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The C=O groups in positions 4 of the molecules of 2-thioxo-1, 3- 
thiazan-4-one and 1,3-thiazane-2, 4-dione do not possess ketonic 
properties. When 2-thioxo-1,3-thiazan-4-one is treated with hydrazine 
or its derivatives, hydrazinolysis takes place. When these substances 
react with PzSs, the C=O groups are replaced by C=S groups. The com- 
pounds formed possess thioketonic properties, which makes it possible 
to obtain derivatives of 4-imino-1, 3-thiazane. The condensation of 
8-chloropropionic acid with thiourea leads to 1, 3=thiazane-2, 4-dione 
and the previously unreported 2-imino-l,3-thiazan-4-one. The UV 
spectra of the substances synthesized are described. 

Der iva t ives  of te t ra -hydro- l ,  3 - th iaz ine  (1, 3 - th i a -  
zane have recen t ly  acqui red  in t e re s t  in view of the fact 
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Fig.  1. UV spect ra :  1) 1 , 3 - t h i a -  
zane-2 ,  4-dione;  2) 2 - imino -1 ,  3-  
t h i azan -4 -one ;  3) 2 - i m i n o - 1 ,  3-  
t h i azan -4 -one  S-guanyl th iohydra-  

e ry la te .  

that they include the effective analgesic and sedative 
substance "Dolitrone." The molecule of one of the 
modern broad-spectrum antibiotics, namely eephalo- 
sporin, constans a dihydro-1,3-thiazine ring. Conse- 
quently we set ourselves the task of studying reactiv- 
ities and UV spectra of some of the most important 
1,3-thiazan-4-ones and i, 3-thiazane-4-thiones. 

The unsubstituted thiazanedione (la) does not form 
thiosemicarbazones, semicarbazones, oximes, and 
other  de r iva t ives  due to the fact that an NH group is  
adjacent  to the carbonyl  groups ,  in consequence  of 
which the posi t ive charge on the carbon a tom is ab-  
sorbed by the p - e l e c t r o n s  of the n i t rogen  a tom 

v a X = Y = O  f X = O ;  Y = N N H C S N H 2  
Lr b X = N H ;  Y = O  g X = O ;  Y = N N H C O N H 2  

~ 2 c / c ~  H c X = S ;  u  h X ~ S ;  Y = N N H C S N H ~  
H2C"$/C=x d X = O ;  u  i X = S ;  Y = N N H C O N H 2  

I e X = Y ~ S  

The molecule  of t h i a z a n e - 2 , 4 - d i o n e  contains  the com-  

plex chromophore  - s - c ~ , - c - ,  thanks to which two 
O ~, O * 

maxima  appear  in the UV spec t ra  in the 230-nm (log e 
3.60) and 305-nm (log e 2.63) reg ions  (see Fig.  1). 
These  max ima  a re  d isplaced ba thochromica l ly  because  
of the lengthening of the chain of conjugat ion as com-  
pared  with the max ima  of the f l -a lkoxythiocarbonyl th io-  
hydrac ry l i c  acids  [1], which contain the chromophore  
-sjc~o- 

" sF~ 

To synthes ize  the th iazanedione we [2] have p ro -  
posed to c a r r y  out the condensat ion of th iourea  with 
~-ch loroprop ion ic  acid in the p r e sence  of acet ic  anhy-  
dr ide .  F u r t h e r  inves t iga t ions  show that to obtain 
reproduc ib le  y ie lds  it is more  convenient  to c a r ry  out 
the reac t ion  at 160 ~ C without a solvent  or with a sma l l  
amount  of ace t ic  anhydride:  

o 

H C jGOOH NH 2 H2 C'C'~N H 
~l + $~/.E~ N H 2 ~  I I + NH4CI 

H2C-,.C I H2C-.s/C=O 

When the condensat ion was c a r r i e d  out without a 
solvent ,  as a by-produc t  the p rev ious ly  un repor t ed  
2 - i m i n o t h i a z a n - 4 - o n e  (Ib) was formed,  this being 
cha rac t e r i zed  by a s ingle  absorp t ion  m a x i m u m  at  
235 nm (log e 4.14, see Fig .  1). This subs tance  is 
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Fig.  2. UV spec t ra :  1) 2- th ioxo-  
1, 3 - t h i a z a n - 4 - one  ; 2) 1, 3 - t h i a -  
zane-2 ,  4 -d ione ;  3) th ioca rbony l -  
b i s th iohydrac ry l i c  acid;  4) 4 -  

thioxo- 1 ,3 - th i azanone .  

also incapable  of undergoing  the reac t ions  typical  for  
oxo compounds.  Its sal t  with S-guanyl th iohydracry l ic  
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1 , 3 - T h i a z a n e  D e r i v a t i v e s  
u 

~sIC = X 

X I Y 
(9 
o Empirical 

formula 

Found, % Calculated, % 

N S 

Ib ! N H .  HC1] 0 
NH J 0 

Ia S ~ 0 
Ih NNHCSNH2 
Ii S NNHCONH2 
If i 0 NNHCSNH 
lg [ O NNHCONH 

I 
189 [C4H6N2OS �9 HCI 
167 C4HsN2OS 
163 ]C4HhNO2S 
160 J, ChHsN4Sa 
180 }CsHsN4OS~ 
185 :CsHsN4OS2 
182 I~ChHsN402S 

I 

N L s 

17.03 19.36 16.81 
21.03 ] 24.69 I 21,03 
10,60 [ 24.62 I 10.68 
25.59 [ 43.43] 25.43 
27.16[ 31.45 27.431 
27A1 31.26 27.43 
17.40 17.07[ 17.48 

/ 

19.24 
24.63 ! 
24 .45  
43.66 
31,61 
31.39 
17.03 

Yield,% 

7.8 
7.8 

22.90; 49.62* 
4l . I  
57.3 
85 
33.3 

*By the fusion method. 

a c i d ,  a l s o  i s o l a t e d  f r o m  the  c o n d e n s a t i o n  p r o d u c t ,  h a s ,  
l i ke  t he  t h i a z a n e - 2 , 4 - d i o n e ,  two a b s o r p t i o n  m a x i m a ,  
in the  2 2 3 - n m  (log a 4 .23)  and 2 7 4 - n m  (log e 4 .40)  
r e g i o n s  ( see  F i g .  1). 

It is  known [3] tha t  t h i o b e n z a m i d e  i s  c a p a b l e  of  
f o r m i n g  an  o x i m e ,  bu t  2 - t h i o x o t h i a z a n - 4 - o n e  (Ic) [4] 
d o e s  not  add n u c l e o p h i l i c  r e a g e n t s ,  wh ich  i s  undoub ted ly  
due  to the  p r e s e n c e  of  an  a d j a c e n t  e l e c t r o n - d o n a t i n g  
a t o m  in t he  c h r o m e p h o r e  -s-cs It  i s  i n t e r e s t i n g  "J  II~ Ib~ " 

tha t  t he  a n a l o g o u s  r h o d a n i n e  d o e s  f o r m  a 2 - o x i m e  [5] 
and a 2 - s e m i c a r b a z o n e  and 2 - t h i o s e m i c a r b a z o n e  [6], 
wh ich  is  due  to the  a t t r a c t i o n  by the  C-=O g roup  of  the  
e l e c t r o n s  on the  s u l f u r  a t o m  t h r o u g h  a CH 2 g r o u p .  At 
the  s a m e  t i m e ,  in t he  c o n d e n s a t i o n  of  2 - t h i o x o t h i a z a n -  
4 - o n e  wi th  p - n i t r o p h e n y l h y d r a z i n e  o r  h y d r a z i n e ,  t he  
t h i a z a n e  r i n g  u n d e r g o e s  h y d r o l y s i s  wi th  t he  f o r m a t i o n  
of  S - t h i o c a r b a m y l t h i o h y d r a c r y l i c  a c i d  p - n i t r o p h e n y l -  
h y d r a z i d e  (III) o r ,  r e s p e c t i v e l y ,  b i s ( S - t h i o c a r b a m y l -  
t h i o h y d r a c  r y l y l ) h y d r a z i n e  (IV). 

The  UV s p e c t r a  of  Ic ( see  F i g .  2) h a v e  two h i g h -  
i n t e n s i t y  m a x i m a  a t  259 n m  (log e 3.98) and 308 n m  
(log e 3.93) and a l s o  a l o w - i n t e n s i t y  m a x i m u m  at  404.5 
n m  (log e 2.07).  

The  4 - t h i o x o t h i a z a n - 2 - o n e  (Id) f i r s t  s y n t h e s i z e d  by 
one of us  [7] by the  r e a c t i o n  of  t h i a z a n e - 2 ,  4 - d i o n e  wi th  
the  c a l c u l a t e d  a m o u n t  of  P2S5 in d ioxane  c o n t a i n s  in i t s  
m o l e c u l e  the  c h r o m o p h o r e  - s7cs  It  m a y  be  a s -  

s u m e d  tha t  the  C - - S  g r o u p  w i l l  exh ib i t  a p r o n o u n c e d  
k e t o n i c  n a t u r e  in v i ew of  the  f a c t  tha t  t he  p - e l e c t r o n s  
of the  a d j a c e n t  n i t r o g e n  a t o m  a r e  a t t r a c t e d  by t h e  
C = O  g r o u p  to a c o n s i d e r a b l e  ex t en t .  And,  in f ac t ,  Id 
r e a d i l y  f o r m s  a t h i o s e m i e a r b a z o n e ,  s e m i c a r b a z o n e ,  
p h e n y l h y d r a z o n e ,  b e n z o y l h y d r a z o n e ,  e t c .  [8]. 

The  UV s p e c t r a  of  4 - t h i o x o t h i a z a n - 2 - o n e  h a v e  two 
m a x i m a  ( see  F i g .  2 ) - -one  b e l o w  220 n m  and the  s e c o n d  
at  290 n m  ( log e 4 .17) .  In c o n t r a s t  to t he  i n i t i a l  t h i a -  
z a n e - 2 , 4 - d i o n e ,  thanks  to the  p r e s e n c e  of the  t h ioxo  
s u l f u r ,  the  s e c o n d  m a x i m u m  has  a h igh  i n t e n s i t y .  

In o u r  f u r t h e r  i n v e s t i g a t i o n s  it  w a s  e s t a b l i s h e d  tha t  
the  r e a c t i o n  of  t h i a z a n e - 2 ,  4 - d i o n e  o r  2 - t h i o x o t h i a z a n -  
4 - o n e  wi th  P;S  5 d e p e n d s  to a c o n s i d e r a b l e  ex t en t  on the  
s o l v e n t .  T h u s ,  when  the  t h i a z a n e d i o n e  is  b o i l e d  wi th  
an  e x c e s s  of  P2S5 in t o l u e n e ,  4 - t h i o x o t h i a z a n - 2 - o n e  is  
f o r m e d  e x c l u s i v e l y ,  w h i l e  t he  u s e  of  d ibu ty l  e t h e r  o r  
d ioxane  as  s o l v e n t  l e a d s  to t h i a z a n e - 2 ,  4 - d i t h i o n e  (Ie).  
The  m o l e c u l e  of t h i a z a n e - 2 ,  4 - d i t h i o n e  h a s  t he  c h r o -  

m o p h o r e  -s-cL~H-c- and,  t h a n k s  to the  p r e s e n c e  of the  
S ~ S -9 

C - ~  g roup  in p o s i t i o n  4, t he  s u b s t a n e e  exh ib i t  p r o -  
nounced  k e t o n i c  p r o p e r t i e s  and wi th  h y d r a z i n e  d e r i v a -  
t i v e s  f o r m s  the  p r e v i o u s l y  u n d e s c r i b e d  4 - h y d r a z i n o -  
t h i a z a n - 2 - t h i o n e  d e r i v a t i v e s  (1tl, t) .  

The  UV s p e c t r u m  of  t h i a z a n e - 2 ,  4 - d i t h i o n e  ( see  
F i g .  2) h a s  f o u r  a b s o r p t i o n  m a x i m a :  b e l o w  220 rim, 
a t  251 n m  ( log e 3.46),  a t  315 n m  (log e 4.19) ,  and at  
340 n m  (log e 4.25) .  F r o m  a c o m p a r i s o n  of the  UV 
s p e c t r a  of  t he  t h i a z a n e d i t h i o n e  d e r i v a t i v e s  tha t  we  h a v e  
i n v e s t i g a t e d  and of  t h i o c a r b o n y l b i s t h i o h y d r a c r y l i c  a c i d  
( see  F i g .  2), w h i c h  has  on ly  one  p r o n o u n c e d  c h r o m o -  
p h o r e  f o r  t he  UV r e g i o n  - s -cQ- ,  and a l s o  the  f i - a l k o x y -  

t h i o c a r b o n y l t h i o h y d r a c r y l i c  a c i d s  tha t  we  h a v e  m e n -  

t ioned ,  wi th  the  c h r o m o p h o r e  - . ~ o -  it  f o l l o w s  tha t  

t he  a b s o r p t i o n  m a x i m u m  in the  2 7 4 - 3 1 5 - n m  r e g i o n  is  
c o n n e c t e d  p r e c i s e l y  wi th  t he  m o n o t h i o c a r b o n a t e  o r  
d i t h i o c a r b o n a t e  c h r o m o p h o r e .  

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

Condensation of ~-ehloropropionic acid with thiourea, a) A mixture 
of 1 mole of thiourea and 1 mole of ~-chloropropionic acid was fused 
at 160 ~ C for 30 min. Then the melt was boiled with 1.5 ~ of acetone 
and the insoluble material (about 89 g) was filtered off. After this, the 
solid matter was boiled with 350 ml of a mixture of ethanol and benzene 
(3 : 2), and 33 g of ammonium chloride was filtered off; the filtrate was 
evaporated to small volume, and 13 g (7.8% 0 of the hydrochloride of 
2-iminothiazan-4-one was filtered off. By triturating the hydrochloride 
with a saturated solution in NaHCO 3 and subsequent filtration, free 
2-iminothiazan-4-one (Ib) was obtained; it was recrystallized from 
isopropanol. 

The acetone extract was evaporated to dryness and the resulting 
mass was boiled with 800 ml of xylene and filtered. From the solution 
in the cold 30 g (22.9%) of the crude thiazan-2, 4-dione (In) crystalIized 
out with mp 136-142 ~ C (after repeated recrystallization from xylene, 
mp 163 ~ C). The xylene-insoluble residue was triturated with water to 
give 30 g (21.7%) of crude 2-iminothiazan-4-one S-gnanylthiohydra- 
crylate (II), mp 209 ~ C (from isobutanol). Found, %: N 19.84; S 22.95. 
Calculated for C4H6NgOS. C4HgN2OaS, %: N 20.10; S 23.00. 

b) A mixture of 1 mole of B-chloropropionic acid, 1 mole of 
thiourea, and 0.3 mole of acetic anhydride was boiled for 2 hr. The 
reaction product was extracted with 700 ml of boiling xylene. From 
the extract 85 g of the thiazane-2, 4-dione crystallized, The xylene- 
insoluble residue was extracted with a mixture of ethanol and benzene 
(3 ." 2), the residue of NH4C1 (27.3 g) was filtered off, and evaporation 
of the filtrate yielded 25.0 g (13.5%) of, 8-guanylthiohydracrylic acid 
hydrochloride, mp 145 ~ C. Found, %: N 15.30; 8 1%48. Calculated for 
C4HsN202S. HC1, %: N 15.17; S 17.36. 



378 KHIMIYA G E T E R O T S I K L I C H E S K I K H  SOEDINENII  

Derivatives of 4-imlno-l ,  8-thiazane. A boiling aqueous solution of 
1 mM of thiosemicarbazide or semicarbazide was added to a boiling 
solution of 1 mM of thiazane-2, 4-dione [9] or 4-thioxothiazan-2-one 
[7] in ethanol. The mixture was boiled for 15-30 min, the pronounced 
evolution of hydrogen sulfide being observed. After cooling, the pre- 
cipitate that had deposited was filtered off and mcrystallized from 
ethanol. 

Hydrazinolysis of 2-thioxothiazan-4-or~. An equivalent amount of 
hydrazine hydrate or p-nitropheuylhydrazine was added to a boiling 
solution of 0.01 mole of 2-thioxothiazan-4-one in 7.5-20 ml of ethanol. 
In the first case, the reaction was complete in 1 hr at 50 ~ C, and in the 
second case it was necessary to boil the mixture for 20 hr. After the 
evaporation of the reaction mixture, precipitates were obtained which 
were recrystallized from glacial acetic acid. 

S-Thioearbamylthiohydracrylic acid p-nitrophenylhydrazide: yield 
39.8%. mp 206 ~ C. Found, %: N 17.00; S 13.41. Calculated for 
CgHI4N402S 4, %: N 17.16~ S 39.28. 

Bis(S-thiocarbamylthiohydracrylyl)hydrazine: yield 86.6%, mp 
179 ~ C. Found, %: N 18.70; S 21.30. Calculated for CIoHmN40~Sz, %: 
N 18.66; S 21.35. 
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