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- pests such as
animal s from
. EIELD OF THE INVENTION
'This invention relates to s nergistic insect
repellent compositions, in particular compositions based
5 on insect repellents such as p-menthane-3,8-diols and as
synergist acetals, particularly those resulting from the
acid catalysed cyclization of citronellal.
BACKGROUND ART
Compositions that repel insects, particularly insect
-10 pests such as mosquitoes, flies and fleas, are widely used
to prevent animals from being bitten by such insects. The
importance of preventing biting is essentially two-fold.
Firstly, there are a number of insects which are capable
. o. infecting animals with disease causing parasites, an
15 example Being the transmission of Plasmodium by mosquitoes
to cause malaria. Secondly,-in many cases whether disease
is transmitted or not, the bite can be extremely
irritating.
Of course, man is one animal that suffers from L_ting:
20 insects. Man also suffers irritation from non-biting,
annoying insects such as domestic flies and from insects
that transmit disease by contact.
The prior art discloses many compositions having
repellency to some or a number of insect species. Of
25 these compositions, the most widely used includes the
active ingredient N N-dlethyl-m-toluamlde (DEET).
Generally, compositions based on DEET are in the form
of lotions or aerosols to be applied or sprayed onto the
\ exposed skin. Such compositions may include a variety of
30 other ingredients such as film forming agents to enhance
substantivity to the skin and potentiators such as those
disclosed in WO89/06904-A. .
Although DEET contairfing composxtzons are relatlvely
effective particularly in"repelling domestlc flles and
35 mosquitoes, concerns have been expressed ‘about its
toxicity to humans.
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Thus in Nishimura et al. Agric. Biol. Chem. 46(1) 318
(1982), the authors disclose the isolation of cis and
10 trans p-menthane-3,8-diols in the form of racemic mixtures
from Eucalyptus citriodora. In addition (+) and (-) cis
and (+) and (-) trans isomers were synthesized. All

-
-

compounds were tested for their effectiveness as plant
growth regulators but no mention is made of any insect
15 repellent properties.

In an earlier publication, J. Am. Chem. Soc. 15, 2367
(1953), Zimmerman and English report the synthesis of the
cis and trans p-menthane-3,8-diols, designated Va and Vb
respectively, through the acid cyclization of

20 citronellal. Again no mention is made of any insect
repellent properties.

In JP60-199804-A (Nippon Kayaku KK), it is disclosed
that the cis and trans p-menthane-3,8-diols are effective
insect repellents, as are a number of analogues. This

25 patent application teaches that the p-menthéne;3,8-diols
may be prepared using the method disclosed in J. Am. Chem.
Soc. 15, 2367 (1953). Using (+)-citrdhellal as the
starting material and a reaction time of 27 hours at room
temperature cis:trans p-menthane-3,8-diols in a ratio of

30 5:2 are obtained. These compounds are obtained in pure
form following chromatographic separation and
recrystallization. There is no mention of the use of the
so-purified p-menthane-3,8-diols with any other insect
repellent.

35 . EP 367140-A (Takiron Co. .Ltd) also relates to the use
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of p-menthane-3,8-diocls as insect repellents. This
application teaches slow-release compositions wherein the
- diols are included in compositions with an ethylene/vinyl
acetate copolymer.
5 Although the p-menthane-B 8-diols are effective
- insect repellents, even the most efficient routes of

synthesis currently known results in products that are so
costly that repellent compositions lncludlng these
menthanediols are too expens;ve compared with known

10 alternatives.

However, in view of the effectiveness of the
menthanediols, considerable effort has been put into
developing more cost efficient routes of synthesis.

To that end the present applicants in investigating

15 more efficient routes of synthesis pursued a synthetic
route in which the starting material, citronellal, was
subjected to acid catalysed cyclization (Prins reactionj.
This reaction causes the cyclization of the citronellal to
produce an impure mixture of 40-45% cis and trans

20 p-menthane-3,8-diols and is essentially the method
disclosed in J. Am. Chem. Soc. 15, 2367 (1953). This
impure mixture also includes unreacted citronellal,
compounds having a boiling point about the same as or
lower than citronellal and high boiling point compounds.

25 As it has been found that the cis isomer is more
active than the trans isomer, the cis isomer may be
isolated from the above mixture and used in its pure
form. For the purposes of comparison, the cost of the
impure mixture is significantly lower than that of cis

30 isomer of 99% purity. ’

SUMMARY OF THE INVENTION

-Because of the relatively low cost of the
aforementioned impure mixture, the present applicants
evaluated the insect reépellency of the mixture. It was

35 found to be unsatisfactory. It was, however, found that
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expected in view of the increased concentration of the
p-menthane-3,8-diols.
The present invention therefore provides an
insect~-repellent composition comprising one or more insect
10 repellents of the formula X:

Ry

15

20

wherein Ry is hydrogen or an alkyl group containing 1-4
25 carbon atoms; and R4 and R5 are the same or different.

and are alkyl groups containing 1-4 carbon atoms; and a

synergistic amount of at least one compound cf the

formula 2:
R3

30
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di sclosed in J. Am Ch
the starting material a &
ci s:trans p-nenthane- 3, tio ofg5.2 are obtai ngd. ThBSBLACED
conpounds are obtained in pure formtollow ng chromatographi© separation
and recrystallization. There~is mo-fention of the use of the so-purified
. p-nent hane- 3, 8-yheksimi RN aﬂ% 2hAeR_| 888Chs' 88£LheA above, EP 367140-A
. (Takiron Co. Ltd) alspo ref at i tg {Ae use
~ characterized in that the composition is
substantially free of insect repellents having a boiling
point less than about 80°C at a pressure of 4mm Hg.
5 Such a composition may be prepared by the acid

catalysed cyclization of the citronellal derivative

Ry
10 '

15

20 followed by partial purification of the reaction mixture.
The diol X results from the reaction of the protonated
-starting material with water. Alternatively, the diol X
may reversibly react with further starting material under
the acid-catalysed conditions to give the bicyclic

25 acetal Z. i

DISCIOSURE QF THE INVENTION
The present inventors have found that it is a group
of high molecular weight compounds of boiling point
substantially higher than the p-menthane-3,8-diols that

30 are synergistic with the p-menthane-3,B8-diols. This high
molecular weight group includes two main components which
are acetals, of the formula C and-:D:
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20
25 Each of these components comprises a miiture of two

diastereoisomeric compounds, epimeric at the acetal
carbon. It is to be understood that relatlve
stereochemistry only is depicted in the structures: no
limitation as to absolute configuration is intended, and
30 the enantiomers of the structures-depicted also fall
| within the scope of the invention.

.It is believed that by removing the unreacted
citronellal and other low boiling point compounds,
synergism between the p4menthane-3,8-diols and these

35 acetals was able to be observed as the low boiling point
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éﬂﬁuit may well be that repellency of the synergistic
mixture occurs as a result of an entirely different
mechanism. In particular, it should be noted that
citronellal is in itself a repellent, though its
effectiveness is relatively low and short-lived. One
might therefore expect that a mixture of citronellal and
p-menthane-~3,8~diols would have an enhanced repellency but
this was found not to be the case. This suggests that
citronellal acts as an antagonist in these compositions.

These acetals are known compounds being disclosed by
Stoll and Bolle, Helv. Chim. Acta, 31, 1 (1948). This
paper discloses on page 1, a compound (II) being an acetal
that may be formed by the acid hydrolysis of the
bisulphite addition compound of citronellal. O: page 4,
the synthesis of acetal (II) is described where the
compound is found to have a boiling point of 127-130°%
at 0.03mm Hg. However, there is no hint or suggéstion in
this paper as to any utility of this acetal. It must also
be realized that the authors did not isolate one pair
of diastereoisomers from the other and in féétﬁdid not
even acknowledge the existence of more than one
diastereoisomer. Accordingly, componé;ts Cand D
mentioned above, having only now been isolated, are novel
over the disclosure of this paper.

It should be further noted that none of the
aforementioned disclosures, Agric. Biol. Chem. 46 (1) 319
(1982), J. Am. Chem. Soc. 15, 2367.(1953), JP60-199804-a
or EP367140-A teach or suggest the combination of these
acetals with the p-menthane-3,8-diols. Those references,
in using the acid cyclization.of citronellal to form the
p-menthane-3,8-diols, could inherently include these
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present invention ther an i nsect-repellent conposition

conprising one or nore insect _ :
' acetals in combination with the diols on completion of the

cyclization reaction. However, the completed reaction
mixtures will also include unreacted citronellal and, as
taught above, this cdmpound must be removed in order to
5 obtain the synergism between the p-menthane-3,8-diols and

the acetals.

In this regard it should be particularly noted that
in JP60-199804-A, the cis and trans p-menthane-3,8-diols
are isolated and purified in a manner such that, if

10 acetals were present in the reaction mixture, the

so-obtained purified diols would be.acetal~free.
Similarly, Clark et al., J. Org. Chem. 49 4557 (1984)

in studying reaction rate enhancement and stereochemical
course of reaction of the acid catalysed cyclization of

15 citronellal to form cis and trans p-menthane-3,8-diols
identify two isomeric isopulegols as reaction products,
but no others. , :

The p-menthane-3,8-diols fall within the scope of

compounds of the formula X when R3, R4 and R5 are

20 methyl groups, and are preferred insect repellents of the
present invention. p-Menthane-3,8-diol is 2-hydtoxy-a,
a,4-trimethylcyclohexanemethanol and has four possible
diastereoisomers, all of them pairs qf enantiomers,
arising from the three chiral centres at the

25 1, 2 and 4 carbon atoms. These may be denofédu
(la,2a,4a)-, (la,2a,4b)-, (la,2b,4a)- and '
(la,2b,4b)~, although the applicanté-afé not aware of
the first of these having been synthesized. The
diastereoisomers most commonly used as insect repellents

30 are the (1la,2a,4b)- form, commonly referred to as
cis-p-menthane-3,8-diol, and the (1a,2b,4b)- form,
commonly referred to as trans-p-menthane-3,8-diol, shown
respectively in formulae A and B:

4
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These are the two diastereomers that are generally formed
from the acid cyclisation of citronellal - see J. Org.
Chem. 49, 4457 (1984). The abscolution configuration of
the diols will depend upon whether the (+) ¢ (=)

15 enantiomers of citronellal are used or the racemic mixture
(x)-citronellal.

All of the stereoisomers of the p-menthane-3,8-diols
are within the scope of the present invention,
particularly those arising from the acid cyclization of

20 the (+) isomer and the racemic mixture. Mixtures of the
cis and trans p-menthane-3,8-diols are particularly
preferred, generally in a weight ratio of 2.5:1 to 1.4:1.

The compounds of the formula 2 are acetals,

preferably with either or all of the groups R3; Rye

25 Rg methyl. Most preferably a compound of the formula 2
is: ’ 4 i
30
o :
o/l/\)/\/\(
35
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Preparation of this by the acid cyclization of

racemic citronellal will give the various diastereoisomers
of formula E: '

‘5
X o
10 H
7 e
R - '
15
£
20
Particularly preferred compounds of the formula Z
comprise the two diastereoisomers of formula C and D:
25
~ I‘l"o -
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or the enantiomers thereof. _
The components C and D may be included individually
in the compositions of the invention, preferably as a
mixture. When used as a mixture in a composition
including p-menthane-3,8-diols, a particularly desirable
method for forming such compositions is to acid cyclize

characterized"
r epel | BATAURIV08B43a

Hg. Such a
zati o Qs e s BEEN
: REPLACED
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citronellal. The products of such a reaction will include
the diols and acetals of formulae C and D. Conveniedtly,
the unreacted citronellal and other low boiling compounds
may be removed by fractional distillation to give a
synergized insect repellent composition that can then be
used as a base to form a variety of insect repellent
products. Such products include personal use products

such as aerosols, lotions, gels, roll-ons, pumps and

sticks; foggers and bombs; vaporizers
use for example in repelling moths from clothing;
aerosols, pumps and powders for use on animals including

and ministrips for

domestic pets; and electrically operated vaporizers.
Preferably, fractional distil.ation will be conducted

such that compounds of boiling po.nt less than about
80°C at 4mm Hg, most preferably.less than about 100°C

at 4mm Hg will be removed.

The synergized compositions of the invention will

generally include the insect repellent of formula X or Y
and compound of the formula 2 in a weight rétip of from
99:1 to 1:99. A preferred range is 38:1 to 1:19, most

preferably 19:1 to 1.6:1.

is 3.5:1 to 1.3:1.

A particulé%ly preferred ratio

When a composition includes compounds of the formula
C and D and the mixture of cis-p-menthane-3,8-diol and
trans-p-menthane-3,8-diol, it is prefe

red that they are

included in concentrations of 20-40% w/w and 57-63% w/w

respectively, with the diols in a weight ratio of 1.6:1 to

1.4:1.

T
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a group of high nol ecul ar wei ght  conmpounds of boiling point g
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co onents whi ch J ’
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invention, a series of tests was conducted using a number
of compositions of varying cis and trans p-menthane-3,8-
5 diol content in the presence and absence of acetals of
formula C and D. These tests sought to evaluate
repellency against mosquitoes and domestic flies.
- A typical test protocol used to determine repellency,
in this case against flies, was as follows:
10 Target Insect:
Housefly Musca domestica

Due to the erratic appearance of the various nuisance
flies in the field, caged houseflies were used in the
trial. The flies were bred in the insectary of Agrisearch

15 Se:vices.Pty Ltd, at Orange, New South Wales, Australia.
Breeding populations were originally collected from
natural populations in the central west of New South
Wales. Similar reactions to repellents have been found
with the housefly and the other nuisance fly, the bushfly

‘20 Musca vetustissima.

Treatment Method:

0.7 gram of the lotions was weighed onto small pieces
of plastic and then rubbed evenly over one forearm of the
volunteer. The treatment area was from the elbow to the

25 knuckles. The other arm was left untreated. Each
treatment was replicated four times. One fem&ie and three
males were the test subjects. For each replicate, the
volunteers were treated with a different formulation.

Test Cages and Number of Flies:

30 Nine wire cages each 25cm 3_25cm x 40cm, with cotton
cheese cloth covers and a plastic window were used as the
testing assemblies. Approximately 150 mixed adult 4-8 day
old flies were released into each cage at the start of
each replicate. Sufficient numbers of flies were present

35 so that fly landings on the untreated arm were
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approximately 100 over a 60 second assessment.
Assessments:

Assessments were made 1, 2, 3, 4, 5 and 6 hours after
the treatments were applied. At each time the treated arm
was introduced into a cage and the number of direct fly
landings counted from the elbow to the knuckles over a 60
second period. Each cage was disturbed every 5 to 10
seconds and then the drm kept still as the count was
made. The total of the 60 second count was recorded and
then the untreated arm introduced into the cage and
similar counts carried out. To allow for any bias that
could occur in the brder that arms were intrdduced, the
whole process was repeated in an adjoining cage with the
untreatgd arm introduced first.

% Repellencies were calculated using the following
formula:

SR = (C-T) x 100
Cc

C = Number of flies landing on untreated arm

T = Numbexr of flies landing on treated arm

In each test, lotion type formulations were tested
with a range of conéentrations of cis and trans
p-menthane-3,8-diols and acetals of formuléé q and .D.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph of % repelledcy achieved against
mosquitoes of the species Aedes aegypti with varying
levels of compositions including cis and trans
p-menthane-3,8-diols with and without acetals of formulae
C and D. These .cetals are referred to on the graph as
“heav;es"

In Figure 1 there is shown a graph of the results
obtained against mosquitoes. From this it is evident that
the -only compositions of 100% or greater repellency were
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those that included the acetals. Furthermore, generally
compositions including the acetals had greater repellency
than those without but having the same menthanediol.
content. This is particularly evident at about the 10%
menthanediol level, where repellency of about 105% was
obtained with 6% acetal content.

For the sake of clarity, some of the specific acetal
containing compositions repellency results are shown below
in Table I.

THIS SHEET HAS BEE)
REPLACED

TABLE 1
% Repellancy Acetal Content(%w/w) Diol Content(%w/w)
52 9.75 : 6.0
106 6.0 10.8
100 . 13.0 11.9
105 8.25 - 13.4
100 10.0 16.2
114,100 0.6 22.7
103 1.3 22.7
103 1.1 32.1

The results shown in Figure 1 clearly indicate the
synergistic nature of the combination of the cis and trans
p-menthane-3,8-diols and the acetals of formula C and D, '
when used for repelling mosquitoes. Thus, it will be seen
that the line on the graph indicates a clear trend of
increasing repellency with increasing conceﬁt:ation of
diols alone. On the other hand, substantiallf'all of the
repellency results for the menthanediél and acetal
combination are above this trend line.

It should be noted that when the acetals were tested
alone, they were found to be subtantially non-repellent.

In a further series of tests, pairs of formulations,
one of the pair having a relatively high concentration of
menthanediol and a low concentratibn of acetals C and D
and the other of the pair having a relatively low

g
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believed that by renoving the unreacted citronellal and other Tow boiTTNg
poi nt conpounds, synergi sm between the p-nenthane-3,8-diols and these

. acetal s was ablGONGEFramion \Rf nenthanedipb@nd my polatively high

concentration of acetals C and D, were tested for
-fepellency against mosquitoes and flies. Each formulation
was in the form of a lotion. These lotion formulations

5 were as follows:

FORMULA
% w/w
Ingredient A.B' C° o 1 ELE' G Ho
Glycerol 10 - - - - -
10 Denatured absolute 52 40 35 53.4 40 38.5
ethanol
Water 14  36.2 31.4 20.0 36.4 30.2
Crodolan AWS 2.4 2.0 2.0 - 2.0
Carbopol 3940 0.8 0.6 0.6 0.8 0.6
15 Teric 16M15 0.8 1.0 1.0 0.8 1.0
Active See Table II
Crodolan is a trade mark of Croda Chemicals
Carbopol is a trade mark of B.F. Goodrich & Co.
Teric is a trade mark of I.C.I.
20 The results of these tests are shown in Table II.
TABLE II
EXHIBIT FORMULA % COMPOSITION REPELLANCY
‘ P-menthane-3,8-diols (% of control)
25 : C1s TRANS  ACETALS MOSOUITO . FLIES
1 Al 18 1 1 120 107
B' 7.4 3. 67 106 111
. 2 c 18 1 1 75 103
30 D' 11.1 5.1 10 100 113
3 E' 15 7.75 0.6 100 96
F* 8 5.25 8.25 105 95
35 4 G' 18 1 50 83
H 1.5 16.8 7.8 ‘75 . 106
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. coﬁbbunds i d ' : e g the p-nenthane:é,B- ' ' |
acetal s frg)ﬂ ?ﬂ& el |l ent -elr formed i nmmedi ately abovech#é.iggfﬂég:’

| ir | |
Di spl acement occurs owfSgace BesBaen Bplcet o ol atility of the Io i
poi nt conpounds. This I ; l.entirely theoretical and|iTHFgyitké/HAS BEEN
be that repellency of B i c mi:xturpgoecurs as a resiil t ofRREH-ACED

entirely different nechanism In particular, it should be note&d that
-citronellal is initself a repellent, though its effectiveness is
_relatively | ow and sNotfchingethatninhepdmtinethé orepekpencyt nasuldtsi arere

- of citronellal p a , Badl | dedave, abe003ReRH £RRE! cy
but this was fdﬁﬁgtn%?ﬁgggbgﬁ%ﬁegggggééﬁﬁgg ?%gbgg%sﬂ?hat citrone?ﬁa#ﬁgcts
as an ant agoni-slevelt pészepshkpentyi cas.be maintained even when the
menthanediocl concentration is lowered, by increasing the
5 level of acetals. This finding is important in that given

a level of acceptable repellency, a lower level of

menthanediol may be used in conjunction with sufficient of
the acetals to maintain repellency.

Alternatively, if an enhanced level of repellency is

10 required, menthanediol concentration can be maintained
with an increased level of acetals being used to achieve
the higher repellency. . '

In the former cése, it is evident that a lower cost
effective composition may be produced. In the latter

15 case, a éomposition of greater activity may be produced at
a lower cost than would otherwise be possible.

As previously mentioned a convenient method for
forming preferred synergistic insect repellent
compositions of the invention is to subject citronellal to

20 acid catalysed cyclization. Specifically, these
compositions have been formed as follows:

1. 4kg citronellal is reacted with 20kg of 5% sulphuric
acid for a period of at least 5 hours, preferably 24
hours. The mixture is stirred throughout the reaction

25 which is conducted under ambient.conditions;ap a
temperature not less than 10°c. _ i
2. At the completion of the reactior) the mixture
contains about 15-20% low boiling materials, including
citronellal about 50-60% p-menthane-3,8-diols and about
30 20% acetals. .
3. The organic phase of the reaction mixture is
extracted with toluene, washed with water then 2%
bicarbonate solution. i
4. The washed organic phase is then subjected to
35 fractional distillation at 4mm Hg. Distillation results
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. Theé'e acet 29‘6 F rown—conpourds—betrng di scl osed by St%ll anWAUgl/om;;v _
Chim Acta, 31, 1 lﬂu@hstﬂﬂﬁe& %Igd di scl oses on page 1, a conpound (I1)

bei ng an acetal that y the acid hydrolysis of
addi ti on conpound of Page 4, the synthesis ¢f TRISSHEE W$iBEEN
i S described where th ound tolhave a boiling pdjint OFEP
127-130[err] C at O. 03nn1kg Fbmever there is no hint or suggéestion in

- this paper as to apy utility of this ac taI | t | so be real i zed that
“the authors di #*n&t® IEFVETILE SRR &P HF&?tgPESE 5ﬁ§F§ %t her and

.in fact did nOErﬁttﬂo&Cb&Q\Miﬁégﬁtt eBogxi §08aceooP crmreh@wmmenal
Srastereol someyy SRR B 3 SRMR0REL Gt B R LoD P U Y 1
I't shoul d be f@ocher noted t hat none of the aforenentioned disclosures,
JAggbclgglsglzlsAcg?m ng’?( é& i%?'e %‘%‘%ﬁj"&A n%’hgﬁgn}:’c? Pnat] &l%%f%’{]e{?%%)’
acetals with taboptmd.Qo @heiacaudeslsiSTnogetranerpnmegthane-B g8-diols
and the acetals C and D.
The citronellal starting material can be
substantially pure (+), (-) or (%), or may be a Eucalyptus
10 citriodora oil containing about 85% citronellal.
Compositions suitable for applications to the human
skin may be readily producéd by those skilled in the art.
Such compositions include particularly aerosol and lotion
forms, which may contain 5-50% w/w of the composition of
15 the invention.
Examples of the compositions are as follows:

Lotion
Ingredient % wlw
* Active 30
20 Emulsifiers 5
Fatty alcohol 2
Preservatives 0.3
Perfume 0.6
Thickener 1.0
25 TWater 61.1 .
. 100.0
Aergsol
Ingredient % wlw
30 * Active 30
Isopropyl myristate 5
Ethanol - 34.5
Perfume 0.5
Propellant C 30.0
35 ’ -
100.0
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in using tm) gy etzationof—citrorel lal to form the 'PCT/AU91/00343
p- ment hane- 3, 8 d|ols egjﬁgggﬁﬁqﬁ&¥llnclude these - acetals in

conmbi nation with the | on of the cyclization nfe [
However, the conpl et ed E ﬂl Hmmmres wll also include u rzﬁfﬁ%g“ggs BEEN
C|troneIIaI and, as ta S conpoh%d‘nust be. r enov eg—+n—g£§eL-Eg_f;f

obtain- the synerglsntbetmeen t he p-nenthane-3,8-diols and .the acetals

*Active: formed according to the method described above.
Would typically contain 65 *+ 8%w/w of cis and trans
p-menthane-3,8-diols in a weight ratio of about
1.4:1-1.6:1 and about 30 + 10%w/w acetals C and D.

5 These compositions are formed as follows:
Lotion: Emulsifiers, fatty alcohol and preservatives are
combined with heating and stirring until homogeneous. To
this homogeneous mixture is added the active with heating
at about 50-60°C. Water and thickener are then added

10 with stirring and finally the perfume is added.
Aerosol: To the ethanol is added the isopropyl myristate
with stirring. The active is then added, followed by the
perfume to form a concentrate. Propellant is added in the
requisite amount to the concentrate in an aerosol

15 container.

As described above, the synergistic insect repellents
of the invention have been found to be effective against
flies and mosquitoes. It is to be expected that
compositions of the invention will be effective against a

20 variety of other insects including cockroaehes, fleas,
sandflies, mites, clothes moths and the like. 1In some
cases additional insect repellent compounds may be
required to achieve an appropriate level of repellency or
the concentration of the synergistic insect repellent

25 composition of the invention may need to be appropriately
adjusted. i

Whilst the present invention has been descrlbed with
reference to certain preferred embodiments, it will be

= evident to those skilled in the art that numerous

30 modifications and variations are possible without
departing from the spirit or scope of the invention as
broadly described.




Inthlsr houl.d be particularly noted that in JP60-1 3

ci's and tﬁgﬁﬁﬁéﬁeﬁt ‘hane- 3 8- d| ols are isol ated and purified 3’?‘9&%{@%

such that, if acetals eﬂdwdthe reaction m xture, t ===
purified diols woul d b H . Simlarly, Qark et] &S SHEETHAS BEEN
Chem A9 4557 (1984) i tlon < g% enhancenent and “’Lf"*"‘FD ‘
st ereochem cal course of reactlon of the acid catal ysed cyclization of W ==

citronellal to formcis and trans p-nenthane-3,8-diols identify two
| someric isopum@nmis:as reacti on products, but no others. The

p- ment hane- 3, 8 d| ol rh t gég

when R err], err] irf err]rllé;éﬂ'eeﬁyi oups, Jgisp;r'éﬁerrecr?’% nsect
- repel l ents of Mq)rmt irepeilents qf Mﬂkﬁﬂ@@% X1 ol is 2-hydroxy-a,
a, 4-trimet hyl cycl ohexanenet hanol and has four possible diastereoisoners,

all of thempairs of enantioners, arisi fromthe three chiral centres at
the 1, 2 an@ 4 carbon atons. These may Hde denoted (1a, 2a,4a)-, (1a, Za, 4b)-,

(1020 b ane” N R AN

OH

10 R o
Rs
X

wherein 33 is hydrogen or an alkyl group containing 1-4
15 carbon atoms; and R, and Ry are the same or different
and are alkyl groups containing 1-4 carbon atoms; and a
synergistic amount of at least one compound of the
formula 2:
Ry
20

Rs
25 ’ R4- 0 Y.

wherein R3, R4 and Rs are as defined above,

30 characterized in that the composition is
substantially free of insect repellents haviﬂg a boiling
point of less than about 80°C at a pressure of 4mm Hg.
2. A composition as in claim 1,.§herein the insect
repellent is a compounr of the formula X wherein R3,

35 R, and Ry are methyl groups.
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3. A composii:ion as in claim 2, wherein the insect
‘repellent comprises compounds of formula A and B:

“"'-QH On

OH : 7 Non

10

7§‘

15 or the eﬁantiomers thereof;
and the compound of formula Z comprises diastereoisomers

of the compound of formula E: ,\_

,' ARRR R O

20
. o)
25 -
7\0
H )
E
30

or the enantiomers thereof.




-.[er}]‘ ' These—aLegth two_di ast ereoners that" are generally f ormed
fromthe awigargzidésatjon of citronellal - see J. Og. Chem 4BCT/A491/00343

(1984). The absolutio f§ Reirlaced t he diols wll depen
‘the (+) [err] (-) enar’ ronellal are used or THIS®MEET HAS BEEN
mi'xture ()-citronellal. e ster%ﬁ_soners of the ” REPLACED

p- ment hane- 3, 8-di ol s

4. A composition as in claim 3, wherein the compound of
formula E comprises two diastereisomers of the compounds
of formula C and D:

5
' ~ I“"'o
? C
10 7\ 0
H
A O o
15 ) g o |
3 D
7o
| H
20

or the enantiomers thereof.
5. A composition as in any one of claims 1 to 4, wherein
the weight ratio of insect repellent(s) to compound of the
formula I is from 99:1 to 1:99. .
25 6. A composition as in claim 5, wherein tﬁé weight ratio
is from 38:1 to 1:19. i .
7. A composition as in claim 6, wheféin the weight ratio
is from 19:1 to 1.6:1.
8. A composition as in claim 7, wherein the weight ratio
30 is from 3.5:1 to 1.3:1.
8. A composition as in claim 8, including 20-40% w/w of
the compounds C and D, and 57-63%.w/w of a mixture of the
compounds A and B,
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are within the scoe i resent invention, partlcularlythose arising = ° .

from t he aWQi9%y2l i on of the Mr and the racenic mmAUN/o‘Bﬂ

M xtures of the cis a s ane-3,8-diols are partl Larly

preferred, generally i oof 2.5:1 to 1.4:1. TlnpsgggpggB¢ErN
of the fornula Z are a %bly Wi t¥p ei ther or all lf th%@%@@{m
"Rerr], Rerr], nethy

- is:

[err]

10

Rl err]

referably a conpound of =the=formoa—2

10. a compos;t;on as in claim 9 formed by acid cyclizing
citronellal and removing compounds having a boiling point -

.less than about 80°C at 4mm Hg.

11. A composition as in claim 10, formed by acid
cyclizing citronellal and removing compounds having a
boiling point less than about 100°C at 4mm Hg.

12. An insect repellent in the form of an aerosol or
lotion composition including about 5-50% w/w of a
composition as claimed in any one of claims 1 to 11.

l12. An insect repellent in the form of an aerosol or
lotion composition as in claim 12 including about 30% w/w
of a composition as claimed in any one of claims 1 to 11.

Wmemmr

SUBSTITUTE SHEE




. . .

1'0 ion of this by the acid cyclization of /%
CLt ronel | awmpf{ﬁ%ve the various diastereoi somers of for mJI C?E U91IM343
[err] .

THIS SHEET HAS BEEN

REPLACED
1]1
-
et Has Been Replaced _ | _
T :
z.
- :
e = m
o4
U, :
(3]
. Y5 LQ
52 ¥
S &
2z
x I
EE
3z
a3 |
aa
] .;: (;ol
. )
A
) *
| . O
~N
{ i - I - ] 1 | I [ ’ ] ‘ 1 o
O o o o R

(OYLNOD SA) ADNV113dTY %

" SUBSTITUTE SHEET




7

Particul arl referred conpounds of the fornula Z conprise th TWBS"‘EETHASBEEN
articu y p np np REFLACED

di ast er eoi soners of forrml a C and D

gepac®® ABSTRACT

\\\\\\\\\\\\\\\\\\\\\\\\\

~ INSECT REPELLENT

An insect-repellent composition is disclosed which includes an insect
répellent such as p-methane-3,8-diol and a synergistic amount of an acetal of
formula (Z). A method of forming a preferred composition is also disclosed in
which citronellal undergoes an acid-cyclization reaction to yield an impure
mixture of p-rﬁethane-3,8-diols and acetals. The impure mixture is subjected to
fractional distillation to remove a low boiling point fraction and to thereby yield

a remaining fraction which constitutes the preferred composition.
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INSECT REPELLENT
EIELD QF THE INVENTION

This invention relates to synergistic insect
repellent compositions, in particular compositions based
on insect repellents such as p-menthane-3,8-diols and as
synergist acetals, particularly those resulting from the
acid catalysed cyclization of citronellal.

BACKGROUND ART

Compositions that repel insects, particularly insect
pests such as mosquitoes, flies and fleas, are widely used
to prevent animals from being bitten by such insects. The
importance of preventing biting is essentially two-fold.
Firstly, there are a number of insects which are capable
ot infecting animals with disease causing parasites, an
example Being the transmission of Plasmodium by mosqguitoes
to cause malaria. Secondly, in many cases whether disease
is transmitted or not, the bite can be extremely
irritating. _

Of course, man is one animal that suffers from biting
insects. Man also suffers irritation from non-biting,
annoying insects such as domestic flies and from insects
that transmit disease by contact.

The prior art discloses many compositions having
repellency to some or a number of insect speoies. of
these compositions, the most widely used includes the
active ingredient N,N-diethyl-m-toluamide (DEET).

Generally, compositions based on ﬁEEr are in the form
of lotions or aerosols to be applied or sprayed onto the
exposed skin. Such compositions may inolude a variety of
other ingredients such as film forming agents to enhance
substantivity to the skin and potentiators such as those
disclosed in W089/06904-h.

Although DEET containing compositzons are relatively

effective particularly in repelling domestic flies and

mosquitoes, concerns have been expressed about its
toxicity to humans.
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m xture. \When used as a mxture in a conposition including
p- ment hane-3, 8-diols, a particularly desirable nethod for f

conmpositions is to acid cyclize citronellal. The products o

reaction will include the diols and acetals of forSubpsiitute s
Conveniently, the unreacted citronellal and other |ow boiling conpounds may
be rempved by fractional distillation tro%gi"ve a synergi zed i nsect repellent
conposition that can then be used as a base to forma variety of insect

repel | ent products Such produgts include personal use jproducts such as

aerosol s, |oti onQthg& §° &‘ﬂ'ﬁgﬁé‘ﬁ §o Knovn, re W&f@f S]tﬂfﬂ%

viapo[] i zers aaﬂiﬁlull &b:ltu:ﬂttbobmmt:&mald)yamnnings}wmpdtmdmtcfjﬁtdim:ﬂ

cl ot hi ng; sol s a ers r udi ng donestic

pets; and e%gfnr F&’gf’{i&g%%@r %g’e% \vg(alpor |Jzn%r § el @ﬁ“ﬁ?ﬁﬂw fractional

di stiliati oncairkipg compounds obtiaines fxomdneadyptusmicitniqdara | ess

than about §g[ae%hk g.e%@ﬂaﬂ%-aﬁ%imm%f ergéialexsd oh b&% Kfiiher ] C at
T | ons of

4mm.Hg wi | | renD ner gl zed conposi e I nvention
will to exert a repellent e fect on insect pests suc

mosquitoes and fleas.

Thus in Nishimura et al. Agric. Biol. Chem. 46(1) 319
(1982), the authors disclose the isolation of cis and
trans p-menthane-3,8-diols in the form of racemic mixtures
from Eucalyptus citriodora. 1In addition (+) and (~) cis
and (+) and (-) trans isomers were synthesized. All
compounds were tested for their effectiveness as plant
grovth regulators but no mention is made of any insect
repellent properties. _ ' .

In an earlier publication, J. Am. Chem. Soc. 15, 2367
(1953), Zimmerman and English report the synthesis of the
cis and trans p-menthane-3,8-diols, designated va and Vb
respectively, through the acid cyclization of
citronellal. Again no mention is made of any insect
repellent properties. '

In JP60-199804-A (Nippon Kayaku KK), it is disclosed
that the cis and trans p-menthane-3,8-diols are effective
insect repellents, as are a number of analogues. This
patent application teaches that the p-menthane-B B8-diols
may be prepared using the method disclosed in J. Am. Chem.
Soc. 15, 2367 (1953). Using (+)-citronellal as the
starting material and a reaction timeaof 27 hours at room
temperature cis:trans p-menthane-3,8-diols in a ratio of
5:2 are obtained. These compounds are obtained in pure
form follow;ng chromatographic separatlon and _
recrystallization. There is no mention of the use of the
so-purified p-menthane-3,8-diols with any other insect .
repellent.

. EP 357140-A (Taeron Co. .Ltd) also relates to the use
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generally include the insect repellent of fornula X or Y and conpogg gﬂ, 1896
the.formula Zin a weight ratio of from99:1 to 1:99. A prefd¢rpgd-: a .Ls
of

..........................

38:1 to 1:19, nost preferably 19:1 to 1.6:1. A partjicul arlypreterte
ratiois 3.5:1 to 1.3:1. When a conposition i$|9h’$m&l2!e§¥lﬁ5qrn2}5«l7 %, he
fornula C and D and the nixture of cis-p-nenthane-3,8-diol and
trans-p-nenthane-3,8-diol, it is prefe regd that they are included in
concentrations of 20-40% w w and 57-63% W w respectively, with the diols in
a weight ratio of 1.6:1 to - 12 -

MODES FOR CGERyJﬂEA?ﬂEﬁQﬂédeﬂ§8w51$s insect repellents. This

application teaches slow-release compositions wherein the
diols are included in compositions with an ethylene/vinyl
acetate copolymer.

Although the p-menthane-3,8-diols are effective
insect repellents, even the most efficient routes of
synthesis currently known results in products that are so
costly that repellent compositions including these
menthanediols are too expensive compared with known
alternatives.

However, in view of the effectiveness of the
menthanediols, considerable effort has been put into
developing more cost efficient routes of synthesis.

To that end the present applicants in investigating
more efficient routes of synthesis pursued a synthetic
route in which the starting material, citronellal, was
subjected to acid catalysed cyclization (Prins reactionj.
This reaction causes the cyclization of the citronellal to
produce an impure mixture of 40-45% cis and trans
p-menthane-3,8-diols and is essentially the method
disclosed in J. Am. Chem. Soc. 25, 2367 (1953). This
impure mixture also includes unreacted citronellal,
compounds having a boiling point about the same as or
lower than citronellal and high boiling point compounds.

As it has been found that the cis isomer is more
active than the trans isomer, the cis isomer may be
isolated from the above mixture and used in its pure
form. For the purposes of comparison, the cost of the
impure mixture is significantly lower than that of cis
isomer of 99% purity.

SUMMARY OF THE INVENTION

Because of the relatively low cost of the
aforementioned impure mixture, the present applicants
evaluated the insect repellency of the mixture. It was
found to be unsatisfactory. It was, however, found that



ILn order to better understand the nature of the invention, :ﬁ
tests was conducted using a nunber of conpositions af varyi DQ az bﬂgngxm

p- ment hane- 3, 8- diol content in the presence and absence of |aeetals_af

formula C and D. These tests sought to evaluate réﬂéEﬂEH&i_Qﬁg-nggyZﬁﬂl
nmosqui t oes and donestic flies. A typical test protocol -used to

determ ne repellency, in this case against flies, was as follows: Target

Insect: EoUgdleny thées Conflidd & boil Eﬂge rith%&ﬁ{@tﬂrfe apfgarggice of the
various nuisance flies i'n the field, c e ouse S were used, in the

trial. The FAtEONR @ 8x hler%"%é"qrr% rR@‘? ATPUES BicERRy |t d,
at Orange, khe S@ﬁdlﬁ&iws;omﬁnamﬂldra pdarmisemg a ExicEpritma¥le idi nal |y

S ar T oadbiots O yemsdeni nart Tk PEL AL PR et nd e
ot her nuisanbsﬂhwgdtﬁualammdwhpt greater than would have been
expected in view of the increased concentration of the
p~-menthane-3,8-diols.
'~ The present invention therefore provides an
insect-repellent composition comprising one or more insect
repellents of the formula X:

Rs

wherein R3 is hydrogen or an alkyl group containing 1-4
carbon atoms; and R4 and Rs are the same or different
and are alkyl groups containing 1-4 carbon atoms; and a
synergistic amount of at least one compound of the
formula Z:

p%
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Musca vetustissima. Trearnent Method: 0.7 gramof the I[®tions JUL 1995
- wei ghed onto smal|l pieces of plastic and then rubbed evenly U ap M. xR WYL, |

forearmof the volunteer. The treatnent area was fromthe emowryi
knuckl es. The other armwas |eft untreated. Each tPubstite shaet r 28/7/3
four times. One female and three males were the test subjects. For each
replicate, the volunteers vveretreated h adifferent formulation. It
will be noted that Figure 1 involves % repel | ancy versus control; the

control tes{huesisopductsed dzﬁiah aéld*gfia}{ea oagga@é described using a

known insect repellem’ I'dkion, f tign, Test ges and Nunber of Flies:
Nine wire cages E&’@F%ﬁ’)@%c‘fﬁ ﬁhﬁfcrﬁh%qwmieﬁ‘f’%h%ése cloth covers

and a pl astsﬁbmadm&mryeﬂﬁ@ B ifedte Mdpl Bapedhaesng é\pnéﬂxiﬁ%tel y
150 m xed adul,t .4-8 day.old flies e released into e c&ﬁﬁage at the start

of each repPP&R‘Felegtfff‘il'{ﬁrbrﬁb £ &t 3 RREIRHEE 7 8-that fly
l'andi ngs on the Suicted ebniposeicn may be prepared by the acid

catalysed cyclization of the citronellal derivative

1)~
(D
o

Ry

CHO

Rs Rs

followed by partial purification of the reaction mixture.
The diol X results from the reaction of the protonated
starting material with water. Alternatively, the diol X
may reversibly react with further starting material under
the acid-catalysed conditions to give the bicyclic
acetal 2. | ) '
DISCLOSURE OF THE INVENTION

The present inventors have found ?hat it is a group
of high molecular weight compounds of boiling point
substantially higher than the p-menthane-3,8-diols that
are synergistic with the p-menthane-3,8-diols. This high
molecular weight group includes two main components which
are acetals, of the formula C and  D:
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Assessnents were nade 1, 2, 3, 4, 5 and 6 hours after the t
At each tine the treated arm was introduced |nto
nunber of direct fly |andings counted fromthe el b2MPIHULHE 3’2 S
60 second period. Each cage was dlsturbeg every 5 to 10 seconds and then

appl i ed.

approximately 100 over a 60 second assessnent. Assessnentisswéu
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the armkept still as the count was

Each of these components comprises a miiture of two
diastereoisomeric compounds, epimeric at the acetal
carbon. It is to be understood that relatlve

- stereochemistry only is depicted in the structures: no

limitation as to absolute configuration is intended, and
the enantiomers of the structures depicted also fall
within the scope of the invention.

It is believed that by removing the unreacted
citronellal and other low boiling point compounds,
synergism between the p-menthane-3,8-diols and these
acetals was able to be observed as the low boiling point
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made. The total of the 60 second count was recorded and the
armintroduced into the cage and simlar counts carried out

any bias that could occur in the order that arnms were i.ntrogscet—tEe 0l
process was repeated in an adjoining cage with t heSHREHRLE Shes z ced
first. % Repel |l enci es were cal cul at ed -«usi ng the follomnng formul a:

M= (CT) x 100 - C C = Nunber of flies |anding
on untreated arm T = Nunber of flies landing on treated arm In

each test, Fompoundspaliomet dnterfens o atisplaging £heinge of

concentrat i u&eﬁtr@r&-@%-mm% &d@g‘Bf‘%@a& df 259 @w @éEﬁéﬁiénef air
formula[err] C and D. Rl EF DESCRI PT|I ON OF DRAW NGS
ayer formed immediately above the skin. Displac:zment

occurs owing to the greater volatility of the low boiling
point compounds. This explanation is entirely theoretical
and it may well be that repellency of the synergistic
mixture occurs as a result of an entirely different
mechanism. In particular, it should be noted that
citronellal is in itself a repellent, though its
effectiveness is relatively low and short-lived. One
‘might therefore expect that a mixture of citronellal and
p-menthane-3,8-diols would have an enhanced repellency but
this was found not to be the case. This suggests that
citronellal acts as an antagonist in these compositions.

These acetals are known compounds being disclosed by
Stoll and Bolle, Helv. Chim. Acta, 31, 1 (1948). This
paper discloses on page 1, a compound (II) being an acetal
that may be formed by the acid hydrolysis of the
bisulphite addition compound of citronellal. O: page 4,
the synthesis of acetal (II) is described where the
compound is found to have a boiling point of 127- 130°¢
at 0.03mm Hg. However, there is no hint or suggestion in
this paper as to any utility of this acetal. It must also
be realized that the authors did not isolate one pair
of diasterecisomers from the other and in féét“did-not
even acknowledge the existence of more than one
diasterecisomer. Accordingly, componéﬁts Cand D
mentioned above, having only now been isolated, are novel
over the disclosure of this paper.

It should be further noted that none of the
aforementioned disclosures, Agric. Biol. Chem. 46 (1) 319
(1982), J. Am. Chem. Soc. 15, 2367.(1953), JP60-199804-a
or EP367140-A teach or suggest the combination of these
acetals with the p-menthane-3,8-diols. Those references,
in using the acid cyclization of citronellal to form the
p-menthane-3,8-diols, could inherently include these
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Figure 1 is a graph of %repellency versusu control achievedjjagai ns
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nosqui t oes of the species Aedes aegvpti with varying | evel s Qfpgenposi%.i*oms. .
i ncluding cis and trans p-nenthane-3,8-diols with and withou
formulae C and D. These acetals are referred to onSuRstifjtgghess -
In Figure 1 there is shown a graph of the results obtained agai nst
nmosquitoes. Fromthis it is evident that 8 -

versus control the only conpositions of 100% or greater repellency versus
control were . Lo.- 14 - .

acetals in combination with the diols on completion of the
cyclization reaction. However, the completed reaction

mixtures will also include unreacted citronellal and, as

taught above, this compound must be removed in order to
obtain the synergism between the p-menthane-3,8-diols and
the acetals. |

In this regard it should be particularly noted that
in JP60-199804-A, the cis and trans p-menthane-3,8-diols
are isolated and purified in a manner such that, if
acetals were present in the reaction mixture, the |
so-obtained purified diols would be acetal-free.

Similarly, Clark et al., J. Org. Chem. 49 4557 (1984)
in studying reaction rate enhancement and stereochemical
course of reaction of the acid catalysed cyclization of
citronellal to form cis and trans p-menthane-3,8-diols
identify two isomeric isopulegols as reaction products,
but no others.

The p-menthane-3,8-diols fall within the scope of
compounds of the formula X when R3, R4 and RS are
methyl groups, and are preferred insect repellents of the
present invention. p-Menthane-3,B8-diol is 2-hydroxy-a, -
a,4~-trimethylcyclohéxanemethanol and has four possible
diastereoisomers, all of them pairs of enantiomers,
arising from the three chiral centres at the
1, 2 and 4 carbon atoms. These may be denotéd_
(la,22,42)-, (la,2a,4b)~, (la,2b,4a2)~ and '
(la,2b,4b)~-, although the applicants afe not aware of
the first of these having been synthesized. The
diastereoisomers most commonly used as insect repellents
are the (la,2a,4b)- form, commonly referred to as
cis-p-menthane-3,8-diocl, and the (1la,2b,4b)~- form,
commonly referred to as trans-p-menthane-3,8-diol, shown
respectively in formulae A and B:
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including the acetals had greater repellency than those wt qyétebutz Badquggs
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t he sane nent hanedi ol content. This is particul ar lé eV| dent Cat—aiyau

10% nment hanedi ol | evel, where repellency of about ax-h 6%

acetal content. For the sake of clagity, some of the specific acetal

contai ni ng conpositions repellency results are shown belowin Table I.

TABLE | % Repel | ancy versus control Acetal Content((%vw Dol

Cont ent (%W w) 52 9.75 6.0 106

6.0 109 8 100 13,0 11.9

105 8.2 ' 13. 4 10.0

16. 2 114,100 - 0.6

1.3 103 32.1
E“OH

OH

These are the two diastereomers that are generally formed
from the acid cyclisation of citronellal - see J. Org.
Chem. 49, 4457 (1984). The absolution configuration of
the diols will depend upon whether the (+) ¢ (=)
enantiomers of citronellal are used or the racemic mixture
(*)~-citronellal. '

All of the stereoisomers of the p-menthane-3,8-diols
are within the scope of the present invention,
particularly those arising from the acid cyclization of
the (+) isomer and the racemic mixture. Mixtures of the
cis and trans p-menthane-3,8-diols are particularly
preferred, generally in a weight ratio of 2.5:1 to 1.4:1l.

The compounds of the formula 2 are acetals,
preferably with either or all of the groups R3, Ry,

R, methyl. Most preferably a compound of the formula 2

5
is:
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The results shown in Figure 1 clearly indicate the synergistjjc natu

the conbination of the cis and trans p-nent hane- 3, 8- diols a jcb&g"ggéigﬁgzgwﬁ
of formula C and D, when used for repelling nosquitoes.

seen. that the line on the graph indicates a clear Mﬁt'é'ﬂe $'?ﬁ,9rt€a%54'7d96]
repellency with increasing concentrati on 18 =diols alone. On the other hand,
substantially all of the repellency results for the nenthanedi ol and acet al
conbi nation are ve thi.s trend.line. I t, shoul d be noted that when
the acetal s wer e%% &aé:&t&f’gn@% ?‘Héﬁ %é(r é@o@ﬁd“fé’%’é%‘eﬁﬂ iof |y

non-r epel | eracemic clitranktllabewildr gdveoft hiee taxioud I‘cﬁ.dﬁté‘z@lﬂ!—ﬂtﬂﬁé—ﬁqs
one of the ggi a0 gd relatively high concentration of menthanediol and
a Iom/concentratlon of acetals C and D and the other of the pair having a
relatively | ow

Particularly preferred compounds of the formula 2
comprise the two diastereoisomers of formula C and D:

h"'o

7o
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N



- 15 - concentration of nmenthanediol and a relatively high conc
of acetals C and D, were tested for repellency agai nst nosquiDates

flies. Each fornmulation was in the formof a |lotion. These Wﬁgﬂ/gﬁ

formul ati ons were as foll ows: _ Substitute sheet
I ngr edi ent A B cC D E JF G H
d ycerol 10 - - - 11 - - - Denat ur ed
absolute 52 40 35 53.4 40 38.5 et hanol Wt er

14 36.2 31.4 20.0 36.4 30.2
or the enantiomers thereof.

The components C and D may be included individually
in the compositions of the invention, preferably as a
mixture. When used as a mixture in a composition
including p-menthane-3,8-diols, a particularly desirable
method for forming such compositions is to acid cyclize
citronellal. The products of such a reaction will include
the diols and acetals of formulae C and D. Conveniehtly,
the unreacted citronellal and other low boiling compounds
may be removed by fractional distillation to give a
synergized insect repellent composition that can then be .
used as a base to form a variety of insect repellent
products. Such products include personal use products
such as aerosols, lotions, gels, roll-ons, pumps and
sticks;. foggers and bombs; vaporizers and ministrips for
use for example in repelling moths from clothing;
aerosols, pumps and powders for use on animals including
domestic pets; and electrically operated vaporizers.

Preferably, fractional distiliation will be conducted '
such that compounds of boiling po.nt less than about
80°C at 4mm Hg, most preferably less than about 100°¢
at 4mm Hg will be removed.

The synergized compositions of the invention will
generally include the insect repellent of formula X or Y
and compound of the formula 2 in a weight ratio of from
99:1 to 1:99. A preferred range is 38:1 to 1:19, most
preferably 19:1 to 1.6:1. A particularly pfeferred ratio
is 3.5:1 to 1.3:1.

When a composition includes compounds of the formula
C and- D and the mixture of cis-p-menthane-3,8-diol and
trans-p-menthane-3,8-diocl, it is prefe red that they are
included in concentrations of 20-40% w/w and 57-63% w/w
respectively, with the diols in a weight ratio of 1.6:1 to
1.4:1.
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tests are shomn TABLE | | EXH BI'T

FORMILA % COVPCSI TI ON REPEL LANCY
P- nent hane- 3, 8-di ol s MQMQE_CEKREXMG_QHLIHE_IMENM@ TRANS

?SETALS MOSOU Tq FLA zF° befs;:er undersbz:an]tl8 t%bnature oflltlhe ) 120
C 18 inveﬁ;xon, a seiries of tsts was I@ihducted using a nuniled
5-1_ 10 of coﬂﬁgkitions 6¥K%arying cis and trans p-menthane-3,8-

diol content in the presence and absence of acetals of
formula C and D. These tests sought'to evaluate
repellency against mosquitoes and domestic flies.

A typical test protocol used to determine repellency,
in this case against flies, was as follows:

Iarget Insect: .
Housefly Musca domestica .

Due to the erratic appearance of the various nuisance
flies in the field, caged houseflies were used in the
trial. The flies were bred in the insectary of Agrisearch
Services'Pty Ltd, at Orange, New South Wales, Australia.
Breeding populations were originally collected from
natural populations in the central west of New South
Wales. Similar reactions to repellents have been found
with the housefly and the other nuisance fly, the bushfly
Ireatment Method:

0.7 gram of the lotions was weighed onto small pieces
of plastic and then rubbed evenly over one forearm of the
volunteer. The treatment area was from the elbow to the
knuckles. The other arm was left untreated.” Each
treatment was replicated four times. One female and three
males were the test subjects. For each replicate, the
volunteers were treated with a different formulation.

Test C {_Num} f Plies:

Nine wire'cages each 25cm x 25cm x 40cm, with cotton
cheese cloth covers and a plastic window were used as the
testing assemblies. Approximately 150 mixed adult 4-8 day
old flies were released into each'cage at the start of
each replicate. Sufficient numbers of flies were present
so that fly landings on the untreated arm were
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approximately 100 over a 60 second assessment.
Assessments:

Assessments were made 1, 2, 3, 4, 5 and 6 hours after
the treatments were applied. At each time the treated arm
was introduced into a cage and the number of direct fly
landings counted from the elbow to the knuckles over a 60
second period. Each cage was disturbed every 5 to 10
seconds and then the drm kept still as the count was |
made. The total of the 60 second count was recorded and

" then the untreated arm introduced into the cage and
similar counts carried out. To allow for any bias that
could occur in the 6rder that arms were introduced, ﬁhe
whole process was repeated in an adjoining cage with the
untreated arm introduced first.

% ﬁepellencies were calculated using the following
formula:

SR = (C-T) x 100
C

C = Number of flies landing on untreated arm

T = Number of flies landing on treated arm

In each test, lotion type formulations were tested
with a range of concentrations of cis and trans
p-menthane-3,8-diols and acetals of formulae C and D.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph of % repélleﬁby achieved against
mosquitoes of the species Aedes aegypti with varying
levels of compositions including cis and trans
p-menthane-3,8~diols with and without acetals of formulae
C and D. These .cetals are referred to on the graph as
*heavies". |

In Figure 1 there is shown a graph of the results
obtalned against mosquitoes. From this it is evident that
the - only compositions of 100% or greater repellency were
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mai nt ai ned even Hehanedi ol conc oI 1S | OWer &
i ncreasi ng the I HCBtUEl s. This finding is ijgubstidute sheatha26(//96n a
| evel of accepta e repellency, a lower |eyel of nenthanedi ol may be used
I n conjunction with sufficient of the acetdls to maintain repel | ency.
Alternatively, if an enhanced | evel of repellency is required, nenthanedi ol

concentratlogh&§€h€ﬁ%ga%géfﬁ&§@ ¥%érhégkéf§r gﬁgﬂeveﬁﬁgfcigééalilbelng

used to achie repel I'enc
evi dent truuCQWPQﬁwﬁlgb%tl@#lﬁézmgetQQn@@%t%l%nhﬂdygbeapenduepdlléncyhe

latter case, tifafOPROSE!t MOt %@@tﬁévfﬁalﬂhéysm nhénE’{\QHé‘&leat a | over
cost than woul d ot herwi se be possible As previ ous nment1 oned a

conveni ent XLt or FoiHidgy Rﬁ%ﬁ%ﬁ?%ﬁF%&d%Yﬁ¢%@FcaFnéﬁeﬂtrEb%I1%ﬁt
conposi ti onamerithéifed IYENL&wEl | SWheré beEsl16néy OvE! 4Bbut 0105% was

obtained with 6% acetal content.
For the sake of clarity, some of the specific acetal
containing compositions repellency results are shown below

in Table I.
TABLE I

3 Repellancy Acetal Content(%w/w) Diol Content(%w/w)
52 9.75 : 6.0
106 6.0 '10.8
100 _ 13.0 , 11.9
105 8.25 13.4
100 10.0 - . 16.2
114,100 : 0.6 : 22.7
103 1.3 22.7
103 1.1 32.1

The results shown in Figure 1 clearly indicate the
synergistic nature of the combination of the cis and trans
p-menthane-3,8-diols and the acetals of formula C and D,
when used for repelling mosquitoes. Thus, it will be seen
that the line on the graph indicates a clear trend of
increasing repellency with increasing concentration of
diols alone. On the other hand, substantiallf.all of the
repellency results for the menthanedicdl and acetal
combination are above this trend line.

It should be noted that when the acetals were tested
alone, they were found to be subtantially non-repellent.

In a further series of tests, pairs of formulations,
one of the pair having a relatively high concentration of
menthanediol and a low concentration of acetals C and D
and the other of the pair having a relatively low
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acid catal ysed cyclization. Specifically, these conpositio
formed as fol lows: 1. 4kg citronellal is reacted with 20kg qf. 5%£ 0 <UL W
sul phuric acid for a period of at |east 5 hours, preferablyl24-ha
mxture is stirred throughout the reactiagn which i SUbaHEteIsheel 1« dent
conditions at a tenperature not |ess tHaﬁ?Knerr]C. 2. At the conpletion
of the reaction, the m xture contains about 15-20% 1| ow boiling materi al s,

i ncludi ng ciitronell al .about. 50-60% p- th - 3,.8-4di.0l out 20%

acetals. 3. cg“‘l’%é‘t(fragt |nc%§hg‘§@gg‘ﬁ’1p%dé£%:le5&rzfoan rrSﬁJS%t r‘ée&qé%}? acted with

tol uene, washagentatimrectl heetakshiCc ansbiht orexs resfrd 4or The washed

E{g??:fafrgﬁégggékgg%-%@Hiﬁ&k@%dﬁﬁdﬂfﬁé§‘yﬁa Aidd ) | BN ESrhiTatBon
was in the form of a lotion. These lotion formulations

were as follows:

FORMULA
3 w/w

Ingredient aL,e' Cc . D ELE' G He
Glycerol 10 - - - - -
Denatured absolute 52 40 35 53.4 40 38.5
ethanol _ |
Water 14 36.2 31.4 20.0 36.4 30.2
Crodolan AWS 2.4 2.0 2.0 2.0
Carbopol 940 0.8 0.6 0.6 0.8 0.6 0.6
Teric 16M15 0.8 1.0 1.0 0.8 1.0 0.7

Active See Table II
Crodolan is a trade mark of Croda Chemicals
Carbopol is a trade mark of B.F. Goodrich & Co.
Teric is a trade mark of I.C.I.
The results of these tests are shown in Table II.
- TABLE II
EXHIBIT FORMULA % COMPOSITION REPELLANCY

_ P-menthane-3,8-diols (% of control)
_ .

1 A 18 1 1 120 107
B’ 7.4 3., 6" 106 111
2 c 18 1 1 75 103
D' 11.1 5.1 10 100 113
3 E 15 7.75 0.6 100 96
F 8 5.25 8.25 105 95
4- G 1 18 50 83
H 1.5  16.8 7.8 75 106
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boil ing at about 60[err]C-100[err]C. The citronellal is w j§Hatetlk "“aﬂﬂe
fraction and may be reused in this form 5. The fraction
boils at greater than about 100 C, includes cis arRubstHHte sheet - 26/7/9
p- ment hane- 3, 8-diols and the acetals C and D. The citronellal starting
mat eri al can be substantially pure (+),- @6 -or (+), or may be a Eucal yptus
citriodora oil containing about 85%citronellal. Conpositions suitable

for applications _to the human skin may be readi&y produced by those skilled
in the art. Noticing that inherernitly the repellency results are

most likely only accurate to #5%, it is evident that the
level of repellency can be maintained even when the
menthanediol concentration is lowered, by increasing the
level of acetals. This finding is important in that given
a level of acceptable repellency, a lower level of
menthanediol may be used in conjunction with sufficient of
the acetals to maintain repellency..

Alternatively, if an enhanced level of repellehcy is
required, menthanediol concentration can be maintained
with an increased level of acetals being used to achieve
the higher repellency. ' '

In the former case, it is evident that a lower cost
effective composition may be produced. In the latter
case, a bomposition of greater activity may be produced at
a lower cost than would otherwise be possible.

As previously mentioned a convenient method for
forming preferred synergistic insect repellent
compositions of the invention is to subject citronellal to
acid catalysed cyclization. Specifically, these
compositions have been formed as follows:

1. 4kg citronellal is reacted with 20kg of 5% sulphuric
acid for a period of at least 5 hours, preferably 24
hours. The mixture is stirred throughout the reaction
which is conducted under ambient conditions at a
temperafure not less than 10°C. ;

2. At the completion of the reactior, the mixture
contains about 15-20% low boiling materials, including
citronellal about 50-60% p~-menthane-3,8-~diocls and about
20% acetals.

3. The organic phase of the reaction mixture is
extracted with toluene, washed with water then 2%
bicarbonate solution. .

4. The washed organic phase is then subjected to
fractional distillation at 4mm Hg. Distillation results
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Such conpositions include particularly aerosol and |otion f
" contain 5-50% w w of the conposition of the invention. Exa
conpositions are as follows: Lotion Ingredient

30 Enulsifiers 5 Fatty al cohol Substitute sheel s
0.3 Perfune 0.6 Thickener _ - 1.0 Water

61.1 : _ 100. 0 Aerdsol 1 ngredient % W w
* Active 30 I sopropyl nyristate 5

in the recovery of the toluene for further use and a
fraction beiling at about 60°c-100°C. The citronellal
is within the latter fraction and may be reused in this
form. '
5. The fraction remaining, which boils at greater than
about 100°C, includes cis and trans p-menthane-3,8-diols
and the acetals C and D. |
The citronellal starting material can be
substantially pure (+), (~) or (%), or may be a Eucalyptus
citriodora oil containing about 85% citronellal.
Compositions suitable for applications to the human
skin may be readily producéd by those skilled in the art.
Such compositions include particularly aerosol and lotion
forms, which may contain 5-50% w/w of the composition of
the inveﬁtion.
Examples of the compositions are as follows:

Lotion
Ingredient % wiw
* Active _ 30
Emulsifiers 5
Fatty alcohol 2
Preservatives 0.3
Perfume 0.6
Thickener 1.0
Water 61.1
100.0
Aerosol
Ingredient 3 w/w
* Active 30
Isopropyl myristate 5
Ethanol 34.5
Perfume 0.5

Propellant 30.0

100.0



e SENT SHEET
P&%%%&?%%t ==

Et hanol 34.5 Perfune _ 0.5

30.0 100. 0 .26 JUL 199
18 -  *Active: formed according to the method described ab ST
typically contain 65 8%/ w of cis and trans Substitute sheet - 26/7/96

- 18 -

*Active: formed according to the method described above.
Would typically contain 65 + 8%w/w of cis and trans
p-menthane-3,8-diols in a weight ratio of about
1.4:1-1.6:1 and about 30 + 10%w/w acetals C and D.

These compositions are formed as follows:

Lotion: Emulsifiers, fatty alcohol and preservatives are
combined with heating and stirring until homogeneous. To
this homogeneous mixture is added the-active with heating
at about 50-60°C. Water and thickener are then added
with stirring and finally the perfume is added.

Aerosol: To the ethanol is added the isopropyl myristate
with stirring. The active is then added, followed by the
perfume to form a concentrate. Propellant is added in the
reguisite amount to the concentrate in an aerosol
container.

As described above, the synergistic insect repellents
of the invention have been found to be effective againét
flies and mosguitoes. It is to be expected that '
compositions of the invention will be effective against a
variety of other insects including cockroaches, fleas,
sandflies, mites, clothes moths and the like. In some
.cases additional insect repellent compounds may be
required to achieve an appropriate level of repellency or
the concentration of the synergistic insect repellent
composition of the invention may need to be appropriately
adjusted. )

Whilst the present invention has been described with
reference to certéin preferred embodiments, it will be
evident to those skilled in the art that numerous
modifications and variations are possible without
departing from the spirit or scope of the invention as
broadly described.
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p—nenthane-3~8adLQL§_Lg\$h§§;ggg ratio of about 1.4:1-1.6:1
-10%/vlwacetal'm@g npositions are formed as foll - L6t Ub:1996

Emul sifiers ﬂ'mml preservatives are conbi ned With-heating and
stirring until ”}QW t hi s honogeneous ni Substitute shesed 26/d/96t i ve
wi th heating at about 8- 60 Wat er and &Blckener are then added wth
stirring and finally the perfune is addéd-?Aérosol: To the ethanol is
added the isopropyl nyristate with stirring. The active is then added,
fol |l oned by rfune to forma concentrate. Propellant is added in the
requi site anmount 1o the concentrate in an aerosol container. As
described adove, Ameinsertoiepellentecompepétiont SOBPrigaéngneast Pn have
been found1ﬂ5£gafggég{|f@b@.féﬁ§§ gklgﬁea@grﬁgiguktoes It is to be
expected that conpositions o e invention wll be effective against a
variety of other insects including cgekroaches, fleas, sandflies, nmites,
clothes noths and the like. In sone cgses addltlonal I nsect repellent
conmpounds may be

OH

wherein 33 is hydrogen or an alkyl group containing 1-4
carbon atoms; and R4 and Rs are the same or different
and are alkyl groups containing 1-4 carbon atoms; and a
synergistic amount of at least one compound of the
formula 2Z:

Ry

wherein'R3,_R4 and RS are as defined above,
characterized in that the composition is

substantially free of insect repellents having a boiling

point of less than about 80°C at a pressure of 4mm Hg.

2. A composition ﬁs in claim 1, vherein the insect

repellent is a compoung of the formula X wherein Rqy,

Ry and Rs are methyl groups.
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required to achieve an appropriate |evel 'ﬂﬂ%<%&$§% conc
ik Date : N’g;s ng%m

of the synerglstlc I nsect _re eIIent conpo 1 tioQ

to be IHWT”T’T’—EH~UEFEHQ_ st "The present invent e
descri bed Wi H“!mammmtﬂmﬂmertal n pr ef erred embolubstifute sheet; 26/HO6
evident to t he art that pumer ous nodi fications and

vari ations aré pbss#ble Wi t hout departTn§ fromthe splrlt or scope of the
i nvention as broadly descri bed. - 19 -

3. A composition as in claim 2, wherein the insect
repellent comprises compounds of formula A and B:

This Sheet Has Been Replaced

i Mt I

} : '
""'OH OH

OH OH

.

or the enantiomers thereof;
and the compound of formula Z comprises diastereoisomers

of the compound of formula E:

or the enantiomers thereof.
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GLAIMS: - 1. An insect-repellent conpositilpodHEoRiIFFEHAG SEE
repel lents of the formula X: [err] FRREAEER R erlfil s h2d aliin1996
or an alkyl group lmmﬁnlmﬁﬂ "IllllAi | Substitute sheet - 26/7/96.
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4. A composition as in claim 3, wherein the compound of
formula E comprises two diastereisomers of the compounds

of formula C and D:
—_—

Thi :
huis Sheet Hys Been Replaced
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H

or the enantiomers theréof.

5. A composition as in any one of claims 1 to 4, wherein
the weight ratio of insect repellent(s) to compound of the
formula I is from 99:1 to 1:99.

6. A composition as in claim 5, wherein the weight ratio
is from 38:1 to 1:19. _ '

7. A composition as in claim 6, wheréin-the weight ratio
is from 19:1 to 1.6:1. -

B. A compoéition as in claim 7, wherein the weight ratio
is from 3.5:1 to 1.3:1.

9. A composition as in claim 8, including 20-40% w/w of

the compounds C and D, and 57-63% w/w of a mixture of the

compounds A and B.
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groups .confaining I-4 carbon atoms; and. g syneREPACEDanpun
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10. A composition as in claim 9 formed by acid cyclizing
citronellal and removing compounds having a boiling point
less than about 80°C at 4mm Hg.

11. A composition as in claim 10, formed by acid
cyclizing citronellal and removing compounds having a
boiling point less than about 100°C at 4mm Hg.

12. An insect repellent in the form of an aerosol or
lotion composition including about 5-50% w/w of a
composition as claimed in any one of claims 1 to 1l1.

12. An insect repellent in the form of an aerosol or
lotion composition as in claim 12 including about 30% w/w
of a composition as claimed in any one of claims 1 to 11.

This Sheet Has Been Replaced
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about 80[err]C at a pressure of 4mm Hg. 2. A conposition agjin clﬁism
wherein the insect repellent is a conpoung of the fornula X|whétesin R ‘Jb ;er

Rlerr] and Rl err] are nethyl groups.
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[err] or the enantioners thereof; and the conpound of formula
Z conprises diastereoisoners of the conpound of formila E
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ABSTRACT
INSECT REPELLENT

An insect-repellent composition is disclosed which includes an insect

- repellent such as p-methane-3,8-diol and a synergistié amount of an acetal of
. formula .(Z). A method of forming a preferred composition is also disclosed in
which citronellal undergoes an acid-cyclization 'reacti.on to yield an impure
mixture of p-methane-3,8-diols and acetals. The impure mixture is subjected to
fractional distillation to remove a low boiling point fraction and to thereby yield

a remaining fraction which constitutes the preferred composition.

2)

Rs

Rs R3 Kq.
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. treatment was rsplicatad four time
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In order to battar underscand the nature of the.
invention, a series of casts was conducted using a number
of composicions of varying cis and trans p-menchane-3,8-
diol contant in ths prasence and absance of acetals of
formula C and D. These tests sought to evaluate

_repellency against mosguitoes and domestic flies.

A typical tast protocol usaed to detazmine rapellency,
in this cass against flias, was as follows:
Targat Tnsact:
Eousafly Musca estica

Due teo ths erratic appearance of the vaxiocus nuisance
flies in the field, caged housaflies wers used in the
zial. The fliss were bred in tha insactarzy of Agzissazch
Servicas Pty Ltd, at Orangs, New South Wales, Australia.
Breeding populations wers originally collsctad from

s

ratural populations in tha central wsst of New South

%

¥alas. Similar rsactions to rapellants hava been found
with the house2fly and the otherx rpuisances fly, the bushfly

Mpsca va‘.-;; Snisgsima,

Irsatimany Machod:

0.7 gram of the lotions was waighed onto small pieces
of plastic and then rubbed evanly cver one forsarm of The
volunteer. The treatment arsa was from the elbow to the
knuckles. The cther azm was laft untraated. Each

s. One

famale and thzee
males wars tha test subjects. For each raplicats, the

"wgluntesss were treated with a different formulation., It

will be noted that Fiqurs 1 involves % rapellancy versus
contzal; the control test was conductad in a manner

similar to that described using a known insect rspellent
lotion formulation,

ast Cagas and Numbar of Flias:
Nine wirs cag=2s each 25cm x 25cm x 40cm, with cotton
chees2 cloth covers and a plastic window wer2 usad as the

t2sting assemblies. Aggroximataly 150 mixad adult 4-8 day

old flies wera raleasad into each caga at the start of
each replicate. Sufficisat numbezs of flies wara presaent
so that fly landings on tha untreatad arm wera
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approximately 100 over a 60 second assessment.
Assessments:

Assessments were made 1, 2, 3, 4, 5 and &8 hours after
the treatments were applied. At each time the treated arm
was introduced into a cage and the number of direct fly
landings counted from the elbow to the knuckles over a 60
second period. Each cage was disturbed every 5 to 10 '
seconds and then the drm kept still as the count was
made. The total of the 60 second count was recorded and
then the untreated arm introduced into the cage and
similar counts carried out. To allow for any bias that
could occur in the order that arms were introduced, the
whole process was repeated in an adjoining cage with the
untreatgd arm introduced first.

% Repellencies were calculated using the following
formula:

SR = (C-T) % 100
c

C = Number of flies landing on untreated arm
- T = Number of flies landing on treated arm
In each test, lotion type formulations were tested
with a range of concentrations of ¢is and trans
p-menthane-3,8-dicls and acetals of formulae c and D.
BBIEI;DESCEI~2ﬂmlJﬂiJ&ELLBAHIHG£
Figure 1 is a graph of % repellencyfé%ﬁ%éééglggh
mosquitoes of the species Aedes aegvpti with varying
levels of compositions including cis and trans
p-menthane-3,8-diols with and without acetals of formulae
- C and D. These acetals are referred to on the graph as
"heavies-*
In Figure 1 there is shown a graph of the results
obtained against mosquitoes. From this it is evident that

versuys control
the -only compositions of 100% or greater repelléncy/ were
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those that included the acetals. Furthermore, generally
compositions including the acetals had greater repellency
than those without but having the same menthanediol
content. This is particularly evident at about the 10%
menthanediol level, where repellency of about 105% was

. obtained with 6% acetal content.

For the sake of clarity, some of the specific acetal
containing compositions repellency results are shown below
in Table I.

Versus Cohtrol, 2LE '
3 _Repellancy/ Acetal Content(%w/w) DRiol Content(%w/w)

52 8.75 : 6.0
106 6.0 10.8
100 13.0 11.9
105 8.25 13.4
100 10.0 16.2
114,100 0.6 22.7
103 1.3 - 22.7
103 1.1 32.1

The results shown in Figure 1 clearly indicate the
synergistic nacture of the cocmbination of the cis and tzans
p-menchane-3,8-diols and the acetals of formula C and D,
when used for repelling mosquitoes. Thus, it will be seen
that the line on the graph indicates a clear trend of
increasing repellency with increasing concentration of
diols alone. On the other hand, substantiallfnall of the
repellenci results for the menthanedidl and azetal
combination are above this trend line.

It should be noted that when the acetals were tested
2lone, they were found to be subtantially non-repellent.

In a2 further series of tests, pairs of formulations,
one of the pair having a relatively high concentration cf
menthanediol and a2 low concentration of acetals C and D
and the cther of the pair having a relatively low
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4 V\/nerel n the \Aﬁjﬂml " !I " "llu ect repel lent(s) to conpolind, of IZné FEB 1997
formula | is fro A conposition as in cla MR - WHBP B
the weight ratio is from38: 1 to 1:19. 7. Acorrposﬁ!;hb_@m_sba_e_t_l-_éﬂ__ﬂl

wherein the weight ratiois from19:1 to 6:1. 8. A conposition as in
claim7, wherein the weight ratio is fr‘brﬁ%'S 1to 1.3:1. 9. A conposition
as in claim4, wherein the conposi tion includes 20- 40%W/W of conpounds C
and D or thg enani eqQf,, .and ,57-63% w ,w of _a re of conpounds
A and B or fhe enilan mers tllt e%eca ;ﬂ’l ‘th'éh?ﬁ?’e“rgi‘ Bfefhsect

repel | ent(s)’-'ePG]-é(ﬂﬂiomnﬁl cloopounals? o fs fcmnBaSAlahd B:3: 1.

Iy o

OH OH

o N

or the enantiomers thereof :

and the compound of formula 2 comprises diastereoisomers
of the compound of formula E:

or the enantiomers thereof.



| mEpLACEMENT SHEET ||
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ci tronel | al an ds havi ng a boiling point e§§tetha2@b5531997
80[err]C at 4 mi@ mwsmlon as in claim10, for d:b;t:;i
cyclizing citro ng conpounds havi ti t p 2/ 9% s

t han about 100[err]C at 4mm Hg. - 12. An insect repellent in the formof an
aerosol or lotion conposition includi_ngjakout 5-50% w w of a conposition
as clainmed in any one of clains 1 to 11. 13. An insect repellent in the
formof an aerosol or lotion conposition as in claim 12 including about 30%
W w of a cPnposjt cempdsitisnd i aluimneg Oofwviedreim theocddpound of

formula E comprises two diastereisomers of the compounds

of formula C and D:

I,

cr the enantiomers thereof.

5. A composition as in any one of claims 1 to 4, wherein
the wa2ight ratic of insect repellent(s) to compound of the
formula I is from $%:1 to 1:99. .

6. A composition as in claim 5, wherein the weight ratio
is from 38:1 to 1:13. .

7. A ccmpositicn as in claim 6, wheréin the weight ratio
is frem 19:1 to 1l.6:1. _

8. A compositien as in claim 7, wherein the weight ratio
is from 3.5:1 to 1.3:1.

9. A composition as in claim 4, wherein the composition
includes 20-40% w/w of compounds C and D or the
enantiogggs tgggeoﬁ, and 57-63% w/w of a mixture of
gompounds A and B or the enantiomers thereof, wherein the
rate ratio of insect repellent(s) to compound of the
formula Z is from 3.5:1 to 1.3:1.
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14. A method for S conprising exposing an i

_repelirg—mseEcts c

effective anount of““mm\“uwmlnent conposition as cl ai

of claims 1-11. 15. el ling insect onpr.isi a an
effective amount of an § nsdect ré&pellent as claiaegﬂﬁﬁmiﬂﬁﬁﬂﬁLie—éﬂgzg—to

the skin of an aninmal’ so as to repel insects therefrom
. - 22 -~

10. A composition as in claim 9 formed by acid cyclizing
citronellal and removing compounds having a boiling point
less than about 80°C at 4mm Hg.
11. A composition as in claim 10, formed by acid
cyclizing citronellal and removing compounds having a
boiling point less than about 100°C at 4mm Hg.
12. An insect repellent in the form of an aerosol or
lotion composition including about 5-50% w/w of a
composition as claimed in any one of claims 1 to 11.
1332+ 'An insect repellent in the form of an aerosol or
lotion composition as in claim 12 including about 30% w/w-
of a2 composition as claimed in any one of claims 1 to 11.

14. A method for repelling insects comprising exposing an
insect to an effective amount of an insect repellent
composition as claimed in any one of claims 1-11.

15. A method for repelling insects comprising applying an
effective amount of an insect repellent as claimed in
claims 12 or 13 to the skin of an animal so as to repel
insects therefrom, -




