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Acrylonitrile reacts with dithiocarbaminates to give nitriles of N-alkyl- 
S-thiocarbaminylthiohydracrylic acids, which are then hydrolyzed to 
the corresponding amides and acids. Dehydration of the latter gives 
3-alkyl-2-thiothiazon-4-ones. The UV spectra of N-alkyl-S-thiocarba- 
minylthiohydracrylic acids, and amides and nitriles of them are char- 
acterized by two maxima in the 245-250 nm (thioamide band) and 
266-280 nm (dithiocarbonate band) regions. Thiazan ring closure re- 
sults in bathochromic shift of absorption maxima due to lengthening 
of the conjugated chain. The average values of the atomic refraction 
for sulfur in the molecules of the compounds investigated correspond 
to a thioketone structure. 

3 - A l k y l - 3 - t h i o t h i a z a n - 4 - o n e s  h a v e  b e e n  i n v e s t i g a t e d  

by  S e y d e n - P e n n e  [1], G a r r a w a y  [2], E .  V. V l a d z i m i r -  

s k a y a  [31, and C a m p a i g n e  and N a r g u n d  [4]. T h e s e  

c o m p o u n d s  w e r e  s y n t h e s i z e d  by  d e h y d r a t i n g  N - a l k y l -  
S-thioearbiminylthiohydracrylic acids, w h i c h  in t u r n  

had been obtained by hydrolyzing the corresponding 
nitriles, or the products of reaction of fl-chloropro- 
pionic acid with dithiocarbaminates. It is to be noted 
that 2-thiothiazan-4-ones are considered starting ma- 
terials for preparing fungicides and pesticides [5, 6]. 

We aimed to investigate the UV absorption spectra 
of 3-alkyl-2-thiothiazan-4-ones and intermediates used 
in synthesizing them, and in the eases of such com- 
pounds as were liquids, to calculate the atomic refrac- 
tion of the sulfur atoms. The substances investigated 
were synthesized according to the following plan. 

O~N,/NH2 

H2C/C N~/R 

CN R~NCSS.-HN./R /CN / r  _ _ - -  U 
(. 

H2C H2C.~s~C'~ S 0 
ft o%/OH R /C. 

I li2c/C Nx / H C NR 
I IxR, ~ 2 

"~c..s-c % @-.s.i% 
i l l  IV 

T h i s  m e t h o d  g a v e  10 n i t r i l e s  I, 7 a m i d e s  n,  8 a c i d s  

III, and 4 3 - a l k y l - 2 - t h i o t h i a z a n - 4 - o n e s  IV. T h e  m o l e -  

c u l e s  of the  n i t r i l e s  of the  N - a l k y l - S - t h i o e a r b a m i n y l t h i -  
o h y d r a e r y l i e  a c i d s  c o n t a i n  two e h r o m o p h o r e s  wi th  p--Tr 

c o n j u g a t i o n ,  v i z .  t h i o a m i d e  and d i t h i o e a r b o n a t e  c h r o -  

m o p h o r e s ,  w h i c h  g i v e  r i s e  to two  a b s o r p t i o n  m a x i m a  

in the  UV s p e c t r u m  ( T a b l e  1). 

R e p l a c e m e n t  of the  n i t r i l e  g r o u p  by  a m i d e  and c a r -  

b o x y l i e  c h r o m o p h o r e s  d o e s  not  g i v e  r i s e  to m a r k e d  

c h a n g e s  in the  a b s o r p t i o n  s p e c t r a  of  the c o m p o u n d s  

s t u d i e d  ( T a b l e  2, F i g .  2), b e c a u s e  a l i p h a t l c  c a r b o x y l i c  

a c i d s  and t h e i r  a m i d e s  h a v e  a v e r y  i n t e n s e  m a x i m u m  

on ly  in the  r e g i o n  b e l o w  220 n m  [7]. T h e  f i r s t  m a x i m u m  

in the  2 4 5 - 2 5 0  n m  r e g i o n  i s  c o n n e c t e d  w i t h  the  p r e s e n c e  

of  the  t h i o a m i d e  e h r o m o p h o r e ,  s i n c e  one  of  the  s i m -  

p l e s t  t h i o a m i d e s ,  t h i o u r e a ,  h a s  one  a b s o r p t i o n  m a x i -  

m u m  at 241 n m  ( see  F i g .  1). 

T h e  s e c o n d  m a x i m u m  of the n i t r i l e s ,  at  2 6 6 - 2 8 0  nm,  

i s  to be  a s s i g n e d  to a d i t h i o c a r b o n a t e  b a n d ,  s i n c e  f l - 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  a r e  c h a r a c t e r -  
i z e d  by  a s i m i l a r  m a x i m u m  [2J. 

F i g u r e  2 and T a b l e s  3 and 4 show tha t  d e h y d r a t i o n  

of N - a l k y l - S - t h i o c a r b a m i n y l t h i o h y d r a c r y l i c  a c i d s ,  g i v -  
ing  a t h i a z a n o n e  r ing ,  g i v e s  r i s e  to m a r k e d  c h a n g e s  
in the  UV a b s o r p t i o n  s p e c t r a .  C h a r a c t e r i s t i c  of  3 - a l -  
k y l - 2 - t h i o t h i a z a n - 4 - o n e s  a r e  two a b s o r p t i o n  m a x i m a  
w h i c h  a r e ,  h o w e v e r ,  m u c h  d i s p l a c e d  b a t h o c h r o m i c a l l y .  

T h u s  the  f i r s t  m a x i m u m  i s  in the r e g i o n  2 7 0 - 2 7 4  nm,  
and the  s e c o n d  in the  3 1 5 - 3 3 0  n m  r e g i o n .  Such a l a r g e  
d i s p l a c e m e n t  of  the m a x i m a  i s  c o n n e c t e d  wi th  c o n s i d -  
e r a b l e  i n c r e a s e  in the  p--Tr--p--Tr cha in  of c o n j u g a t i o n .  

T h r e e  of the  c o m p o u n d s  s y n t h e s i z e d  w e r e  l i q u i d s :  

3 - p r o p y l - 2 - t h i o t h i a z a n - 4 - o n e ,  3 - i s o b u t y l - 2 - t h i o t h i a -  
z a n - 4 - o n e ,  and N - d i e t h y l - S - t h i o c a r b a m i n y l t h i o h y d r a -  
c r y l o n i t r i l e .  T h e i r  m o l e c u l a r  r e f r a c t i o n s  w e r e  d e t e r -  
m i n e d  (Tab le  5) and then  the  i n c r e m e n t  f o r  the  two 

s u l f u r  a t o m s  in the  m o l e c u l e s  of the c o m p o u n d s  c a l c u -  
l a t ed .  I n c r e m e n t s  f o r  s u l f u r  a t o m s  a r e  known to v a r y  
g r e a t l y ,  d e p e n d i n g  on the type  of c o m p o u n d ,  w h i c h  i s  
bound  up wi th  d e t a i l s  of t h e i r  s t r u c t u r e s .  F o r  a l l  of  

the  t h r e e  c o m p o u n d s  i n v e s t i g a t e d  the  m e a n  a t o m i c  r e -  
f r a c t i o n  f o r  s u l f u r  w a s  9.7,  c o r r e s p o n d i n g  to the  i n -  

c r e m e n t  f o r  the  t h i o k e t o n e  s t r u c t u r e  [8]. A l t h o u g h  in 

one  of the  c o m p o u n d s  i n v e s t i g a t e d  one  s u l f u r  a t o m  i s  
an e t h e r  one  ( B a t s a n o v  [8] g i v e s  an i n c r e m e n t  of  8.0 

f o r  it) and the  o t h e r  a t h i o k e t o n e  one ,  we found e n -  

h a n c e d  i n c r e m e n t  v a l u e s ,  w h i c h  a r e  bound  up wi th  

sh i f t  of  a lone  p a i r  of  e l e c t r o n s  on the  t h i o e t h e r  s u l f u r  
a t o m .  E.  V. V l a d i m i r s k a y a  [9] f o u n d s i m i l a r i n c r e a s e d  

i n c r e m e n t s  wi th  t h i a z a n - 2 ,  4 - d i o n e s ,  and the  c o r r e -  
s p o n d i n g  S - c a r b a m i n y l t h i o h y d r a c r y l i c  a c i d s .  

EXPERIME NTAL 

N-Alkyl-S-thiocarbaminylthiohydracrylonitriles (I). An equimolec- 
ular amount of CS z was added dropwise to a solution of 0.02-0.72 
mole amine in 10-100 ml EtOH, which was stirred and held at 0 ~ C, 
After a single phase formed, an equivalent (on the CS2) amount of 
acrylonitrile in 1-10 ml glacial AcOH was added. Then the products 
were diluted with water, and the solid filtered off, washed with water, 
and recrystalIized from water diluted with EtOH or MeOH. In the cases 
of the methyl and diethyl derivatives, the reaction products were ex- 
tracted from the reaction mixtures with ether. Methylamine was 
brought to react as its hydrochloride, arid ethylamine as its hydro- 
bromMe. 

N-Alkyl-S-thiocarbaminylthiohydracrylamides (II). 0.55-3.0 g 
nitrile was stirred for 10 rain at - 5  ~ C with 5-30 ml conc HzSO 4. Then 
the reaction products were poured into 20 ml ice water, the crystals 
filtered off, washed with water, and recrystallized from water. 

N-Alkyl-S-thiocarbaminylthlohydracrylic acids (III). 3-50 mM 
N-aikyl-S-thiocarbaminylthiohydracrylonitrile was refluxed for 1 hr 
in 3-60 ml dilute HC1 (1:1). The solid precipitated on cooling was 
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R R' 

CHs H 

C2H5 H 

CH2CH =CH2 H 

c H <  CHa H 
CH~ 

CH2CH2CH3 H 
.CHal 

cn cH( I H \cH~ l 
CH2COOH / H 

CH3 ] CHa 

C2H5 C2Hs 

Table  1 ..c~ / R  H~C N (  
"1 [ \ R '  

N- Alkyl-S-Lhioc arbaminylLhiohydrae ryloniLrile s (I) N2C'-s"C~ 

Mp, * C ~.~a~,, nm lz8 Formula 

39 

91 

62 

96 

67 

53 

85 

43 

Liquid, bp 
130" C 
(0.5 ram) 

26:4_526713.91 CsHsN2S2 

248 
270.5 
250 
270 

250 
270 

250 
270 
250 
270 
250 
270 
245 
275 

250 
280 

3.89 CsH~oN2S2 
3.97 

Found, % 
N S 

17.60 39.86 

16.07 36.45 

14.67 
C 44,69 
H 5.42 

15.20 34.12 

14.71 34.40 

14.21 31.75 

13.59 31.12 

16.43 

Calculated,~ 

N I S 

i 747 L 4o.oo! 
[ 

16.17 36.78 
I 

1 ~04 

i H 45[I~ I 

I 14.88 34.O6 
i 

i 14.88 34.06 

13.85 31.70 

13.71 I 31.39 

1~09 41.33 

3.82 
3.94 

C8ttI~N2S2 

C 
H 

13.98 

41.72 
5,98 

31.42 
H / 5.74 

13 83 31.70 

36.7 

54.6 

80,6 

74.5 

87.3 

76.8 

38.0 

53.9 

37.8 

Table  2 
N-Alkyl -S-  t h ioca rbaminy l t h iohyd rae ry l amides  (II) 

O\ /Nn  2 

H~C "C N/R 
-I t \  R H2C-.s~C~s 

C2t I5 

C H (  CH3 

\Cl-f3 
CH2CH2CH3 

/ C H a  
CH2CtI~cHa 

CH2CH =CH2 

CHa 

C2t I5 

Mp, 
R' ~  

H 118 

H 129 

H 103 

I1 104 

tl 90 

Cfta 121 

C21-15 106 

z. , , ,~,  nm Ig 8 

250 
270 

250 
270 

250 
270 

250 

Formula 

270 
250 
270 

250 
275 
250 
280 

Found, 9' 

N S 

=al_culated_,% @- 

N ~ I '~  

3.98 
3.99 

3.93 
3.93 
3,95 
3.94 

3,96 
3.95 

3.89 I 
3.87 ] 

4.00 f 
4.03 I 
4.00 
4.04 

C6HI,;,N2OS2 

CTH~4N2OS2 

C7HI4N2OS2 

CsHI6N2OS2 

C7Ht2N2OS2 

C6H~2N2OS2 

CsHIsN2OS2 

14.61 

13.89 

13.67 

13.09 

13.89 

14.50 

12.90 

33.47 

31.01 

31.43 

29.21 

31.93 

33 21 

28.79 

14.56 

13.58 

t 3.58 

12.72 

I 3.72 

14.57 

12.75 

33.35 54.5 

31.10 ! 70.0 

31.10 77.5 

29,10 '~ 87.4 

31.39 i 74.5 

33.35 63.4 

29.11 57.4 
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I,'igu 1. At)s()vption spec-  
trLJnl plots for  u rea  (1), 
N-c a rboxyme thy l -S -  thio- 
c a rbaminy l t h iohyd ra -  
cryl( )ni t r i lc  (2), N-n-  
l)rOpyl- S- thioc arl)a miny l -  
t h iohydrac ry l amide  (3). 

[9c 

40- I"I r, 
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',/ I !~ 
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Fig. 2. Absc, jl~ti(nl s p e c -  
t rum i)l()ts ()f N - c a r b o x y -  
methy l -S- th i  Jc :~rhami-  
ny l th iohydry l ic  acid (1), 
3 - n - p r o p y i - 2 - t h i o t h i a -  
z a n - l - o n e ,  (2), and 3-  
c a r b o x y m e t h y l - 2 - t h i  o-  

thi azall-  l-()n(, (3). 
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CH3 

~H5 

CH2C}t~{ TMHa 

/ C Ha 
CH x 

" C H 3  

CH2CH(  CH3 
xCH3 

CH3 

C2Hs 

CH2COOH 

'Pablo 3 
N-Alky l -S - th ioea rbaminy l th iohydrae ry l i e  acids  (Ill) 

R' 

tt 

H 

H 

II 

Mp, 

~  

88 

99 

79 

6~ 

7~ 

145 

93 

154 

H 

CHa 

C2Hs 

H 

t . ,  ] 

250 3.90 
270,5 3.96 

250 3.87 
271 4.OO 

250 3.95 
3.96 270 i 

255 3.97 
275 3.99 

250 3.89 
2[0 3.92 

200 3.90 
275 3.94 

250 3.98 
280 4.04 

250 3.93 
270 3.93 

Formula 

CsI-IsNO2S2 
i 

C61 I j~NO~S~ 

CTH IaNO2S2 

CvHi3NO2S2 

C81"IjsNO2S2 

Cj  IIINO2S2 

CsHIsNO2S2 

C6HgNO4S2 

O\\/OH 
.oCc N( ~ 
H ~ C'-.s~C%s 

Found, % 

N S 

:Calculated,l $ 

7,94 

6.91 

7.07 

7.15 

6.50 

7.65 

6,52 

6.32 

35.57 7,81 35,77 83.5 

33.14 7.25 33,17 45.5 

30.39 6.76 30.92 72.4 

31.27 6.76 3092 67.0 

29,47 6.33 28.98 65.0 

:: :22 27o 2:2 
28.55 6.27 28.72 67.8 

0 
II 

'Fable t n2~'C"~--R 
3- A lky l -2 -2 - th io th i azan -  4-ones  (IV) u~C'-s-'C = s 

, . . . . . .  . . . , . . . . .  , 

t.,,,,,.,.. I. ~ ~,.m,,lo Found, % R 

C2Hs 

CH2CH2CIt:~ 

/ C t L  
CH~CH \ 

\CIt:~ 

CH2COOII 

Mp, ~ 

66 

liquid 

liquid 

70 
(decomp) 

270 
315 

270 
315 

270 
315 

274 
330 

4.10 IC6HgNOS.~ 8.34 
4.03 

4.06 CTI"ItINOS2 7.43 
3.98 

3.91 ,('8ttl3NOS~ ~ 6.89 
3.86: 

3.69 IQtITNO3S2 7~1 
3.fi3 

36.28 7,99 

' 34,04 7,40 

31,92 6,89 

35,86 6~2 
3.60 H 

36,57 

33,87 

31,53 

35.11 
3.43 

Yield, 
% 

81.5 

65.7 

61.2 

36 2 
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Table 5 
Physieochemical Properties of S-Thioearbaminylthio- 

h y d r a e r y l o n i t r f l e s  ~ ~\R, and 3 - A l k y l - 2 - T h i o t h i a -  
tt~C..S:c~x, s 

O 

z a n - 4 - o n e s  N~'C'N--~ 
H2C~S.C ~ S 

Com- 
pound 

I 

IV 

IV 

C~H~ 
CH2CI-12CH3 

/ C H s  
CH2CH(. 

\CH3 

R' 

C~Hs 

d42O 

1.1185 
1.2086 

1.1736 

40 

1.5725 
1.6059 

1.5741 

MR 

59.66 
54.00 

57.16 

k t o m i c  refrac- 
iion of 2 atoms 

of S 

19.41 
20.25 

18.80 

filtered off, washed with water, and recrystatlized from water (in the 
case of the N-methyl derivative, from benzene-petrol ether 1:1). 

3-Alkyl-2-thlothtazan-4-ones (IV), 0.1-5.0 g N-alkyl-S-thiocarba- 
minylthiohydracrylic acid was refluxed for 1 hr with 0.5-12.5 ml Ac20. 
Only the ethyl derivative gave crystals of reaction product (after cool- 
ing). In every other ease the products had to be evaporated almost to 
dryness. The propyl and isopropyl compounds were extracted with ether, 
the extract dried over anhydrous Na2SO4, the ether taken off, and the 
residue vacuum distilled. 

The UV absorption spectra were determined with an SF-4 spectropho- 
tometer. 1-3 mg~ solutions of the compounds investigated were made 
up in twice-distilled EtOH. 
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