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Titl e D hydronepetal actans and - Substituted
Derivatives Thereof This application clains the
wheoehi203Df U. S. Provisional Application No. PCT/US2005/047557
60/ 640, 129, filed Decenber 29, 2004, and U.S.
Provi sional Application No. 60/640, 130, filed Decenber
29, 2004, each of which i&ithBorporated in its
entirety as a paihrapdpdiladdanirggeses . Techni cal
Field The presept invention iis directed to
di hydr onepetabH EUERE PeYIYBRIVES,
thereof, which are useful as repellents for insects
and arthropods . Background Insect repellents are used
gl obally as a nmeans of reducing human- insect vector
cont act, Thves edypi et on nglates | bee deereef bf of U.S.
PMREL OF 61 ROr N0 SEASEork rr@é‘ﬁ"%%ﬁé@@ BSoWefl183 Hdeember
eneral disconfort assocjated with insect bites. The
2 e 10 W0V And- SrosTr AN bt s PR F YR PRIR@di ent i n
6(%&3’4’0’:‘!13%} ﬂ_plé@abeééiﬁ&@d_ﬁ zhy,loeiclb@m _s%a@hthég x;)srymﬂneiéc
. benzene derivatiyve, i et hyl t ol uam :
MEPHA AT O (TeprEdeted i 3° gorktat Tt for a1l

purposes.

Technical Field

The present invention is directed to
dihydronepetalactams 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
gchematically by Formula II), a major component of an
esgsential 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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schematically by Formula Il1), a major conponent of an

essential oil secreted by plants of the genus Nepeta
waoenm3acti ve i ngredient in catnip, i s knowPeDUS®ORHOWTSS7

effective, natural repellent to a variety of insects

[Eisner, T., Science (1964) 146:1318-1320] .U.S.

Pat ent No. 6,524, 605 disclos.s the repell ency of

nepet al actone, as well zas thg individual cis, trans

(Z, E) and trans, cis ) I somers, agai nst German

cockroaches. D hydrone represent ed

schematically by Fornu ,/g,chenical ﬂhlch IS

secreted by certain insgCts s known to exhibit

i nsect repellency activity. Jefson et al [J. Chem ca

Ecol ogy (1983) 9:159-180] described the repellent

effect of DHN on feeding by ants of the species

u Mpnogmrd ghm gest £ u é@rsoéfb&fséf&se@é | ¥he F@é#éﬁ?@ném

2003/079786 has’ T'ound that DHN_conpares Tavorab

g@@a% e%ﬁngrans

at@VerLhs, & 0§ tMez consbmees, avgdlabt | Géymoh @@ck\t@l@caes.

variety of insect repellents as possible, and it has

been found that dihydronepetal actans, and derivatives

t her eof, E&hydmmme¢eealaep@méehmBNforrépsesesta@d
S&J&%M@P@Qﬁé Jrdih Q1. ebogL b8 8 | DY EBLLOD o

ates to onpound T eptesente sc emat

b@eﬁ@¢%gl®y1mqﬁﬁmﬁa {$\5n®wn to exhibit 1nsect repellency

activity.

Jefson et al [J. Chemical Ecology (1983) 9:159-180]
described the repellent effect of DHN on feeding by ants
of the species Monomorium destructor. More recently,
Hallahan (WO 2003/079786) has found that DHN compares
favorably as an insect repellent with DEET.

A need remains, however, for the continued
availability of as wide a variety of insect repellents as
possible, and it has been found that
dihydronepetalactams, and derivatives thereof, are useful

as repellents for insects and arthropods.
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wherein Ris (1) an al kane radical other than nethyl,
(2) an al kene radical, (3) an al kyne radical, or (4)
wa@mooanwat i ¢ radi cal . Anot her enbodi ment of t hPGT/US2005/047557
invention is a conposition of matter that includes (a)
a carrier, and (b) a conpound described generally as
above in Fornmula IV, wherein Ris H, an al kane
Swemgeal , an al kene radical, an al kyne radical, or an
ar omat i £, &l Calhpody ddthd heﬁhfgbmvmio@frémtses to a

invention is a nethod for repel an inse
CAFRPIHIHP oEL Y KPS neC R ARt h%%HYo?na%ﬂ?B% db¥ oFarmula
(roypound descri bed generally as above in Fornula 1V,

wherein Ris H, an al kane radical, an al kene radical,

an al kyne radical, or_an apgomatic radical . Yet

anot her enbodi ment of 2t hi s{li nvention is the use of a

conmpound descri bed ge NES® above in Formula 1V,
wherein Ris H, an & di cal , anll kene radi cal

an al kyne radical, or atic radical to repe

i nsects and/or arthropods from a human, ani mal or

i nani mat e host .Yet another enbodi ment of this

invention is an article of manufacture that

wih@fg% r%a1§3<f‘) \AﬁHPQHEQnQez?&&wQ? generathynage8h9Ye (2)

erelrn H , an al kane radical, an
am| xbkene aBrearal an (Al kyhed Faurearadgfain aF ofdi i &0

atédh€ddt . 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
IV, 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
the insect or arthropod to a compound described generally
as above in Formula IV, wherein R is H, an alkane
radical, an alkene radical, an alkyne radical, or an

aromatic radical.

Yet another embodiment of this invention is the
use of a compound described generally as above in Formula
IV, wherein R is H, an alkane radical, an alkene radical,
an alkyne radical, or an aromatic radical to repel
insects and/or arthropods from a human, animal or

inanimate host.
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Yet anot her enbodi ment of this invention is a nethod
of fabricating an insect repellent conposition, or an
wo owent208Epel | ent article of manufacture, by feeTUsz0s/047557
the conposition from or incorporating into the
article, a conmpound descrlbedéﬁgnerally as above in

For mul ¥ty angidieai @RI NNt aF Ahddhe FEditdan g an
aralikare gAdGalfadna ke rlac&cﬁqioraﬂe@rh &f&ﬁﬁﬁiur@d

radlg) Yet anat.her ergg)odl ment hJI[ io tion, |5Rba.
F DT at i3% °c"oerrp]6§ 1% i edt to S
H,slkim,aldraree fraatjreeit, art isclkeersd meadiufaalct Larre,a]ti«yyr[ez)r m ng
Cﬁ%a orr%cp 2 oaq_,gngg{rl] ozracijirjkcaglr_por ating into the

e

e, a conpoun escri general ly as above in
Fornula IV, wherein Ris H an al kane radical, an

al kene vieadizgRlthean &lﬂ@ﬂl@nerrﬁd'da‘fa%hl% 15}{1;@}{&'@4 Ii& a
radi cal . The corrp05|t| on to be applied to skin nay

mefdinel forfagﬁaé%ﬁlc&r W%&ntﬂbﬁ%ﬁ%@%%rqusﬁ%% or
arDasydqt irapaifl dre d&mms:;ﬂ:mgarr@&dtd& I apf eSemtidde
resul ts af testing the |nd| cat ed .di nenpet al agl
or TERY ]ttllvoen cforr?pq)ndunqrs 0 /poc?ractoln'p% Q?oﬁcg'l reonl]e’
a acgmmnd hvee s adiileest exbroortrlof s carbcn\heel n echhemlc‘ori\t,he

wh%fx%tlrﬁga ti%hfﬁ” U, 1 RGHES ABQVDL T IPSAULLQeS-ddy dd¥€ Tan
vitro tl)f lhox | andi ng  assay procedure, descri bed

aldgms Fa 0% GHt ATV € AkCad ne i n mi nut es,
and the verti cal

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 IV,
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.

Brief Description of the Drawings

Figures 1-10 represent the results of testing
the indicated dihydronepetalactam or derivative
compounds, and/or compositions thereof, against the
indicated controls for their effect on the probing
behavior of Aedes aegypti mosquitoes in the in vitro
Gupta box landing assay procedure, described herein. The
horizontal scale shows time in minutes, and the vertical

scale shows mean number of landings of mosquitoes.
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scal e shows nmean nunber of | andi ngs of
nosqui t oes. Detai |l ed Description This invention rel ates
WO 200092087 conpounds based on C2 to C20 N- substPCTIUSIHOS/047557
di hydr onepet al act ans, which are useful as insect
repel l ents. The present invention also relates to
D and N -substituted

di hydlr Onelneiflxl%te@[&ora%mw%é ilﬁlﬁk‘ée_l_lhr@ﬁr%&ﬁund@ilﬁa{bed
ar S usert u as. | hse | ents IS I nventlan
Ty B B el el oS T 3 b st ot OF are
uSHﬂuman(zﬁé@cmyréﬁﬁﬂrﬁﬂumtLwTheﬁpfésennznmﬁenmemeﬁlso

eFi| eenséléroa C@}&%}g‘s an a taﬁltéglreéf’:ldé hﬁ%&@é@)’{é\étég) o

diérmmriecp@taﬂafaiams Thend ecrqmpcwkws ridfiereock o which are
afﬁﬁlﬂégfﬁh'B@“fﬁéﬁé%”kéﬁ%ﬂféhé@e general formula
CnH2n+2 . The term "al Kene" refers to an unsat ur at ed
hydr ocar bon that contains one or nore C=C doubl e
bonds, anﬂw_iéleirhﬁér[ﬁ L l@me&id@é eiSvé D Ebmptiisrad T et £l

ocarbon t hat or._nor.e c rbon car bo
e (45 & BN AT o RS O 1t 5 e T
Fafmuilgo Idar bons. A cyclic conpound reqU|res a m ni mum
of three carbons. The term"aromatic" refers to
benzene and conpounds that resenbl e benzene in
chemical behavior. Wi l®there is in principle no
limtation on the fype al ganyl, al kenyl, al kynyl or
aromati c groups N~

\Y}
wherein R is (1) an alkane radical other than methyl, (2)
an alkene radical, (3) an alkyne radical, or (4) and
aromatic radical. The term “alkane” refers to a

saturated hydrocarbon having the general formula CpHap+:.
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
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that are useful as values for Rin the practice of the
invention, there will be practical considerations as

W 2006022037 ze of the R substituent that woul d heWEUS2005/047557
practical use in commerce. Furthermore, it may be
desirabl e toavoid incorporating highly reactjve

AU iSRRI RABA G Y Hélgﬂzlgub@m%\fﬁ stURr Gl S gein the

R R34t ffent? ef@radid Raf Fadiend) V) is (1) C2 to
C20 al kane, (2) C2 to C20 al kene, (3) C3 to C20
al kyne, or (4) C6 to C20 aromatic. Mire preferably, R
of For rrulm:e(ﬂé\zeabby,seiem etbfimoima t hEV)grosp(Tondi std o

aﬁiarfelc a% He (3) &3 % tl%eg%o S(fa&g'cghlﬁ&ga' glkpagtma%d (25

ffe “Or kKene; ('3)
Ce- @I@aﬁnq ampa\a@h@d oMO@Fc[plr@f@Irb@éﬁé’ oR @lfk@@émbdmr(ﬂéﬂ ngs
& date] oat f&ona £ e 198 Qup S84 Ng (9 @
° N and S unsubcg'?pltut ed orlrgju stlfﬁ)?edzﬁ& 6 £

Czar%ﬁ’é?%%htmﬁ%?épn brangligdt PEUBKELLS @ékéﬁ?earf F‘éhf?flﬁe
(Pr aup teokrs) Sdd g gt {Eha G, tmr&m?ecstcmangy&}waankane or

S PO, £ ARG Ol RS oL ALY v
caed isgtiet fcmr@,th}é agrdUp; cofv smslgos’dflt@ht;e@ronand F;
swl(é)téw%’sb%%' tC% eo'drCﬁﬁaélptbSt\bﬁé&I@ﬂl %é OSLS?I?:Qtltuent is

aromat| c_conprising a teroat om sel ected fromthe

S%]retﬁfr?%o%%tﬁhﬁg FOWP  CQpHE T el Lt k@ Ci
Sbisdid uatdin 5 iselreaied dr QR d e O Dk &€ ORS | $1 1k drge Of

Opat‘rlz&ﬂ?éubfo S AT |5 SUB LT (e P05 B
hadroden silkdtrd afrom the group consisting of Cl, 'Br and
F; and (5) unsubstituted or substituted Cg to Cyo
aromatic comprising a hetercatom selected from the group
consisting of O, N and S, wherein the substituent is
selected from the group consisting of (a) C; to Cis
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 another embodiment, R is selected from the
group consisting of (1) CjHs; (2) C3; to Cy; straight-
chain, branched or cyclic alkane or alkene; and (3) Cz to
C1» 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 may be unsubstituted or substituted phenyl,
wherein the substituent is selected from the group
consisting of (a) C; to C;, straight-chain, branched or
cyclic alkane or alkene, optionally substituted with C1,
Br or F, and (b) a halogen selected from the group
consisting of Cl, Br and F. An example of an alkane
substituted with F is CF;.



hal ogen selected fromthe group consisting of G, Br

and F . In another enbodinent, Ris selected fromthe
w@emap7mensi sting of (1) C2H5; (2) C3 to Cl2 PCT/US2005/047557

strai ghtchain, branched or cyclic al kane or al kene;

and (3) G to Cl2 straight -chain, branched or cyclic

al kane or alkene copprising a hete%oatoggselected from

the groupFebhsFetPrhRgY oPTELeTREInYagues| fo4nBt ABF HEre
esheti f hepespoli nenproﬁymaynbeuupsubstbﬁuyed aFpentyl,

subst it ut ed e.su ue
o SHPEK) oo T FSBLEREL or BURCEshsi SF LY LPHRTE o c1o
5 Csclabghvlcha&hylbran@hedgp& cpbehglal kahbydphahkéne,
syb h and (b) a
eeﬂ%%ggﬁhggfegtégb#?iﬁge & rgtgugglgﬁgg %g of , Br
t 2Rt Elph %ayéxaﬁpPEl@roaheaykanenéugsbrpmpﬁaemyﬂh Fis
CF3 Part|cularly preferred values for R include

ethyl 0 |, i-propyl, n-butyl, t-butyl,
o pent yl . Theneyppounlel bReksFenhefcbyl Formtila IV may be
10 prepareﬁybpealyylatmynloﬁchypetanhytamprﬁpmngybd by

AEEENRARER OReERL ey B PR BN O
Nepdta @h@rnymay rrﬁepé@p@@a@dﬁrpépn@s@ﬁ@édcnyn%r niihe

néﬁ%ﬂﬁYa@€oﬁéeB§&§le¥ étkukaaf@ncsﬁ eﬁﬁgﬁahacgaylof four
fol | one enation, or by al kylation of

SH?E?%%%%%%%%%IE Fafn ﬁ%p%?%W%c%%nFHﬁysBéuﬁFéﬁﬁﬁeaffrom
15 Foepelatatianeld. The

cis,trans trans,cis Cis,Cis trans,trans

lla lib lic lid

Nepetalactone extracted from the essential oil
of the Nepeta (catmint) plant leaves is a preferred
source of raw material as nepetalactone is present in

20 large quantity therein and may be readily purified
therefrom. This produces a desirable route from a
natural product to the compounds of the invention.
Fractional distillation, as described herein, has been
found to be an effective method for both purifying

25 nepetalactone from the essential oils, and for separating



nepet al actone bicyclic structure can exist in any of

four stereoisoneric forns, as shown in the structures
w@bookor2eBt ae Ha-11d. cis, trans trans, cis Ha |Por/BS20MI047557

Nepet al act one extracted fromthe essential oil of the

Nepeta (catmnt) plant |leaves is a preferred source of

thenReiatet ftee et actonm e AT i n | ar ge

crtdddor ddiel @i depivhiyhdesreaddidy puiddbrs.
therefrom This produces a desirable route froma

natural product to the conpounds of the invention.
Fr act i onadnlr sthe | @it <om, t lase al elsics ti dxk ds thear e T5 orieiss baen

y 7O
s e A N S B S 90 B e ca
cateyaranti kagtthe s@@rtazra@m@mts@m%orﬁ OFf Ofee anot her .

pr@f&r@ia{%g{ %@Bnﬁéﬁ%@trﬁﬁ]%@rﬁs@aﬁfk@ U £ SR ne Q@éﬂeta
the first three_ljsted stereoi soners of n etaﬂPactone

cahgita il atte et e iont i TRYete gfause of
av@liantbi 1Gitsy . t r@chemqpmrai agianiees shdhe radodeaified

ner, t e edfromth pet.g erla
10 OE % ?seﬁvmr%bce ore e Host-Use 6f'\gbecause f

tzaares,lcabﬁ iarnd ©iheripl aretpestrﬁe]@cetsort@vmdawrs: dentified
of which the essential oils are enriched with the
trans, cis- and cis, cis- nepetal actone |somsrs

Lact ams SIS AT ddeh Hial D GFnalrgs ©f cyclic

esters or lactones, and lactams, especially N-substituted
15 lactams, are generally more stable to hydrolysis than
their lactone counterparts. The synthesis of
nepetalactam was demonstrated by Eisenbraun et al [J.
Org. Chem. (1988) 53:3968-3972]. According to this
method, nepetalactone (Formula II) was converted to
20 nepetalactam (Formula III) in the presence of anhydrous

ammonia (see Reaction I).

Reaction |

25 Nepetalactam was subsequently converted to
dihydronepetalactam by hydrogenation in the presence of
Pd/C as catalyst.

Methyl-substituted nepetalactam (IIIa) was
30 synthesized by Eisenbraun et al (supra) using

nepetalactone and methylamine, as shown in Reaction II.
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substituted |lactans, are generally nore stable to
whyasor293i s than their |actone counterparts. TRET/US2005/047557

synt hesi s of nepetal actam was denonstrated by

Ei senbraun et al [J. Og. Chem (1988) 53:3968-3972]

According to this nethod, nepetal actone (Formula I1)

was converted io nﬁbetalactan}(For la I11) in t he
qlSactlon I .
MRty conupribed
on in the

presence of Pd/C as| catalyst . Mthyl -substituted
nepetalactan1(||ia¢ was synthesizlﬁa by Ei senbraun et
aI (supra) usi ng nepetal act one and™net hyl am ne, as

ey 1 méeacdl £ doh . Reprd ) ofad | thén "r‘i"arég/emayl in the

%%&2%%%‘%2" (L} 42), ves then hydrogepated i the
dididdrorepet khacdmm . A n aIternatlve approach used by

Ei senbraun e t al {supra) to synthesize iV-nethyl

di hydr onepet al act am i nvol ved al kyl ati ng
di hydr onezg‘et%ﬂta@f%ﬁué@ RPIKCPECR et s B URY | Bheombuann et

abr osises angb nBfiyhed DU d@-methyl dihydronepetalactam
involved alkylating dihydronepetalactam using KOH,

tetrabutylammonium bromide and methyl iodide.

Nepetalactam may thus be prepared by contacting
cis, trans-nepetalactone (Formula II) with anhydrous
ammonia according to the method described by Eisenbraun

et al (supra), shown in Reaction III.

Reaction il

The use of cis, trans-nepetalactone is preferred as the
starting material. Trans,cis-nepetalactone may be used
but the resulting configuration of the N-substituted
nepetalactam product is cis, trans due to epimerization of
the stereochemical configuration at the bridgehead carbon

next to the carbonyl to the cis, trans configuration.
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Nepet al actam nmay thus b e prepared by contacting cis,

trans- nepetal actone (Fornmula Il) w th anhydrous
waamweniza3according to the met hod descri bed by PCT/US2005/047557

Ei senbraun e t al (supra), shown in Reaction III.

Reaction The use o f cis, trans- nepet al actone is

preferr e@ﬁ@%%%?%@t@%@ym%‘??%a AFHFES are
sﬁm@né@pﬁéc?l @? @tﬁo&Sfﬂ Meﬁ&f&adﬁf&ffﬂl tt_dt>ng
ratia et a am
R el act 4 s Hied P HEF1 Serebro FRE ppactam
nstwrseachent day a:nnjrlegmmmm raepettmlmu:mefmhblowadbby
& C t t
nf gt o G n aredat dfube e AR SOt AL o
imREagferrn s o]hV oain@le‘betm%m@fafm‘(@lm ik emepet al act am

foll owed by al kylation of the |actam nitrogen, or by

al kyl ati on of nepetal actam fol |l owed by hydrogenation
of the M%%%@%reﬁ%bmhe%t%%%%%%%af&%dwﬂae effected

iﬁ%ﬁﬂéipMéSéﬁééﬂéf\é sﬁfﬁﬁb&éla@ﬂ3Vekﬁ%t?% hydzogenatlon
ogenatj on o act e effected in
e A ST IR LA L S ot ot ranus na
poatedysts Aoceprdbbeesat vent 5n cateatybtean dppafatnd in
nifs égfr?&edﬁf'égéré%éngé@é oélgﬂé‘ijzé’f‘s'f‘oﬂe gL ak J?E‘HePﬁc

August | Het er ogernieous Ca SIS or t

Chsimt et | MRk RRCKkMar 8w DERer | N{\EW Yo?%6) N . The

hyds nat ile FyLlEogenahd Prod eget+Ded nByL b@sC@ééd:Eﬂb@&ltby
as descri bed b i senbraun_ et al I\gsugr a) X‘hfr ein
E*@ ﬁﬁwnge 4a supra), wherein N-methyl-3,4-

dihydronepetalactam was treated with hydrogen in the
presence of 10% Pd/C catalyst. The hydrogenation
reaction may also be carried out according to the methods
taught in WO 2003/084946 for the hydrogenation of
nepetalactone, which is incorporated in its entirety as a
part hereof for all purposes. Suitable methods of
hydrogenation are also described in sources such as U.S.
Patents 6,664,402, 6,673,946, and 6,686,310.

N-Substituted dihydronepetalactams may be
formed as shown in Reaction IV by reacting
dihydronepetalactam (Formula V) with an appropriate metal
hydride to form a dihydronepetalactam salt, followed by
contacting the dihydronepetalactam salt with an
appropriate alkylating agent to form the N-substituted
dihydronepetalactam (Formula IV).

Reaction IV

- 10 -
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di hydr onepet al actam was treated with hydrogen in the
presence of 10% Pd/ C catal yst. The hydrogenati on

WO e@eH72087 may al so be carried out accordi ng torPeT®S2005/047557
met hods taught in WD 2003/ 084946 for the hydrogenation
of nepetal actone, which is incorporated inits
entirety as a part hereof for all purposes. Suitable
nmet hods of hydrogenation are al so described in sources

such as , 664 : , 946, and

6, 686, 31 .fﬁ$£§§ﬁ§§§?€1e@ %ﬁ%%%ﬁg%g%%talactans may be
differdreeheme ehowwt 3ms Reacthonf oNngy 3eatewy 1n Reaction V
byl Adronenst al actasa ddosmi R, Ved1 Whidy as, appi ARGERE €ion

met al” hydride to form a di hydronepet al act am sal

of gthdETHYS bt trd i PR Hel F ¥3/8r onepet al act am sal t
Wi th an appropriate al kylating agent to formthe
N-substituted di hydronepetalgctam (Formula V) 0
Reaction f VAl ternativel g, N fsubstituted

di hydr onepetal actamto N - substituted
di hydron¢petal actamis carried out at a v

The conversion of dihydronepetalactam to N-
substituted dihydronepetalactam is carried out at a
temperature of from about 0°C to about room temperature
(about 25°C). Similarly, the conversion of nepetalactone
to N-substituted dihydronepetalactam is carried out at a

temperature of from about 0°C to about room temperature.

Metal hydrides are used to generate the amide-
metal salt of dihydronepetalactam. Suitable metal
hydrides include, but are not limited to, potassium
hydride and sodium hydride. Very reactive metal hydrides
such as lithium aluminum hydride, which would reduce the
carbonyl group on the lactam, may be too reactive and are

therefore less preferred.

Alkylating agents suitable for N-alkylation of
the dihydronepetalactam 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.
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tenperature o f fromabout QOC to about room

tenperature (about 25C) . Simlarly, the conversion o
w0 2006petad act one to N-substituted di hydr onepet Bt BUSRANG/047557

is carried out at a tenperature o f fromabout 0OC to

about roomtenperature . Metal hydrides are used to
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ccﬁlé&%&ylng Akenyly a@lckysﬂ,y' Qy Lﬁ{édbé:d'h@fﬂéjfsar

bromi des, i odi'des, sulfates, rresy at es tosyl at es and
subST s G KEngho BIREHHIC, AHERRAD GFhe FITST taiehls is
seﬂ!e&:tﬂiceffacfdned:}ﬁés catdiy addmg agietd ofPr ef)era.edo c12

Ikyl ti age also conmri se; ny|l aIk
Sty g%r H%SI@eI% caincgl ? ot t%cslglrcouagﬁ{c%ny Sti ﬁlqu el?e '( 1)
op®2K51al(13) Chsto Credtwidilgitl clix mr Btamohkd(mr xyclic

hq@lc}%gﬁ %l(ﬁ!é@eﬁr&@)tk@ g}ﬂ)@%oﬁ‘glaét%{g d@idh gy ang

cyc I ¢ al kane or kene conpri si n%@
FihetadYbakt %m%%@&%@zﬂn%ét&w&%ﬁ%@t tRgef 0 , N

ardihtSd doprinsiuhstd tHeed it snbsdlidadeat G e K&Group
co%sfg%:tlln% o\qih(;"or,(:"il\]n atnlzie SS,UbSﬁelxteulenntthe 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.

In another embodiment, preferred alkylating
agents comprise alkanyl and alkenyl groups selected from
the group consisting of (1) C;Hs, (2) C; to C;; straight-
chain, branched or cyclic alkane or alkene, and (3) C; to
Ci12 straight-chain, branched or cyclic alkane or alkene
comprising a heterocatom selected from the group
consisting of O, N and S. 1In another embodiment,
preferred aryl groups are 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) 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

- 12-
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hal ogen selected fromthe group consisting of C, Br
and F ; and (5) unsubstituted or substituted C6 to C20
SQANBiHt SRS st gt A ek weont Wel kot ENY T oft BRe-

d Gfeitoennshwl i dhef &, ddbaige S , wherein the
substituent is selected fromthe group consisting of

(a) Ci to C 2 straight -chain, branched or cyclic
al kane orThad kelheyl apiomned dyt solbst$ tqieaced ho W thdr

ad¥i (G on A0H a(k?élg ﬂg‘ ozﬂﬁgec%‘?é ecseflud rhﬁi‘%&f? L 043 the

consisting O n another e OdInE

TR gul el Wt at$ rpaigRe od cohiph | SEclal Reee tlawe and

|é@%eﬁrmn?@&§cé@&ilﬁrﬁ ogy, 1 fiee Qr 0L¥I@erﬁc9@§1 s& £ Nghof
to Cl2 straight - nched or

|
SQ:]y‘fﬁri‘tc Lgvck%mer%ﬁu%ﬂe@n%eS%W (BySSs t@ﬂ% gmude -
subdtai ghted hedpe t AT Bdcdre do s AEYe) |mﬁtlkam£y Ove apkeneied

ri sing a heteroat.om sel ect ed the
oif SRt (Kh- R SERANA & S0 el it di b
aquefes fleekansd ag cbsant e Ursadsionutacke orosibsted Uved

t}plr}?rWAYeMFdrﬁbt{%?rWt [tuentyd susel ectedn{om the

group ‘consi sti ng I_to Cl2 'straight- chal n,
2GS RPN AT celawa%e OFhHF kERNITH | bREpiaue is

desssibdtigd svitn Cxam Hid Fvit@nd[fb)oaghateaen (1978)
e49e2te2d9£]om the group

Fractions obtained by column chromatography
containing the N-substituted dihydronepetalactams may be
combined and solvent removed under reduced pressure to
yield the purified N-substituted dihydronepetalactam
products. The products may be analyzed by 'H and ’C NMR

techniques to verify structural identity.

N-Aryl dihydronepetalactams may also be
prepared according to the method described by Chan,
[Tetrahedron Letters (1996) 37:9013-9016] by reacting
dihydronepetalactam with an appropriate triaryl
bismuthane (Formula VI in Reaction VI) in the presence of
Cu(OAc), and triethylamine to form the N-aryl
dihydronepetalactam (Formula VII in Reaction VI)

O

-

Cu(OAc),, Et;N
+ Ar,Bi -

Vi
v VI

- 13-
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consisting of d, Br and F . The solvent used in the

N-al kyl ati on reacti on nust be anhydrous and may be any
such as tetrahydr OPCIF/ES2005/047557
(THF), ethyl ether, dinethoxyethyl et her or di oxane .
The al kyl ati on reactl on is quenched by the addition, of

WhETRAT To06 5 0 U4 SRR ik B & 77 t SUBRY £ ReSH cAEPTORLC

grbug e dSf Bxdd aghede R b ehhy onet hane and dri ed
over anhydrous sodium sul fate. Renoval of the sol vent
under reduced pressure yields the crude N -
substi t uted nepetaf achans producte s whi €hl hdyadeshown

ékhé Figek by ngg;) RrallS C&‘éé’é@{?@& %@e%ﬁ‘ w111 CBe gfécés'éﬁ{‘{}ed

aceta exanes as el uant actions
awhm@wm@ e e P byere Bheonae At a%m@n%w@ru%mn@n%%
a £t dvd r &GRd AL & hexangs @a?seel tpe. Thig18s8Ngagfecific

technj que is, descrjbed by g%)‘SﬁKahn and Mtra [J .
SYGTFOL IR J(agvgilﬁ%te%z%h% Cus'ﬁ'%t‘i"b%% BBt ai ned
uriye 16600 a € 0B 0 gt @ pdnly L qods@ﬁwu@glédsreef\b swihst hédt €ltle

=S onenet i et A, ey, be. corblaed, a0d ol Yel oo,
enoved un er uce pressure puri

fonm substhia Lﬂ@dlcdtnm@r@ﬁemnmhh@th‘m pPodace sshdbe as a
s COUGL SsfBYe DEs AR Ygiedh By dt %E@&M%@CQ% QESo

to verify structural 1dentity. N Ar
PRF fyRirdnepet al act ans may al so be prepared according to
t he net hod descri bed by Chan,

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

formed.

Dihydronepetalactam, N-methyl dihydronepetalactam
and the compounds described by Formula IV are all
compounds that may be used for a multiplicity of
purposes, such as use as an active in an effective amount
for the repellency of various insect or arthropod
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

- 14 -
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[ Tetrahedron Letters (1996) 37:9013-9016] by reacting
di hydronepetal actamw th an appropriate triaryl

whe®antdeane (Formula VI in Reaction VI) in theCT/US2005/047557
presence of Cu(OAc) 2 and triethylamne to formthe
i\J-aryl dihydronepetal actam (Fornula VII in Reaction

afIChRR @t AR TS Hn RAstBRTTt iR erhrable Ttood
sOuMbSdd tatt ech ¢ @l d CeBf DbPe dsasiefatned above for
Formula I'V. In view of the structures Ha-11d as shown
above, the conmpounds described herein will be
r ecoynieesll bsntexdn bi¢epablaterconposericomrebehs to a

c APNEL ié&&@%@i&%t@w@r@m&@ %é,@@tggaﬁtggyhpspods

ess a speci stereol sonmer 1s indicated,

aviR s clisan oed 1 | PRl eireRd shevlds toF ref@P 1eseft -possible

atr SNBSS o fRI e adtherSt r Ued it Bsnde SHOVIM efic & hre not
st ereocheni cal | uct ure of
r

%[fi uous form of the st
AR B0 P2 el Shafint 2EA BISh T TR ot SRS o
hwheertis Ot drermaslt « relod istosrediisd As e attsioc pos soé bl manufacture by
nSoTRouNd a?ﬁéfa{ﬂﬂ‘lgoégdtfééd'é‘é’&%‘ééé’”of nel Yaes & nditions
conp%unas? t 1S a‘single stereoisoner as wefl "as a
urgnipoumid Yeh et | &f ems kver e TYpseakboi sonmeerel ent is a

SRSPDGSE 1d.on becfon negaf rom ardn xdp & iyt Asp1 ieq
© conpounds of%ci) s. invention in which % ,aasyd%g%ril%edto

a dMeitte, A FFE LANTMPIPRTIFT otRE R P otRIRCE r DR GRR ehPLe
atthec XoONOsidé s | Sndodtt@farthropods from approaching or

remaining in the nearby 3-dimensional space in which the
host or article exists. 1In either case, the effect of
the repellent is to drive the insects/arthropods away
from, or to reject, (1) the host, thereby minimizing the
frequency of “bites” to the host, or (2) the article,
thereby protecting the article from insect damage.
Repellents may be in the form of gases (olfactory),

ligquids, or solids (gustatory).

One property that is important to overall repellent
effectiveness is surface activity, as many repellents
contain both polar and non-polar regions in their
structure. A second property is volatility. Repellents
form an unusual class of compounds where evaporation of
the active ingredient from the host’s skin surface, or
from an insect-repellent article, is 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
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D hydr onepet al actam i V-net hyl di hydronepetal act am and
t he conpounds descri bed by Fornula IV are all
w@ewpomwoss that nay be used for a nultiplicityP©f/US2005/047557
pur poses, such as use as an active in an effective
ampunt for the repellency of various insect or

s icd SHearat e aSeF B AR Hourfy feshrable
1epf(ﬁ]f V1) cﬁﬁmzsixltaimbn b f asha ﬁé;ﬁ%l:laéntt rjgatdsmml irﬁ%)cﬂ in
skin. For_exanpl e, thesg conpounds .nma plied in a
A A AT TR HY sl PLAR e g e pyie rdle for
evagaithmrionfia aifertal i fost dosoapr iosetttorthe
S8 ORAhe Of o Atk | NAM LG A5 WIS MW Hfough
pl'ant's or crops, to inpart 1nsect or arthropod
thepalrfary of @ cabeest aforayy ak dirdephrinkmi hede of
1dWstofMayefd S thch MR By fftfLde. of stmmdact ure that
is affected by |ns§%%s, 3uc as bulldlng§Fl furniture
CIREYHAT WS T &F IR %rﬁ%aﬁ%%@e%s ofhg econtain a
reqpfisi eter et oirieo iwiseh a aceel bhtte Haodsaur ces or

s dseel-aceeptabl e hablial s enellent OF Lepelient ;o
COTTIPOSI i on re% ers 0O a comnpoun or COWpOSI]{I n %a
redrivesl | s edts Wires tdiopoRioraa ¥ ospadrei supreded g
£ 0SS Q1 4 ramdinsect - sui 4 ablehardd £ wsq of ev@NUS ACt LT €.

Most known repellents are not active poisons at all

PHRREGEIFer prevent damage to humans, animals plants
and/ or articles of manufacture by making

insgft/arthropod food sources_or |iving conditions
: 349

unattt 115 Hi9 6t 18 ?R/aer?ceryfp?%akf? ?’%pel lent is a

insect/arthropod repellent active, the inherent
volatility is thus an important consideration. A variety
of strategies are available, however, when needed for the
purpose of attempting to increase persistence of the
active while not decreasing, and preferably increasing,
volatility. For example, the active can be formulated
with polymers and inert ingredients to increase
persistence on a surface to which applied or within an
article. The presence of inert ingredients in the
formulation, however, dilutes the active in the
formulation as applied, and the loss from undesirably
rapid evaporation must thus be balanced against the risk
of simply applying too little active to be effective.
Alternatively, the active ingredient may be contained in
microcapsules to control the rate 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,
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conpound or conposition that can be topically applied

to a host, or can be incorporated into an insect
wGeeweomosbl e article, to deter insects/arthroppdsUusT005047557

approaching or remaining in the nearby 3-dinmensional

space in which the host or article exists. In either
lrbs(sfélcft H\efF et Vo f IRFeed ket | EnteTSRRIIRESR t he

Sdﬁl&ﬁlrﬁdéﬁ t R opems avwWelid edhr DEhing rpejr@tcém (st htﬁhe
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usgd | der fexomphsecit deamage. a Faacp‘?elctmn&tmaeytmu n Atme

I:&rjgaocflcg'? &é&eggéffér% yéo?t‘héJtrgéJ oJ)f Sgllégé proteﬂq

atory) property ortant to overa
carmpelderithalf faes | veseerded Jsrurefzatz:kee%c@ i w5 - Raseminy

1deRal | et sy pant ad - b ha Pol @1 ARk NOR- IOOAﬁEef egbPsct N

their structure. A second property is volati
widp et it SRR AP Hh USRI LT Aske S cly %p%{%}gémr e
reEMENOITRT | e Céndd’;ﬁs@'&itté@ adflg:[\eedl enthé rpmddes hastt snues

skin surface rom an i nsec el artic
2§l oo o Tk oF enfles el el feed Sin
sypragsxitdmrbyfa tiew tmpmﬂl@mfbatt esomracthe @n@t@cm omnaf

rd e AId 'frl{ Jé@méﬂam%gﬁediéhe he £as€,Lfcdsd RiFaake up

i'nsect/arthropod repet]lent applied to the skin, hide,
thadd hawat Has e fappbicat Host , Beradpect RO 0

ad}‘;&ﬁé’EWé}iﬁy tder s epeld Bttd Sssk e, extiesd tOrmbl £hidhe are
concentraélon of the repellent in the
very resistant to perspiration (sweat- off) and water from

other sources.

One of the distinct advantages of
dihydronepetalactam, N-methyl dihydronepetalactam and the
compounds described by Formula IV is that they are all
characterized by a relative volatility that makes them
suitable for use to obtain a desirably high level of
concentration of active on, above and around a surface or
article, as described above. One or more of these
dihydronepetalactam compounds are typically used for such
purposes as an active in a composition in which the
compounds are admixed with a carrier suitable for wet or
dry application of the composition to any surface in the
form, for example, of a liquid, aerosol, gel, aerogel,
foam or powder (such as a sprayable powder or a dusting
powder). Suitable carriers include any one of a variety
of commercially available organic and inorganic liquid,
solid, or semi- solid carriers or carrier formulations
usable in formulating skin or insect repellent products.
When 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

- 17 -



10

15

20

25

30

35

air space directly above the surface where applied
issufficient to repel the insects/arthropods. A
wale®bnzoBe | evel of concentration of the repel P@€nUS1085/047557
obtained in the air space primarily from evaporati on,
but the rate of evaporation is affected by the rate
seglegerptatdien med it He1ow £33 Itth &R - arfkamples of

or@%ﬁﬁtdt’ Ziti:qQﬂd ra&ﬁr%g _mrrmagbl faed flchﬁiJi][cf l&iz‘leiﬂkﬁe%dif&ls ent
nost _al ways an undesirabl e node oss of repellen
hY%{I%atrl?é’%rﬁ‘eaé’er. BSTHidHr disiifer j"t‘?PoWeimsrto “rade
ddaamearanid g itthain e rarad rigppglilerronmtiat o which a

hyrd%%%alr%% Sh.as been incorporated, as a mni mum
concentration of repellent is required in the

t hree-di nensi onal air space surrounding the article

i tsel f taobiaidy tde gesdy ad duveln Rfr HARGtd Ohclde
selecting a substance for _use as an I nsect /[arthropod

oidgpamasitcest tiw & he K stindrddriey @ tatGaat vnd thfus an

diisrﬂifllrlta%{ltorﬁﬁfﬁix@ﬁﬁ&mﬁ rtyp‘és/aaﬂcﬁpta{eh@tdfat;@i ﬁﬁcffwﬁ cal
aval | a e wever , en ne e I e I pose

shhsmare 1R hendit TS Tl 0 B S 1

f raatt ideerle abi syl 1 lart or effe i ne ienor easitigsr \odtata leuny .

oiFl i%%eegﬁggee agcér{e\ﬁzedlg?w &%Jrclre@“t% eads VAg}lrﬁcultural

pol yners an I nert” 1ngredi'ents to 1 ncrease_ persistence

SRIRYa dhef alce G0 Bk P sl lisst 16rohi tach et i sray
oilRe RIesante R dmefiadingriadianichd nd hthd il atifiton
o?%\l\e%\/r%rl’eucrjrll la%f%lﬁihc aacrtel Vo(:"nllyn sFlhi%htly volatile). Such
oils are usually highly refined and may contain only
minute amounts of unsaturated compounds. Such oils,
moreover, are generally paraffin oils and accordingly can
be emulsified with water and an emulsifier, diluted to
lower concentrations, and used as sprays. Tall oils,
obtained from sulfate digestion of wood pulp, like the
paraffin oils, can similarly be used. Other organic
liquid carriers can include liquid terpene hydrocarbons
and terpene alcohols such as alpha-pinene, dipentene,

terpineol, and the like.

Other carriers include silicone, petrolatum,
lanolin, liquid hydrocarbons, agricultural spray oils,
paraffin oil, tall oils, liquid terpene hydrocarbons and
terpene alcohols, aliphatic and aromatic alcohols,
esters, aldehydes, ketones, mineral oil, higher alcohols,
finely divided organic and inorganic solid materials. In
addition to the above-mentioned liquid hydrocarbons, the
carrier can contain conventional emulsifying agents which
can be used for causing the 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,
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formul ation as applied, and the | oss from undesirably

rapi d evaporation nust thus be bal anced agai nst the
WO e@k/owo3si nply applying too little active to PET/US2005/047557

effective. Alternatively, the active ingredient may be
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oon e prote be used, for ‘exanple,
about a 20% concentration. An appllcatlon of repellent

cont ai s dwYedf i dNEECaPsRi €l £aPsyl eshibat es€ers,
ded | either a water-based |otion, or matgr for
= Kb

B ATHANCA T ROMPSEE 97 ¢ FRERIRESt Ha
o¢ma§fmmarhpsw&@3u@®@lrntcombemkunmm wetlpashagabdree -
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croscopi c cap sul e i nre aced
rel@fc:e\s%homigfhab%wl@@peweomgﬂ rem@a@t:% shehsgPn and

mi Sl L6651 1 tnd@ChiyRei NITEGHSTS - J@@n PsOCeSEy MBY1E8kKSE1) .
up.to 24 hours for one Ppllcat| Because a Prote|n
Additionally, conventiona calle "stabillzers"
(e.g. tert-butyl sulfinyl dimethyl dithiocarbonate) can
be used in conjunction with, or as a component of, the
carrier or carriers used in a composition as made

according to this invention.

Numerous clays having a layered structure with
interstices, and synthetic inorganic materials that
resemble such clays in respect of chemical composition,
crystallinity and layered morphology, are suitable for
use herein as carriers. Suitable clays having a layered
structure with interstices include smectite, kaolin,
muscovite, vermiculite, phlogopite, xanthophyllite, and
chrysotile, and mixtures thereof. Preferred are smectite
clays and kaolin clays. Smectite clays include
montmorillonite, beidellite, nontronite, saponite,
hectorite, sauconite, and others. Kaolin clays include
kaolinite, 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
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aBha P8 O e SRR | FHLH %@écegea&@}mp%icmﬁoﬁ@d@nye g.

surface in the for for exa [
dogs gsbth igktas et ‘FrYf‘tS]a‘hl?gf %%m%?wis‘&%ha%man flies
oB Pt Bylad) Garﬁtﬂ)v‘ﬁiﬁﬁa@éi) atcdwsélmge@@ewlewjth Sl ¢pdl Bent
carﬁ(grs |nc u e an one of j\:/ rhi)eté/oof corrmerm al |

Hle ¢ or 1AM 2° Ant Illn%ll%%ré | TQui ,tac? %19 the skin,
hixdami -haof dfmﬂarcpr efsatthecarof e$u¢1®rmmm| @nsalmsra@l ewlph

ad Oé{‘%l%é’éi\@ ér#é&h@rof NSELt r L EPE] 201 £ OF OAUGL 57 5 ey e

at1ng skin product or topical insect
mﬁfetr|%tartrlf-r%ocbr§¥%mr%8t%u@%me%¥ gnimal host.
dermatol ogi cal |l y acceptable carrier. For exanple the
' de water,_alco

pot 1 of at UTe 10 T TR B ey o SEUEF Sl L ¥t HePo Rt |k nin
repﬂll&mtOnmmmmentsonEkmn@l@@rﬁéce subject to attack by
insects (such as skin, hide, hair, fur, feathers or plant
or crop surface) may be accomplished by dispersing the
repellent into the air or dispersing the repellent as a
ligquid mist or incorporated into a powder or dust, and
this will permit the repellent to fall on the desired
host surfaces. It may also be desirable to formulate a
repellent by combining a dihydronepetalactam compound to
form a composition with a fugitive vehicle for
application in the form of a spray. Such a composition
may be an aerosol, sprayable liquid or sprayable powder
composition adapted to disperse the active compound into
the atmosphere by means of a compressed gas, or a
mechanical pump spray. Likewise, directly spreading of a
ligquid/semi-solid/solid repellent on the host in wet or
dry form (as a friable solid, for example) is an
effective method of contacting 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

- 20 -



10

15

20

25

30

35

organic liquid carriers include liquid aliphatic

hydr ocarbons (e.g. pentane, hexane, heptane, nonane,
waolemwaneo0and t heir anal ogs) and |iquid aromati CPCT/US2005/047557

hydr ocar bons . Exanples of other I'i qui d hydrocarbons

o2A1El e, olds Rladcad dy Lhg, di SILdd A il - Gaalc A0t
di%ét i3t var| ous types and grade
cqtmicnmdﬁemnmrn s&cm: Kigis€afc | natiaigl kero st gialsl e Hegr ayech

c?géﬂ%&xt&é aGld Oa[].tae isti{datdonof petrol eum

er petroleumoils include those eneraII referred
dltrafdar@mqtaﬂr%qﬁ%ne s FreiR ol 1 Pgeeyt %'al

bl!csl rgiutﬂncb r@cat Erﬁeatm?y%@c%@rmf 1 ,stwrgoﬁpdsﬂmh‘@ylene

ractions I.n e dlstl ation o etr e

SRRV nIl\{/SQ.%‘P%Yg]r‘i?t‘jr%/ta\‘/‘b]tJalteht 'e)nor@r]c Ois %r%eaé]uls,“&a )EP

5 ,hé -ghil hy dedf 4 Ined mncb a2 -comtkaxy et &, rrﬂlmfeyhmmmast@f

o IR AE CAPOUSo AR i RGOS, Bl -
paraftin oils and or can

dmhus]rrrmeetcawwumc& aiﬂdn%lirhié]mﬁasﬂffﬂe? %ﬂrmﬁrﬁfédlto

A6H§¥ 53”“§HE€K§IIﬁubufymiiﬁﬁﬂbﬁﬁbéﬁ%dW§l T?1|eﬁh}§w ,3-
obtalned fromsulfate digestjon of wood P Ke the
hesanad i 0i 3% MR SRR IR v IR RSP o g%nr c

pﬂéﬁymdydxﬂﬂéxﬂﬁblﬁﬂp4m&ﬂhuhﬁ43ﬁﬂHdhébrpﬁm@ normal -propyl

r o
{ lca‘%r OJESS Cacrrdnatmer pene al cohol' s such as

I'pentene, terpineol, and the |ike.
O her carriers include silicone, petrol atum

In addition to one or more of the active
compounds described herein, an insect repellent
composition may also include one or more essential oils
and/or active ingredients of essential oils. “Essential
oils” are defined as any class of volatile oils obtained
from plants possessing the odor and other characteristic
properties of the plant. Examples of useful essential
0ils include: almond bitter oil, anise oil, basil oil,
bay oil, caraway oil, cardamom oil, cedar oil, celery
0il, chamomile o0il, cinnamon oil, citronella oil, clove
0il, coriander oil, cumin oil, dill oil, eucalyptus oil,
fennel oil, ginger oil, grapefruit oil, lemon oil, lime
0il, mint oil, parsley oil, peppermint oil, pepper oil,
rose oil, spearmint oil (menthol), sweet orange oil,
thyme oil, turmeric oil, and oil of wintergreen.
Examples of active ingredients in essential oils are:
citronellal, methyl salicylate, ethyl salicylate, propyl

salicylate, citronellol, safrole, and limonene.

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
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 anolin, |iquid hydrocarbons, agricultural spray oils,

paraffin oil, tall oils, liquid terpene hydrocarbons
waneh®opene al cohol s, aliphatic and aronati ¢ BCTUSDI047557
esters, aldehydes, ketones, mneral oil, higher

alcohols finely divided or anlc and jnorganic soli
POREY eF PP sheadh, JelaP¥aHn 00 t HRIABBY e- HBREE OPRYTF G aegsr

aﬂitﬁl,dlr@fg:t]?érbonﬁut tzhv@t Cﬁpé}e@ C@m% CHAL Bk No £ ony@BLhacak )
enul Si I n nts | C can e use e
o L VS ST P e S e o TS fhe AR B G
bin i1g Nmﬁentéo(eegd MBEsapméesatcbnggérslIfbeher

m a#w%@oéér rierse Cax%‘aé@& A Coahé’{%”fflég' Yspgs SYLH as

ati1 ¢’ and ar omat s, esters eh des, and
£ Jkﬂe@%nareeml i pted | £l ePohgdribEe af Ebeel shorel Gbleefmet hyl ,

(I@éé}b{éuoﬁ@& B+ PAOPY] , ,wééavms@pyﬁg mwats b%y]i;

sec but and tert- g ? cohol s. g t abl e coholh
l_tﬁ%j gl%’élr%u% stieF*ass e ﬁyf’?'enléo‘éﬁ?.i %%%ijl gpgkroaches,

1gﬁ@mx&©aéMébp|M@©@lBlcéwjt&ﬁmeh@@éghgﬁdopgsabcoboys

nclude cer.ol r abi thrltol sorb t ol and
f% Ilﬁpﬁb%éna??ét?su1t%%?e cyc?lt TPe %bls %nc Eﬁ%h

WQ@wibmbntyl and cyclohexyl al cohol s. Conventi ona
aromatic and aliphatic esters, aldehydes and ketones
can be used as carriers, and occasionally are used in

contt MR ont HPT Wi heh ablovBMEHRE ofeel BEd obel ePst | #1
iddet rha Ut Tadé | £9 pmﬂnud@r r&haﬁayekynm@@nb@l hifigns)

-PRLLOLEUT, Produet s Sueh, as, mperal ool .20 DL 908 rea o
be insect- acceptable food sources or insect-acceptable
habitats. For example, humans and animals serve as food
gsource hosts for blood-feeding insects and arthropods
such as biting flies, chiggers, fleas, mosquitoes, ticks

and lice.

In another embodiment, a dihydronepetalactam
compound may be used as a fragrance compound or as an
active in a fragrance composition, and be applied in a
topical manner to human or animal skin or hair to impart
a pleasing fragrance, as in skin lotions and perfumes for

humans or pets.

Particularly because of the pleasant aroma
associated with the compounds hereof, a further
embodiment of this invention is one in which one or more
dihydronepetalactam 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
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Addi tionally, conventional or so-called "stabilizers"
(e.g. tert-butyl sulfinyl dinmethyl dithiocarbonate)
w@2m6hb®0ssed in conjunction with, or as a conmpRCENS$2003/047557
the carrier or carriers used in a conposition as nmade
according to this invention. Nunmerous clays having a

anch MNP IS 19Ut urfeeai tIr st | €%, SRV St Frane)
mai}{wgg,arﬂébfd&iaﬁ{ﬂéﬂ fsﬁir@god,em_ el&@ﬁbﬁs}s,_&)’éii‘ Nrinses,
respect of. chemcal conpositio crysta I nit an
arich Py AR Gy R ST bl & 6 or A1 FERS Pk
badr fdlenveer Swd@pbl e citey scdvawungd 6s ) ayaer edlf stowictelrkee
W i.nt ti ' i i n, ovite,
bl S R I MR S fn e e o
plEwsis idromand Anxtgass (terigoform@edterordsugle as is

prAmCidde Gl ke apd kaolddr Hd BYSeoSpECtite clays
include nmontnorillonite, beidellite, nontronite,
saponite, hectorite, sauconite, and others. Kaolin
clays i nd uterikasdoridirgy dgedkdtd eof naes ivede ardt poty tEf
an thers. Most.preferred is tnoridl onite.  Average
ot S GERARIE T o o o T A L b el
enbexl imeyite qfr apferd i gsvesit jeont opittiath conpopréarsmrior
£ A PREId o 4 AP 6 AN ATLAEOPOS: reatment
elow to [

I ncl ud XIClty, resistance to | oss by water
Eqnfdiidt oP oI Yot iRr Gt Y RTPEEdInG as
tHY eas@isadiin, ensei foniitdiCiadd oihtainthd apbbosition,
Sl{}.&}r :;Ea]%ﬁl'aotg‘fe?fqu’ a%ﬂ:%/%tgzcclkglr e§nesuorrf anggré‘l | mon the host's
dihydronepetalactam compounds, or a mixture of '
stereoisomers thereof. Such products, and the method
and process described above, illustrate the use of a
dihydronepetalactam compound as a fragrance compound or
perfume, or in a fragrance composition or formulation, or
in a topical treatment for skin, or in an article of
manufacture. In fabricating a composition of matter, for
example, the composition could be prepared as a sprayable
ligquid, an aerosol, a foam, a cream, an ointment, a gel,
a paste, a powder or a friable solid. The process of
fabrication in such case would thus include admixing an
active with suitable carriers or other inert ingredients
to facilitate delivery in the physical form as described,
such as liquid carriers that are readily sprayed; a
propellant for an aerosol or a foam; viscous carriers
for a cream, an ointment, a gel or a paste; or dry or

semi-solid carriers for a powder or a friable solid.

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
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In order to obtain these properties, the fornulation
for a topical repellent or repellant article should

w@ert20ani mal s i nfested with insects and/ or ap¢hUsSOREGI7557

(e.g. dogs with fleas, poultry with lice, cows with
horn flies or ticks, and hurrans% to be treated with a
SUREFTHEA | | HRITRI HRPES cRFHRST t F P Rkr Bof jhpypersonal

cHent aedbser§ he @:Kérﬁ\;flé%d@f tﬂ@éée ilhlél@cﬂefﬂ@ﬁ@:ﬁéﬁd@é
such hunan or ani ive anpunt.of th

SYEHET FEm Y ot 9T |?‘H§bf% mee%?e%‘iﬁarm%fﬁbrasf r om
t drived iy neegne 1ot s anp haaht rmsttracfme ap@hmflmn@tfoayl agents,

afi § 861 Y&, U,Engc%f’éa eglly_l, c?é%?é't +00: 00: &,
surface subj ec 0 a tac such as s
amh@-hm@i}f fagids eaé!lh'elr%eml@ﬁi an@nmbb@@bc%ur f ace)

ad®Byb e KECOMPAGShed, byn @] SPSE ShGed he £&PLARNs SR as
the air or dispersing the repellent as a liquid m st

thickerr porRitBe T D 20 Wler el st 29t Ris will

pzﬁ@gé&\taﬁmeg ep@éif&fﬂigt@gér&ié ot bl dest & pdshoSictants,
faces. It. may al so be desyable to forrrul ate.a

erPo e eht %?/1%]6 n?%egn S di %?onee)f) t af AT Am co?rpound
pemetfmtmcw composteron whnd wmitugres vef vay cteofor more
%fatl on in the formof a spray. Such a conposition

e an aerosol, sprayable liquid or sprayable

povvder conposition adapted to disperse the active

conpound irmta) e 18d FOSRNSd Bndye NBANShDE BneonPiessed
dg%?%ra e]%e 4 C%g{]érgacorﬁ)pgqlpngpr aylnclz'o#gc\al\gfasteéd dirrlt?Ct | 1){
article to produce an insect/arthropod repellent effect.
Articles contemplated to fall within this embodiment
include manufactured goods, including textile goods such
as clothing, outdoor or military equipment as mosquito
netting, natural products such as lumber, or the leaves

of insect vulnerable plants.

In another embodiment of this invention, a
dihydronepetalactam compound is incorporated into an
article to produce a fragrance pleasing to humans, or a
nepetalactam compound is applied to the surface of an
object to impart an odor thereto. The particular manner
of application will depend upon the surface in question
and the concentration required to impart the necessary
intensity of odor. Articles contemplated to fall within
these embodiments include manufactured goods, including
textile goods, air fresheners, candles, various scented
articles, fibers, sheets, paper, paint, ink, clay, wood,
furniture (e.g. for patios and decks), carpets, sanitary

goods, plastics, polymers, and the like.

A dihydronepetalactam compound may be admixed in a

composition with other components, such as a carrier, in
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liquid/ sem-solid/solid repellent on the host in wet
or dry form(as a friable solid, for exanple) is an
webdoentiose nmet hod of contacting the surface of pahES1n03047557
with an effective anount of the repellent. Further, it
may al so be desirable to conbine one or nore of the
ary AN dridtunes ekttt berl Fer eisedf t Frome ReThbrelar
pidiede c:m@vtrwés Mhméc?ch}w&&w:ré;@flfeiéfmyf'mgﬁance
conposition to achi eve synerqgi sticeffect as may
o AU 196 SURTF ' Cobi MRS GHTOH (3b) o' HFots
cdamawmnd arontsaedd rapa | enmyosonbomall Bl fgensuehly not

sg 1.ncl uds t | i .
S e A L e B e e i ey, of cne
finegl predbtts, (hutgter- egrgater rahgdnio? undyirke utilized
1 PP W OXYPAY yggésvpjyé%rgé yeoha MhPytyhaeet and lhske, 1 11 PBhg .
-butyl -6, 6-dimethyl - 5,6-di hydro-|I _
Monge RAffRcaRBar xS Et a1 91 HIRYRE aof pHtte, campRieyf will
bééf&&ﬁle?dsﬁ: %OJI?TGWOI%JL%yW%W@Il@& r@tcﬁ,pféfégkablga al‘tbout
ef -neta-to g de, dinethyl carbate, dinget
O AR PPy Y pR TS S Spha et LY.
fetrinydbout, 30 . ek anedilodyt di 0hoveredht ppopyent, based on
' i t : phenyl I :
o R N S T e M
Srh @t hiyt strpeaHat@s Thl adifReeh ¢ e brtemied ofSehe
active conpounds described herein, an insect repellent
conposition may also.include one or,nore essentj al
o1 and SR T et S ot SLLRH TS ket am
ardssemisdlosed in US 2003/062,357; US 2003/079,786;
and US 2003/191,047, each of which is incorporated in its

entirety as a part hereof.
The present invention is further described in,

but not iimited by, the following specific embodiments.

EXAMPLES
GENERAL PROCEDURES

All reactions and manipulations related to the
synthesis of the control and test repellents were carried
out in a standard laboratory fume hood in standard
laboratory glassware. Nepetalactone (II), consisting
mainly of the cis, trans-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
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oils" are defined as any class of volatile oils

obt ai ned from pl ants possessi ng the odor and ot her
w@bmsatieri stic properties of the plant. Exanpp@susfoos/o47557

useful essential oils include: alnond bitter oil,

anise oil, basil oil, bay oil, caraway oil, cardanom
Lafiqratgar 19, EHXKLWH Nohanothe el aF Fam pFRmdons
weQ:fél ,pwmtﬂﬁte:kbﬁ étblumrclcgﬁaarﬁaltﬁogflea@sm}ar&ersmica Cdyi N

oi oi s oi en
b AR 39 i T O EREle
pmductp:epmarem ditamdt;emmmjarbpleR rm@ctmwscsgmear MTVIR
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ot | ergreen. anp es o

LY ngrasdiMeta 3iCh/ e%l@éfﬂﬁ Bl HFEP i tBJohJeﬂﬂFJa(Fa M hy |
usSitld Q@ Era i Vdo SAAGY | € i P PHtod atdiyt Adfe Tsotope
citronel]lol, safrole, and |inonene. The insects and
Lahqa oS ¢ i malPisto e Md- by the conpounds

and/ or conpositions of this i nvention may include any
menber.,.of a |ar echfltr1 j verteb&gg& ani rrsalgo11 WS -
char ac]{}'éer =T drlﬁv\fla € (non- adul t° i ndec
“ndi"atresan s ohiuldet 1 idreral snd pupa)mdnnsdlmcsrmmﬁr,t he&dyody
mddH:0 dieaflis) Nonggn lichd bmmrmre\ep@ﬁ* e s | 68%nds

of ten (but not al ways) two pairs of nenbranous
p%‘ rfgﬁla%@%fu‘mﬂt e aHe e br gy mPitfes INR i BRINDS
nid td WY el o (dbnaids, Pees meehisggRigedd erntigrade,

t bi.t | bl ack
T O A eI aE ST horn Tl ee.

Synthesis of tris(4-chlorophenyl)bismuthane (a triaryl

bismuthane used for Reaction VI):

To a solution of 100 mL of 1M 4-chlorophenyl
magnesium bromide in diethyl ether cooled in an ice bath
under nitrogen was added dropwise a solution of 10.51 g
bismuth trichloride in 50 mL of tetrahydrofuran so as to
maintain the temperature below 5°C. The reaction was
allowed to warm to room temperature and was stirred for
an additional 1 hr. A solution of 50 mL of saturated
aqueous ammonium chloride was added at 5°C to guench the
reaction. The solid from the reaction was removed by
filtration and extracted with 200 mL of diethyl ether.
The combined filtrate was washed with 100 mL of saturated
aqueous ammonium chloride. The ammonium chloride solution
was extracted with 200 mL of diethyl ether, and the
combined ether solution was washed two times with 75 mL
of saturated aqueous ammonium chloride. The ether
solution 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
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(haematobia irritans) ], wood-boring insects (e.g.
termtes), noxious insects (e.g. houseflies,

weomknmashes, |ice, roaches, wood lice), and hepusekmhE047557

pests (e. g flour and bean beetles dust nites, nDths,

verfi \Y; host . from whi 4

Y%ﬁs "i’e%ofjod Eﬁgléjéngﬂ n%é’& i ncl%defg%y prm
arzanl yal s (ehct el pgoduntangy s aécb:eet%delby vihskctiat Of
tr'ri’@t&aéﬂli’or%?ﬁ%ﬁ?%f‘f& nshgdgred to be

I'nsect-acce food sources or insect-acceptable

habi tats. For exanple, humans and animals serve as
sk S04 €81 D051 5rdREp Rt RPdy f eadifgahasest Sraagy1

artnropoos such_as Dltln fTies, chiggers, fleas,
DIy R suSed okl £R )not her embodi ment, a

di hydrme@&é@l@m@m @f)momnrdLmag/ bebisedplasnpl magnesium

fragrance d a e apge
oA PO by (B PR o e p L eRe g o o
lh@f@nbmm@mmadanekando‘i iy o6 hapaesiump| eaglag in an
léé L AN Cenadp ﬂlﬂfﬁ&fen' PhL Oé‘édé@ddPSLB\fJPg@Saf 961 hHIBASE

pets. Particu because of P easant aronm
2 %s@o%l i T t Bt ‘H}el‘é%h%% uh]asl%%rré%f oI gtehFpRyfroturan
oesbodi KENtm@int HisihgVeERE | BBmpSreberé Nbahbeh7Tme orhe
nor e. di h\%;dronffet al.act am conpounds a & f or nul at ed |nto
T CohpdstEF ont Y Use® a2 B pf BdfieP™t hafPT &= b F ectad ¥8°

stirred for an additional 1 hr A solution of 60 mL of

saturated aqueous ammonium chloride was added at 5°C to
quench the reaction. The solid from the reaction was
removed by filtration and extracted with 150 mL of
diethyl ether. The agueous layer was extracted three
times with 100 mL of diethyl ether. The combined ether
solution was washed with 150 mL of saturated aqueous
ammonium chloride and 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 (700 mL) were combined and
concentrated in vacuo to give the tris(4-
bromophenyl)bismuthane as a yellow solid (17.5 g, 35%
yield, m.p. 112°C). NMR analysis of the product was
consistent with that of tris(4-bromophenyl)bismuthane..

The procedures described in Examples 1 throughl5 were
used to synthesize the compounds shown in Table 1, where
structure number refers to the dihydronepetalactam

derivative substituted with the indicated R-group.
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ot her fundanmental purposes. The fragrance and/ or
i nsect repellency of these products wll be enhanced
whyosheopr esence therein of an active conpoundP@r/US2005/047557
conmposition of this invention. Such products include
wi thout limtation col ognes, |otions, sprays, creans,
gels, ointnents, bathand shower gels, foam products
(e.g. shaving foans), nakeup, deodorants, shanpoo,
hair | acquers/hair rinses, and personal soap
conpositions (e.g. hand soaps and bat h/ shower soaps)
The conpound (s) nmay of course be incorporated into
SUCh REAANELS. SNG4 IR la bl AR AL Y B Y
means of 1ncorporation such as 1S practiced in the art
is satisfactory. A correspondi ng aspect of the w de
variety of products gi scussed aboMe-tsra huhbder
al ternative enbodiment of this Tnvention,” WiciTis a
process for fabricatifhg a conposition gt matter, a
topical treatnent &@thgkin, or an artigwiae of
manuf acture, by proyidi.ng as the conpqsition, or
i ncor porating intoe¥ﬁglconposition, S ?% treatment or
article, one or mtprdphydronepet al acfq¥m conpounds, or
a mxture of sterepghsquers thereof. Sygly products, and
t he nmet hod and process “descri bed above, 1llustrate the
use of a di hydr onepReRat¥tt am conmpoundi¥€ a fragrance
conpound or perfupenedylin a fragrancevegonposition or
formul ation, or in ac%p i cal treatnen&vgor skin, or in

an article of n-o
i-propyl IVh
allyl IVi
propargyl IVj
phenyl VIIa
p-chlorophenyl VIIb
p-bromophenyl VIIc
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manufacture. In fabricating a conposition of matter,
for exanple, the conposition could be prepared as a
wepioayzdoBE | i quid, an aerosol, a foam a creanPCEIS2005/047557
ointnment, a gel, a paste, a powder or a friable solid.
The process of fabricatignaMprsuch case woul d t hus
i ncl ude adm xing an active with suitable carriers or
other inert ingredients to facilitate delivery in the
physi cal form as described: sy as liquid carriers
that are readily sprayed; g~propglyl ant for an aeroso
or a foam viscous carrier cream an oi ntnent,
a gel or a paste; or dry or seni-solid carriers for a
powder or a friable solid. At nposi tion contai ning
one or nore of the Hesardbedr pact i ve conpounds
prepared as an insect/arthropod repellent, fragrance
priddutt’ S sk 4 ear et ot ‘C?er}@r' et son's - herd st -
may al so cont ai syelspent a¢eapoutiealhyone cosnetical ly
active adjuvants orsuppl enental ingredients as are
typical in the personal care industry. Exanples of
t hese i ncNedethlagteindess purperednimgmagent $rans-

. 3 Vit ani ing. ager ¢
AT e Cant fo P ol Aabors apent SRl gRURILE LT, et
aladil €4Pratavenli Aiglagehes, rractaeRdyesarphalRPdBoRy
cdgl @sangnhepeRl heSonant hbbobi &S, o@ntiibatbebnaknagent s,
agntlhls mi adpuvant s .such_as_t hjckeners,

nes: .
gPeelt ﬁgiﬁfé?nchSPﬁFFﬂgSEQEHFQQ PEseldgt Fgaded with

agerébagrageagslasbabi | Ther sessuelf aataptacuated 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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enol i ents, coloring agents, al oe vera, waxes, and
penetration enhancers; and m xtures of any two or nore

wo b@msewfo3z | n a further enmbodi nent of this i nveet/USI0p5/@47557

di hydr onepet al act am conpound is incorporated into an
article to produce an insect/arthropod repellent
effect. Articles contenplated to fall within this
enbodi nent i ncl ude manuEXBMBEEBJZ goods, i ncl udi ng
textile goods such as clothing, outdoor or mlitary
equi pnent as nosquito net;iﬂgD nat ural products such
as lunber, or the | eaves af :jnasect vul nerabl e plants.
I n anot her enbodi nent of ijhvention, a
di hydr onepet al act am conpowud i ncorporated into an
article to produce a fragrahck pleasing to humans, or
a nepetal actam conpoynd is applied t he surface of
an object to ianSBY§ﬁ°888Ft$ﬁ%FE?%.?¥Le particul ar
manner O4SappRjtat 7eR) wk| 7 -dependylponahhidreditHace in
question and t t [ T eqUir o inpart the
necessary integgfﬁgﬂ%$ﬂg%gﬁﬁgﬁffﬁ%fééQgg%tenplated to
fall within these enbodi nents include manufact ured
goods, i ng| uding t@Xtdtes HoRdSre Rt i I BENOHNET S10 g of
candl es, various scented q;tiﬁges, fibers, shggts N
DRI AGTATLE 4k el oy O Tiodt P hi YR8 6 {2 00 1310

0 (2ft imfarkk RBAEHCOTar pls, vaRift ards girrksd prhst i s,
plpeoslglunreer Sr‘egaurh.dattohre alﬂé(ethen evacuated under vacuum and

filled with hydrogen seven times. The vessel was then

charged to a pressure of 103.4 kPa with hydrogen and was
stirred under constant pressure of hydrogen at room
temperature for three days. The vessel was vented and
purged with nitrogen. The mixture was then filtered
through a bed of celite, rinsing with 50 mL additional
ethanol. Removal of the solvent from the filtrate
yielded 10.24 g of dihydronepetalactam as a clear oil
that solidified on standing to a low melting solid. NMR
analysis of the product obtained was consistent with the
dihydronepetalactam structure depicted in structural

representation V.

EXAMPLE 3

N-methyl-dihydronepetalactam IVa
(45,4aR,7S8,7aR) -2,4,7-trimethyloctahydro-1H-

cyclopenta[c]lpyridin-1-one
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A di hydr onepet al act am conpound may be adm xed in a
conposition wth other conponents, such as a carrier,
wo pn/ozmoeunt that is effective for usage for aPCT/US2005/047557
particul ar purpose, such as an insect /arthropod
repellant, fragrance or other skin treatment. The
amount oflT e G iWe XBHHURRE (ki Fn & 0 g of
dlq@imwh 'épéﬁalvaddamﬁemrlailyo rh]gn cﬁi((,'l&&df vaiml uil;j&l%cb)ﬁ/vith
t base t he 0 e final ct,.
& Gl S Pe HRIATSRNT e, and
0.@plg et |trms:alamy1tatmrmora:rmmrHror&dmtatl impdm ngempdorat ure
ef Ao f r(pémg I
W1pcrh Isgcgst a %E%%hi/&by vvelgggyhsf) at%gee Sccg']f era ﬁ“}’/g\ééblt)er?&ved
£ rsvnopkémprqao:tazmwrsim b@ﬁdmaghtpr%ﬁﬁyrrﬁ)f e Yateder 61 ynl)
wad QAR Ho Qr%l%eésqllacbﬁ&g &/yd@ HHa Rt etuedidsed on

the total weight of_ the total c%rgeoosmlon or article

mlsﬁé&ef |V%?%cﬁ?ﬁd%%qqe&n§”%}} 123 SH PHET RRrRRRE e
tididier i adsninifinads gy s it hl}éifeld’!}':‘p/&ixéd adt o adee8S
arg%%%;osed [ US 2%%§/062 3 7 US %903/079 786 and US

/ AT e dt S |s [ ncorpora"fed i |\fs
urglsty restdu sl a»msumaermfymﬂﬂe tdreedémetinwlent i on i s

r [ t by o
dl}gfé | owm r&&gspledccf}%ﬁ: Irevr?b(%jgl rfag%{eslldu &dl O éé}%—?A‘_&

modr%twao%@&?ﬂeﬁ%.%m%% related to
cHﬂ&na@:}ﬁ’gﬂ”ﬁﬁiﬁ o dine eorgdoleland iesii diepadiyent s were

rri . .
aég%atéykexanes. NMR analysis of the product obtained
was consistent with the N-methyl-dihydronepetalactam

structure depicted in structural representation IVa.

EXAMPLE 4

N-ethyl-dihydronepetalactam (IVb)
(45,4aR,75,7aR) -2-ethyl-4,7-dimethyloctahydro-1H-

cyclopenta[c]lpyridin-1-one

An oven-dried, 250 mlL three-necked round-
bottomed flask was cooled to room temperature under a
gstream of nitrogen; a solution of 1.68 g of
dihydronepetalactam (V) in 30 mL of dry THF was added via
pipette and cooled with ice bath to 0 °C. 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 while stirring at

0°C, resulting in gas evolution. After the addition was
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out in a standard | aboratory fume hood in standard
| aboratory gl assware. Nepetal actone (I1), consisting

woreooaly208f the cis, trans- stereoisoner , was POL/ESIWEE047557

by steamdistillation of commercially-avail able catnip
oil_from Nepeta cataria, obtained from Ber %
COEP RN cTRE REFCLIRN | MIRPRERANYRS s&F +5X SRdL8F gafi ¢

mﬁ@t{tﬁ@@l Ztn%dwﬁéuvh‘%ﬁtlexpeptmpno@{/@m@dﬁhnmé dhi, thene

al ne rom ept St es

A TR gErTS et ¢ rtthe: EBRBRER nor BT GLESRREHORr 877
t 18 g ea ¥held | tod fwmm1temp¢ﬂmtwn@ké@r ¥¢ ) mandt @sednds
qﬁgr?@ﬁé@d%fﬁeefg@ 1o gf HESo fiogelw Lh‘?@roo{é%

paper cro Essential Laboratory,
sqivgtiomhef | sedibwm phbdutf stewer eTlp@rmﬂc'é‘elr%yweél @ﬁﬁracted

wLhH Oi@trﬁlgrélphi’l&'ﬂléf&m&@q&% tyﬁfé@ @mag and the
acet at e/ hexanes as the_el| uant; é fied products
d?@gﬁ

CHBP NIRRT R §F P B NEES pekeF TORRRSSPEET T a
sief £ ©bt apaashyHN @fEkMéE£oI¥§h@ON@®@E &0 cMizptéksure

Bruke oS ca
A et it Stk °2h 4 vElPew Gl kb £an DA
pushf ope habor e i elsrommogz(mm;v@m SMA)caTgel neémtngg
wdin a@@ﬁf{'@éé@é‘ée)dﬁ&@aﬁés as pQH PVsa ﬁSP&duE@a% 75 g,

mII|I| means mcroliter, "g" neans

3% antedd %%an%ﬁii | R AR ‘"T‘ly%%m‘gaﬁoﬁﬂ’a%l%%?nt
wiswame IMCé‘ith mlmmﬁ@nmtamcwhnétrucblhfﬁerena@pscted
| ear c_resonance, "C' means degrees

l?xﬁﬁ?fﬁ%w% eﬁﬁpr?ﬁﬁptﬂ%h%% Y¥nosi ne triphosphat e.

EXAMPLE 5

N-propyl-dihydronepetalactam (IVc)
(45,4aR,75,7aR) -2-n-propyl-4,7-dimethyloctahydro-1H-
cyclopenta(clpyridin-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 1.12 g of
dihydronepetalactam (V) in 30 mL of dry THF was added via
pipette and cooled with ice bath to 0 °C. 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 while 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
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Synthesis of tris (4-chlorophenyl) bisnuthane (a
triaryl bisnuthane used for Reaction VI) : To a
waedoan7oer of 100 nmL of | M 4-chl orophenyl magneBCTIIS2005/047557
brom de in diethyl ether cooled in an ice bath under

ni trogen was added dropwi se a solution of 10.51
%’fﬁé HQ ritehl Gt & F nf %0 I Hinwters ahyﬁ?%f{ﬁ%?]tjs%n gas

tﬁeﬁ e fiieed e d h@dr\erﬁ@ﬁ;&tw@ﬂel o 50 rﬂ_h&ltf@éiCémd)ndV\/aS
a we to rm ..roomt tur S stirre
afEicHEE 2 T A A G BT Ui GE o EY Rgroté
scelattuirat enlf asgudious k@it Lre chl'me el xiasr & daesl @ttﬁ@tt@d

wienah Jﬁlbyo eﬁ%ﬂ Do da%rgé M%@nﬂm@ rgfgzgtwg

renove I'on an xtracted wt

cfilsingd @tdanticsTHee o rrd IVex r%nlév@mu%%%wm th

suill%d‘@— OfRéﬁ"é\kHlat&ﬂ A CQUS, SO 4R ChL DEd &8 p s ure
amoni um chl ori de sol uti on was extracted w th 200 mL

aldiorfed Hilte imde RERAYHe 20 rbi ¥Rl At Het ! sotit TR nvadis
puaishiest twphclwmd vwr}rﬂ;]brr?&td;grafﬁh}lsactmr@ihﬂbagg@m@uting
; .U C ri.ae e etner..so 1 oNn_ Wa Il ver
wzgtnrg:;eg:rh&ﬁs rraég;tnaetsel /uhrﬁ KtlFate %%%%e%?og t |ﬂ 4\3ac
610 wiseddd)a vasideosolnet], vmcth\w%sal@dym edaw ¢Pnsistent
wﬁrﬁ‘ye{}f’é l@oﬁﬁdﬁﬂs ﬁhm aﬁnl%ﬂ@b?lacgm é'@f‘@é 'Leuleé(tcﬁé'?féted

(400 L) wer e ‘conbi ned concentrated i n vacuo
1@%‘%?@41@4 SERRERIFrHpHINYIYC bi snut hane as ayel | ow

solid (13.94 g, 62%yield, mp. 1000C ) . NWR

anal ysis of the product was consistent with that of

tris (4-chlorophenyl) bisnuthane .
EXAMPLE 6

N-butyl-dihydronepetalactam (IVd)
(45,4aR,78,7aR) -2-n-butyl-4, 7-dimethyloctahydro-1H-

cyclopenta[clpyridin-1l-one

An oven-dried, 250 mL three-necked round-
bottomed flask was cooled to room temperature under a
gstream of nitrogen; a solution of 1.12 g of
dihydronepetalactam (V) in 30 mL of dry THF was added via
pipette and cooled in an ice bath to 0°C. 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 while stirring at
0°C resulting in gas evolution. After the addition was
complete, the reaction mixture 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
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Synthesis tris (4 -bronophenyl) bisnmuthane (a triaryl

bi smut hane used for Reaction VI) : To a solution of
W@2®ent208f 4- br onophenyl magnesi um brom de i n BECBUB0DS/047557

ether (prepared by reacting 54.9 g of 1

4- di br omobenzene and 5.63 g of magnesiun) cooled in
EQEITe HRFREAEFE nf Q¥ o’g%nﬂwast%o%do%%w%%daby the

acf@ltﬂhtcbro(rjbp]tz, @3md Gf b intﬁ% ha.drié S Os»;dﬂi@tidan 120 $dd Diim
e ro an over r i nt ng. the.fte er ture
IR S Mo s A TOIGHES QT b oF

dicﬂrmpmcaﬁemmmdthme stimeedaddrtize @aztdbime)@ad)rgamcs A

R R e A S B AR T om0 <he

s&lorenr ftrraiﬁlt Heeduerd | DFE SRS ¢ enblaldiesy Weﬁt@@#d%np’é@@uct
a$Xd ractrd, b ih Jiolcmiyof siefhyda eb e&@liﬂhﬁ agueous

| ayer was extracted three times with 100 nlL of diethyl
C%?%togﬁ@%lér%fﬂ n%’dlje%e‘?ejsoﬂ}ftﬁd?ﬁv%%t%%m with 150
adat Ofe Aadxaed ©d POHEDOLIS] ap@nickn ¢hl &9 ige ansl yiidaBdi was
over a hydr n |um sulfate and concentrat
]?/aaclu%e ‘0 glcé/)g\ﬁg\ﬁ?a%? S0T i 0> WHT ¢ s e extract e}(lzlevmth
buewlerd hypbrenemst ofadiodm heteanet ure déel dlexdnenext ract s
€A% (L1 WeLS Conbi hedhandygoncent rated in vacuo to
give the tri's (4- bronophenyl) bisnuthane as a yel |l ow
solid (17.5 g , 35%yield, mp. 112 0C) . NWR
anal ysis of the product was consistent with that of

tris (4 -bronophenyl) bEMEEEn‘? .

N-pentyl-dihydronepetalactam (IVe)
(45,4aR,78,7aR) -2-n-pentyl-4,7-dimethyloctahydro-1H-

cyclopenta{c]lpyridin-1l-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
(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
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The procedures described in Exanples 1 throughl5 were
used to synthesize the conpounds shown in Table 1 ,
wob@ee798T uct ure nunber refers to the PCT/US2005/047557
di hydr onepet al act am derivati ve substituted with the
indicated R-group. Table 1 . N -substituted
MRHYRF onePed aFRCE kP MsWas rikeur e b er© HFRCRet hyl | Va

t@ﬁ%%a%d&féwpfoﬁwfyﬁriz:lﬁ/@eg-m yd;TéM\a/hhéu Imlsﬁt leffl Medition

- nex n- ocC I -pro . a L .

o B2t 13, S e A s s SO SR A i) Sty pgbivm

b sl hitopherFhe thi cfXAMRLEs lodNepetaddcyann (30 )m{4as, |S
1 -4, 7-di | -2 4 7 . :

A RS pdnd |t et (e s (romgingd orsanics

weNesp ed 1 &t t ane MakO hr epdl e bi@ﬂf%its@- t rienseepbt af ackhone

sGLEH i KHd 0 g iBE hore ofy EL sens Aty €he 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 of the purified product was

consistent with N-pentyl-nepetalactam.

In a 250 mL pressure reaction vessel, 2.4 g of
N-pentyl-nepetalactam in 100 mL of 95% ethanol was
treated with 0.70 g of 2% Pd/SrCO3. The vessel was
sealed with a pressure regulator and then evacuated under
vacuum and filled with hydrogen three times. The vessel
was then charged to a pressure 0£103.4 kPa with hydrogen
and was stirred under constant pressure of hydrogen at
room temperature overnight. The vessel was vented and
purged with nitrogen. The mixture was then filtered
through a bed of celite, rinsing with 50 mL additional
ethanol. Removal of the solvent under reduced pressure
afforded the crude product as a yellow oil which was
purified by column chromatography on silica gel eluting
with ethyl acetate/hexanes. Purified product (1.5 g, 62%
yield) was obtained, and NMR analysis was consistent with
the N-pentyl-dihydronepetalactam structure depicted in

structural representation IVe.
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al . (supra) . Ina 1l liter reaction vessel, 100 g of
cis, trans-neptal actone in 250 nL of dichl oronethane,

wabmng7at h a Teflon(r) -coated stirring bar, BEBUS2005/047557

sealed with a pressure regul ator. The vessel was
evacuat ed under vacuum and filled wi th gaseous ammoni a
three tinmes and then charged with ammonia to 103.4 kPa
The sol ution was stirggdmendes constant pressure of
ammoni a at room tenperafure for three days. The vesse
was vented and purged wth nitrogen. The sol ution was
transferred to a 500tk d flask and the
sol vent was renoved reduced pressure to yield a
thick yellow syrup (109: g ) . The crude
nepet al actam was purifflel by vacuumdistillation to a

pal e vel | owychyzlal hmmebgg cRegE¥akalizgtion of
the solid from héxanes 8 pure nepet al act am
(8946048R, 7689685 ePdy- wswlaﬁ 8b§éméaﬂ«pcta§xdgeclff-

(literature MP 505 ntG ol gAMRLE 2
Di hydr onepet al act am% (4CS AaR 1 Isolnel aR) -4

, 7- di met hyl oct ahydro-| Hcycl openta [c] pyridin-1-one In
a 100 i Xt essent-edr Batt | 250 wals sethrd- ge cftedepatadlact am

b} G0 diLc P195% £t hianol 4 ves Logat ettt i 0: 25, 8a0 2%

e vess was sealed wt a pressure
stregaM sdfornirerIsien veelial ken Wited - ¥acuupt apePetalagtam

(M DYdF QRN SeV@Ry tiieSyad NBaNessed vas thesk 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 golid 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% 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 (5.46 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 (3.2 g, 46% yield). NMR analysis
of the purified product was consistent with N-hexyl-

nepetalactam.
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charged to a pressure of 103.4 kPa with hydrogen and
was stirred under constant pressure of hydrogen at
wo oortesper ature for three days. The vessel WaST/us00&a7557
and purged with nitrogen The m xture was then
filtered throu abed of celite, rinsing with 50 nL
addi ti onal™ et ML BB gfed Hel ¥l VRt Y r o & He ©f
Nfﬂéﬁfla-trﬁep/étﬁil@ﬁﬂ:ah@ 24 WO i dbhyshs Dnefieiad o BBe &t ed

wfékFI A g té‘@t%ﬁ%dﬁéxf/ on standingt q,2s | Qv Tk t Ngh

anal ysis of t product obtai ned was
a qorssssimntragulnatdie aidyidianepat@latotdmsdenctaream and

LA TR S dEN gt oLig Veao B g
chezrgezri mtaummmt@ﬁwwab 4 HeBre | wildhtaydeggen and was

sdojyxrféa NN dh gt 0 gited Qi o@%;} ﬁI@@kroémO g
of di hydronepetal actam |V in 30 ni_ eat ed

S
EQFRIF LWL PR et hdife, Ve EH g}”%? WOt %@ purged
w1rmdrrowﬂﬁgeand Ortde %ngtﬁfré eﬁa:@bﬂ't?ﬁh ammtmh e btrlomw@krl] ad
0] rature W t Stinr Al r_tnr e
ég #en(ienj%as r Vet S r'Ghy hée&?“é%c G|tkglnt lucﬁn (ﬁlj%o%
Regmesslural e eso\&Enmiyndws aitieced @Iwmmmﬁcmded
tl{ee%lg.\%f‘e gﬂﬁdo&r@c aIepUn, T 5 US£1 Waish £4 s eﬁhmweg%y

ronet hane hr ee tines. The conbined

COrYHhi YA QI TRRYY BT ¥ bived Qﬁﬂny%ﬂf‘b@sn%d’d%% ethyl
acdd anthdde smlveMtedgsrsdmmveth .35 g, 89% yield)

was obtained, and NMR analysis was consistent with the N-
hexy-dihydronepetalactam structure depicted in structural

representation IVf.

N-octyl-dihydronepetalactam (IVg)
(45,4aR,7S8,7aR) -2-n-octyl-4,7-dimethyloctahydro-1H-
cyclopentalclpyridin-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
(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
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under reduced pressure to yield the

j V-met hyl di hydronepetal actam|Va as a yellow oil, 0.69
W@ 240689097 el d) . The product was purified by cBCT/IIB2005/047557

chromat ography on silica gel eluting with ethyl

acet at e/ hexanes . NMWR anal ysis of the product obtained
whide Sk mat addas the et BAT IR droeifetEi &t 1R
s&ﬂdtd@rﬂrﬁtdﬁm&iﬁdlﬂgl & rorat urdd sulepies eit ajdon | Va.
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mxﬁxmamdwlmtxamcﬁrﬁpﬁ Hoy ctioperdss, [twjeayed diith -2 viln

%Qi'o%c{teag’l% 230 %%Mﬁ%&&%% sgyﬂdba% [Ede . ank
vvas coo 0O room tenper ature under a streamo
mimutiesgen; The swtantinm ofas). Beery Wirehhyd? orepet al act am

tdmfeddt 3 rﬁo@fzdﬂwlnm%mcﬁdﬂ%ah@d Rbyp ecme,e aadwltlon
cooled with ice bath to 0 0C . p%{'ately,

of36% ﬁ&é@%.%%&%@% st et t 36 Eite.

Thmshe&umd Rvad) artt ofcdwxanash t3v el tcbmldlolcsmnm/tﬁqatrhe
m ner.al oil nienresultln V\,hlte SO|Id Was,

thrr%ﬁ Itlp“b aonnds > tHe react i ore S0 Ut i On mhlﬁlee(:gt?%erl ng

argty QOUS ,sadEsuh tSngaWEga§%WQﬁl®ﬁ tha tsplednt under
r&ﬂ{?ﬂetd %é’%ﬁ%@@ﬂ&ndéd‘%ﬂ@%dé@ ﬂaﬁ&’é@ s Stdyred 5

for 30 mnutes, treated with 1. i odoet hane and
buqeh 1Y 0wt b va s el e fk&f %@#ﬁumfé@maﬂféﬂaphy on

sirleact i Wasi dd et War netk dte o AR dreipedatilie d0iadd to
WS A5 product (4.26 g, 53% yield). NMR analysis
of the purified product was consistent with N-octyl-

nepetalactam.

In a 250 mL pressure reaction vessel, 2.4 g of
N-octyl-nepetalactam in 100 mL of 95% ethanol was treated
with 0.70 g of 2% Pd/Sr/CO3. The vessel was sealed with
a pressure regulator and then evacuated under vacuum and
filled with hydrogen three times. The vessel was then
charged to a pressure 0f103.4 kPa with hydrogen and was
stirred under constant pressure of hydrogen at room
temperature overnight. The vessel was vented and purged
with nitrogen. The mixture was then filtered through a
bed of celite, rinsing with 50 mL additional ethanol.
Removal of the solvent under reduced pressure afforded
the crude product as a yellow o0il, which was purified by
column chromatography on silica gel eluting with ethyl
acetate/hexanes. Purified product (1.7 g, 68% yield) was
obtained, and NMR analysis was consistent with the N-
octyl-dihydronepetalactam structure depicted in

structural representation IVg.
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guenched by the addition of 30 nL of a 10 % aqueous
solution of sodiumbisulfite. The m xture was

wexdosarwed with 20 nmL of di chl or onet hane t hr eePCT/DE®)05/047557

and the conbi ned organics were dried over anhydrous
sodi um sul fate. Renoval__of the solvent under reduced
pressure afforded the ct as a yellow oil,
whi ch was purified by columg chr omat ogr aphy on silica
gel eluting with ethyl acstpte/lhexanes . Purified
product (0.75 g , 38% yjrek obt ai ned, and NMWR
anal ysi s was consi st ent\ wl he N- et hyl

-di hydronepet al actam strugtyire depicted in structura
representation | Vb. EXAMPLE'5 N - propyl

- di hydr Onﬁp@*s@bﬂéb%m:-(i!ils(?brf]lrgﬂ@pleéaﬁa[lthﬁi, (kgR) -2 -p
- pr.o -4 _,1- t hyl oct a 0- clopenta [c
SBFTRER. T tafhn oenStpr Bty Lok ni AP GE: AEbRBYOro-1H-
roundbot t omed fdyasliopsas: aclodipedr itdi rr-dlorprieenper at ur e
under a stream of nitrogen; a solution of 1.12 g of

di hydronepetal actam (V) in 30 nL of dry THF was added
via pi fet tevemieit e 3 (e | Sererat e ¢eed peund-bottomed

f1Repardt Ll oot dh @ Ron %M Btsi ki iy + de- 5 PSRl o f
oi | suspension was washed with_ 10 nL of hexanes_t hree
nib5RAER 0 § OV 197 B morld 7T DCRHALRSAT | AGT i o0
misalfii dmasTERldedts | addsrhltipasipanse tand heosbadtimwnan ice

bé%ﬂ‘%é‘UBdW“'é%ﬁ%ééééﬂ@,qi.o 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 while stirring at 0°C, resulting in gas
evolution. After the addition was complete, the reaction
mixture 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 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 yellow
0il, which was purified by column chromatography on
silica gel eluting with ethyl acetate/hexanes. Purified
product (3.0 g, 85% yield) was obtained, and NMR analysis
was consistent with N-isopropyl-nepetalactam.

In a 250 mL pressure reaction vessel, 2.4 g of

N-isopropyl-nepetalactam in 100 mL of 95% ethanol was
treated with 0.70 g of 2% Pd/Sr/CO3. The vessel was

sealed with a pressure regulator and then evacuated under
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0 OC, resulting in gas evolution. After the addition
was conplete, the reaction mxture was stirred for 30
woroenee37 treated with 1.46 ni of i odopropane BETIUS2005/047557
thenal lowed to stir at 00C for 30 minutes. The
reacti on_was then warmed to roomtenperature for 30
VaRHHiR e hrid Ghrch ohidd? gy 4RI ditTem ofMSD- niThE wedeed
waUaus Srid DN Ofa goek sinbi st Fid®, 4 Thea M x¢hirgy dSgen
rg:éitracted. V\ntcﬂ 20.nL of dichl oronet hane #t};}%ﬁ tinmes
anth e Tt het Grgari 3t T LU TR v A us?t
rcadi st ftaiee dResmvaghtof tTee sotyeet whansl eventeed canld

L f h 3 )
e AT T oy B IR e A T
thyedugt it ivef v f et e, acerated Hekanes0 . mpPurddiedonal

etHAAUCt  (Rethvdll 0B A1 &b he@s,: 2 Al Aegl c 8N MR ure

anal ysis was consistent with the , ,

af ﬂpﬁ%;ﬂh%m%r@m%%&%n@ SYFLEWret bepriel vas
p@ﬁi_ﬁhliéd”k@} d@]ﬂfm&fﬁﬁir?%@?&%hﬁﬂml b IS;&:AIN c_:ljg)lltaluting

-di ranepet al act.am - 2-

wi g S A TSRy o ST Lere e »f0 796 g

4 @y ry B Ind )1 -vore vk pvesd dramdl, NS amd l Yt eevaeckensistent
wf@fvwbﬁ%fl &P&é@@é&iﬂaé 2 h 09§ SOPEL 3545 Bt ed

r 12 g of

under a m of nitrogen; a solution of 1.

iryi SOl ARESTRIOALIMN 3V of dry THF was added
via pipette and cooled in an ice bath to 00C .
Separately,

EXAMPLE 11

H

N-allyl-dihydronepetalactam (IVi)
(45,4aR,75,7aR)-2-n-allyl-4,7-dimethyloctahydro-1H-

cyclopenta[c]pyridin-1l-one

An oven-dried, 250 mL three-necked round-
bottomed flask was cooled to room temperature under a
stream of nitrogen; a solution of 0.93 g of
dihydronepetalactam (V) in 20 mL of dry THF was added via
pipette and cooled in an ice bath to 0°C. Separately,
1.9 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 while stirring at
0°C, resulting in gas evolution. After the addition was
complete, the reaction mixture stirred for 30 minutes,
treated with 1.52 mL of allyl iodide and then allowed to

stir at 0°C for 30 minutes. The reaction was then warmed
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0.80 g of 30% potassi um hydri de -m neral oi
suspensi on was washed with 10 nL of hexanes three
WO 20ve®72087 r enove the mineral oil. The resul ti neCTMIE1005/047557
solid was added in small portions to the reaction
solution while stirring at O0C resulting in gas
EQRUEPRR | oRMPAFRERT] hEPAP t THRL VRS RBApTeeRCheRePY the
aci@ﬂ%id;rxﬁrb%ﬁ X6 gﬁzﬁ stig rp@%f@%ué&uﬂ QdolllgSioﬁ r@_ﬂt@ddil\zié{g?:

: of j.,0dobutane and then allo . 1.0 ir at
D34 BT R n FEE AT B ateT G REL T Ran bl et B robm
dienperaterieafiorcl3teea nines and goenchedibydtdeganics

i ti0ons0 09 0 ti di
wEEE L e g RO ERCY, | By BT OF e
sefi eeioronde haredeer@ o reprsrandt f predednbhe ceredgapreduct

ad\ed ey@'l’i&ﬁ SVEr v rpas ﬁ@ﬂiflﬂééuﬂ) at&1umgnoval of
he sol vent. under reduced pressure afforded the crude

t
R IBRICPIERPRY vl | Bt BFF Tt ol WakPPurHFi eBEBYL col um
acdit el logk apdy . onPwit 1 f Led geto@hdit | 01g. W3 hgethys yield)
acet.at e/ hexanes. . rified. product (0,89 60%
WS SRS ST I SRR e yer2e bR ner G e -
alyh-dieydrondpe tya L 2t tamr obepet atacdepi ctedicimr e
S@ﬁﬁ&&%i%%}éé@{@é@ioﬁengsent ation Ivd. EXAMPLE 7
N-pentyl -di'hydronepetal actam (l1Ve) (4S, aR 1 1S, laR
-2-n-pentyl -4 , 7-di met hyl oct ahydro-1 Hcycl openta [c
] pyridin- 1-one An oven-dried, 250 niL three-necked
roundbot t oned EXAMPLE 12

. 0]
: H

N-propargyl-dihydronepetalactam (IVj)
(4S8,4aR,78,7aR) -2-n-propargyl-4,7-dimethyloctahydro-1H-

cyclopenta[c]pyridin-1l-one

An oven-dried, 250 mL three-necked round-bottomed
flask was cooled to room temperature under a stream of
nitrogen; a solution of 1.00 g of dihydronepetalactam (V)
in 30 mL of dry THF was added via pipette and cooled in
an ice bath to 0°C. Separately, 1.2 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 while 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
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flask was cooled to roomtenperature under a stream of
nitrogen; a solution of 4.65 g of nepetalactam (Il) in

wdowent20ef dry THF was added to the flask via pipes1oes/047557

while the flask was being purged with nitrogen, and

t he solutlon was cooled in an ice bath to 00C under
ofnixG PerPt SeptatatEted 6 U5 Pt S Potndiymbisulfite.
Tlﬁéldﬁll)dﬁm&heiaﬁé ot r St i tan N?%M%ﬁ&ﬂld%l_(ﬁk&ﬁbtfﬁaﬁ

exanes t ree ti.mes tq renpve the. m neral

e i T R G R Dt TR e (B9 vt
artH}eilrcem:tscmmﬁmlsnll fateM t Restoval ngf athddH] verts uhnhdang

' 0 o) t onpl et
rddb 8P ALl AR e Alde AR AP £ fe Ll
o .t WIELCQB vrﬁ_s aﬁumo‘alcﬁazbrhxarﬁolan@ntmmu@mhb @R jr

sﬂtl&pgélorelmr{ytvesth Tharyeactd o Masethens warpes; £ feg

room tenperature_ for 30 nut es and, quenched b the
PLRNIG off dF¢ 50 m2oryie i vral PRsls 3t Won of
armci,'rsnre b«re&kﬂddﬂ@sﬂa’rﬁ: W DEHI N tEh aVars - @dpa&ﬁgﬁd with 30 nL
i chl oro g$ne thre tlne éL %} lg)uct
?9%?%&% St ot Qﬁﬁ%s F U |SM? e %fnnvm
raﬁrad&ntaﬂmqnnlvmder reduced pressure afforded t he
crude product (7.2 g ) as a brown oil, which was
purified by colum chromatography on silica gel using
et hyl acetate/ hexanes as the eluant to yield purified
product (4.4 g , 67% yipxXapLE NIR anal ysis of the
purified product was consistent with
N- pent yl - nepet al act am

e
7~ N

Phenyl nepetalactam (VIIa)
(4S,4aR,7S,7aR)-4,7-dimethyl-2-phenyloctahydro-1H-cyclopenta[c]pyridin-1-one

A slurrxy of 0.25 g dihydronepetalactam (V),
1.31 g of triphenylbismuthane, 0.27 g of anhydrous
copper(II) acetate, 0.41 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 white solid (0.23 g, 63% yield). NMR analysis of
the purified product was consistent with the N-phenyl-
dihydronepetalactam structure depicted in structural

representation VIIa.
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In a 250 nL pressure reaction vessel, 2.4 g of
i V-pentyl -nepetal actamin 100 nL of 95% et hanol was

wo e@aned3mi th 0.70 g of 2% Pd/ SrCC>3 . The vesBEl/USBBS/047557

sealed with a pressure regul ator and then evacuat ed
under vacuum and filled with hydrogen three tinmes. The
vessel was then charged to a pressure of 103. 4 kPa
wi th hydrogen and was stirred under constant pressure
of hydrogen at roomte I verni ght . The vessel
was vented and purged &ﬁﬁﬂﬁ%ﬁiﬁggen. The m xture was
then filtered through a bed of celite, rinsing with 50
mL additional ethanol . Renpval ef jidle sol vent under
reduced pressure affordedpt eproduct as a
yell ow oil which was pu ol utm chr omat ogr aphy
on silica gel eluting ethyl acet at e/ hexanes.
Purified product (1.5 g :82% vyi el d) was obtai ned, and
NMR anal ysi s was consisteftlwith the
i V-pentyl -di hydronepetal actam structure depicted in
structural representation |Ve. EXAMPLE 8
i V- hexyl - di Pryahrlonepsteaiac trepgiafgcfars, 4a0I0) IS, | aR)
(4 SadR FEXR) 24 4-cHio et iy |7Qﬁhéthﬂ&&éhybrbh¥ﬁdy@@@éﬂa?c};ﬁﬁ.hn 1-one
pyridin-1-one An oven- dried, 250 n_ three -necked
roundbott oned fl ask was cooled to roomtenperature
under a r tgo f 65 f

Sk §f€%€g SELHC 9§g% ﬁeﬁ@%&ié@@a@ (% 6509981 g of

nepetalacta |n 100 mas added to
t¥ihe(41gkoxyephenyl) blsmuthane .16 g of anhydrous

copper (II) acetate, 0.25 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 an off-white solid (0.16 g, 64% yield). NMR analysis
of the purified product was consistent with the N-4-
chlorophenyl-dihydronepetalactam structure depicted in

structural representation VIIb.

EXAMPLE 15

o
N

P-bromophenyl nepetalactam (VIIc)
(4S,4aR,7S,7aR)-2-(4-bromophenyl)-4,7-dimethyloctahydro-1H-cyclopenta[c]pyridin-1-one
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pi pette while the flask was being purged with

nitrogen, and the solution was cooled in an ice bath
w0 20000Q08mder nitrogen. Separately, 6.0 g of 3BO6/US2005/047557

pot assi um hydri dem neral oil suspension was washed

with 30 nL of hexanes three tines to renove the

m neral & IS1UWReY r@su t1hP vitRRRt 3BT RN sl BHdel- 24 9 of

t ST 4 - RS ¢ 10 s hieaed hdN 601 81td off Wakiy&tbhigi ng
at 00C , resulting in gas evolutjon. After the
CGRRAT o Vel et 25 (He Pedctt ORI FHRS tRs!S b of

disthrowmthndtdiardd) wasudtesyréd eadtedrawt ht dmperdtefe for 24
i odohe I ' C.f

R e A S0 S SOLTEhE et o d00a B e dlure

aftfarpladitihre d0rdSOrencit@s miRcerenchvichywanepurified

oAU LU0 Qlrcif tle0loid, 1080 AHECHSsSPl 100 SfpFodi um
bisulfite. The mXxture was extracted with 30 nl of

AR HI DRI &S Hrite e1ARE ar YR R Fede dPEaRres as
a Wi elrd ad ever (@ndy dyous siesi s st datwas Respyate@f at

sol vent under, reduced pressure afforded the crude
4 AT A A L ST ITR ch R hiRR 1 e
rdnctoiohru mm xcthrceretaog raphtyi med svlticatlgel cosdegoeddytt from
. ; a T

R e (PR R P & B R na s By PRy o
sighirGF igal proditteviasl araiatefiexgnes as the eluant to
yi%l@ﬁﬂ@?ﬁgﬁiaﬁﬁé‘c% aél\%(%qdh@tl 250 AT}CCFI&{SM§ 6%016 ODs fg,

vessel , 1. exyl - nepetal actamin 100 0
LSO R A TRk o D S S e S oy aguct
walhecaresise] enviaswisgal 8tk Wit - lar gisiseriwl ¥ egul at or and
dfﬁ?ﬁkéﬂ@%&%ﬁf%%éﬂ%“%té@%%ﬁ%@‘%Ebicted in structural

representation VIIc.

The products of Examples 1-15 were evaluated
for insect repellency against Aedes aegypti mosqutioes in
the in vitro Gupta box landing assay. In this method a
chamber contained 5 wells, each covered by a Baudruche
(animal intestine) membrane. Each well was filled with
bovine blood containing sodium citrate (to prevent
clotting) and ATP (72 mg ATP disodium salt per 26 ml of
blood), and heated to 37 °C. A volume of 25 upL of
isopropyl alcohol (IPA) containing one test specimen or
control was applied to each membrane. The concentrations
of the dihydronepetalactam products were 1% (w/v) in IPA.
The negative control was neat IPA and the positive

control was a 1% (w/v) solution of DEET.

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

- 44 -



filled with hydrogen three tines. The vessel was then
charged to a pressure o f 103.4 kPa with hydrogen and
wowr®e®ti08T ed under constant pressure o f hydr ORPETIUSE005/047557
room t enperat ure overni ght . The vessel was vented and
u d.wth ni.troge t evvasthenfllter
o aE R ReRts PECatuTer] Kl hohPrAcBa hen 18" Flgures
1addiLt>| dhabebefansl ExRepbeal 16~ 25t hewbetrgeént eandedatum
résgggsgtgr@ﬁéU&sﬁﬂf£9rﬁ?getPsgﬁgegﬁepéggggaméﬁtg
low oi |, was puri f
chr omat ography on silica gel eluting with ethyl
5 acet at e/ hexaneshesEUahthedr REOYUGEaL 1r8Bel1en89 % or a
%P Lfl% was obt ai ned, and NMR anal ysis was ionsn st ent
thiERe RE- ah%&\je’au‘ﬁ%?%ﬂléﬁ%’fé?ﬁc?ﬁn?%?% BlOFetest
sdbpt tordwan Sererhimad uepngsentatodhoviy EXAVPLEND
W octyl -di hydronepet al actam (1Vg) (4S, 4aR 7S, 7ai?)
-2- -octyl-4 ,7-di met hyl oct ahydro-| Hcycl openta [ c]
pyri di n- 1- offe meanovepe ldeined, =250 T /IChixeé 00necked
10 roundbottonmed flask was cooled to roomtenperature
under a stream of_nitrogen; a sol ution of 4.65 of
whehet Gl actadn (P13 i BuUmpEH OBt LaRYingE KRsthadEBAt ecrhEol
wélBskand aT pt petié ec ol entifiee | @5kl 4881 Hes Ngn pﬂngegest

th.nitrogen, and fhe solutio oole 1
%%I‘tl%l?% ‘6%9% under ﬁlrf‘?%lée:ﬁep%gb%\?%f%?y t6ld éwév} 35%
depot ased uhm hjalpl ee?n fier athe compounds of Examples 1~15,
15 wherein R refers to the substituent on

dihydronepetalactam.
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oi | suspension was washed with 30 nL of hexanes three

times to renove the mneral oil. The resultingwhite
waolob/d7208 added in snall portions to the reack@DUS2005/047557

solution with stirring at 00C, resulting in gas

evol ution. After the addition was conplete, the

reaction mxture was sEXWEER b 30 nminutes, treated

with 8. 2 nL of iodooctane and then allowed to stir at

00C for 30m utes. T, eact | was ryed 1o

PR (o SRR LR 0 B e e JED A8 1 g
addi tion of 30 nL of a 10% aqueous sol ution of sodium
bisulfite. The mixture was extracted with 30 nL of &&lactamV

di chl oronet hane three tinmes and the conbi ned organigeyiactam IVa

were dried over anhydrous sodium sul fate. Renoval DEET
tih®+sol vent under reduced pressure afforded the cru

prodquct (5.36 g ) as a brown oil, which was purifie' IPA
by gol um chromat ography on silica gel using ethyl

prodquct (4.26 g, 53%yield) . NVMR analysis of the

iffi ed product was consistent with

ctyl nepetal actam In a 250 nL pressure reaction
vesdel, 2.4 g of Noctyl-nepetalactamin 100 nL of 95%
et hgnol was treated with 0.70 g of 2% Pd/ Sr/C g3 . The
vesgel was sealed with a pressure regulator and then

congt ant pressure of hydrogen at room

L7/ /A
ENNNNNNANNY
VIS ISISIIISS

/)

0.0

time (minutes)
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tenperature overnight . The vessel was vented and
purged with nitrogen. The m xture was then filtered
wa benge3a bed of celite, rinsing with 50 nL apdi/uswnEb47557
et hanol . Renoval of the solvent under reduced pressure
afforded the crude product as a _yellow oil, which was
purified by col um chr@&yﬁé&&t{i on silica gel
eluting with ethyl acetate/hexanes. Purified product
(1.7 , £8%.yield bt ai n n apal ysi s was
F’&ﬁfﬁ %'erﬁe%]tlt?ri‘ﬁ% ?\?SI et - %@r%nep t"fﬁétt am
structure depicted in structural representation
I Vg. EXAMPLE 1 0 I\J- isopropyl-di hydronepet al act am

10(d-
, 7
ov

- wa
ni
50

787
po
Wi
m
S
at

S,

f of

2.5

Vh) (4S,4ai?, IS, laR) -2-n-isopropyl-4

di met hyl oct ahydro-| Hcycl openta [c] pyridin-1-one An
bn-dried, 250 nL three-necked round-bottoned fl ask

5 cool ed to room tenperature under a stream of

rogen; a solution of 3.0 g of nepetalactam (I11) &S lactam IVb
m. of dry THF was added via pipette and cool ed ihDEET
ice bath to 00C . Separately, 4.0 g of 30%

assi um hydri dem neral oil suspension was washed = |pPA

h 10 nmL of hexanes three tines to renove the

neral oil. The resulting white solid was added in

bl | portions to the reaction solution while stirring

00 C, resulting in gas evolution. After the

Ji ti on was conplete, the reaction m xture stirred

30 mnutes, treated with 5.0 g of 2 -

0.0

iﬁaﬁéﬁé,,é all &

10 12 14 16
time (minutes)

-
[+]

20
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I odopropane and then allowed to stir at 00C for 30

m nutes. The reaction was then warnmed to room
wa swperasure for 30 m nutes and quenched by t hBECT/US2005/047557

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

bisulfite. The m xture was extracted with 20 nL of

di chl or onet hane three he conbi ned organics

were dried over anhydrous sodium sul fate. Renoval of

the sql vent under reduce ress fforded {he crude
FIRRG- aR PSR 1 NG R AT 1T Y col um

chromat ography on silica gel eluting with ethyl

acet at e/ hexanes . Purified product (3.0 g, 85%yield

was obtai ned, and NVR anal ysis was consistent wth lactam Ve

JV-isopropyl -nepetalactam In a 250 nL pressure DEET

reaction vessel, 2.4 g of -isopropy I-nepetalactan1FH.

1009 of 95% et hanol was treated with 0.70 g of 2%L4 \pA

/Sr/[CC 3 . The vessel was sealed with a pressure

regy ator and then evacuated undervacuum and fill ed

Wit hydrogen three tinmes. The vessel was then charged
pressure o f 103.4 kPa with hydrogen and was
stigtyred under constant pressure of hydrogen at ro¢m
tengerature overnight . The vessel was vented and
ed wwth nitrogen. The m xture was then filter¢d.
ugh a bed of celite, rinsing withy50 addi tifona

et hgnol . Renoval o f the solvent undgqr reduced
pregsure afforded the crude product ag a ygl|l ow ,
whiOgh was purified by col unmm chrjomat oqraphly [on s} ca
gel feluting ‘
2.54
0.0~
2 4 6 8 10 12 14 16 18 20

time (minutes)
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with ethyl acetate/ hexanes . Purified product (0.96 g
, 40% vyield) was obtai ned, and NMR anal ysis was
W@ osisient Wit h AT- isopropyl -dihydronepet al BCL/E82005/047557
structure depicted in structural representation |Vh.
EXAVPLE 11 jV-allyl -di %Mronepet alactam (IVi ) (4S,
4ai?, 1S 1 laR) -2-n-al
, 7- di met hyl oct ahydr o- | Hcycl openta [c] pyridin-1-one A
n oven-dried, 250 nL three-necked roundbottoned fl ask
was cooled to roomtenperature under a stream of
Fijureogien; Rersdlldnan of INDO3rsy GfERD Wmtdridnepkt al act am
(V) in 20 nL o f dry THF was added via pipette and
cooled in an ice bath to 00 C. Separately, 1 .9 o f
30% pot assi um hydride -m neral oil suspension wagsylactam IVd
washed with 10 nL o f hexanes three tinmes to re% EET
the mineral oil. The resulting white solid was a 8
in small portions to the reaction solution whil eE3IPA
stirring at G C, resulting in gas evolution. After
addi tion was conplete, the reaction m xture
rred for 30 mnutes, treated with 1.52 nL of ally

m put es. The reaction was then warnedto om

erature for 30 m nutes and quenched Qy the
ition o f 30 nL of a 10% aqueous sol utlion off
sodlium bisulfite. The m xture was tractled wifth 20 [gL
o {1 dichloronmethane three tinmes and| t he Epnbi ngd

| |

Lol il ] é

0.0
20

-]

10 12 14 16 1
time (minutes)

N-
e
D=
[+~
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were dried over anhydrous sodiumsul fate. Renoval o f
t he sol vent under reduced pressure afforded the crude
w@emdurin3as a yellow oil, which was purified bRCTUE20051047557
chromat ography on silica gel eluting with ethyl
acet at e/ hexanes . Purified Eroduct (0.503 g, 43%
yi el d) was obtained, a ysSi s was consi st ent
with the N - allyl-di hydronepetal actam structure
depicted in structural representation IVi. EXAMPLE 12
-propargy | -d ihydronepetalactam (1V] ) (4S, 4ai?,
Fidhrd dR) Rébgllenaparf)yiVel vs. DEET at 1% w/v.
, 7-di met hyl oct ahydro-| Hcycl openta [c] pyridin-1-one A
n oven-dried, 250 nL three-necked round -bottoned
flask was cooled to roomtenperature under a streamo
10.d Nitrogen; a solution of 1.00 g o f = lactam Ve
d} hydronepetal actam (V) in 30 nL o f dry THF was EEE&EET
vl a pipette and cooled in an ice bath to 00 C. 3IPA
parately, 1.2 g of 30% potassi um hydri de -m nera
oj | suspension was washed with 10 nL of hexanes three
tJmes to renove the mneral oil . The resulting white
7.%pl id was added in small portions to the reaction
splution while stirring at 0C, resulting in gas
elolution. After the addition was conplete, the
reaction m xture was stirred for 30 mnutes, treated
th 1.07 g of propargyl bromjde and then allowed to

5'0§tlr at 0 0C for 1

2.5+ I I

L

2 4 6 8 10 12 14 16 18 20
time (minutes)
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30 m nutes. The reaction was then warnmed to room

tenperature for 30 m nutes and quenched by the
wa@adaisoroenf 30 nL of a saturated 10% sol uti on BET/ESTDHIATSST

bisulfite. The m xture was extracted with 20 niL of

di chl oronet hane three tines and the conbi ned organics

were dried over anhydr E3&MEL® 2} sul fate. Renoval of

t he sol vent under reduced pressure afforded the crude

el oduc{ ?‘%ﬁﬁ%l I o(}é\}/f Fc%{aI\égl ch ur| f%ed ,E_y col umm

acetate/hexanes . Purified product (O 64 g , 5296
yi el d) was obtai ned, and NVR anal ysis was consi st ent
with the Wpropargyl - dihydronepetal actam structgeiactam IVf
depicted in structural representation 1V . EXANﬁhiib ET
10/6Renyl nepetalactan1(V| | a)
(4S, 4af ?, 7S, 7af ?) - 4, 7- di net hyl - 2- phenyl oct ahydr o- 3 /PA
cycl openta[ c] pyridin-1-one A slurry of 0.25 ¢
dijhydr onepet al actam (V), 1.31 g of
t rli phenyl bi snut hane, 0.27 g of anhydrous copper_(11)
etate, 0.41 nL of triethylamne in 10 nL of
ffchl or onet hane was stirred at roomtenperature|for 24
hqurs . Renoval of the sol vent under reduced pré¢ssure
afff orded the crude reaction m xture, which was
pyrified by colum chromatography or] sil] ca gel jusing
etlhyl acet at e/ hexanes as the uant |to yj &l d i fidd
spHqoduct as a white solid (0.23 g, 43%yj ¢l d) [.]INV\R
anjal ysi s of

2.5

L 1L

2 4 6 8 10 12 14 16 18 20
time (minutes)
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the purified product was consistent with the
W phenyl di hydr onepet al actam structure depicted in
w@eeoaotw8al representation Vila. EXAMPLE 14 PCT/US2005/047557
P- chl or ophenyl nepetal actam (VIIDb)
(4S, 4af ?, 7S, 7aR) - 2- (4- chl or ophenyl ) - 4, 7- di net hyl oct ahy
dro- 1H cycl openta c] pyridin-1-one A slurry of 0.15 g
nepet al actam (V), 0.98 gxampLEr 28 (4-chl or ophenyl)
bi smut hane, 0.16 g of anhydrous copper (I1) acetate,
0.2 5L of triethylamne in 15 nL of dichl oronethane
Rbgust i7.r ®epal leoovh @& atsur @EESr 2241%00f6- . Renoval
of the solvent under reduced pressure afforded the
crude reaction mxture, which was purified by colum
chr omat ogr aphy on silica gel using ethyl 222 lactam Vg
acet ate/ hexanes as the eluant to yield purified EE DEET
10.@fuct as an off-white solid (0.16 g , 64%yield) =y pa
NVRY anal ysis of the purified product was consi stent
with the N Achl orophenyl - di hydronepet al act am
strycture depicted in structural representation VIIb.
EXAMPLE 15 P-bronmophenyl nepetal actam (VI c)
(74§ 4aR, 7S, 7af ?) - 2- (4- br onophenyl ) - 4, 7- di net hyl ocf ahyd
ro-1H cycl openta[ c] pyri di n-1-oneA slurry of 0.15
nepetalactam (11), 1.22 g of tris (4-bronophenyl)
bi sqrut hane, 0.16 g of anhydrous coppef (Il) acetate,
b mL of triethylamne in 15 nL of di chljoronet hane
was|stirred at roomtenperatureffor 24 hoyrs . ffova
08.04 he sol vent under reduced pré¢ssure

L

2 4 6 8 10 12 14 16 18 20
time (minutes)
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afforded the crude reaction m xture, which was
purified by colum chromatography on silica gel using

webdvgh7meet at e/ hexanes as the eluant to yiel d BCTDUSINBS/047557

product as a colorless oil (0.08 g ) . The reaction
was repeated at 4X the scale with identical procedure.
The crude reaction m xtEFAMEEE ZHrbined with the crude
product fromthe first run and purified by col um

chro ograph n sili el usi thyl ..
FIQR S b1 hASSRELT SRCY 1f YRSt og%"'g ks BYified
product as a colorless oil (0.16 g, 11%yield
overall) . NWR analysis of the purified product was
consi stent with the -4-bronophenyl di hydr onepet al ac&&hactam IVh
structure depicted in structural representati on V| g pDEET
products of Exanples 1-15 were eval uated for
ct repellency agai nst Aedes aegypti nosquti oesG=IPA
in vitro Gupta box landing assay. In this nethod a
er contained 5 wells, each covered by a Baudruche

(any mal intestine) nenbrane. Each well was filled with
bayd ne bl ood containing sodiumcitrate (to prevent
clogting) and ATP (72 ng ATP di sodiumsalt per 26 ni
of plood) , and heated to 37 0OC . A volune of 25 nL of

ropyl al cohol (1PA) containing one test specinen
ontrol was applied to each nenbrane. The
entrations of the di hydronepetal actam products
wWdEe 1% (wv) in | PA

2.54

0.0~

2 4 6 8 10 12 14 16 18 20
time (minutes)

_ B3 .



The negative control was neat |PA and the positive
control was a 1% (wv) solution of DEET. After 5 mn,
wappsoxiosat el y 250 4-day-ol d femal e Aedes aegyptT/US2005/047557
nosqui toes were introduced into the chanber. The
nunber of nosquitoes probing the nmenbranes for each
treat nent was recor ded EAMPLE 24 nterval s over 20 min.
The results obtained in this manner with respectto the
conpounds of Exanples_ 1-12 are d 'ctedjn'n igures 1 -
FIEPAT Ao IRAP Sl SR oo b 9% DEBhat e H QR dat um
represents the nean of five replicate experinents.
From these data, the % nmean repellency for a repellent
at a given concentration of repellent test solution
was determ ned using the follow ng equation: % nean
10r(f_oel lency = C- T/C x 100 where C = the total nunber
ot} |l andings on the I PA control well, and T = the total
nupber of |andings on the test solution well. The %
mepn repellencies at 1% (wWv) are depicted in Table 2
fof the conpounds of Exanples 1-15, wherein R refers
toj the substituent on di hydronepetal act am EXAVPLE lactam IVi
78pure 1 . Repellency of IVa and V vs. DEET at 1% DEET
3 JactamV 1 . 3lactamIVa tinme (m nutes)EXAVPLE 1431pA
Fipure 2 . Repellency of IVb vs. DEET at 1% w'v.

5.0+

landings

2.5- I I I I

0o [l ﬁéT &1l agll gl slll &g

6 8 10 12 14 16 18 20
time (minutes)

N =
P
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time (mnutes)EXAMPLE 1 8 Figure 3 . Repellency of |Vc
vs. DEET at 1% wv. |.S3 lactam|IVc . DEET tine

w@ moant2s) EXAMPLE 1 9 Figure 4 . Repell ency ofPdWuS2085/047557
DEET at 1% wv. lactamlIVd - DEET C=I IPA tine

(m nutes) EXAMPLE 2 O Figure 5 . Repellency of |Ve vs.
DEET at 1% wv. tine (M@I\PLE 2 1 Figure 6 .
Repellency o f IVf vs . DEET at 1% wv. |- lactamI|Wf

time (mnutes MPLE i qure 7 Repel | en of 1Vg
Figur a@efgﬁ)ﬁﬁ?cﬁf%si‘ﬁag?squw tal‘etil‘)rgl15 AL

(m nutes) EXAMPLE 2 3 Figure 8 . Repellency of |Vh vs.

DEET at 1% wv. |- lactamIVh tinme (m nutes) EXAMPLE 2

4 Figure 9 . Repellency of IVi vs. DEET at 1% w'v.

time (mnutes) EXAMPLE 2 5 Figure 10. Repellency o :

vs. DEET at 1% w/ v. tssh Motam 1V

B DEET

= 1IPA
10.0+

1
2.5+ 1
°'°"&g éf éé é? é*) éu 14 16 18 20

time (minutes)

10
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| lactamIV] 1-.----1 DEET tinme (mnutes) 10Table 2 .
N -substituted di hydronepetal actans : % nean
wo apehtmBri es at 1% (W v) p structure % nean rBEQEUS®DRY47557
nunber HV 69.6 nethyl IVa 39.6 ethyl Vb 96.8
n-propyl Ivc 87.9 n-butyl Ivd 86.3 n-pentyl [Ve 100
rz-hexyl 1Vf 99.8 n-octyl 1Vg 98.3 i-propyl |IVh 69.4
allyl IVi 90.6 propargyl V] 88.1 phenyl Vila 59.5
p- chl oropheny 1 VilIb 81.5 p-bronophenyl Vilc
54. 1CLAI M5 What is clained is:
Table 2.

N-substituted dihydronepetalactams:

% mean repellencies at 1% (w/v)

structure % mean repellency

R number
H v 69.6
methyl IVa 39.6
ethyl IVb 96.8
n-propyl Ivc 87.9
n-butyl Ivd : 86.3
n-pentyl IVe 100
n-hexyl IVE 99.8
n-octyl Ivg 98.3
i-propyl IVh 69.4
allyl IVi 90.6
propargyl IVj 88.1
phenyl VIIa 59.5
p-chlorophenyl VIIb 81.5
p-bromophenyl VIIc 54.1
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1 . A conmpound represented schematically by the
follow ng fornmul a: wherein R conprises (a) an al kane

wo aisozdo3pt her than nmethyl, (b) an al kene radi pet/US1005/047557
an al kyne radical, or (d) an aromatic radical. 2 . The
compound of Caiml1l wherein R conprises (a) C to C20
al kane, (b) C2 to C20 al Kk&#dMS c) C3 to C20 al kyne, or
(d) C6 to C20 aromatic. 3 . The conmpound of Claiml
wherein R conprises a nenber of the group consisting
of: (a) C2H5, (b) C3 to C20 straight-chain, branched
or cyclic alkane or alkene, (c) C3 to C20

Wl aisgrgztl-aciqrzf\ei ,.Sb.r anched or cyclic al kane or al kene
conplrl sing a et’er oat om sel ected fromthe group

consisting of O, Nand S, (d) unsubstituted or

substi hut edy Bnf R0 AR e MNRHRIMLENG 11y by the

substituent is selected fromthe group consi st’ing of
fqdihowdng tfermy A st rai ght - chai n, branched or cyclic

al kane or al kene, optionally substituted withd, Br or

F, and (ii) a hal ogen selected fromthe group

consisting of O, BD and F, and (e) unsubstituted or

substituted C6=to 0 appnmatic conprising a heteroatom

sel ected from groMp consisting of O, N and S,

wherein the s tueft is Y

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 Cqp alkane, (b) Cy, to Cyp alkene, (C) Cs; to Cyo

alkyne, or (d) Cs to Cyo aromatic.

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

(a) C3Hs,

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

(c) C3 to Cz 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 Cs to Csp
aromatic, 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
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sel ected fromthe group consisting of (i) Ci to Cl

strai ght-chain, branched or cyclic al kane or al kene,
wopiosorasly substituted with G, Br or F , andpqi/U$2085/047557

hal ogen sel ected fromthe group consisting of d, Br

and F . 4 . The conpound of Claim1l wherein S
ClselBactaad Hr cAd hel igr upadaasstssig oied a§r<@2HBﬁe (PO
cdriz iGHA riyf I ahit - ghaidhg lr anghed or cyclic al kane and

al kene, to C strai.ght chal branched or

cyclic al{:eg é‘%ﬁ‘% |Sslf%bauhre? Gt 8m%h
ax&ﬁia&ﬁtceobdnrmst:heg or ow:temms:csm isegjlaftdd , fhbrantheS grdup

rSlsSu sr%gl t u %e%cf @m#eh\rl{%qi he su%ﬂ?&f %Atit SL,IlISEd

s@@ce:cﬂdecfﬁqmmhdmrgn@p:@tﬂ@tsmmg%f J(a)Clctlo Co2Ci2
s&tgl@@tﬁmad n,blbarr?&s‘é@%xorcycaq% cammeoprala&é@e

optionally substituted w Br or , (b) a

OM%&&%%@%%‘%W%WW d?]orur]alédﬁél%'t |"1‘ng ofl a By

halgdn s ectldie LAPAUHY HHou@ adshdisdind ¢85 @l ,Slmglaaqd
stereoi sonmer of a single conpound, or is a m xture of
‘st ereoi soners of a single conmpound.7 . A conposition
of matter conprising (a) a carrier, and (b) a conpound

descri bed4 ge ea'é r;p%,xr{ch%f_f c&l i g ml@iﬁ Rvﬂere' n
Ris , an a ane I cal an a ene radi ca
selected from the group con51st1ng of (a) Cﬁk, (b) C; to

Ci2 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.

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 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.

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.
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al kyne radical, or an aromatic radical. 8 . The
conposition of aim?7 wherein Ris (a) H, (b) Cl to
waaoeatdane, (c) C2 to C20 al kene, (d) C3 to QROI/US2005/047557
al kyne, or (e) C6 to C20 aromatic. 9 . The conposition
of Claim7 wherein Ris selected fromthe group
consisting of: (a) CH3, CH5, (b) C3 to C20
st rai ght -chaim,cdupgahetdro £ e t e 8l daiter 08 i e Kede, a
a&c, C3to Cz(ggstral ht-chcﬁl ,_br. nccged orga;ycllc
cditite GPG BInd CSTR SR G S R DRI o B 180 Fhom
fdihewymuExonslisting of O, Nand S, (d)
unsubstituted or substituted C6 to C20 aronati c,
wherein the substituent is selected fromthe group
consisting of (i) Ci to Cqd2 straight-chain, branched
or cyclic al kane or aFkene,j optionally substituted
with d, Br or F, an L | ogen sel ected from
t he group consisting Br and F , gnd (e)

' C6 to C20 aromatic
conprising a heteroatom sellected fromthe group
consisting of 0, Nand S, wherein the substituent is
selected fromthe group consisting of (i) C1 to C
2strai ght-chain, branched or cyclic al kane or al kene,
optionally substituted with C, Br or F, and (ii) a

whHedledge R sl dbt eah faldmaneheragtiongpl carsistigne ofaddica®lr an

afyyke radical, or an aromatic radical.

8. The composition of Claim 7 wherein R is (a)
H, (b) Cy to Cyp alkane, (C) C, to Cy alkene, (d) Cs to Cy

alkyne, or (e) Cs to Cpp aromatic.

9. The composition of Claim 7 wherein R 1is
selected from the group consisting of:

(a) CH;, CyHs,

(b) C3 to Cyy straight-chain, branched or cyclic:
alkane or alkene,

(c) C3 to Cy 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 Cg to Cj
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

(e) unsubstituted or substituted Cz; to Ciq
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;
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F . 10. The conposition of Claim7 wherein Ris
sel ected fromthe group consisting of (a) CH3, (b)
waae6n7208) C3 to C i 2 straight-chain, branchedP@rus2005/047557
cyclic al kane and al kene, and (d) C3 to Ci2 straight
-chain, branched or cyclic al kane or al kene conpri sing
sty iethércArem s SITeadEd MR it AU EBh st O

oNidh1Sy skbsthfetemesid ian ofr Qrﬂlfm 7ary@hehel nRis

unsubstituted or_substituted phen mhere
hadifien sdmebed S (SR 10 sfﬁ]r nd*ofand

F.(a) Ci to Ci2 straight-chain, branched or cyclic
al kane or al kene, optionally substituted with O , Br
or F, and (b) a halogen selected fromthe group
consi sti g .of TWe Rmpmrmition X CIkden chrgosiainmR ofs

seqlez?:lt:'@d7 df%n&: his ARINHS SR8 IHTBA 0fcd | su%gl @, H,,

oun a mxture of stereoj somers of singl'e
Do goaﬁdcmlsstrawéltccﬁﬁfdsr}ft RFARANE £ C ki Fohicane

ar@@lﬂdeﬂeﬂg el (@eczfg tepel ] eerﬁraslejmﬁcafbfrr ormtaha:rgécmtpr
I’ISI stin of d| dr onepet al act one n2| |

O At %; Qﬁs‘f%ﬁi 1%9 é) erodtom séqected
frtcmt rta\iw@mﬂqumedlstm axfy il ypraopyl®ene gl ycol ,
N- but yl acet ani lide, normal - butyl -6 ,6 -dinethyl -5,
6-di hydro-| , 4-pyrone-2-carboxyl at e, d| butyl adi pate,
di but yl FSLH{haI%Qe COIRFO gD Ckﬁjtci/]lalm 7 wherein 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)
a halogen selected from the group consisting of Cl, Br
and F.

12. The composition of Claim 7 which is a
single stereoisomer of a single compound, or is a mixture

of stereoisomers of a single compound.

13. The 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-diol, and normal-

propyl N,N- diethylsuccinamate.
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succi nate, N ,iV-diethyl-nmeta-tol uam de, dinethyl

carbate, dinethyl phthalate, 2-ethyl- 2-butyl -1
wQ opomoanedi ol , 2 - ethyl-1, 3-hexanedi ol , RQCFUSODEI47557

-propyl isocinchonmeronate, 2 -rhenyl cycl ohexanol ,

p- met hane-3 ,8-diol , and normal - propyl N ,N -

di et hyl sut&i nditee ecorigos Theor onposlaimn7 ofutthem 7

oSt herngonprisi Jaggleg%ﬁntial oil. 15. The

conmpositton o alm 14 erein the essential oil is
sel ected fromany one or nore nenbers of the group

consi st i ngs of ﬂ@%@ééi@io@léf enhs® Pilwnbasih eht,
ba%/ oj | nCE)J';::{away i %l anomoil, cedar oil, celery
e LHhanoht | 5 T Tl Fhalorm of 1Y ¥PE rohelPEe ofpmbers of
thﬁ(g&bmp|coﬁEﬂ$E&M@roblélm©m®1m1©tér oil] ahlise oil,
b%%%?“%%géj %§:01{en§§%a§%§ 1nge ?8%g?%gr§ ef%gégr oil,
copleppered ht didnompelperi bi | ¢inogroni¢1l spedrneomelbil oil,

cfé@g“$¥d) cosVEie Pr&Npe 6ﬁ$1nt@¥fE IR éyineé%§a9%$$us

and oil of w ntergreen. . The conposition

o¥lr thneb it si HIHy %Je cﬁrw%r%w&- oferepre oil,

1 e Ui 1f rﬁtﬂjtﬂvﬁl S M\ﬁé} i cslgl pfp@pgsélﬂ@iﬁt d@ﬂ pepper
unscreenlnﬁ ent
1,

n vita
Pt iR olt R dvedfagoe o1,
tfag@tq;hntturruﬁcrrlotamll, r oail 1 schvenyiegagent ,
retinoid, alpha-hydroxy acid, antiseptic, antibiotic,
anti bacterial agent, antihistamne. 17. The
conposi t i bn of Th GIAEP S £9n coffiaks 7 further

comprising any one or more members of the group of
adjuvants consisting of a fungicide, sunscreening agent,
sunblocking agent, vitamin, tanning agent, plant extract,
anti-inflammatory agent, anti-oxidant, radical scavenging
agent, retinoid, alpha-hydroxy acid, antiseptic,

antibiotic, antibacterial agent, antihistamine.

17. The composition of Claim 7 which comprises
the compound in an amount of from about 0.001% to about

80% by weight of the total weight of the composition.
18. The composition of Claim 7 in the form of

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

ointment, a gel, a paste, a powder or a friable solid.
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t he compound in an amount of from about 0.001%to
about 80% by wei ght of the total weight of the
W@ 20wp/0%i087 on. 18. The conposition of Caim7 iPCTL/O82005/047557
formof a sprayable liquid, an aerosol, a foam a
cream an ointnent, a gel, a paste, a powder or a
friable solid.19. A nethod for repelling an insect or
art hr opod C.ONPY infd HHH EXRAS i Fpd ML i SAC i e @ td Opod

tqQ a coyrpound descri bed generally. by the follgw n
2R ERRCE BT R |G HS T Gl AT S Hd il T A R
a reashipealnd ate sad by rageetiecrad 1 1 yorbyart beer ot Ji cow tragli foadmul a -
20. The nmethod of Claim 19 wherein Ris (a) H, (b) C
i to C20 al kane, (c) C2 to C20 al kene, (d) C3 to C20
al kyne, or (e) C6 to C20 aromatic. 21. The conpound of
Caim19 wherein Ris seléted fromthe group
consi sting of: (a) CH3, H5,F£b) C3 to C20
strai ght-chain, bran or N°ycl i ¢ al kane or al kene,
(c) C3 to C20 strai , branche®or cyclic
al kane or al kene conpris a heteroatom sel ected from
the group consisting of O, Nand S, (d)
unsubstituted or substituted C6 to C20 aronmati c,
wherein the substituent is selected fromthe group
consisting of (i) ClL to C 2 straight-chain, branched
adlzeeld o flkang, ony Al kene g opti onal Ly sybstifated oy

alkyne radical, or an aromatic radical.

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

alkyne, or (e) C¢ to Cy aromatic.

21. The compound of Claim 19 wherein R is
selected from the group consisting of:

(a) CHs, C3Hs,

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

(c) Ci3 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 Cg 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

(e) unsubstituted or substituted Cg to Cao
aromatic comprising a heterocatom selected from the group
consisting of O, N and S, wherein the substituent is

selected from the group consistiﬁg of (i) C; to Ci»
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A, Br or F, and (ii) a halogen selected fromthe
group consisting of d, Br and F, and (e)

waia®eosst ut ed or substituted C6 to C20 ar onatPCT/US2005/047557

conprising a heteroatom selected fromthe group
consisting of 0., N and S, wherein the substjtuent is
styal isfttedr Haigm tHE s Lo Stihg8fans )or 3Lkene,
op@l]i%ﬁa{laﬂﬂr%qk&‘shﬂ:tnutéﬁ'aﬂiﬁ}tﬁcﬁlo,g Mﬁf (F,a|a{éﬂ:ne(ﬁ) =
ene, aption suhstituted with G, Br or ,—.an
hi Iy YA SR IIE (R HE U or i1 nePorond
FC, Br and F. 22. The nethod of Caim19 wherein Ris
selected fromthe group consisting of (a) CH3, (b)
CH5, (b) C3 to Ci2 straight-chain, branched or
cyclic aldéane e mdtilek ofarfdl i) 1B ihe@in R is
sSd Al LRI the qx%?@%rpgiswﬁdg Gl kaner, aldsersy,,
conprising a heteroatom sel ected fromthe group
(Rorfsi §6i fee SR LING P IS, DERNCHRA R HoHF bEC @ Hf3Ra9
aﬂMﬁ%rméhé%hiasquB@ub&gi tuat ed, cgtllsamﬁgd $¢n£ﬁ1 phersthched or
erein . the substituent is selecte romthe gro
RS AR OK HLACTE (PP E L & I TH T s
fram iy igralk armesdrs taldeenef, @ptN arad 1. substi t ut ed
with d, Br or F, and (b) a halogen selected fromthe

group consisting of A, Br and F . 24. The nethod of
d ai m 19 dsher dilie REhashplurfal 3 50 gl Syt ee 5t €f eb’ soner

urfurs i N & RABY¥Lituted phenyl, wherein the
substituent is selected from the group consisting of (a)
C1 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.

24. The method of Claim 19 wherein the
compound is a single stereocisomer of a single compound,

or is a mixture of stereoisomers of a single compound.

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.
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or is a mxture of stereoisoners of a single conpound.

25. The nethod of C aim 19 which conprises exposing
WO b@ecioredert or arthropod to a conposition thatPCT/US2005/047557

conprises the conpound in an anmount of from about

0.001%to about 80% by wei ght of the total weight of

the conposition . 26. The nethod of Caim 19, which

conpri sesQ&xpd@imgna:MCbcmlﬁ ¢leeih Nk i wiskech ormprises

f T t f

R B G e L e r om0
Ol’seﬁlé‘tt@fd E: rmimrh@:grmqsn@brm%tt i ¥R AN bi RS Rt fPT es,
ash &, fleas, nosquitoes, ticks and lice to the

conmpound. 28. The nmet hod of Cl aim 19 which conprises

appl yi ng the conmpound to the skin, hide, hair,

feathers or fur of a human or ani rral host for an

i nsect or arthropod.
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