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CRYSTALLI NE PYRI DAZI NE COVPOUND Background of the

I nvention The hepatitis C virus is an envel oped,
waovgloasost r anded, positive sense RNA virus in POEUS2008/008259

ia.tcvt yFlauiviridae. HCV mainly replicates within

hepat ocytes in the liver. Crculating HCV particles

bind to receptors on the surfaces of hepatocytes and

subsequently enter the cells. Once inside the

hepat ocyte, HCV utilizes the intracellular machinery

necessary to acconplish its own replication.

Li ndenbach, B. Nature 436(7053):932-8 (2005). The HCV

genonme is translated to produce a single protein of

around 3011 am no acids. This "polyprotein” is then

proteol yiicall I sed Vi I r

D1 ot cascCRYSTASIINEFYREPAZ DVEOMPOUND
(virion-associ ated) and seven nonstructural (NS)
proteins. HCV encodes two proteases, the NS2 cysteine
aut opr ot ease and the NS3- 4A serine protease. The NS
proteins then recruit the viral genone into an RNA
replication conpBaxkgebualid ofthe Inceatioh wi t h
rearranged cytoplasm c nenbranes. RNA replication
takes places via the viral RNA-dependent RNA

pol Ywenapatiel (NSRBs i¥h ehvelopRds sihighe-9Q AT, SHitivé tense
RNA i nternedi ate. The negative strand RNA then serves
RNA vardssiathattemilgrlddigiridneICViranird{ replicates within hepatocytes
positive-strand viral genomes. Nascent genomes can .
in theelivdre QiraulatiagddC Vi partickss birgdltb cateptorsoon feehadacks of
within new virus particles. New virus particles :
hepaesyteskzng subteiquently esteydbe eels.yOpae ingge dmelhepatocyte, HCV
released at the cell surface. HCV has a high rate of =~ =
utiliegs theainitwacelbiztan rapghiogiymaecsissaryrte acepmiplish its own replication.
Lindenbach, B. Nature 436(7053):932-8 (2005). The HCV genome is translated to
produce a single prdteih of around 3011 amino acids. This "polyprotein” is then
proteolytically processed by viral and cellular proteases to produce three

structural (virion-associated) and seven nonstructural (NS) proteins.

HCV encodes two proteases, the NS2 cysteine autoprotease and the NS3-
4A serine protease. The NS proteins then recruit the viral génome into an RNA
replication complex, which is associated with rearranged Cytoplaémi_c
membranes. RNA replication takes places via the viral RNA-dependent RNA
polymerase of NS5B, which produces a negative-strand RNA intermediate. The
negative strand RNA then serves as a template for the -prdductidn of h_ew
positive-strand viral genomes. Nascent genomes can ti'len be tfanslated, fufth_é:r
replicated, or packaged within new virus particles'.. New virus particles

presumably bud into the secretory pathWay and are released at the cell surface.
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particles produced each day in an infected individual.

Due to |l ack of proofreadi ng by the HCV RNA pol yner ase,
woiddab®ol has an exceptional ly high nmutation rBCEUSH08/008259

factor that may help it elude the host's immne

response. Based on genetic differences between HCV
" | soHT€hastaltdghaped of feplication weitls pppr@dmatelyl arastrillion

into six genotypes (1-6) with several subtypes within
pagidés perbicedeeacBudayyipem anfectéd individ baloKewe twlackiaft o

quasi speci es based on their genetic diversity. The
proofegrsting bynthe HEY BN pohunemse QN sgdvastappmseptionally

| obal |y. For exanple, in North Anerica genotype |a

high sudationarate, a fadtontatinay helmit ebude ghech®y's immene sgsponse.

genotype 1 is predom nant followed by 2a, 2b, 2c, and

3a. Genotypes 4 and 5 are found al nbst exclusively in

Af r Besed onigengtie differenices betiweeni Idf tsatates, the hepatitis C virus

determ ni ng potential response to i-nterferon-based .
spedies igslasaited: indo sixggenadsipau(lad) withajeverad subhegpespyithin each

Genotypes 1 and 4 are | ess responsive to i .
genQyPer SublyRRSsTg furibier keplken dawndinéo gHasigpees based on their

genot ypes

B GR HEF S DLES B ERE PN F R 2&%?%5;@&33&?@@@%% varies
BIEGR: Bk GerPla, ROREn ARSPa SEHOLLAR | hPES ARIRARS fslowed
N
2, 5 dretiobbes bR ARSI At B lsnic T atigy, Genoue
s o I B R 0 e B G B i P e
thethf§ 83 tWelrBqfirdd HurkB8h f sQkh PM6rdPy. Genotypes 1 and 4 are less
responsive to irﬁerferon—based treatment than are the other genotypes (2, 3, 5

and 6). Duration of standard interferon-based therapy for genotypes 1 and 4 is

48 weeks, whereas treatment for genotypes 2 and 3 is éompleted in 24 weeks.

The World Health Organization estimates that world-wide 170 - 200
million people (3% of the world’s population) are chronically infected with -
HCV. Approximately 75% of these individuals are chronically infected with
detectable HCV RNA in their plasma. These chronic carriers are at risk of
developing cirrhosis and/or liver cancer. In studies with a 7-16 years follow-up,
7-16 % of the patients developed cirrhosis, 0.7-1.3% developed hepatocellular
carcinoma and 1.3-3.7% died of liver-related disease.

The only treatment option available today is the use of interferon a-2 (or
its pegylated form) either alone or combined with ribavirin. However,

sustained response is only observed in about 40% of the patients and treatment
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7-16 Y%f the patients devel oped cirrhosis, 0.7-1.3%

devel oped hepatocel |l ul ar carcinoma and 1. 3-3. 7% di ed
w@Roobiowwent r el at ed di sease. The only treat ment PQI/US2IV08/008259

avai l abl e today is the use of interferon a-2 (or its

pegyl ated fornm) either alone or conmbined with
is asbdcnied withHevieusrad venst effectsl Thareds tieus an ongent need for

observed in about 40% of the patients and treatnentis
potens anid sekedtive inhibétors 0§ HKdVer se ef fects. There is thus

an urgent need for potent and selective inhibitors of

HCV. Rel evant disclosures include U S. Patent Nos.

4, Ikdleldat dibcRsEtirdinicldd dU05. T4BenONG3.4,806108 4388, %7 ;

5,227,384; 5,302,601; 5,374,638; 5,405,964; 5, 438,063;
4,980,488, 5137, 8%, 4/08308; 5207, 384;S, 301661 5,374/838£5,105,96440.

US2003/ 0108862 Al , Canadi an Patent No. 2423800 Al,
5,488063;5, 456, 528, 6)MY9,5082411d TS APatedP BGDH6ati a8 BIa0 6852003/0108862

4318813, European Patent Nos. EP 0 138 552 A2, EP O
Al706naéfan/2atediPND. 28238081A Bl GerGnam Patemit Nos 4Ph1 4714t ANcA236026,

2158440 A, PCT Patent Publication Nos. WO 00/20416, WO
4309963431 381 WEWwOPeas $3tervN03/HIDO 938 SAR A2NBFUB700. 69262,

A2, WO 03/010141 A2, WD 93/02080, WO 93/14072, WO . .
EPJ6/3213832A 1 \(erezs BritauePatapt di. 2158440 AClidaieny Bahlication

PCT- BE2003/ 000117, PCT-US2005/ 26606, Akamatsu, et al,
Nosn{R {2041 etV RIDFIT2EWEL PO/0RER I OYHPREUOA by

TR 3862, MR ke iy 34703887 Wi MG, o

96/T8L92, YDt MG o 27 P PLTIRS 20043112 ¥R 1R b0 000117,

P YERST  HBA  TRAe TB R e
Synthesis of Benzimidazole Derivatives", 4:475-483, ]. COMB. CHEM., 2002,
Baginski SG et al., Proc. Natl. Aca_d. Sci. U.S.A. 2000 Jul 5;97(14):7981-6). Cleve et
al., "Derivate des imidazo[4.5-b]- und lmidazo[4.5-c]pyridins", 747:158-171,
JUSTUS LIEBIGS ANNALEN DER CHEMICA, 1971, Kiyama, et al., "Synthesis
and Evaluation of Novel Nonpeptide Angiotensin II Receptor Antagonists:
Imidazo[4,5-c]pyridine Derivatives with an Aromatic Substituent"”, 43(3):450-60,
CHEM PHARM BULL, 1995, Mederski et al., "Synthesis and Structural
Assignment of Some N-substituted Imidazopyridine Derivatives", 48(48):10549-
58, TETRAHEDRON, 1992, Yutilov et al., 23(1):56-9, KHIMIKO-
PARM‘\TSEVTICHESKII ZHURNAL, 1989. In addition, see WO 05/063744.

The compound of formula (1) is the subject of WO 08/005519.



and Eval uation of Novel Nonpeptide Angiotensin |

Recept or Ant agoni sts: | m dazo[ 4, 5-c] pyridi ne
wDerwwedodves with an Aromatic Substituent”, PCT/US2008/008259

43(3):450-60, CHEM PHARM BULL, 1995, Mederski et al.

"Synthesis and Structural Assignnent of Sone

N-substitgted | m daZopyridine Derivatives"

48(48): 10349- 58, THHRAHEDRON, 1992, Yutilov et al.

23(1)56-9 z: F ATSEVTI CHESKI | ZHURNAL, 1989. In

addi tiofi, sef formil a

(1) is the sbRjee ‘ > re—=( 1) as

produced by the prod '

substantially or en?ira

be a hydrate (hereaft

is an object of this invention to provide conpound (1)

in crystalline form Su ry of the Invention In

accordance wi th achi evi t he foregoi ng objects of

this invention, a crystalline conmpound is provided

havbthpalin(B dsProfitredbs the preedss of WD @371063744 is

substantially free of anorphous conpound (1) . In an
suttRasiinest entifedy amyrphlouisnét is betieved t¢ by aitydrate (heeeafter

base substantially free of anorphous conpound (1) and
“arapypleduedrcompetmad (1))r m of conpound (1) . Anot her

enbodi ment of this invention is a nethod for making

crystalline

It is an object of this invention to provide compound (1) in crystalline

form.

Summary of the Invention
In accordance with achieving the foregoing objects of this invention, a

crystalline compound is provided having formula (1)

and its salts, which is substantially free of amorphous compound (1) .

'In an embodiment, the crystalline compound (1) is the free base
substantially free of amorphous compound (1) and any other crystal form of

compound (1).
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compound (1) (1) conprising crystallizing conmpound (1)
fromcrystallization solvent and controlling the
wa@pwanoooof water in the crystallization sol venPCT/UR2008/008259
anot her enbodi ment, a conposition is provided that
conprises crystalline free base conpound (1) which is
substantially free of the chloride salt of conpound

(1) w.‘trhqtﬁért @Jnlbbﬁﬁngﬁﬂgfﬂﬂgu{\ﬂe%lmg ?ﬁ‘gc cicf‘foq I'Hm%gclrxatallme

for erapy or prophylaxis o l'on conpr
?ﬂ;ﬁﬂ ring to a subject a therapeutic or

CoIglop §?g§tic dose of crystalline conpound (1). Another
enbodi ment conprises the use of crystalline conmpound
(1) for the manufacture of a medi canent for the
preventiorf gf treatnent. of an HCV infection in a
mamal (nope specifif F y a human). Anot her enbodi nent
of this imnve el atees t o pharmaceuti ca
conposiﬁions 1e crystalline formula (1)Rconmpound
conprising a st._ope~phar nac (cal\y acchptable -

exci pi ent. nt tlifé corffpourd o ul a
(1) is forrmulated wigh anllorgagi c agi d £ pal |y
formul ated i nto aphar 5 ageNform suef as a

capsul e. In another enbodi nent, crystalline conmpound
(1) is mcronized and fornul dlgd as a suspension.
Crystal line conpound (1) or the pharnmaceutica

corpising erystallising ¢amspeund i) Bamery staliratiauiselyenhand
treatment or prophylaxis of hepatitis C.

controlling the amount of water in the crystallization solvent.
In another embodiment, a composition is provided that comprises
crystalline free base compound (1) which is substantially free of the chloride salt-

of compound (1).

Crystalline compound (1) is useful in a method for therapy or
prophylaxis of HCV infection comprising administering to a subject a. |
therapeutic or prophylactic dose of crystalline compound (1). Another
embodiment comprises the use of crystalline compound (1) for the manufacture
of a medicament for the prevention or treatment of an HCV infection in a

mammal (more specifically a human).

Another embodiment of this invention relates to pharmaceutical
compositions of the crystalline formula (1) compound comprising at least one
pharmaceutically acceptable excipient. In one embodiment the compound of

formula (1) is formulated with an organic acid and optionally formulated into a
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Crystalline conpound (1) exhibits inprovenents in

phar macol ogi cal features and cost advantages, in
w@asioeuwbar i nproved purity, storage stabilityP@mntis2008/008259

manuf acturing reproducibility. A particul ar advantage

is its higher nelting point as conpared to the
pharmaphrical Hosage farhesudlead aicgpsudé. Ihadotherenibadiment,

i ncl udi ng novel internmediates and product
crystattios icoirgosindi(1) lis trecrappzedand foonutated iad arsaspemsiof.

this application as a whole.Figures Figure 1 depicts

an X-ray powder diffraction (XRPD) pattern obtained

for cgpymliald édiRpeAARQYNEr (he) ph&tned @R aPéAPBSfions of this
obt ai hed by the nethod of exanple 1. Figure 2 depicts

inve@lonedre ¥nfiploypduH ehe dichtrhant bOprapshiylakiz dlephatied C.or

crystalline conpound (1). Figure i's an X-ray powder
diffraction pattern obtained for the anorphous form of

co ”@Vglqlllfﬁ'e) cd?ﬁé\%ﬁf(}g?%%%glts %Plg%@@rﬂeﬁrsl %\Q?\a{fﬁ{%ijo@f:al

Exanp ain ure 4 1 rates a

feaQ?fést&?ﬁféH%g53%8%@5,{1%%&&9&%3{%&5’&15& %ég&g{/)&ggggé dehbility

ref erence standar C'm n scan, “obt ai

andRhiwebaefurl@rad dhcifligw. AP aaHEglaP a8RaWEage iPHS higher melting

t her nogram obt ai ned for "t he "anor phous form of conpound

polnklasResgsdred tbahe @mdrphoub f6gan, obtai ned by the
nmet hod of

Other features of this invention, including novel intermediates and
product compositions, will be apparent from consideration of this application as

a whole.
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Exanple la in WD 08/ 005519. Detail ed Description of
the I nvention Crystalline conpound (1) is defined as a
wa@eldowonpri si ng conpound (1) in which the coPGI/UB2008/008259
nol ecul es are packed in a regularly ordered repeating
pattern extending in all three spatial dinensions.
I dentification of crystal [Figuteg i s readily
acconpl i shed in a nunber of ways known to those
skilled in the art. M croscopi c exam nation of the
Figuse fl dapigissint X-aay glovedendiffraetéare XRPB} pptteseabtaingd for
I egetyatalENe REpotDAS rbfRPerdettafdaldbitaiirld 15y EMCiistRod of
In %‘%emﬁ%sie of 'the crystal enbodi nent produced in
exalipl 6P, 't he regul ar shape generally is rod or
needl e-li ke. XRPD is another method for identifying
crystalline conpound (1). The regularly ordered
Figatre 2adepiets ahotloersX iray gratw derl difirhet$oni pattenr gistairied for
di f j 'g.gﬂ;uﬂa s in a distinct pattern
dep?%gagﬁggeg pectr{J1 yof peaks. This pattern of peaks
for crystalline conmpound (1) is shown in Figures 1 and
Figure Gris aneX-sah powdardliffragiiorepatterspohtninednfoxfpamgrphous
S ubggrai bi abmpoaiar (1) Resedrenpt Blobthinedby the hietksd of
di SE&Q&&)I T W% 60§§1§ XRPD peaks for crystalline
conpaoun {) ? may val/y In“intensity the same general
pattern will be present in replicate x-ray diffraction
FiguraldyilustratasyesiDS( theemogngprowibdain@yl fox hrysitaltinaworipRinnd (1)
dondrain B e M d2i *CRRIH schh, ISQRURIEDY 16 thetRod of Example 1
_ordhnﬁrl ly 17.4 and 17.5. By "about" applicants nean
wi t A he typical variation in nmeasurement of XRDP
peaks. Such variations may
Figure 5 shows a DSC thermogram oObtained for the amorphous form of
compound (1) Research Lot 6, 5°C/min scan, obtained by the method of

Example 1a in WO 08/005519.

Detailed Description of the Invention

Crystalline compound (1) is defined as a solid comprising compound (1)
in which the constituent molecules are packed in a regularly ordered repeating
pattern extending in all three spatial dimensions. Identification of crystallinity
is readily accompiished in a number of ways known to those skilled in the art.
Microscopic examination of the test composition often will reveal the presence
of regular shapes, suggesting ordered internal structure. In the case of the
crystal embodiment produced in example 1, the regular shape generally is rod

or needle-like.

XRPD is another method for identifying crystalline compound (1). The

regularly ordered structure of constituent molecules in a crystal diffracts
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result fromthe use of different instrunents,
i nstrunent settings, batches of product,
w@omvAewyst al | i zati on processi ng such as m cr oPCRES10081008259
or mlling, and with varying sanpl e preparation
met hods. In general, "about" nmeans + 0.5 degree theta
indfentAtrapsamd distihct padesodepicfedvar a speatrumanf geaksedhis
by conparing Figures 1 and 2. In particular, peak
pattatreaSpeaky(for grystallinemomp@md (yis showndodigoresrlyandR. On
orientation effects. Illustrative exanples of other
thejothien dmandpEiguye Batepi etpanaXRPRefor supstantially anaerpheus
about 8, 10, 13, 16, 19 and 24 degrees _theta 20, )
compgungr (1), ywhich lagks distingt E?a@S.Wh%lthe?(R]!ﬂ? peakgfqr egygtalline
24. 4. Any one or nore of these peaks (but especially, )
compoyamd (i% may varyAndpgensityghe game ganegak priterny will be gkesent in
t about {197_ are suitahly enployed to define the XRDP
rephfate xyay iffractt Y#H& (1). The identification of a
crystal formof conpound (1) need not require the
presence of any one or nore of the dom nant peaks seen
i n- Kirystainel campuniyfl hexhibits anptRERhamirand fpeekitse ababout 17
dom nant peaks ordinarily is taken into account with
degraes thefiadh exdinaritn a7 4anst 156 By “mboyt” apmirants mean within
thermpgram .  to identify a candidate as crystalline
the- Biieal varationdnaeasuremert ok IAE peaks.abueh yariations may
cha actenrﬁi zed by DSC t.her nogram. which reveal s

res\GSPRL IR CSeibiE eRen BT E inpTHerS effines, batches of

' | or. fi.le. ' . -
Proditiap POl rlaBlering sodl 85 Wherdniz8CaR oo millip and
oSt By DA I SRRBR bl e 0.
degree theta 20. An example of this sort of variation can be seen by comparing

Figures 1 and 2. In particular, peak intensity (e.g., at about 30) may vary due to

crystal orientation effects.

Hlustrative examples of other dominant peaks for crystalline compound
(1) are at about 8, 10, 13, 16, 19 and 24 deg;ees theta 20, ordinarily 8.4, 10.0, 13.5,
15.7, 16.8, 16.9, 18.8 and 24.4. Any one or more of these peaks (but especially, 8,
10, 15.7, 16.7 and 16.9, with or without the peaks at about 17, ére suitably

employed to define the XRDP for crystalline compound (1).

The identification of a crystal form of compound (1) need not require the
presence of any one or more of the dominant peaks seen in Figures 1 or 2.
Rather, the presence or absence of dominant peaks ordinarily is taken into
account with other diagnostic characteristics (e.g., DSC thermogram) to identify

a candidate as crystalline compound (1)..
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of about 81 J/g (42 KJ/nole). Crystalline conpound (1)
is made by a process conprising dissolving conpound
w@ 1909i089080l vent and form ng crystal s therefromPCIIyp1008008259
solvents for use herein are ethyl acetate, isopropyl
al cohol or a cosolvent containing ethyl acetate and
i sopropyl al cohol. OQther suitable solvents are

oD S . 2
b PP e B PP ARk AP DS erofram,
whiliet&sdald £n 6RASHRPNiABHsd It 4BBLANTST0 HBiftdrbNtial scanning

paraneter for a variety of solvents. Solvents close to

caltiydtr@ I prolid. BygichBP oY baAhG6AP tIRid rhé@uTement also will be
(dielectric 2.5-20 and Hi | debrand 15-24) are ethyl

en®uitered @ohully) + acep@.e, butyl acetate, anisole,
chl or obenzene, chloroform nethyl acetate, THF,

di chl or onet hane, dichl oroet hane, 1, 2-di chl or obenzeke,

et @gkét%ﬁw é’drﬁggfiﬂ& (1 ﬁﬁ%@ %4 S{J}X*:ﬂéﬁ%_@frirg)tyhits heat of fusion (DHy)

cycl ohexanone, acet one, ut anol, oxyet hanol,

of QM@laﬁgl(Q gllql%@;]ol , cycl ohexanol, isoanyl al cohol,
net hyl

pyri di ne; formate, 1-pentanol, and/or
2- but oxyet hanol . Some of these solvents would not be

over EEHEtH SahBebRe LB) Glneds BER R e et ES it ving
cor ol P Fodtine o A BB RE LR AR for
s A LSl b B spaak o lonaining ety
acet VAT SopkSPyIl AbdhoH I(hiner EhRable @RS its hiCobiaVsY 1o the
solubility map in McConville, F.X. “Pilot Plant Real Book” (2002) which plots
the dielectric constant and Hildebrand solubility parameter for a variety of

solvents.

Solvents close to ethyl alcohol and isopropyl alcohol on the map
(dielectric 2.5-20 and Hildebrand 15-24) are ethyl ether, isobutyl acetate, butyl
acetate, anisole, chlorobenzene, chloroform, methyl acetate, THF,
dichloromethane, dichloroethane, 1,2-dichlorobenzeke, methylisobutylketone,
methylethylketone, cyclohexanone, acetone, 1-butanol, 2-methoxyethanol,
isobutaﬂol, 2-butanol, cyclohexanol, isoamyl alcohol, pyridine; methyl formate,

1-pentanol, and/or 2-butoxyethanol.

Some of these solvents would not be preferred due to toxicity issues, but
this could be overcome by careful solvent removal from the product. It will be
within the skill of the ordinary artisan to conduct laboratory screening to

determine suitability of a candidate solvent for the preparation of crystalline

9 .
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A key finding facilitating the preparation of
crystalline conpound (1) is that the water content of
w0 b@ooogpst al | i zati on sol vent nust be contr ol | eBCT/HS2008/008259
order to obtain and/or optim ze the production of
crystalline product. For exanple, when using ethyl
compeuatq1as Coohbevations loé thegeesol vénts alsonfallaw #hircdwt ssope of the
is about 0.6%to 0.9% by weight. An additional
invemtiender ati on with regard to water content is its use
to renove other fornms of conmpound (1) that are |ess
sol ubl e than the crystalline free base in liquid
i DQP_HéJ‘ fiadptpfaraaathiahe prapaiation. oft@ystakaiEddmpbend (1) is
chl oride salt of conpound (1) is less soluble than the

thdtrthe waeecoritehhef frat dry sedlizhtiel s6lvemsmespbeyeniraled in order
carriers herein. In sufficiently | arge anbunts such

to ebdairs apd antugetimiveuhdgariodaktion lvd zeystallinegproduct. For example,
phar maceuti cal product. The final synthetic step of

whexamngihg efhylracdtate as solviext,the upipet lieeit baseates gentemt is about
with m nor amounts of the chloride salt. The

0.6fate0 Ploby sveightthl ori de salt is renoved by first
di ssol ving the product in a solvent containing a
rel atively high amount of water (about 3% - 10% at
al kalr addipidnaRedhsidengionwithi iegasd veMtatessitest ishatuse to
there is enough water to back convert the chloride

reraabé otteertfoems o€ eohgsauindr (19 rthaff drerless sodubleythanlthé neystalline
free base is crystallized fromthis solvent. This

frepibase ssligpid bpaphilici pharepeerutidahiarhietk dfaasiampledhe chloride
concentrations to gradually renove the chloride salt

salt pbpomipeupddd st lessTsdublentiiansthe fréesbaseedn the Exfiphtcidredutions
with | ow water content (usually |less than about 0.9%

emplexed as fagiege herainc 1y suHiqientdy large peeungg such salts produce an

undesirable haze in the pharmaceutical product. The final synthetic step of
example 1 produces a mixture of free base together with minor amounts of the
chloride salt. The haze-producing chloride salt is removed by first dissolving
the product in a solvent containing a relatively high amount of water (about 3%
- 10%) at alkaline pH. Refluxing in this solvent assures that there is enough
water to back convert the chloride salt to the free base. Thereafter, the
crystalline free base is crystallized from this solvent. This pro;:éss optionally is
repeated with decreasing water concentrations to gfadually remove tﬁe chloride
salt from the product. The final step is then accomplished with low water
content (usually less than about 0.9% water) in order to crystallize the free base
substantially free of the amorphous compound (1). In general, haze in the
pharmaceutical preparation is not encountered when the chloride content in the
final product is ordinarily less than about 100 ppm. The amounts of water

employed will vary depending upon the concentration of contaminating

10
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substantially free of the anorphous conpound (1). In
general, haze in the pharnmaceutical preparation is not
wepwoneoer ed when the chloride content in the PCTIEE2008/008259
product is ordinarily |less than about 100 ppm The
amounts of water enployed will vary dependi ng upon the
chiosidlessaltr &itd othenfexperit@mtalbvarighsibs detedminable bynitheskiibed
experinmental variables determ nable by the skilled
artimahi dasunmasyrthawatet benteat ef tleodrtystallizdtiagrhsolvent is
crystallization solvent is controlled, both to convert
contibed,dwthde convert chidrade (@ gthearaativelyuvater salubde silts of
compound (I)J and to avoid generation of anorphous
compepodr(d))(and toraeoidrganeratien péamorpbdusempouad @xch
function wll vary dependi ng upon the sol vent or
sol vents enployed for crystallization, the
conCH ardbuah obd pemaitpalindtérlfor ehble fluerte willvarptepbrding
crystallization step, the tinme of crystallization, the
upbnltke ablvenaopsolvents empigiedifor coygtellizdtiph) thearvshcehtration of
vari ables. Hence, it will be incunbent upon the
comppusdn(1),dhe é¢emmpriatare hetheptrysellizeticay stepyidle timoe of
obtaining the desired results, usually by conducting a
crysyallisation,dhe é@leeabiatamqurstmfoamomumpom €1), and other
concentration for avoiding generation of the amor phous
vatahlssu Ftence) it weillhe incumbent ayposy thsraatlﬁmm etesmdne e
For _exanp 05% wat er_ by wei IS acc bl e.
opHeia mater leW@I ?c? tagHpg the fesize 5%ﬁU§tseBs‘ﬂ§P>£maefigatmg a

S S e R q??ﬁ?r?%%ﬁfte%?  depiging
t of L t hat _t

setratiattdbnamEnord Spiaa 3o buird Sy Ar b PiadicaP

ecc?nl‘bk%ﬁfcgn‘i:'o@(gdmfprlee,%.é)g% WaeP B? \Feight is acceptable. -

In general, the final crystallization step is conducted in substantially
anhydrous solvent. Substantially anhydrous solvent is defined as solvent
containing a sufficiently small amount of water that the resulting product
contains crystalline compound (1) and is substantially free of amorphous
compound (1), typically less than about 40%, ordinarily less than about 30, 20,
10, 5, 3, 2 or 1% by weight of amorphous compound (1) in the tofal of all forms

of compound (1) in the product composition.

In general, substantially anhydrous solvent will about 0.5% - 0.9% water
by weight of the crystallization solvent. However, more water can be present if
the desired product is permitted to contain the greater proportions of
amorphous compound (1). However, it is optimal if the compound (1)

composition is free of detectable amorphous compound (1).
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compound (1), typically less than about 40%

ordinarily less than about 30, 20, 10, 5, 3, 2 or 1%
whoonedmht of anor phous conpound (1) in the top@l/usfo08/008259

all fornms of conmpound (1) in the product conposition.

In general, substantially anhydrous solvent wi |l about

0. 5%he Watdcoateart idgorveoligd bplanymanngrstealilts i thedproper

sol vent. However, nore water can be present if the
amgesit o€ svatepitutie drystadlizdtidrestep @oncernadn When goraagon of
progorti ons of anorphous conpound (1). However, it is
amggphous coimpomade@ipotonkke §ddidednpuosatile terhndqiiesfor ghinimizing

det ect abl e anmor phous conpound él).The water content is
or geshitqing thejampuar pf veataeindede addingdryting pgeptsranedfount

of water in the crystallization step concerned. Wen
azgFoRicalby renoying platers It riposhepnvenieny togepwvargptgsduring

uitabl e techniques for_ mnimzing or reducing the
refﬁ%ﬁﬁﬁowqwf&ommm@ é1)du8h PHoH I FrYStalbeion. aRd conrse,

azeotropically renmovin ter. It is st conveni ent
COft‘%Of%‘{Mséef\ﬁef‘émd{}Fli%‘&gP & witesas Wellors will Sepisatinge the

1) j.ust prior to crystallization. O course, control
Cas%fa‘\’zgé?%ﬁteg’éﬁ?éﬂ?vf’ﬁc‘?‘ﬁ&a"r&i"d?a&b water as well, as

will typically be the case during steps to convert the

chl oride salt. Anorphous conmpound (1) optionally is

us edmaarphais qomgpaand (1)aeptienally isgtsgH | assartag mptgrial for

conver si onﬁ)@. Al ternati ve{o‘m, crystallization is,
crysiptizriey (farmeeanviersion)n Ahernatyaly r@ystalligatipnoigsonducted

rnmedi at e recovery of anorphoys conpound

dir%“it)tlyh Prrye s big%ﬁmacgapmfﬁdwﬁi Wiyt i RIS RAGEiL8 TERpVery of
O 09 0r 01 ssol g compound (1), Lp. solvent of
providing or dissolving compound (1) in solvent or solvent mixture at reflux
(sufficient to dissolve compound (1), about 1 to 5 hours), followed by cooling to
about 18-23°C over 4 — 8 hours, then optionally agitated for about 8 to 20 hours
at about 18-23°C. Agitation is optional but increases the rate of crystallization.
Reflux is not critical since all that is necessary is that compound (1) be placed in
solution. However, refluxing compound (1) has the advantage of rapidly
dissolving compound (1) and azeotropically removing water at the same time.
Water is controlled before crystallization starts or during crystallization, or
both, although in general it is best to reduce water below the desired limit

before any compound (1) can precipitate as the amorphous polymorph.

Generation of amorphous material is optimized by using relatively
longer crystallization times, higher temperatures and lower concentrations of
compound (1). Determining the various optimal crystallization process

parameters are well within the skill of the ordinary artisan.
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(sufficient to dissolve conmpound (1), about 1 to 5
hours), followed by cooling to about 18-23C over 4-8
whowwmpodhen optionally agitated for about 8 tBCR0S2008/008259
hours at about 18-23C. Agitation is optional but
i ncreases the rate of crystallization. Reflux is not
cri tArcambsdirhenthéreimi a tompesitirampadedyt thetproceysafnd
(1) be placed in solution. However, refluxing conmpound
comfnbjningsryttalladvampgendf(1) wipthcd pheirsscdutically aeopptabte
(1) and azeotropically renoving water at the sane
ex¢iprent andtferming e phtaroidcedtibafdosege fgmnsuich aatiteblet or
starts or during crystallization, or both, although in
capmader Theiresulingggpduict nestlivet ¢entain gayistalling somgsiungd(1).
limt before_any conpound (1) can precipitate as the )
While)itis exgeqied yhafrdnsagedpanamasde Gpmerysibne compoung (1) will
is optimzed by using rel ati v?l y | onger

coptaj PRl $rBPPBAALT hEsCryRtalias faram Blosyeressinsame sihodiments
concenf.rations of ound (1).. Determ ni.ng the .
thd/apetalingpompernd (S ITAT iambdiate hambsoldFiahdn dhe caprier or

well within the skill of the ordinary artisan. An
iment herein is a conposition nmade by the process
- of conbining crystalline conpound (1) with a
phar maceuti cal |y acceptabl e excipient and form ng a
phalhgceystplile @sapeend ¢ hefsthininyeniionip pdmipjstered to a

capsule. The resulting product need not ntain, .
Sulalﬁ%mammale(%lﬁﬂ&&a h(uI‘)‘an)\m ARY Mpeans ‘ggﬁ g&pg\fp inythe art, i.e.

ord 8B, TS A PSS AT R

. Ho I, di t h L line. d
intyqyERaLlsly, RS ALY BoF O ERILGEN Y EMaraatiot i e
the%rapgéﬁlcﬁiyegftfective amount, i.e., an HCV-inhibiting amount or an HCV-

' replication inhibiting amount. This amount is believed to be an amount that

ensures a -plas.ma level of about 100 nM, 3 times the protein-adjusted EC90. This
ordinarily is expected to be achieved by daily oral administration of about 0.5 -
about 5 mg/kg, typically about 0.7 to 2.2 mg/kg, most ordinarily about 1.2
mg/kg bodyweight for humahs.

The optimal dosage of the compound of this invention will depend upon
many factors known to the artisan, including bioavailability of the compound in
a given formulation, the metabolism and distribution of the compound in the
subject, the fasted or fed state of the subject, selection of carriers and excipients
in the formulation, and other factors. Proper dosing typically is determined in
the preclinical and clinical settings, and is well within the skill of the ordinary
artisan. The therapeutically effective amount of the compound of this invention

optionally is divided into several sub-units per day or is administered daily or
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The crystalline conmpound (1) of this invention is
adm ni stered to a subject manmal (i ncluding a human)
whgooakgopeans wel | known in the art, i.e. oral PgT/US2008/008259
i ntranasal |y, subcutaneously, intramnuscularly,
intradermal ly, intravenously, intra-arterially,
in pare thar ah¢ dapinteyvalst deperdingtupom the mature of the infection, the
therapeutical ly effective amount, i.e.,
pati@\r'd gemieak ¢orglitionamid tive fannladatlcupbf timtctoanpound toif thisg
amount. This amount is believed to be an ampbunt that
inventione $>enepaliy rthe comgppowtd isradminis@redfwicetdailss t he
protei n-adjusted EC90. This ordinarily is expected to
be achi eved by daily oral adm nistration of about 0.5
- alhecompuifiof thipirtainitionaib euipldyéd tin canertwvikiy other agents
nmost ordinarily about 1.2 ng/kg bodywei ght for humans.
effddtivecyyaingt| H@¥sindectizinst They optionally afre ainsinisteredtseparately in
wi || depend upon many factors known to the artisan,
a cousewditherapypavard edrnbirted wiitht deenpoupd {hpin auaitgiywdnsage
formul ation, the netabolismand distribution of the
forpospduasitablet vesadubpaeir caphelef furcbdtber agentsinaeludes for
the subject, selection of carriers and ex0|p| ents.in
instansef Byterferar-akphaa pbaginie rardier @@I@pomdséa %swﬁbm the
pi cal lfy‘%l S determ ned in the preclinical

disclPHreRn? BRTHA06, Wanaoroi0idi, Wi Eboriee -qorzc&ru% Ao
WS/ Do fnd s eieso fhEE uﬁiti%l%atﬁﬂ%( rf%%f&ch PEnéf Bgents for
adfimisfpEonrag ‘f?iﬁvf%gﬁﬁﬂ%gnﬁm % FSCoBbutyl 9fthis ipyeation
inc e B BguBBR Ao T B f%?i‘fl%ﬁg%ta'r@&?%? EREY atfease ipfiitors
su(g'l d%;?‘g n‘?S @&&E@ﬁ&&?&‘{eﬁ?ﬁals%@dﬁ%f (Sech‘éﬂﬂgqj‘iagghf‘and

Wi ce
BILN-2061 (Boehringer Ingelheim), nucleoside HCV inhibitors such as NM283,

NM107 (both Idenix/Novartis) and R1626 (Hoffmann-LaRoche), and non-
nucleoside HCV inhibitors including HCV-086 and -796 (both
ViroPharma/Wyeth). Supplementary antiviral agents are used in conventional
amounts. If the efficacy of the compbund of this invention and the
supplementary compound are additive then the amounts of each active agent
optionally are commensurately reduced, and more so if the agents act
synergistically. In general, however, the agents are used in their ordinary active

amounts in unitary combination compositions.

Co-administered agents generally are formulated into unitary
compositions with the compound of this invention so long as they are

chemically compatible and are intended to be administered by the same route.
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The conpound of this invention is enployed in concert
Wi th other agents effective against HCV infections.
wah@yg/oapdi onal | y are adm ni stered separat el y i PCHUS2008/008259
course of therapy, or are conbined with conmpound (1)
in a unitary dosage formsuch as tablet, iv solution
If rwt, thepsthlep opBioriallgtare prayitedsin thelforte, offaomeiital kitawm, package
i nterferon-al pha, ribavirin, and/ or conpounds falling
comtairting thééwdiagentsur sepaodteFRPOSIEANE OMPDIOBAGDIEMY., WO
03/ 007945, WO 00/ 204425 and/or WD 03/010140 (and ot her
filings wwthin their patent famlies). Qther agents

f or TR UL bPthib InverfivH §5i&dllyt Bgrapided ddtHefeee base,
conpound of this invention include conpounds now in

buthlsBioponiallydl preparedalstd sdlt. BaltkiGypipaldy ass prapaiediblycicd
such 02? VX- 50?( ertex Pharnmaceuti cal s), S%ﬂpgig30347
additireof orgaRioargdyor anor gainid\a a6 to (HRofrbe bageExamples include (1)
I ngel hei m, nucl eoside HCV i nhibitors such as NW283,
indxghnid7ac{dmdurhl atelmy dvdiielegeri adidsredg.Riydd@ehloric or hydrobromic
(Hof f mann- LaRoche), and nonnucl eosi de HCV inhibitors .
acidnsuilfiarin gcidovittgmcadphasphofisardd whd shifamiaavydst ay (2) organic
Suppl enentary antiviral agents are used in )
acids sueln b afetic, propaneic, hydrayasetic, bgagoist 2 s rewypepaoic, 2-
of this_invention and the_ suppl enentary conmpound are . .
OXQPRANANPE, dardle, fHBaHROEIICGPY AR H{qiGanalape malic, salicylic
optjonally are, commensurately redquced, and .nore so.if .
(e Brhug B eReD i RaRyRerRialicy eI ORI A A IORtwEYRnic, oxalic
he agents are .used in their ordinary actiye .angunts .
angl ARERAES) OBGAHF CILPBIF 29N oYRR P octhepalienif ibpgeultonic
bea en%tsalfgr%%,e{)?tlolllyer?ersﬁlffo%c, 1@&8%11'<y"1ts&f8ﬁ'clt gerﬁ/zenesulfom'c, p-
toluenesulfonic, and cyclohexanesulfamic acids. Typical salts are the chloride,
sulfate, bisulfate, mesylate, besylate, esylate, phosphate, oxalate, maleate,
succinate, citrate, malonate, and/or fumarate salts. Also included within the
scope of this invention are the salts of the compound of this invention with one
or more amino acids, typically naturally-occurring amino acids such as one of
the amino acids found in proteins. The acidic counterion desirably is
physiologically innocuous and non-toxic or otherwise pharmaceutically
acceptable, unless the salt is being used as an intermediate in preparation of the
compounds whereupon toxicity is not relevant. Ordinarily, compound (1) will
be administered as the free base, but suitable salts include mesylate

(methanesulfonic acid) and HCl.

The compound of this invention includes the solvates formed with the
compound of this invention or their salts, such as for example hydrates,

alcoholates and the like.
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conpositions with the conmpound of this invention so
|l ong as they are chemcally conpatible and are
WO paoena®ol t o be admi ni stered by the sane rout eP¢T/USZIDG/008259
then they optionally are provided in the formof a
medi cal kit or package containing the two agents in
sepdhatpharapesiticdli comnpsured op ehib iRvdreionl bptiondibpisfdrafulated
this invention typically is provided as the free base,
withutoratestiomal phaainbyeuticap capriore dndexaipsiahts, whath svill be
typically are prepared by acid addition of organic
selactétlan aicoandyenithcorslinaly practine FabdetsvedlecorEximngicisients,
i nclude (1) inorganic acids such as hydrohal ogen
glidantssfillersg bindeats aod| the ilikeoAqupedus feromitations are pee¢parefddn
acid, nitric_acid, phosphoric acid and sulfanjc_acids; |
stesile farm angawhendptarsied for delivaeeby other thgamspbadministration
hydr oxyacetic, benzoic,_ 2-hydroxypropanoic, 2- .
gersiady apihes otonist Fermulaggns optionally coataipexgipients such as

thopersgiased b ko1 abeck of Bhariecautisal Peipianss 005) and
5 BBt e RS bR e o E0TA,
o B GRPRA RO ARRERIGRU GRSl s on

hy S HRPR RS ARar Gt SREROSENS L 6 8P Acid or stearic

acidesyl ate, besylate, esylate, phosphate, oxalate,
nal eate, succinate, citrate, malonate, and/or funarate
salts. Also included within the scope of this

SR O bR el RO sl i mean ay
LR R PR 5o AR g oo
its g;‘féfgé%gi'rov}ﬂm dgidfgﬂ #3 hgbgg%ﬁ@g H’ 9&&88{1}{%& Wehd' Qe {PBL Freated.
Suitable pharmaceutical carriers for use in the compositions of this invention
are well known to those skilled in the art. They include additives such as
wetting agents, dispersing agents, adhesives, emulsifying agents, solvents,
glidants, coatings, antibacterial and antifungal agents (for example phenol,
sorbic acid, chlorobutanol), and isotonic agents (such as sugars or sodium

chloride), provided that the same are consistent with pharmaceutical practice,

i.e. they are not toxic to mammals.

The pharmaceutical compositions of the present invention are prepared
in any known manner, for instance by homogeneously mixing, coating and/or
grinding the active ingredienté in a one-step or multi-step procedure, with the
selected carrier material and, where appropriate, other additives such as

surface-active agents. Compositions containing the compound of this invention

16



10

15

20

25

30

acceptable, unless the salt is being used as an

internmedi ate in preparation of the conpounds whereupon
WO 0009009091 i s not relevant. Odinarily, conmpouneCT/L$2008/008259

will be adm nistered as the free base, but suitable

salts include nesylate (nethanesul fonic acid) and HCO .
forfildataahinto miicodspheires (usuellyitaving) e ldiaimetariof aboluy dttes 0 gm)

formed with the conmpound of this invention or their
aresasefy] ascwitrelied or sestamedaelnage fomsulagiorshol at es and

the |ike. The pharmaceutical conpound of this invention

optionally is fornmulated with conventi onal

phalfese Wptioahl forhinlatidnacsmpsnhea (l pis coh@iinwded! tolefinely
selected in accord with ordinary practice. Tablets
divided feang fyipicéﬂkct'd)m atveragelpattitlesizd at drer poinbiwitlkinsthe range
and the |like. Agueous fornul ations are prepared in
of sbauti 1 €20 axityorsn Thehprodutt ef deaimpte 1 detadserryndndles dred
than oral adm nistration generally will be isotonic.
exlEbitsal range s copataldeagtly typivally mbeut Rpi-edtmigons Ehese
those set forth in the "Handbook of Pharnaceuti cal )
optigpally ere sticiordos) iram fetimil-0d et abewt ¢1-80 psi @ ebt@ipparicles of
anti oxi dants, chelating agents such as EDTA,
abewuy Bépiransand haning sedaes aiea ah ok v+ sgnase mMefesYs.

hydr oxyal kyl met hyl cel | ul osg, and/ or organjc acj s such
Howevsrele SeTingrysialiges Wil Ty e lof g lot and e degiee of

."phar maceuti cal | cceptable carrier”. as used herein
migioHea iR s ATANeR of GRoten A RSB i dPaRedirHielie
active iLogredient,in grder to.facilitate its
corpgRA 1} B omly Settted anisyrlor smosphgHs semnound(h et has
begzrtx1 gul§']'|¢3tctetot & mqgroglﬁ;a%}oer{jprocess such as the exemplary one described
here. Neither the size nor surface area of the resulting particles is critical. The

micronized compound (1) is suspended in aqueous solution, optionally aided

by a suspending agent, emulsifiers and/or surfactant as further described below.

Typically, the pharmaceutical formulation is a solubilized form of
compound (1) where crystalline compound (1) is dissolved in an appropriate
solvent or solubilizing agent, or combinations thereof. Crystalline compound (1)
is solubilized in a pharmaceutically acceptable excipient for administration

therapeutically or prophylactically.

Suitable solutions of compound (1) for pharmaceutical preparations
include water together with various organic acids (typically C4 - C24) usually
fatty acids like capric, oleic, lauric, capric, palmitic and/or myristic acid. The
fatty acids are optionally saturated or unsaturated, or mixtures thereof. In

addition, polyethylene glycols (PEGs) and/or short, mediurri, or long chain
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Sui t abl e pharmaceutical carriers for use in the
conpositions of this invention are well known to those
w@Riobleoi n the art. They include additives supdiI/ES2008/008259
wetting agents, dispersing agents, adhesives,
enmul si fying agents, solvents, glidants, coatings,
maatt, idantteiglyderated axaeniploged sapphdmserfthoy t@arinlpdace of, the
. phenol, sorbic acid, chlorobutanol), and isotonic
orgegen beidé sRegdylatedsshgat, snediusw dir lomg bhaini fd &y, acpdoeptieaklly also
that the sane are consistent with pharmaceuti cal
arepusect incthe same fashign.are not toxic to mammals. The
phar maceuti cal conpositions of the present invention
are prepared in any known manner, for instance by
honhe rrestdoynriionl drganiaaiid $)greathd/ @Eb@XylitcHdids Whese acidity is
active ingredients in a one-step or nulti-step
asspciated wieh thwd ¢drbokel gelupct@AOHrSulfonicatidsj antaindng the
where appropriate, other additives such as
group OS¢hHhare velatigelyt gror@emaeii s foonse deneiai dnggnefsd, the acid
conpound of this inventionformulated i nto m crospheres
degirahlylcontdiny a dipophdlia detrain oMeewar di-casbegylimycids ere
useful as controlled or sustained rel ease
suitahlgul ations. In one optional formulation, conpound
(1) is commnuted to a finely divided form typically
to an average particle size at any point within the
r an§aitableseftcelactivéGgents opisondlhear wsbdowvithf argxafthiee
1 is rods or needles and exhibits a range of crystal

. fornemigtibns by this @ ventidro (eny2éne orfhare of ¢he folldheiseg agents,

optionally are mcronized in a Jet mll-00 at about
tymcaloany one of them).nSpeh agentsalsf argdnaws-ag empelgents emd
havi ng surface area of about 7-8 square rreters/fg.
empdsifiges andrpae iseful iin ghe pharmpceyticad copmpositins gfthgmpresent
to | ot and the degree of

.invention. They are non-ionic, cationic and/or anionic materials having suitable

emulsifying, dispersing and/or ‘wetting properties. Suitable anionic surfactants
include both water-soluble soaps and water-soluble synthetic surface-active
agents. Suitable soaps are alkaline or alkaline-earth metal salts, unsubstituted
or substituted ammonium salts of higher fatty acids (Cio-C2), e.g. the sodium or
potassium salts of oleic or stearic acid, or of natural fatty acid mixtures
obtainable from coconut oil or tallow oil. Synthetic surfactants include sodium
or calcium salts of polyacrylic acids; fatty sulphonates and sulphates;
sulphonated benzimidazole derivatives and alkylarylsulphonates. Fatty
sulphonates or sulphates are usually in the form of alkaline or alkaline-earth
metal salts, unsubstituted ammonium salts or ammonium salts substituted with
an alkyl or acyl radical having from 8 to 22 carbon atoms, e.g. the sodium or
calcium salt of lignosulphonic acid or dodecylsulphonic acid or a mixture of

fétty alcohol sulphates obtained from natural fatty acids, alkaline or alkaline-
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m cronization is a matter of choice. Accordingly,
m croni zed crystalline conpound (1) is sinply defined
w@g00e09®08l or anor phous conpound (1) that hasP@EES2008/008259
subject to a mcronization process such as the
exenpl ary one described here. Neither the size nor
earth mhetabsatsesf suflphbiric besulphorgc paicdt éstésgsuch as sadiaat lauryl
The m croni zed conpound (1) is suspended in aqueous
sulpblate) iand, sudphonivadids of faéty dyoboléetbplandi mgdegdducts. Suitable
ermul sifiers and/or surfactant as further described
sulpbovatedTygrizimiidgzole deriyiativen peeferakly cotainiBaoi 22ncarbon atoms.
sol ubiljized form of conpound (1) where crystalline
Exammba&ﬁ@lkxbawbumwte%@lra thezedippy @eplr:nuan o1 @drohehaminpe salts

sol ubi | i zi ng agent,. or_ combinations thereof
of dedacylbenzene acid of ditsylipaphthakenesulphonic acid or a

B AR ot o e
e A SRS b SRR 58 o

aa Pl sipprphsil MEf gt s r@rgﬁﬁfemetwgéﬁ%v oot ds
o3 S A, B P e
(ol R troRALGLIY G Gt (RRGR) figg&e}?ﬂ;lbﬁﬁ@% the

'ong ¢C nnmono es are

Cnggglﬁép&e%egyl {3@%‘%2&%{3%’5& d| ugngnHlly?&gmg laalrr#ﬂ aﬂsam ’
PhESBHAALARS drosBhaRdPIdy et IWsdIAGHaANBrHRAIAY.

ganlc aC|ds are the carboxylic acids

di%ﬁ@sﬁhdtmylwmc dﬁ}iaﬂ&w&dy{lbhbé}%ﬂ&yﬂ beholinegaredl fheir
- Sul foni'c acids, containing th
mixtures. Aqueous emulsions with such agents are w1th1n the scope of this

invention.

Suitable non-ionic surfactants include polyethoxylated and
polypropoxylated derivatives of alkylphenols, fatty alcohols, fatty acids,
aliphatic amines or amides containing at least 12 carbon atoms in the molecule,
alkylarenesulphonates and dialkylsulphosuccinates, such as polyglycol ether
derivatives of aliphatic and cycloaliphatic alcohols, saturated and unsaturated
fatty acids and alkylphenols, said derivatives preferably containing 3 to 10
glycol ether groups and 8 to 20 carbon atoms in the (aliphatic) hydrocarbon
moiety and 6 to 18 carbon atoms in the alkyl moiety of the alkylphenol. Further
suitable non-ionic surfactants are water-soluble adducts of polyethylene oxide
with poylypropylene glycol, ethylenediaminopolypropylene glycol containing 1
to 10 carbon atoms in the alkyl chain, which adducts contain 20 to 250

ethyleneglycol ether groups and/or 10 to 100 propyleneglycol ether groups.
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group OSG3H, are relatively stronger acids for use
herein. In general, the acid desirably contains a
WO p@opbtobi ¢ domai n. Mono- or di-carboxylic aci BGT/HS®08/008259
sui table. Suitable surface-active agents optionally
are used with any of the fornulations of this
Su thvemipoamdisasyalipeoataindr@mdftotShethf/lenegiv dof uaite ples,
typically any one of then). Such agents al so are known
prapyleneglyeol snibrReprebantatiee exanvplessofenars-édnik sunfactants are
phar maceuti cal conpositions of the present invention.
nofippheaot - palyethoxiyetharwi,i aastar cdhpdkyglyadlisretbensat eri al s
havi ng sui tabl e enul sifying, dispersing and/or wetti ngn
polypappylenedpolgathydeneoxideaiddcty tributd phenoxypelyethsoyrthanol,
wat er - sol ubl e soaps and wat er-sol ubl e synthetic
polyethylereglycpland getyiBhermyyipaly ethoyyeihanpb Fatyagiéesters of
| kali ne-earth netal salts, unsubstituted or
po leng serbitamsHAD B LAY sthyiegs spritan (rigleaig) glycerol,
C10-C22), e.q. the sqdiumor potassjumsalts of oleic
sofgitag, gacipse gaf penirer sl aresp stigblnor i guectanis.
obt ai habl e from coconut oil or tallow oil. Synthetic
surfactants include sodiumor calciumsalts of
pol Suitable catigpicsuriactants inglustestizatesnagy anymopiamesalts,
sul phonat ed benzi m dazol e derivatives and ) )
partiqujerly wakidep Hvang 4 hyrdroegrbon 1adénads eptignaldy, pubstituted with
are usually in the for o% | kal i.ne or al kaline-earth
hafe plenih substitied Bheny | Pey AFiR fnStnce BRtSERABAI um

salts substituted with. an. al.kyl or acyl radic ving..
AR QR P SOTARHER S AEbStEn ahIE3SE ANt T CeaP R Addical
(o ey ke IO M BRORE & B8 001§D 45 S HLRREPL st s,
unsubstituted or halogenated lower alkyl, benzyl and/or hydroxy-lower alkyl

radicals.

A more detailed description of surface-active agents suitable for this

purpose is found in "McCutcheon's Detergents and Emulsifiers Annual” (MC

" Publishing Crop., Ridgewood, New Jersey, 1981), "Tensid-Taschenbucw”, 2nd

ed. (Hanser Verlag, Vienna, 1981) and "Encyclopedia of Surfactants,” (Chemical
Publishing Co., New York, 1981).

The compound of this invention is administered by any route
appropriate to the condition to be treated, such as oral, rectal, nasal, topical
(including ocular, buccal and sublingual), vaginal and parenteral (including
subcutaneous, intramuscular, intravenous, intradermal, intrathecal and
epidural). The preferred route of administration may vary with for example the

condition of the recipient, but is generally oral.
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fatty al cohol sul phates obtained fromnatural fatty

acids, alkaline or alkalineearth netal salts of
wa@eiophoesodt or sul phonic acid esters (such as spdi/us2008/008259

| auryl sul phate) and sul phonic acids of fatty

al cohol / et hyl ene oxi de adducts. Suitable sul phonated

benzi m dazol e derivatives preferably contain 8 to 22

car heﬁnﬁmffg}su%&ggl%gﬁ%%&bkMhéw+e§+ﬂogpfyf%rSPa@ﬁﬁﬁgH‘aﬁon

sodium ca am ne salts

usgiﬂgﬁﬁbé PRIERIREA AULBRYR GnftS sHctPhs c%ﬁgsuales, cachets or tablets each

tyl - napht hal enesul phoni ¢ acid

com@RtihBal SrdefdthilRed i seh 0o theRtide g e 88 8 Ydveder or

producCt.” Al so suitable are the correspondi ng

graiflapforngas dsddutibAlor Sudpeion PR ahiauebus ligelid® br atbran
adduct of p-nonyl phenol wth ethyl ene and/ or propyl ene

aqaeouieliquid; phas phdil-pi-dateSigiidd rauhios phalwaieelsnfodr liquid
this purpose are the natural (originating from ani ma
emulsiphafihe cempelunalr ofsthid iratentiophuystivraliypis gresdnted @s a bolus,
cephalin or lecithin type such as e.g.
elephugploatpadtd. et hanol ami ne, phosphati dyl seri ne,
phosphati dyl gl yceri ne, |ysol ecithin, cardiolipin,
di oct anyl phosphati dyl - chol i ne, di pal m toyl phoshati dyl
- chol tabtetdd ehddiehy coinpreésion ofanisidirse, PpHoHallySwithtdhe or
such agents are within the scope of this invention.
mdodiacadsseryningredients. Lorthpedszsd sablots aidq)rpfhgeeit b xyinpiressing
and pol ypropoxyl ated derivatives of alkyl phenol s,
in & atiityblelmatiihe thé abinpoanidisf thelinpeation imaifreesflowing form
am des containing at |east 12 carbon atons in the
sucivaee powderldnygranslessopiboaldy esixed dvith a binder, lubricant, inert
_di al kyl sul phosucci nates, such as pol ygl ycol ether
dilgent, paeseruative, sairfashactive and/enydispersing agent. Melded|tablets
saturated and unsat urat ed

typically are made by molding in a suitable machine a mixture of the powdered
compound moistened with an inert liquid diluent. The tablets may optionally

be coated or scored and may be formulated so as to provide slow or controlled

release of the active ingredient therein.

The formulations are optionally applied as a topical ointment or cream
containing the active ingredient(s) in an amount of, for example, 0.075 to 20%
w/w (including active ingredient(s) in a range between 0.1% and 20% in
increments of 0.1% w/w such as 0.6% w/w, 0.7% w/w, etc), preferably 0.2 to 15%
w/w and most preferably 0.5 to 10% vw/w. When formulated in an ointment, the
compound is employed with a paraffinic or a water-miscible ointment base.
Alternatively, the compound is formulated in a cream with an oil-in-water
cream base. If desired, the aqueous phase of the cream base may include, for

example, at least 30% w/w of a polyhydric alcohol, i.e. an alcohol having two or
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fatty acids and al kyl phenol s, said derivatives

preferably containing 3 to 10 glycol ether groups and
w@2a09/0@@0car bon atons in the (aliphatic) hydrorEr/bs2v08/008259

noiety and 6 to 18 carbon atons in the al kyl noiety of

t he al kyl phenol . Further suitable non-ionic

mareHyaltbryl groaps swehas-propylire gi?d@lﬁbﬁteﬁfe Hdldiel mdretitol,
oxi de with poylypropyl ene gl ycol,

somdiitoy,| gdpeetioh and gody etivybend glyeol(liydadirgpRE&400nand nistuires
carbon atons in the al kyl chain, which adducts contain
thez@of. oIS pacal fbrmada tiers mey [desirgbhuirslwadeld compouna wirich
ropyl enegl ycol ether groups. Such conpounds usual ltﬁ )
enlgamdesiaksortarn or pesetzaiign oh thy ytvle ingredieptthrough the skin or
propyl enegl ycol unit. Representative exanples of
oﬂmraf?e@tﬂdcargas-f Examples af sichadgmmpalqresietration enhancers include
.- poal yet hoxyet hanol, castor oil polyglycolic ethers,
duﬁeﬂyérft&ﬁw fanddelatedanalpgsoxi de adduct s,
tri butyl phenoxypol yet hoxyet hanol , pol yet.hyl enegl ycol
and octyl phenoxypol yet hoxyet hanol . Fatty acid esters
of Fbkyilylphasesftbe emusiopswf thsinpehtion yetdnstidnted from
sorbitan trioleate), glycerol, sorbitan, sucrose and
knpemt iagrediants il a knewal menser.tWbile thisphiasaingay comprise merely
surfactants. Suitable cationic_surfactants include
an grralsifien(9thernise knewal asan gapigend), at desirabily gemprises a
.having 4 hydrocarbaqgn radicals optionally substituted
migfyrg of At ledshape gmulsifies vyith adat ghanpll rwhbdoghg-fat gad an

R T R —
emfifien §7h arisa e MRttt & 2lof it fdacBidbo an o
andl 3892935 el WWE enliHlor SN br AT SASHRR(S) UL wp the
so-called emulsifying wax, and the wax together with the oil and fat make up
the so-called emulsifying ointment base which forms the oily dispersed phase of

the cream formulations.

" The choice of suitable oils or fats for the formulation is based on
achieving the desired cosmetic properties. Thus the cream should optionally be
a non-greasy, non-staining and washable product with suitable consistency to
avoid leakage from tubes or other containers. Straight or branched chain,
mono- or dibasic alkyl esters such as di-isoadipate, isocetyl stearate, propylene
glycol diester of coconut fatty acids, isopropyl myristate, decyl oleate, isopropyl
palmitate, butyl stearate, 2-ethylhexyl palmitate or a blend of branched chain
esters known as Crodamol CAP may be used, the last three being preferred

esters. These may be used alone or in combination depending on the properties
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A nore detail ed description of surface-active agents
suitable for this purpose is found in "MCutcheon's
wdedoeogwnt s and Enul sifiers Annual " (MC Publ i shCTyS2008/008259
Crop., Ridgewood, New Jersey, 1981),
"Tensi d- Taschenbucw', 2nd ed. (Hanser Verlag, Vienna,
reqififish). Adereinatinelyc higlediedting pSimtf Ifpitlastsh ‘as Wneersaftparaffin
Publ i shing Co., New York, 1981). The conpound of this
and for diguiid ipairaffardor other enimérddyoisroanrtmmsedappr opri ate to
the condition to be treated, such as oral, rectal,
nas Ebrmudgtiares suitabdé foti topicat aarinisuationl toshe eye also include
subl i ngual ), vaginal and parenteral (includin . i
eye dieps whetein the acruerirgredmnt is dtSﬁQlV@ddUSS,uspﬁﬂgﬁdl &R geguitable
intrathecal and epidural). The preferred route_of |
carzieRi eRPSciadly shagrgoussolvent ier the acivawnssedisat.cldirgaqtiven
a3 F RS SABRAID res PR HATOR i APOReERHa S of 05 1
dm, ni stratign ua are presented di screte units
204, avariagapedly &5 110k st BoRlaf Rarbas 18 Bne o i ng. o
predet erm ned anount of the active ingredient; as a
powder or granular form as_a solution or suspension
i n Harmglations suitpblel ferrtopicad adquntstzationgini the roputisinghude
oil-in-water liquid enulsion or a water-in-oil |iquid
lozepges FOMPIIFIRG thinpdivedngredigntin aflanereshbass iuswally puceose
ang{égse,nt ed as a g}ql us,.electuary or paste. Atablet is,

acip Or SFAgacary); ResEHesemaPREINgGhE AR ST dipn iR fnert
nor Iy | dients. Co d .t abl et
bagis sish 80/ EBVHEGHA BUEFRE. PROUCTORT PR REAOHIS B b washes

cor(r:l%rrTPsgrl\Jg eoe];ct}v%emlg?e\z/ 10ht A Isﬂitgblferheq%_izilcg\rl\#i&g form

Formulations for rectal administration may be presented as a
suppository with a suitable base comprising for example cocoa butter or a
salicylate. Formulations suitable for nasal administration wherein the carrier is
a solid include a coarse powder having a particle size for example in the range
20 to 500 microns (including particle sizes in a range between 20 and 500
microns in increments of 5 microns such as 30 microns, 35 microns, etc), which
is administered by aerosol or powder inhalers, of which numerous examples are
available. Suitable formulations wherein the carrier is a liquid, for
administration as for example a nasal spray or as nasal drops, include aqueous

or oily solutions of the active ingredient.

Formulations suitable for vaginal administration may be presented as

pessaries, tampons, creams, gels, pastes, foams or spray formulations
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such as a powder or granules, optionally mxed with a
bi nder, lubricant, inert diluent, preservative,
w@baeworct i ve and/ or di spersing agent. Ml depiCT/akioes/608259
typically are made by nolding in a suitable machine a
m xture of the powdered conpound noistened with an
contaatihglih gdiddtion ko & actiecinigaddiets suady carpieroashteykivewn in the
coated or scored and may be formul ated so as to
artpodei apgpropomteor control l ed rel ease of the active
ingredient therein. The fornulations are optionally
applied as a topical ointnent or cream containing the
act FyemuTeH Riitabi fdrpAenaraladmafistrh8bn SXAuBEkaqueous and
0.075 to 20% wW w (including active ingredient(s) i n a
nofi obsbwete ifjediomboluidisivihichGheyreohtin anfl-chie whiy,
such as 0.6%wWw, 0.7%ww, etc), preferably 0.2 to
buffefs bavtesiodtatoahd gohites alliyh fertddrahé @érmiilatioNiBotonic with the
formulated in an ointnment, the conpound is enpl oyed

. blowidt &f thepateaideidniecippenta and tagpueniis antiromaquoemrs sterke.

Al ternatively, the compound is fornmulated in a cream
suspienisicars whichi mayanduderseapendis, agentsiasd thidkening agents. The
aqueous phase of the cream base may include, for
for, @mlnﬁpes are presgpted3moynitwase oz meltiyAgse Fentainesador example
. an al cohol having two ornore_ hydroxyl groups such
seaé@d BRHSH @%én‘é Ww& andymaynke gtozedjjrbg fraeggmiries (lyophilized)

B e R R F

desi r abl i ncl ude .a conp ound i ch enhances
w %%fm?mog et RET SROIRE. %{?W@Of%ﬂ%l@ﬁfhm
t he ski.n o ted are

solBoRY QR RPEEHBRS RAPORE BRAHER P AP Ow AER, Earties and
(el 241 BELAS,A)did:elBbed anal ogs.

The compound of this invention optionally is formulated into controlled
release compositions in which the release of the compound is controlled and
regulated to allow less frequency dosing or to improve the pharmacokinetic or
toxicity profile of the invention compound. Controlled release compositions are
prepared in accord with known methods, many of which involve formulating
the active compound with one or more polymer carriers such a polyester,
polyamino acid, polyvinyl pyrrolidone, ethylene-vinyl acetate copolymer,
methylcellulose, carboxymethylcellulose and/or protamine sulfate. The rate of
drug release and duration of action optionally is controlled by incorporatiﬁg the
active ingredient into particles, e.g. microcapsules, of a polymeric substance
such as hydrogels, polylactic acid, hydroxymethylcellulose, polymethyl
methacrylate and the other above-described polymers. Also suitable are colloid

drug delivery systems such as liposomes, microspheres, microemulsions,
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The oily phase of the emulsions of this invention is

constituted from known ingredients in a known nanner.
w@biobeodohi s phase may conprise nmerely an enul sPET/882008/008259

(ot herwi se known as an enulgent), it desirably

conprises a mxture of at |least one enulsifier with a
nahapaiclesinahbcapsuldstandss bna Delenaling oA thelroute of

Optionally, a hydrophilic enmulsifier is included
ad tragstiationythdphaimaaepitichl corapokisioh, erg. vwablets, anay requize

stabilizer. It is also preferred to include both an
protectimedoatiigs. . Toget her, the enulsifier(s) with or

W thout stabilizer(s) nmake up the so-called

enuTbefipyertiomy il dednprefulbxapprssidted byi neferenee tg theand

fat make up t he_so-cal |l ed enul sifying ointnment base
foligwing eampleshwhigh aredpheconsifespd Jaersly illustrativerand not

f.ornmu| ati ons. The choi.ce of suitable oils or fats for
limiHagthe SeORR PHine IBVERERA- on achi eving the desired

cosnmetic properties. Thus the cream shoul d optionally

be a non-greasy, non-staining and washabl e product

wi t Eospositibe peorssitagenane hyowaiglitdirlesskeiperwiserappasesst from

or other containers. Straight or branched chain, nono-
thexeontestasi ¢ al kyl esters such as di-isoadi pate,

i socetyl stearate, propylene glycol diester of coconut

fatty acids, isopropyl nyristate, decyl ol eat e,

i sopropyl palmtate, buty Stﬁ Ea 2- et hyl hexyl

pal mtate or a blend of % chaln esters knomn as

Alternatlvely, hlgh mel ting p0|nt l'i pids such as white
soft paraffin and/or I|ngéhd@@§@ff|n or other m neral
0|Is can be used.
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Formul ati ons suitable for topical admnistration to

the eye al so include eye drops wherein the active
WO pgpeatoent i s di ssol ved or suspended in a suiPebUS2008/008259
carrier, especially an agueous solvent for the active
ingredient. The active ingredient is optionally
present in such fornulations ine a conc ration of 0.5
to 20% advant ageousl é)o 5 toA4Q% partieyfarly about

: R§)2s it a eNfor t §pi g@l
Enges

avegged basis,

“ut h i | ude Io

: |ngr€'glw
acaci a OrOfMg acal pastilles

Qrising ¢ Q) actl.r I ngr edisgplz i N aNiAert basis
such as gelatin and glycerin, or sucrose and acacia;
and mout hwashes conprising the active itfgredient in a
suitable liquid carrier. Forpahptions for rectal

adm ni stration may be presenteglas a suppository with
a suitable base conprising for ekéﬁple cocoa butter or
a salicylate. Formul ations sg@tp®f e for nasa

i ni [ er is a solid include

\ ACE1 r til‘*r?l@d n

t he range 20 to 500 m crons (including
AMzange 20 and2®00_ni cro’ns TR @
crons S S 30 m crans, 35 s whi ch
&dpi ni st er BbYOdkr oso or powder |r1mal ers, of
vvh| ch nunerous exanpl es ¥eR3 avail abl e. Sui tabl e

formul ati ons wherein the carrier is a liquid, for
adm nistration as for exanple a nasal spray or as .

nasal drops, include aqyeous or oily solutions gf
ive |nlgré%iient. E - - P
L oo o
NeN
H

= N
~
| /N o)\y:’go | N NN F
Cl =N |3
CF, ——— : ~N
CF;
CF;
Step 4
CFs ~ CFy
3
’ CF3
Step 1
Br 1. iPrMgCl B(OH),
CF;  2.(CH;0);B CF;3
CF3 CF3

To a reactor, containing 2,4-bis(trifluoromethyl)bromobenzene (1.00 eq)

and tetrahydrofuran (THF), was charged Isopropyl magnesium chloride
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Formul ati ons suitable for vaginal admnistration my
be presented as pessaries, tanpons, creans, gels,
w@2®bee00f oans or spray fornul ati onscont ai ni ngPCTUS2008/008259
addition to the active ingredient such carriers as are
known in the art to be appropriate. Formul ations
(PMigCp2eMf ior THHEY Bid eqaivhdlinmairsthirdhg e corctentat AGOE0 The
and non-aqueous sterile injection solutions which may
miganeavas agitatedat dHITCsuntiuthieereactidrawtascoogplatesl oy #HHPLC
sol utes which render the fornulation isotonic with the
anglysisdThe reswdtantmaixtiene was imginsferrechtadthecpeeond reador, containing
non- aqueous sterile suspensions which may incl ude
trimgtipd idiraty @g6ra® aaddl ki hald mit adempenatyre phel0°C. The reaction
formul ati ons ar e@g)r esented in unit-dose or _rmnulti-dose

wasdhenmenitoredhy Bbdtpratik b3-ag(tafivorrmethidibeapizene wasnpt
BB 2o Pt (g OBl 3 Grepmedirer vater and
' ' | t ?g@é?%cﬂdﬂﬁ%&ﬁ'(%@éﬁﬁ%ﬁ hinedbid e giraeh the
resiptioy B1E FRAREERITE APl TF BHE BPR Ao ory Sy ting
tnd S 220 AR o erkdd b IS HOR BB 1 B enbpared.

TRl 18, 65k 825 eAE LIy SRTRUEE iR LAk SEb@thd then

reg requency dosing or to | Nprove

condentRRiad TRk vaskm. %ﬁ}%%@f\ggy cr:t(%frgfeﬂ |8 d%held3Btent was further

I nvent1 on conpouna. ase conposi tions

coRbeRtRItER An@Adr VACRERO ' Theb &a'ﬁ?oﬁ‘mvéf%tngQéted BMYmBte time.
whi ch involve fornulating the active conpound with one
Heptar®hv@s RRérY BRAr gedr driefte ®dGitant slakieisicebled to 3°C, and

agitated at the temperature for 4-6 h.

The prodtict was filtered, washed with heptane twice and dried under

vacuum at a maximum of 40°C.

Material M.W. viw w/w Mole
Ratio Ratio Ratio

2,4-Bis(trifluoromethyl)- - 293.00 — 1.00 1.00

bromobenzene

Heptanes 100.21 13.20 9.00 —

Hydrochloric acid, 36.50 0.42 0.50 -

concentrated (37%)

Isopropyl magnesium chloride | 102.85 1.95 1.90 1.14

(2 M in Tetrahydrofuran)

Sodium Chloride (NaCl) 58.11 — 0.60 —

Tetrahydrofuran (THF) 72.11 4.50 4.00 -

Trimethyl borate 103.91 0.86 0.80 2.26

Water 18.02 8.90 8.90 —
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pol yam no acid, polyvinyl pyrrolidone, ethylene-vinyl
acetate copol yner, nethyl cell ul ose,

w@e a00bospnet hyl cel | ul ose and/ or protam ne sul f aP€T/UT1968/008259
rate of drug rel ease and duration of action optionally
is controlled by incorporating the active ingredient
into particles, e.g. mcrocapsules, of a polyneric
subst ance such as hydrogel S$tepgbl yl acti c aci d,
hydr oxynet hyl cel | ul ose, pol ynet hyl nethacryl ate and
t he ot her above-described polyners. Al so suifable are
colloid d@gg delivery systens such as |iposones,

2 nlcro nuIS|onsmm@Dn rtides, N

nanocapsty es Deperbglﬁggg t he r outeNof

adm ni § |on+t epar oSi ti e.g.,
t abl et @ y requirreNrot ecti PMBoat i ngs. e~ CF3
inventioh will be re fully appreciated b | er ence
to the fGF3 owi ng ex%hpl es, which are to be< i der ed
merely illustrative and not |imting the scope of the

i nvention. Conposition percentages are by wethht

unl ess ot herw se apparent fromthe cont eQempduodi?pl e 1

Synt hesis of Crystalline

5-((6-(2,4-Bis(trifluoromethyl)phenyl]pyridazin-3-

yl) mnwrb-énk&ylb?r@m;zhﬁm .00 eq), 2-

p- 5H i m dazo[ 4, 5-cl pyri di ne Schene 1Step 1 To a
(dicgelohexylphosphina)bigph2nyl (0.05 eq), 2,4-

4-bis(trifluoronethyl)bronobenzene (1.00 eq) and

bis(eifhadrpanathyl)pheniiEeyonitasid (a8 eq), L Lopimpihoxyathaee and
chloride(1Prvpd) (2 Mn THF, 1.14 eq) while
aquedus potassigm h@rh@@atqemlugpn.w@@ allreharged into a reactor. After

degassing three times with nitrogen, palladium acetate (0.025 eq) was charged
and the content is heated and agitated under reflux until the reaction was

deemed complete.

The reaction mixture was cooled to 22°C. Heptane was charged,
followed by addition of Celite. After agitating for ca. 30 minutes at 22°C, the
mixture was filtered into the first reactor, rihsing forward with a mixture of 1,2-

dimethoxyethane and Heptanes. The layers of the filtrate are separated.

To the organic layer was charged borane trimethylamine complex (0.03
eq), water, and acetic acid. The resultant mixture with a pH at maximum 4 was
agitated for 1-2 h at 22°C and then refluxed at ca. 80°C for 2-3 h. After cooling
back to 22°C, the mixture was adjusted to pH 10-11 with addition of 5% aq.
sodium hydroxide while maintaining the content at 22°C and then agitated for
1-2 h. The mixture was filtered and the layers were separated. The aq. layer was

disposed of and the organic layer was filtered through ZetaCarbon cartridges
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m xture was agitated at -10C until the reaction was

conpl eted by HPLC anal ysis. The resultant m xture was
wao e@nsé®rred to the second reactor, contai ni ngPCT/US2008/008259

trinmethyl borate (2.26 eq) and THF held at a

tenperature of -100C. The reaction was then nonitored
intbythéiRi-Grogeess icldandd firs{ teactdn oinsirgg forivardveithd, 2sas not

nore than 2% Ag. HO (aqueous hydrochloric acid),
dimpethexyethanedhrorgle thexcarboormaetridgeased 37% hydr ochl ori ¢

acid (HJ) were then added to quench the reaction

whi The fdirateavab cgnedrdrated tuarderatacnum withea nmimegcjacket

After agitating the content for 1-2 h and settling for
setéing AG0R nifeptane weas chyrges and theeqnientsavererfusthargani c

| ayer S shed with_brine solution mxed with water .
CO%&?@%& ueﬁ& ¥ACRUMYithaxyaam Ackekating of§8°C. Additional

G Ot LR OIS 8  h
o B 5 O LB RS D e g
to 85 44 BaEiR S0 & B el MaPHI st AR BB b0 iEBugh o

. |.pro-6-net hyl pyri dazine (1.00 eq), 2-
ﬁltgﬁ?@%ﬁ%ﬁé‘%ﬁ%ﬁ%%%ﬁr no) bi phenyl (0.05 eq), 2, 4-

bi s(trifl uoronethyl)phenyl boronic acid (1.85 eq),

1, 2-di net hoxyet hane and aqueous potassi um car bo e .

sol 3?‘? gﬁ“ﬂl@r%‘ %FISQE Q%%Ft%i"’@sé‘%ﬂ‘é%% & Tethex é?g thén agitated
for 1 h. With ramp cooling and moderate agitation, the mixture is cooled from
reflux to 0 to 6°C over a period of minimum 4 h and then agitated at 0 to 6°C for

1h.

The product was filtered, washed with ambient temperature Heptanes

“and dried under vacuum at a maximum of 40°C until loss on drying is

maximum 1%.

Materials M.W. wiw Mole viw
Ratio Ratio  Ratio

2,4-Bis(trifluoromethyl)phenyl- 257.92 4.00 1.85 —
boronic acid

Borane trimethylamine complex 72.92 0.018 0.03 —
3-Chloro-6-methylpyridazine 128.56 1.00 1.00 —
Diatomaceous earth (celite) . N/A 0.30 = —
Di(cyclohexyl)phosphinobiphenyl 350.49 0.14 0.05 —
1,2-Dimethoxyethane 90.12 12.00 — 13.80
Drinking water 18.02 3.75 — 3.75
Glacial acetic acid 60.05 0.05 0.10 —
Heptanes 100.21 20.40 — 29.80
Palladium (II) acetate 224.49 0.044 0.025 —
Potassium carbonate, 138.21 2.15 2.00 —
Sodium hydroxide, 5% solution 40.00 — — —
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degassing three tines with nitrogen, palladium acetate
(0.025 eq) was charged and the content is heated and
wa@giwabwal under reflux until the reaction was PERDS08/008259
conpl ete. The reaction m xture was cooled to 22C.
Hept ane was charged, followed by addition of Celite.
After agitating for ca. 30 mnutes at 22C, the m xture
was: filtered into the firsStepgactor, rinsing forward
with a mxture of 1,2- dinmethoxyethane and Hept anes.
The Iayers of the flltrate are separ at ed. To t heF
or gani c ch&Pdbd DoMeteestiferiqpeit h 1‘\1’\5_©
conpl ex | 3 eq)*l F 2nbhospbasaus pentoxidp
resulta pH ¥°Cresdrsrum 4 was agi t at ed
for 1-2 h at QC an then r“éﬁou‘i‘é%&“at ca. 800C for 2-3
h. Af,mgzrm,&gah,hmgz-mmkm;og AdidC, the m xture wasora@) ust ed
to pHMIO=1d13wi t h aadi=t400n of 5% aq. sodi um HMydrRe} de
whi | e mai ntaining the content at 22C and then agitated
for 1-2 h. The m xture was filtered and the |ayers

ANt ALl N
peBRRLAL RRELOER SR PERCER I ChmRoM i antery

DiSAIRR e (1 $09% WHEcHdrbEd 3 potens AMRINERSRIND der

vacu w th a rrumjac et s tting of 60C. Heptahe
co@ft &N20 &84 n@d’iﬁrﬂdiﬁ o BOLEM-FlGobehtbicRId CIOUTER) wat aten

under vacuumw th a maxi num j acket setting of 60C.
cha¢ddt The ahixHeet washeaedabanged and theaesciwentas ahenidoréd by

t he 1, 2-di net hoxyet hane (DVE) content (naxi num 0.5%
HRIfC uheil ooiplettorvas checked by NVR  After adjusting

The content was adjusted to 10°C and water was charged while
maintaining the content at a maximum of 25°C. After agitating the mixture at

this temperature for 1 h, it was filtered into a second reactor.

‘To the filtrate in the second reactor was charged 27% ammonium
hydroxide until the pH was in between 6.0-6.5. The content temperature was
kept at a maximum of 30°C. The resultant thin slurry was agitated at 22°C for a
minimum of 1 h and 27 % ammonium hydroxide was further charged, until the
pH was between 8.0-9.3. The slurry was further agitated at 22°C for a minimum
of 2 h. |

The product was filtered, washed with water twice, and dried at a

- maximum of 60°C under vacuum, until the water content is not more than 1%.

If necessary, the product is milled to remove large lumps.
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to 85C and agitating for ca. 1 h, the m xture was
polished filtered hot through a filter into the second
w0 e@enamonl The filtrate in the second reactor wWeSI/US2008/008259
adjusted to reflux and then agitated for 1 h. Wth
ranp cooling and noderate agitation, the mxture is
Mateatalsromrefl ux to 0 to MOAaver s/peri odMuleni ni A
4 h and then agitated at 0 to 6C foﬁaﬁoh Tﬁgh roduRLuo

Zlﬁl at a ﬁé»@ﬁrrum of ‘4OC untiT | oss
M-@lynngopysrldme mum 1% Matlépildl s M WOOw w MbIO@ v/iw —

mram@aw gerRati o 2, 4-Bi s(trijglpgor omgilpgl ) phenyl - 24.00
2 é 00.. 1 85 - boronic %EﬂlBoran ri matE I9am ne

ﬁ{ﬂ"é&? $azQiSagidy 18 0. 03 - 3 l'or o- 6-1fEt hy | iérld
Metanegglfgpicacdd 1. 00 - Di aP6dfceous7&rth (cetite) 4.70

WHysphdBous pefdiokéde! ohexyl ) gaosmphi nobipbenyl 390.49  —
5 0.14 0.05 - 1, 2- D net hoxyet hane 90.12 12.00 - 13.80

Dr i nki ng water 18.02 3.75 - 3.75 Gacial acetic acid

60. 05 0.05 0.10 -

Step 4
10 .
A NN
[ ] /
0 o N N A\
Sy c1\NJLNc1 N A g . F
U
N AN SN F |
N
oF 0" N0 | Core (2) Z
’ _(il__. - MW =213.2 CF;
3
DCE ' DMF
CF; aq. NaOH CF;
Compound (2a) | CF; ]
MW =306.21 _Compound )

MW =351741

To a reactor is charged compound 2a (1.24 eq), methylene chloride and
15 trichloroisocyanuric acid (0.491 eq). The mixture wxas adjusted to reflux and

agitated under reflux until the reaction is complete.

The reaction mixture was cooled to 22°C and celite was charged. After
agitating for minimum of 30 minutes, the mixture was filtered into and rinsed
20 forward with methylene chloride 3 times into the second reactor. The filter cake
was disposed of. To the filtrate in the second reactor was charged 3% aq.
sodium hydroxide whilst maintaining the contents at 22°C. The mixture was
agitated for 1-2 h and the layers were separated. The bottom organic layer was
transferred to the in-process cleaned first reactor and concentrated under

25  vacuum with a maximum jacket temperature of 45°C. Methylene chloride was
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Hept anes 100.21 20.40 - 29.80 Palladium (11) acetate

224.49 0.044 0.025 - Potassium carbonate, 138.21 2.15
wQ2@9/089080di um hydr oxi de, 5% sol uti on 40. 00 - PCT/US2008/008259

- 3, 4-Di am nopyri di ne 2-Fl uorobenzoic Acid Core (2) MWV

= 109.13 MM+ 140.1 1 MW= 213.2 To a reactor was
chatgedgad] thet iixtase vasrpalishdilteretl ablthevir pycesh elganed second

pentoxide (1.00 eq) in portions while maintaining the
readont. ent at 23C. 3, 4- Diami nopyridine (1.00 eq) was

charged in portions while maintaining the content at

20 to a maxi num of 50C. 2-Fl uorobenzoic acid (1.09 eq)

was Thedfltrabaivas donddiftrafedtiutiderwaizuligaivath & enabalifm jadket
the reaction was nonitored by HPLC until conpletion.

teri\lA{E@ratﬁfé 6iU5°@ Diadithplfembmid® (DME) was efarged Llbft@atntents
ile maintaining the content at a maxinmum of 25C

aréfurehiera@nicahiragdt Themidturewat atdiusted enp2t@and O¥brwis = -
h, it was filtered into a second reactor. To the
chénged; fillbbwed bireosgumut remc2 (I.00eg) aithi ¢echq 38dium hydroxide
anmoni um hydr oxi de until the pH was in between
wlgleom@irgairithg the nortent abAP%r. dthe resubisnkepxtuge wasmgitatednat
of 300C. The resultant thin slurry was agitated at 22C
223 unsl theareaghirniwas Montered by@tﬂﬁbé amlmarfaxerd@\emectlon
further char until the pH was betvveen 8.0-9.3. The
pesipdy e pHof ftg? caBterd gyasmentered andflgve ag: rﬁqﬁlwmr%lde

wahs added as required to maintain the pH at 11-12 by pH meter. After the
reaction, 10% aq. sodium hydroxide was charged while maintaining the
contents at 22°C. The mixture was diluted with DMF and agitated for 2 h. The
mixture was filtered over a minimum of 1 h into the first in-process cleaned first
reactor, containing water, whilst maintaining the contents at 16°C and then

rinsing forward with DMF. The resultant slurry was agitated for 1-3 h at 22°C.

The crude product was filtered and washed with water and then methyl
tertiary butyl ether (MTBE). The wet crude product was discharged from the
filter and transferred into the first reactor; and ethyl acetate (EtOAc) was
chérged. The mixture was heated to reflux and agitated at reflux temperature
until all the solids are dissolved. The water level must be less than 6.0%. With

ramp cooling, the content was adjusted to 22°C over a minimum of 4 h.

The crystallized product was filtered and washed with EtOAc and then
charged back to the first reactor. Ethyl acetate (EtOAc) was added. The mixture
was heated to reflux and agitated at the temperature until all the solids are

dissolved. The water level must be not less than 1.0%. The mixture was filtered,
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The product was filtered, washed with water tw ce, and
dried at a maxi mum of 600C under vacuum until the
wowdmenowont ent i s not nore than 1% |f necessargT/Us1ves/008259
product is mlled to renove |arge |unps. Materials MW
w w Mle v/w Ratio Ratio Rati o Amoni um hydroxi de, 27%
hot3 hidugh a polishiAgBllteriintipthe sdicord k08ctds (EILCD@C]pr@Gondltloned)
Dri nking vvater 18 02 24.00 - 24.00 2-Fl uorobenzoic
rinse&d foriviid mdith EAQAc.09 - Met hanesul fonic acid 96. 10
7.00 - 4.70 Phosphorous pentoxide 141.94 1.30 1.00 -
Step 4 MW 5 17.41 To a reactor is charged conpound 2a
(1. %ﬂ? gﬂ%{du&e\kﬁyk@ﬁ&rﬁfﬂt@d SRl e AEmE dpﬁéﬂl@ P dsS ALY, e C

aci d The m xture wxas adjusted to refl ux

adjﬁeﬁng% 68¢E anlr&'ﬁf @l ih BtOME, ithe ipog warljistedits reflux and
conplete. The reaction m xture was cooled to 22C and

agitsted ta@ re@ex Ehraday 80 mifutes. Wigter abhtgntfveds chetked andfif 8 water
m nutes, the mxture was filtered into and rinsed
levebivas o thnree2 %y thensaned tyele deasrepeatesl. i nt o t he
second reactor. The filter cake was disposed of. To
the filtrate in the second reactor was charged 3% ag.

s odo: W8l Rte AR vEiMag fat BRI, the ontéenas adjusted to
22C. The m xture was
reflux and then agitated under reflux for 1-3 h. With ramp cooling, the content
was adjusted to 22°C over minimum 4 h and then agitated at the temperature

for minimum of 8 h.

The product was filtered, washed with EtOAc and dried under vacuum

at maximum of 60°C. The product was then milled.

Materials M.W. wiw Mole  viw
Ratio Ratio Ratio
3-(2,4-Bis(trifluoromethyl)- 306.21 1.00 1.00 —

phenyl)-6-methylpyridazine,

t-Butyl methyl ether 88.15 — - —
Diatomaceous Earth (Celite) — —
N,N-Dimethylformamide 73.10 6.90 — - 7.30
Drinking water 18.02 27.72 — 27.72
Ethyl acetate 88.11 33.90 — 37.70
2-(2-Fluorophenyl)-imidazo-[4,5- 213.21 0.560 0.78 —
c]pyridine, GS-9133 '

Methylene chloride 84.93 16.50 — 12.50
Sodium hydroxide 40.00 0.276 — —
Trichloroisocyanuric acid 232.41 0.315 0.415 —
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agitated for 1-2 h and the | ayers were separated. The

bottom organic | ayer was transferred to the in-process
w@b@anewof i r st reactor and concentrated under REDUS2U08/008259

with a maxi mum jacket tenperature of 45C. Methyl ene

chl ori de wascharged and the m xture was polish

filtered-to the in-process cleaned second reactor. The

filtrate was concentrated under vacuumvvlth a ITB.XI mum

j acke | P AN € A

charged and the contents are further concentrat ed. The

M X NifcGediafiagalbtiStRenhAce @OVENG aEToipaarli(1) is

fol |l oned by ggérrpound core 2 (1.00 eq) and 10% ag)
corsistentwitttihRXprdposkd serutiret dihei 17Q, 1PFl€arid0¥H€NMRl§}l)1é’c2ﬁ of

The resultant m xture was agitated at 22C until
compaahdq) naBDMSOdowerk neabidied wsing sV ariarOUtitytheva-400 FT-

reaction period, the pH of the content was nonitored
NMRdpeottoatptes dipectmayershomdeinie atitebelaw . rBiNMB dhemical

maintain the pH at 11-12 by pH neter. After the
shifteassigronentsoerecestaidishedh usyog 31 carelaton lkapgethentts (€OSY,

mai nt ai ni ng the contents at 22C. The m xture was
HSQCIdBGiane BRGEHACRY)t ated for 2 h . The mixture

was filtered over a mnimumof 1 h into the first

i n-process cleaned first reactor, containing water,

whi | st mai ntaining the contents at 160C and then

rinsing forward with DMF. The resultant slurry was

agitated for 1-3 h at 22C. The crude product was

filtered and washed with water and then net hyl

tertiary butyl ether (MIBE). The wet crude product was

di scharged fromthe filter and transferred into the

first reactor; and ethyl acetate (EtQAc) was
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charged. The m xture was heated to reflux and agitated

at

Wth

reflux tenperature until
walr@sobped. The wat er

ranp cool i ng,

| evel

al |

the solids are
must be | ess t han BCODV$2008/008259
the content was adjusted to 22C

over a mnimumof 4 h. The crystallized product was
'Hf ard &CeNMRdheasibaldshifttalssigh@ents fior Comvpocina (¢ defleaerkce

stahﬁai‘d‘e first reactor. Ethyl acetate (EtOAc) was added.
The m xture was heated to reflux and agltated at the
‘_Eﬂpl:‘ al ulr © UuUrlIl I I—dl I | IIE bUI I Ub dl © UI bbUI veu IIIE
r| | @vpm{[aVSekdehof OF/ppm MMPOHs)]%  TheHPRIUPMSO-de)
S Tjltered, aq% throligh a polishing tilter 1nto the
ond react Et OAC preconditioned)|, rinsed forward
wA h Etlg\gz( fhe P30aurt was concentrdted under
at-respheri-e ,uressure piter—adiustrgt+e—65Cand
@Aar g ng i n2B60An, the|pot was adj ustjed to ref.246m,dnid)
agitated_ar  reftux faorjca. 30 minuteg. VArer content
chdeR4d (Bdd 59 Hfe |water [ evel wds nore than 0. 2%
the sp peated. Once thg water |
_a#t_)\_navr?nz.?cm%&h%y\a§k&? ontent was adjysted-to Beyﬂ L
axd then agir3aped undef reflux for 1-3 h . WZ.88 (maripH)
Toot lgj the—Tontent S—adjusted to[22C over T mum
A% ah %-?fbﬁﬁlrlfgftza?tgéﬁt t hePéhper atjure for m ni mum
8 h ro s filterned, wdshed with Et OAc
gﬁbﬂ d }%31’1631’}@%5—22?%21&?21“ nn_)(6|§'r(r)1|m of 160C__The prndum‘
was then mlis806 Materiials MW w w I\I/ble v/w Ratio
Rati+orRati+o
2B 128.16 8.01(d, 1H,]=84Hz)
3B 126.20 795(d, 1 H, ] =88 Hz)
4B 157.70
5B 60.49 6.17 (s, 2 H)
2C 131.86 8.31 (m, 1 H)
3C 112.63 7.86 (m, 1 H)
4C 155.44
6C 168.11 (d, Jcr = 6 Hz)
8C 145.08
9C 133.06 9.25 (s, 1 H)
1D 123.11 (d, Jor = 10 Hz)
2D 160.46 (d, Jcr = 254 Hz) -111.7
3D 116.59 (d, Jcr = 22 Hz) 7.29 (m, 1 H)
4D 130.84 (d, Jcr = 8 Hz) 7.46 (m, 1 H)
5D 124.13 (d, Jer = 4 Hz) 7.31 (m, 1 H)
6D 131.72 (d, Jer =2 Hz) 8.35 (m, 1 H)

a. multiplicity, s: singlet, d: doublet, q: quartet, m: multiplet
b. interchangeable signals
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3-(2,4-Bis(trifluoronethyl)- 306.21 1.00 1.00

phenyl) - 6- net hyl pyri dazi ne, t-Butyl nethyl ether 88.15
W0 20090)@bonmaceous Earth (Celite) - - PCT/US2008/008259

N, N- Di met hyl f ormanmi de 73.10 6.90 - 7.30 Drinking water

18.02 27.72 - 27.72 Ethyl acetate 88.11 33.90 - 37.70

2- ( 2- Fl uor ophen\Differentit Arahsirfg CaltRirdétrg. 560 0. 78 - f

yridine, GS-9133 Mt hyl ene chloride 84.93 16.50 12.50

Sodi um hydr oxi de 40.00 0.276 - - Trichl oroisocyanuric

aci Congpourid (1)Famples (BNacpleus) Megignated RBesgazol otk were

13C-. and 19F-NWR) Spectra Nucl ear magnetic resonance
madevRrordingtte athgmeicbﬁécpyhilsm;i asExeonplesiadntWin 08/00h219,

proposed structure. The 13C 19F,  and 1H NWR spectra of
whidhischereby incarporned by Teierense s ifs entigetynd he reamaiams

Un| tyl nova- 400 FTNVR spectromster E)ectra are shqQwn
samRlestere Y stalins (eMPRENANR)-c hBesemplesvere %@f—“@tﬁﬁgnéﬂt s

vvere. est abl, |§EI 93{%1319 lé% correl:a on eXDWWafaWS
S5 e AP By EA e ymieng SRR S

at‘rrclgéapl'tleerte sample LRl 8L mg, temperature rise rate: either 1°C per min,

5°C per min or 10°C per min, open aluminum pan, and indium standard as a
reference. The enthalpy, extrapolated onset temperature and apex temperature

at an endothermic peak on the obtained DSC curve were determined.

The DSC results for Research lot 6 and representative crystalline free base
compound (1) batches are summarized in Table 1 and Figures 4 and 5,
respectively. When the crystal form of compound (1) was subjected to DSC
scan at 1°C/min, the enthalpy of the endothermic peak is about 80 J/g, and the
extrapolated onset temperature is 233.2°C £2.0°C. The apex of the endothermic
peak is 233.9°C +3.0°C.
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b. interchangeabl e signal sDfferential Scanning
Calorinmetry Conpound (1) sanpl es (anorphous)
waembgomved "Research | ot 6" were nmade accor di PQI/US200$1€08259
nmet hod published as Exanple I a in WO 08/ 005519, which
is hereby incorporated by reference in its entirety.
The remai ni ng sanples were crystalline conpound (1).
The sanpl es were subjected to neasurenent using a
Tab¥eflf. er enExainphe DBT ngluealobtained fyr COBG) owrpp &) dtatiches
(DSC2010, manufactured by TA I nstrunents Corporation),
under nitrogen atnosphere, sanple weight 5 1 nyg,
tenperature rise rate: either 1C per min. 5C per mn

as a referenc The ent py,. éxtrapol ated onset

or 10C per mi % opY nC%Hq}agum pan, 1a&ﬂnﬂnr§gédlm standard
a
t enper at ure anldPeakenset e msiyReak| Peakonsel RAIBPRRY i Eothalpy (/g)

peak Q@ok‘@?s@ aix3ed DPC gynve |wepss fetler ppagd. | The 89.s

DSC results Researvh—ot ot |cp|cacntat| S

crystal 919}9e‘\ﬁree Blse bonp¥und | (1334t dhe@34P e -

SumTeg sziegop [Tabssal pndhfiguiesath @nq Sp3z2 [ 785

respectlvely Wher—the A;;SLGI oot punzuuuu

Wad189:Bi ldenad |t 0 236C sbandBtS | ¢ ne3 t He @Athal by of 809

the.endolifeli @ C RRak 1§ aBAW §0 pdidhg JNthehéify 39.1

Q\Ifl("\?\r\ at ~d [
TN oo™ I\JbL L CIIJCI u.L tHe+S——=oo- L\1 L U\1 i<

gﬁ( Coeﬁ(c @or % herm c peak is 233.9C 3. 0C. Tabl e 1.
Ge¥BlUgs obtained for Conpound (1) batches
0C excecpt for enthal py **5 ol mn scan

reported for Lot 6 X-Rav Powder Diffractonetry - Study

1
X-Ray Powder Diffractometry — Study 1

Samples made by example 1a of WO 05/063744 and by the method of this
invention were analyzed in the as received condition, only mixing with a
spatula prior to analysis. A sample was fixed to an aluminum cell, and the
measurement was performed using an X-ray powder diffractometer (XRD-6000,
Shimadzu Lab X, Iﬁanufactured by Shimadzu Corporation, X-ray source: Cu—
Kal ray, tube voltage: 35 kV, tube electric current: 40 mA, scan speed: 2° per
min,> continuous scan mode, sampling pitch: 0.029, scan range: 4 — 35% f axis

rotation: 60 rpm).

Non-micronized, ascicular compound (1) crystals obtained by the

method of this invention have an X-ray powder diffraction pattern having

characteristic diffraction peaks at diffraction angles 26 (°) of 13.46, 15.59, 16.90,
17.48, 23.05 and 30.15 as measured by X-ray powder diffractometer (Figure 1).
Note that the non-micronized “high melt” 235°C melt ascicular crystal form of

compound (1) tested in this example shows some effects due to preferred
37



10

15

20

25

30

Sanpl es made by exanple | a of WO 05/ 063744 and by the
nmet hod of this invention were analyzed in the as
WO e@eiovmal condition, only mxing with a spat ul BCPUSZ08/008259
to analysis. A sanple was fixed to an al um num cel |,
and the neasurenent was perfornmed using an X-ray
oripntation ahd parstidle sizee A XRi3udt) Figurehi staddd HeadonXidered merely
manuf act ured by Shi madzu Corporation, X-ray source:
exdiuplatyibecayse varying the enystal 3tzekdnd oribetadioecwill change the
current: 40 mA, scan speed: 2e per mn, continuous
magmaindenefehe geajsh iimgtqnpfocth Addifpsallycthe diffnaaiorpeal3Bglue at
b axis rotation: 60 rpm. Non-mcronized, ascicular
thecahpeumentioned diffradtionoingle 28 d°)upay showeslighd ma¢asuisement
i nvention have an X-ray powder diffraction pattern
erma dugdodha measurement iInftFument eomepsesent congiticnrg arh the

I f 13.46, 15.59, 16.90, 17.48, 23.05 d
likg-g_. ngﬁﬁg&%ﬁewwwﬁwmﬂ?ﬁ I ViRER difetanse 33: about
1035584 eblicslRb ok L h ST SR BB eEh e Some
vali SRR ok PR R R Ee B bES4 5 % et

FLgure shaoul d be considered nerely exenplary because
vaafih oo R LR SO el Son i 11 change
t he magni tude of the peaks in the plot. Additionally,

T e TR BT I
Prmr O S TN FRdEkammls LA io I ifbe Grafererein
peBEASIOERIL AL e bt S et SR Bl e e
wi&ugﬁllg)?f;hoﬁg ffaterial (Figure 3).

Cofnpound (1) by the method of this invention typically exhibits intrinsic
solubility of 0.7 micrograms/ml, a pKa of 5.8, log P of 2.8; and geometric mean
(3 lots) pH solubility profile at pH 2 of 458 micrograms/ml and at pH 7.3, 0.7
micrograms/ml. Geometric mean solubility (3 lots) in simulated intestinal fluids
(fastéd: pH 6.4, 0.75 mM lecithin, 3 mM sodium taurocholate, 270 mOsmol; fed:
pH 5.0, 3.75 mM lecithin, 15 mM sodium taurocholate, 635 mOsmol) were 19.1

micrograms/ml (fasted) and 122 micrograms/ml (fed).

Measured parameters vary from lot to lot, so all of the foregoing

parameters except molecular weight should be considered to be approximate.

Titration with acids revealed higher solubility with meéylate (>20 mg/m1l)
compared to the chloride (about 0.6 mg/mL) or sulfate (about 0.5 mg/mL)

counterions.
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variation in peak positions can be expected due to
product and experinental variation, so they nust be
weongiagwnred approxi mate. The 220C "l ow nelt" sPCT/US2008/008259
state formof conpound (1) conprised by product made
according to the exanple I a nethod (or in the nethod
herein prior to the reslurry step) gives an X-ray
powder diffraction pattern consistent w th anorphous
mat eri al (Fi gX-BagPo iffrdctometry tStedyeX hod of
this invention typically exhibits intrinsic solubility
of 0.7 mcrograns/m, a pKa of 5.8, log P of 2.8; and
geonetric nmean (3 | ot's pH solubility profile at
of 48®thersagplenef aystallinecompponngd, (1%prrepared @grté\mmhod of
Geonetric mean solubility (3 lots) in simnmulate
thip m‘é%rtnqmwaﬁ lapplzedringhe éanmaahwn 2@ Stgdi w@pt Hiat thg X-ray

oF SRR WF 3 SANAIa) SaTrst Bre MBS WabHa Fro.

m%ellégsfﬁ?%é RE ARG e it Xotay Shite Cllb Kot ny,5£‘659 A),

bl ST S5 AP smosn s

coﬂégn AR, Y el dsorenanlsad B ahehe 3 Wbt gévgag tByolution
count é/rrﬁ%%% wﬁ%&)\%ﬂ%yr ac{érgne?}c}ed "Sltzll%lre%

Anot her sanpl e of crystalline conpound (1) prepared by
the nmethod of this invention was anal yzed in the sane
fashi on as Study 1 exceptExahapletthe X-ray

Formulation of Compositions Using Compound (1)

Crystalline compound (1) is used as an intermediate to produce
pharmaceutically acceptable solutions. The following examples are made on a
weight by weight basis to achieve 10% w/w active. To make 12 kg solution,
exemplary quantitative compositions of compound (1) capsules, 20 mg and 40

mg are listed below.
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powder diffractoneter was a PANalytical X Pert Pro MPD

PWB040 Pro, manufactured by PANalytical Inc., using
woReagowour ce: Cu- Ka ray (1.54059 A), tube voPCHYS2008/68259

kV, anperage: 40 mA, scan range: 1 - 55 e2q, step

size: 0.008 , collection tinme: 3373 s, scan speed:

0.9s per mn, slit: DS: 1/2, SS: 1/4S, revol ution

time: 0.5 s, node: transmission. The results are

icted in Figure 2. Exanple 2 Formul ati on of
o&pmﬂxtahsﬁ@usmsgnm@é@mm@d ¢hycapaulasn20 sgpd A8 mg
(1) is used as an internediate to produce

pharmaceutically acceptabl e ne foll ow ng
exanpl es are nmade on [a wei ght @bggulgﬁm pasis to

achi eve 10% w w activie. To make ¥ sol ution
exenpLafpotedst i t at i VE%GompOS| t(ﬂtﬁﬁ C{ 124 ) Function
capsul es, 20 ng and 40 ng afe [isted eference

bel ow. Quanti tative conpositi opRf C@@H%md (1)
capsul es, 20 ng and 40 ng a<:on'p03|t| on1$ 1:1 ww

b L s Il
etiramot-—water—sotrut o bRemoveddor Ty T teTapsote

seal i ng_process. Contfai es 1 $t a Active
Cerpernddi gh the fol | owi %b;d({ n o?@gr %b%l) kg JButyl atgrddient

hydroxytotuvene—(0—10% 0035 kg butytated
OhsiclAoidyani sol e (0. 359 g 16dApoad8-2(1) fNEe bpsolvent

oy wei ghed 10, 1538 KQ

Polysorbateciod ( equi val enft . 580.9 |(8208509) NF = | Surfactant
Butylated Hydroxytoluene 0.10 0.2 0.4 NF Antioxidant
(BHT) '
Butylated Hydroxyanisole ' NF .
vy ydroxy 035 | 07| 14 Antioxidant
(BHA) : -
Capsule
Capsule Sealing Solution?
P & b . sealant
Ethanol ---b -—-b USP
——-b -
Purified water ---b ---b usSP

Capsule Shell, Size 0 Licaps™

i N/A | leach | 1each None [Capsule shell
White Opaque

Total 100.00 200.0 | 400.0

2Composition is 1:1 w/w ethanol:water solution.

bRemoved during the capsule sealing process.

« Container/vessel: 12kg stainless steel
e Weigh the following in order:
« 0.012 kg butylated hydroxytoluene (0.10%)

o 0.035 kg butylated hydroxyanisole (0.35%)
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Sol ubi li zed crystalline conmpound (1) capsules, 20 ng

or 40 ng, are manufactured through a series of unit
wEe@eme®ost eps. Conpound (1) drug substance, oPET/TS2008/008259

aci d, polysorbate 80, butylated hydroxy tol uene (BHT),

and butyl ated hydroxyani sole (BHA) are mxed until a

sol uRikgCompaniride{19 dreehesegd0%).i on is filled into

2-piece hard gelatin capsules. C osed capsules are

sub | roal coholic sol ution,
ﬁhi@‘ﬁq%éiﬁél&éggoredg%gg (%%’5 P\ﬁeggﬁ%cg seal i ng process. A
vacuum |l eak test is perforned on seal ed capsul es prior

o pAaEkAlpedeic Adid(equivateritdo $d15atg 455 crystal | i ne

conmpound of forrmula (1) optionally is used as an

iwm ﬁ&%ﬂhﬁ&ag@ta@ﬁné eéfﬂ#of&rﬂj(li? RhPsifles @O??E'dr@n%?éf@

the foll ow ng agent's Fatty acids ort,

mateifactite PHoLgRG: géﬂfésr&ﬁduaﬁ?welss a@psAtendp&Ehd@ (D) dru
unsaturated), typically C4 to C2. Typical fatty acids

sulbténdel, BRii€h&idapbssokivateiss, Batyateddpydroxgtdldene (BHE),cand
acid. Al cohols such as ethanol, benzyl al cohol,

bug/lytedrnidropphisodle/(BHIA) gte/gike®Uftil pebliaidryisehiayledc dThe -
00, polyethylene glycol 400. Surfactants, including

solhéibh is €itled int2-paece lerdegedatif @apsudes.. Closedplapsules are
non-ionic surfactants are fatty acid esters of

subzeljyenrtly shgled neith er iy d ma) cadwiisi sohutidratwlyichds ¢veperated during
pol yoxyet hyl ene castor_oil derivatives,

thessialiog\prohessn &y Vopceun leak yest da parfermgd|ofetaaed epfiulesoprior
60, |
to packaging.

Alternative Formulations
The crystalline compound of formula (1) optionally is used as an

intermediate to be formulated into a solubilized form with the following agents:

» Fatty acids (short, medium, and long chained as well as saturated and
unsaturated), typically C4 to C22. Typical fatty acids are linoleic acid,

lauric acid, capric acid or oleic acid.

o Alcohols such as ethanol, benzyl alcohol, glycerol, polyethylene glycol
200, polyethylene glycol 300, polyethylene glycol 400.

 Surfactants, including both ionic and non-ionic surfactants. Examples of
non-ionic surfactants are fatty acid esters of polyoxyethylene sorbitan,
sorbitan fatty acid ester, polyoxyethylene castor oil derivatives,
polyoxyefhleneglycerol oxystearate, polyethyleneglycol 60,
hydrogenated castor oil, and/or block copolymers of ethylene oxide and

propylene oxide.
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hydr ogenated castor oil, and/or bl ock copol yners of

et hyl ene oxi de and propyl ene oxi de. Antioxidants, for
we@apdwobut yl at ed hydr oxyani sol e (BHA), butyl BECBUS2008/008259

hydr oxyt ol uene (BHT), ascorbyl palmtate, vitamn E,

and/or vitam n E PEG 1000 succinate for chem cal

st aintioxydanty] fo¢ exainplé bdugated by dioxganibobx (Bi€A), butylated

pol yet hyl ene glycols, titanium oxide and the |ike).

AndhypdxéxyrteRienie (BRED)absooebihpalpsitdtas vitamoraB, &red/or vitamin E

performed in a soft elastic gelatin or a hard gelatin

or RERar@OOhsutcineye fapsHennieahsthbidgy ] ul ose capsul e. The

liquid forrmulation (solution or encapsul ated sol ution)

I OV . a . .
B Vil B Hh AR bR bk sl difpm oxide
el a%&‘ih@ﬁ!k@%.i n capsule is well known in the art. The
conmposition typically conprises from 30-50% by wei ght
gelatin, .10-40% pl astici zer or a blend of plasticizers
and%wxwe&@%ﬁw i€ght water. Plasticizers can be
gl ycerin, sorbitol or sorbitol derivatives, propylene
gl yeakapsidatibe chh be perfarntadii 286t efastiogietain oMahasd gelatin
met hods can be used for manufacturing and filling the

or s biard dlydsdxgpwelydimethghpdlulese sapsulasTheliguyd forinmelation
accogel machine and the like. Hard gelatin or HPMC

~ (sohaipe be sncgrsubated isohintaam)dpfavide sCapsrayed, orgt brmawmeddbility.

S.C. and other suppliers. Capsules are filled manually
or by capsule filling

_Capsule Filling
The composition and preparation of the soft elastic gelatin capsule is well

known in the art. The composition typically comprises from 30-50% by weight

gelatin, 10-40% plasticizer or a blend of plasticizers and about 25-40% by weight

water. Plasticizers can be glycerin, sorbitol or sorbitol derivatives, propylene

glycol and the like or a combination thereof.

Various methods can be used for manufacturing and filling the soft
elastic gelatin capsules such as rotary, liner or accogel machine and the like.
Hard gelatin or HPMC capsules can be purchased from Capsugel, Greenwood,
S.C. and other suppliers. Capsules are filled manually or by capsule filling
machine.

Formulation Preparation
In general, the compositions of this invention can be prepared in the
following manner. The ingredients are mixed in an appropriate vessel size

using an overhead mixer (The mixing tank may be purged with nitrogen). The
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machi ne. Formul ati on Preparation In general, the
conpositions of this invention can be prepared in the
wo edoboosong manner. The ingredients are m xed i PCHIS2008/008259
appropriate vessel size using an overhead m xer (The
m xi ng tank may be purged with nitrogen).
phdimateartivallg wictepthble fattyemidibhd thaphprmarceutacellyt aeeptable
pharmaceutically acceptabl e antioxi dant are ni xed at
antieaxidahtayeemakad at rooTh éermpkration (THe dobution meay be warmed to
appropriate tenperature if needed, for exargal eto
appinpriatd 5@nperathee faweded, foxexample itd abput 45°dein the case of
liquefy the fatty acid). The compound of fornula (1? .
lauiris agidicin Qrder e lignely thetfatty dickbeRhegconmpeund of formula (1) is
pharmaceutical ly acceptable surfactant is added with
added png stirrrd apgl\»/@lﬁﬁ@lé(@é- vidiegpharmacenicalie arggptable surfactant
o nmxture_ is_ fill into hard gel gt apsul.esAddj ti onal,.
is aclad WAl BHxiEBoe ANFEABTR: Hetshtohthe FeslBRB ST filled
. 4?%{32.? EtOH 9.2 Total 100.0 Formula (1) 8.0 conpound
intehard gelasirpeapsules
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Mai si ne 35-1 36.8 Crenophor 36.8 RH40 Tot al

100.0

Formula (1) 8.0 conpound Oeic Acid 92.0 Total 100.0

Tween 20 9.2 Tot al

Formula (1)
compound
PEG 400
EtOH

Total

Formula (1)
compound
EtOH

PG

Maisine 35-1
Cremophor
RH40

Total

Formula (1)
compound
Oleic Acid
Total

Formula (1)
compound
Oleic Acid
EtOH
Tween 20
Total

Formula (1)

8.0

82.8
9.2
100.0

8.0

11.0
7.4
36.8
36.8

~ 100.0

8.0 -

92.0
100.0

8.0

73.6
9.2
9.2

100.0

compound 8.00%
Oleic Acid 87.40%
Tween 80 4.60%
Total 100.00%
FORMULA (1)

COMPOUND 20.00%
Oleic Acid 80.0%
Total 100.0%

44
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100.0 Fornula (1) conpound 8.00%
O eic Acid 87.40% Tween 80 4.60% Tot al
Ad(didional Formulation Compositions

100. 00% FORMULA
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COVPOUND 20.00% A eic Acid 80.0% Total 100. 0%-ORMJULA

(1) COVPOUND 20.00% O eic Acid 76.00% Tween 80 4. 00%
waewaioo0n. 00% FORMULA (1) COVPOUND 8. 00 d ei cP@DUS2008/008259

86.47% Tween 80 4.60% Aerosi |

Total- 100. 0% FORMULA (1) COVPOUND 8.00 O eic Acid
FORMBDYAT(#®en 80 4. 60% Aerosi |

COMPOUND 20.00%
Oleic Acid 76.00%
Tween 80 4.00%
Total 100.00%
FORMULA (1)
COMPOUND 8.00
Oleic Acid 86.47%
Tween 80 4.60%
Aerosil 200 0.92%
BHT 0.01%
Total 100.0%
FORMULA (1)
COMPOUND 8.00
Oleic Acid 85.55%
Tween 80 4.60%
Aerosil 200 1.84%
BHT 0.01%
Total 100.0%
. FORMULA (1)
COMPOUND 8.00
Oleic Acid 85.55%
Tween 80 4.60%
Aerosil 200 1.84%
BHT - 0.01%
Total 100.0%
FORMULA (1)
COMPOUND 10.00
Oleic Acid 84.55%
Tween 80 5.00%
BHA 0.35%
BHT 0.1%
Total 100.0%

45
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Total 100.0% FORMJULA (1) COMPOUND 8.00 A eic Acid
85. 55% Tween 80 4.60% Aerosil 200 1.84% BHT 0.01%
w{a 210a009D00. 0% FORMULA (1) COVPOUND 10. 00 d ei cPGWIS2008/008259
84. 55% Tween 80 5. 00% BHA 0. 35% BHT 0. 1% Tot al
100. 0% xanpl e 2a M croni zed Formnul ati on of Conpound
(1) Mcronized drug substance (Jet mll-00 at 60-80
psi; 3-4 mcrons averag;si e, ﬁbout 7-8 sqg. neters/g)
was dry blended with |la , rocrystalline
cel lul ose, croscarnell ose sodium sodium | auryl

sul fate, tar Micidniaed Foraidatiye boRiEEYHd ¢8I | ul ose.
The bl end was granul ated by spraying the blend

Micronized drug substance (Jet mill-00 at 60-80 psi; 3-4 microns average
size, about 7-8 sq. meters/g) was dry blended with lactose, microcrystalline

cellulose, croscarmellose sodium, sodium lauryl sulfate, tartaric acid, and

hydroxypropyl cellulose. The blend was granulated by spraying the blend

solution. The granules were dried in a fluid-bed. The dried granules were

sized by passing through a mill, and then blended with additional

" microcrystalline cellulose and croscarmellose sodium. The powder blend was

lubricated by adding magnesium stearate and then compressed into tablets

using a rotary tablet press. The tablets were subsequently film-coated.

The table below is a summary of various formulations tested in dogs
dosed at 40 mg compound (1), corresponding to approxirhately 4 mg/kg. The
table illustrates the superior performance of the solubilized compound (1)

formulations.
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sol uti on.

The granules were dried in a fluid-bed. The

dried granules were sized by passing through a mll,

waraonbeenl bl ended wi th additi onal

cel lul ose and croscarnel |l ose sodium The powder
was | ubricated by addi ng nmagnesi um stearate and then
conpressed into tablets using a rotary tablet press.
The tablets were gubsequently filmcoated. The table

Inzviva:Data Summary

bel ow i s a

bl end

m crocryst al PCTES2008/008259

dogs dosed
a I I\I 4 nml Izm Thn t t_gs_t_hﬁ
supef,i or perforrrarce of th=DﬁugIL|:ﬂi)uI|(§,gg,1 copgeund (&) | rsp
i rn‘h,fjé,ﬂ? or|sPrbeesy i |v Folatla ry Llifzes ™ y y
nmilcroni zed |API b Dosed in Hogd™t reat 8wt @Mho [ ) (%)
p STTT 6#de}e'd'u'ce1rc =S—Art v
Adt i vediy of yound (’IQ) T1e cOnpolindo.df [t hke 8 52
I ventton—egxhtbirtg—antt— epHecph—actvity—(pssay
ddscri bed iln WO 0“/%96’2“7%5’) agd®nst | both %g_ﬁﬁmes P o
and 1, extrjenely | Wumg/atc-taxidoty >506 000 M i n 44 29
HUh 4 P (,i_.l\1||4ce||s,ada ni-ghTy| T gyorpble
Solubillz I . 7
S ecmf'\';iE q"l'cﬁ@ek The conp ou.g istsubst a;nt—l-z! Hy !sess 2
a t|ve agai|nst genoflgjsécigal Aivitly Bt Conpédund #4 56
Adai nst HC\ Genotype 1 and | a Jgepl | cons HCV 4genpt yqe 24
(CUII- 7T OCrEeo) ang SLgoAIy RS L(J)) f :PICIJALIUI bzl () vvc1|3c 85
. , SLS & :
Solid s':f:ra Tartaric 20 0.4 27 8 82
SLS &
Tartarich 20 0.9 6.9 20 67
Fluid SLS &
beds Tartaric 20 0.3 44 14 77

a Utilizes micronized API
bDosed in dogs treated with pentagastrin to reduce stomach pH

The compound of this invention exhibits anti-HCV replicon activity

Example 3
Antiviral Activity of Compound (1)

(assay described in WO 05/063744) against both genotypes 1a and 1, extremely

low cytotoxicity (>50,000 nM in Huh-7, HepG2 and MT4 cells), and a highly

favorable selectivity index. The compound is substantially less active against

genotype 2a.

Activity of Compound 1 Against HCV Genotype 1 and 1a Replicons

HCV genotype 1 (Con-1/lucneo) and 1a (H77/neo) replicon cells were

incubated with serial dilutions of compound (1) 2’C-methyl adenosine

(2’CMeA) or IFNa for 3 days in the absence or presence of 40 mg/mL human

serum albumin (HSA). After incubation, replicon RNA levels in the treated

47




10

15

20

25

i ncubated with serial dilutions of conmpound (1)
2' CG-nmethyl adenosine (2'CveA) or IFNa for 3 days in
wao beoalmwence or presence of 40 ng/ L human serBOT/US2008/008259
al bumi n (HSA). After incubation, replicon RNA | evels
in the treatedcells were determ ned by either a

cell$Wefed @@emiRDbY @ithas 8dH cifdrat€ Pépdredy) as8hy 1 replicon) or a
quantitative real-tinme PCR assay (la replicon) and'the

quéatitativei rebbtinkr BCRS86ay 01 Ladplicba) en&EEhE dé@og@m; R@iré Viged to
i nhi biting concentration) values for the inhibitors.

calCRIRO B0 (30% ‘é?ﬁlc,ﬁ@@mﬁbi}iﬁg‘ BhiédntReidh) SANUMBE the ﬁgﬁtéitors.

genotype I a rep Jcons w t h” EC50 val ues of O. ]ES and
CobRB PR A VAR o b BB T3 ey BB epticons
wiltp B8P Sfua Aedin i a6 AV, resne<tvRl{Tap & T TERE psisetce of

determ ned; HSA, human serum al bum n a Mean EC50 val ue
hugan sergryalbymainy gre Besweyatin ef Gompownd (Dawes increased to 11

i ndependent experinents Activity of Conmpound (1)

gai nst HCV Genotype la Replicon and Virus The

antiviral activity of compound (1) agai nst HCV

genotype 2a was tested in cells chronically infected

able f AR 8 Lol Kby Cehf?5b 08 o 1 Replicons

contai ning chronfcalty repticating HCV genotype 2a
(J6/ JFH R uc) virus or subgenom c%(éiﬁl[llg’é]ns wer e

cultured withh conpound (1) or 2'CMeA for 3 days in the

abeepoendf humaGe datradobum| n HEY tlducrenl40i viat i onHHCMata
amount of lulci ferase in 2a-vi I USmg/mL HSA

1 v 0.6 +0.28 11 36+x14
2’CMeA 175 =70 250 170
IFN-a 2 IU/mL .n.d. n.d.

n.d., not determined; HSA, human serum albumin

a Mean EC5p value and standard error determined from at least 4
independent experiments

Activity of Compound (1) Against HCV Genotype 1a Replicon and Virus

The antiviral aétivity of compound (1) against HCV genotype 2a was
tested in cells chronically infected with the genotype 2a virus as well as in cells
replicating a subgenomic 2a replicon. Huh-7 cells containing chronically
replicating HCV genotype 2a (J6/JFH-Rluc) virus or subgenomic replicons were
cultured with compound (1) or 2’CMeA for 3 days in the absence of human
serum albumin. After cultivation, the amount of luciferase m 2a-virus

containing cells and HCV NS3 protease activity in the 2a replicon-containing
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containing cells and HCV NS3 protease activity in the

2a replicon-containingcells was determ ned using
wee@ooe®@s | uci ferase assay and a novel ti ner eBCI/VSI08/008259

fl uorescence assay, respectively. The antiviral

activity of conpound (1) was significantly reduced in

celfékoHf Haérh@-(ea %s%fﬁrﬁ@ &% lhataate 955%2' dndCahbVélime-

and the 2a subgehonmi c replicon
resoRER] ﬂﬁgﬁé@@erm@é‘s idpéarrayed to Huh-7 cells
replicating an o subgenom c replicon (EC50 =

0. 0006 m\/p (Tabl e 2). Taken together, these results

sugggst al b08 mg%vg&%d:@e 2W£C¥g{tgfcaﬁﬁ 4ekd i both

agai. nst geno ue to°the ge yp C

en we Y 1 and.ge P
e E R R ORI JUBr RSBV E T O4ERER Y 212 H afd the 22
Genotypes 1 and 2a n.d., not determ ned; HSA, human
subganomul fephicon amdde (EEE56 21 uM)awdnparedderldubt7 ealls
determ ned fromat |east 4 independent experinments

Var | eg% H@V m Eﬁbﬁﬁé ?&)ﬁ&fn QE%/C:)/@ ggmhm)t(sfabﬁ 3 Taken

of ce pes I ncl |ng

toggﬁl@é | SSHIUB T B b iieofrEg b ffunc
ag@éﬂ?‘?ﬁﬁ%%@ﬁ@ ey

6 hb th:@V.hl ghest concentration tested
gm? ‘8’&’@ (Tge

These results, coupled with its
pot ent ant|V|raI activity (EC50 = 0.62-3.6 nM in
HCV-1and HCV-1a replicons, indicates a high

TabRI BICtA vty bNemHdURD(1) BEaMkst HIO0GerfftyPES) ahdr2a
conpound (1).

ECs0 [nM]?
Compound HCV 1-lucneo HCV 2a HCV-2a
(subgenomic - (subgenomic (reporter virus)
replicon) replicon)
1 0.6 +0.28 21898 + 18972 2900 + 1250
2’CMeA 175 +70 1610 + 1099 © 194 +26
IFN-a 21U/mL n.d. 1.2 IU/mL

n.d., not determined; HSA, human serum albumin

a Mean EC5q value and standard error determined from at least 4
independent experiments
Compound (1) was evaluated for its cytotoxicity in a variety of cell types
including HCYV replicon-containing cell lines (Huh-7, SL3 and MH4) and non-
replicon-containing cell lines (HepG2, MT4), using a CellTiter-Glo
Lufninescence Cell Viability assay (Promega). No toxic effects were observed in

any of the cell lines at the highest concentration tested (50 pM) (Table C). These

results, coupled with its potent antiviral activity (EC50 = 0.62-3.6 nM) in HCV-1
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Table C. Cytotoxicity of conpound (1) in HCV Replicon

Containing Cell .Lines n.d., not determ ned; HSA,
wheosnomer um al bumin a Mean CC50 val ue and st aPdEDS82008/008259

error determined fromat |east 4 i ndependent

experinments b HCV replicon-containing cell |ines

. Cyit . , . o
andEC Vol e Rose TR b ghviblin AT B st ioo-
i nati on w ribavirin, represents the current
80@5%5%“5?0‘55*&)1‘ or HCV-infected patients. In vitro
conbi nation studies of conpound (1) and I FN-a were

performed i n repl i con ceI I s Data was anal yzed usi ng

Ta@%e% Miﬁﬁ% es u g?%m%t gg?\/?é 688 It‘;bnqﬁﬁ‘ugg Cell Lines

additive interaction betvveen conpound (1) and TFNa.
Exanpl €| 4 Antiviral, Pharnmacoli®#tlirMEnd Safety Data
for Conpound (1) in a Phase-1, First-In-Human Trial in
Conipduidnjot yddull-71 nf éct gf3tbubj ecisg14PA [ anHepG2ed, MT4
doubl e-pl i o acebo controlled tripl was designed to
evaltate—the—safety+tolerabi-Hty p“.arr“coki retes—and
n1 iviral act?ity]of 2yl e (i>n5yq3ar A)>afd mjl ti pIoe
P\ Adoacac aFf Co PET {1\ atreo - aept A
ITI rcu I_)) UUSTS Ul WIIPUUIIU \J. CI U U.L;I ur
2 n,ag&éﬁ in sub)?’gcts chréél | 94-Bif Eted PWS g£r-9
AY neat od -~ r r\: Py
V 9 IIULyp T uﬂ L TIUUL bUI clisSatl ©U bIII UST S,
n. ﬁxrogl%ﬁﬁ%ﬂgumsraum HEHS of age, are HCV

t reat ment naive, and are in general good health.
a Mean CCsp value and standard error determined from at least 4

independent experiments
b HCYV replicon-containing cell lines

Anti-HCV Activity of Compound (1) in Combination with IFN In Vitro

Pegylated interteron-a (PEG-IFN-a), in combination with ribavirin,
represents the current standard of care for HCV-infected patients. In vitro |
combination studies of compound (1) and IFN-a were performed in replicon
cells. Data was analyzed using the MacSynergy template developed by
Prichard and Shipman. Results from these studies suggest an additive

interaction between compound (1) and IFN-a.

Example 4

Antiviral, Pharmacokinetic and Safety Data for Compound (1) in a Phase-1,

First-In-Human Trial in HCV Genotype 1-Infected Subjects.

A randomized, double-blind, placebo controlled trial was designed to
evaluate the safety/tolerability, phamacokinetics and antiviral activity of single

(in Part A) and multiple (in Part B) doses of Compound (1) (oleic acid solution,
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In conpleted Part A, five successive cohorts of 6

subj ects were random zed (5:1) to receive single
waswenaiony doses of Conpound 1 (40, 120, 240, PLDUBR0$1008259

food, or 480 ngy) or placebo. In ongoing Part B, four

successi ve cohorts of 12 subjects are random zed

‘iR)subfectLARONEAIN ihfdhéd daaePr EONRGHR

ab&i‘lé()m nrgjkBI D, 120% BI D, &12,409?@%@‘%,%%2%1)&;@ or St
degbrdpensate@\cairh8sidaPsospletive ¥ubfelss £18lisesy peft8io?lakbehreHCV

Part A were of nean age 43.6 years, predom nantly male
tre@@éRilnaiveparcd areih geterdllgoodhdalthf ected with either

HCV Genotype-la (24) or 1 (6). Median (range) baseline

HCV viral load was 6.6 Logl0 RNA U L (5.2-7.3).

S Ngh BoAAEIRd Barf AR kdskiELShOIR] f d QUi g h

no serious or treatnment-limting adverse events

raf fdHAIZeRA5: 1) 16 réR¥e SABIPRsARANRS dbmg?hgggﬁ@a 120, 240,

were mld in severity, wth the exception

2400d e B3R, p aBache) or PRIcEbYETIEoRSoiRg AR t B, Rburkuccessive cohorts
treatnent energent |aboratory abnornmalities. Mdian

of tREbjeaE ard ramd Gwiged@oi2)ltb frecdive gadtiblosctading dbses of
hours across cohorts. System c exposure was increased
Coappowrxd rgte yg BID,0120 migeBIDy, @ap ang QID,1340ng; BID) or placebo,
“adm ni stered with a high fat meal. Mean conpound (1)
oveoddams.rati on 24 hours after the 240 ng fasted dose
dosing was ~7-fold higher than the protein binding
adjusted in vitro HCV GTI-1 Replicon ECso val ue.

Fol Mtﬁ&)rﬁ:i dﬂﬁij&tﬁ%ﬁ)lﬁﬁﬂﬁ%&A Raxeé Hﬁfne%ﬂtaig‘éi 4% years,
ef fect was observed at 24

' predominantly male (20/31), Caucasian (25/31), and infected with either HCV

Genotype-la' (24) or 1 (6). Median (range) baseline HCV viral load was 6.6 Log!?
RNA IU/mL (5.2-7.3). Single doses of compound (1) were well tolerated, with
no serious or treatment-limiting adverse events (AEs) reported. The most
common AE was headache. All AEs were mild in severity, with the exception
of one moderate headache. There were no Grade 3 or 4 treatment emergent

laboratory abnormalities.

Median compound (1) plasma half-life ranged from 10 to 15 hours across
cohorts. Systemic exposure was increased approximately 2-fold when
compound (1) was administered with a high fat meal. Mean compound (1)
concentration 24 hours after the 240 mg fasted dose dosing was ~7-fold higher
than the protein binding adjusted in vitro HCV GT-1 Replicon ECso value.
Following single-dose exposure, maximal antiviral effect was observed at 24

hours, with median declines ranging from 0.46 to 1.49 Log'® HCV RNA IU/mL
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hours, with nedian declines ranging fromO0.46 to 1.49

LoglOHCV RNA | U mLacross cohorts. |ndividual HCV RNA
waoelewbiosm®sl anong all conpound (1) recipients raPgerUSInngms259

0.19 to 2.54 10gl0 UL foll owi ng single-dose

exposure. This is the first clinical denonstration of

acri3b bohéds. Bdividdal FEVORNROYBE ieb)lamehg all @ofssund (1)

exposure to conpound (1) was well tol erFated,
redigieR istange6dréRVRI AR 2.5RHo g UBKY foHoiflg Biigeidose exposure.
antiviral activity.We claim 1. A crystalline conmpound
of fhignglthe fitst diipiedldlenhionsteaticn of\higWiralsactivity of compound
substantially free of anorphous conpound (1) . 2. The
(1)c Girgdlaldiose exposgyre to donipoahdi(Th wah aellntgleratesh) dentmrstiated
onset at about 235C in differential scanning
favearhblei It propébie€andr pdteheanByirahactorifyst al | | ne conpound
of claim2 having a heat of fusion (DHf) of about 81
J/g (42 KJ/nole). 4. The crystalline conpound of claim
3 having at | east one approxi mate peak at diffraction
angle 2Q b) of about 17 as neasured by X-ray powder
diffractonmetry. 5. The crystalline conmpound of claiml
which is the free base. 6. The crystalline conpound of
claim1 in the formof needles or rods. 7. A
conposition conprising the crystalline conpound of
claim1 containing |l ess than about 40% by wei ght of
t he anor phous conpound (1).8. A conposition conprising
the crystalline conmpound of claim7 which contains
| ess than about 10% by wei ght of anorphous conpound

(1).

52



5

10

15

20

25

9. A conposition conprising the crystalline conmpound
of claim8 wherein the crystalline conpound (1)
w@omvagsl | ess t han about 100 ppm chl ori de. 10pPCT82008/008259
crystalline compound of claim1 which has been
m croni zed. 11. The crystalline conpound which is the
Werckembase substantially free of anorphous conpound (1)
and any other crystal form of conpound (1). 12. The
1. cr ysfAalrystairsorgropadndfof dbanmial(lvhi ch is substantially
free of the chloride salt of conpound (1). 13. A
conpositi og Eorrpri simg the crystalline conpound of
claim1 and phar macdeuEi cal | y accept abl e exci pi ent.
PNkt g _crystal li ne compound (1)
izin

conprisi fhg cry
crystallizati G
water in the cry<tal
claim 14 wherein the conpcl
ethyl acetate or et h;N%Q at s 70
sol vent containing | ess 'than about 0.9% by wei ght of
water in the solvent. 16. THhe) net hod of claim 14
wherein the amobunt of water is controlled such that
anldeisssadl tsawddo i suli3taritjallyefrgdvf afmoaphoywhoerspoamdqind
(1) is precipitated during crystallization. 17. The
nmet hod of claim 14 wherein the water is controlled by
renoving it azeotropically fromthe crystallization
2. sol videtcrys@llirtheompohod affclaiimal avingcampndethegmic onset at

providing water in the crystallization i
about 235°C in differential scanning calorimetry (DSC) profile.

3. The crystalline compound of claim 2 having a heat of fusion (DHy) of

about 81 J/g (42 KJ/mole).

4. The crystalline compound of claim 3 having at least one approximate

peak at diffraction angle 26 (°) of about 17 as measured by X-ray powder

diffractometry.

5. The crystalline compound of claim 1 which is the free base.

6. The crystalline compound of claim 1 in the form of needles or rods.
7. A composition comprising the crystalline compound of claim 1

containing less than about 40% by weight of the amorphous compound (1).
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solvent at a concentration of |ess than about 10% 19.
The method of claim 18 conprising a plurality of

w@eopsedobi zati on steps, wherein crystallizati oPCT/5S2008/008259
effected from sol vents conpri sing successively | ower
concentrations of water. 20. The nethod of claim 18

5 8. whergtomipasiticrstompyisirgy thezay statlirtd @pnpsund fof clatth 7 wdrith

sol vent conprising | ess than about 0.9% water.

contains less than about 10% by weight of amorphous compound (1).

9. A composition comprising the crystalline compound of claim 8 wherein

the crystalline compound (1) contains less than about 100 ppm chloride.

10
10.  The crystalline compound of claim 1 which has been micronized.
11.  The crystalline compound which is the free base substantially free of
amorphous compound (1) and any other crystal form of compound (1).

15

12.  The crystalline compound of claim 1 which is substantially free of the

chloride salt of compound (1).

13. A composition comprising the crystalline compound of claim 1 and a

20 pharmaceutically acceptable excipient.

14. A method for making crystalline compound (1)

25
comprising crystallizing compound (1) from crystallization solvent and

controlling the amount of water in the crystallization solvent.
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15.  The method of claim 14 wherein the compound (1) is crystallized from
ethyl acetate or ethyl acetate/isopropyl alcohol solvent containing less than

about 0.9% by weight of water in the solvent.

16.  The method of claim 14 wherein the amount of water is controlled such
that less than about 10% by weight of amorphous compound (1) is precipitated

during crystallization.

17.  The method of claim 14 wherein the water is controlled by removing it

azeotropically from the crystallization solvent.

18.  The method of claim 14 comprising providing water in the crystallization

solvent at a concentration of less than about 10%.
19.  The method of claim 18 comprising a plurality of crystallization steps,
wherein crystallization is effected from solvents comprising successively lower

concentrations of water.

20.  The method of claim 18 wherein the last crystallization step is effected

from solvent comprising less than about 0.9% water.
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