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An examinat ion of the f requencies  and intensi t ies  of the va lence  vibra t ion bands of carbonyl  
groups es tab l i shed  that  the phenyl group  in te rac t s  with the C = O g r o u p o f  1 - p h e n y l - 3 - p y r a -  
zolidone and i ts  m -  and p- to ly l  de r iva t ives  in solution. It is a s s u m e d  that  the interact ion is 
accompl i shed  through the N I and N 2 a toms  in the sp  2 state~ 1 -Phenylpyrazo l idone  de r iva t ives  
a r e  s t rongly  a s soc ia t ed  in CC14 and CHC13 solut ions.  The assoc ia t ion  d e c r e a s e s  on passing 
f r o m  CC14 to CHCI~ solutions and when the re  a r e  methyl  groups in the ortho posi t ions of the 
phenyl r ings .  The energy  of assoc ia t ion  between the 1-phenylpyrazol idones  and organic  
ba se s  (acetoni t r i le ,  ethyl ace ta te ,  and dioxane), evaluated f r o m  the shift  in VNH , is 1.36-3.5 
k c a l / m o l e .  The f requencies  and in tegra l  in tens i t ies  of the bands of the C = O a n d  NH groups  
in c h l o r o f o r m  were  m e a s u r e d .  

The amideC = O g r o u p  of pyrazol idones  in the c rys ta l l ine  s ta te  a b s o r b s  at  1960 cm -1, while the NH 
group  abso rbs  at  3040 and 3140 c m  - t  [1,2]o On pass ing to solut ions,  vCO i n c r e a s e s  to 1710-1720 cm -~, 
while VNH i n c r e a s e s  to ~3400 c m  -1 [1,3,4]. The ACO integra l  intensi ty in the IR s p e c t r u m  of a solution of 
1 -pheny l -3 -pyrazo l idone  is high [(5.8-6.9).  104 l i t e r / m o l e - c m  -2] [2]. In this pape r  we examine  the IR ab-  
sorpt ion spec t r a  of a n u m b e r  of previous ly  undescr ibed  3-pyrazol idone  de r iva t ives  (Table 1). 

The CO va lence  vibrat ion bands in the spec t r a  of the 3-pyrazo l idones  in the c rys ta l l ine  s ta te  l ie  at 
1690-1726 cm -~. The posit ion depends on s t e r i c  and inductive effects .  When the re  a r e  subst i tuents  in the 
ortho position of the benzene ring, vCO i n c r e a s e s  by ~20-30 cm -1 in compar i son  with vCO in compounds 
which do not  have subst i tuents  in the or tho position (Fig. 1, Table 1). When e lec t ron-accept ing  subst i tuents  
(chlorine a toms)  a r e  introduced into the benzene ring, VCO also i n c r e a s e s  by 10 cm-lo 

The vCO band in the s p e c t r a  of solutions of 3-pyrazol idones  is  obse rved  at 1700-1733 cm -1 and has  
two to th ree  m a x i m a  (Fig. 2) which a r e  due to s t rong a s soc i a t e s .  Success ive  dilution of a solution of 1-  
phenyl -3 -pyrazo l idone  in carbon t e t r ach lo r ide  leads to a d e c r e a s e  in the intensity of the low-f requency  
component  of the vCO band and to an i nc r ea se  in the h igh-f requency component .  However ,  the spli t t ing of 
the v c o  band is p r e s e r v e d  in the s pec t r a  of dilute solutions in CC14 (1 .10 -3 M). The spli t t ing vanishes  only 
in ch lo ro fo rm on dilution by a f ac to r  of ~100 l e s s  than in the case  of CC14, and the s y m m e t r i c a l  band r e -  
mains  (Fig. 2, Table  1). This d i f fe rence  in the solvent  action can be explained by the much g r e a t e r  capaci ty  
of ch lo roform,  as c o m p a r e d  with carbon te t rach lor ide ,  to d is rupt  the 1 - a r y l - 3 - p y r a z o l i d o n e  as soc ia te s .  The 
d e c r e a s e  in VCO by 10-20 cm -1 in the s p e c t r a  of solutions of 1 - a r y l - 3 - p y r a z o l i d o n e  solut ions in ch loroform,  
as c o m p a r e d  with solut ions  of these  compounds in carbon te t rach lor ide ,  is due to hydrogen bonds (HB) be -  
tween the CO group and ch lo roform.  

The vCO band in the s pec t r a  of solutions of 1 -pheny l -3 -pyrazo l idones  in CC14 and in CHC13 is higher  
by a f ac to r  of 10-20 cm - i  than in the spec t r a  of solutions of 1 -cyc lohexy l -3 -pyrazo l idone  (1700 cm -1) and 
T-bu ty ro l ac t am (1700 cm-1).  Since the vCO f requenc ies  in the l a t t e r  two compounds coincide, it can be a s -  
sumed  that  the ni t rogen a tom in the fi-posit ion with r e s p e c t  to the CO group  in 1 -cyc lohexy l -3 -pyrazo l idone  
does not have an apprec iab le  effect .  This  is m o s t  l ikely assoc ia ted  with the ex is tence  of N(0 in the sp  ~ 
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Fig. 1. IR spectrum of 1-(m-tolyl)-3-pyrazoli- 
done (IV) in the c rys ta l l ine  state. 
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Fig. 2. IR spec t ra :  1) and la)  1 -pheny l -3 -py ra -  
zolidone (I), c 3.13- 10 -3 M in CC14; 2) and 2a) 
1- (m-to ly l ) -3-pyrazol idone  (IV), c 3 .12.10 -3 M 
in CHC13; 3) and 3a) 1-phenyl -3-pyrazol idone  
(1), c 0.78-10 -a M in CCI 4. 

state,  which prevents  conjugation of the unshared 
electron pair  of this a tom with N(2), which is in the 
sp 2 state [5]. When the hexyl group ' i s  replaced by a 
phenyl group, the N(t) state probably becomes close 
to the sp 2 state. The conjugated sys t em 

I 
Ph--No~--Nr 

1 

fo rms  as a result .  It is well known [6,7] that vCO 
increases  by 22-33 cm -1 on passing f rom N-alkyl-  
amides to N-phenylamides.  For  1 -pheny l -3 -pyra -  
zolidones this effect is lower by a fac tor  of 2 to 3; 
this may be due to the longer conjugation chain. A 
confirmation of the manifestation of a conjugation 
effect through N(t ) is the shift in vCO to the low-f re -  
quency region when ortho substituents which remove 
the phenyl substituents f rom conjugation a re  present  
in the benzene r ings (Table 1). 

The integral  intensity v CO in the IR absorption 
spec t ra  of solutions 1 -a ry l -3 -pyrazo l idone  derivat ives  
in ch lo roform lies at (5.0-6.0). 104 l i t e r / m o l e - c m  2 
(Table 1). When there  is an o-methyl  group in the 
phenyl ring, the intensity of the C =Obands  dec reases  
somewhat,  which is probably associa ted  with a change 
in the conjugation of the phenyl group in the sys tem 
due to s te r ic  hindrance.  A confirmation of this is the 
c loseness  of the intensities of the C =Oband (5.2.104 
l i t e r / m o l e - c m  2) in 1-cyc lohexyl -3-pyrazol idone  and 
the intensit ies of the C =O bands of 1 - (o - to ly l ) -3 -pyra -  
zolidones. The dec rease  in the intensities of the C = O 
bands in chloro der ivat ives  of 1-phenyl -3-pyrazol idone  
is apparently associa ted  with the inductive effect of 
chlorine.  

In the crys ta l l ine  state the valence vibrational bands of the NH bond a re  found at 3136-3160 and 2800- 
3100 cm -1. The shift in the NH bond by 300-500 cm -~ at tests  to a s t rong HB of the NH,.~ or  NH...N 1 
type. The valence vibration bands of the CH, CH 2, and Ctt 3 groups in a number  of cases  a re  observed as 
excrescences  because  of overlap.  

Two NH bands at ~3170 and 3420 cm - I  a re  observed in the spec t ra  of solutions of 1 - a r y l - 3 - p y r a z o -  
lidone der ivat ives  in ch lo roform and in carbon te t rachlor ide .  On success ive  dilution, the f i r s t  band vanishes 
while the intensity of the second band increases  to a cer tain constant  value. This so r t  of behavior  of the 
VNH band conf i rms  the above assumed in te rmolecular  associat ion of 1 -a ry l -3-pyrazo l idones~  The fo rma-  
tion of a d imer  of the Ia type is most  likely f rom an energet ic  point of view. 

/ /O"" H-.N/N 

 fi.. o; 

Steric hindrance prevents  the formation of d imers .  This is conf i rmed by the lower intensity of the 
low-frequency VNi t band in the spec t ra  of V-VII, as compared  with the intensity of this band in I-IV, VIII, 
and IX at the same concentrat ions and solution layer  thicknesses .  Dimers  a re  p rese rved  in carbon t e t ra -  
chlor ide up to concentrat ions of 10 -4 - 1 0  -5 M. This consti tutes evidence in favor of the i r  high stability. 
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TABLE 2. Eaergies  of HB between 1 -Ary l -3 -pyrazo l idones  and 
Basic Solvents* 

C o r n -  

�9 pound 

1 
V 

VI 

AcetonitHle 
EH 

AvNg'cm'l kcal/mole 

100 1,95 
95 1,85 
70 1,36 

Ethyl acetate 

cm_l EH 
~VN~' kcal/mole 

125 2,42 
l l6  2,16 
90 1,75 

Dioxane 

E H 
A~NH' cm-I kcal/mole 

185 3,5 
165 3.2 
160 3,1 

*3% solution of the basic solvent in CC14; subst ra te  concentrat ion 
~3 �9 10 -3 Mo 

The energy of formation of this sor t  of d imer  is 10 • 0~ kca l /mole ,  according to [8]. Dissociation of these 
d imers  occurs  in ch loroform at concentrat ions which, as indicated above, a re  two to three o rde r s  of mag-  
nitude higher than in carbon te t rachlor ide .  The energy  of the HB of the dimer in CHC13 is 4.4 ~- 0.2 
kca l /mole ,  according to [9]. The difference between the associat ion energies  of the d imer  in CC14 and in 
ch loroform can be taken as the energy of associat ion between 1-phenyl -3-pyrazol idone  molecules  and chlo- 
ro fo rm molecules .  The elevated value of this difference (5.6 kca l /mole)  can be explained by the fact  that, 
with chloroform,  1-phenylpyrazol idones simultaneously give two HB with the C = O and N l groups.  The 
energy of the in te rmolecular  HB can be est imated f rom the formula  

10 2 Av (1) 
EH= t 

Substituting the above-indicated energy of one CO...HN bond (5~ kca l /mole)  into this formula,  we find k = 
1.5o Formula  (1) can then be used to es t imate  the values of the HB f rom the shifts in VNH in the spec t ra  of 
solutions of 1 -phenyl -3-pyrazo l idones  in basic solvents.  It is apparent  f rom the resul ts  obtained (Table 2) 
that the HB energy inc reases  with increasing basici ty  of the solvent and decreases  in the p resence  of s ter ie  
hindrance to conjugation of the phenyl ring with the NH group. 

The integral  intensity of UNH of 1-phenyl -3-pyrazo l idones  in ch loroform is (1.06-1.30). 104 l i t e r / m o l e -  
cm2~ This is higher by a fac tor  of a lmost  two than the intensity of the VNH band in amides [10]o 

E X P E R I M E N T A L  

The investigated compounds (Table 1) were synthesized via known methods [11]; they were r e c r y s t a l -  
lized before  the experiments .  The IR spec t ra  of the compounds were recorded  with a UR-20 spec t rome te r  
f rom 400 to 4000 cm -1 in KBr pellets and carbon te t rachlor ide ,  chloroform, acetoni tr i le ,  acetylacetone,  and 
dioxane solutions. The integral  intensities of the absorption bands of the C = O and NH bonds were measured  
by means of the Burzhen extrapolation method [12] with cor rec t ions  for  shoulders .  The solutions were di-  
luted up to 1 �9 10 -3 M. The solution layer  thickness ranged f rom 0.1 to 1.0 cm. The accuracy  in the m e a s u r e -  
ment of the frequencies  of the absorption maxima in the range of an NaC1 p r i sm was • 2 cm -~, compared  
with • 6 cm -1 in the range of an LiF pr i sm.  The accuracy  in the measurement  of the integral  intensit ies of 
the absorption bands was • 10 %. 
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