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T h e  s t a b i l i t y  of t h e  m o l e c u l e s  of s u b s t i t u t e d  4 - a m i n o u r a c i l s  w i th  r e s p e c t  t o  e l e c t r o n  i m p a c t  
d e p e n d s  o n  t h r e e  f a c t o r s :  t he  r a t i o  of t he  v a r i o u s  t a u t o m e r i c  f o r m s  of the  e x c i t e d  m o l e c u l a r  
ion ,  t h e  s t a b i l i z i n g  e f f ec t  of  e l e c t r o n - d o n o r  s u b s t i t u e n t s  b o n d e d  to  t he  n i t r o g e n  a t o m s  i n  t h e  
u r a c i l  m o l e c u l e ,  an d  the  p o s s i b i l i t y  of  t he  e x i s t e n c e  of  i n t r a m o l e c u l a r  h y d r o g e n  b o n d i n g  i n  
t he  m o l e c u l a r  ion .  T h e  l a t t e r  f a c t o r  i s  due  to  t h e  d e v e l o p m e n t  of the  c o r r e s p o n d i n g  
c o n f o r m a t i o n .  

A s t u d y  of the  m a s s  s p e c t r a  of a n u m b e r  of s u b s t i t u t e d  4 - a m i n o p y r i m i d i n e s  [1-3] h a s  m a d e  i t  p o s s i b l e  
to  d r a w  d e f i n i t e  c o n c l u s i o n s  r e g a r d i n g  t h e  s t r o n g  e f fec t  of  the  r a t i o  of the  v a r i o u s  t a u t o m e r i c  f o r m s  of the  
e x c i t e d  m o l e c u l a r  i o n  on  t h e  d i s s o c i a t i v e  i o n i z a t i o n .  T h e  e f f ec t i ve  i n f l u e n c e  of v a r i o u s  f u n c t i o n a l  g r o u p s  i n  
t h e  r i n g  on t he  i s o m e r i z a t i o n  of  the  m o l e c u l a r  ion  a n d  the  p a t h  of d i s i n t e g r a t i o n  i n  t he  f i r s t  s t e p s  has  a l s o  

b e e n  n o t e d .  

In  t he  p r e s e n t  c o m m u n i c a t i o n  t h e  m a s s  s p e c t r a  of 4 - a m i n o u r a c i l  (I), 4 - a m i n o - 3 - m e t h y l u r a c i l  ffl), 4 -  
a m i n o - 1 - m e t h y l u r a c f l  (HI), 4, 5 - d i a m i n o u r a c i l  (IV), 4, 5 - d i a m i n o - 3 - m e t h y l u r a c i l  (V). and  4, 5 - d i a m i n o - 1 , 3 -  
d i m e t h y l u r a c i l  (VI) a r e  d i s c u s s e d .  T h e  m a s s  s p e c t r a  of t h e s e  c o m p o u n d s  ( T a b l e  1) w e r e  o b t a i n e d  f o r  the  

T A B L E  1. M a s s  S p e c t r a  of A m i n o - S u b s t i t u t e d  U r a c i l s *  

4-Aminouracil (I) 
26 (7,5), 27 (29,2), 29 (34,2), 30 (10,0), 31 (66,7), 36 (9,6), 38 (5,8), 39 (12,9), 40 (20,8), 
4t {38,3) 42 (42,5), 43 (100,0), 45 (24,2), 46 (8,6), 51 (3,3), 53 (3,3), 54 (2,5), 55 (14,2), 
56 (8,3), 57 (13,3), 60 (10,3), 61 (3,3), 65 (2,1), 66 (3,3), 67 (9,2), 68 (43,3), 69 (4,6), 
71 {5,6), 73 (3,3), 79 (4,6), 81 (4,2), 82 (2,5). 83 (6,7), 84 (16,7). 85 (8,8), 87 {2,5). 
95 (2,5), 97 (5,0), 98 (3,3), 99 (20,8), 100 (3,8), 109 (3,3), Ill  (3,3), 127 (83,3), 128 (6,3) 
4-Amino- 3- methyluracfl (II) 
27 (8,6), 29 (6,1), 30 (35,5), 31 (5,1), 39 (4,6), 40 (19,4), 41 (32,3), 42 (32,3), 43 (16,5), 
52 (3,6), 53 (5,1), 54 (6,3), 55 (17,6), 56 (8,2), 57 (45,2), 58 (4,9), 68 (21,7), 69 (8.6), 
70 (14,8), 82 (75,8), 83 (4,9), 97 (12,5), 98 (21,7), ll3 (8,6), 141 (100,0), 142 (7,9) 
4-A mino-l-methyluracil (HI) 
27 (5,9), 29 (8,9), 3,3 (10,5), 39 (5,3). 40 (16,0), 41 (24,5), 42 (30,6), 43 (48,4), 45 (4,4), 
54 (3,3), 55 (8,7), 56 (13,3), 57 (4,3), 58 (6,3), 67 (5,9), 68 (64,5), 69 (8,7), 70 (3,1). 
84 (46,8), 85 (5,9), 98 (4,3), 99 (3,5), l l l  (19,7), 112 {6,6), ll3 (10,2), 141 (100.0), 142 (8,4} 
4,5-Diaminouracil (IV) 
26 (5,5), 27 (15,2), 29 (19,5), 39 (4,8), 31 (9,5), 39 (5,7), 41 (19,5), 42 (18,6), 43 (85,6), 
45 {25,5), 46 (5,0), 51 (6,0), 53 (6,4), 54 (9,0), 55 (17,4), 56 (8,3), 57 (16,2), 60 (12,9), 
G7 {5,7), 68 (3,8), 69 (16,4), 70 (13,3), 71 (73,8), 72 (6,7), 73 (9,5), 77 (12,9), 78 (4,8), 
81 {7,4), 82 (5,5), 83 (9,5), 84 (5,0), 85 (5,7), 87 (3,8), 95 (5,0), 96 (4,3), 97 (11,4), 98 (6,4). 
99 {4,8), 100 (3,8), 105 (13,3), III (4,0), 114 (2~,3), 122 (5,5), 125 (10,2), 129 (4,5), 
142 (100,0), 143 (9,0), 147 (4,0), 148 (4,5), 149 (6,2) 
4,5-Diamino-3-methyluracil (V) 
27 (6,5), 29 (13,2), 30 (36,2), 40 (3,5), 41 (5,0), 42 (21,3). 43 (38,3), 45 (8,0), 53 (II,3). 
54 (6,9), 55 (12,7), 56 (17,4), 57 (66,0), 58 (66,0), 68 (5,9), 69 (4,8), 70 (8,6), 71 (4,1). 
83 (4,8), 84 (9,8), 85 (16,5), III (4,3), 139 (15,6), 156 (100,0), 157 (8,3) 
4, 5-Diamino- 1,3-dimethylur acil (VI)_ 
27 (3,6), 29 (7,6), 30 (25,7), 41 (3,8), 42 (18,1), 43 (22,7), 53 (6,7), 54 (4,7), 55 (I0,2), 
56 (15,5), 57 (45,7), 58 (83,9), 59 (6,1), 68 (4,4), 69 (3,4), 70 (5,1), 83 (4,4), 84 (14,0), 
8.5 (22,2), 170 (I'00,0), 171 (9,5) 

* Th e  p e a k s  w i t h  i n t e n s i t i e s  g r e a t e r  t h a n  3% of the  m a x i m u m  p e a k  

a r e  p r e s e n t e d .  
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TABLE 2. W M and St/2 Values  ~md Intensi t ies  of the Character i s t i c  
Ions* i n t h e M a s s  Spectra of I-III for an Ion iz ing-Elec tron  Energy of 
70 eV 

WM 
&/2 

Ionic composition 

M- RNCO) + 
fragment ion d) 

(d-R") + 
(d- CO) + 
[(d-CO) -R"] + 
(d-  C2HO) + 
(d-R"CN) + 
(M- RR'N~CO) + 
(fragment ion 0 
(f-H) + 
(I-co)+ 
El 

~M- co) + 
fragment ion k) 
(M- C2H20) + 
(k-- R'N=NR) + 
I(k-R'N=NR) -CO] + 
2]2 
EriE2 

I 
R=H 
R'=H 
R"= NH_, 

11,1 
<6,0 

Structure C (path 1) 

%2 

5,8 
1,1 
2,8 

13,3 
5,7 

1,4 
5.8 
5,1 

43,2 

Structure D (path 2) 

2s 
1,2 
1,4 
5,1 

10,5 
4,3 ] 

Compound 
II III 

R=H R=CHa 
R'=CHa R'=H 
R"=NH2 R"=NH~ 

18,0 20,0 
5,0 4,0 

3,9 9,4 

13,6 12,9 
2,7 2,7 
1,1 3,2 
8,1 9,7 
1,5 6,1 

1,5 1,7 
3,9 19,9 
5,8 4,9 

42,1 63.5 

1,5 2,0 
0,5 0,6 
1,5 1,7 
5,8 4,9 
9,3 9,2 
4,5 6,9 

* In p e r c e n t  of the to ta l  c u r r e n t .  

f i r s t  t i m e  unde r  s p e c t r a l  r e c o r d i n g  condi t ions  s i m i l a r  to those  d e s c r i b e d  in [2, 3]. F o r  a m o r e  c o r r e c t  
c o m p a r i s o n ,  we a l so  obta ined  the  m a s s  s p e c t r u m  of u r a c i l  i t se l f ,  which was d i s c u s s e d  in  de ta i l  in  [4]. 

The s t a b i l i t i e s  of the m o l e c u l e s  of I -VI  r e l a t i v e  to e l e c t r o n  impac t  (WM), which a r e  the r a t i o s  of the 
i n t e n s i t y  of the  po ly i so top ic  peak  of the m o l e c u l a r  ion  to the  to ta l  c u r r e n t  in  p e r c e n t ,  and the  d i s i n t e g r a t i v e  
s e l e c t i v i t i e s  (S1/2), which a r e  equal  to the n u m b e r  of the m o s t  i n t e n s e  peaks  in the m a s s  s p e c t r a  tha t  con-  
s t i tu t e  hal f  of the to ta l  ion c u r r e n t ,  a r e  g iven  in  T a b l e s  2 and 3. The i n t e n s i t i e s  of the peaks  of s o m e  c h a r -  
a c t e r i s t i c  ions a r e  a l so  p r e s e n t e d  in  Tab le s  2 and 3. 

It is known that  p r e d o m i n a n c e  of the keto f o r m  is c h a r a c t e r i s t i c  for  2 . 4 - d i h y d r o x y p y r i m i d i n e s ,  but  in  
ou r  e x a m i n a t i o n  of the d i s s o c i a t i v e  i on i za t i on  of t he se  compounds  we a l so  took in to  account  the p o s s i b i l i t y  
of the e x i s t e n c e  of an  exci ted  m o l e c u l e  as one of the monoeno l  f o r m s .  Amino- - subs t i tu ted  u r a c i l s  m a y  a l so  
ex i s t  in the i m i n e  fo rm,  but  the t a u t o m e r i c  e q u i l i b r i u m  is p r o b a b l y  shi f ted  m o r e  in  favor  of the  f o r m a t i o n  
of the a m i n o  f o r m  b e c a u s e  of the s l igh t  l a b i l i t y  of the  hydrogen  a toms  of the a mi no  group.  Thus  the 4- 
a m i n o u r a c i l  m o l e c u l e  in  the exci ted  s t a te  m a y  ex is t  in  d i f fe ren t  t a u t o m e r i c  f o r m s  ( s t r u c t u r e s  A-D), and the 
s t ab i l i t y  of the m o l e c u l a r  ion and the pa th  of d i s i n t e g r a t i o n  a r e  then  d e t e r m i n e d  to a c o n s i d e r a b l e  extent  by  
the  p r e d o m i n a n c e  of one or  ano the r  s t r u c t u r e .  

F o r  example ,  the i n t r o d u c t i o n  of an a m i n o  group into the 4 pos i t i on  of the u r a c i l  r i ng  l e a d s  to a sha rp  
d e c r e a s e  in  the  W M value  (23.7 for  u r a c i l  and 11.1 for  I). This  d e c r e a s e  in the  s t ab i l i t y  is  a s s o c i a t e d  not  

OH olt 6 

H 
A B 1 B 2 

o 

H ~ N ~ /  HN 
O N i t - -  O NH 2 

H H 
D C 
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T A B L E  3. W M and St/2 V a l u e s  and I n t e n s i t i e s  of t he  C h a r a c t e r i s t i c  
Ions*  in the  M a s s  S p e c t r a  of IV-VI  fo r  an I o n i z i n g - E l e c t r o n  E n e r g y  
of 70 eV 

S,/2 

Compound 
IV V Ionic composition R=H R=H 

R ' = H  ~ R ' ~ C H ~  

12,9 18,8 [ 
9.0 4,0 ! 

Disintegrative processes observed at 70 and 15 eV 
fM- NH3) + 
(3'I-CONRCO) + 
(/~aKment ion g) 

---14), 
(g-2H)+ 
{g-HC,N)+ 
[(g-HCN) --R']+ 

[(g-- HCN) -,H]+ or 
[ (g-  H) -- HCN]+ 
[(g-HCN)-2H]+ or 
[ ( g -  H) - HzCN] + 
[ (g -  HEN) - NH2] + 

VI 
R = C H ~  
R ' = C H 3  

22,1 
3,0 

1,3 
9,6 

1,7 
2,1 
8,4 

11,1 
Disintegrative processes 

2,9 
3,1 

1,8 I 0,9 
12.4 
7,2 

observed only at 70 eV 

4,9 

3,1 
0,9 

18,3 
5,0 

II,I 

2,4 

12,4 I0,I 

3,3 3,4 
4,0 4,0 

* In p e r c e n t  of the  t o t a l  c u r r e n t .  

only  wi th  an i n c r e a s e  in the  v o l u m e  of  the  m o l e c u l e  and the  a p p e a r a n c e  of an a d d i t i o n a l  chsnne l  fo r  d i s i n -  
t e g r a t i o n  bu t  r a t h e r  with the  p o s s i b i l i t y  of  the  e x i s t e n c e  of  I in i m i n e  f o r m  D. The  h i g h e r  W M v a l u e s  fo r  
II and III (18.0 and 20.0 r e s p e c t i v e l y )  a s  c o m p a r e d  with  I a r e  a s s o c i a t e d  with the  s t a b i l i z i n g  e f fec t  of the  
e l e c t r o n - d o n o r  m e t h y l  s u b s t i t u e n t  a t t a c h e d  to  the  n i t r o g e n  a t o m .  An e f fec t  of t h i s  s o r t  was  p r e v i o u s l y  o b -  
s e r v e d  fo r  N - m e t h y l  d e r i v a t i v e s  of  p i p e r i d i n e  [5] and indo le  [6]. 

One migh t  have  e x p e c t e d  a d e c r e a s e  in  t he  W M v a l u e  wi th  the  i n t r o d u c t i o n  of a s e c o n d  a m i n o  g roup  
in to  the  r i n g  of  t he  u r a c i l  m o l e c u l e ,  e s p e c i a l l y  s i n c e  the  s e l e c t i v i t y  of the  d i s i n t e g r a t i o n  of IV f a l l s  s h a r p l y  
($1/2 of I i s  6.0 a s  c o m p a r e d  wi th  9.0 fo r  IV). However .  the  s t a b i l i t y  of the  IV m o l e c u l e  wi th  r e s p e c t  to  e l e c -  
t r o n  i m p a c t  in  t h i s  c a s e  not  on ly  does  not  d e c r e a s e  but,  on the  c o n t r a r y ,  i n c r e a s e s  by  16 r e l .  %: the  W M 
v a l u e  of IV is  12.9. This  f ac t  p r o v i d e s  e v i d e n c e  tha t  the  d e v e l o p m e n t  of a new channe l  of d i s i n t e g r a t i o n  i s  
no t  a f a c t o r  tha t  d e t e r m i n e s  the  change  in  WM.  S t a b i l i z a t i o n  of the  m o l e c u l a r  ion  i s  m o s t  l i k e l y  r e a l i z e d  
t h r o u g h  c o n f o r m a t i o n a l  p h e n o m e n a ,  which,  in the  g e n e r a l  c a s e .  m u s t  be  t a k e n  into account  in the  s a m e  way  
a s  t he  p r e s e n c e  of t a u t o m e r i c  s t r u c t u r e s .  An e x a m i n a t i o n  of D r e i d i n g  m o d e l s  shows  t ha t  the  r e l a t i v e  o r i -  
en t a t i on  of the  4 - a m i n o  and c a r b o n y l  g r o u p s  in IV a l l ows  f o r  the  p o s s i b i l i t y  of the  e x i s t e n c e  of an in t ramo--  

l e c u l a r  h y d r o g e n  bond tha t  s t a b i l i z e s  the  r i ng .  

The  p r e s e n c e  of one o r  two m e t h y l  s u b s t i t u e n t s  a t t a c h e d  to  the  r i n g  n i t r o g e n  a t o m s  (V and VI) i n -  
c r e a s e s  W M (18.8 and 22.1, r e s p e c t i v e l y ) ,  and t h i s  s o r t  of p h e n o m e n o n  was  o b s e r v e d  fo r  m o n o a m i n o - s u b ~  

s t i t u t e d  u r a c i l s  (II and III).  

The  d i s i n t e g r a t i o n  of I - I I I  m a y  p r o c e e d  v i a  two p a t h s :  f r o m  the  m o l e c u l a r  ion  of s t r u c t u r e  C wi th  
l o c a l i z a t i o n  of the  p o s i t i v e  c h a r g e  on the  oxygen  a t o m  in the  u r a c i l  m o l e c u l e  ~oath 1) and f r o m  s t r u c t u r e  D, 
in  wh ich  t h e  c h a r g e  i s  l o c a l i z e d  on the  i m i n o  g r o u p  (path 2).  The  p r e v a i l i n g  t a u t o m e r i c  f o r m  i s  the  m o l e c u l a r  
ion  wi th  s t r u c t u r e  C. The  r a t i o  of the  s u m s  of the  f r a g m e n t  ions  ob t a ined  d u r i n g  d i s i n t e g r a t i o n  v i a  a m e -  
c h a n i s m  p r o c e e d i n g  v i a  p a t h  1 i s  g r e a t e r  by  a f a c t o r  of f ou r  to  s e v e n  than  the  s u m  of the  f r a g m e n t  ions  

f o r m e d  as  a r e s u l t  of  d i s i n t e g r a t i o n  v i a  p a t h  2. 

A s  t h e  i o n i z i n g - e l e c t r o n  e n e r g y  d e c r e a s e s  (to 15 eV). t he  i n t e n s i t i e s  of  t he  p e a k s  of ions  wi th  m a s s e s  
113, 99. 98. 84. and 69 ( s t r u c t u r e s  d. f, and k). wh ich  a r e  f o r m e d  in the  f i r s t  s t e p s  of the  d i s i n t e g r a t i o n ,  i n -  
c r e a s e  b y  a f a c t o r  of  two o r  t h r e e .  The  m a j o r i t y  of the  p a t h s  of d i s i n t e g r a t i o n  of the  m o l e c u l a r  ion a r e  con-  
f i r m e d  b y  the  p r e s e n c e  of  the  c o r r e s p o n d i n g  m e t a s t a b l e  p e a k s .  The  m a x i m u m  p e a k  in  the  s p e c t r a  of  I - I I I  

i s  the  m o l e c u l a r  ion p e a k .  

I s o m e r i c  c o m p o u n d s  II and II I  a r e  r e a d i l y  i de n t i f i e d  f r o m  the  p r e s e n c e  of  i n t e n s e  p e a k s  of ions  wi th  
m a s s e s  98 and 82 f o r  II  and  84 and 68 fo r  III, w h i c h  a r e  f o r m e d  as  a r e s u l t  of  d e t a c h m e n t  of an RNCO p a r -  
t i c l e  f r o m  the  m o l e c u l a r  ion  and s u b s e q u e n t  d e t a c h m e n t  of an R" p a r t i c l e .  Thus,  the  p o s i t i o n  of the  m e t h y l  
g r o u p  (R o r  R ' )  in  t he  u r a c i l  r i n g  i s  f ixed  c l e a r l y  d u r i n g  the  a n a l y s i s  of the  m a s s  s p e c t r a  of t h e s e  i s o m e r s .  

D e t a c h m e n t  of a n e u t r a l  CO p a r t i c l e  f r o m  the  m o l e c u l a r  ion  i s  p o s s i b l e  on ly  when the m o l e c u l a r  ion 

of  I - I l l  e x i s t s  in the  f o r m  of s t r u c t u r e  D. 
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In contrast  to the urac i l  m o l e c u l e  i t se l f  and the m o l e c u l e s  of  I-Ill,  where  the pos i t ive  charge  in the 
m o l e c u l a r  ion is  l oca l i zed  p r i m a r i l y  on the oxygen atom (structure C), during the dis integrat ion of IV-VI 
the charge  is concentrated pr imar i ly  on one of the ni trogen a toms  of the amino group. A study of the dis -  
soc ia t ive  ionizat ion of these  compounds l eads  to the conc lus ion  that the s tructure  o f  the m o l e c u l a r  ion c o r -  
responds  p r i m a r i l y  to imine s tructure  D (Table 3). 

Thus the m o l e c u l a r  ion in the invest igated s e r i e s  of compounds (I-VI) ex is ts  as tautomer ic  forms  with 
s tructures  C and D. The peaks  of fragment  ions,  the format ion  of which is  a s soc ia t ed  with e l iminat ion of an 
RNCO part ic le  f rom the m o l e c u l a r  ion (structure d for I-III), and the peaks  of quite a number of fragment  
ions of secondary  origin, 

R--N- -N- -R '  ~)" O 
\ /  II ~i C - I1 R " N ~  R'N/~'~ O%,~--C H2 

o ]" 11 -= ;/ i+.-% 
O'/NI~ / "R" O:/NN/'~N H t  R 'N~N"~N H I  +" 

"f ~ R' r' R' 

L , , .  % ~  - + O~C--CH=C=N H C R 7+ "4 -RNCO D x 
t 

O+ O+ /~C i d~  ~ / N \  +. 
+ - (o=c=(~ . )  " o=c  c = n .  O= =~h 

R,N=CR " -R", \N / I "~ * --CO 
, R" C [ I II r' _it 

7 4. R' N CH~=C~NH R,C=C=O R' - 

+ . �9 
CH =C-NR' -R" + 

I , "' CH=C=NR' 
R" 

I R=H, R'=H, R"=NH2; 
I I  R=H, R'=CH3, R"=NII2, 

I I I  R=CH3, R'=H, R"=NH 2 

which ar i se  d i rec t ly  f rom s t ruc ture  d, a re  absent in the mass  spect ra  of these compounds. 

The increase  in the select ivi ty of disintegrat ion of the IV-VI molecules as the ioniz ing-elect ron energy 
dec reases  makes it possible to determine the mechanism of dissociat ive ionization and to descr ibe  the for-  
mation of the charac te r i s t i c  ions in the f i r s t  s tages.  The number of disintegrat ive paths is confirmed by 
the p resence  of the corresponding metastable  peaks.  

The dissociat ive ionization of i somer ized  molecular  ion D (the imine form) commences  with des t ruc-  
tion of the uraci l  r ing with elimination of a neutral  CONRCO part icle;  this leads to the format ion of a cyclic 
ion radical  with mass  [M- (CONRCO)] + (structure g). The indicated f ragment  dis integrates  via two paths:  
1) by a p roces s  associa ted with success ive  loss of two hydrogen atoms, wMch leads to the formation of the 
corresponding fo rms  of the t r iazole  ion: 2) by elimination of a neutral  HCN par t ic le  with the development 
of an ion with mass  (g-HCN) + and subsequent detachment of an R' radical  f rom this f ragment  to give an ion 
of the H E -  C-NH 2 form.  

R ~ N ~ N H 2  

I V - V I  

/C.=N7 t /cH=~H 
P'--N\CH=NI -H R'--N\C H = ! 

R'--N~CH7 + 
N 

-]~ ~ o o II 

I l 

*I -CONRCO OI[-N Ha 

II ,_. r'-n~cn--nH~ r \ n - " ~ .  ' + 

~ C N  R' 

+ -NH2 [ I t  --H + R'N~CH - R,N=CH--NH 2 ~ R,N=C=NH 2 

§ _. §  ]+. 
HN~C--NH2 ~ N~C--NH27" R'N= ~NH 

All of the p r o c e s s e s  descr ibed above are  low-energy  p rocesses ,  inasmuch as they proceed  under 
conditions of bombardment  by 20 and 15 eV electrons,  during which the fract ion of s t ruc ture  g in the total 
ion cur ren t  of the ion radical  i tself  i nc reases  by a fac tor  of two to four for  a nominal ionizing-electron en- 
e rgy  of 15 eV. and this peak becomes secondary  in intensity (after the molecular  peak) in the spect rum.  
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