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[57] ABSTRACT

The compounds have the formula

N

B

tﬁl »?
|

X-C-NR'R?

in which X is oxygen or sulphur, R3 is hydrogen, alkyl
or alkenyl, R*is alkyl or cycloalkyl, and R! and R? are
each lower alkyl or alkenyl, R! is lower alkyl and R2? is
alkoxyalkyl or haloalkyl, or R! and R2? together with
the nitrogen atom to which they are attached, form a
heterocyclic ring and possess insecticidal and acaridi-
cidal activity.

10 Claims, No Drawings
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1
INSECTICIDAL COMPOSITIONS AND METHODS
OF USE FOR COMBATING INSECTS USING
SUBSTITUTED IMIDAZOLES

This invention relates to new chemical compounds,
insecticidal compounds containing the new compounds
as active ingredient, and the use of the new compounds
to control insects.

According to one feature of the invention there is
provided a new group of compounds which may be rep-
resented by the general formula

N

3
R
g

]
X=C-NR1RZ

(1)

g4

in which X is oxygen or sulphur, R3 is hydrogen, alkyl
or alkenyl, R*is alkyl or cycloalkyl, and (a) R! and R?
are each lower alkyl or lower alkenyl (b) R! is lower
alkyl and R? is alkoxyalky! or lower haloalkyl, or (¢) R!
and R?, together with the nitrogen atom to which they
are attached, form a heterocyclic ring, optionally con-
taining 1 to 4 lower alkyl substituents attached to car-
bon atoms of the heterocyclic ring, selected from mor-
pholino, thiamorpholino, 1-pyrrolidinyt and 1-
piperidino.

A preferred group of compounds is one in which (a)
R!is methyl and R? is lower alkyl or lower alkenyl, (b)
R! and R? are both ethyl, propyl or allyl, or (c) R! and
RZ, together with the nitrogen atom to which they are
attached, form a heterocyclic ring, optionally contain-
ing 1 to 4 lower alkyl substituents attached to carbon
atoms of the heterocyclic ring, selected from morpho-
lino, thiamorpholino, 1-pyrrolidinyl and 1-piperidino.
Preferred compounds are often those in which X in the
above general formula is oxygen.

The radical R® may have a straight or branched chain
and may contain, for example, up to 10 carbon atoms.
Thus R?* may be, for example, hydrogen, methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, sec.butyl, tert.bu-
tyl, n-pentyl, isopentyl, n-heyl, n-heptyl, 1,l1-
diethylpropyl, n-octyl, 2-ethylhexyl, n-nonyl, n-decyl,
allyl, 1-propenyl 3-butenyl. Most suitably R? is hydro-
gen, or lower alkyl such as propyl, isopropyl, n-butyl,
sec.butyl, isobutyl, tert.butyl and especially methyl-and
ethyl.

The radical R is alkyl or cycloalkyl and may contain,
for example, up to 10 carbon atoms. Thus when R is
alkyl it may have a straight or branched chain, may be
a primary, secondary or tertiary radical, for example,
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec.-
butyl, tert.butyl, I-methylbutyl, 1-ethylpropyl, n-
pentyl, isopentyl, isopentyl, tert. pentyl, n-hexyl, 1,1,2-
trimethylpropyl, n-heptyl, 1,1-diethylpropyl, 2,3,3-
trimethylbut-2-yl, n-octyl, 2-ethylhexyl, n-nony! or n-
decyl. Preferred values of R* when it is an alkyl group,
are tert.butyl, sec.butyl, propyl, 1-ethyl propyl, isopro-
pyl and tert.pentyl. When R* is cycloalkyl it may con-
tain, for example, up to 8, and more preferably from 3
to 7, carbon atoms in the cyclo ring. The cycloalkyl
group may optionally contain one or more substituents
on the ring, for example, one or more lower alkyl (es-
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pecially methyl) substituents. A lower alkyl substituent
is preferably in the 1-position, that is, it is attached to
the cycloalkyl carbon atom joined to the imidazole
ring. A further preferred group contains a lower alkyl
(especially methyl) substituent in the 1-position and in
addition one or more loweralkyl (especially methyl)
substituents in other positions on the ring. When there
is more than one substituent on the cycloalkyl group
they may be the same or different. Thus, for example,
typical values for R* are cyclopropyl, 1-methylcyclo-
propyl, 2-methylcyclopropyl, 2,2-dimethylcyclopropyl,
cyclobutyl, 1-methylcyclobutyl, cyclopentyl, 1-methyl-
cyclopentyl, 1-ethylcyclopentyl, 2, 3 or 4 methylcyclo-
pentyl, cyclohexyl, 1-methylcyclohexyl, 1-
methylcyclohexyl containing 1, 2 or 3 further methyl
substituents such as for example 1,3-dimethylcy-
clohexyl, 1,4-dimethylcyclohexyl, 1,3,3-trimethylcy-
clohexyl; l-ethylcyclohexyl, 2, 3 or 4 methylcy-
clohexyl, 2,4-dimethylcyclohexyl, 2, 3 or 4 ethylcyclo-
hexyl, cycloheptyl or cyclooctyl. Preferably, when R4 is
cycloalkyl, it contains five or six carbon atoms in the
cyclo ring and is cyclopentyl optionally containing one
or more methyl substituents or cyclohexyl optionally
containing one or more methyl substituents. Specific
examples include cyclopentyl, 1-methylcyclopentyl,
cyclohexyl, 1l-methylcyclohexyl, 1,3-dimethylcy-
clohexyl 1,3,3-trimethylcyclohexyl.

When the group NR'R? is an acyclic group both R!
and R? may have a straight or brached chain and (a) R!
and R? are the same or different and are lower alkyl or
lower alkenyl; examples of lower alkyl are methyl,
ethyl, propyl, isopropyl, or n-butyl, isobutyl, sec.butyl,
tert. butyl, n-pentyl, isopentyl, n-hexyl or n-heptl; lower
alkenyl may contain for example 2 to 4 carbon atoms,
especially allyl, (b) R' is lower alkyl and R? is alkoxyal-
kyl, containing for example from 3 to 6 carbon atoms
such as ethoxyethyl, or lower haloalkyl containing for
example from 1 to 6 carbon atoms and substituted by
one or more halogen atoms preferably fluorine, chlo-
rine or bromine. It is preferred that either (a) R! is
methyl and R? is lower alkyl or (b) R! and R? are both
ethyl or propyl. A specially preferred group of com-
pounds is that in which R!is methyl and R2is lower al-
kyl, preferably containing 1 -4 carbon atoms and espe-
cially methyl. ‘

As hereinbefore mentioned, when the group NR!R?
is a heterocyclic group, it may contain 1 - 4 lower alkyl
(especially methyl) substituents attached to carbon
atoms of the heterocyclic ring. Such alkyl-substituted
heterocyclic groups include, for example, 2,6-
dimethylmorpholino, 4-methyl-1-piperidino, 2-methyl-
1-piperidino, 2,6-dimethyl-1-piperidino and 2-ethyl-1-
piperidino. When NR!R? is heterocyclic it is preferably
morpholino, 1-pyrrolidiny! or 1-piperidino.

We have found that the compounds of the present in-
vention have pesticidal activity and, for example, can
be used to combat insects. The compounds have activ-
ity against Diptera such as the larvae of the sheep blow
fly, Lucilia sericata and species of Hemiptera. For ex-
ample they are of use against California red scale,
Acridiella aurantii, the Comstock mealybug, Pseudococ-
cus comstocki and plant hoppers such as, for example,
the green rice leafhopper, Nephotettix cincticeps. They
are especially useful in controlling aphids such as Aphis
fabae, Megoura viciae, Myzus persicae, Phorodon
humuli, Eriosoma langerum, Brevicoryne brassicae and
Acrythosiphon pisum. The compounds also have acari-
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cidal activity against adults of the two-spotted mite,
Tetranychus urticae and the citrus red mite, Panony-
chus citri.

According to a further feature of the present inven-
tion there are provided pesticidal, in particular insecti-
cidal such as for example aphicidal, compositions
which comprise as an active ingredient a compound of
the present invention together with a diluent or carrier.
The diluent or carrier may be a solid or a liquid, option-

.ally in association with a surface-active agent, for ex-
ample, a dispersing agent, emulsifying agent or wetting
agent.

The compositions of the present invention may take
any of the forms known in the art for the formulation
of pesticidal or insecticidal compounds, for example
solutions, aqueous dispersions, aqueous emulsions,
dusting powders, dispersible powders, fumigants, emul-
sifiable concentrates and granules. Such compositions
include not only compositions in a suitable form for ap-
plication but also concentrated primary compositions
which require dilution with a suitable quantity of water
or other diluent before application. Dispersible pow-
ders and emulsifiable concentrates are typical exam-
ples of such primary compositions.

As dispersions, the compositions comprise essentially
a compound of the invention dispersed in an aqueous
medium. It is convenient to supply the consumer with
a primary composition which may be diluted with water
to form a dispersion having the desired concentration;
the primary composition may be in any one of the fol-
lowing forms. It may be provided as a dispersible solu-
tion which comprises a compound of the invention dis-
solved in a water-miscible solvent with the addition of
a dispersing agent. Alternatively it may be provided as
a dispersible powder which comprises a compound of
the invention and a dispersing agent. A further alterna-
tive comprises a compound of the invention in the form
of a finely ground powder in association with a dispers-
ing agent and intimately mixed with water to give a
paste or cream. This paste or cream may if desired be
added to an emulsion of oil in water to give a dispersion
of active ingredient in an aqueous oil emulsion.

Emulsions comprise essentially a compound of the
invention dissolved in a water-immiscible solvent which
is formed into an emulsion with water in the presence
of an emulsifying agent. An emulsion of the desired
concentration may be formed from a primary composi-
tion of the following types. A concentrated stock emul-
sion may be supplied comprising a compound of the in-
vention in combination with an emulsifying agent,
water and a water-immiscible solvent. Alternatively
there may be supplied an emulsifiable concentrate
comprising a solution of a compound of the invention
in a water-immiscible solvent containing an emulsifying
agent.

A dusting powder comprises a compound of the in-
vention intimately mixed and ground with a solid pul-
verulent diluent, for example kaolin.

A granular solid may comprise a compound of the in-
vention associated with similar diluents to those which
may be employed in dusting powders, but the mixture
is granulated by known methods. Alternatively they
may comprise the active ingredient absorbed or ad-
sorbed on a pre-formed granular diluent for example
fullers earth, attapulgite and limestone grit.

The concentration of the active ingredient in the pri-
mary compositions of the present invention may vary-
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widely and may be, for example, 5 — 95% w/w of the
composition. The concentration of the active ingredi-
ent in the compositions of the present invention for ap-
plication to control pests, especially insects such as
aphids, is generally within the range 0.001 - 10% w/w,
especially 0.005 - 5% w/w.

According to a further feature of the present inven-
tion there is provided a method for combating pests,
especially insects, which comprises applying a com-
pound of the present invention to the locus of the pests,
i.e. the pests or their habitat. A particular embodiment
of this feature is a method for protecting plants from
insects, and in particular aphids, which comprises ap-
plying a compound of the present invention to the locus
of the plants, i.e. the plants or their habitat.

In combating pests the active compound can be ap-
plied on its own or preferably as one of the composi-
tions described above. Direct treatment is often the
preferred method, by for example, spraying, dusting or
fumigation of plants infested with insects. Alternatively
the active compound can be applied to the soil in which
plants are grown as granules or as a root drench. In
such instances the active compound is absorbed by the
roots of the plant and confers protection from the in-
sects. A suitable application rate of the compound of
the present invention is generally within the range
0.005 —~ 10 Ib./acre, more usually 0.01 - 5 1b./acre. The
compounds of the present invention may be used to
protect a variety of plants from aphids, for example or-
namental plants such as roses, and crop plants such as
fruit trees, leguminous crops. potatoes, hops, sugar
beet, cotton, maize, rice and tobacco.

A composition of the invention may comprise as ac-
tive ingredient more than one compound of the general
formula | and it may also comprise one or more addi-
tional pesticide or, for example, a fungicide or insecti-
cide for example an organochlorine or organophospho-
rus insecticide.

The compounds of the present invention may be pre-
pared by a process which comprises reacting an imidaz-
ole of the general formula

R4

s

in which R?® and R* are as hereinbefore defined with a
carbamoyl halide or thiocarbamoyl! halide of the gen-
eral formula Z—CXNR!R? (III) in'which R!, R2 and X
are as hereinbefore defined and Z is halogen, for exam-
ple, chlorine or bromine preferably chlorine. The reac-
tion is suitably effected in the presence of an ineert or-
ganic liquid as the reaction medium, which is prefera-
bly a solvent for the reactants. Advantageously the re-
action is effected in the presence of a suitable acid-
binding agent, for example a tertiary amine such as tri-
ethylamine or pyridine, in order to absorb the hydrogen
halide produced in the reaction. In preparing the com-
pounds by this route the reactants are preferably re-
acted together at a temperature of from 0° to 120°C.,
for example from 50° to 95°C.
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The carbamoyl halides or thiocarbamoyl halides of
the general formula (III) may be prepared by reacting
a secondary amine of the general formula HNR'R? with
a carbonyl halide or thiocarbonyl halide of the general
formula CXZ, in which Z is preferably chlorine, in ac-
cordance with known methods.

The compounds of the present invention may also be
prepared by a process which comprises reacting a car-
bamoyl halide or thiocarbamoyl halide of the general
formula

r* ___'E:‘{J_ 3

CX2

- (1Iv)

in which R3, R* and Z are as hereinbefore defined, Z
being halogen preferably chlorine, with a secondary
amine of the general formula HNR'R?, R! and R? being
defined hereinbefore. The reaction is suitably effected
in the presence of an inert organic liquid as the reaction
medium, which is preferably a solvent for the reactants,
at a temperature from —5° to 50°C. Advantageously the
reaction is effected in the presence of a suitable acid-
binding agent, for example a tertiary amine such as tri-
ethylamine or pyridine.

The compounds of the general formula IV are prefer-
ably prepared in situ from the imidazoles of general for-
mula II by reaction with a carbony! halide or thiocar-
bonylhalide CXZ,, in which Z is preferably chlorine,
suitably in the presence of solvent and acid-binding
agent; the secondary amine reactant then being added
to the reaction product.

The compounds of the present invention may also be
prepared by a process which comprises reacting a car-
bonylbisimidazole or thiocarbonylibisimidazole of the
general formula

|

N G- N ,...34
N&LPP 113*};;%: W

in which R3, R*and X are as hereinbefore defined, with
a secondary amine of the general formula HNR'R?, R
and R2 being defined hereinbefore. The reaction is suit-
ably effected in the presence of an inert organic liquid
as the reaction medium, which is preferably a solvent
for the reactants, at a temperature of, for example,
from —5° to 50°C.

The compounds of the general formula V are prefer-
ably prepared in situ by reacting an imidazole of the
general formula I with about 0.5 molecular propor-
tions of a carbonyl halide or thiocarbony! halide CXZ,,
in which Z is preferably chlorine; the secondary amine
then being added to this reaction product. The reaction
is preferably effected in the presence of a suitable acid-
binding agent, for example a tertiary amine such as tri-
ethylamine or pyridine.

It will be appreciated that the reactions described
above may give either or both of two isomeric prod-
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6

ucts, depending on which nitrogen atom in the imidaz-
ole ring is substituted (the free hydrogen of the imidaz-
ole molecule of formula II can be associated with either
of the ring nitrogen atoms). Since it may not be possi-
ble to distinguish between these isomers, the products
of the present invention may be conveniently desig-
nated as 1-(N,N-disubstituted-carbamoy! or thiocarba-
moyl)-2-R3-4(5)-R*imidazoles. This designation cor-
responds to formula I which encompasses both of the
isomeric forms. The current state of our knowledge in-
dicates that the solid products of the reactions de-
scribed above, after purification by conventional tech-
niques such as crystallization, are obtained in many in-
stances as substantially pure 4-substituted compounds.
The current state of our knowledge also indicates that
the liquid products of the reactions described above,
after isolation by conventional techniques such as dis-
tillation in vacuo, are obtained in many instances sub-
stantially or predominantly in the 4-substituted iso-
meric form. It will be appreciated that such isomers
may be designated as 1-(N,N-disubstituted-carbamoyl
or thiocarbamoyl)-2-R3-4-R*-imidazoles.

The following examples illustrate the invention.

EXAMPLE 1

To a stirred mixture of 173 g. 4-tert.butylimidazole,
205 ml. triethylamine and 300 ml. dry tetrahydrofuran
was gradually added 167 g. dimethylcarbamoyl chlo-
ride. An exothermic reaction ensued, and the rate of
addition of dimethylcarbamoy! chloride was adjusted
so as to maintain a gentle boiling of the reaction mix-
ture under reflux. When addition of the dimethylcar-
bamoyl chloride was complete, the reaction mixture
was boiled under reflux with stirring for 1 hour, and
then cooled to room temperature. The reaction mix-
ture was diluted with 200 ml. water and then extracted
with diethyl ether (2 X 200 ml.). The ethereal extracts
were combined, dried over anhydrous sodium sulphate
and evaporated. The resulting residue was crystallized
from light petroleum (b.p. 100° — 120°C.) and recrys-
tallized from di-isopropyl ether to give 1-
dimethylcarbamoyl-4(5)-tert.butylimidazole, m.p. 85°
~ 86°C. The current state of our knowledge indicates
that this compound is I-dimethylcarbamoyl-4-
tert.butylimidazole.

EXAMPLE 2

In an analogous manner to that described in Example
1, there was prepared 1-dimethylcarbamoyl-4(5)-
methylimidazole, m.p. 58° — 60°C. (crystallized from
light petroleum b.p. 100° - 120°C. and recrystallized
from methylcyclohexane). The current state of our
knowledge indicates that this compound is 1-
dimethylcarbamoyl-4-methylimidazole.

EXAMPLE 3

A solution of 2.46 g. 4-tert.butylimidazole, 1.0 g. tri-
ethylamine and 2.42 g. N-ethyl-N-methylcarbamoyl
chloride in 20 ml. dry tetrahydrofuran was boiled under
reflux for 6.5 hours. The reaction mixture was cooled
to room temperature and filtered to remove triethylam-
ine hydrochloride. Solvent was removed from the re-
sulting filtrate by evaporation under reduced pressure
and the residue was distilled under reduced pressure to
give 1-(N-methyl-N-ethylcarbamoyl)-4(5)-
tert.butylimidazole, b.p. 99° ~ 101°C./0.1 mm.
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In an analogous manner to that described above,

there were prepared the following compounds.
1-dimethylthiocarbamoyl-4(5)-tert.butylimidazole,
b.p. 140° - 141°C./1.0 mm.
1-(N-methyl-N-propylcarbamoyl)-4(5)-
tert.butylimidazole,
b.p. 120° - 122°C./0.5 mm.
1-(N-methyl-N-heptylcarbamoyl)-4(5)-
tert.butylimidazole,
b.p. 154°-156°C./0.7 mm.
1-diallylcarbamoyl-4(5)-tert.butylimidazole,
b.p. 120° - 121°C./0.2 mm.
1-(N-methyl-N-allylcarbamoyl)-4(5)-
tert.butylimidazole,
b.p. 126° - 128°C./1.0 mm.
1-dimethylcarbamoyl-2-ethyl-4(5)-methylimidazole,
b.p. 85°C./0.15 mm.
1-dimethylcarbamoyl-4(5)-n-pentylimidazole,
b.p. 120°C./0.09 mm.
1-dimethylcarbamoyl-4(5)-isobutylimidazole,
b.p. 104°C./0.13 mm.
1-dimethylcarbamoyl-4(5)-isopropylimidazole,
b.p. 98°C./0.13 mm.
1-dipropylcarbamoyl-4(5)-isobutylimidazole,
b.p. 104° - 106°C./0.05 mm.
1-dipropylcarbamoyl-4(5)-isopropylimidazole,
b.p. 108°C./0.12 mm.
1-dimethylthiocarbamoyl-4(5)-isopropylimidazole,
b.p. 107° - 114°C./0.03 - 0.05 mm.
1-dimethylcarbamoyl-4(5)-(1-
ethylpropyl)imidazole,
b.p. 112°C./0.15 mm.
1-dipropylcarbamoyl-4(5)-( 1-ethylpropyl)imidazole,
b.p. 100° - 106°C./0.25 — 0.03 mm.
1-dimethylcarbamoyl-2-methyl-4(5)-
methylimidazole,
b.p. 80° - 84°C./0.7 - 0.1 mm.
1-dimethylcarbamoyl-4(5)-isopropylimidazole,
b.p. 98°C./0.13 mm. :
1-dimethylthiocarbamoyl-2-ethyl-4(5)-
methylimidazole,
b.p. 128° - 130°C./0.3 mm.
1-dimethylcarbamoyl-4(5)-sec.butylimidazole,
b.p. 95°C./0.04 mm.
1-(2,6-dimethylmorpholinocarbonyl)-4(5)-
tert.butylimidazole,
b.p. 154°C./1.0 mm.
The current state of our knowledge indicates that the
4(5) alkyl groups of the imidazoles listed above are
predominantly or substantially in the 4-position.

EXAMPLE 4

A mixture of 5.52 g. 4-tert.butylimidazole, 6.1 g. tri-
ethylamine, 8.95 g. morpholinocarbonyl chloride and
30 ml. dry tetrahydrofuran was boiled under reflux for
5 hours. The reaction mixture was diluted with 100 ml.
methylene dichloride, cooled to room temperature,
and washed with water to remove triethylamine hydro-
chloride. The resulting organic solution was dried over
anhydrous magnesium sulphate and then evaporated to
dryness. The resulting solid residue was recrystallized
from ethanol to give l-morpholinocarbonyl-4(5)-
tert.butylimidazole, m.p. 129° - 130°C. The current
state of our knowledge indicates that this compound is
I-morpholinocarbonyl-4-tert.butylimidazole.
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EXAMPLE 5

A mixture of 5.0 g. 4-tert.butylimidazole, 4.4 g. tri-
ethylamine, 5.9 g. 1-piperidinocarbonyl chloride and
30 ml. dry tetrahydrofuran was boiled under reflux for
5.5 hours. The reaction mixture was cooled, filtered to
remove triethylamine hydrochloride, and evaporated
to dryness. The resulting solid residue was recrystal-
lized from petroleum (b.p. 62° — 68°C.) to give I-
piperidinocarbonyl-4(5)-tert.butylimidazole, m.p. 104°
- 105°C.

The following compound was prepared in an analo-
gous manner.

1-(1-pyrrolidinylcarbonyl)-4(5)-tert.butylimidazole,

m.p. 124° - 126°C.

The current state of our knowledge indicates that the
4-tert.butyl group in the above compounds is in the 4-
position.

EXAMPLE 6

In an analogous manner to that described in Example
3, the following compounds were prepared.
1-dimethylcarbamoy!-4(5)-sec.butylimidazole,
114° - 122°C./0.1 mm.
1-(N-methyl-N-2-ethoxyethylcarbamoyl)-4(5)-
tert.butylimidazole, b.p. 137° - 138°C./0.4 mm.

b.p.

1-dimethylcarbamoyl-4(5)-propylimidazole, b.p.
108°C./0.27 mm.
I-dimethylcarbamoyl-4(5)-butylimidazole, b.p.

109°C./0.1 mm.
1-morpholinocarbony!-4(5)-sec.butylimidazole, b.p.
119° - 126°C./0.05 mm.

1-morpholinocarbonyl-4(5)-isobutylimidazole, b.p.
136° -~ 138°C./0.15 mm.
I-morpholinocarbonyl-4(5)-butylimidazole, . b.p.

126° - 127°C./0.02 mm.
1-(N-methyl-N-butylcarbamoy!)-4(5)-
tert.butylimidazole, b.p. 152° - 154°C./2.0 mm.
1-(N-methyl-N-pentylcarbamoyl)-4(5)-
tert.butylimidazole, b.p. 160° - 162°C/2.0 mm.
1-(N-methyl-N-hexylcarbamoyl)-4(5)-
tert.butylimidazole, b.p. 170° - 172°C./2.0 mm.

1-piperidinocarbonyl-4(5)-isopropylimidazole, b.p.
170° - 175°C./3.0 mm.
1-piperidinocarbonyl-4(5)-sec.butylimidazole, b.p.

190°./8 mm.
1-pyrrolidinylcarbonyl-4(5)-sec.butylimidazole, b.p.
208°C./22 mm. )
1-diethylcarbamoyl-4(5)-sec.butylimidazole,
165°C./6 mm.
1-(N-methyl-N-ethylcarbamoyl)-4(5)-
isopropylimidazole, 160° - 164°C./9.0 mm.
1-morpholinocarbonyl-4(5)-isopropylimidazole, b.p.
180° - 185°C./5.0 mm.
1-dimethylthiocarbamoyl-4(5)-(1-
methylbutyl)imidazole b.p. 180° - 185°C./5.5 mm.
1-dimethylthiocarbamoyl-4(5)-(1-
methylbutyl)imidazole b.p. 165° - 170°C./4 mm.
1-(N-methyl-N-ethylcarbamoyl)-4(5)-
sec.butylimidazole, b.p. 178°C./28 mm.
1-(N-methyl-N-ethylthiocarbamoyl)-4(5)-
sec.butylimidazole b.p. 182°C./7 mm.
1-dimethylcarbamoyl-4(5)-(1,2-
dimethylbutyl)imidazole, b.p. 125°C./0.15 mm.
1-dimethylcarbmoyl-4(5)-(1-methylheptyl) imidaz-
ole, b.p. 125°C./0.02 mm.

b.p.
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I-dimethylcarbamoyl-4(5)-( 1-methylpentyl) imidaz- '

ole, b.p. 128°C./0.5 mm.
I-morpholinocarbonyl-4(5)-isopropylimidazole, b.p.
124°C./0.14 mm.
1-dimethylthiocarbamoyl-4(5)-tert.pentylimidazole,
b.p. 180° - 185°C./6.0 mm.
The current state of our knowledge indicates that the
above compounds were obtained predominantly or
substantially as the 4-substituted compounds.

EXAMPLE 7

To a stirred solution of 14 g. 4-tert.pentylimidazole
in 100 ml dry tetrahydrofuran and 28 ml. triethylamine
was gradually added 13 g. dimethylcarbamoyl chloride.
When addition of the carbamoyl chloride was complete
the reaction mixture was boiled under reflux with stir-
ring for 1 hour, then cooled to room temperature and
poured on to 500 g. water and crushed ice. After ex-
traction with ether, the ether layer was separated,
washed with water and dried over anhydrous magne-
sium sulphate. The ether was evaporated and a residue
remained which was crystallized from petroleum ether
(b.p. 60° - 80°C.) to give the product, I-
dimethylcarbamoyl-4(5)-tert.pentylimidazole, m.p. 60°
- 61°C. The current state of our knowledge indicates
that this compound is I1-dimethylcarbamoyl-4-
tert.pentylimidazole.

The 4-tert.pentylimidazole used in the above reac-
tion was prepared in the following way:

A solution of 121.5 g. bromine in 150 ml. chloroform
was added dropwise with stirring to a solution of 87 g.
3,3-dimethylpentan-2-one in 360 ml. methanol. The
reaction was initiated by the addition of a few drops of
bromine solution at 15°C., then cooled to 0°C. and ad-
dition of bromine continued whilst the temperature was
maintained at 0° - 5°C. After completion of the bro-
mine addition the reaction mixture was stirred at 0° —
5°C. for 10 minutes, then poured on to a mixture of
crushed ice and water. The water layer was extracted
with methylene dichloride and the extract added to the
organic portion. The combined liquors were washed
with water, saturated solution of sodium bicarbonate
and then dried over calcium chloride. After evaporat-
ing the solvent under reduced pressure, 1-bromo-3,3-
dimethylpentan-2-one distilled over, b.p. 84°C./9 mm.

A mixture of 111.5 g. 1-bromo-3,3-dimethylpentan-
2-one and 300 ml. formamide was heated with stirring.
A weak stream of ammonia was passed through the re-
action mixture over a period of one hour, the tempera-
ture being maintained at from 140° to 160°C. The
stream of ammonia was then stopped and the reaction
mixtiure maintained at a temperature of 160°C. for 2
hours. Excess of formamide was evaporated under re-
duced pressure, the residue diluted with a little warm
water and basified with potassium carbonate. The imid-
azole was separated with ether, the ethereal extract
being washed with water and dried over anhydrous so-
dium sulphate.

After evaporating the solvent under reduced pres-
sure, the residue was distilled to give the product, 4-
tert.pentylimidazole, b.p. 114°-116°C./0.2 mm. On
standing this liquid solidified and the solid crystallized
from petroleum ether (b.p. 60° - 80°C.) to give a pure
product having a melting point of 95° - 96°C.

In an analogous way to that described above, the fol-
lowing compounds were prepared.

10
1-dimethylcarbamoyl-4(5)-neopentylimidazole, m.p.
63° - 66°C.
1-dimethylcarbamoy!-4(5)-(2,3,3-trimethyl-but-2'-
yDimidazole, m.p. 70° - 71°C.
5  l-morpholinocarbonyl-4(5)-tert.pentylimidazole,
m.p. 98° - 99°C.
I-pyrrolidinylcarbonyl-4(5)-tert.pentylimidazole,
m.p. 109° - 110°C.
I-dimethylcarbamoyl-4(5)-(1,1,2-
trimethylpropyl)imidazole, m.p. 85° — 86°C.
1-(N-ethyl-N-methylcarbamoyl)-4(5)-
tert.pentylimidazole, m.p. 38° - 40°C.
1-morpholinocarbonyl-4(5)-(2,3,3-trimethylbut-2'-
yl)imidazole, m.p. 122° - 123°C.
1-(4-methylpiperidinocarbonyl)-4(5)-
tert.butylimidazole, m.p. 87°C.
1-(N-methyl-N-isopropylcarbamoyl-4(5)-
tert.butylimidazole, m.p. 72° - 73°C.
1-(N-methyl-N-2-chloroethylcarbamoyl)-4(5)-
tert.butylimidazole, m.p. 84° - 85°C.
1-pyrrolidinylcarbonyi-4(5)-isopropylimidazole,
m.p. 70° - 71°C.

The current state of our knowledge indicates that the
above imidazoles were obtained predominantly or sub-
stantially as the 4-substituted compounds.

In the course of preparing the above compounds the
following novel intermediates were made.

4-(2,3,3-trimethyl-but-2-yl)imidazole, m.p. 149° -

150°C.
4-(1,1,2-trimethylpropyl)imidazole,
114°C./0.1 mm.
4-neopentylimidazole, b.p. 106° - 114°C./0.15 - 0.19
mm.
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EXAMPLE 8

To a stirred solution of 1.25 g. 2methyl-4-tert.
butylimidazole in 10 ml. tetrahydrofuran and 2 ml. tri-
ethylamine was added 1.2 g. dimethylcarbamoyl chlo-
ride. The resulting mixture was boiled under reflux with
stirring for 3% hours and then cooled to room tempera-
ture. The reaction mixture was diluted with 100 ml.
methylene chloride, washed with water, and the meth-
ylene chloride solution dried over magnesium sulphate.
After evaporating the solvent the residue was distilled
under reduced pressure to give 1-dimethylcarbamoyl-
2-methyl-4(5)-tert.butylimidazole, b.p. 126° -
127°C./1 mm. This liquid solidified on standing and
when recrystallized from petroleum ether (b.p. 60° -
80°C.) gave the pure product, m.p. 80° — 81°C. The
current state of our knowledge indicates that this com-
pound is 1-dimethylcarbamoy!-2-methyl-4-
tert.butylimidazole.

The imidazole used in the above reaction was pre-
pared in the following way.

85 g. Bromopinacolone was added to a solution of 72
g. potassium acetate in 700 ml. methanol and the re-
sulting mixture was refluxed on a steam bath for 2
hours. It was then cooled, filtered and the filtrate added
6 with stirring to a solution of 190 g. cupric acetate mon-

ohydrate in 800 ml. water and 1000 ml. 25 percent am-
monia. A solution of 26 g. acetaldehyde in 200 ml.
water was then added to the mixture which was heated
on a steam bath for 5 hours with constant stirring.
After cooling the cuprous salt of the imidazole was
collected, washed with water and suspended in 500 ml.
of 4N acetic acid. While stirring, a solution of 78 g. po-
tassium ferricyanide in 240 ml. water was added and
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the precipitated copper complex removed and washed

well with water. The combined supernatant liquors -

were basified to pH 9 - 10 with 5N sodium hydroxide
and extracted several times with ether. The ethereal ex-
tracts were combined, washed with water and dried
over anhydrous sodium sulphate. After evaporation of
the solvent under reduced pressure the residue distilled
to give the imidazole product, b.p. 112° - 114°C./0.05
mm. This solidified on standing and was recrystallized
from a mixture of petroleum ether (60° - 80°C.) con-
taining a few drops of ethanol to give 2-methyl-4-
tert.butylimidazole, m.p. 155° - 156°C.
In an analogous way to that described above, the fol-
lowing compounds were prepared.
1-dimethylcarbamoyl-2-ethyl-4(5)-
tert.butylimidazole, b.p. 108° - 109°C./0.7 mm.
1-morpholinocarbonyl-2-ethyl-4(5)-
tert.butylimidazole, b.p. 124° - 126°C./0.15 mm.
1-dimethylcarbamoyl-2-isopropyl-4(5)-
tert.butylimidazole, b.p. 86°C./0.1 mm., m.p. 57° -
58°C.
{-dimethylcarbamoyl-2-butyl-4(5)-
tert.butylimidazole, b.p. 108° - 110°C./0.2 mm.
1-morpholinocarbonyl-2-butyl-4(5)-
tert.butylimidazole b.p. 138° - 141°C./0.4 mm.
I-dimethylcarbamoyl-2-isobutyl-4(5)-
tert.butylimidazole, b.p. 106° - 108°C./0.25 mm.
1-dimethylcarbamoyl-2-(1-methylbutyl)-4(35)-
tert.butylimidazole, b.p. 98° - 100°C./0.15 mm.
1-dimethylcarbamoyl-2-sec.butyl-4(5)-
tert.butylimidazole, b.p. 102° - 104°C./0.25 mm.
1-dimethylcarbamoyl-2-(2,6-dimethylhept-5-enyl)-
4(5)-tert. butylimidazole, b.p. 154° - 156°C./0.4
mm.
1-dimethylcarbamoyl-2-(1-ethylpropyl)-4(5)-
tert.butylimidazole, b.p. 97° - 98°C./0.15 mm.
The current state of our knowledge indicates that the
above imidazoles were obtained predominantly or sub-
stantially as the 4-substituted compounds.
In the course of preparing the above compounds the
following novel intermediates were made.
2-ethyl-4-tert.butylimidazole, m.p. 154° - 155°C.
2-isopropyl-4-tert.butylimidazole, m.p. 182°C.
2-butyl-4-tert.butylimidazole, m.p. 70° - 72°C:
2-isobutyl-4-tert.butylimidazole, m.p. 128° - 129°C.
2-(1-methylbutyl)-4-tert.butylimidazole, m.p. 108° -
109°C.
2-sec.butyl-4-tert.butylimidazole, m.p. 136°C.
2-(1-ethylpropyl)-4-tert.butylimidazole, m.p. 145° ~
146°C.

EXAMPLE 9

This example describes an alternative method of pre-
paring 1-dimethylcarbamoyl-4(5)-tert.butylimidazole.

A solution of 6.2 g. tert. butylimidazole (0.05 mole)
and 4 g. pyridine in 15 ml. dry tetrahydrofuran was
added dropwise to a stirred solution of 2.5 g. phosgene
(0.025 mole) in 25 ml, dry tetrahydrofuran maintained
at a temperature of 0° to 5°C. The mixture was stirred
for an hour and filtered. To the filtrate was gradually
added a cold solution of 1.37 g. anhydrous dimethylam-
ine (0.03 mole) in 15 ml. dry tetrahydrofuran at 0°C.
The mixture was stirred for two hours at 0° to 5°C., fil-
tered and the solvent evaporated. The residue distilled
under reduced pressure to give a fraction having b.p.
102°C./0.5 mm. which solidified on cooling. After crys-
tallization from petroleum ether (60° — 80°C.) the pure
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12
product, [-dimethylcarbamoyl-4(5)-
tert.butylimidazole m.p. 85° - 86°C., was isolated. The
current state of our knowledge indicates that this com-
pound is I-dimethylcarbamoyl-4 -tert.butylimidazole.

EXAMPLE 10

This example describes an alternative method of pre-
paring . 1-dimethylcarbamoyl-4(5)-tert.butylimidazole.

A solution of 6.2 g. tert.butylimidazole (0.05 mole)
and 16 g. pyridine in 15 ml. dry tetrahydrofuran was
added dropwise to a stirred solution of 5 g. phosgene
(0.05 mole) in 50 ml. dry tetrahydrofuran at a tempera-
ture of 0° to 5°C. The mixture was stirred for an hour
and filtered. To the filtrate was gradually added a cold
solution of 3 g. anhydrous dimethylamine (0.065 mole)
in 30 ml. dry tetrahydrofuran at 0° to 5°C. The mixture
was stirred for 2 hours at 0° to 5°C., filtered and the sol-
vent evaporated. The residue distilled under reduced
pressure to give a fraction having b.p. 102°C./0.5 mm.
which solidified on cooling. After crystallization from
petroleum ether (60° — 80°C.) the pure product, I-
dimethylcarbamoyl-4(5 )-tert. butylimidazole, m.p. 85°
— 86°C., was isolated. The current state of our knowl-

edge indicates that this compound is 1-
dimethylcarbamoyl-4-tert.butylimidazole.
EXAMPLE 11

To a stirred solution of 62 g. 4-(1-methylcyclohexyl)-
imidazole in 85 ml. dry tetrahydrofuran and 56 ml. tri-
ethylamine was gradually added 45 g. dimethylcarbam-
oyl chloride. An exothermic reaction ensued and the
rate of addition of dimethylcarbamoyl chloride was ad-
justed so as to maintain a gentle boiling of the reaction
mixture under reflux. When addition of the dimethyl-
carbamoyl chloride was complete, the reaction mixture
was boiled under reflux with stirring for one hour, and
then cooled to room temperature. The reaction mix-
turc was diluted with 200 ml. water and then extracted
with ether (2 X 200 ml.). The ethereal extracts were
combined, washed with water and dried over anhy-
drous sodium sulphate. After evaporation the resulting
residue was crystallized from light petroleum (b.p. 60°
— 80°C.) to give the product, l-dimethylcarbamoyl-
4(5)-(1-methylcyclohexyl)imidazole, m.p. 72° - 73°C.
The current state of our knowledge indicates that this
compound is !-dimethylcarbamoyl-4-(1-methylcy-
clohexyl)imidazole.

The 4-(1-methylcyclohexyl)imidazole used in the
above reaction was prepared in the following way.

A solution of 328 g. bromine in 300 ml. chloroform
was added gradually to a stirred solution of 300 g. 1-
methylcyclohexyl methyl ketone in 100 ml. methanol.
After the addition of a few drops of bromine solution
at 15°C. the reaction mixture was cooled and main-
tained between 0° - 5°C. The reaction mixture was
stirred for 10 minutes, after the addition of bromine
had been completed, and then poured on to a mixture
of crushed ice and water. The water layer was sepa-
rated from the organic liquid and extracted with meth-
ylene chloride. The extract and the organic portion
were combined and washed with water followed by a
saturated solution of sodium bicarbonate and then fi-
nally with water. After drying over calcium chloride the
liquid was evaporated and distilled to give bromo-
methyl 1-methylcyclohexyl ketone, b.p. 76° - 78°C./0.1
mm Hg.
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A  mixture of 387 g bromomethyl 1-
methylcyclohexyl ketone and 1000 ml. formamide was
heated with stirring. A stream of ammonia was passed
through the reaction mixture over a period of 1 hour,
the mixture being maintained at a temperature of 140°
- 160°C. After the passage of ammonia had been com-
pleted the reaction mixture was heated to 180° -
190°C. The reaction mixture was maintained at this
temperature for a period of 2 hours. Excess of form-
amide was evaporated under reduced pressure and the
residue diluted with a little warm water and made alka-
line with potassium carbonate. The resulting mixture
was extracted with ether. After separation the ethereal
extract was washed with water, dried over sodium sul-
phate, evaporated and distilled to give the novel inter-
mediate 4-(1-methycyclohexyl)imidazole, b.p. 146° -
148°C./0.2 mm. Hg. The distillate crystallized from pe-
troleum ether (b.p. 60° — 80°C.) to give the product,
m.p. 73° - 75°C.
In an analogous manner to that described above,
there were prepared the following compounds
1-dimethylcarbamoyl-4(5)-cyclohexylimidazole,
m.p. 107° - 108°C. (crystallized from petroleum
ether, b.p. 100° - 120°C.)

1-dimethylcarbamoyl-4(5)-( I-methylcyclopentyl)-
imidazole, m.p. 73°C. (crystallized from petroleum
ether, b.p. 60° - 80°C.)

The current state of our knowledge indicates that the
4(5) cycloalky! groups of the imidazoles listed above
are predominantly or substantially in the 4-position.

In the course of preparing the above imidazoles, the
following novel intermediate was made.

4-(I-methylcyclopentyl)imidazole, m.p. 33° - 35°C;

b.p. 136° - 140°C./0.5 mm.

EXAMPLE 12

To a stirred solution of 9.6 g. of 4-(l-methylcy-
clohexyl)-imidazole and 14 ml. triethylamine in 80 ml.
tetrahydrofuran was gradually added 11.9 g. mor-
pholinocarbonyl chloride. An exothermic reaction en-
sued and the rate of addition of dimethylcarbamoyl
chloride was adjusted so as to maintain a gentle boiling
of the reaction mixture under reflux. When addition of
the moropholinocarbonyl chloride was complete, the
reaction mixture was boiled under reflux with stirring
for 5 hours, and then cooled to room temperature. The
reaction mixture was diluted with 200 ml. water and
then extracted with ether (2 X 200 ml.). The ethereal
extracts were combined, washed with water and dried
over anhydrous sodium sulphate. After evaporation the
resulting residue was crystallized from petroleum ether
(b.p. 80° - 100°C.) to give the product, 1-
morpholinocarbonyl-4(5)-( I-methylcyclohexyl-
Jimidazole, m.p. 127° - 128°C.

The 4-(1-methylcyclohexyl)imidazole used in the
above reaction was prepared as in Example 11.

In an analogous manner to that described above,
there was prepared the following compound.

l-morpholinocarbonyl-4(5)-(1-methylcyclopentyl)-

imidazole, m.p. 82° - 83°C. (crystallized from pe-
troleum ether, b.p. 60° - 80°C.)

The current state of our knowledge indicates that the

I-methylcycloalkyl groups of the above compounds are

in the 4-position.
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EXAMPLE 13

In an analogous way to that described in Example 11,
there were prepared the following compounds.
1-piperidinocarbonyl-4(5)-(1-methylcyclohexyl-
)imidazole, m.p. 85° - 87°C.
1-pyrrolidinylcarbonyl-4(5)-( 1-methylcyclohexyl-
Jimidazole, m.p. 110° - 111°C.
. L-pyrrolidinylcarbonyl-4(5)-(1-methylcyclopentyl)
imidazole, m.p. 87° - 89°C.
1-piperidinocarbonyl-4(5)-(1-methylcyclopentyl)
imidazole, m.p. 77° - 79°C.
1-dimethylcarbamoyl-4(5)-(1-methylcyclopentyl)
imidazole, m.p. 64° ~ 65°C.
1-(N-ethyl-N-methylcarbamoyl)-4(5)-(1-methylcy-
clopentyl) imidazole, 47° - 49°C.,
The current state of our knowledge indicates that the
above compounds were obtained predominantly or
substantially as the 4-substituted compounds.

EXAMPLE 14

A mixture of 20.1 g. 4-(1,3-dimethylcyclohexyl-
Jimidazole, 150 ml. dry tetrahydrofuran, 28 ml. trieth-
ylamine and 16.2 g. dimethylcarbamoyl chloride were
refluxed on a steam bath for an hour and then cooled.
Methylene chloride was added and the solution washed
with water, the first washing being re-extracted with
methylene chloride. The methylene chloride extracts
were dried over magnesium sulphate solution. After fil-
tration the solution was evaporated to give the product,
1-dimethylcarbamoyl-4(5)-(1,3-dimethylcyclohexyl-
)imidazole, b.p. 138° ~ 140°C/0.08 mm. The current
state of our knowledge indicates that this product is
predominantly - 1-dimethylcarbamoyl-4-(1,3-dimethyl-
cyclohexyl) imidazole.

The 4-(1,3-dimethylcyclohexyl) imidazole used in
the above reaction was prepared in the following way.

A solution of 75 ml. (1.465 mole) bromine in 250 ml.
chloroform was added dropwise to a stirred solution of
235 g. 1,3-dimethylcyclohexyl methyl ketone in 71 ml.
methanol whilst maintaining the temperature of 0° -
5°C. (the reaction was started by addition of a few
drops of bromine solution at 15°C. then cooled to 0°C.
and continued). The reaction mixture was stirred at 0°
- 5°C. for 10 minutes after the addition of bromine so-
lution was complete, then poured on to crushed ice and
water mixture. After extracting the water layer with
methylene chloride, the methylene chloride was added
to the organic portion and the mixture washed with wa-
ter, saturated sodium bicarbonate solution and dried
over calcium chloride. The solvent was evaporated and
distillation gave the novel compound, bromomethyl-
1,3-dimethylcyclohexyl ketone, b.p. 86° — 89°C./0.1
mm.

A mixture of 265 g. bromomethyl-1,3-dimethylcy-
clohexyl ketone and 645 ml. formamide was heated
with stirring. A weak stream of ammonia was passed
through at 140°C. and the temperature raised from
140° to 160°C. for 1 hour. The stream of ammonia was
then stopped and the reaction mixture heated to 180°
- 190°C. for 2 hours. Excess formamide was evapo-
rated under reduced pressure, the residue diluted with
a little warm water and basified with potassium carbon-
ate. The imidazole was separated with ether, washed
with water and dried over sodium sulphate. After evap-
oration of the ether, the novel product was distilled
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over, 4-(1,3-dimethylcyclohexyl)imidazole, b.p. 140° -
142°C./0.15 mm.
In an analogous manner to that described above,
there were prepared the following compounds.
1-diethylcarbamoyl-4(5)-( 1-ethylcyclohexyl-
)imidazole, b.p. 140°C./0.2 mm.
t-morpholinocarbonyl-4(5)-(1,3-dimethylcyclohex-
yh)imidazole, b.p. 160° — 162°C./0.02 mm.
1-dimethylthiocarbamoyl-4(5)-( 1 -methylcyclohexyl-
yimidazole, b.p. 210° - 214°C./3.0 mm.
1-diethylthiocarbamoy]-4(5)-(1-methyicyclohexyl-
Yimidazole, b.p. 159° - 164°C./0.3 mm.
1-dimethylcarbamoyl-4(5)-(1,3,3-trimethylcy-
clohexyl) imidazole, b.p. 142° - 144°C./0.1 mm.
1-(N-methyl-N-2-butoxyethylcarbamoyl)-4(5)-(1-
methylcyclohexyl)imidazole, b.p. 166°
175°C./0.6 mm.
1-morpholinocarbonyl-4-( 1,3-dimethylcyclohexyl-
Jimidazole, b.p. 160° - 162°C./0.025 mm.
1-(N-methyl-N-2-ethoxyethylcarbamoyl!)-4(5)-(1-
methylcyclohexyl)imidazole,  b.p. 210°
215°C.[4.5 mm.
The current state of our knowledge indicates that the
above compounds were obtained predominantly or
substantially as the 4-substituted compounds.

EXAMPLE 15

To a solution of 12.8 g. 2-methyl-4(5)-(1-methylcy-
clopentyl)imidazole in a mixture of 60 ml. tetrahydro-
furan and 20 ml. triethylamine was added 10.5 g. dime-
thylcarbamoyl chloride. The resulting mixture was
boiled under reflux with stirring for 3% hours, then
cooled and diluted with 250 ml. methylene chloride.
The solution thus formed was washed with water and
then dried over anhydrous magnesium sulphate. After
evaporating the solvent, the liquid residue distilled to
give the product, 1-dimethylcarbamoyl-2-methyl-4(5)-
(1-methylcyclopentyl)imidazole, b.p. 124° - 6°C./0.1
mm. The current state of our knowledge indicates that
this product was predominantly the 4-substituted deriv-
ative, 1-dimethylcarbamoyl-2-methyl-4-(1-methylecy-
clopentyl)imidazole.

The 2-methyl-4(5)-(1-methylcyclopentyl) imidazole
used in the above reaction was prepared in the follow-
ing way.

42 g. Bromomethyl 1-methylcyclopentyl ketone was
added to a solution of 31.5 g. potassium acetate in 300
ml. methanol and the resulting mixture was refluxed on
a steam bath for two hours. It was then cooled, filtered
and the filtrate added with stirring to a solution of 83
g. cupric acetate monohydrate in a mixture of 500 mlL
water and 435 ml. 25 percent ammonia. A solution of
18.5 g. acetaldehyde in 100 ml. water was then added
and the mixture heated on a steam bath for 5 hours
with constant stirring.

After cooling the cuprous salt of the imidazole was
collected, washed with water and suspended in 270 ml.
of 4N acetic acid. While stirring, a solution of 34 g. po-
tassium ferricyanide in 100 ml. water was added, and
the precipitated copper complex removed and washed
well with water. The combined supernatant liquors
were basified to pH 9 ~ 10 with 5N sodium hydroxide
and extracted several times with ether. The ethereal ex-
tracts were combined, washed with water and dried
over anhydrous sodium sulphate. After evaporation of
the solvent, the residue was crystallized from acetone
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to give the novel imidazole 2-methyl-4(5)-(1-methylcy-
clopentyl)imidazole, m.p. 108°C.
In an analogous manner to that described above,
there were prepared the following compounds.
1-dimethylcarbamoyl-2-ethyl-4(5)-(1-methylcyclo-
pentyl) imidazole, b.p. 118° ~ 120°C./0.1 mm.
1-dimethylcarbamoyl-2-propyl-4(5)-(1-methylcyclo-
pentyl) imidazole, b.p. 128° - 130°C./0.15 mm.
1-dimethylcarbamoyl-2-methyl-4(5)-(1-

methylcyclohexyl) imidazole, b.p. 135° -
136°C/0.15 mm.
1-dimethylcarbamoyl-2-ethyl-4(5)-(1-
methylcyclohexyl) imidazole, b.p. 134° -
136°C./0.1 mm.
1-dimethylcarbamoy!-2-propyl-4(5)-(1-
methylcyclohexyl) imidazole, b.p. 140° -

142°C./0.1 mm.

The current state of our knowledge indicates that
these imidazoles were obtained predominantly or sub-
stantially as the 4-substituted compounds.

In the course of preparing the above imidazoles, the
following nove! intermediates were made.

2-ethyl-4-( 1-methylcyclopentyl)imidazole, b.p. 128°

- 131°C./0.1 mm., m.p. 87° - 88°C.

2-propyl-4-( 1-methylcyclopentyl)imidazole, b.p.
132° - 136°C./0.15 mm.
2-methyl-4-(1-methylcyclohexyl)imidazole m.p.

112° - 113°C.
2-ethyl-4-( 1-methylcyclohexyl)imidazole b.p. 136° -
138°C./0.15 mm. :
2-propyl-4-(1-methylcyclohexyl)imidazole b.p. 140°
-~ 142°C./0.15 mm.

EXAMPLE 16

To a solution of 9.5 g 2-ethyl-4-
cyclopropylimidazole in 50 ml. dry tetrahydrofuran
and 22 ml. triethylamine was added 8 g. dimethylcar-
bamoy! chloride. The resulting mixture was boiled
under reflux for 3% hours, then cooled and diluted with
250 ml. methylene chloride. After washing with water,
the methylene chloride solution was dried over magne-
sium sulphate. Evaporation of the solvent gave -a resi-
due which distilled under reduced pressure to give the
product, 1-dimethylcarbamoyl-2-ethyl-4(5)-
cyclopropylimidazole, b.p. 118° - 119°C./0.2 mm.

The current state of our knowledge indicates that this
compound is 1-dimethylcarbamoyl-2-ethyl-4-
cyclopropylimidazole.

The imidazole reactant was prepared in the following
way.

110 g. Cyclopropane carbonyichloride dissolved in
150 ml. of absolute ether was added dropwise into an
ice-cold solution of 91 g. diazomethane in 1500 ml
ether. After the addition was complete the temperature
of the solution was allowed to rise to room temperature
and to stand over night. The removal of the ether by
distillation under reduced pressure left a yellow oil
which was carefully mixed with 2000 ml. 2N sulphuric
acid whilst cooling. This mixture was stirred at 50°C.
for 5 hours and was then cooled, neutralised with solid
potassium carbonate and extracted with ether. The
ethereal extract was evaporated the residue being dis-
tilled under reduced pressure to give cyclopropyl hy-
droxymethyl ketone, b.p. 56° - 60°C./10 mm.

"A solution of 40 g. cyclopropyl hydroxymethyl ke-
tone in 350 ml. methanol was added with stirring to a
solution of 160 g. cupric acetate monohydrate in 840
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ml. water and 840 ml. 25 percent ammonia, followed
by the addition of 28 g. propionaldehyde. The resulting
mixture was heated on a steam bath for five hours with
constant stirring. Precipitation of the cuprous salt oc-
curred and, after cooling, the precipitate was collected,
washed with water and suspended in 450 ml. 4N-acetic
acid. While stirring, a solution of 66.5 g. potassium fer-
ricyanide in 200 ml. water was added. The precipitated
copper complex was removed and washed with water.
The combined supernatant liquors were basified to pH
9 with 5N sodium hydroxide and extracted several
times with ether. After combining the ethereal extracts,
washing with water and drying over sodium sulphate,
the solvent was evaporated. On standing the residue so-
lidified and was crystallized from petroleum ether to
give the novel 4-cyclopropyl-2-ethylimidazole, m.p.
104° - 106°C.

EXAMPLE 17

An emulsifiable concentrate suitable for dilution with
water to form an aqueous emulsion was prepared from
the following ingredients: :

% wiv
Compound of Example 1 20.0
Calcium dodecylbenzenesulphonate 2.0
Nonylphenoxypolyethoxyethanol* 4.0
Cyclohexanone 15.0
Xylene to 100.0

*A nonylphenol-ethylenc oxide condensate containing an average of 14 mols.

ethylene oxide per mol. nonylpheno.

Similar emulsifiable concentrates were prepared in
which the imidazole compound in the above formula-
tion was replaced by the following compounds of Ex-
ample 3:

1-dimethylthiocarbamoyl-4(5)-tert.butylimidazole

1-(N-methyl-N-ethylcarbamoyl)-4(5)-
tert.butylimidazole

1-(N-methyl-N-propylcarbamoyl)-4(5)-
tert.butylimidazole

I-dimethylcarbamoyl-2-ethyl-4(5)-methylimidazole

I-dimethylcarbamoyl-4(5)-n-pentylimidazole

EXAMPLE 18

Emulsifiable concentrates suitable for dilution with
water to form an aqueous emulsion were prepared from
the following ingredients:

% wiv
Compound 25.0
Calcium dodecylbenzenesulphonate* 2.5
Nonlyphenoxypolyethoxyethanol 2.5

Xylene to 100.0% vol

*A nonylphenol-cthylenc oxide condensate containing an average of 14 mols.

ethylenc oxide per mol. monylphenol.

Emulsifiable concentrates containing the following
compounds were prepared.
I-dimethylcarbamoyl-4(5)-isobutylimidazole
I-dimethylcarbamoyl-4(5)-(1-ethylpropy!)imidazole
I-dimethylcarbamoyl-4(5)-sec.butylimidazole
1-dimethylcarbamoyl-4(5 )-isopropylimidazole
I-dimethylthiocarbamoyl-4(5)-sec.butylimidazole
1-dimethylcarbamoyl-4(5)-propylimidazole
1-dimethylcarbamoyl-4(5)-tert.pentylimidazole
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1-(N-2-ethoxyethyl-N-methylcarbamoyl)-4(5)-tert.
butylimidazole

EXAMPLE 19

Granules containing 5% w/w of the imidazole com-
pound of Example 1 were prepared by impregnating
granules of fullers earth (mesh size 20/40 British Stan-
dard Sieve) with a solution of the imidazole compound
in xylene and then evaporating the xylene from the im-’
pregnated granules.

EXAMPLE 20

Granules containing 5% w/w of the
dimethylcarbamoyl-4(5 )-( 1-methylcyclohexyl-
Jimidazole were prepared by impregnating granules of
fullers earth (mesh size 20/40 British Standard Sieve)
with a solution of the imidazole compound in xylene
and then evaporating the xylene from the impregnated
granules.

1-

EXAMPLE 21

An emulsifiable concentrate suitable for dilution with
water to form an aqueous emulsion was prepared from
the following ingredients:

1-dimethylcarbamoyl-4(5)-

(1-methylcyclohexyl)imidazole 25.0% wiv
Calcium dodecylbenzenesulphonate 2.5% wiv
Nonylphenoxypolyethoxyethanol* 2.5% wiv
Cyclohexanone 20.0% vol.
Xylene to 100.0% vol.

*A nonylphenol-ethylene oxide condensate containing an average of 14 mols.
ethylene oxide per mol. nonylphenol.

Similar emulsifiable concentrates were prepared in
which the imidazole compound in the above formula-
tion was replaced by the remaining compounds of the
invention described in Example 11.

EXAMPLE 22

A dispersible powder was prepared from the follow-
ing ingredients:

9 wiw
|-dimethylcarbamoyl-4(5)
(1-methylcyclohexyl)imidazole 25.0
Nonylphenoxypolyethoxyethanol* 1.0
Dyapol PT* 5.0
Kaolin to 100.0

*A nonylphenol-ethylene oxide condensate containing an average of 14 mols.
ethylene oxide per mol. nonylphenol. Dyapol PT is an anionic dispersant based on
the sodium sait of a sulphonated condensation product of urea/formaldehyde and
cresol.

EXAMPLE 23

Broad bean plants 3 — 5 cm. high were infested with
aphids (Megoura viciae) and then sprayed with an
aqueous dispersion containing 250 parts per million
w/v of the imidazole compound of Example 1. Each
plant was kept under a lamp glass for 24 hours and then
examined. It was found that a complete kill on the
aphids had been obtained. The aphid populations of
control plants that had been treated with an aqueous
spray not containing any test compound were not af-
fected.

EXAMPLE 24

Broad bean plants 3 - 5 cm. high were infested with
aphids (Megoura viciae) and then sprayed with an
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aqueous dispersion containing 250 parts per million
w/v of each of the carbamoyl imidazole compounds de-
scribed in Example 11. Each plant was kept under a
lamp glass for 24 hours and then examined. It was
found that all of the compounds completely kill off the
aphids. The aphid populations on control plants that
had been treated with an aqueous spray not containing
any test compound were not affected.

EXAMPLE 25

Broad bean plants 3 -~ 5 cm. high were infested with
aphids (Megoura viciae) and then sprayed with an
aqueous dispersion containing 250 parts per million
w/v of each of the carbamoyl imidazole compounds de-
scribed in Examples 2 to 8 and 12 to 16. Each plant was
kept under a lamp glass for 24 hours and then exam-
ined. It was found that all of the compounds gave at
least a 50 percent control of the aahids. The aphid pop-
ulations on control plants that had been treated with an
aqueous spray not containing any test compound were
not affected.

EXAMPLE 26

Hop leaves infested with the hop aphid, Phorodon
humuli, were treated with aqueous dispersions of vari-
ous compounds.

Ten leaves were taken from each of four replicate
plants and the average number of aphids per leaf calcu-
lated. The hop plants were sprayed with an aqueous
dispersion of the test compound till run off. Assessment
one day after spraying showed that with an aqueous dis-
persion containing 0.03 percent by weight of the test
compound, the following compounds achieved over 50
percent kill.

1-dimethylcarbamoyl-4(5)-tert.butylimidazole

1-dimethylcarbamoyl-4(5 }-isopropylimidazole
1-dimethylcarbamoyl-4(5)-(1-ethylpropyl)imidazole
1-dimethylcarbamoyl-4(5)-sec.butylimidazole
1-dimethylthiocarbamoyl-4(5)-sec.butylimidazole

I-dimethylcarbamoyl-4(5)-propylimidazole

1-dimethylcarbamoyl-4(5)-( 1-methylcyclohexyl-

Yimidazole
I-dimethylcarbamoyl-4(5)-tert.pentylimidazole

EXAMPLE 27

An assessment of ovo-larvicidal activity against Tet-
ranychus urticae was made in the following way.
Freshly laid eggs of Tetranychus urticae on a French
bean leaf disc 2 cm. in diameter were sprayed with an
aqueous dispersion of the compound test. After 10 days
any live larvae on the leaf disc were counted and the
percentage mortality assessed. Triplicate assessments
were made at various concentrations of test compound
in order to obtain approximately LDs, values, ex-
pressed as p.p.m. w/v of test compound.
The following two compounds were found to have an
LDso below 250 p.p.m.
1-dimethylcarbamoyl-4(5)-(1-methylcyclopentyl-
Jimidazole
1-dimethylcarbamoyl-4(5)-(1-methylcyclohexyl-
)imidazole

EXAMPLE 28

~ An assessment of the activity of 1-dimethylcarbam-
oyl-4(5)-tert.butylimidazole against the green rice leaf-
-hopper was made in the following way.
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The roots of a rice seeding were dipped in an aqueous
emulsion containing 0.005% by weight of the test com-
pound. The rice seedling was enclosed in a glass cylin-
der into which fifteen adult green rice leafhoppers were
inserted and the temperature was maintained at 25°C.
After 48 hours the insect mortality was observed. It was
found that a complete kill of the insects had occurred.

We claim:

1. An insecticidal composition which comprises an
insecticidally effective amount of a compound of the

formula
——N
R‘LJ— !
s r3

\T/

X=C-NRIR?

in which X is selected from the group consisting of oxy-
gen and sulphur, R3 is selected from the group consist-
ing of hydrogen and alkyl of | to-4 carbon atoms, R*
is selected from the group consisting of alkyl of 1 to 10
carbon atoms and cycloalkyl of 3 to 10 carbon atoms
and R! and R? are selected from the group consisting
of (a) R! and R? are each selected from the group con-
sisting of alkyl of 1 to 7 carbon atoms and alkenyl of 2
to 4 carbon atoms, and (b) R' is alkyl of | to 4 carbon
atoms and R? is selected from the group consisting of
alkoxyalkyl of 3 to 6 carbon atoms and haloalkyl of 1
to 6 carbon atoms, together with a suitable carrier.

2. The insecticidal composition of claim I wherein X
is oxygen, R3 is hydrogen, R*is alkyl of 1 to 10 carbon
atoms, and R! and R? are both methyl.

3. The insecticidal composition of claim 2 wherein R*
is selected from the group consisting of propyl, isopro-
pyl, sec. butyl and tert. butyl.

4. The insecticidal composition of claim 1 wherein X
is oxygen, R? is hydrogen, R* is cycloalkyl of 3 to 10
carbon atoms, and R! and R? are both methyl.

5. The insecticidal composition of claim 4 wherein R*
is selected from the group consisting of cyclopentyl and
cyclohexyl optionally containing 1 to 3 methyl substitu-
ents.

6. The insecticidal composition of claim 1 wherein
said compound is 1-dimethylcarbamoyl-4(5)-tert.
butylimidazole.

7. The insecticidal composition of claim 1 wherein
said compound is I-dimethylcarbamoyl-4(5)-sec.
butylimidazole.

8. The insecticidal composition of claim 1 wherein
said compound is 1-dimethylthiocarbamoyl-4(5)-sec.
butylimidazole.

9. The insecticidal composition of claim 1 wherein
said compound is I-dimethylcarbamoyl-4(5)-tert. pen-
tylimidazole.

10. A method of combatting insects or acarids which
comprises applying to said insects, acarids or the locus
thereof an insectically or acaridically effective amount
of a compound of the formula

r—N
et '
R3

N

- X=é-NR1

RZ
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in which X is selected from the group consisting of oxy-
gen and sulphur, R?is selected from the group consist-
ing of hydrogen and alkyl of 1 to 4 carbon atoms, R*is
selected from the group consisting of alkyl of 1 to 10
carbon atoms and cycloalkyl of 3 to 10 carbon atoms
and R! and R? are selected from the group consisting

20

25
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of (a) R' and R? are each selected from the group con-
sisting of alkyl of 1 to 7 carbon atoms and alkenyl of 2
to 4 carbon atoms, and (b) R!is alkyl of 1'to 4 carbon
atoms and R? is selected from the group consisting of
alkoxyalkyl of 3 to 6 carbon atoms and haloalkyl of 1

to 6 carbon atoms, together with a suitable carrier.
* ok % ok %
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