WD 2011/ 067608PCT/ GB2010/ 052021 TREATMENT OF ALLODYNI A AND HYPERALGESI A
The present invention relates to tonabersat and its anal ogues and
conposi t iWoTIOEPE8S|I Ng t onabersat or its anal ogues for PUTAE20100(32021
treatnment or prevention of 5allodynia and hyperal gesia. |International
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conditions inclu r&%ral ne, epsy, ression and ot neur ol ogi cal
condi t PonsllodgipapdhyP 9%318811 (| ncor porated herein by way of reference)
describes a class of 15 conpounds (the anal ogues of formula |') which may

and per i pHEeLTE ARV B ESadiaafon K SEPRG s ireRe, o peyeneli oo lgmeERey and
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CRL Rl g3 Refdamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-(S)-ol, which is a
10 member of the class of drugs called neuronal gap junction blockers, and which is
currently being investigated for a range of conditions including migraine, epilepsy,
depression and other neurological conditions.

US Patent N0.5948811 (incorporated herein by way of reference) describes a class of
15 compounds (‘the analogues of formula I') which may be used for the prophylaxis and
treatment of disorders within the central and peripheral nervous system, including

migraine, psychosis, epilepsy and other neurological conditions..
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Y is C-Ry;
R, is acetyl;
25 R, is hydrogen, Css cycloalkyl, Cqs alkyl optionally interrupted by oxygen or

substituted by hydroxy, C4.¢ alkoxy or substituted aminocarbonyl, C,¢ alkylcarbonyl,
Cis alkoxycarbonyl, Cis alkylcarbonyloxy, Cis alkoxy, nitro, cyano, halo,
trifluoromethyl, or CF3 S; or a group CF; --A--, where A is --CF;, —,



25R2 is hydrogen, C3-8 cycloal kyl, C1_6 alkyl optionally interrupted by
oxygen or substituted by hydroxy, Cl 6 al koxy or substituted am nocarbonyl,
Cl_6 al kywoantiawwydos C1_ 6 al koxycar bonyl, Cl_6 al kyl car b@aylGBey10/052026

al koxy, nitro, cyano, halo, trlfluororreth I, or CF3 S; or a group CF3 -A-,
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acyl oxy-01_6 i@h¥grbgerd)l_6 al koxycarbony1l-01_6 -al kyl, aryl or heteroaryl;
the R8 --N--00--R7 group being cis to the R5 group; and X i s oxygen or NR12
where R12 is hydrogen or 01 6 alkyl. 35 WD 2011/ 067608PCT/ GB2010/ 052021
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be caused by damage to noci ceptors or peripheral nerves. Hyperal gesia can
be experienced in focal or diffuse form The focal formis typically
associ at edowntinerésgury 15 and is divided into two subt ypEssB2pro/asen2y
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15 and is divided into two subtypes; primary hyperalgesia and secondary hyperalgesia.
Primary hyperalgesia describes pain sensitivity that occurs directly in the damaged
tissues. Secondary hyperalgesia describes pain sensitivity that occurs in surrounding
undamaged tissues. Hyperalgesia is induced by platelet-activating factor (PAF) in
patients with inflammatory or allergic conditions. It occurs via immune cells interacting
20 with the peripheral nervous system and releasing pain-producing chemicals. Patients
on long-term or high-dose opioid medication for the treatment of chronic pain may

experience hyperalgesia.

Allodynia and hyperalgesia as with other pain associated with nerve damage such as

25  neuropathic pain may respond to standard treatment using various drugs such as
selective serotonin re-uptake Inhibitors, tricyclic antidepressants, non-steroidal anti-
inflammatory drugs, glucocorticoids, gabapentin or pregabalin, NMDA antagonists or
atypical opioids. Compounds that treat allodynia include Lidocaine, Alfentanyl,
Adenosine, Ketamine, Glycine antagonist and Venlafaxine. However, as with other

30 forms of nerve dysfunction associated pain, treatment of allodynia and/or hyperalgesia
is clinically challenging and not all patients respond, hence there exists a critical need
for safe, alternative and improved methods and compositions for the treatment or
prevention of allodynia and/or hyperalgesia.

35 In a first aspect, the present invention provides for tonabersat, or an analogue of

formula I,



5 Rl is acetyl; R2 is hydrogen, 03-8 cycloalkyl, C1_6 al kyl optionally
interrupted by oxygen or 10 substituted by hydroxy, Cl _6 al koxy or

substi t utwo 2anvoeo@ar bonyl , C1_6 al kyl carbonyl, Cl1_6 al kexya®s2bomgk021CL 6

al kyl car bonyl oxy, Cl1_6 al koxy, nitro, cyano, halo, trifluoronethyl, or CF3
S; or a group CF3 --A--, where Ais --CF2 --, --CO-, --CH2 --, CH(OH),
S22, SO CH2 --0, or CONH or a group CF2 H-A -- where A" is oxygen,

sul phur, SO S, CF2 or CFH, gflu%ronethoxy, 01 6 al kyl sul phinyl,
perfluoro 02-6 15al kyl sut phonyl, "al kyl sul phonyl, Cl1_6 al koxysul phi nyl,
Cl1_6 al koxysul phonyl, aryl,
het eroaryl , aryl car bg

het er oar yl sul phon i i a ggatlc moi@ry is optlonally substltuted,
Cl- 6 al kyl car bonylllam Cl_6 allkoxycar bonyl am no, Cl1_6 al kyl -t hi ocar bonyl ,
Cl 6 al koxy- 20 [sTe; 0 sKyl -t hi ocar bonyl oxy, 1-nercapto 02_7
al kyl, fornylRZ or an1nosu|ph¥ny|, am nosul phonyl or am nocarbonyl, in which
any amno noiety is optionally dubstituted by one or two 01_6 al kyl groups,
or 01_6 al kyl sul phi nyl ami no, 01_6 al kyl sul phonyl am no, 01 _6

al koxysul phi nyl ami no or 01_6 al koxysul phonyl am no, or ethylenyl termnally
substituted byisCxRe alkylcarbonyl nitro or cyano, or --0(01-6 25 al kyl ) NOH
or --001_6 alkyl)NNH2 ; or ami no optionally substituted by one or two 01-6
al kyl or by 02_7 al kanoyl; one of R3 and R4 is hydrogen or 01_4 alkyl and
the other is 01 _4 alkyl, CF3 or CH2 Xa is fluoro, chloro, brono, iodo, 01 4
al koxy, hydrgx¥e 20kué alkylcarbonyloxy, --S--Cl_4 alkyl, nitro, am no
optionally substltuﬁed by one or two 4 al kyl groups, cyano or 01 4
alkoxycarbonyl or R3 and R4 together are 02_5

30pol ynet hyl epe ysub d
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preser i nverthiocgarboryhnaber sdkyltjhlogafbonyloxy, 1-mercapto C.7 alkyl, fOmel or

aminosulphinyl, aminosulphonyl or aminocarbonyl, in which any amino moiety is
optionally substituted by one or two Cy¢ alkyl groups, or Cq¢ alkylsulphinylamino,
C1 alkylsulphonylamino, Cq.s alkoxysulphinylamino or Cq. alkoxysulphonylamino,
or ethylenyl terminally substituted by C alkylcarbonyl, nitro or cyano, or --C(C1
25 alkyl)NOH or --C(C+.6 alkyl)NNH, ; or amino optionally substituted by one or two Cy
alkyl or by C,7 alkanoyl; one of R3 and Ry is hydrogen or Cq4 alkyl and the other is
Ci.4 alkyl, CF; or CH, X* is fluoro, chloro, bromo, iodo, C4.4 alkoxy, hydroxy, Ci4
alkylcarbonyloxy, --S--C1.4 alkyl, nitro, amino optionally substituted by one or two C;.
4 alkyl groups, cyano or Cy4 alkoxycarbonyl; or Rs and R, together are C,s

30 polymethylene optionally substituted by Cia alkyl;



20 anal ogue of fornmula I, is nost preferably enployed in the formof its
free base, but may al so be used in the formof a pharnmaceutically

accept ablwo=alioe7qe8ef erabl y the hydrochl oride salt. Al tecmaB2®/Ss2021s Wt h
pharmaceutically acceptable acids may also be utilised in prophylactic

and/ or therapeutic agm nistration, for e l e saljts derived from acids
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sul phoni ¢ aci'®"Y#P¥tef erences to tonabersat or an anal ogue of fornula I,
herein includes all pharnaceutically acceptable salts, and all sol vates

t hereof . 30 so included within the scaope of the presge invention are
b0l ymorpha. 41 OGS ORNGOF SaPOl Bt aar ArePURet Soba b R o oRod,
anal ogue of ftidasihdedendamty Wik GeLriaterh kileated dpiabhierod hmpo Strbmoni®do,

t hereof. References to t.ongbersat, or, an anal ogu formula |, i.nclyde such
oty e Ui s SRSl e s v Be et wBno: e Er
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adm ni stration according to the invention, tonabersat or an anal ogue of
formula I, nay be admnistered in pure form but wll preferably be

formul gated i ng o it abl h i |y ent a ffectiye
st e o b s o B S R g T
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amount of - t orftselSatAs-Canalkta Loy A/ O G er N o to, AkySA BN e sty M) y
accept abl e (r:]wfp]?%'térb@@l;t !ﬂ?’ ealg. ~-NLJO-Ry, f grolipebergpess , td :‘lﬁleerQ§$Qr]toup; |
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treat ment or guceptebleicompositian ftregef] for ane /i thehygedmahigespraversioo of atiedynia t h

neur al disorQEEﬁHRQ&H%@é%¥persensitive di sorders and/or one or nore
associ at ed synptons. ccordingly, the present invention provides a

met hod for the treatnent or prevention of allodynia and/or hyperal gesia
associ at ed o thérapeulicabdminisiratien siccerdingotohifiseprssenti invergiodi senethersst or an
conmprizl N%3 Q'oﬁo%hl%@l KO85t PRtk Ritly érﬂ?lgfe%dinttﬁg¥o¢91fof€f‘tsWé@rdﬁg%'n%@] 'y
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phar maceutdlgalbey ugeddeetbeatirm obrep@biatmansutitally eadceptable satthereferaplycthe t he

present | m\g,garlfcir]%'ﬁd8%8|\éiﬂ§ Mﬂ?gﬁ&mggutﬁcgy??g%e%gdébge ?(ﬁd{ ﬁ’é?‘ék% de OF @
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phar maceut ’cal Ty accept a ﬁ% 'CONPOSI ti e e’ treat nent

or preventutissedoin rabphytheitc anddadiheradey e paminéstiatiomdeioizainie saltst derivad framnat or y
di sorders acids including, but not limited to, hydrobromic acid, phosphoric acid, acetic acid,
25 fumaric acid, maleic acid, salicylic acid, citric acid, oxalic acid, lactic acid, malic acid,

methanesulphonic acid and p-toluene sulphonic acid.

All references to tonabersat or an analogue of formula I, herein includes all
pharmaceutically acceptable salts, and all solvates thereof.
30
Also included within the scope of the present invention are polymorphs, solvates and
radiolabelled derivatives of tonabersat or an analogue of formula [, and
pharmaceutically acceptable compositions thereof. References to tonabersat or an
analogue of formula I, include such polymorphs, solvates and radiolabelled derivatives
35  thereof.



25and/ or one or nore associated synptons. In further aspect, the present
I nvention provides for tonabersat or an anal ogue of forrmula I, or a

phar macewoDcallop7@scept abl e conposition thereof, for useCTGE2hB/(Se@at ment
or prevention of glossodynia, or burning nouth syndrome. Burning nouth
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patient i rwHigeprovides eféctige [HvalsradeLddtioalingredédtactihevdanount of tonaber sat

or an anal ogue of fornmula I, or a pharnaceutically acceptable conposition
t hereofs. WD 2011/ 067608PCT/ GB2010/ 052021 I n a further aspect, the present
I nvention I : . | ,

phar mceut oo R e BRI REh oy FREEEHEr e veal i drareRpudhof oy
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ent r apmentynhaphhiiBallOERJAGE tantdth o Yolttsa@RE! & iaKSIohlid WiBormiIaNt My i mb
pai n and/ or one or npre associ ated synptons. Accordingly, the present

i nvent i on RREVRCRYEC]lyAseeRiable sSPMpAtien B8ta9%Ent or prevention of all odynia
and/ orjohyper al gesi a associ ated with nerve conpressi on, nerve entrapnent,

10 trauma, In@rértHEardshbedt]! el prepettin@pEiomitharefotd proVRies fbaihicathabdriat i dh

conprising adm ni steri to a patient in need thereof . armgceuti cal
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Accordingly, the present invention provides a method for the treatment or prevention of
allodynia and/or hyperalgesia associated with neural disorders, neuro-hypersensitive
disorders, comprising administering to a patient in need thereof a pharmaceutically
effective amount of tonabersat or an analogue of formula I, or a pharmaceutically

20 acceptable composition thereof.

In further aspect, the present invention provides for tonabersat or an analogue of

formula I, or a pharmaceutically acceptable composition thereof, for use in the treatment

or prevention of allodynia and/or hyperalgesia associated with inflammatory disorders
25 and/or one or more associated symptoms.

In further aspect, the present invention provides for tonabersat or an analogue of
formula I, or a pharmaceutically acceptable composition thereof, for use in the treatment
or prevention of glossodynia, or burning mouth syndrome. Burning mouth syndrome is a

30  burning sensation of the tongue or mouth, which may be related to problems with taste
and/or sensory nerves of the peripheral or central nervous system.

Accordingly, the present invention provides a method for the treatment or prevention of
allodynia and/or hyperalgesia associated with inflammatory disorders, comprising

35 administering to a patient in need thereof a pharmaceutically effective amount of
tonabersat or an analogue of formula I, or a pharmaceutically acceptable composition
thereof.



Al'l treatnents may be acute or prophylactic. For acute treatnent, a rapid
onset of action is preferred, and therefore, drugs that reach maxi num

pl asma comoentwmréosns 20shortly after adm ni strati on woRCa/dB2010H82021
beneficial . Accordingly, conpositions providing rapid drug-rel ease and/ or

di ssolution are preferred. Tonabersat or an anal ogue of forrmula I, nmay be
delivered alone, but will generally be delivered in the formof a
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or a pharmaceutically acceptab onposi tion thereof be 'conduct ed
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Phar maceut | conpositions suitable for e delivery o onabersat or an
anal ogue of formula I, and nethods for their preparation will be readily
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Tonabersat or an analogue of formula |, may be delivered alone, but will generally be
delivered in the form of a pharmaceutically acceptable composition thereof, which
25  comprises tonabersat or an analogue of formula I, and one or more pharmaceutically
acceptable diluents or carriers selected with regard to the intended route of

administration.

Treatment with tonabersat or an analogue of formula |, or a pharmaceutically acceptable

30 composition thereof, may be conducted at a unit dose of between 1 to 1000 mg, suitably
1 to 500 mg, for example an amount in the range of from 2 to 400 mg such as 2, 5, 10,
20, 30, 40, 50, 80, 100, 200, 300 and 400 mg of the active compound.

Unit doses will normally be administered once or more than once per day, for example

35 1,2,3, 4, 5o0r 6 times a day, more usually 1 to 4 times a day, such that the total daily
dose is normally in the range, for a 70 kg adult of 1 to 1000 mg, for example 1 to 500
mg, that is in the range of approximately 0.01 to 15 mg/kg/day, more usually 0.1 to 6
mg/kg/day, for example 1 to 6 mg/kg/day.



chews, multi- and nano-particul ates, gels, solid solution, |iposone, filns,
ovul es, sprays 20 and liquid fornmulations. Liquid formulations include
suspensi oWe,208dléadoBons, syrups and elixirs. Liquid formrCatdrnp/aseszial so be
prepared by the reconstitution of a solid, for exanple, froma sachet.
Orally adm ni strable conpositions may be in the formof oral solid
conpositions, such as 25 tablets, capsules, pastilles, pellets, pills,
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convent i onglsusiipi,ned rel ease fornulations, such as tablets or granules
havi ng an enterlc coating. 8 WO 2011/067608PCT/GBZOlO/052021 Sui tabl e
filler® include cellulose, mannitol, |actose and other simlar agents.
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be useld tOSQMMrryl, beA%. t he active agent throughout t hose conpositions
10enpl oying large quantities of fillers. Such operations are, of course,
conventional in the art. They may also be in the formof oral fluid

prepar at i GrIMPQSHONG GHiRP'S fajral a&mwaﬁ@mdﬂ@ud%wﬁ farnudefipes sycly oS daklsts,
bl ends, mMegp4ililes coltdmRRNSaraEFates OlddidsP 36 poRbtYsS I02BRgesSHiidiiRfing liquid-filled),
chews, multi- and nano-particulates, gels, solid solution, liposome, films, ovules, sprays

20 and liquid formulations. Liquid formulations include suspensions, solutions, syrups and

elixirs. Liquid formulations may also be prepared by the reconstitution of a solid, for

example, from a sachet.

Orally administrable compositions may be in the form of oral solid compositions, such as
25  tablets, capsules, pastilles, pellets, pills, lozenges powders and granules. The
composition may be in solid form which melts on contact with the tongue of the patient,
for example in the form of disintegrating tablets sold under the trade name ZYDIS®.
Shaped oral compositions are preferred, since they are more convenient for general

use.
30
Solid forms for oral administration are usually presented in a unit dose, and contain
conventional additives such as adjuvants, binding agents, diluents, disintegrants,
dispersing agents, excipients, fillers, tabletting agents, lubricants, colorants, flavourings,
desiccants, humectants, and wetting agents.
35

Pills, pellets and tablets may be coated according to well known methods in the art.
Oral solid formulations also include conventional sustained release formulations, such
as tablets or granules having an enteric coating.
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15tinctures and elixirs, and gel preparations. They may al so be presented
as dilutable fluid concentrates or dry product reconstitutable powders for
di l ution WO 20e0BM®8I t uti on with water or other suitabl epPeceldBRbB/dseqor e use.
20 Oral fluid preparations, including gels and |iquid preparations nmay
contain conventional additives such as: suspending agents, for exanple
sorbitol, syrup, nethyl cellul ose, gelatin, hydroxyethyl cell ul ose,
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gel preparahployisg |apesititieoossilleas. Spanh epéeriahs adnbnicirseacboventiayallie the
formul ated fo be i Mmedi ate and/or nodified rel ease. Mdified rel ease

formul ati i ncl ude del ayed-, WO 2011/067608PCT/ G3B2010/ 052021 sust ai ned-,
pul sed-, controlled-, targeted and programred rel ease. The parenteral

conpositians for use .in the inventi may be prepared.as. .|l ong acting depot

o epar at | oNEY S APt BEiTBRE Shaye! fulSaHispelen: doresq hawd dushamans.

i nj ecti on.such afhatieoli®or @XpmRIngs, Mxeuregnquepeddiens, @blutibres, iePuAdidns) ByiRYy, be

fornulateg.mith suj tabl e aolzneric.or hydr ophobi c materials (for exanple as
i e O t95

an enuPsi ANgha K% AL BiEPYrale%pt abl e oi|) or ion exchange resins,

or as sparingly soluble derivatives, for exanple, as a sparingly sol uble
salt. 10Advant ageously, adjuvants such as a | ocal anaesthetic,
preservat ithey amy kdd drd nyesanded sasardilutdbdo filiid scdneedtratesrubsi driy e graaluct

suspended | i C i.LlQns. ar Y, i of
the. compourezaf i dhilders R EATBEebARRRGR W ABPL o LB Vel
vehi cl e arlgferagiseoncentrati on, can be 15 enulsified, suspended or

di ssolyed. Parenteral conpositions are normally prepared by with the

conpound and a vehicle which is sterile, and/or the conposition is,
steri | i sed?rabidfid PeerarationfgnpiHgipg gelsianddiuid Rieeprabiensman GPRIAPIYeHIONAY. To
enhance t heidgivaisuth \as: shgpepaingosgents) foMByarapls Gositonr SE@ENtraethAscaludsy,
pr oduct . .
gelatin, hydroxyethylcellulose, carboxymethyl cellulose, aluminium stearate gel or
hydrogenated edible fats; emulsifying agents, for example lecithin, sorbitan monooleate,
25 or acacia; non-aqueous vehicles (which may include edible oils), for example, almond
oil, fractionated coconut oil, oily esters such as esters of glycerine, propylene glycol, or
ethyl alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic

acid; and, if desired, conventional flavouring or colouring agents.

30 Compositions for oral administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release.

Compositions suitable for parenteral administration include injectable and infusible
35 aqueous or oily blends, mixtures, suspensions, solutions, emulsions and low-viscosity
gel preparations. Compositions for parenteral administration may be formulated to be
immediate and/or modified release. Modified release formulations include delayed-,
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20 reconstitutabl e powder for reconstitution with water or other suitable
vehicl e before use. A fluid conposition can be frozen after filling into

t he vi al woadofrweews- dri ed under vacuum Tonabersat or aRCIrGH20US2@1A
formula I, may al so be adm nistered topically to the skin 25 or nucosa,
that is, dermally or transdermally. Typical formulations for this purpose

i ncl ude gedustairtedd paitpels cohtodlieds) sargstel wnd pnsyraromednsleasd. nt nent s, dusting
powders, dressings, foanms, films, skin patches, wafers, inplants, sponges,
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formul ati ons include del ayed-, sustained-, pulsed-, controlled-, targeted
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i ntranmuscul arl y) or by intranuscular injection. Thus, for exanple, the
conpositi f o] f t ta r or
hyar ophobi W fueRog g sk Bl Y, A e
i on exchangbicleesiThs, ccmnpcamds;dapemrgmg/ osoilhabvmaﬂ@randaithevtam,cemtoatloexamplb@ as a
sparingly r

nal ogte SIS 3 el dr bRl e Rlor SR B8 op BN Blepdloa
conposi ti omthf the @quunétalndta wehiclatvdnich isestgrie, aarydlqr_rth@e:omnemn fsustarilised, ot her
ani mal bOCBelfé're?[llhé mqga sﬁH&ne ] 6& argd’u?ecg}?oasqaqv\%t ril, nasal passage, rectum
udder duct gl ha, surgi ca uld, e.g. an incision, or
any device inserted |n 15 such a tenporary or permanent orifice, such as a
cat heter - d o n

ot ony t unks S oe BBy For CORASAER Bl 55 B SOTAREE R &, PP Brodfct

adm niX®tr arecmtliusatzb& pawdgr for retenrstladloh mtithavedsradr othenstdalale vebinieriesere aiske
comosTt! RIS REakitt 1y 1Y Posle LY A5 Bo 08 IUCRRRcBI Ll pncr
i ntranasalvagugosal fl ui d preparations, i ncI uding liquid preparations, such
as aqueous or oily blends, m xtures, suspensi ons, solutions, enulsions and
elixirs, and gel preparations. They nay al so be presented as dil utable

fluid Concﬁﬁtab@rtsgtsoroén gﬁdo@f@%@ﬁnﬁlﬁwQ’H§)Lbr55tt}%bé!l(ﬁnlﬁ@>w&f foplcally & hdtdkpn or
reconstitution Wth water or other suitable vehicle 25before use.

TonabePsatOrdPUasaa il dyuderdelly oF digngdarmaiyy Tyeicahiarmbetiepselpri thiSrRHTRLSS | y or
by i nhal atihéiide tgan, CAYdrggéls, ldiend 0sBIutbns) BiedmspVéletinchts) miastiely Y powaerer
i nhal er (edthe l,o e,
ressings, foams, films, skin patches, wafers, implants, sponges, fibres, bandages and
microemulsions. Liposomes may also be used. Typical carriers include alcohol, water,
mineral oil, liquid petrolatum, white petrolatum, glycerin, polyethylene glycol and
30 propylene glycol. Penetration enhancers may be incorporated - see, for example, J

Pharm Sci, 88 (10), 955-958, by Finnin and Morgan (October 1999).

Other means of topical administration include delivery by electroporation, iontophoresis,
phonophoresis, sonophoresis and microneedle or needle-free (e.g. Powderject™,
35  Bioject™, etc.) injection.

Formulations for topical administration may be formulated to be immediate and/or
10



as a mxture, for exanple, in a dry blend wwth [ actose, or as a m xed
conponent particle, 30 for exanple, m xed with phospholipids, such as
phosphat iwQl2etwalsréee) from a dry powder inhaler or as anPagGBolo/Espray from
a pressurised container, punp, spray, atom ser (preferably an atom ser
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preparat i ' [ e i Yy 5C
Convent i oral o Leiey Tr oA CyoRtipic Lok O B ohabRL RS EB) anerRRomy, o

met hyl celdolfisésey tuge) Httraﬁasa#@dmwgi@tﬂﬁm%@?m@@f@rreéarboxyrret hyl eIIuI ose,
al um nium stearate gel or hydrogenated edible fats, enulsifying agents, for
exanpl e | C|th| n, sorbitan nmonool eate, or.acaci a;, non-aquyeous vehicl e
(whi ch may"ir#nasalie TéFOB? TN raLlPo?om%'t@k‘an'ﬁ% beal'%*ﬁ&#?ﬁ”? Off'P%“ﬁSBﬁat ed
coconuto oirhycoskl goliddoatpesitited) sash @stpenseaf argl gaaules.e Thpy omyl @sebgliytwl , or
ethyl alc a r r dr benzoat e
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for exanple,  ethanol, aqueogus ethanol, or a suitable alternative agent for
di spersi ng’eC%F'WFﬂQ'EF BP‘N@GFSJRF B, rﬁﬁorﬂsé'ﬂé'é?ﬁé’V'@fW%t%o%l@F?rv%“taﬁ'e vehicle
pr opeldsantdesgre@asesol vent and an optional surfactant, such as sorbitan
trioleate, oleic acid, or an oligolactic acid. 35Pri or to use in a dry
powder or suspension formulation, the drug product is mcronised to a size
sui t abl e flamatedsater yanbynalnbad af iformyla yipineal lbg bersmistdvad ibtranasalbnoy . byThi s

may be ac Whr‘?a‘fﬁﬂb égp?cayy %HRE?&H B £y PN ARG G5 I8 er UG {6tEPLIAL, | €t

mlling, flul
as a mixture, or example, in a dry blend with lactose, or as a mixed component particle,

30 for example, mixed with phospholipids, such as phosphatidylcholine) from a dry powder
inhaler or as an aerosol spray from a pressurised container, pump, spray, atomiser
(preferably an atomiser using electrohydrodynamics to produce a fine mist), or
nebuliser, with or without the use of a suitable propellant, such as 1,1,1,2-
tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropane. For intranasal use, the powder

35  may comprise a bioadhesive agent, for example, chitosan or cyclodextrin.
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i ncorporated together 35with a preservative, such as benzal koni um chl ori de.
Such formnul ati ons may al so be delivered by iontophoresis. The conpositions
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conventional additives such as suspending agents, for example sorbitol, methyl
cellulose, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, aluminium stearate
gel or hydrogenated edible fats, emulsifying agents, for example lecithin, sorbitan
monooleate, or acacia; non-aqueous vehicles (which may include edible oils), for
25  example, almond oil, fractionated coconut oil, oily esters such as esters of glycerine,
propylene glycol, or ethyl alcohol; preservatives, for example methyl or propyl p-

hydroxybenzoate or sorbic acid, and if desired conventional colouring agents.

The pressurised container, pump, spray, atomizer, or nebuliser contains a solution or

30 suspension of the compound(s) of the invention comprising, for example, ethanol,
aqueous ethanol, or a suitable alternative agent for dispersing, solubilising, or extending
release of the active, a propellant(s) as solvent and an optional surfactant, such as
sorbitan trioleate, oleic acid, or an oligolactic acid.

35  Prior to use in a dry powder or suspension formulation, the drug product is micronised to
a size suitable for delivery by inhalation (typically less than 5 microns). This may be

achieved by any appropriate comminuting method, such as spiral jet milling, fluid bed jet
12



WO 2011/ 067608PCT/ GB2010/ 052021 f ast-di spersing dosage fornms such as those
described in Expert Opinion in Therapeutic Patents, 11(6), 981-986, by

Li ang anow@ren/q62¥1) and Verma RK et.al. Current Statu®COGE20LgDRNLI very
Technol ogi es and Future Directions, Pharmaceutical Technol ogy On-Line,
2001, 25(2), 1-14. Such dosage forns are also known as oral

f ast - di ssohillingg, sufereriticald- s s roaessingpitd- fetnt , namopdrticdes s dligh ngressdre
fast - di si conposition nmay be in solid form which
melts on (r:ht)n HSQ&E%%F%&EYSW& of the patient, for exanple in the form of
disintegrating tablets sold under the trade nanme ZYDI S(r) (RP Scherer, UK).

Al ter nat | Yolkuich e dBIRSSE i, o BRI & dfr&(ymdbymﬁéiﬁy@w , blisters

(effervescent drug absorption system gora fon), Fast Melt (highly
por ous > 1@%@%?’9%"%@‘? imantigidler or “Ef”éfll?t‘éfd'ﬂ%\b %fqr@Hbatediqoé‘é’ﬁ@d”S% POV RS s

Erat r Id X ut Irhllxzjif 0 aimqwl uh@rolﬁlﬁeeiﬁmlbﬁ%?/swfdﬁg ﬁdeB@%bQ@b@@ &Slactdsé\or stEh?t}lS ht ﬁb
or odl sper s| e t1parti | at e, t abl et rogr ar France as
(Pt ab < MEoyPalPmAl bedtir oS A iFlcing e iBs o dbaaeSofs Bispiihar

Or asol v ( dadtesermay batandydspes sed the forro oafheuhendhgbitad, ,pr@enablyl_taeiatﬂen@thejSA)

ou 2 ¢ aty. e CIAPRARYEALOEHBLIR, TREBED! RIS, oS, @%ﬁ@%s%gg ed

15f ast dispersin ets, Farmalyoc ance reeze dried
fast difspengitighatoapl ets, Janssen Pharanceutica, USA). Qther suitable
formul ation technol ogi es may include | NDAS (insol uble drug absorption

system El an Corporation which utilises a stablllse@ np us f or m of
the drug vi SHITAEK) salyfiom Exaulienden Ve In REAEXPHEY Yping SMS QAeMmigs to
Cor por at i gpducetd fate mtst inagzeenteafmﬁmpgw B(Smgfof thlee:odfpa)gnd bymecra}elnyorheyn ng a

article sjze of n..400nm.in_di arret herer),
Pl ehCuti 110Bu8h anfiife BfRinh YRilinelial A3R] fim, B8 150G VG FEES
t echnolsogireay demprisehed amelogua crfreigmada/anpragyiem Igyycplr otarithe watsreethapoldand25
drug di Sng'oHE}nPBhBH&’e aﬁﬂ%eﬁ é)Qolvé: £mﬁh*1§ﬁ5r%a§%11}%% |h§5'§d Bhgtoggl'eﬁé gtﬁsr ate

in the or cavity, enea he t ongue, e rat sor pt’i on may
be incr ead%u%@iwqr@'ﬁmmt%”&lﬁﬂqobm effects reduced As is conmon
practice, the conpositions will wusuall y be acconpani ed by wi tten or 30
printed di H? sfor use in the ne eatment

d « Qﬁf t tconce nf
conposi ti flayews; sudhnzs MROBAL auhlenapen ﬂ‘t a1 AVESIBNTD. TS %@QW‘
wei ght2o preefsacetidry odium, by bé a&ady tonbbghformakatidieeofatbt iimentied eitéraled for

dependi ng . istration. 35 The followi ng are given by
way of exa Iée&g]hr?%{é?gd {ms gﬁ% e and ai d understandi ng of the invention:

WO 2011/ 067608PCT/ GBZOlO/ 052021 Studies with tonabersat have enpl oyed a
nunber of ﬂnfaﬁérrsgf‘ér etrpérmrl'&fife' &@érrﬁtﬁ&| Wlyso anGﬁﬁ%ust@%%@t%ﬁy BvARRlIg! S

0.05, 1.0, and nq l'et core wei ght Direct conpréession
tabl ets 15r0r@emp4@ 'ram QWﬁbawmsﬂ%msswrer%@%t 400 ny
25

Tonabersat or an analogue of formula I, may also be administered directly to the eye or
ear, typically in the form of drops of a micronised suspension or solution in isotonic, pH-
adjusted, sterile saline. Other formulations suitable for ocular and aural administration
include ointments, biodegradable (e.g. absorbable gel sponges, collagen) and non-

30  biodegradable (e.g. silicone) implants, wafers, lenses and particulate or vesicular
systems, such as niosomes or liposomes. A polymer such as crossed-linked
polyacrylic acid, polyvinylalcohol, hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose, or methyl cellulose, or a
heteropolysaccharide polymer, for example, gelan gum, may be incorporated together

35 with a preservative, such as benzalkonium chloride. Such formulations may also be
delivered by iontophoresis.

The compositions of tonabersat or an analogue of formula I, may also be in the form of
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Direct conpression tablets 20 ng with core weight 400 ng 5- Nanoparticul ate
tablets 10, 20 and 40 ng with tablet core weight 400 ng The direct

conpr essiwO 20ubleado8 utilise mcronized drug substance WRCITAIB20 108052021
nanoparticul ate tablets were direct conpression tablets utilising wet bed
mlled spray dried nanoparticul ate drug substance. Cinical trials have
been conduastetispetsing doszgeXOrmsluch(ys tBOse déscrib@d anEx@ot Opinioaumd hedaptetic

uncoat ed dAERL, HORPRIIANLS ABhELA LN (Ahi955s VBIARh QTR YGER & e

foll ow ng unit co onl resen
st rengt hs dilrfigDebwery Tieghnelpgibe arat-utunel Dirgctianse Pb@rm@ﬁuycal Technqhogy On-

represent 3r_t|rﬁé/ ezdoqr @ngf}t han, %‘dbr‘i s &qd %rmfésﬁre' Asd RBoWA BRCHL| HAVERELIGAG! S
detailed in 15Tab | ngr edi ent 20ng Tabl et antity (nm) Tonabersat 20.0

Lact osé33da@d2ibssm\'8r o@P&?’s’Pﬁ'ltl .m@ﬂfcéﬁﬁ@ﬂwage@odo %dl%%%@%ﬁabbt The
G ycol | at eodtpoBitidly peaydelGalsbnd tham vith fens bh @shdelwith %Nbg@%d)ﬂiﬁé pheatate4. 0

For mal i n- (AU p 0P AT g o GRE A AP aHiR T By pract e TAU8 rams ZYDIS® (RP
Scherer, UK). Alternatively, the composition may be in the form of the EFVDAS
(effervescent drug absorption system, Elan Corporation), Fast Melt (highly porous

10 microfine matrix tablet, Elan Corporation), Flashdose (floss matrix utilising shearform
technology, (Fuisz Technologies, USA), Flashtab (orodispersible multiparticulate tablet,
Prographarm, France), Multiflash (fast disintegrating multi-unit, multiparticulate tablet,
Prographarm), Orasolv (effervescent dispersed microcapsule tablet, Cima Labs Inc,
USA), Wowtab tablets (Yamanouchi Pharma Technologies, USA), LYOC (freeze dried

15  fast dispersing tablets, Farmalyoc, France) or Quicksolve (freeze dried fast dispersing
tablets, Janssen Pharamceutica, USA).

Other suitable formulation technologies may include INDAS (insoluble drug absorption
system, Elan Corporation), which utilises a stabilised amorphous form of the drug with

20 enhanced solubility, NanoCrystal technology (Elan Corporation), which utilises
nanoparticles of the drug, typically having a particle size of less than 400nm in diameter,
or SoftGel (RP Scherer), which utilises a soft gelatin capsule formulation.

The formulation technologies described herein may advantageously provide more rapid

25 drug dissolution and absorption. For those compositions that disintegrate in the oral
cavity, such as beneath the tongue, the rate of absorption may be increased and first-
pass metabolism effects reduced.

As is common practice, the compositions will usually be accompanied by written or

30 printed directions for use in the medical treatment concerned.

The compositions for use in the invention may contain from 0.1% to 99% by weight,
preferably from 1% - 60% by weight, of the active material, depending on the method of
administration.

35
The following are given by way of example only to illustrate and aid understanding of the
invention:
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Aim To determ ne the effect of tonabersat on chronic allodynia and/or
hyper al gesi a nodels. 35 Method An injection of 0.5%formalin is made into

t he pl antwo 20agicosesof a CF1 nouse (obtai ned from Charl e®CRIGB2010/052@21) ri ght
hind paw. This elicits a distinct biphasic behavioral profile WO

2011/ 067608PCT/ GB2010/ 052021 characteri zed by the nouse |icking the

af fect ed [Etudies mite threbeisyt fialel amplogeddieunbgred diflerertt feemutatises incloligt he paw
for about 10 qy e [ rief

| at ent peri oatm \ﬁ%gzr:(%ﬁ?rﬁ;e@&eﬂéb%@p%ﬁ 1% ﬁa?%%?éa Q,\‘}I h tgbl[epéd g\%ng;rh?%ro onged
period of -abdiiteckoompreggomianiet®ds.ofo, paand B@mwgltfetabl@égowweightd@amg tutes
phase 2 5(li nf@lmrﬁﬁr&sm#fdb%s ?@n{ghﬁtrfi&maﬂ,‘eﬁjhf@@@ piy of the test drug or

vehicl e each nouse underg - mnute conditioning period in one of
several’ 6™ ta{ﬂqnoﬁﬁ@'ﬂ'@ieﬁe'e@b@e?géﬂﬁ69 MY tablpt C@"%i’ﬁ%@@ﬁ)o thht are pl aced
infront of a mrror. Follow ng the conditioning period, doses of 10
tonabersat adm ni st er .0...and the nouse retu ed to |. one
ube. ar e iregt. SPhRstOT oelsPs riPE  aleREEhk ot pavL bl HEL)
f or mal i n wiadnbpérculateetablets weteddirathlcbmp(e@Biounltabl2® gfdisigg wetemHdenilledtsprayhe

pl antar SLHrleacn%nBEéar'i'ﬂﬁatfa'og% s!}E)%fShJeOO@ r\ (%g@rje}ﬂeef{g\}e Qée dﬂ?t%glu%li%iﬁg F’?b aced

facing down I n°sur i'nj ecti on
each ai nmed0. 39, b 8§ B19 toned whrtgtunszoa’fechdtreg cgmpw@wnsawﬁuméw e@@@h for

a 15 tot aieigit &&d@h@uwm‘theTmowmgLUnatdowpdsmegt(izo ?g tdoftidng pratesaghal?

m nute tine period receiving the requisite vol une of
vehicl e i <t rtsgﬁﬂ%tf‘ééifﬂ‘ﬁ[E’Wygh@ﬁat?ﬁfﬁ%té‘”&ll?fé?ﬁet?%‘teir@st drug. Aninals are

eut hani zed fol | OWI ng the concl usi on of the experinment. An n of 8 mce per
gr oup vv|II be e e n |s S 20Ar ea under the curve. (A

et or m nat’ SRPESTIEHE  ouTwg hem sS b T Ui DEpeh DS s e cninc 1
cal cullat ediabde 1.bot h the test and control groups for both the acute and

i nfl ammat ory phases. The-AUC+Hoer—individual—animwals—Fer—each phase is al so
cal cul ated and converted to pbrgedieage of tot20mgdg\Uablet control. The average

percentages and SEM for both the drug treat eg @ﬂgtyc(%pé)r ol are cal cul ated
and tested for signific nabersat - Test

data from formalin-i nducezhabersatept i on model in 26.@e (n=8/ group). 30Effect
on duration of licking dujng the two phases (agygg and inflammatory) of
the test.

Microcrystalline Cellulose 20.0

Sodium Starch Glycollate, 24.0

Type A

Colloidal Silicon Dioxide 2.0
55 Magnesium Stearate 4.0

Total Weight 400.0

Table 1

30 Experimental Methods

Example 1:_Formalin-induced hyperalgesia and inflammation
Aim
To determine the effect of tonabersat on chronic allodynia and/or hyperalgesia models.

35
Method

An injection of 0.5% formalin is made into the planter region of a CF1 mouse (obtained
from Charles River, Inc.) right hind paw. This elicits a distinct biphasic behavioral profile

15



Dose Test Control Drug- % Inhibition SEM Statistical ng/kg AUC treated of
Control Analysis AUC
WO 2011/067608 PCT/GB2010/052021

characterized by the mouse licking the affected paw. Immediately following the injection

the mouse licks the paw for about 10 minutes. This is phase 1 (acute) and is followed

by a brief latent period where there is little behavioral activity. A more prolonged period

of about 20 to 30 minutes of paw licking ensues which constitutes phase 2
5  (inflammatory).

Prior to the administration of the test drug or vehicle each mouse undergoes a 15-
minute conditioning period in one of several 6" tall plexiglass observation tubes (4"
diameter) that are placed in front of a mirror. Following the conditioning period, doses of

10  tonabersat will be administered p.o. and the mouse returned to its home tube. At atime
determined to correlate with peak plasma levels (1 hour), formalin will be injected sub-
dermally (20 ul; 27 gauge needle) into the plantar surface of the right hind foot. The
bevel of the needle is placed facing down toward the skin surface. Following injection of
the formalin each animal is observed for the first 2 minutes of each 5 minute epoch for a

15  total of 45 minutes. The cumulative length of licking for each 2 minute time period is
measured. An animal receiving the requisite volume of vehicle is alternated with each
mouse given the test drug. Animals are euthanized following the conclusion of the
experiment. An n of 8 mice per group will be employed in this study.

20 Area under the curve (AUC) determination is made using the GraphPad Prism Version
3.03. Total AUC is calculated for both the test and control groups for both the acute and
inflammatory phases. The AUC for individual animals for each phase is also calculated
and converted to percentage of total AUC of control. The average percentages and
SEM for both the drug treated and control are calculated and tested for significant

25  difference.

Results

Tonabersat — Test data from formalin-induced nociception model in mice (n=8/group).
30 Effect on duration of licking during the two phases (acute and inflammatory) of the test.

Dose Test Control Drug- % Inhibition SEM Statistical
mg/kg AUC treated of Control Analysis
AUC
45.0 Acute Phase 185.8 116.4 37.3 +/-14.7 p=>0.05
45.0 Inflammatory 446.7 135.8 69.6 +/-11.6 p= <0.05

Phase

35
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45.0 Acute Phase 185.8 116.4 37.3 +/- 14.7 p= >0.05 45.0 Inflamuatory 446.7
135.8 69.6 +/- 11.6 p= <0.05 Phase
WO 2011/067608 PCT/GB2010/052021

Example 2: Sciatic Ligation-induced Peripheral Nerve Sensitization
5 Aim

To determine the effect of tonabersat on a sciatic nerve ligation model. The sciatic nerve
ligation model is the ‘gold standard’ model for allodynia and/or hyperalgesia. Both
gabapentin and pregabalin are active in these models.

10  Method
Following a 10-day post-operative period after partial ligation of the sciatic nerve as
described by Seltzer et al, each of the operated Sprague-Dawley rats (obtained from
Charles River, Inc.) will be tested for the development of consistent, mechanical
allodynia (pain response to a non-noxious stimulus). Animals are placed in a
15 bottomless plexiglass box placed on a stainless steel platform with 1/4" holes. After at
least a 30-min conditioning period in which rats are allowed to sit quietly in the cages on
the platform, a baseline mechanical sensitivity is determined which represents the pre-
drug 50% paw withdrawal threshold. This procedure is done by applying a series of
calibrated Von Frey monofilament fibers perpendicularly to the plantar surface of each
20 hind paw in between the pads or further back toward the heel. The 50% threshold for
foot withdrawal is determined by using the “Up and Down” step procedure. That is, after
a positive response (X = withdrawal of the foot) is noted, a weaker fiber is applied until a
failure to withdraw the paw (O = no withdrawal) is noted.  This is the estimated
threshold value. Once an estimate of the individual rat’s threshold has been obtained,
25 the next highest/stiffer/thicker fiber is applied and so forth. This is repeated for 5 steps.
If the pressure of the largest diameter fiber raises the foot without a withdrawal, it is
considered as “no response.” and recorded as > 300g on the data sheet.

Following the measurement of the initial predrug responses, the rats will be given an
30 p.o.injection of tonabersat ( n=8 rats per dose level). The mechanical threshold will then
be assessed at 1, 2, 4, 6, 8, and 24 hrs post-injection to determine the duration of action
of the test compound and the TPE in this model of mechanical allodynia. The animals
may be used again after a sufficient time has elapsed for wash-out of the drug, typically
7 days.
35
The withdrawal threshold for each animal determined at each time point is computed
using the "xoxox" step procedure originally developed by Dixon (1980). As described
above, the fiber diameters and the pattern of the response are recorded once the
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WD 2011/ 067608PCT/ GB2010/ 052021 Exanple 2: Sciatic Ligation-induced

Peri pheral Nerve Sensitization 5 Aim To determ ne the effect of tonabersat
on a sci avpeoneawv@s! i gati on nodel . The sciatic nerve |i gaTiGBromoded2ti s the
"gol d standard' nodel for allodynia and/ or hyperal gesia. Both gabapentin
and pregabalin are active in these nodels. 10 Method Fol |l ow ng a 10-day
post - oper ahiegbolp éins bdembstgnatpai(the ploint whatd tha fiedt pohiives cisponse (g isviellaged
descri bed I of . r r - .

(obt ai ned @ﬁg?ﬂﬁ@é%%@%&g)vrg??@q%gb ﬁc\%m&ﬁn%ﬁg C?%E%Qtsim P o!rigé?ﬁeg%. e%éle'f)éotgetrrr@'nst of
consi st entthusreokeii dzdr each eaiynsl the(psdiern eldbporrpenswand eriinabioes testast (Xdhul us) .
Ani mal s arg RIASLRIG By 8xdeh nhkd B SRuBleR S bBRS APNIRLARBLNARNBIGSISHA! esS

steel platformwth 1/4" holes. After at least a 30-mn conditioning period
in which B ©H al lowed to sit quietly in the cages on the platform a
basel i ne nechani cal sensitivity is determ ned which represents the pre-drug
50% paw withdrawal threshQl d. This procedure is done by applying a series
of cali brﬁoﬁg%ﬁsﬁ%yqﬁoﬁ%ﬁq@@@&&fi bers perpendicularly to the plantar
surface of each 20 hind paw in between the pads or further back toward the
e ouns WALLBIERRAA ol Bl YOARAYER et ARLENEL 100 B WigdaiRe " P
and Down" steép 6rocedure.._ t 1's, after a positive response (X =

Wi t hdri@walfobthetretiefroot nosityeinggaiye rasnaaare pL$erived (Anpeagisirreddasghin Ghaglanai | ur e
to wi thdr appdifies RSWDLHDNTWIP. (W9dd) AnAWRdy) PharmitRbEToxicni:443 4622 aRf$ ti igBeed

t hreshol d val ug;,. Once, an estimate of the individual rat's threshold has
been obt aiMeRN dideepeRainieg inifs Rptuesn eyl er / t hi cker fiber is applied and so

forth. This is repeated for 5 steps. If the pressure of the |argest

di aneter fiber.raises the,foot wtho w t.hdrawal ., it. | onsi dered as
ot eemordd ek Babi i Patel Wrkuls e tringl B Racn abimial i BT flk,
measurlignent Sdf.Mt he50%i pavawitidredaluresbeldan e, calduatedfs aach Iratha egickrdimean 30
p. 0. injectyan o] rSat: = o] T; i cal
Pireshol d i NnchofiRRe iddliole) b BRfdciOBE the oige BE HEWERNGE |
t o det er niasEesmEnyL? RETCEA! eFangetEBHVSDI0 theePredisg BRATH(NSFRENARENNealPPE!S n

t h} s rrpdeltde@émﬁmmnbg@d ral LRy BieaGrubBe CUliciést (P3phBSd SERRtiad Tohwald)er a
Su I Cl en

ti has. el apsed for wash-out of the drug, typically 7 days. 35
The i t Parstatisa i BB Rpuake AR el i paet 2 oo B | o
conputm®d usarmigrd Hevidtioms dom tieepoyy’ © ardnr e Toeipgrazal tyandeve thapexvelngeDifaron

1980) . i hed fiber. di t d t . of..
esponse a1 EASTELARRRCE: phdf ol Bnt) OTBBHRAR T B B Dk o «
has been efffdreraecéiont He psidritg whlbe eusirge DAS-B2sedoBLEi seftwasepdhe €00 pais
fol I ovned ByitHaRRvdl tHr8&hMRIABENE i Rbof &P ROA§FHicant s Apdigies.t 0 Chapl an, the

i deal response pattern 1s thus "xoxox". For each aninmal the pattern of the

response and the final fiber tested (Xf) is entered into an Excel nacro

that cal clRajuits t he 50% paw wi t hdrawal threshold using 5the fornula: 50% g
— N

threshold Ton%gerg%q—tl'e%t Ig’at)a/f:rLc())rh OC(f)w(r)onic sciatic nerve ligation model in rats (n=8/group).

Effect on threshold for foot withdrawal (g).

Dose mg/kg Time of peak % Control S.E.M. Statistical
effect [h] Analysis
30.0 6.0 237.0 +/-52.0 p= <0.05

30 Example 3: Rat peri-orbital von Frey sensitivity model

Aim

To show the effect of tonabersat (10mg/kg i.p.) on morning peri-orbital von Frey

sensitivity threshold in rats following chronic sensitization induced by daily application of
35  an “inflammatory mediator soup” (IS) to the surface of the dura.
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Where Xf is the value in log units of the final von frey hair tested, E is
the tabular value 10 for the pattern of positive/negative responses
observed Wwoppemereospr ovi ded i n Chapl an nodified from D eom/GBMM/05¢@P80) Ann
Rev. Pharnmacol Toxicol, 20:441-462, and Eis the nean difference in |og
units between stimuli. Using the 50% paw Wi thdrawal thresholds detern ned
for each alg r@ﬁ the nmean value 15 + S.E.M of 50% paw wi t hdr aval

t hreshol d %5 caI CHJ ateg for ea h rat at each tine point. Wen these

i ndi vi dual q;aarpa %?%h 'H b'”b%PpFﬂ average for the pre-drug assessnent, a
percent change relative to the predrug nmean (percent control value) is
determsned for each rat. Using the Gubbs Qutlier test (G aphpad
Statistical Software), statistical outliers are excluded only when

i ndi vi dual responses are found to be >3 20 standard deviations fromthe
group's nean. The percent change is then averaged for the remai ning group
at each tinme point. The data are then tested for significant difference
fromthe predrug val ue usi ng DOS-based PCS software. The 50% paw wi t hdr awal
thresholds + SEMis reported as significant (*) if p< 0.05. 25Results
Tonabersat - Test data fromchronic sciatic nerve ligation nodel in rats
(n=8/group). Effect on threshold for foot wthdrawal (g). Dose ng/kg Tinme
of peak effect [h] % Control S.E.M Statistical Analysis 30.0 6.0 237.0 +/-
52.0 p= <0.05 30Exanple 3: Rat pen-orbital von Frey sensitivity nodel
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Aim To show the effect of tonabersat (10ng/kg i.p.) on norning
pen-orbital von Frey sensitivity threshold in rats follow ng chronic
sensiti zavpant/mwawsed by daily application of 35an "i nf lpamra®20ropsnedi at or
soup” (1S) to the surface of the dura. Results See results graph (Figure
1) in appendix. WO 2011/067608PCT/ GB2010/052021 Cl ainms 1. Tonabersat or an
anal ogue dlaims nula 1 0 R3-N-C- R7 Yis CGRl; 10R1 is acetyl; R2 is

hydr ogen, 03+ 6 ptionally interrupted by oxygen or
substituté@ Bgnﬁ%ﬁ%ﬁgigxkﬂfé&gi%ﬁéﬁ%%?qsubstituted am nocar bonyl, Cl 6

al kyl carbonyl, Cl1_6 al koxycarbonyl, Cl1_6 al kyl carbonyl oxy, Cl_6 al koxy,
nitro, cyano, halo, 15 trifluoronmethyl, or CF3 S; or a group CF3 --A--,
where Ais --CF2 --, --CO-, --CH2 --, CH(OH), SO, SO CH2 --0, or CONH,
or a group CF2 H-A -- RdereNA—¢€soRygen, sul phur, SO SO, CF2 or CFH
trifluoronmethoxy, 01 _6 al kyl gul phinyl, perfluoro 02-6 al kyl sul phonyl, Cl1_6
al kyl sul phonyl, C1 6 Repfs, Cl 6 al koxysul phonyl, aryl,
heteroaryl, arylca ryl carbonyl, phosphono, aryl carbonyl oxy,
20 het eroaryl car bgnyl oxy, Lhyl, heteqparylsulphinyl,
aryl sul phonyl, or honyf in which any aromatic noiety is
optionally substi <6 a bonyl am no, Cl1_6 al koxycar bonyl am no,
Cl 6 al kyl -t Hsbcar bo , Cl3 alkoxyfhiocarbonyl, 01 6

al kyl - tshi ocar bonyl oxy, 1-mercaptgg 02_7 al kyl, fornyl, or am nosul phinyl,

am nosul phonyl or am nocarbonyl, in which any amno noiety is
Y is C-Ry;
10 Ry is acetyl;

R, is hydrogen, Css cycloalkyl, Ci¢ alkyl optionally interrupted by oxygen or
substituted by hydroxy, C,¢ alkoxy or substituted aminocarbonyl, C4.¢ alkylcarbonyl,
Cis alkoxycarbonyl, Cis alkylcarbonyloxy, Cis alkoxy, nitro, cyano, halo,
15 trifluoromethyl, or CF3; S; or a group CF3 --A--, where A is --CF; --, --CO--, --CH; -,
CH(OH), SO,, SO, CH, --O, or CONH; or a group CF, H--A'-- where A' is oxygen,
sulphur, SO, SO,, CF, or CFH; trifluoromethoxy, C4¢ alkylsulphinyl, perfluoro C,.s
alkylsulphonyl, C4¢ alkylsulphonyl, Cs¢ alkoxysulphinyl, Cqs alkoxysulphonyl, aryl,
heteroaryl, arylcarbonyl, heteroarylcarbonyl, phosphono, arylcarbonyloxy,
20 heteroarylcarbonyloxy, arylsulphinyl, heteroarylsulphinyl, arylsulphonyl, or
heteroarylsulphonyl in which any aromatic moiety is optionally substituted, Cis
alkylcarbonylamino, C.s alkoxycarbonylamino, Cq alkyl-thiocarbonyl, Cs¢ alkoxy-
thiocarbonyl, Ci¢ alkyl-thiocarbonyloxy, 1-mercapto C,; alkyl, formyl, or
aminosulphinyl, aminosulphonyl or aminocarbonyl, in which any amino moiety is
25 optionally substituted by one or two C alkyl groups, or Cq¢ alkylsulphinylamino,
C1 alkylsulphonylamino, Cq. alkoxysulphinylamino or C4¢ alkoxysulphonylamino,
or ethylenyl terminally substituted by C. alkylcarbonyl, nitro or cyano, or -C(C.
alkyl)NOH or --C(C+.s alkyl)NNH; ; or amino optionally substituted by one or two Cy
alkyl or by C,7 alkanoyl; one of R3 and R4 is hydrogen or Cq.4 alkyl and the other is
30 Ci.4 alkyl, CF; or CH, X?* is fluoro, chloro, bromo, iodo, Cq4 alkoxy, hydroxy, Ci4

alkylcarbonyloxy, --S--C4.4 alkyl, nitro, amino optionally substituted by one or two C;.
20



25 optionally substituted by one or two 01_6 al kyl groups, or 01_6

al kyl sul phi nyl am no, 01 _6 al kyl sul phonyl am no, 01 6 al koxysul phi nyl am no or
01 6 al kowg=oiplasegl ami no, or ethylenyl term nally subsPCcrGedions 2@l 6

al kyl carbonyl, nitro or cyano, or --0(01-6 al kyl )NOH or --0(01_6 al kyl ) NNH2
; or amno optipnally substituted by one or two Q1-6 alkyl or by 02 7

i Koyl - ond. BRARTOLRS FRTOs Shtr UG D0 Oty P B 0Bt Tap s
3001_4 al kyl ,pofynktifleddH2 Xa dpsiofdiyor 0, elihstituded br onthy i 0do,C,Q1_4 adlk@xy,
hydr oxy, 01_4 al kyl carbonyl oxy, --S--Cl1_4 alkyl, nitro, am no optionally
substituted by one or two G _ WD 2011/ 067608PCT/ GB2010/ 052021 4 al kyl

gr Fups, hc?/anCR50§ _d?.},ar(y&bmyl_cﬂj,%ﬁyéyg)@[ oriig)zftn@hz%xy,qg%h% hhieky ané €,.L8lkbxy

pol ynet hyl eneopt i ongl | ysubst it ut edbyCl- 4a o is Cl

D kT calr bony ISR AT USRI BEHITRRTR Reindh e torredkg Addacy
S5and R6 and ROhwdregdrydrogen or R5 is hydroxy and R6 is hydrogen or Cl_2

al kyl and RO is hydrogen; R7 is heteroaryl or phenyl, both of which are
optionally substituted one or nore tinmes independently with a group or atom
sel ect ed from.cigl iteroaiyl dpphenydr betn, ofivatleh aldbpfidrally aubstitutogtonensl inyre

substituted qnce .or tw.ce by Cl-4 alky cyano,, .azi Cl-4 al koxy,

Cr LT uor onet HBH IStRPHF RV ABERDICT St PUBRBH b oreriota oS, ki o
NHCORi 10 wher iitio, Riiinb Sopliyehlig geibstitGiedGorideko twideobyng,., dlkyl.6cyahkaagyd,, Car oyl
or aryl-01_6 Ik}é/ll .and Rl% S rfﬂ}%/ﬁ.ro en, CiL__G al kyl, C1-6 15 al koxy, nono
or di C. sub. PH§X 1%@%‘”%??? 6%y and WHUOQMeYTT. sub. 1-6 al kyl, hydroxyCl_6

al kyl, halo-01_6 alkyl, Cl1L 6 acyloxy-01 6 alkyl, Cl1_6 al koxycarbonyl-01 6
-al kyl, aryl or heteroaryl; the R8 --N--00--R7 group being cis to the R5
group; and X ResisdwympgenoC: NRKEI, Wi er RHCOR chwyithreigeit1 as hpdrogeral &l alkyl, a
phar maceutic ce L Li@en r fr i-nAh eat mnent
of al | odyni aqg’]r?%?/ ’g§1'628|h%%aﬁggrg€rz%&'2.e@rglﬁ b%ﬁjsgfogrh@?] ér?él%’ﬁﬁaéw(i)’f élfsor mul a
1 as défined alkpxy| EPRP Pr dj F?-&U%é'@rﬁﬂwf aeingr 8MyT0. @MHeRtCewien® atkylk hyd@xyn t he

treatment t of @lelfamqflxpiago-@_ngémylapxp%ﬁéyge@:.eaa|kﬁ,5c31-.6 a‘rkd@&éwénﬁgm tém\{uté@ﬁt ”fnt
or prevention o odyni a apd/ or, al gesia conprisin mnpistering to
a pgti ent in Or‘ieéﬁ?qrﬂweéofhea Bhar"ﬁ'ﬁ%feéha&rpype@@g}t)i% 5%0&‘& Fgﬁf QFBHB{;bgrsat
or an anal ogusdof isf @yguh ar NRaswhefei Rgds hydrGhexi on €1 alkyl.or Boptedoeasalticalty an
anal ogue of fa%%&&%&elcér%osﬂiso% ﬁlseré;(ifalf&eﬂsé r\nclh%' %at%e%pdofzallo%glnig and/or

20 hyperalgesia.

2. Tonabersat or an analogue of formula 1 as defined in claim 1, in the manufacture of
a medicament for use in the treatment of allodynia and/or hyperalgesia.

25 3. A method for the treatment or prevention of allodynia and/or hyperalgesia
comprising administering to a patient in need thereof a pharmaceutically effective
amount of tonabersat or an analogue of formula 1 as defined in Claim 1.

4. Tonabersat or an analogue of formula 1 for use as claimed in claims 1 and 2, or a
30 method according to claim 3, wherein the allodynia and/or hyperalgesia is
associated with neural disorders.

5. Tonabersat or an analogue of formula 1 for use as claimed in claims 1 and 2, or a
method according to claim 3, wherein the allodynia and/or hyperalgesia is
35 associated neuro-hypersensitive disorders.

6. Tonabersat or an analogue of formula 1 for use as claimed in claims 1 and 2, or a

21



30nmet hod according to claim3,wherein the all odynia and/or hyperal gesia is
associ ated with neural disorders. 5. Tonabersat or an anal ogue of fornmula 1
for use asochavmseasi n clains 1 and 2, or a nethod accor @cmgr2010015202m
3,wherein the allodynia and/or hyperal gesia is 35associ at ed

neur o- hypersensi tive di sorders. 6. Tonabersat or an anal ogue of formula 1
for use as chwitreeld acoordingi s claimna®, 2whereina theN@IB0yri4 06 BES Ri¢raig2ei20/s052021

met hod accorg$5r'b%|atte e Ie%ma% Ort%lng the all odynia and/or hyperalgesia is
associated in ory Condl tYons™> 7. Tonabersat or an anal ogue of

formula 1 for use for use as clainmed in clains 1 and 2, 5or a nethod

according 4 OTSrHé"derﬂ%a?or whSh&bgud Sﬁoﬁ’MIQQ%F u%eff&q{s%ras"efé?ﬁ]%éhrgaéi'n% 1 §nd 2,

associ ated wi th nerve conpression_and ent r apment . Tonabersat or an
anal ogde of PoPnEHIOY 3GPIdingtq 8*6""09"9 V&@ere'naﬁhﬁeailoﬁw'e|%df% hypgfRigesia by a

nmet hod accor didugiated Witrehghv8 combrission ahBr ahtrapydhita and/ or hyperal gesia is
1l0associ ated trauma. 9. Tonabersat or an anal ogue of formula 1 for use for

use as clainmed in clains 1 and 2, or a nmethod according to claim 3, wherein
t he al | odyhi @oeatebr<at ohyrpenaibg;ﬁbfa‘oninwlass«nnjsatferdjqewtcﬂmlmeaﬁri vleims hamh2, 15

10. Tonabersgt jo Qgpcg r r in
clains 1 andgFZ %eﬁj%da&t%h chlra nﬂ@erépal %E)a%,hg anﬁ%ﬁtrﬁ@ %@O%% a
and/ or10hypera$5i§@§ﬂ%d treumgsoci at ed phantom |inb pain. 2011. Tonabersat or an

anal ogue of forrrula 1 for use for use as clainmed in clainms 1 and 2, or a

met hod according to claim3, wherein the all odP/nl a and/or _hyperal gesia is
bur ni ng molit RO R Qpan ggalg@ueggf formula 1 for use for use as claimed in Claims 1 and 2,

or a method according to claim 3, wherein the allodynia and/or hyperalgesia is
associated postoperative trauma.
15
10. Tonabersat or an analogue of formula 1 for use for use as claimed in claims 1 and 2,
or a method according to claim 3, wherein the allodynia and/or hyperalgesia is
associated phantom limb pain.

20  11. Tonabersat or an analogue of formula 1 for use for use as claimed in claims 1 and 2,
or a method according to claim 3, wherein the allodynia and/or hyperalgesia is
burning mouth syndrome.
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