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TLC OF PHENYLTHIOHYDANTOINS OF 
AMINO ACIDS: A REVIEW 

R. Bhushan" and G. P.  Reddy 
Department of Chemistry 

University of Roorkee 
Roorkee-24 7 66 7, India 

INTRODUCTION 

P r o t e i n s  a re  amcmg t h e  most i m p o r t a n t  components  

of a l l  l i v i n g  s y s t e m s .  T h e i r  f u n c t i o n  r a n g e  f rom 

c a t a l y s t s  f enzymes)  t o  r e g u l a t o r s  t o  s t r u c t u r a l  

components .  The b u i l d i n g  b l o c k s  and  l a n g u a g e  of 

p r o t e i n s  are a b o u t  2 0  amino acids (H2N CHR C O O H ) ,  

l i n k e d  t o g e t h e r  by p e p t i d e  bonds  (-CO-NH-) i n  

c h a i n s  t h a t  may c o n s i s t  of a few dozen  t o  more t h a n  

1 0 0 0  amino a c i d s .  The d e t e r m i n a t i o n  of  p r i m a r y  

s t r u c t u r e  of p r o t e i n s , .  namely t h e  s e q u e n c e  

( a r r a n g e m e n t )  of t h e  v a r i o u s  amino ac ids  a l o n g  t h e  

c h a i n  is s t i l l  a c h a l l e n g i n g  t a s k .  Edman r e a c t i o n  

l i e s  v i r t u a l l y  a t  t h e  core o f  a l l  modern s e q u e n c i n g  
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3498 BHUSHAN AND REDDY 

strategies [ 1 , 2 ] .  The N- termina l  p o l y p e p t i d e  i s  

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

p h e n y l t h i o  carbamyl  p e p t i d e ;  t h i s  d e r i v a t i v e  i s  t h e n  

c l e a v e d  w i t h  a n h y d r o u s  a c i d  t o  e x p o s e  a new N-terminus 

and  t o  release t h e  o r i g i n a l  N- te rmina l  amino a c i d  

as  a 5 ' - t h i a z o l i n o n e  ( S c h e m e - 1 ) .  The e x c e s s  r e a g e n t s  

and  by p r o d u c t s  a r e  e x t r a c t e d  by a n  o r g a n i c  s o l v e n t  

wash. The e x t r a c t  of t h i a z o l i n o n e  amino a c i d  ( o b t a i n e d  

e i t h e r  from l i q u i d - p h a s e  or s o l i d - p h a s e  d e g r a d a t i o n )  

i s  e v a p o r a t e d  and c o n v e r t e d  t o  t h e  p h e n y l t h i o h y d a n t i o n  

d e r i v a t i v e  by 5 N HCl/CH3COOH ( 1 : 2  v / v )  a t  52°C fo r  

50 min.  The sample  i s  e x t r a c t e d  w i t h  e t h y l  ace ta te ,  

d r i e d  and r e d i s s o l v e d  i n  a s u i t a b l e  lrolume of e t h a n o l  

f o r  TLC i d e n t i f i c a t i o n .  R e p e t i t i o n  of t h i s  p r o c e s s  

w i t h  i d e n t i f i c a t i o n  of  t h e  r e l e a s e d  PTH-amino a c i d s  

e n a b l e s  t h e  d e t e r m i n a t i o n  o f  s e q u e n c e  of  amino ac ids  

f rom t h e  N - t e r m i n a l  e n d .  For smaller p e p t i d e s  P I T C  

may be u s e d  t o  remove t h e  amino t e r m i n a l  amino a c i d  

w h i l e  a chromophore o r  f l u o r o p h o r e  s u c h  a s  d a n s y l  

c h l o r i d e  or D A B I T C ,  w h i c h  r e a c t s  w i t h  t h e  newly 

e x p o s e d  amino t e r m i n u s ,  i s  u s e d  t o  i d e n t i f y  t h e  new 

amino t e r m i n u s .  B o t h  manual  and au tomated  

m e t h o d o l o g i e s  are c u r r e n t l y  u s e d  f o r  s m a l l  and l a r g e  

p o l y p e p t i d e s  which r e l y  upon i d e n t i f i c a t i o n  of  amino 

t e r m i n a l  amino ac id  a s  PTH d e r i v a t i v e .  A l a r g e  number 

o f  p a p e r s  have  been  and  c o n t i n u e  t o  b e  p u b l i s h e d  

on t h e  a n a l y s i s  of t h e  PTH d e r i v a t i v e s  of amino a c i d s .  
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3500 BHUSHANANDREDDY 

Though f i v e  d i f f e r e n t  t e c h n i q u e s  may be 

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

i n s t r u m e n t a t i o n  development  on methods of  PTH a n a l y s i s ,  

t h e  s i m p l e s t ,  c h e a p e s t  and  s u f f i c i e n t l y  s e n s i t i v e  

method is u n d o u b t e d l y  TLC which w a s  u s e d  b y  Edman 

a n d  Begg [ 2 ]  i n  t h e i r  c lass ical  p u b l i c a t i o n  d e s c r i b i n g  

t h e  a u t o m a t i c  s e q u e n c e r .  T h i s  method i s  s u i t a b l e  

f o r  b o t h  manual  and  a u t o m a t e d  t e c h n i q u e s  b u t  s u f f e r s  

f r o m  t h e  d i s a d v a n t a g e  t h a t  t h e  a n a l y s e s  are q u a l i t a t i v e  

r a t h e r  t h a n  q u a n t i t a t i v e  and a n a l y s i s  i s  l i m i t e d  

t o  t h e  n-mol r a n g e .  However, t h e  method h a s  a d v a n t a g e  

t h a t  s e v e r a l  s a m p l e s  c a n  be a n a l y s e d  a t  t h e  same 

t i m e .  I t  i s  p o s s i b l e  t o  s e m i  q u a n t i f y  TLC a n a l y s i s  

by e l u t i o n  of  s p o t s  f rom t h e  c h r o m a t o g r a p h i c  p l a t e s .  

TLC a n a l y s i s  n e e d s  t o  b e  supplemented  w i t h  a method 

s u c h  as UV or back h y d r o l y s i s ,  or HPLC f o r  t h e  PTH 

de r iva t ive  of a r g i n i n e  a n d  h i s t i d i n e .  The t h i r d  

method i n v o l v e s  GLC which w a s  i n t r o d u c e d  i n t o  t h e  

f i e l d  of  s e q u e n c e  a n a l y s i s  i n  t h e  mid-1960s.  Rapid  

a n d  q u a n t i t a t i v e  d e t e r m i n a t i o n  of m o s t ,  b u t  n o t  

a l l  o f  t h e  PTH amino acids  c a n  be made by GLC and  

it i s  t h i s  f a i l u r e  t o  g i v e  a c o m p l e t e  a n a l y s i s  which 

h a s  p r o v e d  i t s  major drawback.  Bes ides ,  

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

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

b e h a v i o u r  o f  most o f  t h e  PTH-amino a c i d s  [ 3 1 .  The f o u r t h  
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3501 

method u s e s  HPLC w h i c h  was i n t r o d u c e d  i n  m i d  1 9 7 0 s  

which w a s  found t o  be r a p i d ,  s e n s i t i v e ,  q u a n t i t a t i v e  

and  c a p a b l e  of i d e n t i f y i n g  a l l  t h e  PTH amino a c i d s  

a t  pmol l eve l .  The f i f t h  a n a l y t i c a l  t e c h n i q u e  i n v o l v e s  

mass s p e c t r o m e t r y  IS] which i s  used by o n l y  a few 

l a b o r a t o r i e s  i n  v iew o f  t h e  r e q u i r e m e n t  of complex 

and  c o s t l y  i n s t r u m e n t a t i o n .  B e s i d e s ,  s e v e r a l  o t h e r  

t e c h n i q u e s  have  a l so  been  used  f o r  t h e  d e t e r m i n a t i o n  

of PTH-amino a c i d s ,  f o r  example O s c i l l o p o l a r o g r a p h y  

[ b ] ,  p r o t o n  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y  ( 7 1 ,  

and e l e c t r o k i n e t i c  chromatography [8] which i s  b a s e d  

on miscellar s o l u b i l i s a t i o n  and e l e c t r o k i n e t i c  

m i q r a t i o n  i n  a n  open  t u b u l a r  c a p i l l a r y  under  v a r y i n g  

c o n d i t i o n s  of v o l t a g e  and S D S  c o n c e n t r a t i o n .  

The c h o i c e  o f  a n a l y t i c a l  method i s  c l e a r l y  r e l a t e d  

t o  cost ,  t h e  a v a i l a b i l i t y  o f  i n s t r u m e n t a t i o n  and 

t o  t h e  s e n s i t i v i t y  needed  €or t h e  a n a l y s i s .  

N e v e r t h e l e s s ,  TLC c a n  be c o n s i d e r e d  t o  have s e v e r a l  

a d v a n t a g e s  o v e r  o t h r  me thods  of chromatoqraphy b e c a u s e  

i t  i s  s e n s i t i v e ,  i n e x p e n s i v e  and  s i m p l e r ;  a l l ows  

d e n s i t o m e t r i c  s c a n n i n q  f o r  q u a n t i t a t i o n ;  sample  and 

s t a n d a r d s  c a n  be r u n  i n  p a r a l l e l  u n d e r  i d e n t i c a l  

c o n d i t i o n s  o n  t h e  same p l a t e ;  allows f o r m a t i o n  of 

a d e r i v a t i v e  w i t h o u t  r e s o r t i n g  t o  e x t e n s i v e  

p u r i f i c a t i o n  and  r e c r y s  t a l l i z a t i o n :  t h e  components  

of t h e  m i x t u r e  c a n  be e l u t e d  and  used  s u b s e q u e n t l y a n d  
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3502  BHUSHAN AND REDDY 

a l lows  eas ie r  d e t e c t i o n  o f  c o l o u r l e s s  compounds. 

The i n e r t  c h a r a c t e r  of t h e  t h i n  l a y e r  m a t e r i a l  makes 

i t  i d e a l l y  s u i t e d  foi- u s e  w i t h  s t r o n q e r  c o r r o s i v e  

r e a g e n t s  and  p e r f o r m  s e v e r a l  k i n d s  of r e a c t i o n s  on 

t h e  p l a t e .  The g r e a t  a d v a n t a g e s  of TLC a r e  t h e  wide  

v a r i e t y  of deve lopmen t  t e c h n i q u e s  a l l o w i n g  s e p a r a t i o n  

of complex m i x t u r e s  and  numerous d e t e c t i o n  p r o c e d u r e s  

are p o s s i b l e  b e c a u s e  o f  t h e  s t a t i c  n a t u r e  of t h e  

d e t e c t i o n  p r o c e s s .  D e t e c t i o n  l e v e l s  are  c o m p a r a b l e  

f o r  HPTLC and TLC and  t y p i c a l  c o e f f i c i e n t s  o f  v a r i a t i o n  

f o r  HPTLC a n a l y s i s  are  2 -5% f o r  t h e  e n t i r e  p r o c e d u r e  

a n d  < 1% €or s t a n d a r d s .  The i n h e r e n t  a c c u r a c y  o f  

TLC may b e  b e t t e r  t h a n  f o r  t h e  column methods b e c a u s e  

s t a n d a r d s  are r u n  d i r e c t l y  i n  p a r a l l e l  w i t h  s a m p l e s  

[ 6 1 .  Some a s p e c t s  o f  TLC t h a t  s t i l l  are n o t  a p p r e c i a t e d  

a d e q u a t e l y  by  t h e  m a j o r i t y  of p e o p l e  u s i n g  

c h r o m a t o g r a p h y  w e r e  o u t l i n e d  by R . E . K a i s e r  i n  a n  

e d i t o r i a l  i n  t h e  March 1 9 8 4  i s s u e  o f  HRC & CC. T h e s e  

i n c l u d e  u n r e s t r i c t e d  access t o  t h e  s e p a r a t i o n  p r o c e s s ,  

i n t r o d u c i n g  m a g n e t i c .  t h e r m a l ,  e l e c t r i c a l  and  o t h e r  

p h y s i c a l  f o r c e s  t o  improve  r e s o l u t i o n ;  h i q h  sample  

t h r o u g h o u t ;  t r u l y  m u l t i d i m e n s i o n a l  s e p a r a t i o n s ;  and  

t h e  u s e  of c o n t r o l l e d  m u l t i p l e  g r a d i e n t s .  The 

c o m b i n a t i o n  of robot ics ,  w i t h  t h e  c o n t i n u e d  deve lopmen t  

of t h e o r y , p r a c t i c e ,  and i n s t r u m e n t a t i o n  w i l l  l e a d  

e v e n t u a l l y  t o  TLC s y s t e m s  t h a t  are  u n r i v a l l e d  f o r  

speed,versatility,accuracy, p r e c i s i o n  a n d  s e n s i t i v i t y .  
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3503 

Tn v i ew o f  above  a d v a n t a g e s  and  h i g h  s c o p e  of  

TLC and i m p o r t a n c e  o f  PTH amino a c i d  i n  p r o t e i n  

c h e m i s t r y  a t h o r o u y h  l i t e r a t u r e  s e a r c h  t o w a r d s  t h e  

TLC s t u d i e s  of PTH-amino a c i d s  w a s  made t h r o u g h  

c h e m i c a l  a b s t r a c t s  a f t e r  1972 a n d  t h e  g e n e r a l  TLC 

reviews [6-81. A l m o s t  a l l  t h e  r e f e r e n c e s  t h u s  n o t e d  

w e r e  o b t a i n e d  by x e r o x i n q  t h e  p a p e r s  f rom j o u r n a l s .  

Moreove r ,  t h e  c u r r e n t  work on  TLC of  PTH-amino a c i d s  

i n  t h e  a u t h o r ' s  l a b o r a t o r y  19-15] prompted t o  u n d e r t a k e  

this r e v i e w .  

V a r i o u s  TLC s y s t e m s  w i t h  d i f f e r e n t  k i n d s  o f  

a d s o r b e n t s  l i k e  a l u m i n a ,  s i l i c a  g e l ,  and p o l y a m i d e  

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

by  new and improved me thods .  

TLC ON POLYAMIDE PLATES 

Kulbe [ 1 6 ]  r e p o r t e d  a s u c c e s s f u l  and  r a p i d  method 

f o r  t w o  d i m e n s i o n a l  s e p a r a t i o n  of 2 4  PTH-aminoacids 

o n  p o l y a m i d e  g l a s s  p l a t e s  a v a i l a b l e  c o m m e r c i a l l y  

for r e a d y  t o  u s e .  The s o l v e n t  s y s t e m s  u s e d  w e r e  a s  

f o l l o w s  : 

Toluene-n-pentane-glacial ace t i c  a c i d ( 6 0 : 3 0 : 3 5 , v / v ) ;  

Ethylenechloride-glacial acet ic  a c i d ( 9 0 : 1 6 ,  v/v); 

Toluene-n-pentane-glacial acet ic  a c i d ( 6 0 : 3 0 : 2 0 , v / v )  : 

C a r b o n t e t r a c h l o r i d e - g l a c i a l  a ce t i c  a c i d ( 8 0 : 3 0 , v / v ) ;  

35% acet ic  a c i d ;  and 30% ace t i c  acid.  H e  w a s  

a l s o  a b l e  t o  s e p a r a t e  Glu/Asp, Gly/N-phenyl-N-Phe, 

S e r / T h r  and  L e u / I l e  which w e r e  ea r l ie r  r e p o r t e d  
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3504 BHUSHAN AND REDDY 

i n s e p a r a b l e  b y  P a t a k i  [ 1 7 1  a n d  C h e r b u l i e z  e t  a l .  

[ 1 8 , 1 9 1 .  Though h e  c o u l d  n o t  s e p a r a t e  PTII-Tyr/Cys 

h i s  m e t h o d s  were tletter t h a n  t h o s e  r e p o r t e d  b y  Wang 

e t  a l .  [ 2 0 ]  o n  similar.  p l a t e s  w h e r e  t h e  p o l y a m i d e  

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

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

p o l y a m i d e  coated g l a s s  p l a t e s  a n d  i o d i n e - s o d i u m  a z i d e  

s p r a y  r e a g e n t  d i c t a t e d  a l o w e r  l i m i t  o f  d e t e c t i o n  

of 5-10 n moles o f  t h e  PTH d e r i v a t i v e .  Summers e t -  

a l .  [ 2 1 ]  e x t e n d e d  t h i s  t e c h n i q u e  t o  p o l y a m i d e  sheets 

w i t h  a f l u o r e s c e n t  i n d i c a t o r  t o  t h a t  u s e d  b y  Edrnan 

a n d  Begg [ 2 ] ,  a n d  t h e y  f o u n d  t h a t  it w a s  p o s s i b l e  

t o  d e t e c t .  a s  l i t t l e  a s  0 . 0 5  n moles of mater ia l ,  

w i t h o u t  r e s o r t i n g  t o  a v i s u a l i z a t i o n  s p r a y  o f  t h e  

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

a c i d  ( 6 0 : 3 0 : 3 5 ) .  F u r t h e r  t h e y  u s e d  p o l y a m i d e  s h e e t s  

c o a t e d  o n  b o t h  s i d e s  for t h e  c o m p a r i s o n  w i t h  s t a n d a r d  

m i x t u r e s .  The  method o f  Summers e t  a l .  [ 2 1 1  w a s  u s e d  

b y  Hopp [ 6 Y ]  who s e p a r a t e d  PTH d e r i v a t i v e s  of A r g ,  

H i s  a n d  S-S p y r i d y l  e t h y l  c y s t e i n e  f r o m  c o n t a m i n a n t s  

b y  TLC on p o l y a m i d e  s h e e t s  u s i n g  1 0 %  a q u e o u s  p y r i d i n e  

as s o l v e n t ;  d e v e l o p m e n t  of c h r o m a t o g r a m  i n  35% a q u e o u s  

acet ic  a c i d  fo r  t h e  s e c o n d  d i m e n s i o n  c o n t a i n i n g  a 

f l u o r e s c e n t  i n d i c a t o r ,  r e s u l t e d  i n t o  t h e  i d e n t i f i c a t i o n  

of t h e s e  PTH aminoac ic l s  i n  s u b  n a n o  mole a m o u n t s ,  

a n d  1 6  of t h e  2 0  PTH-aminoac ids  w e r e  r e s o l v e d .  Karl 

[22] detected PTH-amino ac ids  b y  HPTLC a n d  o n  p o l y a m i d e  
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3505 

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

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

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

i n  less t i m e .  Moreover t h e  s e n s i t i v i t y  o b t a i n e d  o n  

p o l y a m i d e  w a s  t w o - f o l d  t h a n  t h a t  obtained b y  HPTLC. 

K u l b e  [ 2 3 , 2 4 1  r e p o r t e d  s e v e r a l  s e n s i t i v e  and r a p i d  

m u l t i  s a m p l e  i d e n t i f i c a t i o n  of PTH a n d  MTH a m i n o a c i d s .  

The m o s t  s i g n i f i c a n t  o f  t h e s e  was [ 2 5 ]  s e p a r a t i o n  

o f  p h e n y l  a n d  m e t h y l  t h i o h y d a n t o i n s  of a r q i n i n e ,  

c y s t e i c  a c i d  a n d  h i s t i d i n e  o n  5x5  c m  p o l y a m i d e  s h e e t s  

u s i n g  a s c e n d i n g  TLC a n d  a b o u t  1 p 1  of t h e  s a m p l e .  

The  c h r o m a t o g r a m s  w e r e  d e v e l o p e d  f o r  1 0  m i n s  i n  

t h e  s o l v e n t s  e t h y l  a c e t a t e - n  b u t a n o l - s l a c i a l  acet ic  

a c i d  ( 3 5 : l O : l )  a n d  e t h y l  acetate-tert-butanol-acetic 

a c i d  ( 3 5 : l O : l )  c o n t a i n i n g  2 5 0  m q / l  o f  t h e  f l u o r e s c e n t  

i n d i c a t o r  a n d  v i s u a l i z a t i o n  w a s  made u n d e r  s h o r t  

wave U V .  The  method [ 2 5 1  w a s  i m p o r t a n t  b e c a u s e  

h i s t i d i n e  a n d  a r q i n i n e  d e r i v a t i v e s  w e r e  e a s i l y  

d e t e c t e d .  The  q u a n t i t a t i o n  of micro scale  w a s  p o s s i b l e  

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

when c a r r i e d  o u t  b y  b a c k  h y d r o l y s i s  t o  t h e  f r e e  amino 

a c i d s  f o l l o w e d  b y  t h e . l r  d e t e r e m i n a t i o n  i n  aminoacid 

a n a l y z e r .  B o s e  and Brewer [ 2 6 ]  r e p o r t e d  an  i m p r o v e d  

s y s t e m  for  t h e  s e p a r a t i o n  and  i d e n t i f i c a t i o n  O f  

P T H - h i s t i d i n e  a n d  P T H - a r g i n i n e  b y  TLC o n  p o l y - a m i d e  

s h e e t s  u s i n q  t h e  s o l v e n t  s y s t e m  

n-butylacetate-methanol-aceticacid ( 2 9 : 2 0 : 1 )  c o n t a i n i n g  
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3506 BHUSHAN AND REDDY 

3 0  mg o f  bu ty l -PBD f l u o r e s c e n t  r e a g e n t  p e r  l i t e r .  

The me thod  w a s  r e p o r t e d  t o  be s u p e r i o r  t o  t h a t  b y  

K u l b e  [ 2 3 ]  a n d  Summers [ 2 1 ] .  GLC,  e l e c t r o n  i m p a c t  

a n d  C I - M a s s s p e c t r o s c o p y  h a v e  a l s o  b e e n  e x t r e m e l y  u s e f u l  

f o r  t h e  i d e n t i f i c a t i o n  o f  PTH d e r i v a t i v e s  [27-291 

b u t  are  less s u c c e s s f u l  t h a n  t h e s e  TLC m e t h o d s  [ 2 5 , 2 6 1  

p a r t i c u l a r l y  f o r  PTIl - A r q  a n d  t l i s  b e c a u s e  t h e s e  

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

q u a n t i f i c a t i o n  b y  GC & M S  b e i n g  l o w  v o l a t i l e  a n d  

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

Nakamura e t  a l .  [ 3 0 1  c a r r i e d  o u t  t w o  d i m e n s i o n a l  

TLC u s i n q  g l a s s  p l a t e s  c o a t e d  w i t h  p o l y a m i d e  c o n t a i n i n q  

t h r e e  f l u o r e s c e n t  a d d i t i v e s  when a l l  PTH-amino a c i d s  

were s e e n  as c o l o r e d  s p o t s  u n d e r  UV lamp e m i t t i n g  

l i q h t  o v e r  t h e  r a n q e  200-400 nm. The f l u o r e s c e n t  materi- 

a l s  h a d  a c h a r a c t e r i s t i c  color when s u i t a b l y i r r a d i a t e d .  

Abou t  0 .1  n m o l e  of PTH-amino a c i d  c o u l d  bedetected a n d  

c h a r a c t e r i s t i c  c h a n g e s  i n  t h e  color o f  some PTII-amino 

a c i d s  w e r e  o b s e r v e d  b y  h e a t i n q  t h e  p l a t e  a f t e r  s p r a y -  

i n q  w i t h  a n  a l k a l i n e  s o l u t i o n .  

The  t y p i c a l  r e s u l t s  a r e  g i v e n  i n  T a b l e - 1 .  His method  

w a s  s u p e r i o r  t o  t h e  e a r l i e r  r e p o r t s  [ 3 1 , 3 2 1 ,  w h e r e  

TLC o f  PTH-amino ac ids  w a s  ca r r ied  o u t  o n  s i l i c a  

g e l  p l a t e s  a n d  colored s p o t s  were located a f t e r  

n i n h y d r i n  s p r a y ,  h o w e v e r ,  t h e  P T H - d e r i v a t i v e s  o f  

V a l ,  Leu a n d  I l e  [ 3 3 ]  a n d  PTH-Tyr [ 3 2 ]  d i d  n o t  y i e l d  
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3507 

TABLE - 1 
Characteristic colors of PTH arninoacids on polyamide 
FM plates containing mixed fluorescent additive[30] 

~~ ~ 

PTH-amino acid 
Alkaline 

Valine 
Proline 
Alapine 
Glycine * 
Serine 

Asparagine* 
Asparticacid 
Methionine* 
Leucine 
Isoleucine 

Lysine 
Tyrosine * 
Threonine 
Glutamhe* 
Glutamic acid 

Phen yla lanine * 
Tryptophan* 
Histidine* 
Arginine* 
Cyst e i ca cid 

Red 
Red 
Red 
Red 
Red 

Red 
Red 
Red 
Red 
Red 

Red 
Red 
Red 
Red 
Red 

Red 
Red 
Red 
Red 
Red 

Red 
Red 
Red 
Brownish red 
Brownish red(b1ue) 

Greenish brown(bluish green)** 
Brow.iish red ( dark brown) 
Brownish red 
Brownish red 
Red 

Red 
Red(bluish cJreen)** 
Bluish green(b1ue) 
Greenish brown(white yellow) 
Red 

Greenish red(white blue)** 
Greenish red(white blue)** 
Blue(liqht blue)** 
Purple ( blue ) * *  
Brownish red(dark brown) 

*Spots appear yellow, except qlycine(pink) 
**Fluorescent 
Solvents: Toluene-n-pentane-aceticacid(6:3:2) and 

aceticacid-water(l:3) for 1st and 2nd dimen- 
sion respectively. 

heating at 150 '  for 30 mins, W. 
Alkaline treatment: Spray 0.05M NaOH in methanol-water(l:l), 
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3508 BHUSHANANDREDDY 

a color p roduc t  i n  a n i n h y d r i n  r e a c t i o n .  Though i n  

t h e  method of Nakamura a l l  PTH-aminoacids gave c o l o r e d  

s p o t s  w i t h o u t  any  decomposi t ion ,  n e v e r t h e l e s s ,  

d i s t i n c t i o n  between PTH- Leu and I le  remained an  

unsolved  problem. TLC s e p a r a t i o n  of PTH-der iva t ives  

of M e t ,  Glu,  Lys,  I le  and S - ( c a r b o x y  methyl )  c y s t e i n e  

on polyamide f i l m s  u s i n g  3 0 %  H O A c  and to luene-heptane-  

H O A c ,  6 :3 :3 .5  [ 3 4 ] ,  and t h a t  of PTH-Leu and I le  i n  

t h e  s o l v e n t  system 1 0 %  HCOOH-EtOH,  1 O : Y  [ 3 5 ]  have 

a l so  been r e p o r t e d .  

TLC ON SILICA PLATES 

A f t e r  an  e a r l i e r  r ev iew i n  1 9 7 2  by RosmUS and 

Deyl [ 3 6 1  and Neiderwieser  [ 3 7 ] ,  I n g l i s  and N i c h o l l s  

[ 3 8 ]  r e p o r t e d  TLC of PTII-amino a c i d s  i n  p r e f e r e n c e  

t o  c o a t e d  g l a s s  p l a t e s  on a n  aluminium p l a t e  c o a t e d  

w i t h  s i l i c a  g e l  c o n t a i n i n g  a f l u o r e s c e n t  dye and 

s t o r e d  o v e r  P205  t o  remove excess m o i s t u r e ,  u s i n g  

e t h y l e n e  c h l o r i d e - a c e t i c  a c i d  ( 6 0 : 7 ) .  The r e s u l t s  

showed t h a t  PTH-Ile/Phe w e r e  r e s o l v e d  from PTH-Leu 

and PTH-Val r e s p e c t i v e l y ,  wh i l e  PTH-Asp, G l u  and 

Tyr  showed i n c r e a s e d  s e p a r a t i o n  i n  comparison t o  

t h e  system r e p o r t e d  by Edman [ 3 9 ] .  F u r t h e r ,  I n g l i s  

[ 3 8 ]  r e p o r t e d  t h a t  t h e  use  of aluminium p l a t e s  had 

advan tages  over g l a s s  p l a t e s  as  t h e  former  were more 

r e s i s t a n t  t o  a b r a s i o n ,  t h e  PTH m i x t u r e s  e x h i b i t e d  

more r e p r o d u c i b l e  Rf v a l u e s  a c r o s s  t h e  p l a t e ,  and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3509 

t h e  color r e a c t i o n s  w e r e  more permanent .  I n g l i s  a n d  

c o w o r k e r s  [40] l a te r  described a s i m p l e  p r o c e d u r e  

u s i n g  s i l i ca  g e l  p l a t e s  €or c o n v e r t i n g  2-amino- 

5 - t h i a z o l i n o n e s  (AT01 f rom t h e  p r o t e i n  s e q u e n a t o r  

t o  t h e  more s t a b l e  P T H  amino a c i d s  w i t h o u t  u s i n g  

t h e  c o n v e n t i o n a l  H C 1  c o n v e r s i o n  p r o c e d u r e .  The method 

w a s  b a s e d  on a n  e a r l y  o b s e r v a t i o n  of  Edman [411 

t h a t  t h e  c o n v e r s i o n  of  ATO's t o  PTHs c a n  b e  

a c c o m p l i s h e d  by h e a t  a l o n e  as  shown i n  scheme - 2 .  

I n g l i s  [ 4 0 1  a p p l i e d  s o l u t i o n s  of ATOs, f rom s e q u e n a t o r  

o n t o  a n  a luminium backed TLC p l a t e  c o n t a i n i n g  t h e  

f l u o r e s c e n t  i n d i c a t o r  K i e s e l g e l  6 0  I f o l l o w e d  

b y  1p1 h e p t a f l u o r o  b u t y r i c  a c i d .  The p l a t e s  were 

h e a t e d  f o r  1 0  min a t  140°, and were d e v e l o p e d  [ 3 8 ]  

w i t h  r e f e r e n c e  P T H  s t a n d a r d  m i x t u r e s .  A f t e r  

chromatography,  measurements  o f  t h e  y i e l d s  o f  

d e r i v a t i v e s  o n  t h e  p l a t e  w e r e  made w i t h  a v a r i a b l e  

w a v e l e n g t h  t h i n  l a y e r  c h r o m a t o g r a p h i c  s c a n n e r ,  which 

w a s  shown t o  be a u s e f u l  a d j u n c t  f o r  i d e n t i f i c a t i o n .  

I n q l i s  [ 4 2 1  f u r t h e r  m o d i f i e d  t h e  above  p r o c e d u r e  

t o  overcome t h e  l i m i t a t i o n s  o f  t h e  h e a t  c o n v e r s i o n  

method. The e x t r a c t  f rom t h e  s e q u e n a t o r  w a s  d r i e d  

i n  a stream of n i t r o g e n  and  d i s s o l v e d  i n  l o o p 1  o f  

1 , 2  d i c h l o r o  e t h a n e  p l u s  1p1 of p e n t a f l u o r o  p r o p i o n i c  

a c i d  c o n t a i n i n g  5 mg/ml d i t h i o t h r e i t o l .  An a p p r o p r i a t e  

a l i q u o t  w a s  s l o w l y  l o a d e d  onto  a n  aluminium backed  

s i l i cage l  p l a t e  u s i n g  a r n u l t i s p o t t e r  w i t h  h e a t i n g  
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3511 

a t  a p p r o x i m a t e l y  7 0 " .  A f t e r  l o a d i n g ,  t h e  TLC p l a t e  

w a s  c o v e r e d  w i t h  a 2 0 x 2 0 ~  0 . 4  c m  g l a s s  p l a t e  and  

h e a t e d  a t  1 4 0 "  f o r  1 0  mins .  The p r e s e n c e  of 

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

of d e s u l p h u r a t i o n  of t h i o c a r b o n y l  groups by o x i d a t i o n  

e i t h e r  d u r i n g  l o a d i n g  o r  d u r i n g  h e a t i n g  a t  1 4 0 ' .  

L a t e r ,  I n g l i s  I 4 3 1  r e p o r t e d  t h a t  t h e  s e n s i t i v i t y  

w a s  i n c r e a s e d  u s i n g  t h e  l a r g e r  p l a t e s  and e x p o s i n g  

t h e  ch romatograms  t o  i o d i n e  v a p o u r ,  which f o l l o w e d  

q u i c k  p h o t o g r a p h y  u n d e r  UV l i g h t ,  i n  compar i son  t o  

t h e  TLC on  s i l i c a  gel c o n t a i n i n g  f l u o r e s c e n t  dye  

[ 3 8 1 .  

A r a p i d  color coded  s y s t e m  was d e s c r i b e d  by  

Walz a n d  R e u t e r b y  [ 3 3 ]  €or  t h e  c o m p l e t e  r e s o l u t i o n  

of a l l  common PTH-aminoacids b y  u s i n g  t h e  i n f o r m a t i o n  

of Inagami  and  Murakami [ 3 2 ] .  I n  t h i s  s y s t e m ,  o n l y  

t h e  PTH d e r i v a t i v e s  of d e h y d r o t h r e o n i n e ,  v a l i n e ,  

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

color a n d  were a n a l y s e d  by  GC.  They used  p l a s t i c  

backed  p r e c o a t e d  s i l i c a  g e l  TLC F l a t e s  w i t h o u t  

f l u o r e s c e n t  i n d i c a t o r  which were d e v e l o p e d  i n  h e p t a n e -  

e t h y l e n e d i c h  l o r i  de-prop j o n i c  a c i d  ( 4 5 : 2 5 : 3 0 )  and  

Xy lene  - :nethano1 ( 8 0 : 1 0  ) . The ch romatograms  were s p r a y e d  

w i t h  i o d i n e - a z i d e  and  1.78 n i n h y d r i n  i n  MeOlI-col l idine-  

A c O H  ( 1 5 : 2 : 5 )  and  w e r e  h e a t e d  a t  90' f o r  2 0  min.  

C e r t a i n  c h a r a c t e r i s t i c  color c h a n g e s  w e r e  d e t e c t e d  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



35 12 BHUSHANANDREDDY 

by blowing a saturated ammonia atmosphere over the 

ninhydrin plate. The typical results are given 

in Table-2. The colors produced easily permitted 

the identification of those aminoacids which had 

nearly identical R f  vaiues; for example lysine and 

serine degradation product; alanine, methionine, 

and phenylalanine; and tyrosine and threonine. The 

method can be considered as significant because 

it gave consistently positive identifications of 

PTH-Ser, Lys, Glu, and Asp acids and their respective 

amides which could not be identified by GC. Moreover 

the sensitivity of the technique was the greatest 

for those PTH-derivatives which failed to be resolved 

by GC. The PTHs can also be determined [ 4 4 1  during 

their identification on TLC, by spraying a mixture 

of ninhydrin, collidine, and ethanol which formed 

red dehydration products. Kubota et al. [ 4 5 ]  described 

a method for identification and quantitation of 

PTH-aminoacids by TLC on silica gel plates, with 

a scanning, two wavelength densitometer. This method 

was found to be satisfactory to the determination 

of amino terminal. residues of bovine 4-chymotrypsin. 

The application of the linear detector system for  

the quantitative determination of PTH-amino acids 

on the thin layer chromatogram was demonstrated by 

Zwolinski and Treiber [ 4 6 ] .  According to them this 

method was rapid and more sensitive than the Edman 
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 

PTH d e r i v a t i v e  Color p r o p e r t i e s  

3513 

NH OH color c h a n g e  4 

TABLE - 2 

C h a r a c t e r i s t i c  colors of PTH-amino a c i d s  
f o l l o w i n g  n i n h y d r i n  s p r a y  [ 3 3 ]  

P r o l i n e  

Alan ine  
G l y c i n e  
S e r i n e  

S e r i n e  b r e a k  - 
down 
A s p a r a g i n e  
C a  rbox yme t h y l  
c y s t e i n e  

M e t h i o n i n e  - 
s u l f o n e  
M e t h i o n i n e  
L y s i n e  

T y r o s i n e  

T h r e o n i n e  
G l u t a m i n e  
P h e n y l a l a n i n e  

T r y p t o p h a n  

A s p a r t i c a c i d  
G l u t a m i c a c i d  

UV,  colorless 

P u r p l e  
Orange 
UV,  p u r p l e  

f a i n t  o r a n g e  

y e l l o w  
UV, p u r p l e  

l i g h t  t a n  

f a i n t  t a n  
v e r y  f a i n t  p i n k  

UV, y e l l o w  b e f o r e  
s p r a y  

Color less 
d a r k  g r e e n  
U V , C o l o r l e s s  

UV,  y e l l o w  b e f o r e  
s p r a y  

UV,  p i n k  
g r e y  

l i q h t  b l u e  a f t e r  
h e a t i n g  
d e e p e r  color 

weak r e d  

move i n t e n s e  

weak b l u e  a f t e r  
h e a t i n g  
i n t e n s e  y e l l o w  

L i q h t  t a n  
d a r k  b l u e  
f a i n t  y e l l o w  

deep  y e l l o w  

d a r k e r  
d a r k  b l u e  

p r o c e d u r e ,  a n d  as  l i t t l e  a s  0 .5  n mole of PTH-aminoacid 

c o u l d  b e  d e t e c t e d  quantitatively. Horn e t  al. ( 4 7 1  

s t u d i e d  t h e  c h r o m a t o g r a p h i c  b e h a v i o u r  of b o t h  P T H  

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

same s e q u e n t i a l  d e v e l o p m e n t  t e c h n i q u e  w i t h  , t h e  same 

t w o  s o l v e n t s .  They c a r r i e d  o u t  TLC o n  s i l i c a  g e l  
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35 14 BHUSHAN A N D  REDDY 

p l a t e s  w i t h  f l u o r e s c e n t  i n d i c a t o r .  The chromatograms 

w e r e  d e v e l o p e d  i n  ( I ) ,  C H C 1 3 - E t O H  ( 9 8 : 2 )  f o l l o w e d  

by (11) CHC13-EtOH-MeOH (89 .25:0 .75:10)  i n  t h e  same 

d i r e c t i o n  and w e r e  v i s u a l i z e d  u n d e r  s h o r t  w a v e l e n g t h  

l i g h t .  A l l  b u t  2 of 2 0  common PTH-aminoacids w e r e  

r e s o l v e d  by t h i s  method. R e s i d u e s  which r a n  a t ,  

or n e a r ,  t h e  b a s e l i n e  i n t o  t h e  s o l v e n t  I were 

a d e q u a t e l y  s e p a r a t e d  i n  s o l v e n t  11. Only PTH-Asp 

a n d  PTH-cys te ic  a c i d  were co-chromatographed .  The 

s y s t e m  p r o v i d e d  be t te r  r e s o l u t i o n s  i n  compar ison  

t o  HPLC a s  o n e  p a i r  and  o n e  t r i p l e t  of MTH-amino 

a c i d s  n o t  r e s o l v e d  by HPLC w e r e  d e f i n i t e l y  r e s o l v e d .  

Datta and D a t t a  [ 4 8 ]  d e s c r i b e d  a method f o r  t h e  

i d e n t i f i c a t i o n  of  p a r a  p h e n y l  a z o p h e n o l  P T H - d e r i v a t i v e s  

of amino a c i d s  by a s c e n d i n g  TLC o n  s i l i c a  g e l .  The 

d e v e l o p i n g  s o l v e n t s  w e r e  a c e t o n i t r i l e - 0 . 2 M  N H 4 0 A c -  

Me2C0 ( 7 5  : 1 5  : 1 9  ) or  a c e t o n i t r i l e  - 0.1 M 

N H  O A c - M e  C 0 ( 5 5 : 3 5 : 1 0 ) ,  t h e y  a c h i e v e d  t h e  s e p a r a t i o n s  

of  t h r e o n i n e  from a s p a r t a t e ,  s e r i n e  from h i s t i d i n e ,  

and  v a l i n e  from p h e r i y l a l a n i n e .  F u r t h e r  t h e y  [ 4 9 ]  

d e s c r i b e d  some s p r a y  r e a g e n t s  f o r  t h e  d e t e c t i o n  of  

1;-phenyl a z o  PTHs of a m i n o a c i d s  o n  s i l i ca  g e l  p l a t e s .  

The spray r e a g e n t s  c o n t a i n e d  p h e n y l  n a p h t h y l a m i n e  

or n i n h y d r i n  w i t h  or w i t h o u t  copper n i t r a t e  or 

c y c l o h e x y l a m i n e  o r  i s a t i n  and  z i n c  acetate. 

4 2 

T a r r  [ 5 0 ]  r e p o r t e d  t h a t  m o d i f i c a t i o n s  o f  t h e  

classical  Edman c y c l e  p e r m i t t e d  t h e  c o m p l e t e  s e q u e n t i a l  
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3515 

degradation, without prior derivatization of all 

small and medium sized peptides with a free N-terminal. 

The derivatives were identified with a fast and 

sensitive thin layer chromatography. Sequences upto 

4 0  residues appeared possible with most long peptides. 

Further Klemn [51] described a method for N-terminal 

sequencing with TLC identification of 

phenylthiohydantions. He also described the mechanism 

for P I T C  couplinq to peptides, cleavage and conversion 

reaction. Solal and Bernard 1521 described an 

adaptation of previous methods [ 3 6 , 3 9 ]  involving 

l/3 size silica ?el sheets, whcih was very sensitive 

(at 10-l' M level) and the chromatography was complete 

in 15 mins. It was probably the first attempt of 

micro TLC on PTH-aminoacids. rhe ascending 

chromatography in one solvent was followed by another 

ascending chromatography in the same direction in 

a different solvent and the chromatograms were sprayed 

with iodine(-azide solutic)n, the typical results are 

given in Table-3. The quality of the separation 

was comparable to GC and conventional TLC procedures 

but the micro TLC was found to be more rapid as it 

could identify eight PTHs  in half an hour contrary 

to GC which identified only one in equivalent time. 

However, the application of both GC and micro TLC 

was recommended for quantitation. Some effective 

solvents were reported by Munier and Drapierf53,54] 
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 35 17 

€or the rapid identification of PTH-aminoacids by 

one dimensional TLC on silicagel plates or cellulose. 

The best systems were CHC13-n-butyl acetate (90:10), 

diisopropyl ether-EtOH ( 9 5 : 5 ) ,  and dichloromethane- 

EtOH-HOAc ( 9 0 : 8 : 2 ) .  Kinoshita et al. [55,56] have 

reported the application of thiamin0 hydrochloride 

solution and N-chloro-5-dimethyl amino naphthalene- 

1-sulphonamide (NCDA) as the locating reagents for 

PTH-amino acids on conventional T L C .  NCDA was non- 

fluorescent but developed intense fluorescence on 

reaction with P T H s  and was effective in the 

determination of PTH-amino acids present at 40-60 

p mole level while with thiaminohydrochloride the 

plate was illuminated at 365 nm and the fluorescence 

intensity was measured for the detection. A s  little 

as 60 p mole of PTH-Ly:; was detected by UV ( 3 6 6  nm) 

irradiation on a fluorescence containing silica gel 

plate after development with ethanol-acetic acid 

( 7 : 3 ) ,  [ 5 7 1 .  

Thin layer chromatographic resolution and 

identification of PTH-aminoacids on silica or cellulose 

or polyamide layers a s  discussed above indicated 

difficulties in achieving discrimination between 

derivatives of Leu and Ile [16], and resolution of 

complex mixtures without two dimensional 

chromatography [ 5 8 ] .  Besides difficultieis to resolve 
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3518 BHUSHAN AND REDDY 

c o m b i a n t i o n s  of  PTH-Phe/Val/Met/Thr [38,591; and 

PTH-Leu/Ile [ 3 0 , 3 8 , 5 9 ]  had a lso been  o b s e r v e d .  R e c e n t l y  

Bhushan and c o w o r k e r s [ y - 1 5 ]  i n  a n  a t t e m p t  t o  r e s o l v e  

t h e s e  d i f f i c u l t i e s  have  s u c c e s s f u l l y  r e p o r t e d  f o r  

t h e  f i r s t  t i m e  t h e  a p p l i c a t i o n  of  s i l i c a g e l  l a y e r s  

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

t r a n s i t i o n  metals and o t h e r  r e a g e n t s  l i k e  ( + )  - 
t a r t a r i c  acid and  ( + ) - a s c o r b i c  a c i d  f o r  t h e  r e s o l u t i o n  

o f  mul t icomponent  m i x t u r e s  of PTHaminoacids and  t h e i r  

e n a n t i o m e r i c  m i x t u r e s .  The methods r e p o r t e d  by them 

w e r e  v e r y  good b e c a u s e  t h e  s p o t s  were v e r y  compact ;  

t h e  methods were a p p l i c a b l e  f o r  t h e  i n d e n t i f  i c a t i o n  

o f  unknown P T H - d e r i v a t i v e s  b e s i d e s  r e s o l u t i o n  of  

mul t icomponent  m i x t u r e s :  t h e y  p r o v i d e d  a c o n v e n i e n t  

method o v e r  i o d i n e - a z i d e  method where in  t h e  l a t t e r  

b l e a c h e d  spots w e r e  o b s e r v e d  on l i g h t  brown background 

o f  t h e  p a p e r  o r  t h i n  ( s i l i c a  g e l )  l a y e r  chromatogram 

a n d  c a u s e d  g r e a t e r  d i f f i c u l t y  i n  d e m a r c a t i n g  t h e  

e x a c t  s p o t s  and measurements  o f  a c c u r a t e  R f ;  t h e  

PTH-aminoacids remained  u n a l t e r e d  c h e m i c a l l y  and  

c o u l d  p o s s i b l y  be used  s u b s e q u e n t l y  a f t e r  e l u t i o n .  

R e s o l u t i o n  o f  1 0  component m i x t u r e  of PTH-amino 

a c i d s  on t h i n  s i l i c a  l a y e r s  i m p r e g n a t e d  w i t h  3 

d i f f e r e n t  c o n c e n t r a t i o n s  of Zn , Cd", Hg u s i n g  

chloroform-H20-EtOAc (28:l:l); C C G - H O A c  (19:l) and 

CHC13-Me0H-C6H6 (14:1:5) [ l o ] ;  r e s o l u t i o n  of 1 5  

++ ++ 
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3519 

component mixture on silica plates impregnated with 

different concentrations of Fe , CO++ and Zn in 

CHC13-C6H6-EtOAc ( 2 5 : 5 : 3 ) I l l ]  and different 

concentrations of Cr , M ~ + + ,  Fe , Co , Ni , 

Cu , Zn , Cd++ and Hg in CHC13-EtOAc ( 2 9 : 3 )  [ 1 2 1  

have been reported. It was found that impregnation 

of metal ions influenced the chromatographic behaviour 

of PTH-aminoacids most likely by the complex formation 

++ ++ 

+++ ++ ++ ++ 

++ ++ ++ 

due to electron pairdonation from N, 0, or S atoms 

of PTH-aminoacids to the 'd' orbitals of transition 

metal ions and it was the solubility/adsorption of 

such a complex which was responsible for different 

Rf and hence resolution, for example, the complexes 

of PTH-amino acids with C o  and %n had a higher 

solubility than those of Fe in the solvent system 

CHCl -C H-EtOAc ( 2 5 : 5 : 3 )  as was evident from their 

increased and decreased Rf values respectively in 

comparison to control plates [ill is shown in Table- 

4 .  The solvent system CHClj-EtOAc 2 9 : 3 )  for plates 

+ -t ++ 

++ 

3 6 6  

impregnated with Fe ++ , ~i + +  ( 0 . 2 8 )  provided resolutions 

for PTH-derivatives of I,eu, Ile, Thr and Val; Leu, 

Ile, Gly; and Thr, Met [ 1 2 ] .  

The study of the effect of different anions 

and cations on the thin layer chromatographic behaviour 

of PTH-amino acids by the same group [14,151 resulted 

into resolution of several difficult combinations 
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3520 BHUSHAN AND REDDY 

PTH-amino acid P l a i n  F e  
0.2% 

A l a n i n e  
A s p a r t i c  a c i d  
G l y c i n e  

G l u t a m i c a c i d  
I s o l e u c i n e  
L e  u c i n e  

L y s i n e  
M e t h i o n i n e  
P r o l i n e  

S e r i n e  
T y r o s i n e  
T r y p t o p h a n  

T h r e o n i n e  
V a l i n e  

40 
0 

26 

0 
7 4  
7 4  

11 
49 
8 9  

5 
1 2  
8 5  

62  
6 5  

34 
0 

23  

0 
68 
7 0  

4 
40 
86  

3 
1 3  
1 7  

5 5  
57 

47 
0 

2 8  

0 
84 
87  

1 5  
58 
8 0  

6 
Y O  
94 

82 
1 3  

4 1  
0 

27 

0 
84 
i a  

5 
53  
97 

7 
8 0  
87  

1 2  
6 7  

S o l v e n t :  Chloroform-benzene-ethylacetate(25:5:3), 
d e v e l o p i n g  t i m e - 3 5  m i n u t e s ,  for 1 0  c m .  

[ 3 0 , 3 8 , 5 9 , 6 6 ]  a n d  d e v e l o p m e n t  of s e v e r a l  new s o l v e n t  

s y s t e m s  v i z :  n - h e p t a n e - b u t y l a c e t a t e  ( 1 5 : 5 ) ;  n -hepkane -  

p r o p i o n i c  a c i d  ( 2 0 : 4 ) ;  C 6 H 6 - E t O A c  ( 1 5 : 3 ) ;  CHC13- 

n - b u t Y l a c e t a t e ( 1 0 : 5 ) ,  a n d  C H C 1 3 - E t O A c  ( 2 5 : 2 ) .  

The  an ions  s u c h  as C l - ,  CH3COO-, and SO,- i n f l u e n c e d  

m a r k e d l y  t h e  r e s o l u t i o n  p a t t e r n  s i n c e  t h e  s i l i c a  

gel s l u r r i e s  i n  a q u e o u s  s o l u t i o n s  of t h e s e  m e t a l  

TABLE - 4 

h R f  V a l u e s  of PTM-amino a c i d s  on Fe ++ , C o  ++ .& Zn +-t 

i m p r e g n a t e d  s i l i c a  p l a t e s  [Ill 
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PHENYLTHIOHYDANTOINS OF AMINO ACIDS 3.521 

ions were at pH 5.5 to 6.0 when PTH-aminoacid being 

a weak base combined with a H and finally made ion -I. 

pairs with available anions and it was the solubility/ 

adsorption of these ion pairs which effected the 

chromatographic behaviour [14,15] rather than that 

of a complex as mentioned above [11,12]. 

The resolution of 9 racemic PTH-amino acids 

viz: PTH-Met, Phe, T r y ,  Val, Ile, Thr, T y r ,  Ala and 

Ser is one of the most significant reports on thin 

layer chromatographic resolution of not only mixtures 

of PTH-aminoacids but also of their optical isomers, 

TABLE - 5 

hRf of p u r e  and resolved enantiomers of PTH 
amino acids on(+)-tartaric acid impregnated 

plates 1131 

DL-mixture of h R f  p u r e  L hRf from mixture 
PTH-amino acid I D  I L 

Met 
Phe 
Try 

Va I. 
I le 
TYr 

Thr 
Ala 
S e r  

83 
85 
95 

80 
92 
95 

85 
5 5  
8 4  

16 
15 

21 
12 
16 

30 
12 
10 

83 
85 
95 

80 
92 
95 

85 
55 
84 

Solvent: Chloroform-ethylacetate-water (28:l:l) 
Developing time-35 minutes; Solvent front 10 cm. 
Room temperature: 2521°C 
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3522 BHUSHAN A N D  REDDY 

b y  Bhushan a n d  coworker [ 1 3 1 ,  which i n  itself i s  

a c h a l l e n g i n g  p rob lem.  The s i l i c a  g e l  w a s  i m p r e g n a t e d  

w i t h  ( + ) - t a r t a r i c  a c i d  or (+) -ascorb ic  a c i d  a n d  t h e  

ch romatograms  w e r e  d e v e l o p e d  i n  CHC13-EtOAc-H20 

(28:l:l) and  n -bu ty lace t a t e -CHC13  (1:5) r e s p e c t i v e l y  

[ 1 3  1 . The e n a n t i o m e r s  of PTH-aminoacids r e s u l t e d  

i n t o  ( +  - )  and  ( +  t )  d i a s t e r e o m e r i c  s a l t s  w i t h  t a r t a r i c  

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

and  g i v i n g  qood r e s o l u t j o n .  The t y p i c a l  r e s u l t s  a r e  

g i v e n  i n  Tab le -5 .  T h i s  r e p o r t  p r o v i d e d  a s i m p l e  

and  s e n s i t i v e  method f o r  t h e  r e s o l u t i o n  o f  o p t i c a l  

isomers of PTFT-aminoacids w i t h o u t  t h e i r  p r i o r  

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

H I G H  PERFORMANCE THIN-LAYER CHROMATOGRAPHY 

Improvements  i n  a l l  p r a c t i c a l  a s p e c t s  of TLC 

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

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

i n c r e a s e  i n  s e p a r a t i o n  e f f i c i e n c y ,  s a m p l e  

d e t e c t a b i l i t y  l i m i t s  and  r e d u c e d  a n a l y s i s  t i m e  [ 6 0 -  

6 4 1 .  The s p e c i f i c  a d v a n c e  i n  i n s t r u m e n t a t i o n  w a s  

t e r m e d  as HPTLC. T h a t  IIPTLC c o u l d  b e  used  w i t h  

a d v a n t a g e  f o r  t h e  s e p a r a t i o n  of P'rll-aminoacids w a s  

r e c o g n i s e d  by Bucher  and Yanq [ 6 5 , 6 6  1 .  Hut t h e y  c o u l d  

n o t  a c h i e v e  s e p a r a t i o n  o f  a l l  2 0  common 
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PTH-aminoacids.  S c h u e t t e  and Pooles [ 6 4 ]  used  a 

c o n t i n u o u s  m u l t i p l e  deve lopment  on a s i l i c a  g e l  

c h r o m a t o - p l a t e  and  w e r e  a b l e  t o  s e p a r a t e  1 8  s a m p l e s  

and  s t a n d a r d s  s i m u l t a n e o u s l y  u s i n g  5 deve lopment  

s t e p s  w i t h  4 c h a n g e s  i n  mohi l e  p h a s e  and  

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

g i v e n  i n  Table-6 .  B u t l e r  e t  a l .  1 6 7 1  s t u d i e d  t h e  

s e p a r a t i o n  of  PTH L e u / I l e / P r o  by HPTLC u s i n g  m u l t i p l e  

w a v e l e n g t h  d e t e c t i o n .  Fater [ 6 8 ]  c a r r i e d  o u t  

s e p a r a t i o n  and q u a n t i t c t t i o n  of PTH-aminoacids by 

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

e t h a n o l - a c e t i c  a c i d  ( 9 0 : 1 0 : 2 )  f o r  the r e s o l u t i o n  

of p o l a r  P T H - d e r i v a t i v e s  and  d i c h l o r o m e t h a n e - e t h y l -  

ace ta te  (9O:lO) for t h e  r e s o l u t i o n  of  n o n - p o l a r  PTII- 

a m i n o a c i d s  and  c l a i m e d  h i s  method t o  be s u p e r i o r  

t o  those of HPTLC methods  [65-671 p a r t i c u l a r l y  i n  

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

r e s u l t i n g  i n  t h e  r e s o l u t i o n  of complex m i x t u r e s  

c o n t a i n i n g  a l a r g e  number of d e r i v a t i v e s .  

CONCLUSION 

The a p p l i c a t i o n  of TLC supplemented  w i t h  d i f f e r e n t  

k i n d s  of i n s t r u m e n t a t i o n  i s  g e t t i n g  more p o p u l a r ,  

however ,  t h e  s i m p l e  TLC r e m a i n s  w i d e l y  u s e d  for 

t h e  a n a l y s i s  of PTH-aminoacids i n  c o n j u n c t i o n  w i t h  

Edman method of p r o t e i n  sequence a n a l y s i s  and  leaves 

much s c o p e  for t h e  r e s o l u t i o n  of mult icomponent  as  

w e l l  as  racemic m i x t u r e s .  
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