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ABSTRACT

The reaction between o,o-diethﬁl-dithiophosphoric acid and diethylmercury, and that be-
tween mercuric o,0-diethyl-dithiophosphate and diethylmercury have been investigated, and it is
found that they both proceed smoothly according to tl?lre following equations :

(C2Hs0) 2}:—SH+ (C2Hs)2Hg ——— (C2H30) 2P—S—HgC2Hs+C2Hg
]

S
[(CszO)zﬁ’—S]zHg-!- (C2Hs)2Hg ——— 2 (C2H50) zll’—S—Hngﬂs
|

S S

These reactions can be satisfactorily utilized for the synthesis of a series of ethyl mercuric
o,0-dialkyl-dithiophosphates :

S

I
(RO) 2P—S—HgCzHs
R=CHa3, C2Hs, i-C3H7, n-C4Hy, i~C4Ho, n-CsH11, i-CsHji,
CeHs, p-CroHs7.

The following equilibrium has also been established :

o,

1
(CzHs)2Hg+[ (C2Hs0) zﬁ—S] 2Hg zz-——*m A 2(C2Hs0)2P—HgCzHs
>120°C . |
S

The preliminary biological evaluarion of these organo-phosphorus compounds reported in part
IT and part III gives some interesting results. o0,0-Di-g-naphthyl-dithiophosphoric acid exhibits
mild but significant auxin properties, the translocation and persistence of the compound in the plant
being observed. A series of bis-(0,0-dialkyl-dithiophosphate} disulfides show inferior insecticidal
properties, although the diethyl derivative is stronger in comparison with the others.

The ethyl mercuric 0,0-dialkyl-dithiophosphates listed in the present report demonstrate both
insecticidal and fungicidal propertics. The inhibitory power of six lower aliphatic derivatives,
namely, from methyl to iso-pentyl (sec Table 3), against Alternariz tenins is 13-369%, stronger than
that of ethyl mercuric chloride on the basis of mercury content.

* First published in Chinese in Acta Chimica Sinica, Vol. XXII, No. 6, pp. 478-484, 1956,

661



662 SCIENTIA SINICA Vol VI

We were led to the investigation of ethyl mercuric o,0-dialkyl-dithio-
phosphates in consideration of the structural resemblances of this series
of compounds to ethyl mercuric phosphate, a well-known fungicide, and
also to many or%ano phosphorus insecticides. Nine derivatives of the
series with the following general formula were synthesized.

(RO)2 P—S—HgC2H3
I
5

R=CH3, C2Hs, i~C3Hy, , i-C4Hy, n~CsHu1, i-CsHu1, CeHs, g-C1oH7

In secking for a preparatory method for the series of the compounds
mentioned above, the reaction between o,0-diethyl-dithiophosphoric acid
and ethyl mercuric chloride or diethyl mercury was investigated. It was
found that the reaction between o,0-diethyl-dithiophosphoric acid and
ethyl mercuric chloride proceeded rather violently with the evolution
of hydrogen chloride and heat, but the product was found to be mainly
the mercuric salt of o,0-diethyl-dithiophosphoric acid instead of the ex-
pected ethyl mercuric diethyl-dithiophosphate. It was assumed that the
presence of hydrogen chloride was responsible for the splitting of ethyl-
mercuric linkage. Although the addition of pyridine or anhydrous sodium
carbonate to the reaction mixture improved the result accordingly, the
product was invariably contaminated with a considerable amount of
mercuric sulfide which indicated the partial decomposition of the ex-
pected product in the alkaline reaction medium.

- When o,0-diethyl-dithiophosphoric acid was added in portions to
an excess of diethyl mercury, the reaction proceeded immediately with
the evolution of heat and ethane. After an appropriate wash to remove
the unreacted acid, and the removal of the excess diethyl mercury under
reduced pressure, it afforded 70-80% yield of pure product without
the necessity of further purification. In case the o,0-diethyl-dithiophos-
phoric acid was used in excess, the second molecule of ethane was
evolved with the final formation of the mercuric salt of o0,0-diethyl-
dithiophosphoric acid.

(CzHs0) zlr—SH-!- (C2Hs) 2Hg ——— (C2H50) szS—HngH5+Csz
S

(CzlJIsO}z}II-——S—HngH5+ (C2H50) leT_SH — [ (CZHSOJ.".l;;‘_S]ZI'IE'f‘CZHG
S S S

Tn the hane nFrleu' 1 ht oas Im nler ﬂ:ham nm methad ta vhrl\miba
o A J AALLLNAT AL

AiE LAIG AN eds ] ek o st method Lo

the ethyl mercuric 0,0- dlethyl dlthlophosphate we explmted the reaction
between mercuric oo-dlcthyi -dithiophosphate and diethyl mercury. It
was found that at 100°C, they reacted satisfactorily in the following
manner.
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[(C2H50) zP”’—S] 2Hg+ (C2Hs)2Hg ——— 2 (C:!,HsO)zlll’—S—-—HngHs (1)
S S

The ethyl mercuric 0,0-dialkyl-dithiophosphates are heavy oily liquid.
They are stable at room temperature, but above 120°C, they gradually
decomposed with the formation of diethyl mercury, mercuric sulfide,
and some unidentified substances. It was reasonably assumed that the
thermal decomposition of o,o-diethyl-dithiophosphate was in fact a
reversible reaction of reaction I, since it was evidenced that mercuric
sulfide had been found to be a decomposition product of the mercuric
salt of o,0-dialkyl-dithiophosphate.

(C2Hs0O) z}__z——SHngHs — { [(CzH50) zlli'-*S] 2Hg } + (CzHs) zHg (2)
S
HgS + other decomposition products.

It was already known that a general equilibrium between mixed
and simple organo-mercurials exists in the following manner.

RzHg+HgX2 === 2 RHgX (3)

Any reagent, for example, metallic sodium, which removes mercuric
salt from the zone of reaction, will shift the equilibrium to the left™.
It was not surprising, therefore, to see that the removal of mercuric salt
of o,0-diethyl-dithiophosphate from the equilibrium system by thermal de-
composition shifts reaction 2 to the right. In the light of these facts,
we could safely conclude that the following equilibrium occurred between

diethyl mercury, mercuric o,0-dialkyl-dithiophosphate, and ethyl mercuric
0,0-dialkyl-dithiophosphate.

100°C
(C2Hs)2Hg+[ (RO 2P—S]2Hg +=—= 2(RO) 2P—S—HgC:H;
It >120°C - |

S
EXPERIMENTAL

1. The Preparation of Ethyl Mercuric 0,0- Diethyl-dithiophosphate

(1) To diethyl mercury (6 g) in dry ether (10 cc), stitred constantly,
was added in portions o0,0-diethyl-dithiophosphoric acid (3 g) in dry ether
(10 cc, mol. ratio 1 :1.7).  The solution became warm with gas evolution.

ALine 2N T:n";nn’ halriava ¢#n ramalasa alon saa onf

AAILCE AU ITHILULGS Sua.n.uxs L0 <ompicic e IEaciioii, the SU}utioﬁ was
left overnight, then washed with 19 aqueous sodium hydroxide
repeatedly until free from acid, and then washed with cold water and
dried over calcium chloride. The solvent was removed by heating the
solution on a water bath, and under reduced pressure (10-30 mm, Hg),
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the excess diethyl mercury was removed. A colourless heavy oily
liquid was obtained, weighing 5.2 g (yield 66.79,).

The preparations of dimethyl, di-i-propyl, di-n-butyl, di-i-butyl, di-
n-amyl, and di-i-amyl derivative of the series of ethyl mercuric dithio-
phosphate were similarly carried out.

(2) Mercuric salt of o,0-diethyl-dithiophosphate (5.7g, m.p. 124°C)
and diethyl mercury (3.6g) were refluxed in benzene (30cc) for 6 hours.
Both the solvent and the excess diethyl mercury were removed under
reduced pressure. The residual liquid was slightly yellowish and was
proved to be the identical comipound obtained from procedure (1).

2. The Preparation of Ethyl Mercuric o, o- Diphenyl-dithiophosphate

To diethyl mercury (12g) was added in portions o,o-diphenyldi-
thiophosphoric acid (m.p. 58°C, 13g) in benzene (10cc) with constant
stirring. The solution was cooled by cold water, with the temperature
kept.below 50°C. After the reaction subsided, the solution was heated
gently for half an hour in a hot water bath. From the solution, the
crystalline solid was separated after standing for several days at room
temperature. Alternatively, the crystals were quickly obtained by
adding twice the volume of absolute alcohol, m.p. 57°C, and recrystal-

Table 1
Ethyl Mercuric o,0-Dialkyl-dithiophosphates

(RO)P Yi cld!m p. Refractive Analysis
zH~SHngHs . 9% C | o H [ % P ’ % Hg
S % | °C | Index n5
A’B]A‘B}A\B[AB
R=CHs 73— | 16000 | — | — | — | — | 802|814 — | —
CaHs 67 | — | 1.5880 [17.39|17.54| 3.62| 3.94| 7.48| 7.24]48.36|48.59
CoHs * 87 | — | 15000 | — | — | — | — | 7.48] 7.29[48.36|48.76
~C3Hy % | — | 1.5668 | — | — | — | — | 7.17] 6.95|45.29}45.52
#-C4Hy 75 | — | 1.5600 |25.50|25.33| 4.90| 5.14) 6.57| 6.22]42.60 | 42.64
i~C4Hy 72| — | 15595 | — | — | — | — | 6.57| 6.45(42.60]43.15
#~CsHiy 64 | — | 15447 | — | — | — | — | 6.22| 6.16[40.21(39.98
i-CsHyy 76 | — | 1.5452 | — | — | — | — | 6.22 5.91(40.21]40.22
CeHs 76 | 58 — — | = | — | = |6.19] 6.19(39.25]39.21
B-CioH7 70 [103-5] —  |43.21|43.24| 3.14| 3.20| 5.08| 5.08|32.83]32.69
A. Required B. Found

*  Product from procedure I (2).
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lized from 1:1 benzene and ethyl alcohol solution, m.p. 58°C. The
preparation of 0,0-di-B-naphthyl-dithiophosphate was similarly carried
out.

3. The Decomposition of Ethyl Mercuric o, 0- Diethyl-dithiophosphate

Pure ethyl mercuric o, o-diethyl-dithiophosphate (5 g) was heated in a
test tube which was placed in a 120-140°C oil bath. The pressure in the
tube was reduced by water suction. Another test tube containing alco-
holic mercuric chloride was served to absorb any volatile substance which
appeared during decomposition. Leaflet crystals which separated gra-
dually from alcoholic mercuric chloride solution were collected and re-
crystallized from ethanol, m.p. 192°C (identical with ethyl mercuric
chloride). The dark residue of the decomposition product consisted of
mercuric sulfide, but no original mercuric salt of phosphate ester could
be found. The thermal decomposition of ethyl mercuric di-n-amyldithio-

phosphate gave diethyl mercury likewisely, and was identified in the same
manner.

APPENDIX

The preliminary biological evaluation of the organo-phosphorus
compounds reported in part II™ and part III is now summarized as
follows :

1. Treatment of tomato plant with 100 p.p.m. of aqueous solution
of 0,0-di-B-naphthyldithiophosphate indicated that the compound ex-
hibited the mild but significant auxin properties. The translocation and

persistence (for 2 to 3 months) of the compound in plant was
observed.

2. The bis-(o,0-dialkyldithiophosphate) disulfides show inferior
insecticidal activity. 109% dust of the methyl and ethyl derivatives
caused only 10-399%, mortality of the armyworm (Cirphis unipuncta), and
house fly (Musca vicina), and their homologues were completely inactive.
Bartlett!” reported the insecticidal value of bis-(0,0-diethyldithiophos-
phate) disulfide which seemed of little practical significance. The fun-
gicidal activity of the series of compound against Alfernaria tenius was
found much inferior to that of TMTD.

3. Ethyl mcrcunc o,ocdialkyldithiophosphates exhibited both

cm o, e s kR

uleLuLlum 4uu .luusu..lua.l propciuies. Thc ulhlbnt{}i’y Puw'v;L uf I.hC iniost
active member in this series of compounds against A/ternaria tenins was
1369, that of ethyl mercuric chloride. The methyl, ethyl, and i-butyl
derivatives demonstrated similar activities as y-666. These results were
shown in Tables 2 and 3.
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Table 2
The Mortality of Armyworm (Cirpbis unipuncta) (3rd instar) by 1% dust
Compounds After 2 Hours After 6 Hours After 24 Hours
S
(CHao)zII’IS—SHngHs 0% #4.5 % 98 %
(CzI-ISO)zIE—SSHngHs - 33 88 99
(~-CsH70) zé-—SHngHs 0 28 84
(i-C4H90) z‘ri—*Schsz 0 70 98
( n-C4HsO )zfli—SHngHs 0 25 | 81
(i~CsH110) %—SHngHs . 0 0 39
(n-CsH n(g ) 2{[’—SH3C2H5 0 0 57
(CdisO}z{I’—-—SngCsz 0 0 0
( p-C10H70 )21113—-SHgC?,H5 0 0 2
¥-666 0 36.5 97.5
Table 3

Activity against Alternaria tenius in Compatison with CzHsHgCl by
Paper disc Method. (concentration : 10 p.p.m.)

Hg % l}:ﬁiﬁgs ofoftlzée In- Afcgwﬁiyﬁ in Terms

tion of Spore of C2HsHgCl Based

Compouads (A) Germination (R) R/A upon Hg Content

(cm) R/1.299A (%)

(CH30)2P (5) SHgC2Hs 51.86 | 0.89 1.716 132
(CzHs0) 2P (S) SHgC2Hs 48.36 0.74 1.530 118
(—CaH70) 2P (S) SHgC2Hs 45.29 0.78 1.723 133
(i-C4Hs0) 2P (S) SHgC2Hs 42.60 0.75 1,762 136
(n-C4Hs0) 2P (5) SHgC2Hs 42.60 0.63 1.479 114
(i-CsH110) 2P (8) SHgC2Hs 40,21 0.59 1.467 113
{n—-CsH110) 2P (3) SHgCaHs 40.21 0.47 i.169 90
(CéHs0) 2P (S) SHgC2Hs 39.25 0.42 1.070 82
(8-C10H70)2P (S) SHgC2Hs 32.83 0.17 0.518 40
C2HsHgCl 75.44 0.98 1.299 100
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