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Provi sional Application No. 60/525, 304, filed on

Novenber 26, 2003. 10 Field_of_ the Invention The

present invention is directB854® derivatives of
. di hydr onepet al act one, which are useful 15 as

fragrance conpounds, to inpart, for exanple, a

desi r abl e RerEfatices vef fPagydneeepotabpetbae and are

al so useful as insﬁ%%h%%nghe@&%§AE%%i%resent
invention is also di For prepari ng

5 derivatives of dihydronepetal actone, which nethod is
20 particularly well-suited for transform ng naturally
occurring nepetal actone to the desired derivative.
Background of the Invention 25 Di hydronepetal act one

(DHN) is an Thisigipbl immioten peloims ttiad bayebet of U.S.

r t {1 r urg. of _Formul a
|G T Sove] 0o RS S0t 056813 anc
ha e exer iARP by Hal | ahan in US 2003/ 0191047
(which is incorporated in its entirety as a part

10 hereof for all purposes) as possessing a fragrance
that many humans find attractive, and thus as having
usef ul ness

Field of the Invention

The present invention ig directed to
derivatives of dihydronepetalactone, which are useful
15 as fragrance compounds, to impart, for example, a
desirable or attractive fragrance to objects, and are
also useful as insect repellents. The present
invention is also directed to a method for preparing
derivatives of dihydronepetalactone, which method is
20 particularly well-suited for transforming natufally

occurring nepetalactone to the desired derivative.

Background of the Invention

25 Dihydronepetalactone (DHN) is an iridoid
monoterpenoid that may be represented schematically by
the structure of Formula II,
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5 as a fragrance conpound. Hallahan, in WO 03/079786
(which is incorporated in its entirety as a part
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ety ab 0% i et PLact&ee 1558- 1563 (1941). The

2 WO 2006/ 054224 PCT] 82004/ 039511 structure of

Forrrula I1l was confirmed by Ei senbraun et al in J.

O Chem 46, 3303- 1981 ot her derj vati f
DH%I as di scYOSEHT e%l‘fé%%%g e‘?g ]%HI% B‘?B%ir V‘%‘f”%y:ﬁ‘gong

Mathicihal f&hematple, 4is nepetalic acid, which may be
represented schematically by the structure of Formula
ITL,

I

OH

Nepetalic acid may be isolated from the essential oil
of nepeta cataria [see, for example, Eisenbraun et al,
J. Org. Chem., 53(17), 3968-3972 (1988)]. Eisenbraun
also teaches the treatment of nepetalic acid with an
oxidizer and base to produce a dicarboxylic acid ring-

opened structure (nepetalinic acid).

Nepetalic acid (Formula III) may also be
beneficially synthesized by treatment of nepetalactone
with strong base according to the method of McElvain et
al in J. Am. Chem. Soc., 63,1558-1563 (1941). The



(3), 351-361 (1996), is the ethoxy substituted
variation of the structure of Fornmula Ill, represented

woyodshssxtructure of Forrmula 1V 10. 0 O N OEt PCT/US2004/039511
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According to Dawson, op. cit., the conpound of Fornul a
VAN epar e s_an,in mediate i.n a synthetic
pa%%%%@g%ggs%gtEar?ﬁ%?e#ﬁif%?SpFSBSFFWGEnEBeFéﬁﬁgpﬁﬁBn et
1523 rom R pOGkegofibeml n46 he3BebeBanbesinetied above, the
respective derivatives of DHN disclosed therein are

not described as being useful as insect repellents or
for purposes 20 related to fragrance, aroma or odor.
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ar a i engral Iy consi dered

un% eggén%t%§8€%€%a§§?EgﬁTélgiﬁg it attractive.
Nepet al actone may also play a role as an insect
repell ent as studies of the repellency of catnip oi
(predom nantly nepetal actone) have shown that it was
repellent towards 10 a nunber of insect species on
short-term exposure, but

O

OEt

According to Dawson, op. cit., the compound of Formula
IV is prepared as an intermediate in a synthetic
pathway presented therein for preparing nepetalactone
from R-pulegone.

In the references noted above, the respective
derivatives of DHN disclosed therein are not described
as being useful as insect repellents or for purposes

related to fragrance, aroma or odor.

Nepetalactone, represented schematically in
structure of Formula I,

o)



not to a nunber of other species [Eisner, T., Science

146: 1318- 1320 (1964)]. Whil e nepetal actone and DHN are
woabds/os®R2¢onmpounds t hat have exhi bited sone degceasefo4/039511

useful ness as an insect repellent, only DHN of the

two presents a pleasing odor to humans. It is thus

difficult to predict which nenber of the iridoid

ﬁQﬁ@kﬁﬁmﬁﬂ@fdcoﬁpﬁﬁéytOéfC@ﬂp@@@dﬁtﬂhlloml wetretell by

hav. artlcular ropert r it A need
é%§?$%ele€ gh narns- t%g %g%fo%nﬁeMI %%e %uﬁagethat
vmimgimdlﬁmﬁuinasatnspct r@b@h¢@9hstbﬂtaromat0®|l

h u
> DALGFEIGOT, T e e M R R B
di ewARs edcPEevE BRG] T URkEBRA LRpountisPehal agkgne may

de£1y9L¢y£§ erétﬁla@ngnthﬁée@@vﬁeyéﬁiéhﬁe§§ asulneschHs
IIents n addlﬁlon tpo oth se ase

r
LB et PR Pach O (2 S 8RERets 2, e
IrM@pé&aﬂaa%mn@reBemé showent that ptovwdesrépeldent towards

N R Ca A o v ey o i PR

O ®R tohereurbes afkgther spgties THéspesseRt, Science

|ny@@tigfgfy§§8eqlggvyjdes for a process to prepare a
conpound of Formula V conprising contacting nepetalic

acid with a base, and with a
While nepetalactone and DHN are both

15 compounds that have exhibited some degree of usefulness
as an insect repellent, only DHN of the two presents a
pleasing odor to humans. It is thus difficult to
predict which member of the iridoid monoterpenoid
family of compounds will or will not have any

20 particular property or utility.

A need nevertheless remains to develop new
compounds that will be useful as insect repellents but
that will have other uses as well, some of which uses

25 may be based on fragrance, aroma and odor. Applicants
have discovered previously unknown compounds that are
derivatives of DHN, and that have usefulness as insect
repellents in addition to other uses based on

fragrance, aroma and/or odor.

30
Summary of the Invention
The present invention provides for a compound
represented schematically by the structure of Formula
(V)
35



Grignard reagent; or with only a Gignard reagent. 10
This invention also provides for a variety of

woanpasiRions that include the conmpound of For ROTAISX04/039511
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such as a conposition that includes a m xture of

di fferent conpounds according to Fornula V, or a
conposition that includes a conpound of Fornula V and
15 one or both of an adjuvant and a carrier. This
invention further provides for a perfuned or

I nsect-repellent co ifd on of matter or article of
manuf acture that i i a conpound of 20 Fornula V,
and thus correspgnad gvi des a nmethod of naking
ent conpositiogyof matter
or article of manufac formng the conposition
from or incorporating into thgarticle, a conpound
of Forrmula V. 25 In partifjcular, this invention further
provides a topical treatnment for skin, such as a 5 WD
2005/ 054224 PCT/ US2004/ 039511 fragrance or perfune
conposition, or an insect repellent, that includes a
compound of Forrmula V. This invention further provides
a wheireo®R dfs abkyileatd mgy3kin or fur by applying to the
skin or fur a conpound of Formula V, or a conposition
i ncluding a, conpound of Forumla V. The invention
thus also provides a nethod of repelling one or nore

i nsects by TBEHIRENhelIvRIHcEqY ) T ReE iRt dftor a
FQBHcs V.t ol i pte Resedrigdia of RdembX2W ngSmprising
Figures 1-5 represent the resul.ts of testin t@ﬁ

| RS ' TR pPeghi TIven Ten vith a

Grignard reagent; or with only a Grignaxrd reagent.

This invention also provides for a variety of
compositions that include the compound of Formula V
such as a composition that includes a mixture of
different compounds according to Formula V, or a
composition that includes a compound of Formula V and

one or both of an adjuvant and a carrier.

This invention further provides for a
perfumed or insect-repellent composition of matter or
article of manufacture that includes a compound of
Formula V; and thus correspondingly provides a method
of making a perfumed or insect-repellent composition of
matter or article of manufacture by forming the
composition from, or incorporating into the article, a

compound of Formula V.

In particular, this invention further

provides a topical treatment for skin, such as a

5



15 against the indicated controls for their effect on
the probing behavior of Aedes aegypti nobsquitoes in
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descri bed hereinbelow. The horizontal scale shows
ti |n n1nutes nd the vertical scale shows frean
n C& 15 RETAHER TR es” [6E al TR
Desapelp]tarﬂn, afhafariroeisadef e reaoh durd db fremdsmuTaev .
present invention provides an entirely 25 new cl ass
of highly odorous bicyclic | actones useful variously

as i nsect repellents and for other purposes related
to fragrancethift drivemdior Baorhef Rievidedpounethad of
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anbi guous formof the structures of Fornulae |-Vl or

are shown as a specific stereoisonmer (as in various

| ocati ons herei nbel ow) when other stereoisoners are

alE8 PO U8 ptie S AN WR{RUSyS | Nstances in which

t he discussion may focus on a specific stereoisoner

of a di ast eI‘Eng’EBfés: pd rre(;smskems th?e Qrﬁ&ﬁ.ll/%‘@r@ﬁ ©dsting

I
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provides for the co e represente
suﬂ%ﬁﬁRIQQﬁq%/QﬂFtyﬁ? ing assay procedure, described

hereinbelow. The horizontal scale shows time in
minutes, and the vertical scale shows mean number of

landings of mosquitoes.

Detailed Description of Various Preferred Embodiments

The present invention provides an entirely
new class of highly odorous bicyclic lactones useful
variously as insect repellents and for other purposes
related to fragrance, aroma and/or odor of the
compound. J

The compounds described herein will be
recognized as exhibiting stereoisomerism, both
enantiomerism and diastereomerism as the case may be.
Unless a specific stereoisomer is indicated, the
discussion will be understood to refer to all possible

isomers, whether the structures are shown in the
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structure of Formula V, 15 0 0 V R where R is alkyl
or aryl. While there is in principle no limtation on

waQodshesype of al kyl or aryl groups that are meefuskooum3osii
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the practice of the invention, there will be
practical con3|de |ons as o the S|ze of the R
s SR P9 E difqsab piptures of
C rarRitlene Hur\t hewmar:@ sHowmaeys ke slest i@t estearavicner
in orporatln hly .reac 2 ctlo t he
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fitle £ONSI w%ﬁ&@ S¥dhesis, it
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Iess orhe{ egrl@l anlé hqo ﬂ&:df‘ffcgal Seg?gcﬁances. 10 In

S€e conS|derat|ons repr i ve val ues

' for R may include normal or branched C1-C20 al kyl
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such as sec-butyl or neo-pentyl, and is preferably
normal Cl- Cl’ﬂl@'ﬂ‘ﬂésé’&@"hﬁ%ﬁ@i&ﬂ'préél@éé‘yfer PEROY!
butyl, pentyl hexyl ; or

compounds that may "be represeg£e§ schematically by the

structure of Formula V,

where R is alkyl or aryl.

While there is in principle no limitation on
‘the type of alkyl or aryl groups that are useful in the
practice of the invention, there will be practical
considerations as to the size of the R substituent that
would have practical use in commerce. Furthermore, it
may be desirable to avoid incorporating highly reactive
functionality in the R substituents to avoid side

reactions.



substituted or unsubstituted C6-C20 phenyl, and is
preferably unsubstituted or neta- or para-substituted

wohaeosys4220her e t he substituent on phenyl may becnaisamh/039511
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Cl1-C12 al kyl or al koxy, or halogen Most preferably, R

20 is nethyl or ethyl, hen ara- qr
A conpound ABc8fEi-RgORo PhpgaFﬁ ﬁg Sﬁnﬁﬁéﬁﬁa§§on§
CQﬁQ@Uﬁ]dtéﬁaWJ_ltSl aysithgkesst eteotiddmbe asceeflizasl ghat,

CBRBoST e B ey 5651 By RECLFr G S m CEaPS rof End one

rom a-m Xt ure
cmabeunaaroWeughs mewbetEorfi kh@hicdasR, ods chameuinged of

HX@ i ELes g ﬁ?oggﬁg¥éﬁﬂ9u%x%ﬁ@HQuﬁ%%e&r@@é@@dﬂlve

e conp05|t|on 'S In the process of th

| HeBALi BRESENEesc ompelndhre frBSe foad & drawatiheal 15 %y

; Elewekr Hx%&%b%l‘é‘;r w%:i@ﬁ‘&' ﬁxe}vﬁlblka&spgﬁg&&&d dires,nepet al i ¢
epr ot onati on 0 r eat

GE§ GRaYare: 85 Bayeht. 18553 PHB 5665 0435 SHose Ko T

PGI&HS&@@&&Q&%Sll The nepetalic acid starting

material is preferably prepared from nepetal actone

according to the teachings of MElvain supra. The

nepet al actone bicyclic structure can exist in any of
four 5 sterdsi yoeer iof tHovs CONSIIGHRHIPhe

SEC%QEQE%%aQEVEFQﬁiﬂﬁégaﬂﬂﬂ4R”mdyj1ﬂdﬂhdé(hdiﬁbﬂ4dl' @)

HHHHCcis,trans t
tp&fﬁ@’cﬂe&ngl G2y odkyl such as rsaerclzs b(illtsylmosr‘ neoc-pentyl,

and is preferably normal C;~Ci» alkyl such as methyl,
ethyl, propyl, butyl, pentyl or hexyl; or R may be
substituted or unsubstituted C¢~Cazo phenyl, and is
preferably unsubstituted or meta- or para-substituted
phenyl, where the substituent on phenyl may be normal
C;~Cy2 alkyl or alkoxy, or halogen. Most preferably, R
is methyl or ethyl, phenyl, or para- or meta-tolyl.

A compound according to this invention includes
a compound that is a single stereoisomer as well as a
compound that is a mixture of stereoisomers. A
composition may be formed from a mixture of the
compounds of this invention in which R, as described
above, differs among the various compounds from which

the composition is formed.

In the process of this invention, the
compound represented schematically by the structure of
Formula V is prepared from nepetalic acid by,
deprotonation, followed by treatment with Grignard

reagent.



Nepet al act one extracted fromthe essential oil of the
10 nepeta (catmnt) plant leaves is a preferred source

wofoosriase2mat eri al as nepetal actone is present PaTiua2@e/039511
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quantity therein and may be readily purified

therefrom This produces a highly desirable route
froma naturdt® Hridietle PEHE %’i)‘)ﬁ/b?)%%smi‘ﬁe?ﬁ@f 18

| npent e bl Frcdponed fbomli sépétal aotohasabeendingntdo the

tao b ffecti thod f h i fyi
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sepratlig stieuchves atastexest someasy f ebnfoone

a : ic,Se i ons e

N ot sl R e W R e e
of Forepeasl Betamél Eki st in the essential oil of the
nepeta cateria plant. C's, trans nepetal actone is the
predom nant isonmer that may be isolated fromthe
nepeta 25 cateria plant and is therefore the nost
useful because of availability. O her plant species
have been 9 WD 2005/ 054224 PCT/ US2004/ 039511
identified that have essential oils enriched with the

Fol | owi ng % hél
the starti T
process of\ifh
nepet al act ong
acid. In the hydration of cis, trans nepetal actone,
t here exi stostahe pdweb.bis| i t \oisgfis obt &ansitiegs 4 10

di astereoners of nepetalic acid as shown schematically
in structuresgof Fornglae Via<vid. O d HH ‘

¥l

Nepetalactone extracted from the essential oil of the
nepeta (catmint) plant leaves is a preferred source of
raw material as nepetalactone is present in large
quantity therein and may be readily purified therefrom.
This produces a highly desirable route from a natural
product to the compounds of the invention. Fractional
distillation has been found to be an effective method
for both purifying nepetalactone from the essential
oils, and for separating the several stereoisomersﬁfrom
one another. Chromatographic separations are also

suitable.

Only the first three listed stereoisomers of
nepetalactone exist in the essential oil of the nepetah
cateria plant. Cis, trans nepetalactone is the
predominant isomer that may be isolated from the nepeta
cateria plant and is therefore the most useful because

of availability. Other plant species have been

9
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hi OHHOH Cd 15 The structures depicted in
woeanisseax4Vl are diastereoneric pairs at C3 (PO®US2004/039511
| actol) and C4 (the nethyl proxinate to the lactol).
Ei,senbraun et_al,. J. Oq. e 46, 3303-33 8
SHORBa EHAE EHE oD Hbs CPaPEtate SdcReATSRF o Witd the
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crystallized fromthis product mixture is structure
Vla. Spectral evidence and the - solved single crystal
X-ray structure indicate that the cyclic |actol
t aut oner VI §oéxpyiagashg giefgod of }(“&Eéé’taé{ne(%"era]w 9P -
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The structures depicted in Formulae VI are
diastereomeric pairs at C3 (the lactol) and C4 (the
methyl proximate to the lactol). Eisenbraun et al,
J. Org. Chem. 46, 3303-3305 (1981), showed that the

20 absolute stereochemistry of the major nepetalic acid
diastereomer that is crystallized from this product
mixture is structure VIa. Spectral evidence and the
solved single crystal x-ray structure indicate that the
cyclic lactol tautomer VIa exists as a single

25 diastereomer with respect to the methyl-bearing
asymmetric carbon (C4) adjacent to the lactol carbon.

Crystallization unambiguously sets the relative (and

10



trans, cis-NL trans, cis-NA 10 G s,
ci s-nepetal actone and trans, trans nepetal actone are

wabhews/ st abl e for use in preparing nepatalic acras2iy/039511

10

15

20

25

hydrati on. 15 After the preparation of nepetalic acid,
it is treated with a non-a uious %ase in. a £ e
debret BREPIBReSt BperescheritalcSPROXILEPE ISR P Fione
enbedi/Megtoupoht exappba, thhe napetekhglacicdupses an
treated mﬁih an alkal%.zo nmetal hydride, preferably
KREURROFAPL ERBSAPHERFIOPhe deprotonation step is
followed by treatnent wwth Gignard reagent to forma
product represented schematically by the structure

Fornmula V. %ﬁ@hc%&angtiQH%rgeb%ﬁﬁg%h%ob%cH%d%ubg@btéﬂeto
not limted to, 25 tho b

. . se that "are prepargﬁ1 A t@g
uhyenasionet &hei &1lNFagRESEIMERERTER 3y ME Lo ASdé,
broALderabme@dicdpaill WO 2005/ 054224 PCT/ US2004/ 039511
usually in the presence of ether and in the conplete
absence of water. In a preferred enbodi nent, the
nepetalic acid is 5 derived fromcis, trans
nepet al actone with the result that the product
created by the above described steps nay be
represented schematically by the structure Fornul a

VIIl, with the absolute stereochem stry of the anti
product shown. 10 HOO VIII H __R Both theoanti- and
syn- additign grpducts may be 4 ¢ % H
CHO = CHO
A
trans,cis-NL trans,cis-NA

Cis, cis-nepetalactone and trans, trans nepetalactone
are also suitable for use in preparing nepatalic acid

by hydration.

After the preparation of nepetalic acid, it is
treated with a non-aqueous base in a deprotonation step
to form a carboxylate salt. In one embodiment, for
example, the nepetalic acid is treated with an alkali
metal hydride, preferably KH. In this embodiment, the
deprotonation step is followed by treatment with
Grignard reagent to form a product represented
schematically by the structure Formula V. Typical
Grignard reagents include, but are not limited to,
those that are prepared by the union of metallic

magnesium with an organic chloride, bromide or iodide

11



15 formed, and the relative anounts in which the two
products are forned is governed primarily by steric

woaaispse20esul ting fromthe choice of G i gnar dpCeAge0wE/039511
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as discussed in nore detail below 20 As previously

di scussed, nepetalic acid nmay, in an _alternative
eSO NBNtin BB TIRRATT oM 19 HRT 0 1Rebet aF AERbRES
t hesebhed asmivigdhe nepetalic acid tautomer

consi sting of the diastereoneric pair shown above. As
a consequence, in this enbodi nent, treatnent 25 of

t hat t ain cresreperrad tdmsodmrhdeat | et ahebydal de, acid is

pr 'y Y, Io Y, Lth. i r
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Foppul e f@?ré%te@osé@emg@@ﬁi}ngéhe structure
PCT/"US2004/039511 Fi O | X

b TRt MO Tt s Wi | e AP n%m%r%@c%@l 5?6&%% the
Stéﬂﬂfﬁbﬂbd&bﬁréﬁﬁmnCIS nepetal actone, the final 5
product is in the cis, trans configuration. Shown in
I X are only the anti products. Both the anti- and syn-
addi ti on products nmay be fornmed, however, and the
rel ative 3£ﬁhnts in which the two products are formed
is gover: orlnarlly by steric factors resulting from
10 the ceQof Grignar §y[jeagent, as discussed in
nor e R

Ty,
e

Both the anti- and syn- addition products may be
formed, and the relative amounts in which the two
products are formed is governed primarily by steric
factors resulting from the choice of Grignard reagent,

as discussed in more detail below.

As previously discussed, nepetalic acid may, in an
alternative embodiment, be derived from trans, cis
nepetalactone, thereby forming the nepetalic acid
tautomer consisting of the diastereomeric pair shown
above. Ag a consequence, in this embodiment, treatment
of that tautomer pair with an alkali metal hydride,
preferably KH, followed by treatment with Grignard
reagent results in production of the diastereomeric
mixture represented schematically by the structures of
Formulae IXa~IXDb.

12



detail below Very reactive nmetal hydrides such as
[ithium alum num hydride may be too reactive for use

woOnoashe42245 deprotonati on step. Such speci es nRETASNNE039511
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the | actone, which would not be desirable, and are
therefore Igss preferred. In a further, preferred,
enbodi rent, | t he nepetidljc 20 acid is treated with
nore t 70N® equi ght>cof Grignard reagent, and
pref er atl\| edst_t o i
reagent tQ eff &t forfefioRf of the products, such as
t hose depicted respectively in the structures of
Fornulae VILI and I X This 25 enbodi nent of the
process of fhe invention elininates the step of first
treating nepetalic acid with a separate non-aqueous

b%ﬁ%h@ﬂ% @ﬁ;@npékkﬁbul%Et%%bdaﬂméﬂ%eofu%%éﬁpﬁﬁbess

anmount gnard reagent in ht exc
e@@ﬁ@é?énWét@n§&F@§ hiHF 3¢ Bt & (EQ1 %ﬂﬁ% red

Sb%lbﬂ@lbtd Sui tiab h:@lef Qﬁ. diseddnd %rﬁl@mﬂm‘f ei rShown in
iscl ose gnar are t

13 XNBES0 GBS 555 é’g]rb’fe“o“% tfsf ﬂ‘y Syn-

i@@bﬁdh@@ pubdn@mdlmayxhitﬁmmw*ylIunugﬁes|mmd the
chlqr %% aﬁil g%t@g'}lewﬂi@lprt‘?f@ 48> éﬁréducﬂ@%'ﬁgﬁmed

hIorl aryl magnesi um brom I ncl uded

ars @loarlelmeﬂ s madiidny (3 e TEvd BRahiasa 15 UinERindrom

alfld idHY; Wb o FRefRaR @tﬁe\e%q erflibsid taieftss ddwmt i mayohe
present on_suitable Gignar reagents include methyl,
eIl n DSl , butyl, pentyl, hexyl phenyl, para-
and met a- substituted phenyl i ncl udi ng para- and

et a-t Q}Qély’ r%%% esa mmg‘ct qo%éﬁféke%ch as lithium
aluminum hydride may be too reactive for use in the
deprotonation step. Such species may reduce the
lactone, which would not be desirable, and are

therefore less preferred.

In a further, preferred, embodiment, the nepetalic
acid is treated with more than one equivalent of
Grignard reagent, and preferably at least two
equivalents of Grignard reagent to effect formation of
the products, such as those depicted respectively in
the structures of Formulae VIII and IX. This
embodiment of the process of the invention eliminates
the step of first treating nepetalic acid with a
separate non-aqueous base such as an alkali metal
hydride. Use of an amount of Grignard reagent in
slight excess of two eqguivalents ensures high

conversion to the desired product.

Suitable for use in the process herein

disclosed are any Grignard reagents that are reactive

13



Wiile there is no specific limtation on the choice
of Gignard reagents suitable for the practice of the

wonvessinm, sone Gignard reactions are nore 1BCT/US2004/039511
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effective than others at generating products that are
high in §ur|ty in ternms of stereochemstr Whj | e. not
Wit neyl dehe d okl WY BE yPE R eRey 1%¥‘1T—§dbEP| 2vE¥1 t hat
&%ﬂlésiﬁﬁt&&ﬁongp&@é n $hey rﬁé@ﬁéyeumabgém@aepr odugzll on
he anti- and % n-conf I fd i soners pyoduc Y a1
tW@S@@ﬁ%Y@d@%%ﬁYl S nepBtaff¥ a%?%nﬁffﬂmbéggméﬁﬁfo Also
QA h@nadéd &ﬁ@g@ﬂilkﬁhzhnas t Abseyshbmnsi anthe

| d
ot bRt PRuen SRR b unlPl | BeplRReh Rt ter
thebsewdeemg/sutshab mipr e ppedsaihant suahebleokriguped
PLOGYChe s STBL  ude aéggygc eedigal 5-Boobhe, obhier1hand

ar e steric n ered e antl-c;on %
ppoatrl , i lgewhsplﬁ@wl enBRERL eaﬁl gﬂeFavﬁP@atéGBFeghB enyl,

SYHcﬁﬁaih%Uﬁssﬂapr gdgcChetht tbaglheandf pumd -tnbahotkke

ler the al k 30 group on a Grignard reagent, the
IE@@nYarastereroselectlve the addition reaction is.
Methyl, ethyl, and n-propyl Gignard show no

di astereosel ectivity, forning a 1:1 mxture of anti-

addi tion prggygl eagray add ggeel@aedqtht%&a@&h%%.%@e

al kyl s such as 1 soprop ,. or cyclic
ar:hyoncemfv@rzgosrdsztgggep@/ 982@9@#@3@9{1 th@u Bragdice

C%@' eﬂéxxhveﬁe%ﬁe L;@Mh%f G)f'l%h@&doﬁ:ebbtlbh@abrepmm&@ct s
than do the conp

e |linea t
pBEARPFEEPgRERE PgﬁeaﬁpﬁgtQﬁée%gtépgspg%gggglr%tﬁ§eare
fﬁﬁghhenaphr1a§duhlQérmEo@&CBtek&ocbanuﬁ¢aWar While not

ar.a; subs ny| rd teagent;
PSSR LRI, G ond Leagents, oeyeq case
V\/Stbr&x:c éb.bem:‘slg@vamnmer reliagdivet iver ey prOduct:Lon

of the anti- and syn-configured isomers produced by the
treatment of nepetalic acid with base and/or Grignard
reagent, such as those shown in the structures of
Formulae VIII and IX. The larger the organic radical
of the Grignard reagent, the greater the tendency is to
form predominantly anti-configured product. Small
organic radicals on the other hand are not sterically
hindered, and the anti-configured product is thus not

energetically favored over the syn-configured product.

It has been found that the smaller the alkyl
group on a Grignard reagent, the less
diastereroselective the addition reaction is. Methyl,
ethyl, and n-propyl Grignard show no
diastereoselectivity, forming a 1:1 mixture of anti-
addition product and syn-addition product. Branched

alkyls such as isopropyl and sec-butyl, or cyclic alkyl

14
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t he established nethyl-bearing C4. Conversely, ortho-
10" substituted phenyl Gignard reagents are |ess
resul ti ngCTAUSS@AB39511
syn product and thus a diastersoneric m xture. The
governi ng mechani smmay be related to_the extent _to
wereh PﬁechQf@He?‘iéécPéﬁVédFoiPHﬁFt K SEEFK - Fargd,
1prs8ahtEutBRSnbabnghknewhphrabhe abiheakr wlk@ilisgnar d
reagents are diastereosel ective and provide
3-substituted di hydronepet al act ones, whose absolute
stereochem stry is consistent with the 20 structural

r epr esent at Bgncofitrhetenpbeinyents igapirct d¢ domPRERHYa
VhbLseIBE8oka ekl Yt FBLedrin bhe axaiRlies pHgiet.l
obsérved that p-tol yl magnesi um brom_de gavé only on
dbastérudmer pPa¥averPeitedubpcs PRy Lo Gracmare 4 %B%zf
NVRianglyshs1i erEyasphe 2hvehieke 125 iRRilRy lWmrgresiium
brom de gave 1: igse aragle m xtuyre af tion from
dPASEBFEBULS T FCetdrpted /3 ard At gy Pguct fon £xo
subst ebtbed 1diheyd mendyat-deactiage £4can doerveregdived dijrho-

th f this i ; | e
| ROBRERSRERA brk i, o P et L e o

. ' _ stituted phenyls
sddhsasreesalesitjlivegiive thige rewe thodudiesulidimchrigl some

.Oiséﬁr The Qi 080 hlded g iRetfardmid et teiiktutrd he The
in eclp repel l ency tests described hereinbel ow t hcaq:
d e VERE IPgc IeFESTERTa Mg d PFs 1D {55495y Sxtent to

PG U2 @0 @39;@1:% rd‘ar&r@mdlgerfyﬂ]aﬁd sy FdlR il -Adh ctules,
gave_nore crystaline raducts such as para-tolyl. In

t FEShy 5&’§f§§e e&é’@cﬁ%@% &%&én,e tahrgc'steps 5 of addi ng
base and then Gignard reagent, or of adding Gignard
reagent in one or nore increnments, may be perforned

at a tenper%ﬁ%ﬁedfldﬂH%JnggbéHtéﬂHEQ ZfetlOreoselective
and provide 3-substituted dihydronepetalactones, whose
absolute stereochemistry is consistent with the
structural representation of the embodiments depicted
in Formula VIII. This is illustrated in the examples
where it is observed that p-tolylmagnesium bromide gave
only one diastereomer (as verified by single crystal x-
ray and NMR analysis in Example 2) while
methylmagnesium bromide gave a 1:1 inseparable mixture
of diastereomers (in Examples 3 and 4). Many 3-
substituted dihydronepetalactones can be prepared by

the process of this invention.

In one aspect of the invention, it is found
that meta-substituted phenyls such as meta-tolyl give
lactone products that are oils. The oils so formed
performed better in the insect repellency tests

described hereinbelow than did the lactones obtained

15



about to -78C, with a tenperature in the range of 5C
to -5C being preferred to prevent deconposition
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are directed to use for a nultiplicity of purposes

such as use n effective nt for ther I

o RS A S bs e iyt Al e

C@aeRidisorswarh ids zpazta}md:]ayllreat ment for skin. For

exanpl e, the conpounds hereof may be applied in a

topi cal manner to human or animal skin, fur or

feathers, or to growng plants or crops, to inpart

insect r epellrerdie precogeg cleserikrdralever ofee steps
ro’@i{’il%gfrl%térﬁ e N0t repeldent of n6f Udeding

| ow t oxi ci resistance to loss b er i nmmersion
o@mn%gearw%ruﬁoo%oqr JROLR fé%%%m%ntz%r phashit
dnf el oft ai’ﬂiérﬁ@éiﬁhr@r&h riipd drdgavd f oibo@f 25C to

dr urf m on t.he surf e of the 0
R b 32 WS of dePP o SEa it nds Fahd€ of %L o
pr—eﬂierhezesg pnrmfémemhl tab | prefent aietmmﬂslth@ecduring

r | hould permit insect-infested animals (e.qg.,
30 goégggvﬁptsh fleas, poultry with lice, cows with
ticks, and humans) to be treated with an insect
repellent by contacting the skin, fur or feathers of

such an ani nphe éMSrh andefdecihve ompentioh she dlrected
re ellent_for re the nsect fromthe, ani

USHULT i 5P "erPrgg‘E r%‘blé??%%%' i ﬁr‘%ht?r% ‘é?? in
Orardl st 1vge tdneorhmiq uf ol aishe réﬁel@ﬁ@@%ﬂ%&ﬁﬂous

PRS00 Lol Mkl SAREoguetoW bl 1 o

erm ree1e on or ected on
tl’ieomal edresartrrﬁe@e ﬁ@rtasﬂelnhostFOJtrqzwsee dikectly

&ﬁ;%ﬁwdé)fh@rééﬂ Uhg, 881 ap Sl 64/ 801 4 de68P8LY eRANABTr to

the I's an effective

human or animal skin, fur or feathers, or to growing
plants or crops, to impart insect repellency or a

pleasant odor or aroma.

Desirable properties of an insect repellent
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 surface of the
host to which applied. In order to obtain these
properties, the formulation for a topical insect
repellent should permit insect-infested animals (e.g.,
dogs with fleas, poultry with lice, cows with ticks,
and humans) to be treated with an insect repellent by
contacting the skin, fur or feathers of such an animal
with an effective amount of the repellent for repelling
the insecttfrom the animal host. Thus, dispersing the

repellent into the air or dispersing the liquid as a
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5 method of contacting the surface of the host with an
effective anount of the repellent. In fornulating an
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it may be desirable to 10 blend nore than on\%h_ofhthe

t 0si tjon
AR S‘Sisf%?@.%é%f%?r%&”%? ogRThEPPRbI gt to

htf:f‘n-L [ Forks L Eepked i@ultdre donpoemdsutfammyof she

b g, e PRy oRR PRl aemi-
conpoun

SO O TPt th 0 et ves wersBfect ore

amﬂhhmi iodn damittatver fro nalod s&ufopaLc@é/ oA tﬂ@éf Fh@é%:ﬁf%lg' an
ti.on in this invention

f QI AT 0 a"?‘no‘iﬂi?osf (i) Adbe e Sq !

any one of vari ety 0 ally available
organi c and inorganic liquid, solid, or sem- solid
carriers or carrier fornulations wusable in

formul ati ng rekifb R0l S8 HERGdLNE relgeqplucrgts When

fornulating a.skin_product or topical “1ns
r%ﬁglolr %f”%tgl & Frefe rireentd ol dét maR®e desirable to

d@rl&uﬁohog‘lecallﬂalm mpsltﬁbdme Qﬁﬁp&fﬁds{:%ﬁ%ﬁéﬁg&r in
i i cqn ol atu
i eEPoBRE Lol SR s st He i o on et <.
Eﬂ@éﬁﬁﬁé@gotoeneg@mrc rrlqrwltdhamameengdnmﬁ wie d igiitdi cular
h g, e hexane
e Y enaay. s e e i A an

| &F&%F@Rﬁtlﬂ@nthifpd’r FeaPBoisg Branpiresicafe aidngrounds of

| thmlsd ihydneeanbers fo‘r‘fhc |a“@%m§>'o's§t9.%?1d haed, %%/ tive
djvgh at |fon of oa the distillation o i ous
types -and gFadk® &FaﬁéPPo&ﬁeﬁF@alfoﬁno@Rfsa |Sr§>e”-lat}’d| ng
kerosene oils which are 35 obtained by fractional
distillation of petroleum Oher petroleumoils

] g$', e oon BSGaEReEd! LekfleEbed cobha ¥] 2003 Ron in
his invention can be any one of a variety of
commercially available organic and inorganic liquid,
solid, or semi- solid carriers or carrier formulations
usable in formulating skin or insect repellent
products. When formulatiﬁg a skin product or topical
insect repellent, it is preferred to select a
dermatologically acceptable carrier. For example the
carrier may include silicone, petrolatum, lanclin or
many of several other well known carrier components.
Examples of organic liquid carriers include liquid
aliphatic hydrocarbons (e.g., pentane, hexane, heptane,
nonane, decane and their analogs) and liquid aromatic
hydrocarbons. Examples of other liquid hydrocarbons
include oils produced by the distillation of coal and
the distillation of various types and grades of
petrochemical stocks, including kerosene oils which are
obtained by fractional distillation of petroleum.

Other petroleum oils include those generally referred
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to as agricultural spray oils (e.g., the so-called
i ght and nedium spray oils, consisting of mddle

wonrenstosenzs in the distillation of petrol eum andgcwhisedo4/039511

10

15

20

25

30

35

are only slightly volatile). Such oils are usually 5
highly refined and may contain only mnute anDun s _of
uhsa@%r%@@%ﬁ@bﬁ%@%hd%Pr§McﬁlbﬁIée -@or ebler soarFalled

@l dya nae@f dih Nspths @ﬂﬂsaC@@ﬂgiﬁghﬁgCaﬂ heddle
enu sified wt

QWRPCLORE ol 1 ST ONCEC ChIRALER b SpFayLe o hEopPech

3ﬁr@béﬁlﬁ$§1igB®1§UVéBEE1MEgeStSunhoblmsodrpuhppaﬂﬂke
e ara | n si I

ofgaRT¥ r?%ﬁﬁ?% ca?r?% s cgkggﬁc¥ﬁgg ﬁ?ggFﬁc%@§EEE§ of

hydsatarboad candotedpeneSutbohdls, suekeqyer, are

2%%H3r§%?§ngargfffﬂt89§s ahsrabeegaln§m9 Eag bbke 15

rs i1nclude silicone, getro at u anol in,
IﬁqulalﬁyadowanoW§te§gﬁPéuﬁPu?QP §pEAFToi ute to

p@é@é&leoﬁbéntkathoﬁslSanalqaed h@rapmayhydraaaﬂboﬁis,
and terpene al coh al

SnSLLSLREME Bhcehnar bk el and gLomacel 9 see
apgeheksn bibel ycdhviededlarganbe aﬁedlnoﬂg@ﬁmcosabmdc
teri

hvdfsd Lsgrrle?%dcghogngguhgel§ Qv 8- repti-oned i didad bons

e carrier can contai n conventional
eanﬂstéypﬁgeagénDQOWﬁl@chaﬁsb91@§édpﬂ@ﬁn@auQhﬂfqﬂ%?

25 gbgﬁgbgnegﬁgakﬁgtqgﬁeconpounds to be dispersed in,
ang ITutéd wth, water for end-use appl i cati on.

Still other liquid carriers can include organic
sol vents such as aliphatic and aromatic al cohol s,
esters, aIdehhée5caxxa@dskam@ﬂ@§e ﬁﬂhﬂmﬂﬂa;npaﬂﬁqhﬁﬁum,

gcohgls |Eclu%§1%g @ﬂb ﬁgt1l rg$gay 01ls,

Sec- b : tert but
abemhdﬁsn Suﬂtabbélakudﬁolélqumﬁ @@@Hﬁ%ﬁxﬂ%ﬂq Qﬂ?

e%%ﬁ!%%?p%%% %ﬁQBHOQQQ %1W§ﬂ§t1c and aromatic alcohols,
esters, aldehydes, ketones, mineral oil, higher
alcohols, finely divided organic and inorganic solid
materials. In addition to the above-mentioned liquid
hydrocarbons, the carrier can contain conventional
emulsifying agents which can be used for causing the
dihydronepetalactone compounds to be dispersed in, and
diluted with, water for end-use application. Still
other liquid carriers can include organic solvents such
as aliphatic and aromatic alcohols, esters, aldehydes,
and ketones. Aliphatic monohydric alcohols include
methyl, ethyl, normal-propyl, isopropyl, normal-butyl,
sec-butyl, and tert-butyl alcohols. Suitable alcohols
include glycols (such as ethylene and propylene glycol)
and pinacols. Suitable polyhydroxy alcohols include
glycerol, arabitol, exythritol, sorbitol, and the like.
Finally, suitable cyclic alcohols include cyclopentyl
and cyclohexyl alcohols.
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and pi nacol s. Suitabl e pol yhydroxy al cohol s incl ude
gl ycerol, arabitol, erythritol, sorbitol, and the
suitabl e cyclic al cohol s i neCuds2004/039511
cycl opentyl and cycl ohexyl al cohols. 18 WO

2005/ 054224 PCT/ US2004/ 039511 . Conventional aromatic
and aliphatic esters, aldehydes and ketones can be

used as carrjers, and occasi naI

combi nat i on CRVREHE G072 mgl tal%éjﬁggt ghoﬁn esters,

Shﬂkilehgtil&er alnldq et ctw@sr icems bien clsede a‘selcai:nmalys, and
0|I| ol 0 I -
g 19 %}g B A %%9%; é#q 7 %heq nefalaRide

Amemtﬂ@mawlleQMQkauléﬁaﬂhwﬁ%vﬂtéﬂqyid QﬂﬁﬁﬁQﬁ%ers"

(gn%ludke&%1%%HWeE?”ﬂﬂgﬂﬂbd$ﬂﬂﬁ§UﬂeéHbleum products such

I ocar bonate) can_bhé used_i n_cQgnjunction with, or
ags pigewsen&ntl end tHebek Alaohal 2SI S GRS ng
t cho@l@IPOSI %ldadl?lefnaE{l@ Preeserintd et ican.sd~walHesd
so be desirable to.c i ne . 15 one,. e
25 hi ﬁhVeﬁFﬁ&h]ﬁéQTi(ﬁﬂgéénylﬂﬁéﬁkb A
txﬂnwl@fcammxater)epmri éret sisiedl ammmmsntqt@mn twith, or as
a%h'%%ﬁ¥$%%ﬁgﬁghuﬁﬂg af%ygy'dEzﬁ A ind¥sing the

I'natton. Suitable other insect
r @ostos itts asntsifn dlee e efic HIBIEPos 4 ncl ude but are
20 not limted to DHN, benzil, benzyl benzoate,
2,3,4,5- bis(butyl 2- ene) tetrahydrofurfural

butoxypolypr ene coI but etan I d
nor mal - but i %tl??dl AY. 218 ei/ eoS]I éf]%%/ﬁjo%ec?‘blne
carleoxd adexe djdml:tqindidlc@ttﬂ’;lsjllhlltqﬂtmn h/ﬂiizh eoneliors

goiremtaelhﬁ f:%rr bti{bgcsl’ gjaérrgtrh% pq{%%mt e, et hyI 2 Eg& ?lon

1,t3 pradpanelissine paritigylar Sam%w@eﬁhefmc%?way

PrLl1 d SO TR PNl i reatPGDY | cved iohexan®iheP-insect
repellents combinable for such purpose include but are
not limited to DHN, benzil, benzyl benzoate, 2,3,4,5-
bis (butyl-2-ene) tetrahydrofurfural,
butoxypolypropylene glycol, N-butylacetanilide, normal-
butyl-6,6-dimethyl-5,6-dihydro-1,4-pyrone-2- ‘
carboxylate, dibutyl adipate, dibutyl phthalate, di-
normal-butyl succinate, N,N-diethyl-meta-toluamide,
dimethyl carbate, dimethyl phthalate, 2-ethyl-2-butyl-
1,3-propanediol, 2- ethyl-1,3-hexanediol, di-normal-
propyl isocinchomeronate, 2-phenylcyclohexanol, p-
methane-3,8-diol, and normal-propyl N, N-

diethylsuccinamate.

In addition to the compound of Formula V, 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
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i ncl ude one or nore essential oils and/or active

ingredients of 35 essential oils, "Essential oils". are
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menbr anous mn Thi f|n| r r

GeBiRoe T e e Bl R ARG A ehe

bedsil tclsitgger s(ncfrl-@ai&ltblla?@l@CﬁCI isdR gt @éwln&m 1afwae§nd

Sbﬁgla(? fblyI S ~i0rdh e ehid RReRRLRIA Hddd ! a®vax, and
abdomen, three pairs of legs, and, often {(but  not
always) two pairs of membranous wings. This definition
therefore includes a variety of biting insects [e.g.
antg, bees, chiggers, fleas, black flies, green head
flies, stable flies, horn flies (haematobia irritans),
mosquitoes, ticks, wasps], wood-boring insects (e.g.
termites), noxious insects (e.g. houseflies,
cockroaches, lice, roaches, wood lice), and household
pes£s (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 compound may be used
as a fragrance compound or in a fragrance composition,

and be applied in a topical manner to human or animal
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pests (e.g. flour and bean beetles, dust mtes, nDths
silverfish, weevils) . - A host fro which it

T ide 9T dh 1 TR pETOHAL | HoRbE2FHY | PRGNy %Faﬁ? Skln

anh Bbnd | 164 sk pgutewans) affected by insects.
Typically, hosts are considered to be

i nsect-acceptable food sources or insect-acceptable
habitats. 35 In another enbodi nent, a conpound may be
used as a Pangientertpnpecadserof nthef PAgRaARE aroma
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|§u%ﬁb§?soneTﬁé fﬁﬁgﬁaﬁ@apandﬂsraneséotnmbaeédemﬁwoOé
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purposes ran e and
'OSGCDmPepBﬁKehcpfothie thesatppBduc §CWPﬂﬁdb@m0n9 such

eﬁ?é&ﬁSQSbXbEEeneEeﬁﬁegétbh@&%&eed@fa&@n@@u ek ,of

avention. Included anong sug duc but t
th@te@@SLuﬁPFéMF:aF§eé@§ogﬁ€%S' P&Fl@ﬁ?g Sp%§§§' nd'

CLR8WEr gehs, @bAmmpRbSuchat Heand, shewdnggdommsoam
product s

a f
shakpys: ESPgOFEEﬁﬁélggﬁE%%gﬁln§é§ ﬂ%%%@_ 9@%%a q@%é%es'
CaApopktrtonal( ecgp, dompdsitdapssar(e - 9batWﬁ§ﬁbW@ﬁpS an
Sﬁ{ag%)é Lhe conmp gulé@d( S %a%oﬂ%o%%f(%% BRy IJICURARL ok

pro S Slnp to rnpart, a ["feasi ng ar onm.
Anmcweansaobdln@@pp@méﬁl@ﬁoﬁw§ﬁsa§%m§ tho lméér a

pleasing aroma. Any means of incorporation such as is

practiced 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, a compound of
Formula V, or a mixture of the stereoisomers thereof.
Such products, and the method and process described
above, illustrate the use of a 3-gubstituted DHN as a
fragrance compound or perfume, or in a fragrance
composition or formulation, or in an article of

manufacture.
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20 practiced in the art is satisfactory. A
correspondi ng aspect of the wide variety of products
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of this invention, which is a process for 25

fabricating a conposition of matter .
tr eat nent ?Porc%wwl@ro%ﬁ%ﬁ?ﬂjéq%fC‘Ffﬁ?ﬂ?%‘g?%)r byP+S

pfrﬁ)/érgholrtgq %ﬁrtéﬁhﬂré‘@lﬁb‘)saﬂ i Dise®r fapelpenaf | figagnence
WpOSI skin treatment or L cl
SR G F A ORAT s R (i 1so
Sﬁdﬁfﬁ?nuﬁfﬂért&hﬂfﬂﬁeuﬁﬁbéﬂkﬁ @ro@qam@tlg@blyh@ctive
0] n 0. u r
UG0S 1058 gL Y 20t AL LSk 8 hgocnen
Kmﬁfewmndwﬁtrm a.EXQ@@bﬁ%eofc%h%%%l%F6 hude fungicices,

o‘{ i &1 nEact 3hs21
BT kol A1 Addh ek HBout ot candie

Coeat o T sehbo PERRE GRCTRTEAT naBher DR LBaPeHY as

MgbRseCtanepedkeaint & | agaancal peadanyingragehes,
personal .care

r oduc c
tﬁ%?é%%h??ca?} Br ¥ %§9%¥|caf ?’ag %gégggaggﬂvants or
I@@teﬁieniesasaatebagpecaal|ﬂgehéSpeﬁgﬁﬁbﬂSté@FéGSr

| DOYSLLNr o FERER! 88 OhiLREAEL! nciou@%ewﬂal shdess,

éeni ng agents, sun agents, vitamns,
tahﬁlﬁglageﬁggntﬁbaﬁreéﬁFVaEﬁgesanEF ﬂﬁpﬁaﬁﬁﬁpﬁﬁy

aQ€§E§11§Q£b Oéhgﬁaéﬁantédléﬁbliéﬁtengbﬁgoagagtagehﬁs,
refinoids, alp éxg c antiseptics a
aﬂiPﬁlﬁﬁFés Wﬁﬁ??ba@P SPehﬁgﬁﬁgn sﬁﬁ RCSESdi n8e:

afli MY ants aﬁCthSthlokemere thefrkerfi.ng Tagergposition
ggg%ﬁ%h;grg n U%Fac gs &Y%Bkge%argg E%n%u@%e%%sdlsclosed

,_coloring agents,
15nali6e200BA010ARET, aaddogeW@tpéﬂ@8ﬁ7§ﬁhancers and

The amount of a compound of this invention
contained in a composition 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 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.

Tn a further embodiment of this invention,
compound (s) hereof 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, natural
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m xtures of any two or nore thereof. The conposition
may al so contain one or nore carriers such as
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preferably, a suitable amount of a conpound will be
at | east about 0.001% by wei ght and preferably about
0. 01% up t oImbaubts0esdybointnt afdthbeeiprehRbiaBly,
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her e

I's incorporated_into an artic
| SOE  pel ToRPC Rt cedor AcherpBe 5 Thht BARFELISFe"
fabhnait BENappl scevbedi webl depkudeuppanthecsurédce in
goods, .i ncl textil t
O%Faﬁg}ogf b |Fgg eX%éeStQQE 8n3§%§u§?eggk8 BiRdrt the

2ﬁ65é95é2241ﬁCEh5E290@fO@Q@Il products such as
| umber, or the | eaves of insect vulnerable plants. In
anot her enbodi nent of this invention, 5 conpound(s)

hereof is incorporated into_an i cl
fragrance pﬁééé?ﬁ@st6°§5ﬁﬁpﬁﬁﬁﬁﬁs% Wﬁ%bﬁ %ﬁe%e
h@h@@ﬁlhén@@phh@duﬂe maﬁusubta@edogo@ds obijpedudiag

an _odar there

The rticul 5 Mo f
aEEFF&éﬁlgﬁo V|a&Ep%ESSh88%%%heC§§r aCé i Q?SU% scented
qeesticaesand ibkescosbertrat pepereqpedad . ténkhpéﬂﬁﬁﬁhe
nggg%§a %rbﬂ%%&%‘%é.&ﬁ,OQBE patios and decks):, carpets,

sanitary goods, plastics, polymers, and the like.

In another embodiment, the composition of the
invention may serve as an attractant for pests, and be

highly suitable for use in a trap.

The present invention is further described
in, but not limited by, the following specific

embodiments.

Examples 1-12: General Procedures

All reactions and manipulations were carried
out in a standard laboratory fume hood open in standard
laboratory glaséware. Nepetalactones were obtained by
steam distillation of commercially-available catnip oil
from catmint, obtained from Berjé, (Bloomfield, NJ).

All inorganic salts and organic solvents, with the
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Articles contenplated to fall wthin these
enbodi nents i ncl ude manufactured goods, including 15
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scent ed articl es, fibers, sheets, paper, paint, ink,

clay, wood,_ fur , for patios an eck
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cedures Al reactions and

wamepm Suibsitd taded Sdhydegnepetadegtene fRnargte were
B%%tl%rdy %r&lrﬂﬁ@ld cPROMhaltiboitaifarhd |abkefaitynized by

assvvare t al ac es vvere obt ai ne eam
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503 0T BTS00 D05 L o b S o7 0 OP

aﬂihmrr@m:@r'ﬁ}d%, were obtained fromVWR Scientific. Al
ot her reagents used in the exanples were obtained
from Si gma- Al dri ch Chem cal (M | waukee, W) and used

as rec d. Det t H done 5 with .
oty r i on et FRGTHENRG G EERERAE (00T APy e
3m?@1idsét1eqﬁjumd; qQepeliral dactarerdimeg ust stheerigollowing
purl | cQ r {eri
O§ gjcd%%s’ 1%@%\%% spe%erqé"?a\?éye tﬁ% &{Iizr?dd?é(
Bramtoemt@R)érMmmrh 1800 badch Ho J.kzas:cmrlz 1P8C§)Oll$’¢¥@”l 1oF
terated slyants Al ned fios Cadyidgrit setepe (Tur)

La oratorl es.
was treated with sodium hydroxide (1.0 g in 5 (mL of

water) resulting in initially a two-phase mixture and
then yellow solution. After 1 hour, the basic solution
wag extracted twice with fresh 20 mL aliquots of ethyl
acetate. The aqueous layer from this extraction was
acidified with 1N HCl drop-wise to pH = 3 at which
point it turned into a white heterogeneous mixture.

The thus formed aqueous mixture was extracted twice
with ethyl acetate and dried over anhydrous sodium
gsulfate. Removal of the solvent under vacuum resulted
in a yellow oil which was triturated with petroleum
ether (100 mL) and allowed to crystallize to a white
solid on standing. The white solid was 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 was verified by single
crystal analysis and was consistent with the structural

representation depicted in structure of Formula VIa.
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The batches of nepetalic acid enployed in Exanples
1-12 were prepared according to the followng 15

wonros@dines, although there was sone vari ati onPCIUSh®4/039511
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anounts enpl oyed frombatch to batch. A solution of
cis-trans nepetal actone in 5nL of tetrahydrofuran
(THF) was treated with sodium hydroxide '(1.0 g in 5
(Hxamfplenat er) resulting in initially a two-phase

m xture and 20 then yell ow sol.utian. ter 1 hour, the

basi ¢ sol ut iFGEPaAREE 8 e e PASHY® h fresh 20 nL
al i GuoLR Ofa 1|72 808 3l &1imkhanaqueous | ayer from
this extraction was acidified with 1IN HCL drop-w se
t ehsHyd Iexsthwdradyclyaienta ey § M bl t e

het er ogeneous mi xture. 25 The thus fornmed aqueous

m xture was extracted twwce wth ethyl acetate and
dri ed over anhydrous sodium sulfate. Renpval of the
sol vent under vacuumresulted in a yellow oil which
was triturated with petroleum ether (100 nL) and
allowed to crystallize to a white 30 solid on
standi ng. The whi t= @ofid was filtered, washed with

col d petrol eum etherz€2@, nL) and dried under high
vacuumto afford taljic acid (1.9 g, 69%9 wth a
melting point of 67 Y %L C, J. Org./ Chem Vol.

46, No. 16, 1981 3302-330% The absol ute 35
stereochem stry of thﬁeﬂfé uct was verified by single
crystal analysis ambl Wiis 2¢083i stent with the
structural representation depicted in structure of
Formula Vla. 24 WD 2005/ 054224 PCT/ US2004/ 039511
Exanpl e 1 Preparation of 3-phenyl - DHN

((3R 4R, 4aR x5, J¢dn = driledi 1®S Ml - Bnrde -necked round-

phenylhexahydrocyclopenta[c]pyran-l(SFD-one% HO
bottomed flask was cooled to room temperature (“RT”)
under a steady stream of nitrogen. A solution of 500
mg of nepetalic acid in 10 mL anhydrous of THF was
added to the flask and then cooled to 0°C. 363mg of a
suspension of 30% potassium hydride in mineral oil was
weighed into another flask and washed with two 10 mL
aliguots of hexane and removed by decantation once the
solid settled. A further 10 mL aliquot of hexane was
added to the solid and the resulting mixture was added
té the three-necked round-bottomed flask in one
portion. After twenty minutes, the resulting mixture
was treated at 0°C with phenylmagnesium bromide
solution (4.1 mL of a 1M solution in THF)added drop-
wise via syringe. After 30 minutes, the reaction
warmed to room temperature and was stirred for 30

minutes. The mixture was acidified with 1IN HC1l drop-

wise to pH = 3.0 and extracted with three 10 mL
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O~ A HCHM. W444.33 10 An oven-dried 100 nL
t hr ee- necked round- bottoned fl ask was cooled to room

woeopasaure ("RT") under a steady stream of RCTAUSY®A039511

A solution of 500 ng of nepetalic acid in 10 nL

anhydr qus d t@d hedd Ak
55619836%80 %d%\%sogfe%kﬁq’geﬁspen& on of 30% po aSSI um
hyerige d wetnetmledidvarmsaniweighed sodimansiheatd] ask

d hed with t 10 nL _al t f h
Reoverl b3 (e RIS GRAST LR (P S TGt 2

&Ff gf )alvhod'}Pta Qfe heXan MRS 20F atpied 400 the The

the resul ting mxture was added to the
tmmm@m resuryck ol tioredl Wit ket eprnd phexaen. to
After tvve m nut the u xt
G O AN iy IR s ife ieTute
(e drdbcrmas M sof L#_:t:i‘cﬁdudztn J&E)ﬁ@tdfﬂlddobyz&mgse vi a
syringe. After 30 mnutes, the reaction ,warmed to -
r@@mt@hﬁa@mr@wjv%sa%@l‘F?%%Il?B‘?n%OWl nutes. The

[ e drop- wise to pH =

3.%&'% zye%?r?%t ed&):/vi L?hwt%?rgéeﬁi rr?ﬁ 25 WD 2005/ 054224
RS hISPNE44103@5ddy ¢ bdpeuios §cbpydaehl 63 Bheehanseprpgented
conbi ned organjc extracts were dried over anhydrous
s%lﬂi%*ﬁ?‘é%‘?‘i“g‘?gi Renoval of the solvent under vacuum
resulted in a white solid (520 ng) with a nmelting
poi nt of 122-124 C. The 5 product was recrystallized
with ether and hexane to >95% purity according to NWR
anal ysis. The absol ute

a white
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stereochem stry of product was verified by single
crystal x-ray analysis and consistent with

wOahsAaRMaR, 7S, 7aR) - 4, 7-di mret hyl -3 10 PCT/US2004/039511
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phenyl hexahydr ocycl opent a[ c] pyran-1( 3H) - one

represented by structure AL 26 WO 2005/ 054224

PCT/ US2004/ 039511 Exanple 2 Preparation of

SEgdatnpllgl 2DHN ((3R, 4R 4aR 7S, 7aR) -4,

7-di met hyl 4 5 .,
thyIpheny%fﬁé%ﬁﬁ§&?80?él8§§FF§P3?§§%%%-1(3kb-one) H

O(@:®, 4R12HZ262, Malr) -W 7-328@+3&1 -B0 (An oven-dried 100

nL t hr ee- necked round bottoned fl ask was cooled to RT

umeshya pheaydy hexplafiros chicResger.cl Rvasmutl (i) srone Jog
of nepetalic acid in 40nL of anhydrous THE was added
to the flask and then 15 cooled to 0OC. 407ng of a
suspensi on of 30% potassium hydride in mneral oi
was wei ghed into another flask and washed with two 10
mL al i quots of hexane and renoved by decantation once
the solid settled. A further 10 nlL aliquot of hexane
was added to the solid 20 and the resulting m xture
was added to the thize& flecked round-bottomed flask in
one portion. After ywenty? m nutes, the resulting
' QC\ p- tonI nesi um
of ¢ sol utiorrin THF)
drop-wi se via syringe. After 5 mnutes, the
reaction warnmed to RT a@GgHg® stirred for

Mol. Wt.: 258.36

/
An oven-dried 100 mL three-necked round-

bottomed flask was cooled to RT under a steady stream
of nitrogen. A solution of 1.9g of nepetalic acid in
40mL of anhydrous THF was added to the flask and then
cooled to 0°C. 407mg of a suspension of 30% potassium
hydride in mineral oil was weighed into another flask
and washed with two 10 mL aliquots of hexane and
removed by decantation once the solid settled. A
further 10 mL aliquot of hexane was added to the solid
and the resulting mixture was added to the three-necked
round-bottomed flask in one portion. After twenty
minutes, the resulting mixture was treated at 0°C with‘
p-tolylmagnesium bromide solution (15 mL of a 1M
solution in THF) drop-wise via syringe. After 30
minutes, the reaction warmed to RT and was stirred for
30 minutes. The mixture was acidified with 1N HC1l
drop-wise to pH = 3.0 and extracted with three 20mL
aliquots of dichloromethane. The combined organic
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30 mnutes. The m xture was acidified with 1N HCl
drop-wise to pH = 3.0 and extracted with three 20nL

wablkogguwsi4 of di chl oronet hane. The conbi ned or garaTAIS2004/039511
WD 2005/ 054224 PCT/ US2004/ 039511 extracts were dried
0%%{: anhydrays gedieumegulf %h%ydr%%@‘é@dﬂfm tha salaent
under vacuumresulted in a white solid (2.8 g, >
186%pveilt bfa tinel Sodyepsi nindefr V27uleg regultiesl grodusthite
was_recrystallize er, an 5 hexane .to o
pGPiLes décdr §irng ﬂg &/Rwéﬁgl eI B lﬁ]tf%szé 128
ster eagRe Iy t0hvalRr wag 1Merdd iwad et malel
crystal x-ray analysis and consistent with

5 (BRx4Re4ER, PYSFARITA Y- @qﬁa@trﬂﬂnge o NV iR el ) The
hcei)r()angYLdrt:%C %g%%@h%n{l%]t %ngc;d%{é)et éﬁ%%,ev]e(?rlfled by

represente structurée-B. reparation of
3simnbaley |c-3:@lsl|*dal( BRaviRnaAaRi s7$,nd7 alnsigtent with
7- dlnethyl
me Sy EFh &y )7h‘3(e>7£ﬁ§dr4ac?yéi16rﬁé:ﬁy§{€]pgﬁr an-1(3H)-one) H
@t i 1loHerS1 ) GhiERRE-IBlc] Went 228 Berar20. (WH) -one
O\I}len ?r ;pe(jen%otg mL threé%tr';iz}eck‘(‘e%e round p%f)fottorred fl ask
10 warsreesiesd sdb IRT ShydetturesstBeady stream of nitrogen. A
solution of 1.4g of nepetalic acid in 30nL of
anhydrous THE was added to the flask and then 25
coRlamgbltep 30C. 304ng of a suspensi on of 30% pot assi um

hydride in nineral oil S_tﬂe"syl nt o_anot her fl ask
and washed HASPARAF AT A eﬁ BT biPHExane and

((3R,4R,4aR,7S,7aR) -4, 7-dimethyl-3-(3-
15 methylphenyl)hexahydrocyclopenta[c]lpyran-1 (3H) -one)

C17H2202
Mol. Wt.: 258.36

20
An oven-dried 100 mL three-necked round-
bottomed flask was cooled to RT under a steady stream
of nitrogen. A solution of 1.4g of nepetalic acid in
30mL of anhydrous THF was added to the flask and then
25 cooled to 0°C. 304mg of a suspension of 30% potassium
hydride in mineral oil was weighed into another flask
and washed with two 10 mL aliguots of hexane and

removed by decantation once the solid settled. A fresh
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renmoved by decantation once the solid settled. A fresh
28 WD 2005/ 054224 PCT/ US2004/ 039511 10nL al i quot of
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m xture was added to the three-necked round- bottomed

Fhask, LA 10RR PR 1D oA Rl LMl H8 'ElHee%ol {d&nd the

resulting xture was treated at OCwith mb5
tmieyshﬂ&gngs i mthneniwies seldad ¢e CIs rb&mﬁe -aelted round-

S D W P S s

f%é%@ﬂl&%@ mlmxra Xl & YRS AT iH fooe:ﬂ widh AN HCL
drop-wise to pH = 3.0 and extracted with three 20nL

alticdyd regsfe sigmy .hmrr@rquqilaﬁelqnzo( L e & obbi it ion
o S HRRek o R LAY AR ARt

I redctaldnowagired of R']g)andl' hmsprsmimzted/va%omw@ fm:amttrys
col umtm chr omat ogr aphy._, Sili uting with 3
h &gh BIEEITENEE ThyP it fed drith @fe‘%o Cg%o Spiee to pH =

rigf if f PAsh
?léd' |Ofrret%?1h g}%%lé%b%rﬁ;%]i%ﬁhte%e) PR 1&&% o

hmmmwmmt @ ]Eyr an-THS IadHash LTIV rset ERcts
SR B ddR e Gedliy of
4%he4a§&1v7e$1t 1aR)er 3raduline Meandphehyln) a 4yeltow oil (1.7
di et hyl hexaty dr ocyel ORSt AL L1 PY AN 3 - A8 e 05 Sy
using silica gel eluting with hexane followed by ethyl
acetate. 0.66 g of purified products of
(3R,4R,4aR,75,7aR) -4, 7-dimethyl-3- (3~
methylphenyl) hexahydrocyclopenta [clpyran-1(3H) -one was
obtained as represented predominantly by the structure
C.
Example 4
Preparation of 3-p-chlorophenyl-DHN
((3R,4R,4aR,78,7aR) -3- (4-chlorophenyl) -4, 7-
dimethylhexahydrocyclopenta[clpyran-1 (3H) -one)

C15H19Cl0,

Mol. Wt.: 278.77
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solution of 1.9g of nepetalic acid in 5 40nL of
anhydrous THE was added to the flask and then cool ed
to 0C. 407 ng of a suspension of 30% potassi um

hydri de i n xn nereah-diledaso nehghedréat neaked hepuhtiask
and washed with two 10 plL aliqé?ts gf hexaFe gnd rea
remev e byt HRa iTaR | SRR et hRT sOPT e s3t TFEaY aSFF 828R
10 1 ldquota Ololigxade yesy addeds [ fepbeasebi deaddin
the resufting m xture was added to the three-necked

r domid- o boahloyabdoti$ aEKF | wasnad@edt Fenthaf £ épskwarglythen

m nutes,, t res in LXtu ated,at kb
pcgﬂi%idﬁﬂe§§¢hag%éziﬂ§1%?o%i%gségﬁﬁ%égngﬁ1%6ﬁLB§Fg§EEum
1M £ D3S 0L Wt hORle 81 THE) Waspwaighedi ansyr angeheAf fensk
300 mnutes, the reaction_warned to R% ﬁnd was stirred
ford washedurdsh The mPxPlrelhgeohEi aff FedaRrt AN HCL

dr.op- Wi = t pgat gt 20 e
%880@%3e%$o%?g%Pt§thﬁngn@é taet gd1 Wt Bethnea .20Al fresh

alrquots oronet hane. The conbi ned organic 20
exbmacaSigeoe dfibdxeuver wvanhgddedsteolhaneodifapad the

Renmoval ,of the_sol vent under. c t b sQ _
mﬁ??%ﬁtéﬁgiﬂlf59§§ )i ?ﬁgegrggugﬁgk%§§%%r?gfe%dbfound
cebHiBme@hr 0Bk 0ghaphy WsirRgosi.l | adtgel tekutiynginutks,
hexane followed by ethyl acetate. 290 g% of, purified
pEbautesu2tingt BiKEHTEs WascEysearri AE SoF ¥t K a

i | ! ;aad SNYRcaBsal giss nof dfhe 1M
g§%§82§p§§égi@§%§?%?éﬂk§%f§% thg productx(sR, 4R, 4aR,
78pléaRpn- 3n- THE) drop-wise via syringe. After 30

SHLen SRRy e ISl ogenl el or
30 minutes. The mixture was acidified with 1N HCL
drop-wise to pH = 3.0 and extracted with three 20mL
aliquots of dichloromethane. The combined organic
extracts were dried over anhydrous sodium sulfate.
Removal of the solvent under vacuum resulted in a white
solid (1.82 g). The product was purified by column
chromatography using silica gel eluting with hexane
followed by ethyl acetate. 290 mg of purified products
obtained as a crystalline solid with a melting point of
137-139° C and NMR analysis of the broduct was
consistent with the product (3R, 4R, 4aR,78,7aR)-3- (4~
chlorophenyl)—4,7-dimethylhexahydrocyclopenta[c]pyran—

1(3H) -one represented in structure D..
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30 WD 2005/ 054224 PCT/ US2004/ 039511 Exanple 5
Preparati on of 3-p-nethoxyphenyl-DHN ((3R, 4R 4aR,

w@3p050aRe4 - 3- (4-nmet hoxyphenyl) -4, 7- PCT/US2004/039511
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25

di net hyl hexahydrocycl openta [c] pyran-l1 (3H) -one) 5
H QanEe . W 57 35 10 An oven-dried 100 nL
I‘=Erﬁee—ﬂvecked round- bottoned flask was cooled to RT
under a st e@dgpstrecamn off Bi-or- U@@:ﬁnoxgp@@lm'th—@ﬂl\bf 1. 99

el Fhasa1ed. e Tl -4 mTRER N L dC. 407 m

O(il%e%%w%@&b%}dgﬁc%%b}p%n&%t [@9 )ZLCKBI}ﬂe-drfas)m ner al
was wei ghed into another flask and washed with

tvvo 10 nmL aliquots of hexane and renoved by
decantation once the solid settled. A fresh 10nL

al i qguot of hexane was added to the solid and the
resulting m xture was added to the 20 three-necked
round- bottoned flask in one portion. After twenty
mnutes, the resulting @ xture was treated at 0C with
p- met hoxyphenyl magnési-um _bromni de solution (30 nmL of a
0.5 Msolution in T drp Wi se via syrishage. After
30 minutes, the rea 3 sprmed to RT 25 d was
stirred for 30 ninutedl ture was acidified
with i N HC1 drop-wise to pH ~“3>0"and extracted with
three 20nmL aliquots of dig g 5/orret hane. The conbi ned
organi c extracts wer e Mir. Wit 26¢.85 anhydrous 31 WD
2005/ 054224 PCT/ US2004/ 039511

An oven-dried 100 mL three-necked round-
bottomed flask was cooled to RT under a steady stream
of nitrogen. A solution of 1.9g of nepetalic acid (1.9
g) in anhydrous THF (40 mL) was added to the flask and
then cooled to 0°C. 407 mg of a suspension of 30%
potassium hydride in mineral oil was weighed into
another flask and washed with two 10 mL aligquots of
hexane and removed by decantation once the solid
settled. A fresh 10mL aliquot of hexane was added to
the solid and the resulting mixture was added to the
three-necked round-bottomed flask in one portion.

After twenty minutes, the resulting mixture was treated
at 0°C with p-methoxyphenylmagnesium bromide solution
(30 mL of a 0.5 M solution in THF) drop-wise via
syringe. After 30 minutes, the reaction warmed to RT
and was stirred for 30 minutes. The mixture was
acidified with 1N HCl drop-wise to pH = 3.0 and
extracted with three 20mL aliquots of dichloromethane.

The combined organic extracts were dried over anhydrous

31



sodi um sul fate. Renpval of the solvent under vacuum
resulted in a white solid (0.89 g). The product was

weouaoisfosed4 by col utmm chr omat ogr aphy usi ng si | i cRCGAIS2004/039511
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eluting with hexane followed by ethyl acetate. 214 ny

5 of..purifi rod t g t ' '
e s s A S L 2 T e R AR By

t ke araddr tinnas witoned stcdnitd Wa.lB 9 3R, 4R HaR i) RaR) -vBas
(4- met hoxyphenyl))-4,7 . o
ISR R (SRS 4019 B Sk 0

r RLRSEN &M Y HAR ! raitide E byl e Ld¥anar ati on mg
of 3-m met hoxyphenyl - DHN . _

( BRAMRILHRY DrraR)ctd: (G brirnsk yirhenydyystglline solid

T P S B Bl G 0t
t HiRe e torinitSrared Wi dask(3vass Ropd RA7 $ 07&A) -3 -

under a steady stream of nitrogen. A solution of 1.9g
of 4atsethavelisend Jivé - 740onL of anhydrous THE was added

t Q48 1%?&8%' aé}gﬂhfébgjblcgé&{t%ﬂ d AHEH) Bnd) as
suslpensqyt)n 0 0% pot assi um 2% ]%%%%e fjr'?j)m nr(ler alaoi I
waspies sgheted o Emotdteruddask Eand washed with two 10
mL al i quots of hexane and renoved by decantation once

t x=milial Gettled. A fresh 10nL aliquot of hexane was
added to t heemapanhiaimh tdfe B2 \WE 2008/ 1052PU- DHN

e e ot t b R B on.

Afd igke tIWEIH e Ay ®Srclopenta [c] pyran-1 (3H) -one)

CarHoyO
Mol. Wt.2574.35

An oven-dried 100 mL three-necked round-
bottomed flask was cooled to RT under a steady stream
of nitrogen. A solution of 1.9g of nepetalic acid in
40mL of anhydrous THF was added to the flask and then
cooled to 0°C. 407mg of a suspension of 30% potassium
hydride in mineral oil was weighed into another flask
and washed with two 10 mL aligquots of hexane and
removed by decantation once the solid settled. A fresh

10mL aligquot of hexane was added to the solid and the
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the resulting mxture was treated at OCwith m
nmet hoxyphenyl magnesi um brom de solution (15 nL of a 1M

wo 28510342200 i n THF) drop-w se via syringe. AftecT@82004/039511
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m nutes, the reaction warned to RT and was stirred for

30r633ﬂ]l]t£ﬁg ARt it a8 MB8eactdi Ehedrwi-bh_ %élchz_lga round-
drop-wise to pH = 3.0 and extracted with three 20nL

al ]P%B%e%f £ %Ifrl%hl BROABEhRABL LD - m;xft¢ﬁetwgnbvne1dnm@es,
h
0LFRE, SemLE SRSl e Rl B0, DXBELEATIE U ROSLUR

sul fate. Renov € SO er vacuum
i nmatlyekj/p]memjflmé@n@sgl)lm H)’hemﬁ)died*aoluwaSanMle medolBya 1M

col u chronat ogr using silica gel eluting with
oy alRe foh TR, e it ki Suiinay orRar hed

15mPRQEsS] Stm@sr@é%@wﬁdwgmemv&aﬁ@l ¥8kSwak g'e; ed_for
product was consistent with R 4R, 4aR, 7S fe) -
38 minutes. The mixture was aCldlfled with 1IN HC1

nme 7-d t hykh cl ope n
ﬁ%%é{”%%%y%%dp“f#epr%ﬁn?ﬁ% B SR R Tk LE B

ZOaH@Lpau:atébrdﬂtheﬁ@rﬁétﬂ@aﬁ@hemvlmDHN ThaPcoﬁhB;méaR

7S 7a 4-fl uorophenyl) -4, 7-

di re? %e%?é@?%%y‘ﬁ?%%e B e c‘]’V%J;‘/r%JthY[dFQPE seféym 25

H

OO o S ot B agt Wint Sfider tvaddyfflosul ted

t hkeea neekleel rothd(dol tohed Thaskredsctoehedptni Rled by

LBy SRR BULEARy sl 98P ea 8R! U1 LRI 1R
hexane followed by ethyl acetate. 0.466 g of purified .
products was obtained and NMR analysis of the product
was consistent with (3R, 4R,4aR,7S8,7aR)-3-(3-
methoxyphenyl) -4, 7-dimethylhexahydrocyclopenta [c]l pyran-

1 (3H) -one and represented by structure F.

Example 7
Preparation of 3-p-fluorophenyl-DHN

((3R 4R,4aR,78,7aR) -3- (4-fluorophenyl) -4, 7-
dimethylhexahydrocyclopenta [c] pyran-1 (3H) -one)

C16H1gFO,
Mol. Wt.: 262.32
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40nmL of anhydrous THE was added to the flask and then
5 cooled to OC. 407ng of a suspension of 30% potassi um

woydisicde2ien mneral oil was wei ghed into anot hecTfusamk/039511
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and washed with two 10 niL aliquots of hexane and

renoved by degasiahi@ni ACEos her Soht-desabtked. rAuhiesh
10nL al i quot. of hexane was added to the solid and the

10PP RIS gl 3k twre oreledded RD whderhreetaadkedtream
= ' ' wenty. . .
e beigared {1 asko Lt anecnerbyone ALELLYRTLY R o

m nut es, he resultTng m x :
p-4 relt hok yaoendt oy NESF unabr addeld sol tihéonl4dk shdaothan

1.0 lution in THF) drop-w se via syringe. After |
BOCQ%N?‘F?n ueic:é]t h_e4Qzé‘é%t?%ngm%?%%n?bowogngo_Wa_EOtaSSlum
sthydethd ofn thdiautes: Jhe ﬁéisglgé& %oa&hgtﬁéfdflﬁsk

with 1IN HCl drop-wise to pH = 30 and extracted wt
t R vEored afditdudivee o0 dite i bi awet $1ame. hakeneoabilned

' r ac re dried over a rous, sodi u
gLi%atﬁ?d%FsgeréD% ot h%ﬁ%%la%%tsﬁﬂ%cgrs%r&ﬁ%% "A fresn
r el el dquet bt trmxaﬁmé vk 4 k&lﬂi@)to Tiige pé?ﬁﬂ@taM?Sthe

rified by colum chronat ography using silica ge
SIURTHT W MG W10 1R By iyt iireraeked oowed-
ofb it duld B & I NEUGE o8 15o0PE G Nedh ASe 2 CLYSE lﬂ}&?tes,

solid with a nelting 25 point of 154-156 C an
ardlsy ieswit iree Hegduee wes treaisdtantoOW thith p-

- 3-.(4-fl uorophen -
g?‘%tgﬁn}é@yﬁzﬁfelxa oy I Spdht Tcﬁ%iy‘%tajnqri‘ (54§ -Brerhs -0
r epreeslartiech by SIHR)Ctdirep-Gri S WA W@%Z%fter 30
gfr:%-iél_ﬁze%gf&ﬁ%%ﬁﬂ%oﬁbmﬁ%%ﬁedpg&al{%gr?g woas stirred for

TR e e DR
drop-wise to pH = 3.0 and extracted with three 20mL
aliquots of dichloromethane. The combined organic
extracts were dried over anhydrous sodium sulfate.
Removal of the solvent under vacuum resulted in a white
solid (2.04 g). The product was purified by column
chromatography using silica gel eluting with hexane
followed by ethyl acetate. 405 mg of purified products
were obtained as a crystalline solid with a melting
point of 154-156° C and NMR analysis of the product was
consistent with (3R,4R,4aR,7S,7aR)—3—(4—fluorophenyl)—
4,7-dimethylhexahydrocyclopenta [c]l pyran-1 (3H) -one as

represented by structure G.
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HOOH F Cl7TH21FO2 Mol. W.: 276.35 10 An
oven-dried 100 nL three-necked round- bottoned fl ask

woasispsa2ed to RT under a steady stream of ni PCO@S2004/039511
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25

solution of 1.9g of nepetalic acid in 40nL of
anhydr ous THE was added to the flask and then 15
C. 407ng of a suspension of 30% potassi um

'hydrl de i n MrREEiatbion vk &m(@n‘e?dd@mﬂnaﬁ%méhfpla%yl-

r mg% %ﬁe'f:a I%V\?I éﬁa}gir_]cgl {Zﬂ_e sol 3?% get%%ﬁe?ﬂ) [

107 -ad dingptoty Idfebeehadneo was] aststech [ o] pieasol (BHandné he
20 resulting m xture was added to the three-necked
round- bottonmed flask in one portion. After twenty
mnutes, the resulting mxture was treated at OC with
m net hoxyphenyl magnesi um brom de solution (15 nL of a
1M solution in THF) drop-w se via syringe. After 30
25 mnutes, the reaction warnmed to RT and was stirred
for 30 mnutes. The m xture was acidified with 1N HCl
drop-wise to pH = 3.0 andpextracted with three 20nL

al i quots of dichl oronet'd . The conbi ned organic 35
WO 2005/ 054224 PCT/ U4/ (32 extracts were dried
over anhydrous sodiu RBenoval (@f the sol vent

under vacuumresulted ip & y:
product was purified by colu i omat ogr aphy usi ng
silica gel eluting wth 5 foll oned by et hyl

acetate. 0.616 g of puRAFhﬁaﬁg?quct

oil (3’2 g). The

An oven-dried 100 mL three-necked round-
bottomed flask was cooled to RT under a steady stream
of nitrogen. A solution of 1.9g of nepetalic acid in
40mL of anhydrous THF was added to the flask and then
cooled to 0°C. 407mg of a suspension of 30% potassium
hydride in mineral oil was weighed into another flask
and washed with two 10 mL aliquots of hexane and
removed by decantation once the solid settled. A fresh
10mL aliquot of hexane was added to the solid and the
resulting mixture was added to the three-necked round-
bottomed flask in one portion. After twenty minutes,
the resulting mixture was treated at 0°C with m-
methoxyphenylmagnesium bromide solution (15 mL of a 1M
solution in THF) drop-wise via syringe. After 30
minutes, the reaction warmed to RT and was stirred for
30 minutes. The mixture was acidified with 1N HCI1
drop-wise to pH = 3.0 and extracted with three 20mL

aliquots of dichloromethane. The combined organic
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was obtai ned and NVR anal ysis of the product was
consistent with (3R 4R, 4aR 7S, 7aR) - 3- (4-fl uor o- 3-

warbissgnenyl ) - 4, 7- di net hyl hexahydr ocycl opent apcTuge@n/039511

10
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25

1(3H)-one as represented by structure H 10 Exanple 9

PLgparation ol 31yl Piinfatdnd o88iuhBu Fafe.

tﬁérﬁgwyl@@x*allwdg@wéh@p@ﬂaefcwynam t¢8H) terdeinand
(3R, 4R 4aR 7S, 7aR) -

tY@hh@%y@h%xé%y%r%byclEb@n?ﬁ?@?ﬁ?rﬂﬁsl?gFﬂf6ﬁg)bYHcﬁlapn
0 egadr bedr 106 #tk
%%ém%%%%rﬁgﬁ%undlnéo??gﬁg§ gsﬁ mgs %oolgg FSXS$e
uﬁdmoaeétlegdgtlsw eagetateni t @ogéﬁ gAcEoPUEilAegf product

2.138 of nepetali.c 4 r.Qu HE
(65 nob Camsedaani VAR Rearrace OhnktenBRBERERSE
1c69§19£eﬁtsw§@ﬁn%@n4@f 430% spobas s Burh¥duicde -i3n

m neral oil was ME|ahed into another flask an shed

winehhyhoheovil -4l 7 qdémstby 13exppydsesyesgpeata Lclpyran-
2004/ Q39 d gd by decantati on

o%gégfhegéoggdéééet??égeaAg?uf?EgggzoﬁL al i quot of

hexamplwas added to the solid and the resulting

m xture was_added tq the hree:n round- bot t onred

flask in ongrﬁBPFP%ﬁOHSO&f%épe?Rg'ty%%inutes t he

r q4lst bRg4HRX b &aas 3t reated at OC with
nethylnagne5|un1chlor|de solution (5.8 nL__of 3M

s blratieshyiLheTRRY ddesyokiopenFad @Wrﬁ@e 1 (@fgongg and
(g%tzi 4a%§ %gqg%)qg,@gﬁned to RT and was stirred for

trimethylhexahydrocyclopenta [clpyran-1(3H) -one)

H

0
Mol 1433 26

An oven-dried 100 mL three-necked round-
bottomed flask was cooled to RT under a steady stream
of nitrogen. A solution of 2.13g of nepetalic acid in
40mL of anhydrous THF (40 mL) was added to the flask
and then cooled to 0°C. 1.40g of a suspension of 30%
potassium hydride in mineral oil was weighed into
another flask and washed with two 20 mL aliquots of
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30 mnutes. The mxture was acidified with 1IN HC1 10
drop-wise to pH = 3.0 and extracted with three 40nL

wablkogguwsi4 of di chl oronet hane. The conbi ned or gaaTAIS2004/039511
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extracts were dried over anhydrous sodi um sul fate.

Rempval of fhe sqlvent u Vi ]xgééjl pal e

(o] ex(af.68§md§ re&urlei‘ %&rldgegc%{) taaﬁe cru rgel'g%tél%ln 5
prsaad;ttqted/vas caurdteteouonly eClalaiut chif dnetags aqzﬂns' addeg to
silica el uting with hexan

fall d
soistelin s d SRS o e
i
tg%[ purifi ed pro %&%Om@bﬁﬁw 1k Snarebhpdi of). 682

g uct was obtained and NWVR anal ysis of
20\ fitteer prwediuit s toemis i e e st hinghanig8ird Rrag gRreated
7S, 738

33 0 IR D SR T i PaR L 3Ry (B ™
argkF (BRedRt 4R i SuFARIrodswilse via syringe. After 30

tri methyl hexahydrocycl opent a[ ¢] pyran- 1( 3H) - one_as
 SPrEHER o) TTRE @R R TS ST #4 US| Stoered for

%?d"[}h%&t%? A ﬂ@i{hﬂg\:@fe it hyd s PN e (BRen 4t 4eR

dgd\fe:iﬁ;r{yrzﬂ?(gﬂw%pmoyd opema|ettpyaciped (BHh obkregngOmL

, 4R 4aR, 7S, 7aR).-

B ooty by o Eamragad o or The 1eappiagd) 99l

2QQ§&9§A§¥4wé¥g7d%ﬂ%@@45@§85iﬂhy@r@usIébdluﬁlgtmﬁgﬁe
W.: 196.29 An oven-dried 100 mlL three- necked
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acl
product was carried out by column chromatography using

gsilica gel eluting with hexane followed by ethyl
acetate. The 3-methyl-dihydronepetalactone
diastereomers were not separable by this method. 0.682
g of purified product was obtained and NMR analysis of
the product was consistent with the (38,4R,4aR,78,7aR) -
3,4,7-trimethylhexahydrocyclopenta [clpyran-1 (3H) -one
and (3R,4R,4aR,78,7aR)-3,4,7-
trimethylhexahydrocyclopenta [clpyran-1(3H) -one as

represented by the diastereomeric structure I.

Example 10
Preparation of 3-ethyl-DHN

((3R,4R,4aR,78,7aR) -3-ethyl-4,7-
dimethylhexahydrocyclopenta[clpyran-1(3H) -one, and
(38,4R,4aR,75,7aR) -3-ethyl-4,7-
dimethylhexahydrocyclopenta [c] pyran-1(3H) -one)
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40nL of anhydrous THE was added to the flask and then
cooled to OC. 441ng of a suspension of 30% potassi um

waypadisiode2sn mineral oil was wei ghed into anot hecTfusa®k/o039511
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10 and washed with two 20 nL aliquots of hexane and
renmoved by decantation onceythe solid settled. A _
further 20 nL aliquot & Hhgxane was added to the solid
and the resulting m xt = added to the _

t hr ee- necked round- bo | ask in pne portion.
After twenty 15 m nutes, e resulting mxture was
treated at 0OC with ethyl'magnesi um chloride sol ution
(15 mL of 1.0 M sol uti org,im,d4F) drop-w se via
syringe. After 30 m nyioewt.:tib&2y eaction war med to RT
and was stirred for 30 m nutes. The m xture was
acidified with iNHCL 20 drop-wise to pH = 3.0 and
extracted with three 20nL aliquots of

di chl oronet hane. The conbi ned organic extracts were
dri ed over anhydrous sodium sulfate. Renoval of the
sol vent undéin \eicemumdriesdl 1@ min hiped enetked lr@dng) .

Pyr.fi cati of, the cru actjon 2 roduct was
cgét{egg@eo%t aﬁ/gk(;:o %Sfmc%%?eocgm %d%ﬁp‘h?ﬁr’ i A CSRYY cAEHREm
elaft imig néddn hexanso Tuddamest by, @1dydr aoet@dBic Theid in
3-et hy i hydr onepet al act one _di astereoners were not

[ -dih
S EPRB e AT A 02D, P SE- NG BO0Bl B9 228 then
PEHIYSR0Y QRAS11 4 4y Jurd fdiad ALAdYCL, pas, oht &l ned,

and NVR anal ysis of the product. was consi stent®w tH "™
(glgdm,dqaliwg}ﬂm)aB-oil was weighed into another flask

“4 7-di me d | t -1 (3H) -
o bl TR S S Rl e A ) O
diresicnech eva lyedrnmend iepe il lahe s BHe @S

epresented by the di astereoneric structure J.
r g‘ﬁﬁp@rllzoPr‘%p&rldiﬂ%ﬂ? ot hexaneopas Bidded to the solid

and the resulting mixture was added to the three-necked

round-bottomed flask in one portion. After twenty
minutes, the resulting mixture was treated at 0°C with
ethylmagnesium chloride solution (15 mL of 1.0 M
solution in THF) drop-wise via syringe. After 30
minutes, the reaction warmed to RT and was stirred for
30 minutes. The mixture was acidified with 1N HCIL
drop-wise to pH = 3.0 and extracted with three 20mL
aliquots of dichloromethane. The combined organic
extracts were dried over anhydrous sodium sulfate.
Removal of the solvent under vacuum resulted in a pale_
oil (1.21 g). Purification of the crude reaction
product was carried out by column chromatography using
silica gel eluting with hexane followed by ethyl
acetate. The 3-ethyl-dihydronepetalactone

diastereomers were not separable by this method. 0.253
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((3S, 4R, 4aR, 7S, 7aR) - 4, 7-di met hyl - 3- 10
pr opyl hexahydrocycl openta [c] pyran-I (3H) -one, and

wO2RsMRNaR, 7S, 7aR) - 4, 7-di net hyl - 3- PCT/US2004/039511
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sy e XAy Sye Yoo ik c oy Bamt h{f Es-Orpe an
reagt i0n wek ved $0oRT andywas.1$yd r3ed for 30 minutes.
The nfi xt'ure was’ aci dl%led wth 1N HC1 drop-wise to pH
= Fdpaiitexadty droo ek Wnnpdnitat elkoomh - 1 43 Hhjuons) of

di chl oronmet hane . The conbi ned organic extracts were
dri ed over anhydrous sodi um sul fate.

H
Mol Wt 22398 31

An oven-dried 100 mL three-necked round-
bottomed flask was cooled to RT under a steady stream
of nitrogen. A solution of 1.84g of nepetalic acid in
40mL of anhydrous THF was added to the flask and then
cooled to 0°C. 441mg of a suspension of 30% potassium
hydride in mineral oil was weighed into another flask
and washed with two 20 mL aliguots of hexane and
removed by decantation once the solid settled. A
further 20mL aliquot of hexane was added to the solid

and the resulting mixture was added to the three-necked
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10 Renoval of the solvent under vacuumresulted in a
pale oil (1.26 g). Purification of the crude reaction

wonrodwsi22was carried out by col um chromat ogr apboy/ussiong39si1
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diastereomers were not separable by this method. 0.713
g of purified product was obtained and NMR analysis of
the product was consistent with (3S,4R,4aR,7S,7aR)-4,7-
dimethyl-3-propylhexahydrocyclopenta [c]lpyran-1(3H) -one
and (3R,4R,4aR,78,7aR)-4,7-dimethyl-3-
propylhexahydrocyclopenta [c] pyran-1(3H) -one as
represented by the diastereomeric structure K.

Example 12

Preparation of 3-methyl-DHN
((38,4R,4aR,7S,7aR)-3,4,7-
trimethylhexahydrocyclopenta [c] pyran-1(3H)-one, and
(3R,4R,4aR,785,7aR)-3,4,7-
trimethylhexahydrocyclopenta [c] pyran-1 (3H) -one)
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reaction warned to RT and was stirred for 30 m nutes.
The m xture was acidified with 1IN HC1L drop-wi se to pH

w6 20B/08422md extracted with three 200nL al i quot BCOfUS2004/039511
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di chl oronet hane. The conbi ned organi c extracts were 20

dri ed over anhydrous sodium sul fate. Renoval of the

sol vent under vacuumresulted in a pale oil (51.0 Q).

Purification of the crude reaction product was carried

out by columm chronmat ography using silica gel eluting

wi th hexane followed by ethyl acetate. The 3-nethyl 25

di hydronepet al act one di astereoners were not separable

by this method. 21.77 g of purified product was

obt ai ned and NVR anal ysis of the product was

consistent with (3S, 4R 4aR 7S, 7aR) -3, 4, 7-

tri met hyl hexahydr ocycl opent a[ c] pyran- 1(3H) - one and 30

(3R 4R, 4aR, 7S, 7aR) -3, 4, 7 41 WD 2005/ 054224

PCT/ US2004/ 039511

trimet hyl hexahydrocycl openta[ c] pyran-1(3H)-one as

represented by the diasfetgpneric structure L.

Exanpl es 13-19 5 The pr, of Exanples 1-12 were

evaluated for the ins&ctlregell ency aghi nst Aedes

aegypti nosqutioes in thedn Vitro Gupta box |anding

assay. In this nmethod a chanber contained 5 wells,

each covered by a BaUdtﬁﬁﬂﬁbéan'”H| i ntestine)

menbrane. Each wel | p&d wi th bovi ne bl ood,

containing sodiumcitrate (to prevent clotting) and

ATP (72 ng ATP di sodi um salt per 26 m of blood), and

heated to 37C. A vol f_25, i soprop al cohq

(1 PA) cont aifftny V%‘ﬁﬁ?%%‘? 3 1F?ﬁ‘én B?ec%%?%/%‘li HaRend-

appdt teshed EB@ﬁkmEﬂbnmmﬂedTﬁblﬁTC@ﬂ@@ﬂtaaét@@§ymgtﬁeam

alé% ]1'(3?’& nvégfg :IX ﬁ%‘?ll\}/‘@egre ﬁtggrémgsgfqugﬂ)g@afgé acid in
800mL of anhydrous THF was added to the flask and then

cooled to 0°C. The solution was treated with

methylmagnesium bromide solution (200 mL 3.0M solution
in ether) drop-wise via syringe. After 30 minutes, the
reaction warmed to RT and was stirred for 30 minutes.
The mixture was acidified‘with 1N HCl drop-wise to pH =
3.0 and extracted with three 200mL aliquots of
dichloromethane. 'The combined organic extracts were
dried over anhydrous sodium sulfate. Removal of the
solvent under vacuum resulted in a pale oil (51.0 g).
Purification of the crude reaction product was carried
out by column chromatography using silica gel eluting
with hexane followed by ethyl acetate. The 3-methyl-
dihydronepetalactone diastereomers were not separable
by this method. 21.77 g of purified product was
obtained and NMR analysis of the product was consistent
with (3S,4R,4aR,75,7aR)-3,4,7-
trimethylhexahydrocyclopenta [c]lpyran-1(3H) -one and
(3R,4R,4aR,78,7aR) -3,4,7-
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an untreated nenbrane surface, or a nenbrane surfa_ce
treated with. a 1% solution of DEET.. 20 After 5 mn,

wapprsesizmt el y 250 4-day-old fenmal e Aedes aegpprius2004/039511
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nDsquitoes were introduced into the chanber. The

n menbr anes for each
trea} €%y§g§g$%%%$ﬁgﬁcg %gB?EC]Pﬁ¥%?VéI%Hbv%PeZES
mi FYep et ted Ury rigpe edenstsetdemaran 25rofttheen.
replicate experinents. Exanple 13 Speci nens prepared
in Exanple 1, Exanple 2, and Exanple 5 were eval uated
according to the test 30 nethod above descri bed.

Results are shown in Fegui@1ls 142180 2005/ 054224

PCT/ US2004/ 039511 CI amnd lrep{/e\?ﬁnt ed .
schemat cal | structure of Fornmul a erein
is alk heor %?‘g? cts ‘8 GXAmR os I b3 s dese ter deAgtor

t che aimsdetwherms I dRcyl GdsiEe t D429 @éﬁyﬁt13mo£Qut%oes

O R
ar;ﬂ) gg l}%c‘%{g%gr;'g%{:poc aoc?g]r%arrﬁ‘guﬁ%l%%?%f hetrRi® R
i SnefdisttaedHadmn fmbrgvram]:ed:@smsllm,g eﬁhcmdmyé%ed by a
e an
etﬁéﬂdrucﬂ{@p%{nm@lerﬂlt'eé 1) dllﬁ%g%%é) rﬁgc w%l x/ﬁas

S e el T e

Apcrmmwwdﬂmqrr@)n@ﬂdm@pal M2l i BIP 1$i Sbdium salt per
26 ml of blood), and heated to 37°C. A volume of 25 pl
of isopropyl alcohol (IPA) containing one test specimen
or control was applied to each membrane. The
concentrations were all 1% in IPA except where
otherwise indicated. Controls were either neat IPA ’
an untreated membrane surface, or a membrane surface
treated with a 1% solution of DEET..

After 5 min, approximately 250 4-day-old female
Aedes aegypti mosguitoes were introduced into the
chamber. The number of mosquitoes probing the
membranes for each treatment was recorded at 2 min
intervals over 20 min. Each datum represents the mean
of three replicate experiments.

Example 13

Specimens prepared in Example 1, Example 2,
and Example 5 were evaluated according to the test

method above described. Results are shown in Figure 1.
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m xture of stereoisoners of a single conmpound. 25 7. A

conpound according to Claiml which is selected from

consi sti ng 8ET(USR04/039511

4R, 4aR, 7S, 7aR) -4, 7-dinethyl-3- (4 nethyl phenyl)

hexahydr ocycl opent a[ c] pyran-1 (3H)-one; 48 WO

2005/ 054224 PCT/ US2004/ 0395ERIMEBR 4R 4aR 7S, 7aR

-3- (3-net hoxyphenyl) -4, 7-

di rret hy! hexahydrasyghanental el suies 14akino0esa1 %y the
a

t ¥ HEEH wlﬁ%%y%%&%ﬁl o%e‘ﬁ]{‘%]f%}%yl?‘ahs AP (e, 2B 5
(3R 4R, 4aR, 7S, 7aR) -3, 4, 7

tri met hyl hexahydrocycl openta [c]pyran-1 (3H) -one. 8.
A process for preparing a conpound according to Claim
1 conprising contacting nepetalic 10 acid with a base,
and with a Grignard reagent. 9. A process according to
Claim8 wherein the base is a non-aqueous base. 15
10. A process according t9 Caim8 wherein the base
is a Gignard reagert. A process according to
Claim8 wherein the : reagent is an al kyl
Grignard reagent. Qr ocess accordi\?g to daim
8 wherein the G g is an arylY Gignard
reagent. 13. A process a to Caim8 further

25 conprising a step of ovi di ng nepetalic acid by
the hydration of nepetal actone. 14. A process for
preparing a conpound according to Claim1 conprising
contacting nepetalic 30 acid wwth a Gignard reagent,
wherei n the amount of

2. A compound according to Claim 1 wherein R
is C; to Cy alkyl.

3. A compound according to Claim 1 wherein R

is Cg to Cy aryl.

4. A compound according to Claim 1 wherein R
is selected from the group congisting of methyl, ethyl,
propyl, phenyl, tolyl, alkoxy-phenyl and halo-phenyl.

5. A compound according to Claim 1 which is a

gingle stereoisomer of a single compound.

6. A compound according to Claim 1 which is a

mixture of stereoisomers of a single compound.

7. A compound according to Claim 1 which is
selected from one or more members of the group
consisting of
(3R,4R,4aR,78,7aR) -4, 7-dimethyl-3- (4-
methylphenyl)hexahydrocyclopenta [clpyran-1 (3H) -one;
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Gignard reagent per nole of nepetalic amd is greater
than 1. 15. A process according to Claim 14 wherein

wG@30ashe423i gnard reagent is an al kyl Gignard peagsmiod/039511
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49 WD 2005/ 054224 PCT/ US2004/ 039511 16. A process
according to C ai erein the &igpard reagent is

m 14
an(%ﬁyﬁR(ﬁﬁ%ﬂﬁﬁ'7%@%ﬁﬁ$ﬁg‘m oy RhefEss~acéording to
d c&irﬁ&ﬂlﬂyimﬁi}qdr&%méﬁ&@gcmﬁm— of 3By ewhdi ng
nepetal L c, aci I ydration of nepetal actone. 18.
A %%% th?afg'nr}jso‘fby"’ﬁ%)t te3e'r£tgn'pri sing the conpound of
Cl tat imdt hyih<ehywnethobopéntzpel pyrgnohé3 Br -apee and
in t OB & S € sing the insect(s) to a
coﬁ%lg’u%%’éac’co‘?'ﬂ%%) ?%P% 4é\i m 1. 15 20. A nethod
acteoig ey ey dr asy wheren e { oy Faget{ $5) -ane-

sel ected fromone or nore nenbers of the group

consisting of biting flies, chiggers, fleas,

nosqui t oesS - t ife I il P%@%}“ng a compound
according to Claim 1 comprising contacting nepetalic

acid with a base, and with a Grignard reagent.

9. A process according to Claim 8 wherein the
base is a non-agueous base.
{
10. A processg according to Claim 8 wherein the

base is a Grignard reagent.

11. A process according to Claim 8 wherein the

Grignard reagent is an alkyl Grignard reagent.

12. A process according to Claim 8 wherein the

Grignard reagent is an aryl Grignard reagent.

13. A process according to Claim 8 further
comprising a step of providing nepetalic acid by the

hydration of nepetalactone.

14. A process for preparing a compound
according to Claim 1 comprising contacting nepetalic
acid with a Grignard reagent, wherein the amount of
Grignard reagent per mole of nepetalic aqid is greater
than 1.

15. A process according to Claim 14 wherein

the Grignard reagent is an alkyl Grignard reagent.
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16. A process according to Claim 14 wherein

the Grignard reagent is an aryl Grignard reagent.

17. A process according to Claim 14 further
comprising a step of providing nepetalic acid by the
hydration of nepetalactone.

18. A composition of matter comprising the
compound of Claim 1.

19. A method of repelling one or more insects
comprising exposing the insect(g) to a compound
according to Claim 1.

20. A method according to Claim 19 wherein the
insect (s) are selected from one or more members of the
group consisting of biting flies, chiggers, fleas,

mosquitoes, ticks and lice.
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