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ABSTRACT

The present study describes the synthesis, full characterization and biological evaluation of novel 
azetidinonyl/formazonyl/thiazolidinonylphenothiazines. The synthesis of these compounds as potential 
anti-inflammatory agents was carried out using a more efficient and versatile synthetic route. Various 
4-substituted phenyl-1-(10’-acetylaminophenothiazinyl)-azetidin-2-ones (9-13), 1-(10’-acetylimino-
phenothiazinyl)-3-substituted phenyl formazans (14-18)  and 3-(10’- acetylamino-phenothiazinyl) 
-2-substituted phenyl-4-thiazolidinones  (19-23)  were synthesized by reacting 10-(various substituted 
phenylmethyleneimino) aminoacetylphenothiazines (4-8) with triethylamine / acetyl chloride, benzene 
diazonium chloride and thioglycolic acid / anhydrous zinc chloride, respectively. The structures of 
these compounds have been interpreted by elemental (C, H, N) and spectral (I.R., 1H-NMR and mass) 
analysis. All the compounds were evaluated for their anti-inflammatory activity using rat paw oedema 
inhibition test and were compared with standard drugs. These compounds were also screened for acute 
toxicity studies. Compound 22 was the most potent compound of the series, exhibiting 82.44% oedema 
inhibition, interestingly more potent than the standard drug - phenylbutazone. All compounds showed 
ALD50 > 1000 mg kg -1 p.o. except compound 22, which exhibited ALD50 > 2000 mg kg -1 p.o.
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INTRODUCTION 

Phenothiazine is a heterocyclic organic compound 
that is related to the thiazine class. Compounds bearing 
phenothiazine moiety possess diverse types of biological 
activities viz. anti-inflammatory1-4, anticonvulsant5-6, 
antimicrobial7-8, antitubercular9, antipsychotic10-11, 
anticancer12, etc. Azetidinones13-15 have been observed 
to exhibit anti-inflammatory properties on inflammation 
produced by carrageenan in albino rats. Similarly, 
formazans16-19 and thiazolidinones20-27  were also reported 
in recent literature as anti-inflammatory agents in various 
experimental models. However, these compounds 
possess either less activity or more side-effects, due to 
which they are not used clinically. Incorporating these 
moieties- azetidinonyl, formazanyl and thiazolidinonyl at 

10-position of phenothiazine nucleus might be thought 
to yield more potent anti-inflammatory compounds with 
minimum or no side effects. Thus, incorporating these 
moieties together, i.e. azetidinone with phenothiazine, 
formazan with phenothiazine and thiazolidinone with 
phenothiazine may yield more potent anti-inflammatory 
agents with minimum side effects. The present work was, 
therefore, aimed at synthesizing such compounds.

MATERIALS AND METHODS 

Melting points of all the newly synthesized compounds 
were determined in open capillaries with a Thermonic 
melting point apparatus and are uncorrected. T.L.C. 
determined the homogeneity of the newly synthesized 
compounds on silica gel-G. The eluent was a mixture 
of methanol-benzene in different proportions, and spots 
were located by iodine. Carbon, hydrogen and nitrogen 
analysis were performed on C.H.N. analyzer, Carlo Erba 
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1108 analyzer. Analysies (C, H, N) were within 0.04%. 
The structure of the compounds was elucidated by IR, 
1H NMR and mass spectroscopy. The IR spectra w ere 
recorded on a Beckman Acculab-10 spectrophotometer  
( Vmax in cm-1; KBr). The 1H NMR spectra were recorded in 

CDCl3 on a Brucker 400-FT instrument. Shimadzu 2010s 
mass spectrometer was used for recording mass spectra. 
The synthetic route for the synthesis of compounds (1-
23) is depicted in Scheme – 1.

 Scheme-1

Br2

Synthesis
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Synthesis of 10-acetyl phenothiazine (1)
 To a solution of phenothiazine (0.01 mole) in benzene 

(50 mL), acetyl chloride (0.01 mole) was added drop-by-
drop with stirring at 0-5 0C for 1 h. The reaction mixture 
was stirred for 4 h at room temperature using a magnetic 
stirrer and kept overnight. The excess of acetyl chloride 
was distilled off using distillation assembly, and the 
residue thus obtained was washed with petroleum ether  
(40-60 0C) a number of times and then poured onto 
ice. The solid thus obtained was filtered with the help 
of a filtration pump and recrystallized from methanol to 
afford compound  1. The physical and analytical data 
of compound 1  is given in Table I. IR Vmax (KBr, cm-1) : 
1316 (CN), 1669 (C=O), 1610 (C-C of aromatic ring), 731 
(C-S-C). 1H NMR δ (CDCl3 and DMSO-d6) : δ 2.45 (s, 3H, 
COCH3), 6.79-7.88 (m, 8H, Ar-H). MS : [M]+ at m/z 241.

Synthesis of 10-bromoacetyl phenothiazine (2) 
Bromine (0.8 mole) dissolved in acetic acid (20 

mL) was added drop-wise to a solution of 10-acetyl 
phenothiazine (0.4 mole) in ethanol (50 mL) with constant 
stirring. The solid was separated to give 10-bromo acetyl 
phenothiazine. The solid product, which crystallizes out, 
was washed with water and dried. It was recrystallized from 
ethanol/water to give compound 2, i.e. 10-bromoacetyl 
phenothiazine. The physical and analytical data of 
compound 2 is given in Table I. IR Vmax (KBr, cm-1): 1301 
(CN), 1672 (C=O), 1613 (C-C of aromatic ring), 683 
(C-S-C), 605 (C-Br). 1H NMR δ (CDCl3 and DMSO-d6) 
: δ 3.40 (s, 2H, CH2Br ), 6.70-7.90 (m, 8H, Ar-H). MS : 
[M]+ at m/z 320.

Synthesis of 10-hydrazinoacetyl phenothiazine 
(3)

Compound 2, i.e. 10-bromoacetyl phenothiazine (0.4 
mole), was taken in a round bottom flask, and a sufficient 
quantity of ethanol was added to dissolve it to make a 
clear solution. Hydrazine hydrate (0.4 mole) was added 
to the round bottom flask containing the solution. The 
reaction mixture was refluxed for 20-22 h. After completing 
the reaction, the excess solvent was distilled off, and 
the reaction mixture was poured onto ice. The solid 
that separated was recrystallized from methanol to give 
compound 3, i.e. 10-hydrazinoacetonyl phenothiazine. 
The physical and analytical data of compound 3 is given 
in Table I. IR Vmax ( KBr, cm-1) : 1275 (N-N)1305 (CN),  
1670 (C=O), 1616 (C-C of aromatic ring), 690 (C-S-C), 3440 
(NH2), 3380 (NH). 1H NMR δ (CDCl3 and DMSO-d6) : δ 6.60-
7.95 (m, 8H, Ar-H), 5.56 (br, 1H, NH, exchangeable), 4.55 
(hump, 2H, NH2, exchangeable), 2.45 (d, 2H, COCH2NH) .  
MS : [M]+ at m/z 271.

Synthesis of 10-(phenylmethyleneimino) 
aminoacetyl phenothiazine (4)

A mixture of compound  3, i.e. 10-hydrazinoacetyl 
phenothiazine (0.2 mole) and benzaldehyde (0.2 mole) 
in absolute methanol (50 mL) was refluxed for 8 h in 
the presence of glacial CH3COOH (50 mL). The excess 
solvent was distilled off, and the residue thus obtained 
was washed with a mixture of diethyl ether and water in a 
ratio of 6:8 and finally recrystallized from benzene/hexane 
to furnish compound 4. The physical and analytical data 
of compound 4 is given in Table I. IR Vmax (KBr, cm-1) : 
1270 (N-N), 1305 (CN), 1670 (C=O), 1616 (C-C of aromatic 
ring), 690 (C-S-C), 3440 (NH2), 3380 (NH). 1H NMR δ 
(CDCl3 and DMSO-d6) : 8.60 (s, 1H, =CH-Ar), 4.5 (brs, 
1H, >CH-NH), 2.45 (d, 2H, COCH2NH), 7.20-8.65 (m, 
13H, Ar-H). MS : [M]+ at m/z 359.

Other compounds (5-8) of this step were also prepared 
similarly. Physical and analytical data of these compounds 
are given in Table I.

Synthesis of 4-phenyl-1-(10’-acetylaminopheno-
thiazinyl)-azetidin-2-ones (9) 

Compound  4,  i.e. 10-(phenylmethyleneimino) 
aminoacetyl phenothiazine (0.01 mole), was dissolved 
in N,N-dimethylformamide (DMF) in a round bottom 
flask. Triethylamine (0.02 mole) in dioxane (40 mL) and 
acetyl chloride (0.02 mole) were added dropwise to the 
solution in the round bottom flask with constant stirring 
at 0-5 0C. The reaction mixture was stirred for 5 h, and 
precipitated amine hydrochloride was filtered off. The 
filtrate received was concentrated under reduced pressure 
and poured onto ice-cold water. The product so obtained 
was recrystallized from methanol to yield compound 9. 
The physical and analytical data of compound 9 is given 
in Table I. IR Vmax (KBr, cm-1) : 1268 (N-N), 1311 (CN), 
1670 (C=O), 1580 (C-C of aromatic ring), 695 (C-S-C), 
3378 (NH), 2860 (CH2), 1760(C=O of β-lactam ring). 1H 
NMR δ (CDCl3 and DMSO-d6) : 8.68 (s, 1H, -CH-Ar), 4.5 
(brs, 1H, -CH2NH), 2.45 (d, 2H, COCH2NH), 7.15-8.70 
(m, 13H, Ar-H) 5.20 (d, 2H, J=9Hz, CH2 of azetidinone 
ring). MS : [M]+ at m/z 401.

Other compounds  (10-13)  of this step were also 
prepared similarly. Physical and analytical data of these 
compounds are given in Table I.

Synthesis of 1-(10’-acetylimino phenothiazinyl)-
3-phenyl formazan (14)

Aniline (0.01 mole) was dissolved in 4 mL glacial 
acetic acid, and 3 mL of concentrated HCl was added 
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Table I: Physical and analytical data of compounds 1-23

Compd. 
No.

R R’ M.P. 
(0C)

Recryt. Solvent Yield 
(%)

Molecular 
Formula

Calcd. (Found) %
C H N

1. - - 185 Methanol 78 C14H11ONS 69.71

(69.73)

4.56

(4.59)

5.81

(5.78)
2. - - 125 Methanol 82 C14H10ONSBr 52.50

(52.79)

3.13

(3.10)

4.38

(4.37)
3. - - 200 Ethanol 77 C14H13ON3S 61.99

(62.00)

4.80

(4.78)

15.50

(15.48)
4. H - 180 DMF 78 C21H17ON3S 70.19

(70.17)

4.74

4.76)

11.70

11.68)
5. 4-OCH3 - 175 Benzene/ 

petroleum ether
71 C22H19O2N3S 67.86

(67.84)

4.88

(4.90)

10.79

(10.81)
6. 3-OCH3, 

4-OH
- 160 Ethanol 69 C22H19O3N3S 65.19

(65.21)

4.69

(4.72)

10.37

(10.35)
7. 4-N(CH3)2 - 170 Benzene 70 C23H22ON4S 68.66

(68.64)

5.47

(5.50)

13.93

(13.90)
8. 4-OH - 150 Methanol 74 C21H17O2N3S 67.20

(67.17)

4.53

(4.51)

11.20

(11.18)
9. H - 210 Toluene 68 C23H19O2N3S 68.83

(68.81)

4.74

(4.73)

10.73

(10.72)

10. 4-OCH3 - 190 Acetone 66 C24H21O3 N3S 66.82

(66.79)

4.87

(4.90)

9.74

(9.73)

11. 3-OCH3, 
4-OH

- 205 DMF 69 C24H21O4N3S 64.43

(64.41)

4.70

(4.68)

9.39

(9.37)
12. 4-N(CH3)2 - 185 Benzene 70 C25H24O2N4S 67.56

(67.53)

5.40

(5.37)

12.61

12.58)
13. 4-OH - 200 Methanol 68 C23H15O3N3S 66.83

(66.81)

3.63

(3.65)

10.17

(10.20)
14. H H 150 Toluene 65 C27H22ON5S 69.83

(69.80)

4.74

(4.71)

15.09

(15.07)
15. 4-OCH3 H 180 Ethanol 69 C28H24O2N5S 68.02

(68.00)

4.86

(4.84)

14.17

(14.15)
16. 3-OCH3, 

4-OH
H 160 Ethanol 70 C28H24O3N5S 65.88

(65.85)

4.70

(4.68)

13.72

(13.69)
17. 4-N(CH3)2 H 175 Acetone 65 C29H27ON6S 68.64

(68.62)

5.32

(5.29)

16.57

(16.55)
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18. 4-OH H 195 Methanol 68 C27H22O2N5S 67.50

(67.47)

4.58

(4.60)

14.58

(14.61)
19. H - 200 THF 64 C23H19O2N3S2 63.74

(63.76)

4.39

(4.41)

9.70

(9.68)
20. 4-OCH3 - 210 Benzene/ 

petroleum ether
69 C24H21O3N3S2 62.20

(62.17)

4.53

(4.55)

8.77

(8.80)
21. 3-OCH3, 

4-OH
- 240 DMF/ water 70 C24H21O4N3S2 60.12

(60.09)

5.24

(5.27)

11.74

(11.76)
22. 4-N(CH3)2 - 235 Chloroform 73 C25H25O2N4S2 62.89

(62.91)

5.24

(5.22)

11.74

(11.76)
23. 4-OH - 220 Methanol 66 C22H20O3N3S2 60.27

(60.25)

4.67

(4.64)

9.59

(9.62)

C, H, N were found within ± 0.04 %

at 0-5 0C. A solution of sodium nitrite (1 g in 5 mL water) 
was then added dropwise. The diazonium salt solution 
thus prepared was added with constant stirring to the 
solution of compound 4 in toluene, and the temperature 
was maintained below 5 0C during addition. The reaction 
mixture thus obtained was left at room temperature for 2-3 
days and then poured into ice-cold water. Solid separates 
out, which was washed, filtered and recrystallized from 
methanol to give compound 14. The physical and analytical 
data of compound 14 is given in Table I. IR Vmax (KBr, cm-1) 
: 1280 (C-N), 1705 (C=O), 1612 (C-C of aromatic ring), 
692 (C-S-C), 3372 (NH), 1680 (C=N), 1425 (N=N). 1H 
NMR δ (CDCl3 and DMSO-d6) : 2.43 (d, 2H, COCH2NH), 
7.10-9.15 (m, 18H, Ar-H), 4.2 (brs, 1H, -CH2NH). MS : 
[M]+ at m/z 464.

Other compounds  (15-18)  of this step were also 
prepared similarly. Physical and analytical data of these 
compounds are given in Table I.

Synthesis of 3-( 10’-acetylamino phenothiazinyl) 
-2-phenyl-4-thiazolidinone (19) 

Compound 4 (0.01 mole) was dissolved in dry DMF 
(80 mL). The solution thus obtained was stirred, and to the 
stirred solution was added thioglycolic acid (0.02 mole) and 
a small amount of anhydrous ZnCl2. The reaction mixture 
was refluxed for 18 h. The excess solvent was distilled 
off, and the resulting mixture was cooled and poured onto 
ice-cold water. The separated solid was filtered, washed 
and recrystallized with methanol to yield compound 19. 
The physical and analytical data of compound 19 is given 
in Table I. IR Vmax (KBr, cm-1) : 1270 (N-N), 1305 (C-N), 
1670 (C=O), 1580 (C-C of aromatic ring), 678 (C-S-C), 

3365 (NH), 1760 (C=O of β-thialactam ring). 1H NMR δ 
(CDCl3 and DMSO-d6) : 2.41 (d, 2H, COCH2NH), 7.10-
8.35 (m, 13H, Ar-H), 4.4 (brs, 1H, -CH2NH), 6.35 (t, 1H, 
N-CH-Ar), 3.95 (s, 2H, CH2 of thiazolidinone ring). MS : 
[M]+ at m/z 464 MS : m/z.

Other compounds  (20-23)  of this step were also 
prepared similarly. Physical and analytical data of these 
compounds are given in Table I.

Pharmacological evaluation
Experiments were performed on male albino rats and 

mice of Charles Foster strain species. The animals were 
kept in groups (control, treated, standard) under constant 
temperature (25 ± 10 0 C) and 12 h of light/dark cycle. They 
had free access to the standard mouse diet and tap water 
except during the experiment. On the experiment day, 
animals were transferred to individual cages randomly and 
allowed to acclimatize for 30 minutes before administering 
the drug. Phenylbutazone and indomethacin were used as 
standard drugs. Propylene glycol was used for dissolving 
the newly synthesized compounds.

Anti-inflammatory activity
The method of Winter et al.28 was used for performing 

paw oedema inhibition test on albino rats. Rats were 
transferred to individual cages, and after 30 minutes, 0.2 
mL of 1 % carrageenan suspension in 0.9 % NaCl solution 
was injected subcutaneously into the plantar aponeurosis 
of the hind paw, and a water plethysmometersocrel 
measured the paw volume and then was measured again 
after 3 h. The mean increase of paw volume at each time 
interval was compared with that of the control group at 
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Table II: Pharmacological evaluation of compounds 1 to 23

Compd. No. R R’ Anti-inflammatory activity ALD50  
(mg kg -1 p.o.)Dose  

(mg kg -1 p.o.)
% oedema inhibition 

relative to control

1. - - 50 11.12* >1000

2. - - 50 15.34** >1000

3. - - 50 17.67* >1000

4. H - 50 22.22** >1000

5. 4-OCH3 - 50 24.23* >1000

6. 3-OCH3, 4-OH - 50 38.70* >1000

7. 4-N(CH3)2 - 50 43.64** >1000

8. 4-OH - 50 37.67* >1000

9. H - 50 37.64** >1000

10. 4-OCH3 - 50 39.38** >1000

11. 3-OCH3, 4-OH - 50 46.72** >1000

12. 4-N(CH3)2 - 50 55.32*** >1000

13. 4-OH - 50 44.68** >1000

14. H H 50 40.98** >1000

15. 4-OCH3 H 50 46.32** >1000

16. 3-OCH3, 4-OH H 50 52.60** >1000

17. 4-N(CH3)2 H 50 59.56*** >1000

18. 4-OH H 50 48.99** >1000

19. H - 50 45.98** >1000

20. 4-OCH3 - 50 49.23** >1000

21. 3-OCH3, 4-OH - 50 51.20*** >1000

22. 4-N(CH3)2 - 25
50

100

39.62**
60.48***
82.44***

>2000

23. 4-OH - 50 52.68*** >1000

Phenyl 
butazone

- - 25
50

100

28.42
36.40
58.40

Indomethacin - - 5.0
7.0

10.0

52.20
63.10
93.20

*p<0.05, **p<0.01, ***p<0.001
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the same time intervals, and per cent inhibition values 
were calculated by the formula given below:

% anti-inflammatory activity = 1-(Vt/Vc) x 100

where Vt and Vc are tested and control groups, 
respectively

Acute toxicity study
The approximate lethal dose (ALD50) of compounds 

was determined in albino mice. The test compounds 
were given orally at different dose levels in groups of 
10 animals. After 24 h of drug administration, per cent 
mortality in each group was observed and from the data 
obtained, ALD50 was calculated by the method of Smith29.

RESULTS

Anti-inflammatory activity in rats
Random screening of compounds  (1-23)  was 

performed at 50 mg kg -1 p.o. for their anti-inflammatory 
activity. Compound 22 was found to be the most potent 
compound of the series. Due to the potentiality of 
compound 22, it was studied further at three graded doses 
of 25, 50 and 100 mg kg-1 p.o.

Acute toxicity
All the compounds of the present series exhibited 

ALD550 greater than 1000 mg kg -1  p.o., thereby indicating 
a good safety margin. However, compound 22 exhibited 
ALD50 greater than 2000 mg kg -1 p.o.

DISCUSSION

In this work, a number of compounds with good 
anti-inflammatory action were synthesized the obtained  
compounds were tested as anti-inflammatory agents, 
and the obtained results were compared with the activity 
shown by the standard drug. The synthesized compounds 
were tested at a dose of 50 mg kg-1 given orally, and the 
dose was decided by taking 1/20th of the ALD50 value.

All the newly synthesized compounds, i.e. 
compounds  (1-23), have been evaluated for anti-
inflammatory and acute toxicity studies. After the 
investigation of anti-inflammatory screening (Table II), it 
has been noticed that the newly synthesized compounds 
exhibited moderate to good inhibition in the paw oedema 
inhibition test. The principal feature of the compounds 
of this series is the substitution by different heterocyclic 
moieties at the 10th- position of the phenothiazine nucleus. 
Compounds 1, 2 and 3 of the series were tested at a dose 

of 50 mg kg-1 p.o. and showed 11.12, 15.34 and 17.67 
per cent oedema inhibition relative to control. Further, 
the series was characterized by incorporating various 
substituted aldehydes in compound 3, which lead to the 
synthesis of compounds (4 - 8). Compounds (4-8) were 
also screened for anti-inflammatory activity and acute 
toxicity. All the compounds  (4-8)  exhibited moderate 
anti-inflammatory activity of 22.22 %, 24.23 %, 38.70 %, 
43.64 % and 36.67 % having benzaldehyde, 4-methoxy 
benzaldehyde, 3-methoxy-4-hydroxy benzaldehyde, 4-N, 
N-dimethyl benzaldehyde and 4-hydroxy benzaldehyde 
substitutions, respectively.

Route-1 of the series was characterized by the 
addition of azetidinonyl moiety in compounds (4-8), 
leading to the formation of compounds (9  -13). These 
compounds exhibited an increase in per cent oedema 
inhibition varying from 37.64 % to 55.32 % relative to 
control when screened for anti-inflammatory activity. 
Among compounds (9-13), compound  9  with phenyl 
ring showed the least activity of 37.64 %, whereas 
compound 12, having 4-N, N-dimethyl phenyl group in its 
molecular framework, exhibited maximum activity of 55.32 
per cent. Compounds 10, 11 and 13 having 4-methoxy 
phenyl, 3-methoxy-4-hydroxy phenyl and 4-hydroxy 
phenyl groups exhibited 39.38%, 46.72 % and 44.68 % 
oedema inhibition, respectively. Furthermore, the addition 
of formazanyl moiety in compounds (4-8) via route-2 is a 
crucial feature of compounds (14-18). These compounds 
were found to possess anti-inflammatory activity ranging 
from 40.98 % to 59.56 % at a dose of 50 mg kg-1 p.o. 
Compound 14 with phenyl group and compound 17 with 
4-N, N-dimethyl group on azetidinone ring was found to 
possess minimum and maximum activity of 40.98 % and 
59.56 %, respectively. Compounds 15, 16 and 18 with 
4-methoxy phenyl group, 3-methoxy-4-hydroxy phenyl 
group and 4-hydroxy phenyl groups on azetidinone 
ring exhibited 46.32 %, 52.60 % and 48.99 % oedema 
inhibition, respectively. Cyclization of compounds  (4-
8) into compounds (19-23) via route-3 due to incorporation 
of thiazolidinonyl ring is the characteristic feature of these 
compounds. These compounds revealed promising 
anti-inflammatory activity ranging from 45.98 % to 60.48 
%. Compounds 19, 20, 21 and 23 having phenyl group, 
4-methoxy phenyl group, 3-methoxy-4-hydroxy phenyl 
group and 4-hydroxy phenyl group at thiazolidinone ring 
exhibited activity of 45.98 %, 49.23 %, 51.20 % and 52.68 
% oedema inhibition respectively when tested at a dose of 
50 mg kg -1 p.o. Compound 22 was found to be the most 
potent compound of the series having an unexpectedly 
high anti-inflammatory activity (60.48 %) and ALD50 value 
(>2000 mg kg -1 p.o.). It was further investigated in detail 
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at three graded doses of 25 mg kg -1 p.o., 50 mg kg-1 p.o. 
and 100 mg kg -1 p.o. thereby exhibiting 39.62 %, 60.48 
% and 82.44 % oedema inhibition, respectively.

CONCLUSION

The results of the  present study indicated that all 
the synthesized phenothiazine derivatives exhibited 
anti-inflammatory activity with less toxicity. Among all the 
23 compounds, compound 22 was found to significantly 
influence the activity, which may be due to substituents 
present on the ring. On analyzing the pharmacological data 
of the compounds of this study, it may be concluded that :

*	 Remarkable increase in activity was observed by 
introducing azetidinone ring, formazan moiety and 
thiazolidinone ring.

*	 Thiazolidinone containing compounds showed 
more potent compounds than their corresponding 
azetidinones and formazans.

*	 Compounds having 4-N, N-dimethyl phenyl group as 
substituent elicited the most potent anti-inflammatory 
activity.

The present work indicates that further clinical 
research on these phenothiazine derivatives can lead to 
the development of anti-inflammatory drugs that can be 
used for the clinical treatment of inflammation.

ACKNOWLEDGEMENTS
One of the authors, Nancy, is thankful to U.G.C. New 

Delhi, India, for the award of NET-JRF fellowship and 
financial assistance. 

REFERENCES 
1.	 Rani V.J., Kumar K.R. and Surekha Y.N.: Synthesis, 

characterization and in vitro anti-inflammatory activity of 
phenothiazine derivatives. Amer. J. Pharmtech. Res., 
2020, 10, 15-23.

2.	 Sharma S., Srivastava V.K. and Kumar A.: Synthesis anti-
inflammatory activity of some heterocyclic derivatives of 
phenothiazines. Pharmazie, 2005, 60, 18-22.

3.	 Kumar A., Ram T., Tyagi R., Goel B., Bansal E. and 
Srivastava V.K.: Synthesis and anti-inflammatory activity of 
some potential cyclic phenothiazines. Bull. Chim. Pharm., 
1998, 137, 152-156.

4.	 Aki H. and Yamaoto M.: Biothermodymemic characterization 
of erythrocyte hemolysis induced by phenothiazine 
derivatives and anti-inflammatory drugs. Biochem. Pharm. 
1990, 39, 396-398.

5.	 Archana, Rani P., Bajaj K., Srivastava V.K., Chandra R. 
and Kumar A.: Synthesis of newer indolyl/phenothiazinyl 
substituted 2-oxo/thiobarbituric derivatives as potent 

anticonvulsant agents. Arzneim. Forsch. /Drug Res., 
2003, 53, 301-306.

6.	 Tyagi M. and Archana : Synthesis of 5-[(1’-substituted-
phenothiazinoacetyl) semicarbazidothio-semicardazido]-
2-oxo/thiobarbituric acid as anticonvulsant agents. Orient. 
J. Chem., 2014, 30, 755-759.

7.	 Pluta k., Morak-Mlodawska B. and Jelen M.: Recent progress 
in biological activities of synthesized phenothiazines. Eur. 
J. Chem., 2011, 46, 3179-3189.

8.	 Amaral L., Viveiros M. and Molnar J.: Antimicrobial activity 
of phenothiazines. In vivo, 2004, 18, 725-732.

9.	 Sellamuthu S., Kumar A., Nath G. and  Singh S.K.: Design, 
synthesis and biological profiling of novel phenothiazine 
derivatives as potent antitubercular agents. Anti-infective 
Agents, 2019, 17, 50-65.

10.	 Bhawal G., Deodhar M., Bhosale A. and Lande D.: Design, 
synthesis band evaluation of novel phenothiazines as 
antipsychotic agents. Asian J. Res. Chem., 2010, 3, 906-
910.

11.	 Tiwari D., Thakkar S.S. and Ray A.: Structure-activity 
relationship in phenothiazine antipsychotic drugs: Molecular 
orbital calculation, in silico molecular docking and physic-
chemical parameters. Indian J. Chem., 2018, 57B, 1194-
1202.

12.	 Zahrani N.A.A., El-Shishtawy R.M., Elaasser M.M. and Asiri 
A.M.: Synthesis of novel chalcone-based phenothiazine 
derivatives as antioxidant and anticancer agents. 
Molecules, 2020, 25, 4566-4580.

13.	 Dragan M., Stan C.D., Iacob A.T., Dragostin O.M., Boanca 
M., Lupusoru C.E., Zamfir C.L. and Profire L.: Biological 
evaluation of azetidine-2-one derivatives of ferulic acid as 
promosing anti-inflammatory agents. Processes, 2020, 8, 
1401-1420.

14.	 Kumar D., Lal R. and Rani S.: Synthesis of some new 
substituted azetidinonyl and thiazolidinonyl quinazolon-
4-(3H)-ones as potential non-steroidal anti-inflammatory 
and analgesic agents. Int. J. Inno. App. Studies, 2014, 
8, 1798-1813.

15.	 Kumar A. and Rajput C.S.: Synthesis and anti-inflammatory 
activity of newer quinazolin-4-one derivatives. Eur. J. Med. 
Chem., 2009, 44, 83-90.

16.	 Kalsi R., Pande K., Bhalla T.N., Parmar S.S. and Barthwal 
J.P.: Novel formazans as   potent anti-inflammatory and 
analgesic agents. Pharmacology, 1988, 37, 218-224.

17.	 Babu A.N. and Nadendla R.R.: Synthesis of some new 
quinazolinoneformazans as anti-inflammatory and 
anthelmintic agents. J. Pharm. Res., 2011, 4, 983-985.

18.	 Singh N., Bhati S.K. and Kumar A.: Thiazolyl/
oxazolylformazanylindoles as potent anti-inflammatory 
agents. Eur. J. Med. Chem., 2008, 43, 2597-2609.

19.	 Kalsi R., Pande K., Bhalla T.N., Barthwak J.P., Gupta 
G.P. and Parmar S.S.: Anti-inflammatory activity of 
quinazolinoformazans. J. Pharm. Sci., 1990, 79, 317-320.

20.	 Vasincu I.M., Apotrosoaei M., Constantin S., Butnaru M., 
Verestiuc L., Lupusoru C.E., Buron F., Routier S., Lupascu 



INDIAN DRUGS 59 (02) FEBRUARY 2022	 35

D., Tauser R.G. and Profire L.: New ibuprofen derivatives 
with thiazolidine-4-one scaffold with improved pharmaco-
toxicological profile. B.M.C. Pharmacol Toxicol., 2021, 
22, 10-19.

21.	 El-Karim S.S.A., Mohamed H.S., Abdelhamed M.F., Amir 
A.E.G.E., Almehizia A., Nossier E.S.: Design, synthesis 
and molecular docking of new pyrazole-thiazolidinones as 
potent anti-inflammatory and analgesic agents with TNF-α 
inhibitory activity. Bioorg. Chem., 2021, 111, 104827.

22.	 Tandon M., Kumar P., Pande K., Bhalla T.N. and Barthwal 
J.P.: Novel thiazolidinones as potent anti-inflammatory and 
analgesic agents. Pharmacology, 1985, 31, 260-267.

23.	 Bansal E., Ram T., Sharma S., Tyagi M., Archana, Rani 
P., Bajaj K., Tyagi R., Goel B., Srivastava V.K., Gurtu J.N. 
and Kumar A.: Thiazolidinyl-triazinoquinazolines as potent 
anti-inflammatory agents. Indian J. Chem., 2001, 40B, 
307-312.

24.	 Liaras K., Fesatidou M. and Geronikaki A.: Thiazoles and 
thiazolidinones as COX/LOX inhibitors. Molecules, 2018, 
23, 685-689.

25.	 Ottana R., Maccari R., Barreca M.L., Bruno G., Rotondo 
A., Rossi A., Chiricosta G., Paola R.D., Sautebin L., 

Cuzzocera S. and Vigorita M.G.: 5-Arylidene-2-imino-
4-thiazolidinones: Design and synthesis of novel anti-
inflammatory agents. Bioorg. Med. Chem., 2005, 13, 
4243-4252.

26.	 Omar Y.M., Hajjaj H.M., Abdu-Allah and Abdel-Monty 
S.G.: Synthesis, biological evaluation and docking 
study of 1,3,4-thiadiazole-thiazolidinone hybrids as anti-
inflammatory agents with dual inhibition of COX-2 and 
15-LOX. Bioorg. Chem., 2018, 80, 461-471.

27.	 Chawla P., Kalra S., Kumar R., Singh R. and Saraf 
S.K.: Novel 2-(substituted phenyl imino)-5-benzylidene-
4-thiazolidinones as possible non-ulcerogenictriaction 
drug candidates: synthesis, characterization, biological 
evaluation and docking studies. Med. Chem. Res., 2019, 
28, 340-359.

28.	 Winter C.A., Risley E.A. and Nuss G.W.: Carrageenin-
induced edema in hind paw of the rat as an assay for 
anti-inflammatory drugs.Proc. Soc. Exp. Biol. Med., 1962, 
111, 544-547.

29.	 Smith Q.E.: Pharmacological screening tests. Progr.  Med. 
Chem.1, Butterworth; London: 1961, 1, 1-33.


