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Data c h a r a c t e r i z i n g  the pos i t ion  of the e q u i l i b r i u m  between A 2- and A i - p y r a z o l i n e s  with alkyl  
subs t i tuen t s  in d i f f e ren t  pos i t ions ,  which is e s t a b l i s h e d  under  the inf luence of p o t a s s i u m  t e r t -  
butoxide in t e r t - b u t y l  a lcohol  at  90~162 were  obta ined .  3 - A l k y l - A 2 - p y r a z o l i n e s  a r e  t h e r m o -  
d y n a m i c a l l y  m o r e  s t ab le  than t h e i r  i s o m e r s  wi th  d i f fe ren t  pos i t ions  of the double bond, so that  
the f r ac t ion  of the l a t t e r  in e q u i l i b r i u m  m i x t u r e s  does  not exceed  1-2%, and they a r e  p r a c t i c a l -  
ly  c o m p l e t e l y  i s o m e r i z e d  to the 3 - A l k y l - A 2 - s u b s t i t u t e d  d e r i v a t i v e s .  If the pos i t ion  of the s ide  
chains  exc ludes  the p o s s i b i l i t y  of the fo rma t ion  of 3 - a l k y l - A 2 - p y r a z o l i n e s  by m i g r a t i o n  of the 
double bond ( 4 - a l k y l -  and 5 , 5 - d i a l k y l - s u b s t i t u t e d  compounds) ,  the f rac t ion  of A i - p y r a z o l i n e s  
in the e q u i l i b r i u m  r i s e s  a p p r e c i a b l y  and r e a c h e s  12% for  3 , 3 - d i e t h y l - A t - p y r a z o l i n e .  

In connect ion  with the o b s e r v a t i o n s  of i n t e r c o n v e r s i o n s  of n i t r o g e n - u n s u b s f i t u t e d  A 2 - p y r a z o l i n e s  with 
s ide  cha ins  in d i f fe ren t  pos i t ions  [1], t h e i r  i s o m e r i z a t i o n  to A ~ - p y r a z o l i n e s  [2], and the fo rma t ion  of m i x -  
t u r e s  of i s o m e r i c  p y r a z o l i n e s  dur ing  the r e a c t i o n  of hyd raz ine  with  u n s a t u r a t e d  ca rbony l  compounds  [3], 
da ta  on the c o m p a r a t i v e  t h e r m o d y n a m i c  s t a b i l i t y  of p y r a z o l i n e s  with double bonds loca t ed  in d i f fe ren t  p o s i -  
t ions  in the r i ng  a r e  of i n t e r e s t .  Although the conve r s ion  of A 2 - p y r a z o l i n e s  to A t - i s o m e r s  was long ago a s -  
sumed  as  an i n t e r m e d i a t e  s t ep  in t he i r  decompos i t ion  to cyc lop ropane  h y d r o c a r b o n s ,  and even the equ i l i b -  
r i u m  i n t e r c o n v e r s i o n  of A 2- and A i - 5 , 5 - d i m e t h y l p y r a z o l i n e s  had been a c c o m p l i s h e d  [2], t h e r e  a r e  no data  
at  a l l  r e g a r d i n g  the pos i t ion  of the A 2 ~ A i e q u i l i b r i u m .  The c onve r s ion  of 5 - subs t i t u t ed  A ~ - p y r a z o l i n e s  to 
3 - s u b s t i t u t e d  d e r i v a t i v e s  [1, 4-6] a r e  a l so  known, but the r e v e r s i b i l i t y  and e q u i l i b r i u m  c h a r a c t e r  of these  
t r a n s f o r m a t i o n s  a r e  as  y e t  unproved.  

In the c l o s e s t  acyc l i c  ana logs  of the A 2- and A i - p y r a z o l i n e s  - a l ipha t i c  h y d r a z o n e s  and azo c o m -  
pounds - the pos i t ion  of the e q u i l i b r i u m  se t  up dur ing  the ca t a ly t i c  act ion of s t r ong  b a s e s  (po tass ium t e r t -  
butoxide)  was d e t e r m i n e d  by g a s - c h r o m a t o g r a p h i c  a n a l y s i s  [7]. Under  abso lu t e ly  s i m i l a r  condi t ions ,  we 
sub j ec t ed  a n u m b e r  of A 2- and A t - p y r a z o l i n e s  wi th  d i f fe ren t  a lkyl  subs t i tuen t s  to i s o m e r i z a t i o n  at 90 ~ with 
g a s - c h r o m a t o g r a p h i c  ana lys i s  e v e r y  5 h. Mos t  of the p y r a z o l i n e s  (except for  3 - m e t h y l - ,  3 , 5 - d i m e t h y l - ,  
and 3 , 5 , 5 - t r i m e t h y l - A 2 - p y r a z o l i n e s )  we re  i s o m e r i z e d ,  but  the g radua l  accumula t ion  of some d i f fe ren t  r e a c -  
t ion p r o d u c t s ,  p robab ly  f o r m e d  as  a consequence  of s low c leavage  of the p y r a z o l i n e s  by the a lka l ine  c a t a l y s t ,  
was o b s e r v e d  on p ro longed  hea t ing .  The amount  of these  s ide  p roduc t s  did not  exceed  s e v e r a l  p e r c e n t  in 
e x p e r i m e n t s  with 0.05 M so lu t ions  of p o t a s s i u m  t e r t - b u t o x i d e ,  but in those  c a s e s  where  the a p p r o a c h  to  
e q u i l i b r i u m  was r e a l i z e d  f rom both s ides  (5 ,5 -d ime thy l -A  2- and A t - p y r a z o l i n e s  and 5 - m e t h y l - A  2- and 3-  
m e t h y l - A l - p y r a z o l i n e s ) ,  s i m i l a r  compos i t i ons  of the  r e a c t i o n  m i x t u r e s  we re  obtained,  * such that  the da ta  
p r e s e n t e d  can be c o n s i d e r e d  to  be  a suf f ic ien t ly  convincing c h a r a c t e r i s t i c  of the  e q u i l i b r i u m  pos i t ion  of the 
i s o m e r i z a t i o n ,  al though they we re  not  obta ined  unde r  s t r i c t l y  equ i l i b r i um cond i t ions .  

The r e s u l t s  p r e s e n t e d  in Tab le  1 show that  the  h ighes t  concen t ra t ion  of the A t - i s o m e r s  - f rom 6 to 
12% - is  ob ta ined  in the i s o m e r i z a t i o n  of 5 , 5 - d i a l k y l p y r a z o l i n e s .  Equ i l i b r i um is  p r a c t i c a l l y  e s t a b l i s h e d  in 
5 h at 90 ~ for  p y r a z o l i n e s  with a lkyl  subs t i tuen t s  in th is  pos i t ion .  When t h e r e  a r e  no subs t i tuen t s  in the 5 
and 3 pos i t ions  (4 -e thy l -A2-py razo l ine ) ,  the f r ac t ion  of the A t - i s o m e r  fa l l s  to 3-4%, a ppa re n t l y  due to an 
i n c r e a s e  (double) in the r a t e  of the  r e v e r s e  i s o m e r i z a t i o n  (A l ~  A2), s ince  the a t t ack  of the b a s e - c a t a l y s t  

* The dev ia t ions  in the c o n c e n t r a t i o n s  of the components  in c o u n t e r - e x p e r i m e n t s  w e r e  0.5-1.5~c. 
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TABLE i. Isomerization of P y r a z o l i n e s  by Heating with Catalytic 

Amounts of Potassium tert-Butoxide in tert-Butyl Alcohol at 90~ 

I Percent fraction of total 
I amount of pyrazolines 

Starting pyrazoline Components of the mixture formed I_after heatin~ for 
]Sh 1,0h ~mh 20h 

5-Methyl-A 2 

3-Methyl-A 2 

4-Ethyl- A 2 

3-Ethyl-~ z 

3, 5- Dimethyl- ~2 

3,4- Dimethyl- A 2 

4,5-Dimethyl- ~ 2. 

5,5-Dimethyl- ~ 2 

3,3-Dimethyl- ~ I 

5, 5- Diethyl- Z~ 2 

3,3-Diethyl- Ai 

3- Methyl- ~-nvrazoline 
3- Methyl- A -p~azoline 
5- Methyl- A~-pyrazoline 
3- Methyl- A1-pyrazoline 
3- Methyl- k~- pyr azo line 
5- Meth~rl- A~ 
3- Ethyl- ~-pyrazoline 
4-Ethyl- Z~~ 
Unidentified 
3- Ethyl- Z~- pyr azoline 
4- Ethyl- A'-pyrazoline 
Uaiddntified 
3, 5- Dimethyl- ~I_ pyr azoline * 
3, 5-Dimethyl- A~-pyrazoline 
3,4-Dimethyl- &!-pyrazoline 
3,4-Dimeth~rl- A'-pyrazoline 
Unidentified 
3,4- Dime thyl- A~-pyrazoline 
3,4- Dimethyl- A~-pyrazoline 
4, 5- Dimethyl- A~-wrazoline 
Unidentified 
3,3 - Dime thyl- A1 -pyr azoline 
5, 5-Dimethyl- ~-pyrazoline 
3,3 - Dimethyl-/4o- pyr azoline 
5, 5- Dimethyl- ZY-pyrazoliue 
3,3-Diethyl- Al-pyrazoline 
5, 5- Diethyl- A 2- pyr azoline 
3,3-Diethyl- A1-pyrazoline 
5, 5- Diethyl- A2-pyrazoline 

- -  0 , 4  0 , 4  0 , 7  
- -  9 7 , 2  97,1 96,5 
- -  2 , 4  2 , 5  2,8 
1,8 1,4 1,8 2,1 

96,9 97,5 97,1 96,7 
1,3 I,l l,I 1,2 
- -  4 ,1  3,7 2,2 
- -  93,5 92,6 95,9 
- -  2 , 4  3 , 7  1 ,9  

4,4 33 3,4 3,5 
94, I 95,2 95,0 95,3 
1,5 1,7 1,6 1,2 
l ,O 1 ,8  1,1 1,O 

99,0 98,2 98,9 99,0 
0,6 2,0 1,9 2,9 

97,9 96,0 96,1 93,6 
1,5 2,0 2,0 3,5 

- 9 2'2'6,9' - 2 ,  --  96,3 
- -  0 , 6  - -  0 , 8  
- -  0 , 3  - -  0 , 8  

6,8 6 5 6,2 6,3 
93,2 93:5 [93,8 93,7 

- -  - -  6,8 6,6 
--  --  93,2 93,4 

11,7 12,5 11,9 ll,d 
88,3 87,5 88,1 88,2 
12,9 12,1 12,2 I1,9 
87,1 87,9 I 87,8 88,1 

I 

* A m i x t u r e  of s t e r e o i s o m e r s .  

n e c e s s a r y  for  th i s  c o n v e r s i o n  can be r e a l i z e d  a t  both  of the CH 2 g roup ings  a d j a c e n t  to the - N - ~ N -  f r a g -  
m e n t  and b e c o m e s  twice  as  p r o b a b l e  as  a t t ack  in the 5 , 5 - d i s u b s t i t u t e d  c o m p o u n d s .  The c o n c e n t r a t i o n s  of 
the A t - i s o m e r s  p rove  to be l e s s  when one or  both  c a r b o n  a tom s  a d j a c e n t  to the n i t r o g e n  a tom have  a lky l  
s u b s t i t u e n t s .  3 - A l k y l - A 2 - p y r a z o l i n e s ,  which  a r e  a p p a r e n t l y  m u c h  m o r e  t h e r m o d y n a m i c a l l y  s t ab l e  than the  
5 - s u b s t i t u t e d  A 2 - p y r a z o l i n e s  and A l - i s o m e r s ,  p a r t i c i p a t e  in the  e q u i l i b r i u m  for  such  s k e l e t a l  s t r u c t u r e s .  
A f t e r  10 h of hea t ing  wi th  t e r t - b u t o x i d e  in a lcohol ,  5 - m e t h y l - A 2 - p y r a z o l i n e  is  c o n v e r t e d  to 97~  of 3 - m e t h y l -  
A 2 - p y r a z o l i n e ,  and  l e s s  than  l?c of the A t - i s o m e r  is  f o r m e d .  The  d e g r e e  of i s o m e r i z a t i o n  of 4 , 5 - d i m e t h y l -  
A 2 - p y r a z o l i n e  p r o v e s  to be j u s t  as  p rofound:  an e q u i l i b r i u m  m i x t u r e  c o n t a i n s  l e s s  than 1~ of i t  a long  wi th  
2% of the A t - i s o m e r  and 96~c of 3 , 4 - d i m e t h y l - A 2 - p y r a z o l i n e .  5 - A l k y l - A 2 - p y r a z o l i n e s  a r e  thus by  n o  m e a n s  
l e s s  i n c l i n e d  to c o n v e r s i o n  to 3 - s u b s t i t u t e d  com pounds  than  5 - a r y l - A 2 - p y r a z o l i n e s ,  and the f o r m a t i o n  of a 
c o n j u g a t e d  s y s t e m  should  n o t  be  c o n s i d e r e d  to be the m a j o r  f ac to r  in d e t e r m i n i n g  the  d i r e c t i o n  of i s o m e r i z a -  
t i on .  

The  m i g r a t i o n  of the double  bond in 5 - a l k y l - s u b s t i t u t e d  A 2 - p y r a z o l i n e s  t h rough  the  n i t r o g e n  a tom t o -  
w a r d  the s u b s t i t u e n t  is  c o m p l e t e l y  ana logous  to the  c o n v e r s i o n  of p rop iona ldehyde  i s o p r o p y l h y d r a z o n e  to 
a ce tone  p r o p y l h y d r a z o n e  [7], wh ich  i s  o b s e r v e d  u n d e r  s i m i l a r  c o n d i t i o n s .  The  e q u i l i b r i u m  be tween  i s o m e r s  
wi th  double  bonds  in d i f f e r en t  p o s i t i o n s  tha t  p r e v a i l s  in the  s i m p l e s t  p y r a z o l i n e s  is g e n e r a l l y  v e r y  s i m i l a r  
to the e q u i l i b r i u m  of a l ipha t i c  h y d r a z o n e s  and azo c o m p o u n d s  [7]. The i n c l u s i o n  of azo o r  h y d r a z o n e  f r a g -  
m e n t s  in a f i v e - m e m b e r e d  r i n g  has  c o m p a r a t i v e l y  l i t t l e  effect  on the r e l a t i v e  s t a b i l i t y  of the c o r r e s p o n d i n g  
f o r m s :  in a l l  c a s e s ,  t h e - - N H - - N ~ C - - C ,  s t r u c t u r e  is  the m o s t  s t ab l e  f o r m ,  and the C - N = N - C  and 

r 
C 

- N H - N - - - - C H - C  s t r u c t u r e s  a r e  I e s s  f a v o r a b l e  f o r m s .  
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E X P E R I M E N T A L  

A 2 - P y r a z o l i n e s .  These  compounds  we re  obta ined  f rom u n s a t u r a t e d  ea rbony l  compounds  and hydraz ine  
h y d r a t e .  T w i c e - d i s t i l l e d  p r e p a r a t i o n s ,  the c h a r a c t e r i s t i c s  of which  we re  p r e s e n t e d  in a p r ev ious  pape r  [3], 
w e r e  sub jec t ed  to i s o m e r i z a t i o n .  

A l - P y r a z o l i n e s .  P r e p a r a t i o n s  obta ined f rom the A 2 - i s o m e r s  [8] w e r e  u s e d .  

I s o m e r i z a t i o n .  The i s o m e r i z a t i o n  was c a r r i e d  out in so lu t ions  of p o t a s s i u m  t e r t - b u t o x i d e  in t e r t -  
buty l  a lcohol  p r e p a r e d  by d i s so lv ing  p o t a s s i u m  in anhydrous  a lcohol  with m p  24.5 ~ The po ta s s ium t e r t -  
butoxide concen t ra t ion  was m o n i t o r e d  by  t i t r a t i on  with 0.02 N h y d r o c h l o r i c  ac id .  (A m i x t u r e  of me thy lene  
blue and me thy l  r e d  was used  as  the ind ica to r . )  Equal  vo lumes  of 10~ (by weight)  solutions" of the p y r a z o l -  
ines  in t e r t - b u t y l  a lcohol  and a 0.05 M solut ion of p o t a s s i u m  t e r t - b u t o x i d e  w e r e  mixed  and poured  into 1-  
ml ampuls ,  which  w e r e  s e a l e d  and he ld  in a t h e r m o s t a t  at  90-~ 0,1 ~ The s a m p l e s  for  a n a l y s i s  w e r e  r e m o v e d  
at  5 h i n t e r v a l s .  (Each s a m p l e  was doubled.)  

G a s - C h r o m a t o g r a p h i c  A n a l y s i s .  The condi t ions  d e s c r i b e d  in [3] we re  u s e d .  Since the amounts  of 
some  i s o m e r s  did not  exceed  s e v e r a l  p e r c e n t ,  the s e n s i t i v i t y  was i n c r e a s e d  by a f ac to r  of t h r e e  to ten with 
r e s p e c t  to the s e n s i t i v i t y  in the  de tec t ion  of the base  peak  in o r d e r  to obtain m o r e  a c c u r a t e  r e s u l t s .  The 
quant i ta t ive  ana lys i s  was c a r r i e d  out by  mul t ip ly ing  the he ights  by the re ten t ion  t i m e s .  The dev ia t ions  d u r -  
ing r e p e a t e d  c h r o m a t o g r a p h y  did not exceed  • 0.4 abso lu te  ~c, whi le  the dev ia t ions  in p a r a l l e l  s a m p l e s  did 
not  exceed  • 0.7 a b s o l u t e % .  

In those  c a s e s  where  we did not  have a c c e s s  to pure  p r e p a r a t i o n s  of the i s o m e r s  (3 -me thy l - ,  3 ,4 -  
d i m e t h y l - ,  and 3 , 5 - d i m e t h y l - A L p y r a z o l i n e s ) ,  the peaks  w e r e  a s s i g n e d  f rom the re ten t ion  t i m e s  [3]. 
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