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ACGENTS FI ELD OF THE I NVENTION This invention is directed to a specific
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use in human or veterinary therapeutics for treating diseases or conditions
in a manmmal, preferably a human, which are aneliorated or alleviated by the
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(1) :denonstr difference in potency for the inhibition of voltage-gated
sodi um char?ﬂgif"%ac%f"\ﬁl%y. Accordingly, in one aspect, the invention provides
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These compounds are disclosed therein as being useful in treating diseases or

¥

conditions, such as pain, in mammals, preferably humans, which are ameliorated or
alleviated by the modulation, preferably inhibition, of voltage-gated sodium channels.

'SUMMARY OF THE INVENTION

20 The present invention is directed to the discovery that the (S)-enantidmer and
the (R)-enantiomer of the following compound of formula (1):
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conposition conprising the (S)-enantioner, or a pharmaceutically acceptable
sol vate or prodrug thereof, as set forth above, preferably substantially
free of twe20Ryc02@eanti oner, in a pharmaceutical |y accepCahiseoioasriser and
in an anount effective to treat diseases or conditions related to pain when
adm nistered to an animal, preferably a mammal, nost preferably a human. In
anot her aspRedonstrate a'dﬂé@éﬂcéq}np&éﬂw fdethe M}ﬁﬁlm%lté‘gﬂ-gét&%m lcRannel

conmbi nation with the (S)-enantioner, or a pharnmaceutically acceptable

sol vate or q&ﬂw&w ug thereof, as set forth above, preferably substantially

free of the (R) l@:@@fﬂh’g?”ﬁrone%@ﬁe&nlﬂeﬂ{veﬁﬁtfrﬁpr@\t/lb@sfthé’(SFéhdﬁﬂoﬁ\B%f&m{ﬁi or as
any conbination the ease the efficacy of an I St gl(or future

drug ther adV'f'HPVOF@tWB@f@a%é“mﬁt@ylhﬁﬂf@ﬁf@é[%irﬂ{ﬂt@%@@@@é& éd-pfehZ{hENexi sting

or future CHdég:éhlﬁé@Wenahf’orﬁ&%a”vfﬁBQﬁ'éfm&hmg%}ﬁxu&f@%? invention relates to
a pharmaceuti cal conposition conbining the (S)-enantioner, or a

phar maceutical |y acceptabl e solvatg or -roﬁrug thereof, as set forth above,
preferably substantially free of yhe nti oner, with established or
future therapies for the indicati6n led/in the invention. In another
aspect, the invention provi degs Ayt haqd of treag 80 a di sease or a
condition in a manmmal, preferabl mhereln t he di sease or condition
i ssel ected fromthe group consisti ' depression, cardiovascul ar

di seases, respiratory di seases, psythi@tnic di seases, neur ol ogi cal di seases
and sei zures, and conbi nations thereof\ erein the nethod conpri ses

adm nistering to the manmal in need thereof a therapeutlcally ef fective

anount of the ﬁtﬁ}mmméawraeéeptﬁae a&vatéwbmdatyxvaereoprpr@f@m;r neeeutical ly
accept abl e sol vate or dr ug%lt here | n anot her aspect, the invention

provi des a @HB’(‘J‘W'St stap 'b’r#’@ﬁt e (FareRantemer rammal | preferably a

human, wherein tlh%nﬂlhbhé&be@toﬂw |hmoﬂgmvme§b%aﬂﬁaééatlédleommdn in need
thereof a therapeutic ective anpbunt O nti omer

phar mac¥t i CAR" '“Qé%g%)éﬁﬁﬁt'%rv%rt%p'?ﬁ’mﬁF‘?}H\Cﬁ'@’ ‘%‘ﬁ%&@é‘? S0 étesetprwwe h above

preferably gk a8sbfoltt ab6\re phfierabl§ s(bdtatizdnire® bEthe (RPemdmbbmer, andpet . the
pr esent i nventi on provides a nmethod for treating or l'essening the severity

of a di seas¥, mEr@rR?P’Em%ﬁ?u“‘iﬁ"y arspianls eXgRIeUS -act i vation or hyperactivity of

one or nore vol tm%e%ﬁ&dlnﬁ?ﬁi'th@g@ééﬁlﬂﬂenﬂbmfé?ét%to a '\gh“érhﬁbélﬂbcalbu'[ not
limted to, Na ZU, Na 1.2 7, Nall.8,

or Na 1.9 VWWB@‘@D@&P@B"'%%Qﬂ'\?rﬁ%’ﬁﬁ?ﬂf@mer»l of g nharme%@eﬁ"w [ceapiaie seliate
condi ti gf opr sHodlh Yireof, as set forth above, preferably substantially free of the (R)-

enantiomer, in a pharmaceutically acceptable carrier and in an amount effective to

treat diseases or conditions related to pain when administered to an animal, preferably
a mammal, most preferably a human.
In another aspect, the invention provides pharmaceutical therapy in
20 combination with the (S)-enantiomer, or a pharmaceutically acceptable solvate or
prodrug thereof, as set forth above, preferably substantially free of the (R)-enantiomer,
and one or more other existing therapies or as any combination thereof to increase the
efficacy of an existing or future drug therapy or to decrease the adverse events
associated with the existing or future drug therapy. In one embodiment, the present
25 invention relates to a pharmaceutical composition combining the (S)-enantiomer, or a
pharmaceutically acceptable solvate or prodrug thereof, as set forth above, preferably
substantially free of the (R)-enantiomer, with established or future therapies for the
indications listed in the invention.
In another aspect, the invention provides a method of treating a disease or a
30 condition in a mammal, preferably a thman, wherein the disease or condition is
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wherein the nethod conprises adm nistering to the manmal in need thereof a
therapeutically effective amount of the (S)-enantioner, or a

phar mmcewoDcallop2mscept abl e sol vate or prodrug thereof, pas/tsettofoarish above,
preferably substantially free of the (R)-enantionmer. In another aspect, the
I nvention provides a nethod of treating diseases or conditions in manmal s,

pref erabl ys@l@@i@@%m‘mé g%uﬁbéns?siﬁl@@f phiRdgeprddsionNBardfolastulay dRBagerl t age- gat ed
sodi um channel s. Accordi ngly i nvention provides a nethod of treating

di seases orespiaNM disnases. pSyRliatie diseasess rausalogical disgAses A SeIFUERSe @Bfe! i or at ed
or allevi afcsﬁkbmcmaehéres#u\lvﬁérbmhe RicB{cRf RRlpYist Rdriihiste?ifg t@TheRArhA@Lroat ed

sodi um channel's. Exanples of such diseases or conditions include, but are
not |im tedeedthemef ﬁtwamrycaﬂateﬁe@ﬂvarmwt ofithe (Dzanantienaefc pastdoi t h HI v,
HV treat AW post - her peti c

neur al gléam%QBv%Ef ?gﬁénjrglt%r% gu@ta W 566epfab eex r{ebaéron&?}{heg@rq@of ndrome ( CRPS),

Par oxysmal Extr émmqﬂmrrasm@ dhqéwentmnmywdmmﬁmd fqareta@ trgeﬁmnt phRaiyin a

sar coi dosi $nahhb) E@@@IPQW@JMEVM@W’?M %%H%oﬁl‘pﬁ@&sfdmlﬁﬁie Nsé‘ﬁastﬂﬁ' ated with
mul ti pl e sclerosi alrment associ at ed anyot r ophi c

| at eral sclnearoaldn pegcshereof athqra@utleglly@ﬁgetwe@mwnbmféhe 8)- emntl@merp PB8t atic
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o2t cor t nr (RSN scdpibREhiAte of bl theteot, SE T Sudte, HRlckaSly

syndr ortds, swpstatialinfreeraf thg (enamnjipwet her mi a, cystic fi br osi s,
pseudoaldostero s

schi zophreni a, rM ?ﬁ&é@éﬁ%ﬁé’&%@gﬁéﬁgéw gérﬁgh?h%vg%tela?ﬁ g&‘gorr"i’%tékﬁ agents that
pronot e nedessnahgme saysnw@faydpeasecapmmn ot 9130:ﬂahWh¢ralaCt3\ra5trpher rral gi a,
secondary | I

m gr ai ne, %{gééﬁg{]moﬁ&éﬁer%{rﬁ%yp ?né §é§€@hod?%r&harﬁr?e”}>kté’hl\s ;')'fcgdgl Cg m g'?%ttl ne,
condi ti ons liaitedde, Nagtl 1\Na Z:eNihﬂiBl Nagad iNavd BnleyHadimd feNaybhsir davhSadache,
phant om_l i ' 1O WE , }: tial and
Gener al % or kB8 Barel SSABEhBindh 3 By ihe TRIGEE oofiBhbEBrardl o) B0
neur opr ot ecvhesein thedmethiod comprises adiministeringito tha mammalyn seedthereofjdaucoma or
neural tra | ati ricul ar
fibrillati t){ﬁgr ﬁ#l&e}fr&gll}&n eﬁWe %&g of mﬁébﬁn;dt'g@H r?? gatpﬂgrn?%uff&ﬂ&l manmal in
need t her ecdccaptable salvetetdr paddryg thbfemtasxsetmmtmbva)fprefmab(ys)dbgtaaMIIVMr , or a
phar maceuti gal | tabl e solvate or prodrug thereof, as set forth above,
preferably @3’5%{@%%%};5&1@% ree of the (f?)-enantioner. In another aspect,
the invantion prinanother aspeet, thednwention pedvideg aamethsed efteeating diseases or

conditions in mammals, preferably humans, which are associated with the activity of

voltage-gated sodium channels. Accordingly, the invention provides a method of
treating diseases or conditions in mammals, preferably humans, which are ameliorated
or alleviated by the modulation, preferably inhibition, of voltage-gated sodium

25 channels. Examples of such diseases or conditions include, but are not limited to,
pain of any nature and origin, pain associated with HIV, HIV treatment induced
neuropathy, trigeminal neuralgia, post-herpetic neuralgia, diabetic neuropathy,
complex regional pain syndrome (CRPS), Paroxysmal Extreme Pain Disorder (PEPD),
eudynia, heat sensitivity, sarcoidosis, irritable bowel syndrome, Crohns disease, pain

30 associated with multiple sclerosis (MS), motor impairment associated with MS,
amyotrophic lateral sclerosis (ALS), pruritis, hypercholesterolemia, benign prostatic
hyperplasia, peripheral neuropathy, arthritis, rheumatoid arthritis, osteoarthritis,
paroxysmal dystonia, periodic paralysis, myasthenia syndromes, myotonia, malignant
hyperthermia, cystic fibrosis, pseudoaldosteronism, rhabdomyolysis, bipolar

35 depression, anxiety, schizophrenia, illness due to exposure to insecticides or other
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condition in a mammal, preferably a human, by the inhibition of ion flux
t hrough a vol tage-gated sodi um channel in the mammal, wherein the nethod
conpri seswaadniwiogtosri ng to the mamual in need thereof aPrPCharsapewsisal |y

effective anmount of the (S)-enantioner, or a pharnaceutically acceptable
sol vate or prodrug thereof, as set forth above, preferably substantially

free of thehg@f\%)thﬁ'ﬂ%iﬁét@'ﬁBuronélrbr@rﬁl%bl@@fyp@t%i?&fébrhtyt fb‘?mlid"\é%tﬂ{érﬂﬁlgl%r ovides a
met hod of decreasing ion flu hr ou a vol g gated sodi um channel in a

cell in a rﬁ@ﬁﬁmawm@fe@ﬂg@ﬁen\'{@i% 'eanpfawle aé'@'{ﬂ%‘btm'a'@'ﬂehbeid@qhewth t he

(S)-enanti %"ralglfb"rm%e&ﬂ&h%ﬁlﬁlfal ﬁé}hbhéf;@%iﬁ&ﬁn%bh&uﬁtwn%%%%c%ed%mr ug
thereof, as set forth above aee erab substantially free of the
ag

(f?) - enant i RBRIC Paife Skg Bead ,ftemq%heqﬁa@m @bantemdinipseain fpefipleral nerve
(S)-enanfi QH%Fy c@r{cefgl eBr@fsV%%I 'aﬁébleb(erﬁﬁﬁﬁ%é?ur‘éssr‘é ?egoéyngfo% ug

f1ed
t hereof, as se ort bove, preferably substantt al F %ree 0
(R) - enant | (ﬁfé'rythmlﬁs ﬁlh@nwa@mnawrpawtmoa updefiischaemic C@aﬁtpmﬁ egused by t he

reatment afyReHIARARE PhelANirStadrial hpﬁnﬁﬁgﬁiaﬁﬁtﬁ'ﬁ‘aﬁ%ntéhdt\}%ﬁtr&%ﬁdrv' ty of

a vol t age- gat ed s ium cC anne AcCc e 1 nvention provi t he use
of the (S) f&ﬁlﬂaﬂqnowmremdlne memﬁzdmawaa@s lnyteang&cpthamn%n@allmae@d theregofodr ug

thereof, as, &%}aaegwaﬂye efigeife aRbENCITAR (6) SHERIA] dt'd phahaseuibail e

(R - enant i oner preparation o ositiron’in the
treat metht oAccaplablesalyatedr peasined themof.msshfqrtb ahns, mmfa by sybstantiallyifrgeed by

t he nodul at?fg% &réa%ﬁq@g (Y inhibition, of a voltage-gated sodi um channel.

BRI EF DESCRI DRAW NGS The foll owi ng drawi ngs form part of the
present speci fi claranothenaspea; thei inventide grayides tatm@ihodjgfrming atdisegee pai n
aspects of éJh%utBhﬁ??%nin’i‘é{ eﬂ?%i’e%éy H&mbﬂ“ogﬂhé 91@.0 n%&ttﬁi{aﬁ&fger stood by

reference to one or draw n' na e detail ed
descri pti onvqbﬁagspebﬁfspdlu@mbeume‘mtre mremehwbdreh'ehhelmethﬂ CPIMREises shows

the- Guaid i ST RRARG e Bt Ty bitfeds AtheraenBal drtovethilt 8RS (1),
conmpar i son (§)-enastiopfer wa:ghaﬂﬁaGMCQlB)accemaNe Rplvahemmroﬂmmenqof tasehl dosi ng
shows corpaclguoi PHidta abstalilly FepoP P iRla®Bss oot Comers vith
t opi cal admi ni st inzniother aspest, treuinugriichipcovidesra metthedi of denredBiing iogfleal Exanpl e
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untreated mc
20 comprises contacting the cell with the (S)-enantiomer, or a pharmaceutically

acceptable solvate or prodrug thereof, as set forth above, preferably substantially free
of the (R)-enantiomer. _
The invention further provides the use of the (S)-enantiomer, or a
pharmaceutically acceptable solvate or prodrug thereof, as set forth above, preferably
25 substantially free of the (R)-enantiomer, in the preparation of a medicament
composition in the treatment of a disease or condition that is associated with the
activify of a voltage-gated sodium channel. Accordingly, the invention provides the use
of the (S)-enantiomer, or a pharmaceutically acceptable solvate or prodrug thereof, as
set forth above, preferably substantially free of the (R)-enantiomer, in the preparation
30 of a medicament composition in the treatment of a disease or condition which is
ameliorated or alleviated by the modulation, preferably inhibition, of a voltage-gated
sodium channel.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included



in the in vivo assay described in Biological Exanple 7. Data are expressed
as Mean SD itching bouts. Figure 5 shows the efficacy agai nst

hi st am newOreduawel7o08t ch of a topically applied oi nt ment ®Om{tsRM0MOIBIE W V)

of the (S)-enantionmer. Data are expressed as Mean SD itching bouts. Figure
6 shows the efficacy of the (S)-enantioner against histam ne-induced itch
when adni nisfurth@tieionbtrate E@&Qﬁgétﬁbﬂtﬁ@&@%ﬂﬂmveﬁﬁéﬂ PHEINRNAbE Frfeh@ts Mean
SD itching bouts. DETAILE ON Definjitions As used
in the spedpfercundersiood Ay refpisaseitorone fimare of thees drawingsiin cembipglioniuith ont r ar y |

the fol | owiROgdtGiledRiestRiyton a%peem@bmaomﬁwéhfsaér@&ntedﬁs@élaem a" refers to an
absence of pain _in response to stinulus that would normally be painful.

"Al | odyni a" ref &lgyre beH’V‘@cﬁ?ﬂF?ﬂttﬁtioﬁ‘fﬁﬁﬂﬁﬂ%fe@t'%?%fqr§hei (raddBs sensati on,
such asgpr BRI inlttheIBLakigHE Thiiuk %s@éyf?&h B?d?oq?]c%l BRhfpleRAEiN! -

Enantiomers” refers to asymretric nolecul es t can eX|st In two

di fferent i somefigures dshawsgomparipen ef the efisaeyraf the (@1 s @)epartiomers pitbe .

Q her ter marér%skn%m a‘i\‘?ﬁﬁ&ﬁlﬁétﬁﬂ%a i ﬁ%@él flofh B13 sdapﬁianspné BHekEHe .
"st ereoi soners ecause er ent arr ngenent or stereochem stry
around the chi rf!gut%%ﬁ@ws eampasiseghofthe eﬁ'ﬁmqféhﬁss) an(FYreapatiimasawith,  not
al |l stereoi | RS, B - f the
opti cal act?‘s\?ﬁ?%arg rsgaﬁﬂgtﬁantlﬁenlgbalc\hwgﬁpﬁim 63?{?? Xémﬁg g ?ﬁ er ent
pure eddnt i oner Figue glncw%thprtlmeecoyfﬁeenﬁthe@ﬁucedﬂt@mlarueﬁeatgqi féce i ons) .

B th t |
ot t hel T DR okl BeBe e i aitlogel Prmale 7° 16 WATRmeBi ol a0 O
are chiral ,SDnitghing hestens t hat they can be regarded as occurring in "left"

d "right" h ' 1
and "right” hanged,f OLGys th %ffﬂi‘%é)[ agﬂﬁgg‘ﬂ& %Hé‘ﬁmﬂ J{a ﬁdtbylfélgra?;gﬂgger ent

nmol ecul es is the Ppresence o carbon
substit uent@tmﬁn@%@mg Shabwivieofdhe b‘i)fenaethr@ererneéajane@xa@saed:aﬁ Meanader, or
st er eoggni (itcﬁf\atb%ts nmet hod for indicating the three-dinmensional
arrangenent of "atons (or the configuration) at a stereogenic center is to
refer to the ar mﬁshowsmetaﬁf&apy pbthe {( §)-erfantibmeragainst histamine-indutedhest
DI Or L LY SRR SBFInRALEH oRNRYth ARG hthd 6 BRASEY BE ek 11415
arr angement of the remal hriee grou

itching bouts.

DETAILED DESCRIPTION OF THE INVENTION

20 Definitions

As used in the specification and appended claims, unless specified to the
contrary, the following terms have the meaning indicated:

"Analgesia” refers to an absence of pain in response to a stimulus that would
normally be painful.

25 "Allodynia" refers to a condition in which a normally innocuous sensation, such
as pressure or light touch, is perceived as being painful.

"Enantiomers" refers to asymmetric molecules that can exist in two different
isomeric forms which have different configurations in space. Other terms used to
designate or refer to enantiomers include "stereoisomers" (because of the different

30 arrangement or stereochemistry around the chiral center; although all enantiomers are
stereoisomers, not all sterecisomers are enantiomers) or "optical isomers" (because of
the optical activity of pure enantiomers, which is the ability of different pure
enantiomers to rotate plane-polarized light in different directions). Because they do not
have a plane of symmetry, enantiomers are not identical with their mirror images;



hi gher to the lower priority is clockw se, the stereogenic center has an
"f?" (or "D'") configuration; if the arrangenent is counterclockw se, the
st er eogerwo 20aeroshas an "S" (or "L") configuration. EmamttiseomengoiRave t he
same enpirical chem cal fornula, and are generally chemcally identical in
their reactions, their physical properties, and their spectroscopic

Propert i s, dieUhnion Bt il SRR BORUCTORALAE Rk %ﬁﬂeah&ﬂﬁi%@é  oward

ot her asyrme rc corrpoun respon er en t owar asy
physi cal d|b@tmgafdmessoccm@gmmsleﬁ"cﬁnmmtéba}ndndmm d‘hstnunsbam@ongapsearu zed

light. An eo?@ﬂltréhmﬁﬁrg%ﬁf& rﬁd&%@é{s elg,l[tl‘fégkﬁg%ﬂ 'fé?éir%hb?ﬁ carB&Vﬁond@H t@ﬁc?lu | oner

Is optically ac I Onmer s ane conpou w | |
rot at e pl andifferentsubstibntsi ayigroups. tSueh egad®ntierederreddpiasia; charhluxentetr her | i ght can

be 1 Ot aed 40obdieid @lhlor O RAHS B HRBIHA 6 B0 dp Nl SHnehbse T v e"

(this i slevaro m nus can ed to the
right or clamrhsv(cxd\e(ctolmhgjramrdakasterenganlrcpntar is"td’ referrtonlhejarrangemEh) of The SI gn

i ar e of e RAPHERE brotBs Wik tisToWERe PR orhetP st el RE RS Y Lo o
1 S et el e e )
1I‘D ornms. The 'B%'Pﬁ&é%‘ﬁg Io&erpg?rmlls cl%’%wnse gwe % %&ﬁpé%&%ﬁ%n R §>r 2 ema%/e

Racemat®s aonfiguratiangif the)drtangenmhnwcaMercmpkmse,l the stesdagenic lnenteuba anual

anount s of (its d forms are present. In general, the presence of a
singl e enan?bg \'%ngr}'gf'%é%%ol arized light in only one direction; thus, a

si ngl e enant i omeEnanomet dave the sanssempiticat ghéricplfoenuid, rwd(hfs'g@mallyons "R
and "S" are used to, den t.he a soI ﬁ@"’ onfi uratlon r{)t]ht he Iecul e about

"U's chiral Hvey Bphteiothet fesf yoica BIOpPrties. A ey Fpeoscapic
suf fix; thq;ropuﬂes)rHowen@habt&)mpah@N diffefent ohdrhiealaeactivityotowardether by a

R B U A Rl YA T IO S R T TR
enpl oyed hedisturbahcesd Fhegnsst eoinbrimi s3pmadetricdistiibancels polatiaed light.ar i zed |i ght
B o TN b S R bherebee AR S o b S by
(rotates toadtive. Twgldifferent Beartioniaroof the sare esmpyuntdwill Wtate pleecpolarizedf er ence
It gt g Ir?ge[nm@rﬁﬁgﬁggagpé* glrgél urt%PF e{é @\tegr)\ Q?otgt%gatlg ﬁ\tel Igftqorof a racemat ©
20 counterclockwise for a hypothetical observer (this is levarotatory or "I, or minus or "-")
or it can be rotated to the right or clockwise (this is dextrorotatory or "d" or plus or "+").
The sign of optical rotation (+) or (), is not related to the R,S designation. A mixture of
equal amounts of two chiral enantiomers is called a racemic mixture, or racemate, and
is denoted either by the symbol (+/-) or by the prefix "d,I" to indicate a mixture of
25 dextrorotatory and levorotatory forms. The compound of formula (1), as described
herein, is a racemate. Racemates or racemic mixtures show zero optical rotation
because equal amounts of the (+) and (-) forms are present. In general, the presence
of a single enantiomer rotates polarized light in only one direction; thus, a single
enantiomer is referred to as optically pure.
30 The designations "R" and "S" are used to denote the absolute configuration of
the molecule about its chiral center(s). The designations may appear as a prefix or as
a suffix; they may or may not be separated from the enantiomer name by a hyphen;
they may or may not be hyphenated; and they may or may not be surrounded by
parentheses.
35 The designations or prefixes "(+) and (-)" are employed herein to designate the
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and (-); (R and (S) forns). "Enantioneric excess" or "ee" refers to a
product wherein one enantioner is present in excess of the other, and is
defined awotha/mb®8l ute difference in the nole fracti onPofi/usacio/oenant i omer .
Enantioneric excess is typically expressed as a percentage of an enanti oner
present in a mxture relative to the other enantioner. For purposes of this

| nventi on, 'sirkgp%f (o@tmﬁ'aﬁﬂéﬁﬁﬁaériigd ligh€oy tAY¥ 8BipBihd, mﬁfe?ﬁéaﬁrna@hét%@e ,
"substantially free" of the (R)-enantionmer when the (S)-enantionmer is
present i ncempeunddsrieveretatory (etatesstodhaslafterA comapouwrdoprefedmitndbli§ greater t han

90% nore 95% and nost preferabl reater than 99%
" chons SPAEAUBRL B3I HRAD, 2. e °

The chem c ) Nd structure diagrans used herein are a

modi fi ed form ofReselition" ap'eaglvingoweercusedin eeferpeein a iasemig QORPOATIHONane
Ver si ong9. A = g [oXaTs(aTalPRaTeR gulay (1), as
set fort5 h a'ﬁégr%fﬁ%{tﬁéﬁswné’? Etrﬁaéﬂgrplév@hotl?%ﬁl,o 'S narregq{%rerésg(?'%qg)

1' - {[5- (triahd (or(Bhendid) farmshn- 2- yl ] et hyl }spiro[furo[2,3-/][1

. Sl benzodi oxol efg SnFd Ly A ' i omer,
e the (S)- onaniRE buobgel b B Miprs 19 drRALERRRRM e grhicRant, o
Surmary of presentinexcess ofitheiothenaanstis Wefineidrasdbe absolute difference in the mole -

S)-1'-{[5 : | 2= I ' Qédza /][1
,(Si benzf)gji g)%éﬁrldeﬂc#%8&@%@?#%“%@1@&1%%%%%%t ‘(ﬁ)%“g(sé%%%él ng s(%?) ] [enant i oner,
t he ( R19engatdeotage obdn enantibmet presend if @ mixiure relativd to the othepenrantament Foal | y

acceptabl e : ug I Rer ol ' -
{[5-(trifl 6’%&8&% ﬁfﬁ)g‘f’&rggﬁ‘{"z?‘ﬁ ?ﬁ&ﬁ%@i"f‘*&% o ur‘*gﬁéﬁﬁf&’?ﬁ?‘é’%ynt%&odi oxol e- 7,
3' -i ndol | - "Qubstantiplydree’ of the (Er-engsitioiner wiemthet(8)-emantiomerispresenpiound t hat nay
be convert . i i.cal jt | Ay 0 a
bi ol ogi cal ﬁgagﬁyﬁéﬁlggg%e}s%hﬁ%agﬁ?t?%ﬁ%@\ﬂg%?a&ﬁ{g%tgi&aﬁ%@/of @r‘# "prodrug"”
refers to wprefetahlygréatenthar 85% @ndmiosh preferphiy gceaddrithan 99%enti on that is
phar maceut i cal | . j ' | nistered to
a subj e@t in neﬁa@%ﬁ%@%gﬂaﬂgrﬁp%&gg%&e%&pc?Hiagl?a\%é qs(;%d‘g%?é;r& %\r;ge conpound
of the i nvemdifted.forlfr afthei.FaA.€. npmieacibiiure systena| usingrthe ACHY Narde Mersion/o t o
yield the ‘ the | nventi |, rolysis in
bl ood. The%ﬁ%?%ﬁ%%ﬂh?%@gwp%f ﬁ‘gr"&g@&&é‘ﬁ? B@@&gp ’saglt%f)ﬁ(tl taﬁ’ ,°¥$i ssue
Eorrpgte i bi | i %heosungné@pémerlaw?ﬁsa, is n$medaanei112asa?-{t5p@iﬂmbmlme(;\lsﬁ)®4ragandgar 2 ,
L, si gn r adr.ugs - vier am) .
di scussion yﬁpeﬁ}ygwra gmi%?—ﬁEloypgrgz@dpﬁglpﬁ?é%wﬂ%ﬂ-ﬁh ?_séotngalrrh? %@?e{?%%és as
Novel Deali (S)-gnditismerns.e., the (S)-8natiommes of tumn&ler(.l-sﬁ as det forth 4bovanid the
Summary of the Invention, is named herein as (S)-1'-{[5-(trifluoromethyl)furan-2-
yllmethyl}spiro[furo[2,3-f][1,3]benzodioxole-7,3"-indol]-2'(1'H)-one. The corresponding
(R)-enantiomer, the (R)-enantiomer of the following formula (I-R):

an o
Q%-%:O (-R)

N o cr

0

25  or a pharmaceutically acceptable solvate or prodrug thereof, is named herein as (R)-1'-
{[5-(trifluoromethyl)furan-2-yljmethyl}spiro[furo[2,3-][1,3]benzodioxole-7,3'"-indol]-
2'(1'H)-one.

"Prodrugs” is meant to indicate a compound that may be converted under
physiological conditions or by solvolysis to a biologically active compound of the

30 invention. Thus, the term "prodrug" refers to a metabolic precursor of a compound of
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in Bioreversible Carriers in Drug Design, Ed. Edward B. Roche, Anerican
Phar maceuti cal Associ ati on and Perganon Press, 1987, both of which are

i ncor por awecoiwnotwBl by reference herein. The term "pro@CugS2019/0a018D neant
to include any coval ently bonded carriers, which release the active
conpound of the invention in vivo when such prodrug is admnistered to a

mamel i an - guibing&rtion WP &' dhafmseuticdhy BRHSbIO ! Abhsirdd May bt cﬁ@’wl‘?@n pr epar ed
I th np d o e

by nodi fying functional groups preSent 'in the conpoun the invention in
such a way adnrdnistered tyd gubleetin neadsthareef, bhiis geaverted imeyo toan anlive ne

mani pul at | bundlof Yhe/iA ! @%ﬂ Iﬁgﬂhlﬂr AshimeB VPt Ryield 0dr ugs
I ncl ude co(r%gg@ngs 01\‘{ tlh‘éeﬁtﬁceﬁﬁdgﬁdﬁ%rt In g y ro?<y, ar?i no or Ireg'{ipto

group i s bdhriparentsomppurg ofitpe inventionwies axamiele phyduydralysisf intlrede dgound of t he

i nventi@n i kA Lect .. s ree
nydr oxy >t PLeREShGARBeh B1éhs BIIAIALY SHRLEG teshi EA G O
prodrugs i meleaskein agoammakanerganisnri(sesd Bundgand,d.abesign ofifradwga (P8 pmat e

derivatives, @f,4a P ] el Y ' ' OdpsS i N
t he corrpou?dg’ 2(3'1cai {(ﬁteég%ﬁ@éo‘rﬁél%ﬁgngﬁd A}ﬁgéu:sl&ér;o Pﬁrﬁgﬁpﬁ\%egnrp ?‘génd @@%?%@gg"her ein
i s al so neatal'Predogspablovel Reliyety Systams|”dn€:S. Syniposiem SRyieséott 14 raed

di scl osed Wﬁé?dr&e%%lﬁ&ah%?& e ﬁ@#ﬂethaé)&'éo%ré)ié. GeHeAm@REarP!r TOr € at oms
repl aced by an atom havi ng a dr? Fer - atomc masa  of  mass humber . Exanpl es
of i sot®pePhamaceattical hesoaiation @od Reeghnian Rress d 987 dmitosfawhidvareounds i ncl ude

| sot opes of; | en, oxygen, such as 2H, 3H, 1 1C, 13C,
14C, 13N, ig%‘%&%ﬁﬂ&fy@ﬁ{;?%@ran@%h%@ 8F, respectively. These radi ol abel ed
conpounds coul d The terse'poddrugl i$1elsp mikaintiorincledenanynmaslentty bdnded carsiets,veness of
t he conpou el 7] f e le. th | r .of action
on e ol raieh Bleet eEiEE LohBiling ne R in WSy £ nrdBHE i

phar macol ocadoEhisigreditp ambammalidn subgect. atodugs ofi a tchmpoand efdiee ipserddnsady um

Cboty o (TOBBAERkY Fadiine PG ERURS RreRh R i 3R BmpeUnd bt HRERRER oy

I . e. 3H, ariosuch dony fhat the. reodificbiopnsaare qlmvgd,caithgrrihyouiheﬁ?dniﬁmntionldrin pur pose

' ' f t.hei ' i . ion. A

| ai o1 | gand M PE BREF ko BFRERE kit ibgheBl BRI IRETs SlrsEnfE PLAR | Gana

bi ndi ng st udverdiomiwvhéreirearbydroes atriirat oranertapto gmuptiagmd;edtte_dngs_gcd:iup_rtmath?nnel S
em ssion i ?I

B o VSR B RahoaiosT o5l SRRY ARG R oR L .
The rad2ool | ydjett,ickeatesiodaint ¥ free dpdrory] free amino or free mercapto group,
respectively. Examples of prodrugs include, but are not limited to, acetate, formate
and benzoate derivatives of alcohol or amide derivatives of amine functional groups in
the compounds of the invention and the like.
The invention disclosed herein is also meant to encompass the (S)-enantiomer
25 and the (R)-enantiomer disclosed herein being isotopically-labelled by having one or
more atoms replaced by an atom having a different atomic mass or mass number.
Examples of isotopes that can be incorporated into the disclosed compounds include
isotopes of hydrogen, carbon, nitrogen, oxygen, such as 2H, °H, ''C, *C, "C, N, "N,
%0, 70, 0, and "°F, respectively. These radiolabelled compounds could be useful to
30 help determine or measure the effectiveness of the compounds, by characterizing, for
example, the site or mode of action on the voltage-gated sodium chanhels, or binding
affinity to pharmacologically important site of action on the voltage-gated sodium
channels. |sotopi$ally-labelled compounds are useful in drug and/or substrate tissue
distribution studies. The radioactive isotopes tritium, i.e. ®H, and carbon-14, i.e. "*C,
35 are particularly useful for this purpose in view of their ease of incorporation and ready
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by exchange of tritiumw th a hydrogen in an unl abel ed conmpound. The

I dentification of active and inactive enantioners of a particular racemate
facilitatwe 20twoemsel opnent of a |igand bi ndi ng assay becaaseomwier1snl abel ed
i nactive enantionmer can be added to the assay to reduce, elimnate or

ot herwi se control non-specific binding of the tritiated active enantioner.
Substi tuti Qﬁbé’l‘#stohd&@&ibhe% rbén@ﬁgﬁhﬁﬁnc%%‘d?atﬁ% tHRIM EH) ié%arﬁou%rlg%bﬂfﬁﬁib raf ford

certain therapeutic a vantaﬁes resultin romgreater nmetabolic stability,
for exanpl dgandeipging stydies wit Wmmamesthatecoatalrr ge-gaigd segumrdgnnelsnent s,

and hence Tgakals tAfuRf ﬁésr@ﬁlmgrhaﬁmfebe%%mtﬁ@e%.oﬁqbsﬁHgta'twélwbw%ﬁ 9% i n

positron emtting |sotopes, such N, can be u

Posi t ron ErdnddheradivisptapedpinprefmeTslativelysate; The ragicligand i ypisabisprenaeed ecept or
occupangy t erally
e prepar oY RHCRRIGE 3 It el £MychARAIA ATEHALOC chipb e rele il N | Y,
by processe$ aa&w&la@gmtwe)enamg@e @rnapisylan eacemate facititgtesthe devalppment

| sotopi cal lof o igad BiinG 2630 bebaldk! € EniBbeibd RaPE draREbAE 2R B8%RIIeRt6 Y1 OUS! ¥
enpl oyed. e rnventl o l'osed herein s also meant to enconpass the in
vi vo net abdhe esqﬂyé@lw@uge efiminate o afagrvisecontielmonapeeific bindiog Obth@dutmted may
result from.i{dkn a%g@rqﬁ , the oxidation, reduction, hydrolysis, am dation,
esterlflcatlon an & like of the admi nistered corrpound primarily due to
enzymati0c pr oces%,@stltum\wtmmmley isotapes istgheas desteriung ligds mayt afiord certginoduct s

d db h t
T oS R RE S AT R £ REld MR R gl o | Voo
product . Suweasﬂdalbwwbalf}hfechucewcmyomelrdetmemen&;labvhama magbering a
r adi ol abel eﬂ?ef%ﬂ@@ H%C&ngggcégvent ion in a detectable dose to an ani mal,

such as rat g, nonkey, or to hunman, aIIovm ng sufficient
time for met abolSubmltutwmwmpqsnmmlemlﬁmgasqto@st suchrast XB.0PF, @ aod by, can om the

ur e o8, 0%b (ler 168 ARLER roBATBLAR PETPRBRS WY dkmidieugbet 1 e as

used herein1s are I 've nmeasur enc of a C ound of the
i nvent i on treceptefascepancyl Isptapivatiy-labeledenahtioomars ofthe dgnvestiopeasganetallydeot her

(or group ,reﬁ{gg ég%on\féﬁna}%ﬁ Yé%ﬁﬁ'iq@és @'L%QOYI%SE%S%@ HiRd anQy! 'bg B}o%ggg nel s.

For exanpl ectivi nparati v Senent s
of the ki narialagoasith tbgse deslcnbedwlnd:remdxsm arfdppmprgateaaolbpcalfydah&led;rﬂgeaﬁsur es

of i on 7 NSRRI o WeHbhllateili 1R AR FrigBhedm Channel's. The tendency

20 The invention disclosed herein is also meant to encompass the in vivo

metabolic products of the disclosed enantiomers. Such products may result from, for
example, the oxidation, reduction, hydrolysis, amidation, esterification, and the like of
the administered compound, primarily due to enzymatic processes. Accordingly, the
invention includes metabolic products produced by a process comprising contacting an

25 enantiomer of this invention with a mammal for a period of time sufficient to yield the
metabolic product. Such metabolic products may be identified by administering a
radiolabelled enantiomer of the invention in a detectable dose to an animal, such as
rat, mouse, guinea pig, monkey, or to human, allowing sufficient time for metabolism to
ocdur, and isolating the metabolic product from the urine, blood or other biological

30 samples. _

"Selectivity" and "selective" as used herein is a relative measure of the
tendency for a compound of the invention to preferentially associate with one thing as
opposed to another (or group of others), as between or among voltage-gated sodium
channels. For example, the selectivity may be determined by comparative

35 measurements of the kinetics and equilibrium binding affinity and/or functional
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of a conmpound to associate with a vol tage-gated sodi um channel can be
nmeasured by nmany different techniques, and many types of association are
known t o wbasea/®kioBl ed in the art, as disclosed el sewhePETIS2@i0/040187
Selectivity nmeans that in a particular type of association, neasured in a
specific way, a conpound denonstrates a tendency or preference to associate

with one v = O ' ] r ' he

ot hor Vol { S B o o B O B e ISRl 1 or
di fferent pfg/p@QméWsti@ agapcigie With a ¥pkage-gaigdsasiumehannekeanhe measused by

enanti omer é'}g,q:i £ ; ' Lo, ndi fhat is
sufficient |"§/ 0 |flfJeZ%rﬁ‘¥é| gﬁglﬁ%éélf\‘ég&'P?gyi\{p?gﬁ@?%gogﬁﬁ%rg‘%lk?xgglgrt%‘%h%g?’glgﬂér‘ﬁrt from
a reacti on time at,asalscioned elsewharahersin. | Selectinity emeansthet ip@sparticatai et ¢ofc agent .
"Manmal ;i : | ' ory ,
ani mal ssan%gfgé)%%@ﬂ'gﬁ %nggetd?”qugg'h" @gﬂ?&dg@g@ﬁb sg\?minégétl'ch%t ?ﬁ?h S e%}o, goat s,
hor ses, andrefetsince to)asseciate with -one ivokadecgaied sadium sbarinehas oppoged feonmdr t he

li ke. "Ph ' : ' ; - | o " & nclud
w thout 11 MGECY ik oRler VolRoE ERGHSGaRbiarels, dhistiBSboonhay B Bfbrent 010 10°°
agent , di | derdifferpntdypes vhassaygs odgifereot waysmf measareorenenhancer, surfact ant,

agent | sobvent , SROEENARRECE TP SRIGRG: AT ant B ket BomdoR BT B
e>r<]arrpl €0 t HiatlimsuffizienBy sabest Beodvivenisol@iango Adrseful sldlagrae iobpurity-lﬁamtd;eéaﬁmﬂa or
c Yo : :

domest | o e s R RIalNe o Bl REsERIRR6EN O (U0 1" ormil at on of
ahcogp?)_und of tH'MﬁnmaE' _'rin¢lmsatilnmainsrm_ciibom@;mmstialahimaﬂs:mﬂ:ptasdabqnatbhe ﬁrt for
Such a meaidy %;;%m‘ig&s%@ﬁﬁé%ﬁi%&% ¥§%ﬁ9i%§§"§'§ﬁ%£%%§é afs?s'awﬂgﬁt”?
or exci pi emabbitsheandhon-doméblic airaaissachas widlife ilikeons of the invention
COP SR, O PR BB B AR B B e e e
car 1 er Sliatiop amytian ogriag e, gidet symetmiT agen auete col orant,
hoone, ot aonereriaedyaRpRR, ARt SnEReRinactat R P SparsTi it

for non-I i nuspagiexsyept, atabilier, idotdnicdadeing tselveftp oderauldifier wigictiblas beest r at i on,

:_lﬁalhhpnﬁgnggp%rgvredtbp,eforlz Héan?n?iﬁﬁg g)?adrlnp {ar}ﬁg ﬁﬂgg g?’a’tesanob én%r%ﬁcem able for use
20  Administration, Health Canada or the European Medicines Agency, as being
acceptable for use in humans or domestic animals.

A "pharmaceutical composition" refers to a formulation of a compound of the
invention and a medium generally accepted in the art for the delivery of the biologically
active compound to mammais, e.g., humans. Such a medium includes all

25 pharmaceutically acceptable carriers, diluents or excipients therefore.

The pharmaceutical compositions of the invention comprise one or more
pharmaceutically acceptable excipients, which include, but are not limited to, any
solvent, adjuvant, bioavailability enhancer, carrier, glidant, sweetening agent, diluent,
preservative, dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent,

30 suspending agent, stabilizer, isotonic agent, buffer and/or emulsifier approved by, for
non-limiting example, the United States Food and Drug Administration, Health Canada
or the European Medicines Agency, as being acceptable for use in humans or
domestic animals. Exemplary pharmaceutically acceptable excipients include, but are
not limited to, the foliowing:

35 benzy! alcohol
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donestic ani mals. Exenplary pharnmaceutically acceptabl e excipients include,
but are not limted to, the foll ow ng: benzyl al cohol benzyl benzoate

capryl ocawoayi/aamsogol gl yceri des (e.g. Labrasol (r)) di merhyskaciomeast" DVA")
et hanol 2-(2-ethoxyethoxy)ethanol (e.g., Transcutol (r)) glucose (solution)
gl yceryl capryl ate/caprate and PEG 8 (pol yethyl ene glycol)

capryl at e/ capr ayg, L (e.g., Labrasol(r)) isopropyl alcohol Lauroyl
Macr ogol - 32 d ycerilggxegg ?ae“.ag Gel ucire(r) 44/14) macrogol -15 hydroxystearate

(e.g., Sol utol (c3rryisERIOYhIaciegrlolyaerides(e.gl bahsasal®s (e.g., Mgl yol (r) 810,
M gl yol (r) 840 Qfme%ﬂn?’lﬁé gEgA@ 2) peanut oil polysorbate 80 (e.g., Tween(r)
80) pol yethyl ene glyco ol yet hyl ene gl ycol 400 (PEX400, e.g.,

Lutrol (r) E 400¢theatlyet hyl ene gl ycol 6000 pol yoxyl 35 castor oil (e.g.,

Cremophg@r (r) EL), ps or oil (e.g,, Crenophor(r) RH
40) progyl ene g?%gg*%%mé%%%%\?%ggﬁu% ocaprylate (Capryol (r) 90)
soybean oi |l sul fobboseyseluticey)- b-cycl odextrin (e.g., Capitsol(r)) TPGS
(a-tocopherol p I h | i Rraé
phar maceuti cal | @‘yéﬁlgék) @Eﬂ?ee/gé xrgﬁépa}nglrﬁgsé g?é&%‘?tﬁ\@%%s%lgg%e%& rll /E??rea'ﬁe
crystal lizations prochopea(esg| Vatirasal®) t he conpound of the invention. As
used herein, thersob%?)Wéic%%lvat e" refers to an aggregate that conprises one

a

or nore nol ecul €s'0 compound of the invention with one or nore nol ecul es
of sol vient. The Lauroyl Macrogol-32 Glycerides (e.g. Gelucire® 44/14)

macrogol-15 hydroxystearate (e.g., Solutol® HS15)

medium chain triglycerides (e.g., Miglyol® 810, Miglyol® 840 or Miglyol® 812)

peanut oil

. polysorbate 80 (e.g., Tween® 80)
15 polyethylene glycol (PEG)

polyethylene glycol 400 (PEG400, e.g., Lutrol® E 400)

polyethylene glycol 6000

polyoxyl 35 castor ail (e.g., Cremophor® EL)

polyoxyl 40 hydrogenated castor oil (e.g,, Cremophor® RH 40)

20 propylene glycol (PG)

propylene glycol monocaprylate (Capryol® 90)

soybean oil

sulfobutylether-B-cyclodextrin (e.g., Capitsol®)

TPGS (a-tocopherol polyethylene glycol succinate)

25 water

Additional pharmaceutically acceptable excipients are disclosed herein.

Often crystallizations produce a solvate of the compound of the invention. As
used herein, the term "solvate" refers to an aggregate that comprises one or more
molecules of a compound of the invention with one or more molecules of solvent. The

30 solvent may be water, in which case the solvate may be a hydrate. Alternatively, the
solvent may be an organic solvent. Thus, the compounds of the present invention may
exist as a hydrate, including a monohydrate, dihydrate, hemihydrate, sesquihydrate,
trihydrate, tetrahydrate and the like, as well as the corresponding solvated forms. The
compound of the invention may be true solvates, while in other cases, the compound
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sol vent may be water, in which case the solvate may be a hydrate.
Alternatively, the solvent may be an organic solvent. Thus, the conpounds
of the prweenti/iogxenti on may exi st as a hydrate, includiPog/s2mmo0elgdr at e,
di hydrate, hem hydrate, sesquihydrate, trihydrate, tetrahydrate and the
li ke, as well as the correspondi ng solvated fornms. The conpound of the

i nvention Tm&hehﬂvénhMEm%?hié@él?ﬁetamﬁéd{/&\tit@uélké'téf oORSE MixtlirB®f aapprRdof the
i nvention milé ma({v %aret ain adventitious water or be a m xture of water

pl us sone wssQlyepbnt . " Therapeutical ly effective amount” refers

to that anount G’rh@ap‘ammwreﬁe@tfvetdmunﬂ%ems 18 thathainfdunt sidbrisbindiobtrs €ed to a

mammal , preferably a human, is sufficient to effect treatnent, as defined

bel ow, of dnPBNERWRIC WhegRdministaresito arpamwal, preferably ahvmam, 's syffiskeat ol y a

human. Bhe gygeitdatiidnt 2asCdfRed! Béioﬂf oﬂé‘@séé%’é%ﬂ bbﬁﬁhldﬂ‘df%er%gﬂﬁ lithed MBRTA,
"therapeutical l effective amount” wi Il vary depending on the conpouhd, the

condi ti on d¥eferably ashuagn. tThe qfﬁ‘@Jﬂtrﬂﬁ%éﬁamB@Ufﬁ’d?Hhﬂ 'QYQVﬁ'PP M‘i‘i"Chéﬁﬂsﬂt‘Pﬁ@S@e of
the mammal 4@clie.icdpbsbivG oAt WiRLaHPLESSRIPG briiAY boBlndPHHeaRufbn

ordinary skill 'in the art having regard hi S own dge and to this
di scl osure. anﬁﬂséswrtﬁ\g thegmanner é’éﬁﬁ'ﬁf’i\EStfaﬁ@" @@d@mwfﬁh%wgmal tnke t r eat rrent

of the di SQ?e%?eoOButhAH%tdefﬁ?mﬂ{ed'rB&tﬁfeﬁ% drid o?oFH#HF?EanI M 1RE %H%‘Q{/M fe

havi ng the di sease or condition rest, and 1ncludes: (1) pre ent |ng

t he di sW¥asdod¥s aphowmesigendie tma:@mwsmge. n a mamual , in particular, when
such mammal is pf hfﬁ:‘b’?@tﬁjeétﬁeﬁ 8 §8edlhérbLoles 1 tﬁ@ﬁembnvatthéee&éu ggnosed

as having it; ﬁll ibitin | sease or condition, i.e., arresting its
devel opmantconé ipn Pf interestin m@amlnal dreferably @hurpandiavingihe dlsease of gORditign

regressi on &fintbfa gh&ﬁ@lﬁ@eé“ condition; or (iv) relieving the synptons
resul ting from ¢ di sease or condltlon i.e. , relieving pain with or

W t hout addr eSS|(ﬁg t tpEeventieg theidispage gea@milt@n frophesaurring. in Agnanredl, Hiler ein, the
terns "gel £ [ Mt [ nare to
el Lo6@hid:\eh en ﬁu%ﬁ‘?\]\én%gl %Pred Cfg? tﬁé b&gj'g idiout Abs ﬁ&y@f( b

be given thelr geheral I'y accepta |ons or exanpl e
"amel i or at edla@mse@a$ hgvingeiins t o make better or to inprove a condition

rel ative to the gondihigiigieQlisdale bP o AL Aidding eBbveiherll | evi at e’

general |y neans make a I'on nore arabl'e re I've to the condition
prior to the al @i atreliryingubedisease orseuidition dien,causing regressianraf thedisease
“amel i orat eg’ . hdfok@f € to a disease or condition that is nade

20 (iv)  relieving the symptoms resulting from the disease or condition, i.e.,
relieving pain with or without addressing the underlying disease or condition.

As used herein, the terms "ameliorating", "ameliorated", "alleviating" or
"alleviated" are to be given their generally acceptable definitions. For example, to
"ameliorate" generally means to make better or to improve'a condition relative to the

25  condition prior to the ameliorating event. To "alleviate" generally means to make a
condition more bearable relative to the condition prior to the alleviating event. As used
herein, "ameliorating" or "ameliorated" can refer to a disease or condition that is made
better or improved by the administration of a compound of the invention. As used
herein, "alleviating" or "alleviated" can refer to a disease or condition that is made

" 30 bearable by the the administration of a compound of the invention. For example,
"alleviating" pain would include reducing the severity or amount of pain.

As used herein, the terms "disease", "disorder" and "condition" may be used
interchangeably or may be different in that the particular malady or condition may not
have a known causative agent (so that etiology has not yet been worked out) and it is

35 therefore not yet recognized as a disease but only as an undesirable condition or

12



better or inproved by the adm nistration of a conmpound of the invention. As
used herein, "alleviating" or "alleviated" can refer to a di sease or

condi t i orwOhlat1/d0g70sade bearabl e by the the adm ni strati @enTafS2aoeerpound of
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trifl ro f ' '
(3] Iben;g’dl gﬁ {ﬂp E}Ieglwfﬂhaéé *ll]fﬁ@t%@}gﬂ_ré [[ﬂlr{)[% S %itr ng%(éaé%&%gﬁ 'md?rbz ' ons and
met hods of anej plarnaesufi®) compositianseandafiethods ofmsmgttlne)(S)amanqmmmoMWt i cal
conpositio I
ool or at ad gy RCpe AR BhneB RGPS etk bf (9%t of lorflidons
vol t agegat eﬂwld'oatemmebmmdeiralle\pated by el modijlat@asmf&{abjy nbibition; Mn@ltagé-at ed to
ain and prutifisSg . C I Syst ilensy,
Postl oas | it bebivnf EMn R, AIBI-YHE o ees Bha SO Biafel Gl ol B or G
car di ovids c Weatralenaius system sanditicrs sauch layg epiepsy,, restlass ddg syindronid, attxnety and
ventricular, fibrilla eur onusc Iar ondi t.j.0
el yer's dephesien sy bRl ARHECTHARI Bl RN RH &R BPVIES. Rl .
traum and fmnllatloplaed setecudar fibrillstiod; nétmma&cmlmbbmmsomwbh as massgliehr onel al gi a
and famlial_rectal pain nd ome. b m ni st ng to n need of
Cich ¢ reat Rt R wHEERE [RprofodSichRoRbE yaRe. MRl E Honc
bl ocker m)d'ahlf.ple ﬁgeroelsp@td etiahyielbpéthiestsuctgas agtttMmelplgm‘ mdefbmylat feetal. pamOI
enanti opers_of the ent n sent t i.on rov es a
ot hot o -yRdsengy AVRRisaio thARERTiT heod dHaHER FoFHent BY StckpE afioRit o
mammal p(r]I aff_@r\ﬁinhge gatédw@diumfchanmelibtoekerphwaélagCkfjspealawhlombmlog,chgennn _thialt is
associ at ed wi acti,vi of ., vol t age- gat ed sodi um channel s, especi a
pai n, wher e‘?rﬁ}eﬁt’iyhﬁsfeﬂww P{@Eéﬂ gaﬁq%gsterl ng to the mamual a P y
t Eer apeuti cal | Iy inigkeerhl, thel p&éﬁml invefttldrhﬂo(ld"éds @n@ﬂtdddbelreatmg aanamlpal o ab
armaceuti ca tahl e so odr u as, set rt.h above
P . SurRiEsrah € e Jurof Biletlife f el bt Ak S Aumane TS datopiBg,
preferafy y a oikeddel s cotidifornt@ht Mia'fsyodvéte@vvﬂh the activity of voltage-gated sodium
channels, especially pain, wherein the method comprises administering to the mammal

a therapeutically effective amount of the (S)-enantiomer, or a pharmaceutically

acceptable solvate or prodrug thereof, as set forth above in the Summary of the

Iinvention, wherein the (S)-enantiomer modulates, preferably inhibits, the activity of one
25 or more of the voltage-gated sodium channels.

The voltage-gated sodium channel family of proteins has been extensively
studied and shown to be involved in a number of vital body functions. Research in this
area has identified variants of the alpha subunits that result in major changes in
channel function and activities, which can ultimately lead to major pathophysiological

30 conditions. In addition, excessive sodium influx can arise indirectly via inflammatory
agents or factors that result in hyperexcitability. Implicit with function, this family of
proteins are considered prime points of therapeutic intervention. Voltage-gated sodium
channel proteins Nay1.1 and Nay1.2 are highly expressed in the brain (Raymond, C.K.,
et al; , J. Biol. Chem. (2004), 279(44):46234-41) and are vital to normal brain function.
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or nore of the voltage-gated sodi um channels. The vol tage-gated sodi um
channel famly of proteins has been extensively studied and shown to be

i nvol ved wo 2a1meetwer of vital body functions. Research iPaTiUSR&EI0A#EE7 has
identified variants of the al pha subunits that result in major changes in
channel function and activities, which can ultimately |lead to ngjor
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vital teg nqwnii)(w@ess)fp@@&ctmbﬂh ahmrr%vemé@bbmrémad\wnaatéd%e{!ayl 2
result in |Ie§t|c states and in_sone decl i ne and m grai nes

(Rnodes, T.fef the frpatmient ofspiiopsy (gre PCKE’&H"SV‘S&Pat%SRU?'%@QI)N°1"@ (30):
11147-52; Kardesee) K., et al., J. Biol. Chem (2004), 24(11):2690-8;
Pereira, S., et al. Neurolo (2004), 63(1):191-2; Meisler, MH et al.
J. Physiol. (LoMv-3(§ wpﬁ%ggprlmmlygu&ﬁ 98Bir#l NeR@HR SYSem Ay Bednatal apimals der ed

as val i dat %dta@foﬂﬁé\felsffﬁfodgh@utttﬁé%dﬁﬂtadglfts gwymaayc ks%?anE Eepl ik phgd

Pat ent Publ i cati on I's expressed primarily 1 n the
central 0ner"\¢60§e§‘9§§t@tﬁqtﬁW@Hﬁ?éﬂfewwfgg%lﬁéda‘[ P&Wﬁab’\}@ﬂ§et‘mughout t he

body i n adijel,forks BRLIPALr nenkus sﬁterﬁﬁmury?ﬂam@éb ek bl NANebRRE @807)Istrat ed

to have its eﬁgre53|on upreg U a dorsal’ hor'n sensory ne rons of

rats after 49646)8881-83)s Nanyi expants inthgfield hape eonsiderediNayt.Jas aguitablesi . (2003)
23(26): 8833@3@% Mi‘ﬂiéré‘d&%ﬁéé Sedallsd f?@e%dr@és%n@%ﬂuﬁéﬁ"ﬂ Astemthlirlai3 as a

suitable target for_pain therapeutics because its e'Joressmn 'S |nd' ced by

nerve i nj urgfalL@yr. Qpin. Neurehiol. (2693)r (3):281+72003% W¥ensh diN., gt 2008 Neuradjol291
- 72003; 4510qdg04), é\ilg)&i?ﬁ'cnund . J.Neuk g {@Avartis%%bg@%ﬁ@o?ﬁz Ligohung, J. M,

et al., Novarti 4%/ 2004), '261:19-27 7-31," 47-54;
Priest, BT. dlscualerr 27-8shi g&ﬁ@em% o@uUDEpis Drygpbiseyv. DevelsR00BIR68Na 1. 4
expression dggyessentially limted to muscle (Raynmond, C. K., et al., op.
cit). Mt atlo%s in this gene have been shown to have prof ound effects on
muscl e functi on Navdidexpregsionisessentially tisnitad kamascle (Raysrand, G, et@2003) |

(9):769- 70)0/t3TIM{ﬁatlo'hQ'ir?th%ﬁ@‘ﬂavé BeP “qﬁ'o%gvé‘ 8 o%lﬂ\%teﬁfe&% o'hr?ﬁustc eat ment  of

periodi ¢ paralysis, nyoto anorma muscl e contracti | sp asm or
par al ys30s. function |nclud|ng paralysus (Tamaoka A., Intern. Med. (2003), (9): 769 70) Thus this

channel is considered a target for the treatment of periodic paralysis, myotonia,
abnormal muscle contractility, spasm or paralysis.

The cardiac voltage-gated sodium channel, Na,1.5, is expressed mainly in
cardiac myocytes (Raymond, C.K,, et al., op. cit.), and can be found in the atria,

25 ventricles, sino-atrial node, atrio-ventricular node and Purkinje cells. The rapid
upstroke of the cardiac action potential and the rapid impulse conduction through
cardiac tissue is due to the opening of Na,1.5. As such, Nay1.5 is involved in cardiac
arrhythmias. Mutations in human Nay1.5 result in multiple arrhythmic syndromes,
including, for example, long QT3 (LQT3), Brugada syndrome (BS), an inherited cardiac

30  conduction defect, sudden unexpected nocturnal death syndrome (SUNDS) and
sudden infant death syndrome (SIDS) (Liu, H. et al., Am. J. Pharmacogenomics
(2003), 3(3):173-9; Ruan, Y et al., Nat. Rev. Cardiol. (2009) 6: 337-48). Voltage-gated
sodium channel blocker therapy has been used extensively in treating cardiac
arrhythmias. The first antiarrhythmic drug, qumldme discovered in 1914, is classified

35 as a sodium channel blocker.
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The cardi ac vol tage-gated sodi um channel, Na*1.5, is expressed mainly in
cardi ac nyocytes (Raynond, CK. , et al., op. cit), and can be found in the
atria, veworoolmws708si no-atrial node, atrio-ventricul ar mogasang/oRuski nj e
cells. The rapid upstroke of the cardiac action potential and the rapid
| mpul se conduction through cardiac tissue is due to the opening of Na 1.5.
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(2000), 97%93:%(3%&: @P@abgf@%éﬁ%ﬁt lon nmutations in mce result in

at axi a and convul'si on t al., Human Mol. Genetics (2009) 18,
1633-1641). Al t NawtF iswexpressad pomarily in therperiphdralventoeie systeme betth,seNadry . 6 i s

) ; : foth : 9 with
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t hi s di seasehyrGareneause kbngenitatinditferendertopainNEiP). withoatimpSttnehi cogoitivie |

101(21):8168- . 71 ' ' | . '

system i n RLTOSEHS ook, 3, Sl RRRRE el B Yol bt SRBRBLE. of Vo 0°

cit). Loss abf Cliuri@eneb 200} at (4)n311-9). hmdiwidmls:wiﬂs@ll%du?elré)dpaﬂenqedi fference to
[ |.P) .y ' i f i t.0 \ ' , J.J. et

or " Rete, e abr BT RBR: dhin, 50Ky frofia SR bicgk e Al 0 ©

(2007) 7 1 difiinat3thikiple. formedof\chrtinid andradute ﬁiMmL:hdtelfteri?as bﬁinten lthiéu: gnmat ory

‘ h . hat | ect ock of . .
ol i i na o AT 2SRl PERUR Ayife of B Bhes MBrever Brailele Bl BF ous
ef fect on tﬂw/mmsmI(RMSOW)rtthsaAerymmﬂeeﬁecﬁytsn ﬁ';esstim- and svmj;ﬁzd-e. I\/b(r: tegvg:] :
t ha

fhe t1me-  AERe0eeagEBaon RNed e Ra Foc gh paingoreplo R ghn. &, BLabn pai n
per ceptaoon RrBeiNathAcad-.SceUSA ( 2010), 107 (11), 5148-53). About 10% of the patients with
a variety of pain conditions are heterozygous for the allele conferring greater sensitivity
to pain. The involvement of Na,1.7 in mediating pain responses is also evidenced by
gain of function mutations that resuit in erythromelalgia or Paroxysmal extreme pain
disorder (Dib-Hajj S.D. et al., Adv. Genet. (2009) 63: 85-110). Although Na,1.7 is
25  expressed primarily in the peripheral nervous system, a point mutation in Nay1.7
‘causes febrile seizures, indicating a role for this channel in the CNS. Thus, voltage-
gated sodium channel blockers may be useful as anticonvulsant agents.
The expression of Nay1.8 is predominately in the dorsal root ganglia (DRG)
(Raymond, C.K., et al., op. cit.). The upstroke of the action potential in sensory
30  neurons from DRG is primarily carried by current through Nay1.8, so that block of this
current is likely to block pain responses (Blair, NT and Bean, BP, J. Neurosci. 22:
10277-90). Consistent with this finding, knock-down of Na,1.8 in rats has been
achieved by using antisense DNA or small interfering RNAs and virtually complete
reversal of neuropathic pain was achieved in the spinal nerve ligation and chronic
35  constriction injury models. A selective blocker of Nay1.8 has been reported and it is
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patients with a variety of pain conditions are heterozygous for the allele
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medi ati ng pain responses is also evidenced by gain of function nutations
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(2007), LPubl i i '
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of central Nav‘p&)rsuptmf al nervous system conditions, particularly pain and
chronic pain by .blo sodi um channel s as nset or
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b byt heATREtAtBR e R Bafert, 8 piiiond tHE e fhsimfied Suce ' Prs
(Nai / 1. 8) swndidlate ta@bﬁop&mtr&a&naﬁtuﬂpamqm J s bigropy ot.1 \AWged, gl e dt algdpum
channel fl& tsgd 13 S.D., et al. (see Dib-Hajj, S.D.
et al., Pr o‘E QP R1MIsA ( 1998) 95(1 5):8963-8) was shown to be
expressgd in thet\laiorswutétmtsodﬁﬁgéhaanell Wwhibh$ad A6t bedarshowh tabedoltagat Na/ 1 . 9
underlies netfec? t Ir Opgltlon {oBg?I)Ir: ssneo\ﬁc}# ?hde |gr?§) %legrr'tl oargal ?oot ganglia, and Schwann
cells of the peripheral nervous system, NaX is found in neurons and ependymal cells in
restricted areas of the CNS, particularly in the circumventricular organs, which are
involved in body-fluid homeostasis (Watanabe, E., et al., J. Neurosci. (2000),
25  20(20):7743-51). NaX-null mice showed abnormal intakes of hypertonic saline under
both water- and salt-depleted conditions. These findings suggest that the NaX plays
an important role in the central sensing of body-fiuid sodium level and regulation of salt
intake behaviour. lts pattern of expression and function suggest it as a target for the
treatment of cystic fibrosis and other related salt regulating maladies.
30 Studies with the voltage-gated sodium channel biocker tetrodotoxin (TTX) used
to lower neuron activity in certain regions of the brain, indicate its potential use in the
treatment of addiction. Drug-paired stimuli elicit drug craving and relapse in addicts
and drug-seeking behavior in rats. The functional integrity of the basolateral amygdala
(BLA) is necessary for reinstatement of cocaine-seeking behaviour elicited by cocaine-
35 conditioned stimuli, but not by cocaine itself. BLA plays a similar role in reinstatement
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and excitation. The limted pattern of expression of this channel has nmade
It a candidate target for the treatnent of pain (Lai, J, et a/., op. cit;
Wod, J. NvQ2et1/@p708 op. cit.; Chung, J.M et a/., op. cPCI/UShayosEsa

put ati ve sodi um channel, which has not been shown to be voltage gated. In
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usi ng the Zﬁ{%@% o‘i’l?e? ed below in the Biological Assays section.
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Ani mal node $human neur opat hi
of the (S)-enantiomer of the mventlon and local anesthetic lidocaine can suppress the

ectopic activity and reverse the tactile allodynia at concentrations that do not affect
general behaviour and motor function (Mao, J. and Chen, L.L, Pain (2000), 87:7-17).

25  Allimetric scaling of the doses effective in these rat models, translates into doses
similar to those shown to be efficacious in humans (Tanelian, D.L. and Brose, W.G.,
Anesthesiology (1991), 74(5):949-951). Furthermore, Lidoderm®, lidocaine applied in
the form of a dermal patch, is currently an FDA approved treatment for post-herpetic -
neuralgia (Devers, A. and Glaler, B.S., Clin. J. Pain (2000), 16(3):205-8).

30 Voitage-gated sodium channel blockers have clinical uses in addition to pain.
Epilepsy and cardiac arrhythmias are often targets of sodium channel blockers.
Recent evidence from animal models suggest that voltage-gated sodium channel
blockers may also be useful for neuroprotection under ischaemic conditions caused by
stroke or neural trauma and in patients with multiple sclerosis (MS) (Clare, J.J. et al.,

35 op. cit. and Anger, T. et al., op. cit.).
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have been devel oped that result in reproduci ble sensory deficits
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20 and pruritis; central nervous conditions such as epilepsy, anxiety, depression
(Morinville et al., J. Comp. Neurol., 504:680-689 (2007)) and bipolar disease (Ettinger
and Argoff, Neurotherapeutics, 4:75-83 (2007)); cardiovascular conditions such as
arrhythmias, atrial fibrillation and ventricular fibrillation; neuromuscular conditions such
as restless leg syndrome and muscle paralysis or tetanus; neuroprotection against
25  stroke, neural trauma and multiple sclerosis; and channelopathies such as
erythromelalgia and familial rectal pain syndrome.
Additional diseases and conditions include pain associated with HIV, HIV
treatment induced neuropathy, trigeminal neuralgia, glossopharyngeal neuralgia,
neuropathy secondary to metastatic infiltration, adiposis dolorosa, thalamic lesions,
30 hypertension, autoimmune disease, asthma, drug addiction (e.g. opiate,
benzodiazepine, amphetamine, cocaine, alcohol, butane inhalation), Alzheimer's (Kim
DY, Carey et al., Nat. Cell Biol. 9(7):755-764 (2007)), dementia, age-related memory
impairment, Korsakoff syndrome, restenosis, urinary dysfunction, incontinence,
parkinson's disease (Do and Bean, Neuron 39:109-120 (2003); Puopolo et al., J.
35  Neurosci. 27:645-656 (2007)), cerebrovascular ischemia, neurosis, gastrointestinal
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therefore useful for treating diseases and conditions in mammal s,
preferably in humans, and other organisns, including all those human
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sodi um channel biol ogical activity or which may be aneliorated or
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di sorders, psychotic_disorders, mania, paranoia, seasgnal affective
di sorder, F}gﬁ R-Nyhan Syndrome, Brugado syndrome, Liddle syndrome, Crohns disease,
multiple sclerosis and the pain associated with multiple sclerosis (MS), amyotrophic
lateral sclerosis (ALS), disseminated sclerosis, diabetic neuropathy, peripheral
neuropathy, charcot marie tooth syndrome, arthritis, rheumatoid arthritis, osteoarthritis,
25 chondrocalcinosis, paroxysmal dystonia, myasthenia syndromes, myotonia, myotonic
dystrophy, muscular dystrophy, malignant hyperthermia, cystic fibrosis,
pseudoaldosteronism, rhabdomyolysis, mental handicap, bipolar depression, anxiety,
schizophrenia, sodium channel toxin related ilinesses, familial erythromelalgia, primary
erythromelalgia, rectal pain, cancer, epilepsy, partial and general tonic seizures, febrile
30 seizures, absence seizures (petit mal), myoclonic seizures, atonic seizures, clonic
seizures, Lennox Gastaut, West Syndome (infantile spasms), sick sinus syndrome
(Haufe V, Chamberland C, Dumaine R, J. Mol. Cell Cardiol. 42(3):469-477 (2007)),
multiresistant seizures, seizure prophylaxis (anti-epileptogenic), familial Mediterranean
fever syndrome, gout, restiess leg syndrome, arrhythmias, fibromyalgia,
35 neuroprotection under ischaemic conditions caused by stroke or neural trauma, tachy-
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(BPH), hypercholesterolemia, cancer and pruritis (itch).
Benign prostatic hyperplasia (BPH), also known as benign prostatic
hypertrophy, is one of the most common diseases affecting aging men. BPH is a
25  progressive condition which is characterized by a nodular enlargement of prostatic
tissue resulting in obstruction of the urethra. Consequences of BPH can include
hypertrophy of bladder smooth muscle, a decompensated bladder, acute urinary
retention and an increased incidence of urinary tract infection. _
BPH has a high public health impact and is one of the most common reasons
30 for surgical intervention among elderly men. Attempts have been made to clarify the
etiology and pathogenesié and, to that end, experimental models have been
developed. Spontaneous animal models are limited to the chimpanzee and the dog.
BPH in man and the dog share many common features. In both species, the
development of BPH occurs spontaneously with advanced age and can be prevented

35 by early/prepubertal castration. A medical alternative to surgery is very desirable for
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The invention provides compounds which are useful as
antihypércholesterolemia agents and their related conditions. The present compounds
may act in a variety of ways. While not wishing to be bound to any particular
mechanism of action, the compounds may be direct or indirect inhibitors of the enzyme
25  acyl CoA: cholesterol acyl transferase (ACAT) that resuits in inhibition of the
esterification and transport of cholesterol across the intestinal wall. Another possibility
may be that the compounds of the invention may be direct or indirect inhibitors of
cholesterol biosynthesis in the liver. It is possible that some compounds of the
invention may act as both direct or indirect inhibitors of ACAT and cholesterol
30 biosynthesis.
Pruritis, commonly known as itch, is a common dermatological condition.
There exist two broad categories of itch based upon the etiology: inflammatory skin
itch and neuropathic itch (Binder et al., Nature Clinical Practice, 4:329-337, 2008). In
the former case, inflammatory mediators activate cutaneous pruriceptors, a subset of
36  dermal afferent nerve fibers, primarily unmyelinated C fibers. Treatments for this type
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20 particular, are effective at relieving pain, yet can generate severe pruritis. Thus,
voltage-gated sodium channel block is a particularly promising therapy for both pain
and itch.
Compounds of the present invention have been shown to have analgesic
effects in a number of animal models at oral doses ranging from 1 mg/Kg to 100
25 mg/Kg. The compounds of the invention can also be useful for treating pruritis.
The types of itch or skin irritation, include, but are not limited to: ‘
a) psoriatic pruritis, itch due to hemodyalisis, aguagenic pruritis, and
itching caused by skin disorders (e.g., contact dermatitis), systemic disorders,
neuropathy, psychogenic factors or a mixture thereof;
30 b) itch caused by allergic reactions, insect bites, hypersensitiVity (e.g., dry
skih, acne, eczema, psoriasis), inflammatory conditions or injury;
C) itch associated with vulvar vestibulitis;
d)  skinirritation or inflammatory effect from administration of another
therapeutic such as, for example, antibiotics, antivirals and antihistamines; and
35 e) itch due to activation of PAR-2 G-protein coupled receptors.
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itch and neuropathic itch (Binder et a/., Nature Cinical Practice,
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sensory circuits share common nedi ators and rel ated neuronal pathways
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invention avoid significant modulation of these other sodium channels.
Any of these consequences may ultimately be responsible for the overall
therapeutic benefit provided by the (S)-enantiomer of the invention.
Typically, a successful therapeutic agent of the invention will meet some or all
25  of the following criteria. Oral availability should be at or above 20%. Animal model
efficacy is less than about 0.1 ug to about 100 mg/Kg body weight and the target
human dose is between 0.1 g to about 100 mg/Kg body weight, although doses
outside of this range may be acceptable ("mg/Kg" means milligrams of compound per
kilogram of body mass of the subject to whom it is being administered). The
30 therapeutic index (or ratio of toxic dose to therapeutic dose) should be greater than
100. The potency (as expressed by ICs, value) should be less than 10 uM, preferably
below 1 yM and most preferably below 50 nM. The IC5, ("Inhibitory Concentration —
50%") is a measure of the amount of the (S)-enantiomer of the invention required to
achieve 50% inhibition of ion flux through a sodium channel, over a specific time

35 period, in an assay of the invention.
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PHARMACEUTICAL COMPOSITIONS OF THE INVENTION AND ADMINISTRATION

The present invention also relates to pharmaceutical composition containing
25 the (S)-enantiomer of the invention. In one embodiment, the present invention relates
to a composition comprising the (S)-enantiomer of the invention in a pharmaceutically
acceptable carrier and in an amount effective to modulate, preferably inhibit, ion flux
through a voltage-gated sodium channel to treat diseases, such as pain, when
administered to an animal, preferably a mammal, most preferably a human patient.
30 Administration of the (S)-enantiomer of the invention, in pure form or in an
appropriate pharmaceutical composition, can be carried out via any of the accepted
modes of administration of agents for serving similar utilities. The pharmaceutical
compositions of the invention can be prepared by combining a compound of the
invention with an appropriate pharmaceutically acceptable carrier, diluent or excipient,
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20 : The pharmaceutical compositions useful herein also contain a pharmaceutically
acceptable carrier, including any suitable diluent or excipient, which includes any
pharmaceutical agent that does not itself induce the production of antibodies harmful to
the individual receiving the composition, and which may be administered without undue
toxicity. Pharmaceutically acceptable carriers include, but are not limited to, liquids,

25 such as water, saline, glycerol and ethanol, and the like. A thorough discussion of
pharmaceutically acceptable carriers, diluents, and other excipients is presented in
REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub. Co., N.J., current
edition). |

A pharmaceutical composition of the invention may be in the form of a solid or

30 liquid. In one aspect, the carrier(s) are particulate, so that the compositions are, for
example, in tablet or powder form. The carrier(s) may be liquid, with the compositions
being, for example, an oral syrup, injectable liquid or an aerosol, which is useful in, for
example, inhalatory administration.

When intended for oral administration, the pharmaceutical composition is
35 preferably in either solid or liquid form, where semi-solid, semi-liquid, suspension and
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stabilizer and isotonic agent may be included.
The liquid pharmaceutical compositions of the invention, whether they be
solutions, suspensions or other like form, may include one or more of the following
25  adjuvants: sterile diluents such as water for injection, saline solution, preferably
physiological saline, Ringer's solution, isotonic sodium chioride, fixed oils such as
synthetic mono or diglycerides which may serve as the solvent or suspending medium,
polyethylene glycols, glycerin, propylene glycol or other solvents; antibacterial agents
such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or
30 sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers
such as acetates, citrates or phosphates and agents for the adjustment of tonicity such
as sodium chloride or dextrose. The parenteral preparation can be enclosed in
ampoules, disposable syringes or multiple dose vials made of glass or plastic.
Physiological saline is a preferred adjuvant An injectable pharmaceutical composition
35 is preferably sterile.
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(S)-enatt i owkmea)f t he invention, one or nore of a sweetening agent,
preservatives, c%?{ plca?agﬂlcataons & {sap\fgfrerred to administer an effective amount of a
pha'rmaceutlcal composition according to the invention to target area, e.g., skin
surfaces, mucous membranes, and the like, which are adjacent to peripheral neurons
which are to be treated. This amount will generally range from about 0.0001 mg to
25 about 1 g of the (S)-enantiomer of the invention per application, depending upon the
area to be treated, whether the use is diagnostic, prophylactic or therapeutic, the
severity of the symptoms, and the nature of the topical vehicle employed. A preferred
topical preparation is an ointment, wherein about 0.001 to about 50 mg of active
ingredient is used per cc of ointment base. The pharmaceutical composition can be be
30 formulated as transdermal compositions or transdermal delivery devices ("patches").
Such compositions include, for example, a backing, active compound reservoir, a
control membrane, liner and contact adhesive. Such transdermal patches may be used
to provide continuous pulsatile, or on demand delivery of the compounds of the present
invention as desired.

35 The pharmaceutical composition of the invention may be intended for rectal
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Controlled Particle Dispersion (CPD)™ technology, traditional nasal spray botties,

inhalers or nebulizers are known by those skilled in the art to provide effective local

and systemic delivery of drugs by targeting the olfactory region and paranasal sinuses.
The invention also relates to an intravaginal shell or core drug delivery device

25  suitable for administration to the human or animal female. The device may be
comprised of the active pharmaceutical ingredient in a polymer matrix, surrounded by a
sheath, ahd capable of releasing the (S)-enantiomer of the invention in a substantially
zero order pattern on a daily basis similar to devises used to apply testosterone as
desscribed in PCT Published Patent Application No. WO 98/50016.

30 Current methods for ocular delivery include topical administration (eye drops),
subconjunctival injections, periocular injections, intravitreal injections, surgical implants
and iontophoresis (uses a small electrical current to transport ionized drugs into and
through body tissues). Those skilled in the art would combine the best suited
excipients with the (S)-enantiomer ofvthe invention for safe and effective intra-occular

35  administration.
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transdernal administration, the conposition may include a transdernmal patch
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suirr!toabl en ﬁef'ﬁt'i’g 'ittﬂf’ga&‘(ﬁi'?ﬂr%‘ﬁi?ms gy hesnsased in@asadin capsidut |imitation,

anol 1, cocoa meiphamanduieal anhodiener e mabniof] MG ladgiamimy on for
I ntramuscul.ar or intr ecal a nistration wll consi
Isg| L? i on gf'"%k‘é% %aqen?@ﬁt kings @rtwg &PcRnapHomer of dhe inventiep @ad thareby assists oi | |

for exampl dn tHeaddlivetry of the @ompBaTRNBLIRble aghnistRatGAdy AR iMMlsHabadtyiRdlude a
i ntravenous_or j(ntrathecal adm nistration will consist of sterile Isotonic
aqueous sol TRRGIPNRIAIPLIVAPRY 2 rPB‘deeﬁzi’fﬁfP'é o4 &lipQ¥oMeagr edi ent and dextrose or

sodi um chl or i de ok phaffhadeufical 8bmpEsiidnast thetifderitiof imd] CoRbiel dfdBsagdGnits,
conposi*tiogﬁ t?ff@f‘i’ge i nyention can be fornulated so as to provide quick,

sust ai ned Sgministeredasan aefiesoh cThe/term agrasal iemsed fo. aenoterrvariety
(S) - enant i areystermhs rdRing TR iHoRE of &dlibRial Rftiieb 3Ydtéths @Ondidting RPpRRatiBRE bY
enpl oyi ng procedures known in the art. .
20~ "packages. Delivery may be by a liquefied or compressed gas or by a suitable pump
system that dispenses the active ingredients. Aerosols of the (S)-enantiomer of the
invention may be delivered in single phase, bi-phasic, or tri-phasic systems in order to

deliver the active ingredient(s). Delivery of the aerosol includes the necessary

container, activators, valves, subcontainers, and the like, which together may form a
25  kit. One skilled in the art, without undue experimentation may determine preferred
aerosols.

The pharmaceutical compositions of the invention may be prepared by
methodology well known in the pharmaceutical art. For example, a pharmaceutical
composition intended to be administered by injection can be prepared by combining

30 the (S)-enantiomer of the invention with sterile, distilled water so as to form a solution.
A surfactant may be added to facilitate the formation of a homogeneous solution or
suspension. Surfactants are compounds that non-covalently interact with the
(S)-enantiomer of the invention so as to facilitate dissolution or homogeneous
suspension of the compound in the aqueous delivery system. ,

35 The (S)-enantiomer of the invention is to be administered in a therapeutically
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Controll ed rel ease drug delivery systens include osnotic punp systens and
di ssol utional systens containing polyner-coated reservoirs or drug-pol yner
mat ri x f owoubatioores. Exanpl es of controll ed rel ease sysPEewaISare/ogi1sen i n
U S. Pat. Nos. 3,845,770 and 4,326,525 and in P. J. Kuzma etal., Regional
Anest hesia 22 (6): 543- 551 (1997), all of which are incorporated herein by

reference. Ihe. ositions.of the inventi el vered through

o e oo eTasye SRR, WbR B lan) SSheinEabaR 3 iRy B oStk B 0. Lo

medi cal t hectyily @éthe GpedificoddngbuRd emipblyed;Bhe retabiotinstaRiPaht It@ngtreoﬂrmmloagy,

traditional bqtt| es | ers .or, neb Ilzers NowWn those

Lot ea o of B8 e s eEd e, Fisntofi o 858 Sy Bod fedin P ang”

drugs by tailreyetiha@atiérm té frade any timeif aammﬂraﬂals ama&@é ofsaxgtesezs dth?’ deug

Il nventi Qn al s es to.an_ ] ntragvagl she . core  druqg. I ver

hovi oo S RaBPicefiort ethevant Br b narienr BRereRl dondliok e FhisTL ¥ T

de}/l ce may uhde:@emlthe‘sm @eﬂek@lya@thev?ep{wugaﬁ&tw dailly dosgroetheent | ?ha ,

(0] mer urr ea an ca re eaS| e

() enant | seEstasfommeetioe Brention i dore Qusd tamnal o abpy CoGORS bern on a

‘S?;'T I >F/) B?SI .07 i) tarabbet 1@e\mg1§g (65,600 g p&éi@rbblyta&ﬁé@gtﬁtrcém?emw&%&‘e; isbed in
u IS iLcati.on rren S or

ocul ar del R@é?ﬁt’%@%%gbgﬁ%%ﬁwégﬁﬂ ﬁ?\gﬁl g’t&r -;Q'E9)3t°cﬁb85%‘-j }I’]@c‘bﬁ] sunct i val

i nj Iect It NS ,3d5)§)r 'a?@m'oﬁi preférgsy & mapeunééll?\eﬁfaétwtaldoséljse(cdr Iamw(tg rts\uﬁ?maml t

i ants a I OnN or.esl.s el eciri curren (0] ranspor

i gﬁl zed dr3 l?ﬂ“gﬁ) ﬂFo&é 569198?‘1“%6@%/5(9( 1225 8killed in the alrot

woul d conbi ne tmeb@@esweﬁ&ﬁv@a&d@ﬁm@edmérbmtda@né@teﬁdmbluérmntmzj the

i nvention for safe and effe (ﬁ{sl ve |ntra occul ar adm |str$t|on The no

sui tabl e r GPdeRpselipieifread-dase sanass| HoweyehegRost Eeterzed @aﬁﬁ&’"y&/erl ty of

the condi t itgibréeionse indRRILECsUbTERDSE |§d.mdérﬁeod find aaemﬁamé By a:hesmriemhl i ar
with determnlng{’a mnlstratlon met hod intr veno

ol St o The KAt Ssa e, o e Bes{onst o edt g S Merechapal G alie. Merck

phar mceutl&\alc&wwa@nw 3902 Ot SstimdtriaC edls!, 6bSIMAaN addPCimén'slehé very of the
(S) - enantlorrer of the Lnvention to a su ject in need thereof. The

phar maceut i RAMaenieaical Bagis °BThQrﬁEeqt'ﬁ§ﬁe1r9tQ|e&ﬁmﬁa@/ergﬁ'@%Bées§a|PF05§“$fﬁ'ider| al's,

whi ch modi fiy vt hgomhysieRsd Dfugﬁ%étfneat Peintigles/ant 'P%&née AT Pﬂartmadam
exanpl e, the conposition i nclude materials forma coating S eII

around t he %@tf"\?&aneHb@ea‘l’ tion, ARES Reeseri T sWd“*ﬁi‘ﬁS ?WW‘"E'H% RalimeragMBrel |
are typjcal hysr)NEbddi, FHAFMEEodiL Little, Brown and Co., Boston, (1985); Osolci al.,

eds.,Remington's Pharmaceutical Sciences, 18" edition, Mack Publishing Co., Easton,
PA (1990); Katzung, Basic and Clinical Pharmacology, Appleton and Lange, Norwalk,
CT (1992)).
The total dose required for each treatment can be administered by multiple

25 doses orin a single dose over the course of the day, if desired. Generally, treatment is
initiated with smaller dosages, which are less than the optimum dose of the compound.
Thereafter, the dosage is increased by smail increments until the optim_um effect under
the circumstances is reached. The diagnostic pharmaceutical compound or
composition can be administered alone or in conjunction with other diagnostics and/or

30 pharmaceuticals directed to the pathology, or directed to other symptoms of the
pathology. Effective amounts of the (S)-enantiomer of the invention or composition of
the invention are from about 0.1 ug to about 100 mg/Kg body weight, administered at
intervals of 4-72 hours, for a period of 2 hours to 1 year, and/or any range or value
therein, such as 0.0001-0.001, 0.001-0.01, 0.01-0.1, 0.1-1.0,1.0-10, 5-10, 10-20, 20-50

35 and 50-100 mg/Kg, at intervals of 1-4, 4-10, 10-16, 16-24, 24-36, 24-36, 36-48, 48-72
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selected from for exanple, sugar, shellac, and other enteric coating
agents. Alternatively, the active ingredients may be encased in a gelatin
capsul e. Wheopbmeteaceuti cal conposition of the inventi omrCirussabiogo18tr | i quid
formmay include an agent that binds to the (S)-enantionmer of the invention
and thereby assists in the delivery of the conpound. Suitable agents that
may act in | Ity 10C n | bady, a
protein or hé‘%ﬁﬁﬁ%@%@." #ﬂ'eﬁp hg'?ﬁh%edl%%%ygb%bﬁ%gwg%syn8%)?%@%8%1{)1'{/\2?3{‘%0n may
consi st of teogiage units that can be administered as an aerosol. The term

ol Tt dal “nat ur N soERGICorelveibn BB XS] Silbub RO e ARIohIRR o,

may be by aompogitioins efithe inveatiqrr esrstedarnyeahiroal, fuchassnarhmblse Amomg syst em t hat

Mvent s on RPBES JHF ol PeTts sremanauls Sne oy BrvgR (ieiang; o °
systens i nhamees, abes aitd nuekeys)) Artedddackyld (vpleliigeindrées) godde) cowsy sheadp, t he

aerosol inclu t he .necessary cqnt aj ner ctivators, wval.ves,. .

uboont ai nale. Ferba (BSFRE Mg, abiB! snf Sargi ot e CWSTE dagluginn: | eq i n
the art, wichispard doge) Armamebirdsptheairéfonedrracipisiteansitiikeyy, ehiekgrscindestheo! s.
T o) el AR RS R S e SR Bl e °2

phar macguti | ';LI.I_' intended to be administered by injection can be
preparé b tf LM-enantiorrer of the invention with sterile,

distilled water _so,as to.form.,a sol ution. A surfactant. .pbe added to
fhai litate che 07 AFerpRioRerd s Beiiol nievhsigerdl cBMbiogE b 5nd o

Sur f act ant snore etheothiprapediic ddemt ongsargooombimdtiol thenésf| iadiie tredtimehtf
(S)-enantioner of th venti on so as }o facliglni t at g‘l?gl ssol uﬁ)i on ,or

t i,
hombgeneou eSS GRINENS REEBRSS ATaTeraPY Fiumans wBish B8 AMGITEeORT em The
E ﬁ) - enan'; | @ltﬁ’nat@? ]py the rhdimtohp?re'fdsampiﬁhib_itfbflmbfnﬁoﬂé%—gdedé Sodium channels. t
er apeuti e e | anoun ICnN W, var endl ng.u n a varil e
LrCT ansl: L Fon eaimn e 15 ntghen ot e Praition s e AEDRBGIREHRESOUES: | e
met abol i ¢ kqidrtialyyoraegaratenginttofibiratibh @ih ofhet trerdpBlitie agerits, anaiudirgf, bubhe

i nventi on; tp%@%e,_ body wei ght, general health, sex, and diet of the
patient; tHh@ Wnd time of administration; the rate of excretion; the

drug conbi nat} 0rbpiaté%ean%@égi&,té{g.qﬁorbhmef}%rbihpwcarne,déwqﬂaﬁn@ levofiHainbi, on; and
t he subj ect undergoi ng therapy. Genera l'P\/’ a therapeutically effective
dai |y dose of t Hva[laspbam axyGagRae. cofeippdinysdiesodeha. prepryphens, paimefentanmal )

from abgut 0. 00%ertBryKhytifocBeone, hydromorphone, meripidine, methadone, nalorphine,
naloxone, naltrexone, buprenorphine, butorphanol, nalbuphine and

T

pentazocine;
¢ non-opiate analgesics, e.g. acetomeniphen, salicylates (e.g. aspirin);
e nonsteroidal antiinflammatory drugs (NSAIDs), e.g. ibuprofen, naproxen,

25 fenoprofen, ketoprofen, celecoxib, diclofenac, diflusinal, etodolac, fenbufen,
fenoprofen, flufenisal, flurbiprofen, ibuprofen, indomethacin, ketoprofen,
ketorolac, meclofenamic acid, mefenamic acid, meloxicam, nabumetone,
naproxen, nimesulide, nitroflurbiprofen, olsalazine, oxaprozin, phenylbutazone,
piroxicam, sulfasalazine, sulindac, tolmetin and zomepirac;

30 ¢ anticonvulsants, e.g. carbamazepine, oxcarbazepine, lamotrigine, valproate,
topiramate, gabapentin and pregabalin; v

¢ antidepressants such as tricyclic antidepressants, e.g. amitriptyline,
- clomipramine, despramine, imipramine and nortriptyline;,

» COX-2 selective inhibitors, e.g. celecoxib, rofecoxib, parecoxib, valdecoxib,
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0.07 ng) to about 100 ng/Kg (i.e., 7.0 g); preferably a therapeutically
effective dose is (for a 70 Kg manmal ) from about 0.01 ng/Kg (i.e., 0.70
ng) to abwotob®oew8Kg (i.e., 3.5 g); and nore preferabl pCaushewapeastical ly
effective dose is (for a 70 Kg mammal ) from about 1 ng/Kg (i.e., 70 ng) to
about 25 ng/Kg (i.e., 1.75 g). The ranges of effective doses provided
herein are not iderandibdetodcdxib, bhdiumiragoxd represent preferred dose ranges.

However, the m)st erred dosage w | | ajlored to the individual
subject, as i$ uﬂ@%r%‘{r%'?ﬁﬁg'ﬁ?uf 4 é?%??ﬁaﬁ"@”[?&?'“oﬁ'@“'gmﬁi gl@a?acwet he rel evant

aréI s,CO(se% he. 0. dexBetdtemidineamodafilSand dtbmudubsmmﬁaﬁ&@lz-slﬁfglmgﬁl tion, ThNErck
an ., Rahwa dman an man's The
Phar macol ogi caIy %anaé"@? %%ﬂ%f‘ %@%yn&r@§oqqlgglrg -dip12-ByridyDaupaReliverr ess, | nc.
Elmsfords N Yo, affiffdte séaaqlws%&dﬁ%bzmat a&*abarbﬁ’éu &%Mrs&u %ﬁ%ﬁct i ce of

i nical Pharmacol o her apeuti cs, 3rd S Press

WIlianms and W |RER® g)éa'ﬁ’ﬂ?‘t mﬁﬁw@'tametfeomsw pqetf&@rbltapmaemmtaigy Little,

Brown and Co. . - Basboiidl 18BaL A afd tiofeffer, Rem ngtom s Phar mceut i cal
Sci ences, 18th edition, Publ'ishing Co., Edston, PA (1990); Katzung,

Basic and O i i ctaphthm@%@n@gymsmpmnemlaw K13 Nife? on\NKw@antagoﬁlst(aggz))
The total dose r 1 ltiple
doses or in a mﬁ‘ﬁka’a :;égg\'/@ﬂﬁ%ze)ﬁqgo&%%Exlﬁ%%ag3é,n%ﬁ%es| rg 5n(H
CGeneral 19/, treat methvlphmyl)fﬂl-i-nart]dldzwmdte $+gitl J7 naphtisaigee;6- \M!rdmhee(iT,QKl ess than
t he opti num dose h e ig dncreased by
smal | i ncrement 36u tél-d.rﬁ?'% ﬁ@ﬁﬁur{ggﬁq’%@@uﬁﬂ@&%yﬁ)ﬂg'qﬁﬁﬁpﬁ@t( nces is -
reached. The di aftpocaphenylpéaramplodingli- mthyt}drmahydiodH-t,Qmmszdl-ane((MK be

adm ni stered al o Q O nostics and/ or

phar maceuti cal s | J@tréed;aﬁto‘ytn%é%é’t%é?w%r&frg tﬂ%’ﬁy%ed to ot her synptons of
the pat hol ogyf Fﬂﬁfbotqmm?qxlymmahyd] mbtmhmnrﬁcﬁ)z-mylbipe[lﬁnet()ﬁs ?S):?Obnve?kl OB gr
conp05| on o nvention ar ng to abou ng/ Kg body
wei ght , éadm ni stg%&t?"g[‘ 9?\?’%%\’5’?@1‘8&’4337“?4‘?(5“& for a period of 2 hours to
1 year, and/ore aserotbmﬁgajpwkevlﬁhubmorhf@g?dﬁexeﬁld@fseﬂﬁahﬂe HoFkroRetiHel

0.001-0.01, 0.01 10-20, 20-50 and 50- 100 ngy/ Kg,

at intervals of ilugfxehﬂe ggsmqtgylmetaég&eﬂme@bolggde@gtrty@ert@@nggs 48- 72hour s

for a period of fluvbdamihd pifoxebihe Mitalbprahdichalopramiméthbseks, or any range or
val ue therein. The r Ié!ﬁ‘ﬁents of admnistration of the (S)-enantioner of

the invention and§sg¥e loeram.gissitalerrame di-iapEwaning. femoxsing ifpxetienal , such

as mammzd s. Anp N&yanodothiepin, litoxetine, dapoxetine, nefazodone, cericlamine, trazodone and
fluoxetine;

e noradrenaline (norepinephrine) reuptake inhibitors, e.g. maprotiline,
lofepramine, mirtazepine, oxaprotiline, fezolamine, tomoxetine, mianserin,
buproprion, buproprion metabolite hydroxybuproprion, nomifensine and

25 . viloxazine (Vivalan®)), especially a selective noradrenaline reuptake inhibitor
| such as reboxetine, in particular (S, S)-reboxetine, and venlafaxine duloxetine
neuroleptics sedative/anxiolytics;

¢ dual serotonin-noradrenaline reuptake inhibitors, such as venlafaxine,
venlafaxine metabolite O- desmethylvenlafaxine, clomipramine, clomipramine

30 metabolite desmethylclomipramine, duloxetine, milnacipran and imipramine;

e acetylcholinesterase inhibitors such as donepezil;

e 5-HT3 antagonists such as ondansetron;

e metabotropic glutamate receptor (nGluR) antagonists or agonists or allosteric
potentiators of glutamate at mGIuR’s;
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manmal s, the preferred recipients are manmals of the Orders Prinmate

(i ncludi ng humans, apes and nonkeys), Arteriodactyla (including horses,
goats, cowe,20slmeews pi gs), Rodenta (including mce, rat®CTrskmionggisand
hansters), and Carnivora (including cats, and dogs). Anong birds, the
preferred recipients are turkeys, chickens and ot her nenbers of the sane

order. The nmestiogl ahREthetlc S@h 48 MBkilstifd shdlideeaifie; COVBI NATI ON THERAPY The
(S)-enantionmer of the invention may be usefully conbined with one or nore

ot her t her ap&ut§articasfeioid $ich a8 dexgmethasaneat i on thereof, in the treatment of

di seases and ,CoghiheiiSids e, i f i¥- humans, which are
aneliorated or alleviat :adg %?%hé}ggﬁngtpﬁ%ﬂ?&%’r eferably inhibition, of

vol t age- gat ed sodicarinic hatagenists, &-g todireadinecpropiverineSiropsiamiticbiotide,of t he _

i nvention may b(ﬁar@eﬁ ehqu,l ﬁ}i@ﬁggnst We}iﬁ@g{?%’ﬂ%‘wgﬁﬁg”em' ally or separately in

conbi nati on wt erapeuti c agen udi ng, but not limted to:
opi at es anal gesmugarirc ggonisis phalfosteric eotentiatorscf acetgichalingrab muiscariic

| evor phanol , | er\é?%#é&éphan’ oxycodone, codei ne, di hydrocodei ne,

pr opoxyphene, na ne, fentanyl, hydrocodone, hydronorphone, neripidine,
rrelt Badg!’le, nahocranhiabmwm assterc paahtﬁat@ﬂs@ne?dd@pmmeamanhhmmid bwe@tqmﬁnol :
nal buphi ne and pentgzoci ne; non-opi ate,anal gesics, e, g.,h acetoneni phen,
sal i cyl at es ('e.fﬁ"ma'gﬁ?%pmr;ag%'ﬁﬁs@@r Eﬁstﬂ‘éﬁrataﬁlﬂ} ?rrﬁ’]t?ﬂﬂ?ﬁ?%(e;g'dr ugs (NSAI Ds),
e. g. ifwprofen,cdpagepimeyn. fenoprofen, ketoprofen, celecoxib, diclofenac,

di flusinal, etodol ac, fenbufen, fenoprofen, flufenisal, flurbiprofen,

i bupr of en, i Ndotfdetives; 9. Wdetlinidecmeriobamats; methagyalpes. éfdni ¢ aci d,

mef enani ¢ aci d, gigéranhémiYongabunet one, naproxen, ninmesulide,

ni troflurbi profen, olsalazine, oxaprozin, phenylbutazone, piroxicam

sul fasal azi ne®, awolyiemsuchas barepdiazapinesonepi rac; anticonvul sants, e.g.

car bamazepi ng, Mﬁ@ﬁ'@fﬁ"% %Qrﬂs?ﬂ@%%d@?ene’ val proate, topiramate,

gabapentin and prega sants such as tricyclic
ant i deps essamt stopiealqpgentsi(e.gi liioghineccapshciniapd easiniferotakmpr ami ne, i mi prami ne

a0 G P X B R 38 B Skl B S BB 1 "o e
al pha-.adr ener gi ciiorzexagone] ayclalosrizapririea methazarbamat A obhremadipeanf aci ne,
e anti-histamines or H1 antagonists;
e NMDA receptor antagohists;
20 e 5-HT receptor agonists/antagonists;
e PDEV inhibitors;
e Tramadol®;
e cholinergic (nicotinic) analgesics;,
e alpha-2-delta ligands;
25 o prostaglandin E2 subtype antagonists;
o leukotriene B4 antagonists;
¢ 5-ipoxygenase inhibitors; and
e 5-HT3 antagonists.
Diseases an'd conditions that may be treated and/or prevented using such
30 combinations include, but are not limited to, pain, central and peripherally mediated,
acute, chronic, neuropathic diseases, as well as other diseases with associated pain
and other central nervous disorders such as epilepsy, anxiety, depression and bipolar
disease; or cardiovascular disorders such as arrhythmias, atrial fibrillation and

ventricular fibrillation; neuromuscular disorders such as restless leg syndrome and
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dexnet at om di ne, nodafinil, and 4-am no-6, 7-di net hoxy-2-(5- nethane

sul fonam do- 1, 2, 3, 4-tetrahydroi soqui nol -2-yl)-5-(2-pyridyl) quinazoline;
bar bi t ur ave 2eadmeioses, e.g. anobarbital, aprobarbital, PpaTaisaribios@B?

but abi tal, nephobarbital, metharbital, nethohexital, pentobarbital,
phenobartital, secobarbital, talbutal, theanylal and thiopental;

tachyki ni n o N ARRBBHSthnusRizhihH VA Melsi BN RRntehs By vedlil ant agoni st

e.g. (a,
9R) - 7- [ 3, 5-16#6):830-838.(200% tneyroppetection \dgaBsostrbbe, Ineurat trauma énd nitipde hy | - 5- (4-

t hyl ph = L ' . - - 0\a iLdine- 3- di TAK-
6a7) ) 5. [ SRS b RhpE S o ey o A T oy o (4-
f 1 uor ophenyypdrameor phol i nyl ]-nmethyl]-1 , 2-di hydro-3/-/-1 ,2,4-triazol -3-one
(tri 18t oot nots - Sfherpf6@nbiton 1aRIs38 3hy Rbrole ot PR S Eings,
coal -t ar ar{8)-geamtioser of thepiaventionivath gnama ceraadditionabthempenticagenti paless
nhi bi t , j i _ ) ,
dosret hyl M iR PaReS et nstilsk! SehBlirPLaro i Sulandbl K o e,
par oxet i ne sequerdiblytetivgry of thal(Spemantiomerbiche invectennathhgriecarinadrepr am

i tal - f ing, f ti i f tine, dat hi epi n,

i toxet | ne aagelisefe LB Fe seBEX Bhteh aonrsBeR b 5B BRI M ot i ne:
nor adr enal iimsudendosags foepdof the Y Sy-engptiarker ofiihe invéntion, with.apotheairecdpeutioe,
e ol AR S S BRNBA e b Y P g '™
vil oxaz ne’a(dmrimafainlﬁ o) (Speaatiomst of the Bebathiwit m’trgau trenacutie agentpt ake
nhi bi t ey \ iy ' ) tine. . an
Vel af ax nd RO PR FakPe Pipt pBaMesst LIRS, P AeLee forgiygions of
ser Ft ](c)ni n- rthe Q?Feﬂaat_id;[mim of egpnm?ﬁm lwhh brbt]?esthe&pedltlicsatgeme nbedage ifdirfns, . .

af axi ne netapoli.te O de ve axine. cl.om pramni ne o[ pram ne
et abor 1t o TBUER 2L S LB sop SEA AR aRRiEked PO RROSTIRrS iR, B tf oA ne.
acet yl chol itoegthbsy dseribedhdnéihor s such as donepezil; 5-HT3 antagoni sts such

s ondansetr on: e AR fordhy SR hafteh TR0 es WTo A apBRAAGT T oS ©
(S)-enantiomer of the invention with an oral agent. The topical application of the (S)-
enantiomer of the invention has very low systemic exposure and has activity that is

20  additive with a number of oral analgesics. Another possible combination therapy
includes an oral dose of the (S)-enantiomer of the invention with an oral agent. A
further combination therapy of the invention includes a topical application of the (S)-
enantiomer of the invention with a topical agent.

The (S)-enan'tiomer of the invention may be incorporated into compositions for

25  coating an implantable medical device, such as prostheses, artifical valves, vascular
grafts, stents and catheters. Accordingly, the present invention, in another aspect,
includes a composition for coating an implantable device comprising a cbmpound of
the present invention as described above and a carrier suitable for coating the
implantable device. In still another aspect, the present invention includes an

30 implantable device coated with a composition comprising the (S)-enantiomer of the
invention and a carrier suitable for coating the implantable device. Suitable coatings
and the general preparation of coated implantable devices are described in US Patents
No. 6,099,562; 5,886,026; and 5,304,121.
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potentiators of glutamate at nd uR s; |ocal anaesthetic such as nexiletine
and |idocaine; corticosteroid such as dexanethasone; antiarrhythmcs,

e. g. nexiwetnneoamd phenytoi n; nuscarini c antagoni sts, PETFIS2000k418T odi ne,
propiverine, tropsiumt chloride, darifenacin, solifenacin, tem verine and
| pratropium nuscarinic agonists or allosteric potentiators of

acet yl chol i KIFSaOF-PARTSr i ni ¢ receptors cannabinoids or allosteric
potentiators of endorphins at cannabinoid receptors; vanilloid receptor
agoni sts (e.g. rEipiésEnainoention also ;aatlm'ssm cbﬁtag\apmmambﬂe)

Z?Sﬁlt i)\rlgls ph@@%&ﬁéHgﬁh%m%ﬁ&r\ cn@P S}ﬂaﬁsodgcei iﬁgf“ggglﬁoﬁ%@e usg §f thGepr essant s

such as m rptampéautical cbmpoﬂt@dn fogmbtGatirey the abtiwl?@ﬁioﬁ%hammltﬁb and
resi ni f er ot oxi nmuscl e r I axgnts such (?s benzodi az EI ne bacl of en,

cari soprloddfe?@ t’é‘%"lﬁk'tcﬂf E@Qa%so‘ﬁ@ OtepgBlites AR JIsrlosedderriRa IP Yihd

or phr enadi nébmmerlafal ;bucﬁégwwme;snt@rn drik @M@GQHH 8éses ofmdrmﬁéhmtl@él
oni sts; DEV i nhi bitors;

ant agoni st s; tor a StS nta
Tr arrgdol (r)°°ml?,°ﬁ6'PPn 94) mPlg: 3ueh %PE‘ afﬁ@b‘%ﬁ e amOHPtp‘WQCEI‘H@r the | i gands:

prost agl anob@p&atlmtahmra@ah&mﬁje@ﬁ&» It Wit bk @UideRNS tRdsead? bREMN SKifin the
5-11i poxygenas%l nhi bitors; and HT3 ant agoni sts. Di seases and conditions

that may bedftf cawapﬁf*o'ﬁrwéfv@h@rédlgngar}s’éorﬁra?nélsvﬂ)mﬁmwﬁg speialude, but
are not4g i nﬂ)édkdglh and?@ﬂ fBrmASEYn. Ebr @@d\dwerpha&@rr@ rhily BE déadf \elch ROphGue

chroni c, neuroR di seases, as well as other diseases wth assom at ed
pai n to light, and/or sealed from contact with ambient air, and/or formulated with suitable

coatings or excipients.

PREPARATION OF THE (S)-ENANTIOMER OF THE INVENTION

The (S)-enantiomer of the invention and the corresponding (R)-enantiomer are
15  prepared by the resolution of the compound of formula (1), as set forth above in the
Summary of the Invention, using either chiral high pressure liquid chromatography
methods or by simulated moving bed chromatography methods, as described below in
the following Reaction Scheme wherein "chiral HPLC" refers to chiral high pressure
liquid chromatography and "SMB" refers to simulated moving bed chromatography:

20 REACTION SCHEME

O Chiral HPLC
O S

SMB

g o)
N N
O _-CF3 O._CF
wf ~u
0] (I-R)

The compound of formula (1) can be prepared by the methods disclosed in PCT
Published Patent Application No. WO 2006/110917, by methods disclosed herein, or
by methods known to one skilled in the art. '
25 One of ordinary skill in the art would recognize variations in the above Reaction
Scheme which are appropriate for the resolution of the individual enantiomers.
Alternatively, the (S)-enantiomer of formula (I-S) and the (R)-enantiomer of
formula (I-R), can be synthesized from starting materials which are known or readily
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and ot her central nervous disorders such as epil epsy, anxiety, depression
and bi pol ar di sease; or cardiovascul ar disorders such as arrhythm as,

atrial fiwoi2blze™8 and ventricular fibrillation; neuromuSask@o/odi1sdr der s
such as restless | eg syndrone andmuscl.e paral ysis or tetanus (Hamann ML
Meisler MH, Richter, A Exp. Neurol. 184{2) 830-838 (2003)); neuroprotection
agai nst stroke, neural trau e scl r05|s and channel opat hi es

such as er}pfqp'agerqé{sgpd:ir%ceaﬁan ggﬁqstg}fhorsg&héqh 5 A ndr ome. As used herein
"conbi nation" r etefErably th@(S)-erantiomer dﬂthqomemmtdbmmedfbytthere(ssmecmant| onmer of

the invention t r mare addit]j eut ent.. Unless the
cont ext nal?lﬁh%\qsé%cgﬁ?q]g r\%nggsub %WB{‘ ?)ftﬁg F&F SrEepaIng us or
sequenti al hr}écébad)ﬂtwéaw.eﬂénﬁdn&r( S) - enantl orrer of the |nvent| on with one or
nor e ther apeut i nts. Un] ess_the contex | ear Iher

" conbi ndti on" rrj- ?‘ﬁe‘f‘"ﬂaéyﬂgﬁi EX?’BP'ﬁ%s?ﬂ’e%‘h %@? {g‘ﬁé?ﬁq e\%mf“’he

I nvention \Misclbsenpy ih@rabbJ/’é?Réé&iéh iSehéees hnd H@Immtéﬁmdwnmme seopeofcl ear

ot herwi se, "conbi nhati on" nmay i ncl ude routes of adm nistration of the

(S) - enant | $RIVEHIOBhe i nvention with another ther apeutic agent. Unless the

context makes cl ear otherw se, "conbination" may include fornul ations of
the (S)-enantioner of the invergYNTHETICE)MPDEM t her apeuti c agent. Dosage

forms, routes of admipistration a C i ons .i ncl ude,
but " e ot St -85 Nhirranau e Hes ey ierr el ORoREE AR RGRaDY " of
the inwgntion includes g 3fdolat(1 m@he@@émpﬁun@{foﬂfmu(ﬁ)))enantl omer of the
invention with an oral agent. The topical application of the (S)-

enanti omer of the invention has very bo shem ¢ exposure and has activity
that is additive with a nunber of ordl ge i cs. Anot her possible

conbi nation therapy includes an org ot he (S)-enantioner of the
invention with an oral agent. A @ 00an nation therapy of the

i nvention includes a topical appMN€arion ﬁf the (S)- enantionmer of the
invention with a topical agent. The ( Fsner of the invention may be
i ncorporated into conpositions for coatl an_ i npl ant abl e nedi cal devi ce,
such as prostheses, artifical valves, vascular grafts, stents and

cat heters. Accortb mgjspensldsreompﬁfepmm 31)‘&[6rﬁ]bmpdiomla-ﬁcﬂf-ﬁmiol]ﬁp%ﬂmnei(mml udes

a conpositi o t.i ant abl vi,ce ¢ SN ound of
the present%| rRI/ ‘ﬁ"'ﬁ%gﬂég‘ﬁp%&?dﬁ‘f%@' ﬁ e %‘8&'5? nglﬁg‘fogﬂl e for coating
the inpl antB\iﬂlleheﬂieR’at@rﬁ.Adpncai“bh INo. WO R0G8/1 H0g12Cand ddsunpearbemdte (HS2 9 10N

I nel ude1s 5 anmmol) in acetone (50 mL) was added 2-bromomethyl-5-trifluoromethylfuran (1.13 g,

3.9 mmol) in one portion and the reaction mixture was stirred at 55-60 °C for 16
hours. Upon cooling to ambient temperature, the reaction mixture was filtered and the
filtrate was evaporated under reduced pressure. The residue was subjected to column
chromatography, eluting with ethyl acetate/hexane (1/9 - 1/1) to afford 1'-{[5-

20 (trifluoromethyl)furan-2-yllmethyl}spiro[furo[2,3-f][1,3]benzodioxole-7,3'-indol}-2'(1’H)-
one, i.e., the compound of formula (1), (1.17 g, 76%) as a white solid: mp 139-141 °C;
*H NMR (300 MHz, CDCly) § 7.32-6.97 (m, 5H), 6.72 (d, J = 3.3 Hz, 1H), 6.66 (s, 1H),
6.07 (s, 1H), 5.90-5.88 (m, 2H), 5.05, 4.86 (ABq, Jxs = 16.1 Hz, 2H), 4.91 (d, J=9.0
Hz; 1H), 4.66 (d, J = 9.0 Hz, 1H); **C NMR (75 MHz, CDCl;) § 176.9, 155.7, 1563.5,

25 1488, 142;2, 141.9, 140.8, 140.2, 139.7, 139.1, 132.1, 129.2, 124.7, 124.1, 1237,
121.1, 120.1, 117.6, 114.5, 114.4, 110.3, 109.7, 103.0, 101.9, 93.8, 80.0, 57.8, 36.9;
MS (ES+)' miz 430.2 (M + 1), 452.2 (M + 23); Cal'd for CoH14F3NOs: C, 61.54%; H,
3.29%; N, 3.26%; Found: C, 61.51%; H, 3.29%; N, 3.26%.
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I npl ant abl e device coated with a conposition conprising the (S)-enantioner
of the invention and a carrier suitable for coating the inplantable device.
Sui t abl e woanimgg7oand t he general preparation of coatedPCralSanvakie? devi ces
are described in US Patents No. 6,099, 562; 5,886, 026; and

5,304, 121. KI TS- OF- PARTS The present invention also provides kits that
contain a pharnaceutical conpoSYNTEIETEE EXARIFLEVENt i on. The kit al so

i ncludes instructions, for.the use of .t har maceut i onposition for
nodul ating the acti Vﬁeﬁo@poq 8fn89fﬂ%‘?ﬂﬁ’8log,ﬁ°$‘?}ﬁa Hﬁ@’ #b'éajﬂ?é'ﬁ;t of pain, as well
as other utilitTescongpotnd of fosradalik nas nesoRiedfinto &Y (S)-ehastivmeebfihel package
will contain qgne or . nore unit.doses of.the, phar tical c osi tion. For
exanpl e, S'GX?P(%Q”&H? fheo‘i?\%rf?sW"l?e&g'ﬁnﬁm_bg Gﬁ‘rﬁﬁ’iﬁt U’ngf theﬁgm%‘f"é%ar ation
of an istreamditions. i njection. It will be evident to those of ordinary skill
in the art that _such conpositions which are |light and/or air sensitive my

require speci al CPH4®PRagi ng-hirireb® QbRRLEAMMKD. 350 mn Snis; Lat2dRiGy may be

used which is opaque to Iggfgt, (CaRd( OheriRal IRGLsticRM Nt act with anbient air,
and/or fornulated with suitabl e coatings or excipients. PREPARATI ON OF THE

( SVENANTI OVER CFUSME | NvEAGRtanitrieatesy Mivi BAAL®f t he invention and the
correspondi ng (Fdwraeant i RL/nare prepared by the resolution of the
compound of forpula (1), as set forth above in the Sunmary of the

I nvent i®n, usi nBuetimger IAME hi gh pressure Iiquid chronatography nethods

or by i nul at edi dgtighd Defborig TBSAKLARRY ofRLAGHT 1 47 drestoniag bel ow in
I L er

the follow ng Reaction Schene"wherein "chira C re s to chiral high
pressure |iqui dT®RPSakfeMAEpEIt and "SMB" refers to sinul ated noving bed

chr omat ogr aphy: &.Qﬂg . I pr epar ed
by the rrgt hgd)s/ g@ﬂ%ﬁ@%ﬁ%&%ﬁfl s'egg’gg? I%\)té%‘p | graéfit%%sﬁlﬁPa&B

2006/ 110919f fopguladl, hhed 6341 {B-Erfwaramatiaylfuran2-wigmethimapiteifuraid 3l t,3)- one
skilleg:in 7@ _ hl il ' . l.d .86 \:z.€

vari at§one ot RdRdleT BihaRly 21 M RGNk isblare e AE R radkBH o8 SMITRRIA,

resol ut i one®fenantiomerisi axcassl >98%(analptinat ©J-RH, 158 magatenitrile in water); 8)p t98ant i oner
of formul a;4a o) 2) 14| : r I3 R) .
synt hesi zeaééf‘r(géH?ﬂgﬁ(lﬁqlbgMbét 8@?’9@’5 &hﬁ%eg? &'ﬂkm%r(d’r)eaaﬁﬁyqulﬂ&’ar ed
usi ng proc@$3 (arfdd)oRy0uifs, 1bl),t5h83 @, kv &2 Har 2Hk 638NS5.OP(ABrabEW .4t e 2H),

(S)-enanti giBr 4 05 ABS ANV GH {12 B ENATE (FYMHRCCHERPS Y47 8 55,0, 152.0

20 149.0, 142.4, 142.0, 141.3, 132.0, 129.1, 123.9, 120.6, 119.2, 117.0, 112.6, 109.3,
108.9, 103.0, 101.6, 93.5, 80.3, 58.2, 36.9; MS (ES+) m/z 430.2 (M + 1), [a]p —17.46°
(c 0.99, DMSO). The (S)-enantiomer of the compound of formula (1), i.e., (S)-1'-{[5-
(trifluoromethyl)furan-2-ylJmethyl}spiro-{furo[2,3-f][1,3]benzodioxole-7,3-indol]-2'(1'H)-
one was isolated as the second fraction as a white solid; ee > 99% (analytical OJ-R.H,

25  55% acetonitrile in water); mp 100-102 °C; "H NMR (300 MHz, DMSO-d,) § 7.32-6.99
(m, 5H), 6.71 (d, J = 3.4 Hz, 1H), 6.67 (s, 1H), 6.05 (s, 1H), 5.89 (d, J = 6.3 Hz, 2H),
5.12, 5.02 (ABq, Jas = 16.4 Hz, 2H), 4.82, 4.72 (ABq, Jas = 9.4 Hz, 2H); *C NMR (75
MHz, CDCl3) § 177.2, 165.9, 152.0, 149.0, 142.4, 142.0, 141.3, 132.0, 129.1, 123.9,
120.6, 119.2, 117.0, 112.6, 109.3, 108.9, 103.0, 101.6, 93.5, 80.3, 58.2, 36.9; MS

30 (ES+)m/z430.2 (M + 1), [a]p +14.04° (c 0.99, DMSO).

SYNTHETIC EXAMPLE 3
Resolution of Compound of Formula (I) by SMB Chromatography
The compound of formula () was resolved into the (S)-enantiomer of the
invention and the corresponding (R)-enantiomer by SMB chromatography under the
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met hods di scl osed herein is substantially free of the (R)-enantioner or

contains only traces of the (R)-enantioner. The follow ng Synthetic

Exanpl es woerzoa/te708| | ustrate the resol uti on net hods di seCodasdolop4iise above

Reaction Schenes and are not intended to limt the scope of the invention.

SYNTHETI C EXAMPLE 1 Synt hesi s of

1 -{[5-(tri )furan-2-yl ] methyl }spiro[furo[2,3-/][1

, 3] benzodi ch(%ﬁﬂfgcﬂ?ﬁ@mﬂs ndol ]-2' (1' H) -one (Conpound of forrmula (1)) To a

suspenS| on of spxiraglf ur o #7305 LMmin3] benzodi oxol e-7, 3' -indol]-2' (1 ' H)-one

(1.0 g, 3.6 mml ich epared accordi ng to the methods disclosed

i n PCT Publi shedR)a 'g%\@nt Aﬁ%ﬁ@g{rﬁ@n No. WO 2006/1 10917, and cesium

carbonate (3.52Eypent:11 mMm¥83.18 mLagiet one (50 m ) was added

2- bronopet hyl -5 fluoro h uran ( 1.13 g, 3.9 nmol) in one portion

and thegnraeactlo_r'\:%ér‘%i xture %s I')ylrtllt"rred at 55-60 OC for 16 hours. Upon cooling

to anbi ent tenp®Reayding, t4#4e7.8&8mtimion m xture was filtered and the filtrate

was evapor at ed - r.edu essure. The residue was subjected to colum

chr omat ogr aphy, l@ﬂﬁrm% wﬁfe’g "ﬁ@hyl acet ate/ hexane (1/9 - 1/1) to afford
-{[5- (trifludempetaturé:;) £siP@N- 2- yI ]met hyl }spiro[furo[2,3-/][1

3] benzodi oxol e- 7, 3' - i ndolé 2'(1 "H- one, i.e., the conmpound of fornula

(1), (1.17 g, 76985YE 4 whl Pé’solud mp 139-141 C. 1H NMR (300 MHz1CDCl 3) d

7.32-6.197 (m 5Shhe féed &3lution (25 g-oBco%ﬁdeiad bHorm@IaQI@ i $0 Ljdﬁ)nobnlépﬂgse( S1 1H),

590588 15,0 4. AB d J =9.0

Hz: @575 5')1 (yvy) 5"5’6“’P|£ ag mﬁlea’]@qﬂthﬂﬂumceﬂeB@ﬂa)W% 'mg@teg 155. 7.
153. 5 148 c8nt|Mas|?|ntolt41§ SMB tydiers. (N&\é’é%eB,Llcbggp lZab @& Whncﬂ%sb uipgéd 2, ‘
124. 7, 124. 120. 117. 6, 11 10. % 109. 7,

103.0, 101 %th esé%éienw%eoh@‘?sgﬂag %°°'NEU@E@15>°'H?'B'“H§GOQ (mcptmyn %82 2 (M
+ 23); Cal 'cfh, f4(-’8’crﬁ325 bﬂEﬁl‘rEPbAKQ\D 84 sfafidha Ehé’sezgl%e fitbt e&tuﬁé%arﬁ@hﬂ& C
26% E 2 Resol ution of Corrpound of

61.51% 9% N SYNTHETI C EXA
For mul ad(1 )(%ﬁy( tﬁﬁ‘%“éﬂPmFPEé?‘erﬁ@“E dermyia ¢ wascanteingd ke raflivatoed i nt o
the (S)-enafeb@End tRd sdddfd brmm@bhémloméd thé‘@S)Cé?fahﬁ&ﬁé}ﬂﬂltmcdn'@ouﬂﬂ%ﬂt i oner by

chiral HPLC under the fol] owing conditions: umm: Chi ral cel E‘r) QJ- RH; 20
mm | . D x 9B was ﬁPEta'“EBﬂ" e Friiagt srepm . TPB&PE"@PteCF@WP@&Fa kRISt ri es,
Lt d) (S)-enantiomer and the (R)-enantiomer obtained from the SMB resolution were

identical to those obtained above utilizing chiral HPLC.

20 The compound of formula (1) was resolved into its constituent enantiomers on a
Waters preparative LCMS autopurification system. The first-eluting enantiomer from
the chiral column was brominated (at a site well-removed from the stereogenic centre)
to give the corresponding 5'-bromo derivative, which was subsequently crystallized to
generate a single crystal suitable for X-ray crystallography. The crystal structure of this

25 brominated derivative of the first-eluting enantiomer was obtained and its absolute
configuration was found to be the same as the (R)-enantiomer of the invention. Hence,
the second-eluting enantiomer from the chiral column is the (S)-enantiomer of the
invention. Moreover, the material obtained from the extract stream of the SMB
resolution had a specific optical rotation of the same sign (positive, i.e. dextrorotatory)

30 as that of the material obtained from the aforementioned LC resolution.

BIOLOGICAL ASSAYS
Various techniques are known in the art for testing the activity of the compound
of the invention or determining their solubility in known pharmaceutically acceptable
excipients. In order that the invention described herein may be more fully understood,
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El uent: Acetonitrile/Water (60/40, v/v, isocratic) Flowrate: 10 nL/m n Run
time: 60 mn Loading: 100 ng of conmpound of fornmula (1) in 1 nL of

acet oni t rwbeofienop®at ure: Anbi ent Under the above chiralPCHRIS@®1008dBT i ons,
the (R)-enantioner of the conpound of fornula (1), i.e.,
(R-1"-{[5-(trifluoronethyl)furan-2-yl]nethyl}spiro[furo[2,3-f][1,3]-
benzodi oxolyes AP ee Bl ' | raction as a
whi te sol | e BAching B Polcarescls 38 3e 40, 5o T4 BF oo lesk

acet oni t r i |lexamplegatefey illustiativeurpasEs any, and-araivet o3IecconsryedBIsHDItTIGihisl

7.32-6.99 | - J =3.4 H, 1H), 6.67 (S, 1H), 6.05 (s, 1H),
5.89 (d, J('@egﬁgn'flfsy%",ﬁg%. 13, 5.02 (ABq,H)JAB = 153.4 HZH? 2H) | 4.(82, ?72

(ABgq, JAB = 9.4 Hz, 2H); 13C NWR (75 MHz, CDCI3) d 177.2, 155.9, 152.0,
149.0, 142.4, 142.0, 141.3, 13BIOLOGICALEXAMPLE 1 120.6, 119.2, 117.0,

112.6, %09.3, 108.9, 103.0, Ja%d' 3, 36.9; M5 (ES+) mz
430. 2 (%/I + 1), [a]D -17. 46 ?c .I%QI,nﬁ%f\gaa.?Q[?ﬁ/gr%%s-anant I omer of the
conpound of f or nilMseexample deserihes(a®)in Vitro{gsSay for testing and profiling test agents
(trifluoro N 1 L L0 | Ne Sabil, Lol loxol.er S -ind
ol 1 1 1 TR AUF LA B e Bl bkl b, oSl Bl fer
99% ( anal ytancetidoggnoRsior Bétesatagetisipiexpressed ariginat Ehe)gssapis Bixo-useful €, 1H NVR

(300 MHz, T&} ? ( = ? H)y, 6.67 (s,
1H), 6.05 Eas‘v‘%} ",@ 184G fia 93'%§e6d%e‘f§d“5&f@%‘g€'§?&‘§%‘§ ( rﬁgé?blgAB = 16. 4
Hz, 2H)10 4.kdctking) gemgodBd, TBe assayds basedXit) the gBahitivRinflus abddy, deSDBieR) byl 177. 2,
155.9, 152. o, 2 1 , . and29. 1, 123.9, 120. 6,
119. 2. 117.%‘?“%311'6,“ e él(’,edtLéé‘?’g',“%%: %1,(1%%%9%73033. 5 '80.3 58.2, 36.9: MBS
(ES+) m z 430. 2 Thelguadifline[irflul asdal. i04 radiobace® fliDbisay usSYtdiddiarimieEsANRIXE 3
Resol ution of. . } . } [ ! conmpound of
formula (I )a%&,\g&ﬂgl(%e%ft@;g@%gh%rgelsgﬁg?ﬂh&o&#u%g&tﬁﬁg%ﬁ%eeg%%gn and the
cor r espondifogndtRThe assayiuses CoguaBidiectydoonhionide iptomhinatien vithefadbusow ng
condi tigns: r : 5.nL/pn ffinate, /6. 13 [m.n El.uent: 183.18
m/nin Pee dm% vﬁﬁéq%ql]agd Qodumi cﬁ%nneﬁ%odula%rs that pro&uce%almauneg uli’fﬁ.lx, fo

assay the potency of test agents. Potency is determined by an 1C5, caiculation.

Selectivity is determined by comparing potency of the compound for the voltage-gated

sodium channel of interest to its potency against other voltage-gated sodium channels

(also called 'selectivity profiling').

20 Each of the test agents is assayed against cells that express the voltage-gated

sodium channels of interest. Voltage-gated sodium channels are characterized as TTX

sensitive or insensitive. This property is useful when evaluating the activities of a

voltage-gated sodium channel of interest when it resides in a mixed popuiation with

other voltage-gated sodium channels. The following Table 1 summarizes cell lines

25  useful in screening for a certain voltage-gated sodium channel activity in the presence
or absence of TTX.

TABLE 1

CELL LINE mRNA Expfession Functional Characterization
CHO-K1 (Chinese | e Na,1.4 expression has been |« The 18- to 20-fold increase in
Hamster Ovary; shown by RT-PCR ["*C] guanidine influx was
recommended » No other Nay, expression has completely blocked using TTX.
host cell line) been detected (Nay1.4 is a TTX sensitive
ATTC accession channel)
number CCL-61
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Recycling: 407.88 nL/mn Run Time: 0.57 m n Tenperature:
bar The feed solution (25 g of conmpound of fornula (I)

25 0C Pressure:
in 1.0 L of npbile

46

phase (25v0200v/@M2708: v:v) m xture of acetonitrile /methamrolr/useémlowasvaceti c
aci-d)) was injected continuously into the SMB system (Novasep Licosep Lab

Unit),
confi gur at ij
Chi r al PAK-
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It is also possible to employ immortalized cell lines that heterologously express
voltage-gated sodium channels. Cloning, stable transfection and propagation of such
cell lines are known to those skilled in the art (see, for example, Klugbauer, N, et al.,
EMBO J. (1995), 14(6):1084—90; and Lossin, C., et al., Neuron (2002), 34, pp. 877-

884).

Cells expressing the voltage-gated sodium channel of interest are grown

according to the supplier or in the case of a recombinant cell in the presence of
selective growth media such as G418 (Gibco/lnvitrogen). The cells are disassociated
from the culture dishes with an enzymatic solution (1X) Trypsin/EDTA
(Gibcol/Invitrogen) and analyzed for density and viability using haemocytometer

(Neubauer). Disassociated cells are washed and resuspended in their culture media
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Bl OLOd CAL EXAMPLE 1 Guanidine Influx Assay (in vitro assay) This exanple

describes an in vitro assay for testing and profiling test agents agai nst

human or wet2ougloemge- gat ed sodi um channel s stably expre®sgwszoooediBs of

ei ther an endogenous or heterol ogously expressed origin. The assay is al so
useful for determining the IC50 of a voltage-gated sodi um channel

nmodul at i nghep I%fédrlﬁtb|Pblyhb@9éih@ldat§@8§ﬁﬂ;ﬂﬂtesTﬂ’@klﬂ%ﬁrﬂ&r) l(éppb@éirﬁdtegn t he
guani di ne i nfl ux as%\% descri bed Chem

(1998), 4119074001y wehan H@’wt&"ngﬁ%ﬂ%ﬁ%%%aﬁ hP%rSaAfFQid‘i"ot'racer f1ux
assay usedeliéhslRAIsTWIR L@ sddlutk HEPERéredlsalifd &@&%nqeﬂﬁésspglsﬁ%wanne' S

in a high-throu hﬁgt m cropl at e-based format. The assay uses 14C-guani di ne

hydr ochl or Clading idei 200aM bHERES (Pigred)i bmM Calsium Gblofld@;@@%%@aﬁﬁﬂahum
channel g m@h’lbﬁ&é)rﬁnﬁlfﬂﬁégn%%@ﬁo ‘i‘b ﬁ'll\ﬁ‘@ﬁhégg@)t tes %%ﬁgpﬂd%{ﬁncy of

test agents. Pot enc¥ determn | on Ctivity is
det'er m ned-NWyBes g#pdinengdgded mwhdfelltaﬁéwecdﬁsp@djmoentrattqne (Vayingge- gat ed

sodium chagebn l?e%tlo hEbRE&Hoehtink] Be BOLSIFie AAH tralﬁira&qasélgfsz@@gmﬁﬂ&ed

sodi um channe ectivity profi e test
agents is aralkgloid sagraaﬁmratﬂmnreprtmgmntlm;ﬁSlem@) ohapyrethreid sugb@sd sodi um

channel s Oéelfame%rﬁ%enomr&ﬁ% %trﬁ&\ a4 uﬁﬂﬁ@é}ﬁé sﬁé@r\g&ﬁ?{)ﬁ%ﬁrﬁe d as

TTX sensit lve or | hsensi perty 1I's use I'ng the
acti vi 19 es' GfgL@malmetfwg@cglaﬂd;ej(ﬁﬁ@utgmaalsanerfbnk thrbugntheveltagergated sodiumsi des i n
a m xed pogudAkjson Wi th other voltage-gated sodi um channels. The follow ng
Table 1 sunnarlzes cell lines useful in screening for a certain

vol t age- gat ed sbﬁ&rmmgdhaeellsamth testt agenhandhactipatiséadielabel raibstieerdiee of TTX.

TABLE 111 b2l pROSSIdY & ﬁt@)la‘?@@%r@ﬁnétﬂg}%dta?gh{)féﬂt fefidergtid® o lmif-gm

heterologous press Vot annel’s oni ng
transfectithe Imubammﬂmﬁﬂly-&ﬁ.}@fnemeted(&jmtplbieaese extensivauvwashedtmtbse skill ed

D" LRSS sfeREATRAn St Riamd, 96 ey SRRl 7 ()
expr essi ngScintiplates aregdriegand dherochuntadursing @ Watidc MitreBeta T ribwe(Rgriamiiraecor di ng
L) ot voPBid Shefles i A7 Elind B ITBBE Bl i,
di sassoci agetivity is determined by comparing the amount of *C-guanidine present inside the

cells expressing the different voltage-gated sodium channels. Based on this data, a

20 variety of calculations, as set out elsewhere in this specification, may be used to

determine whether a test agent is selective for a particular voltage-gated sodium

channel.

The ICs, value of a test agent for a specific voltage-gated sodium channel may

be determined using the above general method. The 1Cs, may be determined using a

25 3,8, 10, 12 or 16 point curve in duplicate or triplicate with a starting concentration of 1,
5 or 10 uM diluted serially with a final concentration reaching the sub-nanomolar,
nanomolar and low micromolar ranges. Typically the mid-point concentration of test
agent is set at 1 uM, and sequential concentrations of half dilutions greater or smaller
are applied (e.g. 0.5 uM; 5 yM and 0.25 uM; 10 yM and 0.125 uM; 20 uM etc.). The

30 ICs curve is calculated using the 4 Parameter Logistic Model or Sigmoidal Dose-
Response Model formula (fit = (A+((B-A)/(1+((C/x)"D}))).

The fold selectivity, factor of selectivity or multiple of selectivity, is calculated by
dividing the ICs, value of the test voltage-gated sodium channel by the reference
voltage-gated sodium channel, for example, Nay1.5.

35 Accordingly, the compound of formula (1), the (S)-enantiomer of the compound
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fromthe culture dishes with an enzymatic solution (1X) Trypsin/ EDTA

(G bco/l nvitrogen) and anal yzed for density and viability using

haenocyt owetert/qodwabauer). Di sassoci ated cel | s are washedTasdowesuspended
in their culture medi athen plated into Poly-D Lysine coated Scintiplates
(Perkin Elnmer) (approximtely 100,000 cells/ well) and incubated at 37 C 5%

rEpES. but 1 9 emaa i Tz fle (RSB AEkE fBEIch, thihe (R gt tne,
HEPES ( Si gmpoqndmf/fanmukal(l)nwhan tested én this asshpclenoosimateCioitagedated. nmvi

Magnesi um g@rﬁgﬂcﬂgnne?‘ﬁlo q% ?ﬁ\fﬁ%ald%ﬁ%q tasff ﬁ b%o%v i tﬂ(?eéj W th LNHBSS

and then a to eac S|re conce |on arying
concentrations of test agent may be The activation/radi ol abel

m xture contains an aIkaI0|d such as vera?rldlne or Aconitine (Sigma) or a
pyr et hroi d ch db ettarethri; VCIIUIII rom-the—sgot pl of |_c ts
quinquestr|a§ tlaeus (Si grfee™sANa®e. guani dine hydr dEHIWMYY de (ARO) to

nmeasure fl ux th(1)ough1t-{lﬁe(trm0cbrbragﬁylmﬁreﬂ sodi um channel s. Ad.oarr | oading t he
cells with est agenyllretoyagiolfuraf2j3eli1,3]aehizodiadboel7,3H|xt ure, the Pol y- D-|Lysi ne
coated Scinti pl at es |indell-2'titMeaeed at anbi ent tenperature. Follow ng it he

i ncubation, | t hg_gyol yly&:4.y5] bntplates gre extepgyvel y washed
wi t h LNHBSS sugpﬁem(? 1 kt%ﬁg&%ﬁﬂ”%@&&@@7 3.The Pol y{ﬂ%d-oLysi ne cloat ed

Scintiplate amo@.z H)luae count ed usi ng a Wil lac McroBeta TrilLux
(Perkin-Elm g The o thetiest—age U btoct

vol t age- gat { rl1I | me\};y ?j nzogaxoen:}é]ed by co%§| ng the| amount
of 14C-guan 2. . ?s expreSS| ng the different

vol t age- gat c el R sed-on-this-datala-vari-ety—of

TGy

cal cul aPions, as set out elsemhere in this specification, may be used to
det er i ne whet hahe@oﬁmtramﬁ@bpmge&elhﬂ@ﬁshmoifmé (s) -SrntibMef arthe/mvéaw@w gat ed

sodi um chann val e of tes ent eci fic voltage-gated
o um chara e Rt it 1 B {1 I8 U R atR e B The. 1 (o0
may be det @aaareedestsltmga #1%indihg .é&heﬂ# tes 101553s mat Géscﬁbé mse@uﬂwbréate or

triplicate with concent r atj on_ of or |Iuted serially
with a fin&Veadh %WP %a%r}‘ﬁgs)r%r?m?'ﬁsr ¢fithe WﬁntW&rﬁ?mﬂ"éVateﬂér?&WflcaP Yand | ow

m cromobar highes §%: >To00ifek) Invibitida daité-ﬁc?%gélhstqml@ﬁﬁﬂhrtﬁ«% infitiePhéresdmpaareqt i s
set at 1 mM and seqijentlal concentrations_of di lutions greater or

smal | er ar d° Higgphigitory potgneypfthepgrrespanging (RIeenastionier- 10 nM and 0. 125 nM 20
mMMetc.). The These results favor the use of the (S)-enantiomer of the invention over the (R)-

enantiomer or the compound of formula (1) (the racemate) for the utilities described
herein in that a higher pharmacological activity may be achieved at lower dosage

15 levels with possibly fewer side effects. Moreover, the (R)-enantiomer is a very
important tool for safety studies because it allows one to distinguish between
mechanism-based effects (those mediated by block of sodium channels) and off-target
activities that can be eliminated in analogs without compromising efficacy. If an
adverse effect is mechanism-based, then the (S)-enantiomer will be much more potent

20 then the (R)-enantiomer, as secondary sites of action are unlikely to have identical
stereoselectivity and the two enantiomers are likely to have similar effects, includihg
potency, on secondary sites of action.

BIOLOGICAL EXAMPLE 2
Electrophysiological Assay (/n vitro assay)
25 - HEK293 Cells expressing hNa,1.7 were cultured in DMEM growth media
(Gibco) with 0.5 mg/mL G418, +/-1% PSG, and 10% heat-inactivated fetal bovine
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| C50 curve is calculated using the 4 Paraneter Logistic Mddel or Signoidal
Dose- Response Model fornula (fit = (A+H((B-A)/(1+((Cx) LD)))). The fold
sel ectiviwg,2ofizoe™8 of selectivity or nultiple of sel ecPC¥iUSg)10i080187

cal culated by dividing the I C50 value of the test voltage-gated sodium
channel by the reference vol tage-gated sodi um channel, for exanple, Na/l.5

Accor di ngl serunhat ﬁd’mmtdrﬁ% Q. f %WIb&rddWsnobb@al(r&or&ﬁ%@tcbﬂ’é@ére‘?flatbﬁ%n
conpoundof m% %F%I )li.e., the (S)-enantioner of the invention, and the

(R - enantlo e conmpound of formula (I)1when tested in this assay,

deronstrat ed volWkieegyateridingslivers sxaaivisd b f&sﬂéﬂﬁsﬁé}j MEthbdd btwiRaaEapt hNa
1.7.as set fﬁ)rth bel i n, Tabl egﬁHTABLE The concentrati on-response

rel ati onshiVB"395cl3mpR.(5ean etal sing an AxorateNe?A0BAMRlfiar anstClappexnant i oner

i s showa. wsdfwgur(Axohln&henmé l%l&ﬂ@‘fﬁ@ﬁl)”ﬂll%ﬁé&nﬁé?ﬁs \k/@t%sﬁe?BHﬁédeét best fit
to a 1:1 bi %gﬂ |sot§ﬂerm the | C50 St hat describ hese curves are given

in Table 22 Uiy iEprbodes WFWJ“PTW@H‘PF’&?H%W% pbE-4dMahms
si gni fi cantojtage gﬁ‘@g ahd capacitark@QfMitaets terd MHiRizbd B sBRs QnXtﬁﬁSé" nst hha 1.7

in this nodel when con(fared to the inhibition potency e correspondi ng
(R)-enant i GREPENSAYR an %F%@*&?&Peﬂﬁmﬂs@sﬁﬁw’(ﬂb @syawa@pqwmratdm t he

i nvent i on &¥rantifikereiRht 5 RAZNThOBREMA (bl sEARALMIsRd JrANARH Bad tv( t Ne

es descrlbed hefein in a hi

ool ot M Sat 2 iy Mo Ia&hmweHEaEsxmA@M)@@augect Teedntemal ¢ h

ossibly f étt iseiatieH [ | r
Prrporta%t i% "s‘gr ;afiﬁkgdudgglggﬂggyggpﬁagfﬁg %(lanﬂ'?)d% \oﬁgdulesh

bet ween ne EPES 6L EPTALIQ), tahb%e. nedi ated by bl ock of SOdI um
channel's) and Oﬁ'B'etsﬁrhgl@tth@%bW &tlat%saﬁ.m of €8fAp o@'fbﬁhé‘?ésﬁﬂ 3R anal ogs

wi t hout conmprani sin an verse effect 1S nec anlsmbased

then the (%)actyaied ?‘g??é?f ”W ‘F"la”B@ (I‘FU%W *ﬁio'ieép(ﬁﬁi't/@!m 12/8¢ms testoylsgs-tenant i oner,

as secagdaidgpsialifisy Witagés freth ~8b o 40 hitehom ta%ramg;;qt&ﬂm 6820 mv wa
st er eosel ect 1 vi te/?@ nd the two enanti oners are have sim ?a

ef fects, i NEEdhiA sRpsipeat EWé‘iﬂt'VQHa%f@!ﬂﬂl&?NPSs@*t\/@yn@ﬁ) vpitage reaCthe@eaRiof
N
EXAVPLE 2 %@Mé@@&%m QQW%as'%%%aﬁsﬁﬁé&e& M%}ﬂ@@@u@gﬁ% r&‘%r ofthe

expressing hNa 1.7 were cul tured g
ng/ mL. 418 exwmﬂ%t Paieady siate inpetivation-(avrilebilityh curves werel themoonstuetediyat 37 0C

and 5% OO2 meziri) e elnetibsehivoblitii 4 898 B8Huse it Seblrt ed on 10 mm
20  conditioning pulses to potentials ranging from —120 to —10 mV.
The steady-state voltage-dependence of binding of a compound to a voltage-
gated sodium channel was determined by measuring the blockage of the ionic current
at two holding potentials. Binding to rested-state channels was determined by using a
holding potential of -120 mV, so that maximal availability was achieved. Binding to
25  inactivated-state channels was evaluated at a holding potential such that only about
10% of the channels were available to open. The membrane potential was held at this
voltage for at least 10 seconds so that drug binding could equilibrate.
The apparent dissociation constant at each voltage was calculated with the
equation:;
30

% inhibition = [Drug] X100

([Drug] + Ky)

35 where Kj; is the dissociation constant (either K; or K;), and [Drug] is the concentration of
the test compound. |
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Whol e cel |l recordi ngs were exam ned by established nethods of whole cell
vol tage clanp (Bean et al., op. cit.) using an Axopatch 200B anplifier and
Cl anpex swOt2emrm®2708xon I nstrunents, Union City, CA). Al PCEA[SRI10MNRITBE wWer e
performed at anbient tenperature. Electrodes were fire-polished to
resi'stances of 2-4 Mohns Voltage errors and capacitance artifacts were

eapect  vel y. - DAceranL e ERRPoGRI AR O v RS SRRRPIEF AfRe SHRPEIT, O™

ext ernal ( lohfdmnuledl) i, tive (Sjmaeﬂimbr@f theNa@nti¢ri, 40dtihg (R)iBRNY@nerdf theCaCl 2 (2

2‘5’ ut :vgg:l (2:0%3| ngd"f f{?ﬁ,PES(,)w %E%t"ﬂg{g Z‘&a‘?ﬁ g&%&%&%&g@.@%&%&a a (10),

CsF (120), reitediSogetiGlate BOT fhe(ihdgtivatat state of IINa, T0 as set forlh belowdn Taldady - st at e
affinity of conmpounds for the resting and inactivated state of the channel
(Kr and5Kj, respectively), 12.5 ns td#&BLRUH ses to depol ari zi ng vol t ages
from-60 to +90 nl/from a holding potential of -120 nWwas used to construct
current-vol cagpounel at i onshi p&:l{e\m'éél nu.hyes) A vollt aggumgar th,q},m:ﬂ of the
| V-curve (F30—1o00 uac e test pw se—throyghout—n mai nder
of the experinéht. ) ﬂ%ﬁ%vatéon 4i | abl®i t y)) 21 Jwer

t hen constyucted by A?@{@ uf’[ﬁé ]%'K'? '?ixc‘? |\7at ed during a 8.75 ns test
pu| Serf0| | bwi ng 1 cnr\n rl n |1' oni ng n||| ses—-to rnf entials rang! naJdf rom
2120 to -1p mER)IThe (R ﬂfﬁlomf@thYbfP'taa@e-de enderce &#6%i ndi nPuM 4
conmpound tp a volta @g%twap'@swpwrf&hélhﬁ@pd'm detler ni ned by neasurijng the
bl ockage of the ion ktf'Bieat two holding potentials. Binding td

rest ed-stat e ghsynnel(s)-mis-(tromehypidrape- usi ng a Hol di.tey pof estoumd of -120
nV, so thal maxi mal|yBmethyjapitolfurof2, 3A4is 3jaedrodinete-7,Bt|ndi ng to | nacti vatled- state
channel s was eval uajinddl]-2{1')-dnel di ng potential sugh that on]y about |10% of

t he channel's were aval [abl e to open. The nenbrane potential was held at

this voltage for | east seconds so that druy oul d
equili brate. Thé°‘ ﬁ?teég’!é'&sﬁd??%tﬁ ‘ESR@X’%}ﬁ“t'g@“%‘éféhe &M?@t%és flas

cal cul at ed gdtehortvaRageddEenasnt n%d.ﬁéalobhmam Favi éllb]/v éﬁﬁﬂ@@or(th@f ug] + K)

where Kd is the dissociation constang and [Drug] is the

i t her
concent r at i '§ptegfc %%St?@sqnd&)rr‘l'ﬁﬁéﬁﬁ!tﬁ@é Pﬁ‘ﬁ!"?"edtsf?ée cB%%Eﬁ?H'&F of formula
(1), the (Sdentiiritate® iRt tHef (S)-BAamtOMR? Wad about 5 times more potent in binding to the

inactivated-state of hNay1.7 than the (R)-enantiomer. Furthermore, the resuits

demonstrated that the (S)-enantiomer is primarily responsible for the potency of the
racemate, i.e., the compound of formula .

BIOLOGICAL EXAMPLE 3
15 In vivo Assays
Acute Pain (Formalin Test)

The formalin test is used as an animal model of acute pain. In the formalin test,
animals are briefly habituated to the plexiglass test chamber on the day prior to
experimental day for 20 minutes. On the test day, animals are randomly injected with

20 the test articles. At 30 minutes after drug administration, 50 pL of 10% formalin is
injected subcutaneously into the plantar surface of the left hind paw of the rats. Video
data acquisition begins immediately after formalin administration, for duration of 90
minutes.

The images are captured using the Actimetrix Limelight software which stores

25 files under the * llii extension, and then converts it into the MPEG-4 coding. The
videos are then analyzed using behaviour analysis software "The Observer 5.1",
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of formula (1), i.e., the (S)-enantionmer of the invention, and the
(R)-enantionmer of the conmpound of fornmula (1), when tested in this nodel,
denonst r avecowideTe8t i es for the rested/cl osed state andPCihaScoamsirgat ed
state of hNa 1.7 as set forth below in Table 3: TABLE 3 As denonstrated by
these results, the (S)-enantionmer of the invention is a state- or

vol t age- de t Iff b ; ' ; Mol 0 he
rested/ cl ogggggﬂgftgﬂgh%é g{fﬁﬁﬂlgﬁlﬁf I&IF]rIVo;[Io}g? ?Y)Vra B?ﬂ@g%rﬁggé‘?ﬂ%&r{[&géﬂdssﬁ.aﬁ'gg The
resul ts denvisiestanalydiglisidoae by meatghi)g tha animad hehavigus and scaring earhraeconding tpot ent

I n bindin | ' - ; ; ; ; n ' r.
Furt her rm?é%ét EEEP%@%?Eg%h%nif?@aﬁee% %OE};@)USDH%S(?!E%E%%# 5%? fﬁ;&dﬁ%ﬁfﬁm” |y
r esponsi bl éehayioursinclide:drRorotal behaviows dMepuiting nceweightian the ppeu@iraisingor nul a

(1). Bl %%‘éw Xﬁk{g i c [ | t) The

formal i ng_??s] | sRuse |h§/gfﬁg§%5%{:régéprﬁ§rgl?eﬁav@f g%gﬁ 02" %gléllr':\ﬁy ?ﬁé’%‘%g ‘?%r mal i n

t est, ani ndickingrhitingraind stratahixigi of the iojgcted palwandgitaie iaglaitsrespanse. dhalgesic on t he

day prior t ' ' . t , Lmal s are

Fandon . i Fhag0tpTBRbn FGh cbiiboitil® g bl Bt SRiredtlonle

admi ni st r atfloonwittbGo olvicsls fa@yingpexcassive lickingnbiting enscsatthing efiteeingdcied nt o t he

pl ant ar rsnl:‘rsgq‘pe of the left hind paw of the rats. Video data acquisition
Ia

begi ns i tely after formalin adm nistration, for duration of 90
m nut es10 The i neipalysianéthedptmaliedesi siatags tlhre dacording toi two faaterki (§hPeeht war e

whi ch N . ; ' i . i h
e Lo kbl Eea AR S B R R AR, 1L e
sof t war e " Tdatcubestywaeseries Df steps rvehepa the. fist i\t sins theriéngtmatt namenof@ahnol ogy,
Wageni ngen,

r.l.an Jhe Vi nal ysi s i . hing the
ani mal | behaAraneUR a2 ol eathieBitdtnd YIS e RERE Rh R e
| engt h of tdbtaibediawaveraginghallbscosesomithimtheehicletrealrdit)groupc drhedollosdiray i our s
i nclude;. (1) ,nor.mm|. V| 2) putting no weight on the paw, (3)
raisi ngT5t heg%%\??,t'g?&'fﬁsﬂta%‘.{"ﬁﬂi B?ng? %‘Ioé ea?h g%'ﬁ‘g‘[?chi ng the paw. El evati on,
favoring, or excessive licking, biting and scratching of the injected paw
indicate a pain phespeRse, AN esic.response or..nrotecti {,r.-om conpounds
o ndi cated | 1 WEERA Su00s RlitgTad SOBREREe FRaBR el <180kl ous
favoring, excessive licking, biting or scratching of the injected
The pain score is calculated from a weighted scale as described above. The
20  duration of the behaviour is muitiplied by the weight (rating of the severity of the
response), and divided by the total length of observation to determine a pain rating for

each animal. The calculation is represented by the following formula:

Pain rating = [ 0(To) + 1(T1) + 2(T2) + 3(T3) ]/ (To+T1+ T2+ T3)
25
CFA Induced Chronic Inflammatory Pain

In this test, tabti|e allodynia is assessed with calibrated von Frey filaments.
Following a full week of acclimatization to the vivarium facility, 150 pL of the "Complete
Freund's Adjuvant" (CFA) emulsion (CFA suspended in an oil/saline (1:1) emulsion at
30 aconcentration of 0.5 mg/mL) was injected subcutaneously into the plantar surface of
the left hind paw of rats under light isofiurane anaesthesia. Animals were allowed to
recover from the anaesthesia and the baseline thermal and mechanical nociceptive
thresholds of all animals were assessed one week after the administration of CFA. All
animals were habituated to the experimental equipment for 20 minutes on the day prior
35 to the start of the experiment. The test and control articles were administrated to the
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paw. Analysis of the formalin test data is done according to two factors:
(1) Percent Maxinmal Potential Inhibitory Effect (%WPIE) and (2) pain score.
The %Pl ByOi28110mk8l at ed by a series of steps, where theCiusge10i08018D sum
the | ength of non-nornmal behaviours (behaviours 1,2,3) of each animal. A
single value for the vehicle group is obtained by averaging all scores

Wi thin theayidls; hfd the FREIREStve Hirashbids Wiste I ds Qi defed it pdits Wftet ds the
MPI E value for each animal: MPIE (%9 = 100 - [ (treatnent sum average
vehicl e yapU{Q)adﬂ‘"l'ﬁmT toﬁfﬁeﬁﬂ}iﬁ‘%t@@@?@%@ r@ﬁ@p@%ﬁsapeach Pfdh‘? é'x\_%?'bﬁrm%d scal e
as_descri bagda@fise Thditeidité Ly @érebh@vi&%%@t&%nédﬁo%&vﬂt@ﬂi%s‘?y t he

wei ght (rating of the severity of the response), and divi ded the total

| engt h of @palgesiaeffeshfor sachtesapmpeuad.pai n rating for each animal. The

cal cul agion is ibPuh i thel R FdinBaRNehsHtibR&r= [ 0(To)
+ 1(T1 ? + 2(T2|)Tﬁ€(%%'?"§§' é/)%{ H‘Iégniéﬁkl"bqghﬁl%f @F’%‘;‘?‘d?ﬁhrﬁﬁ uclgg‘% ronic

| nf | anmat oMerePegnipared wsingsbate ofal and tapidabdesing dyiglre 2i shows acomparisarn of

cal i brated : Ll an |0 fuhl k : i Lzation to
Che. Vi vari g fiacier B el g fomE b Rnighbn i tnd P erhidt i iret ) (20

enul si on ( dpPsinguEaTRIGHtioMerarasoddsed at 1GS0( 10019r 200uhg/Kgn The plasmencent r at i on
of 03 M0/ EhcalffStidncREVES Wil BELH ARBIUER! dfsd dltEmlifisy MARL AveRll EASAROT the
paw o I g es

| eft hind rats under I Sof I urane ana esi a. Aninal's were
al | oned0t o respopse(as theotnindieasefzars baseline thaeshold) ds plattes asefunptionmiiplastda

nmechani cal cQﬁ’Eénﬁ ive thresholds of all aninmals were assessed one week
after the admnistration of CFA. Al animals were habituated to the

experi ment al eqlhe (@renahtiomethadi agreater maxintak effiegt when dosedoatt296 nmg/Kgt of t he
experi nment . ! ; I (i ¢ S0k : eani mal s,
and the noc-:rihgzg)t %@E'?ﬂgg%ﬁi’%}vgé %\/\n/?a"erﬁ{(gl H@aegﬁlra\éﬁ{a}tﬁgﬁtﬁh%Eﬁrﬁ%q%%lénr{is after
drug admi nidose lgvéloThisovaseareuneixpectehanduwalsyefindinge fsenersequeneadhe oket he si x

avai | ahle t -Th | i I teerm ned to
how {HE. bR eareads. B bttt forBEty; hgia REETHBpul 218Gk
(S) - enant i eneessof thelivadtive enantiomes rie. , tthee(R)eanastiqroerd iAvgordRplye thentse axintine wer e
conmpar ed usky ' | i > 2 . arison of
the effi ca?@%ﬁhﬁ %@er?@?ﬂ]eeﬁg%?tfog%o%ﬂoqrg?@elnﬁ)m\}eéﬂ? F%ﬁ(eﬁ?l@q)%bwd—rgnant i oner
with oral cefficangwittEmiimairchancoofemcoartergsaftitaget botivite3, that@de oot 200 ny/ Kg.
The pl asma @.g&«g&%ﬁﬁéi on achieved with each dose was al so determ ned and

the reversa

20 The (S)-enantiomer of the invention was also administered topically to the
animals in varying dosages (1%, 2%, 4% and 8% (w/v)) and the nociceptive thresholds
measured at defined time points after drug administration to determine the analgesic
responses to each of the available treatments. The time points used were previously
determined to show the highest analgesic effect for each test compound.

25 The response thresholds of the animals to tactile stimuli were measured using
the Model 2290 Electrovonfrey anesthesiometer (IITC Life Science, Woodland Hills,
CA) following the Hargreaves test. The animals were placed in an elevated Plexiglas
enclosure set on a wire mesh surface. After 15 minutes of accommodation, a pre-
calibrated Von Frey hair was applied perpendicularly to the plantar of the ipsilateral

30 hind paws of the animals, with sufficient force, measured in grams, to elicit a crisp
response of the paw. The response indicated a withdrawal from the painful stimulus
and constituted the _efficacy endpoint. Testing continues until the hair with the lowest
force to induce a rapid flicking of the paw was determined or when the cut off force of
approximately 20 g was reached. This cut off force is used because it represent

35 approximately 10% of the animals' body weight and it serves to prevent raising of the

46



response (as the % increase frombaseline threshold) is plotted as a
function of plasma concentration. The (S)-enantionmer had a greater maxi nal
ef fect whwo 2dogwe7oat 200 ng/ Kg. The (R)-enantioner achi eceasaoneenishi gher
pl asma concentration at an equival ent dose |level. This was an unexpected
and unusual finding. As a consequence, the use of the racemate, i.e., the
corpound bnttOfih e olthe uIPU At AL whieh RBOH cnandnt BLflreBrifgs of Lhe

i nactive enantioner, i.e., nant 1 ofrer he use of the
(S)-enanti simmlus)fTheW@ta werw(b@ﬁsw)aﬁ pbrgerﬁa‘tcre;aserﬁtpnnbasalimmthrdshmdl i hood of
obt ai ni ng ﬁ{e%ét%? m ni mal chance of encountering off-target
activities no stereosel ective. The (S)-enantioner of the

i nventi on was anm)(Sérdnamlpmeeoﬁhenmpnhmi Whet testdudn s makds!, demeorestnated) dosages
(1% 2% v t i ve threshol ds measured at

defi ne ée 9%{@5&%’?& segquth &ﬁp ‘ilon to determ ne the anal gesic
responses to each of the avai I abl e t I._Tgrgnts The tinme points used were
previously determned to show the h| anal ge5| c effect for each test
conpound. The responserthtesholds—of t.e ant+rats—to—taect+t+e—sti mul i were
measur ed using the Mdel 2290 EMelocreasedirbmBasahinet(GER)i oneter (HTC Life

Sci ence, odland Hills, CA) followi ng the Hargreaves test. The aninals

were pl aced igbngfouRd €VRtes tdpicxi glg@togn,gi osu%qoﬁsﬂ DN g8, tdpic@ NEsh surface.
After 15 minutes of accomodati gn, a prec | i brated Mon Frey halr was

Zﬁ%??,pﬁﬁ“s@ﬂ 2f'em Ate, readsrdd ip #oRe, fo ofP80t al ericp
response of—the—paw—Fhe—responsleindi M*e a—withdtawal fmm he pai nf ul

stinmulus and constltut ed t he efflcacy endpoi nt. Testing continues until the

gal rowit hdt he | mue@) ehﬁlﬁti‘o@nér@f thedmamtion BBP% % lahe B @vef shotved ve 3ws
eterm ne

t he ff force of a matel 2 was reached.
Thi s cut - ofihe S bre desbistics sawdlodrawa e Tl SIBresRRRY BHge0%% of ¢ he
ani mal 3 bpdbease frotbasalhel (IFB) & WaRatearPs fc gffdbs i THe dialdeBiR@fFbétfer | | Mb due
to the use, of ztlffer hairs, .ch wou] d change the ture of the stinulus.

The data whPdSERpNiowERIngeas Wl%*ht"cf%&"&é@éesf R)?ﬂtB%EBﬁFﬁé’%hFeé%?d

measur ed i BY%AWATBwhidHShdwed- tﬁ@mwnmmbeeénmhs at FYBNY. OThe m%qwm)%tsagel n this

nodel , denonstrated an, anal geS| c effect as set forth below in Table
TABLE 4  group, however, did not demonstrate an observable increase in von Frey mechanical

paw withdrawal threshold. The results indicate that the (S)-enantiomer have analgesic
15 effects in the CFA-induced inflammatory pain model in the range of 2% to 8% (w/v).
Postoperative Models of Nociception

In this model, the hypealgesia caused by an intra-planar incision in the paw is
measured by applying increased tactile stimuli to the paw until the animal withdraws its
paw from the applied stimuli. While animals are anaesthetized under 3.5% isofluorane,

20  which is delivered via a nose cone, a 1 cm longitudinal incision was made using a
number 10 scalpel blade in the plantar aspect of the left hind paw through the skin and
fascia, starting 0.5 cm from the proximal edge of the heel and extending towards the
toes. Following the incision, the skin is apposed using 2, 3-0 sterilized silk sutures.
The injured site is covered with Polysporin and Betadine. Animals are returned to their

25 home cage for overnight recovery.

The withdrawal thresholds of animals to tactile stimuli for both operated
(ipsilateral) and unoperated (contralateral) paWs can be measured using the Model
2290 Electrovonfrey anesthesiometer (IITC Life Science, Woodland Hills, CA).
Animals are placed in an elevated Plexiglas enclosure set on a mire mesh surface.
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The (S)-enantioner of the invention at 2% 4% and 8% (w v) showed increases
I n the von Frey nechani cal paw wit hdrawal thresholds as expressed by

per cent iwoneans®2fosom baseline (IFB) to indicate an analpggdiseoiefofi@sr. The
anal gesic effect for the (S)-enantioner increased with increasing doses up
to the highest dose tested of 8% (wv), which showed the maxi num percent

| FB at  +45 Ak% atliéat WMWté@of%@élﬁﬂ&zﬂﬁdﬁ“Bre-&ﬂ%Y@d Vv @Fr@y'ﬂﬁﬁs ﬁrﬁ%ﬁfe ate an
observabl e 1 ncrease in von ani cal paw wt dra The
resul ts i ndemendicylaitothrplagar meuot)h@th pRws of theanieals in asrasserdingn t he
CFA- i nducegddpstm H%eﬁ@'g’heﬁo@vﬁﬁ sufﬁmérﬂ%rrc@?&%&fe s@%ﬁttbgclg OMRE hajr

Post operative Models Nocicept I on hi's rod ypea gesi a caused
by an i ntr&#gpinakibe pavnchstm cpmfinued uptiihe Bainwils thedowes) farpmioyindupel g caridis ed

tactil egstinpy nb of @\ﬁtpPﬁ/ |§’3¥Ye héd of WerfRb fWoP%dcff% ro&@%é@?% éf m the

appl i ed Stl nmu s are anaest | Ze uor ane,
which is deeaqmﬂeahlsput Qif fn@ges gsaddecause ltmpresngi appdxiraatelyri®¥% dfidhewas made

using a nu%gﬁalégo% gﬁlantallla&‘?vés%hré‘?/sﬂg‘gﬂ rofﬁ'?eofrﬁﬁe %bﬁﬂ@t#tﬂégjgsgiogd paw

t hrough the scla, start from I oxI f the
heel and estiferdiairg Vtmnkanmddclhmgedh;@natﬂmdfm stgnulbe i nci sion, the skinis

apposed usig,r, : L | . Sp The injured s_i te is covered
wi th Polys a L HI b.ﬁ% |c3¢$ tr&t%urned to their home cage for
over ni gt r ecovdnm this Model van appreximateltyrd as iroisits wés madertireughdhe skiniand st i nul i
for both o .r 0 I ws can be
measur ed ugﬁg"ggﬁ a(tk}gy#ﬂﬁ%%b% H%r ovon r%@/ﬁgﬁe lﬁ%'{sqaé Ao f‘éféc%\eﬁ
Sci ence, Whiatlearitie ifi Sciatic @ajve wasi expbsedavia blohtdisskclion tnoughdhebieep sl eX| gI as
encl osure e ' f _
acclimati za #gﬁ%g"r%gr%a Hﬁﬁﬁ.géﬁ%%%ﬁﬁ%&é 'EO& oosgﬁéétgée |"Pgé§“%§?'8§ﬂ&ﬁ‘%u| arly
to the pl arscitic senvé asing 40 mmtﬁegnwable)étemllzed arlk smlres iahintanvais ofehii Zlgmmr der
of 't he Tai 170A0ai Te EhpiR oplte odielibpihi< b RnebSh i et @SRoPetiftn ehe "
| owest for dbe smatlcn'@mean/iaaerr vipwell Gndet kidiggecdiontrhierqsaope at aomagnificatienl ofJ4 when
the cut off. fon pproxi mat.el y .2 I.s.reached. This.c ff force is
used becaus%|d '?E‘Sg 'ﬁe"ﬁ’{apﬁéﬁ’gﬁﬁamegﬁﬁ Si'ﬁ“/% HVEN gs SWWP&EB®JVHW| ght and
it serves tmarpptdaftmnt Alnalbzm'tergal oihtrhdre wastappimd du@tl;dm&) the wolned,ussel thé stiffer
hairs, whlch eth at tinmul us at hi ai,n
model | Chr MY R FERC i HortBrd iy matariirfs dipied bR ids BRdC
i nci si @y was smadmdlﬁysptmgh/vémay sl&n plosune with surgical clips.
The response thresholds of animals to tactile stimuli were measured using the
Model 2290 Electrovonfrey anesthesiometer (IITC Life Science, Woodland Hills, CA).
Animals were placed in an elevated Plexiglas enclosure set on a mire mesh surface.

After 10 minutes of accommodation, pre-calibrated Von Frey hairs were applied
25  perpendicularly to the plantar surface of both paws of the animals in an ascending
order starting from the 0.1 g hair, with sufficient force to cause slight buckling of the
hair against the paw. Testing continues untii the hair with the lowest force to induce a
rapid flicking of the paw is determined or when the cut off force of approximately 20 g
is reached. This cut off force is used because it represents approximately 10% of the
30 animals' body weight and it serves to prevent raising of the entire limb due to the use of
stiffer hairs, which would change the nature of the stimulus.
Thermal nociceptive thresholds of the animals were assessed using the
Hargreaves test. Following the measurement of tactile thresholds, animais were
placed in a Plexiglass enclosure set on top of an elevated glass platform with heating
35 units. The glass platform was thermostatically controlled at a temperature of
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the fascia at the md thigh level of the animals' left hind | eg using a no.
10 scal pel blade. The left sciatic nerve was exposed via blunt dissection

t hrough twie 2biloepmsf enoris with care to m nim ze haenor Phagisac10enBs7 | oose
ligatures were tied along the sciatic nerve using 4-0 non-degradabl e
sterilized silk sutures at intervals of 1 to 2 nmapart. The tension of the

| oose |igatures. i ) ght t o ..nduce. slight ¢o I cti f.the
sciatic ge?@%mmgﬁe&/#‘g&ezg%gﬁgggl tg?t&p@g.ec 'i"@rlus ﬁ%rgra@g\@%& %tcog‘ﬂqr?gaﬁ qucat i on
of 4 fol d. 10minites Bliawing placerment irto itheeéncldses Ureil all explaation bedavieumas exposed
Mhto the wotie Ja MPHe 4o T enual e i Cials? aoRlogtie Miten TG aRBBpaS oY
Blet adi ne W&ﬁlsaﬁm wwuwmltto apple aLrusiad\te\eahbleaim ﬁomwridetémdih;tgs gla{ssalulatfmd toy Slki n
cl osure_wi ur.gi ¢ clips,. The respanse shol ds, of .anim to tactile
Ct il 1 Swelte PGS iEod of BE nividanb o DRB3 8 st BB b ine g Bed ablve ot er
(11 TC Li f e intensitp ofthe YiéaiHoarue wirk Iset atG 9nd 58 vespactivelp rand aut eff time ofr20el evat ed
Pl exi gl as encl osur e seé on a ni.re sh surface. After 10 m nutes of
accommdat SBFPNISWES U5PY 19 RV (R C9EPSRai rs were applied perpendicul arly
t? tth_e pl ?nt artsué(t)syf.i‘énaaﬁorb@{vbam a@éfc:c wmth@rdo]ffééﬁorid{mgam)-aﬁmm?iengtnarder
startin romt he, 0. r, wth.s en orce to cause,sli

buckl i ng. ofsqamatseoipatig il i aninerEl MRge! uBhg foricat SBRERIOR offhg + wi ¢
the | owgst ak@ke€ibed forMkBICEA anddepP(sde Figuek8)) oEath tédicompvundswaet er m ned or

when the cut, of f fqorce of .approxi nate 2 Is reached, This cut off force
i s used be@QMStP’tegraéﬁPé’é"B’Hggt%‘ﬁ e % Qé’?‘ﬂ)'g f‘@%'ﬁtﬁmt‘ﬁ'g‘ BHRdHENRY body wei ght

and it ser \sefvifiéd dPtRéE Mo ERdrlioR@rdas Vditage-ableteoliufcharAeltishibitoes, waky Of
stiffer hairs, which would change the nature of theWngl(%i-gnTh'er nal

noci cept i vd& P eoapomer of therdavenfiomn faversgd PainJesRAnses) § IUePIEaves

test. Fol | qadng sighfficamanite SeErdm Bhsdiné.t Bbh thé(S)dHahtismeradhdihé Facefiate Pl aced
in a Plexiglass,enclosure set on to an. el evat ed Sl ass ormwth

f I
heat i ng®unishew sipjlar gereeat 'mraﬁedmﬂnhgge?iﬂﬁmhéﬁbéﬁm fosie ?tm?begﬁ ed at a

t enper at ur gnghfdhisriXic8Bériible & theardfigddfe difect. al | test trials. Aninals were
all owed to accommodate for 10 m nutes follow ng placenent into the

enclosure until all exploratio Lour The Mbdel 226 Pl antar/
Tail Stinulator Anal gesia Met e%lmﬁb&gﬂﬂ%ﬁh s, CA) was used to apply
a radi ant heat beam from ungepRiaé hdubsd AlrBtEmil Adsagr m t o t he pl antar
surface of the hind paws. During all test trials, the idle intensity and

active intensitynsrRMIAEWRIBIC agtiyity of corpeundsof e inventgn isiemansicated\RYi vy, and
a cut ofgf tth&wliehingPest eARRFRMIAE prsRRed By MiraV&idus adminigtratishege.

aconitine(2.0 yg/Kg) dissolved in physiological saline solution. Test compounds of the
invention are intravenously administered 5 minutes after the administration of
aconitine. Evaluation of the anti-arrhythmic activity is conducted by measuring the time
from the aconitine administration to the occurrence of extrasystole (ES) and the time

25 from the aconitine administration to the occurrence of ventricular tachycardia (VT).

In rats under isoflurane anaesthesia (1/4 to 1/3 of 2%), a tracheotomy is
performed by first creating an incision in the neck area, then isolating the trachea and
making a 2 mm incision to insert tracheal tube 2 cm into the trachea such that the
opening of the tube is positioned just on top of the mouth. The tubing is secured with

30 sutures and attached to a ventilator for the duration of the experiment.

Incisions (2.5 cm) are then made into the femoral areas and using a blunt
dissection probe, the femoral vessels are isolated. Both femoral veins are cannulated,
one for pentobarbital anaesthetic maintenance (0.02-0.05 mL) and one for the infusion
and injection of drug and vehicle. The femoral artery is cannulated with the blood
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The (S)-enantioner was conpared with the corresponding (R)-enantioner and
racemat e (conpound of formula (1)) in this CCl nodel using topical

appl i cat iwo 20f1/0de19§, as described for the CFA nodel (se@CFiusarie/08)187 Each
test conmpound was adm nistered as an oi ntnment containing 2% (wv).
Consistent with the differing activities of these two enantioners as

vol t age- gatpeebssicecyelicathétanofehe trafntiitéror s, only the (S)-enantioner of the

i nvention rever | n_responses il e.the (R -enantioner had. no
significant i ncrsli‘gggﬁ @8?& 3’%533?9?19@. O thofagie m c-ee'ﬁg?ﬁ ""6??{9” PAFLPN he
racemat e sHoppesirightlabovekearbnvhiterlead ane Idwep lefiissel hesrt Whedtlbad)e Mhet|@ags!ggest

that the (9) - ena%[i. ner. i s responsi ble for the anal gesic affect.
Bl OLOG CAL %&ﬂm WIRHHERi ne | nduced Arrhythmia Assay The antiarrhythnic

activitg ﬁf conpdisardicabirebd ared coverddivith dztize SBRAGHIAALIBD. 0% dalise.f Shlirav ng
test. Arrhy,

1 4, | rovoked I nt ravenous adm ni stration of _aconitine(2.0
ng/ Kg) di séiﬂ?’e’&LPﬁa ﬁr@%?é\“&?@? UPQ‘Eﬁq ipanaigentheieasast-seigafodi®s of t he
i nvent i on  animalstBCE andwsHilfatidé rdré hfdwaidad equilibrate 8sataédst B0 isutagm ni strati on
thmc activity is conducted by

of aconitine. Evaluation of .the antj-arrh ] Ctiy ,

measuring the ti afri‘)f)tﬁ{"f%'é 'ﬁ’&ﬁgi’vfthé%aw&w&@ Acaniting infysiom for Sdvinktasace of
ext r asyst olBurihgfis td the BCEiigRechidemdn RoAwBLSIY RRONAGIAAINI stration to the
occurrence of ventricular tachycardia (VT). In rats under isoflurane

anaesthesia (1/4 to 1/3 of 2%, r e i s perfornmed by first
creati n@ an incision in the ne&égéb@igkkﬁgz\%éé At | ng the trachea and
making a 2 .nmincision to inssemid IndGePArrhyfiaAsggy i nto the trachea such
t hat the openi ng:EPof t he t]u osi tigned just on togqro,f t he mouth. The

be is. (
tubing is secur &PdgntROER ﬁf(re"@!é‘?r&ﬁ@' arhvibmias, ipboth g ¢ardiowersicganghe

duration ofpréVentioxpadigRethavé BeérsémpiyddinTedtiny patehtibtsrapadRs fdttigett he
fenoral areas  an r obe, fenoral vessels are

8 uai.nuc‘; a E‘I L‘g‘nt_ di ssection prob t he I €

i sol ated. 579 apd yetuiar arrhythayias iphwmang: Sardiasjachesiia [paing e mypeaidial
anaest het i dnfartion RrPcREMEM calRebf Hortibily #icmenaity. orhd d1ity Bf 4'séravourrto

I nj ection olP}%\g%]ggcand vehicle. The fenoral artery is cannulated wth the

bl oodpr ess hemiaRauiced ventreulantachygrardiaand figiliationds pe aeeepigdmadelached

to the thorfacdeterfiring meiemdabfoma&nbd,uda%btciimeau(semagrforrdogmtﬁam\ae heart -
white lead and | ower |eft/below heart - red | ead). The | eads are secured
with sut ur d8nUigpler taghygardia and Bdlatione covered with gauze noistened with 0.9%

saline. Saline Anaesthesia s first induced by pentobarbital (i.p.), and maintained by an i.v.

20  bolus infusion. Male SD rats have their trachea cannulated for artificial ventilation with
room air at a stroke volume of 10 mL/Kg, 60 strokes/minute. The }ight femoral artery
and vein are cannulated with PE5S0 tubing for mean arterial blood pressure (MAP)
recording and intravenous administration of compounds, respectively.

The chest is opened between the 4™ and 5" ribs to create a 1.5 cm opening

25 such that the heart was visible. Each rat is placed on a notched platform and metal
restraints are hooked onto the rib cage opening the chest cavity. A suture needie is
used to penetrate the ventricle just under the lifted atrium and exited the ventricle in a
downward diagonal direction so that a >30% to <50% occlusion zone (OZ) would be
obtained. The exit position is ~0.5 cm below where the aorta connects to the left

30 ventricle. The suture is tightened such that a loose loop (occluder) is formed around a
branch of the artery. The chest is then closed with the end of the occluder accessible
outside of the chest.

Electrodes are placed in the Lead |l position (right atrium to apex) for ECG
measurement as follows: one electrode is inserted into the right forepaw and the other
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(-1 .5 nL of a 0.9% solution) is supplied to noisten the areas
post-surgery. The animals' ECG and ventillation are allowed to equilibrate
for at | eset20B8@oxionut es. The arrhythm a i s i nduced w t hPaTAISPaOMEU18T N
aconitine infusion for 5 mnutes. During this time the ECGis recorded and
continuously nonitoired. Bl OLOG CAL EXAMPLE 5 |Ischem a I nduced Arrhythm a

Assay ROde?fe %&qgﬁ‘égéﬁiﬁ%@%?‘%{e@ﬁd gé%hyt hm as, in both acute cardi oversion

and preven n-para | oyed in testing potential
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i schem a | | t 0 i Lnf arct.ion, i Jage rbidity
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i nfluced by epmﬁﬁsﬂéd.r bftércd S@intﬁe)nfumﬁof{m'mﬁoa?dledcdmro?thei suﬂurelixﬁullleditighusi on.h.
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Noom o atS gy el A And B ROBRI 15 R oo Rl Bl Thp el nerEMklers b

L lerm(r]I al ar tr@ddfdmnmidmswﬁgr_ zoanmugeataﬁdr l@a&ibn,Rlﬁfd%gtmd)MAa réan_hemf Criticagr | a:j
ood pressur recor di i nfravenoys a ni strati.on, o onpounds,

respectivel"g)’.e??f(mag’teﬁg r3B§ﬁ BEHEST W Qﬁsﬁmla%@cgfdﬁ‘gr'ﬁﬁtfppﬁgcreate a

1.5 ﬁ mJoplerbb?@s%un@aﬁihat wclblhc bb@éél_brédﬁi%cyéééﬁtdng-is fhen haérﬁiﬁed.STmﬂ alsifg ofn a

not ched platform and,netal .restraints are hooked onto the ri € Qpeni ng

e ool EampepndRT tiR nrenthE Bypavent aBulimis s suTar earmeia RS and” Lt

under the IHR fsedo@trand tompereddtb cemtrdlhe ventricle in a downward di agonal

direction so that a >30% to <50% occl usi on zone (QZ) woul d be obtai ned. The

exit position is ~0.5 cm bel ow e nnects to the |eft
ventricle. The suture is tight e%@gbg"lﬂégl'#ﬁ(g‘“@chose | oop (occluder) is
f?rmﬁd arolund aquméum}‘thé Meﬁraée:v.y? th’érubnqdwh Ad offslrmhiaml),gh@sed wilth tge end
of the occ er accessi pl.e oytsi de the chest. El ectrode re placed in
The Lodd 11(85BRRbGR cbrmntal ek of s (Bhgagntiomier. ee el sawdiy PRER B | ovs:
one eIt egt _r@t@lmrites/ of P& RBulicallp atdeptabledicigients pPanusatHé (Shenaitioaeet@sbeode i s
inserted into

e.leff hind paw., The body .t enperat ur an arteri al
D eeture ( NPyaEde s et Ramber & gousas e i B reeias o HS A PR b ugnout  he
exper i nent .faéditeRs dBSing phfidrtrbt PRGRETBEVRI F nBEYERI to achieve efficacy. Examples of
the difference in solubility are shown in Table 5 below:

20 TABLE 5
Excipient Compound of formula (I) | (S)-enantiomer
(racemate)

Labrasol® | 72.5 mg/mL 231 mg/mL
Propylene glycol 2.7 mg/mL 9.8 mg/mL
PEG 400 < 50 mg/mL > 55 mg/mL
Capryol® 90 18.1 mg/mL 96 mg/mL
Tween® 80 64 mg/mL > 123 mg/mL
Ethanol A 10.0 mg/mL 36.4 mg/mL
Labrasol®/PEG 400 60/40 70.4 mg/mL 182 mg/mL
Labrasol®/Capryol®90 60/40 44 .4 mg/mL 191 mg/mL
Labrasol®/Transcutol® 60/40 74.2 mg/mL 186 mg/mL
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stabilized, a 1-2 mnute recording is taken to establish the baseline

val ues. Infusion of a conpound of the invention or control substance is

i ni ti at eoworroa/doamel i ne val ues are established. After aPBTrHSaub®4G18T usi on
of conpound or control, the suture is pulled tight to ligate the LCA and
create ischemia in the left ventricle. The critical paraneters are recorded

continuously for 20 m nutes af | i ss the MAP reaches the
critical level of 20-30 mm Hg P@L%(F%ga@p\%ﬁ% ZUt es, in which case the

recordi ng is stopped becaudeVivhdsaay fonTrestroént obBruiiis| ar ed deceased and is

t hen sacrificedy, Iyl " ' ' prevent
arrhythm as andH's%i@%?ﬁdkéé%%@ﬁ’gﬂrﬁg{:mwyglf']rggﬁt?h?csc b@@%w graéf%élorrpar ed to.
control . BeGilGieChe efikabPbffopicallyrand rogallytanintitisteredd S)renantiomeeof thé he conpound

(R0 enant ; spebtor g atBrRcE Filee BUSBAR LY 207 ot y o

phar maceut i cal | Yhaacieatsakére randony dinided infdtest grobes h8pdiag antuntreztedcan be

f | at ed f f d it.s.th t.h . t hi
o mar ty 1 aldlple GfelE raBte Rt oplRTE R e et difa kB LR VT SAURL S achi eve
Sf }‘ i cac¥ABEnam5tiglnms, daléiﬂ aglreupitrﬁ;tﬁd m;n?nimlmhmcbum?l edmpT osit‘:mmmf :30 n}?@il;()ge 5t _

el OW. n | VO Sa I Oor eal ne 0 ruritl s
it St e KSRTAIOTR, O Y/ AYRE et M ReaaiEr Mealolt o IECATRAS witce CC o1y
e:c/alt ﬁam_es tsh?_/edfvf/ithdwh'w_ Iigpﬁer{s.oOhQIa%ieyti%mdawth_iité_n}m_adm'ersf lséllﬂwcaRtéd_(f&)GOB_rll_ant i oner

e | nventi,on. | am,ne-1 nauce ruritrL,s .l n,nale mce. e

o a’s e nutERindhe Bttt chRprSeg ol Heartpidstic RutEhiscey Varcaft on e
? \rA;)u;), (g) grsod@cdt rAf@t the hdbtdtuhatmntpeﬂbd:,ahe phiﬁ?lm tatréma}edcffumpg&i plastie t“‘@’é,hl 8%

\V - na | one .an . Qgr ou L.reatl e W n or,a ar naceu ca
Corms: ) omased i Posiain®t o ibctetl Wit Flaiing tibe Siaveh SR IFoiie. Thia
scapul ar r agéections werel hadesintrade rinabeiné theakddn embiinfettion goluppe (10 uln t he
testi ngpday, r ated.fo 1,.N i.n t t chamnber

conpri sPng USF‘tQ%e'égrﬁ'ggr?lb‘fSng? ?h? %‘igﬁ‘ 38'@@5'1?29”8%&%19@%%%"%? Pig?ed‘zq.eﬁ?if‘ace.
After the kalne ataf dondemestion of 10018/ 40 ¢S OvRG/MLY.eInNest the Sdtutidhewsd ast i c
L o ek g SRS, el S ot Mol Serd Buind o
smal | i nj ead tretestahbmBers(ahd obberves by Bameldapldceabevy the dsst cRaBbérsjff@cd i on
sol utions %8t2Fci>fs5tOenglln8t]ces.hifﬁé ggpﬁgr%s%e?es 8<|>r\i/n%%teidr%o a computer where digital video
20 files were created, saved, and analyzed.
The number of itching bouts was scored over 40 minutes. An "itching bout"
was defined as the lifting of a hind leg, using it to scratch the scapular region, and then
placing it back on the ground. Alternatively, if instead of placing the hind leg back on
the ground the mouse was observed to lick the paw, then that too was counted as an
25  itching bout.
~ To the untreated group, animals (n=7) were habituated in the test chamber for
60 minutes prior to the histamine injection. To evaluate topical (S)-enantiomer in the
histamine-induced pruritis, animals (n=16/group) were habituated in the test chamber |
for 30 minutes, followed by the application of 50 mg of 8% (w/v) topical (S)-enantiomer
30 or vehicle to the shaved region on the back. The animals were returned to the test
chamber for another 30 minutes of habituation prior to the injection of histamine. To
evaluate oral (S)-enantiomer, animals (n=8/group) were dosed by oral gavage with 50
mg/Kg (S)-enantiomer or vehicle followed by habituation in the test chamber for 60
minutes prior to the histamine injection.

35 The data were analyzed using GraphPad Prism 5 statistical analysis software
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saline at a concentration of 100 ng/10 nmL (or 10 ng/nm.). 10 ng of the
solution was injected into each nouse. Imedi ately after the injections,

t he ani mawe 20ev®2108t Ur ned to the test chanbers and obsePe@dshy1000T8T as

pl aced above the test chanbers for a total of 50 minutes. The caneras were
connected to a conputer where digital video files were created, saved, and

anal yzed. | | : e ) An
Tt chi ng. pANF R UFAed Ploct Eo L BPtHifarbiEarSfiRls AR sl bfiiicsle 10
scrat ch t heeaodRENr Values that reaehed hptD. 9% levelref signifipanse weare corsidgredind.

Al ternativ U A of placing the hind | eg back on the ground the
nouse was g{baisf'set'rc\lei}aydé@gﬁcﬁﬁgk the paw, then that too was counted as an itching

bout. To tResultst reated group, animals (n=7) were habituated in the test

hanmber . f 60 m ' . i Stam Wi ect . .
opl cal °(9) - enantt SRS iiahReiotd o S0PEREq Y a8 dberBhi
(n=16/ gr oujm) bouts thatiasted It sedonds. tlhéhet witeatsdgringy, itthuing Boutsrbegares, f ol | owed

by 1h ’ - . . 0 e ) : _ hi cl
2 the shoybfeliah %Etaﬁs%fg:i %LjaEf%%¥é$#h§€+°§%‘w@§e§)¢§?ﬁfgg%ﬁe?g@fﬁe‘*ﬁfe;f ©
chanmber f oThagoiupdireatd with Vof tbital i Spénantiomper shrowed dicant)yeretiuced of
hi st am ne. . | . - ti. ' = d d
o =L e o g B hosh Sk RARG TR v DBl et PR o oo
habi t uadi on34.8 # 1831 (@s16)dichinp douts avhefdasmice tresteg miitbrtortical { Heertantioraet ne
i nj ection. t | ' hP. g i stical
oyt o bR SR8 e S R HeKEG BothE, Je rRRAER R R he Pl Stag Al i o
Resul ]E-S ar etatistivatys siguificent witha pt\fé:ﬂ_hﬂoffﬂamales Th@agrqt;p_atmﬂ/vt igm ﬁkmtgm@Td;]IQVel of
i can were considered s istic signifi.cant.-.Re ;
Thooet i on 58 -Hcfofehm i ShoRkd oo Ry ke s il FidtiR ). fnifidis
di cal ltrgated vithuvehickelomly hagisd othl hubseofer2B8. + 6.86T itthisgpbads ,
B AT oy A B0
I nut th 4 v %0 \% f
tm op?cg! ( S)difmmbibetvw_ensﬂimmdy-ﬁrégad broupsiway atsecktatiztically significant(withea pi gur e
2L 4" oy bR Al bk S S el e o BBl e e
had 89. 00 eh@nticndrmetiagd pturitis.nBurktviingre, kheashatére tieat oo berhmvermades e gr oups
was SLatl Stdbited! 98l did Bkal"bd b ubad 8 ddfe? tnesP R Zome (9GB! o2 &
20 this therapeutic effect.

BIOLOGICAL EXAMPLE 8
Clinical Trial in Humans for the Treatment of Primary/Inherited Erythromelalgia (IEM)

Primary/Inherited Erythromelalgia (IEM) is a rare inherited pain condition. The

underlying cause of IEM can be one or more gain-\df-function mutation(s) in the Na,1.7
25  voltage-gated sodium channel, which the (S)-enantiomer of the invention has been
shown to inhibit.

Human patients with IEM have recurrent episodes of intense burning pain
associated with redness and warmth in the hands and feet, but eventually the pain
becomes constant. The pain is relieved by cooling, but has been largely resistant to

30 pharmacological intervention. However, there are reports of voltage-gated sodium
channe! blockers showing moderate to outstanding pain relief for this condition.

A clinical trial for determining the efficacy of the (S)-enantiomer of the invention
in ameliorating or alleviating {EM can be designed to be a three-period, double-blind,
multiple-dose, and crossover study to minimize the dropout rate of participants, and will
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(S)-enantioner simlarly showed significantly reduced pruritis (see Figure
6). Animals treated with vehicle only had a total nunber of 42.88 6.667
(n=8) it coNOngloets whereas mce treated with (S)-enant iPoORaS201ad4@37 25
6.310 (n=8) itching bouts. The difference between the orally-treated groups
was also statistically significant wwth a p value of 0.0144. The results

denonstrated that orall nd. topically adnjnistered - _gnanti pner reduced
pruritis. E‘ﬁ'ﬁ Wgorcf?a?@?raff?naﬁhgt thﬁ;ﬁ’ﬁﬁeém Xrt\rﬁ%@ wilgn m%@%%g’éagb"%ryug

delhi very, hmtadyhaﬁu&hbmmahrp¥win tihestudedilltservaedsi their oWdﬂEor(tB),-retL‘Hi\rllrhl g ba?f to
achieve thig thera IC ect. BLOOG CAL. E.8 Clinical Trial in
Curmans for RAEDSPRRATLRE EinedS)-snrioman el 1 MYSRIGN B AANL g Hopt-evpr
Primary/ | nhiaghioed Erythronelalgia (IEM is a rare inherited pain condition.
The underlying cause of | EM can be one or nore gai n-of-function nutation(s)

in the 1.7 vol tage-gated sodi , ich the (S)-enantionmer of the
I nventi has been ghown to m%'bﬂbﬁaﬁgﬂgml'ﬁ%s with | EM have recurrent
epi sodes of intense buClwitd) TaAI in HuaRPe fert Techtmehtof DR $ainand warnth in the
hands and feet, Rhut eventually the pain becones constant. e inis

ol eved by cool THRpuTRAGE s doieal vialkes § SPaGRe Ge pael Hinatech et

I nt er vent i odurafidovef vetief, ahth everalhefficAspof 4 Singie 500 Inid@issed tiesl SHefantionedraginel

bl ockers sht'gvvi.rb'% {i_mderate to oatst ndi,ng pair{} |reI_i ef fog thg't,s condition. A
clinical triginepionyersshiasehy dpsrlorfelietef@pingpliqwieo exjactionphimpagedor t he

i nventi @ ithira/Rldregeti.i ng or alleviating | EM can be designed to be a

t hr ee- peri od, doybl e-blind, mul dose, .and frossover ééﬁ’%lq O mnimze

tiple-
t he dropout rate 'W'%SFFPJE?tBW%?ﬁrS iRithe stude Tha meanAes }ethat t he

patients enygd b@d yers! ardinsubRcRVdre Al Ty majoiify-of 8ibjeéts digre Eagdasisi ent
enrol |l ed i n(g%h study will serve as their own control, receiving both
0 (+]

pl acebo and )rrg of the (S)-enantioner of the invention twice daily in a

cross-over fashi i sdvbfiy Qi cellef 5PA/Bhil WasGhédufed uslid a4 11-poinpans f or

Treatment of Deptal Pain_The purpose of this clinical trial was to conpare
the saf ty latensty Nimsdcpl Ratns.Scaldi(aradedfioreP = pait 3t &G 197ewale! PRIR | cacy)
of a singl eir@@maﬁm (FPIRRSPENd B 8-domt CAteydhitAFRiin Rélief BRale IRED). | SUbjecly SUS
pl acebo dose for relief of pain followng extraction of inpacted third
mol ar t eet hcompleted the PINRS after surgery, but before the administration of (gﬁenantlomer of

the invention. Efficacy variables were derived from the REL and PINRS scores and

included total pain relief (TOTPAR), pain intensity difference (PID), and summed pain

20 intensity difference (SPID) and evaluated at time points of 4, 6, 8, and 12 hours after

administration of the (S)-enantiomer of the invention.

However, the primary and all secondary endpoints showed a consistent
analgesic trend with distinct separation of the (S)-enantiomer from placebo. These
results suggest that the (S)-enantiomer has analgesic properties, but statistical

25 significance from the placebo was not achieved due to two main reasons: (1) relatively
high placebo response rate and (2) the slow onset of action of the (S)-enantiomer. The
dental model utilized is designed and best suited for the evaluation of drugs with rapid |
onset such as the NSAID class of antiinflammatory agents. It was evident from this
study that the (S)-enantiomer of the invention did not have such a NSAID-like rapid

30 onset of action. However, the pain relief demonstrated by those subjects who received -
the (S)-enantiomer was higher compared to those subjects who only received the
placebo, sufficiently so that the total efficacy population showed a consistent analgesic
signal for all endpoints evaluated.
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Si xty-one subjects were enrolled in the study. The nean age for the
subj ects was 20.4 years, and all subjects were male. The majority of
subj ect s wonre11@memasi ans (95.1% . The severity and rel i eCTafS20t0®4Q87 N was
measured using an 11-point Pain Intensity Nunerical Rating Scal e (graded
fromO = no pain at all to 10 = worst pain imgi nable) (PINRS) and a

5-point Categorical Pain Relie j ects conpl eted the PINRS
af !toer surgerg, but before the %@ﬁé@f‘ﬁ'%%’% S)-enanmooner of the

i nvention. EffiClisical Tralrin dohess feritiee Hafetywot the (Spenbfitivntetlof tednyenti&®s scor es
and included tot@al Ln,relief CTOTP, ai n, i,nt |ffere

(PI'D) 1and sumreﬁﬁadlﬂﬁcé]magw&s@ﬁaﬁef @f%’?%’g" %wa?%ﬁ@%\‘?% @?'efjl e
p](c)i n':] s of Atudy,in Beallltgylduﬂjéctklaﬁé\&hm'té the safdty ﬁthrBH@:ﬁwa@cﬁkclinbiucé bfﬂg;ﬁl&‘éllyenan':] i omér
of the invent . ver,. .t secondary endpoi nts showed a
consi st &nt agﬁkqd;%gtp\@\ﬁ\ﬁogﬁ%nw ﬁ}?p §P?’ﬁ‘8f“e§8§ £ ivepliPrb %/he (g) enant i omer
f rom pl acebo. ThmsQS)thbmeﬁugmt w‘aélappl'éb@aﬂﬁﬂor 2naoideciie dags taanal gesi c
properties,, but st ?(a g/p I can ef:ﬁ romtheg%I ag@tjo was not achieved
due to two ‘?rﬁ“rleéS%l? 's f?x'?' Igtanc¥ o) the; (Shepaniierss P¥RYBise rate and (2)
the sl ow onsatmadokiaetdsamdabeal S (Y- I%PJW&I@WO asbBSsedemhalsystem@) utilized
I s desi gned and b? L Z Ited for ftFe eval yation of dr 8? V\tstkgv | d onset
such as t heXRRAMBIAINe {3)-enantiomes fqlawingiopisal anplestions and laga [54R0 fr om
this stiedy fbltta\tmgdnem;éls)dowatth@(@rer@ﬁndm difteRt Wwere elalated! EaaN sulsjael 2
NSAID-li ke ra t of ,action. wever, b%)gq%aﬁgtlgrﬂ rellef denﬁ{lstrated by
t hose subj €€¢ V trqaiyggp@éq Freongegulivg days; #fi 3prRintmep 8% to those
s]y ]E)J ects VMdCH% wwsagﬁx YEuluL,; h@eé}hﬁﬁ?b@?négfﬁ%bﬁécﬁﬂéli{»{ pfé@eﬁdf"é’é onht:ﬂfénft 0; al t

ef ficac o i on,. showe consi stent anal gesic signal_for all endpoints
eval uat ed. BTG a?@'& @m&%ﬁquw{ﬂ &al00HL; Begative ﬂa'%ml,sﬂ%menh@ S’é'pgty of
the (S)- enadvdimuwoéulpme tsuer)rumrsoﬂimrs?c)l 100 ﬁ@'po&ﬁ#@boﬁ%ﬁ T?eal?rh\eﬁﬁsjl
random sed,_doubl e- bl i nd, gl acebo-control |l ed stud eal t subjects to

eval uat® t h'@‘eséefaé'f‘?/‘ %W&r ifgh 0B kv differest %?espﬁpﬁa@élswe%fﬁmppéﬁpﬁ Kiit @Bnt

contai ni ng 6d&ﬁldé¢§}rraﬁﬁ'é\rr(ﬁ\ké3trr@h"tm‘éf\tsz | pm&rytdcemaea' Rfanhen (filgDfhfdd omer oi nt ment
was applied dail 1 consecutive S to determne the [ocal skin

toxicity/i ranct’Qﬁ'l@) Jﬂ“et'wt'e@jaréaamrﬁaiﬁ’@n orspaghesie d Tisatmenie BkBnet P.candind
| ocal skin E%H@Cél@ﬁéalsﬁe%ﬂq'r@dtﬁl@n@%@ﬁﬁ@iC oﬂ&rﬁéﬂ%@&h&eoﬁéﬁwww to the

(S)-enanti Orrarﬁéorfngzleé ogxlnjbng topi cal ap J) Ications and local skinirritation
jects were confined to the clinical research facility from approximately
20 18 hours prior to the first dosing on Day 1 until approximately 8 hours post-2™ dose
(Day 2). Subjects came back each day for 19 consecutive days (Days 3 to 21) for
dosing and study procedures. _
No Serious Adverse Events (SAEs) or deaths were reported. All Adverse
Events (AEs) were mild or moderate in severity, with the majority of AEs related to
25 local skin reactions from the surgical tape used to adhere the occlusive dressings. All
subjects reacted to the positive control. The positive control was stopped in all
subjects on Day 4 following complaints of excessive discomfort from the subjects. Skin
irritation scores were low for all treatments administered (maximum score of 3
measured on a scale of 0-7) indicating that (S)-enantiomer ointment was locally well
30 tolerated. No difference was observed between cumulative irritation scores for (S)-
enantiomer 4% (w/w), (S)-enantiomer 8% (w/w), placebo ointments and the negative
control (0.9% saline). Signs of irritation had completely resolved by Day 28 (7 days
following the final dose) for the majority of subjects.
Electrocardiography tracings did not demonstrate clinically significant changes
35 in pulse rate, quiescent resting state, or QT intervals of the subjects and no clinically
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followi ng nultiple-doses of the (S)-enantioner ointnment were eval uat ed.
Each subject received 5 treatnents for 2 1 consecutive days: (S)-enantioner
as oi nt mewo 20d tfde27A48 and 8% (W w) ( 1 x 100 ni; Treat menPSTASand/0B)187
respectively), placebo as ointnent (Treatnent C), saline (0.9% solution (
1 x 100 nmL; negative control; Treatnment D), and sodi um | auryl -sul phate
(SLS) 0. 1%swgmificant@Ranged fromlisenhe weredbsbNed HPRE sObjects vk digHa! piysical he
treatments were lied on two different sites on ‘each subj e,c?' S upper back
in an occl l?&@'a"rﬁﬁ‘?{ﬁe?r '?'?W@@%"i‘%&??@‘?ﬂt%)S%ﬁ‘iﬂ“‘ﬁ&?‘?‘i’%{rﬂf’ (S-enanptiomenyvaser

(first thrergligisetdsaBl-enantidier EsHeahtraidnk A plSHEE weFLISEI6R tHe 18Rerdsihofi t €
(Treatnments A E on occluded site and Treatnents A B, and C

B . G D d
on parti al I%V'aB@@PQRﬂ‘e(HLg@? 8}1 PRALr 198 padalg in moes| sanrles 488 ouiRitiBed to t he
clinicalg r 290%)C thd ﬁi?hésit tevef 61QR)-aRAOMeNBERIEd SR oheemgecﬂrdhﬁﬁ[%fhe cgdgﬁgji rst
a 'y 8 h nd (Day 2}

dosi ng on Day unt | roxi mately ours post-2 ose bj ects

p E d do
came back @&eﬁd&av%waig%aa@éelﬁasee opdlje minimgidocal irdtatian andfaverssbleg and
study pr ocagr®profibltogethéraith IBHYS]-ERarnkBRRE SysterhiE 8ed ePOr t ed.
Al'l Adverse Ev)gﬁrtosI (2\%‘?) wer e mXI{i_or rmge%ée't(e i%*%ﬁjggﬁﬁi/%&%ﬁwgﬁa?ie
maj ority ofthatthe (Piepartiomes of thednvestipmwaswel talsrater epmhsafecasatogicabl t ape used
to adhere tfgiqaeg! usive dressings. Al subjects reacted to the positive
control. The positive control was stopped in all subjects on Day 4
foll owi ng conpl aints of excessive disconfort fromthe subjects. Skin
irritatin scores were | ow for BIPUYOGICAL WEAWBLRARM ni stered (maxi num score
of 3 neasured on acgfical ¢ridlfin Hu%bp?ﬁﬁ?é’étﬂn@ﬂt&f*ﬁ% t-ﬁl@r)peﬁéggﬂtira@@r ol nt ment

was locally well tolerated. No d erence was observed en cunul ative

irritation scor &¥stderpet) Newnlgin (P6ihbistaovellestpblishey and aell renponizedsmoteh) |
pl acebo oi rfbrnﬁﬂ&%gad&rédl%ﬁﬂ@ﬁﬂﬁ]t Fﬁﬁhé}%géd@i% Qe@%(fiétés;sgr?op%émaé\&e%

irritation had conplete resolved b ( ays w ng the final

dose) for tReiuFRFhennelplaskersffigasy: Jheé"em&ymm(ie@rgsarpmy rendemizegs di d not
denonst {sat edo%blefﬁtliﬁél,ldléﬁgﬁ%—%@?ﬁél@@, oXRHRAER, M-M{oﬁ%rés@%cﬁ/% ggal cent resting

state, or QIO interva e subj ects and no clinica I cant
changes fr GYalatadhe efetyetaterabilits, prelimiparyaificasy Bnd systemigiexposuse gitbe (Bhysi cal

exani nat i 0%an%mé%bg{eﬁﬁ\grﬁi?ﬁ‘?&pg%ﬁ?g%ﬁsté%&rtc? LinRRETHIR, Fhe primary

(S)-enantioner was n enantioner concentrations Inplasm

wer e bel ow abirstivesare (3)itaricomparegdhe aafietyi angitaffinacy of aPinindent conjainingdie ()0

pg/ m.) in r@?‘%ﬁt'&ﬂ&% t = ~900 : 'q;qﬂ.@t k) of

(S)-enanti oner Io ser%&gﬁﬁg%ér?g fgﬂ{r)mjregél@f 8%?&@%%%“%6@%9 ﬁearn!dgﬁ)et Day 22)

was 99420pg/eveluak:ibe extent oftsystamid enposirecdithe (S)-enantioprer falidwingvopicalbl e
application of (S)-enantiomer in patients with PHN. The treatments will consist of (S)-
enantiomer 8% (w/w) ointment and the matching placebo ointment.

The study will include the following four periods:

1. An initial screening and washout period (up to 3 weeks);
25 2. A single-blind, placebo run-in period (1 week);
3. A cross-over treatment period that will consist of 2 treatment periods

each lasting 3 weeks separated by 2 weeks of washout/single-blind placebo run-in
(total of 8 weeks); and
4, A safety follow-up period (2 weeks).
30

* k ok %k %

All of the U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications
referred to in this specification are incorporated herein by reference in their entireties.
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safety profile, together with low (S)-enanti oner system c exposure, it was
concluded that the (S)-enantioner of the invention was well tolerated and
saf e as awOapiigmbk70anal gesi c. Bl OLOG CAL EXAMPLE 11 i nipcalusTomoaloisnh Hunmans
for Treatnent of Post-Herpetic Neural gia Post Herpetic Neuralgia (PHN) is a
wel | established and well recogni zed nodel for studying neuropathic pain.
Furt her nore, { i ker

ef fi cacy. The fﬁﬂf&\gﬁ ﬂr%fBr%gg@ ?'lie\[gﬁ{e%e stq%ﬂ(ragﬁ ]:)br%ﬁ;?rg Mﬂ%gﬂgr&e’%f;m%%

pl acebo- conndessianding, nt\mu be emaﬁemttthattcmalp@hatm!asandssodn‘wehorstmwb@o eval uat e

the safety posure of the
(S)- enant P{Jatr(r:g!r:&{)w’i tgél&r:] n('?llt %é;ééb%éléi%cg%l f}r/rfsg n%c%gyg%e@o ptgei&l ents with
PHN. The peimbadineotsjase to heesonsideredas ilfustrativepandenat hestriclife tapd dvedlineéritiaracy of
an oi ntgen t he
relief g]? E)Sar?og?éﬁélp% enpFe &aﬁ@{}lﬁ%&&%&&ytg@g{% uegBAé' t @ggégé%t of
system c eapdequielerits ofhbe aendedictaimsier f ol | owi ng topical application of
(S)-enantionmer in patients with PHN. The treatnments will consist of (S)-
enantiomer 8% (ww) ointnment and the matchi ng pl acebo oi ntnent. The study
will include the follow ng four periods: 1. An initial screening and
washout period (up to 3 weeks); 2. A single-blind, placebo run-in period (1
week); 3. A cross-over treatnment period that will consist of 2 treatnent
periods each lasting 3 weeks separated by 2 weeks of washout/single-blind
pl acebo run-in (total of 8 weeks); and 4. A safety followup period (2
weeks). * * * * * Al of the U S. patents, U S. patent application
publications, U S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification
are incorporated herein by reference in their entireties. Al though the
foregoing i nventi on has been described in sone detail to facilitate

understanding, it will be apparent that certain changes and nodifi cati ons
may be practiced within the scope of the appended clains. Accordingly, the
descri bed enbodi nents are to be considered as illustrative and not

restrictive, and the invention is not to be limted to the details given
herein, but may be nodified within the scope
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and equi val ents of the appended clains. WHAT IS CLAIMED IS 1. The
(S)-enantionmer of 1'-{[5-(trif |uoronethyl)furan-2-

yl ] met hylwepbriagjoeeso[ 2, 3-/] [ 1, 3] benzodi oxol e- 7, 3' -i ndol PCZ/uso10/04618) - one
having the following fornula (1-S): or a pharmaceutically acceptable
solvate or prodrug thereof. 2. A pharmaceutical conposition conprising a
phar maceutical |y acceptabl e excb&bg?t nd the (S)-enantioner of Caim1l, or
a pharmaceutically acceptable s S Ba g thereof. 3. A nethod of
treating a disease or a condition in a nmanmal selected fromthe group

consi sting of pain, depression, cardiovascul ar di seases, respiratory

di seases, psychifat ri Thel{Syemantomeranof[SdritdrométhpFarn-and sei zures, and

conbi nati ons t her eof in.the metho 0 i admj ni.steri to the
el i o AEaT el i Aelged ey SRtk eTiE - Bt haina e lbwing

(S) -enanti gomiuledf-SEl ai m 1, or a pharmaceutically acceptable solvate or
prodrug thereof. 4. The nmethod of Claim 3, wherein said disease or
condition is selected fromthe grqy sigting of neuropathic pain,

i nfl ammat ory pain, visceral i akn, dental pai n, chenot herapy
pai n, trauma pain, surgical 5aRn, neurogeni ¢ bl adder,

ul cerative colitis, chronic g ,
pain, centrally nediated pai R__ghrghi C headache, m grai ne headache, sinus
headache, tension headache, ) p:@pa, peri pheral nerve injury, and
conbi nati ons thereof. 5. The method™™® aim3, wherein said disease or
condition is selected fromthe group censisting of ;pain associated with

H 'V, HV treatnent inducedneuropathy, trigem nal neural gia, post-herpetic
neur al gi a, ceadgpharmgcehtically aeseptadhiessdlyate sapodrugdsersof. i rrit abl e bowel

syndronme, Crohns di sease, pain associated with nultiple sclerosis,
amyotrophic lateral sclerosis, pruritis, hyperchol esterol em a, benign
prostatic hyper @ asi & pharmaeguticalrempogitiorhgomprisingenphatimaneuticelyat hy,
arthritic, e RE=TANA AR - I LS r . toni a,

nyast heni a a%@%?@&nég&pl%o{ﬂgA{\%?S)rreaﬁbgﬁﬁénr{&%%@ﬁt ﬁg?,%ﬂ é%?écz?;lsj?%?f i brosis,
pseudoal dosiceeptabls splvath abdmadng theieof. bi pol ar depressi on, anxiety,

schi zophreni a, sodium channel toxin related illnesses, famli al

erythermal gia, primary erythronelalgia, famlial rectal pain, Paroxysnal

Epi sodi ¢ Pai n Di&or déymethad obtreatingia digsase qparconditiorninc memerahbelectad c

seizures, LASHRSFolPebnSEiY & Bin, depression, cardiovascular diseases, respiratory
diseases, psychiatric diseases, neurological diseases and seizures, and combinations

thereof, wherein the method comprises administering to the mammal in need thereof a
therapeutically effective amount of the (S)-enantiomer of Claim 1, or a
pharmaceutically acceptable solvate or prodrug thereof.

4, The method of Claim 3, wherein said disease or condition is selected
from the group consisting of neuropathic pain, inflammatory pain, visceral pain, cancer
| pain, dental pain, chemotherapy pain, trauma pain, surgical pain, labor pain,
neurogenic bladder, ulcerative colitis, chronic pain, persistent pain, peripherally
mediated pain, centrally mediated pain, chronic headache, migraine headache, sinus
headache, tension headache, phantom limb pain, peripheral nerve injury, and
combinations thereof.

5. The method of Claim 3, wherein said disease or condition is selected
from the group consisting of pain associated with HIV, HIV treatment induced
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arrhythm as, fibromnyal gia, neuroprotection under ischaem c conditions
caused by stroke or neural trauma, tachy-arrhythmas, atrial fibrillation
and vent rwvoubawooioBrill ati on. 6. A nmethod of treating aPdTrasasie/ er1s?
condition in a mammal by the inhibition of ion flux through a voltage-gated
sodi um channel in the mammal, wherein the nmethod conprises adm nistering to

the mamal nbiropaifg! tﬁdé?ﬁiﬁé?fnearaldﬂé?rp%&%&b&fé'deﬁraﬁ‘g?ié,%ﬁws, HEPSEHsitiRity [ e
(S)-enantioner of Claim1, or "a pharnmaceutically acceptable solvate or
prodrug t h&pgmpsis, writaklenawe aynsirorae (rebRs figeassnPain assaciatestiyih multiple
vol t age- gasggroaRiarifBuopARibral SidtosS, druftit, AydERéHERlsterBRIae binigh BrdBedeod
conprises contacting the cell with the (Sj-enantioner of Claim1i, or a
phar naceut hgpgrpiasiaciaistia Bperopathy.resipberaprastionathyt peRréiss thegmatpigbartiyrilisof t he
(S)-enanti bairitiS Rk dRvdm Qi 8s rﬁﬁ't&ﬁg‘?\%l' k t he
treat ment gg% aa'??r!s{e’aps%e&gr_ glgjr?ﬁfbt fagnhﬁggrt@?'ig%rggrt\dgémor’ al l'evi'at ed @é/t t he
i nhi bi t i on hygperthetnaia: eygtic firosisl pseddaaidasteseniem, thabdamyalysis, bipolar
depression, anxiety, schizophrenia, sodium channel toxin related ilinesses, familial
erythermalgia, primary erythromelalgia, familial rectal pain, Paroxysmal Episodic Pain
Disorder, cancer, epilepsy, partial and general tonic seizures, restless leg syndrome,
arrhythmias, fibromyalgia, neuroprotection under ischaemic conditions caused by

stroke or neural trauma, tachy-arrhythmias, atrial fibrillation and ventricular fibrillation.

6. A method of treating a disease or condition in a mammal by the
inhibition of ion flux through a voltage-gated sodium channel in the mammal, wherein
the method comprises administering to the mammal in need thereof a therapeutically
effectiVe amount of the (S)-ehantiomer of Claim 1, or a pharmaceutically acceptable
solvate or prodrug thereoff.

7. A method of decreasing ion flux through a voltage-gated sodium
channel in a cell in a mammal, wherein the method comprises contacting the cell with
the (S)-enantiomer of Claim 1, or a pharmaceutically acceptable solvate or prodrug
thereof.

8. The use of the (S)-enantiomer of Claim 1 in the p'reparation of a

medicament for the treatment of a disease or condition ameliorated or alleviated by the
inhibition of a voltage-gated sodium channel in mammai.
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