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THEIR SYNTHESIS AND USE 1. CROSS REFERENCE TO RELATED APPLICATIONS 10001] This
application claims priority under 35 U.S.C. 1.119(e) to provisional application 5No. 60/9.1.5,103 filed
April 30, 2007, Bfbvisiorad dpplication No. 61/027,814 filed February 11, 2008( Bhd2pddvisithal _
application No. 61/028,122 filed February 12, 2008, the disclosures of which are incorporated herein
by reference in their entireties. 2. STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH [0002] None. 16S/PRRTIESNDOR ik TORMESHARGIP AEREBRENT 100031 None. 4.
REFERENCE TO SEQUENCE LISTINGR TREESORTHMBUTERISEOGRAM [00041 None. 5.

BACKGROUND 15100051 Tricyclic antidepressants, including amitriptyline (AT) and nortryptiline (NT),

have been shown te-inhibitthereuntake of @n&@g}p@?@cﬁ@ﬁgﬁé@repinephrine and serotonin, and
ifferen

have been widely used both on and pflfjlabe ‘téd treat many isorders and diseases mediated,
at least in paitd @"%?é‘@@l%éfﬁﬁ%@FF&'&IE@@@%S_r‘éﬁ?néﬂhlﬁr%@ﬁdmw&monmjammdmg, but not
limited tg, mondalisnriers such/asHeprossioR.AnsH, %ﬁﬂf@ﬁ[&ﬁ@;&“&ﬂ@%ﬁPE%?&&‘%BHIM%“'S'Ve

disorder (OCD)ggaéing disorders such as anorexia nervosa and bulimia nervosa, impulse-control

disorders suth A8 tFcHEIRIBISARS! eRpdisatie PR 8 €0ich 144 s Reharrerak RO Bt divatavamal,

personality d}'ﬁ&ﬁd@h&@ﬁi&@gﬁﬁ&ﬁﬂ%ﬁﬁﬁﬁ%E&@@J@ﬁi%@h@ﬁ@f&%.(A[_)H D) and somatofoin_i disorders
such as certain types of pain. AT and NT have also been used as first-line treatment for various types

of acute andZchronfelgelil BVAL R &t IO SEBHIEI(Tor SxampleROMAIS BARISEETal) O
non-nocicepgmﬂqq&g@mple neuropathic or sympathetic) in origin, including non-nociceptive
neuropathic pains such as diabetic neuropathy and post herpetic neuralgia (PHN), and nociceptive

pain in¢ludirg inflapwmetory painayushintarsiiiol gy it 10006 gwever, the use of AT and NT has
been Iimited{ngg}eIi\EO%Qtoward side effects,

4, REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM
(0004} None.

5. BACKGROUND :

15 [0605] Tricyclic antidepressants, including amitriptyline (AT) and nortryptiline {NT)}, have
been shown to inhibit the reuptake of monoamines, including norepinephrine and serotonin,
and have been widely used both on and off label to treat many different disorders and
diseases mediated, at least in part, by dysregulated uptake or reuptake of norepinephrine and
serotonin, including, but not limited to, mood disorders such as depression, anxiety disorders

20 such as obsessive compulsive disorder (QCD), eating disorders such as anorexia nervosa and
bulimia nervosa, impulse-control disorders such as tricholtillomania, sleep disorders such as
insommia related to opioid withdrawal, personality disorders such as attention deficit
hyperactivity disorder (ADHD) and somatoform disorders such as certain types of p_éin. AT
and NT have also been used as first-line treatment for various types of acute and chronic pain

25 thatare etther nociceptive (for example somatic or visceral) or non-nociceptive (for example
neuropathic or sympathetic) in origin, including non-nociceptive neuropathic pains éuch as
diabetic neuropathy and post herpetic neuralgia (PHN), and nociceptive pain includiﬁg
inflammatory pain and interstitial cystitis. |
[0006] However, the use of AT and NT has been limited by their untoward side effects,

30 which include, but are not limited to, antimuscarinic effects such as dry mouth, constipation,

nausea and urinary retention; headaches, increased sweating, tinnitus, unpleasant taste,



30which include, but are not limited to, antimuscarinic effects such as dry mouth, constipation, nausea
and urinary retention; headaches, increased sweating, tinnitus, unpleasant taste, cardiotoxic effects
such as orthostatic hypotension, anthythmias, and tachycardia; sedation and weight gain. NT and AT
are also contraindicated for use with various mediations due to shared side effects and/or the
interaction of NT and AT with the cytochrome P450 drug metabolizing enzymes. 5[0007]
Consequentially, identification of other compounds capable of treating disorders and diseases

mediated, atiesistdriparty ﬂy&%@&%@%@ﬁgm@rﬁ%ﬁ%@%ﬁ%@&{#&%&%95885.%%i” and

other targets that rli%ve beeg\#ifmplicated in the pharmacology of AT and tricyclic antidepressants, but

which exhibfte8GEE € dF taRe rsireahe roERindinen €& B adthimsterearodintionsglpeviich are
contraindicatiedddridse it Addand:d Tl het0bensflicinbandidesitabin.f. BYMMARY [0008] In
one aspect,&h%rgohsz%rovided a pharmaceutical composition comprising E-10- OH-NT and a

pharmaceutlcea y accé%?g%:@%(cipient, carrier and/or diluent, wherein said E-10-01-1-NT is enriched in

the (-)-enantigmar ther aspect, there is provided substantially enantiomerically pure
(-)-E-S?)?y-brop?c%ﬁ%% er?@)]{q%,qﬁ]%g}iﬁf/%}o{i féﬂ%yﬂrg%ﬂw%g?@%%%ﬁ%%%% ErS88H8b] In
another aspbetaspereciiandvitieass impaitrhyrdvatiseplated uptake or reuptake of norepinephrine and
(-)-E-5-(ybr j - -di )-10- : 51-1-dibenzo Ja d] -cyclpheptene. . [0008c]
In another aﬁ%ﬁ%ﬁ%@%ﬁ%ﬁ%@%&%ﬁ@%ﬁf\%?f%%‘gﬂ%o‘?%‘%’ﬁé%ﬁ?%ﬁré%(-g %@%&Qfﬁy -NT.
[0008d1 In AHIAIELEpEchhEkils pisbitisd wcrdendar gt wrakidg (feetbatybrbinbpragididene)- 10, 11
-dihydro- 1Q:hyrhoxy=budirdibenzalaidls isi ' -5-(yshromopropylidene)-
10.1 dnygre 10 i i A It T
oxazaborolitif 8&&?@@?@6&%@] In another aspect, there is provided a method of making
(-)-E-lO-Ol&-NT,ﬁgﬁ\M@jng reacting (-)-E-5-(y- brornopropylidene)- 10,11 -dihydro- 0-hydroxy-5H-
dibenzo [a,d] -cyclohepténé with methylamine.

[0008] In one aspect, there is provided a pharmaceutical composition comprising E-10-

OH-NT and a pharmaceutically acceptable excipient, carrier and/or diluent, wherein said

E-10-OH-NT is enriched in the (~)-enantiomer.

15 [0008a] In another aspect, there is provided substantially enantiomerically pure (-)-E-5-
(y-bromopropylidene)-10,1 I-dihydro- 10-hydroxy-5H-dibenzola,d]-cycloheptene.

{0008Db] In another aspect, there is provided enantiomerically pure (-}-E-5-(y-
bromopropylidene)-10,1 I-dihydro-10-hydroxy- SH-dibenzo [a,d] -cycloheptene.

10008¢] In another aspect, there is provided synthetically derived enantiomerically pure (-
)-E-10-OH-NT.

20
[6008d] In another aspect, there is provided a method of making (-)-E-5-(y-
bromopropylidene)- 10, 11 -dihydro- 10-hydroxy- SH-dibenzola,d]-cycloheptene,
comprising reducing E-5-(y-bromopropylidene)- 10,11- dihydro-10-oxo0-5H-dibenzo[a,d]-
cycloheptene in the presence of a chiral-speciic oxazaborolidine catalyst.

. [0088e] In another aspect, there is provided a method of making (-)-E-10-OH-NT,
75 comprising reacting (-)-E-5-(y- bromopropylidene)- 10,11 -dihydro- 1 0-hydroxy-5H-
dibenzo [a,d] -cycloheptene with methylamine.

[0008f] In another aspect, there is‘provided a method of making a substantiaily
-enantiomerically pure (-)-E-10-OH-NT, comprising the steps of reacting substantially
enantiomerically pure (-)-5-(y- bromopropylidene)- 10,11 -dihydro~ 10-hydroxy-5H-
dibenzo [a,d] -cycloheptene with methylamine.

30 [06008g] In another aspect, there is provided a method of making (-)-E-10-OH-NT,



[0008f] In another aspect, there is provided a method of making a substantially enantiomerically pure
(-)-E- 10-OH-NT, comprising the steps of reacting substantially enantiomerically pure (-)-5-(y-
bromopropylidene)- 10,11 -dihydro- 10-hydroxy-51-1- dibenzo [a,d] -cycloheptene with methylamine.
30[0008g] In another aspect, there is provided a method of making (-)-E-10-OH-NT, comprising the
steps of: (i) reducing E-5-(y-bromopropylidene)- 10,11 -dihydro-1 0-oxo-51-1- dibenzola,d]
-cycloheptene in the presence ofto yield (-)-E-5-(y- bromopropylidene)- 10,11 -dihydro-
10-hydroxy-511-dibenzo[a,d] -cycloheptene; and (ii) reacting the (-)-E-5-(y-bromopropylidene)- 10, 11
-clihydro- 10%-h grsoﬁ( ih5e|_s|:, eibsegfz_o[a,d]-c:yc:loheptene with methylamine. [0008h] In another aspect,
there is provﬁ} dthe use’of a composition comprising E-1 0- OH-NT that is enriched in the (-)
enantiomer.for the.preparation of [ entfar;inhibifir Dtakesef norepinephrine. [0008i] In
another as%éé%gﬁé}%%%35%(%%%%?@2@%& cguﬁfﬁoékj?t%ﬁrggsyc%%%ed above for the manufacture of a
medicament useful for treating pain in a mammal. [0008]] In-another aspect, there is provided the use
of a composition as defined above for the manufacture of aupedicament useful for treating depression
in a mammal. [0008K] In another aspect, there is provided ghe-sefof a composition as defined above
for the manufacture of a medicament useful for treating ‘a.gigérder that is responsive to treatment with

amitriptylin 01 No ggri tyéinco QO A X inistered to mammals, i L dir fiymans, in vivo,
3% ﬁg,g it }{&%%ééll ﬂﬁ% administe s y@@wghrgbw

amitriptyling §@gfﬁ&%m§mrd%&&mg3@p_@g litgs, the major one of

Lo TQMOpPro id@l?ésr-l wfg;lf\# . !
which is R5- -nqet% amino-propylidehe]- 10,11 -dihydro-5H-dibenzo [a, cl] cyclohepten-10-ol |

("10-OH-NT:). Thi -NT._ metabali ometric.jsamers feR gllq,l}g}' g ypon the configuration
about the l% gééﬁgigﬁﬁ%%%%ﬁ%MT@&hlﬁofvt&r?ese gegmetric isomers comprises
two enantiomers, (+)-E-10-OH-NT, and (-)-E<10-OH-NT, and (+)-Z- 10-OH-NT and (-)-Z-10-0OH-NT,

owing to Cﬁ' G0y pLecRAPAn Al the10:peRitanaGRr aln sty diss sageast sk thegd acemate of the
major 10-OhNEmeirholite AEH GOk N Rightbe use pide:eahdanrassiea-and maxiety when
administergg, giiaily i unaansardingiat, 1987a). However, with the exception of a mention to an

unpublished study stating that the (+) and (-) enantiomers of E-10-OH-NT inhibit noradreneline uptake
with similafqapiginey {Nardin&Berileson J99Rkdrespecifie pliapmaceiagidaliand bisehmical
properties pkthiskasemater andasmibe: is@Ialet(h:ant prianantiamers have not been reported in
the literature. [0009] Compelling evidence discovered by the applicants and presented herein .

(discussed gnasgre dataildndgiecsaationspaendensimies dhatctiepp)ianantidoferdf E-10-0H-NT
possesses:iippertanhphannacolegictd and hioshemiedlidroperiias:clpsistént with therapeutic
usefulnessnk@rexample, like AT and NT, (-)-E-10-OH-NT binds norepinephrine (‘NE") and serotonin
("SHT") monoamine transporters and inhibits uptake of NE and 5HT, biological activities known to be
associated 8uidsithenaniidepressantthad otipertiedibeutic pfopertipssofRadelINT. Bigificantly, the
affinity of (heExbaudetiNE fdrthedE mansporfier fasmtaguddindar that is responsive to

treatment with amitriptyline or nortriptyline. '

[6008/] When administered to mammals, including humans, in vivo, amitriptyline (“AT”) and

nortriptyline (“NT”) share a number of common metabolites, the major one of which is [(5-

[3-methylamino-propylidene]-10,11-dihydro-5H-dibenzofa,d]oyclohepten-10-ol |

(“10-OH-NT™). This 10-OH-NT metabolite has two geometric isomers depending upon the

configuration about the double bond (Z-10-OH-NT and E-10-OH-NT). Each of these

geomedtric isomers éomprises two enantiomers, (+)—E-10~QH—NT, and (--)-EJO—OH—NT, and

(+)-Z-10-OH-NT and (-)-Z-10-CH-NT, owing to chirality at the carbon at the 10-position.

Certain studies suggest that the racemate of the major 10-OH-NT metabolite, .

(#)-E-10-OH-NT, might be useful to treat depression and anxiety when administered orally to
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recombinant transporter binding assay, was approximately equal to that of AT, and within about
10-fold that of NT. Similar results were observed for inhibition of NE uptake as measured in a
cell-based functional assay. Moreover, like NT, (-)-E-10-OH-NT exhibited selectivity for the NE
transporter versus the 5HT transporter. 510010] The applicants have discovered that (-)-E-10-01I-NT
does not share in common with AT and NT certain pharmacological and biochemical properties that
correlate with untoward side effects during use. For example, while both AT and NT potently
antagonize the I-1, histaminergic receptor, a property that plays a role in the significant weight gain
(Altamura et at, 1989; Wirshing et at, 1999; Richelson, 2001; Khawam et aL, 2006) and undesirable
10sedative effects (Bryson & Wilde, 1996) observed with both short and long term use of AT and NT,
(-)-E-10-0OH-NT antagonizes the H1 histaminergic receptor to a much lesser extent. Indeed, the
superior rigprsedgtingeffeets 09¢)sE- HOv@k:N\THs tompensgtbtooAT mekiNT twerereorfiithed in a rat
rotarod assay commanly used.to ss the sedati t ce,
10 R R e S AR fenre e e and NT. n
this assayyitiesirdlefipitsay (@tardth ge Baitianse 1%, oswentcad o wegsaBsérved at 30 minutes
following SEmIDICEon QLAT (a0, R ANFNT (ROMUKD P EREEINEHT ALK contrast,
no significan mpam%er?t In performance was observed in rats receiving (-)-E-10-OH-NT at the dose of
30 mg/kgpipheorepdris hesd dmdtother newly discovered beneficial properties of (-)-E- 10-01-1-NT
(discussed further below) offer therapeutic benefits that are unprecedented in Ihﬁ art for iliricyclic

antidepreEHIN Gomacbas suse e BGIERED 1T SL K ETES S0 AR ARV AT BrHaRR%ES Iodical and

fMmaco

biochemigalRraneitiasadtiAd-andddoliscanbessed (SithenivsabstahigigBAdTtomerically pure or
enantiomerically pure form to freat the many 25indications commonly treated with AT T,
including WWﬁh@%ﬁ%ﬂ?@ﬁ%@;&?&%‘é‘?&%ﬁ%@% e men iﬁ]’% rther ceufsgﬁ{?%%\}vever,
because Fyriexk@Plkl-BE ddesdiiPossasd G idiN phardsacotpiiephans{Bideheamicrpiaperties known
to be respgonsihle for untoward side effects,.t G k&ﬁg;rgi[g%tﬁrleqj%& ) ignts;with.a lower
incidencgoﬁﬁcﬁe%ﬁ%%ﬁ?%ﬁg%ﬁggﬁrﬂgn aa é‘é%éleé%%}?‘%g%nmmng exan]p1e, bép(g’:%use (arE-lsO-OH-NT isa
30signifidantiyrlessqmtenta:d hitathinergisresepbruheiesrhsrirania praperiey ofreFandutic benefit
can be asbieved it s agenih vt e ilsaIRkIgide Rieengicalonieanbmaiahi gain and
sedation%?)?p?)e%l ncéé%%?hﬂ%' an épr%\tﬁc herapy. [00121 Like (-)-E-10-OH-NT, racemic ()-E-10-OH-NT
and its (+) enantiomer also possess important and approximately equipment biochemical activities in in
vitro assays. For example, ()-E-10-OH-NT, (+)-E-10-OH-NT and (-)-E-10-0H-N1 each exhibit
approximately equal affinities for the norephinephrine transporter and also the serotonin
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Stransporter (see Example 14). In functional assays, the (+) and 0 enantiomers of E-10-OH-NT exhibit
approximately equipotent selective inhibition of norepirtephrine uptake, and are approximately
equipotent to AT in functional in vitro assays (see Example 5). Yet, in vivo animal studies indicate that
the (-)-E-10-OHvNT zestarstigamer is therapeutically more effective than both ragemigstudsrd104H-NT and
(+)-E-10-0H-NT in a rodent model of 10neuropathic pain (L5 Spinal Nerve Ligation rat model; see
Example 15) and is also more effective than (+)-E-10-OH-NT in rodent models of hyperalgesia

(FCA-inducettinfisinmatedyspait: seeinxamplesasangrd /R aNd densansion (horged.swim Test; see
Example 21). Gi\ﬁ%}{] dg%%ﬁgﬁggl%/ﬂgquipo ent biochemical activities of ( -E-16-QH-NT,
(+)-E-10-0H-7$I) “an O? FODHNT THEES TR S FEs D atd G ane iBen Pridkhgriekhas expected that
racemic ()-E s €:QisbAih, A ¢)iEbd SO NToanid{kE - M-t NTiwontd, exhibitapproximalely:eguipotent

efficacies in n,viyQ & gg Is of pain and depression. Yet, only the (-) enarttiomer proved
effective. The instla?l? ; |sK[::ttF(l)es‘ure fgrbsgggﬁr Yﬁrysi)%sr ) %Et et%aﬁl?BﬂgFﬁg efficacy discovered for

() E-100H-NTa (s Asearinale IORE 25ARR e presenidisdlosuie provides composiions
comprising 20E-10-0H-NT and optionally one or more p armaceutlcaily accepta%f;e carriers, excipients

or diluents. TheaEhbsrkein gharasepionisHa b hipdumoer bervimmticsdbaiomiktire Bnrichwdid the (-)
enantiomer. dm@@ﬁlﬁt@m@ﬁ@imﬂtﬁaﬁ@ﬁaﬁxﬂ%%ﬂé‘&ﬁﬁ’@@%@ﬂﬁﬁo10 Ot i5.supstantially
e - -

enantiomeri%all ure (-)-E-10-OH-NT. In some embodiments, the | H-NT comprising the
composition 1§ SRARTEHEFERIY ptPLoRS - T8 B P ol ipthusi epiéc i gedai gt ahliserpresent in the

compositiondh, thegforwishihe dre, base; Ricinthe foom ok a:sal b someembedimeaisyHibe
ically acceptable acid addition salt. The

E-10-OH:-NT is,present in the form o ha eut

1.0 P NT O A 151 e o] DO LSEHE 16 LBt BB F6PE sBvate
and/or hydrate] 16 €xabpleQiiiNdoiventsaod lbe Watesusad giriRgprepa atinn.p1auifisatian.
30[00153 T -0~0H- osition can.be used in yitro qr.in.vivo, as wil| be described in more
detail beIow&ﬁvo\%ﬁéhﬂgéé"gj%@?\%&r’fﬁ%dégﬁggggﬁ%r?sif(;k%'g l#&rﬁf}l\@{% ?8@&8?%%% it Bnimals in
veterinary cofi&xenbmiod dtaidisttatidriehunmamsnijausiriualhs amythe steloiv mede=afadministration,
including bugnet limited 10 igak_acuar, temi sal, injection, transdermal, rectal,
vaginal, inhallglt%on or insuf?ﬁ%ﬁ%%%g%mﬁignﬁi%%%é& }go%sés, %@EI a%%ﬁ% g‘iwvg%%%ﬁﬁrﬁsgrtant

biologital prapsties ek Armnd Rer iNA: doikitarsamithekeddfisi spmuitaetiiqaraoohitresefdrugs. It also
exhibits efficacy JGanieal madslsot disease: BassdipendiesaRmiaLPeReLies jiis expected that

the compos;)égns g?gscribed herein will be equally effective at treating the numerous diseases and
indications i Ry (B e M e kb IRePCThiEy il asiath sprispbcrotriamRsarnt

impairment in performance was observed in rats receiving (~)-E-10-OH-NT at the dose of

30 mg/kg, i.p.

20 J0811] These and other newly discovered beneficial properties of (-)-E-10-OH-NT (discussed
further below) offer therapeutic benefits that are unprecedented in the art for tricyclic
antidepressant drugs. Because (-)-B-10-OH-NT shares therapeutically relevant
pharmacological and biochemical properties with AT and NT, it can be ﬁsed, either in
substantially enantiomerically pure or enantiomericaily pure form to trealt the many

25 indications commonly treated with AT and NT, including but not limited to the various
diseases and disorders mentioned further herein. However, because (-)-E-10-OH-NT does
not possess certain pharmacological and biochemical properties known to be responsible for
untoward side effects, therapy can be administered to patients with a ioWer incidence of
undesirable side effects. As a specific, non-limiting example, because (-}ME~10~OH—NT isa

30 significantly less potent H; histaminergic receptor antagonist than AT and NT, therapeutic
benefit can be achieved with this agent without the undesirable side effects of significant

weight gain and sedation experienced with AT and/or NT therapy.
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disclosure provides methods of treating diseases or indications responsive to AT or NT therapy. The
methods generally comprise administering to a mammal, including a human, 10suffering from a
disease or indication responsive to treatment with AT or NT, an amount of a composition described
herein effectiveno treatitiezelisease or indication. In some embodiments, the &-1Q;Hda:Md Gasnposition
comprises E-10-OH-NT that is enriched in the (-) enantiomer. In some embodiments, the E-10-O0H-NT
composition comprises substantially enantiomerically pure (-)-E-10-OH-NT. In some embodiments the
E-10-0H-NT momposifion 15aeraniises enaptiemstiealyauie (ikr 40:0LLINT: 1001 14 One important
class of diseases or indications known to be responsive to treatment with AT and/or NT- IS iental
disease. SpetHdERAAISIARREP SR SHekHPaisadisesrikalcatichiialiiteousaresndblimited to, the
various mentahdiskasepmad-DHications-classifigch the Riagnestie;and Stafistiglylanual of Mental

Disorders IV, T%}Eh%%%gfi%nu@%?foo:ref ryg}d to hereinafter as "DSM-IV") as mood disorders (such as,
for example, depressior), anxié y“&ﬁ%%sr SRR R ey batn ddisarders: (such as,

- for examiple tanepentia (renisarqid I6ilimidnensashy)sinypulse disarg ers«(suen As,fof example,

trichotillomania), sleep-disqrders (such as, for example, insomnia related to opioid withdrawal),
personality Es%éd%ﬁg%gg %8%@%5%%?1& i\%ﬁé%%éﬁéegé%ea UpegiebreaTainRaTEn wkertain
types of pairfhuo #earaEriowielyingvareet ¢tasd ib Giseases or indicaiiens(kaommigResrespensive to

treatment Wi Adn gRd/onNIs i gain. mg“géqt?&@gb %ﬁ‘ﬁ?‘%ﬁ a%%%ég 1tng%n Whetheﬁﬁr]lociceptive (for

example somatic or visceral) or non-nociceptive (for example neuropa%l 66%5%% B¢ in origin
(discussed fEHE-E BN oSo[TITR AN I tHeSE N Easd<-Or nticBbh dnmexpeattetdel respond to

treatment witburasiohis smbaciments afthe ﬁ%@%&%&%@?p@;ﬁ% 9§§%i§t}-e€dif%%ﬁei”- And, as
O -F- _‘ ii—i Isl i

mentioned a?%ve, wing to the unexpected low antagonistic properties of(- -NT atthe Hi
histaminergit 5@%’5%‘@%&@&?1@9% JesE aHdnedalssrEyarsd prop éries-didewsked further below, it
is expected bithuitieatone ptiareb@aahigves with feyrsrantowaidiside-sffests.thantigagment with AT
and/or NT. %ng%ﬂ%\é/ﬁfrgusedt to treat these various diseases or indications, the E-10-OH-NT

compositions Cart be ket SBB AP REHBHER Sy BP e drioshoisatne| wesiog used in combination

alo
with, or adjuriivé R €T difiet eatmedis NFomekapleowhemusalo:reabsesaiicmenialdiseases or

indicatjgns, {he F510-0HNT composifion may.be %i %e_gr%gl in combination with, or adjunctively to,
another ther‘%&uticgégent ug}é}f)ﬁf:?ﬁgr%aaitr?ﬁg slﬁr%é?' é% Ialsda5E dPiiieMiordnhen used to treat
specific typés-6f PaiAERET EvauldpxNgit approximately equipotent efficacies in in vive rodent models

of pain and depression. Yet, only the (-) enantiomer proved effective. The instant disclosure

is based, in part, on the surprising efficacy discovered for (-)-E-10-OH-NT.

[0013] Accordingly, in one aspect, the present disclosure provides compositions comprising
20 E-10-OH-NT and optionally one or more pharmaceutically acceptable carriers, excipients or
diluents. The E-10-OH-NT is present in the composition as non-racemic mixture enriched in
the (-) enantiomer. In some embodiments, the E-10-OH-NT comprising the composition is
substantially enantiomerically pure (-)-E-10-OH-NT. In some embodiments, the
E—IO~OH—NT comprising the composition is enantiomerically pure (-)-E-10-OH-NT.

25 [8014] The E-10-OH-NT can be present in the composition in the form of the frée base, or in
the form of a salt. In some embodiments, the B-10-OH-NT is present in the form of a
pharmace;uticaﬁy acceptable acid addition salt, The E-10-OH-NT (including salt forms) can
also be present in the composition in the form of a solvate and/or hydrate, for example with

solvents and/or water used during preparation or purification.

30 [0815] The E-10-OH-NT composition can be used i vitro or i vivo, as will be described in
more detail below. When used in vivo, the composition can be formulated for administration

to animals in veterinary contexts, or for administration to humans via virtually any route or
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composition may be administered in combination with, or adjunctively to, another therapeutic agent
useful to treat the same type of pain. However, such combination or adjunctive therapies are not
limited to combinations of compounds useful to treat the same indication. In some embodiments it may

be useful or desit@ablestosashminister the E-10-OH-NT 15composition in combigationswithorgdjunctive)/
to, therapeutic agents that do not treat the disease or disorder being treated with the F-10-OH-NT
composition. In some embodiments, the E-10-OH-NT composition to be administered in combination

with, or adjuntivebf tanatherdfioaMeniSasUMRLBEs kA 00 b:N Thelissertehad dn toe (z) enantiomer.
In some embodi ents,t.thetE-lo-OH- T C%anosition comprises substantially enantiorerically pure
20(-)-E- 10-0FRIT, THESBAe TS SHAE RS hey B2 R0LORANEMEB THBEHHR B Mprises enantiomerically
pure (-)-E- 1 L. resentative non-limiti mples of suitaple combinations are discussed in
more detail igﬁa aie%f sé%%%%?.}%ﬁo%afff’ &Gﬁﬁeiﬁg li?ﬁg}ﬁlxélr? Ffo BEBEIhA B ER) #8855 8pdration, it is
believed thattihe Bbifigy efreiandii ThtolehipitinariBernine ttansgartersissieh asithes NE ang/pr SHT
25transpprtess;is . inPaci ibl their man apeutic propetties. It is well precedented in
the art that at Ieagt the fcfll?v%?r%a géits)é%é_gs%% %%%ﬁ%%éﬂ%&e%o cﬁgg’ﬁilast%xgﬁ%{vevl ﬁgﬁ%ﬁ%itors of NE
and/or SHT traREsIHars: disrdigddistsinevtducraeal binfaniinos mpating &rmoot disorderssuct as
depression andiagrsenalpaiiecive Misardsr (SAR &R@N@Y%’l&?fﬂ%&‘é%@f‘; SRR, peychotic

disorders such ?s schizophrenia and mania; 30 anxiety disorders; personali sorders such as
ADHD; eatin%‘%é’é%%%egﬂféﬁ? DeUindt ekitcAlPacKsraia BumdiR i ssaoesssiicdl Beptildencies

resulting frorthadgictiiRsrioitisdg gk SubSIaREES-AlRIHAS- SushAs ALdicions-tndigolipexalcohol,
cocain%{}hersolilrf\f Pplerflobarb'tal WO 2008/134325PCT/US2008/061189 and benzodiazepines;

withdrawal syndrontes; BRdoLH e HidsPaaTSTLIRALSIHS S HsroTactinaithnial fpUisedissradial duch as
trichotillomaniangnti idepterririd hticidistidere sueband alsele's Kyndione; dastrintestinal tract
disorders su irritahl vel syndrome (IBS), ileus, gastr es|s, peptic ulcer, gastroesophageal
reflux diseas&eg%%RD, 2}}%@@%%9@%#% GHENESS Ssr%?géﬁﬁﬁl#ﬁ%df Smfgaeéigb%eers such
as dyspepsié (8/g1tivoru| Cerativectyspbpsits(io BY) S«iHnb-candied thess ppitsdNGERY tascular
disorders in¢lyging-vasQ Sueh @s,in- rebral vasculature:.and miscellaneous other
disorders, including Park?r?_?gﬂrf:'é; 2@%@ @&k%%%%?g@&%%ﬁ%@ﬁ:%{Eyisﬁﬁm&??ﬁ%wgﬁstruaI
syndrofie afBHBidTH Ao ByRE bR BUrEdfO 62 28-RETdiEEussed above, (-)-E-10-0H-NT also inhibits NE
and 5HT tra%%t(g)rs and the

ne important class of diseases or indications known to be responsive to treatment

with AT and/or NT is mental disease. Specific examples of éuch mental diseases or
indications include, but are not limited to, the various mental diseases and indications
classified in the Diagnostic and Statistic Manual of Mental Disorders I'V (Text Revision

20 2000; referred to hereinafter as “DSM-IV*) as mood disorders (such as, for example,
depression), anxiety disorders (such as, for example OCD), eating disorders, (such as, for
example, anorexia nervosa and bulimia nervosa), impulse disorders (such as, for example,
trichotillomania), sleep disorders (such as, for example, insoﬁnia related to opioid
withdrawal), personality disorders (such as, for example, ADﬁD), and somatoform disorders

25 (such as certain types of pain),

{0018} Another important class of diseases or indications known to be responsive to
treatment with AT and/or NT is pain, including both acute and chronic pain, whether
nociceptive (for example somatic or visceral) or non-nociceptive {for example neuropathic or

sympathetic) in origin (discussed further below).

30 [0019] All of these diseases or indications are expected to respond to treatment with various

embodiments of the E-10-OH-NT compositions described herein. And, as mentioned above,
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uptake of NE and/or 5HT. Accordingly, in yet another aspect, the present disclosure provides methods
of inhibiting uptake of NE and/or SHT. The methods generally comprise contacting a NE and/or SHT
transporter with an amount of (-)-E- 10-OH-NTeffective to inhibit uptake of NE and/or 5HT. In some

embodiments, thé pwethiodis carried out in the absence of AT and 15NT. In spmeemboeiments, the
NE and/or 5HT transporter is contacted with an E-10-OH-NT composition as described herein. In some
embodiments, the E-10-OH-NT composition comprises E-10-OH-NT that is enriched in the (-)

enantiomer. bvéaie gamedipertsidhaalOnii-NoEamMROSHoNCoMBESRE SYhstantially
enantiomericgilsly ureé—%—E- 10-OH-NT, In some embodiments, the E-10-O0H-NT composition

FRSTREATR BRIPE 25 Stker vocesIaciaT 2pdorsprrsintetmserstias Siscppardifadm vitro with

comprises enantiomerica
- isolated tran$pbrters oreptisdhatexpressane0bbaihiaASPRRErS Pl VYR aSialReIRREYLIC

LA

approach to%ggrﬁctgie&ﬁ%ag@en&%f %Eases or disorders that are, at least in part, mediated by
dysregulated uptake or reuptaafg‘e 0 and/or 5HT. Specific examples of diseases or disorders that

o e e S TRU e MRIRCNRIRke SRR AN on Y e, butare

not limited to, those listed above. [0021 Historically, antidepressants’inc that inhibit
reuptake of REYRIR IS RaM0ISHIYERIS phavadbensed abeartitstelindithecapypdossdeating both acute

and chronic Raiikifialds RERCENREIGRRHIE . NRRnBCieapIiNe ILPHal IRr GAMple neumpathy.
ed with Irritaple

post-hcrpetic 30neuralgia (PUN), pain associated with fiboromyalgia, pain‘associa

bowel syndrSRSE Ah QA SiREaA Ty tifrdiitentipte GeHsOhl1o0oamiiiive tmly, ROOEiGrowelliet al.,

2004). A recentiBindiosysiamaticpiivcevalyaeshigralative-agtiviby, At the.NE Andigr 53:1T WO
2008/134325PCT, (%5201 /06]ﬁ}689.tran§g%%rter required for maximal efficacy in rodent models of pain

(Leventhal etal 20077 T 11a BRSO Bb ok AR ATEbiR HRa U ARSSAlISHXBsT &8 RaTRi CANYF o7 -PERDRG

neuropathic jaipestditioas bhamelyiseor poundsinithgreates adinine e ine NEHMANSRALSS Are more

effective at treati i compounds with greater affinity for the 51-IT transporter have 5limited
efficacy (seé§§$% I\éll%gg%attpéﬁf %&%&ﬁﬁs%?%ﬁ; Y?Ffdgélgh PRI e ebo-controlled

head-to-headt&HRRF eemmpaHndtthdaetabyatitohRifmappotilide wodithe 15R tparaxetingisedyction in
Compered o m st LD 2 Ik bo (A0 DA oD dC A RSy eaEely thicxeing,  dual
SRI an'd NRFWHN HEerayr-anbis sp with anadiimativbposttrs mpasi thedinstthatitake indiblor
approved fogihest eptnemte-pbeiRP el ed with the E-10-OH-NT compasition. In some embodiments,

the E-10-OH-NT composition to be administered in combination with, or adjunctively to,

other treatments, comprises E-10-OH-NT that is enriched in the (-) enantiomer. In some

embodiments, the E-10-OH-NT composition comprises substantially enantiomerically pure

20 (-)-E-10-OH-NT. In some embodiments the E-10-OH-NT composition comprises
enantiomerically pure (-)-E-10-OH-NT. Representative nen-limiting examples of suitable

combinations are discussed in more detail in a later section.

. [0021] While not intending to be bound by any theory of operation, it is believed that the
. ability of AT and NT to inhibit monoamine transporters such as the NE and/or SHT
25 transporters is, in part, responsible for their many therapeutic properties. It is well
_ precedented in the arf that at least the following diseases or indications respond to treatment
| with inhibitors of NE and/or SHT transporters: urinary disorders such as urinary
. incontinence; mood disorders such as depression and seasonal affective disorder (SAD);
- cognitive disorders such as dementia; psychotic disorders such as schizophrenia and maria;
30 . anxiety disorders; personality disorders such as ADHD; eating disorders such as anorexia
- nervosa and bulimia nervosa; chemical dependencies resulting from addictions to drugs or

substances of abuse such as addictions to nicotine, alcohol, cocaine, heroin, phenobarbital
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neuropathy (Bymaster c/at., 2005; Goldstein et al., 2005). [0025] The NRI activity demonstrated herein
for (-)-E- 10-OH-NTmakes this compound ideally suited for the treatment of many different types of
pain syndromes. Indeed, in experiments carried out by the applicants and reported herein,
(-)-E-10-0H-NTYERRMitEABrobust therapeutic efficacy in rodent models of bBEFRGEIEEHvEY
inflammatory pain (see Examples 6, 15 and 16) and non-nociceptive ncuropathic pain (see Examples
5 and 17-20) pain. In both models, the efficacy observed for (-)-E-10-OH-NT was equivalent to that of
AT. [0026] Aceodrdinglyidreyetgnatheraspechdibe presdnt disclisurirprayddes methods of treating
20pain in mammals, including humans. .IT'he methods gener bl comprise administering to a mammal
suffering from g?ﬁf?%ag(l%ﬁn |€r:1rag%f i ugsr?, %?105(%85%? of ar‘%i‘AE%i?l yﬁﬁ?ﬁg %%m%%’stﬂ%%nbaeﬁ?ribed herein
effective to tréiavidmspaih 4n SoméEmbyodimantgathei Eei0:8HNT dompositioh comjrskeshEwE0-0H-NT
that is enanti icall ic in ' - imen E-10-0H-NT.composition
comprises su%ggﬁ%%&%féﬁﬁigfn%éég Ifg}}%%%%%?ﬁ I‘%&i?or@bgls—ﬁgN}gr’S%r%’g ra% Ze?rg%gﬁﬁ%sglr_#l(g}[ e’

composition ebitfrisesvEnaRfieMeliaiRpsurad ofE: o JoeDdF Pderrrathoasizarebdaused to
treat numeroys.differantfupes @#@@B@i@(ﬂﬂ!@'ﬁ%ﬁ& isliding acuite orchionienaindhag,s either

nociceptive in origin (for example somatic or visceral) or non-nociceptive in origin (for example
neuropathic SPSRSARTEE L FPEasBo arRb S8 i Einsc s T s8 AR apthvel pallRseRiMHR but not

limited to, inflagoriainivpaimsrelkasdhat asseeiaiedvith IBSorrRuMAtel artimilisitaipassociated
with cancer, and pain aﬁliffciateddvr]\%% osteoarthritis. In some embodiments the pain is non-nociceptive

pain includifgBIFRCOIHEY B -ETPpLEeR BHIATSHE as post-herpetic neuralgia (PHN), trigeminal
neuralgja, fOﬁé ripheral nerve injury, anesi Eﬁ_'ﬁcl lorosa,.ceniral pain.{for example, t-stroke
pain, p%]:in due tﬁﬁ%éﬁ cord %?%’Pyv%’ré/ a%ﬁit(s@omatea?%imﬁr%ﬁtﬁﬁpﬁg %%@ea%éé%?%sﬁarﬁ%ﬁﬁﬁ(g%?
neuropathy (fotedxampleariabdéitinetcopding)inheritetetboragattty thoputhet dcouived pawidpathies).
[0028] The E;L3:0-M T GARARSINORCAMEE AdMIster Qll%ﬁmgﬁl %é}%?aﬁﬁ adn %@é%t8£§ 2din
combination with, or adjunctively'to, one or more other drugs useful Yor treating pain and/or other
indications. 3pEefRAifBER A RoxEmpidsasagra ofdt cBnl BTk infEwstitsinainn iitiptdie
adjunctively ggnbefdP0H-NT, (amnesiiens dnie @ﬁ'ﬂxéfﬁ@&%ﬁémﬁgﬁf@%me of AT and
15  NT. Insome embodiments, the NE and/or SHT Ir;a_nsportcr is contacted with an E-10-OH-NT
composition as described herein. In some embodiments, the E-10-OH-NT composition
comprises E~-10-OH-NT that is enriched in the {-Yenantiomer. In some embodiments, the
E-10-OH-NT composition comprises substantially enantiomerically pure (-)-E-10-OH-NT.
In some embodiments, the E-10-OH-NT composition comprises enantiomerically pure

20 (-}E-10-OH-NT.

[6023] The methods can be practiced in vitro with isolated transporters or cells that express
one or both transporters, of in vivo as a therapeutic approach towards the treatment of
diseases or disorders that are, at least in part, mediated by dysregulated uptake or reuptake of
NE and/or 5SHT. Specific examples of diseases or;disorders that are, at least in part, mediated
25 by dysregulated uptake or reuptake of NE and/or SHT include, but are not limited to, those

[isted above,

[6024] Historically, antidepressants including those that inhibit reuptake of NE (NRIs) and/or
SHT (SRIs) have been used as a first-line therapy for treating both acute and chronic pain that
is either nociceptive or non-nociceptive in origin, for example, neuropathy, post-herpetic

30 neuralgia (PHN), pain associated with fibromyalgia, pain associated with irritable bowel
syndrome and interstitial cystitis (Sindrup & Jensen, 1999; Collins ef al., 2000; Crowell et
al., 2004). A recent study systematically evaluated the relative activity at the NE and/or 51T
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10regimen are provided in a later section. [0029] The E-10-O0H-NT compositions described herein are
expected to provide significant advantages over drugs currently used to treat and/or manage pain, and
in particular neuropathic pain syndromes. Most common tricyclic antidepressants used for treating pain

antagonize thew histammergic receptor, and are therefore associated with signifiantweight 15gain
and sedative effects. As mentioned above, (-)-E-10-OH-NT antagonizes this receptor to a significantly
lesser extent, and has proven to not induce sedation in a rodent model of sedation at doses

of(-)-E-10-Oltteipatemongiratet heesinio beefiestvediyinedndiagling bath npgiceniiveipflammatory
and non-nocif;gé)g%&%e(%soe%gégilpé;))lain. 'It' us, the E-10-OH-NT compositions described herein provide a
means of treating OF MARAGING PARSGWHIRS HRTFEA TG WEIGh (Y hakAa SeHaRvAifonaD] The
E-10-0H-NT umittositioNsmadscribeponedsinidigexpeattdity provisrmadilipoabsignifieant advantages
when used tQ in, Qr: her many diseases and indjcations described herein. For
example, AT %Q&Er%?ae%fﬁ%rﬁ%%&t%%g%?u& %gﬂ%ro reea%ﬁg fdoe f)}h?e%%e%%rﬁﬁaaé@ﬁ(ﬁcw,
and as a corlégijek abEcare Containdittatetor 388; I5wlitls sewkrabioipdrantddingsimetabliced by
these enzymas. dexemplay-gias the lized. at least in part b P2D6, and
o b R N R Tt

may therefore be contraindicated for use with' AT and | prolol, prop imolol,
clomipraminB¥JSEiBrartste titd ranimeinsibxenn signiopetiidgtcaiepidons, ahigridazine, aripiprazole,

codeine, de&ﬁﬂlﬁﬁﬂi@cﬂﬂb%ﬂ@@%ﬁtm§V§%mEﬂQ5iﬁ@@&t%‘@@ﬁﬁ%%h&%@@éf@ 30tramadol
y

and venlafa?g . Exer%}pﬁlﬁry drugs that are known to be metabolized at'least In pa CYP2C19, and
a

may therefolé B S8R afdicated foreaaliti A innean valif& ard SMRd prih sleletanss brak 66T

pantoptézolenddiEprazple;diazepan, MRHERWIAHNR:RREPERUBHANES W@ie treatment of diabetic
2008/13432a0C T1\1S2008/061189 ?I%‘ng%i e, e%cl%?hos%hamide and progesterone. Data obtained
by the present ap%ﬁlcg S and tF]{e’y?:)o? (<] rei lafl? &5¢ itPrhdre detalil in the Examples section)

demonstratgghak( OH-NT is a | nt inhibitor. t C19 and CYP2D6 than AT and
NT. Based ﬁ[l Egﬂ 2%311}? }s%%%’ n%e%ﬁﬁ%c?{/%gﬁ? }igl%e?lre%g%f“i %‘ﬁ}«%@@ﬁ?ﬁ%ﬁ!ﬁﬁﬁgg}%&%ons -
5described F&@1H Weatierige teainiewel ordesiitbtentlinpealt paseguenoassthidAd, and/or NT

therapy, espegiady, whenysed,i ina [ junetively to, drugs.that.are metabolized at
least in part by these eytog%%g)rﬁlﬁe %%%?gggggrr%g%%%ﬁ%rh% ng gggﬁsqt}&r@ﬁ%%ltﬁcgiscovered -
by theqa%[))pliéa ! fharpsutictivecKip Feds vt sigAme ahtiytioveeicatfitityifBrmustcayipidr éeeptors than AT
and NT, exhifxémpiiewer slaiahibyjuan athuman fhera:Go8e Haled Se0s ERG)LRORS UM

channels than. AT, agd
pain. In both models, the efficacy observed for (-)-E-10-OH-NT was equivalent to that of

AT,

[0626] Accordingly, in yet another aspect, the present disclosure provides methods of treating
20 pain in mammals, including humans. The methods generally comprise administering to a
mammal suffering from pain, including a human, an amount of an E-10-OH-NT composition
described herein effective to treat the pain. In some embodiments, the E-10-OH-NT
composition comprises E-10-OH-NT that is enantiomerically enriched in (-) enantiomer. In
some embodiments the E-10-OH-NT composition comprises substantially enantiomerically

25 puare (-)-E-10-OH-NT. In some embodiments, the composition comprises enantiomerically
pure {-)-E-10-OH-NT.

{6027] The methods can be used to treat numerous different types of pain syndromes,
including acute or chronic pain that is either nociceptive in origin (for example somatic or
visceral) or non-nociceptive in origin (for example neuropathic or sympathetic). In some

30 embodiments, the pain is nociceptive pain including, but not limited to, inflammatory pain
such as that associated with IBS or rheumatoid arthritis, pain associated with cancer, and pain

associated with osteoarthritis. In some embodiments the pain Is non-nociceptive pain
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NT, and is less antagonistic at adrenergic receptors, including both al, and a2 adrenergic receptors,
than AT and NT. All of these properties are expected to result in improved clinical benefits as
compared to AT and NT therapy. For example, inhibition of muscarinic receptors has been linked to
dry mouth, constipatisri aazkblurred vision. Agonists of the a2 adrenergic 15ge¢aptaishaygbeen
reported to produce analgesia (Ongioco et al., 2000; Asano et al., 2000; Hall et al., 2001), while
antagonists inhibit these analgesic effects (Kalso et al., 1991; Milian 8c Colpaert 1991; Petrovaara et

al., 1990). Whithusiointensingriadehoune ptiapydheqnn ot Qeeratian it is s t patients
treated with EpeeE-:LOfOH-NT.cor%;)?rsitiorl%j scribed herein will exhibit fewer undesira le side effects
than patients tfeated ViR AF 4 Acal R JUEITCAIN it 18 S kisstrsipirmspatiane rreadarwith the
E-10-0H-NT wempbsitionsiddsositedhieréin wiliexpedenseuin additionsiethe deducsdfig-drug
interactions iop and etite effects, discusse ve, lower levels of cardiotoxicity and
constipation%ﬂgrnggg)?éﬁ?sp ﬁ%%%[@ v‘ﬁ?ﬁr%??%la éf?ifﬁxﬁ%%f%g ,gq?%tmﬁrgﬁ?@?’allﬂ%@gg? E5HERTIOH-NT
producedl m@ElfesseonstipatioppdibinsAT and NT in a rodent model of gastrointestinal motility.
25[0032] Unlike AT and NT, (-)-E-10-OH-NT does not antagonize a2 adrenergic receptors. Therefore,
in theory, thd®28b-be E-\fr @6 rossmmsidescandy hreistanshidonexpeit tedh fe: bdmsingeriod ta AT and

NT n the reaiminatpa, odeshets YR RS Pde s d SN TProved syperor o

AT in rodent %gel .of both nociceptive and non- nociceptive pain. 30100331 A gh the Synthesis
of ()-E-10-0H:RT RES PSSR reptifrid fiestire s wy doea it o heowdis thalkhatdsynthesis

of the indiviculh () aipahtrenptiemers has meverdhagriteROTed TS Sl apther asaact. the
presen{(g?sclosure provides cf‘%}ati]ral-ﬁ&ecific -10- WO 2008/13432§PCT/1J82008/06 methods of

synthesizing () and () ehantomars st ESHEH-NT, intermediates useful for the methods, and chiral
specific met thesizing.the intermediates. [0034] In some embadiments, intermediates useful
ErS tfge %hgr;%%ié?nltﬁﬂi ﬁgﬁf%@&i;ﬁ;ﬁ%b& : éﬁ’}iﬁfﬁIsl}ffﬁigﬁfiet((-lp)ﬁljﬁe@)g@ﬁ%bmersl of
-5-(y- Sbr e ydresd rexy/SHraditenzala, dpdyelpheptgne, respectively,
USSP S ikl B o LBV o e T AL i g L g

chiral 10-carbon of the (+) and (-) enantiomers of compoun ave hot been estaptichEd Birectly.
Accordingly B WEAHES Fh SR ag respPhmdrre iy Shirabsabon atunsighifiatity veiplicated

with an astegiskhisiilustiatestuith unsherifiad Osterepshemis. ipwayer,the ehirality of compounds
7 may be inferred from the absolute sterochemistry of -?;E-lO-OH NT (de%cted in FIG, é)) Which has
been detetir’ﬁllﬁ@&igﬁaﬂ%a%mﬁ’étﬁ%%@%&%éﬂ%@%ﬁ%ﬁ@%ﬁﬂdﬂ@)@imwfﬁf

sedation at doses of (-)-E-10-OH-NT demonstrated herein to be effective in vivo in treating
both nociceptive inflammaiory and non-nociceptive neuropathic pain. Thus, the
E-10-OH-NT compositions described herein provide a means of treating or managing pain

20 while minimizing weight gain and sedation.

{0030] The E-10-OH-NT compositions described herein are expected to provide additional
significant advantages when used to treat pain, or any of the other many discases and
indications described herein. For example, AT and NT are known inhibitors of cytochrome
Pysp isoenzymes CYP2D6 and CYP2CT9, and as a consequence are contraindicated for use

25 with several important drugs metabolized by these enzymes. Exemplary drugs that are
known to be metabolized at least in part by CYP2D6, and may therefore be contraindicated
for use with AT and NT, include S-metoprolol, propafenone, timolol, clomipramine,
desipramine, imipramine, paroxetine, haloperidol, risperidone, thioridazine, aripiprazole,
codeine, dextromethorphan, duloxetine, flecainide, mexiletine, ondansetron, tamoxifen,

30 tramadol and venlafaxine. Exemplary drugs that are known to be metabolized at least in part
by CYP2C19, and may therefore be contraindicated for use with AT and NT, include

omeprazole, lansoprazole, pantoprazole, rabeprazole, diazepam, phenytoin, phenobarbitone,
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[0035] Methods of synthesizing chiral intermediates ()-7 and (-)-7 generally comprise reducing
F-5-(mbromopropylidenc)-10,11-dihydro-10-oxo-5H-dibenzok,d1-cycloheptene 15(illustrated as
compound 6 in FIG. 1A) in the presence of a chiral-specific oxazaborolidine catalyst. Non-limiting

exemplary embadimmentssafsuitable chiral-specific oxazaborolidine catalysts 9@)!}%%@)@%@ FIG. IB.
In some embodiments, the chiral-specific oxazaborolidine catalyst is '
(7aS)-3-methyl-1,1-diphenylperhydro-3-bora-2-oxapyrrolizine ("7aS-CBS"; compound 8-10 in FIG. IA),
yielding (-)-7 clorspmenembodinepisnihe Shiral: Al ific oxazaborolidine catalystis =~
(7aR)-3-methyl-1,1-di nyIp%ﬁo-&bora—l%%%%%ﬂ?ﬁir%se% %‘?bgﬁlﬁcé%y %8 StidmRlifEms Fic.
1B), yielding {4 PI5636F 15 £k erenadnmeaia {ojat-moloHE NTpkn etsynthesizad fromantermediates
(+)-7 and (-)-#)ibdpeotively,iby reagiinenihenivieraediates witrmethylamine, Aspecific embodiment of
e MRSl

the synthesig,u iéi%ig%ggc S %Es}the chiral-specific catalyst is illustrate iZihg this
scheme undeér the reaction cORABRE M GUiERIE H this bstisrpsiabasgtiBri (OFEMD Ok Titand
(-)-E-10-DH-NE cairebbaeadily syinthesizedtinhighadaldomithan @aﬂgiﬁﬁ&@&%ﬁm L%@ﬂ%%ghan
99%. WO 2%@5}&4&1{%&8?/% (_’_ZHOOSECSE/ 61189b7.BRIEF,DESCRIPTJO OF THE FIG g 37] FIG,
A provides an exemplary scheme that cAR B eEg S Entadizacdnahtionstreatizpure (+)-E-
10-OH-NT aftiebelizedo et in PO0BB}HelG c iBchrovieles ExemRYgmMbodiments of chiral-specific
oxazaborolidine catalysts 5that can be used in the synthetic scheme illustrated in FIG. IA; [0039] FIG.

provides a g ddativer ; ‘Eas comparedst an
2 provides al§fph'4ew alstkesngimsirion s diaoveetactscofipiarlomiNE B9 AT and
NT in the ratigiamioshmoual obaerafion 040 £ G @reVides d drantdemonstrating the superior
antihyperalgesic efficacy of 0-E-10-OH-NT as compa ed[' to &q'f%r? agi}%%%r?te@g@éﬁ Bt h8diceptive
hpl% lm%i% ff gg f 0-E-10-OH-NT ”
inflammatory paift {000 T &4 Brograescletrhptra ém tutingitive duperiorantialiadyhic efficacy
of (-)-E-10-ONINaRdsscempaedi hindrReaRLioglslot Ronngss %}{g&e“roﬁ%ﬁ‘é&[@;&iﬂ; [0042]
FIG. 5 prowggc%lgo%a%ggg?o?m%%? superior properties of(-)-E-10- -KAron gastrointestinal
tract mobility as"conipared to i NPPSPEORSARE dFfoRtEIes e 17 result in improved clinical
benefits as compared to AT and NT therapy. For example, inhibition of muscarinic receptors
has been linked to dry mouth, constipation and blurred vision. Agonists of the o, adrenergic
15 receptors have been reported to produce analgesia (Ongioco ef al., 2000; Asano et al., 2000:
Hall ez al., 2001), while antagonists inhibit these analgesic effeets (Kalso ef af, 1991; Millan
& Colpaert 1991; Petrovaara ef al, 1990). While not intending to be bound by any theory of
operation, it is expected that patients treated with the E-10-OH-NT compositions described
herein will exhibit fewer undesirable side effects than patients treated with AT and/or NT.
20 Specifically, it is expected that patients treated with the E-10-OH-NT compositions described
herein will experience, in addition to the reduced drug-drug interactions and sedation and
appetite effects discussed above, lower levels of cardiotoxicity and constipation than patien(s
treated with AT and NT, Indeed, at equivalent oral doses, (-)-E-10-OH-NT produced much

less constipation than AT and NT in a rodent model of gastrointestinal motility.

25 [9632Z] Unlike AT and NT, (-)-E-10-OH-NT does not antagonize adrenergic receptors.
Therefore, in theory, the E-10-OH-NT compositions described herein are also expected to be
superior to AT and NT in the treatment of pain. Indeed, as illustrated in FIGs. 3 & 4,
(-)-E-10-OH-NT proved superiorto AT in rodent models of both nociceptive and non-

nociceptive pain.

30 [0033] Although the synthesis of (#£)-E-10-OH-NT has been reported in the literature (Remy’
et al., 1973), to date, the chiral synthesis of the individual (+) and (-) enantiomers has never

been reported. Thus, in still another aspect, the present disclosure provides chiral-specific
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[0043] FIG. 6 depicts the absolute configuration of (-)-E-10-OH-NT established by X-ray
15crystallographic analysis; [0044] FIG. 7 provides a graph demonstrating the superior antiallodynic
efficacy of (-)-E-10-OH-NT as compared to (+)-E-10-OH-NT, racemic ()-E-10-OH-NT and AT in a rodent
model of non-rig¢iceptiva reuropathic pain; 100451 FIG. 8 provides a graph gdemossiratinigsthe
antiallodynic efficacy of 20orally-administered (-)-E-10-OH-NT as compared to that of amitriptyline in a
rodent model of non-nociceptive neuropathic pain; 100461 FIG. 9 provides a curve depicting the FCA

and rotarod deskotsponseealationshipg for amitriptdisterin.agesent madel of naciceptivednfiammatory

pain;  [0047] FIG. 10 provides a curve depicting the FCA and rotarod dose-response relationships
25for (-)-E-163%‘E€%ﬁau%£a°$88 ffﬁ%@&&%??%é?@éﬁ%%%ﬁhﬁdﬁ%%ma FIG. 11 provides a
graph demo ing the dose-related antihyperalgesic activity of (:)-E-10-QH-NT in a rodent model of
nociceptive i f%é@ﬁr?\gat%%epbﬁ% f}dglfgjsﬁé?r %?ow&iégﬁé ?5;%?55 HEGAHR G Ence of
substantial atifyperaigesic adtitnEekhibied by: ¢)-EA0 0 bhditnscrodeBtaedel of nociceptive
inflammatory,pain; ( Providesa demanstrating the differential antihyperalgesic
activity of the enaﬁﬁ%ﬁ%@éﬂ OE# CEf?thO??-gﬁ%ﬁé@%ﬁggﬁ%{?ﬁgpg@ﬁ G ’?ﬁé%%%ﬁf%?ﬁn%%%%?%yﬁsﬁﬁ: 100511
FIG. 14 proVidedraietap rossrapainig iHeah ibyberatgesiclcivity@fihe hantiomers of E-10-01-1-NT
in a rodent resiebahnosiceptvainilammaion, pan ! KIS 45 ides a graph.demonstrating
the activity Ql; ar%triptl_line (AT) ii‘l the rat Eor?eptj?{ g\/(vﬁng?%]gﬁ r%ﬁ%%%%%%gﬁf%z l‘é?é{.)%lSB

provides a grapheaemBREt-ShAt the semmp 8y (hebeodonmmecimgriberhy orcédrSwine Testhmelel of

depression; ambon éﬁﬁﬁ@iﬁi@ﬁﬂﬁ@zﬁ&@é&@ﬁ&iﬁxgﬁmeﬁ%ﬂ}Q@ﬁi[@ﬂﬁﬂ:&@%h%%b%ﬁﬁé@ges tested, (+)-E-

égb?eiislbil;ls g;goaot d.lspyltauh%t\%g%g%lllgcﬁgnlflcant activity in the rat Forced Swim Test model of

1emist irality of compotinds 7 may be inferred from the absolute
sterochemistry of (-)-E-10-OH NT (depicted in FIG. 6), which has been determined by X-ray

crystallographic analysis of the malate salt of (-)-E-10-OH NT,

[0035] Methods of synthesizing chiral intermediates (+)-7 and (-)-7 generally comprise
reducing E-5 ~(y—bromopropylidene)— 10,11-dihydro-10-ox0-5H-dibenzo[a,d]-cycloheptene

15 (iliustrated as compound 6 in FIG. 1 A) in the presence of a chiral-specific oxazaborolidine
catalyst. Non-limiting exemplary embodiments of suitable chiral-specific oxazaborolidine
catalysts are illustrated in FIG. IB. In some embodiments, the chiral-specific
oxazaborolidine catalyst is (708)-3-methyl-1,1 -diphenylperhydro-3-bora-2-oxapyrrolizine
(“70S8-CBS”; compound S-10 in FIG. 1A), yielding (-)-7. In some embodiments, the chiral-

20 specific oxazaborolidine catalyst is (70R)-3-methyl-1 , I-diphenylperhydro-3-bora-2-
oxapyrrolizine (*7aR-CBS”; compound R-16 in FIG. 1B), yielding (+)-7.

[0036] (+)-E~10-OI-NT and (-)-E-10-OH-NT can be synthesized from intermediates (+)3-7
and (-)-7, respectively, by reacting the intermediates with methylamine. A specific
embodiment of the synthesis utilizing CBS as the chiral-specific catalyst is illustrated in FIG.
25 1A, Utilizing this scheme under the reaction conditions provided in the Examples section,
(+)-E-10-OH-NT and (-)-E-10-OH-NT can be readily synthesized in high yield with an

enantiomeric purity of greater than 99%.
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8.DETAILED DESCRIPTION 8.1 E-10-O0H-NT COMPOUNDS AND COMPOSITIONS [0055] The
present disclosure concerns compositions comprising the E-geometrical isomers 150f the common
major metabolite of the well-known tricyclic antidepressants amitriptyline (AT) and nortriptyline (NT):
(S/R)-5-[3-Methytamimaspsep-(E)-ylidene]-10,11-dihydro-5H- dibenzok,dIcyclphepienst 9l {seferred to
herein as "E-10-OH-NT"), illustrated below: [0056] Owing to the chirality at the carbon at the
10-position (indicated with an asterisk), the 20E-geometrical isomer comprises two enantiomers:

(+)-E-10-OH-NT an@R)HE-TIsOkirNToRerabpelutseqnfigurations about the chiral 10-carbon of the (-)
isomer, estab)j -fay crystallographic analysis, is depicted in FIG. 6. Therefore the chirality of
the (-) and (gﬂigé%ﬁ%é‘%g%ﬁ% & %}éﬁ%\ﬁm?')g R GMENAT PR B GOOHIRESZE005 71 In the various
compositionstiesisribed dbreims tHe-E-1OOHNT edmpaound-canilve; present as a non-racemic mixture
enriched in the (-) enantiomer, as the substantially enantiomerically pure (-) enantiomer or as the
enantiomeri&&ﬁé%ff@(-?%ﬁﬁ?ﬁrti@@ﬁéﬁemlﬁﬂﬁspabmﬁmmmmmg?m,-stpmﬁd&ﬁﬁd%bﬂiiﬁﬁmm%ﬁ%
described hetgin-gomnrise £-10- : i antiall tiomerically pure (-)-E-10-OH-NT. In
another specific embodiment,4%?1%#&%ﬁ@lﬁ%igﬁéﬁéﬁﬁsﬁgg&lﬁbed herein comprise E-10-OH-NT
that is enantigossicatly pyrevideEa é{@}f@Heﬁgﬂ&ﬁgﬁg%@ﬁ&ﬁ?@d&%@gﬁ%@%ﬂgﬁg}mdﬁtﬁﬁr ighed” in a
particular enantiome wgﬁ]n tr&%oenangiomer is present in excess over the other enantiomer, i.e.,
when that enaé)lr}%afﬁgrrt% S FOE90 BIOfH e5E90RtPD-0H-NT in the composition. A
composition hatd ﬁ@righ@viﬁg a;gﬁiylc?r ena{ltiome will typically. comprise at least about 60%, 70%,
80%, 90%, Or even more: of the Spechic ChantioMmer ThEEHBURIEhaRIsR it idcacEakicular

enantiomer €arfbE)ddhifified usimgrednverttionatahalytiodk nethets savtingivuseg by shase

10 {0041] FIG. 4 provides a graph demonstrating the superior antialiodynic efficacy of

(-)-E-10-OH-NT as compared to AT in a rodent model of non-nociceptive neuropathic pain;

[8642] FIG. 5 provides a graph demonstrating the superior properties of (-)}-E-10-OH-NT on
gastrointestinal tract mobility as compared to both AT and NT in a rodent model of GIT;

[6043] FIG. 6 depicts the absolute configuration of (-}-E-10-OH-NT established by X-ray

15 erystallographic analysis;

[0844] FIG. 7 provides a graph demonstrating the superior antialiodynic efﬁcacjf of
(-)-E-10-OH-NT as compared to (+)-E-10-OH-NT, racemic (#)-E-10-OH-NT and AT in a

rodent model of non-nociceptive neuropathic pain;

[6045] FIG. 8 provides a graph demonstrating the antiallodynic efficacy of
20 orally-administered (-)-E-10-OH-NT as compared to that of amitriptyline in a rodent model

of non-nociceptive neuropathic pain;

[0046] FIG. 9 provides a curve depicting the FCA and rotarod dose-response relé,tionships for

amitriptyline in a redent model of nociceptive inflammatory pain;

{0047} FIG. 10 provides a curve depicting the FCA and rotarod dose-response refationships

25 for (-)-E-10-OH-NT in a rodent model of nociceptive inflammatory pain;

[0048] FIG. 11 provides a graph demonstrating the dose-related antihyperalgesic"activity of

(-)-E-10-OH-NT in a rodent model of nociceptive inflammatory pain;

[6049] FIG. 12 provides a graph demonstrating the absence of substantial antihyperalgesic
activity exhibited by (+)-E-10-OH-NT in a rodent model of nociceptive inﬂammétory pain;
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15 skilled in the art, including NMR spectroscopy in the presence of chiral shift reagents, gas
chromatographic analysis using chiral columns, and high pressure liquid chromatographic analysis
using chiral columns. [00591 In some embodiments, a single enantiomer will be substantially free of
the corresponding sxamtionier. By "substantially free of' is meant that the compesitianszRsemprises
less than about 10% of the specified undesired enantiomer as established using conventional
analytical methods routinely used by those of skill in the art, such as the methods mentioned above. In
some embodignssiFithe amewdeoh yraasiad Soanmt M08 53 ANaRL900:; [0l BApRe, less
than 9%, 8%&7%, 6;./0, 5%, %%o O/é%g? 1% or even less. Enantiomerically enriched compositions that
contain at least aBout 95% of 4 ls%g) o Wer sl S pecioersyo sloB Ty YamiRitiomer are

referred to hetgin-as,  substantially enantiomerically pure.”. Compositions,that contain at least about
99% of a spéﬁéﬁ"?ei a‘?ﬁ’aﬁ?ﬁ rﬁ)e‘?%er%drg%]?née%%pﬁg?g f ngé%?ﬁgg%ﬁcﬁi}’ﬁwg%@m’%e
embodiments! théleRantidriesicalisne nrickie diBtigiHwN Thlampasitiopsisdescribed herein contain
E-10-OH-NT that is approximately 60%, 70%, 80% or 90% pure in the 0-E-10-OH-NT. Stated another
way, the (-) hddi rﬁé%%@@%ﬁéﬁ@ﬁ%ﬁéﬁﬁ%ﬁé‘ﬁ@@@@s@(@@%nfth@iiép‘géimﬁ @obuit6s 70, 80 or
90 %ee. In sesrespecHicembodinenispthe;sybstantially enantiomerically pure E-10-OH-NT
compositions described herein contain E-10-OH-NT that is approximately 95-98% pure in the (-)

enantiomer; $feHFAGONEr wawt 12Ot AIEdERdigdnistRresgtinan prantiomade exgess:n the

range of ab% gesd%s %elee)s.tlt?ms&Tefﬁgecific embadiments, the enantiomerically pure E-10-OH-NT

compositions described herein contain E-TOTHRET that is approximately 99.0 to 100% pure in the (-)
enantiomer; @@pgg%r @‘ngg% 1) -10-0H-NT..is presentin an enantiome cess i range of
about 99.0 t? 10% %ee). Spﬁgcific, nor%—IFiii?E}?t]i(’.z’r(%é]ml gﬁsemfﬁ%?ﬁﬁyﬁeé%%o%?m%%aﬁe?n%ﬁﬁ {fg ié'é%%%
compoSttiondishiwiiew e Btistcolly B iappraxivmbtnieod, 198:A98van 923 n99id, 9.5, 99.6, 99.7,
99.8, 99.9 ondiI94daure in the (-) enantiomer. [0061] In vivo, the hydroxymetabolites of tricyclic
antidepressant drugs are formed by the polymorphic cytochrome P450 enzyme CYP2D6. NT is
thought to b&. hydrdxXyiatadc-by itms @amymenn a highly stereospecifc way to the (-) enantiomer of
E-10-0H-NT (see, g.g., Norgin.20¢ ' 95). in theory, 0-E-10-OH-NT can be isolated
from biological sougr'c%s 2&%@%@%@@%‘?}%@5 ‘f’%@/ﬁé %ﬂﬁ%ﬁ@@l@llled artisans will appreciate
that compodfibii bhe¢-yresenodeHioNTprodewed Bynppsttieticoneprisiigpleaiiyowith agicachioners
enantipnerigeanities Qb4 00%; Frexamnle; g“yéﬁ*%%‘%e ic methods, described in.the Examples
section, enantiomeric puritiegifn thg range of about 90 to 58%%%%%“ %lfi ﬁ%ef-sfi nis amitriptyline

(AT} and nortriptyline (NT): (8/R)-5-[3-Methylamino-prop-(E)-ylidene]-10,1 1-dihydro-5H-

dibenzola,d]eyclohepten-10-ol (referred to herein as “E-10-OH-NT™), illustrated below:

[8056] Owing to the chirality at the carbon at the 10-position (indicated with an asterisk), the
20 E-geometrical isomer comprises two enantiomers: (+)-E-10-OH-NT and (-)-E-10-OH-NT.
The absolute configurations about the chiral 10-carbon of the (-} isomer, established by x-ray

crystallographic analysis, is depicted in FIG. 6. Therefore the chirality of the (-} and (+)
1somers is as depicted below:



25enantiomer are typically achieved. [0062] Unless specifically noted otherwise, the enantiomerically
pure E-10-OH-NT compositions described herein are intended to include enantiomerically pure
0-E-10-OH-NT of both biological and synthetic origins. Thus, the enantiomerically pure E-10-OH-NT
compositions descrilbedsaerein can contain from about 99% up to 100% enaptigmesigally Quse 30
(-)-E40-OH-NT. [0063j Embodiments of enantiomerically pure E-10-OH-NT compositions that are of
biological origin (i.e., isolated from biological sources) and that therefore may contain 100%
(-)-E-10-01-1-NT, are referred to herein as' iologically derived enantiomerically pure (-)-E-10-OH-NT
compositions." Likewise, such E-10-01—1|-N0|s referred to herein as 5§8f6|ogically derived
enantiomerically pure (+Ed 0-OH-NT.”Embodiments of enaritiom@iisally®pure E-10-0H-NT
compositions that are of synthefi€ ori§jin, ingluding compositfond, prepdredéx vivo with the aid of chiral
specific biocatalysts such as CY ;"‘*-‘. & gttherefore contain gt 1east’about 99%, but typically less
than 100% (-)-E-10-OH-NT, are refefreg’to herein as "syntheticall derived enantiomerically pure
(-)-E-10-OH-NT 1OCompositions."%I:ik ise, such E-10-OH-NT is feferred to herein as "synthetically
derived enantiomerically pure (-)-ENLO-OH-NT." SyntheticaITyerived enantiomerically pure
(-)-E-10-OH-NT will typically contain the (-) enantiomer in an elantiomeric excess in the range of about
99 to 99.9%ee. [0064] Depending yiporythgringgnded use, tb@“%wgﬁ“&% can be present in the
composition 15as the free base, or in the form of a salt, for example, an acid additional salt. In some
embodiments, the E-10-OH-NT is present in the composition in the form of a pharmaceutically
acceptable salt. Generally, pharmaceutically acceptable salts are those salts that retain substantially
one or more[8¢3fkIdesirestipharmapalngicatiaatitite s9éiherarent compoLnd sRdwhighare suitable
for administrati ns, Pharmaceutically acceptahle 20salts inclugde acid addition salts formed
with inorgan%%g%:%étgs(r}r%%ﬁﬁ%ngci 5" tﬁ%r%%ﬁ%%é%%%%? abie* ?8H8W%t§ep§‘f§ﬁﬂar§%@§ﬁcally acceptable
acid additiosaitsprsiyeidy byrevay cokasiomslerandhaetlinitation,alydrabalide:acidste.ga Rydrochloric
acid, hysroyomie. G YHRCIG. 1. Gk Agid, Al acid, phosphoric acid and the like. Organic
acids suitable for forming pharmaceutically acceptgb e acid ad%l 10N Sans include, by way of example
and 25not lifitAteH-Héehat axrbstinisibacetitiovidiptbpiond-adid] hWEXAMSIC dcighother specific
cyclopentanasaiekic, asid: dvesiioecid.axalieacit.Rubisact Jarinackd, majonicagid, succinic
pa

acid, malic acid, malejc acid, fumaric acid, tartaric acid, citric acid, Itic acid, benzoic acid,
3-(4-hydroxBEHEBY IsER Rissdd - EhAeRcdNcid, rnandelic acid, alkylsulfonic acids (e.g.,
methanesulfppic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2- 30hydroxyethanesulfonic
acid, etc.), j@@é@ﬁéﬁ i%sg{ﬁ &4 .?%Wéﬁ@&fﬁogﬁﬂfl&%‘fﬂ? j a particular mﬂﬁm%ﬁf when that

10 enantiomer is present in excess over the other enantiomer, i.¢., when that enantiomer

comprises more than 50% of the total E-10-OH-NT in the composition. A composition that
is enriched in a particular enantiomer will typicaily comprise at least about 60%, 70%, 0%,
90%, or even more, of the specific enantiomer. The amount of enrichment of a particular
enantiomer can be confirmed using conventional analytical methods routinely used by those
15 skilled in the art, including NMR spectroscopy in the presence of chiral shift reagenis, gas
chromatographic analysis using chiral columns, and high pressure liquid chromatographic

analysis using chiral columns.

[0859] In some embodiments, a single enantiomer will be substantially free of the
corresponding enantiomer. By “substantially free of” is meant that the composition

20 comprises less than about 10% of the specified undesired enantiomer as established using
conventional analytical methods routinely used by those of skill in the art, such as the
methods mentioned above. In some embodiments, the amount of undesired enantiomer may
be less than 10%, for example, less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1% or even less.

Enantiomerically enriched compositions that contain at least about 95% of 2 specified
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chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-tuluenesulfonic acid, camphorsulfonic acid,
etc.), 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, WO 2008/134325PCT/1182008/061189
glucoheptonic acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric
acid, gluconic agid 2gletasic: acid, hydroxynaphthoic acid, salicylic acid, stearig¢-agich gaugenie acid, and
the like. [0065] In some embodiments, the E-10-OH-NT is present in the composition as an organic
5acid addition salt, for example, an acid addition salt formed with an organic acid seleaed from D-malic
acid, L-maliccagidian@ SHeGUm icl. 2] I t different salt forms of
compounds may exhiiit differ%r?t& I%é%)%%ggié sﬁgﬁ%lé@%ﬁﬁgﬁ%ﬁg?éﬁ %bx%;?f‘é}g?ggﬁfﬁ’iﬁ fgs,
stabilities, hygro8EbpicHies e ?5%3@8@@%?@@6@@%@%&@(&)@@%}@-%3@@ addition salts formed
with succinic“tQacid:i{stiesinate:salts) have superior solubility in saline (18 mg/m1) than (-)-E-10-OH-NT
salts formed with maleic acid (4.4 mg/ml), and are crystalline in nature and non-hygroscopic.
Accordingly, Wi the wse ofithdimai&, abid:saltifoneriofiraeamisd £ NT has.hegmpreviously
used to dos t (Bertjls l.,.1986), it is expe that the succinate salts of |
o-E-1o-ogH-r\ef'{r%%gﬁg\%@uﬁ%ﬁ%&%égé@%ﬁ%%%a B ?’c@% 15hadi5eenioranBt
associated vifthatbitd tiPURf hetissisatokicity¢Eydrett etahiid998)s Hrisanticipaiashthaidhe succinate
salt will have.g in ADM ' icalsafety properties than the .maleate salt. Accordingly, in
some embo%inﬁ?ﬁ@kﬁ%&iﬁ%-éﬁ%@%ﬁ%ﬁZéfu%n%y&/&emgtljg?t%%s' °H G EEREAE 067] The
E-10-0H-NTSWREHHE I s foms 74 free bBsK &P BaKT cambesisiesetrsmitivg 2@eamposiiion in

anhydrous formo ot Kanvle indfiadaimetsdvaisandion DYdaie, s degies andigentiy of

solvating solyent will. depend, in part, in the conditions used to “synthesize an
com po%%\d. ggc EQ\Q% &ﬁ%’%@?ée%éﬁi%ﬁ?@ﬁ@@ﬁf&%@ﬁ@@ﬁ% hese oh rdsioNs YE UG OH-NT,"
(-E-10-0H-NiT st Epaa b aing(t); Brd 034N Ficls, inleneed lo inslyds Al sali apd/or sovate

and/or hydrate forms.of the 25 compou 2 METHODS OF SYNTHESIS [0068] The (-)-E-
ooy Ontamrt%'é@)l'zé%s%ﬁp%é?éapﬁmwgfk?é)c%tﬁé@@ﬁ/béﬁfﬁff&ﬁhﬁl(térature, for

10-014-NT compound can bé syn
example, racesnito(ME: $0:10HNTheawde tyithas e HNIRsClbadi BRI tiand 6t &l oL 094 ad Lassen

etal, 1983,%9&9&? 65 8 {ov%!g l‘%%er:? Specific, non-limiting exemplary embodiments include
15 E-16-OH-NT compositions in which the E-10-OH-NT is approximately 99.0, 99.1, 99.2,
99.3, 99.4, 99.5, 99.6, 99.7, 99.8, 99.9 or 100% pure in the (-} enantiomer.

[8061] In vivo, the hydroxymetabolites of tricyclic antidepressant drugs are formed by the
polymorphic cytochrome P450 enzyme CYP2D6. NT is thought to be hydroxylated by this
enzyme in a highly stereospecifc way to the (-) enantiomer of E-10-OH-NT (see, e.g., Nordin
20 & Bertilsson, 1995). Thus, in theory, {-}-E-10-OH-NT can be isolated from biological
sources at an enantiomeric purity of 100%. In contrast, skilled artisans will appreciate that
comp_ositions of (-)-E-10-OH-NT produced by synthetic means typically will not achieve
enantiomeric purities of 100%. For example, in the synthetic methods described in the
Examples section, enantiomeric purities in the range of about 90 to 99.5 %ee of the (-)

25 enantiomer are typically achieved.

[0062] Unless specifically noted otherwise, the enantiomericaily pure E-10-OH-NT
compositions described herein are intended to include enanttomerically pure (-)-E-10-CH-NT
of both biological and synthetic origins. Thus, the enantiomerically pure E-10-OH-NT

compositions described herein can contain from about 99% up to 100% enantiomerically pure
36 (--E-10-0OH-NT.
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30incorporated herein by reference. Enantiomerically enriched compositions of (-)-E-10-OH-NT can be
prepared from such racemic mixtures by isolating the desired enantiomers using standard methods of
chiral separation (see, e.g., Chiral Separation Techniques: A Practical Approach 2001). [0069] Another
aspect of the dig¢lastraipsavides means of synthesizing enantiomerically pureisonessaf 159
E-10-011-NT using chiral specific synthesis methods. An exemplary embodiment of methods useful for
synthesizing enantiomerically pure (+)-E-10-OH-NT and (-)-E-1 0-OH-NTis illustrated in FIG. IA.
According to B3 [IBmthdikdsemtesantiomerically pure E-10-OH-NT compositions that are of

5-(y-bromop idene =10 I1-dih ros10-oxa-5H-dibenzolaJcycglgheptene (compound 6) is reduced in
the presencéig o%bqe%jrg%- Iﬁfe ifiéggég(aa%egbo?&%fﬁé) ataryst’ ﬁ%ﬁjs%gt%ﬂtgge&%ﬁmd%og@% HR-10).
As illustrated;-tHe B-8bMEF o threfeatalysh¢S:in 18) Vieldsithéy(Jeti@ehantiomerntally pure
5-(y-bromopropylideng)-18:11-dihydro-10-o0x0-51-1-dibenza[a,bl-cycloheptene (compound (-)-7), and
the R-isomer R-l%%%lgg #é@%&%r%ioﬁé%%ﬁﬁ? e%s%(‘(e&[i%)t%[rﬁéd?ar ggﬂéegr? ?Hgéeﬁe e"onverted to
their respectiva{epElyoleeN manfd ppEald: oENT rdGuets- b reditibrdimithmethylamine. [0070]
The compouidisiaiinayaieUsl e by aiheskad sing eliads asered in g hpliterature
whic

(see, e.g., Bertrand et at, 1994; Lassen et al., 1983, the disclosures o re mcorpo%ated by

reference). ATREIRAHUENF, k@ ed s bE sy itthebraid a8 shirstranedifin Frcatalxsts pedifis €0MABGNS for each
illustrated stapdatepievided indhemxamplas sesian0QF LI FIG i @@%%}ﬁéﬂ?biﬁﬁl?ﬁc”ic

oxazaborolidine cﬁatalést i% illustrated. Other chiral-specific oxazaborolidine cata @s could also be
Fercrye

used. Specific tEprasentatioh ™ BexaiBRAc AR Mea it Eie 928y R 6)-Frl (RAE AYErogen or

methy|} @nd clespritigidnin™thiinovat aduck FBBHCHERIYSt] QA -Corey.at Al as1984HeatalystidOh): Hong et
al., 1994 (ca t 10¢), Quallic atalyst 10d) and Berenguer et al., 1994 (catalyst 10e).
The asym mgﬁ%ﬁlﬁ ué}u%f%a%ﬁ%?fﬁa zf? i%%‘?'éég rggﬁ%’l%c @%&%W%ﬁﬁﬁm‘?ﬁ?ﬁ%ﬁ%d"ﬁﬁ the variant
group attachettol theBordrvatbypiTils gnaum chn (De:tuneduierfih apastictdaiesithstcate indRealthough

most commg&%@dpgg(ggg@ﬂgggg%gghyl is used. The group attached to the boron atom directs the
ketones to bind’in such a way that there is minimal interaction between the B-R group and the small

substituent qhtea)etonsi(fersetpils reaamdingsnerhanistissivdies, %@%Jéi@h%gﬂhe %8%%2%%&@”&'

conditi?gs und%r which the reduction can be carried out are described in the aforecite rences and
also in ‘Core§P e efdyie.EhiayiEgimYgnsalip loprsymniatan 09d, Parégsalsdt.aln R60S; Zartrnan et at,
2005; Tagateetlaklin0od, Deqette st BT i2Q03:Yanas e58bo2A03:nd &eccha 2003, the disclosures
of which are_incor C%%ateqlhgggént% ref tregce. The r%action can be carried out using the specific
catalyst illu gharmgce _tj%x_ y ptadle salt. Generally, pharmaceutically acceptable salts are those salts
that retain substantially one or more of the desired pharmacological activities of the parent
compound and which are suitable for administration to humans. Pharmaceutically acceptable
20 salts include acid addition salts formed with incrganic acids or organic acids. Inorganic acids
suitable for forming pharmaceutically acceptable acid addition salts include, by way of
¢xample and not limitation, hydrohalide acids (e.g., hyvdrochloric acid, hydrobromic acid,
hydriodic, erc.), sulfuric acid, nitric acid, phosphoric acid and the like. Organic acids suitable
for forming pharmaceutically acceptable acid addition salts include, by way of example and
25 not limitation, acetic acid, trifluoroacetic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, oxalic acid, pyruvic acid, lactic acid, malonic acid,
suceinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, palmitic acid,
benzoic acid, 3-(4-hydroxybenzoyl) benzic acid, cinnamic acid, mandelic acid, alkylsulfonic
acids (e.g., methanesulfonic acid, ethanesulfonic acid, 1,25éthane—disulfonic acid, 2-
30 hydroxyethanesulfonic acid, etc.), arylsulfonic acids (e, g., benzenesulfonic acid, 4-

chiorobenzenesulfonic acid, 2-naphthalencsulfonic acid, 4-tuluenesulfonic acid,

camphorsulfonic acid, ete.), 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid,
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FIG. IA in high yield and with an enantiomeric purity in excess of 99% when performed at - 20 C in
THF in the presence of borane-dimethyl sulfide complex, as described in the Examples section. 8.3
ACTIVITIES AND USES OF THE COMPOUNDS AND 5COMPOSITIONS [0072] As described in more
detail in Examphs208ia432F, like AT and NT, (-)-E-10-OH-NT has a strong affifiityufontkes1189
norepinephrine ("NE") transporter, and is a potent inhibitors of NE uptake. (-)-E-10-OH-NT also binds
the serotonin transporter and inhibits uptake of 5HT, albeit with less potency than that observed for
NE. The usegdummmadsimatphmmpweuma&ﬁa afiMERNeYen kil te-HRa) BuvdHedy i giseases and

disorders i is yu S%ij G ente!z[g For exam T NT d mlne onetln venlafaxipe, citalopram,
and simbalta a agpcé)rc}i}f:ea Grihe freatn mé é(f)?g}‘sSloE mx&’%afve gbcd?ﬁ%iéflb‘f %baé;ll%lses and
paroxetine aﬁ@%rﬁéﬁn@@@@m@ndmmmmmem of major depressive disorder, OCD, panic
disorder, post traumatic stress disorder, premenstrual dysphoric disorder and social anxiety disorder,

15and also HAUEShiseHarBRadBadEe FotrQHFRE apiigsoft rachmicEpeeaH 44 Titowgrss the
blood-brgin hawrigidiasheansstabli @%&E@é&&%ﬂ@l(%ﬁn&%@%&%%@a&z??e@)te@ccord'“g'y’

the E-10- OHé_\l omposmons des crl ed herein are expected to be useful to treat any disease and/or
indication m 8?5‘[ qmatfedin =| qeCas %”3? ginsira Hid- reuptake In some specific embodiments, it is

20expected a{t E 19 -NT c #% 3{%{ scribed herein will be useful to treat many different
diseases that res 5% ]trea?r‘ﬁ”érz‘l RIS R RO SHS WA B &x&hple and

not Iimitatlorpf@ﬁﬁri&d:f,, sdnaeydeti ma.mtmmffnananﬁkmammdInmli@aseaslaﬁzﬁé‘rgl @gwﬂ;@@dﬁwn to be
mediated, at |ea I sregula d t are knawn t ond.to treatment
t@!‘g %g]JIQ.SH:% i¢] Q}/S ere l%‘l %ﬁj?%é?@ %lﬁlhcl% Q%IOH saﬁ ? 1 E ”gP Clﬂa ﬁg Urlnary

with NRI and SNRI compoun |nc are mite to urlnary
incontih®ncecifdb disssdelis)duch amepressimhtam @éasdh&hmfm&llﬂmd(s)aﬁ}eﬁ(mmr sgdignitive

cisorders sucfhAsidMSRIEAENOISHSOTION sch ansaIsaniGna A anla Ay disorders,

personality disorders such as ADHD; eating dlsor ers’such as anorexia nervosaan

chemical def&tieiEEs Yé%]l?lfﬁ?g“ﬁ%ﬁf %dﬁ’@ﬂ@ﬁ@%i drlidsrer sltssearieds)df dBdSE Siithadeddictions
to 30nlC0tln®r@Uﬁﬁﬁ§@|u@@@@é%s@ﬁé@l&yp&lﬂ{ﬂ&@é’&b@ér@&g&%%ﬁd'ﬁ?&%‘j"”ﬁ% VA%@&%@W& gyndromes;
s

endocrine disorders Sl.ié %zé perprolactinaemia; impulse disorders such as trichotillomania and

kleptomania® B ras S A4 r@gé@gm?oﬁ?@%’éﬁ”ﬂﬁ@% el SEErBleondss aeich as
irritablé howledsdyredromeadiB$ hsietisicgasitiopaie b Pamtic e ioxicity (Everett ef al., 1993). Ttis

anticipated that the succinate salt will have superior ADME and toxicological safety
properties than the maleate salt. Accordingly, in some embodiments, the (-)-F-10-OH-NT

constituting the composition is a succinate salt.

[#067] The E-10-OH-NT, whether in the form of a free base or salt, can be present in the

24 composition in anhydrous form, or it can be in the form of a solvate and/or hydrate. The
degree and identity of solvating solvent will depend, in part, in the conditions used to
synthesize and store the E-10-OH-NT compound. As used herein, unless specifically
indicated otherwise, the expressions “E-10-OH-NT,” (£)-E-10-OH-NT, (+)-E-10-OH-NT and
(->-E-10-OH-NT are intended to include all salt and/or sovate and/or hydrate forms of the

-25  compounds.

8.2  METHODS OF SYNTHESIS
[0068] The (-)-E-10-OH-NT compound can be synthesized or prepared using methods
described in the literature, for example, racemic (£)-E-10-OH-NT can be synthesized as
described in Bertrand ef al., 1994 and Lassen ef al., 1983, the disclosures of which are
30 incorporated herein by reference. Enantiomerically enriched compositions of

(-)-E-10-OH-NT can be prepared from such racemic mixtures by isolating the desired
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gastroesophageal reflux disease (GORD, or its synonym GERD), flatulence and other functional bowel
disorders such as dyspepsia (e.g., non-ulcerative dyspepsia (NUD)) and non-cardiac chest pain
(NCCP); vascular disorders including vasospasms such as in the cerebral vasculature; and
miscellaneous Bhepwdispraisrs, including Parkinson's disease, shock and hypertensiorsexsal
dysfunction, pre-menstrual syndrome and fibromyalgia syndrome. Indeed, as demonstrated in
Example 21, (-)-E-10-OH-NT exhibits efficacy in rodent models of depression. [0074] Pain is also

thought to be-mediated, aidgastit.pbit -y s eaiidtefNE anger o TARreypiakeindeed, many

NRI and/or SIRI gompounds are a}I 0 usedho%féigel to treat pain. Pain is generally understood to refer
£Cnmgues; ractica TOach . . .

to the perception 0 coné‘l ion o0 unﬁfgasant ory or emotional experience, which may or may not

be associateghuyi _ i It is generally understaod.to include two broad
categories: a%l%f? aﬁggg%f)dﬁ%g% ?gggt,t%ee gggg}éé‘é?ﬁgﬁr? eé’tgﬂf}ffrg f?ﬂ%ﬁf‘?ﬁ%ﬁﬂﬁ%‘?%@ﬁﬁ?& of
nociceptive (FoFeexamiifeosbniaticdribvisee iy dsnotifivovictptivanddrexarmplecaaptapathic or

sympathetic)igrigiRaASHIE BRI g@&ﬁr%ys@%&%@%ﬂ&%@él}{&%&j@@%ﬁ MHSHARSSPIAINS,

bums, myocardial infarction, acute pancreatitis, surgery, trauma an ncer. Chronic pain generally

includes nocieptE PEm ih s ik sa M Bl HinifedAecmiiam n&TSHy gniths licis emetisattassociated with
IBS or rheunsatpistaripitiy Paincassociatad with caeetanchpaipassesiatd with esisoahiys: and

20non-nociceptiye pain including, bqu not limited to, neuropathic pain such as post-herpetic neuralgia
(PHN), trigeﬁ%iﬁeéuﬁ%%}léfgfa?’f%ggg%8‘ ipREFA AR Sty eevelidins rrialyrs iodastedrhad pain (for
example, postsstrokelpaing pafidoue) tassdinateerd vty onpainassesiated witymuliiplersglarosis),
and pefipher, Iag roeyllga F{(}‘ r exam le, diab cﬂ;prlj . 1 thy, inhergﬁg ,gﬁggpatm or othe?gcquired
neuropathies%‘. g%lgb g]&? imar data ﬁr}géeeﬁ]tee? n %@%&ﬂ%g@e ot PRSP BREBEOH-NT is
effective at tfeettingbdth)ridcivdptiveinftamniBtaf) anttindre-tocicaptiveaeprppathiepain. Accordingly,

in some emqlng}mg&ﬁe&t'la&Qﬁgg(}%lw}l%&g%%%o%ssg%%%lz%jrj_ﬁ?5&3@@@;& to treat pain, including

the various types pain discussed above. As note e, In certain ' embodiments, such compositions
comprise sui); rifafyleiamiodieridaliiepiien30(k Exdtbs0iuNE. In Some embodiments, such
compositionf om&rﬂée enantiomerically pure (-{-E- 10-OH-NT. [0076] As demonstrated herein,
racemic ()-ELXTYHRGFopnosnid siacipe gréeal ean drormbrasibiing swiliadadistidsdon the

norepinepluiiessand SesotonimBliansRCHers (Boamped4) Anddhe (m) andit)isospensaf fz10-0H-NT
exhibited similar in vi'_tr(fg act%(%t towardg SiX differeggt types of receptors and transporters, I.e., the

norepinephring tranep e fprelamaiiein hes S RmsraRE Tt s sd suFad 1ts),
dopamine trépepbetesr@iranite dchitiiaminergioreeentoldExanpEQrplasenasgic receptor
(Example 9), and muscarinic receptors (Example 12), and also toward Cytochrome P450 functions
(Example [0871] In FIG. 14, a specific chiral-specific oxazaborolidine catalyst is illustrated. Other

chiral-specific oxazaborolidine catalysts could also be used. Specific representation

20 examples are illustrated in FIG. B (in FIG. 1B, R is hydrogen or methyl) and described in
Itsuno er al., 1983 (catalyst 10a), Corey ef al., 1987 (catalyst 10b), Hong ef al., 1994 (catalyst
10¢), Quallich ef ¢f., 1993 (catalyst 10d) and Berenguer et al., 1994 (catalyst 10e). The
asymmetric induction achieved by the CBS reducing system is highly influenced by the
variant group attached to the boron atom. This group can be tuned to fit a particular substrate,

25 although most commonly B-hydrogen or B-methyl is used. The group attached to the boron
atom directs the ketones to bind in such a way that there is minimal interaction between the
B-R group and the small substituent of the ketone (for details regarding mechanistic studies,
see Kim ef al., 2006). General conditions under which the reduction can be carried out are
described in the aforecited references and also in Corey et al., 1991; Corey ef al., 1992;

30 Corey et al., 1998; Paterson ef al., 2005, Zartman ef al., 2005; Tagat et al., 2004; Duquette et
al.,2003; Yanagi et al., 2003; and Coe e al., 2003, the disclosures of which are incorporated

herein by reference. The reaction can be carried out using the specific catalyst illustrated in
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10) and hERG ion channel (Example 11). In view of this data, particularly when taken collectively, it
would be expected that the racemate and (+) and (-) enantiomers would have 10similar efficacies in
vivo. Notwithstanding that expectation, the data presented herein unexpectedly demonstrate that the
(-) enantiomer BfEXKBOBNT is therapeutically more effective than both the sagamaigapddhe (+)
enantiomer in rodent models of pain, and more effective than the (+) enantiomer in a rodent model of
depression. More specifically, at the dosages tested: (1) (-)-E- 10-OH-NTwas more effective than both

racemic ()-EEIIG.OH:Nlmﬂ@;]aﬁdhﬁ-ﬁnﬁE&ﬂlﬂa?&ﬂrdﬂ%[dﬂﬂéﬂ?ﬁ@ﬂ@?&ll&bﬁ&@mr%&j%y@%‘ﬁggﬂ of
non-nociceptjye thic pain (Example 15); (2) (-)-E-10-OH-NT was more efféctive than
(+)-E-10-0H-ti|\\?T %ﬁ@% %‘rg J%Segé‘%@y%}g?gfﬁ%%fgﬁ%&gg%ﬁ%%%Fé%ﬁﬂ\?é%ﬁfﬁ%ﬂé&qg and 20);
and (3) (-)-EBxenoizspTivas more effective than (+)-E- 10-OH-NT in the rat Forced Swim Test model
of depression (Example 21). These discoveries could not have been 20 predicted based on the in
vitro data generateé-with feeeRYETEERCLOI- NP ORI Grd P 8AsBGoRERs. Indeed, based on the
lack of efficacy observed MR BTEQSOH-NT in the rat L5 SNL model of pain, one would have had
no reason tojteseihesiselaidddanantieraers!in hanMAM.Qes, ikyiNg aninma rg]s)m%ewf(%s €

[00771 Whep used to treat varjous diseases or indications, the E-10-OH-NT comiposition wil
dhniniads

25generally be admin DIVSRIBEAIVRE fo e HiraspariteLtad disarpsens hidicemior. As will be
recognized ByFskiilge actisBRN)-OHANTE sndeisfoast to-Re herapgiicaliv eliactiveand Rroyiging
therapeutic fit oftentimes depends upon the specific disease or indication. Skilled artisans will be
able to asce%%{%r% glt%le%% Utica I)?h e et%ﬁtv%%%%voe&ntgbgged%ﬁdﬁqSiﬁ@g?é?%ﬂéﬁ@&téﬂféﬁ’ié for the
particuldr inéigatidn. B0[D0TE b1 gerieratata " therapetiically-e feg iveiramay ni-af @ &appaesition is an
amount thatggyadi [ i underlying disease or indigation being treated and/or that
eradicates oﬁﬁ%%%%%b%@r@é%?%ﬁ%ﬁ%ﬁgﬁ%g gs%r%%ﬁ%m‘éegls%"s%}&%?égtﬁ/ﬁﬁﬁi?ﬁé ?H%%Hﬁ? ffiSorder such
that the patiBPRIFREEEAY &b iwssravaned deinetsedmendiheonditibiomotofithstandingitiahthecdatient may
st e afficied veiialne. undgivina diseasaatindicatpy dThewpeulic.penefiissiso indudes halting or
slowing the progression of the disease or indication, fegardless of whethér imprévernent1s realized.
510079] In & CEHEREE B dssidan dirmrapswr cimphstisciiverden euhsisialamsurisof éamposition
that eraflicaies sicametomigsiREdeRmrssier or the symptoms thereof, including, but not limited to;
changes in mood, feeling of intense sadness, despair, mental slowing, loss of concentration, '

pessimistic {0673}, Buitetitity, selfcapitaeatonHnsomninsa e exaveightiass egeased energy and
libido, and hormpnal G ian.rhythms. 10[0080] In the c t of anxiety disorder, a therapeutically
effective amount is feer]i Iga%rﬁ%ﬁetmé Compo&i "dk%S Tateii rci?eé'? e SESRaELs the Briksti diSorder or
one of the SATIBRSHISTRreatindludivig abutrardtdimitect fal @ fear afjasingcantel afmngsrowWn

actions, r?esé%@%&t%{ TRERES NG T OABRMUE I FAT & FeAd Ol SaRsonne, Uneasiness,
38 expected that the E-10-OH-NT compositions described herein will be useful to treat many

different diseases that respond to treatment with other NRI and SNRI agents, including, by
way of example and not limitation, AT, NT, atomoxetine, reboxetine, and maprotiline.
Diseases and disorders known to be mediated, at least in part, by dysregulated NE reuptake,
and that are known to respond to treatment with NRI and SNRI compounds include, but are
25 potlimited to, urinary disorders, including urinary incontinence; mood disorders such as
depression and seasonal affective disorder (SAD); cognitive disorders such as dementia;
psychotic disorders such as schizophrenia and mania; anxiety disorders; personality disorders
such as ADHD; eating disorders such as anorexia nervosa and bulimia nervosa; chemical
dependencies resulting from addictions to drugs or substances of abuse such as addictions to
30 nicotine, alcohol, cocaine, heroin, phenobarbital and benzodiazepines; withdrawal
syndromes; endocrine disorders such as hyperprolactinaemia; impulse disorders such as

trichotillomania and kleptomania; tic disorders such as Tourette’s syndrome; gastrointesiinal
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nagging uncertainty about future events, headaches, fatigue, and sub-acute autonomic 15symptoms.
100811 In the context of pain, a therapeutically effective amount is an amount of composition that
eradicates or ameliorates the pain or the symptoms thereof including, but not limited to, shooting

sensations, burmingosemsations, electrical sensations, aching, discomfort, SOReES: IARAIISES
stiffness, sleeplessness, numbness, and weakness. 208.4 COMBINATION THERAPIES 100821 AT

and NT have been used in combination with other agents to treat various diseases and disorders. For

example, ATthasdiaguarsar Vusamaination  Sh-ahardieaspaute ladiesl amuspy disgiger and major
depressive diSO{rder, a}gld %gs %ee%,used in combination with per henazine to freat anxiety disorder,
schizophreni& Ahd MAjGE e BrEYEiTE Gréord S SsNdth i srrmy G RES Hhdransedad edmbination with

budenoside mcéandéihwmdﬁw_eﬂmaafeﬁd&@%@@@;&%@@e@@@%g@@gﬁggggd herein
inhibit uptake of NE,and SHT, it | B§§t6d that E%ﬁe E-10-0H-NT compositions described herein will
also be usefull in Combination the apies)  TOIoB%] AT S A MR RRSASHIS Y I E-10-011-NT
compositions dekselivet Herein 80maycbbanseds inlcenibinatieninithiar As-anadirpatdo thahagents.
When the E- =N pasiti scribed herein are used in combination with other agents, the
two agents ri%gi ! %E%'g@l%%%%@gﬁ ?fgg%d%fé’gﬁ%lbsg%&ﬂﬁﬁiﬁéfé%’ﬁ%@iﬁﬁl%ﬂ%‘ﬁ?aceutical
compositor 6?12%%@5 AalypBanganiiAistdhednpls @parats-pharatB utibali corfasitionedEhetvm!s
componentsgngpRasagministered by the same route of administration or by a different route of
administration. The two components also may be administered simultaneously with each other or

sequentially [ s Searmpapanicol e gambiaatan therapkyakhe AN eiad sepaately but
sufficienjly closetlz}i(in Eig@g %tio the inistration of the other componént as to provide the desired effect.
nation t

100841 Whil&€ €5 R&Rp it thecemRR BN ebinpersidfriobelderiind mémein is useful
in many conbeitss trawmtiigradestossad with thenk pb-QidN beasnaesiionrsgasribed nersipwil
depend on t&%&%%%‘f‘&g&%%%éee, \%ﬁﬂgg '1%%9%? rt:;)i%'n o%rl?eaégsddc-igtlgd%gi?gctua! damage to tissues, It
is generally understood to include two broad categories: acute and chronic (See, e.g.,
Buschmann ez al., 2002; Jain, 2000) that is either of nociceptive (for example somatic or
I5  visceral) or non-nociceptive (for ex?mple neuropathic or sympathetic) in origin. Acute pain
generally includes nociceptive pain arising from strains/sprains, burns, myocardial infarction,
acute pancreatitis, surgery, trauma and cancer. Chronic pain generally includes nociceptive
pain including, but not limited to, inflammatory pain such as that associated with IRS or
rheumatoid arthritis, pain associated with cancer and pain associated with osteoarthritis; and
20 non-nociceptive pain including, but not limited fo, neuropathic pain such as post-herpetic
neuralgia (PHN), trigeminal neuralgia, focal peripheral nerve injury, anesthesia ciolorosa,
central pain (for example, post-stroke pain, pain due to spinal cord injury or pain associated
with multiple sclerosis), and peripheral neuropathy (for example, diabetic neuropathy,

inherited neuropathy or other acquired neuropathies).

25 [6675] Animal data presented in the Examples section confirm that (-}-E-10-OH-NT is
effective at treating both nociceptive inflammatory and non-nociceptive neuropathic pain.
Accordingly, in some embodiments, the E-10-0H-NT compositions described herein are used
fo treat pain, including the various types pain discussed above. As noted above, in certain
embodiments, such compositions comprise substantially enantiomerically pure

30 (-)-E-10-OH-NT. In some embodiments, such compositions comprise enantiomerically pure
(-}-E-10-CH-NT.
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10artisan will be able to ascertain what other agent to use in combination with the E-10-OH-NT
compositions described herein based upon long established criteria for the particular indication. While
not intending to be bound by any theory of operation, the combination therapy may include the
administration sfarmedEBE3H1-NT compositions described herein with other agantsnowm:te inhibit the
reuptalce of NE and 5HT. Alternatively, the 15combination therapy may include the administration of
the E-10-OH-NT compositions described herein with agents which do not inhibit the reuptake of NE

and 5HT. [00@87éjcepbinglsthedkond Nt rampesitans described hersimpay,he combined with
other agents that inhjbi ptake of NE and/gr 5HT, as well as, dual and triple monoamine uptake
inhibits to tre(é?%[éﬁp%r]e@lgiﬁf kb@%ﬂf%ﬂ%r%%ﬁggim%%@’&ﬁ%ﬂ‘ﬁé‘?éi?FH%@-WQ@S’ét%m bined
with a selecti¥sepdtarin cediftake imbibitos¢BSR 1) Bunh@s, RutHatlipiietiDafuxelingparoxetine,
fluvoxamine, Gitap -and sertraling to treat depression, Combination therapy. for the treatment of
depression r%ay a %?fgqgﬁgremgiﬁ @nso%%eiﬁ%]%}ﬁqaarﬁmi%%?%ﬁMﬁ@%‘i,@ﬂ‘@}%@,}%ﬁﬁ? ABRIRATED to,
tranylcypronfiéezippiend|zivel AntisboarboragiticAfexnatitaly, dive ldonbinaiian thesppy-may involve a
heterocyclic g5antideRressa sy imited-to, amoxapine, maprotiline, ang trazodone, or
another anti eprestga_m?é such gls, ﬁaténco %@%ﬁ\%n a a%ﬁ?,cn%?gzége %Iég%(nagjpiﬁ?elzgéne.
Additionally, THECERBiTFAtBRTHETEyH6r the and alnvenvof HEpredsionerRaf(iuotieth EEaIOH-NT
compositions eleserihadchRieinARMIRDABIEH PIRYSS utagtlimiied fo. chiordiazepoxide,
or an anti-psychotic agents such as,q\‘ bu?%lﬂg% Iiml)tizd to, pe%#é%?%?aﬁ&a%%%%fﬁé‘ﬁg ?st%lg(ef)lected that the

E-10-0H-NTOOfHSEHMoll SaBkcPhetrrrirdithafitee Arcanainmayil sediseformtivombinatidmaherapies for

the tredtmentafianxiftydisordero schizephseniaandAsiinaa Biheconextolanxighy disorder, the
E-10-OH-NT cor;gj%osi(tli 2??5- herein may be combined with anti-anxiety agents such as,

ons described -

but not limited toP SRS ig%%%%té’.*hﬁ‘% Eistiorse b BpH ik Nh ésgherorpira eBIsositions
described heféintivaghirebodmbineckwitte andage it knowmoiadr eakaRAZABIERNIASIHELAS nRiE Not limited
to, perphen%}g&i‘;g ﬁpe Gon t of asthma, the -1O-OH-N-£[ ompgsitions described herein may be
combined with agents know %??ggto ?&%%%?ﬁ%ﬁ%‘)%‘rﬁ é?é?g?@'iﬁéﬁfaiﬂ?f%‘%ﬂ&ﬁm’?ed to,
budenoside 8087 sisdl<d) xpediedfidl theE h OO T compositions dekorhat fiecainnll be
useful i cohinatign hesapy-far, the QQEEE}%QE? in. Accordingly, t -10-OH-NT compositions
described hereilg] cF:an' be combined Wll;tt other an‘é%%ﬁ%%’? i%1 3%?%g%u Sng{?L?fl""rlﬁ%é%e?gf’%annabinokls
and opioids MAUFRABEr RsiE dhrrattolds: o &) ditdbieihal Triess eore effective than

(+)-E-10-OH-NT in the FCA-induced hyperalgesia assay of nociceptive pain (Examples 19

and 20); and (3) (-)-E-10-OH-NT was more effective than (+)}-E-10-0OH-NT in the rat Forced

Swim Test model of depression (Example 21). These discoveries could not have been

20 predicted based on the in vitro data generated with racemic E~-10-OH-NT and its (+) and (-)
enantiomers. Indeed, based on the lack of efficacy observed in with (£)-E-10-OH-NT in the
rat L5 SNL model of pain, one would have had no reason to test the isolated enantiomers in

that, or any other, in vive animal model of disease.

{0677] When used to treat various diseases or indications, the B~10-OH-NT composition will
25 generally be administered in amounts effective to treat the particular disease or indicatioﬁ.
As will be recognized by skilled artisans, what is understood 1o be “therapeutically effective”
and providing therapeutic benefit ofientimes depends upon the specific disease or indication.,
Skilled artisans will be able to ascertain a therapeutically effective amount based upon long

established criteria for the particular indication.

30 [0078] In general, a “therapeutically effective” amount of a composition is an amount that
eradicates or ameliorates the underlying disease or indication being treated and/or that

eradicates or ameliorates one or more of the symptoms associated with the underlying
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suitable for use in combination therapy. Accordingly, the combination therapy may involve a
cannabinoid that is selected from A9-tetrahydrocannabinol and cannabidiol, and mixtures thereof.
[0088] Alternatively, the E-10-OH-NT compositions described herein may be used in 15combination

with at least onevopmeigli Asndde variety of opioids are available that may be sitahlgfpeusadn
combination therapy to treat pain. As such, the combination therapy may involve an opioid that is
selected from, but not limited to, alfentanil, allylprodine, alphaprodine, anileridine, benzyl-morphine,

bezitramide, bisprenciphing: bitprabaneb.sloniiazens, cadtinesc¥slazocing;desamorphine,

dextromoramidt?, ge ocine, dhampromide, 20diamarphone, dihydrocodeine, dihydromorphine,
dimenoxadol "G EBAESEROEFALTR| MFaRbUie A TGIE A BAB e etk Tesglisarisr, ipissiosine,
ethoheptazinéhetippmetnthiambuietedethylmorphinewaiomiasene: feptanyhnerin. hydrocodone,

hydromorphape, h% rox e!:idinA isomethadone, ketpbemjdone, levallorphan, levorphanol,
Ievophenacy?m%?% %ﬁ I%[F)ern ani ,ﬁg‘fggtr%érrh%l F SRS {&ifidine), meptazinol, 25metazocine,

methadone, mg@@@g@ﬂg%g@ﬁ%ﬁ@é{é&ggi{%,ar}ﬁépé%@&edﬂnaer gine, nicomorphine, norleyorphanol,
normethadone, nalorphine, normorphine, norpinanone, op%,um, oxyeodone, oxymor%ﬁ%ﬁ :
papaveretuntopEIRIZBRHa! rdisage e peerrsirs o ptrms ptmontecime pahentserd;be; ipinnodine,
piritramide. praRREHAZAPREAREATk RIRE IENG, RIORIAN AiaRQRsRe UlleniANh lisine.
tramadol, diastereoisomers thereof, 30pharmaceutically acceptable salts thereof, comp Xes Sihereof;
and mixture L HHEREEEiHHE8RESEMbbiIRERs 2gfe o islemeraideniionomio pohivesGadeime
oxycodone, hydrdeodans) GifiydracoaBine -RORMMNCHE: fenta amadol, and mixtures thereof
[0089] The opioid component of the combination therapy may further include one or more other active

ingr%diéﬁ_ts tmdwﬁecoramnﬂﬁmd' _iwﬁ?imas@ﬂd_dma@tg&ﬁml d' I}?lﬂﬂf@cﬁﬁ@l@ﬁbﬁﬁﬂ_@s%ﬁtﬂﬁlﬁ%f )
combination pr ch.comventional ingrediepts include, for example, aspirin, acetaminophen,
dextromethorpﬁgﬁﬁﬁﬁr&%ﬂd%a%%ag%ﬁﬁr%%%%@ﬁ%%?fﬁ%?@c%ﬁﬁﬁre?ﬁ%l he SN Hnd/or
guaifenesin. irgiisidareldony éntionaldntretié sz iatrmiipbesinclude dindbe opioidComMPoReR: are

described, fofrexample:in heRhysicians Resk Redgre ce.. 1999, the disclosure of which is hereby
incorporated herein by reference, ia?%'gjts entiretyl,l’[SO %ﬁ%%%%%@%%’rﬁ%%aﬁé% S?’nﬁf/ GH&TShclude one

or more confFéEREesTRIlY BRoTDMESRFER D ketidarius tfrl amalyasivipetetcyutftheiopioid and/or to
reduceidnalgesisitalerance

[0081] In the context of pain, a therapeutically effective amount is an amount of composition
that eradicates or ameliorates the pain or the symptoms thereof including, but not limited to,
shooting sensations, burning sensations, electrical sensations, aching, discomfort, soreness,

tightness, stiffiess, sleeplessness, numbness, and weakness.

20 8.4  COMBINATION THERAPIES
[0082] AT and NT have been used in combination with other agents to treat various diseases
and disorders. For example, AT has been used in combination with chlordiazepoxide fo treat
anxiety disorder and major depressive disorder, and has been used in combination with
perphenazine to treat an:;(iety disorder, schizophrenia and major depressive disorder.

25 Additionally, NT has been used in combination with budenoside to treat asthma. Given that
AT, NT and the E-10-OH-NT compositions described herein inhibit uptake of NE and 5HT,
it is expected that the E-10-OH-NT compositions deseribed herein will also be useful in

combination therapies.

[0083] When used in combination therapy, the E-10-OH-NT compositions described herein
30 may be used in combination with or as an adjunct to other agents. When the E-10-OMH-NT

compositions described herein are used in combination with other agents, the two agents may
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development. Such compounds include, for example, dextromethorphan or other NMDA antagonists
(Mao et at, 1996), L-364,718 and other CCK antagonists (Dourish et at, 1988), NOS inhibitors
(Bhargava et at, 1996), PKC inhibitors (Bilsky et at, 1996), and dynorphin antagonists or antisera
(Nichols et al., #@9xsTibesgisclosures of each of the foregoing 15documentssargihgrebysingorporated
herein by reference, in their entireties, [0091] Alternatively, the compounds described herein may be
used with at least one non opioid analgesic, such as for example, diclofenac, a COX2 inhibitor, aspirin,

acetaminophefudhiipianben: Rapxe.ahst thedike.Andsmixtiras ereet 00921 Addifignally, in the

context of treating pain, the combination therapy may involve an 20anti-inflammatory including, but not
limited to, cottiRBatBRIFEAHHEAIRAIBENNE abh tRivervessttRasbbedmbt Hmré&idhe
etofenamatesamectaienai-asids mefanamicagidenitlmic acid:andasstic aeidderyativessuch as,
but not limite Sto acebmeéacin tamfenac cinmetacin, clopirachdiclofenac,vfenclofenac, fenclorac,
fenclozic acidl, fentiazac. é%%%r%r TR EBS R TOR 7 TR B &S BN ol ER4Bine,
proglumétacivrgulindacf 2stiarahiide anddolpyeting aeylbuitwiccaaidgrrvalives sughasibut not limited
to, butibufen - ayylcarboxylic. acids.such as, but not limited to,. clidanac, ketorolac and
tinoridine; ari/%%%l ig)ﬁrtl){l%%::l% %%@Igtlfl\}é){g&slggh%s}feb%P%ro(i(ﬁnn%?ganitoa,s5%’[%%‘ %%78, &%ﬁﬁo REt

fenoprofen, JUseHaRTRIeRo IMRIRIEIURTOKA, S ERIREID. BlkGIGPTSEn irprofen, pranoprafen.

protizinic acid ana tiaprofenic add; pyrazoles such as, but not limite mepirizole; pyrazolones

such as, butlﬁGf?miféwy&@f@%ﬁﬁéﬁif‘éﬁi‘ﬁiéﬁ@}frﬁ%%ﬁaﬂ@m&Mﬁwgﬁmmﬁi@pphenylbutazone,
phenyl pyrazpliginisenesiswibyzene andithiazofinchutazone: salicylisasididsrivatives suehyas, but

not Iimif d to, bromo,?ail%igenin{ fendosal, glycol salicylate, mesalamine, 1-naphthyl salicylate, olsa az

ne and Sulfa MBI RrAAI OO RARIHRE QIR 28ETDiR Wit MRREGISIAROXIEARE Bobt@Hh™NRd

piroxicam; acehypitsti@ntidestiabamiaiaiy BgrateRabas:MIRALA e I atRGRIGMIgecanroic acid,

sadenosylmejitcriliortling, %—rgmino-d.f-pe}/lféro%(%/bgéyrie a‘ﬁ?, amixetrine, bendazac, bucolome, 5carbazones,
‘ a2 0leRE ﬁ&gmg?eé%eé%ﬁfefﬁi}e&pfﬁsﬁeﬁﬂjg%oand

difenpiramidle, fﬁ%afgol, guaiazulene, heter
derivatives, Hatapmetanechidkebalide;iorgotsin, dfxhe EptoHOIXaID e gt vialive sepaibaylisgipifoxime,

2-substituteq‘;qh6-g§-} ; ’&? @hﬁ Vil 3- r'mi&iﬁ zone and tenidap. 8.5

FORMULATIONS ACNQ%QIA% SR R i a&B"r??Bo d or

pharmaéeuticargiart an shewbr eseriistidersimdneyistration of the E-10-OH-NT compositions
described herein with agents which do not inhibit the reuptake of NE and SHT.

[0085] Accordingly, the E-10-OH-NT compositions described herein may bé combined with
other agents that inhibit reuptake of NE and/or SHT, as well as, dual and triple monoamine
uptake inhibits to treat depression. The E-10-OH-NT compositions described herein also can

20 be combined with a selective serotonin reuptake inhibitor (SSRI) such as, but not Iimited o,
fluxetine, paroxetine, fluvoxamine, citaprolam, and sertraline to treat depression.
Combination therapy for the treatment of depression may also involve a moncamine oxidase
inhibitor (MAOIs), such as, but not limited o, tranylcypromine, phenelzine, énd
isocarboxazid. Alternatively, the combination therapy may involve a heteroc&clie

25 antidepressant such as, but not limited to, amoxapine, maprotiline, and trazodone, or another
antidepressants such ag, but not limited to venlafaxine, nefazodone, and mirtazapine.
Additionally, the combination therapy for the treatment of depression may involve the
E-10-OH-NT compositions described herein and anti-anxiety agents, such as, but not limited

to, chlordiazepoxide, or an anti-psychotic agents such as, but not limited to, perphenazine.

30 [0086] It is expected that the E-10-OH-NT compositions described herein, like AT and NT,
will be useful in combination therapies for the treatment of anxiety disorder, schizophrenia

and asthma. In the context of anxiety disorder, the E-10-OH-NT compositions desctibed
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be combined with a pharmaceutical carrier selected on the basis of the chosen route of administration
and standard pharmaceutical practice as described, for example, in Remington 's Pharmaceutical
Sciences, 2005, the disclosure of which is hereby incorporated herein by reference, in its entirety. The
relative proportiomsioé/astize ingredient and carrier 15may be determined, fopexanmpies )y the solubility
and chemical nature of the compounds, chosen route of administration and standard phaimaceutical
practice. 100941 The (-)-E-10-OH-NT compound and/or compositions disclosed herein, may be

administerechbiianyameansnibaabsifisait theccontachal e, active: ageRKslth the desired site or
site(s) of acti be administered by any 20conventional

inthe body of a patient. The compounds ma .
means availac%T{ér%é?zﬁ 290 CCoEr’?j lE%:C |olﬁev}\‘/it?l?ﬁ?%%%c%%éﬁﬁ@%ﬁﬁ&%ﬁﬂﬁ@?é’ﬁéﬁﬁ%gents or
in a combindtirifithebapeuticraderits. drapexanphe theymanhbeadminisiered asthe: spigactive
agentsin a ical osition, of t c | mbination with other therapeutically
active ingreg%%%%a[%%%%%%%%%-%ﬁ%%ﬁ cc?%%%?ﬁiﬁé%r%{m%}fﬁ’ooﬁﬁ@% éfég{fﬁﬁ%lﬂaﬁ%?ein may
be 25adminigtered torabmadnmalisgetiosrinva tatiety oiformsddapteditosthe thoselutbutetof

administrationy 6.9;1-9"a I pateaterally. Parenteral administration in this respect includes
administration by the foliowing routes: intravenous, intramuscular, subcutaneous, intraocular,

intrasynoviaq,amsmmu@kmaingttfmdﬁmﬂmf_&mﬁg&m&%&gm@g&ay%9@1' HORIERIY
including ophthalmic, derr%%l, oc%lar rectal and nasal inhalati I

on via insufflation, 30aerosol and rectal
systemic. WO BOGEI S PEBET O Sbh BB 8% rropos AR e-15-51449HdSmpound and/or

compositionsompyshivforiasiited fordnaladminisikation.far axamaleswith, %ﬂbiﬁ&ﬁ?ﬂéﬂﬁﬁﬁtor with an
assimilgble edi arrier, or it may he enclosed in hard qr soft shell gelatin capsules, or it may be
com prt-:ﬁspsed? ]%l%%aolectas}? ioa(rg}i %l%yzge At %Oéfiﬁb %@Wﬂﬁ?’éﬁ?ﬁﬁ WA G GY ﬁﬁi@%?et@qf It
therapeutic adinbisirationinstiw Eotivenchmpaundonayibe ynoer poraieaiwithiexsipientansoused in the
form of ingegiible.t _ , I treches, capsules, elixirs, suspensions, syrups, wafers, and
the like. The am&%@gf%%g%ggc%%ﬁo%% 5) %lﬁtrs%igﬁart ferapel ?cgﬁi; ﬁ%ﬁf@b‘?ﬁ%@i%ﬁg‘@preferably

such that a itetfie dosage will be obtained. Preferred compositions or preparations according to the
present inven%gn may be prepared so that an oral dosage unit form contains 10from about 0.1 to

about 1000 Y8k eiematirlz nihd it AN wmssmbimatisseribed kubeombinationd iof ranges and
specifitsconeantiations ihereiida{0OR7I FibR tabletae Wachs% Rilbhigansiles: ARt the:like may also

contain one %{t:mﬁrz of the following: a binder such as gum tragacanth, acacia, corn starch or gelatin;
an excipient such A% HiEARIT BASLPh 2 BYdR Ftatr Al g Sourb-dher ustisrcnaberpyaeato starch,

alginic acid involve an opioid that is selected from, but not limited to, alfentanil, allylprodine,
alphaprodine, anileridine, benzyl-morphine, bezitramide, buprenorphine, butorphanol,
clonitazene, codeine, cyclazocine, desomorphine, dextromoramide, dezocine, diampromide,

20 diamorphone, dihydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol,
dimethylthiambutene, dicaphetylbutyrate, dipipanone, eptazocine, ethoheptazine,
ethylmethylthiambutene, ethylmorphine, etonitazene, fentanyl, heroin, hydrocodone,
hydromorphone, hydroxypethidine, isomethadone, ketobemidone, levallorphan, levorphanol,
levophenacylmorphan, lofentanil, loperamide, meperidine (pethidine), meptazinol,

25 metazocine, methadone, metopon, morphine, myrophine, nalbuphine, narceine,
nicomorphine, norlevorphanol, normethadone, nalorphine, normorphine, norpinanone,
opium, oxycodone, oxymorphone, papaveretum, pentazocine, phenadoxone, phenomorphan,
phanazocine, Qhenoperidine, piminodine, piritramide, propheptazine, promedol, properidine,
propiram, propoxyphene, sulfentanil, tilidine, tramadol, diastereoisomers thereof,

30 pharmaceutically acceptable salts thereof, complexes thereof: and mixtures thereof. In some
embodiments, the opioid is selected from morphine, codeine, oxycodone, hydrocodone,

dihydrocodeine, propoxyphene, fentanyl, tramadol, and mixtures thereof.
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15and the like; a lubricant such as magnesium stearate; a sweetening agent such as sucrose, lactose
or saccharin; or a flavoring agent such as peppermint, oil of wintergreen or cherry flavoring. When the
dosage unit form is a capsule, it may contain, in addition to materials of the above type, a liquid carrier.

Various other nyederiadsissns be present as coating, for instance, tablets, pillsyor/0apsdles may be
coated with shellac, sugar or both. A syrup or 20elixir may contain the active compound, sucrose as a
sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring, such as cherry or

orange flavo8@§xdiitsepiaity dnaferiehtisetdn Rropatiog ABY:gpsagerunit-formdssusierahye
pharmaceutic '%Q&E%eand Séxbstta{giﬂ_lly non toxic in the amounts employed. [0098] The
(1)-E-10-OH-NT Compound andior composhiora A AR BEFOPHATIHtEEH8F 98 patiHtal or

intraperitoneabaginrividtrationsiSohuticrisobihpradiive coripotnds s ileedasesompharnasologically
acceptable s 0 Q Rrenar d in water suitably mixed with a surfactant, such as _
hydroxypropyieel ulo’s_(g?.J A dispee%g%ﬁo %erlll ’a%ggi Oél%{r%opﬁ% i%haﬁl%u%rr%?ﬁ%fai%I?%Wi&?@‘@ﬁ;cols, and
mixtures’thefedPaheniresiize. Watienerdindny moifditions 8% plorhgecand:usenthege:preparaiions;may
contain a preseReiye: 9, eV N Aol AL AMIStRI9anISE. (0998l Campasiions, spable for
administration by injection typically include, for example, sterile acf}ue’ous solutions or dispersions and
sterile powddi€ 565t [Efb s shisrlesirs obrhichiispardtiom ofrstenilel ihjedtablersolutionsmoitdispersions.
In all cases, ¢hartesm is preferably sterile and fluid to provide easy syringability, It is preferably stable
under the conditions of manufacture and storage and is preferably preserved against the

contaminating@eiareb mitioorgamismssyah-asbacieriandiingl IheraRR maYAeR solvent or
dispersjgn 5%%diu€|{'ﬁ gon inin%}ilfor example, water% thanol, pol%c% for example, glycerol, propylene
r

glycol, liquid polyethylene glycol and the ik Rriablac AT oEdice PbEEibIR 5P he proper

fluidity can béwiiptainedidor exappe)bydheda s ek agoatingsuchiasiesithindy tigmaintenance
of the requirgd, particle size in the f g.dispersion, an the use of surfactants. The prevention
of the action oférér%crggf(g%{r%gr?h%ﬂin}ay é?é(?ﬁfglé\?)g%agé/) 8‘3‘%?3 a{ﬁ%ﬁ)%lcl:?ésrfyoéﬁﬁ ?{t%nb%ﬁégents, for
example, pardbeidibiifsrdBheasvia phehol 98orIE Ecidyitiione (Biak patkih e §k6), indnamygases, it wil

be preferable:ig pcide:isaionic AdeR: JPpLARIerAUGNS AL adim Shioride, Prolonged absorption
of the in'ectablegcompositions m_g)gbe achie\'/'ed' by the use OP%%%%%SIP %ﬁ%&ﬁ%ﬁ%@%%‘@n, for example,
aluminlmn m&FERERRHE SAts HelaterpesTd doTSiduiecfajeetabie beiutpitstinay be prepared by
incorporatin ive compouynds in
P ?ﬂ%ﬁﬁ%temat?ve& the compounds described herein may be used with at least one non
opioid analgesie, such as for example, diclofenac, a COX2 inhibif_ox‘, aspirin, acetaminophen,

ibuprophen, naproxen, and the like, and mixtures thereof,

[0092] Additionally, in the context of treating pain, the combination therapy may involve an

20 enti-inflammatory including, but not limited to, corticosteroids, aminoarylearboxylic acid
derivatives such as, but not limited to, etofenamate, meclofenamic acid, mefanamic acid,
niflumic acid; arylacetic acid derivatives such as, but not limited fos acemetacin, amfenac
cinmetacin, clopirac, diclofenac, fenclofenac, fenclorac, fenclozic acid, fentiazac,
glucametacin, isozepac, lonazolac, metiazinic acid, oxametacine, proglumetacin, sulindac,

25 tiaramide and tolmetin; arylbutyric acid derivatives such as, but not limited 10, butibufen and
fenbufen; arylearboxylic acids such as, but not limited to, clidanae, ketorolac and tinoridine;
arylpropionic acid derivatives such as, but not limited to, bucloxic acid, carprofen,
fenoprofer, flunoxaprofen, ibuprofen, ibuproxam, oxaprozin, piketoprofen, pirprofen,
pranoprofen, protizinic acid and tiaprofenic add; pyrazoles such as, but not limited to,

30 mepirizole; pyrazolones such as, but not limited to, clofezone, feprazone, mofebutazone,
oxyphenbutazone, phenylbutazone, phenyl pyrazolidininones, suxibuzone and

thiazolinobutazone; salicylic acid derivatives such as, but not Iimi&;d to, bromosaligenin,
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the required amounts, in the appropriate solvent, with various of the other ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions may be prepared by
incorporating the sterilized active ingredient into a sterile vehicle which contains the basic dispersion
medium and the'eeguirestother ingredients from those 20 enumerated abovedithe,gasg @b sterile
powders for the preparation of sterile injectable solutions, the preferred methods of preparation may
include vacuum drying and the freeze drying technique that yields a powder of the active ingredient,
plus any additnnahtlesied ingeedienifeom tharevioualy siarile fitesed soluion: hereal, 8,6,
EFFECTIVE .OSAGEb% 2‘15%0 OlgThe 0-E-10-0H-NT compound and/or compositions will generally be
uti

administered 1 & thetapaticAl EHEANVEEIMbURESE BelEriHetmhdrericarhadmisvire s carpound or
composition elimimistendcwilbdepepehupanteavasietyofifactars, inckiding dfersxampie, dhe particular

indication bej the magde of administration, whether the desired benefit is prophylactic or
therapeutic, %@gﬂggﬁéﬁ%hgﬁﬁg’ln"gﬁé?%n_ %Cl%%xffrlkélgw BHEAREXGE Bh P ReGHEse hiasatient, the
bioavailabilityasbarenpadidtriairavineg dompogndsaiterBatermingtlareefiameifective dosage is well
within the capabilities gfthose skilled in. rt. 101021 Dosage amounts will typically be in the range
of from about 3.0&1 or o.oo%ig‘]i{g%@%@ﬁ@%ﬁ%@%ﬁ%ﬁé&?ﬁﬁgﬁ%81’§P ?B’é’?“%?gp%)‘?]ls‘?éa&?‘fo.o or 20.0
or 25.0 or 50 §RY%0 Biraedinsgmiraayondtsdntisxsdctdddiosei af oyt S mipdayte-about 500

mg/day, hut wﬁgﬂa@g@gggﬁgigﬁ@gng%ﬁ@%ng upon, among other factors, the particular disease or
indication 5 being treated the activity of the compound and/or composition, its bioavailability, the mode

of administration afd varisag facivrsTdissgssethabpwgrResagerampunt and interval may be adjusted
individyally t ide plasma levels.of the compounds and/gr compositions which are sufficient to
maintail? the&épgégj/t@lgf rfcﬁ‘)nl I?Jy@gifglgﬁ%}@? %@%B&P%%ﬁ?ﬂ%ﬂ% § R dtrEiRa S ey
composition8eraay bisesddmiihiis tdret oreeid kaaie orciauitiple: v es pes Oay «10depsnding upon, among
other things,the meade of ini [ he_specific indication being treated and the judgment of the
prescribing Shys_ician.’lon %%&%%%%%rﬁ?ﬁls Fglli 1 o &é Seé] |§/Cen§§(t{a G s beal topical
administratidif tiglefie e rmaeoat Seiwation26f sctivel solnpoundsy hivtl/aricostpasitigrsaedy not be
related to plasia 6PRGRAKALIAN 1=killgd ArtisAD Syl ,qsgl ptimize effective local dosages without
undue g perimenta%on. 15[01031] Initial ct?(;sa esacl)%‘ltli![‘f?g) (- _é}%}%éﬁnﬁﬁ%o%g%éﬁgtgﬁ f&7 clz%r?npositions
useful for thE-Be Ao foE sHaspksivn e eotbmiinandshiaicd vemes i beanmmaiundtels

described imﬂ@eeﬁxaﬁfm&a@ﬁﬁﬂ%atﬁﬂddﬁ@@ﬁ!ﬂwaiaigﬁw%wﬁéafﬂpxé%ﬁ&s“mated from the data
regarding the effective dosages of AT and NT for the treatment of the various disorders available in the

art. See, e.d0U8AiStr & VEilte (19961 repgrtingl arstaiting gose: ofslQaR5dmevdayefAE for 20 the

treatment otdgplrgi‘é' I@gi ., With an increase { 10 to 25 mg/week to the maximum suggested dose, 75
mg/day, or tqler‘latel_% dosd) and t agsc% e? Ig\s/léql Sabr}éallﬁ Ciﬂlgaa%t %’ﬁ@ﬁﬂ&eﬁgﬁmcﬂﬁh@ﬁé%ﬁﬁd
pharmacodyHanieijsieper tietoofirabermicy)oEale:iiNThanshits separate lenaniamersifeljowing the
adminigfration, ot facemig O:Ea O BH-NT A T.andior NT (Dahl-Puustinen et at, 1989 (reporting mean
AUC for the separated enanti_gme?s 25fc3||0\?v-|£r¥119 tﬁjemé‘a?%?nﬁvsltga BH0F %e%ﬁﬁai% %jhﬁ%gasoral dose of
racemic O_f@d@@fj}@ﬂ%}erapeu&c agents or m a combination of therapeutic agents. For example, they

may be administered as the sole active agents in a pharmaceutical composition, or they can be

used in combination with other therapeutically active ingredients.

[0095] The (-)-E-10-OH-NT compound and/or compositions described herein may be

25 administered to a mammalian host in a variety of forms adapted to the chosen route of
administration, e.g., orally or parenterally. Parenteral administration in this respect inchudes
administration by the following routes: intravenous, intramuscular, subcutancous, intraoccular,
intrasynovial, transepithelial including transdermal, ophthalmic, sublingual and buccal;

topically including ophthalmic, dermal, ocular, rectal and nasal inhalation via insufflation,

30 aerosol and rectal systemic.
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Bertilsson et at, 1986 (reporting the pharmacokinetic properties of E-10-OH-NT following the
administration of dosages ranging from 10 to 100 mg); Edelbroek et at, 1986 (reporting the steady
state concentration of E-10-OH-NT following the administration of 75 mg of AT)). 101041 Based on the

animal models deseribacdimExamples 5, 6, and 15-21, it is believed that 30 ai-effestivegiosage
of(-)-E-I0-OH-NT for the treatment of pain in humans may be obtained by administering a dose of
(-)-E-10-011-NT sufficient to achieve a plasma concentration similar to that achieved following the

administratiofbefOrtrg/id:-iLp-DOIrRtE cAd S8ish: AR QuRORBIE3H325P GTR2944 81061189 some
embodimentg}&kﬁ?n%f&%g[(i)%e ose (- }E-%NT for t ,ie treatment of pain is the dosage required to
achieve the plasma concentration achigve e T 05 Gith R (soHIgkgedibly rResimipistered to
rats. [0105] Dusabecarhouts ofifd)sEs@HNT foltieatinglpaionilhiypically-hednthesangs ol from
about 0.000%;94, /kg/day to about 0.1.0r 1,0 or.2.0 or 2,5 or 5.0 or 10.0 or 20.0 or 25.0
or 50.0 or 75.tO o%]%dggn r%%r%?g%e;gy%\%%qgr% E%S%é%éag ofs%éeo(‘?lg%oﬁré) %%%Wté‘b%‘f}%ﬁrﬁﬁ‘@fﬂay, but
may be Righ&FaiciiRepmpisibélience: that praktdsesofeipkn 1 Ot Tofletwear abeutl mg/day
to about 20 @542 0hL3Q-QrAR A 40.8L42.0L50.0 r.79.or 80 or 90 or 95 or 100 or 150 or 200 or
250 or 300 mg/day will be effective in L0t e‘“‘gigr?g%%%ﬁ?’i‘é%?é’%ﬁ?ﬁﬁfy?%%ﬁ%% R es?i Yolve the
administratiohP6PER GFat tRséx§ S BRRYEAE- DN hrsanauivaboue i nogidasittonabopt-166bing/day .

[0106] Basegwen the fgxﬁ@aesﬁem@wm%gmg@e@spg@a%%&ﬂgo%%%@ g%%gé%é Qelieved that an
uman

effective dosage f (-)-E- 1.0-OH-NTfor the treatment of depression in may be obtained by

administerin§ 54088 SF S B DINYRY SumerehR RcERISIR bR thasksenal dsemscentiatioresimiir to that

achieved follbwingthe Gtiministetiono of SOrmaikaetp: d0Hat-AS21cH iR 5eMme:smbgdiments the
effective doss%];‘gz)-EE%I-]d-N-T f9r the treafment of depression is the dosage required to achieve the
n

plasma concentration aehieved et FReci BeoRRRPRTAEPRIGNEEIY.) is administered to rats. [0107]
Dosage amgps Ofl(c)tﬁﬂ%'lt%g for treating depression will typically be in the range 200of from about
0.0001 or 0%01 og_r 0.01 mglkg gfgté”gé’oﬁé‘:‘ éo%r .d%r@%%%f%%?%?@’&r%@&?%@ﬁﬁ 8125.0 or
50.0 or 75.0f8lagmeng/ kil swhiranexpestethdoseachaboutsh rigldaytaiabeut- RO smgilay, but may
e higher orapuencuis PRiear ha ARl annne Sbivsal J SR NS Deecn ahoul A maldey 19
about 20 or 25 or 30 or%g&?r 40°or 45 or 50 0 gg é(lrt Si% o;ri“_ yor g&%&’@@%&f&‘: T56"6r or 250
or 300 mg/dBBAi Becetrétinathspckantigesivre sitenisesorditgiyesume srmbadiments, involve the
administratioiob&abr QEaLEIREAGE LAvbEnt AR NEPEWERRARALHEQ MR 10.R0 UL 400 ma/day.

flavoring, When the dosage unit form is a capsule, it may contain, in addition to materials of

the above type, a liquid carrier. Various other materials may be present as coating, for

instance, tablets, pills, or capsules may be coated with shellac, sugar or both. A syrup or

20 elixir may contain the active compound, sucrose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and flavoring, such as cherry or orange flavor. Of
course, any material used in preparing any dosage unit form is preferably pharmaceutically

pure and substaniially non toxic in the amounts employed.

[0098] The (-)-E-10-0H-NT compound and/or compos;itions may also be formulated for

25 parental or intraperitoneal administration. Solutions of the active compounds as free bases or
pharmacologically acceptable salts can be prepared in water suitably mixed with a surfactant,
such as hydroxypropylcellulose. A dispersion can also be prepared in glyeerol, liquid
polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of storage
and use, these preparations may contain a preservative to prevent the growth of

30 microorganisms.

[0629] Compositions suitable for administration by injection typically include, for example,

sterile aqueous solutions or dispersions and sterile powders for the ex{emporaneous

-7



[0108] Further, based on prior reports of the pharmacokinetic properties of E-10-OH-NT and its
enantiomers, it is believed depression can be treated with a plasma level of the enantiomers of
E-10-OH-NT of between about 140 aM and about 220 nM. Based on the 30reported phannacokinetic
properties of (-&-2u0s@HBNT, it is believed that depression can be treated withra:plagma level of
(-)-E-10-OH-NT between about 140 riM and 220 nM and that WO 2008/134325PCT/1J S2008/061189
these plasma levels can be achieved by administering between about 30 mg/day to about 35 or 40 or

45 or 50 or 55@afien 6BskTiRkARHN &hAloBd Q& BPQLRA0AQN 101200 02308300
mg/day. Accordipgl\éa%?rl in embodiments invo vg the administration of (—)-E-lO-OH-NI at the daily
65 BRTeVE A BIBEHA IS8 ST SRRSO abouP A0 S 9 ibe apnetiats o

dose requireséﬁo ac
embodiments:thefddsagen df(e)dee 0 M bBetweemabiont30: me/day.and-ahout 480smg/day.

[0109] In the context of combinatign thera e proper dosage of the combined agents will be readily
ascertainza\blégf:()gﬁel8 rﬁ(aﬁgg%?ﬁggﬁsgjgggél%%{#ﬂ%%\?@ <E0ge aa’o%%%&%?‘%?‘(?)? SPEOMINT and long

established eretienfopitisnpatioukringdlcatiorr Byhway, ghjenéfal d0myittanbeswherem kaanabinoid,
opioid and/orotheragent,is ' inafion with.the. E-10-0H-NT compesitions described herein,
typically the %%saé e%y%ra%@?ﬁ%ﬁ%&%?%&gﬁ Et:\(l)mg%)i)%gfl%g er%}? ugrfc?ay%?gt%eancga‘ﬁeﬁgaeg%% [ I&Sdpioid
and/or other SR&E ISl ah BeapsiatinedLfes avou .00 thy/ky/dby oftiee Buwd-@HenThin,

compositionideseribedberein Jniserain: imentsiihe.d9sage. Ay he A0aHE 8,140 @Ryt 10

mg/kg/day of the carmabinoid, opioid 15and/or other active compound and about 0.01 to about 10
mg/kg/day of tHEEEH GHENTCRT P SitidR SHisTAbBI FROTERTISAY IS the persHedimenthe daily

dosage tmay:hetabruklAdngihiiel casnabippid.eRiRihAaeLas, AiNsFAstMe CompRLRE gRdkout 0.1
mg of the E-JﬁO-OH-NT c%g;}%?ﬁ(ltlons described herein. Alternatively, when the E-10-OH-NT

compositionS FeESH Bt Br e OBHTBIGER uith"d LA PSRl EdpBaR kg agents, for
2049-tetrahydrocalirnabine o sesinnattidialc. aropinig Capapouod ¢€le mespbine)andiaran other

agent and the combination is administered orally, en rally the dosage may range from about 15 to
O R o8 A 015, QOAEBUE g of the

I ‘O( % ; . ena €
about 200 mg 6f the eannabinoid, opioicFand/o
E-10-0H-NTeompositiorrsdigsetibed herein. 8.7 ADVANTAGEOUS PROPERTIES OF (-)-E-10-OH-NT

25[,01105] As a result of the untoward side effects discussed herein, AT and NT are no longer
1 [0200] Sterile injectable solutions may be prepared by incorporating the active compounds in

the required amounts, in the appropriate solvent, with various of the other ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions may
be prepared by incorporating the sterilized active ingredient into a sterile vehicle which
contains the basic dispersion medium and the required other ingredients from those

20 enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation may include vacuum drying and the freeze
drying technique that yields a powder of the active ingredient, plus any additional desired

ingredient from the previously sterile filtered solution thereof.

8.6  EFFECTIVE DOSAGES
25 [0161] The (-)-E-10-OH-NT compound and/or compositions will generally be administered
in a therapeutically effective amount as described herein. The amount of compound or
composition administered will depend upon a variety of factors, including, for example, the
particular indication being treated, the mode of administration, whether the desired benefit is
prophylactic or therapeutic, the severity of the indication being treated and the age and
30 weight of the patient, the bipavailability of the particular active compound, efc.

Determination of an effective dosage is well within the capabilities of those skilled in the art.
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used as first line therapies for depression or pain. Surprisingly, the E-10-OH-NT compositions
described herein have appreciably reduced untoward side effects. [0111] For example, it has been
known for several decades that (1) centrally active drugs with high affinities for H1 histaminergie
receptors can indup@ismeight gain, (2) some 30 antipsychotic drugs are potepichhisiaginesgic
receptor antagonists, and (3) antipsychotic drugs can induce weight gain. Interestingly, other
psychoactive compounds with high H1 histaminergic receptor affinities, for example AT (Altamura et

al., 1989), hquetagarvsagseciatad withsignificantiweiggaias KAashasn shows.hab atyical
anti-psychotiggﬁu%; oltan%agi o anf é:lo \@ine gs well as tricyclic and tetracyclic antidepressants
such as AT and rHirtazapiRe. réspac iv@éa RichaPe DO AtGhHehgft EnmBdoHidts? Rave a high
propensity tol ittmgép/dightigaim @Afieshindo £ Additionaly :naight gaimprasiatee hyyHe
histaminergic g ism is listed as a common and well-known side effect of short term and
long-term tre%ﬁ%éé?rigf?v%%e{ﬁ%% iC anti egﬁlfeaé%%i?ﬁs% %er%maﬁﬁzﬁgrls a%v%ﬂaégﬁﬁ?ﬁ RS SR
(Richelsén, 260 tikiated dim ettixi 20067 Deshoualt hnef @l coR008)idh éurtechanisni(s), by:-whigh H
histarninergig@ntagenism, ight | ] in_arg currently unknown, although prior studies have
amply demonstrated that HI hisEﬁ%ﬁg%%%g?&gt%&?ﬁ%%\%@'gﬁi%%%gfng%%{lsnés &%ﬁ#&%@%ﬁ%ﬁts

whereas H2 #istrdiirsiyidusitagoprierifeplasoiqSakefahetcamtosss Fukagewapetitiopd 988k
Additionally depietio.aingisensl bisiarine ineeasenireding.(Menanahalihd tlusakal gl al. 1999)

Finally, HI knockout mice are relatively resistant to the anorectic actions of leptin, and are prone to
obesity whe APTRRERSAMIGH St arsis I asakPe e intterad RIss i Ses0 00 IR e Takesvrsgether,
these résultsid@indply thah Hohistastisengicseeeniismosduialiesiaedinghebaviar vigialenin-dependent
mechanism.b'glr}le gu%%ﬁ oezg and coél borators (1Croeze et al, 2003) demonstrated that Hi
histaminergic Teceptor am i}%}eiéu HRfES %?@S?Féfé%’&W@Wt-%ﬁ%%@é%ﬁﬁ%ﬁéﬁﬁl%ge

number of typieelbetig: afypicabanitizpiyahatidodiugs:aretexamined: fhase resulsirephsthator
ffinities are 20likely to.induce

anti-psychotj ith relatively high Hl.histaminergic receptor

short-term V\égitg é;'%%n}%ct) F(ﬁli%ﬂgf?g %g(ppé‘-isr% %%%@fﬁ??ﬁ%?gﬁ%éoglﬁgﬁﬁ%cﬁﬁg?ﬁéﬁ@ﬂlﬁ}ﬂq@gfﬁnity of
(-)-E-OH-NTrosaievill tvistdertinepyioire céfrioivw i ab dorcedsARDkfalthadde48felthwhatgompared to
the H histaminergic affinity of AT and NT, respectively. Based on these in vitro results, it is expected
that (-)!E-OHEISP MM rodhseecreabibodigi-4RiR thafT themaTuad dunifor 280 pdsi cBa s fthtiaffinity of

()-£-10 O dvTidiifer bilauskbia eespifimibis A A AXRREIER MRt HEAINERIAN A AR OH-NT
compositions described herein would produce less sedation than AT and NT. Indeed, as discussed in
more detalil fﬁeﬁg?‘a?ﬁiB B SRy Mo bar bitak ey eatanss iy asdatitel drundbaduancenstiets of

drugs, the magaifediy ol teezeffetisIaind N3R MgfkesauR ndBEET (30 B Al KShdeRs L PR ESiaredne

performance e similar, 30with k deficits of 51 20% and 60 + 14%, at 30 minutes, respectively.
However; ngrlyslne%ea??r%%h Hsr%l%agréo‘é}%%?’fg§é]§ﬁ8@%§%‘g%éﬁmﬂﬁoé)l-%t-‘iéw&ﬁ(%gfﬂ{g, i.p.).

20 the treatment of chronic pain, with an increase of 10 to 25 mg/week to the maximum

sugggsted dose, 75 mg/day, or tolerated dose) and the data available in the art regarding
pharmacokinetic and pharmacodynamic properties of racemic (+)-E-10-OH-NT, and its
separate epantiomers following the administration of racemic (£)-E-10-OH-NT, AT and/or
NT {Dahl-Puustinen et al., 1989 (reporting mean AUC for the separated enantiomers

25 following the administration of a single 75 _‘;"ng oral dose of racemic (£)-10-OH-NT);
Bertilsson ef al., 1986 (reporting the pharmacokinetic properties of E-10-OH-NT following
the administration of dosages ranging from 10 to 100 mg); Edelbroek er al., 1986 (reporting
the steady state concentration of E-10-OH-NT following the administration of 75 mg of ATY).

{0104] Based on the animal models described in Examples S, 6, and 15-21, it is believed that
30 an effective dosage of (-)-E-10-OH-NT for the treatment of pain in humans may be obtained
by administering a dose of (-)-E-10-OH-NT sufficient to achieve a plasma concentration

similar to that achieved following the administration of 30 mg/kg, i.p. to rats. As such, in
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These results were confirmed in Example 17. These data demonstrate that (-)-E-10-OH-NT is
significantly less sedating than AT or NT. [01141 An additional advantageous property
of(-)-E-10-OH-NT is its reduced inhibition of key drug metabolizing enzymes. The metabolic
conversion of dkiggggnasally is enzymatic. 5 The enzyme systems involvedrgths bketransfoonation of
drugs are mainly localized in the liver, although every tissue examined has some metabolic activity.
Following nonparenteral administration of a drug, a significant portion of the dose may be metabolically
inactivated ineitbenthelliventotibefisieisinpseforentireachasibesysiamis siaulatienodiys first-pass
metabolism §,i€g&ﬂ;ﬁ&?p{;{|¥$mits ﬁpe ?ral bioavail{qbglitr\{ ofhhi%h%y etzta%zed fg{ugj &Bendt 10et at,
1995). The cytochrome PASG enzyme tamiy o the WiSi8r 6 31’%{1 Varug BiotiarsBhAicH Hactions.
This superfamitsiiofresizsadesrettalyzes a wide variety of oxidative and reductive reactions and has

activity towards a chemically diverse group of substrates. Key cytochrome P450 enzymes include
CYP2D6 andt¥eI¢vseeomestisry nthe AN yof bt eninywilsypithdy Haetdpolygearhism or

through inhitidanabeads. ldauniesirablpanicRLEARSRANBNCAS (RS BOEar SUpdheID g, 1999)
[01151 As discussed in detail in Example 10, both AT and NT inhibit CYP2D6 and CYP2C19, and

indeed thes@ageRd 2 bentfhinndaid grdPoselafimeibanno g escoibandizaidey hese
enzymes. Sutrisislym hawever, AeitbenGld 2Pewer GYXPRGL%wals hibited by (-)-E-

10-OH-NT(s le 10), ]t is therefore expected that 20 (-)-E-10-OH-NT would engender fewer
undesirable E?Fﬁ%@ﬁ&%&eﬁ%@%@ﬁ%&%WAq@ﬁﬂt NT LA Yol @be gedd @H%*%ﬁ@é@/ in
combinationawifh drigenistabelized byrthesercyiochrmneP45Qismenzymesyandcantaindicated for
use with,AT ot NT therapy. 101161 Another advantage to the yse of (-)-E-10-OH-NT arises from its
roducen affi L AE A AT TEemp e e PAICa b adrne Gy oFbdceno e
()-E-10-0H-NT(haE-26588rVE portediirnthet aft saéhey aoeimouréponsyafthe affinity of the (-) enantiomer
for the muscarinic receptors in general or for the specific muscarinic receptor subtypes. The affinity of

E-10-0H-NTIHA M Bessdme feckpmesnd Svimmnine oagebiset dngptidenin Brinpriihity ofilefod these
receptors (Niivehramtetiall 4294: YYasaneoeiathdo8# el individuals, M%%%%%?%gbﬁ)a”va

flow to a sig%gicant%greater_ extent than either E-10-OH-NT or placebo 30(Nordin et at, 1987a
Additionally 7 AR ATRITHSAFE A8 et H AU INR sefifcifmvediespnipsme plasma -

concentationefesnedbjlgatig A0 M as RRHNG hh\é/%ﬁliﬁ@ﬂﬂé{i%igaf@f()@ﬂ\%&g?ﬂﬁ?{& igiadverse
effects. Theie ges]%flts show thgttfjﬁ%;r‘?H_ T-33 - WO 2008/134323ecru SNOW(9 metabolites have
much less antichoimerge effEc & %ﬁ%ﬁ‘?"égﬁﬁs@?ﬁﬁﬁﬁﬁe@é erRmeRE ghita explained in

detail in Exafriplesd@y establistupeat (yifed 10-QHiNT thaslasiewes:aHfinityi farthe:fedrahasses of
muscarinic regepifrey M tM2o ME 4 i AL ol
{0167] Dosage amounts of (-)-E-OH-NT for treating depression will typically be in the range
20 of from about 0.0001 or 0.001 or 0.01 mg/kg/day to about 0.1 or 1.0 or 2.0 o1 2.5 or 5.0 or
10.0 or 20.0 or 25.0 or 50.0 or 75.0 or 100 mg/kg/day with an expected dose of about 5
mg/day to about 500 mg/day, but may be higher or lower. It is believed that oral doses of
(-)-E-10-OH-NT of between about 10 mg/day to about 20 or 25 or 30 or 35 or 40 or 45 or 50
or 60 or 70 or 80 or 90 or 95 or 100 or 150 or 200 or 250 or 300 mg/day will be effective in
25 treating depression. Accordingly, some embodiments involve the administration of an oral

dosage of (-)-E-10-OH-NT between about 10 mg/day to about 100 mg/day.

[0168] Further, based on prior reports of the pharmacokinetic properties of E-10-OH-NT and
its enantiomers, it is believed depression can be treated with a plasma level of the
enantiomers of E-10-OH-NT of between about 140 nM and about 220 nM. Based on the

30 reported pharmacokinetic properties of (-)-E-10-OH-NT, it is believed that depression can be
treated with a plasma level of (-}-E-10-OH-NT between about 140 nM and 220 nM and that
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[0117] An additional advantage of (-)-E-10-OH-NT over AT and NT is its reduced effect on Gl transit
(see, Example 13). Numerous signaling mechanisms, mediated by a variety of neurotransmitters
within the enteric nervous system, are known to play a major role in physiological control of
gastrointestinaMmistien 3®Bhe mouse gastro-intestinal transit (OTT) assay is userhasqeealingal marker
for potential Gl liability of selected compounds. As explained in detail in Exhibit 13, (-)-E-10-OH-NT
showed markedly lower inhibition of GIT 10 than AT and NT. [0118] The use of AT and NT is

associated withseaidiaioxecill, dncledingiarshyihatias. Foahlecking phthe: cardiaa S chanpek(lkr) has
been linked t(c))r%.l%-i_{'éduce Iogg ggOs%n%romﬁ (L% ), g@ich can lead to Torsades de Pointes, a life
threatening form of ariythntia. aRd Subsegtient VertrRASrRsHIEch (s eeoP L P& 200%03). The
risk of QT préfdngatismigdand Assodiatdy acrtythmibodinteoycic sntidepiessarts(TEAS) corresponds
at the cellulay layelwi rmacalegical inhibition of native cardiac delayed rectifier potassjum (r)
channels an %:ﬁ?ﬂ@a%?gg%%t Fy I((E)‘J'Frélse‘3 Eal) %%fta’r%é%‘fgtla li?i %a%ﬁﬁ%y g%%e?e%gﬁ}gjgérrent -
hERG. TCAsBSLetiak thidrammipdeamd AT imkibit thE RGaghariiiols dtleliticHllyis¢lavartcbnaehtrations

(Witchel et at, 2002} A fHsthanadypaigge of 0-E-10-011-NT, as 20explained in detail in Example 11, is
that it has a significantly lower activity ‘at the hERG channel than AT and NT. Based on this result, it is

expected thaisAtmentsHlizng (onfsib:OhtNTaydl wieldsgauprdydele QT Aplongalo0, fiprsade
de Pointes a%(z other arrhythmic-related adverse effects compared to AT and NT. [01191 The tricyclic

antidepressaltSatss proUtiiEhiosy Hrellsrarbitrachasatonditnaiiorsifiss asabroaes i al adrenergic
receptors. Tli¢-BlaokatieNf shatlignergisitace ptarsiavhich-oaeuesReiallywith daxepin. nefazedone,
AT andiﬁlomi @a@é@e 'é%resp%g%%le f:()é orth s%t)'c P%Efg)tension, dizziness and reflex tachycardia
(Hamon & BBGrGar: J068)® K BAUARK R O P /7. SRR NS YRS B P HaEaR W X Hinple 9, is its
weaker affinityl&t@ieldiacantasiiatenengied deeptongteaiipaledite.Ad mnd-MEe Basesbon: ese in

dizziness ant 1 oHA LS 10 SO0 o O T IIDGRRLLBe COLEDY Kh dedbghal

dizziness an ée
advantageold'pidpanguof () \edegat A halists GbrNitsclowersitinidefoitas adreneigicaredeptors

(see, Exam 1 A ' : ToN ists.pr. algesi
(Ongions et o R o e Bgh P A R AR
antagohists 184&V &8 40tixa KRR Aifebrd0 b arnheotite prkeidaiss e F-SoWH-IREIso et at,

1991; Miliancangésnlpaetbs 9854 RRectaviaana stah I i-Ihe: 22 AHAPAEERIOL AN AIMRES [§X821002
([2-(2-metho§<lr¥(;1 -4-benzadioxan2-y1)-2-imidazolinel] at doses up to 3 mg/kg whén administered by

itself subcutAReubf A SE P AR A aRE BTG SO BPaEas cndcidaHd stetidBrninal
constriction FpairCassdy)cddngeitihe sasmabedprrinenideondiinnsyithe Bz mdreaecaptor agonist
clonidine, on the other . . . . .
compositions described herein are combined with a cannabinoid compound {e.g.,
20 A’-tetrahydrocannabinol or cannabidiol), an opioid compound (e.g., morphine) and/or an
other agent and the combination is administered orally, generally the dosage may range from
about 15 to about 200 mg of the cannabinoid, opioid and/or other agent, and about 0.1 to

about 4 mg of the E-10-0H-NT compositions described herein.

8.7  ADVANTAGEOQUS PROPERTIES OF (-)-E-10-OH-NT
25 {0118} As a result of the untoward side effects discussed herein, AT and NT are no longer
used as first line therapies for depression or pain. Surprisingly, the E-10-OH-NT

compositions described herein have appreciably reduced untoward side effects.

[0111] For example, it has been':known for several decades that (1) centrally active drugs
with high affinities for H; histaminergic receptors can induce weight gain, (2) some

30 antipsychotic drugs are potent H, histaminergic receptor antagonists, and (3) antipsychotic
drugs can induce weight gain. Interestingly, other psychoactive compounds with high H;

histaminergic receptor afﬁnities; for example AT (Altamura ef ol., 1989), have been
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10hand, yielded a dose-dependent inhibition of abdominal constriction over the dose range 0.01 up to
1.0 mg/kg (s.c.) and at the highest dose level, it totally abolished the abdominal constriction response,
thus affording 100% protection against the algogenic stimulus. Additionally, the antinociceptive effects

induced by clonidimstiG«32and 1.0 mg/kg were markedly attenuated by conguriani;sibsiitaneous
administration of RX821002 (1 mg/kg) 15emphasizing that the clonidine response in this test involved
az adrenoceptors (Gray et al., 1999). 10121] Results on the effect of az adrenergic receptor

antagonists iaspainrRERANSRIANG RN NQWAYEE e BLyatiRRIE, t%%t??ﬁh@%ﬁﬂ%}ﬁ%mﬁé’ figpility in
the az adrengceptor. antagonist-induced actions in various pain tests is the fact that these cPrugs may
¥ Sl

mediate somé B et 20BEHATTBIAT Setit tidusricrackistoryiiss podrmnsanisuwden, Aliaaden et at,
1989). For exainplepitite mepuitsbly Kehippie: aod-eotabpiators (saunpila£aln.1998) indicate that the
effect of atip .az adrenoceptor aptagonis nqcjfensive behavior varies from facilitation to
suppression %%ggﬁ%i _ggéﬁ‘%é“é’{g/e‘?%’lggfﬁ%lﬁ enta “ﬁ%réﬁ%e%éﬁ%e%%@ﬁ@, BAEEHISM at the az
adrenergic rédepordvesitotaapaimddiendee ssanfon 2hanalicsicestivity: 501 32488 explained in
more detail iR, f3¥anale.d ekt Q-0 N exhibits significantly lower affinity than AT and NT for the
adrenergic receptﬂglrrés[,gl aza, a2b, agag gizlgh Bcgl?é;%i%}rgi%sﬁ%eﬁg Zt;si Ené%fgcatse%%‘iqg{t@f-ﬁ‘-‘fﬁgﬁ’ﬁ-NT will be
superior to AMPRHErdRITolRA. AP e e Wotential sitiefldetbnthichanalgesioseffests of (-)-E-
10-OH-NTmgy.nok-he. Ly:ans3ainy ion with az adrenergic receptars, while the analgesic
effects of AT and NT rr?gj%[e réducéd%ﬁ%? Ié;ti%ﬁr?L With az at en%(lilgj“i?‘(‘é3 g’e%@% a1 jfFGurrently
2008/134325p£80E20080631 8908 BrdFS o 28] ThéspEL0:01 F chimpoimds andépror

pharmaoeuti@@lagaﬂﬁﬁhi%@&is%ﬁ%&*ﬁ%giﬁ‘%@éﬂt@@ﬂe%ﬁﬁ%%’@B&%ﬂx@%ﬁ%?a”ﬁn%%i&%‘a'n spme

embodimen(tjéﬁ tl%(i kit provides the compounds%s%Qand reagents to prepare compos@ign for
administration TH& L&tdostion BiRaybe M-aldhy brivepnaty. feptonintassttiohiwanioularly a
sterile solutionx¥erictiiengampasitionds iD A deyitarm .1he $8agentmay s ompLiss, A-nharmaceutically

acceptable dil %gte ogéglrsetgx%%ngha liquid formulation. The kit may contain a device for administration or

ek O5 ARSI, BUCROEIFREY 1 SRReRae b ekesit arisaematipatch

for dispensing the compositi
high-fat diets (Masaki ez al., 2001a, Masaki ef al,, 2001b). Taken together, these results

15 imply that H, histaminergic receptors modulate feeding behavior via a 1eptin—dependent
mechanism. The study by Kroeze and collaborators (Kroeze ef al., 2003) demonsiréted that
H, histaminergic receptor affinity is significantly correlated with short-term weight gain
when a large number of typical and atypical anti-psychotic drugs are examined. These results
imply that anti-psychotic drugs with relatively high H histaminergic receptor affinities are
20 likely to induce short-term weight gain.

[0112] As explained in detail in Example 7, quite unexpectedly, the affinity of (-)-E-OH-NT
for the Hy histaminergic receptor was reduced 220-fold and 40-fold when compared to the Hj

histaminergic affinity of AT and NT, respectively. Based on these in vitro results, it. is

expected that (-)-E-OH-NT will produce less weight gain than the AT and NT.

25 [0113] Based on the affinity of (-)-E-10-OH-NT for the H; histamine receptor, it is also
expected that treatment with the E-10-OH-NT compositions described herein would produce
less sedation than AT and NT. Indeed, as discussed in more detail in Example 8, using the
rat rotarod assay commonly used to assess sedative effects of drugs, the magnitude of the
effects of AT (30 mg/kg, i.p.) and NT (30 mg/kg, L.p.) on rotarod performance were §imilar,

30 with peak deficits of 51 £ 20% and 60 + 14%, at 30 minutes, respectively. However; no

impairment in rotarod performance was observed with (-)-E-10-OH-NT (30 mg/kg, i.p.).
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or inhalant. 10101241 The kits may include other therapeutic agents for use in conjunctior_l with the
compounds described herein. In some embodiments, the therapeutic ag_ents_may be provided ina
separate form, or mixed with the compounds described herein. [0125] Kits will mclgde appropr_late
instructions for PR P4t aANd administration of the composition, side effect8 @/ tigudfiepusitions, and
any other relevant information. The 15instructions may be in any suitable_ format; including, but not
limited to, printed matter, videotape, computer readable disk, or optical disk. Q.EXAMP_LES [0126] The
following workitt§eerartiplestaphidiiaed intBrgodito Be Thestratitzelamdmattc Himitind, IighlighTvarious

features and @duaitraes,af the-uanigus B LerQHNT compos 20and methods described herein.
Example!: ChiraI-Slpecific Synthesils Of (+)-E-10-0H-NT [0127] With reference to FIG. IA,

enantiomericgliy pure ok Qb MTawassynihasizead as-folows. 1P Syatbesisef Gompound 2. A

solution of bromine (35.0 mL., 679 mmol, 1,40 eq) in 25carbon tetrachloride (200 mL) was aqaed drop
wise into a stiired '%ﬁ?%b%#" WGDEL1- iR R oAh BN ST B BB EaRe @a Hips Gy 1a100.0 g,

485 mmé|, 100 egjandsyaronitetiaeoride MR miaLIRAMNterpesalwainANaddiianakzo0 ml.,
ixture was stjrred for 90 min at room

temperature. SO0 L ] T eSS AL L BRI B Ul AU 2GBTHE 2 ried t
give 170 g ofanamsseliat 90%ulyield) sEhifsolip (g 464dmmalail ROembohs o mbinedvith

either the liver or the intestines before it reaches the systemic circulation. This first-pass

metabolism significantly limits the oral bioavailability of highly metabolized drugs. (Benet

10 eral, 1995). The cytochrome P450 enzyme family is the major catalyst of drug

biotransformation reactions. This superfamily of enzymes catalyzes a wide variety of

oxidative and reductive reactions and has activity towards a chemically diverse group of

substrates. Key cytochrome P 450 enzymes include CYP2D6 and CYP2C19. Alterations in

the activity of these enzymes, either due to polymorphism or through inhibition, leads to

15 undesirable clinical l;consequences (see Ingelman-Sundberg er al., 1999).

{0115} As discussed in detail in Example 10, both AT and NT inhibit CYP2D6 and
CYP2C19, and indeed these agents are contfaindicated for use with medications which are
metabolized by thesé enzymes. Surprisingly, however, neither CYP2D6 nor CYP2C19 were
inhibited by (-)-E~10-OH—NT (see, Example 10). It is therefore expected that

20 (-)-E-10-OH-NT would engender fewer undesirable clinic consequences when compared to
AT and NT, and could be used effectively in combination with drugs metabolized by these

cytochrome P450 isvenzymes, and contraindicated for use with AT or NT therapy.

[0116] Another advantage to the use of (-)-E-10-OH-NT arises from its reduced affinity for
muscarinic receptors. While the reduced muscarinic affinity of racemic (£)-E-10-OH-NT has

25  been reported in the art, there are no reports of the affinity of the (-) enantiomer for the
muscarinic receptors in general or for the specific muscarinic receptor subtypes. The affinity
of E-10-OH-NT for muscarinic receptors in vitro was only one-eighteenth of the affinity of
NT for these receptors (Nilvebrant ef al. 1991; Waegner ef al., 1984). In healthy individuals,
NT decreased saliva flow to a significantly greater extent than either E-10-OH-NT or placebo

30 (Nordineral., 19873). Additionally in an ultrarapid hydroxylator of NT treated with very
high doses of NT, the plasma concentration of unconjugated 10-OH-NT was very high

without any sign of éntichcﬁinergic adverse effects. These results show that 10-QH-NT
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- 36 - sodium hydroxide (55.7 g, 139 mol, 3.00 eq) and the mixture refluxed in methanol (2 L) for 2
hours. The hot solution was filtered and the solid dissolved in dichloromethane (400 mL) and washed
with water (300 ml.) and brine (200 inL). The organics were concentrated and dried to give 96.24 g of
a pale orange s¥ffd"hE fiitfate was left to cool to room temperature 5overni§Ri &Hidasdre Broduct
precipitated out. The solid was filtered to give 22.2 g of light orange crystals. Combined yield: 88%.
114 NMR (400 MHz, CDC13) 5 8.16 (d, 1H), 7.93 (m, 2H), 7.79 (s, 1H), 7.68-7.51 (m, 4H), 7.44 (d,
111). [0130]8AbRELS s eBwpoigratipolissiimeiisttbxide 824Ny [55P naivicht 1yith bedewas added

to a mbure ofGRRRRHALZ kel A0 MMAlELA0. 29 20CBIRGI NG (1940wl RA0A0TRL 2. 00

eq) in t-butang] (900 mL). The mixture was refluxed for 60 minutes, cooled to room tempera‘f‘ﬁrre and
concentratediVECHS et desiresd mmereiigacsrotniet ad/Hiddodd thastbifherctTate W00 mL) and
the resulting ic mixture was washed with water (300 mL) and brine (200 mL). The organics were
concentrateog% ﬁ%ﬁt%nraeééﬁ% ERTABF ikt %ﬁ“%?{%éﬁﬁf)d@*@@é?ﬁﬁ%iécﬁ%@ﬁ%%%Iid,
which wés filgredaidserjetkamibgive 68:6gaftherdasiresgroduet (BRUiaiaid) AlvNR,£400 MHz,
CDC13) 5 8. 7.87.40d, 1H), 7.82 (dd, 1H), 7.58 (dt, 1H), 7.52-7.45 (m, 2H), 7.41 (m, 1H),
725 (ot 2+ D e el o M 5 thA 0 B Anclysis iz =
290.1 (M+H)rgeBej@lrhesisbiConigesncincsolutitic of @yel Qpsopyimagnssismiblomige in
20tetrahydrafuran:{Q.Q0 M. Bl -21,eq) was added drop wise, yunder nitrogen,
to a cooled (ice%vcgter. ba%ﬁ%gllgg%a(? of com%gg?ﬁ?%%%g% %a% r%%%%c?%d Oémq&) d}gg%l\i% in
tetrahydrofu R eless Mglotrb irdehibil idurE-Wa BN ¢ awod masmielatureifditithourt &I
additional pagtignaaf syclepropylmagnesium bromide (0.50 M in THF, 100 mL, 50 mmol, 0.23 eq) was
added and the reaction stirred for an additional hour. The 25 reaction mixture was concentrated to

near drynessg tijtathanith elfiefifaremethianes(BRR:mk)moswashRedwithowatgs 899k angfarine (300

mL). The organics were concentrated and dried to give 70.1 g of a yellow-orange sticky oil (96% vyield).

The crude proeRicrgRishrseatiar ihe vhernetéfkwithobedulinkediorficatioduivd sms S maldbmaty sis m/z =

352.2 (V1. GO i Sy s @ ro Milne: o :R0N0GRY5- R0 e &r ANt naeqmetrical
isomers of 3(3:%%3-Bromo-pr,op lidene -5,11-dih§)dro-dibenzo a,dicyclohepten-10-one , compounds 5

and 6, respectiveR/ He iHgtiem(san g srdsititeh o cOMBodve Bek@ QT prlomgrétn. 00 eq)
in 48%laquends:diydinbiaimicheith B0t landiaceussacid 2R fapd 8RauIE: WRiar
20418/ 1343%&%51%}1% }%9;91%(/:9) o]g]fc%? inhibition of native cardiac delayed rectifier potassium (K*)

channels and current carried by the cloned o subunit mediating the rapid if:lelayf:::l rectifier

current — hERG. TCAs such as imipramine and AT inhibit RERG channels at clinically

relevant concentrations (Witchel ef al., 2002). A further advantage of (-}-E~10-OH-NT, as

20 explained in detail in Example 11, is that it has a significantly lower activity at the hERG
channel than AT and NT. Based on this result, it is expected that treatments utilizing

(-)-E-10-OH-NT will yield reduced risk of QT prolongation, Torsade de Pointes and other
arrhythmic-related adverse effects compared to AT and NT.

[0119] The tricyclic antidepressants also produce blood pressure effects due to their
25  interaction with the «; adrenergic receptors. The blockade of o adrenergic receptors, which
occurs notably with doxepin, nefazodone, AT and clomipramine, is responsible for
orthostatic hypotension, dizziness and reflex tachycardia (Hamon & Bourgoin, 2006). An
advantage of (-)-E-10-OH-NT, as described in detail in Example 9, is its weaker affinity at
the ¢y, and oy, adrenergic receptors compared to AT and NT. Based on these in vitro data, it
30 is expected that (-)-E-10-OH-NT will be less likely to produce orthostatic hypotension,

dizziness and reflex tachycardia.
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The reaction mixture was cooled to room temperature, diluted with water (200 mL) and extracted 3
times with diethyl ether (500 mL total). The organics were combined and stirred in a large beaker,
adding saturated sodium bicarbonate (300 mL) carefiffly until bubbling stopped. The layers were
separated and Y8 8ifaHitéivashed with saturated sodium Sbicarbonate (20@ ¢ty sanigbsing (150 mL)
and concentrated to yield a crude semi-solid. Before the crude product was run over silica, 11 g of
insoluble tan solid was filtered to give a mixture of the geometrical E- (compound 6) and Z- (compound
5) isomers (rHi@ ¥ torrdditinerbidompragnds HroBre iy} F-IONMRN T hestittaie: Watoperifigthiy a silica

gel plug using el diheathyl Acelpisibexprnes-arprliont andhiae pullied Ay adict was ldrated n 10%
ure o

10ethyl acetatc/hexanes to give 19 g of a tan solid corresponding to a mixtur geometric fEomers
Sand 6(6/5 8% BPHEFRMRECTRIC Rt b is SR8 s réaystalizdthilithal ; Léhzéfe-hexane

to ive B.6 g ity aimumieampauBdt for bismalariabuas thep cominedai e previously isclated
mixture (11 g}ngg‘lgeometriqal Isomers Sand 6 (6/5 = 87/13 by 1F1 NM ) and crystallized in 1:1

(
‘benzene’hexXandS TS Gves #5g BEU Fomvpi&rid omd: 1588 dilsnuid drasnindné: Segewmatrical

isomers 5 and 4.(6/58) 9 1% by AdFdndiviR)r ddmbMMR K400 bz CDCE3L88, 1L (e i ka0 (M, 2H),
7.36 (m, 2H)2_71§_%_§mi 1(1@ 6]%7 L 1H), 4.48 (d, 1H%, 3.78 (d, 1H), 3.47 (m, 2H), 2.86-2.66 (M, 2H).
[0133] Synthedid 6f ?lf-sﬁ- 5 %rﬁé%sr&%é}ﬂdge‘i‘?éjlffd” IRfpERBiEshYaibelL sabrtensersp did
ra,d1-cyclohepteneiuerigaiina iTbiisoiition ofcompound H(3680:6) 6shismmal.(3840Q.6¢) in

tetrahydrofu dded drop wise to a solution of borane-dimethyl sulfide complex (0.326
mL, 3.67 mrr%? %%%@eq a?ei%% %%Eﬁw%é\%ilfﬂs,’l%&Sﬁ%cr{%ﬁboesﬁ?%%%?%‘?é}?%%ﬁy?%ﬁ?ﬁﬁ ?1.02 g,
3.67 mHiol, Bwd ety itrdetditydiatenden( P8 ihlioato P0G (diy-belacetonitrijeddatis )i Ebesrpadtion was
stirred at -2Q,C¢07 §@,MiRULES; I re for 45 mi utes. ‘dig o%lrx ortions of
borane-dimet §I sulfide comé%@%@%@ m%g{g%%%%n%f%og%l%aglﬁﬁ eﬁg& bt na‘{
(7ccR)-3-mettRH AR SHPaR5e YB3 dies 4 S0 Yxaneyretiiziaea 1s0R gl niTeai @60 eq) were
added and thadanelay,sisredfokRoyAdd anal TGS BLIGAR IMPRIRLES, TR [eaction mixture
e

was cooled to %t%é&an ice/water bath and methanol (15 ml) added drop-wise. T Ixture was stirred

for 30 minutBEEFPoORY TBRASEY BY FRUBts R depaianeresa g shtinn el RESRANBIChmehate (20 mL)

addedThe afphixtiriagvas stiriechalireQs Rl iy & fom30RING 88 GRREFIIAIEH f0A partitioned
between dic#‘g%gzmethane (75 mL) and water (50 mL) The organics were concentrated and the crude
ied b

product puri y flash silica gel column chromatography using a 10-30% ethyl WO
200 A e SRR BN B eP e anR s gl A R o efan o e semi-ol
however, very variable. One explanation to the variability in the ay adrenoceptor antagonist-
induced actions in various pain tests is the fact that these drugs may mediate some of their
20 behavioral effects vig other receptor types (Dennis ef af., 1980; Virtanen ef al., 1989). For
example, the resulis by Kauppila and collaborators (Kauppila er al., 1998) indicate that the
effect of atipamezole, an , adrenoceptor antagonist, on nocifensive behavior varies from

facilitation to suppression depending on several experimental parameters. From these

reports, antagonism at the a; adrenergic receptor does not appear to be necessary for

25 analgesic activity.

[0122] As explained in more detail in Example 9, (-)-E-10-OH-NT exhibits significantly
- lower affinity than AT and NT for the adrenergic receptors dy,, top, and va,. Based on this
data, it is _Lexpected that (-)-E-10-OH-NT will be superior to AT and/or NT with Tespect to
potential side effects: the analgesic effects of (-)-E-10-OH-NT may not be offset by an
30 interaction with a; adrenergic receptors, while the analgesic effects of AT and NT may be

reduced by interaction with o, adrenergic receptors.
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(400 MHz, CDCI3) 57.50-7.10 (m, 8H), 6.00-5.84 (m, 1H), 5.09 (bmi, 2/3H), 4.85 (bmi, 1/3H),
3.65-3.43 (m, 3H), 3.05 (m, 1H), 2.78-2.62 (m, 2H), 1.64 (d, 1H). [01341 Synthesis of
(+)-E-10-01-1-NT, compound ()-8. (+)-E-10-OH-NT was synthesized 5by heating a solution of(--)-7
(0.95 g, 2.6 mnibP 1tHétand methyl amine (40% by weight in water, 7.00 PAIT/@L4vit9011 B eq) in
acetonitrile (10 mL) at 60C for 16 hours in a pressure vessel. The reaction was concentrated to near
dryness and purified by flash silica gel column chromatography using a 5-9% methanol/chloroform
gradient (plus 1% afafmonkifthydroxide) to give 650 mg of a light orange foam in 90% yield. Because
there was soexdy 1flisomen IeseNictin sl G ML fhe Impute.ieaiass (650.1md. 233 mmol.
1.00 eq) was dissolved in acetonitrile and filtered to remove any insoluble particles. The |Rra e was

concentrated aisE RrserRist Etohitften pb kie) Bnwrmtaibeding@sshngitzmeidentic 1.20 eq) was
added. The midigeaas siitiedfema0minytes @M@Qﬁ%ﬁ&%&ﬁﬁ%&&%&ﬁﬁ%@%&%&%ﬁ

concentrglted, dried and recrystallized from isopropanol (100 mL) to give 535 mg of a 15white
crystallire safidY i’ X3 B e ooeE sk iHe-malB aeokion paripwre ook somso - ByB829 (brs,
113K, 2,60 (a5, L3, 3,36 (11 3.06-2.80 (o, G0 253 (13t 226 (oot Bh, M Spectra
, 4. [ 3.36 (m .06- rm, , 2. s : ent, 2H). Mass Spectra
Analysis m/ng%éed%i E‘ff) 4& %ﬁ?ﬁaﬁaﬁf%‘n%%ﬁg? g5 085 ERIPA %Vﬁ?g?.féfo%émw%%ﬁw?ééﬁr
CHIRAL-AGPigB0si4g0hmpepgbditi2Qs-lovindir} roly moiniMekite, Rhases, 38%20tmiMisadiumypRosphate
pH 6.0, 20% JPAy Petector: UV at 240 nm Peak Retention Time: Peak 1 [(+)-E-10-0H-NT] = 5.4 min.
Peak 2 [(-)-E-10-014-NT] = 7.3 min. Elemental analysis: C19H2INO C4H404. Theory: %C 69.86; %H
6.37; %l 3.5¢; Fauned 19 YN 3.6 33 = 27.79 (c. 10.1 mg/mL, MeOH). m.p. =
180.5-182.051@. ZéﬂExamﬁ{?grg&%%%?gS%&%lg%éi%é%g%%%u cof%lc-%ﬁfﬂféif%‘f\%i%ﬁereference to
FIG. 1A, enditiorABRsiRsgilked bpeinolo somnemhedimynthdbizdarass foitovwsn[o 186] B ymthesid of
(-1-E-5-(y-broracppapylident ol thikboiiveng: 18yl sekidinenzola,d1-cycloheptene, compound
(-)-7. A solution of compound 6(2.50 g, 7.64 mmol, 301.00 eq) in tetrahydrofuran (25 mL) was added
drop wise to{dSLKd wilbordnd:dipethyisulfitecompiox (R aaiti akt b3 el %8 %4 and
(7aS)-3-methyl1-1 l-diphenylperhydrg- 3-bora-2-oxapyrrolizine (1.42 g, 5.12 mmol, 0.67 eq) in
tetrahydrofutfcg'{r%l é’ 1rlr(l)ﬁ) Sg‘(twf%F G‘{%I?ﬁ%% SCHtORIAIS BRthT T REFE R WAL SHAaPat BOC for 60
minutes; thetparuesoms e  atany foiathofmsndduitiodalepbrtians]shbat anexdimdtheslfide complex

(0.455 mL, Qi%%dﬂ%%o%?&&cf}:aﬁﬂﬂlg %—gf%ﬁ%@ﬁla&%-diphenylperhydro-3-bora—2-oxapyn-o|izine
ed an

5(1.42 g, 5.12 rtimol, 0.67 eq) were ad e reaction was stirred for an additional 30
8. EXAMPLES '

[0126] The following working examples, which are intended to be illustrative and not

limiting, hightight various features and advantages of the various E-10-OH-NT compositions

20 and methods described herein.
Example I: Chiral-Specific Synthesis Of (+H)=E-10-OH-NT

[6127] With reference to FIG, 1A, enantiomerically pure (+)-E-10-OH-NT was synthesized

as follows,

[6128] Synthesis of Compound 2. A solution of bromine (35.0 mL, 679 mmol, 1.40 eq) in

25 carbon tetrachloride (200 mL) was added drop wise into a stirred mixtare of
5-0x0-10,11-dihydro-dibenzo{a,b]cycloheptane (compound 1; 100.0 g, 485 mmol, 1.00 eq)
and carbon tetrachloride (400 mL) at room temperature. An additional 200 mi. carbon

tetrachloride was added to facilitate stirring, and the mixture was stirred for 90 min at room

temperature,
30 [0129] The mixture was filtered, rinsed with carbon tetrachloride (200 mL) and dried to give
170 g of a tan solid (90% yield). This solid (170 g, 464 mmol, 1.00 eq) was combined with
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minutes at room temperature. The reaction mixture was cooled to 0 C in an ice/water bath and
methanol (15 ml) added drop-wise. The mixture was stirred for 30 minutes at room temperature,
cooled again to 0 C and saturated sodium bicarbonate (20 mL) added. The mixture was stirred at room
temperature fo 30 M#EteE¥concentrated and partitioned 10 between dichlo6ietiestes¢7BmL) and
water (50 mL). The organics were concentrated and the crude product purified by flash silica gel
column chromatography using a 10-30% ethyl acetate/hexancs gradient to give 2.45 g off-white sticky
foam in 97%SpiEkED Ty drenife (265 mHﬁ@@ﬁ:ﬂOﬁe@)@@dﬁh@musb@emaﬁn&ﬂe@mrm £)09:(brm,

i .5t S0 BRI (s A AR JA BB T B A I P05

Synthesis of (-)-E-10-QH-NT, compound (-)-8. (-)-E- Was synt esize olution

0f(-)-7 (2.45 F 6 2HRFAK T o legy %ﬁ&%k@ﬁ?lbamr@%m%)bﬁhﬂe@mme cP6cBntite@80dmmol, 43

eq) in acetoniitle (3o a0 fop.hpuigBpressumuEssel ITRe g on MRS Acanipted and
purified by a silica elﬁgéjrgl using a 5-9% methanol/chloroform gradient (plus 1% ammo?ilum :

hydroxide). B&Gal Wal S8HE s BiyRT Prelentolid Was fittangdom atr, 3k Enpuighiree base
was dlssolve:dangdlchlﬂmﬂbmhe},eﬂlgeéaﬁ 8@‘!’@“*&9\?31\@&){4@894&@&6@9@@%8 sengentratedangd dried to

give 1.9 g ofﬁ} g;ltjy ol(\%léo,?% nt| %4( @é@e free base (1.37 g, 4.9 mmol, 1.00 eq) was

dissolved in acetonltr a’le a g 5.64 mmol, 1.15 eq) is added. The mixture
was stirred fay;6g) MRS ape 2,50 cipitated ou r 500 ated, dried and
recrystallized from |soprop§no i 6% %g‘pl\él)tg%s%nrﬁtg of pag1 %?a?l g;’?‘é ‘CYB@)H NT as
the maleatc %‘E?QWRIPAWHECWS@CHME‘BQQQ@)WQH@JIH)} ﬁ(B@}VaﬂaQ Iémelﬁﬂmle)(i@ Q2u(s, XD, 5.90

(brm, WBH),uldl, DD APk)s- ), ISso31LL), 3,36 (m, 1H),
3.06-2.86 (brm, 3H), 2%{2}3(dﬁgﬁll—%lép’o{g@((l})%%wzHﬁ&&éﬂﬁgﬁﬁgﬁgdws@% 58GH° %]tﬁﬁ Chiral

LC Analysis’ W@W@Hﬁﬂlﬂ&ﬁ@e@&ﬁﬁﬁl CRIGHTECH CHIRZSL ﬁ@m&@@mw@:ﬁwas 5u. Flow: 1.0

mL/min. Mom@d?%@slﬁ 2E:ANUB0HIRAYSP &GP0 R 9 nm.
G&Q%a é)J\|<:_I4’?Lo o NT] = ﬁtﬁtﬁg P&ak 2“[{?))1&5&1‘(? i @ﬁ&{yt%

Peak Retenti
2008/13432 §1 %?één%%m e o aRie) %ﬁélﬁ@@ﬁ@i@m@mnm@w%c 69.86;
%H 6.37; %Ni@eﬁ&in Mo%emmwwm&}ﬂm@/awe%z sEﬁﬂdz%lﬂh‘WgﬁAfl-t%r@a 2 4:4BgAL, MeOH).

m.p. =k77. (9)§0 . xample % % -NT Succinate Has Improved Properties As
5Compared%'l‘%7€7 - égl%fgﬁ ﬁ%‘?“ ﬁ?ﬁé&%@ fg BrlDardhidR et (0 Midz SO G & fialidd. THhe,
succinate s&l8af({d-EHL 0 Gﬂ—(d\dTWﬁ)s bseqafeﬁit)ymgsmh&r@l%lﬁ) o i (ige70asgey 88.8% E
isomer, 11. %0/982@ pl[geé)g @ ano)4 ry@ dd| 35% }é{utlon of succinic acid (4.25 g, 1.10
eq) in |sopropano mL? minoramo 28850 GPETEEIGAGH BREr 2 Hays, so the
mixture ~ 290.1 (MH+H)".

{0131] Svnthesis of Compound 4. A solution of cyclopropylmagnesium bromide in

20 tetrahydrofuran (0.50 M in THF, 531 mL, 266 mmol, 1.21 eq) was added drop wise, under
nitrogen, to a cooled (ice/water bath) solution of compound 3 (63.6 g, 220 mmol, 1.00 eq)

_ dissolved in tetrahydrofuran (100 mL). The reaction mixture was stirred at room temperature
_ for 1 hour. An additional portion of cyclopropylmagnesium bromide (0.50 M in THF, 100
- mL, 50 mmol, 0.23 eq) was added and the reaction stirred for an additional hour. The
25 - reaction mixture was concentrated to near dryness, diluted with dichloromethane (600 mL)
. and washed with water (800 mL) and brine (300 mL). The organics were concentrated and
7 dried to give 70.1 g of a yellow-orange sticky ol (96% vield). The crude product was used
. for the next step without further purification. Mass Spectral Analysis m/z = 332.2 (M+H)".

- 10132] Synthesis of a Mixture of Compounds 5 and 6. The Z- and E- geometrical isomers of
30 ° 5-[3-Bromo-propylidene}-5,1 I-dihydro-dibenzofa,d]cyclohepten-10-one , compounds § and
: 6, respectively, were produced by refluxing a solution of compound 4 (76.0 g, 211 mmol,

1.00 eq) in 48% aqueous hydrobromic acid (250 mL} and acetic acid (250 mL) for 16 hours.
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10was concentrated to a 20 mL mixture and the resulting solid was filtered to give 11 g of succinate
salt of (-)-E-I 0-OH-NT which was 94% E isomer and 6% Z isomer. The solid was recrystallized twice
from acctonitrile (400 mL and 300 mL) to give 6.78 g light orange crystals (99.2% E isomer, 0.8% Z
isomer). The re¥%Hfitéiicéthate salt is crystalline and nonhydroscopic in natbfd/&gasashigher
solubility in saline (18 mg/ml) than the maleate salt 15(4.4 mg/ml). Example 4: (+)-E-10-011-NT And
(-)-E-10-0H-NT And Are Potent Selective Inhibitors Of Norepinephrine Reuptake [01391 Protocol. The
binding affinii&s GEAPINTEX (W} BaEGORNT moeth (JuBaondie,-Kifufot théuvorep(aop hnpNE)
transporter, the:sexatanim ek KRISAQIEL aa dapamine f@é&é%@m% leryeredetermingd in
competitive binding assays with radiolabeled ligands. For the N transporterobln INg assay,

CHInisoxetiné L B%517 8 Xas e memrimtaoive hicedrestudtnlofasstdbmsslhdebton hours at 4

C with membsapes prEpargdramChinesehamsaie LR ColsHGHM callsheterolpgpusly expressing
the clon%d h maBEr?NE t@ﬁrﬁporter (hNET). Bound radioactivity was determined by scintillation
spectrostopy ROREpetific BEBiAting e deledad wnre ariaiif e ikt tatcaecerhsd in the
presence of Bwdldsesipiapinrct heskuyaliuesinidher vasonsIRSICOMBOUNAa RIS delepRingd using

standard methods. [(%%OJ For ttrrle ET transporter binding assay, [ Hé immramine_ (2.0 nM) was

incubated in the presence ot variots coneBRIrRbNBF test CERRRBIM AL FOFERAHIAIS2 C with

membranes Sgprepaiéd-fiopr@H O Téllsl hételblogdusly Bxpitssing ihedieas serienirtrasporter
(hSERT). Baund, radiaactivity, w termined cintillation spectroscopy. Non-spegcific binding was
defined as the a%nounfa %W&%g%ﬁfﬁ%%‘gﬁ frec Iférllﬁiﬁl‘léldtp!rﬂ’iees ﬁrﬁgp%% ii’ﬁ%f\ﬁt V%f EIW@PE:& m 1(?/‘[’]
2008/13%32507 AcserdbsrosE 18giimib amiiretal helid coateas ofithe vanousite stf gompatings were
determined uaing stendamethosss L4k or the DA inding assay, CH]
N41-(2-benzo[§éthiophenyl cyclohexyl]ﬂ?opi eriding, (f%%)@r%rﬁggp(g%hr?ﬁW@%&%ﬁ%%%%ltzeeé %}‘rﬂé hrat4 C
BrEPERSI RO SNeSE HAMSEPBarIEHD) Celbihameiviohvashexpredsing the

with membran
cloned humaiiHlomaprne than sRossY ﬁn%@a}{@?%z&%&?ﬁyﬁgeﬁéﬁwﬁ% GQERaung weregdded
and bound r%ctngtg wa? deteimined by scintillation spectroscopy. Non-specific binding ‘was
and Crystallized in 1:1 benZene:hexanes to give 12.7 g of a light orange solid
15 comesponding to a mixture of geometrical isomers 5 and 6 (6/5=91/9 by 'H NMR). 'H
NMR (400 MHz, CDCl3) 8 8.11 (dd, 1H), 7.50 (m, 2H), 7.36 (m, 2H), 7.24 (m, 3H), 6.17 (m,

1H), 4.48 (d, 1H), 3.78 (d, 1H), 3.47 (m, 2H), 2.86-2.66 (m, 2H).

[0133] Synthesis of (+)-E-5-{y-bromopropylidene)-10.11-dihydro-10-hydroxy-5H-

dibenzo(a.d]-cycloheptene, compound (+)-7. A solution of compound 6 (2.00 g, 6.11 mmol,

20 1.00 eq) in tetrahydrofuran (25 m1) was added drop wise to a solution of borane-dimethyl
sulfide complex (0.326 mL, 3.67 mmol, 0.60 eq) and (7TaR)-3-methyl-1,1-diphenylperhydro-
3-bora-2-oxapyrrolizine (1.02 g, 3.67 mmol, 0.60 eq) in tetrahydrofuran (75 ml.) at -20°C
(dry ice/acetonitrile bath). The reaction was stirréd at -20 °C for 90 minutes, then at room
temperature for 45 minutes. Additional portions éf borane-dimethy! sulfide complex (0.326

25 mL, 3.67 mmol, 0.60 eq) and (7aR)-3-methyl-1,1-diphenylperhydro-3-bora-2-oxapyrrolizine
(1.02 g, 3.67 mmol, 0.60 eq) were added and the reaction stirred for an additional 30 minutes
at room temperature. The reaction mixture was cooled to 0 °C in an ice/water bath and
methanol (15 ml) added drop-wise. The mixture Was stirred for 30 minutes at room
temperature, cooled again to 0 °C and saturated sodium bicarbonate (20 mL) added. The

30 mixture was stirred at room temperature for 30 minutes, concentrated and partitioned
between dichloromethane (75 mL) and water (50 inL). The organics were concentrated and

the crude product purified by flash silica gel column chromatography using a 10-30% ethyl
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defined as binding that occurred in the presence of 10 uM BTCP. The K1 values for the various test
compounds were determined using standard methods. 1010142] The ability of AT, NT
(+)-E-10-0H-NT, and (-)-E-10-OH-NT to inhibit uptake of NE, 5I-IT and DA was also assessed. The
1050 values in N {iptdREWas determined by measuring the inhibition of theBRESHRIFEL6H &
[314J-norepinephrine into rat hypothalamus synaptosomes upon incubation for 20 minutes at 37 C.
The IC50 values in 5SHT uptake was determined by measuring the inhibition of the incorporation of
[3I1]-5HT |nt&?&@ﬁfaﬁ%ﬁﬁaﬁf@ém@%@mmﬁ@aﬁh%@u@swa@@a@%m@&wm in DA
uptake was I n i [ D rat striatum
s;)naptosomgigg %ﬁ@ﬁ%%)ca@gﬁ?o%? leﬁgﬂat CQ la[(g))lgdt?:’l;{[e %ﬁ %Sh %%dla@ﬂgﬁﬁt% 81];(11? the various
transporters & providdeth(mabl®a3.05 o). 1A Tabie (nK 2Waluéd &telidnanomolar. Percintages
are the perc hi |t| n of 20 b|nd|n observed with 10 uM test compound. [0144] The uptake
|nh|b|t|oﬁ da@%‘% 3&%@ i - SRl d ek o (a1bdd 4P i haris moTiiesZefcentages

are the |5erc@gthemmgmb@ftmtakwbqewe@ withal@uM testeompeaisali bR/ epoaspine

I 1V1).or % inhib at 10 pM DA 5HT NE 5HT: NE AT 2100
Transporter Af‘flrytt T, (7:06 gi mm?ol 3legjince dEEEtOn]U“ﬂE (10 mL) at 60°C for 16 hours in a pressure

vessel. The reaction was concentrated to near dryness and purified by flash silica gel column
chromatography using a 5-9% methanol/chloroform gradient (plus 1% ammonium
hydroxide} to give 650 mg of a light orange foam in 90% vield. Because thete was some Z-

10 isomer present, ie., (+)-Z-10-OH-NT, the impure free base (650 mg, 2.33 mmol, 1.00 eq)
was dissolved in acetonitrile and filtered to remove any insoluble particles. The filtrate was
concentrated, dissolved in acetonitrile (15 mL) and maleic acid (324 mg, 2.79 mmol, 1.20 eq)
was added. The mixture was stirred for 30 minutes and a solid precipitated out. The mixture
was concentrated, dried and recrystailized from isopropanol (100 mL) to give 535 mg ofa

15 white crystalline solid, i.e., (+)-E-10-OH-NT as the maleate salt. "H NMR (400MHz,
DMS0-de) 5 8.29 (brs, 2H), 7.50-7.12 (m, 8H), 6.02 (s, 2H), 5.90 (brm, 1/3H), 5.71 (brm,
2/3H}), 5.31 (brs, 1/3H), 5.08 (brs, 1/3H), 4.60 (brs, 1/3H), 3.36 (m, 1H), 3.06-2.86 (brm, 3H),
2.52 (d, 3H), 2.36 (brm, 2H). Mass Spectral Analysis m/z = 280.1 (M+H)". Chiral LC
Analysis: 99.4% chiral purity. Column: Chromtech CHIRAL-AGP 150 x 4.0 mm, 5 I

20 Flow: 1.0mL/ min. Mobile Phase: 80% 20 mM sodium phosphate pH 6.0, 20% IPA.
Detector: UV at 240 nm. Peak Retention Time: Peak 1 [(+)-E-10-OH-NT] = 5.4 min. Peak
2 [(-)-E-10-OH-NT] = 7.3 min. Elemental analysis: C1gH,NO-CH,0,4. Theory: %C 69.86;

%H 6.37; %N 3.54. Found: %C 69.91; %H 6.43; %N 3.61. [a],23 =+27.79 (c. 10.1
mg/mL, MeOH). m.p. = 180.5-18§2.0°C.
25 Example 2:  Chiral-Specific Synthesis Of (-)-E-10-OH-NT

{0135} With reference to FIG. 1A, enantiomerically pure (-)-E-10-OH-NT was synthesized as

follows.

(0136} Synthesis of (-)-E-5-(y-bromopropylidene)-10.11-dihydro-10-hydroxy-5H-

dibenzola.d]-cycloheptene. compound (-)-7. A solution of compound 6 (2.50 g, 7.64 mmol,

30 1.00 eq) in tetrahydrofuran (25 ml.) was added drop wise to a solution of borane-dimethyl
sulfide complex (0.455 mL, 5.12 mmol, 0.67 eq) and (7oS)-3-methyl-1,1-diphenylperhydro-
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3-bora-2-oxapyrrolizine (1.42 g, 5.12 mmol, 0.67 eq) in tetrahydrofuran (75 mL) at -20°C
(dry ice/acetonitrile bath). The reaction was stirred at -20°C for 60 minutes, then at room
temperature for 2 hours. Additional portions of borane-dimethyi sulfide complex (0.455 mL,
3.12 mmol, 0.67 eq) and (708)-3-methyl-1 ,1-diphenyiperhydro-3-bora-2-oxapyrrolizine
(1.42 g, 5.12 imol, 0.67 eq) were added and the reaction was stirred for an additional 30
minutes at room temperature. The reaction mixture was cooled to 0 °C in an ice/water bath
and methanol (15 ml) added drop-wise. The mixture was stirred for 30 minutes at room
temperature, cooled again to 0 °C and saturated sodium bicarbonate (20 mL) added. The
mixture was stirred at room temperature for 30 minutes, concentrated and partitioned
between dichloromethane (75 mL) and water (50 mL). The organics were concentrated and
the crude product purified by flash silica gel column chromatography using a 10-30% ethyl
acetate/hexanes gradient to give 2.45 g off-white sticky foam in 97% yield. 'H NMR (400
MHz, CDCL) 6 7.50-7.10 (m, 8H), 6.00-5.84 (m, 1H), 5.09 (brm, 2/3H), 4.85 {brm, 1/3H),
3.65-3.43 (m, 3H), 3.05 (m, 1H), 2.78-2.62 (m, 2H), 1.64 (d, 1H).

[0137] Synthesis of (-)-E-10-OH-NT, compound (-)-8. (-)-E-10-OH-NT was synthesized by
heating a solution of (-)-7 (2.45 g, 6.7 mmol, 1.00 eq) and methyl amine (40% by weight in

water, 25.0 mL, 290 mmol, 43 eq) in acetonitrile (35 mL} at 60°C for 5 hours in a pressure
vessel. The reaction was conccntrated.and purified by a silica gel plug using a 5-9%
methanol/chloroform gradient (plus 1% aﬁmonium hydroxide). Because there was some 7,
isomer present, i.¢., (-}-Z-10-OH-NT, the impure free base was dissolved in
dichloromethane, filtered to remove any insoluble particles, concentrated and dried to give
1.9 g of a light yellow foam in quantitative yield. The free base (1.37 g, 4.9 mmol, 1.00 eq)
was dissolved in acetonitrile (40 mL) a;nd maleic acid (0.654 g, 5.64 mmol, 1.15 eq) is added.
The mixture was stirred for 60 minutes; and a solid precipitated out. The mixture was
concentrated, dried and recrystallized from isopropanol (70 mL) to give 820 mg of pale
orange needles of (-)-E-10-OH-NT as the maleate saft. 'H NMR (400MHz, DMS0-d6) &
8.29 (brs, 2H), 7.50-7.12 (m, 8H), 6.02 (s, 2H), 5.90 (brm, 1/3H), 5.71 (brs, 2/3H), 5.31 (brs,
1/3H), 5.08 (brs, 1/3H), 4.60 (brs, 1/3H), 3.36 (m, 1H), 3.06-2.86 (brm, 3H), 2.52 (d, 3H),
2.36 (brm, 2H). Mass Spectral Analysis m/z = 280.1 (M+H)+. Chiral LC Analysis: 98.6%
chiral purity. Column: Chromtech CHIRAL-AGP 150 x 4.0 mm, 5u. Flow: 1.0 mL/min.
Mobile Phase: 80% 20 mM sodium phosphate pH 6.0, 20% IPA. Detector: UV at 240 nm.
Peak Retention Time: Peak 1 [(+)-E-10-OH-NT) = 6.1 min. Peak 2 [(-)-E-10-OH-NT} = 8.6
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WO 2008/134325PCT/1S2008/06 9 [0145] The affinities of (+)-E-10-OH-NT and (-)-E-10-0H-NT for
the NE transporter were approximately equal to that of AT, and within about 10-fold that of NT. Similar
results were observed for the 1050 values for the inhibition of NE uptake. The 1050 values for the
5inhibition of NE Hpt4kd*4féSlower than those previously reported for racemicPETIUSPESIENTEY (See
Hyttel, 1980 which reported an 1050 of 130 nM for NE uptake assay in mouse atria.) [0146] While the
affinities of (+)-E-10-0H-NT and (-)-E-10-OH-NT for the NE transporter were comparable to that of AT,
the affinities BYf+)EErrouttiartyad CiB0C00HND forline T ¢ aRSo0 et HIAT theNaHifty of NT are
significantly r g affinity of imijl 3,re=syjo re erv %f r %CSO values for the
inhibition of gﬁ%%p@%&%ﬁééﬂ%ﬁ%@%@%@ﬁlt@#g}E-l Eﬁé\gﬁﬁl'll%:rfgl E?l % -N'Imﬁ% NT exhibit
selectively, fa7the NE @fansporter versus the 5HT transporter.  [0147] As will be demonstrated in
Example 14, racemic ()-E-10-OH-NT also exhibits selective affinities for the NE and 5HT transporters
that are approximaféhregéifote (i tE-UBHAR G the dinkanil4s)lenantiemerspExample 5:
(-)-E-10-DH-NT Is An Effective AfitihyparalJasic)Ayem(ona8] Pigtacel. The antihyperalgesic
effectiveness of % -E-10-01-1-NT was demonstrated in the Freund's Complete Adjuvant-induced

rodent model YPfbEraptE oAl FrctvinpdisccAmipasitosietad & PUsifiVerenntrol.
Drugs were aepinigteyedsasisthaikgs ePi-psStasiigates yehiclewas tesied 25a.nggpfive control.

(-)-E-10-OH-NT was aigggi&;istered as either a maleate or succinate salt. AT was administered as a

hydrochlorid&‘84tPH5 : succin

A SR RIAREBLLY B thEARBERE S Hee BabdCra! thésameryithe
methods of DéHalgnHuckinseiah: 4099 erevsatiiodeaielTna.mecitanioal-hyneralgesia.dn rats 24

hours aif-éer i@&g@planrétean[a_ rg'{nigtﬁ@tio];] of, 150 4, Fﬁgund's@Com lete A %vant (FCA). To determine
25paw pressire thieeholds, the a8 wWRrEHGHRA Ls bR A gt e 8 rddstifé was applied
to the dorsabscriaae siithé (Nfai{e G EAdUninfiamedgdénBriiha coniab pistomeisiNhasprasste
analgesia a . {ing. Instruments d Dale T aw pressure threshold was defined
as the amogr?t&éf% %}Erié&e%%%&rggﬁ% r%cé:u?flg‘é?{%\ﬁ%gi %aggcgg%)en}%ié%o 1§;§ é?l% ggt:tf)orﬁ”\gglue of 250
grams. Paw piFesdete%hbe shishisewdr8°detérmined bbforedndtatbspatifielt itinmestafter siidgdreatment.
10149] ResuliardhsdiesHlisare lisirated RIC R B = ArNT kg, I.p.).showed robust
antihyplesralg&%f: aetll\;/;i)ty cor%pa’rable %%@5%%%0%1 %é1%§%§ﬁ$%(’)f§'mé§%ﬂ %Qhe Pn;lea ¢ sa;d

A mg/mly,

Example 41  ($)-E-10-OH-NT And (-}-E-18-OH-NT And Are Potent
Selective Inhibitors Of Norepinephrine Reuptake

[6139] Protocol. The binding affinities of AT, NT, (-+/)-E-10-OH-NT and (~)—E-10—0H—NT’
for the norepinephrine (NE) transporter, the serotonin (SHT) transporter and dopamine (DA)
20 transporter were determined in competitive binding assays with radiolabeled ligands. For the
NE transporter binding assay, [ H]nisoxetine (1.0 nM) was mcubated with various
concentrations of test compounds for 2 hours at 4 °C with membranes prepared from Chinese
hamster ovary cells (CHO) cells heterologously expressing the cloned human NE transporfger
(hNET). Bound radioactivity was determined by scintillation spectroscopy. Non-specific -
25 binding was defined as the amount of binding that occurred in the presence of 1.0 uM
desipramine. The K; values of the various test compounds were determined using standard.

methods.

[0148] For the SHT transporter binding assay, [°H] imipramine (2.0 nM) was incubated in the
presence of various concentrations of test compounds for 1 hour at 22 °C with membranes
30 prepared from CHO cells heterclogously expressing the human serotonin transporter
(hSERT). Bound radicactivity was determined by scintillation spectroscopy. Non-specific
binding was defined as the amount of binding that occurred in the pressure at 10 uM |
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Example 6; (-)-E-10-011-NT Is Effective In Treating Non-Nociceptive Neuropathic Pain 10[0150]
Protocol. The antiallodynic activity of (-)-E-10-01-I-NT compared to that of amitriptyline was also
tested in vivo using the L5-Single Nerve Ligation model of nhonnociceptive neuropathic pain as
described in LaBtd4*8ié& f4ftle, 2005. The test animals were placed in a Plexigias/stasisersf10 cm x
20 cm x 25 cm) and habituated for 15 minutes. The chamber was positioned on top of a mesh screen
so that von Frey monofilaments could be 15presented to the plantar surface of both hindpaws.
Measuremeritépreiotile. sEisKivityl for @ibh windpawsiene ehiainedusisgthmepldownmathed (Dixon,
1980) with sgyepJatey monofilaments (0.4, 1, 2, 4, 6, 8 and 15 grams). Each trial started with a von
Frey force of 2 grams delivered to the right hindpaw for approximately 1-2 seconds and then the left

hindpaw. If therenwasna-withdawal iespanss: é@ﬂ%’ﬁﬁ@&%&%@%’gﬁgﬁﬁg %ﬁ?ﬂngﬁgﬁ&? Owas a
Inn

response, the. nex _IO\gﬁg} rce was delivered. This procédure was performed un respg se was

made at the RigH& B Greih ) ottt fatitstied dimwereradstinisteraa mblawing theriditial

responsé. Edalintestigraumenttaings aimalss Theonamonaraipd canirel ghaupnuhich were
operated on but not s%%_lect to n@ﬁg&#? on, contained 4 animals. All animals were tested at 60
- inis

minutes, and 240 minUtes, Poat (AT SRS IEE LB SE RSO TB T e St pavdwithdrawal
threshold forbeanh peivantas galoslatednisingthe folinwiog errekropsthiteg-sphdmlagmtilgywibere [VET]
is the force of.the, 0n. sed, k .0.2249 which is the av e interval (in log units) between
the von Frey ?npnofl a%%%@?gﬁgoﬁgr%%ﬂl}%ectHéetsa%%e%%lsgﬁa%rxg tr(n pattritofAMERdPaWSI responses
(Dixon, 1980 Pun!S0&AMATakdIY Wetadsiponthtd thebighestrdom:Frels monofilament (15 grams), then
the paw was assigned a value of 18.23 grams. Testing for tactile sensitivity was performed twice and

the medn SO RItarARAIY 6 RIS B Rk AET ersb v iy B3NS tightbilndupfilpadis fo each
animal. [0153FRusulindThe res o aelustraiRiin NG NE TGN wes adipingtered as either

the maleate or succinate salt. AT was administered as the hydrochloride salt. Dosage 5 amounts are
based on th& &t %‘Fﬁté?@ BLe0friie LRt ARcCAE NI BF Rl iTHoRe T By Regiklpnp.) was
statistically significanheyepdhataidaaoredfon hewvebigletreated,cantroLaroun fyehicledeated, LS SNL
rats), and C(gﬂ%)ariabelg%o %jeat of.ATléBO ?W/kgé\}é?'fi Example 7: (+%— -10-OH-NT And (-)-E-10-011-NT
Bind To The HIT Histaminergic Reesbtor it haidReArmmoration of ['H]-5HT into rat brain

15 synaptosomes upon incubation for 15 min at 37 °C. The ICsg values in DA uptake was
determined by measuring the inhibition of the incorporation of [*HJ-DA into rat striatum

synaptosomes upon incubation for 15 min at 37 °C.

[#143] Results. The binding affinities for the various transporters are provided in Table 1,

below, In Table 1, K; values are in nanomolar. Percentages are the percent inhibition of

20 binding observed with 10 uM test compound.

10144] The uptake inhibition data are reported in Table 2, below. In Table, 2, 1Csy values are

in nanomolar. Percentages are the percent inhibition of uptake observed with 10 M test

compound.
TABLE §
Menoamine Transporter Affinity
Ki(nM) or % inhih at 10 pM
DA 5HT NE | SHTNE

AT 2100 3.8 40 0.095

NT 1000 37 7.4 5.0
(+)-E-10-OH-NT | 25% (>1000) 400 52 7.7
(-)-E-10-OH-NT 3% (>1000) 660 44 15.0
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10[01531 Protocol. The affinities of AT, NT, (+)-E-10-OH-NT and (-)-E-10-OH-NT for the H1 o
histaminergic receptor were assessed in a competitive binding assay. For the assay, [31.-1]pyrllam|ne
(3 nM) was incubated with various concentrations of test compound for 1 hour at 22 C with .
membranes préfaféeftidtithuman embryonic kidney (HEK-293) cells heterolsguuislysHpressing the
cloned human HI histaminergic receptor. Bound radioactivity 15was determined by scintillation
spectroscopy. Non-specific binding was defined as the amount of binding that occurred in the

presence of 1.0 uM unlabeled pyrilamine. [0154] Ra®IlE.2ZThe binding studies indicate that the H1

histaminergic receptor affinities of (+)-Em@ﬁlhgmﬂggg E18:86L5NT were unexpectedly re;du ced

220-fold and 40-fold compared to the smqﬁr%clg& gpé@@@ffj@gty of AT and NT respectively.

Based on Zﬁt'rlcbt: restits;-itis cxp%*“ that +, E 431{ N 10-0H-NT wnnldw]pe"less

- t orain +hnn A e NT I::v:amnlg" - (D-E-10 ﬂlﬁﬁill‘- ]’@

Sedat|ng and VVUUIEA»[?IUUULC less-w 4 Tt Ualll thaf- 1 L‘u NT-EXHTHHE-S—~ )=

Slgnlflcantlvtessﬁuauug han r\i A a-NFin-Vive {0155} Protecel—Fherat-rptarod gé?sas,us*

commonly IE,;%dg% edatign 1ecia e-with %‘hemim! drugé‘d!'ime cqurse ex%ﬂmen@ were
ﬁﬁﬁ’f dfgd @ﬁg}pbm, Ieer i ng\ﬁlqnd (Y E10 nLI4\IT (30-mal/ka ). The rotarod

performed N(LSIE\EG:@HIMK\;, l%d/ E}lt}ﬁm g Ko |.|211. AG{F=o- IR A HoUHRGKG LB

was set in motionata-constantspeed-and-the-rats-were-placed-onte-the-individual rotéi{%gdtums of

the apparatus. Once the rats were in posmon the timers were set to zero and the rotarod switched to

mterval 30The timers
oot emg? ﬂi@%ﬁﬁfﬁ{é%dof‘ ??ﬁj e rooF tlng rum%?%ifgrsh ing a Iafm ﬁ%ﬂo fafi'fh seconds.

automatlcally turned off when the

The rats hadBPHFaial Sessiehe, t@é‘rﬁré@cﬁ@‘ﬁﬂé&@b&@ rfirfotd $hysriGiNG. digikd meinibtretion. The
performanceseaiedvas RALIFediiR SREQRIHIRNEARD 9B oplHQ 20082 3432RR G /A3 S2008/061189

5 inhibition of NE uptake are lower than those previously reported for racemic E-10-OH-NT.
(See Hyttel, 1980 which reported an ICsy of 130 nM for NE uptake assay in mouse atria.)

[6146] While the affinities of (+)-E-10-OH-NT and (-)-E-10-OH-NT for the NE fransporter
were comparable to that of AT, the affinities of (+)-E-10-OH-NT and (-)-E-10-OH-NT for
the SHT transporter like the affinity of NT are significantly greater than the afﬁﬁity of AT.
10 Similar results were observed for the ICs; values for the inhibition of 5HT uptake. Based on
these results, {+)-E-10-OH-NT and (-)-E-10-OH-NT like NT exhibit selec‘tivelyi_for the NE

transporter versus the SHT transporter.

[0147] As will be demonstrated in Example 14, racemic (£)-E-10-OH-NT also exhibits
selective affinities for the NE and SHT transporters that are approximately equipotent to

15 those of the (+) and (-) enantiomers.
Example 5:  (-)-E-10-OH-NT Is An Effective Antihyperalgesic Agent

[6148] Protocol. The antihyperalgesic effectiveness of (-)-E-10-OH-NT was de}'nonstrated in
the Freund’s Complete Adjuvant-induced rodent model of nociceptive inflammatory pain.
For comparison, AT was tested as a positive control. Drugs were administered at 30 meg/ke,
20 ip. Sterile water vehicle was tested as a negative control. (-)-E-10-OH-NT wasA administered
as either a maleate or suceinate salt. AT was administered as a hydrochloride salt. Dosage
amounts are based on the amount of free base. For the assay, the methods of Deﬁaven—
Hudkins et al., 1999 were used to determine mechanical hyperalgesia in rats 24 bours after
intraplantar administration of 150 pL Freund’s Complete Adjuvant (FCA). To determine

25 paw pressure thresholds, the rats were lightly restrained in a ganze wrap and preSsura was
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interval. The baseline rotarod performance score was the latency to fall off the rotarod on the third
training session. Baselines must have been greater than or equal to 60 seconds duration for the rat to
be included in the experiment. Animals were tested at 30, 60 and 120 minutes following administration
of test compouit? 843186t Results. The results are shown in FIG. 2. (-)-E-10OubiToaas 189
administered as either maleate or succinate salt. NT and AT were administered as hydrochloride salts.
The dosage amounts are based on the amount of free base. Peak deficits in rotarod performance were
observed at 3pphirutebinivats tedtedafitie ATlondianTheimgnitgeohihesafiects ofoh asgNT on

rotarod perfoy| imilar, Wi k deficits of 51 2Q% a 60 1014%, respectively. In stark
contrast, no irr?;%gir&rgﬁ% Bb?fg %%%ff%ﬁ?%{gséﬁ%g%ggﬁe |ﬁl}tasf3)ﬁ%o§?§d§ Wit b ‘BT BIRIT30 mg/kg,
i.p.). Examplé@speidenandofpninahe ¢preaodtedintave ) ovwiiffibity fFoit Alphaspdrenergie

Receptors 104a¢h the@iniiag o6ALNT., (LEAQ QN ANONEQHANT, for the glaf al, a2., cl2b.
S

15and a2, adrenergic receptors was tested Affinity for the ai, adrenergic receptor was tested using
membranes PREJArSdiRGHiSr dar HRMEIENE. [3Hyrazocine (0.06 nM) was incubated in the presence

of various co %t%@ ratio S o{ﬂgﬁst compounds with the membranes for 1 hour at 22 C. Nonspecific
binding was rﬁ%‘?@@ﬁﬁ PrEULTREE BRE6ad BHERotarking: Bouha¥adidhewks. was determined

by scintillatiorhspetdssopyiRQER1e81c Affinity tontbe alk admaegicresenionwas tested using
membranes prepared from Chinese hamster ovary (CHO) cells heterologously expressing the cloned
human receptor thdtsgerelirfouba{e8- WO dsdzticine € Al 5 nd)ip thewveskageaf various
concentrations of test compound$efoeaibisr2ai22 C. Nonspecific binding was determined in the

presence of 10 hentolarnine. Bound radioactivity was determined by scintillation spectroscopy.
25[015@@ Afﬂ%@\{l&%ﬂﬁ%ﬁalz, Q%ﬁéﬁ%%ﬁ?@fé&"eﬁ‘%\‘%ﬁy tested USihg CHometishetdreiofously

expressing theicipnathhumanseeeRonihabwere: ineubatad Wit J3LIRX 821002 (3. 9mM).in the

presence of various.concentr }Ellons of test compounds for 1 hour at 22 C. Nonspecific binding was

O S BRSNS R S SSETHHH e PEBL AR Rilfsackhdly W o @M VB

determined ifﬁoﬁ%(;e resence-
scintillation spsettosediyx3biarebAfiinty:fox te-albaral)ergicEEeRtI MasstesiRg-ysing CHO

cells heterologousaly ing,the.cloned human rece ?r that were incubated with [3H]RX821002
(2.5 M) in WO S008/1 S1SDBHc 71D0OBIUET IS 18 precEntel JFSAM KBRS test
compotihdstiesriet iateaGnMonsfesifid bitldingdyassdébrminaddn tiaprasenostoldGorehth
()-epinephriggaRaund-Adiparihan glRingd i RSIRIoBapealioscopy, (91611 Affinity for
the a2c adrenergic receptor was tested using CHO cells heterologously

monofilaments (0.4, 1, 2, 4, 6, 8 and 15 grams). Each trial started with a von Frey force of 2

grams delivered to the right hindpaw for approximately 1-2 seconds and then the left

hindpaw. If there was no withdrawal response, the next higher force was delivered. If there

20 was aresponse, ‘_the next lower force was delivered. This procedure was performed until no

response was made at the highest force (15 grams) or until four stimuli were administered

following the initial response. Each test group contained 8 animals. The sham-operated

control group, which were operated on but not subject to nerve ligation, contained 4 animals.

All animals were tested at 60 minutes, and 240 minutes, post-administration of test

25 compounds.

[8151] The 50% paw withdrawal threshold for each paw was calculated using the following
formula: [Xth]log = [vFr]log + ky where [vIr] is the force of the last von Frey used, k =
0.2249 which is the average interval (in log units) between the von Frey monofilaments, and
¥ 18 a value that depends upon the pattern of withdrawal responses {Dixon, 1980). Ifan

3G anmimal did not respond to the highest von Frey monofilament (15 grams), then the paw was

assigned a value of 18.23 grams. Testing for tactile sensitivity was performed twice and the
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5expressing the cloned human recePtor with CHIRX821002 (2.0 nM) in the presence of vqrious
concentrations of test compounds for 1 hour at 22 C. Nonspecific binding was determlned in the
presence of 100 tiM (-)-epinephrine. Bound radioactivity was determined by scintilvlatlon spectrqscopy.
[0162] Results. YHe tE6lHte%are tabulated in Table 3, below. Table 3, 1(1 valUBETA¥E2AEp66teth 10in
nanomolar. Percentages represent the percentage of inhibition of binding observed with 10 uM test

compound. TABLE 3 Affinities at Adrenergic Receptors (K, in nM; % inhib. at 10 pM) ata alb CC2a am
a2c AT 21 5.9:¢70°87% withdrawal value assigned as the tactile sensitivity for the right and left paws for

10

5

20

25

30

each animal.

[0152] Results. The results are illustrated in FIG. 4. {--F-10-OH-NT was administered as
either the maleate or succinate salt. AT was administered as the hydrochloride salt. Dosage
amounts are based on the amount of free base. The antiallodynic activity of (-)-E-10-OH-NT
(30 mg/kg, i.p.) was statistically significant over that observed for the vehicle-treated control
group (vehicle-treated, L5 SNL rats), and comparable to that of AT (30 mg/ke, Lp.).
Example 7:  (9)-E-10-OH-NT And (-}-E-19-CH-NT Bind To The H,
Histaminergic Receptor With Weak Affinity
[0153] Protocol. The affinities of AT, NT, (+)-E-10-OH-NT and (-)-E-10-OH-NT for the H,
histaminergic receptor wete assessed in a competitive binding assay. For the assay,
PPHlpyrilamine (3 nM) was incubated with various concentrations of test compound for 1
hour at 22 °C with membranes prepared from human embryonic kidney (HEK-293) cells
heterologously expressing the cloned human H; histaminergic receptor. Bound radioactivity
was determined by scintillation spectroscopy. Non-specific bin.ding.;was defined as the

amount of binding that occurred in the presence of 1.0 uM unlabeled pyrilamine.

[0154] Results. The binding studies indicate that the H; histaminergic receptor affinities of

(F)-E-10-OH-NT and (+)-E-10-OH-NT were unexpectedly reduced 220-fold and 40-fold

compared to the H, histaminergic receptor affinity of AT and NT respectively. Based on
these results, it is expected that (+)-E-10-OH-NT and (-)-E-10-OH-NT would be less sedating
and would produce less weight gain than AT or NT.

Example 8:  (-)-E-10-OH-NT Is Significantly Less Sedating Than AT

Ard NT In Vive

[0155] Protocol. The rat rotarod assay is commonly used to assess sedation associated with
chemical drugs. Time course experiments were performed with AT (30 mg/kg, 1.p) NT
(30 mg/kg, i.p.) and (-)-B-10-OH-NT (30 mg/kg, i.p.). The rotarod was set in motion at a
constant speed and the rats were placed onto the individual rotating drums of the apparatus.
Once the rats were in position, the timers were set to zero and the rotarod switched to
accelerating mode. The rotarod accelerated from 4 to 40 rpm over a five-minute interval.
The timers automatically turned off when the rats fell from the rotating drum, recording a
latency to fall in seconds. The rats had 3 training sessions, separated by at least 15 minutes,
prior to drug administration. The performance score was recorded in seconds for each
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13 NT 60 21 810 39 56 (+)-E-10-01-1-NT 700 690 15% 4200 35% (-)-E-10-OH-NT 3000 2600 23%
4300 30%

WO 2008/134325 PCT/US2808/061189

interval. The baseline rotarod performance score was the latency to fall off the rotarod on the
third training session. Baselines must have been greater than or equal to 60 seconds duration
for the rat to be included in the experiment. Animals were tested at 30, 60 and 120 minutes

following administration of test compound.

5 [0156] Results. The results are shown in FIG. 2. (-)-E-10-OH-NT was administered as
either maleate or succinate salt. NT and AT were administered as hydrochloride salts. The
dosage amounts are based on the amount of free base. Peak deficits in rotarod performance
were observed at 30 minutes in rats treated with AT or NT. The magnitude of the effects of
AT and NT on rotarod performance were similar, with peak deficits of 51 + 20% and & 60 +

10 14%, respectively. In stark contrast, no impairment of performance was observed in rats
treated with (-)-E-16-OH-NT (30 mg/kg, i.p.).
Example 9: (+}-E-10-OH-NT And (-}-E-10-OH-NT Have Low Affinity
For Alpha Adrenergic Receptors
[0157] The affinities of AT, NT, (+)-E-10-OH-NT and (-)-E-CH-NT for the 0,4, Gin, C2a, G2,
15  and dzc adrenergic receptors was tested. Affinity for the ., adrenergic receptor was tested
using membranes prepared from rat salivary gland. [°H]Prazocine (0.06 nM) was incubated
in the presence of various concentrations of test compounds with the membranes for 1 hour at
22 °C, Nonspecific binding was determined in the presence of 10 uM phentolamine. Bound

radioactivity was determined by scintillation spectroscopy.

20 [0158] Affinity for the ajp adrenergic receptor was tested using membranes prepared from
Chinese hamster ovary (CHO) cells heterologously expressing the cloned human receptor
that were incubated with [PH]prazocine (0.15 nM) in the presence of various concentrations
of test compounds for 1 hour at 22 °C. Nonspecific binding was determined in the presence

of 10 uM phentolamine. Bound radicactivity was determined by scintillation spectroscopy.

25 {0159} Affinity for the o, adrenergic receptor was tested using CHO cells heterologously
expressing the cloned human receptor that were incubated with {3H}RX821002 (1.0 nM) in
the presence of various concentrations of test compounds for 1 hour at 22 °C. Nonspecific
binding was determined in the presence of 100 pM (-)-epinephrine. Bound radioactivity was

determined by scintillation spectroscopy.

30 [0160] Affinity for the ayy adrenergic receptor was tested using CHO cells heterologousaly
expressing the cloned human receptor that were incubated with [PHJRX821002 (Z.5nM) in
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[01631 (+)-E-10-0H-NT and (-)-E-10-0H-NT exhibit significantly lower affinity than AT and NT for all
adrenergic receptors listed, particularly at the ct2 receptors. Accordingly, it is 15expected that the
analgesic effects of é+ E-JO-OH-NT and (-)-E-ICI-OH-NT may not be offset by their interaction with the
a2 adrenergic rg"c‘éﬁ di#tfife the analgesic responses of AT and NT may be’6F4ét2Bistifainiteraction
with the a2 adrenergic receptors. Furthermore, the difference in affinity between (-)-E-10-OH-NT and
(+)-E-10-0H-NT at the ilia and alb receptors suggests that the profile of (-)-E-10-OH-NT is superior than
the () enantidip@reOEXahBIoTDeqa)eBIRODHK FA prtEpEdded H T BRI OC I NNibit Syifichrome
P450 Functi -hesinhihi Wi f.A 99%}1!( -E-10-QH-NT .and (-)-E-
10-OH-NTor? %151%%;r?fg%m%%%gﬁ%&ﬁc%ﬁwv%r%%e@gigﬁuﬁs%% ﬁ]%lrﬁhet O(fé %fzj %%ar%f) aecl':!gﬁ?yz‘ﬁ 1, using
7-methoxy-A 5B Sy ORHMERINIANIREY (Venhorst et al., 2000) as 25substrate. The source of
the enzyme g@@& ic sorges gontairgng human recombinant WO 2008/134325PCT/1JS2008/061189
CYP2D6 obfainad from BDBISE derideT ESH BB OF R ANed iR dr o heivimerseahy T coumarin
was measurechusiigratRetkint Inerk usieftovitia BO0RIS EXTtatonfiltgtamnd a-460smpremission filter.
[0165] CYP ivit s measured using dibezylflourescein (DBF) as | %;s_tr te. The 5 source of
enzyme wa? %%ggéﬁg%%ﬁfgiﬁ?%gm%n r(i“%csor{r)libl¥ e &t\?clfzgél SBTE?ﬁggc "B Biosciences
(San Jose, GA¥rCondensionpofsBBE ab idorkbteiepivashnmenshradLsidiga Rerkink mestmisidn with a
485 nm exc@t'&g&{ﬂ}gﬁ&p&@&ggﬁg emission filter. 101661 Results. The results are tabulated in
Table 4, below. In Table 4, IC50 values are in nanomolar and the 95% confidence limits are shown in

parenthesegoPerrertages reflectihe: L0Rsreant inhibition. %@%%5‘/%1‘%@8&& Y:Mdest.compaynd.

Values 5epo,rted are the average of six replicate experiments. Table
i i nanomolar. Percentages represent the percentage of inhibition of binding observed with 10

pM test compound.
TABLE 3
Affinities at Adrenergic Receptors
(Kiin nM; % inhib. at 10.pM)
Ola @1y 92a Oab 02
AT 21 5.9 570 8.2 13
NT 60 21 810 39 56
(+)-E-10-OH-NT 700 690 15% 4200 35%
(-}-E-10-OH-NT 3000 2600 23% 4300 30%

[0163] (+)-E-10-OH-NT and (-)-E-10-OH-NT exhibit significantly lower affinity than AT
and NT for all adrenergic receptors listed, particularly at the oy receptors. Accordingly, it is
15  expected that the analgesic effects of (+)-E-10-OH-NT and (-}-E-10-OH-NT may not be
offset by their interaction with the oy adrenergic receptors while the analgesic responses of
AT and NT may be offset by their interaction with the v, adrenergic receptors. Furthermore,
the difference in affinity between (-)-E-10-OH-NT and (+}~E~10-OH~NT at the o, and asp
receptors suggests that the profile of (-)-E-10-OH-NT is superior than the (-} enanticmer.

20 Example 10: (+)-E-18-0H-NT And {-}-E«lowﬂﬁwNT Do Not Enkibit
Cytochrome P450 Function

{0164} Protocol. The inhibitory activities of AT and NT, {+)~E-IO-OH-NT and
{-)-E-10-OH-NT on cytochrome P450 function were tested using the methods of Chauret et
al., 2001, using 7-methoxy-4-(aminomethyl)-coumarin (MAMC) (Venhorst ef o/, 2000) as

25 substrate. The source of the enzyme was microsomes containing human recombinant
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Inhibition of CYPD26 and CYP2C19 Isozymes (IC59 in nM; % inhib. at 10 pM) CYP2D6 CYPD2C19
AT 820 (550-1200) 3500 (2800-4400) NT 700 (560-860) 1500 (1200-2000) (+)-E-10-O0H-NT 40% 4.7%

20% + 5.8%
WO 2008/134325 : PCT/US2068/661189

CYP2D6 obtained from BD Bioscience. Conversion of MAMC to 7-hydroxy-4-

(aminomethyljcoumarin was measured using a PerkinElmer Fusion with a 390 nm excitation

filter and a 460 mn emission filter.

{01651 CYP2C19 activity was measured using dibezylfiourescein (DBF) as substrate. The.
5  source of enzyme was microsomes containing human recombinant CYP2C19 obtained from
BD Biosciences (San Jose, CA). Conversion of DBF to fluorescein was measured using a

PerkinElmer Fusion with a 485 nm excitation filter and a 535 nm emission filter.

[0166] Results. The results are tabulated in Table 4, below. In Table 4, ICsq values are in
nanomolar and the 95% confidence limits are shown in parentheses. Percentages reflect the
10 percent inhibition observed with 10 M test compound. Values reported are the average of

six replicate experiments.

Table 4
Inhibition of CYPD26 and CYP2C19 Isozymes
(ICsp in nM; % inhib. at 10 pM)

CYP2D6 CYPD2C19

AT 820 (550-1200) 3500 (2800-4400)

NT 700 (560-860) 1500 (1200-2000)
(1)-E-10-OH-NT 40% = 4.7% 20% = 5.8%
(-)-E-10-OH-NT 37% + 8.0% 24% = 6.8%

[0167] (+)-E-10-OH-NT and (-)-E-10-OH-NT surprisingly demonstrated a significant and
unexpected decrease in the inhibitory activity at the polymorphic cytochrome P450

13 isoenzymes CYP2D6 and CYP2C19 as compared to both AT and NT. This reduction in
inhibitory activity for the (+) and (-} enantiomers of E-10-OH-NT is expected to lead to a
reduction in undesirable clinical consequences when compared to AT and NT and allow for
use of (+)- and (-)-E-10-OH-NT in patients taking medications contraindicated for use with

AT and NT.

20 Example £1: (+)-E-10-OH-NT And (-)}-E-16-OH-NT Inhibit The hERG
Channel To A Lesser Extent Than AT And NT

[0168] Profocol. The ability of AT, NT, (+)-E-10-0H-NT and (-)-E-10-OH-NT to block
cardiac delayed rectifier potassium channels was tested with the closed o, subunit indicating

the rapid delayed rectifer current (hERG).
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(-)-E-10-OH-NT 37% 8.0% 24% + 6.8% [0167] (+)-E-10-OH-NT and (-)-I.E-_10-0H-NT surprisingly
demonstrated a significant and unexpected decrease in the inhibitory activity at the ponmorphlp
cytochrome P450 15 isoenzymes CYP2D6 and CYP2C19 as compared to b.oth AT and NT. This
reduction in inhTBREAYCHES for the (+) and (-) enantiomers of E-10-0H-NT is@xpestedin iead to a
reduction in undesirable clinical consequences when compared to AT and NT and allow for use of (+)-
and (-)-E-10-0H-NT in patients taking medications contraindicated for use with AT and NT. 20Example
11: (+)-E-1018HN Resudis- TEcrorosiNahibibipitoT hERE RiGrGhannkictaiA it ssextent Than AT And
NT [0168] ng;ggg&n'g@ﬁg&@g%@gégwg\ﬁ, (+)-E-10-OH-NT and (-)-E-lO-O'H‘-NT to.block card_lac
delayed rectifier potassium channels was tested with the closed a subunit indicating the rapld_delayed
rectifer current (hERG). [0169] Resuligy-Thegpsrcent inhibition of hERG channels achieved with 10 uM
test compound is indicated below: AT&%E}'G;/S? }I\\I%I’ 55.1% (+)-E-TO-OH-NT: 8.8%

(+)-E-10-OH-NT:  8.8%
(--E-10-OH-NT:  6.0%

[0170] Significantly lower activity is observed with {(+)-E-10-OH-NT and (-)-E-10-OH-NT
5  than AT and NT. Based on these results, it is expected that treatments utilizing
(+)}-E-10-0H-NT and (-)-E-10-OH-NT could vield a reduced risk of QT prolongation and

other arrythmic-related adverse effects as compared to treatments with AT and NT.

Example 12: (+}-E-10-OH-NT And (-)-E-10-OH-NT Have Lower
Affinities For Muscarinic Receptors Than AT And NT

10 [0171] Protocol. The affinities of AT, NT (+)-E-10-OH-NT and (-)-E-10-OH-NT for

muscarinic receptors My, My, M3, My and M; were determined with membranes prepared
from CHO cells heterologously expressing the cloned human muscarinic receptors M, Ms,
M, Mg and Ms. For the assays, membranes and radiolabelled ligand were incubated with
various concenfrations of test compounds for 1 hour at 22 °C. Bound radioactivity was

15 determined by scintillation spectroscopy. Non-specific binding was defined as the amount of
bound radioligand in the presence of 1.0 uM afropine. Radioligand for the M receptor was
{3H]pirenzepine (2nM). Radioligand for the M; receptor was [3H]AF—DX384 (2 nM).
Radioligand for the M3, Mg, and Ms receptors was ["H]4-DAMP.

[0172] Results. The affinity constants (in nanomolar) of the various different test compounds

26 for the different receptors are tabulated in Table 5, below:

TABLE S
Affinity for Muscarinic Receptors

(K;in nM)
M, M, - M- My M
AT 5.6 66 . 8.9 3.6 3.5
NT 27 220 35 21 i5
()-E-10-OH-NT 710 4200 820 390 280
{(-)-E-10-OH-NT 410 2600 390 170 150
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(-)-E-10-0H-NT: 6.0% [0170] Significantly lower activity is Qb_served with (+)-E-10-OH-NT a}r_lq
(-)-E-10-OH-NT 5than AT and NT. Based on these results, !t is expected that tr.eatments utilizing
(+)-E10-OH-NT and (-)-E-10-0H-NT could yield a reduced risk qf QT prolongation and other
arrythmic-relatet| &¢férsd Bffects as compared to treatments with AT a_n(_j NTrExERIpleE2189
(+)-E-10-OH-NT And (-)-E-10-OH-NT Have Lower Affinities For Muscarinic Receptors Than AT And NT
10[01711 Protocol. The affinities of AT, NT (+)-E-10-OH-NT and (-)-I:T-;O-OH-NT_for muscarinic
receptors MIINIZ INB 2l resesdCh) el & BteYm ansd ith I EHENR eshirsphappk fraimaGHOgealls

heterologousliakis salnd BT EIANGARNIAR IS GRERIA (B SEPIAE WL, M2, M3, Md and MS. For the

assays, membranes and radiolabelled ligand were incubated with various concentrations of test

compounds for 1 héliaaind? G: Bp}olﬂdimmxm&%@tﬁfﬁ%@ﬁ&%ﬁdmmaﬂon spectroscopy.
Non-specific binding was defined:asttbm ampntietRouna sadioliganpdin the presence of 1.0 uM
atropine. Radioligand for the MI receptor was [3H]pirenzepine (2 nM). Radioligand for the M2 receptor

was [3H]AF-5K38 £rotenal. RaglioligandyfofftheoXI3TMIT and M&rmemmme[aasésmwgbf N
. . . ) o

o <o O B B e e e
different receptors are tabulated in Table 5, below: TABLE™S Affinity for Muscarinic'Rec rs (IC; in
nM) M2 @ ere fasted overnight and treated with test compound or sterile water vehicle control LL2or4

hours before per oral administration of a charcoal meal consisting of charcoal:flour;water

(1:2:8, wiww). Gastrointestinal transit was measured 25 minutes after the charcoal meal,

10 (-}-E-10-OH-NT was administered as either the maleate or succinate salt; AT and NT were
administered as hydrochloride salts; the dosage amounts are based on the amount of free

base.

[0175] Gastrointestinal transit (GIT) was determined by removing the entire length of the
small intestine and measuring how far the leading edge of the charcoal meal traveled in the

15 small intestine. The percent GIT (% GIT) was determined by the following formula:

18176] %6 GIT = [distance to charcoal leading edge (em)/length of small intestine (cm) x
1607

{0177} Results. The % GIT observed with the test compounds {relative to sterile water
vehicle) are illustrated in FIG. 5. (-)-E-10-OH-NT showed markedly lower inhibition of
20 transit as compared to both AT and NT.

Example 14: In viro Binding Affinities of Racemic (#)-E-16-OH-NT,
(+)-E-10-OH-NT And (-)-E-18-CH-NT For Monoanmine
Transporters Are Comparable To One Another
[0178] Protocol. The binding affinities of racemic E-10-OH-NT (“(£)-E-10-OH-NT ™,

25 (+)-B-10-OH-NT and (-)-E-10-OH-NT for the norepinephrine (NE) and serotonin (SERT)

lransporters were determined in competitive binding assays with radiolabeled ligands. For

the NE transporter binding assay, ["H]nisoxetine (1.0 nM) was incubated with various

concentrations of test compounds for 2 hours at 4 °C with membranes prepared from Chinese

hamster ovary cells (CHO) cells heterologously expressing the cloned human NE transporter
30 (hNET). Bound radicactivity was determined by scintillation spectroscopy. Non-specific

binding was defined as the amount of binding that occurred in the presence of 1.0 uM
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M3 M4 M5 AT 5.6 66 8.9 3.6 3.5 NT 27 220 35 21 15 N-E-10-OH-NT 710 4200' 820

WO 2008/134325 PCE/US2608/06118%

desipramine. The K; values of the various test compounds were determined using standard

methods.

[0179] For the SHT transporter (SERT) binding assay, [*H] imipramine (2.0 nh)} was
incubated in the presence of various concentrations of test compounds for 1 hour at 22 °C

5  with membranes prepared from CHO cells heterologously expressing the human serotonin
transporter (hRSERT). Bound radioactivity was determined by scintillation spectroscopy.
Non-specific binding was defined as the amount of binding that occurred in the pressure at 10
uM imipramine. The K; values of the various test compounds were determined using

standard methods.

10 [0180] Results. The binding affinities for the various transporters are provided in Table 6,

below.
TABLE 6
Menoamine Transporier Affinity
, NET K; SERT K;
{£)-E~10-OH-NT 51 oM 420 nM
(+)-E-10-OH-NT 95 nM 361 oM
{->-E-10-OH-NT 81 nM 617 nM

{(G181] The binding affinity of racemic ()-E-10-OH-NT for the norepinephrine transporter
was comparable to that observed for the purified enantiomers, (+)-E-10-CH-NT and

15 {-)-E-10-OH-NT, which were approximately equal to one another. Similarly, the binding
affinity of racemic (£)-E-10-OH-NT for the serotonin transporter was also comparable to that

observed for both of the purified (+)-E-10-OH-NT and the (-}-E-10-OH-NT.

Example 15: (-)-E-10-OH-NT Is More Effective In Treating
Nen-Nociceptive Neuropathic Pain Than Both
20 (#+-E-10-0H-NT And (+}-E-10-CH-NT
[0182] Protocol: The antiallodynic activity of (-)-E-10-CH-NT compared to that of
amitriptyline, (+)-E-10-CH-NT, and (+)-E-10-OH-NT was tested in vivo using the L5-Single
Nerve Ligation model of non-nociceptive neuropathic pain as described in LaBuda & Little,
2005. The BE-10-OH-NT compounds were administered as either a maleate or succinate salt.
25 AT was administered as a hydrochloride salt. Dosage amounts are based on the amount of

free base. The test animals were placed in a Plexiglas chamber (10 cm x 20 em x 25 cm) and
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390 280 (-)-E-10-0H-NT 410 2600 390 170 150 [0173] In all cases, (+)-E-10-0H-NT gnd
(-)-E-10-0H-NT exhibited approximately equal affinities, and significantly lower affmities lthan both AT
and NT. Example 13; (-)-E-10-011-NT Exhibits Less Inhibition Of GastrointestinaIkTransn Than AT And
NT 5[0174] Prottesl* i fAhibitory effect of AT, NT and (-)-E-10-0H-NT wer@@Essaa8@shsrodent
model of gastrointestinal transit. For the assay, male Swiss-Webster mice (20-25g) were fasted
overnight arég?%‘;?ated with test compound or sterile water vehicle control 1, 2 or 4 hours before per oral

administratiol 8F & EHaPEdaI THBRE o dI& R e nsroprt ioradvandey phagn eslwemiecastvintastinal

transit was nieasures Zhmingties:Rftes thaeshaicoaldneakal rke 1Ot NiLy Q@@dministered as
either the m%lf%te or succﬂate salt; AT NT were administered as hydrochloride salts; the dosage

an
amounts are Dased B the: SHEGRT ST HEY BSE b FAER A ALH 6 it RELRAAIM TR She (T Py Waeesrmined
by removing(this @ntit& @ rgth sfthelsayatidntetitinerand meaasysing hawifas thedepdingredge of the

h i small intestine. The percent GIT (% .G]T) was determined by the
following for A G L R B B i by G S et
(cm) x 100] Scfondy pRSaishd vé SrdpavobEahrecwithdhel fettoampaunds (helativeighstatieavater

vehicle) are Jusiateddp. FiGnae (Wb 10505 TrRhuiad marked'y, lower Inhibitign of  sure
was performed until no response was made at the highest force (15 grams) or until four
stimuli were administered following the initial response. Each test group contained 8§
10 animals. The sham-operated control group, which were operated on but not subject to nerve
higation, contained 4 animals. All animals were tested at 60 minutes post-administration of

test compounds.

[0183] The 50% paw withdrawal threshold for each paw was calculated using the foHoWing
formula: [Xth]log = [vFr]log + ky where [vFr] is the force of the last von Frey used, k =

15 0.2249 which is the average interval (in log units) between the von Frey monofilaments, and
y is a value that depends upon the pattern of withdrawal responses (Dixon, 1980). If a.n
animal did not respond to the highest von Frey monofilament (15 grams}, then the paw was
assigned a value of 18.23 grams. Testing for tactile sensitivity was performed twice d{}d the
mean 50% withdrawal value assigned as the tactile sensitivity for the right and lefi paws for

20 each animal.

[0184] Regults. The results are illustrated in FIG. 7. The antiallodynic activity of
(-}-E-10-OH-NT (30 mg/kg, i.p.) was greater than that observed for the vehicle-treated
control group (vehicle-treated, L5 SNL rats) (“VEH} and comparable to that of AT (30
mg/kg, i.p.). The antiallodynic activity of (-)-E-10-OH-NT (30 mg/kg, 1.p.} was also gréater
25 than that observed for both (+)-E-10-OH-NT (30 mg/kg, ip) and (-)-E-10-CH-NT (30 mg/kg,
ip). The activities of the racemic mixture and the (+) enantiomer were both comparable to

that of the vehicle-only control (“VEH”).

Example 16: (-)-E-10-OH-NT Is As Effective In Treating
Non-Nociceptive Neuropathic Pain As Amitriptyline Upon
30 Oral Administration In The 1.5 SNL Rat Model

[0185] Protocol: The antiallodynic activity of orally administered (-)-E-10-OH-NT (maleate

or succinate salt) was compared to that of amitriptytine (hydrochloride salt) in vive usiﬁg the
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20transit as compared to both AT and NT. Example 14: In vitro Binding Affinities of Racemie
()-E-10-0OH-NT, (+)-E-10-OH-NT And (-)-E-10-OH-NT For Monoamine Transporters Are Comparable To
One Another [0178] Protocol. The binding affinities of racemic E-10-OH-NT ("()-E-10-OH-NT "),
25(+)-E-10-0H-KT AM¥E$E210-0H-NT for the norepinephrine (NE) and serotdfiliBERTItgensporters
were determined in competitive binding assays with radiolabeled ligands. For the NE transporter
binding assa gil-lThisoxetine_(l.O aMLwas incubated with various concentrations of test
compounds %r FR6 Ay aldealion menthrines prsissrdd fraww aithisspaimmstedioganyicells (CHO)

cells heterolegausly @xpresgiagothacioneshuman NE transporter 30(hNET). Bound radioactivity was
determined by scintillation spectroscopy. Non-specific binding was defined as the amount of binding

that occurredlir8éheprebentheatdylsubk idesipramine1The Knvakiesiefihe vafeusdest compounds
were determined ysing rd methods. 101791 For the SH1 transporter (SERT) binding assay, [3H]
imipraminen@:?nﬁ%ﬁ%%%ﬁﬁfﬁé%%e@%%@éﬁé%g SRS BEREEARIOHE BrFEEEE &M PBtunds for 1
hour at 22 Cv8hitih-tresmi kanes preberegfraire GHDWENS DélerolpgaLisly)eXpressingithadmman
serotonin traspeKeRh g@bﬁf}g@%@%&%ﬂg% was determined by scintillation spectroscopy.

I t o]

Non-specific binding was defined as the amount cblnding that occurred in the pressure at 10 p1M

imipramine. The KgpvalgsQfthewalieps.ast AOMRAUROE WeieKisiauingd eg?g glg_%gdard methods.
edl

10[0180] Results. The binding affiniiesHgr thesapiQua Kanspeytess are provided in Table 6, below.
101811 The binding affinity of racemic ()-E-10-OH-NT for the norepinephrine transporter was

comparable(td #iai uhservpdhforcthepusfisdenantiomes, i EdiHiNT @ped SrfE:1Q:BH-NT,
ohehyere s Bt i e bt e
purified (+)-ERa0l0HSKITtahesshe 3oy Er 1G-OHENToE xasaple d8e(x)ife 2QMRHNT s MiorseRfteative In
Treating Nogshiggicentive. Nenepatic&aind R Rt RO OB NLANI LR EL QR NT
sterile water vehicle, AT, or (-)-E-10-OH-NT at doses up to 60 mg/kg IP (dosages are based
on the amount of free base administered). Paw pressure thresholds were measured 1 b |
15 positreatment. AT and [-)—EJO—OH—NT displayed similar potencies and efficacies for the
reversal of mechanical hyperalgesia in 24 h FCA-treated rats. At 60 mg/kg IP, a high level of
antihyperalgesic activity (% AH) was observed with AT and (-)-E-10-OH NT, with % AH
values of 259 = 39 and 270 = 53 in rats treated with AT and (-)-E-10-OH NT, respectively
(FIG. 9, FIG. 10). To estimate an EDS0 value for AT and {(-)-E-10-OH NT reversal of
20 mechanical hyperalgesia, the response obtained in rats treated with 60 mg/kg IP was used as
the maximal response (100%) and the responses at lower doses were calculated as a percent
of the maximum effect. - The ED)50 values for AT and (-)-E-10-OH NT were 38 and 36 mg/kg
IP, respectively (FIG. 9, FIG. 10).

[0188] Impairment of rotarod performance in rats was used to assess the degree of sedation
25 produced by (-)-E-10-OH-NT and AT. AT dose dependently decreased rotarod performance,
with an EDsp vahie of 27 mg/kg IP and a maximal impairment of 96% observed at a dose of
100 mg/kg IP (FIG. 9). In contrast, 30 mg/kg IP (-)-E-10-OH-NT only produced a 5%
impairment of rotarod pérformance. The estimated EDsq value for (-)-E-10-OH-NT

impairment of rotarod performance was 120 mg/kg IP (FIG. 10).

30  [0189] These data, taken together, demonstrate that (-)-E-10-OH-NT has potential to show
less off-target pharmacological side effects than AT.
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[0182] Protocol: The antiallodynic activity of (-)-E-10-OH-NT compared to that of amitriptyline,
()-E-10-OH-NT, and (+)-E-10-OH-NT was tested in vivo using the L5-Single Nerve Ligation model of
non-nociceptive neuropathic pain as described in LaBuda & Little, 2005. The E-10-01-1-NT
compounds welé%#HitifikkEfed as either a maleate or succinate salt. 25AT wasBdspinisierad as a
hydrochloride salt. Dosage amounts are based on the amount of free base. The test animals were
placed in a Plexiglas chamber (10 cm x 20 cm x 25 cm) and WO 2008/131325PCT/US2008/061189
habituated for 15 midfEEleTHE chatbamenmgepodeonis 6 topief GOS8 HIShralie Jathat von Frey
monofilaments could be present& fordustenttimsanigedofbath hindpaws. Measurement of tactile

sensitivity fo indpaw yere obtained using the up/down method (Dixon, 1980) with seven Frey
monofilarne ?g @(g?ﬁf—tgﬁ ﬁf‘%“%}ﬂgi’fﬁ%@oﬁ%fgﬁaﬁﬁ@mﬁ? BELIAEEARTTRS SR Kby T @Y grams
delivered to thelrightchindpaatdor Bpproxiemately-t-2 seconds.and thenpdhe I8fthindpaw, i there was no

withdrawal r e higher force was delivered. If there was a response, the next lower force
was del\;%/ere%?%%z?g%lcggﬁgr%ﬁgévgéﬁ?%at?thffaﬁ% (rﬁéos%%??saé'%’éléeﬁw8@@8@%@%@%@?%?&% (15

grams) or uritistiptstadliEvererapiministigredefobowingiitie initialaesponasegHach-testgrote contained
8 10 anmaiscHighanensipiedicaiielar oy, WHIEhwere pheraled on PuLagt sublecL o nerve

ligation, contained 4 animals. All animals wére tested at 60 minutes poat-administaton BT i8st
compounds A 54831 hewesshios pasaplontaadmaniriredtion 160 eAchrpan’ waspletslAtdidwsing the
ronoing o tula) Ditlon-m P Hlagy -k U] IndDE[TEe QLING Jastudl ey uspd k 1502249

which gsgthe average interval (in log units) between the von Frey m aments, and¥ s a value that

depends upSHFhE BARET SRt FaPARAI T dapdrrsassibes e 1080y afed ardmairdidomet pesporid to the

highest von Feyicabpiefilamant ﬁlgﬁ’e@m@aaia%ﬁht&ﬁa%wsw%aﬁﬁgﬂ%@r&%%?\%&@ﬁée‘? &i‘ﬁ?s Testing
for tactile sepgitivity was %eg?frnéea? twice aéwd the mean 50% withdrawal value assigned as the tactile
sensitivity fﬁﬁgarlgﬁﬁcg% SHBANE oS5 A amors i et e S aTALr SRS Wrelivitstrated in

FIG. 7. The antishpdyeipcastivitingh(ejEflvahia D YT (30mMe/ ke Pritias gresisldhanthat observed for
the vehicle-freated contral group (vehicle-treated,. L5 SNL rats) ("VEH") and comparable to that of AT
(30 mg/kg, i.p.). The%%%%ﬁ%élf/%r{]i%(sc??x%f/do{fﬁqﬁf&r&ﬁ{w “y/kg, i.p.) was also greater 25than
O e eeiion 0t e AT A0 o) MG AN 50 maka, ). e

.o OIS
activities of the racemic mixture and the (+ enantiomer were

_ compara% e.to that of the
Vehicle-onlf%}ﬁ?%ir(‘wwfﬁq (-)-E-10-OH-NT provides significant activity in the rat FCA-induced

hyperalgesia assay.
Example 19: Comparison Of The Antihyperalgesic Activity Of
- (-)-E-13-OH-NT And (+)-E-10-OH-NT In The Rat
20 FCA-Induced Hyperalgesia Assay
[0192] Experiments were performed to determine whether {+}-E-10-OH NT had similar
antihyperalgesic potency and efficacy as (-)-E-10-OH NT in 24 h FCA-treated rats. A time
course experiment was performed with 30 mg/kg IP of (+)-E-10-OH NT. Inltifzis experiment,
24 hours after FCA treatment, rats were administered either vehicle or 30 mg/kg IP of (+)-E-
25 10-OH-NT {administered the maleate or succinate salt; the dosage amount is based on the
amount of free base administered), Paw pressure thresholds were determined I, 2, or 4 hours

after administration using the methods disclosed in Examples 5 and 18. Vehicle-treated rats

were tested at 1 hour post-treatment. (+)-E-10-OH NT was not antihyperalgesic at any time
point tested (Figure 12). '

30 [0193] To verify these results, a 24 hour FCA-induced hyperalgesia experiment was
performed in which rats were treated with vehicle or 30 mg/kg IP of either (;)-E—lo-OH NT
or {-)-E-10-OH NT and tested for antihyperalgesial hour later. The results arc presented in
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Example 16: (-)-E-10-OH-NT Is As Effective In Treating Non-Nociceptive Neuropathic
Pain As Amitriptyline Upon 300ral Administration In The L5 SNL Rat Model 101851 Protocol: The
antiallodynic activity of orally administered (-)-E- 10-OH-NT(maleate or succinate salt) was compared
to that of amitri‘ﬁi?l' &(hfdfochloride salt) in vivo using the L5-Single Nerve Pigetiorenodiobof
non-nociceptive neuropathic pain according to the methods described above in Example 15. 101861
Results. The results are jllustrated in FIG. 8. The antiallodynic activity of  (-)-E-10-0H-NT (30 mg/kg,
p.0. and 60 MQky’p.6§Was Gleatbiindntratbnsd A forthanshupieieeinled cabtroFanthile

aministered Example, 11, FCA Lot elaea A g D et or
dministered.. . FCA-Induced Hyperalgesia And Rotarod Dose-Respo
?.)Tz'.nl'é-grﬁN—%ﬁ?ﬁ%ﬁ%\%ﬁ&§89Pé§83n‘§ghéazﬁgmﬁewmwa§éﬁgr#%wmmmﬁféiptyl;ne
(hydrochloride salt (3):E-10-OH-NT te ccin te salir,,l (_e rat fCé-ll‘l uced
hyperalgesia (Ranga%ﬂg%%ﬂ%%lg'a%ﬁi}mr&jﬁfl\g t _? , o] pﬁ?}%ﬁ ' 18/] teiHpeutic ratio
between antihyperatgesic effica gﬁg%% nio £%m adgpl l ) t68re treated with
sterile water vehicle, AT, or (-)-E-10-OH-NT at dosés up ogé%grng gIP® géges are based on the
amount of frige bRseradinistared)s Bawrreasyia e sholds et measuingd.d, fongetgaiment. AT

and (-)-E-1 0-OH- [ ed similar potencies arid efficacies for the reversal o mechanl_cq
hype(r;Igesigii%%'ﬁﬂg@i%ga% RS AT Y RSt P REveRBiE ARt Ferarg ddic detivity (%
Al-1) was cbseoveithwithn ¥k angis) 18-40- 08 NT-BMh I AL waluesefi25% 2ang 279,53 in rats

i -)-E-10- i . 9, FIG, 10). To estimate an ED50 value for AT
treateq é’ It%%%(%\r#,(ic%ojf '%@,Nragé (gglg%cgé\{g yvv(ili;}ll%’[m?ﬂe water nghicle, 30, or 60 mg/kg 1P
and (-)-E-10- reversa

twenty-four hours afler administration of FCA. Rats were tested for hypeal gesia 1 hour after
treatment with vehicle or (+)-E-10-OH NT.

[0195] Results: Statistically significant, but moderate levels of antihyperalgesic activity were
observed in rats treated with 60 mg/kg IP (40 +13% AX), but not 30 mg/kg IP of (+)-E-10-
15 OH-NT. The (-)-E-10-OH NT enantiomer had greater potency and efficacy than the (+)-E-

10-OH NT enantiomer over the dose range tested (compounds were administered as either

the maleate or succinate salts; dosage amounts are based on the amount of free base).

Example 21: Evaluation of Amitriptyline, (-)-E-10-OH-NT and (+)-E-10-
OH-NT In The Rat Forced Swim Test Of Depression

20 [0196] Protocol: Male Sprague-Dawley rats {(approximately 200g) are placed in a tank of

room temperature water for a fifieen minute practice swim. Every five seconds during the
first five minutes of the practice swim, the rats are rated as immobile {floating with motion
needed to keep head above the water), swimming (movement across the swim}, or climbing
(actively trying to climb out of the tank of water, upward directed movements of the

25 forepaws). The percentage of time the rats spent in each of these responses is calculated.

[0197] Approximately 24 h after the practice swim, the rats are treated with vehicle or test
compound and placed in the tank for a 5 minute swim. As was the case with the practice
swim, the rats are rated as immobile, swimming, or climbing during the test swim and the
percentage of time spent in each of these responses 1s caleulated. The data are analyzed by
30 one-way ANDVA with post-hoc analysis to compare the behavioral response after vehicle
treatment to the behavioral response after drug treatment for cach of the three behavioral

responses. The level of significance is set at p < 0.05.
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20mechanical hyperalgesia, the response obtained in rats treated with 60 mg/kg IP was used as the
maximal response (100%) and the responses at lower doses were calculated as a percent of the
maximum effect. The ED50 values for AT and (-)-E-10-OH NT were 38 and 36 mg/kg IP, respectively
(FIG. 9, FIG. 107 A¥188¥itipahment of rotarod performance in rats was usetf-it igee%8si8degree of
sedation 25 produced by (-)-E- 10-OH-NTand AT. AT dose dependently decreased rotarod
performance 0‘9’%%%& EDso value of 27 mg/kg LP and a maximal impairment of 96% observed at a
dose of 100 Ma7KY T TETEPET AP BT S0TH GRE BT B GOIR By ed Aol ATEwmd
impairment df-jetalbdpeNGrmance sdhesestitpatedEDL Uyl for:rBolO:QE- N innaisment of

rotarod perfq| was 120 ma/kg IP (FIG. 10). 30[0189] These data, taken together, demonstrate
that (10 PR e e PRl el B B A0 Lo B TG e AT

Example 18dawthypkradgekicanctivityl®f (3-E 10-@ETM T-IAEF he REatFCA-bvead; yperalgesia
Assay 19194 Brefqceek #h ' i ectiveness of orally-administered (-)-E-10-OH-NT
(maleate or su}:ciﬁgﬂa@%gg%%%rg@%ggﬁe% %%ébﬁﬁgusn%f%a 5&%@%‘3 jﬁ%%lﬁ%% {1B6%6rodent
model of nocifépfiEihfiaRRTERAS! pamdeitss ayésrarecbastdiomihe (aniveht iofifreebasie agministered).

For compariss staflewatesYehiFleas tested asanpgatie contigl The.methods of

DeHaven-Hudkins et at, 1999 were used to determine mechanical hyperalgesia in rats 24 hours after

intraplantar gairnisisation ehlistulikyauidesampigiaAdiantAlml 0rdsieriping paw pressure

thresholds, tprg ralgs1 Wer%li htl restra%}ed in a gauze 10wrap and pressure was applied to the dorsal
surface of the Ihflanied ahdoniifAmed BRIV EdMdat pradrdugifiy 8 pre lgesia
apparatls (Rettingdstrisinents siendRateptiindhepawiprassurs tresheld wesidefined as the
amount of f in reguired. to elicit an escape response using a.cutoff value of 250 grams.
Paw pressucﬁlt:agt %gﬁﬁgg %\%Frgbj e lr%l]%é{ﬁ?ee%lr‘éégh At Spakitie gﬁlﬁﬁ@td?ﬁ@e%ﬁééﬁﬂ@nt_
15101911 Reseis. of encespaits syranifhus atebindEl@] 1candatemnonstate thekgralysadoniaistered

Comparison DI e AR ypa e Koty OF L e SRR ) Ao TR Rt
20FCA-Indutéat Rl peatgdsaadsdy. |
15 J0260] (-)-E-10-OH-NT produced similar magnitudes of effects _és amitriptyline,
demonstrating a significant decrease in immobility after treatment with 30 mg/kg TP {47%
decrease) and significant increases in swimming in rats treated with 10 (64% increase) or 30
mg/kg IP (108%). As was the case with amitriptyline, ()-E-10-OH NT did not alter the
amount of time spent climbing (Figure 15B). In contrast, (+)-E- 10-OH-NT was not active in
20 the forced swim test at doses up to 30 mg/kg IP (FIG. 15C).

[0201] While various specific embodiments have been illustrated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of

the invention(s).

{0202] All publications, patents, patent applications and other documents cited in this

25 application are hereby incorporated by reference in their entireties for all purposes to the
same extent as if each individual publication, patent, patent application or other document
were individually indicated to be incorporated by reference for all purposes. The references

incorporated herein by reference include:
U.S. Paten{ No. 4,943,635
30 Altamura ef al., 1989, International Clinical Psychopharmacology 4(Suppl 1):103-6.

Asano et al., 2000, Anesthesia & Analgesia (Baitimore). 00(2):400-407,
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0192} Experiments were performed to determine whether (+)-E- 10-OH NT had similar antihyperalgesic
potency and efficacy as (-)-E-10-OH NT in 24 h FCA-treated rats. A time course experiment was
performed with 30 mg/kg IP of (+)-E-10-OH NT. In this experiment, 24 hours after FCA treatment, rats
were administe?ed’ éI%H%%’%)?éhicle or 30 mg/kg IP of (+)-E- 2510-0H-NT (admifistérerd it meate or
succinate salt; the dosage amount is based on the amount of free base administered). Paw pressure
thresholds were dete] ministration using the methods disclosed in

ined1,2 0 urs after a
Examples 5 and 18.‘%&%’!5‘?@-?& ‘te@%gfgp W&%@}stgg &t hour post-treatment. (+)-E-10-OH NT was not
antihyperalgesic at ' o] Figure 12). 30[01931 To verify these results, a 24 hour
Fenmisces e e B G IRl o
mg/kg IF of either ('@“EE&Q}Q{IEE}QTW%Q -E-1 "OBNT ‘and tested ?orgom%hypera gesmﬁphourﬁater. The
results are presented in WO 2008/134325PCT/1JS2008/061189 FIG, 13. Again, (-)-E-10-OH NT
produced significant3iergedigesid{ss’ Tobary ik sprreay-DEsATaRas not antihyperalgesic. The

magnitude of the an%%ﬁ%algesi ohserved with E-)-E-l 0-OHNT was consistent with previous

experiments (e.g. E SHf"i%?: EX&nplasd! AL BFTHE KRB -Atfivity Of
(-)-E-10- OH-NT And, (+)-E-10-OH:NT . In.T at FCA-Induced algesi say At 30 mg/kg And
60 mg/kg ip 101941%,&%& éﬁﬁé‘%ﬁ?é%? \;;\-/df'}irsé er %%Fnzé%f%“ %%‘éar‘%ﬁ?ﬁg‘y o?sﬁ?é‘%%g?? e relationship for the
effects of (+)-E- O-O@ﬂg%éggggﬁp@%dﬂgﬁgﬁggg&r%ai@yperalgesia assay (Figure 14). As

demonstrated in Examples 18 and 19, (+)-E-10-0H NT was not active at doses up to 30 10mg/kg IF.

Accordingly, rats wesadkeaies Wit sterieanater vehicland.or6@.ma/kg IF twenty-four hours after
administration of FCA. Rats were tested for hypealgesia 1 hour after treatment with vehicle or

(+)-E-10-0H NT. [018&tIResmts: atistisally:sigsitficantiehuy qrodesate; lewelsiof antiyperalgesic
activity were observEg‘g é[&e)r?t treated with 60 mg/kg IP (40 13% AR), but not 30 mg/kg LP of (+)-E-10-
15 OH-NT. The (-)- 1h T enantiomer had greater potency and efficacy than the (+)-E-10-01-1 NT

enantiomer over thqu?s%% raRgadesiag (gggég%ygcé%r\%/gggg% lipistered as either the maleate or
ised 0 ount o '

succinate salts; dosage amounts are bas nthe'a free base). Example 21: Evaluation of

Amitriptyline, (-)-E-1:RsNTARd be%—%@iﬁpﬁ&&ﬁ&ﬂﬁc%%gs@%ﬁqq @Yy T£$463 Depression

2010196] Protocol: Male Sprague-Dawley rats (approximately 200g) are placed in a tank of room

temperature water fobadifi¢eavoo|nuig. praeiisie G . 1Evexy- fiver seconds during the first five minutes of
the practice swim, the rats are rated as immobile (floating with motion needed to keep head above the

water),sswimming (fabvententaciss tPeugiletbobdtjmbing: {ag6velgatrying to climb out of the tank of

water, upward directed movements of the
Chiral Separation Techniques: A Practical Approach, 2001 (2d ed. Wiley-VCH,

Weinheim).

Collins et al., 2000, Journal of Pain and Symptom Management 20(6):449-458.
20 Corey et al, 1987, J. Am. Chem. Soc. 109:5551-5553.

Corey et al., 1991, J. Org. Chem. 56:442-444.

Corey et al, 1992, J. Am. Chem. Soc. 114:1906-1908.

Corey et al., 1998, Chem., Int. Ed. 37:1986-2012.

: Crowell ef al., 2004, Current Opinion in Investigational Drugs (Thomson Scientific)
25 5(73.736-742.

Dahl-Puustinen ef al, 1989, Clinical Pharmacology and Therapeutics 45(6):650-
656.

DeHaven-Hudkins ef o/, 1999, J. Pharmacol. Exp. Ther. 289:494-502.

Dennis et al., 1980, Life Science 26:1247-1259,
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25 forepaws). The percentage of time the rats spent in each of these responses is calculated. 10197
Approximately 24 h after the practice swim, the rats are treated with vehicle or test compound and
placed in the tank for a 5 minute swim. As was the case with the practice swim, the rats are rated as
immobile, swimififg*6Hifbing during the test swim and the percentage of X @ S8 Sach of
these responses is calculated. The data are analyzed by 30 one-way ANOVA with post-hoc analysis to
compare the behavigral response after vehicle treatment to the behavioral resgonse after drug

5.

treatment for each o hhasioralreEpBRLE MR raval of Weditinarnos/ktdd: &l oS0

101981 Dose-response experim were.performed with amitriptyli -)-E-10-0H NT and
(+)-E-10-0OH NT in thr%r%aé"msg%}é}r%?eg rgiagesﬁﬁ]a}en g %arpe er%?ﬁg%é’r%g’& C(ig%x'& 8RN the forced
swim test. In these eXperimenisy24ittoursaftgrizoooRtitiongenswim, rats were dosed with vehicle,
amitriptyline (3-30 mg/kg IP), (-)-E-10-0H-NT (3-30 mg/kg IP), or (+)- 5 E-10-OH-NT (3-30 mg/kg TIP)
and 1 h later, the rat5\@itel8Bosatus o 5 maimes siimcdst) Fhé-géfcent of time spent immobile,
swimming, and climbing (actively tr iﬁgﬁ; scale the sides of the swim tank) in the test swim is shown
in FIG. 15 A, B, and €0 58694/R S it d 68 E4d8hendently decreased the amount of time
sui niEicant (re%ggio S opserved. in Ht_?ts tr(ﬁ%d with 10 or 30 mg/kg LP. 10Relative

spent immobile, Witth lificar
to vehicle-treated rats. AMitHptYNing reducad iIMRSHITG By 33 51d 479 in rats treated with 10 and 30

mg/kg IP, respective@& ASRLres | ignificant increase in the.amount of fime. swimming
was observed after tregtment W%?%%g?@fﬁ%%ﬁgg% oapélg %%28”&?2#%@%%%%) of
amitriptyline. Amitriptying, did,nof @tertha Amauntel imsispantelimbing (Fgyuse 15A). 15102001
(-)-E- 10-OH-NT produced similar magnitudes of effects as amitriptyliné, demonstrating a significant
decrease in immobilitykafier ireaiment with30 Mgl ER (4P deriepse)andsignifigank #igreases in
swimming in rats treated with 10 (64% increase) or 30 mg/kg IP (108%). As was the case with
amitriptyline, (-)-E-1G@08EhiE elid/naaiep el a600ait 094 spent climbing (Figure 158). In contrast,
(+)-E-10-OH-NT wa t active j he forced swim test at doses ( 1P (FIG. 15C).
102011 While varioz‘?és)"f)%ccf?itele%%gg iments have %@ﬁﬁ%%?gig%y;%c%%ﬁﬁgé% it will be appreciated

that various changesg#p, b, maie HilaLSBRATING, 1o Le sgifk and scope of the invention(s).

[0202] All publications, patents, patent applications and other documents cited in this 25application are
hereby incorporated}hyn@{eggm@g@gﬁhQUQQQQW@{}@%Q%%%@@WWI as if each
individual publication):patermtspatent application or other document were in(TlviduaIIy indicated to be
incorpt¥ated by reference for all purposes. The references incorporated herein by reference include:
U.S. Patent No. 4,983635 3DAlfGh liearetedtor] 89, IfteshatioRal Clinical Psychopharmacology 4(Suppl

1):103-6. Asano et al., 2000, Anesthesia & Analgesia (Baltimore) 90(2):400-407.
http://www.southcenter.org/publications/pulbichealth/publichealth-07.htm.

Hyttel, 1980, J. Acta Pharmacol. et Toxicol. 47:53-57.

Ingelman-Sundberg er al,, 1999, Trends in Pharmacological Sciences 20(8):342-
20 349. '

Ttsuno ef o, 1983, J. Chem. Soc., Chem. Commun. 8:469-470.

Jain, 2000, Emerging Drugs 5(2):241-257. |

Kalso et al., 1991, Pharmacology and Tocicology 68:140-143.

Kauppila ef al., 1998, Pharmacology Biochemistry and Behavior 59:477-485.

25 Khawam et al., 2006, Cleveland Clinic Journal of Medicine 73(4):351-3, 356-61.
Kim et al., 2006, Organic Process Research & Development 10{5):949-958.

Kroeze ef al., 2003, Neuropsychopharmacology 28(3):519-526.
LaBuda & Little, 2005, J Neurosci Methods 144:175-181.
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Atkinson et at, 1999, Pain 83(2):137-145. Benet et al., 1995, Chapter 1: The Dynamics of D_rug
Absorption, Distribution, and Elimination” Goodman and Gilman's The Pharmacological Basis of
Therapeutics (9th Ed. McGraw Hill). 5Berenguer et at, 1994, J. Tetrahedron: Asymmetry 5:165-168.
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2. The pharmaceutical composition of claim 1, wherein said E-10-OH-NT contains at

ieast about 60% (-)-E-i 0-OH-NT.

3. The pharmaceutical composition of ¢claim 1, wherein said E-10-QH-NT contains at
least about 70% (-)-E-l 0-OH-NT.

4. The pharmaceutical composition of claim 1, wherein said E-10-OH-NT contains at
least about 80% (-)-E-~1 0-OH-NT.

3. The pharmaceutical composition of claim 1, wherein said E-10-OH-NT contains at
least about 90% (-)-E-] 0-OH-NT.

6. The pharmaceutical composition of claim 1, wherein said E-10-OH-NT is substantially
enantiomerically pure (-)-E-[ 0-OH-NT,

7. The pharmaceutical composition of claim [, wherein said E-10-OH-NT is
enantiomerically pure (-)-E-I 0-OH-NT.

8. The pharmaceutical composition of claim 1, wherein said E-10-OH-NT is present in
the composition as a salt.

9. The pharmaceutical composition of claim & in which the salt is a D- or L-malate salt.

10. The pharmaceutical composition of claim 8 in which the salt is a succinate sait.
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Med. Chem. Lett. 15:1647-1650. WHAT IS CLAIMED IS:
13. Synthetically derived enantiomerically pure {(-)-E-10-OH-NT,

14. The synthetically derived enantiomerically pure (-)-E~10-OH-NT of claim 13 in
which the E-10-OH-NT is in the form of the free base.

15. The synthetically derived enantiomericaily pure (-}-E-10-OH-NT of claim 13 in
which the E-10-OH-NT is in the form of a salt.
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LA pharmaceutical composition comprising E-10-OH-NT and a pharmaceutically acceptable excipient,
carrier and/or diluent, wherein said E-10-OH-NT is enriched in the (-)-enantiomer. 2. The
pharmaceutical composition of claim I. wherein said E-10-OH-NT contains at least about 60% (-)-E-I
0-OH-NT. 3. The pharmaceutical composition of claim I, wherein said E-10-OH-NT contains at least
about 70% (-)-E-1 0-OH-NT. 4. The pharmaceutical composition of claim 1 wherein said E-10-OH-NT
contains at least about 80% (-)-E-I 0-OH-NT. 5. The pharmaceutical composition of claim 1herein said
E-10-OH-NT' contains at least about 900/n (-)-E-1 0-OH-NT. 6. The pharmaceutical composition of
claim | whereirTgaish E+kdQHyNE-isssubskaitialy @nantiemerically- pureNF)oEckimOH-NT. 7. The
pharmaceutitatictmpasiiamod atasaitlherein said E-10-OH-NT is enantiomerically pure (E-1 0-OH-NT.
8. The pharmaceutical composition of claim I, wherein said E 0-OH-NT is present in the composition as
a salt. 9. The phaunabeutidal campdsitioniofrelatnil 8 porwhigh-the St Dol talate salt. 10. The
pharmaceutitatictmpdsitersafctlaims8lin which the salt is a succ nate salt. |. Substantially
enantiomerically pure (-)-E-5-(y-bromopropylidene)-10 -dihydro O-
hydroxy-5HLdidenzdfadcdInpsiokuhepterfe(y-t2cBaaatiohvericallifplie ¢k EdBx(ybiomopropylidene)-10.|
1-dihydro-10Hhgdeaxd Hdibeszafadhecyeioprptenedut BieSyitieticaly presiybdesnanitioherically pure
(-)-E- 10-OFfiNTro-24-piseSsimibeticayditstivied emnitiotiervatisnperd #cBrabsprtNT of claim 13 in
which the EX@ayPIRNAME §atahsform of the free base. 15. The synthetically derived enantiomerically

pure -)-E-10-0H-NT of claim 13 in which the E-10-OH-NT is in the form of a salt.
16. The method of claim 18 in which the oxazaborolidine catalyst is

20. A method of making (-)-E-10-OH-NT, comprising reacting (-)}-E~5-(y-
bromopropylidene)- 10,11 -dihydro- 10-hydroxy-5H-dibenzo {a.d] -cycloheptene with
methyvlamine,

21. A method of making a substantially enantiomerically pure {-)-E-10-OH-NT,
comprising the steps of reacting substantially enantiomerically pure (-)-5-(v-
bromopropyiidene)- 10,11 ~dihydro- 10-hydroxy-5H-dibenzo [a,d] -cvcloheptene with
methyiamine.

22. A method of making (-)-E-10-OH-NT, comprising the steps of:

(i} reducing E-5-(y-bromopropylidene)- 10,11 -dihydro-10-ox0-5H-
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dibenzofa,d] -cycloheptene in the presence of ’ to yield (-}-E-5-(v-
bromopropylidene)- 10,11 -dihydro- 10-hydroxy-5H-dibenzo[a,d} -cycioheptene; and
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16. The synthetically derived enantiomerically pure (-)-E-10-OH-NT of claim 13 in which the salt is a
malate salt. 17. The synthetically derived enantiomerically pure H-E-10-OH-NT of claim 13 in which
the salt is a succinate salt. 18. A method of making (-1-E-5-(y-bromopropylidene)- 10. 11 -dihydro- |
0-hydroxy5H-dibenzo[a,c1]-cycloheptene. comprising reducing E-5-(y-bromopropylidene)- 10.1]
dihydro-10-oxo0-5H-dibenzo[a.d]-cycloheptene in the presence of a chiral-specific oxazaborolidine
catalyst. 19. The method of claim 18 in which the oxazaboroliciine catalystis 20. A method of making
(-)-E-1 0-OH-NT, comprising reacting (-)-E-5-(ybromopropylidene)- 10,11 -dihydro-
10-hydroxy¢ght¢libenzméad]-ryclehepieneowitidarthylaminein2d:A meathed.of-aking a substantially
enantiomerittaly gy frNFiricemprigingdhe steps of reacting substantially enantiomerically
pure (-)-5-(ybromopropylidene)- 10.11 -dihydro- 10-hydroxy-5H-dibenzo [a,d1 -cycloheptene with
methylamings. 2R2e Afmethge ofionaking:(ifz- EOrOHNT Comprsing.the sieps ©f «fi)tacueing
E-5-(y-bromoptiopytidene)e:l 0] hxaihyereal Gxoxdibiin cdibenzajarcittpaysiphiegptene in the presence
ofto yield (-)-E-5-(y- bromopropylidene)- 10.11 -dihydro- | 0-hydroxy-5H-dibenzola,d] -cycloheptene:
and (ii) reagfinghthesteE efriyy -Broniepropdideoe)pitbphiindikydrde 160 -hjtriood/1b5dilro.
dibenzo[a,d]-cycloheptene with methylamine. 23. Use of a composition comprising E-10-OH-NT that is
enriched in1helh} ercdimibnietdor He preparatichrofeimadicamvenp fdrei ihibitibiged ptakecof
norepinephrine. 24. The use of claim 23, wherein said norepinephrine reuptake is inhibited in vitro.
25. The methotiof tiainy28osiwrairagio horepinepheirdaeusptaleflis ihhibitedfartvivarf 26. Use of a
compositiofaEEaraing ee By s e ais it -4 ek tié manufacture of a medicament useful for
treating pain in a mammal. 27. The use of claim 26 in which said pain is of nociceptive origin. 28. The
use of claim 26 itf WHicH dait paifig'brhoalhseieaptivacsiigiptive origin.

28. The use of claim 26 in which said pain is of non-nociceptive origin.

29. The use of claim 26 in which said pain is neuropathic pain, inflammatory pain, post
herpetic neuralgia, diabetic neuropathy or chemo-therapy induced neuropathic pain.

30. The use of claim 26 in which the medicament is formulated for oral administration.

31. Use of a composition according to any one of claims 1-10 for the manufacture of
a medicament useful for treating depression in a mammal.

32. Use of a composition according to any one of ciaims 1-10 for the manufacture of a
medicament useful for treating a disorder that is responsive to treatment with
amitriptyline or nortriptyline.

33, The use of claim 32 in which the disorder is selected from urinary disorders, mood
disorders, cognitive disorders, psychotic disorders, anxiety disorders, personality
disorders, eating disorders chemical dependencies resulting from addictions to drugs or
substances of abuse, withdrawal syndromes, endocrine disorders, impulse disorders, tic
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29. The use of claim 26 in which said pain is neuropathic pain, inflammatory pain, post herpetic
neuralgia, diabetic neuropathy or chemo-therapy induced neuropathic pain. 30. The use of claim 26 in
which the medicament is formulated for oral administration. 31. Use of a composition according to any
one of claims I-10 for the manufacture of a medicament useful for treating depression in a mammal.
32. Use of a composition according to any one of claims 1-10 for the manufacture of a medicament
useful for treating a disorder that is responsive to treatment with amitriptyline or nortriptyline. 33. The
use of claim 32 in which the disorder is selected from urinary disorders, mood disorders; cognitive
disorders, psychntic; diseulpisianxiaiy disorastsy Rrsanalivralisowdarsweatingdisgiders chemical
dependenciegitesulting: fcarm, adeigtianscie-A5ugs ok shsianeesHf shusenwithdrawalsyndromes,
endocrine disolesnimpidsedisarders, tic disorders, gastrointestinal tract disorders, vascular
disorders, somatoform disorders, Parkinson's disease; shock, hypertension, sexual dysfunction,
pre-menstraal Syadrene and fitramyalgia:synctomen 34 1T heuse i a3, haringaid
medicamenisisitinberadivinistered indipatie ibwhe Jstakingpeticatoneenraindicated for use with
amitriptyline or nortriptyline.
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