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were characterized by IR,  1 H NMR,  13 C NMR, MS, and ele-
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out against four bacterial strains ( Staphylococcus aureus, 
Bacillus subtilis, Escherichia coli , and  Salmonella typhi ) 
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  Introduction 
 The cure for expedient microbial infections has become 

essential and exigent due to the urgent multiplication 

of multiple drug-resistant organisms [1, 2]. Therefore, 

there is an imperative need to develop new classes of 

derivatives which can remain unaffected by the patho-

gen-resistance mechanism. Many coumarin-containing 

compounds are known to exhibit medicinally useful 

properties, including anti-HIV, anticancer, antifungal, 

antibacterial, and anticoagulant activities [3 – 8]. Simi-

larly,  s -triazine derivatives play an important role in 

the field of medicinal chemistry as they display various 

pharmacological properties such as antimicrobial [9 – 11], 

antimycobacterial [12], anticancer [13, 14], and antiviral 

properties [15]. Moreover, the 1,3,4-oxadiazole system 

has been the focus of considerable attention because of 

its pharmacological importance in anti-bacterial [16 – 22] 

and anti-fungal agents [23 – 25]. 

 In consideration of the above rationale and in con-

tinuation with our ongoing program [26 – 28] to find new 

leads with potential biological activities, a series of com-

pounds  6a – m  have been synthesized and screened for 

antimicrobial activities. This novel series of 3-substituted 

coumarin derivatives is structurally related to ritonavir 

analogs [29] and diaryl triazines (DATA) ( Figure 1 ) [30]. 

In the present study, we designed and synthesized 3-sub-

stituted coumarinyl-triazine derivatives and studied the 

effect of various substituents. The aim was to find an anti-

microbial agent with enhanced activity.   

  Results and discussion 

  Chemistry 

 Scheme 1 outlines the synthetic pathway used to 

obtain compounds  6a – m . The starting material 2-oxo-

2 H -chromene-3-carboxylic acid ( 1 ) was prepared from 

2-hydroxybenzaldehyde and malononitrile via consecu-

tive Knoevenagel and Pinner reactions in water [31]. 

Chlori nation of compound  1  with thionyl chloride fol-

lowed by condensation with hydrazine hydrate of the 

resultant acid chloride yielded the 2-oxo-2 H -chromene-

3-carbohydrazide ( 2 ). The resulting carbohydrazide was 

cyclized using potassium hydroxide in the pre sence 

of carbon disulfide to form the oxadiazole derivative 

 3  [32]. Compound  4  was obtained in a good yield by 

the reaction of the oxadiazole intermediate product  3  

with 2,4,6-trichloro-1,3,5-triazine in the presence of 10% 

sodium bicarbonate solution at 0 – 5 ° C in acetone. Com-

pound  4  was then allowed to react with morpholine in 

acetone at 45 – 50 ° C to give the precursor  5  to the final 

desired products  6a – m . The synthesis of compounds 

 6a – m  was confirmed by IR,  1 H NMR,  13 C NMR, MS, and 

elemental analysis.   
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 Figure 1      Analog-based design of coumarinyl-triazine derivatives.    
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 Scheme 1          

  Antimicrobial activity 

 The results of the antibacterial and antifungal activities of 

compounds  6a – m  are presented in  Table 1 . These results 

reveal that compounds  6b ,  6c ,  6i ,  6j , and  6m  display 

signi ficant activity against Gram  + ve bacteria,  Staphylo-
coccus aureus  and  Bacillus subtilis.  Compounds  6d ,  6e , 

 6h ,  6k , and  6l  show moderate to good inhibition, whereas 
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 Table 1       In vitro  antibacterial and antifungal activities of coumarinyl-triazine derivatives  6a – m .  

  In vitro  activity zone of inhibition a  in mm (MIC in  μ g/mL) b  

 Compound no. 
  
  

 R 
  
  

 Gram  + ve  Gram -ve  Fungus 

  S. aureus    B. subtilis    E. coli    S. typhi    A. niger    A. clavatus  

 MTCC 96  MTCC 2388  MTCC 739  MTCC 733  MTCC 282  MTCC 1323 

  6a   H  18  (400)  20  (400)  16  (200)  15  (200)  15  (400)  10  (200) 

  6b   2-Cl  28  (25)  26  (25)  25  (50)  20  (400)  18  (200)  20  (200) 

  6c   3-Cl  27  (50)  27  (100)  19  (200)  21  (400)  21  (100)  19  (200) 

  6d   4-Cl  22  (200)  22  (200)  23  (200)  16  (200)  22  (200)  15  (200) 

  6e   2-CH 
3
   23  (400)   –   17  (100)  17  (200)  15  (400)  13  (200) 

  6f   3-CH 
3
   19  (400)  21  (400)  15  (200)  12  (200)  10  (200)  11  (200) 

  6g   4-CH 
3
   10  (400)  12  (400)  22  (100)  18  (100)  12  (400)  09  (200) 

  6h   2-OCH 
3
   25  (200)  22  (100)  20  (25)  18  (100)  21  (100)  16  (200) 

  6i   4-OCH 
3
   26  (50)  26  (50)  25  (12.5)  20  (25)  21  (200)  20  (200) 

  6j   2-Cl,4-NO 
2
   28  (25)  28  (25)  25  (50)  22  (12.5)  23  (100)  21  (100) 

  6k   3-NO 
2
   24  (400)  23  (200)  18  (200)  20  (100)  22  (200)  15  (200) 

  6l   4-NO 
2
   22  (200)  21  (200)  23  (200)  23  (200)  19  (200)  14  (200) 

  6m   2,4-(NO 
2
 ) 

2
   27  (50)  26  (100)  25  (12.5)  18  (200)  22  (100)  22  (100) 

 Penicillin c    –   30  (3.12)  28  (1.56)  26  (6.25)  23  (12.5)     –      –  

 Streptomycin c    –   28  (6.25)  24  (6.25)  23  (3.12)  26  (3.12)     –      –  

 Griseofulvin c    –      –      –      –      –   24  (100)  23  (100) 

    a Zone of inhibition for coumarin derivatives (conc. 100  μ g/disc). 

  b MIC values are given in parentheses. MIC ( μ g/mL)  =  minimum inhibitory concentration. 

  c Standard.  

compounds  6a ,  6f , and  6g  are definitely less active. 

Compounds  6b ,  6h ,  6i ,  6j , and  6m  display good activity 

against Gram -ve bacteria,  Escherichia coli  and  Salmonella 
typhi , and compounds  6c ,  6e ,  6g ,  6k , and  6l  show mode-

rate to good inhibition.  

 Compounds  6c ,  6h ,  6j , and  6m  display excellent inhi-

bition against fungi  Aspergillus niger . Compounds  6b ,  6d , 

 6i ,  6k , and  6l  show moderate to good inhibition. Com-

pounds  6a ,  6e ,  6f , and  6g  show weaker activity towards 

tested fungi. Among the synthesized compounds,  6j  and 

 6m  exhibit good activity against fungi  Aspergillus clava-
tus . Compounds  6b ,  6c ,  6d , and  6i  show moderate to good 

activity against fungi.  

  Conclusion 

 New coumarinyl-triazine derivatives were synthesized. 

 In vitro  antibacterial and antifungal activities against 

two Gram -ve ( E. coli, S. typhi ), two Gram  + ve ( S. aureus  

and  B. subtilis ) bacterial and two fungal strains ( A. niger  

and  A. clavatus ) were assayed. Compounds  6b  and  6j  
exhibit good activity against both Gram  + ve and -ve 

strains. Compounds  6j  and  6m  exhibit good activity 

against fungi.   

  Experimental 

  General 
 Melting points were determined on an electrothermal apparatus 

(capillary method) and are uncorrected. The IR spectra (4000 –

 400 cm -1 ) were recorded on a Shimadzu 8400-S FT-IR spectrophoto-

meter with KBr pellets.  1 H NMR spectra were recorded in DMSO- d  
6
  

on a Bruker Avance II 400 MHz and  13 C NMR spectra were recorded 

in DMSO- d  
6
  at 100 MHz. Mass spectra were recorded on a Finnegan 

Mat SSQ 7000 mode EI 70 eV. Elemental analyses were carried out 

on  ‘ Haraeus Rapid Analyzer ’ . To monitor the reactions, thin layer 

chromato graphy (TLC) was performed on silica gel coated (Merck 

Kiesel 60 GF-254, 0.2 mm thickness) sheets.  

  Preparation of 2-oxo-2 H -chromene-3- 
carboxylic acid ( 1 ) 
 A mixture of salicylaldehyde (12.2 g, 0.1 mol), malononitrile (6.6 g, 

0.1  mol), and 0.025  M aqueous NaOH solution (pH 12.4, 50.0 mL) 

was vigorously stirred at room temperature and then heated under 

refl ux for 2 h. 3-Cyano-2-iminocoumarin was separated. Then, the 

solution was treated with concentrated HCl (1.25 – 2.0 mL), and the 

resultant heterogeneous mixture was heated at 90 ° C with stirring 

for 1.5 to 2.5 h. Aft er cooling, the mixture was treated with aqueous 

NaOH solution (1.5 M, 20 mL). Aft er removal of a solid precipitate of 

3-cyanocoumarin, the solution was heated at 90 ° C and stirred for 2 h. 
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The fi nal solution was cooled to room temperature and acidifi ed with 

concentrated HCl to pH   ≤   2. The resultant product was separated. The 

progress of the reaction was monitored by TLC using acetone/toluene 

(8:2) as eluent. The crude product was purifi ed by crystallization from 

absolute ethanol: yield 85%; mp 184 – 186 ° C (lit. mp 189 – 192 ° C, [31]).  

  Preparation of 2-oxo-2 H -chromene-3-carbo-
hydrazide ( 2 ) 
 A mixture of 2-oxo-2 H -chromene-3-carboxylic acid ( 1 , 19.0 g, 0.1 mol) 

and thionyl chloride (17.8 g, 0.15 mol) was heated under refl ux for 

1 – 2 h. Excess of thionyl chloride was distilled off  and the residue 

was cooled in an ice-bath. The resulting precipitate was dissolved in 

methanol and the solution was treated immediately and slowly with 

hydrazine hydrate (4.8 g, 0.1 mol) with constant stirring. The mixture 

was refl uxed for 4 to 5 h. Excess solvent was removed by distillation 

under reduced pressure and the residue was poured into ice-cold 

water. The resultant solid was fi ltered, dried, and crystallized from 

absolute ethanol: yield 89%; mp 140 – 142 ° C (lit. mp 137 – 140 ° C, [25]); 

 1 H NMR:  δ  8.24 (1H, s, H-4, coumarin), 8.12 (m, 1H, CON H NH 
2
 ), 7.62 –

 7.39 (4H, m, Ar-H), 4.78 (s, 2H, NH 
2
 , D 

2
 O exchangeable).  

  Preparation of 3-(5-mercapto-1,3,4-oxadia-
zole-2-yl)-2 H -chromene-2-one ( 3 ) 
 The mixture of 2-oxo-2 H -chromene-3-carbohydrazide ( 2 , 20.4 g, 

0.1 mol), CS 
2
  (7.6 mL, 0.1 mol), and KOH solution (10 mL, 0.05 mol) 

in methanol (82 mL) was heated under refl ux for 6 to 8 h. Then, 

the mixture was poured into crushed ice. The product was fi ltered, 

washed with water, and crystallized from ethanol. The progress of 

the reaction was monitored by TLC using acetone/toluene (8:2) as 

eluent. Product  3  was obtained in a 73% yield; mp 163 – 166 ° C (lit. mp 

166 – 168 ° C, [25]); IR (cm -1 ): 2591(SH), 1726 (CO, coumarin), 1629, 1531 

(C = N, oxadiazole), 1043 (C-O-C, oxadiazole);  1 H NMR:  δ  14.51 (s, 1H, 

SH), 8.21 (1H, s, H-4, coumarin), 7.58 – 7.37 (m, 4H, Ar-H).  

  Preparation of 3-(5-(4,6-dichloro-1,3,5-
triazin-2-ylthio)-1,3,4-oxadiazole-2-yl)-2 H -
chromene-2-one ( 4 ) 
 To a stirred solution of cyanuric chloride (18.4 g, 0.1 mol) in acetone 

(92 mL) at 0 – 5 ° C, the solution of 3-(5-mercapto-1,3,4-oxadiazole-2-yl)-

2 H -chromene-2-one ( 3 , 24.6 g, 0.1 mol) in acetone (112 mL) was added 

and pH was maintained neutral by addition of 10% sodium bicar-

bonate solution. The stirring was continued at 0 – 5 ° C for 4 h. Aft er 

completion of the reaction, the stirring was stopped and the solution 

was treated with crushed ice. The solid product obtained was fi ltered 

and dried. The progress of the reaction was monitored by TLC using 

ethyl acetate/hexane (6:4) as eluent. The crude product was purifi ed 

by crystallization from absolute ethanol. Product  4  was obtained in 

an 80% yield; mp 179 – 182 ° C (lit. mp 178 – 180 ° C, [25]); IR (cm -1 ): 1725 

(C = O), 1624, 1527 (C = N, oxadiazole), 1040 (C-O-C, oxadiazole), 696 

(C-S-C), 833 (s-triazine), 752 (C-Cl.);  1 H NMR:  δ  8.30 (1H, s, H-4, cou-

marin), 7.51 – 7.38 (m, 4H, Ar – H).  

  Preparation of 3-(5-(4-chloro-6-morpholino-
1,3,5-triazin-2-ylthio)-1,3,4-oxadiazole-2-yl)-
2 H -chromene-2-one ( 5 ) 
 The solution of morpholine (8.7 g, 0.1 mol) in acetone was added 

dropwise to well-stirred suspension of 3-(5-(4,6-dichloro-1,3,5-triazin-

2-ylthio)-1,3,4-oxadiazole-2-yl)-2 H -chromene-2-one ( 4 , 39.4 g, 0.1 mol) 

in acetone (90.0 mL) maintaining the temperature below 40 – 45 ° C. 

The pH was kept neutral by the addition of 10% NaHCO 
3
  solution. 

The temperature was gradually raised to 50 ° C during 2 h and further 

maintained for 2 h. Aft er completion of the reaction, the solution 

was poured into ice-cold water. The solid product was fi ltered, dried, 

and crystallized from absolute ethanol. Compound  5  was obtained 

in an 81% yield; mp 212 – 214 ° C; IR (cm -1 ): 1741 (C = O, coumarin), 1619, 

1540 (C = N, oxadiazole), 1256 (C-O-C), 1041 (C-O-C, oxadiazole), 829 

(s-triazine), 749 (C-Cl), 701 (C-S-C);  1 H NMR:  δ  8.20 (s, 1H, NH), 8.38 (s, 

1H, Ar-H), 6.6 – 8.04 (m, 4H, Ar-H), 3.17 (t, 4H,  J   =  7.1 Hz, -CH 
2
 ), 3.33 (t, 

4H,  J   =  7.1 Hz, CH 
2
 ); MS: m/z 445 (M  +  ). Anal. Calcd for C 

18
 H 

13
 ClN 

6
 O 

4
 S 

(444.85): C, 48.60; H, 2.95; N, 18.89. Found: C, 48.72; H, 2.91; N, 18.93.  

  General procedure for the preparation of 
compounds 6a – m 
 The mixture of 3-(5-(4-chloro-6-morpholino-1,3,5-triazin-2-ylthio)-

1,3,4-oxadiazole-2-yl)-2 H -chromene-2-one ( 5 , 5 mmol) and the respec-

tive substituted arylamine (5 mmol) in 1,4-dioxane (50.0 mL) was 

heated under refl ux with stirring at 80 – 100 ° C for 4 h. Aft er comple-

tion of the reaction, the pH was adjusted to neutral by the addition 

of 10% NaHCO 
3 

 solution and the mixture was poured into ice-cold 

water. The solid product  6a – m  was fi ltered, dried, and crystallized 

from absolute ethanol. 

  3-(5-(4-Morpholino-6-anilino-1,3,5-triazin-2-ylthio)-1,3,4-oxadi-
azole-2-yl)- 2H -chromene-2-one (6a)  Yield 68%; mp 118 – 120 ° C 

(from ethanol); IR (cm -1 ): 1725 (C = O), 1540 (C = N), 825 (C = N), 1210 

(C-O-C, oxadiazole), 3410, 1675 (NH), 1032 (C-O-C, ether), 2955 (CH), 

1470 (CH);  1 H NMR:  δ  9.18 (s, 1H, NH), 8.38 (s, 1H, Ar-H), 7.40 – 7.82 

(m, 4H, Ar-H), 7.63 (d, 2H,  J   =  7.5 Hz, Ar-H), 7.20 (d, 2H,  J   =  7.5 Hz, 

Ar-H), 6.81 (s, 1H, Ar-H), 3.12 (t, 4H,  J   =  7.1 Hz, CH 
2
 ), 3.32 (t, 4H,  J   =  

7.1 Hz, CH 
2
 );  13 C NMR:  δ  161.2 (C = O, coumarin), 146 (CH = C, couma-

rin), 116, 124.8, 126, 127, 128.3, 129.4, 153.6 (7C, coumarin), 161.4, 163.2 

(2C, C-O-C, oxadiazole), 178.4 (C-N, morpholine), 166.7 (C-NH, amino 

linkage), 182.2 (C-S), 116.4, 117.6, 122.3, 126.4, 126.5, 142.6 (6C, aroma-

tic amine), 48, 52, 57, 63 (4C, morpholine); MS: m/z 501 (M  +  ). Anal. 

Calcd for C 
24

 H 
19

 N 
7
 O 

4
 S (501.12): C, 57.48; H, 3.82; N, 19.55. Found: C, 

57.45; H, 3.85; N, 19.57. 

  3-(5-(4-(2-Chloroanilino)-6-morpholino-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6b)  Yield 60%; 

mp 141 – 143 ° C (from ethanol); IR (cm -1 ): 1700 (C = O), 1510 (C = N), 

830 (C = N), 1212 (C-O-C, oxadiazole), 3410, 1675 (NH), 1032 (C-O-C, 

ether), 2955 (CH), 1470 (CH);  1 H NMR:  δ  9.10 (s, 1H, NH), 8.42 (s, 1H, 

Ar-H), 6.75 – 8.04 (m, 8H, Ar-H), 3.12 (t, 4H,  J   =  7.1 Hz, -CH 
2
 ), 3.33 (t, 

4H,  J   =  7.1 Hz, CH 
2
 );  13 C NMR:  δ  161.2 (1C of -C = O coumarin ring), 146 

(1C -CH = C coumarin ring), 116, 125, 126, 127, 128, 129.2, 153.6 (7C, cou-

marin ring), 161.4, 163.2 (2C C-O-C oxadiazole ring), 178.4 (1C, s-triazine 

C-N of morpholine), 167.8 (1C, s-triazine C-NH of amino linkage), 181.6 
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(1C, s-triazine C-S mercapto oxadiazole), 116.4, 116.5, 128.4, 129.2, 135.5, 

143.6 (6C, aromatic amine), 48.2, 54.3, 62.6, 63.4 (4C, morpholine); MS: 

m/z 535 (M  +  ); mp 141 – 143 ° C, Anal. Calcd for C 
24

 H 
18

 N 
7
 O 

4
 SCl (535.96): C, 

53.78; H, 3.39; N, 18.29. Found: C, 53.76; H, 3.37; N, 18.28. 

  3-(5-(4-(3-Chloroanilino)-6-morpholino-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6c)  Yield 55%; mp 

130 – 134 ° C (from ethanol); IR (cm -1 ): 1705 (C = O), 1520 (C = N), 825 

(C = N), 1215 (C-O-C, oxadiazole), 3410, 1675 (NH), 1002 (C-O-C, ether), 

2955 (CH), 1470 (CH);  1 H NMR:  δ  9.18 (s, 1H, NH), 8.42 (s, 1H, Ar-H), 

6.81 – 7.90 (m, 8H, Ar-H), 3.11 (t, 4H,  J   =  7.1 Hz, CH 
2
 ), 3.32 (t, 4H,  J   =  

7.1 Hz, CH 
2
 );  13 C NMR:  δ  161.2 (C = O, coumarin), 146 (CH = C, coumarin), 

116, 125, 126, 127, 128.2, 129.1, 152.6 (7C, coumarin), 161.4, 164.2 (2C, C-

O-C, oxadiazole), 178.4 (C-N, morpholine), 166.7 (C-NH, amino linka-

ge), 182.2 (C-S), 117.4, 117.6, 129.4, 130.3, 135.5, 143.6 (6C, aromatic ami-

ne), 48.4, 54.5, 62.2, 63.7 (4C, morpholine); MS: m/z 535 (M  +  ). Anal. 

Calcd for C 
24

 H 
18

 N 
7
 O 

4
 SCl (535.96): C, 53.78; H, 3.39; N, 18.29. Found: C, 

53.76; H, 3.37; N, 18.27. 

  3-(5-(4-(4-Chloroanilino)-6-morpholino-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6d)  Yield 64%; mp 

160 – 164 ° C (from ethanol); IR (cm -1 ): 1700 (C = O), 1500 (C = N), 825 

(C = N), 1210 (C-O-C oxadiazole), 3406 (NH), 1671 (NH), 1032 (C-O-C, 

ether), 2960 (CH), 1475 (CH);  1 H NMR:  δ  9.10 (s, 1H, NH), 8.20 (s, 1H, Ar-

H), 7.45 – 8.04 (m, 4H, Ar-H), 7.42 (d, 2H,  J   =  7.5 Hz, Ar-H), 7.24 (d, 2H,  J   =  
7.5 Hz, Ar-H), 3.32 (t, 4H,  J   =  7.1 Hz, -CH 

2
 ), 3.11 (t, 4H,  J   =  7.1 Hz, CH 

2
 );  13 C 

NMR:  δ  161.2 (C = O), 146 (CH = C, coumarin), 116, 124.9, 126, 127, 128.1, 

129.4, 153.6 (7C, coumarin), 161.4, 163.2 (2C, C-O-C oxadiazole), 178.4 

(C-N, morpholine), 166.5 (C-NH, amino linkage), 182.2 (C-S), 117.4, 

117.6, 122.3, 127.5, 127.4, 139.6 (6C, aromatic amine), 47, 48.4, 59.4, 63.5 

(4C, morpholine); MS: m/z 535 (M  +  ). Anal. Calcd for C 
24

 H 
18

 ClN 
7
 O 

4
 S 

(535.96): C, 53.78; H, 3.39; N, 18.29. Found: C, 53.77; H, 3.41; N, 18.26. 

  3-(5-(4-Morpholino-6-( o -tolylamino)-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6e)  Yield 62%; mp 

181 – 185 ° C (from ethanol); IR (cm -1 ): 1725 (C = O), 1500 (C = N), 825 

(C = N), 1210 (C-O-C), 3410, 1675 (NH), 1122 (C-O-C), 2955 (CH), 1470 

(CH);  1 H NMR:  δ  9.05 (s, 1H, NH), 8.42 (s, 1H, Ar-H), 6.70 – 7.79 (m, 8H, 

Ar-H), 3.11 (t, 4H,  J   =  7.1 Hz, CH 
2
 ), 3.29 (t, 4H,  J   =  7.1 Hz, CH 

2
 ), 1.93 (s, 

3H, CH 
3
 );  13 C NMR:  δ  161.2 (C = O), 146 (CH = C), 116, 125.3, 126, 127, 128.6, 

129.8, 153.6 (7C, coumarin), 161.4, 163.2 (2C, C-O-C oxadiazole), 178.4 

(C-N, morpholine), 166.1 (C-NH, amino linkage), 182.2 (C-S),114.4, 

114.3, 122.3, 126.4, 126.5, 139.3 (6C, aromatic amine), 46.4, 49.3, 58.4, 

63.3 (4C, morpholine), 23.2 (CH 
3
 ); MS: m/z 515 (M  +  ). Anal. Calcd for 

C 
25

 H 
21

 N 
7
 O 

4
 S (515.54): C, 58.24; H, 4.11; N, 19.02. Found: C, 58.21; H, 

4.09; N, 19.04. 

  3-(5-(4-Morpholino-6-( m -tolylamino)-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6f)  Yield 68%; mp 

142 – 144 ° C (from ethanol); IR (cm -1 ): 1725 (C = O), 1540 (C = N), 825 

(C = N), 1210 (C-O-C), 3410, 1675 (NH), 1032 (C-O-C), 2955 (CH), 1470 

(CH);  1 H NMR:  δ  9.18 (s, 1H, NH), 8.42 (s, 1H, Ar-H), 6.59 – 7.85 (m, 8H, 

Ar-H), 3.12 (t, 4H,  J   =  7.1 Hz, CH 
2
 ), 3.32 (t, 4H,  J   =  7.1 Hz, CH 

2
 ), 1.90 (s, 

3H, CH 
3
 );  13 C NMR:  δ  161.2 (C = O), 146 (CH = C), 116, 125.2, 126, 127, 128.4, 

129.1, 153.6 (7C, coumarin), 161.4, 163.2 (2C, C-O-C), 178.4 (C-N, mor-

pholine), 166.4 (C-NH, amino linkage), 182.2 (C-S), 117.4, 117.6, 122.3, 

126.4, 126.5, 138.6 (6C, aromatic amine), 48.3, 54.3, 58.5, 64.2 (4C, 

morpholine), 23.4 (CH 
3
 ); MS: m/z 515 (M  +  ). Anal. Calcd for C 

25
 H 

21
 N 

7
 O 

4
 S 

(515.54): C, 58.24; H, 4.11; N, 19.02. Found: C, 58.26; H, 4.13; N, 19.1. 

  3-(5-(4-Morpholino-6-( p -tolylamino)-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6g)  Yield 59%; mp 

131 – 133 ° C (from ethanol); IR (cm -1 ): 1705 (C = O), 1559 (C = N-), 825 

(C = N), 1210 (C-O-C), 3410, 1675 (NH), 1032 (C-O-C), 2955 (CH), 1470 

(CH);  1 H NMR:  δ  9.18 (s, 1H, NH), 8.42 (s, 1H, Ar-H), 6.8 – 8.04 (m, 4H, 

Ar-H), 7.24 (d, 2H,  J   =  7.5 Hz, Ar-H), 7.09 (d, 2H,  J   =  7.5 Hz, Ar-H), 3.32 

(t, 4H,  J   =  7.1 Hz, -CH 
2
 ), 3.10 (t, 4H,  J   =  7.1 Hz, CH 

2
 ), 1.90 (s, 3H, CH 

3
 ); 

 13 C NMR:  δ  161.2 (C = O), 146 (CH = C, coumarin), 116, 124.9, 126, 127, 128, 

129.2, 153.6 (7C, coumarin), 161.4, 163.2 (2C, C-O-C), 178.4 (C-N, mor-

pholine), 166.8 (C-NH, amino linkage), 182.2 (C-S), 117.4, 117.6, 122.3, 

126.4, 126.5, 138.6 (6C, aromatic amine), 47.2, 52.4, 60.6, 62.1 (4C, mor-

pholine), 23.4 (CH 
3
 ); MS: m/z 515 (M  +  ). Anal. Calcd for C 

25
 H 

21
 N 

7
 O 

4
 S 

(515.94): C, 58.24; H, 4.11; N, 19.02. Found: C, 58.24; H, 4.10; N, 18.89. 

  3-(5-(4-(2-Methoxyanilino)-6-morpholino-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6h)  Yield 59%; mp 

132 – 134 ° C (from ethanol); IR (cm -1 ): 1710 (C = O), 1540 (C = N), 825 (C = N), 

1210 (C-O-C), 3410, 1675 (NH), 1032 (C-O-C), 2955 (CH), 1470 (CH);  1 H 

NMR:  δ  9.18 (s, 1H, NH), 8.42 (s, 1H, Ar-H), 7.42 – 7.84 (m, 4H, Ar-H), 

6.52 – 6.85 (m, 4H, Ar-H), 3.34 (s, 3H of OCH 
3
 ), 3.32 (t, 4H,  J   =  7.1 Hz, 

CH 
2
 ), 3.12 (t, 4H,  J   =  7.1 Hz, CH 

2
 );  13 C NMR:  δ  161.2 (C = O, coumarin), 

146 (CH = C, coumarin), 116, 125.2, 126, 127, 128.6, 129.5, 153.6 (7C, cou-

marin), 161.4, 163.2 (2C, C-O-C oxadiazole), 178.4 (C-N, morpholine), 

167 (C-NH, amino linkage), 182.2 (C-S), 117.4, 117.6, 122.3, 126.4, 126.5, 

138.6 (6C, aromatic amine) 45.3, 50.2, 54.8, 64.7 (4C, morpholine), 58.2 

(OCH 
3
 ); MS: m/z 531 (M  +  ). Anal. Calcd for C 

25
 H 

21
 N 

7
 O 

4
 S (515.94): C, 58.24; 

H, 4.11; N, 19.02; S, 6.03. Found: C, 58.24; H, 4.10; N, 18.99; S, 6.06. 

  3-(5-(4-(4-Methoxyanilino)-6-morpholino-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6i)  Yield 62%; mp 

154 – 157 ° C (from ethanol); IR (cm -1 ): 1725 (C = O), 1540 (C = N), 825 (C = N), 

1210 (C-O-C), 3410, 1675 (NH), 1032 (C-O-C), 2955 (CH), 1470 (CH);  1 H 

NMR:  δ  9.21 (s, 1H, NH), 8.39 (s, 1H, Ar-H), 7.42 – 8.04 (m, 4H, Ar-H), 7.24 

(d, 2H,  J   =  7.5 Hz, Ar-H), 7.09 (d, 2H,  J   =  7.5 Hz, Ar-H), 3.09 (t, 4H,  J   =  
7.1 Hz, -CH 

2
 ), 3.30 (t, 4H,  J   =  7.1 Hz, CH 

2
 ), 3.83 (s, 3H, OCH 

3
 );  13 C NMR: 

 δ  161.2 (C = O, coumarin), 146 (CH = C), 116, 124.8, 126, 127, 128.6, 129.4, 

153.6 (7C, coumarin), 161.4, 163.2 (2C, C-O-C), 178.4 (C-N, morpholine), 

166.6 (C-NH, amino linkage), 182.2 (C-S), 117.4, 117.6, 122.3, 126.4, 126.5, 

138.6 (6C, aromatic amine), 45.6, 50.6, 54.2, 64.4 (4C, morpholine), 

58.23 (OCH 
3
 ); MS: m/z 501 (M  +  ). Anal. Calcd for C 

25
 H 

21
 N 

7
 O 

5
 S: C, 56.49; 

H, 3.98; N, 18.45; S, 6.03. Found: C, 56.44; H, 3.99; N, 18.40; S, 6.00. 

  3-(5-(4-(2-Chloro-4-nitroanilino)-6-morpholino-1,3,5-triazin-
2-ylthio)-1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6j)  Yield 

43%; mp 152 – 156 ° C (from ethanol); IR (cm -1 ): 1700 (C = O), 1549 (C = N), 

820 (C = N), 1210 (C-O-C), 3400, 1670 (NH), 1232 (C-O-C), 2895 (CH), 

1470 (CH);  1 H NMR:  δ  9.05 (s, 1H, NH), 6.83 (s, 1H, Ar-H), 7.2 – 8.05 

(m, 5H, Ar-H), 8.10 (d, 2H,  J   =  7.1 Hz, Ar-H), 3.20 (t, 4H,  J   =  7.1 Hz, 

CH 
2
 ), 3.32 (t, 4H,  J   =  7.1 Hz, CH 

2
 );  13 C NMR:  δ  161.2 (C = O, coumarin), 

146 (CH = C, coumarin), 116, 125.2, 126, 127, 128.1, 129.6, 153.6 (7C, cou-

marin), 161.4, 163.2 (2C, C-O-C), 178.4 (C-N, morpholine), 166.6 (C-NH, 

amino linkage), 182.2 (C-S), 117.4, 120.6, 122.3, 126.4, 126.5, 138.6 (6C, 

aromatic amine), 48.3, 50.2, 60.2, 63.4 (4C, morpholine); MS: m/z 580 

(M  +  ). Anal. Calcd for C 
24

 H 
17

 ClN 
8
 O 

6
 S (580.96): C, 49.62; H, 2.95; N, 19.29. 

Found: C, 49.65; H, 2.93; N, 19.32. 

  3-(5-(4-Morpholino-6-(3-nitroanilino)-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6k)  Yield 61%; mp 

152 – 154 ° C (from ethanol); IR (cm -1 ): 1705 (C = O), 1510 (C = N-), 820 
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(C = N), 1190 (C-O-C), 3400 (NH), 1675 (NH), 1120 (C-O-C), 2955 (CH), 

1470 (CH);  1 H NMR:  δ  9.18 (s, 1H, NH), 8.42 (s, 1H, Ar-H), 6.8 – 8.04 

(m, 8H, Ar-H), 3.12 (t, 4H,  J   =  7.1 Hz, CH 
2
 ), 3.32 (t, 4H,  J   =  7.1 Hz, CH 

2
 ); 

 13 C NMR:  δ  161.2 (C = O, coumarin), 146 (CH = C, coumarin), 115, 125.7, 

126.4, 127, 128.5, 129.6, 153.6 (7C, coumarin), 161.4, 163.2 (2C, C-O-C, 

oxadiazole), 178.4 (C-N, morpholine), 166.3 (C-NH, amino linkage), 

182.2 (C-S), 117.4, 122.3, 126.4, 126.5, 143.3, 148.4 (6C, aromatic amine), 

47.2, 48.4, 57.5, 63.3 (4C, morpholine); MS: m/z 546 (M  +  ). Anal. Calcd 

for C 
24

 H 
18

 N 
8
 O 

6
 S (546.51): C, 52.74; H, 3.32; N, 20.50; S, 5.87. Found: C, 

52.69; H, 3.30; N, 20.48; S, 5.89. 

  3-(5-(4-Morpholino-6-(4-nitroanilino)-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6l)  Yield 68%; mp 

148 – 150 ° C (from ethanol); IR (cm -1 ): 1735 (C = O-), 1540 (C = N), 825 

(C = N), 1225 (C-O-C), 3410, 1675 (NH), 1032 (C-O-C), 2955, 1470 (CH);  1 H 

NMR:  δ  9.18 (s, 1H, NH), 8.42 (s, 1H, Ar-H), 6.8 – 8.04 (m, 4H, Ar-H), 7.24 

(d, 2H,  J   =  7.5 Hz, Ar-H), 7.09 (d, 2H,  J   =  7.5 Hz, Ar-H), 3.14 (t, 4H,  J   =  7.1 

Hz, CH 
2
 ), 3.33 (t, 4H,  J   =  7.1 Hz, CH 

2
 );  13 C NMR:  δ  161.2 (C = O, coumarin), 

146 (CH = C, coumarin), 116.2, 125, 126, 127.2, 128.1, 129.3, 153.6 (7C, cou-

marin), 161.4, 163.2 (2C, C-O-C), 178.4 (C-N, morpho line), 166.5 (C-NH, 

amino linkage), 182.2 (C-S), 117.4, 122.3, 126.4, 126.5, 143.3, 148.4 (6C, 

aromatic amine), 47.8, 49.4, 59.3, 63.3 (4C, morpholine); MS: m/z 546 

(M  +  ). Anal. Calcd for C 
24

 H 
18

 N 
8
 O 

6
 S (546.51): C, 52.74; H, 3.32; N, 20.50; S, 

5.87. Found: C, 52.68; H, 3.30; N, 20.46; S, 5.89. 

  3-(5-(4-Morpholino-6-(2,4-dinitroanilino)-1,3,5-triazin-2-ylthio)-
1,3,4-oxadiazole-2-yl)- 2H -chromene-2-one (6m)  Yield 58%; 

mp 168 – 170 ° C (from ethanol); IR (cm -1 ): 1712 (C = O), 1520 (C = N), 830 

(C = N), 1210 (C-O-C), 3410, 1675 (NH), 1130 (C-O-C), 2905, 1470;  1 H 

NMR:  δ  9.05 (s, 1H, NH), 8.85 (s, 1H, Ar-H), 7.1 – 8.04 (m, 5H, Ar-H), 8.40 

(d, 1H,  J   =  1.5 Hz, Ar-H), 7.19 (m, 1H, Ar-H), 3.15 (t, 4H,  J   =  7.1 Hz, CH 
2
 ), 

3.34 (t, 4H,  J   =  7.1 Hz, CH 
2
 );  13 C NMR:  δ  161.2 (C = O, coumarin), 146 

(CH = C, coumarin), 114.9, 125.7, 126.2, 127.0, 128.3, 129.1, 153.6 (7C, cou-

marin), 161.4, 163.2 (2C, C-O-C), 178.4 (C-N, morpholine), 166.5 (C-NH, 

amino linkage), 182.2 (C-S), 117.4, 120.7, 126.4, 138.5, 138.6, 149.3 (6C, 

aromatic amine), 47.3, 51.2, 57.3, 62.5 (4C, morpholine); MS: m/z 591 

(M  +  ). Anal. Calcd for C 
24

 H 
17

 N 
9
 O 

8
 S (591.51): C, 48.73; H, 2.90; N, 21.31; S, 

5.42. Found: C, 48.69; H, 2.88; N, 21.36; S, 5.40.  

   In vitro  evaluation of antimicrobial activity 
 The synthesized coumarin derivatives  6a – m  were evaluated for 

antimicrobial activity against several bacteria ( S. aureus  MTCC 96, 

 Bacillus cereus  MTCC 619,  Escherichia coli  MTCC 739,  S. typhi  MTCC 

733) and fungi ( A. niger  MTCC 282,  A. clavatus  MTCC 1323) species 

using the paper disc diff usion technique [33]. The Mueller-Hinton 

agar media were sterilized (autoclaved at 120 ° C for 30 min), poured 

at uniform depth of 5 mm, and allowed to solidify. The microbial sus-

pension (105 CFU/mL) (0.5 McFarland Nephelometry Standards) was 

streaked over the surface of the media using a sterile cotton swab to 

ensure even growth of the organisms. The tested compounds were 

dissolved in dimethyl sulfoxide to give solutions of 3.12 – 100  μ g/mL. 

Sterile fi lter paper discs measuring 6.25 mm in diameter (Whatman 

no. 1 fi lter paper), previously soaked in a known concentration of the 

respective test compound in dimethyl sulfoxide, were placed on the 

solidifi ed nutrient agar medium that had been inoculated with the 

respective microorganism and the plates were incubated for 24 h at 

37   ±   1 ° C. A control disc impregnated with an equivalent amount of 

dimethyl sulfoxide without any sample was also used and did not 

produce any inhibition. Penicillin and streptomycin (100  μ g/disc) 

were used as control drugs for antibacterial and griseofulvin (100  μ g/

disc) for antifungal activity, respectively. Minimum inhibitory con-

centrations (MICs) of the compounds were determined by the agar 

streak dilution method [34]. A stock solution of the synthesized com-

pound (100  μ g/mL) in dimethyl sulfoxide was prepared and graded 

quantities of the test compounds were incorporated in a specifi ed 

quantity of molten sterile agar, that is, nutrient agar for evaluation 

of antibacterial and sabouraud dextrose agar for antifungal activity, 

respectively. The medium containing the test compound was poured 

into a Petri dish at a depth of 4 – 5 mm and was allowed to solidify 

under aseptic conditions. A suspension of the respective microorgan-

ism of approximately 105 CFU/mL was prepared and applied to plates 

with serially diluted compounds with concentrations in the range of 

3.12 – 100  μ g/mL in dimethyl sulfoxide and incubated at 37   ±   1 ° C for 

24 h (bacteria) or 48 h (fungi). The lowest concentration of the sub-

stance that prevents the development of visible growth was reported 

as the MIC value.    
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