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The A 2 - p y r a z o l i n e s  syn thes i zed  under  the usua l  condi t ions  f rom unsa tu r a t ed  a ldehydes  and 
hydraz ine  contain  f rom 2 to 3% of the A t - i s o m e r s  and c o n s i d e r a b l e  amounts  of the i s o m e r i c  
3 - a l k y l - A 2 - p y r a z o l i n e s ,  which a r e  f o r m e d  as  a consequence  of m ig ra t i on  of the double bond.  
Mix tu res  of the s t e r e o i s o m e r i c  A ~ - p y r a z o l i n e s  a r e  fo rmed  f rom a , f l - d i a l k y l - s u b s t i t u t e d  
a c r o l e i n s .  Migra t ion  of the double bond does  not  occur  in the condensa t ion  of u n s a t u r a t e d  
ke tones  with h y d r a z i n e ,  and A 2 - p y r a z o l i n e s  that  a r e  f r ee  f rom a d m i x t u r e s  of the s t r u c t u r a l  
i s o m e r s  a r e  obta ined .  

In s tud ies  conducted  in the l a s t  f ive y e a r s  [1,2], it  was e s t a b l i s h e d  that  the fo rma t ion  of m i x t u r e s  of 
s t r u c t u r a l l y  i s o m e r i c  A2-pyrazo l ines  often occu r s  in the condensa t ion  of a, f i - u n s a t u r a t e d  a ldehydes  with 
m o n o a l k y l h y d r a z i n e s ,  the p robab le  r e a s o n  for  which i s  the s t e r i c  h ind rance  to the addi t ion of the NH group 
of the a lky lhyd raz ine  to the subs t i tu ted  C -----C bond and the p o s s i b i l i t y  of the a t t ack  of NH by the ca rbony l  
group [3]. In the  c a s e  of the r e a c t i o n s  of hydraz ine  i t s e l f  with unsa tu r a t ed  ca rbony l  compounds ,  such 
r e a s o n s  for  the fo rma t ion  of i s o m e r i c  p y r a z o l i n e s  a r e  excluded,  but one cannot  exc lude  the p o s s i b i l i t y  of 
the fo rma t ion  of i s o m e r s  due to m i g r a t i o n  of the double bond in the  p y r a z o l e  r i n g .  E x a m p l e s  of th is  s o r t  of 
a l onge r  ~ - ~  conjuga ted  s y s t e m  have long been known, Thus as  e a r l y  as  1924 it  was e s t a b l i s h e d  that  the 
condensa t ion  of hyd raz ine  with 3 ,4 -d ime thoxyc innama ldehyde  g ives  the 3 - subs t i t u t e d  i s o m e r  r a t h e r  than the 
expec ted  5 - a r y l - s u b s t i t u t e d  A2-py razo l i ne  [4], and a m i x t u r e  of 5-  and 3 - p h e n y l - A 2 - p y r a z o l i n e s  was l a t e r  
obta ined f rom c innamaldehyde  [5]. However ,  the p o s s i b i l i t y  of the m i g r a t i o n  of a double bond under  the 
condi t ions  of the syn thes i s  of the s i m p l e s t  p y r a z o l i n e s  wi th  a lkyl  subs t i tuen t s  (in the a bse nc e  of l r - ~  con -  
jugat ion effects)  r e q u i r e d  a s p e c i a l  i nves t iga t ion .  The i s o m e r i z a t i o n  of 5 - m e t h y l - A 2 - p y r a z o l i n e  to 3-  
m e t h y l - A 2 - p y r a z o l i n e  was r e c e n t l y  a c c o m p l i s h e d  unde r  c o m p a r a t i v e l y  s e v e r e  condi t ions  (heating to 180 ~ 
with KOH) [6], but conve r s ion  of 5 , 5 - d i m e t h y l - A 2 - p y r a z o l i n e  to the A t - i s o m e r  p roved  to be unexpec ted ly  
e a s i l y  brought  about even on d i s t i l l a t i on  [7]. 

In the old inves t iga t ions  of the syn thes i s  of p y r a z o l i n e s ,  the a d m i x t u r e  of i s o m e r s  was not  m o n i t o r e d  
because  of the absence  of su i tab le  ana ly t i ca l  methods ,  a n d  t h e r e  is  no in fo rmat ion  r e g a r d i n g  the pe rcen t age  
of i s o m e r s  in the p roduc ts  of the condensa t ion  of hyd raz ine  with u n s a t u r a t e d  a ldehydes  and ke tones .  We in -  
ve s t i ga t ed  the  i s o m e r i c  compos i t ion  of p y r a z o l i n e s  f o r m e d  in the cold  f rom hyd raz ine  h y d r a t e  and un-  
s a t u r a t e d  ca rbony l  compounds  C 4HGO- C ~H100 (cro tonaldehyde ,  t ig la ldehyde ,  a - m e t h y l - ,  a - e t h y l - ,  and a -  
m e t h y l - p - e t h y l a c r o l e i n s ,  me thy l  vinyl  ketone,  me thy l  i sop ropeny l  ketone,  and m e s i t y l  oxide).  It t u rned  out 
that  only the 3 - a l k y l - s u b s t i t u t e d  p y r a z o l i n e s  obtained f rom the u n s a t u r a t e d  ke tones  a r e  s t r u c t u r a l l y  h o m o -  
geneous :  they conta ined n e i t h e r  A t - p y r a z o l i n e s  no r  A 2 - p y r a z o l i n e s  with s ide  chains  in a d i f fe ren t  posi t ion 
r e l a t i v e  to the  C ~ N bond, which might  have been f o r m e d  as  a consequence  of m i g r a t i o n  of the l a t t e r .  On 
the other  hand, a p p r e c i a b l e  amounts  of both the A l - p y r a z o l i n e  and i s o m e r i c  3 - s u b s t i t u t e d  A 2 - p y r a z o l i n e s  
a r e  p r e s e n t  along with the chie f p r o d u c t - t h e  A2-pyrazo l ine  of the a p p r o p r i a t e  s t r u c t u r e  - i n  the r e a c t i o n  m i x -  
t u r e s  f rom the condensa t ion  of s e v e r a l  u n s a t u r a t e d  a ldehydes  with hyd raz ine  h y d r a t e  (Table 1). Since the 
s t a r t i n g  u n s a t u r a t e d  a ldehydes  did not  contain  i m p u r i t i e s ,  the p r e s e n c e  of i s o m e r s  can be exp la ined  by the 
c o m p a r a t i v e l y  fac i l e  i s o m e r i z a t i o n  of the A2-py razo l i ne  to  the A ~ - i s o m e r  with subsequent  conve r s ion  to 3 -  
a l k y l - A 2 - p y r a z o l i n e .  This  i s o m e r i z a t i o n  i s  c a t a lyzed  by b a s e s ,  so  that  t h e  amount  of i s o m e r s  depends  on 
the t ime  and method  used  in the  t r e a t m e n t  of the r e a c t i o n  m i x t u r e s .  As seen f rom the da ta  in TabIe  1, 
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TABLE 3. R e l a t i v e  Retent ion T i m e s  of 
A t -  and A 2 - P y r a z o l i n e s  on Cyanoe thy l -  
a ted  Manni to l  

Position of the alkyl 
substituents ~rel (a, : a~) 

4- Methyl 
4-Ethyl 
5- M~thyl 
cis-4, 5- Dimethx1 
~ans -4, 5- Dimekhyl 
cis-4- Methyl- 5- erhy_l 
tram-4- Methyl- 5-ethyl 

0,47 
0,45 
0,47 
0,47 
0.53 
0,54 
0,57 

a f t e r  p ro longed  d ry ing  with p o t a s s i u m  ca rbona t e  and,  p a r t i c u -  
l a r l y ,  p o t a s s i u m  hydrox ide ,  the r e a c t i o n  m i x t u r e s  contain f rom 
s e v e r a l  pe r c e n t  to s e v e r a l  tens  of p e r c e n t  of the i s o m e r s .  

The r e s u l t s  a r e  of i n t e r e s t  as  c h a r a c t e r i s t i c  of the c o m -  
p a r a t i v e  s t a b i l i t y  of i s o m e r i c  p y r a z o l i n e s  and for  the  syn thes i s  
of pure  p y r a z o l i n e s .  Although the n u m b e r s  in Table  1 a r e ,  of 
c o u r s e ,  not  the equ i l i b r ium c onc e n t r a t i ons ,  they a r e  ev idence  
that  the  l e s s  s t ab le  i s o m e r s  - the A l - p y r a z o l i n e s  - should 
n e v e r t h e l e s s  be p r e s e n t  at equ i l i b r i um in amounts  of s e v e r a l  
pe rcen t ,  while  the 3 - a l k y l - s u b s t i t n t e d  A 2 - p y r a z o l i n e s  a r e  much 
m o r e  s t ab le  than the c o r r e s p o n d i n g  A l - p y r a z o l i n e s  and i s o -  
m e r i c  5 - subs t i t u t e d  compounds .  The r a t e  of i s o m e r i z a t i o n  of 

the p y r a z o l i n e s  appa ren t ly  depends  subs t an t i a l l y  on t h e i r  s t r u c t u r e ,  and the a bse nc e  of i s o m e r i c  i m p u r i t i e s  
in the 3 - a l k y l - A 2 - p y r a z o l i n e s  obtained f rom ketones  is  a ppa re n t l y  exp la ined  not  only by t h e i r  much h ighe r  
t h e r m o d y n a m i c  s t ab i l i t y  but a l so  by the ve ry  low r a t e  of i s o m e r i z a t i o n .  Owing to th is ,  A 2 - p y r a z o l i n e s  with 
a s ide  chain in the 3 pos i t ion  a r e  obtained in pure  fo rm f rom the c o r r e s p o n d i n g  u n s a t u r a t e d  ke tones ,  but  
thorough r e m o v a l  of the i s o m e r s  f o r m e d  (espec ia l ly  in the  c a s e  of 5 - a l k y l - s u b s t i t u t e d  compounds ,  which 
a r e  c o m p a r a t i v e l y  r e a d i l y  conve r t ed  to 3 - subs t i t u t e d  compounds)  is  n e c e s s a r y  in the  syn thes i s  of p y r a z o -  
l ines  f r o m  u n s a t u r a t e d  a ldehydes  and hyd raz ine .  

The fo rmat ion  of s t e r e o i s o m e r i c  p y r a z o l i n e s  is  poss ib l e  in two of the examined  r e a c t i o n s .  The r e -  
su l t s  of 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  and the PMR s p e c t r a  of the p roduc t s  of the condensa t ion  of hyd raz ine  
with t tg la ldehyde  and a - m e t h y l - f l  - e t h y l a c r o l e i n  d e m o n s t r a t e  that  they  contain m i x t u r e s  of c i s  and t r a n s  
i s o m e r s .  4 , 5 - D i m e t h y l - A 2 - p y r a z o l i n e  c o n s i s t e d  of 73~c c i s  and 27% t r a n s  f o r m s ,  while 4 - m e t h y l - 5 - e t h y l -  
A 2 - p y r a z o l i n e  conta ined  40 and 60% of the c o r r e s p o n d i n g  s t e r e o i s o m e r s .  A c c o r d i n g  to the  m o s t  r e c e n t  
v iews [8], the  s t e r e o i s o m e r i c  compos i t ion  of 4 ,5 -d i subs t i t u t ed  py rz o l i ne s  obta ined f rom a , f l - u n s a t u r a t e d  
ca rbony l  compounds  should be d e t e r m i n e d  by the s t e r e o c h e m i s t r y  of the pro tona t ion  of the i n t e r m e d i a t e  A 3- 
p y r a z o l i n e s  and the p o s s i b i l i t y  of the e s t a b l i s h m e n t  of equ i l i b r ium between the s t e r e o i s o m e r s .  The da ta  
ava i l ab l e  up to now [1,8-10] p e r t a i n e d  to the s t e r e o i s o m e r i s m  of 1 - subs t i t u t e d  A 2 - p y r a z o l i n e s  s y n t h e s i z e d  
f rom pheny lhydraz ine  and m e t h y l h y d r a z i n e .  Our da ta  c omp le me n t  th i s  in format ion  and d e m o n s t r a t e  that ,  in 
a l l  of the c a s e s  s tudied,  the 4 ,5 -d i subs t i t u t ed  p y r a z o l i n e s  obtained f rom u n s a t u r a t e d  ca rbony l  compounds  
contain  both s t e r e o i s o m e r i c  f o r m s ,  the r a t i o  between which v a r i e s  over  r a t h e r  wide l i m i t s .  

The l i t e r a t u r e  da ta  on 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  a r e  inadequate  and in mos t  c a s e s  pe r t a in  to 
p r e p a r a t i o n s  of an uncer ta in  d e g r e e  of pu r i ty .  The c h a r a c t e r i s t i c s  of t w i c e - d i s t i l l e d ,  c h r o m a t o g r a p h i c a l l y  
pure  A 2 - p y r a z o l i n e s  a r e  p r e s e n t e d  in Table  2. 

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

Condensa t ion  of U n s a t u r a t e d  C arbonyl  Compounds with Hydraz ine .  This  was c a r r i e d  out under  s t a n -  
d a r d  condi t ions  without a so lven t .  An e q u i m o l a r  amount  of f r e s h l y  d i s t i l l ed ,  c h r o m a t o g r a p h i c a l l y  pure  c a r -  
bonyl compound was added with s t i r r i n g  and ice cool ing to 96% hydraz ine  h y d r a t e  (0.5-2 mole)  at  such a 
r a t e  that  the t e m p e r a t u r e  of the r eac t i on  m i x t u r e  did not  exceed  10-15 ~ The mix tu r e  was then s t i r rec t  for  
1 h at r o o m  t e m p e r a t u r e ,  powdered  p o t a s s i u m  ca rbona te  was added,  and the m i x t u r e  was s t i r r e d  for  ano ther  
hour .  The o rgan ic  l a y e r  was d r i e d  for  a c e r t a i n  t ime  over  g ranu la t ed  p o t a s s i u m  ca rbona t e  o r  a lka l i ,  
ana lyzed  with a c h r o m a t o g r a p h ,  and then d i s t i l l e d  with a vacuum column (15 t h e o r e t i c a l  p la tes )  in a s t r e a m  
of n i t r ogen .  

C h r o m a t o g r a p h i c  A n a l y s i s .  This  was c a r r i e d  out with a Tswet t -1  c h r o m a t o g r a p h  with  a m e t r i c  g l a s s  
column conta ining Ce l i t e -545  (60-80 mesh)  wi th  10~ cyanoe thy la t ed  manni to l .  The column t e m p e r a t u r e  was 
100 o , and the c a r r i e r  gas  was n i t rogen .  

The A l - p y r a z o l i n e s  a lways  had s h o r t e r  re ten t ion  t i m e s  than the c o r r e s p o n d i n g  A 2 - i s o m e r s ,  which do 
not  have subs t i tuen t s  in the 3 posi t ion,  while the 3 - a l k y l - A 2 - p y r a z o l i n e s  a lways  had longer  r e ten t ion  t i m e s  
than the l a t t e r .  The m o n o a l k y l - A ~ - p y r a z o l i n e s  we re  ident i f ied  by mix ing  with authent ic  p r e p a r a t i o n s  p r e -  
p a r e d  by i s o m e r i z a t i o n  of A 2 - p y r a z o l i n e s  [11]. 3 - M e t h y l -  and 3 , 4 - d i m e t h y l - A 2 - p y r a z o l i n e s  we re  i d e n t i f i e d  
with genuine p r e p a r a t i o n s  obta ined f rom methy l  vinyl  ketone a~d methyl  i sop ropeny l  ketone,  r e s p e c t i v e l y .  
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Fig .  1. C h r o m a t o g r a m s  of the r e a c t i o n  m i x t u r e  
of p roduc t s  of the condensa t ion  of hyd raz ine  
h y d r a t e  with t i g l a ldehyde  (A) and of the 4 ,5 -  
d i m e t h y l - A 2 - p y r a z o l i n e  (B) i so l a t ed  f rom it: 1) 
and 2) c i s -  and t r a n s - 4 , 5 - d i m e t h y l - A 2 - p y r a z o  - 
l i ne s  ( r e spec t ive ly ) ;  3) c i s -  and t r a n s - 3 , 4 - d i -  
m e t h y l - A l - p y r a z o l i n e s ;  4) 3 , 4 - d i m e t h y l - A 2 - p y r a  - 
zo l ine .  

In the  c a s e  of 4 , 5 - d i a l k y l p y r a z o l i n e s ,  the peaks  
of the A l - i s o m e r s  w e r e  a s s i g n e d  f rom the r e t en t ion  
t i m e s ,  s i nce  it t u rned  out that  the r a t i o  of the r e t e n -  
t ion t i m e s  (A 1 ;A 2) was approx imate ly  cons tan t  and 
a v e r a g e d  0.5 (see Tab le  3). F o r  ~ r e l  ~ 0.5, t h e r e  
w e r e  two peaks  on the c h r o m a t o g r a m  of the r e a c t i o n  
m i x t u r e  f rom the s y n t h e s i s  of 4 , 5 - d i a l k y l - A  ~- 
p y r a z o l i n e s ,  and we a s s i g n e d  them to the c i s -  and 
t r a n s - 3 , 4 - d i a l k y l - A l - p y r a z o l i n e s .  By way  of i l l u s t r a -  
t ion ,  the c h r o m a t o g r a m  of the r e a c t i o n  m i x t u r e  of 
4 , 5 - d i m e t h y l p y r a z o l i n e s  is  p r e s e n t e d  in F i g .  1. The 
ident i f ica t ion  of the m a j o r  components  as  c i s  and 
t r a n s  f o r m s  of 4 , 5 - d i m e t h y l - A 2 - p y r a z o l i n e  was made  
on the b a s i s  of the  PMR s p e c t r u m ,  which is the s u p e r -  
impos i t ion  of s igna l s  of t he se  s t e r e o i s o m e r s  with a p -  
p r o x i m a t e l y  the s a m e  in t ens i ty  r a t i o  as  for the m a j o r  
peaks  on the c h r o m a t o g r a m .  The m u l t i p l e t s  of the 
H-C ~ and H-C 4 protons of the trans form (T 6.72 
and 7.45 ppm) are situated at higher field than the 
corresponding multiplets of the cis form (T 6.27 and 
7.10 ppm), while the doublets of the methyl groups of 
the trans form (CH3 C5 and CH3C4), on the other hand, 

have lower  Tva lues  (8.72 and 8.82 ppm,  r e s p e c t i v e l y )  than for  the c is  fo rm,  for  which they a r e  m o r e  sh ie lded  
by the ad jacen t  CH 3 g roups  (:~ 8.86 and 8.95 ppm).  

Comple t e ly  s i m i l a r  r a t i o s  of the c h e m i c a l  shi f ts  of the p ro tons  of the c is  and t r a n s  f o r m s  and of t he i r  
r e t en t ion  t i m e s  w e r e  o b s e r v e d  for  1 , 4 , 5 - t r i m e t h y l - A ~ - p y r a z o l i n e  [1]. 

The s t e r e o i s o m e r s  of 4 - m e t h y l - 5 - e t h y l - A ~ - p y r a z o l i n e  w e r e  ident i f ied  by the s a m e  s o r t  of c o m p a r i s o n  
of the c h r o m a t o g r a m s  and PMR s p e c t r a ,  and in th is  c a s e  the r e a c t i o n  m i x t u r e  con ta ined  m o r e  t r a n s  form 
than c i s  f o rm  (3 : 2). 
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