CARBONYL CONTAI NI NG COVPOUNDS FOR CONTROLLI NG AND REPELLI NG CI M Cl DAE
POPULATI ONS FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to
t he fi el dwof2oppep70cont rol and, in particular, to conposiPCranoendozvet hods
for controlling, detecting and/or repelling bedbugs. BACKGROUND OF THE

| NVENTI ON [ 0002] Bedbugs (Cimcidae) are parasitic insects that feed
exclusively on warm bl ooded animals. The nost common type is C nex

| ectarius. Bedbugs have been 5 known human parasites for thousands of
years and t KARBANEECONTHMNENEICOMPOVAIDISTER GONTROBE Gy REFELOINer INIEBHE wher e
peopl e sl eepOPBABUYS are essentially nocturnal and are capable of feeding
unnoticed on their hosts. A nunber of health effects may occur due to
bedbugs i ncl udi ng skin rashes, | Q ek ts and allergic synptons.
Bedbugs were |argely eradicatég In ?ﬁgﬂ%%gggEﬁéiggéticides such as DDT
However, 10 since the 1990, the preval ence of bedbugs and associ at ed

heal t h ef f ec1®0hhyvEhehpreseniomvertien relates toghp Hgldtad pgtteanteq! apdripipgiicelpai®l | nore
frequent exc ~ SECAGES i shi ~ i ncreasi ng
resi stance o?aggﬁgg%g to %@%??@ﬂﬁ%@@ﬂ#%g%g?ﬁ»ﬁﬁg?%ﬁggﬁggﬁﬁo 0ogi es have been
devel oped to control bedbugs. For exanple, pesticides exenplified by

pyret hroi ds and or ganophospghatie6ROAVIS CYFCEAEUNSENTAON | | 15 bedbugs.
However, bedbugs can devel op resi stance to such pesticides and hi gher
dosages and/or the use of other pesticides may be required for effective
control . Fur tl?Pé’flhoP%dﬁ)ug%é@wga%raéwwaﬂvwssﬁt s Tt E’E?H?Wﬁ[é{r%“ ¥ s e
pesticides iBldoh&i tniRAREThe AL REMMSA| tUsd RNCinsext BOaMSE BRlibehs Yhah € de@nd/ or
liquid nitrogen, or the applicatjon of heat, to treat spaces and articles

infested By BBYHuGEmIMARESEsS, fof Hbugands exdt gt & Misnigeect nirgferab haliiel | trate
areas of har BQUIRGBedsdr b6 drERatHER Yeofle 8REp. Heablds Rtk SO alReHRHSAS by Sur vi ve
the treatnent, and then, subsequently re-infest the spaces and articles.

Ot her t r eat mefetcapglhefdfsedingcunngiaced ipdhaiighosis e foluanbes pf kralb gectopay,eecuuni ng or
the use of plysicabadubRRIAYBLKAL At FSARLS ALEs SXETRLLI SRRt he
application o des%cc nt u§§§ an .fﬁeﬁfﬁie. Inénan@ casegé’ﬁgmgvef,
bedbugs avoi dedlngs acre laigely emdicalesinsthpyl Of@snlii pasiigddsrsuibay BRY. dfowsagtbour age
for extenged_perj fod] - 4- : -

(B - 4 oxadoce s LatoRnd bifaience o B! bir ds @R NRAEL AOR niBbeen on

sem ocheni calthesiigmalvang telgeare dotoignj wavehihae Hedberg sexcidnge ofF sie¢omdihtyd i n
response 1o LG, L0, SHRSEANGEPnSHAESES LARL LR, LSE BRIGNPI ndi ng may not
be very speci?lc for i he part “of nolecules fom carpon”’ angiupmard. 5
[0005] In separate studies, (E)-hex-2-enal and (E)-oct-2-enal have been
reported fund?G0d3h Nsmelons eechamthers hagdeeydavilopedsto goaiiad bedbngs. Fongiamgls. coul d

suggest that e ! h.ndi r s f rbons 5
o e oviar i s i BP0 R b T BF R bl ES el AR

(car bons 13- 4pedhups. plowyer, ngpdbups &b adpyeleg atdivmcarid/soch pkdicnies iagh dighed 242
".1IrHrl H 67 6 5353, 080 (E)-hex-2-enal(E)-oct-2-epal [00Q6]. U S Patent

Nor 7 bge 5o doneRe P e Wk e RIS 1B braadRBl PR Pyl
nosqui t oes, tFutksmardiheedkgoanlrassistaigt by casumpend ndssetpasticitgs tnhtkeiglonedsa
formula: 9 RC 5] 000 in ich Ris.C4-C20 |inear or. branched al kyl,
preferably |ﬁ?8§§r‘3%i‘81013#5e&%%? e @GO Y NP0 8] tﬁﬁ?@hcﬁb%‘ﬁ *No.

7, 8ﬁ2852 ]§ antb tpéasspaE@te@atagAwﬁ ﬁﬂf@sgéci H;rl‘beﬂ’bltg:s.: I_Q@Iiévgﬂ éﬁt‘)d@e tr%éﬂt@fbﬁﬁg&&‘_@llﬂescr i be
met hods for attracting and there control li ng bedbugs by vol ati zi ng

synt het i 80phé‘}f6%ﬁé@a%ﬁfg‘a@l§’h‘&g5t“? treRifresy %raasrff@alfhngﬁamsgs%%ﬁ@ Pedugs 20

thereto. For md @ainRing 60 M SibSYuélie STt el HadRhBhPEMBRS Gh& Hemsht bed as
i ncl udi ng a nonot er pene, a saturated al dehyde, an unsat urated aldehyde, a
ket one and prsthodsicudgphytienl seraovalgk beqhugs By vaqruayng elothasac! ghssica

conpri si ng NRANS otHGGRARents GF exémPRIRAINR! the afpFadn EE&Rnt dusts and the

(E, E)-2, 4-oct adi enal , benzal dehyde, " benzyl alcohol, (+)-linonene, (-)-

| i nonene and lik¢ 18 anasecassOpDgvely belbups pend cappt vadt the duts BY rerainiag INo.
2011/ 0289824 (eSS RR S50 MR euUBds sIBIefgmand devices for detecting and/ or
treating 1 nsect Infestallons, |ncPud|ng 5 bedbugs. The conpounds have an
oxi me, hydrazone, amdine, imno or imne functional group and act as

i nsect attractant, aggregating or arresting conpounds. The conpounds may be
conbined with an insecticide or pheronone. [0010] International Patent
Appl i cation Publication No. W?2010/ 126576 and U.S. Patent Application
Publ i cati on No. 2012/ 0046359 descri be nmethods for controlling or 10
repel I'i ng bedbugs using formul ations conprising at | east one al kyl ketone
or cyclic ketone conpound. The al kyl ketone or cyclic ketone conpound
contain a total nunber of carbon atons between 10 and 16 carbon atons, and
preferably between 12 and 16 or 13 and 16 carbon atons.



[ 0011] This background information is provided for the purpose of naking
known 15 information believed by the applicant to be of possible relevance
to the prweent2/izementi on. No adm ssion is necessarily i rCendeo;2/03e03shoul d
be construed, that any of the preceding information constitutes prior art
agai nst the present invention. SUMVARY OF THE | NVENTI ON [ 0012] An obj ect of
the present invention is to provide a control and repellant for C m cidae
popul ati ons. 6@4]30@&%%& dnll gxhe (BPSGL. o@h-dnliendvBViERRA 'r%nea@@ra%u' s 20
provi ded a conposition for repelling bedbugs conprising a carrier and one
or nore conpepinddsiad dyéames abmfcmhfrmm@l gighals, oreleasqdr by f owenilsr bedhues. bk at e

of - i ydr ou B B Rk e oty e EReR A i ek IR R O b

group consi stnmrl@ wefysp@lﬁﬁbrarcwewt oCinolebuled fkgth carGdr Condalpeany| ; C2- C4 al kynyl
al koxy, furyl and -NR3R4, wherein R3 and R4 are independently selected from
the group consisting of: H ClL-C4 al kyl, C2-C4 al kenyl and - CH2C( OCH3) 2,
and wherein: 5[0015] each G - al kyl is optionglly substituted with one or
nore substituents indepen = ted fr A consi sting of:
hydroxy, Cl1-C4 acyl, C -C4 & kyl, @l koxy, arU%nyI arboxy and - NR5RG,
wherein R5 and R6 are indepengentlyedfa - 48 §< A1 f{enapxy [ 0016] each
C2-C9 al kenyl is optionally substituted wt ﬁ one or nore substituents

10i ndependent|ly sel ected fromthe group consisting of: G-C4 acyl, G-C4

al kyl, car borwf/ | chir prpREpte Biydiesx¥)- gfsfdwmlyqnd @@Wf} ersh V2@ TapPRShy | i s
optional Iy systibt Yt i &naxo9r%g@%4dmr§ AHDShL{ HHS aoﬂﬂeﬁggg@%ah ypsel ected
fromthe group consistin % -4 alk y, carboxy,
hydroxy and fhangkal bmddlglfs{rmdlm]art@émhleamlk&)&@mp@rb@pti @ﬁalpwrdstu@smqtfoaa%d with
one or nore d ool [ Sting
of : carbonylﬁﬂggkg%%gmkgdkg ﬁB%ﬁd%pg#ﬁghygggf rl%hgni%ﬁmﬂeﬁelﬁn%%gﬁ%ne or
nmor e conpOundggrbgniien beldiywtprmeigehll ent activity. [0019] I n accordance

wi th anot her aspect, there is provided a kit for repelling 20bedbugs
conprising the conposition of the invention, and instructions for use.
[0020] In accordance wth another aspect, thete Ps Hrovided a use of a
conposition of the inve@bbdh¢?bﬁ%ﬁepelIWr@?bédbﬁ@gi [0021] In accordance
wi th anot her aspect, there i8 prpvided 8 method f repel | i ng bedbugs

conpri sing applying to gfnatesaknown or suag%gggqlof cont ai ni ng bedbugs a
25conposi tion of the invention. [0022] ccordance with another aspect,

there is provided a nethod of preventing bedbug col oni zati on conpri sing
appl yi ng to ##08l eH SpPatae No 7088150 desetibnsinxeshdde nf mpelbing Hiseas. @wecrr}galbt)uru ng
bedbugs a co f M th anot her
aspect, thergﬂ?@&%gﬁ@gﬁzgﬁg&#ggﬁﬁg1%9% Bgﬁﬁgﬁ%m%%hggﬁgggﬁggﬁ%rising
contacting the bedbugs with a conposition of the invention or vapour

t herefrom BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024] These and ot her
features of the invention will becomRnordtapparent in the follow ng
detail ed description in which reference is nmade to the appended draw ng.
[0025] Fijgur gooh7pr BSQRIE RAS @480 BRAPNH-SHaWhed diRe aRidribly 1pkaeXerpl ary
10 conpounds of the invention to repel bedbugs (% repellency) at a

concent r at i oRTeradBET 2R Akl hexane soaked onto a slowrel ease bead. Val ues
shown are the average repellency shown over 3 tine periods (1 hour, 24

hours and 48 |duo8[ sw,s angkn( Blo. amdzagzts gliov ngpdiéie Ap @@tﬁinl PRIaf @ Neach
conpound. STI-lOl i s 4-oxo-2-hexenal ; STI101-004 is 4- oxo- 2- octenal

and STI-101- é@hl/@@%%edksﬁ%wnnﬁ@@%éorr ¥paqting rnd Jheretst ﬁwm&l%rbﬁé ale.
DETAI LED DES@aIaPJﬁMuI eloNWENT h@\g&l%@@ mﬂaﬁedme@tsmt eﬂp@éﬁﬁ%“bbdﬂﬂgé’ el ates

to conpositions having bedbug repellent activity and met hods

control | 2Ag #eerteorayalians aemprestieubssynthigec phenpreyies predescobed sandlydie i on are
useful, for (o)

|nfestat|ons%§%g¥}r SS&U§%%%k%§%%I%ﬂgémﬁé%ggygﬁﬂggiﬁﬁggg%%5%%%%%{?ghnEnt
of bedbug 2©C%¢t¢.dvii>%s>.ref¢11red| ge Wpmhiatonsheonyeisne nofartahedepanals éRl-2-henapslt i on t o
control, detect and/or repel bedbugs by comnbi ning the conpositions with
other treatnments exenplified by infrared irradiation, production of sonic
ai rwaves, and the like. [0027] Accordingly, the present invention

provi des for conpositions conprising one or nore conpounds havi ng bedbug
repellant activity. In certain exenplar? 25enbodi nents, the conpounds may
be, for exanple, naturally occurring sem ochem cals or anal ogs of naturally
occurring sem ochem cals, wherein such anal ogs include structural anal ogs
as well as functional analogs (i.e. conpounds with only mnimal structural
simlarity, but which exhibit one or nore desirable activities of a
naturally occurrlng senlochenlcal |nclud|ng, but not Ilnlted to, bedbug

o P P N & | N Y L o " I




[ 0029] Unl ess defined otherwi se, all technical and scientific terns used
herein have the sane neaning as commonly understood by one of ordinary
skill in wbeomr291e which this invention bel ongs. 15[ 0030T/GAzo1ap8ak0Ber ei n
the term"about” refers to an approximately +/-10% variation froma given
value. It is to be understood that such a variation is always included in
any given val ue provided herein, whether or not it is specifically referred
to. [0031] The) 3 6Lial BeADU bARRLAE HenAdchVde YenzyRSIcHRE A N8k e
reference to a conpound oOr conposition neans that the conpound or

conposi ti on, liwieeenctagd swWehténg. a 20bi oassay such as those described in the
Exanpl es provided herein, exhibits a mnimal %repellency of 50%in at

| east one aS%ﬂM9][QQ@¥Lwﬁhﬁ%ﬂ@&ﬁhﬁ€%ﬁ&ﬁo@§M!ﬂﬁlﬁé8%§@%e§%%&i&m%ﬁﬁ&k? to the
group -C(0)R, where R is hydrogen, C-C4 alkyl or substituted CL-C4 al kyl .

[ 0033] The t arethodelandadeyidey|for dgtectinge dndier diepfingr &fseqt sinfestationst riggledeg chai n
or branched r r f t | .C t ~ ein. t | kyl
may optioﬁal%%ﬂgggsuegfpﬁg?%'Sgggﬁé§C§%ﬁgﬂ%§@§§¥%i%H?aﬂégﬁﬁﬁkgntggﬁ?"CZ-cg
al kenyl , " as furs@ohaherogp and pafag insedt @ttacknl aggyégatiohai arrestindecamobeds. The

hydr ocar bon Y car t. - hav] or nore carbon to

car bon doub|35%%%%95@ﬂ%@%ﬁﬁﬂﬁﬁggﬁﬁﬁgﬁigaﬁgé(%g ?§ﬁ§61y be substituted as
descri bed herein. 5[0035] The term"C2-C4 al kynyl," as used herein, refers
to a strai ghi0WAhi ntesrational Rakeat] Apyldeat e Pbblicadn Neo WQ2GFLBUIR6T&rdndnU &t ons
havi ng one o ; : n j o) ~ ' ~ may
opt i onal 1y b SnSpiRERAT AR A2l QLGN IRELE o GpBbNEY

"al koxy, "10as repskidg fhedlpign using flemsildtions bemgrsogpat-18R; omhelkel Riore @i ¢yCdc

10al kyl , wherein the al tionall e substituted as described

ner el b [ 005 RO ol ALK Ao s Fe PR ohb Bt e S oup —o.
[ 0038] The t ef carb@aatdroxhetweeas Ousae do bab@i noms, ahéprefdrablt heewephd@and G6 0) OR,
where Ris Cﬁ-c4 g!%ﬁl or substituted G -C4 al kyl . [ 0039] The term
"plurality” as BEECH W Seans nore than one, for exanple, two or 15nore,
three or nore, four or nore, and the |like. [0040] "Naturally occurring," as
used herei n, [@1hpphis ddckigoouad ndbineatibn iy pfoerdsd far théi@uifpast oft inaltin@knobj ect can

be found.,in nature. For e e, a.,.compoynd that.can be ispolated froma
sour ce A" nat S T Rl e uPiERLNS I of PR R e B B BsiHEn

t he | abor at ofinyehtsonn Alowdalidsion A€ Gedessianily. in20dIOMPQUINIDS b @Orkidued hieat @ayrpdUNdS
for inclusioqg n the cQ ositions of the invention are conpounds having
bedbug repel IMfrecsiipg Rtprnatien cqnsiityies BT 4Lt asai)stthe Presgpt IRNERHN} e natural Iy
occurring sem ochem cals, or structural and/or functional anal ogs of
naturally occurring senioche§¢ﬁﬁthY%ﬂ; zgqN¢ﬁNfﬁ@§ain enbodi nents, one or
nore of the conmpounds for inclhusion'in the conpositions is a conpound of
general formula (1), or a pro-formor internediate thereof: 0 RR2 (I)

[ 0043] wher eil@P12] 084 4pjeR10fl e pedsestinknfiem i tohEoydo apotion sind trepetj awflor H,

hydroxy, G - I -al k 5[.004 IS e fr he group
consi sting og} m@a{é&oﬁ@éﬁlﬁsoﬁ&coﬁ%& ,‘Q%Z?%%%eﬁteﬂéae @é'g%fna%%énﬁe

al koxy, £0r ylpreanttd -aNRBRSsitiwvh ésreiepellRR Emdbud4coaeasing deqaend end loye selheed ed from
the group consi sti f: H.GC - al kyl , . C2-C4 al ke and - CH2C( OCH3) 2,
and wher oi n: oouefoeenerthioguigth 9 o s oo sB ui ed w th one-or
nore substituents 10 independently selected fromthe group consisting of:
hydroxy, G -C4 acyl, Cl-CG4 al kyl, al koxy, carbonyl, carboxy and - NRSRG,
wherein R5 and R6 are ijwfependently Ci-C4 al kyl or al koxy, [ 0047] each
C2-C9 al kenyl is optiondlly?substituted with one or nore substituents

i ndependently selected fromthe’group consisting of: G-C4 acyl, G-C4

al kyl, carbo 1 hoxy. ok - ynyl is
optionally s@%g? tﬁ?@%ﬂagfﬁSgﬁg&gﬁxﬁgggggﬁ%g%??ﬁﬁﬁégl%ﬁﬂ%ﬁ%ﬁ%@%ﬁﬁ§5§e|ected
fromthe groapd dbmgi stdi ng of : Cl-C4 acyl, Cl1-C4 al kyl, al koxy, carboxy,

hydr oxy and furyl, and [ 0049] each alkoxy is optionally substituted with
one or nore substituents 20i ndependently selected fromthe group consisting
of : carbonyl, carboxy, furyl, and tetrahydrofuryl. [0050] In sone

enbodi nents, one or nore of the conpounds for inclusion in the conpositions
is a conpound of general fornmula (I) with the proviso that the conpound is
ot her than geranyl acetone (6, 10-di net hyl-5, 9-undecadi en- 2-one),

pseudoi onone 25( 6, 10-di met hy1- 3, 5, 9-undécat ri en- 2- one) or 3-decen- 2- one.



[ 0051] In sone enbodi nents, one or nore of the conpounds for inclusion in
the conpositions is a conpound of general formula (1) with the proviso that
when R2 iwoCd4r20@9mkkyl, Rl is other than methyl. [0052] PCH/GQNE/050203

enbodi ments, one or nore of the conpounds for inclusion in the 5
conpositions is a conpound of general fornmula (1) with the proviso that
when RL is G C4 alkyl and R2 is d-C6 al kyl or C2-C9 al kenyl, the | ongest
carbon chal njidif nR, GOBRAUAGrdn® eSS Bttishl, 6RIHAN RYOT. dﬁraulﬁn@}bg [ 0053]

In sone enbodl nents, one or nore the conpounds for inclusion In

conposi ti ons alkenyd; @@G@@kbﬁl@lh ofkoge herylband f-ORaRJ. avhetein Ry and Ry laes lmﬂpmd%tbt hat
when R1L is C 04, iGinS 5150 al Ky 8 yl..,the total
nunber of ca%%g% atgﬁé&yégﬁﬁﬂ)g%ﬁ%%ﬂghois 1é§éht%%%E§8§8Tg%§§ ﬁjsone
enbodi ment s, (bh€(@CHpred whertihe conpounds for inclusion in the conpositions
is a conpound of general formula (1) as described above, wherein each C2-C4
al kynyl i § Ozédﬁﬂaéa!cb{ é}-’é’ﬁsafkgll‘;‘iseg t¥é4n Astifdted tﬁ e k&P%I off E%}bgéme&?[ 0055]
In some enbo , one or o e conpoun for usion i n the
conposi t i ons indspendeshypelecidd &bmghagroap cérsisimd af: hydroxyn Cadis @byl R21-Csalk{l0056]

(i) a substi n I erein ---
represents at%g{(}{ﬂ%;b&gﬁt ?%rg(%xg %@wﬁﬁg ‘gv%ereslgl %dﬁ & %ﬁdtL ﬁeglﬁédrﬂgn% 6420

consi sti ng ohtkyHr aiox@5 aIkyI C -05 acyl, carboxy, furyI and
tetrahydrofuryl R8 is absent or RBis Hor G-C4 alkyl, and RO is H or
G- al kyl, el i I t one or
nor e substit entL ﬁ%ﬂngg ﬁ%ﬁn& %R%%%%?§%¥hgﬁpﬁﬁh@#;§§)¥¢énﬁ

al koxy and hy«(ﬂlepengient{y(}@lﬁa]sd &om(the groap sanbisting efefit-Cohcyygh el sall kyll, aarbohy, (I [1):
WO 2012/129702@CT/EA§012/?§02 3isfab ?2JJJ n " [0059] wherein ais -0- and
bis CH2, or ‘A B%répre R =CHR'-, wherein R and R' are each

i ndependently H or Cl1-C4 alkyl, and n = 0 or 1; [0060] or (iii) selected
fromthe grol@iZbnsicktGrg adkynyl NRDptRnal ly Gibst@Bted|kiyH omndr @RreCubSELEENY| |

s o ke 08 SRS G P ey

nore substi tmenbt»s/, balrectand fiybamd he group consi sting of: hydroxy, al koxy,
Cl-C4 al kyl, G -C4 acyl, carboxy, carbonyl and NR5R6, wherein R5 and R6

are indep nd ¥ ~ X i

optionall 5 sﬁ(g)t Yt%(:h Cﬁk@%}}(h on(gﬁlgrﬁélﬁoi%bsg st |‘{|ﬁle§15t%g0§05 (Ilﬁ %llgjaﬁt??nct)sm t he
group consi stndependéntlyhsethcxyfronTithdCdromp kophsistiGl -4 cabyrly]. @ardspxfurdnend
carbonyl ;[ OQ%QLH%?; (yl %ﬁ%\!hgr%}ne f {)I%mOIt rr]r?or rc%rlf'l oun%nsn gttli)@%%ng fepellle'nt r ' 0 DHL

H 1gH H - activity.

[0019] In accordance with another aspect, there is provided a kit for repelling

20  bedbugs comprising the composition of the invention, and instructions for use.

[0020] In accordance with another aspect, there is provided a use of a composition of

the invention for repelling bedbugs.

[0021] In accordance with another aspect, there is provided a method for repelling
bedbugs comprising applying to an area known or suspected of containing bedbugs a

25  composition of the invention.



o0 .7, _.." 0O F'O , [0063] In sone enbodi nents, one or nore of
the conpounds for inclusion in the conpositions is a conpound of general
formul a (WP 20re/mbiioch RL is C -C4 al kyl or al koxy, and RPCIr&A28{208643 (i) a
substituent of general forrmula (11): R8 R7 RO(Il) [0065] wherein ---
represents a double or triple bond, R7 is selected fromthe group

consi sting of Cl 05 al kyl, C -05 acyl, carboxy and furyl; R8 is absent or

R8 is Hor KtkordBRg R dS ikt 93; eSlmb @g%@cldedwqﬁétﬁw ft v S al kyl
]DS'[ It 0]

IS optlonally su uted 5w th one more substituents se ected fromthe
group consi sbﬁmg@bkonathqonm@nmﬂdplmg.to [F0@6B]prore 1itieyibug epldnszaionent of

general for I : o wherein ais -0- and b
is CH2, or ”H%%Pgﬁﬁéég% S -E@ﬁ%ggﬁﬁﬁmnnﬁﬁgfg%n gﬁlf0|s H or Cl-C4 al kyl and

R is H and n = 0 or [0068] or (iii) selected fromthe group consisting
of : Cl1-C6 al k§923hnkh @zor@mcalménwothev\hmeen thetehis Po1U®El aethiod ifer tgpellieal |y

consi st ng. of eRsE g CETARE i MERL, REA BTLEQo AL e, At or 11
substituted wiytdwr thaeefrom. nore Cl- C4 aIkyI 15[ 0069] In certain enbodinents,

one or nore of the conpounds for inclusion in the conpositions is a
conmpound of general fornula él wherein Rl is selected fromthe group

consisting of: H Cl-Cc4 BRiE RIPIEQY OB AHFDRAIVINGY st i t uent of

general formula (I1) as described under point (i) above. [0070] In certain

enbodi nent s, [mﬂﬂ]0Th£@%ﬁi@ﬁwﬁﬂﬁmRQQEQMﬁQﬁmﬁ@ﬁwhﬂ%b&ﬁﬁ@ﬁohwl Bent24 the
conpositions is a conpound of general fornmula (1), wherein is Cl-C4

al kyl or al ké&dlpwinggdptaged descrptignpa pvhich eeferepge lg@ﬁ@rtaﬂhera@p@m%dl(awmg) as
descri bed under point (ii) above. [0071] In certain enbodiments, one or

nmore of the qmspum@aré qr pte@éﬂtmwm ibar toighhC SHERG@S tthé)réﬁlhhs ol &@ﬁmbsnd of
gener al fornula (n a substituent of general fornula (rer)

as descrilBed cema@mdmﬁ th% m(VFIPt)Oné‘l’JEF\Pél bedbres (b reRsH PR R AL asconcmﬂﬂmtﬁfﬁ

wherein R i gyl @ h&dand Aokl YontARKIRY-rdigasél bel PO dlies! ShoR@r 4l Re %@Q@Qé ment s,
one or nore of the conpounds for inclusion in the conpositions is

conpound of &Pedensy shaymenea3 time pefipdsy @heuR24 haurpjagt 4&houmd. di) a ch%
showing the % repellency for each compound. STI-101-002 is 4-ox0-2-hexenal; STI-
101-004 is 4-oxo0-2-octenal; and STI-101-088 is the known bedbug repellent phenethyl

15  propionate.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention relates to compositions having bedbug repellent activity
and methods for controlling and/or repelling bedbugs. The compositions of the
invention are useful, for example, for eradication of established bedbug colony
infestations and/or for prophylactic application to prevent establishment of bedbug
20 colonies. It is within the scope of the present invention to control, detect and/or repel
bedbugs by combining the compositions with other treatments exemplified by infrared

irradiation, production of sonic airwaves, and the like.

[0027] Accordingly, the present invention provides for compositions comprising one
or more compounds having bedbug repellant activity. In certain exemplary

25  embodiments, the compounds may be, for example, naturally occurring semiochemicals



5R2 is selected fromthe group consisting of: -NRioRi, Cl-C6 al kyl and
C2-C9 al kenyl, as described under point (iii) above. [0073] In certain
enbodi nerwe,20ie9®e nore of the conpounds for inclusionPCl/A2e12050008Si ti ons
is an intermedi ate formed during synthesis of a conpound of general fornula
(1) and having general formula (I1V): [0074] wherein: R12 is Cl-C4 al kyl
or C2-C4 alkenyl, and R13 is H Cl1-C4 alkyl or a protecting group, and
[0075] whereip £ach gf'n reﬁ‘l‘yk?!écufr&go iOhBfnt MisS WS Telr YD adidel ﬁl@l‘aﬁé” or e
substituents I ndependently selected fromthe group consisting of: hydroxy,
G -C4 acyl, ss@iur@danglogylas wellkasxiymctioalbamalpes (i@ambmnwléﬁdwmm%es,mlm ein R5
and R6 are i d ~ ~ 1.SE: f. 1-C4
iyl and al foggra otk SHRChIE ok 1F ol UR R LGB Y o
conpounds f opcéuneigrsimorwhémicilhigclodinpdsi botdinsted 0. hedbug repelhend haitvey)f or med
during synthesis of a conpound of general forrmula (1) and havi ng general
formula (kV), d j ~ , I AiFisEof olm L group.
[0077] | nljcet[?(%?]n @?%%fgltéﬁn%ﬁfﬁg% M%’ntgg\/ggﬁ%{r?gﬁ%go tﬁﬁlesygoén%ou%gg: %@gﬁﬁlltd%l?:?um on
in the conposeteraneomgda dh, iantdescnbell at eofodeteid belomi. idhesgomposigps oin be
conpound of ~ . i I . .
deser bed abagatiddh diisdriaty, RElifl 19 RRHAued RHEH BirblefeidEe 1
o][le (ﬁrdm)re $’mtiismclszteme¢£’brlspd>wrtbeq@e¢admd o ' ilayligmggdhml' ,ﬂﬂmttmmgehencgqggmpsimnsi sting
of : hydroxy, 5 al k and al kox n_certain odi men one or
more of the SOHBItAALSY SpPeRRes m AR ot Bt R R R TP et ot o
formed duoi ngnastes.hesi s of a conpound of general fornula (1) and having
general formula (1V), as described above, wherein each G -C4 alkyl is
optionally Sz)%ﬁ‘t’g’l”t ut ed with one or nore Cl1-C4 al kyl groups. 5[0079] In
certain enbodi-hent’s, one or nore of the conmpounds for inclusion in the

conposi tions g4 0 g%ngr ol ) | L ected
fromthe gr o&%ﬁggngﬁlgg i dr?gq%ﬂ)th \ lahglgf‘{g@flggﬂgrag%%&%n&fg% té@sﬁ%ﬁ@?{e@%ﬂ? ) 2,
-CH2CH3, - CHRGeRCHBannCRHPOH{EHMEY 2ndersGidd OHRORRTHBInaryCH(IGHI) CHP GRS ich

- CH( CH2CH3) 2 i-.wg@gﬁzmzm, - CH2CH( CH3) CH2CH3, - CH2CH2CH2CH( CH3) 2, -
10 CHZCHZCHZ&—& .- ER2CH2CH2CH2CH3,  CH2 CH2 CH2 CH2 CH2 CH2CHS, hydr oxy, an
al koxy group such as -OCH3, -OCH2CH3, -OCH(CH3)2, -OCH2CH2CH3, -

OCH2CH( CHi3) 2,[00301CHA CHRAHREHE the- QTH( 2DIIBY CHRICHS an ai)BH(IBHIRIZHI )26 variation

OCH( CH3) CH2 . . . S
OCH2 CH2 CH2 CH ,glyﬁgﬁ%%%}ﬁ&%?m&ﬂ%,mﬁ and an
am no group, gouehalasproNeRd herdihiGHB:ther N(1GIHB)iPspeei NbOM2EEBed toNHCH( CH3) 2, -
NHCH2CH2CH3, - NHCH2CH( CH3) 2, - NHCH2CH2CH2CH3, - NHCH( CH3) CH2CH3, -

NHCH( CH2CH3) ) - NHCE -

NHCH2 CH2CH2 (Oélg) ﬁ,@ %ﬁé@%ﬁbﬁ%mgﬁﬁﬁﬁ&@@“w a

NHCH2 CH2 CH2 Ciel2@piAGHRCIEBNp B30{00 G8hs ‘ghladthRZOIinBOlmé |oe complosftroomwhémetegjed unpa

gglng IO?/}BI Qgsg %olaséss J lll}llglsa% /&ises ﬁ%@g@i@h%ﬁé %}éamsplc;ssropor%{i{{ﬁfdsﬁe%sﬁ\l, 0/e(\xhi/‘bité 2 mIiEItlimSa
% repellency of 50% in at least one assay.

[0032] The term “C;-C4 acyl,” as used herein refers to the group -C(O)R, where R is
hydrogen, C;-C4 alkyl or substituted C;-Cy4 alkyl.

[0033] The term “C;-Cs alkyl,” as used herein, refers to a straight chain or branched
25  hydrocarbon of one to six carbon atoms, wherein the alkyl may optionally be

substituted as described herein.



sc [0081] In certain enbodi nents, one or nore of the conpounds for

i nclusion in the conpositions is a conpound of general forrmula (1) in which
Rl i s selwotek/f29mm t he group consisting of: H, an al kylPCgraazpi2aieios as
-CH3, -CH(CH3)2, -CH2CH3, - 5 CH2CH2CH3, -CH2CH(CH3)2, -CH2CH2CH2CHS,
- CH( CH3) CH2CH3, hydroxy, and an al koxy group such as -QOCH3, -OCH2CHS,

- OCH(CH3) 2, -OCH2CH2CH3, - OCH2CH(CH3) 2, - OCH2CH2CH2CH3, OCH(CH3)CH2CH3

[088_?_2]0 and R%O(Bﬁ] Sehe grRd <t r@gmafk@ﬁylgra%ugsegol%éﬁt H?&s QB a str%ﬂt ehagr 81' , OH
P | brqnchéd.ltyéfg).c@b@l @f two to seven carbon atoms- havmg one OH nlcgﬂicélibon to

') | T O s D "g_;arbﬂ_rb double bond; wh'élelﬂ ‘Jhe alkenyl may optionally be substltufled a:l' dggcnged O Il

herein.

5 [0035] The term “C,-C4 alkynyl,” as used herein, refers to a straight chain or
branched hydrocarbon of two to four carbon atoms having one or more carbon to
carbon triple bond, wherein the alkynyl may optionally be substituted as described

herein.

[0036] The term “alkoxy,” as used herein, refers to the group -OR, where R is C1-C4
10 alkyl, wherein the alkoxy may optionally be substituted as described herein.

[0037] The term “carbonyl,” as used herein, refers to the group =0O.

[0038] The term “carboxy,” as used herein, refers to the group —C(O)OR, where R is
C1-C4 alkyl or substituted C;-Cy4 alkyl.

[0039] The term “plurality” as used herein means more than one, for example, two or

15  more, three or more, four or more, and the like.

[0040] “Naturally occurring,” as used herein, as applied to an object, refers to the fact
that an object can be found in nature. For example, a compound that can be isolated
from a source in nature and which has not been intentionally modified by man in the

laboratory is naturally occurring.
20 COMPOUNDS

[0041] The compounds for inclusion in the compositions of the invention are
compounds having bedbug repellant activity. Such compounds may be, for example,
naturally occurring semiochemicals, or structural and/or functional analogs of naturally

occurring semiochemicals.

25  [0042] In certain embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (I), or a pro-form or intermediate

thereof:



0 [0083] In certain enbodi nents, one or nore of the conpounds for
inclusion in the conpositions is a conpound of general fornmula (V), or a
pro-formwo 20rfieeTeedi ate thereof: 5(V) [0084] wherei nPRI/dA2013/05020an al kyl
group, for exanple -CH3, -CH(CH3)2, -

CH2CH2CH3, - CH2CH( CH3) 2, - CH( CH3) CH2CH3, - CH( CH2CH3) 2,

CH( CH3) CH2CH2CH3, - CH2CH( CH3) CH2CH3, - CH2CH2CH2CH( CH3) 2, CH2CH2CH2CH2CH3,

- CH2CH2CH2CH2CH2CH3, CH2GH2CH2CH2CH2CH2CH3; 5[ 0085] or wherein Rl is
hydroxy or an al koxy groyp, for exanple -OCH3, -OCH2CH3, -OCH(CH3)?Z2,

- OCH2CH2CH3, - OCH2CH( CI»%?ZRz OCH2 CH2 CH2 CH3,

OCH( CH3) CH2CH3, - OCH( CHZCH3)2 - CH( CH3) CH2CH2CH3, OCH2CH( CH3) CH2CH3,

- OCH2CH2CH2CH( CH3) 2, - OCH2CH2CH2CH2CH3, OCH2CH2CH2CH2CH2CH3,

- OCH2 CH2 CH2 CHteBb Crberpis: 10[ 0086] or wherein Rl is an amino group, for
exanpl e -NH2, -NHCH3, -N(CH3)2, -

NHCH2CH3, - NH% REis NCHAGHFPHRe oNOdHREHK f2H, hydroxy, C;-Cs alk%r:ll_‘sand
NHCH2 CH2 CH2 CH3, - NHCH( CH3) CH2CH3, - NHCH( CH2CH3) 2, NHCIYK CH%) CH2CH2 :

- NHCH2 CH( CH3plsPerd - NHCH2 CH2 CH2CH( CHB) 2, -

NHCH2 CH2 CH2 CH2 CH3, - NHCH2 CH2 CH2 CH2 CH2 CH3, 15 NHCH2 CH2 CH2 CH2 CH2 CH2 CHS3. [ 0087]
In certaip ef['fﬁﬂ@] nﬁmsssele@ﬁ@ fRIm RS Go@f cdrﬁﬁﬂ@&ﬂ?@{fasacfylorcllozcélml ©pcin the
conpositions is conmpound of general formula (V), wherein RLis H; an

al kyl group §H<P@/d{%?dcwlbm REoFY: Syl BImdiRsR+- w@er@fn R andiR+ ateapgeppiglently
(SOCOOR, <O B2 oro GHCHRMRE G Ty ot 06,80 alshorin g ouP
sel ected fromthe 20 group consisting of CH3) 2

- OCH2CH2CHS, @@@I@)K@qis‘)v@erelnocHzmzmzm - OCH( CH3) CH2CHB. [0088] I n
sone enbodi nents, the conpositions conprise mxtures of two or nore of

(E) - 4- oxo- he)f()(}zltq9 n&leh ¢B¢ ﬁl‘k?lx%' Q}?ﬂohgl'lﬁ Radstitutdd) wiBXond- &Ndbre &Mtituents

(E) - oct - 2- enal n some enbodi men t'he conpositions nmay conprise m xtures

provi ded 1@ t Hidepgnylenshyeselgeted Gompthe grogx serkisinoke Rxdroxy €y-CaaeoC ot albylenal |
(E) - hex- 2- engjy Qr c,(a@onﬁct:argo@nﬁlw Pﬁisﬂ(? \(fl'lérém qgean@ rRéni?é %ld%f@ildg‘gﬁf éfc,

(E) - 4- oxo- hex- 2-"enal - 4- 0x0- oct - 2-'enal hex- 2- ena
(E) - oct - 2- enalkyl erﬂll@ém enbodl ment s, the corrp05| tions may conprise one or
nore anal ogs of (E)-4-oxo-hex-2- enal (E) - 4- oxo-oct -2-enal, (E)-hex-2-enal

and (E)-oct- %004§Paéach| @geélkéfyf‘ 1@5@%?1h1[§95\¥b§t1tu§9%ﬂ?-9@ 919&096( substituents

(E) - 4- oxo- hex- 2-enal E) - 4- oxo- oct - 2- enal, (E)-hex-2-enal and
(E) - oct - 2- enaidependentiyiselertad fram thegrpwp ensigneqfal-Corei G- Quafkyiisetbenyll 0089]

In certaijg e 9&;%& g,9f nore of the conpounds for inclusion in the
e ’corrpoyung srg’e

corrp05|t|ons I'S cted fromthe group consisting of: 56 OH

44 0
[0048] each C,-C, alkynyl is optionally substituted with one or more substituents

independently selected from the group consisting of: C;-C4 acyl, C;-Cy4 alkyl, alkoxy,
carboxy, hydroxy and furyl, and

[0049] each alkoxy is optionally substituted with one or more substituents
20  independently selected from the group consisting of: carbonyl, carboxy, furyl, and

tetrahydrofuryl.

[0050] In some embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (I) with the proviso that the compound
is other than geranylacetone (6,10-dimethyl-5,9-undecadien-2-one), pseudoionone

25  (6,10-dimethyl-3,5,9-undecatrien-2-one) or 3-decen-2-one.
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[0051] In some embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (I) with the proviso that when R; is

C4-Cs alkyl, R; is other than methyl.

[0052] In some embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (I) with the proviso that when R; is Ci-
C4 alkyl and Ry is C;-Cs alkyl or C2-Co alkenyl, the longest carbon chain in the

compound is less than 10 carbon atoms in length.

[0053] In some embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (I) with the proviso that when R; is C;-
C,4 alkyl and R; is C1-Cg alkyl or C,-Co alkenyl, the total number of carbon atoms in the

compound is less than 10.

[0054] In some embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (I) as described above, wherein each

C,-C4 alkynyl is optionally substituted with one or more alkoxy groups.

[0055] In some embodiments, one or more of the compounds for inclusion in the

compositions is a compound of general formula (I) in which R, is:

[0056] (i) a substituent of general formula (II):

Re (1)

[0057] wherein --- represents a double or triple bond, R7 is selected from the group
consisting of: H, C;-Cs alkyl, C;-Cs acyl, carboxy, furyl and tetrahydrofuryl; Rg is
absent or Rg is H or C;-C,4 alkyl, and R is H or C;-C4 alkyl, wherein the C;-Cs alkyl is
optionally substituted with one or more substituents selected from the group consisting

of: C1-C4 alkyl, alkoxy and hydroxy:

[0058] or (i1) a substituent of general formula (IIT):

N H



[0090] In certain enbodi nents, one or nore of the conmpounds for inclusion
in the 5 conpositions is a conpound selected fromthe group of conpounds
shown i n wWakzbe/29700091] In certain enbodi ments, one or PEDGA20(2/050203
conpounds for inclusion in the conpositions is a conpound selected fromthe
group consisting of: 00 540 C) 570580 000 86 82 80\ 0/ 78 [ 0092]
Certai n conpounds of Fornula (1) may have one or nore asymmetric (chiral)

centres and/ or on nore unsaturated bonds. As a consequence, these
conpounds can 10 t as racemates, individual enantiomers, mxtures
of enanti oners, IVI (1d} ast ereoners, m xtures of diastereoners,

i ndi vi dual |soners and nlxtures of i soners. CErtain enbodi nents of the

i nvention pr r the inclusjon _of such co he jtlons
in an enanti Wﬁglcw'ﬁpﬁ§ﬂ%r§ $ 2 Py FWE Egﬁ% 8%%’ ‘ﬁ?ggb

enant i omers, aﬂuasa@re@@nﬁd@emenuysm%%& m&@@&%ﬂn%%olponteﬁpl ated in Certai n
enbodi nents of the invention are various salts of the conpounds of Formula

For mila (1) S0 o@tilEeBin M PR s o A a9 RAH C-Cor bot

functionab grRuRS, wiskdn RGGOHDr UGCY, alkeRahd RV, ihC AC naleF CoL, alkgani ¢ or
i norgani ¢ bases, 5 or organic or inorganic acids, to formsalts.

General ly, t cluded jin.th onposi tjons non-toxic to
Coneral Ly AMGIRL b MRERECEY Ghc! B FRUBRRRADS IR R ARAL BkS 1 o.
the particul alﬁbsﬁﬁhlslﬂitﬁ edledtaalrfrcfr@ﬂmgm@p&opmtmg@ff ISRy, allsad t C -6, Alkyal |-¢, not of
a critical nat SO I t alt as e i s ,acceptahl e, i erns of
toxicity andaﬁ’ ERORY 90 wﬁF@hR§ﬁ§6éﬂwﬁﬁbgéﬁgﬁiﬁﬁﬁﬁﬂqFP‘ggy?ﬁfbéﬂﬁtplied
and as | ong @smk&@/ &Qc@a@g% alkenmy 1 ooty sG@dﬁftdtéMiﬂ@oMQ&iré abs@uaid ties to
the salt as a whole. [ 0094] Sone enbodi nents of the invention provide for

one or miPe &% ethr%ﬁ%&rﬁa& censishes phéydigsy Girfa He'lcorpodgtiamexy ang
precursor or cz@E@iform™ As is known in the art, pro-forms of conpounds
general ly include one or nore functional groups that have been "masked"
such that the compound is ipactive until the masking 15 group has been
renoved. VarmgﬁgrdeU§§d§ﬁVﬂg gwﬁﬁﬁmﬁﬁg%$ﬁéoﬁonnnngfuncglongl groups and
conditions for their renoval are known in the art. For exanple, carbonyl
functionalities could be masked as ketals, acetals or hydrazones, that are
convertible to the desired active conpounds upon activation by nechani sns
exenplified by exposure to heat, exposure to water, exposure to basic

sol utions, exposure to acidic solutions, 20exposure to ultraviolet |ight,
and the like. [0095] The conpounds for inclusion in the conpositions of the
i nvention may be obtained fromvarious commercial sources (for exanple,
Sigma-Aldrich, St. Louis, M), or they may be readily synthesized using
conventional methods for chem cal synthesis with readily available starting
materials. In addition, a nunber of commercial 25 conpanies offer custom
synthesis (for exanple, Best West Labs, Salt Lake Gty, UT; Gakwood
Products, Inc., West Colunbia, SC, and Tyger Scientific, Inc. Ewing, NJ)
and could be used as a source for the conpounds. COVPOSI TI ONS [ 0096]

Exenpl ary conpositions of the present invention conprise one or a

conbi nati on of the conmpounds disclosed herein. The conpositions typically
al so conprise one or nore suitable carriers. Wthin the scope of the
present invention, the 5 term"carrier" can be used to refer to various
organic or inorganic materials of natural-occurring or synthetic origin
that can be used to facilitate application of the conpound(s) to a | ocus or
object to be treated. In certain enbodi nents, one or nore carriers nmay be
sel ected for providing desired stability characteristics to the
conpositions, for exanple, to enhance and/or preserve their efficacy during
storage 10 and/or transport and/or handling. Suitable carriers are
exenplified by conventional pesticide dispersible carrier vehicles such as
sol utions, enul sions, suspensions, enulsifiable concentrates, spray
powder s, pastes, soluble powders, dusting agents, granules, foans, pastes,
tabl ets, aerosols, mcrocapsules and the Iike. [0097] In certain

enbodi nents, the conpounds are adm xed with or dissolved in a 15 suitable
liquid carrier, which nay be aqgueous-based or non-aqueous (i.e. organic

sol vents), or a combination thereof Suchliquid formulations nay be

enpl oyed, for exanple, as foans, gels, enulsions, suspensions,

m croenul sions or enul sifiable concentrates. Liquid formul ati ons may al so
be used to coat, infuse or inpregnate a solid matrix, such as a polyner or
wax bead or pellet, plastic, nmetal, cloth, paper, wood 20or other nmaterial.



[ 0098] Exanples of liquid diluent carriers include, but are not limted to,
i nert organic solvents, such as aromati c hydrocarbons exenplified by
benzene, wolzoeme97ozyl ene, al kyl napht hal enes; hal ogenat @dTArA2MERI056203

hydr ocar bons; cycl oal kanes exenplified by cycl ohexane; paraffins
exenplified by petroleumfractions and mneral oil fractions; 25 aliphatic
hydr ocar bons exenplified by pentane, hexane, heptane; chlorinated aliphatic
hydr ocar bons exenplrfred by di chl oromet hane, nethyl ene chlori de;

chl or oet hyl eness” ~areeheis exeqpﬂifred by met hanol, ethanol, propanol

but anol , isopropyl alcohol, ethylene, and propylene gl ycol; ethers; esters;
and the |like. Qher exanples i nclude oils and essenti al orls such as
mneral oil, wntergreen gil, n@enrqu,ogrtronella oi |, canphor 300il, and

the Iike. [0099T”Sur abl'eocanrti ers” arg al so exeﬁpthﬁEd by~aerd€ol

propel | ants mhrch ar €@ gaseous®at nornad tenperatures and presgﬁres such as
propane, butane,i.sohut eng and_icar bon-dioxi- [00100] The conpositions may
further conprise one| lor nore dddi ti onall acti WY 5 i nactiVe sltbst ances.
For exanple, in sone enbodrneﬁts t he conposr?rons may include one or nore
of rheol ogi cal ageat H enuLShtHers surfactants, drspersants pol ymers,
exci pi ents, binders Jand fragrances. [00101] In seqe\embodrgenls t he
conposi tions conprise one or nore stabilizer subsTantes exenplified by
ultra-viol et radiation absorbers and/or radical scav%ngers 10 such as

3- net hyl - 6- t - but Y| plienol ,"~¢f otdnal dehyde, N, N - di-ptieny'l- 1 e

phenyl enedi am ne, bﬁtylated hydr oxyt ol uene ( BHT), bugylated h@droxyanrsole

(BHA), and/or or al pha-tocopherol. In sone enbodi nents, the conpositions
conpri se one or nore controll ed- releaap nat Li X sube\agces exenplifred by
starches and ot héf pol ysagchari'dg or"pol ynér bas&d matyices> “Certain

enbodi nents, fragrance 15 substances nmay be added t'o# he conpesi tions.
Sui t abl e fragrance substances are exenplified by nethyl butyrate, ethyl

butyrate, pentyl: guryratelhlrnallor crtroneIIoI eranrol and. Irnnnene
[00102] In certaWn enbodivreiit s, 'pﬁerusgon oﬁ’onesp “known

i nsecti ci des, bedbug repellents +# the conpe t|6n50|s contenplated
Exanpl es of |nsec£¢crdes 20 include, but are not limted tp, phosphoric
esters, such as #dcephate’ otpyrif8s, -dikhl oroyvos, nalarg[on or
propetanphos carbamates, such as %endrdbarb car%aﬁyl prepoxur ;
pyret hroids, such as aIIethrin bitenthrin broaIIethrrn bi oresnet hrin,

cycl oprothrin, cyfluthrrn bet a- cyfluthrrn cyhalothrrn

| anbda- cyhal ot hitf,™ g%nnaeymaTethrrn Fﬁrvﬁ] alphaaqyeernethrrn

bet a- cyper net hri n, t'het a- cypernethrﬂn om25 zet a- epepernet hrin, /cyphenot hrin,
del tanethrin, esfenval erate, etofenprox, fenpropathrin, fenvalerate

flumet hrin, tau-fktivatTnate,~hatfenprox, improthrin, permethrin,
phenothrin, prallethrin, pyrethrins (pyrethrum, resmethrin, silafluofen,
tefluthrin, tetranethrin, orﬁiransfluthrrn i troi mnes, and nrtronethylenes,
such as 1-[(6- chloro-3 byrrdrnyIY’ﬁefﬁyll‘/ﬁKS >di hydro-N-nitro -1Hinid
azol -2 -amne (imdacloprid), 30N [(6-chloro -3 -pyri

dyl ) met hyl - 1N2- cyano N1- et hyl acet am de(NI-25) phenyl pyrazol es, such as
fipronil or aver ctins, such as.gbanecti

benzoat e; spiHB) NG SerscHriEEhoisdr Grre of B Gr it R AU Wch as

i ndoxacarb orcorﬁpctsafohyna g Qdmipoaddt I gaietal CordiuNTIP@S whidCR, asCi-Cubrpdbam d,
chlorantranil prol e or cyantraniliprole; sulfoximnes, such as sulfoxaflor;
i nsect gromﬁﬁk°§’9@b§¥§tors such as net hoprene, chlorfluazuron

f1 uf enoxuron, pyriproxyfen, triflumuron or flufenoxuron; and ot her
insecticidalHmkﬁptﬁy£mmaﬁmﬁmad&nmSUbhmasaazadirachtin, chl or f enapyr,

hydr anet hyl non, petroleumoils or botanical oils. Exanples of known bedbug
repellents that may be included in the conpositions, or used in conjunction
with the conpositions, include for exanple phenethyl propionate (PEP).

10[ 00103] In sone enbodinents, it is contenplated that the conpositions are
formul ated to be suitable for application to the skin and will conprise
dermat ol ogi cal |y acceptable ingredients as are known in the art and can be
provided in conventional formulations suitable for topical application,
such as lotions, creans, gels or sprays. [00104] One skilled in the art
will appreciate that the amount of the &bmpound(s) to be 15 included in
the conpositions will vary greatly depending on the nature of the
particular forrmul ation, and whether it is a concentrate or to be used
directly. In general, each conmpound will be included in the conmposition in
an amount of at |east 0.0001% by wei ght of the conposition, but may be as
hrgh as 50%; 60%; 70%; 80%; 90% or 9996by wei ght of the conposrtron In
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[00111] One skilled in the art will appreciate that, depending on the
nature of the conposition in which the conpound is to be included, useful
conpoundswoay12297020 strongly repellent but with a shorPCaurA2di2ni08
activity, weakly repellent but with an extended duration of activity, of
medi um repel l ency with an average duration of activity, or various

conbi nations of strength and duration. Accordingly in various enbodi nents,
useful conpounds may Q@ those that consistently exhibit a mninmm
repel l ency of 50%.ver’ a period of 1 hour (for exanple, in at |east three
assays), those 25\qhaﬁ7consistently exhibit a m ninmumrepellency of 50%
over a period of 24R90ur§Hffor exanple, in at |least three assays) or those
that consistently exhibit a m ninmumrepell ency of 50% over a period of 48
hours (for exanple, in at |east three assays). APPLI CATIONS [00112] The
conposi ti ons [¥ebr whefginto repfeseps asdable) divaple iberd. Karls prdecipdleliom dhe ot r ol of |
det ecting an@&%kﬁﬁ?&@t%KQQmQEQPMQ%mw'&mﬁ& @H%?QR@EQB§m1&h%i§HﬂPQ§Jt'0n$
are used to control and/or fepel bedbugs from C nex sp. or other genera in
the G m ci da&+ abkyvk and Ry is Hlor Coxanmpivk whseeinyda $s-Giepblivh isoxitiohdly, substityipde genus
Ceci acus. sl n certain enbodi u from,: S [ I mex
Iectularias,“@ﬁﬁ%% enuptg$%§@&ﬁ%5§%§?ﬁ§% g%e??%)é?%%%hgﬁfoggﬁhﬁ§?$ijnEx
pi pi strel | a, hpdroaemat osi phon i nodora. In sone enbodi nents, the bedbugs are
C mex |lectarius. [00113] In certain enbodinents, the conpositions are
placed in, ofoRBP! b&H) i Qubs@DeRbLENLAPHrARL 86l Suspected of containing
bedbugs or prone to bedbug infestation in order to repel bedbugs therefrom
[00114] In certain enbodinments, the conpositions are placed in, or applied
to, an area proneﬁtquaeuoug i nfestation or capabl e of harbouring bedbugs in
order to prevent b %Ibéﬁni zation. 15[00115] Exenplary areas and objects
that nay be treated includ ,)for exanpl e, beds, pillows, pillow cases,
mattresses, box springs, bed frames, headboards, sheets, carpets,

furniture, cyoted] ngherbihiarigdsQ- uph sty eda-bhapresents SOTRS=CMROC wWhareiri Rur e,

al ong and beneat h _bas ards,,.fl oor areas, under beds and/or couches, and
ot her plggesliﬁﬂbﬁﬁg4gg aﬁggngliémpgéioﬁﬁLhide. Areas and objects that may
be treated al so include objects that could act 20 to transport bedbugs from

one | ocati on[as8hnat (erselettod frexathp lgeup |lcagririge of Hap@edllsyl asdiiCh-Casdenylcl ot hi ng

b , i | ot , the like. [[001 . di ngl . I
PO R I S e R
mat t r esses affidhothe bxip $pisistias of: @y -dparkyl afd @efohyigthe (UG tallled i eptivdalny

flooring and |.I's,. casings, junctures of flooring and/or walls and/or
cei lings 25mF$%“??¥ﬂﬂ e%&@%&ﬂé&'%ﬂ¥y y electrical fixtures, plunbing
wor ks, heating and/or cooling fixtures. [00117] In sone enbodi nents, the

conposi t i16ns [@6e] pmosrididctnbodinteaisf ofidToomod @ahé dorftundxfok rddushvasin hieen

coated, infused or.inpregnated wiith the co n and the solj rix is
ol aced i 1 an CHRS S Bubf BaPoRd &b etaeh G LR AT ap RoribRasie Bubiy
infestation, gfap @xaaPlef 8, MRIA,I LSS, anb MR, artlUR] GaS substiueiithéM@nbay, |inen
storage closet, or other enclosure. For exanple, the conposition could be
provi ded as &° a%%ﬁ?ﬁ@ﬁ?ﬁ T AP Fent naterial onto which the
conposition has been absorbed, or as 5beads, pellets or wooden articles
onto or i % o] C[Iw'mp hInt mﬁmwﬂmairﬁdnenoﬁbasr heequbag@dpcmlndsaﬂﬁmdmdm ihQRL18] I n
certain odi ments, the conposjtjon i royi jn.a formsim to a
dryer sh§8t VATRH PRy 'hé Cﬁfr%k!ﬁtfff) g%{’ﬁrairfg‘rﬂﬁ‘l%?’i yeoTHe #}Sgéﬂbaﬁ Tor in
pi | es of cl ouesy, dnd®,uUdiangbgin@anef sdnklay f@MUBRAIITES dRLHEddind& podti(Eh may be
placed in the dryer in 10 the sanme manner as a conventional dryer sheet.
[00119] In séh¥eenbodi ments, the conpositions may be incorporated into
vari ous home cl eaning products for use on carpets, floors, walls, closets,
furniture, anpe7hernl dekigin ibollinedlsO B brSmbidt @NBEE orhsun MR AncARtbnaA| thel
application such as |otions, powders, sprays and shanmpoqs. 15[00120] Sone
exenpl ary enSOHPHEINNS HareRPAINdlHeprEk ety iseat Ae S 2ryPiges Bbmant
and/ or di spersal of the conpositions of the present invention. One

exenpl ary device conprises canisters configured for controlled delivery of
the conpositions in aerosol sprays. The canisters can be operable by the
use of propellants, or disposable cartridges or re-usable cartridges.

Anot her exenpl ary devi ce conprises 20 $&ni-perneable capsul es contai ni ng
the conpositions therein. Another exenplary device conprises a tape and/or
fabric having incorporated thereonto a conposition of the present
invention. [00121] Certain enbodinents pertain to use of the conpositions
for detection of bedbugs in indoor spaces whereby the bedbugs are repelled
fromtheir areas of 25 harbourage to areas where they can be detected.
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15col onies, e.g., adult nmales, fromengaging in reproductive behavi our and
t hereby prevent colony proliferation. [00124] Sone enbodi nents pertain to
an appar avooryioded with a conposition of the present PCIGA012005020F3 he
apparatus may conprise physical traps exenplified by sticky tapes,
barrier-type fabrics and the |ike. The apparatus nmay conprise containers
for 20 retaining the conpositions wherein the containers are provided with

one or nore - Lngr ~ r No) er.q nt nt ai ners
after mhich,%gﬁgﬁf%ggggsgﬁfgpbe%%%gg}mg epgggéﬁg?ﬁg%ngy'ggﬁﬁ%ﬁggﬁgontainers

for hol di ng OHR dCUBpodietairpRsis Hherdivihiabiy] prsldbugdl may fall after which
their egress is prevented. The apparatus nay conprise containers for

retaini ng thes@hp GelenGRAMRADHINMARS oMb CROR! @VhdBorfpoth@Mor ithusiSihahdred
rel ease of the repellent conpound(s) into the surroundi ng atnosphere. The

appar at us nmayoRpIPNs & aconpaintler seres forguaed). pbereimdhtis Ylor &iCe abkys edar ge  of
the conposi tigQk ThEi ral Fraye ¢ i oAt A Hef

confi gured fofﬂﬁﬁﬁﬁ?gﬁ?gﬁﬁiégw%c %rg S O?H%%Wﬂg%gP o? 3@5%%?%?‘%9’%
particul ate desepbsiunidemmint (i) #®VE.00125] The present invention additionally
provides for kits conprising a conposition of the invention for use to
repel ;. det eClonBp/ of Gl nHod ARARUGR: o Rl dAHBLofARANER ikl Rlon RGnKI {
woul d be packaged in separate containers and the Kit may also include

5i nst ruct i onsomhpesitipss mgart intergedp@stiotmesinduring syafhedis ofetcenpoendd¢fogenewsht r ol
bedbugs. [00 gg] T (. i e conposition in one of the various
fornms descri%e gﬁgﬁgghé%ﬁg'?%%gﬁﬁéﬁgﬁﬁphe form of an aerosol dispenser,
capsul e suspension, cold fogging concentrate, dustable powder, emulsifiable
concentrate, enulsion oil in water, efrhsion water in oil, encapsul ated
granule, fine granule, granule, magy nile, 10 microgranule, oi

di spersi hbe powder, oil miscible fldhabl ® covgentrate, oil miscible Iiquid,
paste, snoke candle, snoke cartridge, snoke generator, snoke pellet, snoke

rodl et, snok l et, snpke tj ol ubl.e concentrate, .sql ubl.e powder,
suspensi on c@%&gﬁtWQ?@?ﬁgPPSE?g%éﬁgLBTérgﬁa@ﬁgﬁéﬂgﬂgﬁlﬁﬁ’grk?a@VE%&ﬁng
powder, ul tr @rdt@ihyglouprendul y) liquid, ultra | ow volunme (uly) suspension
vapour releasing product, water 15 dispersible granules or tablets, water

di spersi bl e r for. slurr re nt, water sol ubl anul es or tablets,
or water solE@ﬁnggaﬁgP ng éggﬂ ?%ggﬁnQRQM1 dfwg?ﬁgﬁféggbﬁﬂgrmbpxﬁﬁher
forms of sl owibselueds @ldepsntiemly|seldcie@iremsite frouprudmisiimnst: hj 3642 €} -Asracdert ai n
enbodi nments, cont ainer for the conmpositj ill also act as_a

G Spensens 1 Girtax i RSy, a@rsugh RSy o Rl et TR etrre
enbodi nent s, indBpdnldentEavRasd fro@Rhd@yufd@nikiis otad d,rC 260 aeEakdat ed, or solid
form (for exanple, as a powder or granules) for reconstitution in an

appropriate nt, in which case the kit further co i se .a

bt onr i at e JOPSEN snfin S rSER gt Shestiaie TR B BT B M b ai ner s
an([j/ or i ]rrpl er&'&rﬂp@siﬂoﬁ% asai siterMetlibte Noxhdigdurihg @ﬁﬂhiﬁ&i)s‘leflh&oﬁlboﬁd’d%ﬂ(%dneral
25[00128] In_so i ments, ec sition.c rises a repel|ent
conmpound in 5018?4%(5()3}“&1%?%% g??&ﬁ‘tl E‘Emﬁ]gt( afe S‘Eﬂbegfé DEuP&eTEp Ry lélﬂ t'abl e

sol vent aqp a%hﬁ&ﬁhgﬁmuﬁor exanpl e, an acidic or basic solvent, and the kit
may optionally further conprise the solvent or activator for adm xture with
t he conpound Lor to use. 00129] In certain enbodi nepts, the Ki

Compr 1 s6s. an IR0 it GutdgorolereaBions BefinutyBe FapLd fi diee s i on
of t hle_ :c nvgnkblapos_itfogg iﬂxamérmgdiam_ fREREY aﬁrmfg styh‘g’hbsiil@ffgrdoﬁlﬁé&llr@lkwg@lgﬁ?goi r $p
exenmplifie stic tapes, barrjer-t aprics_and the |ike. o]
gain a bett eggrawife@sfyﬂémﬁg sperglrermly ON9: %rfﬁéﬁs@e? PRE Wesrep gach (|L°|]é84
following 5 B¥RPbRDnALEsubltufe®@With odet or¥inble RBstHAARS BUGRAJMNALEOESE
exanples are intended to describe illustrative enbodi ments of the invention
and are Aot iRMERYIE@UP eosisHig off elragobeCotlkylHad pko®ht i on in any way.
EXAMPLES [ 00131] Conpounds are referenced throughout the preceding
description and the Exanples by a designated nunber, which may or may not
be preceded by zero(s). 10 Thus, for exanple, conpound 006 is also referred
to, and is the sane as, conpound 6; conmpound 035 is also referred to, and
is the sane as, conpound 35, etc. EXAMPLE 1: Repell ency of Conpounds of
Formula (1) in Bioassays Test subjects: [ 00132] Per individual bioassay,
10 adult or late instar nynph bed bugs, !€inex 15l ectul arius, of m xed sex.
Bed bugs sourced fromw ld, field populations and tested within 2 weeks of
capture. Subjects were tested one tine, only. Test arenas: [00133]

Sel f-contained test arenas were of one of the follow ng configurations:
[00134] (i) Petri Dish arenas consisted of a standard plastic, covered
Petri Dish where 20test substrates were placed at opposite sides of the
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[ 00138] Test conpounds consisted of a control and treatnent. The treatnent
consisted of a test conpound m xed as a percentage wwin a suitable

sol vent . Wbeot2zgp7oconpound 15sol vent itself was used asPaTaN2012¢41502030! vent s
used were hexane, hexane: net hanol, or dichl oronet hane: net hanol . Test
Substrates: [00139] Test substrates consisted of the follow ng:

[00140] (i) Gauze cut to a standard size and fol ded upon itself to provide

har bour age 2 tes 0014 i d size
and fol ded ad os) Fryer sl et mbla 8 Lo PR AL S, P

were given s@éhpesitons ig arnmtqrmedlaﬂelfybrraetslsdurmgt%sﬂle%bnb@wndmowofcgmmbl

sol vents. Melliarsy 12800143 ol DRSOk AL 30T LhdiSh RARELC,

substrat es, contro sol ven tures o wn concentrations and
vol unes mereaﬂhyblpeptwﬂlhdmfomuﬂeywhtooe subskCGatteslkybgmypsa pi pette. For
pol ymer beads, beads were m xed ww wi th solvent or test conpound in a

smal | gl ags l[éi{ blﬁhzi&@%s%nﬁﬁg&eﬁ C8 SMAbYoraf bahSfinirok Ahlsdiah qne 0aki ng

of the beads 1- . ter the substrates were I nfuse
t est conpound@nandmmmmiagmnEBMd®ﬁggwnﬂé@mn¢uﬁpacm@mhdhessch@hﬁ@@tho t he

centre of th nﬁn'3§%§ﬂ109§ﬁHV§ﬁzﬁgdﬁ%pl dFP? eétg%k€ﬁ3ﬁ13%f%HpbserV6d at

3 or nore specl e | At er val ’m fiut es
hour, 3 hour§}hQHﬂﬁﬂgF@HaHﬂ(%Bbh@mbeHaﬂméﬁhJNHﬂCHDCﬁhCHQdGEHCBmHhEm4y

subjects t ha e co tre

substrates mé%ﬁepg%%Pﬁgéﬁ§Subj3%?§&%¢%Q§E%¢§ ?@?§¥8E%C§§3§ﬂhot i ncl uded
indrfpelFencﬁ}gafggﬁfuhdﬂf PETQGHﬂagﬁ}ﬁeﬂgmmﬁpcy}MaHAHaKEQCHyHﬂxbased on a
nodi fication, o 0 S ornu ac 0 iv ncy
(attraction) hyJo*B@’c PP ACArY §oup 6 O%%( Céwé% T?F%%%gé @CE}W@OD)
[00146] wher @(@IzCH(OHﬂPeFOQHﬂI@ﬁsz@HPJ eCIOTH(CHO UM eEl, WOUh(CRIUHp -
substrate and T is nunber of test subgects in contact with treatnent

substrate. OC}E@@@E‘WCB&% | s QG H@@?@FHQ of Ot HE RS G HE 2 >conpounds

i s provided igrHabl,eHcH,to 2@, tH,Epatjomeotial-olet el @, (3, CastHeepound
Test Substrate Conpound Amount Conpound Concentration Unit of Concentration
001 Gauzd3>50d1d Zuaming svoB steh e NBuINEOK W N((Fbe. CHlGICH:. 'NHCHCHY

NHCH,CH,CH;, -NHCH,CH(CHs),, -NHCH,CH,CH,CH;s, -NHCH(CH;)CH,CHs, -
NHCH(CH,CHs),,  -NHCH(CH;)CH,CH,CH;,  -NHCH,CH(CH:;)CH,CHs, -
NHCH,CH,CH,CH(CHs),, -NHCH,CH,CH,CH,CHs, -NHCH,CH,CH,CH,CH,CHs, -
NHCH,CH,CH,CH,CH,CH,CH,

20  [0080] and R; is selected from the group consisting of:

14
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[0081] In certain embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (I) in which R; is selected from the
group consisting of: H, an alkyl group such as -CH;, -CH(CH;),, -CH,CHj;, -

5 CH;CH,CHj;, -CH,CH(CHj3),, -CH,CH,CH,CHj3, -CH(CH;3)CH,CHs, hydroxy, and an
alkoxy group such as -OCHj;, -OCH,CH;, -OCH(CH;),, -OCH,CH,CHj;, -
OCH>CH(CHz3),, -OCH,CH,CH,CH3, -OCH(CH3)CH>CHzs,

[0082] and R; is selected from the group consisting of:

15
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[0083] In certain embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (V), or a pro-form or intermediate

thereof:

0]

H
R’I)l\/ﬁr

O
5 V)
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Gauze 50uL 5% w v 038 Gauze 50uL 5% w v 039 Gauze 50uL 5% w v 040 Gauze
50uL 5% w v 041 Gauze 50uL 5% w v 042 Gauze 50uL 5% w v 043 Gauze 50uL 5%
w v 044 Gsioze12a91025% w v 045 Gauze 50uL 5% PCT/CA2012/050203

[0084] wherein R; is H or an alkyl group, for example -CH;, -CH(CHs),, -
CH,CH,CHs, -CH,CH(CHz),, -CH(CH3)CH,CHs, -CH(CH,CHj3), -
CH(CH3)CH,CH,CHs, -CH,CH(CH3)CH,CH3s, -CH,CH,CH,CH(CHa),, -
CH,CH,CH,CH,CH3, -CH,CH,CH,CH,CH,CH3;, CH,CH,CH,CH,CH,CH,CHs;

5 |0085] or wherein R; is hydroxy or an alkoxy group, for example -OCHj3, -OCH2CHj,
-OCH(CHs);, -OCH>CH>CHi, -OCH>CH(CH3),, -OCH>CH>CH»CHs, -
OCH(CH3)CH,CHjs, -OCH(CH>CHs),, -OCH(CH3)CH,CH,CHs, -
OCH,CH(CH3)CH,CH;3, -OCH,CH,CH,CH(CHs),, -OCH,CH,CH,CH,CH3, -
OCH,CH,CH,CH,CH,CHj3, -OCH,CH,CH,CH,CH,CH,CHj3;

10  [0086] or wherein R; is an amino group, for example —NH,, -NHCH3;, -N(CHj3),, -
NHCH>CHzs, -NHCH(CHz3)a, -NHCH>CH,CHj, -NHCH>CH(CHa)>, -
NHCH>CH>CH>CHzs, -NHCH(CH3)CH,CHj, -NHCH(CH>CH3), -
NHCH(CH;)CH,CH,CH;, -NHCH,CH(CH;)CH,CHs, -NHCH,CH,CH,CH(CHs;),, -
NHCH,CH,CH,CH,CHj3, -NHCH,CH,CH,CH,CH,CH, -

15 NHCH,CH,CH,CH,CH,CH,CHj.

[0087] In certain embodiments, one or more of the compounds for inclusion in the
compositions is a compound of general formula (V), wherein R; is H; an alkyl group
selected from the group consisting of: -CHs, -CH(CHs3),, -CHCH.CHs;, -
CH,CH(CHs;),, -CH(CH3)CH,CHj3; hydroxy; or an alkoxy group selected from the

20  group consisting of: -OCH;, -OCH;CHs;, -OCH(CHs);, -OCH,CH,CHs;, -
OCH,CH(CHj3),, -OCH,CH,CH,CH3;, -OCH(CH;3)CH,CHs.

[0088] In some embodiments, the compositions comprise mixtures of two or more of
(E)-4-oxo0-hex-2-enal, (E)-4-oxo0-oct-2-enal, (E)-hex-2-enal, and (E)-oct-2-enal. In
some embodiments, the compositions may comprise mixtures provided with: (i) one of
25  (E)-4-oxo-hex-2-enal, (E)-4-oxo-oct-2-enal, (E)-hex-2-enal or (E)-oct-2-enal, plus (ii)
one or more analogs of (E)-4-oxo-hex-2-enal, (E)-4-oxo-oct-2-enal, (E)-hex-2-enal or
(E)-oct-2-enal. In some embodiments, the compositions may comprise one or more
analogs of (E)-4-oxo-hex-2-enal, (E)-4-oxo-oct-2-enal, (E)-hex-2-enal and (E)-oct-2-

enal. In certain embodiments, such analogs of (E)-4-oxo-hex-2-enal, (E)-4-oxo0-oct-2-

17
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enal, (E)-hex-2-enal and (E)-oct-2-enal fall within the scope of general formula (I)

above.

[0089] In certain embodiments, one or more of the compounds for inclusion in the

compositions is a compound selected from the group consisting of:
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[0090] In certain embodiments, one or more of the compounds for inclusion in the

5 compositions is a compound selected from the group of compounds shown in Table 2.

[0091] In certain embodiments, one or more of the compounds for inclusion in the

compositions is a compound selected from the group consisting of:
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[0092] Certain compounds of Formula (I) may have one or more asymmetric (chiral)
centres and/or one or more unsaturated bonds. As a consequence, these compounds can
10 be present as racemates, individual enantiomers, mixtures of enantiomers, individual
diastereomers, mixtures of diastereomers, individual isomers and mixtures of isomers.
Certain embodiments of the invention provide for the inclusion of such compounds in
the compositions in an enantiomeric, diastereomeric or isomeric form, or as mixtures of

enantiomers, diastereomers or 1SOmers.
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not of a critical nature, so long as the salt as a whole is acceptable in terms of toxicity

and compatibility with any surfaces to which it is to be applied, and as long as the

10 counter ion does not contribute undesired qualities to the salt as a whole.

[0094] Some embodiments of the invention provide for one or more of the
compounds to be included in the compositions in a precursor or “pro-form.” As is
known in the art, pro-forms of compounds generally include one or more functional
groups that have been “masked” such that the compound is inactive until the masking
15  group has been removed. Various groups suitable for masking common functional
groups and conditions for their removal are known in the art. For example, carbonyl
functionalities could be masked as ketals, acetals or hydrazones, that are convertible to
the desired active compounds upon activation by mechanisms exemplified by exposure
to heat, exposure to water, exposure to basic solutions, exposure to acidic solutions,

20  exposure to ultraviolet light, and the like.

[0095] The compounds for inclusion in the compositions of the invention may be
obtained from various commercial sources (for example, Sigma-Aldrich, St. Louis,
MO), or they may be readily synthesized using conventional methods for chemical
synthesis with readily available starting materials. In addition, a number of commercial
25  companies offer custom synthesis (for example, Best West Labs, Salt Lake City, UT;
Oakwood Products, Inc., West Columbia, SC; and Tyger Scientific, Inc. Ewing, NJ)

and could be used as a source for the compounds.
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COMPOSITIONS

[0096] Exemplary compositions of the present invention comprise one or a
combination of the compounds disclosed herein. The compositions typically also
comprise one or more suitable carriers. Within the scope of the present invention, the
term “carrier” can be used to refer to various organic or inorganic materials of natural-
occurring or synthetic origin that can be used to facilitate application of the
compound(s) to a locus or object to be treated. In certain embodiments, one or more
carriers may be selected for providing desired stability characteristics to the
compositions, for example, to enhance and/or preserve their efficacy during storage
and/or transport and/or handling. Suitable carriers are exemplified by conventional
pesticide dispersible carrier vehicles such as solutions, emulsions, suspensions,
emulsifiable concentrates, spray powders, pastes, soluble powders, dusting agents,

granules, foams, pastes, tablets, aerosols, microcapsules and the like.

[0097] In certain embodiments, the compounds are admixed with or dissolved in a
suitable liquid carrier, which may be aqueous-based or non-aqueous (i.e. organic
solvents), or a combination thereof. Such liquid formulations may be employed, for
example, as foams, gels, emulsions, suspensions, microemulsions or emulsifiable
concentrates. Liquid formulations may also be used to coat, infuse or impregnate a
solid matrix, such as a polymer or wax bead or pellet, plastic, metal, cloth, paper, wood

or other material.

[0098] Examples of liquid diluent carriers include, but are not limited to, inert organic
solvents, such as aromatic hydrocarbons exemplified by benzene, toluene, xylene, alkyl
naphthalenes; halogenated aromatic hydrocarbons; cycloalkanes exemplified by
cyclohexane; paraffins exemplified by petroleum fractions and mineral oil fractions;
aliphatic hydrocarbons exemplified by pentane, hexane, heptane; chlorinated aliphatic
hydrocarbons exemplified by dichloromethane, methylene chloride; chloroethylenes;
alcohols exemplified by methanol, ethanol, propanol, butanol, isopropyl alcohol,
ethylene, and propylene glycol; ethers; esters; and the like. Other examples include oils
and essential oils, such as mineral oil, wintergreen oil, neem oil, citronella oil, camphor

oil, and the like.
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[0099] Suitable carriers are also exemplified by aerosol propellants which are gaseous
at normal temperatures and pressures, such as propane, butane, isobutene and carbon

dioxide.

[00100] The compositions may further comprise one or more additional active or
inactive substances. For example, in some embodiments, the compositions may include
one or more of rheological agents, emulsifiers, surfactants, dispersants, polymers,

excipients, binders and fragrances.

[00101] In some embodiments, the compositions comprise one or more stabilizer
substances exemplified by ultra-violet radiation absorbers and/or radical scavengers
such as 3-methyl-6-t-butylphenol, crotonaldehyde, N.N'-diphenyl-1,4-
phenylenediamine, butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA),
and/or or alpha-tocopherol. In some embodiments, the compositions comprise one or
more controlled-release matrix substances exemplified by starches and other
polysaccharide or polymer based matrices. In certain embodiments, fragrance
substances may be added to the compositions. Suitable fragrance substances are
exemplified by methyl butyrate, ethyl butyrate, pentyl butyrate, linallor, citronellol,

geraniol and limonene.

[00102] In certain embodiments, inclusion of one or more known insecticides, or
bedbug repellents, in the compositions is contemplated. Examples of insecticides
include, but are not limited to, phosphoric esters, such as acephate, chlorpyrifos,
dichlorovos, malathion or propetamphos; carbamates, such as bendiocarb, carbaryl, or
propoxur; pyrethroids, such as allethrin, bifenthrin, bioallethrin, bioresmethrin,
cycloprothrin, cyfluthrin, beta-cyfluthrin, cyhalothrin, lambda-cyhalothrin, gamma-
cyhalothrin, cypermethrin, alpha-cypermethrin, beta-cypermethrin, theta-cypermethrin,
zeta-cypermethrin,  cyphenothrin,  deltamethrin,  esfenvalerate,  etofenprox,
fenpropathrin, fenvalerate, flumethrin, tau-fluvalinate, halfenprox, imiprothrin,
permethrin, phenothrin, prallethrin, pyrethrins (pyrethrum), resmethrin, silafluofen,
tefluthrin, tetramethrin or transfluthrin; nitroimines and nitromethylenes, such as 1-[(6-
chloro-3-pyridinyl)-methyl|-4,5-dihydro-N-nitro-1H-imidazol-2-amine (imidacloprid),
N-[(6-chloro-3-pyridyl )methyl-|N-cyano-N'-methylacetamide (NI-25);
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phenylpyrazoles, such as fipronil or ethiprole; avermectins, such as abamectin or
emamectin benzoate; spinosyns, such as spinosad or spinetoram; oxadiazines, such as
indoxacarb or metaflumizone; anthranilic diamides, such as flubendiamid,
chlorantraniliprole or cyantraniliprole; sulfoximines, such as sulfoxaflor; insect growth
5 regulators, such as methoprene, chlorfluazuron, flufenoxuron, pyriproxyfen,
triflumuron or flufenoxuron; and other insecticidally active compounds, such as
azadirachtin, chlorfenapyr, hydramethylnon, petroleum oils or botanical oils. Examples
of known bedbug repellents that may be included in the compositions, or used in

conjunction with the compositions, include for example phenethyl propionate (PEP).

10 [00103] In some embodiments, it is contemplated that the compositions are formulated
to be suitable for application to the skin and will comprise dermatologically acceptable
ingredients as are known in the art and can be provided in conventional formulations

suitable for topical application, such as lotions, creams, gels or sprays.

[00104] One skilled in the art will appreciate that the amount of the compound(s) to be
15  included in the compositions will vary greatly depending on the nature of the particular
formulation, and whether it is a concentrate or to be used directly. In general, each
compound will be included in the composition in an amount of at least 0.0001% by
weight of the composition, but may be as high as 50%, 60%, 70%, 80%, 90% or 99%
by weight of the composition. In certain embodiments, ranges between about 0.01%
20  and about 90% by weight are contemplated, for example, between about 0.1%, 0.5%,
1.0% or 2.0% and about 90% by weight, between about 0.1%, 0.5%, 1.0% or 2.0% and
about 80% by weight, between about 0.1%, 0.5%, 1.0% or 2.0% and about 70% by
weight, between about 0.1%, 0.5%, 1.0% or 2.0% and about 60% by weight, between
about 0.1%, 0.5%, 1.0% or 2.0% and about 50% by weight, and between about 0.1%,
25 0.5%, 1.0% or 2.0% and about 25% by weight. In some embodiments, the compositions
comprise about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% or 10% by weight of each
compound. In certain embodiments, the compositions comprise between about 15% and

about 25% by weight of each compound.

[00105] As would be appreciated by the skilled worker, depending on the nature of the

30 compound(s) and the format of the composition, it may be appropriate in certain
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embodiments to measure the amount of the compound(s) to include in the composition

by volume. Accordingly, in some embodiments, each compound will be included in the
composition in an amount of at least 0.0001% by volume of the composition, but may

be as high as 50%, 60%, 70%, 80%, 90% or 99% by volume of the composition. In

5  certain embodiments, ranges between about 0.01% and about 90% by volume are
contemplated, for example, between about 0.1%, 0.5%, 1.0% or 2.0% and about 90%

by volume, between about 0.1%, 0.5%, 1.0% or 2.0% and about 80% by volume,
between about 0.1%, 0.5%, 1.0% or 2.0% and about 70% by volume, between about
0.1%, 0.5%, 1.0% or 2.0% and about 60% by volume, between about 0.1%, 0.5%, 1.0%

10 or 2.0% and about 50% by volume, and between about 0.1%, 0.5%, 1.0% or 2.0% and
about 25% by volume. In some embodiments, the compositions comprise about 1%,

2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% or 10% by volume of each compound. In certain
embodiments, the compositions comprise between about 15% and about 25% by

volume of each compound.

15  [00106] The present invention contemplates that the compositions may be formulated
and used in various forms. For example, various embodiments provide for
compositions in the form of an aerosol dispenser, capsule suspension, cold fogging
concentrate, dustable powder, emulsifiable concentrate, emulsion oil in water, emulsion
water in oil, encapsulated granule, fine granule, granule, macrogranule, microgranule,

20 oil dispersible powder, oil miscible flowable concentrate, oil miscible liquid, paste,
smoke candle, smoke cartridge, smoke generator, smoke pellet, smoke rodlet, smoke
tablet, smoke tin, soluble concentrate, soluble powder, suspension concentrate, oil
dispersable or suspension in oil, tracking powder, ultra low volume (ulv) liquid, ultra
low volume (ulv) suspension, vapour releasing product, water dispersible granules or

25  tablets, water dispersible powder for slurry treatment, water soluble granules or tablets,
or water soluble powder for seed treatment and wettable powder or other forms of slow

release/controlled release formulations.

[00107] In certain embodiments of the invention, the compositions are provided in the
form of a solid matrix that has been coated, infused or impregnated with the
30  compounds. Examples of such matrices include various absorbent materials, paper,

wood, cardboard, metal, plastic, cotton, fabric, polymer beads, and the like.
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TESTING

[00108] Candidate compounds or compositions comprising same can be tested for their
ability to repel bedbugs by standard techniques known in the art. Exemplary techniques

are described in the Examples provided herein.

5 [00109] Generally, the assays comprise exposing bedbugs to the compound or
composition within an enclosed area, for example, a beaker, petri dish, aquarium, or
other suitable chamber, and observing the movement of the bedbugs over an
appropriate period of time (for example, between about 1 hour and about 72 hours).
Movement away from the test compound/composition is indicative of repellent activity.

10 Negative controls are typically solvent or other compound or composition known to
have no effect on bedbugs. Positive controls may be included if desired, for example,

compounds known to have bedbug repellent activity.

[00110] In accordance with certain embodiments, compounds exhibiting a minimum
repellency of 50% in such an assay are selected as repellent compounds for inclusion in
15  the compositions of the invention. In some embodiments, compounds exhibiting an
average minimum repellency of 50% in at least three replicates of the assay are selected

as repellent compounds for inclusion in the compositions of the invention.

[00111] One skilled in the art will appreciate that, depending on the nature of the
composition in which the compound is to be included, useful compounds may be
20  strongly repellent but with a short duration of activity, weakly repellent but with an
extended duration of activity, of medium repellency with an average duration of
activity, or various combinations of strength and duration. Accordingly in various
embodiments, useful compounds may be those that consistently exhibit a minimum
repellency of 50% over a period of 1 hour (for example, in at least three assays), those
25  that consistently exhibit a minimum repellency of 50% over a period of 24 hours (for
example, in at least three assays) or those that consistently exhibit a minimum

repellency of 50% over a period of 48 hours (for example, in at least three assays).
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APPLICATIONS

[00112] The compositions according to the present invention can be used for control
of, detecting and/or repelling bedbugs. In some embodiments, the compositions are
used to control and/or repel bedbugs from Cimex sp. or other genera in the Cimicidae
5 family, for example the genus Haematosiphon, or the genus Oeciacus. In certain
embodiments, the bedbugs are from the species Cimex lectularius, Cimex hemipterus,
Leptocimex boueti, Cimex pilosellus, Cimex pipistrella, or Haematosiphon inodora. In

some embodiments, the bedbugs are Cimex lectarius.

[00113] In certain embodiments, the compositions are placed in, or applied to, an area
10 or object suspected of containing bedbugs or prone to bedbug infestation in order to

repel bedbugs therefrom.

[00114] In certain embodiments, the compositions are placed in, or applied to, an area
prone to bedbug infestation or capable of harbouring bedbugs in order to prevent

bedbug colonization.

15 [00115] Exemplary areas and objects that may be treated include, for example, beds,
pillows, pillow cases, mattresses, box springs, bed frames, headboards, sheets, carpets,
fumiture, curtains, blinds, upholstered chairs, sofas, wood furniture, along and beneath
baseboards, floor areas, under beds and/or couches, and other places bedbugs are prone
to rest or hide. Areas and objects that may be treated also include objects that could act

20  to transport bedbugs from one location to another, for example, luggage, hampers,

suitcases, clothing bags, linens, clothes, and the like.

[00116] Accordingly, some exemplary uses comprise application of the compositions
into and/or onto furniture, mattresses and/or box springs, drapery, flooring, junctures
between flooring and walls, casings, junctures of flooring and/or walls and/or ceilings
25  with fixtures exemplified by electrical fixtures, plumbing works, heating and/or cooling

fixtures.

[00117] In some embodiments, the compositions are provided in the form of a solid

matrix that has been coated, infused or impregnated with the compounds and the solid
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matrix is placed in an area suspected of containing bedbugs or prone to bedbug
infestation, for example, a mattress, hamper, suitcase, clothing bag, linen storage closet,
or other enclosure. For example, the composition could be provided as a sachet
containing an absorbent material onto which the composition has been absorbed, or as
beads, pellets or wooden articles onto or into which the composition has been coated or
absorbed.

[00118] In certain embodiments, the composition is provided in a form similar to a
dryer sheet which may be placed in an enclosure as described above, or in piles of
clothes, including clean, dirty or soiled laundry, or which may be placed in the dryer in

the same manner as a conventional dryer sheet.

[00119] In some embodiments, the compositions may be incorporated into various
home cleaning products for use on carpets, floors, walls, closets, furniture, and the like,
or in products intended for human and animal application such as lotions, powders,

sprays and shampoos.

[00120] Some exemplary embodiments pertain to devices and/or apparatus for
deployment and/or dispersal of the compositions of the present invention. One
exemplary device comprises canisters configured for controlled delivery of the
compositions in aerosol sprays. The canisters can be operable by the use of propellants,
or disposable cartridges or re-usable cartridges. Another exemplary device comprises
semi-permeable capsules containing the compositions therein. Another exemplary
device comprises a tape and/or fabric having incorporated thereonto a composition of

the present invention.

[00121] Certain embodiments pertain to use of the compositions for detection of
bedbugs in indoor spaces whereby the bedbugs are repelled from their areas of
harbourage to areas where they can be detected. Detection could be performed by
visual observation of bedbugs outside the area of harbourage. Visual detection can be
facilitated by use of physical traps to secure bedbugs. Useful physical traps are
exemplified by sticky tapes, containers provided with one-way ingress ports, containers

provided with liquid pesticide solutions, and the like.
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[00122] Some embodiments pertain to use of the compositions for displacement of
bedbugs from their areas of harbourage. Once displaced from their harbourage areas,
the bedbugs could be physically removed by vacuum suction or entrapment using
attractants, traps or sticky tape, or could be killed by insecticides, desiccants, heat
treatments or freezing treatments, or could be allowed to find new harbourage

elsewhere.

[00123] Some embodiments provide for use of the compositions for displacement of
bedbugs in such ways that prevent normal reproduction cycles and colony growth. For
example, the compositions could preferentially target certain members of bedbug
colonies, e.g., adult males, to create imbalances in colony composition thereby
affecting the ability of the colony to continue proliferation. Certain embodiments
provide for the use of the compositions to confuse or disorient certain members of
bedbug colonies in ways that prevent normal reproduction cycles and colony growth.
For example, the compositions may impede and/or deter target members of bedbug
colonies, e.g., adult males, from engaging in reproductive behaviour and thereby

prevent colony proliferation.

[00124] Some embodiments pertain to an apparatus provided with a composition of the
present invention. The apparatus may comprise physical traps exemplified by sticky
tapes, barrier-type fabrics and the like. The apparatus may comprise containers for
retaining the compositions wherein the containers are provided with one or more one-
way ingress ports for bedbugs to enter into the containers after which, their egress is
blocked. The apparatus may comprise containers for holding fluid compositions into
which bedbugs may fall after which, their egress is prevented. The apparatus may
comprise containers for retaining therein gel compositions which provide a slow,
sustained release of the repellent compound(s) into the surrounding atmosphere. The
apparatus may comprise containers configured for controllable discharge of the
compositions as aerosols. The apparatus may comprise containers configured for

controllable discharges of powdered or granular or particulate compositions.
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KITS

[00125] The present invention additionally provides for kits comprising a composition
of the invention for use to repel, detect and/or control bedbugs. Individual components
of the kit would be packaged in separate containers and the kit may also include

instructions for using the compositions to repel, detect and/or control bedbugs.

[00126] The kit may comprise the composition in one of the various forms described
above, for example, in the form of an aerosol dispenser, capsule suspension, cold
fogging concentrate, dustable powder, emulsifiable concentrate, emulsion oil in water,
emulsion water in oil, encapsulated granule, fine granule, granule, macrogranule,
microgranule, oil dispersible powder, oil miscible flowable concentrate, oil miscible
liquid, paste, smoke candle, smoke cartridge, smoke generator, smoke pellet, smoke
rodlet, smoke tablet, smoke tin, soluble concentrate, soluble powder, suspension
concentrate, oil dispersable or suspension in oil, tracking powder, ultra low volume
(ulv) liquid, ultra low volume (ulv) suspension, vapour releasing product, water
dispersible granules or tablets, water dispersible powder for slurry treatment, water
soluble granules or tablets, or water soluble powder for seed treatment and wettable

powder or other forms of slow release/controlled release formulations.

[00127] In certain embodiments, the container for the composition will also act as a
dispenser, for example, an aerosol, spray, or pump dispenser. In some embodiments,
the composition may be provided in a concentrated, or solid form (for example, as a
powder or granules) for reconstitution in an appropriate solvent, in which case the kit
may further comprise an appropriate solvent and may also comprise one or more
additional containers and/or implements to assist with mixing the components of the
kit.

[00128] In some embodiments, the composition comprises a repellent compound in a
pro-form that can be activated by exposure to a suitable solvent or activator, for
example, an acidic or basic solvent, and the kit may optionally further comprise the

solvent or activator for admixture with the compound prior to use.
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[00129] In certain embodiments, the kit comprises an apparatus such as described
above for use with a composition of the invention, for example, an apparatus that

comprises a physical trap exemplified by sticky tapes, barrier-type fabrics and the like.

[00130] To gain a better understanding of the invention described herein, the following
5 examples are set forth. It will be understood that these examples are intended to
describe illustrative embodiments of the invention and are not intended to limit the

scope of the invention in any way.
EXAMPLES

[00131] Compounds are referenced throughout the preceding description and the
Examples by a designated number, which may or may not be preceded by zero(s).
10 Thus, for example, compound 006 is also referred to, and is the same as, compound 6;

compound 035 is also referred to, and is the same as, compound 35, etc.
EXAMPLE 1: Repellency of Compounds of Formula (I) in Bioassays

Test subjects:

[00132] Per individual bioassay, 10 adult or late instar nymph bed bugs, Cimex
15 lectularius, of mixed sex. Bed bugs sourced from wild, field populations and tested

within 2 weeks of capture. Subjects were tested one time, only.

Test arenas:

[00133] Self-contained test arenas were of one of the following configurations:

[00134] (i) Petri Dish arenas consisted of a standard plastic, covered Petri Dish where

20  test substrates were placed at opposite sides of the dish. Dimensions of the dish were

101.6mm in diameter by 25.4mm in depth.

[00135] (i1) Olfactometer consisting of a glass tube. Tube ends were plugged to
prevent egress of test subjects. Test substrates were placed at opposite ends of the tube.
Tube Olfactometer includes a port in the centre for introduction of test subjects.

25  Dimensions of the tube were 15.2mm in diameter by 304.8mm long.
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10

15

20

25

[00136] (iii) Box arenas consisted of covered plastic “Rubbermaid” box where the
cover was modified to fit a mesh screen to allow movement of air between the test
arena interior and outside. Test substrates were placed at opposite ends of the box

arena. Dimensions of the box were 304.8mm long by 200mm wide by 80mm in depth.

Test Compounds:

[00137] Compounds were either purchased from commercial sources or synthesized
using conventional synthetic organic chemistry techniques (see, for example, Examples
5 to 7). Some compounds (014, 058 and 080) were tested in duplicate (one version
from commercial sources and one synthesized) and the best performance is reported in
the Tables below. Of the tested compounds reported in the Tables below, the following
compounds were synthesized: 006, 010, 017, 018, 040, 041 to 043, 045, 046, 048, 049,
058, 067 to 075, 079, 080 to 082, 089 and 090.

[00138] Test compounds consisted of a control and treatment. The treatment consisted
of a test compound mixed as a percentage w/w in a suitable solvent. The test compound
solvent itself was used as a control. Solvents used were hexane, hexane:methanol, or
dichloromethane:methanol.

Test Substrates:

[00139] Test substrates consisted of the following:

[00140] (i) Gauze cut to a standard size and folded upon itself to provide harbourage

for test subjects.
[00141] (i1) Filter paper of standard size and folded as per (i).

[00142] (iii) Absorbent polymer “aroma” beads that were given sufficient time to fully

absorb test compounds and control solvents.

Methods:

[00143] In the case of gauze and filter paper substrates, control solvents and test
mixtures of known concentrations and volumes were dispensed directly onto substrates

using a pipette. For polymer beads, beads were mixed w/w with solvent or test
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PCT/ CA2012/ 050203 CHEM CAL | NFORVATI ON %repel lency (%R)* At |east One
Ti me >50 % Sol vent Conmpound # (STI-101) Chem cal Nanme CAS # Chem cal
struct ur ewozer2/ah102>50 % At | east One Aver age >50 % POPAA2M21059103 2-
oxobut anoa te 3952- 66-7 o o 85 Hexane 055 Mono-ethyl succinate 1070-
0 73 Hexane 056

compound in a small glass jar. The jars were occasionally agitated to facilitate soaking
of the beads.

[00144] Immediately after the substrates were infused with test compounds and control
solvents, test subjects were introduced to the centre of the selected observation arena.
5  Test subjects were observed at 3 or more specific time intervals, typically selected from
30 minutes, 1 hour, 3 hours, 24 hours and 48 hours after initial introduction. Only
subjects that were in close contact with the treatment or control substrates were
recorded. Subjects elsewhere in the arena were not included in repellency calculations.
Percentage repellency was calculated based on a modification of Abbott’s formula to

10 account for negative repellency (attraction). Specifically:
[00145] IF(C>=T,(C-T)/C*100,(T-C)/T*-100)

[00146] where C is number of test subjects in contact with control substrate and T is

number of test subjects in contact with treatment substrate.
[00147] Details for the testing of the individual compounds is provided in Table 1.

15  Table 1: Experimental Details"*

Test Test Compound | Compound Unit of
Compound | Substrate | Amount | Concentration | Concentration

001 Gauze 50ul 5% w/vV
003 Gauze 50ul 5% w/v
006 Gauze 10ul 1% v/v
008 Gauze 50ul 5% w/v
010 Beads 20uL 25% W/W
014 Beads 20uL 25% wW/wW
017 Gauze 10ul 1% v/v
018 Beads 20uL 25% wW/wW
024 Gauze 50ul 5% w/v
025 Beads 20uL 25% wW/wW
026 Gauze 50ul 5% w/v
027 Gauze 50ul 5% w/v
028 Gauze 10ulL 1% v/v
031 Gauze 50ul 5% w/v
032 Beads 20uL 25% W/W
034 Gauze 50ul 5% w/v
035 Beads 20uL 25% W/W
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Met hyl trans-4- oxo-2- pentenoate 24-1 2833- o o 53 Hexane 057 Et hyl 3-

nmet hyl - 4- oxocrotona te 62054- 49-3 cH3 0 0'cH3 0 H3CO, .,==( Il'"0OCH3 H o
91 Hexawo 20881292 et hyl fumarate 624- 49-7 86 Hex ame€ TABQ0Daxso2aBy dr o
furfurYl propionate 637_ 65-0 o ,,c0 ---->-0" 78
Test Test Compound | Compound Unit of
Compound | Substrate | Amount | Concentration | Concentration
037 Gauze 50ul 5% w/v
038 Gauze 50ul 5% w/vV
039 Gauze 50ul 5% w/v
040 Gauze 50ul 5% w/vV
041 Gauze 50ul 5% w/v
042 Gauze 50ul 5% w/vV
043 Gauze 50ul 5% w/v
044 Gauze 50ul 5% w/v
045 Gauze 50ul 5% w/vV
046 Gauze 50ul 5% w/v
048 Gauze 50ul 5% w/v
049 Gauze 10ulL 1% v/v
051 Beads 20ulL 25% wW/wW
052 Beads 20ulL 25% wW/wW
053 Gauze 10ulL 1% v/v
054 Gauze 10ul 1% v/v
Filter
055 paper 100uL. 1% v/v
056 Gauze 50ul 5% w/v
057 Beads 20ulL 25% wW/wW
058 Gauze 50ul 5% w/v
060 Beads 20ulL 25% wW/wW
061 Gauze 50ul 5% w/vV
062 Gauze 50ul 5% w/v
067 Gauze 50ul 5% w/vV
068 Gauze 10uL 1% v/v
069 Beads 20ul 25% W/W
070 Gauze 10uL 1% v/v
071 Gauze 10ul 1% v/v
072 Gauze 50ul 5% w/v
073 Gauze 50ul 5% w/vV
074 Beads 20ulL 25% wW/wW
075 Gauze 10uL 1% v/v
076 Gauze 50ul 5% w/vV
078 Beads 20ulL 25% w/wW
079 Gauze 50ul 5% w/vV
080 Gauze 50ul 5% w/v
082 Beads 20ulL 25% wW/wW
084 Beads 20ul 25% W/W
085 Beads 20ulL 25% wW/wW
086 Beads 20ulL 25% wW/wW
089 Gauze 50ul 5% w/vV
090 Gauze 50ul 5% w/v
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Hexane 061 2- dodecanon e 6175- 49-1 0 H3CACH2( CH2) 8CH3 90 Hexane 062
3- pentanone 96-22- 0 0 H3CJI.CH3 89 Hexane 067 (E)-oct-4- ene-3,6- dione
188485 - 590202/12912100 Hexane . Methan ol (1:1) 068 (BrTatA?yi2/046203
oxohex-2- enoate 118346 -83-1 65 Hexane

! All compounds except 055 were tested using an olfactometer arena. Compound 055 was tested using a
petri dish arena.

* All compounds were tested in hexane except for compounds 067, 070 and 086 (hexane: methanol
(1:1)), and compound 074 (dichloromethane: methanol (1:1)).

5  Results:

[00148] The results are presented in Tables 2 to 5, and for some exemplary compounds

in Figure 1.

[00149] All average repellency results reported in the table are based on 3 replicates
for each reported trial, with each trial involving at least 3 observation periods. The
10 observation periods were short-term (30min), medium-term (1-2 hours), and long-term
(24-48 hours). The “overall average” reported in the table represents the average for 3
replicates for 3 observation periods. At least one average (>50%) represents an average

over 3 replicates for a single time period observation (for example, 1 hour).
[00150] The following compounds showed an overall average %R >80%:

15 [00151] Compound 067; Compound 079; Compound 089; Compound 041; Compound
044; Compound 048; Compound 069; Compound 035; Compound 090; Compound
040; Compound 073; Compound 086; Compound 057; Compound 061; Compound
003; Compound 024; Compound 074; Compound 058; Compound 054; Compound
078; Compound 014; Compound 082; Compound 080 and Compound 051.
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oH (E)-4- oxohex-2- enoic acid 119677 -86-0 0 Hexane Hexane Met han
ol (1:1) 40 SUBSTI TUTE SHEET (RULE 26) WD 2012/129702PCT/ CA2012/ 050203
CHEM CAL WORORMATIOON Over all >50 % %=epell ency At | ea®CT@20ARWS0203ge >50
% () * At |east One Tinme >50 % Sol vent Conpound # (STI-101) Chemi cal
Name CAS # Chem cal structure

Table 2: Repellency of Compounds of Formula (I): Summary of Results

CHEMICAL INFORMATION %Repellency (%R)*
At
least At
One | least
Over | Aver | One
all age | Time
Compound | Chemical Chemical >50 | >50 | >50
# (STI-101) Name CAS # structure % % % | Solvent
4-0x0-2- | 5729- /L/\/
001 pentenal 47-5 N 57 Hexane
4-0x0-2- 55764- /M‘J
003 heptenal 42-6 90 Hexane
(E)-6- g
hydroxyhe \/‘k/\/oh
x-4-en-3- | 117646 7
006 one -30-7 57 Hexane
2-oxoethyl | 132041 \)k AL
008 propionate | -24-8 ’ 53 Hexane
O
2-oxobutyl \)I\/O\' l
010 formate }, 85 Hexane
1-(furan-2- %
yl)propan- | 3194- ©
014 -one 15-8 \_/ | 94 Hexane
o)
allyl 2408- ~o ,
017 ropionate | 20-0 90 | Hexane
N-(2- 0
hydroxyeth \)J\N/\
yl)propiona | 18266- H on
018 mide 55-2 69 Hexane
Methyl
undecyl 0
o M/V\A
tridecanone | 593-
024 ) 08-8 90 Hexane
3,4-
dimethyl- Q
2’ 5- /U\‘/]\n/
hexanedion | 25234- o
025 € 79-1 77 Hexane
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071 1 -(furan-2- y1)-2- nethylprop an-|-ol 4466- 23-3 OH 0 57 Hexane 072
1-(furan-2- yl1)-2- nethylbuta n-1-012-y1l)- 2- nethylbuta n-1 -ol 20906-
93 8 OH OW02012/1830ane 073 1-(furan-2- 1-ol yl)pentan- POATB2012H502092
Hexane 074 (E)-3- nethyl hept -3 -ene-2,5- dione 90 Di chl or onetha ne:

CHEMICAL INFORMATION %Repellency (YoR)*
At
least At
One | least
Over | Aver | One
all age | Time
Compound | Chemical Chemical >50 | >50 | >50
# (STI-101) Name CAS# structure % % % | Solvent
9
3- 589- HQC/\\/L\V,CH3
026 Hexanone 38-8 N 100 | Hexane
3.4- o
Hexanedio | 4437- \/U\n/\
027 ne 51-8 o 75 Hexane
1
3- 925- HaC._-
CHo(CHo)aCH
028 Nonanone | 78-0 2(CHelCHe 67 Hexane
O
Vinyl 105- HSC\)\O&CHZ
031 propionate | 38-4 100 | Hexane
N- e}
Methylprop | 1187- _
032 ionamide | 58-2 N 100 | Hexane
O O
Methyl 3- | 30414- MG I oy
034 oxovalerate | 53-0 ’ 94 Hexane
O
Furfuryl 623- PN 0
035 propionate | 19-8 0/\@ 94 Hexane
66-25- j\
037 hexanal 1 CH3(CHp)aCHz~ H 79 Hexane
0
t - -
rans-2 6728 Hac/\/\/U\H
038 hexen-1-al | 26-3 72 Hexane
H o
trans-2- 2548- R /\/L\j/mH
039 octenal 87-0 H 78 Hexane
(E)-1- o
(furan-2- = ; o
yl)pent-1- | 185256 4
040 en-3-one -75-1 94 Hexane
(E)-1- i
hydroxyoct \/\)J\/\
041 -2-en-4-one OH 98 Hexane
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Met han ol

(1:1) 075 1-(furan-2- yl)propan-
| evul i nate 539- 88-8

Hexane 076 et hyl

078 2- Fuwarnnetinmnol ,
Hexane 079 6, 6- x-4-yn-3- one diethoxyhe 0_ 100

a- ethenyl -

1-ol
o ---11

420

8- 61-1 OH (:) 79

rr-a--- o 69

116914 -87-5 OH .. 1. PCT/CA2012/058203

Hexane 080

Hexane

CHEMICAL INFORMATION

%Repellency (Y6R)*

Compound
# (STI-101)

Chemical
Name

CAS #

Chemical
structure

Over
all
>50
%

At
least
One
Aver

age
>50

%

At
least
One

Time
>50

% Solvent

042

(E)-6-
hydroxyhe
pt-4-en-3-
one

O
=

OH

76

Hexane

043

N-
allylpropio
namide

60205-
245

59

Hexane

044

6,10-
dimethyl-
5,9-
undecadien
-2-one

3796-
70-1

98

Hexane

045

N-(2,2-
dimethoxye
thyl)propio
namide

70

Hexane

046

(E)-1-
hydroxyhe
pt-2-en-4-
one

65

Hexane

048

(E)-1-
(furan-2-
yl)-2-
methylpent
-1-en-3-one

131375
-70-7

96

Hexane

049

N-(2,2-
dimethoxye
thyl)-N-
methylprop
ionamide

118346
-83-1

78

Hexane

051

4-
heptanone

123-
19-3

81

Hexane

052

Methyl 4-
oxobutanoa
te

13865-
19-5

100 | Hexane

053

4-
(Dimethyl
amino)-4-
Oxobutanoi
¢ acid

2564-
95-6

52

Hexane
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2- Fury!

propan- 1-
CHEM CAL wWhERCRMATI0ON

met hyl

ket one 1192- 62-7 o 81
one 4208- 53-1 0 (:) 81
%Repel | ency At

Hexane

Hexane 082 1 -(2-furyl)-
41 SUBSTI TUTE SHEET (RULE 26)
| east One (%R)* At PCeasH2012/050203

2- et hyl -

CHEMICAL INFORMATION %Repellency (%oR)*
At
least At
One | least
Over | Aver | One
all age | Time
Compound | Chemical Chemical >50 | >50 | >50
# (STI-101) Name CAS # structure % % % | Solvent
Methyl-2- o
3952-
oxobutanoa 66-7 \)S(O\
054 te o) 85 Hexane
1070- :
Mono-ethyl 34- f H L\/O\‘/\/‘iw
055 succinate 0 73§ Hexane
Methyl o
trans-4- 2833- PPN
0X0-2- 24-1 )K/\[o(
056 pentenoate 53 Hexane
Ethyl 3-
methyl4- | 62054- | o Q0
oxocrotona | 49-3 0" "CHy
057 te H 91 Hexane
o
. M
dimethyl 624- HiCO. == "OCHs
058 fumarate 49-7 o 86 Hexane
Tetrahydro 637- \)?\
furfuryl o
50 ©
060 propionate 6 /\<——7 78 Hexane
2- 0
6175-
dodecanon /U\
49-1
061 € HiC™ "CHACHaIsCHa | g Hexane
0
3- 96-22- | Hyo_JL__CH,
062 pentanone | 0 89 Hexane
0 Hexane
(E)-oct-4- 188485 % :
ene-3,6- -50-9 W Methan
067 dione 100 ol (1:1)
(E)-ethyl 4- 0
oxohex-2- -181 3?_3146 A O
068 enoate 0 65 Hexane
4208 ™ o
1-(furan-2- 64-4 i \
069 yl)ethanol 94 Hexane
o Hexane
(E)-4- 119677 \/“\/\U/OH :
oxohex-2- | -86-0 Methan
070 enoic acid o 74 ol (1:1)
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Over Aver One all age Tine Conpound Chem cal Chem cal >50 >50 >50 #
(STI-101) Nane CAS # structure % A % Sol vent 0 Furfuryl 623-

WO 2012/129702 PCT/CA2012/050203

CHEMICAL INFORMATION %Repellency (YoR)*
At
least At
One | least
Over | Aver | One
all age | Time
Compound | Chemical Chemical >50 | >50 | >50
# (STI-101) Name CAS # structure % % % | Solvent
1-(furan-2-
y)-2- 4466-
methylprop | 23-3
071 an-1-ol

1-(furan-2-
yl)-2-

methylbuta

n-1-012-yl)- 5(3)?56_ ﬁ)\Q
V\AQ

57 Hexane

methylbuta

2.
072 n-1-ol 79 Hexane

1-(furan-2- | 30470
073 ?DTman- 77 92 Hexane
-0

Dichlor
ometha
methylhept M ne:

-3-ene-2,5- Methan
074 dione 90 ol (1:1)
1-(furan-2-

(E)-3-

Dpropan. | 2208
YOPropan- | 61.1

075 1-ol 79 Hexane

ethyl 539-

OH
o)
O
OH
(o]
\_/
OH
Q
N\ /)
0
4
o)
OH
o
~ )
076 i
levulinate | 88-8 M O~
o)
2- OH
\)\@
\
o)
)k@
(@]
O
N\ /

69 Hexane

Furanmeth | 116914
anol, a- -87-5
078 ethenyl-
6,6-
diethoxyhe
x-4-yn-3-
079 one
2-Furyl
methyl

080 ketone

1-2-furyl)-

2-methyl- | 4208-
propan-1- | 53-1

082 one 81 Hexane

84 Hexane

100 Hexane

1192-

62-7
\ 81 Hexane
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084 acetate 17-6 -\\ - // 61 Hexane 0 Et hyl 2- 614-
furoate 99-3 73  Hexane 0 y 9)q 085

WO 2012/129702 PCT/CA2012/050203
CHEMICAL INFORMATION %Repellency (YoR)*
At
least At
One | least
Over | Aver | One
all age | Time
Compound | Chemical Chemical >50 | >50 | >50
# (STI-101) Name CAS# structure % % % | Solvent
furyl 623 /?L
Fur - o]
084 acetate 17-6 O | Hexane
(0]
Ethyl 2- 614- o NP
085 furoate 99-3 \_/ 73 Hexane
o Hexane
2- 4208- o :
butyrylfura | 57-5 \ / Methan
086 n 92 ol (1:1)
1-furan-2-
yl-2- 20895- 9 o
methylbuta | 17-4 9
089 n-1-one 100 Hexane
1-
Pentanone, | 3194- 0
1-(2- 17-0 0
090 furanyl)- \ 94 Hexane

* Tested by olfactometer bioassay.

§ Petri dish bioassay.
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Hexane 086 butyrylfura n 57-5 c0. 92 Met han ol (1:1) 1-furan-2-
yl-2- 20895- 0 089 nethylbuta n-1-one 17-4 7(:) 100 Hexane
WO 2012/129702 PCT/CA2012/050203

Table 3: Compounds Demonstrating an Overall Average Repellency >50%

Compound # %R
(STI-101) (Overall Av.)
001 57
003 90
014 94
024 90
025 77
027 75
035 94
037 79
038 72
039 78
040 94
041 98
042 76
043 59
044 98
045 70
046 65
048 96
049 78
051 81
053 52
054 85
055 73
056 53
057 91
058 86
060 78
061 90
067 100
069 94
070 74
071 57
072 79
073 92
074 90
075 79
076 69
078 84
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1- Pent anone, 3194- 1-(2- 17-0 0 090 furanyl)- \/ 94
Hexane * Tested by ol factoneter bioassay. Petri dish bioassay. 42
SUBSTI TUNEOSHIBADITORULE 26) Tabl e 3: Conpounds Denonst r @Cirran2are/oGvmes al |
Aver age Repel |l ency >50% Conpound # (STI-101) %R (Overall Av.) 001

Compound # %R
(STI-101) (Overall Av.)
079 100
080 81
082 81
084 61
085 73
086 92
089 100
090 94

Table 4: Compounds Demonstrating At Least One Average Repellency > 50%*

Compound # % Repellency
(STI-101) T1|T2|T3| Overall Av.
008 12| 53| 17 27
010 85| 42| 8 45
018 691 69| 11 50
068 30| 32| 65 43
034 81194 94 27

* But overall average repellency of <50%

Table 5: Compounds Demonstrating At Least One Repellency > 50%*

Compound # e % Repellency
sTE101) | RePetition T TS T Overall A,
006 1| -25| -60 0 -49
20 71| 71 57
31 -90| 90| -89
Average -62 | -74| -11
017 1 0| 90| 63 4
2| -60| -83| -75
3 0| 33| 67
Average -20 13 18
026 1 831 100 | -67 15
2, -50| -501 100
3] 100 60| 60
Average 44| 37| -36
028 1 0 0| -43 -10
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57 003 90 014 94 024 90 025 77 027 75 035 94 037 79 038 72 039 78 040 94
041 98 042 76 043 59 044 98 045 70 046 65 048 96 049 78 051 81 053 52 054

85 WO 2012/129702 PCT/CA2012/050203
Compound # o % Repellency
(STI-101) | RePefon T T 13 | Overall Av.

21 -33) 33| -43
3 0 0| 67
Average -11] -11 -6
031 1| 100| 100| -60 8
2 60| 60| -80
31 25, 25| -60
Average 45| 45| -67
032 1 75| 804 100 -9

Average 39| -40| -25

052 1 331 100 | 100 -17

3 0 0| 100
Average 11| -50| -11
062 1 71 71| 89 10

Average -11 31 43

* But average repellency (one time or overall) of <50%

EXAMPLE 2: Repellency of Combinations of Compounds of Formula (I)

[00152] To determine whether compounds could be combined in the repellent
compositions, compounds 14 and 35 were each tested at a concentration of 5% (w/w),
5 and as a combination comprising each compound at a concentration of 2.5% (w/w).
The formulations were tested as described in Example 1 using the olfactometer
configuration. The results are shown in Table 6 and demonstrate that combining the

compounds did not adversely affect their repellent activity.
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055 73 056 53 057 91 058 86 060 78 061 90 067 100 069 94 070 74 071 57 072
79 073 92 074 90 075 79 076 69 078 84 43 SUBSTI TUTE SHEET (RULE 26)
Conmpound wWO(2BIr24M®2) %R (Overall Av.) 079 PCT/CA2012/050203

Table 6: Repellency of a Combination of Compounds 14 and 35

Compound # (STI-101) K °fvg?:ge:;'“
Combination 1 (014 + 035) 94
035 95
014 7

EXAMPLE 3: Formulations of Compound 35

[00153] Compound 35 was formulated as a spray formulation in which the compound

was dissolved in isopropyl alcohol (IPA) at concentrations of 1%, 2.5% and 5%.

5 [00154] In addition, compound 35 was tested on plastic slow-release beads. The beads
were cured with either: 1) 20% (w/w) neat compound 35, or 2) 20% (w/w) of a 1:1

mixture of compound 35 and wintergreen oil (methyl salicylate).

[00155] The formulations were tested as described in Example 1 using the box
configuration. The results are shown in Table 7 and demonstrate that compound 35
10 showed excellent repellency in both formulation formats and at all concentrations

tested.

Table 7: Repellency of Formulations of Compound 35

Formulation Concentration of %R (Overall Average)
Compound 35 (w/w)
IPA spray 1% 92
2.5% 94
5% 100
Plastic beads 20% 100
10% + 10% wintergreen oil 100
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100 080 81 082 81 084 61 085 73 086 92 089 100 090 94 Table 4: Conpounds
Denonstrating At Least One Average Repellency > 50% Conpound # (STI-101)
Repel | encyo 2012/i227023 Overal | Av. 008 12 53 17 27 010 85P¢2/(A\24B/08308369 69

11 50 068 30 32

10

15

20

25

EXAMPLE 4: Additional Exemplary Formulations

[00156] The following represent proposed formulation formats for the compositions of

the invention.

[00157] Formulation 1: Aerosol or pump-spray application of repellent substance for
application to luggage and clothing. In the case of luggage, application of repellent is
intended to prevent the migration of bed bugs from an infested location to non-infested
infested location (e.g., infested hotel room to residence). In the case of clothing, police,
paramedics, fire fighters have expressed a strong need for a suitable repellent for

application to clothing before they enter premises that may house a bed bug infestation.

[00158] Formulation 2: Dryer sheet or ball application where a repellent impregnated

substrate device is employed to distribute repellent substance to clothing and bedding.

[00159] Formulation 3: Slow release polymer beads contained in breathable sachet for
placement inside of luggage or for placement in room areas were protection from bed
bugs is desired, e.g., near a bed. In addition to beads, slow release formulations may
include wax substrates that slowly release vapours or are induced to release vapours

using a small heating element (e.g., “plug-ins”).

[00160] Formulation 4: Timed release application utilizing a device that triggers
release of aerosol and specific intervals or time of day (similar to devices used to

dispense household fragrances at timed intervals).
EXAMPLE 5: Synthesis of Compound 10
0 15-c-5, CH,Cl ~,
/\{(\Br N J\ Ch /w'/\o o

0 NaO™ 'H RT, Overnight o
10

[00161] Compound 10 was prepared according to the scheme above. Briefly, sodium
formate (0.27g, 4.0 mmol) was ground with a pestle and added to a dry 10 mL round-
bottom flask under nitrogen. Dry dichloromethane (5 mL) was added followed by 15-
crown-5 (0.65g, 3.0 mmol). Once fully mixed, 1-bromo-2-butanone (0.30g, 2.0 mmol)
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65 43 034 81 94 - 94 27 * But overall average repellency of <50% Tabl e 5:
Conmpounds Denonstrating At Least One Repellency > 50% Conpound # (STI-101)
Repet i ti omo%Repeiokency Ti T2 T3 Overall Av. 006 1 -2BCTE&MA2012/05@2032 - 71

-71 57 3-90 -90 -89 Average -62 -74
was added and the reaction stirred at room temperature overnight. The solids were
removed by filtration, and the solution was concentrated. Flash chromatography using

hexane/ethyl acetate as an eluent yielded compound 10 (0.10g, 43%) as a colourless oil.
EXAMPLE 6: Synthesis of Compound 45

5 [00162] In a 250 mL round-bottom flask, 2-aminobenzaldehyde dimethyl acetal (3.4
mL, 31 mmol, 1.5 equiv.) and triethylamine (5.7 mL, 41 mmol, 2.0 equiv.) were
dissolved in freshly distilled dichloromethane (60 mL) and the solution was cooled to
0°C. A solution of propionyl chloride (1.8 mL, 20 mmol, 1.0 equiv.) in freshly distilled
dichloromethane (60 mL) was added dropwise with a syringe. The reaction mixture

10  was further stirred at 0°C for 3 hours, and allowed to warm up to room temperature.
The mixture was then supported on silica gel and filtered through a silica gel plug,
washing the filter cake with ethyl acetate (200 mL). The filtrate was then concentrated
by rotary evaporation yielding 3.48g (quantitative yield) of compound 45 as a slightly
yellow oil. NMR showed pure product.

15 EXAMPLE 7: Synthesis of Compound 46

0]

THF
WH + BusSnH + HMPA ———> X""0oH
RT/2.5h
o) 0
3 46

[00163] Compound 46 was prepared according to the scheme shown above using
equimolar amounts of compound 3, Bu3;SnH and HMPA. Solvent was removed by

20  rotary evaporation and the residue submitted to flash chromatography (2:1 hexane:ethyl
acetate). A 20% yield of compound 46 was obtained.

[00164] The disclosures of all patents, patent applications, publications and database
entries referenced in this specification are hereby specifically incorporated by reference
in their entirety to the same extent as if each such individual patent, patent application,
25  publication and database entry were specifically and individually indicated to be

incorporated by reference.
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[00165] Although the invention has been described with reference to certain specific
embodiments, various modifications thereof will be apparent to those skilled in the art
without departing from the spirit and scope of the invention. All such modifications as
would be apparent to one skilled in the art are intended to be included within the scope

5  of'the following claims.
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Average 44 37 -36 028 1 0 0 -43 -10 44 SUBSTI TUTE SHEET (RULE 26) WO
2012/ 129702PCT/ CA2012/ 050203 Conpound # (STI-101) Repetition % Repel | ency
Ti T2 T3 woenedi29742. 2 -33 -33 -43 3 00 67 Aver ag®CT/CA2012/050203

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A composition for repelling bedbugs comprising a carrier and one or more

compounds of general formula (I), or a pro-form or intermediate thereof:

)

1]
R(C‘Rz

M

wherein:

R is selected from the group consisting of: H, hydroxy, C;-C, alkyl and alkoxy,

and

R, is selected from the group consisting of: C,-C4 acyl, C;-Cg alkyl, C,-Cy
alkenyl; C,-C4 alkynyl, alkoxy, furyl and -NR3R4, wherein R3 and R, are independently
selected from the group consisting of: H, C;-C4 alkyl, C,-Cy alkenyl and —
CH,C(OCHs),,

and wherein:

each C;-Cq alkyl is optionally substituted with one or more substituents
independently selected from the group consisting of: hydroxy, C,-C4 acyl, C-C4 alkyl,
alkoxy, carbonyl, carboxy and -NRsR¢, wherein Rs and R are independently C;-Cy
alkyl or alkoxy,

each C,-Co alkenyl is optionally substituted with one or more substituents
independently selected from the group consisting of: C-Cy4 acyl, C|-Cy alkyl, carbonyl,
carboxy, hydroxy and furyl,

each C;-C4 alkynyl is optionally substituted with one or more substituents
independently selected from the group consisting of: C-Cy acyl, C-Cy4 alkyl, alkoxy,
carboxy, hydroxy and furyl, and
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45 -67 032 1 75 80 100 -9 2 -33 100 100 3 75
WO 2012/129702 PCT/CA2012/050203

each alkoxy is optionally substituted with one or more substituents
independently selected from the groﬁp consisting of: carbonyl, carboxy, furyl, and
tetrahydrofuryl;

and wherein the one or more compounds have bedbug repellent activity.
2. The composition according to claim 1, wherein R, is:

(1) a substituent of general formula (II):

Ro (1))

wherein --- represents a double or triple bond, R is selected from the group
consisting of: H, C;-Cs alkyl, C,-Cs acyl, carboxy, furyl and tetrahydrofuryl; Ry is
absent or Rg is H or C;-C4 alkyl, and Ry is H or C,-C4 alkyl, wherein the C,-Cs alkyl is
optionally substituted with one or more substituents selected from the group consisting

of: C-C, alkyl, alkoxy or hydroxy:

or (ii) a substituent of general formula (III):

£ _by_O
ta m(ﬂl)

wherein a is -O— and b is CHj, or a-b represents -CHR’=CHR”—, wherein R’
and R” are each independently H or C,-C,4 alkyl, and n = 0 or 1;

or (iii) selected from the group consisting of: -NRoR;, C,-Cy alkyl and C,-Cy
alkenyl, wherein Ry is H or C;-C4 alkyl, and R, is C,-C4 alkyl or C»-Cy4 alkenyl,

and wherein the C,-C alkyl is optionally substituted with one or more
substituents selected from the group consisting of: hydroxy, alkoxy, C-C4 alkyl, C;-C4
acyl, carboxy, carbonyl and -NRsRe, wherein Rs and R, are independently C;-C4 alkyl

or alkoxy; and the C,-Cy alkenyl is optionally substituted with one or more substituents
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selected from the group consisting of: hydroxy, C;-C4 alkyl, C{-C4 acyl, carboxy and

carbonyl;

or (iv) selected from the group consisting of:

3 . B
p ‘.\,:/ffp\r()\/ é}\j/\n/%
Q. O
F A S SN N . g
- ° 7 ‘I SN AN \rm"
& o} ‘
r:f & fH i 0. H jJ /\ H S‘SJ o3
LS AN e
O o O g E])/
f\//-L H AN H
j n/ H g e 3] J‘ii\/ iy
o) o “ \N -
3 i |
N s H K4 H v ! o
g o Jv N M - . RN -
@ SN \{/ £ /N KU/H v/\”/

J & B
AN g ™ N ‘ - e
R i T “”?{fo'\; o N f&/»\{ ’ \W\\(\
‘i H"; |
: L .y § é o
o
.y ; o s}
PN S R AR o ko . f\/ﬁ\
o) 6 i o d OMe
NN AN ‘”{iu/ oMl oM a N
Ly A L H T
e OMe Ome 1 j’)
o o o~ wE
o *\5,/\\ N B 5‘,,-;7’\\, ey w/‘*\
J‘J J
EN - o
e Ry N e ™ ‘},;21 NN MO”/
3. The composition according to claim 2, wherein R, is selected from the group

consisting of: H, C,-Cy4 alkyl and alkoxy, and R; is a substituent of general formula (II).
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60 3 -20 -20 -20 Average -11 -3 43 * But average repellency (one tinme
or overall) of <50% EXAMPLE 2: Repell ency of Conbi nations of Conpounds of
Formul a (WD 20002522 To det erm ne whet her conpounds coul @Chhacacordmsos®d i n t he
repel |l ent conpositions, compounds 14 and 35 were each tested at a
concentration of 5% (ww, 5 and as a conbi nation conprising each conpound
at a concentratign of 2.5% (w w).. The fornul ati ons. r t a cri bed
" Exanple t usi (5 Diwdsteharisilipel e rotabra s G AT f By Bioun T

Tabl e 6 andr fieaBabdtiaing of ftlerat GsriulM (1H).t he conpounds did not adversely
affect their repellent activity. 45 SUBSTI TUTE SHEET (RULE 26) WD

2012/ 129702PCT/ CA2012/ 050203 Tabl e 6: Repel|ency of a Combination of
Conpounds 1% andllsscommesidignaceprdiggto gloim 4gmhereinea-irepraseatsadefR SR mat i on |

(014 + 035) 044 ) o’ rmul ati ons of Conpound 35
[00153] m%’?ﬂ‘?@%g%\/\é@f%r GRS ‘%*é?ay formulation in which the
conpound was di ssol ved in isopropyl alcohol (I1PA) at concentrations of 1%

2.5% and 5%. 5[ ODHéebmpositiadditdrding t€ olafie ANheBinRsis st €HACQalkpl, asd Re is
sl owrel ease beads. The beads were cured with either: 1) 20% (w w) neat
conpound 35selestedAjom thw, gropmgonsisting of: tNRioR: urla -6f alkyripd énd”aakanyl

w ntergreen oil (methyl salicylate). [00155] The fornul ati ons were tested

as described in sijcioH%%&?dﬁl o ?ﬂi&n‘i"%&g&g@é irgél%e\;\i%ge fs2ednipduftd ©

shown in Table 7 an enonstrate conpoun exce
repel | ency dfigeheahforpamv):i on formats and at all concentrations tested.

ORy3

/ A\

R
0" avy

wherein: Ry is C;-C4 alkyl or C,-C,4 alkenyl, and R3 is H, C-C4 alkyl or a
protecting group, and

wherein each C;-C; alkyl is optionally substituted with one or more substituents
independently selected from the group consisting of: hydroxy, C;-C4 acyl, C1-Cy alkyl,
alkoxy, carbonyl, carboxy and NRsR, wherein Rs and R are independently selected

from the group consisting of: H, C,-C4 alkyl and alkoxy.
8. The composition according to claim 7, wherein R is H or a protecting group.

9. A composition for repelling bedbugs comprising a carrier and one or more

compounds selected from the group consisting of’
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Tabl e 7: Repellency of Fornul ati ons of Conpound 35 Fornul ation
Concentration of Conpound 35 (Ww %R (Overall Average) |PA spray 1% 92
2.5% 94 so002pPloast i ¢ beads 20% 100 10% + 10% wi nt er gCEATA20i205000 46
SUBSTI TUTE SHEET (RULE 26) WD 2012/ 129702PCT/ CA2012/ 050203 EXAMPLE 4:
Addi ti onal Exenplary Formul ati ons [00156] The foll ow ng represent proposed
formul ation formats for the conpositiogs of the invention. [00157]

Forrmul ation 1: Aerosol or punp-§$r?x§39p%ng;ion of repellent substance for
5 application t Iuggaqp and cl ot’hing~ I'mthe case of |uggage, application
of repell&nt s Tyended to prevent the migration of bed bugs from an
infested |l ocation to non-infested infested |ocation (e.g., infested hotel
roomto residence). In the case of clothind] police, paranedics, fire

fighters have expressed a stronggpeed f §yrtable repel l ent for
application to cl@thing before they enier prem ses that nay house a bed bug
i nfestation. lgLéﬁ%ggldFornulation 2: ®ryer sheet or ball application where
a repel |l enfg i nprégnat ed substrate device is enployed to distribute
repel |l ent substance to clothing and beddi ng. [00159] Formul ation 3: Sl ow
rel ease pol ymer ads contained in breathablle sachet for placenent inside
of | uggage ,gr ngﬁpLasgnenL/in r ogm D I\m{zotection from bed bugs is
desired, e.g., near a bed. In addition lto beads, "sl ow rel ease fornmul ati ons
may 15i ncl ude wax substrates that slow® rel ease vapours or are induced to
rel ease vapours using a small heating elenent (e.g., "plug-ins"). [00160]
Formul ation 4: Tinmed rel ease application utilizing a device that triggers
rel ease of aerosoﬁ and specific intervals or timgof day (simlar to

devi ces usegg t f §6n§e househol d fragranﬁgs t ined intervals). 20
EXAMPLE 5: Synthesi s of Conpound 1068 04.>~" H15-QH5, CH2d 2 RT,
Overnight .-""),ro .0 ')

37
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10 [00161] Conpound 10 was prepared according to the schene above.

Briefly, sodiumformate (0.27g, 4.0 nmol) was ground with a pestle and
added t o wodni/12@70xl round- bottom fl ask under nitrogenPCDIGA2012/050203

di chl oronet hane (5 nlL) was added foll owed by 15- 25crown-5 (0.65g, 3.0
mmol ). Once fully m xed, 1-brono-2-butanone (0.30g, 2.0 mmvl) 47 SUBSTI TUTE
SHEET (RULE 26) was added and the reaction stirred at r@omtenperature

overnight. The solids were rgpoved by Filtration, ﬁhd\Lp@\geLﬁkan was
concentrat e@ Flagh chromat ogra ! ane/ et hyl acetateilas an el uent
yi el ded conpouﬁd/%GV(bWIOQ, 43% as a colourless oil. EXAMPLEC6: Synthesis
of Conpound 45 5[00162E In a 250 nmL round-b%?tonlflask, 2- am nobenzal dehyde
di ret hyl acetal (3.4 nL, 31 mml, 1.5 equiv.) and trieth@lamne (5.7 nL, 41
mrol, 2.0 equiv.) were dissolved in dreshly distildsed. di ghl erxopet hane (60
m.) and the solutjion was cool eth to OC sol ution of propionyll chloride
(1.8 m., 201ammol ,91. Q equiv.) in freshly distilled dichloronethane (60 ni)
was added dromes%\ﬁﬁEﬁ a syringe. The reaétion m xture 10 was further

stirred at OC for 3 urs, and allowed to warmup to roomtenperature. The
m xture was then supported on silica@el and filtered thromgh a silica gel

plug, washing the filter cake #Pth_ethyl ~acetate (2006%i). iltrate was
t hen concentirat ed®by rotary evaporatio@jyi | di ng 3.48g (dquanti t/ative vyield)
of conpound 45 ightly yellow oil. showed pure product. 15

EXAMPLE 7: Synthesis of Compound 46 [ 00163] Conpound 46 was prepared
according to the schene shown above i ng equi nol ar ayroun of conpound 3,
Bu3SnH and HWPA. Sol vent was retved by 20 rgtary evap H he

resi due suBﬁiL%g/&}o flash chronmat o aph§\ﬁ?:1 hexane: et hyl acetate). A 20%
yi el d of conpound s obt ai ned. [00134]0Ihe di scl osures of afl pat ents,
patent applicationd! pohlications and database entries referenced in this
specification are hereby specifically incorporated by reference in their
entirety to the same extent as if each such individual,patenyy patent
application, 25publication and datakmse emtry were specifjcallycand

i ndi vi dual 12 bﬁgliizﬁghégggfnggngor edlby -t eference. 48YSUBSTI/TUTE SHEET
(RULE 26) 10 5 Maventi on has been descri bed w ref erence
to certain specific enbodi nents, various nodi fPHations thereof will be

apparent to those skilled in the art without departing fromthe spirit and
scope of the invention. Al such nodifications as woul dobe appgtent to one

skilled in th&dartare| i ntended toabe ingl uded within the sco t he
foll owi ng clains. | TUTE SHEETWTHE EVBCDI MENTS\ THE
| NVENTION | N VHI CH Al USI VE PROPE P LEGE I S CLAI MED ARE
DEFI NED AS FOLLOAS: 1. A conposition for repell bedbugs conprising a
carrier and one or nore conpounds of general forrmula (1), or a pro-formor
internediate thgreofp ,8, R R2 (I) wherein: 73 OH o

49 0

O \
i \/U\H\IAO(

74 0
/

o)
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Rl is selected fromthe group consisting of: H hydroxy, C-Ca al kyl and
al koxy, and R2 is selected fromthe group consisting of: Cl-Ca acyl,
Cl- C6 al kyb,20222¢92al kenyl ; C2-C4 al kynyl, al koxy, furylpCaraA2019R30204,
wherein R3 and R4 are independently selected fromthe group consisting of:
H Cl-C4 alkyl, C2-C4 alkenyl and - CH2C(OCH3) 2, and wherein: each
Cl-C6 al kyl is optionally substituted wigh one or nore substituents

i ndependent |y _sel ecged fromthe gr¥tp_ca S|§t|ng of : hgdroxy, Cl-Ca acyl,
G -C4 al kyl, 2% kox carbonyl car boxy™an NR5SR6, whé?ein and R5 are
|ndependently Cl- mlkyl or alkoxy, ceach C2-C9 al k <O ptionally
substituted with onetor nore substituents independently sel ect fromthe
group consisting of: Cl-C4 acyl, Cl-Cg al kyl, carbonyl, carboxy, hydroxy
and furyl, 35 e&h C2-C4 al kynyjb L;ﬂQ%;L%n@IIy subst i t ut gd mﬁth one or
nor e substituent§§t Adent |y sel ected fiomthe grodp colsi

Cl-C4 acyl, CG-Ca aakyl\ | koxY, carboxy, W®ydroxy and furyl, D//
SUBSTI TUTE SHEET (RULE 26) each al koxy is optionally substltuted
Wi th one or, nore gubstituents iﬁ@epgggéntly sel ected fromthe group
consi sting of :« caxbonyl .o carboxy, f

,oﬁingé;ftrahydrofuryl, and
wherein the one or nor npounds have bedb epel lent activity. 2.The
conposition according to“claim1, wherein R2 is: (i) a substituent of
general forgula (11): R8 - 8% R7 R(I11) wherein --- represents a
doubl e or tripleohond, R7 is se gg;g?ﬂigfﬁ%the group consisting of: H,

Cl- 05 al kyl, - |, carboxy,” f yI\@ tetrahydrofuryl; R8 is absent
or RBis Hor - kyl, and R9 i Cl-Ca al kyl, wherein the Cl-05

al kyl is optionally subst i t ut ed mﬁth one or nore substituents sel ected from
the group consisting of: CI-C4 aI alkoxy or hydroxy: or (ii) a
substituent of Jgeneral fornmul & whereigea i® -0- and b is CH2,
or a-b repre \<CHR CHR' ~\mheigﬂ%6€?iand R' are eac |n§ependently H
or -4 aIk 1; iii) selected/fr he group
consi sting & i ;L, Ci C6 al kyl and C2-C9 al kenyl mhe n RIO is H or
Cl - Ca al kyl, and R11 1S Cl-Ca al kyl or C2-C4 al kenyl, and wherein the Cl1-C6
al kyl is optionally substituted with one or rore substituents sel ected from
t he group consisting of : hydroxy, alkocy Cl -Ca al kyl,5C1-C4 acyl, carboxy,
car bonyl and 8d\NR5 wher ei n R58&nd R6Yar e i ndependent y Cl- 4 al kyl or

al koxy; and the > | kenyl is i substituted au t; ope or nore
substituents 51 SUBSYITUTE SHEET ?gstg#ggg%yselected fromth roup

consi sting of: hydroxy, Cl-C4 alkyl, Cl-C4 acyl, carboxy and carbonyl; or
(iv) selected fromthe group consisting of: 3. The conposition according to

claim2, wherein Rl is selected £fromthe group consisting of H C-Ca
al kyl and aBkoxy, Gand R2 isg@a substituent of general §2or mufla (H). 52
SUBSTI TUTE SHEET %26) WO 1 P 012/ 050208~_&. ~The

3

ent 0O

conposi ti on accd?di o claim2, wherein RL is Cl1-C4 al kyl or al koxy, and
R2 is a substitu general fornmula (I11). 5. The conposition according
to claim4, wherein a-b represents -CHR =CHR'-, and wherein R is H or Cl
-Ca al kyl apd RThle%oiripomﬁen iherd hill QNwIRGEATRK 6 dranére@bMbundshies ei n Rl
is Hor Cl-Ca alkyl, and R2 is selected from t he group consisting of:

-NRi oRi c1sd@ma¢ﬁynn§nancm<@9mamnyﬁy| 7. The conposition according to
claim1l1l, wherein the internmediate is a conpound of general formula (IV):

OR13 R120 (IV) wherein: R12 is Cl-C4 al kyl or C2-C4 al kenyl, and R13
is H C-Ca alkylyor a protectjqng groupQ and
67\/[1\/\”/\ M \/\(O\/
79
0 O~

0
0 74 P
R i G NN N
8] 0]
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wherein each Cl-Ca alkyl is optionally substituted with one or nore
substituents independently selected fromthe group consisting of: hydroxy,
Cl - Ca acywo 2@i21G470al kyl , al koxy, carbonyl, carboxy and RRIR&A2012080®8Nn R5
and R6 are independently selected fromthe group consisting of: H Cl-C4

al kyl and al koxy. 8. The conposition according to claim?7, wherein R13 is
H or a protecting group. 9. A conpositiopg for repelling bedbugs conprising
a carrier amd ong or nore conpounds, sel ectied from tde grpup codsisting of:
1038 039 5 AJUTE SPEET OH 42 0 ffMo---," NHI
0 45 HO, PCT/ 012/ 050203 67 0 68 0 'OH 69 ii OH 7100H

24 0O 0

W61W

o)

51 A~ A

0 48
14 0 89 o 7
0 A0
\ L/ W
O
90 40
35 o 0 0O
\/U\ o O \
Y L /
86 o 82 o 80 O
L) 0 L
78 OH
OH
73 M 69 o . \o/
11.  The composition according to any one of claims 1 to 10, wherein the
composition is formulated as a spray, powder, or aerosol.
12.  The composition according to any one of claims 1 to 10, wherein the

composition is absorbed onto or impregnated into a solid matrix.

13.  The composition according to any one of claims 1 to 11, wherein the

composition is suitable for application to the skin.

14.  AKit for repelling bedbugs comprising the composition according to any one of

claims 1 to 13, and instructions for use.
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0 55 SUBSTI TUTE SHEET (RULE 26) O..,. 85061 62 j.., , 10.The
conposition according to claim9, wherein the one or nore conpounds are
sel ect ed wpam2therogr oup consi sting of: 56 SUBSTI TUTEPEHERD0(2RISMAA3 26)
000 78 11. The conposition according to any one of clains 1 to 10,
wherein the conposition is fornmulated as a spray, powder, or aerosol. 12.

The conpositio cor.di t : n f ' ein the

conposi ti gl’sl [ s&ah%g(gtratgg%%glﬁttg Co;ﬁ%il?}'pﬁlggﬁ%&ﬁﬁ%%a gﬁge(’lﬂgler matrix. 13. The
conposi t i @emposiaosli ng to any one of clains 1 to 11, wherein the conposition
Is suitable tfor application to the skin. 14. A kit for repelling bedbugs

conprising the conposition according to any one of clains 1 to 13, and
i nrsT ructi 3r§s f &Fseg’g 8 compogipsageprdres oHmyrneRickims) to \yhfor repelling
2012/1297Q%55FSCA2012/050203 15. The kit according to claim 14, further
conprising a di spenser for the conposition. 16. Use of a conposition
according to any one of clains 1 to 13 for repelling bedbugs. 17. A nethod
for repellli’ng bEdhﬂgﬂihpmmﬂhagbg&ﬁ@pbmgpgﬁhgm@ﬂﬁ@g&amkm?wm?@wnSﬂipectig of
cont ai ni ng bedbuygs a conpqgsition according to_any one of clains to

18. The n%ﬂ?ﬂ?&teégé swaiﬂﬁgl%thﬁdéw gromposifieaaesdingdo preriyef daimsd) tady-

| ectari us.

18.  The method according to claim 17, wherein the bedbugs are Cimex lectarius.

19.  The method according to claim 17 or 18, wherein the area known or suspected

of containing bedbugs is furniture.

20.  The method according to claim 17 or 18, wherein the area known or suspected
of containing bedbugs is a bed, boxspring, mattress, bed linen, or a combination

thereof.

21. The method according to claim 17 or 18, wherein the area known or suspected

of containing bedbugs is luggage.

22. A method of preventing bedbug colonization comprising applying to an area
prone to bedbug colonization or capable of harbouring bedbugs a composition

according to any one of claims 1 to 13.
23.  The method according to claim 22, wherein the bedbugs are Cimex lectarius.

24.  The method according to claim 22 or 23, wherein the area prone to bedbug

colonization or capable of harbouring bedbugs is furniture.

25. The method according to claim 22 or 23, wherein the area prone to bedbug

colonization or capable of harbouring bedbugs is a bed, boxspring, mattress, bed linen

3

or a combination thereof.

26.  The method according to claim 22 or 23, wherein the area prone to bedbug

colonization or capable of harbouring bedbugs is luggage.
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19. The net hod according to claim 17 or 18, wherein the area known or
suspected of containing bedbugs is furniture. 20. The nethod according to
claim 17 wo 28/12049erei n the area known or suspected of eomca2nizigonedbugs
is a bed, boxspring, mattress, bed linen, or a conbination thereof. 21.
The met hod according to claim 17 or 18, wherein the area known or suspected

of contai ging dbugs ,is | e, . . net hod of preventi bedbug

col oni zat fon cgﬁ%ﬂe&"ﬂﬁc%gﬂgﬁﬁﬁl%%ﬁréﬁe‘é{f‘%ﬁ&ﬁﬁe i“%a Béodﬁdﬁgg%u@ni zation or
capabl & ofollak ARH dridpdRdbGRLArGAERABS (9 IndRGRcfling, Lo any one of claims
1to 13. 23. The rretﬁod according to claim 22, wherein the bedbugs are

Cmex lectarius. 24. The nethod according to claim?22 or 23, wherein the
area pronédto Bbemethodaicenmilingttp eny one efaghaibisd 780 2R awherami thg apmiinggs i s
furniture, 25. The nmethod according to.claim?22 or 23, wherein the area
prone to B%BB‘iﬁsgeSé%ﬁaXWHl&??TS?nw&ﬁt %%"3%?"&“% har bouri ng bedbugs is a bed,
boxspring, mattress, bed linen, or a conbination thereof. 26. The nethod
accordi ng2¢00 ciraé MethddQccotrdinghbahgbie b\ @aiddsad t82INRhéreinaRe iﬁgl oni zati on
or capabl e of harbouring bedbugs 1s |uggage. 58 SUBSTI TUTE I—EE (RULE 26)
WD 2012/ 12@mpRRsplacmz0nt?/thsaze the @mpoitienmbsirbel ente or tnprggnatedzingd an 22 or
23, wherei rlqt he area prone to bedbug col oni zati on or capabl e of harbouring
bedbugs i O4GHARL or clothes. 28. The method accor di ng to any one of
claims 17 to 27, wherein the applying conprises spraying the area with the
conpositi go.  A9methbe forRERMnLESIBULK, REMbAsiAR ¥otAQinfth€ b&ibgs Withta® 27,
wherein the applying conprises placing into the area the conposition

absor bed eemposition apgeuingtoady ione of elaged 1 t Fermrvagour tBereframmet hod f or

repel | i ng bedbugs, conprising contacting the bedbugs with a conposition
according to any one of clains 1 to 13 or vapour therefrom 59 SUBSTI TUTE
SHEET ( RULE 26)
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