PROCESS FOR PREPARING OXYCODONE HYDROCHLORIDE HAVING LESS THAN 25 PPM
14-HYDROXYCODEINONE [0001] This application claims priority to U.S. Provisional Application No.
60/651,778 Wife @0 (#dly 10, 2005, U.S. Provisional Application No. 60/648 825545 aetary 31,
2005, U.S. Provisional Application No. 60/620,072, filed October 18, 2004, U.S. Provisional Application

No. 60/601 30 CHEASRITRPARANG O T BIRYR R DIROEPONINAIATHRE tiled March
30, 2004, all of which are hereby incorgofaieerpyaRfeesppsy FIELD OF THE INVENTION [0002] The

present invention relates to a procefg fovisResacDETRENR! 14- hydroxycodeinone in an
oxycodone hydrochloride preparation. BACKGROUND OF THE INVENTION [0003] Oxycodone is a

semi-synijaaiitoninid ApHeatis hataxprs:RY RuoNsbRilacAREARicaSsHUGPle opioid receptors in
the CNS and other tissues. In man, oxgcodone may produce any of a varietg of effects including

analgesia o604 B8 fird PRl L 2002 Ady sBnevitienshdanlifatien Yoy 88iutfeditrdosage forms

containinggfy 2Py 308030 SXysedRrmARHIAISENE GRrdhe, tradeinantrewtConting. [0005]
U.S. Patent Nos. 5,266,331; 5,508,042; 5,549,912; -and 5,656,295 disclose sustained release

oxycodond gomﬂﬂaﬁ{)ﬁSP{B‘O@B]I‘?E@BQ#@,@%M&Q{QQ ld%}ﬂ/égqﬁjo‘ﬁ?%?ﬁﬁ i 2896udhaving no

medicinal use, iy eRibal Ussilicagch Mol BIISTRIRNAkR S WIMRGHIs GaTRmesIfer g dy agiiction of
oxycodone. In other schemes, codeine can be utilized as the starting material for the production of
oxycodon@eiebhirferpoeaiading refssereimmediate precursor to oxycodone in these schemes. [0007]

Methods of producing thebaine or 14-hydroxy substituted opium derivatives have been reported, e g in

U.S. Patent No. 3,894,026 and U.S1iRaipOFOrH4N¢ENTION] The oxidation of codeine to
codeinone, an initial step in the synthesis of opium derivatives has been reported in EP 0889045, U.S.

Patent Nqo6e2p8 Ba5ranernithentiN reIbe . a306cchd ik rédu 40 trinaian-of 14-

hydroxycodeinone in an oxycodone hydrochloride preparation.

BACKGROUND OF THE INVENTION

[0003] Oxycodone is a semi-synthetic opioid analgesic that exerts an agonist effect at
specific, saturable opioid receptors in the CNS and other tissues. In man, oxycodone
may produce any of a variety of effects including analgesia.

[0004] Purdue Pharma L.P currently sells sustained-release oxycodone in dosage
forms containing 10, 20, 40, and 80 mg oxycodone hydrochloride under the trade
name OxyContin®.

[0005] U.S. Patent Nos. 5,266,331; 5,508,042; 5,549,912; and 5,656,295 disclose
sustained release oxycodone formulations.

[0006] Thebaine, a compound derived from opium, although having no medicinal use
in itself, is useful as a starting material in synthetic schemes for the production of
oxycodone. In other schemes, codeine can be utilized as the starting material for the
production of oxycodone. 14-hydroxycodeinone is the immediate precursor to
oxycodone in these schemes.

[0007] Methods of producing thebaine or 14-hydroxy substituted opium derivatives
have been reported, e.g. in U.S. Patent No. 3,894,026 and U.S. Patent No. 4,045,440.
[0008] The oxidation of codeine to codeinone, an initial step in the synthesis of opium
derivatives has been reported in EP 0889045, U.S. Patent No. 6,008,355 and in the J.
Am. Chem. Soc., 1051, 73, 4001 (Findlay).



[0009] The reaction of codeinone to 14-hydroxycodeinone has been reported in U.S. Patent No.
6,008,355 and in Tetrahedron 55, 1999 (Coop and Rice). [0010] The methylation of codeinone to
thebaine ha¥WBeepsi8ed in Heterocycles, 1988, 49, 43-7 (Rice) and EPG¥SY0IBfI0440U.S.
Patent No. 6,177,567 describes the hydrogenation of 14- hydroxycodeinone to oxycodone by

reducton iogipheridalane ond RAHBHSR) AR RS i A S BERARRBRGISHEgruncrion with &

Pd/C catalyst in agueous acetic acid. [0012] K et al. in "Optimization of the Synthesis of

-
Oxycodongaé‘?ﬁ %lowféwmlr%ﬁ%ﬁ# %%@032@66},1%@2@5-326) describes hydrogenating

a Solution[oéthyﬁé%ﬂgq@dﬁarﬁ inalaciakasetistacid MithhaeR deforatpli Hakrit palkat the described
conditions. [0013] During the oxidation of thebaine to give 14-hydroxycodeinone, several overoxidized
%RI F?FQ

products ae&orivedint EY,@EBWJ,8-dihydrocodeinone. In the production of oxycodone
free base[ypm fhey B4 Mueroxucalemons desAvd-RinsiRataiodidydumcodeinone is carried though

the process. During conversion of the oxycodone free base to oxycodone hydrochloride, the impurity

undergoedHTQXsRds NG ENEYSASANS &eéﬁ?ﬁ@t@&w@&m&meinone. Thus, 14-
hydroxycopgipane)iy Rreseptining dinal B¥yepResHIRY tHRORIAHEEROMAPS AT ExsetRne

hydrochloride API (active pharmaceutical ingredient) is available from a variety of manufacturers such
as JohnsoPARFARE§isPRIdilinckrodt. Current commercially-available oxycodone hydrochloride API,

and oxycq@eng hxesealpside HeppiadibxionrRrosatidiesohaxsdiyel #idlsl-hydroxycodeinone of
greater than 100 ppm.éOOléf] There is a continuini need in the art to provide an oxycodone

hydrochlohde RETEESteReHAT b iawe r R 120 hJeithDeb BRI npared to

compositiagudoavst 13- hRisskyli ikl inferansessiteddiereitharedrcamalipiest BY frierence in their
entireties for gll urpgses. OBJECTS AND SUMMARY OF THE INVENTION [0016] It is an object of

certain enBdBfERtEMRAOHIESDSt invention to provide a process for reducing the
14-hydroxqpeadeimmnens e sxideadand thebrasdteridee 14-hydroxycodeinone, several

overoxidized products are formed including 8,14-dihydroxy-7,8-dihydrocodeinone.
In the production of oxycodone free base from the 14-hydroxycodeinone, the 8,14~
dihydroxy-7,8-dihydrocodeinone is carried though the process. During conversion of
the oxycodone free base to oxycodone hydrochloride, the impurity undergoes acid-
catalyzed dehydration and is converted into 14-hydroxycodeinone. Thus, 14-
hydroxycodeinone is present in the final oxycodone hydrochloride composition.
Oxycodone hydrochloride API (active pharmaceutical ingredient) is available from a
variety of manufacturers such as Johnson Matthey and Mallinckrodt. Current
commercially-available oxycodone hydrochloride API, and oxycodone hydrochloride
prepared by known procedures, have a level of 14-hydroxycodeinone of greater than
100 ppm.
[0014] There is a continuing need in the art to provide an oxycodone hydrochloride
composition that contains reduced amounts of 14-hydroxycodeinone as compared to
compositions known in the art.
[0015] All references cited herein are incorporated by reference in their entireties for

all purposes.

OBJECTS AND SUMMARY OF THE INVENTION
[0016] It is an object of certain embodiments of the present invention to provide a

process for reducing the 14-hydroxycodeinone in an oxycodone hydrochloride



composition to an amount of less than 25 ppm, less than about 15 ppm, less than about 10 ppm, or
less than about 5 ppm. [00171 It is an object of certain embodiments of the present invention to
provide a pryée2¥idP7gkting an oxycodone base composition with hydrocRGFHE 28 aMeed conditions
to produce an oxycodone hydrochloride composition having an amount of 14-hydroxycodeinone of

less than 25, ApmesshAruaRRM: b7 RRMIBSSSthan 2BQUL10 RRM: P5 555, thap @heut 5 ppm. [0018] It

is a further object of certain embodiments of the present invention to provide an oxycodone
hydrochlorf@eWdiA peski ok lay hanabauhyd¥iRycodeinone level of less than 25 ppm, less than about

15 ppm, le661RNabaH LR PSR SRR S ARk SMRRSHARARIY Ak fHthsbeRIest of certain

embodiments of the present invention to provide a process for pr;;%arln an oxycodone hydrochloride

compositidH &g aasling favereRd Anm ars eapsidom avith s erblericacid 42dsoxycodone base
CompOSiti%ﬂﬂfﬁ&%Q@ﬁM@ﬁ@e%ﬂ%ﬁ%ﬁﬁ@B?Hi‘é@ﬁléﬂﬁé‘@?rﬂﬁd@[ﬁm%ﬁ{?mrﬁﬂgﬁtﬁfof

8,14-dihydroxy-7,8-dihydrocodeinone to 14-hydroxycodeinone during salt formation and under

reducing chiiRYidiexePdeinenealistsHianlhpmaxires demahe b appaudeis. oo 25PH Rrtain

embodimepiis, the1iyvepsieadsAisgsiad to a process for preparing an oxycodone hydrochloride
composition having a 14-h%droxycodeinone level of less than 25 ppm comprising reacting an

oxycodonPMBkolrf FRidesian eritriy e badinantk Ot e mesrnidvErBiondPe than 100 ppm

under congiiRigthabigduasibarmeuiRieldbhydepyaedoingnel intg Lyl addeapiRan 25 ppm, less
than about 15 ppm, less than about 10%? or less than_ about 5 ppm. [0021] In certain embodiments,
§

the inventibiyss ilettdham ZnPerdsad bRBERRPRIE-J8 e Wt a2 IS e odeinone

level of lesgotha’s gpRPM, less than about 15 ppm, less than about 10 ppm, or less than about 5 ppm.
[00221 In certain embodiments, the invention is directed to a process for preparing an oxycodone

hydrochloFid Yodipd ifierhsnobig s aleriprbsibodinmie 9LVt Brasd {RXFIS8H9m comprising
subjecting ;o RAY GaseBesHYEY pedparide sooxesHinR ReddgRciyepoEassRaRsdavel of greater

than 100 ppm to hydrogenation to an extent that the amount of 14-hydroxycodeinone in the

compositionHaYerirrsadsaens yeheioersdhan 2n RRER by Isarting a8 BRHod9B6 PR ppm, less than
about 10 pgPpRkIEsS Wian Rt E RRMCII0RR) boaeriRseuble pisdisslaskihaien, the

oxycodone comﬁ)osition having a _14-hydroxycodeinone level of less than 25 ppm can be subsequently

hydrogenatd -8R er s/ eSrdbyiicaolsihens tal Ardrarasadninere eUging st about 15 ppm to

about 10 ppamatiiessadAawrl lRanspebetipantorbese b StaHid-Matriigidsdemenyeedone
hydrochloride composition comprising 14-hydroxycodeinone in an amount of 100 ppm or higher, the

final oxycotort& ochloride composition has a 14-hydroxycodeinone level of less than 25 ppm, less

tﬂan aboumbémpm,ldeﬁaifhamﬁmmeﬁ%,%ﬁmﬁéﬂ%%ﬁ B aAreedt S PRIFC mk@aﬁm@@dirgent, where
the starting material is an oxycodone hydrochloride co sition comprising 14-hydroxycodeinone in
an amount8¥ B%‘EW&M@%B{W’%&%%}H%%&H% ?)T&%&‘Efﬁﬂﬁ?@%ﬂﬂ?& 8&° 8&3635iti0n has a
14-hydroxyegdesena exepakies sdiamabe okCoapne. iordeshihadeadaidsippmhirniagather
embodiment, where the starting material is an oxycodone hydrochlgride composition comprising
14-hydroxfé6@éqﬁ(8f¥é:?ﬁledﬂoéﬁ 8 HWEEW?@%BH%@%CBB HOS Yﬁqg?%iﬁo%ﬁne hydrochloride
compositiairdagta i 44addexyeastRimone 16vdkoél essezanaizahnpaess Badabtucestain
embodiments o thetﬁ)resEnt irlvention, tg%gr ces§ for reﬂoaring the oxycodone hydrochloride
compositidtPRavitt HAR2RON I ARRSH e POPHESRREN 25 ppm comprises hydrogenating the
starting mpe2igl undertsddlvmbodierais eohodnionts deqedaesmiokiwdeasprises recovering the
resultant oxycodone hydrochloride compositijon having a 14-hydrpoxycodeinone level of less than 25
oo 1002 By T RGPS A CLRRPLS SRS CO SV AT an oxycodone
hydrochloriels €igmabsiitors hpvii) e8s tHah Wik idopiain e d6y/elanf dbs6tthgpmd ppm comprising
hydrogenati er reflux, a starting oxycodone. hydrochloride composition having a
et oAb B S TRV R LEE o LOGHR 3 LSS SOTSRE PP FREr i ent o
produce anpyhaens daehloside conaposiienhkviydrotchrhinonedeisef kesd tfdes25 ppm, less
than abou%{:iLaéS1 m, less than about 10 ppm, or less tha a%oﬁhi ;r)@m and r§§ov?}rii1n the oxycodone
hydrochlor @B&ﬁ%ﬂlﬁwg 1A ?SX%C(?&%% (EVE O eSS AR I%Ib %%}%rystallization
and remov‘gllfmjydtbgmdeiﬁlb(&. tevélyofi Igﬂ_@ﬁmn):hwomq ppmdaiycbﬁgaﬁdﬂmﬂ ndsnflertextycodone
ggfnmocrhéogg;ﬁ %?Fr%%oﬁdgfgﬁ & %ﬁ{gﬁ@%@%ﬁﬂé‘%‘t@%&{%&%‘? At o 023 BRIy i 8Rm. L pem, 2
of less than less 25 ppm, less than about 15 ppm, less than about 10 ppm, or less than

about 5 ppm.



[0028] In certain embodiments, the invention is directed to a process for preparing an oxycodone
hydrochloride composition having a 14-hydroxycodeinone level in an amount of less than 25 ppm
comprising QMY WW780suitable solvent an oxycodone base composition WRETHSRM e @Ecid in an
amount greater than 1.0 molar equivalent as compared to the oxycodone base composition, the

reacting stgjpging, EQHQW&%HHﬁﬁéﬂﬁd&i%’ﬂ&é’@ﬂéﬁéﬁ[‘&é%i?%ﬁ@ﬁé’&%@%ﬂz%@%ﬂ{% pride

composition having a 14-hydroxycodeinone level in an amount of less pm. [0029] In certain

embodimeAtshiiaryesdriporedivsel od lesuthin SSepmroprcbrisiseavenyr bodrrgenatedcktoride
compositiog, iguneiesadnas m AR LF4NEPNAsRIABRE, CYNRIGINVERIERNAYRY @
14-hydroxycodeinone composition to obtain’an oxycodone fre€ base composition; converting the
oxycodoneaﬁ?@\étﬂgwéb?ﬁ ion to oxycodone hydrochloride; and hydrogenating the oxycodone

hydrochlorjgig2lf) a8l RMBYEAEANS/HARDRRSIHAR IARLBP SR B:aR ARy v ligsYerdeinone.

[0030] In certain embodiments, the invention is directed to a processfor preparing an oxycodone

hydrochlori¢fRERF Heaieempriing lédy diaxyesdsiione 4nsrrsrgaidd 6A@ponap hisghgrhydrogenating a
14-hydroxygedaiRnne c9MBRe HaR BRI ARFRMEH RACIRRIRRES:G RSN cayerting the

oxycodone free base composition to oxycodone hydrochloride; iSolating the oxycodone hydrochloride;

and hydrod&¥tifiAg TR BRyderfohamybrat hiopira. tswiham 2ho iR sashetinidsriabortding less than

25 ppm 140vAraxyeRARIR R d@RRH:! %%f@ﬁ%%%ﬁ@%%%ﬁaﬁ@?éﬂ%@?@%&ﬁedireCted to a process for
preparing an oxycodone hydrochloride composition having less than 25 ppm 14-hydroxycodeinone
comprisingFacRrideceBmAE EoRRsRrmbAS b draxga W@@J“d’é‘;r@ﬁé‘@w&ﬁ};ition, the oxidizing

being perfaseacetatia Eﬂﬁ?% RK 8 iIHEEROS SRR RERIAHHAER Abosition hasa
8,14-dihydroxy-7,8-dihydrocodeinone in the 14-hydroi)<%codelnone composition; hydrogenating the

14-hydroxytbBsherecedripnsdenclrfdnss s bestibt emaser devh desrhovhaPpmntng the
oxycodone,RagRicantiasHen (oSO odane W ifr.sg tuaRsitiapavingigss than 25 ppm 14-

hydroxycodeinone. [00321 In certain embodiments, the invention is directed to a process for preparing

14-hydrox,R5aRestiee comprising Widardryyeedsiane insm gaatshobbeimeeml hpamapdodeinone

compositions fieXidiFnEl bRING AaKEyRE-Aliay EBhIpRltisa RISIMIZepaRlioatethe production of
8,14-dihydroxy-7 8-dih\é%rt())codeinone in the 14-hydroxycodeinone composition; WO
2005/0978¥BF o3 ASPYE8@RID33] In certain embodiments, the invention is directed to a

process fojpPSParie: AR XYTRSIARR MY GO DA OMBREBI IO F9RGshaR1RXy codone
base composition with an acid having a higher pH than hydrachloric acid to form a corresponding acid

addition sa®¥FOIRBRBHOCHINIEE SOBHAT AR Baving ddifidh dutsrfsiasas iy e AdfEd done
hydrochloriéign D34kl bippiatesapbrbisnanis (RestaMeipRisAraatRg tofRiPragasstiay preparing an

oxycodone h){?dr chloride composition having a 14-hydroxycodeinone level in an amount of less than

25 ppm coffPRSHY RS S5 DR SR BLESES LB FAB BRI SRAR KRR R FRRsINnST

g,ij-giﬂydf@myoglﬁogiﬁwgmp@@@mm&@ a wlgytgﬁﬁ?ﬁm&mﬁézr@aigmmd Bem. )
,L4-AINYyaAroxy-/,o-di Jrocogelnone as compareg to the oxycodone pase, an cor_lvertlngt e

oxycodoncioﬂ?éla é%ﬁﬁ%‘%ﬂiﬁ??% ReicRforeRyarb I e L i oraness ff%f\ﬁ’ﬁﬁ’?ég%gtﬁ%n 25 ppm

14-hydroxysgadetaiechyl@fdehldfi deswihesnbadimentss thenpdRiieodsidirsiediopipiocess for
preparing an oxycodone hydrqchlpride composition having a 14-hydroxycodeinone level in an amount
of less tha%ﬁ% HP‘@O?ﬂHﬁgfﬁ’dl%&%%B%%W&Wﬁ%@%%mﬂ%ing an amount of

8,14-dihydrggyo étotiitly depsesieitaeateng uanaRataRosishRatiies] tofietese fiallyggmoves the
8,14-dihydroxy-7,8-dih roc??ldeinone as compared to the gxycodone base; and converting the

oxycodonePBEsH! AR RIS Y6 105,8 HB SHENIRIF IHRBPRES & B PO RIR IS ARPRSEOMan 25 ppm 14-
hydroxycodeiinge.14-hydroxycodeinone level of less than 25 ppm, less than about 15 ppm, less

than about 10 ppm, or less than about 5 ppm; and recovering the oxycodone
hydrochloride composition having a 14-hydroxycodeinone level of less than 25 ppm
by crystallization and removal from the solvent (e.g., by filtration).

[0027] In certain embodiments, the oxycodone hydrochloride composition of the
present invention has a lower limit of 0.25 ppm, 0.5 ppm, 1 ppm, 2 ppm or 5 ppm of

14-hydroxycodeinone.



[0036] In certain embodiments, the invention is directed to a process for preparing an oxycodone
hydrochloride composition having a 14-hydroxycodeinone level in an amount of less than 25 ppm
comprising QMY WW780suitable solvent an oxycodone base composition hBGIRY R40aMast of
8,14-dihydroxy-7,8-dihydrocodeinone, with boronated polystyrene resin; and converting the oxycodone

base compggiE) 18 &nerysABeRRIRYAARRIGHAREIMPAREIBNS\UREIESS R PEpRRE A _
hydroxycodeinone. [0037] In certain embodl_ments,. the invention is directed to'a process for preparing
an oxycod N FRRBe hishachienids comnesitinmhriing e At dhgliny wisinrae favehinanoxycodone base

compositioammlb@fmtﬁﬁxpQbfﬁpﬁ%@ﬂgﬁyﬁagf@&m@/ﬁm%ﬂ%l@m%@'aﬁ 5ar&aemaposition to an
n

oxycodone hydrochloride com osﬂiogérho 38] In certain embodiments, the inverition is directed to a
process forbﬁﬁémﬁﬂﬁwgm PEIAGHHIR 8B APeLRIET RN MR 14-mrlMxycodeinone level in
an amount gdupssdhaR 2EnRiFEAMREYRAEARRIBIG BydiEhiericRsidanthakpdaagone base

composition having an amount of 8,14-dihydroxy-7,8- dihydrocodeinone in a solvent to form a solution;

and spray dish d UBHS SRR e RaBdEIgRs cloLioRE Ry ArHEInerRREsHAsh oIS having a
14-hydroxyeesiginafien!Bxelis anamdvatidesadian-ca npan 4012381 b cadain.eombgdiments, the

invention is directed to a process for preparing an oxycodone h%/drochloride composition having a

14-hydroxyXedinGheeridia SRapdimmsin g be iyentian Beleried SoiPRIReF e &0 BReRRS IR chloric acid
and an oxygACIREPIEOSRRINIEId PRI H haMRs e ka2 S YR gilyalrpRdeinone in a

solvent to form a,soluﬁlior('i; and lyophilizing the solutign to generate oxycodone hydrochloride
ye

compositioff ARARG & BiTCRE IR QAR AR FATAR S e a8 Bhm. [0040] In certain

embodimengydbadny eREMadS ehtapistithacRIReessSAhdbRpasIMERQXBEInaReiaghlpride
composition com riSiEI%%O@Emi g hydrochloric acid and an oxycodone base composition in a solvent

to form a sGRXEHOAR o ARS Lulrpena e s oy WPesidsitriaktaiB041] In
certain emhadinigothrdedmypetitm Baiiecies b POspESIPhPERERY didRdre/codone hydrochloride

composition ¢ ising combjning hydrochloric acid ang an oxycodone base compagsition in a solvent
to form a Qﬁ?ﬂ;lpfﬁﬁﬁa%bﬁ?ﬁ ﬂﬂé“ﬂ?@t% i EH YRSy ‘F@‘HQ@/EB&&?’T@WWGEWH@?& AB term "bulk”
means an axodont Mateithleids eashdskibn ARen@isse thaadimestis 1 hRydRRYobdandye from about
10 kg to about 1Q00 kgel,or from gbout 10 %&@a{bo t.500 Kkg. In certain embaodiments, the amount is in

an amount SFRRSIAS SutEereriasddrl GHODE RPYPSHIRR BoeRiPBaK oxycodone
hydrochloriggycodipeditenaacbmpasiotccoderiig thpbasataidigabarcentaidsiacksage such as
corrugated box containers (made of, e,g., plastic and/or paper); in drums (made of, e.g., a metal or
metal comﬁ’é%ﬁ?gciﬂ’é?é}@ﬁ?%g?ﬁl %fdgoég ?&‘Q{ﬁi}d{é@ﬁi‘gﬁﬁ??@\%ﬁéﬁ ?B%QW%QEQ% rmediate bulk
containers (ke BEgjoduaethgliibeisepproabhan aseriabnecaitigosalinntoidneis dypically made of

polyethylene orfﬁ%%%%%en%‘ that fit within the corrugated box, drum, or within the FIBC for
preventing%ﬁt Tiatl @B’?gduct being shipped. Preferably, these packaging approaches use

contain?rs[otmtpurgcgttgliﬁﬁeﬁthmﬁmﬁeﬁjti;ymdmiﬁ@di@ﬁimﬂe@%{@@{f@é&l@o@?@ﬁmﬂfg'hﬁs used herein
eyt O TR SBHTRCH-0 CoRTHIEoT SETAETRS 5 DR GRS B odeinone
includes eitveinidsihg-ckifeligioxy (hbaliy doagantioans foims B4Liydiaxgtadeirsielinydrocodeinone or
can inClucjec:gmrBic))(stergn?Ih%Og}Qi Pz%ré%%?ggs performed at a suitable pH to minimize or eliminate

the production of 8,14—dihydroxy-7,8-dihydrocé)deinone in the 14-hydroxycodeinone
composition; hydrogenating the 14-hydroxycodeinone composition to form an
oxycodone base composition; and converting the oxycodone base composition to an
oxycodone hydrochloride composition having less than 25 ppm 14-
hydroxycodeinone.

{0032] In certain embodiments, the invention is directed to a process for preparing
14-hydroxycodeinone comprising oxidizing a thebaine composition to form 14-
hydroxycodeinone composition, the oxidizing being performed at a suitable pH to
minimize or eliminate the production of 8,14-dihydroxy-7,8-dihydrocodeinone in the

14-hydroxycodeinone composition;



[0044] The oxycodone hydrochloride preparation can be, e.g., an oxycodone active pharmaceutical
ingredient (API), such as oxycodone hydrochloride U.S.P., uncombined or combined with one or more
other ingredEAZI0FEP BRAMple, the oxycodone preparation can be a final pR&FAIECERIBHIG6Ssage form,
or an intermediate preparation for a final dosage form, that can be tested for the presence of 14-

Y0y SO SR SIARNES Sh NN AU LRSS plepalh he oxycodone

hydrochlo reparation is oxycodone hydrochloride API and contains a‘gflb?h% t 95% oxycodone
e

hydrochloraacedtagdiggoshingide sompesitRaceIBIvISIng faciegsn SXYE0 Vdrochloride, or at
least 999U AN G N PR P AP RARIER g akioR af tkeling b ecfsmace of

14-hydroxycodeinone in an oxycodone preparation can he performed in ac %Iig’?:{]ce ‘Qiith commonly
assigned (gastesponibrsarid ﬁ%ﬁaﬁﬁmﬁ@mﬁ%ﬁ%@ﬁm@&i‘%ﬁ@ S 5%ecting 14-

HydVOXVCOQF&[?%&JH@Q%de’@l&g%&%ﬁu@pcordance with U.S. Provisional Application entitled
"Methods For Detecting 14-Hydroxycodeinone" filed January 31, 2005. BRIEF DESCRIPTION OF

THE DRAIMORA SlrosaBlir pabedimsatshe AXERISILS SUEEEH 69 MBISES 18 RiyRBdoRE hydrochloride,

including the axidationokJagRaiaE darifobbioRyoREeiNaNEy@Rek§deinone level in an
8,14-dihydroxy7,8-dihydrocodeinone impurity. [0047] Figure 2 is a E%ﬁgatic of the dehydration of

8,14-dihydegut L desy thar 8RB PRI GURH R ALY, RRUFURSSHIOR ‘a separation of

the SySten}lﬁvﬁ%bQH)éﬁﬁ‘oﬁﬁm%W'l}lH% e dihjaedideigone widepistbsianéd Bathromatogram for
the Working 100 PPM 140HC Standard Solution of Exampje 4. [0050] Figure 5 depjcts typical HPLC
esiqpIo® BEPRREDS |

chromatograsfersntisd RS ihets) sdimplessils BIROA® HEPRRE RIPTION

[0051] In CSSJ?&B&H@BQ&E}%@c&ﬁ%&ﬂﬁ@ﬂ@biﬁy@if@&ie%i@e&mdmltd(adLmtygottmlamount o_f
14-hydroxycddeinone in an oxycodone hydroc%%réde comp;‘?%%c,ﬁ ée#.d CPexlygfgoedone hydrochloride
API), and tByskosBIUIMeQRpeSRSRIRYLOISRHAR tORMBSItaN HEving a4 Ry droxycodeinone level of

less than 260RBIN 1§ ceMarRL inmaitAGH Bl BseREdntige tialiredadimpts:sthoppesemirigvantion is
directed to a process for reducing the amount of 1,4-hydp: %d%i(?]oge in an oxycadone hydrochloride
0

compositioAXERHSIAY Ferkior Eomﬁ%%%% S

% c%os%rhewnh a catalytically effective

amount of g Hansitig-ReRcEMpeNenRdkhgasertipg singhyddgerhast acempstamre and for a
period of time sufficient to reduce the contenté)eg ]ai}-h droxgcodeinon to a everzlrlﬁlﬁhgrein the resultant
S Yﬁ{/‘?ﬁ 0

oxycodonel9yine i amayehoh Soktitt el T ) SHESAS o romatoerapi

éinone In"an unt less than 25

ppm, less t'é@;é%ﬁ'ﬁ%ﬂ%%ﬁ%?éﬂﬁ&ﬁﬁh@ﬁi@%uh&@,DMl@diexyﬂl&mﬂi;dm)@Mnm{@aSZ] The process
of the present invention also ma% result in the reductjon aof other alpha beta}:O (?swir&{e[g ketones in

oxycodonesrnIBdie {aeifra S 20 GRS LB R ING T& B %esr,bgsa.,co einone.

an oxycodone hydrochloride composition having less than 25 ppm 14-
hydroxycodeinone.

[0036] In certain embodiments, the invention is directed to a process for preparing an
oxycodone hydrochloride composition having a 14-hydroxycodeinone level in an
amount of less than 25 ppm comprising reacting in a suitable solvent an oxycodone
base composition having an amount of 8,14-dihydroxy-7,8-dihydrocodeinone, with
boronated polystyrene resin; and converting the oxycodone base composition to an
oxycodone hydrochloride composition having less than 25 ppm 14-
hydroxycodeinone.

[0037] In certain embodiments, the invention is directed to a process for preparing an
oxycodone hydrochloride composition comprising reacting in a suitable solvent an
oxycodone base composition with boronated polystyrene resin; and converting the
oxycodone base composition to an oxycodone hydrochloride composition.

[0038] In certain embodiments, the invention is directed to a process for preparing an
oxycodone hydrochloride composition having a 14-hydroxycodeinone level in an

amount of less than 25 ppm comprising combining hydrochloric acid and an



[0053] In accordance with certain embodiments of the present invention, an oxycodone hydrochloride
composition (e.g., oxycodone hydrochloride API), and a solvent, are fed into a reaction apparatus. The
compositiorYOtHE/M8Pdgenated under adequate conditions for a sufficierRQENGAAFR10efalyst is
removed from the solvent; and the oxycodone hydrochloride composition having a 14-
hydroxycodeiyondoybhed teaspibkiticnShpyingisisoteted a8, tdrddvettoryg7, 8y crystallization and
filtration. [0Q54] Hydrogenation of the 14-hydroxycedeinone in the processes esent invention
can be accgﬁ'?ﬁgég %Od? %’7 ?J%?ﬁa,aes. .Y%litég:%éﬁr?e%-s 02‘?38/%&3‘%%8 Qgt ior i}}ecségtg yﬁgp%r?ansfer
hydrogenatigmématnoxypodpriatieydoidhimgdeavatipoattidn Apangoult-hydragendtoenederidn employs
hydrogen gas or NaHPtOT lon \évriltg?aﬁﬁalladium-carbon catalyst. In certain embodiments, a hydrogen
donor for ué%?‘ﬁl?ﬁréohuf/ldf)ogg%sa ion o én14-hydroxycodeinone can be selected from hydrogen,
primary anfd838pniaiaryraditoéralso dirrertsy the drsentind asylaached $p capbanegidaupdeparidgiaair esters and
A ATy earaalels Ivdesaons & duipuar iyl sl ued argmatc

hydrocarboﬁ}éyscl?c as enzene, ylbenzene; Isopr nzene, diisopropylbenzene,
o-ethyltoluesmaommadfijdts teme pppethvyitopuising coisbjimgyitelueshdoric-mugmplMluene,
PisopropY IOl NG S AGARHIIAIANS, ARl aPIMbale e s 0pipRARRIYglene, and

ch hang ( sobutarie, n-pentane, isopentane,

diethylnaphﬂ%iglceone; paraﬁ?ing S as ethang, propane, n-butane,

n-hexane, niligtacedeimotanea satvemte forniecsolutiomobddiyopbilizing this sphetienie reof;
cycloparaffins such as cyclobu ¥c§1|10ﬂ]§7§ﬁ & 1THe ylsYCloReRighE evel
methylcyclo%%lfglﬁtg,og 5% 3%‘&?c%§%‘gﬁ§$%%€%%%’%§%uch as eghy}enqé}?pro ylene, 1- bL?tVeene, 2-butene,
1-pentene, B pertaocent dfidssstbag Hempme, 3-hexene, and branched chain derivatives thereof), clean

recicing a4lR 8 EMIEIHRSHE ORI YO UES 10 EoHEhiE sopIhRtan tereof. In

certain em ogenatiort can be performed as disclosed in U.S. Provisional Application
No. 60/477 868;dienehyvrarh] artdssanpidsitiopgompyising cnnbigip iisweteticlagidragén Gas Feed."
[0055] In certain embodi t 5%8 ﬁ% ge %g%fﬁ £ofsied W atiaRERPME{rar Al 5 PSIG to
about 200 F?§|8fy8§’ r%r}ré]ma%%l?tb ég 8to agbout 60 PSIG. In certéin’embggim%n s, the hydrogenation
is carried osbhttivteingenatate fyfcodertaydrechdrisiabout 100 C, or from about 40 C to about 85 C.

00561 In oG PRAE A A0S NGRS CRHECLAM & 2RO A58 Ml g than 3 o

less than 1, e.g., abou n certain embodiments of the présent invention, the

14-hydroxycogeirisme lydorhderidetoooxyesitioneasypmisine semhiomaiysmsipneasidide and

PA(PRIP)/ZAESS SRR UID SYRORLASRINS KGR GHAN WIA:BR tmaai¥RNIRiAgUROUS Organic
t ster hydrogenation.

acid; or pd/&’ca ytic tran [0058] The total reaction time of the hydrogenation
reaction is feelatthn itigarsuiticiontaedangdisitpehbarident b thian 2balkiraiepes d6iaBIRRb & level that is

less than 25&%&&6&%&%&932{% i Bl UM ARCULL ARBIN A4tERS H4AN AR5 . The

actual reaction time can vary nding upon the temperature and efficiency of the hydrogenation

system. Depenting ti0thiseryuifisge abeeinl Odeiieiaheye>§0 kam pe seilivin bpréssite)thee total
reaction timg {3 aghiexe.ihe desiiast FRAHGIBRH oA NYIRMCASIFIRO ABRRN PR abbRMm@bout 10

minutes to about 36 hours. The hydrogenation of the 14-hydroxycodeinone can be carried out in the
presence ofkgnBuik wrsterdenalhzdrnelkloridmcempetiiinacen bepaskagedaf&isi®an be selected from

Raney cobal, RancYNEE: RALBHHARICRDARPISUBHITL AR £AUR MANIA .28 slumina. platinum

oxide, ruthenium on alumina, rh m on alumina, or rhodium on carbon, among others. One
particular catglygiasticriadiodpepen;insirupslBeadeobre @y Banetrher augiatiepPRsEfiadium on carbon

catalyst can g fi. S0y QIO ARRU SN GHIOR AT S Hodieuebout 5%, n

relation to the tre bl_composmon. [0059] Thereaction may be carried out_ in a solvent such as water;,
an alcohol (bubhcastaingrsi€BHREsanBroefithets eprsassherusearigussrEguEtions fatic hydrocarbon

(such as beyirenely BRAINSHAIIR ATUMIANR o BATIRbARASRIAMCAN ALiptgaRa methy!

acetate or ethyl acétate);"an amide (such as, e.g., dimethylformamide, diethylformamide,

dimethylacebormideinr etnatnn sl FERE Jor ey eniag rotjanpatianadhepraitrhisiteolidone:
formymoro gl ReIARYPISEIORIEI S SFBRAI. A il TS e tropinic ac o
u

other lower alkanhoic acid) or an appropriaté mixture of any two or more of the aforementioned

solvents. Orsannetiediay eadsusviet ebpmlektion is isopropanol/water.

[0042] The term “ppm” as used herein means “parts per million”. As used to refer to
14-hydroxycodeinone, “ppm” means parts per million of 14-hydroxycodeinone in a

particular sample.



[0060] In certain embodiments, the solvent is typically mixed with the 14- hydroxycodeinone-containing
composition (e.g., an oxycodone composition) prior to hydrogenation. [0061] In certain embodiments,
the inventioWVId #I#8@fE80o the conversion of an oxycodone free base compbEkiGR2ANR18606
8,14-dihydroxy-7,8-dihydrocodeinone component) to oxycodone hydrochloride. During salt formation

reactions kiggys) intheca éb@%%&%&f%mﬁ&%@u@&m@qﬁaa@egmmt48 converted to 14-
hydroxycodeinone by acid-catalyzéd de ycfration. Thus 14-rgdrox%codeinone is increased in the final

product. Bydidosr1h8-gib¥diacrrringes, R RBddndilay gy S QARBOIFECE FBuNt of

hydrochlorig, arigein thi el SewBatiosipdhummote the reaction of 8,14-dihydroxy-7,8-dihydrocodeinone
to 14-hydrox%codeinone and providing reducing conditions sufficient for the 14-hydroxycodeinone to

be readily rtd8A*BISRAMS Y oL oK SHPEFRBISHRREIIE Bfe B AMPBYIRANSCRAIGNE acid is an

amount of gigatesdhand MeleaRAk e sasHeABRAEAR: hpdesvaedRrRa fee base. In certain
embodiments, the molar equivalent amount of hydrochloric acid can be greater than about 1.2 molar

equivalentsBFRbIREH PrEPEbbREc with ong Ydurraiether nstedishtSe HpbenaeRle, fife amount of

hydrochlorig,aciskiean hephaksd anelarmaivelenteeihiea adusiRasondians seficianido drive the
14-hydroxycodeinone to oxggodone can be provided, e.g., by a catalyst with a hydrogen donor. [0062]

Further, duBF&ai9Biensidmaliflosags Brge bl st Redraediioniharseyens.ditfarocodeinone to
14-hydroxygegieipariidsmaiusatiacdagirbhefdhe saldliantingsasare fipostarcpisfeRBRIN
embodiments, the pH of the solution can be adjusted to a pH %ffrom about 1.5 to about 2.5, preferably

to about 1.80¢&¥ycadpnehyfrohlazidgprenaration &5 SrYspoRa SYdphipride AEL hydroxide. This

further miniggiaaming fessnasonsfytddaveRydieririNans: iRy % Ghyeaxie’ ,8-dihydrocodeinone
during crystallization._Preferabl%/ the pH adjustment is performed after hhe hydrogenation step and
i dea it d535: 33/

prior to rem®PeRlozidey af leastiddhamy edaee St B RIRE tFa gt HYEBEEMBhe level of less
than 25 ppmydei¥hdddagertain embodiments it may be necessary to perform the process of the present
invention, or one or more re&va t steps irhthe proce’sfg,il presenéinventi.on, more than once in

i()

fthe
order to relff4oInd binasthp St A5i5eH D% BE BLTSTIE 45&%&'89 F1ROGC 1842 than about 10 ppm,
or less thanyabesdcndpropdiifed darcestpdfeneadimcessdahteenitiesentinivrdniesignytngone
hydrochloride compositions can be prepare ertain alterngtive processes. Such ajternative
processes BFQF@FW&@QHH‘W% %@5%1(gﬁg&%&@%ﬁﬂé&%ﬁ%ﬁ%ﬁ?ﬁﬁat%{“ﬂga{ i
hydroxycodgifipgyies®iibas Anauntaeiiess H0an 2l ppatcordamchiditensabrevisiosass is directed to
a process for preparing an oxycodone hydrochloride sition having less than 25 ppm
14-hydroxyCRLRiI EBHE%%@G&?&&% b?ﬁegﬁlﬁﬁ]g%ﬁ%%‘é)ﬁ‘b#%é fn ﬁﬁ&?@gﬁga’einone
compositionoge oxidizing being performed at a suitable pH to minimize or eliminate the production of
8,14- dihydroxy-7,8-dihydrocodeinone in the 14-hydroxycodeittone composition; hydrogenating the
14-hydroxycodeinone composition to form an oxycodone base composition; and converting the
oxycodone base compositioBRTER DESCIRIPT TON o [OHIE DBAWENIGS having less than 25 ppm
14-hydroxy, inone. [0065] Another. alternative progess is directed to.a process for preparing 14-
hydroxyco&@éigLe%&%?ﬁLp idfhg® r!?ﬁif?rﬂ& %?ﬁ\{a%ﬁfhélgglﬁ’ﬁsg?l%ﬁotb”%?%dgr%ﬁy %‘fl(l)(i))?y%%:deinone
compositionndhelimgdiingideiie petnbartt o dshjiddobeypbtitinotinianid ¢her8elidniimgdrtheyproduction of
8,14-dihydr -7,8-qdih qcodeinone.in the 14-hydroxycodeinone composition. [0066] Another
alternative g;gc@%g ORI ess for preparing an oxycodone hydrochloride composition
comprising[004%}inBigutO3\isadeherhaiedtahenizbifidrtiothods,adidibatiogya hgher pH than hydrochloric
acid to form Ez);}hcgrresc%onding&?a(;fiégI ad%ition Sﬁil’t of oxycodone, and converting the acid addition salt of
oxycodone‘l? b} %%’ Héoﬂil C 'h% BXYS X ER embodiment, the acid may be selected from the
group condi04R)] ofigutaricdepidisoxsdiscasatidnfofmiasisyatinh, plindiiiyriestitig sslfimicodicid and mixtures
thereof. [OO??JB@&M er alternative process is directed to a process for preparing an oxycodone
hydrochlori & f) sition having a 14-hydroxycodeinone level in an amount of less than 25 ppm
comprisingjeegfcEimaaieiodend MaSehompogitian foavirgWorking i 00 #PM 140HC

8,14-dihydrgx -&%?hﬁrocoggnonelwgh a substance that preferentially removes the
8,14-dihydr E%l HRRYISRSGEMINR &S ‘compared to the oxycodone base; and converting the

oxycodone[0@t] cBippesitidepiciaty picytdIRINE dydnuathlpridefonthp GxiyondoaeiAdlessitplen 25 ppm
14-hydroxyr§oiieinon?ﬁn re{eqed embodiments the contacting substance can be a gel. In further
embodime g,L%Hgnc%n g&?‘ﬁ% %4 comprise passing a solution comprising the oxycodone base
composition through the substance or can comprise forming a slurry with the oxycodone base
composition and the gel.



[0068] Another alternative process is directed to a process for preparing an oxycodone hydrochloride
composition having a 14-hydroxycodeinone level in an amount of less than 25 ppm comprising
subjecting aWN@)eBRY8-Ibase composition having an amount of 8,14-dihy XU ¥2808#wpde6codeinone
to chromatographic separation to preferentially remove the 8,14-dihydroxy-7,8-dihydrocodeinone as
compared to the oxycodone base; and converting the oxycodone base composition to an oxycodone
hydrochloride composition having less than 25 ppm 14- hydroxycodeinone. In preferred embodiments,
the chromatographic separation is a%&@@&m THABO] Another alternative process is
directed to[go&Cea%EARR] BRI QUROHRBRHITOSHIRHLR S APRASUOR DRI R the

14-hydroxycodeinone level in an amount of less than 25 ppm comprising contacting an oxycodone
hydrochlorid®grhpbitidrdiaxicg dainerfoibpaveedrno kyssmilside vomnresiiioaéh e that

preferentialby yeBRvRh{faeob i EEXPERIRIN R BARSARRBERYI IR ﬁjmeﬁdydrochloride; and

recovering an oxycodone hydrochloride comgqsition having less than 25 ppm 14-hydroxycodeinone. In
preferred eROBRATMEPRIATEE 4T Svradrisanals s s thar A epaniseripsehi&omhe contacting

can compriggPagied. a BRIk reRpsiaingtheRxyradanmivshieshicids canapagtinrdhrough the
substance ar can comprise forming a slurry with the oxycodone hydrochloride composition and the gel.

[0070] AnofREFednsingtibe Brorst ofd thadiorveodsinorsds i Presions Brdsasiigadse hydrochloride
compositiogdiayiaaianldomria %Q@&Eigﬂﬁé%@b&&&m&hﬁi&%&h@aﬁmwprising
(0]

subjecting an oxycodone hydrochloride composition having an amqunt of 14-hydroxycodeinone to

chromatog/&iiHitisalls sftksmivs pratunt sfaiyaesiionansihopmparnd adiaigshetspHsitbared to the

oxycodone kRl aidacAperiReRVAIINED AR SN0 EoNm P Y¥araslaride cRINP AR ERRIBAVHTY less than
25 ppm 14-hydroxycodeinone. In preferred embogdiments, the chromatqgraphic separation is a

simulated M&NgBRYCBRIRe AR eV b dhs trsulient Afveedant R BRsAAEdS  preparing an
oxycodone dyaipashien derspAzee IHMY diaxind ety I ax a6t 0 1B¥ehin sihamesnt of less than

25 ppm comprising reacting in a suitable solvent an oxycodone base_composition having an amount of
8,14-dihyd;%‘>9§‘-?, lﬁiﬁ@@ﬁﬁo@éﬂgﬂﬂ, BRI 155 ERAYe2iAP%nd converting the oxycodone
base comJoesIN Theproxyeasiane pivdeac MeuaoaQRpaiiorinvingHe sediaiba o b 4-

hydroxycodeinone. Preferably the reacting is performed at a temperature, helow about 20 degrees C.

[0072] AnoftiRRa RSt AR Bt O R R QTP A P L LR SIS RS HHAL B Y tdone hydrochloride

compositionransshgieacting ifsgestlitabiRisohent an oxycodone base composition with boronated
polystyrene resin; and converting the oxycodqne base composition t9 an oxycodone hydrochloride
compositioOprefdRAs %ﬁ?gc %‘HQ?%H@#%%@‘EWEHWWQM?O degrees C. [0073]
Another altegjatiderhgessisalitRatemoatviocass iypsdasingmrocaKEasar)hxddachloride

composition having a 14-hydroxycodeirtone level jn an amount of Jess than 25 ppm ¢omprising
combinng ASRIBENGH oA Ea SRS Rp ol GSBOSHOR N ARy HEABRORE of

8,14-dihydraxder Begliaysicoaaiiring fg wsafiheanbteidditha aalliyicis asd spd@reliyihg the solution to
generate oxycodone hydrochloride composition having a 14-hydroxycodeinone level in an amount of
less than 2§X[§¥ﬁﬂt’[ﬁ@7¥ Rﬁgﬁ%ﬁj"ﬂﬁgﬁﬁgﬂaﬁﬁ &&8 081?5’&58‘{8%73}&6%5 for preparing an

oxycodone iydiashtaidieae tepebifiasb aving & fghhisdrokyeddaib enrdesdl dipabdamount of less than

25 ppm com risiﬁg com%igéngl h%drochloric acid and an oxycodone base composition having an

amount of §1¥4 Brocodeinone in a solvent to form a solution; and lyophilizing the

solution to [@sKrdigdnsgeasione dfyticobhipyitieocempisiierintd paoackdehpdnbhsygesginone level in an
amount of lgss than 25 @fm. 007 éﬁ ther alternative process is d'hrect%%ci? a iprocess for preparing
an oxycoddﬂgeﬁt/‘&fb%?ﬂo \(0(:4 i ycgﬂﬂﬁ’ig’rﬁg BB i 'ﬁ?/t& SHAIBY T SETHAI0F SR oxycodone

base compesitigticnrans@y drtitodemnti ensialatiappespdisrrayidiryipg dbetisalcidonApgeioarate oxycodone
hyd rOChI0riH}Ffdrogena’cion reaction employs hydrogen gas or NaHPO, along with a palladium-

carbon catalyst. In certain embodiments, a hydrogen donor for use in the

hydrogenation of the 14-hydroxycodeinone can be selected from hydrogen, primary

and secondary alcohols, primary and secondary amines, carboxylic acids and their

esters and amine salts, readily dehydrogenatable hydrocarbons (e.g., lower alkyl-

substituted aromatic hydrocarbons such as ethylbenzene, diethylbenzene,

isopropylbenzene, diisopropylbenzene, o-ethyltoluene, m-ethyltoluene, p-



[0076] Another alternative process is directed to a process for preparing an oxycodone hydrochloride
composition comprising combining hydrochloric acid and an oxycodone base composition in a solvent
to form a soMOROEMT$)bphilizing the solution to generate oxycodone hydrBERIGEAWSOURPHER
EMBODIMENTS [0077] The oxycodone hydrochloride having a 14-hydroxycodeinone level of less
than 25 ppmﬁfbhﬁﬁeg:9rﬁ@ﬁ%ﬂ@&!&?ﬁﬁﬂﬁ%ﬁ%ﬁﬁ&&ﬁéﬁaqafgﬁﬁﬁo;%oméhe,dmixtures of the

oxycodone hydrochloride having a 14-hydroxycodeinone level of less than 25 ppm with conventional

excipients, $8Y prhalcacpRy Grgaperyiashibalrn et digthelaiithaless:oral
formulationga ¥ flosadeasmameap:bpamide dedatainesuaicaserhift-abyRniaHEaRle

pharmaceutically acceptable carriers include but are not limited to, alcohgls, gum arabic, vegetable
oils, benzylhgmI%',hﬁBF%ﬂaW%%%%%@%&%&WM%&FQ@%@E%WW& or starch,
magnesiue siRssaEalCol e eNdnkiane oy SRIAAnBCE RS BRI PaSRGhER des and
diglycerides, pentae%ténitol fatty acid esters, hydroxymethykellulose, polyvinylpyrrolidone, etc. The

pharmaceueArAfsbeame @M sthrleyrispamisneileinsiralgs s s s MRy e, e.q.,

lubricants, gigkHeaienRlasparaiies. - siakie1heHNG-AeEs, BmsHicmEpimEaemfluencing
osmotic pressure_ buffers, cqloring, flavorinaﬁ?gd/or aromatic substances and the like. The

compositioﬁi%ﬂ’té]ﬁﬁgﬂﬁfﬁ‘?sm%%’ S BIEIPE R A (6 reimRP IS BAy SHRATEGISHP Hthe art and

such compggiiadss Ay sentaitBROMBIALE AONSSE e ied Hirsdhe dineReRsisting of inert,
non-toxic p{g}rmaceutically acceptable excipients which are suitable for the manufacture of tablets.

Such excipfiHORTOMRR fBR o RRHRIarciAL Aisresed ButhaLTeusonabARRISHHRPANG disintegrating

agents such(E$7cRY63t R Rinel T 205 tentiiiid aEiasgbnaiehlubOgadidg Raemstsuch as magnesium
stearate. T Eﬁblets éUé%ygbe yncoated or they may be coated by known techniques for elegance or to
delay relea ei?fbredients. Formulations for oral use may also be presented as hard

gelatin cajjeoBs] Wiaeriaithenssstienbngs colie bl i spbrRtoMith aardearbelilsenprdiaeref@baosage forms of
the present jnventi ay he in of tablets (sustaj elease and/qQr.immediate release),
troches, Io?é’r‘?b‘érg,%o%r@ 8%#%&%@@’?%8@5@9‘&5&%%16ﬁﬂ%ﬁ%&%ﬁ@ 1 R apsules,
microsphergsaisreaiikee RygradahietsissHResd bt asa Iahianmrs WITRNaIapsueo {0078] In certain
embodiments, the present invention provides for a method of treating pain by administering to a

human patiérakeet d88a6e BHRRAKIHOS FdreatosB29]@hen the dosage form is oral, the dosage
form of thegys6FHIBMRRHPSARIIARAE QTR @%%fg%gﬁ%%%ﬂ%@g& o) Tgipamgmfyd rochloride

having a 14- hydrogjcodelnone level of less t ppm. Particularly preferred dosages for twice
daily dosindeaydhaBcos Jess thbl 48 mBoWdAt 15 mg, about 20 mg, about 30 mg, about 40 mg,
about 50 nyggR o EE-RG: &%Hiﬁ@ﬂf&oﬁﬁ@%és%tmﬁzeﬂﬁéﬁ,%@l@- ogfggggﬁﬂyqueferred

dosages for once daily dosingﬁare about 10 mg, about 20 mg, about 30 mg, about 40 mg, about 60

mg, about SOUYRItEbiRsedREe hpdudiogsratonmbilizighdphenylalisa B2 mg. The oxycodone
hydrochloripg bRy ac =Ry dearnaaseinprssaye! afd ABrPRIRPHTPRRE 8leae fiormulated with

suitable pharmaceutically acceptable excipients to provide a sustained release of the oxycodone

hydrochloriReNs Ry Sl reidr Sk FHeiABheifcangierdtedirgaratighbm. Such formulations can be
prepared ifpas8PraRRasUlitEaeken Baiedl s b mrRE S Bt @uddidornd 5,656,295. [0080]

The oxycodone hydrochloride having a 14-hydroxycodeinone level of less than 25 ppm can be

formulated B¥Ticig tasednrsitisseontentefhaddoiirariredeiasne tandevebthaisdetatm
multiparticylatgarnudlegian khawn s saosessiitiadanotia appiheSiksiaineciiRieespsipsage form may

include a sustained release material which_is incorporated into a matrix along with the oxycodone or

salt thereof PSGistyat feastionditae caanse Sasadinm ey Gisnprraiyre satheiicisaricds containing
oxycodonethayiydéxéAatiyarprsadenpasiiayelPile 35 dheseiaiBRToBig6HA(R gmbodiments, the

particles have a diameter from about 0.1 mm to about 2.5 mm, preferably from about 0.5 mm to about

abou p / )
2 mm PrefdFaMgrasedionsssyre)sithe totaldaariprdims o pabiexe tas detired sedec B active at a

sustained rpdeniiaskSEHRIMERIELBE, €136 WP CaRIE RSeRSOGataReEaYardN TRENDINation with the
other stated properties, desired release properties. The sustained release coating formulations of the

present invAYROS bR o e Ay droisndoimens o beiryacd:fat ¢n dembrrsenceitifthat is smooth

and eleganiobapakial atipRortingRigMentsoanteatbanisadlinealigitvam PoBclexisd Rer, and
tack-free. COATED BEADS [0082] In certain embodiments of the present invention a hydrophobic

material is §aBE6X5H Rereh g rhaalird i Bamcetrh BetiiPphaR caton paliadiughath plurality of
the resultaghgalichsprigined Jgl@asetheadmnayiraieafitctrmblagetimmgIpibears e in an amount

sufficient to provide an effective sustained release dose when ingested and contacted by an
environmental fluid, e.g., gastric fluid or dissolution media. [0083] The sustained release bead
formulations of the present invention slowly release the active of the present invention, e.g., when
ingested and exposed to gastric fluids, and then tggntestinal fluids. The sustained release profile of the
formulations of the invention can be altered, for example, by varying the amount of overcoating with

the hydrophobic material, altering the manner in which a plasticizer is added to the hydrophobic
matarial bv varvina the amoiint of nlacticizar relativve to hvdronhobiec material byv the inchiicion of



coating. [0084] Spheroids or beads coated with the agent(s) of the present are prepared, e.g., by
dissolving the agent(s) in water and then spraying the solution onto a substrate, for example, nu panel
18/20 beaddYOQIiM§/8%ister insert. Optionally, additional ingredients are aRoTABRRMYIHOB¢GD coating
the beads in order to assist the binding of the active to the beads, and/or to color the solution, etc. For

example, a piisbigtamdieh dsdurleohy gaexose Ryt h el Qsfudion W tre Hulithethasorant (e.g.,

Opadry(r), commer i$lly available from Colorcon, Inc.) may be added to the Solution and the solution

mixed (e.g.. F5Pod0F MeRIIH R RBUAAIIR MRt Sl eandeHEoBbabRItAEHadtiliEnt coated

substrate, indhisoaxa0¥leheassionansber iR ORiaIaIbbovesooae owitb b AEefeagant, to separate
the active(s) from tge hydrophobic sustained release coating. An example of a suitable barrier agent is

one which cEEEYRydroxypropylmethylcellulose. However, any film-former known in the art may

be used. It jpop9feTeshtartitierhaytiercaged slags nebRiactidg Aissaletian kistel tadinal product.
[0085] The beads rr@q%then be overcoated with an aqueous dispersion of the hydrophobic material.

The aqueodigelBFPBERSBRHBRR. AR &TEAAP P iRy Iralice; MRt hIAERSATREmount of
plasticizer, €gcliristbyheéiajcaisehéprudiatedingune) aelisper sipnfoeidarllvase. sueh as

Aquacoat(r) or Surelease % may he used. If Surelease(r) is used, jt is not necessary to separately add
a plisticizeg:éﬂi‘g‘?ﬁtﬂfgféf Péﬁéﬁgﬁ@@%?gg&fﬁ%éﬂ%&ﬁ%&% %E@?ﬁiz&’yggﬁg}léi%ch az OIEudragith
can be used rthentds g sbilticssaidopresariiavetivnnsieiesmbivaaataincia addition to the
fiIm-former,CgLagti?c?i{ , aqggﬁﬂ%ﬁ}mﬁ{n i.e., Wabeorth ac Ioraigit}to provide ele_gance and product
distinction. E8I6F Sﬁr'gée &% %‘MF‘E}P{H ’é?aé)'éaﬁ XY BEARIQUGERt 3nstead, or in
addition to twetaxybiousidisneiswnfoinhydophqipconiaitsiatilf of cuamMeetalRiibRYbRIpeEed to
Aquacoat(r) via the use of alcohol pr propylene glycql based color dispersions, milled aluminum lakes
and pacifier%nsalPézﬁoé)gmgmogﬁ@%’b%%oo |Hbg&?gjligﬁﬁ?%’fﬁ’@%ﬁnfb éf’g"(ﬂ‘&fﬁle%ymer solution and
then using Ipartaiwdardo-tbbvplasteibethAcniadeapiopAdtgrratirely, any suitable method of providing
color to the farmulations of the present inyentign may be used. Suitable ingredjents for providing color
to the form ‘?Qﬁ@ﬁ W %erﬁgw5&‘@6?&%}%({1?&%%&‘5%%?%&%%?@%%88 h4&|ude titanium dioxide
and color pigydemtgcsdiihar-contaixiiiey pignpesitod (edncerpeyatidomiRapeisaNaet@wever,
increase th rgtgrd eftfect of the coating. [0087] Plasticized hydrophobic material may be applied onto

lydrogenation. : ; . : .
the substrate’ comprising'the agent(s) by spraying using any suitable spray equipment known in the
art. In a pr¢6@6tH nathoaineMhodieefisidizetneadisystaiirdsted el e whisksivasiah injected from
underneath, fluidizes the core material and effects gryin .wgli%? the, acrylic polymer coating is sprayed
on. A suﬁic%xrﬁcgr%%nﬁn 8 R PSRt %’?éﬁ%lgtﬂdgfgy ﬂfgé%fgﬁﬁx G¥5Liaed release of the
agent(s) whemimengtedosybstiaie hydxphkeilito DyuipusRdbiitatioerea@RsisiRibvic, imay be applied.
After coating with the I hc()jl_%ﬁ:zfm rigl,  further overcoat of a film-former, sucig as Opadry(r), is
optionally a%ﬁl%r&%%%r%i %e%aB& ?é'%é(r&?:h(}’zﬁr%c SUIQBG CHHPICT 18 SOV RS SRR Ahtially reduce
agglomerathyrlwixyte deadse (0088} dambyied delnidiad agedi{ss, ftdrhtimsyssdiigsheciease formulation
of the present invention.can be further influenced, i.e., adjusted to g.desjred rate, by the addition of
one or morénréé gg%%-nr}lo& %ag gggﬁﬁé or| b‘?rérlg\ﬂé}%s %#8%?%%?@’6’&3%@5@%@% %‘#Bﬁ%fh the coating.
The ratio oftyyeirepbabitgiiatenmiwn wiydsahldoneidiiatis setebmnintidihy proanrgeatiker factors, the
release rate reguire the solubility characteristics of the materials selected. [0089] The
reIease-mo%ﬁ?f?ﬁ%ﬁfgegﬁr@vgﬁgﬁrpux% ibgrcwgglsy é?ggiéﬁlrrﬁ%?g%é@%‘g%@gﬁ%‘%ﬁ?{bﬁgﬂ ic, and include
materials thavvahnigrelissolgemneitias sufficiasdbe thirdrhihdrorptivdeinoas erbdrasadignt of use. The
pore-formers comprise one or.more hydrophilic materials such a roxypropylmethylcellulose.
[0090] The %%@fgﬁ}eé? ?eﬂgggﬁggﬁ%gug t e%r}%bgéiﬁl%lf}r?\fé%r’l ?0%1%05%‘%?3&;%?6%&88?0%‘? 1-i)romoting
agents suchmangarttobgregantban 1 molar equivalent as compared to the oxycodone free base.

In certain embodiments, the molar equivalent amount of hydrochloric acid can be

greater than about 1.2 molar equivalents or greater than about 1.4 molar equivalents.

In certain embodiments, the amount of hydrochloric acid can be about 1.5 molar

equivalents. The reducing conditions sufficient to drive the 14-hydroxycodeinone to

oxycodone can be provided, e.g., by a catalyst with a hydrogen donor.

[0062] Further, during salt formation, the rate of dehydration of 8,14-dihydroxy-7,8-

dihydrocodeinone to 14-hydroxycodeinone is reduced as the pH of the solution
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[0091] The sustained release coatings of the present invention can also include materials useful for
making microporous lamina in the environment of use, such as polycarbonates comprised of linear
polyesters MVOAYEAIR78&1d in which carbonate groups reoccur in the polymBEEHEHRITIOISHT he

release-modifying agent may also comprise a semi-permeable polymer. [0093] In certain preferred

embodimeniz, ihedelaaresadifag A0 hisaaieaiRdHo BH YR KBraRY IS BdCRiipse. lactose,
4]

metal stearates, and mixtures of any of the foregoing. [0094] The sustained release coatings of the

present invépideajramahesiubé imabritRdanetialyidhebanidad: Gre.framagell af 1essfice, or the

like. The pagsaopwammavipeiopaed ?é&ﬂ%f%%%@ﬁﬁ?l%%ﬁ%.diﬁﬁlg%&ﬂﬂ&%ﬁiﬁﬁ@m Nos.
3,845,770; 3,916,3989; 4,063,064; and 4,088,864. MATRIX FORMULATIONS [0095] In other

embodimentaedpimairasint4rivaiesrcedeinortdioay G4 tdibydaninafofihy duavedenona a matrix
optionally hayifig-a SHEIRIPASHIE SRR LN NI SR RIROR R BB IR G Suitable for inclusion in

a sustained release ‘matrix may depend on the ' method used to form the matrix. [0096] For example, a

matrix in adBEpeeRatiensiRTIsHRIIRy dPTEmeNaloh s¥irly st and Aselptiorcebibinerrcririicof less than 25
ppm may inglydles [0RRE] vdiRRALnARIQrNydIerhakicoRfarals, such as gums, cellulose ethers,

acrylic resins, ggotem derived materials; the list is not meant to be exclusive, and any pharmaceutically

acceptable[RYe3d phoerE simesReEmepts Smar: bh Acssasavniorr famabe erestity sustained

releage of t'ﬁ?e@&ﬁ'lﬁ%rﬁﬂﬁﬁ,%@&ﬁer@?ﬁﬁ)(@rra%vﬁﬂ% Hﬁ%?&é@%%ﬁ%@é&ﬁteﬂmded) may be
used in accordance with the present invention. [0098] Digestible, Ion% chain (C8-050, especially

C12-C40), dnKeHicdnore hamameaidrsder imdissdhe aoronatigfy 4o orisp s O gly ceryl

esters of fatiyacid3.vaine @l AR vageiahle10/sndrrietahstearybaicohol, and polyalkylene
glycols. [0099] Of these polymers acryli(fct%)Iymers, especially Eudragit(r) RSPO - the cellulose ethers,

especially HW&&yﬁH@ﬂ@éﬂbRﬁE@‘%ﬁ’Gﬁé he gt nsntion, xyredane dydreiriidfosage form may

contain betwsgpdata9%e Th)éﬁ'é(ﬁé&'ﬂi}) sdalilcastanaayshkarbils osivdaRhpkigematerial. [0100]
When the hydrophobic material is a hydrocarbon, the%r%drocarbon preferably has a melting point of

between 25PAAEFESE Prsfarablp Al R ot oshylinsiloside sorppasiigithayiha K are preferred.

The oral dogggR {gpdiaYRORRINHRIABLUAI BY 1aiahh of dpeasoasewdiverthigileng chain

hydrocarbon. [0101] Preferably, the oral dosage form contains up to 60% (by, weight) of at least one
polyalkylen@iQ§RSI S directed t0 a process for preparing an oxycodone hydrochloride

composition having less than 25 ppm 14-hydroxycodeinone comprising oxidizing a
thebaine composition to form 14-hydroxycodeinone composition, the oxidizing being
performed at a suitable pH to minimize or eliminate the production of 8,14-
dihydroxy-7,8-dihydrocodeinone in the 14-hydroxycodeinone composition;
hydrogenating the 14-hydroxycodeinone composition to form an oxycodone base
composition; and converting the oxycodone base composition to an oxycodone
hydrochloride composition having less than 25 ppm 14-hydroxycodeinone.

[0065] Another alternative process is directed to a process for preparing 14-
hydroxycodeinone comprising oxidizing a thebaine composition to form a 14-
hydroxycodeinone composition, the oxidizing being performed at a suitable pH to
minimize or eliminate the production of 8,14-dihydroxy-7,8-dihydrocodeinone in the
14-hydroxycodeinone composition.

[0066] Another alternative process is directed to a process for preparing an
oxycodone hydrochloride composition comprising reacting an oxycodone base
composition with an acid having a higher pH than hydrochloric acid to form a
corresponding acid addition salt of oxycodone, and converting the acid addition salt

of oxycodone to oxycodone hydrochloride. In such an embodiment, the acid may be
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[0102] The hydrophobic material is preferably selected from the group consisting of alkylcelluloses,
acrylic and methacrylic acid polymers and copolymers, shellac, zein, hydrogenated castor oil,
hydrogenatd¥O2WERARIbIl, or mixtures thereof. In certain preferred embodRAEAS2MHTEprEsENt
invention, the hydrophobic material is a pharmaceutically acceptable acrylic polymer, including but not

limited to acpieraeiHRRHRSIHAG WIGRGHCOPAIRE il SHuldRRiRaRmM AR 4BrRthyl methacrylate
copolymers, ethoxyethyl methacrylates, cyanoethyl methacrylate, aminoalkyl methacrylate copolymer,

poly(acrylic%k‘?él?,h%fy?ﬁ%étﬁalﬁy%W%&ﬁ&é}iﬂ@gﬁﬂfalkylamine copolymer, poly(methyl
methacrylatgaenplWmaHaandia AR gkeRly ehast iR MRReMamide, poly(methacrylic

acid anhydride), and glycidyl methacrylate copolymers. In other embodiments, the hydrophobic

material is SBY¥EaFAHIOSHPEde sioarpasiHgR R aRd LYty sofsinepe level in an
hydroxypropwigiathyfaeisagse 2ngimixstgstiohd solareaatan dR3LbKe eise ddngsrripbic materials

are water-insoluble with more or less g;onounced hydrophilic,and/or hydrophobic trends. Preferably,
|

the hydropHEHi RN it hA-tHavrkast &S -HEeleo rodRiRgNS ot s iaae2Ba00 to about
200C, prefeppdivtdromlighomodasinie e,hwi%@romgéﬁ@aﬂwrmmm%wn?@m@tﬁ@y comprise
(0]

natural or synthetic waxes, fatty alcohols (such as lauryl, myristyl, stearyl, cetyl or preferably

cetostearyl SI609H1¢ 4855 R CHBIEHIRG DS RICRAMBSPRS SR RO L LY Ry SodeSly cerides
(mono-, di-, 1yaebidiiehias deepediioiasmatadsiadsaysinaarbpagdrarRabvasas, stearic aid, stearyl

alcohol and hydrophobic and hydrophilic materials having hydrocarbon backbones. Suitable waxes

include, for BSEARRSR CBRRQHRSItS e tRiacting SPOTIARSHEPRAMAGEh WA purposes of the present

invention, agiidieeauh Tieneatsctalinad esmankenisia whithisoesmpiyiaglieat room temperature
and has a melting, point of from about 25 to abqut 100C. [0104] Suitable hydrophobic materials which
may be useBH° é%‘?g’éﬁ%&mﬂ??ﬂéoﬁr ShEhivE FARER AR SAEne & Y33 30,

especially GHZh@ddx5ubabitiebske compabiitt @i ivelgatarbons, such as fatty acids, fatty alcohols,
| and synthetic waxes.

glyceryl esters of fatty acids, mineral and vegetable qils and natur

Hydrocarbﬁgqgiv%@oiﬁ’i ﬁ‘&’?}b‘fﬁtp(’i%eéﬁ/\}ééifefﬁfléﬂé BRSPS BrBIEPREEEG ' the long chain
hydrocarbowsasataéshyatbchidinbeatonpestiolsarary efesaddroeptiaiviammbaeigigntsm The oral dosage
form may contain up_to 60% (\%}éweight) of at least one digestible, lpng chain hydrocarbon. [0105]
Preferably, SRASRbHARSHBihwo BRI G B RY S OB RS HRE N A1 SPE eI DR RIRRS S

formulationhakfiap adgitienal JHE]1apaioRd- st Batisioiieesniis v efesalyogedpaied from natural and
synthetic waxes, fatty acids, fatty alcohols, and mjxtures of the_same. Examples include beeswax,
camauba iR LTHR BT G LR AERSHBE S IRt TS e R 0106] One
particular suitailersdatithe aisiaabisasiaheondsairgoibbledhycdonydliid caflipesidoatiieast one
C12-C36, preferably, C14-C22, aliphatic alcohol and, optionally, at least ope polyalkylene glycol. The at
ast one Iy B EHTEQRHERE LR R AP R L A P ediose. such as
hydroxypropyideikyieasdsiysk o Xy pieitred dnlarliviess,ahed chrprsiagyapiyc wyyettiyicallulose. The
amount of the atlé%git one h)gdr xyalkyl cellulose in the present oral dosage form will be determined,

inter alia, bf’l’ﬁ'@ SN S oxycodone hydrochloride release required. The at least one aliphatic
alcohol majobé9fonasdapkitelautitapeobeds mydiistitadleoh ptatesiconpricanal.dn particularly preferred

embodiments of the present aral dosage farm, however t least gne aliphatic.alcohol is cetyl
alcohol or cgi‘ggf)e%ﬂ}f) %Vé%ﬂ%@qrﬁ eﬁﬁ%gﬂflgf%lféagﬂ%gsjtggﬁ% 5ﬂf5¥1°zﬁ e%%ﬁgﬁ f1lll?eal|5resent oral
dosage fornamslifterfikigrthine?y psraloousyrivyrih eontaciie tatexfodiaddyydrodaoeidelease required. It
will also depend ontwh ther at least On?‘%ﬁll Ikylene %Igcol IS pret ent# (,Br abzg%[ from the oral
dosage forrOTRHR A EN AR P TLY S AR EERSSAAT RS HR B r4PaREE Iim preferably
contains bepssfere2fbyareehb08$ ttiy Wthodiheyeddearinens adipipatiaiate divobxWodormat least one
polyalkylen cql.is present in the oral dosage form, then the combined weight af the at least one
phats o A AR o e B RGTA SRR et 2056 and 50%
(by wt) of thihdat2d gprni-hilox} toduiroam bindmeésitethanbbidimkesghdlemidaagt one hydroxyallicyl
cellulose or agrylic resin fo the at t one aliphatic alcohol/ polyalkylene glycol determines, to a (w/w)
ot the at lee Sl BHETS B oo THE e APy e S OIS ARSTEHE olycol of
between 1:2 aslitiod ¢omppeieitg dhevithyacddiee biyietvideride: Soansbdidohalngygdrticularly preferred.
[0108] The at,Jeast one polyalkylene glycol may be, for example, polypropylene glycol or, which is
preferred, %Lf)l?(se ?{ﬁﬁ%ﬁggﬁ%(%gfflﬁ%enuxrﬁggigg\fgllrlga’ewr#}é%gu ;’EP' wgﬁﬁ%agqgéét one polyalkylene
glycol is predempdsietwessd the0ff.and 15,000 especially between 1,500 and 12,000. [0109] Another

suitable sustained release matrix would comprise an alkylcellulose (especially ethyl cellulose), a C12
to C36 aliphatic alcohol and, optionally, a polyalkylene glycol.
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[0110] In another preferred embodiment, the matrix includes a pharmaceutically acceptable
combination of at least two hydrophobic materials. [0111] In addition to the above ingredients, a
sustained réNA3HEIBIMay also contain suitable quantities of other mate R&EUS2§0%iRsafs,
lubricants, binders, granulating aids, colorants, flavorants and glidants that are conventional in the

pharmace iAo tAMAER KerBARTIRILA TESHRIARIIR proestoriacitaisacpreparation of a solid,

sustained release, oral dosag%e form according to this invention, any met‘?%c%j of preparing a matrix

formulation REBSA9eBeHFdE Inedscompasitinnpadnged4ridesyreeinms forliBth the matrix may
be effected, diabaxeommies BatDIHRING [Hﬂh%?sﬁ@j&ﬁﬂ%f% 8kieaabapa ualenRRluble hydroxyalkyl

cellulose, and the axycodone hydrochloride having a 14- hydroxycodeinone level of less than 25 ppm;
(b) mixing tHRPAFHARIYIAE AR sEoushedibtrluiariradlaiens i shiosmeagiapbie 36 aliphatic alcohol:
and (c) optieapdhaticanpRefinaElf TEARMItHECI ARRISRy CIRIBIGR s tbengiardlgs Hee formed by wet
granulating the hydroxalkyl ce{'IQL‘%Ijose granules with water. [Oll?%:yn yet other alternative embodiments,
a spheronizﬁf@'%‘gﬁf %ﬁ%ﬂ‘i@ R AR Apeoeering Ak Sprradnms by deerhleridsiroraresitifrocrystalline

cellulose is BapiafelEadBRNSGHANGI ARG A ARIB MG preRstalieg 66 RS sIshior example, the

material sold as Avicel PH 101 (Trade Mark, FMC_ Corporation). In such embodiments, in addition to
the active inJPEMARSEARNS FRYABMRG S srvialsdarmaLstay also contain a binder. Suitable
binders, supioas]lonndigeesiteriueial selstueipdiyoristovil s fdnauphimphase skilled in the
pharmaceutical arf. However, water soluble hydroxy lower alkyl cellulose, such as,

hydroxypro &X&ﬂfiﬁ’&&ﬁ?@ﬁ? P OTA PP ARSNGB 3|9€%MM%I§BH%I18}@% &) contain a water

insoluble palyioant espeRidbn s philioRAIMEIRE rRAcaaR/liE LOEIBHRbISsRhAD R BMIRRCTYIIC
acid-ethyl acrylate copolymer, or ethyl cellulosg. In S;H?ah mbodiments, the sustained release coating
will generall)AfioqEss s e amonar o Snl 4Ly I/ Sty disrRAs IS itture with a fatty

alcohol; or (byrehetkatpol ytinedd EdsTnEantRbBIEH h ihE BRIk taus@ngbsrliease anatrices can
also be prepared yia melt-granulation or melt-extrusion techniques. Generally, melt-granulation
techniques fﬁ%‘iego %ﬁ?éé%éf%ﬁ%ﬁ%m&ﬂ%j@dﬁ%%%migg g i}k/'vax, and incorporating a
powdered dhygdrihsieideihonebiBiafarabistairadeiagss siefaaeiosm, iRy s BerRssabotd incorporate
an addition%@gdro%h ic substance, e.g. ethylcellulose or a water-insoluble acrylic polymer, into the
molten wax F(% Sbic material. Examples of sustained release formulations prepared via

melt-granuf@gdaieshoitiees@radivngrocddsSs BatenidNe o ittt 38r tbhbhgha additional

hydrophobic material may c rise one or./more water-insoluble wax-like thermoplastic substances
possibly mixéd Wﬁ{ﬁlﬁ% g’for%@f%l SAME (Eﬁlélr?ﬂoc&%@ﬁgb@%?ﬁ@@s"b@iﬂb‘t&% 4P8hABbic than said

one or morewaiedens blsbleonpsditiersulisiboeesattal pulesiiocheiane aadamiditiagses the individual
wax-like substances in the formulation should be substantially.nan-degradahble and insojyble in
gastrointest?ﬁ%’lcﬁ’&?’ e%’&?ﬁa&"fﬁ@‘%ﬁh‘ﬁ%’i‘.18|83&@‘%%°§§§§.Eliéé?ﬁmﬁaeerﬂﬂ%mﬁé%a%!ﬁf%% stances
may be thoskewiictnydiqresfoltnhéil vt hatnspenviird trivababiut 300RQ e, [0116] In addition to the
above ingreg , A sustained release matrix may also contain syitable quantities of other materials,
e.g., diIuenigg)%iésric‘%nr?tﬁfeﬁﬁl'Efé?é?lﬁ?a?{ﬁfé?ﬁésaa%g? t@éﬁg?a?h%‘,’?%?\‘? ?5%@%&1@@%5 that are
conventionahigdbdoph asrhachldiid esmpostisinitiag afl thagdraggivdamomatevidsmwitl be sufficient to
provide the degirepo?(lfectthot desired formulation. 0117%&“ %qﬁtion to.tge bove ingredients, a
sustained rélease matrix ineor opé)t%é:%]@flg%tfg Mt &f | ?éécr’?‘u%y o*Bontain suitable
quantities obxjicedonatessalsoryspsitioe hts;ihghaicantsuiind 8y $4 gliydiating/z8ds, colorants, flavorants
and glidants(iﬁ]a‘ﬁrag% eqnggg}ir(l)nastl in thtet g?armace tical art jn amounts u;alto a{)(%ut 50% by weight of
the particula e¥ esweal? a sotven orm a solution; and spray drying the solution to

generate oxycodone hydrochloride composition having a 14-hydroxycodeinone level

in an amount of less than 25 ppm.

[0074] Another alternative process is directed to a process for preparing an
oxycodone hydrochloride composition having a 14-hydroxycodeinone level in an
amount of less than 25 ppm comprising combining hydrochloric acid and an
oxycodone base composition having an amount of 8,14-dihydroxy-7,8-

dihydrocodeinone in a solvent to form a solution; and lyophilizing the solution to
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[0118] Specific examples of pharmaceutically acceptable carriers and excipients that may be used to
formulate oral dosage forms are described in the Handbook of Pharmaceutical Excipients, American
Pharmaceule@28E5¢ti#tlon (1986). MELT EXTRUSION MULTIPARTICULRMEUSREY P 10666
preparation of a suitable melt-extruded matrix according to the present invention may, for example,

include the gteRgatf Higdiimd e roqrsioneLysiesiiontehay ngantdrbydeadyariginanre level of less

than 25 ppm together wit%%tﬁleast one hydrophobic material and preferably the additional hydrophobic
material to SBEHFRNSHBLES R AHEBR8: The homogeneous mixture is then heated to a temperature

sufficient toj@d1spshsotien serfiniy robéis Rnflvettetyudadbess & prdlagiigsalting homogeneous
mixture is then extrud dé? form strands. The extrudate, is preferably cogled and cut into
RN

multiparticufXtés RAS SRR QAL HCSFRRC IS b s drari it A Attiparticulates.
The multipagticigtedaie bhencdivis@atibion Risslosesio Toene K tsuHAIenp Rl spbly BRsmy dirmeter of from

about 0.1 to apout 5 mm and provides sustained release of the therapeutically active agent for a time
period of fr ‘étﬂ)%{%gﬁl%&f”éﬁc%ﬁﬂg.W%%ﬂﬁ tional process for preparing the melt extrusions
of the gres@gﬂ:jiﬂ]/eﬁh@téﬁrﬁudﬁﬁimf@ﬁrﬁwg@@lﬁrclﬁl%dtﬁ@taral@%tfclr,&]?llf@ lpyﬁggpﬁ@btp matec;ial, the |
oxycodone roghloride haying.a 14-hydroxycodeingne level of less than 25 ppm,.and an optiona
bir?der; heafl a“tﬂi"ﬁﬁi‘%%ﬁ%@%ﬁ?iﬁﬁﬁ? Ho‘iﬂﬁl}?ﬁ‘élﬂ%%B%W?&Rﬁ@l?}%ﬁﬁ}aﬁwﬁ)rmpstrands;
cooling the airarsisodontabakroctingosinion eneeuk eabdel forldtiotithm sianyepdAagtigles having a
size from aboijtto.l mm to about 12§Enm; arég&(?f'}\ﬁdin said particles into unit doses. In this aspect of
the inventioho & }8%%%?)1}?8 fti AR ?T'?Srw ﬂﬁ‘%rocedure is realized. [0121] The diameter of the

extruder aperture or exit port can also be adjusted to vary the thickness of the extruded strands.

Furthermore, the exit part of the extrudemgmﬁlé%e oblong, rectangular, etc. The
exiling strands can be reduced to particl fg-a gtillotine, etc. [0122] The melt
extruded moPHrtIThtaiexgystimecandpecHivrrianpiagirthddorraxfygodeitese Ipheraifiddss pellets

depending ypon extruder exit arifice. For purposes of the present invention, the term

"melt-extrudéd mti tiﬁ)&)r]ﬁlcuﬁ%?eés" %8@%@1&9& 8eBi?ﬁﬂ?ﬁS%‘é’ﬁfaé%@%?erﬁ@?s’aﬁog“miﬁ-extruded
particles” shaiinietardo af phe alitycotionét hydretdiabiyevtitving sahgiaairsindaddizenanever sifape and
containing qne or motge.active agents and one or mare excipients, preferahly includin drophobic
material asqgggc%gdl;%epé?ﬁl. I‘ﬁ%ﬁiscf)él SP&Otlﬁae |%)gﬂpé%§<ﬁ’dé'8' i ?Eﬂ?é)%%gywﬁfﬁeg’@)igrange of
from about Brgamiaboiitidiganin ¢artésrgthibatad deav eFardiazah dbemol Stioms atheud Gdgtofedas tinmm. In
addition, it isrté) PcF %n%e{sto rt at thef?helt-%xtru ed[ r&ultiglglrrltﬁilculates fﬁn be n¥ eometrical shape
within this steVraﬁgeS. flé?ﬁatl\f;&?/s,etﬁe extridate rﬁlbf} s?n?p y gcgblfllc &SR «1: ﬁ?ﬁréeéﬁd divided
into unit dosacluddmitheeapalindtd dotiukcalyds) githarhtie negetaia sipd)dranizbtivolsééy. [0123] In
one preferred.embadiment, oral dosage forms, are prepared to include an effective amount of
meIt-extrudgalﬁﬁm%%cﬁfg‘fgsﬁs Wi%"eﬁﬁ%’ c%%rgf?fg or Sex%}(r;e]lblg,s aq%?u?soﬁfty%ﬂﬁoés ™8 -rélgﬁrr%ed
multiparticutatesesiambetpiatted tale, gelatin capduleisocus graaifih syfédiant tajlyofidtle acidffective
sustained r%lleas dose dWhen in este&i nd c%ngacted tr>1¥

astric, fluid. [0124] In another preferred
embodimen cglg }?’ggfé Sount of thelﬁi}ﬁﬁ%la\r |éula1%eexef%ﬂ§a (letoli cor%p&yessea&ﬁ(ri:to a%Stg% tablet

using conveényilvosynatiletioel letpspnpelytyinsipystdikiar) techhiigupbarhesteniips prepdratioypositions for
making tablets (campressed and melded), capsules (hayd and,soft gelatin) and p;il are also described
in Remingtocr?% I—f’) arsgn?gizsgﬁﬁca cfgn%ee%%e(ir?ﬁbxre s(‘olel,%fédﬁor }lﬁs%{%%’é% (i§8’0 ."??ﬂ $h yet
another prefesnedt@anigdiprestrthgvestriahdizars,bevalttipgd agtmisbletsuds Satksforshlin Uid. Patent No.

4,957,681 %ﬂ?@&&%ge&sr%'&ig %ﬁ%@%%ﬂf?e?glt&%?@iggtﬁgggr?ﬁ/g ‘and/or aromatic substances

and the like. The compositions intended for oral use may be prepared according to
any method known in the art and such compositions may contain one or more agents
selected from the group consisting of inert, non-toxic pharmaceutically acceptable
excipients which are suitable for the manufacture of tablets. Such excipients include,
for example an inert diluent such as lactose; granulating and disintegrating agents
such as cornstarch; binding agents such as starch; and lubricating agents such as
magnesium stearate. The tablets may be uncoated or they may be coated by known

techniques for elegance or to delay release of the active ingredients. Formulations for
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[0126] Optionally, the sustained release melt-extruded multiparticulate systems or tablets can be
coated, or the gelatin capsule containing the multiparticulates can be further coated, with a sustained
release coaWd 200849380the sustained release coatings described above. SBER/ESZMNIE (steferably
include a sufficient amount of hydrophobic material to obtain a weight gain level from about 2 to about
30 percent, glinguoh, the, QUSEEqaL Ak P IEAISAERCOHNg JPIRIRM dRS TR Ve @Relale. among
other things. [0127 Tl_ge me_lt-e%?fg%ed ur?it dosa%r% form&?of the prgsent invention nggéi further include
combinations Bi*aé withtandagrpditisiet Bheoreabensaesrfonps nhibe prerenbinvspsioEanPRlosage
forms can giseHage AN MR ALATIMESARR IRIPAsRRERR! [RIRLRNALIERTS,ciggimmediate
release agent may be incorporated, e.g., as separate pellets within a gefatin capsule, or may be
coated on thewderaceroetrausdtipaidicotasest asansples) ardigEPattiplesd e dge TILIOSFRSBleSustained
release coating QLMARRARMN NS UNLAGSRYES {BPRIsRbE, RETSROLINYRHIAG HgYeRISO contain a

combination of sustained release beads and matrix multiparticulates to achieve a desired effect. [0128]

The sustaif@78| s eFoainuRmMbadioTanis, ples aresave iHBNERTcPEpTdsroviey rel@aebadegent(s),
e.g., when ingasted.aRd,eXRARGELI0-93SHIG Htidh ﬁ&%}ﬁ%@@d&g@%ﬁhﬁ%&%@@ jetained release

profile of the melt-extrudéd formulations of the invention can be altered, for example, by varying the

amount of 1885arWhea Wdﬂ%ﬁgﬁ)iﬁomtériﬁﬁabytbﬁrmgﬁef%bﬂﬁt@Pppﬁﬁf’é?ieim’éfﬁi% to
hydfophobi%dn%g%ﬂyéb&wwﬁgm%%Bmﬂlﬁ'wsﬁl}%szﬁ)ﬂé Ry&inientsiddnaliang the method of

manufacture, etc. [0129] In other embodiments of the invention, the melt extruded materijal is prepared

without the hyedipsigeodeiprug lorelovinessylirschidinie WM%XW@M%@%‘OH% less than
25 ppm, whigh cap discadde duereafierainthe exigdasuStr hiormelatiansbypisatly yolliave the

agents blended together with the extruded matrix material, and then the mixture would be tableted in

order to pro¥9uta Rimer Rt R meabow. 66 aeTatet 89 1) 2heutaid i b tHE8Bresent
invention may, ontipHaiiig pRAteEWlBaBEsTbMaIe MAS @sianitableysithe meuatan Ty release or

for the protection of the formulation. In one embodiment, coatings are provided to permit either

pH-depend &&:ctbert-HEebent A)dngeca oY B Raant BBaRagrbar O PetiaviHE Yctive in
desired areag0biR0860 Qriptastinpb dEtriank € Uhdhkpéemaehigidssealbitesingnsuch4bat an

absorption profile is provided which is capable of providing at least about eight hours and preferably

about twelvEYBerE e GiRena BRI WE AeyS AN A2 rBR £3E1 900 fopatiatid\ iy, syitable

pll-indepepdenhsQainglis desiprhbhe erapnmis desighrdde achiavainalimaldalease regardless of
pH-changes in the environmenta] fluid, e.g., the Gl tract. It js also Fossible to formulate compositions

! =g ,
which releaS8¥$R Rutgrggdls haying debfdy dxy erdraesedaye! ohleshdhen, mdthnd release
the remaindeyaf thafARsgos anathrr megarelthe fotdraghes. gitther Snalitiiestiie 5068 Baformulations

according to the invention that utilize pH-dependent coatings to obtain formulations may also impart a
repeat-acti&}%%%ﬁe%%? %rﬂ’?ﬂese@é’ ég is coated over the enteric coat and is released in the
stomach, wWpigdpemamatydsaonsing aisieiedt iathiae atarctsdrirgcdddminas esl Birdfeledown the

gastrointestinal tract. Coatings which are pH-dependent may be used in accordance with the present
invention inHkaA e S MEMA CandIe fosmwlatad @s Srirsipnsd EARss e A3 ﬂW‘&rl?é’[g’i’e‘?)ﬁm’a’féH&a?EVAP),
hydroxyprogyhRethyitsdl wiese: phthalRisaraodlmetoasiilic AcikhesieteopedyMaldziinhane the like.
101321 In certain preferred embodiments, the substrate (e.g., tablet core bead, matrix patrticle)
containing tﬁ@%%ﬁﬁ’ﬂ’@ﬂéﬂ?@%mgmm@yalﬁi%mﬂﬁgiﬁﬁwﬁ%fy Eﬁ?ﬁ 55 ppm

thereof is cqateshbiiea iysophokicaoaterahsalesisddiont 6) saladietestiulose; (i) an acrylic polymer;
or (iif) mixtures thereof. The coating may bg applied in the form of ar;é%rganic o[ aqueoui solution or

dispersion. [#81Eodhf g FisBEda gRlRA %o R 4T g MR A 0 PR Sh o PTRSe%5of the

substrate inigiiaPbigitoadirstisdsysiainegddriepealpniie. Iceatilisietheadifoppraqigous

dispersions are described, e.Q%.s in detail in U,S Paﬁ{lt Nos.}ﬁ,Z?B 760 nfl 5,286,493. E% 3] Other
V]

examples o SHAIRFRAGUISEE s Sht REHIGIS SAtCH AT H AR Bl S Rh 8 ARSMatide with the

present inventippiBfMe iR desiar®edim tbabbatenbiospref2485 1he @hficié/aenlin 472,712
ALKYLCELLULOSE POLYME%@ F 0134] Cellulosic maéerials and polymers, .incé!uding.alk Icelluloses,
[

provide hydfSpifdnEiihfemale itREPRISCBRRRS tRE W82 NE B &y S R iR A% Simply by
way of exanagigoaneneieflerhalliileedodosicchoksmes issaidh viddbutoda, aithbingtidhevidiisha will

appreciate that other cellulose and/qr alkylcellulose polymers may be readily employed, singly or in
any co;nbing%ﬁ,ﬁgtgﬂ &%B%?{qusa a%‘m% ‘E?J@SEOBE Q{?@Orﬁﬁ% f&s‘s&ﬁ‘&“ﬁ%ﬁ%{) ‘?y&&ﬁlﬁﬁlcy |

POLYMERSormulations of the present invention should preferably be capable of producing a
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[0135] In other preferred embodiments of the present invention, the hydrophobic material comprising
the sustained release coating is a pharmaceutically acceptable acrylic polymer, including but not
limited to ac{RSE93#H methacrylic acid copolymers, methyl methacrylat® €b3RAEIL0ethoxyethyl
methacrylates, cyanoethyl methacrylate, poly(acrylic acid), poly(methacrylic acid), methacrylic acid
allylamide gonalymar AN MAIP ANl AUBEInASRBIE Rolmeiip raltRe el
copolymer, f)lf%icry amlc?e, amlnoaﬁ<y]I methacrylate copolymer, poly(methacrylic acid anhydride), and
glycidyl metndarijiateccting pbitie) 106} toxteriamtaddade-E/foodiments, the acrylic polymer is
comprised of one or more ammonio methacrylate copolymers. Anunonio methacrylate copolymers are
well known in the art, and are described in NF XVII as fully polymerized copolymers of acrylic and
methacrylic acid esters with a low content of quaternary ammonium groups. [0137] In order to obtain a
desirable dsS¥WH8A %FB‘M%S it may be necessary to incorporate two or more anunonio methacrylate
copolymer ing_differing physical properigs, | t 10%:0f tgrnary
ammon L TR e e B e o ype
polymers arsedstfcbtaripesarmypiduticpkberststsushmsgunppris! hidybbeadsnd ARBraRee with the
present inveptipn. EOIGXRTRIe. dakeofe il aheana mers iR tbeshaddramadigiulaminoethy!
methacrylaf’ and Sther nedtral met acrylic esters, also known as methacrylic acid copalymer or
polymeric reafisalenjtates acommhenfitieaiviailatiivide Eyuafiglifs FoFRipad release dose when
200510978010 T/ S2008I010808 Ralrm hloaT HRfe, 26, yRiRLIigteo pssiah Sucragie. For
example, Eh(ﬁagle S &h example of a methacrylic acid copolymer which swells and dissolves in
acidic medimeédidragit(r) L is a methacrylic acid copolymer which does not swell at about pH < 5.7 and

is solubl tpH > 6. E ' isseiublgvakabout pH >
'S soluble f;@)ﬁg{%n Eﬁ%}%?{ﬁ%@é 1ags hEH Ak ABPULB e A dstrsiuBlevalyabout p

7. Eudragi are water swellable, and the amount of water absorhed by these
polymers istpldase fenaisivs o dhsvprestos deentionscsatvhanitngesiafd ppessAdoressire

pH-independent. [01391 In certain broferrest emiodinanta, MfieAcyHoeymacampiisapasmixture of

two acrylic résin facquers commercially available from Rohm Pharma under the Tradenames

Eudragit(r) & 8@ Dnamutivudrayig)alasdDioreerannlfelhy Ry REACFAMYBE A LEFTIPAIRE) RS30D

are copolymers of acrvli ] li i GONRRNLOS guataIeryiaaddudniom groups,
the molar ra\f\%&%)?haerr%i gﬁ@%%?ﬁ%%%@ﬂ%ﬁ%ﬁn{%#ﬁ%%%%al (meth)ac%gl\iﬁ: este@%%iéﬁ?é;m in

Eudragit(r) Ric3QirepiobidmateEiakifiyiany g SoranmoEthed astisieetiaaiEiot 180,000. The
code designations Rlbggh{ Hﬁlr}mggi_lgy)agggﬁﬁl(lgi#rgggﬁgagyi@g)&g{gﬁt@ the prefgakiidy properties
g

of these agemn%sérllfddr it(r) RL/RS mixtures are insoluble_ in water and in digestive fluids, However,

coatings formetidrbof thansfanassectsndhgissalationrireiilneointhe, Hibuate AR 1Ay a%ﬁ%stive fluids.
021401 The EyiagiOURHIRS SISHR 0 L PSS SbME TR b thiogedhéanin any
desired ratio In order t0 ultimately obtain a sustained release formulation having.a desirable dissolution
profile. Desicabtmgustained release formulations may be obtained, for instance, from a retardant

coating derd {08} A0 KSR A RlecP R THOFRAIID U A0SR E i amifRScand 10%
‘Etdrag

Eudragit(r) It(r) 90% RS. Of course, one skilled in the art will recognize that ot?er acrylic

polymers méy dissobangsibe, agsol SnrovistAnd ben serayRg e Spiuhen RIFO BRERIRIR i

embodiments of (he presentinvesfian pliate gnsoalinvaeamRrsas anaweelly dispditbenl of a
hydrophobic matérial, the'inclusion of an effective amount of a plasticizeéégﬁaﬁ.g&ge us dispersion of

1 d
hydrophobicingseditatsiiticratsacaddedrvientie sayaedhpRadtins P dS 488 Qoating. For
example, beﬁ%“gé?i\%%'fﬁg Hdage Nasa 16ativehhbighnalassein Fotierataplpeagitvduandidors not form

flexible films under normal coatlni conditions, it is preferable to, incorporate a Iastig)ize ingo an

ethylcellulosmdudtin§xsbatapiapy: @M@Ssétﬁo‘éﬁmmﬁ% PRSEFe 5P X Rating
material. Gepsrally, $ha AmainLY Hasiielarsivubad) imaycoatitaeohdidiisdason andthie
concentration or the filnmi-former, e.g., most often from about 1 to abqut 50 percent eight of the
film-former. S¥ntGenmineh Gfghdaslabaui-b haBWaiR I aPPLAR)BR %Eﬂbee?‘ e g%%ge &r careful
experimentalign Withihg, Pastisdasanaing, Splutis apaprRIhBehes applicatien. [14p}itusiyples of

suitable plasticizers for eg%/rlcellulo_se include water insoll#ﬁelfe plasticizers sug@ a&ﬁd{bu (I) %bacate,
diethyl phthataescentsthyith cbamery Refhid0 aFfPFFHE TS, AFRY W 53R R Sther

Water'i”SO'“'Blﬁt&iﬁé&iCiéﬁeféséseé?&tiﬁg.a@ﬁ{y@iﬁﬂm&o@@gdyﬁaiw&ia, phihialaigestdss paastaioh, etc.) may

be used. Triethyl citrate is an especially preferred plasticizer for thefa[%utaous diﬁgersionst%f ethyl
cellulose of m%hm%pylmethylcellulose. However, any film-former known 1n the
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[0143] Examples of suitable plasticizers for the acrylic polymers of the present invention include, but
are not limited to citric acid esters such as triethyl citrate NF XVI, tributyl citrate, dibutyl phthalate, and
possibly 1,288l col. Other plasticizers which have proved to be sBEINEINS&PeHecing the
elasticity of the films formed from acrylic films such as Eudragit(r) RL/RS lacquer solutions include
polyethyleng,glyggiherrRey!ans veri-dicthv BliRalale. sasiotols A8H JHACCHR Mistvigirate is an
especially preferred plasticizer for the aqueous dispersions of ethyl cellulose of the present invention.
[0144] It hadaGraidho B8Rl Bedehat the addition of a small amount of talc reduces the tendency of the
aqueous diggEsjoThe s&@iﬁ@%a% RERGEBRINGvARHAIS witiR BA!ISRING AO&RLpepibal AINER RELEASE
OSMOTIC DOSAGE FORM [014 A_Sustained release dosage forms according to the present invention
may also bepiaprhebic asterslic dbsagursnn disnsrionod bydiopbakicayatesah@isierabibly include a

bilayer corefgamyriatladR g iRVEN CANGRINGE ShaceyepdonauEiochiarideriavifighdlated

14-hydroxycodeinone level of less than 25 ppm) and a delivery gr push layer, wherein the bilayer core

is surround@dUsPY Esrisions 2P URIP S FURRAS AR H: I@é&%%ﬁ%ﬁ@@&bﬁ)}‘%ﬁ@posed

therein. [014fk a3 65 9UA, RASSRAGWEK AT YSSEPRGING RUAROBRAIdDIS INVRETRR~EIGIUdes
aperture, orifice bore,ﬂfore, porous element through which oxycodone hydrochlorige having a

|4-hydroxycBEfsRBHBIRIRE A RS iR s PR PE A B D IOEF e % FigFasitth fdtighea fiber,
capillary tubgegorous overlay, porous insert, microporous member, or porous composition. The
passagewzﬁ. can also include a compound that erodes or is leached from the wall in the fluid

environmen?8Felse 5 sstiteesalutians of dhsReserh dayemion BelRTabive comab UR AL 98rming a

passagewayo REHHEEHeHNe, RRAXIIVEs)ig) A SislvertRYMEACTC). agiskén) thecoitas 36/ptbegs filament; a
water-removable poly(vinyl al ohzl%; leachable compounds such_as fluid-removable pore-forming
polysacchaﬁg‘@?f’ﬁ?:i(ﬁ’, é?fgq(;’r‘% inciion s Coletv ¥ah b A e bl PR @ntBSund from

the wall, sughegspsatioiiy sieresagafiaascARIOSen OidliGHRSE thEPHRSUSIAIHRIsIBIERFE
dimensionahggfrgé assageway, The dosage form can be manﬁgfactured with gne or more passageways

in spaced-a 0 AR oF RGPEIR I L e 86 %Mgd;‘?ﬁ’ééaaé%\fé’? 4R1%quipment
for forming almagﬁvpa&p@[en@i%llﬁt&ﬂdﬁébéﬂSgdi’ciil{&liﬁli\fj@ﬁoﬁs,&}ﬁi,ﬂ&@;a&ﬁi;d Eﬁﬂ%ﬁ&%6&ﬁ64 3nd
4,088,864. Passageways comprising sustained-release dimensions sized, shaped and adapted as a
releasing-p&@%ﬁfédg}ﬁ &t Bﬁ@%cﬁﬁ?@% 6’%\%@@%& Eiﬁ"é‘%o?ﬁeaf S EisheP s se rate are
disclosed ingdlimEtateshiies. 40098 anthd, 26508het144] heepainiepbodimpninii® drug layer
may also comprise .at Jeast one polymer hydrogel. The polymer hydrqogel may have an average
molecular EW‘%WJKN@&P{ ab ﬁ%oﬁ’%l\gaélgfu?@ﬁég}éo@?ﬁrxgﬁ’n sierHBlgHessH els include
but are not liitest tineenadiodaxtrirnpolyeier Senaplisifgtbddasma (26vittZ0opdrl 20, tberein nis 3
to 7,500, and the maltodextrin polymer comprises a 500 to 1,250,000 number-average molecular
weight; a po%f(gi‘ﬂ?lté% ﬁ%)%p 8%%%%?@%?@9%%&&%‘}1%@8}4&@ alfd WIS lene oxide)
having a 50t3akie 6009 aneighloa yesagatsnaletulaineighidaptbmeis . SPeEficalfporpigsented by a

poly(ethylene. oxide) of at least one of, 100,000, 200,000,_.300,Q00 or 400,000 weight-average
molecular V\qugfﬁgw) PafRe Pﬁ%‘f&far%‘/‘if@éﬁﬁﬂé’seﬁe%@% Rt iR &A™ dium or potassium, the alkyl

is methyl, 0087pr@sticizedihydibpRobidrattnal 0Rs Weighitrderagetiin Gigsitateweigptising a

copolymer of ethylepe-acrylic acid, including methacrylic and ethacrylic acid of 10,000 to 500,000
ombor-avaby IS L R 1 RET CUARF GRS THERATY (Eopra B AEnBrE the
ﬁlel_ive(;ry or qmsfemb eldm@,gts%mr?m‘abﬂnwgl Eyaeﬁflieal@ffcaﬁ:@simpl mlymejre?ﬁw ut are not
imited to a member,selected from the group consisting o alkylene oxide anda .
carboxyalky%oéﬂuf&dee.rqfﬁé‘pgk}é gntg%ﬁgrg dggte&afe é? F@é&fsoé@%gldvgg@g% W@Yé’r‘h—average
mcileculﬁr I\A;ﬁjghﬁqgheamilﬂgaﬁyiiﬁaﬁedﬂfe Aoayfieiammemnder (;cSﬁ&hﬁeH%dﬁ@pﬁbbigéﬁ@ﬁbﬁ@hﬂstingog 200
polymethylene oxide, ethylene oxide, polypropylene oxide, polyethylene oxjde having.a 1,000,
average mo%’(%cau1 af %ggﬁ%%#e i‘?y etﬁlé’%dxfggep%enﬁ}gﬁg%ﬁggrg?@b&%bt ?/@lpa%‘:é rﬁ%‘i’égﬁfgrltqiveig ht,
polyethylenexmoishel coraguising solaiiais 008 aymstaigeluidlanaiabeveighicdroasitinkestipglyiththylene

oxide possessing a 1,000,000 average maqlecular weigh arle‘E‘)(#z ropylene oxide of 12Q0,000
average mc?%%tﬁ%fﬁ%ggﬁf?ﬁ/%%{é?ﬁogmopo fm%’r%%%%%%}%@ ce I%lgﬁ bR esPEThermbr selected
from the gragppiamibistippleflatkatheabibady.alkifsetivbossst sdipmovizkdh oiy atetily| dellotdse, tpotassium
carboxymetpf}gcpll% NS uo(lJigan cf';\rng%eotgyflfﬁlleuhosaslithium carboxymethylcellulose, sodium
carboxyethy ceit ose,ycar oxyéﬁﬁfﬁléroxya yice f’ﬁos’e, carboxymethylhydroxyethyl cellulose,
carboxyethjfla§8}oXhethylemitulob ehandgeat ) xfnomathith pdsmiypdopstesiufosauldtmwsmiapelymers
used for the displacement layer exhibit an asmotic pressure gradient across the semipermeable wall.
The comopBISRars TUBE o 0 bR L5y SRR Ik SRS i hea B moti
hydrogel (also known as osmogel), whereby they push the oxycodone hydrochloride having a
14-hydroxycodeinone level of less than 25 ppm the¢geof from the osmotic dosage form. [0149] The
push layer may also include one or more osmotically effective compounds also known as osmagents

and as osmotically effective solutes. They imbibe an environmental fluid, for example, from the
aactrointactinal tract into docade form and contribiite to the delivveryy kinetice of the dienlacement |Iaver




salts and osmotic carbohydrates. Examples of specific osmagents include but are not limited to
sodium chloride, potassium chloride, magnesium sulfate, lithium phosphate, lithium chloride, sodium
phosphate, P&1288W MW7 &ilfate, sodium sulfate, potassium phosphate, gluco®&HURYS Hiedomaltose.
[0150] The push layer may optionally include a hydroxypropylalkylcellulose possessing a 9,000 to

450,000 nURREF Y FRGRAENSICRIA! YplahL. B AYREOXYAPYIRIY CRIIARE IS RIS eRted by a

member selected from the group consisting of hydr_ogqpropyfmethyleelIulose,

hydroxypropsaaaransdusushdhssrsniing s sincel brssenhpis watenal b tyrienspigbland
hydroxypropyleaRiyIeeluesnil0d i, TR GHSiter.eRHOnalY FORGORIV s BRGNBHHCAEEIOrant o

dye. Examples of colorants or dyes include but are not limited to Food and Drug Administration

Colorant (FERRY1LY, chatactesigieeney. thesmateaiads ssingtedo. 4 red dye, red ferric oxide, yellow ferric
oxide, titanjgyB9ijOXTHE r SRERE AR iR ELIHEGINIEH BelcTion BYDRIEYEFARRY AlPHRsiQaally comprise

an antioxidant to inhibit the oxidation of ingredients. Some examples of antioxidants include but are not

limited to a MdRMEPESIRdd iR eHRAFHAlS doptrennbe Hislspsiceatiactad i igAGhaRnitar, butylated

hydroxyanisgle catiistiheaal shanenditartianubtyid- Py FsyARIS e Pt i Qryigiuene, sodium
isoascorbate, iiigihyd,r(_)guareti,c acid, potassium sorbate, sodium bisultate, sodium metabisulfate, sorbic

acid, potasdhiffioRbiBriapte NS TS ERsATdigrs I YRty dnashenol, alphatocopherol, and

propylgallajgo90] 5Bhén safiaird Rleai/ e ampesioretis, Resaasagrffitn CMMIssSiRchriwogenous
core comprising oxycodone hydrochloride having a 14-hydroxycodeinone level of less than 25 ppm, a

pharmaceufiE&HREBRIBIS PERRSHIR & SEERARgIBHE S xide), optionally a disintegrant (e.g.,

polyvinylpyfeobdprieheopticainibd arlehsoeiamenkanasy (Bderd ¥R, s.aUHR6EAbI@Iehelating
agent, a bile salt, etc.). The hom%;'lenous core is syrrounded by a semipermeable wall having a

passagewalP I AT ULt R REIIR HSTORSECYF tREIA) 4B dBH S ERBRISHR ok YsSy FHS & 3%
hydroxycodpétpnetenstesf doafpifira 35 npear [RdIgditscertaitniositaentsyHichseripgspeable wall

comprises a member selected from the group consisting of a cellulose ester polymer, a cellulose ether

polymer an§"QUIAABEHE IR BALYIBET P Representative wall polymers comprise a member

[0092] The release-modifying agent may also comprise a semi-permeable polymer.
[0093] In certain preferred embodiments, the release-modifying agent is selected from
hydroxypropylmethylcellulose, lactose, metal stearates, and mixtures of any of the
foregoing.

[0094] The sustained release coatings of the present invention may also include an
exit means comprising at least one passageway, orifice, or the like. The passageway
may be formed by such methods as those disclosed in U.S. Patent Nos. 3,845,770;
3,916,8989; 4,063,064; and 4,088,864

MATRIX FORMULATIONS

[0095] In other embodiments of the present invention, the sustained release
formulation is achieved via a matrix optionally having a sustained release coating as
set forth herein. The materials suitable for inclusion in a sustained release matrix may
depend on the method used to form the matrix.

[0096] For example, a matrix in addition to the oxycodone hydrochloride having a
14-hydroxycodeinone level of less than 25 ppm may include:

[0097] Hydrophilic and/or hydrophobic materials, such as gums, cellulose ethers,
acrylic resins, protein derived materials; the list is not meant to be exclusive, and any
pharmaceutically acceptable hydrophobic material or hydrophilic material which is

capable of imparting sustained release of the agent(s) and which melts (or softens to
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selected from the group consisting of cellulose acylate, cellulose diacylate, cellulose triacylate,
cellulose acetate, cellulose diacetate, cellulose triacetate, mono-, di- and tricellulose alkenylates, and
mono-, di- N HY8NIIG8e allcinylates. The poly(cellulose) used for the pre RGE/PNAEATIBH emprises a
number-average molecular weight of 20,000 to 7,500,000. 101551 Additional semipermeable polymers
for the purpgizeetdhisHENRBAIgNEOBYPERG RERIIAS e iR HRBURRe ACH IR e CPlleRE acetate
ethylcarbamate, cellulose acetate methylcarbamate, cellulose diacetate, propylcarbamate, cellulose
acetate dieﬂ‘?}‘{%ﬂﬁbacetate; semipermeable polyamide; semipermeable polyurethane;

semipermegis puienatasdolyshy engas MirRgLEG ablasseensrinked, Refyymesipimatdy e
coprecipitation of a polianlon and a polycation as disclosed in U.S. Patent Nos. 3,173,876; 3,276,586;

3,541,005; Smsubstttedly draoalins, sachige fatbamidy dRitaredolisealyseabsstesepidrisourirajan in
U.S. Patentajas 3middraBandaraiResniedle &E@%ﬂ%@,%ﬁ@'ﬁf&%fﬁ”&ﬁbﬁ%mi&ﬂ%@ﬁ@ﬁﬁ@és"i_nked
poly(sodium styrene sulfonate); semipermeable crosslinked poly(vinylbenzyltrimethyl ammonium
chloride); aﬁg’%‘élﬁnipermeable polymers possessing a fluid permeability of 2.5x10-8 to 2.5x10-2 (cm2
ihratm) exquasepdOerREROTIIGRSAT hydkarialisIpmesN lipiaRSUEIigIENCRYIRNOSS the

semipermeable wall. Other polymers useful in the present invention are known in the art in U.S. Patent

Nos. 3,845 SPHYL250 14hssy &ibeaialby byeroxvalkyieeliatisk Bicembasrebalsililosstofe). R. and W.
J. Roff, 1973refelted PTéigsoral planidideahiena40daidin eewain embatingesopr efsmhoihg

semipermeable wall is nontoxic, inert, and it maintains its physical and chemical integrity during the

dispensing ELPRRAYHIRPhTIC oF BvEaRBoRifB#RIdhe dosage form comprises a binder. An example
of a binder joebojewHut fisengfdidytashio ﬁlfl’f&fﬂﬂ@@@?ﬂﬁbé&%ﬂtﬁﬂh@W&%%ﬁ?r@@l@ﬁgya 5,000 to
r

350,000 viscosity-average molecular weight, represented by a member selected from the group
consisting S ol REHHARNEE, Forbe ﬁ‘?‘%a%%taﬁ’ﬁ@ieg, Gty (Hhyisy g shain Jhyduasathahs

poly-n-vinyipyeepiide artp QLphaRy)CABSAGIS taREp REYraTY T Sraledb ¥ BUFR N @ offih
poly-n-vinylpyrrol'dgn@copQI mers with a mempber selected from the group consisting of vinyl acetate,
h ‘gilm/

vinyl alcohdfPymPeh(Briareigiiyaf b ieast ong fissiible [ong PR dydiospid Uy | stearate. Other
binders inclggd@ fprexfrable, deasia &4eb fapdihand My BomRaRyiriigsielageasf .00 to

250,000 average molecular weight. [0157] In certain embodiments, the dosage form comprises a
lubricant, WP HES #5880 during the manufacture of the dosage form to prevent sticking to die wall
or punch fafR2F Ra PRS- ebitcanie Rt uisr et Belctitdarbia MadR6ep be RIS sodium

stearate, steari id, calcium stearate, magnesium oleate, oleic acid, potassium gleate, caprylic acid,
sodium steﬁ]%}'ﬁfﬁé]riﬁi%i%ﬁ’ &) H&@ﬂ@ﬁ?ﬁﬂ%&' frardd pAlEEIeS anrsepoleRsresheHaGHRRnts, the

Er%senL linvgym' éﬂﬁﬁ’c@&&&%}df:j@ﬁﬁﬂ@}ﬁi@g‘@fﬂ@?%?&ﬂlﬂmBilﬁi&grﬂﬂiﬁﬂ%%bﬁoff?qfﬁ%%ﬁl
ydrochloride having a 14- hydroxycodeinone level of less than 25 ppm equivalent to 10 to 40 mg
oxycodonel?{ﬁgf’aﬁ Icﬁ%%‘,’déglﬁ’}tgoﬁf?’r%eofpﬁﬁ%lI{S}Yé’ﬁg(ﬁ&io%f @H%ﬁ%e,@@%}%%o@mo average
molecular waightadeti &lngcoémabivinviphicrpitiane: avingingSu0 Q6 duarageneiggidacigeight, and 0

to about 7.5 mg of g lubricant. SUPPOSITORIES [0159] The sustained release formulations of the
present inv&fitio qéilFB’élhﬁ)rﬁ'ﬁifgté:(ﬁ’ m%\rn%%gﬁﬁcgféhﬁﬁéfi‘ﬁ&y ’P&?tpé(ﬁa?’ﬁmﬁ?ﬁyéﬁﬁtion

comprising @ pblivakies suppsiieiiylasmettnid §esdonphyetinthlanictdeaying,a ddrndiRyycodeinone
level of less than 2 m. Preparation of sustained release suppository, formulations,is described in,
eg. UsS. ﬁ%@%ﬁﬁ@ff@o}ﬁ%‘efo%mﬁ;& M’OPB ' f,Zﬂ%ﬂ i ifid ’kﬁ;?fgg ;)ﬁ.c It_he ca;sE of
suppositorielyd reopobimer PPoLR( hauiied $0B GhepdasHdiy RagRaghyagdegiting of the
base and sggﬁgqg&ggégﬁggiﬁg 0&%%@ dru.%efer%‘r%&lfé%s p o?igtcﬁgﬁ {tﬁ)ﬁse mhoﬂtgpgg rect§I fué?ﬂéqrhe
absorption t r]r?gi‘/‘ aﬁ%ﬁ%g im ? , ticular
suppositorynitissciglite vepolyimeadjinoties witbodipasiisytae txigophishioachasa gidagednsideration
to the physical properties of the drug. For ex le, lipid-spluble qrugs will not partition readily into the
rectar s P dH RCHFE G SR G R A G DR B JEASAUHIAS the rectal
fluid. [0161atimeirguibe slifles €otdasitiars affecting the dissolution time (or release rate) of the drugs are
the surface the drug.supstance presented to the dissaluti olvent medium, the pH of the
solution, th@@%&;ﬁf%&? e@(fﬁ'gé}?g’ qnlﬂ%egﬁgciﬂﬁes&\%?fflﬁisé%ﬁ?iﬁ, éfﬂ[]ﬁth@?fﬁviﬂb %Fées of the
saturation gronemitatiohyirdidstiyeshdiaieipdedphbisisabeds MeeiferabGenaealhydagihssiaffecting the
absorption of drugs from suppositories administered rectally include suppos; Vehicle, absorption
site pH, drundap?&glsdéla%gég i zg{}lgﬁflgﬂr}ﬁ&?dasgﬁfgﬂﬂ%.g‘{@fﬁ%?@h%g%?ﬂb;%géﬁor%ﬁg%u&hosen
should be @ooDafiblefediblihdraativbd@fiitas Wwesenbinyata). Rydbgicdlte, supaositophsisise is
preferably non-toxic and nonirritating to mucous membranes, melts or dissolves in rectal fluids, and is
stable during storage. [0163] In certain preferred embodiments of the present invention for both
water-soluble and water-insoluble drugs, the suppository base comprises a fatty acid wax selected
from the group consisting of mono-, di- and triglycggides of saturated, natural fatty acids of the chain

length C12 to Cts. [0164] In preparing the suppositories of the present invention other excipients may

be used. For example, a wax may be used to form the proper shape for administration via the rectal
roite Thic evetem can alen be 1iced withoitit wavy hiit with the addition of diliient filled in a2 Aaelatin



[0165] Examples of suitable commercially available mono-, di- and triglycerides include saturated
natural fatty acids of the 12-18 carbon atom chain sold under the trade name Novata TM (types AB,
AB, B,BC, BMORBSVFSHCE, C, D and 299), manufactured by Henkel, and RGRAES8PYMOGYpes H5,
H12, H15, H175, 11185, H19, H32, H35, 1439, H42, W25, W31, W35, W45, S55, S58, E75, E76 and

E85), manyfagiiechiy RuaasidNeRal 0468} Qtkat RharRacsmicalyRaceRizN .S uRRggitory bases

may be substituted in whole or in part for the above-mentioned mono-, di-. and triglycerides. The

amount of BRES WALy Rderblningassrmmbalesbqle ettt asidveigplydinglgsshge form, the

amount of fasiesfe9. falginaig) @ggg,r%&&s%giﬁg%éﬁaéstl(&aﬁ@qua;_gfaﬂgpﬁq%@&m is from
about 20 percent to abput 90 percent by weight of the total weight of the suppository. Preferably, the

amount of SPIRESHEH L ALS imiikasamass R Taal o HeEFb LSBT ISe Al niSts a0 M ebiPe Aitht, by weight
of the total weighhebil easd PROGHYINIA DIRATIRIA hFMB AR Me N bSh PR TH RS OXiGedese

hydrochloride havin l({aﬁm-hydroxycodeinone level of less than 25 ppm may be used as a substitute for

the oxycodBAESHyTFM o fife AR Ca REFHIAXo SIHAONRS SRSRTICPEN e scainguba, josr) F toxilox(r),

Roxicet(r), Repeeeetén (xpeakn, MOLseran @) wR e deneinex iCantinaiand Ay yiRkriguch
R 58th Edition (2004) and the FDA Orange Book. 10168] The

formulations are ljsted in the P (
following eYAHRTBI&S ﬂﬂfﬁ?&t’é %f%ﬂ%rﬁgﬁéé?%ﬁmré%@m%ﬁﬁgﬁ?gr el Homabeutonstrued to
limit the claigrstnadoutmeerEr whatsoever. EXAMPLE! [0169] In Example 1, 37.7 g of oxycodone HC1

(35.4 g dry is, ca. 500 ppm 14- hydroxycodeinone) was placed in a 500 mL Parr reaction bottle and
combined \lﬁi‘?ﬂé’ﬁ%&% E%?Bfﬁsf’?@@@@\ﬁé@ﬂ%e‘?‘f% RstisdaitResorigaas7ithiie182.2 g of

61.9% isopseranolivasatidw/ i clude niesenias Biaceshtrref@ranertapnasnbere,aed feated with
shaking to 45 - 50 é Upon issolgéi%g,é?f all ]sétarting material, the pressure in the bottle was vented to
the atmospﬁ‘l%ﬁé‘% Wcﬁ%ﬂ’gﬁtﬁ}’é TS PR st asFE e pridsy Rbiralorhale elisayine
hydrogenatisirsthsf ixgyogeidsvasiverateshaffapedbr ssilvtian Wwasadowed {0Ra0kEowaes. temperature.
[0170] Th?ﬁgeé%da , the mixture was, heated to 75 C to dissolve the crystallized solids and then

suction filt Q0§ Savipeseeiting ek PrEVSeR L iackMet) clintspsatrmed. (94 tsped with a
condenser]éhfitRgarhainRaphel enaeRar) FaisA SHpeHic) WRBHONGFPRIURIY andamrPgrammable

refrigerated recirgulator), The Parr bottle was rinsed with deionized water (11.7 g), which was added to

the 1 L flas¥RPgigRPe i PTr Staseniarmanay Gruiae Ainodmraekight fietnisdsie was

re-heated wité dibedn gl e 16hLelaiid hpdeoenfisaolve any crystallized solids. The solution was cooled
with stirrini@oﬁ%l; 10C Qt\éel‘ 8 hours (linear ramp) and held at 0 - 10 C for 20 hours. The crystallized

solid was t REGAFAY- L COBPARFLAR RN WL LRE Widr b Bl Feasraials: Brrs Bpgdesolwater

(w/w). [0174] {he ienaxefisniagansl froan REEGhal ey aRlyaobwahMataliat wiashiseasherigd to a drying
dish and plac?géﬁgaé%/%gg{%g\#esiccator with an open container of deignized water. The solid was held

in this marfMgF O SFHGAL S HREHE e B As it ety Aleohpls ot C. [0172]

Analysis ohihengtie dimate sahsinghglewiddddedbesywade enapethed Qidaanpla 4kelow gave a
result of 6 Egam &;‘aé4-h d@gj&f@deinone. [0173] Analysis of the dried material using the method of
Example 6°B&fox %({;E;ia 1S5 IR AESHONE S hd 8 ppm of 14-hydroxycodeinone.

[0106] One particular suitable matrix comprises at least one water soluble
hydroxyalkyl cellulose, at least one Ci2-Csg, preferably Ci4-Cp, aliphatic alcohol and,
optionally, at least one polyalkylene glycol. The at least one hydroxyalkyl cellulose is
preferably a hydroxy (C; to Cg) alkyl cellulose, such as hydroxypropylcellulose,
hydroxypropylmethylcellulose and, especially, hydroxyethylcellulose. The amount of
the at least one hydroxyalkyl cellulose in the present oral dosage form will be
determined, inter alia, by the precise rate of oxycodone hydrochloride release
required. The at least one aliphatic alcohol may be, for example, lauryl alcohol,
myristyl alcohol or stearyl alcohol. In particularly preferred embodiments of the
present oral dosage form, however, the at least one aliphatic alcohol is cetyl alcohol or

cetostearyl alcohol. The amount of the at least one aliphatic alcohol in the present oral
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EXAMPLE 2 [0174] In Example 2, 35.0 g of oxycodone HC1 (33.3 g dry basis, ca. 4000 ppm 14-
hydroxycodeinone) was placed in a 500 mL Parr reaction bottle and combined with 0.49 g 5% Pd/C
catalyst, 509 QY WEUohnson Matthey type 87L), and 159.9 g of 62.3%PEEIBDIEFBINGEter. The
mixture was placed under an inert atmosphere and then heated with shaking to 45 - 50 C. Upon

dissolution géd1e SariingimaerirketiaRE S EDR hepeieppriyaate b iohisiatipsiisie and
hydrogen pressure was applied (45 PSIGs. After 5.25 hours of shaking, the hydrogen was vented off,

and the solfiEHF RISt Wil Apeoddsadtempdithne atrifashsaareabalicdans Lt ohdsnext day

and _hydfr?g}aﬂga;iﬁn iwacgr catsyéﬁg %Iioéﬁr the %ﬂﬂ) Wigsd0d 7ti%l|:1£h qlim{hgj r&lg\%‘%& %ﬁ}%@ﬁaﬁ &@ndd thi n
suction filtere Olgia .4 U membrane into a Jacketed cylindrical flask (eq Ope with a
1 ieae dbvpalniis S 2t

distillation K& SrrdosegR dormrreciesthblscontains Retmeenad5a 5l glﬁd a

programmable vefrigatrtad [easireHipiaphatReaRaHpoWBaNas éasesnw T NIaiRpizRs wipdsr 511.7 9),
which was added to %E&eé:)flédﬂ sk through the filter. [0176] Isopropanol (295.6 g) was added to the flask

and the miFerERhA% Bemiberibdhan & sombingt&aiaht ok theintleast onp slinbriic
isopropancitestier azéehope vt shstijer dRycthedined Wittc3 sy odmatdhrgnealiesiezhdresh

isopropanol 60) was.added and the distillation head was removed and replaced with a
condenserﬂ@l%@%&?@ W%?@W?&SBF@&%ith stirring from boiling to 0- 10 C over 8 hours (linear
ramp) and [(1073tI0 ol dmboaadnouts hHie 6fysialliarthetiidiuas Hyarosgiasiednyisysiien filtration

and washed with 107 g of cold 95:5 isoprgpanol/water. The material was dried as described in
Example 1201 f?ﬂ?ﬂéfﬁsﬁgeo"fttf?@s&r?gﬂ ﬁﬁ&i@%ﬂ &H%%quﬁﬂiﬂﬂqﬁ&mﬁé?%ﬂ?%ﬁﬁod of

Example 4 (pelo)v gt sesiedsof ond iyalrof Aklyy deeitiredetoone [ 18 sAra¥sidiphtise dried
material using the method of Example 6.helow gave a result of.< 5 ppm of codeinone and <5 ppm of
14-hydrox>ﬁ?898fé?§(é)ﬁ§'a YRR P%?é‘@l[ﬂs%ﬁ?{eé a]‘rﬁ)l@@ 4;855 d’B?PS‘S{ﬁéod?ﬁlﬁlé ARt water wet
(24.57 g drigcvasin, 0.D2dd Mbhetng pRAR Wy bididedaxycodeinone), 39.8 g of deionized water, 81.99
of isoprop . 5% Pd/C catalyst, 5Q% water wet é\]o nsqn Matthey type 87L), and conc. Hel
(11.3 g, O?@%ﬁoﬁgﬁ gaﬁﬁ ﬁ%%tg%%%l&a%eﬁi%%\y a %a%fjr ﬁﬂb@ﬁ&?fﬂ@' ml Parr
shaker botiiyqo1 8t] Whiemixtprefarasiplpedtiintiae arlyoelt Thvasphbee anddpeatesidouls C with
shaking. The presspre in the hottle was relieved, and the syste as pressurized it rogen (45
S16) The CRTRON 118 hier R DA USROG Bt 27 L S R, byt Bowed tha
the ratio ofdipecirdly bethed, 1400haatd2y08(B- dihydrocodeinone peak to that of oxycodone was
. A : =t

reduced frcimﬁ)ﬁ 9A/I%(;[8160f0511111/toa e”sntgsttzghsegr?gl'ease matrix would comprise an alkylcellulose

(especially ethyl cellulose), a Ci» to Cje aliphatic alcohol and, optionally, a

polyalkylene glycol.

[0110] In another preferred embodiment, the matrix includes a pharmaceutically

acceptable combination of at least two hydrophobic materials.

[0111] In addition to the above ingredients, a sustained release matrix may also

contain suitable quantities of other materials, e.g. diluents, lubricants, binders,

granulating aids, colorants, flavorants and glidants that are conventional in the

pharmaceutical art.
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[0182] The hydrogen pressure was vented and the system was placed under an inert atmosphere. In
order to prevent further dehydration of any residual 8,14-dihydroxy7,8-dihydrocodeinone, the pH of the
solution wa3VAHp083YR 1B 0.5 to 1.8 with 20.7 g NaOH saturated isopropa®éll{E8A9854816660dium
hydroxide was also present). [0183] The solution was re-heated to 75 C and then pressure filtered
through a Q2APMR BX Efp ARMIT e AHtgighoused in heat-traced 47 mm SS filter holder into a 500 ml
jacketed cylindrical reactor (condenser, N2, mechanical stirrer, programmable refrigerated
recirculato(RII2¢ Kasrdenttte facititins e \pitpa&figrodbfieisviics duvaipkdaiehse agadiisdde the flask

th h the filter. [0184] Isopropanol (222.5 g) was added to the splution in the flask and the resulting
slﬂ?rl;/gwas%%%ea ?8%811 o%?m%l?’fén&% -3i§§8%%%h0 JITRETRRH rRaHhn Ofﬁéugaéaped

temperatuiendiva sothiben sk ket dicklie atnmdiobesi§ta Shordatetylel tac @insessin thtivaahtiio

14-hydroxycodeinone w. etected sample of. the crystallization, mixture after this hold. [0185] The
circulator v%/%@’;%e? ﬁ;ﬁeg%tgafi?rg% ?@@th: =§3 &8@/ PEHBR %?aﬁ%%?ogﬁmgféﬁvgﬂ%ﬁ% %Q'Fewg{g?ting the
cooling prcgtabie thydoligyalvdrecetilitsieddm sthetiaxfivdtinn apdrowdbaddhbaeitignes With 95:5
isopropangl_ /water (232.8 tal). The material.was drjed as described in Ex le 1. WO

006 00 TS Cah LS ok s%%’t@%ﬂ%%%i@ By drgmkY gffolose
14-hydroxyoatiginog eramtiesdvei i a6 bapde dhb dlpyv- dauealiphatidt At Shphnamf (€)-bydomajigodeinone.
[0187] Analysis of the dri aterial,using the method of Example 6 pbelow gave a rgsult of <5 ppm of
codeinonecér?lop i 565%1 orl -%%%i%ﬁge?ﬁloeﬁ’éfégfg ’é?}?[gi %n%liﬁgﬁ%rg*eaganqlplvéle?o determine
14-hydroxgrecaimtoretledey diox8KyT bellptostugtanatds xaithptesct-3 were analyzed to determine the level
of 14- hydr, eingne under 100 parts per.million (PPM) level by a HPLC method using a Waters
atantis 5 (LT SO S SrREoRy | e e e B § 2 17
mlY1 ammantivercearbospherbuffed dodome thsheodid0 Xy rdgnamdiiitio nelak schievedfeyredeasuring the

ek e AL E R S R S ST meligeed o
sold as Avicel PH 101 (Trade Mark, FMC Corporation). In such embodiments, in
addition to the active ingredient and spheronizing agent, the spheroids may also
contain a binder. Suitable binders, such as low viscosity, water soluble polymers, will
be well known to those skilled in the pharmaceutical art. However, water soluble
hydroxy lower alkyl cellulose, such as hydroxypropylcellulose, are preferred.
Additionally (or alternatively) the spheroids may contain a water insoluble polymer,
especially an acrylic polymer, an acrylic copolymer, such as a methacrylic acid-ethyl
acrylate copolymer, or ethyl cellulose. In such embodiments, the sustained release

coating will generally include a hydrophobic material such as (a) a wax, either alone

or in admixture with a fatty alcohol; or (b) shellac or zein.

MELT EXTRUSION MATRIX

[0114] Sustained release matrices can also be prepared via melt-granulation or melt-
extrusion techniques. Generally, melt-granulation techniques involve melting a
normally solid hydrophobic material, e.g. a wax, and incorporating a powdered drug
therein. To obtain a sustained release dosage form, it may be necessary to incorporate
an additional hydrophobic substance, e.g. ethylcellulose or a water-insoluble acrylic
polymer, into the molten wax hydrophobic material. Examples of sustained release
formulations prepared via melt-granulation techniques are found in U.S. Patent No.
4,861,598.
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[0190] The reagents used were as follows: 1. Ammonium carbonate, analytical reagent grade
(Aldrich); 2. Water, HPLC grade; 3. Methanol, HPLC grade; 4. Acetic acid, reagent grade (J. T Baker
Glacial Acellt ¥ I%/88Mmonium hydroxide, reagent grade; 6. Phosphori®a&gS2095(9188%,, A.C.S.
reagent; 7. 14-Hydroxycodeinone reference material from Albany Molecular Research, Inc. [0191]

The equipfpgrssed WasiasTallawar bbb GraKsieMmay Lol Systemy carablealaielivering 0.4
mUminute of mobile phase (Waters Alliance); )
insoluble wax-like thermoplastic substances possibly mixed with one or more wax-
like thermoplastic substances being less hydrophobic than said one or more water-
insoluble wax-like substances. In order to achieve constant release, the individual
wax-like substances in the formulation should be substantially non-degradable and
insoluble in gastrointestinal fluids during the initial release phases. Useful water-
insoluble wax-like substances may be those with a water-solubility that is lower than
about 1:5,000 (w/w).
[0116] In addition to the above ingredients, a sustained release matrix may also
contain suitable quantities of other materials, e.g., diluents, lubricants, binders,
granulating aids, colorants, flavorants and glidants that are conventional in the
pharmaceutical art. The quantities of these additional materials will be sufficient to
provide the desired effect to the desired formulation.
[0117] In addition to the above ingredients, a sustained release matrix incorporating
melt-extruded multiparticulates may also contain suitable quantities of other
materials, e.g. diluents, lubricants, binders, granulating aids, colorants, flavorants and
glidants that are conventional in the pharmaceutical art in amounts up to about 50%
by weight of the particulate if desired.
[0118] Specific examples of pharmaceutically acceptable carriers and excipients that
may be used to formulate oral dosage forms are described in the Handbook of

Pharmaceutical Excipients, American Pharmaceutical Association (1986).

MELT EXTRUSION MULTIPARTICULATES

[0119] The preparation of a suitable melt-extruded matrix according to the present
invention may, for example, include the steps of blending the oxycodone
hydrochloride having a 14-hydroxycodeinone level of less than 25 ppm together with
at least one hydrophobic material and preferably the additional hydrophobic material
to obtain a homogeneous mixture. The homogeneous mixture is then heated to a
temperature sufficient to at least soften the mixture sufficiently to extrude the same.
The resulting homogeneous mixture is then extruded to form strands. The extrudate is
preferably cooled and cut into multiparticulates by any means known in the art. The
strands are cooled and cut into multiparticulates. The multiparticulates are then

divided into unit doses. The extrudate preferably has a diameter of from about 0.1 to
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2. UV/Visible detector set to monitor the eluant at 220 nm (Waters 2487 UVNis);

3. Autosampler

capable of injecting 6 pt; 4. Integrator or suitable data recording system (Waters Millennium 32
chromatograYd 2p5te3sy1 5. Waters, Atlantis dC18 column, 3 x 250 mnR&I{#H2005/01§6600lumn
heater capable of maintaining a constant temperature of 50 C; 7. On-line vacuum degasser. B.
Equipment jgol ol g piokRarAoMined ekt BEIRE Wikl anealis (Wpgerature
compensation (ATC); 2. Ultrasonic bath, Model 5200, Branson; 5-um membrane filters for

aqueous scﬂ%ﬁ?eﬂﬂq&m%m#ﬁﬁdﬁéa@lh%b@&éetate or Nylon. Solutlons [0192] 17 mM
Ammonium e ieofiddi3Rocess for preparing the melt extrusions of the present invention

includes directly metering into an extruder a hydrophobic material, the oxycodone
hydrochloride having a 14-hydroxycodeinone level of less than 25 ppm, and an
optional binder; heating the homogenous mixture; extruding the homogenous mixture
to thereby form strands; cooling the strands containing the homogeneous mixture;
cutting the strands into particles having a size from about 0.1 mm to about 12 mm;
and dividing said particles into unit doses. In this aspect of the invention, a relatively
continuous manufacturing procedure is realized.

[0121] The diameter of the extruder aperture or exit port can also be adjusted to vary
the thickness of the extruded strands. Furthermore, the exit part of the extruder need
not be round; it can be oblong, rectangular, etc. The exiting strands can be reduced to
particles using a hot wire cutter, guillotine, etc.

[0122] The melt extruded multiparticulate system can be, for example, in the form of
granules, spheroids or pellets depending upon the extruder exit orifice. For purposes
of the present invention, the terms "melt-extruded multiparticulate(s)” and "melt-
extruded multiparticulate system(s)" and "melt-extruded particles" shall refer to a
plurality of units, preferably within a range of similar size and/or shape and
containing one or more active agents and one or more excipients, preferably including
a hydrophobic material as described herein. In this regard, the melt-extruded
multiparticulates will be of a range of from about 0.1 to about 12 mm in length and
have a diameter of from about 0.1 to about 5 mm. In addition, it is to be understood
that the melt-extruded multiparticulates can be any geometrical shape within this size
range. Alternatively, the extrudate may simply be cut into desired lengths and divided
into unit doses of the therapeutically active agent without the need of a spheronization
step.

[0123] In one preferred embodiment, oral dosage forms are prepared to include an
effective amount of melt-extruded multiparticulates within a capsule. For example, a
plurality of the melt-extruded multiparticulates may be placed in a gelatin capsule in
an amount sufficient to provide an effective sustained release dose when ingested and
contacted by gastric fluid.

[0124] In another preferred embodiment, a suitable amount of the multiparticulate

extrudate is compressed into an oral tablet using conventional tableting equipment
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1.6 0.1 g of ammonium carbonate was weighed and placed into a 1-L beaker. 1000 mL of water was
added to the beaker and stirred with a magnetic stirrer until the ammonium carbonate was dissolved.
The pH wasMHRIMRPT809.35 - 9.40 with ammonium hydroxide. B. Mobile PREEAIS2M50 ficof
HPLC-grade methanol was mixed with 600 mL of 17mM ammonium carbonate, pH 9.35-9.40 prepared
above. Thelmp@urg%@&&lt%ﬁﬁq&gh@@%@emﬁ@%{ﬁ IRsRRd thep dag@sgeddsiing an on-line
vacuum degasser in the HPLC system. C. 0.85% Phosphoric acid solution 10 0 mL of 85% H3PO4
was pipettetP MBI IR srmerisn hard il & T elsianhamdpills cemalsaideserivstbughly. D.

14- Hydroxm&tmmmmmm&%tﬁ;@mc&ﬁmga@mﬁﬁhumw edithr 325K 3L 4s08dr@epedeinone

standard s s prepayed by wei 25 2 mg of 14- hydroxycodelnone reference material and
transferrin oﬁﬁ%l \ﬁ@% ?ﬂﬁt{} %%‘P%b ofsmctithasytadetamtanits shapsdispotatisistion was

added to thesfiasicars @U@tﬁﬁtéﬁf NDIPRHTBLLY K THHUSDS 6f. lemPl dissab&d il heasqbaiien was
diluted to valume yith 0.85 % H3PO4 solution and mixed thoroughly. This was the stock
14- hydroxy% éfﬁ\gﬂ%estandard solution. A working solution of 100 ppm 14-hydroxycodeinone

standard sqBis] OpLyaLIN SHEaikN6S RIORRr o6k RYeRIBRIIA IR RipHRi AR SIpkd-or

hydroxycode one stapdard solutlon into a 100-mL volumetric flask lluting the solution to volume with

water and rHIRIRS FBYSGRIgted, A1 BRkESPLBISHBRR SoPHRIEAtS @HM@H@W@ §88nbRard solution

for sensntlvrfums wmdraﬁmyamﬁﬁma&dage @Mﬁ@@@ﬂ@@ PRNBubtidedrepsodeirie standard

solution int L volu c flask, d|Iu sol (o] Iume with Water and mixing thoroughly.
A stock hy((lg}%sc(g éﬁeag?é’ mg ll% ge\ﬁeﬁ 1By of kydrerbekifie reference

material andlﬁtaﬂsf&tfla‘@aﬁrﬁ@vﬁﬁgl{ttga@%%ﬁnﬁdtmul%@tfw fasho o puiase M dadnliefl 0.85
%143P04 solutlon was dded to é’ue flagk and so |c%§ S—Fﬁiﬁg oximately 2 minutes or until

dissolved. PREERTARNY 8§r&ﬁfﬁ{e RAHS % LR A58 @Rk &Sroughly.

[0127] The melt-extruded unit dosage forms of the present invention may further

include combinations of melt-extruded particles before being encapsulated.
Furthermore, the unit dosage forms can also include an amount of an immediate
release agent for prompt release. The immediate release agent may be incorporated,
€.g., as separate pellets within a gelatin capsule, or may be coated on the surface of
the multiparticulates after preparation of the dosage forms (e.g., sustained release
coating or matrix-based). The unit dosage forms of the present invention may also
contain a combination of sustained release beads and matrix multiparticulates to
achieve a desired effect.

[0128] The sustained release formulations of the present invention preferably slowly
release the agent(s), e.g., when ingested and exposed to gastric fluids, and then to
intestinal fluids. The sustained release profile of the melt-extruded formulations of the
invention can be altered, for example, by varying the amount of retardant, i.e.,
hydrophobic material, by varying the amount of plasticizer relative to hydrophobic
material, by the inclusion of additional ingredients or excipients, by altering the
method of manufacture, etc.

[0129] In other embodiments of the invention, the melt extruded material is prepared
without the inclusion of the oxycodone hydrochloride having a 14-hydroxycodeinone
level of less than 25 ppm, which can be added thereafter to the extrudate. Such
formulations typically will have the agents blended together with the extruded matrix
material, and then the mixture would be tableted in order to provide a slow release

formulation.
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E. Hydrocodone Working Reference Standard Solution  Stock Hydrocodone Standard Solution was
prepared by weighing 25 2 mg of Hydrocodone reference material and transferring contents into a
250-mL vol MR IApproximately 100 mL of 0.85 %113P0O4 solution RéEERIEHGGfe flask and
sonicated for approximately 2 minute or until dissolved. The solution was diluted to volume with 0.85 %
H3PO4 Solution and mixed thoroughly. F. Sample solutions A sample solution was prepared by
weighing about 250 mg oxycodone APl sample into a scintillation vial. 5.0 mL of water was pipetted

into the via{a%iiﬁgjé\gﬁ:he sample. The vial was tightly capped and sonicated for approximately 5
minutes or ple was dissolved. The contents were then shaken and mixed thoroughly. G.

Resoluti ; i A ) o )

1 ycro O EA0], i ForB MBS B prREMYOR A IR BT DR it o o,

The Resol@tionore sniixiake SEEM} Werstheepgrdation ;@iﬁe@ﬂmgfsepefmtdk; Pootentionfodatbh stock

standard slgfion, bRy aRqanE. ARG AN i NTRSRCPIRGRE AR AGINIA e R 00 ML
icient am Ixed tho

volumetric flask and diluted to volume with a su ount of water an roughly. H.
HPLC Coneiitiddsindepdarent eelaatitions mhedepentlsiidvgoating serves to release the active in

desired areas of the gastro-intestinal (GI) tract, e.g., the stomach or small intestine,
such that an absorption profile is provided which is capable of providing at least about
eight hours and preferably about twelve hours to up to about twenty-four hours of
analgesia to a patient. When a pH-independent coating is desired, the coating is
designed to achieve optimal release regardless of pH-changes in the environmental
fluid, e.g., the GI tract. It is also possible to formulate compositions which release a
portion of the dose in one desired area of the GI tract, e.g., the stomach, and release
the remainder of the dose in another area of the GI tract, e.g., the small intestine.
[0131] Formulations according to the invention that utilize pH-dependent coatings to
obtain formulations may also impart a repeat-action effect whereby unprotected drug
is coated over the enteric coat and is released in the stomach, while the remainder,
being protected by the enteric coating, is released further down the gastrointestinal
tract. Coatings which are pH-dependent may be used in accordance with the present
invention include shellac, cellulose acetate phthalate (CAP), polyvinyl acetate
phthalate (PVAP), hydroxypropylmethylcellulose phthalate, and methacrylic acid
ester copolymers, zein, and the like.

[0132] In certain preferred embodiments, the substrate (e.g., tablet core bead, matrix
particle) containing the oxycodone hydrochloride having a 14-hydroxycodeinone
level of less than 25 ppm thereof is coated with a hydrophobic material selected from
(i) an alkylcellulose; (i) an acrylic polymer; or (iii) mixtures thereof. The coating may
be applied in the form of an organic or aqueous solution or dispersion. The coating
may be applied to obtain a weight gain from about 2 to about 25% of the substrate in
order to obtain a desired sustained release profile. Coatings derived from aqueous
dispersions are described, e.g., in detail in U.S. Patent Nos. 5,273,760 and 5,286,493,
[0133] Other examples of sustained release formulations and coatings which may be
used in accordance with the present invention include those described in U.S. Patent
Nos. 5,324,351; 5,356,467, and 5,472,712.
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Column: Column temperature: Detector wavelength: Injection volume: Quantitation: Mobile Phase:
Flow rate: Run time: standard Waters, Atlantis dC18, 3 x 250 mm, 5 pan. 50C 220 ram 6 pA Peak
area of 14-1Wy@a3%x¢ti&Mone (60:40) 17mM ammonium carbonate, pH 9.33CDY$200§18tAfol

ALKYLCELLULOSE POLYMERS
[0134] Cellulosic materials and polymers, including alkylcelluloses, provide

hydrophobic materials well suited for coating the beads according to the invention.
Simply by way of example, one preferred alkylcellulosic polymer is ethylcellulose,
although the artisan will appreciate that other cellulose and/or alkylcellulose polymers
may be readily employed, singly or in any combination, as all or part of a

hydrophobic coating according to the invention.

ACRYLIC POLYMERS

[0135] In other preferred embodiments of the present invention, the hydrophobic
material comprising the sustained release coating is a pharmaceutically acceptable
acrylic polymer, including but not limited to acrylic acid and methacrylic acid
copolymers, methyl methacrylate copolymers, ethoxyethyl methacrylates, cyanoethyl
methacrylate, poly(acrylic acid), poly(methacrylic acid), methacrylic acid alkylamide
copolymer, poly(methyl methacrylate), polymethacrylate, poly(methyl methacrylate)
copolymer, polyacrylamide, aminoalkyl methacrylate copolymer, poly(methacrylic
acid anhydride), and glycidyl methacrylate copolymers.

[0136] In certain preferred embodiments, the acrylic polymer is comprised of one or
more ammonio methacrylate copolymers. Ammonio methacrylate copolymers are
well known in the art, and are described in NF XVII as fully polymerized copolymers
of acrylic and methacrylic acid esters with a low content of quaternary ammonium
groups.

[0137] In order to obtain a desirable dissolution profile, it may be necessary to
incorporate two or more ammonio methacrylate copolymers having differing physical
properties, such as different molar ratios of the quaternary ammonium groups to the
neutral (meth)acrylic esters.

[0138] Certain methacrylic acid ester-type polymers are useful for preparing pH-
dependent coatings which may be used in accordance with the present invention. For
example, there are a family of copolymers synthesized from diethylaminoethyl
methacrylate and other neutral methacrylic esters, also known as methacrylic acid

copolymer or polymeric methacrylates, commercially available as Eudragit® from
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0.4 mL_/minute 70 minutes for the samples and 40 minutes for the and RTM solutions . Resolution
Tes.t .Mlxture (RTM) Test  Before performing the system suitability test, a new column was
equilibratedWOX0AFYIRTEBL least 12 hours) by pumping mobile phase througRETAV2pINefH. After the
new column was equilibrated, 61.iL of RTM solution was injected into the equilibrated system to

ensure that.the e gluted component diddaotintetisre Witqag aq®thes: AdvRiphd, separation of
the syster% Ul abiﬁfy’tegt?hg sg?uetigfﬂeis%:%\%ln &lglf%%gure . J. System S%i’igt{gbilit; Test P A syr/)stem

suitability Rxtragit® pBrfisrae cebgripjectifgaheathesribis 19500 SAPAYMGHBRER TS e®Bindard

solution into th system, nd er ine.d t witaniityctass i I doesUSP <621>
by_ma_lgingélss&o(%’ﬁerlgn crlélns aZ%é%%SB%%%%%%O%ON%% gg%qgﬁfﬁmfgfg i’he system
suitability testsvesilits abeutthH folfofving isisetiblpsasabaut able” OHERRREHARS] gogs not swel

at about pH < 6.5 and is soluble at about pH > 7. Eudragit® RL and Eudragit® RS are
water swellable, and the amount of water absorbed by these polymers is pH-
dependent, however, dosage forms coated with Eudragit® RL and RS are pH-
independent.

[0139] In certain preferred embodiments, the acrylic coating comprises a mixture of
two acrylic resin lacquers commercially available from Rohm Pharma under the
Tradenames Eudragit® RL.30D and Eudragit® RS30D, respectively. Eudragit® RL30D
and Eudragit® RS30D are copolymers of acrylic and methacrylic esters with a low
content of quaternary ammonium groups, the molar ratio of ammonium groups to the
remaining neutral (meth)acrylic esters being 1:20 in Eudragit® RL30D and 1:40 in
Eudragit® RS30D. The mean molecular weight is about 150,000. The code
designations RIL (high permeability) and RS (low permeability) refer to the
permeability properties of these agents. Eudragit® RL/RS mixtures are insoluble in
water and in digestive fluids. However, coatings formed from the same are swellable
and permeable in aqueous solutions and digestive fluids.

[0140] The Eudragit® RL/RS dispersions of the present invention may be mixed
together in any desired ratio in order to ultimately obtain a sustained release
formulation having a desirable dissolution profile. Desirable sustained release
formulations may be obtained, for instance, from a retardant coating derived from
100% Eudragit® RL, 50% Eudragit® RL and 50% Eudragit® RS, and 10% Eudragit®
RL:Eudragit® 90% RS. Of course, one skilled in the art will recognize that other

acrylic polymers may also be used, such as, for example, Eudragit® L.
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Test No. System Suitability Test Specification 1 RSD of peak areas for 14- hydroxycodeinone (1) RSD
< 3.0% 2 RSD of retention time for 14-hydroxycodeinone (1) RSD <2.0% 3 Column Efficiency
(TheoreticaMPPA#5EP 841 hydroxycodeinone) (1) PCT/US2005/010666

PLASTICIZERS

[0141] In embodiments of the present invention where the coating comprises an
aqueous dispersion of a hydrophobic material, the inclusion of an effective amount of
a plasticizer in the aqueous dispersion of hydrophobic material will further improve
the physical properties of the sustained release coating. For example, because ethyl-
cellulose has a relatively high glass transition temperature and does not form flexible
films under normal coating conditions, it is preferable to incorporate a plasticizer into
an ethylcellulose coating containing sustained release coating before using the same
as a coating material. Generally, the amount of plasticizer included in a coating
solution is based on the concentration of the film-former, e.g., most often from about
1 to about 50 percent by weight of the film-former. Concentration of the plasticizer,
however, can only be properly determined after careful experimentation with the
particular coating solution and method of application.

[0142] Examples of suitable plasticizers for ethylcellulose include water insoluble
plasticizers such as dibutyl sebacate, diethyl phthalate, triethyl citrate, tributyl citrate,
and triacetin, although it is possible that other Water-insolubl(e plasticizers (such as
acetylated monoglycerides, phthalate esters, castor oil, etc.) may be used. Triethyl
citrate is an especially preferred plasticizer for the aqueous dispersions of ethyl
cellulose of the present invention.

[0143] Examples of suitable plasticizers for the acrylic polymers of the present
invention include, but are not limited to citric acid esters such as triethyl citrate NF
XVI, tributyl citrate, dibutyl phthalate, and possibly 1,2—propylene glycol. Other
plasticizers which have proved to be suitable for enhancing the elasticity of the films
formed from acrylic films such as Eudragit® RL/RS lacquer solutions include
polyethylene glycols, propylene glycol, diethyl phthalate, castor oil, and triacetin.
Triethyl citrate is an especially preferred plasticizer for the aqueous dispersions of
ethyl cellulose of the present invention.

[0144] It has further been found that the addition of a small amount of talc reduces
the tendency of the aqueous dispersion to stick during processing, and acts as a

polishing agent.
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N? 2000 4 Resolution between 14- hydroxycodeinone and Hydrocodone (2) R? 1.5 5 Signal to noise
ratio (31 S/N > 10 Note:(1) the working 100 ppm 14-hydroxycodeinone standard solution for Test Nos.
1 to 3 was U¥ER005/097801(2) the RTM for Test No. 4 was used. (3) MEMIBANTP 1B ¢pm
14-hydroxycodeinone standard solution for Test No. 5 was used.

SUSTAINED RELEASE OSMOTIC DOSAGE FORM

[0145] Sustained release dosage forms according to the present invention may also be
prepared as osmotic dosage formulations. The osmotic dosage forms preferably
include a bilayer core comprising a drug layer (containing the oxycodone
hydrochloride having a 14-hydroxycodeinone level of less than 25 ppm) and a
delivery or push layer, wherein the bilayer core is surrounded by a semipermeable

wall and optionally having at least one passageway disposed therein.

[0146] The expression “passageway” as used for the purpose of this invention,
includes aperture, orifice, bore, pore, porous element through which oxycodone
hydrochloride having a 14-hydroxycodeinone level of less than 25 ppm can be
pumped, diffuse or migrate through a fiber, capillary tube, porous overlay, porous
insert, microporous member, or porous composition. The passageway can also include
a compound that erodes or is leached from the wall in the fluid environment of use to
produce at least one passageway. Representative compounds for forming a
passageway include erodible poly(glycolic) acid, or poly(lactic) acid in the wall; a
gelatinous filament; a water-removable poly(vinyl alcohol); leachable compounds
such as fluid-removable pore-forming polysaccharides, acids, salts or oxides. A
passageway can be formed by leaching a compound from the wall, such as sorbitol,
sucrose, lactose, maltose, or fructose, to form a sustained-release dimensional pore-
passageway. The dosage form can be manufactured with one or more passageways in
spaced-apart relation on one or more surfaces of the dosage form. A passageway and
equipment for forming a passageway are disclosed in U.S. Patent Nos. 3,845,770;
3,916,899; 4,063,064 and 4,088,864. Passageways comprising sustained-release
dimensions sized, shaped and adapted as a releasing-pore formed by aqueous leaching
to provide a releasing-pore of a sustained-release rate are disclosed in U.S. Patent
Nos. 4,200,098 and 4,285,987.

[0147] In certain embodiments the drug layer may also comprise at least one polymer
hydrogel. The polymer hydrogel may have an average molecular weight of between
about 500 and about 6,000,000. Examples of polymer hydrogels include but are not
limited to a maltodextrin polymer comprising the formula (Cs Hj, Os),"H0, wherein
nis 3 to 7,500, and the maltodextrin polymer comprises a 500 to 1,250,000 number-
average molecular weight; a poly(alkylene oxide) represented by, e.g., a poly(ethylene

oxide) and a poly(propylene oxide) having a 50,000 to 750,000 weight-average
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[0193] Before starting the experiment, 6 !AL of water was injected to ensure that there were no
interfering peaks co-eluting with the peak for 14-hydroxycodeinone. The following procedure was then
conducted. WO FHERbrking 100 ppm 14-hydroxycodeinone standard soREGHRYS/H®ed six
times in different runs, and the system was checked to verify that it met the system suitability test

specifications ReisiedRIT e aS:d sp-aehAp AR Habeye, MRS i ag!sion was

injected and run once in the HPLC sﬁxﬁtem to confirm that the System metthe system suitability test

specificatiolf%s #ReeRf Af107004: RBO.HIR, AN 25408164 veighicanesaan gnoteppas weights;
14-hydroxyspdainrRe-sHndaAaalutinr wasipietiedrad [ME.anes B RSk Bistaryigconfirm that

the system had signal-to-noise ratio S/N greater than or equal to 10, as listed in the specification for

Test No. 5 ettt dnBiRPYb 2o Pt ef tHe Csie o A0 weshirarer agsonerealar tieigbowing HPLC
procedure wasDesfRIgaE: @%ﬂ@l@ﬁ@%@ﬁ%ﬁ?%@%ﬂéﬂﬂ&%ﬁ@%ﬂ‘%ﬁéﬁﬁ%ﬁﬁﬁ gplution and

the working 10é)(¥m 14-k§/droxycodeinone standard solution were each injected W
2005/09780 P04 10 39988 gpber wisErasaR el Righl standard solutions were used to

uantitate the les. The setting and integration parameters are listed in Table 2 below. TABLE 2
antegr ation @égﬁﬂg’%ﬁ% odil%ents of th% presen??nventlon, the delivery or push layer

comprises an osmopolymer. Examples of an osmopolymer include but are not limited
to a member selected from the group consisting of a polyalkylene oxide and a
carboxyalkylcellulose. The polyalkylene oxide possesses a 1,000,000 to 10,000,000
weight-average molecular weight. The polyalkylene oxide may be a member selected
from the group consisting of polymethylene oxide, polyethylene oxide, polypropylene
oxide, polyethylene oxide having a 1,000,000 average molecular weight, polyethylene
oxide comprising a 5,000,000 average molecular weight, polyethylene oxide
comprising a 7,000,000 average molecular weight, cross-linked polymethylene oxide
possessing a 1,000,000 average molecular weight, and polypropylene oxide of
1,200,000 average molecular weight. Typical osmopolymer carboxyalkylcellulose
comprises a member selected from the group consisting of alkali
carboxyalkylcellulose, sodium carboxymethylcellulose, potassium
carboxymethylcellulose, sodium carboxyethylcellulose, lithium
carboxymethylcellulose, sodium carboxyethylcellulose,
carboxyalkylhydroxyalkylcellulose, carboxymethylhydroxyethyl cellulose,
carboxyethylhydroxyethylcellulose and carboxymethylhydroxypropylcellulose. The
osmopolymers used for the displacement layer exhibit an osmotic pressure gradient
across the semipermeable wall. The osmopolymers imbibe fluid into dosage form,
thereby swelling and expanding as an osmotic hydrogel (also known as osmogel),
whereby they push the oxycodone hydrochloride having a 14-hydroxycodeinone level

of less than 25 ppm thereof from the osmotic dosage form.

[0149] The push layer may also include one or more osmotically effective compounds
also known as osmagents and as osmotically effective solutes. They imbibe an
environmental fluid, for example, from the gastrointestinal tract, into dosage form and
contribute to the delivery kinetics of the displacement layer. Examples of osmotically

active compounds comprise a member selected from the group consisting of osmotic
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Minimum area 0 Minimum height O Threshold 2 Peak width 90.00 Inhibit integration: 0.01 to 20
minutes Eliminates solvent front [0199] Typical Erne chromatograms for the working 100 ppm
14-hydroxy e ®tndard solution and the oxycodone API sample solB€idlae0&Mfadd¢noin Figure 4
and Figure 5 respectively. Retention times of the 14-hydroxycodeinone and other related substances

are presentgginahaliendhe|@ibohydrates. Examples of specific osmagents include but are not
limited to sodium chloride, potassium chloride, magnesium sulfate, lithium
phosphate, lithium chloride, sodium phosphate, potassium sulfate, sodium sulfate,

potassium phosphate, glucose, fructose and maltose.

[0150] The push layer may optionally include a hydroxypropylalkylcellulose
possessing a 9,000 to 450,000 number-average molecular weight. The
hydroxypropylalkylcellulose is represented by a member selected from the group
consisting  of  hydroxypropylmethyicellulose,  hydroxypropylethylcellulose,
hydroxypropyl isopropyl cellulose, hydroxypropylbutylcellulose, and
hydroxypropylpentylcellulose.

[0151] The push layer optionally may comprise a nontoxic colorant or dye. Examples
of colorants or dyes include but are not limited to Food and Drug Administration
Colorant (FD&C), such as FD&C No. 1 blue dye, FD&C No. 4 red dye, red ferric

oxide, yellow ferric oxide, titanium dioxide, carbon black, and indigo.

[0152] The push layer may also optionally comprise an antioxidant to inhibit the
oxidation of ingredients. Some examples of antioxidants include but are not limited to
a member selected from the group consisting of ascorbic acid, ascorbyl palmitate,
butylated hydroxyanisole, a mixture of 2 and 3 tertiary-butyl-4-hydroxyanisole,
butylated hydroxytoluene, sodium isoascorbate, dihydroguaretic acid, potassium
sorbate, sodium bisulfate, sodium metabisulfate, sorbic acid, potassium ascorbate,

vitamin E, 4-chloro-2,6-ditertiary butylphenol, alphatocopherol, and propylgallate.

[0153] In certain alternative embodiments, the dosage form comprises a homogenous
core comprising oxycodone hydrochloride having a 14-hydroxycodeinone level of
less than 25 ppm, a pharmaceutically acceptable polymer (e.g., polyethylene oxide),
optionally a disintegrant (e.g., polyvinylpyrrolidone), optionally an absorption
enhancer (e.g., a fatty acid, a surfactant, a chelating agent, a bile salt, etc.). The
homogenous core is surrounded by a semipermeable wall having a passageway (as
defined above) for the release of the oxycodone hydrochloride having a 14-

hydroxycodeinone level of less than 25 ppm.

[0154] In certain embodiments, the semipermeable wall comprises a member selected
from the group consisting of a cellulose ester polymer, a cellulose ether polymer and a

cellulose ester-ether polymer. Representative wall polymers comprise a member
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TABLE 3 Peak ID Relative Retention Time vs. Oxycodonel (RRT) Oxycodone-N-Oxide (ONO) 0.16

Noroxycodone 0.31 Oxymorphone 0.45 7,8-Dihydro-8, 14-Dihydroxycodeinone (DDC) 0.58
WO 2005/097801 PCT/US2005/010666

selected from the group consisting of cellulose acylate, cellulose diacylate, cellulose
triacylate, cellulose acetate, cellulose diacetate, cellulose triacetate, mono-, di- and
tricellulose alkenylates, and mono-, di- and tricellulose alkinylates. The
poly(cellulose) used for the present invention comprises a number-average molecular

weight of 20,000 to 7,500,000.

[0155] Additional semipermeable polymers for the purpose of this invention comprise
acetaldehyde dimethycellulose acetate, cellulose acetate ethylcarbamate, cellulose
acetate methylcarbamate, cellulose diacetate, propylcarbamate, cellulose acetate
diethylaminoacetate; semipermeable polyamide; semipermeable polyurethane;
semipermeable sulfonated polystyrene; semipermeable cross-linked polymer formed
by the coprecipitation of a polyanion and a polycation as disclosed in U.S. Patent Nos.
3,173,876; 3,276,586, 3,541,005; 3,541,006 and 3,546,876; semipermeable polymets
as disclosed by Loeb and Sourirajan in U.S. Patent No. 3,133,132; semipermeable
crosslinked polystyrenes; semipermeable cross-linked poly(sodium styrene sulfonate);
semipermeable crosslinked poly(vinylbenzyltrimethyl ammonium chloride); and
semipermeable polymers possessing a fluid permeability of 2.5x107 to 2.5x1072 (cm®
/hr-atm) expressed per atmosphere of hydrostatic or osmotic pressure difference
across the semipermeable wall. Other polymers useful in the present invention are
known in the art in U.S. Patent Nos. 3,845,770; 3,916,899 and 4,160,020; and in
Handbook of Common Polymers, Scott, J. R. and W. J. Roff, 1971, CRC Press,
Cleveland, Ohio.

[0156] In certain embodiments, preferably the semipermeable wall is nontoxic, inert,
and it maintains its physical and chemical integrity during the dispensing life of the
drug. In certain embodiments, the dosage form comprises a binder. An example of a
binder includes, but is not limited to a therapeutically acceptable vinyl polymer
having a 5,000 to 350,000 viscosity-average molecular weight, represented by a
member selected from the group consisting of poly-n-vinylamide, poly-n-
vinylacetamide, poly(vinyl pyrrolidone), also known as poly-n-vinylpyrrolidone,
poly-n-vinylcaprolactone, poly-n-vinyl-5-methyl-2-pyrrolidone, and poly-n-vinyl-
pyrrolidone copolymers with a member selected from the group consisting of vinyl
acetate, vinyl alcohol, vinyl chioride, vinyl fluoride, vinyl butyrate, vinyl laureate, and
vinyl stearate. Other binders include for example, acacia, starch, gelatin, and

hydroxypropylalkylcellulose of 9,200 to 250,000 average molecular weight.
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14-Hydroxycodeine 0.73 14-Hydroxycodeinone 0.79 6-a-Oxycodol 0.96 Hydrocodone 0.95 Oxycodone

1.0 Thebaine 1.89
WO 2005/097801 PCT/US2005/010666

[0157] In certain embodiments, the dosage form comprises a lubricant, which may be
used during the manufacture of the dosage form to prevent sticking to die wall or
punch faces. Examples of lubricants include but are not limited to magnesium
stearate, sodium stearate, stearic acid, calcium stearate, magnesium oleate, oleic acid,

potassium oleate, caprylic acid, sodium stearyl fumarate, and magnesium palmitate.

[0158] In certain preferred embodiments, the present invention includes a therapeutic
composition comprising an amount of oxycodone hydrochloride having a 14-
hydroxycodeinone level of less than 25 ppm equivalent to 10 to 40 mg oxycodone
hydrochloride, 25 to 500 mg of poly(alkylene oxide) having a 150,000 to 500,000
average molecular weight, 1 to 50 mg of polyvinylpyrrolidone having a 40,000

average molecular weight, and 0 to about 7.5 mg of a lubricant.

SUPPOSITORIES

[0159] The sustained release formulations of the present invention may be formulated

as a pharmaceutical suppository for rectal administration comprising a suitable
suppository base, and oxycodone hydrochloride having a 14-hydroxycodeinone level
of less than 25 ppm. Preparation of sustained release suppository formulations is
described in, e.g., U.S. Patent No. 5,215,758.

[0160] Prior to absorption, the drug must be in solution. In the case of suppositories,
solution must be preceded by dissolution of the suppository base, or the melting of the
base and subsequent partition of the drug from the suppository base into the rectal
fluid. The absorption of the drug into the body may be altered by the suppository
base. Thus, the particular suppository base to be used in conjunction with a particular
drug must be chosen giving consideration to the physical properties of the drug. For
example, lipid-soluble drugs will not partition readily into the rectal fluid, but drugs
that are only slightly soluble in the lipid base will partition readily into the rectal fluid.
[0161] Among the different factors affecting the dissolution time (or release rate) of
the drugs are the surface area of the drug substance presented to the dissolution
solvent medium, the pH of the solution, the solubility of the substance in the specific
solvent medium, and the driving forces of the saturation concentration of dissolved
materials in the solvent medium. Generally, factors affecting the absorption of drugs
from suppositories administered rectally include suppository vehicle, absorption site

pH, drug pKa, degree of ionization, and lipid solubility.
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The following calculations were performed using the results obtained above. Using Millennium(r),
software, the parameters were entered as follows: In the sample set, the standard concentrations for
both workiny X3 YIL0 and 100 ppm) were calculated as follows: 100 PETAEROMSIHO666orrected
for purity std x 0.05 250 W corrected for purity 10 PPM std .conc"x0.005 250 where Wstd is the weight

of standard. g oliuingHeRteoAlS 888 BHRd: IR e SBh IR RS AP IR he

present invention. Further, the suppository base is preferably non-toxic and
nonirritating to mucous membranes, melts or dissolves in rectal fluids, and is stable
during storage.

[0163] In certain preferred embodiments of the present invention for both water-
soluble and water-insoluble drugs, the suppository base comprises a fatty acid wax
selected from the group consisting of mono-, di- and triglycerides of saturated, natural
fatty acids of the chain length Cy; to Cys.

[0164] In preparing the suppositories of the present invention other excipients may be
used. For example, a wax may be used to form the proper shape for administration via
the rectal route. This system can also be used without wax, but with the addition of
diluent filled in a gelatin capsule for both rectal and oral administration.

[0165] Examples of suitable commercially available mono-, di- and triglycerides
include saturated natural fatty acids of the 12-18 carbon atom chain sold under the
trade name Novata TM (types AB, AB, B,BC, BD, BBC, E, BCF, C, D and 299),
manufactured by Henkel, and Witepsol TM (types H5, H12, H15, H175, H185, H19,
H32, H35, H39, H42, W25, W31, W35, W45, S55, S58, E75, E76 and ES85),
manufactured by Dynamit Nobel.

[0166] Other pharmaceutically acceptable suppository bases may be substituted in
whole or in part for the above-mentioned mono-, di~ and triglycerides. The amount of
base in the suppository is determined by the size (i.e. actual weight) of the dosage
form, the amount of base (e.g., alginate) and drug used. Generally, the amount of
suppository base is from about 20 percent to about 90 percent by weight of the total
weight of the suppository. Preferably, the amount of suppository base in the
suppository is from about 65 percent to about 80 percent, by weight of the total
weight of the suppository.

ADDITIONAL EMBODIMENTS
[0167] The oxycodone hydrochloride having a 14-hydroxycodeinone level of less
than 25 ppm may be used as a substitute for the oxycodone hydrochloride in any
existing commercial product such as, e.g., Tylox®, Roxilox®, Roxicet®, Percocet®,
Oxycet®, Percodan®, Roxycodone®, OxyContin® and OxyIR®. Such formulations
are listed in the PDR 58th Edition (2004) and the FDA Orange Book.
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Dilution = 5 ml (sample dilution) Label claim = 0.0001 (to convert the results in PPM. [0200] The
amount of 14-hydroxycodeinone (abbreviated as OHC) in oxycodone sample in ppm can be
determined W3R8 AIRL from a linear calibration curve using the two stand4r8d8200/PP#téand 10
PPM) and the equation used in the calculation below. PPMof140HC- where: Xx 1000000 SlopeWgam

[0168] The following examples illustrate various aspects of the present invention.

They are not to be construed to limit the claims in any manner whatsoever.

EXAMPLE 1

[0169] In Example 1, 37.7 g of oxycodone HC1 (35.4 g dry basis, ca. 500 ppm 14-
hydroxycodeinone) was placed in a 500 mL Parr reaction bottle and combined with
0.55 g 5% Pd/C catalyst, 50% water wet (Johnson Matthey type 87L), and 182.2 g of
61.9% isopropanol/water (w/w). The mixture was placed under an inert atmosphere
and heated with shaking to 45 — 50 °C. Upon dissolution of all starting material, the
pressure in the bottle was vented to the atmosphere and hydrogen pressure was
applied (45 PSIG) for 4 hours. At the end of the hydrogenation, the hydrogen was
vented off and the solution was allowed to cool to room temperature.

[0170] The next day, the mixture was heated to 75 °C to dissolve the crystallized
solids and then suction filtered over a 0.2 um PTFE membrane into a 1 L jacketed
cylindrical flask (equipped with a condenser, a nitrogen atmosphere, a mechanical
stirrer, a type K thermocouple, and a programmable refrigerated recirculator). The
Parr bottle was rinsed with deionized water (11.7 g), which was added to the 1 L flask
through the filter. Isopropanol (334.7 g) was added to the flask and the mixture was
re-heated with stirring to 75 °C and held to dissolve any crystallized solids. The
solution was cooled with stirring to 0 — 10 °C over 8 hours (linear ramp) and held at 0
— 10 °C for 20 hours. The crystallized solid was then collected by suction filtration
and washed with 107 g of cold 95:5 isopropanol/water (w/w).

[0171] To remove isopropanol from product, the solvent-wet material was transferred
to a drying dish and placed in a vacuum desiccator with an open container of
deionized water. The solid was held in this manner, under vacuum, overnight. The
material was then dried under vacuum at 60 °C.

[0172] Analysis of the dried material using the low 14-hydroxycodeinone method of
Example 4 below gave a result of 6 ppm of 14-hydroxycodeinone.

[0173] Analysis of the dried material using the method of Example 6 below gave a

result of <5 ppm of codeinone and 8 ppm of 14-hydroxycodeinone.
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As. = peak area of 140HC Ymtercept = Y intercept from a linear regression line using the two
standards Slope = slope from a linear regression line using the two standards D = 5.0 (sample dilution
factor) = saNY@IM&YASIH mg 1000000 = Convention factor to convert the BTV PFMOBGAMPLE 5
[0201] 3.0 g of oxycodone hydrochloric salt containing 154 ppm 14- hydroxycodeinone was dissolved
in 20 mL water to afford a clear solution in a 250 mL Parr reaction bottle. To the solution, 0.05 g 5%
Pd/C catalyst, 50% water wet (Johnson Matthexpg.BA-) and 1 mL formic acid 88% were added. The
mixture was placed under inert atmosphere without hydrogen feed and then heated to 45 C - 50 C.

After 2 hoy iFaRREmpIs IO WaT takendere ECK (B 3lisappearnes 200d ppxdiaxycodeinone.
The sampéggs owed nQ 14-hydroxycodeinone by the HPLC method described in Example 4 above.

[0202] Thel¥GRXFIAHELMEN Bt Blasad it 8 BY M e rirsiionidetile andrinraniasd vatove the
catalyst. Ap.aiquetOP & OéaviBsiBEnR M@ RqUsHB AU SRt Tamthissaytion, 2.0 mL

isopropyl al to obtain a clear solutiop, followed by 4.0 mL of ethyl acetate. The

ohol was adde
solution Wfé&ﬁ"réﬁ%%‘l‘@ﬂ Wiefeke RS THREUES FRSRIATEE P FaesefihsFiibchioride
crystals. Thiganysiadlingigoishiiag isalateddcsuniien ftbalioneod bethetarticbwagiigdie an oven at

50 C and 10 mmHg pressure. The drieﬁa;fPOl d weighed 0.12 g. [0203] Analysis using the 14PLC
method in ESTHETAALER BOL i HEGH RHP AR5 AT BRFFE SAh RESSRLBERE Wi present in the
oxycodoneapylisdaad RdeGRtAfsn s ativurinastelkiepaticueidrbgemiwel teatbiliefs sedutien, 16-18 mL
of isopropyl alcohol was added to the concentrated oxycogdone hydrochlorid sol%gﬁ? followed by
crystallizatf(?iugﬁa BRARYovisd Fr888%&§°8ﬁb?ﬂ8866§&7'58'd ﬁﬁ Wﬁ?ﬂf@hw&g%%t 8ining about 6.8

ppm 14-hyakexgapdathhpdrogenation was continued for 4.75 hours.
[0175] The mixture was heated to 75 °C and then suction filtered over a 0.2 um PTFE
membrane into a 1 L jacketed cylindrical flask (equipped with a distillation head, a
nitrogen atmosphere, a mechanical stirrer, a type K thermocouple, and a
programmable refrigerated recirculator). The Parr bottle was rinsed with deionized
water (11.7 g), which was added to the 1L flask through the filter.
[0176] Isopropanol (295.6 g) was added to the flask and the mixture was heated to
boiling (ca. 81°C). To remove water and increase the yield, isopropanol/water
azeotrope was distilled from the flask until 305.7g had been collected. Fresh
isopropanol (305.6g) was added and the distillation head was removed and replaced
with a condenser.
[0177] The mixture was cooled with stirring from boiling to 0 — 10 °C over 8 hours
(linear ramp) and held at 0 — 10 °C for 20 hours. The crystallized solid was then
collected by suction filtration and washed with 107 g of cold 95:5 isopropanol/water.
The material was dried as described in Example 1.
[0178] Analysis of the dried material using the low 14-hydroxycodeinone method of
Example 4 below gave a result of < 5 ppm of 14-hydroxycodeinone.
[0179] Analysis of the dried material using the method of Example 6 below gave a

result of <5 ppm of codeinone and < 5 ppm of 14-hydroxycodeinone.
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EXAMPLE 6 [0204] Analysis of Sample to Determine 14-Hydroxycodeinone and Codeinone [0205]
The products of Examples 1-3 were analyzed by the following alternative method to determine the
amount of cHEEMOHRIAHNA 14-hydroxycodeinone present. This method usesPd W e Qivhehetry C18
column maintained at 40C with isocratic elution using a mobile phase of sodium phosphate buffer,
sodium dodecyl sulfate (SDS), acetonitrile (ACN)xangppginol (MeOH). The reagents used were as
follows: 1. Water, HPLC grade or equivalent; 2-Phosphoric acid, 85%, HPLC reagent grade or

equivalent;[@@(léibﬁf‘ﬁﬁ’é%%ﬁa?g SoEchacIerRHsarhres. BYAlpHIEcy (3dS Dedkyiivatisnt: 4. Sodium

dodecyl sulfate7(oa%de UIbiom i U3 RbeAUNGIRHIE B 38 Meionitltn I RHG a1ad8 108 £gpivalent, 6.
Methanol, HPLC grade or equivalent; 7. Sodium hydroxide, ACS reagient grade or equivalent; 8.

OxycodondSPRRAIIoQ LR 4 S HE satalvat pve BrR{RE Tishidohnsem Braparddioh:
and conc. HC1 (11.3 g, 0.117 mol, 1.50 equivalents based on 37.7% HCI assay) were

combined in a 500 ml Parr shaker bottle.

[0181] The mixture was placed under an inert atmosphere and heated to 75 °C with
shaking. The pressure in the bottle was relieved, and the system was pressurized with
hydrogen (45 PSIG). The solution was held under these conditions for 21.7 hours.
Analysis by HPLC showed that the ratio of the area of the 8,14-dihydroxy-7,8-
dihydrocodeinone peak to that of oxycodone was reduced from 0.29% to 0.04%

during this time.

[0182] The hydrogen pressure was vented and the system was placed under an inert
atmosphere. In order to prevent further dehydration of any residual 8,14-dihydroxy-
7,8-dihydrocodeinone, the pH of the solution was adjusted from 0.5 to 1.8 with 20.7 g

NaOH saturated isopropanol (some solid sodium hydroxide was also present).

[0183] The solution was re-heated to 75 °C and then pressure filtered through a 0.2
pum PTFE membrane filter housed in heat-traced 47 mm SS filter holder into a 500 ml
jacketed cylindrical reactor (condenser, N,, mechanical stirrer, programmable
refrigerated recirculator). The Parr bottle was rinsed with 8.6 g of deionized water,

which was added to the flask through the filter.

[0184] Isopropanol (222.5 g) was added to the solution in the flask and the resulting
slurry was heated to approximately 75 °C to re-dissolve the solids. After reaching the
desired temperature, the solution was held for two hours (to simulate typical
processing times). No 14-hydroxycodeinone was detected in a sample of the

crystallization mixture after this hold.

[0185] The circulator was set to cool from 80 °C to 0 °C over 8 hours.
Approximately 24 hours after starting the cooling program, the solids were collected
by suction filtration and washed three times with 95:5 isopropanol /water (232.8 g

total). The material was dried as described in Example 1.
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9. Codeinone reference material from Rhodes Technologies or equivalent; 10. 14-Hydroxycodeinone
reference material from Albany Molecular Research or equivalent The equipment used was as
follows: A. PR Y&WETBEN For this analysis, an HPLC system with a dual WATEIE36HEecetor was
used that was able to operate under isocratic conditions at a flow rate of 0 7 mL per minute with UV

detection GRRGIUN, andidQoUMBPaIALARC uin el aRposr FlBloRaYRiEE _For this

analysis, an HPLC vacuum filtration apparatus with a nylon membrane filter (0.45gm) was used.

Solutions imshest Sb&amPls d belew sarsreswhaisoPgBrddddmdsgarsaitinsasets were weighed and
transferred|iigrp AQRSSs ¥PIHEGHR Hask iE0:Se thevRRRYESRRRRsIderRRASoRIsated until the

pellets were completely dissolved. The pellets were diluted to volume with water and mixed well.

(CommerctafifibehitabRPE09% soArigesad | isrond, 4rby dBexysedginomsosphoric Acid Solution |
8.5% H3PO4)

EXAMPLE 4
[0188] Analysis of sample to determine 14-hydroxycodeinone level.

[0189] The products of Examples 1-3 were analyzed to determine the level of 14-
hydroxycodeinone under 100 parts per million (PPM) level by a HPLC method using
a Waters Atlantis 5 pm dC18, 3 X 250 mm column maintained at 50 °C and isocratic
elution using pH 9.35, 17 mM ammonium carbonate buffer and methanol (60:40).
Quantitation was achieved by measuring the peak area response with UV detection at
220 nm using external standard. This method utilized mobile phase with volatile

components that are compatible with LC/MS analysis.

[0190] The reagents used were as follows:

1. Ammonium carbonate, analytical reagent grade (Aldrich);

2. Water, HPLC grade;

3. Methanol, HPLC grade;

4. Acetic acid, reagent grade (J. T Baker Glacial Acetic Acid);

5. Ammonium hydroxide, reagent grade;

6. Phosphoric acid, about 85%, A.C.S. reagent;

7. 14-Hydroxycodeinone reference material from Albany Molecular

Research, Inc.

[0191] The equipment used was as follows:

A. HPLC System
1. HPLC system capable of delivering 0.4 mL/minute of mobile phase
(Waters Alliance);
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10 ml of concentrated phosphoric acid (85%) was transferred into a 100 ml volumetric flask containing
approximately 50 ml of water. The volume was diluted with water and then mixed. iii. Phosphoric Acid
Solution 11 0OY88394382130)) 10-mL of 85% phosphoric acid was pipetted Rfd/&S200U0b¢olumetric
flask, diluted to volume with water and mixed well. This was the diluent for the sample and standard
preparation. iv. MebilsiAiasse Rdas QdgAbRAGIR BRAsPEAe MBaRehAsIGmagshydrate was
weighed into a 1-L flask. 1000 mL of water was added and then stirred with a magnetic stirrer until
dissolved.w/lvgs)o.l g of sodium dodecyl sulfate was added and mixed well until dissolved. This

solution was filtergd Mgip mﬂgﬁ@tmrﬁggﬁgg%ﬁ;{nm nylon membrane filter. The pH of this
solution was adjusted with 50% NaOH solution to a final pH of 7.50 0.05. 722.5 ml of the above

solution was thermBHRERHIAT e5vuiihle daticseamiing st QY HsrsdriiHennin® Was added to the
solutions aidRixedwellsydieniinal pH was adjusted to 7.80 0.01 with - 8.5% phosphoric acid solution.
The mobile phase was sonicated for about 5 minutes to remove dissolved air. i. Standard Solution

Preparation Calcalat¥@Réfilantis #riticalmpel 2 X d88ine H&.4-Hydroxycodeinone Stock Solution
| 25 1 mg of gotagadgineaRAOHIA VERNMERLRINaRE G IRIERAR BIatatals svere, weighed and

transferred into a 100-mL volumetric flask, diluted to volume and dissolved with - 0.85% phosphoric
acid solution II. i/ 1P GOURSISSREIFR 11 1-ml of stock solution | was pipetted into a 50-ml
volumetric flask, diluted to volume with -0.85% phosphoric acid solution Il and then mixed.

B. Equipment for Mobile Phase Preparation

1. pH meter, preferably with automatic temperature compensation (ATC);
2. Ultrasonic bath, Model 5200, Branson;
3. 0.45-um membrane filters for aqueous solvent, Whatman or Millipore,

Cellulose acetate or Nylon.

Solutions

[0192] 17 mM Ammonium carbonate, pH 9.35

1.6 £ 0.1 g of ammonium carbonate was weighed and placed into a 1-L beaker.

1000 mL of water was added to the beaker and stirred with a magnetic stirrer until
the ammonium carbonate was dissolved. The pH was adjusted to 9.35 - 9.40 with

ammonium hydroxide.

B. Mobile Phase
400 mL of HPLC-grade methanol was mixed with 600 mL of 17mM

ammonium carbonate, pH 9.35-9.40 prepared above. The mixture was filtered
through solvent membrane filters and then degassed using an on-line vacuum

degasser in the HPLC system.

C. 0.85% Phosphoric acid solution
10.0 mL of 85% H3PO4 was pipetted into a 1 liter volumetric flask and diluted

to volume with water and mixed thoroughly.
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iii. 10 ppm working Standard Ill 500 5mg of Oxycodone low ABUK material was weighed into a
10-ml volumetric flask. 1-ml of stock standard Il was pipetted and diluted to volume with - 0.85%
phosphoric #2891 and mixed. iv. Unspiked Oxycodone solution PEDHS3MEGUP%ycodone
low ABUK material was weighed into a 10-ml volumetric flask, diluted to volume with - 0.85%

phosphoric acid sgjutienrihvarsYasednbhbivvoskitio R WaenMsedia fale st residual content of both
Codeinone and 14-Hydroxycodeinone in the working standard). WO

2005/097801PCTAYE98k 4 b wdisEypodsingne gtwmdaed spintiarevrevepared Bygsighing >
Codeinone/14-Higrerya0piiRGRR Slefto Ao IR asRIARI eI i sr& B  iv elvimetso-fiask. Using a

micropipette, 100 pl of the unspiked Oxycodone solution was transferred and diluted to volume with -

0.85% phospfirrastHia LatktigrPrropRdshc LA o ATSH B0 deltiditd sedution B35 edtediSne, and

Oxycodone wasfRiRRraxdsaiedtddpapprokinzaaIp!e Mispesaiangil desinodaL Mxyeosans HC1
Sample Solution ., 500 5mg of O)%codone HC1 was weighed, in duplicate, into separate 10-mL

volumetric fiZ%ksd8PEddR BPEmamped 82 HldsE Orsalenign apd st barughivh dititewad volume

with the - 0.8h%spiwrsphariarogid sadiinte bantheiysiegida.dissolve the sample. A sufficient amount of

this sample was transfefred to_an HPL.C vial for injectjon. G. HPLC Conditions The HPLC conditions
were setpas follo _wor{(ing solutrion o%cf‘OO ppm 14!ﬁyciroxycodeinone standard solution For

system suitability was prepared by pipetting 5.0 mL of the stock 14-

hydroxycodeinone standard solution into a 100-mL volumetric flask, diluting the
solution to volume with water and mixing thoroughly.

A working solution of 10 ppm 14-hydroxycodeinone standard solution for
sensitivity was prepared by pipetting 5.0 mL of working 100 ppm 14-
hydroxycodeinone standard solution into a 50-mI volumetric flask, diluting the
solution to volume with water and mixing thoroughly.

A stock hydrocodone standard solution was prepared by weighing 25 + 2 mg
of hydrocodone reference material and transferring contents into a 250-mL
volumetric flask. Approximately 100 mL of 0.85 % H3POj4 solution was added to
the flask and sonicated for approximately 2 minutes or until dissolved. The solution

was diluted to volume with 0.85 % H3;PO4 solution and mixed thoroughly.

E. Hydrocodone Working Reference Standard Solution

Stock Hydrocodone Standard Solution was prepared by weighing 25 + 2 mg of
Hydrocodone reference material and transferring contents into a 250-mL volumetric
flask. Approximately 100 mL of 0.85 % H3PO4 solution was added to the flask and
sonicated for approximately 2 minute or until dissolved. The solution was diluted to

volume with 0.85 % H3PO4 Solution and mixed thoroughly.

F. Sample solutions

A sample solution was prepared by weighing about 250 mg oxycodone API
sample into a scintillation vial. 5.0 mL of water was pipetted into the vial to
dissolve the sample. The vial was tightly capped and sonicated for approximately 5
minutes or until the sample was dissolved. The contents were then shaken and

mixed thoroughly.
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TABLE 4. HPLC Conditions Parameter Condition HPLC Column Symmetry C18, 3.0 x 150mm, 3.5 kun
particle size Mobile Phase 18 mM phosphate/13 mM SDS pH ..-- 7.50: ACN: MeOH (72.25:15.75:12.0)
pH=7.80 0.WPRWYRAEH 0.7 mL/min Column Temperature 40C DetectionPCT/US2005/010666

G._Resolution Test Mixture (RTM) solution

A solution containing two components, 14-hydroxycodeinone and
hydrocodone, was prepared from the respective stock standard solutions.

The Resolution Test Mixture (RTM) was prepared by pipetting separately 10.0
mL of each stock standard solution of hydrocodone above and 14-
hydroxycodeinone above into the same 100 mL volumetric flask and diluted to

volume with a sufficient amount of water and mixed thoroughly.

H. HPLC Conditions

The HPLC conditions were as follows:

Column: Waters, Atlantis dC18, 3 x 250 mm, 5 pm.
Column temperature: 50 °C
Detector wavelength: 220 nm

Injection volume: 6 ul
Quantitation: Peak area of 14-hydroxycodeinone
Mobile Phase: (60:40) 17mM ammonium carbonate, pH 9.35 - 9.40 :
Methanol
Flow rate: 0.4 mL/minute
Run time: 70 minutes for the samples and 40 minutes for the
standard and RTM solutions

1. Resolution Test Mixture (RTM) Test

Before performing the system suitability test, a new column was equilibrated
over night (at least 12 hours) by pumping mobile phase through it at 0.4 mL/min.
After the new column was equilibrated, 6 pL. of RTM solution was injected into the
equilibrated system to ensure that the two eluted component peaks did not interfere
with one another. A typical separation of the system suitability testing solution is

shown in Figure 3.

J. System Suitability Test

A system suitability test was performed by injecting the Working 100 ppm
14-hydroxycodeinone standard solution into the system and by performing the

system suitability test as described in the USP <621> by making six different runs
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220nm Injection Volume 5 gL Run Time 50 minutes * Parameter may be adjusted to achieve retention
times. WO 2005/097801PCT/US2005/010666 H.System Suitability ~ One injection (5-pt) of a blank
solution (-0.9%»800A88FWdric acid solution Il) was made, followed by one inj@&EToRS3IHBIRSPH to
determine if there was any interfering peaks in the blank solution. 6 injections of the working standard

Il were madgs g, ﬂﬁ&mrﬁgiff‘fi’él lydpiaclinnss elbRAAS R IMYGONG AL A% Mmet the system
[0)

suitability criteria as shown in Table 2.
listed in Table 1 below.

TABLE 1
Test No. System Suitability Test Specification
1 RSD of peak areas for 14- | RSD <3.0%
hydroxycodeinone (1)
2 RSD of retention time for | RSD <2.0%
14-hydroxycodeinone (1)
3 Column Efficiency N =>2000

(Theoretical Plates of 14-
hydroxycodeinone) (1)

4 Resolution between 14- R>1.5
hydroxycodeinone and
Hydrocodone (2)
5 Signal to noise ratio (3) S/N > 10
Note: (1) the working 100 ppm 14-hydroxycodeinone standard solution for

Test Nos. 1 to 3 was used.

(2) the RTM for Test No. 4 was used.

(3) the working 10 ppm 14-hydroxycodeinone standard solution for
Test No. 5 was used.
[0193] Before starting the experiment, 6 ul. of water was injected to ensure that there
were no interfering peaks co-eluting with the peak for 14-hydroxycodeinone. The
following procedure was then conducted.
[0194] The working 100 ppm 14-hydroxycodeinone standard solution was injected
six times in different runs, and the system was checked to verify that it met the system
suitability test specifications as listed for Test Nos. 1, 2 and 3 in Table 1 above.
[0195] The RTM solution was injected and run once in the HPLC system to confirm
that the system met the system suitability test specification as listed for Test No. 4 in
Table 1 above.
[0196] The working 10 ppm 14-hydroxycodeinone standard solution was injected and
run once in the HPLC system to confirm that the system had signal-to-noise ratio S/N
greater than or equal to 10, as listed in the specification for Test No. 5 in Table 1
above.
[0197] After the system passed all of the above tests, the following HPLC procedure
was performed.
[0198] The working 100 ppm 14-hydroxycodeinone standard solution and the

working 10 ppm 14-hydroxycodeinone standard solution were each injected
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TABLE 5 System Suitability Criteria Parameter Acceptance Criteria Resolution between Codeinone
and 14-Hydroxycodeinone NLT 8 Resolution between 14-Hydroxycodeinone and Oxycodone NLT 2
Tailing factdV RO )BEbdne 0.7-2.0 Relative retention times for CodeinoneP§aEER#5OMpedHdoNne
Approx. 0.44 Relative retention times for 14-Hydroxycodeinone based on Oxyco done

separately. Both working standard solutions were used to quantitate the samples. The

setting and integration parameters are listed in Table 2 below.

TABLE 2
Integration Setting Parameters
Minimum area 0
Minimum height 0
Threshold 2
Peak width 90.00
Inhibit integration: 0.01 to 20 minutes Eliminates solvent front

[0199] Typical HPLC chromatograms for the working 100 ppm 14-hydroxycodeinone
standard solution and the oxycodone API sample solution are shown in Figure 4 and
Figure 5 respectively. Retention times of the 14-hydroxycodeinone and other related

substances are presented in Table 3 below.

TABLE 3

Peak ID Relative Retention Time vs. Oxycodone
(RRT)

Oxycodone-N-Oxide (ONO) 0.16
Noroxycodone 0.31
Oxymorphone 0.45
7,8-Dihydro-8, 14-Dihydroxycodeinone 0.58
(DDC)
14-Hydroxycodeine 0.73
14-Hydroxycodeinone 0.79
6-0-Oxycodol 0.96
Hydrocodone 0.95
Oxycodone 1.0
Thebaine 1.89

The following calculations were performed using the results obtained above.
Using Millennium®, software, the parameters were entered as follows:
In the sample set, the standard concentrations for both working standards (10 and

100 ppm) were calculated as follows:

W, corrected for purity
250

100 PPM std .conc .= x 0.05
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Approx. 0.85 %RSD of 6 system suitability injections for Codeinone and 14-Hydroxycodeinone NMT
20% The expected retention times were as follows: ComponentsExpected Retention Times
Codeinone M Q 3K 0P48Pydroxycodeinone27 4 min Oxycodone32 6 min IRAEEHHWPPd¢@dure

W, corrected  for purity
250

10 PPM std .conc .= x0.005

where Wy is the weight of standard.
The following were also entered:

Sample weight = weight of sample in mg

Dilution = 5 ml (sample dilution)

Label claim = 0.0001 (to convert the results in PPM.
[0200] The amount of 14-hydroxycodeinone (abbreviated as OHC) in oxycodone
sample in ppm can be determined automatically from a linear calibration curve using

the two standards (100 PPM and 10 PPM) and the equation used in the calculation

below.

| Asam - ‘Y;nterce ¢ D
PPMof140HC= 2 X x 1000000
Slope W sam

where:

Agm = peak area of 140HC

Yintercept = Y intercept from a linear regression line using the two standards
Slope = slope from a linear regression line using the two standards

D = 5.0 (sample dilution factor)

Wiam = sample weight in mg

1000000 = Convention factor to convert the result to PPM

EXAMPLE 5

[0201] 3.0 g of oxycodone hydrochloric salt containing 154 ppm 14-
hydroxycodeinone was dissolved in 20 mL water to afford a clear solution in a 250
mL Parr reaction bottle. To the solution, 0.05 g 5% Pd/C catalyst, 50% water wet
(Johnson Matthey type 87L) and 1 mL formic acid 88% were added. The mixture was
placed under inert atmosphere without hydrogen feed and then heated to 45 ° C ~50°
C. After 2 hours of shaking, a sample was taken to check the disappearance of 14-
hydroxycodeinone. The sample showed no 14-hydroxycodeinone by the HPLC
method described in Example 4 above.

[0202] The solution was then suction filtered over a 0.2 micron PTFE membrane to
remove the catalyst. An aliquot of 2 mL was taken out of about 18 mL filtrate
solution. To this solution, 2.0 mL isopropyl alcohol was added to obtain a clear

solution, followed by 4.0 mL of ethyl acetate. The solution was stirred, cooled and
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Once the column was equilibrated, the sample and standard solutions were injected according to the
following sequence of Table 3: Table 6 Blank (diluent) 1 injection Resolution solution | injection
Working StaM@2W3N988Hjections for RSD, last 2 injections for calibration BREAK YERER) ®éhjections
Unspiked Oxycodone solution

kept at 0-5 ° C for 20 hours to afford oxycodone hydrochloride crystals. The
crystalline solid was isolated by suction filtration. The wet solid was dried in an oven
at 50 ° C and 10 mmHg pressure. The dried solid weighed 0.12 g.

[0203] Analysis using the HPLC method in Example 4 above indicated that about 11
ppm 14-hydroxycodeinone were present in the oxycodone hydrochloride salt
composition. In another aliquot of 2 mL of the filtrate solution, 16-18 mL of isopropyl
alcohol was added to the concentrated oxycodone hydrochloride solution followed by
crystallization and drying. The procedure afforded oxycodone hydrochloride salt

containing about 6.8 ppm 14-hydroxycodeinone.

EXAMPLE 6

[0204] Analysis of Sample to Determine 14-Hydroxycodeinone and Codeinone

[0205] The products of Examples 1-3 were analyzed by the following alternative
method to determine the amount of codeinone and 14-hydroxycodeinone present.
This method uses a Waters Symmetry C;s column maintained at 40°C with isocratic
elution using a mobile phase of sodium phosphate buffer, sodium dodecyl sulfate
(SDS), acetonitrile (ACN), and methanol (MeOH).

The reagents used were as follows:
1. Water, HPLC grade or equivalent;
Phosphoric acid, 85%, HPLC reagent grade or equivalent;
. Sodium phosphate monobasic, monohydrate, Enzyme grade or equivalent;

. Sodium dodecyl sulfate (99%+), Ultrapure, Fluka or equivalent;

2.
3
4
5. Acetonitrile, HPLC grade or equivalent;
6. Methanol, HPLC grade or equivalent;

7. Sodium hydroxide, ACS reagent grade or equivalent;

8. Oxycodone HCI with low ABUK to be used as part of the matrix in standard
preparation;

9. Codeinone reference material from Rhodes Technologies or equivalent;

10. 14-Hydroxycodeinone reference material from Albany Molecular Research or

equivalent
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2 injections Sample 1 Prep# 1 2 injections Working Standard IIl 2 injections Sample 1 Prep# 2 2

injections Sample 2 Prep# 1 2 injections Sample 2 Prep# 2 2 injections Working Standard Il
WO 2005/097801 PCT/US2005/010666

The equipment used was as follows:

A. HPLC SYSTEM

For this analysis, an HPLC system with a dual wavelength detector was used that was
able to operate under isocratic conditions at a flow rate of 0.7 mL per minute with UV

detection @ 220 nm, and a column temperature of 40°C.

B. Mobile Phase Filtration System

For this analysis, an HPLC vacuum filtration apparatus with a nylon

membrane filter (0.45um) was used.
Solutions
i. 50 % Sodium Hydroxide Solution (w/v)

50 g of sodium hydroxide pellets were weighed and transferred into a 100-mL
volumetric flask. 60-mL of water was then added and sonicated until the pellets
were completely dissolved. The pellets were diluted to volume with water and

mixed well. (Commercially available 50% w/v NaOH solution may also be used.)

ii. Phosphoric Acid Solution I (~ 8.5% H3PO4)

10 ml of concentrated phosphoric acid (85%) was transferred into a 100 ml
volumetric flask containing approximately 50 ml of water. The volume was diluted

with water and then mixed.
iii. Phosphoric Acid Solution II (~ 0.85% H3PO4)

10-mL of 85% phosphoric acid was pipetted into a 1000-mL volumetric flask,
diluted to volume with water and mixed well. This was the diluent for the sample and

standard preparation.
iv. Mobile Phase

3.45 g+ 0.1 g of sodium phosphate monobasic monohydrate was weighed into a

1-L flask. 1000 mL of water was added and then stirred with a magnetic stirrer until
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2 injections Sample 3, Prep# 1 2 injections Sample 3, Prep# 2 2 injections Working Standard Ill 2
injections | The Codeinone and 14-Hydroxycodeinone peaks were identified using the relative
retention tinY&@ 2YEEELEed above. WO 2005/097801PCT/US2005/010668CT/US2005/010666

dissolved. 5.41 g+ 0.1 g of sodium dodecyl sulfate was added and mixed well until
dissolved. This solution was filtered using vacuum filtration with a 0.45-um nylon
membrane filter. The pH of this solution was adjusted with 50% NaOH solution to a
final pH of 7.50 + 0.05.

722.5 ml of the above solution was then mixed with 157.5 mL of acetonitrile,
then 120 mL of methanol was added to the solutions and mixed well. The final pH
was adjusted to 7.80 = 0.01 with ~ 8.5% phosphoric acid solution. The mobile phase

was sonicated for about 5 minutes to remove dissolved air.

i Standard Solution Preparation Calculated Relative To Dried Samples

A. Codeinone/14-Hydroxycodeinone Stock Solution I

25 £ 1 mg of both codeinone and 14-hydroxycodeinone reference materials
were weighed and transferred into a 100-mL volumetric flask, diluted to volume and

dissolved with ~ 0.85% phosphoric acid solution II.
ii. 100 ppm Stock Standard II

1-ml of stock solution I was pipetted into a 50-ml volumetric flask, diluted to

volume with ~0.85% phosphoric acid solution II and then mixed.
iii. 10 ppm working Standard IIT

500 *+ 5mg of Oxycodone low ABUK material was weighed into a 10-ml
volumetric flask. 1-ml of stock standard II was pipetted and diluted to volume with ~

0.85% phosphoric acid solution II and mixed.
iv. Unspiked Oxycodone solution

500 £ Smg of Oxycodone low ABUK material was weighed into a 10-ml
volumetric flask, diluted to volume with ~ 0.85% phosphoric acid solution II and
mixed. (This solution was used to calculate the residual content of both Codeinone

and 14-Hydroxycodeinone in the working standard).
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Calculations [0206] The responses of Codeinone and 14-Hydroxycodeinone peaks were measured
and recorded. The content of Codeinone and 14-1-Jydroxycodeinone was calculated in ppm using the
following eqW&idHW5RE780Wstd111 10 1,000,000 X X X - x X Rstd x Ws 100 58ADUS2RE9M6td x 200
Rstd xWs Where: ppm = Parts per millions of codeinone or 14-Hydroxycodeinone in Oxycodone HC1

Rs = Respgnse oReasiatisieat Id<kid @yrndeinone in SampleSolution. Rstd= Response of
Codeinone or 14-Hydroxycodeinone in Standard Solution minus the response of unspiked standard

1.0-ml of the Codeinone/14-Hydroxycodeinone stock solution I was pipetted
into a 50-ml volumetric flask. Using a micropipette, 100 pl of the unspiked
Oxycodone solution was transferred and diluted to volume with ~ 0.85% phosphoric
acid solution II. The concentration of Codeinone, 14-Hydroxycodeinone, and

Oxycodone was approximately 100 ppm.

F. Sample Preparations

i. 50 mg/mL Oxycodone HCI Sample Solution

500 = Smg of Oxycodone HCI was weighed, in duplicate, into separate 10-mL
volumetric flasks for each of Examples 1, 2 and 3. The Oxycodone HCI was then
diluted to volume with the ~ 0.85% phosphoric acid solution II and swirled to dissolve
the sample. A sufficient amount of this sample was transferred to an HPLC vial for

injection.

G. HPLC Conditions

The HPLC conditions were set as follows:

TABLE 4. HPLC Conditions

Parameter Condition

HPLC Column Symmetry Cis, 3.0 x 150mm, 3.5 pm particle size

Mobile Phase 18 mM phosphate/13 mM SDS pH = 7.50: ACN:
MeOH (72.25:15.75:12.0) pH=7.80 £ 0.01

Flow Rate* 0.7 mL/min
Column Temperature 40°C
Detection 220nm

Injection Volume 5ul

Run Time 50 minutes

* Parameter may be adjusted to achieve retention times.
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Wstd= Weight of Standard, corrected for purity, mg Ws= Weight of Sample, mg 1000000= Conversion
Factor for ppm % Codeinone/14-hydroxycodeinone = ppm. /10,000 [0207] The results for Example 1
utilizing the WO 28R’ #HIExample 6 gave a result of < 5 ppm of codeinone BAH BSaYFHP666
14-hydroxycodeinone. [0208] The results for Example 2 utilizing the procedure of Example 6 gave a
result of < Fppm Feedeigemshand <5 ppm of 14-hydroxycodeinone. [0209] The results for Example 3
utilizing the procedure of Example 6 gave a result of < 5 ppm of codeinone and 10 ppm of

14- hydroxycodeln ri t|o oft tin tlon ent to those
skilled in the art ancpgr ﬁ?lgﬁll/&? %Is\ﬁﬁ ia?ﬂ% odgnogeﬂgég%n?% gﬁcﬁg ﬁg 8?0 at is claimed
is: 1. A pmeﬁmﬁpmdmmhemjmdomeﬁtwrﬁﬁmmmlﬁmﬂ&avmgﬂy

14- hydroxycode| one level of less tha re pxycodqn se composition
naving an 8. T HORF AN 5 CRBI TR EA0 L arity

8,14- dlhydrox;yaaeBTﬁ&s/ﬁhi@ﬁQﬁﬁlﬁa@ﬂﬁyiﬁj@&Y@ﬁSﬂeﬁ@ iedyslited tecdeinonat ity meding

14-hydrox codelnone to coqone
y y system sultab?f( cr1ter1a as shown in Table 2.

TABLE 5 System Suitability Criteria

Parameter Acceptance Criteria

Resolution between Codeinone and 14-Hydroxycodeinone NLT 8

Resolution between 14-Hydroxycodeinone and Oxycodone NLT 2

Tailing factor for Oxycodone 0.7-2.0

Relative retention times for Codeinone based on Oxycodone Approx. 0.44

Relative retention times for 14-Hydroxycodeinone based on

Approx. 0.85
Oxycodone

%RSD of 6 system suitability injections for Codeinone and

NMT 20%
14-Hydroxycodeinone

The expected retention times were as follows:

Components Expected Retention
Times
Codeinone 14 £ 2 min
14-Hydroxycodeinone 27 £ 4 min
Oxycodone 32 £ 6 min
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2. The process of claim 1, wherein the oxycodone hydrochloride composition has a
14-hydroxycodeinone level of less than 15 ppm. 3. The process of claim 1, wherein the oxycodone
hydrochlorid¥Q@aMpeitidh has a 14-hydroxycodeinone level of less than 10PEERS2005/410%¢fe process
of claim 1, wherein the oxycodone hydrochloride composition has a 14-hydroxycodeinone level of less
than 5 ppmy InfRE VeSSt any of claims 1 to 4, wherein the oxycodone hydrochloride
composition having a 14-hydroxycodeinone level of less than 25 ppm is subsequently hydrogenated to
further reduce the amount of 14- hydroxycodelnon 6. The proc ss of of claims 1 to 5,
wherein the proceSRSEAMeFUYMB Y%%Ssef%g@@ﬁﬁ% %%BH}Fa?-H“o ﬁi}y Rithide composition
having a 14- fyetiedyredainans igifofoirssebefueicpiiTable 3. The process of any of claims 1 to 6,
wherein the oxycodone base composition having an 8,14-dihydroxy-7,8-dihydrocodeinone compound
is reacted with hydrochloric acid in an amount greater than 1.0 molar equivalent as compared to the
oxycodone free base. 8. The process of claim 7, wherein the molar equivalent amount of
hydrochloric acid is greater than 1.2 molar equwalérrﬁ%'e 6 9 The process of claim 7, wherein the
molar equivalent amount of hydrochloric acid is greater than 1.4 molar equivalents. 10. The
process of claim 7, wherein the molar equwalent amount of hydrochlorlc acid is greater than 1.5 molar
equivalents. 11. phe-pitetastintintyetitiainnaminiani-Smmisemsmstresasmatienss o hydrogenation
performed with a catf lZnJ‘?FFéOBrocess of claim 1 | wherein the

hydrogenation is carjed Qi AL A JsraRsEature of abquf #HEction

Working Standard IIT 6 injections for RSD, last 2
injections for calibration
Blank (diluent) 2 injections

Unspiked Oxycodone solution | 2 injections

Sample 1 Prep# 1 2 injections

Working Standard 111 2 injections

Sample 1 Prep# 2 2 injections

Sample 2 Prep# 1 2 injections

Sample 2 Prep# 2 2 injections

Working Standard III 2 injections

Sample 3, Prep# 1 2 injections

Sample 3, Prep# 2 2 injections

Working Standard IIT 2 injections

The Codeinone and 14-Hydroxycodeinone peaks were identified using the

relative retention times as discussed above.
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13. The process of claim 11, wherein the hydrogenation is carried out at a temperature of from 20C to
100C. 14. The process of claim 13, wherein the hydrogenation is carried out at a temperature of
from 40C to¥882005/0918)1The process of any of claims 11 to 14, wherein th& Gl/@BEaHEMSAOtime varies
between 10 min and 36 hours. 16. The process of any of claims 11 to 15, wherein the
hydrogenai@ isigasHed out at a pH of less than 5. 17. The process of any of claims 11 to 15,
wherein the hydrogenation is carried out at a pH of less than 3. 18. The process of any of claims
11 to 15, wherein the hydrogenation is carried qut at a pH of less than 1. 19. The process of claim

18, further HRBHIMG FmeReHRf fedsinonarackbEluljoxy cadsitnac erksiBiTe meagi e process of

claim 19, wigrebadhiiedaTikea@Riids SOOHI IO Bl B1-Hy d#dx i difeeR sl iRl @1 20, wherein
the pH is adjusted from a pH of less than 1.0 to a pH of from 1.5 to 2.5. 22. The process of any of
claims 1 toRP RHEgthe i Avie WA @iried out in a solvent.  23. The process of claim 22,

herein th lvent i .
wherein the solvent is an alcohol Rex Wstd 1 1 1 10)(1’000,000

ppm = X X — X —— X —
Rstd xWs 100 50 10 1 1
_ Rs x Wstd x200
ppm =
Rstd xWs

Where:

ppm = Parts per millions of codeinone or 14-Hydroxycodeinone

in Oxycodone HCl
Rs= Response of Codeinone or 14-Hydroxycodeinone in
Sample Solution.

Rstd= Response of Codeinone or 14-Hydroxycodeinone in
Standard Solution minus the response of unspiked
standard

Wstd= Weight of Standard, corrected for purity, mg

Ws= Weight of Sample, mg
1000000= Conversion Factor for ppm

% Codeinone/14-hydroxycodeinone = ppm / 10,000

[0207] The results for Example 1 utilizing the procedure of Example 6 gave a result
of <5 ppm of codeinone and 8 ppm of 14-hydroxycodeinone.

[0208] The results for Example 2 utilizing the procedure of Example 6 gave a result
of <5 ppm of codeinone and < 5 ppm of 14-hydroxycodeinone.

[0209] The results for Example 3 utilizing the procedure of Example 6 gave a result
of <5 ppm of codeinone and 10 ppm of 14-hydroxycodeinone.

[0210] Many other variations of the present invention will be apparent to those skilled

in the art and are meant to be within the scope of the claims appended hereto.
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24. The process of claim 23, wherein the alcohol is selected from the group consisting of methanol,
ethanol and isopropanol. 25. The process of claim 22, wherein the solvent is a combination of
isopropanol and water. 26. The process of any of claims 1 to 25, wherein the 8,14-dihydroxy-7,8-
dihydrocodeinone is 8a,14-dihydroxy-7,8-dihydrocodeinone.

What isclaimed is:

1. A process for preparing an oxycodone hydroctiodomposition having a
14-hydroxycodeinone level of less than 25 ppm
by reacting an oxycodone base composition having, dihydroxy-7,8-
dihydrocodeinone compound with hydrochloric acitieweby 8,14-dihydroxy-7,8-
dihydrocodeinone is converted to 14-hydroxycode@md reducing 14-hydroxycodeinone

to oxycodone.

2. The process of claim 1, wherein the oxycodor#rdshloride composition has

a 14-hydroxycodeinone level of less than 15 ppm.

3. The process of claim 1, wherein the oxycodordrdghloride composition has

a 14-hydroxycodeinone level of less than 10 ppm.

4. The process of claim 1, wherein the oxycodordrdghloride composition has

a 14-hydroxycodeinone level of less than 5 ppm.

5. The process of any of claims 1 to 4, whereinatkyeodone hydrochloride
composition having a 14-hydroxycodeinone levelessithan 25 ppm is subsequently

hydrogenated to further reduce the amount of 14dxytodeinone.

6. The process of any of claims 1 to 5, whereinpttoeess further comprises
recovering the resultant oxycodone hydrochloridagosition having a 14-

hydroxycodeinone level of less than 25 ppm.

7. The process of any of claims 1 to 6, whereinatkyeodone base composition
having an 8,14-dihydroxy-7,8-dihydrocodeinone commubis reacted with hydrochloric acid

in an amount greater than 1.0 molar equivalenbagpared to the oxycodone free base.

8. The process of claim 7, wherein the molar edanteamount of hydrochloric
acid is greater than 1.2 molar equivalents.
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9. The process of claim 7, wherein the molar edaiteamount of hydrochloric

acid is greater than 1.4 molar equivalents.

10.  The process of claim 7, wherein the molar emjait amount of hydrochloric

acid is greater than 1.5 molar equivalents.

11.  The process of any of claims 1 to 10, wheflegnreduction is a hydrogenation

performed with a catalyst and a hydrogen donor.

12.  The process of claim 11, wherein the hydrotienas carried out at a

temperature of about 20°C.

13.  The process of claim 11, wherein the hydrogenas carried out at a

temperature of from 20°C to 100°C.

14.  The process of claim 13, wherein the hydrodenas carried out at a

temperature of from 40°C to 85°C.

15.  The process of any of claims 11 to 14, whettgnhydrogenation time varies

between 10 min and 36 hours.

16.  The process of any of claims 11 to 15, whettenhydrogenation is carried out

at a pH of less than 5.

17.  The process of any of claims 11 to 15, whettenhydrogenation is carried out

at a pH of less than 3.

18.  The process of any of claims 11 to 15, whettenhydrogenation is carried out

at a pH of less than 1.
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19.  The process of claim 18, further comprisingeasing the pH with a basic

agent after the reduction.

20.  The process of claim 19, wherein the basiotigesodium hydroxide.

21. The process of claim 19 or 20, wherein thag&tljusted from a pH of less
than 1.0 to a pH of from 1.5 to 2.5.

22.  The process of any of claims 1 to 21, whetlggnreduction is carried out in a

solvent.

23.  The process of claim 22, wherein the solveaini alcohol.

24.  The process of claim 23, wherein the alcahsklected from the group

consisting of methanol, ethanol and isopropanol.

25.  The process of claim 22, wherein the solveatcombination of isopropanol

and water.

26.  The process of any of claims 1 to 25, wheiteen&,14-dihydroxy-7,8-
dihydrocodeinone isi§14-dihydroxy-7,8-dihydrocodeinone.
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