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The m a s s  s p e c t r a  of i soxazo le  and some 3 ,5 -d ime thy l i soxazo le  de r iva t i ve s  were  i n v e s t i -  
gated. Schemes for  the format ion  of the p r inc ipa l  r e a r r a n g e d  ions a re  p roposed  on the ba- 
s i s  of a s tudy of the d i s soc ia t ive  ionizat ion of l abe led  compounds.  Examples  of the effect  
of e l ec t ron ic  and s t e r i c  f ac to r s  on the p robab i l i t y  of the ex i s tence  of d i f ferent  channels  for  
d i s in teg ra t ion  of the m o l e c u l a r  ion a r e  p resen ted .  I t  i s  shown that  tile format ion  of an ion 
with m a s s  82 during the d i s soc ia t ive  ionizat ion of a number  of the inves t iga t ed  compounds 
occur s  v ia  di f ferent  m e c h a n i s m s  as  a function of the nature  of the subs t i tuents  in the 4 po-  
s i t ion  of the i soxazo le  ring. 

The opening of the i soxazo le  r ing  with subsequent  format ion  of the i s o m e r i c  m o l e c u l a r  ion of a sub-  
s t i tu ted  1 - a z i r i n e  i s  of g rea t  s ignif icance for  the m a s s  s p e c t r o m e t r y  of i soxazo le  and i t s  de r iva t ives .  In 
th is  case ,  s t e r i c a l l y  favorable  condit ions develop for  the occu r r ence  of r e a r r a n g e m e n t  p r o c e s s e s .  I n t e r -  
es t ing  examples  of the fo rmat ion  of r e a r r a n g e d  ions can be obse rved  in a number  of 3 , 4 , 5 - t r i s ubs t i t u t ed  
i soxazo le  de r iva t ives .  In the p r e s e n t  p a p e r  we have inves t iga ted  the m a s s  s p e c t r a  of i soxazo le  (I), 3 ,5-  
d i m e t h y l - 4 - h y d r o x y m e t h y l i s o x a z o l e  (II), ( 3 , 5 - d i m e t h y l - 4 - i s o x a z d y l ) p h e n y l c a r b i n o l  (laD, ( 3 , 5 - d i m e t h y l - 4 -  
i soxazo ly l )d ipheny lca rb ino l  (IV), 3 , 5 - d i 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  ac id  (V), and the deu te ra t ed  d e r i v a -  
t ives  of II-V WI-IX).  

R,,/'<.O/N 

R R' R" WM S~/2 

I H H H 21,0 3 
I I CHa CH2OH CHa 7.6 6 

1II CHa (C6H5)2COt{ CHa 6,8 12 
1V CHa (CsHs)2COH CHa 1.8 12 
V CHa COOH CHa 3.8 9 

VI CH3 CH2OD CHa 
VII CHa C6HsCHOD CHa 

VIII CHa (C6Hs)2COD CHa 
IX CHa COOD CHa 

The mos t  typ ica l  ions that  c h a r a c t e r i z e  the d i s soc ia t ive  ioniza t ion  of i soxazo le  and i t s  3 ,5 -d i sub-  
s t i tu ted  de r iva t i ve s  a r e  a s s o c i a t e d  with the format ion  of s t ruc tu ra l  f r agments  a ,  b, and c. Depending on 
the subs t i tuents  in the 3 and 5 pos i t ions  of the r ing,  compet i t ion  in the format ion  of the ind ica ted  types  of 
ions i s  observed .  

H--C~O + +O~C-~N 

~ ~ 68 (14,2) I1 
b 

H 
41 (12A} 40 (19,0) 
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The r e l a t i v e  d i s t r i b u t i o n  of  i ons  a ,  b, and  c,  a s  we l l  a s  1V[ +, in  the  m a s s  s p e c t r a  of  i s o x a z o l e ,  3 , 5 - d i m e t h y l -  
i s o x a z o l e ,  and  3 , 5 - d i p h e n y l i s o x a z o l e  [1] a r e  p r e s e n t e d  below. 

R--C"~O+ .... Il "b' 

CH~_~ -OIl(D) 

~o~N 

.o (~.2) 

a b c M+ 

R = H 0,41 0.68 0.91 1.00 
R = CH3 0.72 1.00 0.7i 0.80 
R = Coils 1,0 0.14 0,07 0.60 

It follows from the data presented above that ions b and c, the peaks of which are intense in the mass 
spectra of isoxazole and 3,5-dimethylisoxazole, lose their significance appreciably in the case of the dis- 
sociative ionization of 3,5-diphenylisoxazole. The strongest interaction of charge with substituent R, which 
leads to considerable stabilization of the structure, is observed for R-C-~ O + ions. While the probability 
of the formation of RCO + ions increases in the order R = H < CH 3 < C6H5, the relative intensities of the peaks 
of the molecular ions decrease in the same order. We have also noted the existence of an inverse depen- 
dence between the intensities of the M + and RCO + ion peaks for other isoxazole derivatives [2]. 

Despite the intense molecular-ion peak in the mass spectrum of isoxazole, its resistance to electron 
impact is appreciably lower than that of other five-membered aromatic heterocycles. Thus, the following 
W M values are observed for pyrazole, thiophene, furan, imidazole, pyrrole, and isoxazole: 45.9, 30.6, 
27.4, 27.1, 26.0, and 21.0. 

Many of the fragment ions in the mass spectra of II-IX are rearranged ions, the formation of which 
usually proceeds through six-membered or five-membered transition states. The dissociative ionization 
of 3,5-dimethyl-4-hydroxymethylisoxazole was examined in [3]. An investigation of the mass spectrum of 
deuterated derivative VI made it possible to accurately determine the probable paths for the formation of 
several ions (for example, ions with mass 71). 

The dissociative ionization of III is distinguished by a considerable number of competitive directions 
of disintegration; this is reflected in the high (12) SI/2 value (low disintegration selectivity [4]). 

(D) _] + (P) 
t l - - O - C H 2 ~  '-H H--O--CH~'r---'~" 

, .~.o/N ..... /%.o ~ 

(D) + ~_~ _CH20 
H-O=C =. ~N 

8~ (~.~) 

127 (72) 126 (2,0) 

J -CH 

/CH% 

t I (D) OHI +O~/}~1 (D) H...O/~ 

.2 (1,2) 7J (2.2) 

The  s t r i p p i n g  of  H, OH, and C6H 5 p a r t i c l e s  f r o m  the m o l e c u l a r  ion  l e a d s  to  the  f o r m a t i o n  of one of  t h r e e  
p o s s i b l e  c o n j u g a t e d  s t r u c t u r e s  ( for  e x a m p l e ,  the  s t r u c t u r e  of an ion with  m a s s  126). 

[,;I--CH3--CH3CN] + 
20~ 0.5) ~ . ~ - - - - ~  147 UA) 

,so (2.9) ~ Of(D)  -C%CO ,60 (,.s) 
C6H 5 -I C 

HO--CH 

" ~ o  ;N 203 (ca) 

12~ (4.1) / H 
H I 

, I H / 
C,~HsH(D) C8H5-~-C~,~,/-C6HsH(D) + 0 / / C ~ - ~  / -CH2CO \ C M  

C,H,H (D) (m u ~>.CH 2 " CH/ ~o- 
79 (2.8) 124 (8.0 82 (2,3) 

The  m a x i m u m  p e a k  in the  m a s s  s p e c t r u m  of HI c o r r e s p o n d s  to the  ( M -  C6H?) + ion  with  m a s s  124. In 
c o n t r a s t  to the  (M-C6H5)+ ion  p e a k  with  m a s s  126, no i s o t o p i c  sh i f t  in the  m a s s  s p e c t r u m  of d e u t e r a t e d  
d e r i v a t i v e  VII i s  o b s e r v e d  fo r  the  p e a k  of  t h i s  ion.  The  f o r m a t i o n  of  an ( M -  C6H7) + ion  i s  a r e l a t i v e l y  l ow-  
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energy process .  The relative intensit ies (Ii/I124) decrease  appreciably for all ions [except for M + and 
( M-  CH2CO) + ions] on pass ing from ionizing electron energies  of 50 eV to 15 eV. Fur the rmore ,  the mass  
spect rum of III contains intense C6HG + and C~H7 + ion peaks, the major i ty  of which, as demonst ra ted  by the 
mass  spectrum of VII, contain hydroxyl-group hydrogen. It follows f rom these data that the formation of 
ions with mass  124 occurs  di rect ly  f rom M + and is associated with the migrat ion of one or two hydrogen 
atoms to the benzene ring and splitting out of C6H 7 or C6H 6 and H par t ic les .  When the charge is localized 
on the benzene ring during disintegration of the r ea r r anged  M + ion, C6H7 + or C6H6 + ions are  formed.  

When the hydrogen atoms in the hydroxymethyt  group are  substituted success ive ly  [II (CH2OH)~ III 
(C~HsCHOH)-*IV [(C6Hs)2OH]], one observes  an appreciable decrease  in the res is tance  of the molecule to 
e lectron impact,  and the W M value decreases  mos t  markedly  when a second phenyl substituent is in t ro -  
duced. An analysis  of S tua r t -Br i eg l eb  models demonst ra tes  that the rotational mobility of the benzene 
rings in the IV molecule is markedly  hampered because of s ter ie  hindrance to rotation c rea ted  by the 
methyl  groups; this should apparently lower the stability of the molecular  ion. 

The impossibi l i ty  of coplanar orientation of the benzene rings in the s t ructure  of the (M-  OH) + ion 
with mass  262 causes a considerable predominance of detachment of a phenyl radical  ra ther  than a hy- 
droxyl radical.  As seen f rom the disintegration scheme, the maximum peak in the m a s s  spect rum of IV 
cor responds  to the (M-C6Hs) + ion. 

o.(o) -].~ ? . ( v )  
c,. -o.(v) c~./~ -c..~ 

+ / ~ ' o  ;N 
262  (I.7) 279 (I.5) ~Z' 

202 (13,2) 

C~HsCO + 
, o5  (8.4) 

/<,o~N 
a 

II 
124 11.11 160 (2.5) 

On examining the dissociative ionization of IV, one 's  attention is directed to the absence of an ex- 
+ 

p res sed  tendency for the formation of (C6H5)2C = O - H  ions. A possible reason for the p r e f e r r e d  formation 
+ + 

of HetC~HsC = O - H  ions [(M-C6Hs) +] (He, =hetaryl)  as compared  with (C6H5)2C = O - H  ions may be the con-  
siderable stabilization of the fo rmer  due to a -~ a ' resonance.  

Some regular i t ies  in the dissociat ive ionization of i soxazole-4-carboxyl ic  acids were examined in 
[2]. The most  important  direction for the disintegration of the molecular  ion of the latter is elimination 
of CO2, which is  direct ly  associa ted  with i somer iza t ion  of the isoxazole ring during electron impact.  The 
formation of (M-CO2) + ions can apparently proceed  through both a s ix -membered  transi t ion state with 
part icipat ion of an oxygen atom and through a f ive -membered  transi t ion state with part icipation of a ni- 
t rogen atom. 

COOH (D) -,~? 

CHACO + ~ ~ -CH2C~ O 1,3~--CH~CO~ + 
43 U5.2} " ~ ' 0  'N  '~9 C4,~ 

14t t5.6) 

o Y  
}c',S 

+" 

126 (I,0~ 

I-CO~ 
! 

82 (8.5) 97 (5.0) 

/ 

~o_H/ 
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R e l a t i v e l y  i n t e n s e  p e a k s  o f  i o n s  w i t h  m a s s  82 a r e  p r e s e n t  in  t h e  m a s s  s p e c t r a  of  3 , 5 - d i m e t h y l -  

i s o x a z o l e s  I I - V .  An  e x a m i n a t i o n  of  t he  m a s s  s p e c t r a  of  t h e  d e u t e r a t e d  c o m p o u n d s  i n d i c a t e s  t ha t ,  in  t h e  

c a s e  of  II  a n d  V,  t h e s e  i o n s  c o n t a i n  h y d r o x y l - g r o u p  h y d r o g e n  ( the  C o r r e s p o n d i n g  i s o t o p i c  s h i f t  i s  o b s e r v e d ) .  

I n  a d d i t i o n ,  m o s t  o f  t h e  i o n s  w i t h  m a s s  82 in  t h e  m a s s  s p e c t r a  of  I ~  and,  p a r t i c u l a r l y ,  IV do no t  c o n t a i n  

h y d r o x y l  h y d r o g e n  (an  i s o t o p i c  s h i f t  i s  n o t  o b s e r v e d ) .  

I t  f o l l o w s  f r o m  t h e s e  d a t a  t h a t  t h e  f o r m a t i o n  of  t he  i o n s  u n d e r  c o n s i d e r a t i o n  c a n  o c c u r  by d i f f e r e n t  

p a t h s .  T h e  r e a c t i o n  M +--~ ( M - R R ' C O )  + ~  ( M - R R ' C O - C H 3 ) + ,  w h i c h  i s  r e s p o n s i b l e  f o r  t h e  a p p e a r a n c e  of  

i on  p e a k s  w i t h  m a s s  82 in  t h e  m a s s  s p e c t r u m  of  I I ,  l o s e s  i t s  s i g n i f i c a n c e  in  t h e  c a s e  of  t he  d i s s o c i a t i v e  

i o n i z a t i o n  of  I ~  and ,  p a r t i c u l a r l y ,  IV.  T h e  r e t a r d a t i o n  of  t he  e l i m i n a t i o n  of  an  R R ' C O  p a r t i c l e  by the  m o -  

l e c u l a r  i o n  w h e n  h y d r o g e n  a t o m s  in  t h e  CH2OH g r o u p  a r e  r e p l a c e d  by bu lky  p h e n y l  g r o u p s  i s  p r o b a b l y  a s -  

s o c i a t e d  w i t h  s t e r i c  h i n d r a n c e  to  t h e  f o r m a t i o n  o f  t h e  c y c l i c  t r a n s i t i o n  s t a t e  o f  t h i s  r e a c t i o n .  

E X P E R I M E N T A L  

T h e  m a s s  s p e c t r a  o f  I - I X  w e r e  o b t a i n e d  w i t h  an  M K h - 1 3 0 3  m a s s  s p e c t r o m e t e r  a t  an  i o n i z i n g  e l e c -  

t r o n  e n e r g y  of  50 eV and  an  i o n i z a t i o n - c h a m b e r  a n d  i n l e t - s y s t e m  t e m p e r a t u r e  of  2 0 0 - 2 5 0  ~ P e a k s  w i t h  i n -  

t e n s i t i e s  a b o v e  5% of  t h e  m a x i m u m  a r e  p r e s e n t e d .  

M a s s  S p e c t r a  of  C o m p o u n d s  I - I X  

I: 26 (12,7), 27 (ll,8). 29 (43,2), 30 (6,9), 37 (9,0), 38 (21,8), 39 (25,1), 40 (95,0), 
4t (60,5). 42 (I6,9), 68 (71,3), 69 (t00,0), 70 (5,4). 

II: 27 (13,0), 29 (8,8), 31 (8,6), 39 (17,1), 40 (9,1), 41 (13,4), 42 (34,2), 43 (100;0), 
52 (6,6), 53 (6,1), 54 (7,6), 55 (6,8), 56 (9,4), 57 (8,5), 66 (10,51, 67 (9,6), 68 (9,9), 
70 (7,5), 71 (10,8), 82 (27,4), 84 (26,8), 109 05,6), 110 (10,9), 112 (5,8), 126 (9,8), 
127 (36,0). 

III: 27 (5,9), 39 (12,0), 40 (8,2), 41 (10,6), 42 (12,2), 43 (63.0), 5l (21,0), 56 (8.2), 
65 (8,3), 69 (13,0), 76 (6,5), 77 (53,0), 78 (75,0), 79 (32,6), 80 (7,9), 82 (26,6), 84 (41,0), 
91 (17,1), 102 (13,1), 103 (14,8), 105 (34,4), 108 (21,8), 115 (15,6), 124 (100,0), 125 (13,1), 
126 (47,3), 129 (8,4), 131 (9,4), 144 (30,4), 145 (12,9), 147 (16,1), 160 (20,4), 161 (16,9), 
170 (7,3), 186 (34,0), 187 (10,1), 202 (17,5), 203 (70,5), 204 (10,5). 

IV: 39 (10,5), 40 (9,9), 41 (12,0), 42 (36,6), 51 (17,6), 76 (5,6), 77 (51,7), 78 (10,5), 
82 (18,3), 91 (6,3), 105 (63,4), 124 (8,4), 145 (6,3), 151 (6,3), 152 (7,0), 155 (10,5), 
160 (19,0), 165 (9,1), 176 (I0,5), 177 (7,0), 178 (9,1), 182 (8,4), 201 (I0,5), 202 (I00,0), 
203 (14,8), 217 (7,7), 218 (14,8), 246 (26,7), 261 (12,0), 262 (11,3), 279 (11,3). 

V: 27 (31,4), 29 (14,0), 30 (9,0), 38 (ll,5), 39 (31,4), 40 (21,0), 41 (35,0), 42 (50,0), 
43 (I00,0), 45 (8,5), 51 (7,6), 52 (10,2), 53 (7,6), 54 (41,5), 55 (21,0), 68 (8,5), 81 (8,5), 
82 (56,0), 84 (55,0), 97 (33,0), 99 (28,4), 126 (6,8), 141 (24,0). 

VI: 39 (18,2), 40 (9,1), 41 (13,t), 42 (30,2), 43 (100,0), 53 (7,1), 54 (6,2), 55 (7,3), 
57 (6,2), 68 (13,2), 72 (12,6), 83 (27,1), 85 (29,6), 109 (15,6), 110 (ll,2), ll3 (7,3), 127 
(16,3), 128 (40,5). 

VII: 39 (16,0), 41 (11,8), 42 (18,6), 43 (96,0), 55 (6,4), 56 (8,1), 64 (7,9), 69 (16,3), 
77 (26,1), 78 (43,0), 79 (56,2), 80 (34,3), 82 (16,3), 83 (10,6), 84 (9,7), 85 (9,7), 91 (13,4), 
92 (16,5), 102 (12,9), 105 (30,6), 108 (23,2), 115 (12,3), 116 (7,9), 124 (I00,0), 125 (12,1), 
127 (60,2), 128 (8,3), 142 (10,6), 144 (29,2), 146 (7,2), 148 (t8,2), 161 (23,8), 162 (17,3), 
170 (10,3}, 203 (23,8), 204 (76,3), 205 (12,1). 

VIII: 39 (16,2), 41 (12,0), 42 (7,1), 43 (39,2), 51 (18,2), 77 (60,2), 78 (10,2), 82 (19,6), 
91 (6,1), 105 (70,4), 124 (9,3), 146 (7,2), 151 (7,2), 156 (10,3), 161 (20,2), 176 (12,1), 
177 (7,0), 202 (14,1), 203 (100,0), 204 (13,9), 217 (7,3), 218 (13,6), 246 (23,8), 247 (6,2), 
260 (10,1), 261 (7,9), 262 (11,3), 280 (12,1). 

IX: 38 (6,3), 39 (41,2); 40 (21,6), 41 (39,1), 42 (43,6), 43 (lOO,O), 51 (7,3), 52 (11,2), 
53 (6,8), 54 (12,1), 55 (30,4). 68 (13,5), 8i (8,8), 82 (128), 83 (58,0), 85 (16,3), 86 (16,7), 
98 (24,3), 100 (17,2), I~2 (25,3). 
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