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The hydrogen atoms in the CH 3 groups in position 5 of 3,5-dimethyl- 
4-nitroisoxazole (I) and 3,5-dimethyl-4-phenylazoisoxazole (II)under- 
go isotopic exchange with diethyl[D]amine. The position of entry of 
the deuterium has been established and the CHa groups of compounds I 
and II have been characterized by NMR spectroscopy. The possibility 
of a correlation of the reactivities of the methyl groups with their 
chemical shifts is discussed. 

In this paper we give results obtained in a study of 

4-substituted 3,5-dimethylisoxazoles, by the methods 

Table 1 

Content of Deuter ium in the  Samples 

Com- 
pound 

I 
I 
I 

I[ 
III  

Reaction 
temper- 
at ure~ "C 

50 
30 

3O 

Time, 
min 

2880 

EDWC, 7/ml for 
3 atoms of H 

found calculated 

8750 10790 
7'690 11010 
7830 11180 

10000 

of hydrogen isotope exchange and NMR spectroscopy,  
cha rac t e r i z ing  the difference in the reac t iv i t i e s  of the 
methyl groups on the C(5) atoms in these compounds. 
The compar i son  of these  r e su l t s  appeared to us to be 
of in te res t  because  the method of isotopic hydrogen 
exchange enables  the e lec t ronic  effects of subs t i tuents  
in the isoxazole sys t em in the reac t ion  p rocess  to be 
cha rac te r i zed  while the NMR method (from the chemi -  
cal  shifts of the protons of the CI~ g r o u p s ) p e r m i t s  an 
evaluat ion of the e lec t ronic  effects of the subs t i tuents  
in the same compounds in the ground state. 

X - - ~ - - ~ - C H  3 

CN3--~,O,N 

l-Ill 
t X=NO~ 

II X =CgHsN=N 
I I I  • 

The isotopic exchange of the hydrogen atoms of the 
CH 3 groups of 3 ,5 -d ime thy l -4 -n i t ro i soxazo le  (I), 3,5-  
d imethyl -4-phenylazo isoxazole  (II), and 3 ,5-d imethyl -  
isoxazole (III) with d ie thylamine  enr iched with deu te r -  
ium in the N--H group was studied. It was found that 
the hydrogen of the CH3groups on the C(5)atoms in the 
isoxazoles  studied behaves different ly  according to the 
na ture  of the subs t i tuent  X in posi t ion 4 of the he te ro -  
cycle. In the n i t ro isoxazole  I, the isotopic exchange of 

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

the hydrogen takes place at such a ra te  that it is i m -  
possible  to me a su r e  it by o rd inary  methods; for  ex-  
ample ,  at 15 ~ C isotopic equ i l ib r ium is set  up in a few 
minutes .  In the phenylazoisoxazole II, deuter ioexchange 
takes place at a measu reab le  rate  and the ra te  con- 
stant  of the reac t ion  at 25~ is 1.6• 10-4see -1. The 
isoxazole III does not take par t  in an isotopic exchange 
reac t ion  with diethyl[D]amine at al l  even under  more  
severe  condit ions (30 ~ C, 6 days). 

It was poss ib le  to de te rmine  the posi t ion of entry  of 
the deu te r ium in isotopic exchange f rom the change in 
the in tegra l  in tens i ty  of the s ignals  of the protons of 
the methyl groups in posi t ions 3 and 5 of the isoxazoles ,  
s ince it  is known that the s ignals  f rom the CH 3 group 
on the C(5) atom is in the weaker- f ie ld  region [2,3]. In 
the NMR spect ra$  of deuterated samples  of compounds 
I and I I a  dec rease  in the s ignals  of only the CH 3 groups 
on the C(5) atoms was observed,  which showed the 
se lect ive  occu r rence  of deuter ioexchange in  the 3,5- 
d imethyl i soxazoles  invest igated.  The r e su l t s  obtained 
are in good agreement  with our r e su l t s  on the activity 
of the 3 ,5-d imethyl i soxazoles  in the base -ca ta lyzed  
condensat ion reac t ion ,  although condensat ion does not 
pe rmi t  the fine d i f ferences  in the r eac t iv i t i e s  of the 
CH 3 group detected by means  of isotopic exchange with 
hydrogen to be shown up. Thus,  the isoxazole II, un-  
like the n i t ro i soxazole  I [4], does not r eac t  with benza l -  
dehyde in the ~ resenee  of Diperidine and does not add 
to acr id ine ,  in spite of the use  of far  more  severe  r e -  
action conditions.  

An invest igat ion of the NMR spec t ra  of the isoxa-  
zoles I, II, and III has shown that e l ec t ron-accep t ing  
subst i tuents  in posi t ion 4 of the r ing  have a more  
powerful inf luence on the chemical  shifts of the CH 3 
groups in posi t ion 5 and a s m a l l e r  influence on the CH 3 
groups in posi t ion 3, shifting the s ignals  of these groups 
in the d i rec t ion  of weaker  fields.  The di f ferences  in the  
chemical  shifts of the CH 3 groups in the spec t ra  of 
compounds I and II as compared with the spec t rum of 
the isoxazole III a re ,  r espec t ive ly ,  0.36 and 0.33 ppm 
for  posi t ion 5 and 0.25 and 0.22 ppm for  posi t ion 3. 

TThe NMR spec t ra  of these and other  3 ,5 -d imethy l -  
4 -X- i soxazo les  were taken by E. I. Fedin  and P. V. 
Pe t rovski i  (INEOS AN SSSR [Institute of Heteroorganic  
Compounds AS USSR]) on a TsLA-5535 in s t rumen t  ( f re-  
quency 40 MHz, solvent  CC14, in te rna l  s tandard  hexa-  
methyldis i loxane)  for  which the authors express  the i r  
deep grat i tude to them. 
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F o r  c o m p a r i s o n  we m a y  m e n t i o n  t h a t  the  d i f f e r e n c e  

in  t h e  c h e m i c a l  s h i f t s  of an  o r t h o  p r o t o n  f o r  p - x y l e n e  
and  i t s  o - n i t r o  d e r i v a t i v e  i s  0.25 p p m  [5]. F r o m  t h e  

f e a t u r e s  of t h e  N M R  s p e c t r a  p r e s e n t e d  i t  f o l l o w s  t h a t  
t h e  t r a n s f e r  of the  i n f l u e n c e  of a n  NO z g r o u p  to t he  C(~) 

a t o m  in t h e  i s o x a z o l e  I i s  a p p r o x i m a t e l y  t h e  s a m e  as  
to t he  o - c a r b o n  a t o m s  of a b e n z e n e  r i n g .  T h i s  a n a l o g y  
i s  a p p a r e n t l y  a l s o  v a l i d  f o r  t h e  t r a n s f e r  of the  i n f l u e n c e  
of a p h e n y l a z o  g r o u p .  C o n v e r s e l y ,  t h e  i n f l u e n c e  of 
e l e c t r o n - a c c e p t i n g  s u b s t i t u e n t s  in  p o s i t i o n  4 of t he  
i s o x a z o l e  n u c l e u s  on  the  C(5 ) a t o m  in  c o m p o u n d s  I a n d I I  
if f a r  s t r o n g e r  t h a n  to t h e  o - c a r b o n  a t o m  in  a b e n z e n e  
r i n g .  

T h e  s u b s t a n t i a l  d i f f e r e n c e s  in  t h e  i n f l u e n c e  of one  
and  t h e  s a m e  s u b s t i t u e n t s  on h y d r o g e n  e x c h a n g e  and  on 
t h e  NMR s p e c t r a  of the  m e t h y l  g r o u p s  t h a t  h a s  b e e n  

found  m a y  a p p a r e n t l y  b e  e x p l a i n e d  by  d i f f e r e n c e s  in t he  
e l e c t r o n i c  e f f e c t s  of t he  s u b s t i t u e n t s  in  t h e  i s o x a z o l e  

s y s t e m  p r e s e n t  in  t h e  g r o u n d  s t a t e  (NMR s p e c t r a )  and  

in t h e  r e a c t i o n  p r o c e s s  ( h y d r o g e n  e x c h a n g e ) .  

E X P E R I M  ENTA L* 

The isoxazoles I, II, and III were obtained and purified by previ- 
ously-published methods. The 3,g-dimethyl-4-nitroisoxazole (I) had 
mp 63~ methanol)t4], the 3,5-dimethyl-4-phenylazoisoxazole, 
zole (II), mp 46~ (from methanol) [6], and the 3,5-dimethylisoxa- 
zole, bp 79.8~ (119 ram); n}~ 1.4416 [7]. The diethyl[D]amine con- 
taining 30 at. % of deuterium was obtained by the reaction of diethyl- 
amine with deuterium oxide and was purified by distillation through a 
column with an efficiency of 30 theoretical plates, its bp being 
54.8-55.0 ~ C. 

Experiments on hydrogen exchange. A weighed sample of the isox- 
azole was dissolved in a fivefold molar amount of diethyl[D]amine. 
The solution was stirred in a thermostat and the diethylamine was dis- 
tilled off in vacuum after predetermined intervals of time, and the 
residue was washed with 5~ HC1 solution and dissolved in benzene. 
The benzene solution was washed to neutrality with NaHCO3 solution, 
the benzene was distilled off, and the residue of compound I or II was 
crystallized from aqueous methanol, while the isoxazole III was dis- 
tilled in vacuum. Then substance I was sublimed in vacuum and sub- 
stance II was dried in vacuum over phosphorus pentoxide. The purity 
of the isoxazoles isolated after an expeiment was determined from 
their melting points, and, in individual cases, from their elementary 

analyses.  The content of deuter ium in the samples was determined 

from the excess density of the water  of combustion (EDWC) by the drop 
method.  In the ca lcu la t ion  of the isotopic equi l ibr ium,  the distribution 

T a b l e  2 

K i n e t i c s  of t h e  I s o t o p i c  E x c h a n g e  
of H y d r o g e n  f o r  3 , 5 - D i m e t h y l - 4 -  

p h e n y l a z o i s o x a z o l e  at  25 ~ C 

Time, 
rain 

22 
38 
51 
71 

EDWC, "g/ml for 
3 atoms of H 

[ 
found [ calculated 

915 5390 
1838 5390 
2140 5390 
2480, 5390 

I 

K H E  X l 0 4  , 
see -1 

1.41 
1.83 
1.65 
1.44 

coefficient between the N--D and C--H bonds was arbitrarily taken as 
unity. 

Table 1 gives the results of the individual experiments and Table 2 
the results of the kinetics of the isotopic exchange of hydrogen in com- 
pound II at 25 ~ C, Kmean ~ 1.6 x 10 -4 see -t. 
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