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(57) ABSTRACT 

The present invention is directed to pest-controlling com 
positions comprising as active ingredients one or more 

[3-diones, particularly [3-diketones and [3-triketones, and to 
the use of these compositions inter alia for preventing, 
eradicating, destroying, repelling or mitigating harmful, 
annoying or undesired pests including insects, arachnids, 
helminths, molluscs, protozoa and viruses. The present 
invention is further directed to processes of preparing [3-di 
ones by de novo synthesis or from natural sources such as 
volatile oil-bearing plants from families including Alliaceae, 
Apiaceae, Asteraceae, Cannabinaceae, Lamiaceae, Pteri 
daceae, Myrtaceae, Myoporaceae, Proteaceae, Rutaceae and 
Zingiberaceae. 
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METHODS AND COMPOSITIONS FOR 
CONTROLLING PESTS 

FIELD OF THE INVENTION 

[0001] THIS INVENTION relates generally to methods 
and compositions for controlling pests. More particularly, 
the present invention relates to pest-controlling composi 
tions comprising as active ingredients one or more [3-diones, 
particularly [3-diketones and [3-triketones, and to the use of 
these compositions inter alia for preventing, eradicating, 
destroying, repelling or mitigating harmful, annoying or 
undesired pests including insects, arachnids, helminths, mol 
luscs, protoZoa and viruses. The present invention further 
relates to processes of preparing [3-diones by de novo 
synthesis or from natural sources such as volatile oil-bearing 
plants from families including Alliaceae, Apiaceae, Aster 
aceae, Cannabinaceae, Lamiaceae, Pteridaceae, Myrtaceae, 
Myoporaceae, Proteaceae, Rutaceae and Zingiberaceae. 

[0002] Bibliographic details of various publications 
referred to in this speci?cation are collected at the end of the 
description. 

BACKGROUND OF THE INVENTION 

[0003] Triketones have been used for many years as 
herbicides for the control of undesired vegetation. Herbi 
cidal triketones have been described, for example, in EP-A 
338992, EP-A-336898, US. Pat. No. 4,869,748, EP-A 
186118, EP-A-186119, EP-A-186120, US. Pat. No. 4,202, 
840, US. Pat. No. 4,695,673, US. Pat. No. 4,780,127, US. 
Pat. No. 4,921,526, US. Pat. No. 5,006,150, US. Pat. No. 
5,545,607, US. Pat. No. 5,925,795, US. Pat. No. 5,990,046, 
US. Pat. No. 6,218,579, EP-A-249150, EP-A-137963, EP 
A-394889, EP-A-506907 or EP-B-135191. Examples of 
herbicidal triketones are inter alia Sulcotrione (MIKADO®) 
Whose chemical designation is 2-(2-chloro-4-methanesulfo 
nylbenZoyl)-1,3-cyclohexandione, 2-(4-methylsulfonyloxy 
2-nitrobenZoyl)-4,4,6,6-tetramethyl-1,3-cyclohexane dione; 
3-(4-methylsulfonyloxy-2-nitrobenZoyl)-bicyclo-[3,2,1]oc 
tane-2,4-dione; 3-(4-methylsulfonyl-2-nitrobenZoyl)-bicy 
clo-[3,2,1]octane-2,4-dione; 4-(4-chloro-2-nitrobenZoyl)-2, 
6,6-trimethyl-2H-1,2-oxaZine-3,5(4H, 6H)-dione; 3-(4 
methylthio-2-nitrobenZoyl)-bicyclo[3,2,1]octane-2,4-dione; 
4-(2-nitro-4-tri?uoromethoxybenZoyl)-2,6,6-trimethyl-2H 
1,2-oxaZine-3,5(4H, 6H)-dione. 

SUMMARY OF THE INVENTION 

[0004] The instant invention is predicated in part on the 
discovery that [3-diones, particularly [3-diketones and 
[3-triketones, such as those obtainable from volatile oil 
bearing plants including plants from the families Alliaceae, 
Apiaceae, Asteraceae, Cannabinaceae, Lamiaceae, Pteri 
daceae, Myrtaceae, Myoporaceae, Proteaceae, Rutaceae and 
Zingiberaceae, exhibit signi?cant pesticidal, especially 
insecticidal, arachnicidal, helminthicidal and/or mollusci 
cidal activity. This discovery has been reduced to practice in 
novel pest-controlling compositions and methods for their 
preparation and use, as described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 shoWs the structures relating to the major 
constituents of the published Myrtaceae essential oils. 
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[0006] FIG. 2 is a representation of a GC-MS trace of E. 
cloeziana oil. 

[0007] FIG. 3 is a tabular and graphical representation 
shoWing 1H NMR data recorded on a fraction (F4) obtained 
from silica gel chromatography of E. cloeziana oil and the 
structure of the major and minor isomers of the compound 
deduced from these data. 

[0008] FIG. 4 is a diagrammatic representation shoWing 
various tautomeric forms of an isolated [3-triketone com 
pound in solution (CDCl3). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] One aspect of the present invention contemplates 
the use of a [3-dione compound, particularly a [3-diketone or 
a [3-triketone compound, in the preparation of a composition 
for controlling harmful, annoying or undesired pests, said 
compound being represented by the general formula (I) 

(I) 
A B 

Q 

[0010] Wherein 

[0011] A is (C=O)R1, (C=S)R1, 0R2, SR2, 

[0012] R1 is selected from H, Cl-C1O alkyl C2-C1O 
arylalkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O 
heteroarylalkyl, Cl-C1O haloalkyl, Cl-C1O diha 
loalkyl, C2-C1O trihaloalkyl, C2-C1O haloalkoxy, 
Cl-C1O hydroxyalkyl Cl-C1O thioalkyl and Cl-C1O 

[0013] R2 is selected from H, Cl-C1O alkyl, C2-C1O 
arylalkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O 
heteroarylalkyl, C2-C1O haloalkyl, C2-C1O diha 
loalkyl, C2-C1O trihaloalkyl, (CR3NR4R5), NR4R5, 
(C=N—R4)R6, N=O, N(=O)2 or NR4OR7; 

[0014] R3 is selected from H, Cl-C1O alkyl, C2-C1O 
arylalkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O 
heteroarylalkyl, C2-C1O haloalkyl, C2-C1O diha 
loalkyl, C2-C1O trihaloalkyl, C2-C1O haloalkoxy, 
0R7, SR7, (CR8NR4R5), NR4R5, (C=N—R4)R6, 
N=O, N(=O)2, NR4OR7 or SO4R7; 

[0015] R4 and R5 are independently selected from H, 
Cl-C1O alkyl, C2-C1O arylalkyl, C3-C6 cycloalkyl, 
CZ-C1O alkenyl, C2-C1O heteroarylalkyl, C2-C1O 
haloalkyl, C2-C1O dihaloalkyl, C2-C1O trihaloalkyl, 
OR7 or SR7; 

[0016] R6 is selected from H, Cl-C1O alkyl, C2-C1O 
arylalkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O 
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heteroarylalkyl, C2-C1O haloalkyl, C2-C1O diha 
loalkyl, C2-C1O trihaloalkyl, C2-C1O haloalkoxy, 
0R7, SR7, (CR8NR9R1O), NRQR1O or NR9OR7; 

[0017] R7 is selected from H, C1-C1O alkyl, C2-C1O 
arylalkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O 
heteroarylalkyl, C2-C1O haloalkyl, C2-C1O diha 
loalkyl, C2-C1O trihaloalkyl; 

[0018] R8 is selected from H, CJL-C1O alkyl, C2-C1O 
arylalkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O 
heteroarylalkyl, C2-C1O haloalkyl, C2-C1O diha 
loalkyl, C2-C1O trihaloalkyl, ORll, SR11 or NRgRlo; 

[0019] R9 and R10 are independently selected from H, 
C1-C1O alkyl, C2-C1O arylalkyl, C3-C6 cycloalkyl, 
CZ-C1O alkenyl, C2-C1O heteroarylalkyl, C2-C1O 
haloalkyl, C2-C1O dihaloalkyl, C2-C1O trihaloalkyl, 
OR12 or SR12; 

[0020] R11 is selected from H, C1-C1O alkyl, C2-C1O 
arylalkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O 
heteroarylalkyl, C2-C1O haloalkyl, C2-C1O diha 
loalkyl, C2-C1O trihaloalkyl; 

[0021] R12 is selected from H, C1-C1O alkyl, C2-C1O 
arylalkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O 
heteroarylalkyl, C2-C1O haloalkyl, C2-C1O diha 
loalkyl, C2-C1O trihaloalkyl; 

[0022] B is H, C1-C1O alkyl, C2-C1O alkenyl, aryl or 
heteroaryl; 

[0023] X and Y are independently selected from 
oxygen, sulfur, —N—R4; and 

[0024] Q completes a 5-8-member saturated or unsat 
urated carbocyclic or heterocyclic ring in Which 
optionally one or more members comprise 
—C(=X)—; and Wherein Q is, optionally substi 
tuted With one or more substituents selected from 

C1-C1O alkyl, C3-C6 cycloalkyl, C2-C1O alkenyl, 
CZ-C1O haloalkyl, C2-C1O dihaloalkyl, C2-C1O tr1ha 
loalkyl, C2-C1O haloalkoxy, 0R2, SR2, (CR3NR4R5), 
NR4R5, (C=N—R4)R1, N=O, N(=O)2, NR4OR2, 
SO4R2, C2-C1O l-arylalkyl, C2-C1O 2-arylalkyl or 
(C=X)R1. 

[0025] Heterocyclic systems can be optionally attached to 
a moiety other than those set forth above via a carbon atom 
or a heteroatom of R1 to R11. 

[0026] Preferred compounds represented by formula (1) 
are [3-diketones and especially preferred are [3-triketones. 

[0027] As used herein, the term “alkyl” refers to linear or 
branched chains. The term “haloalkyl” refers to an alkyl 
group substituted by at least one halogen. Similarly the term 
“haloalkoxy” refers to an alkoxy group substituted by at 
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least one halogen. As used herein the term “halogen” refers 
to ?uorine, chlorine, bromine and iodine. 

[0028] As used herein the term “aryl” refers to aromatic 
carbocyclic ring systems such as phenyl or naphthyl, anthra 
cenyl, especially phenyl. Suitably, aryl is CG-C14 With mono, 
di, tri, tetra and penta substitution containing 0R2, F, Cl, Br, 
I, N02, CF3, COR1, NR4R5, SOZRZ, SR2. 
[0029] As used herein the terms “heterocycle”, “hetero 
cyclic”, “heterocyclic systems” and the like refer to a 
saturated, unsaturated, or aromatic carbocyclic group having 
a single ring, multiple fused rings (for example, bicyclic, 
tricyclic, or other similar bridged ring systems or substitu 
ents), or multiple condensed rings, and having at least one 
heteroatom such as nitrogen, oxygen, or sulfur Within at 
least one of the rings. This term also includes “heteroaryl” 
Which refers to a heterocycle in Which at least one ring is 
aromatic. Any heterocyclic or heteroaryl group can be 
unsubstituted or optionally substituted With one or more 

groups, as de?ned above. Further, bi- or tricyclic heteroaryl 
moieties may comprise at least one ring, Which is either 
completely, or partially, saturated. Suitable heteroaryl moi 
eties include, but are not limited to oxaZolyl, thiaZaoyl, 
thienyl, furyl, 1-isobenZofuranyl, 2H-pyrrolyl, N-pyrrolyl, 
imidaZolyl, pyraZolyl, isothiaZolyl, isooxaZolyl, pyridyl, 
pyraZinyl, pyrimidinyl, pyradaZinyl, indoliZinyl, isoindolyl, 
indoyl, indolyl, purinyl, phthalaZinyl. 
[0030] The articles “a” and “an” are used herein to refer to 
one or to more than one (i.e., to at least one) of the 
grammatical object of the article. By Way of example, “an 
element” means one element or more than one element. 

[0031] A preferred carbocyclic ring formed by Q is an 
optionally substituted cyclohexanedione. 

[0032] Apreferred subgroup of compounds of formula (1) 
is represented by formula (II) 

(II) 

[0033] Such compounds may exist in a number of tauto 
meric forms. For example, in the case Wherein X and Y are 
each oxygen, and B is hydrogen, then the compounds of 
formula II may exist as one or more of the structural 
formulae shoWn beloW. 
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[0034] It is intended that all such tautomeric structures are 
included Within the scope of the present invention. 

[0035] It should also be appreciated that some of the 
compounds of formula (I) are capable of existing as different 
geometric isomers and diastereomers. The invention thus 
includes both the individual isomers and mixtures of such 
isomers. 

[0036] Another preferred subgroup of compounds of for 
mula (I) is represented by formula (II) 

(III) 
A B 

X Y 

F C 

E D 

Z 

[0037] Wherein 

[0038] X, Y and Z are each independently selected 
from oxygen, sulfur, —N—R4 or one of C=X, 
C=Y or C=Z is CH2; 

[0040] B is as de?ned above; 

[0041] C, D, E and F are each independently selected 
from H, CJL-C1O alkyl, C3-C6 cycloalkyl, C2-C1O 
alkenyl, C2-C1O haloalkyl, C2-C1O dihaloalkyl, 
c -c10 trihaloalkyl, 0R2, SR2, (CR3NR4R5), NR4R5, 
(é=N—R4)R1, N=O, N(=O)2, NR4OR2, SO4R2, 
CZ-C1O l-arylalkyl, C2-C1O 2-arylalkyl or (C=X)R1; 
an 

[0042] R1, R2, R2, R4 and R5 are as de?ned above. 

[0043] Preferred [3-diones represented by formula 
(III) are ?avesone (1-isobutyroyl-3,3,5,5-tetrameth 
ylcyclohexan-2,4,6-trione), isoleptospermone (l-is 
ovaleroyl-3,3,5,5-tetramethylcyclohexan-2,4,6-tri 
one), leptospermone (1-valeroyl-3,3,5,5 
tetramethylcyclohexan-2,4,6-trione), papuanone 
(1-pentoyl-3,3,5,5-tetramethylcyclohexan-2,4,6-tri 
one), grandi?orone (1-(2-phenylethyl)-3,3,5,5-tet 
ramethylcyclohexan-2,4,6-trione) and jensenone 
(1-valeroyl-3,5-dicarbonylcyclohexan-2,4,6-trione), 
including analogues and derivatives thereof. 

[0044] By Way of example, ?avesone analogues contem 
plated by the present invention include, but are not restricted 
to, compounds having the folloWing structural formulae, 
Wherein the structural formula of ?avesone is shoWn for 
comparative purposes: 

0 HO HZN 

o o o o o o 

o o o 

Flavesone 
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-continued 

CHZBr CHZCI CHZOH 

O O O 

O O O O O O 

O O O 

CHZF CF3 

O O s 

O O O O s s 

O O O 

O 

[0045] Non-limiting examples of isoleptospermone ana 
logues contemplated by the present invention include, but 
are not restricted to, compounds having the folloWing struc 
tural formulae, Wherein the structural formula of iso 
leptospermone is shoWn for comparative purposes: 

0 HO HZN 

o o o o o o 

o o o 

Isoleptospermone 
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[0046] Non-limiting examples of leptospermone ana 
-continued logues contemplated by the present invention include, but 

CHZBT CH2C1 are not restricted to, compounds having the following struc 
tural formulae, Wherein the structural formula of leptosper 

O O mone is shoWn for comparative purposes: 

0 O O O 
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O O o o o o o o 
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O O O O O 
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o o 
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-continued 

[0047] Non-limiting examples of jensenone analogues 
contemplated by the present invention include, but are not 
restricted to, compounds having the following structural 
formulae, Wherein the structural formula of jensenone is 
shoWn for comparative purposes: 

0 

O O 

OHC CH0 

0 

Jensenone 

HZN 

O O 

OHC CH0 

0 

CHZCI 

O 

O O 

OHC CH0 

0 

CHZF 

O 

O 

OHC CH0 

0 

O 

HO 

0 o 

OHC CH0 

0 

CHZBr 

o 

o o 

OHC CH0 

0 

CHZOH 

o 

o o 

OHC CH0 

0 

C113 

0 

o o 

OHC CH0 

0 

OHC 

O 

O 

OHC 

O 

N 

O 

S 

S 

OHC 

S 

C 

O 

\ 1/ 
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-continued 

O 

CHO 

OHC 

[0049] Wherein 

HO 

\j/ 
N 

O 

O 

OHC CHO 

H 

0 

HI \N o 

O O 

OHC CHO 

O 

CHZNOZ 

o 

o o 

OHC CH0 

0 

[0048] Another preferred subgroup of compounds of for 
mula (1) is represented by formula (IV) 

(IV) 

[0050] X and Y are each independently selected from 
oxygen, sulfur —N—R4 or one of C=X or C—Y is 



US 2005/0070576 A1 

[0052] B is as de?ned above; 

[0053] C, D, E and F are each independently selected 
from H, Cl-C1O alkyl, C2-C1O arylalkyl, C3-C6 
cycloalkyl, C2-C1O alkenyl, C2-C1O heteroarylalkyl, 
CZ-C1O haloalkyl, C2-C1O dihaloalkyl, C2-C1O triha 
loalkyl, C2-C1O haloalkoXy, 0R2, SR2, (CR3NR4R5), 
NR4R5, (C=N—R4)R1, N=O, N(=O)2, NR4OR2, 
SO4R2; and 

[0054] R1, R2, R2, R4 and R5 are as de?ned above. 

[0055] Preferred [3-diones represented by formula (IV) are 
tasrnanone (1-isobutroyl-4-rnethoXy-3,5,5-trirnethylcyclo 
heX-3-en-2,6-dione), agglornerone (1-isobutroyl-4-rneth 
oXy-S,5-dirnethylcycloheX-3-en-2,6-dione), lateriticone 
(1-valeroyl-4-rnethoXy-3,5,5-trirnethylcycloheX-3-en-2,6 
dione), isolateriticone (1-isovaleroyl-4-rnethoXy-3,5,5-trirn 
ethylcycloheX-3-en-2,6-dione and platyphyllol (6,6-dirn 
ethyl-2-acetyl-S-rnethoXycycloheX-4-ene-1,3-dione), 
including analogues and derivatives thereof. 

[0056] Non-lirniting examples of tasrnanone analogues 
contemplated by the present invention include, but are not 
restricted to, compounds having the folloWing structural 
forrnulae, Wherein the structural formula of tasrnanone is 
shoWn for comparative purposes: 

0 HO HZN 

o o o o o o 

ocH3 ocH3 ocH3 

Tasrnano ne 

CHZBr cH2c1 CHZOH 

o o o 

o o o o o o 

0on3 0on3 OCH3 
CHZF CF3 

o o s 

o o o o s s 

0on3 0on3 OCH3 
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-continued 

H k H3C k HO )\ \ N \ N \ N 

O O O O O O 

ocH3 ocH3 ocH3 
CHZSH CHZNOZ HO 

\ 
O O 

O O O O O 

0on3 0on3 0on3 

[0057] Another preferred subgroup of compounds of for 
rnula (I) is represented by formula (V) 

A B 

X Y 

H C 

G D 

F E 

[0058] Wherein 

[0059] X and Y are independently selected from 
oXygen, sulfur or —N—R4; and 

[0061] B is as de?ned above; 

[0062] C, D, E, F, G and H are each independently 
selected from H, Cl-C1O alkyl, C2-C1O arylalkyl, 
C3-C6 cycloalkyl, C2-C1O alkenyl, C2-C1O heteroary 
lalkyl, C2-C1O haloalkyl, C2-C1O dihaloalkyl, C2-C1O 
trihaloalkyl, C2-C1O haloalkoXy, 0R2, SR2, 
(CR3NR4R5), NR4R5, (C=N—R4)R1, N=O, 
N(=O)2, NR4OR2 or SO4R2; and 

[0063] R1, R2, R2, R4 and R5 are as de?ned above. 

(V) 

[0064] More speci?cally unsaturation, epoXides and 
thioeXpoXides may exist at positions designated by H (or G) 
connected to F (or E) or F (or E) connected to C (or D). A 
four-rnernbered ring forming a part of a bicyclic structure 
may eXist at positions designated by H (or G) connected to 
C (or D). 
[0065] Preferred [3-diones represented by formula (V) are 
angustione (1-acetyl-3,5,5-trirnethylcycloheX-2,6-dione), 
dehydroangustione (1-acetyl-3,5,5-trirnethylcycloheX-3-en 
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2,6-dione) and Xanthostemone (1-isobutroyl-5,5-dimethyl 
cycloheX-3-en-2,6-dione), including their analogues and 
derivatives. 

[0066] By Way of example, angustione analogues contem 
plated by the present invention include, but are not restricted 
to, compounds having the folloWing structural formulae, 
Wherein the structural formula of angustione is shoWn for 
comparative purposes: 

O 

O 

O E O 

E O 

O 

Angustione 
HN O o m N E 

O 

N 

O O O E 

E O 

O 

O 

CHZOH 

O 

O 0 g 

g [T 
O 

O 

O 

3 

o 

o o 5 

O "11 

m o 

o '11 

o m 

H 

j a 

\ \ 

CHZSH CHZNOZ 

O 

O 

O O 

O 

O 
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-continued 

N 
HO/ \ 

O OH 

[0067] Non-limiting examples of dehydroangustione ana 
logues include, but are not restricted to, compounds having 
the folloWing structural formulae, Wherein the structural 
formula of dehydroangustione is shoWn for comparative 
purposes: 

HO HZN 

HO: % i0 HO: % i0 
Dehydroangustione 
o CHZBr o cHc12 o CHZOH 

HO O HO O HO O 

o CHZF 0 C113 5 

HO / O HO: i O HS: j S 

/ / HO HN \N \N/ 

HO: i i0 HO: i i0 HO i jO 
O CHZSH O CHZNOZ N 

HO/ \ 

HO O HO O HO O 

[0068] Non-limiting eXamples of Xanthostemone ana 
logues include, but are not restricted to, compounds having 
the folloWing structural formulae, Wherein the structural 
formula of Xanthostemone is shoWn for comparative pur 
poses: 
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[0069] Derivatives of the above compounds include, but 
are not restricted to, ethoxylate derivatives, propoxylate 
derivatives, hydrates, aldehyde derivatives, ester deriva 
tives, ether derivatives, alcohol derivatives, phenol deriva 
tives, amine derivatives, other biologically or chemically 
equivalent substances, and any combination of tWo or more 
of the foregoing. 

[0070] Similarly effective as pesticides are salts of the 
above compounds, including mono-valent salts (e.g., 
sodium, potassium) and di-valent metal salts (e.g. calcium, 
magnesium, iron or copper) and ammonium salts (e.g., 
isopropyl ammonium, trialkyl and tetraalkylammonium 
salts). 
[0071] The compounds according to any one of formulae 
(I)-(V) can be prepared according to methods analogous to 
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those knoWn in the art for the preparation of [3-diones. 
Exemplary methods are disclosed for example in EP-A 
338992, EP-A-336898, US. Pat. No. 4,202,840, US. Pat. 
No. 4,869,748, EP-A-186118, EP-A-186119, EP-A-186120, 
US. Pat. No. 4,695,673, US. Pat. No. 4,780,127, US. Pat. 
No. 4,921,526, US. Pat. No. 5,006,150, US. Pat. No. 
5,545,607, US. Pat. No. 5,925,795, US. Pat. No. 5,990,046, 
US. Pat. No. 6,218,579, EP-A-249150, EP-A-137963, EP 
A-394889 EP-A-506907 or EP-B-135191. 

[0072] More particularly, compounds according to formu 
lae (III)-(V) can be synthesised using the representative 
procedures outlined beloW. 

[0073] For compounds according to formula (III), 1,3,5 
trihydroxybenZene 1 is reacted With CH3CN in the presence 
of Zinc chloride and hydrochloric acid, according to A. H. 
Blatt (1943, Org. Synth. Col. II, 522-523), affording 
1-acetyl-2,4,6-trihydroxybenZene 2 (phloroacetophenone) 
(R=Me) (Scheme 1). 

OH OH O 

HO OH HO OH 

[0074] R groups other than methyl are depicted above. 
Reaction of 1-acetyl-2,4,6-trihydroxybenZene 2 affording 
1-acetyl-3,3,5,5-tetramethylcyclohexan-2,4,6-trione 3 is a 
representative procedure for all compounds according to 
formula (III) (R. A. Gray et al., US. Pat. No. 4,202,840) 
(Scheme 2). Anhydrous MeI (6eq) is sloWly added, at room 
temperature under an atmosphere of nitrogen, to a mechani 
cally stirred solution of 1-acetyl-2,4,6-trihydroxybenZene 2 
(1 eq) and sodium ethoxide (6eq) in anhydrous methanol. 
The mixture is re?uxed for 4 hours. On cooling the mixture 
is concentrated under vacuo, providing a residue, Which is 
diluted With Water and acidi?ed With 2 M hydrochloric acid. 
Diethylether extracts are Washed With saturated sodium 
sul?te solution, Water and then dried (Na2SO4). Evaporation 
of the diethylether provides the desired product 3. 

OH O O O 

HO OH O O 

[0075] For mono, di, tri and tetra B, C, D, E, F substitution 
patterns, reactions betWeen one and seven mole equivalents 
of R—I and sodium ethoxide are used. LaWasson’s reagent 
is used for conversion of oxygen into sulfur groups and 
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sodium borohydride or sodium cyanoborohydride is used to 
reduce ketone, thioketone and imino groups. When addi 
tional carbonyl groups are introduced into the cyclohexane 
ring system the procedure of CroW is utilised (M. L. Bolte 
et al., 1985,Agric. Biol. Chem, 49, 761). 

[0076] Compounds of formula (IV) can be prepared 
according to a ?rst representative procedure, as folloWs: 
3-methoxy-2,4,4-trimethylcyclohex-2-en-1,5-dione 4 (1 
mole eq), prepared according to HerZig (J. HerZig, and F. 
WenZel, Monatsh, 1903, 24, 101), is dissolved in anhydrous 
diethylether and hexamethylphosphoramide (solvent ratio, 
20:1 respectively) under an atmosphere of nitrogen. The 
mixture is cooled to 00 C. and lithium hydride (1.1 mole eq) 
(60% in mineral oil) is added in portions. After addition the 
mixture is stirred for a further 10 mins before the addition of 
benZoyl cyanide 5 [R—CO—CN, R is depicted above] (1.1 
mole eq). The mixture is alloWed to Warm to room tempera 
ture over 12 h at Which time the reaction is quenched With 
Water and partitioned. The ether layer is dried (Na2SO4) and 
evaporated affording crude 1-benZoyl-3-methoxy-2,4,4-tri 
methylcyclohex-2-en-1,5-dione 6 Which is puri?ed by SiO2 
column chromatography (hexane/ethyl acetate, gradient) 
(Scheme 3). 

Schemeli 
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[0077] Alternatively, compounds of formula (IV) can be 
prepared according to a second representative procedure, as 
folloWs: 3-methoxy-2,4,4-trimethylcyclohex-2-en-1,5-dione 
4 (1 mole eq) (commercially available) and benZoyl cyanide 
are dissolved in anhydrous dichloromethane and cooled to 
00 C. under an atmosphere of nitrogen. To the cooled 
solution is added anhydrous ?nely poWdered Zinc chloride 
(1.1 mole eq.) folloWed by sloW addition of triethylamine 
(1.2 mole eq). The reaction mixture is stirred at room 
temperature for 5 -6 h and then poured into 2 M hydrochloric 
acid. The mixture is partitioned and the dichloromethane 
layer is Washed With 5% sodium carbonate. The aqueous 
carbonate phase is then acidi?ed With hydrochloric acid and 
extracted With methylene chloride and dried (Na2SO4). The 
solvent is removed and the residue subjected to SiO2 column 
chromatography (hexane/ethyl acetate) affording 1-benZoyl 
3-methoxy-2,4,4-trimethylcyclohex-2-en-1,5-dione 6 J. 
Michaely and G. W. KraatZ, EP-B-135191). 
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[0078] Compounds of formula (V) can be prepared 
according to a ?rst representative procedure, as folloWs: 
4,4-dimethylcyclohexane-1,3-dione 7 (1 mole eq) (commer 
cially available) is dissolved in anhydrous diethylether and 
hexamethylphosphoramide (solvent ratio, 20:1 respectively) 
under an atmosphere of nitrogen. The mixture is cooled to 00 
C. and lithium diisopropylamide (2.1 mole eq) is added 
dropWise over 40 mins. The mixture is then stirred for a 
further 10 mins before the addition of methyl iodide (1 mole 
eq). The mixture is stirred for 12 h and then benZoyl cyanide 
(2 mole eq) is added and the mixture stirred for a further 24 
h. The reaction Was quenched With Water and the ether layer 
partitioned and dried (Na2SO4). The solvent Was removed 
and the residue subjected to SiO2 column chromatography 
(hexane/ethyl acetate) affording 1-benZoyl-3,3,5-trimethyl 
cyclohexan-2,6-dione 8 (Scheme 4). 
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[0079] Alternatively, the compounds of formula (V) can 
be prepared according to a second representative procedure, 
as folloWs: 4,4-dimethyl-1,3-cyclohexanedione 7 (1 mole 
eq) (commercially available) and benZoyl cyanide are dis 
solved in anhydrous dichloromethane and cooled to 0° C. 
under an atmosphere of nitrogen. To the cooled solution is 
added anhydrous ?nely poWdered Zinc chloride (1.1 mole 
eq) folloWed by sloW addition of triethylamine (1.2 mole 
eq). The reaction mixture is stirred at room temperature for 
5-6 h and then poured into 2 M hydrochloric acid. The 
mixture is partitioned and the dichloromethane layer Washed 
With 5% sodium carbonate. The aqueous carbonate phase is 
then acidi?ed With hydrochloric acid and extracted With 
methylene chloride and dried (Na2SO4). The solvent is 
removed and the residue subjected to SiO2 column chroma 
tography (hexane/ethyl acetate) affording 1-benZoyl-3,3,5 
trimethylcyclohexan-2,6-dione 8. J. Michaely and G. W. 
KraatZ, EP-B-135191). 

[0080] Dehydroangustione and xanthostemone derivatives 
are simply derived from dehydrogenation of angustione 
derivatives, for example, by treatment of 1-benZoyl-3,3,5 
trimethylcyclohexan-2,6-dione 8 With palladium on char 
coal in methanol, Which thereby affords 1-benZoyl-3,5,5 
trimethylcyclohex-3-en-2,6-dione 9 (Scheme 5). 
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[0081] Metal salts (enolates) of the above compounds can 
be prepared by the reaction of triketone derivatives With the 
corresponding metal hydroxides suspended in methanol or 
ethanol. Trialkylammonium salts can be prepared by the 
reaction of triketone derivatives (e. g., 3) With trialkylamines 
in a chlorinated solvent such as dichloromethane. Tetraalky 
lammonium salts can be prepared by adding a halogenated 
tetraalkylammonium salt to a metal salt in dichloromethane, 
Which precipitates the metal halide removed by ?ltration. 
The pure material is obtained by evaporation of the ?ltrate. 

[0082] The present inventors have discovered that the 
[3-diones of the invention can be obtained from natural 
sources and, in particular, from volatile oil-bearing organ 
isms. Accordingly, in another aspect, the present invention 
encompasses the use of a [3-dione compound, particularly a 
[3-diketone or a [3-triketone compound, obtainable from a 
volatile oil-bearing organism, including an analogue or 
derivative thereof, in the preparation of a pesticidal compo 
sition for controlling harmful, annoying or undesired pests. 

[0083] The present invention contemplates the use of any 
volatile oil-bearing organism that produces [3-diones, pref 
erably the [3-diones according to any one of formulae 
(I)-(V), and especially [3-diketones and/or [3-triketones, for 
the preparation of the pesticidal compositions of the inven 
tion. Preferred volatile oil-bearing organisms are volatile 
oil-bearing plants including, but not restricted to, plants 
from the families Alliaceae, Apiaceae, Asteraceae, Canna 
binaceae, Lamiaceae, Pteridaceae, Myrtaceae, Myopora 
ceae, Proteaceae, Rutaceae and Zingiberaceae. Preferably, 
the volatile oil-bearing plant is selected from genera of the 
Myrtaceae family including, but not limited to, Angophora, 
Austromyrtus, Backhousia, Baeckea, Callistemon, Corym 
bia, Darwinia, Eucalyptus, Kunzea, Leptospermum, Mela 
leuca, Syzygium and Xanthostemon. 

[0084] Thus, the compositions of the present invention 
may contain as active ingredients substantially puri?ed 
[3-diones or crude [3-dione-containing extracts obtained from 
a volatile oil-bearing organism, preferably a volatile oil 
bearing plant. Volatile oils, also knoWn in the art as essential 
oils, typically comprise a volatile mixture of esters, alde 
hydes, alcohols, ketones and terpenes, Which can be pre 
pared from botanical materials or plant cell biomass from 
cell culture. Volatile oils can be prepared by subjecting 
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botanical materials to a distillation process, for example. A 
number of different procedures can be used for distillation. 
For example, plant matter (e.g., foliage, stems, roots, seeds, 
bark etc) of a volatile oil-bearing plant is placed in a suitable 
still and steam distillation is used to break doWn the cells of 
the plant to release the oil. The steam is then condensed and 
the oil phase is separated from the aqueous phase to obtain 
the volatile oil. It Will be appreciated that other methods of 
volatile oil extraction (e.g., solvent extraction) are knoWn to 
those of skill in the art and it Will be understood, in this 
regard, that the present invention is not limited to the use or 
practice of any one particular method of extracting volatile 
oils. 

[0085] Suitably, the compositions comprise naturally-oc 
curring compounds derived from a volatile oil-bearing 
organism. Thus, in a preferred embodiment, the pesticidal 
composition of the invention comprises one or more [3-dione 
active compounds, particularly [3-diketone- and/or [3-trike 
tone-active compounds, that are derived from the volatile oil 
of a volatile oil-bearing organism. In this embodiment, the 
composition may optionally contain a naturally-occurring 
carrier and/or other naturally-occurring additives. 

[0086] Naturally-occurring additives contemplated by the 
present invention include natural antioxidants, Which can be 
used advantageously to reduce the effect of oxidation of the 
compounds of the invention. An example of a suitable 
naturally-occurring antioxidant is ot-tocopherol. Other addi 
tives, such as naturally-occurring stabilisers, are also con 
templated, Which may desirably be added to improve the 
stability and shelf life of the composition. Examples of 
suitable natural stabilisers include gum arabic, guar gum, 
sodium caseinate, polyvinyl alcohol, locust bean gum, xan 
than gum, kelgum, and mixtures thereof. 

[0087] In an alternate embodiment, the naturally-occur 
ring compounds derived from a volatile oil may be modi?ed 
or derivatised to improve, for instance, their shelf-life, 
stability, activity and/or bioavailability. 

[0088] The compounds of the present invention are useful 
for controlling harmful, annoying or undesired pests. They 
may be used singularly or in combination With other pest 
controlling compounds of the invention. By “controlling” is 
meant preventing, combating, eradicating, destroying, repel 
ling, or mitigating pests or increasing the mortality or 
inhibiting the groWth and/or development of pests. The term 
“pest” is used herein in its broadest sense and includes 
Within its scope insects, arachnids (e.g. acari, spiders), 
helminths (e.g., nematodes), molluscs, protoZoa (e.g., Plas 
moa'ium sp. Paramecium sp.), viruses (e.g., herpesviruses) 
and the like. Suitable applications for such control include, 
but are not limited to, combating and/or eradicating infes 
tations by pests in animals (including humans) and/or plants 
(including trees) and/or stored products, Which includes the 
administration to the animal or site of an effective quantity 
of a compound of the invention. 

[0089] By “effective amount” is meant the administration 
or application of that amount of active compound, either in 
a single dose or as part of a series, that is effective for 
controlling a signi?cant number of pests. Thus, for example, 
a “pesticidally-effective” amount is the amount of active 
compound that is effective for increasing the mortality or 
decreasing the groWth of a signi?cant number of pests. 
Alternatively, a “pest-repelling” effective amount is the 
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amount of active compound that is noxious to, and/or 
induces behavioural changes in, a signi?cant number of 
pests. The effective amount Will vary depending upon the 
taxonomic group of pest exposed to the active compound, 
the formulation of the composition, and other relevant 
factors. It is expected that the amount Will fall in a relatively 
broad range that can be determined through routine trials. 

[0090] Accordingly, the compounds of the present inven 
tion can be used as pesticides, such as but not limited to 

insecticides, arachnicides, anti-helminthics, molluscicides 
antivirals, antiprotoZoals and the like, or as pest repellents 
including repellents of insects, arachnids, helminths, mol 
luscs, protoZoa and viruses. In especially preferred embodi 
ments, the compounds of the present invention are used in 
the control of insects, arachnids, helminths or molluscs. In 
practice, the compounds can be applied as formulations 
containing the various adjuvants and carriers knoWn to or 
used in the industry for facilitating bioavailability, stability 
and dispersion. The choice of formulation and mode of 
application for any given compound may affect its activity, 
and selection Will be made accordingly. 

[0091] In general, a pest-controlling compound of the 
invention can be compounded With appropriate inert carriers 
and additives in an appropriate ratio by means of dissolving, 
separating, suspending, mixing, impregnating, adsorbing or 
precipitating operation to formulate into oil formulations, 
emulsi?able concentrates, Wettable poWders, ?oWables, 
granules, poWders, dusts, solutions, suspensions, emulsions, 
controlled-release forms such as microcapsules, aerosols or 
fumigants. Typically, the compounds of the present inven 
tion can be mixed With a solid carrier, liquid carrier or gas 
carrier, optionally together With a surfactant and other 
adjuvants useful for such formulations. 

[0092] The compounds of the invention can be used in an 
amount from about 0.00005% to about 90% by Weight as 
contained in these formulations as their active component. 
As used herein, the term “about” refers to a quantity, level, 
value or amount that varies by as much as 30%, preferably 
by as much as 20%, and more preferably by as much as 10% 
to a reference quantity, level, value or amount. 

[0093] Where the compounds are in the form of [3-dione 
containing extracts, the formulations Will usually comprise 
as their principal active ingredient from about 0.0001% to 
about 90%, preferably from about 0.0001% to about 50%, 
more preferably from about 0.0005% to about 10%, even 
more preferably from about 0.0005% to about 5%, even 
more preferably from about 0.0005% to about 1% and still 
even more preferably from about 0.001% to about 0.5% by 
Weight of the extract. 

[0094] Alternatively, Where the compounds are in the form 
of substantially puri?ed preparation of [3-diones, the formu 
lations Will usually comprise as their principal active ingre 
dient from about 0.00005% to about 90%, preferably from 
about 0.0001% to about 50%, more preferably from about 
0.0005% to about 10%, even more preferably from about 
0.001% to about 5% and still even more preferably from 
about 0.001% to about 1% by Weight of the substantially 
puri?ed [3-dione. 

[0095] By “substantially puri?ed” is meant a compound 
Which has been separated from components that naturally 
accompany it. Typically, a compound is substantially pure 
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When at least 60%, more preferably at least 75%, more 
preferably at least 90%, and most preferably at least 99% of 
the total material (by volume, by Wet or dry Weight, or by 
mole percent or mole fraction) in a sample is the compound 
of interest. Purity can be measured by any appropriate 
method, e.g., by chromatography or HPLC analysis. 

[0096] Examples of solid carriers useful in preparing the 
formulations are clays including kaolin clay, diatomite, 
Water-containing synthetic silicon oxide, bentonite, 
Fubasami clay, and acid clay; talcs; ceramics; inorganic 
minerals such as Celite, quartZ, sulfur, active carbon, cal 
cium carbonate and hydrated silica; and chemical fertilisers 
such as ammonium sulfate, ammonium phosphate, ammo 
nium nitrate, urea and ammonium chloride, these solid 
carriers being ?nely divided or granular. Examples of useful 
liquid carriers are Water, alcohols such as methanol and 
ethanol, ketones such as acetone and methyl ethyl ketone, 
aromatic hydrocarbons such as benZene, toluene, xylene, 
ethylbenZene and methylnaphthalene, aliphatic hydrocar 
bons such as hexane, cyclohexane, kerosene and light oil, 
esters such as ethyl acetate and butyl acetate, nitriles such as 
acetonitrile and isobutyronitrile, ethers such as diisopropyl 
and dioxane, acid amides such as N,N-dimethylformamide 
and N,N-dimethylacetamide, halogenated hydrocarbons 
such as dichloromethane, trichloroethane and carbon tetra 
chloride, dimethyl sulfoxide, and ?sh oils, mineral oils, plant 
derived oils such as canola oil, cotton-seed oil, soybean oil 
and sesame oil as Well as essential oils such as lavender oil, 
eucalyptus oil, tea tree oil, citrus oil etc. Solid or liquid 
carriers can be used alone or in combination. Examples of 
gas carriers, i.e., those of propellants, are butane gas, LPG 
(lique?ed petroleum gas), dimethyl ether, ?uorocarbons and 
carbon dioxide gas. 

[0097] Examples of surfactants are alkylsulfuric acid 
esters, alkylsulfonic acid salts, alkylarylsulfonic acid salts, 
alkyl aryl ethers and polyoxyethylene adducts thereof, poly 
ethylene glycol ethers, polyhydric alcohol esters, sugar 
alcohol derivatives, sorbitane monolaurate, alkylallyl sorbi 
tane monolaurate, alkylbenZene sulfonate, alkylnaphthalene 
sulfonate, lignin sulfonate, and sulfuric acid ester salts of 
higher alcohols. These surfactants may be used alone or in 
combination. 

[0098] Examples of adjuvants for the formulations, such 
as binders and dispersants, are casein, gelatin, polysaccha 
rides such as starch, gum arabic, cellulose derivatives and 
alginic acid, lignin derivatives, bentonite, sugars and Water 
soluble synthetic high-molecular-Weight substances such as 
polyvinyl alcohol, polyvinyl pyrrolidone and polyacrylic 
acids. Examples of stabilisers are PAP (acid isopropyl phos 
phate), BHT (2,6-di-tert-butyl-4-methylphenol), BHA (mix 
ture of 2-tert-butyl-4-methoxyphenol and 3-tert-butyl-4 
methoxyphenol), synergists such as piperonyl butoxide, 
vegetable oils, mineral oils, ?sh oils, surfactants and fatty 
acids or esters thereof. 

[0099] Emulsifying agents that may be used are suitably 
one or more of those selected from non-ionic or anionic 

emulsifying agents. Examples of non-ionic emulsifying 
agents include, but are not restricted to, polyoxyethylene 
alkylphenylether, polyoxyethylenealkylether, polyethyl 
eneglycol fatty ester, sorbitan fatty ester, polyoxyethylene 
sorbitan fatty ester, polyoxyethylenesorbitol fatty ester, 
polyoxyethylenepolyoxypropylenealkylether. Examples of 
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anionic emulsifying agents include alkyl sulphates, poly 
oxyethylenealkylether sulphates, sulfosuccinates, taurine 
derivatives, sarcosine derivatives, phosphoric esters, alkyl 
benZenesulfonates and the like. 

[0100] A mixture consisting of polyoxyethylenestyrylphe 
nylether and calcium allylbenZenesulfonate is preferred. 
These emulsifying agents may be used in an amount of 5 to 
20 Weight parts per 100 Weight parts of the compositions of 
the present invention. 

[0101] Formulation thus obtained can be used solus or 
diluted, for example, With Water or other diluent. The 
formulations can be used also as admixtures With other 

pesticides such as insecticides, arachnids, anti-helminthics, 
molluscicides, herbicides, plant groWth regulators, syner 
gists, soil improvers, baits and the like, or can be used 
simultaneously With such agents Without mixing. For 
example, the pest-controlling compounds of the invention 
can be combined With other naturally derived bioactive 
compounds or extracts such as neem or its components, 
derris, pyrethrum; microbial extracts such as avermectins or 
streptomycins; With synthetic insecticides, acaricides, mol 
luscicides, anti-helminthics; anti-protoZoals, antivirals or 
With microorganisms having insecticidal, acaricidal, mol 
luscicidal, anti-helminthic anti-protoZoal or antiviral activity 
e.g., bacteria such as Bacillus tharingiensis, Bacillus papil 
lae, entomogenous fungi such as Metarhiziam spp., Verti 
cilliam lecanii, nematodes such as Steinernema spp and 
Heterorhaba'itis. Alternatively, or in addition, the pest-con 
trolling compounds of the invention can be combined With 
synergists such as piperonyl butoxide, and With ultraviolet 
screening compounds of natural or synthetic origin. 

[0102] When used as an agricultural pesticide, the com 
pound of the invention is preferably applied usually in an 
amount of 0.01 to 500 g/100 m2. When an emulsi?able 
concentrate, Wettable poWder or ?oWables are used as 
diluted With Water, the compound is applied usually at a 
concentration of 0.1 to 1000 ppm, preferably 1 to 500 ppm. 
The granular or dust can be applied Without dilution. 

[0103] The amount or concentration of application, 
although exempli?ed above, can be suitably increased or 
reduced according to the type of preparation, time, place, 
method of application, kind of pest and extent of harm or 
annoyance suffered. 

[0104] The invention also contemplates the use of the 
above described [3-dione compounds in pest repellent, par 
ticularly insect repellent, compositions. Repellent composi 
tions contemplated by the present invention include those 
that are noxious to, and/or induce behavioural changes in, a 
pest. The latter compositions suitably comprise an activity 
including, but not restricted to, an antifeedant activity, an 
oviposition deterrent activity and an insect groWth regula 
tory activity. Insect repellent compositions in various dosage 
forms can be prepared by blending the above-described 
[3-dione compounds as active ingredients With a base of 
cosmetics or pharmaceuticals, Which are usually applied to 
human bodies or animals. They can be formulated in, for 
example, lotions, aerosols, milky lotions, creams or the like. 
These compounds can be further incorporated With other 
insect repellents, antioxidants, UV-absorbers, humectants or 
other additives. 

[0105] The above compounds or the above-prepared com 
positions of the present invention can be applied directly to 
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human bodies or animals. Besides, substrates, such as 
sheets, ?lms, nets, timber or the like, Which have prelimi 
narily been treated With the above compounds or composi 
tions by means of application, impregnation or blending, can 
also be used. 

[0106] The quantity of the above compounds to be for 
mulated in the noxious-insect repellents depends upon the 
dosage form, usage or other conditions. Suitable dosages 
may be selected from about 0.1% to about 90% by Weight. 

[0107] Thus, in another aspect of the present invention 
there is provided a method for controlling harmful, annoying 
or undesired pests, said method comprising exposing said 
pests to a pest-controlling effective amount of a composition 
comprising a [3-dione compound as broadly described 
above. Preferred embodiments of this type include exposing 
said pests to a pesticidally effective amount or a pest 
repelling effective amount of said composition. 

[0108] The terms “comprise”, “comprises” and “compris 
ing” and the like refer, unless the context requires otherWise, 
to the inclusion of a stated step or element or group of steps 
or elements but not the exclusion of any other step or 
element or group of steps or elements. 

[0109] The compositions and methods of the present 
invention may be applied to pests including, but not 
restricted to, insects, arachnids, helminths, molluscs, proto 
Zoa and viruses. For example, suitable insects that fall Within 
the scope of the present invention include those: 

[0110] (a) from the order of the lepidopterans (Lepi 
doptera), for example, Adoxophyes orana, Agrotis 
apsilon, Agrotis segetam, Alabama argillacea, Anti 
carsia gemmatalis, Argyresthia conjagella, 
Aatographa gamma, Cacoecia marinana, Capaa 
reticalana, Choristoneara?amiferana, Chilo partel 
las, Choristoneara occidentalis, Cirphis anipancta, 
Cnaphalocrocis medinalis, Crocidolomia binotalis, 
Cydia pomonella, Dendrolimas pini, Diaphania niti 
dalis, Diatraea grandiosella, Earias insalana, Elas 
mopalpas lignosellas, Eapoecilia ambigaella, Feltia 
sabterranea, Grapholitha funebrana, Grapholitha 
molesta, Heliothis armigera, Heliothis virescens, 
Heliothis Zea, Hellala andalis, Hibernia defoliaria, 
Hyphantria canea, Hyponzomeata malinellas, Keif 
eria lycopersicella, Lamba'ina ?scellaria, Laphygma 
exigaa, Leacoptera scitella, Lithocolletis blan 
cara'ella, Lobesia botrana, Loxostege sticticalis, 
Lymnantria dispar; Lymantria monacha, Lyonetia 
clerkella, Mana'uca sexta, Malacosoma neastria, 
Mamestra brassicae, Mocis repanda, Operophthera 
bramata, Orgyia pseadotsagata, Ostrinia nabilalis, 
Pandemis heparana, Panolis?ammea, Pectinophora 
gossypiella, Phthorimaea opercalella, Phyllocnistis 
citrella, Pieris brassicae, Plathypena scabra, 
Platynota staltana, Platella xylostella, Prays citri, 
Prays oleae, Prodenia sania, Proa'enia ornithogalli, 
Pseadoplasia inclaa'ens, Rhyacionia ?astrana, Scro 
bipalpala absolata, Sesamiainferens, Sparganothis 
pilleriana, Spodoptera ?igipera'a, Spodoptera lit 
toralis, Spodoptera litara, Syllepta derogata, Synan 
thedon myopaeformis, Thaamatopoea pityocampa, 
Tortrix viria'ana, T richoplasia ni, T ryporyza izcerta 
las, Zeiraphera canaa'ensis, 
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[0111] (b) furthermore Galleria mellonella and 
Sitotroga cerealella, Ephestia cautella, Tineola bis 
selliella; 

[0112] (c) from the order of the beetles (Coleoptera), 
for example, Anthonomus grandis, Anthonomus 
pomorum, Apion vorax, Atomaria linearis, Blas 
tophagus pinipera'a, Cassia'a nebulosa, Cerotoma 
trifurcata, Ceuthorhynchus assimilis, Ceuthorhyn 
chus napi, Chaetocnema tibialis, Conoa'erus Vesper 
tinus, Crioceris asparagi, Dendroctonus re?pennis, 
Diabrotica longicornis, Diabrotica 12-punctata, 
Diabrotica virgifera, Epilachna varivestis, Epitrix 
hirtipennis, Eutinobothrus brasiliensis, Hylobius 
abietis, Hypera brunneipennis, Hypera postica, Ips 
typographus, Lema bilineata, Lema melanopus, Lep 
tinotarsa decemlineata, Limonius californicus, Lis 
sorhoptrus oryzophilus, Melanotus communis, 
Meligethes aeneus, Melolontha hippocastani, 
Melolontha melolontha, Oulema oryzae, Ortiorrhyn 
chus sulcatus, Otiorrhynchus ovatus, Phaedon 
cochleariae, Phyllopertha horticola, Phyllophaga 
sp., Phyllotreta chrysocephala, Phyllotreta nem 
orum, Phyllotreta striolata, Popillia japonica, Psyl 
lioa'es napi, Scolytus intricatus, Sitona lineatus, 

[0113] (d) furthermore Bruchus ru?manus, Bruchus 
pisorum, Bruchus lentis, Sitophilus granaria, 
Lasioa'erna serricorne, Oryzaephilus surinamensis, 
Rhyzopertha dominica, Sitophilus oryzae, Tribolium 
castaneum, Trogoa'ernia granarium, Zabrotes sub 
fasciatus; 

[0114] (e) from the order of the dipterans (Diptera), 
for example, Anastrepha ludens, Ceratitis capitata, 
Contarinia sorghicola, Dacus cucurbitae, Dacus 
0leae, Dasineura brassicae, Delia coarctata, Delia 
radicum, Hydrellia griseola, Hylemyia platura, Liri 
omyza sativae, Liriomyza trifolii, Mayetiola destruc 
tor; Orseolia oryzae, Oscinellafrit, Pegomya hyos 
cyami, Phorbia antiqua, Phorbia brassicae, Phorbia 
coarctata, Rhagoletis cerasi, Rhagoletis pomonella, 

[0115] furthermore Aedes aegypti, Aedes vexans, 
Anopheles maculipennis, Chrysomya bezziana, 
Chrysomya hominivorax, Chrysomya macellaria, 
Cordylobia anthropophaga, Culex pipielis, Fannia 
canicularis, Gasterophilus intestinalis, Glossina 
morsitans, Haematobia irritans, Haploa'iplosis 
equestris, Hypoa'erma lineata, Lucilia caprina, Luci 
lia cuprina, Lucilia sericata, Musca domestica, M as 
cina stabulans, Oestrus ovis, Tabanus bovinus, 
Simulium damnosum; 

[0116] (g) from the order of the thrips (Thysan 
optera), for example, Frankliniella fusca, Franklin 
iella occidentalis, Frankliniella tritici, Haplothrips 
tritici, Heliothrips haemorrhoia'alis, Scirtothrips 
citri, Thrips oryzae, Thripspalmi, T hrips tabaci; 

[0117] (h) from the order of the hymenopterans 
(Hymenoptera), for example, Athalia rosae, Atta 
cephalotes, Atta sexdens, Atta texana, Hoplocampa 
minuta, Hoplocampa testua'inea, Iridomyrmes humi 
lis, Iridomyrmex purpureus, Monomorium phara 
onis, Solenopsis geminata, Solenopsis invicta, Sole 
nopsis richteri, Technomyrmex albipes; 
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[0118] from the order of the heteropterans (Het 
eroptera), for example, Acrosternum hilare, Blissus 
leucopterus, Cyrtopeltis notatus, Dysdercus cingu 
latus, Dysdercus intermedius, Eurygaster integri 
ceps, Euschistus impictiventris, Leptoglossus phyl 
lopus, Lygus hesperus, Lygus lineolaris, Lygus 
pratensis, Nezara viria'ula, Piesma quadrata, Solu 
bea insularis, T hyanta pera'itor; 

[0119] from the order of the homopterans 
(Homoptera), for example, Acyrthosiphon onobry 
chis, Acyrthosiphon pisum, Adelges laricis, Aonia'i 
ella aurantii, Aphidula nasturtii, Aphis fabae, Aphis 
gossypii, Aphis pomi, Aulacorthum solani, Bemisia 
tabaci, Brachycaua'us cara'ui, Brevicoryne brassi 
cae, Dalbulus maia'is, Dreyfusia nordmannianae, 
Drey?usia piceae, Dysaphis radicola, Empoasca 
fabae, Eriosonma lanigerum, Laodelphax striatella, 
Macrosiphum avenae, Macrosiphum euphorbiae, 
Macrosiphon rosae, Megoura viciae, Metopol 
ophium dirhodum, Myzus persicae, Myzus cerasi, 
Nephotettix cincticeps, Nilaparvata lugens, Perkin 
siella saccharicia'a, Phoroa'on humuli, Psylla mali, 
Psylla piri, Psylla pyricola, Rhopalosiphum maia'is, 
Schizaphis graminum, Sitobion avenae, Sogatella 
furcifera, Toxoptera citricida, Trialeurodes abutilo 
nea, Trialeurodes vaporariorum, Viteus vitifolii; 

[0120] k) from the order of the termites (Isoptera), 
for example, Calotermes ?avicollis, Coptotermes 
spp, Leucotermes ?avipes, Macrotermes subhyali 
nus, Nasutitermes spp such as Nasutitermes walkeri, 
Odontotermes formosanus, Reticulitermes lucifugus, 
T ermes natalensis; 

[0121] (1) from the order of the orthopterans (Ortho 
ptera), for example, Gryllotalpa gryllotalpa, Locusta 
migratoria, Melanoplus bivittatus, Melanoplus 
femur-rubrum, Melanoplus mexicanus, Melanoplus 
sanguinipes, Melanoplus spretus, Nomaa'acris sep 
temfasciata, Schistocerca americana, Schistocerca 
peregrina, Stauronotus maroccanus, Schistocerca 
gregaria, 

[0122] furthermoreAcheta domestica, Blatta ori 
entalis, Blattella germanica, Periplaneta ameri 
cana; 

[0123] (n) from the order of the phthirapterans 
(Phthiraptera), for example, Mallophaga, such as 
Damalina spp., and Anoplura such as Linognathus 
and Haematopinus spp.; 

[0124] (O) from the order of the hemipterans (Hemi 
ptera), for example, Aphis, Bemisia, Phoroa'on, 
Aeneolamia, Empoasca, Parkinsiella, Pyrilla, 
Aonia'iella, Coccus, Pseudococcus, Helopeltis, 
Lygus, Dysdercus, Oxycarenus, Nezara, Aleyrodes, 
Triatoma, Psylla, Myzus, Megoura, Phylloxera, 
Adelges, Nilaparvata, Nephotettix or Cimwx spp.; 

[0125] from the order of the siphonapterans 
(Siphonaptera), for example, Ctenocephalides or 
Pulex spp.; 

[0126] (q) from the order of the thysanurans (Thysa 
nura), for example, Lepisma spp.; 
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[0127] (r) from the order of the dermapterans Der 
maptera), for example, For?cula spp.; and 

[0128] (s) from the order of the psocopterans (Pso 
coptera), for example, Peripsocus spp. 

[0129] Arachnids contemplated by the present invention 
include, but are not limited to, spiders and scorpions and 
especially mites such as phytophagous mites (Acari), such 
as Aculops lycopersicae, Aculops pelekassi, Aculus schlech 
tendali, Brevtpalpus phoenicis, Bryobia praetiosa, E0tet 
ranychus carpini, Eutetranychus banksii, Eriophyes shel 
doni, Oligoinychus pratensis, Panonychus ulmi, 
Panonychus citri, Phyllocoptruta 0leiv0ra, Polyphagotar 
sonenmus latus, Tarsonemuspallia'us, Tetranychus cinna 
barinus, Tetranychus kanzawai, Tetranchus paci?cus, Tet 
ranychus urticae, ticks, such as Amblyomma americanum, 
Amblyomma variegatum, Argas persicus, Boophilus annu 
latus, Boophilus decoloratus, Boophilus microplus, Derma 
centor silvarum, Hyalomma truncatum, Ixoa'es ricinus, 
Ixoa'es rubicundus, Ornithoa'orus moubata, Otobius meg 
nini, Rhipicephalus appendiculatus and Rhtpicephalus 
evertsi, and animal-parasitic mites, such as Dermanyssus 
gallinae, Ps0r0ptes ovis and Sarcoptes scabiei. 

[0130] Helminths falling Within the scope of the present 
invention may be selected from cestodes such as ?sh tape 
Worm, pork tapeWorm, beef tapeWorm, and dWarf tape 
Worm; trematodes such as from the genera Metagonimus and 
Heterophyes; and nematodes such as but not limited to 
?lariid, ascarid, strongyle and trichostrongyle nematodes of 
the genera Acanthocheilonema, Aelurostrongylus, Ancylos 
toma, Angiostrongylus, Ascaris, Brugia, Bunostomum, Dic 
tyocaulus, Dioctophyme, Dtpetalonema, Diro?laria, Dra 
cunculus, Filaroides, Lagochilascaris, L0a, Mansonella, 
Muellerius, Necator; Onchocerca, Para?laria, Parascaris, 
Protostrongylus, Setaria, Stephano?laria, Strongyloia'es, 
Strongylus, T helazia, Toxascaris, Toxocara, Trichinella, 
Uncinaria and Wuchereria. 

[0131] Suitable molluscs include those of the Gastropoda 
class examples of Which include snails, slugs, conchs, and 
Whelks. 

[0132] ProtoZoa may be selected for example from Plas 
modia, Toxoplasma, Leishmania, T rypanosoma, Giara'ia, 
Entamoeba, Acanthamoeba, Nagleria, Hartmanella, Balan 
tidium, Babesia, Cryptosporia'ium, Is0sp0ra, Micr0sp0 
ridium, Trichomonas or Pneumocystis species. 

[0133] Viruses may be selected from RNAviruses or DNA 
viruses, Which include but are not limited to Human Immu 
node?ciency Virus (HIV), Poliovirus, In?uenza virus, Rous 
Sarcoma virus, Flaviviruses such as Japanese encephalitis, 
In?uenza virus, Respiratory Syncytial Virus, Hepatitis virus, 
Parvovirus, Rotavirus, Coronavirus, Adenovirus and Herp 
esviruses such as Papillomavirus and Epstein-Barr virus. 

[0134] The present invention also extends to methods for 
producing resistance in plants to pests including, but not 
limited to, insects, arachnids, helminths, molluscs, protoZoa 
and viruses by crossing a plant expressing a [3-dione com 
pound according to the invention With pest susceptible lines. 
Crossing a [3-dione-producing plant into a pest susceptible 
background Would produce a resistant plant With a high level 
of pest resistance. Plants that could be made pest resistant 
include, but are not limited to, dicotyledonous plants, espe 
cially trees and more especially members of the Myrtaceae 
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family. For example E. cloeziana commonly knoWn as 
Gympie Messmate is one of the many Eucalyptus species 
groWn for hard Wood production. HoWever the oil present in 
this chemotype does not contain [3-diones and hence an intra 
species cross With the unique North Queensland tasmanone 
chemotype Would introduce this phenotypic trait. Such a 
process Would be readily applicable to other Eucalyptus 
species of commercial interest. Interspeci?c crossing Within 
the Myrtaceae family is Well established to those skilled in 
the art and inclusion of [3-dione as an additional trait into 
formal breeding programs is acknoWledged. 

[0135] Suitable [3-dione-producing plants may be selected 
from the families Alliaceae, Apiaceae, Asteraceae, Canna 
binaceae, Lamiaceae, Pteridaceae, Myrtaceae, Myopora 
ceae, Proteaceae, Rutaceae and Zingiberaceae. Preferably, 
the volatile oil-bearing plant is selected from genera of the 
Myrtaceae family including, but not limited to, Angophora, 
Austromyrtus, Backhousia, Baeckea, Callistemon, Corym 
bia, Darwinia, Eucalyptus, Kunzea, Leptospermum, Mela 
leuca, Syzygium and Xanthostemon. Preferred 16-dione 
producing plants are Leptospermum mornsonii, Eucalyptus 
bensonii, Eucalyptus megacornuta, Eucalyptus pilularis, 
Eucalyptus cornuta, Eucalyptus baxteri, Eucalyptus macro 
rhyncha, Eucalyptus cloeziana, Melaleuca cajuputi, Euca 
lyptus jensenii, Backhousia angustifolia and Leptospennum 
scoparium. Aparticularly preferred [3-dione-producing plant 
is Eucalyptus cloeziana. 

[0136] As used herein, the term “plant” includes reference 
to Whole plants, plant organs (e.g., leaves, stems, roots, etc.), 
seeds and plant cells and progeny of same. Plant cell, as used 
herein includes, Without limitation, seeds suspension cul 
tures, embryos, meristematic regions, callus tissue, leaves, 
roots, shoots, gametophytes, sporophytes, pollen, and 
microspores. The class of plants Which can be used in the 
methods of the invention is generally as broad as the class 
of higher plants amenable to transformation techniques, 
including both monocotyledonous and dicotyledonous 
plants. 

[0137] Thus, the present invention contemplates conven 
tional plant breeding methods to transfer the genetic material 
associated With [3-dione production via crossing and back 
crossing. Such methods Will comprise the steps of: (1) 
sexually crossing the [3-dione-producing plant With a plant 
from a pest susceptible taxon; (2) recovering reproductive 
material from the progeny of the cross; and (3) groWing 
[3-dione-producing/pest-resistant plants from the reproduc 
tive material. Where desirable or necessary, the agronomic 
characteristics of the susceptible taxon can be substantially 
preserved by expanding this method to include the further 
steps of repetitively: (1) backcrossing the pest-resistant 
progeny With pest-susceptible plants from the susceptible 
taxon; and (2) selecting for expression of a [3-dione (or an 
associated marker gene) among the progeny of the back 
cross, until the desired percentage of the characteristics of 
the susceptible taxon are present in the progeny along With 
the gene or genes imparting [3-dione activity. 

[0138] By the term “taxon” herein is meant a unit of 
botanical classi?cation. It thus includes, genus, species, 
cultivars, varieties, variants and other minor taxonomic 
groups Which lack a consistent nomenclature. 
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[0139] In order that the invention may be readily under 
stood and put into practical effect, particular preferred 
embodiments Will noW be described by Way of the following 
non-limiting examples. 

EXAMPLES 

Example 1 

[0140] [3-Triketone-Containing Oils Obtained from Aus 
tralian Myrtaceae Species 

[0141] Australia has an extensive number of volatile oils 
from species of the Myrtaceae that are rich in a diversity of 
structurally related constituents knoWn as [3-triketones. 
These oils often shoW not only a high yield of oil, but also 
a high degree of biosynthetic selectivity that produces 
[3-triketones in a high proportion of the oil composition. The 
major constituents of the published Myrtaceae essential oils 
(Hellyer, 1968; Boland and Brophy, 1990, 1993; Brophy, et 
al., 1995; Bignall et al., 1997; SouthWell and Brophy 2000) 
are listed in Table 1 and their structures are included in FIG. 
1. 

TABLE 1 

[5-TRIKETONE PROFILES OF AUSTRALIAN 
ESSENTIAL OILS 

Species Yield |3—Tri_ketone (%) Distribn 

Backhousia angusttfolia 2.5 Angustione (85) OLD 
Backhousia angusttfolia 2.5 Dehyroangustione (80) OLD 
Eucalyptus cloeziana 3.0 Tasmanone (95) OLD 
Eucalyptus suberea 1.4 Tasmanone (94) WA 
Eucalyptus lateritica 0.9 Tasmanone (37), WA 

lateriticone (14) 
Eucalyptus cam?elalii Tasmanone (40) NSW 
Leptospermum scoparium 0.4 Leptospermone (19), NSW, NZ 

Flavesone (8), 
Isoleptospermone (5) 

Eucalyptus granalis 0.6 Leptospermone (20), NSW 
Flavesone (13), 
Isoleptospermone (3) 

Eucalyptus agglomerata Agglomerone (40) NSW 
Eucalyptus mckieana Agglomerone (60) NSW 
Eucalyptus bensonii 2.5 Agglomerone (72) 
Eucalyptus insularis 1 Agglomerone (19) WA 
Eucalyptus jensenii 0.3 Jensenone (70) NT 
Eucalyptus papuana 0.7 Papuanone (40) Nth Aus 
Leptospermum morrisonii 1.8 Grandiflorone (58) NSW 
Melaleuca cajeputi Platyphyllol Nth Aus 
Xanthostemon Xanthostemone 
opposittfolius 

[0142] The [3-triketones obtained from selected Myrta 
ceous volatile oils Were shoWn to have signi?cant insecti 
cidal and/or acaricidal activity. 
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TABLE 2 

PERCENTAGE MORTALITY OF THREE EFFICACIOUS 
OILS 

Diamond 
TWo Spotted Mite Back Moth 
% Mortality % Mortality 

Species (0.5%/1.0%) (0.5%/1.0%) 

Backhousia angusttfolia 98/98 100/100 
Backhousia angusttfolia 100/100 100/100 
Eucalyptus cloeziana 100/100 70/100 

[0145] Insecticidal tests using the oil from fresh plant 
recollections and steam distillations varied occasionally and, 
in this regard, it is believed that improving storage condi 
tions including temperature, light and exposure to air and 
inclusion of a dessicant can enhance the stability of the 
active fraction of such oils. 

[0146] E. cloeziana oil continued to shoW high potency 
against both insect tests. This oil exhibited an LD95 betWeen 
0.04-0.20% (depending on formulation and treatment) 
against tWo-spotted mite. An LD95 of 0.10% Was observed 
against 1St instar lavae of diamond back moth and this rose 
to 0.78% When tested against 3Id instar lavae. In additional 
preliminary investigations With greenhouse thrips (Helio 
thrips haemorrhoia'alis), a 0.1% concentration of E. cloezi 
ana oil induced 100% mortality. 

[0147] Additional Work Was carried out on the E. cloezi 
ana oil to explore the contribution the various components 
make to the overall efficacy of this oil. Fractions 1, 3, 4, and 
5 outlined in Example 3 Were screened against tWo-spotted 
mite. Fractions 1 and 5 shoWed no signi?cant insecticidal 
effect. Fractions 3 and 4, comprising 98% and 99% tas 
manone Were active and shoWed little difference to the 
activity of the Whole oil. 

[0148] This suggests that not only is tasmanone the prin 
ciple component in the oil, but it is also the principle 
bioactive constituent. It is also reasonable to assume that as 
the activity of E. cloeziana oil has been demonstrated 
against a number of different arthropod species, namely a 
mite urticae), a caterpillar (R xylostella) and a thrips (H. 
haemorrhoia'alis), its insecticidal activity is broad in nature. 

Example 3 

[0149] Chemistry 
[0150] Chemical analysis (GC-MS) of the steam-distilled 
oils from the collected plants in this Work are summarised in 
Table 3. 

TABLE 3 

[5-TRIKETONE PROFILES OF SELECTED OILS 

Plant Source Principle Component" (%) Example 2 

[0143] Insecticidal Activity 

[0144] Initial insecticidal screening against tWo important 
arthropod species, tWo-spotted mite (Tetranychus urticae) 
and diamond back moth (Plutella xylostella) lavae high 
lighted three oils on the basis of efficacy, oil yield, oil pro?le 
and ease of recollection (Table 2). Where feasible, the LD5O 
and LD95 values Were determined. 

Backhousia angusttfolia-I 
Backhousia angusttfolia-II 
Backhousia angusttfolia-III 
Backhousia angusttfolia-IV 
Eucalyptus cloeziana 

Dehydroangustione 85% 
Dehydroangustinone (80%) 
Angustinone (65%) 
Angustinone (28%) 
Tasmanone (84-96%) 

Melaleuca cajuputi subsp platyphylla Platyphyllol (64-71%) 

*As determined by gas chromatography 


















































