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T h e  S t r u c t u r e  o f  Phenylurethanes 

P h e n y t u r e t h a n e s  a re  f o r m e d  b y  t h e  i n t e r a c t i o n  of 
phenols  (or a lcohols)  w i t h  phenylisocyanate a n d  i t  has  
long been  k n o w n  t t h a t  t h i s  r e a c t i o n  c a n  be  r eve r sed  b y  
hea t ing  t h e  u r e t h a n e .  R e c e n t l y  ILLARI a n d  MARENGHI 
and  co-workers  2 h a v e  s t u d i e d  t h e  t h e r m a l  decompos i -  
t ion of v a r i o u s  p h e n y l u r e t h a n e s  a n d  t h e y  c o n c l u d e d  t h a t  
in genera l  t h e  p r o d u c t s  o b t a i n e d  b y  i n t e r a c t i o n  of 
phenols  a n d  phenylisocyanate are  not p h e n y l u r e t h a n e s  
bu t  " m o l e c u l a r  c o m p l e x e s " ,  p r o b a b l y  of t y p e  (I). 
(BAKER a n d  GAUNT :~ h a v e  s h o w n  t h a t  the. u n c a t a l y s e d  
reac t ion  b e t w e e n  phenylisocyanate a n d  a lcohols  p ro-  
ceeds v ia  a n  i n t e r m e d i a t e  c o m p l e x  of t h i s  type . )  On t h e  
o ther  h a n d  t h e  p r o d u c t s  o b t a i n e d  f r o m , f l - n a p h t h o l  a n d  
eugenol  were  c o n s i d e r e d  to  h a v e  t h e  a u t h e n t i c  u r e t h a n e  
s t r u c t u r e  (ti) s ince  t h e y  g a v e  rise, on  pyro lys i s ,  t o  
ca rban i l ide  a n d  a d i a r y l  c a r b o n a t e  a l o n g  w i t h  s o m e  
phenylisocyanate a n d  t h e  o r ig ina l  pheno l .  T h e  bas i s  on  
which  ILLAm et al. ass ign  s t r u c t u r e s  (I) or  (II) t o  
phenylisocyanate--phenol r e a c t i o n  p r o d u c t s  is v e r y  
i n a d e q u a t e  a n d  t h e i r  f o r m a t i o n  in  p y r i d i n e  s o l u t i o n  4 
appea r s  to  e x c l u d e  s t r u c t u r e  (I) (cf. BAKER a n d  GAUNT*). 

PhN = C -  O- 
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H R 
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We  h a v e  n o w  e x a m i n e d  t h e  i n f r a - r e d  s p e c t r a  of a 
n u m b e r  of t h e  c o m p o u n d s  p r e p a r e d  b y  ILLARI et al. 
Anil ides ( I I I )  s h o w  t h e i r  c a r b o n y l  s t r e t c h i n g  b a n d  in t h e  
region 1660-1680  c m  -x (THOMPSON a n d  RICHARDS~). 
Compar i son  of t h e  c a r b o n y l  f r equenc i e s  of s imp le  k e t o n e s  
and  es te rs  i n d i c a t e s  t h a t  a n  o x y g e n  a t o m  a d i a c e n t  to  
the  C = O  g r o u p  ra i ses  i t s  f r e q u e n c y  a b o u t  30-40  c m - L  
Therefore  if p h e n y l u r e t h a n e s  h a v e  s t r u c t u r e  (II)  a car-  
bony l  f r e q u e n c y  of 1690-1720  c m -  I wou ld  be  a n t i c i p a t e d .  
On t h e  c o n t r a r y  s t r u c t u r e  (I) wou ld  n o t  b e  e x p e c t e d  t o  
give a n y  b a n d  in  t h i s  r eg ion  e x c e p t  a C =  N b a n d  p r o b -  
ab ly  b e t w e e n  1630 a n d  1670 c m - L  T h e  fo l lowing  v a l u e s  
were found .  

I n  a d d i t i o n  a l l  t h e  s p e c t r a  s h o w e d  a b a n d  n e a r  1530 c m -  t 
which  is c h a r a c t e r i s t i c  of  t h e  - C O - N H -  g roup .  T h e s e  
figures ag ree  w i t h  t h o s e  of THOMPSON, ~'Q'ICItOLSON, a n d  

1 R. LEUCKART and M. SCHMtDV, Ber. dtsch, chem. Ges. IS, 2339 
0885). 

G. ILLAaI, I. MARENGm, and E. TARANTELLX, Ann. Chim. 
Appl. Roma 43, 55 (1953). - G. ILLARI, I. MARENC, m, and A. STUANI, 
Ann. Chim. Appl. Roma 43, 744 (1953). 

3 j .  W. BAKER and J. GAUNT, J. Chem. Soc. 1949, 19. 
4 G. ILLARI, I. MARErCOm, and A. STrata, Ann. Chim. Appl. 

Roma 43, p. 744. (1953). 
5 j .  W. BAKER and J. GAVNT, J. Chem. Soc. 1949, 9. 

H. W. T~OMPSO~ and R. E. RIC~ARDS, J. Chem. Soc. 1947, 195~. 
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p-Nitrophenol 
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1690 
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1720 
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1728 
1715 

SHORT 1 a n d  p rov ide  c lear  e v i d e n c e  for  t i le  a c c e p t e d  
s t r u c t u r e  (II)  of p h e n y l u r e t h a n e s .  

N. F. HAYES, R.  H.  THOMSON, a n d  
M. ST. C, FLETT, 

Chemistry Department, The University, Old Aberdeen, 
Scotland, and Imperial Chemical Industries Ltd., Dyestu][s 
Division, Hexagon House, BIackley, Manchester 9, 
England, July 27, 1954. 

Zusammen[assung 
Die I n f r a r o t s p e k t r e n  v e r s c h i e d e n e r  P h e n y l u r e t h a n e  

zeigen,  da s s  diese die a n g e n o m m e n e  S t r u k t u r  ( I I )  be-  
s i t zen  u n d  n i c h t  m o l e k u l a r e  K o m p l e x e  da r s t e l l en ,  wie  
ILLARI et al.1 a n n e h m e n .  

1 H. W. THOMPSON, D. L. NICIIOLSON, and 1.. N. SIIORT, Farad. 
Soc. Discussions 9, 229 (1950) (The senior author has confirmed that 
the figure 7000 in Table II is an error and should be 1700.). 

A N e w  Synthetic Sulfur-Containing A m i n o  

Acid: S - A m i n o e t h y l c y s t e i n e  

T h e  m e c h a n i s m  b y  wh ich  t h e  o r g a n i s m  a c q u i r e s  t h e  
m e r c a p t o e t h y l a m i n e  for  t he  s y n t h e s i s  of Co#_ is s t i l l  
c o m p l e t e l y  u n k n o w n .  W h i l e  we k n o w  t h a t  p a n t o t h e n i c  
acid,  n e c e s s a r y  for  s u c h  a syn thes i s ,  m u s t  be  b r o u g h t  to  
t h e  o r g a n i s m  f rom outs ide ,  we h a v e  no  i n f o r m a t i o n  in-  
d i c a t i n g  t h a t  m e r c a p t o e t h y t a m i n e  t oo  m u s t  be  ob-  
t a i n e d  f r o m  t h e  die t .  

I t  is h i g h l y  p r o b a b l e  t h e r e f o r e  t h a t  m e r c a p t o e t h y l -  
a m i n e  is s y n t h e s i z e d  b y  t h e  a n i m a l  in  one  of t h e  fo l lowing  
w a y s  : 

(1) d e c a r b o x y l a t i o n  of c y s t i n e  or  c y s t e i n e ;  (2) dis-  
m u t a t i o n  of c y s t a m i n e  d i s u l f o x y d e ;  (3) t r a n s n l f u r a t i o n  
f rom cys t e ine  or  h o m o c y s t e i n e  to  e t h a n o l a m i n e .  T h e  l a s t  
m e c h a n i s m  m i g h t  be  of rea l  i n t e r e s t  a f t e r  t h e  d i s c o v e r y  
of b io logica l  t r a n s u l f u r a t i o n  r e a c t i o n s  f r o m  h o m o c y s t e -  
ine to  ser ine  w i t h  t he  p r o d u c t i o n  of cys t e ine  1. 

I V. DU VIGNEAUD, G. B. BROWN, and J. P. CHANDLER, J. Biol. 
Chem. 143, 59 (1942). - F. BIt~KLEV, W. P. ANSLOW, and V. DU 
VmNEAUD, J. Biol. Chem. 143, 559 (194~2). - F. BtNKI.EY, J. Biol. 
Chem. 155, 39 (1944). 
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In  o rde r  to  h a v e  some  i n d i c a t i o n  of t h e  ex i s t ence  of 
a b io logica l  m e c h a n i s m  of t r a n s u l f u r a t i o n  b e t w e e n  a 
s u l f u r - c o n t a i n i n g  a m i n o a c i d  a n d  e t h a n o l a m i n e ,  i t  was  
f o u n d  n e c e s s a r y  to  p r e p a r e  t h e  h y p o t h e t i c a l  i n t e r -  
m e d i a t e :  a m i n o e t h y l c y s t e i n e  (I) a n d  i ts  h o m o l o g u e  
a m i n o e t h y l h o m o c y s t e i n e .  W e  h a v e  s t a r t e d  w i t h  t h e  

NHzCH~-CH2-S-CHa-CH NHz-COO H (I) 

s y n t h e s i s  of t h e  c y s t e i n e  d e r i v a t i v e  in o rde r  to  h a v e  
i n f o r m a t i o n  on  such  t y p e s  of s y n t h e s i s  a n d  because  t h i s  
s u b s t a n c  is more  eas i ly  o b t a i n a b l e .  

S-aminoethylcysteine monohydrochloride recrystallized with acetone 
from an hydroalcoholic solution (about 150 × ). 

Experimental. 5 g of L - c y s t e i n e  h y d r o c h l o r i d e  were  
d i sso lved  in 10 ml  of b id i s t i l l ed  w a t e r  t h r o u g h  w h i c h  a 
f low of n i t r o g e n  was  r u n  for a pe r iod  of 15 rain.  K e e p i n g  
a n  a t m o s p h e r e  of n i t r ogen ,  6 g of K O H  d isso lved  in 10 ml  
oxygen - f r ee  w a t e r  were  a d d e d .  T h e n  b y  h e a t i n g  on  a 
w a t e r  b a t h  a t  6 0 - 7 0  °, 7 g of f l - b r o m o e t h y l a m i n e  h y d r o -  
b r o m i d O  were a d d e d  in a p e r i o d  of 10 rain.  T h e  s o l u t i o n  
was  t h e n  lef t  a t  r o o m  t e m p e r a t u r e  u n d e r  n i t r o g e n  for 
3 h, n e u t r a l i z e d  w i t h  c o n c e n t r a t e d  H B r  a n d  80 ml  
a lcohol  a d d e d .  A f t e r  4 -5  h a t  0 °, a p r e c i p i t a t e  of K B r  
was  r e m o v e d  a n d  t h e  f i l t r a t e  was c o n c e n t r a t e d ,  on  a 
bo i l ing  w a t e r  b a t h  a t  r e d u c e d  p ressure ,  to  a b o u t  20 ml .  
60 ml  of a lcohol  were  a d d e d  a n d  t he  s u s p e n s i o n  d i s so lved  
b y  w a r m i n g  a n d  a d d i n g  a s m a l l  a m o u n t  of wa te r .  T h e  
so lu t ion  was lef t  o v e r n i g h t  a t  0 ° a n d  f i l t e red  f rom a new 
p r e c i p i t a t e  of K B r .  T h e  s u p e r n a t a n t  w h i c h  c o n t a i n e d  
t h e  a m i n o e t h y l c y s t e i n e  as  a m i x e d  h y d r o b r o m i d e  a n d  
h y d r o c h l o r i d e  was  passed  t h r o u g h  a c o l u m n ,  2-5 × 40 
cm,  of D o w e x  50, in t h e  ac id  fo rm,  g r o u n d  to  80-100  
mesh .  The  co lumn ,  w a s h e d  w i t h  500 m l  of wa te r ,  was  
e lu t ed  w i t h  N H  3 1 N a n d  t he  e f f luent ,  f r o m  t h e  a p p e a r -  
ance  of t h e  a m m o n i a ,  was  co l l ec ted  for a t o t a l  a m o u n t  
of 200 ml.  T h e  co l l ec ted  so lu t i on  was  b r o u g h t  to  d r y n e s s  
on  a bo i l ing  w a t e r  b a t h  a t  r e d u c e d  p ressure .  The  oi ly  
res idue  was  d i s so lved  w i t h  20 m l  w a t e r  a n d  n e u t r a l i z e d  
u p  to  a s l igh t  a c i d i t y  w i t h  c o n c e n t r a t e d  HC1. T h e n  80 ml  
a lcohol  were  a d d e d  a n d  t h e  c r u d e  h y d r o c h l o r i d e  was  
p r e c i p i t a t e d  b y  s lowly add ing ,  w i t h  v igo rous  shak ing ,  
100 m l  of ace tone .  I n  t h i s  way  an  oily p r e c i p i t a t e  is 
f i rs t  o b t a i n e d  which ,  b y  s h a k i n g  a n d  r u b b i n g ,  solidif ies 
i n to  a s en t i - c rys t a l l i ne  mass .  A f t e r  few d a y s  a t  0 °, t h e  
s u p e r n a t a n t  was  r e m o v e d ,  t h e  solid mass  was  m e c h a n i c -  
a l ly  d e t a c h e d  f r o m  the  wails  of t h e  c o n t a i n e r ,  b r o k e n  
in t h e  p r e sence  of ace tone ,  f i l te red  a n d  dr ied .  T h e  c r u d e  
a m i n o e t h y l c y s t e i n e  h y d r o c h l o r i d e  we ighed  4-8 g (75% 
of t h e  t h e o r e t i c a l  va lue)  ; a n e g a t i v e  n i t r o p r u s s i d e  t e s t  
was  o b t a i n e d  before  a n d  a f t e r  t r e a t m e n t  w i t h  NaCN.  

1 F. CORTESE, Orga~ffc SyJ~lheses, Coll. Vol. II, p. 91. 

T h e  r e c r y s t a l l i z a t i o n  was  c o m p l i c a t e d  b y  t h e  t e n d e n c y  
of t h e  c o m p o u n d  to  p r e c i p i t a t e  f r o m  a q u e o u s  so lu t ions  
in  a semi-o i ly  f o r m  c a r r y i n g  w a t e r  w i t h  it. W e  h a v e  
o b t a i n e d  good c r y s t a l l i z a t i o n  b y  t h e  fo l lowing p r o c e d u r e  : 
1 g of t h e  a b o v e  p r e c i p i t a t e  was  s u s p e n d e d  in 30 ml 
95 % a lcoho l ;  w h e n  boi l ing,  w a t e r  was  a d d e d  in smal l  
p o r t i o n s  u n t i l  a c o m p l e t e  so lu t i on  was  o b t a i n e d .  T h e  
so lu t i on  was  f i l t e red  a n d  a c e t o n e  was  a d d e d ,  whi le  
shak ing ,  un t i l  a s l i gh t  p e r m a n e n t  t u r b i d i t y  was  r e a c h e d  ; 
t h e  so lu t i on  was  c la r i f ied  b y  bo i l i ng  a n d  le f t  a t  r o o m  
t e m p e r a t u r e  for  a few hours .  A c e t o n e  was  t h e n  a d d e d  in 
d rops  u n t i l  a s l igh t  t u r b i d i t y  was o b t a i n e d  a g a i n :  a f t e r  
r u b b i n g  t h e  walls  a n d  a f t e r  a p e r m a n e n c e  a t  0 ° for 24 h, 
t h e  c o m p o u n d  b2gins  to  c rys ta l l i ze  in  t h e  f o r m  of 
n e e d l e s h a p e d  c ry s t a l s  a s s e m b l e d  in r o s e t t e s  (Figure) .  
T h e  t r e a t m e n t  w i t h  a c e t o n e  up  to  a s l i gh t  t u r b i d i t y ,  
fo l lowed b y  s t a n d i n g  a t  0 ° for  seve ra l  hours ,  .was re- 
p e a t e d  4 - 5  t imes .  F i n a l l y  t h e  l iqu id  was p o u r e d  ou t ,  t h e  
c r y s t a l s  w a s h e d  w i t h  a lcohol ,  co l l ec ted  a n d  d r i ed  in a 
d e s s i c c a t o r ;  y ie ld  0.5 g. F r o m  t h e  m o t h e r  l iquor ,  
f u r t h e r  0.15 g of p u r e  c r y s t a l l i n e  m a t e r i a l  were  o b t a i n e d  
fol lowing t h e  s a m e  t r e a t m e n t  for s eve ra l  days .  

T h e  ana ly se s  m a d e  on t h e  c ry s t a l l i n e  c o m p o u n d  gave  
t h e  fo l lowing r e su l t s :  

CsHa20~N~S'HC1 c a l c u l a t e d  S 15 .97% N 13-96% 

200-69 f o u n d  S 15 .66% N 13-40}0 

T h e  n i t r o g e n  was  s h o w n  to  be  e n t i r e l y  p r e s e n t  as 
a m i n o  n i t r o g e n  b y  t h e  VAN SLYKE p r o c e d u r e :  9 8 %  of 
t h e  t h e o r i c a l  vaIue .  M.P.  192° - I92 .5° ;  a t  t h e  m i c r o s t a g e  
w i t h  t h e  KOFLER a p p a r a t u s .  [ ~ } ~ = + 7 - 2 ° :  1 %  in 
a q u e o u s  so lu t ion .  

The  n i n h y d r i n  t e s t  a n d  t h e  i o d o p l a t i n a t e  t e s t  for  sul- 
f u r - c o n t a i n i n g  a m i n o  acids  ~ were  s t r o n g l y  pos i t ive .  B y  
p a p e r  c h r o m a t o g r a p h y  o n l y  one  spo t  was  s h o w n  to  be 
p r e s e n t  w i t h  t h e  fo l lowing  Rf: 0.80 in p h e n o l ;  0-19 in 
co l l id ine - lu t id ine .  
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Riassunto 
L ' a m i n o e t i l c i s t e i n a ,  c o m p o s t o  i n t e r m e d i o  i p o t e t i c o  di 

t r a n s u l f u r a z i o n e  t r a  c i s t e i n a  e e t a n o l a m i n a ,  6 s t a t a  
p r e p a r a t a  c r i s t a l l i n a  s o t t o  f o r m s  di m o n o c l o r i d r a t o ,  
t r a t t a n d o  la c i s t e i n a  con  b r o m o e t i l a m i n a  in a m b i e n t e  
a lcal ino.  

i H. M. WXNEGARO, G. TOENNIS, and R. J. BLOCK, Science 108, 
506 (1948). 

Branched Polyamino Acids 

Most  of t h e  k n o w n  p o l y - ~ - a m i n o  acids  were  p r e p a r e d  
f rom N - c a r b o x y - a - a m i n o  acid  a n h y d r i d e s ,  u s ing  w a t e r  
or a m i n e s  as p o l y m e r i z a t i o n  i n i t i a to r s .  T h e  l i nea r  poly-  
p e p t i d e s  t h u s  o b t a i n e d  are u s u a l l y  of a n  a v e r a g e  degree  of 
p o l y m e r i z a t i o n  of 10 to  100. B r a n c h e d  p o l y a m i n o  acids  
of a c o n s i d e r a b l y  h i g h e r  m o l e c u l a r  w e i g h t  h a v e  been  
p r e p a r e d  b y  us, u s ing  p o l y l y s i n e  1 as  a p o l y v a l e n t  a m i n e  
i n i t i a to r ,  a c c o r d i n g  to  t h e  fo l lowing  s c h e m e :  

1 E. KATCHALSKI, I. GROSSFELD, and M. FRANKEL, J. Amer. 
Chem. Soc. 70, 2094 (1948). 


