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T h e  se ries  o f  re a c t io n s ,  c o n s t i t u t in g  a  g e n e ra l s y n th e s is  o f  a -a m in o -a c id s ,  

d e v is e d  b y  E r le n m e y e r  [1 8 9 3 ] a n d  s in ce  e m p lo y e d  b y  m a n y  o th e r  w o rk e rs ,  

c a n  be c o n d u c te d , i n  m o s t  cases, w i t h  l i t t l e  t r o u b le  a n d  e x c e lle n t  y ie ld s  e x c e p t 

a t  on e  s ta g e . T h e  c o n d e n s a t io n  o f  a n  a ro m a t ic  a ld e h y d e  w i t h  h ip p u r ic  a c id  

a n d  th e  c o n v e rs io n  o f  th e  r e s u l t in g  a z la c to n e  in t o  th e  c o r re s p o n d in g  a- 
b e n z o y la m in o a c ry l ic  a c id  p ro c e e d  a lm o s t  a lw a y s  in  y ie ld s  o f  7 0  %  o r  o v e r. 

T h e  ease w i t h  w h ic h  th e  a c r y l ic  a c id  d e r iv a t iv e  m a y  b e  re d u c e d  t o  th e  c o r re ­

s p o n d in g  p r o p io n ic  a c id  v a r ie s  c o n s id e ra b ly ,  h o w e v e r ,  i n  d i f f e r e n t  cases. 

M o re o v e r ,  e v e n  in  th o s e  cases in  w h ic h  th e  u l t im a te  y ie ld  o b ta in a b le  is  f a i r l y  

h ig h ,  th e  r e a c t io n  is  a p t  t o  b e  s o m e w h a t t ro u b le s o m e  to  c a r r y  o u t .  I n  o rd e r  

t o  b r in g  a b o u t  t h is  r e d u c t io n ,  E r le n m e y e r  e m p lo y e d  s o d iu m  a m a lg a m , in  

w h ic h  h e  ha s  b e e n  fo l lo w e d  b y  th e  m a jo r i t y  o f  s u b s e q u e n t w o rk e rs ,  a lth o u g h  

o c c a s io n a l ly  [ c f .  B a rg e r  a n d  E w in s ,  1 9 1 7 ] s o d iu m  in  a lc o h o l ha s  b e e n  used 

w i t h  success.

I n  th e  s y n th e s is  o f  t h y r o x in e  [H a r in g to n  a n d  B a rg e r ,  1 9 2 7 ] w h e re  i t  w as 

d e s ire d  t o  u t i l is e  E r le n m e y e r ’s m e th o d  f o r  t h e  p re p a r a t io n  o f  /3-3 : 5 -d iio d o -  

4 - [4 '- ( h y d r o x y p h e n o x y )p h e n y l ] - a - a m in o p r o p io n ic  a c id ,  th e  use o f  a n y  a lk a lin e  

re d u c in g  a g e n t w a s  p re c lu d e d  b y  t h e ’p re se n ce  o f  io d in e  a to m s  in  th e  m o le c u le . 

W e  a t te m p te d  a t  f i r s t  t o  s u rm o u n t  th e  d i f f i c u l t y  b y  u s in g  h y d ro g e n  an d  

p a l la d iu m  in  n e u t r a l  o r  a c id  s o lu t io n ,  b u t  o u r  e f fo r ts  in  t h is  d ir e c t io n  w ere  

e n t i r e ly  w i t h o u t  success. I t  t h e n  o c c u r re d  t o  u s  t h a t  th e  d e s ire d  e n d  m ig h t  

be  a c h ie v e d  b y  th e  use o f  h y d r io d ic  a c id  a n d  re d  p h o s p h o ru s , s in c e  w e  h a d  

p re v io u s ly  o b ta in e d  e v id e n c e  t h a t  th e  io d in e  a to m s , in  th e  c o m p o u n d s  w ith  

w h ic h  w e  w e re  w o r k in g ,  w e re  s ta b le  to w a rd s  th e s e  re a g e n ts . T h is  e x p e r im e n t  

w a s  s u c c e s s fu l, a n d  w e  w e re  a b le , b y  b o i l in g  th e  c s -b e n z o y la m in o -3  : 5 -d iio d o -  

4 - ( 4 '-m e th o x y p h e n o x y ) c in n a m ic  e s te r  w i t h  h y d r io d ic  a c id  a n d  re d  p h o s ­

p h o ru s ,  t o  o b ta in  a 25  %  y ie ld  o f  th e  d e s ire d  a m in o -a c id .

L a t e r  i t  b e c a m e  n e c e s s a ry , f o r  f u r t h e r  w o r k ,  t o  p re p a re  la r g e r  q u a n t i t ie s  

o f  t h is  a m in o -a c id ,  a n d  e x p e r im e n ts  w e re  th e re fo re  u n d e r ta k e n  w i t h  th e  

o b je c t  o f  im p r o v in g  th e  y ie ld .  W i t h o u t  g o in g  in t o  th e  v a r io u s  u n s u c c e s s fu l 

v a r ia t io n s  t h a t  w e re  t r ie d ,  i t  m a y  be  s a id  a t  once  t h a t  w e  h a v e  su cce e d e d  in
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im p ro v in g  th e  a b o v e -m e n t io n e d  y ie ld  o f  25  %  to  on e  o f  82  %  b y  th e  s im p le  

m o d if ic a t io n  o f  s u b s t i t u t in g  f o r  th e  c o n s ta n t  b o i l in g  h y d r io d ic  a c id  o r ig in a l ly  

e m p lo y e d  a m ix tu r e  o f  e q u a l p a r ts  o f  th e  la t t e r  a n d  o f  a c e t ic  a n h y d r id e .  T h is  

m ix tu r e  is  a n  e x c e lle n t  s o lv e n t ,  a n d , b y  i t s  use, th e  r e a c t io n  c o u ld  b e  m a d e  

to  p ro ce e d  s m o o th ly  a n d  t o  y ie ld  a c le a n  p r o d u c t  w h ic h  c o u ld  b e  w o r k e d  u p  

w ith o u t  d i f f ic u l t y .  I t  m a y  f u r t h e r  b e  r e m a rk e d  t h a t  th e  w h o le  r e a c t io n ,  

i.e. th e  r e d u c t io n  a n d  th e  s im u lta n e o u s  h y d r o ly t i c  r e m o v a l o f  th e  b e n z o y l 

g ro u p , w as c o m p le te  a f te r  b o i l in g  f o r  T|- h o u rs  w i t h  th e  h y d r io d ic  a c id -a c e t ic  

a n h y d r id e  m ix tu r e ,  so t h a t  th e  s a v in g ,  o f  t im e  e ffe c te d , as c o m p a re d  w i t h  

E r le n m e y e r ’s o r ig in a l m e th o d ,  e v e n  s u p p o s in g  th e  la t t e r  t o  h a v e  b e e n  a p p l ic ­

ab le  in  th is  case, w a s  v e r y  c o n s id e ra b le .

T h e  s u rp r is in g  success o f  t h is  m e th o d  in  th e  case u n d e r  d is c u s s io n , a n d  i t s  

g re a t r a p id i t y ,  le d  u s  t o  in v e s t ig a te  i t s  a p p l ic a b i l i t y  t o  th e  s y n th e s is  o f  so m e  

o th e r  a m in o -a c id s . I n  p a r t ic u la r  w e re  w e  in te re s te d  t o  t r y  t o  p re p a re  in  th is  

w a y  3 : 4 -d ih y d r o x y p h e n y la la n in e ,  th e  s y n th e s is  o f  w h ic h  b y  E r le n m e y e r ’ s 

m e th o d  has b een  c a r r ie d  o u t  b y  F u n k  [1 9 1 1 ] ,  b u t  w i t h  u n s a t is fa c to r y  y ie ld s .  

U s in g  v a n i l l in  as o u r  s t a r t in g  p o in t  w e  w e re  in d e e d  a b le  t o  p re p a re  t h is  a m in o -  

a c id  in  y ie ld s  w h ic h  w e re  s a t is fa c to r y ,  w h i ls t  n o t  b e in g  so g o o d  as th o s e  w h ic h  

we o b ta in e d  in  o th e r  cases. W e  h a v e  f u r t h e r  a p p lie d  th e  m e th o d  t o  th e  

s y n th e s is  o f  p h e n y la la n in e ,  ty r o s in e ,  a n d  d e s io d o th y ro x in e ,  th e  re s u lts  in  a l l  

cases b e in g  s u p e r io r  t o  th o s e  o b ta in a b le  b y  E r le n m e y e r ’s o r ig in a l  m e th o d .

I t  w i l l  be  n o t ic e d  in  th e  e x p e r im e n ta l  p a r t  t h a t  w e  h a v e  e m p lo y e d  in  som e  

in s ta n ce s  th e  b e n z o y la m in o a c ry l ic  a c id  a n d  i n  o th e rs  th e  e s te r ;  w e  h a v e  

obse rve d  s l ig h t  b u t  d e f in i te  d if fe re n c e s  in  th e  y ie ld s  o f  t h e  d i f f e r e n t  a m in o -  

ac ids o b ta in a b le  f r o m  th e  a c id  a n d  th e  e s te r ;  i t  aprpears t o  be  a  m a t t e r  o f  

e x p e r im e n t t o  d e te rm in e ,  in  a n y  g iv e n  case, w h ic h  is  t h e  m o re  s u ita b le .

E x p e r i m e n t a l .

/3-[3 : 5-Diiodo-i-(4:'-hydroxyphenoxy)phenyl]-a-aminopropionic acid.

a-Benzoylamino-3 : 5-diiodo-4:-(i'-metJioxyphenoxy)cinnamic acid. T h e  a z la c -  

to n e  p re p a re d  b y  th e  c o n d e n s a t io n  o f  3 : 5 -d i io d o - 4 - ( 4 '- m e th o x y p h e n o x y ) -  

b e n z a ld e h y d e  w i t h  h ip p u r ic  a c id  [c f .  H a r in g to n  a n d  B a rg e r ,  1 9 2 7 ] w a s  d ro p p e d  

in to  100 p a r ts  o f  a b o i l in g  s o lu t io n  o f  1 %  s o d iu m  h y d r o x id e  in  70  %  a lc o h o l;  

th e  su b s ta n c e  passed  r a p id ly  in t o  s o lu t io n  a n d  th e  r e a c t io n  w a s  co m p d e te  a f te r  

b o il in g  fo r  5 m in u te s .  T h e  h o t  s o lu t io n  w a s  a c id if ie d  w i t h  h y d r o c h lo r ic  a c id , 

w h e re u p o n  th e  a c id  b e g a n  im m e d ia te ly  to  c r y s ta l l is e ;  a f te r  s ta n d in g  a fe w  

h o u rs  in  th e  ic e -c h e s t,  t h e  a c id  w a s  f i l t e r e d  o f f ;  th e  f i r s t  c ro p  so o b ta in e d  

a m o u n te d  t o  60 %  o f  th e  th e o r e t ic a l  y ie ld ; a f u r t h e r  3 0  %  w a s  o b ta in e d  b y  

h e a tin g  th e  f i l t r a t e  t o  b o i l in g ,  d i lu t in g  w i t h  a n  e q u a l v o lu m e  o f  h o t  w a te r ,  

a n d  a g a in  c o o lin g ;  th e  t o t a l  y ie ld  w a s  th e re fo re  a lm o s t  q u a n t i t a t iv e .  T h e  a c id  

w as m o d e ra te ly  s o lu b le  i n  h o t  a lc o h o l,  a n d  s p a r in g ly  s o lu b le  i n  w a te r ;  o n  re ­

c r y s ta l l is a t io n  f r o m  90  %  a lc o h o l i t  fo rm e d  c o lo u r le s s  n e e d le s , m .p . 2 3 9 -2 4 1 °  
(de co m p .).
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Analysis. 18-3  m g . g a v e  0 -3 8  m g . N  ( m ic r o - K je ld a h l ) .

C a lc u la te d  f o r  C23H 170 5N I 2 2 - 2 %  N ;  fo u n d  2-1 %  N .

j8 -[3  : 5-Diiodo-4:-(4:'-liydroxyplienoxy)j)lienyl]-a-aminopropionic acid. 5 g. o f 

th e  fo re g o in g  a c id  w e re  b o ile d  f o r  l j  h o u rs  u n d e r  a  r e f lu x  c o n d e n s e r  w i t h  a  m ix ­

t u r e  o f  25 cc. h y d r io d ic  a c id  (S p . G r . 1-7) a n d  25  cc. a c e t ic  a n h y d r id e  to g e th e r  

w i t h  3 g. re d  p h o s p h o ru s . T h e  s o lu t io n  w a s  f i l te re d  h o t  t h r o u g h  a sb e s to s  in to  

a C la is e n  f la s k ,  th e  p h o s p h o ru s  b e in g  w a s h e d  w i t h  a c e t ic  a c id . T h e  f i l t r a t e  w a s  

e v a p o ra te d  t o  d ry n e s s  in  vacuo; so m e  w a te r  w a s  a d d e d  a n d  th e  e v a p o ra t io n  

re p e a te d . T h e  re s id u e  w a s  d is s o lv e d  in  a b o u t  40  cc. b o i l in g  w a te r ;  th e  s o lu t io n  

w a s  c o o le d  u n d e r  th e  ta p ,  th e  f la s k  b e in g  w e l l  s h a k e n , a n d  th e  p re c ip i ta te ,  c o n ­

s is t in g  o f  th e  h y d r io d id e  o f  th e  a m in o -a c id  m ix e d  w i t h  b e n z o ic  a c id , w a s  f i l te re d  

o f f  a n d  w a s h e d  t h o r o u g h ly  w i t h  e th e r ; th e  a q u e o u s  p o r t io n  o f  th e  f i l t r a t e  w as  

e x t r a c te d  tw ic e  w i t h  e th e r ,  a n d  w a rm e d  to  re m o v e  d is s o lv e d  e th e r .  T h e  f i r s t  

c ro p  o f  h y d r io d id e  w a s  a d d e d  t o  th e  b o i l in g  a q u e o u s  s o lu t io n ,  a  l i t t l e  h y d r o ­

c h lo r ic  a c id  b e in g  a d d e d , i f  n e c e s s a ry , t o  o b ta in  c o m p le te  s o lu t io n ,  a n d  th e  

fre e  a m in o -a c id  p re c ip i ta te d  b y  th e  c a u t io u s  a d d i t io n  o f  a m m o n ia ;  3 -3 5  g . o f 

th e  p u re  a m in o -a c id ,  o r  82  %  o f  th e  th e o r e t ic a l  a m o u n t ,  w e re  o b ta in e d .

Phenylalanine.

10 g. o f  a -b e n z o y la m in o c in n a m ic  a c id ,  o b ta in e d  b y  th e  m e th o d  o f  E r le n -  

m e y e r  [1 8 9 3 ],  w e re  b o ile d  u n d e r  a r e f lu x  c o n d e n s e r w i t h  100 cc. o f  th e  h y d r io d ic  

a c id -a c e t ic  a n h y d r id e  m ix tu r e  a n d  10 g . o f  re d  p h o s p h o ru s  f o r  1-1- h o u rs ;  th e  

s o lu t io n  w a s  f i l t e r e d  a n d  e v a p o ra te d  t o  d ry n e s s  in  vacuo; w a te r  w a s  a d d e d  

a n d  th e  e v a p o ra t io n  re p e a te d ;  th e  re s id u e  w a s  s h a k e n  u p  w i t h  w a te r  a n d  

e th e r ;  th e  a q u e o u s  la y e r  w a s  s e p a ra te d , a n d , a f te r  a  s e c o n d  e x t r a c t io n  w i t h  

e th e r ,  w a s  h e a te d  t o  b o i l in g  a n d  c a r e fu l ly  n e u tra l is e d  w i t h  a m m o n ia ;  on 

c o o lin g  th e re  s e p a ra te d , in  c o lo u rle s s  p la te s ,  a n a ly t ic a l ly  p u re  p h e n y la la n in e .  

T h e  y ie ld  w a s  88  %  o f  th e  th e o r y .

Analysis. 8 -8  m g . g a v e  0 -7 4  m g . N  ( m ic r o - K je ld a h l ) .

14-19  m g . g a v e  2 -0  cc. m o is t  N 2 a t  19° a n d  76 6  m m . (V a n  S ly k e ) .

Total N NH2-N
Calculated 8*5 % 8-5 %
Found 8*4 8-1

Tyrosine.

I n  a  p re c is e ly  s im i la r  m a n n e r  th e re  w a s  o b ta in e d  f r o m  e th y l  a -b e n z o y l-  

a m in o - jo -m e th o x y c in n a m a te  a 60  %  y ie ld  o f  ty r o s in e .

Analysis. 15 -5  m g . g a v e  1-2 m g . N  ( m ic r o - K je ld a h l) .

14-11 m g . g a v e  1-83 cc. m o is t  N 2 a t  19° a n d  766  m m . ( V a n  S ly k e ) .

Total N NH.-N
Calculated 7-7 % 7-7 %
Found 7-7 7-4

3 : 4 -DihydroxypJienylalanine.

Azlactone from  va n illin  and h ippu ric  acid. A n  in t im a t e  m ix t u r e  o f  v a n i l l in  

(15 -2  g .) , h ip p u r ic  a c id  (17 -9  g .) , a n d  f r e s h ly  fu s e d  s o d iu m  a c e ta te  (15  g.) 

w a s  t r e a te d  w i t h  30  cc. a c e t ic  a n h y d r id e  a n d  h e a te d  o n  th e  w a te r - b a th  fo r
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15 m in u te s .  T h e  r e a c t io n  p r o d u c t  w a s  g ro u n d  u p  w i t h  w a te r ,  f i l te r e d ,  a n d  

th e  p re c ip ita te  w e l l  w a s h e d . T h e  c ru d e  p r o d u c t  w a s  c r y s ta l l is e d  f r o m  g la c ia l 

a c e tic  a c id , a n d  fo rm e d  y e l lo w  n e e d le s , m .p . 189°. T h e  y ie ld  w a s  75 % .

Analysis. 15-2  m g . g a v e  0 -6 4 6  m g . N  ( m ic r o - K je ld a h l ) .

C a lc u la te d  f o r  C19I i 150 5N  4 -1 5  %  N ;  f o u n d  4 -25  %  N .

Ethyl a-bcnzoylamino-3-methoxy-i-hydroxycinnamate. 10  g . o f  th e  a b o v e  

a z la c to n e  w e re  d is s o lv e d  in  100  cc . a lc o h o l t o  w h ic h  w e re  a d d e d  10 cc. c o n ­

c e n tra te d  s u lp h u r ic  a c id ,  a n d  th e  s o lu t io n  w a s  b o ile d  u n d e r  a  r e f lu x  c o n d e n s e r  

fo r  1 5 -2 0  m in u te s ;  th e  g re a te r  p a r t  o f  th e  a lc o h o l w a s  th e n  d is t i l le d  o f f  u n d e r  

re d u ce d  p re ssu re , a n d  th e  re s id u e  w a s  p o u re d  in t o  a  d is h  a n d  a llo w e d  t o  s ta n d .  

A f te r  som e d a y s  c r y s ta l l is a t io n  b e g a n  a n d , a t  t h e  e n d  o f  a w e e k , w a s  c o m p le te ; 

th e  e s te r w a s  f i l t e r e d  o f f  a n d  r e c r y s ta l l is e d  f r o m  d i lu te  a lc o h o l.  I t  fo rm e d  

co lou rless  p r is m s , m .p . 1 2 8 -1 2 9 ° . T h e  y ie ld  w a s  65 %  o f  th e  th e o r e t ic a l  a m o u n t .

Analysis. 0 -0862  g . g a v e  0 -2 1 0 9  g . C 0 2 ; 0 -0 4 5 0  g. H 20 .

15-7 m g . g a v e  0 -63  m g . N  ( m ic r o - K je ld a h l ) .

G H N
Calculated for C1,JH1605ii 66-8 % 5-6 % 4-1 %
Found GG-7 5-8 4-0

I t  w i l l  be  n o te d  t h a t  th e  a n a ly s is  in d ic a te s  t h a t  th e  a c e ty l g ro u p ,  w h ic h  w a s  

p re se n t in  th e  a z la c to n e , w a s  s p l i t  o f f  in  th e  p ro ce ss  o f  p re p a r a t io n  o f  th e  e s te r.

3 : 4-Dihydroxyphenylalanine. 5 g. o f  t h e  e s te r  w e re  b o i le d  f o r  l \  h o u rs  

w i t h  25 cc. h y d r io d ic  a c id ,  25  cc. a c e t ic  a n h y d r id e  a n d  5 g . r e d  p h o s p h o ru s ,  

i n  an  a tm o s p h e re  o f  h y d ro g e n ;  th e  s o lu t io n  w a s  f i l t e r e d  a n d  e v a p o ra te d  t o  

d ryness  u n d e r  d im in is h e d  p re s s u re , h y d ro g e n  b e in g  le d  in t o  th e  c a p i l la r y  tu b e  

o f  th e  C la ise n  f la s k ;  th e  a q u e o u s  s o lu t io n  o f  t h e  re s id u e , a f te r  r e m o v a l o f  th e  

benzo ic  a c id  b y  e th e r  e x t r a c t io n ,  w a s  n e u tr a l is e d  w i t h  a m m o n ia  a n d  e v a p o ra te d  

to  d ryn e ss  u n d e r  th e  sa m e  p re c a u t io n s  t o  a v o id  access o f  a i r ;  th e  p r o d u c t  w a s  

d is so lve d  in  a  l i t t l e  w a te r  a n d  th e  s o lu t io n  t r e a te d  w i t h  a la rg e  excess o f  a lc o h o l 

w h ic h  p re c ip ita te d  th e  g re a te r  p a r t  o f  th e  p ig m e n t ;  t h e  la t t e r  w a s  r a p id ly  

f i l te re d  o f f  a n d  th e  f i l t r a t e  o n ce  m o re  ta k e n  t o  d ry n e s s . T h e  re s id u e  w a s  d is ­

so lve d  in  h o t  w a te r  c o n ta in in g  a l i t t l e  s u lp h u r  d io x id e ,  th e  s o lu t io n  w a s  b o ile d  

w i th  c h a rc o a l a n d  f i l te re d ,  a n d  th e  f i l t r a t e  a l lo w e d  t o  c r y s ta l l is e  in  a v a c u u m  

d e s icca to r. I n  th is  w a y  th e  a m in o -a c id  w a s  o b ta in e d  a lm o s t  c o lo u r le s s  a n d  

in  w e ll- fo rm e d  c ry s ta ls .  T h e  y ie ld  w a s  5 0  %  o f  th e  th e o r e t ic a l .  T h e  s u b s ta n c e  

m e lte d  a t  2 6 9 ° (d e c o m p .)  a n d  a g re e d  in  i t s  p ro p e r t ie s  w i t h  th e  p r o d u c t  

d e sc rib e d  b y  F u n k  [1 9 1 1 ] ,

Analysis. 14-3 m g . g a v e  0 -9 8  m g . N  ( m ic r o - K je ld a h l ) .

21 -3  m g . g a v e  2 -55  cc . m o is t  N 2 a t  17° a n d  7 6 0  m m . (V a n  S ly k e ) .

Total N NHj-N
Calculated 7-1 % 7-1 %
Found 6-9 6-9
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Desiodothyroxine.

T h e  a z la c to n e  w a s  p re p a re d  in  th e  u s u a l m a n n e r  f r o m  4 - ( 4 '-m e th o x y -  

p h e n o x y )b e n z a ld e h y d e  [c f .  H a r in g to n ,  1 9 2 6 ] a n d  h ip p u r ic  a c id ;  th e re  w as 

o b ta in e d  70  %  o f  th e  th e o r e t ic a l  a m o u n t  o f  a  s u b s ta n c e  w h ic h ,  a f te r  c r y s ta l ­

l is a t io n  f r o m  g la c ia l a c e t ic  a c id , fo rm e d  y e l lo w  n e e d les , m .p . 141°.

Analysis. 16-0  m g . g a v e  0 -575  m g . N  ( m ic r o - Iv je ld a h l) .

C a lc u la te d  f o r  C23H 170 4N  3-8  %  N ;  fo u n d  3-6  %  N .

T h e  a b o v e  a z la c to n e  w a s  c o n v e r te d  in t o  th e  a c id  b y  b o i l in g  f o r  5 m in u te s  

w i t h  100 p a r ts  o f  1 %  s o d iu m  h y d ro x id e  in  45  %  a lc o h o l;  th e  a c id ,  o n  re ­

c r y s ta l l is a t io n  f r o m  d i lu te  a lc o h o l,  fo rm e d  c o lo u r le s s  b ra n c h e d  ne e d les , 

m .p . 1 9 2 -5 °. T h e  y ie ld  w a s  95  %  o f  th e  th e o r y .

Analysis. 15-8  m g . g a v e  0 -5 5 4  m g . N  ( m ic r o - K je k la h l ) .

C a lc u la te d  f o r  C ^ H jg O g N  3-6 %  N ;  fo u n d  3-5  %  N .

T h e  p re c e d in g  c o m p o u n d  w a s  c o n v e r te d  in t o  th e  a m in o -a c id  in  a p re c is e ly  

s im i la r  m a n n e r  t o  t h a t  d e s c r ib e d  f o r  t y r o s in e  a n d  p h e n y la la n in e .  T h e  y ie ld  o f 

a m in o -a c id  w a s  61 %  o f  th e  th e o r e t ic a l.  T h e  p r o d u c t  m e lte d  a t  2 5 3 -2 5 4 °  

(d e c o m p .) ,  a n d  g a v e  a h y d ro c h lo r id e  w i t h  m .p . 2 3 9 -2 4 0 ° ;  i t  w a s  th e re fo re  in  

a l l  re s p e c ts  id e n t ic a l  w i t h  th e  s u b s ta n c e  p re v io u s ly  p re p a re d  b y  H a r in g to n  

[1 9 2 6 ] .

Analysis. 19-9  m g . g a v e  1-02 m g . N  ( m ic r o - K je ld a h l ) .

26 -8  m g . g a v e  2 -22  cc . m o is t  N 2 a t  17° a n d  76 0  m m . (V a n  S ly k e ) .

Total N NH2-N
Calculated for C16H1504N 5-1% 5-1%
Found 5-1 4-9
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THE SYNTHESIS OP AN ISOMER OP THYROXINE

AND OP SOME RELATED COMPOUNDS.

I .  INTRODUCTION

As soon as th e  s tru c tu re  o f thyroxine had been
( 1 ,  2 )

e luc ida ted  and had been e s ta b lish e d  by syn thesis  

i t  became o f in te r e s t  to  attem pt to  prepare analogous 

and isom eric substances. The problems encountered 

in  the syn thesis  o f thyroxine I t s e l f  had Ind ica ted  

some l in e s  along which progress in  the p repara tion  

of such compounds might be made, as w ell as some of 

the d i f f i c u l t i e s  which would have to  be surmounted.

I t  i s  to  be expected, o f course, th a t  some a t  

le a s t  o f the  isomers o f thyroxine w il l  have 

im portant p h ysio log ica l p ro p e r tie s . Prom the 

physio log ical as from the chemical p o in t o f view 

the most in te re s t in g  o f such substances may be 

supposed to  be those in  which the  d is tr ib u tio n  o f 

the iod ine atoms i s  d if f e re n t  from what i t  i s  in  the 

thyroxine m olecule, bu t in  which a lso  the c o n s titu tio n  

of th a t molecule i s  otherw ise u n a lte re d . Por 

example/
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For example, In  view o f the (unpublished) 

observation  th a t ,  as regards physio log ica l a c t iv i ty ,  

the 3 :5 -d i-io d o  d e r iv a tiv e  o f desiodothyroxine i s  

comparable ra th e r  w ith thyroxine i t s e l f  than with 

3 :5 -d i-io d o ty ro s in e , th e  in v e s tig a tio n  o f the 

physio log ical p ro p e rtie s  o f:

p- [3 :5 -d i-io d o -4 -( 2*:6 ,-d i- io d o -4 ,-hydroxyphenoxy)- 

p h en y lj -a-am inopropionic acid  

in  which the  four iod ine atoms are grouped symmetri­

ca lly  round the pheny l-e ther linkage , might y ie ld  

in te re s t in g  r e s u l t s .

The number of possib le  compounds formed by 

rep lacing  by iod ine four hydrogen atoms o f the 

benzene rin g s o f desiodothyroxine i s  considerab le .

But th e re  was evidence th a t  serious o bstac les  might 

be met in  endeavouring to  prepare even one o f them. 

This being so , i t  was decided to  a ttem pt, in  the 

f i r s t  p lace , to  syn thesise  an isomer (A.) having the 

s tru c tu re :
_L

P0- [D i-( 3:5-diiodo-4-hydroxyphenyl )j  -a-amino 

propionic a c id , i . e .  a compound isom eric w ith 

thy rox ine /
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thyroxine bu t in  which the  two benzene r in g s  are 

linked  through carbon in s te a d  o f , as in  thyroxine 

i t s e l f ,  through oxygen. Such a substance would be 

expected to  r e s u l t  from the d ire c t  io d in a tio n , in  

one o pera tion , o f the  corresponding desiodo compound. 

D esiodothyroxine, on the  o th e r hand, cannot be con­

verted  in to  thyroxine by d ire c t  in tro d u c tio n  of 

iod ine.

At the same time the p rep ara tio n  o f the  compound 

(B>), s im ila r to  "iso thyrox ine" bu t w ithout the 

hydroxyl groups and iod ine atoms was undertaken.

(B) CH*CH(NIi2 ) .COOH

^ ' D iphenylalanine

pp-Diphenyl-a-aminopropionic Acid 

T hereafter i t  was hoped th a t  a t  le a s t  some advance 

might be made in  the  p rep ara tio n  o f the thyroxine 

isomer which was mentioned above, i . e .  the one 

in  which the iod ine atoms occupy the  four p o s itio n s  

grouped round the  c e n tra l  oxygen atom. This 

isomer, (C), would have the s tru c tu re :

I  X

(c ) Ho ' 0 - <\^^~CHg .CHiNHg ) .COOH

I  i
P- ¡3 :5 -d iiodo-4 - (2 •: 6 f-d iio fio-4  * -hydroxy phenoxy) -  

phenyl] -c-am ino-propionic ac id .

I t /
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I t  was in tended  in  ad d itio n  to  p re p a re ,if  

p o ss ib le ?the  amines corresponding to  th e  ac ids ( ¡A.) 

and (8) as w ell as th a t  corresponding to  the non- 

iod inated  ac id  from which (A) i s  derived . These 

amines would be form ulated th u s:

F ina lly  the  question  p resen ted  i t s e l f  as to  

whBther the substances analogous to  thyrox ine, 

but contain ing  bromine in s tead  o f io d in e , might be 

synthesised although i t  was considered probable 

th a t such bromine compounds would not have any 

P h y sio lo g ica l/

x
HO

CH.CHg.NHe
H0 \  /

33- [Di-(3:5-dIi0do-4-hydroxyphenyl) J -ethylam ine

"Isothyroxam ineH

HO

CH.CHsNHe

33-Diphenylethylamine

33- [D i-(4-hydroxyphenyl -ethylam ine

111 sode s iodothyroxamine ”
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phyB iological advantages over thyrox ine. The 

syn thesis  of "tetrabrom othyroxine":

would proceed, i t  was thought, along the  same lin e s  

as th a t  o f thyroxine i t s e l f ,  s ta r t in g  w ith 3 :5 -d i-  

brom o-4-iodonitrobenzene and f in ish in g  w ith a 

bromination in s te a d  o f  an io d in a tio n . But th is  

syn thesis was not undertaken, s in ce , from a p riv a te  

communication, i t  was learned  th a t  i t  had already 

been c a rr ie d  out in  another lab o ra to ry . "Dibromo- 

thy rox ine":

3- 1 3 :5 -d iodo-4-(3 1:5 f-flibrorao-4*-hydroxyphenoxy-

-a-am inoproplonic ac id  

was very simply ob tained , however, by brom ination 

of the p recurso r o f thyroxine —

ho-  CHg . C H i K H e  ) . C O O H
' ' 'Sr

3- (_3:5-dibromo-4- (3 1:5 * dibromo-4 1 -hydroxyphenoxy) -

H O - £ y ~ 0 - ~ C ) —  CHa .CHiNHa ).COOH
Sr X

3- [3 :5 -d iio d o -4-(4*-hydroxyphenoxy)-phenylJ -a -  

amino propionic ac id .
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I I .  D e s c r i p t i o n  o f  t h e  S y n t h e s e s  a n d  T h e o r e t i c a l  

D i s c u s s i o n .

G e n e r a l .

A t  a n  e a r l y  s t a g e  i n  t h e  s y n t h e s i s  o f  t h y r o x ­

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

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

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

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

t h e  d e s i r e d  p o s i t i o n s .  B e c a u s e  o f  t h i s ,  c e r t a i n

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

( 2 )
o r i g i n a l  p a p e r  o n  t h e  s u b j e c t  ,  a r o s e .  B u t ,  

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

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

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

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

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

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

o u t  a n d  t o  o t h e r  c a u s e s .

I s o t h y r o x i n e  i s  n o t  a  p h e n y l  e t h e r  d e r i v a t i v e ,

a n d ,  a s  w a s  p o i n t e d  o u t  i n  t h e  i n t r o d u c t i o n  ( s e e!

P a g e  3  ) i t  w a s  e x p e c t e d  t h a t  a l l  i t s  f o u r  i o d i n e  

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

c o n c l u s i o n  o f  t h e  s y n t h e s i s .  H e n c e  n o n e  o f  t h e  

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

w e r e  l i k e l y  t o  a r i s e .  I n  a d d i t i o n ,  i t  w a s  f a i r l y  

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

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

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

p r o v e d  t o  b e  so*  T h o s e  o b s t a c l e s  w h i c h  w e r e  e n ­

c o u n t e r e d  i n  t h e  s y n t h e s i s  o f  i s o t h y r o x i n e  w e r e  o f  

a  d i f f e r e n t  k i n d  a n d  a r e  d e s c r i b e d  b e l o w .  ( S e e  p a g e s  

8 - 1 3  )• I n  ^ e  c a s e  o f  t h e  i s o m e r  C ,  h o w e v e r ,

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

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

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

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

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

v e r y  f a r  i n  t h e  d i r e c t i o n  o f  s u c c e s s .  T h e  

d e s c r i p t i o n ,  g i v e n  b e l o w ,  ( s e e  p a g e  1 6 )  o f  t h e  

a t t e m p t s  t o  p r e p a r e  i s o m e r  C s h o w s  t o  so m e  e x t e n t  

w h a t  p r o b l e m s  a r e  h e r e  i n v o l v e d .  P e r h a p s  s o m e  

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

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

t h e  m e t h o d s  e m p l o y e d  m i g h t  l e a d  t o  a  s o l u t i o n .  B u t  

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

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

a r d u o u s  o n e .

(A ) /
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(  A) Synthesis of | 3  ¡ 3 -Di-/( 5 : 5 - aiiodo-4-hydroxy -  

phenyl jl-a-amlnopropionlc Acid.

(HO. Ĉ Hg Ia )2 CH.CH(NH2 ).COOH

The s ta r t in g  po in t in  the p rep ara tio n  of th is  

compound was the app rop ria te  methoxyphenyl d e r i­

vative of methyl ch lo rid e . This substance was 

chosen a f te r  one or two unsuccessfu l attem pts had 

been made to  prepare a su itab le  halogen d e riv a tiv e  

of diphenyl ̂ methane. Some of the methods given

in  the l i t e r a tu r e  fo r  preparing  such d e riv a tiv e s  

were found, in  the p resen t in s ta n c e , to  be ra th e r  

u n sa tis fa c to ry  i f  not a lto g e th e r  u n su itab le .

D i-( 4-methoxyphenyl)-methyl ch lo ride  was
(3 )

synthesised  a few years ago by Straus and Mtzmann, 

and can be ob tained  in  good y ie ld  from the product 

of reduction  of the ketone which i s  formed when 

an iso le  ac ts  on 4-m8thoxybenzoyl ch lo ride  in  the 

presence of aluminium ch lo rid e . I t  was expected 

th a t the  di-(4-m ethoxyphenyl)-m ethyl ch loride 

would re a c t w ith e th y l potassio-m alonate in  the 

usual manner g iv ing  e th y l d i - (4-methoxyphenyl )- 

methylmalonate; i t  was then in tended to  convert 

the corresponding malonic ac id  by E lscherf s method, 

i . e .  by brom ination, decarboxylation and treatm ent 

w ith /
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w i t h  a m m o n i a ,  i n t o  P|3- £ d i - ( 4 - m e t h o x y p h e n y  1 )  J  - o -  

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

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

p o u n d  d e s i r e d  w o u l d  r e s u l t .  A c c o r d i n g  t o  t h i s  

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

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

d % 0 . C 6 I i 4 . C 0 C l - ^  ( C % 0 . C 6 H 4 ) 2 , C 0 - >  ( C %  0 .  Cg )2 • CHOH  

(C H 3 O . C 6 H 4 ) 2 . C H C l - >  ( d % 0 . C 6 H4 ) 2 . C H . C H .  (COCX^H^- ) 2 9 

( C % 0 . C 6 H 4 ) 2  , C H . C H . ( C 0 0 H ) 2 - ^  (C I % 0 . C 6 H 4 ) 2 .  C H . C B r .  ( C 0 0 H ) 2"^  

{ C % 0 . C 6 H 4 ) 2  . C H . C H B r . C O O H  —> ( C H ^ O ^ H * ^  . C H . C H .  ( NHg ) .C O O H  

( H O .C *  H4 ) 2 . C H . C H ( N H 2 ) . C 0 0 H  - ?  ( H 0 . C 6 H g I 2 ) j .C H .C H ( N H ^  ) . C 0 0 H

When an a lco h o lic  so lu tio n  of d i - (4-methoxy- 

phenyl)-methyl ch lo ride  was t re a te d  w ith a so lu tion  

of ethy l potassio-m alonate in  the same solvent a 

reac tio n  took p lace and potassium  ch loride  separ­

ated . But the re a c tio n  d id  not proceed in  the 

an tic ip a ted  d ire c tio n . The product was poured 

in to  water and e x tra c ted  with e th e r ; the  e th e rea l 

so lu tion  was d r ie d , the e th e r was removed by 

d i s t i l l a t io n  and the re s id u e , an o i l ,  was d i s t i l l e d  

under reduced p re ssu re . The p o rtio n  of the d is ­

t i l l a t e  which d id  not co n s is t o f e th y l m alonate, 

however, was apparen tly  no t an e s te r  a t  a l l .  ( I t  

could not be hydrolysed even on prolonged b o ilin g  

w ith /
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with a 10 per ce n t, so lu tio n  o f potassium  hydroxide 

in  amyl a lco h o l). I t  was found l a t e r  th a t  when 

the re a c tio n  between d i - ( 4-methpxyphenyl)-methyl 

chloride and e th y l potassio-m alonate i s  brought 

about in  the absence of a lcohol (dry xylene being 

used as a so lvent fo r  the  methyl ch lo ride  and the 

potassio-m alonate being in  suspension) the expected 

product — the e th y l e s te r  of di-(4-m ethoxyphenyl)- 

methylmalonlc a c id — i s  ob tained . This was 

proved by comparing the m elting po in t of the pro­

duct w ith th a t o f the  compound formed from 4-methoxy- 

phenyl magnesium iod ide and the e th y l e s te r  of 4- 

methoxybenzilidenemalonic ac id  (see below, page 1 3  )

and a lso  by the determ ination  o f a mixed m elting
"

p o in t.
( 3 )

S traus and Dhtzmann had pointed  out th a t

the halogen atom of compounds o f the  d i-  (4-methoxy- 

phenyl)-methyl ch lo ride  type i s ,  as they say, 

‘ionogenically* bound, th a t  i t  re a c ts  re a d ily  and 

reversib ly  w ith hydroxyl,methoxyl e tc .  in  the  

following manner:

Rg CHC1 + HOR* ^  Rg CHOR * + HC1

and th a t a lto g e th e r , such compounds lik e  the  halogen 

compounds of tr ip h en y l  ̂ methyl, may e x h ib it , to  sane 

ex ten t, the p ro p e rtie s  o f e le c tro ly te s .  They 

determined/
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determined the  d is so c ia tio n  constan t o f d i- (4 -

methoxyphenyl)-methyl ch lo ride  d isso lved  in  sulphur
-4dioxide and found i t  to  be K = 0.84 x 10 . The

supposition had been made in  th e  p resen t in s tan ce , 

however, th a t  the  re a c tio n  between the  potassium of 

the e s te r  and th e  ch lo rine  of the methyl ch lo ride  

would have proceeded in  p reference to  th a t between 

th a t ch lo rine  and the hydrogen o f the a lco h o lic  

hydroxyl group, i . e .  th a t  the re a c tio n :

ReCHCl + KCH. (C00C2H5)2 = R*, CH.CH. (C00CaH5 )2+ KC1

would take p lace ra th e r  than the  re a c tio n s :

Rg CHC1 + H0C2H5 = RgCH.O.^Hg + HG1

HC1 + KCH.(COOC2H5)a = KC1 + CHg . (C00C2Hg)2

( 4 )
Quite recen tly  Ward , in v e s tig a tin g  the b i ­

valency of carbon, found th a t  dlphenylraethyl 

chloride re a c ts  even a t  a tem perature so low as 25° 

with e th y l a lcohol and w ith aqueous alcohol e i th e r  

alone or in  the presence o f sodium hydroxide to  

give a m ixture of diphenylmethyl e th y l e th e r  and 

benzohydrol. He a lso  found th a t  — a t  le a s t  a t  the 

tem peratures of 25° and 3 5 °— th e  sodium hydroxide 

(o r, a lso , sodium ethoxide) p lays no d ire c t  p a rt 

in  the displacem ent of th e  halogen.

I t  may, th e re fo re , be assisned th a t  in  the  case 

oi/di-(4-methoxyphenyl)-methyl c h lo rid e , one or both 

of the follow ing re ac tio n s  had taken p lace:

( 1 )  /
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( 1 )  ( CH 3 0 .  Cg H*. ) 2  C H C 1  + H 0 C 2 H 5  =  H C 1  + ( O . C g l ^ J a  C H .  O . C 2 H 5

(2) (CH 3 0 . C 6 H 4 ) 2 C H C 1  + C2 H 5 0 H  =  C2 H 5 C 1  + ( C % 0 . C 6 H « ) 2 .C H O H

The examination o f the  product o f th e  reac tio n  

between e th y l potassio-m alonate and d i - (4-methoxy- 

phenyl)-m ethyl ch lo ride  in  the presence o f alcohol 

was not pursued fu r th e r .  No di-(4-m ethoxyphenyl)- 

carbinol was detec ted  in  i t ,b u t  a very small amount 

of a co lou rless  c ry s ta l l in e  compound m elting a t  

142° was deposited from the h ig h -b o ilin g  p o rtio n  of 

the d i s t i l l e d  m a te r ia l. I t  i s  p ossib le  th a t th i s  

substance was di-(4-m ethoxyphenyl)-m ethyl e thy l 

e ther.

I t  was now decided to  adopt another method of
(5 )

procedure. Kohler showed many years ago th a t  

unsaturated  d e r iv a tiv e s  o f e th y l malonate would 

reac t w ith magnesium a ry l h a lid e s  and th a t  the pro­

ducts of re a c tio n  could re a d ily  be decomposed so as 

to  give sa tu ra te d  substances, e s te r s  of su b s titu te d  

malonic ac id s . Prom e th y l 4-methoxybenzilidene- 

malonate and 4-methoxyphenyl magnesium iod ide , 

then, i t  would be possib le  to  ob tain  a compound 

which would y ie ld  the e th y l e s te r  of d i - (4-methoxy- 

phenyl)-methylmalonic ac id  on decomposition in  the

manner in d ica ted  below. T hereafter the synthesis 
would/
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would proceed as in  the f i r s t  scheme o u tlin ed  above 

( see page 9 )•

(1 ) CHjO.CeH^.CHO + Hg C. (C00C2H5)2 = HgO +

CH3 0 . C 6 H4. CH;C(C00C2 H5 )2

(2) CH3 O.C6H4 .CH;0(00002% )2 + CH3 0.C6H4MgI =

nnnn  w-

(3) ( C % 0 . C 6 H 4 ) 2 C H .C V c/ ° c2h5 + H a °

X 0MgI

( d % 0 . C 6 H 4 ) 2 C H . C H . ( C 0 0 C 2 H 5 )2 + M g lO H

Ethyl d i -  (4-methoxypheny 1) -methylmalonate was 

prepared in  th is  way w ithout any serious d if f ic u l ty  

and the y ie ld  was s a t is fa c to ry . But prelim inary  

experiments w ith small q u a n tit ie s  of m a te ria l showed 

th a t the brom ination and subsequent decarboxylation 

of the malonic ac id  d id  not proceed smoothly. 

Moreover, the replacem ent of the bromine o f com­

pounds of th i s  type by the amino group i s  sometimes 

very troublesom e. In  these circum stances a th ird  

method, which even tually  proved successfu l was 

adopted.

^  OMgl
cooc2h5

T h i s /
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This was the  phthalim ide method which was
( 6  )

orig ina ted  by G abriel and ex tensively  used by 
( 7  )

Sorensen p a r t ic u la r ly  fo r  the  syn thesis  of d i­

amino ac id s . Di-(4-methoxyphenyl)-methyl ch loride

was caused to re a c t w ith  e th y l po tassio -ph thalim ino- 

malonate and the  e s te r  so formed was hydrolysed w ith 

potassium hydroxide. The product of h y d ro ly s is , 

a phthalamino malonic ac id , was converted by hea ting  

in to  the  anhydride o f the corresponding phthalamino-

propionic ac id , and when th i s  anhydride was bo iled
( 8  )

with a m ixture o f hydriod ic  ac id  and a c e tic  anhydride 

the desired  amino ac id  was obtained . I t  was con­

verted in to  Iso thyroxine by d ire c t  io d in a tio n . The 

se rie s  of reac tio n s  involved in  th is  procedure i s  

summarised thus:
^(C00C2 H 5 ) 2

( CH3 0.Cg H4 ) 2 • CHC1 — > (CHj O.CgH^ ) 2 .CH.C\ CO
. N\ /CgH*

CO

^ ( C 0 0 H ) 2 
(CI%0.C6HU)2CH.Cv

I x  NH.CO.CfiH^.COOH

C O ---------- 0
(CH3 O.CgH^. ) 2 .CH.CHy I

I NH.CO.C^H* CO

(H0.C6 H* )a *CH.CH(NHfe ) .COOH -> (H0.C6 He Ife ) ,CH.CH(NHe ) .COOH

In preparing  the amine o f the  non-iod inated  ac id

the method f i r s t  used was th a t  developed by Johnson
( 9 ) (1 0  )

and Daschavsky and by Abderhalden and Gebelein

in /
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In  th is  method the amino ac id  i s  mixed w ith  diphenyl- 
amine and heated  to  about 230°. L a te r, i t  was

found th a t  b e t te r  r e s u l t s  could be obtained in  th is

case by h ea ting  the amino ac id  alone. Prom the

amine thus produced the  corresponding te tra io d o -

amine was obtained  by d ire c t  io d in a tio n .

(B) Synthesis of ßß-Dlphenyl-g-aminoproplonic Acid. 

(C6H 5 )2 .CH.CH (NHg).COOH

This ac id  was syn thesised  in  p re c ise ly  the same 

manner as th a t  adopted fo r  the p repara tion  of iso -  

desiodothyroxlne, s ta r t in g  from diphenylmethyl 

bromide. The amine corresponding to  the ac id
(9)

was prepared by the method of Johnson and Daschavsky
( 1 0 )

as modified by Abderhalden and Gebelein . When 

diphenylalanine was heated  alone a c ry s ta ll in e  d is ­

t i l l a t e ,  sparing ly  so luble in  a lcoho l, was obtained; 

but th is  substance was not diphenylethylam ine.
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( C )  A t t e m p t e d  S y n t h e s i s  o f  P -  r 5 : 5 - D l i o d o - 4 - ( 2 l : 6 l -  

d i i o d o - 4  t - h y d r o x y p h e n o x y ) - p h e n y l ]  - g - a m i n o  

p r o p i o n i c  A c i d .

0   . C H ( N H ) 2 .C O O H

1  ±j_ x
( 2 )In the syn thesis o f thyroxine i t  had been found 

th a t p-hydroxy-phenyl e th e rs  (includ ing  desiodo- 

thyroxine i t s e l f )  could re a d ily  be caused to  take 

up two atoms o f iod ine in  the  p o s itio n s . But

no method could be found fo r  the  in tro d u c tio n  of 

more than two such atoms. The iodine atoms (or 

other rep laceab le  groups) in  the  3:5 p o s itio n s  had 

therefo re  to  be in troduced before the phenyl e th er 

synthesis was c a rr ie d  o u t. I t  was evident th a t  

in  the case o f the isom eric substance now in  view 

these considera tions would apply w ith even g re a te r  

force since the in tro d u c tio n  of the  iod ine atoms 

in to  the p o s itio n s  2 f :6 ' could not be accomplished 

d ire c tly . This being so , i t  was obviously 

desirab le  to  have a l l  four iod ine atoms introduced 

before the phenyl e th e r  syn thesis  was undertaken. 

Iodine atoms (o r rep laceab le  groups) th e n ,h a d ,if  

possible, to  be p resen t in  the ortho p o s itio n s  both 

to the halogen and to  the phenolic group which were 
to /
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x - Q  — lH al + tiD

R  R

w h e r e  R  r e p r e s e n t s  i o d i n e  o r  a t o m s  o r  g r o u p s  r e ­

p l a c e a b l e  b y  i o d i n e  a n d  X ,  Y ,  r e p r e s e n t  -OH a n d  

— C H . C H . ( N H s ) . C O O H  o r  a t o m s  o r  g r o u p s  w h i c h  c o u l d  

b e  r e p l a c e d  r e s p e c t i v e l y  b y  — OH a n d  — C H . C H . ( N I ^  ) .C O O H .

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

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

b i n a t i o n  o f  t h e  3 : 5 - d i i o d o - N - b e n z o y l  d e r i v a t i v e  o f  

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

tw o  i o d i n e  a t o m s  i n  t h e  d e s i r e d  p o s i t i o n s :

/ ( J / ^ - \  -N H . C O .  C g H e   .
X  ~ \  )  H a l  HO \ / ~ C H . C H — C O O c J L 0  '

( I a  0
I  I

tt  (. \  H H .  C O .  C fiHe
H H a l  +  X  C H . C H - G O O C g H g  5

i 1
I  I

I t  w o u l d  o n l y  b e  n e c e s s a r y  a f t e r  t h a t  t o  r e p l a c e  X  

b y  — OH a n d  t o  r e m o v e  t h e  N - b e n z o y l  a n d  e t h y l  g r o u p s .  

W h e n  a  s o l u t i o n  o f  t h e  e t h y l  e s t e r  o f  3 : 5 - d i i o d o ~  

K - b e n z o y l  t y r o s i n e  a n d  3 : 4 : 5 - t r i i o d o n i t r o b e n z e n e  

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

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

f o u n d /

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

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

r e c o v e r e d  u n c h a n g e d .  N o r  c o u l d  t h e  r e s u l t  b e  

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

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

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

Equally unsuccessfu l were attem pts to  condense, 

in  these ways, 3 :4 :5 - triiodon itrobenzene  or 3 :4 :5 - 

tr iio d o to lu en e  w ith  the e th y l e s te r  of 3 :5 -d iiodo-

4-hydroxybenzoic acid (or the potassium  s a l t  of 

th i s  e s te r ) .

In  a recen t p a ten t the claim is  made th a t 

io d in e -su b s titu te d  diphenyl e th e r d e r iv a tiv e s  can 

be obtained by hea ting  together in  sealed  vesse ls  

a t high tem peratures io d in e -su b s titu te d  phenol 

e th ers  and m e ta llic  s a l t s  of io d in e -su b s titu te d  

hydroxybenzonitriles in  the presence of copper as 

a c a ta ly s t, or by tre a tin g  s im ila rly  iod ine-sub­

s t i tu te d  mono e th e rs  of d ihydric  phenols w ith iodine' 

su b s titu te d  b e n z o n itr ile s  o r w ith io d in e -su b s titu te d  

n itrobenzenes. Thus 2 :4 -d iiodoan iso le  i s  said

to  condense with the potassium s a l t  of 3 :5 -d iiodo-

4-hydroxybenzonitrile in  the presence of copper 

a t  220f-230° to  give 4 - (3 ’-iodo-4!methoxyphenoxy)- 

3 :5 -d ilo d o b en zo n itr ile :

( 1 1 )

x /
/

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

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

i s  s i m i l a r l y  t r e a t e d  w i t h  3 : 4 : 5 - t r l i o d o ^ > e n z o -  

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

i t  w a s  f o u n d  t h a t  w h e n  3 : 4 : 5 - t r l l o d o n i t r o b e n z e n e  a n d  

t h e  p o t a s s i u m  s a l t  o f  e t h y l  3 : 5 - d i l o d o - 4 - h y d r o x y -  

b e n z o a t e  w e r e  t r e a t e d  i n  t h i s  m a n n e r  v e r y  e x t e n s i v e  

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

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

b e  i s o l a t e d .

A fter a very considerable number of unsuccessfu l 

attempts had been made to  bring  about condensation 

between p a irs  of compounds each of which contained 

two iodine atoms in  the  appropria te  p o s itio n s  i t  

became evident th a t  th e  o r th o -su b s titu te d  iodine 

atoms conferred such a c id ity  on the  phenolic hydroxyl 

group th a t  the  s p l i t t in g  o ff  o f the  metal h a lid e  

would not take p lace . In  these  circum stances i t  

seemed th a t th e re  were th re e  ways in  which the  

d if f ic u lty  might be overcome: (1) le s s  ac id ic  d i-  

iodo phenols might be used; (2) a metal which 

forms a feebly  b as ic  oxide might be su b s titu te d  fo r  

the potassium h ith e r to  used to  promote condensation;

(3) a non-lodinated  phenol might be employed in  the 

hope th a t the iodine atoms might be in troduced a t a 

la te r  stage of the sy n th es is .

A l l  t h r e e  p o s s i b i l i t i e s  w e r e  i n v e s t i g a t e d .  F o r

e x a m p l e /
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( 1 2 )
e x a m p le  : ( 1 )  2 : 6 - D i io d o - 4 - a m ln o p h e n o l w a3

b o i l e d  w i t h  3 : 4 : 5 - t r i i o d o n i t r o b e n z e n e  i n  m e t h y l  

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

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

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

b e n z a l d e h y d e .  I t  w a s  f o u n d  t h a t  t h e  p o t a s s i u m  

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

t h e  d r y  s t a t e  f o r  t r e a t m e n t  w i t h  t h e  t r i i o d o n i t r o -  

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

s u d d e n l y  a t  t e m p e r a t u r e s  n e a r  1 0 0 ° .

(2) S ilv e r carbonate was su b s titu te d  fo r potassium 

carbonate in  attem pting to  condense 3 :4 :5 - tr l lo d o -  

nitrobenzene w ith  e th y l 3;5-diiodo-4-hydroxy- 

benzoate, in  b o ilin g  methyl e th y l ketone.

(3) 3 :4 :5 -triio d o n itro b en zen e  was condensed with 

ethyl p-hydroxybenzoate in  b o ilin g  methyl e thy l 

ketone, dry potassium  carbonate being p re sen t. The 

condensation p roduct, which was obtained in  good 

y ie ld , was hydrolysed w ith concentrated sulphuric 

acid , and th e  n i t r o  group was reduced by pouring

an excess of a so lu tio n  of stannous ch loride  in

concentrated/

I x i T
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aoncentrated hydrochloric a c id  in to  a suspension
( 1 2 ) »of the n i t r o  compound in  b o ilin g  acetone Then

the hydrochloride of the amino compound thus 

obtained was suspended in  g la c ia l  a c e tic  acid  and 

d iazo tised  w ith amyl n i t r i t e .  The diazonium s a l t  

was p re c ip ita te d  w ith e ther and made in to  a cream 

with w ater. To convert th e  diazo group in to  a 

phenolic group th i s  cream was s t i r r e d  vigorously 

in  smajl p o rtio n s , in to  a la rg e  volume of a so lu tio n  

of sodium su lphate in  f a i r ly  concentrated  su lphuric 

acid a t  150°. A fter p u r if ic a tio n  the hydroxy 

compound which had been formed was m ethylated w ith 

methyl su lphate . The se rie s  of reac tio n s  may be 

represented thus:
T 1

NOv_ / ^ V r  + n o - ( ^ y ~  c0oci /tj. > COOC

I  *

0 -  C 0 0 H  —* N H t_—  Q - 0 - O -  C 0 0 H  -----^

*  ^  ^  
h o - q - o .  o ~ cooh — * CH* ° -  o L- * - o ^

'X
I t  was thought th a t  iod ine atoms might be in tro ­

duced (say by n i t r a t io n  follow ed by reduction  and 

subsequent d ia z o tis a tio n )  in to  the desired  p o sitio n s  

in  the methoxy acid  which had been prepared in  th is  

way (or in to  a d e r iv a tiv e  of i t )  and i f  so the t e t r a -  

iodo compound formed might conceivably be converted 

in to /
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in to  the  thyroxine isom er. But, a t  the  b e s t ,  the 

process seemed l ik e ly  to  be very ted ious and th i s  

route was not fu r th e r  explored.

Much time was spent on these  and o ther s im ila r 

attem pts and even tually  some prelim inary  steps were 

also taken towards p reparing  phenyl e th e rs  by qu ite  

d iffe re n t methods. But f in a l ly  i t  had to  be con­

cluded th a t  the  problem o f the  syn thesis of th is  

isomer could n o t, fo r  the p re se n t, be solved.

(D) Synthesis o f "Dibromothyroxine” .

3- £*3:5-Diiodo-4-(3f :5 , -dibrom o-4'-hydroxy- 

phenoxy)-phenyl]-a-am inopropionic ac id .

H0.C6 HgBr2 .0.CgHe I2 CHg .CH(NHg ) .COOH

The steps in  the syn thesis o f th i s  compound 

were exactly  the same as those in  the  p repara tion  

of thyroxine except th a t  brom ination was su b s titu te d  

fo r the f in a l  io d ln a tio n . The brom ination was 

carried  out in  much the  same way as in  the  case of 

the p repara tion  o f d ibrom otyrosinei13^
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(A) Synthesis of 33- £ d i- (5 :5-dilodo-4-hydroxyphenyl)] 

-g-aminoproplonlo ac id  (HO.CsHpI P )PCH.CH(Nik) .COOH 

and of the corresponding amine, 3 3 -C ii-(3 :5 -d iio d o -

4-hydroxyphenyl) J  -e thy lam ine , (HO.CsHg I? )P . CH. CH? NH? .

(1 ) 4-Methoxybenzoyl C hloride.

CH3O.C6R4.COCl.

Anisic ac id  was b o ile d  under re f lu x  on the w ater-

bath w ith f iv e  tim es i t s  weight o f th io n y l ch loride

u n til  hydrogen ch lo rid e  ceased to  be evolved. The

excess o f th io n y l ch lo ride  was then d i s t i l l e d  o ff

on the w ate r-ba th , the l a s t  t ra c e s  being removed

under reduced p re ssu re . Next th e  acid  ch lo ride  was

d is t i l le d  under reduced p ressu re  (about 15 mm.)

over a smoky flam e. At about 150° a co lou rless

liq u id , which afterw ards s o l id if ie d  to  an almost

colourless c ry s ta l l in e  mass, passed over. The

yield  was 75$ of the th e o re tic a l ly  p o ss ib le  q u an tity .
(14)

A. Schoonjans describes t h i 3 compound as a 

co lourless, h igh ly  re f ra c tiv e  l iq u id ,  which 

c ry s ta ll is e s  in  needles m elting a t  22° and b o ilin g  a t  

145° ( 14 9m ,).

III. EXPERIMENTAL

(2) /
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'
(CH3 0 .C g ) 2 .CO.

Aniaole (11 grams) was mixed w ith  one p a r t of 

dry carbon d isu lph ide and the  m ixture was run in to  a 

large f la s k ,  in to  which a lso  15 grams o f powdered 

anhydrous aluminium ch lo rid e  were then rap id ly  

weighed out. The f la s k  was f i t t e d  w ith a re f lu x  

condenser and placed  in  ic e .  4-Methoxybenzoyl 

chloride (21.7 gram s),d isso lved  in  one p a r t  o f carbon 

dlsulphide was then run in ,  drop by drop, from a tap - 

funnel. Meanwhile th e  f l a 3k was shaken and 

occasionally removed from the  ice  so as to  prevent 

over-cooling. Evolution o f hydrogen ch lo ride  took 

place, a t  f i r s t  slow ly, even tually  v igorously and the 

contents of the  f la sk  s e t to a so lid  mass. The 

flask  was now warmed a t  50°-70° fo r  h a l f  an hour 

and then ice  and cold w ater were added w ith shaking. 

Next the mixture was s te a m -d is ti l le d  t i l l  the 

d i s t i l l a t e  was passing  over as a c le a r  l iq u id . The 

solid  residue in  the f la sk  was f i l t e r e d  o f f ,  washed 

successively w ith  sodium hydroxide so lu tio n , d ilu te  

hydrochloric a c id , and w ate r, and d ried  in  the steam 

oven. The y ie ld  was alm ost th e o re tic a l  and the 

m aterial obtained was s u f f ic ie n tly  pure to be used 

for the next stage in  the sy n th es is . A small 

sample, /

(2) Di-(4-methoxyphenyl) Ketone.
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sample, fu r th e r  p u r if ie d  by c r y s ta l l i s a t io n  from

absolute a lco h o l, m elted at 143°-144°. Schnacken-
(15)

berg and S cho ll, who prepared th is  ketone in  a 

somewhat s im ila r way, give 144° as i t s  m elting 

poin t.

(5) Pl-(4-methoxyphenyl) c a rb in o l.

(CH3 O.CfiĤ . )2 .CHOH.

For the  p rep ara tio n  o f th i s  compound the
(15)

method o f Schnackenberg and Scholl was adopted. 

The corresponding ketone (15 grams) was b o iled  on 

the w ater-bath  fo r  two hours w ith  zinc dust (10 

grams) and potassium  hydroxide (5 grams) in  95$ 

alcohol (25 grams). During th i s  operation  the 

mixture was freq u en tly  shaken v igorously . D ilu te 

alcohol (12  c .c .  of 50$) was then  added and the  

mixture was brought to  the b o l l ,  f i l t e r e d  rap id ly  

and the f i l t r a t e  allowed to  stand . The hydrol 

c ry s ta llis e d  as the  l iq u id  cooled and from the 

m other-liquor a fu r th e r  quan tity  o f i t  was obtained 

by addition  of w ater followed by cooling in  the ic e - 

chest fo r  a tim e. Y ield , almost th e o re tic a l .  

Melting po in t 72°. The product was thoroughly 

dried in  a vacuum d e s ic c a to r .

(4) /
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(4) P i- ( 4-methoxyphenyl)-methyl C hloride.

(CI^O.CglUaCHCl.

Tha carb in o l (10 grams), prepared  in  the

manner ju s t described,w as d isso lved  in  dry benzene

(100 c .c .  ) ,  a q u an tity  of g ranu la ted  anhydrous

calcium ch lo ride  was added, and the m ixture was

cooled in  ice  while dry hydrogen ch lo ride  was

passed in  to  sa tu ra tion*  A fter th is  the  mixture

was allowed to  stand fo r  fo u r hours in  a cool

place. As much as p o ss ib le  of the  excess hydrogen

chloride wa3 removed by drawing dry a i r  through the

liqu id  and the c le a r  benzene so lu tio n  was rap id ly

poured o ff  from the calcium ch loride  in to  a

d is t i l la t io n  f la s k  whence the benzene was driven

off by d i s t i l l a t i o n  under reduced p re ssu re . The

solid  residue wa3 c ry s ta l l i s e d  from p e tro l e th e r

(boiling po in t 60°-80°). The p roduct, which was

brown in  co lour, bu t almost pure , was obtained in

83$ y ie ld . A sm all sample of the  c a re fu lly

re c ry s ta ll is e d  m a te r ia l, formed p e rfe c tly  co lourless
( 3 )

needles m elting a t  83 . (S traus and D&tzmann 

give 82-82 .5°).

(5) /
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(5) E th y l-d l- (4-methoxyphenyl)-m ethylphthalim inom alonate.

(a) E thyl Bromomalonate.

BrCH. (COOC2H^)a

Ethyl malonate (1 mol. d isso lved  In  one p a rt 

of carbon te tra c h lo r id e )  was mixed w ith bromine (1 

mol. d isso lved  in  one p a r t  of carbon te tra c h lo r id e )  

and the m ixture was exposed to  su n lig h t. A fter 

some time bubbles of hydrogen bromide were evolved and 

a vigorous re a c tio n  took p lace . When th is  had sub­

sided the m ixture was allowed to  stand fo r  h a l f  an 

hour, washed w ith w ater contain ing  sodium carbonate 

and a l i t t l e  sodium b is u lp h ite ,  then w ith pure 

water and d ried  over calcium  ch lo rid e . From the 

dried so lu tion  carbon te tra c h lo r id e  was removed by 

d is t i l la t io n  on the w ate r-b a th , f i r s t  a t  atm ospheric, 

la te r  under reduced p re ssu re . F in a lly  the  bromo 

ester was d i s t i l l e d  under reduced p ressu re  over a 

smoky flame. The b o ilin g  p o in t a t  about 15 mm. 

was in  the neighbourhood o f 125°.

(C% 0 .C6 H* )2 CH. C C 00C 2 Hr
C00C2H5

(b) /
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C6H1<fC0)N.CH.(C00C2H r)2
CO

(b) Ethyl Phthallminomalonate.

Potassium phthalim ide and e th y l bromomalonate 

in the p roportions 1  m ol.: 1 . 1  mol. were heated 

together in  a m etal bath  a t  150° fo r  fo r ty - f iv e  

minutes w ith occasional s t i r r in g .  The cooled 

product was d isso lved  in  e ther-w ater m ixture and 

the e th e rea l p o rtio n  was separated  and d ried  over 

calcium ch lo rid e . Then the  e th e r was d i s t i l l e d  o f f . 

On pouring the  th ic k  syrupy residue  in to  a beaker and 

rubbing i t  w ith a l i t t l e  alcohol ra p id  c ry s ta l l i s a t io n  

took p lace . The cooled c ry s ta l l in e  mass which 

formed was rubbed w ell on a porous p la te  and d ried  

in a vacuum d e s ic c a to r . Y ield -  almost th e o re tic a l. 

The m elting po in t o f a r e c ry s ta l l is e d  sample was 75°

(c) Ethyl Potassiophthallm inom alonate.

CO,
CghX >N.CK.(C00C2Hf )2 

N CO7

This compound was prepared according to  the
( l 6method described by Stephen and Welzmann The

ethyl phthaliminomalonate (1  mol. ) was d isso lved  

in hot alcohol (1 p a r t)  and added slowly to  a 

solution of potassium  (1 m ol.) in  alcohol (10-20 

p arts). The b r ig h t yellow p aste  o f potassium

compound/
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compound which was formed almost a t  once was com­

p le te ly  freed  from alcohol as fo llow s. Most o f the 

alcohol was d i s t i l l e d  o f f  on the w ate r-ba th , f i r s t  

at atm ospheric, l a t e r  under reduced p ressu re . Next 

the f la sk  contain ing  th e  m a te ria l was heated  under 

reduced p ressu re  a t  110° fo r  a tim e. The la s t  

traces o f alcohol were removed by shaking the  yellow 

cake of p o ta s s lo -o s te r  w ith  sodium-dried xylene, 

d is t i l l in g  the hydrocarbon o ff  on the w ater-bath  

under reduced p ressu re  and removing the  l a s t  tra c e s  

of i t  by h ea ting  the  f la s k  a t  110 ° fo r  a time 

under reduced p ressu re  in  a m eta l-bath . F ina lly  the 

d is t i l la t io n  w ith dry xylene was repeated  and the 

dry p o ta ss io -e s te r  was used w ithout fu r th e r  t r e a t ­

ment fo r th e  next stage of the sy n th esis .

I
(d) Ethyl D l-( 4-methoxyphenyl)-m ethylphthalininom alonate

^C00C2 H r 
( CH3 O.Cg H* )a CH. C—  C00C2 Hr

S t i l l  follow ing the  procedure of Stephen and
( 16 )

Weizmann d i-  ( 4-methoxyphenyl ) -methyl ch loride

(calculated quan tity ) was d isso lved  in  one p a r t of 

sodium-dried xylene and poured on to  the  potassium 

compound/
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corapound prepared in  the manner ju s t  described . The 

mixture was then heated  in  a m etal bath  a t 145° fo r  

four hours w ith occasional shaking, care being taken 

tha t good con tac t was m aintained between the xylene 

so lu tion  and the  in so lu b le  p o ta s s io -e s te r . The

mixture was now poured in to  w ater and well s t i r r e d  

when a la rg e  p a r t of th e  product separated  in  the 

solid  s ta te  and was f i l t e r e d  o f f ,  washed successively  

with d ilu te  potassium  hydroxide so lu tio n  and w ater, 

dried in  a vacuum d es icc a to r and c ry s ta l l i s e d  from 

alcohol. The re s t  o f the  product remained 

dissolved in  the xylene which was likew ise successively  

washed with d i lu te  potassium  hydroxide and water and 

dried over calcium ch lo rid e . A fter the xylene had 

been d i s t i l l e d  o f f  under reduced p ressu re  th ere  

remained a th ic k  syrup which was rubbed w ith alcohol 

t i l l  a sem i-so lid  p aste  formed and then c ry s ta l l is e d  

from alcoho l. The c ry s ta ls  were d ried  in  a vacuum 

desiccator. The y ie ld  was about 75$ o f the 

th eo re tica l q u an tity . The m elting po in t of the

pure substance i s  106°. I t  separates from alcohol

in co lourless prism s.

Analysis; '
0.1533 grams gave 0.3802 grams CCfe and 0.0801 grams

He 0
20.5 mgm. gave 0.594 mgm. N (m icro-X jeldahl)

Found /
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Found:
C

67.7$ 5.5$
H

2.é$

Calculated for
c30H29°8N 67.8$ 5.8$ 2.6$

(6) P i - (4-nethoxyphenyl)-methylphthalaminomalonic Acid.

The e s te r  (29.5 grams) was moistened w ith 

alcohol and tr e a te d  w ith  a ho t so lu tio n  of 

potassium hydroxide (37 grams) in  water (75 c . c . ) .

The mixture was s t i r r e d  w ell and was heated  on the 

watar-bath w ith fu r th e r  frequen t s t i r r in g  fo r  one 

hour. A fter about f i f te e n  minutes the  potassium 

sa lt of the  acid  began to  sep a ra te . At the  end of 

the hour th i s  s a l t  was f i l t e r e d  o f f ,  washed twice 

with absolute alcohol and then d isso lved  in  hot 

water. The aqueous so lu tio n  was cooled as rap id ly  

and as much as p o ss ib le  w ithout p re c ip ita t io n  o f the 

sa lt and then , w ith  continued coo ling , was cau tiously  

ac id ified , f i r s t  w ith d i lu te  a c e tic  ac id  and f in a l ly  

with hydrochloric a c id . In th i s  way the ac id  was 

p rec ip ita ted  and a f te r  standing fo r  some time in  

the ice -ch est i t  was f i l t e r e d  o f f  and d ried  in  the 

steam/
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steam oven. N either the  ac id  i t s e l f  nor i t s  

potassium s a l t  could be obtained in  a condition  

su ff ic ie n tly  pure fo r  a n a ly s is .

The crude phthalaminomalonic ac id  (22 grams) 

was heated in  a m etal-bath  under reduced pressure 

at 180°-200° fo r  about one hour. (The pressure 

was about 15 mm.) . As decarboxylation proceeded 

the m ateria l f i r s t  became so ft and afterw ards 

hardened again . A minute amount o f p h th a lic  

anhydride sublimed in to  the  neck of the  f la sk . The 

solid cake which remained was d isso lved  in  the 

minimum amount o f b o ilin g  g la c ia l  a c e tic  ac id  and 

the b o ilin g  so lu tio n  was d ilu te d  w ith  b o ilin g  water 

u n til a very f a in t  tu rb id i ty  appeared. On allow­

ing the so lu tio n  to  cool slowly the anhydride 

separated in  co lo u rless  prism s. Y ield  -  75$ 

(calculated on the  malonic e s te r )  . A sample of 

the product, tw ice c ry s ta l l is e d  from a c e tic  ac id

(7) Aiihydride of (3(3- [pi-(4-m ethoxyphenyl) 1 -c -  

phthalam lnopropionlc Acid.

CO 0
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with d ilu tio n  in  the manner* described , formed 

colourless prism s m elting a t 209°-2l0°.

A nalysis;

0.1172 grams gave 0.2984 grams CĈ  and 0.0505 grams
Hg 0

25.5 mgm. gave 0.743 mgm. N (m icro-Iijeldahl)

C H N
Pound----------------------- 69.4^ 4.8$ 2.9$
Calculated fo r

C25H21°6N ---------------- 69.4$ 4.9$ 3.1$

(8) PP- (pi-( 4-hydroxyphenyl )J -s-aninopropionic Acid 
(Isodesiodothyroxine).

(HO.C6H4 )2CH.CH(NH2 ).C00H

The anhydride of the phthalamino acid was 
boiled for two hours with a mixture of acetic an­
hydride (5 parts) and hydriodic acid (sp. gr. 1.7;
5 parts). Then the whole was evaporated to 
dryness on the water-bath under reduced pressure, 
some water was added to the residue and distillation 
to dryness was repeated. The partially crystalline 
residue was dissolved in hot water and the cooled 
aqueous solution was extracted twice with ether.
Ether was then boiled off from the extracted aqueous 
solution and concentrated ammonia solution was added 
to/
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to it, while still boiling, till neutralisation 
was just exceeded. Once more the solution was 
taken to dryness by distillation on the v/ater-bath 
under reduced pressure. The residue was dissolved 
in just sufficient boiling alcohol. When the 
alcoholic solution had cooled and had stood for 
some time in the ice-chest the product separated in 
the form of colourless crystals. These were 
filtered off, dried in a vacuum desiccator and 
purified by dissolving in just sufficient boiling 
water, adding a little charcoal, boiling for a few 
minutes and filtering rapidly through a hot funnel.
The pure amino-acid c ry s ta l l is e d  slowly from the 

f i l t r a t e  a f te r  i t  had been cooled in  the ice -ch es t 

for a tim e. F urther small q u a n titie s  were obtained 

both from the aqueous and a lcoho lic  m other-liquors 

by concentration . The acid forms very fin e  

colourless needles which soften  a t 190°~200° and 

melt with decomposition a t 241°. On exposure to  

the atmosphere i t  ra p id ly  absorbs m oisture. The 

amount of w ater thus absorbed i s  equivalen t to  about 

six m olecules, but experiment showed th a t ,  apparently , 

no d e fin ite  hydrate  was formed. Y ield -  about 60$.

Analysis/
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Analyais.

0.1445 grams gave 0.5481 grams CQs and 0.0738 grams
HgO.

15.2 mgm. gave 0.762 mgm. N (m icro-K jeldahl)

16.3 mgm. gave 1 .5  c .c .  N a t  20° and 750 mm.
(van Slyke)

C H N Amino N
Found_________________ 65.7$ 5.7$ 5.02$ 5.2$

Calculated fo r  
c15H15°4H ____________ 65.9$ 5.5$ 5.13$ 5.13$

(9) PP-jbi-(5 :5-diiodo-4-hydroxypheny1 jj-a-amino- 

propionic Acid. (Iso thyroxine)

(HO.CgHg I2 )2 CH.CH(NHg ) .COOH

The amino ac id  was d isso lved  in  ju s t  su ff ic ie n t 

concentrated ammonia (sp . g r . 0 .880); the so lu tion  

was cooled in  ice -w ate r while the  ca lcu la ted  amount 

of the s trongest iodine in  potassium iodide so lu tion  

(2.54 H) was slowly added drop by drop. At f i r s t  

the iodine was taken up f a i r ly  rap id ly  but towards 

the end of the  ad d itio n  the  uptake was ra th e r  slow, 

so the add ition  o f iodine was in te rru p te d  and the 

mixture was allowed to  stand in  the ice-w ater u n t i l  

the brown colour o f th e  halogen had disappeared. 

Throughout/
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Throughout the  process the mixture was frequen tly  
well shaken. When a l l  the iodine had been added the 

contents of the vesse l in  which the io d in a tio n  had 

been c a rr ie d  out were tra n s fe r re d  to  a Claisen 

fla sk , the io d in a tio n  f la sk  being washed with a 

l i t t l e  a lcohol and the washings added to the main 

so lu tion . Next the l iq u id  in  the C laisen f la sk  was 

en tire ly  removed by d i s t i l l a t i o n  on the w ater-bath  

under reduced p re ssu re . The residue was washed out 

of the f la sk  w ith w ater and a c e tic  acid  on to  a 

Buchner funnel, f i l t e r e d  w ith  suction  and washed 

with the f i l t e r e d  l iq u id . I t  was then d isso lved  

in a considerable quan tity  of ho t water containing 

a l i t t l e  d i lu te  hydroch loric  ac id , ju s t  s u f f ic ie n t  

alcohol being a lso  added to  bring  about so lu tio n  

of the s a l t  formed. (A small quan tity  of flo ccu len t 

m aterial remained und isso lved). The l iq u id  was 

boiled with animal charcoal fo r  a few minutes and 

f i l te re d  while h o t . To the  f i l t r a t e ,  heated to  

bo iling , on th e  w ate r-ba th , sa tu ra ted  sodium ace ta te  

solution was added u n t i l  the  l iq u id  wa3 no longer 

acid to  congo-red paper, when the  te tra - io d o  acid  

separated almost immediately. The hot suspension 

was cooled to  room tem perature and then  placed in
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the ice -ch ea t fo r  a tim e. F ina lly  the almost 

pure product was f i l t e r e d  o f f ,  washed w ith w ater, 

and d ried  in  a vacuum d e s ic c a to r . I t  was l a t e r  

fu rth e r p u r if ie d  by re d isso lv in g  in  ho t w ater w ith 

d ilu te  hydrochloric  ac id  and alcohol followed by re- 

p re c ip ita tio n  w ith sa tu ra te d  sodium ace ta te  so lu tio n .

In th is  way an almost co lou rless  sp h ae ro -c ry s ta llin e  

product was ob ta ined . I t s  m elting po in t was 218° 

(decom position). The y ie ld  was about 60$.

Isothyroxine is  in so lub le  or almost inso lub le 

in w ater, cold or ho t, and i t  is  only very s l ig h tly  

soluble in  a lcoho l. I t  i s  likew ise inso lub le  in 

d ilu te  hydrochloric ac id  (2 N ) and in  d ilu te  

sulphuric acid  (2 H ) though i t  is  re a d ily  soluble 

in these ac ids when su f f ic ie n t  alcohol i s  added to 

the warm suspension of the substance in  the hydro­

chloric or su lphuric ac id . In d ilu te  sodium car-I
bonate so lu tion  (2 N) and in  d ilu te  sodium hydroxide 

solution (2 N) i t  i s  e a s ily  so luble in  the cold. 

Analysis;

62.5 mg. gave 1.104 mg. N (m icro-K jeldahl)

1*66 mg. requ ired  10.2 c .c . N/200 sodium th iosu lpha te
(Kendall, 1914)

N I
S'ound        1.77$ 65.1$

Calculated fo r  C15H1104NI4 ----- 1.81$ 65.3$
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(10 ) 88-  D l-(4-hydroxypheny1 ) - ethylamine (Isodesiodo-

thyroxam ine)'
(H0.CgH4 ) 2 .CH.CHg .NHg

Isodealodothyroxine (0 .5  grama) was heated w ith 

twenty tim es i t s  weight of diphenylamine in  a m etal- 

bath fo r  about one and a h a l f  hours, the tem perature 

being gradually  ra is e d  to  275°. During the heating  

a curren t o f hydrogen was passed through the f la sk  

containing the  m ixture. The ac id , which did not 

dissolve in  the molten diphenylamine, began to  decom- 

pose a t about 210° and bubbles of carbon dioxide 

appeared. Eventually  the evolution  o f th is  gas 

became f a i r ly  b r is k  and when the maximum tem perature 

was reached almost a l l  the acid  had disappeared. The 

mixture was then allowed to  cool and was poured o ff 

from the small quan tity  of so lid  re s id u e . Benzene 

(15-20 c .c .)  was added and the diphenylamine mixture 

was s t i r r e d  in to  i t  a f te r  which p e tro l (15-20 c .c . ;  

boiling po in t 100°-120°) was added. A fter the well 

s tir re d  m ixture had been allowed to  stand fo r  one 

hour the amine which had separated  was f i l t e r e d  o ff  

and allowed to  dry in  a i r .  The y ie ld  o f the 

m aterial thus obtained was about 60$. i t  was 

fu rther p u r if ie d  in  the  follow ing manner. I t  was 

heated/
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heated in  po rtio n s weighing about 0,5 grains in  a 

sublimation apparatus in  a m eta l-bath , the  pressure 

being reduced to  about 1 mm, and the hea ting  was con­

tinued t i l l  no more m a te ria l d i s t i l l e d .  The maximum 

temperature a tta in e d  was about 315°, The 

c ry s ta llin e  m a te ria l which d i s t i l l e d  was bo iled  

with e th y l a c e ta te , f i l t e r e d  from a l i t t l e  undissolved 

m ateria l, and the b o ilin g  f i l t r a t e  was tre a te d  w ith 

petro l (b o ilin g  po in t 100° -120°) t i l l  a f a in t  

tu rb id ity  appeared. On cooling the  p e tro l-e th y l 

acetate so lu tio n , f i r s t  to  room tem perature, then 

in the ic e -c h e s t a c ry s ta l l in e  p re c ip ita te  appeared. 

This was f i l t e r e d  o ff  and d ried  in  the  steam oven.

The y ie ld  o f p u r if ie d  m a te r ia l, however, was only 

40# of the th e o re tic a l  amount and i t  was afterw ards 

found th a t  a y ie ld  of about 60# could be obtained by 

heating the d ried  r e c ry s ta l l is e d  amino-acid d ire c tly  

in the sublim ation apparatus under reduced pressure

(about 1 mm.) in  the  manner ju s t  described fo r the
"product from the  diphenylamine trea tm en t. The 

product was washed w ith a l i t t l e  b o ilin g  ethy l 

acetate and was then d isso lved  in  the  minimum of 

boiling w ater, (A ra th e r  la rge  volume o f water was 

required and a small amount o f m a te ria l remained 

undiasolved). The b o ilin g  aqueous so lu tion  was 

decolorised as much as p ossib le  w ith charcoal and 

f i l te re d /
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f i l te r e d  ra p id ly  through a hot funnel. As the 

f i l t r a t e  cooled the amine separated  in  the form of 

ro se tte s  of f in e , sh o rt, co lo u rless  needles and 

when cooling was continued in  the ic e -c h e s t fo r a

time a fu r th e r  q uan tity  of i t  separated . I t  was

f i l te r e d  o f f ,  washed w ith water and d ried  in  vacuo. 

The y ie ld  o f r e c ry s ta l l is e d  substance was about 55$.

Isodesiodothyroxamine i s  in so lu b le  in  cold 

water but d isso lv es  in  a ra th e r  la rg e  volume of 

boiling water from which i t  separates in  co lourless 

needles. These appear to  contain  w ater of 

c ry s ta ll is a t io n  and they darken somewhat on keeping. 

The amine i 3 so lub le  in  alcohol and in  methyl 

alcohol, sparing ly  soluble in  benzene even a t the

boil and in so lu b le , or almost so, in  e th e r and in

chloroform. In  d i lu te  su lphuric acid  and in  

d ilu te hydroch loric  ac id  i t  i s  re ad ily  soluble and 

separates from th e  so lu tio n s , when they are made 

alkaline w ith ammonia, in  the  form of c lu s te rs  of 

short need les.

For purposes of an a ly s is  the amine was d ried  to 

constant weight over phosphorus pentoxide, in  vacuo, 

at 80°. Dried thus i t  had the m elting poin t 

207-208°.

Analysis/
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0.1218 grams gave 0.3273 grams CQg and 0.0727 grams
He 0

15.4 mg. gave 0.934 mg. N (m icro-K jeldahl)

C H N
Found — 73.3$ 6. 6$ 6.1$

Calculated fo r
Ci^isQaN £  73.4$ 6. 6$ 6.1$

The s a l t s  o f isodesiodothyroxamine are very 

soluble and hence d i f f i c u l t  to  prepare in  a pure 

condition from small q u a n titie s  o f m a te ria l. When 

larger amounts of the base are av a ilab le  i t  w ill be 

possible to  prepare pure s a l t s  and o ther d e r iv a tiv e s .

The H ydrochloride. Dry hydrogen ch loride  was 

passed to  sa tu ra tio n  in to  an a lco h o lic  so lu tio n  of 

the amine and the  so lu tio n  was then d ilu te d  w ith a 

large volume of dry e th e r which produced a f a i r ly  

dense tu rb id i ty .  When the  tu rb id  l iq u id  had been 

allowed to  stand in  the  ic e -c h e s t over n igh t the 

hydrochloride of the amine was found to  have 

separated in  the form of f a i r ly  la rg e  th in  le a f le ts .  

These were f i l t e r e d  o f f ,  washed w ith dry e th e r , and 

dissolved in  a l i t t l e  a lcoho l. The a lcoho lic  

solution was b o iled  w ith  charcoal, f i l t e r e d ,  and 

allowed to  evaporate almost to  dryness in  a vacuum. 

When /

Analysis :
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When the so lu tio n  thus obtained was cooled fo r  3cane 

time in  the ic e -c h e s t the product separated  as a 

mass o f co lo u rless  c ry s ta ls  which were d ried , f i r s t  

on a porous p la te  and then in  the steam oven.

Isodesiodothyroxamine hydrochloride i s  very 

easily  so lub le  in  w ater and in  a lcohol. I t  m elts 

at 275°.

The Hydrobromide. To an a lcoho lic  so lu tion  o f the 

amine a few drops of a concentrated  so lu tio n  of 

hydrogen bromide in  g la c ia l  a c e tic  acid  were added 

followed by s u f f ic ie n t  dry e th e r to  produce a ra th e r  

deep tu rb id i ty .  The tu rb id  l iq u id  was allowed to  

cool in  the ic e -c h e s t fo r  a week . At the end of 

that time an almost co lo u rless  c ry s ta ll in e  deposit 

had appeared but the amount of the impure s a l t  thus 

formed was too small fo r  p u r if ic a tio n ;  the  m elting 

point and o ther p ro p e rtie s  could not be determined.

(11) ftg-Dl-(3 :5-diiodo-4-hydroxyphenyl)-ethylam ine.

(Isothyroxam ine)

(HO.C6He Ia ) 2 . CH.CHg .NHg

Isodesiodothyroxamine (1 gram) was d isso lved

with gen tle  warming in  concentrated ammonia (sp .g r.

0.880; about 150 p a r ts )  and was tre a te d  with 
the/
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the th e o re tic a l  amount of the  s tro n g est so lu tion  of 

iodine in  potassium iodide in  the same manner as was 

used fo r the io d in a tio n  of isodesiodothyroxine 

except th a t  cooling was not employed. The product 

began to  separate a f te r  ra th e r  l e s 3 than h a lf  the 

iodine had been added. At the  end o f the addition  

the mixture was allowed to  stand fo r a few hours, 

d ilu ted  w ith w ater and the product f i l t e r e d  o ff .

Ihia was then suspended in  a ra th e r  la rg e  volume of 

d ilu te  su lphuric  a c id , free iod ine was removed by 

the add ition  o f a very l i t t l e  sodium b is u lp h ite , and 

an equal volume o f alcohol was added. TWhen the 

aqueous-alcoholic so lu tio n  was b o iled  mo3t o f the 

base went in to  so lu tio n  and the residue was 

separated by f i l t r a t i o n .  To the f i l t r a t e  about 

i t s  own volume o f d i lu te  su lphuric acid  (2 N ) was 

added, most of the  alcohol was b o iled  o f f  and the 

liqu id  was f i l t e r e d  ra p id ly  through a hot funnel 

in order to  remove some ta r ry  m atter which had 

formed. As the f i l t r a t e  cooled the sulphate of the 

base c ry s ta l l is e d  and wa3 f i l t e r e d  o ff  when i t  had 

ceased to  separate . I t  was then d isso lved  in  ju s t 

su ffic ien t ho t d i lu te  alcohol (50$)(a ra th e r  large 

volume was requ ired ) and enough ammonia so lu tio n  was 

added to  d isso lv e  the  p re c ip ita te  f i r s t  formed, 

finally  the so lu tio n  was b o iled  t i l l  the base began
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to separate  and allowed to  cool f i r s t  to room 

tem perature, then in  the ic e -c h e s t . The amine 

was then f i l t e r e d  o f f  and washed w ith a l i t t l e  

d ilu te  alcohol (50$). For fu r th e r  p u r if ic a tio n  i t  

was d isso lved  in  a considerable volume o f d ilu te  

ammonia, f i l t e r e d  from a l i t t l e  undissolved 

m aterial and the so lu tio n  b o iled  t i l l  ammonia 

ceased to  be given o f f .  The mixture thus obtained 

was cooled to  room tem perature and then in  the ic e - 

ehest and the  product which had separated was 

f i l te r e d  o f f ,  washed w ell w ith water and d ried  over 

phosphorus pentoxide in  vacuo a t 100°. Thus 

obtained i  sothyroxamine forms c lu s te rs  o f sh o rt, 

almost co lo u rless  needles which melt w ith decom­

position and iodine l ib e ra t io n  a t 232°-233°. I t  

is  inso lub le in  w ater, a lcoho l, d i lu te  hydrochloric 

acid or d i lu te  su lphuric  ac id . In d ilu te  sodium 

hydroxide and in  m ixtures o f d ilu te  hydrochloric 

acid or d i lu te  su lphuric ac id  w ith alcohol i t  i s  

easily so lub le . The y ie ld  was about 30$ but 

could almost c e r ta in ly  have been improved by working 

up the various m o ther-liquors. S a lts  or o ther 

derivatives o f th i s  base have no t yet been prepared 

in the pure s ta te .

Analysis/
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50.2 mg. gave 0.944 mg. N (m icro-K jeldahl)

1.44 mg. req u ired  9 .3  c .c .  N/200 sodium th io su lpha te
(Kendall, 1914)

N I
Found---------------------------------------------1.88$ 68.5$

Calculated fo r  
cl4HllQ a lil4 --------------------------------  1.91$ 69.3$

Analysis:
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(B) Synthesis of PP-Dlphenyl-a-aminopropionic Acid
(C^H5)3CH.CH(NHg) .COOH, and of the corresponding 

amine, |3[3-Diphenyl-othylamine (C^Hr)p CH.CHpNHp .

(1) Benzohydrol.

(C6115)2 CHOH. This compound was prepared 
by two methods.

(IV)
(a) Method of Mars chalk

Benzophenone (10 gram s), calcium tu rn ings (30 

grams) and absolu te  alcohol (about 400 c .c .)  were 

placed in  a f la s k  f i t t e d  w ith  a re f lu x  condenser and 

heated to  b o ilin g  on the w ater-bath . At f i r s t  the 

reaction  was very slow but a f te r  about h a l f  an hour, 

became suddenly very vigorous. When th is  occurred 

heating was a t once stopped and the reac tio n  

gradually subsided. Next the  contents of the f la sk  

were la rg e ly  d ilu te d  w ith water and a c id if ie d  with 

hydrochloric ac id . The hydrol separated from the 

cold m ixture f i r s t  as an o i l ,  then  as a c ry s ta ll in e  

solid . I t  was f i l t e r e d  o f f ,  d ried  in  a vacuum 

desiccator and twice c ry s ta l l is e d  from p e tro l e ther 

(boiling po in t 60°-80°). Y ield -  about 32$. The 

re c ry s ta l l is e d  substance melted a t  66°-68°.

(b) /
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(b) Method of Elba.

Benzophenone (45 grams) was d isso lved  in  95$ 

alcohol (625 c .c . )  and zinc dust (340 grams) was 

added follow ed by a so lu tio n  of potassium hydroxide 

(10 c .c . of a so lu tion  o f 20 grams potassium 

hydroxide in  20 grams of w ate r). The mixture was 

well shaken and allowed to  stand in  the incubator 

(temperature about 40°) fo r  th ree  days with 

occasional shaking and w ith the add ition  of po t­

assium hydroxide (10 c .c .  of the so lu tio n  already 

used). Then the so lid  m atter was f i l t e r e d  o ff  

and carbon dioxide was passed through the f i l t r a t e  

t i l l  a l l  the zinc p resen t had been p re c ip ita te d . 

Mien th is  p re c ip ita te  had been separated  the 

solution was d ilu te d  w ith a la rg e  quan tity  of water 

which p re c ip ita te d  the  hydro l. I t  was separated 

by f i l t r a t i o n  and d ried  in  vacuo. Y ield -  73$ 

of m ateria l s u f f ic ie n tly  pure fo r use in  the next 

stage of the  sy n th es is . The m elting po in t o f the 

product was 61°-65° whereas pure benzohydrol melts 

at 68°.

(19)
(2) Diphehylmethyl Bromide. (C g E ^  .CHBr.

The hydrol (15.75 grams) was d isso lved  in  

three tim es i t s  weight of carbon te tra c h lo r id e  and 

Phosphorus/
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phosphorus trib rom ide (10 .1  grams = 3.6 c .c .)  was 

added. The m ixture was allowed to  stand fo r one day 

in  a f la s k  having a calcium chloride tube in  the 

stopper. Then the  f la s k  was a ttached  to  a re flu x  

condenser and was warmed on the  w ater-bath  a t 60°-70° 

fo r s ix  hours. A fter cooling, the so lu tio n  was 

poured o ff  from a small quan tity  of syrupy m a te ria l, 

washed w ith ice-w ater and with sodium ac e ta te  so lu tion  

and d ried  over calcium ch lo rid e . The carbon t e t r a ­

chloride was then d is to l le d  o ff  on the w ater-bath .

When the re sid u e  was d i s t i l l e d  under reduced 

pressure (about 15 mm.) over a smoky flame, the 

bromo compound passed over a t  about 180° as an almost 

colourless l iq u id ,  which, on cooling , s o l id if ie d  to  

a c ry s ta ll in e  mass. The m elting po in t of the 

cry sta ls  was about 39°. Y ield 76$.

Except fo r  s l ig h t  m odifications which are 

mentioned a t  the app ropria te  p o in ts , the subsequent 

stages in  the syn thesis  of pp-diphenyl-a-amino- 

propionic ac id  were exactly  s im ila r to  the 

corresponding ones in  the  syn thesis  o f isodesiodo- 

thyroxine.

(3) /



(3) E thyl DiphenyImethylphthaliminomalonate.

^C00C2H5 
(C6H5)2CH.C^-C00C2H 5

This e s te r  i s  more soluble in  xylene than 

the corresponding dimethoxy e s te r  and does not 

separate in  the so lid  s ta te  when the xylene so lu tion  

Is poured in to  w ater. The residue a f te r  the 

removal of the  xylene was a th ic k  syrup which was 

dissolved in  a small amount of b o ilin g  a lcoho l. The 

c ry s ta llin e  so lid  which separated on cooling the 

alcoholic so lu tio n  was f i l t e r e d  w ith suction  and 

washed w ell w ith alcohol which had been cooled in  

a freezing  m ix ture. Y ield  -  57/6. Melting point 

of a sample tw ice c ry s ta l l is e d  from 90$ alcohol:

117° (with so ften ing  from 95° upwards). The pure 

m aterial separa tes from alcohol in  co lourless 

prisms.

Analysis:

0,1503 grams gave 0*3909 grams CÔ  and 0.0710 gramsHaO.
50.8 mgm. gave 1.51 mgm. H (m icro-Kjeldahl)

Pound /
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C H N

Pound 70.9$ 5.3$ 2.97$
C alculated fo r

28 25 71.3$ 5.3$ 2.97$

(4) Diphenylmethylphthalaminomalonic Acid.

<
(C00H) 2

(C6 H5 )2 CH.C
NH.C0.C6 BU.C00H

LikeAcorresponding di-(4-methoxyphenyl) ac id , 

th is  compound could not be obtained in  the pure 

condition.

(5) Anhydride of PP-Diphenyl-g-phthalaminopropionic 

Acid.

(C6 H^)2 CH.CH
NH.CO.CgH* .CO

C ry s ta llis e d  in  co lo u rless  prisms m elting a t  

214^215°. Y ield -  almost th e o re tic a l  ( ca lcu la ted  

on the crude malonic a c id ) .

Analysis/

CO 0
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0.1527 grams gave 0.4151 grams CQg and 0.0652 grams
HgO.

30.2 mgm. gave 1.142 mgra. N (m icro-Kjeldahl)

G H N
Pound -------------------------------  74.2$ 4.7$ 3.8$

Calculated fo r
C23H17Q4.N   74.4$ 4.6$ 3.8$

(6) PP-Dlphenyl-g-amlnoproplonlc Acid (D iphenylalanine. )

(C6H5)2CH.CH(NH2 ).C00H

This ac id  i s  considerably le s s  soluble in  water 

than isodesiodo-thyroxine and i s  p re c ip ita te d  almost 

immediately when ammonia i s  added to  the so lu tio n  of 

the hydriod ide , so th a t  subsequent evaporation to  

dryness and so lu tio n  in  alcohol i s  not necessary.

The compound was p u r if ie d  by being d isso lved  in  a 

l i t t l e  more than s u f f ic ie n t  d i lu te  ammonia and 

p re c ip ita te d  from the b o ilin g  so lu tio n  by the  add ition  

of enough a c e tic  ac id  to  make the l iq u id  fa in tly  

acid, i t  separated  rap id ly  and almost completely 

from the ho t so lu tio n  in  the  form of f a i r ly  la rg e , 

f l a t ,  co lou rless  prisms which were f i l t e r e d  o ff  and 

washed w ell w ith cold w ater. When p re c ip ita te d  

thus/

Analysis:
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thus from dilute solutions the substance contained 
water of crystallisation (equivalent to rather less 
than one molecule) but it separated from more con­
centrated solutions apparently without such water.

Diphenylalanine is insoluble, or almost in­
soluble, in water cold or hot. It is fairly 
readily soluble in hot alcohol and somewhat less 
soluble in boiling methyl alcohol. Prom these 
two solvents it crystallises on cooling in the 
form of fine needles. It is also soluble in cold 
dilute sulphuric acid, in hot dilute hydrochloric 
acid, in glacial acetic acid, in dilute sodium 
carbonate solution and in dilute sodium hydroxide 
solution. Prom the hot solution in dilute hydro­
chloric acid, small prism-shaped crystals, presumably 
of hydrochloride, separated on cooling but these 
were rather badly formed and may have been mixed 
with crystals of the free acid.

Diphenylalanine melts with decomposition 
(evolution of gas and frothing) at 236°. The 
yield was 77$.
A nalysis:
0.1195 grams gave 0.3720 grams CO2 and 0.0682 grams

H20
21.8 mg. gave 1.222 rag. N (micro-Kjeldahl)

C H N
Found ______________________  74.6$ 6.3$ 5.6$
Calculated for C15H1502N —  74.7$ 6.2$ 5.8$
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(C6H5 )2.CH.CH2 .NHg

Ju s t a f te r  the  p repara tio n  of th is  compound

had been begun i t  was found th a t some previous

syntheses o f i t  had been overlooked. As long ago
(23)

as 1890 Freund and Immerwahr reduced diphenyl- 

a c e to n it r i le  w ith sodium and alcohol and obtained

a very small amount o f the amine. Konowalow and
(24)

Jatzew itsch  a lso  seem to  have prepared i t ,

in  1905, in  an impure condition . More recen tly
(25)

i t  has been prepared by S ie g litz  , by Rupe and 
(26) (27)

G isiger , and by Lipp . A ll o f these

workers used methods qu ite  d if fe re n t  from th a t

described h e re , however, and the  y ie ld s  obtained,

except by Rupe and G isig er, were very poor.

D iphenylalanine (2 grams) was mixed w ith

twenty tim es i t s  weight o f  diphenylamine and the

mixture was slowly heated  fo r  an hour in  a m etal-

bath in  a cu rren t of hydrogen t i l l  the temperature

reached 250°. Bubbles o f carbon dioxide f i r s t

began to  appear a t about 200° and a t  230° the gas

was being f re e ly  evolved. As the amine has a low

m elting po in t (about 40°) the  hydrogen which passed

through the re a c tio n -f la sk  was led  in to  d ilu te

sulphuric ac id  (2 N ) before being allovred to

©scape and th i s  ac id  was afterw ards used to  ex trac t

(7) PP-Diphenylethylamine.

the/
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the benzene so lu tio n  o f the amine. At the end of 

the tim e o f hea ting  a l l  the amino acid  had d is ­

appeared and no more carbon dioxide was coming o ff . 

The re a c tio n  mixture was cooled and was d isso lved 

in  benzene, the benzene so lu tion  was ex trac ted  

with d i lu te  su lphuric  acid  and the acid  e x tra c t , 

a f te r  being f i l t e r e d  from a l i t t l e  so lid  m atte r, 

was made a lk a lin e  w ith d ilu te  sodium hydroxide 

so lu tio n . The o ily  m ate ria l which was thus 

p re c ip ita te d  was ex trac ted  from the aqueous liq u id  

with e th e r , the e th e re a l so lu tio n  was d ried  over 

anhydrous sodium sulphate and the amine was 

obtained from so lu tio n  as a s l ig h tly  brown coloured 

o i l  by d i s t i l l i n g  o ff  the e th e r . On allowing the 

l iq u id  amine to  stand in  the ic e -c h e s t fo r  some 

time p a r t i a l  c r y s ta l l i s a t io n  took place but the 

m ateria l was n a tu ra lly  not qu ite  pure. In  view 

of the probably large  lo ss  which would have 

occurred in  dealing  w ith such a small amount of 

substance i t  was not d i s t i l l e d .  The y ie ld  of the 

not qu ite  pure , o ily  amine was 75$. Pour s a l ts  

of the amine were prepared .

The H ydrochloride. The amine was d isso lved  in  

d ilu te  hydroch loric  ac id  and the  so lu tio n  was taken 

to dryness by d i s t i l l i n g  o ff  the liq u id  on the 

w ater-bath under reduced p ressu re . The so lid  

re s id u e /
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residue was d isso lved  in  ho t a lcoho l, and the 

a lcoho lic  so lu tio n  was bo iled  with charcoal, 

f i l t e r e d  and concentrated . Prom the cooled con­

cen tra ted  so lu tio n  the  hydrochloride of the amine 

separated  in  co lou rless  need les. When fu r th e r

p u r if ie d  by r e c ry s ta l l is a t io n  from b o ilin g  alcohol
(25)

these m elted a t 259 . (Freund and Immerwahr
(25) (27)

give 255 , S ie g litz  gives 253 and Lipp

263°-265°.

A sample of the hydrochloride was a lso  prepared 

in  n eed le -3haped prisms by p re c ip ita tio n  from 

alcohol w ith a la rg e  volume of e th e r .

The P ic r a te .

A lcoholic so lu tio n s of p ic r ic  acid  and the

amine hydrochloride were mixed and the  mixture

was allowed to  stand fo r  several days. Long

yellow needle-shaped prisms of the p ic ra te  o f the

amine separated  slowly. These m elted, a f te r

darkening and shrink ing  a t a somewhat lower
(25)

tem perature, a t  216°-217° (S ie g li tz  gives

212°-213°). Prom more concentrated so lu tions of 

p ic r ic  ac id  and amine hydrochloride the p ic ra te  

separated f a i r ly  quickly in  sm aller c ry s ta ls .

The Gold S a l t .

When aqueous so lu tions of gold ch loride and 

the amine hydrochloride were mixed the  gold s a l t  

was/
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was p re c ip ita te d  a t  once In  the form of b rig h t 

yellow , i r r e g u la r  p la te s .

The Platinum  S a l t .

This s a l t  was ea s ily  and immediately p re c ip i­

ta te d  from the concentrated  aqueous so lu tion  o f  the 

hydrochloride by the add ition  o f platinum  chloride 

so lu tio n . C ry s ta llis e d  from a ra th e r  la rge  

volume of ho t water i t  formed rec tangu lar yellow 

ta b le s .
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H0.C6HeBr2 .O.CgHsIg.CH.CHdffls ).COOH

3- [3 :5 -D iiodo-4-(3 f :5 ,«»dibromo-4f-hydroxy- 

phenoxy)-pheny 1J  -a-am inopropionic Acid.

The diiodo ac id , 0 - [3 :5 -d iiodo -4 -(4 ,hydroxyphen- 

oxy)-phenyl] -a-am inopropionic ac id  (0.53 grams) 

was mixed w ith g la c ia l  a ce tic  ac id  (1 .7  c .c .)  and 

to the m ixture th e re  was added, slowly, a so lu tion  

of bromine (0 .1  c .c .)  in  g la c ia l  a c e tic  ac id  (0 .3  

c .c . ) .  Heat was developed and a c le a r  so lu tion  

produced. This so lu tio n , a f te r  being cooled in  

ic e , was allowed to  stand over-n ight a t room 

temperature and the c ry s ta ll in e  m ateria l (presumably 

the hydrobromide) which had separated was f i l t e r e d  

o ff , washed w ith a l i t t l e  g la c ia l  a c e tic  acid  and 

dried  in  vacuo. (Y ield of presumed hydrobromide -  

0.5 grams). The dry m ate ria l was then d isso lved  in  

a l i t t l e  ammonia so lu tio n  (about 2 N ) w ith the 

addition  o f an equal volume of 95$ alcohol and the 

so lu tion  was f i l t e r e d .  To the b o ilin g  f i l t r a t e  

su ff ic ie n t g la c ia l  a c e tic  ac id  to  make the so lu tion  

acid was added. Almost a t  once the c ry s ta ll in e  

product separated . A fter the m ixture had been 

cooled/

(c ) synthesis of "DibromothyroxineM



cooled in  the  ic e -c h e s t fo r  some time the dibromo 

acid  was separated by f i l t r a t i o n ,  washed w ith water, 

and d ried  in  vacuo. The y ie ld  was 45$ o f the 

th e o re tic a l  q u an tity . I t  was not found possib le  

to  ob ta in  the ac id  in  well-formed c ry s ta ls .  The 

m elting po in t was 244,5° (decom position).

A nalysis:

52,8 mgm. gave 1.104mgm. N (m icro-K jeldahl)

3,03 mgm. req u ired  10.7 c .c .  n/ 200 sodium th losu lphate
(Kendall, 1914)

H I
F ound---------------------------------------- 2.1$ 37.4$

C alculated fo r
c15hH°4N Br2 I2   2.1$ 37.2$



As yet there  is  very l i t t l e  to record concern­

ing the physio log ica l p ro p e rtie s  of the more im portant 

substances described in  the preceding sec tions. Some 

observations may be made, however, about the kind 

of experiments which might be made, taking in to  

account the e f fe c ts  known to  be produced by analogous 

compounds and also  the fa te s  of these compounds in 

the animal organism.

Iso thyrox ine- Since thyroxine has such a

powerful e f fe c t  on the metabolic r a te ,  i t  would

n a tu ra lly  be of in te r e s t  to  compare isothyroxine

p hysio lo g ica lly  w ith  thyroxine i t s e l f ,  although the

fa c t th a t  the phenyl e ther linkage of the l a t t e r  is

absent in  the former would lead  to  the supposition

that there  might be considerable d iffe rence  between
(20)

the two compounds. Gaddum has ca rried  out 

some pre lim inary  q u a n tita tiv e  observations on the 

e ffec t of thyroxine and a l l ie d  substances on tad ­

poles and has found th a t ,  as f a r  as h is  experiments 

went, iso thyroxine shows none of the a c t iv i ty  

exhibited  by thyroxine. I t  is  not im possible, 

however/
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however, th a t o ther methods of examination might 

show th a t  the isomer has some e f fe c t on m etabolic 

ra te .

"Dibromothyroxin e" . This substance might also

be compared w ith  thyroxine e sp e c ia lly  in  view of 

the f a c t ,  a lready  mentioned in the in troduction  (see 

page 2 ) th a t  the 3 :5-diiodo d eriv a tiv e  of desiodo- 

thyroxine physio lo g ica lly  resembles thyroxine to 

some ex ten t. No inform ation about the p ro p e rtie s  

of "tetrabrom othyroxine" has so fa r  been received 

but should i t  have any noteworthy physio logical 

e f fe c ts  the in term ediate  p o s itio n  which "dibromo- 

thyroxine" occupies, chem ically, between thyroxine 

and the tetrabromo compound would lend add itiona l 

in te re s t  to  the in v e s tig a tio n  of the bromoiodo compound.

D iphenylalanine. Diphenylalanine would, of

course, be compared w ith phenylalanine; i t  would

be of considerable in te r e s t  to know whether the two

benzene rin g s  of the diphenyl compound would be

oxidised in  the same way as is  the single ring  of

phenylalanine. The diphenyl compound might also

be compared w ith  phenylacetic  acid  and w ith diphenyl-
(21)

acetic  ac id . Miriam, Wolf and Sherwin have 

re c e n tly /
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re c e n tly  in v estig a ted  the fa te  in  the animal body 

of the l a t t e r  substance and found th a t i t  i s  r e s i s ­

tan t to b io lo g ic a l ox idation , being recovered, fo r

the most p a r t ,  unchanged. I t  had been found
(22)

e a r l ie r  th a t  phenylacetic  ac id  and i t s  d e riv a tiv es  

were remarkable in  th is  respect.

Isodeaiodothyroxine. Ju s t as isothyroxine would

be compared w ith  thyroxine so th is  substance would

be compared w ith  desiodothyroxine, which, in  Gaddum's 
(20)

experiments appeared to be qu ite  devoid of 

sp ec if ic  thy ro id  ac tio n .

Iso de s i  0 do thyroxami ne. Isothyroxamine.

When the e f fe c ts  of the corresponding substances 

in the thyroxine se r ie s  have been in v estig a ted , i t  

might be worth while to determine the physio logical 

p ro p e rtie s  of these two amines. In add ition , 

experiments might be made to discover i f  the p ressor 

e ffec t produced by tyramine is  also produced by iso - 

desiodothyroxamine and i f  the ac tion  of isothyroxamine 

is  s im ila r  to  th a t of diiodotyram ine.

■

Diphenylethylamine■ The sympathomimetic ac tion  of 

phenylethylamine might a lso  be looked fo r , to some 

ex ten t/
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exten t a t  l e a s t ,  in  th is  diphenyl compound.

Although both  phenylpropylarcine and benzylamine are 

considerably le s s  ac tiv e  than phenylethylamine 

i t s e l f  the e f fe c t of the presence of another phenyl 

group would probably be d if fe re n t from th a t produced 

by a l te r a t io n  in the leng th  of the chain.
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