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ABSTRACT OF THE DISCLOSURE 

Carbamate derivatives of 2-alky1thio(or oxy)alkanald 
oximes, especially 2-methyl-2-methylthiopropionaldehyde 
N-methylcarbamoyloxime, possess exceptional systemic 
and selective activity against insect and mite pests. 

This application is a continuation of Ser. No. 482,634, 
?led Aug. 25, 1965 and now abandoned, which is in 
turn a division of Ser. No. 226,174, ?led Sept. 25, 1963 
and now US. Patent No. 3,217,037. ' 

This invention relates to novel chemical compounds 
useful as pesticides and is particularly concerned with 
carbamate derivatives of substituted aldoximes and their 
insecticidal, miticidal, and nematocidal activity. 

In addition to providing a novel class of chemical 
compounds, our invention affords insecticidal, miticidal, 
and nematocidal compositions having activity comparable 
or superior to the most effective commercially used ma 
terials. The miticidal action of our compounds is particu 
larly important in that mites are becoming increasingly 
troublesome and difficult to control inasmuch as they 
often resistant to general insecticides and unaffected by 
speci?c insecticides used to control a particular crop pest. 
The compound-s of our invention generally comprise 

the basic structure 

wherein X represents a divalent Group VI element, hav 
ing an atomic number between 7 and 17, in any oxida 
tion state, i.e. where X is oxygen or, preferably sulfur, 
wherein the sulfur atom can be in any one of its vari 
ous oxidation states to provide a sul?de, sul?nyl, or sul 
fonyl linkage. The free valences of structure I, above 
are more optimally satis?ed by hydrogen or hydrocarbyl 
radicals monovalently bonded through a carbon atom 
of the radical, and where said hydrocarbyl radicals can 
be substituted with such groups as halogen, e.g. bromine 
and chlorine. The said hydrocarbyl radicals can be ali 
phatic, as in the alkyl, alkenyl, and alkynyl radicals, or 
cycloaliphatic, as in the cycloalkyl and cycloalkenyl 
radicals, or aromatic, as in the aryl radicals, such as 
phenyl and naphthyl, or may comprise such radicals in 
combination as in the aralkyl, e.g. alphyl, alkaryl, cyclo 
alkenyl-alkyl, and the like radicals, and preferably do 
not contain, individually, in excess of ten carbon atoms. 

In a preferred aspect of our invention, the carbon 
atom of the oxime function, numbered 1 in structure 1, 
above, is substituted with hydrogen and the carbon atom 
alpha thereto, numbered 2, carries at least one, and 
preferably two, lower alkyl, e.g. methyl or ethyl groups, 
while the carbamate nitrogen is substituted with two 
radicals individually selected from the group consisting 
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of hydrogen and lower alkyl, and preferably where the 
total number of carbon atoms in such radicals together 
is not more than ten. 
Thus our preferred compounds can be considered as 

carbamate derivatives of 2-hydrocarbylthio(or oxy)al 
kanaldoximes wherein the carbamate nitrogen can be 
substituted with one or two lower alkyl groups and where 
the 2-position of the alkanaldoxime moiety is preferably 
substituted with alkyl and is optimally fully alkylated 
to provide a high degree of branching on the carbon 
atom alpha to the oxime function. Such compounds are 
preferred in our invention in that they exhibitan out 
standingly superior degree of insecticidal and miticidal 
activity. 
As speci?cally exemplary of our novel compounds 

there can be mentioned the 2-hydrocarbylthiopropional 
dehyde N-methylcarbamoyloximes such as 

2-methylthiopropionaldehyde N-methylcarbamoyloxime, 
2-ethylthiopropionaldehyde N-methylcarbamoyloxime, 
Z-n-propylthiopropionaldehyde N-methylcarbamoyloxime, 
2-isopropylthiopropionaldehyde N-mcthylcarbamoyl 

oxime, 
Z-n-butylthiopropionaldehyde N-methylcarbamoyloxime, 
2-sec-butylthiopropionaldehyde N-methylcarbamoyl 

oxime, 
2-t-butylthiopropionaldehyde N-methylcarbamoyloxime, 
2-isobutylthiopropionaldehyde N-methylcarbamoyloxime, 
2-heptylthiopropionaldehyde N-methylcarbamoyloxime, 
2-decylthiopropionaldehyde N-methylcarbamoyloxime, 
2-vinylthiopropionaldehyde N-methylcarbamoyloxime, 
2-(Z-propenylthio)propionaldehyde N-methylcarbamoyL 

oxime, 
2-(3-butenylthio) propionaldehyde N-methylcarbamoyl 

oxime, 
2-hexenylthiopropionaldehyde N-met-hylcarbamoyloxime, 
2-ethynylthiopropionaldehyde N-methylcarbamoyloxime, 
2-phenylthiopropionaldehyde N-methylcarbamoyloxime, 
2-(a-naphthylthio)propionaldehyde N-methylcarbamoyl~ 

oxime, 
Z-benzylthiopropionaldehyde N-methylcarbamoyloxime, 
2-(4-chlorophenylthio) propionaldehyde N-methylcar 

bamoyloxime, 
2- ( 2,4-dich1orophenylthio ) propionaldehyde N-methyl 
carbamoyloxime, 

and analogous 2 - methyl-2-hydrocarbylthiopropionalde 
hyde N-methylcarbamoyloximes, such as 

2-methyl-2-methylthiopropionaldehyde N-methylcar 
bamoyloxime, 

2-methyl-2-ethylthiopropionaldehyde N-methylcar 
bamoyloxime, 

2 - methyl-2-n-propylthiopropionaldehyde N-methylcar 
bamoyloxime, 

2-methyl - 2 - isopropylthiopropionaldehyde N-methylcar 
bamoyloxime, 

2-methyl - 2 - bntylthiopropionaldehyde N-methylcar 
bamoyloxime, 

2-methyl - 2 - heptylthiopropionaldehyde N-methylcar 
bamoyloxime, 

2-methyl - 2 - decylthiopropionaldehyde N-methylcar 
bamoyloxime, 

Z-methyl - 2 - vinylthiopropionaldehyde N-methylcarbam 
oyloxime, ' 

2 - methyl-2-(2-propenylthio)propionaldehyde N-methyl 
carbamoyloxime, 

2-methy1 - 2 - (S-butenylthio)propionaldehyde N-methyl 
carbamoyloxime, v 

2-methyl - 2 - hexenylthiopropionaldehyde N-methylcar 
bamoyloxime, ' 

Z-methyl - 2 - ethynylthiopropionaldehyde N-methylcar 
bamoyloxime, 
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2-methyl - 2 - phenylthiopropionaldehyde N-methylcar 

bamoyloxime, 
2-methyl - 2 - (a-napthylthio)propionaldehyde N-methyl 

carbamoyloxime, 
2-methyl - 2 - benzylthiopropionaldehyde N-methylcar 

bamoyloxime, 
Z-methyl - 2 - (2-chlorophenylthio)propionaldehyde N 

methylcarbamoyloxime, 
2-rnethyl - 2 - (4-chlorophenylthio)propionaldehyde N 

methylcarbamoyloxime, 
2-methyl — 2 — (2,4-dichlorophenylthio)propionaldehyde 

N-methylcarbamoyloxime, 
and the like, as well as compounds derived cfrom longer 
chain alkanaldehydes, for example butyraldehyde, pen 
tanaldehyde, hexanaldehyde, heptanaldehyde, decanalde 
hyde, etc. as in 

2-methylthiobutyralehyde N-methylcarbamoyloxime, 
2-methylthiopentanaldehyde N-methylcarbamoyloxime, 
2-methylthiohexanaldehyde N-methylcarbamoyloxime, 
Z-methylthioheptanaldehyde N-methylcarbamoyloxime, 
2-methylthiodecanaldehyde N-methylcarbamoyloxime, 
and analagous Z-alkyl-2-hydrocarbylthioalkanaldehyde 
N-methylcarbamoyloxime, such as 

- 2 - methyl-2-methylthiobutyraldehyde N-methylcarbam 

oyloxime, 
2 - ethyl-Z-methylthiobutyraldehyde N-methylcarbamoyl 

oXime, 
2-buty1-2-methylthioheptanaldehyde N-methylcarbamoyl 

oxime, 
2 - octyl-Z-methylthiodecanaldehyde N-methylcarbamoyl 

oxime, 
and the like, wherein the carbon atom alpha to the oxime 
carbon atom carries two alkyl substituents, each con 
taining up to about 10 and preferably up to 4 carbon 
atoms. 

Further illustrative of compounds within the compass 
of our invention are those wherein the thio linkage of 
the above-named compounds is replaced by an oxy link 
age or by a sul?nyl linkage or by a sulfonyl linkage as, 
for example, in the 2-hydrocarbyloxypropionaldehyde N 
methylcarbamoyloximes, such as 

2-methoxypropionaldehyde N-methylcarbamoyloxime, 
Z-ethoxypropionaldehyde N-methylcarbamoyloxime, 
2- ( 2-propenoxy) propionaldehyde N-methylcarbamoylox 

1me, 
2 - (4-chlorophenoxy)propionaldehyde N-methylcarbam 

oyloxime, 
2 - methyl-2—methoxypropionaldehyde N-methylcarbam 

oyloxime, 
and the like, and in the 2-hydrocarbylsul?nylpropionalde 
hyde N-methylcarbamoyloximes, such as 

2 - methylsul?nylpropionaldehyde N~methylcarbamoylox~ 
nne, 

2-(2-propeny1sul?nyl)propionaldehyde N-methylcarbam 
oyloxime, 

2 - (4-chlorophenylsul?nyl)propionaldehyde N-methylcar 
ba'moyloxime, 

2 - methyl-2-methylsul?nylpropionaldehyde N-methylcar 
bamoyloxime, 

and the like, and in the 2~hydrocarbylsulfonylpropional 
dehyde N-methylcarbamoyloximes, such as 

Z-methylsulfonylpropionaldehyde N-methylcarbamoylox 
ime, 

2-(2-propenylsulfonyl)propionaldehyde N'methylcarbam 
oyloxime, 

2 - (4-chlorophenylsulfonyl)propionaldehyde N-methyl 
carbamoyloxime, 

Z-methyl - 2 - methylsulfonylpropionaldehyde N-methyl 
carbamoyloxime, 

and the like. 
While the afore-named compounds are, for purposes 
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4 
of illustration, N-methylcarbamoyloximes, the carbamate 
nitrogen of our compounds can be unsubstituted as in 
the simple carbamoyloximes, or can carry a single alkyl 
substituent other than methyl, as in the N-ethyl, N-n 
propyl, N-isopropyl, N-n-butyl, N-isobutyl, N-sec-butyl, 
N-t-butyl, N-heptyl, and N-decylcarbamoyloximes, and 
the like N-monoloweralkylcarbamoyloximes of our in 
vention, or can carry two lower alkyl substituents as in 
the N,N-dimethyl, N-methyl-N-ethyl, N,N-diethyl, N 
methyl-N-n-propyl, N-methyl-N-isopropyl, N,N-di-n 
propyl, N,N-diisopropyl, N-methyl-N-t-butyl, N,N-di-t 
butylcarbamoyloxime, and the like N,N-diloweralkylcar 
bamoyloximes of our invention. 
The preferred compounds of this invention can be 

graphically depicted by the following general formula: 

(CH2) mCH3 O 93 Hz) 0H 
Hydrocarbyl-X- 0-0 H=N-—O — C —N 

([1) (CHQHH (CHzhH 

wherein X is oxygen, sulfur, sul?nyl, or sulfonyl, and m 
n, 0, and p are integers from 0 to 10 inclusive, and are 
preferably such that the sum of m and n is no greater 
than 5 and that the sum of 0 and p is no greater than 4. 
When said integers are larger than 2, it is understood that 
-—(CH2)m—", —(CH2)n""a —~(CH2)o--, and ‘—(CH2)p_ 
can represent either straight-chain or branched-chain 
alkylene radicals. Most advantageously, the hydrocarbyl 
moiety of Formula II, above, is acyclic hydrocarbyl, i.e. 
as in alkyl, alkenyl, and alkynyl optimally containing no 
more than 7 carbon atoms. 
The compounds of this invention can be prepared in 

a variety of ways from the corresponding oximes. One 
synthetic route involves the reaction of the corresponding 
oxime with phosgene to form the chloroformate which, 
in turn, is reacted with a suitably substituted amine to 
give the desired carbamoyloxime compound of this in 
vention. The synthesis is illustrated by the following gen 
eral equations, wherein X, m, n, 0 and p are de?ned as 
before: 

In step (1), above, a solution of the oxime compound 
(III) in e.g., ethyl ether is conveniently added slowly to a 
solution of phosgene in toluene or ethyl ether or other 
suitable organic solvent in the presence of an HC1 accep 
tor such as a suitable amine, e.g. dimethyl aniline. The 
reaction can be carried out at from —30° C. to about 40° 
C. but will generally be found to proceed most advanta 
geously between 10° C. and room temperature. Below 10° 
C. the reaction is somewhat sluggish and if the tempera 
ture is allowed to rise substantially above 40° C., consider 
able quantities of nitrile from the dehydration of the 
oxime compound will appear in the reaction mixture. The 
reaction is slightly exothermic so that some external cool~ 
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ing is usually necessary to maintain the temperature with 
in the desired range. The reaction mixture can be Washed 
with water to remove the amine hydrochloride and the 
organic layer containing the chloroformate (IV) can be 
used for further reactions. The addition of the amine, 
step (2) above, is carried out in the presence of solvents 
for the amine, such as water, dioxane, toluene, or chloro 
form, at temperatures between about ——40° C. and about 
80° C. and preferably below about 40° C. inasmuch as the 
reaction proceeds smoothly even at low temperatures and 
is so rapid above 40“ C. that loss of low boiling amines 
may occur and some decomposition may take place. 
An alternative synthetic procedure for making the N 

monoloweralkylcarbamoyloxime compounds of this in 
vention involves addition of a suitably substituted isocy 
anate to the oxime (111) corresponding to the desired 
compound and is illustrated as follows: 

(3) ( CH2)mCHs 

Hydrorarbyl-X—G—C=NO H + H ( CH2) ON C O ———> 

(CH2) 11H 
(III) 

(C Hz) mCHa O 

Hydrocarbyl-X— C- CH E N——0 —-C—NH(CH2)OH 

(CH2) nH 

(H3) 

The isocyanate addition can be carried out, generally, 
by contacting the oxime (III) with the isocyanate in an 
inert organic solvent, and preferably in the presence of a 
tertiary amine or organotin catalyst. The reaction may be 
effected at temperatures ranging from about 10° C. to 
about 130° C. and is preferably carried out between room 

. temperature and 80° C. Generally, temperatures in excess 
of about 130“ C. are to be avoided in view of the tem- . 
perature sensitivity of the product carbamoyloxime. The 
operating pressure may range from about 1 atmosphere to 
about 10 atmospheres, preferably from about 2 to about 
3 atmospheres, and is dependent upon the concentration 
and vapor pressure of the volatile isocyanate at the re 
action temperature. The inert organic solvents that can 
be employed in the reaction are those inert to isocyanates 
in general, i.e. those free of radical-s such as hydroxy or 
amino radicals. Illustrative solvents are aliphatic and aro 
matic hydrocarbons, such as hexane, heptane, octane, ben 
zene, toluene, and the like, and ethers such as diethyl 
ether, ethyl propyl ether, and the like. The reaction is 
preferably carried out in the presence of a tertiary amine 
or organotin catalyst. The term “organotin catalyst” as 
used herein is meant to refer to such compounds as di 
butyltin diacetate, dibutyltin dichloride, dibutyltin dime 
thoxide, dibutyltin dilaurate, dibutyltin maleate, dibutyltin 
di~2—ethylhexenoate, stannous octanoate, stannous oleate, 
and the like. Generally, amounts of said catalyst from 
about 0.1 to about 1.0 weight percent of the starting ma 
terial comprised of methyl isocyanate and the oxime are 
sufficient. The mol ratio of methyl isocyanate to oxime 
can range from about 0.25 :1 to about 2:1, but preferably 
an equimolar amount or slight excess of methyl isocy 
anate is employed to insure that the oxime is completely 
reacted. The reaction time may vary from about 5 min 
utes to about 7 days, but normally, when operating in 
the preferred temperature range, reaction times of from 
about one-half hour to about ?ve hours are sufficient for 
complete reaction. 
The carbamoyloxime product formed, either a solid or 

oily liquid, can be recovered from the reaction mixture by 
means known to the art, e.g., by vacuum-distillation to 
drive off solvent and excess isocyanate. ., 
The oxime compounds used as starting materials in both 

of the above-described alternative synthetic procedures are 
themselves prepared from the corresponding azodioxy-cou 
pled nitrosochloride dimers by simultaneous thermal rear 
rangernent to the oxime and replacement of the chlorine 
atom by the nucleophilic hydrocarbyl-X’H where X’ is 
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6 
—S——— or -—O--, in the presence of an HCl acceptor, e.g. 
sodium hydroxide in stoichiometric amount. The nitroso 
chloride dimers are, in turn, prepared by the addition of 
nitrosyl chloride to a suitable ole?n by well-known pro 
cedures, for example, as taught by K. A. Ogloblin in J. 
Gen. Chem. (U.S.S.R.), 22, 2175 (1952). 
The reaction sequence is illustrated as follows: 

(4) 
(Gunmen; 

C=CH + NOCl -_+ 

(oHmH 
(V) 

(CH2)mCH3 O (CH2)mCH3 

Step 5 is conveniently conducted by reacting an excess 
' of nucleophile with the dimer in the presence of a base at 
temperatures of from about 20° C. to about 60° C. The 
nucleophile can serve as the reaction medium by using 
weight ratios of about 10:1 to about 3:1 of nucleophile 
to dimer. Suitable bases for use in the reaction are sodium 
hydroxide and sodium bicarbonate, potassium carbonate, 
and strong tertiary amine. 
The sul?nyl- and sulfonyl-linked compounds of our in 

vention are prepared by oxidizing the corresponding sul 
?de-linked compound with dilute solutions of peracetic 
acid. 

It will be understood that the above description is 
illustrative and that modi?cations in the procedures used 
will occur to those skilled in the art, depending on the 
speci?c starting materials used. 
The following examples are illustrative. 

EXAMPLE I 

2-methyl-2-methylthiopropionaldehy'de 
N-methylcarbamoyloxime 

To a solution of 3.68 grams (0.16 mole) of sodium 
in anhydrous ethanol was added 8 grams (0.17 mole) of 
methyl mercaptan. The resulting sodium mercaptide was 
then treated with 19.5 grams (0.16 mole) of 2-chloro-2 
methyl-l-nitrosopropane dimer dissolved in hot ethanol. 
The resulting mixture was heated at re?ux for ?ve hours, 
cooled and ?ltered. The ?ltrate was evaporated under re 
duced pressure and the residue dissolved in diethyl ether. 
Theether solution was ?ltered and the solvent removed 
by distillation. Distillation of the residue in vacuo yielded 
15 grams of a clear liquid which, upon redistillation af 
forded 10 grams of a colorless oil, 2-methyl-2-methylthio 
propionaldoxime which had a boiling point of 78°—81° 
C./5' mm. and analyzed as follows. 

A‘lizalysis.—Calculated for CSHHNOS (percent): C, 
45.08; H, 8.33; N, 10.52. Found (percent): C, 45.89; H, 
8.19; N, 10.64. 

To the thus-prepared oxime dissolved in acetone was 
added an equivalent amount of methyl isocyanate and 2 
drops of dibutyltin diacetat'e. The resulting solution was 
stirred and heated at re?ux for four hours. The solvent 
was removed in vacuo and the residue recrystallized from 
isopropyl ether to yield a white crystalline solid, 2-methyl 
2-methylthiopropionaldehyde N-methylcarbamoyloxime, 
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which, upon further puri?cation, had a melting point of 
95° C. and analyzed as follows. 

Analysis.-~Calculated for C7H14N2O2S (percent): C, 
44.20; H, 7.42; N, 14.72. Found (percent): C, 44.07; H, 
7.45; N, 14.51. 

EXAMPLE II 

2-methyl-2-methylsul?nylpropionaldehyde 
N-methylcarbamoyloxime 

To 9 grams (0.0475 mole) of 2-methyl-2-methylthio 
propionaldehyde N-methylcarbamoyloxime dissolved in 50 
milliliters of ethyl acetate was added 17.5 grams of a 20.6 
percent solution of peracetic acid in ethyl acetate (0.0475 
mole of peracetic acid). The acid was added over a period 
of thirty minutes while stirring and maintaining the reac 
tion temperature at 32-37° C. by gentle cooling. After 
standing for 16 hours at room temperature, the pale green 
solution was diluted to 500 milliliters with hexane and 
cooled to --—10° C. The resulting solid was collected by 
?ltration, stirred with hot isopropyl ether and again ?l 
tered. The precipitate weighed 9 grams and melted at 994 
102° C. When recrystallized from benezene-ethylacetate 
(~95 :5) the melting point was raised to 108—~110° C. The 
pure compound had an infrared spectrum which was con 
sistent with the proposed structure and analyzed as follows. 

Analysis.—Calculated for C7H14N203S (percent): C, 
40.8; H, 6.8; N, 13.6. Found (percent): C, 40.5; H, 6.6; 
N, 13.1. 

EXAMPLE III 

2-methyl-Z-methylsulfonylpropionaldehyde 
N-methylcarbamoyloxime 

To 9.5 grams of Z-methyl-2-methylthiopropionaldehyde 
N-methylcarbamoyloxime (0.05 mole) in 50 milliliters 
of ethyl acetate was added 35.6 grams of a 21.2 percent 
solution of peracetic acid in ethyl acetate (0.1 mole of 
peracetic acid). The temperature of the well-stirred reac 
tion medium was maintained at 25—30° C. with cooling 
while the peracetic acid solution was added over a forty 
?ve minute period. The reaction mixture was then allowed 
to stand for sixteen hours. The resulting solid was collected 
by ?ltration and recrystallized from ethyl acetate. There 
was obtained 7 grams of a vwhite crystalline solid which 
had a melting point of 132—l33° C. and analyzed as fol 
lows. ‘ 

Analysis.—Calculated for C7H14N2O4S (percent): C, 
37.8; H, 6.3; N, 12.6. Found (percent): C, 38.3; ‘H, 6.2; 
N, 13.2. 

EXAMPLE IV 

2-methyl~2-methoxypropionaldehyde N-methyl 
carbamoyloxime 

2 - methyl - 2 - methoxypropionaldehydeoxime was pre 

pared by reacting 2 - methyl - 2-chloro - l - nitrosopropane 
dimer with a large excess of methanol in the presence 
of sodium bicarbonate at 40° for two hours. The mixture 
was ?ltered, the solvent evaporated and the residue ex 
tracted with hot petroleum ether and ?ltered. Removal of 
the petroleum ether and subsequent distillation of the resi 
due gave 10.5 grams of the desired oxime which had a 
boiling point of 85° C./15 mm. To 10.5 grams (0.09 mole) 
of the oxime in 100 milliliters of dry acetone was added 
5 grams (0.09 mole) of methylisocyanate and 2 drops 
of dibutyltin diacetate. The solution was stirred and heated. 
at re?ux for four hours. The solvent was removed in 
vacuo and the residue recrystallized from isopropyl ether 
to give 8 grams of a white solid having a melting point of 
70-73 ° C. and the following analysis. 

Analysis.—Calculated for C7H14N2O3 (percent) : C, 
48.26; H, 8.1; N, 16.08. Found (percent): C, 48.21; 
H, 7.94; N, 16.46. 
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8 
EXAMPLE v 

2-methylthiopropionaldehyde N-methylcarbamoyloxime 
To 5.5 grams of 85 percent potassium hydroxide (.084 

mole) dissolved in 100 milliliters of ethanol was added 
5.76 grams (0.12 mole) of methanethiol. The mixture was 
stirred for ?fteen minutes at 25° C. and then 9 grams 
(0.084 mole) of 2-chloro-l-nitrosopropane dimer was 
added in small portions through a powder funnel. The 
temperature was maintained at 30—35° C. during the ad 
dition of the dimer by occasional cooling and then heated 
at 35° C. for an additional hour. The solvent was evap 
orated and the residue extracted with ethyl ether. The 
ether solution containing the crude 2-methyl-2-methyl 
thiopropionaldehyde oxime was then treated with 5.7 
grams (0.1 mole) of methyl isocyanate and one drop of 
dibutyltin diacetate. It was allowed to stand in a closed 
container for twenty-four hours, ?ltered and stripped to 
55° C./2 mm. The residual oil, 2-methylthiopropion 
aldehyde N-methylcarbamoyloxime had an infra-red spec 
trum consistent with the proposed structure and analyzed 
as follows. 

Analysis.—Calculated for C6H12N2O2S (percent): C, 
40.9; H, 6.9. Found (percent): C, 40.7; H, 6.9. 

EXAMPLE VI 

2-methyl-2-isopropylthiopropionaldehyde 
N-methylcarbamoyloxime 

2-methyl - 2 - isopropylthiopropionaldehyde oxime was 

prepared from 15.2 grams (0.2 mole) of 2-propanethiol, 
8 grams (0.2 mole) of sodium hydroxide and 24.3 grams 
(0.2 mole) of 2-chloro-2-methyl-l-nitrosopropane dimer. 
The yield was 20 grams and the colorless oil distilled at 
74~76° C./2 mm. 
To 14 grams (0.087 mole) of the oxime dissolved in 

100 milliliters of anhydrous ethyl ether was added 2 drops 
of dibutyltin diacetate and 5.1 grams (0.09 mole) of 
methyl isocyanate. The mixture was heated at 35° C. for 
two hours and allowed to stand overnight at room tem 
perature. Evaporation of the solvent yielded a solid which, 
when recrystallized from isopropyl ether, weighed 10 
grams and melted at 90—92° C. and analyzed as follows. 

An'alysis.—Calculated for C9H1BN2O2S (percent): C, 
49.5; H, 8.3; N, 12.8. Found (percent): C, 49.9; H, 8.4; 
N, 12.8. 

EXAMPLE VII 

2-methyl-2-(Z-propenylthio) propionaldehyde 
N-methylcarbamoyloxime 

To 13.2 grams of 85 percent potassium hydroxide (0.2 
mole) dissolved in 100 milliliters of ethyl alcohol was 
added 18.5 grams (0.25 mole) of allyl mercaptan. The 
mixture was stirred at 30° C. for thirty minutes and then 
24.3 grams of 2-chloro-2-methyl-l-nitrosopropane dimer 
was added in small portions. External cooling was re 
quired to maintain the temperature at 30-35° C. The 
mixture was allowed to stand at room temperature for 
two days, ?ltered, the solvent evaporated and the residue 
distilled. There was obtained 27 grams of 2-methyl-2 
allylthiopropionaldehyde oxime as a colorless oil having 
a boiling point of 75—77° C./ 1 mm. To 20 grams of the 
oxime (0.125 mole) dissolved in 100 milliliters of anhy 
drous ethyl ether was added 7.5 grams of methyl isocya 
nate (0.13 mole) in the presence of dibutyltin diacetate 
and the reaction mixture was allowed to stand for three 
days. The solvent was evaporated and the solid residue 
recrystallized from isopropyl ether and washed with hex 
ane. There was obtained 9 grams of 2-methyl-2-(2-pro 
penylthio)propionaldehyde N - methylcarbamoyloxime 
having a melting point of 74—76° C. and the following 
analysis. 

Analysis.—Calculated for C9H16N2O2S (percent): C, 
50.0.; H, 7.5; N, 13.0. Found (percent): C, 49.9; H, 8.0; 
N, 12.6. 
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EXAMPLE VIII 

2-methyl-2-phenylthiopropionaldehyde 
N -methylcarbamoyloxime 

2-methyl-2-phenylthiopropionaldehyde oxime was ob 
tained by allowing an alcohol solution of the potassium 
salt of benzenethiol to react with 2-chloro-2-methyl-1 
nitrosopropane dimer. It is a white solid which melts at 
82-85 ° C. when recrystallized from a small amount of 
isopropyl ether. Seventeen grams (0.087 mole) of this 
oxime was treated with 5.2 grams of methyl isocyanate 
(0.09 mole) at room temperature for twenty-four hours. 
The solution ‘was ?ltered and the solvent evaporated. The. 
residue was puri?ed by recrystallization from a toluene 
hexane mixture yielding 10 grams of the desired Z-methyl 
2 - phenylthiopropionaldehyde N-methylcarbamoyloxime, 
which had a. melting point of 78—84° C. and analyzed as 
follows. 

Analysis.—Calc’d for .C12H16N2O2S (percent): C, 57.1; 
H, 6.4; N, 11.1. Found (percent): C, 57.4; H, 6.7; N, 
11.1. 

EXAMPLE IX 

2-methyl-2-methylthiopropionaldehyde 
N,N-dimethylcarbamoyloxime 

To 22 grams (0.22 mole) of phosgene and 24 grams 
(0.22 mole) of N,N-dimethylaniline dissolved in 200 mil 
liliters of anhydrous diethyl ether was added dropwise 27 
grams (0.20 mole) of Z-methyl-Z-methylthiopropionalde 
hydeoxime in 200 milliliters of ether while stirring and 
maintaining the reaction temperature at 0-10° C. The re 
action mixture was stirred about two hours at this tem 
perature and the dimethylaniline hydrochloride removed 
by ?ltration. The ?ltrate was concentrated in vacuo to 
about 250 milliliters. It was then treated with 27 grams 
(0.6 mole) of dimethylamine in 250 milliliters of water 
while stirring vigorously at 0° C. The mixture was stirred 
at this temperature for thirty minutes and the ether layer 
separated. Evaporation of the ether yielded a white solid 
which was recrystallized from hexane and air dried to give 
22 grams of 2-methyl-2-methylthiopropionaldehyde N,N 
dimethylcarbamoyloxime (54 percent of theory) ‘which 
had a melting point of 47° C. and analyzed as follows. 

Analysis.-Calc’d for C8H16NO2S (percent): C, 47.0; 
H, 7.9. Found (percent): C, 46.9; H, 7.9. 

EXAMPLE X 

2-methyl—2~methylthiopropionaldehyde 
N-ethylcarbamoyloxime 

To 20 grams (0.15 mole) of 2-methyl-2-methylthio 
propionaldehyde oxime dissolved in 200 milliliters of an 
hydrous diethyl ether was added 1 drop of dibutyltin di 
acetate catalyst and 11 grams (0.155 mole) of ethyl iso 
cyanate dropwise. When all of the isocyanate had been 
added, the solution was stirred at 35° C. for sixteen hours, 
The solvent was evaporated under reduced pressure and 
the residue washed with petroleum ether. Recrystalliza 
tion from isopropyl ether afforded 18 grams (59 percent 
of theory) of a white crystalline solid, Z-methyl-Z-methyl 
thiopropionaldehyde N-ethylcarbamoyloxime which had a 
melting point of 84° and analyzed as follows. 

Analysis.—Calc’d for CBHIGNZOZS (percent): C, 47.1; 
H, 7.9;N, 13.7. Found (percent): C, 47.6; H, 8.1;N, 13.8. 
The compounds of our invention are useful as pesti 

cides, particularly as insecticides, miticides, and nemato 
cides. - 

A particularly important attribute of our compounds is 
their excellent general insecticidal action coupled with 
their outstanding control of mites. 

With the advent of new highly effective insecticides used 
against speci?c crop pests, there has been caused in many 
cases an unbalance of minor pests of the same crop. For 
example, plant-feeding mites are often resistant to general 
insecticides and substantially unaifected by insecticides 
used to kill a speci?c insect. Thus the natural predators 
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of plant-feeding mites have been eradicated and the mites, 
unaffected by the chemicals used, have replaced them as 
the ecological dominant in the particular pathological 
environment. Hence, there has been a need for effective 
miticides and, ideally, chemicals exhibiting both insecti 
cidal and miticidal action. , 
As representative of our invention the following com 

pounds were tested with regard to their pesticidal activity. 

Compound 1.-2-methyl~2~methylthiopropionaldehyde 
N-methylcarbamoyloxime; melting point: 98-100" C. 

CH3 0 ' 

0H3—s—<|J—oH=N—0—ii-NHCH3 
Ha 

Compound 2.—2-methyl-2~methylsul?nylpropionaldehyde 
N-methylcarbamoyloxime; melting point: 108—110° C. 

0 CH3 0 

CH3-—g-—(|3—CH=N—O— l—-NHCH3 
Ha 

Compound 3.-—2-methyl - 2 - methylsulfonylpropionalde 
hyde N-methylcarbamoyloxime; melting point: 132 
133° C. 

0 
ll 
—NHCH: 

Compound 4.——2-methyl - 2 - methoxypropionaldehyde N 
methylcarbamoyloxime; melting point: 70-73 ‘’ C. 

CH3 0 

oII3—o-<h-oI{=N—o-<UJ-NH(:H3 
H3 

Compound 5.—2-methylthiopropionaldehyde N-methyl 
carbamoyloxime 

CH3 

Compound 6\.—2-methyl-2-methylthiobutanealdehyde N 
methylcarbamoyloxime; melting point: 68-70° C. 

Compound 7.—2-methyl-2-ethylthiopropionaldehyde N 
methylcarbamoyloxime; melting point: 78—80° C. 

' CH3 0 

o H é — (Ii 
2 5—S—|——CH—-N—O—— —NHCH3 

CH3 

Compound 8.—2-methyl-2-isopropylthiopropionaldehyde 
N-methylcarbamoyloxime; melting point: 90-920 C. 

Compound 9.—2-methyl-2-(2-propenylthio)propionalde 
hyde N-methylcarbamoyloxime; melting point: 74 
76° C. 

Compound 10.-—2 - methyl-Z-phenylthiopropionaldehyde 
N-methylcarbamoyloxime; melting point: 78—84° C. 

CH3 

CH3 
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Compound 1 1.—2-methyl-2- (p-chlorophenylthio ) propio 
naldehyde N-methylcarbamoyloxime; melting point: 
44-49° C. 

0 CH3 

CH3 

Compound 12.—2 - methyl-2-benzylthiopropionaldehyde 
N-methylcarbamoyloxime 

CH; 

CH3 

Compound 13.—2-methyl~2-methylthiopropionaldehyde 
carbamoyloxime; melting point: 91-93” C. 

Compound 14.-2 - methyl-2-methylthiopropionaldehyde 
N,N-dimethylcarbamoyloxime; melting point: 45 
47° C. 1 

Compound 15 .—2 - methyl-2-methylthiopropionaldehyde 
N-ethylcarbamoyloxime; melting point: 82—84° C. 

Compound 16.—2 - methyl-Z-methylthiopropionaldehyde 
N-n-propylcarbamoyloxime; melting point: 71-73° C. 

CH3 i) / 

CHa—S-—+——CH=N—O-é-—N 
Unless otherwise noted, suspensions of compounds 

1-15 were prepared by dissolving one gram of compound 
in 50 milliliters of acetone in which had been dissolved 
0.1 gram (10 percent of the weight of compound) of 
“Triton X-l55,” an alkylphenoxy polyethoxyethanol sur 
factant, as an emulsifying or dispersing agent. The re 
sulting soluition was mixed into 150 milliliters of water to 
give roughly 200 milliliters of a suspension containing the 
compound in ?nely divided form. The thus-prepared stock 
suspension contained 0.5 percent by weight of compound. 
The test concentrations employed in the tests described 
hereinbelow were obtained by diluting the stock suspen 
sion with water. 
The compounds were evaluated for activity against the 

following representative pests: bean aphid, armyworm, 
Mexican bean beetle, house ?y, two-spotted mite, and 
root-knot nematode. 
The tests employed were: 

APHID FOLIAGE SPRAY TEST 

Adults and nymphal stages of the bean aphid (A phis 
fabae Scop.), reared on potted drawf nasturtium plants 
at 65-70“ F. and 50-70 percent relative humidity, con 
stituted the test insects. For testing purposes, the number 
of aphids per pot was standardized to 100-150 by trim 
ming plants containing excess aphids. The test com 
pounds were formulated by diluting the stock suspension 
with water to give a suspension containing 100 parts of 
test compound per million parts of ?nal formulation, by 
weight. The potted plants (one pot per compound tested), 
infested ‘with 100-150 aphids, were placed on a revolving 
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turntable and sprayed with 100-110 milliliters of test 
compound formulation by use of a DeVilbiss spray gun 
set at 40 p.s.i.g. air pressure. This application, which 
lasted 30 seconds, was suf?cient to wet the plants to run 
off. As a control, 100-110 milliliters of a water acetone 
emulsi?er solution containing no test compound were also 
sprayed on infested plants. After spraying, the pots were 
placed on their sides on a sheet of white standard mimeo 
graph paper which had been previously ruled to facilitate 
counting. Temperature and humidity in the test room 
during the 24-hour holding period were 65-70° F. and 
50-70 percent, respectively. Aphids which fell onto the 
paper and were unable to remain standing after being 
upright were considered dead. Aphids remaining on the 
plants were observed closely for movement and those 
which were unable to move the length of the body upon 
stimulation by prodding were considered dead. Each 
compound was rated according to the following numeri 
cal designations: 
5 = 80-100% mortality 
3 =40-79 % mortality 
1: 0-39 % mortality 

ARMYWORM LEAF DIP TEST 

Larvae of the southern armyworm (Prodenia eridania, 
(Cram.)), reared on Tendergreen bean plants at a tem 
perature of 80:5 ° F. and a relative humidity of 50:5 
percent, constituted the test insects. The test larvae were 
removed from the colony and held without food for four 
hours prior to the test. The test compounds were formu 
lated by diluting the stock suspension with water to give 
a suspension containing 1000 parts of test compound per 
million parts of ?nal formulation (by weight). Paired 
seed leaves, excised from Tendergreen bean plants, were 
dipped in the test formulations until thoroughly wetted, 
excess liquid being removed by gentle shaking. While the 
leaves were drying in a ventilated hood, wilting was pre 
vented by placing the stems in ‘water. When dry, the 
paired leaves were separated and each one was placed 
in a 9-centimeter Petri dish lined with moistened ?lter 
paper. Four randomly selected larvae were introduced 
into each dish and the dishes were closed. The closed 
dishes were labeled and held at 80-85° F. for three days. 
Although the larvae could easily consume the whole leaf 
within twenty-four hours, no more food was added. Lar 
vae which were unable to move the length of the body, 
even upon stimulation by prodding, were considered 
dead. Each compound was rated according to the follow 
ing designations: 
5 = 80-100% mortality 
3 2 40-79 % mortality 
1: 0-39 % mortality 

MEXICAN BEAN BEETLE LEAF DIP TEST 

Third instar larvae of the Mexican bean beetle (Epi 
lachna varivestis, Muls.), reared on Tendergreen bean 
plants at a temperature of 80:5“ F. and 50:5 percent 
relative humidity, were the test insects. The test com 
pounds were formulated by diluting the stock suspension 
with Water to give a suspension containing 100 parts of 
test compound per million parts of ?nal formulation by 
weight. Paired seed leaves excised from Tendergreen 
‘bean plants were dipped in the test formulation until 
thoroughly wetted, excess liquid being removed by gentle 
shaking. While the leaves were drying under a hood, 
wilting was prevented by placing the stems in water. 
When dry, the paired leaves were separated and each was 
placed in a 9-centimeter Petri dish lined with moistened 
?lter paper. Four randomly selected larvae were intro 
duced into each dish, and the dishes were closed. The 
closed dishes were labeled and held at a temperature of 
80:5" F. for three days. Although the larvae could 
easily consume the leaf within 24 to 48 hours, no more 
food was added. Larvae which were unable to ‘move the 
length of the body, even upon stimulation, were con 
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sidered dead. Each compound was rated according to 
the following designations: 
5 = 80-100 % mortality 
3 =40-79 % mortality 
1=0-39 % mortality 

MEXICAN BEAN BEETLE SYSTEMIC TEST 

Fourth instar larvae of the Mexican bean beetle (Epi 
lachna varivestis, Muls.), reared on Tendergreen bean 
plants at a temperature of 80:5° F. and 50:5 percent 
relative humidity, were the test insects. The test com 
pounds were formulated by diluting the stock suspension 
with water to give a suspension containing 250 parts of 
test compound per million parts of ?nal formulation, by 
Weight. For each test compound, the stems of excised 
Tendergreen bean plants having paired seed leaves were 
placed in the test formulation for forty-eight hours. The 
paired leaves were then separated and each leaf was 
placed in a 9-centimeter Petri dish lined with moistened 
?lter paper. Four randomly selected larvae were placed 
in the dish and the dish was closed. The closed dishes 
were labeled and held at 80:5° F. for three days. Al 
though the larvae could easily consume the whole leaf 
within 24 to 48 hours, no more food was added. Larvae 
which were unable to move the length of the body, even 
upon stimulation, were considered dead. Each compound 
was rated according to the following designations: 

5 = 80-100% mortality 
3 :40-79 % mortality 
1: 0-39 % mortality 

FLY BAIT TEST 

Four to six day old adult house ?ies (Musca domestica, 
L.), reared according to the speci?cations of the Chemi 
cal Specialties Manufacturing Association (Blue Book, 
MacNair-Dorland Co., NY. 1954: pages 243-244, 261) 
under controlled conditions of 80:5° F. and 50:5 per 
cent relative humidity, were the test insects. The ?ies 
were immobilized by anesthetizing with carbon dioxide 
and twenty-?ve immobilized individuals, males and 
females, were transferred to a cage consisting of a stand 
ard food strainer about ?ve inches in diameter which was 
inverted over blotting paper. The test compounds were 
formulated by diluting the stock suspension with a 10 
percent (by weight) sugar solution to give a suspension 
containing 1000 parts of test compound per million parts 
of ?nal formulation by weight. Fifteen milliliters of the 
test formulation were added to a sou?lé cup containing 
a one-inch square of an absorbent pad. This bait cup was 
introduced and centered on the blotting paper under the 
food strainer prior to admitting the ?ies. The caged ?ies 
were allowed to feed on the bait for twenty-four hours, 
at a temperature of 80:5 ° F. and the relative humidity 
of 50:5 percent. Flies which showed no sign of move 
ment on prodding were considered dead. Each compound 
was rated according to the following designations: 
5=80-l00% mortality 
3-=40—79% mortality 
1=0-39% mortality 

MITE FOLIAGE SPRAY TEST 

Adults and nymphal stages of the two-spotted mite 
(Tetranychus telarius (L.) ), reared on Tendergreen bean 
plants at 80:5° F. and 50:5 percent relative humidity, 
were the test organisms. Infested leaves from a stock 
culture were placed on the primary leaves of two bean 
plants six to eight inches in height, growing in a two-and-a 
half inch clay pot. 150-200 mites, a su?icient number for 
testing, transferred from the excised leaves to the fresh 
plants in a period of twenty-four hours. Following the 
twenty-four hour transfer period, the excised leaves were 
removed from the infested plants. The test compounds 
were formulated by diluting the stock suspension with 
water to give a suspension containing 1000 parts of test 
compound per million parts of ?nal formulation. The 
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potted plants (one pot per compound) were placed on a 
revolving turntable and sprayed with 100-110 milliliters 
of test compound formulation by use of a DeVilbiss spray 
gun set at 40 p.s.i.g. air pressure. This application, which 
lasted 30 seconds, was sufficient to wet the plants to run 
o?f. As a control, 100-110 ‘milliliters of a water solution 
containing acetone and emulsi?er in the same concentra 
tions as the test compound formulation, but containing 
no test compound, were also sprayed in infested plants. 
The sprayed plants were held at 80:5° F. and 50:5 per 
cent relative humidity for six days, after which a mortality 
count of motile forms was made. Microscopic examina 
tion for motile forms was made on the leaves of the test 
plants. Any individual which was capable of locomotion 
upon prodding was considered living. Each compound 
was then rated according to the following designations: 
5=80—l00% mortality 
3=40-79% mortality 
1»=0-39% mortality 

MITE OVICIDE TEST 

The test organism was the egg of the two-spotted mite 
(Tetranychus telarius (L.) ), as obtained from adults 
reared on Tendergreen bean plants under controlled con 
ditions of 80:° F. and 50:5 percent relative humidity. 
Heavily infested leaves from a stock culture were placed 
on the primary leaves of two bean plants six to eight 
inches in height, growing in a two-and-a~half inch clay 
pot. Females were allowed to ovipo-sit for a period of 48 
hours and then the leaves of the infested plants were 
dipped in a solution containing 800 parts of tetraethyl 
pyrophosphate per million parts of water in order to de 
stroy the reproductory forms and thus prevent further 
egg laying. This solution of tetraethyl pyrophosphate does 
not affect the viab-ility of the eggs. The plants were 
allowed to dry thoroughly. The test compounds were 
formulated by diluting the stock suspension with water 
to give a suspension containing 1000 parts of test com 
pound per million parts of ?nal formulation. The potted 
plants (one pot per compound) were placed on a revolv 
ing turntable and sprayed with 100-110 milliliters of test 
compound formulation by use of a DeVilbiss spray gun 
set at 40 p.s.i.g air pressure. This application, which lasted 
30 seconds, was su?icient to wet the plants to runoff. As a 
control, 100-110 milliliters of a water solution containing 
acetone and emulsi?er in the same concentrations as the 
test compound formulation, but containing no test com 
pound, were also sprayed on plants infested with eggs. 
The sprayed plants were held at 80:5° F. and 50:5 per 
cent relative humidity for six days, after which a micro 
scopic examination was made of unhatched (dead) and 
hatched (living) eggs, and each test compound was rated 
according to the following designations: 
5=70—100% mortality 
3==40-69% mortality 
1=O-39% mortality 

MITE SYSTEMIC TEST 

Adults and nymph stages of the two-spotted mite 
(Tetranychus telarius (L.) ), reared on Tendergreen bean 
plants at 80:5 ‘’ F. and 50:5 percent relative humidity, 
were the test organisms. Infested leaves from a stock cul 
ture were placed on the primary leaves of two bean plants 
six to eight inches in height, growing in a two-and-a-half 
inch clay pot. 150-200 mites, a su?icient number for test 
ing, transferred from the excised leaves to the fresh plants 
in a period of twenty-four hours. The test compounds 
were formulated by diluting the stock suspension with 
water to give a suspension containing 250 parts of test 
compound per million parts of ?nal formulation. Thirty 
milliliters of the test formulation were drenched into the 
pot containing the infested plants. The treated plants were 
held for forty-eight hours at 80:5° F. and 50:5 per 
cent relative humidity. After the forty-eight hour holdingv 
period, microscopic examination for motile forms was 
made on the leaves of the test plants. Any individual 
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capable of locomotion upon prodding was considered liv 
ing. Each test compound was then rated according to the 
following designations: 
5=‘80*—l00% mortality 
3-=40—79% mortality 
1:0-39% mortality 

NEMATOCIDE TEST 

Infective migratory larvae of the root-knot nematode 
(Meloidogyne incognito, var. acritai), reared in the green 
house on roots of plants constituted the test organism. 
Infected tomato plants were removed from the cul 
ture and the roots were chopped very ?nely. A small 
amount of these choppings was added to a pint Mason 
jar containing approximately 180 cubic centimeters of 
soil. The jar was capped and incubated for one week at 
room temperature. During the incubation period eggs of 
the nematode hatch and the larval forms migrate into‘ the 
soil. The test compounds were formulated by diluting the 
stock suspension with water to give a suspension contain 
ing 1000 parts of test compound per million parts of ?nal 
formulation. Twenty-?ve milliliters of the test formulation 
were added to each of two jars. Thus each jar contained 
25 milligrams of test compound, an amount roughly 
equivalent to 75 pounds per acre. Following the introduc 
tion of the test formulation, the jars were capped and the 
contents thoroughly mixed on a ball mill for ?ve minutes. 
The jars remained capped at room temperature for 48 
hours whereupon the contents were transferred to 3-inch 
pots. These pots were then seeded with cucumber as an 
indicator crop and placed in the greenhouse where they 
were cared for in the usual fashion for approximately 
three weeks. The cucumber plants were removed from the 
pots and the soil was Washed from the roots. The amount 
of galling was determined by visual inspection and rated 
according to the following designations: 
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5=no galling; perfect control 
4=very light galling 
3=light galling 
2=moderate galling 
1=severe galling, equal to untreated plants 

The results of the above-described tests are set forth in 
Table I, below. 

The controls exhibited no pesticidal activity. 
It can be seen that Compounds 1 to 3 differ only with 

respect to the extent of oxidation of the thio linkage, i.e. 
sul?de in Compound 1, sul?nyl in Compound 2, and sul 
fonyl in Compound 3, and that Compounds 1 to 3 all 
possess a high degree of insecticidal and miticidal activity. 
While we do not rely on any particular theory underlying 
the success of our invention, it can vbe convincingly postu 
lated that the oxidized analogs of other 2-hydrocarbyl~ 
sul?de-substituted compounds of our invention will pos 
sess high activity inasmuch as oxidation of the sulfur atom 
is a well-known metabolic pathway wherein the metabolic 
products possess activity. 

For certain of our compounds, serial dilution tests 
were conducted to determine the concentration of chemi 
cal required to kill 50 percent of the insect or mite popu 
lation in each of the above-described tests. This concen 
tration, expressed in parts of test compound per million 
parts of applied formulation, is hereinafter abbreviated as 
LD50. Similarly for those compounds which were effective 
for control of nematodes in the initial tests, serial dilution 
tests were conducted to determine the minimum concen 
tration of chemical required to effect a rating of 3. This 
concentration, expressed in pounds of chemical per acre of 
soil, is hereinafter abbreviated as EDg. The results are 
set forth in Table II, below. 
Compound 1, Z-methyl-2-methylthiopropionaldehyde 

N-methylcarbamoyloxime, was further evaluated in a se 
ries of pot tests to demonstrate its systemic activity. In 

TABLE I 

Insecticidal Ratings 

Mexican 
bean Mexican Miticidal Rating Nematocidal 

beetle bean Rating 
Bean Army- leaf beetle Fly Mite Mite Mite Root-Knot 
aphid worm dip systemic bait foliage egg systemic nematode 

Concentration l 

75 pounds/ 
Compound No. 100 1,000 100 250 1,000 1,000 1,000 250 acre, 

5 5 3 5 5 5 5 5 4 
5 5 5 5 5 5 3 5 4 
1 1 5 5 5 5 3 5 4 
5 5 3 5 5 5 1 5 1 
5 1 1 5 5 5 1 5 5 
5 1 1 5 5 5 3 5 5 
5 1 1 5 5 5 3 5 5 
5 1 1 3 5 5 1 5 5 
5 1 5 5 5 5 1 5 5 
3 1 1 5 1 3 1 1 2 
1 1 1 5 5 1 1 1 1 
5 1 1 3 3 1 1 1 1 
5 3 1 5 5 5 3 1 5 
5 1 1 5 5 5 1 1 ............. - 
5 3 5 5 5 5 1 5 4 
1 1 5 5 5 5 1 1 5 

1 In parts of compound per million parts of applied formulation unless otherwise noted. 
TABLE II 

[LDm ratings in p.p.m.] 

Insecticidal Ratings ED; rating 
in 1b./A. 

Mexican Mexican Mitieidal Ratings Nematocidal 
bean bean rating 

Compound Bean Army- beetle beetle Fly Mite Mite Mite Root-knot 
No. aphid worm leaf dip systemic bait foliage egg systemic nematode 

600 15 
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the following tests, suf?cient amounts of appropriate dilu 
tions of the above-described stock suspension of Com 
pound l were poured into pots containing the test plants 
to give the indicated concentration in milligrams of com 
pound per pot. Unless otherwise noted, ratings are ex 
pressed as the degree of control of insect achieved as ob 
served>72 hours after application of chemical, according 
to the following designations: 

5 : excellent control 
3=fair control 
1=no control. 

The results are given in Tables III and IV, below. In 
Table III, ratings for standard chemicals tested side-by 
side with Compound 1 are also given. 

TABLE TIL-COMPARISON OF COMPOUND 1 WITH STAND 
. ARDS AGAINST BEAN APHIDS INFESTING NASTURTIUM 
PLANTSl (SYSTEMIC POT TEST) 

Concentration 
(mg. active/ 

Compound 2% inch pot Rating 

0.020 5 
Compound 1 _____________________________ ._ 0.010 5 

0. 005 5 
0,0-diethyl O (and S)-2-(ethylthio)ethyl 0.020 3 
phosphorothioate _______________________ _. % 

0,0-diethyl S-2-(ethy1thio)ethyl phospho- 0.020 1 
rodithioate _____________________________ _ _ 0. 010 1 

. 0.005 1 
S-methylcarbamoylmethyl 0,0-dimethyl 0.020 5 
phosphorodithioate _____________________ _ . 8. 8(1)? 3-? 

0,0-diethyl S-ethylthiomethyl phosphoro- 0.020 3-5 
dithioate _______________________________ __ 0. 010 1 

0.005 1 
0,0-diethyl O-2-pyrazinyl phosphorothio- 0.020 3 
at“ ------------------------------------- " 8852 i 

1 Based on a starting population of approximately 150 aphids. 

TABLE IV.—SYSTEMIC ACTIVITY OF COMPOUND I 
AGAINST REPRESENTATIVE INSECTS 

Concen- _ 
Insect Host Plant tration Rating 

1 1. 50 5 
Pea aphid ________________ ._ Windsor bean _______ __ 1 0.75 5 

i0. 38 4 
1 30 2 2 

Meal bu ________________ __ Coleus ______________ __ 1 7. 5 y g i 1 1. 9 3 3 
2 4 

Mexican bean beetle ______ __ Tendergreen bean____ . 418g 
2 9 4 

Armyworm larvae __________________ __d0 ........ . .{ {g 4 

1 Mg. active/4 inch pot. 
2 Mg. active/2% inch pot. 
3 48-hour rating. 
4 Expressed as percent kill. 

In still another series of tests, Compound 1 was tested 
for activity against the serpentine leaf miner (Liriomyza 
sp.) invarious modes of application. 

In a systemic test, Compound 1 was applied, at the 
indicated concentrations, to soil in which were growing 
uninfested Tendergreen bean plants. The plants were ex 
posed to the adult insect and twenty-four days after appli 
.cation the number of miners infesting treated and un 
treated leaves were counted. The results were as follows: 

No. of miners on 

Primary 
leaves Triplicate 

Concentration of chemicall 
5 0 0 

0 1 
64 29 

1 In milligrams per 2%, inch pot. 

In a leaf dip test, Tendergreen bean leaves already 
infested with the miners were dipped into variously di 
luted stock formulations of Compound 1. After treatment, 
the leaves were held in Petri dishes. The number of 
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pupae formed was determined 72 hours after application 
and adult emergence was observed 2 weeks after applica 
tion. The results were as follows: 

Adult 
Pupae Emer 

Formation gonce 

Concentration of chemical (p.p.m.): 
60 8 0 

ll 8 
I6 12 
80 67 

The compounds contemplated in this invention may be 
applied as insecticides, miticides, and nematocides accord 
ing to methods known to those skilled in the art. Pest 
icidal compositions containing the compounds as the ac 
tive toxicant will usually comprise a carrier or diluent, 
either liquid or solid. 

Suitable liquid diluents or carriers include water, petro 
eum distillates, or other liquid carriers with or without sur 
face active agents. Liquid concentrates may be prepared 
by dissolving one of these compounds with a nonphyto 
toxic solvent such as acetone, xylene, or nitrobenzene and 
dispersing the toxicants in water with the aid of suit 
able surface active dispersing agents. 
The choice of dispersing and emulsifying agent and 

‘the amount employed is dictated by the nature of the com 
position and the ability of the agent to facilitate the dis 
persion of the toxicant. Generally, it is desirable to use 
as little of the agent as is possible, consistent with the 
desired dispersion of the toxicant in the spray so that 
rain does not re-emulsify the toxicant after it is applied 
to the plant and wash it off the plant. Nonionic, anionic, 
or cationic dispersing and emulsifyig agents may be em 
ployed, for example, the condensation products of alkyl 
ene oxides with phenol and organic acids, alkyl aryl sul 
fonates, complex ether alcohols quaternary ammonium 
compounds, and the like. 

In the preparation of wettable powder or dust or gran 
ulated compositions, the active ingredient is dispersed 
in and on an appropriately divided solid carrier such as 
‘clay, talc, bentonite, diatomaceous earth, f-uller’s earth, 
and the like. In the formulation of the wettable powders 
the aforementioned dispersing agents as well as ligno 
sul‘fonates can be included. ' 

The required amount of the toxicants contemplated 
herein may be applied per acre treated in from 1 to 
200 gallons or more of liquid carrier diluent or in from 
about 5 to 500 pounds of inert solid carrier or diluent. 
The concentration in the liquid concentrate will usually 
vary from about 10 to 95 percent by weight and in the 
solid formulations from about 0.5 to about 90 percent 
by weight. Satisfactory sprays, dusts, or granules for 
general use contain from about 1A to 15 pounds of active 
toxicant per acre. 
The pesticides contemplated herein prevent attack by 

insects, mites, and nematodes upon plants or other 
‘material to which the pesticides are applied, and they have 
high residual toxicity. With respect to plants they have 
a high margin of safety in that when used in su?icient 
amount to kill or repel the insects, they do not burn 
or injure the plant, and they resist weathering which 
includes wash-off caused by rain, decomposition by ultra 
violet light, oxidation, or hydrolysis in the presence of 
moisture or, at least, such decomposition, oxidation, and 
hydrolysis as would materially decrease the desirable in 
secticidal characteristics of the toxicants or impart un 
desirable characteristics, for instance, phytotoxicity, to 
the toxicants. The toxicants are so chemically inert that 
they are compatible with substantially any other constitu 
‘ents of the spray schedule, and they may be used in 
the soil, upon the seeds, or the roots of plants without 
injuring either the seeds or roots of plants, yet by imbi 
bition or root uptake they will kill the pests feeding 
thereon. 
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What is claimed is: 
1. An insecticidal and miticidal composition compris 

ing an insecticidally and miticidally acceptable carrier 
and as an active toxicant, an eifective amount of a com 
pound of the formula 

wherein the hydrocarbyl radical contains not more than 7 
carbon atoms and is selected from the group consisting of 
alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and chloro 
aryl; X represents oxygen or a sulfur linkage of the group 
consisting of thio, sul?nyl, and sulfonyl linkages; and 
wherein m, n, a and p are integers from 0 to 4 with the 
proviso that neither the sum of m and it nor the sum of 
0 and p exceeds 4. 

2. A composition as claimed in claim 1 wherein the 
active toxicant is a compound of the formula 

wherein the hydrocarbyl radical contains not more than 7 
carbon ‘atoms and is selected from the group consisting 
of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and 
chloroaryl; and wherein m, n, o and p are integers from 
0 to 4 with the proviso that neither the sum of mI and n 
nor the sum of 0 and p exceeds 4. 

3. A composition as claimed in claim 1 wherein the 
active toxicant is a compound of the formula 

(CH2) mCH3 0 (CH2) DH 
Hydrocarbyl-S-(‘J-CHINwO-r-O-N 

(CH2) “H (CH2) pH 
wherein the hydrocarbyl radical contains not more than 
7 carbon atoms and is selected from the group consisting 
of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and 
chloroaryl; and wherein m, n, a and p are integers from 
0 to 4 with the proviso that neither the sum of m1 and n 
nor the sum of o and p exceeds 4. 

4. A composition as claimed in claim 1 wherein the 
active toxicant is a compound of the formula 

0 (CHz)mCH3 O (CH2)uH 

(CH2)nH (CH2)pH 
wherein the hydrocarbyl radical contains not more than 
7 carbon atoms and is selected from the group consisting 
of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and 
chloroaryl; and wherein m, n, 0 and p are integers from 
O to 4 with the proviso that neither the sum of m and n 
nor the sum of o and p exceeds 4. 

5. A composition as claimed in claim 1 wherein the 
active toxicant is a compound of the formula 

wherein the hydrocarbyl radical contains not more than 
7 carbon atoms and is selected from the group consisting 
of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and 
chloroaryl; and wherein m, n, 0 and p are integers from 
0 to 4 with the proviso that neither the sum of m. and n 
nor the sum of 0 and p exceeds 4. 

6. A composition as claimed in claim 3 wherein the 
active toxicant is a compound of the formula 

(CHQOH 

(CHQDH 

wherein the lower alkyl radical contains not more than 7 
carbon atoms; and m‘, n, o and p‘ are integers from 0v to 4 
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20 
with the proviso that neither the sum of mi and n nor the 
sum of 0 and p1 exceeds 4. 

7. A composition as claimed in claim 6 wherein the 
active toxicant is 2-alkyl-2-alkylthiopropionaldehyde N 
mono-alkylcarbamoyloxime where the alkyl groups con 
tain from 1 to 4 carbon atoms each. 

8. A composition as claimed in claim 2 wherein the 
active toxicant is 2-methyl-2-methoxypropionaldehyde N 
methylcarbamoyloxime. ' 

9. A composition as claimed in claim 7 wherein the 
active toxicant is 2-methyl-2-methy1thiopropionaldehyde 
N-methylcarbamoyloxime. 

10. A composition as claimed in claim 4 wherein the 
active toxicant is Z-methyl-2-methylsul?nylpropionalde 
hyde N-methylcarbamoyloxime. 

11. A composition as claimed in claim 5 wherein the 
active toxicant is 2-methyl-2-methylsulfonylpropionalde 
hyde N-methylcarbamoyloxime. 

12. Method of combating insects and mites which com 
prises applying to the insects and mites or to a locus to be 
protected, an effective amount of a compound of the 
formula 

(011201116113 0 

Hydrocarbyl—X— —OH=N—0— —N 

( HmH CH2) pH 

wherein the hydrocarbyl radical contains not more than 
7 carbon atoms and is selected from the group consisting 
of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and chlo 
roaryl; X represents oxygen or a sulfur linkage of the 
group consisting of thio, sul?nyl, sulfonyl linkages; and 
wherein m, n, 0 and p are integers from 0 to 4 with the 
proviso that neither the sum of m and n nor the sum of 
0 and p exceeds 4. 

13. Method as claimed in claim 12 wherein the com 
pound is of the formula 

wherein the hydrocarbyl radical contains not more than 
7 carbon atoms and is selected from the group consisting 
of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and 
chloroaryl; and wherein m, n, 0 and p are integers from 
0 to 4 with the proviso that neither the sum of m and n 
nor the sum of 0 and p exceeds 4. 

14. Method as claimed in claim 12 wherein the com 
pound is of the formula 

wherein the hydrocarbyl radical contains not more than 
7 carbon atoms and is selected from the group consist-l 
ing of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and 
chloroaryl; and wherein m, n, 0 and p are integers from 
0 to 4 with the proviso that neither the sum of m and 12 
nor the sum of 0 and p exceeds 4. 

15. Method as claimed in claim 12 wherein the com— 
pound is of the formula 

wherein the hydrocarbyl radical contains not more than 
7 carbon atoms and is selected from the group consisting 
of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and 
chloroaryl; and wherein m, n, 0 and p are integers from 
0 to 4 with the proviso that neither the sum of m and it 
nor the sum of 0 and p exceeds 4. 
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16. Method as claimed in claim 12 wherein the com 
pound is of the formula 

wherein the hydrocarbyl radical contains not more than 
7 carbon atoms and is selected from the group consisting 
of alkyl, alkenyl, alkynyl, aralkyl, aryl, alkaryl, and chlo 
roaryl; and wherein m, n, 0 and p are integers from 0 to 4 
with the proviso that neither the sum of m and w nor the 
sum of o and p exceeds 4. 

17. Method as claimed in claim 14 wherein the com 
pound is of the formula 

wherein the lower alkyl radical contains not more than 7 
carbon atoms; and m, n, o and p are integers from 0 to 4 
with the proviso that neither the sum of m and m nor the 
sum of o and p exceeds 4. 

18. Method as claimed in claim 17 wherein the com 
pound is 2-alkyl-2-alkylthiopropionaldehyde N-monoal 
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kylcarbamoyloxime where the alkyl groups contain from 
1 to 4 carbon atoms each. 

19. Method as claimed in claim 13 wherein the com 
pound is 2-methy1~2-methoxypropionaldehyde N-methyL 
carbamoyloxime. 

20. Method as claimed in claim 18 wherein the com 
pound is 2-methyl-2-methylthiopropionaldehyde N-meth 
ylcarbamoyloxime. 

21. Method as claimed in claim 15 wherein the com 
pound is 2 - methyl - 2 - methylsul?nylpropionaldehyde 
N-methylcarbamoyloxime. 

22. Method as claimed in claim 17 wherein the com 
pound is 2 - methyl - 2 - methylsulfonylpropionaldehyde 
N-methylcarbamoyloxime. 
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