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INSECTICIDAL 
O,S-DIHYDROCARBYL-N-ACYLPHOS 

PHOROAMIDOTHIOATES AND 
S,S-DII-IYDROCARBYL-N-ACYLPI-IOS 

PHOROAMIDODITHIOATES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of application Ser. No. 
317,315, filed Dec. 21, 1972, now U.S. Pat. No. 
3,801,680, issued Apr. 2, 1974, which. in turn is a con 
tinuatiomin-part of application Ser. No. 13,846, ?led 
Feb. 24, 1970, now U.S. Pat. No. 3,716,600, which in 
turn is a continuation-in-part of application Ser. No. 
810,383, filed Mar. 25, 1969, now abandoned. 

DESCRIPTION OF THE PRIOR ART 

U.S_. Pat. No. 3,309,266 teaches that O-alkyl-S-alkyl 
phosphoroamidothioates are insecticidal. U.S. Pat. No. 
3,649,723 teaches that O-alkyl-S-unsaturated hydroca 
rbylphosphoroamidothioates are insecticidal. U.S. Pat. 
No. 3,201,446 teaches that 0,0-diethyl-N 
trichloroacetylphosphoroamidethioate [N~ 
(diethoxyphosphinothioyl)-2,2,2-trichloroacetamide] 
is useful as an insecticide. Russian Pat. No. 253,483, 
issued on Sept. 30, 1969 to G. V. Protopopova et al., 
discloses the use of O,S-dialkyl-N 
alkylthiocarbonylphosphoroamidothioates, e.g., 

(31330 O O 

CHSS 

as insecticides. L. Almasi et al, Chem. Ber. 100 2626 
(1967) and Chem. Ber. 99 3293 (1966), disclose O 
ethyl-S-methyl-N-benzoylphosphoroamidothioate, O 
ethyl-S-methyl-N-p-chlorobenzoylphosphoroamidothi 
oate and O-ethyl-S-methyl-N-p-methylbenzoylphos 
phoroamidothioate. 

DESCRIPTION OF THE INVENTION 

The phosphoroamidothioates and phos 
phoroamidodithioates of this invention are represented 
by the formula (I): 

0 

R—-Y 0 iI1(0H2)u--X—R2 
\T 

-—N 

/ Ra 

wherein R and R‘ individually are alkyl, alkenyl or al 
kynyl of up to 6 carbon atoms, Y and X individually are 
oxygen or sulfur, n is whole number of from 1 to 6, 
preferably 1 or 2, R2 is alkyl of 1 to 6 carbon atoms, 
aryl of up to 10 carbon atoms substituted with up to 2 
(0 to 2) fluorine, chlorine or bromine atoms, and R3 is 
hydrogen or alkyl of l to 6 carbon atoms. 
Representative alkyl groups which R, R‘, R2 and R8 

may represent include methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, t-butyl, pentyl, sec-pentyl and hexyl. 
Representative alkenyl of 3 to 6 carbon atoms which R 
and R‘ may represent include allyl, 2-butenyl, 2 
hexanyl, etc. Representative alkynyl of 3 to 6 carbon 
atoms which R and R‘ may represent include 2 
propynyl, 2-butynyl, 2-hexynyl, etc. Preferred R, R‘, 
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ate, 

2 
and R2 groups are alkyl of l to 3 carbon-atoms, espe- ' 
cially methyl. The preferred R3 groups is hydrogen. 
Representative hydroca'rbyl aryl R2 groups include 

phenyl, naphthyl, aralkyl of 7 to 10 carbon atoms, e.g., 
benzyl, Z-phenylethyl, 3-tolylpropyl, 4-phenylbutyl, 
and alkaryl of 7 to 10 carbon atoms, e.g., 2 
methylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4 
dimethylphenyl, 3,5-diethylphenyl and 4-t~butylphenyl. 
Representative halo substituted aryl R2 group include 
halophenyl of 1 to 2 ?uorine, chlorine or bromine 
atoms such as 2-fluorophenyl, 3-chlorophenyl, 4 
bromophenyl, 2,4-dichlorophenyl, 3,5-dibromophenyl, 
etc.; and haloaralkyl and haloalkaryl of 7 to 10 carbon 
atoms and 1 to 2 ?uorine, chlorine or bromine atoms 
such as 2-?uorobenzyl, 4-chlorobenzyl, 2,4 
dibromoben‘zyl, 2-(4-chlorophenyl)ethyl, 3-(2 
?uoraphenyl)propyl, 2-chloro-4-methylphenyl, 
3-?uoro-4-methylphenyl, 
etc. 
Representative N-alkoxyalkanoylphosphoroamido-r 

thioates of formula (I) are: O-allyl-S-methyl-N 
methoxyacetylphosphoroamidothioate, O-propargyl-S: 
methyl-N-ethoxyacetylphosphoroamidothioate, ‘O 
methyl-S-ethyl-N-ethyl-N-propoxyacetylphos 
phoroamidothioate, O~propyl-S-allyl-N 
methoxyacetylphosphoroamidothioate, O-methyl-S 
allyl-N-butoxyacetylphosphoroamidothioate, O 
methyl-S-methyl-N-pentoXyacetylphosphoroamidothi 
oate, O-methyl-S-methyl-N-hexoxyacetylphos 
phoroamidothioate, O~isopropyl-S 
isopropyl-N-3-methoxypropionylphosphoroamidothio 
ate, O-methyl-S_methyl-N- 3-ethoxypropionylphos 
phoroamidothioate, O-allyl-S-allyl-N 
isopropyl-N-3-propoxypropionylphosphoroamidothio 
ate, O-methyl-S-methyl-N-3-isopropoxypropionylphos 
phoroamidothioate, O-methyl-S-methyl-N-methyl-N-4 
methoxybutyrylphosphoroamidothioate, O-methyl-S 
methyl-N-4-propoxybutyrylphosphoroamidothioate, 
O-butyl-S-methyl-N-4-ethoxybutyrylphosphoroamido 
thioate, O-2-butenyl-S-butyl-N-5 
methoxypentanoylphosphoroamidothioate, O-methyl 
S-methyl-N-S-methoxybutanoylphosphoroamidothio 
ate, O-methyl-Smethyl-N-S-pentoxypentanoylphos 
phoroamidothioate, O-methyl-S~methyl-N-6 
methoxyhexanoylphosphoroamidothioate, O-methyl-S 
methyl-N-6-isopropoxyhexanoylphosphoroamidothio 
ate, O-methyl-S-pentyl-N-7-methoxyheptanoylphos 
phoroamidothioate, and O-‘methyl-S-methyl-N-7 
hexoxyheptanoylphosphoroamidothioate. 
Representative N-alkylthioalkanoylphos 

phoroamidothioate of formula (I) are: O-methyl-S~ 
allyl-N-methylthioacetylphosphoroamidothioate, O 
allyl-S-methyl-N-methylLN-ethylthioacetylphos 
phoroamidothioate, O-methyl-S-methyl-N 
propylthioacetylphosphoroamidothioate, O-propargyl 
S-methyl-N-butylthioacetylphosphoroamidothioate, 
O-rnethyl-S-methyl-N-pentylthioacetylphos 
phoroamidothioate, O-methyl-S-methyl-N 
hexylthioacetylphosphoroamidothioate, O-methyl-S 
methyl-N~3-methylthiopropionylphosphoroamidothi 

O-allyl-S-allyl-N-3-ethylthiopropionylphos 
phoroamidothioate, O-ethyl-S-ethyl-N-3 
isopropylthiopropionylphosphoroamidothioate, O 
methyl-S-methyl-N-3-propylthiopropionylphos 
phoroamidothioate, O-4-hexen'yl-S-methyl-N-3 
butylthiopropionylphosphoroamidothioate, O-methyl 
S-methyl-N-4-sec-butylthiobutyrylphosphoroamidothi~ 

3,5-dibromo-4-ethylphenyl,. 



3,868,449 
3 

oate, O-propyl-S-isopropyl-N-isopropyl-N-4 
methylthiobutyrylphosphoroamidothioate, O-methyl 
S-methyl—N-4-ethylthiobutyrylphosphoroamidothioate, 
O-allyl-S-methyl-N-S-methylthiopentanoylphos 
phoroamidothioate, O-allyl-S-methyl-N- 5 
ethylthiopentanoylphosphoroamidothioate, O-propyl 
S-2-pentenyl-N-6-methyllthiohexanoylphos 
phoroamidothioate, and O-hexyl-S—pentyl-N-7 
methylthioheptanoylphosphoroamidothioate. 
Representative N~aryloxyalkaonylphosphoroamido 

thioates of formula (I) are: O-methyl-S-methyl-N-p 
bromophenoxyacetylphosphoroamidothioate, O 
methyl-S-allyl-N-(3-methylphenoxy)acetylphos 
phoro'amidothioate, O-allyl-S-propargyl-N 
3-benzyl~oxypropionylphosphoroamidothioate and O 
methyl-S-methyl-N-4-(4-chlorophenoxy)butyrylphos 
phoroamidothioate. 
Representative N-arylthioalkanoylphosphoroamido 

thioates of formula (I) are: O-methyl-S-methyl-N-4 
chlorophenylthioacetylphosphoroamidothioate, O 
propargyl-S-methyl-N-isopropyl-N 
benzylthioacetylphosphoroamidothioate, O-ethyl-S 
methyl-N-3-(2,4-dichlorophenylthio)propionylphos 
phoroamidothioate, O-allyl-S-allyl-N-3-(4 
methylphenylthio)propionylphosphoroamidothioate 
and O-isopropyl-S-methyl-N-3-(p 
chlorobenzylthio)propionylphosphoroamidothioate. 
Representative N-alkoxyalkanoylphosphoroamidodi 

thioates of formula (I) are: S-methyl-S-allyl-N-methyl 
N-methoxyacetylphosphoroamidodithioate, S 
propargyl-S~methyl-N-ethoxyacetylphosphoroamidodi 
thioate, S-methyl-S-ethyl-N-propoxyacetylphos 
phoroamidodithioate, S-propyl-S-methyl-N 
methoxyacetylphosphoroamidodithioate, S-allyl-S 
allyl-N-butoxyacetylphosphoroamidodithioate, S 
methyl-S—methyl-N-pentoxyacetylphosphoroamidodi 
thioate, S-methyl-S-methyl-N-hexoxyacetylphos 
phoroamidodithioate, S-isopropyLS-isopropyl-N 
isopropyl-N-3-methoxypropionylphosphoroamidodi 
thioate, S-methyl-S-methyl-N-3-ethoxypropionylphos 
phoroamidodithioate, S-methyl-S-methyl-N-3 
propoxypropionylphosphoroamidodithioate, S-methyl 
S-methyl-N-3-isopropoxypropionylphosphoroamidodi 
thioate, S-2-butenyl-S-methyl-N-4 
methoxybutyrylphosphoroamidodithioate, S-methyl-S 
methyl-N-4-propoxybutyrylphosphoroamidodithioate, 
S-butyl-S-methyl-N- 4-ethoxybutyrylphos 
phoroamidodithioate, S-butyl-S-butyl-N 
5methoxypentanoylphosphoroamidodithioate, S 
methyl-S-methyl-N-S-methoxypentanoylphos 
phoroamidodithioate, S-allyl-S-allyl-N-S 
pentoxypentanoylphosphoroamidodithioate, S-methyl 
S-methyl-N-6-methoxyhexanoylphosphoroamidodithi 
oate, S-methyl-S-methyl-N-6-isopropoxyhexanoylphos 
phoroamidodithioate, S-methyl-S-pentyl-N-7 
methoxyheptanoylphosphoroamidodithioate. and S 
methyl-S-methyl-N-7-hexoxheptanoylphosp 
shoroamidodithioate. 
Representative N-alkylthioalkanoylphos 

phoroamidodithioate of formula (I) are: S-methyl-S 
methyl-N-methylthioacetylphosphoroamidodithioate, 
S-methyl-S-methyLN-ethylthioacetylphos 
phoroamidodithioate, S-methyl-S-methyl-N 
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methyl-N-butylthioacetylphosphoroamidodithioate, 
S-allyl-S-allyl-N-pentylthioacetylphosphoroamidodithi~ 
oate, S-methyl-S_methyl-N-hexylthioacetylphos 
phoroamidodithioate, S-methyl-S-methyl-N-3 
methylthiopropionylphosphoroamidodithioate, S 
methyl-S-methyl-N-3-ethylthiopropionylphos 
phoroamidodithioate S-ethyl-S-ethyl-N~3 
isopropylthiopropionylphosphoroamidodithioate, S 
methyl-S-methyl-N-3-propylthiopropionylphos 
phoroamidodithioate, S-methyl-S-methyl-N-3 
butylthiopropionylphosphoroamidodithioate, S 
methyl-S-methyl-N~4-sec-butylthiobutyrylphos 
phoroamidodithioate, I S-methyl-S-methyl-N-4 
methylthiobutyrylphosphoroamidodithioate, S-methyl 
S-methyl-N-4-ethylthiobutyrylphosphoroamidodithio 
ate, S-methyl-S-allyLN-isopropyl-N-5 
methylthiopentanoylphosphoroamidodithioate, S 
propyl-S-propargyl-N-S-ethylthiopentanoylphos 
phoroamidodithioate, S-propyl-S-butyl-N-6 
methylthiohexanoylphosphoroamidodithioate and S 
hexyl-S-pentyl-N-7-methylthioheptanoylphos 
phoramidodithioate. 
Representative N-aryloxyalkanoylphos‘ 

phoroamidodithioates of formula (I) are: S-allyl-S 
methyl-N~methyl-N-p~bromophenoxyacetylphos 
phoroamidodithioate, S-methyl-S-methyl-N-( 3 
methylphenoxy)acetylphosphoroamidodithioate, S 
ethyl-S-ethyl-3-benzyl0xypropionylphosphoroamidodi 
thioate and S-propargyl-S-methyl-N-4-(4 
chlorophenoxy)butyrylphosphoroamidodithioate. 

Representative N-arylthioalkanoylphos 
phoroamidodithioates of formula (I) are: S-methyl-S 
methyl-N-4-chlorophenylthioacetylphosphoroamidodi 
thioate, S-allyl-S-allyl-N-benzylthioacetylphos 
phoroamidodithioate, S-ethyl-S-methyl-N-3-(2,4 
dichlorophenylthio)propionylphosphoroamidodithio 
ate, S-methyl-S-methyl-N-3-(4 
methylphenylthio)propionylphosphoroamidodithioate 
and S-isopropyl-S-propargyl-N~propyl-N-3-(p 
chlorobenzylthio)propionylphosphoroamidodithioate. 
The preferred compounds of formula (I) are O,S 

dialkyl-N-alkoxyalkanoylthiophosphorothioate (Y and 
X are oxygen). The most preferred compounds are 0, 
S-dialkyl-N-alkoxyalkanoylphosphoroamidothioates 
wherein R, R‘ and R2 are alkyl of l to 3 carbon atoms, 
n is l or 2, or R3 is hydrogen. 
The compounds of formula (I) may be prepared by 

acylating an appropriate O-hydrocarbyl-S 
hydrocarbylphosphoroamidothioate or S-hydrocarbyl 
S~hydrocarbylphosphoroamidodithioate. o-alkyl-S 
alkylphosphoroamidothioates and their preparation are 
disclosed in U.S. Pat. No. 3,309,266. O-alkyl-S 
unsaturated hydrocarbylphosphoroamidothioates and 
their preparation are disclosed in U.S. Pat. No. 
3,649,723. ' 7 _ 

Conventional acylating agents, such as acyl halides, 
ketenes and acid anhydrides and conventional acylat 
ing conditions may be used in this reaction. Alkoxyal 
kanoyl and alkylthioalkanoyl chlorides are preferred 
acylatingagents. 
This acylation reaction (illustrated with an acyl chlo 

ride as the acylating agent) may be represented by the 
propylthioacetylphosphoroamidodithioate, S-allyl~S- following equation: 

RY (T) 0 R-Y\(T) (H) 
P—NH + R2—-X—(CH2)n Cl —> P—N—C(CH2)n—X-R1 + HCl 

R16 3 R1s/ 11% 
(II) (III) (IV) (1) 
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wherein R, R‘, R2, R“, Y, X, and n have the same signif 
icance as previously de?ned. This acylation will usually 
be carried out at about 0° to 60°C. in the presence of’ 
solvents such a methylene chloride, chloroform, tetra 
hydrofurnn and benzene. Pressure is not critical in this 
reaction. For convenience, atmospheric or autogenous 
pressure will be used. Under normal conditions, stoi 
chiometric proportions or a slight deficiency of acylat 
ing agent will be used. The acylation will usually take 
2 to 24 hours to reach completion. The reaction prod 
uct may be purified by conventional extraction and re 
crystallization techniques. 
N-acylated phosphoroamidothioates of this invention 

may also be prepared by acylating an appropriate 0,0 
dialkyl phosphoroamidothionate and then isomerizing 
the resulting N-acylphosphoroamidothionate with an 
alkylating agents to produce the O-alkyl-S-alkyl-N 
acylphosphoroamidothioate. This reaction scheme is 
represented (using an acyl chloride as the acylating 

wherein R” represents an alkylating agent correspond 
ing to R‘. This acylation may be carried out by the same 
techniques described above for the acylation reaction 
depicted in equation (1). The acylation reaction (2) is‘ 
also described in applicant’s U.S. application Ser. No. 
148,139, filed May 28, 1971. The reaction between the 
N-acylphosphoroamidothionate and the alkylating 
agent may be done according to the procedures de 
scribed in US. Pat. No. 3,309,266 for reacting 0,0 
dialkylphosphoroamidothionate with an alkylating 
agent. 
Suitable alkylating agents represented by R1+ include 

alkyl, alkenyl, and alkynyl halides, particularly iodides, 
e.g., methyl iodide, ethyl iodide, allyl iodide, propargyl 
iodide, butyl iodide, etc. and dialkyl/dialkenyl sulfates, 
e.g., dimethyl sulfate, diethyl sulfate, diallyl sulfate and 
dihexyl sulfate. 

Alternatively, the 0,0-dihydrocarbyl-N-acylphos 
phoroamidothioate (VI) can be converted to the O,S 
dihydrocarbylphosphoroamidothioate (VII) by treating 
the 0,0-compound (VI) with a sodium alkyl mercap 
tide (VIII) to form the S-sodium salt and alkylating the 
S-sodium salt to form the O,S-compound (VII). This 
reaction scheme is represented by the following equa 
trons: 

(VI) (VIII) 

5 

20 

25 

35 

40 

50 

55 

65 

(5) 

wherein R4 is alkyl. 
The metalation reaction depicted in equation (4) is 

conducted by contacting substantially equimolar 
amounts of the reactants (VI) and (VIII) in the liquid 
phase in an inert solvent at a temperature of 
10°-100°C. The reaction is complete within 10 hours, 
more usually in 5 hours or less. The sodium salt product 
(IX) may be used for further reaction without separa 
tion. 
The alkylation of the sodium salt (IX) is effected by 

mixing substantially equimolar amounts of sodium salt 
(IX) and the alkylating agent R1+ in an inert solvent at 
a temperature of in the range of 0°—80°C, preferably 
25°-60°C. The product (VII is isolated by conventional 
methods, e.g., extraction, chromatography, etc. 
The phosphoroamidothioate compounds may also be 

prepared by amidating an appropriate 0,0 
dihydrocarbylphosphorothiochloridate to obtain an O, 
O-dihydrocarbyl-N-acylphosphoroamidothioate and 
isomerizing said N-acylphosphoroamidothioate with an 
alkylating agent as described above. This ‘reaction 
scheme is illustrated by the following set of equations: 

R0 
\ l 

RIS/ “ (7) 
__, .. WU). .. . 

The S-hydrocarbyl-S-hydrocarbylphos~ 
phoroamidodithioate can be prepared by the reaction 
of phosphorous oxychloride with a mercaptan followed 
by amidation of the resulting S-hydrocarbyl-S 
hydrocarbylphosphoroamidodithioate. The ?rst step of 
the synthesis involves the addition of 2 moles of a mer 
captan to 1 mole of phosphorous oxychloride_(POCl3) 
according to the following equations (if R and R‘ are 
the same, a single reaction can be carried out): 

0 O 
T T 

CI-P-Cl + RSH ———> RS-P-CI + 1101 

1 l (8) 
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The above reactions are preferably carried out in the 
presence of a weak base, such as the organic amines, 
for example pyridine, dimethyl aniline, triethyl amine, 
etc. The base is preferably present in an amount at least 
equal to the moles of mercaptan. An inert organic sol 
vent, such as diethyl ether, tetrahydrofuran, dioxane, 
dichloromethane, etc. may be present. The reaction 
temperatures are generally in the range of 0° to 13°C., 
preferably 0° to 5°C. The reaction time necessary to 
complete the addition of the mercaptan to the phos 
phorous oxychloride will range from about 1 to 10 
hours. The S-hydrocarbyl-S-hydrocarbylphosphoro 
chloridodithioate product can be puri?ed by distilla 
tion, crystallization or chromatography, if desired. 
The second step of the preparation, i.e. amidation, is 

carried out by adding gaseous ammonia or an amine to 
a solution of the S-hydrocarbyl-S 
hydrocarbylphosphorochloridodithioate according to 
the following equation: 

RS RS 

RlS/ 138$. . .992 

wherein R, R‘ and R3 have the same significance as pre 
viously defined. 
The reaction is preferably carried out in an inert or 

ganic solvent, such as benzene, toluene, xylene and the 
like, at temperatures in the range of 10° to 75°C., pref 
erably 40° to 60°c. Completion of the reaction is indi 
cated by cessation of ammonium chloride precipita 
tion. Following the reaction, the crude product can be 
isolated by filtration and then separated from ammo 
nium chloride by selective extraction with a solvent, 
such as acetone, methanol or similar organic materials. 
The 0,0-dihydrocarbylphosphoroamidothioate com 

pounds used to prepare the compounds of the inven 
tion are prepared by the following reactions: 

The above reactions 11-13 are conducted by essen 
tially the same procedures described for reactions 
8-10. 

EXAMPLES 
The following examples described methods which 

may be used to prepared the phosphoroamidothioates 
and phosphoroamidodithioates of this invention. Rep 
resentative compounds prepared by these methods are 
tabulated in Table I. 

EXAMPLE I 

Preparation of O,S-dimethyl-N-methoxyacetylphos 
phoroamidothioate. ’ 
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8 
A mixture of 45 g (0.5 mole) methoxyacetic acid and 

80 g (0.675 mole) thionyl chloride was heated at 50°C. 
for 30 minutes. The reaction mixture was evaporated 
under reduced pressure to give the crude methoxya 
cetyl chloride. ’ 
A 15.5 g sample of the crude methoxyacetyl chloride 

was added to 20 g (0.142 mole) O,S-dimethylphos 
phoroamidothioate in 80 ml methylene dichloride. The 
reaction mixture was re?uxed for 3 hours and then 
poured into 50 ml of water. The mixture was neutral 
ized with aqueous sodium bicarbonate solution and ex 
tracted with methylene dichloride. The methylene di 
chloride extracts were dried over magnesium sulfate, 
?ltered and evaporated under reduced pressure to give 
the crude product. The crude was chromatographed on 
silica (methylene dichloride/acetone eluant) to give the 
product as an oil. The elemental analysis of this prod 
uct is tabulated in Table I. 

EXAMPLE II 

Preparation of O,S-dimethyl-N-ethylthioacetylphos 
phoroamidothioate. 
A mixture of 14.1 g (0.1 mole) O,S-dimethylphos 

phoroamidothioate, 13.8 g (0.1 mole) ethylthioacetyl 
chloride and 40 ml methylene dichloride was re?uxed 
for 2 hours. The reaction mixture was worked-up and 
purified by chromatography on silica by a procedure 
similar to that of Example I. The elemental analysis of 
this product is tabulated in Table 1. 

EXAMPLE Ill 

Preparation of O,S-dimethyl-N-phenoxyacetylphos 
phoroamidothioate. 
A mixture of 5 g 0,0-dimethyl-N 

phenoxyacetylphosphoroamidothioate and l g di 
methyl sulfate in 5 ml'chloroform was re?uxed for 
about 3 hours (70°-80°C.). The reaction mixture was 
chromatographed on silica (methylene chloride/ace 
tone eluants) to give the product. Elemental analysis on 
this product is tabulated in Table 1. 

EXAMPLE IV 

Preparation of O,S-dimethyl-N 
phenylthioacetylphosphoroamidothioate. 
A mixture of 9 g 0,0-dimethyl-N 

phenylthioacetylphosphoroamidothioate, 1.8 g di 
methyl sulfate and 9 ml chloroform was refluxed for 
about 3 hours. The crude reaction mixture was chro 
matographed in silica (methylene dichloride/hexane 
eluants) to give the product. Elemental analysis on the 
product is tabulated in Table I. 

EXAMPLE V 

Preparation of O,S-dimethyl-N-bromoacetyl 
phoroamidothioate. 1 

This compound was prepared by the reaction of O,S 
dimethylphosphoroamidothioate and bromacetyl chlo 
ride in methylene chloride by a procedure similar to 
that of Example IV. The product was puri?ed by chro 
matography or silica (methylene dichloride/acetone 
eluants). Elemental analysis on the product is tabulated 
in Table I. . 

EXAMPLE VI 

Preparation of S,S-dimethyl-N-acetylphos 
phoroamidodithioate. . 

A solution of 73.2 g (0.48 mole) of phosphorous oxy 
chloride in 300 ml of dry diethyl ether was charged to 
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a 1 liter ?ask at a temperature of 0°C. A solution of 
76.2 g (0.96 mole) of pyridine and 49 g (1.0 mole) of 
methyl mercaptan in 400 ml. of diethyl ether was added 
slowly to the ?ask containing phosphorous oxychloride 
over a 2-hour period of time, maintaining the tempera- - 
ture from 0°C. to 5°C. The mixture was then stirred for 
an additional 6 hours at temperatures of 0° to 10°C. 
After 18 hours of standing at 0°C. the crude reaction 
product was separated from the solid residue, stripped 
of solvent and puri?ed to give 31.7 g of a liquid S,S 
dimethylphosphorochloridodithioate. 
The above S,S-dimethylphosphorochloridodithioate 

was then charged with 500 ml of toluene to a 1 liter 
?ask and ammonia gas added slowly at a temperature 
of 50° to C. When the temperature started to drop, am 
monia addition was stopped. The reaction was held at 
50°C. for 1/2 hour and then cooled to room temperature 
and filtered. The filtrate was stripped of solvent under 
vacuum, then purified to give 6.6 g of S,S 
dimethylphosphoroamidodithioate. The compound 
had a melting point of 103°-105°C., and the following 
N, S, P analysis: 

Calculated Found 

‘A N 8.9 9.65 
‘7c 5 41.0 38.1 
'7: P 19.7 19.2 

S,S-dimethylphosphoroamidodithioate was dissolved 
in 250 ml of dichloromethane and charged to a 500 ml 
flask. 39.3 g 90.5 mole) of acetylchloride was added. 
The solution was re?uxed for 2 hours and stored at 
room temperature for 18 hours. The dichloromethane 
and excess acetylchloride were removed by evapora 
tion and the product dissolved in 250 ml of dichloro 
methane to which was added 250 ml water containing 
sufficient calcium hydroxide to give a pH of 7 after 
thorough mixing. The organic phase was separated 
from the aqueous phase and the S,S-dimethyl-N 
acetylphosphoroamidodithioate recovered from the or 
ganic phase as an oil (3.7 g). Analysis was as follows: 
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10 
(PSC13) at 0°-10°C. The resulting reaction mixture was 
cooled in a DRY-lCE/acetone both while 80 g (1 mole) 
a 50% sodium hydroxide solution was added. After the 
addition was completed, the reaction mixture was 
stirred at about 25°C forl 1 hours, diluted with 200 
ml water and 50 ml chloroform. The organic phase was 
separate, dried over magnesium-sulfate, filtered and 
evaporated under reduced pressure. The residue was 
distilled to 31.3 g of 0,0-diallylphosphorochloridothio 
ate, b.p. 72°—74°C (0.15 mm Hg). 
The above 0,0-diallylphosphorochloridothioate (30 

g) and 500 ml benzene were then charged to a ?ask and 
ammonia (10 g) in 100 m1 benzene was slowly added. 
A heavy precipitate was formed in an exothermic reac 
tion. The reaction was evaporated to give a cloudy 
white liquid. The liquid was diluted with 50 ml methyl 
ene chloride and re?uxed with 10 g of ammonium hy 
droxide for V2 hour. The organic-layer was washed with 
water, dried over magnesium sulfate, ?ltered‘ and evap 
orated to give 20 g of 0,0-diallylphosphoroamidothio 
ate. 

A 10 g (0.0518 mole) sample of the above 0,0 
diallylphosphoroamidothioate, 6 g (0.059 mole) acetic 
anhydride, 40 ml methylene chloride and 1 ml phos 
phoric acid was re?uxed for 3 hours. The reaction mix 
ture was diluted with 50 ml water and 100 ml aqueous 
saturated ammonium chloride solution. The aqueous 
solution was extracted with methylene chloride. The 
methylene chloride extracts were washed with aqueous 
ammonium chloride solution, dried over magnesium 
sulfate and evaporated to give 10.4 g of 0,0-dial1yl-N 
acetylphosphoroamidothioate. 
A mixture of 10 g (0.0425 mole) of the above 0,0 

diallyl-N-acetylphosphoroamidothioate, 4.3 g (0.0425 
mole) sodium n-butyl mercaptide and 40 ml methanol 
was re?uxed for 4 hours and then evaporated under re 
duced pressure to give the crude S-sodium-O-allyl-N 
'acetylphosphoroamidothioate salt. The salt, 6 g di 
methyl sulfate and 40 ml acetonitrile were then re 
?uxed for 25 hours. A heavy precipitate formed. The 
reaction mixture was filtered and the ?ltrate was evap 

calculated Found orated under reduced pressure to give 9 g of a yellow 
liquid residue. The residue was chromatographed on 

277°‘: 3;?3 3%? 45 silica (hexane/methylene chloride/acetone eluants) to 
'72 P 15.52 14.08 give the S-methyl-O-allyl-N-acetylphosphoroamidothi 

_ oate product as an oil. Elemental analysis for 
CGHHNOSPS showed: 

EXAMPLE V11 

Preparation. of O-allyl-S-methyl-N-acetylphos- 50 Calculmed Found 
phoroamidothioate. 
A 68 g (1.1 mole) sample of allyl alcohol was added ‘677% g :g-g lg-gl 

dropwise to 84 g (0.5 mole) phosphorous thiochloride ” ' ' ' 

TABLE I 

No. Compound Melting Point Elemental Analysis 
%P ‘708 

Cale. Found Cale. Found 

1 0.S~dimethyl-N-methoxyacetyl- _ 
phosphoroamidothioate 01] 14.53 13.70 6.59 6.25 

2 O.S-dimethyl-N~3-methoxypropiony1- _ 
phosphoroamidothioate 011 13.61 13.23 6.15 5.85 

3 0.5-dimethyl-N-3-hutoxypropionyl- _ 
phosphoroamidothioate 011 11.5 10.5 1 1.9 11.1 

4 O.S-dimethyl-N-3-isopropoxypropionyl 
phosphoroamidothioate oil 12.1 1 1.93 12.55 12.13 

5 O,S-dimethyl-N-eth lthioacetyl- _ 
phosphoroamidot ioate 011 12.72 11.72 — — 

6 O,S-dimethyl-N-3-methylthiopropionyl 
phosphoroamidothioate 133-135 12.7 11.0 - - 
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TABLE I 7- Continued’ 

No. Compound Melting Point Elemental Analysis 
%P ‘705 

Calc'. Found Calc. Found 

7 O,S<dimethyl-N-4-methy1thiobutyry1 
phosphoroamidothioate 76-78 12.02 12.27 — - 

8 O.S-dimethyl-N-phenoxyacetyl 
phosphoroamidothioate oil 11.25 10.82 1 1.62 1 1.68 

9 O,S~dimethyl-N-Z,4-dichlorophenoxyacetyl 
phosphoroamidothioate 95—100 7.8 9.0 ~— -— 

l0 O,S-dimethyl-N-phenylth ioacetyl 
phosphoroamidothioate oil 10.6 10.15 22.8 20.62 

1 l S,S-dimethyl-N-acetylphos horoamidodithioate oil 15.52 14.08 32.1 31.04 
12 O~allyl-S-methyl-N'acety1p osphoroamidothioate oil 14.8 14.62 15.4 15.8 

UTILITY 

The compounds of this invention were tested as fol 
lows to illustrate their insecticidal activity. Test results 

An acetone solution of the candidate toxicant con 
taining a small amount of nonionic emulsifier was di 
luted with water to 30 ppm. cucumber leaves infested 
with the cotton aphids were dipped in the toxicant solu 

are reported "1 Table II- 20 tion. Mortality readings were then taken after 24 hours. 

TABLE 11 

Compound No. 1 ‘7a Mortality 
Cabbage 
Looper Cockroach Housefly Mite Aphid 

1 100 100 100 100' 90 
2 2O 90 96 70 O 
3 30 0 0 96 (30 ppm) 0 
4 10 94 100 (100 ppm) 39 (30 ppm) 0 
5 90 100 100 90 22 
6 O 100 60 94 15 
7 O 100 60 30 39 
8 100 (625 ppm) 100 100 100 — 
9 100 100 90 39 (30 ppm) 0 
I0 100 (625 ppm) 94 30 99 85 
l l 0 60 100 97 98 
12 90 100 100 85 (40 ppm) 90 

TEST PROCEDURES 

Cabbage lopper (Trichoplusia ni): 
An acetone solution of the candidate toxicant con 

taining a small amount of nonionic emulsifier was di 
luted with water to 500 ppm. Cabbage leaf sections 
were dipped in the toxicant solution and dried. The sec 
tions were then infested with cabbage looper larve. 4 
Mortality readings were taken after 24 hours. 
American Cockroach (Periplaneta americana L.): 
A 500 ppm acetone solution of the candidate toxi 

cant was placed in a microsprayer (atomizer). A ran 
dom mixture of anesthetized male and female roaches 
was placed in a container and 55 mg. of the abovede 
scribed acetone solution was sprayed on them. A lid 
was placed on the container. A mortality reading was 
made after 24 hours. 
Housefiles (Musca domestica L.): 

40 

50 

A 500 ppm acetone solution of the candidate toxi- 55 
cant was placed in a microsprayer (atomizer). A ran~ 
dom mixture of anesthetized male and female ?ies was 
placed in a container and 55 mg. of the above— 
described acetone solution was sprayed on them. A lid 
was placed on the container. A mortality reading was 
made after 24 hours. 
Two-spotted Mites (Tetramuchus urticae): 
An acetone solution of the candidate toxicant con 

taining a small amount of nonionic emulsifier was di 
luted with water to 100 ppm. Pinto bean leaves which 
were infested with mites were dipped in the toxicant so 
lution. Mortality readings were taken after 24 hours. 
Aphids (Aphis gossypii Glover): 

60 

65 

In addition to the speci?c formulations and applica 
tion techniques described above, one or more of the 
compounds of this invention may be applied in other 
liquid or solid formulations to the insects, their envi 
ronment or hosts susceptible to insect attack. For ex 
ample, they may be sprayed or otherwise applied di 
rectly to plants or soil so as to effect control of insects 

5 coming into contact therewith. 
Formulations of the compounds of this invention will 

comprise a toxic amount of one or more phos 
phoroamidothioate and/or phosphoroamidodithioate 
and a biologically inert carrier. Usually they will also 
contain a wetting agent. Solid carriers such as silica, 
clay, talc, sawdust and the like may be used in such for 
mulations. Liquid diluents which may be used with 
these compounds include water and aromatic solvents. 
In addition these formulations may contain other com 
patible pesticides, plant growth regulators, fillers, stabi 
lizers, attractants and the like. 
The term “insecticide” and “insect” as used herein 

refer to their broad and commonlyunderstood usage 
rather than to those creatures which in the strict biolog 
ical sense are classi?ed as insects. Thus, the term “in 
sect" is used not only to include small invertebrate ani 
mals belonging to the class lnsecta but also to other re 
lated classes of arthropods whose members are seg 
mented invertebrates having more or fewer than six 
legs, such as spiders, mites, ticks, centipedes, worms 
and the like. 
As will be evident to those skilled in the art, various 

modifications of this invention can be made or fol 
lowed, in the light of the foregoing disclosure and dis 
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cussion, without departing from the spirit or scope of 
the disclosure or from the scope of the following 
claims. 

I claim: 
1. An insecticidal composition comprising an insecti 

cidally effective amount of a compound of the formula 

wherein R and R‘ individually are alkyl, alkenyl or al 
kynyl of up to 6 carbon atoms, Y and X individually are 
oxygen or sulfur, n is a whole number of from 1 to 6, 
R2 is alkyl of l to 6 carbon atoms, aryl of up to 10 car 
bon atoms substituted with up to 2 fluorine, chlorine or 
bromine atoms, and R3 is hydrogen or alkyl of l to 6 
carbon atoms, in a biologically inert carrier. 

2. The composition of claim 1 wherein R and R‘ indi-, 
_vidually are alkyl of up to 6 carbon atoms. 

3. The composition of claim 2 wherein R2 is alkyl of 
l to 6 carbon atoms and Y and X are oxygen. 
4. The composition of claim 2 wherein R, R‘ and R2 

are alkyl of l to 3 carbon atoms and n is l or 2, and R3 
is hydrogen. 

5. The composition of claim 1 wherein the compound 
is O,S-dimethyl-N-methoxyacetylphosphoroamidothio 
ate. 

6. The composition of claim 2 wherein R2 is alkyl of 
l to 6 carbon atoms, Y is oxygen and X is sulfur. 

7. The composition of claim 6 wherein R, R‘ and R2 
are alkyl of l to 3 carbon atoms, R3 is hydrogen and n 
is l, 2 or 3. 

8. The composition of claim 7 wherein R and R‘ are 
methyl, R2 is ethyl, and n is l. 

9. The composition of claim 2 wherein R2 is phenyl 
substituted with up to 2 fluorine, chlorine or bromine 
atoms and n is l. 
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10. The composition of claim 9 wherein R and R‘ are 
methyl, R2 is phenyl, Y is oxygen and X is oxygen. 

11. A method of killing insects which comprises con 
tacting said insects with an insecticidally effective 
amount of a compound of the formula 

0 

R-Y o c- (CH2) -X-R2 
+ n 

P-N 

wherein R and R‘ individually are alkyl, alkenyl or al 
kynyl of up to 6 carbon atoms, Y and X individually are 
oxygen or sulfur, n is a whole number of from l to 6, 
R2 is alkyl of l to 6 carbon atoms, aryl of up to 10 car 
bon atoms substituted with up to 2 ?uorine, chlorine or 
bromine atoms, and R3 is hydrogen or alkyl of l to 6 
carbon atoms. 

12. The method of claim 11 wherein R and R‘ indi 
vidually are alkyl of up to 6 carbon atoms. 

13. The method of claim 12 wherein R2 is alkyl of 1 
to 6 carbon atoms and Y and X are oxygen. 

14. The method of claim 12 wherein R, R‘ and R2 are 
alkyl of l to 3 carbon atoms and n is l or 2, and R3 is 
hydrogen. 

15. The method of claim 11 wherein the compound 
is O,S-dimethyl-N-methoxyacetylphosphoroamidothio 
ate. 

16. The method of claim 12 wherein R2 is alkyl of l 
to 6 carbon atoms, Y is oxygen and X is sulfur. 

17. The method of claim 16 wherein R, R‘ and R2 are 
alkyl of l to 3 carbon atoms, R3 is hydrogen and n is l, 
2 or 3. 

18. The method of claim 17 wherein R and R‘ are 
methyl, R2 is ethyl, and n is l. 

19. The method of claim 12 wherein R2 is phenyl sub 
stituted with up to 2 ?uorine, chlorine or bromine 
atoms and n is 1. 

20. The method of claim 19 wherein R and R‘ are 
methyl, R2 is phenyl, Y is oxygen and X is oxygen. 


