
A S T U D Y  O F  N I T R O G E N -  A N D  

XIIIo PYRA ZINO [2,3-b]THIA ZI NES 

T.  S. S a f o n o v a  a n d  L .  A .  

S U L F U R -  C O N T A I N I N G  

M y s h k i n a  

H E T E R O C Y C L E S  

UDC 547.863'869.2 

The reac t ion  of 3 - a m i n o - 2 - m e r c a p t o p y r a z i n e s  I and II with phenyl halides has given the 3- 
amino-2 -phenacy l th iopyraz ines  I l l -VIII .  Compounds V, VI, and VIII have been conver ted  by 
heating in vacuum into the the 5H-pyraz ino[2 ,3 -b] - [1 ,4 ] - th iaz ines  XIII-XV. The reac t ion  of 
I and II with chloroacetone,  3 -ch lo robu tan-2-one ,  and 2-chlorocyclohexanone has given the 
6 -hydroxy-  6 ,7-d ihydropyraz inoth iaz ines  IX-XI. 

we  have previous ly  r epor t ed  the synthes is  of pyr imido-  [2] and pyr idothiazines  [3] by the reac t ion  of 
o - a m i n o m e r c a p t o p y r i m i d i n e s  and -py r id ines  with halogeno ketones.  In the p re sen t  work,  this reac t ion  has 
been extended to the analogous pyraz ine  compounds,  giving de r iva t ives  of a new he te rocyc l i c  s y s t e m -  
pyraz ino[2 ,3 -b] - [1 ,4 ] - th iaz ine  [4] - which a r e  of in te res t  as poss ib le  folic acid antagonis ts ,  and a study has 
been made of f ea tu res  in the p r o p e r t i e s  of the in te rmed ia tes  due to the p r e sence  of a pyraz ine  r ing and to 
the nature  of the subst i tuents  in the carbonyl  and pyraz ine  components .  Thus, the reac t ion  of 3 - a m i n o - 2 -  
m e r c a p t o p y r a z i n e  (I) with phenacyl b romide  and its p - b r o m o  der iva t ive  in the p r e s e n c e  of alkali  has given 
the 3 -amino-2 -phenacy l th iopyraz ines  III and IV. In compounds III and IV, the lowering of the nucleophi l i -  
city of the amino group  due to the effect  of the dipole moment  of the cycl ic  ni t rogen a toms  is m o r e  p r o -  
nounced than in the 5 -amino-6-phenacy l th iopyr id ines ,  s ince in the f i r s t  case  the NH 2 group is in the ~ pos i -  
tion with r e s p e c t  to a cycl ic  ni trogen.  This c i r c u m s t a n c e  leads to an inc rease  in the s tabi l i ty  of III and IV. 
Thus, III and IV, unlike the analogous pyridine de r iva t ives ,  f o r m  hydrazones  and do not cycl ize  on s to rage  
and on being heated with alcohols .  

H H 

HI-V l l l  IX, XI XI I -XV 

IX R"=CHa; x l  R"=H 

The reac t ion  of I with p-n i t rophenacyl  b romide ,  in which the earbonyl  group is s t rongly  act ivated with 
r e s p e c t  to the nucleophil ic r eagen t  because  of the -M and - I  effects  of the NO 2 group, f o r m s  the pyraz ino-  
thiazine XII. 

The introduction of two e lec t ron-donat ing  subst i tuents  into the pyraz ine  ring i n c r e a s e s  the nucleophi l -  
icity of the NH 2 g roup  and, consequently,  d e c r e a s e s  the stabil i ty of the 3 -amino-2 -phenacy l th iopyraz ines  V- 
VIII. Thus, compounds V, VI, and VIII, obtained f r o m  3 - a m i n o - 2 - m e r c a p t o - 5 , 6 - d i m e t h y l p y r a z i n e  and 
phenacyl hal ides ,  l ike the 5 -amino-6 -phenacy l th iopyr imid ines  on heating in vacuum, a r e  conver ted  into the 
pyraz inoth iaz ines  XIII-XV under  the conditions for  the format ion  of hydrazones .  

The reac t ion  of I and II with al iphatic  ketones  (chloroacetone,  3-chlorobutanone,  and 2 -ch lo rocyc lo -  
hexanone) fo rmed  the hydroxy compounds IX-XI, which did not undergo dehydrat ion to give pyraz ino th ia -  
zincs.  
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The s t ruc tures  of III-XII were confirmed by their  IR spec t ra :  those of III-VIII have the absorption of 
CO and NH 2 groups;  in the spec t ra  of IX-XI there  is no band of a CO group but the absorption of OH and 
NH groups is present ;  in the spec t rum of XII there  is a s t rong band of a NH group (at 3370 cm-~). For  
substances XIII-XV the band of NH group is weak and is located at 3200-3250 cm -1. In the PMR spectra  of 
XII and XV there is a broadened signal of an olefinic proton which is located at 5.10 ppm for XV and is 
shifted upfield by 0.22 ppm for XII, which probably shows the possibili ty of the existence of the pyrazino-  
thiazines in another tautomeric  fo rm - that of the 7H derivat ives .  

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

3-Amino-2 -mercap topyraz ine  (I). a .  A solution of 0.46 g (0.02 g-at . )  of Na in 20 ml of anhydrous 
ethanol was t reated with 20 ml of d imethylformamide,  and the ethanol was distilled off in vacuum. The 
residual  solution was saturated with hydrogen sulfide, 1.5 g (0.0116 mole) of 3 -amino-2 -ch lo ropyraz ine  
[5,6] was added to it, and the react ion mixture was heated at 100~ for 3 hr.  The dimethylformamide was 
distilled off in vacuum and the res idue  was dissolved in~ 80 ml of 5 % aqueous NaOH with heating. The solu-  
tion was t rea ted  with activated carbon and fi l tered,  and the f i l t rate was cooled and acidified with acetic 
acid. The precipi tate  was f i l tered off, washed with water, and dried. Yield 1.02 g (69%), mp 260-261"C 
{from ethanol). According to the l i t e ra ture  [7], yield 73 %, mp 245-2550C. 

b_.~. A mixture of 2.22 g (0.02 mole) of 3 -amino-2-hydroxypyraz ine  and 4.9 g (0.02 mole)of P2S5 in 
80 ml of pyridine was heated at 120~ for  2 hr.  The pyridine was distil led off in vacuum and the residue 
was dissolved in 75 m 1 2  N NaOH; the insoluble par t  was f i l tered off, and alkaline solution was acidified 
with 10% sulfuric acid, af ter  which the precipi ta te  was separa ted  off and dried. Yield 0.58 g (23%), mp 
260-261~ (from ethanol). A mixture with a sample obtained by method (a) gave no depress ion of the mel t -  
ing point. 

3 -Amino-2 -mercap to -5 ,6 -d ime thy lpyraz ine  (I1) was obtained as descr ibed previously [8]. Yield 76 %, 
mp 259-261~ 

3-Amino-2-phenacyl th iopyraz ine  (III), At20-22r with s t i r r ing,  an ethanolic solution of 0.89 g (0.0045 
mole) of phenacyl bromide was added to a solution of 0.63 g (0.0050 mole) of I in 15 ml of an alcohol (meth- 
anol or  ethanol) containing 0.32 g of KOH. After  three hours '  s t i r r ing,  the precipi tate  was separated off, 
washed with 5-10% aqueous alkali and then with water  to neutral i ty,  and dried. The yield was 0.96 g (87%), 
mp 119-120~ Compound HI exhibited the following frequencies of the vibrations of an amide C =O and of 
NH 2 groups,  c m - l :  1695; 1625; 3220; 3310; 3390. 

Compounds IV-XI were obtained s imi lar ly  with the difference that for IV-VIII the react ion was c a r -  
r ied out at f rom -4  to -10"C and for  XI at 0"C. For  compounds IV-VIII the frequencies of the vibrations of 
the amide C =O and NIt 2 groups and for compounds X and XI those of the NH and OH groups were, cm-~: 
IV1692;  1630; 3310; 3330; 3390; 3430; V - 1 6 7 0 ;  1650; 3330; 3415; V I - 1 6 8 3 ;  1660; 3320; 3420; 
V I I - 1 6 7 0 ;  1610; 3320; 3420; VII I - -1693;  1640; 3310; 3440; X - 3 2 0 0 ;  3280 (broadened band ) ;XI -3220 ;  
3290 (broadened band). 

2,4-Dinitrophenylhydrazone of III. 0.25 g (0.001 mole) of III was added to a solution of 0.2 g (0.001 
mole) of 2,4-dini t rophenylhydrazine in 10 ml of ethanol containing 6-8 drops of conc.HC1 and the mixture 
was heated in the water bath for a few minutes,  af ter  which the solution was cooled and the result ing c r y s -  
tals were separated off. Yield a lmost  quantitative. Yellow crys ta l s ,  mp 200-201~ (from ethanol). Found, 
%: C 50.8; H 3.5; N 23.6; S 7:3. Calculated for C18HlsN704S s %: C 50.8; H 3.5; N 23.0; S. 7.5. 

The hydrazone of IV was obtained s imi lar ly .  Yellow crys ta l s ,  mp 2200C (from ethanol). Found, %: 
C 42.7; H 2.8; N 19.3; Br 16.0; S 6.4. Calculated for C18H14BrN704S, %: C 42.8; H 2.8; N 19.4; Br 15.8; 
S 6.4. 

6-p-Ni t rophenylpyrazino[2,3-b]- [1 ,4]- th iazine  (XII). At 20-22~ 2.2 g (0.009 mole) of p-ni t rophenacyl  
bromide in 15-20 ml of CHC13 was added to a solution of 1.27 g (0.010 mole) of I in 15 ml of water containing 
0.9 g of KOH. After nine hou r s '  s t i r r ing,  the precipi ta te  was separated off, washed with 5-10 % aqueous 
alkali and with water,  and dried. Yield 1.49 g (61%), mp 219-220"C. 

2 ,3-Dimethyl-6-phenylpyrazino[2,3-b]- [1 ,4]- th iazine  (XIII) was obtained in quantitative yield b:] heat -  
ing 0.5 g of V at 110-112~ over  P2Os in vacuum for  6 hr.  Compounds XIV and XV were synthesized s imi l a r -  
ly. 

1021 



The IR spectra were taken on a UR-10 instrument in the form of mulls in paraffin oil. The PMR 
spectra of XII and XV were taken on a JNM-4H instrument at 100 MHz in pyridine with HMSO as internal 
standard. 
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