
SYNTHESIS AND TAUTOMERISM OF TETRAHYDRO-2,4-  

DIOXO-6-ALKYLIDENE-1,3,5-THIADIAZINES 

M. V. Vovk 

The reaction of chlorocarbonyIisocyanate with N-substituted thioamides of alkanecarboxylic acids has led to 

the synthesis of tetrahydro- 2, 4-dioxo-6-alky lidene-1, 3, 5-thiadiazines, for which tautomeric transformations to 
the corresponding ureidocarbonylthioacetylenes have been observed. 

Chlorocarbonylisocyanate (I) is being widely used as an effective reagent in the synthesis of various kinds of 

heterocyclic compounds [1, 2]. The majority of cyclocondensations based on I occurs in reactions with ambidentate nucleophilic 

reagents. On the other hand, the reactions of this .isocyanate with thiocarbonyl compounds with ambidentate nature have hardly 

been studied. In particular, the reactions of I with thioureas [3] and thiosemicarbazides [4] have been described in the literature. 
The present communication offers the data obtained in the reaction of the isocyanate I with N-substituted thioamides 

of alkanecarboxylic acids (IIa-f). 

Scheme 1 

C I - C O - N =  C = O + R - C 1 1 2 - C S - N H A r  

I t l a f  
I -ncl 

N A r  O 

II II 
R - C I I z - C - S - C - N =  C=  O 

A 

II 
R - C f t  = C - S - C - N  = C =  O 

I 
N H A r  C 

S A r  

I l l  
R - C H 2 - C - N - C - N  = C = O 

!1 
O B 

t 
R - C H  = C - N - C - N  = C = O 

I il 
SH o D 

R - C I  t = = ~  ~ N H  

s - - ~  o 
I I l a f  

II, IIIa R = H, Ar = C6H5; b R = H, Ar = 4-BrC6H~; c R = H, Ar = 

4-FC6H 4 ; d R = H, Ar = z~-CHaC6H~; e R = H, Ar = 4-CHaC6H ~ ; f 

R = CHa~ Ar = CsH 5 

Institute of Organic Chemistry, Academy of Sciences of Ukraine, Kiev 252660. Translated from Khimiya 
Geterotsiklicheskikh Soedinenii, No. 8, pp. 1139-1142, August, 1993. Original article submitted June 9, 1993. 

972 0009-3122/93/2908-0972512.50 �9 Plenum Publishing Corporation 



T
A

B
L

E
 

1.
 C

ha
ra

ct
er

is
ti

cs
 o

f 
C

om
po

un
ds

 Il
la

-f
 

--
,m

f-
[ 

~
p-

lr
ic

a 
..

..
..

..
. 

7 
...

. I
R

 
~;

F.
fC

~'
um

 
v 

po
un

d|
 

fo
rm

ul
a 

m
p.

 
o(

; 
} 

..
..

..
..

..
 

~
r~

 .
..

..
..

. 

It
la

 
| 

C
/o

It
~N

2O
S 

89
 

19
(1

 
] 

33
40

. 
32

(1
(1

11
72

0 

lI
Ib

 
C

]ll
i 1

7l
~1

X
2(

)2
S 

,,~
 

i 4
1~

 
3.

}2
0,

 3
20

0 
17

10
 

li
lt

 
('i

t)
liT

] 
N

A
);'

~ 
2~

 
!2

~'
, 

33
"0

. 
32

50
 

17
15

 

II
id

 
(;1

1t
 II

II
N

2[
)2

S 
lq

5 
/~

:~
( 

3~
 4

()
. 

32
5'

} 
t'7

2(
/ 

Il
le

 

ll
lf

 

(5
t 1

1 [
io

N
20

3S
 

C
 li

Il
m

N
2(

)2
S 

L 
22

 
.. 

i 2
3 

i4
8.

 
i4

~ 

3.
32

0.
 3

20
0 

33
20

, 
32

05
 

17
20

 

17
10

 

cm
- 

' 

C
 ~

 C
 

16
40

 

16
41

) 

16
35

 

16
25

 

16
30

 

16
25

 

7,
/1

27
71

~
cl

, 
('2

;'i
i. 

5 
2 

i'
,2

J~
i1

 
2t

'l
 l 

;7
1;

12
 1

12
7;

%
67

 ;
 2

-7
18

. 
72

2-
26

, ~
3,

3 
69

 
C

H
),

 J
 -

 
3,

0;
 7

,2
3.

..7
,5

4 
[5

1t
,m

, 
C

,,t
l5

);
 

10
,3

1 
(I

TS
, 

br
oa

d 
s,

 
N

Tr
I) 

4,
18

 
(I

H
, 

O
, 

C
II

),
 J

 =
 3

,0
; 

4,
67

 
(~

ll
, 

d,
 

C
H

),
 J

 -
 3

,0
; 

7,
32

 (
2t

l,
 d

, 
C

H
2I

, 
J 

- 
8,

0;
 

7,
76

 
(2

H
, 

d,
 C

H
2)

, 
J 

- 
8,

0;
 

10
,5

2 
(l

lt
, 

br
oa

d 
s,
 
NH

) 
4,

20
 (

IH
, 

d,
 C

Il
I,

 J
 =

 3
,1

; 
4,

70
 (

1t
t,

 d
, 

C
ll

),
 J

- 
3,

1;
 7

,1
8.

_7
,4

4 
i4

ti
,m

, 
C

6t
t4

);
 

10
,4

4 
(I

ll
, 

br
oa

d 
s,

 
N

H
) 

2,
24

 (
3t

l,
s,

 
C

11
31

; 4
,0

7 
(I

ll
,d

, 
C

tl
),

 J
 =

 
3,

0;
 

4,
54

 
(I

ll
, 

d,
 

C
tt

),
 

J 
- 

3,
0;

 
6,

95
._

7,
52

 
(4

11
, 

m
, 

C
oi

l4
);

 
10

,4
0 

(I
H

, 
br

oa
d 

s,
 

N
H

) 
3,

79
 

(3
11

, s
, 

C
t1

30
};

 4
,1

3 
(1

11
, 

d,
 (

si
t)

, 
J 

- 
3,

0;
 

4,
59

 
(I

ll
, 

d,
 

C
H

),
 

J 
- 

3,
[)

; 
6,

98
...

7,
29

 
C

al
l, 

In
, 

C
6t

f4
);

 
10

,4
S 

(I
|L

 
br

oa
d 

s,
 

N
it)

 
1,

59
 (

3l
l,

d,
 C

t[
3)

~J
 =

0,
0;

 4
,9

5 
(t

ll
,q

u,
 

C
[t

),
 J

 =
 6

,0
; 

7,
30

.. 
'7

,5
2 

(5
tt

, 
~p

., C
61

15
); 

10
,1

2 
(t

t1
, 

br
oa

d 
s,

 
N

H
) 

(C
61

15
), 

13
6,

9 
(C

(o
))

, 
14

7,
8 

tC
(4

))
, 

16
1,

I 
(C

(2
))

 
99

,7
 (

C
11

2)
, 

12
2,

7,
 1

31
,7

, 
13

3,
4,

 1
34

,8
 

(C
61

14
), 

13
7,

9 
(C

((
,))

, 
14

9,
4 

(C
t4

))
, 

16
2,

7 
((

;(2
))

 

97
,2

 (
(7

11
2;

, 
12

4,
6,

 1
30

,5
, 

13
3,

5,
 1

34
,3

 
IC

61
-1

41
, 

13
"7

,4
 I

C
~o

))
, 

14
8,

2 
(C

(4
1)

, 
16

2,
0 

(C
(2

))
 

21
,8

 (
C

It
3)

, 
97

,6
 (

C
li

p,
 

12
6,

9,
 1

27
,6

, 
12

8,
9,

 
13

3,
5 

~C
61

14
), 

13
6,

7 
(C

(o
 Q

, 
14

9,
3 

(C
(,t

))
, 

15
0,

1 
(C

(2
/) 

53
,9

 
(C

II
3(

)1
, 

97
,2

 
(C

ll
2)

, 
12

4,
3,

 
I2

7,
1,

 
12

8,
8,

 
13

2,
5 

(C
ol

t4
),

 
13

6,
6 

(C
(6

1)
, 

14
7,

9 
(C

(4
11

, 
16

3,
1 

(C
(e

/)
 

13
,3

 (
C

ll
0.

 
!1

6,
6 

(C
ll

l,
 1

29
,1

, 
12

9,
6,

 
12

9,
9.

 
13

0,
4 

(C
oi

l4
),

 
14

(1
,2

 (
C

(6
))

, 
15

0,
0 

(C
/~

)~
, 

10
3,

8 
/C

(2
))

 

57
 

70
 

63
 

54
 

71
 

~O
 

--4
 



The reaction of the reactants I and IIa-f takes place at room temperature in benzene solution in the presence of 

triethylamine as acceptor of hydrogen chloride; it leads to 57-71% of the corresponding tetrahydro-2,4-dioxo-6-alkylidene-1,3,5- 

thiadiazines (IIIa-t) (Scheme 1). Taking into account literature data on the reactions of chlorocarbonylisocyanate with N- 

substituted amides [5] and of 1-chloroalkylisocyanates with N-substituted thioamides [6] it can be assumed that in the first case 

the process passes through a stage of formation of N-isocyanatocarbonylation products (A)and in the second case through the 

formation of S-isocyanatocarbonylation products (B), capable on account of a prototropic shift of isomerizing to the isocyanates 

(C) and (D) respectively, which then undergo an intramolecular cyclization. 

The spectral characteristics of the obtained substances (see Table 1) confirm the structure of the thiadiazines IIIa-f. 

Thus, their IR spectra contain strong absorption bands of stretching vibrations in the region 3200-3340 (NH), 1710-1720 

(C=O),  and 1625-1640 cm -1 (C~---C). In the 1H NMR spectra of compounds IIIa-e the signals of the protons of the methylene 

group appear as two doublets in the interval 4.07-4.70 ppm (J = 3.0 Hz) (system AX). On the other hand, the thiadiazine IIIf 

is characterized by a doublet of methyl protons in the region 1.59 ppm (J = 6.0 Hz) and by a quadruplet of the methyne proton 

in the region 4.95 ppm (J = 6.0 Hz). The I~C NMR spectra of all compounds contain, bdsides signals of the C atoms of the 

exocyclic alkylidene and aromatic substituents, signals of the C atoms of the heterocycle: C(6 ~ 136.6-140.2, C(4 ) 147.8-150.0, 

and C(2 ) 161.1-163.8 ppm. 

When the compounds IIIa-e are in contact with catalytic amounts of inorganic (HC1) or organic (CF3COOH) acids they 

can undergo a tautomeric transformation to ureidocarbonylthioacetylenes IVa-e. The IR spectra of solutions of the investigated 

compounds (in benzene, CH2C12, or CHC13) contain, after the addition of catalytic amounts of the acid, additional medium- 

intensity bands in the region 2045-2055 cm -1, characteristic for acetylene thioethers [7], and in the region 3430-3450 

cm-l(NH). In the ZH NMR spectra of compounds IIIa-e in CDCI 3 additional signals appear of the acetylene protons in the 

interval 2.64-2.71 [8] and N - H  protons in the interval 8.79-8,84 ppm. The subsequent treatment of the obtained solutions with 

an organic base is accompanied by a full shift of the equilibrium to the cyclic form III and by the restoration of the original 

spectra. This fact leads us to the conclusion that the III ~ IV conversion is reversible and that it is an example for a new type 

of ring-chain enamidine tautomerism (Scheme 2). 

Scheme 2 
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The IH NMR and 13C NMR spectra were taken on a Varian Gemini-200 spectrometer, using HMDS and TMS as 

internal standards. The IR spectra were taken on a UR-20 spectrometer in chloroform. The elemental analysis data for C, H, 

N, and S correspond to the calculated values. 

Tetrahydro-2,4-dioxo-6-alkylidene-l,3,5-thiadiazine (IIIa-t). A suspension of 0.01 mole of thioamide IIa-f in 40 ml 

anhydrous benzene is treated with 1.05 g (0.01 mole) I and, with stirring, with 1.0 g (0.01 mole) triethylamine in 10 ml 

benzene. The reaction mixture is stirred for 2 h, heated to 65-70~ and filtered hot. The filtrate is evaporated and the residue 

crystallized from a hexane-benzene mixture. 
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