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NOVEL SYNTHESIS OF THIOL ESTERS VIA A SULFUR
TRANSFER AGENT-POTASSIUM ALKYL OR
BENZYL DITHIOCARBONATES'

JOHN J. D’AMICO, TANN SCHAFER and DON JACKSON

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

(Received March 26, 1979)

The reaction of certain acid chlorides with potassium alkyl or benzyl dithiocarbonates afforded a novel synthesis of thiol

esters.

Considerable attention has been focused on the
synthesis of thiol esters.* A recent communication
by R. A. Grieco and co-workers® describing a novel
synthesis of thiol esters (Reaction 1) prompts us to
report our work in this area of chemistry.

RCOH 25N, RCSAr (1)
’ Bu;P ”
CHl, ()

O. W. Willcox* reported that the reaction of
potassium ethyl dithiocarbonate with acetyl chlo-
ride dissolved in cold ethyl ether furnished the
O-ethyl-S-acetyl dithiocarbonate, which readily
decomposed to ethyl acetate and carbon disulfide.
However, when the acetyl chloride was dissolved in
only asmall quantity of ethyl ether at room tempera-
ture, the main product was diethylsulphurdi-
thiocarbionate. M. M. Richter® using cold carbon
disulfide as a solvent similarly obtained the de-
composed products, ethyl acetate and carbon
disulfide. He also reported that replacing acetyl
chloride with benzoyl chloride gave O-ethyl-S-
benzoyldithiocarbonate which readily decomposed
to ethyl benzoate and carbon disulfide.

C,H,0CSK + RCCI ——— [C,H,OCSCR s
” ” H “ = methy! or phenyl

SO

S

25-30°C

only

C3H50|C|— S
S 2
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G. Bulmer and F. G. Mann® reported that the
reaction of potassium ethyl dithiocarbonate with
p-chloro or nitrobenzoyl chloride without solvent
furnished the stable mixed anhydride, O-ethyl-S-p-
chloro or nitrobenzoyl dithiocarbonate.

neat
25-30°C I
S O SO
R = p-chloro or nitropheny!

CZHsOﬁ‘SK + RﬁCl CZHSOﬁ‘SCR (3)

We repeated their experiment and also used ethyl
ether or carbon disulfide as a solvent and similarly
obtained the mixed stable anhydrides.

Based on the above technology, it was anticipated
that replacing the above acid chlorides with the ones
shown in Reaction 4 would have afforded either the
mixed anhydrides A or its decomposition products,
the ester and carbon disulfide. However this was
not realized and in all probability the mixed an-
hydride A did form but immediately decomposed
to give carbonyl sulfide and the thiol esters
(Reaction 4) in good yields. Evidence for the
liberation of carbonyl sulfide in Reaction 4 was
obtained by the formation of the triethylamine

O
cold ether or CS,

I
RCOC,H; + CS, Q)

ether JR = methyl
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R|C|‘SR’
—COS O
R|C|‘Cl + R’OﬁSK [RﬁS(ﬂ“OR] thiol ester )
A RﬁOR’
S

Cl
S
R = @ >C=O;
N
| Cl

OCH, Cl

CH,
R’ = —CH,: —C,H,: —CH,C H;

salt of diisopropylthiolcarbamic acid when the
liberated gas was allowed to bubble through a
solution containing diisopropylamine and triethyl-
amine at 0-10°C.

[(CH,),CH],NH + COS + (C,H);N ——>
[(CHs)zCH]zNﬁSH'N(CZHS)s (5)
o)

Based on elemental analysis and molecular weight,
the alternative thiono ester structure had to be
considered. However proof of structure for the

(1) Nucleophilic displacement

O S Nu O

Al & —cos I
RCS—C—0~R’ ——— RCS® + R'Nu

I | _
RCS® 4 ROSR <=9 gedd o0

(2) Concerted mechanism

(0] S

R—yj~s’1([_l %, RCSR'
kL0 0

(3) Ton pair mechanism

carbonium ion (R" = —CH,C,Hj)

| | _
R—C—$LCLONcn,cmH, —S98,

thiono ester

C]QOCHZ—

thiol esters was established by the following con-
ventional reaction:

base

RICIC1+R'SH - RﬁSR’ (6)
o}

The yields of thiol esters obtained by this novel
method I were equal and in one case superior to the
yields obtained by the conventional method II
(Reaction 6). The proposed possible mechanisms
for reaction 4 are depicted in Scheme 1 and we favor
the nucleophilic displacement mechanism.

R’ Nu = R’OﬁSe

S

O O

I ™e |
RCS® + CH,C,H; — RCSCH,C,H,

SCHEME 1
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TABLE 1
Y
RC—SR”’
Mp °C or NMR, ¢ (ppm),
No. R R’ (bp °C/mm) % Yield CDCl;—Me,Si Emperical Formula®
S\
1 C=0  —CH,C¢H; 113-4° 79 4.17 (s,2,CH,CgHs) C,6H,3NO,S,
N 4.83 (s,2,NCH,)
| 6.78-7.55 (m,9,ArH)
CH,—
Cl
2 —C,H; (138 — 9/0.2) 91 1.38 (1,3,CH,CH,) C,oH,,CLO,S
(N2 = 1.5690) 3.15(q,2,CH,CH,)
1.89 (s,3,0CH,)
¢l OCH, 7.06 and 7.34
S (2d,2,ArH)
™~
3 ©{ C=0 ~—-CH, 146-7° 50 2.3(s,3,SCH;) C,oHNO,S,
N/ 4.81 (s,2,NCH,)
! 6.8-7.6 (m,4,ArH)
CH,—
Cl
4 —CH,C¢H; 38-9 95 3.75 (s,3,0CH,) C,sH,,CLO,S
4.30 (s,2,CH,CHy)
Cl OCH, 6.78-7.45 (m,7,ArH)
5 Cl —OCH,— —CH,CH; 75-6° 83 4.15 (s,2,CH,C,H;) C,sH,,C1,0.8
4.62 (s,2,0CH,)
Cl 6.5-7.4 (m,8,ArH)
Cl
6 —CH, 43-4 76 2.60 (s,3,SCH,) CyHsC1,0,S8
3.94 (s,3,0CH;)
7.05 and 7.33
¢ OCH, (2d.2, ArH)

# Recrystallization from isopropyl alcohol.
b Recrystallization from methyl alcohol.
¢ Recrystallization from heptane.

¢ Satisfactory analytical data (+0.4% for C, H, Cl, N and Cl were reported.

In summary, by the proper choice of the acid
chloride the novel method I described above pro-
vides a synthesis of thiol esters that is fast, efficient,
economical and uncomplicated by side reactions. It
has been shown that the mercaptans which are
toxic, easily oxidized and odoriferous can be
replaced by potassium alkyl or benzyl dithio-
carbonates to give thiol esters in good yields.
Moreover these potassium salts can be prepared in
excellent yields from alcohols, potassium hydroxide

and carbon disulfide, which are readily available,
inexpensive and nontoxic.” Finally, this novel
method illustrates the use of these potassium salts
as effective sulfur transferring agents.

EXPERIMENTAL

NMR spectra were obtained with a Varian T-60 NMR spectro-
meter. The chemical shifts are reported in J, using tetramethyl-
silane as reference. All melting points were taken upon a
Fisher-Johns block and are uncorrected.
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Thiol Esters, Method I-(1 to 6y To a stirred shurry containing
0.12 mol of potassium methyl, ethyl or benzyl dithiocarbonate
dihydrate in 200 mL of acetone, 0.1 mol of 2-oxo0-3-benzo-
thiazolineacetyl chloride®, 2-methoxy-3,6-dichlorobenzoyl
chloride®, or (2,4-dichlorophenoxy) acetyl chloride!® was added
in one portion. An exothermic reaction set in causing a tempera-
ture rise from 22°C to about 40°C.The reaction mixture was
stirred at 25-30°C for 18 hr and during this period carbonyl
sulfide was liberated. For 1, 3and 5, 800 g of ice water was added
and stirring continued at 0-10°C for 2 hr. The solid was collec-
ted by filtration, washed with water until the washings were
neutral to litmus and air-dried at 25-30°C. For 2, 4 and 6,
500 mL of water and 600 mL of ethyl ether were added and
stirring contained at 25-30°C for 15 minutes. The separated
ether layer was washed with water until neutral to litmus and
dried over sodium sulfate. The ether was removed in vacuo at a
maximum temperature of 80-90°C at 1-2 mm. The data are
summarized in Table 1.

Method II (Conventional)—1, 2,4 and 5 To a stirred solution
containing 0.1 mol of ethyl or benzyl mercaptan, 200 mL of
acetone and 6.6 g (0.1 mol) of 85%, potassium hydroxide, 0.1
mol of the appropriate acid chloride was added in one portion.
The remainder of the procedure was identical as described in
Method 1. The mixture melting point of 1, 4 and § with the
products derived by Method I was not depressed, the boiling
point and index of refraction for 2 were the same and their
NMR spectra were identical. The following yields were ob-
tained:

No. Y Yield
1 79
2 91
3 43
5 83
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