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The structures of the reaction products of some a,  8-unsaturated ke- 
tones with dithiocarbamic acids have been investigated by IR spectro- 
scopic methods. It has been shown that the adducts, in the crystalline 
state, may be either the acycltc oxoalkyl dithiocarbamates or the 
cyclic 4-hydroxytetrahydro-1, 3-thiazin-2-thiones~ depending on the 
number and positions of the substituents in the parent ketones. The 
existence of prototropic ring-chain tautomerism in solutions of 4-hy- 
droxytetrahydro-1,3-thiazin-2-thiones has been established. 

I t  ha s  been  shown p r e v i o u s l y  [1,2] tha t  the  r e a c t i o n  
of a l i pha t i c  f l~ i so th iocyana toke tones  with p r i m a r y  
a m i n e s  g i v e s ,  depend ing  on the r e a c t i o n  condi t ions  and 
on the n a t u r e  of the  s t a r t i n g  m a t e r i a l s ,  e i t h e r  the  s u b -  
s t i t u t ed  o x o a l k y l t h i o u r e a s  (VIA) which a r e  i s o m e r i c  
wi th  the  4 - h y d r o x y h e x a h y d r o p y r i m i d i n e - 2 - t h i o n e s  
(VIB),  o r  the  t e t r a h y d r o p y r i m i d i n e - 2 - t h i o n e s  (VII). 
A l l  the  compounds  of t y p e s  VI and VII which we have  
p r e p a r e d  a r e  e f fec t ive  a c c e l e r a t o r s  of the  v u l c a n i z a -  
t ion  of r u b b e r  [3,4] .  
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As s t a r t i n g  m a t e r i a l s  fo r  the  p r e p a r a t i o n  of IT, we 
u sed  i s o p r o p e n y l  me thy l  ke tone  (Ia),  and s a l t s  of un-  
s u b s t i t u t e d  and N - a l k y l - s u b s t i t u t e d  d i t h i o c a r b a m i c  
a c i d s ,  p r e p a r e d  f r o m  e q u i m o l e c u l a r  amounts  of the  
c o r r e s p o n d i n g  a m i n e ,  c a r b o n  d i su l f i de ,  and sod ium 
h y d r o x i d e  o r  a m m o n i u m  h y d r o x i d e  [7]. The addi t ion  
of d i t h i o c a r b a m i c  a c i d s  to the  double  bond of the  k e -  
tone Ia  o c c u r s  when they  a r e  l i b e r a t e d  f r o m  t h e i r  s o -  
d ium o r  a m m o n i u m  s a l t s  at  1 0 - 4 0  ~ C [6,8] .  The p r o d -  
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la: RI=R2=H; R3=CH3; lb: RI=R2=CH3; R3=H. 
I|a: RIfR2=R4=H; R3=CH3; lib: R]=R2=H; R3=R4=CH3; llc: R]=R2=H; R3=CHs;, 
R4=C~Hs; lid: RI=R2=H; R3=CHs; R4=H--CaH7; IIe: R~=R2=H; R3=CH~; R,t= 
=H--C~Hg; IIf: RI:R2=R4:CHz; Rz:H; llg: Rt=R2=Ctl3; R~=I~=H. 
V: RI=R~=H; R3=CH3. 

E x a m i n a t i o n  of the  s t r u c t u r a l  ana logs  of compounds  
VIA,  VIB,  and VII,  con ta in ing  su l fu r  in p l a c e  of one of 
the  n i t r o g e n  a t o m s ,  was  c o n s i d e r e d  to be of i n t e r e s t  in 
d e t e r m i n i n g  the r e l a t i o n s h i p  of s t r u c t u r e  to a c t i v i t y  a s  
vu l can i za t i on  a c c e l e r a t o r s .  The oxoa lky l  d i t h i o c a r b a -  
m a t e s  I IA,  t h e i r  cyc l i c  i s o m e r s ,  the  4 - h y d r o x y t e t r a h y -  
d r o - 1 , 3 - t h i a z i n - 2 - t h i o n e s  IIB,  and the  d i h y d r o - 1 , 3 -  
t h i a z i n - 2 - t h i o n e s  I /I  o r  IV a r e  of th i s  type ,  the  l a s t  
compounds  a l so  be ing  r e p o r t e d  in the l i t e r a t u r e  [5, 6] 
to be vu l can i za t i on  a c c e l e r a t o r s .  

The  r e a c t i o n  of s o m e  ce , f l - u n s a t u r a t e d  ke ton e s  with 
d i t h i o c a r b a m i c  a c i d s  was examined .  The p r o d u c t s  
w e r e  the  p r e v i o u s l y  unknown oxoalkyl  d i t h i o c a r b a -  
m a t e s  IIA o r  the c o r r e s p o n d i n g  cyc l i c  compounds  

IIB. 

uc t s  a r e  v i s c o u s  o i l s  which a r e  s t ab l e  on keep ing ,  but  

p u r i f i c a t i o n  by c h r o m a t o g r a p h y  on g r a d e  H a l u m i n a  
g ives  low m e l t i n g  c r y s t a l l i n e  s o l i d s  which a r e  r e a d i l y  
so lub le  in o r g a n i c  so lven ts .  

The  c h e m i s t r y  of the  r e a c t i o n s  involved  s u g g e s t s  
tha t  the f i r s t  p r o d u c t s  should  p o s s e s s  the a c y c l i c  
oxoa lky l  d i t h i o c a r b a m a t e  s t r u c t u r e  IIA. The o t h e r  p o s -  
s ib l e  s t r u c t u r e  f o r  the adduc ts  i s  the i s o m e r i c  cyc l i c  
4 - h y d r o x y t e t r  a h y d r o - 1 , 3  - t h i a z i n - 2 - t h i o n e  s t r u c t u r e  
(I /B),  f o r m e d  by the m i g r a t i o n  of a p ro ton  f r o m  the 
n i t rogen  a tom in the m o l e c u l a r  c on fo rma t ion  IIA and 
consequen t  bond f o r m a t i o n  be tween  the  ca rbony l  and 
amino  groups .  

The  r e a c t i o n  p r o d u c t s  of ~ , f l - u n s a t u r a t e d  ke tones  
with d i t h i o c a r b a m i c  a c i d s  have p r e v i o u s l y  been  a s -  
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signed the cyclic structures lIB [5,8,9]. By analogy 

with compounds VIA and VIB described in [i,2], how- 

ever, it seems probable that structure lIB is found 

only in the crystalline state, with a prototropic tauto- 

meric equilibrium existing in solution between the 
acyclic IIA and cyclic (liB) forms. 

The structures of our compounds II were investi- 
gated by IR spectroscopy both in the solid state, and in 

solution in chloroform and in carbon tetraehloride. 
The spectra were recorded on a UR-10 spectrometer, 
using a LiF prism for the 2800-3700 cm -I region and 

NaCl for the region from 800 to 2800 cm -I. Examina- 

tion of the IR spectra of II in vaseline oil suspension, 
exemplified in Fig. 1 by compounds IIc and lid (curves 
3 and 4, respectively), shows that all these compounds 

possess the acyclic oxoalkyl dithiocarbamate struc- 

ture IIA when in the crystalline state. This is shown 
by the strong absorption bands at 1710-1720 cm -I 

(~O group), and broad bands at 3200 cm -I which we 

attributed to the absorption of the NH group participat- 

ing in intramolecular hydrogen bonding with sulfur and 

nitrogen atoms and carbonyl and thiocarbonyl groups 
of neighboring molecules. 

A similar picture was observed with CC14 solutions 
of these compounds at a concentration of 0.05 M, the 

bands due to the carbonyl group (1710-1720 cm -I) and 
the free NH group (3410 cm -I) of the monomeric IIa 

being accompanied by the band at 3200 cm -I due to re- 
sidual intermoleeular hydrogen bonding, this band dis- 

appearing completely on dilution to 0.01 M (curves 3 

and4, Fig. 2). 

Since these results are in conflict with the litera- 

ture [5,8,9] concerning the cyclic structure IIb for the 
products of the reaction between dithiocarbamic acids 

and aliphatic c~ ,/?-unsaturated ketones, we prepared 
the previously described compounds IIf and IIg starting 

from mesityl oxide (Ib). These compounds had been as- 

signed [5,8,9] the structure lib. 

The IR spectra of suspensions of Ill and IIg in vas- 
eline oil (curves 1 and 2, Fig. i) confirm that these 

compounds, in contrast to our compounds IIa-Ile, 

exist in the crystalline form as the cyclic 4-hydroxy- 

tetrahydro-l, 3-thiazine-2-thione liB, as shown by 
the absence of the band at 1710-1720 cm -i character- 

istic of the carbonyl group of the acyclic form HA. We 
have attributed the absorption in the 3200-3300 cm -I 
region to intermolecular association (or dimerization) 

of the cyclic forms lib with the hydroxyl, amino and 
thione groups and sulfur atoms of neighboring mole- 
cules. A similar picture is seen with the spectra [2] 
of the crystalline forms of compounds VIB (vaseline 
oil suspension). 

The spectra of solutions of IIf at 0.01 M in CHCI3 
and CCI4 (curve i, Fig. 2), immediately after solution 
of the samples, show a band at 3600 cm -I, attributed 
to the free hydroxyl group of the monomeric cyclic 
form lIB. Carbonyl absorption during the first few 
minutes after solution is absent, but spectra recorded 
after successive time intervals show a progressive 
diminution in the intensity of the band at 3600 cm -l, 

accompanied by the appearance and gradual increase 

in intensity of the carbonyl absorption band at 1720 cm -I 

of the acyelic form IIA. The intensity of this band in- 

creases for 1 hr, after which it attains a maximum 

which remains unchanged. At the same time, their ap- 

pears in the spectra of solutions of IIf a band at 3400 

cm -I due to the free NH group. This behavior in 

chloroform and CCI4 indicates the opening of the ring 
liB as a result of prototropic ring-chain tautomerism, 

with the establishment of the tautomeric equilibrium 

IIB --~ IIA with the acyclie form IIA predominating. This 
may be deduced by comparing the intensity of the car- 

bonyl absorption in the spectrum of Ill with that of 
compound V in CCI4 at the same concentration (0.01 M). 

The intensity of the carbonyl absorption in the model 

compound V was taken as 100%. Compound IIg behaved 

similarly in dichlorethane solution (curve 2, Fig. 2). 

We have thus shown, in contrast to the findings of 

lansen et al. [5,8,9], that while the compounds IIf-IIg 

possess the cyclic structure IIB in the crystalline 
state, when in solution they are almost wholly con- 

verted into the acyclic form IIA as a result of proto- 
tropic ring-chain tautomerism in a similar way to that 
described in the literature [2], for example, compound 
VI. 

Comparing compounds 11 with their structural ana- 
logs VI which contain a single substituent on the nitro- 

gen atom shows that the mutual relationship between 
the cyclic and acyclic forms in both series is depend- 

ent on the substituents in the oxoalkyl moiety of the 
molecule. On the other hand, the cyclic forms of VIB 

are, in all cases, more stable than the corresponding 

cyclic forms IIB. 

In those cases where compounds II and VI have a 

hydrogen atom in the c~-position to the carbonyl group 
and geminal methyl groups in the ~-position, in both 
series there is a strong tendency toward conversion 

of the acyclic forms IIA and VIA into the cyclic forms 

IIB and VIB. In this connection, compounds Vlf and 

VIg preserve the stable cyclic structure VIB, both in 

the crystalline form and in solution in CHCIa and CCI4, 

whereas their structural analogs lif and IIg exist in the 
cyclic formIIB only in the crystalline state, and in solu- 

tion are converted to IIA. The introduction of a methyl 
substituent in the t~-position to the carbonyl group and the 
replacement of the geminal methyl groups in the/3-posi- 

tion by hydrogen atoms leads, in both series, to a reduc- 
tion in the stability of the cyclic forms lIB andVlB, with 
the result that VIb-VId are gradually transformed in so- 

lution from VIB into VIA, while the corresponding com- 
pounds IIb-e do not exist at all in the cyclic form lIB, and 
irrespective of their state of aggregation possess the 

acyclic form IIA. 

The greater stability of the cyclic forms VIB, in 

comparison with their analogs IIB, is apparently con- 
nected with the different electronic contributions of 
the nitrogen and sulfur to the total electronic systems 
of the molecules, i. e., to the different p-Tr-electron 
delocalization energies in the systems: 
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Fig .  1. IR s p e c t r a  of the c r y s t a l l i n e  
f o r m s  of compounds:  1) IIf; 2) IIg; 
3) E[c; 4) IId. Spectra  r e c o r d e d  in 
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Fig.  2. IR spec tra  of so lut ions:  1) Iff; 
2) IIg; 3) IIc; 4) IId. Solvents:  CC14, 
c 0.01 M, d = 0.998 m m  (compound 
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Compounds II can theoretically exist in both the 
thione (IIA) and thiol (IIB) forms. Absorption due to 

the SH group (2400-2500 crn -l) is absent from the spec- 
tra ofIIa-IIe andIIg, both in the crystalline form and in 
solution, while a strong absorption at 1520-1530 cm -I 

related to the thioamide grouping [I0] appears together 
with the NH absorption band at 3320 em -I, showing 

t h a t  l l a - I I e  e x i s t  in t h e  t h i o n e  form IIA. 

T h e  a b s o r p t i o n  a t  1530 c m  -1 due  to t he  t h i o a m i d e  

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

t h e  c r y s t a l l i n e  s t a t e  in  w h i c h  i t  p o s s e s s e s  t h e  c y c l i c  

s t r u c t u r e  I IB,  bu t  t h i s  b a n d  a p p e a r s  in s o l u t i o n  a s  a 

r e s u l t  of  i t s  c o n v e r s i o n  to t h e  a c y c l i c  f o r m  IIA. 

A t t e m p t s  to  d e h y d r a t e  c o m p o u n d  l i b  w i t h  25% H2804 

at  70 ~ C w e r e  u n s u c c e s s f u l ,  u n c h a n g e d  IIb b e i n g  r e -  

c o v e r e d .  T h e  d e h y d r a t i o n  w a s  e f f e c t e d  in  t h e  c a s e  of  

c o m p o u n d  IIa by h e a t i n g  in  a c e t i c  a n h y d r i d e  a t  80 ~ C. 

T h e  r e a c t i o n  p r o d u c t ,  a s t a b l e  c r y s t a l l i n e  s u b s t a n c e ,  

a p p a r e n t l y  p o s s e s s e s  t he  s t r u c t u r e  I I Ia  r a t h e r  t h a n  

t h e  o t h e r  p o s s i b i l i t y  IVa ,  w h i c h  h a s  a s y s t e m  of  c o n -  

j u g a t e d  doub l e  b o n d s .  

EXPERIMENTAL 

Thin-layer chromatography was carried out on alumina of grade II 
activity. 

2-Methyl-a-oxobutyl dithiocarbamate. (IIa). A 40% solution of 
21.7 g (0.20 mole) of ammonium dithiocarbamate was added, with 
stirring during 50 rain, to a mixture of 15 g (0.18 mole) of isopropyl 
methyl ketone (Ia), 18 ml of conc HCL and 30 ml of water, the tem- 
peratttre being kept at 15 ~ C. The reaction mixture was then stirred 
at 58-60 ~ C for 1 hr, cooled, the dark-colored oil separated from the 
aqueous layer and kept for 24 hr at 0 ~ C. There was obtained 18.2 g 
(58.9%) of IIa as a yellow crystalline solid, mp 102-103.5 ~ C (from 
hexane-alcohol), readily soluble in alcohol and acetone, but insoluble 
in CC14, benzene, and hexane. Found, %: C 40.80; H 8.23. Calcu- 
lated for C6HltNOSz, ~ C 40.64; H 6.26. 

4, 5-Dimethyl-1,3-dihydrothiazine-2-thione (IVa). A mixture of 
14.7 g (0.083 mole) of IIa and 17 g (0.17 mote) of acetic anhydride 
with 1 drop of eonc HzSO 4 was heated at 60 ~ C for 2 hr. To the warm 
dark red solution was added 20 ml of ice water, and the copious 
yellow precipitate filtered off, washed with water, and dried. There 
was obtained 11,1 g (84%) of IVa, mp 111-112 ~ C (from light petro- 
leum-alcohol). Found, %: C 45.31; H 5.50; N 8.81. Calculated for 
CsHsNS 2, ~ C 46.23; H 5.71; N 8.79. 

2-Methyl-3-oxobutyl N-methyldithiocarbamate (IIb). To a mix- 
ture of 13 g (0.15 mole) of Ia was added sodium N-methylcarbamate 
(20 g; 0.15 mole), 28 ml of alcohol and 14 ml of cone HC1, with 
vigorous stirring at 0 ~ C. The reaction mixture was stirred for 3 hr at 
20 ~ C, the organic layer separated, the aqueous layer washed with 
3 x 20 ml of ether, the washings combined with the organic layer and 
dried over calcined MgSO4. Removal of the ether gave 16.7 g (56~ 
of bright yellow oi l ,  Rf 0.72 (3 : 1, benzene-acetone). Trituration of 
the oil with a mixture of ether and light petroleum afforded crystals, 
mp 34-35 ~ C (after washing with cold ether). Found, %: C 43.88; 
H 6.81. Calculated for C?H~aNOSz, %: C 48.99; H 8.86. 

2-Methyl-3-oxobutyl N-ethyldithiocarbamate (Ilc). From I0 g 
(0.07 mole) of sodium N-ethyldithioearbamate, 5.9 g (0.07 mole) of 

ketone la and 6 ml of cone HCI at 80 ~ C with stirring for 3 hr, there 
was obtained 6.77 g (47%) of llc, mp 50-51,8 ~ C (from hexane), 
Rf 0.6 (3 : I, benzene-ether). Found, o7o: C 46.83; H 7.38. Calculated 

for Cddle~NOSz, %: C 47.01; H 7.17. 
2-Methyl-8-oxobutyl N-propyldithioearbamate (lid). Similarly, 

from g0 g (0.13 mole) of sodium N-propyldithiocarbamate, 10.7 g 
(0.13 mole) of la, and 12 ml of conc. HCI in 20 ml of water, there 

was obtained 13.2 g (46.5%) of lid, which after purification by chro- 
matography on a column of grade II alumina and reerystallization 

from hexane had mp 29-30.5 ~ C, and Rf0.6 (4:1, benzene-ether). 
Found, %: C 49.50; H 8.01; S 29.57. Calculated for CgHIvNOSz, %: 
C 49.51; H 7.81; S 29.40. 

2-Methyl-S-oxobutyl N-isobutyldithiocarbamate (lie). Similarly, 
from 20 g (0.ii mole) of potassium N-isobutyldithiocarbamate and 
8.4 g (0.1 mole) of Ia there was obtained 11.7 g (50%) of a yellow oil 
which was purified by chromatography on a column of grade II alumi- 
na. nD z~ 1,5498; d42~ 1.0846. Found, %: N 6.22; S 27.61; MR D 68.53. 
Calculated for Ct0HigNOSz, %: N 6.09; S 27.47; MR D 68.40, 

2-Methyl-8-oxobutyl N-diethyld[thiocarbamate (V). To a mixture 
of 10 g (0.12 mole) of ketone la, I0 ml of cone HCI, and 15 ml of 
water, was added 20.5 g of a 40% aqueous solution of sodium N-di- 
ethytdithiocarbamate at 150 ~ C. The mixture was stirred for 2 hr at 
50 ~ C, the organic layer separated, the aqueous layer extracted with 
ether, the ether extract combined with the organic layer, dried over 
calcined MgSQ, the ether was removed and the residual oil purified by 
chromatography on a grade II alumina column. Yield 7.46 g (32.2%) 
of bright yellow oil, Rf 0.75 (2 : 1 benzene-acetone), nD z~ 1.5440; 
d~ ~ 1.105. Found, ~ S 27.58; MR D 68,70. Caleulatedfor CIoH~gNOS2, 
%: S 27.46; MR D 88,59. 
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