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[57) ABSTRACT

This invention relates to novel phosphoramidates of the
formula:

X Z YR}
I |
Rl-—NH—-c-—Ii.r—P\

R2 SR4

wherein
R!is (Cs-Cio) aryl optionally substituted with alkyl,
alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, dial-
kylamino, haloalkyl, hydroxyalkyl, cyano, nitro,
hydroxy, or halogen;
R2 is hydrogen[[, alkyl, cycloalkyl, alkenyl, or op-
tionally substituted aralkyl or aryl}
R3 is (C1-Ce) alkyl;
R4 is (C3~Cy) alkyl; X is sulfur; and
[X,] Y and Z are independently oxygen or sulfur;
and the agronomically acceptable metal salts and metal
salt complexes thereof; to compositions containing

them; and to methods of using them to control certain
harmful pests, e.g. arthropods and nematodes.

10 Claims, No Drawings
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ARTHROPODICIDAL AND NEMATOCIDAL
| PHOSPHORAMIDATES

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This invention relates to novel phosphoramidates, to
compositions containing them, and to methods of using
them to control certain harmful pests.

The novel compounds of this invention can be repre-
sented by the formula:

X Z YR3 (I)

| 0/

Rl=NH=C—N—P
TN
RZ

SR*4
wherein

R!is a (C¢-Cip) aryl, preferably phenyl, group, op-

tionally substituted with up to five, but preferably

up to three, (Ci-Cy) alkyl groups, (C,-C4) alkoxy
groups, (C1-Cs) alkylthio groups, (C;-Ca) alkylsul-

finyl groups, (C{-C4) alkylsulfonyl groups, di-

(C1-C4) alkylamino groups, (Ci-Cs4) haloalkyl

groups, (Ci1—-C4) hydroxyalkyl groups, cyano

groups, nitro groups, hydroxyl groups, or halogen
atoms;

RZis

f(a)} a hydrogen atom;

f(b) a (C1-Cygp) alky! group, preferably a (C1-Cj)
alkyl group]

f(c) a (C3-Cs) cycloalkyl group, preferably a
(Cs5-C7) cycloalky! group}

I (d) a (C3-Cg) alkenyl group, preferably a (C3-Ca4)
alkylenyl group]

[ (¢) an optionally substituted aralkyl group of up
to 11 carbon atoms, preferably an unsubstituted
benzyl group; or}

[ (f) an optionally substituted (Cs-Cio) aryl group,
preferably an unsubstituted phenyl group}

R3 is a (C1-Cs) alkyl group, preferably a (Ci-Cy)

alkyl group;

R4 is a (C3-Cy) alkyl group;

X is [an oxygen or]} a sulfur atom;

Y is an oxygen or sulfur atom, preferably an oxygen

atom; and

Z is an oxygen or sulfur atom, preferably an oxygen

atom;

and the agronomically acceptable metal salts and metal
salts complexes thereof.

The metal salts of this invention are the alkali and
alkaline earth metal salts of the compounds of Formula
I. The preferred metal salt is the sodium salt.

The metal salt complexes of this invention are repre-
sented by the following formula which is presented for
illustrative purposes only:

(IT)

X YR

Z
| 0/
R!—NH—C—N—P
I ™~
RI

M(W)p . (H20)m

wherein
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R!, R2, R3, R4 X, Y, and Z are as defined for For-
mula I;

M is a metal cation which can be selected from
groups IIA, IIA, IB, IIB, VIIB, and VIII of the
periodic table;

W is an anion such as chloride, bromide, iodide, sul-
fate, bisulfate, phosphate, nitrate, perchlorate, car-
bonate, bicarbonate, hydroxide, acetate, oxalate,
malate, citrate, and the like;

m is an integer of 1-2;

m’ is an integer of 1-2; and

m” is an integer of 0-4.

Among the compounds depicted by Formula 1l
above, the preferred compounds are those wherein the
metal cation is a transition metal such as copper, zinc,
nickel, cobalt, tin, cadmium, or manganese; or an alka-
line earth metal such as calcium or magnesium, and
wherein the anion is chloride, bromide, nitrate, sulfate
or hydroxide. The most preferred salts are those
wherein the metal cation is copper, zinc, nickel, cobalt,
tin, cadmium or manganese, and the anion is hydroxide.

In Formulas I and II above, R?is preferably a hydro-
gen atom.

The preferred compounds of this invention possess
especially enhanced nematocidal and arthropodicidal
(e.g. acaricidal and insecticidal) activity, and can be
represented by the formula:

A, (1)
X' O R
| I/
NH—C~=NH—P
\
SR®
wherein

A is independently:

(a) a (C1-C4) alkyl group, preferably a methyl
group;

(b) a (C1-C4) alkoxy group, preferably a methoxy
group;

(c) a (C1-C4) alkylthio group, preferably a meth-
ylthio group;

(d) a di-(C;—C4) alkylamino group, preferably a
dimethylamino group;

(e) a trihalomethyl group, preferably a trifluoro-
methyl group; or

(N a halogen atom, preferably a chlornne atom;

R3 is a (C;—-C4) alkylthio group, preferably a pro-
pylthio group, or a (C1-C4) alkoxy group, prefera-
bly an ethoxy group;

R6 is a (C3-C4) alkyl group, preferably a n-propyl
group, an isobutyl group, or a sec-butyl group;

X' is [an oxygen or} a sulfur atom, preferably an
oxygen atom; and

n is an integer from O to 3, preferably from O to 2;
and the agronomically acceptable metal salts and metal
salt complexes thereof;

Among the preferred compounds, the most preferred
are compounds wherein R3 is an ethoxy group and R®is
an isobutyl group or a sec-butyl group.

As used in the specification and claims, the terms
alkyl, alkenyl, alkoxy, alkylthio, alkylsulfinyl, alkylsul-
fonyl, haloalkyl, hydroxyalkyl, dialkylamino, and aral-
kyl, are meant to include branched as well as straight
chain groups. |

Representative R! substituents include, for example,
phenyl, 2-chlorophenyl, 3,4-dichlorophenyl, 2,4,6-tri-
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chlorophenyl, 4-bromophenyl, 4-bromo-Z-chlorophe-
nyl, 4-fluorophenyl, 3#-triﬂum"nmethﬂphenyi 4-chloro
ethylphenyl, 2,4-dimethyipheny!. 2,5 -dimethylphenyl,
2-chloro-4-methyiphenvi,  Z2,4-dichloro-3, 5-dimethvi-
phenyl, 2-ethyl-4-methoxyphenyl, 4-butviphenyl, 3-
methyithiophenyi, 4-methyisuliinylphenyl, dmethyl-
sulfonylphenyl, 5-mcihor vphenyl, 2-cthoxyphenyl, 4-
diethylaminophenvyl, $-nitropnhenyl, 2-chloron-4-
nitrophenyl, 2-cyanophenyl, 2.4 dilidroxyphenyl, 4-
hydroxybutylphenyl, naphibhyl, 4.6-dichioronapntiivl,
2-methylnaphthyl., 3-mett yi-5-methoxynaphthyl, 3.5-
ditrifluoromethylnaphthvi, and the Gke.

[ Representative K- substituents snctude. for example,
hydrogen, methyi, buivi, isc prum hexvi, cvelopentyl,
cyclohexyl, allyi, 3-butenvi, d-moithyB2-pentenyl,
phenyl, 4-nitrophenvi. 2. 5-dchinrophenyl, hl’;”.‘ﬂEI‘}FL 35
dimethylbenzyl, 4- Li'hu- Thersr eyl ri-imethyl-
benzyl, naphthy!, J-roethyn, mnfmk ‘-ﬂ_"‘_:.'wa_sli._,-LHFDI‘EF!‘EHPI’E."E-
hyi, and the like. §

Representative K- substituents include, for example,
methyl, ethyl, propyl, sopropyl, butvl, sobutvl, sec-
butyl, neopentyl, pentyil, hexvl and the Like

Examples of the compowinis embraced by this inven-
tion include; |

S-(l-methylpropyl} W-phenviaminothiocarbonvl O-

propy! phosphoramidoibioats

[O,S-dipropyl N-meth ] MNghenviamnothiocarbo-

nyl ph[‘rﬂph{)rﬂmid{ﬂhiﬂduﬁ,j

[O-butyl S-(2-miethviprooyiy - g'}?'leﬂ i N-

phenylamimothioccarbonyl nhosshorsmidothionie

O-ethyl MN-(Z-methviphenyDaminothiocarbonvl S-(1-

methylpropyl) phosphoramidothoate

O-ethyl N-(4-methoxyphieny Dammothiccarbonyl

methylethyl phosphoranudothinate

O-ethyl  S-(i-methoxypropyhy N2 -methyithio-

phenyl]ammmafnm.;dn,muy! nhosnhoramidothoate

O-ethy:  S-(2-methylpronyl)  N-(4-m-thvisulionvl-

phenylaminothiccarbonyi phosphoramidothioate

O-ethyl  S-(i-methylpronyl)  N-(4-ethyisulfinyl-

phenyllaminetthiocarbonyi phosphoramidothioate

3; h |_|"h,,_..-1'tr f '|.E l' iy,

~-

O-ethyl N-(3-methyl 4 methyithiophenylammaothi-
ocarbony!l 5-(1-metievipropyit nhosphoramidothio-
ate

[ N-allyl O-ethyl S<l-methylpropyi)
phenylDaminothiocarbony? phospho
ate ¥

N-(4-cyanophenyhiammothiocarbonyl O-ethy
methylpropyiy chosphoramidothioale

N-(4-diethylaminophenyhaminotinocarbonyl
&t}wl S (1 m-ﬁ*hmpl opy eﬁ O w-p]w mm

N-{4-nitro-
rarmidothio-

$(1-

{3
Hioate
iJ-ethyl
S-pm;‘ayl phmphm arpric f_..h.;ma_a,.
[N-(3,5-dichlorophenylaminothiccarbuny! G-ethyl
N-(4-methylbenzyly S+ meihvipropyD)  nhos-
phoramidothicatc 3
N-(2-bromo-4-chicronhenvilamigothiccarbonyl O-
ethyl S-methylethyl phosphoramidaibioate
S-butyl  N-{3 5-dichioropbenyi
O-ethyl phosphoiamidothicase
N-(2,4-dichloropheinyDamuzothiccarboay] rmethyl
S-(I-methyipropyvh [_}hlf'."r"ﬁ[‘lhiﬁl'EHIliﬂﬂﬂ‘i!_[}H&'E1“'.‘..
N-(3.4-dichlorophenyilammaiinorarbony! L
S-(i-methylpropyl) phosphorando hiveis
N-(3,5-dichlorophenyDannuothicesrbonyd
pyl phosphoramidodithioate
N-{2,4-dichloropheny immmw hiocuTheriy
(ImethylpropvD) phosmhoramiidor ovib

e e gy eomBe .yl
srnnmothiioe oy

ﬂ#ﬁ?i

.:": ~-hroro

o
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O-ethyl  S-(1-methylpropyl)  N-(2,4,6-trichloro-
phenyljaminothiocarbonyl phosphoramidothioate

N-(35-ditrifluoromethylphenyllaminothiocarbonyl
O-etnyl 5-(2-methylpropyl) phosphoramidothioate

(ethyl N-(2-hvdroxyphenylaminothiocarbonyl §-
( [-methyipropyl) phospheramidothioate

O-ethyl N-(2-hydroxymethylphenylaminothiocarbo-
nyl S-{1-methylpropyl) phosphoramidothioate

O-ethyl 3-(1-methylpropyl} N-{2-naphthyl)aminothi-
ccarbonyl phesphoramidothioate

J-cthyl S-methylethyl N-[1-(3-trifluoromethylnaph-
thyllaminothiocarbonyl phosphoramidothioate

§.O-ethyl S-methylpropyl) N-phenylaminocarbonyl
phosphoramidothioate’)

[ N-benzyl O-ethyl S-(1-methylpropyl)
phenyiaminocarbonyl phosphoramidothioate }

2 S.5-dipropyl N-phenylaminocarbony! phos-
phoramidothicate §

f N-(2.4-dimethylphenyl)aminocarbonyl O-ethyl S-
{ I-methylpropyl) phosphoramidothioate])

g O-ethyl  S-(i-methylpropyl)  N-(4-propylthio-
phenvi)aminocarbonyl phosphoramidothioate )

L IN-(3.4-dichlorophenyl)aminocarbonyt S,S-dipropyl
phosphoramidotrithioate }

§ N-(Z.4-dichlorophenyl)aminccarbonyl S-ethyl N-
methylethy] S-propyl phosphoramidodithioate}

L N-(2,3.4,5,6-pentachiorophenyljaminocarbonyl O-
cthyl S-propyl phosphoramidothioate}

L O-ethyl N-(4-fluorophenyl)aminocarbonyl S-pro-
pyl phiosphoramidothioate )

L IN-(4-cnloro-2-methylphenyl)aminocarbonyl O-
ctnyl 5-(l-methylpropyl) phosphoramidothioate }

[ MN-(4-chloromethylphenyi)aminocarbonyl S-(1-
methylpropyl) O-propyl phosphoramidothioate’}

L IN-(2-butenyl) N-3,5-dinfluoromethylphenyl-
laminocarbonyl U-ethy!l S-propyl phosphoramido-
thioate ¥

T N-(4-cyanc-2-nitrophenylaminocarbonyl O-ethyl
S-{1-methylpropyl) phosphoramidothioate}

i M-(4-chiorophenvilaminocarbonyl N-(4-cyanophe-
nyl}y O-ethyl S5-{!-methyipropyl) phosphoramido-
thioate §

{ O-ethyl S-(1-methylpropyl) N-(2-naphthyl-
raminocarbonyl phosphoramidothioate )

LS. 5-dipropyl N-(1-naphthyl)aminocarbonyl phos-
phoramidodithicate §

E N-[1-{3.7-dizhlorenaphthyl)aminocarbonyl] O-
eihy! 5-{2-methylpronyly phosphoramidothioate}

{S Hm}' (-merhyl N-[1-(3-methylnaphthy]l-
raminocarbonyl] phosphoramidothioate’)

E*‘*J—["-i 5, 7 -dinitronaphthybaminocarbonyl] O-ethyl

S-prooyi phosphoramidothioate)
ari 111:: agronomicaily acceptable metal salts and metal
sali comnplexes the and the hke.

The phosphoramidates of this invention are prepared
by vartons methods, Ore method involves contacting
an "nﬂprvnr%ai:@ aromatic amine with an appropriately
SISO ~hosnhoroisothiocyanate or  phos-
phorosocyanaie, 'This reaction can be represented by
ihe following equation:

N-

reot

-*'ﬂﬂ

ot Z YR*
. |I V4
RN P NOX > R!--NH~—~C—NH—P
AN
RS SR*
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S
wherein R!, R3, R4, X, Y, and Z are as defined for
Formula I.

The reaction is generally carried out in the presence
of an aprotic solvent such as glyme, acetone, acetoni-
trile, ethyl acetate, butyl acetate, diethyl ether, or mix-
tures thereof, at a temperature range of about 15° to
about 120° C., preferably at about 25° to about 45° C. A
substantially equimolar ratio of reactants is preferred,
but an excess of phosphoroisothiocyanate or isocyanate
can be used. The desired product can be separated from
the reaction mixture by conventional means, such as
fractional crystallization, chromatography, extraction
or the like.

f Another method for preparing compounds within
the scope of this invention involves contacting an ap-
propriate aromatic amine with an appropriately substi-
tuted chloro(thio)carbonyl phosphoramidate. This re-
action can be represented by the following equation: ]

[ X 7Z YR?
| I.”
R!=NH; + CI—C—N—P ——>
I AN
R? SRr4
X Z YR’
| ./
R‘—NH—C-—I‘iJ—-P\
R2 SR}

[wherein R1, RZ, R3, R4, X, Y, and Z are as defined for
Formula I, with the exception that R? may not be hy-
drogen.]

[ This reaction is generally carried out in the pres-
ence of an aprotic solvent such as glyme, acetone, ace-
tonitrile, ethyl acetate, butyl acetate, diethyl ether, or
mixtures thereof, at a temperature range of about 15° to
about 120° C., preferably at about 25° to about 45° C.
An acid acceptor such as a tertiary amine can be em-
ployed as a scavenger in this preparation. Representa-
tive acid acceptors include pyridine, trimethylamine,
triethylamine, and the like. However, an excess of the
amine reactant can also serve as the acid acceptor. Gen-
erally, a substantially equimolar ratio of reactants 1s
preferred, but an excess of two or more moles of amine
can be employed if the amine is intended to serve the
dual function of reactant and acid acceptor. The desired
product can be separated from this reaction mixture by
conventional means. ]

[ A third] Another method of preparing compounds
of this invention involves contacting an appropriate
phosphoramidate with an appropriate isocyanate or
isothiocyanate. This reaction can be represented by the
following equation:

A T
NH—P + RINCX ——=>»R1-=NH—C—N—P
| ™~ .\
RZ SRY RZ SR*

wherein R1, RZ, R3, R4, X, Y, and Z are as defined for
Formula 1.

The reaction is generally carried out in the presence
of an aprotic solvent such as glyme, acetone, acetoni-
trile, ethyl acetate, butyl acetate, diethyl ether, or mix-
tures thereof, at a temperature range of about 20° to
about 60° C., room temperature being preferred. A
substantially equimolar ratio of reactants is preferred.
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6

The desired product can be separated from the reaction
mixture by conventional means.

The metal salts of this invention are prepared by (1)
adding an alkali or alkaline earth metal hydroxide or
hydride to a suspension of the phosphoramidate in a
suitable solvent, (2) stirring the mixture until a solution
forms, and (3) freeze drying the solution, or in the alter-
native, (4) concentrating the solution in vacuo at room
temperature, and drying the residue 1 a vacuum.oven
at room temperature.

The metal salt complexes are prepared by (1) react-
ing, in an aqueous or alcoholic medium, a phosphorami-
date of this invention, with a metal salt selected from
group IIA, IIIA, IB, 1IB, VIIB, or V1l of the periodic
table, (2) filtering off the precipitate which forms, and
(3) washing and drying the precipitate to give the prod-
uct.

All of the starting materials used in the preparation of
the compounds of this invention are known compounds
or are readily prepared by methods available to those
skilled in the art.

By way of demonstration, the following examples are

offered to illustrate this invention and are not to be

construed as limitations thereof.

[EXAMPLE 1]

[ Preparation of O-ethyl S-(i1-methylpropyl)
N-phenylaminocarbonyl phosphoramidothioate ]

[ To a solution of 0.93 g. (0.0 mole) of aniline in 3
ml. of glyme is added 2.23 g. (0.01 mole) of O-ethyl
S-(1-methylpropyl) phosphoroisocyanatothioate (exo-
thermic reaction). The solution is allowed to stand at
room temperature from 24 hours and then poured mto
250 ml. of water. The semi-solid precipitate is 1solated
and slurried in 20 ml. of ether. The ethereal slurry 1s

filtered and dried to afford 0.35 g. (119) of product. }

EXAMPLE 6

Preparation of O-ethyl N-(4-methylphenyl)
aminothiocarbonyl S-(1-methylpropy!)
phosphoramidothioate

To a solution of 1.07 g. (0.01 mole) of 4-methylaniline
in 5 ml. of glyme is added 2.39 g. (0.01 mole) of O-ethyl
S-(1-methylpropyl) phosphoroisocyanatothioate (exo-
thermic reaction). The solution is allowed to stand at
room temperature for six days and then poured into an
excess of water (300 ml.). The suspension which forms
is vacuum filtered. The filter cake is slurried in 50 ml. of
hexane, filtered, and dried to afford 1.6 g. (47%) of

product.

EXAMPLE 9

Preparation of O-ethyl
N-(4-methylphenyl)aminothiocarbonyl
S-(1-methylpropyl) phosphoramidothioate

To a solution of 1.23 g. (0.01 mole) of 4-methoxyani-
line in 5 ml. of glyme is added 2.39 g. (0.01 mole) of
O-ethyl S-(1-methylpropyl) phosphoroisothiocyanato-
thioate (exothermic reaction). The solution s allowed
to stand at room temperature for 18 hours and then
poured into an excess of water. The suspension which
forms is vacuum filtered and the fiiter cake is slurried in
100 ml. of hexane, filtered, and dried to aftord 2.4 g.
(66.5%) of product.
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EXAMPLE 10

Preparation of
N-(4-dimethylaminophenyl)aminothiocarbonyl O-ethy]
S5-(1-methylpropyl) phosphoramidothioate

To a solution of 1.36 g. (0.01 mole) of N,N-dimethy]-
4-phenylenediamine in 5 ml. of glyme is added 2.39 g.
(0.01 mole) of O-ethyl S-(1-methylpropyl) phos-
phoroisothiocyanatothioate (exothermic reaction). The

solution ts allowed to stand at room temperature for 24 10

hours and then poured into an excess of water. The
precipitate which forms is slurried in hexane and then
vacuum filtered. The filter cake is re-slurried in 15 ml.
of ethyl acetate, vacuum filtered and dried to afford 0.9

g. (24.6%) of product. 13
EXAMPLE 14
Preparation of
N-(3,5-dichlorophenyl)aminothiocarbonyl O-ethyl 20

S-propyl phosphoramidothioate

To a solution of 1.62 g. (0.01 mole) of 3,5-dichloroani-
line in 5 ml. of glyme is added 2.25 g. (0.01 mole) of
O-ethyl S-propyl phosphoroisothiocyanatothioate. The
product 1s obtained by pouring the reaction solution
Into an excess of water, vacuum filtering the suspension
which forms, and recrystallizing the isolated precipitate
from methylcyclohexane. The yield of product is 1.8 g.

(47.5%).

23

EXAMPLE 15 30
Preparation of |
N-(3,5-dichlorophenyl)aminothiocarbonyl O-ethyl
S-methylethyl phosphoramidothioate
To a solution of 2.82 g. (0.0178 mole) of 3,5- 35

dichloroaniline in 5 ml. of glyme is added 4 g. (0.0178
mole) of O-ethyl S-methylethyl phosphoroisothi-
ocyanatothioate. The solution is heated to reflux and is
allowed to stand at room temperature for two hours.
The suspension which forms is vacuum filtered. The
filter cake is washed with 10 ml. of glyme, 20 ml. of
ether, and dried to afford 2 g. (29%) yield of product.

40

8
EXAMPLE 17

Preparation of
N-(3,5-dichlorophenyl)aminothiocarbonyl O-ethyl
S-(2-methylpropyl) phosphoramidothioate

To a solution of 1.62 g. (0.01 mole) of 3,5-dichloroani-
line in 5 ml. of glyme is added 2.39 g. (0.01 mole) of
O-ethyl S-(2-methylpropyl) phosphoroisothiocyanato-
thioate. The solution is heated to reflux and allowed to
stand at room temperature for three days. The solution
is poured into an excess of water and the semi-solid
precipitate which forms is isolated. The product is slur-
ried in 50 ml. of hexane and vacuum filtered. The filter
cake is dried to afford 1.8 g. (45%) of product.

EXAMPLE 18

Preparation of
N-(3,5-dichlorophenyl)aminothiocarbonyl O-ethyl
S-(1-methylpropyl) phosphoramidothioate

To a solution of 3.24 g. (0.02 mole) of 3,5-dichloroani-
hne in 15 ml. of glyme is added 4.8 g. (0.02 mole) of
O-ethyl S-(1-methylpropyl) phosphoroisothiocyanato-
thioate. The solution is allowed to stand at room tem-
perature for 18 hours and then poured into an excess of
water. The semi-solid precipitate which forms is iso-
lated and slurried in 50 ml. of hexane. The hexane slurry
is filtered to afford 3.25 g. (40.5%) of product, m.p.
123°-125° C. Recrystallization from methylcyclohex-
ane gives 2.5 g. (31%) of product.

[EXAMPLE 23)

[ Preparation of
N-(3,5-ditrifluoromethylphenyl)aminothiocarbonyl
O-ethyl S-(1-methylpropyl) phosphoramidothioate

To a solution of 1.03 g. (0.0045 mole) of 3,5-ditri-
fluoromethylaniline in 5§ ml. of glyme is added 1 £
(0.0045 mole) of O-ethyl S-(1-methylpropyl) phos-
phoroisothiocyanatothioate (exothermic reaction). The
solution which forms is allowed to stand at room tem-
perature for 13 hours and is poured into 200 ml of water.
The suspension which forms is vacuum filtered and the
filter cake recrystallized from methylcyclohexane to

afford 0.92 g. (46%) of product.}

TABLE |
 E———— ——
X" QO RS
1 N/
R'—NH=~—C-=NH—P
N
SR?
ELEMENTAL ANALYSIS
Compound I Calculated (Found)

Number X" R’ RS R MP,.°C. oC % H %N % P %S
e e S e el L o A
[i 0 CgHs OC:H, CsHo® 74-77 49.35 6.69 8.86 9.79 —

(49.22) (6.84) (8.64) (9.60) —-—]
2 S CeHs OC;Hs C3H7' 9-101 4543 598 8.84 9.94 19.67
(43.26) (6.01}) (380) (9.73) (20.19)
[3 O CoH4CH;-2 OC>2Hs C4Ho* il 50.8 7.0 R.S — 9.7
(50.5) (6.7 {(8.1) — (9.6}
4 O CiH4CH -4 OC:Hs C4Hgo' 75-80 51.0 6.7 B.S — —
(5.7 (.1 {.5} — —_
5 0O CeH4CH:—4 OC>Hs CyHyg* 130-135 50.8 7.0 8.5 _— 9.7
(50.3) (6.9) (8.1) — {LO.O)
6 S Ce¢HyCH;-4 OC;Hs Cy4Ho® 78-80 483.42  6.66 71.96 9.12 —
~ dec. (48.53) (6.69) (8B.09)Y (894 _—
[7 O CeH4CHy-4 OC;Hs Ca4Ho' 120-122 50.9 7.0 8.5 — 9.7
(50.6) (6.9) (R.6) — (9.9)
8 O CeH4SCHi-4 OC Hs CgHo® 101-104 46.07 6.60 1.57 8.78 [ 7.80
(46.3%) (641) (7.73) (854) (17.69)
9 S CeH4OCH1-4 OC>Hs CyHo* B80-83 46.00 6.23 7.41 B.46 —
dec. (46.39) (640) (7.73) (8.5%)
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TABLE I-continued
X" O RE
i N/
R7«=NH—C=—NH—P
N\
SR’
ELEMENTAL ANALYSIS
Compound _____ Calculated (Found)} _
Number X" R’ RS R? MP,C. %C %H %N %P %S
10 S CgH4N(CH3»-4 OC;Hs CqHg® 99-103 4800 7.15 11.20 823 —
dec. (47.98) (6.98) (11.19) (8.25) —
[ O CcH4NO4 OC;Hs C4Ho’ 108-112 43.3 5.6 1.6 — —
43.1) (5.5 (116 — —]
12 S CgHsCl-4 OCsHs C4H¢' B83-85 4271 559 7.43 B.35 —
y (42.56) (5.50) (7.64) (844) —
ri3 O CgHaCl-4 OCyHs C4Ho® 89-93 4335 574 759  — —
dec. 44.51) (5.7 (199 — --]
14 S CgH>Cls-3,5 OC;Hs C3H; 122-124 37.18 454 7.33 —_ —
(37.21) @443 (123 — —
i5 S CgHiCl-3,5 OC;Hs CiHs 1385-141 37.35  4.43 7.10 7.98 —
(37.21) (443) (7.23) (800) —
16 S CgHjiClr-3,5 OC3;Hs C4Hy 93-96 3861 484 686  — —_
| (38.90) (4.77) (6.98) — —
17 S CgHiCh-3,5 OC;Hs C4Ho 108-111 3800 470 684 170 2 —
(38.90) (4.77) (698) (1.72) —
18 S CgHiCh-3,5 OCyHs C4Ho® 130-131 3902 487 708 — —
(3890) (4.77) (698) — —
19 [O CeH3Cl-3,5 0OCoHs C4Ho' 144.5-147 40.18  5.06 6.99 7.93 —
dec. (40.53) (4.97) (127 (8.09) -—]
20 S CgHiCl3—3,5 SC3H7 C3;H7 89-91 3721 4.62 660  7.42 —
dec. (37.41) (4.59) (6.71) (742) —
21 S CgHiCly-2,4 OCsHs CyHy® 82-84 31899  4.81 6.75 779
(38.90) (477 (698) (1.72) —
22 S Ce¢Hiy(CF3)-3,5 OCzHs C4H¢® 125.5-123.5 38.16 4.15 592 654 —
(38.46) (4.09) (598) (6.61) —
23 [O.CeH3(CF3)2-3,5 OC;Hs C4Hg® 162-164.5 4036  4.52 6.19 — —
| (39.82) (4.23) (6.19) — —
24 0O CeHi3(CF1)-3,5 OC2Hs C3Hy 183-185 38.19 420 6.33 6.99 1.52
| (38.86) (3.92) (6.39) (7.06) (7.31)
25 S CgHiCFi)r—315 OC:Hs CiHy 127-128 3700 386 600 6.74 14.47
(37.00) (3.78) (6.14) (6.82) (14.11)
= isO
* = secondary

The present compounds and the metal salts and metal
salt complexes thereof (hereinafter collectively referred
to as compounds or phosphoramidates) are useful for
the protection of plants and animals, including man,
from the ravages of harmful and annoying pests. These
compounds are particularly effective against nematodes
and arthropods in varying stages of development. As
arthropodicides, the compounds of this invention are
especially effective against members of the class Arach-
noidea, which includes the Order Acarina, as repre-
sented by mites and ticks, and the class Insecta, the
insects. Among the arthropods and nematodes which
are effectively controlled by the compounds of the
present sent invention are the chewing insects, e.g. the
southern arymworm (Spodoptera eridania), the sucking
insects, e.g. the green peach aphid (Myzus persicae),
soil-dwelling insects, e.g. the southern corn rootworm
(Diabrotica undecimpunctata howardi), houseflies,
mites, e.g. the two-spotted spider mite (Tetranychus
urticae), the southern root knot nematode (Meloidogyne
incognita), and others. Certain compounds of this in-
vention are also active as anthelmintics.

Generally, control of pests is achieved in accordance
with this invention by application of the compounds of
this invention in pesticidally effective amounts (e.g.
arthropodically or nematocidally effective amounts)
either directly to the pests to be controlled or to the loct
to be protected from attack by such pests. For example,
food, fiber, forage, forest, and ornamental crops and
stored products thereof would represent plant protec-
tion loci. Treatment with the compounds of this inven-
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tion of domestic animals, man and their immediate envi-
rons similarly constitute representative loci for protec-
tion against various annoying ectolparasitic or en-
doparasitic Acarina (Acari) and Insecta. Accordingly,
compounds of the present invention provide utility as
the essential active ingredient of pesticidal compositions
suitable for agricultural and sanitary purposes.

The term “control” as employed in the specification
and claims of this application is to be construed as any
means which adversely effects the existence or growth
of any living organism. Such means can comprise a
complete killing action, eradication, arresting in
growth, repulsion, inhibition, reduction in number, or
any combination thereof.

For use as pesticides, the compounds of this invention
can be used as solutions, suspensions, or mixtures, n
organic solvents or formulations. For example, they can
be formulated as wettable powders, emulsifiable con-
centrates, dusts, granular formulations or flowable
emulsifiable concentrates. In such formulations, the
phosphoramidates are present at a concentration of
about 0.00001 to about 99%, preferably about 1 to about
959%, and are extended with an agronomically accept-
able liquid or solid carrier. When desired, suitable sur-
factants are likewise incorporated. Surfactants com-
monly used in the art can be found in the John W.
McCutcheon, Inc. publication *Detergents and Emulsi-
fiers Annual.” .

By “agronomically acceptable carrier” is meant any

substance which can be utilized to dissolve, disperse or
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duffuse the chemical incorporated therein without im-
pairing the effectiveness of the toxic agent and which
does no permanent damage to such environment as soil,
equipment, and agronomic crops.

The phosphoramidate can be taken up on or mixed
with a finely particled solid carrier, as for example,
clays, inorganic silicates, carbonates, and silicas.

Organic carriers can also be employed. Dust concen-
trates are commonly made wherein phosphoramidates
are present in the range of about 20 to about 80%. For
ultimate applications, these concentrates are normally
extended with additional solid to give an active ingredi-
ent content of from 1 to about 20%. Granular formula-
tions are made using a granular or pelletized form of
carrier, such as granular clays, vermiculite, charcoal or
corn cobs, and may contain the active ingredient in
from about | to about 25% by weight.

Wettable powder formulations are made by incorpo-
rating the compounds of this invention in an inert, finely
divided solid carrier along with a surfactant which can
be one or more emulsifying, wetting, dispersing, or
spreading agents or a blend of these. The phosphorami-
dates are usually present in the range of about 10 to
about 80% by weight and surfactants in from about 0.5
to about 10% by weight. Commonly used emulsifying
and wetting agents include polyoxyethylated deriva-
tives of alkylphenols, fatty alcohols, fatty acids, alkyla-
mines, alkylarene sulfonates and dialky] sulfosuccinates.
Spreading agents include such materials as glycerol
mannitan laurate and a condensate of polyglycerol and
oleic acid modifted with phthalic anhydride. Dispersing
agents include such materials as the sodium salt of the
copolymer of maleic anhydride and an olefin such as
ditsobutylene, sodium lignin sulfonate and sodium for-
maldehydenaphthalene sulfonates.

One convenient method for preparing a solid formu-
lation is to impregnate the phosphoramidate onto the
solid carrier by means of a volatile solvent, such as
acetone. In this manner, adjuvants, such as activators,
adhesives, plant nutrients, synergists and various surfac-
tants can also be incorporated.

Emulsifiable concentrate formulations are prepared
by dissolving the phosphoramidates of this invention in
an agronomically acceptable organic solvent and add-
ing a solvent soluble emulsifying agent. Suitable sol-
vents are usually water-immersible and can be found in
the hydrocarbon, chlorinated hydrocarbon, ketone,
ester, alcohol and amide classes of organic solvents.
Mixtures of solvents are commonly employed. The
surfactants useful as emulsifying agents can constitute
about 0.5 to about 109% by weight of emulsifiable con-
centrates and can be anionic, cationic or non-ionic in
character. The concentration of the active ingredients
can vary from about 10 to about 80%, preferably in the
range of about 25 to about 50%.

For use as pesticidal agents, these compounds should
be applied in an effective amount sufficient to exert the

desired pesticidal activity by techniques well known in
the art. In certain situations, however, it may be desir-
able and advantageous to apply the phosphoramidate
directly onto the loci to be protected or freed of pests
without the benefit of any substantial amount of carrier.
This s a particularly effective method when the physi-
cal nature of the toxicants is such as to permit what is
known as “low-volume” application, that is, when the

compounds are in liquid form or substantially soluble in
higher boiling solvents.
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The application rate will, of course, vary depending
upon the purposes for such application, the phos-
phoramidate being utilized, the frequency of dissemina-
tion, and the like.

Many of the above formulations can be utilized on
animals for the control of parasites.

For use as arthropodicides, e.g. acaricides and insecti-
cides, dilute sprays can be applied at concentrations of
about 0.01 to about 20 pounds of the active ingredient
per 100 gallons of spray. They are usually applied at
about 0.1 to about 5 pounds per 100 gallons. In more
concentrated sprays, the active ingredient is increased
by a factor of 2 to 40. With dilute sprays, applications
are usually made to the plants until run-off is achieved,
whereas with more concentrated or low-volume sprays,
the materials are applied as mists.

For use as soil insecticides or as nematocides, the
phosphoramidates can be applied as a diluted liquid
preparation or as a solid formulation, preferably a gran-
ular formulation, by broadcasting, side-dressing, intro-
duction into the seed furrow, soil incorporation, or seed
treatment. The application rate can be from about 1 to
about 30 pounds per acre of active ingredient and for
economic reasons, preferably from about | to about 25
pounds per acre.

The compounds of this invention can be utilized as
the sole pesticidal agents or they can be employed in
conjunction with other bactericides, fungicides, herbi-
cides, insecticides, acaricides, and comparable pesti-
cides.

Many variations of this invention are possible without
departing from the spirit or scope thereof.

We claim:

1. A method of controlling pests which comprises
applying directly to the pests or to the loci to be freed
of or protected from attack by such pests, a pesticidally
effective amount of a compound of the formula

X Z YR/
I Il.”
R!'—NH—C~—NH—P
AN
SR

wherein

R! is a (C¢~Cjp) aryl group, optionally substituted
with up to five (C;-Cy) alkyl groups, (C1-C4) alk-
oxyl groups, (C|-C4) alkylthio groups; (Ci-Cy)
alkylsulfonyl groups, (Ci-C4) hydroxyalkyl
groups, (C;1~Cy4) haloalkyl groups, cyano groups,
nitro groups, hydroxyl groups, or halogen atoms:;

R7is a (C|-Cg) alkyl group;

R4 is a (C3—Cy) alkyl group;

X 1s [an oxygen or] a sulfur atom:;

Y 1s an oxygen or sulfur atom; and

Z 18 an oxygen or sulfur atom and the agronomically
acceptable metal sales and metal salt complexes
thereof.

2. A compound of the formula:

A,
X O RS
1 7
NH—C~NH—T
\
SR

wherein
A 1s independently
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(a) a (C1-Cy) alkyl group;
(b) a (C1-C4) alkoxy group;
(c) a (C1-Cy4) alkylthio group;
(d) a trihalomethy! group; or
(e} a halogen atom;
RS is a (C1-C4) alkylthio group or a (C1-C4) alkoxy
group; 1
R6is a (C3-C4) alkyl group;
X is [an oxygen or] a sulfur atom; and
n is an integer from O to 3 and the agronomically i5
acceptable metal salts and metal salt complexes
thereof.
3. A compound according to claim 2 wherein 20
A is independently
(a) a methyl group;
(b) a methoxy group;
(d) a trifluoromethyl group; or 25
(e) a chlorine atom;
R5 is a propylthio group or an ethoxy group;
R%is a n-propyl, isobutyl, or sec-butyl group; 30
X' is [an oxygen or] a sulfur atom; and
n is an integer of 0 to 2.
4. A compound according to claim 3 wherein R°is an

35
ethoxy group and R&is an isobutyl group or a sec-butyl

group.
[5. A compound according to claim 4 having the

formula: 40

[ O O OCyHs
1 N/
NH—C—NH—P 45
N
SCsHg-sec]}

[6. A compound according to claim 4 having the

50
formula:

53

635

14

OC:>Hs
|/
NH—C"”NH
\
SC4Hg-sec
)

7. A compound according to claim 4 having the for-
mula:

OC;Hs

II/
NHCNHP

SC4 Hg-sec

[8. A compound according to claim § having the

formula:
OC;Hs
/
NH— C— NH—P
\
SC4Hg-is0 }

[9. A compound according to claim 5 having the
formula:

OC,Hs
|/
NH—C'—'NH"-
N
SC4Hg-sec ]

10. A pesticidal composition comprising a compound
accordmg to claim 1 and an agronomically acceptable
carrier.

11. A method of controlling pests which comprises
applying directly to the pests or to the loci to be freed
of or protected from attack by such pests, a pesticidally
effective amount of the composition of claim 10.

12. A method according to claim 11 wherein the pests
are arthropods.

13. A method according to claim 12 wherein the
arthropods are insects or acarids.
14. A method according to claim 11 wherein the pests

are nematodes.
x x ] % x
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