SCLI D STATE FORMS OF A POTENT HCV | NHI BI TOR FI ELD OF THE | NVENTI ON 5Thi s
invention relates to novel solid state forns of Conpound (1), including the
cryst al | iwe 2areh4ase0r phous fornms of the sodiumsalt of Ceopasea1(3dseas
descri bed herein, nmethods for the preparation thereof, pharnmaceutical
conpositions thereof, and their use in the treatnent of Hepatitis C Viral
(HCV) infection. 10BACKGROUND OF THE | NVENTI ON The foll owi ng Conpound (1):
0 HO (1) 15 having the chem cal nane:
(E)-3-12-(1-112-(5-Brono-pyri m di n-2-y0-3-cycl opentyl-1-

met hyl - 1H-i ndol e- 6- car bonyl |

-am nol - cycl obut yO- 3§6lﬁW§T%i%?@ﬂ%M§kﬁ@é@kﬁ YgirtoRci d. is known
as a selective and p %ggkgg%—g%g—d%pen nt RNA

pol ynerase and useful in the treatnment of HCV infection. Conpound (1)
20falls wthin the scope of HCV inhibitors disclosed in U S. Patents
7,141,574 and 7,582,770, and US Application Publication 2009/ 00874009.
Compound (1) is disclosed speciFHH&I@?T@&NEB&%HH@N’# 3085 in U S. Patent
7,582,770 |ca or nul e an be

pr epar ed acggﬂgfﬁegg& %HBSQ”KQQ‘ proce ngé?gﬁnﬁgEh S%Ea %§§Umt &d

ref erences, ald anmfrphmhs ﬁiﬂrnabﬁhhmdmnmsalmmompbmde(d) zb;wemifoeat Eame hé¢thdds o1
entirety. 25Preferred %» of Co nd (1). | ude th | 1ine forns,
in particul a"PHEYELYEPERH H@@%%M%QAWOS 18? Whelc#ndt e”b‘ﬂ EdYL Ner ei n
descri bed WiEmepayi O&siaz@m\aaeesdinng to the general procedures set forth
in the above-cited references, Conpound (1) is prepared as an anorphous
solid which is a formthat is generally less suitable for full-scale
pharmaceygi cal processing. ThAaSKGROgND OF BINEede o) oduce Conpound (1) in
a formsufficient to enable formulations to neet exacting 5pharmaceuti cal
requi rements and specifications, while providing sufficient in-vivo
exposure of @ﬂgmﬁgamgng@ggm(EprthernDre t he process by which Conpound (1)
i s produced needs to be one which is anenable to | arge-scal e producti on.
Additionally, it is desirable that the product sho be in a formthat is
easily processed, e.g. yeadily filterable and easi ried. Finally, it is
econoni cal |y desirabl et hat the produq& be stable f ext ended 10peri ods of
time wthout the negg ?orag

(D
15
having the chemical name: (E)-3-[2-(1-{[2-(5-Bromo-pyrimidin-2-yl)-3-cyclopentyl-1-
methyl-1H-indole-6-carbonyl]-amino }-cyclobutyl)-3-methyl-3H-benzimidazol-5-yl]-
acrylic acid, is known as a selective and potent inhibitor of the HCV NS5B RNA-
dependent RNA polymerase and useful in the treatment of HCV infection. Compound (1)
20  falls within the scope of HCV inhibitors disclosed in U.S. Patents 7,141,574 and 7,582,770,
and US Application Publication 2009/0087409. Compound (1) is disclosed specifically as
Compound # 3085 in U.S. Patent 7,582,770. Compound (1), and pharmaceutical
formulations thereof, can be prepared according to the general procedures found in the
above-cited references, all of which are herein incorporated by reference in their entirety.
25  Preferred forms of Compound (1) include the crystalline forms, in particular the crystalline

sodium salt form which is prepared as herein described



SUMVARY OF THE | NVENTI ON 15 W have now found for the first tine that
Conmpound (1) can be prepared in the formof its sodiumsalt, and nore

pr ef er ablwotzhe/muszst al | i ne sodiumsalt form This novel Pcryst@llosased f or m
has unexpectedly superior properties, for exanple superior dissolution
properties and unique solubility characteristics, nmaking it particularly
advant ageous i n pharmaceutical formulation processing as will be described
in detail below. Also described is the 20 anorphous sodium salt form having
its own unique characteristics that nmay nake it suitable for pharmceuti cal
processi ng. Yet anot her enbodinment is directed to pharnmaceuti cal

composi t 1 onSwaRARKRLNE dbGaFEYS hRl:bAAR pRIcotARIBNOHA i RIRRHEL L) sodi um
salt and at | east” one pharmaceuti cal ESaccept able carrier or diluent. Yet
anot her enbotifarenses, Comgpynddd Bid preparad h?eﬂtnwé@rphous sadidtvineh iHe{orintha&idt i on in a
manmal conpr | Si I i - hera) L, | ffective
amount of T e sray a3 o AR e ey °B EF
DESCRI PTI ON ﬁiﬁdlﬂeIIEOD@AWd\(GBin afomFBthlClQntlt@e@bbrfammdetti@nis wtnaet farctang Powder
Dffraction (XRPD h I n iy |t of Conpound
(1). FIG 9 > é armac)e%ltﬁc% éﬁi&]}}ﬁm&% sfal’hcal. § e?%%%%o% whlﬁ é)?OV?(P ﬁi sunr?[ i3 tr?qt in- VlV(a:orrpoun d (1)
sodi um sal t expdame di thé meaﬂmgoﬁdthbrms, ‘thd mod:essa]by '(zhmﬂoCempc)qndcdt)ys piotlnceden

| hour, 50% RH, .85% RH a turn, G 3 0 t he XRP

T ract i on BEEY RS P IEP Fopa Tk et ou S RIREAT % FF e about

18. 8 to 23. 3ihdede peduc? Shouliniebsin a(ﬂd)rhftﬁiiteméasﬂpptdbésis@lnsg il ifiddrapbd ent ) , dry

nitrogen | hour, (V 85% RH and 15 FI 4 sho t he XRPD
di ffraction ‘ffé‘cbf gﬁ"‘ﬁjos ‘6‘f‘llycﬂt§}§‘fcgfl‘i’rfl‘|‘iél?%ﬁ‘§% at(t pr@%‘&f B‘?ﬁt&i‘? forextesisl about
18.4 to 28. 8pe£iﬁ)g§@ﬁﬁn@&)bthdmﬂd@meanbf@feaaﬁzea@ﬂaeug&b@m&mnb.m tial (ambient), dry
ni trogen | hour and 85% RH. FIG 5 shows the XRPD diffraction pattern of
a tablet containing crystalline Conpound (1) 20sodiumsalt FIG 6 is a
representative 13C ssNVR spectrum of Conpound (1) sodiumsalt FIG 7 shows
a representative 13C ssNVR spectrum of a tablet containing crystalline 25
Conpound (1) Na salt (Type A) SHMMAEQUHHEINVANIAGNW th a conparison ssNMWR
pl ot of the API material alone depicted as spectrum (b) and a conpari son
ssNVR plot of a fornul ated placebo tablet as spectrum(a). FIG 8 shows the
Di f f er entl? al Wsdarnhargiogad Br iteeltrptyin(DBEContperni(l) eanrbgerdpared ihige gm of its
crystalline sal t t DSC i s
performed at S% Hgg%ltl %lél HP%% gg%?%}%&%cﬁ% ganﬁl%ﬁ&gﬁl)sﬁp%y@eyécrj\mak%ﬁls%ﬁ% pan.
FIG 9 shovvsfomélaﬁrlhr@pim@ldbmup@tor popaniad, ywiesariflGy)pegor digofugen prepergesyestial | i ne

sodi um sal t . C. .al E
representati @I{elq%ﬁg%ggp}??éa% e%%%c@,pa@uégr1&1}%@3}%&%&@%%%% Eﬁgﬁia%éltﬁc
cont ai ni ng afnmmpllawsmmmngmdm(lb): deswwdbagdnm dethitl belbw @dﬂmpiamrlbemls\ma h the XRPD
pattern heIEIIVI nent s and the(ﬁ atL €< 11
shows a epr PV émﬁfé Vm%)lesc?vryn P8 Ho - IP%?/dlB%}( dr anul es 10
cont ai ni ng amplhwq)h@mﬁp@mmp(rdc)assﬁ@dl um salt as spect rum(c), along with a
conpari son ssNVR plot of the crystalline active ingredient (Type A as
spectrum (a), and a conparison ssNVR plot of PVP K25 as spectrum (b).

Yet another embodiment is directed to pharmaceutical compositions comprising the

crystalline or amorphous Compound (1) sodium salt and at least one pharmaceutically

25  acceptable carrier or diluent.

Yet another embodiment is directed to a method of treating HCV infection in a mammal
comprising administering to said mammal a therapeutically effective amount of the
crystalline or amorphous Compound (1) sodium salt.

30



15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Definitions 20 Terns not
specifically defined herein should be given the neanings that woul d be

gi ven to wbhem2ams4szne of skill in the art in |ight of thecditsedionsase and t he
context. As used throughout the present application, however, unless
specified to the contrary, the followng terns have the neaning indicated:
25 The term "about” nmeans within 5% and nore preferably within 1% of a

gi ven val ue or range. For exanple, "about 3.7% neans from3.5 to 3.9%
preferably from3.66 to 3.74% Wen the term"about” is associated with a
range of values, e.g., "about X%to Y%, the term"about"” is intended to
nodi fy both the lower (X) and upper (Y) values of the recited range. For
exanpl e, "about 20%to 40% is equivalent to "about 20%to about 30 409% .
The term "phar maceut i cal | yBREGEPEHRIETION OF YIHIE pRAWINST® subst ance as used
herei n neans that substance which is, within the scope of sound nedi cal
judgnent, suitable for use in contact with the tissues of humans and | ower
ani mal s wi t hblgt. lunddemracexisiad Xygy Pawdet Biffrantiion AKRBPgpatterndepbnsestaling t he

i ke, co nsSur at e W r nabl e benefit/risk ratio, and 5effective for
t he intezggdaﬁgé ﬁﬂéﬁkgﬁgogﬁﬁzﬁance is used in a pharmaceutica

conposition. Sodium Salt of Conpound (1) Conpound (1) is a poorly soluble
conmpound w t | ubi | it ss.than 0,2 ng/nL ir hysi ol ogj.cal .pH range
ot 5os 5 ' It shB b kpe BBl " HeB e R Sl e

requi red to beleddilfercar@dditionso bl aneidno)S tifyasirdpes eissiary s R, &9 Rilcingnt
efficacy in vivo. The Conpound (1) active drug noiety has both acid and
basi ¢ functi YREFIGFBEps which 15l ends itself to salt formation. In general,
t he convegsion of the free formto salt formis known to aid solubilization
of poorly water soluble_drug substances. ol e _phar maceutj cal |

Mul ti
accept abl e aEKH3&Hﬂ“ﬁ§%K@PgﬁﬁﬁmpéFﬁﬁﬁﬁps@Bﬁﬁ%% Qqﬁgnm%EWEﬁﬁﬂﬁS@%e sodi um

salt, were prrRAVARM: W.&weiYs tidrdds 28f by diffkeRtichhd ads; ihmr@m%{éﬁf),tdrw t he
in-vitro dissolution characteristics of the crystalline sodiumsalt
conpar ed to RiHegqy lbausgh Y Kb SptedHd aplysatiey r¢¢yst al | i ne salt forms has been
denonstrated. This dissolution benefit is expected to translate into

inproved in vivo exposure of the active drug substance. The crystalline
sodi um saft Flr rhshewsthe EREPedidragiean madeasislecrystaliyredvingeandide seshre sdol i d st at e

stabi ity anddibul £ LOMAalol 00) LRSI ARRRAIRL ni D afiichs, &9
i mportant factor to consider for using a hig osI ng conpoun§ uch as
Conpound (1) mtrpgenTiheur@odgdwRH.(1) sodium salt can be prepared in either
crystalline or anorphous fornms or as mxtures thereof, with the crystalline
formbeing preferred. As further described below, different polynorphic
fornms of thelkr yshad thaXRPOdlifinrisal fattemef alabiet possnibg erystalGny €bmpdindél)Sodi um
Sal t Forqu &%} ng&ph screen for Conpound (1) sodium salt was conducted
usi ng 307sol vent's, 24 of Sthemresulted in isolated solids, anmong which 19
were slurries and 5 were crystallizations. The major pol ynorphic formwas
Type A, whic s found to. hayve erior properties nmaking it particularly
sl tai e'f or NS EaneTEAe dbvsh St T B RS HSBHTE Hibr e vier o
di scovered but these were found to have certain undesirable properties
maki ng them | ess preferred. Thepefore, only T%pe A Conpound (1},sodiun1salt
was chosen f B]'IG \$R Wt representative C ssNMR spectfum of a tablet containing crystalline
25  Compound (1) Na salt (Type A) as spectrum (c) along with a comparison ssNMR plot of
the API material alone depicted as spectrum (b) and a comparison ssNMR plot of a

formulated placebo tablet as spectrum (a).

FIG. 8 shows the Differential Scanning Calorimetry (DSC) thermal curve for the
30  crystalline sodium salt of Compound (1) (Type A) crystals where the DSC is performed at

a heating rate of 10 °C per minute in a sealed aluminum pan.

3.



10devel opnent and is the specific crystalline sodiumsalt formthat was
prepared and characteri zed as descri bed herein. The present invention

provi des woproesR0f or the preparation of crystalline sedirorsesialos2s6d
Compound (1) which conprises crystallizing Conpound (1) froma solution in
sol vents 15 under conditions which yield crystalline sodiumsalt. The
preci se conditions under which crystalline sodiumsalt is forned may be
enpirically determned and it is only possible to give nmethods which have
been found to be suitable in practice, as described herei nbel ow One
exanpl e of a process that has been found suitable to prepare Type A
crystalline 20sodiumsalt is as follows: (a) Reacting Conpound (1) with an
aqueous NaCH solution in a suitable solvent, such as THF, at anbi ent

t enper at ur e Y& Pohewsthe TeermogmvineirenAnalys)s (Rgidi) peyvertsr el crestaiielsediomeall VEK, 2
vol une per g t 1 re obtained in step (a) while heating the
mxture to a5f@? é?%%&pgT%%ggggé%%SO-Go C 25(c) Optionally, adding MEK

sol vate seeds to the m xture obtained in step (b) at about 50C, ** (d)
Addi ng addi t{ VEK (4. vol ramof 1 h 1 Xt u tained in
Step by or [&5 TaoMGfughile RREHATEN abderh S APRR ST AUELTRCS T
step (d) to ahtin@im@phawsSivhtpomgl (1 psodiv@csap inabinparisoh wal CoeORRIN gatfeln) osodi um

salt Type A crystals **The und (1) sodiumsalt (Type A) MEK sol vate
seeds used i%e%ﬁtwgﬁé93mﬁwgg%@§ﬁg$@ﬁmfﬁwn%gwibe manuf act ured by the above
general process except w thout using seeds and without drying of the

sol vate. 5Specjfic procedures found be suitable for prepar

crystalline %6 SCIFPIEsatY sglsi&ﬁgﬁﬂe%‘?l 8%‘3?15?:’?’8’?? %r?‘%‘g"gst her eof, as
wel | as figr mdnadihiedsmbiRdus TRYpBEndN ERANBMsUSE Bifkctrth@ (O MSikgakith Neongdbaam

salt, are as described in the Exanples section herein. The prepared
crystal i ne FSOMR gt elighpeusiallipagctive Hetpdicaa| lyPc An2asePetvdin B 2aided directly as

it is or subjgfglaritéh SRVAPROQATPVAL IR PLQp&8emB). (1) reduce the extent of
aggl oneration of drug substance toparticles and/or (2) reduce the particle

size distribution of the drug substance primary particles. The process used
can be sieving, deaggloneration, inpact mlling, jet mlling or

conbi nati ons thereof. Details on the use of crystalline Conpound (1) sodium
salt in various solid dosage fornul ati on conpositions are discussed in the

Exanpl es section herein. @@@@g ; r hRvention is
directed to the crystallPﬁzA?gg?E%§sa t E?J%gﬁ%%hnﬁ {f}b Type A). This
crystalline sodiumsalt of the Compound (1) has been found to be especially
sui tabl e fongggﬁggceutical processing due to the fact that it can be
prepared as ble crystalline formdenonstrating superior dissolution
properties and unique solubility characteristics. The crystalline sodi um

salt has peen_ charactef.i e% Sj X- Ray. Powder Diffractometr XRPD) ., Solid
State R (SSRiRyr B ruf el B st g PRAEP AR LB iy B

them by one of skill in the art in light of the disclosure and the context. As used

throughout the present application, however, unless specified to the contrary, the following

terms have the meaning indicated:

25  The term “about” means within 5%, and more preferably within 1% of a given value or
range. For example, “about 3.7%” means from 3.5 to 3.9%, preferably from 3.66 to
3.74%. When the term “about” is associated with a range of values, e.g., “about X% to
Y%?”, the term “about” is intended to modify both the lower (X) and upper (Y) values of
the recited range. For example, “about 20% to 40%” is equivalent to “about 20% to about

30 40%”.



25 Thernogravinetric Analysis (TGA). Each characterization nmethod and
results thereof is described below. 30 X-Ray Powder Diffractonetry (XRPD)
X-ray powserodidsis2acti on anal yses were conducted on a BPURars200xX852%6Ray
Powder Diffractoneter Model D8 Advance, using CuKa radiation (1.54A) in

par af ocusing node w th a graphite nonochromator and a scintillation
detector. The pattern was obtai ned by scanning over a range of 2 - 35 20,
step size of 0.05 20, step tinme of 4 sec per step. The XRPD anal yses were
conduct ed under anbi ent |aboratory conditions, 25C 25%H. 5l n general, the
crystalline sodiumsalt of Conmpound (1) (Type A) exhibits a characteristic
X-ray powderTﬁ'a fefeh 3fikdnRcl g)acog?&fﬂ@* BikirdsPeck L 38K AHLSLLRoPRAKS nRUR! eoSed
i n degrees 20 2 degrees 2 .4, 1, 18.3, 20.0, 20.4,
21.4, 23.1 aﬂilat @smnce whlchrhewmpmlqoww@hmﬁd mwélcelrwégr@ﬁnlt i suabdo firwse il t of
Corrpound (1) C({n-l!-éépgfltﬁ‘)ﬂaé ﬁssﬁ& dnﬁln;‘g&i %We?* ammlsaw ?Eﬂ‘tﬁ eetH;a?w giv 1ont he
present invention is directe to a crystalline so ium sal npound (1)
t hat has at hleagt respenstobddothe ke hamaetsenieswitle :a @msoXahaperpdividek radp;‘ fixdact i on

pattern c rrprf’fec 1vegf88 kl?[e ed 7S65WI%II’]I ¢ subs‘t%ncggskﬁ%n ) é)ah&nrg)efcgutlc(i:gﬂlo%ggmg Q) when

measured 15 usin a radiation. ese s are ‘0 be
sufficient to unlquely identify the presence of the Type A form of Conpound
(1) sodiumsalt. not her e 1dinent is directed to the crystalline sodi um
salt of Conp 2 giah-XRPD pattern conprising peaks at 7.5, 20.0

and 20.4 degrees 20 0.2 degrees 20) when 20 neasured u5|ng CuKa

radi ation. other i directed to th S odi um salt of
Conpound (1) ?ﬁﬁ Pé?slﬁ{;ﬁait”g]éﬁﬂm%‘fﬂ&rvr@i Sﬁg’bﬁ‘é%{?gs ’t‘n "1, 18.3,
20.0, 20.4 aﬂ@s@ﬂogﬁaﬂ[ﬂ@ﬁ@@@o@ és@&@&gfo«ﬁ@'@u&ﬂm)w@mommrﬁgpmbm CuKa
radi ati on. 25 Another enbodinent is directed to the crystalline sodiumsalt
of Conpound %y %ﬁﬂWﬁﬁiaﬁe%ﬁwgeﬂéigé?heﬁﬁhﬁFi@WﬁﬁmﬁéﬁwgfgﬁnngWNYHB 8. 4,
13.1, 18.3, 2000, 20.4, 21.4, 23.1 and 25.4 degrees 20 ( 0.2 degrees 20)
when neasured using CuKa radiation. 30 The error range of 0.2 degrees 20
as stated herein for the various XRPD enbodi nents applies to all the |listed
peaks.  Anothgrcarhedi (TB'&Emle%r% h668Hs b&h b afd B/aéfc%ﬂc'u{}@al §Rﬂb§1\%1§1§| t of
Conmpound (1) eXthItln? an XRPD pattfern substantially the Sane as that
shown i n 1F| Gends itsglf sragltyeestion. laregadrall the penvexsiop oh Hd f(eiforgvdlsalrﬁogau& (Type
A) by XRPD u i t Fuga trogen up to -
85% RH) |nd|%g§é”¥%§fgm gzgféékgﬁﬂ atg%%%ﬂ%%pg%%%b&ﬂﬁ |g QP | evel s while
general |y naﬂnﬁmwnngHV@3ﬁmw@¢ahﬂami@nmm@téﬂmhdf@@nmwa@f@ intledingthposed to
anbi ent condj t h V. 0 C n r er eby
wat er resi deésOd\lM ljei) &ﬁaeglnvé 5sryélt%m% gh §1>gn1? "im(f% tl%cnéerﬁmlofﬁ%:%n ltrr%hdl ly
nove in 10andiss@mmoofcha:rimerstl¢s1m‘1th¢roeysta([hlqe$bahin|sabcmmmmnme(fﬂe)e asiddommmmglal t 1 s
t herefore_ bel jeve y attern of
crystarl tho ehiRsSamie R Botef B Sl 0P Fus SRy I v B G i o
content i n thl&ﬁslatehﬁll’o&mpﬁ)véd mlm\gmxpsdnre‘dﬂtmcaf/e drhg sysfahe@! rThat:ryduaﬂﬂ‘ner ent

Lo hi gh R (MG o ko artrreo iR PG et AR RR B o Pty BRe 20

fromthe pat ¢ fodta i@ididal fithdpbint, $SNBIiQhn indot@W b t@sdkidsr fofustngdOsi ti ve
shift, whereas a high RHresults in a ne%atlve shlft) The XRPD of Type A

is therefore high o5 PP BIdSUF NS Ry 4D error ™ range ( 0.2 degrees 20)

bel i eved,sufficient to cover the XRPD pattern of crystalline Conpound (1)
sodiumsalt at all RH 20l evels. The shift in the XRPD pattern at different
RH | evel s i sThotomapayed () sedimsisalf embedrpaisg Botither ¢esty ing @rpombppcierivbe d

i ndi cate thajs hhgr& iSR! w Mﬂ&kbﬁ@mﬂ§ehh&ﬁkﬁlg%ﬁ&ﬂ%‘ﬂ&sﬁﬁh&xk&x@@@b@b&ﬁns'on
than another. The present invention is inte to cover crystalline
Conpound (1) digfegntipplyrgrphig formp pf theicrysigling sodium salt are also possible.



25 The foll ow ng experinent was conducted to anal yze the XRPD shift under
variable hum dity conditions: Instrunmental Paraneters: Bruker D8 Advance
X- Ray PowsionoDidsis2act oneter in parallel beam node with &Csaiseaiilobzsbe on
detector and using a variable tenperature/humdity stage. 30Hum dity

adj usted and equilibrated at 25C, scans from 2-35 2-theta, 0.05 2-theta
step size, 4 seconds/step As humdity is decreased (dry nitrogen purge)
the lines in the resulting diffraction pattern are shifted as conpared to
the diffraction pattern at anbient conditions. This observation is
consistent with lattice contraction due to | oss of water. The patterns

obt ai ned after 1 5hour and after 18 hours with dry nitrogen were consi stent
and the diffraction pattern at anbient conditions after nitrogen purge is
consi st ent wCrystallige Sadiyrh Shlt&ofmr acti on pattern. At higher humidity (50%RH,
and 85%H) the diffraction lines in the resulting patterns are shifted
consistent with [attice expansion to acconmopdate nore water in the lattice.
The 10 anount pofynwephescreah f@QYRIHobEE tiscdimnt vt veed sondutied psiogi B @l @htst 2reof\VTI
measurenent s 1,79 nd.th pount  of . . rat.85%:H. ks 4.5% Wen the
campl e 1o exuas b TSR AT Ao Sk e R RS SR A A £ g

di ffracti on Pt maonpilgnaghic foroonsi Bpent which lwat fraihd of havh eupstiarfropegtiosat eri al .
15 FIG 2 sho the XRPD. diffraction patterns of Co nd (1 odjum sal t
inder di 11 or BHETE OREET oo E Fraf o R BT oo PR e oGt s 056 e
85% RH and awbicelidcovedddiiunthese wdréfoudd staws cdrtath viRERablic pfdpatics makipathesr ns of
Conmpound (1), sodi um t (fro out, 18.8 t 3.3 degrees 20) unde
different colff RTF%’H%‘!S- a\LWﬁ%‘?r&lo ygfemee%%?f}m%n@ (]rz?iSP 18‘6‘&%“ MRbHosengr éﬁI%TRH, 85%
RH and anbi eddvelopinbiitind ksltke spdcifib oMballine solRMDsAli bk el wbriatddenas of
Compound (1) sodiumsalt (fromabout 18.4 to 23.8 degrees 20) under

(
di fferent coffffaciegret asidsscriped hegdmpi ent), dry nitrogen | hour and 85% RH. 25
Based on the variable hum dity XRD experinments and VTl data Conpound (1)
sodiumsalt nmay be classified as a variable (channel) hydrate. XRPD
Anal ysis of &hRI&¥HENPHifN PRYIdTOA presrshEY thetnsenarEonpl qryydflinstsoxrmpyatt of
identify t heCGﬂhﬁ&ﬁlﬁld)' Mﬁct§&%j§igas%?}tstaﬂ?zfingmﬂ@(l§ %%In(e;rs\éﬁﬁioﬁ‘ln dofVefits
ng

phar maceuti cal dosage form tabl ets contalning Conpound (1) Na salt

(Type A) Ifwer endsr epditions which skl ywsésdlitsysoRRmDalL ATrGBeaH cordiliens unees vdidpar ed
according t Ocr?ﬁ!ﬂ!liﬁie ﬁdﬂllm ﬁ?trl%lh‘g%(% (I(ﬂ@r B e’%nﬁ%ca?lgf’de% (Qi dnld 1ﬁ§gﬁ'f9lpg sthle to

herei nafter. e tablet was gro anal ysis: " X-ray powder
di ffracti on gimahgtiods waish ko deat fedndin ba sBrablean praX®exasRascripediataeinbelow.
Diffractoneter Mddel D8 Advance, using CuKa 5 radiation (1.54A) in

par af ocusi ng node with a graphite nonochromator and a scintillation

det ect or. ThEnpetatmpiapiwasocoitthit hedbdoy fpd puiiahly topepara Tygngerystllide- 35 20,
step si zez\oofSO .05%%[0ls Ssttﬁg time of 4 sec per step. A representative XRPD
di ffractifon Patt'eih "ot ©ne'tabl et contai ni ng Conpound (1) Na salt 10(Type
A) is shown in HlKzacting Asn@and 0e wsi@an ajukold KaOB soltitie iahcvierbitesatvennadh
characteristic peagﬁgasso%i&at ed with the APl material (Conmpound (1) Na
salt) are clearl y*di Sc&rHTHS CoRCRie Repi pEEYSPRUGE ¢ he tabl et, al t hough
as expected theteadEn@méelggreanseidnd (VEIK, eclbldit peRfRNSIY (f BE msdli ous AP
peaks resulting froma dilution effect due the presence of excipients in

the tablet formul &f4RH.0Ner 6 PREF BEEE &g £ HaRPeRre PhboB 1Utthst AP

peaks 25 (c) Optionally, adding MEK solvate seeds to the mixture obtained in step (b) at about
50°C;**
(d) Adding additional MEK (4 volume per gram of 1) to the mixture obtained in step
(b) or (c¢) at about 50 °C.
(e) Cooling the mixture obtained in step (d) to about 25 °C, resulting in precipitation of

30 Compound (1) sodium salt Type A crystals.



15are discernible is evidence that there is no form change upon fornul ating
the API material. Solid State NVR (ssNVR) 20 Solid-state NVR (ssNVR) data
was acquiweaomm4as2Br uker Advance |11 NVR spectronet er (BCERS201BI0628H? N,
Inc., Billerica, MA) at 9.4T (1H=400.46 MHz, "C=100.70 MHz). Sanples were
packed in 4 MmO D zirconia rotors with Kel-F(r) drive tips. A Bruker nodel
4BL CP BB W/T probe was used for data acquisition and sanpl e spinning about
the magi c-angle (54.74"). Sanple spectrum acquisition used a spinning rate
of 12kHz. A 25 standard cross-pol arization pul se sequence was used with a
ranped Hartman- Hahn mat ch pul se on the proton channel at anbient

tenperature and prq§sEbRpoytad }j)Fe)sidgi?ﬁl s_%i_ff@lﬂ%@%% MR Qo1daié sdllid Lded BEADGhFQNT act

pul se and a 5 second recycle wo-pul se phase nodul ated (tppm
decoupl i ng was al mecesnydpoyeeiniba ntapefagiuted by dwqheyrcasnemjoresepotresitt wathoyti ne

br oadeni ng was ugﬁgﬁ{g%d@%n& &itf&gplgrﬁ{é Otf@%régfvgtre.rrati on of the free incution

decay. Chem cal ts were re nced using the secondary standard of
adanmantane, with the upfield resonance being set to 29.5 ppm The

o9 0 MR A e 18 el ST, SS B Mgt SR
sodi um sal t suiteandepler tledadtarisiabheed, Hhyalllow/formmblkienslthdtGnaghve prepaded Skingt (ppm
(;0-2 PP 140 Rl R sl 1% Sestboatn iR T AmpitE cRuidiRerdin e propinar |

crystalline form of Compound (1) sodium salt can either be used directly as it is or subject

to an appropriate process to (1) reduce the extent of agglomeration of drug substance

10 particles and/or (2) reduce the particle size distribution of the drug substance primary

particles. The process used can be sieving, deagglomeration, impact milling, jet milling or

combinations thereof. Details on the use of crystalline Compound (1) sodium salt in

various solid dosage formulation compositions are discussed in the Examples section

herein.

15

In one aspect, the present invention is directed to the crystalline sodium salt of Compound

(1) (Type A). This crystalline sodium salt of the Compound (1) has been found to be

especially suitable for pharmaceutical processing due to the fact that it can be prepared as a
20  stable crystalline form demonstrating superior dissolution properties and unique solubility

characteristics.

The crystalline sodium salt has been characterized using X-Ray Powder Diffractometry
(XRPD), Solid State NMR (ssNMR), Differential Scanning Calorimetry (DSC), and
25  Thermogravimetric Analysis (GA). Each characterization method and results thereof is

described below.

30 X-Ray Powder Diffractometry (XRPD)

X-ray powder diffraction analyses were conducted on a Bruker AXS X-Ray Powder

Diffractometer Model D8 Advance, using CuKa radiation (1.54A) in parafocusing mode



132.7 131.8 130.3 129.4 127.7 126.7 122.3 121.2 119.9 111.1 110.1 108.9
106.5 105.1 The chemcal shifts reported and clainmed herein are accurate
to wthi rwoQoR/@gsmun| ess otherw se indicated. 5 A repr@esentSatiiws28s8C ssSNVR
spectrum of Conpound (1) sodiumsalt (Type A) is shown in FIG 6 One
general enbodinment is directed to a crystalline sodiumsalt of Conpound (1)
that has 10a 13C solid state NVR spectrum conpri si ng peaks at chem cal
shifts of 176.8 and 168.4 ppm ( 0.2 ppn). These two NVMR peaks are believed
to be sufficient to uniquely identify the presence of the Type A form of
Compound (1) sodiumsalt. 15Anot her enmbodinent is directed to a crystalline

sodi um sal t
conpri si ng pggﬁg% g@&?&g%(%ﬁaﬁo%ﬁ% fa ﬁé%c]ﬁmﬁtgbns&'téf%éSﬁf@%ﬁtﬁ%ﬂ?gsﬂ%&%%ﬁﬁ(? 0.2

ppm . Anot fvenniegipedk age of T -diSF 8¢ tsed stzo 0R0.05V2 stk (ime obdbshicpar &l Thof
Compound (1) t has a 2013 | i ectr, peaks at
chori oal sn FRLPaPTESs R i ity i GG SREERGEOL S STRIS4l9, o2
16.0 ppm ( 0.2 ppn).

5  In general, the crystalline sodium salt of Compound (1) (Type A) exhibits a characteristic

X-ray powder diffraction (XRPD) pattern with characteristic peaks expressed in degrees 20
(+ 0.2 degrees 20) at 5.2, 7.5, 8.4, 13.1, 18.3, 20.0, 20.4, 21.4, 23.1 and 25.4.

The XRPD pattern of the crystalline sodium salt of Compound (1) (Type A) is shown in
10 FIG. 1.

In a general embodiment, the present invention is directed to a crystalline sodium salt of

Compound (1) that has at least the following characteristic: an X-ray powder diffraction

pattern comprising peaks at 7.5 and 20.4 degrees 20 (+ 0.2 degrees 20) when measured
15  using CuKa radiation. These two XRPD peaks are believed to be sufficient to uniquely

identify the presence of the Type A form of Compound (1) sodium salt.

Another embodiment is directed to the crystalline sodium salt of Compound (1) having an
XRPD pattern comprising peaks at 7.5, 20.0 and 20.4 degrees 20 (+ 0.2 degrees 20) when

20  measured using CuKa radiation.

Another embodiment is directed to the crystalline sodium salt of Compound (1) having an
XRPD pattern comprising peaks at 7.5, 13.1, 18.3, 20.0, 20.4 and 21.4 degrees 26 (= 0.2
degrees 20) when measured using CuKa radiation.

25
Another embodiment is directed to the crystalline sodium salt of Compound (1) having an
XRPD pattern comprising peaks at 5.2, 7.5, 8.4, 13.1, 18.3, 20.0, 20.4, 21.4, 23.1 and 25.4

degrees 20 (+ 0.2 degrees 20) when measured using CuKa radiation.

30  The error range of + 0.2 degrees 20 as stated herein for the various XRPD embodiments

applies to all the listed peaks.



Anot her enbodinment is directed to a crystalline sodiumsalt of Conpound (1)
that has a 13C solid state NVMR spectrum conpri sing peaks at chem cal shifts
of 176. 8,w0@8140443242. 5, 137.7, 126.7, 119.9, 108.9, 37. PCTASA011®5Beppm (
0.2 ppm. 5 The error range of 0.2 ppmas stated herein for the various
ssNVR enbodi nents applies to all the listed peaks. Another enbodinent is
directed to the crystalline sodiumsalt of Conpound (1) exhibiting an 13C
SssSNWVR spectrum substantially the same as that shown in FIG 6 10 Al of the
solid state NVMR enbodi nents and correspondi ng cl ai mred enbodi nents as set
forth herein represent the solid state NVR of the crystalline sodiumsalt
of Conpound (1) when conducted under anbient |aboratory conditions
(tenperature 17-25C, relative humdity 30-60% . There is a possibility of a
shift in t heAnNRrepbedimen widiréeted te Hwregestallme sediumisali o Corpugd NVRINPiting si s of
a Dosage For N NMR o identify

the crystall imn)éﬁglgg)?{g{%ﬂg&al{s"?lh%flfy(@gen%g{ﬁﬁéh%igoz@;pe A)l' in a pharmaceuti cal
dosage form 400 ng tablets contai ning Conpound (1) Na salt (Type A were
prepared and alvzed .SSANVR. A t ar according to
Soi T d Ora FATMGLPE i Ol houft fid o MR S he NE REPAGE REFR The

tabl et 25 waslgieahhyidgy cumddioandiry hieropovgpad e @S5 SalRip) iedivas thanék ywed! lyics SNIVR
under the sanme condjtjo nd using the same.equi pnen s outlined above.
Fle 7" dep: crgeSPaL bRl ROl B R AR R A T A D B n PUER b
cont ai ni ng Cohgodxpdse(l 1) arNsiers @bidiiohy pEhilpeltasiop atiy@edd of channedh@figiesm t h a
conpari son ss | ot of . the 30 AP terjal depicted as pattern (b) and a
compari son s?%%‘f@? Teyides within the Qfaé‘gg?)’lnéhee‘%mﬁgﬁp‘éﬁtanﬁ§a‘b]§f“islé’rrﬂo"(ed5‘. As can
be seen i Fidd oulof hhSrrb@ ecRilihOTespshal BGbaLnshi & BEMYR bep&RY $o be
associated with the APl material (Conpound (1) Na salt) are clearly

di scerni bl e # APt Recheangli¥PBaiet ern of the tablet as being clearly associated
with the APl material. The fact that all the original APl peaks are

discernible is evidence that there is no form change upon fornulating the
APl mat eri al TheaBPPipairan ofrpitnl iprCMvRUER G0 dpdiwn sall vigigs tlighHumiBabodi nent are

directed to RokhYSiAldnt A&h: %iré&%%ﬁ%l(ﬁ slﬁfting%mg'ﬁ%rﬁ 1) i@ N aBRDhumidity
conbi nati on of the above-di scl osed XRPD and ssNVR emnbodi nents. For exanpl e,

one enbod? nelevelp.sFatiexaapledn the range o lomalk i i(aheutsiyoli taizb A H (abputBop ersbif( 1)

havi ng an X- (f 1 [ I S nd 20.4
dogr cas. 20 (Mo PRERRL i HORLLAR RACEL rRiTRe! i RIS bl a b2 3¢
sol i d state RNResipeotapomitigospfti wiengs pbhRTatesdhenmi oedatishihifs Thbe XRP®. & and
168.4 ppm ( Q. it l;. adi l,i odi um
salt has an %&a@gg%%%% %ﬁ?%ﬁ%{:etlé %ﬁﬁglggggr %&o@ﬁ%gﬁ %hﬁzgg%)é%ﬁgb)aﬁteﬂ%ea, 20.0
and 20. 4 degswige@ ¢(over tBe ARGDgmgerd 0) cybieliner€ampouad (UisodigmGakat allakRilat | on

and havi a 13C sol i d stat ectrum i sin eaks at .chem cal

i tie oft1 ke BRgh R Sl R E G I S AP SR P PbHE it ona
enbodi ment, theghsw Steglaltérhewisicidivouml smifidatchBs tircrétdl fytieasnilety diphddigct i on
pattern conprisLng%ﬁiaks.at 7.5, 13Hé, 18. 3, 20.0, 20.% and 21.4 d@grees 20
( 0.2 degree8°20} RS g OleT 13° et Py artepibReany REWhgYEHEE sol i d
state NVR spee6ihpsiiind¢ Onpdiufi ol aRelelss latlschem cal shifts of 176.8, 168. 4,
142.5, 137.7, 126.7, 119.9, 25108.9 and 16.0 ppm( 0.2 ppm In an further
addi ti onal enbodinent, the crystalline sodiumsalt has an X-ray powder

di ffractbon pat foRERVing QRREInShNYasReANRedlio MaBize theXRID hift hAdet vardBle3, 20. 0,
20.4, 21.4, 23.1 and 25.4 degrees 20 ( 0.2 degrees 20) when neasured using
CuKa radi at i BHMRECHEioRY a 13C 30solid state NVR spectrum conprisi ng peaks
at chem cal shifts of 176.8, 168.4, 142.5, 137.7, 126.7, 119.9, 108.9, 37.7
and 16.0 ppm ( 0.2 p

m .
Instrumental EIF)Darameters: Bruker D-8 Advance X-Ray Powder Diffractometer in parallel

beam mode with a scintillation detector and using a variable temperature/humidity stage.
30 Humidity adjusted and equilibrated at 25°C, scans from 2-35° 2-theta, 0.05° 2-theta step

size, 4 seconds/step



Addi ti onal peak conbinations are, of course, possible and are contenpl ated
herein. Differential Scanning Calorinetry (DSC) 5 Instrunment: TA DSC 000
Serial # WO0Q0200A%20Sanpl e preparation: Seal ed al um num pam/uNB11/052869
reference9810-086 N. Tayl or 10 Sanpl e onset of nelt is about 326 C and the
peak tenperature is about 337 C. A broad thermal event was observed due to
the volatilization of the water in the sanple (confirnmed by Karl Fischer).
It should be pointed out that the conpound does not purely nelt and the
endothermis due to nmelting with deconposition. The anmount of nmelting with
deconposition is based on the conpound itself but also sanple factors such
as particle 15 size, norphol ogy, purity and possibly occluded sol vents. W
have seen 10 to 15 degree shifts in the observed endot herm during the

pol ynor ph schebwingy évisareased (deh nitiogerf pusgd) thedinegin thgeiesuliang diffsageonspattpnG, 8

shows the Di the 20
crystalline Iéljg Iﬁlﬁt%i ggg{ tﬁg%& @o@%gﬁﬁ%?%?ﬁ% y%gBigg:éroggﬁtlgﬁsl %%gert@ﬁfon[)sc i's
per f or med at isgotresni mth deatice coﬁtr@()oﬂhp:eo lays pilyaer ﬂhapmsexbtaaied afterum pan.
Ther mogr a{OS t I I %d Q‘E:?‘llyﬁ EA%)/ nlt%)5 elnn r urrselsggl%tr fd ¢ if racq‘]%gaagp‘ ]I Serial #

537N 9120 tions: 0SS alwcu ate
r ef er ence9810mki8H chhdifl@ny Iaﬁer ridogeh Gurgl isstoosigertt lneth Tiveinitd Ddi wictiat patternAnal ysi s
(TG curve for the crystalline sodiumsalt of Conpound (1) (Type A
crystals. Unique Solubilizing Behavior of ConPound (1) Na Salt Based on
t her rodynam at Blghdﬂhhinicﬁty (8% KA gnd B¢ R khe cﬁﬁiauﬂixid lideyinahe 25005 Pudhs mg/ M 1 S
5 estimated fo sodi um sal t. ver, powder dissol on
experiments S?Ireé(ﬁ’?ggﬂﬁﬁ W(“&‘JIgtE‘éFo‘iXB?HS?&It? a‘icﬁm\WQ UF MOpGY Hek B delplie. g@\?er al
t housand-if ol gnsinper sabiui a©%mbaguatonftwmo@ﬁ@ywwsdﬂthe/mewsmemeﬂﬁygs, can
be achi eved and maj ntai ned for ng %l%asodl umsalt in water.

%RH iy

Sol ubi lity of-7CoRBdhinemeunt OH AN tWhen thinsaarple isexnosd Py a pH of

about 9. 3) aim@tAfc-eadiins QRAARIH KudliligSe ke‘éulgh%/@@frdcﬂoﬂ_ Bllefh 2 agalOcotaBlett 2:
Sol ubility of Conpound (1) sodiumsalt in er at differ en% concentrations

conc m /nil ovih §ubpivbeistgting material

15  FIG. 2 shows the XRPD diffraction patterns of Compound (1) sodium salt under different

conditions; initial (ambient), dry nitrogen 1hour, 50% RH, 85% RH and ambient return .

FIG. 3 shows the XRPD diffraction patterns of Compound (1) sodium salt (from about
18.8 to 23.3 degrees 20) under different conditions: initial (ambient), dry nitrogen lhour,

20  50% RH, 85% RH and ambient return.

FIG. 4 shows the XRPD diffraction patterns of Compound (1) sodium salt (from about
18.4 to 23.8 degrees 20) under different conditions: initial (ambient), dry nitrogen 1hour
and 85% RH.

25
Based on the variable humidity XRD experiments and VTT data Compound (1) sodium salt

may be classified as a variable (channel) hydrate.

XRPD Analysis of a Dosage Form

30 To demonstrate the ability of XRPD to identify the crystalline sodium salt of Compound

(1) (Type A) in a pharmaceutical dosage form, 400 mg tablets containing Compound (1)

-10-



13.4 0.3 15.0 1.0 15.4 3.0 46.6 10.0 90.0 ;30.0 100. 100.0 100.0 200.0
100.0 15 Thi s uni que behavior of high solubility at high drug

concent r avpanr/d4g52n0st | i kely attributable to tendency @®CTiuse01d062$69
substance to self-mcellize. A CMC value of 41.4 mvl (corresponding to 28
mg/m.) is estimated. At concentrations exceeding the CMC val ue, Conpound
(1) sodiumsalt dissolves conpletely, whereas at concentrations < | nent,
only 15 % of Conpound (1) sodiumsalt is dissolved. Another surprising
observation is 20 that the highly concentrated supersaturated sol utions of
Compound (1) sodiumsalt fornmed are extrenely stable with no precipitation
observed oveg, 10 QAL R) %‘%%ﬁrﬁét&?% Qﬁ%zé@ﬁﬂoﬁﬁﬁbw/ﬁoo me (aBIP WastAL KA

sol ubi l'i zation behavi or of Conpound (I) sodiumsalt and the stability of
the 25 hi ghl §ccerdmedndelat @il Egmuldtiond 3tah e¢téerth indxamplg deresiafigr. dTkectebletr y t hat
could not ha - Jﬁ%%@ HEE | : '

bef or ehand. %ﬁ?%%ﬁgﬁFéé%fan &i%%g%%tSEE%%§g%$€?ééxgﬁé@ﬁgﬁggﬁﬁﬁﬁgggﬁt form
provi de cl eaon bBnéki AXSXaRghRorwize Biffragahetpr Mods $isSnylvaadel omgignKor t he

manuf act ure of,. st ahl e .dosa fornms contai ni ng. high | evels of dru roduct .
Do above B RA D B oy T w R B D aaf OB G 2P0 « SOBARES Soct e
because it i get@enerial fapterd as PREREDbEsdabnify &k & ka6 dizst 8¢ 8RpeFe bN
solubility and any trend in physical stability between the free form and

di fferent saPd>THk pep Bme af ¢eePeUseP-even after such forms have been
successful |y prepared.

A representative XRPD diffraction pattern of the tablet containing Compound (1) Na salt
10 (Type A)is shown in FIG. 5. As can be seen in FIG. 5, the above-mentioned characteristic
peaks associated with the API material (Compound (1) Na salt) are clearly discernible in
the XRPD pattern of the tablet, although as expected there is a decrease in reflection
intensity for various API peaks resulting from a dilution effect due the presence of
excipients in the tablet formulation. Nevertheless, the fact that all the original API peaks

15  are discernible is evidence that there is no form change upon formulating the API material.

Solid State NMR (ssNMR)

20 Solid-state NMR (ssNMR) data was acquired on a Bruker Advance Il NMR spectrometer
(Bruker Biospin, Inc., Billerica, MA) at 9.4T (‘H=400.46 MHz, C=100.70 MHz).
Samples were packed in 4 mm O.D. zirconia rotors with Kel-F® drive tips. A Bruker
model 4BL. CP BB WVT probe was used for data acquisition and sample spinning about
the magic-angle (54.74°). Sample spectrum acquisition used a spinning rate of 12kHz. A

25  standard cross-polarization pulse sequence was used with a ramped Hartman-Hahn match
pulse on the proton channel at ambient temperature and pressure. The pulse sequence used
a 2 millisecond contact pulse and a 5 second recycle delay. Two-pulse phase modulated
(tppm) decoupling was also employed in the pulse sequence. No exponential line
broadening was used prior to Fourier transformation of the free incution decay. Chemical

30  shifts were referenced using the secondary standard of adamantane, with the upfield

-11-



10 Additional Enbodi nents 15Anot her enbodinent is directed to crystalline
sodiumsalt of Conpound (1), wherein said crystalline sodiumsalt is

subst ant iaDI2g124820 Type A as defined herein. The term " eabaisaeioaisky pure”
when referring to a designated crystalline formof Conpound (1) sodiumsalt
means that the designated crystalline formcontains | ess than 20% ( by

20wei ght) of residual conponents such as alternate pol ynorphic or

i sonorphic crystalline form(s) thereof. It is preferred that a
substantially pure formof Conmpound (1) sodiumsalt contain | ess than 10%
(by weight) of alternate polynorphic or isonmorphic crystalline fornms, nore
pref ert ed | Srgafeddia o 0b% ppfl At bl oaLib 403k G.ROLKTH RIS (B KB

i sonor phic crystalline forns, nost preferably |l ess than"1% ( by melght)
of aIternate@pwkywvwwhmagzgepfﬁkHﬁDrph|c crystalline forms. Another

enbodi nent is therefore directed to crystalline sodiumsalt of Conpound (1)
being in substantlally pure Type A form i.e., wherein at |east 80%

pref erabl y athd é@shengioskshifie fa cpsefler dohpoatd (I padiunddigararepategietélabl y at
least 99% of said substance is 30 present in the formof Type A
crystalllne sodlun1salt of Conpound (1), as may be characterized by any of

t he abovenenti oned XRPD or ssNVR enbodi nents. An additional enbodinent is
directed to a pharmaceutical conposition conprising crystalline Conpound
(1) sodiumsalt and at |east one pharmaceutically acceptable carrier or
diluent. In a nore specific enbodi nent, the crystalline Conpound (1) sodium
salt in 5 the pharmaceutical conpositign is as defined by any of the
above-nmenti oned XRPD and/ or ssNWR enbog?h%ﬂts In further specific

enbodi meng, the crystalline Conmpound (1) sodiumsalt is substantially pure
Type A as defined by any of the above-nentioned XRPD and/or ssNVR

enbodi ments. That is, at |east 80% %T%ﬁ ﬁx at | east 90% nore
preferably at |east 95% nore preferdbry attaeast 99% of the Conpound (1)
sodiumsait in 10the conposition i 5 pred®dt in Type A crystalline form as
characterized by any of the abovenentioh®@d XRPD and/ or ssNVR enbodi nents.
The XRPD and/or ssNVR characterizati on meiohods |[set forth herein can be used
to quantify the relative anounts of thepreferried crystalline sodium salt
form of Conpound 15(1) present in ne nﬁ%§r|a| Phar maceuti cal Conpositions
and Methods The sodium salt forns ef—€Con uu 1), including both the
crystalline and anor phous 20 forns rein, are useful as anti-HCV
agents in view of the denonstrated |nh|bﬂﬁorv activity of Conmpound (1)

agai nst HCV NS5B RNA- dependent RNA| pol ymsrase. [This formis therefore

useful in treatment of HCV infection in;g,mamml and can be used for the
preparation of a pharmaceuti cal COTpOSiE gn for| treating an HCV i nfection
or alleviating one or nore synptonms—thetreof—+n-ja patient. In addition, the
sodi um 25 salt form of Conpound (1)_has!¥énonstrated effectiveness in
treating HCV-infected patients in human!®lZinical trials. The appropriate
dosage anounts and reginens for a particylsar patient can be determ ned by
met hods known in the art and by referenggto the disclosure in U S Patents
7,141,574 and 7,582,770, and US Ap ||cat|4n Publl i cati on 2009/ 00874009.
General ly, a therapeutically effective afourt—for the treatnent of HCV 30
infection in the manmal is admi ni stered!?'n one enbodi nent, about 1200ng to
1800ng i s adm nistered per adult hunman p®r7 day lin single or nmultiple doses.
122.3
121.2
119.9
111.1
110.1
108.9
106.5

105.1

N
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Specific optimal dosage and treatnent regi nens for any particul ar patient
w Il of course depend upon a variety of factors, including the age, body
wei ght, ogwoenelo4izal t h status, sex, diet, tine of adm niPstTrstolans2seat e of
excretion, drug conbination, the severity and course of 5 the infection,
the patient's disposition to the infection and the judgnent of the treating
physician. In general, the conpound is nost desirably adm nistered at a
concentration level that will generally afford antivirally effective
results wi thout causing any harnful or deleterious side effects. 10The
sodiumsalt formof Conmpound (1) at a selected dosage level is typically
adm nistered to the patient via a Jharnggfutical conposition. See, e.g.,
the descriptions in U S Patents 714154 —-and7,582, 770, and US
Appl i cation Publication 2009/ 0087409 forfhe various types of conpositions
that may be enployed in the present_inveénfion. The pharmaceuti cal
conposition may be adm nistered orally, sparenterally, topically or via an
inplanted 15 reservoir. The term parentgrgl as jused herein includes
subcut aneous, intracutaneous, intr vernous, rmtTamuscul ar, intra-articular,
intrasynovial, intrasternal, intratheecal—antd+ntral esional injection or
i nfusion techniques. Oral administratiof®fs preferred. The pharnmaceuti cal
conpositions of this invention may|cont&bh any lconventional non- 20 toxic
pharmaceutical | y-acceptabl e carriers, dijkgents,| adjuvants, excipients or
vehicles. In sone cases, the pH of the fornmulation nmay be adjusted with
phar maceutical |y acceptabl e acids, bases or buffers to enhance the
stability of the formul ated conpound or its delivery form 25 The
phar maceut i c@he GHRARABIH ksABSorRBYn@¢18ithel Berelh R ch@feM QAMA @F Bpm unless
phar maceutical conposition conprising the crystalline or anorphous sodi um
salt of Conpeerieindigard at | east one pharnmaceutical |y acceptable carrier
or diluent. The oral pharmaceutical conpositions may be orally adm nistered
in any orally acceptable dosage formincluding, but not |imted to,
tabl ets, capsutmeseftaticp " CisliMRopeatimfn of gesinmoind @ apxliinesiit (TypeeA Lidistmyvnl inqui d-
30filled cap &S and aqueous suspensions and solutions. In the case of
tablets or extrudates casted into tablets for oral use, carriers which are
commonly used include |actose, mannitol, sugars and corn starch.
Lubri cating BRenls, SHE Aty TRENESH UM SLEAER Suiohl 13t SnbIRLG ALY nadded.
For oral admni ?ra%lon i'n"a capsul e Torm USGFUF1§I|UGH B9 cude "fMact ose,
manni t ol ,10 sugdiGsolidisaredd¥Rspadtunn@npeking pake aamdmiel shiflsas ¢7@@nnd/eiBidves and
dried corn starch. Examples of t gelatin capsul es.that can be used
el ude 1 host b oepatan e e Shriid bile 8% Bt od o SR RFE
aqueous suspeBpiaiifte af te g Nifshestatbnpoard o) sddign &t | ve ingredient is
conbined with erul sifying and suspendi ng agents. If desired, certain
sweet eni ng and/or flavoring and/or coloring agents nmay be added. O her
sui tabl e vehicles or carriers for the above noted fornul ati ons and
conpositions can be found in standard pharmaceutical texts, e.g. in
"Reningtdﬁ'sAPWH?ﬁﬁﬁﬁﬁﬁﬁégPd@%ﬁ%H€é§m?mﬂ@FﬁX@HPFﬂwﬂékmﬁﬁpﬁﬂﬂ?gﬁimﬁaCbnpany,
Easton, Penn3c (399Qate NRME §heblrym YRSl Raky ¥ Shedhibdl QEnS OCi 2 $&H.4, ah$
formulated in a liquid vehicle, for exanple, as a liquid solution or
suspensi on f &0 8P ddPPAY)-stration or by injection, including for exanple
inliquid-filled capsules, the sodiumsalt loses its crystalline nature.
Nevert hel ess, 15the final |iquid-based pharmaceutical conposition contains
t he novel sodnethersalbpdipfenQs diseniasido @ tiysahige sediyn salheflefmoend @) Bet kvsasi der ed
a separa e i Fﬁﬁ@ : i y t by
discover?ﬁg g@%g%ﬁ%ﬂ% or %%%%%??%B&Eﬁl 5%%%%%?%@%?9%%9§f£¢§% e'%??%?hlline
formthat th&7pld3entllPAvERBred EnGbbred: @RPpwi.ent phar maceuti cal processing
and pharmaceutical formnulation manufacture using the sodiumsalt form 20
Therefore, the final pharmaceutical formulation containing the sodiumsalt
form whi ch was thereby enabl ed by this discovery is considered anot her
aspect and enbodi nent of the present invention. Speci fic exanpl es
describing the preparation of various types of solid oral dosage
25formul ati ons of Conpound (1) sodiumsalt are as set forth bel ow
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In order that this invention is nore fully understood, the foll ow ng
exanpl es are set forth. These exanples are for the purpose of illustrating
enbodi nernwe 20f2/t4528 i nvention, and are not to be constr Beu/ts3011i08i869 Ng t he
scope of the invention in any way. The reactants used in 30t he exanples
bel ow may be obtai ned either as described herein, or if not described
herein, are thenselves either coomercially available or may be prepared
fromcomercially available materials by nethods known in the art. Unless
ot herwi se specified, solvents, tenperatures, pressures, and other reaction
conditions 5 may be readily selected by one of ordinary skill in the art.
Typi cal 1y, 1 &aGhi QBERRHES SirdlB¥ (B8 FRAINE L&FuR Yar bidRnfoEREU) RalhYi d

Chromat ography (HPLC), 1f desired, and internmedi ates and products nmay be
purified by chrsolhstegNaphypeorium cpmprsinpaicakspd Cloamign) shibie plyAOH, 16&Atlitdh. 10
EXAMPLES Ex§$p} -1 1Bhepar At f Sodium Salt Step 1.
Synt hesi s of s’g?%%y?egz@3%?§%Z%F§f§%gﬁgﬁ%$%? )indole-6-carboxylate 15
Because of the instability of brom nated product, nethyl

3-cycl openty}: 1- hyl- 1H. 20i ndol e- G- car |.at.e n 0 onverted
into the ?m " ihesﬁngﬂ%ﬁae%? 8% 6"00 p};ﬂm %-Sgg%qqueérﬁ Foﬁ)ﬁ%é V%%gus sgﬁlgﬁ‘?derﬁbodltfr?engs applics

1- met hy1l- 1H iondlohelisedgmatroxyl ate via a sinple and hi gh yielding operation
The conversi on worked the best with stoichionetric anounts of solid |ithium
i sopropoxide. Use of 0.1 eq lithiumisopropoxide |led to | onger reaction
ti mes and asAaoth@Sulbodin@nii® tdeediyddo eysystllby-spdioalual of @dihpoand (1t) bkhibiXing

i sopropoxi de sglution in THF cause probl epatj ¢ 25i sql ati on and required
distillati onalbf&ﬁ%\l@\."ﬁﬁl’%%‘@w stantiret 'S%’E‘%?Séﬂgisf“ﬁ‘épc lﬁﬁa 3

3-cycl opemt y1- 1- met hyl - 1H-i ndol e- 6- car boxyl ate (50.0 g, 0.194 nol) and
Iithiumisopropoxidgléi(lazéai 95% 0.233 nol) in 2-propanol was stirred at
655 C for at All@hte salgl ity NOFR epppsiiments adgreespending ¢lpipt piRodinRs picbh was

cool ed to 40Ryfrnapth Met&ht (6 Wi ddklaRMRESARI ridialBind RliRnt QIRRUBRLAMRal De bat ch
tenperature at 405C. After 5addition, the m Xxture was cooled to 20-25 C

over 20.5 h #hen wefltediundeapiqnt fagpraigfy qasdisions((qpeiee AL | FRlalivei | t er ed
and rinsed “h&ﬂm§§3®%&%g“ﬁkﬁﬂ@ggb$hﬂﬁ%@ﬁ@ﬁnﬁ%ﬁﬁeSﬁﬂ{%ﬁgmﬂﬁkﬂhaQﬁQ%eﬂ)- The
wet cake was dried in vacuo (< 200 Toh-) at 40-45 C until the watér content
was < 0. 3% tbugidipe i sopropyl 3-cycl opentyl-1-nethyl - 1H i ndol e- 6- car boxyl at e
(52.7 g, 95%yvyield) in 99.2 A% (240 nn). 10 The starting material nethyl
3-cycl opentyl-1-nmet hyl- 1Hi ndol e- 6- car boxyl ate can be prepared as descri bed
in Exanple 12 of U S. Patent 7,141,574, and in Exanple 12 of U S. Patent
7,642,352, both herein incorporated by reference. 15 Step 2. Synthesis of

| sopropyl 2-Brono-3-cycl opentyl-1-nmethyl-1Hindol e-6- carboxyl ate

20  ssNMR Analysis of a Dosage Form

To demonstrate the ability of ssNMR to identify the crystalline sodium salt of Compound

(1) (Type A) in a pharmaceutical dosage form, 400 mg tablets containing Compound (1)

Na salt (Type A) were prepared and analyzed by ssNMR. A 400 mg tablet was prepared

according to Solid Oral Formulation # 3 as set forth in Example 4 hereinafter. The tablet
25  was gently ground and the powdered sample was analyzed by ssNMR under the same

conditions and using the same equipment as outlined above.

FIG. 7 depicts a representative B ssNMR diffraction pattern of the tablet containing
Compound (1) Na salt (Type A) as pattern (c), along with a comparison ssNMR plot of the
30  API material depicted as pattern (b) and a comparison ssNMR plot of a formulated placebo

tablet as pattern (a). As can be seen in FIG. 7, the above-mentioned characteristic sSNMR
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This process identified the optimal conditions for the synthesis of

2- brono- 3-cycl opentyl - 1-nethyl-1Hindol e-6-c arboxylate via brom nation of
t he correspantioags28- cycl opentyl- 1- net hyl- 1H i ndol e- 6- cacharydiatos2s6 t h
bromne It's very inportant to control the reaction 25 tenperature and to
guench the reaction mxture with a m xture of aqueous sodiumthiosulfate
and 4-net hyl norpholine to mnimze the formati on of the di brono- and 2-

i ndol one inpurities. Further neutralization of the crude product wi th NaCH
in isopropanol greatly increases the stability of the isolated product.
Procedure: The m xture of isopropyl

3-cycl opentyksais mesMba dHih R AP ﬁfa@ﬁ%ﬁ@%xﬁrﬁt(?) ﬁ?@aug a@c1dny dRcdmbik i @nd
acetonitrile (393 g) was cooled to -63 C. Bromne (33.6 g, 0.210 nol) was
5added whi | ethe keNMBtraternakthertabivt ad treeng cdgarly @S0ciath avith gyl mgersll. uFrofagia s
stirred at - ~ I HPL. ?2..94. % | (the
PLC campl o (o (e PR TR (e e R AROMGLE LR

4- met hyl nor plohilhedsbd Althmateridsul f at e sol ution), the m xture was quenched
with a solution of sodiumthiosulfate (15.3 g) and 28.4 g

4- et hyl nor pholine in water (440 g) while the tenperature was naintai ned at
-55 C. 10 Af Additipdal XRPDsind NMR| Eatbo@ime@sf or at | east 2 h, the batch was
filtered and rinsed with 85 wt % net hanol / wat er sol ution (415 g), foll owed
by water (500 g), and dried until water content is < 30% The wet cake was
suspended i nAZdipomp ambbdihént areglirectamd el Slinet sodidhSsalCof Thi@psuad ¢l )thatigg hazy
solution was treated with 1.0 M aque odi um hydr oxi de solution (9.1 g)
and then w t 1% Fbﬁlatjo ﬂé“rabgf’e'ﬂlsqaﬁeggisﬁf%dﬁ?%% THOIENEY at 755C. The
suspensi gn was 15 stirred at 755C for at |least 30 mm cooled to 152 C over
30-40 mm and held at 152 C for at least 1 h. The batch was filtered,
rinsed with 79 SXpoRo-q5e sPAAGIEHdS dFeckdiut rapallipgiodipm sadipd (grmpeerd (b vacuo
(<200 Ton) aﬁavﬁ%a@x&-ﬁytlmm&r &iﬂﬁcmﬁf‘a&eﬁ%ﬁ@mn%mkﬁt6:54a°14ut2@.4gfe%&_ee§ BQRr opy!
2- brono- 3-cycl opentyl-1-net hyl - 1H i ndol e- 6- carboxyl,.ate as a solid (55.6 g,
87 %yield )OPdegoeszOnphemmenspig uvgngColo qdiatiop amlp ACtselidhsipie NMPspReEdlr e
The m xture QfydRER MY GrehY Gl GRENSYids & AR TARA ppkihd Mdphg). 6- carboxyl ate (84
g, 0.294 nol) and isopropyl acetate (1074 g) was cooled to between -10-0 C.
Bromi ne (50 g, 25 0.312 nol) was added while the batch was maintai ned at
-10 - 0O C T r.asultj - Y, i r e for
addi 11 onal 30 T S ER B L e S Ty RE i

t hi osul f at e patetradopgrising péakSaig).5, &AM and Ped hekwad 2He(HBUddgrayy 20)rwiwat er (240 Q)

while the te [ [ i. Nt ai t Os . ' ted to
%0 - 50 ¢ andvanangife (ARa TRARLR P B 50 Sl dlLUMR FURE, WL °F
same t enper apaskeatfcbemiatl shidasf 1 30K).168.4 and hed b ¢h0@g@pmgool ed to 0 - 10 C and
stirred fé)r another 1 hr. The precipitate was filtered, rinsed with 56 wt %
met hanol Fhat er sol uti on (322 g), and dried in vacuo (<200 Ton) at 50-60 C

until the walrei (G @dditmabersbddinddi tiee @l stalineSoOpiuapyilt hs 4 0my-@rwder
cycl opentyl- 1-nethyl- 1H i ndal e- 6-car t ng ige so|lid (90-95 g,
S8 o6 y1 ol HHIActioN PGl oo g DRRSHAr S Pan b 20Dnpbh i T byttt
Pd- cat al yzedo baeytatiopahSudedsired uGAUOIK @ ghdla886 hidhvBk@P3asolid state NMR
spectrum comprising peaks at chemical shifts of 176.8, 168.4, 142.5, 137.7, 126.7, 119.9,
25  108.9 and 16.0 ppm ( 0.2 ppm)

In an further additional embodiment, the crystalline sodium salt has an X-ray powder
diffraction pattern comprising peaks at 5.2, 7.5, 8.4, 13.1, 18.3, 20.0, 20.4, 21.4, 23.1 and
25.4 degrees 20 ( 0.2 degrees 20) when measured using CuKa radiation and having a *C

30  solid state NMR spectrum comprising peaks at chemical shifts of 176.8, 168.4, 142.5,
137.7,126.7, 119.9, 108.9, 37.7 and 16.0 ppm (= 0.2 ppm).
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To a clean and dry reactor containing 20.04 g of isopropyl

2- brono- 3-cycl opentyl-1- nethyl-1Hindol e-6-carboxyl ate, 1.06 g of

Pd( TFP) 2Cv0(2812mak3%) and 0. 76 g of tri(2- 10furyl) phosphiPo@/UuseommsEp was
charged 8.35 g of triethylamne (1.5 equivalent), 39.38 g of CH3CN at 2310
C under nitrogen or argon and started agitation for 10 nm9 24 g of

4,4,5 5-tetramet hyl-1, 3, 2-di oxaborol ane was charged into the reactor. The
m xture was heated to reflux (ca. 81-83 C) and stirred for 6h until the
reaction conpleted. The batch was cooled to 305 C and quenched with a

m xture of 0.99 g of water in 7.86 g of 15 CH3CN. 17.24 g of
5-brono- 2-i odopyri m dine and 166.7 g of degassed aqueous potassi um
phosphat e sol ution (pre-prepared from46.70 g of K3PO4 and 120 g of H20)
was char ged Addiserilpeakicompinaems aregefrroorse.mossie el arTpantanematechheréias heated to
reflux (ca. 76-77 C) for 2 h until the reaction conpleted. 4.5 g of

1-met hyl i m dazol e was charged |nto the reactor at 70 C. The batch was

cool ed to 20Rif(Crentie and 2y at least Ih. The 20solid
was collefted by flltratlon The wet cake was first rinsed with 62.8 g of
2-propanol, followed by 200 g of H20. The solid was dried under vacuum at

t he tenper at Insieuthgitow 50 CI'A IDS{E Q2@00cReyialih2D00106ah react or was charged dri ed
I, 10 mﬂ@bhbg SX Utra apd.5 of THF. The content was heated at 605 C
for at |east >4 PRPYFRIOY hRoal S URPURARAN ool ed to 355 C, the carbon was
filtered of f NBndefentised w D§10D8¢ NfTaylF-. The filtrate was charged into a
clean reactor containing l-nethylimdazole (10 wt %relative to |). After
renoval of 5 V5 of THF by distillation, the content was then cooled to 312
C. After 18 hesagpit afideOsT nicll i€ abias 3BIHUEKIRKE fe@k @YPErakitOislapii 337 . VA Bloavat er

was charged over a period of at |east 40 m nutes while maintaining the
content tenp@FEid)penhvasapseryeddue Ap thevolalizatign plethe Wiigsindhg ©apkdcepiagd 2 c

for additiongl KZADFREKRr). 9t ShoMd BF mfeeroumsﬁ e @hPeehd BWeOndiharelyast Hd Qver a
period of at 1east 30 m nutes aF C. The batch was then cooled to
about 25 3 edakerm psiop ﬁ%@i@&Wl%d@ﬁompeWa@n e pnrpntes melfing v46l i d was

col l ected ang.cbhBSGEhnt Bat‘seéor}/th@fcoﬁﬁéu%ﬁ 1tstlt%& sd?ﬁﬁ?éifé%rs sulips Iﬂfdcfed under
vacuum at the tenperature below 50 C (19.5 g, 95 w% 76% yield).

Al t ernat ilve Progwthhology 18Ty faldcppesamy acvdnded yolv@ect%r hayeneeai INito S d@reg of

i sopropyl 2- r l.at 0. 110
ror B 7o’ AR RS PR oL i B o o
tri(2-furyl) phdsphicrnd Typ8A78 nmol, 12.5 nol % equiv.) was charged 16.8 g of
triethylamne (1.5 equival ent), 100 nL of acetonitrile at 25 C under

nitrogen or argon. 20.8 g of 4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol ane was
char ged intoFHheiﬂmwsﬂndﬂﬁh@hhmsaﬁnm@ﬁhkmhewmiﬂseummMQSaheabedeto refl ux

(ca. 81- C stirred,f over u t.he ct | et.e The
bat ch wag(:j;co2 %Q‘ﬁ{‘e Sogyingsay 0868 3 @\?P%R;‘“Pﬁtﬂf IR I%@“d”‘f i gr in
50 nmL of G-BQhéatﬁ[@ﬁnd)ﬁ[l@hC\paﬁmM@feﬁEdséa(lbd&fﬂmﬁnurﬁtphr[.r ed for 1 hr and
transferred to a second reactor containing 34.4 g of

5- brono- 2-i odopyrimdine in 100 nL of acetonitrile. The reactor was rinsed
with 90 nmL of acetonitrile. To the second reactor 25 was charged with
degassed aqueous potaSS|un1ohOSohate solution (pre-prepared from93.2 g of
K3PO4 and 10bhegmggrayissiric ppalysisiIGAh or nitrogen. The content was heated to
reflux (ea. 80 C) for over 3 h until the reaction conpleted. 9.2 g of

1-nmet hyl i m dazol e was charged into the reactor at 70 C and the m xture was

stirred for HsUrpeedt 10 Thie-Hggebus prask” W tieftded after phase

separation. @é&h@n@f 'SOPrQﬂﬁﬁﬁkmMﬁﬁn&ﬁéﬁﬁﬁgRﬁhoYﬂ)@OC The batch was
cool ed slomﬁé C and | east 1 h. The solid was coll ected by
filtration. Beeﬁémﬁtake waslorG3adedayiaf ce with 2-propanol (2 x 164 g) and

dri ed under

30 FIG. 9 shows the Thermogravimetric Analysis (TGA) curve for the crystalline sodium salt

of Compound (1) (Type A) crystals.
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vacuum at the tenperature below 50 Cto give | as a yellow to brown solid
(26 g, 75%yvyield). Step 4. Hydrolysis of Ito Il I (20 g) and

1- net hy1-wopyrzvweii2di none (NWVP) (113 g) were charged i nt ®CI/USR@A05186¢aCt Or
under nitrogen. After the batch was heated to 50-53 C with agitation,

prem xed ag. NaCH (5.4 g of 50% aq. NaOH and 14.3 g of water) was
introduced into the reactor. The resulting 10m xture was stirred at 50-53 C
for about 10 hrs until the reaction conpleted. A prem xed aq. HOAc (60 g of
water and 9.0 g of HOAc) was added over 0.5 h at 45 5 Cto reach pH 5. 5-
7.5. The batch was cooled to 205 C and then kept for at least 1.0 h. The
solid product was collected and rinsed wwth 80 g of NMP/water (1:3 volune
ratio) and then 60 g of water. The product was dried under vacuum at the
tenperature below 50 Cto give Il as 15a pale yell ow powder (19 -20 g,

purity > g?‘} Q éoﬁaﬁ%ngﬁeﬁ%&%&‘&%@%ﬂmﬁ% gFﬁ wt % NVWP). The yield is about
93- 98% : T e us or the hydrolysis of | was
carried out with ag. NaOH (2.5 eq) in MeOH THF at 60 C. Although it has
been appl t rat.j ¥l I scal e,
one di sad%%g? E&‘S‘é’egﬁ“&ﬁ?@ﬁnsg‘mggy ?fsc%rh%%gr%@ﬁ%?%lﬁn%fd?%ﬁy@l m di ne during
hydr ol ysi sstifnatd £6r. Gonyidupd (hisodivinssaktxdiavesvet, powiléridissolution expeemgnt@ of n t he
subseque St eps . q4 di.t,i: ref K fegdnduring
crystall %%TP%LPHE (&s@%ﬁ\% gsa‘et,Igg’a$eﬁﬁ‘gﬁca§lf ah%?%%%ggﬁ? gstigzrl %’lgg‘f‘% acl ai fication
wi t h HOAcnot Thad pseyiaislyNiikh sthersirigsecdn beaghidvashead omimgaiaed foa Compaent (lbned

i ssues an ive. t.he pr Y i i ; nat.l Lr.ocess To
a react or%&glg' %ﬁllte{?ﬁvg%r Ic% 111330?‘&;0@1?%{%@2(%%1&5%@': ‘g‘?”aﬂé ﬁ@gggésﬁg%ﬁa(ﬂ g, 45
W % and pibfabople) g )diffdremivbnentraticonpeagivaniindabl#Be ni xt ure was heated to
reflux (80 C) and stirred for at least 3 hrs until the reaction conpleted.
The b&tch was cooled to 70 C and charged a suspension of charcoal (3.7 @)

i n i sopr opabibo?: JoBibility of Thmpound (1) sdivas sat in watt abdiffetvet sammentatoper at ure f or
over 10 min and filtered. The residue was rinsed with isopropanol (154 g).
Vater (40 g) was _charged to the filtrate at 70 - 80 C, followed by slow
addi tion pcfonawg@ﬂpmmmmeam (20 g) to reach pH 5- 6. The batch was
stirred for ogqr 30 mn3a /@ C, then cooled to 20 C over 1 hr and kept for
at |east 107§z THe sohg@ prpduct was collected and rinsed with 407 g of

i sopr opanplt7y ber""“("22'9“'1“§'4| PA] 178 g H20). The product was dried under
vacuum at {80 L=for ove %hr to give Il as a white powder (61 g, 95%
yield). 10No1 % or--St-g % 5 40 8 below. A concise and scal abl e 4-step
process feor--tjye. prepargbtion ¢f the benzim dazole internmediate V was
devel oped:..-Thg 4:9i~r~-s;t--~--.s -ep T t he preparation of 4-chloro-2-(nethyl)-

am noni t r'ob.e,fh fe st art%h8. fdom 2, 4- di chl or oni t r obenzene usi ng aqueous
met hyl anmine<9.0 0 Then, a ligandl ess Heck reaction with n-butyl
acrylate in the presence of ‘

15 This unique behavior of high solubility at high drug concentrations is most likely
attributable to tendency of the drug substance to self-micellize. A CMC value of 41.4 mM
(corresponding to 28 mg/mL) is estimated. At concentrations exceeding the CMC value,
Compound (1) sodium salt dissolves completely, whereas at concentrations < 1mg/mL
only 15 % of Compound (1) sodium salt is dissolved. Another surprising observation is

20  that the highly concentrated supersaturated solutions of Compound (1) sodium salt formed
are extremely stable with no preeipitation observed over 10 month storage at room

temperature.

This unique solubilization behavior of Compound (1) sodium salt and the stability of the
25  highly concentrated solutions thereof is a surprising discovery that could not have been
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15 Pd(QAc) 2, 1Pr2NEt, LiCl, and DMAc at 110 C was di scovered. Step 5: SNAr
reaction of (5-chloro-2-nitrophenyl)-nethylam ne C 2M MeNH2/ THFCI NHVEe
NO2NEt 3, WhBQ2/@H2MNO2 90% 20To a sol ution of PCT/US2011/052869

(5-chl oro-2-nitrophenyl)-net hylam ne (40 g, 208 3 mvol, 1 equiv) in DVSO
(160 m.) was added 40% MeNH2sol ution in water (100 ni, 1145. 6 nmmol, 5.5
eq) slowy keeping the tenperature below 35 C. The reaction was stirred at
r.t. until the conplete consunption of the starting material (>10 h). Water
(400 nL) was added to the resulting orange slurry and stirred at r.t. for
additional 2 h. The solid was filtered, rinsed 25with water (200 nL) and
dried under FRHNGEHeBEARRM e dlunfiflc tha {6l A Aydrdll b APORAYHa (TR NY! ami ne
(36.2 g, 93%yield, 94 Aopurity) was I SO ateé) as a solid. Step 6: Heck
Reacti on of p®vidhrlstrdenefns mphpmeaguticalpsedassingmilipevigggor the manufacture of stable

2012/ 044520P . j of
4-chl or o- 2- n&%%ﬁé%%ﬁ@% hlekds ?fs‘gqf%&g?&é‘as. 0 mwol, 1.0 eq), Pd(OAc)?2
(0.30 g, 1.3 mol, 0.005 eq) and LiCl (11.4 g 268.0 mmol, 1.0 eq) in DVAc
5(250 m.) .was, added 1Py 2 5 321.5 mol, 1.2 f ovwed .by n-butyl
acrylate 1 aomheiroSgr Tl elatnet Ay cotedm TR hiseLuR Wl BRARE A S o
was stirred ginetbhll n@ fosdibld B phedittlvech diffaksas insobBiliGy arll amg tdeyd inphgazdl e ( 10. 6
m.,, 134.0 mml,.0.5 e s added the m xture was stirred for 30 nm
et or e 111 en SRR ah e e ARER Bahiy POt R sbbog i et M as

cool ed to r.formok®k bdedsucckhdultyggupdrédng solid was filtered and washed 10with
water and dried to yield n-butyl 3-nethylam no-4-nitrocinnamate (71.8 g, 96
% 99.2 A% purity). Step 7: Reduction of n-butyl

( 3- net hylh@m no-4-nitro)-ci nnanat e 1l To a reactor was charged n-butyl
3- et hyl am no-4-nitroci nnamate (70.0 g, nmmol, 1.0 eq) , Raney Ni (4.9 g,
-20wm % H20), charcoal "Norit SX Utra" (3.5 g), toluene (476 nL) and

Additional Embodiments

15  Another embodiment is directed to crystalline sodium salt of Compound (1), wherein said

crystalline sodium salt is substantially pure Type A as defined herein.

The term "substantially pure" when referring to a designated crystalline form of Compound
(1) sodium salt means that the designated crystalline form contains less than 20% (by

20  weight) of residual components such as alternate polymorphic or isomorphic crystalline
form(s) thereof. It is preferred that a substantially pure form of Compound (1) sodium salt
contain less than 10% (by weight) of alternate polymorphic or isomorphic crystalline
forms, more preferred is less than 5% (by weight) of alternate polymorphic or isomorphic
crystalline forms, and most preferably less than 1% (by weight) of alternate polymorphic

25  or isomorphic crystalline forms.

Another embodiment is therefore directed to crystalline sodium salt of Compound (1)

being in substantially pure Type A form, i.e., wherein at least 80%, preferably at least

90%, more preferably at least 95%, more preferably at least 99%, of said substance is
30  present in the form of Type A crystalline sodium salt of Compound (1), as may be

characterized by any of the abovementioned XRPD or ssNMR embodiments.
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20 MeOH (224 mL). The reactor was charged with hydrogen (4 bar) and the

m xture was stirred at 20- 25 C for about 2 hrs until the reaction was
conpl et edwOThe/eroti on m xture was filtered and ri nsedPChaskolins8e6y esi due
with toluene (70 nL). To the conbined filtrates were added "Norit SX Utra"
charcoal (3.5 g). The mxture was stirred at 50 Cfor 1.0 hr and filtered.
The filtrate was concentrated under reduced pressure to renove solvents to
50% of the original volunme. The renai ned content was heated to 70 C and
charged slowy nethyl cycl ohexane (335 nL) at the sane tenperature. The

m xture was cooled to about 30 - 40 C and seeded with Il seed crystals,
then slowy cooled the suspension to --10 C. The solid was filtered and
rinsed with nmethyl cyclohexane in three portions (3 x 46 5 nL). The wet
cake was dri é&d aflditigmtembagimeny is@itegted)fosephiarmpac¢@Ral3rogposition ¢pmuirising69%) . St ep

8: Preparat 11
(35 g " 140, ofsilbipy CAERIHTARL R sFhnd u il kO phERLL Hlicchy YERRGNEHEE: ('
obtain a cIeanmh©MUﬁnmnmﬁﬁmaaﬁ@@nbmwnmﬁamﬂayMMhma@mamge@(mvbﬁ@®Sﬂt@, 169. 10

I d t f ol l d t f
R L YT
The nlxture m@@ﬂ&tmbmhmmasimﬁmﬂsaq&cﬁempﬁoahmne&k@nm&ﬂmﬂﬁbnmmﬁm(¢harged in

llel with th t t.h | ut i f dj. I
Do ot e b EokuBl RSN ks BN U AR Y

mai nt ai ni ng idiorRE MR dheopiateatsurhaais, a(BleastBO%Cpreﬂ'diizﬂ)lﬁittXédsﬂ’ @Wovasoragi t at ed at

the sane te re for hr s d C for ot her Once
111 was conrsTEr aatb'lj gag) 93%%810(‘6@ ateif'a at\'?&g%t 959 sts"th QBmB‘P‘fn%di)tf@FhuP]es& &d
pressure 1@t Hhe comP&itlon 1fﬂpr55éhﬁlﬂqu &AQ@s&lllﬂéﬁ&nﬁdﬁﬁﬁra&eﬂkéWy bythd M HCL
solution in n-butanol (188 g mhlle nalntalnlng the tenperature at 70 - 80

C (Gas evoIuﬂFﬁﬁnmEWHHh%BPBP@yﬁﬁﬁwgg%gy‘)ﬂ$?%ﬁ stirring for over 30 nm at
70 - 80 C, the mxture was cooled to 20 - 30 C over 1 hr. The precipitate
was filtered and washed with acetone (172 g) and tol uene §§8 %éf The wet
cake was dri &t XRPD3)eisNMR chemeeripgiogimeghogs e ferdisredpeap, Oof f white
solid (60 - a@angfy tﬁérelatlgéfﬁladn%] e FOTRAHGL M GOWLA PG YSRLdngehiy T or
the next step or "basified prior to next step to obtain the free base
conpound 1Vl Ugewsinhinthemaerel. st ep. WD 2012/ 044520PCT/ US2011/ 052869 Step 9.
Synthesis of (E)-Butyl 3-(2-(1-(2-(5-Bromopyrimdin-2-yl)-3-cyclopentyl-1-
hydr oxy- 1H i ndol e- 6- car boxam do) cycl obutyl)- 1-methyl - |H benzo

[d] i m dazol - Baarphoeaeay Camposifidns it Msthods The conversion of the acid into
acid chloride was achi eved usi ng i nexpensive thionyl chloride in the
presence of catalytic amobunt of NMP or DMF. An efficient crystallization
10was develommﬂmkmnnsheﬁkmsbambnmomklﬂmdndeéhgbdmphodummnmnahdghmyﬂmhﬂ and
purity. Procedure (usi free sus enS|

D5 br offbpy P aten e et S BR, b i AR bR et AR U B lemopaiyd o

acid I (seemﬁtbﬁpry4)act¢\8t:§/ 36 gomﬁﬁmﬂ W) %QaiontHavniNggB- (Rl\ZAﬂqpﬂnderﬂ)f RNI)e(P from

i t ,.75. 00 THF. (133. 4. .t | |
o Lt TRt e By Pty R Disdleal 3y STCY it g0 SRl 8%,

conversi on Ve ﬁ@ﬂ%hefbedlea@e@edtﬁhrafrwghmmml (caspebaronVvt ié&in@f an HCV

di ethyl am ne), the m xture was cooled to 105 C
infection or alleviating one or more symptoms thereof in a patient. In addition, the sodium

25  salt form of Compound (1) has demonstrated effectiveness in treating HCV-infected
patients in human clinical trials. The appropriate dosage amounts and regimens for a
particular patient can be determined by methods known in the art and by reference to the
disclosure in U.S. Patents 7,141,574 and 7,582,770, and US Application Publication
2009/0087409. Generally, a therapeutically effective amount for the treatment of HCV

30  infection in the mammal is administered. In one embodiment, about 1200mg to 1800mg is

administered per adult human per day in single or multiple doses.
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20and N, N-di i sopropyl et hyl am ne (378.77 g, 300 nmol) below 25 C. A sol ution
of (E)- butyl 3 -(2-(1- am nocycl obutyO-1-nethyl-1H benzo

kKflim dazwb-26ty@a20yl ate VI (25.86 g, 97.8 W% 77.25 mwrolrjusdiizssiseed i n
THF (106.7 g) was added at a rate to maintain the tenperature of the
content <25 C. The m xture was stirred at 255 C for at |least 30 mn for
conpletion of the am de formation. The m xture was distilled at nornal
pressure to 25renove Ca. 197 nL (171.5 g) of volatiles (Note: the
distillation can al so be done under reduced pressure). The batch was
adjusted to 405 C, and MeOH (118.6 g) was added. Water (15.0 g) was added
and the m xture was stirred at 405 C until crystallization occurred
(typically in 30 mn), and held for another 1 h. Water (90 g) was charged
at 405 C ovebpetifig, optingl déragdaitdcicaivaent ceapinens fonapssr@ulas rotignt yill ghdowred d f or
at least 1 h i e 39.5
9, varer (105hs R e R ikl Ruink SR i UoRnf bl et SRS

(E) - butyl 3- {2y (ifhe (©OR adibintytratimmpiatd ofiedimtdh, 9111)gcemb5\@tymll dp@meylty and course of

ensokt 11 i1 clkoorggh s OPARCHGRHEYEL B8 hNG o BEMINTHEL e spigec

purity of 98pHysiddn( Zﬂ(genajtl dwdC(ﬁQmﬁnd/\iso/ﬁlochkarale/t a%n@emdadmr@)néanﬂam@

dVf t T t
2 (5- br omopy FTNE e ey QO BRR Y 1o R RO AT T pinsgins dapmibl i s
acid 11 (33. éelggriows eldeefiect{ 214 g) and N-net hyl pyrrolidone (1.37 g). The

m xture was heated to 40 C, then added a solution of thionyl chloride (13
g) in toluene (17 g). The m xture was stirred at 40 C for at least 0.5 h

and cool gg t Phe3Rdfam shR fENBETVIHoLRAAY BFa m&eaa&iagé ged sfwyplbal@cuarﬁmua@kea/ (the
bi s-HC1 salt toluene solvate from Step 8) (39.4 %»gtoluene (206 and
f

N, N- di i sopr off\yhepatgniai neharmesetics) SoosbiE. Sephe R LERTPGS ioaey BitntS s

transferred ¥ 941 eaCkhAY 582870, 300 GSa01idiBs G 1Whiidh J00bMegrod 5& tlggvarla_lli'!se
m xture was stirred at 30 C for another 0.5 h, then char

i sopropanol (8% ¥ ‘oRperitas &t papke WP1WI1@thﬁﬂF%%%FWé@1qnhgh? é]i%@ﬁ%ﬂlﬂ‘?aé at 25

C. After St'&ﬁmﬂEmBﬁhm}@eﬁhﬁnm&%ﬁQXQBlﬂﬁm%&%%P%%uHﬁ?%nggnﬁ&ﬂﬁﬁaﬁhase
cutting. To the organic phase was char ged 1 sopr opanol , water (54 Q)

and stirred feeerva0 Him @hepaeprsdes uwﬁéls@lmm@udeémﬁ@anm entrqsh@g@u&ut ting.

The nixture d. e, mL of
vorar: Fea, v MPuhdh LUMRMShL UG I STVAC L U IR R0 T, o

The batch mamngkmpmédugmomﬁmﬁﬁ$®n&mh@qwﬁ Pral adihegstreool iedrefagre@0 C over 1 hr
and held for another 1 hr at the sane tenperature. The solid was
25filtered, rinsed with MIBE (95 g), and dried in vacuo at 80 Cto give
(E) - butyl 3- (& gharrideut{cl Golm‘pommﬁrdf ﬂils:llnnenﬁoy tay 8ortgin any conventional non-
yclopent

1 rop ey 2 R A i SrOTS AR Y SR s grvebivien 1§ 00 o6
yield). WO Qﬁk?daﬁb%ﬁiﬁ@ﬁﬂ@fﬂidmﬂu@ﬁﬂﬁﬁge sfjepedlWith Shanhiesti@llphceeptable

gﬁzlﬁdgfe(é %”Fb‘?g%%g§§§§%ﬁ%%%@%%%%%£ﬂ§%ﬁg@g%&S@%ﬁ%&%@?&%@é&%ﬁﬂg%@Qi)acryl

ic acid (Conmpewnd (1)) 5VI (1)

25  The pharmaceutical compositions may also be in the form of an oral pharmaceutical
composition comprising the crystalline or amorphous sodium salt of Compound (1) and at
least one pharmaceutically acceptable carrier or diluent. The oral pharmaceutical
compositions may be orally administered in any orally acceptable dosage form including,
but not limited to, tablets, capsules (e.g., hard or soft gelatin capsules), including liquid-

30  filled capsules, and aqueous suspensions and solutions. In the case of tablets or extrudates

casted into tablets for oral use, carriers which are commonly used include lactose,

20-



Notes: In this process, hydrolysis of (E)-butyl
3-(2-(1-(2-(5-bronopyrimdin-2-yl)-3-cycl opentyl 1- net hyl- 1H i ndol e- 6-c

ar boxam depeycdmkseoyl) - 1- net hyl- 1H benzo | dl i m dazol - 6PCTAISdIAEI8¢Y at e was
carried out in mxture of THF/ MeOH and aq NaOH. Controlled acidification of
the corresponding sodiumsalt with acetic acid is very critical to obtain
easy-filtering crystalline product in high yield and purity. 15 Procedure:
To the suspension of (E)-butyl

3-(2-(2-(2-(5-bronmopyrimdin-2-yl)-3-cycl opentyl-1-

met hyl- 1H i ndol e- 6- car boxam do) cycl obutyl) - 1- net hyl - 1H benzol dl i m dazol - 6-
yl)acrylate Mlaullm&)‘f’%g B Egld 081211 s\%réﬁt %?Jbrﬁt%éngé lS)lCH 4 J%gﬁesﬁlﬁg%argt)e fﬁ@QS(MEOH
(387 g) was 20 addedg 50% Na 4 | owed by rinse with
wat er (978 gyyplcaiﬂbeaddﬁd(tlﬂnr@ral\a@n@tsnm@dn bé@melerﬁor%u@ul@lﬂws lable;@ﬁt lagtoge, f or
conpl ete hyd t

i1 Tered thr bugoh Sosob RiceiAth kAR S AR BORAHs B0 icdeopPlfhon.

pre-m xed soExnipes abfofhadlagim C(assﬂ&sgl)at eancheMs@Hn¢18&7thgye. disThsedsio [FlRt 64865 was

heat ed to 60, civd (41 4 r 1h

whi |l e the m x Grr%eUsggteg%%%S%zggl\?h aaue()]llgsus englﬁ) rﬁ)adr\é\%iswg dg?rgﬂ \}/IP/;%S stirred
at 60 4 C f osacti®e ElgmdleAmslchmbm@bwtﬂn onuleifyimg atdi sOspancﬂldg égkihts4 Ifgj,es1&8190€lmml) was
charged in O. ch . was stirred at 60 4 N di ti.onal . The
bt o5 s cobteatinirg S CAIEDG e e e el o pt . Sl bBRR ol "
filtered, riasatied fohtha apsvenibxddorsolatibhand @bmp@itens (AteGogd iAREndeOH (773. 6
g), dri ed at. 50 ' C under vacuuymto giv . . » 1t

(E)-3-(2-(1- ?@“P?%?‘&ﬂﬁb&%fi il -“?%ig@ %-ﬁE%?EIP‘EFﬁB?ﬁl §94Rees bt hil-M#¢Ki ndol e- 6- ¢
ar boxam dg) CF@I@KM% YOmpardelhych; kéambapgn! dl i mi dazol - 6-yOacrylic acid (1)
(419.0 g, 95 %yield) with? 99.0 A% (240 nm and 94.1 W% by HPLC. 5 Step
11. Formation of Conpound (1) Sodium Salt (Type A) (1) To a reactor

wer e char gedcGenm '\lgmn(tﬂe)crﬁslaﬁﬂnegsodla&%aﬁ1srf891|11)1atecirl|ﬁ|F1 R efiede, foriRPan(pal 10 ni)
and 45% aqueous OH solution (20.4 g, 229.5 mol) he m xture was stirred
for >1 hr at2s2lEug $ftieg PRFUSPESER fOroEt admpstptip of by injeetipn, irgudingfogol ut i on
was charged @Xa%%qﬁlﬂaﬁlgrﬂlﬁa cgafﬂ@é:%l sollitm3a@los@Nd cﬂ%@allﬁ%%aﬂ‘e) NelBfndlsxt ure
was stirred at >30 nmand filtered. The filter was rinsed wth
THF (108 1) thaiﬁldalﬂmgld(tmedmh)marh@wﬁh q%npaﬁléommtaﬁéalnee@wl@oggm@ahﬁﬂ met hyl

et hyl ket one g{lﬁﬁ; %hﬁ

Corr%ound (1)éj |um%§gdlnaﬂft g&%gﬁg CZ) ype 9@%%@%%{4%& eﬁ%% gei\ftjlérﬂ?ed for

anot her 1 hr prasenb@v@tiomolttwae onty ot diseovweisg @haﬂwgéﬂar@mwanmgmalsodmsa(hﬁ@@ m) .

The resul tangt ‘tm: 1{y lﬁnf\["%?m%ﬁat ? SI)IR \%Htg}s%gblé‘d Qfl(:l?{l]t p%%ﬂ%g&l@lgalt hen cool ed
o ate was

to 25 C. The pre ared’ rins ce (2 x 300
m.). The wet pro%sangvami ;mai“rmutemtrcaMamumoatrna&efaGut@smg\me Odimpouahidorfill) sodi um

salt (Ty 949 npound .(. um s ( e A) MEK
ol vat o Bhealn iR e towdhbhise BT ST IRE bt iR SR SR Hp S e
above pr ocessleﬁxgzerp:ablewwIﬂﬁumsadﬁenygs Saeidsred mchiwir bdpocttand enyibsimedt of the sol vat e.
25 Notes Regarding Crystallization Step 11

present mventron.

Specific examples describing the preparation of various types of solid oral dosage

25  formulations of Compound (1) sodium salt are as set forth below.

In order that this invention is more fully understood, the following examples are set forth.
These examples are for the purpose of illustrating embodiments of this invention, and are
not to be construed as limiting the scope of the invention in any way. The reactants used in

30  the examples below may be obtained either as described herein, or if not described herein,
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Process Optim zation for Producing H gher Bulk Density Material Observation
of lab experinents showed that the seeding tenperature should be reduced
from 60 GWOaoBM4G200 prevent the dissolution of seed crPysraisg011/Db869
crystallization kinetics 5 in the THF/ MEK/ H20 system was found to be sl ow,
and oil / enul sion could be observed when anti-sol vent MEK was added too
fast after seeding. Thus experinents were perforned to optim ze the MEK
addition time and aging time to mnimze oiling. This inproved process
produced aggl onerated /aggregated granular crystals consistently that
resulted in the desired high bulk density. 10 Optim zation of anti-sol vent
addi tion and, gl TnAtoRERAGITERLIMAS AR5 HRER.LE oAt dThifitile aging
time following the MEK anti-solvent addition"at 50 C. The data I ndicated
that all sol hddaide peteabls by edthodt knofvndpihgtaiton wi t hi n 3 15hours of aging.
Fol  owi ng aging, the slurry was cooled linearly over 2 hours to 20 C. The
extended aging tine did not significantly inprove yield |losses in the

not her | i quobnlefheherwiss szkified.atlvents,nesperateds, ipressur&2amotlydr edadtionl qondidpast el y

after the_conpl et of . t.he MEK addi.tion,. L Lky-0il . sal utian S
observed 3oalBhe: K e af stOI ARy STl b 1 ey TRU MR PSS

di ssi pat ed wntphboimomerdibyr High Pespae higeidedtpenatngaphyd BPeCimifhedirddhaid a sl ower
addition rate, of K can avoid the formati on of oil. The XRPD pattern on
The vet cakeegnr g mRER ek F ol BBa oasief “Heter MR Ynas
carried out teoryadnipiticnhe process for the slow crystallization kinetics
observed in the current crystallization system A 1/2 hour aging tine was

i ncluded after seeding and the MEK anti-solvent addition time was increased
from2 too4 EEAMPLES 50 C. Al solids were found to have crystallized out
of solution within 2 hours of aging. Follow ng aging, the slurry was cool ed
linearly over 2 hours to 20 C and held overnight. This did not inprove on
t he not her | EgaoplellcReparation of Caapound (15Sddivm@attl usi on, the slurry at the
end of the MEK addition was found to produce clear nother |iquors wthout
an oil phase; whereas previously in the 2-hour MEK addition, a mlky oily
not her | i quoStepds Sphhesiy eftisopropyl3eC pilopencidil irnethyis1 H-riidote-6-cixdokylatet | - Sol vent
addition to prevent the oiling. to Drying Tinme Study A study was conducted
to deterdine the required drying tine at 80 Cto neet the ICHIlimts of
resi dual solvents of MEK and THF. The results showed that drying for a
mnimmof 5 hours is, required to neet the ICHJlimt on THF. 15 Effects of
Water Content on Yi eand Crystallization Thffect of water content on
crystallization al ua i wat er contgnt was varied fromthe 5.6%
(ww) level speci int PQOL,IQE_ g. The study was done using
2050% nor e al 5% xf I'Nzation. The data indicated
that 5.6% waterOcontéfft is near optimum%or gd6d yield and operability.

Because of the instability of brominated product, methyl 3-cyclopentyl-1-methyl-1H-

20  indole-6-carboxylate needed to be converted into the more stable isopropyl 3-cyclopentyl-
1-methyl-1H-indole-6-carboxylate via a simple and high yielding operation. The
conversion worked the best with stoichiometric amounts of solid lithium isopropoxide.
Use of 0.1 eq lithium isopropoxide led to longer reaction times and as a result to more
hydrolysis by-product, while lithium isopropoxide solution in THF caused a problematic

25  isolation and required distillation of THF.

Procedure:
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Phar maceuti cal Fornul ations of the Crystalline Sodium Salt 250ne cl ass of
sol ubi li zer excipients, basifiers, act by increasing the m croenvironnent
pH and t hwoeb/dsmzneasi ng the | ocal solubility of the deag/uStan/osesdy ug
containing an acid noiety). Another class of solubilizer excipients,
surfactants, also act by increasing the local solubility of the drug. It
has been found that the in vitro dissolution characteristics of Conpound
(1) crystalline sodiumsalt formcan be enhanced significantly by

i ncorporation 300f solubilizers, for exanple, surfactants, basifiers or
pol ymers, or conbinations thereof. It has also been discovered that when
mul tiple sol ghi biagE S métﬁﬁhs @}ém@@@ﬁl by PRI AR fie 366 U586 1 N
conbi nati on wth Conpound ( al 't ne sodium salt, "an unexpect ed
enhancenent al dndifthgn) umrbmxyieu(é6 A6 H6u 633 anplda Aomeraneltved styed at 60X r o

testing. Foro . b i

surtaceants, ¢ o THeEy 3Pl ARGATE Bl QehBREhL NS, ORI QRFIRED,
used in conbandat/dt@”r(6®(] g)rwdsaéde_l’diam site tbaraiBaie dwripich tempeaatlgﬁ Al 405 °Gregfteri ne or
L-1ysi ne. %@101’1 ?nayft}lil eIVQaQ cg)o edst%QO BH gr ﬁo@‘ﬂc @Lat %(5 bg % ﬁ) %glem xtures

of Cbnpound ne sodi um-sart form asifrers an
surfactants pbfﬂwnmmh&apﬁhhe$muhdmaaWeB28ha%QqugmMuhMQwr@mh@maemmmwr|s

observed (Ta ) mhen c 101 10: 2 MItrI rQ ed sical mxtures
of Compound- (4§ <ot saervagiyed b riring pePr] b U REEPR B Ghs it
conpared to Wﬁ'§3{103'70]{0tg[det1§4)'bﬂ)tp?ﬁ3 BYRYsple @i 1 -Metyll BSndoROb-c£86R0HNG2 (7], sodi um
salt crystalline:; basif 2:1 triturated physical m xtures of Conpound
(1) sodlun1S%V?y@Fp@t%??ﬁﬁ%Q4%H?$actant were used. For exanple, only 1%
drug rel ggse was obtai ned when Conpound (1) sodiumsalt crystalline was

present. The %drug rel ease was 54%at 60 minutes in the presence of 100 ng
Ar gi ni ne al ohee $HHnGYoteriy npatey] greadlaprney]-dfmethyi findeledydarteyylpgcan by one

(Tabl e 2). HGUENETas deLBLRARGAPRNI2LPY alh APyiy7G) ﬁwE@lﬂgﬁ@lw 100 ny
of Sodiumlauryl sulfate, the %drug release increased to 93% at 60 m nutes
(Tabl e 3) inBﬁ@aﬂﬁﬁé3éhhamd@ﬁﬁth®n@ﬂ®§bbkﬁﬂﬁ@ﬁ when both surfactant and
basifier were used in conbination. Surprisingly, dissolution enhancenent is
al so observed in the presence of only 40 ng basifier and 20 ng surfactant
(for a total of 60 mg basifier + surfactant) (see Table 3) as conpared to
the 2:1 triturated physical m xtures having 100ng 20of either basifier or
surfactant. This solubilization enhancenent concept has been applied in the
devel opnment Sfep20ISiydthesieof Isepropyl 2 Bramd- 2y doyentgd-1daahyl Hedhdodd-6w. 25 30
TABLE 2: Di SSOLUtIOﬂ of Conpound (1) Na Salt in Binary Triturated M xtures
(200 ng dr ug®¥PEYE; ent (s) in capsule in 500 nL pH 6.8 buffer) Time %

Rel ease Basifiers 100 ng Arginine

1) Bry, CH3CN
N (1) Brz, CH, g
o N (2) NapS,03, Hy0 0 N
5 Me  4-methylmorpholine 5 Me

This process identified the optimal conditions for the synthesis of 2-bromo-3-cyclopentyl-

20

1-methyl-1H-indole-6-carboxylate via bromination of the corresponding 3-cyclopentyl-1-
methyl-1H-indole-6-carboxylate with bromine. It’s very important to control the reaction
25  temperature and to quench the reaction mixture with a mixture of aqueous sodium
thiosulfate and 4-methylmorpholine to minimize the formation of the dibromo- and 2-
indolone impurities. Further neutralization of the crude product with NaOH in isopropanol

greatly increases the stability of the isolated product.

03



(n=4) Meglum ne (n=2) Lysine (n=4) Tris (n=3) 15 43 (27-53)* 47 18 (9-27)
40 (34-43) 30 54 (39-62) 48 60 54 (38-60) 48 47 (33-54) 44 (35-48) 90
(i nfinitywo2412004@288) 49 PCT/US2011/052869

10

15

20

25

30

Procedure:

The mixture of isopropyl 3-cyclopentyl-1-methyl-1H-indole-6-carboxylate (50.0 g, 0.175
mol) and acetonitrile (393 g) was cooled to —6£3 °C. Bromine (33.6 g, 0.210 mol) was
added while the batch was maintained at —6+3°C. The resulting slurry was stirred at —
623°C for at least 30 min. When HPL.C showed > 94 % conversion (the HPL.C sample
must be quenched immediately with aqueous 4-methylmorpholine/sodium thiosulfate
solution), the mixture was quenched with a solution of sodium thiosulfate (15.3 g) and 28.4
g 4-methylmorpholine in water (440 g) while the temperature was maintained at —5+5 °C.
After it was stirred at 0+5 °C for at least 2 h, the batch was filtered and rinsed with 85 wt%
methanol/water solution (415 g), followed by water (500 g), and dried until water content
is <30%. The wet cake was suspended in 2-propanol (675 g), and heated to 7545 °C. The
resulting hazy solution was treated with 1.0 M aqueous sodium hydroxide solution (9.1 g)
and then with 135.0 g water at a rate to maintain the batch at 75+5°C. The suspension was
stirred at 7525°C for at least 30 min, cooled to 1542 °C over 30-40 min, and held at 15+2
°C for at least 1 h. The batch was filtered, rinsed with 75 wt% 2-propanol/water solution
(161 g), and dried in vacuo (<200 Torr) at 50-60 °C until the water content was < 0.4% to
give isopropyl 2-bromo-3-cyclopentyl-1-methyl-1H-indole-6-carboxylate as a solid (55.6
g, 87 % yield ) in 99.5 A% (240 nm) and 97.9 Wt%.

Alternative Procedure:

The mixture of isopropyl 3-cyclopentyl-1-methyl-1H-indole-6-carboxylate (84 g, 0.294
mol) and isopropyl acetate (1074 g) was cooled to between —10-0 °C. Bromine (50 g,
0.312 mol) was added while the batch was maintained at —10 — 0 °C. The resulting slurry
was stirred at the same temperature for additional 30 min and quenched with a pre-cooled
solution of sodium thiosulfate pentahydrate (13 g) and triethylamine (64.5 g) in water (240
¢) while the temperature was maintained at 0-10 °C. The mixture was heated to 40 — 50 °C
and charged with methanol (664 g). After it was stirred at the same temperature for at least
0.5 h, the batch was cooled to 0 — 10 °C and stirred for another 1 hr. The precipitate was

filtered, rinsed with 56 wt% methanol/water solution (322 g), and dried in vacuo (<200

4.



44 (33-46) 41(33-46) Surfactant 100 nmg SDS (n=2) Vit E TPGS (n=2) Pl uronic
acid (n=1) Drug alone (n=2) 15 57 (56-57) 24 (24-24) 3 1(1-1) 30 61(60-63)
27 (27-2Nvo2R1210443201) 60 59 (58-60) 27 (27-27) 12 PCT/US2011/052869

Torr) at 50-60 °C until the water content was < 0.4% to give isopropyl 2-bromo-3-

cyclopentyl-1-methyl-1H-indole-6-carboxylate as a beige solid (90-95 g, 80-85 % yield ).

Step 3a,b. Preparation of compound I by one-pot Pd-catalyzed borylation-Suzuki

5  coupling reaction

O Step3a
(1) 1.3eq! H—E{
3 mol% Pd(TFP LCla,

6 mol% tri(2-furyl)phosphine
1.5 eq. Et3N, 3V CH,CN

\ reflux (81-83 °C) \ + Et;NeHBr
PO Br B +Ho
N (2) 1.0eq. HO in 0.5V CHLCN N
\ I
o) Me Me
N= Step 3b HO
—4 :>—Br +
) _<N / :>_ HO
Br
K3PO,, H,0, reflux (76-77 °C) +B(OH)z
Kl
(2) Activated carbon 9] : K.HPO,

To a clean and dry reactor containing 20.04 g of isopropyl 2-bromo-3-cyclopentyl-1-
methyl-1H-indole-6-carboxylate, 1.06 g of PA(TFP),Cl,(3 mol%) and 0.76 g of tri(2-

10 furyl)phosphine (6 mol%) was charged 8.35 g of triethylamine (1.5 equivalent), 39.38 g of
CH;CN at 23+10 °C under nitrogen or argon and started agitation for 10 min. 9.24 g of
4,4,5,5-tetramethyl-1,3,2-dioxaborolane was charged into the reactor. The mixture was
heated to reflux (ca. 81-83 °C) and stirred for 6h until the reaction completed. The batch
was cooled to 30+5 °C and quenched with a mixture of 0.99 g of water in 7.86 g of

15  CH3CN. 17.24 g of 5-bromo-2-iodopyrimidine and 166.7 g of degassed aqueous potassium
phosphate solution (pre-prepared from 46.70 g of K5;PO4and 120 g of H,O) was charged
subsequently under argon or nitrogen. The content was heated to reflux (ca. 76-77 °C) for 2
h until the reaction completed. 4.5 g of 1-methylimidazole was charged into the reactor at
70 °C. The batch was cooled to 20+3 °C over 0.5h and hold at 2043 °C for at least 1h. The

20  solid was collected by filtration. The wet cake was first rinsed with 62.8 g of 2-propanol,
followed by 200 g of H,O. The solid was dried under vacuum at the temperature below 50
°C.
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1 (1-2) 90 (infinity) 49 (45-53) 27 (27-27) 13 1 (1-2) Note, the average
Is reported. * Nunmbers in parenthesis indicate a range of %release 5 10
15 WO 20w0/204B20PCT/ US2011/ 052869 TABLE 3: Di ssol uti omCofusGampsesael (1) Na
Salt in Tertiary Triturated M xtures (200 ng drug & excipient(s) in capsule
in 500 nL pH 6.8 buffer) Tinme % Rel ease, Average of n=2 (range) Basifier +
surfactant (100 ng+ 100ngy) Arginine + SDS Meglum ne + SDS Lysine +

Into a dry and clean reactor was charged dried I, 10 wt% Norit SX Ultra and 5 V of THF.
The content was heated at 60%5 °C for at least 1 h. After the content was cooled to 35+5
°C, the carbon was filtered off and rinsed with 3 V of THF. The filtrate was charged into a
clean reactor containing 1-methylimidazole (10 wt % relative to I). After removal of 5V
5  of THF by distillation, the content was then cooled to 312 °C. After the agitation rate was

adjusted to over 120 rpm, 2.5 V of water was charged over a period of at least 40 minutes
while maintaining the content temperature at 31 =2 °C. After the content was agitated at
31 £ 2 °C for additional 20 min, 9.5 V of water was charged into the reactor over a period
of at least 30 minutes at 31 + 2 °C. The batch was then cooled to about 25 + 3 °C and

10 stirred for additional 30 minutes. The solid was collected and rinsed with 3 V of water. The
wet product I was dried under vacuum at the temperature below 50 °C (19.5 g, 95 wt%,

76% yield).

Alternative Procedure:

15  To aclean and dry reactor containing 40 g of isopropyl 2-bromo-3-cyclopentyl-1-methyl-
1H-indole-6-carboxylate (0.110 mol), 0.74 g of Pd(OAc); (3.30 mmol, 3 mol% equiv.) and
3.2 g of tri(2-furyl)phosphine (13.78 mmol, 12.5 mol% equiv.) was charged 16.8 g of
triethylamine (1.5 equivalent), 100 mL of acetonitrile at 25 °C under nitrogen or argon.
20.8 g of 4,4,5,5-tetramethyl-1,3,2-dioxaborolane was charged into the reactor within 30

20  min. The mixture was heated to reflux (ca. 81-83 °C) and stirred for over 5 hrs until the
reaction completed. The batch was cooled to 20 °C and quenched with a mixture of 2.7 g
of water in 50 mL of CH;CN. The batch was warmed to 30 °C, stirred for 1 hr and
transferred to a second reactor containing 34.4 g of 5-bromo-2-iodopyrimidine in 100 mL
of acetonitrile. The reactor was rinsed with 90 mL of acetonitrile. To the second reactor

25  was charged with degassed aqueous potassium phosphate solution (pre-prepared from 93.2
g of KsPOy4and 100 g of H,O) under argon or nitrogen. The content was heated to reflux
(ca. 80 °C) for over 3 h until the reaction completed. 9.2 g of 1-methylimidazole was
charged into the reactor at 70 °C and the mixture was stirred for at least 10 min. The
aqueous phase was removed after phase separation. 257 g of isopropanol was charged at 70

30 °C. The batch was cooled slowly to 0 °C and hold for at least 1 h. The solid was collected

by filtration. The wet cake was rinsed twice with 2-propanol (2 x 164 g) and dried under
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SDS Arginine + VitE TPGS Meglum ne + VitE TPGS Lysine + VitE TPGS 15 92
(91-93) 81(79-83) 40 (37-42) 76 (74-78) 81(81-81) 42 (29-55) 30 93 (93-94)
87 (86-88yonrd1@F282) 77 (76-78) 85 (84-86) 79 (77-81) @GOTAB2(1985538)

vacuum at the temperature below 50 °C to give I as a yellow to brown solid (26 g, 75%

yield).

Step 4. Hydrolysis of I to 11

Step 4
1. NaOH, H,0 N
:>_ _NMP, 50-53°C_ A i>_Br + iPrOH
Pro 2.aq. HOAc . HO N \N / +NaOAc
. \
8 93-98% 5 Me

I (20 g) and 1-methyl-2-pyrrolidinone (NMP) (113 g) were charged into a clean reactor
under nitrogen. After the batch was heated to 50-53 °C with agitation, premixed aq. NaOH
(5.4 g of 50% aq. NaOH and 14.3 g of water) was introduced into the reactor. The resulting

10 mixture was stirred at 50-53 °C for about 10 hrs until the reaction completed. A premixed
aq. HOAc (60 g of water and 9.0 g of HOAc) was added over 0.5 h at 45 +5 °C to reach pH
5.5-7.5. The batch was cooled to 20+5 °C and then kept for at least 1.0 h. The solid
product was collected and rinsed with 80 g of NMP/water (1:3 volume ratio) and then 60 g
of water. The product was dried under vacuum at the temperature below 50 °C to give II as

15  apale yellow powder (19 -20 g, purity > 99.0 A% and 88.4 wt%, containing 5.4 wt%
NMP). The yield is about 93-98%.

Notes: The original procedure used for the hydrolysis of I was carried out with aq. NaOH

(2.5 eq) in MeOH/THF at 60 °C. Although it has been applied to the preparation of II on
20  several hundred grams scale, one disadvantage of this method is the formation of 5-MeO

pyrimidine during hydrolysis (ca. 0.4 A%), which is extremely difficult to remove in the

subsequent steps. In addition, careful control has to be exerted during crystallization.

Otherwise, a thick slurry might form during acidification with HOAc. The use of NMP as

solvent could overcome all aforementioned issues and give the product with desired purity.
25

Alternative Process

To a reactor was charged I (71 g), isopropanol (332 g), aqueous NaOH (22 g, 45 wt%) and

water (140 g) at ambient temperature. The mixture was heated to reflux (80 °C) and stirred
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83 (80-87) 85 (85-86) 78 (78-78) 86 (84-87) 83 (82-83) 90 91(89-92) 86
(85-87) 85 (84-85) 76 (75-76) 82 (80-84) 81(81-82) Basifier + surfactant
(40 ng+ 2900p1272528r gi ni ne + SDS Megl um ne + SDS Lysi ne PETSBIIA0FISHY ne +
VitE TPGS Megl um ne

for at least 3 hrs until the reaction completed. The batch was cooled to 70 °C and charged a
suspension of charcoal (3.7 g) in isopropanol (31 g). The mixture was stirred at the same
temperature for over 10 min and filtered. The residue was rinsed with isopropanol (154 g).
Water (40 g) was charged to the filtrate at 70 - 80 °C, followed by slow addition of 36%

5 HCl solution (20 g) to reach pH 5- 6. The batch was stirred for over 30 min at 70 °C, then
cooled to 20 °C over 1 hr and kept for at least 1.0 h. The solid product was collected and
rinsed with 407 g of isopropanol/water (229 g IPA, 178 g H,O). The product was dried

under vacuum at 80 °C for over 5 hrs to give II as a white powder (61 g, 95% yield).

10  Notes on Steps 5 to 8 below:

A concise and scalable 4-step process for the preparation of the benzimidazole

intermediate V was developed. The first step was the preparation of 4-chloro-2-(methyl)-

aminonitrobenzene starting from 2,4-dichloronitrobenzene using aqueous methyl amine in

DMSO at 65 °C. Then, a ligandless Heck reaction with n-butyl acrylate in the presence of
15  Pd(OAc),, iPerEt, LiCl, and DMACc at 110 °C was discovered.

Step 5: SNAr reaction of (5-chloro-2-nitrophenyl)-methylamine

CI\@iCI 2M MeNHo/THF CI\C[NHMe
NO, NEt;, DMSO, 65°C NO,

90%

20  To a solution of (5-chloro-2-nitrophenyl)-methylamine (40 g, 208.3 mmol, 1 equiv) in
DMSO (160 mL) was added 40% MeNH, solution in water (100 mL, 1145. 6 mmol, 5.5
eq) slowly keeping the temperature below 35 °C. The reaction was stirred at r.t. until the
complete consumption of the starting material (>10 h). Water (400 mL) was added to the
resulting orange slurry and stirred at r.t. for additional 2 h. The solid was filtered, rinsed

25  with water (200 mL) and dried under reduced pressure at 40 °C. (5-chloro-2-nitrophenyl)-
methylamine (36.2 g, 93% yield, 94 A% purity) was isolated as a solid.

Step 6: Heck Reaction of (5-chloro-2-nitrophenyl)-methylamine
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+ VitE TPGS Lysine + VitE TPGS - 15 74 (70-78) 66 (61-71) 75 (74-77) 62
(61-63) 52 (33-70) 37 (33-41) 30 77 (74-80) 73 (71-75) 77 (76-78) 64
(62-67) ABO(QUR/AB2069 (69-70) 60 76 (74-78) 70 (69-71) PET(UBITH}2865
(63-68) 73 (73-74) 71(70-72)

O

0
\)j\OB (1.05 eq)

MeHN Cl u MeHN S
e
D/ - OBu
O,N Pd(OAc); (0.5%)
ProNEt (1.2 eq) O,N

LiCI (1 eq)
DMAG (5 vol), 110 °C, 7-22 h

To a mixture of 4-chloro-2-methylaminonitrobenzene (50.0 g, 268.0 mmol, 1.0 eq),
Pd(OAc), (0.30 g, 1.3 mmol, 0.005 eq) and LiCl (11.4 g 268.0 mmol, 1.0 eq) in DMAc
5 (250 mL) was added "Pr,NEt (56 mL., 321.5 mmol, 1.2 eq) followed by n-butyl acrylate (40

mL, 281.4 mmol, 1.05 eq) under nitrogen. The reaction mixture was stirred at 110 °C for
12 h, then cooled to 50 °C. 1-methylimidazole (10.6 mL, 134.0 mmol, 0.5 eq) was added
and the mixture was stirred for 30 min before filtering and adding water (250 mL). The
resulting mixture was cooled to r.t. over 1 h. The resulting solid was filtered and washed

10 with water and dried to yield n-butyl 3-methylamino-4-nitrocinnamate (71.8 g, 96 %, 99.2
A% purity).

Step 7: Reduction of n-butyl (3-methylamino-4-nitro)-cinnamate

15
0 H, (4 bar) O
i MeHN
MeHN X O"Bu Raney Ni . x 08U
Toluene-MeOH HN
ON 20- 25 °C 2

To a reactor was charged n-butyl 3-methylamino-4-nitrocinnamate (70.0 g, mmol, 1.0 eq)
, Raney Ni (4.9 g, ~20wt% H,0), charcoal “Norit SX Ultra” (3.5 g), toluene (476 mL) and
20 MeOH (224 mL). The reactor was charged with hydrogen (4 bar) and the mixture was
stirred at 20- 25 °C for about 2 hrs until the reaction was completed. The reaction mixture
was filtered and rinsed the filter residue with toluene (70 mL). To the combined filtrates
were added “Norit SX Ultra” charcoal (3.5 g). The mixture was stirred at 50 °C for 1.0 hr

and filtered. The filtrate was concentrated under reduced pressure to remove solvents to
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90 72 (70-74) 68 (67-69) 72 (70-74) 63 (60-66) 71(70-72) 69 69-69) 5 Based
upon the physi cochem cal characteristics of the drug substance and the

sol ubi | i twoentzameenent obt ai ned when using surfactant amdThsgeifios2869 n

conbi nati on, the scope for the drug product devel opment was to fornulate a
solid dosage formul ati on which woul d take advantage of the solubility
enhancenent achi eved using basifiers and surfactants in 10 conbi nation and
di ssol ve rapidly upon contact with aqueous nedia. This fornulation
conprises one or nore basifier and one or nore surfactant, which in

conmbi nati on can enhance the solubilization of the drug as well as maintain

the drug SUb %Bﬁﬁle 'oH 1ﬂa1%§1%9,| Yﬁ@reﬁﬁ%@c&%’ﬂw@é llléaﬂéeh%‘m it %d@ﬁh&%@gowly

i nt esti nal ui d tabl et formulation conponents such as “bi nders
(which can amstbylethb?h@@n@ 6|3ﬁ| bilD iagthe bame) tempérptueey $he glxitutames eaotbdltebpdueant s,

toaidin the Lakheldl084RIAGEPSed aggalg'tgén’kﬁ&%g%&%éd Egj gé&o'n@o Lafy et
di si ntegration upon contact I n aqueous dded as required.
Thus, anot hefC. éFﬂnb@@lldmﬂtfllmfedtah@nmeész\éuhtmqtm emlwhﬂnanesn threegotteas {ox 4 sol i d

phar maceug I C%&% gBPéakE w%; drle(dbﬁ Va%uo Pd &‘é tor%gvegigfr 45%' 3N 2 5 m{nC 86% ?) Conpound

(1) crystalli east o actan | east one
basifier; (d) and optionally one or nore pharnaceutlcally accept abl e

excipients, uch. gs 10 nd glidants; and |ubricants. The
anount of ac WBB'?H@?E F@ﬁ?BﬁP“@Bkﬁﬁﬁﬁh (1) crystalline sodiumsalt that
may be present in the dosage formmay vary wi dely or be adjusted dependi ng
upon the intended route gg adm ni stration, the potency of the particular

active ingredient Jhe&j,dg. U eerthe 155ever|ty of the hepatitis C viral
infection and the requirgdlconcentration. articul ar embodi nmeng,, .the

Conpound (1) & Ystal | i newSodipm sal t |9kg§é gm@H%@py@%MbasﬁgE?}fgum
about %ﬁ¥0—9%@6b i 7
% 1, 70-80 m

formul ati on co Si t I ONoikdd si@ N | B1Y
preferably from about 5% to 50% by , hore preferably abdi® 10%

to 40% by wei gh. 20Phar maceutical |y acceptabl e surfactants suitable for
use in cgoptext of the present invention include, but are not limted to,
sodium |l auryl sulfate (SDS), Vitamn E TPGS, Celucire(r)

To reactor-1 was charged III (35 g, 140.95 mmol) in toluene (140 g). The mixture was
heated to 50 °C to obtain a clear solution. To a second reactor was charged IV (36.4 g,
169.10 mmol) and toluene (300 g), followed by addition of a solution of dicyclohexyl

15 carbodimide (11.6 g, in 50% toluene, 28.11 mmol) at 0 — 10 °C. The mixture was stirred at
the same temperature for 15 min, then charged in parallel with the content of reactor-1 and
the solution of dicyclohexyl carbodimide (52.4 g, in 50% toluene, 126.98 mmol) within 1
hr while maintaining the batch temperature at 0 — 10 °C. The mixture was agitated at the
same temperature for 3 hrs, and warmed to 25 °C for another 1 hr. Once III was consumed,

20 toluene (~300 mL) was distilled off under reduced pressure at 70 — 80 °C. n-Butanol (200
g) was added, followed by 3 M HCl solution in n-butanol (188 g) while maintaining the
temperature at 70 — 80 °C (Gas evolution, product precipitates). After stirring for over 30
min. at 70 — 80 °C, the mixture was cooled to 20 — 30 °C over 1 hr. The precipitate was
filtered and washed with acetone (172 g) and toluene (88 g). The wet cake was dried in

25  vacuo at ~60 °C to give V toluene solvate as off white solid (60 — 72 g, 85 — 95% yield).
Compound V could be used directly for the next step or basified prior to next step to obtain

the free base compound VI used in the next step.
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or conbi nations thereof. A preferred surfactant is sodiumlauryl sulfate.
The surfactant conprises 0%to 50% by wei ght of the total conposition, with
pr ef er r edwarmolugs2br om 1- 10% by wei ght of total conposiPCrams2@ndszsee || nore
preferably from about 2% to 8% by 25wei ght of total conposition.

Phar maceutically acceptable basifiers suitable for use in context of the
present invention include, but are not limted to, L-arginine, meglum ne,
L-lysine, tronetham ne (Tris) or conbinations thereof. A preferred basifier
is L-arginine. The basifier conprises 0%to 40% 30 by weight of the total
conposition, with preferred amounts from 2-20% by wei ght of tota

conposi {1 on_ g oMy fnddid bi (EPIBGHABAR V- J LB ARMbinthl 2y 8% BigpURENt Of

total conposit nposition in accor

optionally i hxdmme;I.Hfludqleréfcaebmtawthmysl,obw@chnuthy! dbHhenzefdlinddagoke. g. wat er
m sci bl e poly as pol yethyl ene glycols (different nolecul ar

wei ghts) and %ﬁ#§V|ny pyrrolidone and water insoluble polyners such as
copol ynmers of polyvinyl pyrrolidone and polyvinyl acetate, etc.), tablet

fillers (such as m ocrystalllne cel |l ul ose, pharmaceutically acceptabl e
sugars (such as |acfdse nonoHydtate™ Wannitol i somal t, sorbitol, ‘gfc),
glidants (such |CN collﬁﬂﬁﬁ? Qlllrnn 10di_axj Wl

(such as nagnesi det c) . NS onp05|t| t en
such as pol yet fyl en@eg ycols (nebiud cul ar wei ght's) 0 acke as a
solubilizer in the formulation angl the comp05|t|on preferable may contain
such bi nder/sol ubi i zer. Thoses®firordi nary skill in the pharhaceutlcal art
wil | knomghOM/to sel ect accephahlkg binders, fillers, glidants and

| ubricants for tablet formulation. 15 Additionally, if in tablet formthe
tablet may be filmcoated to formas a filmcoated tabl et product using
commonl y knolategind conmercially available filmcoating materials. Exanples

of fi'”‘forg?ﬂﬂxﬂ%h? CéﬁPEFQa“ﬁ@ 1@8ﬂ&§ﬁqwﬁgah&gﬁu88%MM%QM&wﬁ%ﬁ%ﬁng and

hydr oxypr op nmet hy ose hese pol yners are In co rcially
avail abl e ZodﬂWMNucdamhngKSVEUQMﬂﬂsmmmnaﬁP@@RDRE@H)AmeﬁhdmOﬁADNM@nwnl|

systens f on1Cb QLGON, dit referred.for at.i di nents
i ncl ude: 25A" 6% goghépﬁ%858FHQQWWRa&mua{?nmngnny%lWdﬁan%Pmﬁ conpri si ng:

(a) about 5 to 60 % by wei ght Conpound (1) crystalline sodiumsalt; (b)
about 1 to 10 % by wei ght surfactant; (c) about 2 to 20 % by wei ght
basifier; (d) 0 to about 40% by wei ght bi nder; 30and optionally one or nore
pharmaceutically acceptabl e excipients

Procedure (using free base VI):

15  To the suspension of 2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-methyl-1H-indole-6-
carboxylic acid II (see Step 4) (33.36 g, 90.0 wt %, containing ~0.2 equiv of NMP from
previous step,75.00 mmol) in THF (133.4 g) was added thionyl chloride (10.71 g). The
mixture was stirred at 25+5 °C for at least 1 h. After the conversion was completed as
determined by HPLC (as derivative of diethylamine), the mixture was cooled to 10£5 °C

20 and N,N-diisopropylethylamine (378.77 g, 300 mmol) below 25 °C. A solution of (E)-
butyl 3-(2-(1-aminocyclobutyl)- 1-methyl-1H-benzo[d]imidazol-6-yl)acrylate VI (25.86 g,
97.8 Wt%, 77.25 mmol) dissolved in THF (106.7 g) was added at a rate to maintain the
temperature of the content <25 °C. The mixture was stirred at 25+5 °C for at least 30 min
for completion of the amide formation. The mixture was distilled at normal pressure to

25  remove ca. 197 mL (171.5 g) of volatiles (Note: the distillation can also be done under
reduced pressure). The batch was adjusted to 40+5 °C, and MeOH (118.6 g) was added.

Water (15.0 g) was added and the mixture was stirred at 40+5 °C until crystallization

31-



A solid pharmaceutical conmposition, e.g. a tablet, conprising: (a) about 10
to 50 % by wei ght Conpound (1) crystalline sodiumsalt; (b) about 2 to 8%
by wei ghtweunf2agsznt; (c) about 4 to 16 % by wei ght basipCirarszoi3086about 1
to 25% by wei ght binder; and optionally one or nore pharmaceutically

accept abl e excipients. A solid pharnmaceutical conposition, e.g. a tablet,
conpri si ng: (a) about 20 to 50 % by wei ght Conpound (1) crystalline
sodiumsalt; 10(b) about 2 to 6 % by weight surfactant; (c) about 4 to 12 %
by wei ght basifier; (d) about 5 to 20% by wei ght bi nder; and optionally one
or nore pharnmaceutically acceptabl e excipients. 15 Exanpl es of

phar maceut i cgle,fQf dlﬂ%ﬂléa‘il 50 G a%h Hélﬁ %r%@ﬁ%&“l”l&j W%Qer L%(‘g') WdecHafRakaRl.et

formul ati ons descr el ow. le 2: Solid ormulation # 1 20 The
conposi ti on 6f otehé hswidithe l@ﬁtcéalwafS@W&aql wtA5eh: Clm@)ﬁnbgﬁﬂé@hldlfwrﬁéﬂqasjridl ithg % w w

Conmpound (1) sdﬂﬂ v@a@Ifltitereé(‘\ﬁnse\,/d':}wfl’ﬁf1 ﬂg’xu'}f% %l“ MEb@P(3§!§P), wa%} (1(%%), and dried in
vacuo (<200 Torr) at 505 °C to give (E)-butyl 3-(2-(1-(2-(5-bromopyrimidin-2-y1)-3-
5  cyclopentyl-1-methyl-1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-
benzo[d]imidazol-6-yl)acrylate VII (51.82 g, 96.6 % yield) with a HPLC purity of 98.0
A% (240 nm) and 99.0 Wt%.

Alternative Procedure (using compound V from Step 8)
10
To reactor 1 was charged 2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-methyl-1H-indole-6-
carboxylic acid II (33.6 g), toluene (214 g) and N-methylpyrrolidone (1.37 g). The mixture
was heated to 40 °C, then added a solution of thionyl chloride (13 g) in toluene (17 g). The
mixture was stirred at 40 °C for at least 0.5 h and cooled to 30 °C. To a second reactor was
15  charged with compound V (the bis-HCI salt toluene solvate from Step §) (39.4 g), toluene
(206 g) and N,N-diisopropylethylamine (70.8 g) at 25 °C. The content of reactor 1 was
transferred to reactor 2 at 30 °C and rinsed with toluene (50 g). The mixture was stirred at
30 °C for another 0.5 h, then charged with isopropanol (84 g) and water (108 g) while
maintained the temperature at 25 °C. After stirring for 10 min, remove the aqueous phase
20  after phase cutting. To the organic phase was charged isopropanol (43 g), water (54 g) and
stirred for 10 min. The aqueous phase was removed after phase cutting. The mixture was
distilled under reduced pressure to remove ca.250 mL of volatiles, followed by addition of
methyl tert-butyl ether (MTBE, 238 g). The batch was stirred at 65 °C for over 1 hr, then
cooled to 20 C over 1 hr and held for another 1 hr at the same temperature. The solid was
25 filtered, rinsed with MTBE (95 g), and dried in vacuo at 80 °C to give (E)-butyl 3-(2-(1-(2-
(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-methyl-1H-indole-6-carboxamido)cyclobutyl)-
1-methyl-1H-benzo[d]imidazol-6-yl)acrylate VII as a beige solid (50 g, 90 % yield).
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Basifier 7.00 Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant 3.50

Pol yet hyl ene d ycol 6000 NF / Ph. Eur. Solubilizer/ Binder 10.33 Mnnitol
USP / Ph.wauoi12/Hui2ber 43.72 Colloidal Silicon Dioxi de NPCTRI$201E052869 i dant
0. 75 Magnesium Stearate NF/ Ph. Eur. Lubricant 0.75 Two specific
solid oral drug product formnulations were prepared according to the above
25 general Formulation # 1, a 50 ng product and a 200 ng product.

Step 10. Synthesis of (E)-3-(2-(1-(2-(5-Bromopyrimidin-2-yl)-3-cyclopentyl-1-methyl-
1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-benzo[d]imidazol-6-yl)acrylic
acid (Compound (1))

O O
Me Me
n_BuO)‘\/\QTN y O\ Ni>_Br THF/MeOH/Water HO)‘\/\QTN y N Ni>—Br
N\ [} N\
SN N W / NaOH, 68 °C SN N W /
0 M
Vil (

e 0 Me
N

Notes:
In this process, hydrolysis of (E)-butyl 3-(2-(1-(2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-
1-methyl-1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-benzo[d]imidazol-6-

10 yDacrylate was carried out in mixture of THF/MeOH and aq NaOH. Controlled
acidification of the corresponding sodium salt with acetic acid is very critical to obtain

easy-filtering crystalline product in high yield and purity.

15
Procedure:
To the suspension of (E)-butyl 3-(2-(1-(2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-
methyl-1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-benzo[ d]imidazol-6-
yDacrylate VII (489.0 g, 91.9 Wt%, 633.3 mmol) in THF (1298 g) and MeOH (387 g) was

20 added 50% NaOH (82.7 g, 949.9 mmol), followed by rinse with water (978 g). The
mixture was stirred between 65-68 'C for about 1 h for complete hydrolysis. The resulting
solution was cooled to 35 OC, and filtered through an in-line filter (0.5 micron), and rinsed
with a pre-mixed solution of water (978 g) and MeOH (387 g). The solution was heated to
60 +4 OC, and acetic acid (41.4 g, 689 mmol) was added over 1 h while the mixture was

25  well agitated. The resulting suspension was stirred at 60 +4 °C for 0.5 h. Another portion
of acetic acid (41.4 g, 689 mmol) was charged in 0.5 h, and batch was stirred at 60 +4 C
for additional 0.5 h. The batch was cooled to 26 +4 "C over 1 h and held for 1 h. The batch
was filtered, rinsed with a premixed solution of water (1956 g) and MeOH (773.6 g), dried
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WO 2012/ 044520PCT/ US2011/ 052869 | ngredi ent Function 200 ng 50 ng

ng/ tabl et ng/tablet Conpound (1) Na salt' Drug Substance 206.71 51.71
Megl um newBaeiNi4e32042. 0 10.5 Sodi um Lauryl Sul fate Surf &crarstoi2D5136%. 3
Pol yet hyl ene A ycol 6000 Sol ubilizer Binder 62.0 15.5

at 50 "C under vacuum to give (E)-3-(2-(1-(2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-
methyl-1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-benzo[d]imidazol-6-yl)acrylic
acid (1) (419.0 g, 95 % yield) with > 99.0 A% (240 nm) and 94.1 Wt% by HPLC.

5  Step 11. Formation of Compound (1) Sodium Salt (Type A)

Step 11
HO,C tep
Me N NaOH (1.0 eq)
Ny 2 i>_Br THF-MEK-H,0
\ 1) Na salt
NN N N /4 ( )T 2
o Me 95% ype

To a reactor were charged Compound (1) (150 g, 229.5 mmol), THF (492 ml.), H,O (51

10 mL) and 45% aqueous NaOH solution (20.4 g, 229.5 mmol). The mixture was stirred for
>1 hr at ~25 °C to form a clear solution (pH =9 -11). To the solution was charged a
suspension of Charcoal (1.5 g) and H,O (27 mL). The mixture was stirred at ~35 °C for
>30 min and filtered. The filter was rinsed with THF (108 mL) and H,O (21 mL). The
filtrate was heated to 50 °C and methyl ethylketone (MEK) (300 mL.) was added. The

15  mixture was seeded with Compound (1) sodium salt MEK solvate (Type A) seeds (0.5
g) and stirred for another 1 hr at 50 °C. To the mixture was charged additional MEK (600
mL). The resultant mixture was stirred for another 1 hr at 50 °C and then cooled to 25 °C.
The precipitate was filtered and rinsed with MEK twice (2 x 300 mL). The wet cake was
dried in vacuum at 80 °C to give Compound (1) sodium salt (Type A) (145.6 g, 94%).

20
The Compound (1) sodium salt (Type A) MEK solvate seeds used in the above process
step can be manufactured by the above process except without using seeds and without
drying of the solvate.

25

Notes Regarding Crystallization Step 11
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Mannitol (powdered) Filler 262.3 65.6 Purified Water2 G anul ati ng agent q.
S. . s. Colloidal Silicon Dioxide Aidant 3.0 0.8 Magnesi um St ear at e3
Lubri cantw®.201200485200t al 600. 0 150.0 206.7 ng and 51.7 mgTAsopo0s$6§ 1) Na
salt (sodiumsalt) is equivalent to 200 ng and 50 ng of the active nvoiety,
Compound (1) (free acid), respectively. 2. Purified water is used as a
granul ating agent; it does not appear in the final product. 3 5Vegetable
origin

Process Optimization for Producing Higher Bulk Density Material

Observation of lab experiments showed that the seeding temperature should be reduced
from 60 °C to 50 °C to prevent the dissolution of seed crystals. The crystallization kinetics

5  in the THF/MEK/H,0 system was found to be slow, and oil / emulsion could be observed
when anti-solvent MEK was added too fast after seeding. Thus experiments were
performed to optimize the MEK addition time and aging time to minimize oiling. This
improved process produced agglomerated /aggregated granular crystals consistently that
resulted in the desired high bulk density.

10

Optimization of anti-solvent addition and aging time

An experiment was designed to optimize the aging time following the MEK anti-solvent
addition at 50 °C. The data indicated that all solids crystallized out of solution within 3

15  hours of aging. Pollowing aging, the slurry was cooled linearly over 2 hours to 20 °C. The
extended aging time did not significantly improve yield losses in the mother liquor. The

crystallization resulted in a 92.4% yield.

Immediately after the completion of the MEK addition, a milky oily solution was observed
20  along with a large amount of crystals. The oily solution dissipated within one hour. A
separate experiment determined that a slower addition rate of MEK can avoid the

formation of oil.

The XRPD pattern on the wet cake confirmed the MEK solvated phase.

25
Another experiment was carried out to adapt the process for the slow crystallization
kinetics observed in the current crystallization system. A 1/2 hour aging time was included
after seeding and the MEK anti-solvent addition time was increased from 2 to 4 hours at 50
°C.

30
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Example 3: Solid Oal Fornulation # 2 10The conposition of the solid oral
formul ati on: Monograph Functionality % w w Conpound (1) Na salt Active
40. 00 Argwoizoe/0d8R20/ Ph. Eur. Basifier 8.00 Sodi um Laur pCTSiskd1atos2sh- / Ph.
Eur. Surfactant 4.00 Pol yethyl ene dycol 8000 NF / Ph. Eur. Solubilizer/
Bi nder 12.00 Mannitol USP / Ph. Eur. Filler

All solids were found to have crystallized out of solution within 2 hours of aging.
Following aging, the slurry was cooled linearly over 2 hours to 20 °C and held overnight.

This did not improve on the mother liquor losses significantly.

5  In conclusion, the slurry at the end of the MEK addition was found to produce clear mother
liquors without an oil phase; whereas previously in the 2-hour MEK addition, a milky oily
mother liquor was observed. The recommendation is for a 4-hour anti-solvent addition to

prevent the oiling.

10  Drying Time Study

A study was conducted to determine the required drying time at 80 °C to meet the [CH
limits of residual solvents of MEK and THF. The results showed that drying for a
minimum of 5 hours is required to meet the ICH limit on THF.

15

Effects of Water Content on Yield and Crystallization

The effect of water content on crystallization was evaluated. The water content was varied
from the 5.6% (w/w) level specified in the existing procedure. The study was done using
20 50% more and 50% less water in the crystallization. The data indicated that 5.6% water

content is near optimum for good yield and operability.

Pharmaceutical Formulations of the Crystalline Sodium Salt

25  One class of solubilizer excipients, basifiers, act by increasing the microenvironment pH
and thereby increasing the local solubility of the drug (for a drug containing an acid
moiety). Another class of solubilizer excipients, surfactants, also act by increasing the local
solubility of the drug. It has been found that the in vitro dissolution characteristics of
Compound (1) crystalline sodium salt form can be enhanced significantly by incorporation

30  of solubilizers, for example, surfactants, basifiers or polymers, or combinations thereof. It

has also been discovered that when multiple solubilizers, such as basifiers and surfactants
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35.00 Colloidal Silicon Dioxide NF/ Ph. Eur. didant 0.50 Magnesium
Stearate NF/ Ph. Eur. Lubricant 0.50 Two specific solid oral drug
product fwormi2auisns were prepared according to the abopreTAB2qe0823a9

Forrmul ation # 2, a 200 ng product and a 400 ng product. Ingredi ent Function
200 mg 400 ny ng/ tabl et ng/tablet Conpound (1) Na salt' Drug Substance
206.71 413.41 Arginine Basifier

are used in combination with Compound (1) crystalline sodium salt, an unexpected
enhancement in drug solubility is achieved, as demonstrated by in vitro testing. For
example, an enhancement in dissolution was obtained when surfactants, for example,
sodium lauryl sulfate or Vitamin E TPGS, were used in combination with basifiers, for
5  example, L-arginine, meglumine or L-lysine. Powder dissolution in 500 mL pH 6.8 buffer

of triturated mixtures of Compound (1) crystalline sodium salt form along with basifiers
and surfactants put into capsules indicates that dissolution enhancement is observed (Table
2) when a 2:1:1 or 10:2:1 w/w triturated physical mixtures of Compound (1) sodium salt
crystalline: basifier: surfactant was used compared to when 2:1 triturated physical mixtures

10 of Compound (1) sodium salt crystalline: basifier or 2:1 triturated physical mixtures of
Compound (1) sodium salt crystalline: surfactant were used. For example, only 1% drug
release was obtained when Compound (1) sodium salt crystalline was present. The % drug
release was 54% at 60 minutes in the presence of 100 mg Arginine alone and 59% in the
presence of Sodium lauryl sulfate alone (Table 2). However, in presence of 100 mg of

15  Arginine along with 100 mg of Sodium lauryl sulfate, the % drug release increased to 93%
at 60 minutes (Table 3) indicating enhancement in dissolution when both surfactant and
basifier were used in combination. Surprisingly, dissolution enhancement is also observed
in the presence of only 40 mg basifier and 20 mg surfactant (for a total of 60 m g basifier +
surfactant) (see Table 3) as compared to the 2:1 triturated physical mixtures having 100mg

20  of either basifier or surfactant.

This solubilization enhancement concept has been applied in the development of solid oral

tablet formulations as described below.

25

30
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41.4 82.7 Sodi um Lauryl

8000 Sol ubilizer/ Binder
Manni t ol Wpoakarest) Fill er
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10

15

Sul fate Surfactant 20.7 41.3 Pol yet hyl ene G ycol
62.0 124.0 WD 2012/ 044520PCT/ US2011/ 052869

180.9 361.8 Purified Water2 @canist@atliopzgeagent

Silicon Dioxide Aidant 2.6 5.2 Magnesi um St ear at e3

TABLE 2: Dissolution of Compound (1) Na Salt in Binary Triturated Mixtures (200 mg
drug & excipient(s) in capsule in 500 mL pH 6.8 buffer)

Time % Release
Basifiers 100 mg
Arginine Meglumine Lysine Tris
(n=4) (n=2) (n=4) (n=3)
15 43 (27-53)* 47 18 (9-27) 40 (34-43)
30 54 (39-62) 48 - -
60 54 (38-60) 48 47 (33-54) 44 (35-48)
90 (infinity) | 54 (40-58) 49 44 (33-46) 41 (33-46)
Surfactant 100 mg
SDS Vit ETPGS | Pluronic acid | Drug alone (n=2)
(n=2) (n=2) (n=1)
15 57 (56-57) 24 (24-24) 3 1(1-1)
30 61 (60-63) 27 (27-27) 12 1(1-1)
60 59 (58-60) 27 (27-27) 12 1(1-2)
90 (infinity) | 49 (45-53) 27 (27-27) 13 1(1-2)

Note, the average is reported.

* Numbers in parenthesis indicate a range of % release
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Lubricant 2.6 5.2 Total

salt (sodiumsalt)
Conpound Wo)2o(dme0aci d)
granul ati ng agent;
origin Exanple 4: Solid Oral
formul ati on:
Active 40.00 Arginine USP /

or al

respectively.
it does not appear

2.
in the final

516.8 1033.6 206.7 ng and 413.4 ng Conpound (1) Na
I's equivalent to 200 ng and 400 ng of the active noiety,

Purifi ed wat eCTitS20306288% a

product .

3 5Veget abl e
Forrmul ation # 3 toThe conposition of the solid

Monogr aph Functionality % w w Conpound (1) Na salt

Ph. Eur.

TABLE 3: Dissolution of Compound (1) Na Salt in Tertiary Triturated Mixtures (200 mg

drug & excipient(s) in capsule in 500 mL pH 6.8 buffer)

Time % Release, Average of n=2 (range)
Basifier + surfactant (100 mg+ 100mg)
Arginine + | Meglumine | Lysine + | Arginine + | Meglumine Lysine +
SDS + SDS SDS VitE + VitE TPGS
TPGS VitE TPGS
15 | 92(91-93) | 81(79-83) | 40 (37-42) | 76 (74-78) | 81 (81-81) 42 (29-55)
30 | 93(93-94) | 87 (86-88) | 74 (67-82) | 77 (76-78) | 85 (84-86) 79 (77-81)
60 | 93(93-93) | 83 (80-87) | 85 (85-86) | 78 (78-78) | 86 (84-87) 83 (82-83)
90 | 91(89-92) | 86 (85-87) | 85(84-85) | 76 (75-76) | 82 (80-84) 81 (81-82)
Basifier + surfactant (40 mg+ 20mg)
n=2 | Arginine + | Meglumine | Lysine + | Arginine + | Meglumine Lysine +
SDS + SDS VitE + VitE TPGS -
SDS TPGS VitE TPGS
15 | 74 (70-78) | 66 (61-71) | 75 (74-77) | 62(61-63) | 52 (33-70) 37 (33-41)
30 | 77(74-80) | 73 (71-75) | 77 (76-78) | 64 (62-67) | 73 (73-73) 69 (69-70)
60 | 76 (74-78) | 70 (69-71) | 75 (74-75) | 65(63-68) | 73 (73-74) 71 (70-72)
90 | 72 (70-74) | 68 (67-69) | 72 (70-74) | 63 (60-66) | 71 (70-72) 69 69-69)

Based upon the physicochemical characteristics of the drug substance and the solubility
enhancement obtained when using surfactant and basifier in combination, the scope for the
drug product development was to formulate a solid dosage formulation which would take
advantage of the solubility enhancement achieved using basifiers and surfactants in

10 combination and dissolve rapidly upon contact with aqueous media. This formulation
comprises one or more basifier and one or more surfactant, which in combination can
enhance the solubilization of the drug as well as maintain the drug substance in a dissolved
state upon dilution in simulated intestinal fluids. Other tablet formulation components such

as binders (which can also enhance solubilization), fillers, glidant and lubricants, to aid in

-390.



Basifier 8.00 Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant 4.00

Pol yet hyl ene d ycol 8000 NF / Ph. Eur. Solubilizer/ Binder 12.00 Mannitol
USP / Ph.wauoi12/Hui2ber 15.00 Is omalt NF / Ph. Eur. Fill ecT28200/0836% oi dal
Silicon Dioxide NF/ Ph. Eur. didant 0.50 Magnesium Stearate NF/ Ph. Eur.
Lubri cant

the tabletting process, and disintegrants, to aid in tablet disintegration upon contact in

aqueous media, may be added as required.

Thus, another embodiment of the present invention is directed to a solid pharmaceutical
5  composition, e.g. a tablet, comprising:
(a) Compound (1) crystalline sodium salt;
(b) at least one surfactant;
(c) at least one basifier;
(d) and optionally one or more pharmaceutically acceptable excipients, such as

10 binders; fillers; glidants; and lubricants.

The amount of active ingredient of Compound (1) crystalline sodium salt that may be
present in the dosage form may vary widely or be adjusted depending upon the intended
route of administration, the potency of the particular active ingredient being used, the

15  severity of the hepatitis C viral infection and the required concentration. In a particular
embodiment, the Compound (1) crystalline sodium salt is present in a tablet-based
formulation composition in an amount from about 1% to 90% by weight, preferably from

about 5% to 50% by weight, more preferably from about 10% to 40% by weight.

20  Pharmaceutically acceptable surfactants suitable for use in context of the present invention
include, but are not limited to, sodium lauryl sulfate (SDS), Vitamin E TPGS, Gelucire®
or combinations thereof. A preferred surfactant is sodium lauryl sulfate. The surfactant
comprises 0% to 50% by weight of the total composition, with preferred amounts from 1-
10% by weight of total composition and still more preferably from about 2% to 8% by

25  weight of total composition.

Pharmaceutically acceptable basifiers suitable for use in context of the present invention
include, but are not limited to, L.-arginine, meglumine, L-lysine, tromethamine (Tris) or
combinations thereof. A preferred basifier is L-arginine. The basifier comprises 0% to 40%

30 by weight of the total composition, with preferred amounts from 2-20% by weight of total
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0.50 Three specific solid oral drug product fornul ati ons were prepared
according to the above 15 general Fornulation # 3, a 200 ng product, a 300
ng producwoantk/@43200 ng product. | ngredi ent Function 20@CEpS3@0/06136900 ny
ng/tabl et ng/tablet ng/tablet Conmpound (1) Na salt' Drug Substance 206.71
310.1 413.41 WO 2012/ 044520PCT/ US2011/ 052869 Argi nine Basifier 41.4 62.1
82.7

composition and more still preferably from about 4% to 16% by weight of total

composition.

The composition in accordance with the invention optionally includes further excipients,

5  such as tablet binders (e.g. water miscible polymers such as polyethylene glycols (different
molecular weights) and polyvinyl pyrrolidone and water insoluble polymers such as
copolymers of polyvinyl pyrrolidone and polyvinyl acetate, etc.), tablet fillers (such as
microcrystalline cellulose, pharmaceutically acceptable sugars (such as lactose
monohydrate, mannitol, isomalt, sorbitol, etc), glidants (such as talc, colloidal silicon

10 dioxide, etc.), lubricants (such as magnesium stearate, etc). In this composition, the tablet
binders such as polyethylene glycols (different molecular weights) also act as a solubilizer
in the formulation and the composition preferable may contain such binder/solubilizer.
Those of ordinary skill in the pharmaceutical art will know how to select acceptable
binders, fillers, glidants and lubricants for tablet formulation.

15
Additionally, if in tablet form the tablet may be film coated to form as a film coated tablet
product using commonly known and commercially available film coating materials.
Examples of film-forming polymers that can be used include polyvinyl acetate and
hydroxypropyl methyl cellulose. These polymers are present in commercially available

20  film coating systems such as OPADRY® I and OPADRY® II systems from Colorcon.

Additional preferred formulation embodiments include:

25 A solid pharmaceutical composition, e.g. a tablet, comprising:
(a) about 5 to 60 % by weight Compound (1) crystalline sodium salt;
(b) about 1 to 10 % by weight surfactant;
(c) about 2 to 20 % by weight basifier;
(d) 0 to about 40% by weight binder;

30  and optionally one or more pharmaceutically acceptable excipients
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Sodi um Lauryl Sulfate Surfactant 20.7 31.1 41.3 Pol yet hyl ene @ ycol 8000
Sol ubilizer/ Binder 62.0 93.0 124.0 Mannitol (powdered) Filler 77.6 116.3
155. 1 Purwoizett/oddt2er 2 Granul ating agent q. S. . S. (. ®CTIusoMml05285% | | er
103.4 155.0 206.7

A solid pharmaceutical composition, e.g. a tablet, comprising:
(a) about 10 to 50 % by weight Compound (1) crystalline sodium salt;
(b) about 2 to 8% by weight surfactant;
(c) about 4 to 16 % by weight basifier;
5 (d) about 1 to 25% by weight binder;

and optionally one or more pharmaceutically acceptable excipients.

A solid pharmaceutical composition, e.g. a tablet, comprising:
(a) about 20 to 50 % by weight Compound (1) crystalline sodium salt;
10 (b) about 2 to 6 % by weight surfactant;
(c) about 4 to 12 % by weight basifier;
(d) about 5 to 20% by weight binder;

and optionally one or more pharmaceutically acceptable excipients.

15  Examples of pharmaceutical formulations containing Compound (1) include the tablet

formulations described below.

Example 2: Solid Oral Formulation # 1
20
The composition of the solid oral formulation:

Monograph Functionality % wiw
Compound (1) Na salt Active 34.45
Meglumine USP / Ph. Eur. | Basifier 7.00
Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant 3.50
Polyethylene Glycol 6000 | NF / Ph. Eur. Solubilizer/ Binder | 10.33
Mannitol USP / Ph. Eur. | Filler 43.72
Colloidal Silicon Dioxide | NF/ Ph. Eur. Glidant 0.75
Magnesium Stearate NF/ Ph. Eur. Lubricant 0.75

Two specific solid oral drug product formulations were prepared according to the above
25  general Formulation # 1, a 50 mg product and a 200 mg product.

42-



Col | oi dal

2.6 3.9 5.2 Total
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inder
Mannitol (powdered) Filler 262.3 65.6
Purified Water” Granulating agent | g.s. g.S.
Colloidal Silicon Dioxide Glidant 3.0 0.8
Magnesium Stearate” Lubricant 3.0 0.8
Total 600.0 150.0

10

206.7 mg and 51.7 mg Compound (1) Na salt (sodium salt) is equivalent to 200 mg

and 50 mg of the active moiety, Compound (1) (free acid), respectively.

Vegetable origin

Example 3: Solid Oral Formulation # 2

The composition of the solid oral formulation:

Purified water is used as a granulating agent; it does not appear in the final product.

15

Monograph Functionality % wiw
Compound (1) Na salt Active 40.00
Arginine USP / Ph. Eur. | Basifier 8.00
Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant 4.00
Polyethylene Glycol 8000 NF / Ph. Eur. Solubilizer/ Binder | 12.00
Mannitol USP/ Ph. Eur. | Filler 35.00
Colloidal Silicon Dioxide | NF/ Ph. Eur. Glidant 0.50
Magnesium Stearate NF/ Ph. Eur. Lubricant 0.50

Two specific solid oral drug product formulations were prepared according to the above
general Formulation # 2, a 200 mg product and a 400 mg product.

. . 200 mg | 400 mg
Ingredient Function me/tablet | mg/tablet
Compound (1) Na salt’ Drug Substance 206.7" 413.4'
Arginine Basifier 41.4 82.7
Sodium Lauryl Sulfate Surfactant 20.7 41.3
Polyethylene Glycol 8000 Solubilizer/ Binder | 62.0 124.0
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bl ended wth the extragranul ar excipients, including filler (for

Formul ation 3), glidant and lubricant and then tableted in a tablet press.
5 Exanpl ewb:208al4i5200r al Fornul ations # 4 and # 5 (Fl ui dpBeaS@iansdsat i on)
Addi tional fornulations have been prepared using a fluid bed granul ation
process instead of high shear granul ation. Though the formul ations are very
simlar to those prepared using high shear granulation, this fluid bed
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enabl es much easier and | ess challenging process scale-up 10 conpared to
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Functionality @6m1m1@&m#m1€bnpound (1 Nisal ¢ :

I 206.7 mg and 413.4 mg Compound (1) Na salt (sodium salt) is equivalent to

200 mg and 400 mg of the active moiety, Compound (1) (free acid), respectively.
Purified water is used as a granulating agent; it does not appear in the final product.
Vegetable origin

Example 4: Solid Oral Formulation # 3

10 The composition of the solid oral formulation:

Monograph Functionality % wiw
Compound (1) Na salt Active 40.00
Arginine USP / Ph. Eur. | Basifier 8.00
Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant 4.00
Polyethylene Glycol 8000 | NF / Ph. Eur. Solubilizer/ Binder | 12.00
Mannitol USP / Ph. Eur. | Filler 15.00
Isomalt NF / Ph. Eur. Filler 20.00
Colloidal Silicon Dioxide NF/ Ph. Eur. Glidant 0.50
Magnesium Stearate NF/ Ph. Eur. Lubricant 0.50

Three specific solid oral drug product formulations were prepared according to the above

15  general Formulation # 3, a 200 mg product, a 300 mg product and a 400 mg product.

200mg | 300mg | 400 mg
Ingredient Function

mg/tablet | mg/tablet | mg/tablet
Compound (1) Nasalt' | Drug Substance | 206.7" | 310.1 413.4"
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Active 40.00 40.00 Arginine USP / Ph. Eur. Basifier 8.00 8.00 Sodi um Lauryl
Sulfate NF / Ph. Eur. Surfactant 4.00 4.00 Pol yethyl ene dycol 8000 NF /
Ph. Eur. wol2otwd4us2er/ Bi nder 12.00 12.00 Mannitol USP / pPm/USEun/058869 | er
15.00 34.50 Isomalt

Arginine Basifier 41.4 62.1 82.7
Sodium Lauryl Sulfate Surfactant 20.7 31.1 41.3
Polyethylene Glycol Solubilizer/ 62.0 93.0 124.0
8000 Binder
Mannitol (powdered) Filler 77.6 116.3 155.1
Purified Water” Granulating agent | g.s. q.s. g.s.
Isomalt Filler 103.4 155.0 206.7
Colloidal Silicon Glidant 2.6 3.9 5.2
Dioxide
Magnesium Stearate’ Lubricant 2.6 3.9 5.2
Total 516.8 775.2 1033.6

I 206.7 mg, 310.1 mg and 413.4 mg Compound (1) NA (sodium salt) are equivalent

to 200 mg, 300 mg and 400 mg of the active moiety, Compound (1) (free acid),
respectively.

> Purified water is used as a granulating agent; it does not appear in the final product.

> Vegetable origin

10 Preparation of Formulations 1-3

The drug substance along with the intragranular excipients including the basifier,
surfactant, solubilizer/binder, filler are mixed in a dry state in a high shear granulator prior
to addition of water. The drug substance and the excipients may be screened prior to

15  milling to remove large agglomerates if necessary. After mixing is complete, the mixture is
granulated using purified water as a granulating agent in the high shear granulator till a
suitable end point is achieved. The wet granules are removed and dried at appropriate
drying temperatures either in a tray dryer or a fluid bed dryer. The dried granules are

milled by passing through a high speed mill, such as a Comill. Milled granules are then
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NF / Ph. Eur. Filler 19.50 Colloidal Silicon D oxide NF/ Ph. Eur. didant
0.50 0.50 Magnesium Stearate NF/ Ph. Eur. Lubricant 1.00 1.00 WO

2012/ 044520R0ID/0482011/ 052869 Three specific solid oral @®CugSprodsass9
formul ati ons were prepared according to each of the above general

Formul ati ons #4 and #5, a 200 ng product, a 300 ng product and a 400 ny
product. Formulation # -? Formul ati on #4 Fornmul ati on #5

blended with the extragranular excipients, including filler (for Formulation 3), glidant and

lubricant and then tableted in a tablet press.

5  Example 5: Solid Oral Formulations # 4 and # 5 (Fluid Bed Granulation)

Additional formulations have been prepared using a fluid bed granulation process instead
of high shear granulation. Though the formulations are very similar to those prepared
using high shear granulation, this fluid bed granulation process significantly reduces the
manufacturing time and enables much easier and less challenging process scale-up

10 compared to high shear granulation. These formulations also exhibit an advantage of
significantly improved tableting properties (achieving target tablet hardness at significantly
reduced compression forces during tableting operation) compared to the formulations

manufactured using high shear granulation.

15  The composition of the solid oral formulations #4 and #5 are as set forth in the table

below:
Formulation # ——» #4 #5
Monograph Functionality % wiw % wiw
Compound (1) Na salt Active 40.00 40.00
Arginine USP / Ph. Eur. | Basifier 8.00 8.00
Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant 4.00 4.00
Polyethylene Glycol 8000 | NF / Ph. Eur. Solubilizer/ 12.00 12.00
Binder
Mannitol USP / Ph. Eur. | Filler 15.00 34.50
Isomalt NF/Ph. Eur. | Filler 19.50 --
Colloidal Silicon Dioxide | NI/ Ph. Eur. Glidant 0.50 0.50
Magnesium Stearate NI/ Ph. Eur. Lubricant 1.00 1.00
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| ngredi ent Function 200 ng 300 ng 400 ng 200 ng 300 ng 400 ny ng/ t abl et
ng/tabl et ng/tablet ng/tablet ng/tablet ng/tablet Conpound (1) Na salt’
Drug Subswenoee/@@@n71 310. 11 413.41 206.71 310. 11 413. 4PCT/US2011/052869

Three specific solid oral drug product formulations were prepared according to each of the

above general Formulations #4 and #5, a 200 mg product, a 300 mg product and a 400 mg

product.
Formulation # —» Formulation #4 Formulation #5
Ingredient Function 200mg | 300mg |[400mg |200mg |300mg |400 mg
mg/tablet | mg/tablet | mg/tablet | mg/tablet | mg/tablet | mg/tablet
Compound | Drug 206.7 310.1" 413.4! 206.7 310.1" | 413.4]
(1) Na salt' | Substance
Arginine Basifier 41.4 62.1 82.7 41.4 62.1 82.7
Sodium Surfactant | 20.7 31.1 41.3 20.7 31.1 41.3
Lauryl
Sulfate
Polyethylene | Solubilizer/ | 62.0 93.0 124.0 62.0 93.0 124.0
Glycol 8000 | Binder
Mannitol Filler 77.5 116.3 155.0 178.3 267.4 356.6
(powdered)
Purified Granulating | g.s. q.s. q.s. q.s. g.s. q.s.
Water” agent
Isomalt Filler 100.8 151.2 201.6
Colloidal Glidant 2.6 3.9 5.2 2.6 3.9 52
Silicon
Dioxide
Magnesium | Lubricant 5.2 7.8 10.3 5.2 7.8 10.3
Stearate’
Total 516.8 775.2 1033.6 516.8 775.2 1033.6

206.7 mg, 310.1 mg and 413.4 mg Compound (1) NA (sodium salt) are equivalent
to 200 mg, 300 mg and 400 mg of the active moiety, Compound (2) (free acid),
respectively.

Purified water is used as a granulating agent; it does not appear in the final product.
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Arginine Basifier 41.4 62.1 82.7 41.4 62.1 82.7 Sodi um Lauryl Sulfate
Surfactant 20.7 31.1 41.3 20.7 31.1 41.3 Pol yethyl ene d ycol 8000
Sol ubi | i 2&0/20B/0agen 62. 0 93.0 124.0 62.0 93.0 124. 0 ManmcralS2¢iposrsey ed)

Vegetable origin

Preparation of Formulations 4 and 5 via Fluid Bed Granulation

The general procedure for preparation of both Formulations #4 and #5 is the same. An
aqueous binder solution containing PEG 8000 (binder/solubilizer) or containing both PEG
8000 (binder/solubilizer) and arginine (basifier) is prepared first. The other intrangranular
components, including active ingredient, surfactant, filler and basifier (optional, depending
10 upon composition of the binder solution) are mixed in the dry state for ~5 minutes in the
fluid bed granulator to prepare the premixture. The premixture is maintained in a fluidized
state and granulated by spraying the binder solution first followed by water into the fluid
bed granulator, while adjusting process parameters such as product bed temperature, inlet
air temperature, airflow rate, spray rate and atomization pressure as required. Drying of the
15  granulation is continued by maintaining the granulation in a fluidized state at an elevated
temperature until a desired end point of drying (loss on drying) is obtained. The dried
granules are milled by passing through a high speed mill, such as a Comill. Milled granules
are then blended with the extragranular excipients, including filler, glidant and lubricant
and then tableted in a tablet press. The core tablets obtained are further film coated using a
20  standard film coating formulation, such as, Hydroxypropylmethyl cellulose-based standard

OPADRY® or Polyvinylacohol-based OPADRY®II.

The Amorphous Sodium Salt Form

25  The dissolution characteristics of the drug can be further improved significantly by
conversion of the crystalline sodium salt form to the amorphous sodium salt form. Powder
dissolution testing in pH 6.8 buffer using a USP Type II Paddle apparatus and comparing
Compound (1) sodium salt amorphous form prepared via solvent evaporation technique to
Compound (1) sodium salt crystalline form clearly shows significant improvement in

30  kinetic dissolution with the amorphous Compound (1) sodium salt dissolving about 35% at

60 minutes compared to the crystalline Compound (1) sodium salt which dissolves <5%.
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Filler 77.5 116.3 155.0 178.3 267.4 356.6 Purified Water2 G anul ati ng agent
g.S. 9.S. g.S. g.S. q.s. g.s. Ilsomalt Filler 100.8 151.2 201.6 ---
Col | oi dalw@iz2bi2ams2bi oxi de G i dant PCT/US2011/052869

The glass transition temperature of the amorphous form of Compound (1) sodium salt is >
200 °C, which is quite atypical for pharmaceutical active materials and can be considered
an unexpected finding. Due to the fact that this amorphous material exhibits an unusually
high glass transition temperature, the amorphous form of Compound (1) sodium salt

5  exhibits acceptable physical and chemical stability under accelerated storage conditions,

which makes it a very promising candidate for amorphous drug product development.

Typical procedures for manufacturing the amorphous form of Compound (1) sodium salt
include, but are not limited to, processing Compound (1) sodium salt by itself or

10 coprocessing it with common pharmaceutical quality excipients, such as hydrophilic
polymers, for example, polyvinyl pyrrolidone of different molecular weights, copolymers
of polyvinyl pyrrolidone and polyvinyl acetate, polyethylene glycol, hydroxypropylmethyl
cellulose, etc to obtain solid dispersions. Common techniques for producing the amorphous
form of Compound (1) sodium salt include, but are not limited to milling, solvent

15  evaporation, hot melt extrusion, etc.

Pharmaceutical Formulation of the Amorphous Sodium Salt Form

20  One technique that has been extensively investigated for formulating amorphous
Compound (1) sodium salt is the use of Hot Melt Extrusion (HME) processing to prepare
amorphous Solid Dispersions (SD) formulations. A modified HME processing technique
involving the use of a volatile solvent to act as both a transient plasticizer and transient
solubilizer has been implemented to efficiently prepare amorphous solid dispersions of

25  high drug loading. It is believed that the unique and unexpected solubilizing behavior of
Compound (1) sodium salt, as hereinbefore described, makes such modified HME
processing using a volatile solvent a viable technique for preparing high-drug loading

amorphous solid dispersions.

30 1. Background
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2.6 3.9 5.2 2.6 3.9 5.2 Magnesium Stearate3 Lubricant 5.2 7.8 10.3 5.2 7.8

10. 3 Tot al

516.8 775.2 1033.6 516.8 775.2 1033.6 5 206.7 ng, 310.1 ng and

413. 4 ny worepuma2pl) NA (sodium salt) are equival ent t ®@C20B20my/058369 ngy and
400 ng of the active noiety, Conpound (2) (free acid), respectively. 2.

10

15

20

25

30

Solid dispersions (SDs) have been used as an effective method to improve dissolution
properties and bioavailability of poorly water soluble drugs. The melting technique is one
of the most widely used methods to prepare amorphous solid dispersions. Hot melt
extrusion (HME) technique, which represents a novel application of polymer processing
technology to prepare pharmaceutical dosage forms, has in recent years been increasingly
used to prepare SDs of poorly soluble drug. HME is a process of pumping raw materials
with a rotating screw under elevated temperature through a die into a product of uniform

shape.

The challenge to overcome processing a therapeutic compound using a hot melt extrusion
method is to effectively plasticize the polymeric carrier. Processing temperature above the
Tg or melting temperature of the polymeric carrier is typically required to soften and lower
the polymer melt viscosity to allow adequate flow through the extruder. The addition of a
plasticizer will decrease the polymer Tg due to intermolecular interaction with the
polymeric chains allowing for lower processing temperatures. Lowering the polymer Tg
with plasticizers, therefore, facilitates thermal stability of the composite materials. Various
polymers and saccharides are generally used as carriers for SDs. In the case of using a
water soluble polymer as a carrier for SDs, it is expected that lowering the glass transition
temperature (Tg) of the polymer would allow for the preparation of amorphous SDs by
heating below the melting temperature of the drug. Therefore, using a plasticizer to act
with the polymer is thought to be effective to decrease drug degradation in the SDs.
Traditional plasticizers used in HME such as TEC, PEG, triacetin, glycerin, diethyl
phthalate, propylene glycol are associated with such limitations as toxicity and moderate
water solubility. Alternatively surfactant based plasticization serves the dual purpose of
aiding polymer processing, as well as subsequent API solubilization and bioavailability
enhancement. However adding a plasticizer lowers the Tg of SDs, and this can thus easily
induce drug crystallization. It is also possible for the surfactant to destabilize the system

by lowering the Tg and increasing the water uptake.

Another challenge for preparing a solid dispersion system by HME is when the therapeutic

compounds are used at high doses, because higher drug loading in the system is needed to
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Purified water is used as a granulating agent; it does not appear in the
final product. 3.Vegetable origin Preparation of Fornulations 4 and 5 via
Fl ui d Beaw@rarwi4ai2oon 5 The general procedure for preparafriusaoieffsise h
Formul ati ons #4 and #5 is the sanme. An aqueous binder sol ution containing
PEG 8000 (bi nder/solubilizer) or containing both PEG 8000

(bi nder/sol ubilizer) and arginine (basifier) is prepared first. The other
i ntrangranul ar conponents, including active ingredient, surfactant, filler
and basifier (optional, depending 10 upon conposition of the binder
solution) are mxed in the dry state for -5 mnutes in the fluid bed
granul at or t g Br.G0ah Gk REE otk héninthgidl AR XhUER of heBBLRALARG N 3
fluidized state and granul ated by spraying t bi nder solfution first

fol | owed by thatSéris prignolimites eppagiadly b@camgnahmbahzmg aggiih pushaeljuirianig apt ocess

parameters sygh &%cigfc%géh%t arpﬁ&d&?{mﬁﬁﬁe& Whfovd & dﬁht?' %1 shg&%s%lu%t&zh rflow
rate, spray rate an om zation pressure as requl
15granu|atiomemsWumanmuwmmbthEWMm@nnnﬁ@mtﬁw\gmaanéﬂw@mehngnﬁmwmdlzed
state at an gl ey r re unti| e end point of drying (loss
on drying? i%“%‘ %ﬁ%%éwﬁﬁﬁx%yypo mm‘ﬁﬁ ég”%r Eé%H}Ied by passing through a
hi gh speed niII such as a Com || M 'l ed granules are then blended with the

extragranula incl udj filler nt and | ubricant and then
t abl et ed in %¥ﬁ{“%? %*nﬁﬁg“hQE%“ﬂgﬁvg#@q% (%lned are further film
coat ed using a 205tandard filmcoating formulation, such as,

Fwdroxypropylneth ceIIu based s nd ADRY(r) or

Pol yvi nyl acohol - Eﬁ?ﬁ pplyme %ﬁ&%ﬁgﬁéﬁéb@%%ﬁVgéﬁwmﬁﬁFﬁp25The

di ssol utijgn Bb@rtﬁﬁéeﬁﬁlgﬁdeﬁﬁ ddthyfl Eﬁth@lﬁ!égprﬁ erR1cuI Kae bednTBoR@th the
significantlﬁ g%iconversion of the crysta |ne sodiumsalt formto the

anor phous so i*{fH'¢alt form Powder dissolution testing in pH 6.8 buffer
using a USP Type 4 luRadsll 6r @PP@RtaHE adPdsicDIRMHal A CRARPIAL bldrveode um sal t
anor phous form prepared via sol vent evaporation technlqye to Compound (1)
sodi um sal t €43 Berapseiohaidfng piyelce Biorspsiag eyl iag PP R e A Iﬁﬂﬂ@l}@ﬁ*@ﬁﬁﬂd n 30

ki netic di ssgliididMehiintdiergmor phous Conpound (1) sodium salt dissol ving
about 35% at 60 m nufes conpared to the crystalline Conpound (1) sodium
salt whi dh di ssol¥dyepasyion PhesgidasspensioandihtOferystalipier it ¢pneolhng hdsdinanor phous
form of Conp j b S LCh: [ ical for
pharnaceutlc%ﬁgggﬁ%%%ﬁﬁg%g?Fg'gg%%gmﬁéﬁggggglns% e?g egﬁhﬁﬁg§]é§ted

fi ndi ng. Duemnﬂnmﬁ@mbanmemnadhﬂhéﬁwaWDtphous mat eri al exhi bits an unusually
hi gh glass transiji h r f (1)

sodi um sal t 5eth£ﬁ?§q%%%gg alﬁﬁgsﬂ%sﬁgg %g%?hal%, SgBﬁggggunder
accel erated BMBmaggwmmmdnbﬁmnsmeMhmmMEaneﬁﬂwUnamummywmgannsmngﬁmahﬁldate
for anor phou elopnent Typi cal procedures for
nanufact§$|népﬁﬁﬁgnﬁ%ﬁgﬁgﬁgg or m of Conpound (1) sodiumsalt include, but
are not limted to, processing Conmpound (1) sodiumsalt by itself or

nyarophi 11 ¢ PoRyaress GRERRARRE G MRt bt VbR S B preusliny °°

nmol ecul ar wei ghts, copol ynmers of pol yvinyl pyrrolidone and pol yvi nyl

acet at e, polyethylene glycol, hydroxypro ylneth¥ cellul ose, etc to obtain
sol i d dispersions! Goff®ANPREAATlERRLIGSE opeEdhc %6“?H@dﬁﬁﬁwﬁﬁbus f or m of

Conmpound o 1) psRdhdAiy Sal thit (6l i asiBUhdRE 8rud@tyslali¥hdid 1h Qadiidnl indg, sol vent
15evaporat|on hot melt extrusion, etc. Pharraceutical Fornulation of the
Amor phous  SoBEeh#niSH) themsy prbess epbmpisWE RGO RIOPRASS Hebnsodd dBREpQRy y
|nvestlgatedaﬁmfﬂ&gkth%%Eng anor phous Conpound (1) sodiumsalt is the use
of Hot Melt Extrusion ( processing to prepare anorphous Solid

Di spersions (SD) F ohqdingatuifasiant apa plggticideeid IIENE tpdasebiiss g systaphhy tpovsring
involving th t a transient

pl asti ci zer gﬁ ?Pgﬁﬁﬁéﬁﬁiggbh%. ﬁ%%%ﬁggkﬂ%egﬁh?ﬁ%ﬁgﬁﬁnted to efficiently
prepar e anor phous solid di spersions of
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25hi gh drug loading. It is believed that the uni que and unexpected

sol ubi l'i zi ng behavi or of Conpound (1) sodiumsalt, as herei nbefore

descri bedvomaleas4zach nodi fi ed HVE processi ng using a vecatish@1o6iseent a

vi abl e techni que for preparing high-drug | oadi ng anor phous solid

di spersions. 301. Background Solid dispersions (SDs) have been used as an
effective nethod to inprove dissolution properties and bioavailability of
poorly water soluble drugs. The nelting technique is one of the nost w dely
used net hods to prepare anorphous solid dispersions. Hot nmelt extrusion
(HVE) technique, which represents a novel application of polynmer processing
5 technol ogy to pf epakiRNALIREENIEGAN 1HRE A4 of FHEBPLOARadeln BRERA, Years
been increasingly used to prepare SDs of poorly soluble drug.” HVE is a
process of pdinthyhdhthradaw. nepgienaglizcoliarctissciatt atithrsychslonigaonntbdexielyeandt ed

tenperature ﬁﬁﬁ&M@Qm%rQhﬁﬁﬁgto a product of uniform shape. to The chal |l enge
to overcone processing a therapeutic conmpound using a hot nmelt extrusion

method is to effectively plasticize the polyneric carrier. Processing
tenperature gbov the.J8 Pl,Oelsging tenperature of the polymeric carrier is
typically requir | ower the polynmer nelt viscosity to allow
adequate flow through the extruder. The addition of a plasticizer wll
decrease the_ pol r ue to inter ecul ar .interaction with the 15

ol yrer o cniubRr e it TP eGP PRl arb i e Meler i ng ¢ he
pol ymer Tg widliilpkdasint Qick as &atet, bdnefl of @herfvatutild sobas dirdiverii@livat @bédsé.t y of
the conposite materials. Various poly S d. saccharides are generally
used as car rfléer ‘éotl"’ft‘&? SOYSAL sepygs PP ?8Sr:n§£) t‘&gﬂ?{&lzﬁ UGROLMEL SRTRY l@g‘ﬁBF%r as a
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amor phous SDRCEyrusiearxfusy e combimgeomd| (L) 49 @ahperan lred et dr ug.

Therefore, UglMdiod oPI@SIsk&ig BF tht ex@fingthd i d1) 81IRALY BRfusiof & ROMAMcidd be
effective to decrease drug degradation in the SDs. Traditional plasticizers

used in HVE &lesr geymre thats belpy freangliing peligtoé fegomgpundhpincp thepyaladice,
propyl ene gl yGQh RIGaRPRQTuBLEY M dkfruSHE obdsdNitteda POSrua&I $I9XAIEnbihadNd.
noderate water solubility. Alternatively surfactant based plasticization
serves the dihahighiigpuyeh ishe@sandp sgsupophysetl apd ecayel pighilitysof wasi 3D gpstem.
subsequent uhi L i o] [ 4.ahy. 1 wever
adding a pIQE%?%&Q%EEFQ%S%Eﬁ%ﬁggggg%@ﬁéﬁg§ﬂg%%I%%fg&%§ﬁ£?E§§8%%§$ly i nduce
drug cryst al sdlgtality ¢p= 1 hig/mls) ialtlsoopoigsioblents f dhese nelude bitanot Bimited to tfest abi | i ze
the system by | [ i i th ter ; not her
chal | enge foéxgggggbgga&gﬁgggF%§%§§%%{gﬁ%hﬁg?@?ﬁ%&@yﬁﬁﬁﬁg%ghﬁﬁgﬁg%ﬁé

t her apeuti ¢ fompawist bigke cusedragbn i gheaio sestherbebsileselvhnigher drug | oadi ng
in the s¥§ten1is needed to ensure acceptable unit size for oral

adm ni stration. The anount of the polyner carrier in the SDis often
limted espegi al |pmiedithéntonal sol ubilizi ng agents such as surfactants and
basic or acidic agents are needed to further inprove solubility. In such
cases, plasticizing the polynmer alone will not be sufficient to reduce the
viscosity of Iri deger@X the tehd@:dME BrRe B b thetpeeskit MveREbnPdABE kinymafzel ke pol ymer
present in the system Sone HVE-rel ated techni ques that have been used

i ncl ude: followS:1 | owering Tg of the pol ymer during HVE by addi ng
pl astici zers such as TEC, 10PEG triacetin, glycerin, diethyl phthalate,
propyl ene glycol have been reported in the literature. 2. Use sone of

the surfact aRtglibiaie featrpddr siong Wb Sropps s Henipepim e devsd S8 the dual
purpose of aj.fiBAwRO! VRS 2 REQGREAMGr biSd W kile BfnuEMRE €aMEMHenARlgether to ,
sol ubi | i zati on and bioavailability enhancenent. 153. Preparation of a solid
di spersi on wbg ¢xupdgdcysingtadior nalt exirusipn Pereesso Mix iy theded pyvdcerpe vateniee and

wat er cont ent, i = f 4 L Xt | ass anpoul e
has been rep%¥?ga@?gﬁgﬁgﬂﬁé%@?%?ﬁ?gahﬁéhh@%%ﬁ@%Q%L%Fgﬁgﬁﬁggg3%2, such as
super cri 89 catxu@gRn. haxlditiearvotdtit svbdnts suchas vdamd, isoprapandioemiteplalpse prinzer to

20appl | cat 1 oh 2000 B3ub0ES B EATRHET LE oRoAio N EXhAATOT kBt

HVE-rel ated pl asticization techni ques i ncl ude: 1. Adding a
non-vol atile plasticizer lowers the Tg of2-solid di spersions



25permanently, and this can thus easily induce drug crystallization. In
addition, the nechanical, thermal and gas and noi sture perneation

properti esoab1ztdaes2eol i d di spersions could al so be chang®dT/us2011/05869 Addi ng
surfactant as a plasticizer is likely to destabilize the system by |owering
the Tg and increasing the water uptake as reported in the literature.

3. Traditional plasticizers used in HVE such as TEC, PEG triacetin,

gl ycerin, diethyl phthal ate, propylene glycol are associated with such
limtations as toxicity and noderate water solubility. 5 2. Modified HMVE
Process The nodified HVE process techni que of the present invention

| nvol ves t heq$ienfiedindlloftdelin SR PRI SHELDAR WPRAE, DRLNARL QL 2Ot her

vol atil e solvents during t process. e volatile solvent serves two
pur poses: ( 1jcreepedthgpseh e QQ@esmé?Sﬁmnymenc &he scegengslexirodasesi oag be el es Fgrof t he
pol ymer, (2), kL ts present
in the ext rudatﬂ gosgz%%gédu\%@ h%(( 3l M%I‘gdﬁcgﬁs %ﬁ%&?%?&aﬁéﬁl? % &6%382&2% lead to
suf ficient redgetivorstefatd. Hléle\bilesld@lsrmtyriaifcart ieefiledtin di qagsubatrepmatessed altd owi ng
extrusion,to, pbe conducted at a lower tenperature that is below the nelting
poi nt of T he compound. Since the volatile solvent is evaporated out after
the extrusion process, the final extruded SD w || mal ntain 15the high Tg

which is nec sar o.e e S|cal and chenj cal b||| of t.he SD
st om The. fhadishort e L P sREer e Bt b drieep hpRtiiSs hout
have reasonainkeqabbraled bxitudef mﬂe]lam@ wilch) siinﬂltatnlaals‘]/}(lhﬁtmﬂgehcﬁlm waats formhese
include but not limted to th oorly sol ybl.e coppou such .as Conpound
(1) sodi um sHFvet pgssor H‘ﬁh%‘éﬁ‘e? "Esé‘P‘H? %0 d‘i‘Jﬁ‘ftﬁ‘r]E @‘na’i’ﬁ aP(PE‘H%

concentr ay i oglidit A eOWSeR Eth@idN8iopYPaiil] diBeSbié@RtSmbir&l i3 afyhegétert s | n
general, the nodified HVE process o t he present invention can be

sumari zed aSheselPIaHs sol Z@t%ﬁﬁlqnﬂ%ﬁhéﬁe%f‘taﬁéc@ifrﬁwPé?%ﬂﬁ“v%ﬁ”ﬁ Bt oper screw
confi gurati ogisRliARsh tRbIEXhE Hdb RYwEE FPRE 8ihty BlubldoR@omentBChani cal  m xer
blend all the fornulati on conponents together to be extruded using a hot
melt extrusion process. Mx the blended powder with water to forma wet
mass whi ch C&%édﬂ%f‘th@ﬁexfeﬁ@ aﬁﬁ%@olﬁtk?%f BRULbdi REATORE BRIt UIRS och@fy hot el t
30extrusion. In addition, volatilé solvents such as ethanol, i|sopropanol or
wat er , alldneembpodimens alsthe mmmwﬂ@he dHmedafa proeass f@épm@mgfa@ramomélom epar ation
of the wet [ [ onvection oven at 60C
for a period o@mat‘m& tnglﬂgﬁ{eegtarlﬁ&ﬁ gtgﬁg}e%s(@%éé (géhr ough a 20-nesh (850p
m screen. The sdilemrér avactviddasacedivabegnadied, fasolyrseroa v@aiile bdvdnl emided wit h
dry exci pien nni. |.Qi dal _silicon dioxide and rmagnesi um
Stearate. Eé&gﬁﬁr??'dega &?gﬁlﬁa{%%%% gq’sfe?&fasesd in to a capsule or conpressed
into 5a tabl et. AR} feediag th‘ee&leymansontotathnMumdmlhlﬁxlEd ogiwer prifooess, the

bl ended Bé)mdertmﬁatn be passed into the equilibrated extruder barrel along
with simi taneousFy injecting liquid water to formthe wet nmass for the hot
mel t extrusion pr(e):@@ﬁqg thchatdtgct ed |iquid can be a volatile 10sol vent
such as water, anol ol, either al qne_or conbj ned . in an
proportions. Thes )%105'111Iy|s§ egla)‘ﬁ%g‘ﬁtdgecg?m YRy tIWé‘tnég?eHb‘é{‘ﬁh% jtiogal tranS| ent
pl asti ci zer spasm¥Rldicad$ asopwble bxZméss;t o di ssolve the drug as well as the

ot her sol ubl e conponents. In view of the general applicability of this

modi fi ed HVE®process, one general 15 enbodi nent of the invention can be
defined as a progs ﬁlﬁlgganmcﬁwﬁaﬂﬂac&mlcamgm@ﬁsa ﬁ(ﬂglﬁéﬂaﬁm@ﬂo%m' sing the
followi ng steps (1) to (4) or (5) to (8): (1) mxing an active

phar maceut i c#llUilnhgrcwinemiomaa portyiter, a vol atile solvent and, optionally, a

sol ubl e exci pi ent ] RediRE e FniXGie AMBASolatile solvent simultaneously into a temperature

equilibrated extruder to form an extrudate;
(7) drying the extrudate;
30 (8) optionally screening the dried extrudates and mixing them with additional

pharmaceutically acceptable excipients;
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(2) feeding the wet mass into a tenperature equilibrated extruder to form
an 20extrudate; (3) drying the extrudate; (4) optionally
screeni ngwoherduis2d extrudates and m xi ng them wi t h addiPCirarsaé11/052869
pharmaceutically acceptabl e excipients; or: 25(5) mxing an active
pharmaceutical ingredient, a polynmer and, optionally, a soluble excipient

to forma m xture; (6) feeding the mxture and a volatile sol vent
sinmultaneously into a tenperature equilibrated extruder to form an
ext rudat e; (7) drying the extrudate; 30(8) optionally screening the

dried extrudates and m xing themw th additional pharmaceutically
accept abl e excipients; As nentioned above, the active pharmaceuti cal

i ngredi ent (APlI) should be one having reasonable solubility (>= 1 ng/nL) in
t he vol ati | eAsoieviemed skdveched tive Premagepiical ingfediena(ddileshould bagnd kavingr or
volatile co qug rom2%to 70%in the
hot nelt ex??ﬁ%ﬁ%ﬁé%?@%h§mg_gx %L@?%f&%g(%gﬁFéﬂgggféners and ot her

sol ubl e ex0|p|ents that may be used in the process include, for exanple: 10
1. Volati ge SI% rﬁomrgi s1e?9 élastlglz Sotrlv fag g Sonen r'ﬁ?l llé:nch tﬂege&a&%ql lglet I es
e.g., water an her” Vo e so 'SuchPas et han I SOprop onq

be suitable ﬁmnd%@%@@%nnMﬁﬂKnhmhe&nm&mgmkymers or polyner bIends who' s Tg
could be greatly reduced with increasing anmount of such plasticizer and may
further act as a solubilizer to practically dissolve the 15conpound or

ot her wat er BEadniidserf@xedndd, pollSecisand berssyiibRraxcipidnts Bk yagbSused in the

pol yvi nyl pyrol i done VP et hyl ene glycol (different nol ecul ar

wei ght s), coHBF?ﬁE?gﬁﬁﬁm%ﬁﬁgg %yl pyrrolidone and pol yvinyl acetate,
Eudragit 1§ ype pol yners, polyethylene oxide hydr oxypr opyl nethyl cellul ose
and ot her annrghous 20 pol yners or ymer bl ends who''s Tg can be%?reatly

reduced by vbl P?P@SBW@%%WE?E@P§k%WP@n%@“§ﬂh@%%WéCﬂ%ﬁﬂ¥%§§gaﬁﬁW¥é i on

Many hydr Ophbthércwolait&ns‘oﬁ/entk'mm%'bﬂEan@QJsdf)Rﬁ)()ﬁallrﬂﬁi)l lsedgunﬂﬂmtdrp@l&tza%f ¢ and
natural ones are included in this cate Sol ubl e exci pi ents:

functional eX¥Regiobmress potynes blsads wha' %113@ f(oyldd%e@'r%ﬂﬁ éedupgdgyighningrgasing. 25| ysi ne

or tromet ham &bt SENPLARIAPHR hASLRRE act02588RIi%: 19@1[%51 &liydiolve th
conbi nati ons thé}eo ?Hg? aC|d|fy|§gﬁageﬁ?$' éurféoga tfs&gﬁuﬁf@éd?yl

sul fat e (SDSyompgundpf gthaE whRGS) lulte pxsaitients Brthesyele@m docusat e or conbi nati ons
t hereof ), polymers such as PEG 8000 that can be dissolved or practically
di ssolve in water or other volatile solvents are suitable for use to reduce
the viscosity Bilymére: mhvinydiyngidmmxthyie. pOB@thAfeneglydtrlydiffgrealndols@ll@eni ng, the
extrudat es npy, Q@) f{sﬁ %y*}ﬁers %""1 q@ﬁ&% td 8 v ROALIR %eﬁﬁdrﬁt't % accept abl e
exci pi ents sUch a rs (suc crystalline
cel | ul ose, pixaynms quisictaleny oad@: dapdrabj’peo;s/ﬂ@amsl ¢cdluloke ad ollec trosmphous

20 polymers or polymer blends who's Tg can be greatly reduced by volatile plasticizers will

be suitable for this application. Many hydrophilic, ionic, H-bonding polymers including

both synthetic and natural ones are included in this category.

3. Soluble excipients: functional excipients such as basifying (L.-arginine, meglumine, L-

25  lysine or tromethamine or combinations thereof, inorganic basifiers or combinations
thereof) or acidifying agents, surfactants (sodium lauryl sulfate (SDS), Vitamin E TPGS,
Gelucire or sodium docusate or combinations thereof), polymers such as PEG 8000 that
can be dissolved or practically dissolve in water or other volatile solvents are suitable for
use to reduce the viscosity of the extruding mixture.

30

-34-



nonohydrate, mannitol, isomalt, sorbitol, etc), glidants (such as talc,
colloidal silicon 5 dioxide, etc.) and lubricants (such as nagnesi um

st ear at e,wet20)2/o4gs200r to tabletting. Those of ordinary ekirius2émn/os1se9
pharmaceutical art will know how to sel ect acceptable binders, fillers,
glidants and lubricants for tablet formulation. Coatings may al so be
applied as needed. 10 Anot her general enbodinent is directed to a
pharmaceuti cal conposition conprising Conpound (1) sodiumsalt in anorphous
formand at | east one pharmaceutically acceptable carrier or diluent. In
a more specific enmbodi ment, the final pharnaceutical conposition that may

be prepared kpbyqring aﬁ?‘i\@m@ﬁlﬂg Qﬁée;&%dﬁt&r rﬁéﬁbéjﬁﬁﬁér'nﬁ%h With &1afdhid

phar maceuti cal comnposition, €.g. , conprising: (a) anorphous
Conpound ( 1) Peodpagnticady tacceptbble alsmpl@ras&ucta n&etaélatrblmsarﬂfolet {idgrs guch &sast  one

basifier; 20 stahl‘ﬁ%scte @{%I}M%{lucaﬁ}‘?%gﬂtg?lgEJ%aRQﬁLhX%%&gl QLr nore

phar maceuti ca y accept a prents ments i ncl ude
the foll ovvi ngocdypesi tIiamrn@l iPHAltsorhig], plrargid orutsndhals tdorplbaddl srlmon e.g. a
tabl et, np.i.Si ( i.gh u di um
salt: (b)° 1°X1d%%52))ba?}‘21\%‘fe]tﬁr el Gl érag)é‘%a\gﬁ‘%s;%“i %t?m‘%epc @S&OE%&HQ% ooy
(d) 1%to 99%dhmwmlgdntthq@mlameutwﬁ[)a(ra);ﬂl&mdwdnpmt@ ek ycceptablebmdm dillers,

phar maceut i cal t.abl i olid pharmaceu nposi ti on,
B " bl bl R f@ s ToEl o B Gisus 65 Shn bt SITEF bl Faskitbng. (1)
sodi um sal t; (b) 1%to 30% by wei ght surfactant; 5(c) 2% to 40% by
wei ght basi fi er; (d) 10%to 80% by wei ght polyner; (e) and optionally one
or nore pharnaceutically acceptabl e excipients. A solid pharnaceuti cal

conposi tii@n, ABotBer g@nératelnﬁ)bdm@ﬁﬁp ir&dtddgo a Qira])acell?/(@au QormiPS4tly: compAdikg anor phous
Conmpound (1) sodi um sal t ; I) 2% to 20% ght surfactant;
Compound (1) sodlum salt in amorphous form and at least one pharmaceutlcally

acceptable carrier or diluent.

In a more specific embodiment, the final pharmaceutical composition that may be prepared
15 by the HME process as herein described is a solid pharmaceutical composition, e.g. a
tablet, comprising:
(a) amorphous Compound (1) sodium salt;
(b) at least one surfactant;
(c) at least one basifier;
20 (d) at least one polymer;

(e) and optionally one or more pharmaceutically acceptable excipients.
Additional sub-embodiments include the following compositions:

25 A solid pharmaceutical composition, e.g. a tablet, comprising:
(a) 1% to 90% by weight amorphous Compound (1) sodium salt;
(b) 1% to 50% by weight surfactant;
(c) 1% to 50% by weight basifier;
(d) 1% to 99% by weight polymer;

30 (e) and optionally one or more pharmaceutically acceptable excipients.
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(c) 5%to 20% by wei ght basifier; (d) 20%to 70% by wei g
optionally one or nore pharnmaceutically acceptable excip

ht polyner; (e) and
ients. 15 A solid

phar macewoDcal2/@eszposi tion, e.g. a tablet, conprising: PCT/US2)11882%6% 0 60%

by wei ght anor phous Conmpound (1) sodiumsalt; (b) 2%to
surfactant; (c) 5%to 15% by wei ght basifier; 20(d)
wei ght polynmer; (e) and optionally one or nore pharnaceu
exci pients. In additional sub-enbodi nents, the surfactan

10% by wei ght

20% to 40% by
tically acceptable
t is SDS (sodi um

dodecyl sulfate), the basifier is Arginine and the polyner is PVP K25. 25

One exenplary fornulation is set forth bel ow. Conponent
(1) Na salt 50.63 SDS (Surfactant) 5.06 Arginine (Basifi
(Pol yner) 34.18 Tot al

A solid pharmaceutical composition, e.g. a tablet, comprising:
(a) 1% to 80% by weight amorphous Compound (1) sodium salt;
(b) 1% to 30% by weight surfactant;
5 (c) 2% to 40% by weight basifier;
(d) 10% to 80% by weight polymer;

% (WW Conpound
er) 10.13 PVP K25

(e) and optionally one or more pharmaceutically acceptable excipients.

A solid pharmaceutical composition, e.g. a tablet, comprising:
10 (a) 1% to 70% by weight amorphous Compound (1) sodium salt;
(b) 2% to 20% by weight surfactant;
(c) 5% to 20% by weight basifier;
(d) 20% to 70% by weight polymer;

(e) and optionally one or more pharmaceutically acceptable excipients.

15
A solid pharmaceutical composition, e.g. a tablet, comprising:
(a) 30% to 60% by weight amorphous Compound (1) sodium salt;
(b) 2% to 10% by weight surfactant;
(c) 5% to 15% by weight basifier;
20 (d) 20% to 40% by weight polymer;

(e) and optionally one or more pharmaceutically acceptable excipients.

In additional sub-embodiments, the surfactant is SDS (sodium dodecyl sulfate), the basifier

is Arginine and the polymer is PVP K25.
25

One exemplary formulation is set forth below:

Component 9% (WIW)
Compound (1) Na salt 50.63
SDS (Surfactant) 5.06
Arginine (Basifier) 10.13
PVP K25 (Polymer) 34.18
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100 4. Characterization of HVE G anul es Prepared Using Water as Transi ent
Pl asticizer/Solubilizer 1. Conposition of the solid dispersion formnulation
The SD f owoubmtd4eszoused for extrusion experinments i s sheem/uspoiTabises 4.
Table 4 - Conposition of Conmpound (1) Na salt solid dispersion (Blend #1)
Component % (WW Conpound (1) Na salt 50.63 SDS (sodi um dodecyl sulfate)
5.06 Arginine 10.13 PVP K25 34.18 Total 100 Il. Preparation of solid

di spersion of Blend #1 using twin screw extruder PVP K25 is used as the

pol ymer carrier because it increases the solubility of Conmpound (1) Na salt
I n aqueous nedia. PVP K25 has a glass transition tenperature of -150C.

| Total | 100 |

4. Characterization of HME Granules Prepared Using Water as Transient

Plasticizer/Solubilizer

I. Composition of the solid dispersion formulation

The SD formulation used for extrusion experiments is shown in Table 4:

Table 4 - Composition of Compound (1) Na salt solid dispersion (Blend #1)

Component 90 (WIW)
Compound (1) Na salt 50.63
SDS (sodium dodecyl sulfate) 5.06
Arginine 10.13
PVP K25 34.18
Total 100

10

I1. Preparation of solid dispersion of Blend #1 using twin screw extruder

PVP K25 is used as the polymer carrier because it increases the solubility of Compound
(1) Na salt in aqueous media. PVP K25 has a glass transition temperature of ~150°C.

15  With a high drug load (50.63%) in the mixture blend of Table 4 and the high
melt/decomposition temperature of the drug (~320°C), extruding this mixture blend
without adding plasticizer did not work (jamming occurred on a bench-top twin screw
extruder), even when the barrel temperature was heated up to 200°C. Small trial extrusion
runs were carried out at 5-10 g scale using a 9 mm bench-top twin screw extruder. Various

20  amount of water was added to the Blend #1 prior to the extrusion. It was found that
extrudates could be successfully produced at temperature below 100°C with the water

content between 20-35% (w/w) in the powder blend.

A larger scale extrusion run was then performed using a Leistritz 16 mm extruder at 100 -
25 300 g scale. The Blend #1 was mixed with water (water content 31% w/w in the mixture).

The mixture was loaded into a forced feeder with is attached vertically to the Leistritz 16
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15 Wth a high drug load (50.63% in the mxture blend of Table 4 and the
hi gh nmel t/ deconposition tenperature of the drug (-320C), extruding this

m xt ur e bwerndiavi4sizout addi ng pl asticizer did not work (jpamrtiSag1o8286¢ red on
a bench-top twin screw extruder), even when the barrel tenperature was
heated up to 200C. Smal| trial extrusion runs were carried out at 5-10 g
scale using a 9 nm bench-top twn screw extruder. Various 20 anount of

wat er was added to the Blend #1 prior to the extrusion. It was found that
extrudates coul d be successfully produced at tenperature bel ow 100C with
the water content between 20-35% (W w) in the powder bl end. A | arger

scal e extr UShfdiblleaf, ARBRR! {ARTRAHSIAGed YOS Hdre 118 TN GHbdHder at
100 - 25 300 g scale. The Blend #1 was m xed wth water (water content 31%
W w in the nipeediwesset U6 rpix tgheuldubsndteshibatdhg mt@r cenfeatio gy Headdektugi th i s
attached ver e of the
barrel s was g]g(%ﬂg%]g‘g%%}%ugg tljfglﬁgﬁ(%k E{éy #%g%?ar(%l eg&rstgeselgngvggpg‘gi Sjlraﬁl&]60 rpm
It should beurnbt@dhtghawrr@lh@nmettme (Y801 efransparentrpgtridagneasmiradugedethwiveln thiet
flows t thUQEn} h&w%ﬁa&e rr(ﬁ’ﬁoa%ew lsesz%% f11 ca?ilty %uelnge a?garllFel V\llagsure The
evapor ation under ‘barrel aterrpera (‘S ans Pt ‘extrudat e
was pr oducedeitttudan glas nérestﬁkadmmlmleklphtaban téﬁmram’eor | oad Was - 25%
indicating a low internal barrel pressure. The extrudate was non-sticky,
dried quickly at roomtenperature. The extrudates were further dried in a
60C oven f or The &uldsesande thdbr dden abd°Ceded ot 6Wats ad2Renwesb m(i8HGhuagh scr een
to obtain fin ran S..  The granu shav d flowapilit a can be
easily fill e%lgﬁ) ﬁ’?g‘ @gﬁmg%ﬁep%’%gﬁ% 18‘§graP‘F 168 Q‘%ﬁé@é‘&%ﬁ?@éf)g‘bﬁ% 32’?1“1/ he solid
di spersi an (iiMzagbapdsligs)ledin@HicBhelisifigeyvat er as a transient sol ubilizer
and plasticizer 15 An XRPD anal ysis of the extruded granules in conparison
with the correspondi ng physical m xture was perforned, as well as for the

i ndi vi dual coipoRe M eriifions MNRESIRONsRYSOPEENE Ybﬁméﬁ?ﬁ’%&ﬁw ﬁmg Rhtekhe
extruded granul es containi ng anor phous Co rrpoundg sodiumsalt, in

conpari son whthirapdenispipbibizer andplaticizpe i ndi vi dual corrponents and t he
physical m xture, is showmn in FIG 10 (HVE granul es bottom pattern; "DS"
= Compound (1) 20 sodiumsalt, the third pattern from botton). The | ack of
any di f f dact AoxXRFdbkslypigof tha extnpled g@owpoitsadmpansonayid ghe doriespondiag piwsical
granul es i ndjeat in the
solid dispersi onrg%v'ﬁgpﬂinr%%gtaréa@tkggt eﬁlgg 1?%5}5‘{&&1@9»\,&/%&9 g‘gnt i Irﬂ]‘irB(gSjg1s

t he_amor phou$hsX¥RPRpasan of b eConpderacl@&cofitiningrnzrpivas @amemmdcﬁ al SOdl@SJage

form hot - meld, Sebhitdeda ! £8n50ta) 0 A0 ATPLANGHRTRPAAL it sal ¢

wat er was pr mpamreds shovan mv@[@hlo (HM I graofilesa€ botwoad W@mKZBS’WaCempwnﬁ (1r 1. 33.

This m xture Si 0 i.ng the s rocess
as speci lebjedsoabu(% {é]lx ﬁié%tpa&?mgmglaro&tgﬁ?t ﬁgacﬁ( ? ul%yecpglfadi%%) ]?8{&5 t%?gpgbt ain
granul es. Thgsmﬁdwﬁi @()‘)Ngrsﬂr)ulh &8 HMEE @rahtileninaiakyhedhdyPEisbvRnuodedret ke sanme
ssNMVR condi ti ons ang usi n% tﬂé sane equi pnment as outlined above for the NWR
anal ysi s of PREPRMIQL) InUHSORBHISREYE i al . The 13C ssNVR spectrum of the
extruded granul es containing anor phous Conpound (1) sodiumsalt, in

conpari son W|th the ssNVR spectra of the crystalline active ingredi ent

mat eri al (TyE% Ayonsiige pgpbinsol sSEMEHG\ipnfily try-ggnorphous spdinp Isﬁ/lt%f Pr?@n he

peaks ino} he(lE"MEa '\ﬁ? AlMe@Scal MRhgeAbAN, MEMER cihRPEAFAAC@nAfni AIERHRIMS active
i ngr edi ent 5 spect rum of the hot-melt extrusion fornulation shows

br oadened Nwﬁom@@@ﬁéwd\éassa¥t&ferq Halyaet tesNMEy r & giiente of Gemporndid Naglts of
crystal line pyfensiaRg fher @Mr@ﬂl?éﬂ%n%%e@h&fau@) BeaciG/PVE- B RAILnt | 3Bue to
significant geak broadeni ng, spectra resolution is reduced and overl appi ng
of closely a ina@@ﬁtlrepy@ak@n|sng@ﬁ§mwlt%ﬁu%wsmhmamrmws ism:cxfﬁé

hot- mel t ext gidlat &sep ACLRRA] DALY NS 109HERl il bafBOOFLOTVRYCH Peaks
IS necessary bro t han e active ingredient and chem cal
shifts ré@)orgremﬂm&ier@t@nMmébESWManddn@eaﬁmﬁ piodB Cfbmhtmr@fand fengabe i ve are
accurate to | ry 13C
chem cal shi eh? QlP mt‘%ﬁtgagghrr%? &ﬁ%ﬁ)gg%oﬁ{e%@g %%gélscgft filr Stal}utle Xglgm&s)[éﬂé%al n

15t he ssNWVR anal ysis of the extruded granul es, are as set forth in the
followi ng table: Peak (ppm 3 PPn) 158.458142.9



138.3 131.5 128.3 120.2 111.0 One general enbodinment is directed to an
anor phous sodium salt of Conpound (1) that has a 13C solid state NWR
spect rumworeprz/itszg peaks at chem cal shifts of 158.4, P83/U32@0/0523d9 120. 2
ppm ( 3 ppm. These three peaks in the NVR spectrumare believed to be
sufficient to uniquely identify the presence of the anorphous form of
Compound (1) sodiumsalt. Another general enbodinent is directed to an
anor phous sodium salt of Conpound (1) that has a 13C solid state NWR
spectrum conpri sing peaks at chem cal shifts of 158.4, 142.9, 138.3, 131.5,
128.3, 120.2 and 111.0 ppm (3 ppm. 5 Al of the solid state NWR

embodi ment s Ao CQNERRARMAG oA ARAla SRAAML BERALiSindImSBhods AchfbaliRT @) 1
represent the solid st of the anorphous sodium salt of Conpound (1)
when conduct sdiunnghdly ingeiyipaion Maﬂb@lnqaasUMR a3 clalyi quth(talbmmnm mgrédlmrrt 25C;

rel ative humdj xS [ o]

phar maceut i &’?!ehmégg%u%%ﬁﬁ%o%ﬂss*ﬁ‘g@an@gggﬂ@ %?gyln ﬂ%ﬁ?gaq{gggﬁh%m sal t
wherei n the HMIi phols (Coapoluadh (e presadé afangaplious activhengphiantra e tNMBI
conposi ti pn LS. a8 d ion N 5 The
noi st ure g(2on? %[?J g F{hﬁﬂgt m%i?/ ETUI%IR}EPOSIPSI%U ne%loyégl% g%ea/r% ned (gnan ékortned was
4. 4% Mbdul adeiste B@Eédmsdq@eo fhorsiebf tnystamsesmemheheqirmphom mmalotftmractwe

t enper at ures. of .t he l ed, gr anul es -

sanbl e wer ongiiEny PP ot BEB FRening, wet it uga b3 RE Y ChE 1) e
granul es conb\aelﬂappi@g (ﬂ&%S&\l&Ta&j’acent p@kpis@ﬁsdﬁﬂéo@ﬁ@ﬁﬂu&’rphdﬂsfdwgah&d hangheR 0 then

m xed with water te ore t 3. PW p

4. PVP K25 pbt W@P %lb%/ f%%l\%ﬂt B&t ' P%%JCK}\B‘?%S Pt Oéﬁeﬁﬁi\ﬁ

her met i ¢ 1panfopkiehiotie 1ﬁgre<h1@ﬂtana e Rh&YieA shia tPbrib D&Y cBdmélidrdg fdrivg DSC
experinments. The Tg is about 172C for the HVE granules while it is reduced
to about 50C*PYP ?W%éor&’r%lfﬁlﬂﬂ WHVCHRELURNIG YO B9R ha P unippy dhqwise dulicatedn 19 of
the solid dispersion blend due to the presence of water allows the
extrusion process to be operated at bel ow 100C. For conparison purpose, the
nDSC results for the polynmer PVP K25 are also shown in the Fig 2. The neat
pol ymer has @helﬂlﬁ'ﬁ?% c]aél%gale{SQOlttH@aJ&pH@rﬁ Bhpbeag e atu éialﬂoéjstse@lgg when
t he powder contai ns” 20% water. These data are consistent wt

literatun® répeNMRundyas efiibe q?grué«rd mmlmﬂe Asssef émf@e@aletf@ilawmm@om th 20%
(wWw water in the polyner. In vitrL sl on testing of the SD (HVE
granul es) and the physical m xture hav g:)(igrmnstrat ed a rapid and high
drug rel ease (>90% observed for the | es while only about 40% of
drug was rel eased for the physical m xt1#%"* deénonstrat i ng the advant ageous
di ssol uti on behavi or of the HVE granul e8:2.9 Anot her exanple of a specific
hot nelt extrusion process for preparingghe anor phous 10 form of Conpound
(1) sodiumsalt, as well as a solid ora13 pj1ar maceuti cal forrulation

cont ai ni ng such anorphous form is [rUViééEéJ bel ow.

120.2
111.0

One general embodiment is directed to an amorphous sodium salt of Compound (1) that

has a C solid state NMR spectrum comprising peaks at chemical shifts of 158.4, 138.3
20 and 120.2 ppm (+ 3 ppm). These three peaks in the NMR spectrum are believed to be

sufficient to uniquely identify the presence of the amorphous form of Compound (1)

sodium salt.
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Example 6: Solid Oal Fornulation #6 15The conposition of the solid
di spersion oral formulation: Mnograph Functionality % w w Conpound (1)
sodi um saw0'2012Aa83520e 40. 00 L- Arginine USP / Ph. Eur. Ba®CTiuseoi8/osBe6sodi um

Lauryl

Ph.

Eur .

Sulfate NF / Ph. Eur. Surfactant 4.00 Pol yvinyl pyrrolidone K-25 NF /

Sol ubilizer/ Binder 27.00 Mannitol USP / Ph. Eur. Filler

10

15

20

25

30

Another general embodiment is directed to an amorphous sodium salt of Compound (1)
that has a C solid state NMR spectrum comprising peaks at chemical shifts of 158.4,
142.9, 138.3, 131.5, 128.3, 120.2 and 111.0 ppm (3 ppm).

All of the solid state NMR embodiments and corresponding claimed embodiments as set
forth herein represent the solid state NMR of the amorphous sodium salt of Compound (1)
when conducted under ambient laboratory conditions (temperature 17-25°C; relative

humidity 30-60%).

Additional embodiments are directed to pharmaceutical compositions comprising
amorphous Compound (1) sodium salt wherein the amorphous Compound (1) sodium salt
in the pharmaceutical composition is as defined by the above-mentioned ssNMR

embodiment.

The moisture content of the milled HME granules was determined by TGA and was 4.4%.

Modulated DSC was performed to assess the glass transition temperatures of the following

samples.
1. HME milled granules - samples were gently triturated to break large aggregates
2. HME milled granules containing 20% water - samples were gently triturated and

then mixed with water immediately before the DSC run.
3. PVP K25 polymer
4. PVP K25 polymer mixed with 20% water

Samples were run in an aluminum hermetic pan without pinhole to prevent water loss
during the DSC experiments. The Tg is about 172°C for the HME granules while it is
reduced to about 50°C for the granules containing 20% water. This decrease in Tg of the
solid dispersion blend due to the presence of water allows the extrusion process to be
operated at below 100°C. For comparison purpose, the mDSC results for the polymer PVP
K25 are also shown in the Fig 2. The neat polymer has a Tg about 157°C while the Tg was

reduced to about 30°C when the powder contains 20% water. These data are consistent
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20.00 Colloidal Silicon D oxide NF/ Ph. Eur. didant 0.50 Magnesium
Stearate NF/ Ph. Eur. Lubricant 0.50 Crystalline formof Conpound (1)
sodi um sawoD 20p/48®2d at the start of the process and thepamarspio®s286or m of
Compound (1) sodiumsalt is obtained at the end of the Hot Melt Extrusion
Step 20 One specific solid oral drug product fornulations was prepared
according to the above general Formulation # 6, a 400 ng product:

I ngredi ent Function 400 ny ng/ tabl et Conpound (1) sodium salt Drug
Subst ance 413. 41 Arginine

with the literature reports where the Tg of PVP K30 is reduced to ~ 40°C with 20% (w/w)

water in the polymer.

In vitro dissolution testing of the SD (HME granules) and the physical mixture have
5  demonstrated a rapid and high drug release (>90%) observed for the HME granules while
only about 40% of drug was released for the physical mixture, demonstrating the

advantageous dissolution behavior of the HME granules.

Another example of a specific hot melt extrusion process for preparing the amorphous
10 form of Compound (1) sodium salt, as well as a solid oral pharmaceutical formulation

containing such amorphous form, is provided below.

Example 6: Solid Oral Formulation #6

15  The composition of the solid dispersion oral formulation:

Monograph Functionality % wiw
Compound (1) sodium salt ! Active 40.00
L-Arginine USP / Ph. Eur. | Basifier 8.00
Sodium Lauryl Sulfate NF /Ph. Eur. | Surfactant 4.00
Polyvinylpyrrolidone K-25 | NF/ Ph. Eur. | Solubilizer/ Binder | 27.00
Mannitol USP / Ph. Eur. | Filler 20.00
Colloidal Silicon Dioxide NI/ Ph. Eur. Glidant 0.50
Magnesium Stearate NI/ Ph. Eur. Lubricant 0.50

ICrystalline form of Compound (1) sodium salt is used at the start of the process and the
amorphous form of Compound (1) sodium salt is obtained at the end of the Hot Melt
Extrusion Step

20
One specific solid oral drug product formulations was prepared according to the above

general Formulation # 6, a 400 mg product:
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Basifier 82.7 Sodium Lauryl Sulfate Surfactant 41.3 Pol yvinyl pyrrolidone
K-25 Sol ubilizer/ Binder 279.1 Purified Water Transient Plasticizer g.s.
Manni t ol Wpowanest) Filler 206.7 Colloidal Silicon D oxipdg/uSkéidanised. 2
Magnesi um St earate Lubricant 5.2 Total 1033.6 Preparation of Fornulation

#6: 5

10

15

400 mg
Ingredient Function

mg/tablet

Compound (1) sodium salt | Drug Substance 413.4"

Arginine Basifier 82.7

Sodium Lauryl Sulfate Surfactant 41.3

Polyvinylpyrrolidone K-25 | Solubilizer/ Binder | 279.1

Purified Water Transient g.s.
Plasticizer

Mannitol (powdered) Filler 206.7

Colloidal Silicon Dioxide Glidant 5.2

Magnesium Stearate Lubricant 5.2
Total 1033.6

Preparation of Formulation #6:

Compound (1) sodium salt along with the basifier, surfactant and solubilizer/binder are
mixed in a dry state in a turbula mixer. This dry mixture is further mixed with water to
form a wet mass. This wet mass is then fed into and extruded through a Hot Melt Extruder
operated at a temperature of 80-100 °C, which consists of two intermeshed corotating
screws with a small clearance inside a barrel. The material is conveyed through the barrel
due to the co-rotating action of the two screws and the crystalline form of Compound (1)
sodium salt is converted into the amorphous state due to the high shear energy that the
material is acted upon, inside the twin screw extruder. Water acts as transient plasticizer,
aiding the extrusion process. Majority of the water is evaporated during the extrusion
process. The extrudates obtained are dried in a convection oven at 40°C to 80°C to further
remove the remaining water. Dried extrudates are screened through a suitably sized-screen
using a standard dry milling equipment, such as a Comil. The milled extrudates are further
blended with the filler, glidant and lubricant and compressed into a tablet of suitable

hardness.
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Compound (1) sodiumsalt along with the basifier, surfactant and

sol ubilizer/binder are mxed in a dry state in a turbula mxer. This dry
m xt ure iwoforddies2om xed with water to forma wet nass. PCHIUS20@05288%S | S
then fed into and extruded through a Hot Melt Extruder operated at a
tenperature of 80-100 C, which consists of two interneshed corotating
10screws with a small clearance inside a barrel. The material is conveyed
through the barrel due to the co-rotating action of the two screws and the
crystalline formof Conmpound (1) sodiumsalt is converted into the

anor phous state due to the high shear energy that the material is acted
upon, inside the twin screw extruder. Water acts as transient plasticizer,
ai ding the extrusion process. Mjoritycofpgde water is evaporated during

t he extrusion 15process. The extrudates obtained are dried in a convection
oven at 40C to 80C to further renove the remaining water. Dried extrudates
are screened,thro SUl i - SCr i : re.dry mlling
equi pnent shch dgggm%%%?F&ﬁﬁﬁéﬂﬁ#ﬁﬁgﬁﬁgyﬁgﬁga(ggﬂgﬁg§%%$@ é?)blended W th
the filles, glidant and |ubricant and conpressed into a tablet of suitable
hardness. CLAIM5S 1. A crystalline sodiumsalt of the,.conpound of the

followng formula (1): 2. A crystalline sodi um sg according to claim1,
havi ng: 10(a)an X-ray powder diffraction pattern cogpfising peaks at 7.5
and 20.4 degrees 20 ( (.2 : ) _Mben ne CuKa radi ati on;
or (b) a 13C solidH&Xat® ] ; ancﬂnprl 3 hem cal shift

of 176.8 and 168.4 ppm ( 0.2
diffraction pattern conprising
degrees 20) when neasured using CuKa D
spectrum conpri si ng peaks at a chem cal” shift of 176.8 ppm and 168.4 ppm (
0.2 ppm. 3.The crystalline sodiumsaltaccording to claim 2, having an
X-ray powder diffraction pattern conprising peaks at 7.5 and 20.4
degrees 20 ( 0.2 degrees 20) when 20 neasured using CuKa radiation 4. The
crystalline sodi uRcsahlind6smiflkNthct&dimb & did 1,havhglg a 13C solid state NWR
spectrum conpri si ng_peaks at chemical shifts of 176.8 and 168.4 ppm ( 0.2
ppm) . 2580 The) cr y & ARy RRVEHithiiatien PRUeHbamgisig PEaks &) &y ﬁﬁ“lzz%\#%@esa?ﬁ X-ray

powder (% 0.2 degrees 20) when measured using CuKa radiation; or

er

(b) a PC solid state NMR spectrum comprising peaks at a chemical shift of 176.8 and

168.4 ppm (+ 0.2 ppm); or

() both an X-ray powder diffraction pattern comprising peaks at 7.5 and 20.4 degrees
15 20 (£ 0.2 degrees 20) when measured using CuKa radiation and a B¢ solid state NMR

spectrum comprising peaks at a chemical shift of 176.8 ppm and 168.4 ppm (+ 0.2 ppm).
3. The crystalline sodium salt according to claim 2, having an X-ray powder
diffraction pattern comprising peaks at 7.5 and 20.4 degrees 20 (+ 0.2 degrees 20) when

20  measured using CuKa radiation

4. The crystalline sodium salt according to claim 2, having a °C solid state NMR

spectrum comprising peaks at chemical shifts of 176.8 and 168.4 ppm (% 0.2 ppm).

25 5. The crystalline sodium salt according to claim 2 having an X-ray powder

diffraction pattern comprising peaks at 7.5 and 20.4 degrees 20 (+ 0.2 degrees 20) when
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diffraction pattern conprising peaks at 7.5 and 20.4 degrees 20 ( 0.2
degrees 20) when neasured using CuKa radiation and a 13C solid state NVR
spect rumworeprz/itszg peaks at chem cal shifts of 176.8 amdTAG3014/0p3369 ( 0. 2
ppm). 6. The crystalline sodiumsalt according to claim2 in substantially
pure form 7. A process for preparing a crystalline sodiumsalt of the

conpound of the followng fornula (1): 10(1) said process conprising the
followi ng steps: (a) reacting Conpound (1) with an aqueous NaCH sol ution
in a suitable solvent to forma clear solution; (b) addi ng met hyl

et hyl ketone to the m xture obtained in step (a) while heating the 15m xture
to a temperahifGrdl, mﬂg@uka%mn%da@@ soBblenalkkpe ] dehpHapaLRd (1
sodiumsalt meth ket one sol vate seeds to the m xture obTained in
step (b) at dﬁ@mﬁlSmﬁﬂﬁlﬁéﬁaa@&ﬁh@madd#@EQQQD met hyl et hyl ketone to the

m xture obtained in step (b) or (c) at about 50 C, and 20(e) cooling the

m xture obtained in step (d) to about 25 C, resulting in precipitation of
Conmpound (1) 6.sodi Thmeswlalirersyditialsslt a®@olingry skan L imabgadiallypsalfernpr epar ed by
t he process according to claim7. 259. A pharnaceutical conposition
conprising a crystalline sodiumsalt of the conpound of the foll ow ng
formula (1):7. (1)A@nﬂe%ﬁmﬁﬁﬂﬁﬁn@meypﬂﬁnﬂﬁﬂﬂmtMhaﬁﬂ¢CampepMamﬂ&meﬁWhgr or

di luent. 510 maceuti cal conposition according to claim9, wherein the
crystalline g%@ﬁﬁﬁbsalt has: (a) an X-ray powder diffraction pattern
conprising peaks at 7.5 and 20.4 degrees 20 ( 0.2 degrees 20) when neasured
usi ng CuKa radi ation; or

O
Me N—
HO™ ~~ Ny N Br
= N \/
N N N
o) M

said process comprising the following steps:

10

(a) reacting Compound (1) with an aqueous NaOH solution in a suitable solvent to
form a clear solution;
(b) adding methyl ethylketone to the mixture obtained in step (a) while heating the

15 mixture to a temperature of about 50-60 °C;
(c) optionally, adding Compound (1) sodium salt methyl ethylketone solvate seeds to
the mixture obtained in step (b) at about 50°C;
(d) adding additional methyl ethylketone to the mixture obtained in step (b) or (c) at
about 50 °C; and

20 (e) cooling the mixture obtained in step (d) to about 25 °C, resulting in precipitation of

Compound (1) sodium salt crystals.

8. A crystalline sodium salt prepared by the process according to claim 7.

25 0. A pharmaceutical composition comprising a crystalline sodium salt of the

compound of the following formula (1):
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(b) a 13C solid state NVR spectrum conpri sing peaks at chem cal shifts of
176.8 and 10168.4 ppm ( 0.2 ppn); or (c) both an X-ray powder diffraction
pattern cwoppizismipopeaks at 7.5 and 20.4 degrees 20 ( OPRTAESQre®s2889) when
measured using CuKa radiation and a 13C solid state NVR spectrum conpri si ng
peaks at chem cal shifts of 176.8 ppmand 168.4 ppm ( 0.2 ppm. 1511. The
phar maceuti cal conposition according to claim 10, wherein the crystalline
sodiumsalt is in substantially pure form 12. A pharnaceutical conposition
according to claim9 conprising: (a) Conmpound (1) crystalline sodiumsalt;
20(b) at | east one surfactant; (c) at |east one basifier; and optionally
one or nore pharnmaceutically acceptabl e excipients. WO
2012/ 044520PCT/ US2011/ 052869 13. A sodium salt of conmpound of the
following fornula (1) ©Bh anmorphous form 14. The awerphous sodi um sal t
according to claim 13, llhavigg a 13C sdg¥led st - Lrum conpri si ng
peaks at chenical shHOfts™6f XY g?. 1015. A
onpound of

pharmaceutical conposition cagp t hgl_sod
the following forrmula (1) in arfor phous>ori \ 15and at | east one
phar maceutically acceptable carrier o | gent . 16.Mephar maceuti cal

conposition according to claim15 conprising (a) anorphous Conpound (1)
sodiumsalt; (b) at |east one surfactantl)

and at least one pharmaceutically acceptable carrier or diluent.

5 10. A pharmaceutical composition according to claim 9, wherein the crystalline sodium

salt has:
(a) an X-ray powder diffraction pattern comprising peaks at 7.5 and 20.4 degrees 20
(+ 0.2 degrees 20) when measured using CuKa radiation; or
(b) a °C solid state NMR spectrum comprising peaks at chemical shifts of 176.8 and

10 168.4 ppm (= 0.2 ppm); or
() both an X-ray powder diffraction pattern comprising peaks at 7.5 and 20.4 degrees
20 (£ 0.2 degrees 20) when measured using CuKa radiation and a B¢ solid state NMR

spectrum comprising peaks at chemical shifts of 176.8 ppm and 168.4 ppm (+ 0.2 ppm).

15 11 The pharmaceutical composition according to claim 10, wherein the crystalline

sodium salt is in substantially pure form.

12. A pharmaceutical composition according to claim 9 comprising:
(a) Compound (1) crystalline sodium salt;
20 (b) at least one surfactant;
(c) at least one basifier;

and optionally one or more pharmaceutically acceptable excipients.

25
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20(c) at | east one basifier; (d) at |east one polyner; and optionally one
or nore pharnmaceutically acceptable excipients. WO

2012/ 044520RCID/0482011/ 052869 17. A process for prepari ngPpam/tsaun phasas
formul ati on conprising the followng steps (1) to (4) or (5) to (8):

(1) mxing an active pharmaceutical ingredient, a polyner, a volatile

sol vent and, optionally, a soluble excipient to forma wet mass; 5(2)
feeding the wet mass into a tenperature equilibrated extruder to form an
ext rudat e; (3) drying the extrudate; (4) optionally screening
the dried extrudates and m xing themw th additional pharmaceutically
accept abl e exgi pi 20 dam LA the compoud B 1R IR Rorffild (Y PinRAREIBGERE Cal

i ngredient, a polyner and, optionally, a solublfe excipient to forma

m xt ure; (6) feedlng the m xture and a volatil e sol vent
sinmultaneously into a tenperature equilibrated extruder to form an
extrudate; 15(7) drying the extrudate; (8) opt ally screening the
dri ed extrudates and nmiXxing themw th addltlonal phesmmaceutical |y

accept abl e eXC|p|ents | P :

14. The amorphous sodium salt according to claim 13, having a *C solid state NMR

spectrum comprising peaks at chemical shifts of 158.4, 138.3 and 120.2 ppm (+ 3 ppm).

10 15. A pharmaceutical composition comprising the sodium salt of the compound of the

following formula (1) in amorphous form:

O
Me N=
HO = N Y N\ B
= N \ /
N N N
o) M

e

15  and at least one pharmaceutically acceptable carrier or diluent.

16. A pharmaceutical composition according to claim 15 comprising
(a) amorphous Compound (1) sodium salt;
(b) at least one surfactant;
20 (c) at least one basifier;
(d) at least one polymer;

and optionally one or more pharmaceutically acceptable excipients.
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WO 2012/044520 PCT/US2011/052869

17. A process for preparing an amorphous formulation comprising the following steps
(1) to (4) or (5) to (8):
(1) mixing an active pharmaceutical ingredient, a polymer, a volatile solvent and,
optionally, a soluble excipient to form a wet mass;
5 (2) feeding the wet mass into a temperature equilibrated extruder to form an
extrudate;
(3) drying the extrudate;
(4) optionally screening the dried extrudates and mixing them with additional
pharmaceutically acceptable excipients;
10 or:
(5) mixing an active pharmaceutical ingredient, a polymer and, optionally, a
soluble excipient to form a mixture;
(6) feeding the mixture and a volatile solvent simultaneously into a temperature
equilibrated extruder to form an extrudate;
15 (7) drying the extrudate;
(8) optionally screening the dried extrudates and mixing them with additional

pharmaceutically acceptable excipients.
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