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REPELLENT COVPGCSI TI ONS COVPRI SI NG
DI HYDRONEPETALACTONE Thi s application is a

wo e@stoBsuat i on-in-part of U S. Application SN Berus2003/029344

10/ 392, 455, filed March 19, 2003, which is
incorporated in its entirety as a part hereof for al
purposes. Field of the Invepfyign The present invention
relates to the field of insect repellency, and the
use of di , )i soumers generally as
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‘ Nbladlrfgr@wfop‘an@hp@gé%e (DEET) as their primary active

- ingredient. Further, Consumer Reports tests indicated

t hat products W|tht e highest concentration of DEET
| asted the | ongest agglﬂguﬁgl;}&ﬂi&ﬂt I8Bs. Al t hough an

- effective repel | ent, DEET possesses an unpl easant
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| 3e§ct|ve ingredient. Further Consumer Reports tests indicated that products
‘ ‘with the highest. concentration of DEET lasted the longest against
- mosquitoes. ‘Although an effective repellent, DEET possesses an

unpleasant odor and imparts a greasy feellng to the skin. Furthermore,.
aithough it has recently been re-registered for use in the U.S: by the EPA,
concerns have been raised as to its safety, partlcular!y when applied to
children (Brsassoulls G,; Narlloglou M.; Hatzis, T. (2001) Human &
Expenmental 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 asébciaitéd with DEET include: |

1) it is a synthetic chemical thati is, it is not denved from natural sources;

' - 2) it exhibits a limited spectrum of activity ~ it is no’c for example, as
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effective as might be desired against black-legged or deer ticks (Schreck,
C.E., Fish, D. & McGovermn, T.P. (1995) Joumnal of the American Mosquito
Control Association 11(1), 136-140); 3) DEET dissolves or mars many
pIastlcs and pamted surfaces; and 4) DEET may plastxc:ze some mert
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thy lii@duce essential oils (aromatic oils) which are used
as natural sources of insect repellent and fragrant
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20 Wgnﬂgpgtg&liz? flen é%bgﬁ)} éﬁ?’%ﬁ%gﬂ Cropsr ?ﬁél‘ lb%lgglgy
: chemlstry and production’. - Hay, R K.M., Waterman, P.G. (eds.). Longman
Group UK Limited (1993)]. Citronella oil, known for its general repellence
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 aiso 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 et al. The Plant Journal,
11:1387-1393 (1997)] and derivatives.



towards insects, is obtained fromthe gram naceous
pl ants Cynbopogon w nterianus and C. nardus. Exanples

~of plants used as sources of 25 fragrant chem cals

WO RHSI03a6 Mel i ssa offrcinalis (Melissa), Peril |l@®T/0S2003/029344

10

15

frutescens (Perilla), Posostenon cablin (Pat choul 1)

d L d h
ZQanE?L'Q&%@ ”"?ﬁaié‘*ﬂéﬁ‘mﬁ%%ge&?ﬁi BN i e olfgfibe <

offepaltents kp at\e?éle(tm recchepediesi{EignePlTar(t 964) Stieace

ge‘“‘@gmag"’-‘" ST T, o R RSy PRlelson, C. and
m%t { 3 85 He Quthinks1 251 541158y drgtersam G.retal. (2001)
C ot Oﬁpa?faﬁf)ds i hods’éa{jgomngg oc%}em S
SRS ot the gapelionisat Cabale of eratiominnatly nepetalactone)
mshhyiedytbEbis wﬂmeﬂenemmaaﬁgetmﬁﬁer[ & insKet épeheseén 3hort-

g eRBosaR BPhot A nhRGS 57 Bl SRebis ger T (1964)

| SCiRIIGE TRdBEBHE2Mds have l ong been-known to be
effectlve repellents to a variety of insect species

(Ei snew, STPaférﬁ%$6§ 6 Q'Hégc!o%dsﬁmeé re]p%ﬁg sﬁbﬁ@gp@osmone

(196%580 enc %@
i dndeid dantpBek (a.g: islprgenecie).e Fadher, ¢.S.
ePawnt %aoe,spsade@as@@ggé o@fhe%@ﬁﬁé?clﬂﬁ&bﬁﬁﬁc@?\%m cal

ofSREPYERS i bofiliy Wit (el mbdiremeih ke .S,

t Ratent6, 524,606t tleses inseat meaemerdmﬁpﬁémgrr@%&alactones

S@éﬁ\beﬁffreﬂw §eCE At n&fséigh? £P %gfér %g%ﬂéj tth%%ﬁfge{gg? al eL#Hgacy of

of %& speci es ner
12@%@ 1qne siereqsomess aRdnsent rapelni846 di scl oses
i nsect repellants with conpositions containing

0oses U

: _b| cycl Compogiebies Eaehmii ﬁﬁ/gﬂ)g|eai R l—rl‘l‘ll} 3 class of

920

25

30

_ t
' “9%/@1%@%@&@8@82@%@@9 ey mspstal a@t%laSr{Sbowenn iFiguse 1),
| arselotowre fe previdle isdctitieisl vifédts DF-%TexH le, B8hEH} of the

: %cﬁﬁéog p(Bf e gég?etfoﬂ%eom anaPSJands of the anE[ Ilgclicpmynnex
: nn‘:dus showed that lsodlhydronepetalactone was present in-appreciable -

amounts together with lsomdomyrmecm (Cavill, G.W.K., and D.V. Clark.
(1967) J. Insect Phys:o! 13:131-135). Isoiridomyrmecin was known at the
time to possess good ‘*knockdown’ insecticidal actl\nty

| _ Cav:!i et al. (1982) (Tetrahedron 38; 1931 1938) dlscloses the
“presence of dlhydronepetalactones in the insect repellent secretion of an
ant but the compound |redod|ai is said to be the prmmpal repellent

: consﬂtuent

Jefson, M., et al. (1983) (J. Chemical Ecology 9:159-180) disclose
dihydronepetalactone to exhibit effective repellency in the vapor phase to
ants over a period of 25 Seconds Longer times were not lnvestlgated
After 25 seconds of exposure to vapors from the pure

-dlhydronepetalactone approxzmately 50-60% of Monomorium destructor



15 derived fromthe catmnt plant N. cataria, and the
differential efficacy of nepetal actone stereoi soners
as insect repellents.. Conpositions containing
di hydr onepet al actones (DHN), a class of iridoid
nonot er penoi ds derived from nepetal actones (shown in
Figure 1), are known to provide insecticidal effects.
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the duration of the repellent effect. Sunmmary of the
I nvention In one aspect, there is provided a nethod of
repelling an insect or tick froma host for the

i nsect or tick, wherein the host is a human or a
donesticated animal, conprising applying to a surface
of the host the follow pg dihydf onepetal act one
compound: 1S, 9S, 5R, 6R- 5, [ | - 3- oxabi cycl o[ 4. 3. 0]
nonan- 2- one.

Anocther embodiment disclosed herein is a composition of matter
that repels insects when applied to a human, animal or inanimate host that
includes a dihydronepetalactone, or a mixture of dihydronepetalactone
sterecisomers, represented by the general formula set forth above.

A further embodiment disclosed herein is a composition of matter
that repels one or more insects selected from the group consisting of bees,
black flies, chiggers, fleas, green head flies, mosquitoes,
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One enbodi nent disclosed herein is an insect repellent

conposi-tion of matter that is or includes a

di hydr onepet al actone, or a mi xture of

'di hydr onepet al act one stereoi soners, represented by the

general fornula: O ~ir Another enbodi ment di scl osed
herein is a conposition of matter that repels insects

when apprfétethotier nthodimentdisolabed hefgha s aradrepbsitivn bhatatter
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frena thatef dIN-gigthvnmataleamiderthat inbludes aA f urt her

enbodi ment di scl osed herein is a conposition of matter

that repels one or nore insects selected fromthe

group consisting of bees, black flies, chiggers,

fleas, green head flies, nosquitoes, 4 Yet another

enbodi ment di scl osed herein is a conposition of matter

that has a nean conplete protection tinme that is

statistically indistinguishable fromthat of

N, N-di et hyl -mt ol uam de that includes a 4a

di hydr onepet al actone, or a mi xture of

di hydr onepet al act one stereoi soners, represented by

the general fornula set forth above. Yet another

enbodi nent di scl osed herein is an insect repellent

conposition of matter that includes, in an anmount of

about 0.001 %to about 80% by weight, a

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

di hydronepet al act one stereoi soners, represented by

the general fornula set forth above. Yet another

enbodi nent di scl osed herein is a process for

fabricating an insect repellent conposition or an
insect repellent article of manufacture by providing

as the conposition or article, or incorporating into

the conposition or article, a di hydronepetal actone, or

a m xture of dihydronepetal act one stereoi soners,
represented by the general fornula set
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forth above. Yet another enbodi nent discl osed herein

. Is a nethod of inparting, augnenting or enhancing the
i nsect repellent effect of an article, by

incorporating into the article a di hydronepetal act one,
or a mxture of dihydronepetal act one stereoi soners,
represented by the general fornula set forth above.
Yet anot her enbodi nent di scl osed herein is a nethod of
repelling insects froma human, aninmal or inanimte
host by exposing the insects to a

dihngnsneisiadens tasifemigureofdifydroaepetalactone stereoisomers,
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human, aninmal or inanimte host. The insects repelled

may be, for exanple, one or nore of nobsquitoes,
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i sclosed herein 1s a process tor thé proauction of a
fabrgatinthap érsecheapsiienbsompesitien of AVInsas) repaliesy arivle A
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tHE Gomep W%ﬁﬁ'&r p&linydroge e o AP Rl i s
dibydroBepe@lacipnd sieaenisoimars répresentddaty the general formula set
1o Fyéyoggepet al actones performwell as a new cl ass of

ep ective insect repellent conpounds without the

di sadvant ageous properties characteristic of prior-art
conposi t Yelranothresmbodiment disclosed herein is a method of

imparting, augmenting or enhancing the insect repellent effect of an article, by
incorporating into the article a dihydronepetalactone, or a mixture of
dihydronepetalactone stereoisomers, represented by the general formula set
forth above.

Yet another embodiment disclosed herein is 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 disclosed herein is the use of a
dihydronepetalactone, or a mixture of dihydronepetalactone sterecisomers,
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 ficks.



used as an insect repellent, DHN prevents danage to
pl ants and animals, including humans, or to articles
of manufacture, by making insect food sources or
living conditions unattractive or .offensive. Brief
Description of the Drawi ngs Figure 1 shows the

cheni cal Yet ancther esntaddibRet BrRclysat her@nGY o pragess for the

ik GO t I noi d) . nepet al ones. Figure
Prof i BB EIARRa oL SR Prdrdicreeriad =
Nepstladgraphiormuda (XW2 ececonting to thetol®yingrshesis of a
distilled nepetal actone-enriched fraction from
commercially-available catmnt oil (A), together with

that of the material produced fromthis fraction by
hydr ogenation (B). 6 WO 2005/ 034626 PCT/ US20031029344
’

Figure 3 sho mass spectra of 3 or

consti tuent e nepetal actone-enri chgd fraction
(A) and t gt ogedat ed materi al dergi fied by
GC- M5 anal in Filg. 2. Figure the 13C NWR .

anal ysis perfornegFon a distilled
nepet al act one-enrfi ched fracti on of
conmerci al | y-avai'l abl e Tat- oil. Figre 5 shows
the, 13C NWR spectrum obtai ned from anal ysis of the

di hydr onepet al act ones produced by hydrogenation of a
distilled nepetal actone-enriched fraction of
commerci al ly-available catmnt oil Figure 6 shows the
distributiqu§; probing density with time, during 10
“tests of var Js repel | ents agai nst fe(Vp Aedes
aegypti nosquitoes in an in vitro repellency test.
Figure 7 shows the 13C NWR anal ysi s of

trans, ci s-nepetal actone. Figure 8 shows the 13C NMR
anal ysi s of di hydronepetal actones derived from
Ryihedqyesendesef palladiu supperied petatatatysh supdrt Biafiis @od
SKols the distribution of probing density with tine,
duri ng
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Applicants have found that dihydronepetalactones perform well
as a new class of effective insect repellent compounds without the
disadvantageous properties characteristic of prior-art compositions. When
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
iridoid (methylcyclopentanoid) nepetalactones.

Figure 2 shows the total ion chromatograms from combined gas
c_;hromatography/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
hydrogenation (B). |
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insects. 5 Di.hydronepeta ones are
essential oils of several |abiate
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Figure 7 shows the *C NMR analysis of trans c:s—nepetalactone

Figure 8 shows the *C NMR anaIySIS of dihydronepetalactones
derived from hydrogenatlon of trans c:s-nepeta!aotone '

Flgure 9 shows the distribution of probmg densﬁy with t[me during

repellency test

Figure 10 shows the distribution of fanding density with time, dunng

tests of various repellents against stable flies (Stomoxys caic.'tmns) in an
in vitro repel!ency test

F:gure 11 shows the distribution of probing density with time, during'
tests of various repellents against female anopheles mosqu&toes

(Anopheles alb.rmanus) in an m vitro repellency test.

Description of a Preferred Embodiment of {he Invention

A nepetalactone isa compound having the general structure:



Popov (1996) J. Essential G| Res. 8:639-643).
Di hydronepet al actones 10 are defined by Fornmula 1. O
877645 Formula 1 8 WD 2005/ 034626

WOZ"”P’WB‘Szoos/ 029344 wherein 1, 5, 6 and 9 i RETFET2803/028344

four chiral centers of the molecule and the structure

shown is intended to enconpass C5’;1II st ereoi soners of

di hydronepet al actone. {fhe strugfures of

di hydr onepet al act one Sgterepis¢pers that may be

derived from (7S)- nepet are shown 5 below. O

O O (73SS,9S, 6R} 5, 9- gfrE 'S0
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S.6S}5.9-dn eu, *3- (7$9$6%45~t 2o n et hyl - 3-

oxaWwytl a[ 4. 3. O} nanan- 2bne ozaf]| cydo[ 4. 3. AJ- nonan- t one

00 :

| | Four chiral centers are present within the methylcyclopentanoid backbone
~ of nepetalactone at carbons 4, 4a, 7 and 7a as shown above; (78)~

nepetalactones are produced by several plants and insects.

_ 5, Dihydronepetalactones are known as minor constituents of the
essential oils of several labiate plants of the genus Nepeta {Regnier, F.E.,
et al. (1967) Phytochemistry 6:1281 -1289; DePooter, H.L., et al. (1988)
Flavour and Fragrance Jourmnal 3:155-1 59; Haﬁdjieva N.V.and S.S.

- Popov (1996) J. Essential Oil Res. 8:630- 643) Dihydronepetalactones
10  are defned by Formula 1: '

Formula 1
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: (95581R,SR)-5 S-dimethyl-3.  ° (BS,1RSRER)S, s-dimeih 1-3-
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7 A dthydronepetalactone (DHN) wil be understood to encompass
. any and all dlhydronepetalactone stereoisomers and mixtures thereof,
| | unless a partlcular isomer or mixture is specn" ed. When
: 1 0 : 'dlhydronepetalactone is prepared from a naturally occurring source of
o 'nepetalactone some variation in molar concentration of stereoisomers is
. expected Preparatton from a naturally occurring source is, however, a
_preferred method of preparation.
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fm B psmle&brle@tﬁ plartts of #heé YeRGs Wepofy gc%cﬂn\mts% One
of nep t one gRe gni er
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AR LIRS RS lchcad Rltinimeovige anéﬁéamemrg
soppate shassetex SR R ool Se”&?&“} Btbne

t hyl cycl opent ano
Y@P e%&f%ﬁ%f gﬁ alagp.citl). ahgarticute ;bi@féh (g is degcrllbed

10 O ARRARaF SN YRARSARE e@maé&m s
ineoErdrattEnStsPEIftireROSS ?gﬂ.eﬁt ﬂénte%g {(ﬂ_y% ;I) %Bg@gu R@@t&eds for

et al actone O "t he
ISQEE

PBGY essentialnilsarebeell khWnﬁlathsiéﬂ afPbxam mples of

AR R RS oS e T v petaan
digtilietione oedard® ¥oRentEkirabtid ) mRRRPAR Essisted organic solvent

15 extraction, supercritical fluid extraction, mechanical extraction and
enfleurage (initial cold extraction into fats followed by organic soivent

extraction).

The essential oils isoléted from different Népeta species are well
known to possess different proportions of each naturally-occurring
20 stereoisomer of nepetalactone (Regnier et al. op. cit.; DePooter, ef af.
op.cit.; Handjieva ef a/ op.cit.). Thus DHN prepared from oil derived from
any Nepeta species will necessarily be a mixture of stereocisomers
thereof, the constitution of that mixture depending upon the particular
species of Nepeta from which it is derived.

25 As discussed herein above, four chiral centers are present within

the methylcyclopentanond backbone of the nepetalactone at carbons 4, 4a,
7 and 7a as shown:
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stereoi sonmers of di hydronepetal actone. Mre preferred
repellent materials include a m xture of
(9S) - di hydronepet al act ones. Most preferred are

wo(z&ﬁ)o3£H2k1VdT onepet al act one stereoi soners deri V@é’nﬁ%ﬂm/ﬂwsu
(

10

~conpl etion of the hydrpge :

7S) 10 nepetal actones. This includes the conmpoun
commonly known as cis, trans-nepetal actone,
ci s, cis=nepetal actone, trans,cis-nepetal actone, and
trans, trans- nepetalactone rated in Figure 1.
The predon1nant 'stereoi soners produced by. N cataria
(cis,trans and trans,cis-) are ,preterred. 15 Upon
on eéEtg@n t he
pduct s ray be

preparative |iquid chromat gt i el'd each

highly purifi-ed pair of dihydronegetal actone

di astereoners. This permts the usg of various

different diastereoners as are found to-be nost

effective against particular 20 insects. It is

preferable to isolate a speci fic nepetal actone i soner
conve to its correspondi ng pair of

i ooy ah BB Bt SRNBE Hitrpsneialecme B
- PIOBISUHE GO F AYaRnation "Eﬁ' gllebb&n?étﬁ{lg @%'@%&&hﬁ naturally

nepet a| act ‘one stereol soner ' con
NG pese@isomiens dessiiead trsviar bes (98)-i S al so known

yRhebetal e Db el aoalisunmaiegabnauordancs with

.' dba piresentinventiohdheluge WhitQre 8f {M&Br gggﬁﬁregﬂgésﬂe |

rvest. In fact variation i1 n ol

MR qs inysapepetalantine.oMoroprakedd epase: at

hﬁét‘éﬁﬁfs ;Heﬁ;deea%)&@}%‘é?f Q@-ﬁ Ey@%n&%@%@&&gﬁ% l:)referred
Sxi5) Uinydcriepetaiations stoRRIBAbI AN Foh S, ng

enot ypes

ﬁl&ﬁ”@#@ 2 Beta racenpsa
RildPhes, dhisdaciudesiibe SooIEUridsrcommahfyf BieWE as
BRYP4-AEPOBRCIGhS LGS BRI @%ﬁ%& é(rlt?zt (qq-ggclﬂg—netpgtealactone

-_: preferred process 'for pr
Tand frans Jfrans-nepetalactone, as |llustrated in Figure 1. The predominarnt

15

20

steremsomers produced by N cataria (cis,frans and trans ,Cis-} are

' preferred

Upon completion of the hydrogenatlon reactlon the resulting
mlxture of isomer products may be separated by a conventional method
(e.g., preparative liquid chromatography) to yield each htghly purified pair

. of dlhydronepetalactone dlastereomers This permlts the use of various
: ldlfferent diastereomers as are found to be most effective against particular
insects. Itis preferable toisolate a ‘specific nepetalactone isomer from a

plant to convert fo its correspondlng pair of diastereomers by,
hydrogenation.
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di hydr onepet al act one enanti oners i s hydrogenati on of
an oil froma Nepeta chenotype known to contain
&:Z%i c nepetal actone stereoisonmers. An insect as
Fepelled by the conposition of this inventiln/V$Operad+
15 any nenber of a |arge group of invertebrate aninals
char dbtasiditiarto variatie inaepietalachne stemvisanbt comeatt
. | arva and pupa), by divisjon of the
RIREER SRt BebBe Sndies iR Elsnstlas varlation is disa kown to
ebdags Plan ofaf §ivdn s{?@btesﬁﬁh itRaj
menbr anous vvi%gs. hi s def P/;le??%% ?g]él\e@g ?r'ﬁéreﬁf}]cl udes
cempasitions dependiag ondhe apaditiens offtheir growth osgowgh stage
-} es.. 2 Lack flies,. chi rs, fleas,
o FavestodhTaotyabRngn y B 2hbpostitindepfident onareuth
condiihs WAREwEP Y ATHRa0ESt e Been tRIH EALpeAPScaHdsa
i.nsects (Q?{ifg'! houseflies, cockroaches, |icCe, ’
» &lstdop-ciq) Planis diausiotiel shavisst exhibiing. diffétent bil

. t ' : h il fish,
SRR eibe BIAVRES: 1T BEPEiafsrbrowh chemetypes
exhityitrsg hicrked alfférBAces RSBBproPYATR Wﬂiﬁére@i? %egfe{a%étbﬁs ‘

i nsect repellents against a w de spectra of cOnmon
sterepisoMisxdst. siiuss, e prafewedpnocensdor abnduecing gpatio

' j [ 4] ' - wood- bori.ng insects,
firgfionoteRiched ohBRRTbS PR pdtaibh odar Sl Fiom o
Nepeta chieatdtyperkaawntto edntaih apbeifit repetalabdngl cks such
;2% deer ticks. In a further enbodinent the DHN
SEIRPEEM®8ns of this invention are 30 effective to

repel any one or nore of the nenbers of -the- .group

consizgd ieda%%C; ﬁé r&?é{%.gs | C(;I'l‘lbtggggﬁ g'f %ﬁgﬁ%r}ctljo%a}%éludes

green h I es, 0€s,

_-2PPOBLODEE D6 afarhel NIt ebrafd afimalé ChERCI¥RERS in the

DB L (nRBoTf Bascirstalas asudadarvaganst beps), bysivision of
it lBacchs B! pUBs). bysiv
8 bBay B, Mrke! Shd BraoR), YREKIL J1qlnsert ey

repel led may al so, however,

- (uteaisllwaysdwo pairsobmegniranoos wihgs.f Phisomdmidrothersiore

20

25

30

) omfting.any one or nore nenbers fromthe whol e
- 'rg?f%i%s ﬁ]g @&OQ#IHP&YE’H tof variety of biting insects (e.g., ants, bees,
- black flies, chiggers, fleas, green head flies, mosquitoes, stable flies, ticks

- wasps), wood-boring insects (e.g., termites), noxious insects (e.q.,

houseflies, cockroaches, lice, roaches, wood lice}, and household pests

3

(e.g., flour and bean beetles, dust mites, moths, silverfish, weevils). In one

‘embodiment, for example, the DHN compositions of the present invention

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
effective to repel any one or more of the members of the group consisting

of bees, black f[ies,_ chiggers, fleas, green head flies, mosquitoes, stable

12



the list in the first sentence of this paragraph. Asa
result, the repelled insect(s) may in such instance
not onIy be those selected fromany subgroup of any

WO 20058034638t may be formed from the whol e group BESI/ES2003/029344

10

15

forth in the list above, but may exclude the nenbers

t lilis, tielke, wesps, orodd-boridg lﬁéed&tﬁtﬁjégﬂﬁsecacl@dé@chgsfl%re
the éilbgroup The subgroup forned by omtting various

Q54 age fiaubpad hesipbeetias dust miteabmothseitverfish,

b t he whol e grou
S‘E@ﬁqtﬁé‘{"ﬂ RSB e TRV Blsor holEvet B4 gt ore
mémire thabfre belevsteol eo.gmepbgﬁmipat thieSoregbirth AfHne by
ani affected by insects: Typicall Host's 15 are

c SRYHEE AW 97F Bk %@é@?ﬁ@@é%ﬁioabﬂte woele group@sssetrforth in

be a
R RS RE R I el 7§70 Bk et
distasst(sy mawnamchmhst}ancbmmy bk ahbhse Qéteateaerraﬁl zlrﬁﬂ
ect sce le articl e enconpa33| any.
. ROBG T S8 Bt oy 0 arinesttiam th whategtaip A8 st forth

My tHe Vit UBBVE vBLbilidhag %x?ldé{enl!hte%gmb@w ) ﬁﬁbgﬁ? e Amithd

a further enbodi nen resent 1 nve
Frem herwbele graup taforos the eubga:supan Thesebgraus faaiddby

d t |1 ent ticle f
RN °wné!%p§}9e§?@tr?4 bshahoemay,

| omdre@verl bednelndmdlfdz R RBe BY ghRE%t{chotHgl’trlbg

the article. Contenplated int |se
t ediRgent cxsludas @i atheamembers e 16 wiayje growpdy

‘exhibit some degree of insect repellency prior to

cuch | ook ek BaplSr ERRAF ey hesathe okl hosts

r geetdreidgredfto blednsedt-atsepthble B8d 2RNARGEES: iA¥ect Q(?ceptable

_mﬁau n,of the DHN conposition of the invention.

Qsépean b @nimali(ineludingwihout lisitatiosi pétsrand/or

'\a%“r;r@(gglgg’{eg’géaﬁ?%%dsluc ol 59%%@%8@%\7@%’&%5’?%626 '

rsusoeeabeamﬁdea%codmmwng @iy inaMinthtE iy Which Rebffected

.20.

25

ve hi ghly .ephenger effects as
y insec % This I[r)nay mcﬁ;de buuldmgs fumiture, and the like.

" Ina further embodlment of the present mventlon DHN is

' | mcorporated lnto a host such as an insect susceptlble artlcie to produce an

:nsect repellent artlcle for the purpose exther of deterring msects from
landlng on the article, or from occupymg the air surroundmg the article,
Contemplated in thls embodlment are those instances in ‘which an article

may already exhibit some degree of insect repellency prior to treatment

, :Wlth a DHN composition of the invention. in such instances it is

30

' contemplated that the insect repellency of the article will be enhanced by

the appllcatlon of the DHN composition of the invention.

An insect repelient is any compound or composition which deters
msects from a host. lt will be apprecaated that such usage makes no

13




| conpared to those that exhibit long term beneficial

effects, and/or those that require very high surface

wozoo%ﬁg%ﬁn”at' ons before there is an observable effect
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8ect behavior. 5 The term "insect r epePCEHS2003/pasg44
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f US EPA
SR i BR8P 1 e amianle, be
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ingiesisim whigh inssot bet@vm]toward traate@mrmm Yinelotingj henans,
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ch . this gondltlon of the.respective ne

first hﬁrft?l"?&r&fe m@forabltm(@dhpmse.qimbtlamg DESEL) ar erasliiogr(in
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tHefuh® o & otefbiliinkdet QUPRL AT Miod on i Featedn: <)

surfade saabgamedd [:sfeeC@ gl §5S BPA Offitel &qirevehtl%r'\ fPé’éﬂmdes and

‘ I, C nmust differ only in ways t
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30

1:]56'3!1 ohmene exemplletry doRbddinidnit @9 was inJeilonS the insect
ant a eoushg@g red fromnaturally occurring

fe.‘?&ﬁ%f"a? PeH dﬁsf BMIANLRPY thatisestatisiiemlly and
ind®fnguishable from that of DEET. in the test in which this condition 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
results for the purposes of documenting the existence 6f 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
other insect repellents, are not prepared from natural sources — an

important consumer consideration when choosing an effective repelient.
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30 other insect repellents, are not prepared f(rjlomt_ o
natural sources - an inportant consunmer considerati

when choosing an effective repellent. 14 WO

WO 200083831626 PCT/ US2003/ 029344 Preparati on f rigyus2003/029344
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natural sources also offers the potential for |ow
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prastefigicepery@overarontaa/ in U.S. 4,
gl scl oses the use of repellent concentrations of
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ective surface conce

ﬁ'&%ﬁ?ﬁ’?ﬁﬁ"&@ bbwhichdtis appdiett Mﬂnﬁé@ﬁ&ﬁms known inthe

) art to exhibit insect repeilency do so, however, only in relatlvely
- cancentrated form. See, for example, McGovem etalin US. 4 416, 881,
‘ Whlch discloses the use of repellent concentrations of 6.25-25%. In other

. S|tuat|ons representative of the art, it is often found that concentrations of

; DEET much below 1% require repeated applicatlon to achieve an effectlve

. surface concentration, yet concentrations above 30% result in excesswe

25

80

surface concentratlon which i is both wasteful and conducive to the

‘ productlon of undesu'able side effects. A further advantage of this

invention is consequently that DHN not only provides effective insect

repellency at concentrations sumlfar o those employed for DEET DHN

may be employed at concentratlons up to and including neat DHN (| e. the
composntion hereof may, if desired, contain 100% by weight DHN) The

| ,property of effective repeliency in DHN provides many options for

15



25. surface concentration, which is both wasteful and

conduci ve to the production of undesirable side

effects. A further advantage of this invention is ‘
Wozooé’glﬁ%’%auently that DHN not only provides ef fREHP§R03/029344

insect repellency at concentrations simlar to those

eseppoyeal vidizatheEf tHNHNragtiteingnpdientdvet a wide range of

trations,.up to and including neat DHN (i.e. the
!égélgg’ﬁ'ﬁfj’gfz??ﬁﬂt@fgreof. may, if desired, contain 100% by
wei ght DHN). The property of effective repellency in

DHN dh@Helembiaityicfibsl 8 HréeentIveMic 8H4AR '
BT/ URa003, Qoo oD prosent ivetar, Bh gélﬁt%%ép%ﬁrt\?d n

effective ameprdgiieiea sompositiangelitablegior epplitatien © ahost plant

. ; ' I di f th {

5 drabiREl ooty TUlfaT SRa TS cabisRicrs e N
dritk ® vehiehsTstefdrably- alsohdl ARkh dsa503RBhICAELRE, h% ti%ﬂ’%féh
plant 5 or animal, preferably to hunan skin. Suitable
asoMBSIAUOFdNiGhermgSUchNSATE knoyahincihe, afyr erf @ sitibhgeous

0 ; Mol l.eohol , .a lotion such..as

- e PR 17 PIIF bR B 8 dRraefepRliettrominesiigs of
- the fnvdntioneatus contentratiohadfeibait v, 195G X, iby WERRENt 10
the insect r | ent conposition of the i'nvention at

epel
10 - prolesnol ARG Chsdkdo 205 by welghtan 130% prefersbinabouiol % to

o f about 0.5%to 20% by wei ght, and nost
1g€%§r‘g%b§/ﬁt'about 1 %to 15% by weight. For an insect

repellent to be effective the evaporation rate of the

active iFaradinsett fepeifehtie hweffedivikihe eagdratidn fabed the
h to provide a vapor

-article nust be suffigiently hi (
ot TegeRRTt am 4% RestR SRl tee Fidatod Aricks mist bar ot
d ] .
AEASHY ERBF6vice PSSR Sl Pl Bhect o
15  thatwget inseels. elowesiver at balahoe niistheastrestabetwadron rat e
will deplete t i nsect repellent on the surface ,
%BQF%&’D%@%@& thedesited diiratigrhet thesineget repelientreffacsrs
- 186 hifH ah R&apeKa L Q i '
P10 op Y001 AL 150t 585 IREABRRL o e
- .causing a loss in efficacy. Numerous extrinsic factors affect the
evaporation rate, such as the ambient temperature, the temperature of the
20 - tr_‘eated surface, and the presence orabsence 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 th_rough 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 skih,

_ 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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20 treated surface, and the presence or absence of air
nmoverment. The conposition of this invention has a
skin surface evaporation rate of at least a mninum

WO yis8s162¢e evaporation rate, and preferably hqs“aUﬁﬁbgozggm
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15

20

25

30

‘Al.ternatively, the acti

surface evaporation rate of at |east a m nimum

ef f ect IWRIESDRI badV k
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Diiterpobéfdes itebhantdpeRald) SH6lveleR ¢ thePe¥ult Y& LtoRPHSAL

conditions of use, it may under sonme circumstances be
d&_neeprationof RDidM that caa haaaraalted tevthe toat’s okirt ietass or that

A d
Ao BB Yo In LA b S TR B Son SITRY G, P S5y e
oneenalitpotendysoft thedomhiiiion) thi® stk a8t opel YWIBtha'

other i ert ﬁ*%&%reeg ient, forcing the DHN to mgrate
t BYRRYR ?'ﬁétf (Feleeied: Hilterpatively, theraatlafeﬂn@eﬁwm |s tnicro-

conoap s oY o f o o ek S LA Bmoc

h@ﬂetlentsarunles dnfsidiaarmthehaltemaﬁv@r@pﬁﬁur@ér ﬁ'rbﬁec‘éﬂe Fr?é%ﬁae
e, thus reducing the 10

nt artjcl
ére%%red] lﬂéﬁ‘@ Hoteys tﬁﬂ%ﬂﬂtﬁﬁklﬂ SUEapeOr insect repellent
fm‘cmmeréase theeacti%éfiﬂgfeaiérﬂ” strategy sel ected.
e I ngiedient is nicro-
encapsul ated to control rates of.loss fromthe host's

- skin shipF example, refease Offﬂwabtlmlmgmdlent maylbe, 56t Ekample,

|
eSOt G 0 S e Aduoonotadiotiarn
seridapsalaied (SUERRIn etg@lnttﬁﬁta slér5 n%[lhsﬁlhﬁ ﬂrSté:ﬁﬁlfsfﬁﬁe way air

t.he. active ingredient. |,

s captured within a balloon. The protern may be used at, for example, a

0% concentration An application of repel!ent contains many of these
proteln capsules that are suspended in erther a water-based Iotlon or
water for spray appllcatlon After contact with skm the protein capsules
begm to breakdown releasing the encapsulated dshydronepetalactone

" The process contmues as each microscopic capsule is depleted then
: 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 resrstant to perspiration (sweat-off), and water.

When applied they are dry and comfortable with no greasiness. Thls

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

used on skin because clothing does not have the capability to release the |
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For exanple, release of the active ingredient may be,
for exanple, by sub-m cron encapsulation, in which

WO Zooéﬁl‘?%ﬁ?ﬁﬁt ive ingredient is encapsulated (surrounde
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a skin nourishing protein just the &4t 02"?1@3“‘4
captured within a balloon. The protein nmay be used at,
proteingx ARptliernative sysieim baes AhaYmento ﬁmﬂaﬁ@pﬂhecfﬁpﬁthﬁmof

whiERBiofE e R AR B AT b U ideFRRB R one

avibBle foplatep eedpertione af Hu@ Bysteht 4n ofiBhassredisth skin
the protein capsul es begin to breakdown rel easing the

fe@ﬁﬂ%lptsaﬁleﬂté}ﬁd() ehgelivanasstm 2= dr&0% piver pempasable non-

oSN et R PRy G C B LB

p(ﬂzmeimt If dritthekalematve! £spacRistiid 6566 td Keep RUMRAMATY -

e process nay take up to 24 hours for one
theppiapesatiahof Mbyér@qﬂemlaﬁﬁn@ indrercemposition: he skin
is so effective, these formul as are 'very resistant to

pers t

ey 8 RiEReAtHvehath, 4 vl EeRiors oFellRREIdr ¥,
albévesgistivvetiatibyd :@nlepetfaiatytoaéé eahibecused)t T lcamer’mjrowg

'S onléﬁeffectl when use% on skin because cl ot hing

thedesmy IOHa*oebet justashia a7 elfeetye eanoesdratine of repeiant.
nﬁ ré@%’ﬁaf CHUR é@%ﬁéﬁﬁnsé’éﬁ{a@éﬁ&t s’eﬂaphe for human

native systemu encase
or apiehdl ekin, pmﬁmraﬂ;iystrm/\mmm mardcmlee,vaumnmecbm a eavu ng
rmre i h onepet | actone _aqvailaple for |ate
%{ £Y ?sqaéﬂ?fca DEREIRT MY BHE*@"&”OV'C‘G water
récd%% B:fre%h ﬁhrri‘i’z‘;tlcﬁ'f fa?ﬁ?dr aﬁg §1§r(° over
arapl e no entrapﬁed produ cts ut o ten eel s
Fgc’eas;o becsidsewbEntdeleglingsa naricofs) fdreanypidrgmatation of insect

Sl clids CORmeSciab BYSIGRINY ofostppalioncy, eviporation
r bhdt‘i’éto%ﬁﬂe&éﬂnf?%ﬁ OS‘&n'erbérﬁérscéé?P@l%'rﬁééi\Fbs l'wé‘vé ellent

present | nvent a variety of carriers or uent's
pfapertibe Theoaeiah, sudresedr, ghbubir preégrabb/ aisd)duaaesnesﬁrathtill

used, Th ier allows, 10 the fornulation to be
‘”Qgﬁ)%g‘fﬂ@aﬁ{] g??@f’*"é@[‘m@@t concentration of repellant.

Suitable for the present invention are one or more commercially
available organic and inorganic liquid, solid, or semi- solid carriers or
carrier formulations known in the art for formulating insect repefient

products. For example the carrier may include silicone, petrolatum, or
lanolin:

Examples of organic liquid carriers include liquid aliphatic
hydrocarbons (e.qg., pentané, héxane, 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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mol ecul es. VWWen formulating a topical insect repellent
sui table for human or animal skin, preferably, the
repel l ant nol ecules are mxed in a dermatol ogically

WO HWepteabl e carrier. The carrier may further Peavisd6o3/029344
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ety BB

water repellency, prevent skin irritation, and/or

S(Qﬂ’ié?f?)e%%lﬁﬂrtﬁ!stlhélﬁdé‘thé‘se ?nel%ﬂﬁtré e?ré o égr‘?&gtural

when selecting a carrier( or a orrru atl
i 9Py ils (ege) ﬂlmﬂo-cauﬂwbw\tmuimedmh spvay bibdicbihsigting of

Rl G oag et PR ot S whichoare apby plahty

PoPRRES. | 8Bch Eie zﬁérdsllﬁﬂy higHERMRled é#tPH{a@ cﬁfn%érﬁ 'Y Mhinute

al so be one that w | not be har nf ul
@mouatsrmfmnsazl@rmd t:amp@mds Suehilss emreomfe até genevatly

HHplln O o GRESIAY (o4 5" Slop R Wil S AT ano,
cmﬁulsﬁrerf ailutetab ilensr &mm@htﬂalﬁohﬂ Carid hsée fasféhw% athiNgils,

i nsect repel | ent products. For exanple the carrier

RBfained frera sylicte digestipatof wioadupip olike ﬂmmmfﬁn i, can

SR oSl OB oM St kAR il il Forpene
Hepirecarbons mmaemamaa& duthi ds a@m@.L;sxaéa.e ad]ﬁehtbﬁél d

%rormtl C h% FI S’gr bons.  Exanpl es of other |iquid
dnedkeude oils produced - by ‘the distillation
of coal and the distillation of various types and

grades ofg ﬁ%rrdé‘?ﬁ@r@lﬁﬂhgé%?ﬁhétgc 5A§ lalfg; %Ipcc{ﬁ?)'iso%%

oils that are obtain I onal

' @fﬂﬁ%l@)y@ﬁnketdr&m!létm,tﬂl%m@ﬁér %ﬁhbﬁzfﬁﬁafyﬁﬂﬁaéé or@lhierand
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- BieBni Sl iy O pdfien 48 T Rbovt-mamtansd liagd
- 15 -
- dvhighcan be/gsed fdire)ausing:theaﬂlhgdmnepei;ajatﬂop\emog'l'[:bqunds to be

SRR R T o RS

-generally paraffin oils and accordingly.can be
emul siAligtehtio rhbnsRydic @t&dh@lg include methyl, ethyl, normal-propyl,

HydroEsHHBAS; Sﬂ’feadarﬁbl' &an EBAL Ebﬁ\%rﬂg)nﬁgbﬂﬂhﬁpﬁﬁ%%éﬁgs

in the distillation of petrol eum an

:sopropyl normal-butyl sec-butyl, and tert—buty! 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, suitablé cyclic alcohols include
“cyclopeniyt and cyclohexyl alcohols.

~Additionally, conventional or so-called "stabll:zers“ (e.g., tert—butyl
sulfinyl dlmethyl dlthiocarbonate) can be used in’ conjunctlon 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 composmons of the present
mvent:on include fi nely divided organlc and inorganic solid materials.

Suxtab!e flnely d,lVldeg;l solid i lnorganlc carriers include siliceous minerals
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enmul sifier, diluted to | ower concentrations, and used
as sprays. Tall oils, obtained fromsulfate digestion

W0200§;03W§d pul p, Iike the paraffin oils, can simlarl
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d. Other organic liquid carriers can |(F?é’p§@@3/¥29344
l'iquid terpene 10 hydrocarbons and terpene al cohols

Slsqj'cas aynthigticanst nateal daydienioeiie, attappulm’@o fulleatscearte

gl fingral bafil kadig e, B Ml ARl Giie? Aebine e

adwngiieis ehehBadaly prepated dilikbogs mataﬁ@s%wﬂas isfligRgani c

solid naterials. In addition to the above-nenti oned

agioggisiang prgeipitatedmnts fume silicasr ikxantples obfinelyrdivided

SR SC e iRl SRUPER  Sawilhp SuiBeeg grasiic '
pOliyBiEs Sead ke lilesd Edhiiplesl ofbéMi-soRd BF célﬁ'dﬁ%ﬁé% include

application. Aliphatic nmonohydric alcohols inclu

- waky §plids.cgely (suchvaspetrptaysy ielly)i lsoplimmnd the like, and

B R BB K S8 Gl Bh 536 FeBiiocne

:s@mdsal’@ pafrrprotyes! ﬂorémdwdmg@ﬁfé&tﬁre rﬁbbﬁéﬂ&yﬂmthm the

droxy al cohols include glycerol, arabi't

‘S‘é‘?Rﬁt ﬁ?ﬁh%'mt%imﬁ'@pn and the like. Finally, sw tabl e

cyclic alcohols include cyclopentyl and cycl ohexyl

al co e%t réaﬁéﬂeﬁt EBmdo%itlo%%rquﬂ{: p9§§éﬂtqﬁtl¥esiﬁ§ﬂ%%rﬁ€?ﬁé{1ﬁ the

sta I'zer's tert-but

| ,dmyumrmimthlanmm)s ey s et adjavantsiaiowmin/ihielart of

as a nponent the carrier or carriers caonprising

PBfonEb FRBLPORE FgnUI KON UGB s thikenerss ufieany @oents.

eS8 T SABIRL Sf bl

stabdizges)i surfentants nemelientss col&ﬁn@lagabé ealbe velry, vkinasd ether.

soljd.inorganic carriers include siliceous m ner al s
PRGSO BB aATs AT e Be trg saad d thgrapoudcaliamet | ¢

C@%eﬂééwéﬁwgggemgent onite, attapulgite, fuller's

earth di at onateous earth, kaolin, nica, talc, finely

di vi ded quartz, and the Ilke

Therapeutically or cosmetically active ingredients useful in the

*."compositions of the invention include fungicides, sunscreening agents,

sunblocking agents, vitamins, tanning agents, plant extracts, anti-

- inflammatory agents, anti-oxidants, 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.

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-butylacetani!ide normai-
butyl-6,6-dimethyl-5,6-dihydro-1,4-pyrone-2- carboxy[ate dibutyl adipate,
dibutyl phthalate, di-normal-butyl succmate N, N- dlethyl meta-toluamide,
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as well as synthetically prepared siliceous materials,
such as silica aerogels and precipitated and fune
silicas. Exanples of finely divided 5 solid organic

wO pates46ad S | ncl ude cel | ul ose, sawdust, synt hebcg/Us2003/029344
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organic polyners, and the |ike. Exanples of

s@fietsqldatb e, emhétﬁwehthseréleb&rymbwﬁ repenebicfn-

gel's ('such as petrofeum jel anol 1 n
aetityl-hidxhexasedid, d\verh¢rnhaifpmpyhtsprndcmn:iesmmtet 2-

R EDEOhIAET gt R REdiel A B AOp AN O

t@r@t%u%%pﬁenﬁg_ the instant invention. |nsect

~repel’l ent conpositions of the present invention

contai ning the dihydronepetal actones may al so contain
adj uvahie BHNmmnﬂsrtm e thednveniionsosyiindude apy agaeher of

PR AU G ERY BT DSk ey P SRS Wi iy

aprtievias eppﬁcateml | TG spaeifiE propdrtichabf badergredient wil
surfactants, enolients, coloring agents, aloe vera,

vaimilarly berdietated hi the re@Hresnents of the applicationy ridawever, the

851 680rioRO: HASRABANNA SAbM (BErerSOR TR 5 864 Hfout

rapeu SEREL
I{DLQUQ% byltnfergh?tEEDHN bn abbat 0 OOW{QBJ ab@mtSBO% Iinyelght DHN, or

aventl 0 |ncI udegfolg gy;\l’ﬁo:gé off[ﬁl?{ﬁfr.qg%g &Q}gg/eg’} %hPUt 0% .
) b Cgﬁiofenrm bréffée PAG6 REANCPapdiRidy DW fit, most

scavengi ng retinoi r oxy
guieferabbrathoutel it 40 abput $6%t by weighit iltbigenerad, the composrtlon

oPisba oot snoffffpriaRt adfbiobt SPUnkRt oI Aot epetant

L RREEAREY be HicANSURIN fepefiy the‘ilr‘?e?édt%%m v ﬁbﬁ over a

conposition of this inventi on may al so be bl ended wth

- aprotengedi pefircobireed peaferaily, |fose¢1enodp1flatmast ssveral iours).
~those included in the consisting of. benzil, benzyl

benzo

tetr aﬁ@ﬁp’gf Qﬁe;fﬁtﬂa%toi'&gﬁ%% Jﬂ%}f}ﬂ%g}ﬂ%&e 8[‘%?85'{‘ invention in

“Nheubith &f etdividubiSiasheedRers or a mrxture of various diastereomers,

but'yl - 6, 6- di met hyl -5, 6-di hydr o- 1, 4- pyr one- 2- car boxy! at
eor enrbingd with pites insTrt deprliepts. parl-l{&msebe employed at any .

déorﬂ:% %hoﬁ H‘é\Yér sﬁﬂgﬁfen[%r ﬁ1e 'p\lamcﬂla%'l@é [F.Ecﬁlf‘duﬁé’ Ingg{n de, _
However, itis contemplated that the amount of DHN in an insect repellent
composition or repellent article in accordance wrth the present lnventlon

will generally not exceed about 80% by weight.

The compositions of the invention may be formulated and packaged
so as to deliver the product ina varlety of forms lnciudlng as a so!utlon '
suspensron cream, omtment gel film or spray, dependlng on the

preferred method of use. The carrier may be an aerosol composmon

- adapted to dlsperse the drhydronepetalactone into the atmosphere by

_means of a compressed gas
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20 WD 2005/ 034626 PCT/ US2003/ 029344 di net hyl carbate,
di met hyl phthal ate, 2-ethyl-2-butyl -1, 3-propanedi ol

Wozo&/os?otz@yl 1, 3- hexanedi ol , di-nornal - propyl

10

15
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péhﬂiﬂﬁn&c@ﬁlﬂf&m‘e@ aiimdls 88, ogsevighilebNbouliry watpdide, cows
01 %t o_about O%b wei ht of DHN, or about 0:1 %
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oaﬁﬂeﬁs?‘é%&wz%@ﬁ?ﬁﬁbf%ma%‘iﬁ% g TP B s ofpuchich

ahimalreitre bh effective ahsburtrdf dhe repdifnt betitle firde bﬂmgfthe
actlve msectm?igel | ant 15 material to be efficacious

insect Bpa) iherningd hosk e Ehug.(dispersingibetartclerintp the air or

dEPRANG e EGTIORSf 2o ST IS b Ut pDI e )
repellent edmpnsttba tprfall entthedesivetddiost su tfb@e§ ol ikedfise,

i ndj. vi dual t erepner.s m xt ure of _various
dispely sPsaine. 5 "%Fgfgsﬂ%‘%’gélﬁﬂ"ﬂ reeeleat i the host s
a0 Hieth BT BB AR UPRBlrY hodfluip an effective
armuind df Hye repsilentHoommpesitiont i s conten‘pl ated that the

anount of DHN in an insect repellent. conposition or

r epel t article in cordance, with the present

1 o ektartimiaty bfogustpbiiplearasdbinh apaisony DHN, a

Y mbddifhe 5P s bh%ﬁt mVérﬁi%n :Q‘L’l?é‘HcBPp&F%Yo %f DHN

formul ated and packaged .25 so as to deliver

. inge gaoducts whicly are Boypwﬂ‘laﬁb{ assdqated deglnaectaregd!lencxa in

20"

' ~ creams, gels, ointments, bath and shower gels, foam products (é.g.,

25

Eﬁg?{qﬁgqsrhﬁag i e@&tl égr}%etdf rgpeliency thereto” Mdltided among

such products (but not thereto limited) are colognes, lotions, sprays,

shaving foams), makeup, deodorants, shampoo, hair iacquer:s/hair rinses,

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

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

30

~ therein. Ina typical embodiment the articles are outdoors, but need not

be. Among the articles contemplated are included, but not limited to, air

fresheners, candles, various scented articles, fibers, sheets, textile goods,
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preferred nmethod of use. The carrier may be an aeroso
conposition adapted to disperse the
di hydr onepet al actone into the atnosphere by neans of

wo avspspressed gas. 21 WO 2005/ 034626 PCT/ US200340893¢n29344
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Desirable properties of a topical insect repellent
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aroma associated with DHN, .a further enbodi nent of

t he pr FhEninventiental@ninkelveb e proeess f6afiaalftu HN in
%gycts whi ch are not %rlmarlly associated with

apiun catalyst isperd. Thejenn gatalystens doed herein

ot oéﬁ%"é’é PHEPEHSE LIRS 1R r B P AR Brrbdion 1Bl not

| tte reastionpmlihriuna)y aaimmeg@éssfrom tHapricess bhiehiealn)

shoa?r ﬂ |s, foam products (e.qg. shavi ng foans),
odorants, shanpoo, hai ro acquers/ hair

rinses, and personal soap conpositions (e.g., hand

' soaps andThetgrbsess\ir the productlon of a dihydronepetalactone of

- formula (XVI) involves hydrogenating a nepetalactone of formula (XV)
accordmg to the followmg scheme:

(XV) - , (XV1)

. in the presence of palladlum supported on a c:atalyst support that is not

SrCOs.
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soaps). 25 Further contenplated in the present
invention are those enbodi nents wherein DHN provi des
effective insect repellency in a variety of articles

WO 2005(p38624 ;¢ susceptible to attack by insects bRCT/US2003/029344
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[ ncor_|oorati on therein. Ina typical enbodi nent the
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chemical reaction (but not, “fher
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MGl DebRerd NP LRIV (R06) 198hT tidifodePeliaf icefhivaimare

The metal catalyst used in the process of this invention may be
used as a supported or as an unsupported catalyst. A supported catalyst
is one in which the active catalyst agentis 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
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
material is an unsupported catalyst.
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20 according to the following schene: 0 0 0 C 25
(XV) (XVI)  in the presence of palladium supported on
a catal yst support that is not SrCC3. 23 WO

WO 200631084626 PCT/ US2003/ 029344 The term " pr oetrars20@a29344

used herein is a conmpound that is added to enhance the

physi chhe @htahtRBuSRbr dHIEbE yolia, %hﬁ]ob%ﬁanc% including, but

chemi cal pronoter generally augnents e activity o

anetdinaitedsto, anidiesegudneas siicar plominaditanicg caloiur ababysate,

chiu s R Al pbhE e AR bF SHRE R e s By of
ephRaSE Fratfes AIBIRILS r BE ukbeg-g prdfefrbd %thBrt?ﬁafgla'Fi%l of the

fe
catal yst' agent, but can al so added to retar
upigsent iayeeatien weseleaiad baw. tha graup sbngisting 0é carbast, @lemina,

* L, PSS b R o S5 S0 BSG . B,

Hysthpa@nds ihotesf ame pofrimsiomethifedt! (RAEBRA sippdtes include
presence of a . suitable active netal hydrogenation :

- cearbpYsBI0ndedpOsb BaS{ay aaatAloOg: aMirgevey, suppartad wafalytic

and, procedur es, _for hydrogenation in general can be .
f%‘&lﬂs My thezam @%&g@?ﬂ;mﬂerﬁw%fgnﬁ SWPRPIding
2 i c Chemist, Marcel Decker, New York, N.Y.

10 Jraidiehd

15

25

(1996). 'Many hydrogenation catal ysts are 15 effecti ve,
i'ncluding (wthout limtation) those containing as the
pri ncilpaine embpdiraeant of fhei instanp vieationyna mdregirefgrred -

OIS s <AaT bR BB EbrsunRRts e (o dlarty

j f ' .15, f-he '
Y08 i REFER st Alrgtl A 108 W2 urtnor
preferred suppqrts are those, particularly.carbon, that have a surface area

of at least 300 m2/g.

Commercially available carbons which may be used in this

invention include those sold under the following trademarks: Bameby &

Sutcliffe™, Darco™, Nuchar™, Co!umb@a JXN™ Columbia LCK™,
 Calgon PCB™, Calgon BPL™, Westvaco™, Norit™ and Bamaby Cheny
20

NB™. The carbon can also be commercially available carbon such as
Calsicat C, Sibunit C, or Caigoh‘ C (commercially available under the

' regiétered tradé_mark Centaur®).

_:Preferred combinations of catalytic metal and Support system
include palladium on carbon such as in ESCAT#142 catalyst (Engléhart).

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
cat al yst agent is deposited on a support material by

wozoosfg;gg ng, soaking or physical mxing, foll dfddUip03/029344
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drying, calcination, and if necessary, activation
pretierved h:atzﬂyﬁmmt@ wonterst neadeds from aboutok iM%t tocabout 10

5 P L T PR R ] ARG ot
cABhAICTAbIal CBhieht CagP IO bSCatthuds }9'16 %tﬁb[x% RS b T

actiive sites per unit weight of catalys e catal yst
wetg&ﬁdﬁhmmoﬁﬁheesuﬁwﬁadmtabfﬁt of the catal yst
~agent; and supported catalysts are generally

or e OBRTEING i 1l Rromreie Wil fed BHAHS colals Betayn

1R Rty 5t R Rsskt BOMMSE! Stitab MBIIRARBRIL Sbiude:

catal yst. 24 WO 2005/ 034626 PCT/ US2003 44 The
1rtoseydementptiom grawpse1 anq 250l the peiriodic tabley s2 pir,e

i ncl udi but naqt oxJ de ch as silica,
O A EiYelnpld comnafivn ekt ahd Abfomhinaipadl
gRIp @ﬁﬁé@@s(aftﬁa@e%aﬂ téfb‘le frHlRReAT aﬁ@ﬂnﬁe inthe form
of powder, granules, pellets, or the Iike. A
preferred support naterial of the 5 present invention
i s sépamaraiureoplvent, gatalystcpressura agd siixipgrrpteare all

oA RE i AEP e hudrBReBrliph T bl Suigp amggo these

paeimelens! sndyhies eafuseéwta: effbiitati dusiretiROneefsiorSuthatibe
:supports include carbgn, Si02, CaCO3, BaSO4 ‘and

ratepand splscdviein theygashieaof the Brapess. netal s may have
-the sane supporting material or different supporting -
oy e cohBOPR DR v lioh e ATLASH
ternpétaturenis fom ebdusﬁb‘rﬁb It 258 €, nme erefpritily frohaabyut

SIS el S 8 0% o
-hg&r

I ea;}ﬁ%%%%reﬁg fﬁ’é’f%raﬁlpaatb&u?bel b AHSESEMBL Pork® Of
preferably about 0.3 to 1 0 MPa, and most preferably about 0.3 to 4-MPa.

* The reaction may be performed neat or in the presence of a solvent.

Useful solvents include those known in the art of hydrogenation such as

hydrocarbons, ethers, and alcohols. Alcohols are most preférred,

~ 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
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,

sequential batch (i.e. a series of batch reactors) or in continuous mode in-

26



Conmerci al I'y avai |l abl e carbons which may be used in
this invention include those sold under the follow ng
trademarks: Banmeby & Sutcliffe' , DarcoTM NucharTM
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lﬁ@ Ff@?ﬁﬁ‘f@ Q{t%%s&%n%ﬁl%@o%{j 3@?@3‘5%%%'1}3 oL s
(Cmeyfoodarhyleayral| BbYler,upReterithe Cheaicl Beittion
Preferred. combi nati ons of

c&?’gﬁ%ﬁ%gﬁé? %ﬁl%‘daﬁu‘aﬁo M. dyefend he gendeasateiwaiter formed
8 B3 PRURA SRS [dRBRE Tiih ol ARt e @i o

| sustomarily empidyed forsiuch é@@a&&tﬁjﬁl ated that the

"hi gher the wei ght percent of netal ; the faster the

reacti A rre range of the-metal in a
suppor %’8’” 9?2\‘?@?5 0&986{'0'@ reaction, the essifingo
Wrfiktofe bf@ih%@rﬁedéftalhﬁﬁmeslg&ﬁﬁ%; b?@dlﬁl’e ﬁjnaéﬁﬁe %%\%élaété’é by a

wei ght plus the Support wel
20UBEntinea BHE@]UdJMIﬂmwémme,dﬁyedlshﬂhtm dyytic

YR ERBbGrbr 67 PP i SR romamiraphy S il epst hiohly

!Iimﬁdm petalog 0
lfAFr)om ablgﬂlf pgemgg%b about td7‘{(:'[\/\;? "/fm Fcﬁ‘he:‘é n% il c'r""’i)‘ﬁ'g'gl"dQ?*&‘[3'hy

‘ vmavé’%@mpmeédgm‘ma@atmmtmerss QOtl onal I y, a metal

pr onot er may be used wth the catalytic netal in the

by oo 18 prrtERaRon G Rles ek o BB inter e
- Zoléwirigespmifiodmbodirheats. 2) tin, copper, gold,

silver, and conbi nati ons thereof; and 3) conbi nati ons
of group 8 netals of the periodic table in |esser
anounts. 10. Tenperature, &xbmeies catal yst, pressure
and mxing rate are all paraneters that affect the

hydr Oglﬁrtﬁb'féﬂbwﬂiﬁee ﬁﬁb‘s %ﬁﬂé}? iGN AN trE‘%‘?@ fo the welght in

par amet sted to ect t'he

chﬁUb“r %lﬁ aqtlggd@gr ient per 100 mL of solution.

.Other abbreviations employed are 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 ()
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 mch guage.

EXAMPLE 1

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

A sample of commercnally»avaliable catnip ouI prepared by steam

. distiflation of herbaceous material from the catmint Nepeta cafaria, was

obta:ned (Berjé, Bloomfield, NJ, USA). Combined gas chromatography—
-mass spectrometry (GC—-MS) of the oil as received indicated that the
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rate, and selectivity in the reaction of the process.’
Wthin the context of the present inventi-on the
eferred 15 tenperature is fromabout 25C to 250C,
P&20preferably from about 50C to about 1BOUTUS2003/029344
and' nost preferred from about 50C to 100C. The
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il © el ColyariSaraanth hibiweaed 1awer boiing
paind:saﬂrﬂrsthe%enﬂtalastm nost preferred, particularly
| ower al kanols such as nethanol, et hanol propanol ,

bt il iy Ao BB ABRL rathERS b Brd B R

diséllatian of 1th@sas reaaived alhg% pstt; A2inl wadsn. Fakedreniumn with
wwpgbﬁngw 8 réﬂ’uﬁﬁﬁéé{‘ é&?}rﬂﬁl ﬁgr hﬂﬁ%ﬁacgél{%af e

tivit cent

G‘eﬁ%%gb@aﬂw epr ‘a|andr%Q°G)s dgﬁw%rmp@@ratsabe &e-Mib dotal
xcﬁmroma@ratr@@f it ﬁépétblac‘ioﬁ@%nﬁ@héﬂ ?r@cﬁéfm#gl parbAy N9

iRl Sisthaion B Ui SaPdneitial Samnli of Nonetnoatawarnspoptal
oit.afhe ednditions erpoydd weBs: capePELMBaREM % 0.BnmA oven

19 SR i BHORRCATOL s e B TG RS A 2

16q@re unepetaia@tonaarmbwrﬂaﬁaeltgcbneélw comesponddissminor

xanpl e, .H S. Fogler, Elenentary
s%{gﬁ Uit dd(c%?@am s

eacti on ngi neering, Prentice- HaI I, Inc.
'L.'J_g The condensate water forned as the ro_duct
of t é@a%% ¢§’za%rﬁﬂp@@*tmo§&pmm¢mea1@taq mis,

népémmé)}fnqﬂ?b@yﬁﬂ i§ ShowHC THSHRATHRE NI s of the oil

| eti enat. on react| on

¢
afd 8% BLHESS RatplRwss aboGaTris sl e e
presetited §igase He f@@aacatoe@nwalashrﬁ@ metﬁélf@@ﬁbo%llé‘)d

st%?@&sgﬁner&? Fer?&??é&’ilnethekmeratt?rte' \}vcla-raet t':ombare}/d to the spectra

taken for the sample. Three sterecisomers were detected and the

-amounts were quantified based on the carbonyl region at around 170 ppm.

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
shown in Figure 4.

Table 1
3¢ Chemical Shifts and Mol% Values of
Nepetalactone Stereoisomers Present in Commercial Sample of

Essentlal Oll of Catmint (Nepeta cataria) and in

Fraction Purified by Steam D:stlllatlon
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Mol%
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‘This analysis indicated that in the oil, nepetalaciones were p'resent
~ in the following proportions: 80.2 mol% cis,frans-nepetalactone, 17. 7 mol%
~ frans,cis-nepetalactone and 2.1 moi% cis, cis-nepetalactone. The data
~ indicated the proportions of nepetalactones in the purified material were
84.5 mol% cis trans—nepetalactone 14.3 mol% frans c:s-nepetalactone |
and 1.2 mol% cis,cis-nepetalactone. GC-MS analysis of this purified
_ frac:tlon mdlcated that it consisted predominant!y of these nepetalactones .
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Thus the nepetal actone fracti on was prepared by
fractional distillation of the as-received oil (21
: .121n. x 1 in. packed colum with 0.24" SS
WOZO(%’%%f(ﬁZ g; variable reflux head; ca. 2nm Hg, RFTNS2003/029344
fractions collected between 80C and 99C). Figure 2A

(V2 $66), adchen3idds byyaifde dPouats @H’th@f@:(sgﬁitéfﬁe‘hﬁldé“e
are

ARREIFNRGH SRR B =BT Sl S elifEr c al “Yanp e of

Nepeta cataria essential oil. The conditions enpl oyed
wer e: col utm HP5- VS, ZSEXAW@@ oven 120C, 2 min,

15C/mn, 210C, 5 min.; H @1 m/mn. Peaks vvlth m z
166 are nepet gaohph 'oﬁdﬂ ABhaBetdigdoR

correspond to tam nants.

In Figure 3A the nmass spectrum of the major peak
5  (6.03Ufigot th@ﬁ@@lb\%aﬁaﬁ%laﬁﬁn@fwl@nzﬁ\ﬂn% cgtminhoil 1 H

rba%d\lﬂ&tﬁftﬁéd’m Exaﬁfl e wis! dussaogdw @g@ﬁdﬁ gicﬁﬁ'ml) and
TR e AL Sl 76 B8 e (i
g 11) asrcatalysi. bree &%%V@g%ﬂfﬂﬁmt@zm%babwged Witk 'gﬁg twice, then
chElEhHET 15t SpSRH0 "5 b8 | AP B Sl b ahes, the°
10 tlabmmsslem@ aqldatheidohmhtbﬁﬁepbmweﬁfseﬁieribqemoge?%tfgst.
. ) . e '
: or| gl naI A{P g%ﬂgﬁgﬁfﬁgﬁﬂdﬂaﬁwbégd é[?él grovi ded
in Taple 1. Each carbon atom of nepet al actone is -
i dent$3¢iMg;analysis fcaummHPR-MSggbm % 0.2mb;éOvert $20°C,
2GheTHGRICFih f 2 F0@d M. Ye-Kagy ﬁmﬁﬁp)g@ﬁ{:&#cﬁ@@d‘sn this

St P Co
R T AT MR i, S P
15 aPhabsid indidded thatthbyprificiaincBivioneh@ (65439%28reORt 7.08 min)

é;%%%gﬂ%ifg%!ﬁ %-I;/ Hgge %I”:e\c gr?e?’ IA'sAc')meF?S\SrvEt | AL1 % I'thg Lrjrﬁ{és':sl b
spectrum of this component is presented in Figure 3B. This spectrum
contains an ibn with m/z 113, diagnostic for dihydronepetalactones

_ (qefson, M., et al. op.cit.). Five additional peaks, representing the

20 ‘rer‘néining 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%, miz 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,

25  m/z 168. No residual nepetalactones were detected by GC-MS.

1H, 13C and a series of 2D NMR analyses were also performed.
The carbonyt 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.

30 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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cis, trans- trans, cis- cis, cis- cis, trans- trans,

cis- s, cis- ATOMS (ppm S (ppm S (ppm S (ppm S
(ppm S (ppm) a 170.9 170.1 170.8 170.1 b 133.7 135.9

WO 1B&0246183. 7 135.9 134.2 ¢ 115.3 120.4 115. 31)1:%%540&/029344

40.8 37.3 39.6 40.8 37.4 39.5 e 49.4 49.1 46.4 49.
49.1 46.3 f 39.7 32.1 38.4 39.8 32.1 38.4 g 33.0
30.0 32.7 33.1- 30.0 32.7 h 30.9 26.1 30.4 31.0 26.1
30.5 j 20.2 17.5. 17.1 20.3 17.6 17.2 i 15.4 14.2
14.7 15.5 14.2 14.8 Ml % 80920% 17. 70% 2. 10% 84. 50%
14.30% 1. 20% This ar@al ysisflindicated that in the oil,
nepet al act ones were pEese ~J n the fol | ow ng
proportions: 80.2 molM% Cifs, traps- nepet al act one, 17.7
mol % trans, ci s-nepetal agone and 2. 1 nol %

ci s, ci s-nepet al act one\® data 5 indicated the
proportions of nepetalactongs in the purified materi al
were. 84.5 nol % cis, trans-nkpet al actone 14. 3 nol %

trans, etal actone —and 1.2

cis,ci "WQE%’E) qliglagiane eld-amad §95$ §SQ?R O, peimethad3-
foﬁmlcﬁﬂo[z;nﬂjoqmm phie)i t. consi sted predom nantly of

t hese nepet al actones 29 WD 2005/ 034626 ‘

~ .PCTI"US2003/ 029344 16§!E acconpani ed by trace

10

15

‘anmount s of the sesqw

caryophyl | ene and
hunmul ene (data not. shown). EXANPLE 2 Preparation of

di hvdronepet al actones 5 107 g of the distilled -
nepet al actone fraction of the catnint oil prepared as

descr i ¥RE distahteBetfedn YRSMRAYrSEH (1) Andt S8R (o()@%nger
ngl'?anqcﬂe distance between the methyl group (j) and the proton (), an
observation consistent with the crs-trans stereochemical configuration.

. The sterecisomer isodihydronepetalactone (95,5R,1R,6R)-5,9-
dimethyl-3-oxabicyclo[4.3. Olnonan-2-one; (Formula 3) was similarly
identified by 13¢ chemical shifts and is present in 3.6%.

(o]

‘“\\\\\“ :

(IR &3

Formula3

‘Thus the GC-MS and NMR data indicate that hydrogenation of the
mixture of nepetalactone stereoisomers yielded the corresponding

- dihydronepetalactone diastereomers, as exp_ect'ed.' The pair of

31



placed in a Fisher-Porter bottle with 12.79 2%

Pd/ SrCO8 (Al drich 41,461- 1) as catal yst. The tube was

evacuated and backfilled with H2 twi ce, then charged
WO 20031084626 at 30 psig. After 48 h stirring at BGIWHS2003/029344

tenperature, the 10 tube was vented and the contents

dfasltér@bmbrg Bormfiglhi 2 andl ForRpY 8) 8afived frbm cifltfarinl vent

nSRGelEaNe Lo Boebet RS skl X e S i predgmingnt

dmydrorﬂéjié‘tafentonféwﬁt 78.6% rof 'thd!‘lﬂ'l!)@lﬂe fallowity hy@fogenation.
conducted on this material. The total ion

chromat ogrami s presentégilA ure 2B. This 15
anal ysi s indicated thaﬁhﬁéﬂg—gci pal conponent
(65.43% area; Rt 7 08 mn) represented a

©  di hydr oikepellang dihydanepetdlacioes; midiererass -
spect rum of th| S corrponent is presented in Figure 3B.
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aé@yptenmsqungegll hydr onepet al act one di astereomers whi ch
m ght be derived fromthe three nepetal actones

res rtin ri aI re al so
e Sopr Ay 2ed fenfdln it Sefpites ware R
10  irrogiucadintosa B%mbeeaontduzmg@weﬂk dachovered yen 1. 2%

B G (affimdtinfdBiite) fodihBidles Ayenliste Hia i bowipe

bigiogia contzining sodsen ciiatedto gtearenhelpmr@)mdo%e (FRrrag ATP
d%ﬁﬁﬁﬁ %ﬁlttaér%ﬂ\{ﬁof Blot) 1aife ﬁ@&?g tB%’?'o S A’@ofﬂ%qé“%?zsfm

re, al so per on I"“regiron—o

0?%%;89{ rﬁ% M@mm@@%tf@t%hﬁmwawn irfive

15 TableP,syas epplie®teeath dwibidhd. ar ger anounts than the
other four (ca. 75%. Very little residual .

‘nepet al act one was det ect ed. Tﬁgeapsed on t he anal ysi s

of coupl i ng é§

‘ ereochem stry of A ri,nci pal éonponent f the .
PSH&? was det er BB dhe the 30 WO 2005+0RARAMEALON
PCT/U82003/029344
~Untreated Control Isopropyi alcohol : 100%
Positive Control Isopropyt alcohol with DEET 1.0% (wiv)
Experimental Samples  Isopropy! alcohol with - 1.0% (wiv)

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
20 treatment was recorded at 2 min intervals over 20 min. Each datum
represents the mean of three replicate experimenté.
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i of e O hd b dihydronepetal actone of Fornula 2
(95,55 1 R 6R)-5,9-dinethyl -3 oxabicycl o[ 4. 3. 0]
nonan-2-one). Formula 2 5 The di stance between the

WOrp8oa4624r oup (i) and proton (d) is |onger thﬁ@T/‘Uﬁf‘ooyozgsu

10

15

20

di stance between the nmethyl group 6) and the proton

(e), bservati o consi ste ci s-trans
stereo?ﬁgfﬁgﬁre%edﬁ? fu PLRGWH © ?%’51 @a@eﬁ@ma'efq

i aediply thosgejieeafist probed @Sch Rebt&] ﬁ%)mt&aﬁe The numbers in

[ n Fornula 3
WpERtGset AR Edaly dril SABRToRAR AV SR e Pes
i eplicatasat in 3.6% h d b Formula 3 15 Thus the GC- MS
and NMR data indicate that hydrogenat| on of the
m xture of nepetal actone stl@bd®Bsoners yi el ded the
correspondi Bfecttbf Ty ﬁﬂ{ﬁ NREC rs,
expected. The pair - 3! %%%ES/ O34%lg(geﬂh%{tsﬁQS(FI
PCT/ US200 d Hrst Eebel o 2 and

Formul a 3) dergved from Ci strans- ne taI act one

Vbl % of t hECREleHt GaneRAtERtion ) were t E\ﬂr-ﬁmﬁr{fﬁlﬂgt(SEM)

Ey-N. Y.V

di hydr onepetalactones, —at 78 6% of —the mxture

fol | owi ng m@r@wmm(u@@é@% 3 5 Repel | 15wy, [§366)
testing ofcﬁ_&g%i%l ydr onepet al act one m xture The

prepared i rdance V\Atn_ Exanpl e 2 (desi gnated
1% DEET .(pos'i_tive control) 12.0 (0.0)
1% mDHN o 8.0 (1.15)
2.5% mDHN - 9.33 (3.33)
5% mDHN . ... 1933(066)

‘Mosquitoes began probing the untreated control well within 4.6 min.
Dikydronepetalactones at 5% concentration was found to discourage
mosquito “first probing” for approximately 19 min, cdmpared o 12 min for

DEET (at 1% wiv). Lower concentrations of dihydronepetalactones (1%

' and 2.5% wiv) were found to lnhlblt first problng foran average of 8 and
9.3 min, respectively. ‘

" The distribution of Iandlnglprobrng densrty by female A. aegyption
membranes treated with dihydronepetalactones was analyzed over time,
-and is shown graphically i in Figure 6. The tota! number of probes
permrtted on each membrane during the course of the expenments were
determrned and the results are summarized in Tabie 4. DHN at 5%
concentratlon was found to’ aimost eliminate mosqurto probes for
20 minutes; only a single probe wa's recorded over the entire 20 min test

. time, while DEET (1% wiv) permrtted an average of4.55 mosqurtoes to

land. Again, lower concentratlons of DHN (1% and 2. 5% wiv) were found
to exhibit repellency (as compared to the untreated control) but at iower
levels than the positive control (DEET at 1% w/v)
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"nmDHN') was eval uated for its repellent effects

agai nst fenmal e Aedes aegypti nosquitoes.

d%@gr oxi mately 250 fenal e Aedes aegypti nobsquitoes were
1% r oduced into a chanber contai ni ng 5 wWeCT/E52003619344

covered by a Baudruche (animal intestine) nenbrane.

Vells were filled with boyime 4 bl ood, containing

sodiumcitrate (t eve clotiin and ATP (72 ny
ATP di sodi um salﬁ”%‘bﬁrﬁgbﬁ?b‘?ﬁ {Dgrrg , and heated to
37C. A vol uneAcdording to RépéieyDyhcaitesg! | '

cont ai niMg one of the test spectmens stowr r—15=Tabte
2, was apRdpetient Congehtramemr ane.  TaleBnNGHBEF biBRIs
Design Applied for Repellency Testing Purpgse ‘

Conpound Concentration Untreated Contr ol I(§§|Mbpy!

al cohol "TOU0% Posttive Control T sopropyl atcohot—wth
DEET 1. 0%dprbpyl aléaiper(uneabtdd Sanpl es ISM@@HAB%

al cohol \@l bﬂ_ .0% (W v) D hydronepetal act ones 2. 5%

(W v) 58 o? v) After 5 mn, 4 day-old female
nosqui toes were added to the chanber. The nunber of
nosqui t 0d%e BT frpsitie sentsolines for eachd.5500.29)
treatment was recorded at 2 min intervals over 20 mn.
Each dat 4o mpfNesents the nean of three rg{p@g@%e
experinments. 32 WD 200-5/034626 PCT/ US2003/°0

Table 3 ri%en he amobunt of tinme taken before the
femal e AZ-38&dY nosqui toes first probed6edEfil.2)eat ed
menbrane The nunbers in parantheses are the standard
error of 50henDEdN (SEM for the three  replqatss.

. Again;,_the.data shows that at al! concen_tratiohs'tested
dihydronepetalactones were repellent, although significantly increased
repellency with respect to1% DEET was observed only at 5% (w/v).

EXAMPLE 4

Preparation of dihvdronepetalactonesrfrom frans,cis-nepetalactone

A number of plants were grown from seed of the catmint Nepeta
racemosa (Chiitern 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 pfeponderantiy frans, cis-nepetalactone in their oils were thus
identified (Clark, L.J., ef 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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5 Table 3 Effect of D hydronepetal act one Concentrat on
on Mean Tine to "First Probe" Repellent Concentration
Mean Time (mn) (SEM |sopropyl al cohol (untreated

WO 2006034636 66) control) 1% DEET (positive cont p@nus2003/029344

- 10  nepetalactone had been quantitati_vély converted to the corre_sponding |

12.0(0 .0) 1% nDHN 8.0 (1.15) 2.5% nDHN 9. 33 (3. 33)

5%%({%@2\% 8) Hys oﬂ]lfllrlit o h%eﬂ tlt{j)ro?ﬁ'len gryspeﬁime
Dinajestiz meptedrad, aistrepetalactobth Toac éigthmnoai shiifes (Fignd),t o
STRBHIRERAG TR hite b Tab B 95N ha i Tablgsr (o

1% w v). Lower concentrations of dihydronepetal actones
(Iablaaﬁmd 2. 5% ahemicsbshiftsairite nepetdationefsamitle prefraneg in

| d@kar"f\ eé&\'ﬂg?ﬂf d & RB¢ e?m%alr%rﬂ sb??r@aﬁ%tclré’ﬁ%ﬁn%ﬁﬁg%ne

str ut1on andi ng pro ing density by

Wt |ablfh1)15 nmenbranes treated wi-th -
i II_yUI O fepet a-actones—Wwas—pnal yzed over ti ne and is

o gfteasts, cé-l y i|Bamipfeirp 6. The total nunber of
robes Wp@télé%n%r each nmenbrane during the course of
{he expgrrrents—wet cdetef mi ned, and the results are
unmmar | n Tabl N at 5% concentrati on was
qund tgeg,lprrrmo)st el |§n(é1%TgHFmsqui to probes for 20 20
I nut es nly a single_prope was recorded over the
ntitre Pd0d n test % ile DEET (1% w V)

of DHN (1% and 2. 5% w' v)
Il ency (as conpared to the

gaibn, |13&% conce{3&Di o

e found. . _to exhilhit re|

‘perm trEd anm average of 4DE5'm)squi‘toes to land.
n

| (r;;ireiatg| : m:)l()l)([)kz#% at !%ovv/;e\r/):lg\?/)els than the

'd 373 - 1375

R PP i
foo132.1 32.2

g {300 30.1.
h 261 26.3
o : 175 177

a2 144

- Hydrogenation of the trans,cis-nepetalacfdne thus pfepared 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 frans, cis-

_ dihydronepetalactone stereoisomers, with one in significant excess. NMR

 -analysis of the major-diastereomer: TH NMR (500 MHz, CDClg): 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),
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WD 2005/ 034626 PCT/ US2003/ 029344 Tabl e 4 Number of
Probes Permtted According to Repellency
ncentrati on Repell ent Concentration Mean Nunber of

WOZO“E&S@@ (SEM |Isopropyl al cohol (untreated@3Us003/029344
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15

20

(7% control) 1 % DEET (positive control) 4.55
'I( @B)ZH)].%QMN 2!1:{)02(62$dd tH 596ri8Nafd 33.2 HZ)) 2.5%{m,
ain,.the.data shows that at

'TEII)’I ) Zgr(UeﬁHr dti %ﬂwé Hé)st‘b (@ Hidr bR&OES ahddriod2 Hape i 3C

| (écggﬁﬁzz#c@c@b%@qﬁ%%s;%gﬂéoéf%%%é%wéi%%?&w%ﬁvy

%Osz/{rsg%pe al dct éﬁ?gmﬁgﬁeg{r{gﬁg@ 862;5'%?'3?59&%“%

| mjamukbeiererﬁmef eohstitoted car g8 obimesregaiion) Bagal Hithe

Chiltern Seeds, Currbrl a,- UK). Leaf
' gleg OHB %qur& mﬁmy{ﬁﬂﬁj@l thﬁl'%ﬁpﬁemﬁeﬂ sed in
t d
S g B LA e OB
afﬂi dime: bridgeloshd maghipies ftds dentalutibﬂ thatI the d|as’u'-.ai'c:,;]omer1 is most
ra - one i eir oils were us
ikeig R 1 SaBHR N DG ey SoxobipvRor.S Olngnareome s

 FBBhutd4y. Leaf material fromthese plants was .

harvested, freeze-dried, extracted into ethyl acetate,:
and the extracts concentrated. Nepetal act one was
purified fromthe concentrated extract by silica gel
chr omat ogr aphy i n hexane/ et hyI acetate (9:1) followed
by preparative thin-Layer c mat ogr aphy on silica

usi ng the 20 sane soldyent ure After renoval of

the solvent and re-dig |\(\L\\

Formula 4

The magnitude of the observed couplings are consistent with
dihedral angles between the protons on vicinal carbon atoms in the above

structure according to the Karplus equation (ref. Spectrophdtometric

~ 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 Hvdroqenatlon
of frans.cis-Nepetalactone

The dihydronepetalactone prepared in Example 4, Formula 4, was

tested fqr repellency against Aedes aegypti mosquitoes essentially as’
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hexane, the trans, cis-nepetal actone was crystallized

on dry ice. GC-Ms 34 WD 2005/034626 PCT/ US20031029344

and NWMR (1H and 13C) analysis confirned the identity -
WOgassHhe2erystal line material as PCT/US2003/629344

trans, ci s- nepet al actone. The 13C chemical shifts (Fig.

7 red t chem cal shifts of Table 1., are
sﬁ%%%f%?eﬁa%‘%ﬁ@!e i%-a 1% CxPeRmeptal fesidn Srum@agzed He Table
népand bl datm presaniee ipfropafiadréplicate Exgemhent.

conpared to the chem cal shifts of
trans, ci s-nepetalactone (frofablelde 1) Atomtrans,

) @]

cis- Sampl ¢ ERBRANRIEA'98Gan AddRAY P RERBMNG Fddink

4Byl 3 f 32.1 32. 0 30.1 h 26.1 26~3 i ..
-17_%”17.7 i 14.2 14F§Pfﬂ98r§§%enauon of the Concéntration

: t(;,agrs,'ci s-neget al actone thus prepared was carried out

i HhEegtedobonyphg EScAsemropy! alsobdlyst (Engl ehartQo%t
50C for 4h. GC-MS and NWVR (1H and 13C) confirmed that -

t ResitiveContics 10 nep@é@b@ﬁ&%@ah@%ﬂﬂ?ﬁt@#a”“f.at% ﬁ@/\r)(
ohe :

converted to .the correspondi ng i hydronépet al ac

- ERPRETSwlhy; HonbRetafebennth DH vm. (500 )
CDCIB): d 0.97 (d, ‘

0.5% (wiv) .

0.2% (Wiv)

5 | Table 7 presents the effect of DHN concentration with respect to the
-amount of fime taken before the female A. aegypti mosquitoes first pfobed
each membrane: | |

Table 7

Effect of Dihyd}Onepétélactone Con‘céntraton on
.10 : N : Mean Time to “First probe”
Repelient Concentratioh | _  Mean Time (min)
- (SEM)
ls_bprop'yl alcohol (untreated éoritrol)— 8.0 (1.67)
~ 1% DEET (positive control)  118(32)
1%DHN x . 16.0(2.09)
| 0.5% DHN | . 96(248)
02%DHN  84(1.16)
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3H J6.28 Hz), 0.98 (d, 3H, J = 6.94 Hz) d 1.24 (m
1.74 (m 1 H), 35 WO 2005/ 034626

, 2.12
6.86 and 13.2 Hz), 2.51 (m '11_%14}1,82@?/?@344
(tr, 1H J=111Hz) 4.33 (dd, 1 H, J = 5.73 and
11. 3Diyronaetalsithe iz %Cmc'éhtradoﬂiﬁva‘b?fouﬁa t@%lscourage

"t HEopoigyEr apicbnaieTy miy DER abthsrime:

concenfratianoexhibéied arraear tinwotusiiist prak ofa14 8o lddwéhe

BRERRISH S o BOSET o SRS PP ) e
tﬂﬁmgﬁélf %"a?'@@mgo@éﬂnr@len‘aga?% Oft ang 8.4 Mnnmsbybtl\gglmup

2 1:.99 2
_ WOZO!{E%A&% 2003/ 029344 1.77 (m 2H), (m

“itself and the bri dgehead nmethine, it is concluded

Lhat. e dbASUIRIEONBbbliy daity by KoM addyprion ,

Lo e %@yrowwa Ao et R RORIEdNST T

aslﬁw:egramphhl)nmsl:iguﬁa 90 MHeStoldl nuthtbdr dffg)rab@@ ?bﬁhltted on

|
PR FRotfnE i ing QLB of s vpelieeriamirasletaminesn
anddhe resulis rawbutrmmfzscbm Tatted. DiNtEt Ar0%f cdcaatration

Wm&f@m g&" ere ?@8%6'190?5‘13 | V%glt?e'!"ﬁggﬁs while

‘Biavmited nrsgRiipes lte umi;taféqm‘obmg mf 6 min. Again,

| l&v@b’%ﬁé@ﬁ%tﬁir@%ﬂﬁ?ﬁﬁr@hé}ﬁé{aﬁg%e g%@ogﬁ{] % r\g/v%vere

epe
b o B 1BRslipl @S coommaee th thesiresst coniral), but at

Imweeldvetmmaagaerwsnt&édﬁﬁ\tﬂ# DEET apﬁ%t@g@g 3/ 029344

~ essentially as 36 WO 2005/0 4626 PCT/

described in Exanpl e 3. Thaple@erinental design is
summarized in TabNSmber of Probes Permitted
- According to RepeHent and Concentration
- During 20 minute Observation Period

Repellent Concentration Mean Number of Probes
(SEM)

Isopropyl alcohol (unireated 41.4 (18.46)

controf) ‘ ‘

1% DEET (positive control) o 4.8 (3.2)

1% DHN 4.0 (2.16)

0.5% DHN 162 (5.49)

0.2% DHN 23.2 (5.97)

Percentage repellency was calculated for each repellent treatment
at each observation time using the following equation:
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6, and all data presented is fromfive replicate
experinments. Table 6 Experinental Design Applied for
Repel | ency Testing Purpose Conpound Concentration

wo gisrieatzed Control . 1sopropyl al cohol 100% %ﬂ/{]$2\’}&y029344

10

15

20

Control | sopropyl al cohol with DEET - 1.0% (w V)

Experi nent al ] hol v £ b DN 1. 0%
(W/p\e/;I geg%a(wv) }gSE)'E(RS/EiF’SJP‘) (‘@5 @lf&? ’?E)Q(\é\ﬁ]sents t he

~effect. of DHN concentration with respect to the

@. of tinme taken before the female A aegypti
nosqui toes first probed each nenbrane. Table 7 Effect

f Di - ; T' :
Do s e neh AuGEepPrRARRAS Rlallndd fadi Wit &
(min) (SEIM | sopropyﬁpmai@tﬁéltm@t&treat ed control)-

8.0 (1.67) 1 % DEET (positive control) 14.8 (3.2) 1%

DiEN=15 7 att
0 3R e S g ghffadfy RSB Aot oo

ﬂ g et al act.one at 1(ﬂconcentr t| on was found to
GRS LSO B 30Ss Mera heiF Biraiee Brpslomperanthan ANOVA
1Bfam qondDetd. aslng Hike salvalated nepallarriyi fiom abfivieicpigates.

‘_"concer I??g)trﬁ F%nsgocrg toé%&%%oneﬁelé%ﬁa@%ﬂéls %‘?%me@t?%

tast. The mean arcsines from ANOVA were then
converted back into percentages. The results are shown in Table 9,

- Table 9 _
-Mean pereentaqe repellencies as calculated from the ANOVA

éebellent Treatment o - Mean (%)
1% DEET (positive control) . . o924
1% DHN - %6
0.5% DHN S 66.7
0.2% mDHN . | 62.5

1%. DHN ranked first in- repetlency, and was statlstlcally
mdlsttngwshable from 1% DEET.

| EXAMPLE 6

Repeliencv Testing of Dnhvdronepetalactones Aqamst Stable Flles
LStomoxys calcttrans}

DHN denved from hydrogenatlon of trans, c:s-nepetalactone
(consnsting prsncupally of 15, 98,5R,6R-5 Q-dimethyl 3-

| oxablcycio[4 3. 0]nonan-2-one Formula 4), deszgnated “Expenmental
. Sample #17, and the mixture of dlhydronepetalactones prepared accordlng |

to Example 2 (demgnated Experimental Sample #2; mDHN) were tested
for repellency against Stomoxys calcitrans, essentlally as described i in
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5to inhibit first probing for an average of 9.6 and
8.4 mn, respectively. The distribution of probing

'Womgl.f;q}a&gy by femal e A aegypti on nenbranes treated
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15

20

i hydr onepet al act ones was anal yzed ovePCT{USg003/03%344
shown .graphically in Figure 9. The total nunber of

Exaaiphe 30Thei mrﬂmu@éu hemarﬂr@@@rranﬁr@w éé}ﬂaﬁeﬁﬁin Béhsfe 4

d h
irbfngt Kyt ARDUEE o M EodsTbaR disihe. adiSHba Cataivemor
trans cﬁsauepetadaaionp Ioe;:sih},hzed ifronn abmmexsial iofl QBBf‘jéb NUQ Ihor

*f“-% %ﬁeﬂf@éb%‘g&%%(ﬁ Fﬁv\é//&é%ltlﬁ)%cr)nmt fg‘:@pd Wadhchifs,

namﬂtsemmanthaﬂ@ 3{8-dioch (Vb)) cpletiain eaicfromeT glasafodnte riaiidhal

tRe S
O (ISR R G, R TRl Polng Rl ier oo iR n
Tﬁhb@nw,h@qba!i ﬁﬁta/er%&ﬁntedus amErgrage aof fee replipate Tabl e 8
Sippen®d. Probes Pernitted According to Repellent and
oncentration During 20 m nute Cbservati on Peri od
Repellent Concentratlon l\/leanamlgrq‘@er of Probes (SEM
| soprop gl 18 ) .. control) 1

0. 5% DHN 16. 2 (5 49) 2%1lagl\| 23. 2 (5 97) 20

Percent age reperTency. was cal curaredfor—each

.re ese treat ment Cahpe@ah observation tine usCBfcentration
FRUI’b Lon: 38 W) 200-5/034626

P%A%?@&Qﬁ“c%%?é“ "fg%ep%s Yi&I&¥har 100 - [(T1O x 1003

Positive control #1 fsopropyl alcohol with PMD 1.0% (whv)

Positive Control #2  Isapropyl alcohol with DEET 1.0% (wiv)
Experimental Isopropyl alcohol with ‘ 1.0% {(wiv)
Sample #1 Dihydronepetalactone (DHN)
Experimental Isopropy! alcohol with - 1.0% (wiv)
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.

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
resuits are summarized in Table 11. Landings commenced on exposure of
the insects io 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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where: T = the nmean nunber of nopsquitoes probing a

treated well for that replicate at tine tx 5 C = the

nmean nunber of nosquitoes probing the I PA control well
WORP0Y@3de26t X The resulting percentages were t hPOT/US2003/029344

arcsine transforned and an ANOVA was conducted using

t r

ViErE SIMGIEY SERRAT Slen @Ol Ut B (PR f8MRTarse

seud @quaiemarth@@&a Db%@@d withn &b 1 %rwhy).redidntbane-3,8-

TROYIPIY fub s Sl 3 REpoiRRg faridihdy BRIt 46s-
peitysrengretalgstanes @ lds Ed stheenghoutha core affibe Axogrment,
5 RQﬁQ'd!ﬁh@h hrRatdTRIMal Mé‘@élldr?@y doiiel BeFdbdePRsd, thi&om gund.

nt rol). 4. 1% %
 ¢ba 'I%'“B&RF velar & ig: Agan.JAE F8Adgicaled b1
sdammm@paétbbactormu othibited sqeivakert repellie abily tol DEET.
EXAMPLE 6 Repel I'ency Testing.of Di hydronepetal actones

Agai nst Stable Flies ('Stoiakle $1 cal ci trans) DHN

derived from hydrqg&,pl %?8 L?Egﬁ@%r}gﬂﬁgﬁe@epet al act one

(consi sting pr|n0|pal 9- di met hyl -

10 20 oxabi cycl o[ 4.3. 0] MMQM| a 4),

desi gnated "Experinental . Sanple #1", and the mxture
ofRépﬁki%n’[on@pt&‘ﬂ@Ptact ones pr epar ddean bblmbeig)f Lta@dlngs (SEM)

welrsarr %vcon‘o@ ur[tnl%%ﬁ(g %ggwggga' st Stong%w(aﬁg) |

. caIC|trans ess scribed in

1% PMD (positlve control #1) 33.6 (9.21)
1% DEET (positive control #2)  17.8 (4.96)
1% DHN o 7 21285
1% mDHN - . .18.8(8.59) '_

Pércéntage repellency a'nd ‘statistical analyses V\INere carried out as
described in Example 5, and the results presented in Table 12.

15 o . Table12 ' ‘
‘Mean percentage repellencies as calculated from the ANOVA
Repellent Treatment IR ' ,M'ean (%)
1% PMD (positive control #1) 4.7
1% DEET (positive control #2) | 55.5
1% DHN o | | 432
1% mDHN - - 08
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WO, 2005/ 034626 PCT/ US2003/ 029344 Exanple 3. The DHN
used here differed fromthat prepared in Exanple 4 in

Woml[a)g?%zbt was derived from hydrogenation (usi

10

15

fCo8 catalyst) of trans,cis-nepetal acthﬁ'i—’}Usmmmz”“
stal |ized fromcomercial oil (Berje, NJ). In
bb D E ranaetHN perfiormded stamsatalppequauyemm rprooﬂdlng 432

ENB‘;’“@B?‘Z?"#X“%P% PalSfEhy ARHARBES i dove

% FeReliesicyhvh wcomp@r@cgﬁemxent al designis
surmarl zed in Table 10, and all data presented is an
average of five repl iVC@EKAW{EE"?i ments. Table 10 10
Experinmental Design ApplTed Tor Repellency Testing
agapnst . St ab e . pose Con'pound Concentration
Unt PESERENEY H JUTVAIEQ 'i’g.—.;‘“-_lm"’“n_ PRN@ES

control #1 IsoMcsmmhtoe*sQAhothehhalBNBanQ% (W v)
Positive Control #2 |sopropyl alcohol wth DEET 1.0%

Samp 2 ERE RO SRR S iR ielisbpistanine

(wmtumpnm'p@!hwf 151985, SRBR-GE “dimetByhp! e #2

P ERDEBTY AR 9l L B U P erl B

S@é"pléé* er ‘ﬂ*i‘%@?f' mixtHER OF gifydrenepsigeconesmrepateef acerding
t6 BRahiple  ( @é@@%éteﬁi asr Eszﬁenmtenﬁal Beftnpi8 #zhf ml%

test variab

el ForaneanSF pSiat ane Temdred uppikadul maled on

aftemanaspessdntiedly @¢ ddddribedtin @)@ﬁﬁ)létsah'ﬂétmﬁl Rlsué!&ﬁ here

A i P Al o e

hydragenatiod (using atRd/So00scatdlysthef eraps, cismapsiariene |

_ cﬂ%‘t&ﬁf@d‘ﬁgm @&‘f’lrﬂé}ﬁlai oil (Berjé, Bloomfield, NJ). PMD was again

included as a further control. The experlmental design is summarized in l

Table 13, and all data presented is the average of five replicate
experiments.
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results are summari zed in Table 11. Landi ngs comrenced
on exposure of 20 the insects to the test wells, and
appeared to. peak after ca. 5 mn, gradually decreasing

WORps/0e&R6 er over tinme. Overall, the nunber of p@ENdiREF29314

~ coul @Lpgoébpser{/ed, “t hi

10

15

.. ANOV. Regel lent Treatment Mean (9% | % PMD (positive

on nenbranes treated with di hydronepetal actones at 1%
concentration 40 WD 2005/ 034626 PCT/ US2003/ 029344

were significantly fewer than observed on untreated

(1 PA) nmenbranes, and equivalent to those observed

wi t h DEE % = Mol = =t i :

| ess eff:e\:(e:ﬂt()|ﬂev(y’l’vi/'tfﬁ‘rg‘("?%%%]Fé:a@iI '?A ! rF& et Testin
di hydr onepet al act @g&inskATFRElesH Mos

t he i

sgutiaes t he course of

nd. becane ineffecti ' ,
C%g?pgﬂ}?%“ ¢dfcentration

after 6 mn. Again, thi ata indicates that 1 %

di hydr onepet al act ones exhi bited equival ent repellent -
act i Wittkeaien ContiokeT . Ispapply! lcaehber of Landi ngs 100%
Permtted 10 During 20 m nute Test Repell ent

Tr eaPositiveNowirdTOEr |sbprdmf Gldiidl WRRMMD Sopr opylq 0% (wiv)
al cohol (untreated control) 44.0(8.59) 1 %ND .

oo Pt OBl bl b n D (052

- :.18.8(8.59) Percentage repellency and statistical

anal {=xpsrimentalcar r i edisoptopyd alabéstwithed i n Exanpl €1.6% (wiv)
and | t rese i T : able 12°
Bagngiegyl ts pr B r&,ﬁbpeﬁ%aolﬁ Oy

Mean percentage repel. I es ‘as ca fromthe

cont FEPelTENEal7 Isopropy! alcohol with 1.0% (wiv)
Sample #2 Dihydronepetalactone diastereomer |

mix (mDHN}

In these tests, an accurate time to “first probing” could not be

deténnined; since some probes occurred before the first eXposure period
of 2 minin two or more of the five replicates for éach test variable. The
distribution of probing.density by anophelés 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. Ov_erall, the
‘number of probes on membranes treatéd with dihydronepetalactoﬁes at

. ‘1'% concentration were significantly fewer than observed on untreated
“(IPA) membranes throughout the experiment. ' '

The totallnumber 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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11% DEET (positive control #2) 55.5 1%DHN 43.2 1%
nDHN 49.8 41 WD 2005/ 034626 PCT/ US2003/ 029344 nDHN,
wo 20d954c,gnd DHN perforrred statistically equally well,

0 0pr O%/-GI SI ng 43.2 to 55.5%repell ency, and we %T’U52003/029344
statistically better than PMD, which gave only 4.7%
repel | ency when conpar ethabIdM EXAMPLE 7 5
Repel | ency Testi taI tones Agai nst
Anophel es I\/bsqulpﬁggier% %I"H nus) DHN

derived from hydr OQW@ICI s- nepet al act one

%con5| sting principally of 1S, 95, 5R 6R5,9-di met nyr-
ﬁﬁall@wr@pﬂner}b] nonan- 2- one; I’B&HaTuNan#jerdeFPrgb@Q%SEM)

II:I\pcrl refrt-al—31-0 Sal'.‘p! e—#1" apnd-the mxture of

f&gﬂ;\ ed. accordi ample 2
(g@y g\ﬁ%t gmgér}gﬁ%e"ﬁt Sanple # ;'2%@\/\/ere
- .%éhéed for repell engé/ agai nst one hundred unfed adult
MD fpositiyercarifelstt)essential |y as' dEE (80&T) i n
Exanpl e 3. The DHN used here differed fromthat
PYEDE oRitlesatBitRol 42)n that it was om 15
hydr ogEgﬂ(a}\jtl on (using a)Pd/ Sr CO8 cat al yst)wﬁlct15
'igaﬁ %gl s-nepetal actone crystallized from conmmerci al
WOPRE, e Bl oonfield, NJ). PND vas a3BOO-{hel uded
~as a further control. The experinental design is

$¥UnmitiNed in Table 13, and all data Mgs&%g@d is the

exper Loents

—av-efage—ef—fi-ve—ephi-cate _
S AR S el

5 ¥arsplei 9.carwd the results presented in Table 15.
Table 15
Mean percentage repeliencies as calculated from the ANOVA
'Repellent Treatment 7 Mean (%)
© 1% PMD (positive control #1) ' 115 -
1% DEET (positive controf #2) 13.3
1%DHN | 329
1% mDHN - - 461

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 respect:vely, were statistically equai in
eff:cacy
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Pur pose Co'n'po'und Concentration Untreated Control
| sopropyl al cohol 100% Positive control #1 |sopropyl
al cohol with PVMD 1.0% (W v) Positive Control #2

WOoRsBEssRyl al cohol with DEET 1.0% (W v) Experpamendmbsio29344

10

15

| sopropyl alcohol wth 1.0% (wv) Sanple #1

Di hydr onepet al act one (DHI\I)E)@i—QEré grental | sopropyl
al cohol with 1.0% (wv) Sanple

Di hydrone et aI actone di astereomartm X (nDHI\I) In. these

be .5 deterntned 7S|nce S%&%¥£§&%§S occutred before
the first exposure period ™= nintw or nore of
the five replicates for each test variable. The

dirsNi RuHvedTréth ét&atldiine&sﬂréﬁ Bl’zé lﬁéb%?ﬁtﬁbﬁﬁe (consustlng

es on imhr anes treat
diﬁﬁ@'&tﬂﬂi‘¥|§gt1§ ger¥hes- %&sdlmeéhylz%@xab@vclo[% Ole@nashadwane;
gFapmutal) rép‘aréd @i4rif eaaam;ﬁieqblam merm&ﬂ%%fon |

sur.e ects 10 to t
g?@ﬁtﬁmp?tﬁ[aci%edpep@v@ PegTda o Exaiipies eyl tosterdor
nmanetermy quabheld. Soapwieiisawits DEETGRduded ih the test as a

%9} ?I actones at 1% concentration were
SI gn|f| cantly fewer than observed on untreated - (I PA)
menbr anes throuighout the experinment. The total nunber

of prode¥olyBIePt 2%d eremommmcébﬁ)%l{wv)gnusmxomnol) was |

| c @'fbbﬁ@d i thtrh#cﬁ?‘cﬂﬁﬁté@r”&nf’clé‘@ Hﬁ\ﬁﬁ to‘?trtﬂe'?@f@ gar@BﬂnE [ six male

EISU ts are I N

Binan bfears TE5eh Holkpies hasbive EnciRct axmios: indiidually

' hmgthm twepktleeivn i forbhdn e ERRYIE dctrpdlaﬁwtewet@@tjrawn on

- B Bl s s Bk g ledbosdis 4 Sonod) ton b attragkiypaess.

1b,amra:tery-eraredmmg ayphsidftied deer tick fxodes scapulans were

~ brought within 1mm of the untreated cireles on-cotton buds (Q-ttp ). If

20

25
' '+ approximately hourly intervals. Exposures continued until 3 out of any

30

normal questing behavior was observed, andlor the insect crawled onto

- the unireated area, it was deemed qualrﬁed and then presented to a
 treated area. A quatified ttck 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 onio the treated area but fel! off w:thm an additional 603 was
'recorded as repetled ' | ' '

Each volunteer had 5 qualified ticks offered to each treated circle at

group of 5 offered ticks were deemed “attracted’. The first non-repélied tick

* was defined as the first attracted tick which was followed by a second

attracted tick within the same or followmg exposure period. The time of the
t" rst confirmed attracted tick was deemed to be the time at whlch complete
repellency ‘broke down for that vo[unteer ‘
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During 20 m nute Test Repellent Treatnment Mean Nunber
of Probes (SEM |sopropyl alcohol (untreated control)
: 15.53) 'i % PMD (positive control #1) 47.2

wo 200?132_%' 1% DEET (positive control #2) 50.4 RCEBU$0§3/029344
19%OHN 38.0(9.71) 1% nDHN 34.8 (6.26) Percentage
repell ency and statisti catbb@madjyses were carried out
as 5 described in Exarrpl e 5, and the results present ed

(0 o cz% tﬂluu:man mmeer wams&heﬂﬁei’)ﬁ leodes

(positive control #2) 1 N 32.9 1% nDHN 46. 1
nDHN was statistically %gg%uﬂﬂ?ﬁfg_lto DEET and provi ded

46. 1% repellency. DHN, whiTe statrsticallTy equal to
Repplletdgeatrsenst ati stical |y equal toMedh (SEW)and
hich

—-pﬁew-ded—sa—g%—PepM—enc—y——DEELand—BND_w
9 5% repel | ency re y, were
st at g?ﬁ-c@%ﬁﬁ'%%tﬂ)n efficacy. 44 @(@?/ 4626
PCT/ US2003/ 029344 Exanpl e 8 Repel | ency
Dhepet al act ones towards the deeﬁ0$i0d|5§ @4)odes
scapul a DHN derived from hydrogenation of

30%eDHIS - nepet al actone (consisting 5g g@usr(? Iy of 1
S-S, 5R 6R-5 9-dinethy| - 3- oxabi cyclo[4. 3 non n- 2-one

5 ' . The data (Table 16) indicates that DEET offered a2 mean complete
‘ protecti_on time from the deer tick Ixodes scapularis of 124min, whilst DHN _
‘was similarly effective for 109min, and mDHN (mixed diastereomers 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,
10 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 subiects towards
' the mosquito Anopheles albimanus

15 The DHN derived from hyd rogenation of frans c.'s—nepeta!actone
(cons:stmg principally of 18,9S,5R,6R-5,9-dimethyi-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

20 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

25 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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Formula 4) prepared as in Exanple 7, and the m xture
of di hydronepetal actones prepared according to
Exanple 2 were tested for repellency against L
WO 8apsdeas i s, with DEET included in the test as@E/us2003/029344
positive control 10 A volune of 251 of each conpound

ALl e G A0E "Dihe R rafT Bpofn tbeafedffearms
nltlein 3(lmahmsettmmtla’e:rﬁte&agm vol unteer had two
repellents applied individually wthin tw circles'on

this f :
T he ot RUBRIRE & SORLEARTLONBRIG cRh b, S A% Fhyin
figPPEaRanokl wasappliethia 2509W° patas an @Ineyfarearrea oiishemale |

5 Wt!ﬁ’ﬂhﬁ \@iiur‘itléérsd‘ﬂ‘i‘é rélhﬁlhde)ﬁ%'ﬁt;e ﬁﬁ%@gta""\‘ﬁrtgs YES Enade

he untreate CII‘C es on cotton

R R RER R AL - NCIRAAICE LD
qhdwtdually aritd/epichtibredrns @ﬂier@ll@%r@gitt@éﬁpl|éd"'|%pellents to dry

0k BOR /B Rearnls B BERRS infh fleutert o forairmecipds at
. cﬁﬂmtremt@walst aoddhe Mmb&ro:tftrhesd;ultemsq:mtomhmmetatxmg doring
10 Q%iﬁﬁ"?ﬁpcgﬁ{}e g%%d%cﬁﬁ%édq %r@?ﬁdtﬁ@g t%f([; &ejllgggggvﬁlggpﬁegd for
a vﬁa repsgnben eachsolunieed Breahdcowa way definatl as w time at
ngkiehdRg fi@§t d(ﬁﬁ?ﬂnbﬁ%ltefg&tﬁté?ﬁ e Y Yrst%oﬁﬁﬁjnie{j bﬁ%ﬁé&ﬁeﬁned

~ that the -treated area

Y ﬂ.‘%‘teamah'ggdvéﬁ tollapesiry asecond bieiliesyithupthg samens the
Freioth expbuoteeperiddhdie dutd lsfpréﬁetﬁtbﬂlﬁﬁ Tebien gdstpegach -

15 S BT AU oD A

ciandewed cookplelscprotetdiomeiomaiitasador eqijmt“ ching petiods of time

T8 b s B ABE kA £ AR

whehationdes! RwRER at the Wﬂg:oezpoﬁah@t .period. The time = "~

of-the 30 first confirned attracted tick was deened to

be theTheé datRivadiry 2N %N(‘)W‘te Lahﬁrtﬁié sHOVRCPtHAR e 5%

for nt.e 5/ 0346
20 i@%@é%\g ﬁons were stazt stically mdlstzngwshable in efficacy =
from 5% and 10% DEET, respectively. The 5% and 10% solutions of DHN,

a!though statistically equal to the corresponding solutions of mDHN,
provided lesser protection times.
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Tabl e 16 Mean conplete protection tinmes for DHN, nDHN

and DEET at 30% (wv) topically applied to human

vol unt eg}§ sod@VREFS the deer tick |xodes scapula PCT/US20031(
Repel | ent Treatnent Mean (SEM 30% DEET (positive

control) 124.0 (69.95) 30% DHN 109.0 (58.64) 30%

nDHN 85. 25 (28.76) 5 The data (Table 16) indicates

that DEET offered a nean conplete protection tine

fromthe deer tick |Ixodesscapul aris-qf,124m n, whil st

DHN,. was, simlarly effective for Tofgb%n?ﬁ and nDHN

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

clear that Ihdédn Ebleteprdiebtien tmesmélditsmironapstalagtones at 5% and 1

the deer tick. A . ' ITRSWARES hel
conduct ed, 1@@@1@%@%—%mﬁ@qﬁeié female Anophe

DEET. wer®. statistical ly indist@bigansinesiulieegne

| ongevity of+t-heir—repetH-epney—to—these—ticks— Exanpte

9 Repel |l ency ' RERRt al actones applied t E
subj ects tom%gé%lpérﬁxhrgéér}msqui t o _Anophel es al bj rra‘r%s 1 (SEM)
The DHN derived from hydrogenati on of

trans, ci s- nep%tREET ((ppeitive €9r¥PBt i ng pri nci pal Iy oft-4(0-5)
S, 9S, 5R, 6R- 5, 9- di et hyl - 3- |

oxabi cycl o[ 45@. ygonan- 2- one; Formul a 4), preparedi#s(0.12)
in Exanple 7, and the m xture of

di hydronepet al ac s prepared accordi ng to Exanpl

were tested 5&{“me | ency agai nst A. al bi manus, vv|§t (0.54)
DEET included in the 20 test as a positive control,

usi ng adul t PONEDEED!(positiee sonfredt cages (2 x 2 x62 (0.63)
feet)'with two sl eeved entry ports on each of two

opposi te si dgs, used, with a hand.rest in thess(0.29
~center. The i;ﬁé’ﬁﬁa@nd top were screened and the bgs%( )
-was equi pped with a mrror to facilitate observati nﬁs

~Two hundred %% mDHM¥mal e nosquit oes, which had nevg’r (0.61) -
recei ved a bteed—weal
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25 and whi ch 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 46 WO
2005/ 034626 PCT/ US2003/ 029344 as attractive through
(ngﬂ¥ing 10 insects land on their untreated forearns
Wwthin 30s of insertion into the cage A vol une of
1.0nl of each conpound (either 5% or 10% (W v) in
Wg’Fsopropano_I) was applied to 250cnR2 areas on the
Bredlpmeddssix male 5 human vol unteers, the
remai nder of the |inbs having, been nade inaccessible
to insects. Each volunteer had different repellents
1. alp Ip IA _enhthdl?oiﬁ mpdlli_mg 513/ imattlcmlr €iak firohO4 gasrt Tﬁ)rftﬁé Irggct_or tick,h
al l.o e .applie epel.lents to dry for mn, the
WhFB%ﬁgP&%S{@ Pé‘“ﬁfaa&éa H%eétl’fq‘iféit FHYRL, CGmPTISHIE apR]ing to a
surlPRlel oT@i%e st 16 int %HIEHE] : -5.0-
_nosqui t oes g%gglil%ing rﬁgyﬁoﬁap%ﬂ??thg‘“ﬁﬁd eagg' g(%%’ss 5f6eR 39
dimpethylotrox diexclidd.3. Bnemiebene.of repel | ency was recor ded
- for each repellent on each vol unteer. Breakdown was
defined as the tinme at which the first confirned bite
occurred; the first confirmed bite was defined as a
bite which was followed by a second bite either within
2. t he Tharmetbed phelaimdxwharipdhe hospis mibost, foll hae datmre msects in
the ol ; 1.7 tection
o RS S STy
conferred conplete protection frombites for
_Si gt ' e . . 0% v) fo
3. 5 9T (g BCIAH3 ik bR prs&pplyRle A8 Uit lepy Ractone
to <y funer fsathens objhedmst at the sane concentration. The
data was anal yzed usi ng ANOVA, and this showed that

t he 5% n 0% DHN sol utjons were statistically

4 ndfrg?ilﬂéﬁ?@ﬂgﬂ%@i st PRE BOSTRS %0806 and 1006 DEET,
respectively. The 5% and 10% sol uti ons of DHN
al though statistically equal to the correspondi ng

5. sol he anethed ofClaim 1 phivhi cderprisesaplyipg oo tethiostr ¢dmmsition

thaﬂgomprises the dihydronepetalactone in an amount of from about 0.01% to about

50% by weight of the total weight of the composition.

6. The method of Claim 5 wherein the composition comprises a carrier selected
from the group consisting of silicone, petrolatum, lanolin, liquid hydrocarbons,
agricultural spray oils, paraffin oil, tall oils, liquid terpene hydrocarbons and terpenc
~alcohols, aliphatic and aromatic alcohols, esters, aldehydes, ketones, mineral oil,
higher alcohols, finely divided organic and inorganic solid materials.
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WD 2005/ 034626 PCT/ US2003/0 a' Table 17 Mean conpl ete
protection tines of dih drone etal actones at 5% and
101 ¢, wv topically a lied to human vol unteers
towards femal e Ano hel e 5 al bi manus nobsquit oes

Repel |l ent Treatnent Mean (h) (SEM 5% DEET (positive
control) 4.0 (0.5) 5%DHN 1.8 (0.12) 5% nDHN 3.0
(0.54) 10% DEET (positive control) 6.2 (0.63) 10%

DHN 9 10% 0. 61 Y 48 C ai ns
7 v e emeiaf ok Gigiey S hﬁ{ewetbﬁaﬂns%swb%qus AR aPRsQlct
comipotitioi adaptetd 3 dipetscitRé dihber MeSh

?Ee host ngdaila human or a go%@ﬁ%gﬁt%‘e %ﬂg{:{r{rrlg at @ﬂerby
me@phptd sompresssAisping to a surface of the host the

foll ow ng di hydronepet al act one conmpound: 1

S, 9S, 5R, 6R- 5, 9-

di met hyl - 3- oxabi cycl o[ 4. 3. 0] nonan-2-one. 2. The net hod
of daiml wherein the host is a host for one or nore
8. i nsebtes methodidfeClgmoup welomainshe exgn@dsithirt dongprisks £ polymeric
Coﬂmlgﬂ?&%aesé' , mosquitoes and lice. 3. The nethod of

Cam1l conpri ses applying the
di hydr onepet al actone to skin, fur or feathers of the
host. 4. The nmethod of Cdaim1 wherein the host is a
cow. 5. The nethod of Caim1l which conprises applying
to the host a conposition that conprises the
di hydr onepet al actone in an amount of from about 0.01 %
t o about
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50% by wei ght of the total weight of the conposition.
6. The nethod of Claimb5 wherein the conposition
conprises a carrier selected fromthe group
consi sting of silicone, petrolatum |lanolin, liquid
hydrocarbons, agricultural spray oils, paraffin oil
tall oils, liquid terpene hydrocarbons and terpene
al cohol s, aliphatic and aronatic al cohols, esters,
aldehydes ketones, mneral oil, higher aIcohoIs

9.t i ndhy rurtho@eﬂctangarﬁ wheraig the @ng@nmos obmgnsmtaarardaivant

net hod of erein .t he conp sition
selee %ﬁ%ﬁ"@ e Bouopsing @%ﬁ]ﬁggw DiPisHAp Ry Ghelnupmpseats
prdsbr@a@d@)’ﬂiﬁﬁﬁﬁ@t :ﬁiti%ﬁ‘ddaﬂ% élhﬁ’g Qé;bﬁtsag PBS! ﬁr%anfge ans
a conpressed gas. e net aim5 erein
empH@n@o?ﬁi@emg REARLSS elmmesae agep oyyargisisand deanspentitaly or
9. The nmethod of Caim5 wherein
Co£ﬁaﬁg%§poéébgéﬁd%%ﬁprlses an adjuvant selected from
t he group consrstlng of thickeners, buffering agents,
che ‘H%h ge preservati ves, fragrances
Oant i g0 BI?FTFH Sgvhrgeinthe campgsitianzs insthe form of a cologne,
f t [ I QLS I
: lﬁ,a“’i‘ei‘%‘ A e ARG bR AR et AR By o
makeny, v deﬂ)d(garﬁdslram;mo 4 Bair Tequeratr hioge @1f a ﬁl:l@d)riﬁl Soaher ei n
the conposition is in the formof a col ogne, a
| otion, a spray, a cream a gel, an ointnent, a bath
or shomer gel, a foam product, a nmakeup, a deodorant,
shanpoo, a hair lacquer or rinse or a personal soap.
51

51



