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

XV*. ELECTRONIC SPECTRA OF 4-BENZYLIDENE DERIVATIVES 

OF 1 ,2-DIPHENYLPYRAZOLIDINE-3,5-DIONE AND THEIR STABILITY 

TO CATALYTIC HYDROGENATION IN THE PRESENCE OF RANEY NICKEL 

B .  L .  M o l d a v e r  a n d  M.  E .  A r o n z o n  UDC547.755:542.941:543.422 

A study of the i r  e lec t ron ic  s p e c t r a  has led to the hypothesis  that  4 - b e n z y l i d e n e - l , 2 - d i -  
phenylpyrazol id ine-3 ,5-d iones  exis t  in the diketo f o r m  in acidic and neutra l  med ia  and 
f o r m  enolate earb inols  (A) in alkaline media .  The l a t t e r  fac t  explains the s tabi l i ty  of the 
N - N  bond of these  compounds on catalyt ic  hydrogenat ion in the p r e s e n c e  of a Raney nickel  
ca ta lys t  in alkaline ethanol.  

On studying the p r o p e r t i e s  of 4-benzyl idene de r iva t ives  of 1 ,2-diphenylpyrazol id ine-3 ,5-dione  (DPD), 
we found that  co lored  solutions of these  compounds (Ia-h) in neut ra l  ethanol become  decolor ized  when the 
solutions a re  made  alkaline.  The colorat ion is r e g e n e r a t e d  a f te r  acidif icat ion.  This behav io r  of I a -h  can 
be explained by the fo rmat ion  of the enolate carbinol  (t9 through the addition of a hydroxyl  ion: 

0 O 0 
H II . ~ " r - - .  I I . ~ N - - C  H r 1 ~ I.L-N--C6H~ 

/ ~ - - ~  I / "~ ,~- -~6r 's  O H  O //--~., / ,  6 5  [HI  / f ~ . \  H / ' 

OH 010 A 0 I 0 I I  

0 0 
/~--N tl--CoH~ ~ /~'-N H--C6 H5 

~,L )k-CH=k~__ [Hl 

O Iv  O I I I  

X=H;  bs  C X=Cl -p :d  X=COOH-p;  eX=OCH3-P:  f X = N H 2 - P :  ~ X=N(CH3)2"P: 

h X=(OCH3)2"p, m 

To conf i rm the hypothes is  put fo rward ,  we have studied the e lec t ronic  s p e c t r a  of compounds Ia -h  
in neu t ra l ,  ac idic ,  and alkal ine ethanolic solut ions.  There  is i so la ted  informat ion  in the l i t e r a tu r e  [1-4] 
concerning the e lec t ron ic  s p e c t r a  of 4-benzyl idene de r iva t ives  of DPDTs in neut ra l  alcoholic solut ions.  
The s p e c t r a  obtained genera l ly  r e l a t e  to the diketo f o r m .  Absorpt ion with a m a x i m u m  at 240 nm is c h a r a c -  
t e r i s t i c  for  DPD der iva t ives  with a fixed diketo f o r m  and also for  4-monosubs t i tu ted  DPD' s  [5] in acidif ied 
ethanol.  The absorp t ion  m a x i m u m  of DPD enolate anions is at 260-268 nm and that  of fixed enols [6] at 
253 nm.  

* F o r  Communicat ion XIV, see  [7]. 
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TABLE 1. UV Spectra of 4-Benzylidene Derivatives of 1,2-Di- 
phenylpyrazolidine-3,5-dione (I), the Products of Their Hydro- 
genation (II, II~, and Dianilides of Benzylidenemalonic Acid (IV) 

In alkaline I 
In acidified ethanol ethanol _ In neutral ethanol 

Eo zm~ ~, nm log ~ ~n~' log ~ ~, . . . .  nm log s 
(3 

la 
lb 
Ic 
Id 
le 
If 

IIa 
Ilf 

Ilia 
Ille 
llI g 
IIh 
IVe 
IV g 

237 336 
247 322 
24t 342 
238 
248 390 
245 460 
248 482 
235 408 
240 
241 
248 
246 
250 
247 
237 322 
243 320 

4,18 
4,14 
4,35 
4,24 
4,29 
4,26 
4,35 
4,25 
4,18 
4,29 
4,33 
4,37 
4,32 
4,43 
4,32 
4,36 

4,09 260 
3,51 262 
4,51 259 

261 
4,30 264 
5,25 256 
3,98 259 
4,27 265 

267 
261 
248 
246 
25O 
247 

4,26 237 
3,84 243 

4,41 
4,48 
4,3s 
4,38 
4,47 
4,47 
4,66 
4,41 
4,41 
4,46 
4,25 
4,46 
4,61 
4,47 
4,38 
4,29 

254 336 
250 322 
259 342 
261 348 
248 390 
245 460 
248 482 
259 408 
267 
250 
248 
246 
250 
247 
237 322 

'243 320 

4,47 4,13 
4,52 3,60 
4,43 4,75 
4,36 3,95 
429 4,30 
4,31 5,04 
4,35 3,95 
4,29 4,20 
4,22 
4,47 
4,25 
4,50 
4,63 
4,49 
4,46 4,36 
4,71 3,74 

The s p e c t r a  of the 4 -benzy l idene  DPD's  (In-h) tha t  we have obtained in ac id i f ied  ethanol  a r e  c h a r -  
a c t e r i z e d  by  two absorp t ion  max ima :  one in the 237-248 nm range  due to the p y r a z o l i d i n e - 3 , 5 - d i o n e  r i ng ,  
and the second in the 315-482 nm range  due to an exocyc l ic  double bond. The usual  r e l a t i o n s h i p  be tween  
the d o n o r - a c c e p t o r  p r o p e r t i e s  of a subs t i tuent  in the aldehyde r e s i d u e  and the pos i t ion  of the long-wave ab-  
so rp t ion  max imum is  o b s e r v e d  (Table 1}. In a lkal ine  e thanol ic  solut ion,  in a l l  the 4 - b e n z y l i d e n e - D P D ' s  
s tudied  (Ia-h) ,  the absorp t ion  in the  long-wave r eg ion  d i s a p p e a r s  and the sho r t -wave  band undergoes  a 
ba thoch romic  shif t  of 10-30 nm, appear ing  at  256-265 nm, i .e . ,  the r eg ion  of absorp t ion  of DPD enolate  
anions.  S imul taneous ly  t h e r e  is an i n c r e a s e  in the ext inct ion,  which is c h a r a c t e r i s t i c  fo r  the p a s s a g e  f rom 
the diketo fo rm to the enola te  anion.  The s p e c t r a  in the v i s ib le  r eg ion  of compounds Ia -h  in neu t ra l  ethanol 
a re  s i m i l a r  to the abso rp t ion  s p e c t r a  in ac id i f i ed  ethanol.  In the case  of compounds In, c ,  d, and h, the s h o r t -  
wave m a x i m u m  undergoes  a ba thoch romic  shif t ,  fa l l ing into the reg ion  of the absorp t ion  of the enol or  the 
enola te .  However ,  even in these  c a s e s  the abso rp t ion  band in the v i s ib l e  r eg ion  does not change i ts  p o s i -  
t ion.  On the b a s i s  of the fac t s  given,  i t  may  be a s s u m e d  that  the diketo f o r m  is  c h a r a c t e r i s t i c  for  ac id  
solu t ions  of 4 - b e n z y l i d e n e - D P D ' s  and the enola te  fo rm  (A) for  a lkal ine  solu t ions .  In neu t r a l  so lu t ions ,  the 
diketo fo rm p r e d o m i n a t e s .  

Addi t ional  evidence for  the enolate  ca rb ino l  s t r u c t u r e  (/9 of compounds I a -h  in a lka l ine  ethanol  was 
obtained in a s tudy of the behav io r  of these  compounds with r e s p e c t  to ca ta ly t i c  hydrogenat ion  in the p r e s -  
ence of a n icke l  c a t a ly s t .  It  has  been  found p r e v i o u s l y  [7] that  the  enola te  anions of DPD and i t s  4 - m o a o -  
subs t i tu ted  d e r i v a t i v e s  do not undergo hydrogeno lys i s  a t  the N - N  bond on hydrogenat ion  in the p r e s e n c e  of 
Raney n ickel ;  in neu t ra l  e thanol ,  the same  compounds f o r m  the co r r e spond ing  d ian i l ides  of malonic  ac id  in 
neu t r a l  ethanol .  There  is  much in format ion  in the l i t e r a t u r e  [8] on the ca t a ly t i c  hydrogena t ion  in the p r e s -  
ence of Raney n icke l  of 4 -y l idene  d e r i v a t i v e s ,  including 4-benzy l idene  d e r i v a t i v e s ,  of DPD with the a im of 
p r e p a r i n g  the co r r e spond ing  4 -monosubs t i tu t ed  compounds.  Accord ing  to some s t a t emen t s  hydrogenat ion  
is  c a r r i e d  out in neu t r a l  so lvents  a t  e l eva ted  t e m p e r a t u r e  and p r e s s u r e ,  and in other  ca ses  the hyd r o gena -  
t ion condi t ions a r e  not given.  It is  s t a t ed  in individual  p a p e r s  [1, 9, 10] tha t  in the  hydrogena t ion  of 4-  
yl idene d e r i v a t i v e s  of DPD in the p r e s e n c e  of Raney Ni not only the exoeycl ic  double bond but a lso  the N - N  
bond of the h e t e r o c y c l e  is  s a tu ra t ed .  The behav io r  of 4 -y l idene  de r iva t i ve s  on hydrogena t ion  in a lkal ine  
solu t ions  has not been  d e s c r i b e d .  

We p e r f o r m e d  the hydrogena t ion  of compounds I a -h  in neu t ra l  ethanol at  20~ and 40-50~ and at  the 
bo i l ing  point  of the solut ion in the p r e s e n c e  of an excess  of c a t a l y s t  without a feed of hydrogen ,  and in a l -  
kal ine solut ion at  20~ Type W-5  c a t a l y s t  was used.  It was found that  in neu t ra l  solut ion at  20~ com-  
pounds In, e ,  g ,  and h hydrogena te  at  the C----C and N - N  bonds with the fo rma t ion  of the co r r e spond ing  
s a t u r a t e d  d ian i l ides  (I~a,  e ,  g,  h) (Table 2). Some of the  f inal  hydrogenat ion  products  (IIIe and g) were  ob-  
ta ined  by  independent  syn thes i s  v ia  the hydrogena t ion  of the c o r r e s pond i ng  unsa tu ra t ed  d ian i l ides  (IVe and g). 
The l a t t e r  w e r e  syn thes i zed  by  condensing malond ian i l ide  with p - m e t h o x y -  and p - d i m e t h y l a m i n o b e n z a l d e -  
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hydes .  In the case  of the p -ch lo ro  der iva t ive  (Ie), m o r e o v e r ,  chlorine spl i t  off,  and the end-product  was 
compound I l ia .  The p-aminobenzyl idene  der iva t ive  (II) hydrogenated only at the C = C bond with the f o r m a -  
t ion of the 4 -p -aminobenzy l  de r iva t ive  (Kf). 4 -p -Ni t robenzy l tdene -DPD (Ib) also hydrogenates  only to 4 - p -  
aminobenzy l -DPD (llf). The r e s i s t a n c e  of the l a t t e r  to the cleavage of the N - N  bond in neut ra l  ethanol can 
be explained by  the s tab i l iza t ion  of the molecule  through the fo rma t ion  of an In ternal  sa l t  of the eno la te -  
anionic s t ruc tu re  (][If) as is a lso indicated b y  the UV s p e c t r a  of this compound taken in neu t ra l ,  in acidic ,  
and in alkaline ethanol:  

o 0 0 
II . C H 

0 o 0  

4 - p - A m i n o - D P D ,  the b ipo la r  s t r u c t u r e  of which is conf i rmed  by  its IR s p e c t r u m  [6], a lso  has an ab-  
sorp t ion  m a x i m u m  at  252 nm in neutra l  ethanol.  The product  of the hydrogenat ion of the 4 - p - c a r b o x y  de-  
r iva t ive  could not be  isolated.  The hydrogenat ion of compounds Ia -h  in neut ra l  ethanol at  40-50~ and at 
the boi l  with a ca ta lys t  without the feed of hydrogen led to the s a m e  products  as hydrogenat ion at 20~ 
Only when Ia was  hydrogenated  at 40-50~ was compound IIa  i so la ted  in quanti tat ive yield. When compounds 
I a -h  were  hydrogenated  in alkaline ethanol (1~o of KOI-1) no absorpt ion of hydrogen was obse rved ,  and when 
the solut ion was acidified the s ta r t ing  m a t e r i a l  s epa ra t ed  out quanti tat ively;  4 -p -Ni t robenzy l idene-DPD 
(Ib), yielded 4-p-aminobenzylidene-DPD (If). 

Thus,  the 4-benzylide~le de r iva t ives  of DPD are  r e s i s t a n t  to the hydrogenotys is  of the N - N  bond in 
alkaline ethanol ,  like the 4 -monosubs t i tu ted  de r iva t ives  of DPD [7]. This is in favor  of the enolate  c a r -  
binol s t r u c t u r e  of I a -h  in alkaline ethanol.  

We p rev ious ly  [7] convinced ou r se lves  that  the i nc r ea se  in the r e s i s t a n c e  of the N - N  bond to hy d ro -  
genolys is  in the enolate anions of subst i tu ted DPD' s  is not connected with the action of the alkali  on the 
ca ta lys t ,  s ince the fixed enol 4 - n - b u t y l - l , 2 - d i p h e n y l - 3 - m e t h o x y p y r a z o l i n - 5 - o n e  is not hydrogenated  in 
neut ra l  ethanol.  Additional fac ts  indicating the absence  of an influence of the alkali  on the ca ta lys t  we re  
obtained by  studying the hydrogenat ion of unsa tura ted  dianil ides - compounds IVe and g in alkaline ethanol.  
These compounds ,  like the sa tu ra t ed  dianil ides (Ilia, e,  g) a r e  incapable of enolizat ion,  as is shown by  the 
cons tancy  of the absorp t ion  m a x i m u m  in the UV s p e c t r a  of these  compounds taken in acidic ,  a lkal ine,  and 
neu t ra l  ethanol (Table 1). It  was  found that  compounds IVe and g undergo hydrogenat ion at the C = C bond 
not only in a neut ra l  but  a lso  in an alkaline m e d i u m ,  unlike the cor responding  cycl ic  compounds (Ie and g), 
which undergo no change on hydrogenat ion in alkaline ethanol.  

In the hydrogenat ion of 4 -benzyl idene-DPD the exocycl ic  double bond is apparent ly  s a tu ra t ed  f i r s t .  
This follows f r o m  the behav ior  of 4 -aminobenzy l idene-DPD (If) and 4-n i t robenzyl idene-DPD (Ib), and is con- 
f i r m e d  b y  the fac t  that  in the hydrogenat ion of 4 -benzy l idene-DPD (Ia) at 40-50~ in neut ra l  ethanol,  4-  
benzyI -DPD (IIa) is obtained. In the  case  of compounds I e -h ,  i t  was  imposs ib le  to i so la te  the in te rmedia te  
hydrogenat ion products  ( I Ic-h ,  respec t ive ly)  in the pure  s ta te ;  however ,  even in these cases  the C = C  bond 
is hydrogenated  f i r s t .  This conclusion m a y  be drawn f r o m  the appea rance  in the IR s p e c t r a  of the products  
of the incomple te  hydrogenat ion of compounds Ie and g of absorpt ion  bands with m a x i m a  at about 1750 cm -1 
which are  c h a r a c t e r i s t i c  for  the diketo f o r m  of 4-monosubs t i tu ted  DPD ' s  [5]. In the IR s p e c t r a  of the initial  
compounds (Ie and g), and a lso  in those  of the cor responding  sa tu ra ted  and unsa tura ted  dianil ides (Hie, 
g and IVe, g), ca rbonyl  absorp t ion  is at lower  f requencies  (Table 3). The r e su l t s  of the ch roma tog raphy  of 
the products  of the incomplete  hydrogenat ion of compounds Ie and g (Table 3) lead to s i m i l a r  conclusions.  

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

The s ta r t ing  m a t e r i a l s  were  obtained b y  methods given in the l i t e r a tu re  (Table 2). The homogenei ty  
of the subs tances  was  es tab l i shed  chromatograph ica l ly .  

4 -p -Chlo robenzy l idene-DPD (Ic). A mix tu re  of 0.76 g (0.003 mole) of 1 ,2-d iphenylpyrazol id ine-3 ,5-  
dione,  0.85 g (0.006 mole) of p -eh lo robenza ldehyde ,  and 15 ml  of ethanol was boi led for  2 h. After  cooling, 
0.9 g (81%) of a r e d  c rys ta l l ine  subs tance  with mp 145-146~ (f rom ethanol) was  obtained. Found, %: 
C1 9.30; N 7.82. C22HI~C1N202. Calculated,  %: C1 9.47; N 7.47. 
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TABLE 3. IR Spec t ra  and Rf  Values of the Products  of  the in- 
complete  Hydrogenat ion of the 4-Benzyl idene  Der iva t ives  of 1,2- 
Diphenylpyrazol id ine-3 ,5-d ione  (Ie and g) 

Compound ~co, cm-1 ~c=c, c rn ' l  R** 

Ie 
IIIe 
IVe 
Alcoholic catalyzate 

Ie 
Ig 
IlI:g 
IVg 
Alcoholic catalyzatr 

Ig 

1718 1685 
1685 1660 
1680 1650 

1745 1720 1708 1685 1676 

1708 1678 
I680 
I680 1650 

1742 1720 1710 1680 

1625 1590 
1605 

1615 1605 
1615 1594 

1618 1600 
1605 

1620 1605 
1615 1600 

0.8 
0,18 
0,48 

0,18; 0,37; 0,8 

0,75 
0,18 
0,45 

0,18; 0,35; 0,75 

* Conditions fo r  ch roma tog raphy  in Table 2. 

p-Anisyl idenemalondiani l ide  (IVe). A mix tu re  of 2.0 g (0.0079 mole) of malondiani l ide,  2.38 g (0.0172 
mole) of anisaldehyde,  and 0.05 g of p iper id ine  was  heated at 220-230~ for  30 rain. After  cooling, 1.85 g 
(63%) of a yellow c rys ta l l ine  substance  with mp 200-201~ ( f rom dichloroethane) was obtained. Found, ~0: 
N 7.44. C23H20N203. Calculated,  %: N 7.53. 

p-Dimethylaminobenzyl idenemalondiani l ide  (IVg). A mix tu re  of 0.254 g (0.001 mole) of malondiani l ide 
and 0.298 g (0.002 mole) of p -d imethylaminobenza ldehyde  was fused  at 200-220~ for  30 min.  Then the 
me l t  was  ground with e ther ,  giving 0.82 g (21%) of a yellow subs tance  with mp 229-230~ ( f rom dich loro-  
ethane).  Found, %: N 10.84. C24H23N302. Calculated,  %: N 10.91. 

Catalyt ic  hydrogenat ion was  c a r r i e d  out under the conditions descr ibed  p rev ious ly  [7] on 0.25-0.5 g 
of the subs tance ,  using 1-2 g of type W-5 Raney nickel  ca ta lys t  and 20 ml  of ethanol.  The yield of hydro -  
genation products  was 80-95%. The conditions for  the hydrogenat ion and ch roma tog raphy  of compounds 
I - IV  a re  given in Table 3. 

4 -p -Aminobenzy l idene-DPD (If). A solution of 0.25 g of 4 -p -n i t robenzy l idene-DPD (1t)) in 20 ml  of 
1% ethanolic caust ic  po tash  solution was hydrogenated in the p resence  of 1 g of ca ta lys t  until the absorpt ion 
of hydrogen ceased .  Af te r  the r e m o v a l  of the ca ta lys t ,  the f i l t ra te  was acidified and diluted with wate r .  
This gave  0.16 g (64~o) of a yel low crys ta l l ine  subs tance  with rap 239-240~ (f rom dichloroethane) .  Found, %: 
N 12.03. C22H17N302. Calculated,  %: N 11.82. 

4 -p -Aminobenzy l -DPD (Eft). 0.25 g of compound Ib in 20 ml  of ethanol was hydrogenated in the p r e s -  
ence of 1 g of ca ta lys t  until the absorpt ion  of hydrogen ceased .  The ca ta lys t  and the p rec ip i t a te  that  had 
appea red  towards  the end of hydrogenat ion w e r e  f i l t e red  off and t r e a t e d  with 1% alcoholic KOH solution. 
The f i l t r a t e  af ter  the e l iminat ion of the ca ta lys t  was neu t ra l i zed  and evapora ted .  The res idue  was t r ea t ed  
with w a t e r ,  giving 0.19 g (76%) of a yel low subs tance ,  mp 193~ (from ethanol). Found, %: N 11.67. 
C22H19N302. Calculated,  %: N 11.75. 

p-Anisy lmalondiani l ide  (Hie). The hydrogenat ion of compounds Ie and IVe gave a white c rys ta l l ine  
subs tance ,  mp 218-219~ ( f rom aqueous methanol) with yields  of 64 and 91%, r e spec t ive ly .  Found, %: 
N 7.47. Cz~H22N203. Calculated,  %: N 7.48. 

p-Dimethylaminobenzylmalondiani l ide  (]IIg). When compounds Ig and IVg were  hydrogenated until the 
absorp t ion  of hydrogen ceased ,  a white c rys t a l l i ne  subs tance ,  mp 232-233~ (from ethanol) was  obtained 
with a yield of 80-81%. Found, %: N 10.93. C24H2~N302. Calculated,  %: N 10.84. 

Incomple te  Hydrogenat ion of 4 -p -Anisy l idene-DPD (Ie) and 4-p-Dimethy laminobenzy l tdene-DPD (Ig). 
A suspens ion  of 0.005 g of compound Ie (Ig) in 40 ml  of ethanol was hydrogenated in the p r e s e n c e  of 2 g of 
ca t a ly s t  until half  the calculated amount of hydrogen had been  absorbed .  The ethanolic f i l t r a t e  was evap-  
o ra ted  to d rynes s .  The res idue  was d isso lved  in ch lo ro fo rm,  and i ts  IR s p e c t r u m  was  r e c o r d e d  and it was 
ch romatographed  (Table 2). The ca t a lys t  was t r e a t ed  with ch lo ro fo rm.  The ch lo ro fo rm ex t rac t  was  anal -  
yzed  s i m i l a r l y ,  and only the s ta r t ing  m a t e r i a l  was found in it. 
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The IR spectra were taken on an IKS-14 double-beam spectrophotometer with an NaC1 prism with 
the substances in the form of suspensions in paraffin oil and in chloroform solution. 

The electronic spectra  were recorded on an SF-4 spectrophotometer in ethanol, in 80~0 ethanol con- 
taining 0.35% of HC1, and in 0.1% KOH in ethanol at concentrations of 1-4 �9 10 -5 mole / l i t e r .  
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