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The halogenation of 2,3-dimethylpyrazino [2,3-b] [1,4]thiazin-6-one with bromine or  1 mole 
of sulfuryl chloride gives 7--bromo- and 7-cMoropyrazino[2,3-b][]  ,4]thiazin-6-ones,  while 
2 moles of sulfuryl chloride give 7,7-dichloropyrazino[2,3-b][1,4]thiazin-6-one.  A num- 
be r  of 7-am ino- and 7,7-diaminopyrazino[2,3-b] [1,4] th iaz in-6-  ones were  obtained by the 
react ion of the appropriate  halo derivatives with amines.  Some of the pyrazino[2,3-b][1,4]-  
th iaz in-6-one derivatives inhibit the growth of interweavable tumors  in animals.  

In the development of studies undertaken to search for biologically active substances among the two- 
ring condensed 1,4-tMazine sys tems  [1, 2], we investigated the halogenation of 2 ,3-dimethylpyrazino[2,3-b]-  
[1,4]thiazin-6-one (I). The halogen atoms enter the 7 position during the action of bromine or  sulfuryl 
chloride on I. Depending on the cha rac t e r  of the halogenating agent and the process  conditions, 2 ,3-dimethyl-  
7-halo-  (II and III) and 2,3-dimethyl-7,7-dih alopyrazino [2,3-b] [1,4]th iazin-6-ones (IV) are  formed.  

The halogen atoms in the 7 position in II-IV are labile and readily undergo nucleopMlic substitution. 
Thus the corresponding 2,3-dimethyl-7-aminopyrazino[2,3-b][1,4] thiazin-6-ones (V-VII, X, and XI) (Table 
1) are  obtained by the react ion of II with 2 moles of n-butylamine dipropylamine, benzylamine,  piperidine, 
and morpholine,  o r  of III with morpholine in benzene at 20-22  ~ In the case of aniline and ethyleneimine, 
the react ion with III was ca r r i ed  out in the presence  of t r ie thylamine.  In this case,  7-anil ino- and 7-ethy-  
leneiminopyrazino[2,3-b][1,4]thiazin-6-ones (VIII and IX) were obtained. The reaction of II with es te rs  of 
f l -phenyl -a -a lan ine  and p-aminobenzoic acid was used to synthesize 2,3-dimethylpyrazino[2,3-b][1,4]thia-  
z in-6-ones  XII and XIII, which contain residues of the es te rs  of the corresponding amino acids in the 7 
position. 7,7-Dimorpholino- and 7,7-di(ethyleneimino)pyrszino[2,3-b][1,4]thiazin-6-ones (XIV and XV) were 
obtained by the react ion of 7,7-diehloropyrazino [2,3-b] [1,4]thiazin-6-one (IV) with ethyleneimine and m o r -  
pholine, respect ively.  Trea tment  of II with alcohol at 18-20~ yielded 2 ,3-dimethyl-7-ethoxypyrazino[2,3-  
b] [1,4]thiazin-6-one (XVI). 

The s t ruc tures  of the amines and the position of the halogen in the start ing 7-halo derivatives (II and 
III) were confirmed in the case of 2 ,3-dimethyl-7-ani l inopyrazino[2,3-b][1,4] thiazin-6-one (VIII) by means 
of PMR spect roscopy.  The spectrum of a t r i f luoroacet ic  acid solution of this compound contains a signal 
f rom two CH 3 groups at 2.04 and 2.15 ppm and a signal f rom the proton in the 7 position with a chemical  
shift of 6.19 ppm, which is in agreement  with the s t ructure  assigned to it and also with s t ruc tures  II and III. 

* See [3] for communication XX. 

S. Ordzhonikidze All-Union Scientific-Research Institute of Pharmaceutical Chemistry, Moscow. 
Translated from Khimiya GeterotsiklicheskiLrh Soedinenii, No. ii, pp. 1498-1501, November, 1971. Origi- 
nal article submitted March 9, 1970. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 ~'est 17th Street, New York~ N. Y. lO0}l. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming~ recording or otherwise, without written permission of the publisher. ,4 
copy of this article is available from the publisher for $15.00. 

1393 



I 
0 

b~ 

0 

! 
h- 

I 

I 

! 

r/2 

�9 
I 

I 

N 

| 

O 

N 

I o3 

d s  
.~"  

~ m  

m m ~ m m ~ m m  m ~ m  

d 2 d 2 d 2 2 g  d 2 g  

N~m~N~o~ mN~ 

0 0 0 0 0 0 0 0  0 0 0  

O 

O 

O 

o~  

q-~ ,~ 
,.~ b~ 

O 

t~ 
LO LO ~ b" LO ~ ~ 0  

0 

. . . . . . . . . . .  N~ 

c o ~ a  
o o 

Z Z Z Z Z Z Z Z  ~ Z Z ; z  be 

O 

H H .3c ,  yo Br2 
El 3 C.-"-~.N ~ - . S  .-"- 

I! 

~SX~ x 

2 mole 
SO2CI 2 H 3 C . " ~ N ~ s - " ' - C l  

III 

UNRR 

- X 

H .3cyy N o 
tl3 c/~N.C'a-. S~-,N ~:R 

V - X I I I  

H H 
H3C. ~ "N~]~ 0 H a C ~  Nx'r~N'N//O 

IV XIV, XV 

According to the IR spectra ,  V-XVI exist as lactams 
in the crysta l l ine  state. Their  IR spect ra  contain absorp-  
tion bands of a carbonyl  group of the amide type (1670-1690 
cm -1) and bands of the valence vibrations of the NH group at 
3100-3300 cm -1. 

The compounds synthesized in this study and the p re -  
viously obtained 2 -ca rboxymethy lmercap to -3 -amino-5 ,6 -  
dimethylpyrazine [2] were subjected to a p r imary  biological 
study. The toxicity for mice  was determined during a sin-  
gle pe ro ra l  introduction, and therapeutic experiments were 
per formed on rats with interweavable J enssen ' s  s a r coma  
and mice with interweavable AK sarcoma,  NK carcinoma,  
and La leueosis.  It was found that all of the compounds 
studied had relat ively low toxicity (LDs0 > 0.5 g/Zg), while 
2,3-dimethylpyrazino [2,3-b] [1,4]thiazin-6-one (I) and 2,3- 
dimethyl-7-morphol inopyrazino[2,3-b]  [1,4]thiazin-6-one 
(XI) in individual experiments on Jenssen ' s  sa rcoma  and 
AK sa rcoma  induced 30-50% inhibition in the growth of the 
tumors .  

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

The IR spec t ra  of minera l  oil suspensions were r e -  
corded with a UR-10 speetrophotometer ,  and the PMR spec-  
t r a  were recorded  with a JNM-4H-100 spec t romete r  with 
te t ramethyls i lane  as the internal standard.  

2 ,3-Dimethyl -7-bromopyraz ino  [2,3-b] [1,4]thiazin-6- 
one (II). Bromine [0.82 g (0.0051 mole)] was added drop-  
wise at 85-90 ~ to 1.0 g (0.0051 mole) of 2 ,3-dimethylpyra-  
zino[2,3-b][1,4]thiazin-6-one (I) in 60 ml of anhydrous 
chlorobenzene.  At the end of the addition, the react ion mix-  
ture  was held at 120 ~ for  1 h and then cooled to 10-15 ~ The 
result ing precipitate was removed by filtration, washed with 
benzene, and dried to give 1.4 g (97%) of crude II. Rec rys -  
tall ization from ethyl acetate gave color less  c rys ta l s  with 
mp 180-181 ~ . Found: C 34.3; H 3.2; Br  28.8; N 15.1; S 
11.5%. CsHsBrN3OS. Calculated: C 35.1; H 2.9; Br  29.1; 
N 15.3; S 11.7%. 

2,3-Dimethyl-  7-chloropyrazino [2,3-b] [1,4]thiazin-6- 
one (III). Sulfuryl chloride [0.9 g (0.0051 mole)] was added 
dropwise at 60 ~ to 1.0 g (0.0051 mole) of I in 60 ml  of anhy- 
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drous chlorobenzene, and the mixture  was s t i r red  at this t empera tu re  for  2 h and cooled to 10-15 ~ The 
precipi ta te  was removed by filtration, washed with benzene, and dried to give 1.1 g (94%) of crude III with 
mp 163-164 ~ Reerystal l izat ion f rom ethyl acetate gave color less  c rys ta ls  with mp 175-176 ~ Found: C 
41.8; H 3.5; C1 15.2; N 18.7; S 13.9%. CsHsC1N3OS. Calculated: C 41.8; tt 3.5; C1 15.4; N 18.3; S 14.0%. 

2,3-Dimethyl-7,7-dichloropyrazino[2,3-b][1,4] thiazin-6-one (IV). Sulfuryl chloride [1.8 g (0.010 
mole)] was added dropwise at 60 ~ to 1.0 g (0.0051 mole) of I in 50 ml of anhydrous nitrobenzene, and the 
mixture  was s t i r red  at this t empera tu re  for 2 h and cooled to 20 ~ Compound IV was precipi tated by the 
addition of petroleum ether to give 0.74 g (55%) of crude product.  Two recrys ta l l iza t ions  f rom acetonitr i le  
gave color less  c rys ta l s  with mp 185-186% Found: C 36.6; H 2.8; C1 26.5; N 15.9; S 12.5%. CsHTC12N3OS. 
Calculated: C 36.3; tt 2.7; C1 26.9; N 15.9; S 12.2%. 

2,3-Dimethyl-7-n-butylaminopyrazino[2,3-b][1,4] thiazin-6-one (V).* A 1.0-g (0.0036 mole) sample 
of II was added in small  portions with vigorous s t i r r ing  at 20-22 ~ to 0.54 g (0.074 mole) of butylamine in 
20 ml of anhydrous benzene. The mixture  was s t i r red  for 3 h and evaporated to dryness .  The residue was 
t r i tu ra ted  with water,  and the solid was removed by fi l tration and dried in a vacuum des icca tor  over  sul- 
furic acid to give 0.65 g (67%) of crude V with mp 163-165 ~ Recrystal l izat ion f rom ether  gave color less  
c rys ta l s  with mp 169-170.5 ~ and Rf 0.69 in e t h e r - e t h a n o l  (36 : 4). Compound VI was s imi lar ly  obtained. 

2 ,3-Dimethyl-7-benzylaminopyrazino[2,3-b][1,4] thiazin-6-one (VII). A solution of 0.78 g (0.0073 
mole) of benzylamine in 20 ml of anhydrous benzene was added dropwise with s t i r r ing at 20-22 ~ to a sus-  
pension of 1.0 g (0.0036 mole) of II in 20 ml of anhydrous benzene, and the mixture was s t i r red  for 2 11. 
The result ing precipitate was removed by filtration, washed with water,  and dried to give 0.73 g (67%) of 
crude product with mp 178-180 ~ Recrysta l l iza t ion f rom ethanol gave color less  c rys ta l s  with mp 191-192 ~ 
and Rf 0.74 in e t h e r - e t h a n o l  (32: 3). Compounds X-XIII were s imi lar ly  obtained. 

2 ,3-Dimethyl-7-ani l inopyrazino[2,3-b][1,4] thiazin-6-one (VIII). A 0.3-g (0.0013 mole) sample of III 
was added in smal l  portions with s t i r r ing  at 2 0 - 2 2  ~ to 0.13 g (0.0013 mole) of t r ie thylamine and 0.12 g 
(0.0013 mole) of aniline in 20 ml of anhydrous benzene, and the mixture  was s t i r red  for 3.5 h. The resulting 
precipi ta te  was removed by fi l tration and t rea ted  with hot benzene. The benzene solution was separated 
f rom the solid residue, and the benzene was vacuum-evaporated to dryness  to give 0.29 g (78%) of crude 
VIII with mp 215-217 ~ Recrysta l l izat ion from benzene gave color less  c rys ta ls  with mp 217-218 ~ and Rf 
0.78 in e t h e r - e t h a n o l  (25 : 3). 

2 ,3-Dimethyl-7-ethyleneiminopyrazino[2,3-b][1,4] thiazin-6-one (IX). A solution of 0 . 2 2  g (0.0052 
mole) of ethyleneimine was added dropwise with s t i r r ing  at 2 0 - 2 2  ~ t o a  suspension of 0.6 g (0.0026 mole) of 
III in 20 ml of anhydrous benzene, and the mixture  was s t i r red  at room tempera ture  for  2 h. The precipi -  
tate was separated and t rea ted  with hot benzene. The benzene solution was f i l tered away from solid and 
vacuum-evaporated to dryness  to give 0.25 g (40%) of IX with mp 171-173 ~ Recrystal l izat ion from aeetoni-  
t r i le  gave color less  c rys ta l s  with mp 195-196 ~ and Rf 0.66 in e the r - e thano l  (27: 3). Compound XI was s imi-  
lar ly obtained. 

2,3-Dimethyl-7,7-di(ethyleneimino)pyrazino[2,3-b][1,4]thiazin-6-one (XIV). A 0.4-g (0.0015 mole) 
sample of IV was added in small  portions with s t i r r ing  at 20-22 ~ to 0.13 g (0.003 mole) of ethyleneimine 
and 0.3 g (0.003 mole) of t r ie thylamine in 20 ml of anhydrous benzene, and the mixture was s t i r red  for  1.5 
h and allowed to stand overnight. The result ing precipitate was removed by fi l tration and t reated with hot 
benzene. The benzene solution was f i l tered away from the solid, and the solvent was vacuum-evaporated to 
dryness  to give 0.25 g (59%) of a product with mp 184-186% Recrysta l l izat ion from methanol gave color less  
c rys ta l s  with mp 2 2 0 - 2 2 1  ~ 

2,3-Dimethyl-7,7-dimorphol inopyrazino[2,3-b][1,4] thiazin-6-one (XV). A solution of 1.25 g (0.014 
mole) of morpholine in 10 ml  of anhydrous benzene was added dropwise with s t i r r ing  at 2 0 - 2 2  ~ to a sus-  
pension of 0.95 g (0.0036 mole) of IV in 25 ml of anhydrous benzene, and the mixture was s t i r red  for 3 h. 
The precipi tate  was f i l tered away f rom the solution, and the solvent was vacuum-evaporated to dryness  to 
give 0.86 g (66%) of a product with mp 154-155 ~ Recrysta l l izat ion from acetonitr i le  gave color less  c rys ta ls  
with mp 181-183 ~ 

* 7-Amino-  and 7,7-diaminopyrazino[2,3-b][1,4]thiazin-6-ones V-XV (Table 1) are  color less ,  crysta l l ine  
substances that are  soluble in benzene and alcohols, slightly soluble in ether,  and, except for  V and VI, 
insoluble in water.  Thei r  purity was confirmed by th in- layer  chromatography on A1203 with development 
by iodine. 
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2,3-Dimethyl-7-etboxypyrazino[2,3-b][1,4] thiazin-6-one (XVI). A solution of 0.52 g of II in 50 ml of 
anhydrous ethanol was allowed to stand for  48 h at 20-22  ~ The solvent was then removed by vacuum dis-  
tillation, and the residue was t r i tura ted  with ether. The solid was removed by fil tration, washed with water  
and dried to give 0.38 g (80%) of XVI with mp 139-142 ~ Recrysta l l izat ion from ether  gave color less  c r y s -  
tals with mp 144-145 ~ IR spectrum: 1690-1710 cm -1 (C=O), 3180, 3260 cm -~ (N-H). Found: C 50.2; 
H 5.3; N 17.9; S 13.3%. C10H13N302S. Calculated: C 50.2; H 5.5; N 17.6; S 13.4%. 
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