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SPECTROSCOPIC ANALYSIS OF IOOINATEO PlOLECULAR COMPLEXES OF N-METHYL IMIOAZOLE 

AND OTHER IMIOAZOLE AND IMIDAZOLINE DERIVATIVES OF PHARMACOLOGICAL IPlPORTANCE 
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A b s t ~ a c t - M o l e c u l a r  i n t e r a c t i o n s  between i o d i n e  and h e t e r o c y c l i c  mo lecu les  

such as N-methy l im idazo le ,  me th imaro le ,  c l a t r i m a r o l e ,  l e v a m i s a l e  and 

t e t r a h y d r o z o l i n e  w e r e  i n v e s t i g a t e d  by UV lV is  spec t roscopy .  I o d i n e  was found  t o  

f o r m  charge t r a n s f e r  complexes w i t h  these  mo lecu les  of 1:1 s t o i c h i o m e t r y  o f  t h e  

n-o t y p e .  The v a l u e s  of t h e  f o r m a t i o n  c o n s t a n t s  Kc o f  these  i a d i n a t e d  complexes 

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 .  These compounds can t h e r e f o r e  be 

expec ted  t o  have an a c t i o n  on t h y r o i d  metabol ism.  

N i t ~ o g e n o u s  h e t s ~ o c y c l i c  Compounds ape known t o  form charge  t r a n s f e r  complexes w i t h  i o d i n e .  

A number of t h e s e  h e t e r o c y c l i c  complexes have been s t u d i e d  b o t h  q u a l i t a t i v e l y  and q u a n t i -  

t a t i ~ e l ~ " ~ ' ~ .  I n  t h e  course o f  a g e n e r a l  s t u d y  o f  d r u g  i n t e r a c t i o n s  w i t h  i o d i n e ,  w e  i n v e s t i g a t e d  

t h e  i n t e r a c t i o n s  w i t h  i o d i n e  of v a r i o u s  i m i d a r o l e  and i m i d a z o l i n e  d e r i v a t i v e s  of pharmaco log ica l  

impor tance.  We w e r e  p a r , t i c u l a r l y  i n t e r e s t e d  t o  de te rm ine  t h e  s p e c t r a l  pa ramete rs  and t h e  f o r m a t i o n  

c o n s t a n t s  o f  these  i o d i n a t e d  complexes. Based on a p r e v i o u s l y  p u b l i s h e d  s t r u c t u r e - a c t i v i t y  model, 

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  of these  d e r i v a t i v e s  can be predicted. 

EXPERIMENTAL 

I o d i n e  w a s  from Merck ( b i s u b l i m e d  S u p r a p u r l  and was k e p t  i n  t h e  da rk  i n  a d e s s i c a t o r  c o n t a i n i n g  

P205. The donor  mo lecu les  N-methy l im idaza le  111 ,  me th imara le  (111,  c l o t r i m a z o l e  1111). l evamiso le  

( I V )  and t e t r a h y d r o z o l i n e  I V I  w e r e  comrnercialy a v a i l a b l e  compounds wh ich  we p u r i f i e d  b y  HPLC.  he 

s o l v e n t s ,  ca rbon  t e t r a c h l o r i d e  and ch lo ro fo rm,  w e r e  f r o m  Merck  I U v a s o l  f o r  spec t roscopy)  and w e r e  

used w i t h o u t  f u ~ t h e ?  p u r i f i c a t i o n .  T h e i r  v e r y  low w a t e r  c o n t e n t  lmax. O.OiX1 b i d  n o t  a f f e c t  complex 

f o r m a t i o n .  



11) N-methy l - im idazo le  

( 1 1 )  I-methyl-imidarole-2-thial or meth imazo le  

11111 1 - l ( 2 - c h l o r o p h e n y l i d i p h e n y l m e t h y l ~ - 1 H - i m d l  o r  c l o t r i m a z o l e  

I I V )  2 . 3 . 5 . 6 - t e t r a h y d r o - 6 - p h e n y l ~ ~ 2 , 1 , b t h i z o e  o r  l e v a i n i s o l e  

I V I  4,5-d ihydro-2- l1,2,3,4- tet rahyd~o-1 naphthalenyll-1H-imidaaole or t e t r a h y d r o z o l i n e  

S p e c t r a  w e w  r e c o r d e d  u s i n g  a Perk in-Elmer  554 doub le  beam U V l V i s  spec t ropho tomete r  equ ipped  w i t h  a 

P e l t i e r  e f f e c t  theornostated sample h o l d e r  ( t e m p e r a t u r e  r e g u l a t e d  to * O. lDC i .  The Helma 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  o f  1 0  mm. A l l  g lassware  used i n  t h e  exper imen ts  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 donor -accep to r  complexes c o u l d  o n l y  be s t u d i e d  i n  d i l u t e  s o l u t i o n  i n  w h i c h  t h e y  a re  i n  

e q u i l i b r i u m  w i t h  t h e  s t a r t i n g  compounds. T h e i r  p h y s i c a l  p r o p e r t i e s ,  e s p e c i a l l y  t h e i r  s p e c t r a  d i f f e r  

f ~ o m  t h e  s t a r t i n g  compounds and we t h e r e f o r e  w e d  U V l V i s  SpeCtroscopy t o  s t u d y  t h e  r e a c t i o n s .  

S o l u t i o n s  of i o d i n e  and t h e  v a r i o u s  donors w e r e  p r e p a r e d  by a c c u r a t e  d i l u t i o n  of s t o c k  s o l u t ~ o n s  

PPepared g r a v i m e t r i c a l l y .  The r e a c t i o n s  w e r e  c a r r i e d  o u t  d i r e c t l y  i n  t h e  spec t ropho tomete r  sample 

c e l l s .  The absorbances of  t h e  s o l u t i o n s  w e r e  r e c o r d e d  i m m e d i a t e l y  a t  v a r i o u s  wave leng ths  c l o s e  t o  

t h e  peak f o r  t h e  ha logen  complex. M o l e c u l e s  wh ich  w e r e  n o t  v e r y  s o l u b l e  i n  carbon tetrachloride and 

t h o s e  whose complex was i n s o l u b l e  i n  t h i s  s o l v e n t  w e r e  s t u d i e d  i n  a m i x t u r e  o f  c a r b o n  t e t r a c h l o r i d e  

and c h l o r o f o r m  I ? : ?  v / v ) .  The l e v a m i s o l e l i o d i n e  system was i n v e s t i g a t e d  i n  t h e  s o l v e n t  m i x t u r e .  The 

N-methylimidazolefiodiie sys tem was s t u d i e d  i n  b o t h  p u r e  carbon t e t r a c h l o r i d e  and t h e  s o l v e n t  

m i x t u r e .  A l l  t h e  o t h e r  systems were i n v e s t i g a t e d  i n  p u r e  carbon t e t r a c h l o r i d e .  
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RESULTS 

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

~t c o n c e n t r a t i o n s  of  t o  M, i h e  donors  w e r e  c o m p l e t e l y  t r a n s p a r e n t  t o  v i s i b l e  l i g h t .  

A d d i t i o n  o f  a s o l u t i o n  o f  i o d i n e  s h i f t s  t h e  515 nm i o d i n e  band t o  s h o r t e r  wave leng ths  (hypsochromic 

s h i f t )  ( F l g . 1 ) .  i h e  new a o s o r p r m n s  bands c o r r e s p o n d i n g  t o  t h e  i o d i n a t e d  complexes w e r e  a l l  f ound  

a t  t h e  i s o b e s t i c  p a i n t .  F o r  each system, t h e  a b s o r p t i o n  peak of t h e  complex was measured by p l a c i n g  

a s o l u t l o n  of i o d i n e  a t  t h e  same c o n c e n t r a t i o n  as used f a r  complex f o r m a t i o o  i n  t h e  re fe rence  beam. 

F o r  each complex, 1:l s t o l c h i o m e t r y  was c o n f i r m e d  by m a t h e m a t i c a l  a n a l y s i s  o f  t h e  n g - a u  o r b l l a l  

t ~ a n s l t l o n  of i o d i n e ,  a n a l y s i s  o f  t h e  absorbances,  t h e  presence o f  a s i n g l e  l s o b e s t i c  p a i n t ,  and 

t h e  e x a c t  f i t  of  t h e  e x p e r i m e n t a l  p o i n t s  t o  a l i n e a r  r e g r e s s i o n  e q u a t i o n  ( F i g . 2 ) .  F u r t h e r  a n a l y s i s  

u s i n g  t h e  L i p r a y  m a t r i x  r n e t h ~ d ~ - ~  a l s o  demons t ra ted  t h e  presence o f  a s i n g l e  complex. 



Formation constants Kc and molar extinction coefficients € c  w e r e  derived from equation ( 1 ) :  - 

KC = I C I  
i l A o l  - i C 1 ) i I D o l  - I C I )  

( 1 )  

~ h e ~ e  I c I  is the concentration of complex, A O I  is the inltial acceptor concentration and I D o /  the 

initial d o n o r  concentration. The term jCI  of equation ( 1 )  can be rep laced  by d c l E c  giving 

equation ( 1 ) :  

In01 l ~ o l i d c  = I A O ~  + [ D O /  - d c l t c  i l E c  + i l ~ c t c  ( 1 )  

w h e ~ e  dc is the absorbance of the complex. Ec is the molar extinction coefficient of the complex at 

the given wavelength and Kc is the formation constant o f  the complex. In o r d e r  to solve equation 

( 2 )  using a least squares fit the value of E c  must be calculated. An iterative method using a - 
Computer was employed. The graphical representation of the term 11\01 l D a l l d c  as a function of 1401 + 

1001 - d c l t c  P P O ~ U C ~ S  a straight line o f  slope l l t c  and intercept 1 l K c E c  iFig.21. The formation 

constants KC and the molar extinction coefficients of the various donor-acceptor systems a r e  shorn 

in tables I and 11. 
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A l l  donors  s t u d i e d  had a c h a r a c t e r i s t i c  a b s o r p t i o n  i n  t h e  UV r e g i o n .  The i o d i n a t e d  complexes have 

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  i o d i n e  N-methy l im idazo le  complex 

i s  shown i n  f l g u r e  3. By s u b t r a c t i n g  t h e  absorbances due t o  f r e e  i o d i n e  and f r e e  donor, c u r v e  4, 

c o r r e s p o n d i n g  t o  t h e  complex was ob ta ined .  T h i s  charge t r a n s f e r  complex had a peak a t  255 nm. 

Another  a b s o r p t i o n  band between 290 and 300 nm c o u l d  sometimes be observed,  wh ich  i s  c h a r a c t e r i s t i c  

of I; i o n s  (F ig.41.  Tab le  111 shows t h e  UV s p e c t r a l  parameters.  



CONCLUSION 

S P ~ C ~ P O S C O P ~ C  a n a l y s i s  o f  t h e  cha rge  t r a n s f e r  complexes o f  t h e s e  d e r i v a t i v e s  w i t h  i o d i n e  

demons t ra tes  t h e  n - g c h a r a c t e r s  o f  t h e s e  complexes.  They have a 1:l s t o i c h i o m e t r y ,  and t h e  r e s u l t s  

i n d i c a t e  s t r o n g  donor -accep to r  i n t e r a c t i o n .  The r e a c t i o n  o f  complex f o r m a t i o n  i s  accompanied by  t h e  

f o r m a t i o n  o f  I; i o n s .   he " o u t e r  complex"  i s  t r a n s f o r m e d  i n t o  an " i n n e r  complex" l i b e r a t i n g  I- 

i o n s  wh ich  r e a c t  w i t h  m o l e c u l a r  i o d i n e .  

DO"0" + I =========. 
2 

D o ~ o P - I ~  ( o u t e ~  complex1 

oOnOP.I .......... .......... Dono"-1+1- 
2 

D~~~P.I+I- ========== 1Donor-1/+ + 1- ( i n n e r  complex1 

1- + I --------. 
2 

> 1- 
3 
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P T ~ Y ~ Y S  W O P ~  f r o m  o u r  l a ~ m r a t o r ~ ' " ~ ' ~ . ~  has demonstrated t h a t  a n t i t h y r o i d  a c t i v i t y  can be expected 

f m m  mo lecu les  whose f o r m a t i o n  c o n s t a n t  of t h e  i o d i n a t e d  complex Kc exceeds 100 1.~-'. Above t h l s  

va lue ,  a n t i t h y r o i d  a c t i v i t y  i s  d i r e c t l y  r e l a t e d  t o  t h e  v a l u e  o f  t h i s  c o n s t a n t .  F o r  meth imazole,  t h e  

s t c o n g e s t  a n t i t h y m i d  agent ,  we found  a v a l u e  of 23,194 I.M-' f o r  KC.  The o t h e r  mo lecu les  t e s t e d ,  

N-rnethy l imidazole,  c l o t r i m a r o l e ,  l e u a m i s o l e ,  and t e t r a h y d r o l o l i n e  a l s o  have vqiues of Kc 

c o n s i d e r a b l y  above 100  1 . ~ ' ~  and can t h e r e f o r e  be expec ted  t o  i n t e r f e r e  w i t h  t h y r o i d  metabol ism.  

9  
Fur the rmore ,  t h e  v a l u e s  o f  KC t h a t  w e  found agree w i t h  those  f r o m  a n i m a l  s t u d i e s  . 
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