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The synthes is  of dimethyl  2 ,3 -d ich lo ropyraz ine -5 ,6 -d ica rboxy la t e  f r o m  dichloroqulnoxaline 
has been effected.  The nucleophfl ic  subst i tut ion reac t ions  of the compound obtained have 
been studied. 

In connection with  the s e a r c h  for  convenient  methods of obtaining 2 ,3 -d iaminopyraz ine  and its d e r i v a -  
t ives ,  which a r e  s t a r t ing  m a t e r i a l s  in the synthes is  of imidazo[4 ,5-b]pyraz ine  and o ther  condensed he t e ro -  
cycl ic  s y s t e m s ,  it appea red  of i n t e re s t  to study the oxidative c leavage of 2 ,3-dichloroquinoxal ine (I). Ac-  
cording to the avai lable  l i t e r a tu r e  informat ion,  in the oxidation of (I) with p o t a s s i u m  pe rmangana te  in an 
aqueous medium,  ins tead of the expected 5 ,6 -d ich lo ropyraz ine -2 ,3 -d ica rboxy l i c  acid, the product  is 5 ,6-di -  
hydroxypyraz ine -2 ,3 -d i ca rboxy l i c  acid (43%) [1]. The r e p l a c e m e n t  of the chlor ine a toms by hydroxy groups 
could take place  e i ther  during the isolat ion of the reac t ion  products ,  which was p e r f o r m e d  by the authors  
concerned with the aid of ion-exchange r e s i n s ,  o r  in the oxidation p r o c e s s .  We have r epea ted  the oxidation 
of (I) under  the conditions desc r ibed ,  but we changed the method of isolat ing the reac t ion  p roduc t s ,  as fol.- 
lows:  the reac t ion  solut ion was evapora ted ,  the d ry  res idue  was t~eated with methanol ,  and a cu r r en t  of d ry  
HC1 was p a s s e d  through the mix ture .  Under these conditions it was  poss ib le  to obtain dimethyl  5 ,6-dichlo-  
ropy raz ine -2 ,3 -d i ca rboxy la t e  (ll) with a yield of 49% (calculated on the I). The halogens of compound ~iI) 
r ead i ly  take p a r t  in nucleophil ic  substi tut ion reac t ions .  Thus,  the saponif icat ion of the e s t e r  groups [naque-  
ous alkaline solution fo rmed  a mixture  of acids which could be s e p a r a t e d  only a f te r  e s t e r i f i ca t ion  with meth-  
anol: then dimethyl  5 -ch lo ro -  6 -methoxy-  and 5 ,6 -d ihydroxypyraz ine -2 ,3 -d [ca rboxy la tes  (lII and V, r e s p e c -  
tively} were  isolated.  Since the e s t e r i f i ca t ion  of a mix ture  of the same  acids with ethanol yielded diethyl-  
5 - c h l o r o - 6 - m e t h o x y p y r a z i n e - 2 , 3 - d i c a r b o x y l a t e  (IV), it was concluded that the r e p l a c e m e n t  of  a halogen by  
a methoxy group took place at the s tage of alkaline saponif icat ion,  apparent ly  through the methanol l i be ra t ed  
in the reac t ion  p r o c e s s .  It was imposs ib le  to obtain 2 ,3 -d ich loropyraz ine  by heating (II} in minera l  acids  
in wa t e r  o r  aqueous ethanol ,  s ince under these conditions the (II) underwent f a r - r e a c h i n g  changes ,  evident ly  
involving the c leavage of the r ing.  F r o m  the res inous  mixture  of  reac t ion  products  fo rmed ,  a f t e r  e s t e r i f i c a -  
tion it was poss ib le  to isolate  only compound {V) in the individual s ta te .  In an ethanolic solution of ammonia  
at 18-20~ compound (II) was conver ted  into 5 - a m i n o - 6 - c h l o r o p y r a z i n e - 2 , 3 - d i c a r b o n a m i d e  (VI) and, on 
heating,  into 5 ,6 -d i aminopyraz ine -2 ,3 -d i ca rbonamide  (VII). Compound (VII) did not r e a c t  with o r thofo rmic  
e s t e r  on heating to 145-160~ (in the absence  of a ca ta lys t  o r  in the p r e sence  of cata lyt ic  amounts  of min -  
e r a l  acids) .  

In o r d e r  to aminate  ([I) without the s imul taneous  convers ion  of the e s t e r  groups into amide groups ,  we 
inves t igated the reac t ion  of (rl} with ammonia  in d ime thy l fo rmamide ,  which has p rev ious ly  been used suc -  
cess fu l ly  for  the se lec t ive  aminat ion of other  ha logen-subs t i tu ted  pyraz ines  [2]. 
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The passage of a cur ren t  of NH 3 through a solution of (II) in d imethyl formamide  at 70~ led to the 
formation of d imethy l -5-amino-6-ch loropyraz ine-2 ,3 -d iea rboxyla te  (VIII). At a higher t empera tu re  (100~ 
the halogen in compound (VIII) was replaced predominantly by the dimethyl amino group, and compound (IX) 
was obtained; d imethyl -5 ,6-diaminopyraz ine-2 ,3-dicarboxyla te  (X) was obtained under these conditions only 
in ve ry  small  yield (2% of theoret ical ) .  
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In compound (VIII) the halogen is compara t ive ly  eas i ly  replaced by a hydroxy group both in acid and 
in alkaline media; at the same t ime,  in 97% H2SO 4 the e s t e r  groups were  not saponified, and the d ies te r  (XI) 
was obtained. There  is information in the l i t e ra tu re  on the possibil i ty of the formation of benzimidazoles  
by heating 2-amino-3-dimethylamino derivat ives of benzene with acetic anhydride [3]. However,  when the 
analogous reac t ion  was pe r fo rmed  with (IX), only the diacetyl der ivat ive  (XID was obtained. Heating the di- 
amino derivat ive (X) with acet ic  anhydride gave dimethyl 1-aeetoxy-2-methyl imidazo [4,5-b]pyrazine- 
5,6-dicarboxylate (XIII). 

EXPERIMENTAL 

The IR spectra were taken on a Perkin-Elmer 457 instrument in paraffin oil, and the PMR spectra on 

a JNM-4H-100 instrument with tetramethylsilane as internal standard. Chromatography was performed on 

paper in the n-butanol-5% acetic acid (I : i) system. 

Dimethyl 5,6-Dichloropyrazine-2,3-dicarboxylate (If). With stirring, 55.35 g (350 mmoles) of KM_nO 4 
was added over 1 h to a suspension of II.07 g (42 mmoles) of (I) An II00 ml of water at 92-96~ and stirring 
was continued at the same temperature for I h 30 man, by which time the KMnOr had been deoxidized. The hot 

solution was filtered and the precipitate of MnO 2 was washed several times with hot water, the combined 
aqueous extracts were evaporated, and the residue was dried. The precipitate of IVlnO 2 was extracted with 
CHCIH, and after the elimination of the CHCI3, 2 g of unchanged (1) was reeovered. The dry residue ob- 
tained after the evaporation of the aqueous extracts was suspended in 300 ml of anhydrous methanol and, 

at 30-35~ a current of dry HCI was passed in for 6 h. The reaction mixture was cooled, the precipitate 
was filtered off and was washed with cooled methanol, and the methanolic solutions were evaporated to 
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dryness  in vacuum. The res idue  was neu t ra l i zed  with an aqueous solution of NaHCO~ to pH 7 and ex t rac ted  
with CHC13. After  the dis t i l la t ion of the CHC13, 5.93 g (49.1%) of (II) was obtained with rap 81-82.5~ [from 
m e t h a n o l - h e x a n e  (1 : 4)]. Found: C 36.5; H 2.4; C1 26.8; N 10.7%. CsH6C12N204. Calculated:  C 36.2; H 2.3; 
C1 26.8; N 10.6%. IR s p e c t r u m ,  c m - l :  1745, 1727 (es te r  C =O groups) .  

React ion of (II) with an Aqueous Solution of NaOH. A mix tu re  of 4 g (15 mmoles )  of (II) and 16 ml of a 
2.5 N aqueous solution of NaOH was s t i r r e d  at 18-20~ for  1 h (the t e m p e r a t u r e  ro se  spontaneously  to 50~ 
and 0.22 g of unchanged (II) was f i l t e red  off. The solution was acidif ied to pH 1 and was evapora ted ,  and the 
res idue  was dried over  P205 andwas  mixed with 75 ml of anhydrous methanol ,  and a cu r r en t  of d ry  HC1 was 
p a s s e d  into the mix ture  at 30-35~ for  3 h. The undissolved m a t t e r  was f i l te red  off and the f i l t ra te  was 
evapora ted  to d ryness ,  neu t ra l i zed  with NaHCO 3 solution to pH 7, and ex t rac ted  with CHC13. The res idue  ob- 
tained a f te r  the dis t i l la t ion of the CHC13 was t r i t u ra t ed  with p e t r o l e u m  e ther ,  giving 1.32 g (35.5%) of (lII), 
mp 71.5-72.5~ ( f rom a mix ture  of diethyl e ther  and p e t r o l e u m  ether) .  Found: C 42.1; H 3.7; C1 13.1; N 
11.0%. CsHgC1N205. Calculated:  C 41.6; H 3.5; C1 13.6; N 10.8%. IR s p e c t r u m ,  c m - l :  1750, 1728 (es te r  
C =O groups) .  PMR s p e c t r u m  (in CD~OD), ppm: 3.93 and 3.94 (protons of COOCH 3 groups) ,  4.14 (protons 
of an OCH 3 group). 

The bicarbonate solution after extraction with chloroform was acidified to pH 1 and cooled, and 0.45 g 
(14%) of (V) was filtered off with mp 240-241~ (decomp., from methanol). Found: C 42.3; H 3.6; N 12.2%. 
CsHsN206. Calculated: C 42.1; H 3.5; N 12.3%. IR spectrum, cm-i: 1674, 1715, 1734, 1775 (C = O of am[de 
and ester groups), 3075, 3190 (NH). l~MR spectrum (in CD3OD), ppm: 3.87 (protons of COOCH 3 groups). 

Diethyl 5-Chloro-6-methoxypyrazine-2,3-dicarboxylate (IV). The reaction of (If) with an aqueous so- 
ht[on of NaOH was performed as described above and, after esterfication with ethanol, compound (IV) was 
obtained (25%); mp 57-57.5~ (from hexane). Found: C 45.7; H 4.7; N 9.6%. CIIHI3CIN205. Calculated: C 
45.8; H 4.5; N 9.7%. 

Dimethyl 5-Amino-6-chloropyrazine-2,3-diearboxylate (VIII). A current of NH 3 was passed into a so- 
lution of 7 g (26 mmoles) of (II) in 42 ml of dimethylformamide for 30 rain (slow spontaneous rise in the " 
temperature to 70~C). The reaction mixture was cooled to 20~ the precipitate of NH4CI was filtered off, 
and the solution was evaporated in vacuum to 1/3 of its original volume. The residue was treated with wa- 
ter and ice, giving 6 g (93%) of (VIII) with mp 127-128~ (from a mixture of ether and methanol). Found: 
C1 14.1; N 16.9%. CsHsCIN304. Calculated: C1 14.4; N 17.1%. IR spectrum, cm-l: 3470, 3300, 3155 (NH2); 
1738, 1717 (ester C =O groups); 1632 (6NH2). PM_R spectrum (in CDC13) , ppm: 3.95, 3.98 (protons of 
COOCH 3 groups); 6.09 (protons of an NH 2 group). 

Dimethyl 5-Amino-6-dimethylaminopyrazine-2,3-dicarboxylate (IX) and Dimethyl 5,6-Diaminopyra- 
zine-2,3-dicarboxylate (X). A current of NH 3 was passed into a solution of 3 g (12 mmoles) of (VIII) in 18 
ml of dimethylformamide at 100-105~ for 7 h. The solvent was distilled off in vacuum, the residue was 
treated with water, and the precipitate was filtered off and, after drying, was extracted with ether in a 
Soxhlet apparatus. The ethereal extract yielded 2.54 g (82%) of (IX) with mp 181.5-182.5~ (from methanol). 
Found. ~ C 47.3; H 5.7; N 21.6%. CIoHI4N404. Calculated: C 47.3; H 5.6; N 22.0%. IR spectrum, cm-i: 3370, 
3315, 3220 ('NH2); 1728, 1718 (ester C =O groups); 1632 (6NH.). PMR spectrum (in CDC13): 3.90 (COOCH 3 
protons); 5.37 (protons of an NH 2 group); 2.94 [protons of an ~I(CH3) 2 group]. 

The ether-insoluble residue was crystallized from methanol, giving 0.5 g (2%) of (X) with mp 268.5- 
269.5~ (decomp.). Found: C 42.0; H 4.4; N 24.7%. CsHIoN404. Calculated: C 42.4; H 4.5; N 24.7%. IR 
spectrum, cm-i: 3480, 3420, 3305, 3175 (NH2); 1703 (ester C =O groups); 1630 (6NH2). PMI~ spectrum (in 
DMSO), ppm: 3.79 (protons of COOCH 3 groups); 6.83 (protons of an NH 2 group). 

Dimethyl 5-Amino-6-hydroxypyrazine-2,3-dicarboxylate (XI). A mixture of 1 g (4.1 mmoles) of (VIII) 
and 1.8 ml of H2SO 4 (d 1.84) was stirred at 40-42~ for 40 min. The reaction solution was poured onto ice, 
a 2.5 N solution of NaOH was added with cooling to give pH 3, and 0.9 g (97%) of (XI) was filtered off; 
238.5-239.5~ (deeomp., from water). Found: C 42.1; H 4.0; N 17.9%. CsHsN305. Calculated.. C 42.3; H 
4.0; N 18.5%. IR spectrum, cm-i: 3430, 3270, 3160, 3130, 3050 (NH2, NH); 1732, 1715 (ester C =O groups); 
1678, 1640 (uC=O of an amide, 6 NH2). 

Reaction of (VIII) with an Aqueous Solution of NaOii. A mixture of 4 g (16 mmoles) of (VIII) and 16 
ml of a 2.5 N aqueous solution of NaOH was stirred at 18-20~ for 1 h 30 rain. Then the reaction mixture 
was brought to pH 1 and cooled, and the precipitate that deposited, after being dried over P205, was dis- 
solved in 45 ml of anhydrous methanol. A current of dry HCI was passed into the resulting solution at 30- 
35~ for 2 h. The solvent was distilled off in vacuum, the residue was neutralized with NaHCO 3 solution to 
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pH 7, and the unchanged (VIII) (3 g) was ex t rac ted  with chloroform.  The bicarbonate  solution was t rea ted  
with a 2.5 N solution of HC1 to pH 1, and then with NaC1 to saturat ion,  and was ex t rac ted  with CHC13. E l im-  
ination of the solvent yielded 0.46 g (12.4%) of (XI), which was identical with the substance obtained above 
according to its melting point and Rf  value (0.36, dark violet  spot). 

5 -Amino-6-ch lo ropyraz ine -2 ,3 -d ica rbonamide  (VI). A. A mixture  of 1.5 g (5.7 mmoles)  of {II) and 
15 ml of an ethanolic solution of NH 3 (15.8%) was kept at 18-20~ for four days. The precipi ta te  of (VI) was 
f i l te red  off; 1.13 g (93%), mp 227-228~ (decomp., f rom water) .  Found: C1 15.9; N 32.4%. C6H6C1N502. 
Calculated: C1 16.4; N 32.5%. IR spec t rum,  cm-l :  3460, 3335, 3150 (NH2); 1688, 1650 (v C =O of an amide,  

6 NH2). 

B. In a s imi la r  manner  to the preceding case ,  1.5 g (6.1 mmoles) of (VIII) gave 0.85 g (64.5%) of (VI) 
identical with that obtained above. 

5 ,6-Diaminopyrazine-2 ,3-dicarbonamide (VII). A. A catalytic amount of Cu was added to 3.89 g (16 
mmoles)  of (VIII) in 47 ml of ethanolic NH 3 (15.8%), and the mixture  was heated in an autoclave at 135-140~ 
for  33 h. After cooling, the precipi ta te  was f i l te red  off and it was t rea ted  with a small  amount of water ;  
this gave 1.52 g (49%) of (VII), not melting below 300~ (from 40% methanol). Found: C 37.0; H 4.2%. 
C6HsNGO2. Calculated: C 36.8; H 4.1%. IR spec t rum,  cm-l :  3445, 3415, 3200, 3165, 3120 (NH2); 1675, 1652 
(~C =O of an amide,  ~i NH2). 

B. Under s imi la r  conditions, 4 g (15 mmoles) of (II) yielded 2.63 g (88%) of (VII). 

5 -Amino-6-dimethylaminopyraz ine-2 ,3-d icarbonamide  (XIV). A mixture  of I g (3.9 mmoles)of  (iX) 
and 60 mlofa15 .8%ethanol ic  solution of NH~ was kept at 18-20~ for 20 days. This gave 0.6 g (68%) of 
(XIV), mp 230-231~ (decomp., f r om aqueous methanol). Found: C 42.9; H 5.3%, .CsHI2N602. Calculated: 
C 42.8; H 5.4%. IR spect rum,  cm-l :  3460, 3365, 3345, 3200 (NH2); 1688, 1655 (~C =O of an amide and~NH2). 

Dimethyl 5-Diacety lamino-6-dimethylamino-2 ,3-dicarboxyla te  (XII). A solution of 0.5 g (2 mmoles  of 
(IX) in 5 ml of acetic anhydride was heated at 160~ in an autoclave for  2 h. Then the reac t ion  solution was 
f i l tered,  the acetic anhydride was disti l led off in vacuum, and the res idue was t r i tu ra ted  with e ther ,  a f te r  
which 0.5 g (75%) of (XII) was f i l te red  off; mp 139-139.5~ (from a mixture  of e ther  and methanol). Found: 
C 49.9; H 5.4; N 16.3%. C14Hl~N406. Calculated: C 49.7; H 5.3; N 16.5%. IR spec t rum,  cm- l :  1758, 1722, 
1705 (es ter  and amide ~C =O). 

Dimethyl 1-Acety l -2-methyl imidazo[4 ,5-b]pyraz ine-5 ,6-dicarboxyla te  (XIII). A solution of 0.3 g (1.3 
mmoles) of (X) in 3 ml of acet ic  anhydride was boiled for  1 h. The acet ic  anhydride was disti l led off in 
vacuum, the residue was t r i tu ra ted  with e ther ,  the mix ture  was cooled, and 0.3 g (77.5%) of (HI) was f i l -  
t e red  off; mp 186-187~ (from ethanol). Found: C 50.0; H 4.2; N 18.8%. C12HI2N40 5. Calculated: C 49.4; 
H 4.1; N 19.1%. IR spec t rum,  cm- i :  1750, 1725 (C =O). PMR spec t rum (in CDC13), ppm: 3.12, 3.02 (pro- 
tons of COCH 3 and 2-CH 3 groups); 4.05, 4.03 (protons of COOCH 3 groups). 
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