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The r e a c t i o n  o f  n i t r o u s  a c i d  w i t h  a-amino 

a c i d  d e r i v a t i v e s  i s  reviewed i n  t h e  con tex t  of  

t h e  environmenta l  hazard  o f  N-nitrosamines.  

The r e a c t i o n  p roduc t s  from d e r i v a t i v e s  of 

p r o l i n e ,  t ryp tophan ,  t y r o s i n e ,  methionine ,  

c y s t e i n e ,  a r g i n i n e  and l y s i n e  a r e  d i scussed .  

N i t r i t e  occurs  n a t u r a l l y  i n  c e r t a i n  f o o d s t u f f s  such as  

spinach: '  it i s  a l s o  an impor tant  food a d d i t i v e  i n  meat 

p rocess ing ,  where it confe r s  co lour  ( through t h e  format ion of  

dena tu red  n i t rosy lmyoglob in ) ,  f l a v o u r  and, most i m p o r t a n t l y ,  

r e s i s t a n c e  t o  t h e  development o f  c o l o n i e s  of C los t r id ium 

botulinum. Th i s  microorganism produces a  t o x i n  ( b o t u l i n )  which 

i s  one o f  t h e  most poisonous subs tances  known, and i t s  c o n t r o l  

by n i t r i t e  i s  a  c o n s i d e r a b l e  b e n e f i t  t o  mankind. 2 

However, a t  t h e  same t ime,  i n g e s t e d  n i t r i t e  may be a c t i n g  i n  

two harmful ways: ( i )  by promoting t h e  o x i d a t i o n  o f  haemoglobin 



t o  methaemoglobin ( r e s u l t i n g  i n  a  lowered c a p a c i t y  of  t h e  blood 

t o  t r a n s p o r t  oxygen) and ( i i )  by l e a d i n g  t o  t h e  format ion of 

N-nitrosamines.  Since  t h e  o r i g i n a l  obse rva t ion  by Barnes and - 
~ a g e e , ~  many l j -n i t rosamines  have been shown t o  be ca rc inogen ic  

i n  exper imenta l  animals ,  and i t  seems l i k e l y  t h a t  some of  t h e s e  

compounds a l s o  have t h i s  a c t i v i t y  i n  Man. 

The q u e s t i o n  which a r i s e s  i s  t h i s .  Can t h e  n i t r i t e  p r e s e n t .  

i n  food n a t u r a l l y ,  o r  a s  an a d d i t i v e ,  r e a c t  w i t h  n i t rogenous  

food c o n s t i t u e n t s  a t  t h e  a c i d  pH of t h e  stomach4 t o  g e n e r a t e  

N-nitrosamines? Severa l  i n v e s t i g a t o r s  have examined t h i s  - 

q u e s t i o n  i n  a  v a r i e t y  o f  ways, and t h e  upshot seems t o  be t h a t  

such r e a c t i o n s  a r e  indeed p o s s i b l e ,  even l i k e l y . '  Our i n t e r e s t  

h e r e  i s  a  p a r t i c u l a r  r e a c t i o n  - t h a t  between t h e  s p e c i e s  

genera ted  from n i t r i t e  under mi ld ly  a c i d i c  c o n d i t i o n s  and 

a-amino a c i d s ,  p e p t i d e s  and p r o t e i n s .  Deamination w i l l ,  o f  

course ,  occur  a t  a  f r e e  primary amino group (van Slyke 

e s t i m a t i o n ,  see  below) b u t  a p a r t  from l i n k a g e s  invo lv ing  

g l y c i n e  r e s i d u e s , 6  t h e  p e p t i d e  bonds a r e  r a t h e r  r e s i s t a n t  t o  

n i t r o s a t i o n  under mi ld  c o n d i t i o n s , '  presumably because of t h e  

o p e r a t i o n  of  s t e r i c  f a c t o r s .  So i t  i s  a p p r o p r i a t e  t o  conf ine  

our  a t t e n t i o n  t o  t h e  e f f e c t  of  n i t r o u s  a c i d  on t h e  s i d e  cha ins  

o f  t h e  common amino a c i d s .  Such r e a c t i o n s  can be most r e a d i l y  

s t u d i e d  by examining ij-acyl amino a c i d  e s t e r s  (1) o r  lj-acyl 

d i p e p t i d e  e s t e r s  (L) which may s e r v e  a s  model compounds f o r  t h e  
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p o l y p e p t i d e  s i t u a t i o n .  

Apar t  from a  f a i r l y  e x t e n s i v e  l i t e r a t u r e  on t h e  t r e a t m e n t  of 

enzymes8 and o t h e r  p ro te ins9710  w i t h  n i t r o u s  a c i d ,  t h e r e  a r e  

two long e s t a b l i s h e d  r e a c t i o n s  which invo lve  t h e  exposure  of  

a-amino a c i d  d e r i v a t i v e s  t o  n i t r o s a t i n g  c o n d i t i o n s .  I t  might 

have been though t ,  t h e n ,  t h a t  t h e  answer t o  t h e  p r e s e n t  

q u e s t i o n  would be c l e a r  long ago.  That  i t  i s  n o t  s o  i s  due, i n  

t h e  one c a s e ,  t h e  van Slyke es t imat ion, ' '  t o  t h e  f a c t  t h a t  h e r e  

it i s  t h e  gaseous p roduc t  of t h e  r e a c t i o n  - n i t r o g e n  - which i s  

measured t o  p rov ide  an e s t i m a t e  of f r e e  primary amino func t ions .  

R 
I /I 

NHZCHCONHCH ... HONO ' N z  + o t h e r  p roduc t s  

(manometric (d i sca rded)  

e s t i m a t i o n )  

The r e a c t i o n  mixture ,  which presumably c o n t a i n s  p roduc t s  o f  

n i t r o s a t i o n  i n  t h e  R groups,  i s  d i sca rded .  In  t h e  o t h e r  

r e a c t i o n ,  t h e  C u r t i u s  p e p t i d e  synthes is , ' '  t h e  p r o c e s s  i s  

c a r r i e d  o u t  i n  such a  way t h a t  u s u a l l y  only  t h e  hydrazido 

func t ion  is a f f e c t e d :  

I HONO I ... CONHCHCONHNHZ . . .CONHCHCON3 
-50to-300, 

With one o r  two n o t a b l e  e x c e p t i o n s , 1 3  d i s c u s s i o n s  of t h e  

C u r t i u s  s y n t h e s i s  have p a i d  l i t t l e  a t t e n t i o n  t o  t h e  p o s s i b i l i t y  

of r e a c t i o n  i n  t h e  group R ,  a l though  n i t r o s a t i o n  r e a c t i o n s  of 

t ryp tophan  l4?l5 and of t y r o s i n e 1 6  have been d e t e c t e d  i n  t h i s  

s o r t  o f  experiment.  



Let us now look a t  t h e  r e a c t i v e  s u b s t r a t e s .  The a-imino 

a c i d s  occupy a  s p e c i a l  p l a c e  and w i l l  be cons ide red  f i r s t .  

Amongst t h e  examples of  d e r i v a t i v e s  ( e .g .  .l,g of  t h e  common 

a-amino a c i d s  i t  seems l i k e l y  t h a t  t ryptophan (R =6- indo ly l -  

CH2-), t y r o s i n e  (R = p-HOC6H4CH2-), h i s t i d i n e  (R = 4-iminazolyl-  

CH2-), c y s t e i n e  (R = HSCH2-), l y s i n e  (R = NH2CH2CH2CH2CH2-) and 

a r g i n i n e  (R = NH2CNHCH2CH2CH2-) might p rov ide  s u f f i c i e n t l y  m~ 
r e a c t i v e  c e n t r e s  t o  s u f f e r  n i t r o s a t i o n  under mi ld ly  a c i d i c  

c o n d i t i o n s ,  and t h e s e  w i l l  be cons ide red  i n  t u r n .  In  t h e  

fo l lowing ,  a l l  a - c e n t r e s  have t h e  n a t u r a l  (I,) c o n f i g u r a t i o n  - 
unless  o the rwise  s t a t e d .  Ni t rous  a c i d  i s  n o t  a  s imple  sub- 

s t a n c e ,  b u t  g e n e r a t e s  a  complex s e t  of  s p e c i e s  i n  equ i l ib r ium.  

Moreover n i t r o s a t i o n  i s  c a t a l y s e d  by c e r t a i n  an ions  (e.g.  

c h l o r i d e ,  t h i o c y a n a t e ) .  For t h e s e  reasons  t h e  r e a c t i o n  

c o n d i t i o n s  f o r  n i t r o s a t i o n  a r e  quoted i n  some d e t a i l  under t h e  

a p p r o p r i a t e  arrows.  

P r o l i n e ,  hydroxyprol ine .  A s  secondary amines, t h e s e  g ive  r i s e  

t o  s t a b l e  l j -n i t rosamines  such a s  l j - n i t r o s o p r o l i n e  ( 3 ) .  
"A, 

l7  In a  

HONO 
C02H ( n i t r o g e n  ox ides  -> 

H H30+ - c o l d )  I 
NO 56% 

2% 

polypep t ide ,  of  course ,  r e a c t i o n  cannot occur  i n  t h i s  way 

u n l e s s  t h e  p r o l i n e  o r  hydroxyprol ine  i s  a t  t h e  2- terminus .  

These l j - n i t r o s o  imino a c i d s  do n o t  seem t o  be ca rc inogen ic  
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themselves .  l8 However, t h e  e f f e c t  o f  t h e  e l e c t r o n  withdrawing 

group a t  t h e  a - n i t r o g e n  i s  expected  t o  i n c r e a s e  t h e  e a s e  o f  

thermal  deca rboxy la t ion .  Th i s  i s  one r o u t e  by which 

N-ni t rosopyrrol id ine ,  a  powerful  carc inogen i n  animals ,  can be - 
formed a l though  t h e  a l t e r n a t i v e  r o u t e  (proline + p y r r o l i d i n e  -+ 

N - n i t r o s o p y r r o l i d i n e )  a l s o  appears  t o  be impor tan t (espec ia l1y  - 
a t  h i g h e r  t empera tu res )  .19 I t  seems p o s s i b l e  t h a t  t h e  

format ion o f  8 - n i t r o s o p y r r o l i d i n e  when bacon i s  f r i e d  may occur  

i n  t h i s  way." K i n e t i c  s t u d i e s  (and a  number o f  assumptions 

about p rocess  c o n d i t i o n s ,  e .g .  4  hours  a t  54') have l e d  t o  t h e  

sugges t ionz1 t h a t  a  cured meat p repa red  under normal c o n d i t i o n s  

should  c o n t a i n  l e s s  than 0.9 ppb o f  8 - n i t r o s o p r o l i n e :  never -  

t h e l e s s  0.44 ppm of 8 - n i t r o s o p r o l i n e  has  been found i n  samples 

o f  bacon. 2 2 

Two a p p l i c a t i o n s  of such 8 - n i t r o s o  d e r i v a t i v e s  dese rve  

mention. F i r s t l y ,  t h e  8 - n i t r o s o  f u n c t i o n  has had l i m i t e d  use 

a s  a  p r o t e c t i n g  g r o u p , 2 3  f o r  example: 2 4  

( t o  c l eave  benzyl 
e s t e r )  

Secondly, t h e  N-ni t roso  imino a c i d s  have f e a t u r e d  a s  i n t e r -  

media tes  i n  sydnone s y n t h e s i s ,  f o r  example wi th  s a r c o s i n e :  2 5 



Ac20 Me. 
HONO > MeNCHZC02H + M e N H C H ~ C 0 2 H  aq. NaNOZ 

- H C 1  I 
36h, RT NO 88% 

and w i t h  p i p e c o l i c  a c i d :  2 5 

HONO 
aq.NaN02- H C 1  > 
40h, RT H I 

NO 51% 

Cur ious ly ,  t h e  sydnone corresponding t o  p r o l i n e  does n o t  appear  

t o  have been made. 2 3 

Tryptophan.  In  an e a r l y  s tudy  of t h i s  problem,26 t ryp tophan  

was found t o  r e a c t  w i t h  n i t r o u s  a c i d  t o  g i v e  a b r i c k  r e d  powder 

which was r ega rded  a s  a n i t r o s o - f - i n d o l y l a c r y l i c  a c i d .  

N-Acetyltryptophan methyl e s t e r  (4 ,  ! 1, R = f- indolyl-CH2) - 
b.. . L, 

r e a c t s  w i t h  sodium n i t r i t e  i n  aqueous a c e t i c  a c i d  t o  g i v e  t h e  

n i t r o s o  d e r i v a t i v e  (5)  i n  which n i t r o s a t i o n  has  occur red  a t  t h e  . , 
i n d o l i c  n i t r o g e n .  15,27,28 

I 
HZ -CH 

HONO 
aq.NaN02 - H O A C - E ~ ~ O '  

H 3h, RT 
i02Me 

I 
I 

NO 
55% (for 04) - - 
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An analogous r e a c t i o n  occurs  wi th  s k a t o l e .  29 When C-3  of  t h e  

i n d o l e  i s  u n s u b s t i t u t e d ,  n i t r o s a t i o n  occurs  a t  t h a t  p o s i t i o n :  30 

b u t  when C - 3  i s  s u b s t i t u t e d ,  r e a c t i o n  occurs  predominantly on 

n i t r o g e n  even though C-2  i s  f r e e .  Formylation under Vi l smeie r -  

Haack c o n d i t i o n s  p rov ides  a n o t h e r  example of  t h i s  behaviour  of 

i n d o l e s  w i t h  e l e c t r o p h i l e s  o f  moderate r e a c t i v i t y .  31 The 1- 

n i t r o s o i n d o l e  chromophore o f  (5) has two maxima a t  2 6 7  and 2 7 4  

nm, and a  broad b u t  l e s s  i n t e n s e  band a t  335 nm ( see  a l s o  Table  

1 ) .  The yel low c r y s t a l l i n e  s o l i d  i s  q u i t e  s t a b l e  (room 

temperature ,  s e v e r a l  months) bu t  under a c i d  c o n d i t i o n s  (e.g.  

HOAc/HBr) t h e  N-N bond i s  r e a d i l y  c l eaved ,  and even r a t h e r  weak 

n u c l e o p h i l e s  appear  t o  a t t a c k  t h e  1 - n i t r o s o i n d o l e  system. Thus 

h e a t i n g  (2) i n  n-butanol  r e g e n e r a t e s  t h e  o r i g i n a l  t ryptophan 

d e r i v a t i v e  (3 wi th  t h e  format ion o f  n -bu ty l  n i t r i t e ,  r e a d i l y  

d e t e c t e d  and e s t i m a t e d  by e l e c t r o n i c  spect roscopy and G L C .  The 

p r o g r e s s  of such r e a c t i o n s  can conven ien t ly  be fo l lowed by 

e l e c t r o n i c  spec t roscopy .  The r e a c t i o n  i s  f i r s t  o r d e r  i n  N- 

acetyl-Ij1-nitrosotryptophan methyl e s t e r ,  and t h e  r a t e  

i n c r e a s e s  a s  t h e  a c i d i t y  i s  i n c r e a s e d  (over  t h e  range pH7-pHZ.8). 

A p l a u s i b l e  mechanism invo lves  d i r e c t  N+O t r a n s n i t r o s a t i o n ,  

thus :  



T r a n s n i t r o s a t i o n  has  a l s o  been observed i n  which t h e  n i t r o s o  

group i s  t r a n s f e r r e d  from (5) t o  o t h e r  secondary n i t r o g e n  . .. 
f u n c t i o n s  e . g .  

The N-n i t roso  d e r i v a t i v e  (5) i s ,  i n  i t s  &-conf igura t ion ,  a  
Cr - 

s u b s t r a t e  f o r  a-chymotrypsin:  h y d r o l y s i s  occurs  s p e c i f i c a l l y  a t  

t h e  e s t e r  f u n c t i o n  t o  g i v e  N-ace ty l -N1-n i t roso -k t ryp tophan .  32 - 

Tyros ine .  In  e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  t h e  p h e n o l i c  

group o f  t y r o s y l  i s  one of t h e  most r e a c t i v e  of t h e  s i d e  c h a i n s  

of t h e  p r o t e i n s .  Tyrosyl  r e s i d u e s  may, f o r  example, be 

s p e c i f i c a l l y  n i t r a t e d  (e t o  t h e  p h e n o l i c  hydroxyl)  under 

mi ld  c o n d i t i o n s  us ing  t e t r a n i t r o m e t h a n e .  33 N i t r o s a t i o n  o f  

p -a lky lpheno l s  i s  known t o  l e a d  t o  2 - n i t r o  compounds, and t h e  

r e a c t i o n  h e r e  i s  thought  t o  proceed by an i n i t i a l  n i t r o s a t i o n  

( t h e  r a t e  l i m i t i n g  s t e p  i n  aqueous p e r c h l o r i c  a c i d  a t  0') 

fo l lowed by a  r a p i d  o x i d a t i o n .  34 

Although t h e  r e a c t i o n  of N a c e t y l t y r o s i n e  wi th  n i t r o u s  a c i d  

is slow compared w i t h  t h a t  o f  & ! - a ~ e t ~ l t r y p t o ~ h a n , ~ ~  t h e  

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

d e r i v a t i v e s . 1 6  Under c e r t a i n  c o n d i t i o n s  a  mix tu re  o f  t h e  n i t r o  

d e r i v a t i v e  and t h e  n i t r o s o  d e r i v a t i v e  a p p e a n t o  be formed. 

Thus r e a c t i o n  of N - a c e t y l t y r o s i n e  e t h y l  e s t e r  (A) wi th  sodium 

n i t r i t e  i n  aqueous a c e t i c  a c i d  l e d  t o  t h e  i s o l a t i o n  o f  a  low 

y i e l d  ( 5 % )  of  t h e  3 - n i t r o  d e r i v a t i v e  (2) and a  31% y i e l d  of a  

s u b s t a n c e  rega rded  a s  t h e  3 - n i t r o s o  d e r i v a t i v e  (9. 
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0COCH3 

HONO PCOCH~ 
aq. N ~ N O ~ - H O A ?  / 

15h, 4O 
I Hz CH2 I 

The n i t r o  compound (Z) i s  a  ye l low c r y s t a l l i n e  subs tance  and i s  

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

(8_) i s  l e s s  w e l l  suppor ted:  however, o x i d a t i o n  o f  (8) w i t h  

HZOZ/HOAc g i v e s  (L), and r e d u c t i v e  a c e t y l a t i o n  o f  (8J f u r n i s h e s  

t h e  t r i a c e t y l  d e r i v a t i v e  ( 9 ) .  -.. 

Treatment of bovine serum albumin wi th  n i t r o u s  a c i d  under 

s imula ted  g a s t r i c  c o n d i t i o n s ,  fo l lowed by enzymatic h y d r o l y s i s ,  

g i v e s  6-hydroxynorleucine (from l y s y l  r e s i d u e s ,  s e e  below) ,  

3 - n i t r o t y r o s i n e ,  and 3,4-dihydroxyphenylalanine (dopa) a s  t h e  

r ecogn i sed  t r a n s f o r m a t i o n  p roduc t s .  The dopa i s  supposed t o  

a r i s e  from t h e  r e a c t i o n  of n i t r i c  oxide  wi th  3 - n i t r o s o t y r o s i n e  

t o  g ive  a  3-diazonium n i t r a t e  which hydro lyses  t o  t h e  hydroxy 

compound.10 E a r l i e r  workers have p o s t u l a t e d  t h a t  t h e  yel low 

c o l o u r s  produced on t r e a t i n g  p r o t e i n s  (e .g .  wool, s i l k ,  peps in )  

wi th  n i t r o u s  a c i d  a r e  due t o  coupl ing p roduc t s  d e r i v e d  from 

d iazo  compounds, formed i n  t h e  p resence  of excess  n i t r o u s  

a c i d .  35,36 



+ 

0" -> coup l ing  
p roduc t s  

Th i s  proposed scheme seems t o  go back t o  an  o b s e r v a t i o n  by 

~ e ~ ~ , ~ ~  but  i t  appear s  t o  us t h a t  t h e  evidence3' u s u a l l y  

quoted1' f o r  t h e  format ion of  a  d i a z o  compound from t y r o s y l  

when a p p r o p r i a t e  p r o t e i n s  a r e  t r e a t e d  w i t h  n i t r o u s  a c i d  i s  n o t  

s a t i s f a c t o r y .  Schnabel  and 2ahn16 d i d  n o t  observe  such a  

compound when s imple  t y r o s y l  d e r i v a t i v e s  were exposed t o  

n i t r o u s  a c i d  dur ing  C u r t i u s  coup l ing ;  and t h e  n i t r o s a t i o n  of 

benzyloxycarbonyl-&-tyrosylglycyl-Dl-alanne - - benzyl  e s t e r  d i d  

n o t  g e n e r a t e  p roduc t s  which would couple  ( a s  expec ted  f o r  

diazonium s a l t s )  wi th  d i m e t h y l a n i l i n e .  I t  seems t h a t  t h e  

c o l o u r a t i o n  i n  n i t r o s a t e d  p r o t e i n s  may a r i s e  by o x i d a t i v e  

coup l ing  r e a c t i o n s  a t  t y r o s y l  r e s i d u e s  and from t h e  

n i t r o t y r o s y l  chromophore, w i t h  a c o n t r i b u t i o n  from t h e  o t h e r  

p roduc t s  of n i t r o s a t i o n  which have a b s o r p t i o n  s t r e t c h i n g  i n t o  

t h e  v i s i b l e  r e g i o n ,  such a s  t h o s e  l i s t e d  i n  Tab le  1. 
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Table  1 E l e c t r o n i c  S p e c t r a  of N i t r o s a t i o n  Products  of 

a-Amino Acid D e r i v a t i v e s  

Substance 

NHCOCH3 
I 

So lvent  

E t O H  

Buf fe r  < pH5 

Buf fe r  > pH9 

MeOH 

Ref. 

2 8  

3  3  



Table 1 (cont inued)  

Substance 

CONH2 
I 

N-NO 
I 

CN 
I 
N-NO 
I 

80% E t O H  

EtOH 

H i s t i d i n e .  The iminazole  anion i s  r e p o r t e d  t o  be n i t r o s a t e d  by 

n i t r i t e  e s t e r s ,  e .g .  3 8 

Ph Ph x ) ~  AmONO , 
NaOEt 

H ON H 
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However, a t t e m p t s  t o  observe  a  r e a c t i o n  between t h e  iminazole  

group o f  h i s t i d i n e  d e r i v a t i v e s  ( e .g .  5 - a c e t y l h i s t i d i n e  methyl 

e s t e r k ,  R = 4-iminazolyl-CH2-) and sodium n i t r i t e  under m i l d l y  

a c i d i c  c o n d i t i o n s  have been unsuccess fu l :  t h e  s t a r t i n g  m a t e r i a l  

i s  recovered t o g e t h e r  w i t h  some of t h e  f r e e  a c i d .  Others  have 

r e p o r t e d  s i m i l a r  n e g a t i v e  r e s u l t s .  2  7 

Methionine.  Although a  r e a c t i o n  between N-acetylmethionine  

methyl e s t e r  (2, R = MeSCH2CH2-) and sodium n i t r i t e  i n  aqueous 

a c e t i c  a c i d  has  n o t  been d e t e c t e d  a t  room t e m p e r a t ~ r e , ~ '  t h e  

o x i d a t i o n  o f  S-benzyl d e r i v a t i v e s  o f  c y s t e i n e  has  been 

~ b s e r v e d . ~ '  The r e a c t i o n  g i v e s  t h e  sulphoxide  i n  low y i e l d .  

CH2SPh 
S 

CH2SPh 
1 HONO ZNHCHCONHCH2C02Et HC104-NaN02> 

I 
ZNHCHCONHCH2C02Et 

THF, -20' 

Cys te ine .  N-Acetylcys te ine  methyl e s t e r  (10 ? 1, R = HSCH2-) 

r e a c t s  w i t h  n i t r o u s  a c i d  t o  g ive  t h e  z - n i t r o s o  d e r i v a t i v e  o r  

t h i o n i t r i t e  1 Th i s  i s  a  r a t h e r  u n s t a b l e  subs tance ,  b u t  it 

CH2SH CHZSNO 
I HONO I CH3CONHCHC02Me aq.NaNOZ-HC1> CH3CONHCHC02Me 64% 

4O 

12 z 
can be o b t a i n e d  a s  r e d d i s h  n e e d l e s  (Amax 338, 510, 545 nm, s e e  

Table  1 )  from petroleum. The format ion of t h e  t h i o n i t r i t e  may 

a l s o  be d e t e c t e d  by "N-n.m.r. spec t roscopy ,  where t h e  -S-15N = 0 



f u n c t i o n  appears  a t  c h a r a c t e r i s t i c a l l y  low f i e l d  ( 6  750-800 

r e l a t i v e  t o  ' 5 ~ ~ 4 + ) . 3 9  The t h i o n i t r i t e  f u n c t i o n  i s ,  pe rhaps ,  

an u n f a m i l i a r  one,  a l though  long e n s h r i n e d  i n  t h e  l i t e r a t u r e .  4 1 

A p r e p a r a t i o n  of t h e  S - n i t r o s o  d e r i v a t i v e  of c y s t e i n e  i t s e l f  

has  been d e s c r i b e d , 4 2  bu t  t h e  p roduc t  was n o t  f u l l y  c h a r a c t e r -  

i s e d  and i s ,  i n  any c a s e ,  presumed t o  have been contaminated  

wi th  p r o d u c t s  of deaminat ion .  T h i s  p r e p a r a t i o n  i s  r e p o r t e d  4 3  

t o  have a  h a l f  l i f e  o f  s. 50 hours  i n  aqueous s o l u t i o n  when 

g e n e r a t e d  from sodium n i t r i t e  and s u l p h u r i c  a c i d  i n  t h e  

p resence  o f  ammonium sulphamate ( t o  remove excess  n i t r o u s  a c i d ) .  

The t h i o n i t r i t e  (11) g r a d u a l l y  decomposes a t  room tempera tu re  
A. 

w i t h  t h e  l o s s  of n i t r i c  oxide  and t h e  fo rmat ion  of N,N1- 

d i a c e t y l c y s t i n e  dimethyl  e s t e r  (12) .  *. 

I t  i s  p e r t i n e n t  t o  mention t h a t  ( i )  c y s t e i n e  i n h i b i t s  t h e  

format ion of N-nitrosamines i n  model food sys tems ,44  ( o t h e r  

r educ ing  a g e n t s ,  e .g .  a s c o r b i c  a c i d ,  a l s o  have t h i s  e f f e c t ) ;  

( i i )  c y s t e i n e  a c c e l e r a t e s  t h e  decomposit ion of c e r t a i n  

n i t r o s a m i d e s  e . g .  N-methyl-8-nitroso-p-toluenesulphonamide and 

~ - m e t h ~ l - ~ ' - n i t r o - ~ - n i t r o s o ~ u a n i d i n e ~ ~ ;  and ( i i i )  c y s t e i n e  - 

enhances t h e  a n t i b a c t e r i a l  a c t i v i t y  o f  n i t r i t e . 4 6  The invo lve -  

ment o f  t h e  t h i o n i t r i t e  i s  conce ivab le  i n  t h e s e  p rocesses :  
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t h e r e  i s ,  indeed,  some evidence  f o r  such i n t e r m e d i a t e s  i n  t h e  

n i t r o s a m i d e  decomposit ions 4 5  

Cys t ine  + 2NO 

and a  p r e p a r a t i o n  o f  c y s t e i n e  t h i o n i t r i t e  is r e p o r t e d  t o  have a  

somewhat g r e a t e r  i n h i b i t o r y  e f f e c t  on t h e  growth o f  C los t r id ium 

sporogenes than  an e q u i v a l e n t  amount of sodium n i t r i t e .  4 6 

Arginine  and Lysine .  The two common a l i p h a t i c  a-amino a c i d s  

w i t h  s t r o n g l y  b a s i c  s i d e  chains  a r e  a r g i n i n e  and l y s i n e ,  and 

they owe t h e i r  b a s i c i t y  t o  a  guanidino f u n c t i o n  and a  primary 

amino f u n c t i o n ,  r e s p e c t i v e l y .  Both groups a r e  expected  t o  

r e a c t  w i t h  n i t r o u s  a c i d .  Lysine r e a c t s  more r e a d i l y  than does 

a r g i n i n e :  f o r  example, i n  t h e  t r ea tmen t  of c o l l a g e n  wi th  

n i t r o u s  a c i d ,  908 of t h e  l y s i n e  (and hydroxylys ine)  r e s i d u e s  

have r e a c t e d  i n  4  hours ,  whereas under t h e  same c o n d i t i o n s  o n l y  

13% o f  t h e  a r g i n i n e  r e s i d u e s  have been a t t a c k e d  a f t e r  24 hours.  9  

Only t h e  a-amino group of a r g i n i n e  i t s e l f  i s  r e p o r t e d  t o  be 

deaminated w i t h  sodium n i t r i t e - a c e t i c  a c i d  mi-xtures, whereas 

wi th  sodium n i t r i t e - h y d r o c h l o r i c  a c i d  mixtures  (which 

presumably c o n t a i n  NOC1) a l l  t h e  n i t r o g e n  i s  r e p o r t e d  t o  be 

removed from t h e  m ~ l e c u l e ? ~  C r e a t i n e  (13) c o n t a i n s  an N , i j -  

d i s u b s t i t u t e d  guanidino r e s i d u e :  t r e a t m e n t  wi th  n i t r o u s  a c i d  

g ives  N-n i t rososa rcos ine .  48 



HONO 

0NNCH2C02H 
I 
Me 

The n i t r o ~ a t i o n ~ ~  of ql-citrulline (;a, the urea analogue 

of arginine, appears to proceed smoothly to give the 

6-nitrosamine (15). Alkylguanidines behave in a more complex 

HONO NH2CONH(CH2) CHC02H NaNO -H SO > NH2CON(CH ) CHC02H 
31 2 2 4  

pH2, 25O, 2h 
I '31 

NH2 NO NH2 

way, and no simple N-nitroso derivative of arginine appears to 

have been characterised. Nitrosation of methylguanidine under 

strongly acidic conditions gives N-methyl-N-nitrosourea, 

NH 
\\ HONO 
C-NHMe aq.NaN02-H2S04 ' NH2CONMe / 

4O, 3 days 
I 
NO 35% 

but when this reaction is carried out under less vigorous 

conditions a product regarded as the nitrosocyanamide (16) has .- 
been detected. 4 9 
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NH 
'h HONO 

/ C-NHMe aq.NaN02-HC104 ' NC-NMe 
pHl, lh, 25' NO I 

16 
These products presumably arise by alternative reaction path- 

ways from the N-methyl-N-nitrosoguanidine 

\ Elim. 

(arrows) 

The N-nitrosocyanamide has been more satisfactorily 

characterised with arginine derivatives. Thus N-acetylarginin- 

amide (17) on nitrosation furnishes yellow needles of a 

substance formulateds0 as (4-acetamido-4-carboxamidobutyl)-N- 

nitrosocyanamide 1 the electronic absorption spectrum of 

which shows a weak band with distinct vibrational structure 

Amax 366i, 378, 392, 407 nm). It is surprising that the 

primary amide function survives, but a precisely analogous 

reaction has been described for 

\\ HONO C-NH(CH CHCONH2 aq.NaNo2-HCl > NC-N(CH ) CHCONH2 
/ 3kHCOCH3 2h, 0' I 

NO 
3 1  
NHCOCH3 



N-benzoylargininamide.  The N-nitrosocyanamide (+&) and i t s  - 
r e l a t i v e s  show a  pronounced mutagenic a c t i v i t y .  50 

On a  s p e c u l a t i v e  n o t e ,  i t  seems p l a u s i b l e  t h a t  t h e  pr imary 

carbonium ion  g e n e r a t e d  on n i t r o s a t i o n  of a  primary amino 

f u n c t i o n  i n  a  s i d e  cha in  ( i . e .  o r n i t h y l  o r  l y s y l )  might r e a c t  

i n t r a m o l e c u l a r l y  w i t h  a  ne ighbour ing  p e p t i d e  bond. Th i s  can be 

i l l u s t r a t e d  f o r  t h e  o r n i t h y l  case  t h u s :  

0 

- CONH 

0  
.-CONH 

r o u t e  (b) -t 
R 

I 
NHZCH- 

/ 
*-CO CONHCH- 

A s i m i l a r  r e a c t i o n  w i t h  l y s y l  would g i v e  cha in  c l eavage  w i t h  

t h e  fo rmat ion  of a  seven-membered l a c t o n e  ( r o u t e  a)  o r  p i p e r -  

i d i n e  r i n g  format ion ( r o u t e  b ) .  

I t  must be borne  i n  mind t h a t ,  i n  t h e  p r o t e i n  s i t u a t i o n ,  an  

a-amino a c i d  r e s i d u e  f i n d s  i t s e l f  i n  a  s p e c i f i c  chemical  m a t r i x  

of  more o r  l e s s  d e f i n e d  geometry, and such f e a t u r e s  a r e  n o t  

r e p r e s e n t e d  i n  s imple  models (such a s  1, 3. Some a-amino a c i d  

r e s i d u e s  may w e l l  be i n a c c e s s i b l e  i n  t h e  p r o t e i n ,  wh i l e  o t h e r s  

may have enhanced r e a c t i v i t y .  Never the les s  a  c o n s i d e r a t i o n  o f  

such models does r e v e a l  t h e  t y p e  o f  r e a c t i o n s  t h a t  a r e  p o s s i b l e ,  

and t h e  conc lus ion  t o  be drawn i s  t h a t ,  w i t h  n i t r o u s  a c i d ,  such 
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r e a c t i o n s  a t  s i d e  cha ins  a r e  more p r e v a l e n t  than  has been 

g e n e r a l l y  r ecogn i sed .  I f  n i t r o u s  a c i d  i s  employed t o  a l t e r  t h e  

N-terminus of  an enzyme t o  r e v e a l  whether o r  n o t  it i s  involved - 
a t  t h e  a c t i v e  s i t e ,  t hen  t h e  r e s u l t s  must e v i d e n t l y  be i n t e r -  

p r e t e d  w i t h  some c a r e  s i n c e  s e v e r a l  o t h e r  r e s i d u e s  ( t ryp tophan ,  

t y r o s y l ,  c y s t e i n y l ,  l y s y l ,  a r g i n y l )  may s u f f e r  chemical  change. 

For example, p e p s i n  has i s o l e u c i n e  a s  N-terminus : t h i s  i s  

r a p i d l y  deaminated wi th  n i t r o u s  a c i d ,  bu t  a t  t h e  same t ime one 

l y s i n e  and two t ryp tophan  r e s i d u e s  appear  t o  r e a c t ,  and t h e r e  i s  

a  40% l o s s  i n  b i o l o g i c a l  a c t i v i t y .  

A s  f a r  a s  t h e  g e n e r a t i o n  o f  p o t e n t i a l l y  c a r c i n o g e n i c  N-  

n i t rosamines  i s  concerned,  a r g i n y l  deserves  e s p e c i a l  a t t e n t i o n  

s i n c e  a r g i n i n e  d e r i v a t i v e s  produce N-nitrosocyanamides of 

demonstrated mutagenic a c t i v i t y .  P r o l i n e ,  hydroxyprol ine ,  and 

s a r c o s i n e  ( f r e e ,  o r  !-terminal) a l s o  appear  t o  be l i k e l y  

c a n d i d a t e s ,  and t h e  !-nitroso d e r i v a t i v e s  o f  t h e s e  t h r e e  imino 

a c i d s  have been r e p o r t e d  i n  low l e v e l s  i n  cured meats. 2 2 

Tyros ine  and l y s i n e  appear  t o  d e s t r o y  n i t r o s a t i n g  power: b u t  

c y s t e i n e  and t ryp tophan  may s e r v e  a s  a  r e s e r v o i r  of n i t r o s a t i n g  

c a p a c i t y ,  s i n c e  t r a n s n i t r o s a t i o n  r e a c t i o n s  ( t o  diphenylamine) 

have been observed w i t h  t h e  corresponding n i t r o s o  d e r i v a t i v e s  

(5 )  and (11) .  *- - 
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