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The dipole moments  of isoxazole and 13 of its halo, amino, and ni t ro  derivat ives were 
measured .  A method is proposed for vector  calculation for est imating the direction of 
the dipole moment  of the isoxazole r ing.  It is demonstra ted that phenyl substituents in 
the 3 and 5 positions are  electron donors with respec t  to the isoxazole r ing.  It was found 
that the dipole moments  of 4-subst i tuted 3,5-dimethyl isoxazoles  cor re la te  sa t i s fac tor i ly  
with the Hammett  constants .  

The ~-e lec t ron  distribution in the isoxazoIe molecule and the interaction of its ~ sys tem with severa l  
substituents (C6H5, CH3, and COOH) have been the subject of a number  of theoret ical  and experimental  in-  
vestigations in which the dipole moments  have been examined [1-11]. It has been shown that the in t roduc-  
tion of methyl  and phenyl substituents has little effect on the polari ty of the isoxazole ring [5, 8, 10-12], but 
a phenyl substituent in the 5 position increases  the dipole moment somewhat more  than a phenyl gr9up inthe 3 pos i -  
tion [8]. F r o m  the dipole moments  of phenyl-  and methyl-subst i tuted i soxazole-4-carboxyl ic  acid and its 
ethyl e s te r s ,  it was concluded that these molecules  are  coplanar  and that the direction of the moment  of the 
carbonyl group is the opposite of the moment  of the isoxazole ring [10, 11]. 

It follows f rom H~ickel MO calculations [13] and f rom the react iv i ty  data [14] that the 7r-electron dis-  
tribution in the isoxazole a romat ic  sys tem is ex t remely  i r r egu la r  and depends substantially on the nature 
of the substituent.  However,  until now the dipole moments  of isoxazole derivat ives with s t rongly  polar sub-  
stituents have rece ived  sca rce ly  any study. The aim of our r e s e a r c h  was an investigation of the polarizing 
effect of severa l  polar substituents in various positions of the isoxazole ring on the ~-e lec t ron  sys tem of 
this r ing.  For  this,  we determined the dipole moments  of isoxazole (D and 13 of its derivat ives (see Table 1), 
and the experimental  moments  ~Uexp) were compared  with the calculated values ~calc) .  

In calculating the dipole moments  of molecules  with an a symmet r i ca l  charge distribution, it is diffi- 
cult to determine the direction of the moment,  but a knowledge of the direction of the moment  is essent ial  
for the calculation of the moments  of more  complex molecules .  We used two methods to est imate  the d i r ec -  
tion of the vector  of the dipole moment of isoxazole.  

1. We per formed a vector  calculation by summation of the dipole moments Of the individual f ragments  
of the molecule,  in analogy with [15]. Since the valence state of the ni trogen and oxygen atoms in the 
isoxazole molecule is close to the valence state, respect ively,  of nitrogen in pyridine and of oxygen in furan, 
the total dipole moment of the molecule was calculated as the vector  sum of the dipole moments  of pyridine 
(2.20 D) [12] and furan (0.71 D) [12] (Fig. 1). The isoxazole ring was considered to be a planar pentagon, 
and its angular values were  taken f rom [16]. The dipole moment of isoxazole (2.50 D) calculated in this 
way coincides sa t i s fac tor i ly  with the experimental  moment  (2.82 D) that we and other  invest igators  [12] ob- 
tained. The dipole moment  of isoxazole is directed away f rom the ring and forms an angle (0) of 72 ~ with 
the N - O  bond. 

2. The angle betwee~ the N - O  bond and the vector  of the moment  of the isoxazole ring (0 = 75 ~ [8] 
was calculated f rom the dipole moments  of isoxazole (2.76 D) and its 3-methyl  and 5-methyl derivatives 
(2.86 and 3.13 D, respect ively) ,  allowing for the moment of the methyl group (0.37 D). 
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Fig. 1. Diagram of the vector ca l -  
culation of the direction of the 
dipole moments of the isoxazole 
molecule ~ l  = 0.71 D, ~2 = 2.20 D, 

= 2.50 D, and 0 = 72~ 
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Fig. 2. Correla t ion of the dipole 
moments of groups in the 4 position 
for 4-substi tuted 3 ,5-dimethyl-  
isoxazoles with the Hammett  ~m 
substituent constants:  1) NO 2; 2) Br;  
3) C1; 4) I; 5) CH3; 6) H. 

It is seen that the two methods of calculation give resul ts  
that are  in sa t i s fac tory  agreement ,  and this made it possible to 
use the calculated value of 0 (72 ~ in the vector  calculation of 
the moments  of isoxazole der ivat ives .  The experimental  value 
of the moment of isoxazole (2.82 D) and the following values of 
the moments  of the substituents were also used in the calculation 
of the dipole moments  of isoxazole der ivat ives:  ~NH 2 = +1.53 D, 
~NO 3 =-4 .01  D, ~C1 = -1 .59  D, DBr = - 1 . 5 7  D, ~I = - 1 . 4 0 D ,  and 
/ZCH 3 = +0.37 D [17]. 

An examination of the experimental  and calculated dipole 
moments  reveals  a peculiar phenomenon when phenyl groups are  
introduced into the 3 and 5 posit ions.  When there  is no substi tu- 
ent in the 4 position, the moment of 3,5-dimethylisoxazole is 
3.08 D [12], which is 0.25 D lower than the dipole moment of 
3,5-diphenylisoxazole (3.33 D) [12]. Quilico an d co -worke r s  [5] 
have pointed out the e lec t ron-donor  action of phenyl groups with 
respec t  to the isoxazole r ing.  A compar ison of 4 -ha lo-3 ,5 -  
dimethyl derivat ives of isoxazole ( IX-X])wi th  4 -ha lo-3 ,5 -d i -  
phenyl derivatives of isoxazole (XII-XIV) demonst ra tes  that 
~exp for 3 ,5-d imethyi -4-chloroisoxazole  fiX) and 3,5-dimethyl-  
4-bromoisoxazole  (X) pract ical ly  coincide with ~exp for 3,5- 
diphenyl-4-chloroisoxazole  (XII) and 3 ,5 -d iphenyl -4-bromo-  
isoxazole (XIII), respect ively .  The coincidence of the ~exp 
values of the corresponding 3,5-dimethyl and 3 ,5-d iphenyl  
derivat ives is probably due to a shift in the electron density to 
the e lec t ron-aecep tor  substituent in the 4 position. However, in 
this case,  the phenyl substituents in the 3 and 5 positions display 
e lec t ron-donor  proper t ies ,  since, according to the vector  ca lcu-  
lations, the coincidence of the ~exp values of 4-halo-3 ,5-diphenyl-  
isoxazoles with the moments  of the corresponding 3,5-dimethyl 
derivatives is possible only if the vectors  of the group moments  

of both the phenyl and methyl  groups are  directed identically, i.e., f rom the substituent to the isoxazole 
r ing.  The pK a values also indicate the positive effect of conjugation of the phenyl groups in the 3 and 5 
positions of the isoxazole ring [18]. 

In cont ras t  to the 4-chloro  and 4 -bromo derivatives (compare IX and X with XII and XIII), #exp of 3,5- 
dimethyl-4- iodoisoxazole  (2.28 D) differs by 0.20 D f rom ~exp of 3,5-diphenyl-4-iodoisoxazole (2.49 D). 
This can be explained by the considerable s ter ic  hindrance between the iodine atom and the phenyl groups, 
as a consequence of which, conjugation of the benzene ring with the isoxazole ring is disrupted.  

R L~7-~CH~ 

HaC-"~O/N 

VIII-XI Rt= NO~, C], Br, I 

We made an attempt to cor re la te  the dipole moments of the groups in the 4-position with the Hammett 
(r constants of these same groups for VHI-XI. 

The dipole moment of a group was determined as the vector  difference between the experimental  
dipole moments  of 3,5-dimethylisoxazole and 3,5-dimethyl-4-subst i tuted isoxazole.  The dipole moments  of 
3 ,4,5- tr imethyl isoxazole (R 1 = CH3) and 3,5-dimethylisoxazole (R 1 = H) [8] (3.42 and 3.18 D, respectively)  
were also used in the corre la t ion .  Since the 4 position of the isoxazole ring is equivalent to the m position 
of the benzene ring with respect  to the heteroatoms of the ring, we used the Hammett  (r m constants [19]. As 
seen f rom Fig.  2, a sa t i s fac tory  l inear corre la t ion with corre la t ion  coefficient r = 0.982 is obtained. A 
s imi lar  l inear corre la t ion  for the same compounds was obtained on comparing the PKa values with the a m  
constants [18]. 
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T A B L E  1. 

Comp. 

I 
II 

lII 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 

Dipole Momen t s  of I soxazo l e s  

RI 

H .H 

NH2 H 
p-NO2CsH4 II 
C6Hs H 
C~Hs 
C~Hs NO2 
CHa INO2 
CHa CI 
CHa Br 
CHa C I 
C6Hs i 1 
C6H5 C~Hs Br 

R2 

H 
p-NO2CsH4 
C61qs 
tt 
NH2 
Cl 
H 
CHa 
Clta 
CHa 
CHa 
C6II5 
C6H5 
C6Hs 

a ~ P~ MRD 

I 
4,86580,1416[ 181,759 16,482 
8,8643 0,8892] 336.257 147,526 
6,53750,5498257,590144,223 

12,7049 0,4840 474,91647,526 
8,14449,6019309.71544,22'3 
5,5306 0,5898 229,ffl3 [ 4.5,629 
0,8789 0,8353 71,776 ! 46,498 
1,1071 ~0,5635 71,611 31,417 
2,1023 0,38191 104,625 30.588 
2,4181 0,9421115,376 33,445 
3,1960 1,3315 140,925 33,658 
2,6181 [1,1834 142,734 69,960i 
3,0056 ] 1,8158 I53,958 72,857[ 

1,7533 211,013 780701 4,1889 1 

~e~P ' 
I 
r 

2,82 • 0,05 i 
3,72 
3.20 
4,53 
3,57 
2197 
1,10 
1,39 
1,89 
1;99 . 
2,28 
1,87 
1,99 
2,49 

g~ 

2.50 
3,35 
3,23 
4,87 
3,90 
2,32 
1,55 
1,35 
i .57 
1,59 
1.73 
1.33 
1,40 
1,54 

EXPERIMENTAL 

The dipole m o m e n t s  w e r e  d e t e r m i n e d  in be~lzene at 25 ~- 0.1 ~ with a Dipol '  a p p a r a t u s .  Four  to six 
solut ions  of d i f fe ren t  concen t r a t i on  f r o m  7 �9 10 -4 to 5 �9 10 -3 mole  f rac t ion  w e r e  p r e p a r e d  for  each  compound.  
The m o l e c u l a r  po la r i za t ion  at infinite dilution (P~o) was  ca lcu la ted  as  in [20], while ~ex~ = 0.2192 x 
~ P ~  - (Pe + Pa),  w h e r e  Pe + Pa  was  as  sumed  to be equal  to MRD (MR D is the m o l a r  r e f r  ac t ion ca lcu la ted  via an 

addi t ive s c h e m e ) .  The r e s u l t i n g  a , / 3 ,  P~o, MRD, and ~ exp coef f ic ien t s  a re  p r e s e n t e d  in Tab le  1. All  of the 
inves t iga ted  subs t ances  w e r e  ana ly t i ca l ly  pure .  C h e m i c a l l y  p u r e - g r a d e  benzene  was  d r i ed  ove r  c a l c i u m  
ch lo r ide  and sod ium me ta l  and d is t i l l ed .  
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