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0,O-Dialkyl phosphorochloridothionates may be prepared by the reaction of 0,O-dialkyl hydrogen phosphorodithioates 
with hydrogen chloride in the presence of hydrogen sulfide acceptors. Acetonitrile, benzonitrile, ethyl, phenyl and benzyl 
thiocyanates, and ethyl isothiocyanate function as the hydrogen sulfide acceptors in the reaction. 

The preparation of 0,O-dialkyl phosphorochlori- 
dothionates has received considerable study as evi- 
denced by the literature reports and patents issued 
on the subje~t .~- ' s  Three general methods have 
been used in the preparation of the 0,O-dialkyl 
phosphorochloridithioriates as shown in equations 
(1),1-10,14 1(2),17 and (5).3,~-7,11-13,15,18,18 

2ROH + PSCia + (R0)iPSCl + 2HC1 

2ROH + PC1a + S + (R0)iPSCl + 2HC1 

(1) 

(2) 

2(RO)oPSSII + 3Cli + 2(RO)iPSCl + SzClz + 2HC1 
(3) 

A fourth method based upon the double decom- 
position of 0,O-dialkyl hydrogen phosphorodithio- 
ates with hydrogen chloride appeared to be feasible 
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for the preparation of the 0,O-dialkyl phosphoro- 
chloridothionates, since this reaction was known to 
occur with diphenylphosphinodithioic acid,19 as in 
eyuatioii (4). However, the eliminntioii of hydrogen 

150-?00° 
(C&)zPSSH + HCl -+ (CcH,)2PSCl + H?S (4) 

sulfide in this reaction takes place at temperatures 
in excess of 150°, which makes it impractical for 
use with the ester acid. 

It has now been found that in the presence of a 
hydrogen sulfide acceptor,20 the elimination of hy- 
drogen sulfide in the double decomposition reac- 
tion between hydrogen chloride and 0,O-dialkyl 
hydrogen phosphorodithioates takes place smoothly 
in ethyl ether a t  the reflux temperature. The hy- 
drogen sulfide acceptors used in this study were 
acetonitrile, benzonitrile, ethyl, phenyl and benzyl 
thiocyanates, and ethyl isothiocyanate. In addition 
to the 0,O-dialkyl phosphorochloridothionates, 
which were obtained in yields as high as 8870, 
there Tvere also obtained the products which would 
be produced by the addition of hydrogen sulfide to 
the acceptor molecules in accordance with equa- 
tions (5) and (6). Ethyl isothiocyanate did not func- 
(R0)iPSSH + R'CN + HC1+ 

(R0)iPSCl + R'CSXHz (5) 

(RO).PSSH + R'SCN + HCl + 

tion as a hydrogen sulfide acceptor in ethyl ether. 
In  dioxane, a t  looo, the reaction between 0,O- 
diethyl hydrogen phosphorodithioate, hydrogen 
chloride, and ethyl isothiocyanate yielded 39% of 
0,O-diethyl phosphorochloridothionate and 83% 
of ethylamine hydrochloride. The amine salt was 
probably formed through decomposition of the in- 
termediate dithiocarbamic acid, equations (7) and 
(8). 

(R0)zPSCl + R'SCSNH2 (6) 

(CiH60)iPSSI-I + CiHENCS + HC1+ 
(CzH,O)zPSCl + [CiH,SHC&H] (7) 

(8) [C2HSNHCSzH] + HCl + CzH,NHa+Cl- + CSi 

The yields of 0,O-diethyl phosphorochloridothio- 
nate and the coproducts obtained n-ith the hydrogen 
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sulfide acceptors used in t,his reaction are shown in 
Table 1. 

TABLE I 
YIELDS OF O,O-DIETHYL PHOSPHOROCHLORIDOTHIONATE 
AND COPR~DIJCTS OBTAINED WITH HYDROQEN SULFIDE 

AkCrEPTORS 

Yield of 
(C~H,O)?PPCI, 

1 Acceptor ( Coproduct 

CH?CS 74 CHICSKH~ 
CeH,CS 74 CsHsCSXHz 
CzHSSCS 73 CZHsSCSSH2 
CsHDSCh' 88 CsHsSCSNHz 
CsH5CH2SCiX 85 CaHjCHzSCSn'Hz 

Yield, 
0 c 

51 
77 
91 
94 
90 

Phenyl isothiocyanate, potassium cyanide, and 
octene-1 did not serve as hydrogen sulfide acceptors 
in this reaction. 

O,O-Di-n-propyl, 0.0-diisopropyl, 0,O-di-n-bu- 
tyl, and 0,O-di-see-butyl phosphorochloridothio- 
nates were also prepared by this method, using beii- 
zyl thiocyanate as the coreactant. The yields and 
physical constants of these materials are shown in 
Table 11. 

Other materials used were commercially available re- 
agents. 

Preparatzon of 0,O-daalkyl phosphorochlorzdothionates. 
Hydrogen chloride was bubbled through a solution of the 
0,O-dialkyl hydrogen phosphorodithioate (0.5 mole) and 
the hydrogen sulfide acceptor (0.5 mole) in 200 ml. of ethyl 
ether a t  the reflux temperature for 2 hr. The ether was 
removed by distillation at reduced pressure. The solid resi- 
due was extracted with 250-ml. portions of petroleum ether 
(b.p. 30-60') four times. The combined extracts were dried 
over anhydrous sodium carbonate. The sodium carbonate 
a as removed by filtration and the filtratci was distilled 
under reduced pressure over calcium carbonate chips. 

The yields of 0,0-diethyl phosphorochloridothionate oh- 
tained are shown in Table I. Typical analyses for this com- 
Dound, as obtained, are: b . ~ .  34-35" a t  0.5 mm.; n*: 1.1688 
(reported 1.4685". 

Found: C1. 19.2: P. 16.2: S, 16.9. 
Anal .  Calcd. for CnHloPSCl: C1, 18.8; P, 16.4; P, 17.0. 

The yields of the other 0,O-dialkyl phosphorochlorido- 
thionates prepared are shown in Table 11. 

The solid residue from the petroleurn ether extractions 
wa6 recrystallized to obtain the coproduct of the reaction. 
The vields are shown in Table I. The products xwe identified 
as follows: 

il'hzoawtarnzde M ab recrvstallized from isomouv1 ether, 
m.p. 113-116" (reported22 m.p. 115-116'), a mixed melting 
point with an authentic sample of thioacetamide showed no 
depression. 

TABLE I1 

WITH HYDROGEN CHLORIDE AND BENZYL THIOCYANATE 
O,O-DIALKYL PHOSPHOROCHLORIDOTHIOSATES FRO\I THE REACTIOX O F  O,O-DIALKYL HYDROGEX PHOSPHORODITHIOATES 

(R0)aPSSH + CeHjCHzSCN + HC1+ (R0)zPSCl + CsHsCHzSCSNHz" 
Yield, Phosphorus, % Sulfur, 70 Chlorine, % 

R s c  B P  Mm. ny Found Calcd Found Calcd. Found Calcd. 

n-C3H7 75 5 72 2 1 4701* 14 17 14 34 14 46 14 77 16 45 16 39 
i-CaH7 81 0 61 e 3  1 4612 14 32 14 34 15 05 14 77 16 30 16 39 
n-C4Hy 81 0 76 0 5  1 4697d 12 66 12 68 13 16 13 08 14 42 14 50 
ser-CAHo 86 0 54 0 1  1 4692 12 65 12 68 13 30 13 08 14 55 14 50 

a Yields of 8 5 4 5 %  of b o n d  dithiocarbamate were obtained. * Reportedj 1.4672. Reported5 1.4601. Reported5 1.4670. 

The reaction sequence suggested for this reaction 
is shown in equation (9). The intermediate imino- 
ester hydrochloride postulated here is similar to 
(RO)&'PSH + R'CS + HC1 + 

(iRO),PSSC(~HiR'.HCI] (9) 

.1 
(R0)ZPSCI + R'CSNHz 

the imino-thioether hydrochloride isolated from the 
reaction of niercaptans with nitriles and hydrogen 
chloride. 21 The intermediate imino-thioester hy- 
drochloride formed in the present reaction is ap- 
parently too unstable to be isolated, and breaks 
down immediately into the reaction products iso- 
lated. 

EXPERIMENTAL 

0,O-DmlkuZ hydrogen phosphorodzthioates were prepared 
hy a previoudy described m e t h ~ d . ~  The crude acids were 
purified by distillation a t  reduced pressure and then were 
98% to 99% pure by titration. 

(21) V. Migrdichian, T h e  Chemistry of Organic Cyanogen 
Compounds, Reinhold Publishing Company, New York, 
N. Y., 1947, p. 94. 

Thiobenzamide was recrystallized from ether-petroleum 
ether (b.p. 30-60"), m.p. 114-116" (reported22 m.p. 115- 
116'), a mixed melting point with an authentic sample 
showed no melting point depression. 

Benzyl dithiocarbamate was recrystallized, successively, 
from ethyl acetate, isopropyl alcohol, and rhloroform, m.p. 

Anal .  Calcd. for CeH&S?: S, 34.95; S, 7.66. Found: 
S, 35.19; K, 7.69. 

Phenyl dithiocarbamate was recrystallized twice from 
chloroform, m.p. 109-110.5'. 

Anal. Calcd. for C,H7?\'S2: S, 37.88; S, 8.27. Found: 
S, 37.98; PIT, 8.30. 

Ethyl  dithiocarbamate was recrystallized from petroleum 
ether (b.p. 30-60") m.p. 41.5-43' ( r e p o r t ~ d ? ~  m.p. 42"). 

Anal .  Calcd. for C ~ H + ~ Z K :  h', 11.58. Found: X, 11.65. 
Ethylamine hydrochloride vas recrystallized from iso- 

propyl alcohol, m.p. 107-109". A mixed melting point with 
an authentic sample of ethylamine hydrochloride showed 
no melting point depression. 
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