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H y d r o l y s i s  o f  A m i n o a c e t o n i t r i l e :  P e p t i d e  F o r m a t i o n  

Free  a -amino  nitr i les  as a class are  a m o n g  t h e  m o s t  
uns t ab l e  ni t r i les  k n o w n  x, r eve r t i ng  readi ly  to  h y d r o g e n  
cyan ide  and  a m m o n i a  in t h e  presence  of alkali. Convers ion  
to  a -amino  acids, as in t h e  Iinal  s t ep  of t he  S t recker  
synthes is ,  is there fore  usual ly  carr ied ou t  under  acidic 
condi t ions .  Glycine,  for example ,  can be ob ta ined  in 92% 
yield f rom aminoace ton i t r i l e  af ter  hydro lys i s  w i th  40% 
sulfuric ac idL W e  now repor t  t h a t  neu t ra l  or alkal ine 
decompos i t ion  of aminoace ton i t r i l e  gives a m i x t u r e  of 
several  o the r  ~-amino acids in add i t ion  to  glycine. 

W h e n  aminoace ton i t r i l e  (b.p. 65 °C a t  8 mm)2 was dis- 
solved in cold wa te r  (25 °C), t he  colorless solut ion gradual ly  
d a r k e n e d  a n d  became  c o n v e r t e d  to  a b lack  suspension.  
Af te r  30 d a y s  a b lack  res idue was  f i l tered off  a n d  the  
resu l t ing  f i l t ra te  f reeze-dr ied  to a da rk  b r o w n  solid re- 
sembl ing  the  pep t id ic  p r o d u c t s  ob ta ined  b y  base -ca ta -  
lyzed po lymer i za t ion  of h y d r o g e n  cyan ide  a,~. Fol lowing 
acid hydro lys is  (6N HCI, 100°C, 24 h) of t h e  solid, auto-  
ma t i c  co-amino acid analysis  showed t h a t  in add i t ion  to 
glycine, t h e  main  p roduc t ,  a t  least  6 o the r  a -amino  acids 
were  p r e s e n t  - lysine, a spar t i c  acid, th reonine ,  serine, 
g lu tamic  acid and  alanine.  

To inves t iga te  t he  effect  of p H  on the  hydro lys i s  of 
aminoace toni t r i le ,  7 samples  (0.5 ml) were  sealed in am-  
poules  con ta in ing  HC1 or  NH4OH solut ions  (10 ml) of 
k n o w n  p H  rang ing  f rom lower t h a n  I to  h igher  t h a n  12 
(Table I). Af te r  h e a t i n g  a t  100 °C for  3 days ,  the  solut ions  
( ranging f rom colorless to  black) were  t r ans fe r red  to  
larger  ampou le s  a n d  d i lu ted  w i t h  enough  1 2 N  HC1 to  
lower  t he  p H  of each of these  to  less t h a n  1. Af t e r  t h e  
sealed ampoules  h a d  been  r ehea t ed  to  100 °C for  24 h, t h e  
c o n t e n t s  of each were  decolorized wi th  ac id -washed  char-  
coal and  freeze-dried.  The res idue was  t h e n  ana lyzed  
au toma t i ca l l y  for e -amino  acid compos i t ion  (Beckman 
Amino  Acid Analyzer ,  Model 120 B) (Table II) .  As ex- 
pec ted ,  unde r  s t rong ly  acidic condi t ions  glycine was the  
only  a -amino  acid p roduc t .  A t  neu t ra l  or s l ight ly  alkaline 
pH,  however ,  the  yields of glycine were  lower and  appre-  
ciable a m o u n t s  of a t  leas t  6 o t h e r  m-amino acids were  
de tec ted .  I n  s t rong  alkali  h igher  yields of glycine were  
o b t a i n e d  t o g e t h e r  wi th  t h e  o t h e r  e - amino  acids.  Resu l t s  
of paral lel  e x p e r i m e n t s  on the  hydro lys i s  of a -amino-  
bu ty ron i t r i l e  (m.p. 138-139°C as t he  hydroch lor ide)  s 
showed a similar  t r end ,  w i th  0¢-aminobutyric acid being 
the  m a j o r  p r o d u c t  of each react ion.  Small  a m o u n t s  of 
other ~-arnino acids, inc luding glycine, were  again found  
to  be  p r e s e n t  u n d e r  neu t r a l  or alkal ine condi t ions .  

W'e i n t e r p r e t  these  hydro lys i s  reac t ions  of ~-amino 
ni tr i les  as occurr ing  in 2 ways,  b o t h  u l t ima te ly  leading to  
~-amino acids.  Hydro lys i s  u n d e r  s t rong ly  acidic condi t ions  
leads  d i rec t ly  to  the  e x p e c t e d  a -amino  acid. Whi le  a 
s imilar  convers ion  of ni t r i le  to  carboxyl ic  acid groups  
occurs  in alkali, pa r t i a l  decompos i t i on  to  h y d r o g e n  
cyan ide  also takes  place and  is fol lowed rap id ly  by  base-  

Table I. Aminoacetonitrile hydrolysis conditions (pH) 

Sample Hydrolysis Initial Final Color after 
No. medium pH pH hydrolysis 

1 HC1, 6.0N < 1 -< 1 Colorless 
2 HC1,1.0N 1.10 2.09 Orange 
3 HCI, 0.1 N 6.40 9.50 Black 
4 H00 8.10 9.48 Dark Brown 
5 NH,OH, 0.1 N 10.85 9.70 Dark Brown 
6 NH4OH , 1.0 N 11.50 9.80 Dark Brown 
7 NH4OH , 15.0 N 12.61 ~ Light Brown 

ca ta lyzed  po lymer iza t ion  via  H C N  d imer  [(I) amino-  
cyanoca rbene]  * to give a m i x t u r e  of p r o d u c t s  7 including 
a t e t r a m e r  [(II)  d iaminomMeoni t r i te] ,  pep t ide- l ike  poly-  
mers  3,4 and  black in t r ac tab le  solids. 

HCN (~+ ~_ HCN H2N...C _ C/.NI-I2 
HCN . . . . . .  ~ HzN--C--C~N . . . . . . .  ~ 

base NC / " C N  

(1) (II) 

HCN ] 
V 

~ - C - - C - - N H -  l -  1 -  -J-C--C--NH~--  
I II 1 1 HaO / l I  I I 
L N H C N  An | 0  R /n  

U n d e r  dras t ic  hyd ro ly t i c  condi t ions ,  as in our  exleeri- 
ments ,  m i x t u r e s  of e - amino  acids are t h e n  fo rmed  by  
b r e a k d o w n  of the  t e t r a m e r  sa and  the  pept id ic  compounds .  
We  have  previous ly  shown 4 t h a t  a t  least  12 of t he  20 
c o m m o n  a-amino acids can be ob ta ined  by  hydro lys i s  of 
such po lymers  ob ta ined  d i rec t ly  f rom h y d r o g e n  cyanide.  

In  the  c o n t e x t  of chemical  evolu t ion  studies ,  the  above  
resul ts  suggest  t h a t  t he  i m p o r t a n t  role usual ly ass igned xo-a7 

Table II. ~-Amino acid comFositiona of hydrolysis products of 
mninoacetonitrile 

Amino acid 1 2 3 4 5 6 7 

Lysine - - 3 7 5 5 7 
Ammonia 4310 4 5 6 0  5917  4 2 7 0  4 3 6 4  4 2 5 5  3309 
Aspartic acid - 113 113 141 83 114 
Thrconine - 3 4 4 3 4 
Serine - - 4 7 6 4 6 
Glutamic acid - - 6 9 7 4 9 
Glycine 4920 ~400 883 958 1094 753 1283 
Alanine - - 10 9 11 9 11 

Adjusted to it, moles ceamino acid/g hydrolyzate. 
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to  co-amino n i t r i l es  needs  to  be  recons idered .  I t  is wide ly  
bel ieved,  for  example ,  t h a t  ~ -amino  acids  o b t a i n e d  f rom 
severa l  t y p e s  of s i m u l a t i o n  e x p e r i m e n t s  were  fo rmed  b y  
t h e  direct hydro lys i s  of c o r r e s p o n d i n g  ~ -amino  n i t r i l es  x°-lz. 
I n  t he se  a lka l ine  reac t ions ,  a n y  f o r m a t i o n  of c~-amino 
n i t r i l es  would  soon be  fol lowed b y  e l i m i n a t i o n  of h y d r o g e n  
cyanide .  I t  t he re fo re  seems more  l ike ly  to  us  t h a t  in  such  
e x p e r i m e n t s  m o s t  of t h e  ~ -amino  ac ids  were  p r o d u c t s  of 
a lka l ine  hydro lys i s  of t he  p e p t i d e s  f o r m e d  b y  t h e  poly-  
m e r i z a t i o n  of h y d r o g e n  cyan i de  p r e s e n t  e i t h e r  as a s t a r t i n g  
m a t e r i a l  or  a r eac t i on  in t e rmed ia t e3 ,  4. I t  h a s  also b e e n  
p roposed  14-~ t h a t  t he  f o r m a t i o n  of t r ig lyc ine  f rom a m i n o -  
ace ton i t r i l e  (by  h e a t i n g  w i t h  kao l in i t e  a n d  e x t r a c t i n g  
w i t h  wate r )x ,  occu r red  t h r o u g h  a p r io r  c o n d e n s a t i o n  be-  
t w e e n  a m i n e  a n d  n i t r i l e  g roups  y ie ld ing  po lyamid ines .  
Since b l a c k  solids were also a m a j o r  p roduc t ,  i t  a g a i n  
seems more  p r o b a b l e  to  us t h a t  t he  pep t ides  were  fo rmed  
b y  ba se - ca t a lyzed  p o l y m e r i z a t i o n  of h y d r o g e n  c y a n i d e  
fol lowing decompos i t i on  of t he  s t a r t i n g  ma te r i a l .  W e  con-  
clude,  therefore ,  t h a t  in  t h e  r educ ing  a n d  basic  env i ron -  
m e n t  of p r i m i t i v e  E a r t h ,  ~ -amino  n i t r i les  p l a y e d  l i t t l e  or  
no  d i rec t  p a r t  in t h e  sequence  of e v e n t s  l ead ing  to  t he  
preb io log ica l  syn thes i s  of p o l y p e p t i d e s  a n d  p ro te ins .  T h e  
m a i n  role, ins tead ,  was t a k e n  b y  h y d r o g e n  cyan i de  3,4,18. 

Zusammen/assung. N e u t r a l e  oder  a lka l i sche  H y d r o l y s e  
v o n  A m i n o a c e t o n i t r i l  g ib t  m i n d e s t e n s  6 c~-Aminos~uren 
n e b e n  Glycin,  welches  das  einzige P r o d u k t  bei s a u r e r  
t t y d r o l y s e  ist. Die  a n d e r e n  a -Aminos i i u r en  e n t s t e h e n  
d u t c h  die H y d r o l y s e  de r  p e p t i d ~ h n l i c h e n  Po lymere ,  welche  
d u t c h  die P o l y m e r i s i e r u n g  des aus  d e m  A m i n o a c e t o n i t r i l  
geb i lde ten  Cyanwasse r s to f fes  m i t  ba s i s chen  K a t a l y s a t o r e n  
geb i lde t  werden .  I m  Z u s a m m e n h a n g  m i t  de r  c h e m i s c h e n  
E v o l u t i o n s t h e o r i e  weisen diese R e s u t t a t e  d a r a u f  h in ,  dass  
~ -Aminon i t r i l e  n u t  e ine kteine oder  ga r  ke ine  d i r ek t e  Rol le  
in  d e r  Aufe inande r fo tge  de r  le .eakt ionen gesp ie l t  h a b e n ,  
welche  zu r  vo rb io log i schen  S y n t h e s e  y o n  P o l y p e p t i d e n  
u n d  P r o t e i n e n  f f ihr ten.  
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Solid Phase Synthesis and Some Pharmacoogical 

G l u m i t o c i n  (4 -Ser -8-Gln-Oxytoc in)  was  f i r s t  i so la ted  
f rom Raia clavata z a n d  l a t e r  iden t i f i ed  in  3 a d d i t i o n a l  
e l a smobranchs ,  R. batis, R. [ullonica a n d  R. naevus 3. U n t i l  
v e r y  r e c e n t l y  t h e  p roposed  s t r u c t u r e  h a d  no t  been  con-  
f i rmed  b y  l a b o r a t o r y  s y n t h e s i s  4. As p a r t  of a c o n t i n u i n g  
i n v e s t i g a t i o n  on  t he  p h y l o g e n y  of t h e  n e u r o h y p o p h y s e a l  
h o r m o n e s  t h e  syn thes i s  of 4 -Se r -8 -Gln -Oxy toc in  was  
u n d e r t a k e n  us ing  the  a d a p t a t i o n  of t he  MERRIFI:ELD solid 
phase  m e t h o d  s w h i c h  h a s  r ecen t l y  b e e n  app l ied  t o w a r d  
t he  syn thes i s  of o x y t o c i n  e. T he  s y n t h e t i c  p r o d u c t  ha s  
b e e n  pha rmaco log i ca l l y  e v a l u a t e d  b y  m e t h o d s  p rev ious ly  
desc r ibed  7 a n d  t he  r e su l t s  o b t a i n e d  are  p r e s e n t e d  in t he  
Table .  

T h e  requ i red  p r o t e c t e d  n o n a p e p t i d e  amide  i n t e r m e d i a t e  
was  syn thes i zed  in a s tepwise  m a n n e r  b e g i n n i n g  w i t h  5.0 g 
of t - b u t y l o x y c a r b o n y l g l y c y l  res in  c o n t a i n i n g  0.985 m m o l e  
of g lycine  acco rd ing  to  t he  genera l  p rocedu re  of MERRI- 
FIELD 8, us ing  t he  modi f i ca t ions  p rev ious ly  descr ibed  s 
w i t h  one  a d d i t i o n a l  p r ecau t ion ,  i.e. t h e  t r i f luoroace t ic  acid,  
d i m e t h y l f o r m a m i d e  a n d  t r i e t h y l a m i n e  used in  t h e  syn-  
thes i s  were  all  f r ac t iona l ly  redis t i l ted  before  use. 8 cycles 
of dep ro tec t ion ,  n e u t r a l i z a t i o n  a n d  coup l ing  were  ca r r i ed  
o u t  w i t h  a p p r o p r i a t e  Doe-amino  acids  9 p r o d u c i n g  t h e  
p r o t e c t e d  n o n a p e p t i d e  es ter i f ied to  t h e  resin.  B o c - a m i n o  
ac ids  w i t h  p ro t ec t ed  side cha ins  were  S-Bzl-Cys,  O-Bz l -Se r  
a n d  O-Bzl -Tyr .  T h e  f ina l  cys te ine  res idue  was  a d d e d  as  
t h e  N - C a r b o b e n z o x y - S - B e n z y l  (N-Z-S-Bzl )  de r iva t ive .  
All coup l ing  reac t ions  to  fo rm p e p t i d e  b o n d s  were medi -  
a t e d  b y  d i cyc lohexy lca rbod i imide  10 in m e t h y l e n e  ch lor ide  
e x c e p t  those  i n v o l v i n g  t he  c a r b o x y l  g roups  of A s n  a n d  
Gln,  wh ich  were  a l lowed to  r e a c t  in  d i m e t h y l f o r m a m i d e  
(DMF) as t h e i r  n i t r o p h e n y l  es ters  11. 

Fo l lowing  t he  coup l ing  of t h e  f ina l  residue,  the  d r ied  
res in  weighed  6.057 g. T h e  we igh t  increase  of 1.057 g 
r ep re sen t s  t h e  i n c o r p o r a t i o n  of 0.81 m m o l e  of p r o t e c t e d  
n o n a p e p t i d e  in t h e  resin.  Th i s  is 82 .2% of t he  a m o u n t  
expec ted ,  ba sed  on  t he  or ig ina l  g lycine  c o n t e n t  of 0.985 

Properties of 4 - S e r - 8 - G l n - O x y t o c i n  ( G l u m i t o c i n )  i 

m m o l e  of t h e  es ter i f ied  res in .  A m m o n o l y t i c  c l eavage  of 
t h e  p r o t e c t e d  n o n a p e p t i d e  res in  (2.9 g) was  ca r r i ed  o u t  as 
p r e v i o u s l y  desc r ibed  8 to  g ive  t h e  p r o t e c t e d  n o n a p e p t i d e  
a m i d e  Z-Cys(Bzl ) -Tyr  (Bzl ) - I le -Ser (Bzl ) -Asn-Cys(Bzl ) -Pro-  
Gln-Gly(NH2)  as a w h i t e  a m o r p h o u s  powder ,  w e i g h t  
464 rag;  m.p.  243.5-245 °, [ceil) 2.s - 2 9 . 0  ° (c, I, d i m e t h y l -  
fo rmamide ) .  Anal .  calcd,  for CTeH92Nl~Ol~S~: C, 61.77;  
H,  6.27; ix]', 11.37. F o u n d :  C, 61.97; H,  6.20; ~ ,  11.28. 

T h e  yie ld  of t he  p r o t e c t e d  n o n a p e p t i d e  a m i d e  f rom the  
c l eavage  was 82% of t he  a m o u n t  expec t ed  based  on  t h e  
increase  in we igh t  of t h e  resin.  T h e  overa l l  y ie ld  b a s e d  on  
t he  a m o u n t  of g lyc ine  or ig ina l ly  es ter i f ied  to  t he  res in  
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