
CHEMISTRY OF  HETEROCYCLIC COMPOUNDS 93 

E L E C T R O N  DENSITY DISTRIBUTION IN HETEROCYCLIC SYSTEMS WITH TWO 
ADJACENT NITROGEN ATOMS 

V. Dipole Moments  of Some Halogeno,  Amino ,  and Hydroxy D e r i v a t i v e s  of P y r a -  
zole* 

S. A. H i l l e r ,  I. B. Mazhe ika ,  I .  I. Grandbe rg ,  and L. I. Gorbacheva  

Khimiya  Ge t e ro t s i k l i che sk ikh  Soedineni i ,  Vol. 3~ No. 1, pp. 130-134 ,  1967 

UDC 541.67+547. 772 

The dipole moments of 19 pyrazole derivatives are determined. Com- 
paring measured dipole moments with those calculated by vector addi- 
tion, differences in polarization of the pyrazole ring are considered as 
functions of the natures and positions of substituents. The ir~adequacy 
of a symmetrical structure for pyrazole, with a hydrogen linked to 
beth nitrogens, is demonstrated. Comparison of experimentally de- 
termined dipole moments with those calculated by the vector method 
makes it possible to choose between tautomerie structures of 3, 4- 
dibromopyrazole. 

Previous papers [2, 3] gave information about dipole 
moments of pyrazole (1) and some of its alkyl, aryl, 
and nitro derivatives. The dipole moment of I as deter- 
mined experimentally was compared with that calculat- 
ed vectorially, on a basis o~ the valence states of the 
nitrogen atoms in the molecule, and X-ray measure- 
ments of the molecule's geometry [4]. 

In the present paper we have determined the dipole 
moments of some halogeno, amino, and hydroxy 
pyrazoles. 
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To e luc ida te  p e c u l i a r i t i e s  in the i n t e r a c t i o n  of sub-  
s t i tuen ts  with the p y r a z o l e  r ing ,  the m e a s u r e d  dipole  
m o m e n t s  w e r e  c o m p a r e d  with those  ca l cu l a t ed  v e c t o r -  
ia l ly .  In the ca l cu l a t i ons  we used  the v e c t o r  addi t ion 
f o r m u l a  

pY=i~t2+ p2~+2~2 cos O. 

The angle | be tween  the dipole m o m e n t  of the sub-  
s t i tuen t s  and the p y r a z o l e  r ing  was  ca l cu l a t ed  f r o m  the 
py razo ]e  v a l e n c e  angles  as d e t e r m i n e d  by X - r a y  ana ly -  
s i s  [4], a lso  the angle which the dipole  m o m e n t  of the 
p y r a z o l e  r ing  f o r m s  with the N - - H  bond, i. e. , 118 ~ 15 v 
[2]. As the found dipole m o m e n t  of 1 - p h e n y l p y r a z o l e ,  
2 .00 D [3], i s ,  wi th in  the l i m i t s  of e r r o r ,  equal  to that  
fo r  unsubs t i tu ted  p y r a z o l e ,  2 .06 D [2], the d i r e c t i o n  of 
dipole m o m e n t  of 1 -pheny lpy razo l e  was  a s s u m e d  to be  
the s a m e  as that  of p y r a z o l e ,  i . e . ,  118 ~ 15'. The  f o l -  
lowing dipole  m o m e n t s  w e r e  a s s u m e d  f o r  subs t i tuen t s :  

~(--CI)=--1.58D, ~(--Br)=-l,55D, ~.(--NH2)=+I.55D, 
O=142 ~ ~(-NO2)=-4.00D, p(--CH~)=+0.37D, p(--OH)=+I.60D, 
0=62 ~ ~. 

The  f i gu re  g ives  the p y r a z o l e  v a l e n c e  angles  and an 

e xa mple  of v e c t o r  addit ion.  

* F o r  P a r t  IV see  [1]. 
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J, 
E xam ple  of v e c t o r  addit ion of 
dipole m o m e n t  components-  /xl) 
Dipole m o m e n t  of l - p h e n y l p y r a -  
zo le ;  #2) dipole m o m e n t  of sub-  
s t i tuent ;  p ) to ta l  dipole m o m e n t  

of m o l e c u l e .  

The  tab le  g ives  m e a s u r e m e n t  data ,  ca l cu la t ed  dipole 
m o m e n t s ,  and dipole m o m e n t s  due to i n t e r ac t ion  be -  
tween  subs t i tuents  and the p y r a z o l e  r ing  ~ in te r  = 

= ~exp -- ~calc .  

I 

II  C6H 5 

The tabula ted  data show that  subs t i tuen t s  with a +T 
ef fec t  (amino,  halogen) at  pos i t ion  3 give r i s e  to a pos i -  

t i ve  Pin ter .  A pos i t i ve  # i n t e r  is c h a r a c t e r i s t i c  of the 
i n t e r a c t i o n  be tween  two subs t i tuen ts  in the or tho o r  
p a r a  pos i t ions  in the benzene  r ing  when one subs t i tuent  
has a +T e f fec t ,  and the o the r  a - T  e f fec t ,  e . g . ,  p-  
n i t r o a n i l i n e ,  and a lso  of i n t e r a c t i o n  be tween  an or tho 
o r  p a r a  subs t i tuent  wi th  a +T ef fec t  and the n i t r ogen  
a tom in py r id ine ,  e . g . ,  4 - c h l o r o p y r i d i n e .  In the c a s e s  
of 1 - p h e n y l - 3 - a m i n o p y r a z o l e  and 1 - p h e n y l - 3 - c h l o r o -  
p y r a z o l e ,  the pos i t i ve  va lue  of g i n t e r  i nd i ca t e s ,  as in 
the above e x a m p l e s ,  d i s p l a c e m e n t  of e l e c t r o n s  f r o m  
subs t i tuen t  R to the e l e c t r o n  a e e e p t o r ,  a n i t r ogen  a tom 
at  pos i t ion  2 (11, R = NH2, CI ,  Br) .  

+T ef fec t  subs t i tuen t s  at pos i t ion  4, unl ike  the s a m e  
subs t i tuen t s  when at pos i t ion  3, g ive  r i s e  to a nega t ive  

~ in t e r  (see  t ab le ,  Nos.  3, 6, 8), but a n i t r o  g roup ,  
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with a -T effect, at position 4 gives rise to a positive 

#inter. Evidently in l-phenyl-4-nitropyrazole, there is 
additional shift of negative charge from ring to nitro 
group. If the substituent at position 4 is an amino group 
or halogen, the shift in the reverse direction (from sub- 
stituent to ring) appears less marked, than if that sub- 
stituent were at position 3. For l-phenyt-4-aminopyra- 
zole the calculated dipole moment of the amino group 
is +i. i0 D, which is close to the value of the dipole 
moments of aliphatic amines (for isopropylamine/z = 
= i. 20 D [6]), where there is no +T effect. Negative 

values of ~ inter are also characteristic of l-phenyl- 
4-cl~loropyrazole and l-phenyl-4-bromopyrazole. Ob- 
viously the large electron density at carbon atom 4 

hinders marked electron shift, due to the +T effect, 
from substituent (amino group or halogen) to ring, and 
conversely promotes shift from ring to substituent 
(nitro group). 

Positive Pinter is also found with l-phenyl-5-chloro- 
pyrazole and l-phenyl-5-bromopyrazole. Obviously 
this is due to shift of the negative charge to N atom 2 

(see III, R = CI, Br). 

I 
III C6H 5 

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  the  found  
and v e e t o r i a l l y  c a l c u l a t e d  d ipo l e  m o m e n t s  of 1 - p h e n y l -  
5 - a m i n o p y r a z o l e  a g r e e .  

T h e  d i f f e r e n c e  of 0 . 3 2  D b e t w e e n  the  d ipo l e  m o -  
m e n t s  of 3, 5 - d i p h e n y l - 4 - b r o m o p y r a z o l e  (2 .62  D) and 
3, 5 - d i p h e n y l p y r a z o l e  (2 .30  D) is  p r a c t i c a l l y  t he  s a m e  
as  t he  d i f f e r e n c e  of O.  28 D b e t w e e n  the  d ipo l e  m o m e n t s  
of 1 - p h e n y l - 4 - b r o m o p y r a z o l e  (2 .28  D) and 1 - p h e n y l -  
p y r a z o l e  (2. 00 D) [3]. O b v i o u s l y  the  p o l a r i t y  of b r o -  
m i n e  s i t u a t e d  b e t w e e n  two pheny l  g r o u p s  d o e s  no t  d i f -  
f e r  a p p r e c i a b l y  f r o m  the  p o l a r i t y  of  b r o m i n e  in  t he  
p r e v i o u s l y  c o n s i d e r e d  1 - p h e n y l - 4 - b r o m o p y r a z o l e .  

The  d ipo l e  m o m e n t  of 3 , 3 - d i m e t h y l - 4 - i o d o p y r a z o l e  
i s  l e s s  t han  the  d ipo le  m o m e n t  of 3 , 5 - d i m e t h y l - 4 -  
c h l o r o p y r a z o l e  by  0 . 2 4  D. P r o b a b l y  wha t  t a k e s  p l a c e  
h e r e  i s  p a r t i a l  d e c r e a s e  in d ipo le  m o m e n t  wi th  f o r m a -  
t ion  of a f r a c t i o n a l  p o s i t i v e  c h a r g e  on the  iod ine  a t o m ,  
and of a f r a c t i o n a l  n e g a t i v e  c h a r g e  on the  r ing .  

The  e x p e r i m e n t a l  d a t a  f o r  the  d ipo l e  m o m e n t s  of 
4 - s u b s t i t u t e d  p y r a z o l e s  m a k e s  i t  p o s s i b l e  to s e t t l e  the  

q u e s t i o n  of  the  a p p e a r a n c e  of s o - c a l l e d  m e s o - h y d r o g e n  
t a u t o m e r i s m  in p y r a z o l e  [7]. A c c o r d i n g  to th i s  v i e w ,  
t h e  h y d r o g e n  a t o m  in p y r a z o l e s  is  not  f i x e d  at  a d e f i n -  
i t e  n i t r o g e n  a t o m ,  bu t  bound to both  n i t r o g e n  a t o m s  [8] 
(iV). 

O~N\ /CH a 

~/, H a C / ~ > H  
IV v 

Under such circumstances the dipole moment of 
pyrazole, 3,5-dimethylpyrazole, and 3, 5-diphenylpyra- 
zole must be directed along the axis of symmetry of 
the molecule. The additivity of dipole moments should 
be approximately conserved on introdueing a substituent 
at position 4. The calculated dipole moment of 3, 5-di- 
methyl-4-nitropyrazolc (V), is found as the sum of the 
dipole moments of the nitro group 4. 00 D and 3,5-di- 
methylpyrazole 2.31 D [3], # = 4.00 + 2.31 = 6.31 D, 
if the dipole moment of the pyrazole ring is directed 
along an axis of symmetry from the heteroatoms to 
the center of the ring. The dipole moment of V is de- 
termined as the difference between the dipole moments 
of nitro group and 3,5-dimethylpyrazole ring, with the 
dipole moment of the pyrazole ring direeted in a direc- 
tion opposite to that stated above: # = 4. 00 - 2.31 = 
= 1.69 D. 

The experimentally found dipole moment of this com- 
pound, 3.88 D, does not even approximately agree with 

one  of  t he  c a l c u l a t e d  v a l u e s ,  though  i t  d i f f e r s  by on ly  
0 . 3 4  D f r o m  the  d ipo l e  m o m e n t  c a l c u l a t e d  f o r  a s t r u c -  
t u r e  w i t h  a f i x e d  h y d r o g e n  a t o m  (see  t a b l e ,  no.  14). 

Lxper - 
iment 

No, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1l 
12 
I3 
14 
15 
16 
17 
18 
19 

Dipole M o m e n t s  of P y r a z o l e  Derivatives 

Compound 

l-Phenyl-S-aminopyrazole 
1 -Phenvl-4-aminopyrazole 
1 -Phen~rl- 5-aminop-razoley 
1 -Phenyl. 3-chloropyrazole 
1-Phen~rl-4-chlorop~razole 
1-Phe@l-5-chlorop~razole 
1 -Phenyl-4-bromop~,razole 
1-Phenyl-5-bromopyrazole 
3, 6-Diphenyl-4-bromopyrazole 
3, 5-Dimetliyl-4-iodopyrazole 
3, 5-Dimethyl-4-chlor6pyrazole 
3, 4-Dihromopyrazole - 
3, 4, 5-Tribrom'opyrazole 
3, 5-Dimethyl-4-nitropyrazole 
1-Phenyl- 3-hydroxypyrazole 
1 -Phe@l-4- h}drox ~p~,ra zole 
1-Phenyl- 5-hydroxypyrazole 
1 -p -A minophenylp),ra- zole 
1-p-Hydroxyphenylpyrazole 

Sol- p found D 
vent 

b* 1.85 
b 2.36 
b 3.34 
b 3,76 
b 2.28 
b 1.25 
b 2.28 
b 1.33 
b 2.62 
b 2.19 
b 2.43 
b 4.66 
b 2.48 
b 3.88 
d 2.18 
d 2.43 
d 3.41. I 
b 2.97 
d 2.71 

P, :ale D 

[.44 
2.68 
3.41 
k49 
L38 
3,5l 
2.36 
3.48 
2,49 
2.21 
2.51 
3.96 
3.05 
3.54 

3,00 
2.72 

~ i n t e r  = 

= ~found - 
- P c a l c  

+0.41 
--0.32 
- 0.07 
+0.27 
- - 0 . I 0  
+ 0.74 
--0.08 
+0.85 
+0.13 
--0.02 
- 0.08 
+0.70 
- 0.57 
+O,34 

--~.03 
--0.01 

*b-benzene; d-dioxane 
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The dipole momen t s  ca lcula ted  in  this  way for  the 
s y m m e t r i c a l  s t r u c t u r e  3, 5 -d ipheny l -4 -b romopyr a z o l e  
a r e  2.30 - 1.55 = 0.75D (whenthe dipole momen t  of the 
pyrazo le  r ing  is d i r ec t ed  f r o m  the he tero  a toms to the 
r ing  center},  or  2.30 + 1.55 = 3.85 D (when the dipole 
momen t  is in an opposi te  d i rec t ion) .  The expe r imen ta l  
value is  2.62 D. 

Cor re spond ing ly  the ca lcu la ted  dipole m o m e n t s  for  
3 , 5 - d i m e t h y l - 4 - c h l o r o p y r a z o l e  a re  2 .31 - 1. 58 = 
= 0 . 7 3 D  and 2 . 3 1 +  1.58 = 3.89 D. The expe r imen ta l  
value is  2 .43 D. 

C o m p a r i s o n  of ca lcu la ted  dipole momen t s  for  s y m -  
m e t r i c a l  s t r u c t u r e s  and s t r u c t u r e s  with a f ixed hydro -  
gen atom (table,  Nos. 9, 11, 14}, with e x p e r i m e n t a l  
va lues ,  shows the ex i s tence  of a s t r uc tu r e  with a hydro-  
gen a tom fixed at one n i t rogen  a tom,  and hence the non-  
equiva lence  of the hydrogen  atoms at the n i t r ogen  in 
the pyrazole  r ing.  

Due to poss ib le  exchange of protons  be tween the n i -  
t r ogen  a toms  of 3 , 4 - d i b r o m o p y r a z o l e ,  it  can ex is t  as 
the t au tomer i c  s t r u c t u r e s  Via and VIb. Vec tor ia l  ca l cu -  
la t ion gives  a dipole m o m e n t  3.96 D for  s t r uc tu r e  Via,  
and 1. 85 D for  s t r u c t u r e  VIb. The expe r imen ta l  va lue  
of 4.66 D ind ica tes  that  he re  t a u t o m e r i c  equ i l i b r ium is 
comple te ly  d i sp laced  over  to the side of fo rma t ion  of 
s t r u c t u r e  Via. 

Br IBr Bt Br 

H g l  a V I b  

F o r  s t r u c t u r e  Via, the e x p e r i m e n t a l l y  found dipole 
m o m e n t  exa l ta t ion  0.72 D above that  ca lcu la ted  is ob-  
v ious ly  due to addi t ional  po l a r i za t ion  of the pyrazo le  
r i ng  due to the act ion of two adjacent  b r o m i n e  a toms.  

F r o m  what has been  sa id  above i t  is  evident  that  de-  
t e r m i n a t i o n  of d i e l ec t r i c  cons tan t  can prove  s e r v i c e -  
able for  se t t l ing  a p r o b l e m  of the p r e d o m i n a n c e  of one 
of the t a u t o m e r i e  s t r u c t u r e s  of subs t i tu ted  pyrazo les  
when the re  is  suff ic ient ly  g rea t  d i f fe rence  be tween  v e c -  
t o r i a l l y  ca lcu la ted  va lues  of dipole m o m e n t s  of the 
s t r u c t u r e s .  

In  a pape r  [3] we pointed out the s t rong  po l a r i za t i on  
of the pyrazo le  r ing  unde r  the ac t ion  of the n i t ro  group 
in 1 - p - n i t r o p h e n y l p y r a z o l e ,  due to which the e x p e r i -  
m e n t a l l y  found dipole m o m e n t  for  that  compound is  
g r e a t e r  by 2D than that  ca lcu la ted  vec to r i a l l y .  

NO 2 

V i i  

It  is c h a r a c t e r i s t i c  that  in t roduc t ion  of an  amino  
or  hydroxyl  group in  the p a r a  pos i t ion  of the phenyl  
r i ng  of 1 -pheny lpyrazo le  does not  give r i s e  to addi -  
t iona l  p o l a r i z a t i o n ,  and that  wi th in  the l i m i t s  of ex-  
p e r i m e n t a l  e r r o r ,  the e x p e r i m e n t a l l y  found dipole 
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m o m e n t  ag rees  with that ca lcu la ted  vec tor ia l ly .  Ob- 
v ious ly  in po la r i za t ion  of the pyrazole  r ing  of 1 -phen-  
y lpyrazole  by a subs t i tuen t  at the pa ra  posi t ion i n t h e  
N-phenyl  r i ng ,  o r  at pos i t ion  4 in  the pyrazole  r ing ,  
the conjugat ion effect is the mos t  impor t an t  one: the 
- T  effect of the n i t ro  group b r ings  about a powerful  
charge  shift ,  and conve r se ly  the +T effect of an amino 
or  hydroxyl  group does not evoke such a shift.  

The c lose  ag reemen t  between the expe r imen ta l  di-  
pole momen t  and that ca lcu la ted  vec to r i a l ly  in  the c a s -  
es of 1 -p -aminopheny lpyrazo le  and 1 -p -hydroxypheny l -  
pyrazo le  conf i rms  the hypothesis  of the coplanar i ty  of 
the phenyl and pyrazo le  r i ngs ,  due to hybr id iza t ion  of 
the n i t rogen  atom 1 va lence  e l ec t rons  [9]. 

In conc lus ion  we cons ide r  it  n e c e s s a r y  to men t ion  
that  de t e r mi n i ng  dipole m o m e n t s  does not make  i t  pos -  
s ible  to decide the p r ob l e m of ke to-eno l  t a u t o m e r i s m  
fo r  i s o m e r i c  1 - phe ny l - X - hyd r oxypy r a z o l e s ,  as suc -  
ces s fu l ly  as the solut ion of the p r o b l e m  of the pos i t ion  
of the t au tomer i c  e qu i l i b r i um of 3 , 4 - d i b r o m o p y r a z o l e  
was poss ib le .  

Apar t  f r o m  the equ i l i b r ium be tween  keto and enol 
f o r m s ,  the expe r imen ta l  dipole mome n t s  for  these  
compounds c a n a l s o  depend on ro ta t iona l  i s o m e r i s m  
of the hydroxyl  enol f o r m ,  and on po la r i za t ion  of the 
pyrazo le  r ing  under  the act ion of a subs t i tuen t ,  a hy-  
droxyl  or  ca rbonyl  group. Vec tor ia l  ca lcu la t ion  of d i -  
pole mome n t s  is compl ica ted  by the e l ec t ron  dens i t i e s  
at the va r ious  ca rbon  a toms o[ the pyrazo le  r i ng  in 
these  compounds di f fer ing g rea t ly ,  as ca lcu la t ions  by 
the MO method has shown [10]. 

P o s s i b l e  supe rpos i t ion  of these  f a c t o r s  made  it  i m -  
poss ib le  to obtain c l e a r - c u t  r e s u l t s  in c ons i de r i ng  the 
dipole m o m e n t s  of 1 -pheny l -X-hydroxypyrazo l e s .  

Dipole m o m e n t s  w e r e  de t e rmined  in benzene  or  d i -  
oxane solut ion at 25 ~ The m e a s u r e m e n t  p rocedure  and 
methods  of pur i fy ing  the so lvents  we re  de sc r i bed  in 
[11]. The table  gives the e x p e r i m e n t a l  data.  
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