
S T R U C T U R E  OF 3 - P Y R A Z O L I D O N E  H Y D R O C H L O R I D E S  

B .  E .  Z a i t s e v ,  L .  B .  P r e o b r a z h e n s k a y a ,  
a n d  R .  B .  Z h u r i n  

UDC 547.775 : 543.422.4 

On the basis  of the shift  of the bands of the s t re tching v ibra t ions  of the amide  group in the 
IR spec t r a  of the hydrochlor ides  of 1 -phenyl -3-pyrazo l idone  de r iva t ives  in ch lo ro fo rm and 
in the c rys ta l l ine  state,  i t  was p roved  that 3-pyrazol idone  hydrochlor ides  a r e  fo rmed th rough  
the addition of a proton to the ni t rogen a tom in the i posit ion.  The different  type of p ro ton-  
ation of 3 -pyrazo l idones  as  com pa red  with the protonat ion of 1 -pheny l -5 -pyrazo lones  (pro-  
tonation at the oxygen) is  explained by the p r e s e n c e  of an a roma t i c  he te ro r ing  in the l a t t e r  
compounds and the absence  of such a r ing in the fo rmer .  

On the basis  of ax~ ana lys i s  of the pK a values  of s eve ra l  3 -pyrazo l idones ,  Za i t sev  and c o - w o r k e r s  [1] 
have demons t ra ted  that  pyrazol idones  add a proton at the amine  ni t rogen in the 1 posit ion.  More  detai led 
informat ion  regard ing  the protonat ion of phenidones,  pa r t i cu l a r ly  the i r  reac t ion  with HC1, can be obtained 
by IR spec t roscopy .  F o r  this,  one can use  the v ibra t ions  of the bonds that include ni t rogen a toms  ( N - H ,  
N + - H ,  and C - N )  and the v ibra t ions  of groups  that a r e  sens i t ive  to a change in the s ta te  of the indicated 
ni t rogen a toms.  Carbonyl  groups a r e  pa r t i cu l a r ly  groups  of this sor t .  In [1] it  was pointed out that  the IR 
spec t r a  of pyrazol idone  hydrochlor ides  in the c rys ta l l ine  s ta te  contain bands at 1690-1775 cm -~, while the 
spec t r a  of ch lo ro fo rm solutions of these  hydrochlor ides  have bands at  1720-1725 cm -1. However ,  the p a -  
p e r  did not contain any data for  the hydrochlor ides  of the individual compounds,  the indicated f requency in -  
t e rva i s  were  not adequately d iscussed,  and the comple teness  of protonat ion was unknown. 

In the p r e sen t  study we have used 111 spec t roscopy  to study the s t ruc tu re  of the hydrochlor ides  of 1- 
phenyl -3-pyrazo l idone  de r iva t ives  in the c rys ta l l ine  s ta te  and in ch lo ro fo rm solutions.  

An impor tan t  fac tor  r espons ib le  for  the in te rac t ion  of hydrogen hal ides with he te rocyc l ic  compounds 
i s  the bas ic i ty  of the he te roa toms .  The la t te r  depends to a grea t  degree  on the envi ronment .  Depending 
on the environment ,  the he t e roa toms  in compounds can  be found in va r ious  s ta tes  that de te rmine  the type 
of va lence  orb i ta l s  and the i r  inclusion in the mo lecu l a r  e lec t ronic  sys t em.  Of specia l  i n t e re s t  in this r e -  
spect  a r e  compounds with s eve ra l  he te roa toms .  In pa r t i cu la r ,  5 -py razo lones  and 3-pyrazo l idones  a r e  
compounds of this sor t .  

I t  has p rev ious ly  been pointed out that the s ta te  of the ni t rogen a tom in 5 -pyrazo lone  is  de te rmined  
by the inclusion of an unshared  pa i r  of n i t rogen e lec t rons  in the a r b m a t i c  s y s t e m  o f  the pyrazo lone  r ing 
[1]. The la t t e r  c i r cmns t ance  explains the sharp  reduct ion in the bas ic i ty  of ni t rogen a toms ,  which is  con-  
t i m e d  by the ease  of protonat ion of 5 -pyrazo lone  de r iva t ives  at the amide  oxygen a tom r a t h e r  than at  the 
ni t rogen a toms  [2]. 

A dist inct ive pecukiar i ty  of 1 - a ry l -py razo l idones  is  the absence  of a c losed v - e l e c t r o n  s y s t e m  in the 
pyrazol idone  ring. A consequence of this i s  the fact  that  phenidone (1-phenyl-3-pyrazol idone)  is  c h a r a c -  
t e r i z e d  by the p r e s e n c e  of s eve ra l  a toms  that  have e l ec t ron-donor  p r o p e r t i e s  - t h e  two r ing ni t rogen a toms  
and the carbonyl  oxygen. These  a toms  have unshared  p a i r s  of e lec t rons  that a re  capable  of being supplied 
to the unfilled or  pa r t i a l ly  vacant  o rb i ta l s  of pro tons  or  hydrogen a toms.  I t  should be expected  that, of the 
two ni t rogen a toms ,  the ni t rogen a tom in the 1 posi t ion r a t h e r  than that  in the 2 posi t ion has  the g r ea t e s t  

Sc ien t i f i c -Resea rch  Inst i tute  of Organic  In t e rmed ia t e s  and Dyes,  Moscow. T rans l a t ed  f rom Khimiya 
Gete ro t s ik l ichesk ikh  Soedinenii, No. 5, pp. 676-680, May, 1972. Original  a r t i c l e  submit ted  July 5, 1971. 

r 

0 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of  this "article is available from the publisher for $15.00. 

614 



go 

70 

,~ 313 

gc 

I 

-2 , ] 

3 

3O 1 

2000 "~000 1600 

~"ig. I 

F 8O 

i 

6O 

40 

,~ 8C /t 
',' 

tic 

4C - I  o m  

2000  1800 1600 

F i g .  2 

F i g .  1. u C = O bands  in  c h l o r o f o r m  
and  in  c h l o r o f o r m  in  t he  p r e s e n c e  o f  

H C h  1) a n d  2) 1 - p h e n y l - 3 - p y r a z o l i -  

done  (c 0 .00308  M);  3) a n d  4) a n t i -  

p y r i n e  (c 0 .00331  M ) ;  1) and  3) u n -  

p r o t o n a t e d  f o r m s ;  2) a n d  4) p r o t o n -  
a t e d  f o r m s .  

Fig. 2. u C =O band of l-(o-tolyl)-3- 
pyrazolidone in chloroform and in 
chloroform in the presenee of HCI 
(c 0.0028 M): i) unprotonated form; 
2) and 3) partially protonated forms; 
4) completely protonated form. 

T A B L E  1. F r e q u e n c i e s  o f  t h e  S t r e t c h i n g  V i b r a t i o n s  o f  t h e  C = O  
G r o u p s  in  t h e  I R  s p e c t r a  o f  3 - P y r a z o l i d o n e  H y d r o e h l o r i d e s *  
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Fig. 3. ~C = 0 bands of 1- 
pheny l -4 -me thy l -3 -py-  
razolidone in the c r y s t a l -  
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line state. 
through the amine 1-N nitrogen and then through the oxygen of the c a r -  
bonyl group. 

The change in the frequencies of the ~C = O stretching vibrat ions in the IR spec t ra  was used to prove 
the type of protonation phenidone undergoes.  In doing this, we took into account the dependence of u C = O 

on such factors  as 1) the inductive effect due to the NH group, 2) the formation of a hydrogen bond, or  3) 
Pr0tonation of the C = O group. The f i r s t  effect inc reases  v C = O, while the second and third  lower it [3]. 
Proceeding  f rom these factors ,  it should be expected that in the case  of protonation at the 1-N atom (type 
A), ~C = O in the IR spec t rum of the protonated phenidone should be shifted to the high-frequency region 

under the influence of the inductive effect of the N - H  group. 

1t2C--CH 2 H. .+ /  \ H2~--~ H2 
C It / ~ N \ N / C ~ O  C 6 H s / N \ N ' C ~ - I t  

o s H H 

A B 

However, m the ease of protonation at the oxygen of the amide group (type B), ~C = O i n  the IR spectrum of 
the protonated molecule should be shifted to the low-frequency region as compared with u C = O of the un- 
protonated molecule. A confirmation of the lat ter  is the ~sappearanee of u C = O in the IR spectra of 5- 
p~u~olone hydrochloride as compared with u 0 = O (1655 cm -~) in the spectrum of 5-E~'azelone in chloro-  
form solution and in the crystal l ine state, respect ively (Fig. 1). In addition, an examination of the 1R spec- 
t ra of 3-pyrazol idone hydrochlor ides  in the crysta l l ine  state and in CHCI~ solutions demonst ra tes  that 
VC = O is shifted to the high-frequency region to 1743-1775 cm -1 as compared  with v C = O (N 1690 cm -1) in 
unprotonated 3-pyrazol idones  (Table 1, Figs.  1-3). On the basis of the observed  shift of v C = O, i t  can be 
concluded that protonation of 3-pyrazol idones  proceeds  at the cyclic 1-N atom. As a resul t  of this, s a l t s  
of the A type ra ther  than of the B type a re  formed.  

The maxima of the uC = O absorption bands in the spec t ra  of solutions of protonated 1 - a r y l - 3 - p y -  
razolidones in ch loroform lie in a nar row interval  (1744-1749 cm-1). At the same t ime, the interval of 
vC= O values is considerably  broader  (1695-1713 cm -1) (Table 1) in the spect ra  of solutions of the unpro-  
tonated pyrazol idones in chloroform.  As was previously  pointed out [4], the broader  u C = O interval  in the 
la t ter  case  is determined by t ransmiss ion  of the interact ion of the aryl  group through the unshared pair  of 
e lectrons of the 1-N atom. However, protonation of the 1-N atom leads to blocking of this pa i r  of e lec -  
t rons  and, consequently, to disruption of the possibi l i ty of interact ion of the amide group with the aryl  
group. As a result ,  substituents in the phenyl ring will not have an effect on the amide group, and v C = O + 
should be determined p r imar i ly  by the inductive effect of the NH group, as a consequence of which the 
UC = O values should be close to one another.  

The observed shift (An C = O, 39-50 cm -1) is high. In explaining the magnitude of Av C = O, it is nec-  
e s s a r y  to take into account that it is caused by the e lect ros ta t ic  effect of the posit ive charge of the proton 
and removal  of the unshared pai r  of 1-N elect rons  f rom conjugation with the amide group. 

I t  should be noted that the interval of v C =O values in the IR spec t ra  of solutions of the pyrazolidoae 
hydrochlorides in ch loroform presented in [1] does not agree with our data. 

In addition to the indicated inc rease  in v C = O on protonation of the pyrazol idones in chloroform,  we 
observed an increase  in the half  widths of the bands of the amide groups (Aul/2) by a fac tor  of 1.5-2. One 

capacity for protonation. This is due to the fact that the unshared pair of 
electrons of the 2-N atom interacts with the carbonyl group, which leads 
to a sharp decrease in its basic properties and to an increase in the ba- 
sicity of the carbenyl oxygen. The interaction of I-N with the phenyl 
group and with 2-N should be relatively weak, since the phenyl group and 
2-N interact much more weakly with the I-N amine nitrogen than does the 
carbonyl group with the 2-N atom. As a result, the basicity of I-N is ex- 
pected to be quite high (see [i]). 

Thus the phenidone molecule has two basic groups that are capable 
of protonatien - the amide and amine groups. Since the pK a of an aro- 
matic amine is five orders of magnitude greater than the pK a of the amide, 
one should expect that the formation of a salt should proceed primarily 

616 



%f the reasons  for the lat ter  is the possibi l i ty of the formation of an in termolecular  hydrogen bond of the 

N I t . . .  O= CN and N H . . .  O = CN types.  This is in agreement  with the shift in the bands of the s tretching v i -  
brations of the NH groups to the low-frequency region (3000-3300 cm -1) on protonation and the appearance 

+ 
of diffuse YNH bands at 2200-2600 cm -~. 

It should be noted that when dry HC1 is bubbled into a solution of the 3-pyrazol idones  in carbon te t -  
rachlor ide,  a white salt  precipi ta tes  immediately,  during which the v C = O bands of the salt or  of the s t a r t -  
ing 3-pyrazol idone are  not detected in the spec t rum of the solution. When HC1 is bubbled into solutions of 
the 3-pyrazol idones  in chloroform,  no salt  precipi ta tes  and, as indicated, v C =O bands of only the salt  are  
observed upon sufficient saturation with HC1; i.e., the 3-pyrazol idone is completely protonated. 

Two bands at 1690-1700 and 1730-1750 cm -1 of about the same intensity are  observed in all cases  in 
the region of the s tretching vibrat ions of C = O groups in the spec t ra  of the crysta l l ine  salts  precipi tated 
f rom CC14 solutions. This can be expla inedby  the formation of stable crys ta l l ine  associa tes  f rom the p r o -  

tonated and unprotonated molecules  of the > NH �9 �9 �9 N < type. This type of associat ion hinders protonation + 
of the nitrogen atom that is linked by a s trong hydrogen bond. The presence  of NH groups is proved by the 
v e r y  s trong bands at 2200-2600 and 2800-3100 cm -l .  

EXPERIMENTAL 

The invest igated 3-pyrazol idones  (Table 1) were rec rys ta l l i zed  f rom aqueous alcohol or  benzene 
p r io r  to record ing  thei r  spectra ,  and the ch loroform was purified by pass ing it through A1203. The IR 
spec t ra  of KBr pellets and ch loroform solutions of the 3-pyrazol idone derivat ives and their  hydrochlor ides  
were obtained with a UR-20 spectrophotometer .  The layer  thickness of the ch loroform solutions was ~ 0.5 
cm. The hydrochlor ides  were p repared  by bubbling dry  HC1 into a solution of the pyrazol idone derivative 
in CHCl~ and CC14 (the phenidone hydrochlor ides  did not precipi tate  f rom CHCI 3 solutions) .  The concen-  
t rat ion of the solution of the phenidone in ch loroform and in chloroform containing dry  HC1 was retained 
unchanged (~ 1- 10 -3 M). The accuracy  in the measuremen t  of the frequencies of the carbonyl  bands was 
• 2 cm -1, while the accuracy  in the region of an LiF pr i sm was • 5 cm-1. 
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