
HETEROCYCLES, Vol 3 1, No 9, 1990 

SPECTROSCOPIC ANALYSIS OF IODINATEO MOLECULAR COMPLEXES OF THlAZOLE AND THIAZOLINE 

DERIVATIVES 

Jean-Franqo i s  Lagorce,  Jacques  Buxeraud'. Anne-Catherine Jambut-Absi1,and Claude Raby 

L a b o r a t o i r e  de  Chimls Organique e t  de  Chimie ThBrapeu t ique ,  F a c u l t 6  de  Pharmacie ,  

2 ,  rue du Oocteur  Marcland,  87025 Limoges Cedex, France 

- Molecular  m t e r a c t i o n s  between i o d i n e  and t h e  h e t e r o c y c l i c  carnpounds, 

t h i a r o l e ,  4 - m e t h y l t h i a i o l e ,  c l o r n e t h i a m l e ,  c l o p r o t h i a z a l e ,  2 -methy l -2 - th lazo l ioe  and 

2 - t h i a z o l i n e - 2 - t h i o l  were s t u d i e d  by u v l v i s  s p e c t r o s c o p y .  These molecu les  were found 

t o  form c h a r g e  t r a n s f e r  complexes wi th  i o d i n e  of t h e  n - u t y p e  i n  a 1:l s t o i c h i m e t r y .  

Formation c o n s t a n t s  of t h e  i o d i n a t e d  complexes o f  t h i a r o l e ,  4 - m e t h y l t h i a r o l e ,  c l o t h i a r o l e  

and c l o p r o t h i a z o l e  ranged from 10  M-' t o  30 M-' . The much h i g h e r  v a l u e s  found f o r  

2 -methy l -2 - th ia ra l ine  and 2 - t h i a r o l i n e - 2 - t h i o l  i n d i c a t e d  a s t r o n g  donor-acceptor  i n t e r -  

a c t i o n .  Only t h e  l a t t e r  two d e r i v a t i v e s  have an  a c t i o n  on t h e  t h y r o i d  g l a n d ,  and 

m i g h t ,  t h e r e f o r e ,  bc suitable s t a r t i n g  compounds f o r  t h e  synthesis of new a n t i t h y r o i d  

a g e n t s .  

The p r e s e n t  s t u d y  r e p r e s e n t s  an e x t e n s i o n  of p r e v i o u s  w o r k  on t h e  i n t e r a c t ~ o n s  of  i o d i n e  w i t h  

i rnldazole  d e r i v a t i v e s  t o  d e r i v a t i v e s  o f  t h i a r o l e  and t h i a r o l i n e .  As f o r  i rn idazo le ,  t h i a r o l e  

is a h e t e r o c y c l i c  compound whose b a s i c  s t r u c t u r e  forms p a r t  of numerous drugs .  I n  t h e  course 

of a s y s t e m a t i c  i n v e s t i g a t i o n  of molecu la r  i n t e r a c t i o n s  between i o d i n e  and d r u g s ,  we de te rmine  

i n  t h i s  paper  t h e  s p e c t r a l  pa ramete r s  and t h e  fo rmat ion  c o n s t a n t s  of  t h e  i o d i n e  complexes of a 

number of r e l a t i v e l y  s imple  molecules  based an t h e  t h i a r o l e  o r  t h i a r o l i n e  s t r u c t u r e  : t h i a z o l e ,  

4 - m e t h y l t h i a r a l e ,  c l o m e t h i a z o l e ,  c l o p r o t h i a r a l e .  2 -methy l -2 - th ia ro l ine  and 2 - t h i a z o l i n e - 2 - t h i o l  

The p r i n c i p l e  o b j e c t i v e  was t o  e v a l u a t e  p o t e n t i a l  a n t i t h y r o i d  a c t i v i t y  i n  o r d e r  t o  f i n d  new 

h e t e r o c y c l i c  compounds w i t h  s t r o n g  e l e c t r o n  donor  p r o p e r t i e s ,  which cou ld  be employed a s  a n t i -  

t h y r o i d  a g e n t s .  

EXPERIMENTAL 

I o d i n e  was bisub l imed  (Merck Suprapur) ,  and was k e p t  i n  t h e  da rk  i n  a d e s i c c a t o r  c o n t a i n i n g  

P2OY The d o n o r s ,  t h i a z o l e  ( I ) ,  4 - r n e t h y l t h i a z o l e ( I 1 ) .  c l o m e t h i a r o l e  ( I I I ) ,  c l o p r o t h i a r o l e  (IV), 

2-methy l -2 - th iazo l ine  (V) and 2 - t h i a r o l i n e - 2 - t h i o l  ( V I )  are commercial ly  a v a i l a b l e  compounds 

which were c a r e f u l l y  p u r i f i e d  by p r e p a r a t i v e  h p l c .  



CH, 

( I )  t h i o z o l e  

(11) 4 - r n e t h y l t h i a z o l e  

(111)  5 - ( 2 c h 1 0 r o e t h y l )  -4-rnet .hy I t h i a r a l c  o r  c l o r n e t h i a r o l e  

(IV) 5-(3-ct~lorapropyl)-4-metl~yltliiaralc o r  c l a p r o L l ! ~ a r o l e  

( V )  2 - m e t h y l - 2 - t h i a z o l i n e  

( V I )  2 - t h i a r a l i n e - 2 - t h i o l  

T h e  s o l v e n t  was carbon t e t r a c l ~ l a r i d e  of spect . roscoplc g rade  ( l lerck IJvusol) .  ;and was used 

wi t .hmt  f u r t h e r  p u r i f i c n t i o ~ .  Tts low wate r  cnnten+ ! 0.01%) d i d  nor i n t e r f e r e  wit:lr t h e  formatinn 

of t h e  i o d i n a t e d  complexes.  

S p e c t r a  were r e c o r d e d  on  a Uvicon 930 double  b e m  U V / Y ~ S  spec t rophotomcte r  equipped wi th  

a P e l t i e r  e f f e c t  sample h o l d e r  ( t empera tu re  regu la ted  t o  f O . l ° C ) .  t h e  Helrna q u a r t z  sample 

c e l l s  had an  o p t i c a l  p a t h  l e n g t h  of 10 mm. A 1 1  g lassware  used i n  t h e  exper iments  was c a r e f u l l y  

d r i e d  i n  a s t r e a m  o f  d r y  n i t r o g e n .  

The s o l u t i o n s  o f  i o d i n e  and t h e  compounds I t o  VI were prepared  by d i l u t i o n  of s t o c k  s o l u t i o n s  

made up by a c c u r a t e  weighing.  The complexes were formed d i r e c t l y  i n  t h e  sample c u v e t t e s  by 

mixing 1 . 5  m i  of s o l u t i o n  of i o d i n e  i n  carbon t e t r a c h l a r i d c  w i t h  1 .5  m l  of a s o l u t i o n  of 

donor i n  t h e  same s o l v e n t .  The absorbances  of t h e  complex were recorded  a t  v a r i o u s  wavelengths 

c l o s e  t o  t h e  peak of t h e  ha logen  complex, enab l ing  c a l c u l a t i o n  of t h e  fo rmat ion  c o n s t a n t s  

Kc  of  t h e  i o d i n a t e d  complexes.  For each  complex,  thermodynamic paramete rs  were a l s o  c a l c u l a t e d  

by measuring t h e  absorbance  o f  a s e r i e s  o f  solutions a t  t empera tu res  from SCC t o  40°C. 

RESULTS 

V i s i b l e  r e g i o n  

A t  c o n c e n t r a t i o n s  rang ing  from 10.' t o  I O - ~ M ,  none of t h e  donors  absorbed s i g n i f i c a n t l y  i n  

t h e  r e g i o n  o f  t h e  a b s o r p t i o n  bands of t h e  i o d i n a t e d  complexes. 
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For each  complex.  1:l s t o i c h i m e t r y  was conf i rmed  by mathe lna t i ca l  a n a l y s i s  o f  t h e  ~ g - c r u  o r b i t a l  

t r a n s i t i o n  of i o d i n e ,  a n a l y s i s  of t h e  absorbances, t h e  exparimenLal p o i n t s  t o  a l i n e a r  r e g r e s s m n  

e q u a t i o n  ( F i g u r e  2 ) .  F u r t h e r  c a l c u l a t i o n s  u s i n g  t h e  L i p t a y  methode a l s o  conf i rmed  t h e  presence 

of a s i n g l e  complex.  



The determini lLion o f  t l le  f o r m a t i o ~ ~  c o n s t m t t s  K c  o i  1.1,~ ~oriunol.r:d cosp1r:xes s ~ r d  t h e  molar  

Ex t incLlon  c o e f f i c i e n t s  t were r ler jvcd fro,"  t i l t ?  fo l lowilrg c q u n l i o n  w h t c h  has  b c s ~ ~  d i s c u s s e d  

i n  a previous  p u b l i c a t i o n 3  and w l , ~ c l i  h a s  been [~reviously d e s c r i b  by 1 .  Kubo1::i. 

The frirrnation c o n s t a n t s  K c  and LIE  molar e r t i n c t i o n  c o e f f i c i c n l s  f o t  t l ~ c  u a n o u s  donar -  

a c c e v t o r  colnplcxcs a r e  l i s t e d  i n  l a b l c  I ,  a m  t h e  t h e r ~ ~ ~ d y n a r n i c  parameters i r e  g l v c n  i n  Table 

11. The curnlllcx w i t h  2 -meLhyl -2 - th iuzo l ine  was t o o  u n s t a b l e  t o  a l l o w  c a l c u l a t i o n  of t l~ermodynanuc 

parameters .  



" [ I 2 ]  3 . 9 0 4 ~ 1 0 . ~  M : [ t h i a z o l e ]  v a r i e d  f r am 3 . 7 5 ~ 1 0 ~ ~  t o  3x10-'M 

b [ I 2 ]  3 7 4 x 1 0 - %  ; [ A - r n ~ t h y l t h ~ a z a l e ]  v a r l ~ d  Irom 2 . 6 x 1 0 - ~  t o  1  3x10-~11 

c [ I 2 ]  4 . 5 8 ~ 1 0 - ~  M ; [ c l a m e t t n a z o l e ]  v a n e d  fram 1 . 0 9 ~ 1 0 ~ ~  t o  5 4 7 x l ~ - ~ 1 1  

d [I2] 4 . 5 8 ~ 1 0 - ~  M ; [ c l a p r o t l n a i n l e ]  v o n ~ d  f r o m  0 . 7 6 ~ 1 0 ~ '  Lo 3 . 7 8 ~ 1 0 - ~ ~ 1  

e [I2] 5 7 8 x 1 0 ~ ~  M ; [ 2 - t l ! ~ a i n l i n e - 2 - t h i a l ]  v a r l e d  from l . l ~ r l ~ - ~  t o  4 . 6 4 ~ 1 0 ~ ~ l l  

a s o l v e n t  : carbon t e t r a c h l o r i d e  ; t m p e r a t u r e  : 20 ! u . 1 ~  

The h i g h  v a l u e s  o f  t h e  mola r  e x t m c t i o n  c o e i l i c i e n t s  of t h e  complexes i n  t h l s  

s p e c t r a l  r e g l o n  a l l o w e d  much l o w e r  donor  c n n c c n t r a t i o n s  t l la r l  those r e q u i r e d  

f o r  t h e  v i s i b l e  s p e c t r a .  The i a d i n a t e d  complexes had q u i t e  d i f f e r e n t  s p e c t r a l  

c h a r a c t e r i s t i c s ,  and a t y p i c a l  spec t rum o f  t h e  iodine-2-methyl-2-thiaroline 

complex i s  nhowr> i n  F i g u r e  3 .  ny  s u b t r a c t m g  t.he absorbances due t o  free  i o d i n e  

and  free d o n o r ,  c u r v e  4 ,  c o r r e s p o n d i n g  t o  the  i lhsorbance of  t h e  complex was 
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F o r  t h e  L l > i n r o l e  series ,  t . 1 ~  u a l u r  of  K was l r i g h c r  f o r  Ltie d c r i v a t l v c s  with a l k y l  s ~ h s t i t u e n t s  

on t h e  t h i a m l e  r i n g ,  The i d : i  of ;, s e t h y l  g roup  n t  ~ o s i t i a n  4 doub led  t . 1 ~  v a l v c  of 

K c  (10 .25  M-' f a r  t h i a r o l i z  and 2 1 . 5 5  K1 f o r  4 - m e L h y l t t ~ i a z a l e ) .  rt fur ther  su!~s+.i tueot  on p a s i l l o n  

5 such as  a 2 - ~ 1 1 1 0 r 0 ~ t l ~ y l  cur c l ~ l o r ~ p r m l ~ y l  group o n l y  s l i g l l t l y  i n c r e a s e d  1.he K va lue  ( 2 5 . 0 1  

M-' fur c l n r n e i . l ~ i a r o l e  and 311.8 lK1 for- c l a p r o t i r i a r o l e ) .  P o r t i a 1  h y d r o q e n a t i u n  of  'the L l i ~ a r a l i n e  

n u c l e u s  l e d  l.il  a marked i r ~ c r r a s r  irl tile K v ; l l h r  of  LIE i o d i n i l t c d  cnnl~l lex  due t o  e l i m i n a t i o n  

o f  t h e  a ronm1. i~  c h ; ~ r a c t e r  r l f  t h c  rltclleculc. l l ~m  f o r  t h e  t w o  d e r l v a L i w s  of t h i a m l i n e ,  t h e  

values r l f  K c  wure 1200 M-' f o r  2 - m c ~ l ~ ~ l - 2 ~ L l ~ i s z r i l 1 r i r  a ! ~ d  2527 M-I f o r  2-Ll1i :~rr l I ine-2- t11iol .  

The rep lacemen t  or  t h e  n le t l l y l  y r u u p  01 2-nc thy l -2 - l . l l i azo1 inc  by a Sll group doub led  t h e  K c  

v a l u e .  
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