
A L K Y L  A N D  2 - H Y D R O X Y  D E R I V A T I V E S  O F  

I M I D A Z O ] 4 , 5 - b ] P Y R A Z I N E  A N D  T H E I R  N - O X I D E S  
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N-Monoxides  and N,N-dioxides  of some  alkyl and hydroxy der iva t ives  of imidazo [4,5-b]pyrazine 
were  synthes ized.  I t  was p roved  that  the ni t rogen a toms  of the pyraz ine  r ing a r e  oxidized; a l -  
kylat ion of N 1 s t e r i ca l ly  hinders  oxidation of NT. The hydrolyt ic  c leavage of imidazo[4 ,5-b]py-  
raz ines  and the i r  N-oxides  was studied. 

We have p rev ious ly  shown that imidazo[4 ,5-b]pyraz ines  a r e  oxidized by hydrogen peroxide  in acet ic  
acid o r  by p e r a c e t i c  acid solution to N-monoxides  and N,N-dioxides ,  during which the p r e s e n c e  of methyl  
groups in the pyraz ine  r ing p romotes  the fo rmat ion  of N,N-dioxides .  Thus a mix tu re  of N-monoxides  and 
N,N-dioxides  IIa  and I l ia ,  with p redominance  of the f o r m e r ,  was  obtained in the N-oxidat ion of Ia ,  while p r e -  
dominantly N ~N-dioxide Il ib was f o r m e d  f r o m  Ib [1 I. 
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I--III a RI=R2=R4=H, R~=CHa; b RI=R~=CH3, Ra=R4=H; c RI=R2=R+=CHz. R3=H; 
d RI=R2=CI-ta, Ra=H, R~=CH2C6Hs; e RI=R2=C,H3, Ra=OH, R4=H; f RI=R2=R4=CH.~+ 
Ra=OIf; g Rt=R~=R4=H, Ra=OH 

In the p r e s e n t  r e s e a r c h  we have studied the N-oxidat ion of imidazo[4 ,5-b]pyraz ine  de r iva t ives  Ie -g .  

One of the r ing n i t rogen a toms in 1 ,5 ,6 - t r ime thy l imidazo  [4,5-b]pyrazine (lc) is p r e f e r a b l y  oxidized to 
give N-monoxide  IIc ,  and the oxidation of the second ni t rogen a tom is difficult.  This  s o r t  of  difficulty in the 
oxidation of a second r ing n i t rogen a tom was a lso  obse rved  in the case  of 1 -benzy l -5 ,6 -d imethy l imidazo[4 ,  
5 -b]pyraz ine  (Id): in addition to the s t rong  spot  f r o m  N-monoxide  lid,  a ve ry  weak spot  with a lower  Rf  
value,  which in analogy with the Rf  values  of o ther  N,N-dioxides  of imidazo [4,5-b]pyrazine.  can be ass igned 
to N,N-dioxide IIId. was detected in the reac t ion  solution by th in - l ayer  ch roma tog raphy  (TLC)~ The s ame  
re su l t s  were  also obtained with the cor responding  2-hydroxy  der iva t ives  (ie-f): only N,N-dioxide IIIe was 
i so la ted  in the oxidation of Ie ,  and N-monoxide  IIe was not detected even by chromatography~ In addition, 
N-monoxide  IIf  and a v e r y  smal l  amount  of  N,N-dioxide IIIf  we re  obtained in the oxidation of If, 2 -Hydroxy 
der iva t ive  Ig,  which does not have methyl  groups in the 1, 5, and 6 posi t ions ,  is conver ted  to a mix tu re  of  
app rox ima te ly  equal amounts  of  N-monoxide  and N ,N -dioxide IIg and HIg on oxidation with p e r a c e t i c  acid. 
In analogy with the N-oxides  of imidazo[4,5-b]quinoxaline [1 ], i t  might  have been a s s u m e d  that  the ni trogen 
a toms  of the pyraz ine  r ing fN 4 and N 7) undergo oxidation in the inves t igated imidazo[4 ,5-b]pyraz ine  d e r i v a -  
t ives .  As a f i r s t  approx imat ion ,  we ass igned  s t r u c t u r e s  IIc,  I[d, and I I f  to the N-monoxides  of Nl -methy l  o r  
N~-benzyl de r iva t ives  of imidazo[4 ,5-b]pyraz ine ,  inasmuch  as alkylat ion or  a ra lkyla t ion  of N 1 may  s t e r i c a l -  
ly hinder  the oxidation of NT~ These  assumpt ions  were  conf i rmed  by hydrolyt ic  c leavage  of N-monoxides  
IIc and I I f  and N ,N -dioxide IHb; in this case ,  the s ame  compound - N-monoxide  VI - was obtained f rom IIc 
and IIf. The posi t ion of the N-oxide group in VI was proved  by a l te rna t ive  synthes is  of this compound f rom 
2 - b r o m o - 3 - a m i n o - 5 , 6 - d i m e t h y l p y r a z i n e  (IV). I t  is known that  N-oxidat ion of 2-halo  de r iva t ives  of pyraz ine  
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with p e r a e e t i c  acid solution o r  30% H202 in acet ic  acid gives the cor responding  4 -N-monox ides ,  and oxida-  
tion of the cycl ic  N t a tom in compounds of this type p roceeds  only when m o r e  powerful  oxidizing agents  
( t r i f luoroperace t i c  acid  or  C a r o ' s  acid) a r e  used [2,3]~ In conformi ty  with th is ,  oxidation of IV with 7% 
p e r a c e t i e  acid solution gave 4-N-oxide  V, which on t r e a t m e n t  with FeC13 solution gave the color  r eac t ion  
c h a r a c t e r i s t i c  for  he te rocyc l i c  N-ox ides  containing an NH 2 group in the ~ posi t ion re la t ive  to the oxidized 
r ing n i t rogen  a tom.  2 - M e t h y l - a m i n o - 3 - a m i n o p y r a z i n e  4 -N-ox ide ,  which was identical  to VI, was obtained 
f rom V by heating with methy lamine .  
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Hydrolyt ic  c leavage  of IIIb gave N,N-dioxide VII, the s t ruc tu re  of which was p roved  by reduction of it  to the 
known 2 ,3 -d i amino-5 ,6 -d ime thy lpy raz ine  {X) [4]. The imidazole  r ing is c leaved by heating IIf,  IIc,  and IIIb 
in aqueous acid o r  alkal i  solut ions.  I t  was obse rved  that IIf  and IIIb,  which contain an "acidic"  hydrogen 
a tom,  a r e  s table  when they a r e  hea ted  in a lkal i s  and a r e  c leaved  only in m i n e r a l  ac ids ,  while I Ic ,  in which 
acidic  groupings a r e  absent ,  undergo hydrolyt ic  c leavage in both acidic and alkal ine media .  Unoxidized 
imidazo[4 ,5-b]pyraz ines  also behave s imi l a r ly :  Ic and Id a r e  c leaved when they a re  heated in acids and 
a lka l i s ,  while Ib is c l eaved  only in acids .  The above- ind ica ted  pecu l i a r i t i e s  in the behav io r  of imidazo[4 ,5-  
b]pyraz ine  de r iva t ives  and the i r  N-ox ides  that contain an unsubsti tuted hydrogen in the 1 posi t ion or  a hy-  
droxy group in the 2 posi t ion a re  apparen t ly  a s soc ia t ed  with the format ion ,  in alkaline media ,  of the c o r -  
responding  anions,  which a r e  m o r e  r e s i s t a n t  to hydrolyt ic  c leavage .  

Only 2 ,3-d iamino  de r iva t ives  of pyraz ine  w e r e  obtained during opening of the imidazole  r ing of im id -  
azole  r ing of imidazo  [4,5-b]pyrazine N-ox ides ,  r e g a r d l e s s  of whether  the reac t ion  was c a r r i e d  out in acidic 
o r  alkal ine media .  The ni t rogen unoxidized imidazo[4 ,5-b]pyraz ines  Ic and Id were  also c leaved  to 2 ,3-  
diamino de r iva t ives  VIIIc,d,  in alkal ine media ,  but 2 - a m i n o - 3 - h y d r o x y  de r iva t ives  IXc,d o r  (in the case  of 
Ib) a mix tu re  of diamino and aminohydroxy de r iva t ives  X and XI were  obtained in acidic media .  These  r e -  
sul ts  a r e  in a g r e e m e n t  with the i n c r e a s e d  s tabi l i ty  of the amino group in 2 -aminopyraz ine  1-N-oxide  and 
1,4-N ,N-dioxide re la t ive  to acid hydro lys i s  [5 ]. 

The IR spe c t r a  of 2 -hydroxy  der iva t ives  of imidazo[4 ,5-b]pyraz ine  (Ie-g) and the i r  N-oxides  (IIf, g, 
I I Ie -g)  contain s t rong  bands of amide  carbonyls  a t  1738-1780 cm -1 and bands of the s t re tch ing  v ibra t ions  of 
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as soc i a t ed  NH groups a t  2260-3130 cm- i ;  this a t t es t s  to the exis tence  of these  compounds p r i m a r i l y  in the 
oxo f o r m  in the c rys ta l l ine  s ta te .  

E X P E  R I M  ENT A L 

The IR s p e c t r a  of  m i n e r a l  oil suspens ions  of the compounds were  r eco rded  with a Pe rk in  E l m e r  457 
s p e c t r o m e t e r .  The PMR s p e c t r a  we re  r e c o r d e d  with a JNM-4H-100  s p e c t r o m e t e r  with t e t r amethy l s i l ane  
as the in terna l  s tandard .  The compounds w e r e  ch roma tog raphed  on pape r  with an n - b u t a n o l - 5 %  acet ic  
(1:1)  s y s t e m  with development  in UV light. 

2 - M e t h y l a m i n o - 3 - a m i n o - 5 , 6 - d i m e t h y l p y r a z i n e  (VIIIc).. A mix tu re  of 5 g (25 mmole)  of  IV, 35 ml  of 
i sopropyl  alcohol ,  and 50 ml  of a 30% aqueous solution of me thy lamine  was heated  in an autoclave at  170 ~ 
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fo r  8 h, a f t e r  which it  was  vacuum evapora t ed  to a sma l l  vo lume,  cooled,  and f i l t e red  to give 3.55 g (94%) 
of VIIIe with mp 157.5-158.5 ~ ( f rom water)  and Rf  0.5 (bright b lue -v io le t  spot).  Found: C 55.4; H 7.9; N 
36.9%. CTHI2N 4. Calculated:  C 55.3; H 7.9; N 36.8%. 

1 ,5 ,6 -Tr ime thy l imidazo [4 ,5 -b ]py raz ine  (Ic). A mix tu re  of 1.9 g (12.5 mmoie )  of VIIIc and 13 ml  (82 
mmole )  of  f r e s l y  p r e p a r e d  ethyl o r tho fo rma te  was s t i r r e d  a t  75-80 ~ for  4 h, a f t e r  which it  was  cooled and 
f i l t e red  to give 1.4 g (70%) of le  with mp 193.5-194.5 ~ ( f rom methanol)  and Rf  0.58 (dark-v io le t  spot).  PMR 
s p e c t r u m  (in CDCI3): 6 2.64 (5-CH 3 and 6-CH3) , 3.90 (N-CH3) , 8.12 ppm (2-H). Found: C 59.6; H 6.2; N 
34.3%. CsHIoN 4. Calculated:  C 59.3; H 6.2; N 34.5%. 

1 -Methy l -2 -hydroxy-5 ,6 -d ime thy l imidazo[4 ,5 -b ]pyraz ine  (If). A 6-g  (40 mmole)  s ample  of  VIIIc was 
t r i t u ra t ed  with 6.66 g (100 mmole )  of u r ea ,  and the mix tu re  was hea ted  a t  160-165 ~ for  2 h. I t  was  cooled 
to 20 ~ and the sol idif ied m a s s  was d isso lved  in 50 ml  of  ~% NaOH solution. The solut ionwas t r ea t ed  with 
charcoa l  and f i l t e red ,  and the f i l t ra te  was acidif ied to pH 5 with acet ic  acid and cooled to give 5.6 g (80%) 
of If  with mp 261-262 ~ (from 50% alcohol) and Rf 0.59 (b r igh tb lue-v io le t  spot). IR s p e c t r u m :  1748 cm -I 
(vC----o); 2680-2760, 3120 em -I (broad, w, VNH). PMR s p e c t r u m  (in CF3COOH): 6 2.79 (5-CH 3 and 6-CH3) , 
3~ ppm (> NCH3). Found: C 53~ H 5.7; N 31.5%o CsHIoN40. Calculated:  C 53.9; H 5.7; N 31.5%. 

N-Oxidat ion of Imidazo[4 ,5-b]pyraz ine  Der iva t ives .  A) A mix tu re  of 1.5 g (9.2 mmole)  of Ic ,  6.15 ml  
of  6.2% p e r a c e t i c  acid (50 mmole)~ 0.01 g of Na4P2OT, and 0.93 g of CI~COONa was heated  at  60-65 ~ for  8 h, 
a f t e r  which it was cooled to 2 ~ . The inorganic  sa l t s  we re  s epa ra t ed ,  and the solution was vacuum evapora ted  
a t  40-45 ~ to one th i rd  of its or iginal  volume.  E the r  was added to the res idue ,  the mix tu re  was cooled,  and 
1.7 g of  a mix tu re  of IIc and IIIe ,  in which l e s s  than 20% IIIc was detec ted  by quanti tat ive pape r  c h r o m a t o -  
graphy,  was separa ted .  The mix tu re  was ex t r ac t ed  with boiling e the r  in a Soxhlet appara tus  until only one 
spot  ( f rom IIIc) was detected in the res idue  by p a p e r  ch romatography .  Crys ta l l i za t ion  of the res idue  f rom 
aqueous alcohol gave an analy t ica l ly  pure  s amp le  of IIIc with mp 254 ~ (dec., f r o m  aqueous alcohol) and 
0.17 (dark-v io le t  spot).  Found: C 49.6; H 5.1; N 29.0%. CsHIoN402. Calculated:  C 49.4; H 5.2; N 28.9%. 
The e ther  ex t r ac t  was evapora ted ,  the res idue  was d isso lved  in w a t e r ,  and the solution was ex t r ac t ed  with 
ch lo roform.  Many repe t i t ions  of this opera t ion  gave N-oxide l ie  with mp 252-253 ~ (from methanol)  and Rf  
0.36 (dark-v io le t  spot).  Found: C 53.8; H 6.0; N 32.0%. CsH�94 Calculated:  C 54.0; H 5.7; N 31.5%. 

B) A mix tu re  of 5 g (28 mmole)  of If,  188 ml  of 6.2% p e r a c e t i c  acid (153 mmole ) ,  0.01 g of Na4P2OT, 
and 2.83 g of CH3COONa was kept  a t  20-25 ~ for  6 days ,  a f t e r  which the p rec ip i t a te  was r emoved  by f i l t r a -  
t ion, and another  smal l  amount  of c rys ta l l ine  substance  was isola ted f r o m  the f i l t ra te  by ex t rac t ion  with 
e ther .  The combined solids we re  r e c r y s t a l l i z e d  f rom wa te r  to give 3.2 g of  N-oxide  IIf.  The aqueous so lu-  
t ions f r o m  the r ec rys t a l l i z a t i on  were  ex t rac ted  with boil ing ch lo ro fo rm to give another  1.32 g of Ilf .  The 
o v e l a l l  yield of IIf  with mp 250-251.5 ~ (from alcohol) and Rf  0.33 (dark-v io le t  spot) was 83%. IR spec t rum:  
1740 cm -~ (vC----O); 2540-2660, 3080 cm -I (broad, VNH ). PMR s p e c t r u m  (in CF3COOH): 6 2.77 (5-CH 3 and 
6-CH3), 3.68 ppm (>NCH3). Found: C 49.3; H 5.2; N 28.9%. CsHIoN402. Calculated:  C 49.5; H 5.2; N28.9%. 
The aqueous solutions remain ing  a f t e r  ex t rac t ion  with ch lo ro fo rm were  evapora ted  to d rynes s  to give 0.29 
g (5%) of IIIf  with mp 238-239 ~ (dec., f r o m  80% alcohol) and Rf  0.26 (dark-v io le t  spot).  Found: C 45.8; 
H 4.9; N 27.0%. CsH10N403 . Calculated:  C 45.7; H 4.8; N 26.7%. 

C) A mix tu re  of 0.5 g (2.8 mmole)  of  If,  13.5 ml  of 8.2% pe race t i c  acid (15 mmole ) ,  0.21 g of C H 3 -  
COONa, and 0.01 g of Na4P207 was heated  at  60-65 ~ for  10 h. The solution was then vacuum evapora ted  at  
40 ~ to one thi rd  of its or iginal  vo l um e ,  and e ther  was added to the res idue  to isola te  0.48 g of a substance  
that  cons i s ted  p r i m a r i l y  of N-monoxide  IIf.  Only a weak spot  f rom N ,N -dioxide IIIf  was detec ted  in it  by 
p a p e r  chromatography .  

D) A mix tu re  of 8.5 (52 mmole)  of  Ie ,  262 ml  of 8.2% perace t i c  acid(277 mmole ) ,  3.96 g of CH3COONa , 
and 0.01 g of Na4P20 ~ was heated  at  65-70 ~ for  9 h, a f t e r  which the p rec ip i t a te  was r emoved  by f i l t ra t ion,  
and the solution was vacuum evapora t ed  a t  40 ~ to one thi rd  of  its or iginal  volume.  An additional amount  of 
a c rys ta l l ine  subs tance  was i so la ted  f rom the res idue  by e ther .  The combined solids we re  c rys t a l l i zed  
f rom w a t e r  and f rom aqueous alcohol to give 3.2 g of N ,N -dioxide Hie. The solut ions f rom the r e c r y s t a l -  
l iza t ion were  vacuum evapora ted  to d rynes s ,  and the res idue  was c rys t a l l i zed  f r o m  w a t e r  to give another  
0.9 g of IIIe.  T h e o v e r a l l y i e l d  of IIIe with mp 252 ~ (dec.) and Rf  0.06 (dark-vio le t  spot) was  4.1 g (40%). 
IR s p e c t r u m :  1738, 1758 cm -1 (VC=O); 2260-2640 cm -1 (broad, VNH). PMR s p e c t r u m  (in DMSO): ~ 2.4 
ppm (5- and 6-CH3). Found: C 42,4; H 4.1; N 28.2%. CTH3N403. Calculated:  C 42.8; H 4 . 1 ; N  28.6%. 

E) A mix tu re  of  2 g (15 mmole )  of  Ig,  59 ml  of  10.2% p e r a c e t i c  acid (79 mmole ) ,  0.9 g of CH3COONa , 
and 0.01 g of Na4P207 was s t i r r e d  a t  65-70 ~ for  13 h, a f t e r  which it  was cooled,  and the p rec ip i ta te  was 
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r e m o v e d  by f i l t ra t ion.  Severa l  r e c ry s t a l l i z a t i ons  of the p rec ip i t a te  f rom w a t e r  and then f rom dilute acet ic  
acid gave 0.5 g (22%) o f N - o x i d e  IIg with mp 265 ~ (dec.) and Rf 0.18 (blue-violet  spot).  IR spec t rum:  1715, 
1765 cm -1 (vC----O); 2645-2720, 3105 cm -1 (broad, VNH). Found: C 39.7; H 2.7; N 37.1%. CsH4N402. Ca l -  
culated:  C 3 9 . 5 ; H  2+7;+N:36.5%. The solution remain ing  f r o m  the separa t ion  of IIg was ex t rac ted  with 
e the r  to give a sol id ,  f r o m  which 0.5 g of N-oxide  IIIg with R f  0.07 (dark-v io le t  spot) ,  which did not m e l t  
up to 300 ~ was obtained a f t e r  s eve ra l  r e c ry s t aUiza t i ons .  IR spec t rum:  1790, 1760 cm -1 (v C =O);  2660- 
2720, 3130 cm -1 (broad, PNH). Found: C 35.4; H 2.5%. CsH4N403o Calculated:  C 35.7; H 2.4%. 

F) A mix tu re  of 2 g (0.8 mmole)  of  Id, 2.8 ml  of 12.2% pe race t i c  acid (4.5 mmole ) ,  0.04 g of CH 3- 
COONa, and 0.01 g of Na4P207 was heated at  60-65 ~ for  15 h. The s ame  amounts  of pe race t i c  acid,  CH 3- 
COONa, and Na4P207 w e r e  added, and the mix tu re  was s t i r r e d  a t  60-65 ~ for  another  7 h. A s t rong  d a r k -  
v io le t  spot  f rom IId, with Rf  0.71 [1], and a v e r y  weak da rk -v io l e t  spot with Rf  0.19, which can be ass igned  
to IIId, we re  detected by ch roma tog raphy  of the reac t ion  mix tu re .  

2 - B r o m o - 3 - a m i n o - 5 , 6 - d i m e t h y l p y r a z i n e  4 -N-Oxide  (V). A mix tu re  of 4 g (20 mmole)  of IV, 45 ml  of 
7% pe race t i c  acid (40 mmole) ,  0.68 g of CHaCOONa , and 0.01 g of  NaaP207 was heated at  60-65 ~ for  2.5 h, 
a f t e r  which the p rec ip i t a ted  inorganic  sa l t s  we re  r emoved  by f i l t ra t ion,  and the solution was neut ra l ized  to 
pH 7 and ex t r ac t ed  with ch loroform.  Remova l  of the ch lo ro fo rm gave 2.82 g (65%) of V with mp 145.5-146 ~ 
( f rom a c e t o n e - h e x a n e )  and R f  0.5 (dark-v io le t  spot) ,  which gave an intense blue colora t ion with FeC13. 
Found: Br  36.5; N 19.5%. C6HsBrN30. Calculated:  Br  36.6; N 19.3%o 

2 - M e t h y l a m i n o - 3 - a m i n o - 5 , 6 - d i m e t h y l p y r a z i n e  4 -N-Oxide  (VI). A 0.5-g sample  of V was heated with 
5 ml  of  30% aqueous solution of methy lamine  in 35 ml  of i sopropyl  alcohol in an autoclave at  100 ~ for  7 h 
and then a t  120 ~ for  5 h. I t  was then cooled and f i l t e red  to give 0.1 g of VI. The reac t ion  solution was 
evapora t ed  to d r y n e s s ,  and the res idue  was t r e a t ed  with a sma l l  amount  of wa t e r  to give another  0.13 g of 
VI. The ove ra l l  yield of VI with mp 222-223 ~ (dec., f r o m  alcohol) and Rf  0.53 (bright b lue-v io le t  spot) ,  
which gave an intense b lue -g reen  colora t ion with aqueous FeC13, was 60%. Found: C 5004; H 7.2; N 33.3%. 
C7H12N40. Calcula ted C 50.0; H 7.2; N 33.3%. 

Hydrolyt ic  Cleavage of Imidazo  [4,5-b]pyrazine Der iva t ives .  A) A 0.2-g (1.2 mmole)  s ample  of Ic was 
ref luxed in 2 ml  of 2.5 N NaOH for  4 h, a f t e r  which the mix tu re  was cooled and f i l te red  to give 0.13 g (69%) 
of VIIIc,  which, accord ing  to a mixed -me l t i ng -po in t  de terminat ion  and Rf  value,  was identical  to VIHc ob -  
ta ined f r o m  IV (see above).  

B) A 0.5-g (3 mmole )  s ample  of Ic was  ref luxed in 5 ml  of 3 N HC1 for  4 h, a f t e r  which the solution 
was neu t ra l i zed  to pH 5-6 and ex t rac ted  with c h l o r o f o r m  to give 0043 g (91%) of IXc with mp 223-224 ~ 
(from ethyl a c e t a t e - m e t h a n o l )  and Rf  0.43 (violet spot).  Found: N 27.0%. CTHllN30. Calculated:  N 27.4%. 

C) A 0 .2-g  (0.84 mmole)  sample  of Id was ref iuxed in 2 ml  of 2.5 N NaOH for  2 h, a f t e r  which it was 
worked  up to give 0.18 g (94%) of VIIId with mp 144.5-145.5 ~ (from ethyl acetate)  and Rf  0089 (br ight-viole t  
spot) .  Found: 24.4%. C13H16N 4. Calculated:  N 27.4%. 

D) A 1-g  (4.2 mmole)  sample  of  Id was ref luxed in 10 ml  of 20% HC1 for  1.5 h, a f t e r  which the so lu-  
tion was neu t ra l i zed  to pH 7 and cooled. The p rec ip i t a t e  (0.87 g) was r emoved  and c rys ta l l i zed  repea ted ly  
f r o m  methanol  to give pure  2 -benzy l amino -3 -hyd roxy -5 ,6 -d ime thy lpy raz ine  (IXd) with mp 171.5-172 ~ (from 
methanol)  and Rf  0.81 (br ight-blue spot).  Found: C 67.5; H 6.7; N 17.8%. C13H15N30. Calculated: C 6800; 
H 6.6; N 18.3%. 

E) A 0.5-g (3.4 mmole)  s ample  of Ib was ref luxed in 5 ml  of 3 N HC1 for  4 h, a f t e r  which it  was cooled 
to 20 ~ and the p rec ip i t a ted  hydroehlor ide  of X was r emoved  by f i l t ra t ion.  The p rec ip i t a te  was d isso lved  in 
wa t e r ,  and the solution was made alkaline to pH 8 and ex t rac ted  with ch lo ro fo rm to give 0.15 g (32%) of X, 
which, according  to the Rf value (0.34, b lue-v io le t  spot) and a mixed -me l t i ng -po in t  de terminat ion ,  was  
ident ical  to X obtained by the method in [2 ]. The acid solution remain ing  a f t e r  the separa t ion  of the h y d ro -  
chlor ide  of  X was cooled to 2 ~ and the resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion and dissolved in 
wa te r .  The solution was neu t ra l i zed  to pH 7 and f i l te red  to give 0.12 g (26%) of XI, which according  to the 
.Rf value (0.22, v io le t  spot) and a mixed -me l t i ng -po in t  de terminat ion ,  was  identical  to XI obtained by the 
method in [6]. 

Hydrolyt ic  Cleavage of  Imidazo[4 ,5-b]pyraz ine  N-Oxides .  A) A 0.4-g (2 mmole)  sample  of Hf was 
reflu_xed in 4 ml  of  60% H2SO 4 for  1 h and 15 rain, a f t e r  which it  was poured  over  ice,  and the r e s u l t i n g s o l u -  
tion was neu t ra l i zed  and ex t rac ted  with ch lo ro fo rm to give 0.16 g (46%) of VI, which, according  to its Rf  
value,  its co lor  reac t ion  with FeC13, and a mixed -me l t i ng -po in t  de te rmina t ion  was identical  to VI obtained 
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f rom V (see above). Start ing IIf was detected chromatographica l ly  in the aqueous solution a f te r  ext ract ion 
with ch loroform.  

B) A 0.2-g (1.1 mmole)  sample of IIc was ref luxed in 2 ml  of 30% I I2SO 4 for  2 h, a f t e r  which the mixL 
ture  was worked up as in method A to give 0.1 g (55%) of VI. 

C) A 0.4-g (2.2 mmole) sample of IIc was ref luxed in 4 ml of 2.5 N NaOH for  1 h, a f te r  which the 
mix tu re  was cooled and f i l te red  to give 0.35 g (93%) of VI. 

D) A 0.5-g (2.8 mmole) sample of IIIb was ref luxed in 5 ml of 60% H2SO 4 for  30 mill, a f te r  which the 
mix ture  was worked up as in method A and ex t rac ted  with ch loroform to give 0.27 g (57%) of VH with mp 
257-258 ~ (dec., f rom methanol) and Rf 0.12 (blue-violet  spot) that gave an intense colorat ion with FeC13 
solution. Found: C 43.0; H 5.9%. CgHgN303. Calculated: C 42.5; H5.9%. 

Reduction of 2 ,3-Diamino-5 ,6-d imethylpyraz ine  1,4-N,N-Dioxode (VII). A 0.3-g (1.8 mmole)  s a m -  
ple of VII was hydrogenated in 5 ml of anhydrous alcohol at  20-25 ~ in the p re sence  of Raney nickel until 
3.6 mmole  of hydrogen had been absorbed.  The ca ta lys t  was separa ted ,  and the solution was vacuum evap-  
ora ted  to dryness  to give 0.24 g (96%) of X with mp 212.5-213.5, which, according to the Rf value and mixed-  
mel t ing-point  determinat ion,  was identical  to X obtained by the method in [2]. 

1. 
2. 
3. 
4. 
5. 
6. 
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