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The BSckelheide reac t ion  was accompl ished with a number  of imidazo[4 ,5-b]pyraz ine  N-oxides ,  
and the N-oxidation of the resul t ing  acetoxy(hydroxy)methyl  der iva t ives  of imidazo[4 ,5 -b]pyr -  
azine and 6 - b r o m o - l - m e t h y l i m i d a z o [ 4 , 5 - b ] p y r a z i n e  was studied. The hydrolyt ic  c leavage 
of 6 - b r o m o - l - m e t h y l i m i d a z o [ 4 , 5 - b ] p y r a z i n e  and its 4 -N-oxide  was studied. 

In o rder  to synthes ize  acetoxy(hydroxy)methyl  de r iva t ives  of imidazo[4 ,5-b]pyraz ine  and the i r  N-ox-  
ides - analogs of N-oxides  of the corresponding quinoxaline der iva t ives ,  which have high an t ibac te r ia l  ac -  
t ivity [1, 2] - we invest igated the possibi l i ty  of rea l iza t ion  of reac t ions  of the BBckelheide type [3] in the 
imidazo[4 ,5-b]pyraz ine  N-oxide s e r i e s .  

We have shown that 1 ,5 ,6- t r imethyl imidazo[4 ,5-b]pyraz ine  4 -N-oxide  (Ia) is converted to 1 ,6-d imethyl -  
5 -ace toxymethyt imidazo[4 ,5-b]pyraz ine  (IIa) on heating with acet ic  anhydride.  Under  the s ame  conditions 
3 - ace ty l -5 - ace toxyme thy l  de r iva t ive  IVa is fo rmed  f rom 2 -hyd roxy - l , 5 , 6 - t r ime thy l -2 ,3 -d ihyd ro imidazo [4 ,5 -  
b]pyrazine 4-N-oxide  (IIl). The react ion  of 5 ,6-d imethyl imidazo[4 ,5-b]pyraz ine  4 ,7-N,N' -d ioxide  (Ib) with 
acet ic  anhydride is accompanied by cons iderab le  res ini f icat ion,  and only the N-oxide of the 5 -ace toxymethy l  
der iva t ive  (IIb) was isolated f r o m  the complex mix tu re  of react ion products .  
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Ia X=NO, Y=N, R=CHa; Ib X=Y=NO, R=H; IIa X=Y=N, R=CHa; lib, V X=N, 
Y=NO, R=H; IVaX=,N, RI=COCH3, R2=CH20COCtt~; IVb X=N, RI=H, R2=CH2OH; 

IVc X=NO, RI=H, R2=CH2OCOCH3; IVd X=NO, R~=H, R~=CH20H 

The cor responding  hydroxymethyl  der iva t ives  (IVb and V) were  obtained by t r e a t m e n t  of IVa and IIb 
with alkal i  solutions.  The N-oxidation of IVa gives a complex mixture  of subs tances ,  f rom which only 2- 
oxo- l , 6 -d ime thy l -5 -ace toxymethy l -2 ,3 -d ihydro imidazo[4 ,5 -b ]py raz ine  N-oxide was isolated in low yield. 
N-Oxide IVd was a lso  obtained f rom IVb by N-oxidation.  Inasmuch as  we have prev ious ly  shown that the 
N-oxidat ion of imidazo[4 ,5-b]pyraz ines  that contained a methyl  group at tached to N t gives the c o r r e s p o n d -  
ing 4 -N-oxides  [4], s t r u c t u r e s  IVc and IVd were  tentat ively ass igned to the synthesized N-oxides .  

In a continuation of our r e s e a r c h  on N-oxides  of imidazo[4,5-b]pyrazine  der iva t ives  [4] we studied 
the N-oxidation of the previously  obtained 6 - b r o m o - l - m e t h y l i m i d a z o [ 4 , 5 - b ] p y r a z i n e  (VI). In cont ras t  to 
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5 ,6 -d imethy l imidazo[4 ,5 -b ]pyraz ine  and its 2 -hydroxy  der iva t ive ,  which f o r m  the corresponding 4 ,7 -N ,N ' -  
dioxide re la t ive ly  eas i ly ,  the N-oxidat ion of VI p roceeds  with g rea t  difficulty and is accompanied by side 
p r o c e s s e s .  As a r e s u l t  of this r eac t ion  we isola ted 6 - b r o m o - l - m e t h y l i m i d a z o [ 4 , 5 - b ] p y r a z i n e  N-oxide,  to 
which s t r u c t u r e  VII was ass igned,  inasmuch as the N 4 a tom is the mos t  l ikely center  of N-oxidat ion in VI. 
A shift  of the s ignal  of the 5-H proton to s t rong  field by 0.32 ppm as compared  with the 5-H signal in the 
spec t rum of s ta r t ing  VI [5] is observed  in the PMR spec t rum of N-oxide VII, and this is cha rac t e r i s t i c  for  
the a protons  of h e t e r o a r o m a t i c  N-oxides  [6, 7]. The hydrolyt ic  c leavage  of VII  gave 6 - b r o m o - 3 - a m i n o - 2 -  
me thy laminopyraz ine  4 -N-ox ide  (VIII), which gives the deep-b lue  colorat ion with FeC13 solution that is c h a r -  
a c t e r i s t i c  for  N-oxides  of a r o m a t i c  he t e roeyc le s  in which the amino group is in the v~ posi t ion with r e sp ec t  
to the oxidized r ing n i t rogen a tom [8]. 

It is in teres t ing to note that,  in con t r a s t  to the methyl  and hydroxy der iva t ives  of imidazo[4 ,5 -b]pyr -  
azlne,  which re la t ive ly  read i ly  undergo hydrolyt ic  c leavage  on heating with m i n e r a l  acids [4], VI and its 
N-oxide (VII) display cons ide rab le  s tabi l i ty  on heating in acids and a r e  c leaved to the cor responding  p y r a -  
zine de r iva t ives  (IX or ,  r e spec t ive ly ,  VIII) only on heating in alkal is .  

..,._._ OH ~ CI.] 3 

O ,+  0 �9 
I " .,~ t 

/ N - - ~ I  - " - ~ " - ' - I T " " " ~ N ' , . _  . N H  ' ~.~ooo. F" l'rl"% ~" ~ ' 
CH3COOH Br/L~'N/~L"I~I/ ~OII B r ~ N  ~'NHCHz 

] -, . . 
CB 3 

IX VI VIi V I I !  

Some of the imidazo[4 ,5-b]pyraz ines  and the i r  N-oxides  have shown weak act ivi ty  _in v i t ro  with r e s p e c t  
to tubercu los i s  m y c o b a c t e r i a  and pathogenic fungi. 

EXPERIMENTAL METHOD 

The IR spectra of mineral oil suspensions of the compounds were recorded with a Perkin-Elmer 457 
spectrometer. The PMR spectra of acetic acid solutions were recorded with a JNM 4H-100 spectrometer 
with tetramethylsilane as the internal standard. Paper chromatography was carried out with a butanol-5% 
acetic acid (I : i) system and with development in UV light. 

1,6-Dimethyl-5-acetoxymethylimidazo[4,5-b]pyrazine (Ha). A 0.44-g (2.5 mmole) sample of N-oxide 
la was heated in 4.4 ml of acetic anhydride at I00 ~ for 3 h, after which the acetic anhydride was removed 
by distillation, and the residue was extracted with ether to give 0.27 g (50%) of acetoxy derivative IIa with 
rap 119-120 ~ (from ether-methanol). Found: C 54.7; H 5.5; N 25.3%. CIoHI2N402. Calculated: C 54.6; 
H 5.5; N 25.4%. 

2-Oxo-l,6-dimethyl-3-acetyl-5-acetoxymethyl-2,3-dihydroimidazo[4,5-b]pyrazine (IVa). A 1.65-g 
(8.5 mmole)  s ample  of N-oxide  III  was ref luxed in 33 mi of acet ic  anhydride for  25 rain, a f t e r  which the mix -  
tu re  was worked up as descr ibed  above to give 0.76 g (32%) of acetoxy de r iva t ive  IVa with mp 144.5-!45 ~ 
(from alcohol) and Rf 0.67 (br ight-viole t  spot) .  IR spec t rum,  cm- l :  1735 (broad) and 1758 (C = O). PMR 
s p e c t r u m ,  5, ppm: 2.3 (6-CH3) , 2.84 (COCH3) , 2.92 (CH3COO) , 3.67 (N-CH3) , and 5.52 (CH2)o Found: C 51.8; 
H 5,2; N 20~176 C12Hi4N404. Calculated:  C 51.9; H 5.1; N 20.2%. 

6 -Methy l -5 -ace toxymethy l imidazo[4 ,5 -b ]pyraz ine  7-N-Oxide  (IIb).  A 4.67-g (26 mmole)  s ample  of 
N,N ' -d ioxide  Ib was heated in 23 ml  of acet ic  anhydride at 100 ~ for  2 h, a f t e r  which the acet ic  anhydride 
was r emoved  by dist i l lat ion,  and the oily r e s idue  was applied to a polyethylene column filled with s i l ica  get, 
and ethyl a c e t a t e - m e t h a n o l  (9 : 1) was passed  through the column. After  the mixture  of solvents  had r i sen  
to the top of the column, the s i l i ca  gel was cut into 10 sect ions .  Each sect ion was ext rac ted  with methanol.  
Monitoring was accompl ished  by means  of pape r  ch romatography ,  and the methanol  solut ions f r o m  sect ions  
6-9 were  combined.  The solvent  was r emoved  to give 1.5 g (29%) of 5 -ace toxymethy l  de r iva t ive  lib with 
mp 265-266 ~ (dec., f r o m  methanol) .  IR s p e c t r u m ,  c m - I :  1750 (es te r  C= O) and 3000-3150 (NH). PMR s p e c -  
t rum,  5, ppm:  3.41 (CH2) , 2.93 (CH3COO), and 2.37 (6-CH3). Found: C 48.5; H 4.7; N 25.0%. CgHi0N403. 
Calculated:  C 48.6; H 4 . 6 ;  N25.2%. 

2- Oxo : l , 6 -d ime thy l -5 -hydroxymethy l -2 ,3 -d ihydro imidazo[4 ,5_b]pyraz ine  (IVb). A 0.25-g (0.9 mmole)  
s amp le  of IVa was mintained in 1.5 ml  of 2.5 N NaOH solution at  5-10 ~ until  it d issolved,  a f t e r  which the 
solution was f i l te red.  A 2.5 N solution of HC1 was added to the f i l t ra te  to pH 1, a f t e r  which it was cooled 
and f i l te red  to give 0.08 g of hydroxymethyl  de r iva t ive  IVb. The solution was then ex t rac ted  with ch lo ro-  
f o r m  to give another  0.07 g of IVb for  an ove ra l l  yield of 0.15 g (88%) of a product  with mp 251-252 ~ ( f rom 
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methanol).  PMR s p e c t r u m ,  5, ppm:  2.72 (6-CH3), 3.72 (N-CH3) , and 5.22 (CH2). Found C 49.6; H 5.0; N 
28.7%. C10H12N403 . Calculated:  C 49.4; H 5.2; N 28.9%. 

6-Methyl-5-hydroxs ,  methylimidazo[4,5-b]p~u-azine 7-N-Oxide (V). A 0.18-g (0.8 mmole)  s amp le  of 
5 -ace toxymethy l  de r iva t ive  IIb was refluxed in 2 ml  of 2.5 N NaOH solution for  10 min, a f te r  which the so lu-  
tion was cooled, acidified to pH 2 with 2.5 N HC1 solution, and worked up to give 0.14 g (96%) of a product  
with mp 276-277 ~ (dec., f r o m  water) .  Found: C 46.7; H 4.7; N 31.2%. CTHsN402. Calculated:  C 46.7; H 
4.5; N 31.1%. 

N-Oxidation of IVa. A mix ture  of 2.06 g (7.4 mmole)  of acetoxy der iva t ive  1Va, 29.6 ml  (40 mmole) 
of 10.3% perace t i c  acid, 0.45 g of CH3COONa, and 0.01 g of Na4P207 was heated at 70-82 ~ for  20 h, a f te r  
which it was f i l te red,  and the f i l t ra te  was evapora ted  to one-third of its or iginal  volume.  Ether  was added 
to the condensed f i l t ra te ,  and the precipi ta ted  inorganic sa l t s  were  separa ted .  The solution was a i r - evapo-  
ra ted ,  and the r e s idue  was r ec rys t a l l i z ed  repea ted ly  f rom anhydrous alcohol  to give 0.16 g (8.4%) of N-ox -  
ide IVc with mp 207-208 ~ (dec.). IR spec t rum,  c m - l :  1728 and 1743 (amide and e s t e r  C=O) and 3040-3200 
(Nil). Found: C 47.9; H 4.9%. CIoH12N404. Calculated:  C 47.6; H 4.8%. 

N-Oxidation of IVb. A mix tu re  of 0.43 g (1.8 mmole)  of IVb, 8.3 ml  (11 mmole) of 10.3% p e r a c e t i c  
acid, 0.125 g of CH3COONa, and 0.01 g of Na4P207 was heated at 65-82 ~ for  1 h, a f t e r  which it was f i l tered 
and the f i l t ra te  was  vacuum evapora ted  to one-third of i ts  initial  volume (at 40-50~ Ether  was added 
to the res idue ,  and the mix ture  was cooled and worked up to give 0.2 g (41%) of N-oxide IVd with mp 247- 
248 ~ (dec., f r om alcohol).  IR spec t rum,  c m - l :  1730 (amide C=O),  2300-2700 (broad), and 3410 (NH and OH). 
Found: C 45.8; H 4.8; N 26.9%. CsH10N403. Calculated:  C 45.6; H 4.8; N 26.8%. 

6 - B r o m o - l - m e t h y l i m i d a z o [ 4 , 5 - b ] p y r a z i n e  4-N-Oxide (VII). A 3-g (14 mmole)  s ample  of b romo d e r iv -  
at ive VI was heated with 51 m l  (72 mmole)  of 10.8% perace t i c  acid, 0.78 g of sodium aceta te ,  and 0.01 g of 
Na4P207 at 75-80 ~ for  20 h, a f t e r  which the mix tu re  was f i l te red,  and the f i l t ra te  was evapora ted  at 30 ~ The 
res idue  was t r ea ted  with a mix tu re  of methanol  and e ther  to give 0.46 g (14%) of N-oxide VII with mp 265- 
266 ~ (dec., f r o m  methanol).  PM:R s pec t rum  (in CDC13), 6, ppm:  3.93 (N-CH3),8.01 (2-H), and 8.29 (5-H). 
Found: C 31.4; H 2.2; N 24.3%. C6HsBrN40. Calculated:  C 31.5; H 2.2; N 24.5%. 

Hydrolyt ic  Cleavage of 6 - B r o m o - l - m e t h y l i m i d a z o [ 4 , 5 - b ] p y r a z i n e  (VI). A 0 .1-g  (0.47 mmole)  s ample  
of VI was heated in 1.5 ml  of 2.5 N NaOH solution at 50-60 ~ for 4 h, a f t e r  which it was cooled and f i l tered 
to give 0.06 g (63%) of pyraz ine  IX, which, with r e s p e c t  to its melt ing point and Rf value, was ident ical  to 
IX prev ious ly  obtained by a different  method [5]. 

Hydrolyt ic  Cleavage of N-Oxide VII. The hydrolyt ic  c leavage  of VII was c a r r i e d  out as descr ibed  above 
to give 0.41 g (86%) of 6 - b r o m o - 3 - a m i n o - 2 - m e t h y l a m i n o p y r a z i n e  4-N-oxide  (VIII) with mp 217-218 ~ (dec., 
f r om alcohol). Found: Br  36.0; N 25.4%. CsH?BrN40. Calculated:  Br  36.4; N 25.6%. 
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