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The reaction of substituted 3-methyl-5-pyrazolones with arylidene- 
bisureas has been studied. Substituted spiro[pyrazole-4, 5'-pyrimi- 
dines] have been obtained from 1-phenyl- and 1-benzyl-3-methyI- 
5-pyrazolones. When only one hydrogen atom was present in the ring 
of the 3-methyl-5-pyrazolone, the corresponding c(-ureidobenzyl 
derivative was obtained~ 

P r e v i o u s l y ,  one of us  h a s  shown tha t  the  r e a c t i o n  of 
b e n z y l i d e n e b i s u r e a s  wi th  compounds  conta in ing  an a c -  
t ive  CH2--CO g roup ing  f o r m s  p y r i m i d i n e  d e r i v a t i v e s  
[2, 3]. Cont inuing  w o r k  on the s y n t h e s i s  of p y r i m i d i n e s ,  
we have  s tud ied  the  r e a c t i o n  of a r y l i d e n e b i s u r e a s  wi th  
s u b s t i t u t e d  5 - p y r a z o l o n e s .  The  f i r s t  compound  i n v e s -  
t i ga t ed  was  3 - m e t h y l - l - p h e n y l - 5 - p y r a z o l e n e  (I), which 
has  been  s t ud i ed  in v e r y  g r e a t  de t a i l  and i s  r e a d i l y  
ava i l ab l e .  

I t  m igh t  have  been  a s s u m e d  tha t  the  r e a c t i o n  would 
t ake  p l a c e  with the  f o r m a t i o n  of a p y r a z o l o [ 3 , 4 - d ] p y r i -  
m id ine  in  the  fo l lowing  way. 
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The p r o b a b i l i t y  of th i s  a s s u m p t i o n  i s  b a s e d  on the  
known l ab i l i t y  of h y d r o g e n  a t o m s  in p o s i t i o n  4 of the  
p y r a z o l o n e  r i n g  and the p o s s i b i l i t y  of c y c l i z a t i o n  in -  
vo lv ing  the  CO group  of I [4]. 

When compound  I was  t r e a t e d  wi th  an e x c e s s  of  
b e n z y l i d e n e b i s u r e a  (BBU), compound ]II  was  ob ta ined ,  
i t s  a n a l y s i s  and s p e c t r o s c o p i c  c h a r a c t e r i s t i c s  not 
a g r e e i n g  with  t h o s e  of  a p y r a z o l o [ 3 , 4 - d ] p y r i m i d i n e .  
The IR s p e c t r u m  of l I I  ha s  two a b s o r p t i o n  bands  of  
c a r b o n y l  g r o u p s :  1680 and 1703 c m  -1.  The f i r s t  of 
t h e m  can  be a s c r i b e d  to the  v i b r a t i o n s  of the  CO in a 
subs t i t u t ed  u r e a  [5], and the  second  i s  c h a r a c t e r i s t i c  
f o r  the  v i b r a t i o n s  of CO in 4, 4 - d i s u b s t i t u t e d  pyrazo- .  
l ones  [6, 7]. Th is  a s s i g n m e n t  of the  a b s o r p t i o n  bands  
c o r r e s p o n d s  to  t he  c h e m i c a l  b e h a v i o u r  of  l I I  s i n c e  i t  ~ s 
i n s o l u b l e  in  a l k a l i e s  and g i v e s  no r e a c t i o n  wi th  FeCI~ 
(i. e .  i t  i s  i n c a p a b l e  of  f o r m i n g  an enol) .  Compound 1Ii 
does  not  con ta in  an NH2 group ;  when i t  i s  hea t ed  wi th  
10S NaOH a s t r o n g  s m e l l  of b e n z a l d e h y d e  a p p e a r s  and 
u r e a  and I can  be  d e t e c t e d  in  the  r e a c t i o n  m i x t u r e  by  
m e a n s  of p a p e r  c h r o m a t o g r a p h y .  The UV s p e c t r u m  of  
1TI i s  s i m i l a r  to tha t  of  I.  

* F o r  c o m m u n i c a t i o n  XI s e e  [1]. 

A l l  the  a b o v e - m e n t i o n e d  fac t s  and a l so  the  e m p i r -  
i c a l  f o r m u l a  found, C25H22N402,- p e r m i t  the  a s s u m p t i o n  
tha t  I I I  ha s  the  s t r u c t u r e  of 3 - m e t h y l - l , 4 ' ,  6 ' - t r i -  
pheny l sp i  r o [ p y r a z o l e - 4 ,  5' - h e x a h y d r  o p y r i m i d i n e ] - 5 , 2 '  - 
d ione.  The  s a m e  compound i s  obta ined  in low y i e l d  
when e q u i m o l e c u l a r  amounts  of I and BBU a r e  used.  

S i m i l a r l y ,  the  r e a c t i o n  of I wi th  a n i s y l i d e n e b i s u r e a  
gave  4 ' ,  6 ' - d i - ( p - m e t h o x y p h e n y l ) - 3 - m e t h y l - l - p h e n y l -  
s p i r  o [ p y r a z o l e - 4 ,  5' - h e x a h y d r  o p y r i m i d i n e ] - 5 ,  2' - d i  one 
(IV), and 1 - b e n z y l - 3 - m e t h y l - 5 - p y r a z o l o n e  and BBU 
gave 1 - b e n z y l - 3 - m e t h y l - 4 ' ,  6 ' - d i p h e n y l s p i r o [ p y r a z o l e -  
4, 5 ' - h e x a h y d r o p y r i m i d i n e ] - 5 ,  2 ' - d i o n e  V). 

When e q u i m o l e c u l a r  amoun t s  of I and BBU r e a c t e d  
unde r  m i l d e r  cond i t ions  the  r e a c t i o n  m i x t u r e  con ta ined ,  
in  add i t ion  to 4 , 4 ' - b e n z y l i d e n e b i s ( 1 - p h e n y l - 3 - m e t h y l -  
5 - p y r a z o l o n e )  (VI) and 4 - b e n z y l i d e n e - 3 - m e t h y l - 1 -  
p h e n y l - 5 - p y r a z o l o n e  (VII), a compound  which  can  b e  
r e g a r d e d  on the b a s i s  of qua l i t a t i ve  r e a c t i o n s  as  3 -  
m e t h y l -  1 - p h e n y l - 4 - ( o ~ - u r e i d o b e n z y l ) - 5 -  p y r a z  c lone 
(II), a l though i t  was  i m p o s s i b l e  to i s o l a t e  i t  in the  
pu re  s ta te .  

I t  m a y  be  a s s u m e d  tha t  in the r e a c t i o n s  d e s c r i b e d  
above the u r e i d o  d e r i v a t i v e  II  i s  f i r s t  f o r m e d  and then 
th i s  i s  c o n v e r t e d  e i t h e r  into VII with the  s p l i t t i n g  out 
of u r e a  o r  into VI on i n t e r a c t i o n  with a second  m o l e -  
cu le  of I. When a double  amount  of a r y l i d e n e b i s u r e a  
i s  u sed  the  f o r m a t i o n  of the  4 , 4 - d i u r e i d o  d e r i v a t i v e  
p r o b a b l y  t a k e s  p l ace ,  and th i s  u n d e r g o e s  r i ng  c l o s u r e  
to  f o r m  the  p y r i m i d i n e  r ing .  

Consequen t ly ,  the  r e a c t i o n  of BBU wi th  3 , 4 -  
d i m e t h y l - l - p h e n y l - 5 - p y r a z o l o n e ,  which  h a s  only one 
ac t ive  h y d r o g e n  a tom,  m a y  be expec ted  to  give the  
u r e i d o  d e r i v a t i v e .  In ac tua l  fac t ,  in th i s  c a s e  we ob-  
t a i ned  3, 4 - d i m e t h y l - l - p h e n y l - 4 - ( a - u r e i d o b e n z y l ) -  
5 - p y r a z o l o n e  (VIII). 
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The absence of a pyrazolo[3,4-d]pyrimidine from 
the reaction products is apparently due to the compara- 
tively low reactivity of the CO group of the pyrazolone." 
In view of the fact that the activity of the CO group 
in amides increases when an electron-accepting sub- 

stituent is attached to the nitrogen, we carried out 
the reaction of BBU with l-acetyl-3-methyl-5-pyra- 
zolone. It was found that the acetyl group was split 
out during the reaction and a new reaction center 

appeared in the pyrazolone molecule. The presence 
of several reaction centers led to a mixture which we 
were unable to separate into its individual components. 

In order to confirm the possibility of the participa- 

tion of the NH group of the pyrazoline ring in the reac- 

tion, we carried out the condensation of 3, 4, 4-tri- 
methyl-5-pyrazolone with BBU, and obtained 3,4,4-1- 
(a-ureidobenzyl)-5-pyrazolone (IX) in good yield. 

Thus, in a 5-pyrazolone reaction can take place both 
through the CH 2 group in position 4 and through the 

NH group. When a 5-pyrazolone with another accepter 

in position i, namely 3-methyl-l-(p-nitrophenyl)-5- 

pyrazolone, was used, only the corresponding 4- 

b e n z y l i d e n e  d e r i v a t i v e  w a s  o b t a i n e d ,  i n  g o o d  y i e l d .  

T h e  d i r e c t i o n  o f  t h e  r e a c t i o n  i s  e v i d e n t l y  a f f e c t e d  

m o r e  b y  t h e  a d d i t i o n a l  i n c r e a s e  i n  t h e  m o b i l i t y  o f  t h e  

h y d r o g e n  a t o m s  o f  t h e  m e t h y l e n e  g r o u p  t h a n  b y  t h e  

i n f l u e n c e  o f  t h e  a c c e p t e r  o n  t h e  C O  g r o u p .  

W e  h a v e  m a d e  a t t e m p t s  t o  o b t a i n  t h e  u r e i d o  d e r i -  

v a t i v e  o f  i n t e r e s t  t o  u s ,  I I ,  v i a  t h e  c o r r e s p o n d i n g  

a m i n e  i n  t h e  f o l l o w i n g  w a y .  
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When the amidobenzylation reaction was carried 

out under conditions analogous to those for the pro- 

duction o f  I I I  a n d  V ! I I  w e  o b t a i n e d  4 - ( a - f o r m a m i d o -  

b e n z y l ) - S - m e t h y l - l - p h e n y l - 5 - p y r a z o t o n e  (X) i n  g o o d  

y i e l d ;  h o w e v e r ,  W h e n  i t  w a s  h y d r o l y z e d ,  i n  p l a c e  o f  

t h e '  c o r r e s p o n d i n g  a m i n e  w e  o b t a i n e d  t h e  i n i t i a l  t r y r a -  

z o l o n e  i a n d  t h e  4 - b e n z y l i d e n e p y r a z o l o n e  VI I  ( c h r o m a -  

t o g r a p h i c  r e s u l t s ) .  

EXPERIMENTA L 

The !R spectra were recorded on a UR-10 spectrophotometer in 
tablets of KBr with a concentration of 0.125~ The paper chromato-  
graphy was carried out on "leningrad B" paper in the n - b u t a n o l - a c e t i c  
a c i d - w a t e r  (12: 3: 5) system. 

8-  Methyl - l ,  4 ' ,  6 '- tr iphenylspiro[pyrazole-4,  5 ' -hexahydrop)~imi ~ 
dine]-5, 2 ' -d ione (IiI~ To 20 ml of absolute n-butanol  containing 0,5 
g of dry HC1 were added 1.74 g (0,Ol rome) of i and 4,16 g (0~02 mole) 
of BBU and the flask was placed in a bath previously he~ted to 106" C~ 
A clear red liquid was formed. It was hea~ed for t hr and was then 
left overnight in the refrigerator. The precipitate that had deposited 
was filtered off, washed with e theg triturated with an excess of 10% 
NaOH solution, washed with water to neutrality, and dried in vacuum 

at I00" C over P~OE. Mp 237~ ~ C (from ethanol). Yield of Ill: 
2 g (49%). Compound IIi consists of colorless leaflets insoluble in the 

usual organic solvents, sparingly soluble in ethanol, and soluble in 
dioxane. Found, 070: C 72.9; ?3.% H 5.40; 5.50; N 13.6; 13.7 . Calcu-  
lated for CzsHzzN4Ox~, 070: C 73.2; H 5.401 N 1 3 . 6 .  

4' ,  6 ' -Di (p-methoxyphenyl ) -3-methyl - i -phenylsp i ro[p~azole-4 ,  5 ' -  
hexahydropyrimidine]-5, 2'-dione (IV). This was obtained in a similar 

manner to the compound described above from I and anisylidene- 

bisurea with a yield of 42.5070. After recrystallization from 50% ethanol 
and then from benzene and drying in vacuum at 100 ~ C, mp 200 ~ - 
204" C. Found, 07o: C 68.7; 68.9; H 5.42; 5.66; OCH~ 12.9; 13.2. 
Calculated for C~TH26N404, %0: C 69.0; H 5.52; OCH~ 13.~. 

! -  Benzy l -3 -methy l -4 ' ,  6 ' - diphenylspiro[pyrazole- 4, 5 ' -hexahy-  
dropyrimidine]-5, 2 ' -dione (V). Obtained similarly to the compound 
described above from 1-benzyl -a -methy l -5-pyrazo lone  and 8BU with 
a yield of 52%0. Mp 236~ ~ C (from ethanol). Found, %0: C 73.7; 
78.8; H 5.93; 6.19; N 13.3; 13.5; O 7.88; 7.50. Calculated for 
CzsH24N402, %: C 73 .5 ;  H 5 .65;  N 13.2; O 7.65. 

3, 4 -Dimethy l - l -pheny l -4 - (a -u re idohenzy l ) -5 -pyrazo lone  (VIII). 
A mixture cf 2.82 g (0.015 mole) of 3, 4 -d ime thy l - l -pheny l -5 -py razo -  
lone and 3| g (0.015 mote) of BBU in i0 ml of glacial  CHzCOOH 
was boiled for 30 min. The yellowish solution obtained was neutralized 
with 5% NazC Q solution. The oily precipitate that deposited was 
separated off and triturated with a small  amount of methanol.  (The 
rnethanolic solution on dilution with water gave a precipitate the IR 
spectra of which corresponded to that of benzylidene-4,  4-bis(3, 4- 
d imethyl - l -phenyl -5-pyrazolone) .  The resulting crystalline precipitate 
of VIII was filtered off and washed with water. Yield 2 g (40%). After 
recrystallization from ethanol and dioxane, it was dried in vacuum at 80 ~ C 
to give colorless leaflets with mp 284~ ~ C. Found, %: C 67.8; 67.6; 
H5 .76 ;5 .96 ;  N18 .7 ;16 .6  ~. CaIeulated for C19H20N40 a, %: C 67.8; 
H 5.95; N 18.7.  IR spectrum, v cm-l :  1650 (C=O of a pyrazolone), 
3340, 3440 (N--H). 

3, 4, 4 -Tr imethy l - l - (a -u re idobenzy l ) -5 :pyrazo lone  (IX). To l0 ml 
of absolute n-butanol containing 0.37 g of dry HCI were added 1.26 g 
(0.01 mole) of 3, 4, 4- t r imerhyl-5-pyrazolone and 2.08 g (8.01 mole) 
of BBU. The reaction mixture was placed in a bath previously heated 
to 128 ~ C. After 7 rain, a clear yellow solution had formed. Heating 
was stopped, and the butanol was evaporated off at room temperature. 
The residue was triturated with an excess of 5% Na2CO s solution and 
the crystalline precipitate formed was filtered off. The yield of IX 
was 1.35 g (49%). After two recrystallizations from ethanol and drying 
in vacuum at 108 ~ C, mp 242~ ~ C. Found, %: C 61.6; 61.4; H 
6.79; 6.66; N 20.7; 20.8. Calculated for C14HlsN40~, %: C 6.14; H 
6.56; N 20.4.  IR spectrum, v cm- l :  1670 (C=O of a ureido residue), 
1890 (C=O of a pyrazolone), 3210, 3848. 3445 (N--H). 

4 -Benzyl idene-3-methyl - ! -p-n i t rophenyl -5-pyrazo lone .  To 20 ml 
absolute n-butanol  containing 0.25 g of dry HCi were added t . 0 !  g 
(0.805 mole) of 3-methyI - l - (p-n i t roPheuyl ) -a -pyrazolone  and 2.08 g 
(O.01 mole) of BBU, and the mixture was heated at 105 ~ C for 1.5 hr. 
During the reaction a yellow precipitate deposited. After cooling, the 
precipitate was filtered off and washed with ethanol and ether. This 
gave 1.28 g (84%) of a substance with mp 222~ ~ C (from dioxane). 
Found, %: C 66.4, 66.8; H 4.14; 4.41; N 13.7; 13.7. Calculated for 
C17HIaNaO ~, % : C 66.4; H 4.23; N 13.7. IR spectrum, v cm- l :  1720 
(C=O of a pyrazolone), 1640 (C=C). 

4-  ( a -Formamidobenzy l ) -3 -methy l -  1- phenyl-5-  pyrazolone (X). 
a) To 30 ml  of absolute n-butanol  containing 0.73 g of dry HC1 were 
added 3.48 g (0.02 mole) of i  and 3.54 g (0.02 mole) ofbenzylidenebis-  
formamlde,  and the mixture was boiled for 3 hr. Then it was cooled and 
filtered, and the alcoholic solution was evaporated in vacuum. The 
oil obtained was triturated with an excess of 5% NaHCOa solution, and 
the precipitate was filtered off and washed with ethanol and ether. The 
yield of X was 4.5 g (74%). Mp 187~ ~ C (decomp, from ethanol). 
Found, %: C 70.0; 70.1; H 8.83; 5.9f. Calculated for C18HI~NaOa, 
%: C 70.4; tt 5.59. IR spectrum: v cm- t :  1640 (C=O in amides with 
a hydrogen bond), 3420 (N--H). 

b) Compound X was also obtained by analogy with Sekiya and 
Yanaihara 's  method [8] with a yield of 6,5%. 
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