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TI TLE PRODUCTI ON OF DI HYDRONEPETALACTONE BY REDUCTI ON
OF NEPETALIC ACID This application clains the benefit
Application No. 60/531, 7#GT/6S20@1042982
Decenber 22, 2003, which is incorporated inits
entirety as a part hereof frriad| purposes. Field of
the Invention This invention relates to a process for
prepari ng di hydronepetal act one by way of a nepetalic
aci d i nt er megrahgcir@oiti 6Fdpangbrorespest.hcironpr oduct .
Background of the Invention Many pl ant species

bel ongi ng to the kanistyrbrboat Repkraniaceaep produce
essential oils (aromatic oils) , sone of which may be
used as natural sources of insect repellent and
fragrant chemcals [Hay, R.K .M. and Svoboda, K .P.
Botany, In "Volatile G| Crops: their biol ogy,

cheni stry aﬂ&#ﬁ%ﬁﬂﬂiﬂQﬂﬁkoﬂkﬂAaﬁmSP&hqwbeﬂﬁg;t of U.S.
V\?gﬁf Bl orar Gppl(9ds don bRNIMRYY (3 0upy 4K 44 1dd ek cember
(1993)]. P antgjof,the genus Nepeta (catmnts) are

i 7 U %ﬁ;Wﬁ%ﬁﬁn%?cﬁHQQﬁRQ?%ﬂﬁq)&nzﬂﬁfrﬁQﬁﬁgﬁ§¥uﬁs a
esset idradd fddhatalils purforss i tem of commerce
primarily in the formof catnip in cat toys. This oi
is very rich in a class of nonoterpenoid conpounds
known as iridoids [Inouye, H, Iridoids, Methods in

PIEa:.Lrgl Ei gigﬁg StdVerde 995 143 (1991)], nore specifically
t nepet al actones [C ark, L.J.
et al., The fladt; JUNNRIN Adi 38y -d3W3 dASdd edd

derivatives ., Four stereoisoners of ngfetqéactone are,
preparing dihydronepetalactone by way of a nepetalic

acid intermediate to yield a stereospecific product.

Background of the Invention

Many plant species belonging to the family
Labiatae (Lamiaceae) produce essential oils (aromatic
oils), some of which may be used as natural sources of
insect repellent and fragrant chemicals [Hay, R.K.M.
and Svoboda, K.P., Botany, In “Volatile 0Oil Crops:
their biology, chemistry and production”; Hay, R.K.M.
and Waterman, P.G. (eds.); Longman Group UK Limited
(1993)])]. Plants of the genus Nepeta (catmints) are
included as members of this family, and produce an
essential oil that is a minor item of commerce
primarily in the form of catnip in cat toys. 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.



known, and they are represented by the structures set
forth in Figure 1 . Three of the four are known to

WEXI0S063781 nat ure. The cis, trans isomer, Fi gurECTIU$22)4/042982
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is the predom nant conponent of the essential oil of
nepeta cateria, present to about 80% O her species of
the genus nepeta are believed to have predom nantly

the trans , ﬁé&rl§@@?éelé€ﬁ§£§|éEtﬂéﬁeﬂgYagﬁoﬁQHXEéted
to di hy dro pet al act ones ( DH processes for

nf%@yc%f%|§?PE€%§@F%aehétF%ﬁ gEructures set
neﬂﬁt@haﬁmomeg@w@ descThbed on Regnidlir ﬁkeEknoeh ab
o tochen1strg 6: % 81-1289 %1967% Manze gg
e LR I e RIS ST (S

frbmwm@@epa¢®@mom&ntThempogentpossthéee3$en9ma$oqmlsof
&' &a ent Cﬁré&&ﬂﬁetg abéﬁ@*éézkno&@héP 8?5&?&& of

[ ns repe aracteristics. See, for exa
Jetorgemps mepgta. arg beth@ﬁ?@aFOEb@V%gQr9d9@9n§891Y the

(1883ns, Jei s0DsomPrCit., isolates DHN fromthe
secretions of certain speC|es of beetles, and

identifies one specific stereoisoner obt ai ned as (IR
5R, 6R, 9S) -5,9-dinethyl-3- oxabicyclo [4 .3
. 0] nonan- 2- oNep¢Sttactone fwaynbé&i gomeeyedJebson al so

e”@lﬁ{%&ﬂ%&@&f&&ﬂ?gé%gfmﬁﬁ(? || nsky ShodlslossypEhesi ze

Fb@I@@@ﬂlngnDHﬁ)bB/@?Q?QBtlgl%Ed@@@%n@hh@nDﬂﬁ exerts a

re&&ééﬁgiaéééﬁétaﬁg &Q@cﬁ?ﬂ@@nlhn§§§ﬁl@§3t§ ef aunan,,
society. Al so disclosed b aggp is that different’

YIRS O IR R T L CL R L IR LR R

di 63 eoend s eleoteesl ofesNnsectheepeht &hgyitoroutes to DHN
from nepetalactone. The eight possible stereoisomers

of DHN are shown in Figure 2.

DHN is known to exhibit insect repellent
characteristics. See, for example, Jefson, M., et al.,
J. Chemical Ecology 9:159-180 (1983). Jefson, op.cit.,
isolates DHN from the secretions of certain species of
beetles, and identifies one specific stereoisomer
obtained as (1R, 5R, 6R, 98)-5,9-dimethyl-3-
oxabicyclo[4.3.0]lnonan-2-one (Structure F in Figure 2).
Jefson also employs the techniques of Wolinsky et al to

synthesize by a laboratory route the same diastereomer.

Hallahan, in WO 03/079786, discloses that DHN
exerts a repellent effect on the common insect pests of
human society. Also disclosed by Hallahan is that
different stereoisomers of DHN, and mixtures thereof,
exhibit different degrees of insect repellency to

different species of insects. Achieving an optimum

2



di fferent species of insects. Achieving an
opti mundegree of insect repellency for any particul ar

WERp0s3E3t hus necessitates screening vari ous PCT/US2004/042982

10

15

20

25

30

35

stereoi somers in isolation and i'n mxtures of varying

pr ons. . c r S r : r
e oL e e e £ R B o af ofrRose
rethusi ngcedsH guee SCTFENHAS YeERORBUAESCTAALSPRRrs in

cat abyht SoRYEh@IERah RPUPESt bANSar iﬁgnggsﬁgkagéﬁge
produces a high yield of DHN Structure , (1S, 5R

6R, 9S)-5, 9-di net hyl - 3-oxabi cycl o [4, 3, 0] nonan- 2-one.
On the other hand, it has al so been found that
cat al yti c hyonbgesattoainoftersoisoaass nepebaNaai-ene,

th t | ent . easj | i i ' |t
LR S o ey BN a SRR e B ASHELEETT or SR Le,
5Sre & rO8y - 50 Fdgnee hyl iB-bxabbeyel Hofrnd3tBinonha- 2-

I Xe) R.r 98} & Hdl ne”
by AT EL HEBROGonat IO oB Rer i, JoLs oploetIEbiybnd
diBSQ@vg%ﬁe@iklﬁtha¢édi%fn%HNr%%HVFQUE%p%ra6¥§, PR, 6R,

nﬁysﬁhg??b&iﬁéﬁﬁylh@toﬁﬁﬁféyﬁlbﬁli@,@Fﬁ&ﬁéntQUQHé.inOn
the art _for preparing rom nepetal actones are .
baSBY OPBRE AFARyt 6 RydrohERaPTOR bR xt RBscBralytic
neped abgehanesn cofit ai ai ngranedoapatat aytdhe, ctbe thwans

SL@£§9%§8H§ra Joegs#fiséﬁ degrge; LhGe2rt - aLgpc keashes
t Yy rogené?lon (0] h %rans, Cl s stereol soner,
agabRrox b e hy x7 ut enbkt wepedhl Seronesreoht Al ARng56n 6R,

thb@)C§§§-@£ﬁg@H§na@tbxaﬁb@yéiéﬂ§,39b§na§aﬁtgtasﬁeﬂeand
Hydr ogenati on gf the cis, trans negetalactone by the
prOEESSEET S Ft hélRr t SBr ofRicedSh-7: 1-dimetRY Loderi ¢

m skabecpdld De, 3 sorroRanhpwena}, Stespédt esebyandThis

"eSPSCLLYENerid L QIE 215 1L S OLX Y CslBalh e

It may thus be seen that the synthetic routes
taught in the art for preparing DHN from nepetalactones
are based upon catalytic hydrogenation of mixtures of
nepetalactones containing predominantly the cis, trans
stereoisomer. To a lesser degree the art also teaches
the hydrogenation of the trans, cis stereoisomer, again
from a mixture of nepetalactones containing in this
case predominantly the trans, cis nepetalactone.
Hydrogenation of the cis, trans nepetalactone by the
processes of the art produces a 7:1 diastereomeric
mixture of the isomers shown as Structures E and F,
respectively, in Figure 2. This mixture is not
susceptible to separation by ordinary means.
Hydrogenation of the trans, cis nepetalactone produces
a single diastereomer, shown as Structure B in Figure
2.
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susceptible to separation by ordinary neans.

Hydr ogenati on of the trans, cis nepetal actone produces
shown as Structure B iRCTAISPO046042982
2 .The catalytic routes to the isoners described above

prOV|de econ@ing &adaé@ﬁuﬁlﬁﬁmle@fthQ%@Ch@@%éyglaégcrlbed

h sel Vit 0 those articul ar

' SBoRIEEETacP BB, mhd R T IREabY, O §rbeumion with
eadi ygbrdéaééeaoﬁné@ﬂewanwety b DHNsies perits REeau RN
th@s@ﬂ@&bcatﬁganEIQHHet Fsﬁ%a%ﬁll h%@%% %f %ﬁe%e a%le to

require that nore than a few i somérs be
avEaPFaBYePFRABEANEr Wi drTqiantrtyeof PHY Rﬁ@wnrs because

catabyapplmehhgdﬁ,ofnnﬁﬁdtblQestQuﬁﬁvkaﬁ @ beCUSes will
o just c soners, al so° possess The

re;trlctedb e&taln

t ypraatreuhdaki PRbretA8Pett S8 18aM8K§sPs, readh las

posgabﬂebéennantnameenlaﬁ qhanﬁuaaésprodnétknéﬁﬂ t he

ne o re I .1 he c ) eed t hus
Sgtgf F?g MEEhggg Fgl lﬁBt béﬁﬂ@ﬁt aghocus

remal ns proceés
cataplsisted é@sﬂU§taqare&ﬁncuenméyspraﬂaoepasmaésethe

of typouEr s ahabbi-oThe gEpbod obs! hecpigsent Luentior

provides_a novel synthetit route fromn actong®t o
DHRP G 451 61 SORERELNARHOT: REUFBS EheRboProfet, and the

henetdf oo eravavé abhedf roBYEBE UERE | ¥aOSEYEEI NOA need thus
andln t he nun%er

ne tpnes t hereb reat|
ofP%$§%€§c§ AP EET gh?ﬁafga?% u@%@%ﬁd?ﬂttﬁ@ many
appriahy s bnst of ek g uaihd asf f t ajeRNTE SpadduE8SECTariety

repel | ehsrs JFMEy of the Invention One enbodi ment of
this invention is a process for preparing a

di hydr onepet al act one, represented

The method of the present invention provides
a novel synthetic route from nepetalactone to DHN
diastereomers, and mixtures thereof, not heretofore
available from naturally occurring nepetalactones,
thereby greatly expanding the number of practical
formulations that are useful in the many applications

of DHN such as fragrances and insect repellents.

Summary of the Invention

One embodiment of this invention is a process
for preparing a dihydronepetalactone, represented
schematically as Structure II in the reaction scheme,
by

(a) contacting nepetalactone, represented
schematically as Structure I, with an aqueous base;

(b) contacting the product of step (a) with an

acid to form nepetalic acid, represented schematically
as Structure III;



schematically as Structure Il in the reaction scheneg,
by (a) contacting nepetal act one, represented

wosmhgeatiical |y as Structure |, with an agueouPdTas04/042982
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(b) contacting the product of step (a) with an acid to

f or m nepet a(lc:i)c aontlacrépgesbat adpscheﬂrat weakl wids a

St ) G0 ti he _ne acid with a

regggﬁlﬁg hegl% o?%Q | ﬁgg‘é’gﬁgﬁf g% ?L %gn_e “The

nepet al actone may, for exanple, be cis, trans

nepet al actone ((3S, AR, AaR 1S, laR) -3-hydroxy-4,7-

di net hyhhexahydrocycl openta [c] gyran-1 (3H)-one) ,

replf_e ejit ed 2BYLOSE r uct ur e I (a)H la and

goneacﬁ:o oay be (j 5%”9 ?%nt 5R

3- oxa 'cy 3. 0] nonan- 2-one>

reprepepted by Structure F H 4 An&ther enbodi nent of

this invention is a corrp05|t|on of matter that

includes (a-1) the single diastereoner of

di hydr onepet al actone (9S, IR B8R 6R)- I

5, 9-di net hyl - 3-oxabi cyclo [4 .3 . 0] nonan-2-one, or

(a-2) a mxture of diastereoners of

di hydr onepet al act onewher eof at | east 50% thereof is

(9S, IR SR eRgPeTabacprpimy - fexapkayele, [He. 6is,

Oﬂ:n@namép@ﬂ&la@ﬁdnébl 35@1?%&1? 7§h*7§RF°§fDH§a£b£ 437-
ant _an rance a plicati

us I ns
USELHLchDr hOoEhL L epsL SpL and 1 agrance, gp MoBPLicle
ofrmmteJdeJoyh‘atrmcmtmr@or tdes the single
di ast er eoner of di hydronepet al actone (9S, IR, 5R 6R)-
5, 9-di net hyl - -ox(zj\bl cyclo [4 .3 .0]nonan-2-one, or a
H

and a dihydronepetalactone so produced may be (9S, 1R,
5R, 6R)-5,9—dimethyl—3—oxabicyclo[4.3.0]nonan—2—one,
represented by Structure F

Another embodiment of this invention ig a
composition of matter that includes (a-1) the single
diastereomer of dihydronepetalactone (9S8, 1R, 5R, 6R) -
5,9-dimethyl-3-oxabicyclo[4.3.0]lnonan-2-one, or (a-2) a

mixture of diastereomers of dihydronepetalactone

5



m xture of diastereoners of dihydronepetal actone

whereof at |east 50%thereof is (9S IR b5R 6R)-59-
wodioadedydi- 3 - oxabi cycl o [ 4. 3. 0] nonan- 2- one. Y@CTArsa0(3812982

enbodi nent of this invention is a nethod of repel I'i ng

f
nolh 5 BE, B ot h e R nEERE2EE) TP (ehG dgRE PRI, -
di détnetbyieB -okallilkyddoridpst &ll acnene 2(- 9>se | Rnd5FQb 6R)

Sc9rdi BBt hyl w85 axabip¥elie ibh 13 yBLRARANT2 4 QAR OF
to a mxture of diastereoners_of di hydronepetal actone

wh&ERSH lant| é§§t fragrenefedPPLdCRESONSR 5R 6R)
5-5,9-di nmethyl -3 -oxabicyclo [4 .3 .0]nonan- 2-one, or
to a conposi r._enbodi ment

i on. t herepf.  Yet. anot 0
R TR LY Fﬁé?elﬁVﬁgFéPEoﬁéran
ofadthydEObépmaahéatmnee(QﬁatlRncﬁﬁpoaaﬁes the 81ngle

5g3ad'g%e% L ofOéaag%x%L% %% 1gc QlaonaR- 370ngp Oy
ure o 5lastere mers 8 8 ronep etélac one
whér, eflimethydst -oowbtikeicdofl4i-8 - 0 QOHBR 25RNEGRPY a

10 5m9;|xq|u%t Ryl d§aseé%@b&>égso ol4 dlﬁydgbﬂ%%'ﬂal%c@%%e to

repe insects_froma human, anima i nani mat e host

YethgrsohepteASEEEMENE SheERPS SvdRSi ot Rirs SFhe 6B Sof -
t hgimenale -di-axbehiegrb [af. 3diohyndhanepebalact one (9S,

IR, 5R, 6R) -5 ,9-dinethyl-3 -oxabicyclo [4 .3

. 0] nonan- 2-one, or a m xture of diastereoners of

di hydr onep®&tal anbbherwkabedfimanit| edsth58%inentdbni $s a

15(9§§t d %@’5@§E11§n%'ghgeatho§e QKQQb%%CEQom a human,

nonan rance COﬁpOUﬂ or as a
toBifléalIalt PEalRERiTRSE SISh. DYeeXResiner thehddisesst(sdf to

thicsel BY@BN1EOR St riRiked oof dfabueakiprt a3k dtreRCt(9s,
repell%%ﬁ %ogDOSItbg%ethyl 3-oxabicyclo[4.3.0]lnonan-2-
one, or to a mixture of diastereomers of
20 dihydronepetalactone whereof at least 50% thereof 1is
(98, 1R, 5R, 6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-

2-one, or to a composition thereof.

Yet another embodiment of this invention is the
25 use of the single diastereomer of dihydronepetalactone
(98, 1R, 5R, 6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-
2-one, or a mixture of diastereomers of
dihydronepetalactone whereof at least 50% thereof is
(98, 1R, 5R, 6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-
30 2-one, to repel insects from a human, animal or

inanimate host.

Yet another embodiment of this invention is the
use of the single diastereomer of dihydronepetalactone
35 (98, 1R, 5R, 6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-
2-one, or a mixture of diastereomers of
dihydronepetalactone whereof at least 50% thereof is
(98, 1R, 5R, 6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]nonan-
6



or an insect repellent article of manufacture, by
formng the conposition from or incorporating into

wotdoes/@stiicl e, the single diastereonmer of PCT/US2004/042982
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dihydronepetalactone (9S, IR, 5R, 6R) -5, 9-dinethyl - 3-

bi cycl g [4 3 .0 an-2- m_xt ur f
sPe%éoner Fagfkgggoﬁgégggﬁgcggngs e%ggﬁcg | east
50%.’Ehemeot for(88inl.R, 5R, 6R) -5 ,9-di nethyl -
oxabi cyclo [4.3.0] nonan-2-one. Yet another enbodinent
of this invention is a nethod of fabricating a . _
conposi t i oketo2Bethppl PBROLAMERENCLoEhAS LRYRRRLON is a

ar heeheqobrmapph-actiiag By ﬁﬁé@bﬁgrbb%lQ@ﬁﬁo&bhb@%ltlon,
from or |ncorporat|ggaﬁnto thggart the sin

di 25t BPedREFCHT TEPRYdFOeferaf t8ﬁem€§1§far:§ur§m é’R)
-5fondthth¢|c&mp@&&huomcﬁmoh4 0¥ ifdkpapamra?ioqeintb the

xt.u erLeongr dr.gnepet al act one
thFSoFE eas%§b8$% qarsst egh?é o' sR 6R)
-5thddwenhpEtala@k@bﬁcy@ﬁo LR,. SR, 0Fﬁdﬁ§n92dGW@thYThé‘

C°€R9§ ELeRLNQ . @eoqagbh%dztgnéklBrﬂ%ymﬁax%r%r%qrant or
her th rapeutic properties . Brief Description of

théleﬁaﬁrﬁ@@ersgeﬁedf ARSPRESRENPES] WDEREETFSS JoRst

th@o%arhé@bbf Q@CHQSIngRlfBﬁQIdROEEtbyHﬁﬁ@kﬁgan?n0|d)
nepet al. act shows the eight possible
d|8§€§98¥ﬁngzoP 8]%?8P8népgpglactones (DHN) . Figure 3
shows the results of Exanple 3 . Detailed Description
of the Inveptiop PEHE% éHﬁSB&hQHt'8fdt5§%t§ﬁvhﬁt§on is. a

synthetic route he stereospecif 1c preparation of
vafestiod of fabricating a composition to be applied to

skin, or a fragrant article of manufacture, by forming
the composition from, or incorporating into the
article, the single diastereomer of
dihydronepetalactone (9S, 1R, 5R, 6R)-5,9-dimethyl-3-
oxabicyclo[4.3.0]nonan-2-one, or a mixture of
diastereomers of dihydronepetalactone whereof at least
50% thereof is (9S8, 1R, 5R, 6R)-5,9-dimethyl-3-
oxabicyclo[4.3.0]nonan-2-one. The composition to be
applied to skin may have fragrant or other therapeutic

properties.

Brief Description of the Drawings

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

nepetalactones.

Figure 2 shows the eight possible

diastereomers of dihydronepetalactones (DHN) .



i sonmers of DHN. Included within the products that can

be obtained fromthe process of this invention is the
walzmsversioneri ¢ form of DHN that is represent eRCEHES2004/042982

Structure Fin Figure 2, (IR 5R 6R, 99

-5, 9-di net hy xab 0 onan

Thi s isoner #l%éﬁg %b%g¥ﬁ%dt%é E%SFg%%gB?hgggﬁ cess " of

this invention to the naturally abundant cis, trans

nepet al actone shown as Structure | (a) in Figure 1

Anot her product that nay be obtalned fron1the process

of _t hIS i Qv rnl on

di 4§ SHet 53° meric forms of

DHN shomn as u a u
St ure | n wRTEh %ﬁ*’%ﬁﬁﬁsgﬁeﬁﬂa’% E%?uétsu%esﬁﬁgém
presene foraphampuarcofpracifeasprepssrarhps afxvareous

di agLRLLONEE SpHRY b?n@lﬁ@é&eg1£ﬁ9ﬁ1BﬁéuﬁﬁbHMcéguegéﬂtcan
trans, cis nepetal actone, shown as structure |

F|Ear@bﬁalnﬁﬁhéFOWSBH%r@r%?eﬁﬁmPﬁa9hb§ bBYSPEéanbyStHEE
pr@§§§§eﬁéohét§clﬂ&ﬁmtbﬁnDHﬁuﬁhaasléhﬁépréyéhtéb|&s

f d_t .
o CSEFErEeSS hortatEupenriE. DERTLARPCRENEs o gmpi -
t ha-prebiesgcdd [4 hBsO0] nueati Dnonéet sThiaaiaombtymay be

QCSBE%iglVg?%eégﬁiygﬂgttg %?SEQQEVSE'€H3%ylﬂgéﬁt989 to

Inre e essentil a
i sehat patpya by.@b@nﬁeaﬁsc#ﬁontﬁﬁaﬁt@eﬁﬁtaﬁece@ﬁasshown

Nepst 8- LGatit-at 8Ya) Lsokaghea of such oils is known in
the art, and exanpl es of nethodol ogy for oil

15extract|on include without limtation steam
distillation, organicsolvent extraction,

m crowave- asﬁnéfﬁgﬁ 89$8u8 SQEX@”%a XEéa8#£8” ed from the

supercriticad ul XtTractio anlca raction
anpreqéSQucégeh(snnnvahtE@hdlexanaeppnﬂxnmaoely 1:1

diastereomeric mixture of the diastereomeric forms of
DHN shown as Structures E and F in Figure 2, or a

20 mixture in which the DHN isomer of Structure F is
present in an amount of at least 50%. This mixture of
diastereomers may be prepared from naturally abundant
trans, cis nepetalactone, shown as structure I(b) in
Figure 1. Other isomers of DHN may be obtained by the

25 process of this invention, such as those available from

cis, cis and trans, trans nepetalactone.

Nepetalactone may be viewed as a starting
material in the process of this invention. It is a
30 naturally occurring 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 known in
the art, and examples of methodology for oil extraction
35 include without limitation steam distillation, organic
8



fats foll owed by organic solvent extraction) . The
essential oils isolated fromdifferent Nepeta species

woonmssess3idi ff erent proportions of each of the PCT/US2004/042982
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natural |l y-occurring stereoi soners of nepetal act one
ShemﬂthtFegu&ecl1bRegmheEowEveEass§%t@H organchsolvent
t

g g% g]Stry 6:1281- %289 (%g DePooter, H
FFAUGHr * SHECEFAgFARES e HaF <5 T 765 P (egBgpical
Fbﬁdpreva;oN awd. eaﬂdeﬁopg& ($niBiallcolBseetitraak iGn into

Re§at§_§§?1g%§géﬁger anlghgbfvgpgee ?gg&?&EBh!s

i nventi on may upon oi
containing a m xture of nepetal actones, it is
preferred to first purify the separate fractions of

nepeta'aCton@héneQégﬁﬁle e@lglﬂseﬁ99é8t§ 8h Bi%Rcrent
&St ereoneri ¢ selectivit ound ﬁ ClS,

eﬁ@pﬁPﬁFéEFOHQSfﬁﬁﬁuﬁéfiefﬁ?f P§°P@§HPP95p9f|ﬁB@b of
gothepnatnyablyabgdhr95ﬂ@Oétgféal@6?E¥sfbﬁchégéﬁhlactone
i atjo tracte of nepeta.  Trans
C|§E%%he %Ig% %ﬁé FF?ﬁ uPe 1 (b?] haStbBen’ obB¥FEheméstry
un@elé%leb2&%rK236?bn tbePbeters, HtLanstshE[EOFiaﬁBﬁr and

UDPPaBEéﬁb@QJoéPngisﬁli%@tiQQ k§9§8 a H&g&ﬁ Yone

met hod _for purif trans, "nepe
i SOARrEOPPV hal- %eeanoﬁﬁaeﬂﬁbﬂév@il Rﬁat Brad?i 6hal

Cryseas) | ZathQﬂlélstlhé ghéﬁ/h&ﬁf@ﬂtﬂfsain{’éﬁﬁ’%hﬂrga RS,
tran Ci S et al act one at es greater t an 0
o 8% sofinda 1h5 TS AP iliedi ot LocoRba ateo g Tture
t|ﬂﬁrnﬁpe¢ﬂkﬁ@ﬂﬁm¢sspEmli$CpBéEéfﬁ&@Oﬂﬁrﬁlﬁﬁﬁuputﬂﬂy|@he
nagaise g hat ant us ep
A Sy i hos) SAEL AL O Ben s ARt P shrcegain
arr el %r@%s@*%ﬂi@e@h@rm SS@lsctamilttyansIt is
t refiend ofiwe Of i HEPEEAh &GOS IBY- @50 Pﬁlgure 1(a)] is
readily purified to a purity of about.95% or greater by
fractional distillation of the extracted oil of nepeta.

Trans, cis nepetalactone [Figure 1(b)] has
been observed to undergo epimerization to the cis,
trans stereoisomer upon heating, so distillation is not
a preferred method for purifiying Ehe trans, cis
nepetalactone isomer. It has been found, however, that
fractional crystallization is highly effective at
preparing trans, cis nepetalactone at purities greater
than 99%.

Cis, trans and trans, cis nepetalactones are
by far the most prevalent specific stereoisomers
occurring in nature that are derivable from the plant
genus nepeta, and synthesis routes from naturally

occurring sources are always more desirable. The cis,



used in the process of this invention, however. The
nepet al act one used in the process of this invention
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may be a mixture of isonmers or purified. Regardl ess of

81 80uhEer PLagX! B0Ln 0T cBUL 1 )e KOBCPEPERLBLACHEYC A} S0 be

rocess vention wt
aqueedisibaske Enbﬁaﬁﬁeoﬁagbsslh@V@@ElgnkahPWﬁ%ﬁﬁt
al kaline earth nmetal, and anmoni um hydr oxi des. Sodlum
potassium |ithium calciun1 magnesi um anmoni um and
tetra-al kyl annonlun1hidrOX|des a erred. Sodi

e .
hydr oxi de” i sTRBsPCBREFLRT BT PrET ré€I9 €t REocess of 'this
nepetrehacden@ay sthusshe dbssoided by axvasetisnl ubl éther

aprotic solvyent t fornla S | ut Lon resentatl

SPRORNT  Pid e Bet PLfbBr S0, 4 Tanis L SR8 RAEL Y Fea.
di Regaydléss mafi des douechy¢rs©kt©mtdef nucxame thad
d'H@#QQ%Xf%Q@BSe §QDBSn9£QFé&’1ﬁ”é Q1§£HE§§stﬁfr€H§s

S pre erred he resu tlng SO utton Is
di speeReHoni VhtAgrRaddvacTs BRtRousSHakebla Bagpe include

r eackd PO @%@&EedélMthﬁeSééfEhn@et@lhoﬂﬁgeﬁﬁﬂéﬁlum
ution IS

aguegus s for f oun
S iote! | Boabune ERtarthat: oh FRDGnY L PaLeipmy b o
staggndetausecanhohhemposprdt tat ré eal kyer femenwihh

cr [ 0 ic n, nt _s
STURAPLELGEL) b ohrpegeiaL, - Ssif npubagier s pe
t henebersedj ected to extraction with one or nore

al i quots of an organic sol vent such as ethyl acetate,
hexane, dichl oronet hane, or diethylether, anong

ot hers, and _
Preferably, the nepetalactone is first

dissolved in a water-soluble aprotic solvent to form a
solution. Representative solvents include
tetrahydrofuran (THF), acetone, dimethylformamide,
dimethylsulfoxide, dioxane, and dimethoxyethane, among
others, and mixtures thereof. THF is preferred. The
resulting solution is then dispersed with agitation in
aqueous base. As the reaction proceeds while stirring,

a homogeneous aqueous solution is formed.

It has been found advantageous to remove any
reaction impurities at this stage because of the
potential to interfere with crystallization of
nepetalic acid in subsequent steps. Thus the basic
solution formed as described above may then be
subjected to extraction with one or more aliquots of an
organic solvent such as ethyl acetate, hexane,
dichloromethane, or diethylether, among others, and

mixtures thereof. Preferred is ethyl acetate.

10



m xtures thereof. Preferred is ethyl acetate.The step
of formng a basic mxture is then followed by a step

wmtoos063dsf i cation with an acid to form nepet al RCT/B£2004/042982
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The extracted aqueous sol ution, as described above, is

inthis StepTﬁgbg€&%69 L Poh2dyan BALALIMERELPD 10 Pnen
pH bel ow about 4, preferably To a pH of about 3 or
befeldowed dpYi2asten P5 predefaspyiaehvébedanspagdato

strong Reperal i@ackdigasuchras bydreebhtar hgueBikr 561ufion,
sul furic acjd althougg it |s%greferred o us

nn@%r%?%chh%éh??%Y?on t HRr & sﬁEﬁpaguEJﬁﬁFﬁg F&t her
t hghagoaT eat 1 @i dcacidn Tbeaoplgbadbvyabbear 4sopuetenably

wll turn opague white after addjition.of the acid. The

DHFRIBUPH B5 ARORY af g REsvE- 1 AAARE Prak 8elEer o

sopu¢ferabby adlenevéddesingdabetrorat®winaygainanidh sneh

ory gd§%&HPQ£§c9fnﬁFr95938 Csé?kM?B&_éHEHF?SﬁfEH¥Lgh it
ate, yl et her,

ace exane, dichloronethane, or diett
anbgPbt Fersed ahd WERtUPESTERer eoRCePEERRLPRE FBeERAT|

ac§%éﬁfa%Th€?ﬁIQ§n£§tﬁé£fQﬁég @éﬁcéﬁ@ﬁa?@ﬁbéﬁfg.anﬂhe

cont acte an_inorgani c drying agent suc S

S OB L St Kt GLEO [ SNbUG Gyt b HAGT fBRatnr ¥l fReatter

or gadi €cisowl yEnthésatbhén reheved Sjoabhy benmenneatned

nmeans, a?plication of vacuumis satisfactory. In the
aDoVv . . . .

case of the single diastereoner cis, trans nepetalic

acid (Structure 1V, supra) prepared according to the
enbodi nent hereof wherein cis, trans nepetal actone is

the startingrpatehidl aciheriegubb100i6h! mdy! then if
.roomte erature and

crystallize upon standi ng at _ nma

beiEBLFEY B GECRTEHargafRevHFBoRES. OF(mpe aliduots &f
an organic solvent such as ethyl acetate, hexane,
dichloromethane, or diethylether, among others, and
mixtures thereof. Preferred is ethyl acetate. The
organic extracts are then éombined and contacted with
an inorganic drying agent such as sodium sulfate to
remove any residual moisture. The organic solvent is
then removed by any convenient means; application of

vacuum is satisfactory.

In the case of the single diastereomer cis,
trans nepetalic acid (Structure IV, supra) prepared
according to the embodiment hereof wherein cis, trans
nepetalactone is the starting material, the resulting
0il will crystallize upon standing at room temperature,
and may be cooled to accelerate the process. It is
found convenient to subject the 0il to trituration with
a hydrocarbon solvent, or mixture. Petroleum ether is

found satisfactory.
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found convenient to subject the oil to trituration

Wi th a hydrocarbon sol vent, or m xture. Petrol eum
woebdsaws3izs found satisfactory.ln an alternati vVECT/US2004/042982

enbodi nent hereof, wherein trans, cis nepetal actone is

subj ect ed to Iheaprakessnafitdi smbsVBdhOMetdSf, wherein

res Wale (.1 i ast ereoneric_mxture of

car%%%ﬁal%%ﬂ%%?@és %‘%/\?10 e:rj]{egassu ?cfjtcefchrte% E\}‘E( Hrrres of

V(HRIE oinyeRrtion, Hhe fra3H G @4@dndt HiTheis a

di astAs e 18 XuaAeRi £t { V {2
;and Vgt) does not_under go%§y§%§%%§§aat(l%én&?eeﬁs’a df8un here
f urtShet" HEPEST therpradtess(f the i nventi on,
nepetalic acid nmade as described above is subjected to
deprotonation, and to reduction of the product thereof
to DHN. For this purpose, the nepetalic acid may, in
one enbodi nent, be contacted with a non-aqueous base
such as a hydride to effect deprotonation at a
temmerra’ntheramm of 9OC to room tenperature

s

(e.g. abpud ; roomt enpe re is found to be
satisfaétoly. i t able hyq 8 be used N\pr this
pur pose I ng e al kali netalit 8r|des, particularly

Na, K, or LI hydride. Li A i1 4" shoul d be expressly
15avoi ded. Preferred is KH Al so useful for the

deprotonati @n are am nes, particularly triethylamne .

Preferably the deprotonation step, and nore preferably

al so the subsequent reduction, takes place
The diastereomeric mixture depicted in Structures V(a)

and V(b) does not undergo crystallization.

20

In a further step in the process of the
invention, nepetalic acid made as described above is
subjected to deprotonation, and to reduction of the
product thereof to DHN. For this purpose, the

25 nepetalic acid may, in one embodiment, be contacted
with a non-aqueous base such as a hydride to effect
deprotonation at a temperature in the range of 0°C to
room temperature (e.g. about 25°C); room temperature is
found to be satisfactory. Suitable hydrides to be used

30 for this purpose include alkali metal hydrides,
particularly Na, K, or Li hydride. LiAlH, should be
expressly avoided. Preferred is KH. Also useful for
the deprotonation are amines, particularly
triethylamine.

35

Preferably the deprotonation step, and more
preferably also the subsequent reduction, takes place
in a nepetalic acid solution. Suitable solvents are
aprotic solvents which solvate nepetalic acid and are

12



in a nepetalic acid solution. Suitable solvents are

aprotic solvents which sol vate nepetalic acid and
woanelowsedct i ve towards the base enpl oyed. Sui tPairi1es2004/042982

solvents include THF and di net hoxy ethane. THF is

pr%ﬁ-.]‘ifea%@l olloma the dep OEQ%HP%@USt Rri 8 e

resulting sa IS contacte Cl ng agent to

f oﬁmlmthHMnﬁrlé@@chHFS@nda@ll@atéw ®§ hagent s THAC [irde

borehydrides and di al kyl boranes such as Iithium

bor ohydri de, potassi um borohydride, zinc borohydride,

di i sobut yl al um num hydri de, bis (nmethoxyethoxy)

al um nohydri de, tetrabutyl anmoni um hydride, lithium
stri (t-butoxypdllendimehy die de,pmd:inami@mammr ohyne de,

t et Lanytyl ““%'1' UTCYANR001 Q) ﬁb 2 ASRE, RO

cyanoboro rthramtrie hy orohy i
tr |fl@mry Ither mid_[plr@ei}lcpot aSsilipmotle; k;md)}dd;@lgor&ﬁ@mt@e include
te'b éﬁé‘ FENILWA 'a*i%é/ﬁ'b%%%@éd 1% GURMRYS um
bi s |ph | phosphi nebor ohydri de , cuprous
i S |%l iskeos pRitiesy aoBerehyAirdee, Fdngs Haxphydride,
otr ldlla@@wt@;&)ab_@mhmdi qalle;rdra@@ tetrabut ?/Ikammnl um
tr acet oxybor an ra ium
SR e o) P UTE Ry REeE TR
t hhydlrkl.&ﬂlem Imethahume atbidns buitloeys ednmnohypotidesi wodium
an [ i.ns n
YA Rt e R Ry i RS So)

nagadng. CYanORPFOPYARRSni diting usm @@mﬁiﬂwémrohydrlde
15 COMBRMG L It i budYabodehgagale0n pRRils A uaimal | er

g?%&ﬁgpp§'%gg%%&% %rou%ekia Jty%@d%&%idxﬂl
tributylborohydride, cuprous
bisdiphenylphosphineborohydride, cuprous
bisdiphenylphosphinecyanoborohyride, potassium
20 triisopropéxyborohydide, and tetrabutylammonium

triacetoxyborane.

In general, tetraalkylammonium cations can be

used in the reducing agent in place of the alkalai

25 metal cations like sodium or potassium, and may in some
instances give better performance than the metal
counterparts because of the lipophilic nature.
Tetrabutylammonium is a common and commercially-
available cation, but a smaller tetraalkylammonium

30 group is suitable as well. Similarly, a
tributylborohydride may be used as a
trialkylborohydride, but other trialkylborohydrides
such as methyl, ethyl and n-propyl are suitable as
well. Lithium aluminumhydride, aluminum hydride,

35 aluminum chlorohydrides, borane, and borane complexes
(such as borane-THF, borane-dimethylsulfide complex, or

borane-amine complexes) have been found to give less

13



tributyl borohydri de may be used as a
trial kyl borohydri de, but other trial kyl borohydri des

woxuetweasinet hyl , ethyl and n-propyl are suit alplC®/Us2004/042982
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wel | . Lithium al um numhydri de, al um num hydri de,
aI ttima m ude €10 ©d oﬂsmgﬁf@:de&;cé)oaamehe aneldboi ameagonpl exele

§%§E§§rqgraQ§uJTﬁzl é%@? hsd$HE§f% fu$£{$f ﬁgggh érlde

or ane-antne co ave been ound
Ie%mfhaafsd@@BHed performance as the reducing agent
The preferred reducing agent is an alkali netal
bor ohydri de such as NaBH 4 . In a preferred
enbodi nent, the separ ate deprotopation step is

el i mi nat ed by eRPPEFT PO S ERRR/ALIGRE ¢ nehe e%%%%@te
agnbr & Seied Bsn NetBkp 4) s -e1 fratndiSed NPy eetihBdly DG an excess

ot vt a287 Tog Svelinc] R BRI ol Hor « e

de:mfm oma | enpuav@lezetducpm)feranb]ay sshiylet 5y eporetthan two

é@gﬁﬁé l?gerg&%éﬂ?% he r eact(gan%f?% ge%@oéhe

exce e vent
hum@oq@a@m% %nid r oo e ehgrer e Uk eS Y ke t flee™aBH .
This turns out to be beneficial. Wen nethanol is
enpl oyed as the solvent, the solution of nepetalic
acid nust be_copl e g to Iess t han room t enper at ur
a

(e.g. 25C), Such® as°tR abfoutl®d RFachitoro tlﬁ?}elnventlon
aotdhatti mietdﬁamdnb NaBbh dexcdf l@it tdel veact fon tlse reactants

st B FeR S 0 Sodth CRBSeLR B M (B
t mﬁSBI’éxf f e@thASeltylréISemtngq e resmetfiion ati xt ten sethanol
el iéﬂéiﬁgslcsweci h§s n@@é’ é&l@é@é Oytﬁé(aé?éléé%ﬁ%ﬂ@éﬁé@allc

amount s of Upon conpl eti on of
r etq d‘r‘PS‘%Héeo??@Jaﬁ‘%n‘é%e]t%%c‘%%’é W%t%@%‘?%’fe (e.g.

pragiuTt, rycieas to about 0°C, prior to the addition of
the NaBH,. After the feaction is complete, and the
solution is allowed to warm, the methanol solvent will
react with the remaining NaBH,, thus effectively
cleaning the reaction mixture, and eliminating the need

to employ exact stoichiometric amounts of the NaBH,.

Upon completion of the reaction, the
dihydronepetalactone diastereomeric product may be
purified by distillation or by crystallization, or by

preparative liquid chromatography.

Except where otherwise indicated, the
chemical reactions of the process of this invention may
conveniently be performed at room temperature, without
special measures taken to heat or to cool. Thus
temperatures in the range of 20-30°C have been found to

be satisfactory. 1In general, heating above 30°C should
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purified by distillation or by crystallization, or by
preparative |iquid chromatography. Except where

wmrdoened7sie | ndi cated, the chemnmical reactions OfCT/0$£2004/042982
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process of this invention nmay conveniently be

perforned. at roomte e | o
é%d?§§'€§£eﬂnt%5 %é3¥§;g#§f%d%¢éég#%ﬁs ?é%%%?atures

| redEt yearge Jfem@eB-Cdrmveebaer§ tanddewnbeo 0°C, may,

saldidAct Orye dib OGNS or R | Ngrpbove 30s & SHO4I 4b8ye

avol ded 1n order to avoid undesirable side reactions.
TermpetatUrrar et viopr edownt RF DG S ny, | Hbedeton pen the
erpbyeri & Qe t B3P L ROSRSa ke SEY | ietcRbove Fodéss of the
ot herwi se desi red. Thergﬁis no |i [

itation on the .
SHITITRE i Fiotol ST REarS BYF TRt he FIOCEl P BCEFEtng
pr&esendll nventdomot mayud eprards s eingul s ilBat cbmpowlessi ng

e RSB R L QR P MR SEERIAY frpuces.

The process of this invention is a high yield

reaction, with typical yields being in the range of

85- 90% of the desbéess PbodUEts 1MvEhe: 6@Sesi & MKkhyield
cis, trans nepetal actone is bjected to the process

O 4L T S FnEYIOL 0k TS TR 28 1R L1 -1 TPt Hoh 85-
Stgaretalf ecte (des FHedinerdiuct he ymetide appsé esntwhidie cis,

single diastereonmer. . In the.c i ' LS, . .
nepitir e FECEoms oIF iSRRG o (S o dERs S Senie
i nvengntoion the Peodutirsts SErapproxi atahy thdn Structure

digst gy g{@%@ M xtuhe pleRirashpres & ange F?{ﬁ@le

Fi gure is diastereoneric mxture i s not |,
sé%a@%ﬁﬁ’éecwe’ér di Faryhereedse . iTher BN pFaasice@ By t he
pr Dictdhs iavemiodes@mytbechisesrdOEsd of this

*“ﬂﬁééﬁéf%ﬁy Eﬁeﬁgééﬁﬁgg’is'an approximately 1:1

diastereomeric mixture of Structures E and F (in Figure
2). This diastereomeric mixturé is not separable by

ordinary means.

The DHN produced by the process of this
invention may be used for a multiplicity of purposes,
such as use in an effective amount for the repellency
of various insect species, or as a fragrance compound
in a perfume composition, or as a topical treatment for
skin. For example, the compounds hereof may be
applied in a topical manner to human or animal skin,
fur or feathers, or to growing plants or crops, to

impart insect repellency or a pleasant odor or aroma.

DHN is typically used for such purposes in a
composition in which the DHN is admixed with a carrier.
Suitable carriers include any one of a variety of

commercially available organic and inorganic liquid,
15



such as use in an effective anount for the repellency
of various insect species, or as a fragrance conpound

WO Wos03e31f ume conposition, or as a topical trastmesmwo4/042982
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for skin. For exanple, the conpounds hereof may be

apBb&QQ |Brasbﬂ@LCgblHB”BQErE@rQUgﬁncQ&r@@k”@Br&bﬂQtlons
fur feaﬂwrs | ants or cro

LRF&REy i naSHl 3¢
|nB§P lendBeforiy FFéH@y FaOp| RS8Rt BEBEL ?nérona

DHNrbdutyplCaWhgnuﬁeﬂmﬁmEtinghapBk@ﬁspﬁodﬁc@ or topical
copposLit nywhich. the DHN i

carrrer. UP? %Fe Carrlersprﬁgﬁﬁagg;ﬁﬁ 8m%e8F E

vadestgtologoanbiyi abtgphghlkabherdegani Eoandxample the
| NOLPANEE LUl o0kt dyallySClh nofBh, d56RELLALS OF

carrier lations usable’in formifafing s
|nE@EFOIQEEmPeﬁ?nﬁiéau@FsmaVMeﬁfféﬁﬁaraﬂlﬁgharSWBhl known

pr@Qﬂﬁleﬁrcé@@bﬁéﬁténseﬁkaﬁﬁpég|Sﬂtor?ﬁnhé pighehred
to select a.de t ﬁhglcg i acce bl'e carrler For
exSRPF LT fie Bal i | hAY fint] HBBS hAE cRYTRPEBREPNS (o9,
si pénbanre, peéxahaf uneptane| i nonanepnyeobnsexaaathet ber

meghafgggf gg&riféu?Udegnen $ §x$gﬁéel of organic

riers i Tg ROR§dr ocar bons
(e.g., pentane, hexane, heptane, nonane, decane and
their analogs) and liquid aromati c hydrocarbons.

Exanpl es of @iaﬁﬁlésqgfdobMQf0??&@98$h&8££89€b8h5Slnclude
produced distillation. of ¢oal and

b
d|%% ?I%f?%ﬁc% Rar Hogsd %?bé%lﬁﬁaoﬁr%9e§o%¥ “and the
pedischehacabn sbDcksriong! tighag keaogeage9ibs that are

PSSP St 41 PO nct Gab e R cRgtrePar | 9 Far Eprpaare

t cchsatged coy t fradt spnal dissilkagiontbf setraléed.

|| @b e ANGe TBSH &4 SHL BY Pﬁéfmd§°@ﬁ$§éiggngéafigdLSferred
to as agricultural spray oils (e.g.,. the so-called
light and medium spray oils, consisting of 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,
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.

Other carriers include silicone, petrolatum,
lanolin, liquid hydrocarbons, agricultural spray oils,

paraffin oil, tall oils, liquid terpene hydrocarbons
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fractions in the distillation of petrol eum and which
are only slightly volatile) . Such oils are usually

waniogfibas7zief i ned and nay contain only mnute armIMSK00#042982
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unsat urat ed conpounds. Such oils, noreover, are
geaedatbygaaeaéﬂbﬁhOHEs 3mdpﬁ§@@deP@|ﬁr@§BtQ% alcohols,
e ie ter an enul si iluted to
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obﬁépnédlﬁpoﬁnsaﬂ?aﬁeVddgdsbrganmt anddlpukganhbkgouag

paﬁ@&ékﬁa@blS’Iﬁagdéiglkﬁrkg pﬁe”%S?VeC%thl hdgmy § iquid

liquid carriers can i1 nclude |1 qui
hyayééaﬁaﬁhgnandtb@rgéﬁélarc@hc|gogu@hnasonventlonal

a'@h@i@hﬂ?ﬂﬁg Qg@ﬁﬂéeﬁﬁlcﬁeﬁﬁhnﬁeluseangthSaPhgg the

ﬁ garriers pnclude silicone Eetro at um anofi A
||5b ] HQH?BE5?%6ﬁgon%gFP@EPPB¢§I @ppﬁydéﬁp§r89draﬁt|nnd
oi Hiltakd mhtB Waqérdfber@ﬁﬂ@ubédépﬁ@ibga§aﬂd t gEpene
a'89ﬁ8£511 hggrg and aronatlf ﬁ cohol s, esters,
al de ydes tToneE It Reral olfIuff REP2BECoRigf¥ents such
fiagel yldbhaded @m@a@r@manﬂciabcghnls sebtdrant 1d8hgdes,

| naAddiitORel 0 ANFoRbOYE- HBALLOREHC! LIULAOL S incivde

hy rocar ons the carrier I N conve
enif SRy di ngt Agknt BoTRR LhPEaRy be USeprepyl cansimgl thetyl,

d|@gdxm@eppta&@@t@ﬂﬁtc@@@pyngﬁcéﬁopg dsgpessed éF?oﬁQgs

|Iut quAtEy wft &? end- Ilcatlon
FPQui o CarTi eFeCReatT i % %r@%ﬁlﬁr%%Y¥%%?591YCOl)
Su@mda§l@¢¢®hﬁllCSuﬂthb&eW@mlﬁhﬁdﬁﬁﬁp|§lc@ﬁé3§31nclude

eyt Saises oo A pleilc Ol < sl

r1 #ﬁﬂll%ut®¢ltaQ#§:QKﬁ& %&mme&$ immymdachwmmpEntyl
S @kd-pe bRl sal&g{d:p@. gl ycol s (such as ethyl ene

- and propyl ene glycol) and pinacols. Suitable
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pol yhydr oxy al cohol s i ncl ude

Conventional aromatic and aliphatic esters,
aldehydes and ketones can be used as carriers, and
occasionally are used in combination with the above-
mentioned alcohols. Still other liquid carriers
include relatively high-boiling petroleum products such
as mineral oil and higher alcohols (such as cetyl
alcohol). Additionally, conventional or so-called
"stabilizers" (e.g., tert-butyl sulfinyl dimethyl
dithiocarbonate) can be used in conjunction with, or as
a component of, the carrier or carriers comprising the

compositions of the present invention.

Desirable properties of a topical insect
repellent article include low toxicity, resistance to
loss by water immersion or sweating, low or no odor or
at least a pleasant odor, ease of application, and

rapid formation of a dry tack-free surface film on the
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gl ycerol, arabitol, erythritol, sorbitol, and the
like. Finally, suitable cyclic al cohols include

wayob/ogesnt yl and cycl ohexyl al cohol s. Convent i ROTUS2004/042982
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aronatic and aliphatic esters, aldehydes and ketones
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application, and rapid formation of a dry tack- free

surface filmon thehost's skin. In order to obtain

t hese properﬁles t he fgﬁnu at i cal.lnsect
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composition may be an aerosol composition adapted to
disperse the dihydronepetalactone into the atmosphere
by means of a compressed gas, or a mechanical pump
spray. Likewise, directly spreading of a liquid/semi-
solid/solid repellent on the host is an effective
method of contacting the surface of the host with an

effective amount of the repellent.

DHN may also be combined with other insect
repellent substances such as N,N-diethyl-meta-toluamide
(DEET) .

In addition to a DHN, an insect repellent
composition may also include one or more 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

useful essential oils include: almond bitter oil,
‘ 18



incorporated into a powder or dust will thus permt
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fennel oil, gin ol l, grapefruit ol enon
0|¢du1¢n%t%¢$ (Rppradnlt pasefeysertes pbppbrdeniasys, and

PEPRSE) Ob di@ﬁgl@mlofspﬁérm¢@y ohto (head hot horsxueeind

Or%?%%a%%enth %n%?%géo?ya %%g ghé’ Pgeglkbut not
always) two pairs of membranous wings. This definition

therefore includes a variety of biting insects (e.g.’
ants, bees, chiggers, fleas, mosquitoes, ticks, wasps),
biting flies [e.g. black flies, green head flies,
stable flies, horn flies (haematobia irritans)], woocd-
boring insects (e.g. termites), noxious insects (e.gqg.
houseflies, cockroaches, lice, roaches, wood lice), and
household pests (e.g. flour and bean beetles, dust
mites, moths, silverfish, weevils). A host from which
it may be desired to repel an insect may include any
plant or animal (including humans) affected by insects.
Typically, hosts are considered to be insect-acceptable

food sources or insect-acceptable habitats.

In another embodiment, a DHN may be used as a
fragrance compound or in a fragrance composition, and
be applied in a topical manner to human or animal skin .
or hair to impart a pleasing fragrance, as in skin

lotions and perfumes.
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ingredients in essential oils are: citronellal, nethyl
salicylate, ethyl salicylate, propyl salicylate,

wa2as/068381 ol , safrole, and |inmonene. The i nSecRGI/USEAD4/042982
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may be repelled by the conpounds of this invention nay
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onpr@étlced in the art is satisfactory.

A corresponding aspect of the wide variety of
products discussed above is a further alternative
embodiment of this invention, which is a process for
fabricating a composition of matter, a topical
treatment for skin, or an article of manufacture, by
providing as the composition, or incorporating into the
composition, skin treatment or article, one or more
DHNs, or a mixture of stereoisomers thereof. Such
products, and the method and process described above,
illustrate the use of a DHN as a fragrance compound or
perfume, or in a fragrance composition or formulation,
or in a topical treatment for skin, or in an article of

manufacture.

A composition containing compound(s) of this
invention prepared as an insect repellent, fragrance

product, or other personal care product may also
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nore DHNs are formulated into a conposition for use as
a product that is directed to other fundanental
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certain applications and this amount is not limiting.
More preferably, a suitable amount of a compound will
be at least 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.

In a further embodiment of this invention, a
DHN is incorporated into an article to produce an
insect repellent effect. Articles contemplated to
fall within this embodiment include manufactured goods,
including textile goods such as clothing, outdoor or
military equipment as mosquito netting, natural
products such as lumber, or the leaves of insect

vulnerable plants.
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personal care industry. Exanples of these include
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conpositions wll depend on the intended use. In a
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The present invention is further described
according to the following specific embodiments, but

the scope hereof is not limited thereto.

All reactions and manipulations are carried
out in a standard laboratory fume hood in standard
laboratory glassware. Nepetalactones are obtained by
steam distillation of commercially-available catnip oil
from catmint, obtained from Berjé, (Bloomfield, NJ).
Cis, trans-nepetalactone is further purified by wvacuum
distillation and trans, cis-nepetalactone is purified
by crystallization at 0° C from petroleum ether and
hexanes. All inorganic salts and organic solvents were
obtained from VWR Scientific. All other reagents used
in the examples were obtained from Sigma-Aldrich
Chemical (Milwaukee, WI) and used as received.

Determination of pH is done with pHydrion paper from
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mlitary equi pnent as nosquito netting, natural
products such as |lunber, or the |eaves of insect
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invention, a DHN is incorporated into an article to

pfi%d&%ﬁ%dg%,@ﬁg Sur¢§%5 t%ﬁgr@my@@aﬁ QEaf‘aa%y‘a\he

IS ap ace O an o ect"to | art
odorodueletaxe Ther phied chiy @Ohwnne?hmmawwahy oand

V“éﬁafgﬁﬁﬁ¥Hé%H”b§rNMﬁLﬁﬁé@E&ééb st i9MR a8etPBa are
concentrati on req uired to i necess

eI G GHOF T | LD ARG S S0 G ki 1125 Mz

vvrlt by nukhagedeubedibieant soilhehudeobaauhadt dires gaedsidge
fludin $§1I| ?oods air fresheners, candles,
FAUPSc &?¥1%Fes, fibers, sheets, paper,

pai nt, ink, clay, wood, furniture (e.g., for patios

and decks) , carpets, sanitary goods, plastics,

pol , and the like. Qher uses for or conpositions
of—%Liﬂiéa&e as disclosed in US 2003/ 062, 357; US

2003/°079, 78 I%a”Id?PS 20034 124 agrd'%paregcg E%m“?igh LSans

i ncor porate s entirety er eo
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fume hood in standard | aboratory gl assware.
Nepet al act ones are obtained by steamdistillation of
connerC|aIIy av Iable ca t ni fromc

obt ai ned frdh O?BPOOC ﬁaniu?epegrg%g%?%? in 5 mL

s-@épeezwahydmmimsamux$hEreamﬁdfweuhbq0@anmuhydroxide

digiidlations and Lf aPseef) SeOGREL ALGCEQNEN} &1 RYT T L ethyo-
phase mixture, which becomes a homogeneous yellow
solution after 1 hour. The basic solution so formed is
extracted twice with fresh 20 mL aliquots of ethyl
acetate. The aqueous layer from this extraction is
acidified drop-wise with 1N HCl to pH = 3, becoming a
white heterogeneous mixture. The thus formed aqueous
mixture is extracted twice with ethyl acetate and dried
over anhydrous sodium sulfate. Removal of the solvent
under vacuum results in a yellow oil, which is
triturated with petroleum ether (100 mL) and allowed to
crystallize to a white solid on standing. The white
solid is filtered, washed with cold petroleum ether (20
mL) and dried under high vacuum to afford nepetalic
acid (1.9 g, 69%) with a melting point of 67°C [lit.:
71°C, J. Org. Chem., Vol. 46, No. 16 (1981), 3302-
3305]. The absolute stereochemistry of the product is
verified by single crystal analysis and is consistent
with the single diastereomer, (3S,4R,4aR,7S,7aR)-3-
hydroxy-4, 7-dimethylhexahydrocyclopenta [¢c] pyran-1 (3H) -
one) (Structure IV, supra).
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by crystallization at 0 C from petrol eum et her and

hexanes . All inorganic salts and organic solvents
wonsneoesiai ned from VAR Scientific. Al other rEEy0048042982
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by column.chromatography on silica gel eluting with 5%
ethyl acetate in hexanes. The product-containing

20 fractions are identified by TLC ahalysis, combined and

the solvent is removed under vacuum to afford the
product (2.64 g). 'H and *®C NMR analysis of the
product confirm the structure of (1R, 5R, 6R, 9S)-5,9-
dimethyl-3-oxabicyclo[4,3,0]lnonan-2-one (Structure F in

25 Figure 2).

Example 2

Nepetalic acid is prepared from trans, cis
nepetalactone by the identical procedure employed for

30 nepetalic acid used in Example 1 with the exception
that trans, cis nepetalactone is used in place of cis-
trans nepetalactone. The following amounts of reagents

and solvents are used:

35 8.93 g of trans, cis nepetalactone
3.2 g of sodium hydroxide
20 mL of THF
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crystallize to a white solid on standing. The white
solid is filtered, washed with cold petrol eum et her
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t hedgedivent ons penoved whidke uvadeunat stadflprdttrbem of
nitrogen te 0°C, and the contents are then warmed to
20 room temperature. After 3 hours, the reactioh is
acidified by drop-wise addition of 1N HCl to pH = 3.0,
and the resulting solution is transferred to separatory
funnel and extracted with dichloromethane (10 mL) three
times. The combined organics are dried over anhydrous
25 sodium sulfate. Removal of the solvent under vacuum
affords the product as a clear oil (171 mg), which is
purified by column chromatography on silica gel eluting
with 5% ethyl acetate in hexanes. The product-
containing fractions are identified by TLC analysis,
30 combined and the solvent is removed under vacuum to
afford the product (64 mg). 'H and *C NMR analysis of
the product confirm the structure of (1R, 5R, 6R, 98)-
5,9-dimethyl-3-oxabicyclo[4,3,0]nonan-2-one (Structure
F).
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product (2.64 g ). 1H and 13C NMR anal ysis of the
product confirmthe structure of (IR 5R 6R 9S5)-5, 9-

walzooebésyst 3- oxabi cycl o [4 , 3, 0] nonan- 2- one ( StRAUSA04/FH2982
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in Figure 2). Exanple 2 Nepetalic acid is prepared
fromtrans, a h e

procedure e f*éyé%@? 9£nékg?§ Q%léc?di%sggéfégExd f?r
1 mmsﬁctheepabb©m¢bnlnhatC@mmﬂng@mstﬁ%bewathcpaﬂe i s

US§9e£@oPéé&§r§fp?éﬁéf@@saBSBféﬁﬁécéén§r13P9a£@|h@ﬂhBSs
anounts of reagents and sol vents are used: 8

t ramg, a%@sn%%p%b%|@%ﬂ@ﬁeC%erﬁcb? sbﬂ%ﬁﬁthaP%%%a@tzo

nLc@ﬁpJ&EEQoﬁL DEEMBKnrNngeoﬁyprmduﬁluaﬁlobtaLneAsag

a pale %f oil and is us g rg%p er 1
pUTPPFE fol?mea‘quhs%n%ﬂ}%?‘%o f p%%d%‘&? 816?% Agdvesl-
consistent with a 1:1 mxture of (1S12S, 5R)-2-net hyl

-5- [(1J?)-1-methyl -2- oxoethyl]

cyclopentan I ng.. ( 2

et hyl - Lefggbﬁﬁﬁ &ﬁn?&ig &og%e%ﬁé fbéﬁ%sgtlon tested
cyas o%wm @chrb@xwecsa@%e %@a%@f@@!@ﬁ%e@f b§trngture F.
di astereoners of Structures V (a) and V(b) . An
oven-dried 50 nL liter three-necked roundbott oned

flask i { d ;
Gt roam of ni FRoGRY ROSGFGhPonLbi -IBAHGPOFLERGE Lested

ne@st@bmpaa@tﬂvdlExampbenbrls preparedsacpoepgangdtonthe

added th d en
COO?E%S% n%%?:égi)ir tgé f%?l ongné ﬁéhzé? E [ anlt
bom%h?@rpﬂélfse@d@éﬁflﬁréﬁé @%P?F@haﬂhpnﬁruﬁﬂﬁifaed as
st gagyrsbé&aeplinabove. The resulting product is a 7:1

mixture of the diastereomers shown as Structures E and

F, respectively, in Figure 2.

The DHN contained in the composition tested
as Comparative Example 2 is prepared according to the
methods of Hallahan, op.cit., and Manzer, op. cit,
using purified trans, cis nepetalactone, purified as
described hereinabove. The resulting product is a

single diastereomer shown as Structure B of Figure 2.

The composition tested as Comparative Example
1 thus contains a mixture of diastereomers, one of
which is the diastereomer of Structure F present as a
minor component. The composition tested as Example 1,
by contrast, contains the diastereomer of Structure F

as the only active component.

Repellency is determined against Aedes

aegypti mosqutioes in the in vitro Gupta box landing

26



nitrogen to GOC , and the contents are then warned to
roomtenperature. After 3 hours, the reaction is

wa@ziogdéi7ed by drop-w se addition of IN HO to /652804042982
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and the resulting solution is transferred to

géégyoryz£“9$$£ ﬁggqﬁétéaﬁ%s tBoHEQEhgfgnﬁgﬁﬁge each
t hree or ani cs are
ov@@Vanﬁ§dbEu§ B@dﬁnnﬂbalKanemaPEHﬁvgst@ﬂeih@e@braéﬁt

unﬁs&hVngyn1§fEQiﬁédthgtﬁrggugﬁea§1@osleaeneahnﬁgal
ch is purified by colum chromat Qgr

ny)
S|FP@%U@eFlEFﬁFFnétﬁAPﬁeE@FEtﬁ}PtEéﬁgét@nﬂnAﬁgxéﬁésmg ATP
Thalgb@ﬂuﬁtsa1@0péalmsnglfbﬂcblcea)aranddnahtéaedoby7 C.

TLC I nbi dth
TLE ORLR! 3r, SBTRA NS ARGLAE SOLYER LS FERDY S aining
136héMEéanabyecsmeﬁ bhecpnodutt1soapplmeﬁheoseaqbture

mé&%%agg 95% g?ngrgﬁfgﬁgygrﬁxa9faﬁbC%ﬁl?PA except

nonan- one ructure
pr@h@t@ @thgyuﬁ§Eelmdn§aé9@+ua@@ﬁtr@l8|ﬁ§@cﬁlther neat

reP?A'eQﬁyuhBréaQQHDﬁéhEPQnée§&rfb&8 DR st RERBLaABET S
prepared accor di prior-ar net hod and agai nst

ng
t hEURER6F EBﬁﬁE?élEFthngeéf PR %FF@ﬂto oRBBSi t i on,
DEET (N, N-diethyl-mtoluamde ) . As a control, neat
i so- propanol (IPA) is enployed as well. The DHN

contai ned in anﬁgﬁlt%8§f5§§%596§% géﬁnphgﬁéVLéld

the single dA érBoner’ o ructure
Coﬁ@@ah@dAﬁdeEhéegﬁnﬁésm©$@h1F@§6edrasleﬁpdﬂQ@dvéntO the

EXéHEhSe% 'STHEeﬁé&ﬁgraSEOﬁgéaglEQeEhﬁrBBEHQdéhef
Hal | ahan, op.cit nd Manzer, op. cit, Uus

uW?WPEﬂn%stOFr%ﬁghnEE%?EW%EFohé rﬁEPFﬁﬁédaés2 minute
desﬁtebealBebeeﬁaDOVﬁlnﬁh@sresmh&hngapﬁmdﬁ@preseﬁtg the

mean of three replicate experimehts.

Results are shown in Figure 3 in which mean
number of landings is recorded on the vertical scale,
and elapsed time is recorded on the horizontal scale.
It may be seen from Figure 3 that DHN Structure F (as
contained in the composition tested as Example 1)
compared well in repellent efficacy with the DHN

materials prepared by the various prior-art methods.

Where a composition or method of this
invention is stated or described as comprising,
including, containing, having, being composed of or
being constituted by certain components or steps, it is
to be understood, unless the statement or description
explicitly provides to the contrafy, that one or more
components or steps other than those explicitly stated
or described may be present in the composition or

method. In an alternative embodiment, however, the
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m xture of the diastereoners shown as Structures E and
F, respectively, in Figure 2 . The DHN contained in

wa bes/0eaTpiosi tion tested as Conparati ve Exanpl eP@I/us2004/042982
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20

prepared according to the nethods of Hall ahan,

op C& %%%afgn“@ PZGLen8R: of'EhlgsiﬂgeHgiéE'ﬁQ LhaNSt ated

actone, purif as descri her nabove.
Th@rr@g@fpnhgd paedg@tlsmtangu pgbentdiastier @6n@ersmwn

aScé%ﬁ&ﬁéHE& é&oétébguren whlaﬁeeﬁ98@9ﬁéatoeo&ﬁéhsﬂtesor
e gggratlve Exangg 161 thus contains a m xture of
|

BF ek swo ptoRiehlysatherdrast B éBRePlef of
Stdsplé{:ézlfﬁoﬁ @feﬁﬁétdii§tﬂn@ﬂlﬂ@hlﬁQW@Bé}Etheﬂ:bgtlcs of the
osition tested Q%fgx #g contrasg gonta ns
t heOBPQSt B eBret BFCRPE oD %bas BRI GRFYC abPryEIn-
compoaefhtirtiRepedl eaeyat sveetwboadednagathst cdedesition or

ae%%@ﬁ&dngfqyﬂige?ﬂbgn£b§%oﬂ g'é% n%%eéé 8 Xdescgibed as

| andi ngassay r —contarns
wetbrsighing coferedt ynacapaneehe eunfhabsi niesvhhek

ne@nﬁéﬁfmeggcgoﬁﬁbheh§sfbfl§9eﬁét8t99¥'Bﬁaﬁlgﬁgse as

contalning sodiumcitrate grevent clotting) and
ATPL272d o rTe HPEOE?UH¥§%?Ftp ReB8ifRt of bl ood) , and
heated to 37C. A volune of 25 m of |sopropyl alcoho

(1 PA) cont ai tes ec n_ot contr ol .~
applied to eg% gﬁeﬁﬁ?aﬁ%éegg%l%%n%gﬁf?g?|oﬁs gFe ar
1% sad| PAtkxceppeabete @tQEaMEmentndtcd&edrlﬁbmonobé the
ar i a nt r eat syfac r
R T e T
Afe ereshadin, ohpphési Mavenyionseo itdag- bpdbeewnferaeaed.
ae@NPtis "PRYUEL QESMEKE bAt HOHEE Pt i BhOckPeiENBMPeprovides
The nunber of nosquitoes grobln %h
to the contrary, that the use“of such indefinite
article does not limit the presence of the component in
the composition, or of the step in the method, to one

in number.
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menbranes for each treatnment is recorded at 2 mnute
intervals over 20 m nutes. Each datum represents the

worEan @3t hree replicate experiments. Results BIRUSI0V032982
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in Figure 3 in which nean nunber of landings is
recorded on the vertical scale, and el apsed tine is
recorded on the horizontal scale. It nmay be seen from
Figure 3 that DHN Structuresf contained in the
conposition tested as ExanS%%E%gfconpared well in
repellent efficacy wwth the DHN materials prepared by
the various prior-art methods. Where a conposition or
mefhed 9L Emb§méavggt|on is stated or described as
conprising, Including, containing, having, being
conposed of or being constituted by certain conmponents
or steps, it is pgo@gsgng@fspﬁggaryﬂgegs t he st atenent
or _description g ci tI% EYOVI des .to % Con ET

t N9t PEAEOBFPREALAEbRPEnehER 5P BE EFs S6PREACE AR Y hase
exptractlyestat edooprdesagi bed may be present in the
conp03|t|on r e

hovever, RECorbaRrfy b S Aoetre R OPbpAT  FERECHPRCL
naycbemstapéalwraae§crubédraslcowst§tangaqggenslbasy

of Certa'n(EP”D@BEB&étPﬁgsﬁﬁ@dprbau$®'SE gebpdig®Nyith an
conponents or steps that would naterially alter the

pr fRefpFe SPerEFHFF6ﬁ16rth€ dFSPrR§EPSRAngchematically
chagastentstiresIof ;t hadconpositi on or net hod woul d not
be present t erein rther_alternati
enbodlnent hecggﬁﬁggf??oﬁh%rnﬁ%?#%ngfa?ﬁ?sWIth a
|nvedUCmngnagebe sbafedmodilgdronbpdtadaconsesti ng of
certain conponents or steps, in which enbodi nent
conmponents or steps other than those as stated would
not be present therein.

aqueous
o base

red‘ucing agent

acid » »

2. The process of Claim 1 wherein the acid is

a mineral acid.

3. The process of Claim 1 wherein the reducing
agent is an alkali metal borohydride.

4. The process of Claim 1 further comprising a
step of contacting the nepetalic acid with a non-

aqueous base prior to contact with the reducing agent.

5. The process of Claim 1, which is run in

methanol at a temperature of less than 25°C.
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Where the indefinite article "a" or "an" is used wth
respect to a statenent or description of the presence

woaozesmrponent in a conposition, or a step i PCA/US2004/042982

nmet hod, of this invention, it is to be understood,

unl ess the statenent or description explicitly
provides to the contrary, that the use of such
|ndef|n|teGarthEepégégsﬁo@flCh@%mthewb?§§éﬁcéh6f t he

COHEBBEQEaonhEG %0@9@& Eb@ﬂs aés\%f;atla@t%h@p in the

one in numb Cl.ai ns is clained is: 1

hod,
A(éﬁoégséaﬁoﬂspﬂéﬁérPnBygrafﬁyéranepetaIactone

5rea&ﬁéeﬁyeﬁe&§h§6&bb9aﬂbpea3a$bnpg&aheluhﬂ)eamanlsing

10

(a) contac g taI cton epresented
sc%@ﬁﬁ??@gﬁﬁ§ Q FHE?H mnth an aqueous base;

(b) contacting the product of step (a) with an acid to
form nepetalic acidp represented schematically as
Structure I11; and flc) contacting the nepetalic acid
with a reducing aoe'boto foi di hydr onepet al act one. 2

(Y

The process o R ein the acid is a mnera

acid. 3 . The progegs of Claim1 wherein the reducing
agent is an alkali netal borohydride. 4 . The process
of Caiml further conprising a step of contacting the

15nepetalic acid wwth a non aqueous base prior to
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CO%@C% W m}%pdgagegg@gigggoﬁ egg Préduczae 'y cz@%sslaf SR,

erature

| e6B) thaf - QsmeﬁhleﬁeOpilabé§¥§1@f[4€Ba|0r}ﬂ9n@ﬁeﬁepﬁetl he

represented by Structure F

O

H

7. A composition of matter comprising (a-1)
the single diastereomer of dihydronepetalactone
(98, 1R, 5R, 6R)-5,9-dimethyl-3-oxabicyclo([4.3.0]nonan-
2-one, or (a-2) a mixture of diastereomers of
dihydronepetalactone whereof at least 50% thereof is
(98, 1R, 5R, 6R)-5,9-dimethyl-3-oxabicyclo[4.3.0]lnonan-

2-one; and (b) a carrier.

8. The composition of Claim 7 which comprises
dihydronepetalactone in an amount of from about 0.001%
to about 80% by weight of the total weight of the

composition.
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nepet al actone is cis, trans nepetal actone ((3S, 4R, 4aR
I'S 1laR) -3-hydroxy-4 ,7- dinethyl hexahydrocycl opent a

wo wppea3zail- | (3H)-one) , represented by Struct wca/usS20@)042982

5

la and a dihydronepetalactone so produced is (9S, IR

5R, 6R) -5,9-d] - 3- oxabi cycl _ ,

P4 3001 nondn. 270Fe COPBRRLERPed Df 18t udt PETEIR ther

. Aacanpasiitsi e lefctrd! tfeomc alper ooy (@nb)isthiegsiofgl e

di r r | on I ct ( ' R

CLEgERAE P ARG 05 L3 B R

(aagriQU&t%ﬂ@ﬂeS@ﬁaﬂ’@gﬂéne@ﬁgaif@m oil, tall oils,

di Qpepet t ¢ wgg at, s i S

(ggxq:nRa %%rz:;% %r rr%%fns f?§go§§tﬁp§31§ tgfi%fo%fls
Oph&RAAL 1S a&ﬁa‘a(cﬁf ale‘—glhﬂl@n egterpe aldehydes,

CORE@&thanﬂhe@aalmll Whh@heQOﬁnbb&@&s, finely divided

d|h dronepet actone |n 9ﬁ5p98% of, from about 0.001%

L8 8G9 & '\Rei%ht of the

conp03|t|on 9 . The conp03|t|on of Claim7 wherein the

pcarrier is,gel e%hédc%g%ﬁ ?oﬂr ?J‘ép g”f]h' Zt Mﬂ%r%fin the
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silicone, petrolatun1 ano rocar bons,
ageRETIETr SOMPFASPSoiaNs aepf@nsgﬁlf |C|@ﬂmq81tt1@|n| agiapged to

| qyis@eb-aereng @M%&@%ﬁ@?@%a@B@tb%@%%%@'t@féh QleShosphere
I hati c and aromati c al cohols, esters, al dehydes,

n8&3TH R rélCGWPreﬁFﬁﬁe9a§lcohols finely divided
organlc and inorganic solid materials. 10. The

composi ti g of Thal Mufoaherell Lhecqantl " JAATRILSthe
an aer osol COfT'pOSItI on-a
carrier comprises a powder or dust.

12. The composition of Claim 7, which further
comprises an adjuvant, an insect repellent compound
that is not a dihydronepetélactone, or a mixture

thereof.

13. The composition of Claim 12 wherein the
adjuvant is selected from the group consisting of
thickeners, buffering agents, chelating agents,
preservatives, fragrances, antioxidants, gelling
agents, stabilizers, surfactants, emolients, coloring
agents, aloe vera, waxes, and therapeutically or

cosmetically active ingredients.

14. The composition of Claim 7 which is in the

form 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

or a personal soap.

15. The composition of Claim 7 which is

incorporated into an article which is selected from the
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di sperse the di hydronepetal actone into the atnosphere
by neans of a conpressed gas . 11. The conposition of

waCoas/me373mherein the carrier conprises a powderCTaUS2004/042982
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dust. 12. The conposition of Claim7, which further
CO§?6h§e§oﬂ81§€hH§aBEaa§9 E?éEﬁEnE§peglgghdggnpguggented

that is, not afd# % ronepet al act one, 'or a m xt
th%FEb? €13 TiBRE. cBnBbsrEi ofileFha BRPRET2 Wﬁéﬁéhnlﬂhe

aﬂphagntwosdseEaEheduféthéB€1ﬁﬁQF§a99€§hﬁé'ngaﬁﬁtary
t er rin gents el ati ng agents,
gs8met 2, ?gL£$ 2 eg, pg%?WS%ldants

servatrves agra gel l'ing
agents stabilizers, surfactants, ennllents coloring

agents, alpg VeﬂamewﬁégsofaP%?éffgﬁgegﬁﬁcg{l%o i insects

cosnetlcally active i1 ngredi e conpos
of €$%|ﬁwhumﬁnchansmah PHelnanimateahest ogawprasing

|0ék§051ﬂgSQEQY1n§e§€§aﬁb & Qghpoéﬂthﬂtggmﬁrlélggtha 1)
or._ shower a foam product deodor an

k
sh%?%o I %a@?a?gﬁﬁ%% eBroflﬁ%@yﬁFO%eB%Fé%ﬁﬁFo§%ap
15¢ 9She1Ron@Es|6RDHSQQ @lﬁeﬂhYlM@#@ﬁabﬁcY@EQEQOBabPﬂonan—

i 0, icle C sel e t om t hegr ou
cg%gls |§%£oféa§¥mér£§ é%%? © é%%{%re%mggﬁn?gd
ardikydronepeetactortecheredbtar bamet , 5phi theréok, is

| d,
;ogﬁi WO 5ﬁur@RfU§e9 @f%%%ﬁ%% §?%Q§%}ﬁgt%§?@|%aéynonan—

Ias
re?pe?rllefngg e 1E))r %‘F%r?h%%cts froma human, ani mal or
i nani mat e host conprising exposing the insects to a

COﬁpOSItI (040 1Sl e sin dlastereoner
of di hydrglnn7€peta acr?eg:%écgg 0]9 élalm 16g wherein the

composition is in the form 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 or a personal soap.

18. The method of Claim 16 wherein the carrier
comprises an aerosol composition adapted to disperse
the dihydronepetalactone into the atmosphere by means

of a compressed gas.

19. The method of Claim 16 wherein the carrier

comprises a powder or dust.

20. The method of Claim 16 wherein the
insect (s) are selected from one or more members of the
group consisting of black flies, green head flieg,
stable flies, horn flies, mosquitoes, ticks, chiggers,

fleas and lice.

21. A method of fabricating an insect
repellent composition, or an insect repellent article

of manufacture, comprising forming the composition
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(9S, IR, 5R, 6R) -5,9-dinethyl-3 -oxabicyclo [4 .3

. 0] nonan- 2-one, or (a-2) a mxture of diastereoners
woaozleddyadr onepet al act one whereof at | east 50%POTars0d4/042982

is (9S, IR 5R 6R) -5,9-dinethyl-3 -oxabicyclo [4 3

OlLnagnan- . r r t ho f

o & AN 608 e B Ra e A oSF P ST BT A the. FaEmiarede

cotégmeeracieri ofi, dahggrapepatedeairng dés, aR., 5R, 6R)-

Oi Et ﬁa&me@hgata e&agne%&oqal 3. @]B%ﬁ&hDQQ@'ﬂ‘ét’ or
a deodorant, shanpoo, a hair |acquer or rlnse

or MAXBEESoRAl ddagHeTrEgMerThe el Rydroncersrdars one
SWh@hékethﬁtcaéébﬁrSOQWEhéiésfaﬁsaQDgsOhRQOEPQS%Rl08,9-
ted t g S se t Q gzg onepet | actone into the
BfhBYe - ﬁ§Y8 Oa{ ¢ E888H " aS.nelg. The
nethod of C a|n116 wherein the carrier conprises a
powder or dust. 20. The nethod of Claim 16 wherein the
insect (s) are selected fromone or nore nenbers of
the group consisting of black flies, green head flies,
stable flies, horn flies, nosquitoes, ticks, chiggers,
fleas and lice. 21. A nethod of fabricating an insect
repel l ent conposition, or an insect repellent article
of manufacture, conprising formng the
conpositionfrom or incorporating into the article,
the single diastereoner of dihydronepetal actone (9S,
IR, 5R, 6R) - 5 ,9-dinmethyl- 3-oxabicyclo [4 .3
. 0] nonan-2-one, or a mxture of diastereoners of
di hydr onepet al act one whereof at |east 50%thereof is
(9S, IR, 5R, 6R) -5,9- dinethyl-3 -oxabicyclo
[ 4. 3. 0] nonan- 2-one .
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