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The dissociat ive ionization of some nitrophenylisoxazoles was investigated. The effect of the 
energy  of the ionizing e lec t rons  and the t empera tu re  of the inlet sys tem on the elimination of 
NO by the molecu la r  ion is examined. On the basis of a compar ison  of the intensities of the 
peaks of the (M-NO) + ions, the presence  of a corre la t ion  between the probabili ty of detach-  
ment of NO from the molecu la r  ion and the stability of the cyclic conjugated s t ruc tures  with 
localization of the charge on the oxygen atom is demonstra ted.  

Aromat ic  nitro compounds have quite frequently been considered as subjects for an investigation of 
the effect of e lect ronic  and s ter ic  factors  on the i somer iza t ion  of the molecular  ion and its behavior in the 
f i rs t  steps of dissociat ive ionization [1-6]. The presence  of a nitro group in the molecule leads to the ap- 
pearance  of a n u m b e r  of specific ions - ( M - N O 2 )  + , (M-NO) + (M-O)  + , (M-NO2H) + (M-OH) + and (M-H20) + -  
among which the (M-NO) + f ragments  associa ted  with the formation of a r ea r ranged  molecular  ion [2] are 
of par t i cu la r  interest .  

In the present  r e s e a r c h  we continued our investigation of the effect of s t ruc tura l  factors  on the dis-  
sociative ionization of isoxazoles [7-11]. The mass  spec t ra  of p-ni t rophenyl isoxazoles  I - I I I  were studied. 

I I I  I I I  

The mass  spec t ra  of these compounds were obtained with a modified MKh-1303 spec t rome te r  at ion- 
iz ing-e lec t ron  energies  of 50 (Table 1), 30, 20, 15, and 12 eV, an emiss ion  current  of 1.5 mA, and acce l e r -  
ating voltage of 2 kV, and an in le t - sys tem and ion-source  t empera tu re  of 250~ 

In the el imination of NO from the molecu la r  ions of I-III ,  one may expect the formation of cyclic con-  
jugated s t ruc tu res ,  A, B, and C with localization of the charge on the oxygen atom. 

+ + 

A B C 

. E ~ = 6 ~ ~  ~ e~3=6C~~ , ,E~=6CC~247 I~ ~ 

Structures  A, B, and C are nonequivalent with respect  to the i r  energies .  The probabili ty of the i r  
format ion and, consequently, the intensity of the peaks of the (M-NO) + ions should therefore  differ for  
I-I l I .  An idea regarding  the relative stabili t ies of s t ruc tu res  A, B, and C can be obtained by comparing 
the intensities of the peaks of the (M-NO) + ions that a r i se  at low ionizing-electron energies ,  where the 
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T A B L E  1. M a s s  S p e c t r a  of  N i t r o p h e n y l i s o x a z o l e s  I - I l l  O b t a i n e d  at  
E l e c t r o n  E n e r g i e s  of  50 eV 

I 39 (t3,2), 42 (6,1), 50 (34,2), 51 (14,8), 62 (14,0), 63 (27,7), 64 (6,1), 74 (ll,b), 
75 (30,31, 76 (29,5), 77 (11,6), 87 (5,4), 88 (lO,1), 89 (68,0), 90 (13,2), 102 (15,5), 
ll5 (7,1), 116 (16,0), 132 (lO,1), 143 (31,0), 144 (9,5), 148 (5,9), 162 (11,6), 174 
(5,4), 189 (96,7), 190 (100,0), 191 (11,8) 

II 39 (18,71, 40 (9,3), 41 (5,51, 43 (8,8), 45 (9,5), 50 (43,71, 51 (20,2), 52 (11,8), 
62 (14,0), 63 (34A), 64 (9,7), 65 (8,91, 68 (11,2), 74 (15,61, 75 (28,01, 76 (48,31, 
77 (25,0), 73 (5,3), 88 (6,7), 89 (84,5), 90 (9,5), 90 (9,5), 92 (23,2), 102_ (5,7), 
104 (35,81, 116 (10,3), 117 (7,41, 120 (22,0), 132 (26,6), 144 (7,61, 150 (41,01, 
160 (38,1), 189 (13,3), 190 (100,0), 191 (11,2) 

III 39 (26,4), 40 (19,51, 41 (19,51, 42 (11,71, 43 (t00,01, 50 (t4,7), 51 (25,4), 52 (11,7), 
53 (7,8), 55 (10,7), 62 (19,51, 63 (27,4), 64 (13,7), 65 (14,6), 74 (7,8), 75 (16,61, 
77 (58,5), 78 (15,6), 87 (11,71, 88 (22,4), 89 (21,51, 90 (7,8), 91 (42,01, 92 (7,81, 
101 (9,8), 102 (23A), 103 (53,7), 104 (26,4), 105 (10,71, 114 (9,81, 115 (9,81, 
117 (11,7), 118 (29,3), 119 (75,5), 120 (9,8), 128 (7,8), 129 (17,5), 130 (25,4), 
131 (11,7), 134 (9,8), 144 (7:8), 145 (14,6), 146 (14,6), 157 (9,8), 172 (14,6), 
175 (17,6), 188 (58,5), 189 (10,7), 203 (18,0), 218 (100,0), 219 (14,6) 

T A B L E  2. I n t e n s i t i e s  of  the  Ion P e a k s  in the  M a s s  S p e c t r a  of  
p - N i t r o p h e n y l i s o x a z o l e  s 

I (M- NO) +liar,- 100% 

E'l i/Eli" 100% 
Mass numbers of the ions whose 

intensities enter into Z'I i 

Energy, 
eV 

50 
12 
50 

4,4 
5,5 

1t,4 

160 
132 
89 

Compound 

38,1 
22,1 
15.7 

160 
132 
89 

Ill 

43,0 
117,2 
19,5 

188, 146 
119, 118 
104, 103 
102 

ro l e  of  s e c o n d a r y  d i s i n t e g r a t i o n  p r o c e s s e s  i s  s m a l l .  In the  c o m p a r i s o n  of  the m a s s  s p e c t r a  ob t a ined  at  
r e l a t i v e l y  low e l e c t r o n  e n e r g i e s  one m u s t  t ake  into accoun t  the  i n t e n s i t i e s  of  the  p e a k s  of  the  f r a g m e n t s  
f o r m e d  in the  ensu ing  s t e p s  of the  d i s i n t e g r a t i o n  of  the  (M-NO} + ions .  The i n t e n s i t i e s  of  the  p e a k s  of  the  
( M - N O )  + ions  at  i o n i z i n g  e l e c t r o n  e n e r g i e s  of  50 and 12 eV, the  s u m s  of  the  i n t e n s i t i e s  of  the  ( M - N O )  + 
ion  p e a k s ,  and the  m o s t  i m p o r t a n t  f r a g m e n t s  f o r m e d  d u r i n g  t h e i r  d i s i n t e g r a t i o n  a r e  p r e s e n t e d  in Tab le  2. 
The  m a s s  n u m b e r s  of  the  ions  whose  p e a k  i n t e n s i t i e s  a r e  s u m m a r i z e d  a r e  p r e s e n t e d  in the  l a s t  l ine  of 
Tab le  2. 

I t  fo l lows  f r o m  the r e s u l t s  o b t a i n e d  tha t  the  p r o b a b i l i t y  of the  d i s i n t e g r a t i o n  M + ~  ( M - N O )  + i n c r e a s e s  
in  the  o r d e r  I <II  <I I I .  When t h e r e  is  a c o r r e l a t i o n  be tween  the s t a b i l i t y  of the  ( M - N O )  + ions  and the  p r o b -  
a b i l i t y  of  t h e i r  f o r m a t i o n ,  the  above  s i g n i f i e s  tha t  E A < E B < EC, w h e r e  E i s  the  e l e c t r o n  e n e r g y  of  the  s t r u c -  
t u r e .  

The  h i g h e r  s t a b i l i t y  of  s t r u c t u r e  C a s  c o m p a r e d  wi th  A and B a l so  fo l lows  f r o m  an e x a m i n a t i o n  of  
the  e f fec t  of  the  i o n i z i n g - e l e c t r o n  e n e r g y  on the  I ( M - N O ) + / I M  + r a t i o .  

A v e r y  p r o n o u n c e d  i n c r e a s e  in t h i s  r a t i o  a s  the  i o n i z i n g - e l e c t r o n  e n e r g y  is  r e d u c e d  f r o m  50 to 12 eV 
is  o b s e r v e d  only  in the c a s e  of  III .  I t  t h e r e f o r e  fo l lows  tha t  the  e n e r g y  of a c t i v a t i o n  of  the  p r o c e s s  u n d e r  
c o n s i d e r a t i o n  i s  low in the c a s e  of  III  a s  c o m p a r e d  wi th  tha t  f o r  I and II .  

We i n v e s t i g a t e d  the  e f fec t  of  the  i o n i z i n g  e l e c t r o n  e n e r g y  and the  i n l e t - s y s t e m  t e m p e r a t u r e  on the  
p r o b a b i l i t y  of  e l i m i n a t i o n  of  NO by the m o l e c u l a r  ion of  HI o v e r  a r e l a t i v e l y  wide range  of  v a l u e s  o f  the  
i n d i c a t e d  p a r a m e t e r s  ( F i g s .  1 and 2). I t  can  be s e e n  tha t  the  I ( M - N O ) + / I M  + r a t i o  r e m a i n s  v i r t u a l l y  u n -  
changed  up to  i o n i z i n g - e l e c t r o n  e n e r g i e s  of  30-25  eV.  The  e f fec t  of  t e m p e r a t u r e  in t h i s  i n t e r v a l  i s  a l so  
on ly  s l i gh t .  A v e r y  p r o n o u n c e d  i n c r e a s e  in the  I ( M - N O ) + / I M  + r a t i o  is  o b s e r v e d  at  15-9  eV.  M o r e o v e r ,  
the  e f f ec t  of  t e m p e r a t u r e  on the  y i e l d  of ( M - N O )  + ions  a l s o  i n c r e a s e s  s h a r p l y .  

On the  b a s i s  of  the  da t a  ob ta ined ,  i t  can  be a s s u m e d  tha t  the  d i s i n t e g r a t i o n  of the  m o l e c u l a r  ion M + ~  
( M - N O )  + in the  c a s e  of  III  a p p a r e n t l y  p r o c e e d s  in the  g round  e l e c t r o n  s t a t e ,  d u r i n g  which  r e t e n t i o n  of  the  
i s o x a z o l e  r i n g  i s  an i m p o r t a n t  f a c t o r  tha t  d e t e r m i n e s  the  e f f e c t i v e n e s s  of the  e l i m i n a t i o n  of NO. The  p r o -  
nounced  dependence  o f  the  p r o b a b i l i t y  of  the  r e a l i z a t i o n  of  t h i s  pa th  of  d i s i n t e g r a t i o n  on the t e m p e r a t u r e  
i n d i c a t e s  the  i m p o r t a n c e  of  the  v i b r a t i o n a l  e x c i t a t i o n  of  the  m o l e c u l e  f o r  the  f o r m a t i o n  of  ( M - N O )  + ions .  

I t  s e e m e d  of  i n t e r e s t  to  c o m p a r e  the  i n t e n s i t i e s  of  the  ( M - N O )  + ion p e a k s  wi th  the  v - e l e c t r o n  e n -  
e r g i e s  (E 7r) of  s t r u c t u r e s  A,  B, and C. F o r  t h i s ,  we c a l c u l a t e d  the  EA 7r, EBrr , and EC 7r v a l u e s  by m e a n s  of 
the  MO LCAO m e t h o d  wi th in  the  Hffckel a p p r o x i m a t i o n  [12-14].  
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Fig. 1. Dependence of the ratio of the intensities of the (M-NO) + and 
M + ion peaks on the ionizing e lec t ron  energy for two in le t - sys tem t e m -  

pe ra tu res .  

Fig. 2. Dependence of the ratio of the intensities of the (M-NO) + and 
M + ion peaks on the in le t - sys tem tempera tu re  of the mass  spec t romete r  
at an ionizing-electron energy  of 12 eV. 

The resul ts  of the calculation show that the stability of the examined s t ruc tures  increases  in the o rde r  
A <B << C. Thus, a cor re la t ion  between the intensity of the peaks and the ~r-electron energy of the fragments  

of the s t ruc tures  of the (M-NO) + ions is observed.  

This resul t  makes it possible to explain the interest ing fact that the formation of (M-H) + ions in the 
mass  spec t ra  of methyl isoxazoles  (in the absence of interaction of the adjacent groups) is observed only 
when the methyl  group is attached to the C 4 atom [15], in which case the formation of s t ruc tures  of the C 

type is possible .  

The disintegrat ion of the molecu la r  ions of I and II includes the most  important  features of the d is -  
sociative ionization of unsubstituted 3- and 5-phenylisoxazoles [15]. Thus, intense (M-H) + ion peaks are 
present  in the mass  spec t ra  of 3-phenylisoxazole and its nitro derivative (I). The formation of acyl  I)hCO + 
or  p-NO2C~H4CO + ions is cha rac te r i s t i c  for the dissociat ive ionization of 5-phenylisoxazole and 5- (p-n i t ro-  
phenyl)isoxazole.  Moreover ,  the introduction of a nitro group into the benzene ring leads to considerable 
complicat ion of the mass  spec t ra .  Thus, the formation of (M-O) +, (M-NO) +, and (M-1~O2)+ ions is ob- 
served in the dissociat ive ionization of I-HI.  

Despite the considerable difference in the s t ruc tures  of i somers  I and 17 a se r ies  of peaks that c o r -  
respond to the same mass  numbers  (160, 132, and 89) is present  in the i r  mass  spect ra .  In all likelihood, 
these ions are formed as a resul t  of the success ive  disintegrat ion of the molecu la r  ion: 

M+-+ (M--NO) +-+ (M--NO--CO) +-+(M--NO--CO--HCNO) +. 

Ions with mass  89, the peaks of which are  distinguished by par t icu lar ly  high intensi t ies ,  are of con- 
siderable interest .  It is reasonable to assume that the conditions for the real izat ion of the react ion M +-* 
( M - N O - C O - H C N O )  + should ensure  the effective formation of ions with mass  89 in the case of both i somers  

~ N 0 2  ~ 0 / / ~ ?  

mfe 132 m/e 190 [M__N OI + 

"~'~r ,,,/e 160 

NO2 mile 132 
m/e 190 

m,/z 89 
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II and III. It is seen from the disintegration schemes presented above that the probable structures of ions with 
mass 132 are favorable from the point of view of the possibility of their disintegration andthe formation of ions 
with mass 89. 

Taking into account the high intensities of the peaks of these ions, one should note the possibility of 
their additional stabilization due to rearrangement to the dehydrotropylium structure. 
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