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Peaks of [ M -  NO] + and [ M -  NOn] + ions are cha rac te r i s t i c  for  the mass  spec t ra  of nitroindo- 
l izines,  whereas  peaks of ions of the indole type, viz. ,  [M - HCN] + and [ M -  H , -  HCN] + (for 
alkylindoles), are  not charac te r i s t i c .  In the mass  spec t ra  of nitroindoles the lat ter  ions give 
more  intense peaks, while the loss of a nitro group or its r ea r r angemen t  is a considerably 
less  significant p rocess .  When a dialkylamino group is introduced in the nitroindolizine mole-  
cule, the p r im a ry  p roces se s  in the f ragmenta t ion of such compounds are  due to f ragmentat ion 
of the alkylamino group. 

We have previously shown [1-3] that nitroindoles that contain a nitro group in the benzene r ing undergo 
fragmentat ion s imi la r  to the f ragmenta t ion of n i t roarenes  under the influence of e lect ron impact [4]. The intro-  
duction of an e lec t ron-donor  substituent (a methoxy group) in the molecule affected the charac te r  of the f rag-  
mentation when it was in the ortho position re la t ive  to the nitro group [3]. Ions that are charac te r i s t i c  for 
the dissociat ive ionization of indole der ivat ives  were  virtually absent in the mass  spec t ra  of ni tromethoxy- 
indoles. It seemed of in teres t  to us to examine the behavior of n i t ro-  and nitroaminoindolizines as compared 
with nitroindoles. The lat ter  are formed in a number of cases  in p rocesses  involving the isomerizat ional  r e -  
cyclizat ion of some nitroindolizines via the scheme of the Kos t -Sag i tu l l in  r ea r r angemen t  [5, 6]. As models 
for the study we selected nitro-  and nitroaminoindolizines I-XII,  as well as nitroindoles XIII-XVI. 
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I R'=CHa, Y=H; II R~=C6Hs, Y=H; IlI R'=CHa y=pyrrolidyl; IV R~=C6Hs, 
y= pyrrolidyl V Rt=C6Hs, Y=piperidyl; VI R'=C~Hs, y~morpholyl; VII RI=CGHs, 
Y=NH--C4Hg-n; VIII RI=C~Hs, Y=NH--CH(CHa)C2Hs; IX RI=C~Hs, Y=NH--C(CHa)a; 

X RI=C6Hs, Y=H; XI RI=C(CHa)z, Y=H; XII RI=CHa, Y=COCHa 

The mass  spec t ra  of these compounds are presented in Table 1, while the intensities of the types of 
principal cha rac te r i s t i c  ions are given in Table 2. It is apparent f rom these data that replacement  in the ni tro-  
indolizine molecule of the methyl group in the 2 position (I) by a phenyl res idue  (II) halves the stability of the 
molecule with r e spec t  to e lec t ron impact.  Similar  phenomena can be observed when one compares  the WM 
values (III and IV). This is evidently associated with the e l ec t ron-accep to r  proper t ies  of the benzene r ing 
with respec t  to the pyrrole  f ragment  of the indolizine molecule.  Shifting the nitro group in the nitroindolizine 
molecule f rom the 4 position to the 6 position (I) markedly increases  the stabili ty of the molecular  ion (M +) 
of this compound; this is probably associa ted with the absence of d i rec t  conjugation of the e lec t ron-accep tor  
nitro group in the 4 position with the e lec t ron-donor  pyrrole  ring. It should be noted that the stability of the 
M + ion of 5-ni t ro-3-phenyl indole  (>TVI), which is formed in the recycl iza t ion  of nitroindolizine X, dec reases  
sharply.  Similar  charac te r  in the change in the WM value on passing f rom indolizines to indoles can be ob- 
served  when one compares  I and XIII. However, it should be noted that the molecular  ions of 7-nitroindoles 
(XIV and XV) are always more  stable than those of the other  i somers .  A change in the charac te r  of the amino 
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T A B L E  1. M a s s  S p e c t r a  of I - X V I *  

Corn- m / z  (relative intensity, %) 
pound 

I 176 (100) ,  131 (10) ,  130 (89) ,  129 (6) ,  128 (12) ,  118 (11) ,  77 (40) ,  146 (5) ,  
117 (4), 103 (46) 

II 238 (lO0), 192 (51), 191 (56), 165 (16), 149 (11), 137 (ll), 111 (11), 109 
(ll), 95 (17), 85 (25) 

Ill 245 (I00), 217 (30), 202 (21), 199 (4), 176 (54), t71 (5), 170 (6), 169 (3), 
143 (7), 130 (10), 118 (5) 

IV 307 (100), 277 (47). 260 (5), 237 (76), 231 08), 204 (10), 192 (15), 191 
(13), 190 (12), 165 (13) 

V 321 (100), 291 (42), 275 (9), 265 (10), 252 (16), 237 (58), 219 ([l), 192 
(27), 191 (21), 190 (19) 

VI 323 (100), 293 (14), 265 (26), 237 (26), 219 (9), 192 (16), 191 (16), 190 
(16), 165 (16), 99 (10), 81 (7) 

VII 309 (50), 293 (20), 277 (18). 263 (5), 253 (100), 236 (1 l). 235 (8), 234 (30). 
207 (25), 180 (18) 

VIII 309 (22), 291 (12), 263 (31), 252 (33), 207 (I00), 206 (45), 20,5 (40), 204 
(25), 180 (22), 152 (13) 

IX 309 (42), 253 (100), 207 (19), 206 (13), 205 (8), 180 (8), 111 (7), 97 (18), 
85 (18),71 (38) 

X 238 (100), 192 (45), 191 (16), 180 (5), 165 (ll) ,  164 (4), 163 (5), 139 (4), 
115 (5), 63 (4) 

XI 218 (I00), 203 (97), 172 (10), 171 (8), 157 (57), 144 (11), 130 (10), 129 
I28 (5), 115 (9) 

XII 218 (100), 203 (97), 172 (10), 171 (8), 157 (57), t44 (11), 130 (10), 129 
(t4), 128 (11), ll2 (14) 

XIII 176 (100), 130 (75), 129 (16). 103 (18). 97 (8), 85 (9), 83 (12), 77 (20), 71 
(30), 69 (32) 

XIV 238 (I00), 192 (36), 191 (15), 165 (32), 164 (8), 163 (7), 128 (6), 95 (4), 
94 (4), 78 (3) 

XV 175 (100), 175 (46), 130 (65), 129 (27), 128 (12), 118 (5), 103 (31), 102 
(13), lOl (4), 77 (27) 

XVI 238 (100), 192 (31), 191 (11), 165 (61), 164 (tl), 163 (10), 136 (7), 111 (6), 
107 (11), 97 (13) 

* T h e  m o l e c u l a r - i o n  p e a k  and t h e  10 m o s t  i n t e n s e  p e a k s  a r e  p r e -  

s e n t e d .  

T A B L E  2. 
Ions  in t h e  M a s s  S p e c t r a  of  I - X V I  

COiT1 - 
pound 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 
XV 

XVI 

WM 

25,7 
12,3 
31,6 
20,3 
15,8 
16,2 
10,6 
3,3 
8,8 

42,7 
12.7 
2o:6 
19,7 
36,0 
27,6 
28,9 

I n t e n s i t i e s  of  t h e  P e a k s  of  t h e  P r i n c i p a l  C h a r a c t e r i s t i c  

[M-CH3]  + F1 

1,2 
0,7 
0,35 
8,2 
5,5 
2,0 
0,4 
0,4 

0,2 (1,0)* 
0,2 

0,6 
0,3 
0,1 
0,7 

1,2 

8s 
7,{ 

Fz Fs 

1,4 
6,3 
0,02 
0,9 
0,4 

0,8 
0,6 
2,4 
6,2 

1,9 1,4 
0.9 

11,5 4,8 
16,2 6,7 
8,2 2,8 

20,7 
5,7 
1,1 
0,5 
1.2 
0,7 
0.8 
3,7 

�9 3,5 
17,3 
1,3 

F4 

13,2 
7,6 
3,8 
0,7 
0,4 
0,9 

* T h e  [M - C4H8, - R]  + i o n s .  

F5 IF/IF 1 

- -  17 
- -  8 
- -  3,0 
- -  0,06 
- -  0,2 
- -  0,35 
7,9 2,0 
4,2 9,0 
8,5 17,0 
- -  86,0 

6.0 
1,8 

35,0 
!62,0 

- -  12,0 

g r o u p  in  n i t r o a m i n o i n d o l i z i n e s  I V - I X  a l s o  h a s  an  a p p r e c i a b l e  e f f e c t  on  the  s t a b i l i t i e s  of t h e i r  M + ions :  t h e  W M 

v a l u e  d e c r e a s e s  on  p a s s i n g  f r o m  h e t e r o c y c l i c  a m i n e s  ( IV-VI)  to  a l i p h a t i c  a m i n e s  (VI I - IX) .  

T h e  p r i n c i p a l  p a t h w a y s  of  f r a g m e n t a t i o n  of  t h e  m o l e c u l a r  i o n s  of  n i t r o i n d o l i z i n e s  I, II ,  X ,  and XII  and 
n i t r o i n d o l e s  X I V  and X V I  a r e  c h a r a c t e r i z e d  by s p l i t t i n g  ou t  of  t h e  n i t r o  g r o u p  a s  a w h o l e  w i t h  t h e  f o r m a t i o n  

of an  F 2 i on  ( s e e  t h e  s c h e m e  g i v e n  b e l o w ) ,  w h i l e  n i t r o - n i t r i t e  r e a r r a n g e m e n t  of  M + t a k e s  p l a c e  to  a s m a l l  

e x t e n t  (in m o s t  c a s e s  I [ M _  M O 2 ] + / t [ M _  MO]+ >> 1). 

T h i s  r a t i o  i s  m u c h  l e s s  t h a n  one  in t he  m a s s  s p e c t r a  of  I V - V I ,  w h i c h  c o n t a i n  a p h e n y l  s u b s t i t u e n t  in  t h e  
2 p o s i t i o n  and t h e  r e s i d u e  of a h e t e r o e y c l i c  a m i n e  in t h e  4 p o s i t i o n .  T h e  i n c r e a s e  in t h e  f r a c t i o n  of i s o m e r i z e d  

m o l e c u l a r  i on  in  t h i s  c a s e  i s  e v i d e n t l y  e x p l a i n e d  by  t h e  s m a l l e r  v o l u m e  of  t h e  a m i n e  r e s i d u e ,  w h i c h  p r o m o t e s  

s t a b i l i z a t i o n  of  t h e  p o s i t i v e  c h a r g e  in t h e  ion .  T h e  o v e r a l l  i n t e n s i t i e s  of  t h e  m o l e c u l a r - i o n  and F 1 - F  3 i o n  p e a k s  

in  t h e  m a s s  s p e c t r a  of  n i t r o i n d o l e s  (XI I -XVI)  and n i t r o i n d o l i z i n e s  t h a t  do not c o n t a i n  an  a m i n o  g r o u p  (I, II ,  X) 
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range  f r o m  30 to 60%. However ,  additional f r agmenta t ion  pathways associa ted  with the f ragmenta t ion  of a given 
subst i tuent  ( [ M -  CH3] + ions) appear  in the d issoc ia t ive  ionization of alkyl-  or  ace ty l -subs t i tu ted  ni troindolizines 
(XI and XII). The loss  by M + of an amino group as a whole (typical for III and VI) or  spli t t ing out of the alkyl 
grouping attached to the ni t rogen a tom in the f o r m  of an olefin molecule  (the F~ ion) a re  c h a r a c t e r i s t i c  path- 
ways for  the f r agmenta t ion  of ni t roaminoindol iz ines  (III-IX), in addition to the pathways mentioned above. The 
e l emen ta ry  composi t ions  of the resu l t ing  pr incipal  f r agmen t  ions a re  conf i rmed by the h igh-reso lu t ion  m a s s  
s p e c t r a  (IX). The intensi t ies  of the peaks of the indicated c h a r a c t e r i s t i c  ions together  with the intensi ty of 
M + genera l ly  const i tute m o r e  than half of the total  ion cur ren t .  

Thus the m a s s - s p e c t r a l  behavior  of ni t roindolizines,  as well  as n i t roaminoindol iz ines ,  d i f fers  f r o m  the 
f ragmenta t ion  of nitroindoles that  contain e l ec t ron-donor  subst i tuents  in the benzene ring; this is probably 
assoc ia ted  with the g r e a t e r  e lec t ron  unsatura t ion of the s i x - m e m b e r e d  r ing of indolizine as compared  with 
the benzene r ing  of indole. 

E X P E R I M E N T A L  

The m a s s  s p e c t r a  we re  obtained with an MKh-1303 s p e c t r o m e t e r  at an ionization energy  of 50 eV with 
d i rec t  introduct ion of the s am p l e s  into the ion source .  The h igh- reso lu t ion  m a s s  spec t r a  were  r eco rded  with 
a JMS 01-SG-2 s p e c t r o m e t e r  at an ionization energy  of 70 eV. 

We have previous ly  desc r ibed  [7, 8] the synthes is  of the compounds invest igated in this r e s e a r c h .  
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