
A M I N O M E T H Y L A T I O N  O F  4 - H Y D R O X Y P Y R A Z O L O [ 3 , 4 - d ] -  

P Y R I M I D I N E  A N D  I T S  M E T H Y L  D E R I V A T I V E S  

T .  S .  L e o n o v a ,  T .  A .  B a b u s h k i n a ,  UDC 547.859.779'1:543.422.25 
a n d  V .  G.  Y a s h u n s k i i  

The Mannich react ion was used to synthesize a se r i e s  of mono-  and bisaminomethyl  de-  
r ivat ives of 4-hydroxypyrazolo[3,4-d]pyr imidine and its methyl analogs, the s t ruc tures  
of which were studied by PMR spect roscopy.  

In a continuation of our r e s e a r c h  on the chemis t ry  of purine analogs - pyrazolo[3,4-d]pyrimidines  
[1] - we have studied the aminomethylat ion of 4-hydroxypyrazolo[3,4-d]pyrimidine (I), a medicinal p r epa ra -  
tion known as allopurinol.  

It was recent ly  shown [2] that the corresponding bisaminomethyl  derivatives at the nitrogen atoms 
in both r ings of the purine sys tem are formed when the Mannich react ion is ca r r i ed  out with hypoxanthine, 
the c loses t  analog of which is allopurinol, in excess  piperidine and formalin.  

We subjected diethylamine, pyrrol idine,  piperidine, N-methylpiperazine,  and morpholine to react ion 
with I. The react ion was c a r r i e d  out in water ,  and fourfold mola r  amounts of amine and formal in  with r e -  
spect  to I were used.  The allopurinol dissolved after addition of the amine, apparently owing to sal t  f o rma-  
tion. 

On the basis of analytical  data and the PMR spect ra ,  it was established that the products  of the r eac -  
tion of I with piperidine, N-methylpiperazine,  and morpholine are ,  as in the case of II, bisaminomethyl  de-  
r ivat ives (III, IV, and V), while the products obtained with diethylamine and pyrrolidine contain one amino- 
alkyl group (VI and VII). 

In the case  of diethylamine, it was shown that Mannich monobase VI is also obtained when the r e a c -  
tion is ca r r i ed  out in alcohol without subsequent crys ta l l iza t ion .  However, bis (dtethylaminomethyl)allo- 

TABLE 1. 
of Allopurinol 

t Chemical shifts, ppm in D2o 
in CDCI, 

III 
IV 
V 

VIII 
VI 

VII 
XII 
XI 

XIII 
IX 
X 

XIV 

XV 

7,96 
7,86 
7,88 
7,99 
7,95 
7,96 
7,99 
7,94 
8,OO 

7,80 

7,88 

PMR and UV Spect ra  of Aminomethyl  and Methyl Derivat ives  

4,72 
4,73 
4,75 
4,80 

4,73 
4,68 

5,11 
5,08 
5,10 
5,20 
5,44 
5,30 

5,12 

CH3 

8 37 8,49 
8 40 8,50 

3,92 
4,03 
2,50 

8 40 8,47 
8 64 8,37 

3,90 
3,48 8 35 8,58 
3,83 
4,37 8 64 8,50 

8,00 I 7.94 
7,98 
8,06 
8,08 
8,10 
7,99 
7,94 

7,93 

7,95 

~'max, n m  
(lg~) 

253 (3,74) 
253 (3,91) 
253 (3,74) 

253 (3,92) 
253 (3,92) 

257 (3,79) 
267 (3,76) 
260 (3,89) 
267 (3,89) 
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I I l l -V ,  VII I  VI, VII XI, Xll  

III X= ; IV X=CH~--Nx /N; V ; x = O , , / N  Vl, Vlli X=(C2Hs)2N;Vll X = 

Xl 2'-CHa; XII I-CH 3 

purinol  (VIII) was i so la ted  f rom the reac t ion  of al lopurinol  with diethylamine and formal in  in the absence  
of a solvent .  

The behav ior  of the 1 -methy l  and 2 -me thy l  de r iva t ives  of al lopurinol  (IX and X) in the Mannieh r e -  
action proved  to be somewhat  di f ferent .  We were  unable to obtain the product  of reac t ion  of IX with 
piper idine and fo rmal in  in aqueous media ,  while X under  the same  conditions r eac t ed  smooth ly  to give 
p iper idy lmethyl  der iva t ive  XI.  I ts  i s o m e r  (XII) was obtained by the action of piperidine and formal in  on 
IX in the absence of wa t e r .  Like the 2 -me thy l  analog, 6-methyla l lopur inol  r e a c t s  with piperidine in aque-  
ous media  to give a monoaminomethyla t ion  product  (XIII). 

Like other  N-dia lkylaminomethyl  de r iva t ives ,  the compounds that  we obtained are  unstable in acidic 
med ia .  When base  III  was  t r e a t ed  with a solution of hydrogen chlor ide in alcohol,  a l lopurinol  was isola ted 
instead of the cor responding  hydroch lor ide .  A s i m i l a r  r e su l t  was obtained in an a t tempt  to synthes ize  the 
qua te rna ry  sa l t s  of III and VI by the action of methyl  iodide. 

Data  f rom the PMR s p e c t r a  of the synthes ized  compounds and of model  methyl  de r iva t ives  of a l lo -  
purinol  a re  p resen ted  in Table 1. The s p e c t r a  of all  of the Mannich bases  contain s ignals  of protons  a t -  
tached to C(3 ) and C(6 ) of the he te rocyc l i c  r ing;  this unambiguously  a t tes t s  to the location of the amino-  
methyl  groups  on the ni t rogen a t om s .  

There  is no doubt that  one of the a lkylaminomethyl  groups in III, IV, V, and VIII is located on N(5 ) in 
the s i x - m e m b e r  r ing,  while the other  is a t tached to the N(i ) or  N(2 ) in the pyrazole  r ing.  

I t  is known that  methylat ion of al lopurinol  [3] leads to a sepa rab le  mix ture  of 1,5- and 2 ,5-d imethyl  
de r iva t ives  (XIV and XV). However,  it was imposs ib le  to sepa ra t e  the synthes ized  Mannich d ibases  
p r e p a r a t i v e l y  or  by ch roma tog raphy  on pape r  and on Silufol plates  with the use of var ious  s y s t e m s .  It  is 
poss ib le  that  p r i m a r i l y  one i s o m e r  is fo rmed  in the aminomethyla t ion .  

A c o m p a r i s o n  of the PMR s p e c t r a  of model  1,5- and 2 ,5-d imethyl  de r iva t ives  of al lopurinol  and 
Mannich d ibases  does not make it  poss ib le  to accura te ly  es tab l i sh  the posit ion of the aminomethyl  subs t i tu -  
ent in the pyrazole  r ing of the l a t t e r ,  since in CDC13, a solvent  in which spli t t ing of these compounds does 
not occur ,  the chemica l  shifts  of the protons at tached to C 6 and, espec ia l ly ,  C 3 a re  p rac t i ca l ly  identical .  

We were  a lso  unable to do this by compar i son  of the i r  UV s p e c t r a  (see Table 1), since they do not 
d i f fer  subs tant ia l ly .  

It  follows f r o m  the PMR s p e c t r a  that  the s ignals  of the protons  of the methylene group d i rec t ly  a t -  
tached to one of the ni t rogen a toms of the pyrazole  r ing are  shifted to weak field as c o m p a r e d  with the 
s ignals  of s i m i l a r  groups  at tached to N(5 ) . This  provides  a bas i s  for  a s se r t i ng  tha t  the aminomethyl  
group in VI, VII, and XIII  is  in the f i v e - m e m b e r e d  r ing .  

A compar i son  of the chemica l  shifts in D20 of the proton at tached to C(3 ) in 1-  and 2 - m e t h y l - s u b -  
st i tuted aIIopurinols  and monoaminomethyl  de r iva t ives  VI and VII makes  it poss ib le ,  with a suff icient  de-  
g ree  of probabi l i ty ,  to conclude that  the aminomethyl  group in the l a t t e r  is a t tached to N(l ) . 

F r o m  the data obtained it can be a s sumed  that  in aqueous media  and in the absence of a solvent  all 
of the secondary  amines  that  we used  f o r m  a Mannich dibase with al lopurinol  and fo rmal in .  However,  in 
the case  of diethylamine and pyrro l id ine  in aqueous and alcoholic media  the aminomethyl  group is c leaved  
f r o m  the amide ni t rogen a tom in the 5 posit ion; this was conf i rmed  by quantitat ive isolat ion of monoamino-  
methyl  der iva t ive  VI by r ec rys t a l l i z a t i on  of VIII f r o m  alcohol.  

Compar ing  the r e su l t s  of the Mannich reac t ion  with al lopurinol  and its 1-  and 2 -me thy l  de r iva t ives ,  
it can be a s sumed  that  the obse rved  d i f ferences  a re  explained by the fact  that  the reac t ion  with die thyl-  
amine and pyrro l id ine  gives  1 ,5-subst i tu t ion products  (of the XII type), which in aqueous media  read i ly  
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spl i t  out an aminomethy l  group f r o m  N(~), while 2 ,5-subst i tu t ion  occurs  during reac t ion  with s i x - m e m b e r e d  
bases  to give products  of the XI  type,  which are  highly s table  and do not undergo fu r the r  t r a n s f o r m a t i o n .  

I t  is as ye t  difficult  to explain these d i f fe rences ,  but the avai lable  data do not con t rad ic t  the s ta ted 
concepts  r ega rd ing  the s t ruc tu re  of the compounds obtained.  

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

The UV s p e c t r a  of 1 �9 10 -4 solut ions in anhydrous alcohol were  r e c o r d e d  with an MRS-501 s p e c -  
t r o m e t e r  (Shimadzu) in a 1 - c m  thick cuvetfe .  The PMR s p e c t r a  of CDC13 and D20 solut ions (with an ex -  
t e rna l  s tandard) were  r e c o r d e d  with an HA-100 s p e c t r o m e t e r  (Varian);  the chemica l  shif ts  a re  given in 
pa r t s  p e r  mil l ion re la t ive  to hexamethy ld i s i loxane .  

React ion of Diethylamine with Allopurinol  and F o r m a l i n .  A. An 0 .8-ml  sample  of 36% formal in  was 
added to a solution of 0.5 g (3.7 mmole)  of a l lopurinol  in 5 ml  of wa t e r  and 1 g (15 mmole)  of d ie thy lam-  
ine, a f t e r  which the mix ture  was  s t i r r e d  at  r o o m  t e m p e r a t u r e  for  30 min and al lowed to stand in a r e -  
f r i g e r a t o r  overnight .  The prec ip i ta te  was r e m o v e d  by f i l t ra t ion to give 1.4 g of VI, which was r e c r y s t a l -  
l ized f r o m  a sma l l  amount  of anhydrous e thanol .  

Compounds III,  IV, V, VII,  XI, and XIII  (see Table 2) were  obtained under  these  condi t ions.  

B. A 0.8 ml sample  of fo rma l in  was added to a cooled suspens ion of 0.25 g (18 mmole)  of a l lopur in-  
ol in 1 g (15 mmole)  of d ie thylamine,  and the solution was s t i r r e d  for  30 min .  The p rec ip i t a te  was r e -  
moved  by f i l t ra t ion  and washed with cold e thyl  ace ta te  to give 0A4 g of VIII .  

Compound XII  was s i m i l a r l y  syn thes ized  and was pur i f ied by r ec ry s t a l l i z a t i on  f r o m  benzene .  

1. 
2. 
3. 
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