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It is shown that the reac t ion  of benza lb i surea  with 3 - a m i n o - 5 - h y d r o x y - l - R - p y r a z o l e s  gives 
1-R-dipyrazolo[3,4-b :4 ' ,3 ' - e ]pyr ld ine  (R =CH3) or  a sp i ro (pyrazo le -4 ,5 ' -pyr imid ine)  der iva-  
t ive (R =C6H5). Similar  reac t ions  of benza lb i surea  with 3 - h y d r o x y - 5 - a m i n o - l - m e t h y l p y r a z o l e  
give 2-methyldipyrazole[3 ,4-b  : 4 ' ,3 ' - e ]pyr id ine  o r  substi tuted te t rahydropyrazolo[3 ,4-d]  pc_ 
r imidine.  Only the corresponding dipyrazolo[3,4-b : 4 ' ,3 ' -e ]pyr id ines  are  formed in the r e a c -  
tion of 1-methylhydroxyaminopyrazoles  with methylenebisurea .  

It has been shown that pyrazoles  containing hydroxyl  or amino groups in the 3 or  5 position condense 
with ary l idenebisureas  to give, depending on the s t ruc tu re  of the s tar t ing  pyrazole ,  sp i ropyrazo lepy r imi -  
dines [2], pyrazolooxazines  [3], pyraze lopyr imid ines  [4], or  products  with more  complex s t ruc tu res  [5]. In 
the presen~ r e s e a r c h  we have investigated the behavior  of pyrazoles  s imul taneously  containing hydroxyl  and 
amino groups in the 3 and 5 posit ions of the pyrazole  r ing in s imi la r  condensations.  Two i somers  - I and 
I I -  a re  possible for  3 ,5-disubst i tuted pyrazoles  when there  is a substl tuent  in the 1 position. 
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On the basis of the results obtained in [2], it was nataral to assume that one should most likely ex- 
pect the formation of a spiro(p~azole-4,5'-pyrimidine) derivative in the reaction of isomer I, which is a 
compound of the p~olone class [6], on reaction with aryltdenebtsureas. In fact, HI, to which the 3-amino- 
1 ,4 ' ,6 ' - t r iphenylsp i ro (pyrazo le -4 ,5 ' -hexahydropyr imid ine) -2 ,5 ' -d ione  s t ruc tu re  (HI) was assigned on the 
basis of the resu l t s  of e l emen ta ry  analysis and the spec t ra l  ch a r ac t e r i s t i c s ,  was isolated in the condensa-  ' 
tion of 1 -phenyl -3-amino-5-pyrazo lone  (Ia) with benza lb isurea  (the reagent  molar  ra t io  was 1 : 2). 

However, the chief product  of the reac t ion  was IVa, which p resumably  had empi r ica l  fo rmula  
C39H3~N602 on the basis  of the analyt ical  data and the exper imenta l ly  de termined  molecular  weight. This 
made it possible to suppose that IVa is formed f rom two molecules  of pyrazole  Ia (C18H1~1602) and th ree  
molecules of benzaldehyde (C21H1803) with split t ing out of th ree  molecules  of water .  The format ion of IVa 
in the reac t ion  of Ia with benzaldehyde conf i rmed this assumption.  Considering the IR spec t roscopic  da~a - 
the p resence  of absorpt ion bands at 1720 cm -1 (C =O in 4,4-disubst i tuted 5-pyrazolones  [7]) and at 3380 c m  -1 
(NH) - the formula  of one of the th ree  s t ruc tu ra l  i somers  in Scheme 1 could be proposed for IVa. 

*See [li for communicat ion XXXIX. 
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The choice made between them was made on the basis  of the PlV~ spect ra l  data. The PM:R spec t rum of IVa 

contains signals at 4.30 6 (s,* - - C H < ) ,  4.95 5 (s, C = C H - ) ,  and 7.26 6 (m, Harom) with an intensity ra t io  
of 1 : 2 : 2 5 .  inasmuch as the signal of a proton of the -N=CHC6H 5 group (8-8.5 5 [8]) is absent in the spec-  

t rum,  one can re jec t  s t ruc ture  3. The proton signal of the > C H - -  group appears  as a r a the r  nar row sin-  
glet, while splitting (or at leas t  broadening) of the signal due to coupling of the protons I n t h e - N H - C H ~ - N H -  
grouping should have occur red  for s t ruc ture  2; on the basis  of this, we propose s t ruc ture  1 as most p rob-  
able for IVa. 

Condensation of Ia with an equimolecular  amount of benzalb tsurea  gives only IVa. A compound of a 
s imi lar  s t ruc ture  (IVb) was obtained by reac t ion  of 1 -me thy l -3 -amino-5 -pyrazo lone  (Ib) with a twofold 
amount of benzalbisurea ,  but sp i ro(pyrazole-4 ,5 ' -pyr imid ine)  was not detected in the reac t ion  mixture in 
this case. 

A br ight-yel low high-melt ing product that was prac t ica l ly  insoluble in the usual organic solvents was 
isolated in the condensation of equimolecular  amounts of Ib and benzalbisurea.  The determinat ion of the 
molecular  weight and the IR spectra l  data (broad band of the absorption of a C =O group at 1640 cm -1) en- 
abled us to propose  a substituted dipyrazolo[3,4-b :4 ' ,3 ' -e]py~[dine  s t ruc ture  (V) for it. The formation of 
condensed pyridines of this kind is known for the react ion of aldehydes with both aromat ic  amines and ami-  
nopyrazoles  [9, 10]. An additional proof  of the s t ruc ture  of V was the formation of diacetyl derivative VI 
by refluxing dipyrazolopyridine V with acetic anhydride; this was evidenced by the appearance of new bands 
in the IR spec t rum of VI in the region of absorption of the C =O group and also by the disappearance of the 
bands of the NH stre tching vibration, as compared  with the IR spec t rum of s tar t ing V. 

Condensation of pyrazolone Ib with methylenebisarea  [11] gave dipyrazolopyridine VT_I, the s t ruc ture  
of which was established as descr ibed above on the basis  of analytical and spect ra l  data. 

The react ion of hydroxyaminopyrazole  II (an i somer  of the compound under cons idera t ion)wi thbtsurea  
most l ikely should have given condensation sys tems  containing either an oxazine [3] or a pyrimidine [4] 
r ing. 

A malticomponent mixture with predominance of two compounds, for the f i rs t  of which, with empir ica l  
formula  C18H14N20, the s t ruc ture  was not unambiguously established, was obtained when i somer  II was con- 
densed with benzalbisurea  (in a ra t io  of 1 : 2). The IR spec t rum of the second compound contained absorp-  

*Here and subsequently, s is singlet and m is multiplet. 
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tion bands at 1690 c m  -1 (C =O) and at 3396 c m  - I  (NH) and the compound gave a quali tat ive reac t ion  for  a 
phenolic OH group and, with r e s p e c t  to its molecu la r  weight and empi r i ca l  fo rmula ,  co r r e spond  to the ex-  
pected t e t r ahydropyrazo lopyr imid ine  (VIII). We were  unable to dehydrogenate  it by the b romina t ion -dehy-  
drobromina t ion  method. The cor responding  pyrazo lopyr imid ine  (IX) was obtained by dehydrogenation of 
t e t r ahydro  compound VIII with chloranil .  

The condensation of equ lmolecu la r  amounts of hydroxypyrazone  II and benza lb i su rea  gave,  in addition 
to VIII, a compound with an IR s p e c t r u m  that did not contain absorpt ion bands of C =O and NH groups;  m o r e -  
over ,  it gave a quali tat ive reac t ion  for a phenolic hydroxyl  group with FeC13. These  data,  the r e s u l t s  of 
e l e m e n t a r y  ana lys i s ,  and the molecular  weight de te rmina t ion  enabled as ,  in analogy with the p reced ing  
case ,  to ass ign  the 1 ,7 -d imethy l -4 -pheny l -3 ,5 -d ihydroxydipyrazo lo [3 ,4 -b  : 4 ' , 3 ' - e ]py r id ine  s t r u c t u r e  (X) to 
the isolated compound. 

In the reac t ion  of II with methy leneb i su rea  in var ious  mola r  r a t i o s ,  we were  able to isola te  only 
1 ,7-d imethyl -3 ,5-d ihydroxydipyrazoto  [3,4-b : 4 '  ,3 ' -e ]pyr id ine  (XI), the s t r u c t u r e  of  which was es tab l i shed  
on the bas i s  of analyt ical  and spec t r a l  data. 

The r egu l a r i t y  in the change in the UV s p e c t r a  of  condensed pyrazo le  s y s t e m s  as a function of which 
edge of the pyrazo le  r ing undergoes fusion (as we noted in [3, 4]) is obse rved  for the i somer i c  d ipyrazo lo -  
pyr idines  obtained by the reac t ion  of hydroxyaminopyrazo les  I and I I  with b i su reas .  In the case  of V and 
VII, for which r ing  fusion occurs  at the 3-4  edge of pyrazo le ,  the UV s p e c t r a  a re  c h a r a c t e r i z e d  by the p r e s -  
ence of an intense long-wave  max imum,  as compa red  with the UV s p e c t r a  of X and XI, which a re  fused at  
the 4-5 edge of pyrazole  (Fig. 1). 

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

The IR s p e c t r a  of KBr pel le ts  (c--0.25%) were  r e c o r d e d  with UR-10 and UR-20 s p e c t r o m e t e r s .  The 
UV s p e c t r a  of alcohol solutions were  r e c o r d e d  with a Unicam SP-700C spec t ropho tomete r .  The PMR spec -  
t r a  of deuterod[methyl  sulfoxs solutions were  r e c o r d e d  with a Vat[an A56/60A s p e c t r o m e t e r  with hexa-  
methyldis i loxane (HMDS) as the internal  s tandard .  The molecu la r  weights w e r e  de te rmined  with an MS-902 
mass  s p e c t r o m e t e r .  
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2 ,2V-Benza lb i s (1 -pheny l -4 -benza l -3 - imino-5-pyrazo lone)  (IVa). A mix ture  of 1.75 g (0.01 mole) of 
Ia and 2.12 g (0.02 mo le )o f  benzaldehyde in 10 ml of glacia l  CH3COOH was re f luxed  for  1 h, a f te r  which it 
was  cooled and poure  d into 250 ml of water .  The aqueous mixture  was neu t ra l i zed  with d ry  NattCO3, and 
the resu l t ing  p rec ip i t a t e  was r e m o v e d  by f i l t ra t ion and washed  with alcohol to give 2.46 g (80%) of IVa with 
mp 258-260 ~ ( f rom alcohol).  Found: C 75.1; H 5.2; N 13.2%; tool.  wt. 671,659o* C3sH30N602 • 0.5C2H5OH. 
Calculated:  C 75.2; H 5.2; N 13.2%; tool.  wt. 637. UV s p e c t r u m ,  k m a x ,  n m  (log s 207 (4.68), 259 (4.45). 

3 - A m i n o - l , 4  v,6T-tr iphenylspiro(pyrazole-4,Sw-hexahydropyrimidine)2,5T-dione (III). /k mixture  of 1.75 
g (0.01 mole) of Ia  and 4.16 g (0.02 mole) of benza lb i su rea  was ref luxed for 1.5 h in 10 ml of glacia l  
CH3COOH , a f te r  which it was cooled and poured into wa te r .  The aqueous mix tu re  was neut ra l ized  with d ry  
NaHCO3, and the r e su l t ing  p rec ip i t a te  was r e m o v e d  by  f i l t ra t ion,  dr ied,  and washed  throughouly with e ther  
to give 1.03 g (24%) of HI with mp 270-273 ~ ( f rom alcohol).  Found: C 69.7; H 5.0; N 16.6%. C24H21N502. 
Calculated:  C 70.2; H 5.1; N 17.0%. IR s p e c t r u m ,  c m - l :  1680, 1700 (C =O); 3410 (N-H) .  UV s p e c t r u m ,  
k m a x ,  n m  (log s 202 (4.55), 252 (4.35). 

Evapora t ion  of the e ther  f i l t ra te  gave 1.85 g (60%) of IVa. 

2 ,2 ' -Benza lb i s  ( 1 - m e t h y l - 4 - b e n z a l - 3 - i m i n o - 5 - p y r a z o l o n e )  (IVb). A mix ture  of 2.0 (17.7 mmole)  of  Ib 
and 7.36 g (3.54 mmole)  of benza l b i s u r ea  in 20 ml of glacia l  CH3COOH was ref luxed for  1.5 h, a f te r  which 
it was cooled and poured  into 200 ml of water .  The re su l t ing  p rec ip i t a t e  was r e m o v e d  by f i l t ra t ion,  washed  
s u c c e s s i v e l y  with wa te r ,  10% NaHCO 3 solution, and wa te r ,  and dr ied to give 8.5 g (97%) of IVb with mp 283- 
284 ~ ( f rom n-propanol) .  Found: C 70.9;H 5.5; N 17.3%; mol .  wt .490.  C29H26N602. Calculated:  C 71.0; 
H 5.3; N 17.1%; mol .  wt. 490. IR s p e c t r u m  (CHC13) , c m - l :  1710-1720 (C =O); 3210, 3270, and 3380 (N-H) .  
UV s p e c t r u m ,  k m a x ,  n m  (log ~): 208 (4.40), 294 (3.76). PMR s p e c t r u m ,  5 ,  ppm: 2.3 '(s, CH3); 3.9 

(s, - C H < ) ;  4.7 (s, > CH= CH-) ,  and 7.4 (m, C6H 5) with an intensi ty  ra t io  of 6 : 1 : 2 : 15. 

2 ,6 -Dimethy l -4 -pheny l -3 ,5 -d ioxod ipyrazo lo [3 ,4 -b  :4T,3v-e]pyr[dine (V). A 2 .0-g  (17.7 mmole)  s ample  
of Ib was ref luxed with 3.7 g (17.7 mmole)  of benza lb [ su rea  in 25 ml of g lac ia l  CH3COOH for 6 h, a f t e r  which 
the mixture  was cooled, and the resu l t ing  b r igh t -ye l low prec ip i t a t e  was r e m o v e d  by f i l t ra t ion,  washed  with 
ace t ic  acid, and dr ied over  NaOH in a des icca to r  to give 0.27 g (10%) of V with mp > 360 ~ Found: C 60.8; 
H 4.5%; mol .  wt. 295. C15H13N~O 2. Calculated:  C 61.0; H 4.4%; tool.  wt. 295. 

The acet ic  acid f i l t ra te  yielded 1.45 g (33%) of IVb. 

1 ,7 -Diace ty l -2 ,6 -d imethy l -4 -pheny l -3 ,5 -d ioxod ipyrazo lo  [3,4-b : 4 T,3t-e]pyr idine (VI). A solution of 
0.29 g (1 mmole)  of V in 20 ml of ace t ic  anhydride was ref luxed for  1 h, a f te r  which the hot mix ture  was f i l -  
t e r e d  and cooled. The p r ec ip i t a t ed  c r y s t a l s  we re  r e m o v e d  by f i l t ra t ion to give 0.12 g of  VI with mp 245- 
250 ~ ( f rom dioxane). Found: N 18.5; COCH 3 22.7%. C19H1yN504. Calculated-. N 18.5; COCH 3 22.7%. IR 
s p e c t r u m ,  c m - l :  1700, 1720, and 1730 (C =O). UV s p e c t r u m ,  ~ 'max,  n m  (log e) :  278 (4.28). 

2 , 6 -D ime t hy l -3 ,5 -d i oxod i py razo l o [3 ,4 -b . 4 ' , 3 ' - e ]py r id ine  (VII). A mixture  of 1.0 g (8.85 mmole)  of Ib 
and 1.2 g (8.85 mmole)  of me thy leneb[surea  in 20 ml of  glacia l  CH3COOH was ref luxed for  2 h, a f te r  which 
it was allowed to s tand overnight .  The re su l t ing  yellow prec ip i t a te  was then r e m o v e d  by f i l t ra t ion,  washed 
succes s ive ly  with acet ic  acid and wa te r ,  and dr ied thoroughly  over  NaOH in a des i cca to r  to give 0.15 g (15%) 
of VII with m p > 3 6 0  ~ ( f rom acet ic  acid). Found: C 49.3; H 4.3; N 31.7%; tool.  wt .219.  CgHgNsO 2. Calcu-  

la ted:  C 49.3; H 4.1; N 31.9%; mol .  wt. 219. IR s p e c t r u m ,  c m - 1 : 1 6 5 0  b road  (C =O). 

1 -Me thy l - 4 -pheny l -3 -hyd roxy -6 -oxo -4 , 5 , 6 , 7 - t e t r ahyd ropy razo l e  [3,4-d]pyrimidine (VIII). A 4.0-g 
(35.4 mmole)  sample  of II was  ref luxed for 2 h with 14.7 g (70.8 mmole)  of benza lb i su rea  in 70 ml of g la -  
cial  CH3COOH , a f t e r  which the mixture  was cooled and poured  into 700 ml of wate r .  The aqueous mixture  
was f i l te red,  and the f i l t ra te  was neut ra l ized  with d ry  NaHCO 3. The re su l t ing  o r ange -ye l l ow  ( some t imes  
containing res in)  p rec ip i t a t e  of A was r e m o v e d  by f i l t ra t ion,  washed with e ther ,  and r e c r y s t a l l i z e d  f r o m  a l -  
cohol to give 1 g of a compound with a molecu la r  weight of  302 and mp 265-270 ~ (decomp.).  

The f i l t ra te  f r o m  the separa t ion  of p rec ip i t a te  A was al lowed to s tand for  3 days at r o o m  t e m p e r a -  
t u r e ,  as a r e s u l t  of  which a white p rec ip i ta te  was  obtained. It was r e m o v e d  by  f i l t ra t ion and washed with 
wa te r  to give 1.2 g (15%) of VIII with mp 290 ~ (decomp. f r o m  alcohol).  Found: C 58.9; H 5.7; N 18.4%; mol .  
wt. 244. C12H12N402.0.5C2H5OH. Calculated.. C 58.5; H 5.6; N 18.0%; tool.  wt. 244. UV s p e c t r u m ,  ~ m a x ,  
n m  (log e) .  209 (4.14), 252 (3.80). 

*De te rmined  by i so the rma l  dist i l lat ion.  
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1-Methyl-4-phenyl-3-hydroxy-6-oxo-6,7-dihyc~ropyrazolo[3,4-d]pyr imidine (IX). A mixture of 0.53 g 
(2.18 mmole) of VIII and 0.64 g (2.61 mmole) of chlorani l  was ref luxed for  5.5 h in 9 ml of absolute xylene,  
af ter  which the mixture was cooled, and the resul t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and washed suc-  
cess ive ly  with methanol and e ther  to give 0.38 g (89%) of IX with mp > 345 ~ (deeomp. f r o m  n-propanol) .  
Found: C 60.0; H 4.3; N 22.5%; tool.  wt. 242. CI2HIoNaO 2. Calculated: C 59.5; H 4.1; N 23.1%; mol.  wt.242. 
IR spec t rum,  cm- l :  1620-1640 (C =O). UV spec t rum,  ~'max, nm (log e):  204 (4.50), 256 (4.28), 314 (3.95). 

1 ,7-Dimethyl-4-phenyl-3,5-d[hYdroxydipyrazolo [3,4-b : 4 ' , 3 ' - e  ]pyridine (X). The procedure  used to 
obtain pyridine V was used to obtain this compound, with m p >  360 ~ in 10% yield f ro m  II and benzalbisurea .  
Found: C 61.4; H 4.5; N 23.4%; tool. wt. 295. C15H13N502. Calculated: C 61.0; H 4.4; N 23.7%; mol .  wt. 295. 
IR spec t rum,  cm-l :  1600, 1660 w. 

1 ,7-Dimethyl-3 ,5-dihydroxydipyrazolo[3,4-b : 4 ' ,3 ' -e ]pyr id ine  (XI). The procedure  used to p repa re  
pyridine X was used to obtain this compound, with mp > 340 ~ (decomp.), in 7% yield f r o m  II and methylene-  
bisurea.  Found: C 49.3; H 4.2; N 31.8%; tool. wt. 219. CgHgNsO 2. Calculated: C 49.3; H 4.1; N 31.9%; mol.  
wt. 219. IR spec t rum,  cm- l :  1620, 1680 w. 
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