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Dipole moments found are compared with those calculated vector- 
ially, Bis(3, 5-dimethylpyrazol-4,yl) has a constant dipole moment, 
which indicates inequality of nitrogen atoms in the pyrazole ring. 
Dipole moments of condensed pyrazolopyridines can be found by 
adding vectorially the dipole moments of pyridine and pyrazole. In- 
volvement of a nitrogen atom and formation of two aromatic rings 
does not significantly alter the dipole moment of pyrazoloN, a-al- 
pyridine as compared with pyrazole. 

The p r e s e n t  w o r k  is  devo ted  to e Iuc ida t ing  the  con-  
f i g u r a t i o n s  of m o l e c u l e s  of s o m e  b i e y c l i e  s y s t e m s  
conta in ing  the p y r a z o l e  r ing .  In add i t ion ,  the  d i s t r i -  
but ion  of c h a r g e s  in condensed  p y r a z o l e p y r i d i n e s  i s  
considered. 

We previously studied the dipole moment of pyra- 
zole and its derivatives [1-3]. The method used to 
determine the dipole moments is given in [4]. All 
measurements were made at 25 ~ . 

Table I gives the results of measuring the dipole 
moments of compounds I-IX. 

The values of the dipole moment found by experi- 
ment were compared with those calculated vectorially. 
In the calculations the dipole moment of pyrazole was 
taken as 2.06 D, and the angle relative to the N--H 
bond as 118~ ' [2]. The dipole moment of the pyri- 
dine ring is 2.20 D [5], of the furan ring 0.71 D [5], 
in both cases the moment being directed from the 
heteroatom towards the center of the ring. The sulfur 
valence angle is taken as 105", and the Car---S bond 
has dipole moment i. 2 D [6]. 

Some problems relating to the structures of com- 
pounds I-IX can be settled by comparing experimen- 
tal and veetorially calculated dipole moments. 

The molecule is bis(3,5-dimethylpyrazol-4-yl} 
{I) can exist as the eis and trans configurations (I a 

and b ) .  

CH~ s CH 3 
j ~  ~ | CH 3 

CH 3 CH s , H 3 

la  , Ib 

and 0 fo r  I b. Th is  obv ious ly  shows tha t  c o p l a n a r i t y  
of the  two r i n g s  is  d e s t r o y e d  b e c a u s e  of the  l a r g e  
v o l u m e s  of the s p a t i a l l y  c l o s e  m e t h y l  g roups .  

Tab le  1 
Dipole  Momen t s  of P y r a z o l e  D e r i v a t i v e s  

Corn- g, D 
pound Compound 

I 
It 

lit 
IV 
V 

VI 
VII 

VIII 
IX 

Bis(3,5-dimethylpyrazol-4-yl) 
3(S)-Phenyl.S(3)furyl-2-pyrazole 
Bis( 1 -phenylpyrazol-4-yl)sulfide 
Bis(l,3,54rimethylpyrazol-4-yl)sulfide 
Bis(1-phenylpyrazol-4-yl)-sulfone 
1 @henylpyrazolo[ 3,4-b ] pyridine 
1-Phenylpyrazolo[ 4,5-b ] pyridine 
Pyrazolo[ 2,3-a ] pyridine 
4-Bromopyrazolo[ 2,3-a] pyridine 

3.54 
2.60 
3.15 
3.52 
5.23 
4.29 
2.03 
2,15 
2.44 

F o r  the  c is  con f igu ra t ion  I a  the angle  0 th rough  
which  the two r i n g s  a r e  t u r n e d  r e l a t i v e  to  one a n o t h e r ,  
a s  c a l c u l a t e d  f r o m  the f o r m u l a  p2 = p2 + #22 + 
+ 2 # l p g c o s  0, i s  58 ~ 40 ' .  

A c c o r d i n g  to [7, 8], the  h y d r o g e n  a tom in p y r a z o l e  
i s  not f ixed  to  one n i t r o g e n  a tom,  but l inked  with 
both. 

We po in ted  out in [1] tha t  the  d ipo le  m o m e n t s  of 
s y m m e t r i c a l l y  subs t i t u t ed  p y r a z o l e  i nd i ca t e  tha t  the  
h y d r o g e n  a tom in t h e s e  compounds  is  f ixed  to one 
n i t r o g e n  a tom.  The  d ipo l e  m o m e n t  of b i s ( 3 , 5 - d i m e t h y l -  
p y r a z o l - 4 - y l )  i s  3.54 D, and a l s o  i n d i c a t e s  the l o c a -  
t ion  of the  h y d r o g e n  a tom on one n i t r o g e n  a tom.  If  
the  h y d r o g e n  a t o m  i s  c o n s i d e r e d  to be l i nked  to both 
n i t r o g e n  a t o m s  in the  r i n g ,  the  m o l e c u l e  of b i s ( 3 , 5 -  
dimethylpyrazole-4-yl)  has a c e n t e r  of s y m m e t r y  (I c) ,  
when i t s  d ipo le  m o m e n t  m u s t  be z e r o ,  which  does  not  
c o r r e s p o n d  to the  e x p e r i m e n t a l l y  found va lue .  

s  3 s 3 

gfl 3 CH 3 
I c  

The e x p e r i m e n t a l  d ipo le  m o m e n t  of I is  3 .54  D, 
whi le  v e c t o r  add i t i on  g i v e s  a va lue  of 4 .10  D fo r  I n ,  

* F o r  P a r t  V s e e  [1]. 

Unl ike  I ,  the  m o l e c u l e  of 3 ( 5 ) - p h e n y l - 5 ( 3 ) - f u r y l - 2 ' -  
p y r a z o l e  (II) does  not  exh ib i t  s t e r i c  h i n d r a n c e ,  d e -  
s t r o y i n g  the  u n i p l a n a r i t y  of the m o l e c u l e .  Th i s  c o m -  
pound can  have  4 c o n f i g u r a t i o n s ,  due to the  exchange  
of the  h y d r o g e n  be tween  N-1  and N-2 ,  and on accoun t  
of r o t a t i o n  of the  f u r a n  r i ng  a round  the C - 5 - - C - 2  bond.  
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T a b l e  2 
E x p e r i m e n t a l  D i p o l e  M o m e n t  Da t a  

Com- 
pound Solvent* 

I d 

II d 

III d 

IV d 

V a 

VI b 

b 

b 

b 

VII  

VIII  

IX 

f, mole 
fraction 

0.001741 
0.001030 
0.000831 
0.000820 

0.001551 
0.001046 
0.000913 
0.000862 
0.000469 

0,000764 
0.000502 
0.000498 
0.000366 

0.001614 
0.001437 
0.001030 
0,000939 

0.000579 
0.000315 
0.000288 

0.001329 
0.000949 
0,000781 
0.000564 

0.002973 
0.002560 
0.002492 

0,002940 
0,002205 
0.001433 

0.002427 
0,001883 
0,001632 
0.000000 

2.2484 
2.3641 
2.2312 
2.2311 

2.2415 
2,2376 
2.2368 
2.2363 
2,2337 

2.2275 
2.2255 
2.2197 
2,2171 

2,2349 
2.2345 
2.2317 
2.2281 

2,2375 
2.2260 
2.2241 

2,3136 
2.3005 
2.2959 
2.2886 

2.2918 
2.2909 
2.2886 

2.2958 
2.2875 
2,2839 

2.3012 
2.2907 
2,2883 
2.2740 

d 

1,0306 
1,0304 
1.0302 
1,0301 

1.0306 
1.0303 
1.0300 
1.0299 
1.0299 

!.0305 
1.0303 
1.0302 

1,0312 
1.0314 
1.0311 
1.0310 

1.0314 
1.0309 
1,0308 

0.8749 
0,8744 
0.8747 
0.8746 

0.8752 
0,8749 
0.8747 

0.8744 
0.8743 

0,8762 
0.8755 

0,8734 

I_ 31 MR, cm 3 cm 3 ,rtota 1, c m  Por.' 

314.43 

201.66 

301.26 

329.21 

665.22 

444.86 

143.95 

131.00 

166,74 

54,14 

61.30 

94.11 

71.62 

96.39 

56.59 

57.89 

34.68 

42.39 

260.28 

140.36 

207.15 

257.59 

568.83 

388.27 

86.06 

96.32 

124.35 

p., D 

3.54 

2.60 

3.15 

3.52 

5.23 

4.29 

2.03 

2.15 

2.44 

*d = d ioxane ,  b = b e n z e n e  
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The calcula ted dipole moments  a re :  

c i s - 3 - p h e n y l - 5 - f u r y l p y r a z o l e  (Ha) 2.25 D 
t r a n s - 3 - p h e n y l - 5 - f u r y l p y r a z o l e  (IIb) 2.48 D 
c i s - 3 - f u r y l - 5 - p h e n y l p y r a z o l e  (IIc) 2.06 D 
t r a n s - 3 - f u r y l - 5 - p h e n y l p y r a z o l e  (I/d) 1.50 D 

The exper imenta l  dipole moment of the II mo le -  
cule is 2.60 D, somewhat g r e a t e r  than any of the 
calcula ted values ,  but c loses t  to that found for  s t r uc -  
tu res  IIb and IIa. So s t ruc tu re  IIa is mos t  probable ,  
s ince it can be s tab i l ized  by format ion of an i n t e r -  
m o l e c u l a r  hydrogen bond between the oxygen of the 
furan ring and the hydrogen of the NH group of the 
pyrazo le  ring. 

The obse rved  di f ference of 0.35 D between the 
found and calculated dipole moments  of s t ruc tu re  II a 
is  probably due to shift  of e lec t rons  

. ~  csHs 

l l a  

f rom the furan ring towards  the pyrazo le  one. This 
is  conf i rmed by the exper imenta l  dipole moments  
being higher  than the ca lcula ted  ones for  pyrazole  
de r iva t ives  with +C subst i tu tents  at posit ion 3 or  4 
[1]. 

P l a n a r  s t r uc tu r e s  a re  imposs ib le  for  bis  (1- 
pheny lpyrazo l -4 -y l )  sulfide (III), since according to 
[5] the valence  angle in a roma t i c  sulf ides  is only 105 ~ 
arid must  be about the same in compounds III and IV. 
In III the sepa ra t ion  of the pyrazo le  r ings  is too smal l  
to give a p lanar  molecule .  

According to the data of [6, 9], one of the phenyl 
r ings  of a roma t i c  sulf ides is  in the plane of the C-- 
--~---C bonds, and the other is pe rpend icu la r  to it. A s -  
suming the d ispos i t ion  of the pyrazole  r ings  to be the 
same in III, vec to r  ca lcula t ions  were  made of the 
two poss ib le  ro ta t ional  i s o m e r s  I I I a  and IIIb.  

The exper imen ta l ly  found dipole moment  of HI is 
3.15 D, an average  of the two ca lcula ted  values  
(pI t Ia  = 3.72 D, # I I Ib  = 2.26 D), and c lose  to the d i -  
pole moment  of a mix tu re  containing equimolecula r  
concentra t ions  of the two fo rms  IIIa and IIIb 

C6N 5 

CsAs CoN s ' 
I l i a  I l l  b 

The dipole moment  of the mix ture  is  ca lcula ted  
f rom the formula  [10] t~ 2 = c1#~ ~ + c2p22, where Pl 
and #2 a re  the dipole moments  of IIIa and IIIb, c 1 and 
c2 a re  the concentra t ions  of IIIa and IIlb (mole f r a c -  
t ions).  It is  3.08 D. The r e su l t s  do not, however ,  
make  i t  poss ib le  to decide def ini te ly  that  HI is  a m ix -  
ture  of IIIa and IIIb, s ince the poss ib i l i ty  of ro ta t ion  

of the pyrazole  r ings around the C - S  bond, or  f o r m a -  
tion of an additional in terac t ion  dipole moment due 
to the involvement of the f ree  d orb i ta l s  of the sulfur  
atom in conjugation with the pyrazole  r ings are  not 
excluded. 

The dipole moment of h i s ( 1 , 3 , 5 - t r i m e t h y l p y r a z o l -  
4-yl)  sulfide (V) is 3.52 D, and g r e a t e r  by 0.37 D 
than the dipole moment of III. This can be explained 
by d isp lacement  of e lec t ron  density from the methyl  
group to the sulfur atom. 

The dipole moment  of 4.13 D calcula ted for  the 
1 -phenylpyrazo lo[3 ,4 -b]pyr id ine  (VI) molecule ,  is  
0.16 D less  than the exper imenta l  value. Obviously,  
the reason  for  the i nc rea se  in the exper imenta l  value 
of the dipole moment  of VI compared  with the theo-  
r e t i ca l  value is the inc rease  in negative charge on the 
ni t rogen atom of the pyr idine r ing,  due to in te rac t ion  
with the N-1 ni t rogen atom via the chain of conjugated 
bonds. 

I 
C6H~ 

Vl 

We showed [1] that when a - C  subst i tuent  was 
p re sen t  at posi t ion 4, the exper imenta l  dipole moment  
of the molecule  is g r e a t e r  than the ca lcula ted  one. 
P r e c i s e l y  the same thing is found with 1 -pheny lpyra -  
zo lo[3 ,4 -b]pyr id ine  (VI), where  the pyr id ine  r ing 
can be r ega rded  as an e l ec t ron -accep t ing  subst i tuent .  

A s i m i l a r  thing is found with the 1-phenylpyrazolo  
[4, 5-b]pyr idine  (VIII) molecule .  There  the e x p e r i -  
menta l  dipole moment ,  2.03 D, is g r e a t e r  than the 
ca lcula ted  one, 1.63 D, by 0.40 D. 

CsH s 
VII VIII 

The dipole moment  of py razo lo [2 ,3 -a ]py r id ine  
(VIII}, 2.15 D, is  c lose  to those for  pyrazo le  2.06 D 
[2] and 1 -methy lpyrazo le  2.28 D [3]. 

Obviously,  this is  due to the valence s ta te  of the 
n i t rogen a toms jus t  as the degree  of pa r t i c ipa t ion  of 
t he i r  unshared  e lec t ron  pa i r s  in the format ion  of an 
a roma t i c  sys t em of 7r e lec t rons  is  the same in the 
pyrazo le  molecule  as  in the py razo lo [2 ,3 - a ]py r id ine  
(VIII) one. 

Ten ~ electrons are needed to form the aromatic 

system of the molecule VIII. Each carbon atom and 

N-2 nitrogen atom supples one 7r electron, due to its 

valence electron. The N-I nitrogen atom contributes 
two ~ electrons from its unshared electron pair. Like 
pyrazole [2], the lq-i nitrogen atom in the VIII mole- 

cule has fractional positive charge due to the exten- 

sion of its unshared electron pair, while the N-2 

nitrogen atom, whose unshared electron pair does not 

par t i c ipa te  in conjugation, has a f rac t iona l  posi t ive  
charge .  The vec to r i a l  ca lcula t ion  of the value and 



702 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

direct ion of the dipole moment  of VIII is s imi l a r  to 
that  for  pyrazole  [2]: 

To confirm that the repor ted  agreement  between 
the dipole moments  of pyrazole  and VIII was not for tu-  
itous, and that there is no substantial  change in charge 
distr ibution in the molecule  on format ion of a con- 
densed sys t em with a nitrogen atom common to the 
two r ings ,  we measu red  the dipole moment  of 4 - b r o m o -  
pyrazolo[2 ,3-a]pyr id ine  (IX). 

I x  

It was found to be 2.44 D, close to the value 2.28 D 
[1] found for  1 -phenyl -4-bromopyrazole .  

Hence the dipole moment  of pyrazo lo [2 ,3 -a ]pyr i -  
dine differs  little, e i ther  in value or  direct ion,  f rom 
that of pyrazole .  

Thus f rom what has been said it can be concluded 
that vec tor ia l  calculation can be used to de te rmine  
expected dipole moments  for  the condensed ring s y s -  
t ems  of pyrazolopyr id ines ,  including sys t ems  with a 
ni trogen atom common to both rings.  

2. S. A. Hi l ler ,  I, B. Mazheika,  and I. I. Grand-  
berg ,  KhGS [Chemist ry  of Heterocycl ic  Compounds], 
103, 1965. 

3. S: A. Hiller, I. B. Mazheika, and I. I. 
Grandberg,  KhGS [Chemistry of Heterocycl ic  Com-  
pounds], 107, 1965. 

4. I. Mazheika, L. Avota, G. Sokolov, and S. 
Hil ler ,  ZhOKh, 34, 3380, 1964. 

5. Q. A. Osipov, V. I. Minkin, and Yu. B. 
Kletenik, Dipole Moments Reference Book [in Russian],  
Izd. RGU, Rostov-on-Don,  1961. 

6. E. A. Lutskii ,  L. M. Yagunol 'skii ,  and E. M. 
Obukhova, ZhOKh, 34, 2641, 1964. 

7. L. Hunter  and T. Hayes,  J. Chem. Soc. ,  1, 
1941. 

8. N. E. White and M. Kilpatr ic ,  J. Phys.  Chem., 
59, 1044, 1955. 

9. H. Lumbroso  and G. Montando, Bull. Soc .  
Chim. France ,  2119, 1964. 

10. Ch. Ph. Smith, Dielect r ic  Behavior and Struc-  
ture ,  N. Y. ,  Lond. ,  293, 1955. 

REFERENCES 

1. S. A. Hiller, I. B. Mazheika, I. I. Grandberg, 
and L. I. Gorbacheva,  KhGS [Chemist ry  of Hete ro-  
cyclic Compounds], 130, 1967. 

26 November  1965 Institute of Organic Synthesis,  
AS Latvian SSSR, Riga 

Lomonosov Moscow State 
Universi ty  


