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The el imination of an oxygen atom f rom the molecular  ton is the most  cha rac te r i s t i c  of the decompo-  
sit ion of N-oxides  of he t e roa roma t i c  compounds under the action of e lect ron impact [1]. Only tn the p r e s -  
ence of an or tho-alkyl  subst i tuent  with r e s p e c t  to the N-oxide group does decomposit ion assoc ia ted  with the 
el imination of  a OH radica l  play a significant ,  and somet imes  the basic ro le  [2, 3]. As for  N-oxides  of 
he te rocye l i c  compounds of a nonaromat ic  na ture ,  they have been l i t t le studied. We might mention, for  
example ,  the studies [4-8], in which the appearance of r a the r  substantial  M - 1 7  together  with M - 1 6  has 
f requent ly  been noted. 

In a continuation of a s tudy of the behavior  of quinolysidine alkaloids under the action of e lec t ron 
impact [9, 10], we undertook a mass s p e c t r o m e t r i c  study of N-oxides  of alkaloids of the matr ine s e r i e s ,  
that is, N-oxides  of matr ine  (I), a l lomatr ine  (II), sophoridine (liD,* isosophoridtne (IV), s ophocarpine (V), 
and isosophoramine (VD, ofwhicheompounds / I )  and (V) a re  natural ,  isolated f rom So phora  f lavescens  and 
Sophora pachycarpa ,  r e spec t ive ly  [12, 13], while the r e s t  were  produced [14] by the oxidation of a l lomatr ine  
(IIa), sophoridine (IIIa),* isosophortdine (Via), and isosophoramine (Via) with a 3% aqueous solution of 
H202. The position of the N-oxide  group was demons t ra ted  [14] on the basis  of the absence of the band at 
2700-2800 cm -1, typical  of t rans-quinolys id ine  sys tems  
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in the IR spec t r a  of (I)-(III), (V), and (VI) with t rans- jo in ing  of the A / B  r ings.  

The mass spec t r a  of N-oxides  (I)-(VI), as a ru le ,  contain low-intens i ty  peaks of the ions M + (Figs.  
1 and 2). The peaks of the tons t-M-16] + and [M-17]  + a r e  substant ial ly  more  intense than the molecular  
peaks ,  and somet imes  even the basic peaks in the spec t rum.  Although there  is no doubt of the appearance  
of the ion [M-16] +, as fo rmed  as a r e su l t  of the elimination of an oxygen atom f rom the M + ion, the ton 
[M-17]  + can be formed in th ree  ways:  a) by elimination of a H atom f rom the ion [M-16]+; b) by elimination 

*The s t e r e o c h e m i s t r y  of unoxtdized sophortdine (Ilia) has not been defini t ively established; it is known only 
that it belongs to the t r a n s - A / B  s e r i e s  [11]. 
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TABLE 1 

S -o 

Oxides 

(I) 
(II) 

(III} 
(IV) 
(v) 

(vI) 

I[~f_t71+/ I[~_10]+ oUnidized 
alkaloids 

ItM- tI+/I[MI + 

5,0 
2,8 
t , t  
4,7 
5 , t  
2,6 

On) 
(IIa) 

(Ilia) 
(IVa) 
(va) 

(via) 

0,7 
2,0 
1,t 
i,2 
1,t 
t,5 

of an O atom f rom the ion [M-1]+;  and c) by a one-s tep  elimination of the N-oxide oxygen with one of the 
hydrogen atoms in the fo rm of the OH radical .  A compar i son  of the rat ios  of the intensit ies of the peaks 
I[M_lT]+/I[M_16]+ in the mass spec t r a  of N-oxides with the ra t ios  I[M_I]+/I[M]+ in the spec t ra  of the 
corresponding unoxidized alkaloids [10] shows (Table 1) that only for (II) and (IIa), as well as (III) and 
(IIIa), a r e  these rat ios  c lose,  while in the remaining cases  the ra t ios  I[M_lT]+/t[M_l@+ a r e  severa l  t imes  
as g rea t  as I[M_i]+/I[M]+.  

On the basis  of this compar ison it can be assumed  that in the case  of (I) and (IV)-(VI), the f i r s t  
pathway of format ion of the [M-17]  + ion plays an inconsequential  ro le .  At the same t ime ,  the mass spec-  
t r a  of the N-oxides  (I)-(IV), (V), and (VI) contain peaks of the metastable  ions m* =231,  229.1, and 227.3, 
r espec t ive ly ,  confirming the one-s tep  na ture  of the t ransi t ion M+- -  [M-17] +. Thus,  in the case of the N- 
oxides considered,  at l eas t  par t  of the [M-17]  + ions a r e  formed d i rec t ly  f rom the molecular  ion as a r e -  
sult  of a one-s tep  p roce s s .  On the basis of the compar ison of the intensi ty ra t ios  of the peaks cited above, 
it can be assumed  that the fract ion of this p ro ce s s  in the case  of N-oxides  of a l lomatr ine  (II) and sophor i -  
dine (III) is negligible; however ,  the i r  mass  spec t ra  differ  r a the r  g rea t ly  f rom the spec t ra  of the c o r r e -  
sponding alkaloids (IIa) and (IIIa) [10], although according to the ra t io  I[1VI_lT]+/I[M_16]+, and, c o r r e -  
spondingly I[M_I]+/I[M]+, the a re  close (see Table 1). 

Since no metas table  peaks ,  which would indicate the appearance of some ion (in addition to [M-17] +) 
f rom the molecular  ion, could be detected in the spec t ra  of the N-oxides  (D-(VD, in the case  of (II) and 
(III) the ions [M-16]  + and [M-17] + in the s t ruc tu ra l  r e spec t  or  f rom the standpoint of local izat ion of 
charge  are  not identical with the ions M+ and [ M - l ]  +, respec t ive ly ,  in the spec t ra  of (IIa) and (IIIa). The 
question of the origin of the H atom, el iminated together  with the N-oxide oxygen, cannot be solved without 
the use of a de t~ero- labe l .  However ,  the introduction of a deutero- label  into the molecules of N-oxides 
cons idered  is a complex and frequent ly  insoluble problem.  

On the basis  of a compar ison  of the mass spec t ra  of the N-oxides  (I) and (IV) (see Figs. i and 2) and 
the corresponding unoxidized alkaloids (Ia) and (Via) [10], it can be assumed that the hydrogen atoms 
el iminated in OH groups in the ca se  of N-oxides  leave different  positions f rom the H atoms el iminated 
f rom  the molecular  ions of tmoxidized alkaloids.  This is supported,  for  example ,  by the r a the r  intense 
peaks M - 1 9  (evidently, M - 1 7 - 2 )  observed  in the spec t ra  of (I)-(VI) (see Fig. 1), while in the spec t r a  of 
the alkaloids (Ia)-(IVa) the peaks M - 3  (= [ M - 1 - 2 ] )  a re  negligible [10]. Although in the case of the alkaloids 
the ion [ M - l ]  + is mos t  l ikely  formed on account of removal  of a H atom f rom the 6-position (since, as 
was shown with the aid of deutero-analogs  [15], the ion [ M - l ]  + in the case  of quinolysidine i tself  is formed 
p r i m a r i l y  as a r e su l t  of r emova l  of an angular  hydrogen atom),  for  N-oxides  in the case  of elimination of 
a OH radical ,  probably the basic ro le  will be played by the p r e s e n c e  of the s t e r i ca l ly  close N -~ O and H 
a toms,  as in the case  of dehydrat ion of ea rbocye l ic  alcohols under e lec t ron impact [16]. 

The mass  spec t r a  of s t e r e o i s o m e r i c  N-oxides (I)-(VI) (see Fig. 1) differ  r a the r  substantially;  how- 
ever ,  the absence of any information on the nature  of the H atoms el iminated in OH groups (formation of 
the ion [M-17]  +) does not pe rmi t  a co r re la t ion  to be drawn between the na ture  of the mass spec t rum and 
the s t e r e o e h e m i s t r y ,  s ince most  of the ions in the spec t r a  of (I)-(IV) a re  genet ical ly re la ted  to the ion 
[M-17]  +. Actually, such cha rac t e r i s t i c  ions as those with m / e  150 (m* 91.2), 148 (m* 89), and 136 (m* 
74.8) a re  formed f rom the ion [ M - i ~ + ( m / e  247) in the case  of (I)-(IV). A compar i son  of the mass spec -  
t r a  of the N-oxides  shows the i r  qualitative c loseness ,  although they differ  quantitatively.  They differ  
p r i m a r i l y  in the ra t ios  of the intensi t ies  of the peaks M - 1 6 ,  M - 1 7 ,  M - 1 8 ,  end M - 1 9 .  There  a r e  also 
d i f ferences  in the ra t ios  of the peaks of the ions with m / e  148 and 150. It is in teres t ing to note that a l -  
though the ion with m / e  150, possess ing  s t ruc tu re  A, is also observed  in the mass  spec t r a  of s t e r e o -  
i somers  of matr ine  (Ia)-(IVa) [10], the ion with m / e  148, the peak of which exceeds the peak of the ion 
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Fig. 1. Mass spec t r a  of N-oxides:  a) matr ine;  b) a l lo-  

matr ine;  c) sophoridine; d) isosophoridine.  

with m / e  150 in the spec t ra  of (I)-(IV) (see Fig. L), is negligible in the case of the alkaloids (Ia)-(IVa). It 
can be assumed that the ion with m / e  148 has the s t ruc tu re  B 

CH2 CH~ 
A,.;, ) k / \  
I~'i UY \ / \ , /  

A ,  role 150 B, nile i 48  

The peak of the ion m / e  177, which has the s t ruc tu re  C [10], is common to the mass spec t ra  of the 
N-oxides  (I)-(IV) and the tmoxidized alkaloids (Ia)-(IVa). However ,  together  with it, the peak of an ion 
with m / e  176 appears  in the spec t ra  of the N-oxide;  in the case of (I) it is p rac t ica l ly  unaccoml~anied by 
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Mass s p e c t r a  of N-oxides :  a) sophocarpine;  b) i so -  
sophoram ine. 

the peak  of the ion with m / e  177. In the s p e c t r u m  of the N-oxide  of a l lomat r [ne  (II), the peak  of the ion with 
m / e  176 has low intensity.  The obse rved  d i f fe rences  in the intensi t ies  of  the peaks  of the ions with m / e  
177 and 176 indicate the i r  d i f ferent  origin.  Actually,  the p r e s e n c e  of the peak  of the metas tab le  ion m* 
125.8 in the s p e c t r u m  of (II) indicates the appea rance  of an ion with m / e  177 d i rec t ly  f rom the ion [M-16]  + 
( m / e  248), while in the s p e c t r u m  of the N-ox ide  of mat r ine  (I) t he r e  is a peak  m* 125.3, indicating a one-  
s tep t rans i t ion  [M-17]  + - -  m / e  176. It  can be a s sumed  that  the ion with m / e  176 has the s t r u c t u r e  D 

C,nz /e  177 D, m/e 176 

In the case  of N-oxides  of  sophocarp ine  (V) and i sosophoramine  (VI), the bas ic  pathways of d e c o m -  
posit ion a r e  a l so  assoc ia ted  with the ion [M-17]  +. Thus,  ions with m / e  216 (m* 190.4), 202 (m* 166.8), 
150 (m* 92), and 136 (m* 75.5) a r e  fo rmed  f r o m  this ion ( m / e  245) in the decomposi t ion of (V), while 
in t h e c a s e o f  (VI) intense ions with m / e  215 (m* 190) and 148 (m* 90) a re  fo rmed f rom the ion [M-17]  + 
( m / e  243). Thus,  f r o m  the a forement ioned  it follows that  the decomposi t ion of the N-oxides  (I)-(VD trader 
the act ion of e lec t ron  impac t  is analogous to the f ragmenta t ion  of  the unoxidized alkaloids (Ia)-(VIa).  The 
only d i f ference  l ies  in the fact  that  in the ca se  of N-ox ides ,  toge ther  with the peaks  c h a r a c t e r i s t i c  of the 
a lkaloids ,  peaks  appear  that  a r e  one or  two a tomic  m a s s  units s m a l l e r ,  the intensi ty of which depends on 
the r e l a t i ve  intensi ty of the peaks  M - 1 6 ,  M--17,  and, poss ib ly  M - 1 8  and M - 1 9 .  

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

The m a s s  s p e c t r a  w e r e  obtained with an MX-1309 ins t rument ,  equipped with an industr ial  s y s t e m  
of d i r ec t  introduction of the sample  into the ion source ,  at a t e m p e r a t u r e  of evaporat ion 60-70 ~ and energy  
of ionization 70 eV. 

The authors  would l ike  to thank A. S. Sadykov, Kh. A. Aslanov,  Yu. K. Kushmuradov,  and K. N. 
Zainutdinov for  kindly providing the s a m p l e s  of N-ox ides  (I)-(VI). 
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CONCLUSIONS 

I. The mass spectra  of N-oxides of matrine, allomatrine, sophoridine, isosophoridine, sophocar~ 
pine, and isosophoramine were studied. 

2. The ions [M-17]+are  formed, at least partially, from molecular ions in one step by elimination 
of the OH radical. 

3. With the aid of the peaks of the metastable ions and a comparison with the mass spectra of un- 
oxidized alkaloids, the origin of individual ions in the spectra of the N-oxides studied was determined. 
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