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A number of 7H-pyrimido[4, 5-blthiazines are obtained by reacting 
5-amino-B-mereaptopyrimidines with ct-halogeno ketones. It is 
established that the react[on takes place in three stages: formation of 
5- amino- 6- [B-ketoalkyl(aralkyl)-mereapto]pyrlmidines, cyclization 
of these to 6-hydroxy-5, 6-dihydropyt[mido[4, 5-b][1, 4]thiazines, 
and dehydration of the latter to 7H-pyrimido[4, 5-b][1, 4]thiazines. 

We have  p r e v i o u s l y  pub l i shed  i n f o r m a t i o n  r e g a r d i n g  
the s y n t h e s i s  of s o m e  py r imido[4 ,  5-b][1,  4 ] th iaz ine  
d e r i v a t i v e s  [1]. A l m o s t  s i m u l t a n e o u s l y  A m e r i c a n  
au tho r s  [2] pub l i shed  a p a p e r  d e s c r i b i n g  the p r e p a r a -  
t ion  of 4 - m e t h o x y ( 4 - h y d r a z i n o ) - 6 - p h e n y l p y r i m i d o [ 4 ,  
5 - b ] [ 1 , 4 ] t h i a z i n e s .  Continuing w o r k  [1] on the r e a c t i o n  
of 5 - a m i n o - 6 - m e r c a p t o p y r i m i d i n e s  with oz-ha loge-  
hated ke tones ,  we have  now s y n t h e s i z e d  d e r i v a t i v e s  
of 7 H - p y r i m i d o - [ 4 ,  5-b] [1 ,4 ] th i az ine  (C, X-XXV, Tab le  
2). 

With  a m o r e  d e t a i l e d  s tudy of th is  r eac t i on ,  i t  has  
been  p o s s i b l e  to i s o l a t e  and p r o v e  the s t r u c t u r e s  of 
the  i n t e r m e d i a t e  compounds ,  5 - a m i n o - 6 - [ f l - k e t o a l k y l  
( a r a l k y l ) l m e r e a p t o p y r i m i d i n e s  (A) and 6 - h y d r o x y - 5 ,  
6 - d i h y d r o p y r i m i d o [ 4 ,  5-b]  [1, 4 ] th i az ines  (B). By th i s  
m e a n s  i t  was  e s t a b l i s h e d  that  t h i az ine  r ing  c l o s u r e  
involves  t h r e e  s t a g e s ,  f o r m a t i o n  of 6 - S - f i - k e t o  
compounds  (A), t h e i r  e y e l i z a t i o n  to c a r b i n o l a m i n e s  
(B), and d e h y d r a t i o n  of the l a t t e r  to p y r i m i d o t h i a z i n e s  
(C): 

RI RI 
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It was a l so  shown that ,  depending  on the n a t u r e s  
of the  s u b s t i t u e n t s  a t  p o s i t i o n s  2 and 4 in 5 - a m i n o - 6 -  
m e r c a p t o p y r i m i d i n e s ,  the s t r u c t u r e s  of the u - h a l o -  
gena ted  ke tones ,  and the r e a c t i o n  cond i t ions ,  r e -  
ac t ion  can s top  at  the  i n t e r m e d i a t e  s t a g e s  A and B, 
o r  p r o c e e d  to f o r m a t i o n  of the  end p r o d u c t s  C. 

Thus r e a c t i o n  of 4 - c h l o r o - 5 - a m i n o - 6 - m e r c a p t o -  
p y r i m i d i n e  (XXVII) with 4 - n i t r o p h e n a c y l  b r o m i d e  in 
e thanol  so lu t ion ,  in the p r e s e n c e  of p o t a s s i u m  h y -  
d r o x i d e ,  and at  0 ~ C, g ives  an 84% y i e l d  of 4 - c h l o r o -  
5 - a m i n o - 6 -  ( p - n i t r o p h e n a c y l ) m  e r c a p t o p y r i m i d i n e  
(XXVI). The  s t r u c t u r e  of XXVI is  c o n f i r m e d  by the 

* F o r  P a r t  III s e e  [5]. 

IR s p e c t r u m *  exhib i t ing  an a b s o r p t i o n  band at  1690 
cm -1, c h a r a c t e r i s t i c  of the  CO group  (see  Fig .  1, 
p lot  1). Reac t ion  of XXVII with 2, 3 - d i c h l o r o p h e n a c y l  
b r o m i d e  unde r  s i m i l a r  condi t ions  g ives  4 - c h l o r o - 6 -  
h y d r o x y - 6 - d i c h l o r o p h e n y l - 5 , 6 - d i h y d r o p y r i m i d o [ 4 ,  5 -  
b] [1, 4 ] th iaz ine  (I, Tab le  1). Reac t ion  of XXVII with 
b r o m o a c e t o p h e n o n e  and 4 - b r o m o p h e n a c y l  b r o m i d e  in 
e thanol  so lu t ion ,  in the  p r e s e n c e  of p o t a s s i u m  h y d r o x -  
ide ,  led  to the i s o l a t i o n  of the  p y r i m i d o t h i a z i n e s  X 
and XI (Table  2). S i m i l a r l y ,  r e a c t i o n  of ~ - h a l o g e n a t e d  
ke tones  ( c h l o r o a c e t o n e ,  a - c h l o r o e t h y l m e t h y l k e t o n e ,  
~ - b  r o m o i s  op ropy lpheny lke tone ,  2 , 5 - d i c h l o r o p h e n a c y l  
b r o m i d e ,  b r o m o a c e t o p h e n o n e ,  4 - b r o m o p h e n a c y l  b r o -  
m i d e ,  3 -  and 4 - n i t r o p h e n a c y l  b r o m i d e )  gave  only p y -  
r i m i d o t h i a z i n e s  X I I - X I X  (Table  2). It d id  not p r o v e  
p o s s i b l e  to i s o l a t e  compounds  A and B f rom the r e -  
ac t ion  p roduc t s .  

A m o r e  d e t a i l e d  s tudy was m a d e  of the  p r o d u c t s  of 
r e a c t i o n  of 4 - m e t h o x y - 5 - a m i n o - 6 - m e r c a p t o p y r i m i d i n e  
(XXIX) with oz-halogenated ke tones .  Reac t ing  i t  with 
a l i pha t i c  and a l i p h a t i c a r o m a t i c  ~ - h a l o g e n a t e d  ke tones  
( ~ - c h l o r o e t h y l m e t h y l  ke tone ,  d e s y l  ch lo r ide ,  3 -  and 
4 - n i t r o p h e n a c y l  b r o m i d e ,  4 - b r o m o p h e n a c y l  b r o m i d e ,  
2, 5 - d i c h l o r o p h e n a c y l  b r o m i d e ,  and a - b r o m o i s o p r o p y l -  
phenylke tone)  in so lu t ion  in e thano l i c  p o t a s s i u m  h y d r o x -  
ide  gave  the c a r b i n o l a m i n e s  B ( I I I - IX,  Tab le  I). T h e i r  
IR s p e c t r a  w he the r  o b s e r v e d  with a v a s e l i n e  mul l ,  
o r  in d i lu te  so lu t ion  (CHC13, CC14) did not show a CO 
group  a b s o r p t i o n  band,  but  had bands  at  3400 and 3500 
cm -1, c h a r a c t e r i s t i c  of NH and OH g roups  (see Fig .  
1, p lot  2). The c a r b i n o l a m i n e s  B p r e p a r e d  have  
v a r y i n g  s t a b i l i t i e s .  Some (VI, VIII, Tab le  1) w e r e  
c o n v e r t e d  to p y r i m i d o t h i a z i n e s  (XX, XXI, Tab le  2) 
only when t r e a t e d  with d e h y d r a t i n g  agen t s  such as  
a c e t i c  a nhyd r ide ,  o r  when bo i l ed  fo r  a long t i m e  in 
a h i g h - b o i l i n g  so lven t  ( toluene,  m e s i t y l e n e ) .  Othe r  
c a r b i n o l a m i n e s  (V and IX, Tab le  1) unde rwen t  p a r t i a l  
d e h y d r a t i o n  to XXII and XXIII (Table  2), when r e c r y s -  
t a l l i z e d  f rom ethanol .  Compounds  III and VII (Table  
1) d a r k e n e d  and r e s i n i f i e d  when kep t  in a i r .  

R e a c t i o n  of 4 - m e t h o x y - 5 - a m i n o - 6 - m e r c a p t o p y r i -  
m i d i n e  (XXIX) with p h e n a c y l ( 4 - b r o m o p h e n a c y l )  b r o -  
m i d e s  in e thanol  so lu t ion  in the  p r e s e n c e  of p o t a s s i u m  
h y d r o x i d e  at  50 ~ C gave  the p y r i m i d o t h i a z i n e s  XXIII 

*The IR s p e c t r a  w e r e  m e a s u r e d  with  an UR-10 
s p e c t r o p h o t o m e t e r ;  I - I X  as  v a s e l i n e  m u l l s ,  o r  d i s -  
so lved  in CHC13 o r  CC14, compounds  X - X X V I  as  
v a s e l i n e  m u l l s .  
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and XXV (Table 2). When the r eac t ion  was run  at 5 ~ 
b romoace topheone  gave the p y r i m i d i n e  XXV, and 4 -  
b romophenacy l  b r o m i d e  gave c a r b i n o l a m i n e  VII 
(Table 1). That  the py r imido th i az ines  had a 7 H - p y r i -  
mido[4,  5 -b ] [1 ,4 ] th iaz ine  one, was conf i rmed  by the i r  
IR spec t ra ,  which did not exhibit  a NH group a b s o r p -  
t ion band (see Fig. 1, plot 3). This  s t r u c t u r e  was 
supported by the method of syn thes i s  and p r o p e r t i e s  
of 4 - m e t h o x y - 6 - p h e n y l - 7 ,  7 -d imethy lpyr imido[4 ,  5 -b] 
[1, 4] thiazine (XXIV, Table  2), p r epa red  in  one stage 
by reac t ing  4 - m e t h o x y - 5 - a m i n o - 6 - m e r c a p t o p y r i m i -  
dine with (~-bromoisopropylphenylke tone ,  or  by de -  
hydra t ing  the i n t e r m e d i a t e  c a r b i n o l a m i n e  IX (Table 1) 
i tself .  The re  is no doubt about the s t r u c t u r e  of the 
compound 7 H-pyr imido[4 ,  5-b] [1 ,4] - th iaz ine .  

EXPERIMENTAL 

The starting 4-chloro-5-amino-6-mercaptopyri- 
midine (XXVII), 2, 5-diamino-4-methyl-6-mercapto- 
pyrimidine (XXVII), and 4-methoxy-5-amino-6-mer- 

captopyrimidine (XXIX), were prepared as described 
in [3,41. 

2 - A m i n o - 4 , 6 - d i m  ethyl-7  H-py r imido[4,  5-b] [1,4] 
th iaz ine  (XII). a) 0.6 g (0.006 mole)  ch loroace tone  
was added to a solut ion of I g (0.006 mole)  XXVIII in 
24 ml  1.5% aqueous NaOH at 50 ~ C, the whole s t i r r e d  
for  30 m i n  at that  t e m p e r a t u r e ,  cooled, to 18~ ~ C, 
and the p rec ip i t a t e  f i l t e red  off, y ie ld  1 g (80%), mp  
215~ ~ C. Af te r  r e c r y s t a l l i z i n g  f rom d ime thy l fo r -  
m a m i d e  it had mp  225 ~  ~ C. XIII was p r e p a r e d  s i -  
m i l a r l y ,  b) Compound XII was p r e p a r e d  by c a r r y i n g  
out the r e a c t i o n  at 0 ~ C, yie ld  80%. 

2 -Am i n o - 4 - m  e t h y l - 6 -  (4 ' -b romopheny l ) -7  H - p y r i -  
mido[4,  5 -b ] [1 ,4 ] th i az ine  (XVI). 1.78 g (0.006 mole)  
4 - b r o m o p h e n a c y l  b r o m i d e  in 20 ml  to luene was added 
to a so lu t ion  of 1 g (0.006 mole)  XXVIII in 24 ml  
aqueous 1.5% NaOH at 50 ~ C. The m i x t u r e  was s t i r -  
red  for  3 hr ,  cooled t o 1 8 - ~  ~ C, the sol id  f i l t e red  off, 
washed with water ,  and then with toluene.  Yield 1.07 
g (50%7, mp  236~ ~ C. Af ter  r e c r y s t a l l i z i n g  f rom 
E t O H - d i m e t h y l f o r m a m i d e  (2:1) it had mp 240~ ~ C. 
Compounds XV, XVII, XXIII, and XXV were  p r e p a r e d  

s i m i l a r l y .  
2 -Am ino-4  - m  ethyl -6 - (3 ' - n i t  rophenyl  )-7 H-py r i m  ido 

[4 ,5 -b ] [1 ,4 ] th i az ine  (XVIII). 0.7 g {0.003 m o l e ) 3 -  
n i t rophenacy l  b r o m i d e  in 20 ml  EtOH was added to a 
so lu t ion  of 0.5 g (0.003 mole)  XXVIII and 0.2 g (0.0035 
mole)  KOH in 15 ml  EtOH at 18~ ~ C. The whole 
was s t i r r e d  for  2 hr ,  then evapora ted  to d r y n e s s  
unde r  vacuum,  10 m l  wa t e r  added to the r e s idue ,  and 
the sol id f i l t e red  off, and washed with wate r ,  y ie ld  
0.7 g (73%), m p  > 300 ~ C. Af te r  r e c r y s t a l l i z i n g  f rom 

d i m e t h y l f o r m a m i d e  it had m p >  300 ~ C. 
Compounds XI and XIV were  p r e p a r e d  s i m i l a r l y .  

When the r e a c t i o n  was run  at 50 o C, compoundXIXwas  
the product ,  while  when it was run  at 0 ~ C, the product  

was XXV (yield 64%). 
In the preparation of compound X the difference 

was that the residue obtained by vacuum-evaporation 

of the reaction products was triturated with 10 ml 2 

N NaOH, the solution filtered, the solid washed with 

wate r ,  d r ied ,  t r i t u r a t e d  with EtOAc, r un  onto an 
a lumina  column,  then eluted with e ther ,  and the e the r  
e lua tes  bulked and evapora ted  unde r  vacuum,  yie ld  
42%, mp 136~ ~ C. Dissolved in EtOH, and preci- 
pitated with water, to give X, mp 149~ ~ C. 

4-Methoxy-6- (2', 5'-dichlorophenyl)-6-hydroxy-5, 

6-dihydropyrimido[4, 5-b]-[1,4]thiazine (VI). 0.5 g 
(0.002 mole) 2,5-dichlorophenacyl bromide was added 
to a solution of 0.32 g (0.002 mole) XXIX and 0.15 g 
(0.0027 mole) KOH in 20 ml EtOH, at 18~ ~ C. The 
subsequent reaction conditions, and the working up, 
were as described in the preparation of XVIII. Yield 
0.55 g (84%), mp 144~ ~ C. After recrystallizing 
from EtOH it had mp 148~ ~ C. 

Compounds If, IV, V were prepared similarly. 
Compounds I, HI, and VII were obtained by running 
the r eac t ion  at 0 ~ C, and IX by runn ing  it at 50 ~ C. 

4 -Me thoxy-6 - (4 ' - -n i t ropheny l ) -6 -hyd roxy-5 ,  6 -  
d ihydropyr imido[4 ,  5-b] [1 ,4 ] - th i az ine  {VI). 0.7 g 
(0.003 mole)  4 - n i t r o p h e n a c y l  b r omi de  in 7 ml  CHC13 
was added to a solut ion of 0.5 g (0.003 mole)  XXIX in 
3 ml  10% NaOH at 50 ~ C. The whole was s t i r r e d  for 1 
hr ,  cooled to 18~ ~ C, and the p rec ip i t a t e  f i l t e red  
off, y ie ld  0.47 g (45%), m p >  300 ~ C. After  r e c r y s t a l -  
l iz ing  f rom EtOH mp > 300 ~ C. 

4 - M e t h o x y - 6 - p h e n y l - 7 ,  7 -d im e thylpyr imido[4 ,  5 -b] 
th iaz ine  (XXIV). A m i x t u r e  of 0.2 g (0.6 mmole )  IX 
and 10 ml  toluene was ref luxed for  2 hr ,  the so lu t ion  
v a c u u m - e v a p o r a t e d  to d r y n e s s ,  and the r e s iude  r e -  
c r y s t a l l i z e d  f rom heptane,  yield 0.13 g (68%), mp 
141~ ~ C. 

Compound XXII was obtained by boiling V in mesi- 

tylene. Similarly VIII gave XXI. 

4 - M e t h o x y - 6 - ( 4 ' - n i t r o p h e n y l ) - 7  H-py ramido[4,  5-b] 
[1 ,4] th iaz ine  (XX). a) A m i x t u r e  of 0.04 g VI and 10 
mI  Ac20 was heated at 95 ~ C for  2 hr ,  v a c u u m - e v a -  
pora ted  to d r y n e s s ,  5 ml  MeOH added to the r e s idue ,  
and the sol id f i l t e red  off, y ie ld  0.03 g (78%), m p >  
>300 ~ C. 

b) Compound XX was also p r e p a r e d  by boi l ing  VI 
in m e s i t y l e n e ,  y ie ld  53%. 

4 - C h l o r o - 5 - a m i n o - 6 - ( 4 ' - n i t r o p h e n a c y l ) m e r c a p t o -  
p y r i m i d i n e  (XXVI). A solu t ion  of 0.5 g (0.003 mole)  
XXVII and 0.2 g (0.0035 mole)  KOH in 20 ml  EtOH was 
cooled to 0 ~ C, and 0.65 g (0.0027 mole)  4 - n i t r ophenacy l  
b r o m i d e  in 30 ml  EtOH added, the whole then s t i r r e d  
for  2 hr ,  and the p rec ip i t a t e  which fo rmed  f i l t e red  
off, y ie ld  0.85 g (84%), mp 144~ ~ C (frothed v i -  
gorously) .  Pale  yel low c r y s t a l s ,  soluble  in EtOAc 
and Me 2 CO, inso luble  in EtOH. Found: C 44.48; H 
2.85; C1 10.78; N 17.11; S 10.02%. Calcula ted for  
Ci2HgC1N403S: C 44.38; H 2.80; C1 10.92; N 17.25; S 

9.87%. 
Properties of 6 hydroxy-5,6-dihydropyrimido[4, 

5-b][l,4]thiazines (I-IX, Table i): Compounds I-V, 
VII-IX colorless crystals, compound VI pale yellow 

crystalline substance, soluble in alcohols, Me 2 CO, 

EtOAc, insoluble in water, ether, and petrol ether. 
Properties of 7 H-pyrimido[4, 5-b] [I, 4]thiazines 

(X-XXV, Table 2): Compound XIV colorless, XII, 

XIII, XV, XX, and XXIV pa le -ye l low,  XI, XIV, XXII, 
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X and XXV yellow, XVIII dark  yellow, XVII orange,  
XVI and XXIII ye l lowish -g reen  and c rys ta l l ine ,  XVIII 
da rk  yellow, XVII orange,  XVI and XXIII ye l lowish-  
green  and c rys ta l l ine ,  XXII, pale yellow and a m o r -  
phous. Soluble in var ious  organic solvents,  insoluble 
in water;  compounds XV]~I, XX, XXIV were insoluble 
in mos t  organic solvents,  and in water .  
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