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2-Methyl-  and 2-a lkoxy-4 ,6-d ioxodihyct ro- l ,3- th iaz ines  we re  synthesized.  A compara t ive  ex-  
aminat ion of the IR and PMR s pec t r a  of 2-subst i tu ted  thiazinediones and their  O-methyl  e thers  
and sodium der iva t ives  was made.  It is shown that a change in the c h a r a c t e r  of the substi tuent  
has a substant ia l  effect on the s t ruc tu re  of the f l -d icarbonyl  f ragment .  

2 -Pheny l -4 ,6 -d ioxod ihydro- l ,3 - th iaz ine  (1) was obtained for  the f i r s t  t ime  in 1960 [1]. Methods for  the 
synthes is  of other  2-subs t i tu ted  1,3-thiazinediones were  developed soon the rea f t e r  (for example ,  see  [2, 3]). 
Despi te  the fact  that the f i r s t  s tudies  r evea led  the p rac t i ca l  value of thiazinedione der iva t ives  [4-6], a s y s t e m -  
atic study of the c h e m i s t r y  of these  compounds was not made,  whereas  even a superf ic ia l  knowledge of the 
spec t ra l  c h a r a c t e r i s t i c s  of 2-subst i tu ted  4, 6-dioxodihydrothiazine s - potential ly t au tomer ic  he terocycl ic  f l -  
diketones - showed that a change in the c h a r a c t e r  of the subst i tuents  may  have a substant ia l  effect on the s t r u e -  
t a re  of the f l -d icarbonyl  f ragment  [1,7] and should t h e r e f o r e  be re f l ec ted  in the reac t iv i ty  of the en t i re  sys t em.  
One might have a s sumed  the p r e s ence  of the following pr incipal  t au tomer ic  f o r m  for 2-subst i tu ted  th iaz ine-  
diones: 
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Thus the absence  of absorpt ion above 1600 cm -1 in the IR spec t rum of I in the c rys ta l l ine  phase was ex- 
plained in [1] by the poss ibi l i ty  of its exis tence  in dipolar f o r m  IVa. The spec t r a l  c h a r a c t e r i s t i c s  of th iaz ine-  
dione I and its p--chloro der iva t ive  [8] conf i rmed the assumpt ion  of the exis tence  in the solid f o r m  of an ionized 
fo rm,  for  which s t ruc tu re  IVb was proposed.  However ,  it is not yet poss ib le  to f o r m  a p re fe rence  for any one 
of the proposed ionized f o r m s  of IV on the bas i s  of the IR spec t r a  of solid samples .  

Diketone f o r m  II  was ass igned to the 2-(alkylthio)thiazinediones that we synthes ized in [3], pa r t i cu la r ly  to 
benzylthio der iva t ive  V f r o m  the IR spec t r a l  data (two absorpt ion bands at 1675-1715 cm-1). 

2-Methyl -  and 2-alkoxythiazinediones ,  obtained by malonation of th ioace tamide  and O-a lky l th iocarbamates  
with carbon suboxide, r e p r e s e n t e d  a th i rd  group of compounds:  
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X--C~.,Nn2 + c~o2 ~ X-N~7 
H 

Yl-Xl 

V| X=CH3; Vl| X=C~,HsCH~,O ; VIII X=CHsO; 

IX X=C2HsO: X X~CsHTO; X| X=j..~,O-C3H;, O 

The IR spec t ra  of c rys ta l l ine  samples  of these compounds, except for VIII (v c =o 1735, 1700 em-1), a re  
charac te r i zed  by a single intense absorption band at 1628-1650 cm-1; this constitutes evidence that they exist 
in the III form. 

This difference in the spec t ra l  charac te r i s t i cs  of 2-substi tuted thiazinediones served as a basis for the 
fur ther  study of this problem. The IR and PMR spect ra  of dimethyl sulfoxide (DMSO) solutions of the com-  
pounds of all th ree  groups and of some model compounds were  recorded.  It was found that the IR spec t rum of 
solid thiazinedione I is s imi lar  to the spec t rum of its sodium derivative (XII) (Table 1). Intense absorption at 
�9 ~ 1600 em -1 was also observed for the sodium salts of VI-XIII. This absorption may be considered to be one of 
the bands of the conjugate enolate anion, which is also charac te r i s t i c  for other cycl ic  fl-diketones (for example, 
see [9]). Absorption at 1645 cm -1 that consti tutes evidence for the existence of enol form III in solution appears 
in the spec t rum of a DMSO solution of thiazinedione I. Similar absorption in the carbonyl region is also ob- 
served  for O-methyl ethers  XIV-XVI, obtained by methylation of I, VI, and VII with diazomethane. 

Only a small  shift of the bands of carbonyl absorption charac te r i s t i c  for t ransi t ion f rom the solid phase 
to solution was observed in the IR spec t rum of a DMSO solution of benzylthio derivative V, whereas  the cha r -  
ac ter  itself of the spec t rum did not change. 2-Substituted 5,5-dimethylthiazinediones XVII and XVIII, which 
served as models of keto form II, also have two absorption bands at 1700-1730 cm -1 (Table 1). 

When VI-XI were  dissolved in DMSO, in addition to a small  increase  in the absorption frequency of the 
carbonyl group, the absorption of a weak double bond appeared at 1710-1730 cm -I  in the IR spectra;  this could 
be a ref lect ion of a k e t o - e n o l  equilibrium. 

Data f rom the PMR spec t ra  of solutions of the investigated compounds and some models (Table 2) con- 
f i rmed the above-expressed  assumptions.  

In the case  of I the equilibrium is shifted entirely to favor the enol form,  as evidenced by the absence of 
signals of the protons of the methylene group of the keto f o r m  at ~3.5  ppm and of the anionic fo rm at 4.7 ppm. 
On the other hand, V exists only in diketo form II. In the case of VI and VII it was found to be possible to ob- 
serve  a k e t o - e n o l  equilibrium under these conditions. 

The effect of various fac tors  on the position of the equilibrium and the charac ter  of the PMR spec t ra  was 
examined in grea te r  detail in the case  of VI, in the PMR spect rum of which the signals of the methyl groups of 
the keto and enol fo rms  have different chemical  shifts - 2.12 and 2.58 ppm. Signals of only the enol fo rm were  
observed in the spec t ra  of samples  prepared  in a dry box with thoroughly dried d6-DMSO* in the course  of 
3-4 h, after which ext remely  weak signals of the keto f o r m  appeared. Fur ther  observation was complicated by 
p rocesses  involving the decomposition of thiazinedione VI. In the case  of spec t ra  of samples prepared  with a 

* The position of the k e t o - e n o l  equilibrium is re ta ined in the case of samples prepared  in a i r ,  but the signal of 
the enol proton is broadened considerably and shifted to the s t rong-f ield region. 

TABLE 1. uc =o Frequencies  in the ]:R Spectra of 2-Substituted 
Thiazinediones and Their  Derivatives 

Coin - 
pound 

I 
V 

V! 
VII 

C6H5 
C6HsCH2S 
CH~ 
CsHsCH20 

1600 
1710,1675 

1628 
1650 

uC=O, cm-I (in mineral oil) 

+ 

" - ~ 0  -.:Na 
CH 3 

1662 1600 

1668 1~6 
1663 

OCH~ 

CH 3 

1700,1730 
1700,1730 
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T A B L E  2. PMR S p e c t r a  of 2 - S u b s t i t u t e d  4 , 6 - D i o x o d i h y d r o - l , 3 -  
t h i a z i n e s  and T h e i r  D e r i v a t i v e s  (6 ,  ppm) 

Com- 
pound 

I 
XlV 
XII 

V 
Vl 

XV 
XIII 
VII 

XVI 

C6Hs 

C6HsCH2S 
CH~ 

CsH~CH~O 

5,85 
5,95 

5,77 

5,34 
5,52 

3,68 

4~7 

'I'2213Z8 
10,,661 

-- . 3,97 

1 1 , 7 8 ]  - -  
- -  , 3,85 

7,43--8,03 
7,23--7,83 
7,43--8,03 
4,42; 7,31 
2,58 (enol) 
2,12 (ketone) 
2,60 
2,30 
7,38; 5,49 
7.4; 5,52 

T A B L E  3. 
D e r i v a t i v e s  

Com- 
pound 

VI 
VII 

VIII 
1X 
X 

XI 
XI1 

XIII 
XIV 
XV 

XVI 
XVII 

XVIII 

2 - S u b s t i t u t e d  4 , 6 - D i o x o d i h y d r o - l , 3 - t h i a z i n e s  and T h e i r  

rap, "C Empirical 
formula 

CsHsNO2S 
C~,HgNO:+S 
C.+HsNO3S 
C6HzNO~S 
CTHgNO3S 
CrHgNO3S 
C~oHTNNaO~S 
CsH4NNaO2S 
CHH9NO2S 
C6HrNO2S 
Ct~H.NOaS 
CI3HI3NO2S2 
Ct2Ht:NO2S 

Found, 70 
N " S 

9,7 22,0 
5,0 13,4 
B,9 20,3 
B,2 18,8 
7,4 ~7,2 
7,6 17,4 
5,9 13,1 
S,4 18,3 
5,4 14,1 
8,9 19,9 
5,4 12,4 
5,1 22,8 
6,3 14,0 

Calc., 70 

N S 

9,8 22,4 
6,0 13,6 
8,8 20,1 
8,1 18,7 
7,5 17.1 
7,5 iT, l 
6,2 14.1 
8,5 19,3 
6,4 14,6 
8,9 20,4 
5,6 12,8 
5,0 22,9 
6,0 13,7 

130--132 a, b 
107--108 o, c 

l16,5--117P ,c 
127--128 o, c 
106--107 o, c 
III--l l2D'C 

270.b 
190 b . 

91--92 a- 
79--80 ~ 
69--70,5 e 
62--63 e 
53--55 e 

Yield, 
% 

55 
65 
44 
75 
49 
65 
86 
99 
96 
85 
89 
62 
66 

a F r o m  e thy l  a c e t a t e ,  b Mel t s  w i th  d e c o m p o s i t i o n ,  e F r o m  b e n -  
zene .  d F r o m  CC14. e F r o m  hexane .  

s o l v e n t  con t a in ing  t r a c e s  of w a t e r ,  the  e q u i l i b r i u m  i n i t i a l l y  (1 h a f t e r  d i s so lv ing )  is  sh i f t e d  p r a c t i c a l l y  c o m -  
p l e t e l y  to f a v o r  the  enol  f o r m  (_ 95-97%), but  t he  amoun t  of t he  ke to  f o r m  r e a c h e s  ~25% in 1.5 h. An i n c r e a s e  
in the  w a t e r  con ten t  in t he  so lven t  l e a d s  to  r a p i d  e s t a b l i s h m e n t  of the  e q u i l i b r i u m  and s h a r p l y  i n c r e a s e s  the  
p e r c e n t a g e  of  the  ke to  f o r m  (,~ 607o 1.5 h a f t e r  d i s s o l v i n g ) .  The  add i t i on  of  t r a c e s  of  t r i e t h y l a m i n e  a c c e l e r a t e s  
the  ke toeno l  t r a n s f o r m a t i o n  p r o c e s s ,  p a r t i c u l a r l y  in t he  c a s e  of s a m p l e s  c on t a in ing  t r a c e s  of w a t e r .  

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

The  IR s p e c t r a  of m i n e r a l  o i l  s u s p e n s i o n s  and DMSO s o l u t i o n s  of the  compounds  w e r e  r e c o r d e d  wi th  a 
UR-20  s p e c t r o m e t e r .  The  PMR s p e c t r a  of  15% s o l u t i o n s  of the  compounds  in DMSO and ds-DMSO w e r e  r e -  
c o r d e d  w i th  an  EM-360  s p e c t r o m e t e r  (60 MI-Iz) a t  35 ~ The  UV s p e c t r a  of e thano l  s o l u t i o n s  w e r e  r e c o r d e d  wi th  
an  S F - 4 A  s p e c t r o p h o t o m e t e r .  C h r o m a t o g r a p h y  was  c a r r i e d  out  on Si lufol  UV-254 p l a t e s .  The e h a r a c t e r i s t i c s  
of  the  compounds  a r e  p r e s e n t e d  in T a b l e  3. 

2 - M e t h y l - 4 , 6 - d i o x o d i h y d r o - l , 3 - t h i a z i n e  0/I) .  A s m a l l  e x c e s s  of  c a r b o n  s u b o x i d e  gas  was  p a s s e d  t h rough  
a so lu t i on  of 3 g (0.04 mole )  of  t h i o a c e t a m i d e  in 130 m l  of  e thy l  a c e t a t e ,  and  the  r e s u l t i n g  p r e c i p i t a t e  was  r e -  
m o v e d  by  f i l t r a t i o n  and r e e r y s t a l l i z e d  f r o m  e thy l  a c e t a t e  to  g ive  a p r o d u c t  w i th  Rf  0.34 [dibutyl  e t h e r -  e t h a n o l -  
w a t e r  (6 : 6 : 1)]. UV s p e c t r u m ,  A m a x :  238 and 305 n m  (log e 4.00 and 3.35). 

2 - B e n z y l o x y - 4 , 6 - d i o x o d i h y d r o - l , 3 - t h i a z i n e  (VII). A 4 . 8 - g  (0.012 mole)  s a m p l e  of  l iqu id  C302 w a s  a d d e d  to  
a c o o l e d  (to - 1 0  ~ so lu t i on  of 8 g (0.048 mole)  of  O - b e n z y l t h i o e a r b a m a t e  in 200 rnl of  e thy l  a c e t a t e ,  and  the  m i x -  
t u r e  was  g r a d u a l l y  h e a t e d  to r o o m  t e m p e r a t u r e ,  a f t e r  which  t h e  so lve n t  was  r e m o v e d  in c a c a o .  The s o l i d  m a t e -  
r l a l  w a s  r e c r y s t a l l i z e d  f r o m  b e n z e n e  to  g ive  a p r o d u c t  wi th  Rf  0.64 [dibutyl  e t h e r - e t h a n o l  (1 : 1)]. UV s p e c -  
t r u m ;  A m a x :  225 and 267 n m  (log ~ 4.26 and 4.09). 

Compounds  VHI-XI  w e r e  s i m i l a r l y  ob ta ined .  * 

* Compound  IX was  p r e v i o u s l y  d e s c r i b e d  in [2]. 
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2-Phenyl -4 ,6-d ioxodihydro- l ,3-~hiaz ine  Sodium Salt (XII). A 15-g (0.074 mole) sample of I was added 
with s t i r r ing  to a solution of 5.02 g (0.074 mole) of sodium ethoxide in 200 ml of absolute ethanol, and the mix-  
t a r e  was s t i r r e d  for 3 h. The solid mater ia l  was r emoved  by f i l t rat ion and washed with hot absolute ethanol to 
give a product  w i t h R f  0.46 [dibutyl e t h e r - e t h y l  aceta te  (1.1)].  UV spec t rum:  k m ax  247 nm (log e 4.47). 

2 -Methyl -4 ,6-d ioxodihydro- l ,3 - th iaz ine  Sodium Salt (XII1). This compound was s imi la r ly  obtained. 

2 -Pheny l -4 -oxo -6 -me thoxy- l , 3 - t h i az ine  (XIV). A total  of 30 ml of an ether  solution containing 0.8 g (0.02 
mole) of diazomethane was added gradually with s t i r r ing  to a cooled  ( to -3  ~ suspension of 2 g (0.01 mole) of I 
in 40 ml of ethyl aceta te ,  a f te r  which the mixture  was allowed to stand overnight.  The solvent was removed ,  
and the solid mater ia l  was r e c r y s t a l l i z e d  success ive ly  f r o m  hexane and CC1 a to give a product with Rf 0.75 
[ethanol-  dibutyl e ther  (1 : 1) ]. 

Compotmds XV and XVI were  s imi la r ly  obtained. 

2 -Benzyl th io-5 ,5-d imethyl -4 ,6-d ioxodihydro- l ,3 - th iaz ine  (XVH). An 8.25-g (0.049 mole) sample of di- 
methylmalonyl  dichloride was added to a solution of 3.6 g (0.019 mole) of S-benzyldi thiocarbamate  in 150 ml 
of CC14, af ter  which the mixture  was ref luxed for 5 h. The solvent was removed ,  and the res idue  was f r ac -  
tionated. The fract ion with bp 163-164 ~ (1 ram) was collected.  UV spec t rum (in hexane): ~-max 270 nm (log 
4.3). 

2 -Pheny l -5 ,5 -d ime thy l -4 ,6 -d ioxod ihydro- l ,3 - th iaz ine  (XVIII). This compound was obtained by the method 
in [10]. 
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