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II. Synthesis and Thermal

Decomposition of Aryl Thiocarbamoyltrithiocarbonates

By Aritsune KA

(Received November 24, 1960)

The syntheses and characteristics of N, N-
«disubstituted O-aryl S-thiocarbamoyldithiocar-
bonates have been reported previously®. Aryl
.esters of N, N-disubstituted thiocarbamoyltri-
thiocarbonic acid were also synthesized by the
reaction of aryl chlorodithioformates with
-sodium or ammonium salts of N, N-disubstituted
-dithiocarbamic acid as shown in Eq. 1.

R
"N\N-C-§-Na + CI-C-S-R,
Rz |1 [}

R,
— N-C-S-C-S-R; (1)
Rs 1 11

In this way, various compounds were obtained
‘in good yields as shown in Tables I—IV.

N-Monosubstituted aryl thiocarbamoyltrithio-
-carbonates could not be obtained, however, by
this method, owing to their probable decompo-
sition during the reaction.

As has been described in the previous paper®,
caryl ester of N, N-disubstituted S-thiocarbamoyl-

1) A. Kaji, This Bulletin, 34, 254 (1961).

dithiocarbonic acid, when kept at a tempera-
ture higher than its melting point, decomposes
into N, N-disubstituted O-aryl thionocarbamate
liberating carbon disulfide (Eq. 2).
Rl Rl
N-C-S-C-O-R; - >N-C-0-R3 + CS;
RS § 4 RS §

(2)

It is easily seen that two ways are possible
to eliminate carbon disulfide, which can be
shown in Eqgs. 3 and 4.

R;
4 ON-C=O-Ry + C'S: (3)
R, R. Il
R>N—(EI—S—(E=—O—R3 .
: S N OTSN-CO-Rs + CS: (4)
R &

In order to decide the preferable course of
the elimination reaction, the thermal decom-
position of the compounds labeled with radio-
active sulfur was studied. By the thermal
decomposition of O-(4-tolyl) S-(N, N-dimethyl-
thiocarbamoyl)dithiocarbonate (I), in which



,,ield Formula
(]

CoH1 NS,
CiH;sNS,

C Hi3NS,
C1oH;oCINS,
CioHoCINS,
C1oH:CIsNS,
CiHi3NS,
C1HisNS;
C,:H,,CINS;
C,2H2CI3NS,
CysH (CIsNS,

C 1 HHI ?Ns-l

Formular

Ci3H;sNS,
CuHizNS,

Ci1sH1CINS,

Formular

Ci3H sNOS,
Cy3HsNOS,

C2H;2CINOS,
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TaBLE I. ARYL N, N-DIALKYLTHIOCARBAMOYLTRITHIOCARBONATES
Ri
N-C-S-C-S-R.
R—l 1 n
o Y
R; R; Appearance M. p., °C %
Methyl Phenyl Orange 134 ~134.5 87
prisms
Methyl 2-Tolyl Orange 80 ~ 81 75
prisms
Methyl 4-Tolyl Orange 107 ~108 87
needles
Methyl 2-Chlorophenyl QOrange 93 ~ 94 65
pillars
Methyl 4-Chlorophenyl Orange 104 ~105 81
prisms
Methyl 2,4,5-Trichloro- Orange 112 ~112.5 94
phenyl prisms
Methyl 1-Naphthyl Orange 97 ~ 98 58
prisms
Ethyl Phenyl Orange 68.5~ 69.5 75
needles
Ethyl 4-Chlorophenyl Orange 72 ~ 173 64
needles
Ethyl 2,4, 5-Trichloro- Orange 129 ~130 70
phenyl needles
Ethyl Pentachlorophenyl Orange 121 ~122 68
prisms
Ethyl 4-Tolyl Orange 66 ~ 67 60
needles
TABLE II. ARYL PIPERIDINOTHIOCARBONYLTRITHIOCARBONATES
{ “N-c-s-c-s-R
" il 11
S S
R Appearance  M.p., °C Yield, %
Phenyl Orange 76.5~ 77 60
prisms
4-Tolyl Orange 108 ~110 71.5
prisms
4-Chlorophenyl Orange 135 ~136 86
prisms
TaABLE III. ARYL MORPHOLINOTHIOCARBONYLTRITHIOCARBONATES
SN
(o) N-C-S-C-S-R
A — 11 1}
R Appearance  M.p., °C Yield, %
2-Tolyl Yellow 104 ~105 63
prisms
4-Tolyl Orange 122 ~123 67.5
prisms
2-Chlorophenyl Orange 114.5~115.5 67
prisms

2,4,5-Trichlorophenyl

Orange
prisms

142 ~143 86

Cy2H;1(CIsNOS,

Anal.
et —
C| % H' %

Found Found
(caled.)  (caled.)

44.50 4.06
(43.96) (4.03)

46.60 4.35
(45.99) (4.53)

46.47 4.99
(45.99)  (4.53)

39.45 3.35
(39.02)  (3.29)

39.45 3.21
(39.02) (3.25)

32.08 2.18
(31.87)  (2.12)

52.30 4.05
(52.01) (4.02)

47.95 5.05
(47.84) (4.98)

42.50 4.21
(42.92)  (4.17)

35.85 2.94
(35.60) (2.97)

30.93 2.46
(30.80)  (2.14)

49.42 5.64
(49.52)  (5.40)

Anal.

C.%  H%
Found Found
(caled.) (caled.)

49.75 5.13
(49.84) (4.79)

51.62 5.12
(51.68) (5.20)

45.37 4.10
(44.92) (4.03)

Anal.

C, % H, %
Found Found
(caled.) (caled.)

47.30 4.48
(47.42) (4.56)

47.57 4.84
(47.42)  (4.56)

41.45 3.77
(41.20)  (3.43)

34.85 2.49
(34.41) (2.39)
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TABLE IV. ARYL ARYLTHIOCARBAMOYLTRITHIOCARBONATES

R,
—->>N—(II‘J $-C-S-R,
<= S
Ar}al.
R, R: Appearance M.p., °C Y;eld Formula C, % H, %
° Found Found
\ (caled.)  (caled.)
Methyl 4.Tolyl Orange 98 ~ 99 86 C;sHsNS, 54.88 4.50
prisms (55.01) (4.30)
Methyl 4-Chlorophenyl Orange 87 ~ 88 74 CsH,:CINS; 48.90 2.87
prisms (48.71) (3.25)
Phenyl 4-Tolyl Orange 101 ~102 65 Cz H NS, 60.70 4.22
plates (61.31) (4.14)
Phenyl 4-Chlorophenyl Orange 125.5~126.5 54 CyH,CINS, 55.95 3.30
prisms (55.62) (3.24)
TABLE V. ARYL N, N-DISUBSTITUTED-DITHIOCARBAMATES
H,C
N-C-S-R:
Rl 11
Anal.
—
Yield
R R Appearance M. p., °C Formula C, % H, %
' * pe P % Fourfd Founad
(caled.)  (caled.)
Methyl 4-Tolyl Colorless 112~113 77.5 CiHisNS; 56.71 6.21
prisms (56.87) (6.16)
Methyl 4-Chlorophenyl Colorless 101~103 82 CyH,(CINS: 47.15 4.13
needles (46.65) (4.32)
Phenyl 4-Tolyl Colorless 132~133 76 CsH sNS, 66.25 5.38
needles (65.93) (5.49)
Phenyl 4-Chlorophenyl Colorless 147~-149 80.5 C;H,.CINS, 57.56 4.12
lozenges (57.24) (4.07)

two S atoms in the thiocarbamoylthio group
were labeled with 1S, radio-active O-(4-tolyl)
N, N-dimethylthionocarbamate (II) was pro-
duced. The relative activity of II against I
was found to be 0.2625, while the theoretical
value, based on Eq. 5 should be zero, and
based on Eq. 6, it should be 0.5000.

But this result may be explained if one
postulates that the two courses of decomposi-
tion (Egs. 5 and 6) occur simultaneously at
the rate of 47.5:52.5.

}nyHa)zN'g‘O‘@CH! +°s=c35 (5)
EN

1CHy):N-CE5C Yen
¥ pd gﬂ-@-(‘, :
()

(CHXN -0 )-Ciy 47505 (®)

(in

N, N-Disubstituted aryl thiocarbamoyltrithio-
carbonates were found to decompose, when
kept at temperatures higher than their melting
points, into N, N-disubstituted aryl dithiocarba-
mates liberating carbon disulfide. The crystal-
line decomposition products of some trithio-
carbonates are listed in Table V.

By the thermal decomposition of S-(4-tolyl)
S-(N,N-dimethylthiocarbamoyl) trithiocarbonate

(1II) in which the two S atoms were labeled
with S similarly as in the case of I, radio-
active 4-tolyl N, N-dimethyldithiocarbamate (IV)
was given. But the relative activity of IV
against 1II was found to be 0.3305. Thus the
proportion of the two courses was concluded
to be 33.9:66.1 (Eqs. 7 and 8) in this case.

?ytcm N-C-5<_HcH, +35:25 (D
ECH;),,\:éﬁsﬁ-s@cu}U\ >

] fcu,),x-!cg-s@-cu, +UeC=S (8)
av

(nn

These facts show that the two courses of
decomposition can occur simultaneously, but
the rate of their occurrence is strongly in-
fluenced by substituting O atom with S atom.

To discover what influences would appear
when another one of the S atoms was substituted
with an O atom, the thermal decomposition
of the compounds containing >C?=0 in place
of >C?=S (cf. Egs. 3 and 4) was studied. This
could produce carbon disulfide if the reaction
occurred as Eq. 3, or carbon oxysulfide if the
reaction followed Eq. 4. By the thermal de-
composition of V and VI, both carbon disulfide
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and carbon oxysulfide were evolved as decom-
position fragments in each case (cf. Eqs. 9—
12). Also, the volume rates of CS,:COS were
found to be 99.5:0.5 and 89:11 respectively,
by gas-chromatographic analyses of the above
fragments.

These results show that the proportions of
the two courses in each case should be 99.5:
0.5 (Egs. 9 and 10), and 89:11 (Egs. 11 and 12).

}qg/(cua}zn%@u, s (9)
Hy

(CH;)N-C-5-C

8 0
= %(CH;J:-V'C%-O—QCH; +Cos (1)
y(cnﬂzx-g—sr@cn; + ¢S, Q)
(cu,),x-g-s-g-s@{u
AN
. CH:);N-%—S-@-CHs + €08 (12)
These results show that the proportion of
the occurrence of reaction 13 against reaction
14 increases according to the variation of X
and Y to S or O atom as follows.

X=Y=0>X=8§, Y=0>X=0, Y=8>X=Y=S§

fCHstN—g~x@-(:ii, +CS; (13)
(CH)N-G-5-C-x¢_H-cn Y
$¥ )
SN C'm*""g"‘@'ﬂa + CSY (14)

Summarizing the decomposition reactions
mentioned above, it may be concluded that
there are two reaction mechanisms on the
thermal decomposition reaction of N, N-disub-
stituted aryl thiocarbamoylthiocarbonates, which
can be written as follows.

et ]

(CHY N / ‘E‘S' (15)

(CHy) Kot g'—.@

cn.{,}—& Bi-cley cn.—@x cty

! + (16)

- IS

LI
(CH,J,N-—(g_,r&f‘§ (CHY,N — ¢
S

(X, Y: O and/or 8)

Reaction 15 occurs by co-ordination of (C?) *
to N, and reaction 16, by co-ordination of
(C)* to X. The electron density on C? and
electro-negativity of —X-, which vary according
to the variation of X and Y to S or O atom,
may have some influence on the reaction
courses.

By comparison of the electron densities on
C!' in >N—(|3‘=S and C? in -X-C?=Y, when

I

both X and Y are O atoms, the electron
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density on C? is far smaller than that on C},
owing to the greater polarization of )C-O
than that of »C=S and greater electro-negativity
of —-O- than that of -S-. Thus reaction 15
may occur almost exclusively in this case.
When X is an S atom, however, the electron
density on C? increases, for the electro-nega-
tivity of —X- becomes smaller owing to replace-
ment of O atom by S atom. This will make

not only the co-ordination of (C%)* to N
unfavorable, but also the co-ordination of

(CH* to X favorable. Thus reaction 16 may
occur to some extent in this case. When Y
is an S atom, the difference of the electron
densities on C! and on C?, due to the respec-
tive polarity of YC=Y and >C=S, will disappear.
Thus the two sorts of co-ordination become
concurrent. When X is also an S atom, reac-
tion 16 occurs most easily for the reasons
mentioned above.

These situations may explain the relationships
between the mechanisms of thermal decomposi-
tion of the compounds VII and their structures.

Experimental

Starting Materials.—Sodium or ammonium salts
of N, N-disubstituted-dithiocarbamic acid were syn-
thesized by the known methods®. Aryl esters of
chlorodithioformic acid were synthesized similarly
to aryl chlorothionoformates which were previously
reported?, by the reaction of thiophosgen, thic-
phenol and sodium hydroxide.

4-Tolyl N, N-Dimethylthiocarbamoyltrithiocar-
bonate. — To a solution of 14.3g. (0.1 mol.) of
sodium dimethyldithiocarbamate in 100 cc. of water,
was added gradually 20.3g. (0.1 mol.) of 4-tolyl
chlorodithioformate, keeping the temperature at
10~15°C during the reaction period of 2hr. The
reaction mixture produced 25g. (yield, 87%) of
orange crystals with m.p. 105~106°C. Recrystal-
lization from acetone-ethanol gave orange needles
of m.p. 107~108°C.

4-Tolyl N-Methyl-N-phenylthiocarbamoyltrithio-
carbonate.—To a suspension of 20g. (0.1 mol.) of
ammonium N-methyl-N-phenyldithiocarbamate in
100 cc. of acetone, was added gradually 20.3g. (0.1
mol.) of 4-tolyl chlorodithioformate, keeping the
temperature at 5~10°C during the reaction period
of 1hr. The reaction mixture poured into 200 cc.
of cold water produced 30g. (yield, 86%) of orange
crystals with m.p. 96~99°C. Recrystallization
from acetone-ethanol gave orange prisms with m. p.
98~99°C.,

The other esters shown in Tables I—IV were
synthesized similarly to the synthesis of the above
examples.

S-(4-Tolyl) S-(N, N-Dimethylthiocarbamoyl)di-
thiocarbonate (VI).—This could also be synthesized
in a similar way, by reacting 27.1g. (0.1 mol.) of
S-(4-tolyl) chlorothiolformate with 14.3 g. (0.1 mol.)
of sodium dimethyldithiocarbamete in 150cc. of
acetone. Yield: 27.8% ; Yellow needles of m.p.
69~70°C.
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Found: C, 48.66; H, 4.72; N, 5.33. Calcd. for
C H;sNOS;: C, 48.71; H, 4.80; N, 5.17%.

Thermal Decomposition of V and VI.—In a
sealed flask (1000cc. in volume) which was filled
with nitrogen gas at 10 mmHg., 2g. of V or VI was
fused at 160°C for 1hr. After the subsidence of
evolution of gas, nitrogen gas was led into the flask
until the pressure became 760 mmHg. Further, the
ratio of carbon oxysulfied and carbon disulfide, in the
gas obtained, was measured by gas-chromatography
(column : tricresyl phosphate, at 42.5°C; carrier : Hj).

Thermal Decomposition of Radio-active 4-Tolyl
N, N-Dimethylthiocarbamoyltrithiocarbonate (III).
—In an oil bath, 0.575g. of III (specific activity:
47.84 mc./mol.), synthesized by the reaction between
4-tolyl chlorodithioformate and radio-active sodium
N, N-dimethyldithiocarbamate in which the two S
atoms were labeled with §3S, was fused at 160°C
for 1 hr. in nitrogen atmosphere of 10 mmHg. After
the subsidence of evolution of radio-active carbon
disulfide, the decomposition product was twice re-
crystallized from 2.4cc. of ethanol and produced
0.327 g. (yield, 77.5%) of radio-active 4-tolyl N, N-
dimethyldithiocarbamate (VI), of which the specific
activity was 15.81 me./mol. with m. p. 112~113°C.
The relative specific activity of VI against III was
0.3305 (=15.81/47.84).
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By the thermal decomposition of radio-active O-
(4-tolyl) S-(N, N-dimethylthiocarbamoyl)dithiocarbo-
nate (I) (specific activity: 23.85 mc./mol.), radio-
active O-(4-tolyl) N, N-dimethylthionocarbamate
(II) (specific activity : 6.26 mc./mol.) was produced
in a similar way. Thus the relative activity of
IT against I was 0.2625.
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