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SYNTH. REACT. INORG. MET.-ORG. CHEM., 27(9), 1261-1275 (1997) 

SYNTHESIS, PHYSICO-CHEMICAL AND BIOLOGICAL STUDIES ON 

OXOVANADIUM(1V) COMPLEXES WITH THIOSEMICARBAZONES DERIVED 

FROM THIOPHENE-2-ALDEHYDE 

S. Y a d a v ,  G. K ,  P a n d e y ,  0. P. P a n d e y  and S. K. S e n g u p t a *  

D e p a r t m e n t  of Chemistry, Universi ty  o f  Gorakhpur, Gorakhpur-273009, I n d i a  

ABSTRACT 

Oxovanad ium(1V)  c o m p l e x e s  o f  t h e  t y p e s  [VOLz]  a n d  [VO(LH)2]S04  

( w h e r e  L H  = t h i o s e m i c a r b a z o n e s  d e r i v e s  f r o m  t h i o p h e n e - 2 - a l d e h y d e  

a n d  v a r i o u s  s u b s t i t u t e d  t h i o s e m i c a r b a z i d e s )  h a v e  b e e n  

s y n t h e s i z e d  a n d  c h a r a c t e r i s e d  o n  t h e  b a s i s  o f  e l e m e n t a l  a n a l y s e s ,  

c o n d u c t a n c e ,  m a g n e t i c  moments  a n d  s p e c t r a l  ( e l e c t r o n i c  a n d  

I R )  d a t a .  T h e  a n t i f u n g a l ,  a n t i v i r a l  a n d  a n t i b a c t e r i a l  a c t i v i t i e s  

of  t h e  c o m p l e x e s  w e r e  a l s o  i n v e s t i g a t e d .  

INTRODUCTION 

T h i o s e m i c a r b a z o n e s  a n d  t h e i r  metal  c o m p l e x e s  p o s s e s s  a w i d e  

r a n g e  o f  b i o l o g i c a l  a p p l i c a t i o n s :  a n t i t u m o r ,  a n t i v i r a l ,  

a n t i b a c t e r i a l ,  a n t i m a l a r i a l ,  a n d  a n t i  f u n g a l  a c t i v i t i e s  h a v e  

b e e n  ~ t u d i e d l - ~ .  T h e  b i o l o g i c a l  a c t i v i t y  o f  t h e  metal  c o m p l e x e s  

i s  o f t e n  found  t o  b e  g r e a t e r  t h a n  t h a t  o f  t h e  u n c o m p l e x e d  

l i g a n d .  The  n a t u r e  o f  t h e  g r o u p ( s )  a t t a c h e d  t o  4N seems t o  
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1262 YADEV ET A L .  

a f f e c t  t h e  b i o l o g i c a l  p r o p e r t i e s .  S i n c e  t h e  d i s c o v e r y 5  t h a t  

2 - f o r m y l p y r i d i n e  t h i o s e m i c a r b a z o n e  p o s s e s s e s  a n t i t u m o r  a c t i v i t y ,  

much a t t e n t i o n  h a s  b e e n  d i r e c t e d  t o w a r d s  t h e  s y n t h e s i s  o f  

h e t e r o c y c l i c  t h i o s e m i c a r b a z o n e s  a n d  t h e i r  metal  c o m p l e x e s  

a s  p o t e n t i a l  a n t i c a n c e r  a g e n t s .  H e t e r o c y c l i c  t h i o s e m i c a r b a z o n e s  

e x e r c i s e  t h e i r  b e n e f i c i a l  t h e r a p e u t i c  p r o p e r t i e s  i n  mammalian 

c e l l s  b y  i n h i b i t i n g  r i b o n u c l o t i d e  r e d u c t a s e ,  a k e y  enzyme 

i n  t h e  s y n t h e s i s  o f  D N A  p r e c u r s o r s 6 .  T h e i r  a b i l i t y  t o  p r o v i d e  

t h i s  i n h i b i t o r y  a c t i o n  i s  t h o u g h t  t o  b e  d u e  t o  c o o r d i n a t i o n  

oi t h e  metal  v i a  t h e  N-N-S t r i d e n t a t e  c h e l a t i n g  s y s t e m 7 I a .  

I n  t h i s  p a p e r ,  w e  r e p o r t  s t u d i e s  o n  o x o v a n a d i u m ( 1 V )  c o m p l e x e s  

w i t h  v a r i o u s  t h i o s e m i c a r b a z o n e s  d e r i v e d  b y  t h e  c o n d e n s a t i o n  

o f  v a r i o u s  N-subs t  i t u t e d  t h i o s e m i c a r b a z i d e s  a n d  t h i o p h e n e -  

2 - a l d e h y d e .  T h e  s t r u c t u r e s  o f  t h e  v a r i o u s  l i g a n d s  u s e d  f o r  

t h e  p r e s e n t  work a r e  shown i n  F i g .  1. 

RESULTS AND DISCUSSION 

Thereactionsofoxovanadium(1V) s u l p h a t e w i t h t h i o s e m i c a r b a z o n e s  

h a v e  b e e n  s t u d i e d  i n  m e t h a n o l  i n  t h e  p r e s e n c e  o f  a n  a l c o h o l i c  

s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e  o r  i n  t h e  a b s e n c e  o f  a b a s e .  

Two t y p e  o f  p r o d u c t s  v i z . ,  [VOLz] a n d  [VO(LH)2]SOq h a v e  b e e n  

i s o l a t e d .  T h e  r e a c t i o n s  a p p e a r  

+ LH M e t h a n o l  voso4 
KOH 

VOSOq + 2 LH M e t h a n o l  

w h e r e  

t o  p r o c e e d  a s  shown be low:  

LH = TPTH, TMTH, TMOTH, TCTH o r  TBTH. 
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OXOVANADIUM(1V) COMPLEXES 

3 

R 

1263 

(Thione form) 

( T h i o l  form) 

R = H (TPTH), 4-CH3(TMTH), 4-OCH3(TMOTH), 4 4 1  (TCTH), 

4-Br (TBTH) 

F i g .  1. S t r u c t u r e  of the L i g a n d s  

The a n a l y t i c a l  d a t a  o f  t h e  c o m p l e x e s  are  g i v e n  i n  T a b l e  I. 

The complexes a r e  brown c o l o u r e d  s o l i d s ,  which  a r e  s o l u b l e  

i n  DMF, DMSO, n i t r o b e n z e n e  and  THF. Low v a l u e s  o f  m o l a r  

c o n d u c t a n c e s  (8-10 cm-2 mole-') i n  d i m e t h y l f o r m a m i d e  

f o r  [ V O L z ]  t y p e  c o m p l e x e s  show t h e s e  complexes  t o  b e  non- 

e l e c t r o l y t e s .  However, t h e  c o m p l e x e s  o f  t h e  t y p e  [VO(LH)z]S04 

show h i g h  v a l u e s  of  c o n d u c t a n c e s  (90-110 m o l e - I ) ,  

i n d i c a t i n g  1:2 e l e c t r o l y t i c  n a t u r e  o f  t h e  complexes .  

M a g n e t i c  Moments and E l e c t r o n i c  Spectra 

The room t e m p e r a t u r e  m a g n e t i c  moments o f  t h e  oxovanadium( I V )  

complexes  l i e  i n  t h e  r a n g e  1.70-1.75 B.M. T h e s e  v a l u e s  a r e  

w i t h i n  t h e  r a n g e  r e p o r t e d g r 1 0  for oxovanadium( I V )  c o m p l e x e s ,  

where  t h e  o r b i t a l  c o n t r i b u t i o n  is  c o m p l e t e l y  quenched  a s  

i t  is e x p e c t e d  t o  b e  b y  t h e  low symmetry f i e l d s .  The e l e c t r o n i c  
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s p e c t r a  o f  t h i o s e m i c a r b a z o n e  c o m p l e x e s  show b a n d s  i n  t h e  

r e g i o n s  1 2 5 0 0 ,  1 3 0 0 0 ,  16500-17200 a n d  23000-23200 cm-l, which 

may b e  a s s i g n e d l 1 r l 2  t o  b 2 - 3  e* (2B2 -+ E )  I b2 -+ < ( 2 B 2  + 
2 ~ 1 )  and b2 a l  ( 2 8 2 - 9  2 ~ 1 )  t r a n s i t i o n s  i n  i n c r e a s i n g  o r d e r  

o f  e n e r g y  o f  t h e  b a s i s  o f  e n e r g y  l e v e l  schemes d e v e l o p e d  

by  B a l l h a u s e n  and  G r a y  ( B .  G .  Scheme)13  and  S e l b i n 1 4 .  

I n f r a r e d  S p e c t r a  

The  i n f r a r e d  s p e c t r a  of  t h e  l i g a n d s  show b a n d s  i n  t h e  r e g i o n s  

3200-3250r  1620-1630 c m - l  w h i c h  a r e  a s s i g n e d  t o  d(NH) and 

d ( C = N )  v i b r a t i o n s .  The b a n d s  a t  -3200-3250 c m - l  p e r s i s t  i n  

t h e  c o m p l e x e s  which  i n d i c a t e s  t h e  n o n - c o o r d i n a t i o n  o f  t h e  

h y d r a z i n i c  g r o u p .  However, t h e  b a n d s  i n  t h e  r e g i o n  1620-1630 

c m - l  ( d u e  t o  & = N )  a r e  l o w e r e d  by  15-20 c m - l  i n  t h e  complexes  

i n d i c a t i n g 1 5 / 1 6  c o o r d i n a t i o n  o f  t h e  a z o m e t h i n e  n i t r o g e n  t o  

t h e  metal .  The b a n d s  o b s e r v e d  a t  390-415 cm-l may b e  a s s i g n e d  

t o  d(V-N). 

The f o u r  b a n d s  o c c u r r i n g  i n  t h e  r e g i o n s  1460-1500, 

1250-1275, 1040-1060 and 760-780 cm-l i n  t h e  s p e c t r a  o f  t h e  

l i g a n d s ,  may b e  ass igned16f17  t o  t h i o a m i d e - I ,  11, 111, IV 

v i b r a t i o n s ,  r e s p e c t i v e l y .  The a p p e a r a n c e  o f  t h e s e  f o u r  b a n d s  

i n d i c a t e s  t h e  e x i s t e n c e  o f  t h e  l i g a n d  i n  t h e  t h i o n e  form 

i n  t h e  s o l i d  s t a t e .  These  b a n d s  a p p e a r  d u e  t o  t h e  mixed 

c o n t r i b u t i o n s  of &(N-H) &C=N), d ( C - S )  a n d  & ( C - H )  v i b r a t i o n s .  

I n  t h e  s p e c t r a  o f  oxovanadium(1V) c o m p l e x e s  o f  t h e  t y p e  

[VO(LH)2]SO4, t h e  th ioamide- IV band ( h a v i n g  maximum d ( C = S )  

c o n t r i b u t i o n )  s h i f t s  t o  l o w e r  f r e q u e n c y  ( 35-25 c m - l )  s u g g e s t i n g 1 6  

t h e  c o o r d i n a t i o n  o f  t h e  s u l p h u r  atom t o  metal .  The new band 

a p p e a r i n g  i n  t h e  complexes  a t  s. 360-340 cm-l may b e  a s s i g n e d  
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OXOVANADIUM(1V) COMPLEXES 1267 

t o  J ( V - S ) .  However, a l l  t h e  t h i o a m i d e  bands  a r e  found t o  

b e  a b s e n t  i n  t h e  s p e c t r a  o f  t h e  complexes  o f  t h e  t y p e  [VOLz]. 

The d i s a p p e a r a n c e  o f  t h i o a m i d e  b a n d s  i n  t h e  complexes  i n d i c a t e s 1 6  

t h e  p o s s i b i l i t y  o f  t h i o n e - t h i o l  t a u t o m e r i s m .  T h e s e  c o m p l e x e s  

show b a n d s  n e a r  700 cm-I which  a r e  a s s i g n e d  t o  3 ( C - S ) .  

I n  t h e  s p e c t r a  o f  t h e  l i g a n d s ,  t h i o p h e n e  r i n g  b a n d s  

occur a t  s. 3050 cm-l a n d  a t  1 5 8 0  cm-l. T h e s e  b a n d s  r e m a i n  

a t  t h e  same p o s i t i o n  i n  t h e  complexes  i n d i c a t i n g 1 8  t h e  non- 

p a r t i c i p a t i o n  o f  t h e  h e t e r o c y c l i c  r i n g  s u l p h u r  i n  c o o r d i n a t i o n .  

I n  a l l  oxovanadium(1V) complexes  a band o c c u r r i n g  a t  

970 cm-l is  a s s i g n e d  t o  t h e  d ( V = O )  v i b r a t i o n .  T h i s  v a l u e  

is i n  t h e  r a n g e  o b s e r v e d  f o r  monomeric oxovanadium( I V )  complexes .  

The p r e s e n c e  o f  a n  i o n i c  s u l p h a t e  g r o u p  i n  t h e  complexes o f  

t h e  t y p e  [VO(LH]2]SO4 h a s  been  c o n f i r m e d  b y  t h e  a p p e a r a n c e  

o f  t h r e e  b a n d s  a t  1130 ($31, 950 (31) and 600 c m - l  ( 3 4 ) .  

The a b s e n c e  o f  a 4 2  band and  n o n - s p l i t i n g  o f  t h e  3 3  band 

i n d i c a t e  t h a t  Td symmetry is  s t i l l  h e l d l g .  

Thus ,  t h e  i n f r a r e d  s p e c t r a  reveal  t h a t  a l l  o f  t h e s e  

l i g a n d s  ac t  a s  b i d e n t a t e  c h e l a t i n g  a g e n t s .  However, t h e i r  

c o o r d i n a t j o n  b e h a v i o u r  d e p e n d s  upon t h e  pH o f  t h e  media .  

When t h e  r e a c t i o n s  a r e  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  b a s e  

( a s  f o r  [VOLz] c o m p l e x e s ) ,  t h e  l i g a n d s  behave  a s  monobas ic  

b i d e n t a t e  c h e l a t i n g  a g e n t s  h a v i n g  t h e  a z o m e t h i n e  n i t r o g e n  

and t h i o l  s u l p h u r  a s  c o o r d i n a t i o n  s i tes .  However, when t h e  

r e a c t i o n s  a r e  c a r r i e d  o u t  i n  t h e  a b s e n c e  o f  b a s e  ( a s  f o r  

[VO(LH)]SO4 complexes)  , t h e  l i g a n d s  behave  a s  n e u t r a l  b i d e n t a t e  

c h e l a t i n g  a g e n t s  h a v i n g  c o o r d i n a t i o n  s i tes  a t  t h e  a z o m e t h i n e  

n i t r o g e n  and  t h i o c a r b o n y l  s u l p h u r  a toms.  
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1268 YADEV ET AL. 

F i g .  2 .  S u g g e s t e d  S t r u c t u r e s  of t h e  Complexes 

Thus, on t h e  b a s i s  o f  e l e m e n t a l  a n a l y s e s ,  e l e c t r i c a l  

conductance  and s p e c t r a l  d a t a ,  t h e  f o l l o w i n g  s t r u c t u r e s  may 

be proposed for  [VOL2] ( I )  and [VO(LH)2]S04 (11) complexes 

(Fig. 2 ) .  
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OXOVANADIUM(1V) COMPLEXES 

A n t i  fungal A c t i v i t y  

1269 

The  a n t i f u n g a l  a c t i v i t y  of t h e  o x o v a n a d i u m ( 1 V )  c o m p l e x e s  

w i t h  t h i o s e m i c a r b a z o n e s  was e v a l u a t e d  a g a i n s t  A s p e r g i l l u s  

n i g e r  a n d  H e l m i n t h o s p o r i u m  o r y z a e  b y  t h e  a g a r  p l a t e  t e c h n i q u e 2 0  

a t  t h r e e  c o n c e n t r a t i o n s :  &., 1000 ppm, 100 ppm a n d  10 ppm, 

w i t h  t h r e e  r e p l i c a t i o n s  i n  e a c h  case.  T h e  a v e r a g e  p e r c e n t a g e  

i n h i b i t i o n  a f t e r  96 h o u r s  b y  v a r i o u s  compounds  was c a l c u l a t e d  

f rom t h e  e x p r e s s i o n  be low:  

I n h i b i t i o n  ( % )  = 100 (C-T)/C 

C = d i a m e t e r  o f  f u n g u s  c o l o n y  i n  c o n t r o l  p l a t e s  a f t e r  96 h , a n d  

T = d i a m e t e r  o f  f u n g u s  c o l o n y  i n  t e s t e d  p l a t e s  a f t e r  96 h .  

The  r e s u l t s  a r e  r e c o r d e d  i n  T a b l e  11. The  f o l l o w i n g  c o n c l u s i o n s  

c a n  b e  d e r i v e d :  

( a )  A l l  t h e  compounds h a v e  s i g n i f i c a n t  t o x i c i t y  a t  1000 ppm 

a g a i n s t  b o t h  s p e c i e s  o f  f u n g u s  a n d  t h e  c o m p l e x e s  a r e  

more a c t i v e  t h a n  t h e i r  c o r r e s p o n d i n g  l i g a n d s .  I n  o t h e r  

words, t h e  a c t i v i t y  i n c r e a s e s  o n  c o m p l e x a t i o n .  

( b )  T h e  a c t i v i t y  d e c r e a s e s  o n  d i l u t i o n .  

( c )  T h e  t h i o s e m i c a r b a z o n e s  a n d  t h e i r  o x o v a n a d i u m ( 1 V )  c o m p l e x e s  

a r e  more a c t i v e  a g a i n s t  A s p e r g i l l u s  n i g e r  t h a n  

H e l m i n t h o s p o r i u m  o x y z a e .  

( d )  Compounds w i t h  t h e  t h i o s e m i c a r b a z o n e  l i g a n d  w h e r e  

R = 4-C1 a r e  f o u n d  t o  b e  t h e  most a c t i v e  a g a i n s t  b o t h  

spec ies  o f  f u n g i .  
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OXOVANADIUM(1V) COMPLEXES 1271 

( e )  Compounds o f  t h e  t y p e  [VO(LH)2]SOq a r e  f o u n d  t o  b e  more 

a c t i v e  t h e n  compounds o f  t h e  t y p e  [ V O ( L ) 2 ]  a g a i n s t  b o t h  

species o f  f u n g i .  

A c t i v i r a l  A c t i v i t y  

T h e  a n t i v i r a l  a c t i v i t y  w a s  e v a l u a t e d  b y  n o t i n g  t h e  r e d u c t i o n  

i n  t h e  number o f  l o c a l  l e s i o n s  p r o d u c e d  b y  c u c u m b e r  v i r u s  

o n  Chenopodium a m a r a n t i c o l o r ,  when m i x e d  w i t h  t h e  c h e m i c a l .  

S t a n d a r d  e x t r a c t s  o f  t h e  v i r u s  were m i x e d  i n  a n  e q u a l  q u a n t i t y  

o f  s o l u t i o n  o f  compound. I n o c u l a t i o n s  were made b y  t h e  l e a f  

r u b b i n g  method.  One h a l f  o f  e a c h  l e a f  w a s  i n o c u l a t e d  w i t h  

i n o c u l u m  c o n t a i n i n g  t h e  v i r u s  a n d  c h e m i c a l  a n d  t h e  r e m a i n d e r  

w a s  i n o c u l a t e d  w i t h  t h e  s t a n d a r d  v i r u s  e x t r a c t .  I n f e c t i o n s  

o n  d i f f e r e n t  s a m p l e s  were c a l c u l a t e d  o n  t h e  b a s i s  o f  l o c a l  

l e s i o n s  p r o d u c e d  by  e a c h  t r e a t m e n t  a n d  t h e  p e r c e n t a g e  i n h i b i t i o n  

was c a l c u l a t e d  from t h e  e x p r e s s i o n  b e l o w :  

No. of local l e s i o n s  No. of  local l e s i o n s  
by con t ro l  - by t reatment  

I n h i b i t i o n  ( 5 )  = x loo 
N o .  o f  l e s i o n s  b y  c o n t r o l  

A l l  compounds d i s p l a y  weak a n t i v i r a l  a c t i v i t y  ( T a b l e  11) I 

h o w e v e r ,  t h e  l i g a n d s  a r e  less a c t i v e  t h a n  t h e i r  c o r r e s p o n d i n g  

o x o v a n a d i u m ( 1 V )  compounds.  

A n t i b a c t e r i a l  A c t i v i t y  

The  l i g a n d s  a n d  t h e i r  o x o v a n a d i u m ( 1 V )  c o m p l e x e s  were s c r e e n e d  

f o r  t h e i r  a n t i b a c t e r i a l  a c t i v i t y  i n  v i t r o  a g a i n s t  t h e  b a c t e r i a  

E. c o l i ,  P. p y o c y a n c u s  a n d  2. c i t r u s  a t  1000 ppm c o n c e n t r a t i o n  

u s i n g  t h e  i n h i b i t i o n  z o n e  t e c h n i q u e 2 1 .  T h e  s c r e e n i n g  d a t a  

a r e  g i v e n  i n  T a b l e  111. A l l  compounds  show m o d e r a t e  a c t i v i t y .  

- - -  
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OXOVANADIUM(1V) COMPLEXES 1273 

However ,  t h e  a c t i v i t y  of t h e  o x o v a n a d i u m ( 1 V )  c o m p l e x e s  a r e  

f o u n d  t o  b e  g r e a t e r  t h a n  t h a t  o f  t h e  c o r r e s p o n d i n g  l i g a n d s .  

T h e  b e s t  a c t i v i t y  was shown b y  TCTH a n d  i t s  o x o v a n a d i u m ( 1 V )  

c o m p l e x e s  a g a i n s t  E. c i t r u s .  

EXPERIMENTAL 

Ana laR  g r a d e  c h e m i c a l s  were u s e d  t h r o u g h o u t .  Oxovanad ium(  I V )  

s u l p h a t e  was s u p p l i e d  b y  A l d r i c h .  T h e  l i g a n d s  were p r e p a r e d  

b y  t h e  method r e p o r t e d  i n  t h e  l i t e r a t u r e 1 6 .  E l e m e n t a l  a n a l y s e s  

a n d  p h y s i c a l  m e a s u r e m e n t s  were d o n e  a s  r e p o r t e d  ear l ier lO.  

P r e p a r a t i o n  of Complexes  

Oxovanadium( IV) Complexes  w i t h  T h i o s e m i c a r b a z o n e s  i n  t h e  

P r e s e n c e  o f  Base.TO a s o l u t i o n  of vanadyl s u l p h a t e  ( 5 . 0  g ,  0 . 0 2  m o l l  

i n  m e t h a n o l  ( 2 0  mL) w a s  a d d e d  a s o l u t i o n  o f  t h e  a p p r o p r i a t e  

t h i o s e m i c a r b a z o n e  (0 .04  m o l e )  d i s s o l v e d  i n  m e t h a n o l  (15 m L ) .  

To t h i s ,  a s a t u r a t e d  a l c o h o l i c  s o l u t i o n  (1 m L )  o f  p o t a s s i u m  

h y d r o x i d e  was added .  T h e  r e a c t i o n  m i x t u r e  was r e f l u x e d  15 -20  h. 

T h e  p r e c i p i t a t e ,  t h u s  o b t a i n e d ,  was f i l t e r e d ,  w a s h e d  w i t h  

water  a n d  e t h a n o l  a n d  d r i e d  u n d e r  v a c u o .  

Oxovanadium( IV) C o m p l e x e s  w i t h  T h i o s e m i c a r b a z o n e  i n  t h e  A b s e n c e  

of  B a s e .  Vanadyl s u l p h a t e  ( 5 . 0  g ,  0 . 0 2  m o l l  i n  15  mL methanol 

w a s  added  t o  the s o l u t i o n  of the appropriate l i g a n d  ( 0 . 0 4  m o l )  

d i s s o l v e d  i n  m e t h a n o l  ( 2 0  m L ) .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  

a b o u t  1 5  h when t h e  c o l o u r  o f  t h e  s o l u t i o n  t u r n e d  brown o r  

g r e e n i s h - b r o w n .  The  s o l u t i o n  w a s  c o n c e n t r a t e d  a n d  k e p t  i n  

a r e f r i g e r a t o r  f o r  o v e r n i g h t .  D a r k  c r y s t a l s  s e p a r a t e d  a n d  

w e r e  t h o r o u g h l y  washed  w i t h  c o l d  m e t h a n o l  a n d  d r i e d  u n d e r  

vacua. 
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