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C O N T A I N I N G  H E T E R O C Y C L E S  

XVII. * 5H-PYRIDINO [2,3-b]-1 ,4-THIAZINE 

T .  S. S a f o n o v a  a n d  L .  G .  L e v k o v s k a y a  UDC 547.821'869.2 

6- Carbe thoxymethy l - ,  7 - ca rbe t hoxy - ,  and 6 ,7 -d icarbe thoxy-5H-pyr id ino th iaz ines  were  ob-  
tained by reac t ion  of 2 - m e r c a p t o - 3 - a m i n o - 5 - c h l o r o p y r i d i n e  (I) and 2 - m e r c a p t o - 3 - a m i n o -  
6-cb loropyr id ine  (II) with e s t e r s  of haloketo acids in alcohol in the p r e s e n c e  of 1 mole  of 
KOH. ~ - ( 3 - A m i n o - 6 - c h l o r o - 2 - p y r i d y l ) m e r c a p t o o x a l a c e t i c  acid diethyl e s t e r  and 2 - c h l o r o -  
6 -hydroxy-6 ,7 -d ica rbe thoxy-6 ,7 -d ihydropyr id ino[2 ,3 -b ] - l , 4 - th i az ine  a r e  obtained by r e a c -  
t ion of 1I with ch loroxalace t ic  e s t e r  in alcohol in the p r e s e n c e  of 1 mole  of alkal i  at -10~  

The reac t ions  of 2 - m e r c a p t o - 3 - a m i n o - 5 - c h l o r o p y r i d i n e  {i) and 2 - m e r c a p t o - 3 - a m i n o - 6 - c h l o r o p y r i d -  
ine (l-I) with e s t e r s  of haloketo ac ids  we re  studied in the development  of invest igat ions [1] to synthes ize  
e s t e r s  of pyr id inoth iaz inecarboxyl ic ,  - ace t i c ,  and -d ica rboxyl ic  ac ids .  Thus 6 -ca rbe thoxymethy lpyr id ino-  
thiazine {iII) and 6 ,7-dicarbethoxypyr id inothiaz ine  {IV) (Table 1) we re  obtained by reac t ion  of I with 7 -  
ch loroace toace t ic  and ch loroxa lace t ic  e s t e r s  in alcohol in the p r e s e n c e  of i mole  of alkal i .  6 -Carbe thoxy-  
methylpyr idinothiazine  (V) was  s i m i l a r l y  p r e p a r e d  by reac t ion  of 17 with y - c h l o r o a c e t o a c e t i c  e s t e r .  It  was  
subsequent ly  found that  6- o r  7 -ca rbe thoxy-  and 6 ,7-dicarbethoxypyr id inothiaz ines  a r e  more  conveniently 
obtained by heating I o r  II in alcohol with the e s t e r s  of the cor responding  haloketo acids ,  in analogy with 
[2]. Compounds VI-X were  synthes ized via  this  method f r o m  I,  ~ - ch lo roace toace t i c  and chlorobenzoyl -  
acet ic  e s t e r s ,  and f r o m  II and cMorobenzoylace t ic ,  ch loroxalace t ic ,  and b romopyruv ic  e s t e r s .  Compounds 
I I I -X a re  s table ,  c rys ta l l ine  subs tances  which, except  for  VIII, a r e  quite soluble in organic  solvents ;  III and 
V a re  co lo r l e s s ,  while the remain ing  compounds a re  colored:  IV, VI -VM,  and X a r e  yellow, while IX is  
red .  The s t ruc tu re  of M - X  as 5H de r iva t ives  is conf i rmed by spec t r a l  data ,  while the i r  pur i ty  was con-  
f i r m e d  by f ixed - l aye r  ch roma tog raphy  in s y s t e m s  1-3. 

The UV spec t r a  of M - X  di f fe r  in the posi t ion and intensi ty  of the absorpt ion  m a x i m a  f r o m  the UV 
spec t ra  of 6 - a r y l - 7 H - p y r i d i n o [ 2 , 3 - b ] - l , 4 - t h i a z i n e s  [3]. Thus,  in the spec t r a  of IV and VI-IX, one o b s e r v e s  
th ree  m a x i m a  at 224-231 ,243-247 ,  and 371-375 nm for  IV and VII-IX,  while for  VI the second max imu m 
was shifted ba thochromica l ly  by 30 nm (Table 2). In the case  of 6 -carbe thoxymethylpyr id ino th iaz ines  IH 
and V, only two m a x i m a  a re  obse rved  (at 263-267 and 333-339 nm),  p robab ly  because  of the absence  of con-  
jugation of the COOR group with the thiazine r ing.  

The IR spec t r a  of IV and VI-X have an intense band f r o m  the NH group (3320-3330 cm -1) which a t -  
t e s t s  to the i r  5H-pyridinothiazine s t ruc tu re .  However ,  the band of the NH group in the IR spec t r a  of 6- 
carbe thoxymethyl  de r iva t ives  HI and V is of low intensi ty  and is split  and shifted to 3200 cm -1 , p robab ly  
because  of assoc ia t ion  with the COOR group.  The s t ruc tu re  of compounds ]]I and V as 5H r a t h e r  than 7H 
de r iva t ives  is conf i rmed  by the p r e s ence  in the PMR spec t ra  of s ignals  f r o m  the olefin proton with chem-  
ical shifts  of 4.82 and 5.45 ppm,  r e spec t ive ly .  No s ignals  f r o m  the methine pro tons  a r e  observed  in the 
PMR spec t r a  of 6 ,7-disubst i tu ted 5H-pyr idinothiazines  IV and IX. 

*For  Communicat ion XV-I, see [5]. 
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Fig .  1. IR s p e c t r a :  1) XI; 2) XII; 3) IX. 

UV Spec t ra  of 5 H - P y r i d i n o [ 2 , 3 - b ] - l , 4 - t h i a z i n e s  (in a l e o -  

Comp. " ~rnax' nm I~8 L r a t n  , nm lg8 

III 

IV 

V 

VI 

VII 

VIII 

IX 

263 
339 
227 
247 
375 
267 
333 
224 
278 
382 
231 
247 
377 
224 
244 
371 
22l 
243 
372 

4,35 
4,43 
4,20 
4,19 
3,61 
4,15 
4,41 
4,36 
3,88 
3,75 

4,17 
4,17 
3,41 
4,04 
4,27 
3,77 

4,34 
4,21 
3,77 

231 
291 
238 
306 

231 
291 

�9 267 
306 

241 
316 

239 
315 

237 
307 

3,74 
3,67 
4,15 
2,65 

3,72 
3,61 
3,87 
2,78 

4,17 
3,13 

4,15 
3,18 

4,21  
3,87 

The d ie thyl  e s t e r  of c e - ( 3 - a m i n o - 6 - e h l o r o - 2 - p y r i d y l ) m e r c a p t o o x a l a c e t i c  ac id  (XI) was  ob ta ined  by r e -  
ac t ion  of II with e h l o r o x a l a c e t i e  e s t e r  u n d e r  mi ld  cond i t ions  (in a lcohol  at - 1 0  ~ 1 mole  of KOH). An ex-  
t r e m e l y  u n s t a b l e  s u b s t a n c e ,  which is  a p p a r e n t l y  cyc l ic  h y d r o x y a m i n o  compound X/I, was  i so la ted  f r o m  the 
a lcohol ic  m o t h e r  l i quo r .  (See s c h e m e ,  page 1274 .) Only  p y r i d i n o t h i a z i n e  IX i s  obta ined  f r o m  the a lcohol ic  

m o t h e r  l i q u o r  if it i s  a l lowed to s tand  for  1-1 .5  h at 18-20 ~ 

I n v e s t i g a t i o n  of the p r o p e r t i e s  of XI ind ica ted  that ,  l ike 2 - p h e n a c y l m e r c a p t o - 3 - a m i n o p y r i d i n e s  [3,4], 
i t  i s  c o l o r l e s s ,  does not  have a sha rp  m e l t i n g  poin t ,  and is  c onve r t e d  to p y r i d i n o t h i a z i n e  IX on s tand ing  in  
a i r ,  in p o l a r  so l ven t s ,  and a l so  u n d e r  the in f luence  of ace t i c  anhydr ide .  The IR s p e c t r u m  of XI has  a b s o r p -  
t ion  bands  which c o r r e s p o n d  to the C = O g roups  in the ketone and e s t e r ,  as  wel l  as  a NH 2 group  (Fig.  D.  
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H 
~/NH 2 OH )~ ~ OCOOC2Hs + ~fN~coOC2Hs 

a. ' 'N" "-s-c.-cooc~.0 a/%(""s~ooc~.0 
Xl Xll  

l lmole KOH,-10 ~ I H 
~ " ~ / N H 2  ., ~ N  ~'~--COOC2Hs 

c , / ~ / \ s ,  c,/<.d;z"- s/-~-- c~ ~ c~"~ 
IX 

Signals f r o m  the methine proton,  with a chemical  shift at 4.96 ppm,  and f r o m  the pro tons  of the COOC2H s 
group a re  obse rved  in the PMR spec t rum,  which ag ree s  with the XI s t ruc tu re .  

Compound XII is a cyclic  i s o m e r  of XI and has  the s ame  e l e m e n t a r y  composi t ion but, in con t ras t  to 
XI, is  yellow and stil l  more  unstable .  The IR spec t rum does not have a band at 1725 cm - t ,  which apparen t -  
ly belongs to the C ~ O group in the ketone,  while bands c h a r a c t e r i s t i c  for  cycl ic  hydroxyamino compounds 
[3] a r e  p resen t  at 3200-3500 cm -1. One of these is m o r e  intense at 3400 c m  - i ,  while the other  is broad at 
3200-3320 cm - i  (Fig. 1). Compound XII is quanti tat ively cycl ized to pyr idinothiazine IX in alcohol at 18- 
20% The band at 3200-3320 cm -1 van i shes  in the IR spec t rum of IX, and a sharp  band f rom the NH group 
(3400 cm -i) is obse rved  (Fig. 1). 

Thus it has  been es tab l i shed  that  the reac t ion  of I and II with e s t e r s  of haloketo acids  in the p r e s e n c e  
of equ imolecu la r  amounts  of alkali  p roceeds  s i m i l a r l y  to the reac t ion  of phenacyl hal ides  [3,4] with the 
fo rmat ion  of in t e rmed ia te s  XI and XII. 

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

3 -Ch lo ro -6 -ca rbe thoxyme thy l -SH-pyr id ino [2 ,3 -b ] - l , 4 - th i az ine  (III). A solution of 0.5 g (0.003 mole) 
of z - c h l o r o a c e t o a c e t i c  e s t e r  in 2 ml of ethanol was  added to a solution of 0.5 g (0.003 mole) of I in 10 ml of 
ethanol containing 0.18 g (0.003 mole) of KOH at 18-20 ~ The mix ture  was  s t i r r ed  for  3 h and f i l tered.  The 
f i l t ra te  was evapora ted  in vacuo to one- th i rd  of i ts  initial vo lume,  10 ml  of wa t e r  was added to the res idue ,  
and the mix tu re  was allowed to stand overnight .  The prec ip i ta te  was  f i l te red  and washed with wa te r  to 
give 0.65 g (77.3%) of III .  This  was  r e c r y s t a l l i z e d  f rom ethanol (see Table  1). 

Compounds IV and V were  synthesized under  s i m i l a r  conditions f r o m  I and die thyle ther ,  eh loroxa l -  
ace t ic  acid,  II ,  and ~ - c h l o r o a c e t o a c e t i c  e s t e r ,  r e spec t ive ly .  

3 - C h l o r o - 6 - m e t h y l - 7 - c a r b e t h o x y - 5 H - p y r i d i n o [ 2 , 3 - b ] - l , 4 - t h i a z i n e  (V1). A mix ture  of 0.5 g (0.003 
mole) of I and 0.5 g (0.003 mole) of ~ -ch lo roace toace t i c  e s t e r  in 10-15 ml of ethanol was ref luxed for  30 
min.  The solution was  poured into 15-20 ml of wate r ,  and the p rec ip i t a te  was f i l te red  and washed with 
w a t e r  to give 0.62 g (74%) of VI with mp 208-210 ~ (ethanol). 

3 -Ch lo ro -6 -pheny l -7 - ca rbe t hoxy -5H-py r id ino [2 , 3 -b ] - l , 4 - t h i az ine  (VII). A mix tu re  of 0.5 g (0.003 
mole) of I and 0.7 g (0.003 mole) of ethyl chlorobenzoyl  aceta te  in 15 ml of ethanol was ref luxed for  1.5-2 h 
and the p rec ip i ta te  was  f i l te red  and washed with wa te r  to give 0.4 g of VII with mp 222-224 ~ The f i l t ra te  
was evapora ted  in vacuo to one- th i rd  of its or iginal  volume,  and the prec ip i ta te  was  f i l te red  and washed 
with wa te r  to give an additional 0.45 g of VII with mp 221-223 ~ 

�9 Compounds VIII and X were  s i m i l a r l y  synthesized f r o m  II and ethyl ch lorobenzoylace ta te  and ethyl 
b r o m o p y r u v a t e ,  r e spec t ive ly .  

2 -Ch lo ro -6 ,7 -d i ca rbe thoxy-5H-pyr id ino [2 ,3 -b ] - l , 4 - th i az ine  fiX). This compound was obtained in the 
same way as  VI with the d i f ference  that the hot solution was f i l t e red ,  evapora ted  in vacuo to one- th i rd  of 
i ts  or iginal  volume,  and the p rec ip i t a te  was f i l te red  and washed with wate r .  

c~ - (3 -Amino-6 -ch lo ro -2 -pyr idy l )mercap tooxa lace t i c  Diethyl E s t e r  (XI), 2 - C h l o r o - 6 - h y d r o x y - 6 , 7 -  
d icarbe thoxy-6 ,7-d ihydropyr id ino  [2 ,3-b] - I  ,4-thiazine (XII), and 2 -Ch lo ro -6 ,7 -d i ea rbe thoxy-5H-pyr id ino -  
[2 ,3 -b] - l ,4 - th iaz ine  (IX). A solution of 0.6 g (0.0026 mole) of chloroxalacet icdie thyl  e s t e r  in 5 ml  of 
ethanol was  added at - 1 0  ~ to a solution of 0.5 g (0.003 mole) of II in 10 ml  of ethanol containing 0.18 g (0.003 
mole) of KOH. The mix ture  was s t i r r e d  for  2 h at this t e m p e r a t u r e ,  and the prec ip i ta te  was  f i l te red  and 
washed with wa te r  to give 0.61 g (57.1%) of XI. A sample  for  ana lys i s  was r e c r y s t a l l i z e d  f r o m  ethyl ace -  
rate.  The co lo r l e s s  c r y s t a l s  did not have a sha rp  mel t ing point,  were  soluble in alcohol,  acetone,  ch lo ro-  
f o rm ,  d ime thy l fo rmamide ,  pyr id ine ,  and dioxane, and insoluble in e ther  and carbon  t e t r ach lo r ide .  IR 
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spectrum (in mineral oil) (em-1): 1725, 1740 (ketone CO, ester);  3380, 3490 (NI-I). P1VIR spectrum (in 
CsHsN): 0.97, 1.04 ppm (two triplets);  3.98, 4.09 (two quartets, 2-OCH2CH~); 4.96 ppm (singlet, 1H-2-CH). 
Found %: C 44.93; H 4.43; C1 10.14; N 8.18; S 9.41. Cl~H15C1N2OsS. Calculated %: C 45.02; H 4.32; C1 
10.24; N 8.08; S 9.23. 

The fil trate was evaporated in vacuo to one-third of its original volume, 10-15 ml of water was added 
to the residue, and it was washed with water to give 0.25 g (23.3%) of XII in the form of light-yellow crys -  
tals which did not have a sharp melting point.* IR spectrum in mineral oil: 1740, 3200-3280, 3380, 3400, 
3500 cm -1. Found %: C 45.05; H 4.37. C13H15C1N2OsS. Calculated %: C 45.02; H 4.32. 

The filtrate after removal of XI was evaporated to dryness in vacuo, 10-15 ml of water was added to 
the residue, and the mixture was allowed to stand at 18-20 ~ for 2-3 days to give IX with mp 147-148 ~ (ethan- 
ol). Mixing of a sample of this product with a known sample of IX did not depress the melting point. The 
substance was speetrally similar  to IX, described above. 

1. 
2. 

3. 
4. 
5. 
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*It cyclized to pyridino [2,3-b]-l,4-thiazine (IX) when attempts were made to determine the melting point, 
reerysta l l ize  it, and chromatograph it. 
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