
P Y R A  Z O L I D I N E  C H E M I S T R Y  

XVII.* ANOMALOUS BEHAVIOR OF 4-ETHYLIDENE DERIVATIVES OF 

1,2-DIPHENYL-3,5-DIOXOPYRAZOLIDINE DERIVATIVES DURING 

HYDROGENATION OVER RANEY NICKEL 

B .  L .  M o l d a v e r  a n d  M.  E .  A r o n z o n  UDC 547.775 

In cont ras t  to 4-benzyl idene- l ,2-diphenyl-3 ,5-dioxopyrazol id ine  and its aromat ic  and he te ro -  
cycl ic  analogs, 4-ethylidene derivat ives and their  cycl ic  analogs are hydrogenated at the exo-  
cycl ic  double bond not only in neutral  ethanol but also in ethanol in the presence  of alkali. 
The UV spec t ra  of the s tar t ing compounds and hydrogenation products in ethanol at var ious 
pH values were examined, and the possible reasons for the anomalous hydrogenation of the 
4-ethylidene der ivat ives  are  discussed.  

We previously  demonst ra ted  the increase  in the res is tance  of the N - N  bond to hydrogenolysis  in 4-  
unsubstituted, 4-monosubst i tuted [2], and 4-benzylidene derivat ives [3] of 1 ,2-diphenyl-3,5-dioxopyrazol id-  
ine (DDP) during hydrogenation over  Raney nickel in ethanol in the presence  of alkali and expressed  an a s -  
sumption regarding  the addition of a hydroxyl ion to 4-benzylidene-DDP to form a carbinol  enolate (II).t 

In this investigation we have found (Table 1) that the behavior of 4-aryl idene-DDP (Ia,c) does not 
change when the phenyl radical  in Ia is replaced by anthryl and furyl res idues;  in neutral  ethanol they are 
hydrogenated at the C = C  and N - N  bonds to the corresponding saturated dianilides (Vb, c), while in the 
presence  of alkali they are not hydrogenated and are  regenera ted  on acidification of the solution. 4-Cinn-  
amylidene-DDP (Id), the vinylog of Ia, is hydrogenated only at the noncyclic double bond in ethanol in the 
presence  of alkali to form 4-(~-phenylpropyl idene)-DDP (Ie). The behavior  of 4-(~-phenylbenzyl idene)-  
DDP (If) in neutral  and alkaline media  is s imi la r  to the behavior  of I a -c .  

F OH o~ 1 OQ O)--N--c~.~" o.e l r 2z--N--C~.~l (.J ~--N--C~H~ 
,- R--C-- I - R--CH--.. l 

R--s ' ~ 1 '  ~--N-C6Hs I Ni l~'og--N--c6H~ "$ L R ~ c, . ] fR' O) -N-%"~ 
I a-j l l a - j  iu a-j | 

o~ N--C H 
R--CH--~ 

~, o~--NH--CBH5 Ni IR ' O//. N--.C6H 5 
va-j  Jva-J 

I -Va,  R = phenyl, R' = H; b, R = 9-anthryl ,  R'  = H; c, R = o~- 
furyl,  R'  = H; d, R = ~ - s ty ry l ,  R' = H; e, R = phenylethyl, R'  = H; 
f, R = R' = phenyl; g, R = phenyl, R' = methyl;  h, R = R' = methyl;  
i, R,R'  = te t ramethylene;  j, R,R' = pentamethylene. 

* See [1] for communicat ion XVI. 
t The work was repor ted  in [4] before the publication of [2, 3]. 

Leningrad Pha rmaceu t i ca l -Chemis t ry  Institute.  Trans la ted  from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 5, pp. 657-661, May, 1971. Original ar t ic le  submitted May 21, 1970. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 P/est 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

6 1 6  



I 

0 

0 

r/1 

a, 

o 

b~ 
0 

.I 
m 

b, .  

N N N N N N ~ ~ 

~ .~ ~ ~ ~o ~ ' o  
' . ~  .~ .~ ~ o .~ ~ ~ .~ 

~ ~ ~ , ~ . '  

617 



I 

z z z 

"0  "0  

.,-i. u u 

4 

o 
~0 = = = 

N N 

~  

. o  

~) 
N 

I 

0 

o 

~ )  

g S ~  

�9 .~. ~ o~ o ~ ~ o . . ~ o~ ~ 

0 0 ~.~ 0 0 0 ~ ~ 0 

~ o  "0 ~ ~ ~ , ~  .,~ . ~ , - ~  ,~ ~ ~ 0 

6 1 8  



T A B L E  2, UV S p e c t r a  of  DDP (I) and T h e i r  H y d r o g e n a t i o n  P r o d u c t s  

Comp. 

Ia  
IVa 
Va 
lb 

Vb 
le 

Vc 
id 
I e  

Ve 
If 

Vf 
Ig 

IVg 

l'dl 
Vh 
Ii 

IVi 
g~. 
II 

IVJ 
VJ 

In neulral efllanol 

~max' n m  

254; 336 
267 
248 
252; 488 
233 
242; 373 
249 
245; 386 
241; 399 
246 
248; 337 
248 

Iga 

4,47; 4,13 
4,22 
4,25 
5,41; 3,98 
5,20 
4,20; 4,54 
4,28 
4,35; 4,35 
4,23; 3,11 
4,43 
4,50; 4,53 
4,40 

~a ethanolin I 
presence of / 
alka~ . . . . . .  i. 

248; 356~366 
267 
248 
251; 340--370 
239 
247 
259; 344--363 
269 
246 
257; 346--363 
269 
247 

4,37; 2,25 
4,43 
4,44 
4,45; 2,85 
4,19 
4,44 
4,52; 2,81 
4,47 
4,54 
4,38; 2,82 
4,20 
4,47 

260 
267 
248 
260 
233 
260 
249 
261 
261 
246 
261 
24~ 
256 
270 
24~ 
261 
267 
247 
25 c 
26 c 
24~ 
26( 
26 c. 
24] 

In aeidified ethanol 

kmax' n m  

i,41 I 237; 336 
1,27 245 
i,25 248 
5,27 252; 488 
,77 233 

4,44 242; 373 
4,37 249 
4,43 242; 386 
4,43 242; 399 
4,42 246 
4,48 248; 337 
4,43 248 
4,46 247 
4,41 241 
4,43 248 
4,50 251; 340--370 
4,371 239 
4,37 247 
4,64 I 235; 344"363 
4,56 239 
4,53 246 
4,38 I 249; 346--363 
4,20 239 
4,45247 

Ig8 

4,18; 4,09 
4,07 
4,33 
5,46; 3,98 
5,12 
4,24; 4,67 
4,35 
4,21; 4,33 
4,22; 3,10 
4,44 
4,42; 4,56 
4,34 
4,37 
4,22 
4,37 
4,18; 2,83 
4,28 
4,41 
4,38; 2,80 
4,36 
4,54 
4,18; 2,80 
4,20 
4,39 

When  n e u t r a l  e t hano l  s o l u t i o n s  of  DDP I a r e  r e f l u x e d  in  the  p r e s e n c e  of R a n e y  n i c k e l ,  s a t u r a t e d  d i -  
a n i l i d e s  V a - c  and V e - j  a r e  f o r m e d .  As  in  the  h y d r o g e n a t i o n  in  n e u t r a l  e thano l ,  the  r e a c t i o n  p r o c e e d s  
t h r o u g h  the  c o r r e s p o n d i n g  s a t u r a t e d ,  s u b s t i t u t e d  IV, a s  can  be  j u d g e d  f r o m  the d e t e c t i o n  of  IVf -h  in  the  
c a t a l y z a t e s  (Table  1) and t h e i r  d i s a p p e a r a n c e  d u r i n g  add i t i ona l  h y d r o g e n a t i o n .  

In  c o n t r a s t  to  t he  4 - b e n z y l i d e n e - D D P  and t h e i r  a n a l o g s ,  the  4 - e t h y l i d e n e - D D P  (Ig,h) a r e  h y d r o g e n a t e d  
at  the  e x o c y c l i c  double  bond  to f o r m  the  c o r r e s p o n d i n g  4 - m o n o s u b s t i t u t e d  DDP (IVg,h), not  only  in  n e u t r a l  
e t hano l  bu t  a l s o  in  e thano l  in  the  p r e s e n c e  of a l k a l i .  The  c y c l i c  ana log  of 4 - i s o p r o p y l i d e n e - D D P ,  v i z . ,  4 -  
c y c l o p e n t y l i d e n e - D D P  (Ii), b e h a v e s  s i m i l a r l y .  4 - C y c l o h e x y l i d e n e - D D P  (Ij) i s  not  h y d r o g e n a t e d  in  e thano l  in  

t he  p r e s e n c e  of  a l k a l i .  

The  p r e s e n c e  of an a b s o r p t i o n  band  wi th  a m a x i m u m  at  241-251 n m  (log e 4 .3 -4 .6 )  and a s e c o n d  a b -  
s o r p t i o n  band  at  340-400 n m  i s  c h a r a c t e r i s t i c  f o r  the  s p e c t r a  of  a l l  of  the  DDP (l) in  a c i d i c  e thano l  (Table  2). 
O n e ' s  a t t en t ion  i s  d r a w n  to the  r e l a t i v e l y  low i n t e n s i t y  and e l o n g a t e d  c h a r a c t e r  of t h i s  band  in the  c a s e  of 
the  4 - e t h y l i d e n e - D D P  and t h e i r  a n a l o g s  ( Ig- j )  a s  c o m p a r e d  wi th  the  4 - b e n z y l i d e n e - D D P  and t h e i r  a na logs  
{Ia-d).  The  s p e c t r a  in  n e u t r a l  e thano l  a r e  s i m i l a r  to  the  s p e c t r a  i n  a c i d i c  e thano l ;  a s  fo r  the  b e n z y l i d e n e  
d e r i v a t i v e s  [3], in  s o m e  c a s e s  one n o t e s  a b a t h o c h r o m i c  sh i f t  of  the  s h o r t - w a v e  band ,  which  can  be  e x -  

p l a i n e d  by  the  s o l v a t o c h r o m i c  e f f ec t  of the  s o l v e n t .  

As  in  the  c a s e  of 4 - b e n z y l i d e n e - D D P  [2], the  a b s o r p t i o n  band  in  the  v i s i b l e  r e g i o n  in  the  s p e c t r a  of  a l l  
of  the  DDP ( lb- j )  in  e thano l  in the  p r e s e n c e  of  a l k a l i  v a n i s h e s ,  whi le  the  s h o r t - w a v e  band  i s  sh i f t e d  b a t h o -  
c h r o m i c a l l y  by  10-24  nm,  e n t e r i n g  into  the  a b s o r p t i o n  r e g i o n  of  an e n o l a t e  and,  as  a r u l e ,  b e c o m e s  m o r e  i n -  
t e n s e  and b r o a d e r .  Th i s  m a k e s  i t  p o s s i b l e  to  a s s u m e  tha t  c a r b i n o l  e n o l a t e s  I I  a r e  f o r m e d  in t h i s  c a s e .  At  
the  s a m e  t i m e ,  the  a b s o r p t i o n  m a x i m a  of  DDP I in a l k a l i  a r e  sh i f t e d  b y  6-12 nm to the  s h o r t - w a v e  r e g i o n  as  
c o m p a r e d  wi th  the  p o s i t i o n  of the a b s o r p t i o n  m a x i m a  of  the  4 - m o n o s u b s t i t u t e d  s a t u r a t e d  DDP IV o b t a i n e d  
f r o m  t h e m ,  which  i n d i c a t e s  the  e x i s t e n c e  of a de f in i t e  d i f f e r e n c e  in  the  s t r u c t u r e s  of  the  e n o l a t e s  of t h e s e  
c o m p o u n d s  (II and I I I ) .  

C o n s i d e r i n g  the  h igh  l a b i l i t y  of the  h y d r o g e n  of the  m e t h y l  g r o u p s  of 4 - e t h y l i d e n e - D D P ,  wh ich  i s  o b -  
s e r v e d  in su l fona t i on  r e a c t i o n s  [11] and in r e a c t i o n s  wi th  a l d e h y d e s  [12] and d i a z o n i u m  s a l t s  [13], i t  can  be 
a s s u m e d  tha t  t he  h y d r o g e n a t i o n  of  I g - i  in  a l k a l i n e  m e d i a  p r o c e e d s  t h r o u g h  m e s o m e r i c  c a r b a n i o n  A, wh ich  
i s  f o r m e d  on d i s s o l v i n g  t h e m  in  e thano l  in  the  p r e s e n c e  of a l k a l i ,  a s  h a s  b e e n  d e m o n s t r a t e d  fo r  4 - e t h y l i d e n e  
and  4 - c y c l o a l k y l i d e n e  d e r i v a t i v e s  of M e l d r u m  a c i d  [14]. 
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The format ion  of this anion is apparently hindered in the case of a cyclohexylidene substituent (Ij) as 
a consequence of i ts  nonplanar configuration which, in addition, can also h inder  the adsorption of Ij on the 
ca ta lys t .  

The explanation of the r ea son  for  the anomalous hydrogenation of 4-ethyl idene-DDP requ i res  addition- 
al invest igat ion.  

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

As desc r ibed  in [2,3], I and IV were  hydrogenated in the p resence  of W-5 Raney nickel catalyst .  The 
effect  of the conditions on the direct ion of the hydrogenation and the cha rac t e r i s t i c s  of the compounds ob- 
tained are  p resen ted  in Table 1. 

4- (9-Anthrylmethylene)-DDP (Ib). A mix ture  of 5 g (0.001 mole) of 1 ,2-diphenyl-3 ,5-dioxopyrazol id-  
ine, 5 g (0.025 mole) of 9-anthraldehyde,  and 100 ml of ethanol was ref luxed on a water  bath for  2 h. The 
prec ip i ta te  that fo rmed  on cooling was r ec rys t a l l i zed  f rom benzene to give 8.4 g (87%) of an o range - r ed  
compound with mp 233-234 ~ (Table 1). 

Substituted Malonic Acid Dianilides (Vb,c,e-j).  A total of 0.001-0.002 mole of s tar t ing I in 20 ml of 
ethanol was hydrogenated in the p resence  of 1-2 g of W-5 Raney nickel until hydrogen absorption ceased.  
The f i l t ra te  a f te r  removal  of the cata lys t  was evaporated to dryness ,  and the res idue was r ec rys t a l l i zed .  
The c ha r a c t e r i s t i c s  of the new compounds obtained are  presented  in Tables  1 and 2. 

The IR spec t r a  of minera l  oil suspensions were obtained with an IKS-14 sp ec t ro m e te r  with NaC1 and 
LiF p r i s m s .  The e lec t ronic  spec t ra  of solutions in 96% ethanol and in ethanol containing 0.35% HC1 or  0.1% 
KOH (1 to 4 �9 10 -5 and 5 - 10 -4) were  obtained with an SF-4a spec t rophotometer .  
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