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The mass  spec t ra  of 15 compounds of 3 -a ry l -5 -me thy l i soxazo le -4 -oa rboxy l i c  acid and thei r  
der ivat ives  were investigated. Thermal  i somer iza t ion  of the isoxazole ring was observed for 
seve ra l  der ivat ives  of this se r ies .  The formation of r ea r ranged  pseudomolecular  ions of the 
a ry lamines  during the dissociat ive ionization of 3 -a ry l -5 -me thy l i soxazo le -4 -ca rboxy l i e  acids 
was examined on the basis  of a study of the mass  spec t ra  of labeled compounds. It is assumed 
that there  is a high probabil i ty of concer ted  elimination of severa l  groups in the f i rs t  step of 
the disintegrat ion of the molecu la r  ion. 

We have previously  examined i l l  the mass  spec t rome t ry  of some 3 - a r y l - 5 - m e t h y l i s o x a z o l e - 4 - c a r -  
boxylic acids.  The present  paper  is devoted to a study of the effect of s t ruc tura l  factors  on the cha rac t e r  
of the disintegrat ion of the molecu la r  ion in this se r ies  of compounds. The mass  spec t ra  of 15 compounds 
of 3 - a ry l -5 -me thy l i soxazo le -4 -ca rboxy l i c  acid and the i r  derivatives (I-XV) were investigated. The mass  
spec t ra  were obtained with a Varian MAT-CH-6 spec t romete r  at an ionizing-electron energy of 70 eV and 
an ioniza t ion-chamber  t empera tu re  of 180~ 
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The dissociat ive ionization of I-XV proceeds  s imi la r ly  in many respects .  The principal  paths of 
disintegrat ion are  associa ted with the formation of acetyl  ions with mass  43 and [0ns with mass  143 +m 
(R 2, R3). * Peaks of (M-CH3) + ions are also observed in all of the mass  spectra ,  but the i r  intensity is very  
low. An important  pecul iar i ty  of the disintegrat ion of the molecular  ions of the acids is the formation of 
(M-CO2)+ ions. 

The express ion  m(R 2, R 3) is the sum of the m a s s e s  of the corresponding R 2 and R 3 radicals .  
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TABLE 1. Effect  of Substitution in the 
Benzene Ring on+the Relative Intensi ty  of 
R 2, R3-C6H3-1~H2 Ions 

.+ 
R2,R3-C6H3-NH., l i , ' X l i  �9 1(30% l i d ~ 3 .  100% 

CI 

c~ nh~ 

n n ~  ~h~ 

6,3 

4,2 

4,9 

1,5 

0,6 

52,2 

43,2 

39,0 

23,4 

2,4 

The el imination of CO 2 may  proceed  with both the 
par t ic ipat ion of the oxygen a tom of the carbonyl  group 
through a s i x - m e m b e r e d  t rans i t ion  s tate  and with the p a r -  
t ic ipat ion of a ni t rogen a tom through a f i v e - m e m b e r e d  
t rans i t ion  state.  Ohashi and c o - w o r k e r s  [2] have proposed 
a scheme including a s i x - m e m b e r e d  t rans i t ion  s ta te .  

lA,_c.~l+-c,, r , / C ~ ~  
cH3.]~.o.~} r~ ~ ca3co 

+' -Crla II --~c -cli2c~ 
H--O--ilij N " CH 3 

However,  our  investigation of the m a s s  spec t r a  of labeled 
compounds showed that the hydrogen a tom can a lso  m i -  
grate  to the ni t rogen a tom.  

This  conclusion follows f rom the detection in the 
m a s s  spec t r a  of 3 - a r y l - 5 - m e t h y l i s o x a z o l e - 4 - e a r b o x y l i c  
acids of peaks  with m a s s  91 +m(R2,+R3). Two s t ruc tu r e s  - 
R 2, R3-C6H3-O + and R 2, R3-C6H3-NH 2 - a re  probable  

for  these  ions. An examinat ion of the m a s s  spec t r a  of the deutero analogs of the acids shows that  ions with 
m a s s  91 + m(R 2, R 3) in the m a s s  s pec t r a  of the nondeuterated compounds fully contain the hydrogen of a 
carboxyl  group. Thus,  the s t ruc ture  of ions with m a s s  91 +m(R 2, R 3) should co r re spond  to the s t ruc tu re  of 
the pseudomolecu la r  ions of aniline or  the cor responding  a romat i c  amines .  It is in teres t ing  to note that the 
format ion  of R 2, R3-C6H3-N~2 ions should occur  as a resu l t  of th ree  success ive  migra t ions  of two hydro-  
gen a toms and of an r._--yl radica l .  

The format ion  of R2,R3-C~H3-1~2 ions is not obse rved  for  the acid der iva t ives .  The intensi t ies  of 
the peaks of the R2,R3-C6H3-1~H 2 ions with r e spec t  to the total  ion cur ren t  and the intensi t ies  of the CH3CO + 
ion peak are  p resen ted  in Table 1. It  follows f rom these  data that substi tut ion of the hydrogen a tom in the 
ortho posit ion of the benzene ring by a chlorine atom lowers  the probabi l i ty  of migra t ion  as compared  with 
a phenyl substi tuent  only to a slight degree .  The halogen atom in the t rans i t ion  s ta te  probably  par t i a l ly  
compensa tes  for  the n e g a t i v e - I  effect  through the +M effect .  The format ion  of ions with m a s s  91 +m(R2,R 3) 
in the m a s s  spec t rum of X shows that the C 1 a tom of the benzene ring undergoes  at tack on the ni t rogen a tom 
side.  

The M - N O  2 and M - N H  2 groups can only fo rmal ly  manifes t  a - I  effect .  As one should have expected,  
pa r t i cu la r ly  pronounced inhibition of the reac t ion  is obse rved  when R =NO 2. 

C +./ft t:d3 O / ~ R 3  It 
-CO2 ~ ~C~I - ~C=C{Y \D -C'H20 " \/N-~//+' /7--r 

o ~ C ~  , c/ \~+. 2 I / - : -~ ~ - ~ D ~ ' r ~  

As shown by Nishiwaki [3, 4], isoxazole de r iva t ives  containing RO, RS, and NH 2 groups at tached to the 
C a a tom a re  capable of undergoing t h e r m a l  valence i somer iza t ion  to 1 -az i r ine  der iva t ives .  In the r e c o r d -  
ing of the m a s s  s p e c t r a  of methyl  e s t e r  VIE and amide IX of 5 -methy l -3- (2 , -ch lorophenyl )  i s o x a z o l e - 4 - c a r  - 
boxylic acid with an MKh-1303 s p e c t r o m e t e r  at an inpu t - sys tem t e m p e r a t u r e  of 250 ~ we observed  a change 
in the intensi t ies  of the peaks  with t ime;  this  indicated some sor t  of t r ans fo rma t ion  of the substance  in- 
t roduced into the s p e c t r o m e t e r .  

A s t eady-s ta te  distr ibution of the intensi t ies  of the peaks,  which co r re sponds  to t r an s fo rma t ion  p r o -  
duct VIIIa or  IXa, was es tab l i shed  40 min  a f t e r  introduction of the s a m p l e .  The intensi t ies  of the peaks  of 
some of the ions in the m a s s  s p e c t r a  of VIII, VIIIa, IX, and IXa are  p resen ted  in Table  2. All of the values  
were  taken in percen t  with r e spec t  to the intensity of the (M-CI )  + ion peak in the m a s s  spec t r a  of VIII o r  
IX, respec t ive ly .  It follows f rom an examinat ion  of the data in Table 2 that  the (M-C1) + ion peak is a lmos t  
comple te ly  absent  in the s pec t r a  of VIIIa and IXa, while the intensity of the m o l e c u l a r  ion peak i nc rea se s  
on the average  by a fac tor  of two. Consequently,  the change in the m a s s  spec t r a  with t ime  is due to i s o m e r -  
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TABLE 2. Relat ive In tens i t ies  of the Peaks  of Some Ions in the Mass  
Spect ra  of Methyl E s t e r  VIII and Amide IX of 3 - (2 ' - ch lo ropheny l ) -5 -  
m e t h y l i s o x a z o l e - 4 - c a r b o x y l i c  Acid and The i r  I somer i za t i on  Products  
(VIIIa and IXa) 

Ions 

M+ 
(M--R') + 
(M--CI) + 
(M--RI-A2H~CO) + 
CHACO + 

VIII 

7,0 
5,3 

100,0 
27,0 
51,0 

Compound 
VIIIa [ IX 

1 1 , 3  7,4 
5,7 10,4 
o lOO,O 
3,6 19,7 

44,3 42,4 

IXa 

17,1 
23,2 

0 

4,0 
31,8 

100 

80, 

60 

40 

20 

(P'4- c[ )4- i ~  O 

;>,,, .? 

12 

,b zb s'o t,min 

Fig. 1. Dependence of the intensi ty  
of the M + and (M-C1) + ion peaks  on 
t ime  in the m a s s  s pec t rum  of 3 - ( 2 ' -  
ch lorophenyl ) -  5 - m e t h y l i s o x a z o l e - 4 -  
ca rboxamide .  

ization of s t a r t ing  m a t e r i a l s  VIII o r  IX, which leads to d i s rup-  
t ion of the a r o m a t i c  s t ruc tu re  of the isoxazole  r ing.  The in-  
c r e a s e  in the intensi ty of the m o l e c u l a r  peak is a resu l t  of the 
absence  of the d is in tegra t ion M + ~  (M-C1)+; this is due to the 
imposs ib i l i ty  of the fo rmat ion  of the a roma t i c  s t ruc tu re  of the 
pyry l ium cation. 

_c ~o _c//~ 

�9 �9 - / / -  / I  ,o~.,, ~ 

[~;-cz]+ (~00.o) ~, [M-c,] + (o.o) 

The t ime requ i red  for  the convers ion  IX-*IXa at an inlet 
t e m p e r a t u r e  of 250 ~ is 35-40 min  (Fig. 1). 

As seen  f rom the data in Table 2, the absence of the p r o -  
ce s s  M +-* (M--C1) +, which is linked to the d issocia t ion  of a con= 
s ide rab le  f rac t ion  of the m o l e c u l a r  ions, leads to an app rec i -  

able inc rease  in the probabi l i ty  of d is in tegra t ion  v ia  the path M +-* (M-RI )  +. In addition, the probabi l i ty  of 
the p r o c e s s  M + ~  ( M - R I - C H 2 C O ) +  d e c r e a s e s  with unexpected sha rpnes s .  This  fact  can be explained by 
taking into account the poss ib le  t r ans i t ion  s ta tes  of the reac t ion  to fo rm the ( M - R i - C H 2 C O )  + ions for  VIII, 
IX, and VIIIa,  IXa. 

In the case  of  isexazole  der iva t ives ,  the probabi l i ty  of concer ted  detachment  of R 1 and CH2CO is con-  
s ide rab ly  h igher  than the probabi l i ty  of th is  p r o c e s s  for  the i somer i c  az i r ine  owing to the quas ip lanar  
configurat ion of the s t a r t ing  s ta te .  In o ther  words ,  the concer ted  p r o c e s s  

/ 
~__ o / c  + /i(-R',-CH~CO +.o~C'-~---~ 

" " - " H--O=C'==Q. . ] I  , /~ i [  II ~N L' r"C tt 2""~O- N 
O / / ' ~ H  3 C H 3J \~.) [M__RI__CH2CO] + , 

M + ~  ( M - R i - C H 2 C O )  + should be c h a r a c t e r i z e d  by a lower  (in absolute value) value of the act ivat ion ent ropy 
(ASS< 0) for  d is in tegra t ion  of the m o l e c u l a r  ions of isoxazole der iva t ives .  Thus,  it can be a s sumed  that  the 
m e c h a n i s m  of concer t ed  de tachment  of  R i and CH2CO groups  p lays  a significant role  in the fo rmat ion  of 
(M-R1-CH2CO)  ions. 
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