NEW TYPE OF SELECTIVELY ACTING ORGANOPHOSPHORUS
INSECTICIDES AND ACARICIDES
COMMUNICATION 2. METHYLDITHIOPHOSPHONIC ACID DERIVATIVES
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In a previous paper [1] we discussed a new type of selectively acting insecticides and acaricides,
namely derivatives of the mono~ and dithiophosphoric acids, containing the moieties of amino acids, their
esters and methylamides (I)
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X=0 or 8; Y=0H, OC:Hs or NHCHs; R=CHs, CHs or i-GsH.,; R’=H, CHs,
i-CsH;, n-CsH,, i-CsHy, CH:CeHs, CH:CeHaOH, CH:CH,SCHs etc.

The obtained compounds belong to the type of anticholinesterase substances, in which connection their
toxicity and also their selectivity of action are strongly dependent on the nature of the amino acids that
enter into the molecule. Included among the described compounds were effective selective insecticides and
acaricides with either a low or moderate toxicity toward warm-blooded animals. Since it is known that phos-
phonic acid derivatives, when compared with phosphates, are frequently stronger cholinesterase inhibitors,
it was interesting to investigate the analogous series of methyldithiophosphonates of general formula (II)
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R=H, CHs, i—C3H7, i-C4Hg, CHzCHgSCHs’, X=0H or OGCyHs

These compounds were obtained by us by reacting the appropriate chloroacetyl derivatives of amino
acids or their esters [2-6] with ammonium O-ethyl methyldithiophosphonate according to the scheme

CH (C,H,0)P(S)SNH, -+ CICH,C(O) NHCH(R)COX ~ CH,4 (C,H,0) P (S)-
SCH, C (0) NHGH(R) COX + NH, Cl

The constants of the obtained compounds, the yields, andthe elemental analysis data are given in Table
1. In all cases the purity of the compounds was checked by thin-layer chromatography.

As was to be expected, the compounds of this series proved to be more toxic when compared with the
corresponding dithiophosphates, both toward arthropoda and toward warm-blooded animals. Analogous to
the dithiophosphates, the least toxic compounds were those containing a free carboxyl group. Thus, for
example, for EG-22 the LDy, (per os on white mice) was 380 mg/kg. For the corresponding esters the
LD, varied in the range 50-140 mg/kg.

The results of studying the insecticidal and acaricidal activity of the obtained compounds are given
in the last two columns in Table 1. The acaricidal activity is more characteristic for compounds of this
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TABLE 2

b 60
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5% Compound Rl 0l Sl 50
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4B HEI DS &l s |95E| 104
IH-120| (C.H50),P(S)SCH,C{O)NHCH,COOC,H, 750 0,015 0,012
5,3 ' 30
EG=20 | CHy(C;H,0)P(S)SCH,C(O)NHCH,CO0C,Hy 140 0,0005 0,0003 0
MM-141 | (C.H;0).P(S)SCH,C(O)NHCH—COOC,Hy 90 0,17 0,0019
) 1,8 42 1,7
EG-27 | CHy(CaH0)P(S)SCH,G(0)NHCH~COOC,H, 50 0,004 0,0011
© CeHo .

series, in which connection they, as a rule, are more active insecticides and acaricides than the corre-
sponding phosphates. However, it should be mentioned that the selectivity of their action on arthropoda

is expressed more weakly than in the case of the dithiophosphates, probably due to their higher overall
physiological activity. Thus, a selective acaricidal action is observed only for the compounds EG-21, EG-
26, and EG-30.

Different relationships are observed when the action of these two groups of substances on arthropoda
and warm-blooded animals is compared. Here the methyldithiophosphonates exhibit a greater selectivity.
From the data in Table 2 it can be seen that compounds EG-20 and EG-27, which belong to the type of
methyldithiophosphonates, are 1.8-5.3 times more toxic toward warm-blooded animals than are the cor-
responding dithiophosphates (III-120, 11I-141), whereas they are 30-42 times more effective as insecti-
cides. It might be reasoned that compounds, characterized by an even greater selectivity of action, will
be found in the new group of insecticides and acaricides containing peptide linkages.

EXPERIMENTAL METHOD

A solution of 0.02 mole of the chloroacetyl derivative of the amino acid or of the amino acid ester
and 0.022 mole of ammonium O-ethyl methyldithiophosphonate in 30-40 mi of absolute alcohol was heated,
with stirring, at 60-65° for 2.5-3 h. The precipitate of ammonium chloride was filtered, the filtrate was
evaporated in vacuo, and the oily residue was dissolved in either ether or chloroform, washed with ice
water, and dried over Na,SO,. The solvent was removed in vacuo, and the residue was analyzed by the
method of thin-layer chromatographyon KSK silica gel, containing 10% of water, in the system hexane
—acetone (3:2). Compounds EG-21, EG-22, and EG-25 crystallized when cooled and rubbed with hexane.
They are purified by recrystallization from a mixture of hexane and either benzene or ether. In the case
of the oily substances their purification was effected by freezing them out of solution in a mixture of ether

and hexane at —78°,

CONCLUSIONS

1. A number of methyldithiophosphonates, containing the moieties of amino acids, and their esters,
were obtained.

2. Among the obtained compounds exist active insecticides and acaricides, which possess a moderate
toxicity for warm-blooded animals. :

LITERATURE CITED

1. T. A. Mastryukova, A. E. Shipov, E. B. Gorbenko, M. P. Shabanova, K. N, Savchenko, Yu.
S. Kagan, and M. I. Kabachnik, Izv. Akad. Nauk SSSR, Ser. Khim., 2042 (1968).

E. Fischer, Ber., 37, 2486 (1904).

J. P. Greenstein, J. B. Gibbert, and P. J. Fodor, J. Biol. Chem., 182, 451 (1950).

4. S. M. Brinbaum, L. Levintow, R. B. Kingsley, and J. P. Greenstein, J. Biol. Chem., 194, 455
(1952).

E. Fischer, Ber., 37, 2494 (1904).

E. Fischer and E. Otto, Ber., 36, 2106 (1903).

o N

> o

1890



