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Abstract - 3-(3'-Thiane)-11,2'.4'-triazol-5'-ylcoumarin (1) was prepared via 

condensation of 3-ethoxycarbonylcoumarin with thiosemicarbazide in boiling 

pyridine. The reaction of coumarin (I) with primary amines and hydrazines takes 

place by nucleophilic attack an the thiane group to give 3-(3'-amino)-lt.2',4'- 

triazol -5'-ylcaumarins (a o r  2b) and 3-(3'-hydraziny1)-1',2',4'-triazol-5- 

ylcoumarins (H). Condensation of &with aromatic aldehydes gave the corres- 

ponding 3-(3'-arylidenehydrazonyl)-l',2',4'-triazol-5'-ylcoumarins (&-z). 
Alkylatian of coumarin (I) with methyl iodide and ethyl chloroacetate gave 3- 

(I'-methyl-3'-methylthio)-1',2',4'-triazal-5'-ylcoumarin (E) and 3-(3'-ethoxy- 

carbonylrueth~lthio)-1',2',i'-triazol-5'-ylcoumarin ('3) respectively. Addition 

of car,pound (1) to acrylonitrile or methyl vinyl ketone under Michael addition 

conditions afforded the 3-[3'-(2"-cyanoethylthioj]-1' ,2 '  ,4'-triazol-5'-ylcou- 

marin (Ila) and 3[3'-(3-oxobutylthio)]-1',2',4'-triazol-5'-ylcoumin (G) 

and addition of (1) to Schiff bases afforded 3-[3'-(a-arylaminobenzylthio)]- 

1',2',4'-triaz01-5'-~lcoumarins (a-s). The antibacterial and antifungal acti- 

vities of some compounds have been described. 

Introduction 

As extension of our studies on coumarin deri~atives,''~ we intended to prepare 3-(3'- 

thi0ne)-1',2',4'-triazol-5'-~lcoumarin in order to establish the reactivity of the carbanyl 

groups of the a-pyrane and the thione group of the triazale rings toward some nitrogen 

nucleophiles, carbon nucleophiles and carbon electrophiles. The 3-(3'-thione)-1',Z1,4'- 

tciazal-5'-ylcoumarin (I) was prepared by condensation of 3-ethoxycarbonylcoumarin  with 

thiasemicarbazide in bailing pyridine. The formation of 1 may proceed by the initial 

nucleophilic attack of the amino group to the ester carhonyl without attack at the carbonyl 
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of the a-pyrone ring fallowed by cyclization as shown in Scheme 1. 

1 - 
Scheme 1 

It has been that the a,4-unsaturated a-pyrane ring in coumarin derivatives 

had not been opened by primary amines, while the action of hydrazines caused the hetero- 

cyclic ring oGening of coumarin.' The reaction of compound (1) with primary amine namely. 

benzylamine or 2,5-dimethylaniline in boiling ethanol gave the 3-(3'-amino)-11,2',4'- 

triazol-5'-ylcoumarins (& or 2). Also, the reaction of 1 with hydrazine hydrate or 

phenylhydrazine gave the corresponding 3-(3'-hydcazinyl)-l',2',4'-triazol-5'-ylcoumarins 

(M). The formation of 2 proceeds by the nucleophilic attack at the thione group only. 

The condensation of & with aromatic aldehydes namely, benzaldehyde, anisaldehyde, p 

chlorobenzaldehyde. pIitrobenzaldehyde, phydroxybenzaldehyde, m-hydroxybenzaldehyde 

and 1-1,x-dimethylaminobenzaldehyde yielded the corresponding 3-(3'-arylidenehydrazony1)- 

11,2',4'-triazol-5'-ylcoumarins (&-I). 

The reaction of & with acetylacetone or ethyl acetoacetate in bailing ethanol gave 

3-[3'-(3",5"-dimethyl- or 3"- methyl-5"-ouopyrazoL-5'-yl)]-1' ,2'.4'-triazol-5'-ylcoumarin 

(ft) or (2) respectively. 

The behaviour of & as a nucleophile was further established by condensation with ethyl 

chloroformate or ethyl ketone in refluxing ethanol to afford the corresponding products 

(6) ,  ( I )  respectively (cf. Scheme 2). 
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The alkylation of 1 with methyl iodide in ethanolic sodium hydroxide gave 3-(1'-methyl- 

3'-methy1thio)-1',2',4'-triazol-5'-ylcouin (B), on the other hand, alkylation of 

1 with ethyl chloraacetate and anhydrous potassium carbonate in dry acetone occured - 
at the thione group only and not at the NH group of the cyclic system to give 3-(3'- 

ethoxycarbonylmethylthio)-l',2',4'-triazol-5'-ylcaumarin (9).  The structure of 2 was 

established from the condensation of 2 with aniline yielded (u) (Scheme 3). 

The presence of thione-thiol equilibrium in compound (1) promoted us to study the beha- 

viour of the active thiol group towards activated olefinlc bond such as acrylonitrile 

or methyl vinyl ketone in the presence of anhydrous potassium carbonate under Michael 

reaction condition to give 3-[3'-(2"-cyanoethylthio)]-1',2',4'-triazol-5'-ylcoumarin 

(la) and 3-[3'-(3-oxobutylthio)]-1',2',4'-triazol-5'-ylcoumarin (m). Also, the addi- 
tion of compound (1) to Schiff bases in the presence of sodium ethoxide gave the corres- 

ponding 3-[3'-(~-arylaminobenzylthio)l-1',2',4'-triazol-5'-ylcouarins &-2). 

7 
We also investigated the behaviour of compound (I) toward ethylmagnesium iodide under 

Gerignard reaction conditions to give 3-(3'-thiol-1',2',4'-triazol-5'-yl)-2.2.4-triethyl- 

chroman (13) (cf. Scheme 3). Although the stereochemistry of compound ( )  reveals four 

stereoisomers, but all chemical and physical methods for isolation of these isomers 

has been failed. 

Antimicrobial Activity 

8 
Antibacterial activity was determined by the following agar-diffusion technique against 

E. coli, P. aeruginosa and S. aureas. Compounds (lJ, (&), (a), , (2q), (21, (8) - 
and (B) showed 80% activity at 500 ppm concentration level. Also, antifungal activity 

against A. m, P .  digitaturn and T. viride using agar-plate diffusion technique9 in 

5% DMF and acetone has been screened. Most of the screened compounds showed about 65% 

inhibition at the concentration of 500 ppm. Compounds (L), (A), (5). (B), (A) and (u) 
shoved mare than 75% inhibition at lower concentration (250 ppm) see Table 2. 

EXPERIMENTAL 

Melting points are uncorrected. Ir spectra (KBr)  were measured on a Perkin-Elmer infra- 

1 
cord 137 spectrophotometer. The H-nmr spectra were recorded of 60 MHz on a Varian EM- 

360-L spectrometer using TMS as internal standard. 
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Formation of 3-(3'-thione)-1',2',4'-triazol-5'-ylcounarin (1) 

A mix ture  of 3-ethoxycarbonylcoumarin (2.17 g, 0.01 mol) and th iosemicarbaz ide  (O.Ol.mo1) 

i n  30 m l  of p y r i d i n e  was re f luxed  f o r  5  h. The s o l u t i o n  was poured i n t o  i c e / l 0 %  HC1, 

then  t h e  s o l i d  s e p a r a t e d  was f i l t e r e d ,  d r i e d  and r e c r y s t a l l i z e d  from a c e t i c  a c i d  t o  g i v e  

(1.6 g ,  65%) of coumarin ( 1 .  I r :  3180 - 3285 (VNH), 1690 (VC=O), 1630 (VC=N), 1620 

(vC=C) and 1180 cm-' (vC=S). '~-Nmr (DMSO-d6) : 6 6.8 - 8.8 (m, 5H, ArH + 1 H  o l e f i n i c ) ,  

9 . 6  (bc ,  1 H  of SH r a t i o  44.6) and 10.2, 11.4 ( b r ,  2H of  NH and NHC-S r a t i o  55.4, 44.6) .  

React ion of compound (I) w i t h  pr imary amines and hydrazines:  Formation of 3-(3'-substi- 

t u t e d )  1',2',4'-triazol-5'-ylcownarins Q-d) 

A s o l u t i o n  of compound ( )  (2.46 g ,  0.01 mol) and benzylamine, 2 ,5 -d imethy lan i l ine ,  

hydraz ine  hydra te  o r  phenylhydrazine (0.01 mal) i n  e t h a n o l  (50 ml) was cef luxed f o r  

5  h. The h o t  r e a c t i o n  mixture was f i l t e r e d  o f f  then cooled.  The s o l i d  separa ted  was 

f i l t e r e d ,  d r i e d  and r e c r y s t a l l i z e d  from e t h a n o l  t o  give @-a. I r  G-d) 1690 - 1695 (VCO), 

1610-  1615 (vC=N) and 3180 - 3370 cm-I (VNH). '~-Nmr (a) (DMSO-d6) : 6  3.2 ( s ,  2H, CH2- 

Ph) ,  4 . 3  ( s ,  l H ,  NH), 7.2 - 8.6 (m, 10H, Ar-H and c y c l i c  CH=C) snd 10.6 ( b r ,  IH, NH 

c y c l i c ) ;  '~-nmr of b (CDC13) : 6  2.2, 2.4 (Zxs, 6H, 2xCH3), 4.7 ( b r ,  IH, NH), 6 .8  - 7.6 

(m, 8 H ,  ArH an,i c y z l i c  CH=C) and 10.5 ( b r ,  lH, c y c l i c  NH); '~-nmr of 2 (CDC13) : 6  4.2- 

5.0 ( b r ,  m,  3H, NHNH2),6.6-7.5 (m, 5H, ArH and cycl ic  CH=C) and 10.6 ( b r ,  l H ,  c y c l i c  NH); 

'~-nmr of 3 (CDC13) : 6  5.3 ( b r ,  2H, NH-NH), 6.6 - 7.2 (m, 10H, ArH and c y c l i c  CH=C) 

and 10.7 ( b r ,  l H ,  c y c l i c  NH). 

Condensation of compound Lk) w i t h  a romat ic  aldehydes:  Formation of  3-(3'-N-arylidene- 

hydrazony1)-1' ,2' ,4'-triazol-5'-ylcoumarins Oa-g) 

A mix ture  of 2 (2.43 g ,  0 .01 mol) and benzaldehyde, an i sa ldehyde ,  p c h l o r o b e n z a l d e h y d e ,  

p n i t r o b e n z a l d e h y d e ,  phydroxybenza ldehyde ,  phydroxybenza ldehyde  o r  pl4,l-dimethylamino- 

benzaldehyde (0.01 mol) i n  e t h a n o l  ( 3 0  ml) was ref luxed f o r  5  h. The ho t  r e a c t i o n  mix ture  

was f i l t e r e d  o f f  and then cooled i n  an  ice-bath.  The s o l i d  separa ted  was f i l t e r e d  o f f ,  

d r i e d  and c r y s t a l l i z e d  from e t h a n o l  t o  g i v e  %-A. I r  (&-x) 3300 - 3250 (VNH), 1695- 

1685 (vCO), 1625 - 1615 cm-I (vC=N). I H - N ~ ~  of  2 (DMSO-d6) : 6  6 . 4  - 8.8 (m,  113, ArH 

and 2H, C=CH) and 10.7 ( b r ,  l H ,  NH c y c l i c ) ;  k n m r  of 3 (CDC13) :6  3 . 6  (s ,  3H, 0CH3). 

1 6.4 - 8 .3  (m, 11H, AcH, 2xCH= and NH) and 10.7 ( b r ,  1 H ,  c y c l i c  NH); H-nmr of 2 (CDC13): 
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6  6.5 - 8 .2  (m, 11H, ArH, 2CH= and NH) and 10.7 ( b c ,  s ,  l H ,  c y c l i c  NH); '~ -nmr  of 3 
1  

(CDC13) : 6 7 . 1  - 8.9 (m, 11H, ArH, 2xCH= and NH) and 10.7 ( b r ,  s ,  1 H ,  c y c l i c  NH); H-nmr 

of & (CDC13) : 6 4 . 3  ( s ,  l H ,  OH), 6 . 6  - 8.4 (m, 11H, ArH, 2xCH= and NH) and 10.7 ( b r ,  

1 s ,  1H, NH c y c l i c ) ;  H-nmr of  3f (CDC13) : 6  4 .3  ( s ,  1 H ,  OH), 6 .4 - 8.2 (m, 11H, ArH, 

1 
2H, CH= and 1H, NH) and 10.7 ( b r ,  s ,  1H, c y c l i c  NH); H-nmr of  (CDC1 ) : 6  3.2 - 3.4 3  

[Zxs, 6H, N(CH3)Z], 6.3 - 8 . 3  (m, 1 1 H ,  ArH, 2xCH= and NH) and 10.6 ( b r ,  s ,  1H, cyc l ic  NH). 

Condensation of compound &) w i t h  a c e t y l a c e t o n e ,  e t h y l  a c e t o a c e t a t e ,  e t h y l  ch loroformate  

and e t h y l  methyl ketone : Formation of f? .  5, 6 and 1 

A s o l u t i o n  of compound (&) (2.43 g ,  0 .01 mol) and a c e t y l a c e t o n e ,  e t h y l  a c e t o a c e t a t e ,  

e t h y l  chloroformate o r  e t h y l  methyl ke tone  (0.01 mol) i n  e t h a n o l  ( 3 0  ml) was hea ted  under  

r e f l u x  5  h .  The h a t  r e a c t i o n  m i x t u r e  was f i l t e r e d ,  then cooled .  The s o l i d  s e p a r a t e d  was 

f i l t e r e d ,  d r i e d  and r e c r y s t a l l i z e d  from e thanol .  4 : I r  : 1620 (VC=N), 1640 (VCO) and 

3200 cm-I (vNH). 'H-timr (CDC13) : 6  2.3 - 2 .5  (2xs ,  6H, 2CH3), 6 . 7  - 8 . 1  (m, 6H, ArH, 

1 
C=CH) and 10.8 ( b r ,  1H, NH). 5 : I r  : 1650 (VCO) and 1630 cm-I (vC=N). H-Nmr (CDC13) : 

6 2.3 ( s ,  3H, CH3), 6 .8  - 8 . 3  (m, 5H, ArH and C=CH) and 10.7 ( b r ,  1 H ,  c y c l i c  NH). I r  (5 

and 1) 1690 (VCO), 1625 (VC=N) and 3250 - 3300 cm-I (VNH). ' ~ - ~ m r  of 6 (CDC13) : 6  5.4 

( b r ,  2H, NH-NH,, 6 .7  - 8 . 1  (m, 5H, ArH and C=CH) and 10.6 ( b r ,  1 H ,  c y c l l c  NH); '~-nmr of  

7  (CDC13) : 6  1 . 2  ( t ,  J=7 Hz, 3H, CH2-CK3), 1.7 ( s ,  3H, CH3), 2 .0  ( q ,  J=7 Hz, Cg2CH3), - 
6.6 - 8.1 (m, 5H, ArH, CH=C) and 10.4 ( b r .  1H, c y c l i c  NH). 

A l k y l a t i o n  of compound (l) with  methyl  i o d i d e  : Formation of  8 

A mixture of compound (1) (2 .46  g ,  0.01 mol) and methyl i o d i d e  (1.42 g ,  0 ,01  mol) i n  

e t h a n o l  ( 1 0  ml) was re f luxed  f o r  1 5  h  t o g e t h e r  with aqueous NaOH (10  m l ,  20%). The 

r e a c t i o n  mixture was cooled ,  n e u t r a l i z e d  wi th  ice/ lO% HC1 and e x t r a c t e d  wi th  e t h e r .  The 

s o l i d  produced a f t e r  evapora t ion  of  e t h e r  was c r y s t a l l i z e d  from e t h a n o l  t o  g i v e  8. I r  : 

1630 (VC=N) and 1730 cm-' (vC=O). '~-Nmr (CDC13) :6  3.0 (s, 3H, S-CH3), 6 .4 - 8.2 (m, 

5H, ArH and C=CH) and 10.4 ( b r ,  l H ,  c y c l i c  NH). 

Alkyla t ion  of compound Q) with  e t h y l  c h l o r o a c e t a t e  : Formation of  2 

A mix ture  of compound (1) (2.46 g ,  0.01 mol) ,  e t h y l  c h l a r a a c e t a t e  (1.23 g ,  0 .01 mol) 

and potassium carbona te  (5.52 g ,  0.04 mol) i n  dry ace tone  (30 ml)  was heated under r e f l u x  

f o r  15 h. Af te r  evapora t ion  o f  excess s o l v e n t ,  t h e  r e a c t i o n  product  was poured i n t o  
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ice/lO% HCI, f i l t e r e d ,  dried and c rys t a l l i zed  from ethanol t o  g ive  2. I r  : broad 1710- 

1740 (VCO), 1620 (VC=N) and broad 3160 - 3300 cm-' (vNH). l ~ - ~ m r  (CDC13) : 6 2.2 ( s ,  2H, 

CH2COO), 3.5 ( t ,  J=7 Hz, 3H, CH2Cg3), 4.1 ( q ,  J=7 Hz, 2H, CF12CH3), 6.6 - 8.3 (m, 5H, 

ArH and C=CH) and 10.2 (b r ,  l H ,  cyc l i c  NH). 

Condensation of compound (9) with a n i l i n e  : Formation o f  compound o) 
A mixture of compound (2) (3.31 g,  0.01 mol) and a n i l i n e  (0.93 g,  0.01 mol) was dissolved 

i n  ethanol (30 ml). The mixture was heated f o r  5  h,  cooled, poured i n t o  ice/lO% HC1 and 

the  so l id  separated was c rys t a l l i zed  from ethanol t o  give (1.5 g, 50%) of 10. ' ~ - ~ m r  

(DMSO-d6) : 6  2.7 ( s ,  2H, CH2-S), 6.8 - 8.0 (m, 10H, ArH and cyc l i c  CH=C), 9.2 (b r ,  l H ,  

NH-Ph) and 10.8 ( b r ,  lH, cyc l i c  NH). 

Reaction of compound (l) with a c r y l o n i t r i l e  o r  methyl vinyl ketone : Formation of &, b 

A mixture of compound (1) (2.46 g ,  0.01 mol) and a c c y l o n i t r i l e  o r  methyl vinyl ketone 

(0.01 mol) dissolved i n  ethanol (30 ml) and anhydrous sodium carbonate (2.12 g ,  0.02 

mol) was heated f o r  5  h.  The reaction mixture was poured i n t o  ice/lO% HC1 mixture and 

the  so l id  products were f i l t e r e d  o f f ,  dried and c rys t a l l i zed  fro1.1 ethanol t o  give I&, 
1 .  

b. a : I r  : 1620 (VC=N), 1690 (VCO), 2200 (vC=N) and 3180 cm-I (br ,  vNH). h-Nmr (DMSO- - 
d6) : 6 3.2 and 4.5 (Zxt,  J=7 Hz, 4H, CH2CH2), 6.9 - 8.3 (m, 5H, ArH and cyc l i c  CH=C) 

and 10.1 ( s ,  l H ,  NH). Ilb : I r  : 1690, 1700 (VCO) and 3220 cm-' (VNH). l ~ - ~ m r  (DMSO-d6): 

6 2 . 5 ( s ,  3H, CH3), 3.0,  3.6 (Zxt, J = 6  Hz, 4H, CH2CH2), 7.0 - 7.9 (m, SH, ArH + CH=C 

cyc l i c ) ,  10.3 (s, 1H,  cyc l i c  NH). 

Reaction of compound (l) with Schiff  bases : Formation of compound (12a-c) 

A mixture of L ( 2 . 4 6  g ,  0.01 mol) and t h e  respective Schiff base (0.01 mol) was dissolved 

i n  sodium ethoxide so lu t ion  [formed from 0.7 g  (0.03 mol) of meta l l ic  sodium i n  ethanol 

(30 ml)] was heated f o r  3  h. The so l id  t h a t  separated a f t e r  cooling was c rys t a l l i zed  

from ethanol t o  g ive  &-r. &-c : I r  : 1210 (VC-S), 1620 - 1630 (VC=N), 1680 - 1715 

(VCO) and 3150 - 3420 cm-I (VNH and OH). : l ~ - N m r  (CDC13) : 6 2.9 ( s ,  1H, SCHAr), 

6.0 (b r ,  l H ,  NHCH), 6.6 - 8.4 (m, lSH, ArH and cyc l i c  CH=C) and 10.3 (b r ,  l H ,  cyc l i c  

NH). : ' ~ 4 m r  (CX13) : 6 3  ( s ,  l H ,  SCHAr), 4.3 ( s ,  l H ,  OH), 6 .1  (b r ,  lH, NHCH), 6.6- 

1  
8.2 (m, 14H, ArH, c y c l i c  CH=C) and 10.6(br, s, l H ,  cyclic NH). & : H-Nmc (CDC13) 2.3 ( s ,  

3Hs CH3), 2.9 ( s ,  1H, SCHAr), 3.2 - 3.4 I s ,  6H, N(CH3)2], 6.5 - 8.3 (m, 13H, ArH and 

cycl ic  C=CH) and 10.5 (b r ,  l H ,  cyc l i c  NH). 
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Reac t ion  of Gr ignard  reagen t  w i t h  compound (1) : Formation of 13 

To t h e  Grignard reagen t  prepared from magnesium (0.96 g ,  0.04 mol) and e t h y l  i o d i d e  

(6.24 g ,  0.04 mol) i n  e t h e r  (100 ml) was added a  suspens ion  of 1 (2 .46 g ,  0.01 mol) i n  

e t h e r  ( 5 0  ml).  The r e a c t i o n  mix ture  was hea ted  f o r  2  h ,  decomposed w i t h  s a t .  aqueous 

ammonium c h l o r i d e  s o l u t i o n  and t h e  aqueous l a y e r  was e x t r a c t e d  with e t h e r  which was eva- 

pora ted .  The r e s i d u e  was washed w i t h  l i g h t  petroleum (bp  40/60°C) and c r y s t a l l i z e d  from 

-1 1 e t h a n o l  t o  g i v e  13 (1.7 g, 53%).  IR : 1630 cm (VC=N); H-nmr (CDC1 ) : 6 0 .9  ( t ,  J=7 Hz, 
3  

9H, CE3-CH2-), 1 . 3  ( q ,  J=7 Hz, 6H, -CE2-CH3), 1 .5  (m, IH, c y c l i c  C4), 1.7 ( d ,  J = 7  Hz, 

IH, c y c l i c  C3), 6.6 - 8.4  (m, 4H, ArH), 9 . 6  ( b r ,  IH, SH r a t i o  44.6) and 10.2,  11.4 ( b r ,  

2H, NH and NHC=S, r a t i o  55.4:44.6).  

T a b l e  1 : P h y s i c a l  and A n a l y t i c a l  Data o f  Compounds (1-13) 

Ana lys i s  Found / Calcd 
Sample mp y i e l d  % Mol. Formula 

"C C H N S 
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T a b l e  1 : Cont inued  

A n a l y s i s  Found / C a l c d  
Sample mP 

O C  
y i e l d  % Mol. f o r m u l a  

C H N S 
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Table 2 : Antimicrobial Activity 

Comp. E. coli P. aeruginosa S .  aureus A. niger P. digitatum T. virid 

- No antibacterial activity. 

+ Mild activity. 

++ Moderate activity. 

+++ Marked activity. 
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