
D E R I V A T I V E S  O F  C O N D E N S E D  P Y R I M I D I N E ,  

P Y R A Z I N E ,  AND P Y R I D I N E  S Y S T E M S .  

xX:XII. * SYNTHESIS AND PROPERTIES @F PYRAZINO- 

[2,3-b] [ 1,4]THIA ZIN- 6- ONE S 

L .  A .  M y s h k i n a  a n d  T .  S.  S a f o n o v  UDC 547.853.7'854.1'861o6'822.7'825'869. 
543.422.25.4.6 

React ion of 2 -mereap to -3 - amino -5 ,6 -d im e th y l -  and 2 -mercap to -3 -amino-5 ,6 -d ipheny l -  
pyraz ines  with s - h a l o  acid e s t e r s  gave 2 -ca rbe thoxy-3-aminopyraz ines ,  which a r e  con- 

v e t t e d  by the action of sodium ethoxide to 5 ,6-dimethyl-  and 5,6-diphenylpyrazino[2,3-b]-  
[1,4] thiazin-6-ones.  The la t te r  a re  m o r e  conveniently obtained f rom 2 -ch lo ro -3 - am in o -  
5 ,6-d imethyl -  and 2 -ch loro-3-amino-5 ,6 -d iphenylpyraz ines  and thioglycolic acid. 5,6-Di-  
hydropyraz inoth iaz ine  is  fo rmed  by reduction of 5 ,6-dimethyl  pyrazino[2,3-b][1,4]thiazin-  
6-one, whereas  the 2 ,3 -d imethy l -5-amino-6-su l fon ie  acid and i ts  N-oxide a re  fo rmed  by 
oxidation. 

In a continuation of our  e a r l i e r  r e s e a r c h ,  which was undertaken to s ea rch  for  ant ieancer ,  substances,  
we invest igated the react ion of 2 -mercap to -3 -amino -5 ,6 -d ime thy l -  (I) and 2 - m e r c a p t o - 3 - a m i n o - 5 , 6 - d i -  
phenylpyraz ines  (ID with ethyl chloroaceta te .  As a resu l t ,  we obtained 2 -ca rbe thoxymethy l th io -3-amino-  
pyraz ines  (I~ and IV), the s t ruc tu re  of which was confi rmed by the p re sence  of absorpt ion bands of an 
amino group and a e s t e r  CO group in the IR spec t ra .  In contras t  to 2 -carboxymethyl th io-3-aminopyraz ines  
[3], Iff and IV a re  conver ted to pyrazino[2,3-b][1,4] thiazin-6-ones  (V and VI) under  the influence of alkaline 
but not acidic agents.  Compound V was isola ted  in an at tempt  to obtain the corresponding amide f rom III 
(by bubbling ammonia  into an alcohol solution of th ioe ther  liD. 

However,  pyraz inoth iaz in-6-ones  a r e  m o re  conveniently obtained by react ion of 2 -ch lo ro -3 -amino-  
5 ,6-d imethylpyraz ine  (X) and 2-ch loro-3-amino-5 ,6-d iphenylpyraz ine  (XD with thioglycolie acid in aque-  
ous alkaline media.  The p r i m a r y  products  of the react ion a re  2 -carboxymethyl th io-3-aminopyraz ines  (XII 
and XIID, which a r e  cycl ized to pyraz inoth iaz in-6-ones  (V and VI) when they a r e  heated with hydrochlor ic  
acid, This method for  the prepara t ion  of V and VI has an advantage over  the above-desc r ibed  methods with 
r e spec t  to the number  of s teps  (the necess i ty  fo r  rep lacement  of the chlorine atom by an SH group is ex-  
cluded) and with r e spec t  to the yields of final products .  2 -Dicarbe thoxymethyl th io-3-aminopyraz ines  (VII 
and VIID a re  fo rmed  by react ion of I and II with bromomalonie  e s t e r  in the p re sence  of 1 mote of alkali.  
2 -Dicarbe thoxymethyl th io-3-amino-5 ,6-d imethylpyraz ine  hydrobromide  (IX) was isola ted when the react ion 
of I with bromomalonic  e s t e r  was ca r r i ed  out in the absence of alkali.  Absorption bands of e s t e r  CO and 
NH 2 groups a re  observed  in the IR spec t ra  of VII-IX, and the spec t rum of hydrobromide  IX additionally 
contains a broad band at  2630-2700 cm -1, which is  re la ted  to vibrat ions of the NH3 + group. 

Attempts to conver t  2 -d icarbe thoxymethyl th io-3-aminopyraz ines  VII and vn-r to the corresponding 
pyrazinothiazinones  were  unsuccessful :  the s tar t ing  mate r ia l s  were  r eco v e red  when they were  heated in 
the p re sence  of sodium ethoxide, whereas  des t ruc t ive  changes occu r r ed  under m o r e  seve re  conditions. 

"* See [1] for  communicat ion XXXI. 
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I R=CH3, RJ=SH; II R=CsHs, R~=SH; X R=CH3, RI=C1; XI R=C6Hs, RI=CI; 
III R=CH3, R2=H, Rs=OC2H~; IV R=C6Hs, R:=H, R3=OC2Hs; VII R=CH3, R2=CO~C2Hs, 
R~=OC~Hs; VIII R=CsHs, R2=CO2C2Hs, Rz=OC2H5; XII R=CH3, R2=H, R3=OH; 

XIII R=C6Hs, R:=H, R3=OH; V, XIV, XV, XVI R=CHs; VI R=C6H5 

In o r d e r  to fu r the r  study the p r o p e r t i e s  of pyraz ino th iaz in -6 -one  [4] we inves t iga ted  the reduction of 
i ts  2 ,3-dimethyl  de r iva t ive  (V) with l i thium a luminum hydride  in t e t r ahydrofu ran  (THF). In this case,  5,6- 
dihydropyrazino[2,3-b][1,4] thiazine (XIV) is  formed.  The s t ruc tu re  of the l a t t e r  was conf i rmed by the ab-  
sence  of l ae tam r ing absorp t ion  bands in i t s  IR spec t rum.  

In o r d e r  to conver t  the py raz ino th i az in -6 -ones  to the cor responding  sulfoxides and sulfones,  which 
a r e  of i n t e r e s t  fo r  biological  study, we inves t iga ted  the action of hydrogen peroxide  on 2 ,3 -d ime thy lpyra -  
z ino[2,3-b][1,4] thiazin-6-one (V). As a r e s u l t  of the react ion,  the sulfur  i s  oxidized, the thiazine r ing is  
opened, and the pyraz ine  ring ni t rogen a tom is  oxidized to give 2 ,3 -d ime thy l -5 - amino -6 - su l fon i c  acid XV 
and i ts  N4-oxide (XVD. The s t r u c t u r e s  of XV and XVI were  eonf i rmed by the p r e sence  in the i r  IR sp ec t r a  
of absorp t ion  bands of NH 2 and SO 2 groups  and a lso  by compar i son  with authentic s amples  obtained by o x i -  
dation of 2 - m e r e a p t 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  (I). The p r e sence  of an oxide group in X-VI at  N 4 r a th -  
e r  than a t  N l was p roved  by means  of a qual i ta t ive reac t ion  with FeC13. The appea rance  of a blue co lor -  
ation a t t e s t s  to location of the N -~ O group in the a posi t ion with r e s p e c t  to the amino group of the pyraz ine  
ring. 

EXPERIMENTAL 

The IR spectra of mineral oil suspensions of the compounds were obtained with a UR-10 spectrometer. 

The starting 2-mercapto-3-amino-5,6-dimethyl- (1), 2-mercapto-3-amino-5,6-diphenyl- (II) 2- 
chloro-3-amino-5,6-dimethyl- (X), and 2-chloro-3,amino-5,6-diphenylpyrazines (XI) were synthesized by 
the method in [3]. 

2-Carbethoxymethylthio-3-amino-5,6-dimethylpyrazine (I~). An alcohol solution of 0.72 g (0.058 
mole) of ethyl chloroacetate was added dropwise at 20-22 ~ to a solution of 1.0 g (0.065 mole) of I in 50 ml 
of ethanol containing 0.36 g of KOH. The mixture was stirred for 3.5 h, after which the KCI was separated, 
the alcohol solution was evaporated to dryness in vacue, and the residue was triturated with water. The 
resulting solid was removed by filtration, washed with water, and dried to give 0.95 g (67.270) of white 
crystals with mp 73-74 ~ (from water). IR spectrum: 1740 (ester CO), 1640, 3300, and 3430 (NH 2) cm -I. 
Found. C 49.5; H 6.3; N 17.7; S 13.37o. CIoHt~N302S. Calculated: C 49.8; H 6.3; N 17.4; S 13.370. 

2-Carbe thoxyrne thy l th io -3 -amino-5 ,6 -d ipheny lpyraz ine  (IV). A s i m i l a r  method was used to obtain 
this  compound in 57.5% yield.  The yellow c ry s t a l s  had mp 123-124.5 ~ ( f rom ethanol). IR spec t rum:  1745 
(es t e r  CO), 1635, 3310, and 3450 (NH 2) em -1. Found: C 65.7; H 5.4; N 11.3; S 8.570. C20I-I19N302S. Cal -  
culated: C 65.7; H 5.2; N 11.5; S 8.870. 

2 -Ca rboxy m e t hy l t h i o -3 - am i no -5 ,6 -d i me thy lpy raz ine  (XID:. A 1.0-g (0.026 mole) sample  of pyraz ine  
X was added to a solution of 2.64 ml  [3.5 g (0.038 mole)] of thioglyeol ic  acid in 20 ml  of wa te r  containing 
4.3 g (0.032 mole) of KOH, and the mix tu re  was heated a t  90-95 ~ fo r  1 h, a f t e r  which i t  was cooled to 15-18 ~ 
and acidif ied with CHaCOOH. Workup gave 3.98 g (73.8%) of white c ry s t a l s  with mp 172-173 ~ ( f rom me th -  
anol). The product  was ident ical  to the compound p rev ious ly  obtained by the method in [3]. 

2 -Carboxymethy l th io -3 -amino-5 ,6 -d ipheny lpy raz ine  (XIII) [3]. This  compound was s i m i l a r l y  obtained 
f rom XI and thioglyeolic  acid in 90.1% yield.  The yellow c ry s t a l s  had mp 235 ~ ( f rom butanol). 
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2-Dicarbe thoxymethy l th io -3-amino-5 ,6-d imethy tpyraz ine  (VII). An alcohol solution of 1.54 g (0.064 
mole) of diethyl bromomalonate  was added dropwise at  60-65 ~ to a solution of 1.0 g (0.065 mole) of I in 50 
ml of ethanol containing 0.36 g of KOH. The mix tu re  was s t i r r e d  at the same t em p e ra tu r e  for  3.5 h, a f t e r  
which the KBr  was separated,  and the mo th e r  l iquor ~ t s  vacuum evapora ted  to d ryness .  The residue was 
t r i tu ra ted  with wate r  and dr ied  to give 1.18 g (75.4%) of yellow crys ta l s  with mp 90-91 ~ (from alcohol). IR 
spect rum:  1725, 1740 ( e s t e r  CO), 1645, 3210, 3330, and 3430 (NH 2) cm -~. Found: C 50.1; H 6.0; N 13.2; 
S 10.4%. ClaH19N304S. Calculated: C 49.8; H 6.1; N 13.4; S 10.2%. 

2- .Dicarbethoxymethyl th i0-3-amino-5 ,6-dimethylpyrazine  Hydrobromide (IX). A suspension of 0.5 g 
of I in 50 ml of ethanol and 0.78 g of diethyl bromomaton~te  was re i luxed on a wate r  bath for  2.5-3 h. The 
solvent  was then r emoved  by vacuum dist i l lat ion,  the res idue  was t r i tu ra ted  with e ther ,  and the solid was 
removed  by f i l t ra t ion and dr ied  to give 0.96 g (75.7%) of white c r y s t a l s  with mp 162-163 ~ (from alcohol). 
IR spec t rum:  1730 ( e s t e r  CO), 1655, 3300, 3350 (NH2) , and 2630-2700 (NIt3 +) cm -1. Found: B r  20.3; S 
7.9%. C13HIgNaO4S.HBr. Calculated: B r  20.2; S 8.1%. 

Dry  ammonia  was bubbled into a suspension of hydrobremide  IX in e ther .  The resul t ing  NH4Br was 
separa ted ,  and the e the r  was evapora ted  to give a yellow crys ta l l ine  substance ~i th  mp 90-91 ~ No mel t ing-  
point depress ion  was observed  for  a mix tu re  of this product  with tile VII obtained above. 

2 -Dicarbe thoxymethyl th ip-3-amino-5 ,6-d iphenylpyraz ine  (VIII). This  compound was s imi l a r ly  ob- 
tained f rom II and ethyl bromomalonate  in 75.4% yield. The yellow crys ta ls  had mp 99-100.5 ~ (from cyclo-  
hexane).  IR spec t rum:  1750, 1765 (es t e r  CO), 1640, 3290, and 3460 (NH 2) cm -1. Found: C 63.4; H 5.3; N 
9.5; S 7.2%. C23II2aN304S. Calculated: C 63.2, tt  5.3; N 9.2; S 7.2%. 

2 ,3-Dimethylpyrazino[2,3-b][1 ,4] thiazin-6-one (V). A) A 1.0-g (0.063 mole) sample of X was added 
to a solution of 2,64 ml [3.5 g (0.029 mote)] of thioglycolic acid in 20 ml  of water  containing 4.3 g of KOH, 
and the mix tu re  was then heated at  90-95 ~ for  1 h, a f t e r  which 100 nil of 8% aqueous hydrochlor ic  acid was 
added. The m i x t u r e  was held at this t empera tu re  and neut ra l ized  with sodium aceta te .  The resul t ing p r e -  
cipitate was r emoved  by f i l t rat ion,  washed with water ,  and dr ied  to give 3.82 g (68.3%) of white c rys ta l s  
with mp 186-187 ~ (from water) .  The compound was identical  to the substance obtained by the method in [3]. 

B) A mix tu re  of sodium ethoxide (0.23 g of Na in 20 ml of absolute ethanol) and 0.5 g of III was held 
at 20-22 ~ fo r  24 h, a f t e r  which the solvent  was r e m o v e d  by vacuum disti l lation, and the res idue  was t r i tu -  
ra ted  with wate r  and dr ied to give 0.28 g (69.2% based on III or57.2% based on X). The compounds obtained 
by methods A and B were  identical .  

2 ,3-Diphenylpyrazino[2,3-b][1,4] thiazin-6-one (VI). This compound was s imi la r ly  obtained in 77% 
yield as yellow c rys ta l s  with mp 253-255 ~ ( f rom alcohol).  

2 ,3-Dimethyl-5 ,6-dihydropyrazino[2,3-b][1 ,4] thiazine (XIV). A solution of 1.5 g (0.078 mole) of V in 
THF was added dropwise with vigorous s t i r r ing  in the course  of 1 h at  50 ~ to a suspension of 1.16 g (0.306 
mole) of LiA1H 4 in 100 ml  of dry  THF, a f t e r  which the react ion mixture  was held at  this t em p e ra tu r e  for  
4.5 h. Water  (7 ml) was then added dropwise at  40 ~ in the course  of 30 rain, and the mix ture  was re i luxed 
for  1.5 h. The prec ip i ta te  was removed  by f i l t rat ion,  the TtIF solution was dr ied with sodium sulfate, and 
the solvent  was removed  by vacuum dist i l lat ion.  The res idue  was t r i tu ra ted  with e ther ,  and the solid p rod -  
uct was removed  by f i l t ra t ion and dr ied  to give 0.87 g (62.5%) of white c rys ta l s  with rnp 145-146 ~ (from 
ether) .  Found: C 53.1; H 6.2; N 23.4; S 17.6%. CsttllN3S. Calculated: C 53.0; H 6.1; N 23.2; S 17.7%. 

2 ,3 -Dimethy l -5 -aminopyraz ine-6-su l fon ic  Acid (XV) and 2 ,3 -Dimethy l -5-aminopyraz ine-6-su l fon ic  
Acid 4-Oxide (XVD. A 2.3-ml sample of 30% H202 Was added dropwise at  20-22 ~ with s t i r r ing  to a suspen- 
sion of 1.0 g of V and 4.2 ml  of glacial ace t ic  acid, and the mix ture  was s t i r r e d  for  2.5 h, during which the 
solid dissolved completely.  The reac t ion  mix ture  was allowed to stand a t  this t em p e ra tu r e  for  2 days. 
The resul t ing prec ip i ta te  was removed  by f i l t rat ion,  washed with e ther ,  and dried.  The yield of sulfonic 
ac idXV,  with mp 272 ~ ( f rom ethanol), was 0.1 g (10.3%)o IR spect rum:  1660, 3350 (NH2) , 1210-1240 (SO 2) 
cm -1. Found: C 35.3; H 4.7; S 15.7%. C8I~N303S. Calculated: C 35.5; H 4.5; S 15.8%. 

The ace t ic  acid mother  l iquor was vacuum evaporated to d ryness  to give 0.68 g (60.5%) of oxide XVL 
The white c rys t a l s  mel ted  above 300 ~ IR spect rum:  1635, 3250, 3370 (NH2) , 1070-1090 (broad bands), and 
1285-1295 (SO2, N---O) cm -1. Found: C 32.7; H 4.1; N 19.0; S 14.8%. C6HoN~O4S. Calculated: C 32.9; H 
4.1; N 19.2; S 14.6%. 

B) A 1-ml  sample  of 30% H202 was added dropwise at 20-22 ~ to a suspension of 0.2 g of I in 10 ml of 
CH~COOH, and the reac t ion  m i x t u r e  was allowed to stand at  this t empera tu re  f o r 2  days. The resul t ing 
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precipitate was removed by filtration and dried to give 0.1 g of acid XV with rap 272 ~ Evaporation of the 
acetic acid mother  liquor gave 0.03 g of oxide XVI with mp> 300 ~ The two compounds were identical to 
those obtained by method A. 
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