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COMPLETE SPECIFICATION 

1-Carbamoyl-N-(Substituted-Carbamoyloxy )­
Thiof ormimidates and their use as Pesticides 

We, E. I. Du PONT DE NEMOURS & Co., 
a Corporation organised and existing under 
the laws of the State of Delaware, United 
States of America, of Wilmington 98, State of 
Delaware, United States of America, do here­
by declare the .invention for which we pray 

there is also a continuing need for pesticides 
which possess a desirable combination of physi_. 
cal properties, a desirable combination of 
pesticidal activities, or a desirable combination 
of pesticidal activity and good tolerance for 40 
plants and mammals. Thus, for example, many 
of the commercial pesticides are restricted in 
use because of toxicity to crop plants or to 
anL.-n~!~ er bc~~use of !01H pe~ri(·id~~ ~rtiviry 

that a ,patent may be granted to us, and the• 
method by which it is to be performed, to be 
parriculariy d1::~~1ibed in iU1d ty the following 

10 statement : - . or low safety margin for the host p1ant. 45 
This invention relates to chemical pesticides 

. and is more pa1ticu1arly directed to . l - car­
·. bamoyl - N ~ (substituted carbamoyloxy) thio­

formimidatcs· of the following formula, and 
15 their use as pesticides: 

20 

25 

30 

wherein 
R1 represents alkyl of 1 to 4 carbon atoms 
er a!ken~'! of 3 nr 4 r11rhon atoms; 
R2 repr1::seuts hydrogen, mcthoxy, ··alkyl cf 
1 to 4 carbon atoms, alkenyl of 3 or 4 
carbon atoms or cycloalkyl of 3 to 5 carbon 
atoms; · · 
R3 represents hydrogen, alkyl of 1 to 4 car­
bon atoms, or alkenyl of 3 or 4 carbon 
atoms; or 
R2 and Ra together represent alkylene of 
2 to 6 carbon atoms; 

· R., reprcserit:J alkyl of 1 to 3 carbon atoms, · 
allyl or propargyl; 
and R;; reprcs-ents hydrogen or methyl; 

with the proviso that R: and Ra total not 
more than 7 carbon atoms. · 

While there is an evergrowing number of · 
35 chemical pesticides available to the public 

[Price Ss. Od.] 

We have discovered that the compounds 
of formula (1) possess a surprisingly adv:m­
tageous combination of physical properties, 
good activity towards serious economic pests, 
and high. crop safety margins. . 

Thus the compounds of fcrmuia (1) are 
useful in preventing the destructive effects of 
ticks, mites, insects and nematodes in a variety 

50 

of applications, and are particularly useful in 
protecting plants from plant predaceols pests. 55 
They have demonstrated outstanding activity 
toward pests such as the boll weevil, Anthon­
omus. grandis and the Southern armyworm, 
Prodenia eridania, combined with good s:i.fety 
mare:ins for their host plants. In addition to 60 

· higlt levels of safety to seeds, fruits and 
foliage, the compounds of formula (1) have 
physical characteristics which ,permit them to 
be placed at the site of nematode pre ;encc or" 
activity readily and without distui·bing plants 65 
already ·established. Additionally the com ... 
pounds of formula (1) have demonstrated a 
good margin of safety to mammals and out­
standing residual activity. 

As will be recognized by those skilled in 70 
the art, the compounds of formula (1) can . 
exist in the form of either or both of the geo~ 
metric syn and anti isomers. 

The compounds of formula (1) which have 
shown the most desirable combination of pro­
pe1tics and ~.ctivity are those wherein R~ and 

75 
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R3 are both hydrbgen o,r both ·"hlethyl. The 
most prckrred compounds of formula (1) are 
methyl 1 - carbamoyl - N - (methylcarbamoyl­
oxy)thioformimidate and methyl 1 - (dimethyl-

5 · carbamoyl) - N - methylcarbamoyloxy)thio-. 
formimidate because of their outstanding pes­
ticidal activity and safety margin on crops. 

Ra O.NOH 

PREPARATION I 
Those compounds of formula (1) wherein 

Rs is hydr?gen can be prepared by reacting 10 l 
an a.Ppropnatc 1 - carbamoyl - N - hydroxy - j 
thioformimidate with a substituted isocyanate 
in an inert solvent such as acetone. This re­
action is illustrated by equation (A): 

15 
(A) ..... ",,. :,,.c.c 

/. ......... + R4 NCO ~ 
-R>s ?, ~ 

-C-C=NOC-NHR4 I . 
I 

I 

20 

Ra SR1 

. A trace amount of a catalyst such as tri­
ethylamine or dibutyltin dilaurate can be used 
to advantage in reaction (A) for some of the 
thioformimidates. 

Those compounds of formula (1) ·wherein 
Rj is methyl can be prepared by reacting an 

(B) 

R3 0 N~N(i) 
""-"~ N-C-C + 
/ ........ 

Ra Sl\ 

The thioformimidatc starting material for 
30 equations (A) and (B), which have both R:t 

and R3 as hydrogen, can be prepared by re-

35 
(C) 

Re S-R:i, 

appropriate thioforrnimidate with sodium hy­
dride. in a solvent such as tetrahydrofuran and 
treating the resulting salt with a substituted 
carbamoyl chloride. This rear.ti(ln is illustrated 
by equation (B): 

action of 1-carbamoylformhydroxamy! chloride 
with a mercaptan in the presence of a base. 
This reaction is illustrated by equation (C): 

0 · NOH 
II A NaOH ) ,y 

HeN-C-C 

Aphids--

' SR1 

LIST X 

J 
! 

I 

' l 
I 

I 
I 
I 
l 

The 1-carbamoylformhydroxamyl chloride can 
be prepared as described in Ber. 46, 2832 
(1913). 

An alternate procedure for the preparation 
40 of the thioformimidate starting materials is 

by reaction of methoxycal'bonylformhydrox­
amyl chloride with a mercaptan in the ,Pre­
sence of a base and then reacting the produc~ 
with an appropriate amine to form the desired 

45 1 - _carbamoyl - N - hydroxythioformirnidate. 

Bean aphid - Aphis f abae 
Cabbage aphid - Brevicoryne brassicae 
Com leaf aphid - Aphis maidis 
Corn root aphid -Anu1:aphis maidiradicis 
Cotton aphid - Aplus gvssypii · 
Green peach aphid - Myzus persicae 
Potato aphid - Macrosiplmm sola7zif olii 
Wooly apple aphid - Eriosoma lcmigermn 

5511! 

60 

PESTS CONTROLLED 
Representative of the pests from which 

the COfi?.pounds of formula (1) offer protection 
are the following insects, ticks, mites and 

50 nematodes, named in List X: 

Armyworms-
Fall armyworm - !Aphygma frugiperdti 
Southern armyworm - Prodenia eridania 

I 
I 
I 

I 

~ 
3 

Beetles-
Asiatic ga 
Bean leaf 
Cigarette 

s Colorado 

Japanese 
Mexican 
Squash b 

10 Sugarcan 
-White-fri 

Boll wee1 
Bollworn 

15 Borers-
Euro pear 
Pea~h tt~ 
Squash v 
Sugarcar. 

20 Butterflies-
Clouded 
Impartec 

Caterpillar. 
Alfalfa c 

25 Eastern· 

Curculio, I= 
Earworm,, 

Flea bectl~ 
30 Corn ik 

. Potatof 
Tobaccc 

Fleahoppe 

Flies-
35 Black fl: 

Hessian· 
Horn fl) 
House f 
Stable f 

40 Fruit flies-
Medite1 
Mexica1 
Orienta 

·Germane 

45 Leaf rolle 
Fruit tr 
Red-ha: 

Leaf mine 
· 50 Serpeni 

Leafhopp 
Beet lei 
Potato 

55 Sugarc 

Leafwo:'ll 
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·Beetles- ; l'I 
Asiatic garden beetle _:. Autoserica castanea 
Bean leaf beetle - Cerotoma trifu.rcata 
Cigarette beetle - Lasiode1'1na sen·icorne 
Colorado potato beetle - Leptinotarsa 

decemlineata 
Japanese beetle - Popillia japonica 
Mexican bean beetle - Epilaclma varivestis 
Squash beetle - Epilachna borealis 
Sugarcane beetle - Euetheola regiceps 
White-fringed beetle - Graph'Ognathus · 

leucolomit 
Boll weevil - AntlzOtnomus grandis 
Bollworm - Heliotliis zea 

15 Borers-
European cornborer - PyraustaJ nubilalis 
Peach tree borer - Sanninoidea exitiosa 
Squash vine borer - Melittia cucurbitae 
Sugarcane borer - Diatraea saccharolis 

20 Butterflies-

25 

30 

35 

Clouded sulphur - Golias philo<lice 
Imparted cabbagewo~m - Pie1·is rapae 

Caterpillars--
Alfalfa caterpillar - Coli.as eurytkeme 
Eastern tent caterpillar - Malacosoma 

americanum 
Curculio, plum -:- Cotwtrachelus nenupl1ar 
°Pn•• .. c•""' "C~" --· ~ ~1:0·11:.-:. Z""' (""'C 1..-ll""orm) .l..IMI. Yt .......... ,.... ....... .,,......... .. ...... ..,""; '"'- L~J .. l'T .... 

Flea beetles-
Corn flea beetle - Cluietocnema puJicaria 
Potato fl.ea beetle - Epitrix cucumeris 
Tobacco flea beetle - Epitricc hirtipenn~ 

Fleahopper, cotton - Psallus seriatus 

Flies-
Black fly (citrus)-Aleurocanthus woglumi 
Hessian fiy - Phytophaga destructm· 
Horn fly - Siplzona irritans 
House fly - Musca domestica 
Stable fly - Stomoxys calcitrans 

40 Fruit flies--
Mediterranean fruit .fly - Ceratitis capitata 
Mexican fruit fly - Anastrepha ludens. 
Oriental fruit fly - D-acrts dorsalis 

German cockroach - Blattel/a germanica 

45 Leaf rollers-

50 

SS 

Fruit tree leaf roller - Archips m·g)'l"ospila 
Red-banded leaf roller - Argyrotaenia 

velutinana 
Leaf miners-

Serpentine leaf miner - Liriomyza 
brassic.ae 

Leafhopper~ 
Beet leafhopper - Circulif er tenellus 
Potato leafhopper - Empoasca fabae 
Sugarcane leafhopper - Perkinsiella 

saccharicida 

Leafworm, cotton - Alabama m·gillacea 

Maggot, seed-corn - Hylemya pJatura 
Mealybugs_: · : · 

Citrus mealybug - Pseudococcres citri 60 
Pineapple mealybug - Pseudococcus 

brevipes 
Mites--

Citrus red mite - P<JJ·atetran:ychus citri 
Oover mite ..-- Bryobia praetiosa 65 
European red mite - Panonycl1us ulmi 
Pacific mite - Tetranyclzus pacificus 
Two-spotted mite - T etrantychus urticae 

Mosquitoes-
. Common malaria mosquito - Anopheles. 70 

quadrimaculatus. 
Salt-marsh mosquito -Aedes sollicitans. 
Southern house mosquito - Cuilei pipiens 

quinquef asciatus 

Moths- (Damage caused by immature forms 75 
called larvae) 

Clothes moth ...._ Tineola biselliella · 
Codling moth - Carpocapsa pomonella 

·European pine shoot moth - Rliyacionia 
. buoliana 80 

Grape berry moth - PoJyclzrosis viteana 
Gypsy moth - Porthetria dispar. 
Melonworm - Diaplzania hyalinata 
Oriental fruit moth - G1·apholith.a molesta 
Pickleworm - Diaphania nitidalis 85 

Nematodes-
Awl nematod~ - Dolichodo:·us 

. heterocephalus 
Banana nematode - Pratylenclius musicola 
Bud and leaf nematodes - Aphelenchoides 90 

spp. 
Carrot root nenui.tode - H eterodera carotae 
Burrowing nematode - Radopholus similu~ 
Coffee root-knot nematode - Meloido~e 

exigua 95 
Com nematode - Pratylenchus zeae 
Dagger nematodes - Xiphinema spp. 
Golden nematode - Heterodera 

rostochiensis 
Grass nematode - Anguina agrostis 100 
Lance nematodes- Hoplolaimus spp. 
Lesion nematodes- Praty/er.chus spp. 
Northern root-knot nematode-

Meloidogyne lzapla 
Pea root nematode - Heterodera 105 

go-ttingiana 
Peanut root-knot nematode - Meloidogyne 

arenaria 
Pin nematodes - Paratylenchus spp. 
Potato rot nematode - Ditylenchtts 110 

destructor 
Rcniform nematode - Rotylenchulus . 

· renif ormus 
Rice nematode - Ditylenclzus angustus 
Ring nematodes - Criconemoides spp. 115 
Smooth-headed lesion nematode -

. Pratylenchus brachyrtl'Us 
Southern root-knot nematode -

Melaidogyne incognita 



4 1,181,023 

10 

15 

20 

25 

35 

Soybean cyst nematode- . 
. _ Heterodera glycines 

. Spiral nematodes - Helicotylenchus spp. 
· Stem and bulb nematode - Ditylenchus 

dipsaci 
Sting nematodes - Belonolaimus spp. 
Stubby-root nematodes - Tric/zodorus spp. 
Sugar beet nematode - Heterorlera 

schachtii 
Tobacco cyst nematode -Heterodera 

tabacum 
Tobacco stunt nematode -

Tylenchorhynchus claytoni 
Wheat nematode - Anguina tritici 

Pink bollworm - Pectino-pkora gossypi.ella 

Routworms-
Northern com rootwonn - Diabrotica 

longicornis 
Southern corn rootworm - Diabrotica 

undecimptmctata lzowardi 
Western corn rootworm - Diabrotica 

vigifera 

Thrips-
Onion thrips - Th1·ips tabaci 
Tobacco thrips - Frankliniella fusca 

·Ticks-
American dog tick - Dermacentor 

variabilis 
Fowl tick - Argas persicus 

Rocky Mounti:iin woorl tick - Derma.centor 
· anders()ni 

Tobacco budworm - HeliOthis virescens 

Weevils--
. Alfalfa weevil - Hypera postica 

Granary weevil - SittfP'hilus g1"antiriur 
Rice weevil - Sitophilus oryzae 
Sweetpotato weevil -:-- Cyfas formicarius 

· · · elegantulus 

FORMULATIONS 
40 · Compositions of this invention suitable for 

practical use as pesticides will include one or 
more compounds of formula (1) above either 
indivldually, in admixture with each other, 
or in admixture with other pesticides, and 

45 can include surface-active agents, solid or 
· liquid diluents and other materials as desired 

to produce e.g. wettable powders, suspensions, 
emulsifiable concentrates, dusts, solutions, 
granules, pellets or high-strength compositions. 

· 50 .. Surfacta1lts 
The surface-active agents or surfactants, as 

they are sometimes called, useful in formulat­
ing the compounds of this invention act as 

· wetting; dispersing and emulsifying agent~ and 
55 assist dispersion of the active material in a 

spray. Additionally, the surfactants act as 
spreaders which aid in obtaining even coverage 
of the surfaces to .be protected from insects and 
:other pests. The surfactants can include such 

anionic, non-ionic and cationic agents as have 
· been used. heretofore in pesticidal compositions 
·?f simila~ type. A detailed list of such agents 
1s found m "Detergents and Emulsifiers 1967 
Annual,'' (John W. McCutcheon, Inc.). 

Anio~ic and no~-ionic surfactants are pre­
f.erred In formulatmg compounds of this in­
. vention. Among the .anionic surfactants, pre­
ferred ones are alkah and alkaline earth salts 
of alkylarylsulfonic acids such as dodecylbcn­
zenesulfonates and alkylnaphthalenesulfonates, 
dialkyl sodium sulfosuccinate esters, sodium 
lauryl sulfate, sodium N-methyl-N-oleoyltau­
rate, sodium dodecyldiphenyl ether disulfonate 
and the oleic acid ester of sodiwn iscthionate. 
Among the nonionic surfactants, preferred ones 
include octylphenyl polyethylene glycol ether, 
didecylphenyl polyethylene glycol ether, sor­
bitan ·fatty esters and their polyoxyethylene 
ethers, polyoxyethylene ethers and thioethers 
of long-chain alcohols and mercaptans as well 
as polyoxyethylene esters of fatty acids. 

Preferred dispersants are alkali and alkaline 
earth salts of lignosulfonic acids; salts of polv­
merized alkylarylsulfonates which are sold un­
der the i::iames "Daxad"® and Darvan, as well 
as methylcellulose and polyvinyl alcohol. 
Words followed by a circled R superscript are 
Trade Marks. 

Surfactants are generally used in composi­
tions of this invention in amounts of up to 
15% by weight .based on the total weight of 

. the resulting insecticidal composition. 
Diluents 

The compositions of this invention can con­
tain, wii:h or. without a surfactant, a finely 
divided solid diluent such as nacural silicates, 
e.g. talc, sepiolite, pyrophyllite; clays, e.g. 
montmorillonite, kaolinite, attapulgite; diato­
maceous earth, synthetic magnesium silicate, 
synthetic silicas, calcium silicate, calcium sul­
fate, calcium carbonate, calcium phosphate and 
fl.ours derived from natural sources such as wal­
nut shell, redwood and· cottonseed. The finely 
divided solids can be used in the compositions 
of this invention at a concentration of 2 to 98'/,, 
by weiglit ·based on the total weight cf the 
resulting pesticidal composition. · . 

Parts, percentages and ratios in this speci­
fication are by weight unless otherwise stated. 

These finely divided solid diluents can be 
used in the preparation of water extendable 
concentrates containing from 75 to 98/", of a 
compound of this invention; dust-base concen­

. trates of similar strength compounded for 
easy dilution with dusting diluents; wettable 
powders containing from 20 to 90~;;, of a 
compound of this invention; and dusts, usually 
ranging in active ingredient control from 2 to 
25%. Preferred finely divided solid formula­
tions are high-strength compositions and pow­
ders containing 2 to 25% of synthetic silica 
and 75 to 98% active ingredients, with up to 
approximately 6% .of one ~r .more surfactants 
optiOrially replaCing some silica; 
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Organic liquids which are suitable for the 
preparation of solutions, suspensions and emul­
sifi.able concentrates of the compounds of this 
invention include alcohols, glycols, cellosolves 
("Cellosolve" is a Registered Trade Mark), 
Carbitols ("Carbitol is a Registered Trade 
Mark), ketones, esters, sulfoxides, amides, par­
affinic hydrocarbons, aromatic hydrocarbons, 

of this in­
ctants, pre­
~ earth salts 
:lodecyJben-
1esulfonates, 
~rs, sodium 
~-oleoyltau-
disulfonate 
isethionate. 
~ferred ones 
!ycol ether, 
ether, sor­

)X}'ethy Jene 
, thioethers 
ans as well 
icids. 

70 

75 

30 

10 and halogenated hydrocarbons. Ordinarily, sol­
vent choice is dictated by the solubility of the 
active compound to be used and whether a 
suspension or solution is desired. 

Preferred solutions are those containing 5 
15 to 30% active ingredient and 70 to 95% sol- · 

vent. Preferred solvents are djmethyl form­
amide and di.methylsulfoxide. 

j. Suspension formulations generally comprise 

' from 10 to 50% of a compound of this in-
! 20 vention dispersed in a non-solvent carrier. 
' Dispersants and suspending agents can be pre­

sent to improve the handling characteristics 
of such formulations. Suspension formulations 
are generally preferred if the solubility of the 

11d alkaline 
Its of poly­
re sold un­
ran, as well 
·J alcohol. 
!rscript _are 

, 25 active ingredient in the liquid carrier is less 

85 l than about 0.1 %. In addition to non-solvent 

l
l organic carriers, water can be used as a car-

rier for suspension concentrates of water-in­
soluble compounds of the invention. 

l composi­
; of up to 

V11eight of 
I. 

I
I 30 For aerosol formulations low-boiling halo-

90 1 genatt:d hydrocarbous are preferre<l as sol-
; vents and propellants} . although they can be 

n can con-
:, a finely 95 
:l silicates, 
:lays, e.g. 
ite; diato-
n silicate, 
kium sul- 100 
;,phate and 
;ch as wal-

I. partially replaced by low boiling hydrocarbons 
which act as propellants. Aerosol fonriulations 

35 ordinarily contain an organic or aqueous liquid 

I' in the range of 80 to 98% by weight based 

. on the total weight of the pesticidal composi-
tion. 

Granules and Pellets 
40 Formulations in the fo1m of granules and 

l'he finely 
npositions . i 
2 to 98°fo "105 i 

Jir of the I 
I 

,pellets are physically stable, particulate com­
positions containing a compound of formula 
(1) which adheres to or is distributed through 
a basic matrix of. a coherent, inert carrier of 

45 macroscopic "dimensions. In order to aid 
leaching of the :.:tctive ingredient from the 
granule or pellet, a surfactant can be present. 

his speci­
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,S1;1itable carriers can be of mineral or organic 
ongm such as natural clays, some pyro­
phyllites, vermiculite and gypsum or ground 
nut shell and corncob. Suitable surfactants are 
anionic or non-ionic. 

For the granule compositions of this in­
vention, most suitable carriers are of two types. 
The first are porous, absorptive, preformed 
granules; such as preformed and screened 
granular attapulgite; heat expanded, granular, 
screened vermiculite; screened nut· shell; or 
granular corncob. On such ,preformed granules, 

60 a solution of the active agent can be sprayed 
and will generally be absorbed at concentra­
tions up to 25 weight per cent of the total 
~veight. The active agent is preferably applied 
in a volatile organic solvent when its solubility 

permits. Ordinarily, if an organic solvent is 65 
used, it is preferably selected from methylene; 
chloride, methyl Cellosolve and dimethyl form­
amide. 

Preformed granules can also be treated with 
a melt of active ingredient if the active in- 70 
gredients melting point is sufficiently below 
its decomposition temperature. When this 
means of application is used, the active in­
gredient in a very finely divided form is deposi-
ted on the surface of the granules such as by 75 
tumbling in a mixer. The finelv divided active 
agent can if desired contain minor amounts of 
diluents such as synthetic silicas, natural days 
and surface active agents. After the active 
agent is distributed on the granules the gran­
ules are heated to above the melting ,point· of 
the active agent preferably while tumbling is 
continued. The granules are then cooled and 
contain active ingredient within, as well as 
fixed on, their surfaces. 

The second type of carrier suitable for gran­
ules as well as pellets is initially in a powder 
form. Powdered kaolin clays, hydrated atta­
pulgite, bentonite clays such as sodium, cal­
cium and magnesium bentonite or gypsum or 
plaster of Paris are blended with the active in­
gredient and the mixtures. are then granulated 
or pelleted. Water soluble salts can be included 

80 

85 

90 

in th~ compositions to aid in disintegration of 
che granules and pelkts in the presence of ~5 

moisture. Granules or pellets can be made con­
taining 15 to 30 weight per cent of active in­
gr-i!dicnt, but more frequently a concentration 
of 2 to 20 per cent is preferred for optimum 
distribution. Such granular compositions are 
most usefol in a size range of 0.25 mm. to 1.4 
mm. 

The most pref erred formulation for granules 
or pellets is 2 to 20 weight per cent active in-. 
gredient, 0 to 5 weight per cent surfactant and 
75 to 98 per cent inert mineral carrier. 

The above formulations can be ,prepared by 
methods generally used for pesticidal com­
positions of similar type. The solid composi­
tions, with the exception of granules and pel­
lets are prepared in l: bkn&ng operation and 
will usually include passage through a grinder 
such as an attrition mill, a hammer mill or a 
fluid energy mill. 

Solutions can be prepared by stirring the 
combined ingredients; in some cases warming 
may speed solution and in others cooling or 
~ressure may be required to prevent evapora-
tion of the solvent. Aqueous and oil suspen­
sions can be prepared by mixing the insoluble 
active ingredient and other ingredients and 
baJl milling or sand grinding the mixture to 
produce a concentrated slurry of very finely 
divided · particles. 

Mudifie1·s 
Additional modifiers can be used to advan­

tage in the compositions of this invention. 
Thus, although the compounds of formula (1) 
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are quite stable under mos{ condicions, the usQ 
of a d:::siccanc, buffering agent or materials 
such as urea, which inacciv.c catalytic sites on 
diluent particles can.prove desirable. Additives 
which will- inhibit corrosion, reduce foam, re­
duce caking and increase flocculation can _also 
be used. In addition, bactericides, fungicides, 
bacteriostats and fungistats and other insecti­
cides, acaracidcs and nematocides are often 
desirably. present in the compositions of this 
invention, e.g. in amounts of 0.025 to 10 parts 
by wdght for each 1 part by weight of com­
pound of formula (1). Suitable biologically 
active compounds are well known to those 
skilled in the art. 

Of the biologically active compounds, those 
which are insc~cicides and wi~h whkh com­
pounds of formula (1) are preferably com­
bined include DDT@; TDE; EPN; 3 - (di­
methoxyphosphinyloxy) - N,N - dimethyl -
cis - crotonamidc; toxaphene; "Strobane"®. 
(chlorinated terpenes having a chlorine content 
of ca. 66%); and endosulfan. 

Fungicides and fungistars with which com­
pounds of formula (1) arc preferably com­
bined include pentachloronitrobenzene 
(PCNB); thiramg; dodine; maneb; methyl­
mercury 2,3-dihydroxypropyl mercaptide; 
methylmercury acetate; N-ethylmercury ·p-

30 toluencsulfonanilide; l,4-dichloro-2,5.;.dimeth­
oxyb~nz~ne; dimethyl ester of 2-carboxyamino-
1-benzimidazolecarboxylic acid; N _ trichloro­
m;;thylthiot.:::trahydrophthalimidc;. N - tri·· 
chloromethylthiophthalimide; sodium and cal-

35 cium propionate; and 3,3' - ethylene - bis­
(tetrahydro - 4,6 - dimethyl - 2H - 1,3,5 -
thiadiazine - 2 - thione). 
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65 

Bacteriostats and bacteriocides with which 
compounds of formula (1) are preferably com­
bined include tribasic copper sulfate arid strep­
tomycin sulfate. 

Specific combiIJations which are preferred 
and their area of.exceptional utility include: 

(a) Methyl 1 - carbamoyl - N - (methyl­
carbamoyloxy)thioformimidate and methyl 0 -
(methykarbamyl)thiocetohydroxamate in ratios 
ranging from 1 : 4 to 4 : 1 for use on cotton 
plants. 

(b) Methyl 1 - carbamoyl - N - (methyl­
carbamoyloxy)thioformimidate or methyl 1 -
( dimcthylcarbamoyl) - N - methylcarbamoyl­
oxy)thioformimidate and 1,4 - dichloro - 2,5 -
dimethoxybcnzene (chloroneb) in ratios rang­
ing from 1: 6 to 6: 1 for use on cotton seed. 
The chloroneb can be replaced in these com­
binacions by one of the following compounds, 
their mixtures with each other or their mix­
tures with chloroneb: pentachloronitrobenzene, 
captan; tetramethylthiuran disulfide; 1 
chloro - 2 -· nitropropane; 5 - cthoxy - 3 -
trichloromethyl - 1,2,4 - ·thiadiazol-e; and p -
dimethylaminobenzene - diazo sodium sulfon­
ate. Such combinations arc useful on seeds 
other than cotton including both vegetable and 
agronomic crops. · 

(c) Methyl 1 - carbamoyl - N - (methyl­
carbamoyloxy)thioformimidate, chloroneb, and 
2 - carboxyamino - 1 - benzimidazole - car­
boxylic acid, dimethyl ester, in ratios r_anging 
from 1: 4: 4 to 4: 1: 1, for use on cotton seed 
and other crop seed, 

70 

(d) Methyl 1 - carbamoyl - N - (methyl­
carbamoyloxy)thioformimidate and DDT®, in 
ratios ranging from 1 : 6 to 6 : 1 for use on 
cotton planes. In other combinations for this 75. 
use, the DDT can be replaced by one of the 
following compounds, their mixtures with each 
other and their mixtures with DDT@; endrin; 
carbaryl; Malathion@; methyl parathion; 
parathion; "Guthion"@ and toxaphene. 80 

(e) Methyl 1 - carbamoyl - N - (methy!­
carbamoyloxy)thioformimidate and 2 _ car­
boxylamino - 1 - bcnzimidazolecarboxylic acid, 
dimethyl ester, in ratios ranging from 1: 3 to 
3: 1, for use on rice plants in seedbed, paddy 85 
or field for the control of insects and disease. 

(f) Methyl 1 - carbamoyl - N - (dimethyl­
carbamoyloxy)thioformimidate combined with· 
EPN, carbaryl, "Guthion"®, malathion, 
methyl parathion or parathion, in ratios rang..'. 
ing from 1 : 4 to 4: 1, for use on rice plants. 

(g) Methyl 1 - carbamoyl - N - (dimcthyl­
carbamoyloxy)thioformimidete combined with 
DDT@, endrin, EPN, toxaphene, l\fala­
thion@, parathion, diazinon, "Guthion"@, 
carbaryl or methoxychlor in ratios ranging 

. from 1 : 5 to 5 : 1, for use on potato plants or 
crucifercue·crops.·The met.'1yl 1 - c~rbamoyl .. 
N - (climethylcarbamoyloxy)thioformimidatc 
can be replaced in this combination by other 
compounds of formula (1) such as methyl 1 -
carbamoyl - N - (methylcarbamoyloxy)thio­
formimidate. 

(h) .Methyl 1 - carbamoyl - N - (niethyl­
carbamoyloxy)thioformimidate combined with 
parathion, aldrin, diazinon or phorate, in ratios 
ranging from 1 : 3 to 3 : 1 for application to 
soil prior to or during the planting of corn. 
The methyl 1 - carbamoyl - N - (meth}·kar­
bamoyloxy) - thioformimidate can be replaced 
in this combination by other compounds of 
formula (1) such as methyl 1 - carbamoyl -
N .. (dimethylcarbamoyloxy)thioformimidate. 

(i) Methyl 1 - carbamoyl - N - (methyl­
carbamoyloxy)thioformimidate combined with 
DDT@, methoxychlor, melathion, parathion, 
lead arsenate, "Guthion"@ carbaryl or diel­
drin in ratios ranging from 1: 4 to 4: 1, for use 
on apples and other crops. 

(j) Methyl 1 - carbamoyl - N - (dimethyl­
carbamoyloxy)chioformimidate . combined with 
DDT®, carbaryl, EPN toxaphene, methoxy­
chlor or diazinon, in ratios ranging from 1 : 5 
to 5: 1 for use on corn plants. 

(k) .Methyl 1 - carbamoyl - N - (methyl-
. carbamoyloxy)thioformimidate combined with 
TDE, DDT@,. "Guthion"@, Malathion,@ 
diazinon, parathion or carbaryl, in ratios rang-
ing from 1 : 6 to 6: 1, for use on tobacco plants 
in seedbed or field. . 
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(l) Methyl 1 .,. carba111oyl - N - (dimethyl­
carbamoyloxy)thioformimidate and chlordane, 
in ratios ranging from 1: 8 to· 8: 1, for use on 
sugarcane seed ,pieces in the furrow at the time 
of planting.· 

(m) Methyl 1 - carbamoyl - N - (methyl­
carbamoyloxy)thioformimidate combined with 
toxaphene, carbaryl, endrin, or "Guthion"®, 
in ratios ranging from 1: 12 to 12: 1, for use 

; 10 on sugarcane foliage. 
t (n) Methyl 1 - carbamoyl - N - (dimethyl-
t carbamoyloxy)thioformimidate combined with l . methoxychlor, carbaryl, Malathion@, DDT® 

or toxaphene, in ratios ranging from 1 : 4 to ! 15 4 :. 1, for use on shade trees or forest Jands. 
f (o) Methyl 1 - carbamoyl - N - (methyl-
i carbamoyloxy)thioformimidate combined with . 
\ chlordane, DDT@, diazinon or parathion, in ! ratios ranging from 1: 5 to 5: 1, for use in soil 
I 20 prior to or during planting of potatoes. 
i The use of other agents, such as those men-
1 tioned above, in combination with the com-
1 pounds of formula (1) can·offer an unexpected 

bed, paddy 85 
nd disease. 
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j nematodes and fungi are present. Thus, the 
~ combination of the compow1ds of formula (1) 
r 30 with pesticides such as 1,4 - dichloro - 2,5 -
: dimethoxy benzene; methyl N - methylthiol-
1 carbamate and 1,2 - dibromo - 3 - chloropro-
! pane are particularly prcferr\!d combinations .. 

I 
I 35 

APPUCATION 
In applying the compounds of formula (1) 

for pest control, the compound is of course 
applied in an amount sufficient to exert the 
desired pesticidal action. The amounts re­
quired to give ,pest control action however are 
governed by such variables as temperature, 
time of the year, moisture, type of application 

I 
I 
I 40 

I 
45 

50 

and pest species to be controlled. Thus it is 
not possible to state any one method or rate 
of application which ·would be generally satis­
factory. It is possible however to describe 
generally some of the various methods and 
rates of application for certain areas of use 
and to which the compounds of formula (1) 
are best suited. 

_Thus, the compounds of formula (1) can be 
used to control plant-predacious insects and 
mites by distributing the chemical evenly over 
those plant surfaces which are infested or which 
are to be protected from subsequent infesta-

55 tion. Due to the margin of safety for plants 
and animals characteristic of the compounds 
of formula (1) such applications can be made 
without danger to the applicator or fear of 
damage to the plant when used as directed. 

60 Use rates for this type of application are gen­
erally in the range of 0.05 to 34 kilograms of 
active ingredient per hectare. Rates of 0.1 to 
17 kilograms per hectare are preferred and 

.~ ... - ... 

rates of. 0.2 to 8 kilograms per hectare are 
most" preferred for reasons of convenience and 65 
·economy. This ty,pe of application may need to 
be repeated at intervals of 3 to 20 days. Such 
applications can be made with any of a variety 
of widel}•-available types of equipment ordinar­
ily used for such applications. 

Other effective methods of application in­
clude: 

70 

a. To the seed of agricultural, horticultural 
and ornamental crops to protect the seed dur-
ing storag.e and shipping prior to planting as 75 
well as to protect the seed and seedlings from 
attack by insects and mites after ,planting. The 
preferred rates for applics.tion to seed are in 
the range of 0.06. gram to 3 kilograms of the 
active compound of this invention per 100' 80 
kilograms of seed. The most preferred rates 
are in the range of 0.6 to 600 grams per 100 
kilograms of seed. 

b. To soil in which plants are to be 
planted or. are growing to protect seed and 85 
plants from attack by insects and mites. Such 
protection is against both soil insects attack-
ing the roots and insects and mites attacking 
the above-ground parts of the plants. Preferred 
use rates are in the range of 0.1 to 60 kilo- 90 
grams of active ingredient per . hectare treated. 
The most preferred rates are in the range of 
0.3 to 20 kilograms per hectare. 

c. To the walls and floors of structures 
such as warehouses, stores, recreation buildings, 
factories, homes, poultry houses and barns m 
control insects, ticks and mites which could 
damage contents . as well as attack or annoy 
people or domestic animals. Applications to 
be repeated as needed. 

d. To insects, ticks and mites that cause 
injury or annoyance, or carry disease to ani­
mals. The compounds of this invention can be 
applied to the animals to be protected by 
sprays, dusts or dips in such a way as to give 
a more or less uniform coating. Applications 
to be repeated as needed. 

e. To land areas (including marsh or 
swamp) for the control of insects, ticks or 
mites causing injury or annoyance or dis­
seminating disease to humans o; animals. Pre­
ferred use rates are in the range of 0.01 to 
10 kilograms of active compound of this in­
vention per hectare 1 to 5 times a year. The 
most preferred rates are in the range of .03 to 
3 kilograms of active compound per hectare 
on the same schedule. 

The compounds .of formula (1) are also well 
suited to the control of plant-parasitic nema.; 
todes inhabiting soil in which the plants are 
planted or are to be planted. The physical 
characteristics of the compounds of formula (1) 
permit them to be placed readily at the site of 
nematode presence or activity without disturb-
ing already established ,plants. The physical 
nature of the compounds of formula (1) per­
mit their movement deep into undisturbed soil 
around plant roots, often the site of nematode 
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attack. The safety margin for plants make the· distribution of the compounds of this in-
practical such application as well as application vention may be simplified and made more 
to soil being prepared for planting and appli- accurate and economical by use of formulations· 
cation directly to seeds and growing plants at as discussed previously. 40 5 rates well above those required to control the The following Examples further illustrate 
namatodes. the invention. 

Use rates for application to soil in which 

f plants arc growing· are generally the same as ExAMPI.,E 1 
those for application to soil being prepared A mixture of 12.3 parts of 1 - carbamoyl- I 10 for planting. Such rates range from about 0.15 formhydroxamyl chloride, 79.2 parts of meth- 45 ! ~ ~ to 225 kilograms of active ingredient per hec- anol and 10 parts of water is cooled to 5°C. i 'ti 

I ·a 'ti tare of surface actually treated. Rates of 0.25 and treated with 7 parts cf methyl mercaptan. l ·a I ·a to 55 kilograms per hectare are most preferred To this mixture is then added gradually at I 
·~ ! .... for these· uses for reasons of convenience and - 5 to 0°C., 8 parts of 50% aqueous sodium I tS 

50 I 0 tS 15 economy. hydroxide which increases the pH to 8. The ; 

~ 
0 

i 
~ . Other methods of applying the compounds sodium chloride formed is filtered off and the ! 

l ~ ~ of formula (1) to prevent the destructive .filtrate concentrated until crystals form. The I :.<! 
l 0 l>4 effects of plant-parasitic nematodes include: mixture is cooled well and filtered to give l ~ spraying above-ground parts such as stems, methyl 1 - carbamoyl - N - hydroxythiofor- I g ·O l ~ 20 · 1eaves or buds in which nematodes are already mimidate melting at 163-164°C. 55 I 'ti 

M present or where later auack is possible; dip- To a suspension of 4.5 parts of the methyl ~ ~ ping or soaking reproductive parts such as 1-carbamoyl-N-hydroxythioformimidate and j 
]-seeds, cane pieces or bulbs (which are already 2.2 parts of methyl isocyanate in 20 parts of l ti ~ infested or are to be planted in infested soil) acetone is added a trace of Dabco@, 1,4 - di-

I cu 

I s s 25 in a water suspension, solution or emulsion of azabicyclo - [2.2.2] - octane. The reaction 60 I 

the active ingredient; or immersing the root temperature rises to 55°C. and then subsides I ~ z 
system or the entire plant of nursery stock or and a white solid forms. After several hours ]> ~ transplants in a water system to disinfest them at room temperature the mixture is filtered, I ~ ~ or provide protection against subsequent ne- giving methyl 1 - carbamoyl - N - (methyl- I -e 30 matode invasion. The rates of active ingredient carbamoy!oxy)thioformimidate melting at 162 65 I ~ M in the· sprays or dips used as noted just above -164°C. I .... I 

l .....c ... are generally 12 grams to 4.8 kilograms per The compounds of Table I are prepared 
~ ]-

~ 100 liters of water. Preferred rates are in the by the procedu1e:. of Example 1 using the mer- I 

range of 30 grams to 1.2 kilograms per 100 captans and isocyanates listed in place of the ~ 
ti 

35 liters. methyl mercaptan and methyl isocyanate of 70 
In all of the applications discussed above, Example 1. 
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I Mercaptan 

ethyl mercaptan 

! allyl mereaptan 

but-2-enyl mercaptan 

isopropyi mercaptan 

methyl mercaptan 

propyl mercaptan 

allyl mercaptan 

' isopropyl mercaptan 

butyl mercaptan 

sec. butyl mercaptan 

tert-butyl mercaptan 

methyl mercaptan 

butyl mercaptan 

methyl mercaptan 

butyl mercaptan 

allyl mercaptan 

allyl mercaptan 

methyl mercaptan 

butyl mercaptan 

allyl mercaptan 

Isocyanate 

methyl isocyanate 

methyl isocyanate 

ethyl isocyanate 

allyl isocyanate 

propargyl isocyanate 

methyl isocyanate 

allyl isocyanate 

methyl isocyanate 

methyl isocyanate 

methyl isocyanate 

· methyl isocyanate 

ethyl isocyanate 

ethyl isocyanate 

isopropyl isocyanate 

isopropyl isocyanate 

isopropyl isocyanate 

n-propyl isocyanate 

allyl isocyanate 

allyl isocyanate 

propargyl isocyanate 

TABLE l 
Product 

ethyl 1-carbamoyl-N".'(methylcarbamoyloxy)thioformimidate .. 

allyt· 1-carbamoyl-N-(methylcarbamoyloxy)thioformimidate 

but-2-enyl 1-carbamoyl-N-(ethylcarbamoyloxy)thioformimidate . 

isopropyl 1-carbamoyl-N-(allylcarbamoyloxy)thioformimidate 

methyl 1-carbamoyl-N-(propargylcarbamoyloxy)thioformimidate 

propyl 1-carbamoyl-N-(methylcarbamoyloxy)thioformimidate· 

ally! 1-carbamoyl-N-( allylcarbamoyloxy )thioformimidate 

isopropyl 1-carbamoyl-N-(methylcarbamoyloxy)thioformimidate 

butyl 1-carbamoyl-N-(methylcarbamoyloxy)thioformimidate 

sec-butyl 1-carbamoyl-N-(methylcarbamoyloxy)thioformimidate 

tert-butyl 1-carbamoyl-N-(methylcarbamoyloxy)thioformimidate 

methyl 1-earbamoyl-N-(ethylcarbamoyloxy)thioformimidate 

butyl 1-carbamoyl-N-( ethylcarbamoyloxy)thioformimidate 

methyl 1-carbamoyl-N-(isopropylcarbamoyloxy)thioformimidate 

butyl 1-carbamoyl-N-(isopropylcarbamoyloxy)thiofoimimidate 

allyl 1-carbamoyl-N-(isopropylcarbamoyloxy)thioformimidate 

allyl .1-carbamoyl-N-(n-propylcarbamoyloxy)thioformimidate 

methyl 1-carbamoyl-N-(allylcarbamoyloxy)thioformimidate 

butyl 1-carbamoyl-N-( allylcarbamoyloxy )thioformimidate 

allyl 1-carbamoyl-N-(propargylcarbamoyloxy)thioformimidate 

'IO 
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ExAMPL;s 2 
Methyl 1-( dimethylcarbamoyl)-N­

(methylcarbamoy loxy)-thioformimidate 
A solution of 206 parts of methylglyoxalate 

5 oxime ill 1500 parts of water is treated at 0 
to - S°C. with 145 parts of chlorine in about 
37 minutes. An oil of 1 - (methoxycarbonyl)­
formhydroxamyl chloride is formed, which can 
be isolated by extraction with methylene chlor-

10 ide, evaporation of the methylene chloride and 
recrystallization from benzene, M.P. 63-
650C. 

To the suspension of 1 - (methoxycarbonyl)­
formhydroxamyl chloride in water as obtained 

15 above are added at 0 to - S°C. 105 parts of 
methyl mercaptan followed by 130 parts of 
SO% aqueous sodium hydroxide mixed with 
330 parts of water.- The resulting two-phase 
reaction mass is then extracted with methylene 

20 chloride. Removal of the solvent under reduced 
pressure leaves the solid methyl 1 - methoxy­
carbonyl - N - hydroxythioformimidate, which 
can be recrystallized from.benzene, M.P. 63--
640C. 

25 The crude methyl 1 - methoxycarbonyl -
N - hydroxythioformimidate obtained above is 
2SO parts of methanol and 180 parts of an­
hydrous dimethylamine dissolved in the solu-

tion below 30°C. This solution is allowed to 
stand at ambient temperature overnight. Re- 30 
moval cf excess dimethylamine and the solvent 
under reduced pressure leaves 240 parts (74%) 
of methyl 1 - ( dimethykarbamoyl) - N - hy­
droxythioformimidate. 

To a s'uspension of 70 part of methyl 1 - 35 
(dimethykarbamoyl) - N - hydroxythioformi­
midate and 1/2 part of Dabco@ in 350 parts 
of acetone at 40°C. is added slowly 27 parts 
of methyl isocyanate. The temperature of the 
reaction mixture rises to 58°C. After the tem- 40 
perature of the reaction mass· has subsided to. 
·25°C., the solvent is evaporated under reduced 
pressure, and the resulting residue recrystal­
lized. Recrystallizatfon from benzene gives one 
isomer of methyl 1 - (dimcthylcarbamoyl) - 45 
N - (methylcarbamoyloxy) - thioformimidate 
of M.P. 109-ll0°C. Recrystallization from 
water gives the other isomer of methyl 1 -
(dimethylcarbamoyl) - N - (methylcarbamoyl-
oxy) - thioformimidate of M.P. 101-103°C. 50 

The compounds of Table II are prepared 
according to the procedures of Examples I and 
2 using the mercaptans, amines, and isocyan­
ates listed in place of methyl mercaptan, di-
methylamine and methyl isocyanate. 55 
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TABLE II 

Mercaptan Amine Isocyanate 

methyl mercaptan methylaminc methyl isocyanate 

methyl mercaptan · butylamine. methyl isocyanate 

isopropyl mercaptan cyclopropylamine methyl isocyanate 

ally! mercaptan N,0-dimethyl- ethyl isocyans.te 
hydroxylamine 

butyl mercaptan allylamine ethyl i$ocyanate 

methyl mercaptan diallylamine ally! isocyanat-e 

ethyl mercaptan isopropylamine allyl isocyanate 

methyl mercaptan ethylamine propargyl iso~-yanate 

methyl mercaptan diethylamine methyl isocyanate 

methyl mercaptan dlisopropylamine methyl. isocyanate 

•.• 

ethyl mercaptan but-2-enylamine . isopropyl isocyanate 

Product 

methyl 1-(methylcarbamoyl)-N-(methylcarbamoyl-
oxy )thioformimidate 

methyl 1-(butylcarbamoyl)-N-(methylcarbamoyl-
oxy )thioformimidate 

isopropyl 1-( cyclopropylcarbamoyl)-N-(methyl-
carbamoyloxy)thioformimidate 

ally 1-(N-methoxy-N-methylcarbamoyl)-N-( ethyl-
carbamoyloxy)thioformimidate 

·butyl 1-(allylcarbamoyl)-N-ethylcarbamoyloxy)-
thioformimidate 

methyl 1-(diallylcarbamoyl)-N-(allylcarbamoyloxy)-
thioformimidate 

ethyl 1-(isopropylcarbamoyl)-N-( allylcarbamoyl-
oxy)thioformimidate 

methyl .1-(ethylcarbamoyl)-N-(propargyl-
carban1oyloxy)thioformimidate 

methyl 1-( diethylcarbamoyl)-N-(methyl-
carbamoyloxy)thioformimidate 

methyl 1-( diisopropylcarbamoyl)-N-(methyl-
carbamoyloxy )thioformimidate 

ethyl 1-(2-enylcarbamoyl)-N-isopropylcarbamoyloxy)-
thioformimidate 
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Mercaptan· Amine 

methyl mercaptan aziridine 

; 

m~yl mercaptan hexahydroazepine 

methyl mercaptan . pyrrolidine 

methyi mercaptan. methylamine. 

methyl mercaptan dimethylamine 

methyl mercaptan allylamine 

methyl mercaptan N,0:-dimethyl-
hydrox:ylam:ine 

methyl mercaptan N-methylethylamine 

ethyl mercaptan piperidine 

butyl mercaptan piperidine 

methyl mercaptan N-methylbutylamine 

methyl mercaptan N-methylallylamine 

TABLE II (Continued) 

Isocyanate Product 

methyl isocyanate . methyl 1-( aziridinocarbonyl)-N-(methyl-
carbamoyloxy)thioformimidate 

methyl isocyanate methyl 1-(hexahydroazepinocarbonyl)-N-(methyl-
carbamoyloxy)thioformimidate 

znethyl isocyanate methyl l ·(pyrrolidinocarbonyl)-N-(methyl-
carbamoyloxy)thioformimidate 

allyl isocyanate methyl 1-(methylcarbamoyl)-N-( allylcarbamoyloxy)-
thioformimidate 

propargyl isocyanate methyl 1-( dimethylcai·bamoyl)-N-(propargyl-
carbamoyloxy)thioformimidate 

propargyl isocyanate methyl 1-( allylcarbamoyl)-N-(propargyl-
carbamoyloxy)thioformimidate 

methyl isocyanate methyl 1-(N-methoxy-N-methylcarbamoyl)-N-
(methylcarbamoyloxy)thioformimidate 

allyl iscicyanate methyl 1-(N-methyl-N-ethylcarbamoyl)-N-
( allylcarbamoyloxy )thioformimidate 

ally! isocyanate ethyl 1-(piperidinocarbonyl)-N-(allylcarbamoyloxy)-
thioformimidate 

methyl isocyanate butyl 1-(piperidinocarbonyl)-N-(methyl-
carbamoyloxy)thioformimidate 

methyl isocyanate methyl 1-(N-methyl-N-butylcarbamoyl)-N-
(methylcarbamoyloxy)thioformimidate 

methyl isocyanate methyl 1-(N-methyl-N-allylcarbamoyl)-N-
(methylcarbamoylo>-.-y)thioformimidate 
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ExAMPLE 3 
~o a stirred suspension of 48 parts of 50% 

sod1wn hydride and mineral oil. in 648 parts 
of t.etrahydrofuran is added portion-wise over 

5 a one hour period 114 parts of methyl 1 - car­
bamoyl - N - hydroxythiofonnimidate. The · 
temperature is maintained at 20-30°C. After 
subs~dence of hydrogen evolution, 107.5 parts 
of. d1met~ylcarbamoyl chloride is added drop-

10 wise at 15....;._25°C. Stirring is continued for 
one hour after the completion of addition. The 

; 

inorganic solids are then removed by filtration 
and the methyl 1 - carbamoyl - N - (dimethyl­
carbamoyloxy)thioformimidate is recovered by 
removal of the solvent under reduced pressure. 15 

The compounds of Table III are prepared 
according to the procedures of Example 3 
using the N-hydroxythioformimidatcs and 
carbamoyl chlorides listed in place of methyl 
1 - carbamoyl - N - hydroxythioformimidate 20 
and dimethylcarbamoyl chloride. 

. ' 
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N-hydroxythioforril.imidate 

methyl· 1-carbamoyl-N-hydroxythio­
formimidate 

methyl 1-carbamoyl-N-hydroxythio­
formimidate 

methyl 1-carbamoyl-N-hydroxythio­
formimidate 

methyl 1-carbamoyl-N-hydroxythio­
formimidate 

TAB'LB III 

Carbamoyl Chloride · 

N-allyl-:N-methylcarbamoyl 
chloride 

N-methyl-N-propargylcarbamoyl 
chloride 

N-methyl-N-propylcarbamoyl 
chloride 

.N-ethyl-N-methylcarbamoyl 
chloride 

methyl 1-methylcarbamoyl-N-hydroxy- dimethylcarbamoyl chloride 
thioformimidate 

methyl 1-dimethylcarbamoyl-N­
hydroxythioformimidate 

methyl 1-cyclopentylcarbamoyl­
N-hydroxythioformimidate 

propyl 1-carbamoyl-N-hydroxy­
thioformimidate 

ethyl 1-carbamoyl-N-hydroxy­
thioformimidate 

butyl 1-carbamoyl-N-hydroxy­
thioformimidate 

methyl 1-piperidinocarbonyl-N­
hydroxy thioformiinidate 

all yl 1-carbamoyl-N-hydroxy­
thioformimidate 

but-2-enyl 1-carbamoyl-N­
hydroxy thioformimidate 

dimethylcarbamoyl chloride 

dimethylcarbamoyl chloride 

dimethyfcarbamoyl chloride 

dimethylearbamoyl chloride 

dimethylcarbainoyl chloride 

dimeth~lcarbamoyl chloride 

dimethylcarbamoyl chlotide 

dimethykarbamoyl chloride 

Product 

methyl 1-carbamoyl-N-(N-allyl-N-methyl- · 
carbamoyloxy)thioformimidate 

methyl 1-carbamoyl-N-(N-methyl-N-propargyl­
carbamoyloxy )thioformimidate 

methyl 1-carbamoyl-N-(N-methyl-N-propyl­
carbamoyloxy )thioformimidate 

methyl 1-carbamoyl-N-(N-ethyl-N-methyl­
carbamoyloxy)thioformimidate 

methyl 1-(methylcarbamoyl)-N-( dimethyl-
carbamoyloxy)thioformimidate · 

methyl 1-( dimethylcarbamoyl)-N-( dimethyl- · 
carbamoyloxy )thioforll'..imidate 

methyl 1-( cyclopentykarbamoyl)-N-( dimethyl­
carbamoyloxy)thioformimidate 

propyl 1-carbamoyl-N-( dimethylcarbamoyloxy)­
thioformimidate 

ethyl 1-carbamoyl-N-( dimethylcarbamoyloxy)­
thioformimidate 

butyl 1:-carbamoyl-N-( dimethylcarbamoyloxy)­
thioformimidate 

µiethyl 1.:piperidinocarbonyl-N-( dimet...liyl­
carbamoyloxy)thioformimidate 

ally! 1-carbamoyl-N-( dimethylcarbamoyloxy)-
thioformimidate · 

but-2-enyl 1-carbamoyl-N-( dimethylcarbamoyloxy)­
thiof orniimidate 
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A. Water Soluble' Powders 
It is ,possible to prepare wettable powders 

which become solutions rather than dispersions 
of active material in the spray tank. Theil, as 
these solutions dry out on foliage the crystal­
line form may be restored. It is often advan­
tageous to inhibit or control crystal growth 
during the drying step, so that the active in­
gredient remains in finely divided form. In 
other cases, larger -crystals do not appear to 
diminish insecticidal activity. 

ExAMPLE 4 
methyl 1 - carbamoyl - N - (methyl-

carbamoyloxy)thioformimidate 95% 
synthetic fine silica 5% 

A screened fraction of active material of less 
than 60 mesh is blended with fine silica to 
prevent agglomeration in storage. When added 
to water this crystalline form disperses satis­
factorily without lumping and dissolves within 
a few minutes. 

This formulation is dissolved in water and 
applied with conventional spray equipment at 
a concentration of 120 grams of formulation 
to 100 liters of water and a rate- of 2.5 kilo­
grams of active ingredient per hectare to bush 
snap beans being attacked by Mexican bean 
beetle (Epilaclr.na 'Vm·ivestis) and the two­
s,potted mite (T etranychus urticae). The trea­
ted bean plants make rapid growth, have dec:p 
green -leaves without the chewed areas charac-
teristic of bean beetle attack, and produce a 
good yield of snap beans. In an untreated areai 
nearby, bean plants are stunted, have chlorotic 
and netted leaves and produce a poor crop. 

Methyl 1 - (dimethylcarbamoyl) - N 
(methylcarbamoyloxy) - thiolformimidate for­
mulated in the same manner as above and used 

_ in tobacco transplant water at the rate of 15 
40 - ·milligrams of active ingredient per plant, pro­

tects the tobacco ,plants from nematode 
attack resulting in rapid growth and good 

45 

50 

55 

60 

tobacco yield. - · 
EXAMPLE 5 

The water-soluble powder formulation of 
Example 4 is dissolved at the rate of 80 mi!li·· 
grams per liter of water and is used as trans­
plant water in the amount of 235 milliliters 
for each tobacco plant being set in a field that 
is infested with the southern root-knot nema­
tode (Meloidogyne incognita), the stunt nema-
tode (Tylenchorhynchus claytom), the lesion 
nematode (Pral}f.enchus brachyurus) and to­
bacco wireworm (Conoderus 'Vespe1·tinus). The 
treated tobacco plants develop an extensive 
root system essentially free of root-knot, make 
rapid growth and yield well. Tobacco not so 
treated grows slowly and produces little mar­
ketable leaf. 

ExAMPLE 6 
The formulation of Example 4 with methyl-

1 - (dimethylcarbamoyl) - N - (mcthylcar­
bamoyloxy)thiolformimidate as the active in­
gredient is dispersed in water and used to 

treat sugarcane seed pieces being planted in 65 
muck soil in Florida so that the formulation 
is used at the rate of 3.5 kilograms of active 
ingredient per hectare of planted cane. The 
young plants are protected from the attack of 
the stunt nematode (Tylencho1"/iyrrclzus martini) 70 
and make rapid growth compared to seedlings 
not protected in this manner. 

ExAMPLE 7 
The formulation of Example 4 with methyl-

1 - (dimethylcarbamoyl) - N - (methylcar- 75 
bamoyloxy)thiolformimidate as the active in­
gredient is sprayed 011 an alfalfa field infested· 
with the alfalfa stem nematode (Ditylenchus· 
dipsaci) at the rate of 1.25 kilograms of active 
ingredient per hectare in a volume of 60 liters 80 
per hectare. The treated alfalfa plants make -
rapid growth and produce deep green foliage 
while the ,plants in a nearby untreated area 
produce distorted growing tips and stems which 
are easily broken by the wind and have yellow- 85 
ish top growth. 

ExAMPLE 8 
The formulation of Example 4 with methyl-

1 - (dimethylcarbamoyl) - N - (methylcar­
bamoyloxy)thiolformimidate as the active in- 90 
gredient is sprayed around young, bearing cit-
rus trees in Florida in a grove infested with the 
bunvwing n~matodc (R:::dcphclus simi!is). The 
material is applied at a rate of 4.5 to 9 kilo­
grams of active ingredient per hectare and 95 
washed into the soil with overhead irrigation. 
This application is repeated at three month 
intervals for a total of 3 applications. The 
trees are protected from burrowing nema­
todes, make rapid growth and bear a heavy 100 
crop of fruit. Citrus trees in a nearby grovQ 
not protected in this manner show a gradual 
decline in vigor and produce a light crop of 
fruit. 

B. Wettable Powders 105 
Wettable powders of active ingredient(s) 

with diluei1ts and dispersing agents can be 
prepared by blending an.d grinding. At rela­
tiv:!ly high spray concentrations the particles 
of the active ingredient(s) of the .invention are 110 
in dispersion, but as the concentration is re­
duced they pass into solution according to 
their solubility in water. 

ExAMPLE 9 
methyl 1 - carbamoyl - N - (methyl- 115 

· carbamoyloxy)thioformimidate -75% 
alkyl naphthalene sulfonic acid, Na salt 1 % 
partially desulfonated sodium lignin 

sulfonate 10% 
synthetic fine silica 14% 120 

The above components are blended, micro­
pulverized and then air-milled. When used in 
low volumes of water the active ingredient 
which fails to dissolve remains dispersed as a· 
fine suspension. In larger volu~es it all dis- 125 
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solves, but upon drying on foliage the crystal 
size is controlled by the lignin sulfonate pre­
sent. · 

This· formulation is dispersed in water and 
5 sprayed by means of a tractor-mounted sprayer 

at a rate of about 1.5 kilograms of active in­
gredient in 50 liters of water per hectare of 
t;:otton. Applications are made on a weekly 
schedule and finally on a five-day schedule dur-

10 ing the latter part of the growing season. The 
treated cotton is protected from attacking boll 
weevil (Anthorromus grandis) and the bollworm 
.complex including Heliothis zea and Heliothis 
virescerns. The developing squares and bolls 

15 are retained by the plants, and a good yield 
of cotton fiber· is obtained at the end Of the 
season. In a nearby lL'ltreated field, the . fruit 
set is markedly reduced by the several ,pests, 
and the yield of cotton is greatly reduced. 

20 Even much higher rates than those given 
above can be used with complete safety to. the 
cotton plants. If infestations are very severe, 
better control can be obtained by combining 
the compound of this invention with one of 

25 the following: DDT@, carbaryl, dimethyl 
parathion or. the dimethyl phosphate of 3-
hydroxy-N-methyl-cis-crotonamide. 

The same composition can be used to formu­
late: 

30 methyl i · - carbamoyl - N ·- (dimethylcar­
bamoyloxy)thioformimidate 

ethvl · 1 - carbamovl - N - (methvJcar­
• · b~moyloxy)thioformiinidate' • 

ethyl 1 - carbamoyl - N - (dimethylcar-.35 bamoyloxy)thioformimidate 

E:xAMPLE 10 
The formulation of Example 9 ·is dispersed 

in water and sprayed at the rate of 10 kilo­
grams of active ingredient in 200 dekaliters 40 of water per hectare of a Zoysia lawn· in 
Florida where the soil is heavily infested with 

·sting nematode lBelonolaimus limgicaudatus) 
and lance nematode (Hoplolaimur spp.). After 
spraying, . the material is washed into the 45 ground with the equivalent of about 1200 
dekaliters of water per- hectare. The grass in 
the treated area develops a deep root system 
and makes rapid growth, whereas grass in a· 
simifar but untreated area grows slowly and 50 develops a shallow root system. 
. Methyl 1 - (dimethylcarbamoyl) - N -

(methylcarbamoyloxy) -- . thiolformimidate is 
formulated as in Example 9 and applied to 
another plot of Zoysia lawn in Florida simi ... 55 larly infested with nematodes. The formulation 
is applied in the same manner as above but 
at a rate of only 2.5 kilograms of active in., 
gredicnt in 200 dekaliters of water per hectare. 
The lawn thus treated exhibits similar bene-60 ficial effects to those described above. 
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ExAMPLE 11 
For the simultaneous control of the root 

knot nematode and soil fungi as represented 
by Pytlzium spp. and Rliizoctonia spp., the 
wettable powder formulation of Example 9 65 
is applied iu a spray which also contains 1,4-
dichloro - 2,5 - dimethoxybenzene. For this 
type of application, 2.4 kilograms of the active 
compound of this invention and 4.8 kilograms 
active of 1,4 - dichloro - 2,5 - dimethoxyben- 70 
zene is added to 100 liters of water. This 
mixture is applied as a soil spray by appli­
cation to a 25 centimeter band over the row 
in which cotton is to be planted. The appli­
cation rate in the row is 67.5 kilograms of total 75 
active ingredient (22.5 kilograms of the com­
pound of this invention :ind 4 5 kilograms of 
1,4 · - dichloro - 2,5 - dimcthoxybenzene) per 
hectare of area actually treated. The soil is 
rotovated immediately thereafter to mix the 80 
chemicals thoroughly with the soil. Following 
this, cotton seea is planted in the treated band. 
The cotton seedlings which develop are pro­
tected against root knot nematode (Meloidq-

85 gyne incogni.ta), the reniforn:i nematode (Roty­
lenchu.lus reniformus) and the fungi Pythium : .. · 
spp. and Rhizoctonia spp. · A healthy stand 
of cotton ,plants is obtained and at· harvest 
time, a high yield of cotton. Where no treat­
ment is applied, the stand is poor, growth is 90 
slow and lint yield is reduced. . · · 

Methyl · 1 - (dimethylcarbamo:yl) . - 'N ' -
(methylcarbamoylmry) - thiolformim\date is 
formulated as in Example 9 and is applied in 
a spray along with 1,4 - dichloro - 2,5 - di- 95 
methox}•benzene to soil prior to planting with 
cotton -seed in the manner· described above. 
The application rate in the row is 6 kilograms 
of the compound ofthis invention and 45 kilo­
grams of l_,4-dichloro-2,5-dimethoxybenzen~ 
per hectare .. of a,rea actually treated. The soil 
is rotoyated immediately thereafter to mix _the 
chemkals thoroughly with the soil. Cotton see_d. 
is planted in the treated band. Cotton seedlings 
are protected from · root-knot and :r;enifonn · 
nematodes as well as the attack of Pythium a:p.d 
Rhizoctonia fungi~ The plants devel_o.p an ex­
tensive deep root system and make rapid 
growth. 

Even much higher· use rates than those 
given above can be employed with . complete_ 
safety to the cotton plants. 

ExAMPLE 12 
The formulation of Example 9 is ~dded to 

water in an amount to give 45 grams of active 
ingredient per 100 liters of spray. This solu­
tion-dispersion is sprayed on apple trees to 
the point of run-off by means of a high pres­
sure hydraulic sprayer. · S,prays on a weekly 
schedule provide control of green apple aphid, 
codling moth, plum curculio and redbanded 
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leaf roller. One or more .of the followi.Q.g in­
secticides in effective amounts cab be added to 
the spray when a longer interval between ap­
plications is desired or it is needed to control 

S other especially ·difficult-to-control pests: 
DDT@, methoxychlor, Malathion@, lead- . 
arsenate, "Guthion"@, or carbaryl. 

ExAMPLE l3 
The wettable powder formulation of Ex-

10 ample 9 . is dispersed in water and sprayed· by 
means of a conventional sprayer over a lawn 
and adjacent vegetation infested with the 
American dog tick (Dermancentor 'Cariabilis). 
An amount of the formulation is used to give 

lS 6 kilogra,ms of 800 liters of water ,per hectare 
of area sprayed which effectively controls the . 
pest; 

ExAMPLE 14 
The formulation of Example 9 is dispersed 

in water, and drenched on the soil over the 
20 root zone of box\vood plants infected with the 

spiral nematode (Helicotylenclzus buxophilus) 
at a rate of 3.5 kilograms of active agent per 
hectare of area treated using enough water 
to wash the active agent down about the plant 

·25 roots .. Substantially all spiral nematodes are 
controlled by this treatment, allowing the box­
wood plant to develop in a normal manner. 

. Similarly infested boxwood plants which are 
left untreated grow poorly and finally die. . 

30 ExAM.PLE 15 
n - propyl - 1 - carbamoyl - N -

(methylcarbamoy loxy)thioformi­
midate 

dioctylsodium sulfosuccinate 
35 low viscosity methylcellulose 

· diatomaceous silica 

50% 
1.5% 
2.0%. 

46.5% 

The above com.position is blended and mic­
ropulverized until substantially all particles are 
less than 50 microns. The resulting wettable 

40 powder can be added to water and sprayed, or 
extended with heavy diluents to form a dust. 

For example: 
· composition above 20% 
ground pyrophyllite 80% 

. 45· These components are blended in a ribbon or 
cone blendor to form a 10% active dust. 

The 10% active dust is applied in thorough 
·coverage by means of a hand crank-operated. 
duster to both the upper and lower surfaces of 

50 the foliage of rose bushes still wet with morn­
ing dew. Infesting a,phids such as the potato 
aphid (Macrosiplium euplwrbiae) and the rose 
aphid (Macrosiphum rosae) as well as feeding­
adults of the Japanese beetle (Popillia japonica) 

55 are controlled by this application. The above 
dust can be formulated to contain 5% "Man­
zate"® in the finished product to also give 
control of the disease called black spot (Diplo­
t:arpon rosea), which frequently affects roses. 

Roses treated with this combination make 60 
good growth, possess shiny deep-colored foliage 
and ,produce numerous buds. Adjacent untrea-
ted bushes exhibit poor growth, drop numerous 
yellowed leaves and fail to produce the expec-
ted crop of blooms. 65 

ExAMPLE 16 
A wettable powder formulation of Example 

15 is prepared using .methyl 1 - (dimethylcar­
bamoyl) - N - (methylcarbamoyloxy)thiol­
formimidate as the active ingredient. This 70 
formulation is used to treat farm land in 
Florida infested with the stubby-root nematode 
(Triclwdo1"ttS christiei) and the lesion nematode 
(Pratylenchus zeae). The material is applied as 
a spray at the rate of 2;25 to 4.5 kilograms of 75 
active ingredient per hectare of land and 
thoroughly mixed with the soil by disking._ 
Sweet corn planted in this treated field de­
velops a deep and extensive root system, makes 
·rapid growth and yields a heavy .crop of mar- 80 
kctable ears. Corn in a nearby untreated field· 
grows slowly and produces a low yield. 

EXAMPLE 17 
The wettable powder formulation of Ex­

ample 16 is sprayed around young, bearing 85 
apple trees in Holland that are infested with 
lesion nematodes (Pratylenchus spp.). Appli­
cation is made by spraying within the drip 
line of the trees at the rate of 2.25 to 4.5 
kilograms of active ingredient ,per hectare of 90 
area actually treated. The trees make rapid 
growth as a result of the treatment in contrast 
to nearby. untreated trees. 

ExAMPLE 18 
Chickens are temporarily removed from a 

poultry house and surrounding areas which 
are heavily infested with the fowl tick (Argas 
persicus). The house and areas are thoroughly 
dusted with a 10% dust formulated from the 
dust concentrate of Example 15. The infesta­
tion is controlled and the poultry returned to 
the house soon assumes a healthy appearance 
and resumes egg-laying at the normal level. 

ExAMPLE 19 
The wettable powder formulation of Ex.: 

ample 15 is applied in a spray covering a 25 
centimeter band over the open furrow as cot­
ton seed are being planted. For this type of 
application 2.5 kilograms of active ingredient 
per 10,000 meters of row is applied in 75 liters 
of water. The active ingredient of this inven­
tion moves by means of systemic action from 
the soil into the cotton seedlings to render 
them toxic to certain sucking insects. Infesta"'.' . 
tions of aphids, thrips species and plant.,suck.:. 
ing bugs are thereby controlled. Plants in the 
treated area grow rapidly and produce full 
green foliage. Plants in a similar but untreated 
area grow $lowly and have thickened silvery 
leaves, the latter due to thrips injury. 

95. 

100 

105 

110 

115 

120 
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Much . higher use rates' for the pesticidal 
formulation than those given above can be 
employed with complete safety to the cotton . 
plants. 

S ExAMPLE 20 
isopropyl 1 - carbamoyl - N - (methyl­

carbamoyloxy)thioformimidate 25.0% 
alkyl naphthalene sulfonic acid, Na salt 0.5% 
sodium N-methyl-N-palmitoyl taurate 2.0% 

10. attapulgite clay 72.5% 

The above components are blended and mic­
ropulverized until substantially all particles. 
are below 50 microns. 

This formulation ·is ~spersed in water. at 
15 the rate of 480 grams of the above formula­

tion in 10 liters of water and used to spray 
to the point of run-off the walls, floors, stalls, 
and pens of barns infested with the house fly, 
Musca domestica. Control of this troublesome 

20 pest results. 
The other compounds of formula (1) can be 

similarly formulated to give a satisfactory 
wettable powder. 
C. Dust Base 

25 ExAMPLE 21 
methyl 1 - carbamoyl- N - (dimethyl-

. carbamoyloxy)thioformimidate 80% 
Micaceous talc 20% 
The above components are blended and micro-

30 pulverized until substantially all particles are 
less .than 100 mesh. The resulting free flowing 
powder can be diluted with the same or other 
extenders to produce 2-25% active dusts by­
simple blending. 

35 The above dust concentrate is blended with 
talc to give a 5% active finished dust. When, 
this dust is applied in thorough coverage by 
means of a crank-operated duster to potato 
plants infested with the potato aphid, Macro-

40 sip/tum euplrorbiae, and the green peach aphid, 
Myzus persicae, excellent control of the in­
festation results. When other insects such as 
Colorado potato beetle, flea beetles and leaf­
hoppers are ,present, addition of one of the 

45 following products to the pesticldal formula­
tion can be made to improve control: DDT@, 
carbaryl, "Guthion"@, or methoxychlor. 

D. Wate1'-Miscible Salution 

ExAMPLE 22 
SO methyl 1 - carbamoyl - N - (methyl-

carbamoyloxy)thioformimidate 25% 
polyethylene oxide modified sorbitan 

monotall oil e.ster S°ld 
· dimethylformamide 70% 

55 A homogeneous s<>lution is prepared by simple 
mixing of the above ~omponents. When added 
to water, there is a temporary milkiness pro­
duced by separation of the active followed by 
total solution if the final active concentration 

60 is low. In a low volume concentration spray, 

some active may remain undissolved but 
coarse crystal growth is inhibited by the pre­
sence of the surfactant. 

The above emulsi.fiable concentrate is dilu-
ted with water and sprayed at the rate of 17 65 
kilograms ,per hectare of active ingredient in 
115 dekaliters of water on a field infested with 
the ~ugar beet nematode (Heterode1"a schaclztii) 
and the chemical is worked into the soil to a 
depth of 6 inches. Sugar beets subsequently. 70 
grown in this .field develop normally and are 
substantially free from infestation by nema­
todes. In a similarly infested but untreated area 
in the same field, beets are distorted and 
yields reduced. 75 

EXAMPLE 23 
The water-miscible formulation of Example 

22 is dispersed in water and used to treat 
cotton seed at the rate of 750 grams of the 
active ingredient per 100 kilograms of seed. 80 
Seed treated in this manner produce seedlings 
which are protected from attacking insects and 
control. infestations of the cotton aphid (Aphis 
gossypii), the serpentine leaf miner (Lfriomyza 
b1·assicae) and tobacco thrips (Fmnkliniella 85 
fttsca) for a period up to 3 weeks or more 
after planting. Cotton survival is also Im.proved 
if chloroneb is applied to the cotton seed along 
with the above concentrate at the rate of 375 
grams of active per 100 kilograms of seed. 90 
Cotton survival is further. improved if, as· a 
third component of the treating preparation, 
"Ceresan"® L is applied in · an amount 
to ,provide 200 milliliters of "Ceresan"@ 
L per 100 kilograms of cotton 95 
seed. The chloroneb in this mixture can be 
replaced by one or more Qf the following: 
pentachloronitrobenzene; captan; tetramethyl­
thiuram disulfide; 1 - chloro - 2 - nitropro­
pane; 5 - ethoxy - 3 - trichloromethyl - 1,2,4 - 100 
thiadiazole; and p-dimethylam.inobenzene­
diazo sodium sulfonate. 

EXAMPLE 24 
The water-miscible composition of Example 

22 is dispersed in water and applied as a wet- 105 
ting spray by means of a hydraulic sprayer at 
a rate of 1 kilogram active per hectare to 
cabbage plants infested with the imported cab­
bageworm, Pi81·is rapae, ·and the cabbage 
looper, Triclzloplusia ni. Treated plants are 110 

·protected from the worm feeding and produce 
firm heads with full wrapper leaves. Plants 
in a nearby untreated row are riddled by the 
worm feeding and produce mostly unmarket-

. able heads. 115 
ExAMPLE 25 

The water-miscible formulation of Example 
22 is added to water at the rate of 30 grams 
per 100 liters. The roots and lower stem of 
woody nursery stock known to be infested with 120 
the lance nematode (Hoplolaimus coronatus) 
are dipped in this solution for three minutes. 
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When stock so treated is planted it growi: well 
and is of good appearance. Similar stock which 
is not treated grows poorly, is of poor appear­
ance, and, in many instances, does not survive. 

S EXAMPLE 26 
The water-miscible formulation of Example. 

22 is added to water in an amount to give 90 
grams of the active compound per 100 liters. 
Tobacco plants infested with tobacco budworm 

10 (Heliothis virescens) and hornworms (Man&uca 
spp.) are sprayed with the above material to 
run-off. Excellent control is obtained by ap­
plications made on a 10-day interval. 

ExAMPLE 27 
15 allyl 1 - carbamoyl - N - (methylcar-

bamoylo:s:y)thioformimidate 25% 
dimethylsulfoxide 75% 
A clear solution is formed when these com­

. ponents are mixed. When used at the rate of 
20 · 0.5 pounds active per 100 gallon water a clear 

solution results. 
This composition is diluted with water to 

give a final concentration of 0.2% active. 
House flies, Musca domestic.a, and other flies 

25 such as stable flies,. Musca autiemnalis, are 
controlled in farm buildings, barns, and out­
door locations such as pens and corrals by 
spraying with this preparation as a space spray 
using a mist blower. 

30 E. Oil Suspension 

ExAMPLE 28 
ethyl 1 - carbamoyl - N - (ethylcar-

bamoyloxy)thioformimidate 30% 
polyethylene oxide lauryl .ether 8% 

35 low viscosity white oil (Liteteck oil) 62% 
The above components are mixed and sand 
milled until the active is substantially all below 
10 microns. The resulting ·suspension can be 
emulsified in water and sprayed or can be di-

40 · luted with a nonphytotoxic paraffin oil and 
sprayed. For ultra low volwne use the concen­
trate can be sprayed as it is. 

This fonnulation when diluted with water 
to give 2.2 kilograms of active ingredient per 

45 230 liters is sprayed at the rate of 230 liters 
per hectare on corn directing the spray toward 
the silks of developing ears. When applied in 
such a manner during the silking period at an 
interval of 1 to 2 days, an infestation of the 

SO corn -:.arworm, Heliothis zea, is controlled. 

ExAMPLE 29 
The oil suspension of Example 28 is dilu­

ted with a paraffin oil to give 2.4 kilograms 
active per 100 liters. This is applied as a 

SS spray by means of airplane at the rate of 9 .4 
liters per hectare to marshlands and swampy 
areas serving as the breeding grounds for 
various species ·of mosquitoes. Control of the 
developing mosquito Jarva is obtained with 

· 60 this application. 

F. Aer<!sol Formulation · 

Ex:AMPLE 30 
methyl 1 - carbamoyl - . N - (methyl-

carbamoyloxy)thiofonnimidate 2% 
equal wt. mixture of "Freon@ 11" and 65 

"Freon® 12" 98% 
The above mixture is cold packed in an aerosol 
can for flying insect control. 

The above aerosol is discharged at the rate 
of 140 to 350 grams of active ingredient per 70 
1,000 cubic meters of space in a greenhouse 
in which carnations are growing. Plant injury 
is prevented by attac)"ling a wand to the aero-
sol container and discharging the material 
above the plants. This application controls 75 
aphids such as the green peach aphid, Myzus 
persicae, and the leaf-curl plum aphid,· Aphis 
. helichrysi, infesting the carnation plants. 

G. Aqueous Dispersi<11Z 

ExAMPLE 31 80 
allyl 1 - carbamoyl - N - (dimethylcar-

bamoyloxy)thioformimidate 35% 
Carbopol® 934 (a polycarboxylic by'." 

drocar~on ,polymer) 0.4% 
10% aqueous NaOH 1.00% 85 
Na2HP04 . 1.00% 
"Elvanol"® 51-05 (polyvinyl alco-

hol) 1.00% 
sulfated tallow defoamer 0.1% 

.water 61.5% 90 
The Carbopol@ and Elvanol are first blended 
dry with the active to avoid lumping. The 
NaOH and Na2HP04 are predissolved in the· 
the water. The solids and antifoam are then 
added and the mix sand ground until the active 95 
is substantially all below 10 microns .. 

The aqueous dispersion is diluted with 
water and sprayed on selected plots in a straw­
barry field known to be heavily infested with 
the bud and leaf nematode (Aphelenchoide$ 100 
besseyi). The spray solution contains 120 
grams active of the composition of this in­
vention per 100 liters of water. The volume of 
application is such as to provide 2.2 kilo­
grams of the active ingredient per hectare of 105 
plot area. . All above-ground parts are 
thoroughly. wetted. The strawberry plants in 
the sprayed plot grow ·well and give a good 
yield. In the unsprayed portfons of the field 
the plants are yellow, grow slowly and produce 110 
a poor yield. · 

H. Granules 
Ex:AMPLE 32 

methyl 1 - carbamoyl - N - (methylcar-
bamoyloxy)thioformimidate 

dimethylformamide 
2% 115 
4% 

granular attapulgite with particles rang­
. ing from 0.25 to 0.6 mm. 94% 
The active ingredient is first dissolved in the 
dimethylformamide at an elevated tempera­
ture and is then sprayed upon the attapulgite 
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while it is being· tumbled. Due to low vola­
tility the solvent remains in the granule for an 
extended time but does slowly evaporate. 

t. The other compounds of.formula (1) can be 5 formulated as granules in the same manner. 
T.he above granular formulation, containing 

methyl 1 - carbamoyl - N - ( dimethylcar­
bamoxyloxy)thioformimidate as the active 
component, is applied in the planting furrows 

10 of potatoes at the rate of 3 kilograms of active 
ingredient per 10,000 meters of row. Certain 
soil-infesting pests of potatoes such as white­
fringed bettle larvae, mole crickets and wire­
wonn larvae are greatly reduced in numbers. 

15 The potato plants are protected from infesta­
tions of potato aphid, Macrosiplzum euphor­biae, and green ,peach aphid; Myzus persicae, 
.due to the systemic. movement of the com­
pound of this invention from the soil up into 20 the potato foliage. 

ExAMPLE 33 
methyl 1 - carbamoyl - N - (dimethyl­

.carbamoyloxy)thioformimidiate 5% 
polyethylene oxide trimethylnonyl ether 5% 25 granular vermiculite 89% 
synthetic fine silica , 1 % 
The active and fine silica are first mixed and 
micropulverized. This dust is then mixed 
briefly . with the granular vermiculite and 

30 sprayed with the liquid surfactant. 
· Other compounds of formula (1) can be 
formulat~d as granules in the sa1ue manner; 

The above granular formulation, containing 
methyl 1 - carbamoyl - N - (methycarbamoyl-35 oxy)thioformimidate as the active ingredient, is 
applied in the furrow with cotton seed at the 
time of· planting at the rate of 2.5 kilograms 
of the active ingredient per 10,000 meters of 
row. The resulting seedlings are protected from 

40 attacking insects due to the systemic movement 
of the compound of this invention from the 
·soil into the seedling. Infestations of the cotton 
·aphid, Aphis gossypii, various thrips species, 
and the serpentine leaf miner, Liriomyza bras-

45 sicae, are contl'olled for a period up to 3 or 
4 weeks. 

EXAMPLE 34 
The granular formulation of Example 33 

containing methyl 1 - carbamoyl - N - (methyl-50 carbamoyloxy)thioformimidate as the active 
ingredient is applied as a sidedress treatment 
to cotton plants at the start of squaring (fruit­
ing) at the rate of 7.5 kilograms of active in­
gredient per 10,000 meters of row. Adult boll 55 weevils; Anthonomus grandis, emerging from 
hibernation and feeding on the foliage and 
young fruit buds are controlled due tO the 
systemic movement of the compound of this 
invention from the soil up into the plant parts. 

60 ExAMPLE 35 
The granular formulation of Example 33 

containing methyl 1 - carbamoyl - N - (methyl­
carbamoyloxy)thioformimidate as the active in­
gredient is applied in the furrow with corn 
seed at the time of planting at the rate of. 2.5 65 
kilograms of the active ingredient per 10,000 
meters of row. Larvae of the northern com 
rootworm, Diabrotica longicornis, and the 
western corn rootwonn, Diabrotica 'Oirgif era, 
hatching from eggs deposited by adult females 70 in the soil the previous autumn and attacking the corn roots are controlled. The corn makes 

·rapid growth, develops a deep root system that 
prevents the plants from lodging during windy 
periods and ,produces a good yield. Plants i11 75 
a nearby area left untreated develop a shallow 
root system that causes a goodly percentage of 
lodged plants and the yield is greatly reduced. 

ExAMPLE 36 
The ·granular product of Example 33 is 80 

applied to soil infested with plant-pathogenic 
nematodes at a rate of 20 kilograms act;ve 
agent per hectare using a conventional fertilizer 
spreader. The active agent is then worked into 
the soil by disking. This treatment gives sub- · 85 
stantially complete control of a high population 
of the sting nematode (Belonolaimus longicau­
datus) as shown by a nematode count 15 days 
after treatment. In a similar area that remains 
untreated, the population of the sting nema- 90 tode continues at a damaging level. 

ExAMPLE 37 
a:llyl 1 - carbamoyi - N - (methylcar­

bamoyloxy)thioformimidate 
gypsum plus ammoniwn sulfate 

10% 
90% 

The above components are blended and granu­
lated by the procedure described in U.S. 
Patent No. 3,168,437, to give rapidly disinte­
grated granules ranging in particle size from 

95 

0.25 to 1 mm. 100 The other compounds of formula (1) can 
be substituted for the active ingredient shown 
above and the active concentration can range 
from 2-50% without loss of physical pro-
perties. 105 

The above granular formulation is applied at 
the rate of 20 kilograms of active ingredient 
per hectare using a conventional fertilizer 
spreader. The material is then worked into 
the soil by disking~ Tobacco grown subse-· 110 quently in this field is substantially free from 
infestation by the lesion nematode (Pratylen-
chus brachyunts) and the . southern root knot 
nematode (Mel<iidogyn·e incognita). Soil-in­
festing insects such as mole crickets and wire- 115 worm larvae that damage tobacco are also con­
trolled. The tobacco plants in this field make 
rapid growth and yield well while tobacco on 
a similar but untreated area grows slowly and 
produces little marketable leaf. · 120 

Methyl 1 - (dimethylcarbamoyl) - N -
"(methylcarbamoyloxy) - thiolformimidate is 

I 
I 

I 

I 
I 

I 
l 

21 

fora 
App 
the 
per 

5 lowc 
in t 
lesio 
to de 
grov 

10 
T 

1 -
ham 
por.1 

15 acti• 
Sp!'e 
cyst 
ules 
disk 

20 vigo 
grov 
hav€ 

1 
25 1 -

ban: 
po CJ 
grar 
ofrc 

30 nem 
ca tic 
the 
seed 
,proc 

35 yiell 
nea1 
that 

"l 
40 1 -

baa 
pon 
cutt 
witl 

45 Apf 
of ~ 
izer 
Gra 
fror 

50 it t 
as ' 

1 
1 -

!SS ban 
pon 
fest 
chu 
tyle 

60 of: 
bee 



.J ..... @·.·· 
~ ....... 
-· 1 .• 

20 21 1,lSi,023 21 
' l 1- formulated as a granule in the same manner. disking into the soil. Pineapple plants grown 

1• Application of this formulation to a field at in this field develop a deep extensive root ·~· 
n the rate of 5 kilograms of active ingredient system and make good growth. Plants in a i 5 65 per hectare, with a fertilizer spreader, is fol- nearby untreated field are small and grow 6S 

I () 5 1owed by disking into the soil. Tobacco grown. slowly due . to a poor root system. 
11 in this field is protected from attack by the 
IC lesion nematode and southern root-knot nema- ExAMPLE 42 

11 
1, 

70 
tode. As a consequence, the plants make rapid The formulation of Example 37 with methyl {. 

:s growth and yield well. · · I - (dimethylcarbamoyl) - N - methylcar- v' 
f 

g bamoyloxy)thiolformimidate as the active com- 70 1: 
r :s 10 ExAMPLE 38 ponent is used to treat celery in Connecticut t .t The formulaticin of Example 37 with methyl in land infested with the pin nematode (Para- f y 

75 
l - (dimethylcarbamoyl) - N - (methylcar- tylenchus hamatus). After the small plants are f D bamoyloxy)thiolformimidate as the active com- set in the field, the granules are applied. as a 

v ponent is applied at the rate of 5 kilograms of side-dressing on both sides of the row in the 75 f; r IS active ingredient per hectare with a fertilizer amount of 5 to· 12.5 kilograms of active in-
, 

,:,. 

spreader to a fiel!J infested with the soybean gredient per 10,000 meters of row. Overhead ~ 
cyst nematode (Heterodera glycines). The gran- irrigation is applied to aid in the break-down r; 
ules are thoroughly mixed into the soil by of the granules and to wash the active ingredi- .o 

80 disking. Soybeans grown in this field produce ent into the soil. The celery plants in this field 80 ~· 

20 vigorous green plants that yield well. Plants grow rapidly and develop a deep green color I grown in a nearby untreated field are small, while plants in a nearby untreated field are 
have yellowish foliage and yield poorly. stunted and chlorotic. ~ 

85 ExAMPLE 39 Ex:AMPLE 43 I The formulation of Example 37 with methyl The formulation of Example 37 with methyl SS 
. 

2S 1 - (dimethylcarbamoyl) - N - (methylcaf- I - (dimethylcarbamoyl) - N - (methylcar- t 
bamoyloxy)thiolformimidate as the active com-. bamoyloxy)thio1formiinidate date as the active J;; 

90 
ponent is applied at the rate of 5 to 12.S kilo- component is applied around young coconut- t grams of active ingredient per 10,000 meters palm tr~cs i.n.fcstcd with the coco11ui.pahn i"· 

of tow in a potato field infested with the golden nematode (Rluzdinaphelenchus cocophilus). 90 f, 
~~· 

30 nematode (Hecterode1·a rostochiensis). Appli- ihe material is ·applied within the drip-line " f cation is made by dribbling the granules in of the trees at a rate of 5 to 8 kilograms of . SI 

the open furrow prior to placing the potato active ingredient per hectare of area actually t seed pieces. The. potato plants in this field treated. The granules are then lightly worked 1 .. · 
95 95 

r· ,produce dark-green vigorous plants and a high into the soil. Trees so treated continue to ~ 

35 yield of potatoes at the end of the season. A grow ·and bear wh~le nearby untreated trees f 
~; nearby untreated field produces small plants grow slowly and eventually die. 
~ that yield poorly at the end of the season. · 

ExAMPLE 44 
-I 100 ExAMPLE 40 The formulation of Example 37 with methyl 

The formulation of Example 37 with methyl 1 - (dimethylcarbamoyl) ·- N - (methylcar- 100 r 40 t:. 1 - (dimethylcarbamoyl) - N - (methylcar- bamoyloxy)thiolformimidate as the active com-

f bamoyloxy)thiolformimidate as the active com- ponent is used to treat young tea plants in 
poncnt is used to treat a field in which grape Ceylon infested with lesion nematodes (Praty- · . 

cuttings are ·to be set and which is infested le11'chHs spp.). The granules are dribbled along [;:. 

105 with the dagger nematode (Xiphinema index). each side of the row of young plants so that, 105 
t.: 4S Application is at the rate of 4 to 8 kilograms 5 to 12.5 kilograms of active ingredient is 

of active ingredient per hectare with a fertil- applied per 10,000 m~ters of row. The gran- r izer spreader followed by disking into the soil. ules are then worked lightly into the soil. f' .. 
Grape vines grown in this field are protected Applications are repeated at six-month inter- ·. 

110 ,j: 
from the dagger nematode and the virus that . vals. Plants treated in this manner grow rapidly .110 ,, .. 

50 it transmits which causes a condition known and yield early compared to untreated plants. 

t 
as "fanleaf". 

ExAMPLE 4S .. 

115 
Ex:AMPLE 41 The formulation of Example 37 with methyl 

The formulation of Example 37 with methyl l - (dimethylcarbamoyl) - N - (methylcar- ~·· 1 - (dimethylcarbamoyl) - N - (methylcar- bamoyloxy)thiolformimidate as the active com- 115 . t" 
5S bamoyloxy)thiolformimidate as the active com- ponent is applied around young banana plants f, 

ponent is used to treat a field in Hawaii in- in Honduras infested with burrowing nema- f.' 
r fested with the reniform nematode (Retylen- todes (Radopholus. similis) and lesion nema- i. 120 • chulus reniformis) and the pin nematode .(Para- todes (Pratylenchus spp.). The. granules are 
,. 

tylenchus minutus). Application is at the rate distributed around the young plants to cover 120 J 
60' of 3 to 8 kilograms of active ingredient per the root area at a· rate of 2.25 to 5.6 kilograms I hectare with a fertilizer spreader followed by of active ingredient per hectare of area actually 

t. 
f: ~~· .v •,p"& 
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treated. The granules are worked lightly into 
the soil and are dissoived by the soil moisture. 
The application is repeated after about 3 
months to give complete control of nematode 

5 injury. Plants treated in this manner grow 
rapidly and bear heavily while untreated plants 
grow slowly and bear little fruit. 

ExAM.PLE 46 
Methyl 1 - (dimethylcarbamoyl) - N -

10 (methylcarbamoyloxy)thiolformimidate is dis­
solved in water used as the transplant water 
for strawberry plants so that 20 milli­
grams of the compound is applied with each 
plant. The material is translocated within the 

15 plant to protect the developing young leaves 
rrom the bud and leaf nematode (Aplzelen­
clioides besseyi) wl1ich causes a condition 
knO\\n as summer crimp. Protected plants 
make rapid growth and high yield while near-

20 by unprotected plants exhibit small deformed 
leaves and produce little or no fruit. 

ExAMPLE 47 
Methyl 1 - (dimethylcarbamoyl) - N -

methylcarbamoyloxy)thio!formimidate is slur-
25 ried in water and used to treat cucumber seed 

at the rate of i.25 grams of chemical to I kilo­
gram of seed. Seeds treated in this manner 
produce seedlings that are protected from at­
tack by southern root-knot nematode (i\.ieloido-

30 gyr.e im:ognita) for a period up to three weeks 
after p!aming. Periods of longer protection are 
obtained by treating the seed at higher rates. 
Plants thus protected develop deep and dense 
root systems, make rapid growth and produce 

35 early and heavy yields of marketable cucum­
bers. 

The compound of this invention is very safe 
to the seed and can be used at rates as high 
or higher than 10 grams of chemical to 1 kilo-

40 gram of seed without causing any injury what­
soever to the seedlings. A seed treatment such 
as thiram is used in conjunction with the com­
pound of this invention to protect the seed 
from fungal attack after planting. 

45 ExAMPLE 48 
Methyl 1 _ (dimethylcarbamoyl) - N - (meth­

ylcarbamoyloxy)thiolformimidate is dissolved 
in water to give a conccmration of 2000 parts 
per million. A wetting agent, Triton@ X-100 

50 is added to this solution at the rate of 300 parts 
per million. Narcissus bulbs infested with the 
stem nematode (Ditylanclms dipsaa) are 
soaked in this bath for one-half to one hour 
followed by a drying period. Bulbs treated in 

55 this manner produce vigorous plants with dark­
green foliage while untreated bulbs produce a 
weak and small plants with mottled or chlorotic 
foliage. 

EXAMPLE 49 
60 Methyl 1 - (dimethylcarbamoyl) - N -

(methylcarbamoyloxy)thiolformimidate is slur-

ried in water and used to treat rice seed in­
fested with the rice white tip nematode 
(Aplzelenclroides bes-seyi) at the rate of 5 to 10 
grams of chemical to 1 kilogram of seed. Seed 65 
treated in this manner produce vigorous green 
plants while untreated seed produce plants 
with a condition known as "white tip". 

Thiram fungicide is added to the seed 
treatment to control seedling blight. 70 

ExAMPLE 50 
Methyl 1 - (dimethylcarbamoyl) - N -

(methylcarbamoyloxy)thiolformimidate is ap­
plied to a young citrus grove in Arizona in­
fested with the citrus nematode (Tylenchultts 75 
semipenet1·ans) by dissolving the chemical in 
the irrigation water. The equivalent of 4 to 
5 kilograms per hectare of "land is applied in 
2.5 centimeters of irrigation water. The young 
trees are protected from the ·injury of the citrus 80 
nematode, make rapid growth and begin pro­
ducing a marketable fruit crop. A nearby 
grove not treated in this manner has poor 
growth, less vigorous trees and ,produces a 
light crop of small fruit. 85 

Ex.'1.MPLE 51 
methyl l - (dimethylcarbamoyl) - N -

(methylcarbamoyloxy) - thiol-
formimidate 20% 

methylthiolcarbamic acid, methyl ester 80% 90 
The above formulation is diluted with min­

eral spirits and applied as a broadcast spray 
at the rate of 22 kilograms of formulation per 
hectare in a total volume of 60 liters per hec-
tare to a field in Hawaii infested with the 95 
reniform nematode (Rotylenc/11.dtts 1·eniformis) 
and the pin nematode (Paratylenclzus minutia). 
The soil is then thoroughly mixed by disking. 
Pineapple plants grown in this field develop 

. a deep extensive root system and make rapid 100 
growth. Plants in a nearly untreated field grow 
slowly due to a poor and shallow root system. 

WHAT WE CLAIM IS:-
1. A compound of the formula: 

R3 0 0 R, 
' ·11 ·11 '/ 

N-C-C=N-0-C-N 105 

/ I ·' R2 S-R1 Rs 

wherein 
R1 represents alkyl of 1 to 4 carbon atoms 
t>r alkenyl of 3 or 4 carbon atoms; 
R2 represents hydrogen, methoxy, alkyl of 
1 to 4 carbon atoms, alkenyl of 3 or 4 110 
carbon atoms or cycloalkyl of 3 to 5 carbon 
atoms; 
R3 represents hydrogen, alkyl of 1 to 4 car­
bon atoms, or alkenyl of 3 or 4 carbon 
atoms; or 115 
R2 and R3 together represent alkylene of 
2 to 6 carbon atoms; 
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treated. The granules are worked lightly into 
the soil and are dissolved by the soii moisture. 
The application is repeated after about 3 · 
months to give complete control of nematode 

5 injury. Plants treated in this manner grow 
rapidly and bear heavily \vhile untreated plants 
grow slowly and bear little fmit. 

ExAMPLE 46 
Methyl 1 - (dimethylcarbamoyl) - N -

10 (methylcarbamoyloxy)thiolformimidate is dis­
solved in water used as the transplant water 
for strawberry plants so that 20 milli­
grams of the compound is applied· with each 
plant. The material is translocated within the 

15 plant to protect the developing young leaves 
irom the bud and leaf nematode (Aplzelen­
choides besseyi) · which causes a condition 
known as summer crimp. Protected plants 
make rapid growth and lugh yield while near--

20 by unprotected plants exhibit small deformed 
leaves and produce little or no fruit. 

E'xAMPLE. 47 
Methyl 1 - (ciimethylcarbamoyl) - N -

methylcarbamoyloxy)thiolformimidate is slur-
25 ried in water and used to treat cucumber seed 

at the rate of 1.25 grams of chemical to l kilo­
gram of seed. Seeds treated in this manner 
produce seedlings that are protected from at­
tack by southern root-knot nematode (Meloido-

30 gyne incognita) for a period up to three weeks 
after planting. Periods of longer protection are 
obtained by treating the seed at higher rates. 
Plants thus protected develop deep and dense 
root systems, make rapid growth and produce 

.35 early and heavy yields of marketable cucum-
·bers. · · 

The compound of this invention is· very safe 
to the seed and can be used at rates as high 
or higher than 10 grams of chemical to 1 kilo-

40 gram of seed without causing any injury what­
soever to the seedlings. A seed treatment such 
as thiram is used in conjunction with the com­
pound of this invention to protect the seed 
from fungal attack after planting. 

45 ExAMPLE 48 
Metbyl 1. (dimethylcarbamoyl)- N - (meth­

ylcarbamoyloxy)thiolformimidate is dissolved 
in water to give a concentration of 2000 parts 
per million. A.wetting agent, Triton® X-100 

· 50 is added to this solution at the rate of 300 parts 
per million. Narcissus bulbs infested with the 
stem nematode (Ditylenchus dipsaa) are 
soaked in this bath for one-half to one hour 
followed by a drying period. Bulbs treated in 

55 this manner produce vigorous plants with dark­
green foliage while untreated bulbs produce a 
weak and sm:rll plants with mottled or chlorotic 
foliage. 

E'.:xAMPLE 49 
60 Methyl 1 - ( dimethylcarbamoyl) - N -

(methylcarbamoyloxy)thiolformimidate is slur-. 

ried in water and used to treat rice seed :in­
fested with the rice white tip nematode 
(Aphelenchoides bes-seyi) at the rate of 5 to 10 
grams of chemical to l kilogram of seed. Seed 65 
treated in this manner produce vigorous green 
plants while Untreated seed produce plants 
with a condition known as "white tip". 

Thiram fungicide is added to the seed 
treatment to control seedling blight. 70 

ExAMPLE SO 
Methyl 1 - (dimethylcarbamoyl) - N -

(methylcarbamoyloxy)thiolformimidate is ap­
plied to a young citrus grove in Arizona in­
fested with the citrus nematode (Tylenchulus 75 
semipenetmns) by dissolving the chemical in 
the irrigation water. The equivalent of 4 to 
5 kilograms per hectare of 'land is applied in 
2.5 centimeters of irrigation water. The young 
trees are protected from the ·injury of the citrus 80 
nematode, make rapid growth and begin pro­
ducing a marketable fruit crop. A nearby 
grove not treated in this manner has poor 
growth, less vigorous trees and produces a 
light crop of small fruit. 85 

· E'xAMPLE 51 
methyl 1 - (dimethylcarbamoyl) - ~ -

(methylcarbamoyloxy) - ~iol-
forroimidate · 20% 

methylthiolcarbamic acid, methyl est~ 80% 90 
The above forin.ulation is diluted with min­

eral spirits and applied as a broadcast spray 
at the rate of 22 kilograms of formulation per 
hectare in a total volume of 60 liters per bee-. 
tare tO a field in Hawaii infested with the 95 
reniform nematode (Rotylenchulus 1·eniformis) 
and the pin nematode (Paratylenchus minutws). 
The soil is then thoroughly mixed by disking. 
Pineapple plants grown in this field develop 
a deep extensive root system and make rapid 100 
growth. Plants in a nearly untreated field grow 
slowly due to a poor and shallow root system. 

WHAT WE CLAIM IS:-
1. A compound of the formula: 

Ra 0 0 R.· '< ·11 . 11 i/ 
N-C-C=N-0-C-N 105 

'/ I ·'-
R3 S-R1 Rs 

wherein 
R1 represents alkyl of · i. to .4 carbon atoms 
t>r alkenyl of 3 or 4 carbon atoms; 
R2 represents hydrogen, methoxy, alkyl of 
1 to 4 carbon atoms, alkenyl of 3 or 4 110 
carbon atoms or cycloalkyl of 3 to 5 carbon 
atoms; 
R3 represents hydrogen, alkyl of 1 to 4 car­
bon atoms, or alkenyl of 3 or 4 carbon 
atoms; or 115 
R2 and Ra together represent alkylene of 
2 to 6 carbon atoms; 
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seed ·in-
1ematode 
,f 5 to 10 
!Cd: Seed 65 
aus green 
:e plants 
ip". 
the seed 

5· 
23 

R represents alkyl of l tq 3 carbon atoms, 
aliYI or propargyl; · · 
and R

5 
represents hydrogen or methyl; 

with the proviso that ~ and .Ra· total not 
s· more than 7 carbon atoms. . 

18. A method for inhibiting pests which 
are infesting or are liable to inf est a locus, 60 
which method comprises applying to the locus 
a pest-inhibiting amount of a compound 
claimed in any ·one of claims 1-:-8. 

19. A method according to claim 18 where-· • 2. A compound according to claim 1 
uhcrc:in R2 represents hydrogen, alkyl of 1 to 
4 carbon atoms, alkenyl of 3 or 4 carbon atoms 

70 }· Ctr C\acJoalkyl of 3 to S carbon atoms, or R2 f 10 and 
0

R1 together represent alkylene of 2 to 6 

in the compound is applied in the form of a 65 
composition claimed in any one of claims 9-
17. 

20. A method according to claim 18 or 19 
wherein the pests are insects, acarina or nema-

) - N 
te is ap­
rizona in-
1lenchulus 15 
1emical in 
,t of 4 to 
applied in 
rhe young 
! the citrus 80 
!>egin pro­
A nearl>y 
has poor 

iroduces a 

~ c:arbon atoms. 
, 3. A compound ·according to claim 1 

· \\·herein R2 and R~ each represents hydrogen. 
4. A compound according to claim 1 

ts wherein R2 and Ra each represents methyl. 
}. A compound according to claim 1 which 

is !i.pccifically named herein. 
6. A compound according to claim 5 which 

is other than allyl 1 -(N - methoxy '." N -
20 · methykarbamoyl) - N - (ethylcarbamoyloxy)-

todes. 70 
21. A method according to claim 20 

wherein the locus is soil infested with the ,pests. 
22. A method according to claim 20. 

. wherein the locus is plants. 
23. A method according to claim 22 75 

wherein the compound is applied to soil in 
which the plants are growing. 

24. A method according to any one . of 
claims· 18-23 wherein the pests are of a . 
species named herein. · 80 

~­
:iol-

thioformimidate; methyl 1 - (N - methoxy -
N - methylcarbamoyl) - N - (methylcarbam­
oyloxy)thioformimidate; methyl 1 - (N -
methyl - N - allylcarbamoyl) - N - (methyl-

85 !''.:~. 25 carbamoyloxy)thioformimidate; or methyl 1 -
. (cyclopentylcarbamoyl) - N - (dimethylcar-

bamoyloxy)thioformimidate. 
t; 7. Methyl 1 - carbamoyl - N ..; (methyl-

25. A method according to any one of 
claims 18-23 wherein the compound is as 
claimed in any one of claims 2-4 and 6--8. 

26. A method according to claim 25 where-in the compound is methyl 1 -· carbamoyl - N - 85 
(methylcarbamoyloxy)thioformimidate. 

1· carbainoyloxy) - thioformimidate. . . 
20%· 

ste~ 80% 
. with min­
icast spray 
.ulation per 

l 30 8; Methyl 1 - {dimethylcarbamoyl) - N -
90 (mcthylcarbamoyloxy)thioformimidate . • 

27. A method according to claim 25 where­
in the compound is methyl - 1 - (dimethyl­
carbamoyl) - N - (methylcarbamoyloxy)thio-
formimidate. 90 

:rs per hee-
d with the 9S 
reniformis) 
rs minutus). 
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~. 9. A pesticidal composition comprising a 
~ compound claimed in any one of claims 1-8 

and a diluent and/or a surface active agent. 
28. A method according to claim 25 where-

lS 10. A pesticidal composition according to 
claim 9 which contains a diluent which is a 
~olid. 

ll. A ,pesticidal composition according to 
claim 9 which is a Suspension .. 

in the compound is applied in the form a 
composition claimed in claims 14 or 17. 

29. A method according to any one of 
claiins 25-28 wherein the pests are of a 95 
species ·named in List X herein. 

30. A method according to claim 18 per­
formed substantially as hereinbefore described. 12. A pesticidal composition according to 

40 daim 9 which is a solution containing a surface 
, active agent. 

I
! 13. A pesticidal composition according to 

claim 9 which contains also a pesticidal com­
pound not claimed. in claim 1 or a fungicide. 

f 45 14. A pesticidal composition according to 
I any one of claims 9-13 wherein the com-

'

11· pound claimed in any one of claims 1-8 is a 
compound claimed in any one of clai.nls 2-4 

SO 15. ·A pesticidal composition according to 
cJaim 9 substantially as hereinbefore described. 

. 16. A pesticidal composition according to 

31.. A method according to claim 18 per­
formed substantially as bereinbefore described 
in any one of Examples 4-51. · 

32. A method according to claim 18 per­
formed substantially as hereinbefore described 
;in any one of Examples 9, 12-15, and 18-
36. 

33. A· process for the preparation of a 
compound ·claimed in claim 1, which process 
is performed substantially as hereinbefore des­
cribed. 

34. A compound claimed in claim 1 when 
prepared by a process claimed in claim 33. I.

. and 6--8. .. · . . . 

~aim 9 substantially as hereinbefore described 

I in any one of Examples 4-51. J. A .. KEMP & CO., 
SS 17. A pesticidal composition according to Chartered Patent Agents, 

!r ~aim 9 substantially as hereinbefore described 14 South Square, l ~-one of lll<amples _5,_~'-1_2--_1_5_, -a-nd _______ L_o_~,,s ir~i. 
~· Printed for Her Majesty's Stationery Office by the CoUriell Press, Leamington Spa, 1970. 
~· Published by the Patent Offi.ce, 2S Southampton Buildings, London, W.C.2, from which 
• copies may be obtained. 
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