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NOVEL SYNTHESIS OF DISUBSTITUTED THIOLCARBAMATES
VIA A SULFUR TRANSFER AGENT—POTASSIUM ALKYL OR
BENZYL DITHIOCARBONATES

JOHN J. D’AMICO and TANN SCHAFER

Monsanto Agricultural Products Company, Research Department,
800 N. Lindbergh Blvd., St. Louis, Missouri 63166, USA

(Received September 18, 1979 in final form November 3, 1979)

The reaction of N.N-disubstituted carbamoy! chlorides with potassium alkyl or benzyl dithiocarbonates afforded a novel

synthesis of disubstituted thiolcarbamates.

The synthesis and the use of disubstituted thiol-
carbamates as herbicides has been well documented
in the literature.” We recently reported a novel
synthesis of thiol esters by the reaction of certain
acid chlorides with potassium alkyl or benzyl
dithiocarbonates.?

RﬁCl+R/O\(l”SK o8, RﬁSR’ r
)
0 S o}
cl
S
R = C=0
N
| Cl  OCH,
CH,—
CI—QOCHZ—

Cl
R’ = —CH,; —C,H; —CH,CH;
We now wish to report that replacing the above
acid chlorides with disubstituted carbamoyl chlor-
ides in Reaction 1 afforded a novel synthesis of

disubstituted thiolcarbamates (Method I). In all
probability the mixed anhydride A was formed

>Nlcl‘C1+R'0CSK — [
S

R’ = —CH,: —C,Hs: —CH,C H;

>N[(i‘SﬁOR’

O S8
A

but immediately decomposed to give carbonyl
sulfide and the disubstituded thiolcarbamate (Reac-
tion 2). Evidence for the liberation of carbonyl
sulfide in Reaction 2 was obtained by the formation
of the triethylamine salt of diisopropylthiolcarba-
mic acid when the liberated gas was allowed to
bubble through a solution containing diisopropyla-
mine and triethylamine at 0-10°C.

[(CH;),CH],NH + COS + (C,H );N ——
[(CHs)zCH]zNﬁSH "N(CHs)s 3)
0

Based on elemental analysis and molecular
weight, the alternative disubstituted thionocarba-
mate structure had to be considered. However,
proof of structure for the thiolcarbamates was
established by the following known methods:

Method I1
SNH + COS + NaOH + RX ——

N .
> NICI‘SR
0]
] —COS thiol
~ ,
/N(HSOR

S
thiono
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Method 111
N
RSH + CI0CI —— CICSR )L >NﬁSR’
o)
(5)
Method 1V
SNCCI+ RSH —2% ., SNCSR' (6)
7 7l
o 0

Even though there are numerous methods for
preparing disubstituted thiolcarbamates, each suf-
fers from various inherent drawbacks. Method 11
requires that the reaction be carried out at low
temperature (0-10°C) and an excess (30-409%,) of
a secondary amine must be employed in order to
minimize the hydrolysis of carbonyl sulfide to
carbon dioxide and hydrogen sulfide which is
toxic.

COS + H,0 ——— CO, + H,S (7

The recovery of the expensive excess amine from an
aqueous medium is tedious and difficult.

Method III requires another step, that is, the
synthesis of alkyl chlorothiolformates which are
prepared from two toxic intermediates, mercaptans
and phosgene.

RSH +C1|C“Cl —_— RS\(“CI (8)
6] O

Method IV requires the use of mercaptans
which are toxic, easily oxidized and odoriferous.
With the exception of 5 the yields obtained by this
novel Method I were equal and in two cases
superior to the yields obtained by Methods II, 111
or IV.

The proposed mechanisms for Reaction 2 are
depicted in Scheme I and we favor the nucleo-
philic displacement mechanism. However, the
alternative mechanisms such as the concerted or
ion-pair processes are also conceivable but less
likely.

In summary, our novel Method I provides a
synthesis of disubstituted thiolcarbamates that is
fast, efficient, economical and uncomplicated by
side reactions. It has been shown that mercaptans,
phosgene and alkyl chlorothiolformates which are
toxic can be replaced by potassium alkyl or benzyl
dithiocarbamates to give disubstituted thiolcarb-
amates in good yields. Moreover, these potassium

(1) Nucleophilic displacement

- COS T

S T

o 0] O S

Nu = R’Ol(l‘Se
S

(2) Concerted mechanism

ﬁ S

[ —
R’—(O 0]

(3) lon-pair mechanism

Carbonium ion (R" = —CH,C¢Hy)
O
I

|
_TC_S’l

S
i -
CcLoNcH,cH, —<95,
R
—s® - o,

—TﬁSCHszHS

Scheme 1

salts can be prepared in excellent yields from
alcohols, potassium hydroxide and carbon di-
sulfide, which are readily available, inexpensive
and nontoxic.®> Finally, this novel method illus-
trates the use of these potassium salts as effective
sulfur transfer agents.

EXPERIMENTAL

NMR spectra were obtained with a Varian T-60 NMR spectro-
meter. The chemical shifts are reported in J, using tetra-
methylsilane as reference. All melting points were taken upon
a Fisher-Johns block and are uncorrected.

Disubstituted thiolcarbamates, Method I—(1 to 6)

To a stirred slurry containing 0.33 mol of potassium methyl,
ethyl or benzyl dithiocarbonate dihydrate in 200 mL of acetone,
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TABLE 1
Va
RC —SR’
Mp °C or NMR, d(ppm)
No. R R’ (bp “C/mm) Y, Yield CDCl;—Me,Si Empirical formula®
| (C,Hs);N— —CH,C.H; (132-3/1) 67 1.03(t,6.CH,CH;) C,H{;NOS
N25 = 1.5568 3.21(q.4.CH,CH,)
4.02(s.2.CH,CeHy)
7.00-7.43(m,5, ArH)
2 N— —C,H; 92-3/) 63 1.3(t.3.CH,CH3) C,H,;NOS
N3 = 1.5172 1.68-2.18(m.4,CH,CH,)
2.94(q.2,CH,CH})
3.15-3.70(br m.4,CH,NCH,)
3 (CH3),N—  —C,H; (30-1/0.3) 85 1.33(t,3.CH,CH;) CH, (NOS
NE¥ = 1.4910 2.90(q.2.CH,CH3)
2.97(s,6,N(CH3),
4 C,HN— -—CH, 47-8 91 2.20(s.3,SCH,) CoH,(NOS
| 3.22(s,3,NCH;)
CH, 7.27(s,5,ArH)
5 CeH, \NN— —C,H; (140-2/1.0) 50 t.27(t.3,CH,CHy) Cy,H,,CINOS
| N2% = 1.5260 0.8-2.0(brenvel..11,C,H, )
CH,CCl=CH, 2.83(q.2.CH,CH,)
3.97(s.2,NCH)
5.22(s,2.CCI=CH,)
6 C,H  N— —CH,C¢Hs Stripped at max. 96 0.7-2.1(brenvel., 1 1.C{H, ) C,+H,,CINOS
| temp. of 195°Cat |- 2 4.03(s,2,NCH )
CH,CCl=CH, mm. N3 = 1.5707 4.17(s,2,CH,C¢Hy)

5.32(s.2,CC1=CH,)
7.30(m.,5.ArH)

* Satisfactory analytical data (£ 0.4°, for C, H, N, and S) were reported.

0.3 mol of dimethylcarbamoyl chloride. diethylcarbamoyl
chloride, N-methyl-N-phenylcarbamoylchloride, 1-pyrrolidine-
carbamoy! chloride, or N-(2-chloroallyl)-N-cyclohexylcarba-
moy! chloride was added in one portion. The stirred reaction
mixture was heated at reflux for 6 hr and then at 25-30-C for
18 hir. During this heating period carbonyl sulfide was liberated.
To the stirred reaction mixture, 600 mL of water and 600 mL
of ethyl ether were added and stirring contained at 25-30°C
for 15 min. The separated ether layer was washed with water
until neutral to litmus and dried over sodium sulfate. The ether
was removed in racuo at a maximum temperature of 80°C for
1 to 5 and 195°C for 6 at 1-2 mm, respectively. The data are
summarized in Table L.

Method H—1 and 2

To a stirred mixture at 0°C containing 0.56 mol of diethylamine
or pyrrolidine, 32 g (0.4 mol) of 50 %; aqueous sodium hydroxide
and 100 mL of water, 26.4 g (0.44 mol) of carbonyl sulfide was
passed in at 0-10°C over a 20 to 30 min period. To this stirred
solution 0.4 mo} of benzyl chloride or ethyl bromide was added
in one portion. The stirred reaction mixture was maintained
from 0°C to 20°C for the first 4 hr and then at 25-30°C for 18 hr.
To the stirred reaction mixture 200 mL of water and 500 mL of
ethyl ether were added and stirring continued at 25-30°C for
15 min. The remainder of the procedure was identical as

described in Method 1. The boiling point and index of refraction
for 1 and 2 were the same as obtained by Method I and their
NMR spectra were identical. The yields of 1 and 2 were 68 and
55°,, respectively.

Method IH[—3 and 4

To a stirred mixture containing 0.2 mol of dimethylamine or
N-methylaniline, 400 mL of ethyl ether and 28 g (0.2 mol) of
potassium carbonate, 0.22 mol of ethy! chlorothioformate or
methyl chlorothioformate was added dropwise at 0-10°C. After
stirring at 25-30°C for 24 hr, 200 mL of water was added and
stirring continued for 15 min. The remainder of the procedure
was identical as described in Method 1. The boiling point and
index of refraction for 3 and the melting point for 4 were the
same as obtained by Method [ and their NMR spectra were
identical. The yields of 3and 4 were 63 and 91 %, respectively.

Method '—1,2. 5, and 6

To a stirred solution containing 0.2 mol of benzyl or ethyl
mercaptan and 13.2 g (0.2 mol) of 85 potassium hydroxide in
200 mL of acetone, 0.2 mol of diethylcarbamoy! chioride.
|-pyrrolidinecarbamoyl chloride or N-(2-chloroaliyl)-N-cyclo-
hexylearbamoyl chloride was added in one portion. An exo-
thermic reaction set in causing a temperature rise from 22°C to
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about 50°C. After stirring at 25-30°C for 24 hr, 600 mL of water
and 600 mL of ethy! ether were added. The remainder of the
procedure was identical as described in Method I except for 6
the ether was removed in vacuo at a maximum temperature of
195°C at 1--2 mm. The boiling point and index of refraction for
1.2 and § were the same as obtained by Methods I or Il and their
NMR spectra were identical. The index of refraction for 6 was
the same as obtained by Method 1 and their NMR spectra were
identical. The yields of 1, 2, 5 and 6 were 55, 63, 85 and 96 %,
respectively.
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