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REACTION OF L-TRYPTOPHAN WITH ALKYL ISOCYANATES 

M l g u e l  F .  Braiia , M e r c e d e s  G a r r l d o ,  M a r l a  L .  L 6 p e z  R o d r i g u e z ,  and  M .  J o s e  

M o r c ~ l l o  

D e p a r t a m e n t o  de O u i r n l c a  O r g i n l c s ,  F a c u l t a d  de C i e n c l a s  Q u i r n l c a s ,  U n i v e r -  

s l d s d  C o m p l u t e n s e ,  28040  M a d r l d ,  S p a l n  

A b s t r a c t -  L - T r y p t o p h a n  r e a c t s  w l t h  a l k y l  l s o c y a n a t e s  t o  g l v e  t h e  corres- 

p o n d ~ n g  h y d a n t o l n s  Z,S-L. A l t e r n a t ~ u e l y ,  t h e  reactions w l t h  e t h y l ,  p r o p y l  

and  l s o p r o p y l  l s o c y a n a t e s  i n  a c e t o n e  provide t h e  corresponding 2 - [ O - a l -  

k y l - 4 , 4 - d l m e t h y l - 2 - o x o ) - l , 3 - d i ~ 2 e t ~ d i n y l ] - 3 - 3 - n d o l y l ! p o p o n c  a c l d s  2 ,  

8 a n d  9 .  

I n  c o n t l n u a t l o n  o f  o u r  e f f o r t s  t o  d e v e l o p  new t r y p t o p h a n  d e r ~ v a t ~ v e s l ' ~ ,  we n o w  

3  r e p o r t  t h e  r e a c t l o n  o f  L - t r y p t o p h a n  w l t h  a l k y l  l s o c y a n a t e s  , 

T r e a t m e n t  o f  L - t r y p t o p h a n  w r t h  m e t h y l  l s a c y a n s t e  i n  a c e t o n e  g a v e  3 - m e t h y l - 5 - 0 -  

i n d o l y l m e t h y l ! h y d a n t o l n  g. The I r ,  'H and "C nmr s p e c t r a  ( T a b l e s  1 and  11) d e f l n e  

t h e  s t r u c t u r e  o f  2, a n d ,  a s  e x p e c t e d ,  mass s p e c t r a l  a n a l y s i s  shows t h e  p r o d u c t l a n  

o f  f r a g m e n t s  c o r r e s p o n d ~ n g  t o  M+ a n d  M + - c ~ H ~ N ~ O ~ .  

1 2 - - 
The t r e a t m e n t  o f  ! w i t h  e t h y l  l s o c y a n s t e  i n  a c e t o n e  u n e x p e c t e d l y  g a v e  r l s e  t o  t h e  

f o r m a t l a n  o f  Z - [ ( 3 - e t h y l - 4 , 4 - d i m e t h y l - 2 - o x o ) - l , 3 - d ~ a r e t ~ d ~ n y l ] - 3 - ( 3 - i n d o l y l ! p r o -  

p i o n l c  acid 2 (Scheme I ) .  None o f  t h e  c o r r e s p a n d ~ n g  h y d a n t o l n  was f o r m e d .  The 

s t r u c t u r a l  assignment was b a s e d  on  t h e  s p e c t r a l  d a t a  given i n  T a b l e s  1 1 1  a n d  1W. 

Ms ( m / z !  315 (M+! ,  244 (PI+-c3H5NO), 1 5 0  (M+-c  H N 0 ! .  However ,  b y  c a r r y l n g  o u t  
8 1 3 2 3  

t h e  reaction o f  ! w l t h  e t h y l  l s a c y a n a t e  i n  p y r ~ d i n e ,  t h e  e x p e c t e d  h y d a n t o l n  5 ,  w a s  

o b t a l n e d  ( T a b l e s  I and 1 1 ) .  S ~ r n l l a r l y ,  t h e  h y d a n t o ~ n s  2 ,s  a n d  ? w e r e  l s o l a t e d  b y  

t h e  reactions o f  w l t h  p r o p y l ,  r s o p r o p y l  and  t - b u t y l  l s o c y a n a t e s  i n  p y r l d i n e .  



1r (",cm-'l ( K B 1 )  
compd.  R 'H nmr (6.ppmla 

YH C=O N-CO-N 

a , -  Me s o - d  
2 6 

T a b l e  11. 13C nmr (6,ppmla o f  3-nlkyl-5-(3-in~olylmethyllhydddttiii 

2 CH3 176.2 157.0 136.0 127.4 1211.0 120.9 ll8.~01118.3 111.3 108.0 57.2 26.8 -- -- -- 23.8 

$ CH3CH2 1 7 3 . 5  157.3 116.6 127.3 123.1 122.7 120.10r118.7 111.4 109.9 57.9 28.2 -- -- 33.6 13.1 

2 CHCHCH 17d.0151.1136.01275124.2120.0118.50r118.2 1 1 1 . 1 1 0 7 . 5 5 6 . 5 2 6 6 - - - - 3 9 . 3 , W . 5 1 0 . 5  
3 2 2  

6 (CHIlzCrl 1 1 1 . 2  1 1 6 . 8  136.0 127.6 121.3 120.6 118.601118.0 111.0 110.1 5 3 . 6  29 1 -- 40.8 -- 23.1,22.2 

7 lCH3)3C 1 l Y . n  156.8 136.0 127.3 123.5 120.8 118.4or118.3 111.2 109.1 53.1 28.3 49.0 -- --.- 29.1 

a,-  -SO-d 
6 
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OH N H  C.0 N-CO-N 

! CH3CHZ 3600 3280 1780 1650 0.6(5,3H,CH -C-N), I.l(t,lH,CH,-ethyl), l . & l 5 , 3 H ,  
3 

CH - C - N l ,  3.3-3.4(.,4H,ZCH 1, l l .6-4.8(m,lH,CH), 6 . 8 - 7 . 5  
3 2 

(m,6H,IUIH,NHI, IO.~(L,IH,COOH). 



B e c e A e  o f  t h e  i n t e r e s t i n g  f o r r n a t l o n  o f  2 ,  o t h e r  a n a l o g o u s  r e a c t i o n s  o f  ! w l t h  n-  

p r o p y l ,  l s a p r o p y l  a n d  t - b u t y l  l s o c y a n a t e s  h a v e  b e e n  c a r r l e d  o u t .  The t r e a t m e n t  o f  1 

w ~ t h  n - p r o p y l  a n d  l s o p r o p y l  l s o c y a n e t e s  i n  a c e t o n e  a f f o r d e d  t h e  e x p e c t e d  s u s t l t u t e d  

p r o p ~ o n l c  a c l d s  B a n d  9 ( T a b l e s  1 1 1  and  IV. Scheme I). F l n a l l y  t h e  r e a c t l o "  o f  ! 

w l t h  t - b u t y l  lsocyanate i n  acetone y i e l d e d  3-t-butyl-5-(3-~ndolylmethyl)hydantoin ! ( T a b l e s  

f and 1 1 ) .  

Scheme 1 9 R z C H I C H ~ I ~  - 
The f a r m a t l o n  o f  2 ,  g and  9 may be e x p l s l n e d  b y  condensation o f  1 w l t h  t h e  s o l v e n t  

( a c e t o n e )  f o l l o w e d  b y  [ 2 + 2 ]  c y c l o a d d i t l o n  t o  w l t h  t h e  c a r r e s p o n d i n g  a l k y l  i s o c y a -  

n a t e  (Scheme I). T h l s  r e a c t l o "  is n o t  e x c l u s l u e  o f  a c e t o n e .  So, t h e  t r e a t m e n t  o f  1 

w l t h  e t h y l  I s o c y a n a t e  i n  b e n z a l d e h y d e  y l e l d e d  2-[(3-ethyl-6-phenyl-Z-oxo)-1,3-dia- 

, . 
HC-N-CH2-CH3 

1 - 11 - 'eH5 

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

i s  e a s i l y  understood by t h e  assumptmns t h a t  i n  t h e  m e t h y l  l s o c y a n a t e  c a s e  t h e  r e a c t l o n  

be tween  t r y p t o p h a n  a n d  t h e  i s o c y a n a t e  is m o r e  r a p l d  t h a t  t h e  formation o f  t h e  Sch l f f  

base v . h l l e  i n  t h e  t - b u t y l  lsocyanate case, s t e r l c  e f f e c t s  are m f l u e n c l n g  t h e  r e a c t l o n .  

On t h e  o t h e r  h a n d ,  t h e  d l f f e r n c e s  observed i n  t h e  [a] values f o r  hydantoins and d ~ a r e t l d m o n e s  

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

t h r o u g h  t h e  e n 0 1  o r  e n o l a t e  f o r m  d u r l n g  l o n g  r e f l u x l n g  i n  p y r i d l n e .  And S c h i f f  b a s e  

l i k e  may r ~ c e r n ~ z e  b y  i s o m e r l z a t l o n .  

EXPERIMENTAL 

M e l t i n g  p a i n t s  w e r e  measured w l t h  a B " c h l  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  I r  s p e c t r a  

were d e t e r n z n e d  on a Perkln-Elmer 781 s p e c t r o p h o t o m e t e r .  'H and "C nmr s p e c t r a  

w e r e  r e c o r d e d  on a Varlan I - 6 0 A  (60 MHz) a n d  Varlan FT-BOA s p e c t r o m e t e r s ,  r e s p e c t l -  
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ve ly .  Mass spectrometry was p e r f o r m e d  w l t h  a V a r i a n  MAT-711 a p p a r a t u s .  S p e c i f ~ c  r o t a -  

t l o n s ,  [ a ]  , were d e t e r m i n e d  o n  a P e r k l n - E l m e r  Model 1 4 1  p o l a r i m e t e r .  The e l e m e n t a l  

a n a l y s e s  w e r e  p e r f o r m e d  b y  " C e n t r o  N a c l o n a l  d e  O u i m l c a  O r g i n l c a " ,  M a d r i d  

G e n e r a l  P r o c e d u r e s  

M e t h o d  1. 

A l k y l  l s o c y a n a t e  ( 0 . 0 2 4  m o l )  ~n 20 m l  o f  d r y  a c e t o n e  was  a d d e d  t o  a s u s p e n s i o n  o f  

L - t r y p t o p h a n  ( 5 . 0 9 ,  0 . 0 2 4  m o l )  ~n 20 m l  o f  a c e t o n e .  The r e a c t l o n  m l x t u r e  w a s  r e f l u -  

x e d  f a r  4 0  h .  L - t r y p t o p h a n  was rernaued b y  f l l t r a t l o n  a n d  t h e  s o l v e n t  was e v s p o r a t e d  

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

M e t h o d  2 .  

A  s u s p e n s i o n  o f  L - t r y p t o p h a n  ( 5 . 0 9 ,  0 . 0 2 4  m o l )  end a l k y l  l s o c y a n a t e  ( 0 . 0 2 4  m a l )  I n  

50 m l  o f  p y r i d l n e  was r e f l u x e d  f o r  4 0  h. L - t r l p t o p h a n  w a s  r e m o v e d  b y  filtration a n d  

t h e  s o l v e n t  was e v a p o r a t e d .  The residue was d lssalved i n  c h l o r o f o r m ,  mashed w l t h  H20 

t w l c e ,  d r l e d  o v e r  MgS0 a n d  e v a p o r a t e d  t o  y i e l d  sn o i l ,  w h i c h  was  c h r o m a t o g r a p h e d  4  

on  a s l l l c e  g e l  c o l u m n  w l t h  b e n z e n e  a s  e l u e n t ,  a f f o r d ~ n g  t h e  corresponding d l a l k y l  

u r e a .  F u t h e r  elution o f  t h e  c o l u m n  w l t h  b e n z e n e - e t h a n o l  9 - 1  a f f o r d e d  t h e  compounds .  

3 - M e t h y l - 5 - ( 3 - ~ n d o l y I m e t h y l ) h y d a n t t 1 n  2 

M e t h o d  1; t r l t u r a t l o n  w l t h  e t h y l  a c e t a t e ;  y i e l d  35:; mp 2 0 7 - 2 0 9  QC ( e t h y l  a c e t s t e ) ;  

20 [ o ID = - 5 3 . 2 Q  ( c  0 .7 ,  MeOH); A n a l .  C a l c d .  f a r  C13H13N302: C, 64 .18 ;  H, 5 .38 ;  N ,  

1 7 . 2 7 .  F o u n d :  C, 6 4 . 4 6 ;  H, 5 .49 ;  N ,  1 7 . 3 7 .  

2 - ~ ~ 3 - ~ t h y l - 4 . 4 - d ~ m e t h y l - 2 - o x o ) - l , 3 - d ~ a r e t d y l - 3 - 3 - n d l y l p o ~ o n c  A c i d  2 

M e t h o d  1; t r l t u r a t l o n  w l t h  e t h y l  e t h e r ;  y a e l d  451; mp 1 6 3 - 1 6 4  '2C ( e t h y l  e t h e r ) ;  

[ a ] i o =  t l 3 . l  ( C  2 . 2 ,  MeOH); A n a l .  C a l c d .  f o r  C17HZ1N303: C, 6 4 . 7 0 ;  H, 6 ,66 ;  N, 

1 3 . 2 3 .  F o u n d :  C, 6 4 . 4 5 ;  H, 6 . 9 2 ;  N, 1 3 . 4 0 .  

3 - E t h y l - 5 - ( 3 - l n d o l y l m e t h y 1 ) h y d a n t o i n  4 

M e t h o d  2 ;  yield 32%; mp 1 2 4 - 1 2 5  nC ( e t h y l  e t h e r ) ;  [ a ]  i O =  - 6 . 2 " ~  0.4,  MeOH); 

A n a l .  C s l c d .  f o r  C14H15N302: C, 65 .37 ;  H, 5 . 8 3 ;  N, 16 .34 .  F o u n d :  C ,  65 .49 ;  H ,  5 .78 ;  

N, 1 6 . 3 8 .  

3 - P r o ~ y l - 5 - ( 3 - ~ n d o l y l m e t h v l ) h y d a n t 0 1 n  2 

M e t h o d  2; y l e l d  37% mp 2 0 4 - 2 0 6  '2C ( e t h y l  a c e t a t e ) ;  [ o ] iO: - 3 7 . 9 9  ( c  2.3,  MeOH); 

A n a l .  C s l c d .  f a r  C15H17N302: C ,  66 .40 ;  H, 6 . 3 1 ;  N, 15 .48 .  F o u n d :  C, 66 .31 ;  H, 6 .18 ;  

N, 1 5 . 6 0 .  

3 - I s o p r o p y l - 5 - ( 3 - ~ n d 0 1 y 1 m e t h y 1 ) h y d ~ n t 0 0 n  6 

M e t h o d  2 ;  y l e l d  35%; mp 1 6 0 - 1 6 2  QC ( e t h y l  a c e t a t e ) ;  [ o 1 iO= - 3 0 . 4 "  (c 1 . 8 ,  MeOH); 



Ana l .  C a l c d .  f o r  C15H1,N302: C, 6 6 . 4 0 ;  H ,  6 . 3 1 ;  N, 1 5 . 4 8 .  F o u n d :  C, 6 6 . 5 0 ;  H, 6 . 1 7 ;  

N ,  1 5 . 6 3 .  

3 - t - B u t y 1 - 5 - ( 3 - l n d o l ~ t h y l ) h y d a n t o ~ n  ! 

Method 1; t h e  residue was  p u r l f l e d  w ~ t h  s i l l c a  g e l  c o l u m n  c h r o m a t o g r s p h y  ( e t h y l  a-  

c e t a t e ) ;  y l e l d  22%. M e t h o d  2 ;  y l e l d  1 5 2 ;  mp 1 4 0 - 1 4 3  gC ( w a t e r ) ;  A n a l .  C a l c d .  f o r  

C16H19N302: C, 67 .35 ;  H, 6 .71 ;  N, 14 .72 .  F o u n d :  C ,  6 6 . 9 5 ;  H, 6 .50 ;  N, 14 .48 .  

2 - ~ ( ~ - n - P r o p y l - 4 , 4 - d i m e t h y l I 2 - o ~ ~ ) - l , 3 - d l a e t d n y l - 3 - 3 - d o l y l o p o n c  A c l d  

Method 1; t r l t u r a t l o n  w l t h  e t h y l  e t h e r ;  yield 20%;  mp 1 6 5 - 1 6 7  QC ( e t h y l  a c e t a t e ) ;  

[ a ] iO= +8Oe c 1.1, MeOH); A n a l .  C a l c d .  f o r  C18H23N303: C, 65 .65 ;  H, 6 .99 ;  N, 

12 .76 .  F o u n d :  C, 6 5 . 9 3 ;  H, 7 .07 ;  N, 1 2 . 7 4 .  

2 - / ( 3 - 1 s 0 p r o p y 1 - 4 , 4 - d 1 m e t h y 1 - 2 - a x o ) - 1 , 3 - d t d 1 ] - 3 - ( 3 - d 0 1 1 ) p p  A c i d  9 

Method 1; t r l t u r a t i o n  with e t h y l  a c e t a t e ;  y i e l d  20%; mp 138.140 C C  ( e t h y l  a c e t a t e ) ;  

[ R 1 i n =  +JO.JO ( C  2.0,  MeOH); A n a l .  C a l c d .  f o r  Cl8HZ3N3O3: C, 65 .65 ;  H, 6 .99 ;  N, 

12 .76 .  Found :  C, 65 .45 ;  H, 6 . 9 2 ;  N, 1 2 . 5 2 .  

2 - ~ ( 3 - ~ t h y l - 4 - p h e n y l - 2 - o ~ ~ ~ - l , 3 - d i a z e t t d i n y l - 3 - 3 - n d o l y l p r o p o n c  A c l d  LL 

Method 1; s o l v e n t  ( b e n z a l d e h y d e ) ;  t r i t u r a t ~ o n  w i t h  e t h y l  a c e t a t e ;  y i e l d  23L ;  mp 

- 1 
156-158 PC ( e t h y l  a c e t a t e ) ;  [ a ] ;Or + 3 2 . 3 s  ( c  1 . 5 ,  MeOH); ~r ( v , c m  ) ( K B r ) :  3 4 2 0  

(OH), 3 2 8 0  ( N H ) ,  1 8 0 0  (C=O) ,  1 6 6 0  (N-CO-N); 'H nmr ( 6 , p p m ) :  0 .9  ( t ,  3H, CH3),  2 . 8 -  

3.6 ( m ,  4H, 2CHZ) ,  4 . 6 - 4 . 8  (m, l H ,  CH) ,  5 .6 -5 .9  ( m ,  l H ,  N-CH-N), 6 .4 -7 .6  ( m ,  11H, 

lOArH, NH) ,  1 0 . 8  ( 5 ,  l H ,  COOH); 13c  nmr ( 6 , p p m ) :  172 .7  (C=O, a c l d ) ,  1 5 2 . 1  (N-CO-N), 

137 .9 ,  1 3 6 . 3 ,  136 .2 ,  1 2 8 . 7 ,  1 2 7 . 8 ,  126 .6 ,  124 .4 ,  1 2 1 . 2 ,  1 1 8 . 7 ,  1 1 8 . 6 ,  1 1 1 . 5 ,  1 0 8 . 5  

(aromatic), 8 9 . 1  (N-CH-N),  57.6 ( C H I ,  3 4 . 8  ( C H 2 ) ,  27.2 ( C H 2 - ~ n d o l e ) ,  1 5 . 0  ( C H 3 ) ;  

A n a l .  C a l c d .  f o r  C21H21N303: C ,  69 .40 ;  H, 5 . 8 2 ;  N,  11 .56 .  F o u n d :  C, 6 9 . 4 8 ;  H, 5 . 9 1 ;  

N, 11 .61 .  
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