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The mass spectra of dimethyl- and methylphenyl-8-nitroisoxazo- 
lizidines have been studied, and the possibility of establishing the 
position of the substituents on the basis of an analysis of these spectra 
has been shown. The main routes of the fragmentation of compounds 
of this class under the influence of electron impact are discussed. 

We have prev ious ly  shown [i] that the s t r u c t u r e  of 
the monosubs t i tu ted  8 -n i t ro i soxazo l i z id ines  can be 
succes s fu l l y  es tab l i shed  on the bas i s  of ana lys i s  of 
t he i r  m a s s  spec t r a .  The p r e s e n t  paper  is  devoted to 
a s tudy of the m a s s  s p e c t r o m e t r i c  behav ior  of the 
d i subs t i tu ted  8 -n i t ro i soxazo l i z id ine s  I a - e :  

b RI=R~=CHS, Re=H; 
c RI=H, R~=CH~, R~=C~H~; 

r~ / \r~ d R~=CH~, R~= H, Ra=C~H,~; 
I e R~=C~H~, R ~ H ,  R~=CH~. 

AS in the m a s s  spec t r a  of the monosubs t i tu ted  com-  
pounds of this  c l a s s ,  the peak of the m o l e c u l a r  ion is 
absen t  f rom the m a s s  spec t r a  of the d i subs t i tu ted  8- 
n i t ro i soxazo l i z id ines  I a - e  taken on a MKh-1303 in -  
s t r u m e n t  at a t e m p e r a t u r e  of 140-150 ~ C with an 
e l ec t ron  energy  of 25 -40  eV. The "heavies t"  ion in 
the m a s s  spec t r a  is  the [M - 46] + ion @z, c o r r e s p o n d -  
ing to the e l imina t ion  of the NO~ group f rom the m o l e -  
c u l a r  ion. F r o m  the m / e  value of the @t ion, it is 
ea s i ly  pos s ib l e  to d e t e r m i n e  the m o l e c u l a r  weight of 
the compound unde r  inves t iga t ion .  

The mos t  p robab le  pos i t ion  of the loca l i za t ion  of the 
pos i t ive  charge  in the ion @l is  the n i t rogen  a tom,  and 
the m a i n  rou tes  of f r agmen ta t i on  of the ion a r e  con-  
nected with the rup tu re  of a N--O bond with the s i m u l -  
t aneous  o r  s u c c e s s i v e  rup tu r e  of a O - O  o r  C---~ bond, 
which is f r equen t ly  accompanied  by the m i g r a t i o n  of a 
hydrogen  a tom f rom the r e s idua l  charged f r agmen t  to 
the e l im ina t ed  r e s i d u e ,  o r  conve r se ly .  

The following rou tes  of degrada t ion  a re  the mos t  
c h a r a c t e r i s t i c  for  the ~ ions:  a) e l im ina t ion  of a .  OH 
rad ica l  as a r e s u l t  of the rup tu r e  of N--O and C~.(C~)--O 
bonds ,  accompan ied  by the m i g r a t i o n  of the hydrogen  
a tom f rom the r e m a i n i n g  charged  f r a g m e n t  (~z or  ~ ,  
see  Scheme 1) to the oxygen; b) rup tu re  of N--O and 
Cf--C2 (C~--C6) bonds with the m i g r a t i o n  of a hydrogen 
a tom f rom the acyl  f r a g m e n t  e l imina ted  with the fo r -  
ma t ion  of the ion r ad i ca l  ~ or  ~ (it m u s t  be m e n -  
t ioned that  as a r e s u l t  of th is  type of degrada t ion  the 
charge  may  also be loca l ized  on the acyl  f r a g m e n t - - t h e  
ions  ~ o r  ~ ,  see  Scheme 1); c) rup tu re  of the bonds 
d e s c r i b e d  above but without m i g r a t i o n  of a hydrogen  
a tom,  lead ing  to the fo rma t ion  of the ions ~ and ~ 

*For pa r t  I, see  [1]. 

I 
or  aldehydic i o n - r a d i c a l s  ( ~  or  ~ see Scheme 1); 
d) rup ture  of N--O and C~---C~ (Cw-Cs) bonds with the 
e l imina t ion  of an olefin oxide and the fo rmat ion  of the 

Scheme i 

R2C = Rj C ~ a Rj \ - -  - -  RI,~ / C H  =- CHR~, 

l-, 3 -,~ + I~ 3 

~ / / 

t t  r 

r, c~ ~--~T"--] r2 "j---~) c . ~ / . ~ o  "~" 

ions ~? or  ~ - - t h e  peaks of the ions due to the loca l -  
iza t ion of the charge  on the olefin oxide f ragment  ~8 
and ~ a re  of Iow i n t e n s i t y ( s e e  Scheme 2); c) rup tu re  
of the C2(C6)--O and CI(CT)--C 8 bonds with the f o r m a -  
t ion  of an olefin i o n - r a d i c a l  ( ~  or ~ ' ) - - t h e  loca l i za -  
t ion  of the charge  on the second f r agmen t  is  l e s s  
probable .  

Scheme 2 

In d e t e r m i n i n g  the pos i t ions  of the subs t i tu ten t s  in 
the 8 -n i t r o i soxazo l i z id ine s  s tudied,  the ful les t  in for -  
ma t ion  is given by a cons ide ra t ion  of the route for the 
degrada t ion  of the ion ~t connected with the e l i m i n a -  
t ion of an acyl rad ica l  (b). In actual  fact ,  in the case  
of the s y m m e t r i c a l l y  d i subs t i tu ted  8 - n i t r o i s o x a z o l i z i -  
dine I a  only the e l imina t ion  of an acetyl  rad ica l  is pos-  
s ib le  with the fo rma t ion  of a s ingle  i o n - r a d i c a l  ~ = ~ 
with m/e  99 ( f igure ,  1), while the m a s s  s p e c t r u m  of 
the u n s y m m e t r i c a l  i s o m e r  Ib (figure,  2) has the peaks 
of the two poss ib le  i o n - r a d i c a l  ( ~  with m/e  99, co r -  
r e spond ing  to the e l i m i n a t i o n  of an acetyl  group,  and 
~.~, c o r r e s p o n d i n g  to the e l imina t ion  of a fo rmyl  group). 



re
la

ti
ve

 
in

te
ns

it
y,

 %
 

~ 
.:y

-~
 

O
l 

o
, 

re
la

ti
ve

 
in

te
ns

it
y,

 %
 

_
. 

.--
 

.~
 

._-
---

 
.~

 

re
la

ti
ve

 
in

te
ns

it
y,

 %
 

s.
_

. 

:--
-~

 

re
la

ti
ve

 
in

te
ns

it
y,

 %
 

+=
- 

=
--

 ,o
 

.L
--

 a 

re
la

ti
ve

 
in

te
ns

it
y,

 %
 

--
=-

-o
~ 

re
la

ti
ve

 
in

te
ns

it
y,

 %
 

i 

-=_
___

 

t~
 

0
 C'
3 

�9
 

�9
 



30 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

Similarly, in the mass spectrum of Ie (figure, 5) there 
are peaks with m/e 161 (r and 175 (r 
to the elimination of the same radicals.  

In the case of Ie (figure, 3) acetyl and benzoyl radi- 
cals are eliminated from the ion ~1, which leads to ion 
radicals with m/e 161 (~)  and 99 (r and in the case 
of Id (figure, 4), formyl and benzoyl radicals are elim- 
inated, which leads to ion-radicals  with m/e 175 (r 
and 99 (~ ) .  

Thus, the isomeric  disubstituted 8-nitroisoxazoli-  
zidines having different substituents in positions 2 and 
6 are readily distinguished from one another by com- 
paring their mass  spectra.  

Additional information on the nature and position of 
the substituents can be obtained from a consideration 
of the peaks of the ions r162 and also other routes 
of fragmentation. For  example, when a phenyl substi- 
tuent is present in the molecule of the 8-nitroisoxazo- 
lizidine, very  intense peaks with m/e 106 and 105, 
corresponding to the ion-radical  of benzaldehyde ( ~  
or  r or benzoyl (r or r appear, the intensities 
of which vary  little with a change in the position of the 
substituent. However, information on the position of a 
phenyl substituent can be given by the peak of the t ro-  
pylium ion with m/e 91. In the mass spectra of the 
8-nitroisoxazolizidines containing a phenyl substituent 
in position 1, there is an intense peak of an ion with 
m/e 91 (Ie, figure, 5), while in the case of the i somers  
containing phenyl in position 2 or  6, this peak is either 
completely absent (Ic, figure, 3) or  its intensity is 
ve ry  low (Id, figure, 4). 

The cor rec tness  of the routes of fragmentation of 
disubstituted 8-nitroisoxazolizidines given above was 

confirmed by a study of the mass spectrum of 1, 1- 
dimethyl-6-phenyl-8-nitroisoxazolizidine (II), in which 
all the peaks of the fragments containing the Ct atom 

\O~B~O/~ C6H5 
II 

are displaced by 14 mass units in comparison with the 
corresponding peaks in the spectrum of Id. In actual 
fact, as is easy to see (figure, 6), the mass spectrum 
of II has peaks of the following fragments (values of 
m/e given in brackets):  ~1(218), ~(201) ,  ~3(189), 
�9 ](113), @4(29), r ~5(188), ~(112) ,  ~6(30), 
�9 ~(106), r ~ (98 ) ,  ~8(72), r r 
and r (104). 

Thus, the observed correlat ions between the nature 
of the mass spectra and the s tructures  of the 8-nitro- 
isoxazolizidines enable the structures of compounds of 
this class to be established by the mass spectrometr ic  
method. 
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