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A b s t r a c t -  A s t u d y  o f  t h r e e  d i r e c t  methods f o r  t h e  synthesis o f  a - a l k y l  a- 

am ino  a c l d s  h a s  b e e n  a p p l l e d  t o  t h e  p r e p a r a t i o n  o f  a - a l k y l t r y p t o p h a n  esters.  

R e a c t i o n  o f  N b - b e n r y l i d e n e - L - t r y p t o p h a n  m e t h y l  e s t e r s  2 w i t h  t e t r a b u t y l -  

ammonium h y d r o g e n  s u l f a t e  and  m e t h y l  o r  e t h y l  i o d l d e  ( p h a s e - t r a n s f e r  me- 

t h o d )  g l v e s  a - m e t h y l  and  c r e t h y l t r y p t o p h a n  m e t h y l  e s t e r s  6a,b  i n  p o o r  

y i e l d  w i t h  c o m p l e t e  r a c e m i z a t i o n .  R e a c t l o n  o f  L - t r y p t o p h a n  1 w i t h  d imethy l -  

f o rmsmide  d l m e t h y l  o r  d i e t h y l  a c e t a l  f o l l o w e d  by  t r e a t m e n t  o f  B a , b  w i t h  

LDA and  m e t h y l  i o d i d e  ( F i t t  and Gschwend me thod )  g l u e s  r i s e  t o  t h e  fo rma-  

t l o n  o f  a,N - d l m e t h y l - N  - d i m e t h y l s m i n a m e t h y l e n e t r y p t o p h ~ n  m e t h y l  o r  e t h y l  b 

e s t e r s  h y d r i o d l d e  9 a,b . T r e a t m e n t  o f  ? a  o r  ?b w i t h  aqueous a c i d ,  un- 

d e r  m i l d  c o n d i t i o n s ,  f a l l s  t o  h y d r o l y z e  t h e  i r n i n e  f u n c t i o n a l i t y .  R e a c t x a n  

o f  2 w i t h  LDA and m e t h y l  o r  e t h y l  i o d i d e  (Bey  and  V e v e r t  me thod )  f o l l o w e d  

by  hydrolysis p r o v i d e s  u - m e t h y l  and  a - e t h y l t r y p t o p h a n  m e t h y l  e s t e r s  6s,b.  

By c a r r y i n g  o u t  t h i s  p r o c e d u r e  w i t h  i s o p r o p y l ,  b e n z y l  and  e l l y l  i o d i d e  o r  

b r o m i d e  t h e  c o r r e s p o n d i n g  o - a l k y l  e s t e r s  a r e  n o t  o b t a i n e d .  

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

t r y p t o p h a n  d e r i v a t i v e s  we u n d e r t o o k  t h e  p r e p a r a t i o n  o f  some a - a l k y l t r y p t a p h a n s ,  

w h i c h  c o u l d  c o n c e i v a b l y  a c t  as  s e r o t o n i n  a n t a g o n i s t s 1  o r  a s  c o m p e t i t i v e  inhibitors 

o f  monoamine o x i d a s e l  by  a c t i n g  a s  p r e c u r s o r s  capab le  o f  c r o s s i n g  t h e  b l o o d - b r a l n  

b a ~ ~ l e ~ .  

The o n l y  d e r i v a t i v e  of a-alkyl t ryptophans repor ted t o  d a t e  i s  a - m e t h y l t r y p t o p h a n .  A l -  

1 - 3  
t h o u g h  s e v e r a l  techniques t o  synthesize this amlno a c i d  h a v e  been d e s c r i b e d  , a l l  

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

materials, s u c h  a s  g rs rn ines  o r  o t h e r  > - i n d a l e  derivatives. R e c e n t l y ,  S c h 6 l l k o p f  e t  

h a v e  r e p o r t e d  o n  t h e  a s y m m e t r i c  s y n t h e s i s  o f  t h e  m e t h y l  ( R ) - a - m e h t y l t r y p t o p h s -  

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



5 
t h e  a s y m m e t r i c  s y n t h e s i s  o f  s e v e r a l  " o n - p r a t e l n o g e n i c  am ino  a c i d  . 
On t h e  o t h e r  hand,  Seebach e t  h a v e  d e v e l o p e d  a s t e r e o s e l e c t i v e d  me thod  o f  

a - a l k y l a t i o n s  o f  am ino  a c l d s  t h r o u g h  h e t e r o c y c l i c  e n o l a t e s .  

There are t h r e e  d i r e c t  me thods  f o r  t h e  s y n t h e s i s  o f  a - a l k y l  a-smlno a c i d s  i n  t h e  

l i t e r a t u r e .  The p r o c e d u r e  r e p o r t e d  by  Bey and  v e v e r t 8  1 s  b a s e d  on t h e  d i r e c t  a l k y -  

l a t i o n  o f  t h e  b e n r a l i m i n e  m e t h y l  e s t e r  o f  t h e  amlno a c i d .  The F i t t  and  Gschwend 
9 

method c o n s l s t s  o f  t h e  r e e c t l o n  b e t w e e n  t h e  am ino  a c i d  and  N ,N-d ime thy l f o rmamide  

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

newly  Formed formamlde and i r n i n e  h y d r o l y s i s .  The F i t t  p r o c e d u r e ,  described b y  

O ' D a n n e l l  and  c o w o r k e r s l O ,  i s  b a s e d  an t h e  a l k y l a t i o n  o f  a s t a b l e  S c h i f f  b a s e  o f  

a-amino a c i d  e s t e r s  by  phase  t r a n s f e r  r e a c t i o n s .  N e v e r t h e l e s s ,  none o f  t h e  above  

mentioned a u t h o r s  u t l l i z e  t h e i r  me thods  t o  s y n t h e s i z e  a - a l k y l t r y p t o p h a n s .  

In a p r e v i o u s  work  we r e p o r t e d 1 '  on t h e  d i r e c t  m e t h y l a t l o n  o f  t h e  l i t h i u m  d e r l v a -  

t l v e  o f  N - b e n z y l i d e n e t r y p t o p h a n  m e t h y l  e s t e r .  I n  t h i s  wo rk  we made t h e  m i s t a k e  o f  

e x p e c t i n g  t h a t  t h e  r e a c t l o "  w o u l d  t a k e  p l a c e  w i t h l n  change  o f  configuration a t  t h e  

c h l r a l  c e n t e r - a - m e t h y l t r y p t o p h a n a t e ,  [a]>'- -3.81) ( c  0.7, CHC13). However ,  s e v e r a l  D - 
a u t h o r s  4,6,1Z have  c a r r l e d  o u t  our method  and  i n  t h e i r  hands  o u r  p r o c e d u r e  g a v e  

e s s e n t i a l l y  racemlc m a t e r i a l .  Due t o  t h i s  discrepancy we have  repeated t h e  r e a c t i o n  

and we h a v e  found  e r r a t i c  v a l u e s  o f  a  w h i c h  evzdence  t h a t  t h e  r e a c t i o n  p r o c e e d s  

w i t h  9 5 %  o f  r a c e m i z a t l o n .  In s p i t e  o f  t h e  f a c t  t h a t  t h e  s y n t h e s i s  o f  a - m e t h y l t r y p -  

8 .  
taphan m e t h y l  e s t e r  by  u s l n g  t h e  B e y  and  V e v e r t  me thod  is n o t  s t e r e o e s p e c i f i c ,  i t  

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

We p r e s e n t  i n  t h i s  p a p e r  a c o m p a r a t i v e  s t u d y  o f  t h e  above m e n t i o n e d  me thods  i n  or- 

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

p r e p a r a t i o n  o f  a - a l k y l t r y p t o p h a n s .  

W e  F i r s t  c o n s i d e r e d  t h e  utilization o f  t h e  p h a s e - t r a n s f e r  me thodx0 .  The s y n t h e s i s  

(Scheme 1 )  commenced w i t h  t h e  p r e p a r a t i o n  o f  L - t r y p t o p h a n  m e t h y l  e s t e r  2 f r o m  L -  

t r y p t o p h a n  !by e s t e r i f i c a t i o n  i n  m e t h a n o l i c  HC1. T r e a t m e n t  o f  ? w i t h  b e n r a l d e h y d e  

i n  a b a s i c  medium p r o v i d e s  t h e  N - b e n z y l i d e n e - L - t r y p t o p h a n  m e t h y l  e s t e r  2 11,14, In b  

t h i s  way, no f o r m a t i o n  o f  t h e  55 and  RS d i a s t e r e o r n e r s  o f  m e t h y l  1 -pheny l -1 ,2 ,3 ,4-  

t e t r a h y d r o - 6 - c a r b o l l n e - 3 - c a r b o x y l a t e  2 14'15 can b e  c h r o m a t o g r a p h i c a l l y  d e t e c t e d  a s  

a b y p r o d u c t  O n l y  3 1s fa rmed i n  an a c i d i c  medium. The a l k y l a t i o n  o f  2 i s  accom- 

p l l s h e d  i n  s two -phase  s o l v e n t  s y s t e m  (CHZClz /10Z  aqueous K O H )  w i t h  t e t r a b u t y l -  

arnnonlum h y d r o g e n  s u l f a t e  a s  t h e  p h a s e - t r a n s f e r  r e a g e n t  and  m e t h y l  or e t h y l  i o d i d e  

a s  t h e  a l k y l a t i n g  a g e n t s .  The a l k y l a t e d  S c h i f f  base p r o d u c t s  5a,b  a r e  n o t  i s o l a t e d  
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but are hydrolyzed under mild conditicns to the a-methyl and a-ethyltryptophan me- 

thyl esters 6 a , b  in poor yleld (procedure A). 

Scheme 1 

We then considered the Fitt and Gschwend procedure9 which permits a-slkylation of 

the a-amino acid in three steps: ( a )  simultaneous protection of acid and m i n e  

groups with dimethylformarnide dlalkyl acetal, ( b )  a-alkylation, and ( c )  a c l d l c  hy- 

drolysis. 

Reaction o f  L-tryptophan ! with dlmethylfornamide dlmethyl or diethyl acetal 1a.b 

leads to the formation o f  N - d i m e t h y l a m i n o m e t h y l e n e - L - t r y p t o p h a n  methyl or ethyl b 

esters 8a,b. The treatment of thls intermediates with lithium diisopropylamide 

(LDA) and methyl iodide glues rise to the formation o f  a.Na-dimethyl-Nb-d~methyls- 

minomethylenetryptophan methyl o r  ethyl esters hydrogen iodides 9a,b. No a-methyl- 

N b - d i m e t h y l a m i n o m e t h Y l e n e t ~ y p t o p h a n s  esters !Ea,b are formed (Scheme 2). Mild aci- 

dic hydrolysis of 9a,b does not lead cleavage of the imine to release the amine 
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S c h e m e  

Finally, we h a v e  c a r r i e d  o u t  t h e  method described by Bey and vevertB (Scheme 3 ) .  

The reactions o f  N b - b e n z y l i d e n e - L - t r y p t o p h a n  methyl ester 2 which LDA in THF and 

methyl or ethyl iodide as a l k y l a t i n g  a g e n t s  p r o v i d e  t h e  ~ n t e r m e d i a t e s  ;;a,b. The 

d-methyl and a-ethyltryptophan m e t h y l  e s t e r s  6 a , b  are obtained in g o o d  yield f r o m  

;;a,b v i a  mild acldic h y d r o l y s i s  ( p r o c e d u r e  8). 
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H 
CH-C6H5 

IHaJR=CH3 

Ill blR=CH2CH3 

Scheme 3 

Because of the promising results obtained i n  the synthesis o f  6a,b by using the Bey 

VCvert method, other reactions have been carrled out in order to prepare the a-isa- 

prapyl, a-benzyl and a-allyltryptophan methyl esters. H o w e v e r ,  in the reaction o f  

3 wlth L D A  and isoprapyl iodide or bromide, the L-tryptophan methyl ester ? i s  re- 

c o v e r e d  after treatment wlth aqueous hydrochlarlc acid. This i s  presumably due to 

16 the tendency of the lsoprapyl iodide o r  bromide to undergo ellmlnation products . 
Treatment o f  3 wlth L D A  and benzyl bromide provides a-(1,Z-diphenylethy1)tryptophan 

methyl ester (48%). No a-benzyltryptophan methyl ester is formed (Scheme 4). The 

formation of 12 could be explained considering the large difference in pKs values 

between the indolac and benzylic hydrogens ( %1617 for acidic NH and %3518 for 

methylene). Bases such a s  L O A  wlth hlgh pKb "slues act under kinetic control, 

without discrimination o f  relative acld~ties. 



Scheme 4 

T r e a t m e n t  o f  2 w i t h  L D A  and a l l y 1  bromlde  a f f o r d s  3 - a l l y l - 3 - m e t o x y c a r b o n y l - 1 - p h e -  

n y l - 1 , Z , 3 , 4 - t e t r a h y d r o - E - c ~ ~ h 0 1 ~ n e  !3 v i a  intramolecular c y c l i r a t i o n  o f  t h e  i n t e r -  

mediate 1 2  i n  t h e  a c i d i c  medium o f  hydrolysis ( S c h e m e  5 ) .  None o f  t h e  expected a - a l l y l -  

t r y p t o p h a n  m e t h y l  e s t e r  i s  f o r m e d  i n  t h i s  r e a c t i o n .  
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Scheme 5 

EXPERIMENTAL 

M e l t i n g  p o i n t s  were  d e t e r m i n e d  o r  a BOchi a p p a r a t u s  i n  open  c s p i l l a r l e 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 m e a s u r e d  o n  a P e r k i n - E l m e r  7 8 1  s p e c t r o p h o t o m e t e r .  'H 

nmr s p e c t r a  were r e c o r d e d  on a U a r i a n  T-60A ( 6 0  MHz) and  V a r l a n  XL-300 ( 3 0 0  MHz) 

s p e c t r o m e t e r s  using Me S i  a s  an i n t e r n a l  s t a n d a r d .  "C nmr s p e c t r a  were o b t a l n e d  on  4 

a V a r i a n  FT-BOA s p e c t r o m e t e r .  Mass s p e c t r a  w e r e  d e t e r m i n e d  on a V s r i a n  MAT-711 

s p e c t r o m e t e r .  The e l e m e n t a l  a n a l y s e s  were p e r f o r m e d  by " C e n t r a  N s c i o n a l  d e  P u i r n i c a  

O r g S n i c a " ,  M a d r i d .  

L - T r y p t o p h a n  M e t h y l  ~ s t e r l )  2 d N b - B e n z y l i d e n e - L - t r y p t o p h a n  M e t h y l  E s t e r  
1 1 . 1 4  

2 

Both  compounds  ( 2 , 2 )  were o b t a i n e d  according t o  l i t e r a t u r e  m e t h o d s .  

M e t h y l  l - P h e n y l - 1 , 2 , 3 , 4 - t e t r ~ h y d r 0 - B - ~ a ~ b o l i n e - 3 - c a r b o x y l a t e  $ 

T h i s  compound was o b t s l n e d  i n  33% y i e l d  a c c o r d i n g  t o  t h e  r e p o r t e d  method1'. mp 190- 

1 9 2  P C  ( e t h a n o l - w a t e r ) .  



Genera l  P r o c e d u r e s  f o r  t h e  P r e p a r a t i o n  o f  a - A l k v l t r ~ p t o ~ h a n s  

P r o c e d u r e  A  

A r u x t u r e  o f  2 3  0 . 0 1  m o l l ,  t e t r a b u t y l a m m o n i u m  h y d r o g e n  s u l f a t e  (3 .999 ,  0.012 

m o l ) ,  a l k y l  i o d i d e  ( 0 . 0 4  m a l l  I n  r n e t h y l e n e  c h l o r i d e  ( 2 5  rn l )  and  1 0 1  aqueous p a -  

tass lurn  h y d r o x i d e  ( 2 5  m l )  was s t i r r e d  a t  50 QC f o r  4  h .  The l a y e r s  w e r e  s e p a r a t e d  

and t h e  o r g a n i c  l a y e r  was  washed w i t h  s a t u r a t e d  aqueous NsC l  and  d r i e d  (MgS04).  The 

s o l v e n t . w a s  removed u n d e r  r e d u c e d  p r e s s u r e  and  t h e  r e s u l t i n g  o i l  was  t r e a t e d  w l t h  

1N-hydrochloric a c i d  ( 2 5  m l )  f o r  1 h  a t  r o o m  t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  was 

washed w i t h  e t h y l  ether, and  t h e  aqueous phase  was made b a s l c  w l t h  NaHC03, e x t r s c -  

t e d  w l t h  c h l o r o f o r m  and  d r i e d  (MgSO,,). The s o l v e n t  was e v a p o r a t e d  u n d e r  r e d u c e d  

p r e s s u r e  p r o v i d ~ n g  an o i l .  T r i t u r a t i o n  w i t h  e t h y l  ether gave  t h e  compounds. 

P r o c e d u r e  8  

.4 m l x t u r e  o f  d i i s o p r o p y l a m l n e  ( l . 3 g ,  0 .013 m o l )  i n  d r y  THF ( 2 0  rn l )  was c o o l e d  t o  

-78 Q C  i n  a n l t r o g e n  a tmosphe re .  M e t h y l  l i t h i u m  ( 6 . 5  m l ,  0 .013 m o l )  I" THF ( 2 0  m l )  

wss added and  t h e  m i x t u r e  was  s t l r r e d  f o r  0 .5  h .  A s o l u t l o n  o f  2 (49 ,  0 .013 m o l )  

i n  THF 0 0  m l )  was  added and  s t l r r e d  f o r  an additional 0.5 h. A l k y l  i o d l d e  (0 .013  

mol )  was t h e n  added  and  t h e  r n l x t u r e  was l e f t  o u e r n l g h t  a t  r o o m  t e m p e r a t u r e .  The 

l l t h i u r n  l o d l d e  was filtered and  t h e  s o l v e n t  w a s  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  

The r e s u l t i n g  o i l  was t r e a t e d  w i t h  1 N - h y d r o c h l o r i c  a c i d  ( 2 5  m l )  f o r  1 h  a t  r oam 

t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  was washed w i t h  e t h y l  ether, and t h e  aqueous pha -  

s e  was made b a s i c  w l t h  NaHC03, e x t r a c t e d  w i t h  c h l o r o f o r m  and  d r i e d  (MgS04). The 

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

e t h y l  e t h e r  gave  t h e  compounds. 

a - M e t h y l t r y p t o p h a n  M e t h y l  E s t e r  6 a  

P r o c e d u r e  A .  (0 .59,  16%) .  P r o c e d u r e  8 .  (29 ,  6 6 % ) ;  rnp 135-137 P C  ( c y c l o h e x a n e ) ;  ~r 
- 1 

( V,  cm ) ( K B r ) :  3340, 3290 (NH2) ,  3140 (NH) ,  1720  (C=O), 1590  (A rCzC) ;  'H nmr 

(CDC13) ( 6 ,  pmm): 1 . 4  ( s ,  3H, CH3). 1 .9  ( 9 ,  2H, NH2), 2.7 ( p a r t  A ,  A8 s y s t e m ,  JAB= 

14 Hz, l H ,  CH2),  3 . 1  ( p a r t  8 ,  A8 s y s t e m ,  JAB=  1 4  Hz, l H ,  CH2),  3.5 ( s ,  3H, OCHJ), 

6.7-7.2 (m, SH, A r H ) ,  7 .9  ( s ,  l H ,  NH); 13c nmr (CDC13) ( 6 ,  pprn): 26 .8  (CH2) ,  36.5 

[a-CH3), 52 .1  (OCH3), 59.2 (Ca ) ,  110.8 ,  111.1, 119.2 ,  119.5,  122.0,  123.3 ,  128.2 ,  

136.1 ( i n d o l e ) ,  178 .0  (CEO); MS m/z ( r e l .  i n t e n s i t y  9 ) :  232 (M+, 0 .2 ) ,  230 (MC -HZ, 

7 1 ,  173  (M+ -C2H302, 5 ) .  130  (M+ -C,,H8N02, l o o ) ,  102  (M+ -C9H8N, 1 7 ) ;  A n a l .  C a l c d .  

f o r  C13H16N202: C, 67.21; H, 6.94; N, 12.06. Found:  C, 66.93;  H, 6 .72;  N, 11.99.  
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a - E t h y l t r y p t o p h a n  M e t h y l  E s t e r  6 b  

P r o c e d u r e  A. ( 0 . 4 5 9 ,  1 4 % ) .  P r o c e d u r e  8 .  ( 1 . 4 5 g .  4 5 % ) ;  mp 1 0 5 - 1 0 6  PC ( c y c l o h e x a n e ) ;  

- 1 
i r  ( v ,  crn ) ( K B r ) :  3 3 4 0 ,  3 3 0 0  ( N H 2 ) ,  3 1 6 0  (NH),  1 7 2 0  ( C - 0 ) .  1 6 0 0  ( A r C = C ) ;  'H n m r  

(CDC13)  ( 6 , p p m ) :  0 . 9  ( t ,  3H, CH3), 1 . 4 - 2 . 3  (rn, 4H, CH2. NH2) ,  2 . 9  ( p a r t  A, A8 s y s -  

tem,  J A B =  1 4  H z ,  l H ,  CH2),  3 . 3  ( p a r t  8 ,  A6 s y s t e m ,  JAB= 1 4  Hz ,  l H ,  CH2) ,  3 . 7  (s, 

3H, 0CH3) ,  6 . 9 - 7 . 5  ( m ,  5H, A r H ) ,  8 . 5  ( 9 ,  l H ,  NH); "C nrnr ( C O C 1 3 ) ( 6 ,  pmm): 8 . 6  

( p H 3 ) ,  3 3 . 2  ( C H 2 ) ,  3 5 . 4  ( a - C H z ) ,  5 2 . 0  (OCH3),  63.0 (C,), 1 1 0 . 2 ,  1 1 1 . 2 ,  1 1 9 . 0 ,  119.4, 

1 2 1 . 9 ,  1 2 3 . 4 ,  1 2 8 . 1 ,  1 3 6 . 1  ( i n d o l e ) ,  1 7 7 . 5  (C.0); A n a l .  C a l c d .  f o r  C14H18N202: C, 

6 8 . 2 6 ;  H, 7 . 3 6 ;  N, 11.37.  F o u n d :  C, 6 7 . 9 7 ;  H,  7.53; N ,  1 1 . 1 2 .  

N ~ - ~ i m e t h y l a ~ i n o m e t h y l e n e - L - t r y p t o p h a n  M e t h y l  E s t e r  !a - 

A  s u s p e n s i o n  o f  L - t r y p t a p h e n  ! ( 4 9 ,  0 .02  m o l )  i n  d i m e t h y l f o r m a m i d e  d i m e t h y l  s c e t a l  

Zs ( 3 0  m l )  was r e f l u x e d  u n d e r  NZ f o r  6 h .  M e t h a n o l  was r e m o v e d  b y  distillation a n d  

t h e  r e f l u x  c o n t i n u e d  f o r  an a d d i t i o n a l  1 h. E x c e s s  r e a g e n t  was d i s t i l l e d  a n d  t h e  

residue was e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  d r y n e s s .  C o l u m n  c h r o r n a t o g r s p h y  

( e t h y l  e t h e r )  a f f o r d e d  !a ( 4 . 2 9 ,  7 8 1 ) ;  rnp 1 1 2 - 1 1 5  PC ( e t h y l  e t h e r ) ;  I r  ( v ,  cm-'1 

1 ( K 8 r ) :  3 3 4 0  ( N H ) ,  1 7 3 0  ( C E O ) ,  1 6 4 0  ( C - N ) ;  H  nrnr ( C O C 1 3 ) ( 6 ,  prnrn): 2 . 6  ( s ,  6H, 

N ( C H 3 ) 2 ) ,  2 . 9 - 3 . 3  ( m ,  2H, C H 2 ) ,  3 . 5  ( s ,  3H, 0CH3),  3.7-4.0 ( m ,  l H ,  CH),  6 . 7 - 7 . 5  

( m ,  6H, 5 A r H ,  N=CH),  8 . 2  ( s ,  l H ,  NH);  13c n m r  ( C 0 C l 3 ) ( 6 ,  ppm) :  3 0 . 8  ( C H 2 ) ,  3 7 , l  

(NCH3) ,  5 1 . 7  (OCH3) ,  6 9 . 3  ( C H ) ,  1 1 1 . 3 ,  1 1 1 . 8 ,  118 .8 ,  1 1 8 . 9 ,  1 2 1 . 4 ,  1 2 3 . 4 ,  1 2 7 . 6 ,  

1 3 6 . 3  ( i n d o l e ) ,  1 5 6 . 5  ( C H s N ) ,  1 7 4 . 7  (C.0); A n a l .  C s l c d .  f o r  C15H19N302: C ,  6 5 . 9 1 ;  

H, 7 . 0 1 ;  N, 15 .37 .  F o u n d :  C, 66.04;  H, 7 . 1 4 ;  N, 1 5 . 4 3 .  

N b - O l m e t h y l a m i n o m e t h y l e n e - L - t r y p t o p h a n  E t h y l  E s t e r  Bb  - 

A  s u s p e n s i o n  o f  L - t r y p t o p h a n  ! ( b g ,  0 . 0 2  m o l )  i n  d i m e t h y l f o r m a m i d e  d i e t h y l  a c e t a l  

!b ( 3 0  m l )  w a s  r e f l u x e d  u n d e r  N2 f o r  6  h .  E t h a n o l  was r e m o v e d  b y  d i s t i l l a t i o n  a n d  

t h e  r e f l u x  c o n t i n u e d  f o r  an  a d d l t l a n a l  1 h. E x c e s s  r e a g e n t  w a s  distilled a n d  t h e  

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

( e t h y l  e t h e r )  a f f o r d e d  gb ( 4 . 7 9 ,  8 4 ;  mp 1 1 2 - 1 1 4  QC ( e t h y l  a c e t a t e ) ;  I r  ( v ,  crn-') 

1 ( K B r ) :  3 1 4 0  ( N H ) ,  1 7 2 0  (C.0). 1 6 4 0  ( C = N ) ;  H  n m r  ( C D C 1 3 ) ( 6 ,  pprn): 1 . 2  ( t ,  JH, CH3),  

2 . 7  ( s ,  6H, N ( C H > ) ~ ) ,  3 . 1 - 3 . 4  ( m ,  ZH, C H 2 ) ,  3 .9 -4 .4  ( m ,  3H, 0CH2, CHI ,  6 . 9 - 7 . 7  ( m ,  

7H, 5 A r H ,  N-CH, N H ) ;  13c nmr ( C 0 C l 3 ) ( 6 ,  pmm): 1 4 . 1  (CH3),  3 0 . 8  ( C H Z ) ,  37.0 (NCH3),  

6 0 . 5  (OCH?),  6 9 . 3  ( C H ) ,  1 1 1 . 3 ,  1 1 1 . 8 ,  1 1 8 . 7 ,  118.9,  1 2 1 . 3 ,  123 .4 ,  1 2 7 . 7 ,  1 3 6 . 3  ( i n -  

d o l e ) ,  1 5 6 . 4  (CH:N), 1 7 4 . 3  (C.0); A n a l .  C a l c d .  f o r  C,6HZ,N302: C, 6 6 . 8 7 ;  H, 7 . 3 1 ;  

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



a N - 0 i m e t h y l - N b - d i m e t h ~ l a m i n n n e t h ~ 1 e n e t ~ y p t o p h  Methyl E s t e r  Hvdrlodide ?a 
-a 

A mixture o f  diisopropylamlne (1.39, 0.013 mol) in dry THF (20 ml) was cooled to 

-78 4C under N2. Methyl lithium (6.5 ml, 0.013 mol) in THF (20 ml) was added and 

stirred for 0.5 h. A solution of !a (3.159, 0.013 mol) in THF (30 ml) was added and 

stirred for an sdditlonal 0.5 h. Methyl iadlde (1.89, 0.013 mal) was then added and 

the rnlxture was left overnight st room temperature. The lithium lodide was removed 

by filtratlonand the solvent was evaporated under reduced pressure. The resulting 

oil was treated with 1N-hydrochloric acid (25 rnl) for 1 h at room temperature. The 

mixture was neutralized with NsHC03, extracted with chloroform and dried over MgS0 4' 

The solvent was evaporated under reduced pressure providing an ail. Trlturation 

with chloroform gave ?a (0.899, 18%); mp 150-151 QC (methanol-ethyl ether); ir ( v ,  

crn-')(K8r): 1730 (CzO), 1690 (C=N), 1610 (ArCzC); 'H nmr (COCl3)(6, ppm): 2.0 ( s ,  

3H, a-CH3), 2.8 ( 8 ,  3H, NCH3), 3.1 ( s ,  3H, NCH3), 3.5 ( s ,  2H, CH2), 3.7 ( s ,  3H, 

NCH3-indole), 3.8 ( 9 ,  3H, 0CH3), 6.8-7.9 im, 6H, SArH, N=CH); I3c nmr (CDC13)( 6 ,  

ppm): 2a.9 (CH2), 33.3, 35.2, 38.8 (N(CH3)? and a-CH3), 44.1 (NCH3-indole), 53.7 

(OCH3), 65.7 (Ca), 106.8, 109.7, 119.0, 119.7, 122.1, 128.2, 128.9, 136.7 (~ndole), 

154.1 (CH=N), 172.8 (C=O); MS m/z (rel. intensity 7;) : 301 (M+ -IH, 2), 242 (M+ - 

C2H4021, 15), 157 (M+ - CIOHllNI, 4 3  144 (M+ - C7H14NZOZI, loo), 130 (M+ - 
C8H16N2021, 28); Anal. Calcd. far C17HZ4N3021: C, 47.55; H, 5.59; N, 9.79. Found: 

C, 47.75; H, 5.81; N, 9.81. 

g a - D i m e t h y l - N  -dimethylamlnomethylenetryptophsn Ethyl Ester Hvdrlodlde zb 
b 

A rnlxture o f  d i ~ s o p r o p y l a m ~ n e  (1.39, 0.013 mal) in dry THF (20 rnl) was cooled to 

-78 PC under N2. Methyl lithium (6.5 ml, 0.013 mol) in THF (20 ml) was added and 

stlrred f o r  0.5 h. A solution of Bb (3.79, 0.013 mall I" THF (30 ml) was added and 

stlrred for an additional 0.5 h. Methyl lodlde (1.89, 0.013 moll was then added and 

the mixture w a s  left overnight at room temperature. The llthium iodide was removed 

by filtration and the solvent was evaporated under reduced pressure. The resulting 

oil was treated with 1N-hydrochloric scld (25 ml) for lh at room temperature. The 

mixture was neutralized with NaHC03, extracted with chloroform and dried over MgS04. 

The solvent was evaporated under reduced pressure providing 2b (2.19, 37%); mp 156- 

158 ZC (methanol-ethyl acetate); ir ( v ,  crn-l)(K~r): 1740 (C:O), 1700 (C=N), 1600 

(ArC=C); 'H nmr (Me2S0-d6)(6, pprn): 1.2 (t, 3H, CH3), 1.9 (3, 3H, a-CH3), 3.0 ( s ,  

3H, NCH3), 3.1 is , 3H, NCH3), 3.3-3.5 (m, 2H, CH ) ,  3.7 ( s ,  3H, NCH3-indale), 4.2 
2 

( q ,  2H, 0CH2), 7.0-8.1 ( m ,  6H, 5ArH, N=CH); "C nmr (Me2SO-d6)(6, ppm): 13.8 (CH3), 



HETEROCYCLES, Vol. 26, No. 8, 1987 

2 7 . 4  ( C H 2 ) ,  3 6 . 4 ,  4 1 . 6 ,  4 2 . 8  (N(CH3)?  a n d  u-CH3),  4 4 . 8  (NCH - i n d o l e ) ,  6 0 . 1  (OCH2),  3  

6 1 . 4  ( C a ) ,  1 0 8 . 3 ,  1 1 1 . 4 ,  1 1 8 . 0 ,  1 1 8 . 5 ,  1 2 1 . 1 ,  124 .1 ,  1 2 6 . 9 ,  136 .0  ( i n d o l e ) ,  1 5 6 . 3  

(CH-N), 170 .0  ( C I O ) ;  MS m/z ( r e l .  intensity % ) :  315 ( M +  - I H ,  2 ) ,  1 5 6  ( M +  -Cl1Hl4NI, 

l o o ) ,  1 4 4  ( M +  - C  H N 0  I ,  3 ) ,  1 3 0  ( M +  -C9H18N2021, 1 4 ) ;  Ana l .  C a l c d .  f o r  ClaHZ6N3O2I: 
8 1 6 2 2  

C ,  4 8 . 7 6 ;  H ,  5 . 9 1 ;  N ,  9 . 4 7 .  Found:  C ,  48 .55 ;  H ,  5 . 6 5 ;  N ,  9 . 7 3 .  

a-(1,2-o~phenylethyl)tryptophan M e t h y l  E s t e r  A? 

A m i x t u r e  o f  d i i s o p r o p y l a r n l n e  ( 1 . 3 9 ,  0 . 0 1 3  m o l l  i n  d r y  THF ( 2 0  ml )  was c o o l e d  t o  

- 7 8  S C  u n d e r  N 2 .  M e t h y l  l i t h i u m  ( 6 . 5  m l ,  0 . 0 1 3  mol) i n  THF ( 2 0  m l )  was a d d e d  a n d  

s t i r r e d  f o r  0 . 5  h .  A s o l u t i o n o f  2 ( 4 9 ,  0 . 0 1 3  mol) i n  THF ( 3 0  ml )  was a d d e d  and 

s t l r r e d  f o r  an a d d i t l a n a l  0 . 5  h .  B e n z y l  b r o m i d e  ( 2 . 2 3 9 ,  0 . 0 1 3  m o l )  was t h e n  a d d e d  

a n d  t h e  m i x t u r e  was l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e .  The m i x t u r e  was e v a p o r a t e d  

u n d e r  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  was  d i s s o l v e d  i n  c h l o r o f o r m ,  washed  w l t h  H20 

t w i c e ,  d r i e d  o u e r  MgS04, a n d  e v a p o r a t e d  t o  y l e l d  an 0 x 1  w h l c h ,  was t r e a t e d  w i t h  1 N -  

h y d r o c h l o r i c  a c i d  ( 2 5  ml )  f a r  1 h  a t  room t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  was wa- 

s h e d  w l t h  e t h y l  e t h e r ,  a n d  t h e  a q u e o u s p h a s e  was n e u t r a l i z e d  w i t h  NeHC03, e x t r a c t e d  

w i t h  c h l o r o f o r m  and d r l e d  o v e r  Mg5O4. The s a l u e n t  was  e v a p o r a t e d  u n d e r  r e d u c e d  

p r e s s u r e  providing an o i l .  T r l t u r a t i o n  w i t h  e t h y l  a c e t a t e - c a r b o n  tetrachloride ga -  

v e  ( 2 . 5 9 ,  48? ; ) ;  mp 176 -178  S C  ( e t h y l  a c e t a t e ) ;  i r  ( v ,  c r n ' l ) ( ~ ~ r ) :  3 4 0 0 ,  3320 

(NH2) ,  1 7 2 0  ( C = O ) ,  1 5 9 0  (ArC:C); 'H nmr (CDC13)(L, ~ ~ r n ) :  2 . 4  ( s ,  Z H ,  NH2),  2 . 8 - 3 . 3  

(m, 4H, 2CH2), 3 . 4  ( s ,  3H, OCH,), 5 . 3  ( m ,  1 H ,  C H ) ,  6 . 8 - 7 . 7  ( m ,  16H,  15ArH,  NH). "C 

nmr (COC13)( 6, pprn): 2 9 . 8  ( t ,  CH2) ,  4 7 . 2  ( t ,  CH2-C6H5), 5 1 . 5  ( q ,  CH3) ,  5 5 . 4  ( d ,  CH), 

6 4 . 0  ( s ,  C a ) ,  1 0 7 . 3  ( s ) ,  1 1 0 . 6  ( d ) ,  1 1 8 . 1  ( d l ,  119.0  ( d l ,  121 .4  ( d ) ,  1 2 6 . 8  ( d ) ,  

1 2 6 . 9  ( d l ,  1 2 7 . 9  ( d ) ,  128 .2  ( d l ,  1 2 8 . 4  ( d ) ,  128.5  ( d ) ,  1 2 9 . 7  ( d ) ,  1 3 4 . 1  ( s ) ,  1 3 5 . 5  

( s ) ,  1 3 6 . 2  ( s ) ,  1 4 2 . 3  ( s ) ( ~ r o m a t i c s ) ,  175 .2  ( 9 ,  C:O); MS m / z  ( r e l .  i n t e n s i t y  :): 

398  (M* ,  4 0 ) ,  339 ( M + - c ~ H ~ o ~ ,  1 8 ) ,  307 ( M + - c ~ H ~ ,  1 0 0 ) .  247 ( M + - C ~ H ~ ~ O ~ ,  2 9 ) ,  218 

( M + - C , ~ H , ~ ,  8 169  ( M + - C ~ ~ H , N O ,  3 4 ) .  9 1  ( M + - C ~ ~ H ~ ~ N ~ O ~ .  2 4 ) ;  A n a l .  C a c l d .  f o r  

C26H26N202: C ,  7 8 . 3 0 ;  H ,  6 . 5 8 ;  N ,  7 . 0 3 .  Found:  C ,  7 8 . 2 9 ;  H ,  6 . 2 5 ;  N ,  7 . 0 5 .  

3 - A 1 l ~ I - 3 - m e t h o x y c a r b 0 n y l - l - p h e n y l - 1 , 2 , 3 , 4 - t e t r h y d r o - - b o l i n e  14 

A r n l x t u r e  o f  d i i s o p r o p y l a m i n e  ( 1 . 3 9 ,  0 .013 mo l )  ~n d r y  THF ( 2 0  m l )  was c o o l e d  t o  

-78  "C u n d e r  N 2 .  Me thy l  l l t h i v m  ( 6 . 5  m l ,  0 . 0 1 3  "01) i n  THF ( 2 0  m l )  was a d d e d  a n d  

s t i r r e d  f o r  0 . 5  h .  A s o l u t l a n  o f  2 ( 4 9 ,  0 . 0 1 3  mol) i n  THF ( 3 0  m l )  was added  a n d  

s t i r r e d  f o r  a n  a d d i t i o n a l  0 . 5  h. A l l y 1  b r o m i d e  ( 1 . 0 7 9 ,  0 . 0 1 3  m o l )  was t h e n  added  

a n d  t h e  mixture was l e f t  overnight a t  room t e m p e r a t u r e .  The m i x t u r e  was e v a p o r a t e d  

u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  residue was d i s s o l v e d  i n  c h l o r o f o r m ,  washed  w i t h  



H20 t w z c e ,  d r i e d  o v e r  MgS04, and  e v a p o r a t e d  t o  y i e l d  an 011 w h i c h ,  was t r e a t e d  w i t h  

1 N - h y d r o c h l o r i c  a c i d  ( 2 5  m l )  f o r  1 h a t  r o a m  t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  was 

washed w i t h  e t h y l  e t h e r ,  end t h e  aqueous phase  was n e u t r a l i z e d  w i t h  NaHC03, e x t r a c -  

t e d  w i t h  c h l o r o f o r m  and d r i e d  o v e r  M g S 0 4  The s o l v e n t  was e v a p o r a t e d  u n d e r  r e d u c e d  

p r e s s u r e  p r o v i d i n g  an o i l .  ~ p l t u r a t l o n  w i t h  e t h y l  a c e t a t e - p e t r o l e u m  e t h e r  gave  14 

(19, 22%);  mp 135 -137  2C ( e t h y l  a c e t a t e ) ;  I r  ( v ,  c r n - l ) ( ~ ~ r ) :  3220, 3160 (NH) ,  1700 

1 
(C=O), 1670  (CZC) ,  1590,  1550,  1520,  1480  ( A r c = ? ) ;  H  nrnr (CDC13, 300 MHz)(S, pprn): 

2.45 (m, lH ,  NH, o v e r l a p e d  w i t h  t h e  s i g n a l  a t  2 .47 ) ,  2.47 ( q ,  l H ,  a l l y l i c  CH, J =  

13.6 and 6.5 Hz ) ,  2.67 ( q ,  l H ,  a l l y l l c  CH, J =  1 3 . 6  and 6 .5  Hz) ,  2.88 ( q ,  l H ,  Ha, 

J =  15.2 and 2.5 Hz) ,  3 .49 ( q ,  l H ,  Hb, 3. 15 .2  and  1.6 Hz) ,  3 .57 ( s ,  3H, CH3),  5.13 

( d ,  l H ,  He, Jz 1 1 . 4  H z ) ,  5 .14  ( d ,  l H ,  Ht ,  o v e r l a p e d  w i t h  t h e  s i g n a l  a t  5 .13,  J =  

15.7 H z ) ,  5.36 ( s ,  l H ,  CH-C6H5), 5 .77 ( m ,  l H ,  Hd) ,  7.02-7.53 ( m ,  10H, ArH, NH- indo -  

l e ) ;  13c nrnr ( C D C l J ) ( 6 ,  pprn): 29.3 ( t ,  C4) ,  45 .0  ( t ,  a l l y l i c  CH2),  51 .7  ( q ,  CH3),  

55.4 (d ,  C1), 62 .7  ( s ,  C3),  107.4 ( s ,  Cba) ,  110 .6  ( d ,  C8) ,  118 .0  ( d ,  C5),  119.0 

( t ,  =CH2),  119 .3  ( d ,  C6),  121 .8  ( d ,  C7 ) ,  126.8 ( s ,  Cga),  127 .9  ( d ,  C  - p h e n y l ) ,  
P  

128.4 ( d l ,  and  128 .5  ( d ) ( C o  and  C m - p h e n y l ) ,  131 .9  d ,  =CH), 1 3 4 . 1  ( s ,  Cia), 136 .2  

( 5 ,  C8,), 142.2  ( 8 ,  C  - p h e n y l ) ,  175 .5  ( s ,  C=O); MS m / z  ( r e l .  i n t e n s i t y  % I :  346 (M+, 1 

78 ) ,  305 (M+-c,H~, 941,  246 ( M + - C ~ H ~ O ~ ,  5 3 ) ,  219 ( M + - C ~ H ~ N O ~ ,  6 4 ) ,  218 ( M + - C ~ H ~ ~ N O ~ ,  

l o o ) ,  1 6 9  (M+-c H  NO, 7 2 ) ;  A n a l .  C a l c d .  f o r  C22H22N202: C, 76.27; H, 6.70; N, 8.08. 11 15  

Found: C, 76.46;  H, 6 .54;  N, 7.96. 
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