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It is shown on the bas i s  of a c o m p a r i s o n  of the m a s s - s p e c t r a l  data obtained by admiss ion  of the 
individual  subs tances  into the ion s o u r c e  through d i r ec t  in t roduct ion and by introduction of mix-  
t u r e s  of the s t e r e o i s o m e r s  through a gas ch roma tog raph  that the ch romatograph ic  m a s s - s p e c t r o -  
m e t r i c  method can be success fu l ly  used for the qual i ta t ive  and quant i ta t ive  ana lys i s  of mix tu res  
of s t e r e o i s o m e r s  in the 1 ,2 -d ime thy l -  and 1 - e t h y l - 2 - m e t h y l - 4 - a l k y l d e c a h y d r o - 4 - q u i n o l o l  s e r i e s .  

The combined gas c h r o m a t o g r a p h i c - m a s s  s p e c t r o m e t r i c  method is p r e sen t l y  widely used in the ana lys i s  
of mix tu res  of organic  compounds.  

However,  there  a re  p r a c t i c a l l y  no spec ia l  pape r s  devoted to the e lucidat ion of the p o s s i b i l i t i e s  of this 
method in the inves t igat ion of mix tu res  of s t e r e o i s o m e r s  formed during syn thes i s  or  i so lab le  f rom na tura l  
ob jec t s .  However,  r e s e a r c h  of this  so r t  is expedient ,  s ince  the appl ica t ion  of mass  s p e c t r o m e t r y  to the so lu-  
tion of s t e r e o c h e m i c a l  p r o b l e m s ,  as a ru le ,  involves r a t h e r  r ig id  r e q u i r e m e n t s  demanded by the expe r imen ta l  
condi t ions .  In p a r t i c u l a r ,  it  is impor tan t  that the t e m p e r a t u r e  be maIntained as low as p o s s i b l e  in the reg ion  of 
vapor iza t ion  of the s amp le  and in the ionizat ion c ha m be r  [1]. At the same t ime,  durIng ch romatograph ic  m a s s -  
s p e c t r o m e t r i c  ana lys i s  the subs tance  pas s ing  along the column and through the mo lecu la r  s e p a r a t o r  for  a 
r a t h e r  long t ime comes  in contact  with heated s u r f a c e s ,  the t e m p e r a t u r e  of which usual ly  is r a t h e r  high. In 
this  c a se  the t h e r m a l  effect may subs tan t i a l ly  d i s t o r t  the mass  spec t rum of the subs tance  and, in the ca se  of 
mix tu re s  of s t e r e o i s o m e r s ,  may lead to a d e c r e a s e  in the quant i ta t ive  d i f fe rences  in the i r  s p e c t r a .  

Fo r  the p r e s e n t  inves t iga t ion  we used mix tu re s  of s t e r e o i s o m e r s  in the 1 ,2 -d ime thy l -  (I, III) and 1 -e thy l -  
2 - m e t h y l - 4 - a l k y l d e c a h y d r o - 4 - q u I n o l o l  (II) s e r i e s ,  the p r e s e n c e  of a hydroxy group in which may be r e s p o n s i b l e  
for the t h e r m a l  lab i l i ty  of these  compounds.  We have p rev ious ly  developed [2-4] a m a s s - s p e c t r o m e t r i c  approach 
to the de t e rmina t ion  of the conf igura t ions  of the 2 and 4 c e n t e r s  in the molecu les  of these  compounds,  and it 
was t h e r e f o r e  i n t e r e s t i ng  to a sce r t a In  whether  the quant i ta t ive  d i f fe rences  in the mass  s p e c t r a  of these  s t e r e o -  
i s o m e r s  observed  when d i r ec t  in t roduct ion into the ion source  is used would be re ta Ined  if the subs tance  was 
in t roduced in a mix ture  with other  s t e r e o i s o m e r s  through a gas ch romatograph .  

I - I l l  a ! - I ' '  ]:) I-I11 c 

I r = c u  3, R'=C2H5; II R--C2H 5, R '~C2Hs;  I l l  R = C H  3, R'=C4H~-a 
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TABLE 1. Ra t io  of the I n t e n s i t i e s  
of the  Ion P e a k s  

Corn- Ib~l_CH.]./ ItM]+ I [M--R'I+/ It,eft- 
pound 

la 
lb 
Ic 

Ila 
l ib 
I lc  

llIa 
Il lb 
lllc 

MS GCMS 

7,4 7,2 
3,8 4,6 
4,4 5,1 
6,2 7,5 
4,0 4,8 
3,1 4,4 
7,2 8,1 
4,4 4,1 
4,2 5.0 

MS GG MS 

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

Fig.  1. 
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C h r o m a t o g r a m s  of the m i x -  
t u r e s  of s t e r e o i s o m e r s .  

The  r e s e a r c h  was c a r r i e d  out with a LKV-2091 c h r o m a t o g r a p h i c  m a s s  s p e c t r o m e t e r  ( i o n i z i n g - e l e c t r o n  

e n e r g y  70 eV, e m i s s i o n  c u r r e n t  50 pA, ion iza t ion  c h a m b e r  and m o l e c u l a r  s e p a r a t o r  t e m p e r a t u r e  250~ with 
the app l i ca t ion  of a 3 m by 3 m m  g l a s s - p a c k e d  c o l u m n  [ s t a t iona ry  phase  Carbowax  20 - M, . so l i d  suppor t  C h r o -  
maton  N-AW-DMCS,  c a r r i e r - g a s ( h e l i u m )  flow r a t e  20 ml /min ] .  The c h r o m a t o g r a m s  of the m i x t u r e s  of s t e r e o -  

i s o m e r s ,  which r e p r e s e n t  the r e c o r d i n g  of the change  in the to ta l  ion c u r r e n t  du r ing  p a s s a g e  of the s u b s t a n c e s  
into the i on i za t ion  c h a m b e r  of the m a s s  s p e c t r o m e t e r ,  a r e  p r e s e n t e d  in Fig .  1 ( t e m p e r a t u r e  p r o g r a m m i n g  f rom 
120 ~ at a r a t e  of 3~  was used in the c a s e  of m i x t u r e s  of Ia -c  and I I Ia -c ,  and t e m p e r a t u r e  p r o g r a m m i n g  f rom 

105 ~ at a r a t e  of 5~  was used in the ca se  of I Ia-c) .  

Since the ion iza t ion  c r o s s  s ec t i ons  of the s t e r e o i s o m e r s  w e r e  iden t ica l ,  the r a t i o  of the a r e a s  of the 
c h r o m a t o g r a p h i c  peaks  is equa l  to the weight  and m o l a r  r a t i o s  of the s t e r e o i s o m e r s  in the inves t iga ted  m i x -  
t u r e s .  Mix tu re s  having the fol lowing componen t  r a t i o s  we re  c o m p a r e d :  I a - I b - I c  = 7 : 18 : 12, I I a - I Ib - I Ic  = 20 : 
15 : 10, and I I Ia - I I lb - I I Ic  = 19 : 11 : 17. The c h r o m a t o g r a p h i c  peaks  were  ident i f ied by me a ns  of these  va lues  and 

the r a t i o s  of the peak  a r e a s .  

In the c a s e  of m i x t u r e s  Ia - Ie  and I I Ia- I I Ic ,  which a r e  s a t i s f a c t o r i l y  r e s o l v e d  unde r  the c h r o m a t o g r a p h i c  
cond i t ions  used ,  the m a s s  s p e c t r a  of the ind iv idua l  compounds  were  r e c o r d e d  when the m a x i m u m  of the to ta l  ion 

c u r r e n t  was r e a c h e d .  The m a s s  s p e c t r a  w e r e  r e c o r d e d  for the s ides  of the peaks  for the p o o r e r  r e s o l v i n g  con -  

d i t ions  for  I Ia - I Ic .  

F o r  the d e t e r m i n a t i o n  of the con f igu ra t i ons  of the 2 and 4 c e n t e r s  in the examined  s t e r e o i s o m e r s ,  we have 
p r e v i o u s l y  used [2-4] the r a t i o  of the i n t e n s i t i e s  of the peaks  of the [M - CH3] + ( e l im ina t i on  of a 2-CH 3 group) 
and [M - R'] + ions  ( e l im ina t i on  of a 4 - a l k y l  group) to the i n t e ns i t y  of the m o l e c u l a r  ion peak.  The se  v a l u e s ,  
ob ta ined ,  on the one hand,  when d i r e c t  i n t roduc t ion  of the ind iv idua l  s a m p l e s  into the ion s o u r c e  (MS) [2-4] was 
used ,  and on the o ther ,  when g a s - c h r o m a t o g r a p h i c  i n t roduc t ion  (GCMS) unde r  the d e s c r i b e d  condi t ions  was used ,  
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a re  p r e sen t ed  in Table  1. Despi te  the fact that these  values  do not coincide in absolute  value with one another  
(which may a l so  be a s soc i a t ed  with the d i f ferent  ge om e t r i e s  of the devices  used),  the c h a r a c t e r  of the i r  change 
on pass ing  f rom one s e r i e s  of s t e r e o i s o m e r s  to another is r e t a ined .  In fact,  the J[M_CH3]+/J[M]+ values also 
r e m a i n  cons ide rab ly  higher in the ca se  of Ia-lIIa~ which contain an axia l  2-CH 3 group, whereas  the JiM_R,]+/ 
JIM]+ values for  Ic - I I Ie ,  with an axial  4 -R '  group,  a lso  r e m a i n  higher than the values observed  for the i r  s t e r e o -  
i s o m e r s .  It should be noted that no apprec iab le  i n c r e a s e  in the peaks of the dehydrat ion  ions was observed in 
the mass  s p e c t r a  obtained in the case  of g a s - c h r o m a t o g r a p h i c  introduction.  
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It was e s t ab l i shed  by PMR spec t ro scopy  that 2 - a l k y l ( a r y l ) - 6 -  and - 7 - c a r be t hoxy i ndo l i z i ne s  a r e  
protonated  at C3, whereas  the i r  3 - fo rmyl ,  3 - ace ty l ,  and 3 -n i t r o so  de r iva t ives  a r e  protonated at 
the oxygen atom of the subst i tuent  in the 3 posi t ion.  The ionizat ion constants  of 24 indol iz ine de-  
r i va t i ve s  in n i t romethane  r e l a t i v e  to diphenylguanidine were  measu red  by po ten t iomet r i c  t i t r a -  
t ion. A c o r r e I a t i o n  between protonat ion  and e lec t roph i l i c  subst i tut ion in the 2 - a l k y l ( a r y l ) - 6 -  and 
-7 - ca rbe thoxy tndo l i z i ne  s e r i e s  was es tab l i shed .  

In preceding communications of this series [1-3] we described the syntheses of 2-alkyl(aryl)-6- and -7- 
carbethoxyindolizines and their transformations under the influence of electrophilie and nueleophilic agents. In 
the present research we studied the protonation of 2-alkyl(aryl)-6- and -7-earbethoxyindolizines (I, V) and their 
formyl (II, VI), acetyl (III, VII), and nitroso (IV, VIII) derivatives, and the results were compared with the 
results of previously investigated transformations of these compounds under the influence of other electrophilic 
reagents. 

The protonat ion cen te r s  of the inves t iga ted  compounds were  es tab l i shed  on the bas i s  of a study of the 
PMR s p e c t r a  of the neu t ra l  mo lecu le s  and conjugate ac ids  (Table 1). In the s p e c t r a  of neu t ra l  molecu les  the 
r e f e r e n c e s  of pro ton  s igna l s  by the pyr id ine  f r agment  a r e  due to the c h a r a c t e r  of the i r  mul t ip l i c i ty .  As in the 
case  of 7 -ca rbe thoxy indo l i z ines  V-VIII, the proton in pos i t ion  6 a ppe a r s  in the fo rm of a quar te t  (Js,6 = 7.5 Hz, 
J6,8 = 1.8 Hz) in the region  5 6.90-7.20 ppm. The qua r t e t  of the proton at  C 8 (J5,8 = 0.9 Hz, J6,8 = 1.8 Hz) is 

* See [1] for communica t ion  III. 
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