WD 2005/ 034626 PCT/ US2003/ 029344 TI TLE | NSECT
REPELLENT COMPCSI TI ONS COVPRI SI NG

WORSOREIEPETALACTONE This application is a PCT/US2003/029344

driven amaya

continuation-in-part of U S. Application SN 5

10/ 392, 455, filed March 19, 2003, which is
incorporated inits entiretyTHiFE part hereof for all
purposes. Field of the Invention The present invention

relates tonghe-t it Al ENPESMPGERIORS O |

use of di ry as
repel lent =10 mat er DAHXDRONEREFMAMAGFONEe | nventi on
Repel | ent substances generally cause insects to be

li&@ifonas at&rftiﬁhﬁﬁén-irﬂﬁﬁﬁrdmﬁs AR{JIic?tg)gS%N

. b
SIEE S HORES e MM YL i

f
10,

f orparhiserebf iy allgneposed.s containing _

N, N-di et hyl -mtol uam de (DEET) as their primary

active ingredient. Fur 8L i Reports tests

i ndi cat ed that product ' est

concentration of DEET |asted the |ongest against

nmosqui t dés prasenbinyantion edlatestto Jhe fieldaiflinsact repeliency, and

0 Ao
e e R e

e dBRE

EPA, concerns have been raised as to its safety,

particularly when aBddlegonind ofthiel IlvemtidBr i assoul i s,

G; Narlioglou, M; Hatzis, T. (2001) Human &t" §
i i - ). | es

have susamalieheEsanths aafily etk isaellp (R fVaitguay

gi V&M, gfdotrejest, iadhemmise inseokaecantableifond spurcs ardrabitats. At

| NGhadt el of in@bﬁﬁfep@iléﬁtdé@gé ROFR @ﬁ@é@%&?ﬁ a8 fdg,iﬁlﬁﬁ

i nclu

Speen re-registered for use in the U S. by the

a synthetic chem ca

15 s _fera%{%na%%%mﬁlé&"%; dW\rdiethvlim-delupride (DEEET) as dheir primary

20

25

30

a ldctivé ayremient. r Bumtieér, Birisviey Reddrts tesAhdich®d that products

o1 AR e st cofentidial bR ekl e i6hods Bgaint

mosquitoes. Although an effective repellent, DEET possesses an
unpleasant odor and imparts a greasy feeling to the skin. Furthermore,
although it has recently been re-registered for use in the U.S. by the EPA,
concerns have been raised as to its safety, particularly when applied to
children (Briassoulis, G.; Narlioglou, M.; Hatzis, T. (2001) Human &
Experimental Toxicology 20(1), 8-14). Some studies have suggested that
high concentrations of DEET may give rise to allergic or toxic reactions in
some individuals. Other disadvantages associated with DEET include:

1) it is a synthetic chemical, that is, it is not derived from natural sources:
2) it exhibits a limited spectrum of activity —~ it is not, for example, as
effective as might be desired against black-legged or deer ticks (Schreck,
C.E,, Fish, D. & McGovern, T.P. (1995) Journal of the American Mosquito
Control Association 11(1), 136-140); 3) DEET dissolves or mars many
plastics and painted surfaces; and 4) DEET may plasticize some inert
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- towards insects, is obtained from the graminaceous plants Cymbopogon
winterianus and C. nardus. Examples of plants used as sources of
25 fragrant chemicals include Melissa officinalis (Melissa), Perilla frutescens
(Perilla), Posostemon cablin (Patchouli) and various Lavandula spp.
(Lavender). All of these examples of plants yielding oils of value are
members of the Labiatae (Lamiaceae) family. Plants of the genus Nepeta
(catmints) are also members of this family, and produce an essential oil
30 thatis a minor item of commerce. This oil is very rich in a class of
monoterpenoid compounds known as iridoids [Inouye, H. Iridoids. Methods
in Plant Biochemistry 7:99-143 (1991)], more specifically the
methylcyclopentanoid nepetalactones [Clark, L.J. ef al. The Plant Journal,
11:1387-1393 (1997)] and derivatives.
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: nltldus showed that isodihydronepetalactone was present in appreciable
amounts, together with isoiridomyrmecin (Cavill, G.W.K., and D.V. Clark.
(1967) J. Insect Physiol. 13:131-135). Isoiridomyrmecin was known at the
time to possess good ‘knockdown’ insecticidal activity.

25 Cavill et al. (1982) (Tetrahedron 38:1931-1 938), discloses the
presence of dihydronepetalactones in the insect repellent secretion of an
ant but the compound iridodial is said to be the principal repellent
constituent.

Jefson, M., et al. (1983) (J. Chemical Ecology 9:159-180) disclose
30  dihydronepetalactone to exhibit effective repellency in the vapor phase to
ants over a period of 25 seconds. Longer times were not investigated.
After 25 seconds of exposure to vapors from the pure
dihydronepetalactone, approximately 50-60% of Monomorium destructor
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was given in regard to tfe duration off the repellent
effect. Sunmary of the In\yentign One gnbodi nent of
this invention is an insec 5 conposition of
matter that is or includes a di hydronepetal actone, or
a mxture of di hydronepetal actone| stereoi soners,
represented by the general fornul'a: 10 Anot her

enbodi nent of this invention is a conposition of
matter that repel s insects when applied to a hunan,

ani mal or Ananl mat e host that -
nother embodiment of this mventlon is a composntlon of matter

“that repels insects when applied to a human, anlma‘l or inanimate host that
includes a dihydronepetalactone, or a mixture of dihydronepetalactone
stereoisomers, represented by the general formula set forth above.

A further embodiment of this iﬁvention is a composition of

15 matter that repels one or more insects selected from the group consisting

20

pf bees, black flies, chiggers, fleas, green head flies, mosquitoes, stable
flies, ticks, wasps, wood-boring insects, houseflies, cockroaches, lice,
roaches, wood lice, flour and bean beetles, dust mites, moths, silverfish,
and weevils, that includes a dihydronepetalactone, or a mixture of

dihydronepetalactone stereoisomers, represented by the general formula
set forth above.

Yet another embodiment of this invention is a composition of
matter that has a mean complete protection time that is statistically
indistinguishable from that of N,N-diethyl-m-toluamide that includes a

4
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E BPYE-act one stereoi somers, represented by the
general formula set forth -.above.: Yet another

embodi ment Yt anlottseri gmvieodiim@nt oftras Mvehtidn &f a method of
repelling insects from a human, animal or inanimate host by exposing the
insects to a dihydronepetalactone, or a mixture of dihydronepetalactone
stereoisomers, represented by the general formula set forth above. The
insects repelled may be, for example, one or more of mosquitoes, stable
flies and ticks.

Yet another embodiment of this invention is the use of a
dihydronepetalactone, or a mixture of dihydronepetalactone
stereoisomers, represented by the general formula above to repel insects
from a human, animal or inanimate host. The insects repelled may be, for
example, one or more of mosquitoes, stable flies and ticks.
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the general fornula set forth above. The insects
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nosqui t oes, st abl ¢ es and ticks. 25]|Yet
enbodi ment of thisdnyention is the us
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human, ani mal or inaniate host. The insectsjrepelled
may be, for exanple, one or—or & Pof nosqui t oes,
stable flies and ticks. 5 WD 2005/ 034626
PCT/ US2003/ 029344 10 Yet another enbodi nent of this
invention is a process for the production of a
di hydr onepet al act one of fornula (XVlI) by hydrogenating
a nepetal actone qyyagrnula (XV) according LI he
foll owi ng schene: (XVl) 15 in the pre§ence of
pal | adi um supported on a catal yst support that is not
155, dipthe pﬁgepgg@@‘ paliadidny sinReriegen a catalyst support that is not
_ di Igd@nepet al actones performwell as a new class of
effective insect repellent conmpounds wi'thout the

compos; Pt EIRU0 HatiRdtohFhedladls pairm Melles o
pr d\esnclass afrafjective ipsecitrepaliehtaoimpdunds without the
disadvantageous properties characteristic of prior-art compositions. When
20 . used as an insect repellent, DHN prevents damage to plants and animals,
including humans, or to articles of manufacture, by making insect food
sources or living conditions unattractive or offensive.

Brief Description of the Drawings

Figure 1 shows the chemical structures of the naturally-occurring
25 iridoid (methylcyclopentanoid) nepetalactones.

Figure 2 shows the total ion chromatograms from combined gas
chromatography/mass spectrometry (GC-MS) analysis of a distilled
nepetalactone-enriched fraction from commercially-available catmint oil
(A), together with that of the material produced from this fraction by

30  hydrogenation (B).
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Fi gure Fj Hoe thads3 : :
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répellency test.

Figure 10 shows the distribution of landing density with time, during
20 tests of various repellents against stable flies (Stomoxys calcitrans) in an
in vitro repellency test.

Figure 11 shows the distribution of probing density with time, during
tests of various repellents against female anopheles mosquitoes
(Anopheles albimanus) in an in vitro repellency test.

25

Description of a Preferred Embodiment of the Invention

A nepetalactone is a compound having the general structure:
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nepet al act one at carbons 4, 4a, 7|and 7a as shown

above; (7S)- nepetal actones are ptoduced by severa

pl ants and insects. D hydronepetal actones are known as

m nor constituents of the essential oils of several

| abi ate plants of the genus Nepeta (Regnier, F.E., et

aI Fout g3l eemjierscareraresent vethin gie nzsioyicysispentanoidthackbone

3: PEhoneGiine i BYn ¥ dal | 3RG°RFEs AB5HH Horyei, 75
Es nepetadctohés 8@ prodiuesd tykdverdPparets @h@ﬂ ﬁé@ét@Ct ones
10 are defined by Forrmula 1: Forrmula 1

2005/03@9%6 PCT/ US 003/029344 wher ei n 1 5 6 and
S5indi cat Pihytropgpetalactongs arerdinava 8 miner eansitugnis Qﬁthe

;[‘Sﬁ%ﬂﬁtﬁ%? gf %?9&%1 |abidtQ RIS Bf iR GORNRRDEARegnier, F.E.,
et al. (1967) Phytochemistry 6:1281-1289; DePooter, H.L., et al. (1988)
Flavour and Fragrance Joumnal 3:1 55-1 59; Hahdjieva, N.V.and S.S.

- Popov (1996) J. Essential Oil Res. 8:639-643). Dihydronepetalactones

are defined by Formula 1:

Formula 1
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oxabiq'_clo[4 .3.0]-nonan-2-one oxabicyclo[4.3.0]-nonan-2-one

occurri ng source O o

.u\\\\\\\

H

H

(15,58,98,65)-5,9-dimethyl-3- (185,98,65,5R)-5,9-dimethyl-3-
bxabicyclo[4.3.0]-nonan-2-one oxabicyclo[4.3.0)-nonan-2-one

T

(98,58,1R,6R)-5,9-dimethyl-3- (8S,1R.5R,6R)-5,9-dimethyl-3-
oxabicyclo[4.3.0]-nonan-2-one oxabicyclo[4.3.0]-nonan-2-one,
o - Q

H H

H H

(95,6S,1R,55)-5,9-dimethyl-3- (9S,68,1R,5R)-5,9-dimethyl-3-
oxabicyclof4.3.0}-nonan-2-one oxabicyclo[4.3.0]-nonan-2-one

A “dihydronepetalactone” (DHN) will be understood to encompass
any and all dihydronepetalactone stereoisomers and mixtures thereof,
unless a particular isomer or mixture is specified. When
10  dihydronepetalactone is prepared from a naturally occurring source of
nepetalactone some variation in molar concentration of stereoisomers is
expected. Preparation from a naturally occurring source is, however, a
preferred method of preparation.
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ossess different

PEisiFdh InB! solg S actioniMt Fesdakawedbrorganic solvent
stextemtisayer of nepetal act one (Regni er et al. op.
cit.; DePooter, et al. op.cit.; Handjieva et a/
op.cit. Thus DHN pre aredfrom0|l derived from any
Nepet a @Sﬁ‘tw pils isetated fron viffeecrt Nepdtarspesies are well

st cons |t tion of that
mkﬁ Sﬁ{eﬁ epe ﬁigféggﬁqqpqopg rnaturally-occurring
0

25

stereoisomer of nepetalactone (Regmer et al. op. cit.; DePooter, et al.
op.cit.; Handjieva et al op.cit.). Thus DHN prepared from oil derived from
any Nepeta species will necessarily be a mixture of stereoisomers
thereof, the constitution of that mixture depending upon the particular
species of Nepeta from which it is derived.

As discussed herein above, four chiral centers are present within

the methylcyclopentanoid backbone of the nepetalactone at carbons 4, 4a,
7 and 7a as shown:

10
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t he nepetal actone at carbons 4, 4a, 7 and 7a as
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(9S) - di hydronepet al act one st ereoi sofrers derived from
(7S) 10 nepetal actones. This includes the conpounds
commonly known as cis, trans-nepetal actone, cis,

ci s-nepetal actone, trans, cis-nepetal actone, and
trans, Aratgone " ' ' .n _Figure
1 o prond or eapk paRe bPOPydAdnetalakib dhapliBrger A
caP@ssible @ftes hydengenatidn of aspetelacthner OF tinsss, s Aturdfy

U O hyd ti tion, th
O SRR dBoflers Her Ol P ot e oy b
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S0 ARSI o Bl St
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I SOner

pref le to isolate a specific nepetal actone
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10 dirRpeRIBORES. Mhis MERIRITHE thMbouhds commonly known as

15

20

cis,trans-nepetalactone, cis,cis-nepetalactone, frans, cis-nepetalactone,

' and trans,trans-nepetalactoné, as illustrated'in Figure 1. The predominant

stereoisomers produced by N. cataria (cis,trans and trans,cis-) are
preferred.

Upon completion of the hydrogenation reaction, the resulting
mixture of isomer products may be separated by a conventional method
(e.g., preparative liquid chromatography) to yield each highly purified pair

. of dihydronepetalactone diastereomers. This permits the use of various

different diastereomers as are found to be most effective against particular
insects. It is preferable to isolate a specific nepetalactone isomer from a

plant to convert to its corresponding pair of diastereomers by
hydrogenation.

11
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variation is al so known to exist. Plants of a given
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© Drafing fRTkEY BB Rees bRERIORTROR o ARt BRC indtiactone
1015 siseoispmhers exista Trvsgthegpreferred provess fempidacg spdciic
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st AiBydroRepeiglagtens gnantiPpersds hysgpqmﬁt@nm agoll ﬁrcw@ a
b ,
owebagghggfdgg%é R@g@p to %EIth‘i‘rk? gge;iﬁ? nIeBé&?a&éh S

| egs, parrs o
me rdiermoisonasisngs. This definition therefore includes
but is not limted to a variety of biting insects

G eon’” he ToeBEes reriad Dot contisiion P invebfd inoludes
15WaSHHy) mem&‘érlhf& s Cdﬁmﬁe‘?t&)rateté?’ﬁmaﬁseéﬁarae@ﬁzeél Sin the
PP

I nsects (e.g , housefli es, cockroaches, |ice,
r, oaaﬂuéfeﬁtatm(@@nradmg inseetcstatesdetiotiel larvs and Hupay, by tlivision of

0P PRy TR iRt tiofak Mt Abcofiah. e RS of Iekpand. often
, con(bgtsnéﬂ élW%?/@)‘ twdBaiRs 6B@RBMBraNE Witiys? 5rm§ QefihftiBhlth¥kfore

i nsect g ents agai nst a w de spectra of conmmon
i nge@ude@ gt is, na lignitegtotanvarietynoh bitingdasedis (e.garantal l@ees

20, 4B Qo SRS e HBH L LABGLBBEE! S e, ok,
panyasps)anbyd-bosiagiinsess (¢baéenifds) asoxiduslinseetss(esqic h
as h%%%gﬂltelscggckroaches, lice, roaches, wood lice), and household pests
(e.g., flour and bean beetles, dust mites, moths, silverfish, weevils). In one
‘embodiment, for example, the DHN compositions of the present invention
25 are effective insect repellents against a wide spectra of common insect
" ‘pests, such as those mentinoed above and also indluding biting insects,
‘wood-boring insects, noxious insects, and household pests, most

particularly mosquitoes, stable flies, and ticks such as deer ticks.

In a further embodiment the DHN compositions of this invention are
30 effective to repel any one or more of the members of the group consisting

of bees, black flies, chiggers, fleas, green head flies, mosquitoes, stable

12
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habitats. Hosts can be animals (including wt hoult )
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deterring insects from landing on the article, or

f r B yi hi§ Ak inglyde brildnasifHEiure and the like.
Contenplated in this enbodi nent are those instances in

20 Whi ch afy, gl itfdEembodiment of the present invention, DHN is
| incorporated into a host such as an insect susceptible article to produce an
insect repellent article for the purpose either of deterring insects from
landing on the article, or from occupying the air surrounding the article.
Contemplated in this embodiment are those instances in which an article
25 may already exhibit some degree of insect repellency prior to treatment
with a DHN composition of the invention. In such instances it is
contemplated that the insect repellency of the article will be enhanced by

the application of the DHN composition of the invention.

An insect repellent is any compound or composition which deters
30 insects from a host. It will be appreciated that such usage makes no
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15 SU%ﬁﬁé@e iSolodsesd fsbd 8.88 US BPASHRBATFrEV&ERidH, Pesticides and
Prevention, Pesticides and Toxic Substances product

per mmﬁmawee%,mrogupﬁwf@r@rsamst gmdetmmoPPJrSjsm 3700;

H %I Ci HS%SM SD%yISJ]FF (?ﬁag%@'ﬁﬁ@gﬂ Eﬂ?ig%l MCIB? 347

t hi1s- 18]V¢mbh@rexehimal¥ftﬁﬁ§©dlh@ﬁldf €His lrﬁ/@ﬁﬂéﬁl t‘h'leisect
her eof has a nean that is statistically

i nigRalient cepasitientheseefihas a 1eapEErT that nswéaﬁsé@ally n
20 V"hirfdkt nr_@nuisggc\% i l'ngﬁﬁ%% [r%%gg'l tlf\gtﬁgg%é Wth%londltlon of
the respective mean CPT performances of a DHN composition and DEET
are shown to be statistically indistinguisable, the test conditions (including
amounts of active ingredients) utilized must of course be identical, or, if not
identical, must differ only in ways that do not prevent utilization of the
25 results for the purposes of documenting the existence of the condition

described.

As noted above, DHN compared favorably in performance with
DEET. Moreover, DHN is advantageously prepared from naturally
occurring nepetalactone derived from plants whereas DEET, and many
30 other insect repellents, are not prepared from natural sources — an

important consumer consideration when choosing an effective repellent.
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of DHN or any insect _ _ ,
on the host surface to which it is applied. Many compounds known in the

.art to exhibit insect repellency do so, however, only in relatively
20 | concentrated form. See, for example, McGovern et alin U.S. 4,416, 881,
which discloses the use of repellent conéentrations of 6.25-25%. In other
situations representative of the art, it is often found that concentrations of
| DEET much below 1% require repeated application to achieve an effective
| surface concentration, yet concentrations above 30% result in excessive
25 ‘surface concentration, which is both wasteful and conducive to the
production of undesirable side effects. A further advantage of this
invention is consequently that DHN not only provides effective insect
repellency at concentrations similar to those employed for DEET, DHN
may be employed at concentrations up to and including neat DHN (i.e. the
30  composition hereof may, if desired, contain 100% by weight DHN). The

property of effective repellency in DHN provides many options for
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repellent to ?e effectjve the eva oratlon rate of the
evaporation rate, such as the ambient temperature, the temperature of the

(&)

20 - treated surface, and the presence or absence of air movement. The
composition of this invention has a skin surface evaporation rate of at least
a minimum effective evaporation rate, and preferably has a skin surface
evaporation rate of at least a minimum effective evaporation rate for at
- least five hours.

25 In most cases, penetration into and through the skin is an
undesirable mode of loss of compound from the skin surface. For
example, insect repellents are known to be absorbed into human skin,
making potential toxicity a concern on the one hand, and clearly removing

| the absorbed amount of repellent from insect repellent activity. Similar

| 30 considerations must be made for insect repellent articles.
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may be enployed to reduce the evaporation rate of DHN

. if so desired. For 5 exanple, one:-nethod is to conbi ne
the DHN Rarexampiel piaaseRT the metive ingredienhmaydes fer, example,

for A ﬁ'{lﬁoﬁ)@'ﬂ{:&gsg&%ﬁtlﬁ WHIER Y &R R @b?‘%ﬁgéﬁ Lo the
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protein capsules that are suspended in either a water-based lotion, or

water for spray application. After contact with skin the protein capsulés
begin to breakdown releasing the encapsulated dihydronepetalactone.'
The process continues as each microscopic capsule is depleted then

25 replaced in succession by a new capsule that contacts the skin and
releases its active ingredient. The process may take up to 24 hours for
one application. Because a protein's adherence to the skin is so effective,
these formulas are very resistant to perspiration (sweat-off), and water.
When applied they are dry and comfortable with no greasiness. This

30 system results in very effective protection, but it is only effective when

used on skin because clothing does not have the capability to release the
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20

25

30

onepet al actone _ avail able for |ater evaporatl on.
Th|n9tb9§'taéwifldé‘ﬁmﬁ?@WFQH*TB?%se a repellent's length of
ef fectiveness by 25%to 50% over conparable non

Suitable for the present invention are one or more commercially
available organic and inorgénic liquid, solid, or semi- solid carriers or
carrier formulations known in the art for formulating insect repellent
products. For example the carrier may include silicone, petrolatum, or

lanolin.

Examples of organic liquid carriers include liquid aliphatic
hydrocarbons (e.g., pentane, hexane, heptane, nonane, decane and their
analogs) and liquid aromatic hydrocarbons. Examples of other liquid
hydrocarbons include oils produced by the distillation of coal and the
distillation of various types and grades of petrochemical stocks, including

kerosene oils that are obtained by fractional distillation of petroleum.
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Fo alc@hg{dps,emtbaes,anmeeal ailahighec bloddots, Iflnetyrd;ylded organic and

trol at ¢ l ¢
L SASS T L T St B 4
peR éﬂﬁ:arﬂikﬁi%a'ﬂ‘i‘e chRiir2a8, coﬁ%ﬁ&@nv&ﬂf&ﬁ? epiifdsifyiv®d Bgents

ana&ogs and |iquid aromati c hydrocarbons. Exarrp es of
ot mich capibe usegzlcfoocawsm@ﬁwe dibydnepietalagiong sostpainds to be

vatisotsed sbenfRitld i BRe iondhlsh ehpTtEh o

including 30 kerosene oils that are obtained by
fracti omg hdn@hdr{oﬁbo/dﬂﬁ aﬂfohbl@tlhclueérmefb&l \&khyl, normal-propyl,

2005/ 034626 PCT/ US2003/ 029344
isopropyl, normal-butyl, sec-butyl, and tert-butyl alcohols. Suitable
alcohols include glycols (such as ethylene and propylene glycol) and
pinacols. Suitable polyhydroxy alcohols include glycerol, arabitol,
erythritol, sorbitol, and the like. Finally, suitable cyclic alcohols include

cyclopentyl and cyclohexyl alcohols.

Additionally, conventional or so-called "stabilizers" (e.g., tert-butyl
sulfinyl dimethyl dithiocarbonate) can be used in conjunction with, or as a
component of, the carrier or carriers comprising the compositions of the

present invention.

Solid carriers that can be used in the éompositions of the present
invention include finely divided organic and inorganic solid materials.

Suitable finely divided solid inorganic carriers include siliceous minerals
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: mﬂammatory agents, antl-OX|dants radical scavenging agents, retinoids,
alpha-hydroxy acids, emollients, antiseptics, antibiotics, antibacterial
agents or antihistamines, and may be present in an amount effective for

achieving the therapeutic or cosmetic result desired.

25 The composition of this invention may also be blended with a
non-dihydronepetalactone insect repellent, such as those included in the
consisting of: benzil, benzyl benzoate, 2,3,4,5-bis(butyl-2-ene)
tetrahydrofurfural, butoxypolypropylene glycol, N-butylacetanilide, normal-
butyl-6,6-dimethyl-5,6-dihydro-1 ,4-pyrone-2-carboxylate, dibutyl adipate,

30 dibutyl phthalate, di-normal-butyl succinate, N,N—diethyl-meta-toluamide,
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30 Suitable finely divided solid inorganic carriers
i nclude siliceous mnerals 19 WO 2005/ 034626

WOCHsWSA263/ 029344 such as synt heti c and nat ur aCTRIS2003/029344
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extracts, anti- inflamuatory agents, anti-oxidants,

r a@rdanged Reteg pﬁgn@g(mfgrablbtfphamyod of|g6 Feash pavera) hours).

acids, enollients, antiseptics, antibiotics,

ant i bac &Bneﬁ&%l’%&mﬁ ﬁ,%ﬁ/ Iﬁ%nﬁﬁhe @f&eﬁ?%v@ﬁﬁon in

present YaRNeRoan ing t
th ﬂﬁ@flﬁ'm ofdnoividues didstereoarus br danixtied.of Xaridhe diastereomers,

o OR GRS BEeLaRRS ey DT R e pRLokeg Aany
20t NRBRceMFAtAIBEVEIsi2Ble for the particular need, including neat.
However, it is contemplated that the amount of DHN in an insect repellent
composition or repellent article in accordance with the present invention

will generally not exceed about 80% by weight.

The compositions of the invention may be formulated and packaged
25  so as to deliver the product in a variety of forms including as a solution,
suspension, cream, ointment, gel, film or spray, depending on the
preferred method of use. The carrier may be an aerosol composition
adapted to disperse the dihydronepetalactone into the atmosphere by

means of a compressed gas.
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o St R R of BB BBt BTG sineliné@pbPétfon of DHN
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20 or epgf oS Bt R e iR R o e ot FRESDRRS,
ge@%éihéygém,t oiatnend, bahndBsiovesr gels gioam products (e.g.,
shaving foams), makeup, deodorants, shampoo, hair lacquers/hair rinses,

and personal soap compositions (e.g., hand soaps and bath/shower

soaps).

25 Further contemplated in the present invention are those
' embodiments wherein DHN provides effective insect repellency in a
. variety of articles that are susceptible to aﬁack by insects by incorporation
therein. In a typical embodiment the articles are outdoors, but need not
be. Among the articles contemplated are included, but not limited to, air

30 fresheners, candles, various scented articles, fibers, sheets, textile goods,
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The conpositions of the invention may be formnul at ed
and packaged 25 so as to deliver the product in a
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| otthRAGla (X RiRolves hydrogenating a nepetalactone of formula (XV) .
20 according to the following scheme:

0 0]
0 0
7
—
25
(XV) (XVI1)

in the presence of palladium supported on a catalyst support that is not
SFCO3.
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The metal catalyst used in the process of this invention may be

20 used as a supported or as an unsupported catalyst. A supported catalyst
is one in which the active catalyst agent is deposited on a support material
by spraying, soaking or physical mixing, followed by drying, calcination,
and if necessary, activation through methods such as reduction or
oxidation. Materials frequently used as support are porous solids with high

25 total surface areas (external and internal) which can provide high
concentrations of active sites per unit weight of catalyst. The catalyst
support may enhance the function of the catalyst agent; and supported
catalysts are generally preferred because the active metal catalyst is used
more efficiently. A catalyst which is not supported on a catalyst support

30 material is an unsupported catalyst.
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The process for the production of a
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Pcmtjfsznuee/tmzcwdﬁs sueh assiicapalyminartitania, galetunmspenanate,

d
or DRRETRaERE. ARf barkops” 3B ol SRR, AP og N B fhm of
pr @@mfd@? @ﬁﬁ@[e@' bullets ooethidikeh e\ paifeired yuppor neaterblsttthe
i ncorporated into the catalyst during

may
5 st @pesantﬂmeerwﬁm é@lectﬁcbﬁf@@bthﬁ@r@wp sowét"aglpfaw@pn > alumina,

oyt Y80 TS S . SRS, ARFRCCoou,

ag edmpduwts tiaereal and Iaerrmwad)nsttheremfalsmnabbb&mppdvlsenclude
side reactions. A "netal prom)ta Memers
30

mstcarbqrb SiQapEar®a HBasSP4 andva SRV §H@ported catalytic

Fy dresg ey Ve spmet sl Metdidi BRI fipporting

10pr¢§ﬁgﬁgbpf a suitable active netal hydrogenation
catalyst. Acceptable solvents, catalysts, apparatus,
and procedures for hydrogenation_ in eneral can be
found |mnmngmb¢;&menépé&@jeﬁ@@umvga @ny%ny)recnreielﬁr@d '

13485 T S ERYa e e hor e Rl ebleyany,
' 'n%%m%étvné\)é%uhéé@é dgg&atéﬁﬁég 1@@@ 27% Furte®
princi pal conponent iri iu od| m

ni pkeflerreduduipportarare phage, mxanhlcularl';emrbnn thanﬁbaue@ssurface area
t hereof, conbinations thereof, and the supported ‘

15y ecfablesst Be0 eed/g. The netal cat al yst used in the
‘process of this invention nay be

Commercially available carbons which may be used in this

invention include those sold under the following trademarks: Bameby &
Sutcliffe™, Darco™, Nuchar™, Columbia JXN™ Columbia LCK™,
Calgon PCB™, Calgon BPL™, Westvaco™, Norit™ and Barnaby Cheny
20 NB™. The carbon can 'also be commercially available carbon such as
Caléicat C, Sibunit C, or Calgon C (commercially available under the

regiétered trademark Centaur®).

Preferred combinations of catalytic metal and support system
include palladium on carbon such as in ESCAT#142 catalyst (Englehart).

25 ~ While the weight percent of catalyst on the support is not critical, it
will be appreciated that the higher the weight percent of metal, the faster
the reaction. A preferred content range of the metal in a supported
catalyst is from about 0.1 wt% to about 20 wt% of the whole of the
supported catalyst (catalyst weight plus the support weight). A more
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20 used as a supported or as an unsupported catal yst.

A supported catalyst is one in which the active
woav@lopstze agent i s deposited on a support mat ePCalus2y/029344

sprayi ng, soaking or physical mxing, followed by

dr Pié?@lﬁeﬂ%%lﬂﬂf methl coAtttht irhnge fePemrabolatuivgtd about 10
t hFough nethods such as reductiion or oxidation.
Vel [y wefght of the wholesefdha supppped catalystp 6y turhes prefgged

ith high 25 total f o
FneaAR A Ao HesOR ARt ST Rs oG sy
aC{eYdht Tf 1SS whBle othe sUpbBRbdatslgétal yst. The cat al yst
support may enhance the function of the catalyst

agent; and sugﬁort ed catalysts are generally . .
5 pr ef er r Eptionsiiy;Femetd piefoler may e usedavilfy the gatglylig metal in

f£i ci entl i oh i ‘
b S0 Sl reS et/ Shbie etd! phRRg félee:
catipthevle elémheVis ROSdro8p6 A6arkdC2 0P8R P&YiEHS 3dkle TR tin,

catal yst support can be any solid, iner ubst ance
i nEPPRSH GOl @the"néﬂdICPﬁ:ltt"é%F'qr@,thSﬁQf'e%n‘ilfts)rF%b@?ﬁ'cP’b%‘?f
al um ' ' Yoy : , tum sul fate,
androuPg shetthne FREpUiaER RIS omollite T B £ o1
of powder, granules, pellets, or the Iike. A

10 pr ef er r Fenmperpture, suvant] catalyst,tpresSurprarslemixingraiatare all

i's selected fromt ro consi st4.n f..carbon

i aaramsters tatedtect fehyalrBoSt T selpuSRhiEE among these
ti Eg%rﬁe@rél MdiPoe bljudficroséfdct the BasiredtomarsSioRNTeaction
conmpounds thereof and conbinations thereof. Suitable
supater asdisetactiviey indheeactia obtheqocess.-Baso4 and

A1203. Moreover, supported catalytic netals may have

t he sa ] r ol i ng
10" ma; oV B G EOARACE e steadht Hhcniriie ruRpRLd
151 NY&Mbeeturedis fwne apoel 259Gt 250fthandre sreferablyrfrom about
. Further preferred supports are those, particul ar

cabBoR oyt Ay €. skereleraad fpekabeut a0 tPonfOz"@& The
N A e
at prefesdblpabootd.3.to GdnPac Bad Iyostaprafdralbly eboat 6@nte 4 MPa.
which may _be used in this .
" The reaction may be performed neat or in the presence of a solvent.

20  Useful solvents include those known in the art of hydrogenation such as
hydrocarbons, ethers, and alcohols. Alcohols are most preferred,
particularly lower alkanols such as methanol, ethanol, propanol, butanol,
and pentanol. Where the reaction is carried out according to the preferred
embodiments, selectivites in the range of at least 70% are attainable

25  where selectivites of at least 85% are typical. Selectivity is the weight
percent of the converted material that is dihydronepetalactone where the
converted material is the portion of the starting material that participates in

the hydrogenation reaction.

The process of the present invention may be carried out in batch,

30 sequential batch (i.e. a series of batch reactors) or in continuous mode in
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i nvention include those sold under the follow ng

trademar ks: Baneby & SutcliffeTM DarcoTM NucharTM
waabosrdsac IXNTM  Col unbi a LCKTM  Cal gon PCBTMPCTAISQmB/029344

BPLTM WestvacoTM NoritTM and Bar naby Cheny 20 NBTM

Th n?érﬁ%u%n@évm 8y far\@ntinkbes pridesses

sugﬂgysfkm)é&gﬁgii%cat C, Sibun thg@%r Cal gon C P

( c tsas for exampley &i. 8 abv@enridementary GhajnisabRegction

o o BTt e Pp e al B N B IR BRI B bt formed
ON 563HE YRod b &%e rebdHBRAY fdtiévehblskpardtionahetiads) -

25 Wil e the weight percent of catalyst on the support
5i s cnetomarily employed forguch sepaeghiongci at ed t hat t he
hi gher the weight percent of netal, the faster the

oo o L epdRL BTbEEDF bt AR hidlbgbiafsh FadiBh, R sultflg®
L o ittt iy
G COMUeisE PN OB 5 s Sxalsine o atiTation, BV o

me | i N 0 .

e S EEHER, S PgReb et g MydRiitiohatbdtapRy R3ielq SHoh nighly
10A fourifibe pafrraffdinydrdnepetaicydnecemaritmersnt@mnital chnywaiography

from agout V\éfg to abotgal 7 % b wei ght of the

whéay B¢ 0oy %R)??%?Ha ERARMAMEIS. ot j onal |y, a netal

pronoter nmay be used with the catalytic netal in the

met hod afhd hiesBhERBAtidMSTIHhENdesttibedlihdut®belimited by the
pronoters include: 1) those elenents fromgroups 1 and

2 dollawingspecidigiemnbediments?) tin, copper, gold,

silver, and conbi nati ons thereof; and 3) conbinations

of group 8 netals of the riodic table in | esser

anounts. 10 Tenper at ure, sgﬁgﬂﬁ-ﬁﬁcatal yst, pressure

and mxing rate are all paraneters that affect the
15hydr ogenatth® folloWiey erhmblesn e potation i/’ refees to the weight in

par anet er.s, may..be. adj fe desired

cor%@'?@i%ﬁhe Pég\é? Iwﬁé&ééfge#&(g@eﬁsé%qy in the

reaction of the process. Wthin the context of the
present Qthreeabbraviationsmraployedare as follows: “h” means hour(s),

“min” means minute(s), “sec” means second(s), “d” means day(s), “mL”
means milliliters, “L” means liters, “m/z” means mass (m) to charge (z)

20 ratio, “ppm” means parts per million, “mol %” means percentage
expressed on a molar basis, “Hz" means Hertz (1/sec), and “psig” means
pounds per square inch guage.

EXAMPLE 1

Preparation of nepetalactones by fractional steam distillation of oil of
25 Nepeta cataria

A sample of commercially-available catnip oil, prepared by steam
distillation of herbaceous material from the catmint Nepeta cataria, was
obtained (Berjé, Bloomfield, NJ, USA). Combined gas chromatography —
mass spectrometry (GC-MS) of the oil as received indicated that the
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15 tenperature is fromabout 25C to 250C, nore.

preferably fromabout 50C to about 150C, and ' nost
wonefsasied from about 50C to 100C. The hydr ogeaT/US2003/029344

pressure is preferably about 0.1 to about 20 MPa, nore

DBl BeR et wirk febPelactond SerBRbnRIS EE 1YY
ne&lo\nmver rasg ;bmrcbaeedartbe adlfis @ mghlvmntammawéﬂa’(ural product,
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5I o fnt %qqe?éqgaéﬁ,n@gt hanol, ethanol, propanol,
ano anol V\here the reaction is carried

O t to t f nmbodi
SLH 2oonnd 2'9‘? ngpﬁé?acgr 5 TPt WhB 0epatse) B ractional
at Hwtln@tMrgothﬁeMH%r&emdde@lt (ZP IprS] 2. yatinl paskecB&%l amewith
e I VI t
oo PR s PRufb: Variahih Fel Bt 82 2B TS Binlrabiths
t heollexied betveeemBOXE aad 99C)h gmetzllonre@sntawﬁlesG@rMSrigtal
10, eaoq{ brﬁjoﬂ#ﬁ%rambf {Hd H@é&élﬁ'cfbnetgﬁlcmé@r PRGN ;br%ﬁaredbby

resent invention

c afectiona distiialpR ok the ce@nseéalabﬁmale WNepete; cagandessential
SebilEPhe bohditie s EATIGEENeRs: dofuriR MPRMIBI I &e).2mnZtoven

cude0iar? et o e AR R0 B B4 BB vz

1;5 gﬂfeme}vieaetdihﬁonwghemqlﬁbeﬁlﬁmwl\kg o@ﬂrgz’;)oa!} r‘c]czeeaintmi on
rgf&gﬁ@gé{@gﬂ%ﬁ C%Iﬁ#%rﬁﬁrr‘ggﬂ as the pr oduct of the

react| on i s renmoved by separation nmethods 5

cust omain Figusendio jiaei Mass speshugephihgtmaies peal 603 min,

Co'ﬁ%kvﬁfdléﬁioﬁé ) ihfRgiedy R & 8REWR.M H QHQUBGVNMWQnaIySB of the oil

resu re of d|h drone act o 0
 0¢he PrEfed aLEres e 1o CRTog G St BT TR
S UpRegshtéd (Figy D). eTh@)”@@nbnild:aitshtﬂs fothe four possible

20 nsgosgriasn ooty o weLEERNE s sithdtento the speora

of takéwﬁhr dmépampleac'fbm stemaoisamensswerehdetatted and the
Chr QmRAg Wg}ﬁuaﬂ'ﬁﬁed) BaSSPbRYRY chbon§PRIGHE at around 170 ppm.

endNtioner's
The chemical shifts, for both the original oil and the enriched material, are
provided in Table 1. Each carbon atom of nepetalactone is identified, as
25  shown in Figure 4.
Table 1
'3C Chemical Shifts and Mol% Values of

Nepetalactone Stereoisomers Present in Commercial Sample of

Essential Oil of Catmint (Nepeta cataria) and in

30 Fraction Purified by Steam Distillation
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d2.7

h

30.9

26.1

30.4

31.0

26.1 30.5

20.2

17.5

17.1

20.3

17.6 17.2

15.4

14.2

14.7

16.5

14.2 14.8

Mol%

80.20%

17.70%

2.10%

84.50%

14.30% |1.20%

This analysis indicated that in the oil, nepetalactones were present
in the following proportions: 80.2 mol% cis,trans-nepetalactone, 17.7 mol%
trans,cis-nepetalactone and 2.1 mol% cis,cis-nepetalactone. The data

indicated the proportions of nepetalactones in the purified material were

84.5 mol% cis,trans-nepetalactone, 14.3 mol% trans,cis-nepetalactone
and 1.2 mol% cis,cis-nepetalactone. GC-MS analysis of this purified
fraction indicated that it consisted predominantly of these nepetalactones
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10 i on chromat ogram of the nepetal act one-enri ched
fraction prepared by fractional distillation of the

woansseizal sanpl e of Nepeta cataria essenti al PCOiUS2003/029344
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The conditions enployed were: colum HP5-MS, 25m x

" RS oghtigpied fy Bacd Al ofbisesnufbfhon

unlcab,ejphyﬂemahé husnuwlesg (iatatreot shawin).15

sesqui terpenoid contami nants. In Figure 3A, the mass
spectrum of the major pealeXQypBemn, nepetal actone)
in Figure 2A is shown. 1 Hand I3T NMR anal ysis of the

oil and the purbfled terial was also carried out,
and the 13C dat aFreoaralion gfdfdrenepetalagionese 13c
chem cal shifts for the four possible 20 stereoisoners

reported 0|7ngz<bhmd disHifeat neetalctnedngetiondoftthe tcatmint oil
spectra

ortotded A ieriil B Wi PSR B8l RRMEAT [0 mi and

on plaeedciarsdbisher-Pegties hottle wit 43T 912% PiRrCOgAIdrich 41,461-
h t ' ' :
gnflm:a%aé(?t%gg 'ic? fd?);?r\ggé Ey%él?a&@ﬁ'a%brﬁr‘écb@lédlw’tﬂ l-'icélﬁ/vlce then
caicharoas with &i2 ab%%paugae‘ff@ﬁréa g stifrisie alroemn teqaperatyre, the
Shaie Msﬁie@m%@aﬁd 1Y caﬁt@hﬁs ﬂJtelra@o%e et toS'élrﬁd\ﬁe @dlyst.
l\/bl o Val ues of da ét one St ere somsrllséla sent 1 n
s TR BYed Bad AU O PIRRR L Nepet a
catarla) and in Fraction Purified by Steam
Distill ﬁcwsmmigommmewmmmzm;g@m 120°C,

ES%WH At%O@/hPAJFM)' égsﬁﬁftﬁcﬂ% Gl ﬁﬂ/@tlri)a\ﬁéé EBF@%&% on this

S-cCl S, cis

(IOFW@’@”@‘@Dm@tqtﬁbﬁ?@h(@ﬁﬁiogrﬁmﬂme?%ﬁ@ in Figure 2B. This
al HraBAiDindictled il tHe principal component (65.43% area; Rt 7.08 min)

represented a dihydronepetalactone isomer, with m/z 168; the mass -
spectrum of this component is presented in Figure 3B. This spectrum
contains an ion with m/z 113, diagnostic for dihydronepetalactones
(Jefson, M., et al. op.cit.). Five additional peaks, representing the
rémaining dihydronepetalactone diastereomers which might be derived
from the three nepetalactones present in the starting material were also
represented in the chromatogram. These occurred at Rt 5.41 min, 6.8%
area, m/z 168; Rt 5.93 min, area 1.2%, m/z 168; Rt 6.52min, 4.88% area,
mass 168; Rt 6.76min, 13.8% area, m/z 168 and Rt 7.13 min, 1.25% area,
m/z 168. No residual nepetalactones were detected by GC-MS.

1H, 13C and a series of 2D NMR analyses were also performed.
The carbonyl region of the 13C NMR spectrum (Figure 5) showed at least
five spin systems, one of them in larger amounts than the other four (ca.
75%). Very little residual nepetalactone was detected.

Based on the analysis of coupling constants and the intensities of
the different NOE cross peaks observed, the stereochemistry of the
principal component of the material was determined to be the
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Mol ¥480. 2094.7. 7092. 10%84. 50%44. 30%4.. 20% Thi s anal ysi s

indicated that in the oil, nepetal actones were present

in the foll owi ng proparitionsg 80.2 nol %

ci s, trans-nepetal actore, 17.[f nol %

trans, ci s- nepet al act oné_angs21 nmol %

ci s, ci s-nepet al act one de dat & 5 i ndi cated the

proportions of nepet a the purified materi al
were 84.5 nmol%cis,trar spet al actone, 14.3 nol %
trans, cis-n e petal acton e

and 1.2, nol %
ci s, ci.s-nepetal actone. GC-MSRanal ysis of this purified

fraction,indicated that it_consist ' [,

these n pReReRlactop %7@'@? %@%ﬁ%&?—%{g-d%&kyl-&

PCHixEbRY0R[4.3TqAdn4mR2orkH6) , acconpani ed by trace

anmounts of the sesquiterpenoids caryophyllene and

humul ene (data not sho MPLE 2 Preparation of

di hydr onepet al act ones the distilled

nepet al actone fraction of the catmnt oil prepared as
 ddescribed in Example 1 was dissolved in ethanol (200

m) and placed in a Fisher-Porter bottle with 12.7g

2% Pd/ Sr@%digt%ir@gi tgétws%énl‘lllﬁdmell_))tllﬁﬁo@[agi?bmtpr?fr?ne(dt) igienger
was, evacu a ac e R en
ehdnge e distngs sthas she gietarhdrPubf MR pigh e an

T o@bstpmtienatansestentheith the cis-trans stereochemical configuration.

10 The stereoisomer isodihydronepetalactone (9S,5R,1R,6R)-5,9-
dimethyl-3-oxabicyclo[4.3.0]Jnonan-2-one; (Formula 3) was similarly
identified by 13C chemical shifts and is present in 3.6%.

—

o}

,.\\\\\\\\

NS &

Formula 3
15

Thus the GC-MS and NMR data indicate that hydrogenation of the
mixture of nepetalactone stereoisomers yielded the corresponding
dihydronepetalactone diastereomers, as expected. The pair of
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10 tube was vented and the contents filtered over
Celite to renove catalyst. The solvent was renoved

wanasro3kacuum yielding a clear oil. GC M5 anaPgsiUus2003/029344

5

10

15

20

(col um HP5-Ms5, 25m x 0.2mm Oven 120-C, 2 mn,

15G i , i 0.5 ' d

¢ ldBichep ity SefB 2 otF FSbhu ST UG bR HERES O
pr espatatactone KB48rMoliBof e statthoamalsrial sweralihespredominant
Itrnhg;h;ld?'@n&ﬁétaré'c esC ggﬁ@.@%‘bf {RomAdAcORBWirg: h]dr@%ertmahtion.

represented a ydr onepet al act one i soner,
mz 168; the mass spectr f IS conmponent is
presented in Figure 3B. Tﬁggﬂgngﬁfun1 contains an ion
with mz 113, diagnostic for dihydronepetal actones

(Jefson, MRepelleaty temtingidf a) dihdroaepdidilddtonamixigeds,
representing the 20 remai ni ng di hydronepet al act one

nepet o SEIAENHebAdh Meqdfadtiie WA Exahfie b Bebidhafa

al SmDHNpveaeevaldaied fohis cepalient effectmagninst éemataudedels
: ' . 8% , 168; Rt 5.93 mn,

T fg?yéyﬁkﬁ@ﬂoﬁg area, nz mn, area

6.52m n, 4.88% area, nmss 168; Rt
6.76mn, 13.8% are z 168 and Rt 7,13 mn, 1.25%
o oM D riroxmisiely R50 Tegalo AcaRs Seaxp IS LRORE BT
detigedREel)intda lksﬁambercoﬁ%Jﬁ@G \ﬂelfse cbeh col/eid HIVR
an Ses werye.al So [ rne . 5
£ h Bl RS Ry Bal Purey blirabran L WG P Fus R hcine
s piblocl; £oetainingrsedafm citeatei(to pravget clativghasd tATEh (1hemg ATP
ot . QuUIT v j i I
ot Siodi{saltGer 26/mE bt bISEHY. dif edied T 874 Avolume, of 25 i
of Of innprepd aleshel,gandaining eneeof thedast snasimens shawn in

di fi-pren! whSBapplied fo BadK ethb@ieed, the
stereochem stry of the principal conponent of the

mat eri al was det errﬁ ned to be Tasle® WO 2005/ 034626
s ey Oy Q2 Bt ahAlISRE ABLREH R R SleleRby ediifi

oxabi cycl o[ 4. 3. 0] nonansz 2-one), Fornmula 2 The distance ..
be?p\kggﬁs% hEe et h%/l gr 3%@“??5'%%(1 proton (d) is Q{W&Qﬁatlon

~Untreated Control Isopropyl alcohol 100%
Positive Control Isopropyl alcohol with DEET 1.0% (w/v)
Experimental Samples  Isopropyl alcohol with 1.0% (W/v)

Dihydronepetalactones
2.5% (wiv)

5.0% (wiv)

After 5 min, 4 day-old female mosquitoes were added to the
chamber. The number of mosquitoes probing the membranes for each
treatment was recorded at 2 min intervals over 20 min. Each datum
represents the mean of three replicate experiments.
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than the distance between the nethyl group (j) and the
proton (e), an observation consistent with the

woi2e05toBan6 st er eochem cal configuration. 10 TheCT/UuS2003/029344
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expected. The pair of 31 2005 034626

PCT/U82003/029344 di astereo Formula 2 and Fornul a

3) derived fEgEtGfDihy@os epéﬁﬂﬁﬁ@h@dkmnenﬁaﬁm&nWbI960f

the starting materi z the Egﬁg ant

di hydr onepet.al.act one .ZV*“rﬂ

pEAT T e 9?35’ one i xi PG FRECHA) (SEM)

prepared i n accordance wth Exanple 2 (designated
"nDHN') was|sepadbpidbtbhbb(uritteatedpel | ent ef f &6 (0.66)
agai nst fe r%@ des aegypti nosquitoes.

Appr oxi mat el'y femal e Aedes aegypti nosquitoes were
10 introduced into a chanber containing 5 wells, each
covered by 4% BEE]r(pestivesonigl) i ntestine) nbdr@D.
Vel ls were filled with bovine blood, containing sodi um
citrate (toq1pympim clotting) and ATP (72 nyg8AIR.15)

di sodiumsalt per 26 m of blood), and heated to 37C.

A vol une of I i sopropyl al cohol, cont

of the test 2@6&‘9@&‘3 shown in 15 Table 2, v%égzg%%??
to each nenbrane.. Table 2 Experi nental Desng pli ed
for Repel | eAtymHsNi ng , 33% 66)

Mosquitoes began probing the untreated control well within 4.6 min.
Dihydronepetalactones at 5% concentration was found to discourage
mosquito “first probing” for approximately 19 min, compared to 12 min for
DEET (at 1% w/v). Lower concentrations of dihydronepetalactones (1%
and 2.5% wi/v) were found to inhibit first probing for an average of 8 and
9.3 min, respectively. ‘

The distribution of landing/probing density by female A. aegypti on
membranes treated with dihydronepetalactones was analyzed over time,
and is shown graphically in Figure 6. The total number of probes
permitted on each membrane during the course of the experiments were
determined, and the results are summarized in Table 4. DHN at 5%
concentration was found to almost eliminate mosquito probes for
20 minutes; only a single probe was recorded over the entire 20 min test
time, while DEET (1% w/v) permitted an average of 4.55 mosquitoes to
land. Again, lower concentrations of DHN (1% and 2.5% w/v) were found
to exhibit repellency (as compared to the untreated control), but at lower
levels than the positive control (DEET at 1% wi/v).
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taken before the female A aegypti nosquitoeSEM) st

probed each—treatet—rnenbrane—Tthe nunbers—n

par ant heses or of the

for the thré%ﬁ?ggﬁlgﬁgﬂtge#ggl e 3 Effec?s%'?d@m
Di hydr onepe@ie€Yone Concentraton on Mean Tine to
"First Probe" Repellent ConcentrationMean Tinme (mn)
(SEM | sopr dpy DEET (dusitiieusdritedy ed 4. 66( 0. 6@)5% (MR8l )
| % DEET (positive control)12.0 (0.0) 1% nDHNS8. O( 1. 15)

2. 5% nDHNO. ’31% ﬁ,ﬁﬁh 5% nDHN19. 33 (0. 66) 14.0 (6.8)
2.5% mDHN 6.33 (1.2)
5% mDHN 0.33 (0.33)

. Again, the data shows that at all concentrations tested

dihydronepetalactones were repellent, although significantly increased
repellency with respect to1% DEET was observed only at 5% (w/v).

EXAMPLE 4

Preparation of dihydronepetalactones from frans,cis-nepetalactone

A number of plants were grown from seed of the catmint Nepeta
racemosa (Chiltern Seeds, Cumbria, UK). Leaf pairs plucked from
individual plants were immersed in ethyl acetate and after 2h the solvent
was removed and the extracts analyzed by gas chromatography. Plants
producing preponderantly trans,cis-nepetalactone in their oils were thus
identified (Clark, L.J., et al. op.cit.), and grown to maturity. Leaf material
from these plants was harvested, freeze-dried, extracted into ethyl acetate,
and the extracts concentrated. Nepetalactone was purified from the
concentrated extract by silica gel chromatography in hexane/ethyl acetate
(9:1) followed by preparative thin-layer chromatography on silica using the
same solvent mixture. After removal of the solvent and re-dissolving in
hexane, the trans,cis-nepetalactone was crystallized on dry ice. GC-MS
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DHiR=et=5y6——concentrgtt on was found to al nost elimnate
t o|lprsh &&-f or 8empte nj nut es; onl y a single probe
s recolgadhiQyeione entirpe 20 mn test time, while
DRET (1 $ow-v)y—permtted an| average of 4.55 nosquitoes
S h), | ougpmapcentrations of DHN (1 % and
2. | were found to exhibit repellency (as
cgnpar ed he untr d cpntrol), but at |ower
eld t iﬁ)'%he posi?%‘ coptrol (DEET at 1% wv). 33
2005/ 034626 PCIT/ SZ0037 0R9344 Tabl e 4 Nunber of
=T3ﬁ 9t ed Adtd6.0i ng|to Repell ency
lent—Coenpent rati onMean Nunber of
;@a Isopr op;{bo%l copol (untreated 58.66 (4.48)
/4DEET (gositivelcontrol)4.55 (0.29) 1%
(6.8).
37.3 37.5
e [4941 49.3
f 321 32.2
g |[30.0 30.1
h |26.1 26.3
i 17.5 17.7
i 14.2 14.4

Hydrogenation of the trans,cis-nepetalactone thus prepared was
carried out in ethanol using ESCAT#142 catalyst (Englehart) at 50°C for
4h. GC-MS and NMR ('H and *®C) confirmed that the trans, cis-

nepetalactone had been quantitatively converted to the corresponding

~ dihydronepetalactone stereoisomers, with one in significant excess. NMR
-analysis of the major diastereomer: TH NMR (500 MHz, CDCI3): d 0.97 (d,
3H, J = 6.28 Hz), 0.98 (d, 3H, J =6.94 Hz) d 1.24 (m, 2H), 1.74 (m, 1H),

35



2.5% nDHN6. 33 (1.2) 5% nDHNO. 33 (0.33) Again, -the
data shows that at all concentrations tested

wdizmsdBenepet al act ones were repel |l ent, alt hougRCT/US2003/029344

5

15

20

significantly increased repellency with respect tot %
DEET7 784, 915 e 98 gmonHy, 2t1504d Wy J.= BX8\MdE13.2 Hz), 2.51 (m,
Prepar ation’of di hydronepetal act ones from

tr 3Ry, 8i78-(BENEL dl=a¢l andz)| Q.38 (@ayter, Jof 5M3aamd 10e32eHz); 13C

(chobe b, SiB0)” abua. 40 027 ooid 5t F E5F1 B Ba42

af DA 1L T Gorfhe N soetinuh 4P n ) BB That i

a”"f\‘lé{‘ éleéilagbérgéﬁlei; BHRSRLRY &P8. 7% Fhé présRetich rIgased on the

prep nderant y trans, ci s-nepetal act one |n their oil
vvepbsemes! ctmplllrjgs]forfthedn@tnymnle toltheg |gctene axygesp thet . )

o1 SiteodaacarD L Sabop Eaadapeiny bravbt 8 gt geoup et
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exﬂlk@lytthw $i9S,%3, Beiindgrembicydelhealnenanti-pne) of
?tm 9:1) followed by preparative thin-|ayer
) @g aphy on silica using the 20 sane sol vent
m xture. After renoval of the solvent and
re-di ssolving in hexane, the trans, ci s-nepetal act one
was crystallized on dry ice. GC-M5 34 WD 2005/ 034626
PCT/ US2003/ 029344 and NMR (1H &nd 13C) anal ysis
confirmed the identity & the g&ystal line material as

trans, ci s- nepet al act one. ;Ihe S€ chem cal shifts (Fig.
ts of Table 1, are

7), conpared to the chgnical shiP
shown in Table 5. Table C chefi cal shifts of the
nepet al act one sanpl e preparet

5 Exanpl e 4,
corrpared to the chemcal shiftsg of ’
trans, ci s-nepetal actone (fromgETable 1) Atontrans,
ci s- Sanpl e

Formula 4

The magnitude of the observed couplings are consistent with
dihedral angles between the protbns on vicinal carbon atoms in the above
structure according to the Karplus equation (ref. Spectrophotometric
Identification of Organic Compounds, 4th. edition, Robert M. Silverstein, G.
Clayton Bassler and Terence C. Morill, 1981, page 208-210).

EXAMPLE 5

Repellency Testing of Dihydronepetalactones prepared by Hydrogenation
of trans,cis-Nepetalactone

The dihydronepetalactone prepared in Example 4, Formula 4, was
tested for repellency against Aedes aegypti mosquitoes essentially as
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203@V§%%%26 PCT/USZOO%%OZ 3§ﬁq1 77 (m_ 2H). 1 g8 omon

2.12 J = 6.86 and 13.2 Hz), 1
Urrsreﬁéeq honfrs?l H 3 dsapropykplgohdl 33 (dd. 1 H%Og)%
N 73 and i1 32 Hz); 13C (500 Mz, CDCI3): d 15. 43,

18 HRitive CAtrol30- 81, IdopiBp B&cdl@ol with BEET 51140% (w/v)
76 18, 172.03. The '3C NI\/R spectrum (Fig. 8) |nd| cated

EopblphalaSh ot SASHERGERIALEARS co,Wheli

for the nmethylene to the | actone oxygen, the

st er eogeni ¢ net hi ne carbon bearing nethyl grouf,;9%Hw/v)
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5 Table 7 presents the effect of DHN concentration with respect to the
amount of time taken before the female A. aegypti mosquitoes first probed
each membrane.

Table 7

Effect of Dihydronepetalactone Concentraton on

10 Mean Time to “First probe”
Repellent Concentration Mean Time (min)
(SEM)
Isopropyl alcohol (untreated éontrol) 8.0 (1.67)
1% DEET (positive control) 14.8 (3.2)
1% DHN 16.0 (2.09)
0.5% DHN 9.6 (2.48)
0.2% DHN 8.4'(1.16)
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glactJEET (V\ZJ ‘?/VMSEI Tri:litt&jb mbéql)it@sm@rihiﬁieg;t pn‘ob\i/ng by 6g/min. é\sain,
o DG ftiatond of SSucticarhRlonB gt Ghah 2% W) Were
coifeend taexhihit wepeileney fas comparedbto theouniteaséd control), but at

t ik i i fi t
15 pfc‘f;gig%%gg{:sﬁhﬁg e BEBHGs SonBEET TRIR(WARS firs
g Table 8

Number of Rrobes Permitted _
According to Repellent and Concentration
During 20 minute Observation Period

Repellent Concentration Mean Number of Probes
(SEM)
Isopropyl alcohol (untreated 41.4 (18.46)
control)
1% DEET (positive control) 4.8 (3.2)
1% DHN 4.0 (2.16)
0.5% DHN 16.2 (5.49)
0.2% DHN 23.2 (6.97)
20 | Percentage repellency was calculated for each repellent treatment

at each observation time using the following equation:

38



Table 7 Effect of D hydronepetal actone Concentraton on
Mean Tinme to "First probe" Repellent ConcentrationMean
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concentrati ons of di e k ctone (0.5% and 0.2%
wv) were found 5 to mﬁ?&i‘ct% ﬁ €dxobi ng for an
average of 9.6 and 8.4 mn, respectively. The

5di ST = thetrhean elimerof ngasﬁaiteéda prdbing émealRA Bontrelgyelt at time t,
on nenbranes treated with di hydronepetal act ones was

ané\ll'iéért%gyﬂmg rpoééégﬁt]age@ﬂgﬁgm ch%ﬁla dﬁé‘ﬁéﬁﬂrrh@ﬂ a'ng;’%r?ARJOVA

The ermt
durwa:agcqrmotem usmgdhetcat@uéetg@rem@iﬂnwm all éiveraplinaies.

(@m foi®rhSsiddns c?frrﬁeérﬁé’mfé é&%ddﬂeJ aein@ tﬁe dtibeAt

o concentration_ was found el’y | m nat e
DNTanRes fest Bhe Tean HEEESS AT ANORAMYSTA BEf v)
: 10pero@$htléﬂéd BRBK itb gRScdrages. (TR esplte bré ghdwn 6n Mable 9.
Again, .lower concentrations of dihydronepetal actone
(0.5% and 0.2% w v) were fdabtk®o exhibit repellency

(a5 comypy ool ani 06 WhLIER180 5620l Rliky g4 ol ANE/A

(V\’/ﬁe)pellgﬁtb'l'r%aﬁngﬂ{mer of Probes Permtteﬁhean (%)

1% DEET (positive control) A 92.4
1% DHN - 96.1
0.5% DHN 66.7
0.2% mDHN 62.5

1% DHN ranked first in repellency, and was statistically
indistinguishable from 1% DEET.

15 EXAMPLE 6

Repellency Testing of Dihydronepetalactones Against Stable Flies
(Stomoxys calcitrans)

DHN derived from hydrogenation of trans,cis-nepetalactone
(consisting principally of 15,95,5R,6R-5,9-dimethy!-3-

20 oxabicyclo[4.3.0]nonan-2-one; Formula 4), designated “Experimental
Sample #1”, and the mixture of dihydronepetalactones prepared according
to Example 2 (designated Experimental Sample #2; mDHN) , were tested
for repellency against Stomoxys calcitrans, essentially as described in

39



According to Repellent and Concentration During 20
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mean n 0 ui probing the | PA control wel

e o USA ook N éﬁrﬁe@m K8 desian i i SacErar
t r gapfeot m%daélﬂdél@ prdEMAteda aIncavedams ofifives repdichtee

cal cul ate repel lency fromall five replicates.
MuPEPYIBERSmpar i sons of neans were conducted using the
St udent - Newman-Keuls test. T arcsines from
ANOVA wer e then 10 converted bac nto per cent ages.

10 The resEX alHoes gt & cydl agting against Stable

per cent age repel ] enC| es as ceh&yl at ed fromthe ANOVA

Repe ept—H-eatnenthean \ /9 BV it \pUbl tTve

cont r @3} 93¢ Compound : Concentration
Untreated Control Isopropy! alcohol 100%
Positive control #1  Isopropyl alcohol with PMD 1.0% (w/v)
Positive Control #2  Isopropyl alcohol with DEET 1.0% (w/v)
Experimental Isopropyl alcohol with 1.0% (w/v)
Sample #1 Dihydronepetalactone (DHN)
Experimental Isopropyl alcohol with 1.0% (w/v)
Sample #2 Dihydronepetalactone diastereomer

mix (MDHN)

In these tests, an accurate time to “first landing” could not be
determined, since some landings occurred before the first exposure period
of 2 min in three or more of the five replicates for each test variable.

15 The distribution of landing density by stable flies on membranes
treated with dihydronepetalactones was analyzed over time, as shown
graphically in Figure 10. The total number of landings permitted on each
membrane during the course of the experiments were determined, and the
results are summarized in Table 11. Landings commenced on exposure of

20 the insects to the test wells, and appeared to peak after ca. 5 min,
gradually decreasing thereafter over time. Overall, the number of landings
on membranes treated with dihydronepetalactones at 1% concentration
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b Bl e, B BT

PCHihY SRR 08thhebexAbited bquiVeMhipalient dutivity to 1% DEET.

différed fromthat prepared In Exanple 4 in that it

was derived from hydrogenatTaibe ldsi ng a Pd/ Sr CO3

e R s i S

10 experi nents, an addi t iRuring 20 sinutesTesint r ol _conpound-

was T ncluded, 5 nanely p-nenthane-3,8-diol (PND),
obt Repelterftoeatfagdsago | nt er nat i Meah Nusber of Laings (SEM)

Ro . -
H‘VlgEfsgéppﬁ/il é%oh@ﬂ@n@r‘daxé@&énﬂlfem ed is a0 AEs9pe of

_ cate experinents. Table 10 10 Experi nental
| lliz)leIslé%)nE %%M%Jgkl)ency Testing ag%|3(16329.231i)abl e

1% DEET (positive control #2) 17.8 (4.96)

1% DHN 21.2 (3.35)

1% mDHN . .18.8(8.59)

Percéntaée repellency and statistical analyses were carried out as
described in Example 5, and the results presented in Table 12.

15 ‘ Table 12
Mean percentage repellencies as calculated from the ANOVA
Repellent Treatment Mean (%)
1% PMD (positive control #1) 4.7
1% DEET (positive control #2) 55.5
1% DHN | 43.2
1% mDHN 49.8
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Concentration Untreated Controllsopropyl alcohol 100%
Positive control #1lsopropyl alcohol with PVMDL. 0%
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DEET1. 0% (w v) Experinental |sopropyl alcohol wth
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#2[’00I‘.ﬁﬁoﬁ%rrepelimca(ctaodM@B@i@@fléaﬂwebeﬂe@kanvﬁ’l\dp wihich gave
( 4'7'%%8 %n%y%@fen Sdmpsfed @lpaLi me to “first

| andi cou determ ned, since sone | andi ngs
occurred before the first osure_period of 2 mn in
three or nore of the fivem—és for each test
vari able. 15 The distribution of |anding density by
5st abl e Ridpiefien@NT ety @frlevdtdr@@btaiaavohbs Against Anopheles
di hydr onepet al act , as shown
graphically in Fig ot a et —of | andi ngs
permtted on each msnbrane dur| ng the course of the
exper i nedit deriveddrarehydragenading W@nSrCé%-uepetaéa@one

SU'{ggﬁ% ﬁﬁsﬂq RﬁnJ ?thfoflil\ﬁ 9@51@ iora5 g:@maﬂgle:@t exposur e

, ared to
pe&ragiayelo[4.8.0]songnr2-ong; f&n@umj ):I@%$'%§‘ieﬁ|g%txﬁéf'@§m%r
100V%arhp@#1”oéﬁﬂ #hé mixthfe BLdR dirdh%pbfm%tﬁﬁés p?épared according

Db o o SR SLEHaTA i
si desteddantdpelibrey againahond handed unfed raduitderthld APA)
”E'g?l}/ﬁ%ﬁls, essentially as described in \Example 3. The DHN used here

differed from that prepared in Example 4 in that it was derived from
15 hydrogenation (using a Pd/SrCOj3 catalyst) of frans,cis-nepetalactone
~ crystallized from commercial oil (Berjé, Bloomfield, NJ). PMD was again
included as a further control. The experlmental design is summarized in
Table 13, and all data presented is the average of five replicate
experiments. |
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anal yses were carried out as described in Exanple 5,

and t lpdiRauUbdritrdl#Es entsedrdpyl dkbhel with PNBDTabl e 121.0% (w/v)
Mean percentage repellencies as calculated fromthe

ANOVA Repel | ant, Tr gat 9 9% R ositiv

cont r J1° \5e4_89nfioﬂf%EEF§B%E63§f ?fcé%olgvglf%pﬁ ﬁg) 55.5 f%% (whv)
DHN43. 2 1% nDHN49. 8 41 WO 2005/ 034626

PCT/ URqegintagau4 nmDHNsopempy! ale@hohnither f or med 1.0% (w/v)

stati %érﬁ@ie'#ﬁ equal Iy pyiy rorﬂ-'!;i?e‘fél%fé@le”@l-ﬂ\l%t 0 55. 5%

repel I enc and were statistically better than PMD,
whi ch gave, only 4.7% yepell
V xperimentay o{sogmpﬁg%h\gﬂ%ﬁhconpared to |1!:8%7c;(w/v)

Sample #2 Dihydronepetalactone diastereomer
mix (MDHN)

In these tests, an accurate time to “first probing” could not be
determined, since some probes occurred before the first exposure period
of 2 min in two or more of the five replicates for each test variable. The
distribution of probing density by anopheles mosquitoes on membranes
treated with dihydronepetalactones was analyzed over time, as shown
graphically in Figure 11. Probing commenced on exposure of the insects
to the test wells, and gradually increased thereafter over time. Overall, the
number of probes on membranes treated with dihydronepetalactones at
1% concentration were significantly fewer than observed on untreated
(IPA) membranes throughout the experiment. ‘

The total number of probes permitted on each membrane during the
course of the experiments were determined, and the results are
summarized in Table 14. The data indicates that 1%
dihydronepetalactones exhibited higher repellent activity compared to
equivalent concentrations of either DEET or PMD against A. albimanus.
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EXAMPLE 7 5 Repel |l ency Testing of

Di hydr onepet al act ones Agai nst Anophel es Mosquit oes
wOAmspRe2es al bi manus) DHN deri ved from hydr ogeqatisen3/029344

of trans,cis-nepetalactone (consisting principally of

1 S 9S, 5R 6R-5,9-di net hyl - 3Tabl 14

oxabi cycl o[ 4. 3. 0] nonan- 2- one; Bormul a 4 desi gnat ed

"Experimental 10 Sawpmberof | ardiogs Rermi re of

di hyd i | to Exanple 2

(d H P W\ "

a —ea— e o W1

teskefef Gt freRfhemncy agal nst oneyBUANGALUNGEtBR!(SEM)

| manus, essentially as describ

Exanpl e 3. The DHN used here differed fromthat

pr efs@peepyl albghfHnirepted coR®) i t was der PG 10rhh 15
hydr ogenation (using a Pd/ SrCO3 catal yst) of

trans; PvD (el asrtrilg1)crystal i zed fir am, 2 ggree) ci al
oi | (oBerj e, Bloonfield, KU). PMD was agai n i ncl u?}led as

a fugpt ntrol . The erimental desi i

su ?B%chms't'ﬂ’lﬁtﬁoé‘trﬁ,gﬁ nd all data prg{i‘én@g’ooﬁ)s t he
average of five replicate experinments. 42 WO
2003%0BEN6 PCT/ US2003/ 029344 Tabl e 13 E38e0 (9ré) al
Design Applied for Repellency Testing against

Ano hﬁg_l squi t oes Pur poseConpoundConceat ¢ aé bg

Unt ?que Igg ?6 y

ntrol | sopropyl al cohol 100% Positive

control #11sopropyl alcohol w th PVD1. 4% (w v)
Podlarcentage nepellensy iasepttatisticahpealiess were cexreriowns

5 ( WdebcRBREI FRathple 5,58 @i@yﬂesait%ﬂl‘é%'en%d in Ratl&o16M v)
Sanpl e #1D hydr onepet al act one (DHN) Experi nent al

Table 15
Mean percentage repellencies as calculated from the ANOVA

' Repe[lent Treatment | Mean (%)
1% PMD (positive control #1) 115
1% DEET (positive control #2) | 133
1% DHN 32.9
1% mDHN 46.1

mDHN was statistically superior-to DEET and provided 46.1% repellency.
DHN, while statistically equal to mDHN, was also statistically equal to

10 DEET and provided 32.9% repellency. DEET and PMD, which provided
' 13.3% and 11.5% repellency respectively, were statistically equal in
efficacy.
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| sopropyl alcohol wth Sanple #2D hydronepet al act one
di astereoner 1.0% (W v) mx (nDHN) In these tests, an

waconsriateect i ne to "first probing” could not bePCT/US2003/029344

determ ned, since sonme probes occurred before the
first exposure period of Em’ e two or nore of the
five replicates for each test variable. The

dlstrlbutlon of problng denS|ty by an hel es
mos qui Reiell gtalas rds the deertlck Ixodes

d|hydronepetalactones'mas %%gbyﬁﬁg over time, as shown
graphically in Figure 11. comrenced on
exposure of the insects 10 to the test wells, and
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o DrBHBEeneRRR ieandh SR TRITAG 7 here Rted for
couepellmcytetganestde{icamvlass kutha Dt Te inol udksd, methel tedtas a
- nmrari zed in Table 14. The data indicates
Sitﬁ@aéog] rEjydronepet al act ones exhi bited hi gher

repel | ent activi tﬁ/ conpared to equival ent
concent rAvpRe of 2%l af @achrempaunaviS03y Avivd in igopropanol) was

al bigpwBHSwithhs 4¥¥a éﬁ@ﬁﬁ!t&%ﬁ:?& E@Wd’&%@l@él&?@%ﬁ’rﬂsﬂbﬂ $ix male

FodUIT@n RN iEE Rar A IO CE O O ogB e gt ndvidualy
I' s agithip Yo @ircielsan thisforeatne;ca simgle 4mahamelerTirgk) dia¥n on

Mghé %?ﬁérlécr}érﬁwgg Péigbggéwgﬁ Eécg%%?éoriltro{"f%} attractiveness.

(posrtive
Laboratory-reared unfed nymphs of the deer tick Ixodes scapularis were

brought within 1mm of the untreated circles on cotton buds (Q;tip®). If
normal questing behavior was observed, and/or the insect crawled onto
the untreated area, it was deemed qualified and then presented to a
treated area. A qualified tick which quested at or crawled onto the treated
area within 60s was recorded as having not been repelled. A qualified tick
which did not quest or ceased questing within 60s an/or retreated from the
treated area was recorded as repelled. Additionally, a qualified tick that
crawled onto the treated area but fell off within an additional 60s was
recorded as repelled.

Each volunteer had 5 qualified ticks offered to each treated circle at
* approximately hourly intervals. Exposures continued until 3 out of any
group of 5 offered ticks were deemed ‘attracted’. The first non-repelled tick
~ was defined as the first attracted tick which was followed by a second
attracted tick within the same or following exposure period. The time of the
first confirmed attracted tick was deemed to be the time at which complete
repellency ‘broke down’ for that volunteer.
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1% DHN38. 0(9. 71) 1% nDHN34.8 (6. 26) Percentage
repell ency and statistical anal yses were carried out

wa005@3deecri bed in Exanple 5, and the resul t SPCT/US2003/029344
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25

presented in Table 15. Table 15 Mean percent age

repel I enci es as cal cul at ed -tétﬁ? tghe ANOVA Repel | ent
Treat ment Mean (%9 1% PMD (p ive control #1)11.5 1 %
DEET (p03| ti ve cont rtol t#2) 13_ 3 I_}OADHNSZ 9 1% erHNéJtG 1

6. W%gesﬁgsg@)éd tEPHd\haM’%iu%téér§1t ﬂoWdr@@'tH\é’dééW@ék kBdes
nDHN atirstica equa

provi ded 32.9% repel | ency. Speptilagsd PI\/D whi ch

pr 96T cpCI | ENCYy TESPECTT Tvet Y,

WRegbﬁé hSticaghbyt equal in efficacy. AR (SEM)

2005/ 034626 PCT/US2003/ 029344 Exanple 8 Repellency of
di h aciones taowards the deer t} S
scaéa /%E’E%%Ilﬁﬁqsﬂﬁfﬁ rom hydr ogenat i o 4@9 (éé(ggf
trans, ci s- nepetal actone (consisting 5 principally of

1 S30% DBRI 6 R-5,9-d i methyl-3-oxa bi109/@(58.643. O]
non an-2-one; Fornula 4) prepared as in Exanple 7,

and pfur e of di hydronepet al act one
accgr%e to Exanple 2 were tested for 58rgéﬂg\l e'(r?lg
agal nst Scapularis, wth DEET Included in the test

as-a pd'shet date (T ehler t9).indioates\tbatBEES? offgreds meastcomplete

o TROUEAA 90 ffthe ok BERRERARL B OB, bl DN

of Wascsimilpdy effective for 109min, and mDHN (mixed dlastereomers of
DHN) for 85min. Thus it is clear that both DHN and mDHN are repellent
towards the deer tick. An ANOVA of the protection times was conducted,
which showed that DHN, mDHN and DEET were statistically
indistinguishable in the longevity of their repellency to these ticks.

Example 9

Repellency of dihydronepetalactones applied to human subjects towards
the mosquito Anopheles albimanus

The DHN derived from hydrogenation of frans, cis-nepetalactone
(consisting principally of 1S,9S,5R,6R-5,9-dimethyl-3-
oxabicyclo[4.3.0]nonan-2-one; Formula 4), prepared as in Example 7, and
the mixture of dihydronepetalactones prepared according to Example 2,

‘were tested for repellency against A. albimanus, with DEET included in the
test as a positive control, using adult human volunteers. Test cages (2 x 2
x 2 feet) with two sleeved entry ports on each of two opposite sides were
used, with a hand rest in the center. The sides and top were screened and
the base was equipped with a mirror to facilitate observations. Two
hundred adult female mosquitoes, which had never received a blood meal
and which had been deprived of their normal diet of 10% sucrose 24h prior
to use, were released into the test cage. Each volunteer was pre-qualified
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human vol unteers. Each volunteer had two repellents

applied individually wthin two circles on this
woanwsasmea single 4cm di anmeter circle drawn ORCTAIS2003/029344

other armwas left untreated. to act as a control for
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was deened qual i fi resente to a eat e

ar E9PrapaNal) Wap @@pll%lto aﬁé Qythg f %?aréfﬂ% oY male
5 onhanddmevdlngreiers tRE rémamder bhthe IfABs msmgew;rﬂmd@s

h
o ddeebisose R aSE vo o i et frpatEnilaghibo
r elridhvtieal lyf d)r:ijm dduh fotearat. e!’dtealra_diawmth!emnpheeldepellents to dry
. . i .
ontd 1itin, PEtcrbARTR bpe BepdfiniGrE ostadelet onfih BEHESs at
. ad@Dminintervelts angsthermamaberal raesquitoes psabingsorikiling during
OVOleHEﬁ %§E| S e&rﬁi@t‘éc&ﬁc@% tBré&l?ch/fni g’ﬁ Pébe}'lI%ng;‘\GlJaés recorded for
Exsagh rerellesh onRash \(ﬂwntraeg%de@%%qwaws dRithed 2% fcfe time at
of Wcﬂﬂti‘{e: msﬁeﬂmdﬁgt@dcefteed #Hod f!ﬁsé com;iﬁsr?éd; tbﬁe avl\éats %ef ined
non-re e
17 B T ARl foll s Y 2325 0Rd klt® Sithef Mip e At or the
W hekhexposusaperiod. Tt date isppresenisdrie Tpble tdasThean i ne
5 of C%)E]E) %8 %rbfe%‘uaﬁ . r%dqﬁ%tlﬁcﬂﬁét%g tfnéfgot HASHESDLN

repellenc roke down’
f oconieatedmmmete protaetlamrqmdsve@ neeemflcant periods of time

ﬁ?g’sép@@égﬁ%@%rﬁ%ﬁd %%Yﬁ@%%g&@ﬂ@;&) ahetcempaqame fo

R oy I b Tt s copRaRaIahe) Hee. P ca Y

| xodes scapul a Repel | ent Treatnent Mean (SEM 30% DEET
(posi ti Theatuta was drdly L Asifg)ANIOVADENE ARisCHodeddthat the 5%

20 and 10%mDHN solutions were statistically indistinguishable in efficacy
. from 5% and 10% DEET, respectively. The 5% and 10% solutions of DHN,
although statistically equal to the corresponding solutions of mDHN,
provided lesser protection times.
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30% nDHN85. 25(28. 76) The data (Table 16) indicates

that DEET offered a nean conplete protection tinme from
woheosteenct i ck | xodes scapul aris of 124m n, whPCSUSBIABI029344

" was, simlarly effective for 109m n, and nDHN

(m xed diastereoners of DHN) for 85mn. Thus it is

clear that both DHN and nDHN are repellent towards

the deer tick. An ANOVA of the protection tinmes was

conducted, 10 which showed 1t 1PHN, nDHN and

DEET, wer e statistically i ndi'stingui shable in the

I oneV| ty of tt hei r

su bJ(W)Stdp‘imv%phéb Qo ﬁgm \Fcﬂu vﬁ@@l@ ed)\ﬁérdsl f@m@@ Wmobﬁeles

The "DHN der1ved Trom hydrogenati on. fe
5trans,C|s nepet al act o rincipally of 1

S, 9§ BROR-5,;, 9-drmet Nyt - 3-

oxaRepuNdrit[Fedtntdritonan- 2- one; Formul a Mearp(toSEM) as

in_Exanple 7 and the mxture of

di hygdr ctone repared accordi ng le 2,
5%1@EF53%P8 V?&P@ﬁpgncy, agai nst A algq%§¥ﬁ Wit h
DEET included in the 20 test as a positive contro
usi 6% BHN t human vol unteers. Test cages 1.8 (R.12) x 2
feet). with two sleeved entry ports on each of two
oppgs; kpppydes were used, with a hand resp (orsghe ,
center. e sides and top were screened and thé base
. was uj prror to facilitate tions.
Tmo18ﬂuﬁggjdpﬁawy?CPQ?Qbe nmosqui t oes, @ﬁ(ﬁéﬁ5never
received a bl ood nmeal 25 and which had been depri ved
of #10% DHMNormal diet of 10% sucrose 24h p3.bdf.2%)o use,
were released into the test cage. Each vol unteer was

pre d 46 WO 2005/ 034626 PCT/ US20 4 as
att?ggﬂn\ll/jthhrough havi ng 10 i nsects Iangéggét

untreated forearns wthin 30s of insertion |nto the
cage. A volune of |.On of each conpound (either 5% or
10% (w'v) in isopropanol) was appl ied to 250cnR2 areas
on the forearnms of six nmale
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5 human vol unteers, the remmi nder of the |inbs having
been made i naccessible to i nsects. Each vol unteer had

wdibds@msent repell ents applied individually onPoTa&ae3/029344

S5nDHN  conf dr rAeGOVBBﬁﬁ'F'Gﬂ@

10

15

20

forearm After allowing the applied repellents to dry

for 30mn, the forearns were placed into the test cage

for 5min periods at 30n n ChAWMSal s, and the nunber

of nosquitoes probing or biting during 10 each

exposure period recorded. Breakdown of repellency was

recorded for each repellent on each volunteer.

Breakdown was defined as the tine at which the first

colfhatriedldimed isiccurred; the first confirned bite was

defined as a bite which was followed by a second bite

either wwthin the same or the next exposure period.

The data is present ed in Table 17 as nean 15 conplete

protection tinme. The data indicates that both DHN and
 aliesdbatikpelnesrts ddigr,applied to a

si ﬁﬂhfdnc éﬁtmﬁl&fmﬁé‘ﬁmﬁte thiogEcorhpdsingat dih§&rdnepelaléctone, or a

ur,s ective
ChaHRAe OF HENO o RaGionE e TE RIS BT e oY 40
dageness femallzzed usi ng ANOVA, and this showed t hat
the 5% 20 and 10%rDHN sol utions were statistically
i ndi stinguishable in efficacy from 5% and 10% DEET,
respectively. The 5% and 10% sol utions of DHN,
al though statistically equal to thg corresponding
solutions of mDHN, provided |l essep protection tines.
47 WD 2005/ 034626 Table 1 PCT/ U8203/ 029344 Mean
5% and 10% - ed to Ghuman
vol unt eers,

2. The composition of Claim 1 wherein the
dihydronepetalactone stereoisomers are (9S)-dihydronepetalactone
stereoisomers derived from (7 S)}-nepetalactones.

3. The composition of Claim 1 which comprises 1S,95,5R,6R-
5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one.

4. The composition of Claim 1 which comprises
dihydronepetalactone in an amount of from about 0.001% to about 80% by
weight of the total weight of the composition.

5. The composition of Claim 1 which comprises
dihydronepetalactone in an amount of from about 0.01% to about 30% by
weight of the total weight of the composition.
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5% nDHN3. 0 (0. 54) 10% DEET (positive control)6.2
(0.63) 10% DHN3.5 (0.29) 10% nDHN5. 0(0.61) - 48 WD

waQ0B/082626 PCT/ US2003/ 029344 CLAI M5 What is eCaiusem3/029344

5

is: 5 1. A conposition of matter that repels insects

wh ligd |

conpr o) ngba SRR of GleTR L Ahic et e b more of
di thedmendyess af grwpsﬁmllngmf@fsadjﬂwteﬁmf&f B ame
9epQEA] re{p%ﬁlgH é’khmégur?d thgf RENP Afydreibitaleb@ing. 1

wherern ronep et actone st ereoi somer s are
(9S) - di hydronepet al actone t erepi soners, der

(7S) =nepet & Jéled?%@po%t'onl'ﬂfsc Whergin the J‘éYEfﬂtiS Selected
Wh r@Fh ﬁn@'@bhﬁ%nélsﬁngﬁf E’F?clfé?reré%uffermg agents, chelating agents,
ta?/ }3 Stot |cycl O] 1 \n er?t staﬁlllzgrtl:e
coﬁfﬁi@lr‘(ei‘ FSofragiadicRP @ TR rig.agents,
(()Jl/l buﬂaaaatsebgt;aehme;oldmngragsmtbw,raloewefa ,avaxsispand 0. 001
0 wei ght of the
LH%%B?&L%% ren‘g@gg o%‘ﬁ[vleol ﬂ&%‘%‘ﬁ%@gl m 1gvvh| ch

corrprl ses 20 d| hydr onepet al actone i n an anount of from
about 0. 018%Tthe casopesiteebGlaih.gurersin thecarderis selected

10 Weci;_r%USZO rbﬂ?gc%ﬁn@%ﬁgtdfgﬂlcoﬁg NRcARM, A8H6IFD |IQUId

15
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30

/0 The conpositi
e oA Bl e o URCEL LT oo Tehis firobne
COﬁ?dﬁicbﬂﬂ)rfs‘ ardterg ey altiohoks, e&phat&r amdhdramatic alcohols,

esters, aldehydes, ketones, mineral oil, higher alcohols, finely divided
organic and inorganic solid materials.

9. The composition of Claim 6, wherein the carrier comprises
an aerosol composition adapted to disperse the dihydronepetalactone into
the atmosphere by means of a compressed gas.

10. The composition of Claim 6, wherein the non-
hydronepetalactone insect repellent is selected from the group consisting
of: benzil, benzyl benzoate, 2,3,4,5-bis(butyl-2-ene) tetrahydrofurfural,
butoxypolypropylene glycol, N-butylacetanilide, normal-butyl-6,6-dimethyl-

. 5,6-dihydro-1,4-pyrone-2-carboxylate, dibutyl adipate, dibutyl phthalate, di-
normal-butyl succinate, N,N-diethyl-meta-toluamide, dimethyl carbate,
dimethyl phthalate, 2-ethyl-2-butyl-1,3-propanediol, 2- ethyl-1,3-
hexanediol, di-normal-propyl isocinchomeronate, 2-phenylcyclohexanol, p-
methane-3,8-diol, and normal-propyl N, N- diethylsuccinamate.

11. The composition of Claim 1 which is repellent to insects
comprising biting insects, wood-boring insects, noxious insects, and
household pest insects.

12. The composition of Claim 1 which is repellent to one or
more of mosquitoes, stable flies and ticks.
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i nsect repellent conpound that is not a

di hydronepet al actone. 7. The conposition of C aim 6,
wohersaBm2t he adj uvant is selected 5 fromthe gCOWS2003/029344

consi sting of thickeners, buffering agents, chelating

agents, prgsexy [
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t etsebdryett by ther gioup donsisting of jbpes,dyllaeln fiegl ghiggers, fleas,

N- %‘)‘éé(ﬁ ﬂgga El‘liléé %J}SE%SP fﬁé? cﬁs d%\{ﬁ%ﬁ%%{/ood borln%
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5'\I 'B‘e@'tl@& rk!’ds‘t'?ﬁﬁe?s‘ trﬁétH@”él%rﬁs‘W %HWée\iﬂér&%Snsmgl §

O pobo Ao, a zonotire ot Soldraresr B Ran

lS%@él’@@%ﬁ%r@nﬁipﬁeséhtéb@?ﬁh@g@hel‘m*@mﬂla p-
met hane- 3, 8-diol, and normal -propyl N, N

dlethylsu00|nanate 11. The conposition of Claiml
which is repellent to insects conprising biting
insects, wood-boring insects, noxiqQus insects, and
househol d pest insects. 30 12. Thejpconposition of
Caim1l which is repellent\to one gr nore of
nosquitoes, stable flies and ticks

0]

20

17. A composition of matter that has a mean complete
protection time that is statistically indistinguishable from that of N,N-
diethyl-m-toluamide comprising a dihydronepetalactone, or a mixture of
dihydronepetalactone stereoisomers, represented by the general formula:
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50 WD 2005/ 034626 PCT/ US2003/ 029344 13. The

conposition of Caiml which is in the formof a
woabwsgne2sa | otion, a spray, a cream a gel, aRCT/US2003/029344

ointnment, a bath or shower gel, a foam product,

makeup, a deodorant, shanpoo, a hair lacquer or rinse

or a personal soap. 5 14. The conposition of Caim1l

which is in the formof an insect repellent article

of manufacture. 15. The argicle of Cla|n114 which is

sel ected fromthe group cwn3|st|n» of air freshener,

a candle, a scented articl a sheets,
cl oth, paper, paint, ink, mood durniture,
carpeting, sanitary good 0 plast c, and a
pol ynmer. 16. A conpositi oN tter that repels one

or nore insects selected
bees, black flies, chiggers, fleas,
nosqui toes, stable flies, ticks, wasps, wood-boring

I nsects, houseflies, cockroaches, l'ice, roaches, wood
lice, flour and bean 15, beetles, dust mtes, noths,
silverfish, and weevils, conprising a

di hydr onepet al act one, or a m xture of

di hydr onepet al act one stereoi soners, represented by
the general fornmula: 20 17. A conposition of matter

that has aqgeaq HB&%??eSeﬂﬁrg# r‘ﬁ%‘gb@rfrdrh’éeh&n?éﬁ[ %@mal or

statlstlcallyl stln ul romt
Sdi dpaRimate h@ﬁh%ﬁmBES'BG r?@fpp§l|n6§h§ '%ﬁ‘?%m Qﬂ‘é{d;ﬁq)la@ﬁajﬁl@ctone,

or of?feﬂi‘rﬁ‘»&&l't'feeoﬁl'j|h¥1 héﬁé@l’&ﬁ@ﬁ@b@é@i@@n@?@f@ issefRsBby the
e general formula: 51 WO 2005/ 034626

represe

PCfFU§de§WB%é344 18. A nethod of repelling insects
froma human, animal or 5 inani mate host conprising
exposing the insects to a di hydronepetal actone, or _a
m xture of di hydronepetal act one stereoi soners,
represented by the o]

oup consi sting of
green head flies,

10

19. The use of a dihydronepetalactone, or a mixture of
dihydronepetalactone stereoisomers, represented by the general formula:
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general fornula: 10 19. The use of a
di hydr onepet al actone, or a m xture of

wdizmsdBenepet al act one st ereoi sonmers, represent edThg2d08/029344

5

general fornula: 52 W 2005/ 034626 PCT/ US2003/ 029344
to repel insects froma human, animal or inaninmate
host. 20. A process for the production of a

di hydr onepet al actone of forrmula (XVlI) conpri sing

hydr ogenati ng a nepetal actone of fornmula (XV)
according to the follow ng scheme: 0 15 O (XV) (XVI)
20 in the presence of palladium sugported on a

catal yst support that is npt SrCO§. 21. The process
as recited in Caim20 whenein thelcatalyst support
is selected fromthe group jstingsgf carbon
alumna, silica, silica-4 titania,

titani a-alumna, titania- [
conmpounds thereof, and cony p
2005/ 034626 PCT/ US2003/ 029344 22. e process as
recited in Claim20 wherein the cafal yst support is
carbon. 23. The process as recited]in Caim20 wherein
the palladium content is fromabout 0.1 %to about

20% 5 24. The process as recited in Caim20 which is
effected in the presence of a netal pronoter. 25. The
process as recited in Claim20 which is perforned at a

to repel insects from a human, animal or inanimate host.

10

15

20
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20. A process for the production of a dihydronepetalactone of
formula (XVI) comprising hydrogenating a nepetalactone of formula (XV)
according to the following scheme:

L AL

(XV) (XVI)

in the presence of palladium supported on a catalyst support that is not
SrCOs.

21. The process as recited in Claim 20 wherein the catalyst
support is selected from the group consisting of carbon, alumina, silica,
silica-alumina, titania, titania-alumina, titania-silica, barium, calcium,
compounds thereof, and combinations thereof.
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tenperature of about 25C to about 250C and a pressure
of about 0.1 MPa to about 20 MPa. 10 54
WO 2005/034626 PCT/US2003/029344

22. The process as recited in Claim 20 wherein the catalyst
support is carbon.

23. The process as recited in Claim 20 wherein the palladium
content is from about 0.1% to about 20%.

5 24. The process as recited in Claim 20 which is effected in the
presence of a metal promoter.

25. The process as recited in Claim 20 which is performed at a
temperature of about 25°C to about 250°C and a pressure of about
0.1 MPa to about 20 MPa.

10
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