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HISTORICAL

I .  I o d i n a t e d  O rg a n ic  Compounds a s  X - r a y  C o n t r a s t  M e d ia .

The u s e  o f  X - r a y s  a s  a  m eans o f  d i a g n o s i n g  d i s o r d e r s  

o f  th e  body  h a d  i t s  i n c e p t i o n  v e r y  s h o r t l y  a f t e r  t h e i r  d i s ­

c o v e r y  by R o e n tg e n  i n  1 8 9 5 .  I n  o r d e r  t o  i n c r e a s e  t h e  u s e f u l ­

n e s s  o f  t h i s  t o o l  i n  e x p l o r i n g  t h e  v a r i o u s  o r g a n s ,  c a v i t i e s  

and  h i d d e n  r e c e s s e s ,  i t  was r e c o g n i z e d  q u i t e  e a r l y  t h a t  s u c h  

p a r t s  o f  t h e  b o d y  s h o u ld  b e  made m ore o p a q u e  t o  X - r a y s  i n  o r d e r  

t h a t  t h e y  c a s t  a  d e e p l y  c o n t r a s t i n g  shadow . V a r io u s  s u b s t a n c e s  

h a v e  b e e n  i n t r o d u c e d  i n t o  th e  b o d y  a n d  t h e i r  o p a c i t y  t o  X - r a y s  

d e t e r m i n e d .  One o f  t h e  f i r s t  m a t e r i a l s  u s e d  to  o p a c i f y  t h e  

g a s t r o - i n t e s t i n a l  t r a c t  was b i s m u t h ,  i n t r o d u c e d  i n  1 9 0 3 .  A t 

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

f o r  t h i s  p u r p o s e .

B in z  i n  1935 (1 )  f i r s t  d i s c o v e r e d  t h a t  i o d i n a t e d  

o r g a n i c  compounds c o u ld  s e r v e  a s  d i a g n o s t i c  a g e n t s  f o r  X - ra y  

v i s u a l i z a t i o n .  One o f  t h e  i o d i n a t e d  p y r id o n e  d e r i v a t i v e s  w h ic h  

h e  s t u d i e d  I s  s t i l l  one  o f  t h e  m o s t  s u c c e s s f u l  r a d i o p a q u e s  

( D i o d r a s t ,  I I I ) ,  As m ore i o d i n a t e d  com pounds w ere  s y n t h e s i z e d  

and  t e s t e d ,  t h e  r e q u i r e m e n t s  f o r  a  s a t i s f a c t o r y  r a d i o p a q u e  

compound became m ore c l e a r l y  d e f i n e d .  Among s u c h  r e q u i r e m e n t s  

a r e  t h e  f o l l o w i n g  ( 2 ) :  1 ) ,  a b i l i t y  to  p ro d u c e  a d e q u a t e  o p a q u e n e s s ;  

2 ) ,  r a p i d  e x c r e t i o n ;  3 ) ,  l a c k  o f  s y s t e m ic  a b s o r p t i o n ;  and 

4 ) ,  low  t o x i c i t y .  A f i f t h  d e s i r a b l e  t r a i t  c o u ld  b e  l i s t e d  a s  

h i g h  w a te r  s o l u b i l i t y ,  i f  t h e  compound i s  t o  b e  a d m i n i s t e r e d  

o r a l l y .
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I n  o r d e r  t o  c a s t  d e e p ly  c o n t r a s t i n g  shadow s, a

compound m ust h a v e  a  h i g h  p e r c e n t a g e  o f  i o d i n e ,  p r e f e r a b l y  

o v e r  5 0 $ .  S in c e  a t  l e a s t  two i o d i n e  atoms a r e  u s u a l l y  r e q u i r e d  

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

compounds i s  g e n e r a l l y  above  3 0 0 .  Such h i g h  m o l e c u l a r  w e ig h t  

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

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

s o l u b i l i t y  o f  a t  l e a s t  4 0 $ .  The a l k a l i  s a l t s  o f  i o d i n a t e d  

o r g a n i c  a c i d s  i n  many c a s e s  do n o t  a p p r o a c h  s u c h  a  s o l u b i l i t y .

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

made by S c h in d e r  ( 3 ) ,  who showed t h a t  t h e  i o d i n a t e d  a c i d s  

c o u l d  b e  r e n d e r e d  much m ore w a te r  s o l u b l e  b y  u s i n g  d i e t h a n o l a m i n e  

t o  fo rm  t h e  s a l t .  I n  t h i s  way t h e  compound known as  R ayopake  ( I )  

was p r e p a r e d  and i s  a  v e r y  v a l u a b l e  a g e n t  f o r  t h e  o b s e r v a t i o n  

o f  t h e  u r i n a r y  b l a d d e r  o r  u r e t h r a  ( C y s t o u r e t h r o g r a p h y ) .

some o f  t h e  i o d i n a t e d  compounds p o s s e s s  a  s e l e c t i v e  a f f i n i t y  

f o r  c e r t a i n  o r g a n s  and  t i s s u e s .  By p r o p e r  c h o i c e ,  a  h i g h  

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

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

CH2 -C 0 0 “ H2 fe-(CH2 -CH2 -0 H ) 2 

I - I

I n  a d d i t i o n  t o  t h e i r  i n h e r e n t  o p a c i t y  to  X - r a y s ,
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a p p l i c a t i o n s  o f  su c h  a p r i n c i p l e  i s  i n  t h e  X - ra y  e x a m i n a t i o n  

o f  t h e  k i d n e y s  and u r e t e r s  (U ro g ra p h y )  ( 4 ) .  Among t h e  more 

s u c c e s s f u l  a g e n t s  f o r  t h i s  p u r p o s e  a r e  th e  s a l t  o f  l - m e t h y l - 3 ,  

5 - d i I o d o c h e l i d a m i c  a c i d  ( N e o - I p a x ,  U r o s e l e c t a n  B, I I ) ,  

d ie th a n o la m m o n iu m  3 , 5 - d i i o d o - 4 - p y r i d o n e - l - a c e t a t e  ( D i o d r a s t ,  I I I ) ,  

so d iu m  i o d o m e t h a n e s u l f o n a t e  ( S k io d a n ,  I V ) ,  so d iu m  o - i o d o h i p p u r a t e  

( H ip p u ra n ,  V ) ,  and  sod ium  3 - a c e t a m i d o - 2 , 4 , 6- t r i i o d o b e n z o a t e  

(U ro k o n ,  V I ) .

H,
NaOO1 JOOHa

Y
Hg-COO" HgN-(CHg-CH2-0H)

0
I I III

I-GHg-SOgHa

COOT-CHg-COONa

v

COONa
n

h h - c o - c h 3

IV V VI

One o f  t h e  w e l l  t o l e r a t e d  a r o m a t i c  d e r i v a t i v e s  i s  e t h y l

l l - ( p - i o d o p h e n y l )  u n d e c a n o a te  ( P a n to p a q u e ,  V I I ) ,  w h ic h  i s  

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

s u b a r a c h n o i d  s p a c e s  (M y e lo g ra p h y ) ,
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^ ^ ( C H g ^ - C O O - C g H g

V I I

S e v e r a l  o f  t h e  a b o v e  m e n t io n e d  a g e n t s  h a v e  b e e n  u s e d

i n  t h e  v i s u a l i z a t i o n  o f  th e  l u n g s  and g a l l  b l a d d e r .  H ow ever, 

i n  t h e  e x a m i n a t i o n  o f  th e  g a l l  b l a d d e r  ( C h o le c y s to g r a p h y )  

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

- p h e n y l - ^ - ( 3 , 5 - ? d l i o d o - 4 - h y d r o x y p h e n y l ) - p r o p i o n i c  a c i d  

( P r i o d a x ,  V I I I )  ( 5 ) ;  ^ - e t h y l - y t f  - ( 2 , 4 , 6 - t r i i o d o - 3 - a m i n o p h e n y l )  

p r o p i o n i c  a c i d  ( T e le p a q u e ,  IX) ( 6 ) j  2 - ( 3 , 5 - d i i o d o - 4 - h y d r o x y b e n z y l )  

e y c i o h e x a n e c a r b o x y l i e  a c i d  (M onophen, X) ( 7 ) j  and t h e  sod ium  

s a l t  o f  t e t r a i o d o p h e n o l p h t h a l e i n  ( I o d i k o n ,  X I ) .

H2-CH(C6H5 )-C00H CH2-CH(C2H5 )-C00H
i - ^ V i

V I I I IX

COONa

X XI
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Many a d d i t i o n a l  i o d i n a t e d  compounds h a v e  b e e n  s y n t h e s i z e d  and 

t e s t e d  i n  r e c e n t  y e a r s j  A r c h e r  and  c o w o rk e r s  ( 8 , 9 , 1 0 , 1 1 , 1 2 , 1 5 )  

and P a p a ,  Schwenk and c o w o r k e r s  ( 1 4 , 1 5 , 1 6 , 1 7 , 1 8 )  h a v e  b e e n  

p a r t i c u l a r l y  a c t i v e  i n  t h i s  f i e l d .

I I .  The u s e  o f  s i l v e r  s a l t s  i n  t h e  s y n t h e s i s  o f  e s t e r s .

E s t e r s  a r e  p r o b a b l y  t h e  m o s t  i m p o r t a n t  d e r i v a t i v e s  

o f  an  o r g a n i c  a c i d .  They a r e  m ost c o n v e n i e n t l y  p r e p a r e d  by 

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

o f  a  c a t a l y t i c  am ount o f  a  m i n e r a l  a c i d .  T h is  p r o c e d u r e  was 

i n t r o d u c e d  b y  E m il  P i s c h e r  i n  1895 (1 9 )  and  c o n s e q u e n t l y  i s  

known a s  t h e  P i s c h e r  m e th o d  o f  e s t e r i f i c a t i o n .  H ow ever, lo n g  

b e f o r e  F i s c h e r  i n t r o d u c e d  t h i s  s im p le  and e f f e c t i v e  p r o c e d u r e ,  

e s t e r s  w ere  q u i t e  w e l l  known. The m a j o r i t y  o f  s u c h  compounds 

h a d  b e e n  p r e p a r e d  b y  t h e  s o - c a l l e d  s i l v e r - s a l t  m e th o d ;  t h i s  

m ethod  i n v o l v e d  t h e  i n t e r a c t i o n  a t  an e l e v a t e d  t e m p e r a t u r e  o f  

an  a l k y l  h a l i d e  ( u s u a l l y  th e  i o d i d e )  and  t h e  s i l v e r  s a l t  o f  

t h e  a c i d  whose e s t e r  was d e s i r e d .  A f t e r  a  s u f f i c i e n t  r e a c t i o n  

t i m e ,  t h e  s i l v e r  h a l i d e  was rem oved  b y  f i l t r a t i o n  and t h e  e s t e r  

o b t a i n e d  by d i s t i l l a t i o n .  P r i e d e l  (2 0 )  was o n e  o f  t h e  f i r s t  t o  

r e p o r t  t h e  u s e  o f  t h i s  m e th o d .  He p r e p a r e d  i s o - p r o p y l  a c e t a t e  

f ro m  I s o - p r o p y l  i o d i d e  and  s i l v e r  a c e t a t e .  I n  1 8 7 1 ,  L i e b e n  

a n d  R o s s i  (2 1 )  r e p o r t e d  th e  p r e p a r a t i o n  o f  n - b u t y l  a c e t a t e  b y  

r e a c t i n g  s i l v e r  a c e t a t e  w i t h  n - b u t y l  h a l i d e s :  when n - b u t y l

i o d i d e  a n d  th e  s i l v e r  s a l t  w ere  h e a t e d  a t  1 0 8 °  f o r  6 . 5  h o u r s ,  

t h e y  o b t a i n e d  a  9 3 .5 $  y i e l d  o f  t h e  e s t e r ;  and  when n - b u t y l
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b ro m id e  and  t h e  s i l v e r  s a l t  w ere  h e a t e d  a t  1 0 0 -1 3 0 °  f o r  20  h o u r s ,  

t h e  y i e l d  was 8 7 .5 $ *  L innem ann  a l s o  i n  1871  (2 2 )  r e p o r t e d  t h e  

u s e  o f  th e  s i l v e r - s a l t  m ethod  t o  p r e p a r e  t h e  e t h y l  e s t e r s  o f  

b e n z o i c ,  a c e t i c ,  p r o p i o n i c ,  a n d  n - b u t y r i c  a c i d s  i n  y i e l d s  o f  

7 4 $ ,  8 5 $ ,  91$  and  4 3 $ ,  r e s p e c t i v e l y .  G a r t e n m e i s t e r  (2 3 )  made 

a  s t u d y  o f  t h e  b o i l i n g  p o i n t s  and s p e c i f i c  v o lu m es  o f  26 e s t e r s  

o f  t h e  n o rm a l f a t t y  a c i d s ;  he  p r e p a r e d  t h e  e s t e r s  b y  t h e  s i l v e r -  

s a l t  m e th o d .  E c k s t r a n d  (24 )  was a b l e  to  a d a p t  t h e  m e th o d  t o  

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

F o r  e x a m p le ,  he s y n t h e s i z e d  e t h y l  5 - c h l o r o - l - n a p h t h o a t e  by 

h e a t i n g  t o g e t h e r  i n  a  s e a l e d  t u b e  t h e  s i l v e r  s a l t  o f  5 - c h l o r o -  

1 - n a p h t h o i c  a c i d  a n d  e t h y l  i o d i d e  i n  a  b o i l i n g  w a t e r  b a t h .

W ith  t h e  i n t r o d u c t i o n  o f  t h e  F i s c h e r  m e th o d ,  t h e  

im p o r t a n c e  o f  t h e  s i l v e r - s a l t  m ethod  d e c r e a s e d ;  i t  i s  a t  p r e s e n t  

u s e d  r a t h e r  i n f r e q u e n t l y .  T h is  I s  m a in ly  due t o  two r e a s o n s :  

t h e  s i l v e r - s a l t  m e th o d  i s  a  t im e  c o n su m in g  p r o c e s s ,  v e r y  o f t e n  

r e q u i r i n g  24 h o u r s  o r  l o n g e r  t o  o b t a i n  a s a t i s f a c t o r y  y i e l d  o f  

e s t e r ;  a n d  t h e  s i l v e r  s a l t s  and  a l k y l  i o d i d e s  a r e  r a t h e r  e x ­

p e n s i v e  c h e m i c a l s .  H ow ever, t h e r e  a r e  a t  l e a s t  two c i r c u m s t a n c e s  

w here  t h i s  m ethod  w i l l  g i v e  a  s a t i s f a c t o r y  y i e l d  o f  t h e  e s t e r  

when t h e  F i s c h e r  m e th o d  f a i l s .  The y i e l d s  o f  m e th y l  e s t e r s  

o b t a i n e d  f ro m  2 , 6 - d ib r o m o b e n z o ic  a c i d ,  2 , 6 - d i n i t r o b e n z o i c  a c i d ,  

an d  2 , 4 , 6 - t r i m e t h y l b e n z o i e  a c i d  by t h e  F i s c h e r  m ethod  a r e  

p r a c t i c a l l y  n i l .  H ow ever, t h e  t h r e e  e s t e r s  c a n  b e  o b t a i n e d  b y  

t h e  s i l v e r - s a l t  m ethod  ( 2 5 ,  2 6 ) .  L i k e w is e ,  t h e  r e a c t i o n  o f  

t h e  s i l v e r  s a l t  o f  2 , 4 , 6 - t r i h y d r o x y b e n z o i c  a c i d  and m e th y l
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i o d i d e  r e s u l t e d  i n  a  n e a r l y  q u a n t i t a t i v e  y i e l d  o f  t h e  m e th y l  

e s t e r  ( 2 7 ) .  The r e a c t i o n  o f  a  s i l v e r  s a l t  w i t h  an a l k y l  

h a l i d e  t a k e s  p l a c e  a t  t h e  o xygen  a to m  o f  t h e  c a r b o x y l  g r o u p ,  

w h e re a s  t h e  r e a c t i o n  o f  t h e  f r e e  a c i d  and  a l c o h o l  i n  t h e  

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

a to m . The s i l v e r - s a l t  m ethod  y i e l d s  t h e  d e s i r e d  e s t e r  w here  

a  s t e r i c  e f f e c t  o p e r a t e s  a g a i n s t  t h e  P i s c h e r  m e th o d .

p o s s i b i l i t y  o f  an  a c i d  c a t a l y z e d  i s o m e r i z a t i o n .  When 3 - m e th y l -

3 - b u t e n o i c  a c i d  was d i r e c t l y  e s t e r i f i e d  w i t h  m e th y l  a l c o h o l ,  

t h e r e  was o b t a i n e d  m e th y l  3 - m e t h y l - 2 - b u t e n o a t e .

H ow ever, t h e  i n t e r a c t i o n  o f  t h e  s i l v e r  s a l t  o f  3 - m e t h y l -

3 - b u t e n o i c  a c i d  a n d  m e th y l  i o d i d e  f o r  72  h o u r s  g a v e  a  4 7 $  

y i e l d  o f  m e th y l  3 - m e t h y l - 3 - b u t e n o a t e  ( 2 8 ) ,

J e f f r e y  and Vogel (2 9 )  l i k e w i s e  u s e d  t h e  s i l v e r - s a l t  m e th o d  t o  

p r e p a r e  a  num ber o f  e s t e r s  o f  t h e  u n s a t u r a t e d  a c i d s ,  v l n y l a c e t i c ,  

m a l e i c ,  f u m a r i c  a n d  c r o t o n i c .

D ic k e y  a n d  C oover (3 0 )  h a v e  em ployed  th e  s i l v e r - s a l t  

m ethod  t o  p r e p a r e  e s t e r s  o f  u n s a t u r a t e d  a c i d s  w h ic h  a r e  c a p a b l e

The P i s c h e r  m ethod  a l s o  f a i l s  w h e n e v e r  t h e r e  i s  t h e

CHgaC-CHg-COOH +• CH3 0H CHg-CpCHg-COOCHg
c h 3

^  CH2 =C-CH2 -C00CH3CHg-C-CHg-COOAg 4- 0Hs I
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o f  e a s y  p o l y m e r i z a t i o n .  P o r  e x a m p le ,  t h e  i n t e r a c t i o n  o f  t h e  

s i l v e r  s a l t  o f  c K rc a rb e th o x y a m in o  a c r y l i c  a c i d  and m e th y l  

i o d i d e  r e s u l t e d  i n  a  23$  y i e l d  o f  t h e  c o r r e s p o n d i n g  m e th y l  

e s t e r .

I n  l i k e  m a n n e r ,  t h e  s i l v e r  s a l t  o f  t h e  c o r r e s p o n d i n g  i s o p r o p y l  

d e r i v a t i v e  was c o n v e r t e d  i n t o  i t s  m e th y l  e s t e r  i n  a  31$ y i e l d ,  

H a u s e r ,  S a p e r s t e i n  a n d  S h i v e r s  (31 )  r e f l u x s d  s i l v e r  b e n z o a t e  

and t r i p h e n y l m e t h y l  c h l o r i d e  i n  b e n z e n e  f o r  s i x  h o u r s  t o  g i v e  

a  5 0 $  y i e l d  o f  t r i p h e n y l m e t h y l  b e n z o a t e .  F i e s e r  and Heymann 

(3 2 )  r e a c t e d  s i l v e r  a c e t a t e  an d  1 , 3 -d im e t h y l - 1 0 - b r o m o a n t h r o n e -  

i n  t h e  p r e s e n c e  o f  a c e t i c  a c i d  t o  g i v e  a  7 6 $  y i e l d  o f  t h e  c o r ­

r e s p o n d i n g  a c e t o x y  d e r i v a t i v e .

I I I .  The d i r e c t  s y n t h e s i s  o f  b a s i c  e s t e r s  f ro m  c a r b o x y l i e  

a c i d s  and c h l o r o a l k y l  a m in e s .

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

a c i d  c h l o r i d e  w i t h  t h e  am ino a l c o h o l .  H ow ever, t h i s  m e th o d  

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

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

b e n z l l i c  and t r o p i c  a c i d s .  H o r e n s t e i n  a n d  P a h l i c k e  (3 3 )  w ere  

t h e  f i r s t  t o  em ploy  a  r a t h e r  n o v e l  m e th o d  f o r  t h e  p r e p a r a t i o n

CHgSC-COOAg 4 -  CH3I  
h h - c o o c 2 h 5

'C-COOCH3
NH-COOCoH,

A c a r b o x y l i e  a c i d  c a n  u s u a l l y  b e  c o n v e r t e d  i n t o  t h e
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o f  s u c h  b a s i c  e s t e r s *  F o r  e x a m p le ,  t h e y  d i s s o l v e d  0 , 0 5  m ole  

o f  b e n z i l i c  a c i d  i n  40 c c .  o f  d r y  i s o p r o p y l  a l c o h o l  a n d  

n e u t r a l i z e d  t h e  a c i d  w i th  0 .0 5  m ole  o f ^ 5 - d i e t h y l a m i n o e t h y l  

c h l o r i d e .  The r e s u l t i n g  s o l u t i o n  was r e f l u x e d  f o r  two h o u r s ;  

o n  c o o l i n g ,  t h e r e  was d e p o s i t e d  - d i e t h y l a m i n o e t h y l  b e n z i l a t e  

h y d r o c h l o r i d e ,  w h ich  am o u n te d  t o  a n  8 2 .7 $  y i e l d  a f t e r  r e c r y ­

s t a l l i z a t i o n  f ro m  i s o p r o p y l  a l c o h o l .

OH
< ^ ^ V C - C 0 0 H  -h (CgHg) gN-C HgCHg-Cl

-COO HN-CHgCHg-Cl

' V '

i s o p r o p y l

a l c o h o l

r e f l u x e d

2  h o u r s

)H H
^  ^ ^ - C00- CH2CH2 - - ^ C2 H5> g

I C l -
V '

As can  b e  r e a d i l y  r e c o g n i z e d ,  t h i s  p r o c e s s  i n v o l v e s  two co n ­

s e c u t i v e  s t e p s ;  t h e  c o n v e r s i o n  o f  t h e  a c i d  t o  i t s  a n i o n ,  

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

b y  t h i s  a n i o n ,  g i v i n g  t h e  e s t e r  h y d r o c h l o r i d e  d i r e c t l y .  

H o r e n s t e i n  and P a h l i c k e  a l s o  p r e p a r e d  t h e ^ - d l e t h y l a m i n o e t h y l  

e s t e r s  o f  s a l i c y l i c  and m a n d e l i c  a c i d s  by  a  s i m i l a r  p r o c e d u r e ,
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B u r t n e r  a n d  C u s ic  em ployed  t h i s  m o d i f i c a t i o n  i n  t h e

p r e p a r a t i o n  o f  num erous  b a s i c  e s t e r s  w h ich  w ere  e v a l u a t e d  f o r  

a p a s m o ly t i c  a c t i o n .  They p r e p a r e d  39 b a s i c  e s t e r s  o f  v a r i o u s  

a r y l a c e t i c  a c i d s  (3 4 )  b y  one  o f  two m e th o d s :  t h e  c o n v e n t i o n a l

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

an d  t h e  m ethod o f  H o r e n s t e i n  an d  P a h l i c k e .  They r e p o r t e d  

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

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

p u r e .  They a l s o  p r e p a r e d  21 b a s i c  e s t e r s  o f  p o l y n u c l e a r  

c a r b o x y l i e  a c i d s  b y  t h i s  l a t t e r  m e th o d  ( 3 5 ) .  They r e p o r t e d  a  

t y p i c a l  s y n t h e s i s  a s  f o l l o w s :  0 .0 6 2  m ole o f  a n i s i l i c  a c i d  an d

0 . 0 6 2  m ole  o f  ^ - d i e t h y l a m i n o e t h y l  c h l o r i d e  w ere  r e f l u x e d  i n  

60 c c .  o f  i s o p r o p y l  a l c o h o l  f o r  2 . 5  h o u r s .  On c o o l i n g ,  t h e r e  

was d e p o s i t e d  2 1 .5  g .  ( 8 1 .5 $ )  o f  p u r e  f t  - d i e t h y l a m i n o e t h y l

o

R o b in s o n  and C u s ic  (3 6 )  p r e p a r e d  34 b a s i c  e s t e r s  o f  

9 - x a n t h e n e  c a r b o x y l i e  a c i d  and  9 b a s i c  e s t e r s  o f  t r o p i c  a c i d

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

i s o p r o p y l  a l eCOOH -f- Cl-CH2 CH2 -R(CgH5 52

>CHJ
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b y  t h i s  m e th o d ;  s u c h  e s t e r s  w ere  e v a l u a t e d  a s  s y m p a t h e t i c  

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

a c t i o n .  They r e p o r t e d  an 84$  y i e l d  o f  ^  - d i i s o p r o p y l a m i n o -  

e t h y l - 9 - x a n th e n e  c a r b o x y l a t e  by  r e f l u x i n g  e q u i m o l a r  am o u n ts  

o f  9 - x a n t h e n e  c a r b o x y l i e  a c i d  and ^ - d i i s o p r o p y l a m i n o e t h y l  

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

C l-C iyS H g-N  ( i - C 3H7 ) „ °  p ro p .y l - - I 1-?.*.. X
r e f l u x e d  4 h r s . /

H
O O -C H gC H g-H  ( i - C g l ^ )

c i -

Two r a t h e r  r e c e n t  p a t e n t s  (3 7 )  u s e d  t h i s  m ethod  

f o r  t h e  p r e p a r a t i o n  o f  a  num ber o f  b a s i c  e s t e r s .  An 85$  

y i e l d  o f  ^  - d i e t h y l a m i n o e t h y l - o C - ( l - n a p h t h y l )  b u t y r a t e  was 

o b t a i n e d  b y  r e f l u x i n g  f o r  14 h o u r s  i n  i s o p r o p y l  a l c o h o l  e q u i ­

m o la r  q u a n t i t i e s  o f  / ^ - d i e  t h y l a m i n o e t h y l  c h l o r i d e  and 

cL - ( 1 - n a p h t h y l ) b u t y r i c  a c i d .  Use o f  X - d i e  t h y l a m i n o p r o p y l  

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

B u r t n e r  (38 )  h a s  em ployed  t h i s  m e th o d  f o r  t h e  s y n ­

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

a c i d s .  F o r  e x a m p le ,  t h e ^  - d i e t h y l a m i n o e t h y l  e s t e r  o f  

£  - ( 2 - m e t h o x y - 5 - c y c l o h e x y l b e n z o y l )  p r o p i o n i c  a c i d  was p r e p a r e d  

f ro m  t h e  c h l o r o a l k y l  amin® a n d  t h e  a c i d  i n  i s o p r o p y l  a l c o h o l .
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T h e re  h a v e  b e e n  r e p o r t e d  s e v e r a l  m o d i f i c a t i o n s  o f  

t h e  o r i g i n a l  m ethod  o f  H o r e n s t e i n  an d  P a h l i e k e .  T h e se  h a v e  

i n v o l v e d  t h e  us a o f  t h e  a l k a l i  s a l t  o f  t h e  a c i d  i n  p l a c e  o f  

t h e  f r e e  a c i d .  M ie s c h e r ,  H offm ann and  P & nizzon  (39) r e a c t e d  

d i p h e n y l a c e t i c  a c i d ,  ^  - d i e t h y l a m i n o e t h y l  c h l o r i d e  and  d r y  

p o t a s s i u m  c a r b o n a t e  i n  d r y  a c e t o n e  f o r  24 h o u r s .  A f t e r  re m o v in g  

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

o f  d r y  h y d ro g e n  c h l o r i d e  g av e  t h e  p u re  e s t e r  h y d r o c h l o r i d e .

-COOH Cl-CHgCHg-NCCgHg)^ - I -  d r y  KgC0 3

b o i l i n g  a c e to n e  \  /  \
 7  v  /^ “ 9 H~C 0 Q-GH2 CHg - H ( C 2 H5 ) <

24 h o u r s  s  ^

1 0

I n  a s i m i l a r  f a s h i o n  (4 0 )  t h e r e  was o b t a i n e d  a  

n e a r l y  q u a n t i t a t i v e  y i e l d  o f  a m i n o e s t e r  when < ? ( , -c y c lo h e x y l-  

p h e n y l a e e t i c  a c i d ,  ^ - ( 1 - p i p e r i d y l )  e t h y l  c h l o r i d e  h y d r o c h l o r i d e , 

an d  p o t a s s i u m  c a r b o n a t e  w ere  r e f l u x e d  i n  d r y  a c e t o n e  f o r  

24 h o u r s .
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1 3 .

Vv y>-CH-COOH

f l2 ,CH2 -CH2

HgC +  C1- ° ^ H2- < c H 2-cr20H2 +  K2°°=
CHg SCI

b o i l i n g  a c e to n e v  y - — \  ^CHg-CHr

24 h o u r s  '   y  GH CHg-CHg
H2C/  ^ C H g

H2\  / CH2 
N jh b

G e ig y  (4 1 )  r e a c t e d ^ ,  o (  - d i p r o p y l p r o p i o n i c  a c i d  

and / ^ - d i e t h y l a m i n o e t h y l  c h l o r i d e  i n  th e  p r e s e n c e  o f  p o t a s s i u m  

h y d r o x id e  and e t h y l  a c e t a t e  t o  o b t a i n  t h e  amino*; e s t e r .

W ander (4 2 )  added  t h e  m e th y l  e t h e r  o f  b e n z i l i c  a c i d  

t o  a  s o l u t i o n  o f  sod ium  e t h o x i d e  i n  a b s o l u t e  e t h a n o l  t o  o b t a i n  

t h e  so d iu m  s a l t  o f  t h e  a c i d .  The a d d i t i o n  o f  a n  e q u i v a l e n t  

m o la r  am ount o f  - d i e t h y l a m i n o e t h y l  c h l o r i d e ,  f o l l o w e d  by  a 

r e f l u x  o f  one h o u r ,  g a v e  t h e  e s t e r .

o c h 3

<*-----\  I , , e t h a n o l  \
^ -C-CO O N a -f- C1-CH2CH2 -H (C2 H5 ) 2--- —-------------------------

 ---  reflux 1 hr. '

GOO-CHgGHg-H(C2 H5 ) (
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DISCUSSION OP RESULTS

I .  E s t e r s  o f  3 . 5 - d i i o d o - l - t y r o s I n e .

S in c e  i o d i n a t e d  o r g a n i c  compounds c o n t a i n i n g  m ore 

t h a n  50$  i o d i n e  h a v e  a  p o t e n t i a l  u s e  as  r a d i o g r a p h i c  d i a g n o s t i c  

a g e n t s ,  a s tu d y  o f  t h e  s y n t h e s i s  o f  some s im p le  e s t e r s  o f

3 , 5 - d i i o d o - l - t y r o s i n e  was u n d e r t a k e n .  3 , 5 - d i i o d o - l - t y r o s i n e  

i t s e l f  c o n t a i n s  5 8 .6 $  i o d i n e ;  b u t  i t  i s  t o o  r a p i d l y  a b s o r b e d  

b y  th e  body  t o  be  o f  any  p r a c t i c a l  u s e  a s  a  d i a g n o s t i c  a g e n t .  

S n a p p e r  and Grunbaum (43 ) h a v e  shown t h a t  i n o r g a n i c  i o d i d e  

i o n  c a n  b e  d e m o n s t r a t e d  i n  t h e  s a l i v a  an d  u r i n e  50  m in u te s  

a f t e r  o r a l  o r  s u b c u ta n e o u s  a d m i n i s t r a t i o n  o f  3 , 5 - d i i o d o - l -  

t y r o s i n e .  T h is  i s  a b o u t  a s  r a p i d l y  a s  i o d i d e  i o n  a p p e a r s  i n  

t h e s e  two body  e x c r e t i o n s  a f t e r  th e  i n g e s t i o n  o f  so d iu m  o r  

p o t a s s i u m  i o d i d e .  H ow ever, t h e  N -b e n z o y l  d e r i v a t i v e  a p p e a r e d  

u n a l t e r e d  i n  t h e  u r i n e  u n d e r  t h e  same c o n d i t i o n s .  T h i s  r a p i d  

e l i m i n a t i o n  o f  t h e  i o d i n e  a tom s o f  3 , 5 , - d i i o d o - l - t y r o s i n e  by  

t h e  body  p r e v e n t s  I t s  u s e  f o r  d i a g n o s i s  p u r p o s e s ;  t h e  o p a c i t y  

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

p u r p o s e s ;  a n d  t h e  r a p i d  i n c r e a s e  i n  b o d y  i o d i n e  c o u ld  r e s u l t  

i n  i o d i s m .

The f i r s t  s t e p  to w a r d s  t h e  e l i m i n a t i o n  o f  an  e s t e r  

f ro m  a n  a n im a l  b o d y  i s  i t s  h y d r o l y s i s  b y  m eans o f  en zy m es ,  

t h e  e s t e r a s e s .  By c o n v e r t i n g  3 , 5 - d l i o d o - l - t y r o s i n e  i n t o  a 

s im p le  e s t e r ,  i t  was h o p e d  t h a t  t h i s  p r e l i m i n a r y  h y d r o l y s i s  

w o u ld  s lo w  down t h e  o v e r - a l l  r a t e  a t  w h ich  i o d i d e  I o n s  a r e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



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

i o d i n a t e d  e s t e r s  a s  r a d i o p a q u e s ,  a s  w e l l  a s  l o w e r i n g  t o x i c i t y  

due  t o  e x c e s s  i o d i d e , I o n .

T h e re  a r e  a t  t h e  p r e s e n t  t im e  a  n um ber  o f  i o d i n a t e d  

o r g a n i c  compounds i n  u s e  a s  d i a g n o s t i c  a g e n t s .  Some o f  th em  

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

1 - T y r o s i n e  i s  a  n a t u r a l l y  o c c u r r i n g  amino a c i d ,  r e a d i l y  

a v a i l a b l e  f ro m  c a s e i n .  I t s  c o n v e r s i o n  to  t h e  d e s i r e d  i o d i n a t e d  

e s t e r  w ould b e  m e r e ly  a two s t e p  p r o c e s s .

A. P o s s i b l e  s y n t h e t i c  m e th o d s .

T h e re  a r e  two p o s s i b l e  m e th o d s  f o r  t h e  p r e p a r a t i o n  

o f  th e  s im p le  e s t e r s  o f  3 , 5 - d i i o d o - l - t y r o s I n e .

M ethod I :  I o d i n a t e  1 - t y r o s i n e  t o  3 , 5 - d i i o d o - l -

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

M ethod I I ; E s t e r i f y  1 - t y r o s l n e  and  t h e n  i o d i n a t e

t o  t h e  3 , 5 - d i i o d o - l - t y r o s i n e  d e r i v a t i v e .
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I o d i n a t e

B

I^N-CHg-CH-COOH
N K

cr < Y
i

E s t e r i f y  
w i t h  ROH

E s t e r i f y  
\  . w i t h  ROH

^ V g h 0 - c h - c o o rA I
NHg

HO

I o d i n a t e

' y  > C H o -CH-C00R2  i
NHp

^  J

M ethod I M ethod I I

B a u e r  a n d  S t r a u s s  (4 4 )  h a v e  r e p o r t e d  t h e  s y n t h e s i s  o f  t h e  

m e th y l  and  e t h y l  e s t e r s  o f  3 , 5 - d i i o d o - l - t y r o s i n e .  They p r e ­

p a r e d  1 - t y r o s i n e  m e th y l  e s t e r  by  d i r e c t  e s t e r i f i c a t i o n ;  

r e a c t i o n  w i th  i o d i n e  i n  a l k a l i n e  s o l u t i o n  g av e  t h e  d e s i r e d

3 , 5 - d i l o d o - l - t y r o s i n e  m e th y l  e s t e r  i n  39$  y i e l d  ( i o d i n a t i o n  

s t e p  o n l y ) .  S i m i l a r l y ,  t h e  e t h y l  e s t e r  was p r e p a r e d  i n  7 8 $  

y i e l d .  T h e se  s y n t h e s e s  a r e  e x a m p le s  o f  M ethod I I  a b o v e .

Obviously, if* a number of* esters are desired,
M ethod I  would b e  p r e f e r r e d .  The d i r e c t  e s t e r i f i c a t i o n  o f  an  

am ino a c i d  i s  b e s t  done  b y  t h e  F i s c h e r  m ethod  ( 4 5 ) ,  w h ic h  

d i s s o l v e s  t h e  amino a c i d  i n  t h e  a l c o h o l  b y  means o f  a n  e x c e s s  

o f  d r y  h y d r o g e n  c h l o r i d e .  A b d e rh a ld e n  a n d  G uggenheim  (46 )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



f i r s t  r e p o r t e d  t h e  s y n t h e s i s  o f  3 , 5 - d i i o d o - l - t y r o s i n e  m e th y l  

e s t e r  by t h i s  m e th o d ,  w i t h o u t  r e p o r t i n g  a y i e l d .  D i c k i n s o n  

and T r i k o j u s  (47 )  made a  s tu d y  o f  t h e  s t a b i l i t y  o f  t h e  i o d i n e  

a tom s i n  3 , 5 - d i i o d o - l - t y r o s i n e  a t  v a r i o u s  h y d r o g e n  i o n  c o n ­

c e n t r a t i o n s .  T hey  fo u n d  t h a t  a t  a  pH o f  1 0 . 5 0 ,  t h e r e  was a  

1 2 . 9 - 1 4 . 2 $  d e c o m p o s i t i o n  i n  one  h o u r  a t  a n  a v e r a g e  t e m p e r a t u r e  

o f  8 2 ° ;  a t  a  pH o f  8 . 8 5 ,  a  1 9 . 0 - 2 5 . 1 $  d e c o m p o s i t i o n ;  and a t  

a  pH o f  6 . 5 0 ,  a  9 3 . 0 - 1 0 0 . 0 $  d e c o m p o s i t i o n .  H a r i n g t o n  and  

R i v e r s  (4 8 )  l i k e w i s e  o b s e r v e d  t h a t  3 , 5 - d i i o d o - l - t y r o s i n e  was 

e x t r e m e l y  u n s t a b l e  t o  h e a t  b e tw e e n  pH 4 and 9 . S in c e  M ethod I  

w ould p r e p a r e  t h e  e s t e r s  i n  s t r o n g l y  a c i d  m e d ia ,  i t  was d e c i d e d  

t o  c r i t i c a l l y  exam ine  t h i s  m e th o d .

B. P r e p a r a t i o n  o f  3 , 5 , - d i i o d o ~ l - t y r o s i n e .

3 , 5 - d i i o d o - l - t y r o s i n e  h a s  b e e n  p r e p a r e d  by  a  num ber 

o f  m o d i f i c a t i o n s  o f  tw o  m a in  m e th o d s .  One o f  t h e s e  i s  t h e  

d i r e c t  i n t e r a c t i o n  o f  i o d i n e  and l - t y r o 3i n e  i n  an a l k a l i n e  

medium. S a v i t s k i i  (49) r e p o r t e d  an 88$  y i e l d  by t h i s  p r o c e d u r e .  

The s e c o n d  method u t i l i z e s  i o d i n e  m o n o c h lo r id e  i n  a n  a c i d  

m edium . B lock  and P o w e ll  (5 0 )  h a v e  r e p o r t e d  an 8 0 -8 5 $  y i e l d  

o f  p u r e  w h i te  p r o d u c t  by  u s i n g  i o d i n e  m o n o c h lo r id e  i n  g l a c i a l  

a c e t i c  a c i d .
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7  ij-GHg-^H-CGOH
|j m 2 -f- 2 IC1 a c e t i c

a c i d

v  I f ^ V c H p - C H - C O O H
_ X  I__

H
Hg-CH-COOH

a q u e o u s
ammonia

I

Due t o  i t s  s i m p l i c i t y ,  t h e  m e th o d  o f  B lo ck  and P o w e l l  was 

u s e d  i n  t h e  p r e p a r a t i o n  o f  t h e  3 , 5 - d i i o d o - l - t y r o s i n e  r e q u i r e d  

i n  t h i s  w ork ,

C* P r e p a r e d  e s t e r s .

Seven  s im p le  e s t e r s  o f  3 , 5 - d i i o d o - l - t y r o s i n e  were 

p r e p a r e d  b y  th e  F i s c h e r  m e th o d ,  a c c o r d i n g  to  t h e  f o l l o w i n g  

s c h e m e :

n -CHp-CH-COOH 4- ROH 
" **2

I

CHg-CH-COOR
NH,

C l

a q u e o u s

ammonia

I

I-y7  -CHg-CH-COOR
11 W

H c r N s /
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The i n t e r m e d i a t e ,  c r u d e  e s t e r  h y d r o c h l o r i d e s  w ere  d i r e c t l y  

n e u t r a l i z e d  t o  y i e l d  t h e  c r u d e  f r e e  e s t e r .  W ith  a l c o h o l s  

whose b o i l i n g  p o i n t s  w ere  a b o v e  10 0 ° ,  d i s c o l o r a t i o n  due  t o  

t h e  l i b e r a t i o n  o f  i o d i n e  o c c u r r e d  i f  t h e  r e a c t i o n  was c a r r i e d  

o u t  a t  t h e  b o i l i n g  p o i n t .  H ow ever, i n  a l l  c a s e s ,  a  c o l o r l e s s  

e s t e r  was r e a d i l y  o b t a i n e d  o n  r e c r y s t a l l i z a t i o n .

T a b le  I  l i s t s  t h e  v a r i o u s  e s t e r  h y d r o c h l o r i d e s  

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

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

t e m p e r a t u r e  when h e a t e d  a t  t h e  r a t e  o f  1 0 °  p e r  m i n u t e ,  and 

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

T a b le  I I  g i v e s  a  l i s t  o f  t h e  c o r r e s p o n d i n g  e s t e r s  

o b t a i n e d  by  n e u t r a l i z i n g  an a q u e o u s  m e th y l  a l c o h o l  s o l u t i o n  

o f  t h e  c r u d e  e s t e r  h y d r o c h l o r i d e  w i t h  a q u e o u s  am m onia. A lso  

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

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

o v e r a l l  p e r c e n t  y i e l d  from  3 , 5 - d i i o d o - l - t y r o s i n e  (D IT ) ,  

d e c o m p o s i t i o n  t e m p e r a t u r e  when h e a t e d  a t  t h e  r a t e  o f  10°  p e r  

m i n u t e ,  and  t h e  i o d i n e  a n a l y s i s .
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TABLE I

E s t e r  H y d r o c h l o r i d e s  o f  3 , 5 - D i i o d o - l - T y r o s i n e

CHg-CH-COOR 
NHg-HCl

I

R % y i e l d  
c r u d e

R e c r y s t .
s o l v e n t

% y i e l d  
p u r i f i e d  

f ro m  
c r u d e

Decompn. 
p o i n t  @ 
1 0 ° / ra in .

% C l 

T h e o ry  Pound

CHg 8 9 .7 2 N HC1 72 2 0 2 -2 0 3 ° 7 .3 4 7 . 3 5

C2 H5 8 1 .0 1 . 5  N HC1 7 3 .5 2 1 2 -2 1 4 ° 7 . 1 3 7 .1 1

n —CgHijr 7 9 .3 1 N HC1 84 2 1 1 -2 1 3 ° 6 .9 3 6 .8 9

i —CgHY 8 1 .3 0 .2 5 N  HC1 7 8 . 3 2 2 6 -2 2 8 ° 6 .9 3 6 .9 0

n -C 4 Hg 6 7 .2 0 .2 5 N  HC1 7 3 . 5 1 8 8 -1 9 0 ° 6 .7 4 6 .7 0

i - C 4 Hg 7 6 . 2 0 .2 5 N  HC1 7 7 . 2 2 0 5 -2 0 6 ° 6 .7 4 6 .7 5

n " ^ 5 % i 7 4 . 9 0 .2 5 N  HC1 7 8 . 3 1 9 0 -1 9 1 ° 6 .5 7 6 .5 3
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I I .  U n s u c c e s s f u l  a t t e m p t s  to  p r e p a r e  a  f t  - a m in o  e s t e r  o f  a n  

-a m in o  a c i d .

One p a r t  o f  t h i s  t h e s i s  was t h e  p r e p a r a t i o n  o f  s u c h

am ino a l k y l  e s t e r s  o f  1 - t y r o s i n e  a s  m ig h t  b e  e x p e c t e d  t o  h a v e

l o c a l  a n e s t h e t i c  p r o p e r t i e s .  The enorm ous  am ount o f  w ork 

w h ich  h a s  b e e n  d o n e  i n  t h e  f i e l d  o f  l o c a l  a n e s t h e t i c s  h a s  

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

o f  a n  a r o m a t i c  a c i d  e s t e r l f i e d  w i th  a  t e r t i a r y  amino a l c o h o l  

( 5 1 ) .  The e x t e n s i v e l y  u s e d  P r o c a i n e  i s  t h e  m o s t  i m p o r t a n t  

exam ple o f  a s y n t h e t i c  l o c a l  a n e s t h e t i c  c o n t a i n i n g  a  / ^ - a r a i n o  

e s t e r  g r o u p .  C o n s e q u e n t l y ,  t h e  p u r p o s e  o f  t h i s  p a r t  o f  t h e  

t h e s i s  was to  s y n t h e s i z e  f t  -a m in o  e s t e r s  o f  1 - t y r o s i n e .  Hope­

f u l l y ,  s u c h  m o le c u le s  s h o u ld  h a v e  l o c a l  a n e s t h e t i c  p r o p e r t i e s  

due t o  t h e  f t  - a m in o  e s t e r  m o i e t y ,  and low  t o x i c i t y  due t o  t h e  

1 - t y r o s i n e  p o r t i o n ,  a  n a t u r a l l y  o c c u r r i n g  oC - a m in o  a c i d .

As o r i g i n a l l y  p r o p o s e d ,  s u c h  s y n t h e s e s  w ere  t o  b e

p e r fo r m e d  by r e a c t i n g  t h e  s i l v e r  s a l t  o f  1- t y r o s i n e  w i t h  an

am ino b ro m id e  d i s s o l v e d  i n  an i n e r t  s o l v e n t .  H ow ever, t h i s  

m ethod  was u n s u c c e s s f u l  i n  t h e  p r e s e n t  c a s e .  S even  o t h e r  

m e th o d s  w ere a l s o  s t u d i e d .  F iv e  o f  t h e s e  m e th o d s  p r o v e d  t o  

be  v a l u e l e s s  a s  a  m eans o f  o b t a i n i n g  a  f t -a m in o  e s t e r  o f  

1 - t y r o s i n e .  A s i x t h  s h o w e d  so m e  p r o m i s e  b u t  w a s  n o t  s t u d i e d  

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

a  f t  - a m in o  e s t e r .  H ow ever, t h e  s e v e n t h  a d d i t i o n a l  m e th o d  was 

s u c c e s s f u l ,  w i th  f t - d i e t h y l a m i n o e t h y l - 1 - t y r o s i n a t e  b e i n g  

o b t a i n e d  i n  good y i e l d .
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A. The s i l v e r  s a l t  m e th o d .

1 .  Use o f  a n o (  -a m in o  a c i d .

The s i l v e r  s&JLt o f  1 - t y r o s i n e  was p r e p a r e d  a c c o r d i n g  

t o  t h e  p r o c e d u r e  i n  O rg a n ic  S y n t h e s e s  ( 5 2 ) ,

XJ\OH„-9H-OOOH (Ĉ V C H 2 -CH-OOOAg
NHg +- KOH +  AgNOg A  nh2

H O \ /

The p u r e  w h i t e  p r o d u c t  a n a ly z e d  3 5 .2 0 $  s i l v e r  ( t h e o r y -  

3 7 .  4 5 $ ) j t h i s  d i s c r e p a n c y  was due t o  u n r e a c t e d  1 - t y r o s i n e .

T h is  s l i g h t l y  im p u re  s i l v e r  s a l t  was em ployed  a s  s u c h .

A few  t r i a l  r u n s  w e re  d o n e  u s i n g  t h i s  s i l v e r  s a l t  

and  p  - d i e t h y l a m i n o e t h y l  b r o m id e .  The i n s o l u b l e  s i l v e r  s a l t  

and an i s o p r o p y l  e t h e r  s o l u t i o n  o f  t h e  b r o m o a lk y l  b ro m id e  w ere  

s t i r r e d  f o r  24 h o u r s  a t  4 0 - 5 0 ° .  T he m i x t u r e  d a r k e n e d  c o n ­

s i d e r a b l y .  On f i l t e r i n g ,  t h e r e  was o b t a i n e d  a  r e d d i s h - b r o w n  

f i l t r a t e ,  w h ich  f a i l e d  t o  y i e l d  a n y  p r o d u c t .

B o s t ,  Q uin  and Roe h a v e  r e p o r t e d  t h e  u s e  o f  t h e  

s i l v e r  s a l t  m ethod  t o  p r e p a r e  some amino e s t e r s  o f  a r o m a t i c  

p h o s p h o n ic  a c i d s  ( 5 3 ) .  U s in g  0 . 0 3  m ole  o f  s i l v e r  p h o s p h o n a te s  

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

^ J / 0AS
I OAg

0 , 0 6  m ole o f  f r e s h l y  d i s t i l l e d  - d i m e t h y l a m i n o e t h y 1 c h l o r i d e

and  100  c c .  o f  a n h y d ro u s  e t h a n o l ,  t h e y  s t i r r e d  t h e  s l u r r y  a t
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5 0 °  f o r  6 h o u r s .  The am ino  e s t e r s  w ere  r e c o v e r e d  i n  y i e l d s  

o f  3 0 - 4 0 $ .  T h is  s u g g e s t e d  t h e  u s e  o f  a b s o l u t e  e t h a n o l  a s  a  

s o l v e n t .  C o n s e q u e n t ly ,  s i l v e r - 1 - t y r o s i n a t e ,  f r e s h l y  d i s t i l l e d  

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

a t  5 0 °  f o r  6 h o u r s .  The i n i t i a l l y  c o l o r l e s s  s l u r r y  becam e 

d a r k  b row n; no p r o d u c t  c o u ld  b e  r e c o v e r e d  f ro m  t h e  r e d d i s h -  

brown f i l t r a t e .

The d i s c o l o r a t i o n  o f  th e  r e a c t i o n  m ass  was c o n s i d e r e d  

a s  due  t o  t h e  p h e n o l i c  g r o u p  i n  s i l v e r - l - t y r o s i n a t e j  and  t h e  

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

b e  due  t o  c o m p le x e s  w i t h  t h e  p r im a r y  amino g r o u p  i n  t h e  s i l v e r  

s a l t .  C o n s e q u e n t l y ,  i t  was d e c i d e d  t o  a t t e m p t  t h e  s y n t h e s i s  

o f  t h e  w e l l -k n o w n  e t h y l  e s t e r  o f  1 - t y r o s i n e  b y  t h e  s i l v e r  s a l t  

m e th o d .  T h i s  e s t e r  i s  e a s i l y  p r e p a r e d  by  t h e  F i s c h e r  m e th o d  

o f  e s t e r i f i c a t i o n  a n d  can b e  r e a d i l y  r e c r y s t a l l i z e d  f ro m  

e t h y l  a c e t a t e  to  y i e l d  c o l o r l e s s  c r y s t a l s ,  m .p .  1 0 8 - 9 ° .  I n  

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

a  s o l u t i o n  o f  r e d i s t i l l e d  e t h y l  i o d i d e  i n  p u r i f i e d  m e th y l  

i s o b u t y l  k e to n e  was r e a c t e d  w i th  i n s o l u b l e  s i l v e r - l - t y r o s i n a t e ;  

t h e  s l u r r y  was s t i r r e d  i n  a  M o rto n  f l a s k  i n  su b d u e d  l i g h t  a t  

3 5 °  f o r  19 h o u r s .  The r e s u l t a n t  y e l l o w  c o l o r e d  s l u r r y  was 

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

showed t h a t  o n l y  2 8 $  o f  t h e  s i l v e r  s a l t  h a d  b e e n  c o n v e r t e d  

i n t o  i n s o l u b l e  s i l v e r  i o d i d e .  S in c e  e t h y l - 1 - t y r o s i n a t e  i s  

q u i t e  s o l u b l e  i n  m e th y l  i s o b u t y l  k e t o n e ,  an y  su c h  p r o d u c t
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s h o u ld  be  i n  t h e  f i l t r a t e .  H ow ever, c o n c e n t r a t i o n  o f  t h e  

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

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

1 - t y r o s i n e .

2 .  Use o f  a  ’’p r o t e c t e d ” © ^-am ino a c i d .

The s i l v e r  s a l t  m e th o d  o f  p r e p a r i n g  e s t e r s  i s  s u c c e s s ­

f u l  w i t h  a c i d s  and h a l i d e s  w h ich  p o s s e s s  no  i n t e r f e r i n g  g r o u p s .  

F o r  e x a m p le ,  V ogel (54 )  g i v e s  d i r e c t i o n s  f o r  t h e  p r e p a r a t i o n  

o f  d i e t h y l  m a l e a t e  i n  5 8 $  y i e l d  b y  r e a c t i n g  a  s l u r r y  o f  s i l v e r  

m a l e a t e  and  a  b e n z e n e  s o l u t i o n  o f  e t h y l  i o d i d e .  I t  was c o n ­

s i d e r e d  t h a t  t h e  u s e  o f  a  l e s s  c o m p le x  <=>£ -a m in o  a c i d  t h a n  

l « t y r o s i n e  m ig h t  s h e d  some l i g h t  on a  s i l v e r  s a l t  p r o c e d u r e .

The s i l v e r  and  p h e n o l i c  g r o u p s  i n  s i l v e r - 1 - t y r o s i n a t e  c e r t a i n l y  

a r e  r e a c t i v e  t o  o n e  a n o t h e r ;  t h i s  i s  e v i d e n c e d  by  t h e  d i s ­

c o l o r a t i o n  o f  a  w e t  sam p le  e v e n  vhen  b e in g  d r i e d  i n  a  d a r k e n e d  

vacuum d e s i c c a t o r .  Even t h e  f r e e  am ino g r o u p  m ig h t  b e  com- 

p l e x i n g  w i t h  t h e  s i l v e r  t o  p r e v e n t  i t s  a v a i l a b i l i t y  t o  r e a c t  

w i th  t h e  h a l i d e .  To e l i m i n a t e  t h e s e  p o s s i b i l i t i e s  and a t t e m p t  

t o  f i n d  o u t  w h e th e r  a  s i l v e r  s a l t  o f  an ©C-amino a c i d  c o u ld  

be  u s e d  to  r e a c t  w i t h  a h a l i d e  to  y i e l d  t h e  c o r r e s p o n d i n g  

e s t e r ,  t h e  s i m p l e s t  - a m i n o  a c i d ,  g l y c i n e ,  w a 3  s t u d i e d .  T h e r e  

w ere  a  num ber o f  r e a s o n s  f o r  s t u d y i n g  g l y c i n e  i n  some d e t a i l *  

F i r s t ,  i t  i s  r e a d i l y  a v a i l a b l e  and i n e x p e n s i v e .  S e c o n d ,  t h e  

am ino g ro u p  c a n  b e  '’p r o t e c t e d ” v e r y  r e a d i l y  b y  m eans o f
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b e n z y l  c h l o r o f o r m a t e .  F a r t h i n g  (5 5 )  h a s  r e c e n t l y  r e p o r t e d  

an im p ro v e d  m ethod o f  p r e p a r i n g  t h e  r e q u i r e d  b e n z y l  c h l o r o -  

f o r m a te  and p u r e ,  c r y s t a l l i n e  c a r b o b e n z o x y g l y c i n e  i n  a  7 0 $  y i e l d

V
^ N c H g - O - C O - C l  +  HgN-CHg-COOH H2 “ 0-C0NH-CH2C00H

T h i r d ,  t h i s  c a rb o b e n z o x y  ’’p r o t e c t i n g ” g r o u p  c a n  b e  rem oved  

u n d e r  v e r y  m i l d  c o n d i t i o n s .  B e n - I s h a i  and  B e r g e r  (5 6 )  h a v e  

shown t h a t  a  s a t u r a t e d  s o l u t i o n  o f  h y d r o g e n  b ro m id e  i n  g l a c i a l  

a c e t i c  a c i d  w i l l  c l e a v e  th e  c a r b o b e n z o x y  g ro u p  a t  room t e m p e r a ­

t u r e ,  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  g l y c i n e  h y d r o b ro m id e  i n  a

T h e se  same a u t h o r s  a l s o  show ed t h a t  a  b e n z y l  e s t e r  g ro u p  i s  

u n a f f e c t e d  u n d e r  t h e s e  c o n d i t i o n s .  When t h e  b e n z y l  e s t e r  o f  

c a r b o b e n z o x y g l y c i n e  was r e a c t e d  w i th  t h e  h y d r o b ro m ic  a c i d  

r e a g e n t  a t  room t e m p e r a t u r e ,  t h e y  o b t a i n e d  a  92$ y i e l d  o f  

b e n z y l  g l y c i n a t e  h y d r o b ro m id e .

96$ y i e l d .

'  ifCHg-O-CONH-CHgCOOH 4- 3 6 $  H B r / ( a c e t i c  a c i d )

-^NrCHg-Br +  C02 +• lyi-CHg-COOH

' - V
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f^V C H g-O -C O N H -C H gC O O -C H q^ji -J- 36$ HBr/(CH3C00H) — ^

r  rC 'H g-B t* 4 -  C02 -h  H g N -C H g C O O -C H g f^
*

> HBr ^

A l b e r t s o n  and  MacKay (57) h a v e  em ployed  n i t r o m e t h a n e  a s  t h e  

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

t i d e s *  The ammonium b ro m id e  fo rm e d  f ro m  t h e  r e a c t i o n  o f  

h y d r o g e n  b ro m id e  w i t h  n i t r o m e t h a n e  c a u s e d  no d i f f i c u l t y  i n  

p u r i f i c a t i o n .

F r u t o n  and Bergm ann (5 8 )  h a v e  a l s o  shown t h a t  t h e  

c a rb o b e n z o x y  g ro u p  c a n  b e  rem o v ed  w i t h o u t  r e m o v a l  o f  an  e t h y l  

e s t e r  g r o u p .  H y d r o g e n a t io n  o f  c a r b o b e n z o x y - l - g l u t a m y l - 1 -  

t y r o s i n e  e t h y l  e s t e r  i n  t h e  u s u a l  way r e s u l t e d  i n  f o r m a t i o n  

o f  1 - g l u t a m y l - 1 - t y r o s i n e  e t h y l  e s t e r  i n  a 97$ y i e l d .

I t  was tlx o u g h t  t h a t  an  am ino e s t e r  g ro u p  w ould  l i k e ­

w is e  be u n a f f e c t e d  u n d e r  t h e s e  c o n d i t i o n s .

P u r e ,  c r y s t a l l i n e  c a r b o b e n z o x y g l y c i n e  was c o n v e r t e d  

i n t o  i t s  s i l v e r  s a l t  by  t h e  u s u a l  m e th o d .  The c o l o r l e s s  s a l t  

a n a l y z e d  3 3 .9 6 $  s i l v e r  ( t h e o r y  3 4 .1 3 $ )  and showed a  decom po­

s i t i o n  p o i n t  o f  a b o u t  2 0 0 ° .  The r e a c t i o n  o f  s i l v e r  c a r b o -  

b e n z o x y g l y c i n a t e  and n - b u t y l  b ro m id e  was s t u d i e d  i n  d e t a i l .

^VCHg-O-CONH-CHgCOOAg -} - Br-C 4 Hg (n ) — — ____________ ^

-CH2 -0-C0NH-CH2C0Q-C4 Hg (n ) -j- AgBr
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0 .1 0  m ole o f  w h i t e  s i l v e r  c a r b c b e n z o x y g l y c i n a t e  was c o v e r e d  

w i t h  a  s o l u t i o n  o f  0 . 1 2 5  m ole o f  r e d i s t i l l e d  n - b u t y l  b ro m id e  

i n  400  c c .  o f  a b s o l u t e  e t h a n o l .  The c o l o r l e s s  s u s p e n s i o n  was 

r e f l u x e d  and s t i r r e d  i n  a  M o rto n  f l a s k  f o r  8 h o u r s  and t h e  

r e s u l t i n g  l i g h t - t a n  s u s p e n s i o n  f i l t e r e d .  A n a l y s i s  o f  t h e  

r e s i d u e  f o r  s o l u b l e  s i l v e r  i o n  showed t h a t  o n ly  3 8 . o% o f  t h e  

o r i g i n a l  s i l v e r  c a r b o b e n z o x y g l y c i n a t e  h a d  r e a c t e d .  T h e re  was 

a l s o  r e c o v e r e d  fro m  t h i s  r e s i d u e  9 .4  g .  ( 0 .0 4 5  m o le )  o f  

c a r b o b e n z o x y g l y c i n e .

When th e  f i l t r a t e  was c o n c e n t r a t e d  i n  v a c u o  and 

f i n a l l y  d i s t i l l e d  a t  0 . 5 - 1 . 0  ram, t h e r e  was o b t a i n e d  2 . 4  g .  

o f  an o i l  c o l l e c t e d  a t  5 5 - 1 8 0 ° ,  and  1 . 9  g .  o f  a c o l o r l e s s  

o i l  a t  1 8 0 - 1 8 5 ° .  An e l e m e n t a l  a n a l y s i s  o f  t h i s  l a t t e r  o i l  

p r o v e d  i t  t o  b e  th e  d e s i r e d  n - b u t y l  e s t e r  o f  c a r b o b e n z o x y g l y c i n e .  

The b o i l i n g  r a n g e  was c o n s i s t e n t  w i t h  t h e  v a l u e  o f  1 4 7 -1 5 1 °

<§ 0 . 5 - 1 . 0  mm f o r  t h e  e t h y l  e s t e r ,  a s  r e p o r t e d  by B a r k d o l l  

a n d  R oss ( 5 9 ) .  The 1 . 9  g .  o f  c o l o r l e s s  o i l  r e p r e s e n t e d  a  

y i e l d  o f  o n l y  7 . 2 $  f ro m  t h e  o r i g i n a l  s i l v e r  s a l t ,  o r  1 8 .7 $  

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

r e a c t e d .

I t  was e v i d e n t  t h a t  t h e  s i l v e r - s a l t  m ethod  g av e  

v e r y  p o o r  r e s u l t s  when u s e d  w i t h  e i t h e r  t h e  f r e e  c < -  amino 

a c i d  o r  t h e  '’p r o t e c t e d '1 - a m in o  a c i d .  B a se d  o n  t h e s e  r e s u l t s ,  

t h e  s i l v e r - s a l t  m ethod  was d i s c a r d e d  a s  a  m eans o f  o b t a i n i n g  

e s t e r s  o f  o i  -am in o  a c i d s .
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B ecause  o f th e  u n fa v o ra b le  r e s u l t s  w ith  s i l v e r

c a r b o b e n z o x y g l y c i n e ,  t h e  s i l v e r  s a l t  o f  " p r o t e c t e d "  1 - t y r o s i n e  

was n e v e r  u s e d  i n  a n  a t t e m p t  to  p r e p a r e  an  e s t e r .  H ow ever, 

some p r e l i m i n a r y  work was done i n  an  a t t e m p t  t o  o b t a i n  s u c h  

a  s i l v e r  s a l t .  0 , N - D i c a r b o b e n z o x y - l - t y r o s i n e  was p r e p a r e d  

a c c o r d i n g  t o  th e  p r o c e d u r e  o f  A b d e rh a ld e n  and Bahn ( 6 0 ) .

However', i t  was n o t  p o s s i b l e  t o  o b t a i n  a  p u r e  p r o d u c t  b y  

r e c r y s t a l l i z a t i o n .  G is h  and  C a r p e n t e r  ( 6l )  h a v e  r e c e n t l y  

r e p o r t e d  th e  p r e p a r a t i o n  o f  Q , H - d I ~ p - n i t r o - b e n z y l o x y c a r b o n y l - D ,  

I i - t y r o 3 i n e ;  h o w e v e r ,  r e p e a t e d  c r y s t a l l i z a t i o n s  y i e l d e d  a  p r o d u c t  

m e l t i n g  a t  1 5 4 - 1 6 2 ° .  S t e v e n s  and W atanabe  (6 2 )  f i r s t  r e p o r t e d  

t h e  p r e p a r a t i o n  o f  r e c r y s t a l l i z e d ,  p u r e  Q , N - d i c a r b o a l l y l o x y - l ~  

t y r o s i n e ,  m e l t i n g  a t  1 0 5 - 1 0 6 ° .

C o n s e q u e n t l y ,  t h i s  d e r i v a t i v e  was p r e p a r e d  and  c o n v e r t e d  t o  

i t s  s i l v e r  s a l t .  The p r e p a r a t i o n  o f  t h i s  s i l v e r  s a l t  was 

r a t h e r  d i f f i c u l t  as  i t  h a d  a  s t r o n g  t e n d e n c y  to  fo rm  a  gum 

and  a b s o r b e d  s i l v e r  i o n s ,  b e c o m in g  q u i t e  d i s c o l o r e d .  I t  was 

f i n a l l y  p o s s i b l e  to  g e t  a s m a l l  am ount o f  a  w h i t e  p r o d u c t

w h ic h  g av e  an a n a l y s i s  f o r  s i l v e r  o f  2 3 .3 3 $  ( t h e o r y  2 3 . 6 5 $ ) .

T h is  m a t e r i a l  m e l t e d  w i th  d e c o m p o s i t i o n  a t  1 3 3 - 1 3 5 ° .

-X  ]yCHo-pH- C00H
I kh2

c6° ' ^  b
0 CH

H--CH-C00H ^ It u

Y CH<c h 2 - c h « c h 2
CH2 -CH=CH2
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B. A l c o h o l y s i s  o f  1 - t y r o s i n e  m e th y l  e s t e r .

One o f  t h e  common m e th o d s  o f  p r e p a r a t i o n  o f  e s t e r s  

i s  by t h e  m ethod  o f  a l c o h o l y s i s ,  o r  e s t e r  i n t e r c h a n g e ,  a s  

e x e m p l i f i e d  b y  t h e  e q u a t i o n

R-COOR* R"OH  R-COOR" R*OH

The i n t e r c h a n g e  i s  c a t a l y z e d  by e i t h e r  a c i d i c  o r  b a s i c  c a t a ­

l y s t s .  T h i s  p r o c e s s  h a s  b e e n  s t u d i e d  q u i t e  e x t e n s i v e l y  

and  t h e r e  i s  a r a t h e r  v o lu m in o u s  l i t e r a t u r e  c o v e r i n g  t h e  s u b j e c t  

( 6 3 ) .  S in c e  th e  s im p le  m e th y l  e s t e r  o f  1 - t y r o s i n e  i s  r e a d i l y  

o b t a i n e d  i n  good y i e l d ,  a t t e m p t s  w ere  made t o  p r e p a r e  amino 

e s t e r s  b y  t h e  a l c o h o l y s i s  o f  t h e  m e th y l  e s t e r .  B o th

- d i m e t h y l a m i n o e t h y l  a l c o h o l  and  ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  

w ere  u s e d .  T h e re  w ere t h r e e  v a r i a t i o n s  t r i e d ?

1 * M e t h y l - l - t y r o s i n a t e  was d i s s o l v e d  b y  warming i n  

a  l a r g e  m o la r  e x c e s s  o f  t h e  amino a l c o h o l ,  and  

th e  s o l u t i o n  r e f l u x e d  u n d e r  vacuum f o r  v a r i o u s  

p e r i o d s  o f  t i m e .  I t  was t h o u g h t  t h a t  t h e  am ino 

a l c o h o l  i t s e l f  m ig h t  s e r v e  a s  t h e  c a t a l y s t .

2 .  S i m i l a r  t o  1 ,  e x c e p t  a  s m a l l  am ount o f  sod ium  

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

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

f o r  a l c o h o l y s i s ,  so d iu m  e t h y l a t e  b e in g  a b o u t  

1000  t im e s  m ore e f f e c t i v e  t h a n  t h e  e q u i v a l e n t  

amount o f  h y d r o c h l o r i c  a c i d  ( 6 3 ) .  I t  was r e ­

c o g n iz e d  t h a t  th e  so d iu m  p h e n o x id e  fo rm e d  by
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t h i s  p r o c e d u r e  would b e  much l e s s  e f f e c t i v e ,  b u t  

i t  m ig h t  a i d  i n  c a t a l y z i n g  th e  r e a c t i o n .

3 .  1 - T y r o s i n e  m e th y l  e s t e r  h y d r o c h l o r i d e  was d i s ­

s o l v e d  b y  warm ing i n  a  l a r g e  m o la r  e x c e s s  o f  t h e  

am ino a l c o h o l ,  and t h e  s o l u t i o n  r e f l u x e d  u n d e r  

vacuum f o r  v a r i o u s  p e r i o d s  o f  t i m e .

By n o n e  o f  t h e s e  v a r i a t i o n s  was i t  p o s s i b l e  t o  i s o l a t e  any 

o f  t h e  d e s i r e d  am ino e s t e r j  i n  a l l  p r o c e d u r e s ,  one  p r o d u c t  

a lw a y s  i s o l a t e d  was 1 - t y r o s i n e  a n h y d r i d e ,  3 , 6 - b i s ( p - h y d r o x y -  

b e n z y l ) - 2 , 5 - p i p e r a z i n e d i o n e .  One c a r e f u l  s t u d y  o f  v a r i a t i o n  1 

r e s u l t e d  i n  i s o l a t i o n  o f  a 25% y i e l d  o f  1 - t y r o s i n e  a n h y d r i d e .  

F i s c h e r  and S c h r a u t h  (45) f i r s t  r e p o r t e d  t h e  p r e p a r a t i o n  o f  

t h i s  d i k e t o p i p e r a z i n e .  By h e a t i n g  1 - t y r o s i n e  m e th y l  e s t e r  i n  

a  m e th y l  a l c o h o l  s o l u t i o n  a t  1 3 5 -1 4 0 °  f o r  o n e - h a l f  h o u r ,  t h e y  

o b t a i n e d  a  35% y i e l d  o f  1 - t y r o s i n e  a n h y d r i d e .

When v a r i a t i o n  3 was u s e d ,  t h e r e  was a lw a y s  r e c o v e r e d  

a s  t h e  f i r s t  p r o d u c t  th e  h y d r o c h l o r i d e  o f  t h e  am ino a l c o h o l ;  

b a s e d  on  t h e  am ount o f  m e th y l  e s t e r  h y d r o c h l o r i d e  u s e d ,  t h i s

>
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am oun ted  t o  a  n e a r l y  q u a n t i t a t i v e  r e c o v e r y  o f  h y d r o g e n  c h l o r i d e .

I t  was e v i d e n t  f ro m  t h e s e  r e s u l t s  t h a t  a l c o h o l y s i s  

o f  a  t y r o s i n e  e s t e r  w ou ld  n o t  y i e l d  t h e  d e s i r e d  am ino e s t e r *  

t h e  f o r m a t i o n  o f  a  d i k e t o p i p e r a z i n e  a c c o u n te d  f o r  t h e  m a jo r  

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

C. A t te m p te d  p r e p a r a t i o n  and  u s e  o f  1 - t y r o s i n e - N - c a r b o x y  

a n h y d r i d e .

L e u c h s  (6 4 )  was t h e  f i r s t  t o  show t h e  e x i s t e n c e  o f  

N -c a rb o x y  a n h y d r i d e s  o f  © (-a m in o  a c i d s .  By h e a t i n g  c a r b e t h o x y  

am ino a c i d  c h l o r i d e s ,  e t h y l  c h l o r i d e  was e l i m i n a t e d  w i t h  t h e  

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

c h l o r i d e  g a v e  r i s e  t o  g l y c i n e  N -c a rb o x y  a n h y d r i d e s

C2H5 -0-C0KH-CH2C 0-C l — -  c o - n h - c i t 2 - c o  4- C2 H5C1

I 0— 1

I n  t h e  p r e s e n c e  o f  w a t e r ,  t h i s  a n h y d r i d e ,  and  t h o s e  o f  o t h e r  

am ino a c i d s  ( 6 5 ) ,  r a p i d l y  o p e n  w i t h  t h e  l o s s  o f  c a r b o n  d i o x i d e  

and r e g e n e r a t i o n  o f  t h e  am ino a c i d .  R e a c t i o n  w i t h  a l c o h o l s  

r e s u l t s  i n  f o r m a t i o n  o f  t h e  am ino a c i d  e s t e r s ;  r e a c t i o n  w i t h  

am ino a c i d s  y i e l d s  a  p e p t i d e .  T h e se  s im p le  r e a c t i o n s  a r e

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

am ino a c i d .  U nder p r o p e r  c o n d i t i o n s  ( 6 6 ) ,  t h i s  l a t t e r  r e a c t i o n  

becom es p r e d o m in a n t .  R e c e n t l y ,  much work h a s  b e e n  d o n e  to w a r d s  

im p ro v in g  m e th o d s  f o r  s y n t h e s i z i n g  t h e s e  a n h y d r i d e s  and  u s i n g  

th em  to  p r e p a r e  v a r i o u s  p e p t id e s  and  t h e i r  d e r i v a t i v e s  (6 7 ,
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33 .

6 8 ,  6 9 ,  7 0 ) .  F a r t h i n g  an d  R e y n o ld s  ( 6 8 ) s u c c e s s f u l l y  p r e p a r e d  

t h e  N -c a rb o x y  a n h y d r i d e  o f  D L - p h e n y la l a n in e  by  p a s s i n g  g a s e o u s  

p h o sg e n e  i n t o  a  s t i r r e d  s u s p e n s i o n  o f  t h e  am ino a c i d  i n  

d io x a n e  a t  3 0 -4 0 °  u n t i l  t h e  amino a c i d  d i s s o l v e d .  Removal o f

The same p r o c e d u r e  a p p l i e d  t o  1 - t y r o s i n e  g a v e  a  

p r o d u c t  w h ich  showed a p o s i t i v e  c h l o r i d e  t e s t  when p l a c e d  i n  

c o n t a c t  w i th  w a t e r .  T re a tm e n t  o f  t h i s  m a t e r i a l  w i t h  

^ - d i e t h y l  amino e t h y l  a l c o h o l  i n  d io x a n e  r e s u l t e d  i n  t h e  p r e ­

c i p i t a t i o n  o f  t h e  am ino a l c o h o l  h y d r o c h l o r i d e  a l o n g  w i t h  t h e  

f o r m a t i o n  o f  a gum. B a i l e y  (7 0 )  h a s  r e p o r t e d  t h e  s u c c e s s f u l  

u s e  o f  0 - a c e t y l - N - c a r b o b e n z o x y - l - t y r o s i n e  a n h y d r i d e  i n  t h e  

p r e p a r a t i o n  o f  s im p le  p e p t i d e s .  H ow ever, t h e  p r e s e n c e  o f  t h e  

f r e e  p h e n o l i c  g r o u p  i n  1 - t y r o s i n e  c o u ld  r e s u l t  i n  t h e  fo rm a ­

t i o n  of" a  ch. l o r o  f o r m i c  a c i d  e a t e r ,  a c c o r d i n g  t o  t h e  f o l l o w i n g  

schem es

t h e  s o l v e n t  and  e x c e s s  p h o s g e n e  b y  h e a t i n g  i n  v a c u o  a t  4 0 °  

t h e n  a f f o r d e d  t h e  d e s i r e d  N -c a rb o x y  a n h y d r id e

^ > C H o -CH-C0CH 4- C0C1 ^  jtCHg-CH-COOH 

v I NH-C0C1
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HO.

I ^ V - C B ^ H - C O O H  - f -  COC1 

NHo
>

-CH-CG

NH-CO

Ho-GH -COO H
I
N H -C 0 -C 1

T h is  i n t e r m e d i a t e  w ou ld  a c c o u n t  f o r  t h e  o b s e r v e d  r e s u l t s  when 

t r e a t e d  w i th  t h e  am ino a l c o h o l *

T h is  p r e l i m i n a r y  work done  w i th  1 - t y r o s i n e  a n d  i t s  

r e a c t i o n  p r o d u c t  w i t h  p h o sg e n e  i n d i c a t e d  t h a t  f u r t h e r  s t u d y  

o f  t h i s  m ethod f o r  t h e  p r e p a r a t i o n  o f  t h e  d e s i r e d  am ino e s t e r s  

w ould b e  o f  l i t t l e  v a l u e .  C o n s e q u e n t l y ,  t h i s  p h a s e  o f  t h e  

w ork was a b a n d o n e d .

D. A t te m p te d  u s e  o f  1 - 4 - ( p - h y d r o x y b e n z y l ) - 2 - t h i o - 5 - t h l a z o l i d o n e .

D av is  an d  Levy (7 1 )  w ere  t h e  f i r s t  t o  r e p o r t  t h e  

p r e p a r a t i o n  o f  t h i s  d e r i v a t i v e  o f  1 - t y r o s i n e  by  t h e  f o l l o w i n g  

s e q u e n c e  o f  r e a c t i o n s *
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T h is  s e q u e n c e  was r e p e a t e d  a s  a  p a r t  o f  t h i s  w ork  and t h e  

o v e r a l l  y i e l d  o f  t h e  t h i o - t h a z o l i d o n e  f ro m  1 - t y r o s i n e  was 59 $ ,

As c a n  b e  o b s e r v e d ,  t h i s  t h i o - t h i a z o l i d o n e  i s  a  

s u l f u r  a n a lo g  o f  t h e  unknown N -c a rb o x y  a n h y d r i d e  o f  1 - t y r o s i n e ,  

Cook, H e i l b r o n  a n d  Levy  w ere  among t h e  f i r s t  t o  s t u d y  s u c h  

s u l f u r  d e r i v a t i v e s  o f  o L  - a m in o  a c i d s  ( 7 2 ) .  T hey  o b s e r v e d  

t h a t  t h e s e  s u l f u r  a n a l o g s  a r e  much m ore s t a b l e  t h a n  t h e  

c o r r e s p o n d i n g  N -c a rb o x y  a n h y d r i d e s ,  a n d  h a v e  d o n e  much work 

t o  e x p l o r e  t h e i r  u s e  a s  i n t e r m e d i a t e s  f o r  t h e  s y n t h e s i s  o f  

p e p t i d e s .  They s t u d i e d  t h e  p r o p e r t i e s  o f  2 - t h i o - 6 - t h i a z o l i d o n e ,  

t h e  c o r r e s p o n d i n g  d e r i v a t i v e  o f  g l y c i n e ,  and showed t h a t  a n
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a l c o h o l i c  s o l u t i o n  o f  h y d r o g e n  c h l o r i d e  w ou ld  c o n v e r t  t h i s  

d e r i v a t i v e  i n t o  t h e  am ino a c i d  e s t e r  h y d r o c h l o r i d e  i n  8 0 $  y i e l d ,

CHo-CO v CHo-COO-CoHg
> S  +  CpHcOH/HCl  _ X  I

N H -C S  * °  /  NHg-HCl

Cook a n d  Levy (7 3 )  s t u d i e d  th e  a c t i o n  o f  b a s e s  o n  2 - t h i o - 5 -  

t h i a z o l i d o n e .  U s in g  m o rp h o l in e  a s  a  m odel s e c o n d a r y  a m in e ,  

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

^ 0 > + 2 h O  x  p - O
NH“ *CS NH~CSSH«Hl/ \

aq u e o u  s ^  '
HC1

X I I

CHp-CO
l 2 > s  M /

a n h y d ro u s
HC1

NH— CS ~C0 - N ^  ^ 0

NHg'HCl X I I I

CHp 
1 2

The m o rp h o l in iu m  s a l t  o f  N - d i t h i o c a r b o x y g l y c i n e  m o r p h o l id e

( X I I )  was o b t a i n e d  i n  8 7 $  y i e l d  by  p e r f o r m i n g  t h e  r e a c t i o n  

a t  0 °  i n  a c e t o n e .  T r e a tm e n t  o f  t h i s  m o rp h o l in iu m  s a l t  w i th  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a t  0 °  r e g e n e r a t e d  t h e  o r i g i n a l

2 - t h i o - 5 - t h i a z o l i d o n e  i n  an  84$ y i e l d .  H ow ever, p a s s i n g  d r y  

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

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

( X I I I ) .

T h e se  r e s u l t s  w i t h  t h e  t h i o - t h i a z o l i d o n e  r e l a t e d  

t o  g l y c i n e  s u g g e s t e d  t h e  p o s s i b i l i t y  o f  u s i n g  t h e  t h i o -
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t h i a z o l i d o n e  r e l a t e d  t o  1 - t y r o s i n e  t o  o b t a i n  t h e  d e s i r e d  

am ino e s t e r s .  T h e re  a p p e a r e d  t o  b e  two p o s s i b l e  m e th o d s :

M ethod 1 :  A llo w  t h e  t h i o - t h i a z o l i d o n e  an d  am ino

a l c o h o l  h y d r o c h l o r i d e  t o  r e a c t  i n  a n  i n e r t  

s o l v e n t  c o n t a i n i n g  e x c e s s  a c i d j  t h i s  s h o u ld  

y i e l d  t h e  amino e s t e r  d i h y d r o c h l o r i d e  

d i r e c t l y .

M ethod 2 :  A llow  t h e  t h i o - t h i a z o l i d o n e  and  t h e

am ino a l c o h o l  to  r e a c t  i n  a n  i n e r t  

s o l v e n t  t o  fo rm  t h e  amino e s t e r  d i t h i o -  

c a r h a m a te  s a l t  o f  t h e  amino a l c o h o l ;  

th e n  decom pose  t h i s  s a l t  w i t h  d r y  h y d r o g e n  

c h lo r id e  i n  c h l o r o f o r m .

T r i a l  r u n s  w e re  f i r s t  p e r f o r m e d .  I n  t h e  c a s e  o f  

M ethod  1 ,  t h i s  was done  by a l l o w i n g  t h e  t h i o - t h i a z o l i d o n e  t o  

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

c h l o r i d e  a t  room t e m p e r a t u r e .

On n e u t r a l i z i n g  t h e  r e a c t i o n  m ass  t h e  n e x t  d a y  and r e c r y s t a l -  

l l z i n g  f ro m  e t h y l  a c e t a t e ,  c o l o r l e s s  c r y s t a l s  m e l t i n g  a t  

1 1 1 -1 2 6 °  w ere  o b t a i n e d .  R e p e a te d  r e c r y s t a l l i z a t i o n  f a i l e d  t o  

a l t e r  t h i s  m e l t i n g  r a n g e .  D a v is  and Levy (7 1 )  r e p o r t e d  t h a t

^  JVCH2 -CH-COOCH3 

NRgHCl

CH3OH
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t h e  t h i o - t h i a z o l i d o n e  as  i n i t i a l l y  o b t a i n e d  f ro m  1 - t y r o s i n e  

was o p t i c a l l y  a c t i v e ,  " b u t  r a c e m iz e d  d u r i n g  2 - 3  h o u r s  i n  

m e th a n o l  s o l u t i o n .  H ow ever, i n  t h e  p r e s e n c e  o f  0 . 1  e q u i v a ­

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

c o n s i d e r a b l y  m ore s t a b l e ,  and  l i t t l e  o r  no r a c e m i z a t i o n  was 

a p p a r e n t  i n  e t h y l  a c e t a t e .  I n  t h e  p r e s e n c e  o f  b a s e s ,  o p t i c a l  

r o t a t i o n  was r a p i d l y  l o s t " .  As shown by  t h e  m e a s u re d  s p e c i f i c  

r o t a t i o n ,  t h i s  m a t e r i a l  was p a r t l y  r a c e m iz e d  1 - t y r o s i n e  

m e th y l  e s t e r .

h y d r o c h l o r i d e  and th e  t h i o - t h i a z o l i d o n e  i n  d io x a n e /H C l  

s o l v e n t  w ere  n o t  s u c c e s s f u l ,  and t h i s  m e th o d  was d i s c a r d e d .

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

m e th y l  e s t e r .  When t h e  m e th y l  e s t e r  was t r e a t e d  w i t h  c a r b o n  

b i s u l f i d e  and t r i e t h y l  am ine  i n  a l c o h o l  s o l u t i o n ,  t h e r e  was 

o b t a i n e d  an 84$ y i e l d  o f  t h e  t r i e t h y l  ammonium d i t h i o c a r -  

b a m a te  d e r i v a t i v e  (X IV )*

When XIV was t r e a t e d  w i t h  d r y  h y d r o g e n  c h l o r i d e  i n  c h l o r o f o r m ,  

m e t h y l - l - t y r o s i n a t e  was r e c o v e r e d .  H ow ever, a t t e m p t s  t o  

p r e p a r e  t h e  d l t h i o c a r b a m a t e  d e r i v a t i v e  by  r e a c t i n g  t h e

A t te m p ts  t o  r e a c t  - d i e t h y l a m i n o e t h y l  a l c o h o l

I n  t h e  c a s e  o f  M ethod 2 ,  p r e l i m i n a r y  work o n c e  a g a i n

>CHp-CH-COOCH„I ^ -Ittt <0
(C2 HS ) 3N >

> C H  -CH-C00CH,
hh-cssh»n(c2h5)
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t h i o - t h i a z o l i d o n e ,  m e th a n o l  and t r i e t h y l a m i n e ,  w e re  u n s u c ­

c e s s f u l :

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

same t y p e  o f  r e a c t i o n  g av e  u n s u c c e s s f u l  r e s u l t s .

t h i o - t h i a z o l i d o n e  d e r i v e d  f ro m  1 - t y r o s i n e  c a u s e d  t h i s  p h a s e  

o f  t h e  work t o  b e  a b a n d o n e d .  I t  seem ed q u i t e  e v i d e n t  t h a t  t h e  

d e s i r e d  amino e s t e r s  w ould n o t  b e  o b t a i n e d  t h r o u g h  t h i s  i n t e r ­

m e d i a t e .

E . A t te m p te d  p r e p a r a t i o n  and  u s e  o f  0 , N - d i c a r b o a l l y l o x y - l -  

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

b e e n  u s e d  a s  i n t e r m e d i a t e s  f o r  t h e  p r e p a r a t i o n  o f  p e p t i d e s .  

A b d e rh a ld e n  and Bahn (6 0 )  r e p o r t e d  t h e  p r e p a r a t i o n  o f  

0 , N - d i c a r b o b e n z o x y - l - t y r o s i n e  a c i d  c h l o r i d e  a s  an  i n t e r m e d i a t e  

i n  t h e  s y n t h e s i s  o f  1 - t y r o s y l g l y c i n e .  O b v io u s ly ,  t h e s e  a c i d  

c h l o r i d e s  c o u ld  b e  u s e d  t o  p r e p a r e  e s t e r s  a s  w e l l  a s  p e p t i d e s .  

S in c e  0 , N - d i c a r b o a l l y l o x y - 1 - t y r o s i n e  c o u ld  b e  o b t a i n e d  a s  a  

p u r e  i n t e r m e d i a t e ,  t h e  n e x t  a t t e m p t e d  p r o c e d u r e  was to  

c o n v e r t  t h i s  a c i d  i n t o  i t s  a c i d  c h l o r i d e  and r e a c t  i t  w i th  

t h e  am ino a l c o h o l .

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

The a c i d  c h l o r i d e s  o f  p r o t e c t e d ” am ino a c i d s  h a v e
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The r e s u l t a n t  amino e s t e r  t h e n  c o u ld  be t r e a t e d  w i t h  t h e  

p r e v i o u s l y  d e s c r i b e d  H B r / a c e t i c  a c i d  r e a g e n t  t o  rem ove  t h e  

o a r b o a l l y l o x y  g r o u p s ,

0 , N - D i c a r b o a l l y l o x y - l - t y r o s i n e  and p h o s p h o ru s  

p e n t a c h l o r i d e  w ere  r e a c t e d  i n  a n h y d ro u s  e t h e r  s o l u t i o n ,  

a c c o r d i n g  t o  t h e  m ethod  o f  K a r r e r  and  Heynemann ( 7 4 ) ,  The 

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

p r o d u c t ,  w h ic h  was r e c r y s t a l l i z e d  f ro m  e t h e r - l i g r o i n .  The 

p r o d u c t  so  o b t a i n e d  m e l t e d  a t  3 5 - 4 5 ° ;  r e p e a t e d  r e c r y s t a l l i z a ­

t i o n s  f a i l e d  to  im p ro v e  t h i s  p r o p e r t y .

A l l  a t t e m p t s  t o  u s e  t h i s  a c i d  c h l o r i d e  f a i l e d  due 

t o  i t s  i n s t a b i l i t y  an d  s e e m i n g l y  l a c k  o f  p u r i t y .  One sam p le  

was p l a c e d  i n  a  r e f r i g e r a t e d  vacuum  d e s i c c a t o r  f o r  44 h o u r s ;  

t h e r e  was no v i s i b l e  change  a t  t h e  end  o f  t h i s  t i m e .  H ow ever, 

when t h e  d e s i c c a t o r  an d  i t s  c o n t e n t s  w ere  a l l o w e d  t o  warm 

t o  room t e m p e r a t u r e  o v e r  a  t h r e e  h o u r  p e r i o d ,  t h e  c o l o r l e s s
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c r y s t a l s  deco m p o sed , w i t h  g a s  e v o l u t i o n ,  and t h e r e  r e m a in e d  a  

c o l o r l e s s  o i l .

o f  c a r b o b e n z o x y g ly c in e  and  r e p o r t e d  t h a t  i t  m e l t e d  a t  4 3 °  w i t h  

d e c o m p o s i t i o n  i n t o  g l y c i n e - N - c a r b o x y  a n h y d r id e  and b e n z y l  

c h l o r i d e s

No d o u b t ,  a  s i m i l a r  d e c o m p o s i t i o n  o f  0 , N - d i c a r b o a l l y l o x y - l -  

t y r o s i n e  a c i d  c h l o r i d e  h a d  o c c u r r e d ;  t h e  g a s  e v o l u t i o n  c o u ld  

h a v e  b e e n  c a r b o n  d i o x i d e  r e s u l t i n g  f rom  p o l y m e r i z a t i o n .

The a t t e m p t e d  p r e p a r a t i o n  and u s e  o f  Q ,N - d ic a r b o a lX y l  

b x y - l - t y r o s i n e  a c i d  c h l o r i d e  p r o v e d  to  b e  q u i t e  u n s u c c e s s f u l .

F .  A t te m p te d  d i r e c t  e s t e r i f i c a t i o n  o f  1 - t y r o s i n e  h y d r o c h l o r i d e .

S im p le  e s t e r s  o f  1 - t y r o s i n e  a r e  e a s i l y  p r e p a r e d  b y  

t h e  F i s c h e r  m e th o d .  From th e  i n c e p t i o n  o f  t h i s  w o rk , t h e  

a p p l i c a t i o n  o f  t h i s  m e th o d  f o r  t h e  p r e p a r a t i o n  o f  am ino e s t e r s  

h a d  b e e n  c o n s i d e r e d .  I t  was r e c o g n i z e d  t h a t  a  p ro b le m  o f  

s o l u b i l i t y  h a d  t o  b e  s u rm o u n te d .  1 - T y r o s i n e  h y d r o c h l o r i d e  

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

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

The amino a l c o h o l  h y d r o c h l o r i d e s  a r e  l i k e w i s e  s o l i d s ,  o n ly  

s l i g h t l y  m ore  s o l u b l e  i n  i n e r t  s o l v e n t s .  U n le s s  t h e  r e a c t a n t s

Bergm ann and Z e rv a s  (75 )  p r e p a r e d  t h e  a c i d  c h l o r i d e

Ho-0-C0NH-CHo"C0Cl CHgCl
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c o u ld  be  b r o u g h t  t o g e t h e r  i n  t h e  l i q u i d  s t a t e ,  i t  was o b v io u s  

t h a t  no e s t e r i f i c a t i o n  c c u l d  o c c u r .

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

a t t e m p t s  t o  s y n t h e s i z e  a n  amino e s t e r  o f  1 - t y r o s i n e ,  a  f u r t h e r  

s tu d y  was made o f  s o l v e n t s  f o r  1 - t y r o s i n e  h y d r o c h l o r i d e  and 

t h e  am ino a l c o h o l  h y d r o c h l o r i d e .  One o f  t h e  m ore  r e c e n t l y  

d e s c r i b e d  i n d u s t r i a l  s o l v e n t s  i s  d im e th y l f o r m a m id e ;  i t s  s o l v e n t  

p ow ers  a r e  q u i t e  u n i q u e .  T h i s  u n i q u e n e s s  was f u r t h e r  p r o v e n  

when 1 - t y r o s l n o  h y d r o c h l o r i d e  d i s s o l v e d  q u i t e  f r e e l y ;  l i k e w i s e ,  

t h e  am ino  a l c o h o l  h y d r o c h l o r i d e  was r e a d i l y  s o l u b l e .  H e re ,  

f i n a l l y ,  was a s o l v e n t  f o r  t h e  r e a c t a n t s ;  w h e th e r  i t  w ou ld  

b e  i n e r t  i n  t h e  p r e s e n t  i n s t a n c e  r e m a in e d  t o  b e  p r o v e n .

I n i t i a l l y ,  a  d im e th y l fo r m a m ld e  s o l u t i o n  o f  

^ ’- d i e t h y l  amino e t h y l  a l c o h o l  h y d r o c h l o r i d e  ( 0 .1  m o le )  and  

1 - t y r o s i n e  h y d r o c h l o r i d e  ( 0 .0 5  m o le )  was h e a t e d  a t  65°  f o r  

18  h o u r s .  A n a l y s i s  o f  t h e  r e a c t i o n  m ass  showed t h a t  o n l y  a  

20% r e a c t i o n  h a d  o c c u r r e d .  I t  was e v i d e n t  t h a t  t h e  e q u i l i ­

b r iu m ,  r a t e ,  o r  b o t h  w ere  u n f a v o r a b l e .  The v a r i o u s  f a c t o r s  

w hich  s h i f t  e q u i l i b r i u m  a n d  i n c r e a s e  t h e  r a t e  o f  an  e s t e r i f i -  

c a t i o n  w ere  t h e n  i n c o r p o r a t e d .

The f o l l o w i n g  p r o c e d u r e  p r o v e d  e f f e c t i v e ;  The 

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

amount o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  was p a r t l y  r e f l u x e d  a t  

10 0 °  u n d e r  a  vacuum o f  100 mm. The d i s t i l l a t e  was r e t u r n e d  t o  

t h e  b o i l i n g  r e a c t i o n  m i x t u r e  t h r o u g h  an  a n h y d ro u s  c a lc iu m  

s u l f a t e  co lu m n . A f t e r  so h e a t i n g  f o r  a b o u t  65 h o u r s ,  no
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r e s i d u a l  1 - t y r o s i n e  could, b e  d e t e c t e d .

S in c e  t h e  r e a c t i o n  m ass  a lw a y s  t u r n e d  d e e p  r e d d i s h -  

brow n when s u l f u r i c  a c id  was u s e d  a s  c a t a l y s t ,  t h i s  a c i d  was 

o m i t t e d  i n  s u b s e q u e n t  r e a c t i o n s .  The p r e s e n c e  o f  a  f r e e  

p h e n o l i c  g ro u p  i n  1 - t y r o s i n e  i s  c o n d u c iv e  t o  u n w a n te d  p r o d u c t s  

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

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

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

c a t a l y z e d  a s  e f f e c t i v e l y !  h o w e v e r ,  when t h e  r e a c t i o n  m ass was 

c o o l e d ,  a  c o n s i d e r a b l e  q u a n t i t y  o f  d im e th y la m in e  h y d r o c h l o r i d e  

was a lw a y s  p r e c i p i t a t e d .

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

c e d u r e  p r o v e d  f r u i t l e s s .  T h e re  was o b t a i n e d  a s m a l l  am ount o f  

1 - t y r o s i n e  a n h y d r i d e  a s  t h e  o n l y  r e c o g n i z a b l e  m a t e r i a l .  The 

d i f f i c u l t y  was i n  re m o v in g  th e  s o l v e n t  d im e th y l fo r m a m id e ;  

e v en  t h e  u s e  o f  p r o lo n g e d  vacuum d i s t i l l a t i o n  was n o t  c o m p l e t e l y  

s a t i s f a c t o r y .  T h e re  was a l s o  c o n s i d e r a b l e  d e c o m p o s i t i o n ,  a s  

e v id e n c e d  by t h e  r e d -b r o w n  c o l o r  o f  t h e  r e a c t i o n  m i x t u r e .

A p p a r e n t l y  t h e  u s e  o f  ’’u n p r o t e c t e d ’* 1 - t y r o s l n e  a t  

t e m p e r a t u r e s  o f  1 0 0 °  f o r  t i m e s  o f  65 h o u r s  r e s u l t e d  i n  u n w a n te d  

c h a n g e s .  T h is  s u g g e s t e d  t h e  u s e  o f  a  ’’p r o t e c t e d ” am ino a c i d

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

G. D i r e c t  e s t e r i f i c a t i o n  o f  c a r b o b e n z o x y g l y c i n e .

Due t o  t h e  d i f f i c u l t i e s  e n c o u n t e r e d  i n  t h e  a t t e m p t e d
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d i r e c t  e s t e r i f i c a t i o n  o f  1 - t y r o s i n e  h y d r o c h l o r i d e  i n  d i m e t h y l ­

fo rm am id e  s o l u t i o n ,  i t  was d e c i d e d  to  a t t e m p t  a  d i r e c t  e s t e r i -  

f i c a t i o n  o f  a  ’’p r o t e c t e d ” amino a c i d .  Once a g a i n ,  c a r b o b e n z o x y -  

g l y c i n e  was i n i t i a l l y  s t u d i e d .  P r e l i m i n a r y  s o l u b i l i t y  t e s t s  

showed t h a t  c a r b o b e n z o x y g l y c i n e  was r e a d i l y  s o l u b l e  i n  h o t  

c h l o r o f o r m  o r  e t h y l e n e  d i c h l o r i d e .  Such  t e s t s  l i k e w i s e  showed 

t h a t  t h e  s a l t s  o f  ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  fo rm e d  w i t h  

e i t h e r  h y d ro g e n  c h l o r i d e  o r  p - t o l u e n e  s u l f o n i c  a c i d  w ere  

s o l u b l e  i n  t h e  same two s o l v e n t s .  p - T o lu e n e  s u l f o n i c  a c i d  

was c h o s e n  a s  th e  a c i d  t o  b e  u s e d  f o r  b o t h  s a l t  f o r m a t i o n  and  

c a t a l y s i s .

E q u a l  m o la r  q u a n t i t i e s  o f  c a r b o b e n z o x y g l y c i n e ,

^ - d i e t h y l a m i n o e t h y l  a l c o h o l  and  p - t o l u e n e  s u l f o n i c  a c i d ,  p l u s  

a n  a d d i t i o n a l  c a t a l y t i c  am ount o f  p - t o l u e n e  s u l f o n i c  a c i d ,  

w ere  p a r t l y  r e f l u x e d  i n  e t h y l e n e  d i c h l o r i d e  s o l u t i o n  f o r  5 

h o u r s .  D u r in g  t h i s  p e r i o d ,  t h e  d i s t i l l a t e  was r e t u r n e d  to  

t h e  r e a c t i o n  p o t  t h r o u g h  a n  a n h y d ro u s  c a lc iu m  s u l f a t e  c o lu m n . 

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

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

r e s u l t e d  i n  a  26% r e c o v e r y  o f  u n r e a c t e d  c a r b o b e n z o x y g l y c i n e .

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

t h e  e x p e c t e d  am ino e s t e r  f ro m  any u n r e a c t e d  am ino a l c o h o l ,  

t h e  p r o c e d u r e  was m o d i f i e d  by u s i n g  a  2 : 1  m o la r  r a t i o  o f  

c a r b o b e n z o x y g ly c in e  t o ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  and a 

h e a t i n g  p e r i o d  o f  17 h o u r s .  T h i s  m o la r  e x c e s s  o f  c a r b o b e n z o x y ­

g l y c i n e  was r e a d i l y  r e c o v e r e d  i n  9 5 -1 0 0 $  y i e l d s  a t  t h e  end
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o f  t h e  r e a c t i o n .  W ork ing  u p  o f  t h e  r e a c t i o n  m i x t u r e  g a v e  a  

good y i e l d  o f  a  d e e p  y e l lo w  o i l .  A s m a l l  q u a n t i t y  o f  t h i s  o i l  

was vacuum  d i s t i l l e d  a t  0 . 5 - 1 . 0  mm, and a y e l l o w  o i l  c o l l e c t e d  

a t  1 9 5 - 2 0 3 ° .  T h i s  o i l  was w a te r  i n s o l u b l e ,  s o l u b l e  i n  d i l u t e  

a c i d s ,  and when t r e a t e d  w i th  H B r / a c e t i c  a c i d  r e a g e n t  e v o lv e d  

a  c o p i o u s  q u a n t i t y  o f  g a s .

T h ese  r e s u l t s  w ere  c o n s i d e r e d  a s  sh o w in g  t h e  p r e s e n c e  

o f  t h e  d e s i r e d  am ino  e s t e r  a s  a n  im p u re  o i l .  T h is  o i l  was no t 

f u r t h e r  p u r i f i e d  and s t u d i e d ,  due  t o  t h e  h i g h l y  f a v o r a b l e  

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

H ow ever, i t  seem s q u i t e  l i k e l y  t h a t  f u r t h e r  s t u d y  o f  t h e  

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

an d  p u r i f i c a t i o n  o f  t h e  r e a c t i o n  p r o d u c t ,  w ou ld  p r o v e  t h i s  to  

b e  a  s a t i s f a c t o r y  m ethod o f  s y n t h e s i s .

I t  s h o u l d  b e  m e n t io n e d  t h a t  a  t r i a l  r e a c t i o n  was 

p e r f o r m e d  u s i n g  0 , H - d i c a r b o a l l y l o x y - l - t y r o s i n e , w hich  i s  q u i t e  

s o l u b l e  i n  e t h y l e n e  d i c h l o r i d e .  The p r e l i m i n a r y  r e s u l t s  w ere  

t h e  same a s  f o r  c a r b o b e n z o x y g l y c i n e .
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I I I .  S u c c e s s f u l  p r e p a r a t i o n  o f  a  ^ - a m i n o  e s t e r  o f  a n

o l - a m in o  a c i d .

H o r e n s t e i n  and  P a h l i c k e  (3 3 )  w ere  t h e  f i r s t  t o  u s e  

t h e  r e a c t i o n  o f  a  ^ - c h l o r o a l k y l  am ine and  a n  a c i d  t o  y i e l d  

a  -a m in o  e s t e r .  The e x c e l l e n t  y i e l d s  o f  am ino e s t e r s  r e ­

p o r t e d  f o r  t h i s  ty p e  o f  r e a c t i o n  ( 3 4 ,  3 5 ,  36 )  s u g g e s t e d  i t s  

a p p l i c a t i o n  t o  a  " p r o t e c t e d ” am ino  a c i d ,  c a r b o b e n z o x y g l y c i n e .

I q u i m o l a r  q u a n t i t i e s  o f  c a r b o b e n z o x y g l y c i n e  and  

f r e s h l y  vacuum d i s t i l l e d  ^ - d i e t h y l a m i n o e t h y l  c h l o r i d e  w ere  

r e f l u x e d  i n  an  a n h y d ro u s  a l c o h o l i c  s o l v e n t .  When t h e  r e a c t i o n  

m i x t u r e  was w orked  u p ,  t h e r e  was o b t a i n e d  a  n e a r l y  c o l o r l e s s  

o i l ,  whose p r o p e r t i e s  and  e l e m e n t a l  a n a l y s i s  p r o v e d  i t  t o  b e  

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

^\-CH 2-0-C0NH -CH 2C00H 4- Cl-CH2CH2-N(C2H5 )g

V
' ^ V c H o-0-C0N H -CH 2 C0<r~HN-CHo -CH2 - C l
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The y i e l d  o f  t h e  am ino e s t e r  was p a r t l y  d e p e n d e n t  o n  t h e  

a l c o h o l  u s e d  a s  a  s o l v e n t ,  a s  a l c o h o l y s i s  was a  c o m p e t in g

r e a c t i o n .  When t h e  r e a c t a n t s  w ere  r e f l u x e d  f o r  1 . 5  h o u r s  i n

a n h y d ro u s  e t h a n o l ,  18$  o f  u n r e a c t e d  c a r b o b e n z o x y g l y c i n e  was 

r e c o v e r e d .  B ased  o n  t h e  r e a c t e d  c a r b o b e n z o x y g l y c i n e ,  t h e r e  

was o b t a i n e d  a 4 8 $  y i e l d  o f  t h e  amino e s t e r  and  a  1 9 $  y i e l d

o f  t h e  e t h y l  e s t e r .  However, r e f l u x i n g  f o r  tw o h o u r s  i n

i s o p r o p y l  a l c o h o l  l e f t  o n l y  5$ o f  t h e  c a r b o b e n z o x y g l y c i n e  

u n r e a c t e d .  And b a s e d  o n  t h e  r e a c t e d  c a r b o b e n z o x y g l y c i n e ,  t h e r e  

was o b t a i n e d  a 7 0 $  y i e l d  o f  vacuum  d i s t i l l e d  am ino e s t e r  and  

o n l y  a  2 . 4 $  y i e l d  o f  t h e  i s o p r o p y l  e s t e r .

T h ese  r e s u l t s  w i th  c a r b o b e n z o x y g l y c i n e  show ed t h i s  

to  b e  an e f f e c t i v e  m ethod  o f  o b t a i n i n g  -a m in o  e s t e r  o f  a  

fl p r o t e c t e d ” -a m in o  a c i d .  C o n s e q u e n t l y ,  0 , N - d i c a r b o a l l y l o x y -

1 - t y r o s i n e  was n e x t  u s e d  as  t h e  r e a c t a n t .  E q u im o la r  am o u n ts  

o f  t h i s  1 - t y r o s i n e  d e r i v a t i v e  a n d  f r e s h l y  vacuum  d i s t i l l e d  

^ - d i e t h y l a m i n o e t h y l  c h l o r i d e  w ere  r e f l u x e d  f o r  two h o u r s  

i n  a b s o l u t e  i s o p r o p y l  a l c o h o l .  T h e re  was o b t a i n e d  an  80$  

y i e l d  o f  a  c o l o r l e s s ,  v e r y  v i s c o u s ,  n o n - d i s t i l l a b l e  o i l .  

E l e m e n ta l  a n a l y s i s  p ro v e d  t h i s  to  b e  t h e  ^ - d i e t h y l a m i n o e t h y l  

e s t e r  o f  Q ,H * * d l c a r b o a l l y l o x y ~ l - t y r o s i n e *
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T h i s  ’’p r o t e c t e d ” am ino e s t e r  was r e a c t e d  w i t h  

s a t u r a t e d  H B r / a c e t i c  a c i d  r e a g e n t .  On w o rk in g  u p  t h e  r e a c t i o n  

p r o d u c t s ,  t h e r e  was o b t a i n e d  a  50$  y i e l d  o f  jS  - d l e t h y l a m i n o -  

© t h y l - l - t y r o s i n a t e .
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EXPERIMENTAL

I .  P u r i f i c a t i o n  o f  1 - t y r o s i n e *

The 1 - t y r o s i n e  u s e d  t h r o u g h o u t  t h i s  work was o b t a i n e d  

f ro m  t h e  E a s tm an  Kodak Company, a  p r o d u c t  o f  t h e  h y d r o l y s i s  

o f  c a s e i n .  T h is  c r u d e  1 - t y r o s i n e  was p u r i f i e d  by  r e c r y s t a l -  

l i z i n g  f ro m  1 - 2 #  h y d r o c h l o r i c  a c i d  a c c o r d i n g  t o  t h e  p r o c e d u r e  

o f  ‘‘T s u c h iy a  ( 7 6 ) .  A n a l y s i s  f o r  n i t r o g e n  b y  t h e  m ethod  o f  

K j e l d a h l  (7 7 )  g a v e  7 .7 8 #  ( t h e o r y :  7 . 7 3 # ) .

I I .  P r e p a r a t i o n  o f  3 . 5 - d i i o d o - l - t y r o s i n e .
u.

A l l  o f  t h e  r e q u i r e d  3 , 5 - d i i o d o - l - t y r o s i n e  was 

p r e p a r e d  f ro m  p u r i f i e d  1 - t y r o s i n e  b y  t h e  m e th o d  o f  B lo c k  

an d  P o w e l l  ( 5 0 ) .  I t  was p u r i f i e d  b y  d i s s o l v i n g  i n  2N h y d r o ­

c h l o r i c  a c i d ,  c l a r i f y i n g  th e  s o l u t i o n ,  and p r e c i p i t a t i n g  t h e  

d i h y d r a t e  b y  t h e  d r o p w is e  a d d i t i o n  o f  c o n c e n t a t e d  ammonia 

s o l u t i o n  t o  a  pH o f  4 . 3  ( i s o e l e c t i c  p o i n t ) .  The c o l o r l e s s  

m a t e r i a l  decom p o sed  a t  1 9 9 -2 0 0 °  when h e a t e d  a t  t h e  r a t e  o f  

1 0 °  p e r  m i n u t e .

I I I .  P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  m e th y l  e s t e r  

h y d r o c h l o r i d e .

8 .7 g  o f  3 , 5 - d i i o d o - l - t y r o s i n e  ( 0 .0 2  m o le )  was 

c o v e r e d  w i th  48 c c .  ( 1 . 2  m o le )  o f  d r y  m e th y l  a l c o h o l .  The 

s u s p e n s i o n  wa3 s a t u r a t e d  w i t h  d r y  h y d r o g e n  c h l o r i d e  t o  y i e l d  

a  h o t  c l e a r  s o l u t i o n .  The h y d r o g e n  c h l o r i d e  was c o n t i n u e d  to
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b e  p a s s e d  i n  s lo w ly  u n t i l  n e e d l e s  b eg an  f o r m in g .  The s o l u t i o n  

was a l l o w e d  t o  c o o l  w i t h  f i n a l  c o o l i n g  i n  an  i c e - b a t h ,  and 

t h e  c o l o r l e s s  n e e d l e s  c o l l e c t e d .  The f i l t r a t e  was t r e a t e d  

w i th  24 c c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and c h i l l e d  

a g a i n  to  y i e l d  a  se c o n d  c r o p  o f  c r y s t a l s .  B o th  c r o p s  w ere 

co m b in ed  t o  y i e l d  8 . 7  g ( 8 9 .7 $ )  o f  t h e  c r u d e  h y d r o c h l o r i d e ,  

d e c o m p o s in g  a t  2 0 2 -2 0 4 °  when h e a t e d  a t  t h e  r a t e  o f  1 0 ° / m i n u t e .

T h is  h y d r o c h l o r i d e  c o u l d  be  r 3 c r y s t a l l i z e d  f ro m  2N 

h y d r o c h l o r i c  a c i d  a t  th e  r a t e  o f  2 0 c c /g ra m  i n  a  72$  y i e l d .

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

b u t  decom posed  a t  2 0 2 -2 0 3 °  when t h e  b a t h  was h e a t e d  a t  t h e  

r a t e  o f  1 0 °  p e r  m i n u t e .

IV . P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  m e th y l  e s t e r .

1 7 .0  g  o f  t h e  c r u d e  h y d r o c h l o r i d e  was d i s s o l v e d  

i n  90$ m e th y l  a l c o h o l  a t  t h e  r a t e  o f  2 5 c c /g r a m .  W h ile  t h e  

s o l u t i o n  was s w i r l e d ,  c o n c e n t r a t e d  ammonia was a d d e d  d r o p w is e  

t o  p r e c i p i t a t e  t h e  f r e e  c r y s t a l l i n e  e s t e r .  The s l i g h t l y  

am m o n iaca l  m i x t u r e  was c o o l e d  w e l l  i n  an  i c e - b a t h  t o  y i e l d

1 5 . 2  g  o f  t h e  c ru d e  e s t e r  ( 9 6 . 8 $ ) .  T h is  d ecom posed  a t  

1 7 7 -1 7 8 °  when h e a t e d  a t  1 0 ° / m i n u t e .

The c r u d e  e s t e r  was r e c r y s t a l l i z e d  f ro m  w et m e th y l  

c e l l o s o l v e .  The m ixed  s o l v e n t  was p r e p a r e d  by  a d d in g  4 c c .  o f

A n a ly s i s  (78)

P o u n d :

C a lc  'd  f o r  C ^ H ^ N O g lg C l t

$  C l

7 .3 5

7 .3 4
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w a t e r  t o  e a c h  3 0 c c .  o f  p u r e  m e th y l  c e l l o s o l v e .  T h i s  m ixed  

s o l v e n t  was u s e d  a t  t h e  r a t e  o f  38c c .  p e r  gram  o f  c r u d e  m e th y l

e s t e r .  I n  t h e  r e c r y s t a l l i z a t i o n  o f  t h e  e s t e r s  o f  3 , 5 - d i i o d o -

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

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

t i o n  o f  i o d i n e .  I n  t h e  c a s e  o f  t h e  m e th y l  e s t e r ,  t h e  h o t ,  

c l a r i f i e d  s o l u t i o n  was c o o l e d  r a p i d l y  t o  5 0 - 6 0 ° ,  a l l o w e d  t o  

c o o l  s l o w ly  t o  room  t e m p e r a t u r e  and t h e n  p l a c e d  i n  t h e  r e f r i g -  

o v e r n i g h t .  The r e s u l t a n t  f i n e  c r y s t a l s  (7 2 $  y i e l d )  

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

r e c r y s t a l l i z e d  m e th y l  e s t e r  f ro m  3 , 5 - d i i o d o - l - t y r o s i n e  was 

6 2 .5 $ .  Decomposed a t  1 8 7 -1 8 8 °  when h e a t e d  a t  1 0 ° / r a in u t e .  

A n a l y s i s  (x )  $  I

P o u n d :  5 6 .7 5

G a l c ’d f o r  5 6 .9 2

V. P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  e t h y l  e s t e r  h y d r o ­

c h l o r i d e .

8 .7  g o f  3 , 5 - d i i o d o - l - t y r o s i n e  ( 0 .0 2  m o le )  was 

c o v e r e d  w i th  6 0 c c .  o f  a b s o l u t e  e t h y l  a l c o h o l  ( 1 . 0  m o le ) .

D ry h y d r o g e n  c h l o r i d e  was p a s s e d  i n t o  t h e  s u s p e n s i o n .  The 

s o l i d  g r a d u a l l y  d i s s o l v e d  and t h e  m i x t u r e  becam e h o t .  The

at A n a l y s i s  by B . W. G a l b r a i t h ,  K n o x v i l l e ,  T enn ,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



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

b egan  t o  a p p e a r .  The m i x t u r e  was c o o le d  w e l l  an d  t h e  c r y s t a l ­

l i n e  m a t e r i a l  c o l l e c t e d .  The f i l t r a t e  was t r e a t e d  w i t h  3 0 c c .  

o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  an d  c o o le d  w e l l  t o  y i e l d  

a n  a d d i t i o n a l  c r o p  o f  c r y s t a l s .  The com bined  c r o p s  o f  c r u d e  

e t h y l  e s t e r  h y d r o c h l o r i d e  w e ig h ed  8 .1  g ( 8 1 .0 ^ )  and  decom posed  

a t  2 0 6 -2 0 7 °  a t  1 0 ° / m i n u t e .

T h is  c r u d e  h y d r o c h l o r i d e  c o u ld  be  r e c r y s t a l l i z e d  

f ro m  1 .5 N  h y d r o c h l o r i c  a c i d  a t  t h e  r a t e  o f  3 0 c c . / g r a m  i n  a  

75.5%  y i e l d .  The p u r i f i e d  h y d r o c h l o r i d e  d ecom posed  a t  2 1 2 -2 1 4 °  

a t  1 0 ° /m in u t  e •

A n a l y s i s  (7 8 )  % Cl

Pounds 7 .1 3

C a l c ’d .  f o r  C ^ H ^ N O ^ C l : 7 .1 1

V I .  P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  e t h y l  e s t e r .

6 .5  g .  o f  t h e  c r u d e  3 , 5 - d i i o d o - l - t y r o s i n e  e t h y l  

e s t e r  h y d r o c h l o r i d e  was d i s s o l v e d  i n  80% m e th y l  a l c o h o l  a t  

t h e  r a t e  o f  25 c c . / g r a m .  C o n c e n t r a t e d  ammonia was ad d ed  

d r o p w is e  to  t h e  c l a r i f i e d  s o l u t i o n  w h i l e  s w i r l i n g  t o  p r e c i p i ­

t a t e  th e  f r e e  e s t e r .  T h e re  was o b t a i n e d  5 . 8  g .  o f  t h e  c r u d e  

e s t e r  ( 9 6 . 7 %), deco m p o sin g  a t  1 7 2 -3 °  a t  l O ° / m i n u t e .

The c r u d e  e s t e r  was r e c r y s t a l l i s e d  f ro m  m e th y l  

c e l l o s o l v e .  By u s i n g  20 c c .  o f  m e th y l  c e l l o s o l v e  p e r  gram 

o f  c ru d e  e t h y l  e s t e r ,  a  t e m p e r a t u r e  o f  o n ly  80°  was r e q u i r e d  

t o  e f f e c t  s o l u t i o n .  The h o t ,  c l a r i f i e d  s o l u t i o n  was c o o l e d
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r a p i d l y  to  5 0 - 6 0 °  and t h e n  a l lo w e d  to  c o o l  u n d i s t u r b e d  i n  t h e  

r e f r i g e r a t o r .  T h e re  r e s u l t e d  a  8 5 $  r e c o v e r y  o f  w h i t e ,  f i n e  

c r y s t a l s .  T h i s  r e p r e s e n t e d  an o v e r a l l  y i e l d  o f  6 6 .5 $  o f  p u re  

e t h y l  e s t e r  f ro m  3 , 5 - d i i o d o - l - t y r o s i n e ,  d e c o m p o s in g  a t

1 7 4 . 5 - 1 7 5 . 5 °  a t  1 0 ° / r a in u t e .

A n a l y s i s  (x )  $  G $  H $  N $  I

P o u n d : 2 8 .6 0  2 .7 1  3 .0 2  5 4 .9 2  '

C a lc * d .  f o r  Ci ;lH1 s N03 I 2 : 2 8 .6 5  2 .8 4  3 .0 4  5 5 .0 1

V I I .  P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  n - p r o p y l  e s t e r  

h y d ro c h  l o r  id  e .

8 . 7  g .  o f  3 , 5 - d i i o d o - l - t y r o s i n e  ( 0 . 0 2  m o le )  was 

c o v e r e d  w i th  150 c c .  o f  n - p r o p y l  a l c o h o l  ( 2 . 0  m o l e ) .  The 

e s t e r  h y d r o c h l o r i d e  was p r e p a r e d  and  i s o l a t e d  I n  t h e  same 

m an n er  a s  d e t a i l e d  f o r  3 , 5 - d i i o d o - l - t y r o s i n e  m e th y l  e s t e r  

h y d r o c h l o r i d e .  T h e re  was o b t a i n e d  8 . 1  g .  o f  t h e  c r u d e  h y d r o ­

c h l o r i d e  ( 7 9 . 3 $ ) ,  d eco m p o s in g  a t  2 1 0 .5 - 2 1 2 °  a t  1 0 ° / m i n u t e .

T h is  c r u d e  e s t e r  h y d r o c h l o r i d e  was r e c r y s t a l l i z e d  

f ro m  IN h y d r o c h l o r i c  a c id  a t  t h e  r a t e  o f  6 0 c c /g ra m  i n  a n  

8 4 $  y i e l d .  The c o l o r l e s s  n e e d l e s  decom posed  a t  2 1 1 -2 1 3 °  

a t  1 0 ° / m i n u t e .

Analysis (78 )  $  Cl

P o u n d :  6 .8 9

C a l c ' d .  f o r  Cl g H1 6 N03 I g C l : 6 .9 3

x  A n a l y s i s  by H. W. G a l b r a i t h ,  K n o x v i l l e ,  Term .
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V I I I .  P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  n - p r o p y l  e s t e r .

7 . 9  g .  o f  t h e  c ru d e  h y d r o c h l o r i d e  was d i s s o l v e d  

i n  90$ m e th y l  a l c o h o l  a t  t h e  r a t e  o f  12 c c . / g .  C o n c e n t r a t e d  

ammonia was ad ded  d r o p w is e  w i t h  s w i r l i n g ,  and  th e  c r y s t a l l i n e  

p r e c i p i t a t e  was c o l l e c t e d .  The f i l t r a t e  was p o u re d  i n t o  

350 c c .  o f  w a t e r  to  y i e l d  a  s e c o n d  c r o p  o f  c r y s t a l s .  The 

c om bined  c r u d e  e s t e r  w e ig h e d  6 .7  g .  ( 9 1 . 7 $ ) .

The c r u d e  n - p r o p y l  e s t e r  was r e c r y s t a l l i z e d  f ro m  

e t h y l e n e  d i c h l o r i d e  a t  t h e  r a t e  o f  15 c c . / g .  i n  a  y i e l d  o f  

9 0 $ ,  The o v e r a l l  y i e l d  o f  p u r e  n - p r o p y l  e s t e r  f ro m  3 , 5 -  

d i l o d o - 1 - t y r o s i n e  was 6 5 .5 $ .  T h i s  decom posed  a t  1 5 1 -1 5 2 °  a t  

1 0 ° / m i n u t e .

, A n a l y s i s  (* )  $  I

Pounds 5 3 .6 9

C a l c ' d  f o r  l 5 3 .3 9

IX . P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  i s o - p r o p y l  e s t e r  

h y d r o c h l o r i d e .

8 .7  g .  o f  3 , 5 - d i i o d o - l - t y r o s i n e  ( 0 .0 2  m o le )  was 

c o v e r e d  w i t h  225 c c .  o f  i s o - p r o p y l  a l c o h o l  ( 3 . 0  m o l e ) .  The 

s u s p e n s i o n  was s a t u r a t e d  w i th  d r y  h y d ro g e n  c h l o r i d e  t o  y i e l d  

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

h y d r o g e n  c h l o r i d e  was th e n  p a s s e d  i n  u n t i l  c r y s t a l l i z a t i o n  

commenced; o n  c o o l i n g  i n  an  i c e - b a t h  t h e r e  was c o l l e c t e d  7 . 5  g 

o f  t h e  c r u d e  e s t e r  h y d r o c h l o r i d e .  The a d d i t i o n  o f  115 c c .

x  A n a l y s i s  by H. W. G a l b r a i t h ,  K n o x v i l l e ,  Tenri.
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o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  t o  t h e  f i l t r a t e  c a u s e d  t h e  

s e p a r a t i o n  o f  a n  a d d i t i o n a l  0 . 8  g .  The c o m b in ed  y i e l d  o f  

c r u d e  n - p r o p y l  e s t e r  h y d r o c h l o r i d e  was 8 1 .3 $ ,  d e c o m p o s in g  a t

2 1 9 .5 - 2 2 0 . 5 °  a t  1 0 ° / m i n u t e .

The c r u d e  e s t e r  h y d r o c h l o r i d e  was r e c r y s t a l l i z e d  

f ro m  0 .2 5 N  h y d r o c h l o r i c  a c i d  a t  t h e  r a t e  o f  50 c c . / g .  A 

y i e l d  o f  7 8 .3 $  was o b t a i n e d ,  d e c o m p o s in g  a t  2 2 6 -2 2 8 °  a t  

1 0 ° / m i n u t e .

A n a l y s i s  (7 8 )  $  C l

P o u n d : 6 .9 0

C a l c ' d .  f o r  Cl g H1 6 N03 I 2C l : 6 .9 3

X. P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  i s o - p r o p y l  e s t e r .

8 . 0  g .  o f  t h e  c ru d e  i s o - p r o p y l  e s t e r  h y d r o c h l o r i d e  

was d i s s o l v e d  i n  7 0 $  m e th y l  a l c o h o l  a t  t h e  r a t e  o f  15 c c . / g .  

C o n c e n t r a t e d  ammonia was a d d e d  d r o p w is e  to  t h e  s w i r l e d  s o l u ­

t i o n  t o  y i e l d  5 . 9  g .  o f  t h e  c r u d e  e s t e r  ( 7 9 . 8 $ ) ,  d e c o m p o s in g  

a t  1 5 7 - 5 8 °  a t  1 0 O /m in u te .

The c r u d e  e s t e r  was r e c r y s t a l l i z e d  f rom  95$ e t h y l  

a l c o h o l  a t  t h e  r a t e  o f  25 c c . / g .  i n  a y i e l d  o f  7 6 $ .  The 

o v e r a l l  y i e l d  o f  p u re  i s o - p r o p y l  e s t e r  f ro m  3 , 5 - d i i o d o - l -  

t y r o s i n e  was 4 9 . 5 $ .  I t  decom posed  a t  1 5 6 -1 5 7 °  a t  1 0 ° / m i n u t e ,  

A n a l y s i s  (x )  $  I

Pounds 5 3 .4 0

C a lc * d .  f o r  C1 2 H1 5 N03 I 2 S 5 3 .3 9

x  A n a l y s i s  by H . W. G a l b r a i t h ,  K n o x v i l l e ,  T e n n .
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X I. P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  n - b u t y l  e s t e r  

h y d r o c h l o r i d e .

1 0 ,8  g .  o f  p u re  3 , 5 - d i i o d o - l - t y r o s i n e  ( 0 .0 2 5  m o le )  

was c o v e r e d  w i t h  92 c c .  o f  d r y  n - b u t y l  a l c o h o l  ( 1 . 0  m o le ) .

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

t h e n  r e f l u x e d  g e n t l y  u n t i l  t h e  d i i o d o t y r o s i n e  was c o m p l e t e l y  

d i s s o l v e d .  The d a r k  y e l lo w  s o l u t i o n  was r e f l u x e d  f o r  an  

a d d i t i o n a l  15 m i n u t e s ,  r e s a t u r a t e d  w i t h  d r y  h y d r o g e n  c h l o r i d e  

and a l l o w e d  t o  c o o l ,  w i th  f i n a l  c o o l i n g  i n  an  i c e - b a t h .  T h e re  

was o b t a i n e d  8 . 8  g .  o f  y e l l o w  c o l o r e d  c r u d e  e s t e r  h y d r o c h l o r i d e  

( 6 7 . 2 $ ) ,  Long c o l o r l e s s  n e e d l e s  w ere  o b t a i n e d  b y  r e c r y s t a l -  

l i z i n g  f ro m  0.25N  h y d r o c h l o r i c  a c i d  (40 c c . / g . j  7 3 . 5 $  y i e l d ) .

The p u r i f i e d  h y d r o c h l o r i d e  d ecom posed  a t  1 8 8 -1 9 0 °  a t  1 0 ° / m i n u t e .  

A n a l y s i s  (78) $  C l

Pounds 6 .7 0

C a lc  *d. f o r  C1 3 H18N03 I 2C 1 s 6 .7 4

X I I .  P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o 3 i n e  n - b u t y l  e s t e r .

8 . 0  g .  o f  t h e  c r u d e  y e l l o w - c o l o r e d  e s t e r  h y d r o ­

c h l o r i d e  was d i s s o l v e d  i n  80 c c .  o f  90$ m e th y l  a l c o h o l ,  w h ic h  

was d e c o l o r i z e d  t o  y i e l d  a  c l e a r ,  c o l o r l e s s  s o l u t i o n .  W h ile  

s w i r l i n g ,  c o n c e n t r a t e d  ammonia was ad d ed  d r o p w is e  t o  p r e c i p ­

i t a t e  7 . 1  g .  o f  t h e  c r u d e  n - b u t y l  e s t e r  ( 9 5 . 3 $ ) ,  T h i s  d e ­

com posed a t  1 4 0 -1 4 2 °  a t  1 0 ° / m i n u t e .

The c ru d e  e s t e r  was r e c r y s t a l l i z e d  f ro m  95$  e t h y l  

a l c o h o l  a t  t h e  r a t e  o f  20 c c . / g . ,  g i v i n g  a  95$ y i e l d  o f
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c o l o r l e s s  n e e d l e s  d e c o m p o s in g  a t  1 3 9 -1 4 1 °  a t  1 0 ° / m i n u t e .

The o v e r a l l  y i e l d  o f  p u r e  n - b u t y l  e s t e r  f ro m  3 , 5 - d i i o d o - l -  

t y r o s i n e  was 63$ .

A n a l y s i s  (x )  $  I

Pounds 5 1 .7 6

C a l c ' d .  f o r  5 1 .9 4

X I I I .  P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  i s o - b u t y l  e s t e r  

h y d ro  c h l o r  i d  e .

8 . 7  g .  o f  c o l o r l e s s  3 , 5 , - d i i o d o - l - t y r o s i n e  

( 0 .0 2  m o le )  was c o v e r e d  w i t h  73 c c .  o f  d r y  i s o - b u t y l  a l c o h o l  

( 0 . 8  m o le ) .  The s u s p e n s i o n  was s a t u r a t e d  w i t h  d r y  h y d r o g e n  

c h l o r i d e  and t h e n  r e f l u x e d  g e n t l y  u n t i l  t h e  3 , 5 - d i i o d o - l -  

t y r o s i n e  was c o m p l e t e l y  d i s s o l v e d .  The r e d d i s h - b r o w n  s o l u t i o n  

was r e f l u x e d  f o r  a n  a d d i t i o n a l  15 m i n u t e s ,  r e s a t u r a t e d  w i t h  

d r y  h y d r o g e n  c h l o r i d e  and a l lo w e d  t o  c o o l ,  w i t h  f i n a l  c o o l i n g  

i n  an  i c e - b a t h .  T h e re  was o b t a i n e d  8 . 0  g .  o f  r e d d i s h - b r o w n  

c r u d e  e s t e r  h y d r o c h l o r i d e  ( 7 6 . 2 $ ) .  A c o l o r l e s s  s o l i d  was 

o b t a i n e d  by r e c r y s t a l l i z i n g  f rom  0 .2 5 N  h y d r o c h l o r i c  a c i d  

(4 0  c c . / g . ;  7 7 . 2 $ ) .  The p u r i f i e d  h y d r o c h l o r i d e  decom posed  a t  

2 0 5 -2 0 6 °  a t  1 0 ° / m i n u t e .

A n a l y s i s  (7 8 )  $  C l

P o u n d :  6 .7 5

C a l c 1 d f o r  C^'jH^gNOjjIgCl • 6 .7 4

x  A n a l y s i s  b y  H. W. G a l b r a i t h ,  K n o x v i l l e ,  T en n .
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XIV. P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  i s o - b u t y l  e s t e r .

9 .7  g .  o f  t h e  c r u d e  d i s c o l o r e d  e s t e r  h y d r o c h l o r i d e  

was d i s s o l v e d  i n  97 c c .  o f  90$  m e th y l  a l c o h o l .  T r e a tm e n t  

w i th  d e c o l o r i z i n g  c h a r c o a l  y i e l d e d  a  c l e a r ,  c o l o r l e s s  s o l u t i o n .  

W hile  s w i r l i n g ,  c o n c e n t r a t e d  ammonia was a d d e d  d r o p w is e  t o  

p r e c i p i t a t e  7 . 4  g .  o f  t h e  c r u d e  e s t e r  ( 8 2 . 3 $ ) .  T h is  decom p o sed  

a t  1 4 9 . 5 - 1 5 1 . 5 °  a t  1 0 ° / m i n u t e .

The c r u d e  e s t e r  was r e c r y s t a l l i z e d  f ro m  95$  e t h y l  

a l c o h o l  a t  t h e  r a t e  o f  15 c c . / g .  T h e re  was o b t a i n e d  a  9 0 .5 $  

y i e l d  o f  c o l o r l e s s  n e e d l e s ,  w h ic h  r e p r e s e n t e d  an o v e r a l l  

y i e l d  o f  5 6 .6 $  o f  p u r e  i s o - b u t y l  e s t e r  f ro m  3 , 5 - d i i o d o - l -  

t y r o s i n e .  I t  d ecom posed  a t  1 5 1 -1 5 3 °  a t  1 0 ° / m i n u t e .

A n a l y s i s  (x )  $  j

P o u n d :  5 1 .9 4

C a lc  * d .  f o r  C^gH^yNOglg» 5 1 .9 4

XV. P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  n -a m y l  e s t e r  

h y d r o c h l o r i d e .

1 0 .8  g .  o f  3 , 5 - d i i o d o - l - t y r o s i n e  ( 0 .0 2 5  m o le )  was

c o v e r e d  w i th  108 c c .  o f  d r y  n -a m y l  a l c o h o l  ( 1 . 0  m o l e ) .  The

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

r e f l u x e d  g e n t l y  u n t i l  t h e  3 , 5 - d i i o d o - l - t y r o s i n e  was c o m p l e t e l y  

d i s s o l v e d .  The r e d d i s h - b r o w n  s o l u t i o n  was r e f l u x e d  f o r  an 

a d d i t i o n a l  15 m i n u t e s ,  t h e n  r e s a t u r a t e d  w i t h  d r y  h y d r o g e n  

c h l o r i d e  an d  a l l o w e d  t o  c o o l  w i t h  f i n a l  c o o l i n g  i n  a n  i c e - b a t h .

x A n a l y s i s  by H. W. G a l b r a i t h ,  K n o x v i l l e ,  Tenn .
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T h e re  was o b t a i n e d  1 0 ,1  g ,  o f  r e d d i s h - b r o w n  c r u d e  e s t e r  

h y d r o c h l o r i d e  ( 7 4 . 9 $ ) .  C o l o r l e s s  n e e d l e s  o f  t h e  p u r e  h y d r o ­

c h l o r i d e  w ere o b t a i n e d  by r e c r y s t a l l i z a t i o n  f ro m  0 .2 5 N  h y d r o ­

c h l o r i c  a c i d  (40 c c . / g . ; 7 8 . 3 $ ) .  The p u r i f i e d  h y d r o c h l o r i d e  

deco m p o sed  a t  1 9 0 -1 9 1 °  a t  1 0 ° / m i n u t e .

A n a l y s i s  (7 8 )  $  C l

P ounds 6 .5 3

C a lc * d .  f o r  C1 4 Hg0NO3 I gCl s 6 .5 7

XVI. P r e p a r a t i o n  o f  3 , 5 - d i i o d o - l - t y r o s i n e  n -a m y l  e s t e r .

7 . 4  g .  o f  t h e  c r u d e  c o l o r e d  h y d r o c h l o r i d e  was 

d i s s o l v e d  i n  95$ m e th y l  a l c o h o l  a t  t h e  r a t e  o f  20 c c . / g .

The y e l l o w  s o l u t i o n  was d e c o l o r i z e d  t o  y i e l d  a  c l e a r ,  c o l o r l e s s  

s o l u t i o n .  W hile  s w i r l i n g ,  c o n c e n t r a t e d  am m onia was a d d ed  

d r o p w is e  t o  p r e c i p i t a t e  5 . 9  g .  o f  t h e  c r u d e  e s t e r  ( 8 5 . 5 $ ) ,  

d e c o m p o s in g  a t  1 2 3 -1 2 7 °  a t  1 0 ° / m i n u t e .

The c r u d e  e s t e r  was r e c r y s t a l l i z e d  f ro m  m e th y l  

c e l l o s o l v e  a t  t h e  r a t e  o f  10 c c . / g . ,  t h e  c r u d e  e s t e r  c o m p l e t e l y  

d i s s o l v i n g  a t  7 0 ° .  The s o l u t i o n  was d e c o l o r i z e d  and c o o l e d  

r a t h e r  r a p i d l y  t o  g i v e  a n  8 2 . 5 $  y i e l d  o f  f i n e ,  c o l o r l e s s  

c r y s t a l s ,  d eco m p o s in g  a t  1 1 3 -1 1 6 °  a t  1 0 ° / m i n u t e .  T h is  r e ­

p r e s e n t e d  a  5 2 . 8 $  o v e r a l l  y i e l d  o f  p u r e  n - a m y l  e s t e r  from

3 , 5 - d i i o d o - l - t y r o s i n e .

A n a l y s i s  (at) $  I

P ounds 5 0 .5 2

C a l c ' d .  f o r  C1 4 H19K03I 2 ! S 0 - 4 0

st A n a l y s i s  b y  H. W. G a l b r a i t h ,  K n o x v i l l e ,  T e n n .
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X V II.  P r e p a r a t i o n  o f  t h e  s i l v e r  s a l t  o f  1 - t y r o s i n e .

S in c e  t h i s  s i l v e r  s a l t  i s  l i g h t  s e n s i t i v e ,  t h i s  

p r e p a r a t i o n  was p e r fo r m e d  i n  su b d u e d  l i g h t .  1 8 .1  g .  o f  

1 - t y r o s i n e  ( 0 .1  m o le )  was p l a c e d  i n  a  M o rto n  f l a s k  w i t h  an  

e f f i c i e n t  s t i r r e r .  A s o l u t i o n  o f  5 . 6  g .  o f  p o t a s s i u m  h y d r o x id e  

( 0 .1  m o le )  i n  300 c c .  o f  w a t e r  was a d d e d ,  and  t h e  s t i r r e r  

s t a r t e d .  Not a l l  o f  t h e  1 - t y r o s i n e  d i s s o l v e d .  W hile  s t i r r i n g  

t h e  s u s p e n s i o n  v i g o r o u s l y ,  a  s o l u t i o n  o f  17 g .  o f  s i l v e r  

n i t r a t e  ( 0 .1  m o le )  i n  200 c c .  o f  w a te r  was ad d ed  o v e r  a  p e r i o d  

o f  15 m i n u t e s .  The w h i t e  p r e c i p i t a t e  was c o l l e c t e d  by f i l t e r ­

i n g  t h r o u g h  a  s i n t e r e d - g l a s s  f u n n e l ,  w ashed  t w i c e  w i t h  w a t e r  

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

a c e t o n e .  C o m p le te  r e m o v a l  o f  w a t e r  b e f o r e  d r y i n g  r e s u l t e d  

i n  a  w h i t e  p r o d u c t ,  which was d r i e d  i n  a  vacuum  o v e n  (1 mm.) 

a t  7 0 °  f o r  20  h o u r s .  The d r i e d ,  c o l o r l e s s  p r o d u c t  w e ig h ed

2 7 .0  g .  I t  was a n a l y z e d  fox* s i l v e r  by t h e  V o lh a rd  m e th o d  ( 7 8 ) .  

A n a l y s i s  % Ag

P o u n d :  3 5 .2 0

C a l c ’d .  f o r  CgH^00 3NAg: 3 7 .4 5

The d i s c r e p a n c y  was b e l i e v e d  d u e  to  u n r e a c t e d  1 - t y r o s i n e .

X V I I I .  R e a c t i o n  o f  t h e  s i l v e r  s a l t  o f  1 - t y r o s i n e  w i t h  

^ - d i e t h y l a m i n o e t h y l  b ro m id e  i n  d i - i s o p r o p y l  e t h e r .

5 . 2  g .  o f  r e c r y s t a l l i z e d  - d i e t h y l a m i n o e t h y l  

b ro m id e  h y d r o b ro m id e  ( 0 .0 2  m o le )  was d i s s o l v e d  i n  w a t e r .  The
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c o l d  s o l u t i o n  was made a l k a l i n e  w i th  c o l d  so d iu m  h y d r o x id e  

s o l u t i o n  and  im m e d ia t e ly  e x t r a c t e d  w i t h  100  c c .  o f  d i ­

i s o p r o p y l  e t h e r .  The e t h e r  s o l u t i o n  was d r i e d  o v e r n i g h t  o v e r  

a n h y d ro u s  c a l c iu m  s u l f a t e .

6 .4  g .  o f  w h i t e  s i l v e r  1 - t y r o s i n a t e  ( 0 .0 2  m ole  o f

90$  p u r i t y )  and t h e  d r i e d  e t h e r  s o l u t i o n  o f  ^ - d i e t h y l a m i n o e t h y l  

b ro m id e  w ere  s t i r r e d  i n  a  f l a s k  i n  su b d u e d  l i g h t  a t  4 0 -5 0 °  

f o r  24 h o u r s .  The r e s u l t a n t  b row n m i x t u r e  was f i l t e r e d .  A l l  

a t t e m p t s  to  r e c o v e r  any r e c o g n i z a b l e  p r o d u c t  f ro m  t h e  r e d -  

brow n f i l t r a t e  w ere  t o  no a v a i l .

XIX. R e a c t i o n  o f  t h e  s i l v e r  s a l t  o f  1 - t y r o s i n e  w i t h

jQ - d i e t h y l a m i n o e t h y l  c h l o r i d e  i n  a b s o l u t e  e t h a n o l .

9 .6  g .  o f  s i l v e r  1 - t y r o s i n a t e  ( 0 .0 3  m ole  o f  90$ 

p u r i t y ) ,  4 . 1  g .  o f  f r e s h l y  vacuum d i s t i l l e d ^ - d i e  t h y l a m i n o -  

efchyl c h l o r i d e  ( 0 . 0 3  m o le )  a n d  125 c c .  o f  a b s o l u t e  e t h a n o l  

w ere  p l a c e d  i n  a  M orton  f l a s k .  The c o l o r l e s s  s u s p e n s i o n  was 

v i g o r o u s l y  s t i r r e d  f o r  6 h o u r s  a t  5 0 °  i n  s u b d u e d  l i g h t .  The 

r e s u l t a n t  c h o c o l a t e - b r o w n  m i x t u r e  wa3 f i l t e r e d  to  y i e l d  a  

r e d -b r o w n  f i l t r a t e .  A l l  a t t e m p t s  t o  r e c o v e r  an y  r e c o g n i z a b l e  

p r o d u c t  f ro m  t h e  f i l t r a t e  w ere t o  no a v a i l .

XX. A t te m p te d  s y n t h e s i s  o f  e t h y l - l - t y r o s i n a t e  by t h e  s i l v e r  

s a l t  m e th o d .

1 4 .4  g .  o f  s i l v e r - l - t y r o s i n a t e  ( 0 .0 5  m o l e ) ,  5 c c .  o f

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



c o l o r l e s s  e t h y l  i o d i d e  ( 0 .0 6 2  m o le )  and  7 5  c c .  o f  p u r i f i e d  

m e th y l  i s o b u t y l  k e t o n e  w ere s t i r r e d  i n  a  M o rto n  f l a s k  i n  

su b d u e d  l i g h t  a t  35°  f o r  19 h o u r s .  The i n i t i a l l y  c o l o r l e s s  

s u s p e n s i o n  h a d  t u r n e d  y e l l o w .  An a d d i t i o n a l  125 c c .  o f  m e th y l  

i s o b u t y l  k e to n e  w ere ad d ed , and t h e  m i x t u r e  was s t i r r e d  and 

h e a t e d  a t  5 5 -6 0 °  f o r  30 m i n u t e s  and f i l t e r e d  t h r o u g h  a  s i n t e r e d  

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

was s t i r r e d  t h o r o u g h l y  w i th  1M n i t r i c  a c i d  to  d i s s o l v e  u n ­

r e a c t e d  s i l v e r - l - t y r o s i n a t e .  A n a l y s i s  o f  t h i s  n i t r i c  a c i d  

s o l u t i o n  f o r  s i l v e r  by t h e  V o lh a rd  m ethod  showed t h a t  o n ly  

2 8 $  o f  t h e  s i l v e r - l - t y r o s i n a t e  h a d  r e a c t e d .

The o r i g i n a l  c o l o r l e s s  f i l t r a t e  was c o n c e n t r a t e d  

i n  v acu o  t o  25 c c .  and r e f r i g e r a t e d  o v e r n i g h t .  T h e re  was no 

p r e c i p i t a t i o n  t h e  n e x t  d a y .  The r e m a i n d e r  o f  th e  s o l v e n t  

was rem oved i n  v a c u o  and t h e  v e r y  s m a l l  am ount o f  r e s i d u a l  o i l  

was d i s s o l v e d  i n  a  s m a l l  am ount o f  h o t  e t h y l  a c e t a t e .  C o o l in g  

o f  t h e  e t h y l  a c e t a t e  s o l u t i o n  y i e l d e d  no e t h y l  e s t e r ,  a l t h o u g h  

e t h y l - 1 - t y r o s i n a t e  c r y s t a l l i z e s  w e l l  f ro m  t h i s  s o l v e n t  to  g i v e  

c o l o r l e s s  c r y s t a l s ,  m .p .  1 0 8 - 9 ° .

XXI. P r e p a r a t i o n  o f  c a r b o b e n z o x y g l y c i n e .

T h e  b e n z y l  c h l o r o f o r m a t e  r e q u i r e d  a s  w e l l  a s  t h e  

c a r b o b e n z o x y g l y c i n e  w ere  b o t h  p r e p a r e d  a c c o r d i n g  t o  t h e  m ethod  

o f  F a r t h i n g  ( 5 5 ) .  From one  m ole  o f  g l y c i n e ,  t h e r e  was o b t a i n e d  

142  g .  o f  p u r i f i e d  c a r b o b e n z o x y g l y c i n e  ( 6 8 $ ) .
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X X II.  P r e p a r a t i o n  o f  t h e  s i l v e r  s a l t  o f  c a r b o b e n z o x y g l y c i n e .

6 2 .7  g .  o f  c a r b o b e n z o x y g ly c in e  ( 0 . 3  m o le )  was d i s ­

s o l v e d  i n  a  s o l u t i o n  o f  1 6 .8  g .  o f  p o t a s s i u m  h y d r o x i d e  ( 0 . 3  

m o le )  i n  1800  c c .  o f  w a t e r .  W ith  v i g o r o u s  s t i r r i n g ,  a  s o l u t i o n  

o f  5 1 .0  g .  o f  s i l v e r  n i t r a t e  ( 0 . 3  m o le )  i n  500 c c .  o f  w a te r  

was a d d e d .  V ig o ro u s  a g i t a t i o n  was r e q u i r e d  a s  t h e  p r e c i p i t a t e  

was q u i t e  v o lu m in o u s .  The c o l o r l e s s  s i l v e r  s a l t  was c o l l e c t e d ,

a i r  d r i e d  an d  f i n a l l y  p l a c e d  i n  a  vacuum o v e n  a t  5 0 °  f o r  20

h o u r s .  T h e re  r e s u l t e d  7 6 .0  g . ( 8 0 .2 $ )  o f  c o l o r l e s s  s i l v e r  

s a l t ,  d e c o m p o s in g  a t  2 0 0 ° .

A n a l y s i s  (78 )  % Ag

P o u n d : 3 3 .9 6

C a l c ' d .  f o r  C1 0 H1 0 04 NAg: 3 4 .1 3

X X I I I .  R e a c t i o n  o f  t h e  s i l v e r  s a l t  o f  c a r b o b e n z o x y g l y c i n e  

w i th  n - b u t y l  b ro m id e  i n  a b s o l u t e  e t h a n o l .

3 1 .6  g .  o f  s i l v e r  c a r b o b e n z o x y g l y c i n a t e  ( 0 . 1  m o le)  

was p l a c e d  i n  a  M orton  f l a s k  a n d  c o v e r e d  w i t h  400 c c .  o f  

a b s o l u t e  e t h a n o l  c o n t a i n i n g  1 6 . 0  c c .  o f  p u r i f i e d  n - b u t y l  

b ro m id e  ( 0 .1 2 5  m o le ) .  The m i x t u r e  was s t i r r e d  and  r e f l u x e d  

f o r  8 h o u r s ,  t h e n  f i l t e r e d  t h r o u g h  a  s i n t e r e d - g l a s s  f u n n e l  

t o  y i e l d  a  c o l o r l e s s  f i l t r a t e  (A) and a  r e s i d u e  (B ) ,

The r e s i d u e  (B) was s t i r r e d  on  t h e  s i n t e r e d - g l a s s  

f u n n e l  w i t h  t h r e e  s e p a r a t e  100  c c .  p o r t i o n s  o f  IN  n i t r i c  

a c i d  t o  c o n v e r t  u n r e a c t e d  s i l v e r  c a r b o b e n z o x y g l y c i n a t e  i n t o  

s o l u b l e  s i l v e r  n i t r a t e  and i n s o l u b l e  c a r b o b e n z o x y g l y c i n e .
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The n i t r i c  a c id  w a s h in g s  w ere  c o l l e c t e d  t o  y i e l d  a  f i l t r a t e  

(C) and a r e s i d u e  (D ). A V o lh a rd  a n a l y s i s  (7 8 )  o f  t h i s  f i l t r a t e  

(C) showed t h a t  o n l y  0 .0 3 8 3  m o le s  ( 3 8 .3 $ )  o f  t h e  o r i g i n a l  

s i l v e r  s a l t  h a d  r e a c t e d .

R e s id u e  (D) was s t i r r e d  w i t h  d i l u t e  so d iu m  h y d r o x id e  

s o l u t i o n  t o  d i s s o l v e  t h e  c a r b o b e n z o x y g l y c i n e  and  y i e l d  an  

a l k a l i n e  f i l t r a t e  (E) an d  a  r e s i d u e  ( F ) .  A c i d i f i c a t i o n  o f  

t h i s  f i l t r a t e  g a v e  9 .4  g .  o f  c a r b o b e n z o x y g l y c i n e  ( 0 .0 4 5  m o le ) .  

T h i s  r e p r e s e n t e d  a  73$  r e c o v e r y  f ro m  t h e  0 .0 6 1 7  m ole o f  u n ­

r e a c t e d  s i l v e r  c a r b o b e n z o x y g l y c i n a t e .  The r e s i d u e  o f  d a r k e n e d  

s i l v e r  b ro m id e  (F) w e ig h ed  6 .9  g .  ( 0 .0 3 7 7  m o l e ) .

The s o l v e n t  e t h a n o l  a n d  e x c e s s  n - b u t y l  b ro m id e  

w ere  rem oved  i n  v acu o  f ro m  t h e  o r i g i n a l  f i l t r a t e  (A ).  The 

o i l y  r e s i d u e  was vacuum d i s t i l l e d  a t  0 . 5 - 1 . 0  mm and t h e  

f o l l o w i n g  c u t s  w ere  o b t a i n e d :

6 0 - 1 8 0 ° ----- -— 2 . 4  g .  o f  a y e l l o w i s h ,  two l a y e r e d  o i l .

1 8 0 - 1 8 5 ° -------1 , 9  g .  o f  c o l o r l e s s  o i l  (G ).

The o i l  (0) p ro v e d  t o  b e  th e  w an ted  n - b u t y l  e s t e r  o f  c a r b o ­

b e n z o x y g l y c i n e .  T h is  r e p r e s e n t e d  a  y i e l d  o f  7 . 2 $  f ro m  t h e  

t o t a l  s i l v e r  s a l t  u s e d ,  o r  1 8 .7 $  f ro m  t h a t  am ount w h ich  h a d  

a c t u a l l y  r e a c t e d .

A n a l y s i s  (7 7 )  $  N

F o u n d : 5 . 2 5

C a lc * d .  f o r  c x 4 % 9 ° 4 N: 5 .2 8
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XXIV* P r e p a r a t i o n  o f  0 , N - d i c a r b o a l l y l o x y - l - t y r o s i n e .

The p r o c e d u r e  o f  S t e v e n s  and W atan ab e  (6 2 )  was 

em ployed . The r e q u i r e d  a l l y l  c h l o r o f o r m a t e  was p r e p a r e d  f ro m  

r e d i s t i l l e d  a l l y l  a l c o h o l  and  p h o sg e n e  b y  t h e  m e th o d  u s e d  by  

F a r t h i n g  (5 5 )  f o r  t h e  p r e p a r a t i o n  o f  b e n z y l  c h l o r o f o r m a t e .

The c r u d e  0 , N - d i c a r b o a l l y l o x y - l - t y r o s i n e  was r e -  

c r y s t a l l i z e d  f ro m  25$ e t h a n o l  a t  t h e  r a t e  o f  66 c c . / g .  The 

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

o f  t h e  p r o d u c t  a s  an  o i l .  The c o l o r l e s s  p r o d u c t  m e l t e d  a t  

1 0 5 - 1 0 6 ° .

XXV. Rem oval o f  t h e  c a r b o a l l y l o x y  g r o u p  b y  m eans o f  36$ 

H B r / g l a c i a l  a c e t i c  a c i d ,

3 . 5  g .  o f  0 , N - d i c a r b o a l l y l o x y - l - t y r o s i n e  ( 0 .0 1  

m o le )  was t r e a t e d  w i t h  t h e  s a t u r a t e d  I I B r / a c e t i c  a c i d  r e a g e n t  

a c c o r d i n g  t o ’th e  p r o c e d u r e  o f  B e n - I s h a i  and  B e r g e r  (5 6 )  f o r  

t h e  r e m o v a l  o f  t h e  c a r b o b e n z o x y  g r o u p .  T h e re  was r e c o v e r e d

2 .6  g .  o f  c r u d e  1 - t y r o s i n e  h y d ro b ro m id e  ( 1 0 0 $ ) ,  w h ic h  was 

r e c r y s t a l l i z e d  f ro m  w a te r  t o  y i e l d  1 . 2  g .  o f  p u r e  1 - t y r o s i n e  

h y d r o b r o m id e ,  d e c o m p o s in g  a t  2 5 5 - 2 5 7 ° .  A m ix ed  m e l t i n g  p o i n t  

w i t h  an  a u t h e n t i c  sa m p le  o f  1 - t y r o s i n e  h y d r o b ro m id e  showed 

no c h a n g e .

XXVI. P r e p a r a t i o n  o f  t h e  s i l v e r  s a l t  o f  0 , N - d i c a r b o a l l y l o x y -  

1 - t y r o s l n e .

1 ,7 5  g .  o f  Q , N - d i c a r b o a l l y l o x y ~ l ~ t y r o s i n e  ( 0 .0 0 5  

m o le )  was d i s s o l v e d  I n  50$  a l c o h o l  and 1 . 5  c c .  o f  3 .5N  ammonia
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was a d d e d  (0 .0 0 5 2  m o l e ) .  W h ile  t h e  c l e a r  s o l u t i o n  was

v i g o r o u s l y  s t i r r e d  a t  room t e m p e r a t u r e ,  IN  s i l v e r  n i t r a t e

s o l u t i o n  was added  d r o p w is e .  E a c h  d r o p  c a u s e d  a  c l o u d i n g

w hich  d i s a p p e a r e d  w i t h  s t i r r i n g ;  when o n e  cc .  h a d  b e e n  a d d e d ,

th e  c l o u d i n e s s  becam e p e rm a n e n t .  The s t i r r e d  s o l u t i o n  was

s u r r o u n d e d  w i th  an i c e - b a t h ;  o n  c o o l i n g ,  v e r y  f i n e  c r y s t a l s

a p p e a r e d .  More IN  s i l v e r  n i t r a t e  was ad d ed  d r o p w is e  t o  t h e

c o l d  m i x t u r e  u n t i l  a  t o t a l  o f  5 c c .  h a d  b e e n  a d d e d  ( 0 .0 0 5  m o l e ) .

The w h i t e  s o l i d  was c o l l e c t e d ,  w ashed  w i t h  c o l d  5 0 $  e t h a n o l

and d r i e d  i n  t h e  a i r  a t  5 0 ° .  T h e re  was o b t a i n e d  1 , 9 2  g .  (8 4 $ )
o

o f  t h e  s i l v e r  s a l t ,  w hich  decom posed  a t  1 3 3 . 5 - 1 3 5 . 5  .

A n a l y s i s  (78 )  $  Ag

P o u n d : 2 3 .3 3

C a lc  *d. f o r  C^yH^gOyNAg: 2 3 .6 5

XXVII. P r e p a r a t i o n  o f  1 - t y r o s i n e  m e th y l  e s t e r .

The m e th y l  e s t e r  h y d r o c h l o r i d e  was p r e p a r e d  b y  t h e  

F i s c h e r  m ethod i n  90$  y i e l d .  The d r i e d  h y d r o c h l o r i d e  was 

c o v e r e d  w i th  e t h y l  a c e t a t e  (17  c c . / g . ) i n  a s t i r r e d  t h r e e -  

n e c k  f l a s k .  W hile  s t i r r i n g  and r e f l u x i n g  t h e  s u s p e n s i o n ,  

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

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

c i p i t a t e d  ammonium c h l o r i d e  and t h e  f i l t r a t e  c o o l e d  t o  y i e l d  

t h e  c r y s t a l l i n e  m e th y l  e s t e r .  C o n c e n t r a t i o n  o f  t h e  m o th e r  

l i q u o r  g a v e  a n o t h e r  20$  o f  p u r e  m e th y l  e s t e r .  The com bined
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y i e l d  was 89,6%  f ro m  th e  m e th y l  e s t e r  h y d r o c h l o r i d e .

M .P. 1 3 4 .5 - 1 3 6 ° .  *s - j-  2 5 .8 0  i n  m e th y l  a l c o h o l  (c  s  5 ) .

X X V III. A t te m p te d  a l c o h o l y s i s  o f  1 - t y r o s i n e  m e th y l  e s t e r  w i t h  

^  - d im e t h y 1 a m in o e th y l  a l c o h o l .

4 . 9  g .  o f  1 - t y r o s i n e  m e th y l  e s t e r  ( 0 .0 2 5  m o le )  was 

d i s s o l v e d  i n  30 c c .  ( 0 . 3  m o le )  o f  t h e  d r y ,  f r e s h l y  vacuum 

d i s t i l l e d  am ino a l c o h o l .  The f a i n t l y  y e l lo w  s o l u t i o n  was 

h e a t e d  on a  s te a m  b a t h  f o r  7 h o u r s .  The e x c e s s  am ino a l c o h o l  

was rem oved  i n  v a c u o . The r e d - b r o w n  g l a s s - l i k e  r e s i d u e  was 

d i s s o l v e d  I n  200 c c .  o f  h o t  5 0 $  a l c o h o l  and c o o le d  i n  t h e  

r e f r i g e r a t o r  o v e r n i g h t .  T h e re  was d e p o s i t e d  o n e  gram o f  

1 - t y r o s i n e  a n h y d r id e ,  ra .p .  2 7 5 -2 7 7 °  ( 2 5 $ ) .  No a d d i t i o n a l  

p r o d u c t  c o u ld  b e  i s o l a t e d .

XXIX. A t te m p te d  a l c o h o l y s i s  o f  1 - t y r o s i n e  m e th y l  e s t e r  h y d r o ­

c h l o r i d e  w i t h ^ - d i e t h y l a m i n o e t h y l  a l c o h o l ,

4 . 6  g .  o f  1 - t y r o s i n e  m e th y l  e s t e r  h y d r o c h l o r i d e  

( 0 .0 2  m o le )  was d i s s o l v e d  i n  4 0  c c .  o f  f r e s h l y  vacuum d i s t i l l e d  

am ino a l c o h o l  ( 0 .3 0  m o le )  b y  warm ing to  8 0 ° .  The y e l lo w  

c o l o r e d  s o l u t i o n  was r e f l u x e d  a t  8 0°  u n d e r  a  vacuum  o f  45 mm 

f o r  16  h o u r s .  On c o o l i n g ,  2 . 9  g .  o f  l o n g ,  s i l k y  n e e d l e s  w ere  

d e p o s i t e d ,  w h ich  p ro v e d  t o  b e  t h e  amino a l c o h o l  h y d r o c h l o r i d e .  

T h is  r e p r e s e n t e d  a  95$ y i e l d  b a s e d  o n  t h e  1 - t y r o s i n e  m e th y l  

e s t e r  h y d r o c h l o r i d e .
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C o n c e n t r a t i o n  o f  th e  f i l t r a t e  i n  v acu o  o n c e  a g a i n  

r e s u l t e d  i n  a h o u t  a  25% y i e l d  o f  1 - t y r o s i n e  a n h y d r i d e ;  no 

o t h e r  p r o d u c t  was r e c o v e r e d .

XXX. A t te m p te d  p r e p a r a t i o n  and u s e  o f  1 - t y r o s i n e - N - c a r b o x y  

a n h y d r i d e .

3 . 6  g .  o f  1 - t y r o s i n e  ( 0 .0 2  m o le )  was c o v e r e d  w i t h

100  c c .  o f  p u r i f i e d  d i o x a n e .  P h o sg e n e  was p a s s e d  i n t o  t h e

s u s p e n s i o n ,  which was s t i r r e d  a t  3 0 - 4 0 ° .  A f t e r  4 h o u r s ,  a l l  

h u t  a  few  p a r t i c l e s  o f  1 - t y r o s i n e  h a d  p a s s e d  i n t o  s o l u t i o n .  

T h e se  p a r t i c l e s  w ere  f i l t e r e d  o u t  and  t h e  d io x a n e  and e x c e s s  

p h o sg en ew er&  rem oved  by h e a t i n g  i n  v acuo  a t  3 0 - 4 0 ° .  T h e re  r e ­

m a in e d  a  f e a t h e r y  s o l i d ,  w h ich  was d i s s o l v e d  i n  100  c c .  o f
o

d i o x a n e ;  t h e  r e s u l t a n t  s o l u t i o n  wa3 c o o l e d  t o  10  , A s o l u t i o n  

o f  2 . 5  c c .  o f  ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  ( 0 .0 2  m o le )  i n

100  c c .  o f  d i o x a n e  was c o o le d  t o  1 0 ° .  The am ino  a l c o h o l

s o l u t i o n  was ad d ed  i n  o n e  p o r t i o n  t o  th e  d i o x a n e  s o l u t i o n  o f  

t h e  1 - t y r o s i n e  d e r i v a t i v e .  T h e re  was an im m e d ia te  c l o u d i n g ;  

o n  s t a n d i n g ,  t h e r e  was d e p o s i t e d  2 . 5  g .  o f ^  - d i e t h y l a m i n o e t h y l  

a l c o h o l  h y d r o c h l o r i d e  ( 8 1 $ ) .

XXXI. Preparation of 1-tyrosinamide.
T h is  i n t e r m e d i a t e  was p r e p a r e d  a c c o r d i n g  t o  t h e  

p r o c e d u r e  o f  Yang and R i s i n g  (7 9 )  f o r  - a m in o  a c i d  a m id e s .

A s o l u t i o n  o f  100 g .  o f  1 - t y r o s i n e  m e th y l  e s t e r  i n  one  l i t e r  

o f  d r y  m e th a n o l  was s a t u r a t e d  w i t h  d r y  ammonia and  h e l d  a t

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



room  t e m p e r a t u r e  f o r  72 h o u r s .  The m e th a n o l  was rem o v ed  

i n  v a o u o  and th e  r e s i d u e  d i s s o l v e d  i n  1100 c c .  o f  h o t  i s o ­

p r o p y l  a l c o h o l .  On c o o l i n g ,  t h e r e  wa3 d e p o s i t e d  7 6 .5  g .  o f  

a  c o l o r l e s s  s o l i d .  C o n c e n t r a t i o n  o f  th e  f i l t r a t e  r e s u l t e d  

i n  8 . 6  g .  o f  a s e c o n d  c r o p  a s  p u r e  a s  t h e  f i r s t .  The com bined  

y i e l d  was 9 1 .6 $  o f  l - t y r o s i n a m i d e ,  m . p . ,  1 5 4 - 1 5 6 ° .

XXXII. P r e p a r a t i o n  o f  1 - 4 - ( p - h y d r o x y b e n z y l ) - 2 - t h i o - 5 - t h i a z o l i d o n e .

T h is  1 - t y r o s i n e  d e r i v a t i v e  was p r e p a r e d  a c c o r d i n g  

to  t h e  p r o c e d u r e  g i v e n  b y  D a v is  and  L evy  ( 7 1 ) .

X X X III. R e a c t i o n  o f  1 - 4 - ( p - h y d r o x y b e n z y l ) - 2 - t h i o - 5 - t h i a z o l i d o n e ,  

w i t h  m e th a n o l  c o n t a i n i n g  h y d r o g e n  c h l o r i d e .

1 .0  g .  o f  t h e  t h i o - t h i a z o l i d o n e  was d i s s o l v e d  i n  

5 c c .  o f  d r y  m e th a n o l .  10  c c .  o f  a  s a t u r a t e d  s o l u t i o n  o f  

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

a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  o v e r n i g h t .  The n e x t  d a y  

t h e  m e th a n o l  was rem oved  by  e v a p o r a t i o n .  15 c c .  o f  e t h y l  

a c e t a t e  was a d d ed  t o  t h e  s o l i d  r e s i d u e  and h e a t e d  to  b o i l i n g ;  

d r y  ammonia was p a s s e d  i n  a n d  t h e  h o t ,  am m o n iaea l  m i x t u r e  was 

f i l t e r e d .  On c o n c e n t r a t i n g  and c o o l i n g ,  t h e r e  was o b t a i n e d  

0 , 4 8  g .  (59$) o f  p a r t l y  r a c e m iz e d  t y r o s i n e  m e th y l  e s t e r ,
O 1— ~ I  3 5 °

m . p . ,  1 1 1 -1 2 6  . L  s  -1- 2 0 .4 0  i n  m e th y l  a l c o h o l  ( c  * 5 ) .
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XXXIV. A t te m p te d  r e a c t i o n  o f  1 - 4 - ( p - h y d r o x y b e n z y l ) - 2 - t h i o - 5 -  

t h i a z o l i d o n e  w i th  ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  h y d r o ­

c h l o r i d e .

1 g .  ( 0 .0 0 4 1 8  m o le )  o f  t h e  2 - t h i o - 5 - t h i a z o l i d o n e  an d  

0 . 5 5  c c .  ( 0 .0 0 4 1 8  m o le )  o f  ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  w ere  

d i s s o l v e d  i n  10 c c .  o f  p u r i f i e d  d i o x a n e ,  and  4 c c .  o f  a  

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

The i n i t i a l l y  p r e c i p i t a t e d  am ino  a l c o h o l  h y d r o c h l o r i d e  d i s s o l v e d  

i n  t h e  e x c e s s  H C l /d io x a n e  to  y i e l d  a  c l e a r  s o l u t i o n .  T h is  

s o l u t i o n  was a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e  o v e r n i g h t .

The n e x t  d a y ,  t h e  m i x t u r e  was p l a c e d  u n d e r  vacuum 

to  rem ove t h e  e x c e s s  HC1. A s e c o n d  l i q u i d  p h a s e  s e p a r a t e d  

and t h e n  c r y s t a l l i z e d  when c o o l e d ;  t h e r e  was c o l l e c t e d  0 . 5  g .  

(78$ )  o f  ^3 - d i e t h y l a m i n o e t h y l  a l c o h o l  h y d r o c h l o r i d e .  No 

o t h e r  p r o d u c t  c o u ld  b e  I s o l a t e d  f ro m  t h e  f i l t r a t e .

XXXV. P r e p a r a t i o n  o f  t h e  t r i e  t h y la m in e  s a l t  o f  m e th y 1 - 1 -  

t y r o s i n a t e  d i t h i o c a r b a m a t e .

3 . 0  g .  o f  1 - t y r o s i n e  m e th y l  e s t e r  was d i s s o l v e d  i n  

66 c c .  o f  a b s o l u t e  e t h a n o l  and  6 c c .  o f  c a r b o n  b i s u l f i d e  and  

t r i e t h y l a m i n e  e ach  w ere  a d d e d .  The r e s u l t a n t  s o l u t i o n  was

a l l o w e d  t o  3 t a n d  a t  r o o m  t e m p e r a t u r e  f o r  o n e  h o u r ,  t h e n  p l a c e d  

i n  t h e  r e f r i g e r a t o r  f o r  an  a d d i t i o n a l  h o u r .  4 . 8  g .  o f  w h i t e  

c r y s t a l s  (84$ )  o f  th e  t r i e t h y l a m i n e  s a l t  w ere  c o l l e c t e d .
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XXXVI. R e a c t i o n  o f  t h e  t r i e t h y l a m i n e  s a l t  o f  m e th y 1 - 1 -  

t y r o s i n a t e  d i t h i o c a r b a m a t e  w i t h  a n h y d ro u s  h y d r o g e n  

c h l o r i d e .

0 . 5  g .  o f  t h e  t r i e t h y l a m i n e  s a l t  o f  m e t h y l - 1 -  

t y r o s i n a t e  d i t h i o c a r b a m a t e  was d i s s o l v e d  i n  10 c c .  o f  c h l o r o f o r m  

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

The c h l o r o f o r m  was d e c a n t e d  f ro m  t h e  p r e c i p i t a t e  and 10  c c .  

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

a c e t a t e  was b r o u g h t  to  a- b o i l ,  d r y  ammonia was p a s s e d  i n  

u n t i l  a m m o n ia c a l ,  and th e  h o t  m i x t u r e  f i l t e r e d .  On c o n c e n t r a ­

t i n g  a n d  c o o l i n g ,  t h e r e  was o b t a i n e d  0 . 2  g .  (7 6 $ )  o f  1 - t y r o s i n e  

m e th y l  e s t e r ,  m . p . ,  1 3 4 - 1 3 5 ° .

XXXVII. A t te m p te d  r e a c t i o n  o f  1 - 4 - ( p - h y d r o x y b e n z y l ) - 2 - t h i o -  

5 - t h i a z o l i d o n e  w i th  m e th a n o l  c o n t a i n i n g  t r i e t h y l a m i n e .

0 .6 1  g . o f  1 - 4 - ( p - h y d r o x y b e n z y l ) - 2 - t h . i o - 5 -  

t h i a z o l i d o n e  was d i s s o l v e d  i n  10 c c .  o f  p u r e  m e th a n o l  and

1 . 0  c c .  o f  t r i e t h y l a m i n e  was a d d e d .  The s o l u t i o n  was a l l o w e d  

to  s t a n d  a t  room t e m p e r a t u r e  f o r  s i x  h o u r s .  A s e e d  c r y s t a l  was 

I n t r o d u c e d  and  t h e  m i x t u r e  was r e f r i g e r a t e d  o v e r n i g h t .  T h e re  

was no p r e c i p i t a t i o n  t h e  n e x t  d a y .  The s o l u t i o n  was c o n ­

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

d i t i o n a l  1 . 0  c c .  o f  t r i e t h y l a m i n e  a d d e d ,  a n d  a l l o w e d  t o  s t a n d  

a t  room t e m p e r a t u r e  f o r  a n o t h e r  6 h o u r s ;  f i n a l l y  s e e d e d  and 

r e f r i g e r a t e d  o v e r n i g h t .  S t i l l  no p r e c i p i t a t i o n  t h e  f o l l o w i n g  

d a y .  T h i s  m ethod  f a i l e d  t o  y i e l d  any o f  t h e  t r i e t h y l a m i n e  

s a l t  o f  m e t h y l - l - t y r o s i n a t e  d i t h i o c a r b a m a t e .
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XXXVIII. A t te m p te d  r e a c t i o n  o f  1 - 4 - ( p - h y d r o x y b e n z y l ) - 2

1 . 1  c c .  ( 0 .0 0 8 4  m o le )  o f  ^ - d i e t h y l a m i n o e t h y l  a l c o h o l  w ere  

d i s s o l v e d  i n  10 c c .  o f  d i o x a n e .  The c l e a r  s o l u t i o n  was a l ­

low ed  t o  s t a n d  a t  room t e m p e r a t u r e  o v e r n i g h t .  The n e x t  d a y ,  

t h e  s o l u t i o n  was d e e p e r  y e l l o w  i n  c o l o r .  H ow ever, i t  was 

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

m ix tu r  e .

XXXIX. A t te m p te d  p r e p a r a t i o n  o f  0 , N - d i c a r b o a l l y l o x y - 1 -  

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

6 .0  g .  o f  p u r e  0 , N - d i c a r b o a l l y l o x y - l - t y r o s i n e  

(0 .0 1 7 2  m o le )  was d i s s o l v e d  i n  35 c c .  o f  d ry  e t h e r  and  3 . 7 6  g .  

o f  p h o s p h o ru s  p e n t a c h l o r i d e  ( 0 .0 1 8 0  m o le )  was a d d e d  i n  one 

p o r t i o n .  The m i x t u r e  was sh a k e n  a t  room  t e m p e r a t u r e  f o r  

1 5 -2 0  m i n u t e s  i n  t h e  a p p a r a t u s  d e s c r i b e d  b y  K a r r e r  and 

Henyeraann ( 7 4 ) ,  W h e re in  a l l  b u t  a few  p a r t i c l e s  o f  t h e  

p h o s p h o r u s  p e n t a c h l o r i d e  h a d  r e a c t e d  and  gone  i n t o  s o l u t i o n .  

The m i x t u r e  was a l lo w e d  to  s t a n d  ab  room  t e m p e r a t u r e  f o r  one

h o u r  a n d  t h e  a n a l l  a m o u n t  of  s u s p e n d e d  m a t t e r  r e m o v e d  b y  

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

s o l u t i o n  w as h e a t e d  to  b o i l i n g ,  and 70 c c .  o f  l i g h t  p e t r o le u m  

e t h e r  a d d e d .  On c o o l i n g ,  a n  o i l  s e p a r a t e d  w hich  c o u ld  be 

c r y s t a l l i z e d  by s h a k i n g .  An a d d i t i o n a l  50 c c .  o f  p e t r o le u m

t h i o - 5 - t h i a z o l i d o n e  w i t h - d i e t h y l a m i n o e t h y l  

a l c o h o l .

1 . 0  g .  o f  t h e  t h i o - t h l a z o l i d o n e  ( 0 .0 0 4 2  m o le )  and
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e t h e r  was added t o  i n s u r e  c o m p le te  s e p a r a t i o n  o f  t h e  p r o d u c t .  

The c r y s t a l s  w ere  c o l l e c t e d  and  r e c r y s t a l l i z e d  an  a d d i t i o n a l  

tw o t im e s  from  e t h e r - p e t r o l e u m  e t h e r .  T h e re  was o b t a i n e d

3 . 8  g .  o f  c o l o r l e s s  c r y s t a l s  (6 0%), m . p . ,  3 5 - 4 5 ° .

B ased  on  t h e  m ethod  o f  p r e p a r a t i o n ,  t h i s  m a t e r i a l ,  

th o u g h  im p u re ,  was u n d o u b t e d l y  t h e  w an ted  a c i d  c h l o r i d e .  

H ow ever, i t  p r o v e d  t o  b e  q u i t e  u n s t a b l e .  T h is  sam ple  was 

k e p t  f o r  44 h o u r s  i n  a  vacuum  d e s i c c a t o r  i n  t h e  r e f r i g e r a t o r  

w i th  no  a p p a r e n t  c h a n g e .  The d e s i c c a t o r  and c o n t e n t s  w ere  

a l lo w e d  to  warm to  room t e m p e r a t u r e  o v e r  a  p e r i o d  o f  3 h o u r s .

At t h e  end  o f  t h i s  t im e ,  t h e  c r y s t a l s  d i s a p p e a r e d  w i t h  g a s  

e v o l u t i o n ;  t h e r e  was l e f t  a c o l o r l e s s  o i l .  T h is  o i l  was n o t  

t h e  o r i g i n a l  m a t e r i a l .  I t  was d i f f i c u l t l y  s o l u b l e  i n  b o i l i n g  

e t h e r ;  and  th e  a d d i t i o n  o f  a  few  c c ’ s o f  p e t r o l e u m  e t h e r  c a u s e d  

t h e  s e p a r a t i o n  o f  an o i l  w h ic h  c o u ld  n o t  be  i n d u c e d  t o  c r y s ­

t a l l i z e * .

XL. P r e p a r a t i o n  o f  1 - t y r o s i n e  h y d r o c h l o r i d e .

10 g . o f  1 - t y r o  s in e  was d i s s o l v e d  i n  25 c c .  o f  3N 

h y d r o c h l o r i c  a c i d  by w arm ing . 150  c c .  o f  warm, c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  was added  i n  one p o r t i o n  and t h e  s o l u t i o n  

allowed to crystallize in an ice-batli. 9.8 g. (82^) of color­
l e s s  1 - t y r o s i n e  h y d r o c h l o r i d e  vsras- c o l l e c t e d  and  d r i e d  a t  

1 0 5 - 1 1 0 ° .  M .P . - 2 3 1 - 2 3 4 ° .
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XLIo P r e p a r a t i o n  o f ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  h y d r o ­

c h l o r i d e .

4 6 .6  c c .  o f  a s t a n d a r d  s o l u t i o n  o f  h y d r o g e n  c h l o r i d e  

i n  d io x a n e  ( 0 .0 0 6 4 4  m o l e / c c . ;  0 .3 0  m o le )  was a d d e d  d r o p w is e  

t o  a n  e x t e r n a l l y  c o o l e d  and  s t i r r e d  s o l u t i o n  o f  3 9 .6  c c .

( 0 . 3  m o le )  o f  f r e s h l y  vacuum d i s t i l l e d  - d i e t h y l a m i n o e t h y l  

a l c o h o l  d i s s o l v e d  i n  400  c c .  o f  p u r i f i e d  d i o x a n e .  The w h i t e  

p r e c i p i t a t e  was c o l l e c t e d  on  a  s i n t e r e d - g l a s s  f u n n e l ,  w ashed  

w e l l  w i th  e t h e r ,  and  d r i e d  i n  a  vacuum  d e s i c c a t o r .  T h e re  was 

o b t a i n e d  4 5 . 3  g .  (98 .5% ) o f  c o l o r l e s s  ^ - d i e t h y l a m i n o e t h y l  

a l c o h o l  h y d r o c h l o r i d e .  M. P . - - 1 3 4 . 5 - 1 3 6 ° .

X L II .  A t te m p te d  e s t e r i f i c a t i o n  o f  1 - t y r o s i n e  h y d r o c h l o r i d e  

a n d  f  - d i e t h y l a m i n o e t h y l  a l c o h o l  h y d r o c h l o r i d e  i n  

d ime t h y 1 f o  rm am id e .

1 0 .9  g .  o f  1 - t y r o s i n e  h y d r o c h l o r i d e  ( 0 .0 5  m ole)  

and 8 .1  g .  o f  ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  h y d r o c h l o r i d e  

(0 .0 5 2 5  m ole)  w e re  c o v e r e d  w i th  50 c c .  o f  d im e th y l f o r m a m id e . 

S o l u t i o n  was e f f e c t e d  b y  h e a t i n g  t o  9 0 -1 0 0 °  an d  p a s s i n g  i n  

d r y  h y d r o g e n  c h l o r i d e .  The s o l u t i o n  was p a r t l y  r e f l u x e d  a t  

1 0 0 °  u n d e r  a vacuum  o f  100 mm, t h e  d i s t i l l a t e  b e i n g  p a s s e d  

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

t h e  b o i l i n g  s o l u t i o n .  H e a t in g  was c o n t i n u e d  u n d e r  t h e s e  c o n ­

d i t i o n s  f o r  65 h o u r s .  An a l i q u o t  p o r t i o n  o f  t h e  d e e p - r e d  

s o l u t i o n  was d i l u t e d  w i th  an  e q u a l  vo lum e o f  w a t e r  and t h e  pH 

a d j u s t e d  to  5; t h e r e  was no p r e c i p i t a t i o n  o f  1 - t y r o s i n e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



( a  24 h o u r  h e a t i n g  p e r i o d  r e s u l t e d  I n  a 14$  r e c o v e r y ) .  On 

c o o l i n g ,  6 , 0  g .  o f  d im e th y la m in e  h y d r o c h l o r i d e  (0 ,0 7 3 5  m ole)  

was d e p o s i t e d  and c o l l e c t e d  by f i l t r a t i o n .  The d e e p  r e d  

f i l t r a t e  was made a l k a l i n e  w i th  d r y  ammonia and  t h e  p r e c i p i ­

t a t e d  s a l t s  f i l t e r e d  o u t .  The d im e th y l fo r m a m id e  was rem oved  

a s  w e l l  a s  p o s s i b l e  i n  v a c u o , l e a v i n g  a  r e d -b r o w n  o i l .  T h is  

o i l  was d i s s o l v e d  i n  h o t  50$  a l c o h o l ;  on  c o o l i n g ,  t h e r e  was 

d e p o s i t e d  0 . 3  g .  o f  l - t y r o s i n e  a n h y d r i d e .  Rem oval o f  t h e  

s o l v e n t  f ro m  t h e  f i l t r a t e  l e f t  a  r e d  o i l  w h ich  was s o l u b l e  

i n  d i l u t e  h y d r o c h l o r i c  a c i d .  The pH was a d j u s t e d  to  5 .  T h e re  

was no p h a s e  c h a n g e  o v e r  a p e r i o d  o f  two d a y s .

X L I I I .  E s t e r i f i c a t l o n  o f  c a r b o b e n z o x y g ly c in e  and

^ - d i e t h y l a m i n o e t h y l  a l c o h o l  p * t o l u 6 n e  s u l f o n a t e  

i n  e t h y l e n e  d i c h l o r i d e ,

3 6 .5  g ,  o f  c a r b o x y b e n z o x y g ly c in e  ( 0 .1 7 5  m o le ) ,

1 1 .6  c c .  o f  ^  - d i e t h y l a m i n o e t h y l  a l c o h o l  (0 .0 8 7 5  m o le )  and

1 7 .9  g .  o f  p - t o l u e n e  s u l f o n i c  a c i d  m o n o h y d ra te  ( 0 .0 9 4 3  m o le )  

w ere  d i s s o l v e d  i n  175 c c .  o f  b o i l i n g  e t h y l e n e  d 5.c h l o r i d e .  The 

s o l u t i o n  was p a r t l y  r e f l u x e d  f o r  17 h o u r s  an d  t h e  d i s t i l l a t e  

p a s s e d  th r o u g h  an  a n h y d ro u s  c a l c iu m  s u l f a t e  co lum n  o n  i t s  r e t u r n  

t o  t h e  b o i l i n g  s o l u t i o n .  The c o o l e d  s o l u t i o n  w a s  e x t r a c t e d  

w i t h  5$  c a r b o n a t e  s o l u t i o n ,  and th e  o r g a n i c  l a y e r  d r i e d .  The 

a q u e o u s  l a t e r  was a c i d i f i e d  t o  y i e l d  1 7 . 0  g. ( 0 .0 8 1  m o le )  o f  

u n r e a c t e d  c a r b o b e n z o x y g l y c i n e .
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The e t h y l e n e  d i c h l o r i d e  was rem oved  i n  v acu o  f ro m  

t h e  d r i e d  o r g a n i c  l a y e r .  T h e re  r e m a in e d  2 3 .7  g .  o f  a  d eep  

y e l lo w  o i l .  A a n a l l  p o r t i o n  o f  t h i s  o i l  was vacuum  d i s t i l l e d  

@ 0 , 5 - 1 . 0  mm. The m a in  p a r t  o f  t h e  d i s t i l l a t e  was c o l l e c t e d  

a t  1 9 5 -2 0 3 °  and was w a te r  i n s o l u b l e ,  b u t  s o l u b l e  i n  a c i d  s o l u ­

t i o n .  R e a c t i o n  o f  t h i s  o i l  w i t h  56% H B r / a c e t i c  a c id  r e a g e n t  

e v o lv e d  c o p io u s  am o u n ts  o f  g a s .  T h is  seem ed t o  b e  t h e  d e s i r e d  

c r u d e  e s t e r ;  h o w e v e r ,  i t  was n o t  c h a r a c t e r i z e d  f u r t h e r  due t o  

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

p r o c e d u r e .

XLIV. P r e p a r a t i o n  o f  t h e  ^ - d i e t h y l a m i n o e t h y l  e s t e r  o f  

c a r b o b e n z o x y g l y c i n e .

2 0 .9  g .  o f  c a r b o b e n z o x y g l y c i n e  ( 0 .1 0  m o le )  and

1 4 .8  c c .  o f  ^  - d i e t h y l a m i n o e t h y l  c h l o r i d e  ( 0 .1 0  m o le )  w e re  

d i s s o l v e d  by  warm ing i n  80 c c .  o f  a b s o l u t e  i s o p r o p y l  a l c o h o l .

The c l e a r ,  c o l o r l e s s  s o l u t i o n  was r e f l u x e d  f o r  two h o u r s  and  

t h e  i s o p r o p y l  a l c o h o l  rem oved  i n  v a c u o , t o  l e a v e  a s l u s h y ,  

c o l o r l e s s  m i x t u r e .  T h i s  m i x t u r e  was d i s s o l v e d  i n  80 c c .  o f  

w a t e r  and e x t r a c t e d  w i t h  e t h e r .  The w a te r  l a y e r  (A) was 

r e t a i n e d  an d  th e  e t h e r  l a y e r  was e x t r a c t e d  w i t h  c o l d  c a r b o n a t e  

s o l u t i o n  t o  g i v e  a  w a te r  l a y e r  (B) and e t h e r  l a y e r  (C ) .  A c i d i ­

f i c a t i o n  o f  t h e  w a t e r  l a y e r  (B) p r e c i p i t a t e d  1 . 0  g .  o f  u n r e a o t e d  

c a r b o b e n z o x y g l y c i n e  ( 5 $ ) .  Removal o f  t h e  e t h e r  i n  v a c u o  f ro m  

t h e  e t h e r  l a y e r  (C) g a v e  0 . 6  g .  o f  a  c o l o r l e s s  o i l ,  w h ic h  was 

n o t  c h a r a c t e r i z e d ,  b u t  was p r o b a b l y  t h e  I s o p r o p y l  e s t e r  o f  

c a r b o b e n z o x y g l y c i n e .
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The w a t e r  l a y e r  (A) was made a l k a l i n e  w i t h  c o l d  

c a r b o n a t e  s o l u t i o n  and th e  o i l  w h ic h  h ad  s e p a r a t e d  was t a k e n  

up i n  e t h e r .  The w a t e r  l a y e r  was d i s c a r d e d  and t h e  e t h e r  l a y e r  

d r i e d .  Rem oval o f  th e  e t h e r  i n  v a c u o  l e f t  a  n e a r l y  c o l o r l e s s  

o i l ;  vacuum  d i s t i l l a t i o n  a t  0 . 5 - 1 . 0  mm g av e  2 0 .6  g .  (7 0 $ )  o f  

t h e  p a l e  y e l lo w  ^ - d i e t h y l a m i n o e t h y l  e s t e r  o f  c a r b o b e n z o x y ­

g l y c i n e ,  d i s t i l l i n g  a t  1 8 7 - 1 8 9 ° .  1 .5 0 4 9 .

% N

9 .0 8

9 .0 9

XLV. P r e p a r a t i o n  o f  t h e  - d i e t h y l a m i n o e t h y l  e s t e r  o f  

0 , N - d i c a r b o a l l y l o x y - l - t y r o s i n e .

A s o l u t i o n  o f  1 7 .5  g .  ( 0 .0 5  m o le )  o f  w h i t e  

0 , N - d ic a rb o  a l l y l o x y - 1 - t y r o s i n e  and 7 . 4  c c .  ( 0 .0 5  m o le )  o f  

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

40 c c .  o f  a b s o l u t e  i s o p r o p y l  a l c o h o l  was r e f l u x e d  f o r  two 

h o u r s .  The i s o p r o p y l  a l c o h o l  was rem oved  i n  v a c u o  and  t h e  

r e s i d u a l  c o l o r l e s s  o i l  was d i s s o l v e d  i n  75 c c .  o f  w a t e r  and  

e x t r a c t e d  w i th  e t h e r .  The w a t e r  l a y e r  (A) was r e t a i n e d  and 

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

g i v e  a  w a te r  l a y e r  (B) and e t h e r  l a y e r  (C ) .  A c i d i f i c a t i o n  o f  

t h e  w a t e r  l a y e r  (B) g a v e  0 . 9  g. o f  u n r e a c t e d  0 , N - d i c a r b o a l l y l -  

- o x y « l - t y r o s i n e  ( 5 $ ) ,  Rem oval o f  t h e  e t h e r  i n  v a c u o  f ro m  t h e

st A n a l y s i s  b y  P . S c h w a rz k o p f ,  W o o d s id e ,  N. Y.

A n a l y s i s  (x )  % c  % H

P o u n d : 6 2 .5 3  7 .6 4

C a l c ' d .  f o r  C1 6 H2404 N2 : 6 2 .3 1  7 . 8 5
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d r i e d  e t h e r  l a y e r  (C) g a v e  0 . 1  g .  o f  a  c o l o r l e s s  o i l ,  n o t  

f u r t h e r  c h a r a c t e r i z e d .

The w a t e r  l a y e r  (A) was made a l k a l i n e  w i t h  c o l d  

c a r b o n a t e  s o l u t i o n  an !  t h e  l i b e r a t e d  o i l  t a k e n  u p  i n  e t h e r .  

The w a t e r  l a y e r  was d i s c a r d e d  and t h e  e t h e r  l a y e r  was d r i e d .  

The e t h e r  was rem oved  i n  v a c u o  t o  l e a v e  a  c o l o r l e s s ,  n o n -  

d i s t i l l a b l e  o i l .  T h is  o i l  was p l a c e d  u n d e r  a  vacuum o f  1 mm 

a t  6 0 °  f o r  s i x  h o u r s  t o  rem ove  a l l  v o l a t i l e  m a t e r i a l s .  T h e re  

r e m a in e d  1 7 .2  g .  ( 8 0 .5 $ )  o f  th e  c o l o r l e s s ,  v e r y  v i s c o u s

- d i e t h y l a m i n o e t h y l  e s t e r  o f  0 , N - d i c a r b o a l l y l o x y - l - t y r o s i n e .

njj 1 .5 0 1 7 .

A n a l y s i s  (sc) C $  H

P o u n d : 6 1 .7 0  7 . 3 9

C a l c ’d . f o r  C23H320 6N2 : 6 1 .5 8  7 . 1 9

XLVI« P r e p a r a t i o n  o f  t h e  ^  - d i e t h y l a m i n o e t h y l  e s t e r  o f  

1 - t y r o s i n e .

1 6 . 5  g .  ( 0 .0 3 7  m ole)  o f  t h e  f  - d i e t h y l a m i n o e t h y l  

e s t e r  o f  0 , N - d i c a r b o a l l y l o x y - l - t y r o s i n e  was c o v e r e d  a t  room 

t e m p e r a t u r e  w i t h  86 g .  o f  a  36$  s o l u t i o n  o f  h y d r o g e n  b ro m id e  

i n  g l a c i a l  a c e t i c  a c i d  ( 0 . 3  m ole o f  H B r) .  T h e re  was an im­

m e d i a t e  e x o th e r m ic  e v o l u t i o n  o f  c a rb o n  d i o x i d e ,  t h e  r e a c t i o n  

b e i n g  m o d e r a te d  b y  m eans o f  an  i c e - b a t h .  A f t e r  t h e  g a s

x  A n a l y s i s  b y  P . S c h w a rz k o p f ,  W o o d s id e ,  N. Y.

$ H 

6 . 2 2  

6 .2 5
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e v o l u t i o n  seem ed c o m p l e t e ,  tine y e l l o w  c o l o r e d  s o l u t i o n  was 

a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  30 m i n u t e s .  300 c c .  

o f  d r y  e t h e r  w as a d d ed  t o  p r e c i p i t a t e  a  gum w h ic h  was t r i t u r a t e d  

w i t h  t h r e e  s e p a r a t e  50 c c .  p o r t i o n s  o f  e t h e r .  T h is  gummy 

r e s i d u e  was d i s s o l v e d  i n  50  c c .  o f  w a te r  and e x t r a c t e d  t w i c e  

w i t h  e t h e r .  The w a te r  l a y e r  was made a l k a l i n e  w i t h  a  c o l d ,  

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

o i l  e x t r a c t e d  i n t o  e t h e r .  The e t h e r  l a y e r  was d r i e d  and t h e  

e t h e r  rem oved  i n  v acu o  to  l e a v e  a  n e a r l y  c o l o r l e s s ,  n o n ­

d i s t i l l  a b l e  o i l .  T h i s  o i l  was p l a c e d  u n d e r  a  vacuum o f  1 - 2  mm 

a t  60°  f o r  a b o u t  two h o u r s  t o  rem ove v o l a t i l e  i m p u r i t i e s .

T h e re  was l e f t  5 . 1  g . (5 0 $ )  o f  t h e  n e a r l y  c o l o r l e s s  / ^ - d i e t h y l -
35a m in o e th y l  e s t e r  o f  1 - t y r o s i n e ,  n ^  1 .5 1 0 4 .

A n a l y s i s  (x )  $  C $  H $  N

Pounds 6 4 .3 4  8 .5 6  9 . 8 3

C a l c ’d f o r  C1 5 Hg4 0 3N2 i 6 4 .2 6  8 .6 3  9 .9 9

Numerous a t t e m p t s  w ere made t o  p r e p a r e  a  s o l i d  s a l t  

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

i n  a n  a t t e m p t  t o  p r e p a r e  t h e  m o n o -h y d ro b ro m id e .  To a  s w i r l e d  

s o l u t i o n  o f  t h e  e s t e r  i n  d io x a n e  was a d d e d  d r o p w is e  a  s t a n d a r d  

s o l u t i o n  o f  H B r /d io x a n e .  The am ount o f  HBr a d d e d  r e p r e s e n t e d  

o n l y  7 5 $  o f  t h e  t h e o r e t i c a l  amount f o r  f o r m a t i o n  o f  t h e  mono- 

h y d r o b r o m id e ; t h e  a d d i t i o n  o f  t h e  r e m a i n in g  25$  c a u s e d  th e  

f r e e - f l o w i n g  3 o l i d  t h a t  h a d  s e p a r a t e d  t o  gum. T h is  v e r y

(x )  A n a ly s i s  by  P .  S c h w a rz k o p f ,  W o o d s id e ,  N. Y.
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h y g r o s c o p i c  s o l i d  was c o l l e c t e d  and k e p t  i n  a  vacuum  

d e s i c c a t o r .  A b ro m id e  a n a l y s i s  g av e  2 2 .9 $  ( t h e o r y  f o r  t h e  

m o n o -h y d ro b ro m id e -— 2 2 .1 $ )*  The sol3.d  show ed no s h a r p  m e l t i n g  

p o i n t ,  b u t  h a d  a  r a n g e  f ro m  5 0 - 8 0 ° .

An a t t e m p t  t o  p r e p a r e  a  m o n o - p i c r a t e  was l i k e w i s e

a  f a i l u r e .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SUMMARY

S even  s im p le  e s t e r s  o f  3 , 5 - d i i o d o - l - t y r o s i n e  w ere  

p r e p a r e d  an d  c h a r a c t e r i z e d ;  t h e  h y d r o c h l o r i d e s  o f  t h e s e  e s t e r s  

w ere  l i k e w i s e  o b t a i n e d  as c r y s t a l l i n e  s o l i d s .  T h e se  i o d i n a t e d  

e s t e r s  a r e  to  b e  e v a l u a t e d  f o r  p o s s i b l e  u s e  a s  d i a g n o s t i c  

a g e n t s  i n  X - ra y  v i s u a l i z a t i o n .

The s i l v e r - s a l t  m ethod  was s t u d i e d  a s  a  m eans o f  

o b t a i n i n g  am in o  e s t e r s  o f  t h e  o ( .-am in o  a c i d ,  1 - t y r o s i n e .  No 

am ino e s t e r  c o u ld  b e  o b t a i n e d  fro m  t h e  s i l v e r  s a l t .  I t  was 

a l s o  shown t h a t  t h e  s im p le  e t h y l  e s t e r  c o u ld  n o t  be  o b t a i n e d  

by  t h i s  m e th o d .  The u s e  o f  t h e  s i l v e r  s a l t  o f  a  “p r o t e c t e d ” 

©(.-amino a c i d ,  c a r b o b e n z o x y g l y c i n e ,  was l i k e w i s e  shown t o  

g i v e  v e r y  p o o r  y i e l d s  o f  e s t e r .

F iv e  a d d i t i o n a l  m e th o d s  were shown t o  b e  o f  no v a l u e  

a s  a  means o f  o b t a i n i n g  am ino e s t e r s  o f  1 - t y r o s i n e j  1 ) ,  

a l c o h o l y s i s  o f  t h e  m e th y l  e s t e r  o f  1 - t y r o s i n e ;  2 ) ,  u s e  o f  

1 - t y r o  s in e - N - c a r b o x y  a n h y d r i d e ;  3 ) ,  u s e  o f  t h e  2 - t h i o - 5 -  

t h i a z o l i d o n e  o b t a i n e d  f ro m  1 - t y r o s i n e ;  4 ) ,  u s e  o f  t h e  a c i d  

c h l o r i d e  o f  0 , N - d i c a r b o a l l y l o x y - l - t y r o s i n e ;  and 5 ) ,  t h e  d i r e c t  

e s t e r i f i c a t i o n  o f  1 - t y r o s i n e  h y d r o c h l o r i d e  and t h e  amino 

a l c o h o l  h y d r o c h l o r i d e  i n  d im e th y l fo rm a m id e  s o l u t i o n .

I t  was shown t h a t  e t h y l e n e  d i c h l o r i d e  c o u ld  b e  u s e d  

a s  a  s o l v e n t  f o r  d i r e c t  e s t e r i f i c a t i o n  o f  a  “p r o t e c t e d ” 

©(.-amino a c i d  and  t h e  s a l t  o f  an  am ino a l c o h o l .  F u r t h e r  s t u d y  

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

c h a r a c t e r i z e  t h e  p r o d u c t s  w hich  w ere  o b t a i n e d .
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The m ethod  o f  H o r e n s t e i n  and P a h l i c k e  was fo u n d  t o  

be  a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  o f  f t  - a m in o  e s t e r s  o f  t h e  

" p r o t e c t e d "  oL -a m in o  a c i d s ,  c a r b o b e n z o x y g l y c i n e  and  0 ,N -  

d i c a r b o a l l y l o x y - l - t y r o s i n e .  The f t -a m in o  e s t e r  o f  t h e  oi. - a m in o  

a c i d  was o b t a i n e d  b y  r e m o v in g  th e  " p r o t e c t i n g "  g r o u p  w i t h  

36$  H B r / a c e t i c  a c i d  r e a g e n t .  The s y n t h e s i s  o f  a d d i t i o n a l  

amino e s t e r s  o f  ©C-amino a c i d s  b y  t h i s  p r o c e d u r e  would p r o b ­

a b l y  show t h a t  i t  i s  q u i t e  g e n e r a l l y  a p p l i c a b l e .
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