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In 1963 the  new p r e p a r a t i o n  a l l o p u r i n o l  was  p r o p o s e d  fo r  the  t r e a t m e n t  of  s t a t e s  of d i s e a s e  a c c o m -  
p a n i e d  by  an i n c r e a s e d  c o n c e n t r a t i o n  of  u r i c  a c id  in the  o r g a n i s m  [1-3].  At  the  p r e s e n t  t i m e ,  the  s u b s t a n c e  
i s  m a r k e t e d  a b r o a d  u n d e r  the  n a m e s  Z y l o r i c ,  Z y l o p r i m ,  M i l u r i t ,  U r i d o c i d ,  U r i p r i m ,  F o l i g a n ,  and o t h e r s .  

C h e m i c a l l y ,  the  s u b s t a n c e  i s  p y r a z o l o [ 3 , 4 - d ] p y r i m i d i n - 4 - o l  (I); i . e . ,  i t  is  a p y r a z o l e  i s o m e r  of h y p o -  
xan th ine  (II). 
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A l l o p u r i n o l  ( I ) i s  a whi te  c r y s t a l l i n e  p o w d e r  wi th  nap > 330~ v e r y  s p a r i n g l y  s o l u b l e  in w a t e r .  

The  m e c h a n i s m  of  the  a c t i o n  of  (I) i s  c o n n e c t e d  wi th  i t s  c a p a c i t y  fo r  c o m p e t i t i v e l y  inh ib i t ing  the  a c t i -  
v i t y  of  xan th ine  o x i d a s e  [4] - an  e n z y m e  c a u s i n g  the c o n v e r s i o n  of (II) into xan th ine  and of xan th ine  into 
u r i c  a c i d .  U n d e r  the  in f luence  of  (I) the  ox ida t i on  of the  p u r i n e  b a s e s  s tops  at  the  s t a g e  of  xan th ine  at  (II), 
and no f o r m a t i o n  of  u r i c  a c i d  t a k e s  p l a c e .  Thanks  to t h i s ,  (I) ha s  found u s e  in v a r i o u s  f o r m s  of  p o d a g r a ,  
and  a l so  in the  c h e m o t h e r a p y  of  m a l i g n a n t  n e o p l a s i a s  when as  the  r e s u l t  of t he  i n t e n s i v e  d e c o m p o s i t o n  of  
the  t u m o r  t i s s u e s  an e x c e s s  of  n u c l e o p r o t e i n s  a c c u m u l a t e s .  In  add i t ion ,  t h e r e  is  i n f o r m a t i o n  tha t  (I) i n h i -  
b i t s  the  e n z y m a t i c  c l e a v a g e  of  m e r c a p t o p u r i n e  in the  o r g a n i s m  [5] and t h e r e b y  enhances  i t s  e f fec t .  

Compound  (I) was  f i r s t  s y n t h e s i z e d  f r o m  3 - a m i n o p y r a z o l e - 4 - c a r b o x a m i d e  (III) [6], and s o m e w h a t  
l a t e r  [7], i t  was  s y n t h e s i z e d  f r o m  3 - a m i n o - 4 - e t h o x y c a r b o n y l p y r a z o l e  (IV). The  l a t t e r  m e t h o d  was  u s e d  in 

o u r  work .  It i n c l u d e s  the  c o n d e n s a t i o n  of (IV) wi th  f o r m a t i o n  
T A B L E  1. In f luence  of  A i l o p u r i n o l  (I) 
and of M i l u r i t  on the  C o n c e n t r a t i o n  of  
U r i c  A c i d  in the  U r i n e  (mean  r e s u i t s  of 
e x p e r i m e n t s  on 10 r a t s )  
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A c c o r d i n g  to  the  l i t e r a t u r e ,  the  c o n d e n s a t i o n  r e q u i r e s  
the  r e a c t a n t s  u s e d  to  be h e a t e d  to a t e m p e r a t u r e  of  190-200~ 
The  a c c u r a t e  r e p r o d u c t i o n  of t h e s e  cond i t i ons  showed  tha t  the  
r e a c t i o n  p r o d u c t  ob t a ined  i s  h igh ly  r e s i n i f i e d  and  has  a s t r o n g  
b r o w n i s h - g r a y  c o l o r  f r o m  which  it cannot  be  f r e e d  c o m p l e t e l y  
by p r e c i p i t a t i o n  with  a c i d  f r o m  a l k a l i n e  so lu t ion .  L o w e r i n g  
the  r e a c t i o n  t e m p e r a t u r e  to 150~ in o r d e r  to r e d u c e  r e s i n i -  

S. O r d z h o n i k i d z e  A l l - U n i o n  P h a r m a c e u t i c a l  C h e m i s t r y  S c i e n t i f i c - R e s e a r c h  In s t i t u t e ,  Moscow.  T r a n s -  
l a t e d  f r o m  K h i m i k o - F a r m a t s e v t i c h e s k i i  Z h u r n a l ,  Vol .  7, No. 11, pp.  57-59,  N o v e m b e r ,  1973. O r i g i n a l  a r t i -  
c l e  s u b m i t t e d  D e c e m b e r  29, 1972. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 [~'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher, i 
copy of this article is available from the publisher for $15.00. 

735 



TABLE 2. Influence of the Repeated (every day for  14 days) Ad- 
min i s t r a t ion  of Allopurinol (I) at a Dose of 250 mg /kg  on the Con- 
centra t ion of Uric  Acid in the Urine (average resu l t s  f rom exper i -  
ments  on 20 rats)  

Conc. of uric acid (mg---~ 
before ad- aft----~r th-~  aft"---er t--~--e after the 
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7 days after 
the final ad- 
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20,75 ..+- 1.2 
28,6+0.11 

fication led to a dec r ea s e  in the yield of (I) to 58%, Accompanying it was 30% of a substance with the empi -  
r i c a l  fo rmula  C~H~N303, which is apparent ly  3 - fo rmamido-4 -e thoxyca rbony lpy razo le  and is also capable of 
giving (I) on being heated with fo rmamide .  

We have solved the problem of el iminat ing the colorat ion of (I) by pe r fo rming  the condensation in the 
p r e sence  of concentrated hydrochlor ic  acid. After  equimolecular  arrounts of (IV) and concentra ted hydro-  
chlor ic  acid had been heated with an excess  of fo rmamide  at 160-180~ (preferably  170~ on cooling about 
90% of faintly colored (I) p rec ip i ta tes ,  and, a f te r  reprec ip i ta t ion  f rom an alkal ine solution that has been 
t rea ted  with carbon,  it becomes  co lo r less  or  a lmos t  co lo r less  and its qua l i ty  sa t i s f ies  the requ i rements  
of foreign pha rmacopoe ia s  [9]. 

The pharmacologica l  act ivi ty and toxici ty of the sample  of (I) obtained were  tes ted exper imenta l ly  on 
mice ,  r a t s ,  and rabbi t s .  The  p repa ra t ion  was admin i s t e red  by gavage in the fo rm of a suspension in s t a rch  
pas te .  

The index of the act ivi ty  of the prepara t ion  was taken to be its capaci ty  for decreas ing  the concen- 
t ra t ion  of ur ic  acid in the ur ine of white ra ts .  It  was found that even with a single dose,  beginning at 25 
mg/kg ,  compound (I) d e c r e a s e s  the  amount of ur ic  acid. With an inc rease  in the dose and in the t ime  of 
its adminis t ra t ion ,  this effect  is enhanced (Table 1) (for compar i son  the resu l t s  of exper iments  with the 
adminis t ra t ion  of Miluri t  have been included in Table  1). At a dose of 250 mg /kg  the p repara t ion  causes  
a dec rea se  in the amount of u r ic  acid by a lmos t  60% even a f t e r  a single adminis t ra t ion  (Table 2). 

The toxici ty of (I) is low. In ra ts  with a single adminis t ra t ion  at a dose of up to 500 mg/rkg it causes  
no vis ible  toxic phenomena. Rabbits to le ra te  doses of the p repa ra t ion  of up to 100 mg /kg  without signifi-  
cant changes in behavior  and genera l  s tate.  In exper iments  on white mice ,  the LOb0 was 78 mg/kg .  

Foreign samples  of (I) (Zyloric) have been subjected to clinical  t es t s  in the medica l  insti tutes of the 
USSR; the p repara t ion  is r ecommended  by the pharmacolog ica l  commi t tee  of the Minis t ry  of Health of the 
USSR for  use  in medica l  prac t ice .  The indications for  its use  a r e  podagra,  secondary  hyperur icemia ,  
var ious  pathological  s ta tes  accompanying increased  decomposi t ion of nucleoproteins (acute and chronic  
leukemia,  mult iple  myeloma,  p so r i a s i s ,  etc.); (I) is a lso used for  the prophylaxis  of d i seases  of the kidneys 
caused by ur ic  acid sa l ts  formed in excess  in the chemotherapy  or  rad io therapy of mal ignant  neoplas ias  
[in this case ,  t r ea tmen t  with (I) is begun 5-6 days before  the chemotherapy  o r  radiotherapy] .  

The t ime of t r ea tmen t  with (I) va r i e s  f rom 2-3 weeks to 3-6 months.  The p repara t ion  is p r e s c r i b e d  
in 100-mg table ts  3-5 t imes  a day. The highest  daily dose for  adults is 800 mg.  The p repara t ion  is p r e -  
sc r ibed  for  chi ldren in an amount of 8 m g / k g  pe r  day. During t rea tment ,  a daily excre t ion of ur ine of not 
less  than 2 l i te rs  mus t  be maintained (the ur ine  should p re fe rab ly  be neut ra l  o r  alkaline).  

As a rule,  (I) is well to lera ted  by the patients;  in r a r e  cases ,  it may  cause acute at tacks of podagra,  
and some t imes  nausea,  vomiting, d ia r rhea ,  skin rash ,  and fever .  It  is not r ecommended  to p r e s c r i b e  the 
p repara t ion  to pregnant  women [3]. 

Abroad,  the p repara t ion  is marke t ed  in 0.1-g table ts .  

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

Pyrazo lo[3 ,4-d]pyr imid in-4-o l  (Aliopurinol, I). A mix ture  of 2 8 g  of (IV), 112 ml  of fo rmamide ,  and 
15 ml  of concentrated hydrochlor ic  acid w~ts heated with s t i r r ing  at a t e m p e r a t u r e  of 170" in the react ion 
mix tu re  for  8 h. After  cooling, 100 ml  of wa te r  was added, and the mix tu re  was f i l tered.  The substance  
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obtained (21.4 g) was dissolved in dilute sodium hydroxide solution, and the solution was shaken with c a r -  
bon and was then acidif ied with 18% hydrochlor ic  acid to pH 3-4. A white prec ip i ta te  of (I) deposited.  
Yield 18.67 g (75.77%} of a substance  not mel t ing  below 350~ Found, %: C 44.43; H 3.12; N 41.38. 
CsHtN40. Calculated,  %: C 44.12; H 2.94; N 41.18. 
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