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TRANSFO!4TATION OF A  ~~THYLTHIDWRAZOLD[~,  4-d] WRI~IDINE DERIVATIVE 

BY ACTION OF HYDRAZINE AND SYNTHESIS OF NOVEL PYRAZOLOTRIAZOLOPYRI~IDINES 

Jan ~ v g t l i k  

Drug Research I n s t i t u t e ,  Pa l6 r i kova  31, 811 04 B r a t i s l a v a ,  Czechoslovakia 

Abs t rac t  - N u c l e o p h i l i c  displacement o f  the m e t h y l t h i o  group d u r i n g  

h y d r a z i n o l y s i s  o f  2,5-dihydro-2,5-dimethyl-6-methylthio-4H-pyrazolo- 

[3 ,4-d]pyrimidin-4-one l e d  unexpectedly t o  a  5-amino-6-hydrazino sub- 

s t i t u t e d  product.  A p o s s i b l e  course f o r  t h i s  r e a c t i o n  has been pro- 

posed. On t reatment  w i t h  o r t h o  es te rs  a  nove l  t r i c y c l i c  heterncyc le ,  

pyrazolo[4,3-e]-1,2,4-triazolo[4,3-a]pyrimidine, was formed. 

The pyrazo lopyr imid ine r i n g  system has a t t r a c t e d  cons iderab le  s y n t h e t i c  i n t e r e s t  

s ince  a  member o f  t h i s  c lass ,  a l l o p u r i n o l  (1,5-dihydro-4~-pyrazolo[3,4-d]pyrimidin- 

4-one), p l a y s  a  c r i t i c a l  r o l e  i n  the t reatment o f  gout and r e l a t e d  metabol ic  d isor -  

ders'. Th is  impor tan t  drug, as w e l l  as i t s  s u b s t i t u t e d  p m d u c t s  and some [1,5-a]- 

i somer i c  analogues proved t o  be i n h i b i t o r s  of xanthine oxidasel .  Dur ing the past 

few years, a  number o f  these substances have been claimed t o  have a n t i p a r a s i t i c  

a c t i v i t i e s 2 .  The pyrazolo[l,5-a]pyrimidines are repor ted  t o  a c t  as e f f e c t i v e  CAMP 

1 phosphodiesterase i n h i b i t o r s  , too. 

The wide range o f  pronounced pharmacological  p r o p e r t i e s  s t imu la ted  us t o  cont inue 

3 our  research on fused p o l y c y c l i c  pyrazo les  and t o  s tudy nove l  he te rocyc lss  i n  view 

o f  t h e i r  s t r u c t u r a l  resemblance t o  a l l o p u r i n o l .  For t h i s  purpose, 2,5,6,7-tetra- 

hydro-2-methyl-6-thioxo-4~-pyra~o1o[3,4-pyrimid1n-4-one (I) appeared t o  be an a t -  

t r a c t i v e  subs t ra te  r e a d i l y  a v a i l a b l e  by fus ion o f  e t h y l  3-amino-1-methyl-1H-pyra- 
4 

zole-4-csrboxylate and th iourea4.  me thy la t i on  o f  I has a l ready been descr ibed . 
Accordingly,  t he  a l k y l a t i o n  procedure us ing  d imethy l  s u l f a t e  i n  aqueous sodium hy- 

drox ide a t  room temperature gave 2,5-dihydm-2,5-dimethyl-6-methylthio-4H-~yrazolo- 

[3,4-d]pyrimidin-4-one (11). I n  the nex t  step, a  s imple  n u c l e o p h i l i c  displacement 

o f  the m e t h y l t h i o  group by hydrazine should ~ r o v i d e  conven ien t l y  a  u s e f u l  precursor  

f o r  f u r t h e r  e labora t ion .  

I n i t i a l  PtteInpts t o  per form the s u b s t i t u t i o n  under m i l d  c o n d i t i o n s  ( b o i l i n g  EtOH) 



had f a i l e d  and l e d  on ly  t o  recovery o f  the s t a r t i n g  m a t e r i a l  even upon prolonged 

time. However, when the r eac t i on  was c a r r i e d  out i n  neat hydrazine hydrate (80%) 

a t  r e f l u x  temperature f o r  6  h, an unexpected compound I11 resu l ted  instead. 

The formula ( C ~ H ~ N ~ O  by combustion analys is  and h i gh  r eso l u t i on  mS) ind ica tes  t h a t  

the substance i s o l a t e d  may be regarded as a 1:2 condensation product o f  I1 and 

hydrazine from which methy l  mercaptan along w i t h  methylamine were l os t .  Indeed, 

1 the l ack  o f  s igna ls  o f  both a l k y l  groups attached t o  py r im id ine  nucleus i n  the H- 

MnR spectrum c l e a r l y  estab l ishes the s t r u c t u r a l  i d e n t i t y  o f  5-amino-6-hydrazino- 

2,5-dihydro-2-methyl-4~-pyrazolo[3,4-d]pyrimidin-4-one (111). 

The observed t ransformat ion can be explained t o  proceed v i a  the ANRDRC mechanism 5 

accompanied w i t h  an an t i c i pa ted  nuc l eoph i l i c  s u b s t i t u t i o n  a t  6-posi t ion, occur r ing  

simultaneously o r  i n  tandem. Hence, the i n i t i a l l y  formed de r i va t i ve  A, a r i s i n g  from 

the nuc l eoph i l i c  a t t ack  o f  hydrazine, undergoes r i n g  opening t o  g ive  guanidino- 

pyrazole 8. I t  could be then postu la ted t h a t  an in t ramo lecu la r  c y c l i z e t i o n  takes 

place, fol lowed by f i n a l  e l im ina t i on  o f  hNH2 (c-111). 

Nevertheless, t h i s  r e s u l t  i s  no t  qu i t e  su rp r i s i ng  since s i m i l a r  processes account 

6  7 fo r  the arninolysis o r  hydraz ino lys is  o f  quinazolin-4(3H)-ones. The mechanist ic 

aspects have been cons t r uc t i ve l y  i n t e rp re ted  by Leonard and C u r t i n  r h o  considered 

i n t e r v e n t i o n  o f  an a c y c l i c  species dur ing the r eac t i on  course6. I n  add i t i on ,  an 

analogous conclusion f o r  the r e l a t e d  ac t i on  on subs t i t u t ed  p te r i d i nes  has rece ived 

8 d i r e c t  experirnantal v e r i f i c a t i o n  . 
One o f  the promising rou tes  o f  using a hydrazine moiety possessing endocyc l ic  C=N 

bond t o  b u i l d  up a l ,2,4-tr iazole cons is ts  i n  the snne la t ion  w i t h  o r t ho  sstcrs .  

Thus, cyclocondensation o f  I11 w i t h  t r i e t h y l  orthoformate i n  r e f l u x i n g  d i m t h y l -  
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formamide gave IVa a s  a  s i n g l e  product.  4,7-Dihydro-4-(ethoxymethy1eneamino)-7- 

methyl-5~-pyrazolo[4,3-e]-1,2,4-triazolo[4,3-a]pyrimidin-5-one obta ined h e m  

r e p r e s e n t s  a  novel t r i c y c l i c  bridgehead heterocycle9.  A s l m i l a r  t rea tment  of 

t r i e t h y l  o r t h o a c e t ~ t e  l e d  t o  i t s  methyl homologue IVb. 

R 
Y==Y 

I V a :  R=H 

IVb: Rime 

1 The H UllR spectrum, bes ides  t y p i c a l  ethoxycarbonyl and N-methyl s i g n a l s ,  ex- 

h i b i t e d  t h r e e  s i n g l e t s  a t  8.47 (pyrazo le ,  H-6), 8.70 (0-CH=N) and 9.20 ppm (tri- 

azo le ,  H-1). The chemical  s h i f t  valum of  t r i a z o l e  r i n g  proton is c o n s i s t e n t  with 

angular  f u s i o n  i n  [4,3-a] mode3 and c l e a r l y  excludes  t h e  p o s s i b i l i t y  o f  Dimroth 

type rearrangement t o  [5,1-a] l i nked  isomer. Likewise,  t h e  s i d e  chain  proton res- 

ona tes  i n  t h e  range c h a r a c t e r i s t i c  of t h e  ethoxymethyleneamino moietym. On the 

o t h e r  hand, d i f f e r e n t i a t i o n  o f  both i s o l a t e d  C-methyl groups ( s i n g l e t s  a t  1.86 
11 and 2.70 ppm) i n  IVb fol lows from t h e  r epor t ed  d a t a  o f  m e t h y l t r i a z o l e s  . 

lllelting p o i n t s  were determined on a Pczkin-Elmer DSC-2 (comp. 111) and on a Baet ius  

micro hot-stage appara tus .  I n f r a r e d  s p e c t r a  were obta ined on a  Pcrkin-Elmer 377 

spectrophotometer.  'H WIlR s p e c t r a  were recorded on J e o l  FX-100 and Varian XL-200 

spect rometers  us ing t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t andard .  mass s p e c t r a  were t aken  

on a  J e o l  JmS D-100 spect rometer .  Elemental ana lyses  were performed i n  t h e  

Department of A n a l y t i c a l  Chemistry, Chemical Technology I n s t i t u t e ,  Bra t i s l ava .  

4  Compounds I and I1 were syn thes ized  a s  desc r ibed  p rev ious ly  . 
5-Amino-6-hydrazino-2,5-dihydro-2-methyl-4H-pyrazolo[3,4-d]pyrimidin-4-one (E) : 
A suspension o f  me thy l th io  d e r i v a t i v e  I1 (1.5 g,  7  mnol) i n  80% hydrsz ine  hydrate  

(10 m l )  was heated  under r e f l u x  f o r  6  h. During a  s h o r t  pe r iod  the  r eac t ion  mixtura 

became c l e a r .  A f t e r  coo l ing  t h e  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed wi th  d i e t h y l  

e t h e r  and r e c r y s t a l l i z e d  from 80% e thano l ;  y i e l d  0.70 g  (50%), m.p. 277 OC ( ~ n a l .  

Calcd. f o r  C 6 H g V :  C, 36.921 H, 4.65; N, 50.23. Found: C ,  36.96; H ,  4 .73;  N ,  

49.98%; m+, 195) .  I R  (KBr): 3322 ( N H ) ,  1685 (CEO),  1624, 1599, 1508 cm-I (c-N, c=c). 
'H HIR (O~SO-d6) :  8.26 (a, l H ,  H-3). 8.00 (b r  s,  l H ,  N H ) ,  5.20 (s, 2H, N H 2 ) ,  4.29 

( b r  5,  2H, NH2) and 3.87 pprn ( 6 ,  3H, Dl3). 



Preparation of pyrszolo[4,3-e]-1,2,4-tria~olo[4,3-~]pyrlmidines (IVa and IVb): 

A solution of 111 (0.39 g, 2 -1) in dimethylformamide (10 rnl) and triethyl ortho- 

formate (4 rnl) was rcfluxed for 1 h. The solvent was removed in vacua and the oily 

residue triturated with a small volume of ethanol. The crystalline material formed 

was collected and recrystallized from ethanol to give 4,7-dihydm-4-(ethoxy- 

methyleneamlno)-7-methyl-~~-~~razolo[4,3-e] -1,2,4-triazolo[4,3-a]pyrimidin-5-onc 

(IV~); yield 0.20 g (38%) of colorless needles, m.p. 238-239 OC (Anal. Cmlcd. for 

C10H11N,02: C, 45.97; H, 4.24; N, 37.53. Found: C, 45.69; H, 4.20; N, 37.70%). 

IR (KB~): 1684 (C=O), 1598, 1582, 1498 crn-' (C=N, C=C). NlW (OllEO-d6): 9.20 

( lH, - 1  8.70 (s, lH, 0-cH~N), 8.47 (6, lH, H-6), 4.10 (q ,  2H, KHz), 4.01 

(a,  3H, CH3-N) and 1.40 ppm (t, 3H, CH3). 

The methyl homologue IVb was prepared similarly from 111 and triethyl orthoacetate 

In 67% yield. The reaction time was 6 h; m.p. 241-243 OC (~nal. Cslcd. for 

C12H15N702: C, 49.82; H, 5.23; N, 33.89. Found: C, 49.91; H, 5.20; N, 33.75%). 

IR (K8r): 1695 (c-o), 1627, 1599, 1577, 1489 ern-' (c=N, c~c). MIR (DMSO-d6): 

8.58 (s, lH, H-6), 4.40 ( q ,  2H, KHz), 4.01 (6, 3H, CH~-N), 2.m (6, 3H, CH3-tri- 

azole), 1.86 (6, 3H, CH3-CUN) and 1.39 ppm (t, 3H, CH3). 
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