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Pyrazolines are characterized by valence vibrations at the follow- 
ing frequencies: C=N (1580-1627 cm'l), H--Ca=N (3040-3063 cm -1 ), 
H--N (8270-8805 cm -1) and CHa-N (2780-2805 cm-1). Lowering of 
the frequencies of the valence vibrations of C=N in pyrazolines, when 
compared with the magnitudes characteristic of alkyledene amines and 
oximes, is regarded as a consequence of coupling with the unshared 
electron pair of the neighboring nitrogen atom. By means of the IR 
spectra, it is possible to determine the position of the double bonds in 
the pyrazoline ring, to distinguish between pyrazolines substituted and 
nonsubstituted in positions 1 and 8, and to establish the presence of 
geminate (twin) methyl groups and methyl groups in position 1. 

Until now, the v ib ra t i on  spec t r a  of pyrazolines had 
not been  spec ia l ly  s tudied,  although i so la ted  f r e q u e n -  
c ies  had been r e g i s t e r e d  as c h a r a c t e r i s t i c  in papers  
dea l ing  with the syn thes i s  of alkyl  [1]and a ry I  [2] sub-  
s t i tu ted  A2-pyrazo l ines .  The re fo re ,  the ava i l ab le  c o r -  
r e l a t i ons  be tween s t r u c t u r e  and v ib r a t i on  spec t ra ,  for 
i n s t ance  [3], a l lowed only to a s s e r t  the p r e s e n c e  of 
double bonds and of N---H groups  in py razo l ines .  More  
deta i led  conc lus ions  as to the s t r u c t u r e  of these  het -  
e rocyc le s  (espec ia l ly  the i r  a s s i g n m e n t  to the A 1-, A 2-, 
or  A3-se r i e s  and the d e t e r m i n a t i o n  of the pos i t ion  of 
the side chains)  s t i l l  r e m a i n e d  doubtful.  The sp e c t r a  
of a l a rge  n u m b e r  (about 30) of alkyl  subs t i tu ted  p y r a z -  
o l ines  syn thes ized  in r e c e n t  y e a r s  [ 1 , 4 -8 ]  have 
been compared .  This  r e v e a l e d  f r equenc i e s  i nhe ren t  
in  the py razo l ine  r ing  and subs tan t i a t ed  the p rospec t  
of u t i l i z ing  IR spec t roscopy  in the s t r u c t u r a l  ana lys i s  
of this  c l a s s  of compounds .  

The va lence  v ib r a t i ons  of ~ N  appeared  in  the IR 
spec t r a  of A2-pyrazo l ines  as s t rong  or m e d i u m  bands  
in the 1580-1627 cm -1 reg ion .  A suff ic ient ly  sharp  
d i f fe rence  was  obse rved  between,  on the one hand, 
the f r equency  reg ion  of the Ctt==N groups in A2-pyraz - 
o l ines  not subs t i tu ted  in pos i t ion  3 (1580-1598 cm-1),  
and on the o ther  hand that of the )C-~----N groups in 
3-a lkyl  py razo l i ne s  (1620-1627 cm-1). On the whole, 
the f r equency  reg ion  of 7JC= N c h a r a c t e r i s t i c  of A 2- 

py razo l ine s  appeared  s ign i f ican t ly  lower than the 
1640-1690 cm - i  r eg ion  ass igned  in the l i t e r a t u r e  [3] 
to ~ N  groups  not  bound to another  by mul t ip le  bonds~ 
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IR Spectra  of Aa-pyrazo l ines  in the reg ions  
of N--H, C--H and C-~---N va lence  v ib ra t ions :  
(1) 1 - i sop ropy l -3 ,  4, 5 - t r i m e t h y l - A 2 - p y r a  - 
zol ine;  (2) 1 ,3 ,  4 - t r i m e t h y l - A 2 - p y r a z o l i n e ;  
(3) 1 - e t h y l - 5 - m e t h y l - A 2 - p y r a z o l i n e ;  (4) 3, 4, 
5 - t r i m e t h y l - A 2 - p y r a z o l i n e ;  (5) 1 - m e t h y l - 4 -  
e thy l -A2-pyrazo l ine ;  (6) 5 , 5 - d i m e t h y l - A  2- 

pyrazo l ine .  

At the s ame  t ime,  it p rac t i ca l ly  coincides  with the 
~C=-N reg ion  (1590-1640 cm -1) in acyc l ie  analogs 
of A2-pyrazo l ines ,  such as the ca rbony l  compounds 
of d ime thy lhydrazones  [9]. Evident ly ,  this is a c l ea r  
man i fe s t a t ion  in the e l ec t ron ic  spe c t r a  of the effect 

Table  1 

C h a r a c t e r i s t i c  F r e q u e n c i e s  of the Valence Vibra t ions  in the IR Spectra  

R~- II_R, of P y r a z o l i n e s  of Type < R.~'~'~ 
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of bonding with the unshared e l e c t r o n  pair of the s e c -  
ond ni trogen a tom [10]. C o m p a r a t i v e l y  low f r e q u e n c i e s  
of v~__ N (< 1640 c m  - i )  a r e  a l so  o b s e r v e d  in s o m e  
other ni trogen h e t e r o c y c l e s ,  such  as d ihydro-1 ,  3-  
th iaz ines  a n d - o x a z i n e s  [11]. In A - p y r r o l i d i n e s  [12], 
in which  n-u-bonding  does  not o c c u r ,  the ~ N  f r e -  
quency is  a l so  l owered  to 1613 c m  -1. 

Due to their  ~- -n-bonding,  A 2 - p y r a z o l i n e s  with aryl  
subst i tuents  in pos i t ion  3 m a y  have l owered  ~ N  f r e -  
quenc ie s  [2], and are  t h e r e f o r e  undist inguishable  by 
this  c r i t e r i o n  f r o m  p y r a z o l i n e s  not subst i tuted in 
pos i t ion  3. 

The C--~N va lence  v ibrat ion bands afford the p o s -  
s ib i l i ty  of  d i s t inguish ing  b e t w e e n / , 2 _  and A l - p y r a z  - 
o l ines ,  inasmuch  as the N = N  vibrat ion of the la t ter  
are  c h a r a c t e r i z e d  by much lower  f r e q u e n c i e s .  5, 5-  
D i m e t h y l - A l - p y r a z o H n e  exhibi ts  a s trong band at 
1555 c m  - i ,  attributable to the N~-N va lence  v ibra-  
t ions  [5].  This  s a m e  band (1545 c m  - i )  w a s  de tec ted  
in the s p e c t r u m  of A i - p y r a z o l i n e  i t s e l f  [13], as w e l l  
as in the s p e c t r u m  of 3, 5 - d i p h e n y l - A l - p y r a z o l i n e  
{1548 c m  -1) [14]. T h e r e f o r e ,  the 1550 • 5 e m  -1 f r e -  
quency may  be c o n s i d e r e d  c h a r a c t e r i s t i c  of the N ~ N  
va lence  v ibrat ions  in A i - p y r a z o l i n e s .  In a paper pub- 
l i shed after the present  inves t igat ion  w a s  c o m p l e t e d  
[15], VN=_ N is  g iven at 1545 + 5 e m  -1. It should be 
r e m a r k e d  that, in the IR spec tra  of al iphatic  t r a n s -  
azo  compounds ,  th is  vibrat ion appears  as  very  w e a k  
(often unnoticeable)  bands at 1562 • 5 c m  -1 [16]. 

Va lence  v ibrat ions  of H - - - ~ N .  F i v e  y e a r s  ago [1] 
w e  r e c o r d e d  the c h a r a c t e r i s t i c s  of the va lence  v ibra -  
t ions  of hydrogen in pos i t ion  3 of A a - p y r a z o l i n e s .  New 
exper imenta l  data accumulated  s i n c e  then have con-  
f i r m e d  that all A2-pyrazo l ines  unsubst i tuted in p o s i -  
tion 3 exhibit  bands of w e a k  or  m e d i u m  intens i ty  in 
the 3 0 4 0 - 3 0 6 3  c m  -i  reg ion .  T h e s e  f r e q u e n c i e s  are  
higher than those  of the va lence  v ibrat ions  of hydrogen 

in analogous  H - - - ~ C  f r a g m e n t s  in a lkenes  (3010 -3040  
em-1) ,  but l ower  than those  of the a s y m m e t r i c  va lence  
v ibrat ions  of H 2 ~ C  groupings  (3075 -3095  c m - l ) .  

Table 3 

Splitt ing of the F r e q u e n c i e s  of the S y m m e t r i c a l  D e -  
format ion  Vibrat ions  of Geminate  Methyl  Groups in 

A 2 - P y r a z o l i n e s  

Compound 6(S)CH+, cm 

5,5-Dimethyl- Aa-pyrazoline 
1,5,5-Trimet hyl-A2-pyrazoline 
3,5,5-Trimethyl- h2-pyrazoline 
4,4-Dimethyl-5-isopr opyl-  A2-pyrazoline 
1-1sopropyl-A~-pyrazoline 
1-Isopropyl-3-methyl- A2-pyrazoline 
1 -tsopropyl-4-met hyl-A2-pyr azoline 
1-1sopropyl-3,4-dimet hyl-A~-pyra zoline 
1 -Isopropyl-3,4,5 -trimet hyl- A2-pyrazoline 

Average value 

1363 1378 
1380 1396 
1365 1378 
1357 t389 
1372 1385 
1372 1385 
1375 1387 
1370 13,83 
1365 1382 

1371 1385• 

Thus,  1 - a i l y l - 4 - m e t h y l - A 2 - p y r a z o l i n e  has three  bands 
at 3012, 3053, and 3080 c m  -1, corresponding  to al l  
the indicated hydrogen types .  N e v e r t h e l e s s ,  the dif-  
f e r e n c e  be tween  t h e s e  f r e q u e n c i e s  i s  s m a l l ,  and ap-  
parent ly  their  superpos i t i on  is  s o m e t i m e s  p o s s i b l e  
( 1 - a l l y l - A 2 - p y r a z o l i n e  exhibi ts  only two bands at 3010 
and 3081 cm-1) .  

3 - A l k y l - A 2 - p y r a z o l i n e s  do not absorb  in the 3 0 0 0 -  
3100 cm-*  reg ion .  

The va lence  v ibrat ions  of t t - -N in A 2 - p y r a z o l i n e s  
not subst i tuted in pos i t ion i g ive  r i s e  to fa i r ly  broad 
and in tens ive  bands at 3 2 7 0 - 3 3 0 5  c m  -1. This  interval  
b o r d e r s  on the l o w e r  l i m i t  r e c o r d e d  in the l i t erature  
[3] for s econdary  a m i n e s  in the  3 5 0 0 - 3 3 0 0  c m  -1 reg ion,  
but e x c e e d s  the vi-t-- N f r e q u e n c i e s  in 1 , 2 - d i a l k y l h y -  
d r a z i n e s  (3236 + 10 c m  - i )  [16], and in t r ia lky ihydra-  
z incs  (3164-3185  c m  -t according  to our data). 

Table 2 

C h a r a c t e r i s t i c  F r e q u e n c i e s  of the Valence  V ibra t ions  in the IR Spectra  
H 

Ra-- ~ -  R~ 
of P y r a z o l i n e s  of Type r4-~ n 

Rs 'l 
R,, 

R~ R= Ra R+ Rs vH_C=, cm t vCtta_ N, cm ' vC= N, cm 

CHa 
CHa 
CHa 
CHa 
CHa 
CtQ 
CHa 
C2Hs 
(CHa) =CH 

CH2=CHCH2 

CHa 
CHa 
(CH+)~CH 
(CHa)=CH 
rt-C4H9 
(CH~) =CH 
(CHs)2CH 

CH2=CHCH2 

H 
CHs 
cH+ 
H 

H 

H 
CHa 
CHa 

H 

H ~Hs 
CHa 
C2H s 

H 

H 

H 

p+ 
CHa 
CHa 

CHa 

H H 
CHs 

CHa CH3 

H CHa 
CH3 

H H 

H H 

CH~ C~2H~ ~ 

H CH~ 

H H 

3062 
3066 

3048 
3058 
3O63 
3062 
3080 
3010 
306O 
3O5O 

a~3 
3'0t50 

[3012 

2783 
2790 
28O5 
2785 
2782 
2785 
2790 

2795 
2790 

1623 
1581 
1595 
1620 
1623 
1583 
1582 
1587 
1583 

1583" 

1580 
1588 
162,4 
1583 
1581 
1622 
1,618 

1582" 

*There is also a VC~ C band at 1650 cm -I . 
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No d e f o r m a t i o n  I t - -N v i b r a t i o n s  w e r e  o b s e r v e d  
upon e x p o s u r e  in l a y e r s  0 . 0 2 - 0 . 0 4  m m  thick.  

CHK--N Va lence  V i b r a t i o n s  a r e  c h a r a c t e r i z e d  by 
v e r y  s t r o n g  a b s o r p t i o n  in the  2782-2805  c m  -1 r eg ion .  
They  a r e  a b s e n t  in p y r a z o H n e s  subs t i t u t ed  in pos i t i on  
1 not  by me thy l  but  by any o t h e r  subs t i t uen t  o r  by hy -  
d rogen .  Th i s  band,  a p p a r e n t l y  a l o w - f r e q u e n c y  p o r -  
t ion of the  F e r m i - r e s o n a n c e  double t  [17], has  been 
r e g a r d e d  as  c h a r a c t e r i s t i c  of the  CH3---N group  in 
a m i n e s  and in h e t e r o c y c l e s  wi th  one n i t r o g e n  a t o m  
[17, 18]. But i t s  s p e c i f i c i t y  f o r n o n a r o m a t i c  compounds  
with  a CH3--N g roup  has  been  con tended  [19]. Our  da ta  
a t t e s t  to the  g r e a t  s p e c i f i c i t y  of such  v i b r a t i o n s  in the  
p y r a z o l i n e  s e r i e s .  

D e f o r m a t i o n  V i b r a t i o n s  of CHf--N in p y r a z o l i n e s  
a p p e a r  as  v e r y  weak  peaks  at  1420 e m  -1 o r  a s  shou l -  
d e r s  on the i n t ens ive  bands  of the  CH3---C d e f o r m a t i o n  
v i b r a t i o n s .  T h e s e  s i g n a l s  a r e  w e a k l y  e x p r e s s e d ,  
sometimes inconspicuous, and do r~ot have g r e a t  diag- 
nostic significance. 

(CH3)2C Deformation vibrations. In pyrazolines 
with two methyl groups in position 5, a splitting of 
the CH 3 symmetrical deformation vibrations band is 
observed. This is usual in compounds with geminate 
methyl groups. Such a resonance splitting takes place 
in all the isopropyl pyrazolines investigated. The 
5 (S)CH 3 doublet frequencies practically coincide with 
those indicated for acyclie compounds [3]. 

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

The spectra were recorded in double-beam IR-10 (Zeiss) and DS- 
301 (Nippon Bunko) spectrophotometers, using 0.02-0.04-mm thick 
cuvettes. The A2-pyrazolines were synthesized from unsaturated 
carbonyl compounds or tertiary acetylene chlorides and hydrazines. 
Almost all the preparations studied had been described at length in 
previous papers [1, 4-8]. Tables 1 and 2 present the frequencies of 
the valence vibrations studied, and Table 3 the frequencies of the 
symmetricaI deformation vibrations of the geminate methyl groups. 
The figure represents the contours of the absorption bands of repre- 
sentatives of the fundamental structural varieties of A2-pyrazolines in 
the valence vibrations regions of hydrogen and of the double bonds. 
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