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The c loseness  of the e lec t ronic  s t r u c t u r e s  of the ions fo rmed  in the f i r s t  act  of d is integrat ion 
of the ions is respons ib le  for  the monotypic c h a r a c t e r  of the subsequent  f ragmenta t ion  of p y r -  
ro lo [ I ,2 -a ]benz imidazo le  and imidazo[1 ,2-a]benzimidazole  de r iva t ives .  The m a s s - s p e c t r o -  
m e t r i c  dis integrat ion of the invest igated s y s t e m s  has something in common with the f r a g m e n -  
tat ion of th iazolo[3,2-a]benzimidazole  de r iva t ives .  

We have p rev ious ly  studied the pr inc ip les  of f ragmenta t ion  of th iazolo[3,2-a]benzimidazole  de r iva -  
t ives  [1] and es tab l i shed  that  the f ragmenta t ion  of the molecu la r  ions for  these  compounds is r ea l i zed  
p r i m a r i l y  through c leavage of the bonds in the thiazole r ing with subsequent local izat ion of the charge  
e i ther  on the common ni trogen a tom or  on the sulfur  a tom.  

In o rder  to study the pecu l ia r i t i es  that r ep lacemen t  of the he t e roa tom in one of the r ings  introduces 
in the f ragmenta t ion  of the s y s t e m s  above, we invest igated the m a s s  s p e c t r a  of a number  of pyrro lo[1 ,2-a]  
benzimidazole(I- IV) and imidazo [1,2-a]benzimidazole (V-VIII) der iva t ives ,  the synthesis  of which was de- 
sc r ibed  in [2-4]. The s pec t r a l  data obtained a re  p resen ted  in Table  1. 
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I - IV  V -V I I I  

I R=CH3, R':H, R2--Cd"l.s, 1I R=RI=CH3, R:~=CsHs; III R=CHs. RI=H. R:=C6Hs; 
IV R=CH~C6Hs, RS=H, R2=C,~Hs; V R=H, Rt=CsHs; VI R=CH3, R1=CsHs; VII R= 

=C6Hs, RI=CHs; VIII R=RI=C6Hs 

Jus t  as in the case  of the prev ious ly  studied t r i azo lobenz imidazoles ,  compounds of both c l a s s e s  have 
high s tabi l i t ies  with r e s p e c t  to e lec t ron  impact  (W M values  higher than 30%), and this is explained by their  
high a romat ic i ty .  

A c h a r a c t e r i s t i c  fea ture  of the f ragmenta t ion  of the invest igated substances  is the case  of el iminat ion 
of an R rad ica l  f r o m  the molecu la r  ion. The advantageousness  of this p roce s s  is evidently explained by 
the s tabi l i t ies  of the resul t ing s t ruc tu re s  A and B, the charge  in which is local ized on the common ni trogen 
a tom.  The g rea t  s imi la r i ty  in the e lec t ronic  s t r uc tu r e s  of A and B is respons ib le  for the monotypic cha r -  
ac t e r  of the i r  subsequent  f ragmenta t ion.  As a r e su l t  of this, identical  cha rac t e r i s t i c  ions appear  in the 
spec t r a  of both groups of compounds.  
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T A B L E  1. M a s s - S p e c t r a l  D a t a  f o r  the  C o m p o u n d s  O b t a i n e d *  

I 40 (5,1), 41 (6,7), 42 (3,6), 43 (7,6), 51 (l  4) 55 (22)  56 (8 l) 57 (2,1), 71 (1), 
77 {4,5), 78 (3,4), 81 (l), 91 (I,3), 102 (6,6),' 103 (2,7): li5 (2 1)', 1'18 (1,2), 122 (l 2) 
127 0,2), 128 (1,7), 129 (7,3), 149 (1,1), 200 (1), 202 (1,5), 203 0,3), 204 (1,3), 

229 (3,6), 230 (3,7), 231 (14,9), 232 (5,5), 244 {2,4), 245 (7,5), 246 (100), 247 (20,9), 
248 (2,1). 

II 49 (l), 50 (1,2), 62 (l), 64 (l), 74 (1), 75 (l,1), 76 (2,4}, 77 (3,5), 89 (l), 91(1), 
92 (1), 102 (2,3), 103 (1), 109 (I), ll5 (3,2), ll6 (2), 117 (2,4), 140 (l), 149 (1,3), 
157 (l,l), 168 (1,3), 169 (1,2), 183 (2,4), 218 (1,2), 242 (3), 243 (8,9), 244 (6,8), 245 
(15,6), 246 (3,3), 257 (2,5), 258 (5,8), 259 (49,4), 260 (100), 261 (20), 262 (2,2}. 

III 41 (1), 58 (2,5), 65 (l), 71 (1), 77 0), 91 (14,5), 92 (1,5), 102 (2,5), t03 (1), ll5 
(1,5), 129 (2), 142 (1), 167 (1), 168 (7), 169 (100), 170 (15,5), 171 (1), 245 (1), 257 
(1), 258 (1), 259 (3,5), 260 (69), 261 (15,5). 262 (2,5). 

IV 65 (1,4), 77 (1,4), 91 (19), 92 (2), 102 (2,8), 103 (1,9), 115 (l), 128 (1,2), 129 (6,3), 
204 (1,0), 231 (I00), 232 (28,8), 233 (3,4), 321 (18,2), 322 (76,3), 323 (21,2), 324 (3,2). 

V 43 (1,1), 45 (1), 53 (1), 76 (2,1), 77 (3,2), 89 (2,3), 90 (2,8), 91 (1,2), 102 (5,1), 103 
(10,4), 104 (3,8), 129 (5,1), 130 (1,3), 179 (1,7), 205 (4,7), 206 (2,3), 207 (1,3), 230 
(1,1), 231 (3,6), 232 (12,3), 233 (100), 234 (25,5), 235 (3). 

VI 45 {1), 77 (1,9), 102 (4,8), 103 (1,2), 104 (1~8), It7 (1,7), 118 (2,7), 129 (9,2), 130 
(1,2), 170 (1), 205 (2), 206 (l), 231 (1,5), 232 (12,5), 233 (2,5), 245 (1,7), 246 (6,3), 
247 (100), 248 (19), 249 (1,9). 

VII 51 (1,2), 76 (2), 77 (9,1), 78 (1,2), 90 (2,3), 91 (l,l), 92 (l,1), 102 (4,8), 103 (4,3), 
104 (2,2), 115 (2,5), 116 (2), I17 (3,1), 118 (5,3), 128 (1,4), 129 (5), 130 (2), 132 
(1,1), 142 (1,0), 143 (5,2), 144 (6,4), 170 (9,1), 171 (1,4), 178 (l,l), 179 (1,5), 205 
(I,8), 206 (2,1), 207 (2,7), 208 (1,2). 219 (2,7), 220 (1,4), 232 (l,l), 245 (9,1), 246 
(63,6), 247 (100), 248 (8,9), 249 (1,8). 

VIII 72 (1,8), 102 (1,3), 103 (2,3), 129 (I,8), 165 (1,3), 178 (1,5), 179 (1,3), 180 (2,6), 205 
(4,1), 206 (I,8), 207 (I), 232 (1,5), 281 (1), 307 (18,4). 308 (66,3), 309 (100), 310 
(24,2), 311 (3,!). 

* T h e  r e l a t i v e  i n t e n s i t i e s  of  the  ion  p e a k s  w i t h  m / e  v a l u e s  h i g h e r  
t h a n  39 a r e  i n d i c a t e d .  T h e  p e a k s  w i th  i n t e n s i t i e s  l o w e r  t h a n  1~c 

a r e  n o t  p r e s e n t e d .  

R' 
A B ~/e 129 C 

*l -HEN _HC.NI. *1 -HCN 
role 204 R~=H, R2=C6H5 nz/e 20S R'=C~t.~ 
rn/e I,t2 R~=H, R2=CI! 3 ~ -  nz/e 143 R'=CH3 
m# 218 RE=CH3'R~=C6H5 ~ I ~ c "  

~/e 7~ ~ ~/e 
T h e  p r i n c i p a l  p a t h w a y  of f r a g m e n t a t i o n  of  i o n s  A a n d  t~, a s  7~hown i n  the  s c h e m e  above ,  i s  c l e a v a g e  

of  the  b o n d s  in  the  p y r r o l e  a n d  i m i d a z o l e  r i n g s  w i th  e l i m i n a t i o n  of  R IC = CR 2 a n d  N ~ CR l ,  r e s p e c t i v e l y .  
T h e  c o m p o s i t i o n  of i o n  C f o r m e d  in  t h i s  e a s e  a n d  of  the  o t h e r  i ons  o b s e r v e d  was  e s t a b l i s h e d  on  the  b a s i s  
of  d a t a  f r o m  the  h i g h - r e s o l u t i u n  s p e c t r a  of I a n d  V.  Ion C a n d  the  p r o d u c t s  of  i t s  f r a g m e n t a t i o n  w e r e  c h a r -  
a c t e r i z e d  fo r  the  s p e c t r a  of the  p r e v i o u s l y  i n v e s t i g a t e d  t h i a z o l o [ 3 , 2 - a ] b e n z i m i d a z o l e  d e r i v a t i v e s  [1], a n d  
c l e a v a g e  of  the  b o n d s  in  the  t h i a z o l e  r i n g ,  w h i c h  l e a d s  to t he  f o r m a t i o n  of  i on  C , w a s  t he  m o s t  a d v a n t a g e n o u s  
f r a g m e n t a t i o n  p r o c e s s  fo r  t h i a z o l o b e n z i m i d a z o l e s .  T h u s  the  s p e c t r a  of the  i n v e s t i g a t e d  i m i d a z o b e n z i m i -  
d a z o l e s  and  p y r r o l o b e n z i m i d a z o l e s  a r e  c h a r a c t e r i z e d  b y  a c o m m o n  f r a g m e n t a t i o n  p a t h w a y .  In  a d d i t i o n  to 
the  f o r m a t i o n  of  ion  C, e l iminat ,~on of HCN i s  p e c u l i a r  to the  f r a g m e n t a t i o n  of A a n d  B .  

C6H 5 

r CH~ 

E l i m i n a t i o n  of a h y d r o g e n  a t o m  f r o m  the  m o l e c u l a r  ion  to g ive  s t a b l e  s t r u c t u r e  D i s  o b s e r v e d  w h e n  
a m e t h y l  g r o u p  i s  i n t r o d u c e d  in  the  3 p o s i t i o n  of  II .  

S p l i t t i n g  ou t  o f  H e v i d e n t l y  o c c u r s  f r o m  the  CH 3 g r o u p  i n  the  3 p o s i t i o n  r a t h e r  t h a n  in  t he  4 p o s i t i o n ,  
i n a s m u c h  a s  the  [ M - H  "]+ i o n  p e a k  i s  a b s e n t  i n  the  s p e c t r u m  of I .  T h i s  p a t h w a y  o f  f r a g m e n t a t i o n  of the  
m o l e c u l a r  i o n  of  II i s  p r e d o m i n a n t  an d  a p p r e c i a b l y  s u p p r e s s e s  f r a g m e n t a t i o n  to  g ive  i o n s  A a n d  C . T h e  
i o n  p e a k  of  s t r u c t u r e  A i s  o b s e r v e d  in  the  s p e c t r u m  of II, b u t  i t s  i n t e n s i t y  is  c o n s i d e r a b l y  l o w e r  t h a n  t h e  
i n t e n s i t y  of  i on  D.  

T h e  p r e s e n c e  of a n i t r o g e n  a t o m  in  the  C r i n g  in  i m i d a z o b e n z i m i d a z o l e  d e r i v a t i v e s  V-VI I I  c r e a t e s  t he  
p o s s i b i l i t y  of c h a r g e  l o c a l i z a t i o n  on  t h i s  a t o m .  R e l a t i v e l y  i n t e n s e  p e a k s  of RN + --- CR 1 ( m / e  118,  R = CH3, 
R t = C~Hs, R = C6H5, R 1 = CH3; m / e  180 R = R 1 = C6H 5) and  N ------- C - C 6 H 5  + f r a g m e n t s  t h e r e f o r e  a p p e a r  i n  a d -  
d i t i o n  to i o n s  B a n d  C a n d  the  p r o d u c t s  of  t h e i r  f r a g m e n t a t i o n  in  the  s p e c t r a  of V - V I I I .  W h e n  a p h e n y l  
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group is introduced, cons iderable  fo rmat ion  of the phenyl cation is obse rved  only for  N-phenyl -subs t i tu ted  
compounds,  while c leavage  of the 2-3 and 1-10 bonds to give the C6H5C ~ NR ion is  p r e f e r a b l e  for  the C-  
phenyl der iva t ives  (V, VI) by v i r tue  of conjugation of the phenyl group with the imidazole  ring. 

In the case  of 1 ,2-diphenyl i in idazobenzimidazole  (VIII) both f ragmenta t ion  pathways a re  rea l ized ,  and 
§ 

both [ M -  C6H 5' ]+ and C6H5 +" and C6H5C ~ NC6H 5 ions a re  obse rved  in the s p e c t r u m .  In addition, the ion 
peak with m / e  165 c h a r a c t e r i s t i c  for  d iphenyl-subst i tu ted imidazoles  is p r e sen t .  The m o s t  intense peak 
among the f ragment  ions in the s pec t rum  of VIII is aff i l iated with [ M -  H" ]+. The m e c h a n i s m  of detachment  
of hydrogen f rom the mo lecu l a r  ion was not invest igated,  but an examinat ion of the l i t e r a tu re  data on the 
spec t r a  of d iphenyl-subst i tu ted  imidazoles  [5] provides  a ba s i s  to suppose that H" is e l iminated  f r o m  the 
phenyl groups,  and the high intensi ty  of the [ M -  H .  ]+ ion peak compels  one to a s sume  that the resu l t ing  
ion has an ex t r eme ly  s table  s t ruc tu re .  

Thus the f ragmenta t ions  of p y r r o l o -  and imidazobenzimidazo!es  have something in common because  
of the advantageouness  of the so r t  of f ragmenta t ion  of the molecu la r  ions in which f r agments  of s imi l a r  
e lec t ronic  s t ruc tu re s  with charge  local izat ion on the common ni t rogen a tom are  fo rmed .  The subsequent  
f ragmenta t ion  of these  ions p roceeds  p r i m a r i l y  with cleavage of the bonds in the py r ro l e  and, c o r r e s p o n d -  
ingly, imidazole  r ings .  The f r agmen t s  fo rmed  in this case  a r e  analogous to the ion obse rved  in the sp ec t r a  
of the p rev ious ly  invest igated th iazolo[3 ,2-a]benzimidazoles .  T h e p r e s e n c e o f  a ni t rogen a tom in the C r ing 
in the imidazobenzimidazoles  Ieads to the appearance  in the s p e c t r a  of ions with charge  local izat ion on this 
atom, s i m i l a r  to the sul fur-conta ining f r agments  ia the spec t r a  of th iazolobenzimidazoles .  Thus,  all of the 
invest igated t h r e e - r i n g  s y s t e m s  with a common ni t rogen a t o m -  pyr ro lo [1 ,2 -a ]benz imidazo les ,  imidazo[1,  
2 -a ]benz imidazoles ,  and t h i azo lo [3 ,2 -a ]benz imidazo le s -  have m a s s - s p e c t r o m e t r i c  f ragmenta t ions  with 
something in common as a consequence of p r i m a r y  c leavage of the bond in the C r ing.  

E X P E R I M E N T A L  M E T H O D  

The m a s s  s pec t r a  were  obtained with an MKh-1303 s p e c t r o m e t e r  with d i rec t  introduction of the 
samples  into the source .  The ion iz ing-e lec t ron  energy was 50 eV, the emiss ion  cu r r en t  was 75 mA, and 
the t e m p e r a t u r e  of the ionization chamber  was 125 ~ The high-resolut ion  s p e c t r a  we re  r eco rded  with a 
JMC-01 (SG-2) s p e c t r o m e t e r ,  f o r  which the authors thank Zh. K. To rosyan  and V. A. Zamureenko .  
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