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Provi si omab odppi78€ati on No. 60/ 366, 147, filed March 20, 200A]Soswsseh i s
incorporated in its entirety as a part hereof for all purposes. 10 Field
of the Invention The present invention relates to the field of insect

repel l ency, and the use of dihydroneptif&Eact one stereoi somers generally as
repellent nmaterials. @ﬁﬁﬁ&g | ent substances
general ly cause i nsectéﬁo e drl ver'lo‘Qde'\E]-:QA#wg&-fﬂEFEE?@jhtct, ot herw se

I nsect - accept abl e food source ' ' NVEN | t known repellents are
only mldly toxic. A few of the known repellents, in fact, are not active
poi sons at all but rather prevent danmage to plants/animals or articles of
manuf act ure by maki ng insect food sources or living conditions
unattractive or offfresmapplcativhsdaims thertenefitobUS.&Provisicsst Appbgatidnent s
contain the t | Al ' Y, t: Ht‘?:% inGREE] their
primary acti %&Ié@%ﬁﬂg?ﬁkéya%%gggﬁ \?Vg%‘gllglient S %%Feéjsmu'nderar?ﬁé maj or
comrerci al bregraipadmesecffenathpugrasesr), Deep Whods O f!(r), and Cutter(r)
are all DEET based products and conprise 85% of ' insect repellent sales
(Consuner Reports Buying Guide, 1994 Special Year- End |Issue). Further,
Consurer Reports tests indicated that 30 products with the highest
concentr at i ofFjgiti JPEET Idvasitied t he | ongest agai nst nosquitoes. Despite being
an effective repellent, however, this, c ound as_certain drawbacks.
Specifically, it j&&%”?&%@t 'Qﬁeﬂq’ﬁﬂ %@@ﬁg%ﬂegnﬁ n ﬁé??@ggcéri’é@y feel to
t he skin. Al ttheuge dof dihyasonepadalocipnecstaravisaomegisgianesallyf @s repatlenh t he US by
the EPA, conggras flave been raised as to
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Background of the Invention
Repellent substances generally cause insects to be driven away
from, or to reject, otherwise insect-acceptable food sources or habitats.
20  Most known repellents are only mildly toxic. A few of the known
repellents, in fact, are not active poisons at all but rather prevent damage
to plants/animals or articles of manufacture by making insect food sources

or living conditions unattractive or offensive. Most current commercial
insect repellents contain the synthetic chemical N,N-diethyl-m-toluamide

25  (DEET) as their primary active ingredient. For instance; repellents sold
under the major commercial brand names such as Offl®, Deep Woods
Offl®, and Cutter® are all DEET based products and comprise 85% of
insect repelient sales (Consumer Reports Buying Guide, 1994 Special
Year- End Issue). Further, Consumer Reports tests indicated that

30  products with the highest concentration of DEET lasted the longest against
mosquitoes. Despite being an effective repellent, however, this compound
has certain drawbacks. Specifically, it possesses an unpleasant odor and
imparts a greasy feel to the skin. Although it has recently been re-
registered for use in the US by the EPA, concerns have been raised as to

35 its safety, particularly when applied to children (Briassoulis, G.; Narlioglou,
M.; Hatzis, T. (2001) Human & Experimental Toxicology 20(1), 8-14).
Studies have demonstrated that high concentrations of DEET may give

rise to allergic or toxic reactions in some individuals. Other disadvantages
1



35 its safety, particularly when applied to children (Briassoulis, G;
Narlioglou, M; Hatzis, T. (2001) Human & Experi nental Toxi col ogy 20(1),
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lo conpositi asseptahtlityi.ni ng natural products (versus synt hetic chemicals
such as DEET) is increasing. These DEET-free repellent conpounds require a
conbi nati on of excellent repellency h residual activity and relatively
little or no toxi &stgresyltnfiaeabpye “ﬁb‘tag?n%;r@EEﬁefr%&lqué'ﬁtﬁeth I n response

to these consisBfentaBmiar! ity isvorlitibaRURErSeat agﬁgﬁu%gpf new 15
n esl ze ro

| | ent ds. wh
oo Bl 5P o COECE HoABCOMAIN MaTAIE Bropiisss bty Y Rbel QR MBS b eci es
p][ oduce tesse@bitlaEE?) isan(n];@aeh‘@t | Thedd B IEEWnﬁr@élr@j@Iengsm peandsiteduide %our &e;
(0] I nsecC repe en an Ira n emc oda, . P,
Botany, in F%Pr"?ﬁ"lé’”d’ e@ﬂﬁ%@i ep% ?Qcybﬁbqﬁbl%{g@ﬁallgﬁﬁ\g& %}‘%%a@ ﬁguct ion'.
Hay, R K M, liitet@ratoxidityGo hueims) (or lpetejresnd therenvirorent.nmin mppmses)]
Gtronella 0&6 tmé%@%shﬂ{er &e?nél?q}.gftﬁére@%@'d@g%g ﬁe%‘@etb%v'e@)eﬁé\ﬁ

obt ai ned from ?ram naceous W nterian C.
nardus. EXamperelles C@W@t@d&g\éﬂcr&@afﬁbéﬂ?&mgﬂ TN £ QrRyNHIRSIZakRP®al s i ncl ude

Mel i ssa of fi giafiphi SlahiMRidtesas anBevtith ard pldagaReidsusd Perilla), Posostenon
cablin (Patchouli) and various Lavandul a spp. (Lavender). Al of these

exanpl es of plants yielding oil of value to the fragrance industry are
menbers of the Labdadyaglaht speciespryducaradsgntial oils (aromatic oils) which are

used as natural sources of insect repellent and fragrant chemicals [Hay,

20 R.K.M., Svoboda, K.P., Botany, in ‘Volatile Oil Crops: their biology,
chemistry 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 oil of value to the
fragrance industry are members of the Labiatae (Lamiaceae) family.
Plants of the genus Nepeta (catmints) are also members of this family, and

30  produce an essential oil which is 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.

35

Iridoid monoterpenoids have long been known to be effective
repellents to a variety of insect species (Eisner, T. Science 146:1318-1320

(1964); Eisner, T. Science 148:966-968 (1965); Peterson, C. and J. Coats,
2



Plants of the genus Nepeta (catmnts) are also nenbers of this famly, and
30 produce an essential oil which is a mnor itemof commerce. This oil is
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H Iridoids. Methods in Plant Biochem stry 7:99-143 (1991)], nore

specifically the nethyl cycl opentanoid nepetal actones [Clark, L.J. et al.
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222 (1-2)3 9%9.6%.5 osepUpRQf NEsseCHAs Qi Feaas Sotiib Sﬁ\(&@%@“’ants With
conposi t i onspetentiatediingectvepsiE it miktureoivithIIEE®nes (e. g., iridonyrnecin).
Further, U S Patent 5 4,869,896 discloses use of these bicyclic iridoid

| act one conpositions in potentiated insect repellent m xtures wth DEET.

Formal studies conarmalistgdieheonepmingiheyrepellencyofrdRdyongpaiglasienes. a cl ass
of iridoid renol: I m@@q}@hq@mg torB8\Whdwh il 0 Figure
1), have begﬁ%%usgﬁﬁ@gmﬁﬁtsﬁgﬁ%ﬁ%@ have fail ed toctcfeacmr i nply that

these coipouhigsrestyriave hegremuehiess senalusiye AR ha¥miaied 10seath Opest s of

human soci et ypif &iatakas® tempauptiv dxelfa tepellsaraffst bhdhe ebnimen insect et i on
fromanal glands of the ant [

| ridonyrnmex nitjidus . sho t ha

i sodi hydr onePe$taICAAUBIRD SREety %%am)f%p%?{é‘(gyﬁhe %ﬁ?@%nﬂ;é@? her 15
wi t h isoiri desaretieeifron{ Sasli glhndGoihié. antdridoDyNneChifidkis showedsbat Physi ol .
13:131- 135 (. t i SOLL] i ine to
possess good'sgaﬁbkcﬂﬁgm%g%&é‘gﬁ’%% g%‘%’%ﬁéﬁ%ﬁ}e&%ﬁ%&‘%@i gﬁiééél\lﬁgéﬂ rovi ded
i n suppofis oWwith isgiridorayrmaecindCayills Gx\W.IS o @nBydVo fdpit i lseehBYseld no
investigatio Lt RATLURhSUGHFREH B yr@ebROkad RioHSit S imrtem 20
i nsecti ci dal m%@?ﬂvﬁ@ ! wa rr'glﬁ-'e q nI anj a} eyrr _\Publ i 2at' on b\k,/ Cavi I(J . GWK. ,
et al. (Tet r BASsASSPood ‘knockdown’ insecticidal activity, no evidence was provi ed

in support of a similar activity for isodihydronepetalactone, and no

investigation of this compound’s repellent effect (as distinct from

20  insecticidal activity) was made.

in a later publication by Cavill, G.W.K., et al. (Tetrahedron
38:1931-1938 (1982)), the presence of dihydronepetalactones in the
defensive secretion of an ant was again reported, but the authors
25  concluded that the compound iridodial (and not a dihydronepetalactone)
was the basic repellent constituent.

Lett \\“\\\

CHO

CHO

Iridodial

Most recently, Jefson, M., et al. (J. Chemical Ecology 9:159-180
30 (1983)) described the repellent effect of dihydronepetalactone. Initial
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38:1931-1938 (1982)), the presence of di hydronepetal actones in the

def ensi ve secretion of an ant was again reported, but the authors 25
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the basic repellent constituent. CHO Y CHO |Iridodial Mst recently,
Jefson, M, et al. (J. Chem cal Ecglogy 9:159-180 30 (1983) descrlbed t he
repel | ent ef fr@ee"emcydiawa%wetbemd&e rﬁpmwcmrid YRS MEgSUrSy gspect

PCT {1 Us03/ 0851’@thé Qﬁﬁéd&ﬂ@s’mmﬂﬁhmﬂ deBgusied dLiHh§ e SR ovm@rwas measur ed
W th respect

eC|es nonnrlu destr ctor ur
M ter 25 secaiednds B ouRPaliedo e Rtk Bty lacRaeaEbpRam Ly "
appr oxi mat el YO-6Waifthe fanthecasddstodead e dHawe Viee cftirthHowasigses biitHeher anal yses

of e 5 tepebhafity MRL 2ohgifhe LLIRCAUISRMELE AR RppRent ed, nor vere

anal yses with gr re un Repel | ency
obser ved oveﬁ@b@l@ss‘/ﬁ anﬁbmgd@tbebthan R@@@Odd@t)%dvﬁotnhpomcent rat ed

cheri cal s i s Rty bB8nA cﬂf'e'r%Wclﬁ“sﬁQh?e‘nBHs%ff tiRfef (g%%ﬁbfdé nyittPr act i cal

appl i cations such as I n topli cal, | nsect | ent s. IS consequent | Yy

a conti nui ng SRBEENY3ted e@h%%l@'%muw%%@éaa lewrRsediction &6 effigackit oved i nsect

repel l ent pr W@éttda%éi)bl\i@étlbné%ﬁl@ﬁ@s ih@opiEEhedtdpaliémy. i s substantially
non-toxic or only mldly toxic to humans. Preferred repellents will have

activity 1é{gal nst a wide variety of insects, 15 including biting insects,
wood- boring i nsectTﬂxeredsd:msecjumﬂytascori’nmus@hmw fopeabmlogmally-lb&éd ke.

AppLT cant s haxSd WAV bl BESRETBLRIRBR e RES LAfTTOGL B 2, now

class of effecti've Insec ent Co vant ageous

properties C&EBE) ang which l@fSLtblstafﬁlaHY nondexig@sionhomidlyXoxisimiwinans. t he

I nvention Preferred repellents will have activity against a wide variety of insects,

15 including biting insects, wood-boring insects, noxious insects, household
pests, and the like. 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.

20

Summary of the Invention
One embodiment of this invention is an insect repellent
composition or article that contains a dihydronepetalactone, or a mixture of
25 dihydronepetalactone stereoisomers, represented by the general formula:

Another embodiment of this invention is a process for
fabricating an insect repellent composition or an insect repellent article of
30  manufacture by providing as the composition or article, or incorporating
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One enbodi ment of this invention is an insect repellent conposition or
article that contains a dihydronepetal actone, or a mxture of 25

di hydr onewetoalzrseone st ereoi soners, represented by the gememraiso/essmul a: O
0O Another enbodinment of this invention is a process for fabricating an

I nsect repellent conposition or an insect repellent article of 30

manuf act ur e o e oepagites armstidenp dihydrenepetalaatons.or amixtweeipor ating 4

WO 03/ 079786 gfydirdapetdBedhe dtoicdiddhieORBASLENIRSY abowds.t IACTRthe _
di i hydr onepet al act one, fﬁtL a mxture of dlcg%pl.r onepet al act onte St er eoi somers,
as descri bedehodiment ¢f thisjaventighisf MeHoGP! MRAING.AHAMEHINGOS net hod of

i nparting, asghamtingtheinseehiepatienpeffdet of asenticledpahtemoratifeioto tife an

T xture of it B EbuPGrsRbfiatttel L hfkfid of binHRIRBERIAGORG 00 of
anot her enbodiarevisonlers asdésorbrtdianoves t he use of a

di i hydronepet al actone, or a m xture of dihydronepetal actone 10

stereoi soners, as described above as an insect repellent, and thus in a
met hod of repelling YREaBeker embadigent of thisdnuepiyeig the use of a

di i hydr onepeyahafibA8Setafictéhdliof dindktaie &t di r@ns\?@ﬁaaécﬂ@rﬁ@ne st er eoi somers,
as descri bed above. 15 BRIEF SCRI PTI ON DRA} N F ure[ 1 shows the
Chem oal 18t r SEAYGHBATSTS AROeRaBRA JYPVE AN A IN5C feneligt and thds '8

(Eet hyl cycl opﬁ?h@cﬂlof thpelimeingkats] thecinsedt® dre guposed haws the total ion
chromat ogr ans,..f r ' ; trometry (GC- M)
anal ysi s of ”?||Wcﬁ‘%%ﬁ%\%ﬁﬁ%f@laa@%ﬁe@%ﬁ:ﬂf@cﬁ@éé@%%cﬁgﬁgf rom

commer ci al | ysteredisabiess,cas aesaribediabova) , together with that of the materi al
produced fromthis fraction by hydrogenation (B). 25

15
BRIEF DESCRIPTION OF DRAWINGS
Figure 1 shows the chemical structures of the naturally-occurring
iridoid (methylcyclopentanoid) nepetalactones.

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

25
Figure 3 shows the mass spectra of the major constituents of the
nepetalactone-enriched fraction (A) and the hydrogenated material (B)
identified by GC-MS analysis.
30 Figure 4 shows the 13C NMR analysis performed on a distilled

nepetalactone-enriched fraction of commercially-available catmint oil.

Figure 5 shows the 13C NMR spectrum obtained from analysis of
the dihydronepetalactones produced by hydrogenation of a distilled
35 nepetalactone-enriched fraction of commercially-available catmint oil.



Figure 3 shows the mass spectra of the major constituents of the

nepet al act one-enriched fraction (A) and the hydrogenated naterial (B)

i denti fi edOlg/0@I8MS anal ysis. 30 Figure 4 shows the 13C NPWRTAsal/¢#si16
performed on a distilled nepetal actone-enriched fraction of
comercially-available catmnt oil. Figure 5 shows the 13C NVR spectrum
obt ai ned from andligwiest shows thaltisjrihusioapdtandiog dessitppb@male Aggdes

hydr ogenat i : LSt mePn } dtaretdrey of
conmmerci al | )‘%{ég&éf:ﬂg@%iﬁ@ésﬁ?ﬂm o] @%H@%%ﬁ%@%g%ﬁ éﬁg / US03/ 08516 Figure
6 shows t he ayestimedntarin \GirorepRllengydefisity of fenml e Aedes aegypti i

nosqui t oes on nenbranes treated with di hydronepetal actones over tinme in an
invitro repellency test. 5 Detailed Description of the Invention As used
herein, fhe term "nepetal actone" refers to the conpound having the general
structure: @etilddDetcriptiordaf the IReentiochi ral centers are present within the
nmet hyl cycl opent angi C n f R » r 0. and 7a
as shown above; r}?%gf?ﬁgbeﬁ@l’z% (%%@Z g%‘gét%ir%c uceﬁ%s@vgﬁaﬁmrg gtrjl?(g and

i nsects. Dilayihgtihepgararacstouctsrear e defined by Fornmula 1: 15 O 2 O bY644
Formula 1

10
Four chiral centers are present within the methylcyclopentanoid
backbone of nepetalactone at carbons 4, 4a, 7 and 7a as shown above;
(7S)-nepetalactones are produced by several plants and insects.
Dihydronepetalactones are defined by Formula 1:

15

Formula 1

20
wherein 1, 5, 6 and 9 indicate the four chiral centers of the molecule and

the structure encompasses all possible stereoisomers  of
dihydronepetalactone.  The  structures of  dihydronepetalactone

6



20 wherein 1, 5, 6 and 9 indicate the four chiral centers of the nolecule
and the structure enconpasses all possible stereoi soners of

di hydr onewetoalozaosone. The structures of di hydronepet al act @oe&/US63/4¥16

03/ 079786 PCT/ US03/ 08516 stereoisoners that may be derived from

(7S)- nepetala%tones are shown pel ow,

(1S, 5S, 9S, 6RS'EegisgMmpIe At m%&QB&%WPS[EO@ OiNoeneialagiones arg ghqun

S, 9S, 5R, 6R) - hefowdi net hyl - 3- oxabi cycl o[ 4. 3. 0] nonan-2-one hi HOO (1 S,5
S, 9S, 6S) - 5, 9-di met hyl - 3- oxabi cyc¢l o[ 4. 3. 0] nonan-2-one HHOO(1

S, 9S, 6S, 5R) - 5, 9-di net hyl - 3- oxabi cycl o [ 4. 3. 0] nonan-2-one HH OO
(9S, 5S, 1R 6R) - 5, 9-di nptthyl - 3- oxabi cycl o[ 4. 3. 0] nonan-2-one H H O
(9S, 1R 5R, 6R) - 5, 9- di_netlhyl - 3- oxabi cycl o[ 4. 3. 0] nonan-2-one O O
(9S. 6S, 1R 5S) - 5. 9- @@' - 3(19 3908, 6Ry 50031 1 0RBI0 2-0Mdfn-20Pt H O
H
P
<ﬁ (18,98,5R,6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one

(18,585,98,6S)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one

(18,98,68S,5R)-5,9-dimethyl-3-oxabicyclo[4.3.0)nonan-2-one ’

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

(95,1R,5R,6R)-5,9-dimethyl-3-oxabicyclo[{4.3.0nonan-2-one

(95,68,1R,5S)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one

(95,6S,1R,5R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-2-one



O (9S,6S,1 R 5R) -5, 9-di net hyl - 3-oxabi cycl o [4.3.0]nonan-2-one H5 7 WD
03/ 079786 PCT/ US03/08516 As used herein, the term "di hydronepetal act ones™
or "di hydworwafped7sé act one mi xtures” refers to any m xture ®CT/US03/08516

di hydronepet al act one stereoi somers. The nolar or nmass conposition of each
of these isoners relative to the whol e dlhydronepetalactone 5 conposition
can be variabl e. Bshiseddraspint Halarondinyarenepsialecianesdoas "DHN'. As used

herein, the tcﬁﬁy?ﬂroh@ﬁ@l%‘act&% Rfistuf ”ﬁ‘%rﬁ%@ﬁ%nﬂitu?e bfirge group of

[ nvertebr ate an aracteri ze state éoon adul t 1o
i nsect st at edihydranapetalasionesieregiromensy he/mnelasersrassheorBBesitiomedh head,

:) 2?; gx fand ngé@l%ﬁfhesbhé@ﬂewdaa@ftoltﬁgsfvhoa@dmwf@@épdt@lat:tmt al ways) t t wof
of menbranou ere vari e
biting i n%ecP%mPQS@O“ Cé‘ﬁskée V?fé%’ale e@\hggpqqpe%]actgﬂpa&éc é%fq"éaiga ar een Kegd

flies, nosquidiENs, stable flies, ticks, wasps), wood-boring insects (e.g.
15 ternites) noxi ous i nsects (e.g houseflies cockroaches, lice,
roaches, wood lice), and household pests (e.g., flour and bean beet | es,
dust mites, mot hAs userhhareins the teseinssct” rﬁiercfst@@rmm@mberpﬁe I3rgem " host "

her ei naf t er gﬁﬂﬁ@nhoe@éwram 8RS chaﬁéc@éuzr&il |n'if}'fe‘3§dlﬂﬁstbté {riopesduit
| oect - abbeptBETLSL PALLE A2 ABLPHRA MAIVISHD PERA DIt Iaﬁcfdgfepﬁ“r oL bl
i nsect - actep S ceptible
a][]g l cIt ecI \l/)vn | thorek,eand :a;_b@dSWienJtlheé&pélrgomwscend,r@‘mre(blhy\otraIWayM)ﬂw@ is
affecte y insects. S t he
i ke. Typi caPPS/S Of &brgpﬂq%\//vérggsof Wiﬂéﬁ@@?’l‘j ljéépgﬂgac%é{g@%%%%ﬂ? t
i nsect - accepbiibgdnsexisl (s.gurads, mes, blaskdlies chiggend| fteasagreern Beadys used
grer elr gpe} Pgntlfae'érr}ndsgﬁﬁtgés rs‘?é’nﬂ}e'fl‘?é'ét ftlcf?é wéé&%@%oB&%?nh?%secﬁQ (&gnposi tion”

15 termltes) noxious insects (e.g., houseflies, cockroaches lice, roaches,

wood lice), and household pests (e.g., flour and bean beetles, dust mites,

moths, silverfish, weevils).

As used herein, the term "host” hereinafter refers to any plant or
20 animal affected by insects. Typically, hosts are considered to be insect-
acceptable food sources or insect-acceptable habitats.

As used herein, the term “insect susceptible article” will refer to any
item of commerce created by man, which is affected by insects. This may
25 include buildings, furniture, and the like. Typically, these articles of
manufacture are considered to be insect-acceptable food sources or
insect-acceptable habitats.

As used herein, the term “insect repellent” or “insect repellent

30 composition” or “repellent composition” will refer to a compound or
composition which deters insects from their preferred hosts or insect-
suitable articles of manufacture. Most known repellents are not active
poisons at all, but rather prevent damage to plants/animals or articles of
manufacture by making insect food sources or living conditions

35  unattractive or offensive. Typically, insect repellents are a compound or
composition that can be either topically applied to the host; or, the
compound or composition is incorporated into an insect susceptible article

to produce an insect repellent article that deters insects from the nearby 3-
8



conposi tion which deters insects fromtheir preferred hosts or insect-
suitable articles of manufacture. Mdst known repellents are not active

poi sons awoaBl797ut rather prevent damage to plants/ani nalPETASIANSSIEC] es of
manuf acture by maki ng i nsect food sources or |iVIP? conditions 35 |
unattractive qr offensive. Typjcally, insect repellents are a conpound or
conmposi tion tHEENSINAHEPRG] 'r’i’g‘m"@gﬁh%ﬁpﬁﬂlo'é%'ﬂee@ﬂ@@ tIReitheseasepthe t he
conpound or caffqm@sfthe)msest nepeﬂlérﬂqé% gelve Eﬁ@m@@cﬁs@ﬁ@;ﬁ fréH\SﬁletBtrb}é'c% article

t. m t he near by
3"8"w0 0a1 0707 blRe BB ER ARG iR Aeh S GLBpf RipSHoUfE hestt or
article existar2.) Hneense@rsmeptlblermtuclaf meceb)oprdtd?c&lrlgrthecetrtlclelmim ent is tong

n| m zi
the' T equdnoy o1 pueele. - SEpalert? gl B el e BB i L i oy e

article, ther¥p '§$&@‘é‘é@'§%@ the article from 5 insect damage. Repellents

may be in the formof gases (ol factory) | i quids, I gr sgl i dsI (guztatolry).
Sonme exanpl es of | | - known i ns repel l.ents include; benzi enzy
benzoate; 2,3, 4, 5%@?&@{7}‘3'%@ W?"@PW&HQW%F@P?'M$ incluge: |b@nRépeI | ent

11); but oxypwwamﬁMQSMbl%WI-zl tt@tﬂahydi@furmu@él dI 4 but vl
il bat o 81 berSHOSE A2 B0 RBbsoRlEie 85t bt ideeta %éhq? wa NN
di et hyl - net a-bubylabidimettDiEEH-dihydnet [y pyroackcarkosylite (alnde)olnél rtﬁb% Lt 1 -

o5 ut gl 1°3 gd‘%%%n@ﬁ“ﬁ@&g&”&%ﬁﬁ%%g PRI Maiand b

di - nor mal - PV-meta-taleamicer B); @W[Rtmép@blaém(elmfmdm dlmethyl :

2- phenyl cycl Q:l’tg)é;ﬁj]2|2,1 ﬁepﬂB@?@@S&ilgal@)bQMaté)ngmﬁ'&h htﬁéﬁl?é( %(Mhyand t he

dlethylsu00| ents nosqui t'oes,

like are it P ﬁ ! %p&?‘?a'(‘%d"‘gca \ 16’1@“%’6@)”9@@'%&“% @ﬂ?h&l"aﬁ%ma"

nor mal - but y| pespyl yéoanml*d:en@mabm (EMGKCRépQIdM 3289, hp n@m%v&d)r\n/éxa%o(

Ki rk- Ot hmer

b SL e RS ERER oL AR BT AR e, Bl

addi tion to treeelemésfaranosquitvesi ticksnandtibe dike are aitioaeila ofl (discussed
below), dimethyl phthalate, normal-butylmesityl oxide oxalate and 2-ethyl

20 hexanediol-1,3 (See, Kirk-Othmer Encyclopedia of Chemical Technology,

2nd Ed., Vol. 11: 724-728; and The Condensed Chemical Dictionary, 8th
Ed., p 756).

In addition to the chemical compositions above, a variety of

25 effective insect repellents consist of essential oils and/or active ingredients
of essential oils. “Essential oils” are defined as any class of volatile oils
obtained from plants possessing the odor and other characteristic
properties of the plant. Examples of repellent compounds that are
essential oils include: almond bitter oil, anise oil, basil oil, bay oil, caraway

30  oil, cardamom oil, cedar oil, celery oil, chamomile oil, cinnamon oil,
citronella oil, clove oil, coriander oil, cumin oil, dill oil, eucalyptus oil, fennel
oil, ginger oil, grapefruit oil, lemon oil, lime oil, mint oil, parsley oil,
peppermint oil, pepper oil, rose oil, spearmint oil (menthol), sweet orange
oil, thyme oil, turmeric oil, and oil of wintergreen. Examples of active

35  ingredients in essential oils are: citronellal, methyl salicylate, ethyl
salicylate, propyl salicylate, citronellol, safrole, and limonene.



25 effective insect repellents consist of essential oils and/or active

I ngredients of essential oils. "Essential oils" are defined as any cl ass
of vol at iwe 03io7%86 obt ai ned from pl ants possessi ng t he odoPCan$ozodses
characteristic properties of the plant. Exanples of repellent conpounds
that are essential oils include: alnond bitter oil, anise oil, basil oil,
bay oil, caraway Bocentrastiarmainsecbrenellestiapn oinseciicideris astampedicherri | e

oi |, ci nnamiQiuke whidh Fs%‘é?a'bfé Of poisGhiAY BrAhbectafd itdBANInGédtionCHYI N Oi |,
dill oil, eucal yptus, 0]

| . Tennel ol nger oil, grapeffuit, oll, |enbn
oi |, lime oi Fontachwitgithe insgct culicle, q|>f, byg{ﬁ*} @F‘h?ﬁt%‘i%?@bﬁ%@"-o# USyr ose
oi lj, sr)ear m _ahtiﬁééct(cwre@lybelcﬁ\p%elgicidé?!mgﬁgnggi tb,cdnh‘?ms?bi I;fetWHi@mrsj't c f)i I, |
an Ol (0] nte Leen. a e a I vVe,. | har lents Ln ssentil a olls
are. %t ¢ o8 e habRRA ke Ry (80 PRy Darifl b aistadd Eatse B BidiBefP ool Lol are.
citronellol, haarhfublbg,d%htﬂcti@mmﬁer'rp@s, ﬁ)q@r@ﬂuct_’S%B’&")@_téWaUSOs)’. B&a8al | n
contrast to Wéllﬂrﬁxﬁ?@%@@cﬁbé&I}Fclude"?'ﬂworﬁaﬁﬁ:%dn%élﬁmds! uBh GePOsNd or

m xture which 1s capa pol soning af 1 nsect” via Its oral 1ngestion, by
contact wit hlaatanchsepperdnatyrally ascuBing engiegingorapeingds (SHEB@sh the air.

Thus, an ingeehbfédyrbthrimst HiRBtRE, RpPer FaphtrieBtdBRE pefof@h ' ol i nsect
life which is 5 har

) ul to n (i.e,, directly harnfu di sease vectors,
or indirétl QGH%WWW %&g&’dﬁ‘cé’\’%ﬁ"%?‘)@PBH@‘?g ﬁ%’&g‘ qﬁ@@fﬁ@g@@m, textile
fabrics). Seeaddh, cietdanknindane)peeididhie®benzénsiand ipagdthrn)c conpounds
(such as arsenic, |ead and copper); naturally occurring organic conpounds
(such as rotenone, pyrethrins, nicotine, copper naphthenate and petrol eum
i o derivatives); &sdussghidrein,thetarenipotedigied mbect rrpsileatc®bdpositior] dri n,
endrin, chlo i ~@L6h 5&{& | : used
herein, the Eée#r%gtpp%tr n {ég% g@ﬂpﬁg@igﬁ v’f@&@ﬁeen goﬁpf%gﬁﬁq%%@n(ﬁrﬂy {aﬁrbi to a
r epel | entl5 cofpeesa PoiRalmniah easanalely CQUE?bb@ expeetpd amredicted fram thg excess

of that whi cRnpRALIHRRAPLY tHeCEBApOFerfty RRAEEHIORE MRIitREeRH MABPréSaritnown
r alone or additivel pr esent

effect of the conponent etui‘_gf Jn \the

i nvention, a'"PGNERP apeleiia tspepEPedsRt %HB%%?"%'%IWH WEIUAS) nl ude

di hydr onepet ditycirongsetalacones)drur midtiner heteofaand at Idastohe ottecrahdest | nsect
repel Tent coppoudt bhRbolRa M5t is hafllefliyArpREIALBARE WSmERRRE! | Mes

20 referred to as a non-dihydronepetalactone insect repellent compound).

An "insect repellent composition" can be used as a component of
an "insect repellent article”, wherein the term “insect repellent article”
refers to an article of manufacture possessing insect repellency that is

25 enhanced, altered, or augmented by the insect repellent composition. As
used herein with respect to insect repellency, the terms "alter” and
"modify" in their various forms refer to a means of supplying or imparting
insect repellency to a composition, or augmenting the existing insect
repellency characteristics where natural repellency is deficient in some

30 regard, or supplementing the existing insect repellency to modify its
quality, or character. The term "enhance" is intended to mean the
intensification (without effecting a change in kind or quality of repellency)
of one or more repellency properties in an insect repellent composition or
insect repellent article.

35 :

In a preferred embodiment, the insect repellent composition of this
invention also functions as a fragrance composition since it is capable of

imparting a pleasing fragrance or aroma to the insect repellent
10



20 referred to as a non-di hydronepet al actone insect repellent conpound).

An "insect repellent conposition"” can be used as a conponent of an "insect
repel | entwarosiord7e6 , wherein the term"insect repellent arPCEIES03/085¢6 ers to
an article of manufacture possessing insect repellency that is 25 enhanced,
altered, or augnented by the insect repellent conposition. As wused herein
with respectcdmpmsn’scmbrtceaellmmmd:yepetllbet adicles 'Dihydronepeialactongs axg' in their

vari ous for g, Legfiy ntlﬂsgcf’ﬁ%?ﬂﬁerﬂfcr?mlﬂ'ddﬂ'gr ertlcler%aéﬁHa%e ?I’@QBF repel | ency

to a conposition, S Hagnen % insect _repellent
char act er i staugmenidhe QV@F@H atom@péfra@weu@‘ H%PPth'anPrsafH@'%é’Vft@gard or

suppl ement i ngshast t%ﬁl‘aﬁrbﬁge | A8 26im¢ et §rﬁ‘@)’mb§|fj7f0iﬂltﬁé!lr '\/bﬁouﬂﬂiﬂnsl y, or
character. The term "€enha i i nt.ended to _nmean i nten ation
(wi t hout %f f&8entAR E‘e@ﬁérﬁgéupﬁ YRS 'H}Paciﬁlé@ Ptfgﬁ%?”?%%ﬁ'ic’éﬂ%ﬁ biq €one or
nor eI Ireptel | edtsmwotéﬁ@mﬁém&% bla\nfdrsulbemmbd srcﬁmlgheefrttmgcthp(mastlhgraroma i nsect
repellent article referre t I 1 ent
conposi tion ‘Eﬂar‘? egls?g%vgﬁ{ Bﬂtué?ls%o?ﬁr?tc{%ﬁ%%? g&f'r ag %@ce’r ggﬁpoglnt i on
since it is supdrhentihg therpaistingigramalirepeassiprt icanodiiy #s guatiyoma t o the
nsect 1 epel Lelihol) J OIS ROUIEIRLORSARndeABILA p O Lo ' an

I nsect repel onepetal actones are use I n_an insect

repel | ento contesificasiandwitaput @ﬁf%ctmg %ﬁ*ﬁ@ﬁﬁﬁem kingl F quality Oi@éj?l“ﬂﬁi Ot he overal |
aroma or fr aﬁﬁ@BF?nd?éﬁ?@ﬁla%fﬁ?%btdn@rthéfr'p?{;éhdléﬁhc Wigressibagpect to

fragrance, eterms%r?ter In their _various forms 5 refer to
a neans of sUBHBPCAGPYTUNGLAMPARICD. OF 9 Péﬁ(f@or@rp%fflﬂﬂﬁd@ﬁ%ﬁl Tter or note

to otherw se bl and substances or augnenting the existing aroma

h O ,
O bt na ke of S R BuBR % nis e ta g
char act et5 oof engani. cﬁhpommtsnncbndmcf@’ examplet gh}@bﬂlsn sldebydes.he t o

[ ntensifi cat g Cui AU SHLECHCRd, AIRRSRedsinhGSy MRl b¥ssftiar o) of
one Oor nore arona '‘nuan elr or ano ep I C 1 npr EESI on C@]I%Qf

fragrance, peis,amngd rﬁ@Fﬁ?@é@"ﬂS d\fh'CfbﬁrQ)ﬁ@m&edn%Q@ the comaingd ¢

the individual components produce a pleasant or desired fragrance. Such
compositions usually contain: (1) the main note or the "bouquet” or

20 foundation stone of the composition; (2) modifiers which round off and
accompany the main note; (3) fixatives which include odorous substances
which lend a particular note to the perfume throughout all stages of
evaporation and substances which retard evaporation; and (4) top notes
which are usually low-boiling, fresh-smelling materials.

25

In fragrance or aroma compositions, the individual component will

contribute its particular olfactory characteristics, but the overall effect of
the composition will be the sum of each of the effects of each of the
ingredients. Thus, the dihydronepetalactones of this invention or mixtures

30 thereof can be used to alter the aroma characteristics of such
compositions, for example, by highlighting or moderating the olfactory
reaction contributed by another ingredient in the composition.

Dihydronepetalactones are known in the literature, for example as
35 minor constituents of the essential oils of several labiate plants of the
genus Nepeta (Regnier, F.E., et al. Phytochemistry 6:1281-1289 (1967);
DePooter, H.L., et al. Flavour and Fragrance Journal 3:155-159 (1988);

Handjieva, N.V. and S.S. Popov J. Essential Oil Res. 8:639-643 (1996)).
11



The term "fragrance conposition” is used herein to nean a m xture 15 of
organi ¢ conpounds including, for exanple, alcohols, aldehydes, ketones,
nitril es,woIBergse | act ones, natural essential oils, syntheCrwsSeyessms i al
oils, and nercaptans, which are adm xed so that the conbi ned odors of the
I ndi vi dual coppeonents produce a pl easant or desired fragrance. Such
conposi ti ons [den3llye gitvdrenenetylacippesdiaverhnen igentified a9 sansiduentsrof20

f oundat i on stthe@le‘ﬁénsm?@s@@réﬂ@ﬁs of e8itaindhssms ihtiabm 6fbere‘ﬂB§‘éJe%6n and

oy on T ep B M ALOP herh Rod S3R0 B MURE) amSaiRe sododt ages of

evapor at i on dridogyhaeaspesiest{Caliilly &L\ALK. andpoVaClask, J.dnsedtPhyisiep. not es
whi ch are usufgllgq I1(3 (brng, ngncﬁ S%béd@é gﬁ?g%g?%esrl als. 25 I'n fragrance or
t he

aroma conpositions, contribute its

particul ar oId"éﬂ@ﬂ?pe’m’@C&@m%&,|I’f§138:beelbut0nd$eddbatrfblby asé beasyntifeticalhe
composi tion driveBSrdmens iHaoM nkiflePbnk Mbasdibect s of each of the

i ngredi ents. Thus, the di hydronepetalactones of this invention or mnixtures
30 thereof can be used to alter the aroma characteristics of such

conposi tions, for 'H)@Omérﬂncabyyﬂithéﬁlblcﬂ@lihywmé étﬁl@%fcﬂiés%dﬂm%ﬂbfa@é& ory

reaction cont. ted anot her di en osition,

Di hydrone@etd g@ﬁdﬂ%g&é%eq?ﬁ%ﬁﬂnﬁp %h??:b&egt({ﬁsé;r'g? Angfoupd & Be 35 ni nor
constituents omrndubtedemEMnety o@WaysoThswmvahg beduatfal Féfeﬂirﬁ:egfrelbhﬁg genus
Nepeta (Regnlﬁ g €t al. Phytochemi stry 6:1281-1289 (1967); DePooter,
HL, et al Igvour and Fragrance Journal 3:155-159 (1988); Handji eva,
N.V. and S.S. Popdh AbelmamiviMietall J.Rby, Chee3S®x#3041BHEN030-2 (1982)

03/ 079786 PCT/ US03/\0BRkSing Aﬂ%hle@’P@Ie?‘neﬂd TOHAIRIRBSY BHaSEQD 2551%."6 been

|dent|f|ed as constl ensi ve secretions o ertain insects,
i ncl udi nd>rove beet| ;éi ﬁi%fénJ CRem. soca|Perliin trem 1:2645-26501(489880
(1983)) and ants, :ﬁpeaefEcmmm—rl\fwmyrUE@héﬁﬁcs&S &hemi ComunV4& and D. V.
Clark. J. Insect Phy Zﬁ § é? 131- 135 (1967)). I'n those speci es that
possess di hydronepet ggtg 8 It has béen proposed that they are

bi osynt hetical |y 4) Nagata, H. and K. Ogasawara. Tetrahedron Lett. 40(36): 6617-

6620 (1999).
20 5) Nangia, A. et al. Tetrahedron Lett. 35(22): 3755-8 (1994).
6) Tanimori, S. and M. Nakayama. Agric. Biol. Chem. 55(4): 1181-
1184 (1991).

7) Uyehara, T. et al. J. Chem. Soc., Chem. Commun. 2:113-14
(1989);, Tennen Yuki Kagobutsu Toronkai Koen Yoshishu 32:

25 441-6 (1990); J. Org. Chem. 57(11): 3139-3145 (1992).
8) Wolinsky, J. and E.J. Eustace. J. Org. Chem. 37(21): 3376-8
(1972).
9) Wolinsky, J. and D.L. Nelson. Tetrahedron 25(17): 3767-74
(1969).
30

One preferred and convenient method for synthesis of the
dihydronepetalactone mixtures of the present invention is by
hydrogenation of nepetalactone. Catalysts such as platinum oxide and
palladium supported on strontium carbonate give dihydronepalactone in

35  24-90% yields (Regnier, F.E., et al. Phytochemistry 6:1281-1289 (1967)).
Nepetalactone is a known material that can be conveniently obtained in
relatively pure form from the essential oils isolated by various means from

plants of the genus Nepeta (catmints). Isolation of such oils is well known
12



derived fromthe iridoid nonoterpene iridodial. The chem cal synthesis of

di hydronepet al act ones and their related 1o iridoid nonoterpenoid conpounds
has been woesnidsed and found to be conducted in a vari et pCofUSOz§8516 The
followi ng are useful references relating to synthesis: 1) Abelman, MM et
al. J. Am Chem Soc. 104(14):4030-2 (1982) 2) Flemng, |I. and N K
Terrett. Tetihaheairpandaixam@Bés 68 imetbddBodbfdr iidextrEe8di incudetimmarsoc. |

(P:ﬁreir(ri nogmﬁnotj n%?eji?@%%io rﬁ%igsj@%\tla 3@%@ o'?‘{_?rﬂré(}gg?fb mﬁpowa]ve Chem  Soc.

Tet r ahedr on assisted 40036T soe@n‘rexaaczmpr( ﬁgpeycrltlgel fByid ﬁaﬂgc%pn A et al .

XSF |r 2heglr 8|n h%hﬁaméég%&gactl%ﬁ%_dscalrﬁlfg%@é% Sﬁ)tlaTéélU@ir‘ag’?@w |r_?ei_6¢aet?| all\lak??/arcr:haem

Soc., Chem folawad bYZOFQQBlCP@lVQnI%@? nen Yuk| Kagobut su Tor onkai Koen

Yoshi shu 32: 25 441-6 (1990); J. Org Chem 57(11) 3139- 3145 (1992) 8)

Wl i nsky, J. and % 3376-8

Wl i nsky, J. and %esg@ngaglq S"ﬁé)tl?tgﬂgm & FeroreS rﬁ%%li 30 One

preferred anldqmmmt(epossﬁssrmthMt bwpcsym&eﬁeacmﬁamrmw-mdwdmg)nepet al act one

m xt ures of t al act
Cat al ot sulthediSangrbr hERaRIaGRhd fRcthior S0 9P AE ENBfedlenehy, 2 0E o
car bonat & gi §4 281 2B 863 ); LReReeter.iH 85 ezzal gﬁ%wreamisF(aa@gmee#oumaE et

al . Phyt ochegiighld 139%%} ﬂg&% §9§|7\)')and %@@dcﬁFtﬁE@séﬁt/a? dinR¥s. mat er i al
t hat can be conveni e@@%&b al'ne

essential oi 86303t Thysi o %@éfgvﬁfiﬁgﬁ %m?@e{?ﬁg&g‘{@rsg?nhgeNepet a
(catnints). ¢sahmidda rikiie i nepbialaconss,la Kinawre d2dihydronepetalactone
stereoisomers will be generated upon hydrogenation. Four chiral centers
15 are present within the methylcyclopentanoid backbone of the

nepetalactone at carbons 4, 4a, 7 and 7a as shown:

7a 1
20

N

5

I

Thus it is clear that a total of eight pairs of dihydronepetalactone

20 enantiomers are possible after hydrogenation. Of these, the naturally
occurring stereoisomers described thus far are (9S)-
dihydronepetalactones. Preferred repellent materials in accordance with
the present invention include a mixture of any or all of the possible
stereoisomers of dihydronepetalactone. More preferred repellent

25 materials include a mixture of (9S)-dihydronepetalactones. Most preferred
are (9S)-dihydronepetalactone stereoisomers derived from (7 S)-
nepetalactones. This includes the compounds commonly known as
cis,trans-nepetalactone, cis,cis-nepetalactone, trans,cis- nepetalactone,
and trans,trans-nepetalactone, as illustrated in Figure 1.

30
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WO 03/ 079786 PCT/US03/08516 in the art, and exanples of nethodol ogy for
oil extraction include (but are not limted to) steamdistillation,

or gani ¢ swbwefr97ext racti on, m crowave- assi sted organi ¢ s®Crarsp3/essi¢ acti on,
supercritical fluid extraction, mechanical extraction and enfl eurage
(initial cold extraction into fats 5 foll owed by organi c sol vent
extraction). The Epsamomgleton of ihedalregerdatom réatfien.dhe régyting species are

Ik |
Ster eol Somer MY ERESERSME pHdSR B RO ARty SADhVBRLHEA matRR LT T O
6: 1281- 1289 (elgspyepa:ua%h@wd rcnmatogtra@my) tmyéﬁ}@@acarﬁwf#mgﬂa%eajourna|

3:155- 159 ( 188§ hydidredktfy@ondldiasté@dmers: Popov. J. Essential Ol Res.
8: 639- 643 (1996)3/. Thus, fromoil derived fromany Nepeta species

cont ai ni m a m xture of nepetal actones, a mixture of dihydronepetal actone
stereoi sorrers WI | In Séditiem és aamlomnmdnedalagmetétmonmmr adriterst! centers 15

are present n t\h fi | act

at carbons 4 e"'7(tj E’%E?”n';A\l%)se(i%%é%g@dﬁﬂgf%e%%%%@?oﬂ IS g[g% ear {Qﬂa? caone
t]?t al (r)]f dei nglsbalPlemtS)bf al ghedr spesiast by qrodiece Qs wﬁhmiuffamﬂt s are possible
after hydrog N&ridi

descri bed thgéﬁ bQi’ﬁon% Bg a@?h&r{c}ﬁgne e{tydgg?fgﬁégBFCE’%?%%@WE%%EF;?H
materi al 0 | nahb%WEabn/é WlP't‘fh”y, th@"b@é"ﬁlgﬁ@ SpaGient NBReta@ramesa, m xt ure of

any or all Of/aﬁéﬁbrpiﬂw SrBpositich ﬁf@!e%@ﬁﬁéﬁtéff Bivity doediaees at geswene. More

(99) - di hydr ofEserd %%z@ef%ﬁd%&w@a %&L\(S@etaa & BRBhet al act one
st er eoi soner SOmmv v|e1d1 3861893 $1997)¢pétaitaof arsmgle $pesies rxhibiteg t he
ci 5 nepet al agnaRet Aot fre oMo RFERIRAL, §E it ibS been shown
trans, t r ans- thepin Alepetarasenosa, bhemtme@oexhrblmn@ma;kad ditereaces in the
proportion of different nepetalactone stereoisomers exist (Clark, L.J.,et al.,
supra). Thus, the preferred process for producing specific
dihydronepetalactone enantiomers would be hydrogenation of an oil from
a Nepeta chemotype known to contain specific nepetalactone
20 stereoisomers.

The preferred process for producing the dihydronepetalactones
represented by Formula | in the present invention, therefore, is by
hydrogenation of nepetalactones from plants with oils of defined

25  nepetalactone stereoisomer content, an industrially advantageous
approach in terms of production cost and its biological basis. Other
processes are as disclosed in U.S. Provisional Application No. 60/369,470,
filed April 3, 2002.

30 The dihydronepetalactones of the present invention possess unique
properties of insect repellency and are particularly effective against a wide
spectra of common insect pests, including biting insects, wood-boring
insects, noxious insects, and household-pests.

35 The insect repellent compositions of this invention containing
dihydronepetalactones or mixtures thereof are effective against a variety of
insects which interfere with human society. These insects include a

variety of biting insects (e.g., ants, bees, black flies, chiggers, fleas, green
14



WO 03/ 079786 PCT/ US03/08516 Upon conpl etion of the hydrogenation reaction,
the resulting m xture of isomer products nay be separated by a conventi onal
met hod (WOg@3/07998epar ative |iquid chromatography) to yiel @ceashs/oisghl y
purified pair of dihydronepetal actone diastereonmers. 5 In addition to
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' h
coe T one) Epi B AAR HhAiSIEY. nARERRS, Lhersadresglns, oF 1 1o
within a si n@la@hsw@@@llcﬂa@éd m@ebaidwsts ceam ébuaﬁndrbe@m begdligposi ti on

I ndependent d b
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Application 2002. 30 JThe
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of insects. repa’deheappllcmmnar% P2 and 7 B13y aelifieS HyB27BGE2,1d1S.a wi de  spectra
of common i nge | i | i nsect s,
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5,672,337 and U S. 5,716 602) In general, activity is found in alcohols,

amides, esters, ketones, acids, lactones, and lactams; and to some

degree, repellency activity does appear to depend on the physical

20  properties of these compounds.

One property that is important to overall insect repellency is surface
activity, as most (if not all) repellents contain both polar and non-polar
regions in their structure. A second property is volatility. Insect repellents

25 form an unusual class of compounds where evaporation of the active
ingredient from the host’s skin surface or from the insect repellent article is
necessary for effectiveness, as measured by the host’s protection from
insect bites or the article’s protection from insect damage. In the case of a
topical insect repellent, a certain minimum concentration of repellent is

30 needed in the air space directly above the skin surface of the host in order
to repel insects, and this concentration is a measure of the potency of the
repellent. However, evaporation rate is also affected by the rate of skin
absorption--in most cases, penetration into and through the skin is an
undesirable mode of loss of compound from the skin surface. Similar

35 considerations must be made for insect repellent articles, concerning the
minimum concentration of repellent required in the three-dimensional air
space surrounding the article itself.
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35 The insect repellent conpositions of this invention containing

di hydronepet al act ones or m xtures thereof are effective against a variety
of insecwe oalorwbsinterfere with human society. These insectasoyedsugle a
variety of biting insects (e.g., ants, bees, black flies, chiggers, fleas,
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unusual cl as%p?édlgﬁ%ggiowé%&% ﬁ"r"f\&%@é s%rles% wﬁm’#%ﬂe\ée‘q ldg3r&Ai ent from

the host's s sur e I's necessary
for effecti vihechast sakimsadaeear inpechiepaiient %’t'%‘@ot':éﬁ@ No@nPtHh i nsect bites

or the arti cl@hfigeledmirhiting the BUapataReh rateBidRtive hdrbichiafetoof a
synthesize a precursor molecule, which slowly disintegrates on the skin
20  surface or insect repellent article to release the active ingredient.

For example, release of the active ingredient may be, for example,
by sub-micron encapsulation, in which the active ingredient is
encapsulated (surrounded) within a skin nourishing protein just the way air

25  is captured within a balloon. The protein may be used at, for example, a
20% concentration. An application of repelient contains many of these
protein capsules that are suspended in either a water-based lotion, or
water for spray application. After contact with skin the protein capsules
begin to breakdown releasing the encapsulated dihydronepetalactone.

30  The process continues 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 protein's adherence to the skin is so effective,
these formulas are very resistant to perspiration (sweat-off), and water.

35 When applied they are dry and comfortable with no greasiness. This
system results in very effective protection, but it is only effective when
used on skin because clothing does not have the capability to release the

proteins. An alternative system uses a polymer to encase the repellent,
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topical insect repellent, a certain mninmmconcentration of repellent is
30 needed in the air space directly above the skin surface of the host in
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20  where those mosquitoes are not hungry, the MEER could be as low as 2,
or more commonly 5, or 6. In contrast, in an environment having a high
concentration of hungry mosquitoes, the MEER might be as high as 12-15.
Preferred in the present invention are insect compositions wherein the skin
surface evaporation rate is at least equal to a minimum effective

25  evaporation rate over a period of time where a preferred period of time is
about 5 hours.

In the present invention, a variety of carriers or diluents for the

above-disclosed dihydronepetalactones can be used. The carrier allows

30 the formulation to be adjusted to an effective concentration of repellant
molecules. When formulating a topical insect repellent, preferably, the
repellant molecules are mixed in a dermatologically acceptable carrier.
The carrier may further provide water repellency, prevent skin irritation,
and/or soothe and condition skin. Factors to consider when selecting a

35  carrier(s) for any formulation of insect repellent include commercial
availability, cost, repellency, evaporation rate, odor, and stability. Some
carriers can themselves have repellent properties.
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by sub-m cron encapsulation, in which the active ingredient is
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effective insect repelle rati rate greater than the m ni num

ef fective evikgrosane @HS Mé[tl@ a(qvmr_tayweﬂ@uir@%thn@l Q'Sé'“@tl'ﬁ’ﬁ PlRerOIeWd: undesi rabl e
V”VIDﬁf gLa'nOZ Sagﬁé;%%é&ﬁﬁ%{ﬂn'oﬂslﬁclu&@ tHie goebileaifeded howe wericultirate t he MEER
, J spray oil nggl the so-called light and medium spray oils, consisting of
20 middle fractions in the distillation of petroleum and which are only slightly
volatile). Such oils are usually highly refined and may contain only minute
amounts of unsaturated compounds. Such oils, moreover, are generally
paraffin oils and accordingly can be emulsified with water and an
emulsifier, diluted to lower concentrations, and used as sprays. Tall oils,
25  obtained from sulfate digestion of wood pulp, like the paraffin oils, can
similarly be used. Other organic liquid carriers can include liquid terpene
hydrocarbons and terpene alcohols such as alpha-pinene, dipentene,

terpineol, and the like.

30 Other carriers include silicone, petrolatum, lanolin, liquid
hydrocarbons, agricultural spray oils, paraffin oil, tall oils, liquid terpene
hydrocarbons and terpene alcohols, aliphatic and aromatic alcohols,
esters, aldehydes, ketones, mineral oil, higher alcohols, finely divided
organic and inorganic solid materials.

35
In addition to the above-mentioned liquid hydrocarbons, the carrier

can contain conventional emulsifying agents which can be used for
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conditions in the field. Both the avidity or biting tendency of an insect
and the concentration of insects in the host's environnment nust be
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repel l ent properties. 17 WO 03/ 079786 PCT/ US03/ 08516 For the present

I nvention, the specific choice of a carrier, if any, to be utilized in

achi eving the ?es%.ler{'ﬂbﬁtmrﬂagat@nmv@ur@rm}déetem aldepides mnddetonesan be any
carrier conventjonally used in_insect n ' it i er,
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commer ci al | Vi) haftbut SRR LAk BORIAL ohbﬂwrﬁ?he%éms @ucpeni - solid

carriers or carr ons usable 1 n Tornmul I nsect_repel | ent

products. Foas esihplcehehie Agilitionatly.ragnvePRRIOrSa- ?ﬁh’l%’e stabilizer ) @dim
l'anolin or nppvp@l SeMeydimeifieaitMBLArboneYs) ¥ e 85ed in conjunction

with, or as a component of, the carrier or carriers comprising the
20  compositions of the present invention.

Solid carriers which can be used in the compositions of the present
invention include finely divided organic and inorganic solid materials.
Suitable finely divided solid inorganic carriers include siliceous minerals

25  such as synthetic and natural ciay, bentonite, attapulgite, fuller's earth,
diatomaceous earth, kaolin, mica, talc, finely divided quartz, and the like,
as well as synthetically prepared siliceous materials, such as silica
aerogels and precipitated and fume silicas. Examples of finely divided
solid organic materials include cellulose, sawdust, synthetic organic

30 polymers, and the like. Examples of semi-solid or colloidal carriers include
waxy solids, gels (such as petroleum jelly), lanolin, and the like, and
mixtures of well-known liquid and solid substances which can provide
semi-solid carrier products, for providing effective repellency within the
scope of the instant invention.

35

Insect repellent compositions of the present invention containing the
dihydronepetalactones may also contain adjuvants known in the art of

personal care product formulations, such as thickeners, buffering agents,
19



to conmponents. Exanples of organic liquid carriers include liquid aliphatic
hydr ocarbons (e.g., pentane, hexane, heptane, nonane, decane and their

anal ogs) woM3lorayeé d aromati ¢ hydrocarbons. Exanpl es of ot IRem/USO308506 i S
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03/ 079786 PCT/ US03/08316,. usi [ ounds to be
di spersed i rf" Qmungﬁﬁﬁ&é\’@ R%ghg tgg%rg%gﬂggﬁégﬁeﬁgg?%ﬂp ot her
i quid cerridgsiredan incl ude organl c solvents such as 5 aliphatic and

aromatic al cohols, esters, aldehydes, and ketones. Aliphatic

Dihydronepetalactones may be utilized in the present invention

individually or combined in any proportion. As is conventional in the art,
the desired amount of an insect repellent composition to be added to a

20  given insect susceptible article with properties of insect repellency is
determined by the nature of the product and other factors. These factors
include both considerations of cost and the nature of the other ingredients
in the insect repellent composition or repellent article, their amounts, and
the desired repellency effect. in general, the composition of the repellent

25 should contain sufficient amounts of active insect repellant material to be
efficacious in repelling the insect from the host over a prolonged period of
time (preferably, for a period of at least several hours).

The amount of each dihydronepetalactone of Formula | or mixtures
30 thereof in an insect repellent composition or repellent article in accordance
with the present invention will generally not exceed about 80% by weight
based on the weight of the final product, however, greater amounts may
be utilized in certain applications and this amount is not limiting. More
~ preferably, a suitable amount of dihydronepetalactone will be at least
35 about 0.001% by weight and preferably about 0.01% up to about 50% by
weight; and more preferably, from about 0.01% to about 20% weight
percent, based on the weight of the composition or article. Specific

compositions will depend on the intended use.
20



nonohydri c al cohol s include nmethyl, ethyl, normal-propyl, isopropyl,
normal - butyl, sec-butyl, and tert-butyl alcohols. Suitable al cohols include
gl ycol s (woab/ozwset hyl ene and propyl ene glycol) and pi nac®C3/USBgsab| e

pol yhydroxy al cohol s include glycerol, arabitol, erythritol, sorbitol, and
the io like. Finally, suitable cyclic al cohols include cyclopentyl and

cycl ohexyl al cohols. Conventional aromatic and aliphatic esters, al dehydes

d ket o
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of sem -sol lﬁre@érr@d)hiéih@@bf QéérI'Hféscamekudﬁ/b@\awsaa@éoldsm@sitmn(such as.
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and solid sufd %@}ﬁg %\/Weé%e ﬁ‘fnd'byg ngggtaggﬂgggmtpgﬁ'%gfrpﬁépﬂ%%g uct s, fo?
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35 Insect repellent conmpositions of the present invention containing the

di hydr onepet al act ones may al so contain adjuvants kngwn in the art Pf
personal care prolueemesaaes.dhesiiydrenepetalactonerepsliprt cupeLlionyChgent s,

19 the present invention can be formulated with at least one other insect

repellent that is not itself dihydronepetalactone to create a potentiated

20 insect repellent composition (see, for example, U.S. 4,869,896). In this
case, the effect of the dihydronepetalactone and the at least one other
insect repellent produce a repellency result substantially in excess of that
which reasonably could be expected or predicted from the known effect of
the components either alone or additively. Exemplary other insect repellent

25  compounds which may be used in a potentiated insect repellent
composition with dihydronepetalactones include, but are not limited to:
benzil; benzyl benzoate; 2,3,4,5-bis(butyl-2-ene) tetrahydrofurfural (MGK
Repellent 11); butoxypolypropylene glycol; N-butylacetanilide; normal-
butyl-6,6-dimethyl-5,6-dihydro-1,4-pyrone-2-carboxylate (Indalone); dibutyl

30  adipate; dibutyl phthalate; di-normal-butyl succinate (Tabatrex), N,N-
diethyl-meta-toluamide (DEET); dimethyl carbate (endo,endo)-dimethyl
bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylate); dimethyl phthalate; 2-ethyl-2-
butyl-1,3-propanediol; 2- ethyl-1,3-hexanediol (Rutgers 612); di-normal-
propyl isocinchomeronate (MGK Repellent 326); 2-

35  phenylcyclohexanol;normal-propyl N, N- diethylsuccinamate, 1-
piperidinecarboxylic acid 2-(2-hydroxymethyl) 1-methylpropylester
(Bayrepel) and p-menthane-3,8-diol. Preferred is a potentiated insect

repellent composition comprising dihydronepetalactones (or a mixture
21
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ot her adj uvainéreounrtt BEETH Bayrepalioe ptinentiaeet3,8adibly Must peeferrediizal |y acti ve

i ngredients '

useral i ¢ RO BReL intebh EraReH, bR EBni rglingopkBelalitishest
sunscr eeni ngoag@mx’@lfeéhﬂfbbﬁcand'@hag@awa| repelgntiaoleculgsisng 9e§g}énts pl ant
extracts, a%éntﬂﬁﬁé@@%‘i&ry agents, anti-oxidants, radical scavenging

agents, retinoia: ha- hydr oxy aC|ds enDIIients, anti septics,
anti bi ot Pcs, antlbacterlal agents or antlhistanines and may be present in

3gsﬂrggnt Def fect ID'eesnfatb:re ptﬁdpewésn@f 4 t‘tﬁ)léflerﬁﬁlﬁgépéilewt attigdericiuderlesul t i s
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the desired cﬁmwﬁst@fpleasanrt&mmlr eageedl appiicatiomoid fapid fcmrrtaéloadﬂ@d to a 20

gi ven insect e t t |
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i ncl ude oot tpropMIraeemeUnsla@Dncf@s@ t@i%'t'h@ﬂﬁé@@@'@%ﬁﬂ%%@ﬁ@r i ngredi ents

in the inse Hﬁéé&%fe%%ﬂ)&ﬁpﬁdlé’(b do%@@zhﬂ'ﬁﬂ'éa@rﬁohﬁhﬁ\:vlth Neécowunt s,

and the de repel |l enc éner al , t 05|t|on of the

repel | ent 25N|§h’tb‘€|13d a@éﬂl%ﬂ%“@d@ﬁectf%ﬁ{? E‘SS’"P Ff&el { ¢QMaRRFtIOR el | ant
material to d¥ehe gFésmm\@mloh cﬁmé&tmgqhbmkm giest febthmrs ofisutivah over a

prol onged peri.od, of for | sever al
hours). The arﬂ%'@h‘("'tlafa %th@ Lﬂﬂé%@%f%&@gﬁg g@f%:%”%éelllﬁfﬁ{e m xt ures
30 thgrersf linseat fioms ¢od aniepad | Hosht Thosytispersing tbe artiglelimterthe @inorcl e in
accordance b r d about 80%
by vt ant - BUSRsBO P RBT SIS 7 a0 gt e S SR e
anount s may repellentjdompasition t@efﬁlléhnﬁhéﬂﬂsifédthoéh§u'$%ﬁst Hikewisgunt i s not
limting. Myigctly spreading of the liquid/semi-solid/solid repellent article on the host

is an effective method of contacting the surface of the host with an

20 effective amount of the repellent composition.

Embodiments of the present invention which may be used as a
topical insect repellent articles, include (but are not limited to): colognes,
lotions, sprays, creams, gels, ointments, bath and shower gels, foam

25  products (e.g., shaving foams), makeup, deodorants, shampoo, hair
lacquers/hair rinses, and personal soap compositions (e.g., hand soaps
and bath/shower soaps).

This invention also relates to the use of dihydronepetalactone

30  mixtures as insect repellents in a variety of articles which are susceptible
to attack by insects. These outdoor consumable products will generally,
but not necessarily, comprise an insect repellent composition of the
invention, but will contain an effective amount of dihydronepetalactone.
Typical articles that can be improved by the use of dihydronepetalactones

35 and mixtures thereof include, but are not limited to: air fresheners,
candles, other scented articles, fibers, sheets, cloth [e.g., for clothing,
nettings (mosquito netting), and other fabrics], paper, paint, ink, clay,

22



preferably, a suitable amount of di hydronepetal actone will be at |east 35
about 0.001 % by wei ght and preferably about 0.01 %up to about 50% by
wei ght ; awo oaoreser ef erably, from about 0.01 %to about 2@EIMESOZIRS16
percent, based on the weight of the conposition or article. Specific
conpositions wll depend on the intended use. 20 WD 03/ 079786

PCT/ US03/ 0854dodsT figrnituey (k. gnéqnematlmmdzeal@r)marpats sonitwyigaodas of the
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sol uti on, 2%’§ I?%Hoyg}eéﬁrﬂreg ﬁ%rhst'ty ﬂ&éfet%ﬁeb%%#&&&e&%@ depend |nggon
the prefer rp&dyetbylleoé biodegeadaftie thexmopiasticolygethares: bigdeg ition
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nmeans of a cases et al act one
repel | ent0 cmmmsmmcmtalmm@thﬁ %@Bﬁtasldﬁ@ﬁ%@"{‘)m ah b @6@%\-’&% ed with at

| east one othgpoigsesid UreEbhemeat hat is not itself di hydronepetal actone
to create a potentiated 20 i'nsect repellent conposition (see, for exanple,

US 4,869,896). Inthis case, the effect of the di hydronepetal actone and
the at |east one Dihydrondpetalationeselrt pattiqulartjuadvantaggald onage easul t

or cai ot edt 1 rREIRE RRAA Py Reperitintibs E AR RBbf e ARSI

addi tively. feesopsary other insect repellent 25 corrpounds whi ch may be used
in a potentiated insect repellent conposi t i on with di hydronepetal act ones

i nclude, but are not limted to: benzil; nzyl benzoate;
2,3, 4, 5-bi s(buty|FlzsteH@cqrap@umg@atﬁmstmﬁspw progiGe AR nParignt

but oxypol YPr duener cinsidtratidh ien! copbmigl an @Fectives repktient. Many
commerically available repellent products are only effective in relatively
20 concentrated form, including as much as 5-30% (or more) repellent in a
carrier, based on total weight. U.S. 4,416, 881 to McGovern et al., for
example, discloses repellent concentrations of 6.25-25% repellent in a
carrier.

25 Secondly, the compounds are known natural compounds, thus
overcoming concerns raised against synthetic chemicals such as DEET as
the primary active ingredient in repellent compositions.

Finally, in addition to the natural repellent properties of the

30  dihydronepetalactone mixtures thus prepared, the compositions also
possess a unique and pleasant fragrance. The fragrance notes of the
subject compounds make them useful in imparting, altering, augmenting or
enhancing the overall olfactory component of an insect repellent
composition or article, for example, by utilizing or moderating the olfactory

35  reaction contributed by one or more other ingredients in the composition.
Specifically, the dihydronepetalactones of the invention or mixtures thereof
may be utilized to either mask or modify the odor contributed by other

ingredients in the formulation of the final repellent composition or article,
23



butyl - 6, 6-di net hyl -5, 6-di hydro- 1, 4- pyrone- 2-car boxyl ate (1 ndal one); dibutyl
30 adi pate; dibutyl phthalate; di-normal-butyl succinate (Tabatrex); N N
di et hyl - wpaBoi76@m de ( DEET); di methyl carbate (endo, end@rCTdisn®odsyé

bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxyl ate); di nethyl phthal ate; 2-ethyl-
butyl -1, 3-propanediol; 2- ethyl- 1, 3-hexanediol (Rutgers 612); di-nornal-
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conposi t i on i Bt 85RBOGRAS, DaHixdlEAEDEETO 03/ 079786
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preferred is a potentiated insect repellent conposition conprising
di hydr onepet al actgipggroncpetsladiokbsBadtthelr @sés apndlsotdeacribatiim Bl.Sr epel | ent

Mnsect + opel SD R o1d SRDHani £, 2a0g el S PedpBrART KERpBlets, Ve ey

i mrer si on orassavpatt geof fowalipunposeor or at | east a pl easant odor, ease of
application, and rapid formation of a dry tack-free surface filmon the
host's skin. In order to obtain these 1o properties, the fornulation for a
t opi cal ionsect repellent article should permt insect-infested aninmals

(e.g., dogs flseas, poultry vvith lice, cows wth ticks, and humans) to
be treated vvfgt(-érlrﬂ%ln—l nsect repel | ent rrp05| tion Offoi{he' resent, i nvention

by contacting thel R&kpresentmvgntipa s rgefiged ip te eXapiesn
effective a”[?'s!ﬁéulafbé HiSdérerfid ®at thuski eXaengles, wisieindioatingeefbfreidnsect from

t he ani mal hos the arti Ie i Nt per si ng
the conposi t‘?rﬁ‘ho St§I gh?%'r}‘f?g{]g'brarﬁgﬁ\éerh Hve\anfcﬂl%gl‘:an@b c%rﬁé F’?Bé‘ga | ent
conposi t{on the fudvie discudsiordasd tesbchmstmgless aneskilled kethesart cadi rect | y
spreadi ng of {he | rAdEWRhOM t he host is
an ortecti veariuh i Sosiilial BhalsC itk of BREyERliod b winon, | 75 o8
ef fective antepartiog fione theepreirit eng sgopp tharephgan make various changes

and modifications of the invention to adapt it to various usages and

conditions. The notation below of w/v refers to the weight of the active

20 ingredient in grams in 100 mL of solution.

The meaning of abbreviations is as follows: “h” means hour(s),
“min” means minute(s), “sec” means second(s), “d” means day(s), ‘mL”
means milliliters, “L” means liters, “m/z” means mass (m) to charge (z)
25  ratio, “ppm” means parts per million, “mol %” means percentage
expressed on a molar basis, “Hz" means Hertz (1/sec), and “psig” means
pounds per square inch guage.

30 EXAMPLE 1
Preparation of nepetalactones by

fractional steam distillation of
oil of Nepeta cataria

35
A sample of commercially-available catnip oil, prepared by steam
distillation of herbaceous material from the catmint Nepeta cataria, was

obtained (Berjé, Bloomfield, NJ, USA). Combined gas chromatography —
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Enbodi ments of the present invention which may be used as a topical insect
repellent articles, include (but are not limted to): col ognes, |otions,
sprays, cwean®797¢el s, oi ntnments, bath and shower gels, fo&eraBopessduct s
(e.g., shaving foans), nmakeup, deodorants, shanpoo, hair [|acquers/hair
rinses, and personal soap conpositions (e.g., hand soaps and bath/shower
soaps). Thi %angﬁdtmﬁn@tl'ys(ﬁ@e\l’lﬁ) efthiooil irelicated diatdhaydincipapet al act one 30
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(edg 1 f Ior kmﬁzt i wwlﬁ@wemplmde celajmn HPP-BSe @5m X Bl 2, 0¥enpol yner s,
t di t
an 5 gl elnde(?QM teﬁ ' 2‘?/3[%9@%?\72. @f}é%ﬁuﬁomogﬁ 'nﬂﬂﬁlnoi:’e%ﬂ's%vl‘ﬁhr%?z“ ion may

be arso a controll ed rel ease
syst ens.10ConGa arel mnmammSmyh@unmllﬁdme@Lss SPHEERPRA EHMINOT Exenpl ary

I I
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ureth gae bI e I-ft h%
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ﬁ/gn;npor tants, SHASURES GRS AR, FRrERENGTERIWRR: BE{eREId ¥ifd frRpel | ent.

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 nepetalatone is identified, as

20  shown in Figure 4.

Table 1
13C Chemical Shifts and Mol% Values of
25 Nepetalactone Stereoisomers Present in Commercial Sample of
Essential Oil of Catmint (Nepeta cataria) and in
Fraction Purified by Steam Distillation

25



comerically available repellent products are only effective in relatively

20 concentrated form

I ncl udi ng as much as 5-30% (or

nore) re

pellent i

n a

carrier, wavsd7osstotal weight. U S. 4,416, 881 to M GovePoTatSoxb8516 f or
exanpl e, discloses repellent concentrations of 6.25-25%repellent in a
carrier. 25 Secondly, the corrpounds are known natural corrpounds, t hus
OVer com ng cpheeras—tatset—agarnst——synthetiog—chenrrcars_ Such t he
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nore ot her i figrgdi 4pss 7 n theysgnpodision. |9884i ficdisyg thel134 2
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to either magk 6r nddpRy t he!l28ubr cdntribut ed 1By ot h ? Pngreflients iq the
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PCT/ US03/ 085 aftF—or—to—enhanceconsumer dBpEdl of g product :'?y
i nparting a ch&racﬂ@r‘}stic 1funme ro is atfdcted ¥at the
pl easant fragrangce @b di hyd ;gnqapet al gguones p@glg possggg much|3@.4at er
appeal to censureris thanother s repet 8{] ds, pgjricutranly
DEET. 5 Di hydir ofepedt®ct one2d-lnd t é?r uses3§1 Iqr \scribs${n U g~ SN
10/ 349, 865, f{il @d J@OLgary 2’326_2003, whigch i s|3nr@or porjagéad i n |3s5enti ety
as a part hepeot—for—att Uses.  Jo_Exanpt The pgresent | tionlis
further defified i n 2R f ol | G- g_ex Eﬁﬁﬁq”p DA nou 16D undeldebod t Hat
these exanpl ¢s, jwhilhg 4 ndi céf4.ng prefarmred |155 14.2 14.8

Mol% 80.20% [17.70% |2.10% 84.50% [14.30% |1.20%

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

indicated the proportions of nepetalactones in the purified material were

84.5 mol% cis,trans-nepetalactone, 14.3 mol% trans,cis-nepetalactone
and 1.2 mol% cis,cis-nepetalactone. GC-MS analysis of this purified
fraction indicated that it consisted predominantly of these nepetalactones
(m/z 166), accompanied by trace amounts of the sesquiterpenoids

10

EXAMPLE 2

15

20

caryophyllene and humulene (data not shown).

Preparation of dinydronepetalactones

107 g of the distilled nepetalactone fraction of the catmint oil
prepared as described in Example 1 was dissolved in ethanol (200 ml) and
placed in a Fisher-Porter bottle with 12.7g 2% Pd/SrCO3 (Aldrich 41,461-
1). The tube was evacuated and backfilled with H, two times, then
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enbodi nents of the invention, are given by way of illustration only. From

I s the above discussion and these exanples, one skilled in the art can
ascert ai rwohg/oewsenti al characteristics of this inventi onpCan$oswgshout
departing fromthe spirit and scope thereof, can nmake various changes and
nodi fications of the invention to adapt it to vari ous usages and
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of this oil rinci constltuents were nepetal act one
st er eoi stmer%pﬁ(cﬂlmoﬁthls §ﬁ6mﬁenmﬁ@rﬁ§%@?ﬁl"&gﬂ%@ 35 ddvis she further

g‘g :V‘;S' tegt g?/ écf)rr?]féﬁwbod?ﬁi'on witiflhri9% '1?3?@:'&1 gRostic fdﬂld%y@lrbneﬁetglab&)r%fé presents the
- m o nepe C [ACt |
prepared by Jﬁfsoﬁﬂ M) n?alogsahpp’éqql%ﬁ:o@é&[%ggg m&gﬁg ?a} ?gdif%nﬁgpet a
gat2 aria essepéald, re benfrﬂrgathmmknmnmgsdnbyqubogpdtammne dcastmaomeﬁsws 25m x
nmy - oven . Peaks with
mz 1o 166 a‘P’é E'erBQ%éEcheéwggﬁ[E#mgﬁﬁf%@%p?}dgad h‘g corr espond to m nor
15 starting material were also represented in the chromatogram These

occurred at Rt 5.41 min, 6.8% area, m/z 168; Rt 5.93 min, area 1.2%, m/z

168; Rt 6.52min, 4.88% area, mass 168; Rt 6.76min, 13.8% area, m/z 168

and Rt 7.13 min, 1.25% area, m/z 168. No residual nepetalactones were

detected by GC-MS.

20
1H, 13C and a series of 2D NMR analyses were also performed.
The carbonyl region of the 13C NMR spectrum (Figure 5) showed at least
five spin systems, one of them in larger amounts than the other four (ca.
75%). Very little residual nepetalactone was detected.
25

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
dihydronepetalactone of Formula 2 (9S,5S,1R,6R)-5,9-dimethyl-3-

30 oxabicyclo[4.3.0]Jnonan-2-one).
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sesqui terpenoid contam nants. In Figure 3A, the nmass spectrum of the nmajor
peak (6.03 mn, nepetalactone) in Figure 2A is shown. 1H and 13C NWR
anal ysi s wboslo®766 | and the purified material was al so caPCraso®essie and
the 13C data is presented (Figure 4). ;,The 13C chem cal shifts for the four
is possible stereoisoners reporged inlthe literature were conpared to the
spectra taken for the sanple. Three spereoi soners were detected and the
anounts were quantified based oy ; onyl region at around 170 ppm
The chemi cal shifts, for both i gi nbl oil and the enriched material,
are provided in Table 1. Each o¢& atom of nepetal atone is identified,
as 20 shown in Figure 4. Table 1 13C (Ghem cal Shifts and Ml % Val ues of 25
Nepet al act one Stereoi soners Present irg Commercial Sanple of Essential Ol
of Catm nt (Nepeta cataria) and in Fraction Purified by Steam Distillation
25 WD 03/ 079786 PCT/ US03/ 08516 ESSENTIAL OL PURI FIED FRACTION cis, trans-
trans, cis- cis, cis- cis, transECfRERL cis- cis, cis- ATOMS (ppn) S
(ppmM S (ppmM S (ppm 6 (ppmM S (ppmM a 170 9 170.1 170.8 170 1 b 133.7
135.9 134213371359134 c 115.3 12 1 20. 4 373396
40.8 37.4 39.5 elBed @ta@cqb%v%mé‘esmﬁé‘y el %%?”‘%Br@}o%gd)l ’ﬂé‘gé?rsg 8 32.1
‘Z’S 421 13 33. Othdh tﬂe%ﬁ’sﬁn%@b%tv@ébrotr&&néthyh gRup(jRénd t1R0pedt@i(€), a8. 1 30.5 |
1% 80. 20%
17 70w 2. 10pBsE e areientvaale ek o shfed et i At he o
nepet al act ones were present
The stereoisomer isodihydronepetalactone (9S,5R,1R,6R)-5,9-
10  dimethyl-3-oxabicyclo[4.3.0]lnonan-2-one; (Formula 3) was similarly

identified by 13C chemical shifts and is present in 3.6%.

Formula 3

15 Thus the GC-MS and NMR data indicate that hydrogenation of the
mixture of nepetalactone stereoisomers yielded the corresponding
dihydronepetalactone diastereomers, as expected. The pair of
diastereomers (Formula 2 and Formula 3) derived from cis,trans-
nepetalactone (84.5 Mol% of the starting material) were the predominant

20 dihydronepetalactones, at 78.6% of the mixture following hydrogenation.

EXAMPLE 3

25 Repellency testing of a dihydronepetalactone mixture

The dihydronepetalactone mixture prepared in accordance with
Example 2 was evaluated for its repellent effects against female Aedes
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in the follow ng proportions: 80.2 nol %cis,trans-nepetal actone, 17.7 nol %
trans, ci s-nepetal actone and 2.1 nol %ci s, ci s-nepetal actone. The data 5

i ndi cat edwODha/op78porti ons of nepetal actones in the purifi @dTASOZISH wer e
84.5 nol % ci s, trans- nepetal actone, 14.3 nol % trans, cis-nepetal actone and
1.2 mol % cis, cis-ne petal acto n e. GC-Ms analysis of this purified
fraction i ndaegpgidmbbatitoes. chitesiestests wersdcarriadoult ynder eorisact ydasestact ones
(mz 166), i h RYSHeS t he sesquiterpenoids 1o
caryophyl | eﬁgggﬁ@aﬂtﬁeﬁ%ﬁ’(@éﬁg@not shclym'. EXAMPLE 2 15 Preparation of
di hydr onepet al act ones 107 g of the distilled nepetal actone fraction of the
catmnt oil  prepapsfhxfia st%ﬁaiem&d@gmé@,dﬁ masquissolverd in et hanol
(200 m) and_  placed in a Fisher-Porter bottle with 12,79 2% Pd/ Sr CO3

(Al drich %1, inreduoed into agharphbercqpaINKgye W 'éue%%c%"é?éﬁ?‘?ﬁyl%d with H2 two

ti mes, then BAudOcB3/MAZNBEMOTENSABIORIDBwWIth thavimedlood heditainatg 30 psi g.

After 48 hr sti.rrin t,.roomt d . t he
contents filtQHEE ‘5&@% @%Pf‘?vee'ﬁgpﬁ@@%%c%igwgw& ‘i]heal_sséﬁejﬁ?al\ﬁggrrenoved
under vacuun6é ynlefdilom)aand deateasi to. 375 CGCA Veluanebf 25 $il OE tsogrePYHP5- MS, 25m X
0.2mm Oven ) ] ' LN I S S
conduct ed on&'f%ﬁiﬂ:cs)" Céﬁ é’ﬂ?%#ﬁ%wgr}?&gwﬁg‘% C {‘grg;t oSr fnwigg dgpgég\r??ed in

Fi gure 2B) Thaaeh mamapiases i ndi cated that the principal conponent (65.43%
area; Rt 7.08 mn) represented a di hydronepetal actone isonmer, with mz
168; the mass i0 spectrumof this conponent is presented in Figure 3B. This
spectrum contains an ion with mlz 113, diagnostic for

di hydr onepet al actones (Jefson, M, et &labled2 Chem cal Ecol ogy 9:159-180

(1983)). Five additionalL X -!___‘ _.-_-?-l, Lot

di hydr onepet al act one di &5 i I\ aimvay 0 om t he three
nepet al acs ones present in the 15 starting material were also represented in

the chromat 6¢gfam __IThese occurr L 5.41 mn, 6.8% ab%%ﬁ%éﬁﬁ& Rt
5.93 mn, armmﬁz—«lé&w - : ; , A

6.76mi n, 13. BWitmaked Conroll68  Isopropyl alcohol 100%
Positive Control Isopropyl alcohol with DEET 1.0% (w/iv)
Experimental Samples  Isopropyl alcohol with 1.0% (w/v)
Dihydronepetalactone 2.5% (wiv)

5.0% (W/V)

After 5 min, 4 day-old female mosquitoes were added to the
chamber. The number of mosquitoes probing the membranes for each
treatment was recorded at 2 min intervals over 20 min. All data presented

20 is from three replicate experiments.

Table 3 presents the effect of dihydronepetalactone concentration
with respect to the amount of time taken before the female A. aegypti
mosquitoes first probed each membrane. '

25
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and Rt 7.13 min, 1.25%area, nmz 168. No residual nepetal actones were

detected by GC-Ms. 20 1 H, 13C and a series of 2D NMR anal yses were al so

per f or medwo 03l@78@r bonyl regi on of the 13C NWVR spectrum ( Pcgurse3/e8s516 howed

at least five spin systens, one of themin |arger anmobunts than the other

four (ca. 75%. Very little residual nepetal actone was detected. 25 Based

&rC]Et he anal ysiks 01;) coupling constantsTabtt 3he intensities of the different
cross peaks observ ci pal conponent

of the material was de g?‘r#ﬁ@%ﬁ’a&ﬁ%%%ﬁbaéhé %“octr‘?@g@% g@t oﬁe of Egr mula 2

(9S, 5S, 1R, 6R) - 5, 9- di net hyl - m&mﬂm_d(ﬁﬁ_bmaonan 2-one). 27 WO

Oﬁ/ 0797ﬁ6l PCT/ USO?/ 08516 Of eaO db h Fornula 2 The di stance between

the net hyl group (i) —and—proton—(td)y—Tstonger—5 L'nan_L'ne strance bet ween

the nethyl group (j) medlﬁ@t@@memrart@n an__obs¥eaat iine @RI stent with

the cis-trans stereocll‘sqjﬂrggw é}&gﬁd Mt?éétga The st er eoi soiBr

I sodi hydr onepet al act one (9 6R)

di met hyl - 3- oxabi cycl of2n 06] nonan 2. one; (FOHTU| a3) was sinmlarly

i dentified by 13C chereg@EBH dﬁl\@ubntﬁomresent in 3.6%12 e a 0 9dbh

Ith Formula 3 is Thus tla/aDﬁf\l and NMR data indicate that 8hydrogenatlon of

e

2.5% DHN 9.3
5% DHN 18

Mosquitoes began landing on the untreated control well within 4.6
min. Dihydronepetalactone at 5% concentration was found to discourage
mosquito “first probing” for approximately 18 min, compared to 12 min for
DEET (at 1% wi/v). Lower concentrations of dihydronepetalactone (1%
10 and 2.5% w/v) were found to inhibit first probing for an average of 8 and
9.3 min, respectively.

The distribution of landing density by female A. aegypti on

membranes treated with dihydronepetalactones was analyzed over time,
15 as shown graphically in Figure 6. Dihydronepetalactone at 5%

concentration was found to almost eliminate mosquito landings for

20 minutes, while DEET (1% wi/v) permitted 2 mosquitoes to land in this

experiment. Again, lower concentrations of dihydronepetalactone (1% and

2.5% w/v) were found to exhibit repellency (as compared to the untreated
20 control), but at lower levels than the positive control (DEET at 1% w/v).

The total number of landings permitted on each membrane during
the course of the experiments were determined, and the results are
summarized in Table 4.

25
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m xture of nepetal actone stereoi soners yielded the correspondi ng
di hydronepet al act one di astereoners, as expected. The pair of diastereoners
(For mul a woand7976¢ nul a 3) derived fromcis,trans- nepetal crarse3/¢B46¢ 5 Ml %
of the starting nmaterial) were the predom nant 20 di hydronepetal act ones, at
78.6% of the m xture follow ng hydrogenati on. EXAMPLE 3 25 Repel | ency
testi ngdof a di hydr onepet al actone m xﬂ'ab@ 4he di hydronepet al act one mi xture
prepared in accordance with Rd for its repellent
effects agai nst fenmal e Aedes %B@&% 7 %?P%‘Iﬁ'ﬁ USD3/ 08516 aggyptl
nosqui t oes. These tests wehGeordipgitaiRepellengyepnegpiration py | nsect Control
& Research, Inc. (Baltinore, MD). ApprOX| mately 250 femal e Aedes aegypti
nosqui t oes were 5 i ntrodyuced TtoTa chanber-contain TS, €ach
[abass

covered by a Baudr ucenlapt Garceniation were fiI\1e8N LARAINGSag

cont ai ni ng sodi um ci t éﬁowwmww@mtr@dt@atl ng) and ATP587/GYH ng ATP di SOdI um
salt per 26 ml of bloo and heated to 37C. A volune of 25 | of isopropyl

al cohol , cont ai ni ng p&PB%rPl\)e repellent chenicals (Table 2), was applied to
lo each nmenbrane. Tabl1¢, DHEP §iositvet cdntiddsi gn Appl i ed f of.6Bepel | ency
Testing 15 Purpose Cg Concentration Untreated Contyol |sopropyl

al cohol 100% Positiv ol Isopropyl alcohol with DEE'f1 1.0% (W v)
Experinental Sanples Rsoferididl al cohol with 1.0% (W v) [ﬁﬁﬁdronepet al act one
2.5% (wv) 5. 0%(\M’v)50/ HI—N” Smn, 4 day old female ggltoes wer e added
to the chanber. The nusbe ais Sye obi-reg—t-he—rem pr-at or—each
treat nent swas recorded at 2 mn |nterval S over 20 mn. Al data presented

Again, the data shows that at all concentrations tested
dihydronepetalactone was repellent, although significantly increased
repellency with respect to1% DEET was observed only at 5% (w/v).

10 Cumulatively, this data show that at all three concentrations tested,
treatment with dihydronepetalactone significantly reduced probing of the
membranes over the course of the experiment (20 min) as compared to
the isopropyl alcohol treatment. At concentrations of 2.5% and 5.0%,
dihydronepetalactones had effectiveness as a repellent of mosquitoes for

15 the entire observation period. There was also a direct relationship
between dihydronepetalactone concentration and the time elapsed for the
first mosquito to land and begin probing the membrane. Overall, the data
indicates that the mixture of dihydronepetalactones employed in these
experiments was an effective repellent, although repellency equivalent to

20 DEET was observed only with higher concentrations.

EXAMPLE 4

25 Preparation of
dihydronepetalactones from
trans,cis-nepetalactone

It has been shown that trans, cis-nepetalactone (4aS, 7S, 7aS- or
30 E,Z-nepetalactone), is more effective than either the cis,frans- (Z,E-)
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20 is fromthree replicate experinents. Table 3 presents the effect of

d-i hydronepet al actone concentration wth respect to the anount of tine

t aken befwoasihesd enal e A. aegypti nosquitoes first probedTasesiosseerbr ane.
25 29 WD 03/079786 PCT/US03/08516 Table 3 Effect of D hydronepetal act one
Concentraton on Mean Tinme to "First Probing" Repellent Concentration Mean
Tinme (min) Inspetalagionalaremblactiomated sedvind egseriiaiaildn yepelboDHET (positive

control) 12 aqwﬂaw c%ck?oa‘%%ﬁd}ér%oﬁ, CReePaN (3602 HbBSHEIG ang HR/RIra) andi ng

on the untregted contrqgl _well within 4. m n. 'Di hydr onepet al act one at 5%
concentrati or‘”%s»f%(?g’ ?’371%@&0&%@'@'”9?%% ﬂ?&?rmnxf?fi ?0 BH"WIU%?@S’?’%T i
approxi mi': el meb%tdl%aﬁngqﬁpwmtdgfmatg&\ tdthff%yrresbﬁﬁgingat (yl ‘/’/0 W v) . L]?Werd t
concentrationg,_of di onepet al act one 0. 0 . 5% w.v re found to
Con bt 1 st AR ST Enthteind EMedk ARVANERCR Vel v " The
di st ri buti on mimbemafiplantdevesetgrobn fieenmeskeed Af thee ggimint Mepetaersicesoss t r eat ed
wi th di hydro e . a y I ; ; aphically
in Figure 6. Qgﬂﬂ{yeg'b %Egggt_gf'lac Ighgﬁ% t %%J@éﬁ%@hﬁ%?if?ﬁh@“ﬁgﬁma% al nost
el i m nat e nodvgretimmersed ig stibace@ternndeder 2iihe solverirwes regnavey ager i tt ed

2 nosquitoes i } hfhA W, ntrations of
di hydr onepet gﬁggkgﬁgts(ﬁh%l%rﬂgﬁdb)?gﬁggh to\%ﬁﬁaﬁﬁiyﬂ Plﬁgf%?%roggﬁi;ﬁ ingﬁé(ipel | ency

(as conpafed RrEPeMEETaRY 3§P§€iQ@e%%gc\£WQ m[}ﬁ@ﬁ%ﬂ%ﬁhm% an the
posi tive contCwrk(IDEEetall. (1997 Wk Plant Journal, 11:1387-1393), 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
15  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 frans,cis-nepetalactone was
crystallized on dry ice. GC-MS and NMR ('H and *®C) analysis confirmed
the identity of the crystalline material as frans,cis-nepetalactone. The 3¢
20  chemical shifts, compared to the chemical shifts of Table 1, are shown in
Table 5.

32



The total nunmber of |andings permtted on each nmenbrane during the course

of the experinents were determned, and the results are sunmarized in

Tabl e 4. ®b 0307978 03/ 079786 PCT/ US03/ 08516 Tabl e 4 NunberCofushaoriitgs

Permtted According to Repellency Concentration Repellent Concentration

Mean Nunber of Landings |sopropyl alcohol (untreated 58.99 control) 11%

DEET (positive control) 4.66 1%DHN 14 2.5%DHN 6.33 5%DHN 0.33 5

Agai n, the data shows that at all concentrations tested

di hydronepet al act one wag repel | ent, although significantly increased

repel | ency witabledspect “Eahenicplshifiaefl hesanséaiasiong sampoonreparcd ino

Curmul at i vel y, Exdhgledntcansdtaud th e sherdldal thife ®f ¢RMSIN-hapéRtdRst ed,

treat nent wi t? di Eg@roaepet al actone significantly reduced probing of the

menbr anes Sovefi™héaBSublse of the experiment (20 min) as conpared to the

i sopropyl al cohol treatnent. At concentrations of 2.5% and 5.0%

di hydronepetEéactoﬁ S had effegiivenegs as a repellent of nosquitoes for is
r

the entire olfs®Vat|{/8ASpEri od. I8 las also a direct relationship
bet ween di hygir onepghspelavtenepncentrgtion and the tine el apsed for the

etz o o BRI TR g, e e, sl et
experi nments fvasaan [@¢70dctive rgFél3d ent], al t hough repellency equivalent to
20 DEFT was )bs%r ve%g@ Yy Wt h1%|6%1er concentrations. EXAMPLE 4

c |1204 120.5

d |37.3 37.5

e 4941 49.3

f 1321 322

g [30.0 30.1

h |26.1 26.3

j 17.5 17.7

i 14.2 14.4

Hydrogenation of the frans,cis-nepetalactone thus prepared was
10 carried out in ethanol using ESCAT#142 catalyst (Englehart) at 50°C for
4h. GC-MS and NMR ('H and "3C) confirmed that the trans,cis-
nepetalactone had been quantitatively converted to the corresponding

dihydronepetalactone stereocisomers, with one in significant excess. NMR
analysis of the major diastereomer: TH NMR (500 MHz, CDCl3): d 0.97 (d,
15 3H,J=6.28 Hz), 0.98 (d, 3H, J =6.94 Hz) d 1.24 (m, 2H), 1.74 (m, 1H),
1.77 (m, 2H), 1.99 (m, 2H), 2.12 (dd, 1H, J = 6.86 and 13.2 Hz), 2.51 (m,
1H), 3.78 (tr, 1H, J = 11.1 Hz), 4.33 (dd, 1H, J = 5.73 and 11.32 Hz); 13C
(500 MHz, CDCl3): d 15.43, 18.09, 27.95, 30.81, 31.58, 35.70, 42.51,

51.40, 76.18, 172.03. The *C NMR spectrum indicated that this major
20 diastereomer constituted ca. 93.7% of the preparation. Based on the

observed couplings for the methylene to the lactone oxygen, the
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25 Preparation of di hydronepetal actones from trans, cis-nepetal actone It
has been shown that trans, cis-nepetal actone (4aS, 7S, 7aS- or 30

E, Z- nepetwbDashmieg, is nore effective than either the cispPCTarnse3/ 0851 E-) 31
WO 03/ 079786 PCT/ US03/ 08516 nepetal actone or unfractionated catm nt

essential oil ,in re [ man coc ach (Peter

(3002 rouserisPoaRicanplithe faibot feRmeResh T BEbS 356 R ot 558 ngi 4. we
det er mi ned t aritihief Briddehead Ghéthirte es 2bfeluged tﬁ@trthemsz@ﬁﬂ,@ﬁérqg niéstt he
correspondi nq 5 di hydr oneget al actones and repellency testing of these

derivatives. likel Yrﬂjﬁt(éls 3.5, G128, anfélmetbylo%vﬁxab@wg@e@Omortam&@aehpﬁt Nepet a
racenosa ((}#é&ﬁmg48eeds Cunbria, UK). Leaf pairs plucked fromindivi dua
plants were immersed in ethyl acetate and after 2h the sol vent was renoved
and the extracts anal yzed by gas chronmat ography. Plants producing io
preponderantly trans, cis-nepetal actone in their oils were thus identified
(Cark, L.J., et al. (1997) The Plmant Joyrnal, 11:1387-1393), and grown to
maturity. Leaf materi al from thesez plantglmas harvest ed, freeze-dri ed,
extracted into ethyl acetate, and tt r s concentrated. Nepetal act one
was purified fromthe concentrat ract dy silica gel chromatography in
15 hexane/ethyl acetate (9:1) fol Nowed\by preparative thin-Iayer

chromat ography on silica using the Sanme ol vent m xture. After renoval of
the solvent and re-dissolving in hexane, %t he trans, ci s-nepetal act one was
crystallized on dry ice. GC-M5 and NWMR (fH and 13C) anal ysis confirmed the
identity of the crystalline material as trans, cis-nepetal actone. The 13C 20
chem cal shifts, conpared to the chempgalyshifts of Table 1, are shown in
Table 5. 32 WD 03/079786 PCT/ US03/085T6 Table 5 13C chemical shifts of the
nepet al act one sanpl e prepared in Exanple 4, conpared to the chem ca

shifts of trans, CI'Is“h r?'%gne}ug of the observed couplings are consistent with

10 dihedral angles between the protons on vicinal carbon atoms in the above

structure according to the Karplus equation (ref. Spectrophotometric
Identification of Organic Compounds, 4th. edition, Robert M. Silverstein, G.
Clayton Bassler and Terence C. Morill, 1981, page 208-210).

15
EXAMPLE 5

Repellency Testing of Dihydronepetalactones
20 prepared by Hydrogenation of frans,cis-Nepetalactone

The dihydronepetalactone prepared according to Example 4,
consisting predominantly of 1S5,95,5R,6R-5,9-dimethyl-3-
oxabicyclo[4.3.0]nonan-2-one; Formula 4, was tested for repellency

25 against Aedes aegypti mosquitoes essentially as described in Example 3.
The experimental design is summarized in Table 6, and all data presented
is from five replicate experiments.
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5 (fromTable 1) Atomtrans, cis- Sanple nepetalactone 8 (ppm 6 (ppm a
170.1 170.3 b 135.9 136.0 c¢ 120.4 120.5 d 37.3 37.5 e 49.1 49.3 f 32.1
32.2 g WOom38M786 h 26.1 26.3 | 17.5 17.7 i 14.2 14.4 Ipgdrusgyossté on of
the trans, ci s-nepetal actone thus prepared was 1o carried out in ethanol

usi ng ESCAT#142 catal yst (Englehart) at 50C for 4h. GCMs and NMR (1H and
13C) confirmed that the trans, cis- nepetal actone had been quantitatively
converted to the correspondi ng dihydronepetal actone stereoi soners, with
one in significant excess. NVR anal ysi s of the major diastereoner: 1 H NWR
(500 MHz, CDCI3): d097(d 15 3H, J 6.28 Hz), 0.98 (d, 3H, J = 6.94 Hz)
d1.24 (m 2H, 1.74 (m 1 , 177(mTabI)e61 9 (m 2H), 212(dd, 1 H,

J = 6.86 gnd 13.2 Hz 4. 33
(dd, 1 H, %J _"5 73 a)nd %%ﬁ%ntallDEglaneﬁtfﬁrR : gegiiqv“l; tl.‘ngl43 18 09,

LI,

27.95, 30.81, 31.58, 35.70, 42 51 51 40 76 18 172.03. The 13C NMR
spectrum i ndiigg g that this rraje mi Hastereomer ConSt'ébllI\(fentFa%Q 93. 7% of

:\cnrl p—t hn r\n||n| i nnc 'F

t he preparatioh: e upl or to the
| act one oxygeldntreatedglbr\MIOBI 079|seerdwrewsmr 08516 ster e‘d]jl%l c met hi ne

car bon bea” @OM@FBQEBPUD’ thelsB@Fd;%Ql a%ﬂUPwltﬁﬁJEéT ancl1 gbe?vm;]dgehead

met hi ne, i's conc that th

S, 9S, 5R, 6R) Fxpadimental Pagpissabi |@9§[Qﬂylla®00}>h‘dﬁhn 2 one) bﬂ% w/v)

Dihydronepetalactone 0.5% (w/v)
0.2% (w/v)

Table 7 presents the effect of dihydronepetalactone concentration
10 with respect to the amount of time taken before the female A. aegyptii
mosquitoes first probed each membrane.

Table 7
15 Effect of Dihydronepetalactone Concentraton on
Mean Time to “First Probing”

Repellent Concentration Mean Time (min)
Isopropyl alcohol (untreated control) 8.0
1% DEET (positive control) 14.8
1% DHN 16.0
0.5% DHN 10.4
0.2% DHN , 8.4

Dihydronepetalactone at 1% concentration was found to discourage
20  mosquito “first probing” for approximately 16 min, marginally better than
(but statistically indistinguishable from) DEET at the same concentration,
where mean time to first probe was 14.8 min. Lower concentrations of
dihydronepetalactone (0.5% and 0.2% w/v) were found to inhibit first
probing for an average of 10.4 and 8.4 min, respectively.
25
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Formula 4. 5 0 0 Formula 4 The magnitude of the observed couplings are
consistent with 1o di hedral angles between the protons on vicinal carbon
atons i n wbhasalpose structure according to the Karplus eq@amriusn3/(ssed .
Spectrophotonetric Identification of Organic Conpounds, 4th. edition,
Robert M Silverstein, G Cayton Bassler and Terence C. Morill, 1981,
page 208-210). 15 MPEEUQOR@ééan%mgewmwgemalem RBhepet al act ones 20

glr ﬁsg: gﬁeggt a'f’fls!gffn?éleﬁ{e@} ﬂr@%grefwufrr %@ﬂrdﬁe@eﬁéﬂ@&bﬁé@%@%al ovsetrltlrr]rée

pr edomi nant | PSgHOWIEg 'BF(‘ %‘@Jrﬂl n&gmgr@epg%lgyf@y@@g A 0] nonan- 2- one;
For nul a I4 wapntestraiiborf wnasrf@md teoom %&elg@anﬂﬁéteAﬁd@@umelgmmngsrfosqUI t oes
essenti a

Summari sed i oraes Vie BEET G i/@%%%ﬂﬁ%@%séuﬂﬁ%%ﬁ DE R R o
experi nents. /ARmi4ower Oehmﬁ%ﬁ)nB@f/de@imm@Eﬂtalacm @. D%k wé\n)t al

Desi [ i t

Untr ot eh confereioy R B exiBRt¥erairc)das RIS KT %ﬁ‘feé??gﬁéﬁﬁé oyl

al cohol with Matloyvetfd@wﬁ\ﬂ)anm@ sitieneantratdREEIsal tedMBp)  al cohol with

1.0% (w v) D hydronepetal actone 0.5% (W v) 0.2% (w v) TabI e 7 presents

the effect of dih t al act trat
© ¢ eclo © ! reot% ﬁenu?ngé:r (%qané: ggé: ggrr%ﬁlteldoonn each membrane during

the course of the experiments were determined, and the results are
summarized in Table 8.

15 Table 8
Number of Landings Permitted
According to Repellent and Concentration
During 2 minute Observation Periods

Repellent Concentration Mean Number of Landings
Isopropyl alcohol (untreated 18.17

control)

1% DEET (positive control) 4.8

1% DHN 4.0

0.5% DHN 16.2

0.2% DHN 23.2

20
Again, this data indicates that 1% dihydronepetalactone exhibited
equivalent repellent activity to1% DEET.

Cumulatively, this data show that at all three concentrations tested,
25  treatment with dihydronepetalactone significantly reduced probing of the
membranes over the course of the experiment (20 min) as compared to
the isopropyl alcohol treatment. At all concentrations tested,
dihydronepetalactones had effectiveness as a repellent of mosquitoes for
the entire observation period. There was also a direct relationship
30 between dihydronepetalactone concentration and the time elapsed for the
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1o with respect to the anmount of tine taken before the female A aegyptii
nosqui toes first probed each nenbrane. Table 7 15 Effect of

Di hydr onewetoalozzosone Concentraton on Mean Tinme to "First PPTAS03IEES16

Repel | ent Concentration Mean Tine (mn) |Isopropyl alcohol (untreated
control) 8.0 1 % DEET (positive control) 14.8 1% DHN 16.0 0.5% DHN 10. 4
0. 2% DHN 8. 4firsbiosduiiaéptand ard baginarobing themeembrane. oRvaeall, thaudatat o

di scourage 20 4 i - Bt bBEi 7 1 tiBi mar gi nal |y
better than Hg Eﬂlﬁ&méég P%P!Hg?ﬁr}ﬁﬁﬁ%l?gﬁnﬁéﬁe?ﬁ%bﬁ?@gﬁi el]%‘[aggf}éé]]e samne
concent r at i offans.gishepatalastanengredn ?&‘?‘EW 6?8%@%@”‘1@9 Vit

concentr at i oftseffitacyintigds® et al act one (0.5% and 0.2% w' v) were found to
inhibit first probing for an average of 10.4 and 8.4 mn, respectively. 25
35 WD 03/079786 PCT/ US03/ 08516 The distribution of | andi ng density by
femal e A aegypti on nenbranes treated with di hydronepetal act ones was

anal yzed over tine, as shown graphically in Figure 7. D hydronepetal actone
at 1.0% concentration was found to conpletely elimnate nosquito | andi ngs
for 5 10 mnutes, while DEET (1% wWv) permtted nosquitoes to |and by 8
mn. Again, |ower concentrations of dihydronepetal actone (0.5% and 0.2%
wv) were found to exhibit repellency (as conpared to the untreated
control), but at |ower levels than the positive control (DEET at 1 %
(wv)). 10 The total nunber of |andings permtted on each nmenbrane during
the course of the experinents were determ ned, and the results are

summari zed in Table 8. 15 Table 8
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Nunber of Landings Permitted According to Repellent and Concentration
During 2 mnute Cbservation Periods Repellent Concentration Mean Nunber of
Landi ngs wD9prwpey| al cohol (untreated 18.17 control) 1 PCDHESI3/(§306iti ve
control) 4.8 1%%HN 4.0 0.5%DHN 16.2 0.2%DHN 23.2 20 Again, this data
indicates that 1 % di hydronepetal actone exhi bited equival ent repellent
activity tot % DEET. Cunulatively, thC&AIMSs show that at all three
concentrations tested, 25 treatnent with di hydronepetal act one
significantly reduced probing of the nenbranes over the course of the
experinment (20 mn) as conpared to the isopropyl alcohol treatnment. At all
concentr at i on¥haeitadaimat! iBydr onepet al act ones had effectiveness as a

repel | ent .of nosquitoes for the entire observation period. There was al so
a direct relationshi p 30 between di hydronepet al act one concentrati on and the
time el apsed for the 1.38nVWBeES r€dp86CcEOPOLIHOB/OBRABING &r st nosquito to

| and and begiqinpiBREB8teIdUIE H PRt dhldrohBBedfctond ndi cate that the

di hydr onepet al act one ertved from rogenation o

trans, ci - nefeeHICIRARNES, Eﬁ@e%ﬂt@fifté/c%ﬁ\g@nﬁéﬁié@'lf@ﬁﬁ; and equi val ent to DEET
in efficacy in these tests. 5 37 WO 03/079786 PCT/ US03/08516 CLAI M5 What
is clained is: 5 o

10
2. The composition of Claim 1 wherein the
dihydronepetalactone stereoisomers are (9S)-dihydronepetalactone
stereoisomers derived from (7 S)-nepetalactones.
15 3. The composition of Claim 1 which comprises 1S5,95,5R,6R-

5,9-dimethyl-3-oxabicyclo[4.3.0]Jnonan-2-one.

4. The composition of Claim 1 which comprises
dihydronepetalactone in an amount of at least about 0.001% by weight of
20 the total weight of the composition.

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

25

6. The composition of Claim 1 which comprises
dihydronepetalactone in an amount of from about 0.01% to about 50% by
weight of the total weight of the composition.
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1. An insect repellent conposition conprising a dihydronepetal actone, or a
m xture of di hydronepetal actone stereoisoners, represented by the general
formul a: WO 030®78d0 2. The conposition of C aim 1 wherei nPCRAIS03/08516

di hydr onepet al act one stereoi soners are (9S)-di hydronepet al act one

stereoi soners derived from (7S)-nepetal actones. 15 3. The conposition of
Claim1 which conpri sksThe sogwositioprel Gaim d whish wpm@isesaiecyane[«0B. 0] nona

n-2-one. 4. The rempesd bf Pie buplcahsislinyof 6R RNt S£ 8arrier and an
di hydr onepet al act,one ll;ln an agrtouéljt 0 i 001 % by wei ght of

. at_ | east ~about, 0.

20 The toral ESgHEORCR RO GRRISLNE 5ot CRHY CRBREEBR o Gl 1 whi ch
conpri ses di hydronepetal actone in an anount of from about 0.001 %to about
80% b i ght of theyt I ' L.Li.0n. T
corrpo>s/i t}l\?ngof (():1 ai megl mggﬁw@o&#pﬂhng%sd@ﬁ] ﬁ;%%ﬁéébletﬁglag@@ﬁysi %Gr\%%egrmunt
of from aboutfrandhe roup abnsistigpob thickeneisthuffefing lrgents, shelatingtageots, t he
conposi t1 on. 38 UN-AFL0 RIAENELT HEAZARR Belifig SRArCAmARIdLon of Oaim 1

t he menper s of “tie

whi ch conpri ses_one or nore o ) group consisting of an
adj uvant, a catfacantanemalientsseRlering geenisnelasoygiaunaxenand s not a

di hydr onepet ahagdpeiftically 8 cddtfetid %ii?éﬂ'fgr@aieﬁ't@ m 7, wherein the adjuvant
Is selected fromthe group consisting of thickeners, buffering agents,

chel at i ngloagent s, preservatives, fragrances, antioxidants, gelling agents,
stabilizers, surfact@nThe cempositiohof Claine7, Mpeegiarthe camlepds yeleatednaxes,

and - therapeutl 53l L Yr&lp EORLERASSY LiNedie, Lol S rdith Stiqutd
hydrocarbons, agricultural spray oils, paraffin oil, tall oils, liquid terpene
hydrocarbons and terpene alcohols, aliphatic and aromatic alcohols,
15  esters, aldehydes, ketones, mineral oil, higher alcohols, finely divided
organic and inorganic solid materials.

10. The composition of Claim 7, wherein the carrier comprises
an aerosol composition adapted to disperse the dihydronepetalactone into
20 the atmosphere by means of a compressed gas.

11. The composition of Claim 7, wherein the non-
hydronepetalactone insect repellent is selected from the group consisting
of: benzil, benzyl benzoate, 2,3,4,5-bis(butyl-2-ene) tetrahydrofurfural,

25 butoxypolypropylene glycol, N-butylacetanilide, normal-butyl-6,6-dimethyl-
5,6-dihydro-1,4-pyrone-2-carboxylate, dibutyl adipate, dibutyl phthalate, di-
normal-butyl succinate, N,N-diethyl-meta-toluamide, dimethyl carbate,
dimethyl phthalate, 2-ethyl-2-butyl-1,3-propanediol, 2- ethyl-1,3-
hexanediol, di-normal-propyl isocinchomeronate, 2-phenylcyclohexanol, p-

30  methane-3,8-diol, and normal-propyl N, N- diethylsuccinamate.

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

35

13. The composition of Claim 1 which is repelient to

mosquitoes.
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9. The conposition of Claim?7, wherein the carrier is selected fromthe
group consisting of silicone, petrolatum lanolin, liquid hydrocarbons,
agricul tuwelossp7sy oils, paraffin oil, tall oils, liquid PETASN&08516

hydr ocar bons and terpene al cohols, ali phati c and aromatic al cohols, 15
esters, al dehydes, ketones, m ner al oil her al cohols, finely di vi ded
organi ¢ and i nor gani d4s dihedcarapesitien of Clﬂ)m %némdbh%amrbwr&ceo aim?7,

wherein the %@é{)br%'ﬁoﬁ‘?%bfsﬁ%aétrh RiRTPh cffeBRSEVA YtatsirRitgd to di sperse
the di hydronepetal actone into 20 the atnosphere by means of a conpressed

gas. 11. The conposition of Caim?7, wherein the non- hydronepetal actone
insect repellent is 96| étHeecbrh @smcbﬂnefgtamm adich bas$ agkinogurfdvenzi |, benzyl

bt oxypol i YIPIRIOD ST atﬁs%%t%mi@%{ BREAPRLY REPOBTISP 0 2 i ot iyt -

5, 6- di hydr o- lgabt fiye bwer2- car boxyl at e, di butyl adipate, di butyI pht hal at e,
di - normal -butyl succinate, N, N-diethyl-neta-toluam de, dinethyl carbate,
di mret hyl phthal ate, 2-ethyl-2-but propanedi ol, 2- ethyl-1, 3-
hexanedi ol , di - nor rmar8 per’@yq?OmB@‘@j{%ﬁBQﬁ'Gh whichpisghdhg farptPlmexanol , p 30

et hane- 3, 8- Q:bRJaneanoﬁﬂ’f @é By Oé’)éFeeNn é\lpedlaﬁtckmirﬁémcarb@m%r3shd@er The
conposi tion of r epel | nsects risin bltlng

i nsect s, 19&00(9%(%%@5" P é“alﬁ?}%? @J@e‘? Tt*§lha§m‘]’° ﬁd@gﬁﬁgl&? i nsects.
35 13. The ComBe®ria Persohal@aaipm 1 whi ch |s repellent to nosqui toes 39 WO
03/ 079786 PCT/ US03/08516 14. The conposition of Caim1 whi ch has a skin
surface evaporation rate of at least a mninmum effective evaporation rate.
15. The conposi ti on df7. Qte corhpesitiam of &4aien tthchsi$riﬂab@fC8‘rTe0 ingecbn rate

of at | east oration rate for at |east five hours.
fi‘ |on é@&@?ﬁ%nﬁaﬁu@

16. The corrpos ifchis inthe formof a

18. The article of Claim 17 which is applied to a human or
animal host.

19. The article of Claim 17 which is selected from the group
20  consisting of air freshener, a candle, a scented articles, a fiber, a sheets,
cloth, paper, paint, ink, clay, wood, furniture, carpeting, sanitary goods, a
plastic, and a polymer.

20. A process for fabricating an insect repellent composition or
25-  an insect repellent article of manufacture, comprising providing as the
composition or article, or incorporating into the composition or article, a
diihydronepetalactone, or a mixture of dihydronepetalactone
stereoisomers, represented by the general formula:

O

30
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col ogne, a |
lo gel, a fo

otion, a spray, a cream a gel, an ointnent, a bath or shower

am product, nmakeup, a deodorant, shanpoo, a hair |acquer or

ri nse or wWopansoeal soap. 17. The conposition of Caiml wairasos/essica the
nsect repellent article of manufacture. 15 18. The article of
ch is applied to a human or animal host. 19. The article of
Claim1l7 which is selected fromthe group 20 consisting of air freshener,
scented articles, a fiber, a sheets, «cloth, paper, paint,

formof an i
Claim17 whi

a candle, a
clay, wood,
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i nk,

NG MAANG HgdBseet on or

25 an insect ré;%ll@b_l efféctasflarcaicls, cﬁﬁip!ﬂifsﬁt@_tthté%tepoﬁwwbﬁidrgtirpg mto theng asl t he
or.artigle, or ipcorporating.into onpo r article, a
@gf@%?dﬁlbyd@nege%%tﬁpg, ora gixie 8%15%'3@54@8?6@%&%%& eoi soners,
represent ed bierebicogensreprésanied by tite gen&@l f0mMA:03/ 079786 PCT/ US03/ 08516

conposition
di i hydr ongpe

21. A nethod
effect of an
article a di
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according to
(9S)-di hydro
23. A net hod

10

15

20

25

of inparting, augnenting or enhancing the insect repellent

article, conprising the step of incorporating into the

i hydronepet al actone, or a m xtur@ of di hydronepetal actone
s, represented by the ggneral fojjmula: 0 0 10 22. A method

5

Claim 20 wherein the dihydronegjpetal actone stereoi soners are

nepet al act one stereoi sope

according to C ai m20 ¥ Ftticle is

22. A method according to Claim 20 wherein the
dihydronepetalactone stereoisomers are (9S)-dihydronepetalactone
stereoisomers derived from (7 S)-nepetalactones.

23. A method according to Claim 20 wherein the article is
selected from the group consisting of a cologne, a lotion, a spray, a cream,
a gel, an ointment, a bath or shower gel, a foam product, makeup, a
deodorant, shampoo, a hair lacquer or rinse, a personal soap composition,
air freshener, a candle, a scented article, a fiber, a sheet, cloth, paper,
paint, ink, clay, wood, furniture, carpeting, sanitary goods, a plastic, and a
polymer.

24. A method according to Claim 23, wherein the article is
applied to a human or animal host.

25. A method of repelling insects comprising exposing the

insects to a diihydronepetalactone, or a mixture of dihydronepetalactone
stereoisomers, represented by the general formula:

41

d from (7S)-nepet al act ones.



15 selected fromthe group consisting of a cologne, a lotion, a spray, a
cream a gel, an ointnent, a bath or shower gel, a foam product, makeup, a
deodor antwoghamie®, a hair |acquer or rinse, a personal s®@ap/USoNPsssé ti on,
air freshener, a candle, a scented article, a fiber, a sheet, cloth, paper,
pai nt, ink, clay, wood, furniture, carpeting, sanitary goods, a plastic,
and a 20 polyner. 24. A nethod according to0C aim 23, wherein the article
is applied to a human or ani mal hosy. 25 25 A method of repelling insects
conprising exposing the insects to a diihydglonepetal actone, or a mxture
of di hydronepet al act one stereoi soner, cpresenfed by the general formula:
41 WD 03/079786 PCT/US03/08516 O 1 :
di i hydronepet al actone, or a m xture hydr ongpet al act one st ereoi soners,
represented by the general formula: as an insect repellent.
10 42

26. The use of a diihydronepetalactone, or a mixture of
dihydronepetalactone stereoisomers, represented by the general formula:

as an insect repellent.

10
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