WD 20091061909PCT/ US2008/ 082618 WET GRANULATI ON USI NG A WATER SEQUESTERI NG
ACGENT | NTRODUCTI ON Cross reference to related applications [0001] This
appl i cat w0 2009%i6n®9benefit under 35 U. S.C. 119(e) to appritsawsoseedseri al
no. 60/986, 237, filed Novenber 7, 2007, the content of which is

i ncorporated herein by reference in its entirety. Field of the Invention
100021 This invention relates to pharmaceutical/fornulation chemstry. The
i nvention i s UWET GRANUIA BN WUSIAGRAWATER SEQUESTERING AGENT

hydrol ytically unstabl e 10conpounds. As a preferred enbodi nent, provided
herein are higher density, hydrolytically stable formulations of
(6-(5-fluoro-2-(3,4,5-trinmethoxyphedNTRODULCTION m di n- 4-yl am no) -

2, 2-di met hyl- 3- oxo- 2H pyri do[ 3, 2-b] [ 1, 41oxazi n-4(3H) -y1) met hyl phosphat e

di sodi um salt (Conmpound 1) prepared by a wet granul ation process. Such
formul ations i@lisbiréfectage asledlated appliCigusund 1 during prol onged stor age
under anbient conditiaons. The 15fornul a #I ons are useful for treatjng a

variety of di J83&Ms Thierrrlicadon garmsRsnciis wrdeedd Ve>-Ci §hbHshie, apphrios

(i di ogat hi-6)) AN66BRESYT, %&@N@v&%é&‘w %éﬂ?}@oon?eﬂ%f@ﬁféﬁ%ﬁb afakégi Hdig (RA).
State of the Art 100037 Conpound is currently in clinical studies for the

t r eat mentbyoffeaencain e8¢ yntofty20 di seases such as Iyrrphoma 1TP and RA. Dosi ng
is currently done with orally delivered tablets. Two sets of tablets used
contain relatively high concentrations of Conpound 1, i.e., 50 ng and 100
ng of active. 4] .Compound 1, as synt he5|zed forms cotton |ike

fluffy aggl one]ilgltdeos“&f?lhv t]\98ry | ow buI k density (-0.15 - 0.30 g/nL) This
characteri sti qoeea)f eTiss pRefitigrontess tb phymnddanitankes]adbs esémis@PPTRSSi on to
tablets of the active inpractical. Poor powder flow also results in a w de
wei ght vaRYEIOB A Wideritapdita@pplymsncippsuformalaion efdudealytiosils vpstableof ¢ abl et

0 1 SR e O AGESAh b O RL R CEmENT, ot cher

bi nders, stibdd formglrasionsef (61(6-fluohd-2 43 jdrfctraaskoxypeebldkindepgirhidiadd/lareinder t he
rowprop ty adequate _for co sion int bl ets.

G anul at iofrdfraet Ey% -2 el eri "ﬁ%%ﬂb‘%%ﬁ et m&a&phﬁﬁm@ salt

i nvol vi nQ{C‘oHﬁ‘ooQﬁ&Pﬁﬁr@ﬁerd‘b% w%ggfaﬁgﬁ%l@é &c%sa%%kﬁﬁoﬁnu@tloﬁb Rgiarticles of
material s. Such 5granul es arc often co acte to formtablets. Formulations
of phar mateguidhtal oﬁﬁvdealr@rgngamibag@dstdrage andcaambte;at afnditemsofbe f al | i ng

into two in classes roces and f rrrul atio cessi ng, reasons are
exenp 1By TR TR DS S AR AUt r R AT Ge.

granul ar lg‘iﬁ?%ﬂl@hm‘fﬂdnle (dipaHI®Y tBroevRRY t6paiidl pliplta (@TP}S aﬂkﬂrﬂéhﬂllato‘icp%ﬁltlsam et
machi nes ter and with greater consi sFency than a Si npl e m xture.
10100061 (B4¢. met hod of maki ng granules is so called "wet granulation.” In
its sinplest form wet granulation involves the addition of a granul ating
fluid, commonly water, functioning as a granulating liquid, to a stirred
powder conpri sitatg afftke Amt erials to be granulated. The granul ating Iiqui d

can be used al or.as a | vent nt ai.ni ng .a,.bi so r ferr

o P esatvod JAREy P edngR i El BB0 RSB e At bEh ShigR o °
15t hexogr afiédasesistictliylymphoinB EITR MidROA 2Ddsisip Rs@tieany dbanath Beallydeoged Wi t h
care, the aggregates will retain their integrity, giving a material which

i s both debisier Taicscisnt satiloteusad confanyrolatiralningh epncgntdionpaf epmapundabti.c.,
gr anul atlsq)nmgg ?(I) %Igt%?%@tﬂ\parrl ed out with organic solvents or

wat er - or gani ures, but organic solvents can present fire or
toxicity hazards. [0007] Wet granul ati on adds a significant degree of
difficulty esdeed4l | Gompame It bESynﬂ&sﬁed‘llfUﬁnsaq&m)h like fRfysigilonecritos withar or

e T an s O STRe  ee a st forurcs
undergoe Sang‘?ﬁ'a@égp astdtcOmpRSGEH & ﬁgl&scbfttlli@acftl‘i’/% lAMiaBGcd €RGSH W RENEWBIIsO

results in a wide weight variation within the final product owing to variable fill of tablet

dies, etc. Accordingly, it is desirable to formulate Compound 1 with higher density



[ 0008] Conpound | is a prodrug of Conpound 2. It is preferable, then, that
any wet granul ation process enploying water be done in a manner where

littl e orwocoagiwdati on 2 WO 20091061909PCT/ US2008/ 0826TaISod08@826poUN |
occurs either during the granulation, tablet formation, or storage so as to
ensure that the proper systemc |evels of Conpound 2 arc achieved.

[0009] In_addition, it.,S preferable that the .tablets forned,be. of

Sutfi i ertoRmariae o fleS Rafers s Eenaie hobr hmsten (R ENDITSF C2ihge but
di si nt egrighder tapileil propeay adaflicfostdmpreion RV, OF THE | NVENTI ON
100101 This invention is generally directed to hydrolytically stable
formul ati ons of hydrolytically unstable conpounds, in particular to

hydr ol yti cal | 089X | Grapplation ita FASCSy IV eldnpri iy the mhaunsrgubacabindus@ensi t y

sufficie - ' ' 88 fhel JAGHJ1ANTE, t 6 kp
to aboutq§8h8$%Q@ﬂ%%@?ﬁﬁggﬁgﬁéggﬁﬁﬁégggﬁggéﬁgngéggF%% |n2%8&£'q%%%nulation
process. graaldsareuftad campdcsedtthéormcabieer. tRadmuativadbdgiharbyccatenl otvilenake

conpressi on techni ques. In sone odi ments, the tablets have a hardness in
t he range‘%f%‘futl%{ﬁgg%r%fé‘nﬁtﬁ Otr}éeaé%%gﬂg’@ 11%&9}%6?%“;8 $81 RINCGSSHE MWen about 14
kp to aboytm i prbhBessPBRER £6 LEInARAYYTROhSed P BershiitagbS aftave a

har dness of about 16 kp. "This invention is further directed 15to0 tablets

f ormed f ragarogheae Ayldnwel ganglat ngtesiblbileflévwo mmné avdndnandofill oo bingh speed

[0011] | articular, this invention is directed.to the surprising and
inexpect AP PN Rsterind IR FGRFoIPSPRen g E B IAMRS Ly, wat er
sequestering agent with Conpound | in the fornulation, allows for use of
wat erjoi N a wet[ogeanubad methol O GR &M NRiMIdsHS E@bdicdgwehgrahyldfiéd. Y tTh 6ts
instability of Conmpound 1. 20100121 This invention is further directed to

t he di scoieplpstifpen, weieramlaiondmeilyss the addiéon efsa granyatingofied e¢ronrsotlsr mul at i on

| at , :
donsi ty tobafiRIRHERacE chilsthe WALTRSCHARY fpWakr St Rle G phihialtiglhe
bet ween gheiilat®d. 3bh@grmhulatiel Bdad tardbdiksed/atdne op oY kelesntfcontatnay £bmdévavi ng a

hardness in the range of  abou kp to about 30 kp. Such. tablets also
exhi bi t a(ﬁ‘lgP Eeferearoops i éié%ﬂ)]e(?ii aghesiye f)éfg@clz By esth taens et tiede adhesian fjefeous
sol utj.on i i t : : :
To01a1 TS et Re Rl B afyifte AL ARER ARG Honf Ll (0, Bunmsresier |
t abl et s ofilltrbfag thoiv értegran, giaing asuatprialsing i todndensérednfl-rhart érenifolyvimg thamal
degr adati pn of. ound WO 20091061909PCT/ US2008/ 082618 .duri ng st orage
under  amEAREBEANET By EBTHIRGI S50 RECH SNt a6 T GEMG SUPENS B ¢ bl e
for oral dably@hdic solvent mixh@Esl Bt drBaié oW &ts &ehﬁ)r@&‘ﬁv fire drlo ARy RizakdsS

e

formul ati on aspects, this invention is direct to a wet granul ated
formul ati on conprising water, an effective anount of 5Conpound 1, a

suf fici ent and0B@7lof Wat sianeptieeedde stsegnifgpnhdesiee efdliffisnitpicspedeingssd heon of

Compaoyind 1.. i .6 far tihan, -after i nsi.t

R L g R e o e G T R LT

about 30 dgptable compoundsQfhbiallly N Congoaid ddhdradihg its hex dhytktd énwatey senkitivbe

dried formylation is between about 0.35 g/l to about 0.65 g/nL and

pr ef er abl3Pdpagsigess daspnpovtianagpding 9 ta%gmo“@%@ath/ yeheme: 100161 In

anot her enbodi ment, the higher bulk density water sequestering agent is

sel ected fromthe group consisting of starch (for exanple, partialy

pregel atinized starch), magnes®umisul fate, cal cium chloride, sil%ca Igel
¥ g Q

kaolin and F rabban.<? arch2®s e re p
Starch 1500 |avali | apl e [fro Inc., Vst Hbint, 15 Renng
USA, is e ednN sonE anbodi nwfts, the argh N rrNed™ NT

(corn). In a preferrteéd enbddi nent, the pregel athini zed starchH s derived
from Mai ze. Q _ QOOQZFPLQmppother enbodi ment, the fQy 'uﬁPEO” further
conprises on®3dr-anme fillers such as mcrocrystalline celluloses (e.g.,

Avi cel PH 102 (gNC Newar k, DE 19711), Entocel 90M (JRS Pharnma Patterson, NY
12563, etc.) and/or one or nore |lubricants (e.g., 20 rmagnesi um st ear at e)
and/ or one or [0008] SUSPEHGIINGS Ripactirng oQembsur(de2. dlt is frkfsahis)@hdh? aBzny | SP
Wayne, NJ 07470)). and/or one or nore disintegrants (e.g., Sodium Starch

A ycol at V¢t BrEUBHgR PEORESEAPEYHE Yas herdpne ighmanpe whegelittle or no degradation

2




100181 In another aspect, this invention is directed to a tablet conprising
wat er, an effective anount of Conmpound 1, and a sufficient anount of a

wat er sequiexvevicnyoagent to 25i nhi bit deconposition of EOFABRNE/0861MNer ei n
said tablet has a hardness in the range of about 6 kp to about 30 kp.
100191 In anot her enbodi ment, the tablets of this invention exhibit at

| east 75%.di ssol ution in |ess, t.han 45 mnutes.in.an ueous sol ution

ot i el GRNTR | 3osiry el A e iosy Bl ] P BN AR ¥
2009106 1999RETHATR0NHQ32638ic lovels oL 0ARPdurldn @vathievcdenbodi ment, the tabl et
further conprises one or nore fillers such as mcrocrystallinc cellul oses

(e.g., MCC Avicel PH 102, Entocel 90M etc.) and/or one or nore |ubricants
(e.g., magnesil0P9Yt darddisipngihiyrsefcemble Bat the fablafy Kpmad bp gf iffigicnighaadnost s

(e.g., PI ( f+ Sk £ , Expl oTab),
and the gﬁ?tckl%gﬁcaﬁ b%%{aﬁ%g??ib%agédoﬁgﬁ%ﬁ%fﬁg%a%eﬂhgig ﬂgg%é%? é@d%pgni nvention is
di r ectsed ddmimistrgidnod for formul ati ng Conpound 1 into a fornulation suitable
for tabl et conpression which nmethod conpri ses: a) bl ending
Conpound 1 with starch and filler and optionally in the presence of one 10
or nore suspendi ng/di spersing agents and/or nore or disintegrants at an

i npel l er speed sufficient, e. SUMBIARY GIBTHRINVENTIONS5 H gh Shear

Granul ator, to forma honbgenous m xture having a bul k density, after

dL yi ng, E uf fi c{'l)gm] t Dhif ﬁivm]k tﬁc&bib%bﬁerhllawﬂi[r;@)ttal tb&llydﬂﬂ?yit%aﬂfl siiabletfgﬁmﬂaﬂitgs' obf |
about 6 kp to about 30 kp; i i sprayj ng between about 15% an
40% by welvgrlyigrllyapgable semppwdsnigrsgisbiido Es%almé%ﬂw%tlaf atigns ghove and
m xi ng t I Les; j I :

Br oduged T n ) E R A e O L o B T ST

achi ewed,oftaboygrédy Webduti Hdkpg médietdiesaid formulatjo@ 22]prdpaecddiniasdet@ranildtes
prepared in the nethod .abovg arc t¥ 'cal”g Qgtmeen abaut 25 pi m and about
900 pm i PrAfsirel &t ormplate 3 thecopysiteio hlcts by cRBYHEgnAlSBPreSsiopy;

i nventi onedhAiuRE! TR drfiSlitht,| tROtabRE; 1tk 8 hafin@BUh 8% rahBe 8NGORITPDE) Ment ,
the dried granules are mlled so that about 90 wei ght percent have a

parti cl e teirbeutB8thpemaercproferatd g b¢twcan aleouathdlsp tea@up s kp. & soreg preferred

R

f or nulsat itgfabléey Fdrall Erohi e Cianlk slytiatlylensinGRkibes Ul ¢shpsigldl10i dal silica
and talc. [ 0025] The tablets of this invention preferably conprise

from about 25 n& to about 200 nmg of Conpound |I. More preferably, the
tabl et s conpril881Yet earicaksthisgovengion és distad to oy swprinacigBghrecicdand,

even nor & kHenst t t with 1
20091061965 HCH TR bl BRFH prcttr SHlon SRR Sedcnietl agcnt with Cormpound 4 o
provi des ia theeforrgnlation, atlowg f@ruee ef satee onpivesgmgulbtien protdssnbtvgthstaagsgitine t he
order sh . .a) blepdin conpaosition conprising Conpound 1 and a water
sequesteﬂl%&lﬂé%lﬁﬁtag‘gwgﬁﬁ‘?r&p "dr'ded mi xture; 5b) granul ating the bl ended
m xture of a) while adding water to formwet granules; c) drying the wet

granujpes of b)[uaizé< Bifis favedidd is @HtePBir0étc PR B AR R thab etk dech¥ty 8f
achieved to provide dried granules; and d) blendin ubricant into the

a |
dried grdhatessltiog hemogenops duri ti@m@ndemtagﬁ@mme@sseg tablet hardnepsog@that| n

h h hod .f h j ; ' h | ended
ar anut es BRI GURERETS Vb A SRR R o SRRET DR el BB

provi des ttw&h adoat b Abed. iy Bouad 60 R/ aDMbliteNBrtatidiehapesh he@héy in the
effective amount of Conpound |, a water sequesteri n? ?kggent,‘ a |l ubricant,
and aboutrangg afebawdukp 1aeReiCkn. Pushdpbiets also gz pibitat loaste/ P distaleionon lesss a

bul k densj - - : ect,

hi s 1 ovandy SomBEIRaR BORE st b o A R o,
DETAI LED #0ES@RI PTI ON OF THE | NVENTI ON 100291 The invention provides
hi gher density, hydrolytically stable formulations of Conpound 1 prepared

by a wet  granypatd,ony Bl 0k eSton Suah AT St %int AitNey that the tablets of
this invention have surprisingly long shelf-life with minimal degradation of Compound 1

3



20 degradation of Conpound 1 during prolonged storage under anbient
conditions. Definitions 100301 The term "Conpound |I" refers to the

f ol | owi ngwoenpastand hydrates thereof including its h@aiisaesne261¥.

v o, . 7=, Ihi ONN----9\ 1NN LHH 9+ Conpound 1 0=P-ONa ONa WO

2009/ 061909PCT/ US2008/ 082618 100311 Conpound | is sonetines referred
to herein, as -(5-fl.uoro-.2- (3, 4.5- . .

trimet ho%‘ﬂ%%@F%ﬁﬁ%&?fpwo'i’lﬁ?toﬁoﬁélﬁlf’ﬁafﬁ?“r‘n’é‘j‘m%l,yzt-h&it%?tﬁ;%‘lf%‘@z%i B M BYF o 3, 2
- b] [1, 4]exakliferd( 3H) - yOnet hyl phosphate disodiumsalt. It is understood
that the disodiumsalt is used for exenplary purposes only and that other
phar maceutical |y acceptable salts 5such as, but not |limted to, the

di pot assi um s dpgl‘ﬁr laaiiew ahihs abeve, di onpfritsSpipmlation aspass.HBis ieatipmisp| ace

t hereof. ( ' such.: al so
incIudes(ﬁggggﬁgg“%ﬁg%gg%gﬁﬁggﬁ%g?%bulﬂfm%%¥g%?§?%%ﬁégﬁggﬁgﬁﬂgQthdrate of
Conmpound Compound 1, a suff@32dm&artpdandcitd seguedicsiag aged to imhlls dRadb@pbsition of
Application serial nunber. 11;453, 731 bl i shed as US 2006:0234983 Al which
i s incor %E%’&daywﬁ‘eé@@_rs@ﬁi%@ﬁa‘il% aﬁ@ﬁcﬁﬂnﬁéﬂ%ﬁ.ak[@‘egmmw‘ﬁ%ffwnmo' ound
20 onef er Sabiers ek Al R0 SRIRALIGT A X i@k Bhgpeol . Compound 2
100341 Conpound 27is sonetines referred to herein as 6-(5-fluoro-2-(3,4,5-

15trinethoxyphenylanino)pyrinjdin-4-%éaninq)-2,2-d[nethy1-2kkpyrido[3,2-b][
1, 4] oxazi n- 3([#945]onle.one embodingmgshe Mgk dsendtyroditled dricdt themuletion 1SWatvegen

bor bi nd il & CileliEEh S s Al BRI ED ved SEEBRI LB P Lo Bl

but ape ngilimted to, starch, calciumchloride, silica gel, 20kaolin,
etc. 100361 As used herein, the term "suspendi ng/ di spersing agent”
refers to a pharmaceutically acceptabl e conpound or conposition that .

prevents or rdP8iels Iraother gmbeiment, &@lhiﬁleggvlﬂqd@p@&v WRCE $RIUEHFTHAR 4ERIOR of

conmpound it i i j i e, but

are mot 1°Tise U aER AR R Eeh LR S Y OR B Bl AR SR AREI S CUREL D

P oxypr opyl et hy | col Ll 056 and. he L, ke, . WD, 20081061000PCT/ US2008! 082618
roxypropyl met hyl cel | ul ose_an e e. . {

100371 Ase’lé_&%dﬁé‘fie‘inﬂlfe_ﬁr Rl el _ﬂflr@rava#%bléf@nf @éawnpﬁa%% Pintal |y

accepisabl Ii‘enh@%énia[WS@ﬁL'i_@Emﬁroy@& MRS hiel AboAHAGHSs, R BarkRiTAHREY Bdni Plapdd

bul k. Suitabl’e fillers include, for exanple, mcrocrystalline cellul ose.

[ 0038] Adcorsedineprefentedtchdotiamaent, theipregelamized sénsh ss daivadyrophbarmeceut i cal |y

[0017] In another embodiment, the formulation further comprises one or more
fillers such as microcrystalline celluloses (e.g., Avicel PH 102 (FMC Newark, DE 19711),
Emcocel 90M (JRS Pharma Patterson, NY 12563), etc.) and/or one or more lubricants (e.g.,
20  magnesium stearate) and/or one or more suspending/binding agents (e.g., Plasdone K29/32
(ISP Wayne, NJ 07470)) and/or one or more disintegrants (e.g., Sodium Starch Glycolate
(JRS Pharma Rosenberg, Germany), and the like.

[0018] In another aspect, this invention is directed to a tablet comprising water, an
effective amount of Compound 1, and a sufficient amount of a water sequestering agent to
25  inhibit decomposition of Compound 1, wherein said tablet has a hardness in the range of

about 6 kp to about 30 kp.

[0019] In another embodiment, the tablets of this invention exhibit at least 75%
dissolution in less than 45 minutes in an aqueous solution maintained at pH 7.4 and a

temperature of 37 °C £0.5 °C.



5accept abl e agent which reduces surface friction, lubricates the surface of
the granul e, decreases tendency to build-up of static electricity, and/or
reduces fwopabidict9p9of t he granul es. Lubricants can al soPprais2@s808deas ed rol e
in inmproving the coating process, by reducing the tackiness of binders in
the coating. Thus, lubricants can serve as anti-aggl oneration agents and
wetting agent anpl es..of suit.abl el Qgic S are magnesi um st.ear at e,
stearic acid, BPPHOCRHEPHR, eRbytiRS C et aEhE ShirGr R e e

[0039] Assubis _@ﬁmf&é&%ﬂallih;@@elhﬁdim (i sMu ek ARt PHNebeFScéR] omVeEicdlaidaeded to
the conposition to help it break apart (disintegrate) and rel ease the

medi canerfing or BeaprBibaisans (g sinagregiuahstearpisy pigder ongpr mpre syspendingrbinding o,

non- sacchar.i r I - = | i i,dine, can
be- added et felt BN B AP BhSor B BB RA g e, T pIO TRBY il B

15di sisnt dikeat i on. Ot her disintegrants that can al so be used include, e.g.,
croscarnel |l ose sodium sodiumstarch glycolate, and the |ike., see, e.g.,
Khattab (1992) Pharm Pharmacol . 45: 687- 691, [0040] As use rein, the
term "bul k der{Q#w" s etns a@w@ RS BH 2 EYERf oA 4P %%%Wﬂ%@gg(eﬂ k

densi ty, @BinfEARHOGAPRINPOIES DA AHESERaRL (R UATCRRRRLE LWHGHALNERa
funnel into a snmooth netal vessel (e.g., a 500 nL volune cylinder),
scrapi ng ofifpris¢se excess fromthe heap above the rimof the vessel,

measuring the r i ni mass ,qQf powder and.dividing the mass by the vol une
of “the vasser 5 Senamedgiiad v BZHhABR Rl fid ot e fresthet AT g
referg to densdriiyordkuspendih {spéfr@in‘grﬁgfntgﬁﬁd/oﬂ Borcdorl RSB iRAAMNEEEE tnSdlep| e

y

(with a correspondi ng "bul k densit is placed 25 in a vessel, e.g. in a

graduat ed cyl ispetsufiagient ¢e. 9605 rpippa -%Ht gieQGraaulgtorote forme aor der
d d cyl ispekst suflagientt e 19stodl> ¢ loa-aHiahrSheeeGraaulgtorote formeaor d

of tens to hungieds, Ofs hixHES nakid 8%”}?&%%5& NG r2AIRIe, L ﬁ&%&%@%‘r&ﬂ Yplayre. The
density of the sa%b?e, once: const ant vol une s Yédened ' vra appi ng, 1s the

t apped densi t yhaving a hardfd94aflinAbe tangelohgboat 6 kp thebdueBokpf | ow i ndex” refers
to a sinple technique for the determ nation of powder flow characteristics.

WD 20091061909PENRYSEATEr 2894 15% and 46 by werpd of dratarinfp yhapmegeqonsdr i ed”
refer,.to a pr ol . . osition to a
desirgd IeveIqﬁ%@%ﬁﬁﬁ#ﬁg(ﬁ§§%§§%§%%%$2g1i%%&ngag%ggigﬁg?g&ﬁﬁgrding" and
"press nol di ng) drghgthetonlargel gramdesgoddced ppbyaboge aotipanels@Dwe bktraee abouta
formul ation (p er or granules), as 5w thin die, to forma tablet. The
terns "conpre§§§gn Q%P%tlﬁéﬁac“%F@s@@ﬁOWQBﬁ@?gg%@%ﬁ&any tabl et forned by
such a process. %?045] The term"tablet” is used in its compn context, and
refers to a sdPP#RlcoMsoliadigsrnubesducsycdinipe Bstiodsabaye/ast tyrisrly REECHi xt ur e
of conposjt| ' [ veni. or swallow ng or application to any
body cavf#§w9%®ﬁggggﬁélﬁgﬁg%%l%‘hgﬁgGQG] Prior to tabletting, a wet

granul ated for tion i repared, dried, m.lled and m xed, .etc.. [0047]
The st or anaiTVeR tGrwaat o oR o8 utscS. i SoRBuua cambsy Taillngs

suf fi ci enpe anQbShn@ks. AntingREMboRIhdL ARDGHEY o MREISS arS SAUES ESThHaNsboagemt ., such
that after drying the wet fornulation, the bulk density of the fornul ation
i s suffi oveglt peocept laviedepaftonle siabbeatvserhabaungs ganharahnetsH)0gim bedweeterabout 8
kp to about 24 kp. [ 0048] The wet granul ated fornul ation preferably

conpri ses bet about.. .10 t o abouyt , 50 wei ght .percent of. und, 1 bout
100 T o about. M Hlei 58P ErERGH: w2 darE. ke SRR ESpe ming  Ager vhdtud on
t he anopunintiphorkog@eUS dnd the@ﬂ%l_@tﬁh?ﬂﬁﬂeﬁh@ﬁg foPRutaBioRbStitablRbWeidhincRAE cent
of water based on the total weight of the dry fornulation prior to wet

gr anwsat isgaaric acid, collogd silicopnd Wal additives which can be added to the
formul ati on include one or nore of the follow ng: 25a) fillers which, when
enpl oyed, pref Y / i cent of
The. dry.tof mul G Egn HHAREITHLE AR AR et s REH R ATS SREKCET
agentszoFmbhgung%ageQmﬁ?MMinhhkTM@?ﬁ?ﬁﬂkgyed?pﬁfmfmfbb%eﬁaﬁgeb?ﬂﬁﬂefg
abou o abou we percent. o e dry mul ation prior to

granul at i'8 ﬁ‘?mﬁd@? m&ﬁ‘?@amtgldmr@h?vmwe@ﬁﬁm%d ?bqvéﬁa%mgrqfrﬁ%wﬁgﬁ- about
0.25 and 2.0 wei ght



percent of the dry formulation prior to wet granulation; and 9 WO
20091061909PCT/ US2008/ 082618 d) di sintegrants whi ch, when enpl oyed, range
from bet vi¥orzo@o12090. 5 and 10. 0 wei ght percent of the dPgTfuseensiodzsi®dn pri or
to wet granul ation; each of which is described above. [ 0050]
Preferably, the wet granulated fornulation conprises Conpound 1, a water

5sequesteri ng t,. water, filler,. suspendi ng/ di spersing.agent and a
aisintegrant . [POAR 1] mARRTGEEPRY: T Y rBRIGEN et VAR RO onal 1 y

i ncl ude aoaPriRinanthe foldwitN@e@Sn ithic drdeppivaved and certified by the FDA. For
exanpl e, exenplary colors include allura red, acid fuschin D, naphtal one
red B, food ordahladss aesinesiion spypesing & oBIpogny 1 [4Ad 8 Wit spatesicang paent 4,
carmne, ton ] Sweetening agents can al so be added to the
formul ati on 035‘?%%1%5 tel(ri&{g%%gé%f the tablet to create or add to the

sweet Bess. Sadyhk@danutigingithd Eesdeantixhiradefswhite gldingwamst fodbrm hac paseales;and t he
like, can add to this effect. For exanple, cyclamates, saccharin,
aspartane, ace3ddrfiRgtheRvetAmissiotd) etfgg%ﬁc o dndrlhot bericgppbout 5% and
35:1177-1179) ,119f itRBil ik I%geahg ﬁﬁé&%&?{ﬁleé@n J. din. Nutr. 53:872-878), can
be used. Sweeteners other than sugar ave tﬁe 15advant age of reducing the
bul k vol une ofd)tbhendind lebri¢ano o thehlret! gaaalasrof cpat proaidd bleatleefrfanales.ng t he
physi cal properties of the tablet. Manufacturing Processes [0053] The
preferred manydezturinngoeospss, Bt nidthad fufthemndongitisto e Vinpyesainigltiad i on
20conpri ses preblending all of the required fornul ati on conponents except
wat erlOuntbl¢ndse grgules 6@ formfablsls. pref erred enbodi ment, preblending is
conducted in a granul ator such as a Fielder PVMA 300 Hi gh Shear G anul at or

wi th 36 inch ilApS8]I eln agptheeaspest, tirdinperdionaveNifes cwesrimdacdrformutptione

conponent st th at | | ]@r .S ds _r in tween out 30 to out 70
o for ophT R ke dbe BT Bl REGREtp MR § SRR b Bt feclbler [

t hen spr dyedcaantaod abdud St oyt CoTRasdrt [0mdtiterfagpodt, thefonmtilagbmnsy abwei
formul ati on descri bed herein. The water is bly added at ;a constant

f
rate overdeasipedfi bsivesm abpuik-dhEabout R§9 giml g‘r %’f?gl{ﬁ? aspaehy thip HIVRNEN ei t her

constant [y xi t B9m it X . addition. In either event,
m Xi nlg i ﬁ%ﬁ%g?an%g%t unt ??%tﬁg&\?{segglaggﬁr%ufpg{@gﬂ%%nposi tion is honobgenous.
30[ 0055] The wet granul ated formulation is then dried using conventi onal

techni ques to reduce water content to a predeterm ned |evel. Preferably,
the water content of th A g@ﬁﬁ&pﬁjﬁ Y o 18 granul ated
formul ation i s between ?ﬂft&ﬂ%ﬂ’}gﬁ)ﬁa out 11% yﬁ;vi\f/el gh?.E ;%ﬁg can be
conducted at varjfQus.tenperatures.and tines. e, ski.lled in the art could
Fendi 1y det er St nErRRTE AT ad Sing e o patetica vl [fFefibrat er
content, Jfft® hdl @ Prépanad th@{':v@tr gra@ih@dH proddid. Shéh RimliRbodeipiat ur e(s)
enpl oyed. 5[ 0056] The drie ranul ated fornulation is mlled using

convelt i olegradaigerhel Geragouadd ¢ratisinielppged sorageurdep sapipaheondithmss or nul at i on
is mlled through an appropriate nmesh screen using conmercially avail abl e

mlling equi pment such as, e.g., Quadro Com | 196S (Quadro, MI | burn, NJ).
100571 I n one Refputioment, the milled, dried granulated fornulation is

eval uated 10 f egr.ee of .degradatj,on.of nd 1 to Conpound 2 as well
2t o cont i r mibR PR CHRRERR | GRrhe BERAGed strog Y BVadsts o

t abl et hah@}e@ﬁﬁcmﬁin@eﬁgm%}l hasit 8 to about 24 kp upon conpression.
Surprisingly, it has been found that the use of water in the wet

granul ation process as well as elevated tenperagures during the drying
protocol, does not signifi c%tly alter the amoumt of Compound 1 in the

formul ation. Typically, no @ oy We O of Conmpound 1 degrades
i plocess fhnd
N N N N N
H H

during the granulation and d
.

)

(P - + Compound 1



nore preferably no nore than 0.5% by wei ght. 100581 The pressing or
conpression of the dried, granulated and mlled fornul ation can be
acconpl i sWeaodict®9any t abl et press. Many al ternative mPEmAISe@s®BIcest this
step are available, and the invention is not limted by the use of any
particul ar 20equi pnent. In a preferred enbodi nent, the conpression step is

carried out usi a rotary type tablet press..The rotary,t etting
machi ne has & IPBEHCEbRb R Sonir Foebr AT hER b 6a Syt as 3% o,
form ng tiakleioSyphoR§lahihdmpldini @4l Hah S§LIegini iy 3t - yane 3125
subsequent |y press-nol ded. 100591 The di aneter and shape of the tablet

degends Ml b Hex#ie-46380-yimethephpsputedisabdungplt.t Hes eisiepitesskthafrthe flisodigmni | | ed
( . v Cecoid.
oot i e - calt T 0 00 A p TR B AR A RE o i R Eecn B

faci | ist atsaclhas dki mg.linfitd tb,ape Gipotagyimm salibt agdeiuaadaltber maprsisadsaiircad®bossed
with synbols. or letters 1 The conpressign force can be

sel elct ed WadBplace thergot younpied 1 @Fluggsg’(é)é’,Oféu@DOtH@sia%dCﬂ@PﬂIH@s]saléq t he
. ; o
50001061 98U bR GET, TR Mg ool AmPBBUE e foithyBRudH CoiinBIEL | 20 on

or dissolutio r I SLiCS,y: r rr i r escribed in
t he Exanpl es gﬁ%ﬁﬁq%%%@h%ﬁ&dﬁ?ggﬁé?dé%@%g??ﬁ@%SQF%g@§%9%5§W%PQhardness is
a physi call/A3rBngpilblizkasas €8R006-0234988 all which Th@copstasddiicefedénca i abl et to
chi ppi ng, abrasion, or breakage under conditions of storage,

t r ansifor t&#fSn, and handl i ng before usage depends on its hardness, or
"crushing strength."” The tablet "crushing or "tensile" strength is defined
as the force r[@&mr ebhet tormpreapeaundad] referpip tho iploagrg eampaundiad hadrates
directioth%%,is typically neasured using one of the many 10commonly
avai | abl e ¥ & qet har dness testers. For exanple, "Stokes" and "Mnsant 0"
hardness testers neasure the force required to break the tablet when the
force generated by a coil spring is applied diafetrjically to the tablet. A

" St rong- Cobb" hardness test S the~dianetrically applied force
required to break a tablet, H:gigik? QP“ ed An air punp forcing a
pl unger agai nst the tablet &n i 4fically operated 15
har dness testers, such as the tgchl eui ger apparatus (al so known as a

"Heberl ein") can be used. See al so, E;—SON gkada Sei ko Co., Japan; B
(1996) Chem Pharm Bul|. (Tokyo) 44:21%P"99%7 [0062] Tablet friability is

a physical str h asur nt of .a tablet, and.is ,hed e ability
ot Pthe. conpr edB0EN, EFERE TR e S de S8rii o B BB AT o cal 1
20meagur afmeyhokpitnRGinti iSidif 43y iind)-2r9di DHRPEidbES I 1M4]6ga el ght

| oss (see De Joz% (?987?9Eﬁgrn1veg&bl (%ci) 9:2 -28)?ﬁ¥ﬁ§senﬂ%tgting

devi ces al(@éHtant.ed "friabilators." The friabilator provides frictional
abrasion to the tablet sanple and is used to neasure the resistance to
abrasi on or at[0033]i ohs efedthatslimttlee teith & wates scquicsteangyigent’ srefpawur ed after a
fi xed nunber of revol uti of dr rotating at, a controlled.rate.

251 0063] MRty asespibls taen Byl ple ot JasT el e SR eps ent
synt het i GeR@lsitmp avéritinRRide SR drd itk Bl t& Widrat R8lciuaNEhISHEE sPicaleble drumi s
renmovabl e. The tablets are tunbled at each turn of the drumby a curved
proj €t i drolimagtc.ext ends fromthe nmddle of the drumto the outer wall. The
drumis attached to the horizontal axis of a device that rotates at about
25 to 30 rpm [003d, Asusddkranting tetthésuspbhdtgdspébingragsitl dderanaafal | onto
the 30 drymwal |l .or. onto ch ot her,. Many such.apparatus are c nl

avai | abl daEngreutichy SREOHET PBRPGRR 26 APV UAA e QUG rIsaBe STt

Edi son, Nfdeld p@ftiglre%kﬁilelféﬂnﬁﬁﬁtidntdfCOH\?O&QQQJ-E@ SP6H{pRG08/ 082618
Apparatus (Erweka Instrunments, MIford, Conn.) (Bi (1996) supra, Chowhan
(1982) J.sugfenpingrdispeseis agentsigdudel 3usyre nalemitereto, Plaedone K29/37, Birsdnd $r one
exe ary.protocol . th t andar ited States Pharmacopia (USP r ot oco
For neas i Ph fiReny ydhe Mo R AR BR OB eks®! 1 2
friabi | attelifoxdypadpylricthylcellulose and the like.




5a 285 mm drum about 39 mmin depth, of transparent synthetic polyner. The
tablets are "tunbl ed" at each turn of the drumby a curved projection that
ext ends fwormmedwi199pddl e of the drum The drumis rotat e@CTaS2@808261% our

m nutes at about 25 rpm resulting in a total of 100 rotations. A mninmum
of about 20 tablets are used in any test, unless the tablets weigh over 650

nmg, in which on 1Q.tablets, arc.used. . After the allotted ti t he
Uablets are 1807 Arovberch it e wRhamFa s aaty bR i B abdsPene
pressur e ifért thakiidbbs contPositioN Added folaClofBulafich @Usd balle SeABNEH cramdiudenai ni ng
tablets are accurately wei ghed. Percent |oss of weight is cal cul ated.

[ 0065] Tdbr etamiiles seicipchotelline eeHaose.ed by the anpunt of tinme for 75%of the
tablet to dissolve in an aqueous solution buffered to pH 7.4 and mai ntai ned
at 37 C +0. 5C [803B] 1 5padstd dacrrin gloe tatm dhubripentbfefd@s to any pharme@@6dalFur t her

exanpl es of tahlet fo tion are.provided, in U. S, Patent . 6,669, 956
oraTRlee i phenl AR p SR gk BerfiGalberts Sthg S Wes ARt s

20[ 0067] dEbRatcl¥@idch&Ntol builliLiiptdTRFatid RERTRitQOshdt re@fces ANBAItY Of tHRerimildsOW Ny
exanpl es, which are intended to be purely exenplary of the invention. The

present ilbeisentopar alsmpley hirehteddolenn seprpeingyhe ¢atiag erqersst Petrdapibedhaent s,
whi ch ar g, &Y ggﬁipﬁe:‘rg 'hg lrhg%%)%tﬁ{(g( i Q‘;lbﬁéa'ﬁ% &ndEREGL ﬁ%t?-f%élﬁﬁlﬁ%a{t‘%g '&één%‘

only. Any nhe onal y equi valent “ar cope of
t he i nvenindaevettingddeatss Bxaahipfcds oabuiems labritdne draveghésium siea@e klchdhadi®, or
25t hose described herein w |l becone apparent to those skilled in the art
f r om ¥Pne st digdioggnaed vseepicRil %ﬁ&géféé%%ﬁanyi ng figures. Such nodifications
fall within the scope of the appended cl ai ns. 100681 In the
exanpl es bel ovi08391wehs used herpindthistm “disentegspit’ sedets dmmataialstaddedbigi the
abbrevi at | ons hay f-ol |, owi meani ngs. | f. not fin th [ ave
thetr . gererapr B fhIE it Qe RS DR 1D b0 SrbBbt o
mLM | | i | idighte@hamingazdd, bli gt aot linfted Ry adnibiconsaidearatsi salibée palFMeRUiiRh as
nmeM LT met er v/ vvol une/ vol unme Cdegree Cel sjus LOD=l ost on dryi ng

ive

kp=ki | opaoiess¢linked RpYidige asanbeqides toghgtprmukaiion ie fusther gphaage thprratge
har nmaceut: | Lpgredi . I I
IF\)/I cr (r)rlg r yg%l %ﬂ%%rr? '(tzl Q%e(?[%ﬁe%%nel%a:ﬁgg etﬁh%(%ﬁuﬁ BE’[QI:]& 8 O%@%d%%%ﬁ@?%w 11OJSI?QS Phar ma
E9B4B1L X so&iuat, cbdiitmOfarciColyoslaenand Ratikeaay, ¢.g., Khattab (1992) J. Pharm.
Pharmacol. 45:687-691.

[0040] As used herein, the term “bulk density” refers to the uncompressed,
untapped powder bulk density, as measured by pouring an excess of powder sample through
20  a funnel into a smooth metal vessel (e.g., a 500 mL volume cylinder), scraping off the
excess from the heap above the rim of the vessel, measuring the remaining mass of powder

and dividing the mass by the volume of the vessel.

[0041] As used herein, the term “tapped density” refers to density at constant
volume. That is, a loose powdered sample (with a corresponding “bulk density”) is placed
25 inavessel, e.g. in a graduated cylinder, and the vessel tapped on a surface, e.g. on the order
of tens to hundreds of times, to compact the sample to constant volume. The density of the

sample, once constant volume is reached via tapping, is the tapped density.

[0042] As used herein, the term “flow index” refers to a simple technique for the

determination of powder flow characteristics.



Pl asdone S-630, ISP Plasdone K29/32, |SP (Patheon) Expl otab JRS

Phar ma (Pat heon) 10 Magnesi um Stearate, Ml li nkrodt Punch & Die
for 500 rgot2ades19090. 3510" x 0.6299", Oval Shape PCTR&RE8082610X105,
Mettl er-Tol edo Inc. Bal ance, PG300l-S, Mettler-Tol edo Inc.

Tabl et Friabilator (USP), Pharma Alliance 15 Mni Blend V-Bl ender, GG obe

Pharma USA St rd.Testing Sieves,, Mnidatt Fluid Be er, .JgJype, 3,
Gt Tab et I cRE Rl PR ART rartf oot ptiss pERDL R 4 Rcr
Engi neer i gagtely st £88mpdsitfiohes arikiiadd 1Seanni ng Cal orimeter, DSC QLOO by TA
Instrunents 20 Laboratory Hum dity Chanber Mod. LH- 1.5, Associated

Envi ronment al [gy£4€MEhe t&@%oﬁfﬂmgﬁlg,@i”yeﬁﬁﬁé,i' 0ol M I hh OXreJ@RLREAP XD
System by Ri gaku/ MSC, The Wodl'ands, TX Stokes B-Z Rotary Tablet” Press WO

2009106190 9RPIOS2 00 &GRS t8mpieRi @ foyst torm folmtletien (potdePhiogratilemieasAr r ay

Det ector Di.ssolutipn Tes , S0t ax bissolutjo ith,Rain Mani tor System
Voi st dr e MRSt - RREL TRGB ptitnestd RPsAnd iR B b, Mg ey
Hanson Ragsaf fohnéPbPsuch afirgéesShear Granul ator, Md. KG 5, Key
International, Inc. Exanple 1 Preparation of Final Blend 100691 A 125 ¢

batch of Conpqypsk)! BHABH €aHINRTE uRIIERS SHmonToticRE a6 F&i‘@t‘d%’a o th all

t he exci pients except magnesium stearate (listed in Table 1) on a 10paper
tray usi ngngosipiat miade bycampteasieg and/ohmajsiroxinmetiel of co@Posgjtiafs matferm

G anul es were.drti ed ir11l the fl uifi l’t)ed at X?ﬁ ﬂg’ anq collected at 7.3% and 6. 5%
LOD. They oREFEt A IO Mg OrARREAUOR AR AP N DY Magnesi um stearate for 2

m nutes to make the final blend. The formulation is shown in Table 1. The
finalobl end wamrahidsiaetseri zed and pressed into tablets. The tablets were
tested for potency and inpurities, hardness and dissolution. 15 Exanple 2

shows a fi nal [hi}mg BRITRG %&f-bﬁé-tﬁ’i[fg, G Tah lgﬁan%)atéﬂisfioﬂﬁulﬁti&ﬁs%réﬂa%ﬂ, §H§Cﬂrrnilled

G anul ator. Tabl e
and mixed, etc.

[0047] The wet granulated formulation comprises water, compound 1, and a
15  sufficient amount of a higher bulk density water sequestering agent, such that after drying
the wet formulation, the bulk density of the formulation is sufficient to provide for tablets

having a hardness of between about 8 kp to about 24 kp.

[0048] The wet granulated formulation preferably comprises between about 10 to
about 50 weight percent of Compound 1, about 100 to about 140 weight percent of a water
20  sequestering agent based on the amount of Compound 1, and between about 90 to about 120
weight percent of water based on the total weight of the dry formulation prior to wet

granulation.

[0049] Optional additives which can be added to the formulation include one or
more of the following:

25 a) fillers which, when employed, preferably range between about 30 to about 45
weight percent of the dry formulation prior to wet granulation;
b) suspending/dispersing agents or binding agents which, when employed preferably
range between about 2 to about 5 weight percent of the dry formulation prior to wet
granulation;

30 ¢) lubricants which, when employed, range from between about 0.25 and 2.0 weight
percent of the dry formulation prior to wet granulation; and

9



Exci pient wt(g) Conpound 1 32.5 Avicel PH102 38.75 Starch 1500 40 Pl asdone
K29/ 32 3.75 Explotab 7.5 Magnesium Stearate 2.5 Total 125 Exanple 2

Pr epar at iwe 2009/d61998l Bl end using a KG 5 Hi gh Shear G an®CatUse003ABIcES 2

Exci pient wt (g) Conpound I 130 MCC Avicel PH102 157.5 Starch 1500 160

Pl asdone K29/32 15 Explotab 30

10

15

20

25

30

d) disintegrants which, when employed, range from between about 0.5 and 10.0
weight percent of the dry formulation prior to wet granulation;

cach of which is described above.

[0050] Preferably, the wet granulated formulation comprises Compound 1, a water

sequestering agent, water, filler, suspending/dispersing agent and a disintegrant.

[0051] The wet formulation can additionally and optionally include a colorant, as
long as it is approved and certified by the FDA. For example, exemplary colors include
allura red, acid fuschin D, naphtalone red B, food orange 8, cosin Y, phyloxine B,

erythrosine, natural red 4, carmine, to name a few.

[0052] Sweetening agents can also be added to the formulation or the outer core of
the tablet to create or add to the sweetness. Saccharide fillers and binders, e.g., mannitol,
lactose, and the like, can add to this effect. For example, cyclamates, saccharin, aspartame,
acesulfame K (Mukherjee (1997) Food Chem. Toxicol. 35:1177-1179), or the like (Rolls
(1991) Am. J. Clin. Nutr. 53:872-878), can be used. Sweeteners other than sugars have the
advantage of reducing the bulk volume of the tablet (core tablet and/or coat) and not
effecting the physical properties of the tablet.

Manufacturing Processes

[0053] The preferred manufacturing process of this invention for wet granulation
comprises preblending all of the required formulation components except water until
homogenous. In one preferred embodiment, preblending is conducted in a granulator such
as a Fielder PMA 300 High Shear Granulator with 36 inch impeller diameter, and
preblending comprises mixing the components together at impellor speeds ranging between

about 30 to about 70 rpm for a period of between about 0.5 to about 5 minutes.

[0054] Water is then sprayed onto/into the dry composition to form the wet
granulated formulation described herein. The water is preferably added at a constant rate
over a period of from about 1 kg/min to about 5 kg/min with either constant mixing during
addition or mixing after addition. In either event, mixing is continued until the wet

granulated composition is homogenous.

[0055] The wet granulated formulation is then dried using conventional techniques

to reduce water content to a predetermined level. Preferably, the water content of the dried

10



Magnesi um Stearate 7.5 Total 500 WO 20091061909PCT/ US2008/ 082618 Exanpl e 3
Preparation of Conpound 1 Powder Blend [0070] Three 500 g batches of
Conmpound wopowdsioBl ends (see Table 3) were 5 prepared RETArSANRH32608 t he
following nethod. A KG5 H gh Shear Granulator with an 8- inch inpeller

di aneter was used to preblend all ingredients (except nagnesium stearate)

at low (155 r nedi.um. 571 hi gh ( r i mpel. |l er eeds with
fhe ohooparn SR Rt 6Refioyt ol Bl oty Rikel e BT ot e ot
30 to 31-o5n§lv_idtféd1attv@ribﬁﬁéteﬁ@%ﬁfre§fziﬂﬂ- titdd &nd s_ﬂkﬂ_lefdlih hheadfpwiﬂd Rhdptaermivas
added, the m xture was bl ended for an 10additional 2 m nutes. The wet

gr anul es theprprepriase dipinhtimpebasedpctherinitie] whigr gudentrthe desgeddmalovatsr t ar get ed
LODs and t r e X .Z&, . Sh , stickiness, etc visually
Cﬁoﬁ%pg LAY Hlaet dr%;ﬁg ﬁ%ﬁﬁer?ﬁ%@ regﬁ)l&pea.

i nspecte ing a ures and tines are evaluated al so. The

| j h h Us with Q. h . . 0331 inch
i ameter nol edtae) gt bapilaonds PURA TR YRGS nut oo
in the V-hlendamct® BkEchb&limknthcFb@nestionlRenilisd fhirevah 4l HpebpriverBeshihecked

for degradation by HPLC, and physical properties determ ned such as, Bulk
Density, sTepspesinpepmimeycialfagvailgbly milling oquipsieat suRbtas oo an@uiirowonnb XDy
Fl odex. T i .nal...pl were conpressed into 500 ng tabl ets using Stokes
B- 2 Rot ar( uf’zriﬂeosgil{/lm]?%rﬁﬁgﬁ%?lxo. 6102 i nches nodified oval punches. The

t abl et d with,th . tri . obt ai
mai mun achi evlbr D CagveeRaptmesane rilca R R P i Qi Bttt 1 130
VD i Gl RAIOZO BT o SR oARARALG0 Rlagsiane KAUR d Soifial abae SAl

Magnesi um Stearate 7.5 Total 50
density of the formulation will provide for tablet hardness of between about 8 to about 24

kp upon compression. Surprisingly, it has been found that the use of water in the wet

granulation process as well as elevated temperatures during the drying protocol, does not

significantly alter the amount of Compound 1 in the formulation. Typically, no more than
15 1% by weight of Compound 1 degrades during the granulation and drying process and even

more preferably no more than 0.5% by weight.

[0058] The pressing or compression of the dried, granulated and milled
formulation can be accomplished using any tablet press. Many alternative means to effect
this step are available, and the invention is not limited by the use of any particular

20 equipment. In a preferred embodiment, the compression step is carried out using a rotary
type tablet press. The rotary type tabletting machine has a rotary board with multiple
through-holes, or dies, for forming tablets. The formulation is inserted into the die and is

subsequently press-molded.

[0059] The diameter and shape of the tablet depends on the die and punches
25  selected for the compression of the milled and mixed formulation. Tablets can be discoid,
oval, oblong, round, cylindrical, triangular, and the like. The tablets may be scored to
facilitate breaking. The top or lower surface can be embossed or debossed with symbols or

letters.

[0060] The compression force can be selected based on the type/model of press, a

30  desired hardness of the resulting tablets of from about 8 kp to about 24 kp as well as other

11



20 100711 Carr's Index is a measure of conpressibility of powder and
defined as percent of (Tapped Density - Bul k Density)/ Tapped Density. The
hi gher t Wwoi2ned&61900he nore conpressi bl e of the powder amdTiUseo08o826¢s t he
flow. An index is 5 to 15% i ndicates excellent to good flowability. The
Hausner Ratio is the ratio of Tapped Density to Bul k 25Density and is an

assessnent ..of interparticulate friction,. .atio of <.1.6 1is,apn indication
of Vo 20y SR € oBs ey R ih PR g 6 PERRED “wor as
good powvglabodimemt ard deschiBd MUt Bshprabtiewhar dness is defined as the
hardness achi eved with the nmaxi mnum conpression force. Exanple 4 Physical

Properties of NiehQiridd AlePPQAPérliesCompound 1 (as the hexahydrate) was
granul ated with the exciplients (except magnesium stearate) in Table 4. The

physi cal prop s ph.the final en e b ranul at i-n nd I with
al | t%e exci ﬁgé ﬁ {@%@?ﬁgﬁm%% Sa?@Y%gﬂggg f%é?g%@@ﬁ%ﬁgf%%%%%ggﬁ%and are

shown i n r¥dktheccof atatibteo 4hipptigphigaionfor Gy cakagmaidatlcdnddrbns ofkicrade) cel PH102
38.75 Starch 1500 40 Pl asdone 1(29/32 3.75 ExPIotab 7.5 Magnesi um St earate
2.5 Tot altranspostatipnsnd hgndingdefergapige depends on its h

hardness, or "crushing strength.

The tablet "crushing" or "tensile" strength is defined as the force required to break a tablet
by compression in the radial direction. It is typically measured using one of the many

10 commonly available tablet hardness testers. For example, "Stokes" and "Monsanto"
hardness testers measure the force required to break the tablet when the force generated by a
coil spring is applied diametrically to the tablet. A "Strong-Cobb" hardness tester also
measures the diametrically applied force required to break a tablet, the force applied by an
air pump forcing a plunger against the tablet placed on an anvil. Electrically operated

15 hardness testers, such as the Schleuniger apparatus (also known as a "Heberlein") can be
used. See also, TS-50N, Okada Seiko Co., Japan; Bi (1996) Chem. Pharm. Bull. (Tokyo)
44:2121-2127.

[0062] Tablet friability is a physical strength measurement of a tablet, and is
defined as the ability of the compressed tablet to resist abrasion and attrition. It is typically
20  measured by turning tablets in a rotating vessel and determining weight loss (see De Jong
(1987) Pharm Weekbl (Sci) 9:24-28). These rotating devices are called "friabilators.” The
friabilator provides frictional abrasion to the tablet sample and is used to measure the
resistance to abrasion or attrition of tablets. The loss of weight is measured after a fixed

number of revolutions of a drum rotating at a controlled rate.

25 [0063] Friabilator apparatus typically use a 285 mm drum of transparent synthetic
polymer with polished internal surfaces. One side of the drum is removable. The tablets
are tumbled at each turn of the drum by a curved projection that extends from the middle of
the drum to the outer wall. The drum is attached to the horizontal axis of a device that
rotates at about 25 to 30 rpm. Thus, at each turn, the tablets roll or slide and fall onto the

30 drum wall or onto each other. Many such apparatus are commonly available, e.g., the

Roche type friabilator (Van Kel Industries, Inc., Edison, N.J.); a Erweka Friability

12



0.374 &l L Tapped Density 0.420 & L Car's Index 11.0% Hausner Ratio 1.12

Fl ow I ndex 16 mm 10 [0073] The Carr's Index of 15% and a flow i ndex
of 16 nmmwodbwaweoan excel | ent powder flow of the final PoIraIsAsERZAPl e 5 15
Maxi mum Achi evabl e Hardness of Tablets 100741 Tablets from fi nal

bl ends prepared as descri bed in Example 4 with 7.27% and 6.47% LCD and were

Co o R S DR RS S BB o LB LB GRSt e
denonst r gigén. gcg_bhejﬁm;m),m@a@[bqg&_ of 27.9 to 33.8 kp were obtained. All

the tablets from 20t hese final blends appeared off-white and highly
honogeneous. The final blend with 6.47% was conpressed to tablets with

har dness of 200¢#an oBg ckpmpiREPEtsPlethe stanglprddyritpd>States Plgomacopia (USP)
2005/ 0519090 UERINB 23450 ¢l o, 3 B0 UL, Gt 4

| arge tol'erance wt ess o ets
Fi nal 5Bl erzB53amih. &iﬁ% hlfamt Gﬁnﬁnmaﬂeplﬂh eifﬁkaﬁslﬁreiﬂ%ﬂﬂbatghiolynm Hée daess arck p

Thi ¢ knes&" mex\ﬁ at each tuglyomr %nesﬁy a curveglpgol} chuso% that exten S %‘om the rmc?dle of
the drum. The drum is rotated for about four minutes at about 25 rpm, resulting in a total of
100 rotations. A minimum of about 20 tablets are used in any test, unless the tablets weigh
over 650 mg, in which case only 10 tablets are used. After the allotted time, the tablets are
10 removed from the friabilator, and, with the aid of air pressure or a brush, adhering particles
and dust are removed, and remaining tablets are accurately weighed. Percent loss of weight
is calculated.
[0065] Tablet dissolution is measured by the amount of time for 75% of the tablet
to dissolve in an aqueous solution buffered to pH 7.4 and maintained at 37 °C +£0.5°C and
15  paddle mixed at an rpm of 75.
[0066] Further examples of tablet formation are provided in U.S. Patent No.

6,669,956 which is incorporated herein by reference in its entirety.
EXAMPLES

20 [0067] The invention is further understood by reference to the following examples,
which are intended to be purely exemplary of the invention. The present invention is not
limited in scope by the exemplified embodiments, which are intended as illustrations of
single aspects of the invention only. Any methods that are functionally equivalent are
within the scope of the invention. Various modifications of the invention in addition to

25  those described herein will become apparent to those skilled in the art from the foregoing
description and accompanying figures. Such modifications fall within the scope of the

appended claims.

[0068] In the examples below as well as throughout the application, the following
abbreviations have the following meanings. If not defined, the terms have their generally

30 accepted meanings.
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505 33.8 5.06 504 29.8 5.05 506 32.2 5.08 501 29.1 5.04 505 33.8 5.08
5Exanple 6 Stability of Conpound 1 in Tablets 100751 Tablets from
Exanpl e woer®/®itwped under intensified shelf-Iife condPCramsgoo8oszsisont h at
40 C and 75% Rel ati ve Hum dity) and anal yzed for purity and potency by
HPLC. Analysis results for tablets after one nonth at the aforenentioned
showed a purity 10of 98.8-99. 0/..Exarrpl e 7 Dependence of Tabl et Hardness on
Density ofngrend 100761 1I11 £t batches of granul es which were
produced by nethods descri bedf3 Exanpl e 3, were further subjected to the
various gr&ful ati on pararfet er MIMB&RR in Table 7. 15The inpeller speed was
vari ed and™® was observed thgvolubons pesarinee speeds | ead to | ess dense
granul es. Imnaddition, the amdumttc of water sprayed during the process was
eval uated anmd it was fourd t hisfilliess wat er sprayed may al so help to | ower

t he density/~of granul es. Jabl wlimBabhimeA B C Batch Size, ¢

°C = degree Celsius

LOD = lost on drying

kp = kilopond (= 1 kilogram (kg) or 9.807 Newtons of force)
API = active pharmaceutical ingredient

MATERIALS AND EQUIPMENT
e Compound 1
e Microcrystalline Cellulose Avicel 102 (Patheon)
5 e Emcocel 90M, JRS Pharma E9B4B11X

e Starch 1500, Colorcon, (Patheon)
e Plasdone S-630, ISP
e Plasdone K29/32, ISP (Patheon)
e Explotab JRS Pharma (Patheon)

10 e Magnesium Stearate, Mallinkrodt
e Punch & Die for 500 mg tablet, 0.3510” x 0.6299, Oval Shape
e Balance, AX105, Mettler-Toledo Inc.
e Balance, PG3001-S, Mettler-Toledo Inc.
e Tablet Friabilator (USP), Pharma Alliance

15 e Mini Blend V-Blender, Globe Pharma
e USA Standard Testing Sieves
e MiniGlatt Fluid Bed Dryer, Type 3, Glatt
e Tablet Hardness Tester, Holland C40 Tablet Hardness Tester, Engineering Systems
e Differential Scanning Calorimeter, DSC Q100 by TA Instruments

20 e Laboratory Humidity Chamber Mod. LH-1.5, Associated Environmental Systems
e X-Ray Powder Diffraction, Miniflex Tabletop XRD System by Rigaku/MSC, The

Woodlands, TX

e Stokes B-2 Rotary Tablet Press

14



500 500 450 Inpeller Speed, rpm 405 600 155 Chopper Speed, rpm 2000 2000
1200 Water added gimn 30 30 31.5 Water consuned, g 250 260 185 LOD of wet
gr anul es WOR@Ho6t09 gr anul es 37. 1% 6. 5% 38. 9% 6. 0% 33. 7PCHUEAWBOBIc1Densi ty,
g/nL 0.570 0.621 0.505 Tapped Density, g,/nL

e HPLC System, Waters with Photodiode Array Detector

e Dissolution Tester, Sotax Dissolution with Rainbow Monitor System
e Moisture Analyzer HB43, Mettler-Toledo Inc.

e Flodex Powder Flow Tester, Hanson Research Corp.

5 e High Shear Granulator, Mod. KG-5, Key International, Inc.

Example 1
Preparation of Final Blend
[0069] A 125 gbatch of Compound 1 granules were prepared by mixing

Compound 1 with all the excipients except magnesium stearate (listed in Table 1) on a
10 paper tray using a spatula, granulated with approximately 130 g of water. Granules were

dried in the fluid bed at 60 °C and collected at 7.3% and 6.5% LOD. They were then

milled, and blended with 2% magnesium stearate for 2 minutes to make the final blend.

The formulation is shown in Table 1. The final blend was characterized and pressed into

tablets. The tablets were tested for potency and impurities, hardness and dissolution.

15 Example 2 shows a final blend composition (Table 2) using a KG-5 High Shear Granulator.

Table 1
Excipient wt(g)
Compound 1 32.5
Avicel PH102 38.75
Starch 1500 40
Plasdone K29/32 375
Explotab 7.5
Magnesium Stearate 2.5
Total 125
Example 2
Preparation of final Blend using a KG-5 High Shear Granulator
Table 2

Excipient wt(g)
Compound 1 130
MCC Avicel PH102 | 157.5
Starch 1500 160
Plasdone K29/32 15
Explotab 30
Magnesium Stearate 7.5
Total 500

15



0.632 0.674 0.583 WD 20091061909PCT/ US2008/ 082618 Table 7 Batch A B C
Hausner Ratio 1.11 1.09 1.15 Can's Index 9.81 7.86 13.4 Flow Index 14 nm 14
rnm 14 mwoR0BA6e499C i s a conbi nati on of three i ndepend®ci/Usa008/082518
Experinmental procedures for Batch A, B, C are the same except the Inpeller
speed, chopper speed, rate and anount of water added. 5[0077] Al the
granul es possess excellent flow properties as neasured by Hauser rati o,
Can's index and flow index. The LOD of dry granules, 6.0 to 6.6% is close
to 7.1%as in the starting blend. Thesfnplegnds appeared ideal for tablet
conpr essi on. [0078] Tabl ets were conpressed fromthese bl ends after
bl endi ng Rueparatiograffampennsht Bowdex Blemd naxi num conpression force. Results

o sumt L <o S T0G S5 ABHRNER R0 00 CDPLIBESELATS, i
maxi msm haeghnebsccofdife © thefollbalnEem8thva X ATKIG-T aliple ShédriGlaegdsof aithBatdeh A:
Bul k Densiiléhyin(l)pe?lzg digr/nlgtnér &aag Iuseetd tgwpirebrngld all ingredients (except magnesium stearate) at
low (155 rpm), medium (405 rpm), or high (600 rpm) impeller speeds with the chopper
speed of 1200 rpm for 2 minutes. Water was added at a rate of 30 to 31.5 g/min to the
powder mix. After the full amount of water was added, the mixture was blended for an
10 additional 2 minutes. The wet granules were dried with the MiniGlatt Fluid Bed Dryer at 60
°C to targeted LODs and the granule texture, size, shape, stickiness, etc visually inspected.
Drying at various temperatures and times are evaluated also. The granules were milled
through CoMill U3 with 0 32R mesh screen (0.0331 inch diameter holes), 1.5% magnesium
stearate was added and mixed for 2 minutes in the V-blender to make the final blends. The
15 final blends were checked for degradation by HPLC, and physical properties determined
such as, Bulk Density, Tapped Density, Carr’s Index, Hausner Ratio and Flow Index by
Flodex. The final blends were compressed into 500 mg tablets using Stokes B-2 Rotary
Press with 0.3071X0.6102 inches modified oval punches. The tablets were compressed

with the same pressure settings to obtain maximum/achievable tablet hardness.

Table 3

Excipient wt(g)
Compound 1 130

MCC Avicel PH102| 157.5
Starch 1500 160
Plasdone K29/32 15
Explotab 30
Magnesium Stearate 7.5
Total 500

20
[0071] Carr’s Index is a measure of compressibility of powder and defined as

percent of (Tapped Density — Bulk Density)/Tapped Density. The higher the index, the
more compressible of the powder and the poorer the flow. An index is 5 to 15% indicates
excellent to good flowability. The Hausner Ratio is the ratio of Tapped Density to Bulk

25  Density and is an assessment of interparticulate friction. A ratio of < 1.6 is an indication of

16



Har dness, kp Thi ckness, nm 517 20.8 5.09 521 20.2 5.18 516 19.2 5.21

Maxi mum Tabl et Hardness for Batch B: Bul k Density 0.621 g/ nlL Tablet w, ny
Har dness,wRpo®ctdness, nmm 501 17.3 4.91 502 16. 3 4. 93 BOZ/UB3008/042698!

Maxi mum Tabl et Hardness for Batch C. Bulk Density 0.505 g/nL Tablet wt, ny
Har dness, kp Thi ckness, nm 507 35.9 5.01 502

acceptable friction, in other words good powder flow. The maximum achievable hardness

is defined as the hardness achieved with the maximum compression force.

Example 4
Physical Properties of Final Blend
5 [0072] Compound 1 (as the hexahydrate) was granulated with the excipients
(except magnesium stearate) in Table 4. The physical properties of the final blend made by
granulating Compound 1 with all the excipients together and drying to 6.5% LOD were

measured and are shown in Table 5.

Table 4
Excipient wt(g)
Compound 1 32.5
MCC Avicel PH102 | 38.75
Starch 1500 40
Plasdone K29/32 3.75
Explotab 7.5
Magnesium Stearate 2.5
Total 125
Table 5
Bulk Density 0.374 g/mL
Tapped Density 0.420 g/mL
Carr's Index 11.0%
Hausner Ratio 1.12
Flow Index 16 mm

10
[0073] The Carr’s Index of 15% and a flow index of 16 mm indicate an excellent

powder flow of the final blend.

Example §
15 Maximum Achievable Hardness of Tablets
[0074] Tablets from final blends prepared as described in Example 4 with 7.27%
and 6.47% LOD and were compressed and the hardness determined. The results are
provided in Table 6. The tablet hardness was the maximum that was achievable. As
demonstrated, tablets with hardness of 27.9 to 33.8 kp were obtained. All the tablets from
20  these final blends appeared off-white and highly homogeneous. The final blend with 6.47%
was compressed to tablets with hardness of 20 kp and 30 kp. The tablets displayed >75%

17



35.4 4.99 500 33.7 4.98 WD 20091061909PCT/ US2008/ 082618 Exanpl e 8 Mi sture
content (LOD) vs. hardness of tablets with density of the blend < 0.55 g/nL
100791 Thwognexiel®ws from Batch A (Exanple 7) were dri edPaa/iBRo0g08%08 C and

70 Cto LOD of 6.4 to 6.8 % The dried granules were assayed by HPLC. The 5
purity/inmpurity profiles remained the sane for the three drying conditions.

Conpar ed was 0, 50/ decr eas r.i.t sane anount of
ey ease ol Emife LS LERS Pt it BR o PR ERE T ed and
anal yzed tyhlatsHPLC and gave sim I ar results to the p-anules. The dissolution
of the tablets was >75% after 30 mn. Exanple 9 10 Mi sture content (LOD)
vs. Hardness 100801 Batch C (Exanple 7) was further dried in 6x65 g |lots
(Labeled CG1 to C6) to LOD of 4.7 5.6, 6.7 7.6, 87 and 9.3% All the
dried grapules were mlled through OoM.mewlth #25 nmesh screen and m xed

aarat o f o nrﬂnnr

with 1.59 nagncolum stearate—fFor—2—rfd —TFhe i:olual gCI ++es—of t he

final bl ehds arlOR@ikial BiadiT/.38hl e 9. Tabl eL@Do(ﬁ 1nadZBieU@-3 &% C5 ¢ 6

LOD, % 4. 7@76%h§,§ng i Igiérdﬁesyklﬁ 'ﬂﬂclgreg's% nivR TWeﬁ‘ghY:éﬂlg ardgesg,]'k}; Thickness, mm
500 27.9 4.98 505 33.8 5.06
504 29.8 5.05 506 322 5.08
501 29.1 5.04 505 33.8 5.08
5 Example 6

Stability of Compound 1 in Tablets

[0075] Tablets from Example 5 were stored under intensified shelf-life conditions
(one month at 40 °C and 75% Relative Humidity) and analyzed for purity and potency by
HPLC. Analysis results for tablets after one month at the aforementioned showed a purity

10  0f98.8-99.1%.

Example 7
Dependence of Tablet Hardness on Density of Blend
[0076] Seclect batches of granules which were produced by methods described in
Example 3, were further subjected to the various granulation parameters shown in Table 7.
15  The impeller speed was varied and it was observed that low impeller speeds lead to less
dense granules. In addition, the amount of water sprayed during the process was evaluated

and it was found that less water sprayed may also help to lower the density of granules.

Table 7

Batch A B C
Batch Size, g 500 500 450
Impeller Speed, rpm 405 600 155
Chopper Speed, rpm 2000 2000 1200
Water added g/min 30 30 31.5
Water consumed, g 250 260 185
LOD of wet granules 37.1% 38.9% 33.7%
LOD of dry granules 6.5% 6.0% 6.6%
Bulk Density, g/mL 0.570 0.621 0.505
Tapped Density, g/mL 0.632 0.674 0.583

18



7 0.506 0.499 0.511 0.503

50.1 48.9 51.1 48.3 49.8 Bulk Density, g/nL 0.5 1|
0. 507 Tapped Density, g/nL 0.595 0.589 0.579 0.581 0.574 0.586 Carr's |ndex
Ratio 1.15 1. 16PCTAB2M08042618 14

13.1 14. WO0@/bP02 | 2.4 13.5 Hausner

Table 7
Batch A B C
Hausner Ratio 1.11 1.09 1.15
Carr's Index 9.81 7.86 13.4
Flow Index 14 mm 14 mm 14 mm

* Batch C is a combination of three independent batches. Experimental procedures for
Batch A, B, C are the same except the Impeller speed, chopper speed, rate and

amount of water added.

5 [0077] All the granules possess excellent flow properties as measured by Hauser
ratio, Carr’s index and flow index. The LOD of dry granules, 6.0 to 6.6%, is close to 7.1%

as in the starting blend. These blends appeared ideal for tablet compression.

[0078] Tablets were compressed from these blends after blending with magnesium
stearate at the maximum compression force. Results are summarized in Table 8. The less

10 dense the blend, the harder the tablets. The blend with density of 0.65 g/mL resulted in
tablets with the maximum hardness of 5-8 kp.

Table 8
Maximum Tablet Hardness for Batch A: Bulk Density 0.570 g/Ml1
Tablet wt, mg Hardness, kp Thickness, mm
517 20.8 5.09
521 20.2 5.18
516 19.2 521
Maximum Tablet Hardness for Batch B: Bulk Density 0.621 g/mL
Tablet wt, mg Hardness, kp Thickness, mm
501 17.3 491
502 16.3 4.93
502 15.0 4.94
Maximum Tablet Hardness for Batch C: Bulk Density 0.505 g/mL
Tablet wt, mg Hardness, kp Thickness, mm
507 35.9 5.01
502 354 4.99
500 33.7 4.98
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1.16 15 100811 The final blends C1 - C6 from Table 9 were conpressed
separately into 500 ng tablets under the same maxi mum conpressi on force.
LOD of thwof2nevale1wPends, wei ght, hardness and t hi cknessPofi/usSh@siddsiet s ar e
provided in Table 10. WD 20091061909PCT/ US2008/ 082618 Table 10 wt,
Har dness, kp Thickness, nmm 477 29.2 4.85 Tablet C1 LOD=4. 7011/ 0 513
32.5 5.08 514 34.4 5.09 516 35.2 04
xample 8
Moisture content (LOD) vs. hardness of tablets with density of the blend < 0.55 g/mL
[0079] The granules from Batch A (Example 7) were dried at 50 °C, 60 °C and 70
°C to LOD of 6.4 to 6.8 %. The dried granules were assayed by HPLC. The
5  purity/impurity profiles remained the same for the three drying conditions. Compared to
API, there was 0.15% decrease in purity and the same amount of increase in Compound 2.
The tablets compressed from Batch A were dried and analyzed via HPLC and gave similar

results to the granules. The dissolution of the tablets was >75% after 30 min.

Example 9
10  Moisture content (LOD) vs. Hardness
[0080] Batch C (Example 7) was further dried in 6x65 g lots (Labeled C-1 to C-6)
to LOD of 4.7, 5.6, 6.7, 7.6, 8.7 and 9.3%. All the dried granules were milled through
CoMil with #25 mesh screen, and mixed with 1.5% magnesium stearate for 2 minutes. The

physical properties of the final blends are summarized in Table 9.

15

Table 9
C-1 C-2 C-3 C-4 C-5 C-6
LOD, % 4.70 5.58 7.55 6.74 8.74 9.33
Sample Weight, g 51.2 50.1 48.9 51.1 48.3 49.8
Bulk Density, g/mL 0.517 0.506 0.499 0.511 0.503 0.507
Tapped Density, g/mL| 0.595 0.589 0.579 0.581 0.574 0.586
Carr's Index 13.1 14.1 13.8 12.1 12.4 13.5
Hausner Ratio 1.15 1.16 1.16 1.14 1.14 1.16

[0081] The final blends C-1 — C-6 from Table 9 were compressed separately into
500 mg tablets under the same maximum compression force. LOD of the final blends,

weight, hardness and thickness of the tablets are provided in Table 10.
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Tablet G2 LOD=5.58,6 511 31.3 5.08 500 31.9 4.99 507 35.9 5.01 Tabl et
C4 LOD=6. 74(1/0 502 35.4 4.99 500 33.7 4.98 502 33.0 4.94

WO 2009/061909 PCT/US2008/082618
Table 10
wt, mg Hardness, kp | Thickness, mm
477 292 4.85
L 513 32.5 5.08
514 34.4 5.09
516 352 5.04
Lo s 511 313 5.08
500 31.9 4.99
507 35.9 5.01
Lo 502 354 4.99
500 33.7 4.98
502 33.0 4.94
Lope s, 500 33.0 4.92
503 327 4.95
502 29.5 4.93
Lo 500 29.0 4.94
503 26.0 4.94
506 26.9 4.97
Lope e 505 26.4 4.97
505 27.0 4.99

[0082] All of the U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications
5  referred to in this specification and/or listed in the Application Data Sheet are incorporated

herein by reference, in their entireties.

[0083] Although the foregoing invention has been described in some detail to
facilitate understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the described

10  embodiments are to be considered as illustrative and not restrictive, and the invention is not
to be limited to the details given herein, but may be modified within the scope and

equivalents of the appended claims.

21



Tablet G 3 LOD=7.55"/0 500 33.0 4.92 503 32.7 4.95 502 29.5 4.93
Tablet G5 LOD=8.74"/0 500 29.0 4.94 503 26.0 4.94 506 26.9 4.97

10

15

20

25

30

WO 2009/061909 PCT/US2008/082618

WHAT IS CLAIMED IS:

1. A wet granulated formulation comprising water, an effective amount of (6-(5-fluoro-
2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-ylamino)-2,2-dimethyl-3-oxo0-2H-pyrido[3,2-
b][1,4]oxazin-4(3H)-yl)methyl phosphate disodium salt and a sufficient amount of a water
sequestering agent to inhibit decomposition of (6-(5-fluoro-2-(3,4,5-trimethoxyphenyl-
amino) pyrimidin-4-ylamino)-2,2-dimethyl-3-oxo-2H-pyrido[3,2-b][1,4]oxazin-4(3H)-
yl)methyl phosphate disodium salt, wherein said formulation, after drying, has a bulk
density sufficient to form tablets having a hardness in the range of about 6 kp to about 30

kp.

2. The formulation of Claim 1, wherein after drying the formulation has a bulk density

of between about 0.35 to about 0.65 g/mL.

3. The formulation of Claim 1, wherein the water sequestering agent is selected from

the group consisting of starch, magnesium sulfate, calcium chloride, silica gel, and kaolin.

4. The formulation of Claim 3, wherein the water sequestering agent is starch.
5. The formulation of Claim 4, wherein the starch is partially pregelatinized.

6. The formulation of Claim 5, wherein the starch is derived from Maize.

7. The formulation of Claim 1 which further comprises at least one of a filler, a

lubricant, a suspending/dispersing agent, a binding agent, and a disintegrant.

8. A tablet comprising water, a therapeutically effective amount of (6-(5-fluoro-2-
(3.4,5-trimethoxyphenylamino) pyrimidin-4-ylamino)-2,2-dimethyl-3-oxo-2H-pyrido[3,2-
b][1,4]oxazin-4(3H)-yl)methyl phosphate disodium salt and a sufficient amount of a water
sequestering agent to inhibit decomposition of (6-(5-fluoro-2-(3,4,5-
trimethoxyphenylamino) pyrimidin-4-ylamino)-2,2-dimethyl-3-oxo-2H-pyrido[3,2-
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Tablet C6 LOD=9.33"/0 505 26.4 4.97 505 27.0 4.99 [0082] Al of
the U S. patents, U S. patent application publications, U S patent

appl i cat i BIWPgn patents, foreign patent applicati @03/isaesi8rsipat ent
publications 5referred to in this specification and/or listed in the
Application Data Sheet are incorporated herein by reference, in their

Goscr | bed gt dER: 1 oy Bt S Rl G o TR B3 g o

t hat certiahﬁb@hg@moamkﬁmwoiugg@k%ns may be practiced within the scope of
t he appended clains. Accordingly, the described 10enbodi nents are to be
considered as illustrative and not restrictive, and the invention is not to

be |imteg t°.fﬂ%"taﬂgttoaf‘ctlﬁi{rgk,"ﬁﬂergﬁr S@Qal?lgt”&h%%ﬁ%[%aﬁ%% G dnth ek ne
scope and equi valents o € appended claims.

20091661 909POTMiRe08/20 3q6d8is WATon faldtAhdd=id pHS7 4, d tempevulire @if AN ACatex
formul ation conprising water, an effective amount of

(6- (5-f 1 ubr 82 ¢ addlesiced REY HEYpheny! ani no)

pyri m di n-4-yl am no) - 2, 2- di net hy1- 3- oxo- 2H- pyri do[ 3, 2-

5b] [ 1, 4] oxazi n-4(3H) - yOnet hyl phosphate di sodium salt and a sufficient
amount ofl0a wdkhertalsetpfadaier 8 mdicgfarthert @wnprisidattlcdeoongfastii¢ronlubficant, a

(6-(5-fluoro-2-(3,.4,5-trinet hoxyphenyl am no).. .

pyrini di ﬁymeyﬁy%fcﬁwﬁ!%}%ﬁmt NBagsRh Aaa NSIIESTRt2- N[ 1, 410xazi n- 4( 3H) -
yemetgyl phosphate disodiumsalt, wherein said fornulation, after drying,
has a bul k density sufficient to formtablets having a hardness in the
range of ldboutTi® thipet of aapodCl@ms 80R pr 10,2vheTdie tcopbigt emiprses fro@ griaterl

0,55 o At 0s THhieo pakHldSyBRatiEds fontste EFTPhiy g bR Rt

sequest erylﬂﬁinaggntdih&t@@sagao%ipyﬁm[sbzeb]gr,@}maﬁﬁm%myilr)ﬁemfyl it prme
magnesi um sul fate, calciumchloride, silica gel, and kaolin. 4. The

f or nul at iB¥wdsimedlai m 3, wherein the water sequestering agent is starch.
205. The formul ation of Caim4, wherein the starch is partially

prege]l atinized. 6. The fornulation of Caimb5, wherein the starch is
deri ved fiRom NEiczeblet of Claim 11, wherein the tablet comprises about 50 mg to about 100 mg

of (6-(5-fluoro-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-ylamino)-2,2-dimethyl-3-
oxo-2H-pyrido[3,2-b][1,4]oxazin-4(3H)-yl)methyl phosphate disodium salt.

20 13. The tablet of Claim 12, wherein the tablet comprises about 100 mg of (6-(5-fluoro-
2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-ylamino)-2,2-dimethyl-3-oxo0-2H-pyrido[3,2-
b][1,4]oxazin-4(3H)-yl)methyl phosphate disodium salt.

14. A method for formulating (6-(5-fluoro-2-(3,4,5-trimethoxyphenylamino) pyrimidin-
25 4-ylamino)-2,2-dimethyl-3-ox0-2H-pyrido[3,2-b][1,4]oxazin-4(3H)-yl)methyl phosphate
disodium salt into a formulation for tablet compression which method comprises:
a) blending (6-(5-fluoro-2-(3,4,5-trimethoxyphenylamino) pyrimidin-4-ylamino)-
2,2-dimethyl-3-ox0-2H-pyrido[3,2-b][1,4]oxazin-4(3H)-yl)methyl phosphate
disodium salt with starch and optionally at least one of a filler, a lubricant, a
30 suspending/dispersing agent, a binding agent and a disintegrant, at an impellor speed
sufficient to form a homogenous powder mixture having a bulk density, after drying,

of about 6 kp to about 30 kp;
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7. The formulation of Caim1 which further conprises at | east one of a
filler, a 25lubricant, a suspendi ng/dispersing agent, a binding agent, and
a di si nt ayo2W9/061W9 A tabl et conprising water, a therap@dTiusalospswisective
anount of (6-(5-fluoro-2- (3,4,5-trinethoxyphenyl am no)

pyri m di n-4-yl am no) - 2, 2- di net hy1- 3- oxo- 2H- pyri do[ 3, 2-

b] [ 1, 4] oxazi n-4(3H) - t hyl . phosphat e, di sqdi salt .and a .suf.ficient
arunt of & wib SPHBELE TR PG REE R Pt il B D e BpeSe g b

(6- (5-f 1 uoro- 2hé Berftlo@enoli§ peRAdr KX RIRCHYA)AMH MEXing to form enlarged granules; and

pyri m di n-4-yl am no) - 2, 2- di met hy1- 3- oxo- 2H-pyrido[ 3, 2- WO

20091061909PCT) Uszudtheeslead dpulesqidy antiham@R)afiictwasnighputptio i akaat

di sodi um sal t, rej i ef. ardness in the range of about 6
kp to about 30“%?3 RGPS pleRlethic Bt 8, wherein said tablet exhibits
at | east 75%dissolution in less 5than 45 mnutes in an agueous sol ution
mai ntained at pH 7.4, a tenperature of 37 C +0.5 C, and a paddl e speed of
75 rpm 1fo. 1%@ rethpdef Ghingl4i whaeiihe Arigd gramees asmize Setsvesn abay 3P Ushe of
a fiIIer,t a “ﬁ%bbcant,da syspending/dispersing agent, a binding agent, and
a di sti nt'@GPAH00 Um i digmltchy o aplet of any of Claims 8, 9 or 10, wherein
the tablet conprises fromgreater than 25 ng to about 200 ng of
(6-(5-fluoro-2-(3,4,5-trinet hoxyphenyl am no) pyri m di n-4-

yl ami no) -12; 2- diheenetpad of Glesm 2kivdyeh tsther conijrses wiilbing shordripd Ppnulds).teet hy |
phosphat e_di.god;. salt.. 12. The tablet of Caim1l, wherein the tabl et
conpr@seéﬂégggﬁn@%I%%m#g;about 100 ng of (6-(5-fluoro-2-(3,4,5-trinethox
yphen yl amino) pyrimeth yl-3-
oxo-2k+pyrido[3,2-b£$1,ﬁ%oxazin-4(3}b-y|)nethy| phosphat e di saodi um sal t.
2013. The ¥ abl ethegnetbpdiphtipmm 1gnwharin thhdrigdgraylcryisprillsdso Bebihoutdd ny of

6- (5-f 1 UOL-0F, 2= _tri | ani po)-
pyr 1 m i rdeohETdes s e b ELHRIELSTE AR e hprgenysbout 25 o about 500
b] [ 1, 4] oxadiamedér3H) - yOnet hyl phosphate di sodiumsalt. 14. A nethod for

formul ating (6-(5-fluoro-2-(3,4,5-trimethoxyphenyl am no) pyrimdin-
254- yI3ami no) - 2, 2- di met hy1- 3- oxo- 2H- pyri do[ 3, 2-b] [ 1, 4] oxazi n- 4( 3H) -yl ) net hyl

phosphat i SO i i . . i whi ch

met hod cgﬁgrig@%ﬁﬁggg%§%%§%ﬁé§(%@?gy%ﬁﬁg§g¥%?%§%%$Eﬁ%ng tﬁ%%%%ﬁgﬁylanino)

pyri m di nulriganamatiidpmogenous, and then tabletting the resulting formulation.

2, 2-di met hy1- 3- oxo- 2H pyri do[ 3, 2-b] [ 1, 4] oxazi n-4( 3H) - yenet hyl phosphat e

disodiumsalt with starch and optionally at |east one of a filler, a

| ubri canty,g a fgg@§%@H@Qﬂhg%ﬂgégp&ﬁa&ﬂgnggent, a binding agent and a

di sintegrant, at an i1npelTor speed sufficient to forma honbgenous powder

m xt Woe havi ng) dldnding adengiosyion abmeriside Wiontpound 1 abdatwaterkspquesteabgageB0 kp;

WO 20091061909P?T/US§EP %$82§18‘b) sprayi ng between about 15 percent and
orE’)I%/a Pg mpxd

about 40 per céfl UNiat er into the honpgenous powder nixture of

a) and m Xi ng B)@rdrRAing MhSKIREdIhRRE 654) itk £dikh WhteBtot B Rtk areeds;
granules of b) until an LOD of between about 5% and about 11%1s achieved,

to provide dri@drynathelved grauies of heatredhdduetil ag lPhof hetwghe peow Sthenddr i ed
granul es are Hé&%fﬁﬁkwﬁFEU%Eﬁﬂgd%gi ﬁﬁhEQEQBOUt 900 pmin diameter. 16. The
IC r

met hod of Claim er conprisés mlling the dried granules,.to
25 d) blending a lubricant into the dried granules of ¢) to provide blended granules.

20. The method of claim 19, further comprising;:

¢) compressing the blended granules to form tablets.

30 21. A wet granulated formulation comprising a therapeutically effective amount of

Compound 1, a water sequestering agent, a lubricant, and about 5% to about 11% water.
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10provide mlled granules 17. The nethod of C aim 16, wherein the dried
granules are mlled so that about 90 wei ght percent of the mlled granul es
have a paw0i2009%068909e bet ween about 25 to about 900 gm i RCEHIEAWSHOB26145

18. The nethod of Claim 17, further conprising mxing the mlled granules
with a lubricant until honogenous, and then tabletting the resulting

compostt15n conr S eBnp BT ToRRE BT AL AT Ruh e Bap R BT OB 5 m 2

bl ended riextityf & betbdendibdid. 85 touboih@cbhended mi xture of a) whil e addi ng
water to formwet granules; <c¢) drying the wet granules of b) at < 65 'V
until an LOD of between about 5% and 11%is achieved to provide dried

gr anul es;,.and i | of ¢) to
provi de b3endé%§g%%gé ]£36%¥%&B%§§ﬁyg®%@ggw££8ﬁ%éhﬁgmg?ggngz%pr|3|ng e)
conpressing the bIended granules to formtablets. 3021. A wet granul ated
formul ation conprising a therapeutically effective anmount of Conpound 1, a
wat er sequestering agent, a lubricant, and about 5% to about 11% water. WO
2009/ 061909PCT/ US2008/ 082618 22. The wet granul ated fornmul ati on of claim 21,
wherein the fornulation has a bulk density of between about 0.35 to about
0.65 g/nL 23.Atablet forned by conpressing the wet granul ated formul ation
of claim 21.
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