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T h e  i o n i z a t i o n  c o n s t a n t s  of 14 p h e n y l i s o x a z o l e s  in a c e t i c  a c i d  w e r e  d e t e r m i n e d  by a s p e c t r o -  
p h o t o m e t r i c  m e t h o d .  The  i o n i z a t i o n  c o n s t a n t s  of 4 - R - 3 , 5 - d i p h e n y l i s o x a z o l e s  c o r r e l a t e  we l l  
wi th  the  H a m m e t t  a m c o n s t a n t s  of s u b s t i t u e n t s  R.  

The  b a s i c i t i e s  of i s o x a z o l e  d e r i v a t i v e s  w e r e  s t u d i e d  in [2-5],  but the  pK a v a l u e s  of s o m e  p h e n y l i s o x -  
a z o l e s  w e r e  p r e s e n t e d  only  in [3]. In a l l  c a s e s  the  b a s i c i t i e s  w e r e  d e t e r m i n e d  b y  a s p e c t r o p h o t o m e t r i c  me thod  
us ing  a c e t i c  a c i d  [2, 3] o r  aqueous  [4, 5] so lu t i ons  and the  H a m m e t t  a c i d i t y  func t ion  fo r  t he  c a l c u l a t i o n  of the  
i o n i z a t i o n  c o n s t a n t s .  The  c r i t e r i o n  of the  a p p l i c a b i l i t y  of th i s  func t ion  to  the  s e l e c t e d  c l a s s  of compounds  is  
the  m a g n i t u d e  of  n in t he  equa t ion  

H0=pKa-- ,z lg  ([cation]/[base]). 

A b a s e  is  a s s u m e d  to be  a H a m m e t t  b a s e  if 0.8 -< n-< 1.20 [6-8]; in p a r t i c u l a r ,  it  has  been  shown [4] tha t  i s o x -  
a z o l e  d e r i v a t i v e s  a r e  b a s e s  of  t h i s  t y p e .  The  doubts  wi th  r e s p e c t  to  the  c o r r e c t n e s s  of the  r e s u l t s  ob ta ined  
wi th  a c e t i c  a c i d  s o l u t i o n s  [4] tha t  have  a p p e a r e d  r e c e n t l y  a r e ,  in our  opinion,  g r o u n d l e s s .  G r a p h i c a l  ev idence  
f o r  t h i s  is  o f f e r e d  by  the  pK a v a l u e s  of 3 , 5 - d i m e t h y l - 4 - n i t r o i s o x a z o l e  (I), d e t e r m i n e d  in v a r i o u s  m e d i a -  
- 6 . 3 9  (me thod  A) and - 6 0 5 7  (me thod  B~) in w a t e r  and - 6 . 1 7  in a c e t i c  ac id ,  which  d i f f e r  wi th in  the  l i m i t s  of 
e x p e r i m e n t a l  e r r o r s  f r o m  the  pK a v a l u e  o f - 6 0 4 3  a c k n o w l e d g e d  as  a b s o l u t e  by  Bur ton  and c o - w o r k e r s  [4]. 

T h e  i n c r e a s e d  b a s i c i t y  of  n i t r o i s o x a z o l e  I [3], which  has  s e r v e d  as  t he  m a i n  ob j ec t  of c r i t i c i s m  of  t he  u se  of 
a c e t i c  a c i d  [4], was  a s s o c i a t e d  with  the  i n c o r r e c t l y  s e l e c t e d  a c i d i t y  r a n g e  (0 .2 -6 .0  M so lu t i ons  of s u l f u r i c  a c id  
in a c e t i c  ac id ) .  T h e  d i f f e r e n c e  i n t h e  p K a  v a l u e s  ob ta ined  in the  p r e s e n t  r e s e a r c h  is  due to the  e f fec t  of t he  
m e d i u m  and is  c o m p a r a b l e  in m a g n i t u d e  to  the  s c a t t e r  in the  pKa v a l u e s  c a l c u l a t e d  by  v a r i o u s  m e t h o d s .  The  
low b a s i c i t y  of I p r o v i d e s  e v i d e n c e  fo r  a m o r e  m a r k e d  change  in the  e l e c t r o n  d e n s i t y  on the  n i t r o g e n  a t o m  of 
t h e  h e t e r o r i n g  and migh t  have  been  e x p e c t e d  f r o m  the  ef fec t  of t he  NO 2 g roup  in the  h e t e r o a r o m a t i c  s y s t e m .  
When  the  r e f i n e d  pK a v a l u e  of I is used ,  the  a m - - A p K  a c o r r e c t i o n  p a r a m e t e r s  f o r  a s e r i e s  of 4 - R - 3 , 5 - d i -  
m e t h y l i s o x a z o l e s  [3] a r e  a p p r o x i m a t e l y  r = 0.945 and s = 0.217. 

The  pKa v a l u e s  of 14 p h e n y l i s o x a z o l e s  w e r e  d e t e r m i n e d  to  a s c e r t a i n  the  ef fec t  of s u b s t i t u e n t s  in the  
h e t e r o c y c l i c  r i n g  on the  e l e c t r o n  d e n s i t y  on the  n i t r o g e n  a t o m  (Tab l e  1). We  used  g l a c i a l  a c e t i c  a c i d  a s  the  
so lven t ,  s i n c e  p h e n y l i s o x a z o l e s  a r e  i n s o l u b l e  in w a t e r .  Su l fu r i c  a c i d  s e r v e d  as  the  p r o t o n  d o n o r .  

We  a l s o  u s e d  the  H a m m e t t  H 0 a c i d i t y  func t ion  to d e t e r m i n e  the  i on i za t i on  c o n s t a n t s .  It i s  a p p a r e n t  f r o m  
T a b l e  1 tha t ,  e x c e p t  f o r  V, l a r g e  d e v i a t i o n s  f r o m  uni ty  a r e  not o b s e r v e d  f o r  the  n c r i t e r i o n .  Thus  it m a y  be 
s u p p o s e d  tha t  the  H 0 a c i d i t y  func t ion  is a p p l i c a b l e  f o r  the  d e t e r m i n a t i o n  of the  pKa v a l u e s  of m o s t  i s o x a z o l e s  

*See  [1] f o r  c o m m u n i c a t i o n  XXX. 
Al l  of the  da t a  in T a b l e  1 w e r e  c a l c u l a t e d  by m e t h o d  A [8]: the  ~ v a l u e  in g l a c i a l  a c e t i c  a c i d  was  adop ted  f o r  

eB, t he  e v a l u e  in c o n c e n t r a t e d  s u l f u r i c  a c i d  was  adop ted  f o r  the  eBH + va lue ,  and  the  ~ v a l u e s  at  an a c i d i t y  
equal  to  p K a  J= 1.5 H 0 uni t s  w e r e  adop ted  f o r  r + and aB, r e s p e c t i v e l y ,  by  m e t h o d  B [8]. T h e  da t a  ob ta ined  
by  m e t h o d  B a r e  d e s i g n a t e d  by  a s t e r i s k s .  
S T h e  usua l  e r r o r  in t he  d e t e r m i n a t i o n  f o r  b a s e s  wi th  pK a < 0 .is + 0.1 p K a  uni ts  [13], and in s o m e  c a s e s  it i s  
• 0.2 pK a uni t s  [8]. 
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TABLE 1. UV Spectraand pKa Values of Phenyl isoxazoles  and 
3 ,5 -Dimethy l -4 -n i tro i soxazo le  
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H 
NO2 
H 
H 
H 
CI 
CI 
H 
CHa 
CGHs 

CI 
Br 

R5 

CH~ 
H 
CH3 
C1 
H 
C6H5 
C6H5 
C6Hs 
C6H~ 
C6Hn 
C6Hs 
C6H~ 
C6H5 

C6H5 
C6Hs 

)~max, nm (Ig e) 
in 16.8 M 

in soln. HzSO 4 
CHaCOOH [in CHsCOOI- 

264(3,74) 223(4,00) 
251(3,88) 275(4,17) 
253(4.03) 273(4,28) 
250(~01) 282(4,27) 
252(3,78} 283(3,98) 
262(4.27} 290(4,32} 
262(4,27) 287(4,37) 
261(4,31) 298(4,38) 
268(4,24) 307(4,28) 
269(4,25) 313(4,25) 
268(4,39) 312(4,47) 
267(4,29) 304{4,42) 
275(4,23) 318(4,26) 

274{4,31) 319(4,38) 
273(4,27) 319(4,39) 

PKa 

-6.17_0,06 
--3,19+0,I0 
-2,38--_+0,02 
-4,90_+0,03 
-7,90--0,17 
-2,96_+0,05 
-2,08+_0,11 
-6,01 _+0,06 
- 5,16-+0,06 
-7,70_+0,22 
--3~05+-0,05 
-2,70-+0,10 
-'3,t4-+0,07 
-- 3,00-+ 0,07 
- -  4 ,68  _+ 0,0'4 
-4.67-0,06 

I " 0,95 
1,03 
0,85 
1,24 
1,43 
0,88 
'0,92 
1,26 
T,26 
0,99 
1,03 
1,00 
1.05 
0,88" 
1,16 

.I,0S 

*The pKa and n values were obtained by the method in [8]. 
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Fig. 1. Absorption spectra of 3 ,5 -d i -  
methy l -4 -n i tro i soxazo le  (I): 1) in 
CH3COOH; 2) in a 7.00 M solution of 
H2SO4; 3) in an 8.00 M solution of 
H2SO4; 4} in  a 9.25 M so lu t ion  of 
H2SO4; 5) in a 16.80 M so lu t ion  of 

H2SO4. 

unde r  our  s e l ec t ed  cond i t ions .  Judging  f r o m  the n > 1.2 va lues  for  IV, VIII, IX, and V, the p r e s e n c e  of a ccep to r  
s u b s t l t u e n t s  in the  r i n g  d i s r u p t s  the u sua l  p ro tona t ion  m e c h a n i s m ,  and t h e s e  s u b s t a n c e s  can, s t r i c t l y  speaking,  
be  d i s t i ngu i shed  f r o m  H a m m e t t  b a s e s .  Accord ing  to our  data,  compounds  that  have two accep to r  or  two donor  
s u b s t i t u e n t s  bes t  a p p r o x i m a t e  H a m m e t t  ba se s :  XI, XH, XIII, XV, and I have n va lues  v e r y  c lose  to un i ty .  

It fol lows f r o m  the data  ob ta ined  in  th is  s tudy  that  m o u o s u b s t i t u t e d  3-  and 5 -pheny l i soxazo l e s  (II, VI) a r e  
w e a k e r  b a s e s  than  the  unsubs t i t u t ed  h e t e r o c y c l e s  [2, 4, 9], and II is  w e a k e r  than  VI~ Th i s  is  appa ren t l y  a s -  
soc ia ted  with the - I  effect  of the phenyl  group,  which shows up mos t  m a r k e d l y  in the 3 - i s o m e r .  An i n c r e a s e  
in the n u m b e r  of phenyl  g roups  does not lead to a sha rp  d e c r e a s e  in the bas i c i ty ;  a m o r e  complex  dependence ,  
which t u r n s  out to be  a s u m m a t i o n  of the +M and - I  effects  of C6H 5 groups ,  occu r s  h e r e .  The  mono- ,  d i - ,  and 
t r i p h e n y l i s o x a z o l e s  f o r m  the  fol lowing s e r i e s  with r e s p e c t  to d e c r e a s i n g  bas ic i ty :  VI > XI > XIII > II. The  p r e s -  
ence  in the  m o l e c u l e  of two s u b s t i t u e n t s  with M and I ef fects  with opposi te  s igns ,  as ,  for  example ,  in  pheny l -  
c h l o r o i s o x a z o l e s  IV, VIII, and IX, gives  a v e r y  complex  ove r a l l  effect ,  and the - I  effect of c h l o r i n e  p lays  the 

dec i s ive  ro l e .  
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The e lec t ron-donor  effect of the methyl group on the basici ty  of the isoxazole ring is identical, r egard-  
less of whether it is in the 3 or  5 position (compare II and HI and VI and VII), and the difference between III 
and VII a r i ses  as a result  of a change in the location of the phenyl group. 

A good corre la t ion  between the ApK a values (XI standard) and the a m substituent constants was found 
for  a se r ies  of 4-subst i tuted 3,5-diphenylisoxazoles (XI-XV); p =4.43, r=0.997,  and s=0.09 [10, 11]. The co r -  
re la t ion is poorer  in the case of ap constants (p =5.45, r=0.966,  and s =0.293). 

There  is evidently a cer ta in  analogy between the 4 position of the isoxazole ring (with respect  to the ni- 
t rogen atom) and the meta position of a substituent in the benzene ring with respect  to the react ion center .  

EXPERIMENTAL 

All of the isoxazole derivatives necessary for this study were obtained by described methods, and their 
physical constants were in agreement with the literature data. 

Twice-dis t i l led water  was used for  the determination of the pK a value of isoxazole I; chemica l ly -pure-  
grade glacial acetic acid, which was f rozen out twice, was used for  the remaining compounds. Analyt ical-grade 
94% sulfuric acid (for the Saval test), the concentration of which was determined by indicator t i tration, served 
as the proton donor. The H 0 acidity function for  acetic acid solutions of sulfuric acid was taken f rom [3]. The 
H 0 acidity function for  aqueous solutions of sulfuric acid was taken f rom [12]. 

The UV spect ra  were  recorded  with a P e r k i n - E ! m e r  402 spect rophotometer  in 1 -cm- th ick  quartz cuvettes 
in a thermosta t ted  block at 25 • 0.1% The solutions over the investigated concentrat ions (2.5 �9 10 -5 mole/ l i ter)  
obeyed the L a m b e r t - B e e r  law. The wavelengths at which the maximum on the absorption curve  of the proton- 
ated (unprotonated) form is found under the minimum on the absorption curve of the other form [13] were  used 
as the analytical wavelengths. The charac te r i s t ic  pattern of the UV spect ra  of a compound in solutions with 
various acidity is shown in Fig. 1. The calculations were  made for a ser ies  of 11 solutions with different H 0 
values.  All of the results  were t rea ted  s tat is t ical ly by the method of least  squares;  this made it possible to 
obtain the pKa and n values and evaluate their  confidence interval at a fixed reliabili ty (a) of 0.95. 
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