PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3: (11) International Publication Number: WO 81/01408
CO07D 307/79, 333/54, 307/82; Al
AOIN 43/12//C07D 307/85; CO7C 69/92 (43) International Publication Date: 28 May 1981 (28.05.81)

(21) International Application Number: PCT/GB80/00198 | (74) Agents: PENNANT, Pyersetal.; Stevens, Hewlett & Per-
kins, 5 Quality Court, Chancery Lane, London WC2A

(22) International Filing Date: 14 November 1980 (14.11.80) 1HZ (GB).
(31) Priority Application Number: 7939600 | (81) Designated States: BR, DK, IP, SU, US.
(32) Priority Date: 15 November 1979 (15.11.79)
Published
(33) Priority Country: GB With international search report

(71) Applicant (for all designated States except US): SOREX
LONDCN LIMITED [GB/GB]; Fulton House, Empi-
re Way Wembley, Middlesex HA9 OLX (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HADLER, Malcolm,
Ronald [GB/GB]; 10 St Peter’s Drive, Little Bud-
worth, Tarporley, Cheshire (GB). WOODWARD, Da-
vid, Robert [GB/GB]; 48 Clifton Road, Runcorn,
Cheshire (GB). GODFREY, Andrew, Aydon [GB/
GB]; 31 Milton Rough, Acton Bridge, Northwich,
Cheshire (GB).

(54) Title: SUBSTITUTED ACETIC ACID ESTERS AS PESTICIDES

R,] R5
CHCOAR
Loe?
Ry 4

R
where: R] and R) together represent a residue of any one of the general formulae: 15

(57) Abstract

Substituted acetic acid ester of the formula:

R, O R,
7 L \c/
\CH or : %H or lcl;
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Where X is an oxygen or a sulphur atom, or a-NH- group; R¢, R7 and Rg are each independently a hydrogen, or halogen atom, or
a lower alkyl, aralkyl, aryl, lower alkoxy, or lower alkenyl or trifluoromethyl group, or Rg and R7 may be together a methylene-
dioxy, or R7 and Rg may be together a methylenedioxy group; R4 is a lower alkyl, lower alkenyl, lower alkynyl, lower alkoxy,
cyano, halogen-substituted lower alkyl, halogen-substituted lower alkenyl group, or a C3 to C5 alicylic group; and R5 is the resi-
due of an alcohol selected from alcohols known in synthetic pyrethr01ds and is preferably a group of one of the formulae:

@

RORCIE
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and their synthesis, activity and use as presticides, in particular in the control ofarthropods, are described. These compounds are
highly potent and less phytotoxic and more photostable than pesticides of the prior art.
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SUBSTITUTED ACETIC ACID ESTERS AS PESTICIDES

This invention relates to pesticides and in
particular to certain substituted acetic acid esters as
compounds, to pesticidal compositions containing them.
ané to methods of killing pests especially insects and
arachnids using the compounds of the invention or
compositions containing them. ,

It is well Luown that certain esters of
chrysanthemunic and rclated acide have pctent in-
secticidal properties. Such insecticides are known &s
pyrethreid insecticides. The naturally occurring
pyrethroid insecticides are esters of derivatives of
cyclopropanecarboxylic acid. Attention in recent years
has been focussed on this general class of pesticides
because they do not suffer from the disadvantages which
have become increasingly associasted with the use of
organchalogen and organophosphorus pesticides.

Apart from the development of closely similar
analogues to the naturally occurring pyrethroids and in
particular to compounds based on cyclopropanecarboxylic
acid. compournds not containing a cyclopropane ring have
been iuvestigated and it has been found that certain

classes of substituted acetic acid esters end in parti-

cular substituted thenylacetic acid esters have insecti-
cidel properties 51milar to those of the naturally
occurring pyrethroids. Such materials are conven-—.
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tionally included under the classification of "synthetic
pyrethroids”. British Patent Specification No.
1,439,615, for example, describes certain classes of
substituted acetic acid esters having pesticidal
properties. Of the compounds within the clsims of this
Sumitomo patent we are aware that d-cysno-3-phenoxy-
benzyl 2-(4-chlorophenyl)-3-methylbutyrate, known by the
trivial name Fenvalerate has come into commercial use.

The present invention is based on the dis-
covery that certain classes of fused bicyelic deriva-
tives of substituted acetic acid form esters which have
marked insecticidal properties.

The present invention accordingly provides
corpounds of the general formula (I):

R, Ry

) T
?HCOERB (L)

R
2 Ry

vhere: R,7 and R2 together represent a residue of any one
of the gencral formulae:

Rg
R R CH R
7 N\ .
NCH— \CH NG
| or i or %
CH CH
5 Oy R/ - : R >x 7
6 - 6 6

vhere X is an oxygen or a sulphur atom, or a -NE- group;

R6, R7 and R8 are each independently a hydrogen,
or halogen (preferatly chlorine or bromine) atom, or a
lower alkyl, aralkyl, aryl, lcwer slkoxy, or lower
alkenyl or trifluoromethyl group, or RG and R7 may he
together a rethylenedioxy, or R7 and R8 may be together
a methylenedioXy group;

R5 is a hydrogen, or halogen (preferably chlorine,
bremine or fluorine) atom, or a lower alkyl or lower

glkoxy group;

Lo -
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R4 is a lower alkyl, lower alkenyl, lower alkynyl,
lower alkoxy, cyano, halogen-substituted lower alkyl,
halogen-substituted lower alkenyl group, or a 05 to C5
alicylic group; and

5 R. is a group of one of the following structural
P
formulae:
R
A 9
1 ¢ ..
~-CE uf———Z-I
~
O.
®10

where: A is a bydrogen atom, or a cyano group, or a
-C=CH group, or a 7gNH2 group;
10 R9 and 340 are each independently a hydrogen
etom, or a lower alkyl or lower alkenyl group;
Z is an oxygen or a sulphur atom, or a "CHE' or
-C0~ group; and. _ ,
Y is a hydrogen atom, or az lower alkyl, lower
‘15 alkenyl, lower alkynyl or an aryl or furyl group which
is either unsubstituted, or is substituted by one or
more lower alkyl, lower alkenyl or lower alkoxy groups
or halogen atoms;

Rﬁ1

CHECI-I:CH2

Bio

|
B13 0

20 where:
qu is a hydroger atom, or a methyl group;'and
R,]2 and R,]5 are each independently a hydrogen
atom, or & lower alkyl group;
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where: is a benzene ring, or a dihydro- or tetra-
hydro-benzene ring; and .

Bq, Bz, BB’ B4 are each independently a hydrogen,
or halogen atom, or a methyl group:

&
5 @_ Z CH -
(v,).

@),
where: D,1 and D2 are each independently a halogern atom
(preferably fluorine or chlorine) or a methyl group;

each n is independently O, 41 or 2; and
A and Z are as defined above;

10 6\_ CH,. o=0 CE -

0 CH,C=C,.CH.-

2 2~ 3

CHZ‘ ?:CH.CHE- .
Cl
Alcohols of the formula RSOH, where R5 is as
defined above, are generally known and have been sug-
15 gested or used as the alcohol radical in synthetic
pyrethroids and substituted acetate esters having
pesticidal activity. In the compounds of the present
invention we have found that particularly good results
are obtzined when 35 is a group of one of the formulae:

—CH2 . _—0~

O ;
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Where, in the definitions above reference is
made to "lower alkyl", "lower alkoxy", "lower alkenyl"
end "lower alkynyl" groups these terms refer to such
groups having up to 4 carbton atoms. Those groups with
3 or 4 carbon atoms can be straight or branched chain
groups. We prefer among "lower alkyl" and "lower
alkoxy" groups to use methyl, ‘ethyl, iso-propyl, iso-
butyl or tert-butyl and the éorrespo:ding alkoxy groups.
The lower alkenyl groups can be primary or secondary and
the double bond may be in any position in the chain. We
prefer to use vinyl, allyl, propenyl and iso-propenyl
groups. The lower alkynyl groups are preferably ethynyl
or 3-propynyl groups. Among halogen substituted groups
we particularly prefer cihalo, especially dichloro or
difluoro, vinyl groups

Hal
i.e. ”C=CH- - where Hal is halogen.
Hal

Among aryl groups we prefer phenyl groups and
by the term "aralkyl group” we mean one based on a C1 to
C4 alkyl ckain and prefer the aralkyl groop to be benzyl.

The compounds of the present invention contain
en esymmetric centre at the a-carbon atom of the
carboxylic acid moiety. They may include other asym-
metric centres elsewhere in the molecule. The pesti--
¢idal activity of the various possible isomers including

enantioners epimers and diastersoisomers will vary.

SUREAT
OMPI 3
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It is not generally possible to predict which isomers
are likely to be most active or by how much. The
present invention includes the racemic and other
mixtures that will usually be obtained by ncn-stereo-
specific syntheses as well as particular isomers or
mixtures having an artificizlly enhanced proportion of
a particular isomer(s) obtained by separation or stereo-
specific synthesis.
The pesticidal activity of the compounds of

the invention which we have tested is such that we infer
that they generally have activities at least comparable
with those described in Sumitomo's U.K. Patent No.
1,439,615, The best results we have obtained, to date,
represent a pesticidal potenéy greater than that of
Fenvalerate when tested comparatively.

i The compounds of the invention can be made by
conventional synthetic routes. It is generally conven-

"ient to conduct the synthesis so as to produce the acid

and alcohol corresponding to the ester, or reactive
derivatives of the acid and/or alcohol, and to react
these together to form the ester. ‘Por convenience in
the reaction schemes outlined below the acid of the
formula II:
- B
R )

O CECO,H (1)

2 R4

where Rq, R2, RB’ R, , are as defined above, is repre-

4_!
sentcd by the follewing abbreviated formula:

T

&rCH COH
ard Ar is to be understood accordingly. ¥Further, the
resction schemes do not set out detailed reaction
conditions, although specific exemplification is given
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in the Examples, because these are reckoned to be with-
in the knowledge and skill of a competent synthetic
chemist experienced in this general field. Some of the
sequences suggested will be specifically appropriate to
the synthesis of particular compounds whilst others are
of more general applicability. The synthetic routes
outlined ere not intended to provide a fully ccmpre-
hensive account of the synthesis .of the compounds of the
invention; other routes are no doubt possible.
The esters of general formula (I) msy be
prepared by any of the following esterificetion methods:
(a) reaction of an acid halide with an alcohol
(v) reacticn of an acid with an alcohol
(¢) reastion of an acid anhydride with an
alcohol ’
(d) resction of an ester with an alcchol
(e) reection of an acid salt (alkali metal,
silver or organic tertiary base salt) with
an alkyl halide or alkyl sulphoxylate
(f) reaction of an ester with an alkyl halide
or alkyl sulphoxylate.
Reaction (a). The acid halide is allowed to reect with

the alcohol at 0°C to 4C°C using ar acid acceptor, for
example, an organic fertiary amine base such as pyridine
or triethylamine. The scid halide may be any type of
acid halide but the acid chloride is gererslly preferred.
The presence of an inert solvent.(one which is inert to
the reactants and the ester product) is not essential
but is generslly preferred in order to ensure smooth
reaction, and preferred inert solvents include Tbenzene,
toluene and petroleum ether.

Reacticn (b). The acid is allowed to react with the

alcohol using an appropriate dehydrating agent, for
example, H,N -dicyclohexylcarbodiimide, in an appro-

priate inert solvent, such as toluene, benzene or
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petroleun ether, at temperatures from 0% to the'
boiling point of the solvent used.
Reaction (¢). An appropriate acid enhydride is allowed

to react with the alcohol at room or elevated tempera-
ture without using specific aids. In this case it is
preferred to heat the reaction system znd to use an
inert solvent such as toluene, xylene in order to ensure
smooth reaction.

Reaction (d). The so-called ester exchange reaction is
carried out between an ester of %n appropriate acid and

a low boiling point alcohol, e.g. methanol, or ethanol;
With an appropriate alcohol by melans of heating the
ester and the alcobol in the presience of an acid cata-
lyst such as'pftoluene sulphonic acid, or in the pre-
sence of a basic catalyst such as an alkali metsal
alkoxide corresponding to the low boiling alcohol of, the
ester used, or sodium hydride in an inert solvent such
ag toluene, while removing the low boiling alcchol
liberated during the reaction from the reaction system
by a fractional distillation column.

Reaction (e). The halide or sulphoxylate derivative

of the alcohol and an appropriate salt of an appropriate
acid, usually an alkali metal salt, a silver salt or an
organic tertiary base salt are allowed to react. The
salts may be formed in situ by adding simultaneously
the acid and the corresponding base t¢ the reaction
systenn. In this a solvent such as benzene, acetone or -
dimethylformamide is preferably used, and the reaction
is preferably carried out by heeting the reaction system
at or below the hoiling point of the solvent used.
Preferred haslide: of the alcohol are the chlorides and
the bromides.

Reaction (f). An eppropriate ester is allowed to react

with an alkyl kalide or sulphoxylate in the presence of
a basic catalyst, for example, sodium amidc in an inert
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solvent, or in the presence of alkali hydroxide in the
presence of a phase transfer catalyst, for example, a
quaternary ammonium salt, or a phosphonium salt or a
crown ether.

5 The acids of general formula (II) may be
prepared by one or more of the following routes. 1In
these synthetic routes Ar, R4 are as defined above, and
W means halogen such as chlorine, bromine or iodine.

(i)
10 hxCH, step 1, AzCH,Br step 2 ATCH,OF step 3
R R
14- a |4- .
—> ArCHCN Step 4, ArCHCOH
(ii) _ R,
' i
ATCH By ste ircHo 2teR 6. sibpom Stee 7.
I tep 8 a step 9 o
—> ApCHW £XEP S5 ArCHM W = ArCHCO,H
15 (iii)R4 'R4 34
i o
ArCHW SE8R 25 4 byoy Step 4 AxCHCO,H
4rCr, Ster 10 42G-CHOO Bt step M. sreHcHo SR€R 2.
/7
0
R,
—> ArCHCOH
(V> 0 R R

1 i { 4 i 4
Aré)R4 Sstep 13, 4xC-CH,, step 14 4 crcpo Step 125
) N7

tu
20 —>  ArCHCOH
o i ' fe
ArCr, SteR 15, ArO-CHOEt 55€P 16 , vroxo Step 12
T
—=  AxCHCOH

2
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o T ' i
1" P
ArCRq_ step 47, MC.?HCN step 18 ArCHCOCN step 19,

%

By

— AréHCOQH.
7 The steps involved in the reaction routes may

be carried out by the methods given below under the
eppropriate step number.
Route (i)
Step 1

Bromination using N-bromosuccinimide or 1,3~
dibromo-5,5-dimethylhydantoin in carbon tetrachloride.
Step 2

By reaction with sodium cysnide in aqueous
ethanol; or with sodium cyanide in water and dichloro-
methane in the presence of a ﬁhasetransfer catalyst
(for example, a quaternary ammonium salt, a quaternary
phosphonium salt, or a crown ether).
Step 3 ,

The eppropriate nitrile may be alkylated with
an sppropriate halide or sulphoxylate of formula R'-X
in an inert solvent (for example, an ether, tetrahydro-
furan, tenzene, toluene or liquid ammonia when sodamide
or the like is used as base as described below) in the
presence of a base such as an alkali metal, alkali metal
hydride, alkali metal amide or the like, at -oom temper-
ature or elevated temperature; or the apnropriate
nitrile may be alkylated with an appropriate halide or
sulphoxylate (R'-X) using aquecous alkali (for example,
an alkali metal hydéroxide) and an inert soivent (for
example, an ether, tetrahydrofuran, benzene, toluene,
or a chlorinated solvent such as dichloromethane,
carbon tetrachloride) in the prescnce of a phase
transfer catalyst (for example, a quaternary ammonium

salt, a quaternary phosvhonium salt or =z crown ether).
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Step 4
The sppropriate nitrile may be hydrolyzed by

one of the well-known methods for such reactions, for

example, by heating the nitrile with a mineral acid,

- or by heating the nitrile with an alkali metal

hydroxide solution or by treating with hydrogen
peroxide, followed by reaction with nitrous acid, or

_ by treating with sulphuric acid.

Route (i)
Step 5

Sommelet reaction with hexamethylenetetramine
in water.
Step 6

Normal procedure for reaction with a Grignard
reagent of the type RquW.
Step 7

Halogenation with phosphorus trihalide; or with

" thionyl chloride in an appropriate inert solvent such as

20

25

35

dichloromethane.
tep 8
Normal procedure for Grignard reagent formation,
magnesivm in diethyl ether.
Step 9
Carbonation of Grignard reagent by 002‘ either
with solid COZ’ or with 002 gas under pressure.
Route (iii)
Step e

By reaction with sodium cyanide in agueous
ethanol, or with scdium cyanide in water and dichloro-
methane in the presence of a phase transfer catalyst
(for example, a quaternary ammonium salt, a quaternary
phosphonium salt, or a crown ether).

Step 4

The appropriste nitrile may be hydrolyzed by

one of the well-known metheds for such reactions, for




WO 81/01408

10

, 15

20

30

PCT/GB80/00198

-0

example, by heating the nitrile with a mineral acid,

or by keating the nitrile with,an alkali metal hydroxide
solution or by treeting with hydrogen peroxide, followed
by reaction with nitrous acid, or by treating with
sulphuric acid.

Route (iv)

Step 10

Darzens condensation with ethyl chlorocacetate
in the presence of base.
Step 11
; Alcoholic alkaline hydrolysis followed by acid
catzlyzed rearrangement.

Step 12
Oxidation by silver hydroxide, prepared in situ,

in water.

Route (v)
Step 13

By reaction with trimethyloxosulphonium iodide
in dimethylsulphoxide under nitrogen.
Step 14

Rearrangement catalyzed by acid such as p-toluene
sulphonic acid or by Lewis acid such as borontrifluoride
etherate. '
Step 12

Oxidation by silver hydroxide, prepared in situ,
in water.
Route (vi)

Step 15
Ethoxymethylenetriphenylphosphorane generated

in situ from the triphenylphcsphonium halide by base
such &s butyl lithium in ether, phenyl livhium in
tetrahydrofuran or sodium ethoxide in ethanol. The
phosphonium salt may be prepared from triphenylphos-
phine arnd the zppropriate aldehyde.

BU REA U
OMP]
Ly, WO .
4[’55}._,‘,.-1\."1..}?\’ o
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Step 16

Treatment with mineral acid.
Step 12 '

Oxidation by silver hydroxide, prepared in situ,
in water.

Route (vii)

Step_ 17

Reaction with chloroacetonitrile in thke presence
of alkoxide.
Step 18

Treatment with a catalytic amount of potassium
hydrogen sulphide, lithium trifluorocacetate or lithium
perchlorate in refluxing toluene.

Step 1

Hydrolysis with aqueous base.

The ecids produced by .routes (i) to (vii) can be
converted to reactive derivatives for esterification by
known methods. It will be appreciated that the products
of some intermediate stages in these rouves can be
converted into suitable reactive derivatives without
intermediate formation or isolation of the free acid.

Some of the ketones of the formule ArCOR4 used
as starting materials in synthetic routes iv, v, vi and
vii above are believed to be novel corpounds and we set
out below synthetic routes to maske these ketones.

In these reaction schemes Ar, X, R, and W have
the meanings given above, R' is a hydrogen'atom or a
lower alkyl group such that CH2R' is within the defini-
tion of R4 anduR is an alkyl e.g. ethyl group.

(1)  ArCocl SEER£- LrGOCH,R'

(ii) Apcocy Step B ATCOITH, Step C ATCOR,,
(iii) Arcocy Stem B ATCOR,,
(iv)
Step_ L (7555i1~ Step F_
LV ; XCH.COCL
% W R C>\/ CH,COH o, 2 2
”n

o
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' R0 s

, ol
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- |

X

Ri-Cs
The steps involved in the reaction routes may

be carried out by the methods outlined below under the

appropriate step letter.
Route (i) Step A

By reaction with magnesium alkyl malonic ester
[i.e. MgR'C(COOR),] in benzene fcllowed by hydrolysis
and double decarngylation e.g. by heating in an aqueous
mixture of sulphuric acid and acetic or propionic acid.
Route (ii) Step B

By reaction with aqueous zmmonia.

Step C
By Grignard reaction with R4Mgw in diethyl
ether.
Route (iii) Step D

By reaction witk Grignaerd reagent (R4MgW) in the
presence of cadmium chloride in diethyl ether.
Route (iv) Step E

By reaction with chloroacetic acid in the
presence of agueous alkali.
Step F
By reaction with thionyl chloride in an appro-
priate inert solvernt such as henzene or tluene.
Step G
By ¥riedel Crafts acylation using aluminium
chloride in an appropriate inert solvent such as

benzene.
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Step H

Reduction using sodium borohydride in ethanol.
Step I

Dehydration thermally, or catalyticelly using p-

. toluene sulphonic acid in an inert solvent such as tolu-

ene or xylens.

In common with most insecticides and similar -
pesticides the compounds of this invention in practice
are used as compositions comprising the active ingredi-
ent in combination with a diluent snd commonly including
other additives. The invention accordingly includes an
insecticidal composition comprising sn insecticidal
concentration or quantity of a compcund of the invention
in combination with a diluent. Most commonly the
diluent will be a physical carrier to facilitate delivery
of the pesticide to its site of action. Thus the
diluent can be a solvent, a liguid in which the pesti-
cide is dispersible, an aerosol medium or a solid
carrier. Dissolved in a suitable solvent such as a
volatile organic solvent or an oil the composition can
be used as a spray, especially a low volume spray.

Such a solution can be used in the formulation of
emulsicns or dispersions as can the compounds them-
selves. Such enmulsions are as used in both low and
high volume sprays. In making emulsions or dispersions
surface active agents such as dispersants and emulsion
(and dispersion) stabilizers will usually be included.
It is thus possible to formulate emulsifiable concen-
trates in which the insecticidal compound is in com-
bination with a surface active sagent and usually in
solution in a suiteble solvent such that an emulsion
for use can te obtained by adding the emulsion continu-
ous phase e.g. water, and, if necessary mixing. Solid
carriers include dusts and powders e.g. wettable
vowders and moulded or mouldeble particulate solids.
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The preperation of insecticidal compositions frcm their
active constituents is understood by those skilled in
the art and the brief account given above is not
intended to be detailed or exhaustive,

The insecticidal compositions of the invention
include compositions containing active ingredients other
than the compound(s) of this invention. Thus, one or
more compounds of the invention can be combided with
other insecticides or other pesticides. This can be
done to combine the pesticidal effects to obtain a
broader spectrum of effectiveness, to take advantage of
different modes of pesticidal action, to provide greater
specificity, or to achieve enhanced activity. The
composition may include a syﬁergist to enhance the
pesticidal activity of the composition. Typically, in
insecticides, such synergists act to inhibit metabclic
deactivation of the insecticidal component(s) of the
composition. Piperonyl butoxide is a widely used
synergist in insecticidal compositions and can be used
in the compositicns of the present invention.

Typical pesticidal formulations of compositions
containing the compounds of the invention as an active
ingredient include (2ll percentages by weight on the
total composition unless otherwise specified):

Aerosol

Compound of invention 0.02 to 2%

Synergist (e.z. piperonyl butoxide) 0.4 to 5%

These components are typically dissclved in a
suitable solvent such as an aromatic hydrocarbon and
combined with an aerosol propellant e.g. liquefied
petroleum gas (L P.G.) such as butane or haslogenated
e.g. fluorinated or fluorinated and chlerinated, hydro-
carbons such as Clng, CHClQF, 0013F and CH3.001F2
(these and similar materials are readily available
commercially e.g. under the Trade liarks Freon, Frigen
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and Arcton among others).

Where LPG is used as propellant, the proportion
of propellant in the composition will typically be:
10 to 40%.

The solution of the compound of the active
ingredients may therefore comprise: 90 to A0%.

' Alternatively the active ingredients as a
solution e.g. in an aromatic hydrocarvon may be dis-
persed as an emulsion in a medium such as water prior
to inclusion in the aerosol with the propellant. A
small amount of emulsifier e.g. a nonionic surfactant
in a concentration of up to 1% by weight on the
emulsion, will usually be included in such en emulsion.
The emulsion will typically be used in prcportions
similar to thet of the solution.

The concentration of the active ingredients
in the solution will typically be from 0.12 to 10% by
welght on the solution where the solution is used
directly. Where the solution is incorporated in the
aerosol as an emulsion the concentration may be higher
than 10% e.g. up to about 35% by weight on the solution
(or saturation).

Where halogenated hydrocarbons are used as
propellant the proportioﬁ of propellant in the composi-
tion will typically be 60% to 80%. .

The solution of the active ingredients may
therefore comprise 40 to 20%.

The concentration of the active ingredients in
the solution will typically be in the range 0.3 to 20%
by weight on the solution, but where relatively large
proportions of propellant are used the upper limit of
concentration may be as high as 35% by weight on the
solution (or saturation).

Emulsifiable Concentrate

Compcund of invention 1 to 95%
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Surfactent (preferably nonionic
e.g. of the "Tween" type) 0.5 to 10%
Optionally '
Synergist 2.5 to 95%
5 Hydrocarbon oil to 100%

As is common practice other insecticides (or pesti-
cides) can be included if desired. The amount used
will depend on the nature of the insecticide.
- Wettable Powder :
10 Compound of the invention 1 to 95%
Suspending and wetting agents 0.5 to 15%

Optionally
Synergist 2.5 to 95%
Made up to a powder with a
15 mineral clay e.g. talc. to 100%
The suspending and wetting agents can be those used
conventionally. Typical wetting agents include sodium
dodecylbenzene sulphonate and suspending agents
include methyl cellulose.
20 0il Base Compesitions )
Compound of the invention 1 to 95%
0il e.g. petroleum oil 99 to 5%
The nature of the oil will depend on the particular end
use envisaged. Thus, for ultra low volume spraying
25 the oil will be a heavy petroleum cil e.g. of the
"Rissella" type, but for end uses involving higher
volumes the oil will typically be a medium or light
petroleum oil. DMixtures of oils can be used if desired.
Conventional other ingredients of oil base compositions

30 can be included e.g. synergists, other insecticides and
surfactants.
The following Examples illustrate the invention.
EXAMPLE 1

m-Phenoxybenzyl a-isopropylbtenzofuran-6-acetate

35 (a) 6-Bromomethylbenzofuran

?‘\
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A mixture of 6-methylbenzofuran (3.44 g,
0.026 mol), N-bromosuccinimide (4.63 g, 0.026 mol),
dibenzoyl peroxide (trace) and carbon tetrachloride
(50 cm3) was refluxed for 5 hr. The mixture was fil-
tered and the solvent was removed from the filtrate.
The residue was distilled to give 6-bromomethylbenzo-
furan (4.38 g, 0.021 mol, 80.0%) b.p. 84-88°C/0.7 mn Hg.
(b) Benzofuran-E-acetonitrile

A nixture of 6-bromomethylberzofuran (4.38 g,
0.021 mol), sodium cyanide (2.0 g, 0.041 mol), tetra-
butylammonium bromide (0.42 g, 0.0013 mol), water
(15 cma) and dichloromethanz (15 cma) was stirred vi-
gorously for 18 hr. The mixture was separated and the
orgaric layer was washed with water, dried (Na9804),
filtered and the solvent was removed. The residue was
extracted with petroleum ether (b.p. 60-80°C), znd the
solvent was removed to give benzofuran-t-acetonitrile
(3.09 g, 0.0197 mol), 93.7%) as an oil, t.l.c./silica/
toluene, BF 0.21.
(¢) a~Isopropylbenzofuran-6-acetonitrile

2-Iodopropane (6.5 g, 0.038 mol) was added to
a well-stirred mixture of benzofuran-6-acetonitrile
(3.0 g, 0.019 mol), tetratutylammonium hydrogen sulphate
(6.5 g, 0.019 mol), sodium hydroxide (47% w/w, 2 0 cm3,
0.03%7 mel), water (10 cma) and dichloromethzne (50 me),
and the mixture was refluxed for 6 hr. with good stir-

ring. The organic lasyer was washed with water, dried
(Na2804), filtered and the solvent was removed.

Toluene (15 cm3) was added to the residue, the mixture
was filtered, and the solvent was removed. The residue
was chromatographed on silica using toluene as eluant,
te give a-isopropylbenzofursn-6-acetonitrile (1.62,
0.0081 mol, 42.€%) as an oil. (Found: C, 78.32;

H, 6.22; k, 6.55. CWBH45HO requires C, 78.%6, H, 6.58;
N, 7.03%) t.l.c./silica/toluene Ry 0.38.
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(d) a-Isopropvlbenzofuran-6-acetic acid

A pixture of «-isopropylbenzofuran-c-aceto-
nitrile (1.62 £, 0.008 mol), potessium hydroxide (2.29 g,
0.039 mol), ethane-1,2-diol (28 cn?) and weter (2.3 cm?)
was refluxed at 140°C for 418 hr. The cooled mixture was
poured into water and extracted with diethyl ether. The
aqueous solution was acidified with hydrochloric acid
and the mixture was extracted with diethyl ether. The
ether extract was washed with water, dried (NagsOq),
filtered and the solvent was removed to give a-iso-
propylbenzofuran-6-acetic acid (0.90 g, 0.0041 mol,
50.8%). Recrystallised from petroleum ether (b.p. 60-
80°C) m.p. 99-100°C. (Found: C, 71.52; E, 6.65;
O3 requires C, 71.543 H, 6.47%%), t.l.c./silica/
ethyl ecetate R, 0.40.
(e) o-Isopropylbenzofuran-6-acetyl chloride

Thionyl chloride (0.27 g, 0.0023 mol) was added
to a solution of «-isopropylbenzofuran-6-acetic acid
(0.43 g, 0.002 mol), dimethylformamide (1 drop) in dry
toluene (10 cm5) and the mixture was heated at 80°C for
2.5 hr. Unchanged thionyl chloride and toluene were
removed under reduced pressure to ieave a residue of o~

isopropylbenzofuran~-6-acetyl crioride which was used in

the next stage without further purification.

(f) m-Phenoxybenzyl ester
o~Isopropylbenzofuran-6-acetyl chloride (0.47 g,

0.002 rol) was added dropwise to a stirred soluticn of

m-phencxybenzyl alcohol (0.39 g, 0.002 mol), pyridine

(0.17 cma, 0.007 mol) in toluene (10 cm’) at below

5°C, and the mixture was stirred at room temperature for

2 hr. Dilute hyérochloric acid was added and the mix-
ture was extrscted with toluene. The toluene extract
was washed with dilute hydrechloric acid, water, dried
(Nagsoq), filtered and the solvent was removed. Coluun
chromatograpbhy of the residue on silice using toluene
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as the eluant was carried out and the component with
BF 0.46 was isolated as grphenlxybenzyl u-isopropyl-
benzofuran-€-acetate. (0.33 g, 0.0008 mol, 42.5%).

(Found C, 77.96; H, 6.01; CogHsy 0, requires C, 77.98;
H, 6.04%). .
' EXANPLE 2

a-Cvano-m~phenoxybenzyl u-isopropylbenzofuran-6-acetate

c~-Isopropylbenzofuran-6-acetyl chloride (0.51 g,
0.0021 mol) was added dropwise to a stirred solution of
a-cyano-m-phenoxybenzyl alcohol (0.49 g, 0.0022mol),
pyridine (0.19 cm’, 0.0024 mol) and toluene (10 cm>) at
beiow 5°C end the mixture was allowed to stand at room
temperature for 18 hr. Dilute hydrochloric acid was
added and the mixture was extracted with tolusne. The
toluene extract was washed with water, dried (NaQSOQ),
filtered and the solvent was removed. The residue was
chrométographed on silica using toluene as eluant to
give t-cyano-m-phencxybenzyl «-isopropylbenzofuran-6-
acetate (0.43 g, 0.0010 mol, 47.0%) as an oil. (Found:
C, 75.99; H, 5.66; N, 3.26; 027}1231\?04 requires C, 76.22;
H, 5.45; N, 3.29%) t.l.c./silica/toluene R, = 0.67.

EXANMPIE 3

m-Phenoxybenzyvl G-isopropylbenzs(b)thiophene-S-acetate

(a) a-Isopropyltenzo(b)thiophene-5-acetonitrile
2-Iodopropane (5.10 g, 0.03 mol) was added to a
well stirred mixture of benzo(b)thiophene-G-acetonitrile

(2.62 g, 0.015 mol), tetrabutylammonium hydrogen

sulphate (5.10 g, 0.015 mol), sodium hydroxide (47% w/w,
1.72 cmB, 0.03% mol) and the mixture was refluxed for

& hr. with vigorous stirring. The organic layer was
washed with water, dried (Na2504), filtered and the
solvent was removed. The residue was chromatographed
on silica using toluene as the eluant and the component
with'gF 0.52 was isolated as u-isopropylbenzc(b)thio-
phene-S-acetonitrile (2.00 g, 0.0093 mol, 61.9%).
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(p) a~Isopropylbenzol(b)thiophene-5-acetic acid

A mixture of a-isopropylbenzo(b)thiophene-5-
acetonitrile (2.00 g, 0.0093 mol), concentrated sulphuric
acid (6.4 cm?), water (6.4 cmd) and ecetic acid (26 cm?)
was refluxed for 18 hr. The cooled mixture was poured
into water and extracted with ether. The ether
extract was extracted with saturated sodium bicarbonate
solution. The agueous solution was acidified and
extracted with ether. The organic extract was dried
(Na2S04), filtered and the solvent was removed to give

| c~iscpropylbenzo(b)thiophene-5-acetic acid (0.63 g,
. 2.7 m mol, 28.9%) m.p. 150-151°C.

(¢) a-Isopropylbenzo(b)thiophene~5-acetyl chloride
Thionyl chloride (0.30 cma, 4,0 m mol) was

added to a solution of a—isopropylbenzo(b)thiophene-S-

acetic acid (0.82 g, 3.5 m mol), dimethylformamide

(1 drop) in tolueme (45 cm?) and the mixture was heated

at 80°C for 2 hr. Unchanged thionyl chloride and

toluene were removed under reduced pressure to leave a

residue of a-isopropylbenzo(b)thiophene-5.-acetyl

chloride which was used in the next stage without further

purification.

(d) mn-Phenoxybenzyl ester _
a-Isopropylbenzo(b)thiophene-5-acetyl chloride

(from the above experiment) was added to a stirred

solution of m-phenoxybenzyl alcohol (0.70 g, 3.5 m mol),

pyridine (0.27 g, 3.5 m mol) in toluene (10 cn?) at

below 1000, and the mixture was stirred at room temper-

ature for 4 hr. Dilube hydrochloric acid was added and

the mixture was extracted witn toluene. The extract
was washed with water, dried (Na2804), filtered and the
solvent was removed. Column chromatography of the
residue on silica using toluene as the eluant was
carried out and the component with BF 0.42 was isolated
as m-phenoxybenzyl u~isopropylbenzo(b)thiophene-5-
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acetate (0.71 g, 1.71 n mol, 48.7%) (Found: C, 75.27;
H, 5.99. C26H2405 requires C, 74.97; H, 5.81%).
EXAMPLE 4

a~Cyano-m-phenoxybenzyl «-isovropylbenzo(b)thiophene-5-
acetate

a-Isopropylbenzo(b)thiophene-5-acetyl chloridé
(prepared from the acid as above, on 2.13 m mol scale)
was added to a stirred solution of a-cyano-m-phenoxy-
benzyl alcohol (0.48 g, 2.13 m mol), pyridine (0.178 g,
2.13 m mol) in toluene (19 cm5) at below 10°C, and the

mixture was stirred at room temperature for 2 hr.

Dilute hydrochloric acid was added and the mixture was
extracted with toluene. The extract was washed with
water, dried (Na2804) and the solvent was removad.
Column chromatography of the residue on silica using
toluene as the eluant wag carried out, and the component
with Rp 0.5 was isolateq as d—cyanoegrphenoxybenzyl
a-isopropyluenzo(b)thiophene-S-acetate. (0.19 g, 0.43 m
mol, 20.2%). (Found: C, 73.50; H, 5.4%; N, 3.07,
027H25N058 requires C, 73.44; H, 5.25; N, 3.17%).
EXAMPLE 5

m~-Phenoxybenzyl «~isopropylbenzofuran-i-acetate

The title compound was made by the method of
Example 1 by substituting 4-methylbenzofuran for the

6-methylbenzofuran used in Example 1.
EXAMPLE 6
m~-Phenoxybenzyl %-chloro-u-isoprooyvlbenzofuran-6-ascetate

The title compound was made hy the methed of
Example 1, by substituting >-chloro-6-methyltenzofuran
(made by the given method below) for the 6-methylbenzo-
fura= used in Exaunple 1.
(a) 3-Chloro-6-methylbenzofuran

4 mixture of triphenylphosphirne (8.8 g, 0.0%3
mol) and carbon tetrachloride (49.5 cma) was stirred at
60°C for 2 hr. A solution of 6-methylbenzofuran-
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3(2H)-one (5.0 g, 0.0%% mol) in toluene (50 cma) was
added dropwise and the mixture,was stirred at 11500 for
18 hr. The cooled mixture was filtered and the solvent
was removed from the filtrate. The residue was extrac-
ted with hot petroleum ether (b.p. 60-80°C). The
extract was chromatographed on siiica using petroleun
ether (b.p. 60-80°C) as the eluant to give 3-chloro-6-
methylbengofuran (2.3 g, 0.074 mol, 40.0%) Ry 0.51.
7 EXAMPLE 7
a~Cyano-m-phenoxybenzyl 3-chloro-a-isopropylberzofuran-—
E-acetate

The title compound was made by the method of
Example 2 by substituting 3-chloro-u-isopropylbenzo-
furan-6-acetyl chloride obtained as an intermediate in
Exemple 6, for the c-isopropylbenzofuran-G-acetyl

chloride used in Example 2.
EXAMPIE 8
a-Cyano-m-phenoxybenzvl «-isopropylbenzofursn-4-acetate
The title compound was made by the method of
Example 2 by'substituting a~isopropylbenzofuran—4;acetyl
chloride obtained as an intermediate in Example 5, for
the a-isopropylbenzofuran-6-acetyl chloride used in

Example 2.
EXAMPLE 9

o~Cvano-m-phenoxybenzyl a-isopropylbenzofuran-S-acetate

The title compound was made by the method of
Example 2 by substituting u-isopropylbenzofuran-5-acetyl
chloride (made by the method given below) for the a-
isopropylbenzofuran-6-acetyl chloride used in Example 2.
(a) Ethyl 5-cvanomethylbenzoturan-Z-carboxylate

4 mixture of ethyl 5-chloromethylbenzofuran-2-
carboxylate (%.0 g, 0.0126 mol), sodium cyanide (1.23 g,
0.025 mol), tetrabutylammonium bromide (0.50 g, 0.0013
mol), water (10 cn?) and dichloromethane (10 cm’®) was
vigorously stirred for 18 hr. at room temperature. The
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mixture was separated and the organic layer was washed
with water, dried (Na2804), filtered and the solvent was
removed. The residue was recrystallised from petroleum
ether (b.p. 60-80°C) to give ethyl S-cyamomethylbenzo-
5 fursan-2-carboxylate (1.92 g, 0.0084 mol, 66.6%) m.p.
© 76=77°C - t.l.c./silica/toluene, Rp 0.11.
(b) Benzofuran-5-acetonitrile
Ethyl 5-cyanomethylbenzofuran-2-carboxylate was

hydrolysed by refluxing with ethanclic potassium

10 hydroxide to give S5-cyanomethylbenzofuran-2-carboxylic

acid.

The acid was decarboxylated by treating with
guinoline (using the same method as that used for 5-
formylbenzofuran in Chimica Therapeutica 1966, 225) to

15 give benzcfuran-S-acetonitrile. (%.l.c./silica/toluene,

Rp 0.33).
(¢) o-Isopropylbenzofuran-5-acetyl rhlorids

The title compound was made by the method of

Example 1 by substituting benzofuran-5-zcetonitrile for
20 the benzofuran-6-acetonitrile used in Example 1.
EXAMPLE 10

c-Cyvano-n-phenoxybenzyl 2,3%3-dihvdro-c~isopropylbenzo-~
furan-5-acetate

The title compound was wade by the method of
25 Example 2 by substituting 2,3-dihydro-a-isopropylbenzo-
furan-5-acetyl chloride {made by the method of Example 1
by substituting S5-(1-cyano-2-methyl-1-propyl)-2,3-
dihydrobenzofuran {(made by the method given below) for

the G-isopropylbenzofuran-t-acetonitrile used in Example
30 4] for the a-isopropylbenzofuran-6-acetyl chloride used

in Examwple Z. _

(a) 2,3-Dihydro-5-isobutyrylbenzofuran

The title compound was prepared in 69.6% yield
using the methcd of Chatelus, Ann. Chim. [12], 4, 505,
%25 1949 (Chem. Abstracts 44, 1975, 1950). (Found:
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C, 75.60; H, 7.%37. Ciotay 05 requires C, 75.76;
, o
H, 7.42%) b.p. 116°C/0.3 mp Hg.

(b) 2,3%-Dihydro-5-(1-hvdroxy-2-methyl-1-propyl)benzo-
furan

Sodium borohydride (1.11 g, 0.C29 mol) was added
portionwise to a stirred solution of 2,3-dihydrobenzo-
furan (5.46 g, 0.029 mol) in ethanol (20 cn?) over
0.5 hr. with cooling. The mixture was then stirred at
50-70°C for 1.5 hr., cooled, water was added and the
mixture was extrscted with dichloromethane. The extract
was washed with water, dried (Na2804), filtered and the

solvent was removed. The residue was subjected to
column chromatography on silica using toluene as the
eluant. The appropriate fracfions were combined and the
solvent was removed to give 2,3-dihydro-5-(1-hydroxy-
2-methyl-1-propyl)benzofuran (5.26 g, 0.027 mol; 95.2%).
(Found: C, 74.59; H, 8.33. ngquoe reguires C, 74.96;
H, 8.39%) Rp 0.30.

(¢) 5-(1-Chloro-2-methyl-1-propyl)-2.,%-dihydrohenzo-
furan

Thionyl chloride (2.02 cma, 0.265 mol) was added
dropwise to a stirred solution of 2,3~dinydro-5-(1-
hydroxy-2-methyl-1-propyl)benzofu:an (5.10 g, 0.0265 mol)
pyridine (2.16 cm®, 0.0265 mol) in dichloromethane
(45 cn?) at 0-5°C, and the mixture was heated to reflux
for 3 hr. The mixture was poured into water and
separated. The organic layer was washed with hydro-
chloric acid (2N, 20 cm?), water, dried (Nagsoq), £il-
tered and the solvent was removed. The residue was
subjecved to column chromatography on silica using

toluene as the eluant. The appropriate fractions were
combined and the solvent was removed tc give 5-(1-
chloro-2-methyl-1-propyl)-2,3-dihydrobenzofuran. (5.43 g,
0.028 mol, 97.2%) Ry 0.68.

(a) 5-(1-Cvano-2-nethyl-1-vropvl)-2,3-dihvdrobenzofuran

A mixture of 5=(1-chloro-2-methyl-1-propyl-2,3-

BUREAT
COMFI
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dihydrobenzofuran (2.0 g, 0.0095 mol), sodium cyanide
(0.92 g, 0.018 mol) and dimethylsulphoxide (15 cmd) was
heated at 45000 for 12 hr. The 'cooled mixture was
poured into water and extracted with dichloromethane.
The extract was dried (Nastu), filtered and the solvent
was removed. The residue was subjected to column chromato- .
graphy on silica using toluene as the eluant. The
appropriate fractions were combined and the solvent was
removed to give 5-(1-cyano-2-methyl-1-propyl)-2,3-
dihydrobenzofuran (0.90 g, 0.0045 mol; 47.12%) Ry 0.70.
EXAMPLE 11
a-C7ano-m-phenoxybenzyl 2-bromo-a-isopropylbenzofuran-6-
acetate
The title compound was made by the method of
Example 2 by substituting 2-bromo-a-isopropylbenzofuran-
6-acetyl chloride [made by the method of Exzmple 1 by
substituting 2-bromo-6-methylbénzofuran (made by the
method given below) for the 6-methyllenzofuran used in
Example 1] for the a—isopropylbenzofuran»é—acetyl

chloride used in Example 2.
(a) 2-Bromo-6-methylbenzofuran

4 solution of bromine (8.4 g, 0.0525 mol) in
carbon disulphide (75 cm?) was added dropwise to a
stirred solution of 6-methylbenzofuran (7.64 g, 0.0516
mol) in carbon disulphide (125 cm?) at below 10°C. The
solvent was removed and the residue was heated at 1500C

for 1.5 hr. under reduced pressure. The residue was
subjected to column chromatography on silica using
petroleur ether (b.p. 60-80°C) as the eluant. The
solvent was removed from the sppropriate fractioms to
give 2-bromo-6-methylbenzofurcz (11.0 g, C.051 mol;
98.2%) Ry 0.80.

EXAMPLE 12

a~-Cvano-rn-phenoxybenzyl 7-chloro-u~isoprepylbenzofuran-—
L-gcetate

The title compound was made by the method of
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Example 2 by substituting 7-chloro-a-isopropylbenzo-

furan-4-acetyl chloride [made by the method of Example 4

by substituting 7-chloro-4-methylbenzofuran (made by

the method given below) for the 6-methylbenzofuran used

in Example 1] for the a-isopropylbenzofuran-6-acetyl

chloride used in Example 2.

(a) Nethvl 3-chloro-6-methyl-O-carboxymethyl 'salicylate
A solution of methyl 3-chloro—2-hydro£y-6—methyl—

" benzoate (47.4 g, 0.24 mol) in dimethylformamide (150

cma) was added to a suspension of sodium hydride (5.7 g,
0.24 mol) in dimethylformamide (150 cn?) at 5°C and the
mixture was stirred for 0.5 hr. Ethyl 2-bromoacetate

(25.6 cmﬁ, 0.24 mol) was added dropwise at 0-5°C and the

"reaction mixture was allowed to stand at 1500 for 16 hr.

The mixture was poured into water and extracted with
diethyl ether. The extract was washed with water, dried
(Na2804),'filtered and the solvent was removed to give

" methyl 3-chloro-6-methyl-O-carboxymethylsalicylate

(%6.8 g, 0.13 mol, 53.5%). (Found: C, 54.43; H, 5.25;
Cl, 12.43; CﬁBHﬂSClOB requires C, 54.465; H, 5.27;
Cl, 12.37%) m.p. 68-69°C [ex petroleum ether (b.p. 60-
80°C)]. _
(b) 7-Chloro-4-methylbenzofuran

: A solution of methyl ?-chloro-6-methyl-O--carboxy-
methyl salicylate (26.43 g, 0.092 mcl) in toluene
(100 cmB) was added dropwise tc a stirred suspension of
sodium hydride (2.22 g, 0.092 mol) in toluene (1C0 cm)-
at 1500, and the mixture wes heated to 60°C for 12 hr.
Ethanol (50 cm5) was added to the cooled mixture and the
solvents were renoved. The residue was dissolved in
aqueous sodium hydroxide (5%, 200 cm?) and allowed to
stand at 40°C for 36 hr. The mixture was acidified with
hydrochloric acid and extracted with diethyl ether.
The extract was washed with water, dried (NaZSO&), fil-
tered and the solvent was removed to give crude 7-
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chloro-4-methylbenzofuran-3(2H)-one {11.6 g, 0.064 mol,
69.6%) t.l.c./silica/dichloromethane, Ry 0.55.

Sodium borohydride (2.4 g, 0.064 mol) was added
to a stirred solution of the crude benzofuranone (11.6 g,
0.064 mol) in ethanol (100 cmB) at below 10°C and then
heated at 60°C for 1.5 hr. The solution was poured into
water and extracted with diethyl ether. The extract
was washed with water, dried (Naesoq), filtered and the
solvent was removed. A4 solution of the residue in
ethanol (50 cm5) was heated to reflux in the presence
of hydrochloric acid (1 em?, 36%) for 0.5 hr. The
solvent was removed and the residue was subjected tc
column chromatography on silica using toluene as the
eluant. The sppropriate fractions were combined and
the solvent removed to give 7-chloro-4-methylbenzofuran
(5.0 g, 0.030 mol; 32.6%) Ry;0.80.

EXAMPLE 13

- a=Cyvano-m-phenoxybenzyl 2-bromo-7-chloro=-U~isopronvl-

benzofuran-4-acetate
The title compound was made by the method of
Example 2 by substituting 2-bromo-7-chloro-u-isopropyl-
benzofuran-4-acetyl chloride [made by the method of
Example 1 by substituting 2~bromo-?/-chloro-c-isopropyl-

benzofuran-4-acetic acid (made bty the method given

below) for the benzofuran-6-acetic acid used in Example

1] for the benzofuran-6-acetyl chloride used in Example

2.

(a) 2-Bromo-7-chloro-u-isopropvlbenzofuran-i-acetic acid
A solution of bromine (0.%0 g, 5.7x40"5 mol) and

7-chloro-u~isopropylbenzofuran-t4-acetic acid (1.44 g,

5.7x10—5 mol) in tetrachloromethane (5C cma) was heated

to reflux for 2 hr. The solvent was removed and the
residue was subjected to column chromatography on
silica using ethyl acetate as the eluant. The appro-
priate fractions were combined and the solvent was
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removed to give 2-bromo-7-chloro-a-isopropylbenzofuran-
4-acetic acid (1.50 g, 4. 5}:’10‘"5 mol, 79. 5m)
EXAMNPLE 14

&-Cyano-m-phenoxybenzyl 2.3-dimethvl-a-isopropylbenzo-
furan-6-acetate

The title compounrd was made by the method of
Example 2 by substituting 2,3-dimethyl-c-isopropyl-
benzofuran-6-acetyl chloride [made by the method of
Example 1 by substituting 2,3-dimethylbenzofuran-6-
acetonitrile (made by the method given below) for the
benzofuran-6-acetonitrile used in Example 1] for the
benzofuran-6-acetyl chloride used in Example Z.
(a) 2,3-Dimethyl-6-hydroxymethylbenzofuran

2,3-Dimethylbenzofuran-6-carboxylic acid (20.0 g,

0.105 mol) was added portionwise to a stirred suspension
of lithium aluminium hydride (4.0 g, 0.105 mol) in
anhydrous diethyl ether (800 de) and the mixture was
heated under reflux for 4 hr. ZEthanol and water were
added and the mixture was filtered. The filtrate was
dried (NaSOA), filtered and the solvent was removed to
give 2,3-dimethyl-6-hydroxymethylbenzofuran (18.5 g,
0.105 mol, $39.9%), m.p. 78°-79°C (ex aqueous ethanol).
(p) 6-Chloro-2,3-direthylbenzofuran

Thionyl chloride (13.1 g, 0.11 mol) was added
slowly to a stirred solution of 2,5~dimethylbenzofuran
(18.0 g, 0.10 mol) and pyrlalne (8.3 cm5, 0.105 mol) in
dichloromethane (470 cm?) at below 5°C, and the solution
was heated under reflux for % hr. The solution was
poured into water and separated, the organic layer was
washed with water, dried (Na,80,), filtered and the
solvent was removed to give €-chloromethyli-z,3-di-
methylbenzofuran (16.2 g, 0.078 mol, 76.4%). (Found:
C, 67.76;5 H, 5.65; C1, 18.21. ququclO requires C,
67.87; H, 5.70; Cl, 18.22%) m.p. 63-65°C [ex petroleunm
ether (b.p. 60—8000)1.
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(¢) 2,3-Dimethylbenzofuran-6-acetonitrile

A mixture of 2-chloromethyl-Z,3-dimethylbenzo-
furar (7.2 g, 0.0%7 mol), sodiuk cyanide (3.57 g,
0.073 mol), tetrabutylammonium bromide (0.74 g,
2.3x10"5 mocl), water (19 cm5) and dichloromethane
(19 em?) was vigorously stirred for 18 hr. The mixture
was poured into water and extracted with dichloro-
methane. The extract was washed with water, dried
(Na2SO4), filtered and the solvent was removed to give
2,3-dimethylbenzofuran-6-acetonitrile (3.6 g, 0.019%4
mol; 52.6%). (Found: C,| 77.59; H, 6.11; N, 7.40.
C,.H, NO requires C, 77.81; H, 5.99; N, 7.56%) t.l.c./

12711
silica/toluene R 0.45.‘
- EXAMPLE 15
m-Phenoxvbenzyl 2,3-dimethyl-c-isopropylbenzofuran-6-
acetate

The title compound was made »y the method of
Example 1 by substituting 2,3%-dimethyl-a-isopropylbenzo-
furan-6-acetyl chloride [made by the method of Example
14] for the a-isopropylbenzofuran-6-acetyl chloride

used in Example 1.

TESTS OF ACTIVITY
The insecticidal activities of the compounds of

the Examples has been shown by the following tests in
four species of insects, namely Aedes aegypti, Musca

domestica, Blattella germanica, and Tribolium castaneum.

(a) Aedes aegypti
A 0.2 cm3 sample of a solution of test compound

in AR acetone was applied to water (200 cm5) containing
20 (% day old) larvae. Kill was recorded after
24 hours. Solutions of different concentration were
tested from which the concentration of solution which
gives 50% kxill (IC50) was detcrmined.
(b) Blattella germanica

L 2 pl drop of a solution of the test compound
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in AR acetone was applied between the rear coxae of 1-4
week old adult males. Knockdown was recorded after 24
hours. Solutions of different concentration were tested
from which the concentration of solution which gives
50% kill (IC50) was determined.

(¢) lusca domestica

(i) 4 1 pl drop of a solution of test compound in AR
acetone (high purity acetone) was applied to the dorsal
thorax of 3-day old adult females. Knockdown was
recorded after 24 hours. Solutions of different con-
centration were tested frem which the concentration of

solution and therefore the amount of compound which
gives 50% kill (IC50) was determined.
(ii) Similar tests were carried out with the amendment
that to each test solution, 0.5% w/v of commercial
insecticide synergist, piperonyl butoxide, was added.
(d) Tribolium castaneum '

A 1 pl drop of a solution of test compound in

AR acetone was applied topically to adult insects.
Knockdown was recorded after 48 hours. Solutions of
different concentrations were tested from which the
concentration of solution which gives 50% knockdown
(ID50) was determined.

Table\ﬂ shows the results obtained for compounds
of the Exemples. The results are all expressed as
activities relative to the activity of Resmethrin
(assigned activity = 100), determined by the methods
described.

LD{or IC)S0O for Resmethrin
LD(or IL)50 rfor test compound

These results indicate that the Ev=amples shown
have a high insecticidal potency and that this may be
considerably increased when the ccmpounds are applied

'x 100

i.e. by the ratio

in combination with a known synergist, viz., piperonyl
butoxide.

SUREA
OMPI

2., WIPO

i[ ~:’:',4,,‘r-;,~:’?:$‘;"§i‘:\*
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Resnmethrin is 5-benzyl-3-furylmethylchrysan-~
themumate and is a synthetic pyrethroid insecticide
developed by the N.R.D.C., see e.g. U.K. Patent Speci-
fication No. 1,168,797. It has an activity about
20 times that of ratural pyrethrum and has been used
as an insecticide and as a reference substaance in
assessing the insecticidal activity of other compounds.

The activities of some of the compounds of the
Examples has been shown in the following tests in three
species of phytophagous arthropods, namely lMegoura
vicae, Plutella xylostella, Tetranychus cinnabarinus.

Aqueous suspensions of test compound were made
by adding a soluticn of test.compound in AR acetone %o
a solution of IWEEN 80 (200 p.p.m.) in water.
(a) Megoura vicae

Adult insects were dipped individually for
4 seconds in the aqueous suspension of test compound
snd then placed on a filter paper in a Petri dish
(9.0 cm diameter) with a p.t.f.e. rim. A 5.0 cm long
piece of broad bezn stem was added and the 1lid was put
on. Knockdown was reccorded after 24 hours.
(vp) Plutella xylostella

A 9.0 cm square of cabbage leaf was dipped for

4 seconds in the aqueous suspension of the test com-
pound, and allowed to dry. The leaf was placed on
filter paper in a Petri dish (9.0 cm). Five 3rd instar
larvae were placed on the leaf, and the dish was placed
in a polythene bag containing a wet cotton-wool pad.
Knockdown was recordaed after 24 hours.
(¢) Tetranychus cinnabarinus

The two primary leaves of dwarf French beans

were reduced to 2.5 cm squares, and they were infested
with ca. 20 adult mites. The leaves were then dipped
for 4 seconds in the aqueous suspension of the test

compcund and allowed to dry. Adult mortality was
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recorded after 48 hours.

Taeble 2 shows the results cbtained for some of
the compounds of the Examples.
Phytotoxicity

Phytotoxicity is an important feature when the
insecticide is applied to folizge. On application of

'1OQ p.p.m. of fenvalerate to lettuce, cucumber and

dwarf French beans, phytotoxicity was observed.
Application of compounds of this invention in

an identical regime at 100 p.p.m. showéd no phytotoxic

effects in lettuce, cucumber, dwarf French beans,

tomato or broad bean.

Photostability -

Photostability is an important feature when
the insecticide is applied to foliage. Natural pyre-
thrum and many synthetic pyrethroids have low photo-
stability, and hence have restricted use as plant
protection agents. The compounds of this invention
exhibt considerably greater photostability than many
other pyrethroids, for example, Resmethrin. A
deposit of selected Examples and Resmethrin was ex-
posed to a light source and tested at increasing time
intervals. Example numb=r 2 had a half-life 17.5
times greater than Resmechrin, and Example number 4
had a half-life 21.5 times greater than Resmethrin,
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TABLE 1
Activity Relative to Resmethrin = 100
- . Musca
Ex§§ple Aedss |Blattella %%%%% With Tribolium
) Synergist
> 1 182 197 88 87 102.9
2 - 286 459 123 606 583
3 6.5 - 62 17 100 29.2
4 105 . 62 16 400 -
5 211 20,7 -9 27 50
10 6 151 - 20 110 80.4
7 250 1240 | 133 | 6060 411
8 108 206 125 026 1G4
S 174 1378 186 333 289
10 286 207 18 575 159
15 11 160 207 68 419 88
12 447 207 140 454 100
13 267 =10 10 417 < 2
14 200 62 12 179 < 17.5
15 118 <10 1 24 4.7

REATY;
OMPI
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TABLE 2
Megoura Plutells Tetranychus
Example % KD at % KD at % KD at
No. 1.0 ppm 25.0 ppn 500.0 ppm
1 © 63.7 97.5 65.5
2 97.5 97.5" 83.7
3 61.25 47.5 76.7
5 32.5 57.5 33.2
7 G8.3% 100 88.8
8 66.9 87.5 100.0
9 93.75 90.0 81.7
10 0 - < 20
11 35 - < 20
12 15 - < 10
15 90 - 100
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CLAIMS:
1. A compound of the general formula (I)

R, R5 _
O CHOO,R (1)
BN Ry

where: R1 and R2 together represent a residue of any
one of the gemeral formulae:

R
R R I R
7 el =~ 7 -
NCH— ¢
i or { or it
—CH , CH C
R _ ~ —
S NX R6 Ny R6 \X/

where X is an oxygen. or a sulphur atom, or a -NH- group;
RG’ R7 and R8 are each independently a hydrogen,
or halogen atom, or & Cq to C4 alkyl, aralkyl, aryl,
C1 to C4 alkoxy, or 02 to C4 alkenyl or trifluoromethyl
group, or R6 and R7 may be fogether a methylenedioxy,
or R7 and R8 may be together a methylenedioxy group;
R5 is a hydrogen, or halogen atom, or a C1 to 04
alkyl or C1 to C4 alkoxy group;
R4 is a C1 to 04 alkyl, 02 to 04 alkenyl, Cg to
04 alkynyl, C1 to C4 alkoxy, cyano, halogen-substituted
C, to C, alkyl, halogen-substituted C, to C, alkenyl
group, or a 03 to 05 alicylic group; and

R5~is a group of ome of the following structural

formuleae:
R
N 9
] .
~CH — | f—z-1
><
Rio
where A is a hydrogen atom, or a cyano group, or a

-C=ZCH group, or a -§“H2 group;
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R9 and R1O are each independently a hydrogen
atom, or a C1 to 04 alkyl or 02 to 64 alkenyl group;
Z is an oxygen or a sulphur atom, or a -CH2-
or -CO- grcup; and
Y is a hydrogen atom, or a C1 to 04_alkyl,
02 to C4 alkenyl, 02 to C4 alkynyl or an aryl or furyl
, group which is either unsubstituted, or is substituted
" by one or more Cq to 04 alkyl, 02 t0o 04 alkenyl or

' Cq to 04 alkoxy groups or halogen atcms;
41
R12 CH,CH=CH
: 2 2
4
313 0

where: qu is a hydrogen atom, or a methyl grcup; and -
312 and R,15 are each independently a hydrogen

atom, or a C, to C4 alkyl group;
B

where: ‘ is a benzene ring, or a dihydro- or tetra-
hydro-benzene ring; and

Bq, Bz, BB’ BLL are each independently a
hydrogen, or halogen atom, or a methyl group;

A

1

O — 7 CH-

b
(@),

(),

where: 31 and D2 are each independently a halogen atom

or a methyl group;
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each n is independently O, 1 or 2; and
A and Z are as defined above;

<i:::>}—— 0 CH Cc= C.uH2 3
|
<i:::>>__ 2. ‘CH Cﬁz .«
|
2. A compoand as claimed in claim 1 wherein RS is
a group of one of the formulae:
—_[:::::I// \\T:::::]
@ O
~N
2. " A composition comprising a compound as claimed

in ciaim 1 in a pesticidal amount or concentration in
combination with a carrier or diluent.

4. A composition as claimed in cleim 3 in the form
of an aerosol composition comprising from 0.02 to 2% by
weight of the said compound, from 0.1 to 5% by weight of

a synergist made up to 100% by weight with a solvent
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in combination with an aerosol propellant.

5. A composition as claimed in claim 3 in the form
of an emulsifiable concentrate comprising from 1 to 95%
by weight of the said compound in combination with a
non-ionic surfactant and made up to 100% by weight with
a hydrocarbon oil.

6. A composition as claimed in claim 3 in the form
of a wettable powder comprising frem 1 to 95% by weight
of the said compound in combination with a suspending
and wetting agent and made up to 100% by weight with a
mineral clsay.

7. A composition as claimed in claim 3 in the form
of an oil base composition comprising from 41 to 95% by
weight of the said compound énd from 99 to 5% of a
heavy petroleum o0il or mixture of cils.

8. 4 method of killing arthropods which comprises
contacting the arthropods with a compound as claimed

in claim 1.

9. A method of killing enthropods which comprises
contacting the arthropods with a.composition as claimed

in claim 3.
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