard methods for dilution antimicrobial 
susceptibility tests for bacteria, which grows aerobically, Nat 
Comm Clin Lab Standards, Villanova, 242 (1982). 

 


