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I NSECT REPELLENT

Filed of the Invention
[ 0001]
The present invention relates to an insect repellent

havi ng i nsect repellency.

Background of the Invention
[ 0002]

Most hemat ophagous i nsects cause infections anong
humans and animal s via transm ssion of a pathogen, or
cause skin inflammtion. |In particular, nosquitoes carry
serious di seases, such as Dengue fever, Zika fever,
yel l ow fever, encephalitis, and malaria, to humans, and
are thus hygienically very harnful insects.

[ 0003]

Such insects each have a sophisticated
chenorecepti on systemincluding a heat sensor to sense
the body tenperature of an animal, a taste receptor to
sense taste, an olfactory receptor to sense volatile
subst ances such as body odor, and a carbon di oxi de
receptor to sense carbon dioxide, which is a highly-
vol ati |l e substance, and exhibit a w de variety of
behavi ors. For exanple, fenal e nosquitoes before egg
production are known to trace carbon di oxi de expired by
an ani mal and the body odor to approach the animl for
the bl ood, detect the targeted ani mal by sensing the body

tenperature with the heat sensor, and suck the bl ood.
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[ 0004]

In recent years, a neans to repel such insects by
causi ng a change in the chenoreception system and
di sabling the cognitive sense of the insect has been
devi sed. Substances acting on the ol factory receptor,
such as N, N-di et hyl - 3- et hyl benzam de (DEET) and p-
nment hane- 3, 8-di ol (PMD), have been used as a repellent.

However, due to unconfortable odor and high skin
perneability, DEET has problemin that its use by infants
and individuals with sensitive skinis restricted and
the duration is only 2 to 3 hours.

[ 0005]

It is reported that natural essential oils such as
| enron eucal yptus oil, |enongrass oil, orange oil, and
cassia oil have insect-repelling effect (e.g., Patent
Literature 1). However, their repelling effect is not
necessarily satisfactory, and thus insufficient for
practical use.

[ 0006]
[ Patent Literature 1] JP-A-2002-173407

Summary of the Invention
[ 0007]
The present invention relates to the followng 1) to
9).
1) An insect repellent conprising, as an active
i ngredient, at |east one selected fromthe group

consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
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cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trinmethyl -3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate.

2) A carbon dioxide response inhibitor for an insect,
conprising, as an active ingredient, at |east one
selected fromthe group consisting of 2-nethoxy-4-
propyl phenol, ethyl 2-cycl ohexyl propionate, ethyl
phenyl acetate, 2,4, 6-trinethyl-3-cycl ohexene- 1-nethanol,
9-decen-1-o0l, 1-octen-3-o0ol, 1-decanol, ethyl 2-
et hyl hexanoat e, and trans-2-hexenyl acetate.

3) A nethod for repelling an insect, conprising
appl ying at | east one selected fromthe group consisting
of 2-net hoxy-4-propyl phenol, ethyl 2-cycl ohexyl propionate,
et hyl phenyl acetate, 2,4,6-trinethyl-3-cycl ohexene- 1-
met hanol , 9-decen-1-ol, 1l-octen-3-o0l, 1-decanol, ethyl 2-
et hyl hexanoate, and trans-2-hexenyl acetate onto the skin
of a manmal .

4) A nmethod for repelling an insect, conprising
attaching or holding at | east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, and ethyl 2-ethyl hexanoate, trans-
2- hexenyl acetate on an apparel article directly or
indirectly contacting the skin.

5) A nethod for repelling an insect, conprising

spreadi ng at | east one selected fromthe group consisting
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of 2-net hoxy- 4-propyl phenol, ethyl 2-cycl ohexyl propi onate,
et hyl phenyl acetate, 2,4,6-trinethyl-3-cycl ohexene-1-

nmet hanol , 9-decen-1-ol, 1l-octen-3-o0l, 1-decanol, ethyl 2-
et hyl hexanoate, and trans-2-hexenyl acetate in a defined
space.

6) Use of at |east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trinmethyl -3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate for producing an insect repellent.

7) Use of at |east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol , isocyclocitral, 9-
decen-1-ol, 1-octen-3-ol, 1-decanol, ethyl 2-
et hyl hexanoate, and trans-2-hexenyl acetate for producing
a carbon di oxi de response inhibitor for an insect.

8) Use of at |east one conpound selected fromthe
group consi sting of 2-methoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate for repelling an insect.

9) Use of at |east one conpound selected fromthe
group consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-

trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
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octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2-hexenyl acetate for inhibiting the carbon di oxide

response of an insect.

Det ai | ed Description of the Invention
[ 0008]

The present invention relates to providing an insect
repel | ent havi ng excellent repellency and being highly
saf e.

[ 0009]

The present inventors searched for a materi al
capabl e of inhibiting the nerve response of an insect to
a carbon di oxide stimulus by using an
el ectrophysi ol ogi cal nmethod, and found that specific
fragrance conpounds have excel | ent carbon di oxi de
response-inhibiting activity, and are thus useful for an
I nsect repellent.

[ 0010]

The present invention can provide an insect
repel l ent which exhibits excellent repelling effect by
I nhibiting the carbon di oxi de response of an insect,
differs in a mechanismfromthose of common repellents
such as DEET and PMD, and is highly safe.

[0011]

Each of 2-met hoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-

octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
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2- hexenyl acetate in the present invention (hereinafter,
also referred to as "the conpound according to the
present invention") is a conpound known as a fragrance,
and commercially available as foll ows.

[02- met hoxy- 4- pr opyl phenol : Si gma-Al drich Co., LLC

[09-decen-1-ol: Sigma-Aldrich Co., LLC

[J1-octen-3-o0l: Sigma-Aldrich Co., LLC

(01-decanol: Sigma-Aldrich Co., LLC.

Oet hyl 2-ethyl hexanoate (1 ROTYL): Kao Corporation

Ot rans- 2- hexenyl acetate: Sigma-Aldrich Co., LLC

Oet hyl 2-cycl ohexyl propi onate (PO RENATE): Kao
Cor por ati on

Oet hyl phenyl acetate: Tokyo Chem cal I|ndustry Co.,
Ltd.

02, 4, 6-trinet hyl - 3- cycl ohexene- 1- et hanol
(i socycl ogeraniol): International Flavors & Fragrances
(I FF) Inc.

In the present invention, one of these conpounds may
be used singly, or two or nore thereof nay be used in a
m xture.

[0012]

The insect intended in the present invention is not
limted and may be any insect having a carbon di oxi de
reception response system and the insect may be
hemat ophagous or non- hemat ophagous. Exanpl e of such
i nsects include nosquitoes (fenmale) such as northern
house nobsqui toes, Cul ex tritaeniorhynchus, yellow fever

nosqui t oes, Asian tiger npbsquitoes, and Chinese nalaria
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nosqui toes; flies such as houseflies, false stable flies,
little house flies, blowflies, flesh flies, seed-corn
flies, onion flies, fruit flies, vinegar flies, noth
flies, and tsetse flies; horseflies; black flies; stable
flies; biting mdges; and chironom ds. Anong them
nosquitos, flies, black flies, and stable flies are
preferred.
[ 0013]

As denonstrated in Exanples later, the conpound
according to the present invention inhibits the carbon
di oxi de response of an Asian tiger nosquito at a neural
| evel to inhibit the seeking behavior of the nosquito for
t he human body. Thus, the conmpound according to the
present invention can serve as an insect repellent or
carbon di oxi de response inhibitor for an insect
(hereinafter, sinply referred to as "carbon di oxide
response inhibitor"), and can be used for producing an
i nsect repellent or carbon di oxide response inhibitor.
In other words, the conpound according to the present
i nvention can be used for repelling an insect and
I nhibiting the carbon di oxi de response.

Here, "repelling an insect"” refers to preventing an
i nsect from approaching to an object or forcing an insect
to avoid an object, and "inhibiting the carbon di oxide
response of an insect” refers to inhibiting the seeking
behavi or of an insect for a carbon di oxi de source by
di sabling or reducing the carbon di oxi de reception

response of the insect to inhibit the cognitive sense to
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t he carbon di oxi de, and the concept differs from having
I nsecticidal ability to exterm nate an insect.

The carbon di oxi de response of an insect can be
measured through investigation of a nerve firing pattern
of the sensory hair with electrodes inserted therein in
response to a carbon dioxide stimulus by using known
single sensillumrecording (Nature 461, 277-281 (10
Sept enber 2009)).

[ 0014]

The insect repellent or carbon dioxide response
i nhibitor according to the present invention can repel an
I nsect, for exanple, through applying it onto the skin of
a mammal such as a human, allowing it to attach or be
hel d on an apparel article directly or indirectly
contacting the skin, such as a cloth and an accessory, or
spreadi ng (i ncluding evaporating and volatilizing) it in
a defined space such as a roominterior and a car
interior, and can be appropriately blended with
addi tional conponents such as a solvent and an additive
for fornmulation into a conposition to prepare a
formulation. Alternatively, the insect repellent or
carbon di oxi de response inhibitor according to the
present invention may be used for a material for
I nparting insect repellency to an external preparation
for cutaneous adm nistration, a cleaning agent, a skin
cosnetic, a hair cosnetic, a textile softener, a fabric
treatment agent, or the |iKke.

[ 0015]
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The quantity of the conpound according to the
present invention to be blended in the above conposition
is preferably 0.001% by nass or nore, nore preferably
0.01% by mass or nore, even nore preferably 0.1% by nass
or nore and preferably 80% by mass or |ess, nore
preferably 40% by nass or |ess, even nore preferably 10%
by nmass or less, or preferably fromO0.001 to 80% by nass,
nore preferably fromO0.01 to 40% by nmass, even nore
preferably fromO0.01 to 10% by mass, and further nore
preferably fromO0.1 to 10% by nmass, relative to the total
quantity of the conposition, although it varies dependi ng
on the dosage form
[ 0016]

The type of a solvent or additive may be
appropriately selected in accordance with the node of use
or intended use of the insect repellent or carbon dioxide
response inhibitor, and exanples of the solvent include
| ower al cohols such as nethanol, ethanol, and propanol;
and water.

Exanpl es of the additive include additives comonly
used for various chem cal products and cosnetics,
specifically, surfactants, organic solvents, oily
conmponents, noisturizing agents, powders, solubilizers,

t hi ckeners, resins, cleaning agents, preservatives, W
absor bers, inorganic substances, fragrances, pignents,
deodorants, essential oils, pharmaceutical agents, plant
extracts, and other repellents.

[ 0017]
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The dosage formof the insect repellent or carbon
di oxi de response inhibitor according to the present
i nvention can be appropriately set in accordance with the
node of use, and may be any of a liquid, a cream a
| otion, an enul sion, a gel, an ointnent, a powder, a
granul e, a spray, and an aerosol spray, etc.
[0018]

In the case that the insect repellent or carbon
di oxi de response inhibitor according to the present
invention is spread in a defined space, it is suitable to
enpl oy a nethod in which the insect repellent or carbon
di oxi de response inhibitor supported on a carrier or
di ssolved in a solvent is packed in a container with a
| i qui d-absorbing wi ck and heated or evaporated through
air blow, or a method in which the insect repellent or
carbon di oxi de response inhibitor supported on a carrier
Is evaporated into the space at normal tenperature. 1In
this case, exanples of carriers to support the insect
repel l ent or carbon di oxide response inhibitor include
natural fibers such as pulp, cotton, wool, linen, and
silk; synthetic fibers such as pol ypropyl ene,
pol yet hyl ene, pol yam de, pol yethyl ene terephthal ate,
pol ybutyl ene terephthal ate, polysul fone, rayon,
net hacrylic resin, and glass fiber; and porous materials
such as zeolite, talc, white carbon, diatomaceous earth,
lime, silica gel, and activated carbon.

[ 0019]

10
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Exanpl es of the nmethod for allow ng the insect
repel l ent or carbon di oxi de response inhibitor according
to the present invention to attach or be held on an
apparel article include a nethod in which the insect
repell ent or carbon di oxide response inhibitor is applied
onto an intended article, a nethod in which the insect
repel l ent or carbon di oxi de response inhibitor is bl ended
in atextile softener and allowed to attach or be held in
treatment with the softener, and a nethod in which a
fabric base material which has been treated with the
i nsect repellent or carbon dioxide response inhibitor in
advance to inpart insect repellency is used for
production of an intended article.

[ 0020]

In relation to the above-descri bed enbodi ments, the
foll owm ng nodes are disclosed in the present invention.

<1> An insect repellent conprising, as an active
i ngredient, at |east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trinmethyl -3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate.

<2> A carbon di oxi de response inhibitor for an
i nsect, conprising, as an active ingredient, at |east one
selected fromthe group consisting of 2-nethoxy-4-
propyl phenol, ethyl 2-cycl ohexyl propi onate, ethyl

phenyl acetate, 2,4, 6-trinethyl-3-cycl ohexene- 1-net hanol,

11
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9-decen-1-o0l, 1-octen-3-o0ol, 1-decanol, ethyl 2-
et hyl hexanoate, and trans-2-hexenyl acetate.

<3> The insect repellent according to <1> or the
carbon di oxi de response inhibitor for an insect according
to <2>, for at |east one insect selected fromthe group
consi sting of nosquitoes, flies, black flies, and stable
flies.

<4> The insect repellent or carbon dioxide response
i nhibitor for an insect according to <3> wherein the
i nsect is a nosquito.

<5> A nethod for repelling an insect, conprising
applying at | east one selected fromthe group consisting
of 2-net hoxy- 4-propyl phenol, ethyl 2-cycl ohexyl propi onate,
et hyl phenyl acetate, 2,4,6-trinethyl-3-cycl ohexene-1-
nmet hanol , 9-decen-1-o0l, 1l-octen-3-o0l, 1-decanol, ethyl 2-
et hyl hexanoate, and trans-2-hexenyl acetate onto the skin
of a manmmal .
[ 0021]

<6> Use of at |east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate for producing an insect repellent.

<7> Use of at |east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-

trimet hyl - 3-cycl ohexene- 1- net hanol , isocyclocitral, 9-

12
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decen-1-o0l, 1-octen-3-ol, 1-decanol, ethyl 2-
et hyl hexanoate, and trans-2-hexenyl acetate for producing
a carbon di oxi de response inhibitor for an insect.

<8> Use of at |east one conpound selected fromthe
group consisting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onat e, ethyl phenyl acetate, 2,4, 6-
trinmethyl -3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate for repelling an insect.

<9> Use of at |east one conpound selected fromthe
group consi sting of 2-methoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate for inhibiting the carbon di oxide
response of an insect.

<10> The insect repellent or carbon di oxide response
inhibitor for an insect according to <1> to <4>, wherein
the content of the active ingredient in the conposition
is preferably 0.001% by nass or nore, nore preferably
0.01% by mass or nore, even nore preferably 0.1% by nass
or nore and preferably 80% by mass or |ess, nore
preferably 40% by nass or |ess, even nore preferably 10%
by nmass or less, or preferably fromO0.001 to 80% by nass,
nore preferably fromO0.01 to 40% by nmass, even nore
preferably fromO0.01 to 10% by mass, and further nore

preferably fromO0.1 to 10% by nass.

13
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<11> A nmethod for repelling an insect, conprising
attaching or holding at | east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trinmethyl -3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, and ethyl 2-ethyl hexanoate, trans-
2- hexenyl acetate on an apparel article directly or
indirectly contacting the skin.

<12> A method for repelling an insect, conprising
spreadi ng at | east one selected fromthe group consisting
of 2-net hoxy- 4-propyl phenol, ethyl 2-cycl ohexyl propi onate,
et hyl phenyl acetate, 2,4,6-trinethyl-3-cycl ohexene-1-
nmet hanol , 9-decen-1-o0l, 1l-octen-3-o0l, 1-decanol, ethyl 2-
et hyl hexanoate, and trans-2-hexenyl acetate in a defined

space such as a roominterior and a car interior.

Exanpl es
[ 0022]

Exanpl e 1: Reference Exanple: Eval uation of carbon
di oxi de response-inhibiting effect

I n accordance with a nmethod described in a
literature (Nature 461, 277-281 (10 Septenber 2009)),
eval uation was perforned as foll ows.

(1) Preparation of Asian tiger nosquitoes

Asi an tiger nosquitoes grown from eggs purchased
from Sum tono Technoservi ce Corporation were used. A
transparent plastic panis filled with water to a depth

of approximately 1 cm and a filter paper on which the

14
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eggs had been deposited was put therein. The |arvae were
fed with tropical fish feed (TetraM n) every day. After
approximately 1 week, the pupae were collected with a
dropper, and transferred into a 20 nL plastic cup, and
the cup was placed in a netted cage. The adults were fed
with 10 % by mass of sucrose contained in a 25 nL plastic
tube. The males and fenmal es were kept together in one
cage and allowed to mate for 5 days after ecl osion.
After 5 days of captivity, the adults were collected with
an insect aspirator and anesthetized on ice for 5 m nutes,
and visually sorted into nales and fermal es to coll ect
only the females. The wings and | egs were renoved from
each fenmal e nosquito under anesthesia, and the fenal e
nosqui t o was pushed onto a doubl e-si ded adhesi ve tape
pasted on a mcroscope slide with the back on the tape
and thus fixed thereto, and the antennae and maxillary
pal pi were positioned so as to achieve the accessibility
of el ectrodes.
[ 0023]

(2) Preparation of electrodes for recording nerve
response

A 1 nol/L aqueous sol ution of potassium hydroxide
was injected into a 50 nL syringe, and the syringe was
horizontally fixed to a magnet stand with a clanp. A
tungsten wire fixed to an el ectrode hol der was
hori zontally inserted into the syringe, and polished by

el ectrol ysis under m croscopi c observation. A current

15



PCT/ JP2016/ 055255 (APO ref.: 1423PCT)

was supplied froman AC power source to the syringe
t hrough the el ectrode hol der via crocodile clips.
[ 0024]

(3) Recording of nerve response

The Asian tiger nosquito prepared on a m croscope
slide was set under a mcroscope, and positioned so that
the antennae were at the center of the view through a x10
objective lens. A reference electrode was inserted in
the eye of the insect. A pipette for providing an
ol factory stimulus was placed near the maxillary pal pi,
and the objective I ens was replaced with a x100 objective
| ens. The recording el ectrode was brought close to the
sensory hair, and carefully inserted into the sensory
hair with a m cromani pul ator. The peg-1i ke shape of the
carbon di oxi de-sensitive sensory hair of an Asian tiger
nosquito can be confirnmed under m croscopi c observation.
After insertion of the electrode into the sensory hair,
t he spontaneous nerve firing pattern was investi gated.
Car bon di oxi de the concentration of which had been
adjusted to 0.1% was fed to an ol factory stimnulation
apparatus via a silicone tube to stinmulate the maxillary
pal pi for 1 second, and the carbon di oxi de response was
i nvesti gat ed.
[ 0025]

(4) Eval uation of carbon dioxide response-inhibiting
ef f ect

The concentration of each of the fragrances listed

in Table 1 was adjusted to 1% wth paraffin oil, and the

16
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resultant was used as a sanple. On a filter paper (3 mm
x 50 mm 15 pL of the sanple was dropped, and the filter
paper was inserted in a Pasteur pipette. The Pasteur

pi pette was connected to a stinulation apparatus via a

pl astic tube, and ol factory stinulation was perforned for
1 second while the response to carbon dioxide in the air
was nonitored, and the carbon di oxi de response-i nhibiting
ef fect was eval uated. The nunber of nerve firings in 1
second after stinmulation with paraffin oil as a sol vent
and the nunber of nerve firings in 1 second after
stinmulation with each sanple were counted, and the ratio
was used for evaluation of the response-inhibiting effect
(N=1).

(Equation 1)

Inhibitory rate (%9 = 100 x ([ nunber of firings
after stimulation with paraffin oil - nunber of firings
after stimulation with sanple] / [nunber of firings after
stinmulation with paraffin oil])

Tabl e 2 shows the results. The conpounds accordi ng
to the present invention inhibited the carbon di oxide
response of an Asian tiger nosquito at a neural |evel.

[ 0026]

17
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[ Tabl e 1]
Name Di stri butor

2- Met hoxy- 4- pr opyl phenol SI GVA- ALDRI CH CO.
LLC.

9- Decen- 1- ol SI GVA- ALDRI CH CO. ,
LLC.

1- Cct en- 3- ol SI GVA- ALDRI CH CO. ,
LLC.

1- Decanol SI GVA- ALDRI CH CQO. ,
LLC.

Et hyl 2-ethyl hexanoate ("I ROTYL" (R)) |Kao Corporation

trans- 2- Hexenyl acetate SI GVA- ALDRI CH CO.
LLC.

Et hyl 2-cycl ohexyl propi onat e Kao Cor poration

(" PO RENATE") (R

Et hyl phenyl acetate Tokyo Chem cal
| ndustry Co., Ltd.

2,4,6-Trimethyl - 3-cycl ohexene- 1- | FF | NC.

nmet hanol

[ 0027]

Exanpl e 2: Eval uation of inhibition of seeking
behavi or of nobsquito for human arm

Mosqui t oes were prepared for evaluation in the sanme
manner as in Exanple 1. Approximately 150 to 200 fenal e
Asi an tiger nosquitoes were transferred in a plastic cage
(30 x 30 x 30 cnm). The plastic cage had a hole to put
the arminside in only one side, and the armwas inserted
through the hole in an attraction test. The other three
sides were covered with a net, preventing a snell from
remai ning in the box. A breathable sheet for disposable
di apers (air perneance (JIS P8117): 2 sec/300 nL 0032
sheets or higher, water vapor transm ssion rate (JIS
Z0208): 1 g/ 100 cnf O1 hr or higher) was cut into a size

of 6 cmx 6 cm and the resultant was fixed with a tape
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to the inner side of a Qual atex glove (AS ONE 8-4053-02)
cut in 5 cmx5cm and 30 nL of an eval uati on sanpl e,
the concentration of which had been adjusted to 0.1 vol %
with ethanol, was uniformy applied onto the breathable
sheet. After the application, the resultant was left to
stand for approximately 5 mnutes, and the attraction
test was conducted. The armwas covered with the

Qual atex gl ove provided with the breathable sheet, and
inserted in the plastic cage. After the insertion, the
nunber of nosquitoes which | anded on the breat habl e sheet
in 5 mnutes was counted. In the case that a nosquito

| anded a plurality of tines, all of the |andings were
counted. In view of the influence of a sanple on the
nosqui t oes, the test was conducted just four tinmes in one
cage, and the cage was then replaced with another cage
and ot her nosquitoes were used for the subsequent tests.
The inhibitory rate relative to the nunber of |andings

wi th application of ethanol solvent only was cal cul at ed
to determne the inhibitory effect.

(Equation 2)

Inhibitory rate (%9 = 100 x (1 - [nunber of | andings
with application of sanple] / [nunber of landings with
appl i cation of ethanol])

Table 2 shows the results in conbination. The
compounds according to the present invention exhibited
excel lent inhibitory effect for an Asian tiger nosquito.

[ 0028]
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[ Tabl e 2]
I nhi bition I nhi bitory
of carbon rate (%
Sanpl e di oxi de
response (%

2- Met hoxy- 4- pr opyl phenol 95 100
9- Decen- 1- ol 56 93.5
1- Cct en- 3- ol 55 70.5
1- Decanol 54 97.5
Et hyl 2-et hyl hexanoate 51 66
trans- 2- Hexenyl acetate 48 54
Et hyl 2-cycl ohexyl propi onate 48 58
Et hyl phenyl acet ate 79 38.5
2,4,6-Trinet hyl - 3- 61 89

cycl ohexene- 1- net hano
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C ains
[Caim1l]

An insect repellent conprising, as an active
i ngredient, at |east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trinmethyl -3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate.

[Caim?2]

A carbon di oxi de response inhibitor for an insect,
conprising, as an active ingredient, at |east one
selected fromthe group consisting of 2-methoxy-4-
propyl phenol, ethyl 2-cycl ohexyl propi onate, ethyl
phenyl acetate, 2,4,6-trinethyl-3-cycl ohexene-1-net hanol,
9-decen-1-o0l, 1-octen-3-o0l, 1-decanol, ethyl 2-
et hyl hexanoat e, and trans-2-hexenyl acetate.

[Caim 3]

The insect repellent according to claim1 or the
carbon di oxi de response inhibitor for an insect according
to claim2, wherein the insect is at |east one sel ected
fromthe group consisting of nosquitoes, flies, black
flies, and stable flies.

[ C ai m 4]

The insect repellent or carbon dioxide response
inhibitor for an insect according to claim 3, wherein the
i nsect is a nosquito.

[ G aimb5]

21



PCT/ JP2016/ 055255 (APO ref.: 1423PCT)

A nethod for repelling an insect, conprising
applying at | east one selected fromthe group consisting
of 2-net hoxy- 4-propyl phenol, ethyl 2-cycl ohexyl propi onate,
et hyl phenyl acetate, 2,4,6-trimnethyl-3-cycl ohexene-1-
met hanol , 9-decen-1-ol, 1l-octen-3-o0l, 1-decanol, ethyl 2-
et hyl hexanoat e, and trans-2-hexenyl acetate onto the skin
of a mammal .

[ C ai m 6]

A nmethod for repelling an insect, conprising
attaching or holding at | east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, and ethyl 2-ethyl hexanoate, trans-
2- hexenyl acetate on an apparel article directly or
indirectly contacting the skin.

[Caim7]

A nethod for repelling an insect, conprising
spreadi ng at | east one selected fromthe group consisting
of 2-net hoxy- 4-propyl phenol, ethyl 2-cycl ohexyl propi onate,
et hyl phenyl acetate, 2,4,6-trinethyl-3-cycl ohexene-1-
nmet hanol , 9-decen-1-o0l, 1l-octen-3-o0l, 1-decanol, ethyl 2-
et hyl hexanoat e, and trans-2-hexenyl acetate in a defined
space.

[ Cl ai m 8]

Use of at |east one selected fromthe group

consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-

cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
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trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate for producing an insect repellent.
[Caim9]

Use of at |east one selected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol , isocyclocitral, 9-
decen-1-ol, 1-octen-3-ol, 1-decanol, ethyl 2-
et hyl hexanoat e, and trans-2-hexenyl acetate for producing
a carbon di oxi de response inhibitor for an insect.
[C ai m 10]

Use of at | east one conpound sel ected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate for repelling an insect.
[Caim11]

Use of at | east one conpound sel ected fromthe group
consi sting of 2-nethoxy-4-propyl phenol, ethyl 2-
cycl ohexyl propi onate, ethyl phenyl acetate, 2,4, 6-
trimet hyl - 3-cycl ohexene- 1- net hanol, 9-decen-1-ol, 1-
octen-3-o0l, 1-decanol, ethyl 2-ethyl hexanoate, and trans-
2- hexenyl acetate for inhibiting carbon di oxide response

of an insect.
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