“:e3e s p(N68T7 *159159* *@00002* | PHARVACEUTI CALLY ACTI VE MORPHOLI NOL
This inventj to an optically pure norpholinol, sal ﬂmmm"mmmmw es
t her eof ph‘@ME @m@m formul ati ons contai ning themand pro i
their prepar se. Background of the Invention Bupropi onsseiso
hydrochl ori de, *€%§%1 - ( 3-chl or ophenyl ) - 2-[ (11 1- di net hyl et hyl)

am no] - 1- propanone hydrochloride, is the active ingredient of Wellbutrin
which is marketed in the United States for the treatnent of depression. It
is also the active ingred ¢ Y ACTIVE MOREHOLINQL: he Uni t ed
States as an aid tO S NGer@6S $tesOf. an&a’ﬂfcﬂ@i fiife inforpholift)], dalty @hd/ solPads

i nhi bitor of the neuronal uptake of noradrenaline (NA), serotonin and
dopami ne (DA), akgreafcrhappaceytisali Srrmulationsa fentanipg: j ther eand\\Rracesseshdorpthelani sm
of action of buppERi-fdna@ysi th other antidepressants, is unknown, it is
presuned that this action is nediated by noradrenergi c and/ or dopami nergic
mechani sns. Avai | abl e evi dence sume@suﬂdhmhe\dﬁwdmri nOis a selective

i nhi bitor of noradrenaline (NA) af doSes that are predictive of

anti depressant acti Vi tg{pidRicani S. 94511 N

Bupr opi on: A Revi ew ofB{llptogmﬁ}/EcE%?cg?ﬁggéf A(r?? ?ﬁ%—ﬁtrﬁgggg%lﬂ,%ﬁlilvﬁiﬁlﬁ%m nal

of d i ni cal Psychamainply]-popanope hydigdechlofide, 196 actle ingredient of Welbutrin@Hhi¢i3is~ HCl

HBC H CH3 Bupr opl, of 0k, BURS00k 8 Sor L Sasks! o dIBEARR! 17 Rl R3S ve! |
as | aboratory ani fars. U nary SRa p?asrra et abol TTEes 1nc ucf’é

bi ot ransf or mat i ofhgRERAUTZybir® WREth\i§ ehatky@d G WHealriRd Stitesta n tald fo-sadkitly gr oup
and/ or reduction of the_carbhonyl group of bupropion. Four basic netabolites
have been identi fes¥gon Tﬁ%‘_&w%?rb_“t ﬁer‘gﬁ“yflﬁrﬁga_kawalbitﬁr Bf)-‘hoﬁ’rinﬁ‘ﬁm%ﬂ ks ofof
bupropi on, the epyhdedAERNINIG, sHAbni® hnddddpamile GDA),HAE ddes D RMhYid AGHoamine

met abolite. These netabolites of bupropion are pharmacol ogically active,

2 but their pot ep¢asarifhiledhe mehgnism placHmOf RYPIgRIGR 5 MR oREVAIAeresEBE ISt Ul | y
characterized. Bggabse khe REARER RANGRNLRA | i Redfted BF ATRIdRRALIt SRR €

hi gher than those of bupropion they may be-of clinical inportance. The

mor phol i nol et afapliningrgic mechanisms. Available evidence suggests that Wellbutrin® is a selective

(+/-)-(2R*, 3R*) - - chl c i.met vy =.2- i e

hydr ochl ori de i S%B%ﬁ?reg\?él a?r%ﬁk@@é’#%})ﬁéégos? Sﬁ%% ﬁé@&% gftl{ngﬁe%(l')efs&? S but yl
group of bupropi anmall Bbdelsb Sqzhdicherol. AMet abdBuptapionf ABReviewpphits MEhahism Bifoned.
Chromat ogr. (199 11(3),, 0. 174-179 (Suckow, ,R,.FE et.a~ rati on and
quantification o@?%@relgsﬁxgi;‘vc?iv 33%0"57?:(110“ 3’#5{gsy%'f'a'phesfﬁﬁtg?'-ﬁ?g&g%RS) racemc
nmor phol i nol netabolite is purported to be disclosed, as well as the fact
that plasma sanples contain the (-)-enantioner to he extent of about 96%
of the total of this nmetabolite. However, the che characterisation of
the individual enantioners is extrenely limted ¢ information is given
as to the pharnacol ogi cal characterisficsoQf eag ti omer and the
subsequent clinical relevance thereof. cgu I nvention It has now
surprisingly been discovered that despiite thg (-) formof the norpholinol
met abol i te predoni nating significahtdyANn hupan pt HSha sanples, it is the
(+) enantioner, N CH3

(+)-(2S,3S)-2-(3-chl orophenyl) -3, 5, g—ﬁri m&t hyl - 2- nor phol i nol i n which the
activity resides. Thus the present invention provides, in one aspect, the
conpound of forrmula (I), Bupropion HCI

(+)-(2S, 3S)-2-(3-chl orophenyl)-3,5,5-trinethyl -2-norpholinol, and
pharmaceutical | y accédpipaipioa is akteisivalydmetaioliaddein rhdncasewéll as labdatory animals.

Urinary and plasma metabolites include biotransformation products formed via

hydroxylation of the tert-butyl group and/or reduction of the carbonyl group of
bupropion. Four basic metabolites have been identified. They are the erythro- and
threo-amino alcohols of bupropion, the erythro-amino diol of bupropion, and a

morpholinol metabolite. These metabolites of bupropion are pharmacologically active,



“(+)-enantiomer H3H3~N ~~~'~~/ CH3 H Such pharmaceutically acceptable salts
include, but-are not limted to, those prepared fromthe foll ow ng acids:
. hydrochloric, hydrobromc, sulfuric, nitric, phosphoric, salicylic,

p-tol uenesul fonic, tartaric, citric, methanesulfonic, malefic, formc,

mal oni ¢, succinic, isethionic, |actobionic,2naphtalene-2-sulfonic,

sul fam c, ethanesul fonic and benzenesul fonic. Especially preferred is the
hydrochlorlde salt of a conpound of faornula (1). Another aSBFCt of the

i nvention is phaPtdbanuRqiensy ardinpeiy felagvrsto yRioPion havs net bsadulmehagsterizdnul a
(1) or pharmaceupigGalel mea,lsass%m Bdtcéntrifdnt Sofathel AAhBORIeS Sard MEhEOthah OHEENGT Wi th
one or nore pharmaceutically accegﬁabl e carriers, diluents or excipients. A
further aspect opumr¢pionsthey Ay bg ofwhipical gpportancehe use of a conmpound of formula
(I') or pharmaceutically acceptable salts and solvates thereof in therapy.

Yet anot her aspect ofThehe momhelial onmptakelited e {+EROAR oA (rshiosaphepyl)-3,5,5-
depression, att eﬂﬁﬁe@}{}l Q—?ﬁdrﬁiolmd? X?&B&ﬁddé’ istﬁéhQJeé & Kbt B hyd?&?l%h&ry of

m grai ne, pain, sexual dystfunction, Parkinson's disease, Al Zhel irer

di sease, or addi theitesrbund geasp af buerapionni cot i ne- cont ai ni ng (especially

t obacco) products in a human or aninmal subject conprising the
admnistration to said subject of an effectiveYanount of a conpound of
formula (1) or pharnaceutically acceptable sa nd sol vat es t hereof or
phar maceuti cal comnpositions thereof. Yet and| gspect of the present
invention is the use of the conmpound of for ) or phanmaceutically
acceptabl e salts and sol vates t hereof 01 _pha gt i cal conpositions
thereof in the preparation of a nedycament<for ‘the treatnent of depression,
attention deficit hyperactivi ty di sprder

AﬂqD) obesity, mgraine, pain,
sexual dysfunction, Parkinson' st se \_zhei meHC5 di sease, addiction to
cocai ne or 4 nicoti ne- contalnl E

€ci al%y t obacco) products. Detailed
Description of the Invention Preparatl n The compound of forrmula (I) or
pharmaceutically acceptable salts and sol vates thereof nay be prepared by
first synthesizing the racenmat®ofpholinseMembalifalfi BupkopigatHtiol i t e of bupr opi on
and subsequently separati ng the (+) and (-) enantioners of the racenmate~via

HPLC. The racemate of e rhol i nol past i upr opj, o
hydrochl ori de ((+/-) In oinP CBlromatogr. (1697%, ?P(?J, 19?—1% (?ucgow, f{ p et al) the

(2R*, 3R*) - 2- ( 3- Ckﬂpﬁﬁﬁﬁhﬁdyhljanﬁﬁ&u&rbﬁihaﬁhwhuaﬂeﬂmmha—biolfiahe by JRIZRIPRS)i de)

rmy be syt <o by L SR B Sk 1. Bl L SRR LD

di brom de ( 14. 9glasn€hs%pméo)naimdq penaitdnebid tid xtentldfabdu 863 bOifie mtaxbuhie was
stirred for 2h at amhi t enperature a oured into.a.mxture of ice and
vt b (500 1) . PREHS { HPES AL PaL areBevaraD of bl iR
chloride. The COEmlleﬂleﬂ 1@4&&&@&@ WFrRatidh ls@veﬁhlﬁﬁﬂéﬂhaﬁﬂd&ol@gmﬂ@ﬁ&io@&ﬂ%sl n

Vol low o b i sote RRmlprR HHItH P EP R ST Y %'Hi% 2 AVR (300Mng.
CDCI3);87.99(m1H) 7.90 (d, 1g 75f7§ﬁ 7.44 (t, 1 H, 5.22
(g, 1 H), 1.91 (t, 3 H. To a sol uti eijicn) hl or opr opi ophenone
19.3g, 0.08 nmol) in se a,So0

(2-am' go- 2- et hyl 21- pr CIYF%_%O{’OV( f‘?rp’éSl%g% S‘T ﬁove’r J ﬁsgﬁ éggo ?foglf

anbi ent t enper at mospholifobmetabdlity eedoanatihg mgrﬁﬁi:aﬁtwmh&inaxapidsmmplai fitsis thel i N

conbi ned or gan cCHRRERC AL T SR SO DRV oo S0RBHE FyBPORURO OBk do.

The conbi ned aquéwusivitgrdidextracts were chilled in an ice bath and nade
basic wi th 40% aqueous sodi um hydroxi de. The m xture was extracted with
di et hyl ether, the corihunte pdiset nykntioh pevides i aretaspese the comphmd ofifdrinulaat er
and saturated sodium chl S e K2 oncentrated in
vacuo to give 15859 (759 }E)Q{ {j’ls%S)? -<§hﬁorop?he:ny5)3§j 5 {nme%fl %—morpqmﬁnol ang
(+!'-) (2R*, 3R*) - 2plfdsmadahtanibypdveepidble-sBisandsdlvatesetetegt. - 2- nor phol i nol as an of f
white solid.

(+/-)-(2R*, 3R*)-2-(3-chl orophenyl ) -3, 5, S-tri net hyl - 2- nor phol -nol may be
converted to

(+/-)-(2R*, 3R*) - 2-(3-chl orophenyl) -3, 5, 5- trlrrethyl 2- mor pholi nol

hydrochl ori de by the follow ng process. A 6.0g sanple was dissolved in

di et hyl et her, 5 : _




~chilled in an ice bath and ethereal hydrogen chloride added until the

m xture was acidic. The resulting solid was filtered and recrystallized

_ from ethanol /di et hyl ether/ethereal hydrogen chloride m xtures to give
4.93g of (+/-~(2R*,3R*)-2-(3-chlorophenyl)-3,5,5trinethyl-2-norpholinol
hydrochl oride as a white solid: mp. 202-203 C. NVR (80Whz, DVSO-db); S
10.9 (br, 1 H), 8.85 (br, 1 H, 7.60-7.41 (m SH), 4.04 (d, 1 H, 3.50 (d,
l1-n, 3.37 (br s, 1H), 1.58 (s, SHL 1.34 (s, 3H), 1.03 (d, 3H). Anal.

Cal cd for C 3H 9CLzNOZ: C, 53.43; Mrewntsmer N 4 76 Found: C, 53.54; H,
6.58; N, 4.75.

(+/-)-(2R*, 3R*)-2-(3-chl orophenyl)-3,5,5-tri net
hydr ochl ori de may be converted back to its~'reg
process. A 3.0g sanple of
(+/-)-(2R*, 3R*) - 2-(3-chl orophenyl) -3, 5/5-tring hyl™- 2- nor phol i nol
hydr ochl ori de was di ssolved in water_ (100 niL) di et hyl ether was added
(200 nL). The m xture was chilled s ice Bgfh and the pb;mas adjusted to
> 10 with 1.0N aqueous sodi um hydr oxjde. “A terk%birring fot” 30 mn., the
phases were separated and the aqueous phaEe was extracted wth diethyl

et her. The conbi ned diethyl ether extracts were dried (NaZSO ) and
concentrated in vacuo to give 2. 6g of ) o

(+/-)-(2R*, 3R*) - 2-( 3§H91bpbﬁﬁn@ﬁwyl%3,a@smab@er #alte dapiHde. Dhutgrepd | imitse tasthesewhi t e
solid. This was pseedMebROe folb BT ackldr | E}a&@&ﬂoﬁ@, hrobrbiRicC Ighl]flﬁilc, nitric,

nmor phol i nol
by the follow ng

chromat ogr aphy described bel ow. The (+) and (-) enantionmers of )
(+/-)-(2R*, 3R*) - phogphority| ealigpite riyioluenesaifopicy | tartariny citrie, nmethenssulienic, maleipe
separated by the l.1 Qi Sisethioni P I : .

(+1 ) - (2R, 3R ) 20T RS Ry -5 o, latoblonic naghtalenc.Laylfonisy suifimiey o )
was di ssol ved i net@esuifbnio indbenzegesulfoni¢. dispacially profeokd is thickyairshlotide falt i C
grade). A Dai cel i.rad olum (2 x 25 cm) was equilibrated for one
hour at 8 m./mn. 0??%rfn9tgi(§'n solvent, 1 : 9 : 0.2 Isopropanol : Hexane
: Diethylam ne. The fod &f § ion is vh . " ‘o
(+2) - (DR 3Re) - 2. ( 3CHPEeh SRect of 1 invention is pharmaceuticgl compositions comprising a
injected in 1 m compoimfuof formyla N authammaceuticalljitaceeptable csplty @d2@dGues ybdrend a
Waters 510 EF pu 4Nl i a6 ] Ehtd , using
the conditions I@?%%%%ngg%#ﬂ% sep%lrhﬁélggc%ggﬁ)%gﬁrggge%g O\IPAE%CZ&%O'I ected
by fraction collectory ekt Rth gg{?ﬁ‘lggh\(g R%L%&Wg@&l&%‘fﬂy pasgd on 2
absorbance units full scarergf 248%ﬁn1 watérg 490E W det ctor).nEacﬁﬁ
optical isoner soiphaimseeviieally eccapahiasalisiangryolyatesghereof instherpr at or at 40 degr ees
Centigrade and aspirator vacuum After drying for 6 hours under high vacuum
at room tenperat ure, Yspenether aspseifrthel inyentign prpvidep medpds efrierating depesssionsoner 2
wei ghed 1.26  6,Qfion! Q&R AfHela OB | Gisdilr| (ADLRY), ©BEAly, SREEhe, "Rin, a33@Ned DY
anal ytical chiral HPLC on a Waters 860 HPLC wit’h 996 Phﬁ.qdlode Array

det ector, using @ysfartieal Painsen ¢ discash- Mzksimnerindisegseg ox addigtigmnto) cashine end wi t h
1: 9 0.2 | sopg;ondk-cad:SRRL! (espedift @R Badbie bl &Mi N g 8l Lafinda ;cal
i somer 1 was 100@6pqp§ tR.T?&%?ii7%n?hé .?%pt+%i& isg%g% 2 was gggﬁégbpure
(R T. 6.800 mi n. jompeising gieridmipisga®n tosaihsubizal ofiag effestivel anjqrntof agcompeundiod. ) .

drochl orid . i i . '
ol | owi ng. pr oceeunilf b b3 RRALEHARERAN. TRAT NELE WBRL AL MEGIEE |,
6.117 mn) ((-)-¢d2RogWnszhefedf.chl or ophenyl )-3, 5, 5-tri net hyl - 2- nor phol i nol )

was dissolved in diethyl ether. The solution was filtered and the filtrate
was chilled in an i cerebandtheschdbengokthharesent. inveatiangis rthe hieoefi tie compdund tdfie

osul ting ael 1o e fF PLpRRARCLER ke PR G shf PRGBS etttk

vacuum oven at 6epniotitipns] Biarepio inyithee plep@atipn( 90 %) medicament for the treatment of

(-)-(28,3R)-2-(3 . 1) 136 s 1Rbd - o4 o ride
as a white soli d:&&#g&%ggg%ﬂo%;dgﬁN%R}@F %’%ééﬁﬁ’; Ia%%ﬁ/é%@ g‘%@? é‘h ?‘g{ng Igl]ﬂlirlc—)i) ,
8.76 (br, 1 H), exsal.dysfunctipmPagpfison’sdie@sq, d\zheimedy’s dBes5R afddictioh thicocaeI7 (br
s, 1 H, 1.53 (s, 3H, 1.29 (s, 3H, 0.97 (d, 3H. Anal. Calcd for

C'H 9Cl zNOz: C, 53.43; H, 6.S5; N, 4.79. Found: C, 53.3S; H 6.S7; N, 4.71.
20c [ a]l D=-33 2 (0.67, 95% EtOH) 1.26g (0.005 nol) of optical isonmer 2
(retention time 6.800 mn) (+)-(2S,39)-2

(3-chl orophenyl }-3,5, 5-trimet hyl - 2- nor phol i nol ) was di ssol ved in diethyl
ether. . The solution was filtered and the filtrate was chilled in an

i ce-bath addi ng ethereal hydrogen chloride until the solution was acidic.
After standing at anbient tenperature for 24h, the resulting solid was
filtered, washed with diethyl ether and dried in a vacuumoven at 60 C for
18h to give 1.36g (93% of
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"~ Formul ati ons of the present invention suitable for parenteral-

adm ni stration conveniently conprise sterile aqueous preparations of a

. compound of forrmula (1), preferably isotonic with the blood of the intended
reci pient. These preparations are preferably adm ni stered intravenously,
val t hough adm nistration may al so be effectedg by neans of subcut aneous,

i ntramuscul ar, or intradennal injection. Such preparations may conveniently
be prepared by adm xi ng the agent with water and rendering the resulting
sol ution steril enigatinereoptainingdespeially tobacag) predictsFor nul ati ons suitabl e for
rectal adm nistration are preferabl¥.presented as unit dose suppositories.
These may be prepared by adHIX|ng : tiy ofithe In pi{ion| ) - with one or
nore conventional solid carriers, for exanple, cocoa butter, and then
shaping the resulting m xture. Fornulatioﬁ£l§ﬂﬂﬂable for toplcal
application to the skin preferably take the form of an ointnment, cream

lotion, paste, gel, sprepmppynd:pérmuia|(D)9n pharmacguticalbyaccepiable salts andsplvates s

whi ch may be USG%&&BF':&H}GW%&L&@%y hﬁneﬂusbslzﬁglM@trkae}ns@eofghﬁcabﬁhonml
al cohol s, and conbinati ons of two or nore thereof. It should be understood

that in additi onmetsbelifeof bugropionend subsequently separatips the t)ians Cyenaniéarmers ofitke
formul ati ons nnyréc%%tk’dﬁ}ﬁi@er agents conventional in the art having regard
to the type of formulation in question: Biological Activit3~ Biological

activity of the conpopdaQinafeQt Ml HorbHolind¥asetBEHEP O bipRdpii rt}urobmoﬁdet(m)upt ake
nodel s and the tetrabenazi ne-i nduced behavi oural depressior~npde 9

raceni ¢ mor phol i 3>, %t)-gt@pmpr@phenyl) -3,5,5-trimethyl-2-morpholinol hydrochloride) may be
(+/-)-(2R", 3R*) - %yr(tﬁesﬁtd & APRABYNY _Ft%cés Sté i m&mmmoabelologod 06 th8l) in

referred to herein as "Racennte" -) form of ‘the nor 1 nol

metabolite is (-)iokar, (5Q|¥2L)(\83504ﬁ1ﬂ63r wﬂé%‘w 9f doxpng ditrgmide KA %2 086 mpibin nol

or pharnaceuti cal t red
to herein as a cglr(r%%:%gg@gﬁﬁfor %@LJ ii; ?—’%C?Y%@?or 2P%{§?§I?lgq%ye§as%§é®rnal
Upt ake Exper i mentpgurkdiinig & urwcturpm&kos anasvanteﬁ@ﬂ miljethe mxtwepay extrdcted sveralus| y,
usi ng synapt oso repar 0 0, 0 t ake) and
hypot hal anus (fg? %ﬁlg Vgﬁ]dmggl eo%%ﬁ(te ﬁgg%@&g@@d"%%@{éﬂ \;’%fg %%H]n@aspgl—&dﬁm and
[ 3H] - ser ot oni n asorcemragddn tvagubis ghat l88g (Bi%pdd-bmmbﬁ -ciferoprbpikiplenalte,as A B. ,
R A Maxwel |, and R s ASruture Actiyit, h \nsport
S tes for the ryBRSIRL ThRaeEpeh MG st i MOER o laste SpELE R
Simlarities and7dofhennr.esd, IHVREE@ULRY, 7.2har BCoLDGY 1HR 11.91at, 38).4- 9, 1982.
Synapt osones for use in obtaining in vitro uptake data were prepared from
hypot hal amus or stri armm&lytugammbfodwmmﬂépzdmhédaﬁe {1938,UR08 Mok iMBOM!

sucrose/25 MM Tri s fer cont nin a d hos nhi b t
ml;noam ne oxi dasz foof %&ﬁ‘é‘lf’é“ms”'éf%"?ﬂ ﬁ%ﬁ H\%{h?(ll %@F@?s (93If1 | I

mn and the SUper:ﬂb@tlanﬁemsl (@SEALS oy ambnd kegnpsratuel. THe m’ﬁl‘a«ﬁfesuztpeuirn;-;rxtfa;ntz;h(~ 1
‘ng tissue protei n) was incybated with concentrati %F

[ 3H] - nor adr enal i #&d cpnepptaieg 41 HATHe- fﬁé}’e ¥t srttiongd t“@%""?‘ﬁ’r and diethvk es in
Mbdi fi ed Krebs- HemselTgé éonkbitich efgmﬁ&g&smm&aea%mmhueoaﬁwmgMde 1.2
mv NaH~-PO,, 1.2 mM MgSQ,,. 11 mM Dextrose, 2.5 nM CaCd z) in the absence and
presence of drug Thaﬁefe?m%dr?@g@u&%%?maaﬁ&eﬁmﬁ%"\/@s@ bathand made hasiespct to

ngt h for fsubst I at40%adqledul $6di8n (Rlidokide:SPHe tridticiile WaDSALE with ARKYP th€ khe
n- SpeCI 1 C

AHet HESCRE

combined diethyl ether extracts were washed with water and saturated sodium chloride
solution, dried (K,CO;) and concentrated in vacuo to give 15.0g (75%) of (+/-)-
(2R*,3R*)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholino] as an off-white solid.

(+/-)-(2R*,3R*)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol may be
converted to (+/-)-(2R*,3R*)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol
hydrochloride by the following process. A 6.0g sample was dissolved in diethyl ether,



- upt ake was defined as uptake at OC. [3H]-substrate, which had been
transported into synaptosones, was separated fromfree ['H -substrate by
filtration over GFB filters and washing with cold Krebs-Henseleit buffer.
The filters were counted for tritumin a liquid scintillation spectroneter.
The data for in vitro synaptosomal uptake aye presented as Table 1. Anong
the 2 enantionmers of the norpholinol netabolite of bupropion, the (+)
enanti onmer, the conmpound of formula &W i nhi bi ted noradrenaline (NA)
uptake with an | chiliedan amice bagnand ethereairhydraesn chioride gddsd untihthe mbrrure wagacidic.

compound of {or riiare Ty Bt s Rledplt YRl AR PRadol e RIEReEI’, o

i nactive at 30 ~Mdrm t:lﬂendeammpmd tedigivarh?lg Qféﬁ’-)s@R‘bﬂlbﬁfZFﬁt;leGipberat) -3305-nivl
For conpari son, nt. fo g5
nor adr enal i ne uptn"}? QPEFM‘R@Q@V e@&&) &'b MQQPC{AJRAB andzgﬁg

i nhi 3i t serot o;n @Oﬁmhamﬁse%ﬁﬁ 10Mk(bﬂ anrsaasl(ae 163 mmmetp@ausmﬁwtdcmbi c
anti depressant) | nhi bi p er.qt ani upta ewth | al ues
of 0.072 and O. 2&5%(‘% gé%& 5/@135?%@?‘&6#6&: °3f<§ %ﬁA)AI ?S for
approxi mat el y t WCGR,,@NOLTESH.4328, §)63; Now9.iFauts C253.94AH] 6156; I, aos but, unlike
the latter, was approxi nately 10-fol'd I ess potent as an i nhi bi t or of
dopami ne upt ake. Theg#/-ydaR &3R"2-Gehbrdph&iyt)-38, 3-Hintelhl- mhﬁ@hvml nor adr ener gi ¢
actions of WellbutrinO and the racem c m)r hoI [ noI balite of bupr opi on,
(+ -)- (2R, 3R*) - Brdposhlerifempphfeayyeriegbask & ity VH%P’P?FS?

hydrochl oride, (3@Bld73) 4 Vi)-2R* 3RMEI-(3-dhk% ert va?s,siatmeth

(Cooper, B. R, e%ggl Neur o s(\;c)h(o harkrrl)?cgl o] o fq)

. 133- 199@}
Behavi oral and eh%@@ﬁt"r’y%ﬁﬂ‘%@t’@dp watst €09 é%dtdlfthﬁdteﬂ?h\éaséfif“‘é’d? BE)-

Vel lbutrin are mpgh ah@de Qs anﬂéarla%q&em sndnastsﬁrwa%rmjua@a & > 10 with 1.0N
Tet r abenazi ne-i nduced Behavi oural Depressi on Experinents

Tet r abenazi ne( T%}waﬁd‘tﬁﬂé@hw» Sferatiriag for 44 giny thephases wexg sepgrated andithe vo
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+31.9 in 95% Et Odrigd inca-gaqgym ovep af ¢9° ASforAgh to give 1.32g (50%) of (-)-(2R,3R)-2-(3-

chlorophenyl)-3,5,5-trimethyl-2-morpholinol hydrochloride as a white solid: mp 208-
209° C. NMR (300Mhz, DMSO-d;); 6 9.72 (br, 1H), 8.76 (br, 1H), 7.54-7.41 (m, 5H),
3.98 (d, 1H), 3.52 (d, 1H), 3.37 (br s, 1H), 1.53 (s, 3H), 1.29 (s, 3H), 0.97 (d, 3H). Anal.
Calcd for C,;H,,CL,NO,: C, 53.43; H, 6.55; N, 4.79. Found: C, 53.35; H, 6.57; N, 4.71.

20°C
=-33 2° (0.67, 95% EtOH)

[o] D

1.26g (0.005 mol) of opticﬁ isom—er 2 (retention time 6.800 min) (+)-(2$,3S)—2-
(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol) was dissolved in diethyl ether. . The
solution was filtered and the filtrate was chilled in an ice-bath adding ethereal
hydrogen chloride until the solution was acidic. After standing at ambient temperature
for 24h, the resulting solid was filtered, washed with diethyl ether and dried in a
vacuum oven at 60° C for 18h to give 1.36g (93%) of (+)-(28S,3S)-2-(3-chlorophenyl)-
3,5,5-trimethyl-2-morpholinol hydrochlori;ie as a white solid: mp 208-209° C, NMR
(300Mhz, DMSO-d;); & 9.87 (br, 1H), 8.76 (br, 1H), 7.54-7.41 (m, 5H), 3.99 (d, 1H),
3.51 (d, 1H), 3.37 (br s, 1H), 1.54 (s, 3H), 1.30 (s, 3H), 0.98 (d, 3H). Anal. Calcd for
C;H,,CLNO,: C, 53.43; H, 6.55;.N, 4.79. Found: C, 53.51; H, 6.58; N, 4.73.

[o] [ =+31.9°(064, 95% EtOH)
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final agreement factors were R;= 0.064 (0.108 for all data), R, = 0.068 (0.081 for all
data), and GoF= 1.93. References included E.J. Gabe, Y. Le Page, J.-P. Charland, F.L.
Lee and P.S. White, Journal of Applied Crystallography, 22, 384-387 (1989) and D.

Rogers, Acta Crystallographica, A37, 734-741, 1981.

Dosage and Formulation

The amount of compound of formula (I) required to achieve the desired
therapeutic effect will, of course depend on a number of factors, for example, the mode
of administration, the recipient and the condition being treated. In general, the daily
dose will be in the range of 0.02 to 5.0 mg/kg. More particular ranges include 0.02 to
2.5 mg/kg, 0.02 to 1.0 mg/kg, 0.02 to 0.25 mg/kg, 0.02 to 0.15 mg/kg and 0.02 to 0.07
mg/kg.

The compound of formula (I) may be employed in the treatment of depression,
attention deficit hyperactivity disorder (ADHD), obesity, migraine, pain, sexual
dysfunction, Parkinson’s disease, Alzheimer’s disease, addiction to cocaine or nicotine-
containing (especially tobacco) products as the compound per se, but is preferably
presented with one or more pharmaceutically acceptable carriers, diluents or excipients

in the form of a pharmaceutical formulation. The carriers, diluents and exipients must,
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of course, be acceptable in the sense of being compatible with the other ingredients of

the formulation and must not be deleterious to the recipient. The carrier may be a solid
or a liquid, or both, and is preferably formulated with the agent as a unit-dose
formulation, for example, a tablet.

The formulations include those suitable for oral, rectal, topical, buccal (e.g. sub-
lingual) and parenteral (e.g. subcutaneous, intramuscular, intradermal or intravenous)
administration.

Formulations suitable for buccal (sub-lingual) administration include lozenges
comprising a compound of formula (I) in a flavoured base, usually sucrose and acacia
or tragacanth, and pastilles comprising the agent in an inert base such as gelatin and
glycerin or sucrose and acacia.

Formulations of the present invention suitable for parenteral administration
conveniently comprise sterile aqueous preparations of a compound of formula (I),
preferably isotonic with the blood of th;a intended recipient. These preparations are
preferably administered intravenously, although administration may also be effected by
means of subcutaneous, intramuscular, or intradermal injection. Such preparations may
conveniently be prepared by admixing the agent with water and rendering the resulting
solution sterile and isotonic with the blood.

Formulations suitable for rectal administration are preferably presented as unit-
dose suppositories. These may be prepared by admixing a compound of formula (I)
with one or more conventional splid cerriers, for example, cocoa butter, and then
shaping the resulting mixture.

Formulations suitable for topical application to the skin preferably take the form of
an ointment, cream, lotion, paste, gel, spray, transdermal patch, aerosol, or oil. Carriers
which may be used include vaseline, lanolin, polyethylene glycols, alcohols, and
combinations of two or more thereof.

It should be understood that in addition to the ingredients particularly mentioned
above, the formulations may include other agents conventional in the art having regard
to the type of formulation in question:

Biological Activity

Biological activity of the compound of formula (I) was demonstrated by in

vitro uptake models and the tetrabenazine-induced behavioural depression-model. The
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racemic morpholinol metabolite, (+/-)-(2R* ,3R*)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-
morpholinol, is referred to herein as “Racemate”. The () form of the morpholinol
metabolite is (-)-(2R, 3R)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol or
pharmaceutically acceptable salts and solvates thereof and is referred to herein as a

compound of formula (II):

cl

o R
OH
HaC (1))
C
HeC N P

In vitro Synaptosomal Uptake Experiments i

In vitro uptake was determined, as reported previously, using synaptosomes
prepared from rat caudoputamen (for dopamine uptake) and hypothalamus (for NA and
serotonin uptake) using [*H]-dopamine, [’HJ-NA and [*H]-serotonin as transport
substrates, respectively. See Eckhardt, S.B., R.A. Maxwell, and R.M. Ferris, A
Structure-Activity Study of the Transport Sites for the Hypothalamic and Striatal

- Catecholamine ~ Uptake Systems. Similarities and diﬁ’ercncg_s._ Molecular

Pharmacology, 21:p.374-9,1982.

Synaptosomes for use in obtaining in vitro uptake data were prepared from
hypothalamus or striatum by gently homogenizing the tissue in a 0.3 M sucrose/25 mM
Tris pH 7.4 buffer containing iproniazid phosphate to inhibit monoamine oxidase. The
homogenate was centrifuged at 1100 x g at 4°C for 10 min and the supernatant was
used for uptake studies. The supernatant {(~ 1 mg tissue protein) was incubated with
Km concentrations of [°’H]-noradrenaline, [’H]-dopamine or [’H]-serotonin at 37°C for
5 minutes in Modified Krebs-Henseleit buffer (118 mM NaCl, 5 mM KCl, 25 mM
NaHCO,, 1.2 mM NaH,PO,, 1.2 mM MgSO,, 11 mM Dextrose, 2.5 mM CaCl,) in the
absence and presence of drug. Under these conditions uptake was linear with respect to

both for substrate and tissue (with <5% total substrate transported). Non-specific
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synaptosomes, was separated from free [*H]-substrate by filtration over GF/B filters
and washing with cold Krebs-Henseleit buffer. The filters were counted for tritum in a

liquid scintillation spectrometer.

The data for in vitro synaptosomal uptake are presented as Table 1. Among the
2 enantiomers of the morpholinol metabolite of bupropion, the (+) enantiomer, the
compound of formula (), inhibited noradrenaline (NA) uptake with an IC,j of 1.1 uM.
In contrast, the (-) enantiomer was ineffective at a concentration of 30 pM. On
dopamine (DA) uptake, the compound of formula (I) had an IC,, of ~10 uM while the
(-) enantiomer was inactive at 30 uM. Neither compound inhibited serotonin uptake at

30 mM.

For comparison, Wellbutrin® was equipotent for inhibiting DA and
noradrenaline uptake with IC,, values of 1.9 and 2.2 pM, and did not inhibit serotonin
uptake at 30 pM. Imipramine (a non-specific tricyclic antidepressant) inhibited NA

uptake and serotonin uptake with IC,, values of 0.072 and 0.24 uM, respectively.

The compound of formula (I) was approximately twice as potent as
Wellbutrin® as an NA inhibitor but, unlike the latter, was approximately 10-fold less
potent as an inhibitor of dopamine uptake. These data are consistent with the observed
noradrenergic actions of Wellbutrin® and the racemic morpholinol metabolite of
bupropion, (+/-)-(2R*,3R-’;‘)-2-(3-chlorophenyl)-3,5,5-trimeth§l-£-morpholinol
hydrochloride, (306U73) in vivo, at their respective anti-TBZ doses (Cooper, B.R., et
al, Neuropsychopharmacology, 11: p. 133-41,1994). Behavioral and
electrophysiological data suggest that the effects of Wellbutrin® are mediated by a

noradrenergic mechanism (ibid).

Tetrabenazine-induced Behavioural Dgpression Experiments

Tetrabenazine(TBZ)-induced behavioural depression was used as an in vivo
measure of antidepressant activity. The test has been validated with a wide range of
antidepressants, known to act through noradrenergic mechanisms (Cooper B.R. et al,

“Animal models used in the prediction of antidepressant effects in man”, J. Clin.



- 109%Z& () -zLZ10%Z& () - A) BHBBBKCpCaBxY: 10~~ - 109Z& ()- ,, 1092& ()-

*10%& ()-L,)Z10%& ()- ' 109%&Z& ()-!&$#10%Z& () - gpCCDBDWDDDDDAE: / 10Z 10Z
7109Z& ()- 6109%Z& ()-Y310%Z& ()- ,210%Z& () -

" 010%& ()-L,/ GLOYZ&' () - DDDMFhFFFGUV7/ 107 10%v8' ()-F " : 10%& ()-

F:10%m & ()- ! @mi0% ; & ()- 10%v& ()-ft10%wg ()- 10ZCGhHH| | vIKKK}AB7/ 10Z
10m 10%r& () - S210%r& ()-S -10%& ()-! S)10%m& () -

TT10%& () -4 $#10% M () - KKKKLNPRPQE/  10Z 10m 1098B&' () -!

1098B&’ () - ! 10YBB&sychiafr) ¥B&3(66; 18B3Y/BEoregver, Hierrest was also used to identify Wellbutrin®

as an anti-depressant. Briefly, animals were injected with the candidate agent (p.o. or
i.p.) 30 minutes before receiving an i.p. injection of tetrabenazine (35 mg/kg, as the
HCI salt — prepared fresh for each use). Assessments were performed 30 minutes
thereafter and included: locomotor activity (1-4 scale); ptosis (1-4 scale) and body
temperature as described previously (Cooper, B.R., J.L. Howard, and F.E. Soroko,
Animal models used in prediction of antidepressant effects in man (Journal of Clinical
Psychiatry, 44:p. 63-6,1983). In all studies, the scientist performing the assessments
was blind to the treatments. All parameters were weighted equally to give a “lumped”
score (X) through the following algorithm:

X = (1+Ptosis score)/(Activity score*[ Temp,treated/Temp,control]

Results from the tetmbenazﬁle-induced behavioural depression model are as
follows. Assessed in vive at 25 mg/kg (ip) the compound of formula (1), the racemate,
Wellbutrin® and, for comparison, amitryptyline all abolished the tetrabenazine-induced
behavioural depression. In contrast, the (-) enantiomer showed only modest activity

(Figure 1).

In the TBZ model of behavioural depression, activity resided in the compound
of formula (I). When analysed in a dose-effect study with TBZ, the activity showed a
shz;rp Increase in activity between 3 mg/k-g and 6 mg/kg (ip) (Figure 2). T:he compound
of formula II, in comparison, did not possess dose-related activity and, at 50 mg/kg,
appeared to worsen the animal’s condition (Figure 3). In Figures 2 and 3, AMIT (5)
refers to amitryptiline dosed at 5 mg/kg and SHAM refers to a control group of animals

that have recieved no medication at all.

Since the TBZ test has been predictive of anti-depressants acting through

noradrenergic mechanisms and the compound of formula (I) is an inhibitor of
noradrenaline uptake and Wellbutrin® is metabolised to this morpholinol in vive, the

data suggest that the anti-depressant activity of Wellbutrin® is likely to result from the
effects of the compound of formula (I). (Welch, R.M., A A. Lai, and D.H. Schroeder,

Pharmacological significance of the species differences in bupropion metabolism.
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Xenobiotica, 17:p. 287-98,1987).

By extension, other activities of Wellbutrin® could be attributed to the
compound of formula (I). In particular, a noradrenergic mechanism is common to
agents used to treat ADHD (e.g. methylphenidate and amphetamine). While the
molecular mechanism for Wellbutrin’s effects on smoking cessation is less well
understood, a catecholaminergic pathway is thought to participate in the behavioural
reinforcing properties of nicotine. Wellbutrin® (and, by extension, the compound of
formula (1)), by augmenting NA release into brain synapses, could mimic some of the
actions of nicotine and, thus, decrease the signs associated with nicotine withdrawal.

Additionally, amphetamines have been used to treat obesity. The addictive properties

of amphetamine, however, preclude its use for most obese patiénts. Wellbutrin®
causes weight loss and, like amphetamine, acts through a noradrenelv'gic mechanism.
(Zarrindast, M.R. and T. Hosseini-Nia, Anorectic and behavioural effects of bupropion.
General Pharmacology, 19: p. 201-4,1988 and Harto-Truax, N., ef al., Effects of
Bupropion on Body Weight Journal of Clinical Psychiatry, 44: p. 183-6,1983).
However, unlike amphetamine, Wellbutrin® is not addictive. (Lamb, R.J. and R.R.
Griffiths, Self-administration in Baboons and the Discriminative Stimulus Effects in
Rats of Bupropion, Nomifensine, Diclofensine and Imipramine. Psychopharmacology,
102: p. 183-90,1990; Bergman, J., et al., Effects of Cocaine and Related Drugs in
Nonhuman Primates. III. Self-administration by Squirrel Monkeys. Journal of
Pharmacology & Experimental The-rapez;tics, 251: p. 150-5,1989 and —Jc;hanson, CE.;
and J.E. Barrett, The Discriminative Stimulus Effects of Cocaine in Pigeons. Journal of
Pharmacology & Experimental Therapeutics, 267. p. 1-8,1993). By extension, the
compound of formula (I) would also be expected to have efficacy in obesity and

cocaine addiction.

Treatment of addiction to nicotine-containing products includes both partial and
complete alleviation of addiction. Thus, in respect of tobacco products, as well as the
cessation of the activity, for example. smoking, this will also include reducing the level
or frequency of such activity e.g. reduction of the number of cigarettes smoked in a
given period. In respect of other nicotine-containing products, treatment will also

involve both cessation of, and a reduction in-the level of, usage of such products.
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Safety and Toxicity

Additional dose-ranging studies were performed to determine the range of safe
doses for the isomers and the racemate. Animals were observed for the presence of
serious adverse events (e.g. seizures and deaths) following administration of the
compounds of formula I, formula II or the racemate by the oral and intraperitoneal (i.p.)

routes. The data are presented as Table I1.

Administered orally, at 100 mg/kg p.o., seizures were observed with the
compound of formula II and the racemate but not with the compound of formula I.
Seizures were observed in all of the animals with all 3 compounds when dosed at 300
mg/kg. Additionally, the 300 mg/kg oral dose resulted in 100 and 80% lethality for the
compound of formula II and the racemate while no deaths were observed with the

compound of formula] .

Administered i.p., all of the compounds produced seizures at 100 mg/kg. No
deaths were observed with the compound of formula 1 whereas the compound of
formula II and the racemate resulted in lethality of 100% and 20 %, respectively. At
the 300 mg/kg i.p. dose all of the lethality was observed for all of the compounds.
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Table 2
Adverse Events Associated with Compounds of Formula I, Formula II and the
Racemate
- Compound Route Dose 1 Seizures Time to0 % Died Time to
(mg/kg) (%) Seizures Death
(min) (min)
Formula I LD. 100 100 3.93 0 na
Formula I p-o. 10Q. 0 n/a 0 n/a
Formula I 1.p. 300 100 3.95 100 6
Formula I p.o. 300 100 11.23 0 n/a
Formula II 1.p. 100 20 5 100 7
Formula II p.o. 100 100 7.2 0 n/a
Formula Il i.p. 300 100 1.1 100 6
Formula II p.o 300 100 68 100 7
Racemate i.p. 100 100 3 20 14
Racemate p.o. 100 100 92 0 n/a
Racemate i.p. 300 100 3 100 3
Racemate p.o. 300 100 6.8 80 7

N/a denotes that the effect was not observed and, therefore, no percentage was given.
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2. (H)-(28,38)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol in isolated form.

3. (+)~(28,35)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol in optically pure

form.

4. The compound as claimed in-any-one of claims 1 to 3 having about 99%

enantiomeric purity.

5. Pharmaceutically acceptable salts and solvates of (+)-(25,35)-2-(3-
chlorophenyl)-3,5,5-trimethyl-2-morpholinol as claimed in any one of claims 1
to 4.

6. (+)-(28,35)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol hydrochloride.

7. (+)-(25.38)-2-(3-chlorophenyl)-3,5,5-trimethyl-2-morpholinol hydrochloride in

isolated form.

8. (+)-(2S,3S)-2-(3-chlorophcnyl)—B,5,5-h'imethyl-2-morpholinol hydrochloride in

optically pure form.

9. The compound as claimed in any one of claims 6 to 8 having about 99%

enantiomeric purity.

10 The compound as claimed in any one of claims 6 to 9 for which the specific

optical rotation [0]_ " is +31.9° in 95% EtOH at c=0.64.



