Nepet al act ans and N- Substituted Derivatives Thereof
This application clainms the benefit of U S

wereaeioziosmal Applicati on No. 60/ 639, 945, fil edr@EUSIVDT047559
29, 2004, and U.S. Provisional Application No.
60/ 639,951, filed Decenber 29, 2004, each of which is
incorporated in its entirety as a part hereof for all
punpeseslacdeabnisal NFsebdt Iber paepent vhoyeBki ®Reir8of
diTécted to nepetalactans and ~-substituted
derivatives thereof, which are useful as repellents
for insects and arthropods. Background | nsect

repel l ents are ! ohal : [

human- i n@qe%rt a\%bc%gﬁgcloﬁfaéyéﬂﬁ%gﬂe%%%%??ﬁgﬁ{%é
Prawi sferreel Apsictadridgoriie. di Gak® 14anshi ked dPecambe |
2 BS JdVu JeNR] &b, I SENF QL 16,8885 O Al £ch M 4 oS ect

b)tes. The best_ known .and nost w dely used_actijve .

EQ/fpediEnt §inl SbMRGTIRET topi 04 nRTR bttt s1% s

iddwersord et i biew eftec desdwadd e, part hereof for all
I\T,iV-diethyltoluam de (DEET) . Nepetal actone

pu(]i'pe%sreé%'ent ed in general schematically by Formula | ) |,
a maj or conponent of an

Technical Field

The present invention is directed to
nepetalactams and N-substituted derivatives thereof,
which are useful as repellents for insects and

arthropods.

Background

Insect repellents are used globally as a means
of reducing human-insect vector contact, thereby
minimizing the incidence of vector-borne disease
transmission as well as the general discomfort associated
with insect bites. The best known and most widely used
active ingredient in commercial topical insect repellents
is the synthetic benzene derivative, N,N-diethyltoluamide
(DEET) .

Nepetalactone (represented in general
schematically by Formula I), a major component of an
essential oil secreted by plants of the genus Nepeta and
the active ingredient in catnip, is known to be an
effective, natural repellent to a variety of insects
[Eisner, T., Science (1964) 146:1318-1320].
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essential oil secreted by plants of the genus Nepeta
and the active ingredient in catnip, is known to be an
webdoeotiose, natural repellent to a variety of POEES1085/047559
[Eisner, T., Science (1964) 146:1318-1320].U.S. Patent
No. 6,524,605 discloses the repellency of
nepet al actone, as well as the individual cis, trans
(Z, E) and trans, cisz(E i soners, agai nst Gernan
cockroaches. A need rermi owever, for the
continued availability, as wWde a varigty of insect
repel l ents as possible it Jhas been flound t hat
nepet al act ans, and deri &S thereof, are useful as
repellents for insects and afthropods . Sunmary In one
enbodi nent, this invention relates to a conpound
represented schematically by Forrmula Il11: wherein Ris

ul) Btalkans radisals® hefsdhse iyl redd) 1 8ncpl kene
radical, (c) an alk%ne radi cal, _or, (d). an,aromatic

NYRE A CE ROt HEF ot Frerfte of P4 HY s34y ent F ot 785 a2+ B)
artDnpest | @hs OfE it t Bsorhdrad, | atpd 1itkes Geman Cas ¢tk Bda claael.
(b) a compound descri bed generally as above in Formula
11, wherein Ris H, an al kane radi cal, an al kene
radi cal , mamedkyrsnaith cdiowawermn Tronwte ccordimagd A

a8 APQok nent, Qe this, L IMBPIL M A Se @ repellents as

possible, and it has been found that nepetalactams, and

derivatives thereof, are useful as repellents for insects

and arthropods.

Summary
In one embodiment, this invention relates to a

compound represented schematically by Formula III:

wherein R is (a) an alkane radical other than methyl, (b)
an alkene radical, (c) an alkyne radical, or (d) an

aromatic radical.

Another embodiment of this invention is a
composition of matter that includes (a) a carrier, and
(b) a compound described generally as above in Formula
IITI, wherein R is H, an alkane radical, an alkene

radical, an alkyne radical, or an aromatic radical.

A further embodiment of this invention is a

method for repelling an insect or arthropod by exposing

-2
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method for repelling an insect or arthropod by
exposi ngthe insect or arthropod to a conpound
walzwenidosd generally as above in Formula |11, REBUSIODS/R7T59
is H, an al kane radical, an al kene radical, an al kyne
rad| cal, or an aromatjc radical t another
SR PR ECRIA dift |aorFCf“§?qLHéﬂe RS of e it LY
asj%&fd\ziebﬁidl genendld v Bs, abmreih FFargni a dd lg1kdegs ein R
dzl 1 an aI ane r adi ccaaId, an aI Kene, rraag cal an aI kyne
Gt 2 T 8T Ot LGS i T sects @
axgmey/ tare aTEtd'MCIE]dOdS from a hunan, ani mal or inanimte
host . Yet another enbodinent of this invention is an
article of manufacture that incorporates a conpound
descri Fed gewehen prbediierd iof Edviuliavent igthereither

us!es di a HdKARE dedtidded ?br;—éﬂ%amef raa@lleg@ve afh atdieLa

i an aromatic ra Yet. anot
bR 3 XD L GHUAIF T Gtk nth G Lkene
ra‘cnbialc,atarngllaqynmamﬁldaelpeldxerﬁn conpesi ¢ arpddralanto

r %S_Le 1n reecg‘,% ! er{H/oarr tércéh%o od@r}:‘g %t ANGim , for[fﬂla{@ or
The ion’from or |ncorporat|ng|notahe

1r@rrt3mﬂt@ hwsdonpound descri bed generally as above in
Formula I'll, wherein Ris H an al kane radical, an

al kene rad|cal an al kyne rad|cal or an aronatlc

r adi cal¥S¥etft e ETRA RSN POt i SAYRRHATOA S &

article of manufacture that incorporates a compound
described generally as above in Formula III, wherein R is
H, an alkane radical, an alkene radical, an alkyne

radical, or an aromatic radical.

Yet another embodiment of this invention is a
method of fabricating an insect repellent composition, or
an insect repellent article of manufacture, by forming
the composition from, or incorporating into the article,
a compound described generally as above in Formula III,
wherein R is H, an alkane radical, an alkene radical, an

alkyne radical, or an aromatic radical

Yet another embodiment of this invention is a
method 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,
a compound described generally as above in Formula III,
wherein R is H, an alkane radical, an alkene radical, an
alkyne radical, or an aromatic radical. The composition
to be applied to skin may have fragrant or other

therapeutic properties.
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nmet hod of fabricating a conposition to be applied to
skin, or a fragrant article of manufacture, by formng

WO bmeomepnsi ti on from or incorporating into tPEr/usS2005/047559

article, a conmpound described generally as above in
BEdefiubastrliptwbear eifntRei ®rHwings al kane radi cal, an

al kene ra a kyne .radi cal n aronat i

radi cal . $E§85Sﬁpgs?%|§n 8%b5%§p5FF8&%FongFﬁsﬁé§g the
1h§v@aﬁedgnapﬁt@ﬂacth@rorhéeapeatuaepcgmepumds Beinef/ or
<BRp6LL Pt HAR eﬁeEQSfExQ@%Eﬂ%tFtﬂgr?ﬁdlcé%egegbﬁkrbﬁg for

results of testing the”indl cated nepetal actam or
tH%FFvﬁf?9€tc6ﬁp5ﬂﬁd§r°§ﬁﬂﬂopeééﬁﬁ@§lPﬁoﬁ§d€ﬁeﬁégwptl

malqumeebhEnlBHéCahedl%QBtGQbEafBbxtmﬁhﬁlﬁgfﬁgka E the
eln

r obi.ng behavi.or des_ae yitoes._in
oo ER3 80; A-n0R P aRbFlgBRLEN; prBECBaT S 2o8E SdeSeriBed
shevswt ifbeihomizaneal andlehshommtﬁca& snanbnuheasfaadn
eLki e_sh unber of | andings o
nﬁﬁgaﬁlégegghﬁeﬁgg Og @éggrlpglgn This i nvention
relates to novel conpounds based on C2 to C20
-substituted nepetal actans, which are useful as insect
repellents. The present invention also relates to
D 1Bhd2N - substituted nepetal actans, and
conposi t i Dnsst hevent jonhirebasee sbsaocusedf ybmpsuhAsebhsed

oﬁe@§“L§ 2%.N substituted nepetalactams, which are useful

as insect repellents. The present invention also relates
to nepetalactams and N-substituted nepetalactams, and
compositions thereof, which are also useful as insect

repellents.

Lactams are the nitrogen analogs of cyclic
esters or lactones, and lactams, especially N-substituted
lactams, are generally more stable to hydrolysis than
their lactone counterparts. Nepetalactam (Formula II)
and the methyl-substituted derivative of nepetalactam

(Formula IIIa)

I lla

have been synthesized by Eisenbraun et al [J. Org. Chenm.
(1988) 53:3968-3972]. Nepetalactam was synthesized by
treating nepetalactone with anhydrous ammonia. Methyl-

substituted nepetalactam was synthesized using
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Lactans are the nitrogen anal ogs of cyclic esters or
| act ones, and | actans, especially N -substituted
wo 2067939 are generally nore stabl e to hydrol ysiBUS10851047559
their lactone counterparts. Nepetalactam (Fornula I1)
and the nethyl -substituted derivative of nepetal actam
neRESARACK A8 FnchArd e iditnt KesivZéd Bie B G &t
neletlalacd®agh. Chem (1988) 53:3968-3972]. Nepetal actam
was synt hesi zed by treating nepetal actone with
anhydrous ammoni a. Methyl - substituted nepetal actam
was synthﬁﬁkzednusﬁﬁgnemmm%ﬂﬂaanupmpuhndﬁlnhaﬂﬁm&y by
r%@f@é ‘%éﬁ'ﬁﬂj§§¢¥}é¥1éHH§ﬂa f%&l:? W%PHH%P
rovi des conpounds that may be re ente I'n gener al
schematically by Fornula Ill, wherein Ris (1) an
al kane radi cal other than nHDhyI, (2) an al kene
radical, (3) an alkyne Eadical, e (4) an aromatic
radical . The term"al kdne " refférs to a saturated
hydr ocar bon havi ng t he formul a AhH2n+2 . The
term "al kene" refers to at urated hydrocarbon
that contains one or nore C=C doubl e bonds, and the
term "al kyne" refers to an unsaturated hydrocarbon
that contains one or nore carbon-carbon triple bonds.

wHTaahkKene O (13! ke nead residdll itAER afhdiMneaons(2)
ané RS Cl_ IrC '%Imo,ung)r ea%u' ?{%fnae rlnarglcarﬁ of th{4e)e a

aromatic radical. The term “alkane” refers to a

saturated hydrocarbon having the general formula CpHyp+».
The term “alkene” refers to an unsaturated hydrocarbon
that contains one or more C=C double bonds, and the term
“alkyne” refers to an unsaturated hydrocarbon that
contains one or more carbon-carbon triple bonds. An
alkene or alkyne requires a minimum of two carbons. A
cyclic compound requires a minimum of three carbons. The
term “aromatic” refers to benzene and compounds that

resemble benzene in chemical behavior.

While there is in principle no limitation on
the type of alkanyl, alkenyl, alkynyl or aromatic groups
that are useful as values for R 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.

Preferably, R of Formula (III) is (1) C; to Cjyg
alkane, (2) C, to Cz alkene, (3) C3 to Cyo alkyne or (4) Cs

to Cyy aromatic.
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term"aromatic" refers to benzene and conpounds that
resenbl e benzene in chem cal behavior. Wiile there is

WO 0opo072089 pl e no limtation on the type of al ketuyi$2005/047559
al kenyl , al kynyl or aromatic groups that are useful
as values for Rin the practice of the inventjon

there wi MOt RRAGTRAY cdhS U WTOR aslth 1hessisered
frafm the: Rrsoystadrueindt ittovoul d have practical use in

commer ce. lF)uré' ernmore, it may be desirable to avoid

i ncorpora(ti ng*hrghly reactive functionality in the R

subst i t uetft)s @0 tavehd sPdeCy sacChonsst Rrefler abhayin R of

For fBHa%c(éJB d )c%li fcaﬁ%ﬂzio%{]&r@%ﬁ'(%%{%e,t(z) AL

al kene, yne or o C0
aromat i c. Mr €3plef Erabl3E R 6P FormBtargighy-gkain,

sel eaipbHd Pt he,ar QU Bee bt NI ne (dbgtbsidd)a C3
br anched. or

to Qor C3to i 2, ttrai ht - chai n,

oy cIISE HIBHRT o LT, 1) F (55 TR GIes § 0 92,07

strai ghtd chain, branched or cyclic al kane or al kene

com 1 1 2 I SAAADIF SE SR @ W, ox

subgtd tQit edaCeMe bl C20whepeiCotlhe eubgtibnentt ie, selected

whergidh tdie spbstd tugdidsiselscted ¢, to ¢, straight-
chain, branched or cyclic alkane or alkene,
optiocnally substituted with Cl, Br or F, and (b) a
halogen selected from the group consisting of Cl, Br
and F, and

(5) unsubstituted or substituted Cg to Ci, or Cg

to Ci2, aromatic comprising a heterocatom selected
from the group consisting of O, N and S, wherein the
substituent is selected from the group consisting of
(a) Ci1 to Ci» straight-chain, branched or cyclic
alkane or alkene, optionally substituted with Cl, Br
or F, and (b) a halogen selected from the group

consisting of Cl, Br and F.

In a more specific embodiment, R is selected
from the group consisting of (1) CyHs, (2) Ci; to Cis
straight-chain, branched or cyclic alkane or alkene, and
(3) C3 to Ci; straight-chain, branched or cyclic alkane or
alkene comprising a hetercatom selected from the group

consisting of O, N and S.

In another more specific embodiment, R is
unsubstituted or substituted phenyl, wherein the
substituent is selected from the group consisting of (a)
C; to Ci; straight-chain, branched or cyclic alkane or
alkene, optionally substituted with Cl, Br or F, and (b)
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fromthe group consisting of (a) ClL to Ci2 straight -
chai n, branched or cyclic al kane or al kene, optionally
weamshiose ed with C, Br or F, and (b) a hal oPenus2005/047559
selected fromthe group consisting of C, Br and F ,
aandlé§énusémbsteﬁufedmOthéUQﬁbuﬁuteﬁsgﬁtﬁﬁgC%Q c18r3§6
aromatic c ris a he tom.sel ect
%ron1the group %ons?gglnghg%nﬁ ?ukﬁgﬁg g% ? 1BKEFs-

substituent is selected fromthe group conS|st|ng of

(a) Ci t@affi@u?%??%gg FF?&Q@ @é?ﬂ&gegOQrRCnghﬁge

al kane or kene y substitute
ey F | naREopy} - alhEF@@Eh SBFBUEEY f EohiEkeé  gRoppntyl,

nCHéﬁystl@gcp&héklernaBQt§1 tPiRebRyEpepeGific
OdlﬂEP sel ect ed i the. g oup conS|st|ng of
VErSeSTEL. (31143, TE-E55 Y} o Bhetkha: ReCBY AHERBY Lot
et@glphemykanﬂ propykphenyhndn(BmtﬁBphﬁnﬁl|2 ’
£ S [ cy C_a ane [ ene
c%%p ggﬁ%gyg h%tg%g§¥gﬁg bt% 4 L fheP groﬁ%
consisting of 0, N and S I n another nore specific

embodi MeNfye R:bxﬁ%élﬁﬁélgsiééf‘é§Qn@édSH$SFb£H£§Q phenyle
wherein the ltuent IS sel ect ed romt he roup

PEHRRTSTi'Ng JHEYLFEOR ¢6 TPLL_iRGF @At - e hbIbE e Add
nepecylddcans kaag 8lso be prepared by reacting

nepetalactone with an amine as described, for example, by
Eisenbraun et al (supra) for the preparation of N-methyl
nepetalactam, however this reaction can yield mixtures of
amines and require additional purification steps to

obtain the desired product.

Nepetalactam may be prepared from
nepetalactone. The nepetalactone bicyclic structure can

exist in any of four stereocisomeric forms, as shown in

cis,trans trans,cis cis,cis trans,trans
d
a b c

the structures of Formulae Ia-Id.

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.

- 7-



al kene, optionally substituted wth C, Br or F, and
(b)a hal ogen selected fromthe group consisting of O,
wdeooan08 . An exanpl e of an al kane substi t ut eBCTH$10057047559
is CF3 . Particularly preferred values for R include
et hyl , n-propyl_, |-propyl n butyl, t-butyl,
Thﬁ.spﬁﬂq Cef H’eﬂﬂ )a}aq) @F%tawnatural product to
tHe ideigayineentoA thesyiahaaniidn . a|}j‘1}éct1ﬂfrmarcg]ysltlllatlon

h | phenyl th
s"oﬁeﬁaﬁw@‘nﬂ Y N B T S oL e e
me-Hardo rioph érmydh puﬂnefymarmmﬁms:al@mtamtmmyt}@r mul a
> eél\%eléll}bs% ?)[Jlt%%gr %gﬁﬁyfﬂagéﬁfag{ahyr%lé}%o%e@pr epar ed by
s eggstiisaaiesp i avhanitie an dhranadoHdeRtridbed, for

sePAIR i®nPfd Ay alini b, (supra) for the

preparation of N-methyl nepetal actam however this
reaction can yield m xtures of am nes and require
addi t i on@nlpurdHd caitdson tStx&;B Itics todat ad e ddiei desd e

10 nerp}‘oe%dli(:tct eDet 3l %Ctln t é/ égr{telpalr eoC!LJ] oq{n he Ne eta

one eneeala one |cyC|csruc re
ca:tearmlzzltanm arﬁyt&)ftzfajm retrestenli surmrd ol orhis, as

pngSM1ddhérF%éHéNQﬁﬂ&?%d¥ Hgﬂfggﬁgié&iﬂfbm the Nepeta

Nepet al actone extracted fromthe essential_qil of the
cagEen Rlcatiand) i densdfrss Ghe agttertisiett SRFRS DL
aviAW drEtlerdval axHepeilalactgneiss pidsetedm 1dngei fied

15 of which the essential oils are enriched with the

trans,cis- and cis, cis- nepetalactone isomers.

Nepetalactam may be prepared by contacting
nepetalactone (Formula I) with anhydrous ammonia
20 according to the method described by Eisenbraun et al.

(supra), shown in Reaction I:

Reaction |

25 N-Substituted nepetalactams are then formed by
reacting nepetalactam (Formula II) with an appropriate
metal hydride to form a nepetalactam salt, followed by
contacting the nepetalactam salt with an appropriate
alkylating agent to form the N-substituted nepetalactam

30 (Formula III in Reaction II).
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quantity therein and may be readily purified
therefrom This produces a desirable route froma

WO 200a02003pr oduct to the compounds of the i nvenP@DIS2005/047559
Fractional distillation, as described herein, has been
found to be an effective nmethod for both purifying
nepet al actone ¢rom the essentiap oils, and for

separati ngzt he sever@Ji Bt er sers from one anot her.
Chr omat ogr| c Niéparatiaong 0 SURdzatnal Only
the first ‘ | i sted stereoisefiers of nepetal act one

exist in the egsential oil of the Nepeta cateria

plant. Cs, trans-nepetal actone is the predoni nant

i soner that ndy be isolated froth the Nepeta cateria
plant and is therefore the nost useful because of
availability. Oher plant species have been identified
of which the essential oils are enriched with the
trans cimtahmmﬁidexk ssraepetdl tetgeeersowerise amide-

m nepet a act one ‘{%ﬂ m,lal‘g({@%}ar eds@%t% r%%gstgah rldes

inglestali g ot h@mﬁ%@&%@%bu‘byhﬂl%%r@% %‘Pdhlllm
hy d P! a)wﬁh%é&?@aﬁéwp H drﬂie§u@§&hté{l§ et thium

TRBITHAN T34 ¢ R pvb%ﬁ.aﬁ BB SHe RRrT | ST O
oxa trepelsod ot anays dbd , tdol tevedi by aodtact i tigetdBore less
s efal actamsalt with an appropriate

Alkylating agents suitable for N-alkylation of
the nepetalactam salt include alkanyl, alkenyl, alkynyl
or aryl chlorides, bromides, iodides, sulfates,
mesylates, tosylates and triflates. Alkanyl, alkenyl,
alkynyl or aryl iodides are preferred as alkylating
agents. Preferred alkylating agents comprise alkanyl,
alkenyl, or aryl groups selected from the group
consisting of (1) CyHs, (2) C3 to Czp straight-chain,
branched or cyclic alkane or alkene, (3) C; to Cy
straight-chain, branched or cyclic alkane or alkene
comprising a heterocatom selected from the group
consisting of O, N and S, (4) unsubstituted or
substituted C¢ to C,, aromatic wherein the substituent is
selected from the group consisting of (a) C; to Ci;
straight-chain, branched or cyclic alkane or alkene,
optionally substituted with Cl, Br or F, and (b) a
halogen selected from the group consisting of Cl, Br and
F, and (5) unsubstituted or substituted C¢ to Cp¢ aromatic
comprising a heterocatom selected from the group
consisting of O, N and S, wherein the substituent is
selected from the group consisting of (a) C; to Ci;
straight-chain, branched or cyclic alkane or alkene,
optionally substituted with Cl, Br or F, and (b) a

- 9.
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al kyl ating agent to formthe N -substituted

nepetal actam (Fornmula 11 in Reaction I1) . Metal
whysoes9 are used to generate the am denetal BeE/USWHZ/047559

nepet al actam Suitable netal hydrides include wthout

|.imtatiaon potassi um hydride and sodi um hydri de. Ver
halogan e iRt Hydh® e ﬁﬁﬁ?%scq”?sﬁﬁ%‘rﬁl%l‘%fm(g]umlar dng

F.hydri de, which would reduce the carbonyl group on the
| actam may be too reactive and are therefore |ess
preferred. Al kylating agents suitable for
i V-al kyl airi emagfhetth eempbitradract qrweskze trédhcl et ing

Y kenyly, y ' '
el s T L SR G e
thy |enspe eanafAingldynid) dfHar y(21 ofli ded @restraight-
ckﬁiﬁ,f%r@u&ﬁg&'d@’:c%ﬁdlrﬁlgz %Qllﬁf(lirﬁe ch_r %fla{ér@éj,l adyl et g to
agents. conpri se al kanyl , en .or grou
CigoP ET LA rORRiPe BF BUPREONSE stYRyEf 2L FFNEoRE, SL5F es
cdnprG2a ref raailgttesdsaian delactet forow e cgadilkane or
. (3 t traight - ' or
coglyéé]e#ginﬁ( kC)afn 6(53,0 rI\P aﬁqﬁcg nSZ’ c?nrg%%?%%%ﬁéﬁg om
prydiesutest FmOIMINRIRT GUP coFSIERE Hglloid @1 kel Bited
p}{é)ylu,_n%@éitrptt@% Uy bistuditt e Gt (&P aFatie
wheérein the substituent is selected fromt he,rgr u
IS I TG Y HT B Frctr2 Cat i gteh erzhat 'bri%ﬁ%crlfgbed
orcyedlcld Glddeanerwralddiane,optionally substituted with
Cl, Br or F, and (b) a halogen selected from the group

consisting of Cl, Br and F.

The solvent used in the N-alkylation reaction
must be anhydrous and may be any suitable anhydrous
solvent, such as tetrahydrofuran (THF), ethyl ether,

dimethoxyethyl ether or dioxane.

The conversion of nepetalactam to N-substituted
nepetalactam is carried out at a temperature of from

about 0°C to about room temperature (about 25°C).

The alkylation reaction is quenched by the
addition of about 10% aqueous sodium bisulfite and the
reaction mixture is extracted with dichloromethane and
dried over anhydrous sodium sulfate. Removal of the
solvent under reduced pressure yields the crude N-
substituted nepetalactam product, which may be purified
by column chromatography on silica gel using ethyl
acetate/hexanes as eluant. Fractions are monitored by
thin layer chromatography (TLC) using 25% ethyl
acetate/hexanes as eluant. This standard technique is
described by Still, Kahn and Mitra in J. Org. Chem.
(1978) 43:2923-2925.

- 10 -
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optionally substituted with A, Br or F, and (b) a
hal ogen sel ected fromthe group consisting of O, Br
w@oeP7203and (5) unsubstituted or substituted EBI/USR20CGZOI7559
aromatic conprising a heteroatom sel ected fromthe
group consisting of 0, Nand S, wherein the
substituent is selected fromthe group consisting of
(laz( C1 t@‘r@sﬂeﬁ:ﬁir{sﬁicg{ﬂai‘délhﬁiﬁy cgflta.ﬁ?hteﬂidﬁmaﬁf@ﬁa(phy
al kane or ene, .optiona y substituyted wi ,
i g e ] SIS Th A e T
contrisiest iargl afolGtentBrreamr&d uride:amndlmabrpamjsm& to
I e ing, enyl
IS B Ty eespge%%ﬁ%féc%ﬁg?ﬂ@. e g
Pﬂﬁ@quﬁtmaij?sﬁH%%xﬁmiﬁainH pngncifed™t Q%thkg%ﬁ&dﬁé
VéyiﬁyIgyyhcgﬂygﬂfydé;%tgyCZ|2 strai ght-chain, branched
or c¢yclic al kane or al kene conprising a het er oat om
selected fromthe group consisting of O, Nand S . In

anot her emqqmargpebwl%fcﬁfarnaw n@ryylalgarcow p&f@ared
unsu stitut S ut e , wher ei
i, it S L SRR s oL e reron
Le(ta:)ez@ i 119c9@123 "'ST%QillBg-l‘Et(ll(ﬂ‘lébyn réammm&peugflmlduﬁm
rlﬁﬁﬁ al F}%d 2 f yat,sé"qgl'atwle%l"grﬁ&kgne

ected fromthe grou

F(%ﬁ%ilé?tllﬁ’g ldf Rgactsioraridt mrrfél%cn%%ﬁnq%édf Qerli%ﬂz
arlyt &ldod 1M i@aald brm the N-aryl nepetalactam

(Formula V in Reaction III)

Cu(OAc),, Et;N
+ Ar3Bi -

wherein Ar is an unsubstituted or substituted aromatic

group as defined above for Formula III.

In view of the structures shown above in
Formulae Ia~Id, 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
stereochemically ambiguous form of the structure of
Formula III, or are shown as a specific stereoisomer when

other stereoisomers are also possible.
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nmust be anhydrous and may be any suitabl e anhydrous

sol vent, such as tetrahydrofuran (THF), ethyl ether,
walzowen oy et hyl et her or di oxane . The conver sPEONUSK005/047559

nepetal actamto N -substituted nepetalactamis carried

out at a tenperature of from about 00C to about room

t enper at dr €TEBBHY ZRRO[AINSTHeL AT st eGPt tinm ydes
a quegahied hdthe addidime ofstadha 1 Sdife B e ousl 15 gh Lam

bisulr%it ﬁd t he r.eactl ono€1><tture iS extractfd Wi th
CUEHTS o drie Ay e Vvt Antydi OUst Sodi‘tm
canfdsattel. orRemy dle dfortniesd sotarerst nuinderre edflcate prawuserrds
o 'ﬁ]ﬂ&s i ﬂl%idelpl; W 'Li:t}lstli,t Lg§dd 'tk?éciicé I oc‘flijffers
whi ch" may be purifie y_col utm chr omat ogr aphy on .
amgrg ddigeanisiugy canpaundetaien hdxdHesthe emppgition is
fd#@eiions are nonitored by thin |layer chromatography
(TLC) using 25% et hyl acetate/ hexanes as eluant. This
standard technique is described by Still, Kahn and
M t negatallact@ng .N-Greevivy I X8yt A3 XAEI3-ABP T He act i ons

t aj I r taini
SRR Rl AL A DY AL o ER e
mayersy etsasthderr ree ducldd priesisur e0f @WRI%LS hesuch as use

ad s uRstiJatied Neratal AchAM HAdUC for e PFQIRICE S FRYo £
be anal yzed by 1H and 13C NMR techni ques to veri fg/
v%ﬁ%qﬂﬂlﬁqﬂeqquﬁiqgﬁhropod species, or as a fragrance

compound in a perfume composition, or as a topical
treatment for skin. For example, these compounds may be
applied in a topical manner to the skin, hide, hair, fur
or feathers of a human or animal host for an insect or
arthropod, or to an inanimate host such as growing plants
or crops, to impart insect or arthropod repellency or a
pleasant odor or aroma. An inanimate host may also
include any article of manufacture that is affected by
insects, such as buildings, furniture and the like.
Typically, these articles of are considered to be insect-

acceptable food sources or insect-acceptable habitats.

A repellent or repellent composition refers to a
compound or composition that drives insects or arthropods
away from their preferred hosts or from insect-suitable
articles of manufacture. Most known repellents are not
active poisons at all, but rather prevent damage to
humans, animals plants and/or articles of manufacture by
making insect/arthropod food sources or living conditions
unattractive or offensive. Typically, a repellent is a
compound or composition that can be topically applied to
a host, or can be incorporated into an insect susceptible
article, to deter insects/arthropods from approaching or
remaining in the nearby 3-dimensional space in which the

host or article exists. In either case, the effect of

- 12 -
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Waryl nepetal actans may al so be prepared according to
the nmet hod descri bed by Chan in Tetrahedron Letters

W@ 1®8672037: 9013- 9016 by reacti ng nepet al act am PEDURWDE047559

1) wth an appropriate triaryl bisnmuthane (Fornula IV

tf;lé,n IR;B%@t Illé&mtu%)t? raﬁhfe pméemige@{sﬁ}#f«g?@% cgdégéiwayl
rne am ne (0] orm etal act am ormu
EAPT St B ) Rt iR ory WHEREs Ry AFLR Ihb e ORG A
fm@némtyt@f ethDtesubss i the eldoat pnati ¢2 gr oy ast telened
Ve for Formul a II .. 1n. t shown
RSy [ PEofelid (il o] 0y L € O0m ! 6 2L UEMISE.
R¢Ie¢3e1¢r1w | hapebe er,r@gmhl@ etioas (eﬁhqmwss ngolfactory),

1f&&&&@'S&Peééfﬂasbg%@gggggflpnerlsn1and

di ast ereonerism as the case may be. Unless a specific
stereoi soner is indicated, the discussion will be

undessd Oﬁﬂoé@riﬁfﬁﬁaﬁ 01 @I imp@ﬁsalbt ecd SOVEFS11 V\bépélﬂ ent

%ﬂﬁg structures ar ﬁ t he stereocheni ca ﬁ/
T gtEeReF or bt of Ut aec%t?%‘&%\ﬁ+"eyofa%o‘f‘%¥ aZFPFT LGP are
cahosim asotah spekaf | andteorgpcbaer redemot hzerthelr
séﬁ?&ﬁ%é“"’”ez& Ss @& rﬁ)?%gg é%bl§ Lo £00PP aC&&BQH‘QPts

tot I nvention conpound t is asingle
f@f‘ér@bl%@mahscm$ E comRPPRARIWEREE @‘éa@om‘s(tfameof

t1d Sdef Lo é&eﬁtCﬁﬁ@ﬁstﬁéoﬁoﬂﬁysb§ki@r§@ﬂf£é8ﬂ1@r
m xt ure. of e conpou .

from an 1nsect repe lent artlcle 1s necessary for

effectiveness, as measured by the protection of the host

from bites or the protection of the article from damage.

In the case of a topical insect/arthropod repellent
applied to the skin, hide, hair, feathers or fur of a
host, an aspect of the potency of the repellent is the
extent to which the concentration of the repellent in the
alr space directly above the surface where applied is
sufficient to repel the insects/arthropods. A desirable
level of concentration of the repellent is obtained in
the air space primarily from evaporation, but the rate of
evaporation is affected by the rate absorption into the
skin or other surface, and penetration into and through
the surface is thus almost always an undesirable mode of
loss of repellent from the surface. Similar
considerations must be made for articles that contain a
repellent, or into which a repellent has been
incorporated, as a minimum concentration of repellent is
required in the three-dimensional air space surrounding
the article itself to obtain the desired level of

protection.

In selecting a substance for use as an

insect/arthropod repellent active, the inherent

~ 13-
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of this invention in which R, as described above,
differs anong the various conpounds from which the
wW@eoupoi08d on i s formed . Nepetal actam i V- met hBdT/US2005/047559
nepet al act am and t he conpounds descri bed by Fornul a
I1l are al] conpounds, that may be used for a :
VORI 561 1S HUDAROTEROT R GRNSEEELERE WP acth vEBTHELY
ofanstef{teeiiee ?mw%aimblé],e epeléencyhel wvesdedistor the
insect o rthropod species, or as a fragrance
PRI 19 SR Tl CoHFoRT 4T Do 57 HEACT opf ot
adtriest memt1d grots kienrdas imxampi@, ptébseals bnpoursa $reyg
ppdded i j ki D, £ i
T R D R e A et o Foer h v
Wity el Brezg tandpote ori e ofil $Madi Frait EN¢eR3S_uch as
DEOF OV tih ¢ &Y S QbuEF LRS , £ d QW TP dpp &L to O w B 1 ped
|l ency or a pleasant odor or aronma. An jnani mate

rep r
a"?Fo‘s%el‘?my SPTTRI e Any At cRIBFE LT att ur'e t hat
fomndf{teicired ywdwnsectdi lsied Ese badt drengin flueni ture
the. 1.1 ke jcally e | C -
f(m]i%elr%% 1o a&%{?ﬂl lnegc%’ctaa%% g?%b%geé% o%]? r%g%r?%ée%ro?bly_
ramigh ctvareet i entrlbi thits . b balbuitehtagrinepethentisk
o€ RYSI 'a&?blrﬁifr?cj Scd® Bi COrpondi L CONROSL £ &R {-hat
drives I nsects or arthropods away fromtheir preferred
AHEHRR VS om TR AL SR AT I BRY oS nefhif Attt el 2
miMdSdcdgie s epeld@idsolarcheiotate of loss from a surface

or an article; a precursor molecule, which slowly

"disintegrates on a surface or in an article, may be used

to control the rate of release the active ingredient; or
a synergist may be used to continually stimulate the

evaporation of the active from the composition.

The release of the active ingredient may be
accomplished, for example, by sub-micron encapsulation,
in which the active ingredient is encapsulated
(surrounded) within a skin nourishing protein just the
way air is captured within a balloon. The protein may
be used, for example, at about a 20% concentration. An
application of repellent contains many of these protein
capsules that are suspended in either a water-based
lotion, or water for spray application. After contact
with skin, the protein capsules begin to breakdown
releasing the encapsulated active. The process continues
as each microscopic capsule is depleted then replaced in
succession by a new capsule that contacts the skin and
releases its active ingredient. The process may take up
to 24 hours for one application. Because a protein
adheres very effectively to skin, these formulations are
very resistant to perspiration (sweat-off) and water from

other sources.

- 14 -
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active poisons at all, but rather prevent damage to
humans, animals plants and/or articles of manufacture

whyooaakiony i nsect/art hropod food sources or | iRECTYS2005/047559
conditions unattractive or offensive. Typically, a
repellent is a conmpound or conposition that can be
topically ost, or

be incgor t
into an |R§§p %egg S?FEFECEr?F¥F§Qa98Sd8 ePg t8ictan,
Nimseby$/ aephtepedsafr endappeoachpngnds desairtibed by

rbbRu0gaERY $5dARESE QDY a§eagfllaﬁﬁﬁggpekgsepogg qr
e exists. I'n éther case e effect “oft
rebpblvenyolati biflyi Ybatheakasethsmasthtapdds fawayse to

obt 8 QVdéglfﬁbEchl§ﬁ)1E081h8§tcohbgﬁ€93tﬁbﬂ'szbeglve
the frequen ifes" to the host, or

O%rt?%?ge th r@B?uﬁgo?eEPFﬁ@C?h@ra?FF&Féefr6ﬁ1ﬁﬁ§§€ﬂbed
abanage. OoRepet| eots oAythesenntperhdaotaih gaspsdunds are

| uj solids_(gustatory). .One
P Yher FRR RIS B Bteetiaratt Rhpurbet
cefipegt i veness wkishrtheecavppundy, aas admyxedpelikbbnas

c&PPL 81 Ns oL B Pol 8- apde NP- Aelaky ﬁFQEQP§Ohnth€hF
structure. A second property is vo at | . Repellents

CPBPHT Hhi DR USRARE %@,gf%?ecbﬁptébﬁdgomer éOévaﬁéma@?onof a

1ﬂ@u1@ﬁ a@f@yellngéeﬂlgéfoéépnwfbgmhgﬁtpéwaérn suehass, a
I nsect ent arti

ety e ogF LR T BBy POHES ] ot oSl ORDOF PRETLexs
imokedé rany bonesobrat har peoyecf i oomoérthel ayt ackelbbde
ogﬁgﬁﬂg'and inorganic liquid, solid, or semi- solid
carriers or carrier formulations usable in formulating
skin or insect repellent products. When formulating a
skin product or topical insect repellent, it is preferred
to select a dermatologically acceptable carrier. For
example the carrier may include water, alcohol, silicone,
petrolatum, lanolin 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

ligquid aromatic hydrocarbons.

Examples of other ligquid hydrocarbons include
oils produced by the distillation of coal and the
distillation of various types and grades of petrochemical
stocks, including kerosene oils that are obtained by
fractional distillation of petroleum. Other petroleum
oils include those generally referred 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
o0ils are usually highly refined and may contain only

minute amounts of unsaturated compounds. Such oils,
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In the case of a topical insect/arthropod repellent
applied to the skin, hide, hair, feathers or fur of a
whomb/p7m89 aspect of the potency of the repel | ertT/US20051847559
extent to which the concentration of the repellent in
the air space directly above the surface where_ applied
MQLEFT | GEntITE hepd R s @ihsiand JAP ly can
bed@ridlaﬁlfedcfwedtmfwazﬁmemd adr s i fhiee of e@ilwﬁd |tsO

1 obtral ned air qu%%ﬁ marl I from or &
Birt tcr?e-‘creaﬁ erao loe\igapor b ST <'%Yesd b e ra e
oh;;basarqm iforom revd fdtes siqgearrlmt hrefr vswd amelp,an]dlke the
At [ hy rfacs, ]_tlé.lasn
P m)strFl lw%ysrgaiaﬁ1 ungnelsll r nD ee%Jof ossé%fcsrepejﬁ ent

lifpgid (dre wiadsacan Sinfluge c]olr%ilderteﬁﬁﬁtﬁi'se KA fe TS
arddPrt edddrd %iéd’lﬁﬂé?@ﬂc’%i A 48Rl I BHendl dientdneh a

repel I"ent tg?e incorporated, as a mninmm
elr'at";}l‘f'ﬂw lent is requi red in the
t hree-di nensi onal air space surrounding the article

itself to, qbtain the Id%esqcelqldeevselllogorpé ot e %ﬁf‘atdrﬁ‘

selecting a Supstance Use as an 1nsecty pod’
laregein entiaeid e dndwatbine ermazol adlidural |E$pltar1>0503a]rﬁ

a!x‘Hl‘CE Jr?"H:L 1 0'{%!1013 rAti on.1 Ayl & ypde Slhfcﬁtc%’él%r?é €&nd
avai l'abl e, ‘however, when needed for the purpose of

LFREWHIEIPRY S n A ldRhe Tt A9 ARG el TV whi | e

edtirdeceRrgiilhs  ak qurefer abinetdicreids ngigher alcohols,
finely divided organic and inorganic solid materials. 1In
addition to the above-mentioned liquid hydrocarbons, the
carrier can contain conventional emulsifying agents which
can be used for causing the nepetalactam compound 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, erythritol,
sorbitel, and the like. Finally, suitable cyclic
alcohols include cyclopentyl and cyclohexyl alcohols.

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
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volatility. For exanple, the active can be formnul ated

wWith polyners and inert ingredients to increase
w@ansihznence on a surface to which applied or RET/HS200HMT7559

article. The presence of inert ingredients in the

formul ati on, however, dilutes the active in the
bg H9RA At FPHLRH IR L Hhd PHAT R CIPRIATRRF r ab§

cdapiak wwﬁlm nusdd tiwisa beotisd @incesh agaimisde t he
Crlsk of n%}%/ appl\y r§ltoollttle active to be

aecf(?]%%]trﬁ © {YE1Y°"the active ingredient may be
contained in mcrocapsul es to control the rate of |oss

froma Sgﬁvhirée%‘g?% nﬁhﬁtﬁﬂﬁu g W%&é@rs{@&é&%é'with

whi ch sl tes on a surface or in an
lrstrqm:qnéremwrbia e tol ¢ ohepdanie materbily etkale

rd 8nscd 'é/@c}i narAeh ey | r@épé’ct_sy@?r&héﬁlé@y BSpSEk 16n,
contl ual sti Iatet eev atlon of the%éfév&)r

CHYSrt é“?reEP &of e Aett
usmgreaﬂhﬁntasrm;azbﬁ@c@onmlnMe f@lam&ﬁm&mg by layered

struLPctrﬂ Cer ok e}{]carpcsmsactjl[é) 118 Wi]c!le S dg]cgsl él Vi€ olin
i'ngredient” s ‘encapsu surroun withina skin
mtrmvm,ngrep:rr@t@lmt}mstphmmt% rxant eephyk kot o tarmh

cri-hald oan. e prateidys Wep@oﬂse%ré%rﬁé@@f@’ sidctite

about a_20% concentration. An application of repellent
clapft A R bIckHese ﬁm%%t%a%%w%snf%lf Qre

mEUsRendetbnit e therdsl Wi €y -hastetbnite, saponite,
hectorite, sauconite, and others. Kaolin clays include
kaoclinite, deckite, nacrite, antigorite, and others.
Most preferred is montmorillonite. Average particle

sizes range from 0.5 to 50 micrometers.

Desirable properties of a topical composition
or article repellent to insects and/or arthropods 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 host’s skin or other surface.

In order to obtain these properties, the formulation for
a topical repellent or repellant article should permit
animals infested with insects and/or arthropods (e.g.
dogs with fleas, poultry with lice, cows with horn flies
or ticks, and humans) to be treated with a repellent
(including a composition thereof) by contacting the skin,
hide, hair, fur or feathers of such human or animal with
an effective amount of the repellent for repelling the

insect or arthropod from the human or animal host.
The application of an effective amount of an

repellant composition on a surface subject to attack by

insects (such as skin, hide, hair, fur, feathers or plant
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lotion, or water for spray application. After contact
Wi th skin, the protein capsules begin to breakdown

wo edoea%iony t he encapsul ated active. The procesBCT/US2005/047559

conti nues as each microscopic capsule is depleted then
oreplrape ¢ unf ssuwic esy e la;cc&rr@awmmlme dihgie regnicaadtse
rtelﬁ% 1%‘%&1'% Z?L'?'QJ %lh%asa%& ' tzrz cﬂc\sy 'I t%dl ef’]e el-ll—l nt s a

process may take up to one ap i"ca
1payags &igthoat émogm@erraé@c\/erqtoefaf acvidest yout stk and

thhes ellle; xahgo r&%teafx% \éqr])ér{tﬁst'roﬁsf%gﬁlctecgl I%gez Qioefs%tfe‘%ﬁ
and water from ot he .

h%sgelsHa:% g&\?ant dGeTYr ePes Aesdkable & Hprmulate a
rﬂeaéﬂ&mcb&mc@ﬁd)ﬂhlielgC anm@%@dmd@&@rm %ﬂbﬁn@ lrthtﬂﬁi)rm a

t areaII char e relative
CH“FOF attl%% tha el fak S hdH & ?‘tlgg %P& %?31&‘?“:&&“&1@
tﬁed§§rfrnal@lfy ahisgiralyevelSugh @on@mpblsatul@im ofayadtsl \ae on,
aé?@%%langpQ%QQBQealﬁﬁhi@C% L&h 8 %d%?s%% %1tlon

ove of nore of hese ngpe al act n1conpoun S are
%BF@% e dismerse shenaptiyssesompouad dstiovahien a

acmﬂppﬁE&EOBylmewthBftBec©&§Q§§%@8 %b% a@E‘ée%eW%%ﬁléal
arrier suit ication of the

PrpoglrtaVOn ?8!(8W§/'Sr§u gfgztﬁyyﬁgglgafjﬁflgf &F éxanpl e,

1@fluadl/sqmmdsoaeddsoﬂ;dgebpeaéengebn thamhestpawdeet or
d£§u%rﬁ\s (8sSAr §¥§Qlo§ep8§g§ Otod @s&ghg&‘%&p%ﬂ%)

l'e carriers inclu
eggﬁﬁEngampyhgqapﬁagp@tact1ng the surface of the host

with an effective amount of the repellent.

Further, it may also be desirable to combine
one or more of the active compounds described herein with
one or more other compounds known to have insect
repellency in a composition to achieve the synergistic
effect as may result from such a combination. Suitable
compounds known for insect repellency combinable for such
purpose include but are not limited to
dihydronepetalactone, 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 one or more of the active

compounds described herein, an insect repellent

composition may also include one or more essential oils
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organic and inorganic liquid, solid, or sem- solid
carriers or carrier fornulations usable in fornulating

W@ kooa/0za039 nsect repel | ent products. Wien for muPEL/USZPOR047559
skin product or topical insect repellent, it is

arRl RS LTI 8 P 1%%%&1&@@6@%%&?41 YO?P§ept ﬁ@é@eﬂt ial

carrier. For exanple the carrier i ncl ude. wat.er
aﬁbﬁ?

oldifolore dqfinashels oty dt @i o ey Jprained
fr&ﬁr\/ezﬂaintcg hes el d i e Cld+ Qincﬁcljm@éh_el’&ﬁarﬁxwmiﬁslc

of or gani c uid carrier nlude u I| hat.i c
s (I PIun arraTome? Hat A, Shoauel
o:dlezcaxrre:]amiai h@llrmcmthlmgstjezarmhl,l qanﬂsaramﬂat ilasil oil,
car l e y
}’ Sld’e Cga} p}EX Eﬁge %Ioé?rﬁ&pcé stil acglalugnCSJII (_gf and
OJtJhe qhasmrmnllaﬁ | Dl ofcmamrs QiybesC HiePRe b clove
oiet raghem cal Stocksmi Hcdid %kﬁr@ﬁﬁnee@&éﬁyﬁm S E,

obt ai ned by fracti onal dIStI||atI0n of etrol ey
Ee¥IRr ek r (IR Tl 1 HETARRE TS Gonet TPy 7ot er HUEe
o0, asi@gréCl/ tpHm\dlsprayl pl;b@pgﬁ@rrgmtt h@ﬂsp gapped oil,

li ght. and_medi | d
rqg et e R Y | PR S e Gl o
t}ama arily, sttulgmzhyc \@ila,tléhre‘-) o1 Sueh mm@emzeegmm ly

s T &f dahe@l e&PéHt?é N PN Y dth i B S{P4ING Se Of
at urate cO ounds Such I|S nor eover alr e

Jgte*‘rfé?%ﬂ@/l P h ﬁiﬂscw%cc%t}kew%gﬁlﬂc%uﬁl%%e' propyl
sEmbsi i @ed W dFovel Bsl Ansh Bro ksl Sidl i Btmotkhelt ed to

The insects and arthropods that may be repelled by
the compounds and/or compositions of this invention may
include any member of a large group of invertebrate
animals characterized, in the adult state (non-adult
insect states include larva and pupa) by division of the
body into head, thorax, 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. ants, bees, chiggers, fleas,
mosquitoes, ticks, wasps), biting flies [e.g. black
flies, green head flies, stable flies, horn flies
(haematobia irritans)], wood-boring insects (e.g.
termites), noxious insects (e.g. 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. For example, humans and animals serve as food
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| ower concentrations, and used as sprays. Tall oils,

obtai ned from sul fate digestion of wood pulp, |ike the
w@2008073089 0i | s, can simlarly be used. O her OPCEIBIN05/047559

liquid carriers can include liquid terpene
shydtechbbbﬁsfﬁﬂdblebﬂeﬁéeahﬁgthQeEUQhaﬁa arthropods

ha i nene ente t er pi neol and the I|i
%%ﬁ garrle 9#%0 dgﬁ%99 %ne%? %FroWSFEHﬁtPSﬁol Fhcks
andqbldehydrocarbons, agricultural spray oils, paraffin
oil, tall oils, liquid terpene hydrocarbons and
terpene alcohols aliphatic and aromatic_al cohol s,
esters, aFHeﬁ?@%%erk%W%ﬁ@émeﬁFneﬁaPeB?Falﬁpgﬁ@rCompound
m@ycséou§edfa@eéyfﬂagfgﬁgeoeeaﬁbgnansrlagrganbetsoél@n a
rials. In addition t he above-nentioned, liquid
U BRAR HaRREOTHEL Bir e bEnBBht &fin BofvBAPAEALI Mannex
tenhﬁmaﬁymngaﬂgmalssmbnchrchalbetuSEﬂpéﬁt aap$eag1h§e
ct d e I.luted
nggﬁégég gg}ggngggﬂu%égégg @ %8§9g¥eﬁl th Limdh&%r
P¢fgui d carriers can include organlc sol vent s such as
al i phatic and aromatic al cohols, esters, al dehydes,
and ket ones hat i c. nronohy drlc al cohol s i ncl ude
met hyl , e?%??chg?ﬁ%Y b%?%b?? of |§%%r6b?ﬁsaﬂ6rﬁﬁPma
asdot yhted Setth btiey| coﬁpduﬁ@déthebékbfl al eqhehsr

A R Mehe 51§ oo ahioS: Hacere. airpianeonY’ 82 more
neee e toxy compounds are formulated into a composition
for use as a product that is directed to other
fundamental purposes. The fragrance and/or insect
repellency of these products will be enhanced by the

presence therein of an active compound or composition of

" this invention. Such products include without limitation

colognes, lotions, sprays, creams, gels, ointments, bath
and shower gels, foam products (e.g. shaving foams),
makeup, deodorants, shampoo, hair lacquers/hair rinses,
and personal soap compositions (e.g. hand soaps and
bath/shower soaps). The compound(s) may of course be
incorporated into such products simply to impart 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, one or more nepetalactam
compounds, or a mixture of stereoisomers thereof. Such

products, and the method and process described above,

- 20 -



10

15

20

25

30

35

al cohol s include glycerol, arabitol, erythritol,

sorbitol, and the like. Finally, suitable cyclic
w@bkmelwos9 i ncl ude cycl opentyl and cycl ohexyl aPcD®1085/047559

Conventional aromatic and aliphatic esters, al dehydes

1181%é<§@%§%é>eo@sae%@§e&m¢@m,c&@o@@@a@é opal |y

are used in conmbination with the abovenmenti oned
LA S . CORUNGI PR P T G 2 rierd FFRITYeCe

coiad i tviedry é&gﬂb:&}mﬂémgo@etéplﬁwﬁ pEosles B spehtmsnt for
m neral oil and hi | cohol s tEsuch as cte
R e

Sk Lo )10 3K ?I YN onal  of %alr?atmg a
comgdaitd igerst nfestgert efdx bertarho el f§imy| ccumm:sh?yion could
bed g]!ﬂ rpgacxaécima“satae) ;ﬁlaa\w yéeﬁlaé&&orwngéw@ow th, £84m 3%
onent of carrier carriers used in
cmosar@ i Vi taeenaded #ebr i PS¢ R sSPPHIRALPHR “triable

sOUHPRT OUBH | @Sy | B BabAYELefost THCuER Wasd would

|nterst|ces and synthetic jnor C mater als th
ChR Ch A L AT S 1 e Sk remeapl &' Satlfre or

o@ﬁmoﬁmér@mn@g@iahm nt & yf anill 1 ey ede bvehp| dDgythar e
oA Al Sed gl S POREELNAS SOULTEL o LA AL B CL A e na

yere ruc urevvl I nter I ces I nc
a)sasrexceeaca:ely k%wramed musz avierel M@mtm o i 2R, aphoBPb PP e2

fa%e}m hophyl bid €220 £HT ¥SPLA | EreANT & Xb Uk €Schbher £0fel

Preferred are smectite clays and kaolin cl ays
oWR®RIE ¢l &5 FRHEl %@%ﬁt%ﬂ@ | %?ﬁ’fjeer%eiﬁ%‘él fjpouder
oRONtfONMbE: SEPDLM t e,

A composition containing one or more of the
above described active compounds prepared as an
insect/arthropod repellent, fragrance product, skin
treatment or other personal care product may also contain
other therapeutically or cosmetically active adjuvants or
supplemental ingredients as are typical in the personal
care industry. Examples of these include fungicides,
sunscreening agents, sunblocking agents, vitamins,
tanning agents, plant extracts, anti-inflammatory agents,
anti-oxidants, radical scavenging agents, retinoids,
alpha-hydroxy acids, antiseptics, antibiotics,
antibacterial agents, antihistamines; adjuvants such as
thickeners, buffering agents, chelating agents,
preservatives, gelling agents, stabilizers, surfactants,
emolients, coloring agents, aloe vera, waxes, and
penetration enhancers; and mixtures of any two or more

thereof.

In a further embodiment of this invention, a
nepetalactam compound is incorporated into an article to
produce an insect/arthropod repellent effect. Articles

contemplated to fall within this embodiment include
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hectorite, sauconite, and others. Kaolin clays include
kaolinite, deckite, nacrite, antigorite, and others.

wok®b/omoedf erred is nmontnorillonite. Average parPCT/UEm05/047559
sizes range fromO0.5 to 50 m croneters. Desirable

mBPREF i £8q Q_fgo@dé Opix&"f@iu&ﬂ'l@o@éﬁ@ﬁe Ofoddis | 6h&nh as
repellent to_insects d/ or” art hropods i ncl ude | ow

C]t%t)?ﬂjcrﬁ‘-iy,"?t'e%?% et ol tyEE HYM %‘Ptu"f‘ﬁre‘f‘%?%‘ﬁ%?
n@wmgngna&mmpfm@dm Sliclatad enshber pl easeané bdaves
ase é)éct |c]§téfn, nd rapid formation of a dry
ree -G '""The host's skin or other
surface. In order to obt ain these properties, the

formul at | ;rr%tﬁe}og&ﬂg&hlrﬁ nEhPé {1‘%9%11
0 hsects

article s d permt aninma este
NeRRI Br2 AR SPBRRULES. 1S w@%rmm%t@qieﬂa%tom| RFYIG e hEo
ljrdscﬁfcze COVSr 4t dndorg dd b5y %otm@mrasanarh&nﬁ@l@ét&pa@@am
treat (|n udi n aco pSitio
YRR )1%;/31%%% R hotin P hr e o heat APy ect  fO pjmpart
ad e:aidmer&@fetscuch Thwrawa 0 1 @nl aml mammdm: acmf efppticaeion

&go%egrﬁdd Ligok el | SO LERRILLNEL NEG NERE! OF

human or ani
C@rmﬂmttmumn olrecatmlﬁcﬁ ele? | VepanbuHie oteapspapel faRensity

oL UmOSI t 'JQJH:P(EH@S Séksrﬁ@@fﬁpﬁy@é&c&otpam tREKn DY thSsets
(such as skjn, hair, fur, fea hers oi gl ant or

ety rg%ﬂff%cﬂé}cm@e HRR R SheIPBYS di Spet iy hextile

gdepe) et fréshéers) rcatidikspersr igus hecerped | #nti@ses,

ff%ers, sheets, paper, paint, ink, clay, wood, furniture

(e.g. for patios and decks), carpets, sanitary goods,

plastics, polymers, and the like.

A nepetalactam compound may be admixed in a
composition with other components, such as a carrier, in
an amount that is effective for usage for a particular
purpose, such as an insect/arthropod repellant, fragrance
or other skin treatment. The amount of the active
compound 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 the 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.

Other methods of using a nepetalactam compound
are as disclosed in US 2003/062,357; US 2003/079,786; and
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liquid m st or incorporated into a powder or dust, and
this will permt the repellent to fall on the desired
whomwb/om08f aces. It nay al so be desirabl e to foremisdoes/@7559
repel l ent by conbi ni ng a nepetal actam conpound to form
a conposition with a fugitive vehicle for application
US 407 0r Rt £l &F AR & T IRTERIGATE Sy e Eh
erA€I@Sel asSp ayal] enddepdi d or sprayabl e powder
conposition adapted to disperse the active conpound
into the atnosphere by neans of a conpressed gas, or a
nmechani cal punp spray. Likew se, directly spreadi ng of
a |iquidiggm s ' .Ql.J epel.l ‘.
or dry form z§§%§4¥f%ﬂﬁ%?éﬁﬁfdf§?%ﬁgg§§§§?e§ié?%ﬁyfﬂ’
budf redt i higuisch iy oft o rftcdldtawigia Heastirfiae eergiod HeeHdst
with an effective anount of the repellent. Further, it
may al so be desirable t ine one or nore of the
active conpounds descri&&gggigér1thh one or nore
ot her conpounds knaosndralh@rededsaets repellency in a
COMRGS! Lian. 10, AC &Y &, LN Sunerglstis S eclo as,Jmy
resu M SUCH & conbi nat 1 on. Sui table conpounds
sykrtdwers ifsorofi idectcardet]l ey tesmtbineiistlel droys sigte carried

oWUNRPSE dtGldidey DR L A8 tRSd Gin standard
di hydronepet al act one, benzil, benzyl benzoate,

lapoyak oty (1S SBRHA - 2 NeRSE 2 @Gy O urgnsisting
madH1GX IO InHeY afiyd eNerans-stereoisomer, was obtained by

steam distillation of commercially-available catnip oil

from Nepeta cataria, obtained from Berjé, (Bloomfield,
NJ). All inorganic salts and organic solvents, with the
exception of anhydrous THF, were obtained from VWR
Scientific (West Chester, PA). All other reagents used
in the examples were obtained from Sigma-Aldrich Chemical
(Milwaukee, WI) and used as received. Determination of
pH was done with pHydrion paper from Micro Essential
Laboratory, Inc. (Brooklyn, NY). The lactam products
were purified by column chromatography on silica gel
using ethyl acetate/hexanes as the eluant; the purified
products were characterized by NMR spectroscopy. NMR
spectra were obtained on a Bruker DRX Advance (500 MHz
ly, 125 MHz 13C; Bruker Biospin Corp., Billerica, MA)
using deuterated solvents obtained from Cambridge Isotope

Laboratories, Inc. (Andover, MA).

The meaning of abbreviations used is as follows:

“mL” means milliliter(s), “uL” means microliter, “g”
means gram(s), “mg” means milligram, “kPa” means
kilopascal, “MP” means melting point, “NMR” means nuclear

magnetic resonance, “°C” means degrees Centigrade, and

“ATP” means adenosine triphosphate.
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gl ycol, N-butylacetanilide, normal -butyl -6,

6-dinethyl - 5 ,6-di hydro-1, 4-pyrone-2-carboxyl ate,
wal2doanydosadi pat e, di butyl phthal ate, di-nornal P@UUY1005/047559

succinate, N ,N - diethyl -neta-toluam de, dinethyl

carbate, di rret hyl pht hal ate, 2-eth -2 -buty] -1,

3- propavidldiesis of teiRt- Clll%roﬂléé%}ﬁéhpbﬂ“ugpgﬂﬁrrml

- prop%ak t’LﬁD@ry\Lz]@ﬂi@rh@ﬂH&ﬁe Qsedph@ﬂyﬂz@act@bﬁxamm :,

p- ane I O or nal 0

di et yI sfcgf‘ﬁ: f ]16&5]I r?olrllvI t4cr) "%}nlle nyl of the
maggrie svieint drmouis Jdesiﬂretﬁadl res:rfmm ccaﬂemsm:tarr elpfeet | kerith

| ' r tial

ur D st e A Tt AP eI i A dRlst o

%wémqrauchdﬂrsld&arlél Ff ive P las iR eidEal Wat, gtatad &
m&]ﬂt%lqp:]t@ié%?%nfﬁél{ﬁtﬁh@tﬁe@ﬁsﬁ@s 'f n?hbhgle@@?rlo@ndzas

characteri stiC roperties O an

S R T R i R i L R
ammcsﬁtmdnalbaSMr 0i |3 skmlym)ﬁidn acfarsonanL coﬂ , S oAU ckatanin
aqcl)lﬁdus %?n%{o %]o%rl emvias I'H%[g)énalte é}’ qﬂ%%%?ln the

rone OVG OI corlander
regidticdi. | Taid scéucmfmnuetrm [xedetrimet g regmmgeed kwl

fﬂﬂﬁ%&ﬂﬁéﬂtéda|exﬂfﬂH¥Ed”dm ﬂ'ﬂﬁ%‘%L’oﬂndEeéﬂ§l éﬁﬂéﬁey
pepper m nt_ O I, pepper , rose oil, spearni

Thg |cocr9%ﬁteﬁo| 1Lt ad& V@rsarvgaesftﬁq Wi e Gl %rsr?etr%ated
aqméousﬂ%nwdlm OM I xeirdy eer'u:heEmnmjrela;nofckemirMae

uq;rle(jclj’ll %vrclitss elx racstenc{ Iwailth IQOSO Mo diethyl ether, and

the combined ether solution was washed two times with 75

mL of saturated aqueous ammonium chloride. The ether
golution was dried over anhydrous magnesium sulfate and
concentrated in vacuo to give a crude solid, which was
extracted with several portions of hot hexane. The
hexane extracts (400 mL) were combined and concentrated
in vacuo to give the tris(4-chlorophenyl)bismuthane as a
yvellow solid (13.94 g, 62% yield, m.p. 100°C). NMR
analysis of the product was consistent with that of

tris(4-chlorophenyl) bismuthane.

Synthesis tris(4-bromophenyl)bismuthane

(a triaryl bismuthane used for Reaction III):

To a solution of 320 mL of 4-bromophenyl magnesium
bromide in diethyl ether (prepared by reacting 54.9 g of
1,4-dibromobenzene and 5.63 g of magnesium) cooled in an
ice bath under nitrogen was added dropwise a solution of
23.6 g bismuth trichloride in 120 mL of tetrahydrofuran
over 1 hr, maintaining the temperature below 7°C. The
reaction was allowed to warm to room temperature and was
stirred for an additional 1 hr. A solution of 60 mL of

saturated aqueous ammonium chloride was added at 5°C to
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citronellal, nmethyl salicylate, ethyl salicylate,

propyl salicylate, citronellol, safrole, and |inonene.
wabmeior®ert s and art hropods that may be repel | Bdr/bg200f1@47559

conmpounds and/ or conpositions of this invention may

qudigdde, anye JErhes | of 1ige | A5 0683 OF AUR Ohe | PYLEL £BR ALES

ani mal s. characterjzed, in the adult state qgnon-a ul t
TePRERY Y of ekt ¥ et o e PR r SPE B $ ) Ehyl 8P vinki ©h of
didenpodythdt 0 head, adhesax, 1 apeh akgdoner: rabt e pates

of legs, and, ofte but t _al ways),.two irs of
brerba U Gs STHESRrT e Erohy : hEberooiet fef ke
5  soart siry wis brdshned i wistelst 55¢ enly. oansstubaesd atngyess,
S 11 oes I ek ) Ik fli -
i TR RS (SEFeq 1BRER Janp b iR et bufl-
syl fase (Frdneewtrnt Fared ahis) varuqoied- Bbre ny FRg@etsolid,
wh £e1f- wd £TdUL £S5 b e DOX] O Ss dRSLET 3_0&3_;913 fonboysehibi eSexane.
cockroaches, lice, roaches, woo IlceLI,% gnd househol d
TRRNPIXIRE LXFFJLS ahtO DB pEREF eSOMHRE 7 Ees, not hs,
10 ccﬁrﬁééﬁetffdétsdiﬂ me?z/dad:@c) toAyhesttii¢ omridieh it nay be
esired to .repel _.an insect i.nc e.a pl apt o
oS D R S ars bR gbfanlia e %
vighd cahly, 1b3i® -ar@R ensilderied afo e imwbict was
.S | &5 QUL £e ' 5 1 Abl Smuth ..
G GO e i e
f oodsource hosts for blood- feeding insects and
15 art hropods
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such as biting flies, chiggers, fleas, nosquitoes,
ticks and lice. In another enbodi nent, a nepetal actam
wa@evpoms may be used as a fragrance conmpound PET/HS20851047559
active in a fragrance conposition, and be applied in a
topi cal manner to human or animal skin or hair to
inpart a pleasing fragrance, as in skin |otions and
perfunmes for humans or pets. Particularly because of
Lhe iﬂ#eefﬂp?ﬁ]f&ecﬂlﬁ@ mﬂb _ik@écedir}i\limﬁarﬂﬂﬂbeétonpﬂm sgh 15
ereo urther enbodi.nent of this i.nvention,i;s, on
wehe B e P B R e et MRS rpotas w1 €,
5  wHeareml &t eckfient® oo composilis oIt et use repeat pf it -
that is directed to other fundanental purposes. The
fragrance and/or insect repellency of these products
will be cFRabheed-byNtABbpEAEBREE PREPERA2EFARS active
compound or conposition of this invention. Such
products include without limtation col ognes, |otions,
sprays, creans, gels,pointnents, bat¥rusHieshower gel s,
foam products {e.qg. gﬁaving foans) , namkaup,
deodor ants, shanpoo, hair I cquers/haib rinses, and
per sonal soap conpositions %e.g. hand Soaps and
bat h/ shower soaps) . The o®thpbund (s) IBmay of course be
i ncorporated into such proggﬁts si npl yp4,0 i npart a

n-propyl Ille
n-butyl Id
n-pentyl IIe
n-hexyl If
n-octyl Illg
cyclohexyl IITh
i-propyl IITi
allyl 111j
propargyl Ik
phenyl Va
p-chlorophenyl Vb
p-bromophenyl Ve

10
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pl easi ng aroma. Any neans of incorporation such as is
practiced in the art is satisfactory. A correspondi ng

w@zpeot208f the wi de variety of products di scuseernustoove7559
is a further alternative enbodi ment of this invention,
which is a process for fabricating a conposition of
matter, a topical treatnment for skin, or an article of
manuf acture, by providing as the conposition, or

i ncorporating into the 'tion, skin treatnent or
article, one or nore ne%§£E€§%+an1conpounds, or a

m xture of stereoisoners thereof. Such products, and
the met hod and process descrjl@d above,illustrate the
use of a nepetalactan1conp‘uﬂ as a fragrance conpound
or perfunme, or in a fragr osition or
formulation, or in a topiceat: atnment for skin, or in
an article of manufacture. Id fabricating a
conposition of matter, for exanpl t he conposition
coul d be prepared a@egggﬁi%ﬁ%ﬁTe(f?huid, an aerosol, a
f oBng, S CTRRAM 4 AN-dimd eyt - 2 a4 geb , 6 a7 past kexahponder H-
or a friable sqljd. r f fabrjcation in such
case woul d thu?ﬂcﬁ&p-églgaggqn%%gqgn lac?{r{leve with
suitable carriers or other inert ingredients to

faci | itatedaeldiveioan Rdd @ RIPaTRl £ Ah e B, desedd bed,

such _as liquid carriers that are readily sprayed; a
DR GO HeR 3 e DTS, S SR it oret
aIf.or(saiptsfam Ian Dintinerly r@agalion vessel, 100 g of

cis, trans-neptalactone in 250 mL of dichloromethane,

along with a Teflon®-coated stirring bar, was sealed with
a pressure regulator. The vessel was evacuated under
vacuum and filled with gaseous ammonia three times and
then charged with ammonia to 103.4 kPa. The solution was
stirred under constant pressure of ammonia at room
temperature for three days. The vessel was vented and
purged with nitrogen. The solution was transferred to a
500 mL round-bottomed flask and the solvent was removed
under reduced pressure to yield a thick yellow syrup
(109.49 g). The crude nepetalactam was purified by
vacuum distillation to a pale yellow crystalline solid.
Recrystallization of the solid from hexanes yielded pure
nepetalactam (89.60 g, 88% yield) with an observed MP =
94-96° C (literature MP = 95-96° C).
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or a paste; or dry or sem -sol id carriers for a
powder or a friable solid. A conposition containing

w®2mwe/072080r € of the above described active conpouts0s/047559

prepared as an insect /arthropod repellent, fragrance
product, skin treatnment or other personal care product
may al so contain other therapeutically or cosnetically
active adjuvants or supplemental ingredients as are

typical in the personalgggg ¥§ gustry Exanpl es of

t hese include fungicid eeni ng agents,

sunbl ocki ng agents, V|tanan§ Ot anni ng agents, plant
extracts, anti- inflammt enats, ant i-oxidants,
radi cal scavengi ng agent ihoi ds, al pha- hydr oxy
acids, antiseptics, antib , antibacterial agents,
anti hi stam nes; adjuvants sHch as thickeners,

buffering age atin rvatives,
gel ling agentgiﬂg?%ﬁﬁ1f§%}gz%%ﬁ$¥%&t€ﬁ§§§ erol i ent s,
(@alrishgaderit, g, 7altod medrihey; ] \Baxes 5 and Pendtenathivairo- 1 H-
enhancers; and Cg_to#%rs c]?ﬁ% {4, or_ Jy e t her eof

nt o i's

In a further e I'nvention, a
nepet al act am conpound i s incorporated into an article

to produqge Mt Hynsefdgeard i anad wapehtaidral f@&sm
Articles conte Iated to fah%e¥ﬁth|n this %5’ d?)_‘glﬁnt
A AR AP o GRESTHA D hah e § PG
Eisugatbmasin, et al. (supra). In a 500 mL round-bottomed
flask, 3.3 g of nepetalactam (structure II) in 100 mL of

THF was treated with 7.1 g of iodomethane, 2.8 g of
potassium hydroxide and 1.28 g of tetrabutylammonium
bromide at room temperature with stirring. After three
days, the solvent was removed from the reaction under
reduced pressure. Water (150 mL) was added to the
resulting residue, and the agueous mixture was extracted
with 50 mL of dichloromethane three times. The combined
organic layers were dried over anhydrous sodium sulfate
and the solvent was removed under reduced pressure to
yield the N-methyl-nepetalactam (IIIa) as a pale yellow
oil (2.7 g, 75% yield). The product was purified by
column chromatography on silica gel using ethyl
acetate/hexanes as the eluant. NMR analysis of the
product obtained was consistent with the N-methyl-
nepetalactam structure depicted in structural

representation IIIa.
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cl ot hing, outdoor or mlitary equipnment as nosquito
netting, natural products such as |unber, or the
wo ea@v®R086d | nsect vul nerable plants . | n anot hBET/US2005/047559
enbodi nent of this invention, a nepetal actam conpound
is incorporated into an article to produce a fragrance
pl easi ng to humans, or a_nepetal actam conpound is
applied to the surface Eféﬂgéﬁbﬁect to inpart an odor
thereto. The particul ar manner of application wll
depend upon the surface in goestion and the
concentration required to Hobart_the necessary
intensity of odor. Artig cohtenhpl ated to fal
w t hin these enbodi nent s\ificLetde manuf act ured goods,
including textile goods, anr|fresheners, candl es,
various scented articles, fibers, sheets, paper,
pai nt, ink, clay, wood, furniture (e.g. for patios and
decks), carpetg§,e8B)ILAEY800dstaRl aSkiBS, pol yners,

and the |ike. A nepetalactam co und may be adm xed
in a *Cotposi tafdn 4u T H o Her/ ‘&%ﬂ%ﬂ’@ﬂt'ﬁ' ch 6237 a3
carrier, heraApdaoouAt cybhabpeatefltépyirvdifhon -usage for
a particular purpose, such as an insect /arthropod
repel l ant, fragrance or other skin treatnment. The
anmount ofAn evertdviecdomountl cormes meecked around -

b QMRS t s d 5 GeBeT & | o Nt ol xRSk Aboute 80%80Y a

wei ght based on the wei ght of the
stream of nitrogen; a solution of 1.66 g of nepetalactam

(IT) in 30 mL of dry THF was added to the flask via
pipette while the flask was being purged with nitrogen,

and the solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 0.80 g of 30% potassium hydride-
mineral oil suspension was washed with 10 mL of hexanes
three times to remove the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 1.2 mL
of iodoethane and then allowed to stir at 0 °C for 30
minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 30 mL of a 10% agueous solution of sodium bisulfite.
The mixture was extracted with 20 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product as a brown
0il, which was purified by column chromatography on
silica gel using ethyl acetate/hexanes as the eluant to
vield purified product (1.02 g, 53% yield). NMR analysis
of the purified product was consistent with the N-ethyl-
nepetalactam structure depicted in structural

representation IIIb.
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final product, however, greater anounts may be
utilized in certain applications, and this anmount is
woedoel7aBe i ng. More preferably, a suitabl e anopet/usfo0s/047559
the compound will be at |east about 0.001% by wei ght
and preferably about 0.01% up to about 50% by wei ght;
and nore preferably, from about 0.01%to about 20%
wei ght percent, based on the weight of the conposition
or article. Specific copgasmpiieods will depend on the
i ntended use. O her nethods of using a nepetal actam
conmpound are as disclosed:iy PS 2003/ 062, 357; US
2003/ 079, 786; andUS 2003/ ¥9E 04y ~each of which is
incorporated inits entir asja part hereof. The
present invention is further:¢escribed in, but not
limted by, the follomﬁng sﬁb ific enbodinents

EXAMPLES Gener gl REocedugs: M dct &act pns) and
mani pul ati ons re ?ated to_the synthesis of t he contrm

an&4P§éFSP85@ I@nFsP%€P¥1cérﬂ|éd“€GPYin a 48t andar’d 72-

| abor at ongxhuarboad-icycsbpaadad dlaheridtiery -ghasswar e.

Nepet al actone (1), consisting nmainly of the cis,

traps-stereoi soner, was obtained by steamdistillation

of conmerknabVenadni¢dbl 25¢anhi phoee-heokeflepetnd-
b&@%@ﬁé& ffgéﬁlﬂgg éégﬂége{bero§§|Qgﬂﬁéfégurguﬁnde@jg

I norgani c salts and anli ¢ sol vent
stream of nitrogen; a solutlon of 1.12 g of nepetalactam

(II) in 30 mL of dry THF was added to the flask via

pipette while the flask was being purged with nitrogen,
and the solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 0.90 g of 30% potassium hydride-
mineral oil suspension was washed with 10 mL of hexanes
three times to remove the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 1.46 mL
of iodopropane and then allowed to stir at 0 °C for 30
minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 30 mL of a 10% aqueous solution of sodium bisulfite.
The mixture was extracted with 20 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product as a brown
0il, which was purified by column chromatography on
silica gel using ethyl acetate/hexanes as the eluant to
yield purified product (1.42 g, 69% yield). NMR analysis
of the purified product was consistent with the N-propyl-
nepetalactam structure depicted in structural

repregentation IIIc.
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exception of anhydrous THF, were obtained from VWR
Scientific (West Chester, PA) . Al other reagents

wWQs®e/07203¢ he exanpl es were obtai ned from Si gmaP@t/u$10031047559

Chem cal (M| waukee, W) and used as received.

Det erm nati on of pH was done with pHydrion paper from
M cro Essential Laboratory, Inc. (Brooklyn, NY) . The
| actam products were purified by colum chronat ography
on silica gel using eth aL e/ hexanes as the
eluant; the purified prﬁ £ I:'re characterized by
NVR spectroscopy. NVR spectra were obtai ned on a
Bruker DRX Advance (500 MHz 1H, 125 MHz 1 3 C;
Bruker Biospin Corp., Bill¢rica, MA) using deuterated
sol vent s obt ai ned fronm-Canb ,\]/dg\ca/lﬁotope Laboratori es,
Inc. (Andover, M) . 7 ni ng of abbreviations used
is as follows: "nlL" neans [lTiliter (s) , "mL " neans
mcroliter, "g" means grln(s) , "ng" means mlligram
"kPa" nmeans ki l,c | % = Lhg point,
“"NWVR' neans nu%’?g?&%a%%%%?%lggggﬁaﬁg&% " means
dedreds 7CeMaiR) rradel - baty 1'-ATP- dimgtdvddendsife 6, 7, 7a-
tri phosphak enypd begl é}g@ioﬁéhéawi shl-onopbenyhe

bi smut hane (a triaryl bisnuthane used for Reaction
I11) : To a solution of 100 niL of | M 4-chl orophenyl
magnesi umrbramdelidiedli etdy Imettereccamd @ckd rcaundce

b%ﬁ?&%f%gqffagﬂ1&&&9%&m§¥§%.%Qggggégcgg%§§}§%&¥gLﬁﬁ ék(g
stream of nitrogen; a solution of 1.12 g of nepetalactam
(IT) in 30 mL of dry THF was added to the flask via

pipette while the flask was being purged with nitrogen,

and the solution was cooled in an ice bath to 0 °C under

nitrogen. Separately, 0.80 g of 30% potassium hydride-

mineral oil suspension was washed with 10 mL of hexanes
three times to remove the mineral o0il. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 1.67 mL
of iodobutane and then allowed to stir at 0 °C for 30
minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 30 mL of a 10% aqueous solution of sodium bisulfite.
The mixture was extracted with 20 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product as a brown
0il, which was purified by column chromatography on
silica gel using ethyl acetate/hexanes as the eluant to
yield purified product (1.54 g, 100% yield). NMR

analysis of the purified product was consistent with the
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bi smuth trichloride in 50 nL of tetrahydrofuran so as
to maintain the tenperature bel ow 5C. The reacti on was
w@bdoemwe3e 0 warmto roomtenperature and was SPCT/USIH05/047559
for an additional 1 hr. A solution of 50 nL of

to
s R e R e Pt o s
raﬁﬂﬁﬁﬁntdnﬁdnlﬂﬂkﬁlon and extracted with 200 nlL of
di et hyl ether. The conbined filtrate was washed with
100 nmL of saturated aqueous anmoni um chl oride. The
amoni um chl ori de solution was extracted with 200 nL
of diethyl ether, and tkxampnbi 6ed et her sol ution was
washed two tines with 75 nL of saturated aqueous
ammoni um chl ori de. The er solution was dried over
anhydr ous nagnesi um sy aﬂd/Cszentrated i n vacuo
to give a crude soli was extracted with
several portions of hot—:heXane . The hexane extracts
(4 00 nm) were conbi ned thnd concentrated in vacuo to
give the tris (4-chlorophenyl) bisnuthane as a yel |l ow
solid (13.94 g, 62%yield, mp. 100 Og? NMR anal ysi s
of the productV-wentodngienadmladtam t HEIOf tris
(41§Q505999§ﬁy1é AL @HED@D@ 7- éﬂm&hﬁ 1S218h$5(4,7, 7a-
- br onophenyl) " bi smit hane_ (a tri ¥ nut hane used
for ReachfdRRYRY§- 1HT6Y§198FHF?2H BYrégﬁnnﬁ gpe
4- br omophenyl nmagnesi um

An oven-dried, 250 mL three-necked round-
bottomed flask was cooled to room temperature under a
stream of nitrogen; a solution of 4.65 g of nepetalactam

(II) in 100 mL of dry THF was added to the flask via

‘pipette while the flask was being purged with nitrogen,

and the solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 6.05 g of 30% potassium hydride-
mineral oil suspension was washed with 30 mL of hexanes
three times to remove the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 5.93 mL
of iodopentane and then allowed to stir at 0 °C for 30
minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 50 mL of a 10% aqueous solution of sodium bisulfite.
The mixture was extracted with 30 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product (7.2 g) as a
brown oil, which was purified by column chromatography on
silica gel using ethyl acetate/hexanes as the eluant to
yield purified product (4.4 g, 67% yield). NMR analysis
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brom de in diethyl ether (prepared by reacting 54.9 ¢

of 1 ,4-di bronobenzene and 5.63 g of nagnesi um cool ed
WO 0oan7208® bat h under nitrogen was added dr opwWPGBEUS2005/047559

solution of 23.6 g bisnuth trichloride in 120 nmL of

tetrahydrofuran over 1 hr, maintaining the tenperature

ShewPHE LT it BrsiG oAt AN e t 3V Vit hit Y oRRtYL-

nép%'mra&ﬂtlﬁne o stddpirtt dorimnsaddidimal 1 hr. A

sol uti gn .of 6 of saturated aqueous ammoni um
r%ﬁﬁ%ﬁ%dﬁ? ed at 50C toquench the reaction. The

solid fron1the reacti on was renoved by filtration and

extracted with 150 niL of diethyl ether. The aqueous

| ayer was extracted three tines with 100 nL o f

di ethyl ether. The conbERBYPEEhZr sol ution was washed

with 150 nL of saturated aqueous ammoni um chl ori de and

dried over anhydrous magngsi um sul fate and

concentrated in vacuo:t® iV9\2/2¥59§TSO|id’ whi ch was

extracted wth sever ortiNons” of~"hot hexane . The

hexane extracts (700 4 e conbi ned and

concentrated in vacuo t¢{ ive the tris(4- bronmophenyl)

bi smu thane as a yellow solid (17.5 g, 35%yield,

mp. 112C) . NMR anal ysis of the product was

consi stent Wt fba{1 Oﬁeﬁétm&ét%owphﬁﬁyl )
blsnuthane . The procedur es escrlqpﬂeln Exanples 1

t hrid@gh 55 "k e ué’eéi‘etxéflsﬁwﬂhé‘& Zedfpourts’ stown
i n Tabl endxahydes ei H- Ry cebpesth Ocl persabstitasat on
nepet al act am EXAMPLE 1 Nepetal actam (1)

An oven-dried, 250 mL three-necked round-
bottomed flask was cooled to room temperature under a

stream of nitrogen; a solution of 4.65 g of nepetalactam

"(II) in 100 mL of dry THF was added to the flask via

pipette while the flask was being purged with nitrogen,
and the solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 6.0 g of 30% potassium hydride-
mineral oil suspension was washed with 30 mL of hexanes
three times to remove the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 6.7 mL
of iodohexane and then allowed to stir at 0 °C for 30
minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 30 mL of a 10% aqueous solution of sodium bisulfite.
The mixture was extracted with 30 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product (5.46 g) as a
brown oil, which was purified by column chromatography on

silica gel using ethyl acetate/hexanes as the eluant to
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(4aS, 1S 1llaR) -4, 7-dinethyl-2 ,4a, 5,6,7,
7a- hexahydro-| Hcycl openta [c] pyridin- 1-one

wopenzoart am was prepared from cis, transnepepel/as10051@47559
according to the nmethod of Eisenbraun, et al . {supra)

I |t I 0, el f Ci
rlaopn nepét f&%ﬁ%%fen (235?6?35_ qf6 qplh ororretbﬁqa%eanaall%snlgs
ofwttne D UL il ash @YPdustatvas s:tqrraﬂi&tgerﬁarw1%stfs%d¥€2fxyl-
neMdih 1% JURS S8 e i cckhe Messabudas-£yacuat ed
under vacuumand filled w th gaseous ammoni a three
reRnRse Rt ¥ Pen difar ged with amonia to 103.4 kPa . The
solution was stirred under constant pressure of
amoni a at roomtenperature for three days. The vessel
was vented and purged with nitrogen. The sol ution was
transferred to a 500 M LEX3MRHEDBttoned flask and the
sol vent was renoved undeg reduced pressure to yield a
thick yellow syrup (209. 49 Wde
nepet al act am was purd Tifed by Vaculmdi stillation to a
pal e yell ow crystall lid. Recrystallization of
the solid from hexanesHy el ded pure nepetal actam
(89.60 g , 88%yiel dg with an observed MP = 94-96 C
(literature MPN=o@bydeEnepytakxanPrE (2ILY) net hyl
'nﬁw%éﬂiﬁﬁfgﬁ(JjJﬁﬂodfy¥i4|fidﬂﬁﬁ©h 12.4,4a,5,6,7, 7a-

Ecirbgflagﬁé&Yégg 12850y of8n RSy ok He ¥C|Ogenta

An oven-dried, 250 mL three-necked round-
bottomed flask was cooled to room temperature under a
stream of nitrogen; a solution of 4.65 g of nepetalactam
(II) in 30 mL of dry THF was added to the flask via
pipette while the flask was being purged with nitrogen,
and the solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 6.0 g of 30% potassium hydride-
mineral oil suspension was washed with 30 mL of hexanes
three times to remove the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 8.2 mL
of iodooctane and then allowed to stir at 0 °C for 30
minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 30 mL of a 10% aqueous solution of sodium bisulfite.
The mixture was extracted with 30 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product (5.36 g) as a
brown oil, which was purified by column chromatography on

silica gel using ethyl acetate/hexanes as the eluant to
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I V- Met hyl - nepet al actam was prepared fromcis, tra

s- nepet al actone according to the nethod of Ei senbraun,
w@2008/07203( supra) . In a 500 nL round-bottomed PAEER2005/047559

3.3 g of nepetalactam (structure Il) in 100 nL of THF

was treated with 7.1 g of iodonethane, 2.8 of _
Y 150t h 4 ink IR RPQBE tandt R 28 g i 16t Hbut yﬂﬁ%ﬁﬁmsm
o%rtqm ctﬁi]xaltfirelszprpxtcmtr&r akdl Q:céﬂ%ibtﬁérﬁtir’] Neigh #hid elﬂ—dc(kjt[}eE—

ays,, the solvent was renoved. fromthe reaction under
DA S U B E et TR ) VS SEIPE o ¢ he
raesaddntygr residiky. and t he aqueous m xture was

extracted with 50 nL of dichloronethane three tines.

The conbi ned organic |ayers were dried over anhydrous

sodi um sul fate and the sol vent was renoved under

reduced pressure to yiekfatthgeNsnet hyl -nepetal actam

(Ilta) as a pale yellowoirT- (2.7 g, 75%yield) . The

product was purified by colum omat ogr aphy on

silica gel using ethyl acgt @ nes as the el uant

NMR anal ysi s of the progug aied was consi st ent

with the -nethyl nepet aKactam|structure depicted in
structural representati On: a. EXAMPLE 3
W et hyl - nepet al act am (HI by {4aS, 7S, 7aJ?) -2 -ethyl -4,
7-di et hyl 42 o A8 ot hepi@heahyudl orr ey cl opent a

[(c] pyridin-1-0ne ,
438,78, 7aR) -2-n-cyclohexyl-4,7-dimethyl-2,4a,5,6,7,7a-

hexahydro-1H-cyclopenta [c]pyridin-1-one

An oven-dried, 250 mL three-necked round-
bottomed flask was cooled to room temperature under a
stream of nitrogen; a solution of 4.65 g of nepetalactam
(IT) in 100 mL of dry THF was added to the flask via
pipette while the flask was being purged with nitrogen,
and the solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 6.0 g of 30% potéssium hydride-
mineral oil suspension was washed with 30 mL of hexanes
three times to remove the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 5.87 mL
of cyclohexyl iodide and then allowed to stir at 0 °C for
30 minutes. The reaction was then warmed to room
temperature for 30 minutes and gquenched by the addition
of 30 mL of a 10% aqueous solution of sodium bisulfite.
The mixture was extracted with 30 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product as a brown
0il, which was purified by column chromatography on

silica gel using ethyl acetate/hexanes as the eluant to
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An oven-dried, 250 nL three-necked roundbottoned fl ask
was cooled to roomtenperature under a stream of
w2daos/0Teesy a sol ution of 1.66 g of nepetal act ama(/U$2005/047559
30 nL of dry THF was added to the flask via pipette
while the flask was bei ng yurged with nitrogen, and
Vi $31i i iRt el 1 1 & izt Dt 0 AMder

I%ljtgr@g@rbf Sapargiel fied. Sbdu®f HBOPHiabSt et with the
r

a
i dem neral oil, suspensi on was shed with 10 niL of

N R O R AT e L TR T Sr o 12 The

stresuiuraily wdprtesasdiattiavasIBdded in snmal |l portions to
the reaction solution with stirring at 0 C, resulting
in gas evolution. After the addition was conplete, the
reaction mxture was stirred for 30 m nutes, treated
with 1.2 nL of iodoethaewsik tien al l owed to stir at
0O Cfor 30 mnutes. Thé teaction was then warned to
roomtenperature for 30 m nupes and quenched by the
addition of 30 nL of a 18%a uqﬁgf sol ution of sodium
bi sulfite. The m xture yexthacted with 20 niL of
di chl oronmet hane three tixes d the conbi ned organics
were dried over anhydrous $oflium sul fate. Renoval of
the sol vent under reduced pressure afforded the crude
product as aNbisanrepyl-wnapehahastpuri(fféd)by col um
COr B DAL N i dd < Hels UBI GtttV -2, 4a, 5,6, 7, 7a-

acet at e/ hexanes as the el uant t? o
hexahydro-1H-cyclopenta [c]lpyridin-1-one

An oven-dried, 250 mL three-necked round-
bottomed flask was cooled to room temperature under a
stream of nitrogen; a solution of 3.0 g ofvnepetalactam
(II) ih 50 mL of dry THF was added to the flask via
pipette while the flask was being purged with nitrogen,
and the solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 4.0 g of 30% potassium hydride-
mineral oil suspension was washed with 50 mL of hexanes
three times to remove the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 5.0 g of
2-iodopropane and then allowed to stir at 0 °C for 30
minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 30 mL of a 10% aqueous solution of sodium bisulfite.
The mixture was extracted with 30 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product as a brown
0il, which was purified by column chromatography on

silica gel using ethyl acetate/hexanes as the eluant to
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yield purified product (1.02 g, 53%vyield) . NWMR

anal ysis of the purified product was consistent with
wo bwedF®8hyl nepet al act am structure depi cted i NPCT/US2005/047559

structural representation | Hb. EXANPLE 4

N—propyl nepetal actam (111c) (4aS, | S 1 ISLR ,

yiedoh prgdieds pradicret B2 9 4£85% Yigld) - 7 RIS
oﬂ f&kfey@m&riteai [pﬁx]odiwu did ]ccﬁfﬁﬁs‘ﬂérﬁ:\/m@{ i etk 1250 .

t hr ee- necked bott ned flas CQP ed torg
1Stoé3rF6’é°rY d}eé’eiﬁ‘?g &S t% eraurﬁtdi‘r%lqerpdgcetﬁ al%o%]i‘fc%u
rebreEzeptaft inepdaildliactam (11) in 30 nL of dry THF was

added to the flask via pipette while the flask was
bei ng purged with nitrogen, and the solution was
cooled in an ice bath to O C under nitrogen.
Separately, 0.90 g of 3IQ%MmeEA33 um hydri dem neral oi
suspensi on was washed Wwith 10 nL of hexanes three

times to renove the mnepal oil. The resulting white
solid was added in sha?l portigns to the reaction
solution with stirri at 0 C” resulting in gas

evol ution. After the\additi on was conplete, the
reaction m xture was sHifred for 30 m nutes, treated
with 1.46 nL of iodopropane and then allomed to stir
at 0 C for 30-%1%%%%@ NRRt R 2EEFBN (hasI t hen warmed to

I 0qmaise MRk 7alRy -2 -e1a 13¢ 14 ut-es matthyquenake & ey, 1,ve -
addltlon.hexahydro—1H—cyclopenta[c]pyridin—l—one

An oven-dried, 250 mL three-necked round-
bottomed flask wag cooled to room temperature under a
stream of nitrogen; a solution of 0.936 g of nepetalactam
(IT) in 20 mL of dry THF was added to the flask via
pipette while the flask was being purged with nitrogen,
and the solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 1.9 g of 30% potassium hydride-
mineral oil suspension was washed with 30 mL of hexanes
three times to remove the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 1.52 g
of allyl iodide and then allowed to stir at 0 °C for 30
minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 30 mL of a 10% aqueous solution of sodium bisulfite.
The mixture was extracted with 30 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product as a light
brown o0il, which was purified by column chromatography on

silica gel using ethyl acetate/hexanes as the eluant to
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of 30 nL of a 10% aqueous sol ution of sodi um
bisulfite. The m xture was extracted with 20 nL of

walc@bhmosnet hane three tinmes and the conbi ned PCOESI005047559

were dried over anhydrous sodium sul fate. Renoval of
t he sol vent under reduced pressure af forded the crude
viglgomerr idd el Bremncsi 102 W G ve$ piiaidled B R Aphysis

ofCﬁfHélT@ilﬁg/ hrfaraar@/ p&r@@dﬁ GuﬂilngJoriéﬁlsit@rﬁil L%Mth tfhe Ozlv allyl-
t e/ hexanes as t he, el.uant. t.o yre rifie
NS REE R 5 2 R MR S Y of ¢ he
rqmnGQEneatpmmdadﬂjmas conS|stent mrth t he
N- propyl nepet al act am structure depicted in structura
representation Illc. EXAMPLE 5 -butyl -nepetal actam
(Hd) (4aS, 1S 1 laR) -2- p-butyl-4 ,7-dinmethyl -2
,4a, 5 ,6 ,7 , 7ahexahyexampd agcl openta [ c]
pyridi n-1-one An oven-dried, 250 nL three-necked
roundbott omed fl ask was ool ed to room tenperature

under a stream of ni vAa$§plution of 1.12 g of
of dry THF was added to the

nepetal actam (11) | (
flask via pipette whilgYhe flask was bei ng purged
with nitrogen; and the solution was cooled in an ice

bath to 0 Oqg%‘-g@rﬁaf@ﬂf@@rﬁbta%@@i&hekyur@) 80 g of 30%
16 e Rl 2h AR AL 6 e T iy d g o T 7a-

nrneral loexahyideo + BBt y¢ hgpenta [c] pyridin-1-one

An oven-dried, 250 mL three-necked round-bottomed flask
was cooled to room temperature under a stream of
nitrogen; a solution of 1.0 g of nepetalactam (II) in 30
mL of dry THF was added to the flask via pipette while
the flask was being purged with nitrogen, and the
solution was cooled in an ice bath to 0 °C under
nitrogen. Separately, 1.2 g of 30% potassium hydride-
mineral oil suspension was washed with 30 mL of hexanes
three times to remo&e the mineral oil. The resulting
white solid was added in small portions to the reaction
solution with stirring at 0 °C, resulting in gas
evolution. After the addition was complete, the reaction
mixture was stirred for 30 minutes, treated with 1.07 g
of propargyl bromide and then allowed to stir at 0 °C for
30 minutes. The reaction was then warmed to room
temperature for 30 minutes and quenched by the addition
of 30 mL of a 10% agqueous solution of sodium bisulfite.
The mixture was extracted with 30 mL of dichloromethane
three times and the combined organics were dried over
anhydrous sodium sulfate. Removal of the solvent under
reduced pressure afforded the crude product (5.36 g) as a
brown o0il, which was purified by column chromatography on

silica gel using ethyl acetate/hexanes as the eluant to
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white solid was added in small portions to the
reaction solution with stirring at 0 0 C, resulting
WO moganogvol uti on. After the addition was conpPEr/Es20051@47559
reaction m xture was stirred for 30 mnutes, treated
y1d Ju i fdg Propdabutang, and en, ol gyed fnar Shhd1@dis
0O OCfor 30 mnutes. The reaction was then warned to
Of o tRIDEF R URFIBICBIRF RS A ushehet Byt he
pESisH N 10 p 3 Tc 1 m as oY% agte Qksp SOt ¢dl | D Of reoehh tiam
bisulfite.. The mxture was extracted with 20 nL of
TRTH G oHet Hane three times and the conbined organi cs
were dried over anhydrous sodium sul fate. Renoval of
the sol vent under reduced pressure afforded the crude
product as a brown oil, which was purified by colum
chromat ogr aphy on sili dHLE Ikhg et hyl
acet at e/ hexanes as the eluant to yield purified
product (1.54 g, 100%yield). NMR analysis of the

purified product was cpngi?te th
t heN- but yl - nepet al act apa_s B depicted in
structural repr esenta EXAMPLE 6

N- pent yl - nepet al act am (ﬁaS, IS, TaR)
-2-n-pentyl-4 ,7-dinmethyH 12 4a, 5,6 ,7 ,7a -

hexahydro-| H cycl gpenta [ c ridin-1-one An
oven-dri ed, 25(y3\1‘|¥LkPecrﬁ’rleé{ Crt(ﬁl?ldb\{ﬁrgt omed fl ask
(488 SC6)-¢ d-dirsetnyd-@rpheeiyR da, 65U &2-hendedraal H-cyclopentalclpyridin-1-one

A slurry of 0.30 g nepetalactam (II), 1.60 g of
triphenylbismuthane, 0.33 g of anhydrous copper(II)
acetate, 0.51 mL of triethylamine in 10 mL of
dichloromethane was stirred at room temperature for 24
hours. Removal of the solvent under reduced pressure
afforded the crude reaction mixture, which was purified
by column chromatography on silica gel using ethyl
acetate/hexanes as the eluant to yield purified product
as a colorless oil (0.26 g, 60% yield). NMR analysis of
the purified product was consistent with the N-phenyl-
nepetalactam structure depicted in structural

representation Va.

EXAMPLE 14

C
77 N

P-chlorophenyl nepetalactam (Vb)
(4aS,7S,7aR)-2-(4-chlorophenyl)-4,7-dimethyl-2,4a,5,6,7,7a-hexahydro-1H-cyclopenta[c]pyridin-1-
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stream of nitrogen; a solution of 4.65 g of
nepetalactam (11) in 100 nL of dry THF was added to
wo bmehrmsk via pipette while the flask was bei PQI/pszogsa7559
\tl)\“E ni trogen, and the solution was cooled in an ice
ath to Cun it t 6 f %
pot assi u%‘ hSyl rrld erﬁ%nqu?&g!? Irégﬁﬁa:ln%%%m vvgigﬁ)vvgsﬁe%égog/ of
twiig (4 -3 Imrafhdrexandsl amirdens nes- 39 § epbvapFrous

odp @l1)0ldcetie FasW 4 ifg Yhide soh) thibse agdegs ifiL of
, portions to the reaction solution with stigrin
digghlpromatdans W/ i $F Haeedv ot ut Tt %‘t‘%err%%r%d%% i %‘h

hoass Comimeteal tde tr}@egcéc'bmem xinde€r wasdstéd rete §our80
nutes, .treated with 5.93 L of_ i odopentan e

o SRt S GO T IS RO SO Vg A Lefda

bywaso Iuven ataranek dgrapom ¢enpel acaree ¥ ops BOI né iy £s and

a%%{iea(l}fglﬁg@p%/nés%gﬁ%g}%% isu £ie 99 rﬂ‘n@fd 3,107 fO4E9HSAuct

i‘on 0 Ite. The m xture was

asya riaahtd wetkewoor 67 - < orbher ek t hrWaR t fpRkysis

ogz}gﬂé %%@%R@a@@@: \x;&? Vﬁr@sﬂél’f@@t ?wma a@mdjgousd
ium sul fate. Repoval o e sol vent. under . reduce
bl e A TR 1 e BP e B BaRe ST S ) s a
sthroynua 1 |, revredenast por i ¥h ed by col uimm chr omat ogr aphy
on silica gel using ethyl acetate/hexanes as the
eluant to yield purified product (4.4 g , 67%yield)
NMR anal ysi sof the purified product was consi stent
wWith the : V- pentyl nepetmtagian g ructure depicted in
structura

P-bromophenyl (Vc)
(4aS,78,7aR)-2-(4-bromophenyl)-4,7-dimethyl-2,4a,5,6,7,7a-hexahydro-1H-cyclopenta[c]pyridin-1-one

A slurry of 0.20 g nepetalactam (II), 1.64 g of
tris (4-bromophenyl) bismuthane, 0.22 g of anhydrous
copper (II) acetate, 0.34 mL of triethylamine in 15 mL of
dichloromethane was stirred at room temperature for 24
hours. Removal of the solvent under reduced pressure
afforded the crude reaction mixture, which was purified
by column chromatography on silica gel using ethyl
acetate/hexanes as the eluant to yield purified product
as a light yellow oil (0.30 g, 77% yield). NMR analysis
of the purified product was consistent with the N-4-
bromophenyl-nepetalactam structure depicted in structural

representation Vc.

The products of Examples 1-15 were evaluated

for insect repellency against Aedes aegypti mosqutioes in
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representation | He. EXAMPLE 7 i V-hexyl -nepetal actam

(HIf) (4aS, S 1laR) -2-n-hexyl-4 ,7-dinmethyl -2 ,4a, 5
WQ 800s/87208hexahydro- | H cycl openta [c] pyridi n- BEDO820851047559

oven-dried, 250 nL three-necked roundbottoned fl ask

was cooled to roomtenperature under a stream of
the tiogentra Gupta ikex ofanl g8y aetanepetal Hetanethgdia

r;lé}&)éﬁu Bt ¥nddiFs V\@é‘lﬁéjdeé’aékp ddrge £ @sis va aB&’ucﬂ)ﬁﬁé}@e

le the flask vvas bei ng pu dvv|
%r}féna&omﬁeo%t% HRIRP TG a Vb%f% ‘t’%s gb@%‘ﬁd@rth
bdit e gl o Separed £t yng Gs&iglrmfcﬂﬂj%tp@t aisél plmavent

IS A T o2 R PR s $ s DO E e 281 of
blasill ,tiargi Wedateedoto B WESs addewliumes e I2ﬁoorlt idns to
1§A;%§§ﬁﬁ;alfer}gﬁ&i uf @ugs&ﬂyﬁg NSt OsO0Cpecimen or

gf\s evo on. After the addition was
CQIHTR letvea S tARP H R tF QredR X tTIREPTRIRS st | FRredopreenprations

wé!&enth Qﬁ% t Mﬁ\f\)t eﬂm}/\im 6. ?h@tg%@a&pw@r@dmﬁomdaé hen
| onwe Ir a or m es. e reaction,
S Ao P A %e%%?cnvale%é?%%nﬁ%ra%% R U RS Bhee
ccmtafm]hedaéoya theo%addm,tv)orscmfut:&(brm@beaETlO% aqueous

solution of sodiumbisulfite. The m xture was

extracted with 30 nL of dichl oronethane
After 5 min, approximately 250 4-day-old female

Aedes aegypti mosquitoes were introduced into the
chamber. The number of mosquitoes probing the membranes
for each treatment was recorded at 2 min intervals over
20 min. The results obtained in this manner with respect
to the compounds of Examples 1~12 are depicted,
respectively, in Figures 1 - 12 (labeled as Examples
16~27) wherein each datum represents the mean of five

replicate experiments.

From these data, the % mean repellency for a
repellent at a given concentration of repellent test
solution was determined using the following equation:

]

% mean repellency = C - T/C x 100

where C = the total number of landings on the IPA control
well, and T = the total number of landings on the test
solution well. The % mean repellencies at 1% (w/v) with
respect to the compounds of Examples 1~15 are depicted in
Table 2, wherein R refers to the substituent on

nepetalactam.
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three tinmes and the conbi ned organics were dried over

anhydrous sodi um sul fate. Renoval of the sol vent under
wo eddoed3pr essure af forded the crude product (BCHESD03/047559

as a brown oil, which was purified by colum

chr omat ography on silic sj hg et hyl

acet at e/ hexanes as the ?Jé%ﬁé;£§ield purified product

(3.2 g, 46%yield). NVR analysis of the purified
FP#S’Q&CLW%% é’i‘?érgéfnéf"‘fci hoL hepppexyl nepetal act am

structure depicte n structural representation |Hf

EXAMPLE 8 N-octyl-nepetalactam (1Ug) (4aS, 1S, |aR

-2-i -octyl-4 ,7-dinmethyl -2 ,4a, 5,6 ,7

, 7ahexahydro- | H cyclopenta [c] pyridin-1-one An

oven-dried, 250 nL three -necked roundbottoned fl aslgyLactam Il

was cooled to roomtenperature under a stream of

nitrogen; a solution of 4.65 g of nepetalactam (11) W DEET

301ub70f dry THF was added to the flask via pipette g=—|pPA

whil e Jthe flask was being purged with nitrogen, and

the sdlution was cooled in an ice bath to 0 C under

nitrogen. Separately, 6.0 g of 30% potassi um

hydri dem neral oil suspension was washed with 30 niL of

hexgggs three times to renove the mneral oil. The

resut"tli ng white solid was added in snmall portions to

the rdaction solution with stirring at 0 C, resulting

in gag

@]

5.0

-
TR

landings

2 4 6 8 10 12 14 16 18 20
time (minutes)
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evol ution. After the addition was conplete, the
reaction mxture was stirred for 30 m nutes, treated

wowdok/o®02 nL of i odooctane and then al |l owed t oPEL/US208$/047559

O Cfor 30 mnutes. The reaction was then warned to
roomtenperature for 3Q Jnnutes . and quenched by the
addition of 30 nL of a mﬁs sol ution of sodium
bi sulfite. The m xture was extracted with 30 nL of

F%e‘%'gé %-?Eé?@f‘feﬁ%?%tiﬁé Sné%%f combi ned organi cs

landings

OVEer a ous sodi fate. Renoval of
t he sol vent under reduced pressure afforded the crude
product (5.36 g ) as a brown oil, which was purified
by col um chromat ography on silica gel using ethyl
acet at e/ hexanes as the eluant toyield purified produ
(4.26 g , 53%yield) . NMR analysis of the purifieithEET
product was consistent with the Woctyl nepetal act am
structure depicted in structural representation | IPA
EXAMPLE 9 i V-cycl ohexyl - nepetal actam (H h) [AaS 1l
TaR) -2- -cyclohexyl-4 ,7-dinmethyl -2 ,4a, 5,6 ,7
, 7AhE ahydro- | H cyclopenta [c] pyridin-1-one An
oven-§lri ed, 250 nL three-necked roundbottoned fl ask
was cgpoled to roomtenperature under a stream of
nitrogen; a solution of 4.65 g of nepetalagtam (1) in

%actanwlna
C

10012} of dry THF was added to the flask vila
4
Jooo bl
I
2.5+
Rall ! fpll sl

10 12 14 16 18 20
time (minutes)

N
N

o
oo
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pi pette while the flask was being purged with
nitrogen, and the solution was cooled in an ice bath
wo 2000/02030nder nitrogen. Separately, 6.0 g of BORWS2005/047559
pot assi um hydri dem neral oil suspension was washed
with 30 nL of hexanes three tines to renove the
mneral oil. The resul EXAYPEE 48 solid was added in
Figiel 3R0RepRNY dn@yt & maast ven $EET. on with stirring
at 0 0 C, resulting in gas evolution. After the
addi tion was conplete, the reaction m xture was
stirred for 30 mnutes, treated with 5.87 nL of . DEET
cycl ohexyl iodide and then allowed to stir at 0 OC for
30 ninutes. The reaction was then warned to room &=IPA
tenperature for 30 mnutes and quenched by the SS9 Lactam Hib
addfolgson of 30 nL of a 10% aqueous sol ution of sodi um
bi sul fyte. The mixture was extracted with 30 nL o
onet hane three tinmes and the conbi ned orgajics
i ed over anhydrous sodi um sul fate. Renoval | of
vent under reduced pressure afforded|the cjude
as a brown oil, which was purified Qy col umm
ography on silica gel using ethyl §
acet atp/ hexanes as the eluant toyield purifged priqduct
(0.17 p , 2.496yie|d;g. NVR anal ysi s of the|puri flijed

mproduct was consisten withf the
ct amgst rucure ggpictpp in

:l\hay ohexyl - nepet al
Bstraitral represent h. EMAVPLE |10

] I

2.5+

11°2

on |

all gl apllagll gl anll

8 10 12 14 16 18 20
time (minutes)

0.0

N =
&
Q) =
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T-isopropyl -nepetal actam (Hi) (4aS, 7S ,laR)
-2-n-isopropyl-4 ,7-dinethyl -2 ,4a, 5,6 ,7

w0 Zakexabydr o- | H cycl openta [c] pyridi n-1- onePANUS2005/047559

oven-dried, 250 nlL three-necked roundbottoned fl ask

was cooled to roomten‘pﬁé%g%fﬁder a stream of
nitrogen; a solution of—S: nepetalactam (11) in-
50 nL of dry THF was added to the flask via pipette

F%/%\H:@ 4 herdbaskerey bei pgreuvgedpreth nitrogen, and

e solution was cooled in an ice bath to 0 OC under
nitrogen. Separately, 4.0 g of 30% potassi um
hydri dem neral oil suspension was washed with 50 niL of
hexanes three tines to renove the mineral oil . Th&SLactamllic
resulting white solid was added in small portions
the reaction solution with stirring at 0 0C , &DEET

Iting in gas evolution. After the addition wase=—pa
conpl ete, the reaction mxture was stirred for 30
m nutes, treated with 5.0 g of 2-iodopropane and then
al lfowed to stir at 0 OC for 30 m nutes. The reaction
was] t hen warnmed to roomtenperature for 30 m nutgs and
gugnched by the addition of 30 nL of a 10% aqueoys
solpution of sodiumbisulfite. The m xture was
extfacted with 30 nL of dichloronethane three tires
and t he conbi ned organi cs were dri ed over, anhydr qus
sodd um sul fate. Renoval of the solvent unfder

5.04

2.5+

Ll

2 4 6 8 10 12 14 16 18 20
time (minutes)
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reduced pressure afforded the crude product as a brown
oil, which was purified by columm chromat ography on
wa@edobo22082! usi ng et hyl acet at e/ hexanes as t heP@l/usavs/047559
toyield purified product (3.20 g , 85%yield) . NWR
anal ysis of the purifi eEEEgggﬂHCEOMS consistent with
the N - isopropyl-nepet ructure depicted in
structural representation |H . EXAVPLE 11
Fiyuakl gl.- Repetiakactiade( thhld) ve4adeerS 1aR) -2
-n-allyl-4 ;7-dinmethyl -2 ,4a, 5,6 ,1 , lahexahydro-
| H cycl openta [c] pyridin-1-one An oven-dried, 250 nL
t hree-necked roundbottoned flask was cooled to rooMgsy| actam llid
tenperature under a stream of nitrogen; a solution of
0.936 g of nepetalactam (I11) in 20 nL of dry THF wasllll DEET
added to the flask via pipette while the flask was = 1PA
bei ng purged with nitrogen, and the solution was
Coolpgd in an ice bath to 0 OC under nitrogen.
Separdgtely, 1.9 g of 30% pot assi um hydri dem neral oil
suspensi on was washed with 30 nL of hexanes three

times fto renove the mneral oil . The resulting white
solid|was added in small portions to the reagtion
solutijon with stirring at 0 OC, resulting i h gas
evolfdtfi on. After the addition was conpl ete, {he
reactijon m xture was stirred for 30 mrutes, |treatpd
with 4.52 g
2]
o
c
5 5.04
c
L)
2.54
0.0 | f )

N =
g
=
(=]

10 12 14 16 18 20
time (minutes)
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of allyl iodide and then allowed to stir at 0 OC for
30 m nutes. The reaction was then warnmed to room
wo eovperamsure for 30 m nutes and quenched by t hBCT/US2005/047559

addition of 30 nL of a 10% aqueous sol ution of sodi um

bi sulfite. The m xture pag,extrgeted with 30 nL of

di chl oronet hane three t 20 he conbi ned organi cs
were dried over anhydrous sodium sul fate. Renoval of
Figarsokvertpendencyed¥cedTpr ¢esubggaf forded the crude
product as a light brown oil, which was purified by

col umm chromat ography on silica gel using ethyl

acet at e/ hexanes as the eluant toyield purified pr t
(2.04 g , 35%yield). NVR analysis of the purifie%q'adam“'e
product was consistent with the iV-allyl nepetal aCmDEET
structure depicted in structural representation I .

MPLE 12 i\ 7-propargyl -nepetalactam (11 1k) [A IPA

11B, laR) -2-n-propargyl-4 ,7-dinethyl -2 ,4a, 5, ,?

, Thhexahydro- | H-cycl openta [c] pyridin- 1-one An
oven-dried, 250 nL three-necked round-bottoned flask

wap cool ed to roomtenperature under a stream of

nifrogen; a solution of 1.0 g of nepetalactam (I1) in

m. of dry THF was added to the flask via pipette
whj Il e the flask was being purged with nitrogen, and
the solution was cooled in an ice bath to 0 0C under

5.0+

2.5+

gl Ll
2 4 6 8 10 12 14 16 18 20
time (minutes)
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nitrogen. Separately, 1.2 g of 30% potassi um
hydri dem neral oil suspension was washed with 30 niL of

whenoaned3d hree tines to renove the m neral oi | PCTTHS2005/047559

landings

resulting white solid was added in small portions to
the reaction solution with stirring at 0 0C,
resulting in gas evolution. After the addition was
conpl ete, the reaction geaMerne 3ms stirred for 30

m nutes, treated with 1.07 g of propargyl brom de and
then allowed to stir at 0 OC for 30 m nutes. The

Figaot i'dn Reselbhancywar HietIID vyoonPEERTperature for 30

m nut es and quenched by the addition of 30 nL of a 10%
aqueous sol ution of sodiumbisulfite. The m xture was
extracted wth 30 nL of dichloronethane three tines

and the conbi ned organics were dried over anhydrous
sodi um sul fate. Renopval of the solvent under reduced
pressure afforded the crude product (5.36 g ) as mmmDEET
brown oil, which was purified by colum chromatography
on silica gel using ethyl acetate/hexanes as the ==31IPA
eluant toyield purified product (0.92 g , 75% Yi et actam llIf
Nwﬁﬁanalysis of the purified product was consi stent
withjthe N - propaygyl - nepetal actam structure depicte
in sjructural representation | Hk. EXAMPLE 1 3 pheny
nepegal act am (Va)

(4aS] 7S, 7aR) - 4, 7- di net hyl - 2- phenyl - 2, 4a,

5,§5j,7a-hexahydro-1k¥cyc|openta[c]pyridi -1-on
1]
I
2.54
0.0l $ . ' A N P 8 B
2 4 6 8 10 12 14 16 18 20

time (minutes)
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10.0+

7.5-

5.0+

2.59

A slurry of 0.30 g nepetalactam (11),

tri phenyl bi snut hane,

di chl or onet hane was stirred at

1.60 g of
0.33 g o f anhydrous copper (I1)
waewbar®39 0.51 nL o f triethylamne in 10 nL oPET/US2005/047559

roomtenperature for 24

hours . Renoval o f theggalkpert 28nder reduced pressure
whi ch was
purified by colum chromatography on silica gel using
et hyl aceFagethefanBepailéeheyebfialitIgovei.cDBEpRuUri fi ed
60% yield) . NWR
analysis o f the purified product was consistent with
t he i V-phenyl nepet al actam structure depicted in

af forded the crude reaction m xture,

product as a colorles

structural representation Va.
P- chl or ophenyl nepet al act am (Vb)
(4aS, 7S, 7aR) - 2- (4- chl orophenyl ) - 4, 7- di et hyl - 2, 4H QEET
7, 7a- hexahydr o- 1H cycl opent a[ c] pyri di n- 1A slurry A IPA

0.20 g nepetal actam (

copper (l1) acetate,

usi ng ethyl acetate/h

yield) . NWR anal ysis

0.0-

1l i

(4-chl orophenyl ) bi snut hane,

of dichl oronmethane was stirred at
24 hours. Renoval of the solvent under
pressure afforded the crude reaction m xture, which
was purified by colum chro

purified product as a |ight

s oil (0.26 g ,

EXAVPLE 14

Lactam llig

1), 1.32 gof tris

0.22 g o f anhydrous

0.34 nL of triethylamne in 25 nL

r

roomtenperature for

educed

tography on silica gel

exanes fps the eluant to yield

8§

el l ow oil

(

1.21 , 63M

10 12
time (minutes)
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of the purified product was consistent with the iV-4-
chl or ophenyl -nepetal actam structure depicted in

wG@reoaotwsal representati on Vb. EXAMPLE 15 P- br p@mpkmny047559

10.0-

7.5+

(Ve)

(4aS, 7S, 7aR) - 2- (4- br omgphetly -4 7-di met hyl -2, 4a, 5,6, 7

, 7a- hexahydr o- 1H cycl opentafcipyri di n-1-one A slurry

of 0.20 g nepetalactam (11), 1.64 g of tris

(4- br onophigpitle) i KagdacP o2 1 anhywkers copper
(I'l) acetate, 0.34 nL o f triethylamne in 15 nL of

di chl oronet hane was stirred at roomtenperature for 24
hours. Renoval of the solvent under reduced pressure
afforded the crude reaction mxture, which was

purified by colum chromatography on silica gel using

et hyl acetate/ hexanes as the eluant to yield purified
product as a light yellowoil (0.30 g, 77%yield)

NMR anal ysis of the purified product was consi stent

with the N-4- bronophenyl -nepetal actam structure
depicted in structural representation Vc. The pro&%%?%acuﬂnl”h
of Exanples 1-15 were eval uated for insect repelléﬂ!&DEET
agai nst Aedes aegypti nosqutioes inthe in vitro GIEEAIPA
box | anding assay. In this nethod a chanber contai ned

5 wells, each covered by a Baudruche (ani mal

i ntestine) nenbrane. Each well was filled with bovine

bl ood containing sodiumcitrate (to prevent

0.0

N O P

10 12 14 16 1
time (minutes)

oo

20

- 50 -



clotting) and ATP (72 ng ATP di sodium salt per 26 m
of blood) , and heated to 37C. A volune of 25 niL of

wo smpoyd al cohol (1 PA) containing one test SPEDUSINS/047559

landings

F

or control was applied to each nmenbrane. The
concentrations were 1. O%EW/VE in I PA. The negative
control was nenbrane su L ted with neat |PA,
and the positive control was a 1.0% (w v) solution of
te LN, approxigately Q0 4 -day-old feral e
A gg gégy%teﬁe%gaﬁ?’t ggs)itﬁrg?evfnt %%Ea'ced into the
chanber. The nunber of nobsquitoes probing the
menbranes for each treatnment was recorded at 2 nmin
intervals over 20 nmin. The results obtained in fRP&actam Hi
manner wWith respect to the conpounds of Exanpl e%—qll-:%
aneo<lepi cted, respectively, in Figures 1 - 12 (| abe eJ
as Ekxanpl es 16-27) wherein each datum represent &STHeRA
mean|of five replicate experinments. Fromthese data,
the Pomean repel lency for a repellent at a given
concgntration of repellent test solution was
detsy m ned using the foll ow ng equation: % nean
repejlency = C- T/C x 100 where C = the total nunber

of | pndings on the I PA control well, and T = the total
nunber of |andings on the test solution well. The %
mean| repel l encies at 1% (wv) [with

5.0+

1

0.0+ & —
2 4 6 8 10 12 14 16 18 20

time (minutes)

- B1-
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res

pect to the conpounds of Exanples 1-15 are depi cted

in Table 2 , wherein Rrefers to the substituent on
woapehzoart am EXAMPLE 1 6 Figure 1 . Repel | encpcDiisiobs/047559

VS.

DEET. EXAMPLE 1 7 Figure 2 . Repellency of Illa vs.

DEET, EXAMPLE 18 Figure 3 . Repellency of Illb vs.
DEET. EXAMPLE 19 Fi guregﬁwééﬁ ency of Illc vs .

DEET , EXAMPLE 2 O Figure 5 . Repellency of IlIf vs.
,DEET. MPLE 2 .1 Fi gur . Repel y of Ille vs.
Figeze g@wﬁf@é%’ﬁ%&é I(;[I.J Rt 'e|4"§ﬁlgy of I11f vs.
DEET, EXAMPLE 2 3 Figure 8 . Repellency o f IIl g vs .
DEET . EXAMPLE 2 4 Figure 9 . Repellency of Illh vesssLactam Illj
DEET. EXAMPLE 2 5 Figure 10. Repellency of IIli vs.
DEET, EXAMPLE 2 6 Figure 11 . Repellency of 11l j EBDEET
DEET . EXAMPLE 27 Figure 12 . Repellency o f Ill k v_s

10.0
re
1.
f ol
r ag

an
7.5+

2.54

ET . Table 2. N-substituted nepetal actans : % nfeed!PA
ellencies at 1.0% (w v)CLAIMS What is clainmed is :

A compound represented schematically by the

| ow ng fornmula: wherein R conprises (a) an al kane
ical other than nethyl, (b) an al kene radical, (c)
al kyne radical, or (d) an aromatic radical

0.0~

4 6 8 10 12 14 16 18 20

time (minutes)
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2 . The conpound of Caim1 wherein R conprises (a) C2
to C20 al kane, (b) C to C20 al kene, (c) C3 to C20

wabdogneo3or (d) C6 to C20 aromatic. 3 . The corpDUSIBOTIO47559

landings

“unsubstituted or substituted C6 to C20 aromatic

Caim1l wherein R conprises a nmenber of the group
consisting of : (a) CH5 b) C3 to C20

strai ght-chain, branch LB @7% ¢ al kane or al kene,
(c) G to C20 straight-chain, branched or cyclic

al kane or  al kene_co t tonts ted from
the group 1%Bﬁ§|§% ng f%?gc ﬁ f%ﬁﬁ BeER
unsubstituted or substltut ed C6 to CZO arormtl c,

wherein the substituent is selected fromthe group
consisting of (i) Ci to C 2 straight-chain, brassheactam lllk

.or cyclic al kane or al kene, optionally substltuted

wth C, Br or F, and (ii) a hal ogen sel ected f L DEET
the group consisting of d, Br and F , and(e) =3 IPA

cthy i sing a heteroatom sel ected fromthe group
cons|sting of O, Nand S, wherein the substituent is
sel efted fromthe group consisting of (i) Ci to Cl2
stral ght-chain, branched or cyclic al kane or al kene,
optipnally substituted with C, Br or F, and (ii) a
hatsphen sel ected fromthe group consisting of O, Br

e

5.0- 1
[ ]
I
2.5+
ool ML & 'éq.i.siﬁ&é.a__
2 4 6 8 10 12 14 16 18 20

time (minutes)
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F . 4 . The conpound of Claim1l1 wherein Ris selected
fromthe group consisting of (a) C2H5, (b) C3 to Cl12
wa el gdosd chai n, branched or cyclic al kane andpreil/kswes/047559
and (c) C3 to Cl2 straight-chain, branched or cyclic
al kane or al kene conprising a heteroatom sel ected from
the group consisting of T®Rl&NZ%nd S. 5 . The conpound
of A aim 1l whereiubdR iits:ters thsddddited s substi t ut ed
phenyl, wheprein the suﬁtituent IS S§Le t?d fromthe
group consi &t AR of PEf L82°L5S AL St P A Ew Y¢hai n,
branched or cyclic al kane or al kene, optionally
substituted with d, Br or F, and (b) a hal ogen
selected fromthe group consisting of d, Br and F. 6
The congfoumpbusfl C ai m IRwhi ch i $o aeai rgelency
st ereoi soner @f a single gonpound, or kgoa m xture of
stereoi somers_of a single conpound. 7 . A conposition
of matter colftising (aype®vtarrier, and*@b) a compound
described genggal |y by tdugifoll owing fopgul a:wherein R
is H, an al kane radical, an al kene radical, an al kyne
radi cal, or Hic aromati @madylcal. 8 . TR&8conposition

of aim7 whgrein R isn_(,@,é%H , (b) Cloyg C20 al kane,

1
(c) 2 to C28Ieal kene, (xggenty to C20 975
If n-hexyl 97.2
g n-octyl 93.2
IITh cyclohexyl 98.9
1 1-propyl 94.7
111; allyl 78.1
1k propargyl 95.6
Va phenyl 93.1
Vb p-chlorophenyl 75.3
Ve p-bromophenyl 41.5
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al kyne, or (e) C6 to C20 aromatic. 9 . The conposition

of Caim7 wherein Ris selected fromthe group
weonshzndng of : (a) CH3, CH5, (b) C3 to C20 PCT/US2005/047559

strai ght-chain, branched or cyclic al kane or al kene,

(c) C3 to C20 straight-chain, branched or cyclic

al kane or al kene conprising a heteroatom sel ected from

the group consisting of @rameand S, (d)

unsubstituted or substituted Co to C20 aronmati c,

wherein the substituent is selected fromthe group

consisting of (i) ClL to Cl2 straight-chain, branched

ar. cycli-c. . e or al kene, optionally substituted
WQ&%?%%)%I%£M48MH§} and (ii) a hal ogen selected from

the group consisting of d, Br and F, and (e)
unsubsti t uted Ao AHRE dIHRA G d & GhA UBLIE by the
conprising a heteroatomsel ected fromthe group

£ 9 fPWBI YR N and S, wherein the substituent is
sel ected fromthe group consisting of (i) Cl1L to Cl2
strai ght-chain, branched _or cyclic al kane or al kene,
optionally substituted wkt h ad, Br or F, and (ii) a
hal ogen selected fraomt %PGUp consisting of d, Br
and F .

=

wherein R comprises (a) an alkane radical other than
methyl, (b) an alkene radical, (c) an alkyne radical, or

(d) an aromatic radical.

2. The compound of Claim 1 wherein R comprises
(a) C, to Czp alkane, (b) C, to Cye alkene, (c) C; to Cy

alkyne, or (d) C¢ to Cyo aromatic.

3. The compound of Claim 1 wherein R comprises
a member of the group consisting of:

(a) CzHs,

(b) C3; to Cyp straight-chain, branched or cyclic
alkane or alkene,

(c) C3 to Cyp straight-chain, branched or cyclic
alkane or alkene comprising a heterocatom selected from
the group consisting of O, N and S,

(d) unsubstituted or substituted C¢ to Ca
aromatic, wherein the substituent is selected from the
group consisting of (i) C; to C;; straight-chain, branched
or cyclic alkane or alkene, optionally substituted with
Cl, Br or F, and (ii) a halogen selected from the group

consisting of Cl, Br and F, and
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10 . The conposition of CAaim7 wherein Ris selected
fromthe group consisting of (a) CH3, (b) C2H5, (c) C

w0 2006072989 ai ght - chai n, branched or cyclic al karer/asaos/047559

al kene, and (d) C3 to Cl2 straight -chain, branched or
cyclic al kane or al kene conprising a heter oat om

sel ect ed (fer omnsmeSEriGs SCo g SMsd iduted G 5RdC® . 11.
arShR tGRMRRSIH1@N ref ChRitArd el @dl R det lﬂifddrbSiHeI uredp

or ,substituted phe in the sub t|t ent
CONSASLAF oMt Ke aéﬁoép é“’g‘r‘?sr &3“ U[erl J@ i 2
sedecaieghtfrehaithe @Iﬁ:mﬁ']eﬁ)rmlsm}i(ﬁg @@I (Iqanejlotoabkﬁne,
naI Ly .substit , , a
Sthgllgglen s%l edtséb rom%[ g I% ogl}lcf&lg{agfl r?gra%fd“%@ ‘Br
Op&n@nﬁllylzubsmmﬁ)wtth é-‘ri ,ofBrCICEﬁ M,7 amd chid)s aa

haSidi@re SR RUS FRIm Thed FHAY SAUMAUNYG K diS, Br and
m Xture of stereoisoners of a single corfpound. '13

F.The conposition of Claim?7 further conprising an
i nsect repellent sel ect ed fromthe group consisting of

oLy onehel 8haCtonso R HY wlRE et e A S 4
sekiletcxmybcﬂry;n'rama gr@ugi ymiszts.i_t\l?}gauifyl @et@abs] | (le) C; to
C124£ én%ﬁg @ &y$%u ?Plg ngéﬁe and alkene,

Me- 2 -carboxy at e, adi pate, dibutyl
an@qt<|¢a| ﬁsetodﬁlmmlma%c negycdiedyor cyclic
alkir@ eithyiveia-dlpgiamidry din@idhdateat dlescted from

the group consisting of O, N and S.

5. The compound of Claim 1 wherein R is
unsubstituted or substituted phenyl, wherein the
substituent is selected from the group consisting of (a)
C, to Ciy straighthhain, branched or cyclic alkane or
alkene, optionally substituted with Cl, Br or F, and (b)
a halogen selected from the grbup consisting of Cl, Br
and F.

6. The compound of Claim 1 which is a single
stereoisomer of a single compound, or is a mixture of

stereoisomers of a single compound.

7. A composition of matter comprising (a) a
carrier, and (b) a compound described generally by the

following formula:
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di met hyl phthal ate, 2-ethyl -2 -butyl -1
, 3-propanediol , 2 - ethyl-1 ,3-hexanediol , di-nornal

WO pio6efy4039 soci nchoner onat e, 2-phenyl cycl ohexapol/us$2005/047559
p- met hane-3 , 8-diol , and normal propyl N ,N -

| suegi pa e e _conposition of
ELELTY RUSE1 2T Sy B ThpcgormeR! Lignngl el
a%bﬁ@@st@ﬁbﬁabf Cf adm ddomherei nadheaéssential oil is
sel ected fromany one or nore nenbers of the group
consisting of _alnond bitter oil, anise oil, basil oi
bay oil, garaﬂ%@ SPPPOT A HAMDAE of I 2 18edarhereincB| ey (a)

le (b) charsid,g @11L:an§1 npaog, aid CZSIMQQﬁU a@le, to cg
| ove oil, (%f & oil, cumnoil, dill oil
|6 f

S HEEAT ypr s éhﬁéP BFPMahinger oil, grapefrU|t

oil, lenon oil, linme oil, mnt oil, parsley (o]

epperm ng oi r pear ni il
(et hm%i Oty PERES Pl on g2 Pl TPRLALTL R L
SR erd O%n%@%r@?@@m QQnSﬂ$ﬁﬁ@@n®ﬁsltlon of aim?7
further cegprdsi ng,apy one or nore menbers of the

group of dJuvants consi sting of a fung|C|de

sunscr eeniy Ggdmt Coa b St o aryEht , PYeR@ReR, or cyclic
alkamérnwwﬁ&k&neplant extract, anti- |nflannatory

cgent | ANty -exant, o Kadl gl SERUenOL I A0ERLay cvetic

aldrane oo efrl}@ﬁaneag@mprmmm@trmnmaaam Fhkected from
tKOTRRSID | B S st B Yhigh,cprPri ses

(d) unsubstituted or substituted Cg to Ciq
aromatic, wherein the substituent is selected from the
group consisting of (i) C; to C;; straight-chain, branched
or cyclic alkane or alkene, opticnally substituted with
Cl, Br or F, and (ii) a halogen selected from the group
consisting of Cl, Br and F, and

(e) unsubstituted or substituted C¢ to Ca
aromatic comprising a heteroatom selected from the group
consisting of O, N and S, wherein the substituent is
selected from the group consisting of (i) C; to Ci,
straight-chain, branched or cyclic alkane or alkene,
optionally substituted with Cl, Br or F, and (ii) a
halogen selected from the group consisting of Cl, Br and
F.

10. The composition of Claim 7 wherein R is
selected from the group consisting of (a) CHi, (b) C,Hs,
(c) C3 to C;2 straight-chain, branched or cyclic alkane
and alkene, and (d) C; to Ci; straight-chain, branched or
cyclic alkane or alkene comprising a heteroatom selected

from the group consisting of O, N and S.
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t he compound in an amount of from about 0.0 01%to

about 80% by wei ght of the total weight of the
W@ e0vp0%i089 on. 18. The conposition of O aim7 iPCT/82005/047559

formof a sprayable liquid, an aerosol, a foam a

cream an ointment, a gel, a paste a powder or
friable gdiid.The CORASHIPT GE Célpae]ﬂ‘lﬂhg“’%&?lr%epctl%r

urﬂfmméd)r&r | RiBHE EXResd thdlia | naeste 0 wid hr opod

VoA R AP0 Bl TR

C.r adi c*aJ_ stﬂj‘aia;]}kty-rtﬂlarﬁd,l dﬁa,ncd‘rechm:arcqrmhaz Fladhmalor

. t
al]'%qoetn aagleﬂj(gbaécg @85 q%lﬁene S?I( agr H: 4%0
a dladyneen oarel(ee;te@ls ﬁmm%mﬁ ccorqusm cfbfn'p%h'noﬁlbf
arffd @ m 19 wherein Ris selected fromthe group
consisting of: (a) CH3, CH5, (b) C3 to C20
strai ght-chain, branched or cyclic al kane or
aI kene (c)2 C3 1e @ﬁl}ﬁdshahgh{ -chayidranghesh ofs a
I C taI kane or ne Sclon ri sing a 1{1 teé oatom . . ..o
st T IR o Cors TP e SRALE o
of( Bt arsusinang exf or Slutgsltet tadmgEb @it 0 C20 ar onat i c,
wherein the substituent is selected fromthe group

consi sting of 1§|) Ci to Cl2 straight-chain, branched
13. hé composition of Claim 7 further

comprising an insect repellent selected from the group
consisting of dihydronepetalactone, 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-diocl, and normal-

propyl N,N- diethylsuccinamate.

14. The composition of Claim 7 further

comprising an essential oil.

15. The composition of Claim 14 wherein the
essential oil is selected from any one or more members of
the group consisting of almond bitter oil, anise oil,
basil oil, bay o0il, caraway oil, cardamom oil, cedar oil,
celery o0il, chamomile oil, cinnamon oil, citronella oil,
clove o0il, coriander oil, cumin oil, dill oil, eucalyptus
0il, fennel o0il, ginger oil, grapefruit oil, lemon oil,
lime oil, mint oil, parsley o0il, peppermint oil, pepper
0il, rose oil, spearmint oil (menthol), sweet orange oil,

thyme oil, turmeric oil, and oil of wintergreen.
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or cyclic al kane or al kene, optionally substituted
wth d, Br or F, and (ii) a hal ogen selected from
wo bwegroep consisting of A, Br and F , and (epCT/US2005/047559
unsubstituted or substituted C6 to C20 aromatic
conprising a heteroatom sel ected fromthe group
consisting of 0O, Nand S, wherein the substituent is
sel ected 160m The gooppstéonshsbEnglatm(i7) £GttherC 2
- c ranc 0 L.C I ne_or Ik ne,
<Shersaihn, A8t perl: A cABhe Che ¥k arof ERe%aBhyB KV,
aﬁapbgéthépéétéalﬂgoﬁfthefgngmpldgnssgnsngeeﬁlﬁb agent,
5 s@Afl1bckisg- a&@ﬁtnEbBQQmQB Gk ahf A8 ﬁ?@ﬁ@'n8£%h§ eytract

sel ect g romthe group consisting
al’c‘fz‘r—smg ?m@%t%yciﬁe%’ﬁr afght- %ﬁéﬁiﬂntbr §ﬁéh§al ﬁcey@ngeng

a@éﬂaner@ﬂﬁnai&enélpﬁﬂdhyﬁioﬁﬁ é@l@lzaﬁtﬁééﬁbic chai n,
ﬁ ?Q ed or cg %IC g kane or £ g nFrls ng a
o128t 3at om FBF EREEHSF Hdm F9e SroﬁB tBhEFEPIRG of 0 , N
and S . 23 . The nethod of Caim19 wherein Ris
10 unsubsti t y4 ed ?ﬁesggﬁﬁbéyﬁfgnp fnyialmherthc%hSOm%¥lses

substituent is sel ected romt group consit s
the)cewreend1in stRapgpunehaf nfrprapkerel or 00yl te Jabout

s et kepewoi giat kenechopt bRl hyi §HPSHEt thedc¥hbbs & 1 o8
or F, and (b) a hal ogen selected fromthe group

consisting of O, Br
18. The composition of Claim 7 in the form of

15 a sprayable liquid, an aerosol, a foam, a cream, an

ointment, a gel, a paste, a powder or a friable solid.

19. A method for repelling an insect or
arthropod comprising exposing the insect or arthropod to

20 a compound described generally by the following formula:

wherein R is H, an alkane radical, an alkene radical, an

alkyne radical, or an aromatic radical.

25 20. The method of Claim 19 wherein R is (a) H,
(b) C1 to Cy alkane, (c) C; to Cy alkene, (d) Ci; to Cauo

alkyne, or (e) Cg to C,y aromatic.

21. The compound of Claim 19 wherein R is
30 selected from the group consisting of:
(a) CHjz, C.Hs,
(b) C3 to Cy straight-chain, branched or cyclic

alkane or alkene,
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and F . 24. The nethod of Caim 19 wherein the
conpound is a single stereoisoner of a single
wezwpomsh or is a mxture of stereoi soners of PGI/B$2003/@17559
conmpound. 25. The method of C aim 19 which conprises
exposi ng the I nsect or arthropod to a conposition that
conpri ses(@he€sc 6RpSand i rR g tarfiimin of P¥pReb RE cyclic

al0:3Q1%:t o, 13haid &Qg/@ﬂysﬂ@ ahth&fetdr st 4 1 oved Gt £ 085m
t he conposition. The matqrég of Claim 19, which

}teorﬂﬁc?%sc%&b%‘ﬁ{bg £ Yod ding insect or

art hr opod(d)o urisuerirouest OI’27SLlHEkt€lt[m¢d§tﬁ)Cbé)ftCﬁCai) m

19 i ch 1o S expo inse t
A% Oé?aetcjt ed 1% ]trhzt O oSuLgD itoln%;les IR ?Céjb%tfeﬁ&g ﬁ%%e
g:tdu;gg:ensalsfﬂm ofosiquiG0ée, Chi cﬁ@r@mﬂﬁth@@al@, threanched

T thihog. of Lo
ap Iy| ng t]he %eor@%ﬁd to th%ﬁs%%gﬂ%\é\éeﬁﬁéhgl AS#Fen

Ckedtthers for dnft oflla dwPIsn aﬁﬁmt%sﬁm%rt% group
cdﬂgﬁgﬁldg & tdr opod.and F, and

(e) unsubstituted or substituted Cg to Cag
Aromatic comprising a heteroatom selected from the group
consisting of O, N and S, wherein the substituent is
selected from the group consisting of (i) C; to Cis
straight-chain, branched or cyclic alkane or alkene,
optionally substituted with Cl, Br or F, and (ii) a
halogen selected from the group consisting of Cl, Br and.
F.

22. The method of Claim 19 wherein R is
selected from the group consisting of (a) CH;, (b) CyHs, .
(b) C3 to Cyp straight-chain, branched or cyclic alkane
and alkene, and (c) C; to Ci; straight-chain, branched or
cyclic alkane or alkene comprising a heterocatom selected

from the group consisting of O, N and S.

23. The method of Claim 19 wherein R is
unsubstituted or substituted phenyl, wherein the
substituent is selected from the group consisting of (a)
Ci1 to C;» straight-chain, branched or cyclic alkane or
alkene, optionally substituted with Cl, Br or F, and (b)
a halogen selected from the group consisting of Cl, Br
and F.

24 . The method of Claim 19 wherein the

compound is a single stereoisomer of a single compound,

or is a mixture of stereoisomers of a single compound.
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25. The method of Claim 19 which comprises
exposing the insect or arthropod to a composition that
comprises the compound in an amount of from about 0.001%
to about 80% by weight of the total weight of the

composition.

26. The method of Claim 19, which comprises
exposing a blood-feeding insect or arthropod to the

compound .

27. The method of Claim 19, which comprises
exposing an insect or arthropod selected from the group
consisting of biting flies, chiggers, fleas, mosquitoes,

ticks and lice to the compound.

28. The method of Claim 19 which comprises
applying the compound to the skin, hide, hair, feathers
or fur of a human or animal host for an insect or

arthropod.
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