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The effect of s ter ic  and electronic factors  on the stability of the molecular  ion and the prob-  
ability of its i someriza t ion in the mass  spec t ra  of 3 -a ry l -5 -methy l i soxazo le -4 -ca rboxy l i c  
acids were examined. The relat ionship between the res i s tance  of the molecules  to electron 
impact  and the intensity of disintegration of the isoxazole ring was demonstra ted.  The f o r m a -  
tion of the p r imary  r ea r r angemen t  ions is d iscussed on the basis of the mass  spec t ra  of 
labeled compounds and the substituent effect.  

In t ramolecular  interaction of d i rec t ly  unbonded atoms or groups is often the reason for both the high 
and anomalously low res i s tance  of molecules  to electron impact.  Interesting relat ionships between the s t a -  
bility of the molecular  ion and the molecular  s t ructure  can be observed in the case of 3 - a r y l - 5 - m e t h y l -  
isoxaz o le-4-carboxyl ic  acid. 

R ---I-~--~--C6 H 4 R' 
Cli3/~.O...N I R=COOH, R'=m-NO2; I a R=COOD, R'=m-NO2; II R=COOH, RI=H; 

Ill  R=COOH, R'=m-Nlt2; Ill a R=COOD, R'~m-ND2; IV R=COOH, 
l-V R'=p-(-N=CHCGH4OH-o); V R~COOH, R'=o-CI 

Some charac te r i s t i c s  of the dissociat ive ionization of I-V are presented in Table 1. 

The res is tance  of s t ruc tu res  I-V to electron impact  (W M) var ies  over a very  wide interval of values 
f rom 0.45 for V to 29.3 for IV. A compar ison of the mos t  important  direct ions of dissociat ive ionization of 
I-V reveals  the importance of two fundamental factors  that determine the stabili ty of the molecular  ion 0VI+): 
the electronic s t ruc ture  of substituent R'  and its spatial orientation relat ive to the carboxyl  group. 

The f i rs t  factor  determines  the distribution of the charge and energy of electron excitation in M + and 
consequently,  the probabili ty of disintegration of the isoxazole ring, which is the most  labile element of the 
s t ruc ture .  The importance of the second factor is associa ted with the appearance of an effective channel 
for disintegration of M + , which is due to interaction of the R' and COOH groups when the R' substituent is 

TABLE I. 

I-V 

W M 

Jcnaco+. 
J(m-CO2)+ 

J(r~-59) + 
JIz~-59)+/J(,n-co? + 
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9;8 
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6.7 

13,3 
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III 

20,4 
6,5 
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9,6 
8,7 

IV 

29,3 

4,6 
0,3 
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6,7 
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6,0 

K. A. T imiryazev  Moscow Agricul tural  Academy. Transla ted f rom Khimiya Geterotsiklicheskikh 
Soedinenii, No. 7, pp. 889-892, July, 1972. Original ar t ic le  submitted July 1, 1971. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 ~'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrleval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

806 



29!t 
2~i ~ J w~ 

N()~ H NH a D = ( N ~ C H  

Fig .  1. Effect  of subs t i tuent  R'  
on the r e s i s t a n c e  of the m o l e -  
cule to e l ec t ron  impac t  and in-  
t ens i ty  of fo rmat ion  of CHACO + 
ions .  

in the o -pos i t ion  r e l a t ive  to the i soxazo le  r ing .  The f i r s t  fac tor  is the 
de t e rmin ing  one for  s t r u c t u r e s  I-IV,  in which this so r t  of in te rac t ion  
is absen t .  As seen f rom the da ta  in Table  1, the s t ab i l i t y  of the m o l e c -  
u l a r  ion d e c r e a s e s  in the o r d e r  IV > III > II > I. The charge  d i s -  
t r ibu t ion  in the m o l e c u l a r  ion is  apparen t ly  a s soc i a t ed  with the d i r e c -  
t ion of mig ra t ion  of cha rge  in the H e t - C 6 H 4 - R ,  s t r u c t u r e  and is de -  
t e r m i n e d  by the c h a r a c t e r  of subs t i tuent  R ' .  This d i rec t ion  can be 
judged f rom the in tens i ty  of the peaks  of the CHACO + ions - the mos t  
typ ica l  for the m a s s  s p e c t r a  of 5 - m e t hy l i s oxa z o l e s  [1,2]. It follows 
f rom F ig .  1 that  an i nve r s e  dependence between the s t ab i l i t y  of M + 
and the in tens i ty  of the peaks of the CHACO + ions fo rmed  as a r e s u l t  
of d i s in teg ra t ion  of the i soxazo le  r ing  is obse rved .  Thus r e p l a c e m e n t  
of a hydrogen atom by NO 2 o.r N H  2 groups  leads  to opposi te  e f fec t s .  In 
the f i r s t  ca se  (it' = m-NO2) , the charge  m i g r a t e s  toward  the i soxazole  
r ing ,  i nc r e a s i ng  the f rac t ion  of ions a s s oc i a t e d  with i ts  d i s in tegra t ion  
and lower ing  as a whole the r e s i s t a n c e  of the molecule  to e l ec t ron  i ra -  

pac t .  On the o ther  hand, when the subs t i tuent  is  an amino group (R' = m-NH2) , the charge  m i g r a t e s  in the 
opposi te  d i r ec t ion ,  and one obse rves  an i n c r e a s e  in the s t ab i l i t y  of the m o l e c u l a r  ion as  c o m p a r e d  with the 
c a s e  w h e n  R '  = H :  

~ - . ~  re.NO 2 
\ /C6H4W 

II II 
/ - \ o / N  O -  - m-NH~ 

The c h a r a c t e r  and posi t ion of subs t i tuent  R' a lso  have an apprec iab le  effect  on the d i s t r ibu t ion  of the 
in tens i t i e s  of the peaks  of the m a j o r  r e a r r a n g e m e n t  ions 0V[-CO2 )+ and (M-59)  + . 

O 
II " C6tl4W 

- -  -c% .-o-c-.* 
(D)~ o~"c l l  (o) i \'~ 

+. 3 CH~ 

[M_co2]+ 

/C6H4R' /CoH4W . / C ~ I t 4 R '  

[:~-001 + 
( o )  b [,~I-59] + " a 

An inves t iga t ion  of the m a s s  s p e c t r a  of l abe led  compounds IIa and IIIa d e m o n s t r a t e d  that  the M - 5 9 )  + 
ions r e t a in  deu te r ium a lmos t  comple t e ly .  The format ion  o f ( M - 5 9 )  + ions should t h e r e f o r e ,  at l e a s t  in the 
c a s e  of I - IV,  occur  p r i m a r i l y  via  the r eac t ion  (M-CO2) + ~ ( M - C O 2 - C H a )  + [an a l t e rna t ive  pos s ib i l i t y  for  
the format ion  of (M-59)  + ions cons i s t s  in the r eac t ion  M + ~ (M-CH2CO-OH)+] .  An examinat ion of the 

J ~ i _ 5 9 ) + / J  (M_CO2)+ r a t i o  d e m o n s t r a t e s  that  the p robab i l i t y  of the r eac t ion  (M-CO2)+ ~ (M-CO 2-CH3) + 

d e c r e a s e s  m a r k e d l y  in the o r d e r  (R')NH 2 > H > NO 2. In addition, the in tens i ty  of the de tachment  of a h y d r o -  
gen f rom the (M-59)  + ion  i n c r e a s e s  in the s a m e  o r d e r ,  and the J(M_60)+/J(M_59)+ r a t i o  for  I - I I I  is  
NH 2 (0.15) < H (0.3) < NO 2 (0.7). These  da ta  indicate  the impor tance  of subs t i tuents  R'  for  the s t ab i l i za t ion  
of the cha rge  in the s t r u c t u r e  of the (M-59)  + ion, which is p robab ly  a s s oc i a t e d  with r e a r r a n g e m e n t  of ion 
a to ion b [3]. 

It follows f rom the data  in Table  1 that  the r e s i s t a n c e  to e l ec t ron  impac t  of V is v e r y  s m a l l  and is 
more  than one o r d e r  of magni tude lower  than the s t ab i l i t y  of the r ema in ing  compounds.  The r ea son  for  
this  is  in te rac t ion  of the ch lor ine  a tom with the ca rboxy l  group,  which leads  to in tens ive  e l imina t ion  of the 
ch lor ine  atom and the fo rmat ion  of an a r o m a t i c  s t r u c t u r e  - the py ry l ium ion. 

I t  is  impor t an t  to note that  the fo rmat ion  of (M-C1) + ions (the co r re spond ing  peak is a max imum in 
the m a s s  spec t rum)  is  poss ib l e  only f rom those M + ions that  have r e t a ined  the a r o m a t i c  s t r u c t u r e  of the 
i soxazo le  r ing ,  and the in tens i ty  of the peak of the (M-C1) + ion may s e r v e  as an e s t ima te  of the r e s i s t a n c e  
of the i soxazo le  r ing  to i s o m e r i z a t i o n  dar ing  e lec t ron  impac t  for  this  type of compound: The m o l e c u l a r  
ions that  have r e t a ined  the i soxazo le  r ing  (M0 +) apparen t ly  c o r r e s p o n d  to the l ow - e ne r gy  s t a t e s  in the 
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7+ 
- c !~  H/O\ 

C H 3 ~ o  jN C H3.-'~O/N 
M+ [m-cl] + 

{Mi + } spec t r a l  se t .  That  i s ,  the dis integrat ion of these  ions via the reac t ion  M0 + --* (M0-C1) + causes  a 
sha rp  d e c r e a s e  in the in tensi ty  of the M + peak on pass ing f rom I-IV to V. 

The following position is valid in the genera l  ca se .  The appearance  of a new channel for  d i s in t eg ra -  
tion of the molecu la r  ion should lead to a dec rea se  in the r e s i s t a n c e  of the molecule  to e lec t ron  impact  
(W M) if this d i rect ion is a s s o c i a t e d  with dissocia t ion of those s ta tes  in se t  {Mi +} that a re  r e l a t ive ly  s table  
to d is in tegra t ion reac t ions  over  all  of the remain ing  channels .  

If  the c h a r a c t e r  of the i n t r amolecu l a r  in terac t ion  for  s t ruc tu re  V causes  low s tabi l i ty  of the mo lecu -  
l a r  ion, a different  pa t tern  is obse rved  for  IV, which has an unusually high W M value.  Except  for  the 
molecu la r  ion peak,  which is a m a x i m u m  in the m a s s  spec t rum ~t00%), re la t ive ly  high-intensi ty CI-I3CO + 
(18.8~c) and (M-H) + ft6.9%) peaks  co r re spond  to only two ions.  

The phenomenon of pho tochromism,  which is a consequence of t r a n s f e r  of a proton to fo rm a quinoid 
s t ruc tu re ,  is well  known for  this type of s t ruc tu re  (aromatic o -hydroxyazometh ines ) .  This sor t  of i s o m e r i -  
zation to a m o r e  e n e r g y - r i c h  s t ruc tu re  is assoc ia ted  with diss ipat ion of the energy  of e lec t ronic  excitat ion 
and usual ly  leads to a d e c r e a s e  in the quantum luminescence  yield or photochemical  r eac t ions  [3]. The 
reason  for  the inc reased  s tabi l i ty  of M + of V is apparent ly  s i m i l a r .  The fact  that the hydrogen a tom of the 
hydroxyl  group par t ic ipa tes  substant ia l ly  in the format ion  of the behav ior  of the molecule  under  the influ- 
ence of e lec t ronic  impac t  is displayed in the p r e sence  of the cor responding  (M-H) + ions.  

~ o .  / ~ \ + ~ c .  coo. / ~ k  7 + ].+ 

[ M_.I + \/_ J ~I* * o ~  AI § 

The mass spectra of I -V were obtaIned with an SN-6 spectrometer w i &  a system for direct inlet of 
the sample into the ion source at an ionizing voltage of 70 eV and art ionizing-chamber temperature of 180 ~ 
Ion peaks with intensit ies greater than 5% of the maximum are presented, 

Mass  Spec t rum of the Invest igated Compounds 

I: 43 (100), 50 (11,9), 63 (6,7), 75 (9,6), 76 (14,0), 77 (6,2), 143 (8,9), 
188 (12,3), 189 (18,3), 204 (24,7), 230 (8,7), 231 (7,4), 248 (34,6). 

Ia: 43 (100), 50 (12,0), 63 (6,8), 75 (9,2), 76 (15,1), 77 (6,3), 144 (9,1), 
188 (19,2), 190 (12,3), 205 (32,0), 230 (11,3), 249 (35,0). 

II: 39 (12,3), 43 (100), 50 (17,5), 51 (56,6), 52 (5,4), 63 (13,2), 69 (7,1), 
74 (6,6), 75 (8,0), 76 (11,8), 77 (87,0), 78 (9,9)', 89 (9,9), 93 (52,2), 94 
(5,7), 104 (7,1), 105 (7,5), 116 (17,0), 117 (12,8), 143 (30,4), 144 (100), 
145 (12,3), 159 (56,2), 160 (8,5), 161 (8,5), 188 (15,6), 203 (100), 204 
(l 1,8). 

IIl: 31 (6,0), 39 (14,5), 43 (36,8), 52 (5,9), 64 (5,8), 65 (57,8), 66 (5,9), 
91 (5,3), 92 (48,2), 104 (5,9), 108 (8,6), 120 (11,2), 131 (7,6), 132 (9,3), 
134 (7,2), 158 (8,3), 159 (54,3), 160 (6,0), 174 (6,2), 218 (100), 219 (15,1). 

Ilia: 31 (5,2), 39 (11,0), 40 (13,3), 43 (52,7), 52 (6,9), 53 (7,5), 55 
(6,4), 64 (8,7), 65 (18,0), 67 (25,4), 92 (I1,0), 93 (36,0), 94 (52,6), 95 
(13,3), 105 (6,9), 106 (6,4), 109 (6,9), 110 (11,0), 111 (9,9), 120 (6,4), 
12l (11,6), 122 (16,7), 123 (7,0), 133 (8,1), 134 (12,1), 135 (13,9), 136 
(11,0), 159 (8,7), 160 (26,0), 161 (41,0), 162 (40,0), 163 (8,1), 17.6 (8,1), 
177 (9,2), 219 (36,0), 220 (89,5), 221 (I00), 222 (21,0). 

IV: 43 (18,8), 51 (7,5), 76 (6,1), 77 (9,7), 102 (5,8), 114 (5,1), 120 (6,6), 
167 (5,8), 195 (10,5), 196 (6,9), 221 (5,5), 261 (5,8), 263 (8,5), 321 (16,9), 
222 (I00), 323 (21,9). 

V: 43 (41,3), 50 (8,2), 75 (16,0), III (7,8), 113 (7,8), 123 (5,5), 127 
(12,8), 129 (5,0), 150 (I0,I), 160 (13,2), 177 (5,5), 178 (19,2), 180 (6,2), 
202 (I00), 203 (14,6), 237 (1,4). 
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