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Mol ecul es/unit celll wher ei n neasurenent of said
crystalline formis at a tenperature between about 520
w@2a09/0zise’it 25 C. In a third aspect the preseneCT/US2008/071734

di scl osure provides Form N-2 of H3CO

characterized by fractional atom c coordinates within
the unit cell as listed in Table 3. 10ln a fourth
aspect the present disclosure provides Form N 2 of
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wi th characteristic peaks in the powder X-Ray
diffraction pattern at values of two theta of 10.3
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0.1, 20.3 0.1, 21.2 0.1, 22.4 0.1, 22.7 0.1, and
23.7 0.1 at a tenperature between about 520C and
about 25 C, based on a high quality pattern collected
with a diffractometer (CukKa) with a spinning capillary
with 28 ca%gﬁéa(tled with a NI ST other suitable
st andar d %ff°&n ei ghth aspect the present
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FIG 2 illustrates the differential scanning

calorinmetry pattern of the N2 crystalline form of
w@oopoenses (1) . FIG 3 illustrates the sPUT/tiS2008/071734

state NVR spectrumof the N-2 crystalline form of

Compound (I). 20The disclosure relates to a

crystalline formof Conpound (1). H3CO 2HCI OCH3

Definitions As used herein "polynmorph" refers to

cry taIIrn rms h v n e . sane. c . composi tion
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atorrB andl dimehkdis: hermdasg At he crystal. 5The term
pharnaceu%|g§ y acceptable,” as used herein, refers
to those’e ﬁ% ds, materials, conpositions, and/or
dosage foensoydsi£h are, within the scope of sound
medi cal Jud ment, suitable for contact with the
fissues ®F 7 dﬁ%ﬁ“ﬁ%ﬁngs and ani mal s wi t hout excessive
toxicityg-ignnik3 gtd.QQ, allergic response, or other
probl em conpl | cat1l ons commensurate with a reasonable
benei f t /1 +3Q64@ddgeees 10The term "substantially pure,
as used L efhers to Form N2 of Conpound (1)
whi ch is§%t§§B éh%ﬁ about 90% pure. This means that
t he poIWMbbpMewmnﬁmﬁpound (1) does not contarn nor e
han,about 10% o an
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occurs when the effect of the conmpounds

adnﬂ?ﬁ%&%ﬂbd in conbrnatron is greater than the ef f ect
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prevﬁntrng a drsease drsorder or condition from
occurrrnﬂ a patient which nmay be predi sposed to the
di sease, order and/ or condition but has nRrot yet
been dlagggg‘ haV|ng it; (i) |nh|m|t|ng t
di sease, dis gc\ts
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di sorder or co ti onH i.e., causing regregélqn\€9 t he
di sease, disord and/ or 30ggndition. In one 5
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t he 8Fysta||rne form has phase honpgeneity indicated

by |l ess than 10 percent, in another enbodi nent the
crystalline form has phase 5honpbgeneity indicated by

| ess than 5 percent, and in another enbodi nent the
crystalline form has phase hoopgeneity indicated by

| ess than 2 percent of the total peak area in the
experinmental ly measured PXRD pattern arising fromthe
extra peaks that are absent fromthe sinmulated PXRD
pattern. In another enbodi ment the crystalline form

has phase hoanenerty mnth Iess t han percent of t he
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gromh froma nelt, solid state transformati on from
anot her phase, crystallization froma supercritica
W0 bawogi2082d j et spraying. Techni ques for PCT/US2008/071734
crystallization or recrystallization of crystalline
forms froma solvent m xture include, for exanple,
evaporation of the solvent, decreasing the tenperature
of the solvent mxture, crystal 30 seeding a
supersat yrat ed sol vent m xture of the nol ecul e and/or

salt, freé drying the solvent m xture, andbaddition
of antisoLﬁthB (gountersol vents) to the sol qq\
i
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suspended qu stlrred in a suitable, solveRt to

afford a sPurn ted t
rgg’> :d' er e) njLneans
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a saturated sol t hNe—conpouhd, Wi clo g yoal so
contain an addliLgn anount of the conpound fford
1§ heterogeneous nixture of 4Kk conpound and a solOgeipt

at a given tenperature. Seed crystals may be
add @l 3 Rhagpsrentiqplly ageeptable rasHerdr ¢va"e t o pronot e
crystal linzafih@ Bspeé&%r@@nf@%l@ﬁre%&]ld@é P hirthabQmit410!
grow h of a particular p or to control the
par £9repasition f@nerlssltgrﬁubmnteﬂy B‘Feg e Br3eft al 1i ne product .
20 Accorgiggly, calcul ation of the anmount of seeds
needed depefds on the size of the seed avakhgble and

the desired si\ge ®f a average productH ar as
descri bed, fof ®Xka @ @ C{L R
Batch Crystal\i Ml | N—4and \J hyy}%\
Chem cal Englneérgng $b|ence 1971, 26, 369 3AR:
general, seeds of small sizgcare needed to contr s
effectively the growmth of crystals in the batch. Seéd
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resul t |n any change in crystallinity of the desired
cryBYS™f orm (i .e., change to amorphous or to anot her
pol ynor pi)a teth 6REEEL [SEYEE BcldsaRtpk@idela phatfiRcdiBYal B6mposition
filtered, under vacuun1 and the 30 isolated solids may
e Gerarisinadiorn N2 8hit abl e sol vent, such as cold
recrystallization solvent, and dr|ed under a nitrogen
purge to afford the desi r ed crystalline form The
i sol ated solids may be anal yzed by a suitable
spectroscopi c or anal ytical technique, such as solid
state nucl ear nagnetic resonance, differentia
scanning calorinetry, X- Ray powder diffraction, or
the like, to assure formation of the preferred
crystalllne fornrof the product The resul ting
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The fornms may be characterized and di stingui shed using
single crystal X-Ray diffraction, which is based on

W@ rio/0208k8 nmeasurenents of a single crystal of PEDD#008/071734
N-2. A detailed description of unit cells is provided
in Stout & Jensen, X-Ray Structure Determ nation: A
Practical Guide, Macmllan Co., New York (1968),
Chapter 3, 5 which is herein incorporated by
referenc%. (@Iter natively, the uni que arrangenent of
atoms in é% tial relation within the crystalﬂéi ne
lattice ma Hcharact erized accordingdtozth bserved
fractional ~at gr crin. pmotherNwgand! of )
characterizing tie ' Ae St r/ct N8 is)nyfpomder
X-Ray diffraction anallysis in which the difofrﬂgLi(Qn
profile is conpared to a sijpd| ated profile b
representing pure powder material, both 10 run at The
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subject formcharacterized as a series of 28 val ues.
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e taken i.ntq account. Additiopally, nmeasur.enen
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di f fyhaghbbladtiopadté®sién tag. 20t ypi cal | y about 5 percent or

| ess, and such degree of neasurenent error_ should be

t aken intd Sgﬁ%eamcﬁla@tﬁéﬂleéqnm HE°A BrerrecudbromEnprosiete

di f phambdcQficaBahRRitioPensRGuMIMN-Rbfi s to be

understood that the crystal forns of the present

di scl osufe®®@re not linted to the crystal farns that
provi de X- Ndi ffraction patterns conpl etel

i dentical Po fhe/k- Rap\di /T3 e’gﬁ?Ndep\i%Led
in the acco ‘\any,h@lEi g @ ostd lher S Any
crystal formthat $ro ay di ffrdttiQn Y

pattern, DSC thesnbgram or §§NI\/R spectrum

substantial | yi dentical to t#i65e disclosed in the OCHs
cc ' | e L) thin t o
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al ohdp@IT deli respoidic Nate formngRINA, oitibke nse RN, digsipd, atbavibie, an
used to treat i nfection. . .. The present .

i soBey Baoehicpis Jr Ak S bibit o AL TRs P gengedine
20 her apeuriagalehyntehdpestihes@e@iiitios O prdivalcNa Zhettod Bf Btating
Compound (I.) and at | east one pharmaceutically
ac gg‘&Valﬁfeeﬂ?fa%ain&mm#ﬁ@ﬂarew MHNEFERE efc mpm@ala ¢ or m
N 2 Rfap GRIPIBLEEL (il d amdut SMGAMeENRPSi tions Stypically
conprises fromO.1 weight percent to 99.9 percent by
wei ght of the conposition, and often conprises from
about 5 to 95 weight percent. In sonme cases, the pH of
the formul ati on may be adjusted with pharnmaceutically
acceptabl e nodifiers (such as cal ci um carbonate and
magnesi um oxi de) to enhance the stability of the
formul ated conpound or its del4g.very form Formul ations
of the polynorph of 10t he present disclosure may al so
contain additives for enhancenent of absorption and
bi oavai l ability. The pharnmaceuti cal conpositions
of this disclosure may be admi nistered orally,
parenterally or via an inplanted reservoir. The term
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As used herein “polymorph” refers to crystalline forms having the same
chemical composition but different spatial arrangements of the molecules, atoms,
and/or ions forming the crystal.

5 The term “pharmaceutically acceptable,” as used herein, refers to those
compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, or other
problem complications commensurate with a reasonable beneift/risk ratio.

10 The term “substantially pure,” as used herein refers to Form N-2 of
Compound (I) which is great than about 90% pure. This means that the polymorph
of Compound (I) does not contain more than about 10% of any other compound, and,
in particular, does not contain more than about 10% of any other form of Compound
(D).

15 The term “therapeutically effective amount,” as used herein, is intended to
include an amount of the crystalline forms of Compound (I) that is effective when
administered alone or in combination to treat Hepatitis C. The crystalline forms of
Compound (I) and pharmaceutical compositions thercof may be useful in treating
Hepatitis C. If Compound (I) is used in combination with another medication, the

20  combination of compounds described herein may result in a synergistic combination.
Synergy, as described for example by Chou and Talalay, Adv. Enzyme Regul. 1984,
22, 27-55, occurs when the effect of the compounds when administered in
combination is greater than the effect of the compounds when administered alone as
single agents.

25 The term “treating” refers to: (i) preventing a disease, disorder or condition
from occurring in a patient which may be predisposed to the disease, disorder and/or
condition but has not yet been diagnosed as having it; (ii) inhibiting the disease,
disorder or condition, i.c., arresting its development; and/or (iii) relieving the disease,
disorder or condition, i.e., causing regression of the disease, disorder and/or

30  condition.

In one embodiment the disclosure provides a crystalline form of Compound
(I). This crystalline form of Compound (I) may be employed in pharmaceutical

compositions which may optionally include one or more other components selected,
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antiviral Endo Pharmaceutica is Holdings Inc., Chadds

Ford, PA GS-9132 (ACH 806) Antiviral HCV Inhibitor
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I nhibitors Arrow Therapeutics Ltd. Levovirin Antiviral
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F%r{qqgg%#&%ﬁ?opiﬁ@ Ig{no%p ’concs?%ggé Iofd egcgi’pielr\@, c)grrrlférg %r?c? one of other active
pharmaceutical ingredients active chemical entities of different molecular structure.

In one embodiment the crystalline form has phase homogeneity indicated by
less than 10 percent, in another embodiment the crystalline form has phase

5 homogeneity indicated by less than 5 percent, and in another embodiment the
crystalline form has phase homogeneity indicated by less than 2 percent of the total
peak area in the experimentally measured PXRD pattern arising from the extra peaks
that are absent from the simulated PXRD pattern. In another embodiment the
crystalline form has phase homogeneity with less than 1 percent of the total peak area

10 in the experimentally measured PXRD pattern arising from the extra peaks that are
absent from the simulated PXRD pattern.

In one embodiment, a composition is provided consisting essentially of the
crystalline form N-2 of Compound (I). The composition of this embodiment may
comprise at least 90 weight percent of the crystalline form N-2 of Compound (1),

15  based on the weight of Compound (I) in the composition. The remaining material
comprises other form(s) of the compound and/or reaction impuritis and/or processing
impurities arising from its preparation.

The presence of reaction impurities and/or processing impurities may be
determined by analytical techniques known in the art, such as, for example,

20  chromatography, nuclear magnetic resonance spectroscopy, mass spectrometry, or

infrared spectroscopy.

General Preparation of Crystalline Materials:
Crystalline forms may be prepared by a variety of methods, including for
25  example, crystallization or recrystallization from a suitable solvent, sublimation,
growth from a melt, solid state transformation from another phase, crystallization
from a supercritical fluid, and jet spraying. Techniques for crystallization or
recrystallization of crystalline forms from a solvent mixture include, for example,
evaporation of the solvent, decreasing the temperature of the solvent mixture, crystal
30  seeding a supersaturated solvent mixture of the molecule and/or salt, freeze drying
the solvent mixture, and addition of antisolvents (countersolvents) to the solvent
mixture. High throughput crystallization techniques may be employed to prepare

crystalline forms including polymorphs. Crystals of drugs, including polymorphs,

9.



nmonocl onal anti body XTL Bi opharmaceu ticals Ltd.,
Rehovot, |[sreal Brand Nanme Physi ol ogi cal C ass Type
w@Roobmn828Tar get Sour ce Conpany Tel aprevir (VX-BGODPUS2008/071734
LY-570310) Antiviral NS3 serine protease inhibitor
Vertex Pharmaceutica is Inc., Canbridge, MN Eh Lilly
and Co. Inc., Indianapolis, INHCV-796 Antiviral NS5B
Repl i case I nhibitor Weth / Viropharma Nw 283
Ant Im\éjchrogs! 0 prespgralt?glrij,laing gl?a?acterization of drug crystals are discussed in Solid-
State Chemistry of Drugs, S.R. Bym, R.R. Pfeiffer, and J.G. Stowell, 2™ Edition,
SSCI, West Lafayette, Indiana (1999).
For crystallization techniques that employ solvent, the choice of solvent or
5 solvents is typically dependent upon one or more factors, such as solubility of the
compound, crystallization technique, and vapor pressure of the solvent.
Combinations of solvents may be employed, for example, the compound may be
solubilized into a first solvent to afford a solution, followed by the addition of an
antisolvent to decrease the solubility of the compound in the solution and to afford

10 the formation of crystals. An antisolvent is a solvent in which the compound has low
solubility.

In one method to prepare crystals, a compound is suspended and/or stirred in
a suitable solvent to afford a slurry, which may be heated to promote dissolution.

The term “slurry”, as used herein, means a saturated solution of the compound, which

15  may also contain an additional amount of the compound to afford a heterogeneous
mixture of the compound and a solvent at a given temperature.

Seed crystals may be added to any crystallization mixture to promote
crystallization. Seeding may be employed to control growth of a particular
polymorph or to control the particle size distribution of the crystalline product.

20 Accordingly, calculation of the amount of seeds needed depends on the size of the
seed available and the desired size of an average product particle as described, for
example, in “Programmed Cooling of Batch Crystallizers,” J.W. Mullin and J. Nyvlt,
Chemical Engineering Science, 1971, 26, 369-377. In general, seeds of small size are
needed to control effectively the growth of crystals in the batch. Seed of small size

25  may be generated by sieving, milling, or micronizing of large crystals, or by micro-
crystallization of solutions. Care should be taken that milling or micronizing of
crystals does not result in any change in crystallinity of the desired crystal form (i.e.,
change to amorphous or to another polymorph).

A cooled crystallization mixture may be filtered under vacuum, and the

30  isolated solids may be washed with a suitable solvent, such as cold recrystallization
solvent, and dried under a nitrogen purge to afford the desired crystalline form. The

isolated solids may be analyzed by a suitable spectroscopic or analytical technique,

such as solid state nuclear magnetic resonance, differential scanning calorimetry, X-
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I nh k%ll {)oox{lde%{fﬁall(cti‘gr{%r %%%ikéntto ias%illrreatjom%(%iilézg 0% trplg iprbeifgrroeﬁ crystalline
form of the product. The resulting crystalline form is typically produced in an
amount of greater than about 70 weight percent isolated yield, preferably greater than
90 weight percent isolated yield, based on the weight of the compound originally

5 employed in the crystallization procedure. The product may be co-milled or passed
through a mesh screen to delump the product, if necessary.

Crystalline forms may be prepared directly from the reaction medium of the
final process for preparing Compound (I). This may be achieved, for example, by
employing in the final process step a solvent or a mixture of solvents from which

10 Compound (I) may be crystallized. Alternatively, crystalline forms may be obtained
by distillation or solvent addition techniques. Suitable solvents for this purpose
include, for example, the aforementioned non-polar solvents and polar solvents,
including protic polar solvents such as alcohols, and aprotic polar solvents such as
ketones.

15 The presence of more than one polymorph in a sample may be determined by
techniques such as powder X-Ray diffraction (PXRD) or solid state nuclear magnetic
resonance spectroscopy (SSNMR). For example, the presence of extra peaks in an
experimentally measured PXRD pattern wehn compared with a simulated PXRD
pattern may indicate more than one polymorph in the sample. The simulated PXRD

20  may be calculated from single crystal X-Ray data. see Smith, D.K., “4 FORTRAN
Program for Calculating X-Ray Powder Diffraction Patterns,” Lawrence Radiation
Laboratory, Livermore, California, UCRL-7196 (April 1963).

Characterization:

25 Form N-2 of Compound (I) can be characterized using various techniques, the
operation of which are well known to those of ordinary skill in the art. Examples of
characterization methods include, but are not limited to, single crystal X-Ray
diffraction, powder X-Ray diffraction (PXRD), simulated powder X-Ray patterns
(Yin, S.; Scaringe, R. P.; DiMarco, J.; Galella, M. and Gougoutas, J. Z., American

30  Pharmaceutical Review, 2003, 6, 2, 80), differential scanning calorimetry (DSC),
solid-state *C NMR (Earl, W.L. and Van der Hart, D. L., J. Magn. Reson., 1982, 48,
35-54), Raman spectroscopy, infrared spectroscopy, moisture sorption isotherms,

thermal gravimetric analysis (TGA), and hot stage techniques.
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The forms may be characterized and distinguished using single crystal X-Ray
diffraction, which is based on unit cell measurements of a single crystal of form N-2.
A detailed description of unit cells is provided in Stout & Jensen, X-Ray Structure
Determination: A Practical Guide, Macmillan Co., New York (1968), Chapter 3,
which is herein incorporated by reference. Alternatively, the unique arrangement of
atoms in spatial relation within the crystalline lattice may be characterized according
to the observed fractional atomic coordinates. Another means of characterizing the
crystalline structure is by powder X-Ray diffraction analysis in which the diffraction
profile is compared to a simulated profile representing pure powder material, both
run at the same analytical temperature, and measurements for the subject form
characterized as a series of 26 values.

One of ordinary skill in the art will appreciate that an X-Ray diffraction
pattern may be obtained with a measurement of error that is dependent upon the
measurement conditions employed. In particular, it is generally known that
intensities in an X-Ray diffraction pattern may fluctuate depending upon
measurement conditions employed. It should be further understood that relative
intensities may also vary depending upon experimental conditions, and, accordingly,
the exact order of intensity should not be taken into account. Additionally, a
measurement error of diffraction angle for a conventional X-Ray diffraction pattern is
typically about 5 percent or less, and such degree of measurement error should be
taken into account as pertaining to the aforementioned diffraction angles.
Consequently, it is to be understood that the crystal forms of the present disclosure
are not limited to the crystal forms that provide X-Ray diffraction patterns completely
identical to the X-Ray diffraction patterns depicted in the accompanying Figures
disclosed herein. Any crystal form that provides and X-Ray diffraction pattern, DSC
thermogram, or SSNMR spectrum substantiallyidentical to those disclosed in the
accompanying Figures fall within the scope of the present disclosure. The ability to
ascertain substantial identities of X-Ray diffraction patters is within the purview of

one of ordinary skill in the art.

Utility:
The N-2 form of Compound (I), alone or in combination with other

compounds, can be used to treat HCV infection.
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therapeutically effective amount of the N-2 form of Compound (I) and at least one
pharmaceutically acceptable carrier.

The active ingredient, i.e., form N-2 of Compound (I), in such compositions

5 typically comprises from 0.1 weight percent to 99.9 percent by weight of the
composition, and often comprises from about 5 to 95 weight percent. In some cases,
the pH of the formulation may be adjusted with pharmaceutically acceptable
modifiers (such as calcium carbonate and magnesium oxide) to enhance the stability
of the formulated compound or its delivery form. Formulations of the polymorph of

10 the present disclosure may also contain additives for enhancement of absorption and
bioavailability.

The pharmaceutical compositions of this disclosure may be administered
orally, parenterally or via an implanted reservoir. The term parenteral as used herein
includes subcutaneous, intracutaneous, intravenous, intramuscular,intra-articular,

15  intrasynovial, intrasternal, intrathecal, and intralesional injection or infusion
techniques.

The pharmaceutical compositions may be in the form of a sterile injectable
preparation, for example, as a sterile injectable aqueous or oleaginous suspension.
This suspension may be formulated according to techniques known in the art using

20  suitable dispersing or wetting agents and suspending agents. The details concerning
the preparation of such compounds are known to those skilled in the art.

When orally administered, the pharmaceutical compositions of this disclosure
may be administered in any orally acceptable dosage form including, but not limited
to, capsules, tablets, and aqueous suspensions and solutions. In the case of tablets for

25  oral use, carriers which are commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, can also be added. For oral
administration in a capsule form, useful carriers/diluents include lactose, high and
low molecular weight polyethylene glycol, and dried corn starch. When aqueous
suspensions are administered orally, the active ingredient is combined with

30  emulsifying and suspending agents. If desired, certain sweetening and/or flavoring
and/or coloring agents may be added.

Other suitable carriers for the above noted compositions can be found in

standard pharmaceutical texts, e.g. in "Remington's Pharmaceutical Sciences", 19th
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Brand Name Physi ol ogi cal O ass Type of |nor Target
Source Conpany Ci vacir | munosuppressa nt HCV I gG
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Raton, FL Al buferon - a Interferon album n | FN-a2b
Human Genone Sciences Inc., Rockville, MD Infergen A
Interferon IFN al facon-1 | nter Mune Pharnmaceutica |Is
Inc., Brisbane, CA Onega IFN Interferon | FN-co
I nt g& ,Cli\/[gck Publishing Company, Easton, Penn., 1995. Further details concerning the
design and preparation of suitable delivery forms of the pharmaceutical compositions
of the disclosure are known to those skilled in the art.
Dosage levels of between about 0.05 and about 100 milligram per kilogram
5  ("mg/kg") body weight per day, more specifically between about 0.1 and about 50
mg/kg body weight per day of the compounds of the disclosure are typical in a
monotherapy for the prevention and/or treatment of HCV mediated disease.
Typically, the pharmaceutical compositions of this disclosure will be administered
from about 1 to about 3 times per day or alternatively, as a continuous infusion. Such
10  administration can be used as a chronic or acute therapy. The amount of active
ingredient that may be combined with the carrier materials to produce a single dosage
form will vary depending upon the host treated and the particular mode of
administration.
As the skilled artisan will appreciate, lower or higher doses than those recited
15  above may be required. Specific dosage and treatment regimens for any particular
patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health status, gender, diet, time
of administration, the duration of treatment, rate of excretion, drug combination, the
severity and course of the infection, the patient's disposition to the infection and the
20  judgment of the treating physician. In one embodiment, unit dosage formulations are
those containing a daily dose or sub-dose, as herein above recited, or an appropriate
fraction thereof, of an active ingredient. Generally, treatment is initiated with small
dosages substantially less than the optimum dose of the peptide. Thereafter, the
dosage is increased by small increments until the optimum effect under the
25  circumstances is reached. In general, the compound is most desirably administered at
a concentration level that will generally afford antivirally effective results without
causing any harmful or deleterious side effects.
When the compositions of this disclosure comprise a combination of the
polymorph of the disclosure and one or more additional therapeutic or prophylactic
30  agents, both the compound and the additional agent are usually present at dosage

levels of between about 10 and 100 percent, and more preferably between about 10

and 80 percent of the dosage normally administered in a monotherapy regimen.
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ConR%QXnistration of the one or more additional agents may occur prior to, after, or

simultaneously with the polymorph of the present disclosure.
When the polymorph is formulated together with a pharmaceutically

acceptable carrier, the resulting composition may be administered in vivo to

5  mammals, such as man, to inhibit NS5A or to treat or prevent HCV virus infection.
Such treatment may also be achieved using the polymorph of this disclosure in
combination with agents which include, but are not limited to: Immunomodulatory
agents, such as interferons; other antiviral agents such as ribavirin, amantadine; other
inhibitors of NS5A; inhibitors of other targets in the HCV life cycle such as helicase,

10  protease, polymerase, metalloprotease, or internal ribosome entry site; or
combinations thereof. The additional agents may be combined with the polymorph
of this disclosure to create a single dosage form. Alternatively these additional
agents may be separately administered to a mammal as part of a multiple dosage
form.

15 Table 1 below lists some illustrative examples of compounds that can be
administered with the compounds of this disclosure. The compounds of the
disclosure can be administered with other anti-HCV activity compounds in
combination therapy, either jointly or separately, or by combining the compounds

into a composition.

20 Table 1
Physiological Type of Inhibitor or Source
Brand Name
Class Target Company
Cyclophilin )
NIMS8I11 Novartis
Inhibitor
Zadaxin Immunomodulator Sciclone
Suvus Methylene blue Bioenvision
Actilon (CPG10101) TLRY agonist Coley
Tularik Inc.,
Batabulin (T67) Anticancer B-tubulin inhibitor South San
Francisco, CA
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Cor poration, Kenilworth, NJ Actimmune Interferon |INF-y

InterMune Inc., Brisbane, CA Interferon- f3 Interferon

Interferon- f3-1a Serono I\/UItlferon I nterferon Long
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Brand N ' Otlbhyszologzcal | Iy ype of‘ I'nhzfyztor or ource
rand Name
Class Target Company

ISIS

Pharmaceutica
Is Inc,
Carlsbad,
CA/Elan

ISIS 14803 Antiviral antisense

Phamaceutical
s Inc., New
York, NY
Endo

Pharmaceutica
Summetrel Antiviral antiviral Is Holdings
Inc., Chadds
Ford, PA
Achillion /
Gilead

(GS-9132 (ACH-806) Antiviral HCV Inhibitor

Pyrazolopyrimidine
compounds and salts Arrow
From WO- Antiviral HCYV Inhibitors Therapeutics
2005047288 Ltd.
26 May 2005

Ribapharm

Levovirin Antiviral IMPDH inhibitor Inc., Costa

Mesa, CA
Vertex

Pharmaceutica

Merimepodib o o
Antiviral IMPDH inhibitor Is Inc.,

(VX-497) )
Cambridge,

MA
XTL

Biopharmaceu
monoclonal
XTL-6865 (XTL-002) Antiviral ticals Ltd.,
antibody
Rehovot,

Isreal
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| ynphobl astoid | FN-anl d axoSm thK1 i ne plc, Uxbridge,

UK Omiferon Interferon natural IFN-a Viragen Inc.,
we@avaseon, FL Pegasys Interferon PEGyl ated |FNFEHSW0$071734
Hof f mann- La Roche LTD, Basel, Swtzerland Pegasys and

Cepl ene Interferon PEGyl ated | FN- a2a/ imune
nodul at or Maxi m Pharmaceutica is Inc., San D ego, CA
Brand Nanme Physi ol ogical O ass Type of |nor Target

oarf oy

a¥al
AN

Sour ce—Conpany—Pegasys;and R bavip i ro bt er i erer—
PEGYI |at eds b farame
Class Target Company
Vertex
Pharmaceutica
Is Inc.,
Telaprevir o NS3 serine protease | Cambridge,
Antiviral o o
(VX-950, LY-570310) inhibitor MA/ Eli Lilly
and Co. Inc.,
Indianapolis,
IN
. NS5B Replicase Wyeth /
HCV-796 Antiviral o )
Inhibitor Viropharma
NS5B Replicase Idenix /
NM-283 Antiviral )
Inhibitor Novartis
o NS5B Replicase Gene Labs /
GL-59728 Antiviral
Inhibitor Novartis
o NS5B Replicase Gene Labs /
GL-60667 Antiviral )
Inhibitor Novartis
o NS5B Replicase .
2’C MeA Antiviral o Gilead
Inhibitor
o NS5B Replicase
PSI 6130 Antiviral . Roche
Inhibitor
o NS5B Replicase
R1626 Antiviral o Roche
Inhibitor
) o NS5B Replicase
2°C Methyl adenosine Antiviral . Merck
Inhibitor
Japan
JTK-003 Antiviral RdRp inhibitor Tobacco Inc.,
Tokyo, Japan
ICN
o o Pharmaceutica
Levovirin Antiviral ribavirin
1s, Costa
Mesa, CA
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Switzerland PEG Intron Interferon PEGyl ated | FN-(12b

w@etvenrases Pl ough Cor porati on,

Keni | wort h,

NJ PCT/US2008/071734

PEG Intron / Ribavirin Interferon PEGyl ated | FN-
cab/ribavirin Schering- Plough Corporation,

Keni lworth, NJ I P-501 Liver protection antifibrotic
I ndevus Pharmaceutica |s Inc., Lexington, MA | DN 6556
Li ver —proeteetion caspa"hesiialg.’}(i:a‘.?i ter Iegﬁ’?hibt;;‘é%r..nce“gzjrgea
I's Inc., $anhego, yS10lo8 P
Class Target Company
Schering-
Plough
Ribavirin Antiviral ribavirin Corporation,
Kenilworth,
NI
Ribapharm
Viramidine Antiviral Ribavirin Prodrug Inc., Costa
Mesa, CA
Ribozyme
o ) Pharmaceutica
Heptazyme Antiviral ribozyme
Is Inc.,
Boulder, CO
Boehringer
) Ingelheim
o serine protease
BILN-2061 Antiviral S Pharma KG@,
inhibitor )
Ingelheim,
Germany
. serine protease Schering
SCH 503034 Antiviral o
nhibitor Plough
SciClone
) Immune Pharmaceutica
Zadazim Immune modulator
modulator Is Inc., San
Mateo, CA
Maxim
. Pharmaceutica
Ceplene Immunomodulator | immune modulator
Is Inc., San
Diego, CA
F. Hoffmann-
Immunosuppressa HCV IgG La Roche
CellCept .
nt immunosuppressant | LTD, Basel,
Switzerland
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| TMN-191 (R-7227) Antiviral serine protease inhibitor

I nter Mune Pharmaceutica |s Inc., Brisbane, CA G.-59728
WO\RR0002e828 NS5B Repl i case | nhibitor Genel abs ANAFOS208/071734

Antiviral TLR-7 agoni st Anadys Anot her aspect

of this disclosure provides nmethods of inhibiting HCV

NS5A activity in patients by adm nistering the
pol ynor ph of the present dlsclosure
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Preparati on of Conpound 2 A1 L, 3-neck round
bottom flask, fitted with a nitrogen |ine, overhead
waeippozs2saand t her nocoupl e, was charged w th 20PQr/(82808071734
mrol, 1 equiv) 1,1 -(biphenyl-4,4'- diyl)diethanone,
200 mL CH2C12 and 8.7 nL (27.1g, 169.3 mmol, 2.02
quiv) 5 bromne. The m xture was allowed to stir under
nitrogen for about 20 hours under anbi ent conditions.
The rcoul tl lly o! tHF ‘ ||q u Wi t h IZnn nd :HZr‘l"
and cloncept el ad down éf”%l gpﬁﬂf VoG e rumdetiree
di sti|l l ati on. The sl urryChas then sol regt  exchan@egany
i nt o FTHFtoa target—votumeof 200 nt—via vact
di stifllation. The slurry was cool ed to 20-25 'Re%eneIY
hour jand al lowed to|stir at 20-25 C for an [ Biopharmiceu
10addi tional hour. The off-white crystalline $okgSnc,
were filtered and washed with 150 nL CH2Cl12. e
product was dried umpder vacuum at 6% L9, Vi e d Bstpesgiag
(69. 2 mooh A aBP22laxf | t helndesiot ed |pr o uct 1H NMR (¥ID0
MHz, |[CDC13) 6 7.95-7.85 (m 4H), 7 6thymos5D (m A0
4.26 |(s, 4H); 13C NVR (100 MHz, |CDC13) 6 191. Z% 1,
133.8, 129.9, 127.9, 30.8; IR (KBr, cm1l) 3007Pha2f%®l,tica
1691,| 1599, 1199; Anal cal cd 15fjor Cl6H12Br 202: 1Gyc. San
48.52; H, 3.05; Br, |40.34. Found: C, 48.53; H| 3.03;
Br, 40.53. HRVS cal ¢d for C16H13Br202 (M + H; | D¥gle. CA

394.9282. Found: 394.9292. np 224-226 C. Schering-
20Pr gpar ati on of Compound 3 A 500 nL ja:ke&,gd
flask, fitted wwth a nitrogen lijne, thernocouple Hef

over head SRebetroer, was charfged wit HFXR02lgrifabdin 5| rivodoyatidn,
equi v) of Conpound 2, 22.8 g (105.9 noles, 2. [L0gquUi\
1-(tert-butoxycarbonyl)-L-proline and 200 niL |
acetonitrile. The sllurry was cooled to 20 C fpl | oWed
by the addition of 18. 2 nL (13.5 g, 104. 4 25 'Tmﬁ{terMune
2. 07 |equi v2 DI PEA The sl urrl){ vvas warnmed to 25 C an %
al | owed to°8tTfor |3 REUFEY The restifti ng c| sy Brisbane,
organi c sol utlon was vvashed vvlth 3 X 100 m. 18 wt %

agqueo aCl—TFhertch—acetonttrite —utron—yas

Sl ven: CREHARGRA | hro COTtBhe (f arSErUal e < 378"
m.) by vacuumdistillation until| there was | es¥iriga@Malen
0.5 viol % HeBt@ trille. BrPPRparatiBalagme@hpound 4

The tlol uene solutiom of Conpound 3 was charged wi th 78
g(1.011 nol es, 20 equiv) anmoni um ce%l%tle %nd FaatSedthKl
to 95- 100 ypnkhe M Xt ur g has, al | loned Py sy lOa;ne e,
95-100 C for 15 houns. After redcti orfrcadipl et tp

m xture was cool ed §o 70- 80 C and char ged vvi1HXbi“dﬁ?_UK
acetijc acid, 40 nL n-butanol, and 80 nL of 5 VoFifenInc.,
aqueous afenifgoraci d| Thiaterfergul t i ng MeivphEd-¢ sak) tion
was split while maintaining a tenperature > 50 %“tatﬁgﬁeFL
rich |organi c phase was charged with 80 nL of bFvBbSmann-
aqueous acetic acid, 30 nL acetilc acid and 20 m&a oche
n- butianol wakdye mai Nt ai mtefgrod 15t BIRRKQTEN-Q22| 5 &

The rlesul ting bi phasic sol ution was split whi|elTD,Basel,
mai ntjai ning a tenpenature > 50 G and the rich| o&gaRisd
phase-was washed with an additignal 80 nml of 5 vol %
aquequs acetic acid| The rich orlgapigphase. Was e
sol vent exchanged into toluene tjo a target vol pm@Endéutica
215 il Pegpsyy arsiepmiensi st i | Inigtferom, VThi | e m@#¥/nt ain ng.a o
temperature > 60 C, |64 nL met hanol,was changetl. ~The >
resulting slurry was 20 heated tjo 70-75 C and| afedo.fCar
1 hour—The sturry was ctootedto 20-25Cover 1 hour
and aged at that tenperature for an additional hour.
The slurry was filtered and thg cake was washed with
200 nL 10: 3 tol uene: net hanol. The product was dried
under vacuumat 70 C, resulting in 19.8 g (31.7 mol,
63% of the desired product: 1H NVMR (400 MHz, DMSO d6)
6 13.00-11.00 (s, 2H), 7.90-7.75 (m 4H), 7.75-7.60
25(m 4H), 7. 60 7 30 (s, 2H), 4. 92 4 72 (m 2H)
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To a 250 nL reactor equipped with a nitrogen |ine and

an overhead stirrer, 17.8g of Conpound 5 from above
woer®otmesed foll owed by 72 nL net hanol. The rBGUIUS1008/071734

slurry was agitated at 50 C for 4 hours, cooled to

20-25 C and held with agitation at 20-25 C for 1 hour.

Filtration of the slurry afforded a crystalline solid

20 whi ch was washed vvlth 60 niL et hanol . The resulti ng

\I\Et CQIT\C VVU.Q dl 1 Cd | \JMUI T U u.
Lo yileld A dom.(25]7 HRfioe: Kypz%f’ffwﬁé%m I
product: 1H NVR (400 MHz CllNVBO- d6) 6 Tueeb- 10. P5 (obpgny
2H), HO=9—75(br—2H 819 (s—2H—7 05 (t—3 -
8.4 laH). 7.92 (d. 3 =8.5 4H.|5 06 (m 2H | Hoffnamn
3.5-3.35 gn; d% 6- 2 f?{:&ﬁ 4H) , PEGYateddFN S ( mLaReyhe
2. 18-|1" 88Vl O™ 13C RVRPL00 [MHze2,2BRM80-  H6)TI6 Basel,
156.6, 142.5, 139.3| 128.1, 127./5, 126.1, 116|9 ,53.2

45.8,) 29.8, 24.3: IR (KBr, cm1)| 3429, 2627, L63@zerland
1567, 1493, 1428, 1028. Anal caljcd for C26H32N6GtKering,
54.75; H 5.65; O, 24.86; Adjusted for 1.9% wat g{o: C
53.71; H 5.76; N, 14.46; d, 24.39. Found: C| 5

H, 5.(72; MNGIos0; ¢, RprfdgOn KH BEGyld@:d [po2 ) @rporation,
(deconposed). H3CO 2 HCl H -7- 00 ,\ 0 . ,, E IQhledn,
N--..[./ -NN OT.0 EH|_OCH3 Prepafration of Conpound (1)
A 1 L jacketed flask equipped with a nitrogen|linéJand
an ovierhead stirrer [was sequentifally charged W™ idghetid8
mL acetonitrile, 13/69 g (89.4 mmol, 2.5 equi /) p
Shydrloxyhgpzetdld/azole hydrate, 15. ng}gatt(dﬁﬁNmr Yugh
equi v)) N-(net hoxycanbonmtjferoh - val i ne,” 16.46 ¢ ((B)ﬁjoﬁltlon,
mol ,| 2. 4 BeiFY) ~ 1- (3- di met hyami noptEPLyLs- Kenilw
et hyI car bodi i m de hydrochl oride jand an addi ti bnal 1?)181’
mL acetonitrile. The resulting sjolution was agitathed

at 200 Cfor I hour and charged with 20.4 g (3b. S gamil

1 equiv) of purified Conpound 5.| The slurry was cool ed
to about 0 C and 1018.47 g (142 9 nmmol, 4 equj Vyrrmaceutica
di i sopropyhesdyl am neLwapradded |overndbrdtic nut €S Whd. e
mai ntjai ning a tenpernature bel ow 10 C. The sol Jt& 1, as
slowlly heated to 15|C over 3 hours and held af 5%
for 12 hours. The resulting solution was char ;ed WA h
120 nt—13wt9% agqueoyus NaCt and—+ 0—C “”Idﬂrn
hour . After cool [ ng to 20 C, 100 niL of isoproag
ac et a % ThﬁlV T, p@or%ec%o S o(!alS'I tase 1%1%1‘ lllafréa‘cwca
15through a 5 p m 1T ter d t hé Xt ure spl Istinc., e
rich |organi ¢ phase was vvashed with 2 x 240 mL oBa %@(5)
N NaQH sol uti on conflai ning 13 wt|% NaCl fol | owed BY"

nm. 13 wt % aqueous NaCl. The m xtlure was then $solne@Mine
exchanged into isoprnopyl acetatel by vacuum :
di sti|l raiNan w-12h7)a |t ar gativiMol une é?ﬁnggr(?%fa'ﬁf. rhgrmaceutica
resuljti ng hazy sol ufion was cooljed t&h®gorC angd Islnc,
filtered through a 0.45 pmfilter. The clear s@hhoaa

20 was—then-solvent fexchanged| t hanol by{vacuum
di still | at dh altar | une UPSBLBpliGRee ~ Wi

mai ntfai ni n lG%nSth errper at u%gttwcl)r P C G&hﬂaltﬁt (8 ée%elaqs
2.3 eguiv)—of was The

i xt e vl P Ran char ge@™ 0 Eh 33 ] o Mol 7B

equi v) of seed crystal s of Corrpound (I) (see

preparat|on bel o nd .t he resul n | urr) S

D P red bt Seertne B pil et hhu Bt eassa
t 0 28ivity avgiticdts B dmiaRReriag &d palynioRat oftie ekt diNcRsiier
an additional 22 hours. The slurry was filtered and
the wet cake was washed with 100 nL of 2:1

acetone: ethanol. The solids weije dried in a vacuum
oven at 70C to give 22.15 g (27.3 mmol, 76.3% of the
desired product. Carbon Treatnent and

Recrystal lization of Conpound (1) A sol ution of
Compound (1) was prepared by dissolving 3.17 g of
Cbnpound (I) from above |n 22 nmL net hanol . The

D 1 Y T ) o A e p—— .




-2.46 (m 2 H, 2.09 -2.31 (m 6 H, 1.91 -2.07 (m 2

H), 0.88 (d, J=6.57 Hz, 6 H), 0.79 (d, J=6.32 Hz, 6
WOR00903B2NVR (75 MHz, DVBO-d6): 6 170.9, 156. 9pCT/US2088/071734

139.1, 131.7, 127.1, 126.5, 125.9, 115.0, 57.9, 52.8,

51.5, 47.2, 31.1, 28.9, 24.9, 19.6, 17.7; IR (neat,

em1): 3385, 2971, 2873, 2669, 1731, 1650. Anal. Calcd

for 20C40H52N806C12: C, 59.18; H, 6.45; N, 13.80; d,

8.73. Found C,.5

267 C (d@&&ﬁﬁ%‘%‘é ?‘emﬁﬁl‘ésﬁé?eél%‘)%%ﬁreélﬁejf%e‘agéﬁaﬁ@?%&gfsgg

Co rrmismgal i thy pAiedHAf e phﬁﬁiﬁdeuh@dlfc&ﬁp(fsﬁtﬁﬁléoﬂ@ﬁseﬁ bﬂllygl&d

with 6. 5 .mol u 25Co

(22p4! ywa%ﬂi 0%%181011%&9;}1&?)&@116%@%&99@3? ngﬁw%meh%maﬂélddmonaﬂy
4. A86mikrd3 1% SOPRIf adBind @@ kd/Jaid patient an agent selected from an

1- (3-di net hyam nopropyl) - 3- et hyl ear bodi i m de

]S]y d rr@@mo&qda]@torba@gg afy ar{tlzflril@gﬁqfoqn HGQVN %éulp]@a})ltor or an inhibitor

1- hﬁ%tﬁé?){i}g&@ Rithd AZY18e cAN3P asmfor@ﬁﬁﬁ@@ 'h‘éﬁéakee pol}ﬂf&rase

resulting slurry was then chargéd with

o Proteasee gumgtrllenrotesspr ysihiaddigna ﬁgeﬁémame %ﬂmlmedﬂ@the

Sti at%ht I?rAOr c&lcﬁﬁént@%ﬂ% OI:I‘%HB]\QM% gﬁﬁlﬁﬂaﬁ&yBﬁhg\@oﬁnpounds

cha wat er and ated to 50 C

abogthsdh@&$®6 The n1xture was cool ed and charged with

§ 2 n et @ycllnotge:r e%‘ﬁ)togm?e tl%g)e mﬁh Ld USef{l'i] ?or i ‘tﬁ{n’z‘? ;i

Separated an ‘organi c layer was was Wi

30 rdplicdtiofl @ apditest. @qdememodﬂadmuseﬁﬂ imtreatiag erpreentn2OCV
8&e10 wt % aqueous NaCl. The rich organic | ayer was

then"dried over MpSH4, filtered, and concentrated down

to a resTloywlynidigh cﬁth«jasafhmﬁm:rm@l alwels: usébny a}dhb’dr:ftb@deagblﬁ

i i PoRraTRA ARy PP Bt Bt & RSl bRt WO et gt vire
18 1) replitigioh beysbadatdn Eanpouaday dyhtend altB@juct@s biology studies

di ssolved in 1 I, Sopr ppa 10 20 C. Anhydrous

Hor CUrBhg e SorIS PR e R Do B ATt of v 3. 35M
concent ragd Mmdf@@oﬂﬂl@ QficRffe AR alkEBELI@ b tRlaXbiYfr& WS ral
stirred.. To the solution was added nethyl tert-butyl

et heentgmington of prteripls apdigrefqratpdugehe g}slﬂ/ﬁswgltmﬁeﬁtéw of
Vi 9QIb8MBY oﬁhedthtl ﬁerg&méQ)r gatfeﬁfs wih% RS r11§conﬂ3?wﬁl‘i Yigh 2i’ﬁatenals

slurry was cooled to 20 C and ltered he wet cake
29vas c.gi> plogd.itisgheaturgerl mstrymeis %Iél %rryeﬁ%lqbpﬁq@rss B iremsogh
ﬁﬁfnegt@ $ B Laddcdidn W%l%n&?&@ﬂ ée])%gratu%&rdﬁh raferd S
anal'yzed using one or nore o testing netho
descri bebhdfellowing zml-h@ltmgleéarmlssﬂreﬂluxrmy Oﬂ\@aémlewemt S
A Bruker APEX2 Kappa CCD diffractoneter equipped wth
a rotating anode generator of Cu Ka radiation, (2, =
1.54178 A) was used to col E&dtv/RIEDTraction data at the
okoom tenperature. Indexing and processing of the
heasured intensity data were carried out with the
APEX2 sof twar e package/ progPg Wite (APEX2 Data
coll ection 25 and processing juser interface: APEX2
User Manual, yl.27; BRUKER AXS;, | Nc., 5465 East Cheryl
Par kway, thison VV 53711 The final unit cel

The structure was sol ved by ect methods and reflned
by the full-matrix |east-sq es techni ques, using the
SHELXTL software package (She¥drick, GV 301997,
SHELXTL. Structure Determ natj ongPrograns. Version
5.10, Bruker AXS, Madison, 9 sc¢onsin, USA. ). The
function mnimzed in the refinements was Ew(| FO1 -
IF,1)2. Ris defined as E 11E31 - IF,11/E IN while Rw
= [EmM IN- 1F, D2/Ew | F onl/2, where wis an
appropriate weighting functi anpbased on errors in the
observed intensities. Difference Fourier maps were
exam ned at all stages of refinenent. Al non-hydrogen
atons were refined with ani sotropic thernal

di spl acement parameters. The hydrogen atons associ at ed
mnth hydrogen bondlng were Iocated in the flnm

11" rr e . s o "



roomtenperature 1.54178 A Triclinic, Pl a = 7.5680(2)

A al pha = 74.132(2) b
W@ 26090882864(5) A gama

9.5848(3) A beta = 84.132(2)
70.646(2) 1072. 06( SRCHBSIOS/071734

1.257 Mg/ nB 25Table 3. Atom c coordinates Atom X Y Z
Atom X Y Z C7 0.0807 -0.0688 0.0165 H3 0.0264 0.2281
-0.0035 C16 -0.5489 0.4635 -0.1121 H17 -0.7884 0.4046
-0.0848 C4 -0.0807 0.0688 -0.0165

10

15

20

25

Preparation of Compound 2

A 1 L, 3-neck round bottom flask, fitted with a nitrogen line, overhead stirrer
and thermocouple, was charged with 20 g (83.9 mmol, 1 equiv) 1,1’-(biphenyl-4,4’-
diyl)diethanone, 200 mL. CH,Cl, and 8.7 mL (27.1g, 169.3 mmol, 2.02 quiv)
bromine. The mixture was allowed to stir under nitrogen for about 20 hours under
ambient conditions. The resulting slurry was charged with 200 mL CH,Cl, and
concentrated down to about 150 mL via vacuum distillation. The slurry was then
solvent exchanged into THF to a target volume of 200 mL via vacuum distillation.
The slurry was cooled to 20-25 °C over 1 hour and allowed to stir at 20-25 °C for an
additional hour. The off-white crystalline solids were filtered and washed with 150
mL CH,Cl,. The product was dried under vacuum at 60 °C to yield 27.4 g (69.2
mmol, 82%) of the desired product: "H NMR (400 MHz, CDCl5) & 7.95-7.85 (m,
4H), 7.60-7.50 (m, 4H), 4.26 (s, 4H); *C NMR (100 MHz, CDCls) 8 191.0, 145.1,
133.8, 129.9, 127.9, 30.8; IR (KBr, cm-1) 3007, 2950, 1691, 1599, 1199; Anal calcd
for CigH12,BrO,: C, 48.52; H, 3.05; Br, 40.34. Found: C, 48.53; H, 3.03; Br, 40.53.
HRMS calcd for C16H 3Br0; (M + H; DCT'): 394.9282. Found: 394.9292. mp
224-226 °C.

O \'D
e
0 Boc

Preparation of Compound 3
A 500 mL jacketed flask, fitted with a nitrogen line, thermocouple and
overhead stirrer, was charged with 20 g (50.5 mmol, 1 equiv) of Compound 2, 22.8 g
(105.9 moles, 2.10 equiv) 1-(tert-butoxycarbonyl)-L-proline and 200 mL acetonitrile.
The slurry was cooled to 20 °C followed by the addition of 18.2 mL (13.5 g, 104.4

mmol, 2.07 equiv) DIPEA. The slurry was warmed to 25 °C and allowed to stir for 3

23



H2 -0.2192 0.4393 -0.0575 C18 -0.7034 0.6975 -0.1863

H5 -0.2549 -0.0380 -0.0365 C13 0.5516 -0.4628 0.1105
WOH00902B08L5 0.1728 -0.0892 C15 0. 7037 -0. 6988 BCT/BL084971734

0. 5090 -0.1737 0.0755 C3 -0.0789 0.2157 -0.0218 H14

0.7875 -0.4013 0. 0906

hours. The resulting clear, organic solution was washed with 3 x 100 mL 13 wt%
aqueous NaCl. The rich acetonitrile solution was solvent exchanged into toluene

(target volume = 215 mL) by vacuum distillation until there was less than 0.5 vol%

acetonitrile.
5
Boc
N
N
IO
C(LN N
H
N\
Boc

Preparation of Compound 4
The toluene solution of Compound 3 was charged with 78 g (1.011 moles, 20

equiv) ammonium acetate and heated to 95-100 °C. The mixture was allowed to stir

10 at 95-100 °C for 15 hours. After reaction completion, the mixture was cooled to 70-
80 °C and charged with 7 mL acetic acid, 40 mL n-butanol, and 80 mL of 5 vol%
aqueous acetic acid. The resulting biphasic solution was split while maintaining a
temperature > 50 °C. The rich organic phase was charged with 80 mL of 5 vol%
aqueous acetic acid, 30 mL acetic acid and 20 mL n-butanol while maintaining a

15  temperature > 50 °C. The resulting biphasic solution was split while maintaining a
temperature > 50 °C and the rich organic phase was washed with an additional 80 mL
of 5 vol% aqueous acetic acid. The rich organic phase was then solvent exchanged
into toluene to a target volume of 215 mL by vacuum distillation. While maintaining
a temperature > 60 °C, 64 mL methanol was charged. The resulting slurry was

20 heated to 70-75 °C and aged for 1 hour. The slurry was cooled to 20-25 °C over 1
hour and aged at that temperature for an additional hour. The slurry was filtered and
the cake was washed with 200 mL 10:3 toluene:methanol. The product was dried
under vacuum at 70 °C, resulting in 19.8 g (31.7 mmol, 63%) of the desired product:
'H NMR (400 MHz, DMSO-ds) 8 13.00-11.00 (s, 2H), 7.90-7.75 (m, 4H), 7.75-7.60

25  (m, 4H), 7.60-7.30 (s, 2H), 4.92-4.72 (m, 2H), 3.65-3.49 (m, 2H), 3.49-3.28 (m, 2H),
2.39-2.1 (m, 2H), 2.10-1.87 (m, 6H), 1.60-1.33 (s, 8H), 1.33-1.07 (s, 10H); “C NMR
(100 MHz, DMSO-ds) 6 154.1, 153.8, 137.5, 126.6, 125.0, 78.9, 78.5, 55.6, 55.0,
47.0,46.7,33.7,32.2, 28.5, 28.2, 24.2, 23.5; IR (KBr, cm-1) 2975, 2876, 1663, 1407,
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Atom XY Z Atom X Y Z C10 0.3885 -0.3317 0.0771 H12

-0.0376 -0.2264 0.0165 C -0.3895 0.3303 -0.0781 H11
W@20202828. 4403 0. 0683 C17 -0. 7335 0.4794 -0. 1HABUSR08/071734

0. 2590 0.0389 0.0270 C2 -0.2275 0.3428 -0.0531 H19

0. 8664

1156, 1125; HRMS caled for C3gH4sNgO4 (M + H; EST"): 625.3502. Found:
625.3502. mp 190-195 °C (decomposed).

4 HCI HN
N7\
¢ IO AT

5 Preparation of Compound 5
To a 250 mL reactor equipped with a nitrogen line and overhead stirrer, 25.0

g of Compound 4 (40.01 mmol, 1 equiv) was charged followed by 250 mL methanol
and 32.85 mL (400.1 mmol, 10 equiv) 6M aqueous HCl. The temperature was
increased to 50 °C and agitated at 50 °C for 5 hours. The resulting slurry was cooled

10 to 20-25 °C and held with agitation for about 18 hours. Filtration of the slurry
afforded a solid which was washed successively with 100 mL 90% methanol/water
(V/V) and 2 x 100 mL of methanol. The wet cake was dried in a vacuum oven at

50 °C overnight to give 18.12 g (31.8 mmol, 79.4%) of the desired product.

15 Recrystallization of Compound 5
To a 250 mL reactor equipped with a nitrogen line and an overhead stirrer,

17.8g of Compound 5 from above was charged followed by 72 mL methanol. The
resulting slurry was agitated at 50 °C for 4 hours, cooled to 20-25 °C and held with
agitation at 20-25 °C for 1 hour. Filtration of the slurry afforded a crystalline solid

20 which was washed with 60 mL methanol. The resulting wet cake was dried in a
vacuum oven at 50 °C for 4 days to yield 14.7 g (25.7 mmol, 82.6%) of the purified
product: 'H NMR (400 MHz, DMSO-dj) & 10.5-10.25 (br, 2H), 10.1-9.75 (br, 2H),
8.19 (s, 2H), 7.05 (d, J = 8.4, 4H), 7.92 (d, J = 8.5, 4H), 5.06 (m, 2H), 3.5-3.35 (m,
4H), 2.6-2.3 (m, 4H), 2.25-2.15 (m, 2H), 2.18-1.96 (m, 2H); “C NMR (100 MHz,

25 DMSO-ds) 8 156.6, 142.5, 139.3, 128.1, 127.5, 126.1, 116.9, 53.2, 45.8, 29.8, 24.3;
IR (KBr, cm™) 3429, 2627, 1636, 1567, 1493, 1428, 1028. Anal calcd for
Cy6H3:N6Cly: C, 54.75; H, 5.65; Cl, 24.86; Adjusted for 1.9% water: C, 53.71; H,
5.76; N, 14.46; Cl, 24.39. Found: C, 53.74; H, 5.72; N, 14.50; CI, 24.49; KF =1.9.
mp 240 °C (decomposed).
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-0. 8827 0.2693 C5 -0.2458 0.0584 -0.0412 H20A 0.6721
-0.9411 0.1489 C6 -0.3950 0.1847 -0.0720 H20B 0. 8848

WO 12000820828. 1745 C9 0. 3978 -0.1858 0.0641 H22A BCHESB08/071734
-0.9831 0.2863 C14 0.7330 -0.4774 0.1143 H22B 0. 5433
-1.0623 0.3720 C12 0.0728 -0.2143 0. 0290

HACO
3 2 HCI
NH =
TN H N \\
OO
\\ N\_/‘\N N o\ o
= H HN
OCH,

Preparation of Compound (I)
A 1 L jacketed flask equipped with a nitrogen line and an overhead stirrer was
sequentially charged with 100 mL acetonitrile, 13.69 g (89.4 mmol, 2.5 equiv)

5 hydroxybenzotriazole hydrate, 15.07 g (86 mmol, 2.4 equiv) N-(methoxycarbonyl)-
L-valine, 16.46 g (85.9 mmol, 2.4 equiv) 1-(3-dimethyaminopropyl)-3-
cthylcarbodiimide hydrochloride and an additional 100 mL acetonitrile. The
resulting solution was agitated at 20 °C for 1 hour and charged with 20.4 g (35.8
mmol, 1 equiv) of purified Compound 5. The slurry was cooled to about 0 °C and

10 18.47 g (142.9 mmol, 4 equiv) diisopropylethylamine was added over 30 minutes
while maintaining a temperature below 10 °C. The solution was slowly heated to 15
°C over 3 hours and held at 15 °C for 12 hours. The resulting solution was charged
with 120 mL 13 wt% aqueous NaCl and heated to 50 °C for 1 hour. After cooling to
20 °C, 100 mL of isopropyl acetate was added. The biphasic solution was filtered

15  through a 0.45 um filter and the mixture split. The rich organic phase was washed
with 2 x 240 mL of a 0.5 N NaOH solution containing 13 wt% NaCl followed by 120
mL 13 wt% aqueous NaCl. The mixture was then solvent exchanged into isopropyl
acetate by vacuum distillation with a target volume of 400 mL. The resulting hazy
solution was cooled to 20 °C and filtered through a 0.45 um filter. The clear solution

20  was then solvent exchanged into ethanol by vacuum distillation with a target volume
of 140 mL. While maintaining a temperature of 50 °C, 66.4 mL (82.3 mmol, 2.3
equiv) of 1.24M HCI in ethanol was added. The mixture was then charged with 33
mg (0.04 mmol, 0.001 equiv) of seed crystals of Compound (I) (see preparation
below) and the resulting slurry was stirred at 50 °C for 3 hours. The mixture was

25  cooled to 20 °C over 1| hour and aged at that temperature for an additional 22 hours.
The slurry was filtered and the wet cake was washed with 100 mL of 2:1
acetone:ethanol. The solids were dried in a vacuum oven at 70 °C to give 22.15 g

(27.3 mmol, 76.3%) of the desired product.
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H24 0. 4288 -0.8972 0.4553 Cl1 0.2233 -0. 3439 0. 0597

H29A 0. 3610 -0.6896 0.7199 C8 0.2471 -0.0573 0. 0347
Wo20B020828110 - 0. 6388 0. 7042 C19 0. 7480 - 0. 8565PO1/R41948/071734

H29C 0. 5552 -0. 8060 0. 7046 C20 0.7591 -0.9804 0.1959

H26A 0. 0099 -0.5669 0.3086 C22 0. 5494

10

15

20

25

HsCO
d N o H =)
SOOI -

N o 0
Q/ HN~¢

- 2HCl OCHj3

Carbon Treatment and Recrystallization of Compound (1)

A solution of Compound (I) was prepared by dissolving 3.17 g of Compound
(I) from above in 22 mL methanol. The solution was passed through a 47mm Cuno
Zeta Carbon” 53SP filter at ~5 psig at a flow rate of ~58mL/min. The carbon filter
was rinsed with 32 mL of methanol. The solution was concentrated down to 16 mL
by vacuum distillation. While maintaining a temperature of 40-50 °C, 15.9 mL
acetone and 5 mg of seed crystals of Compound (I) (see procedure below) were
added. The resulting slurry was then charged with 32 mL acetone over 30 minutes.
The slurry was held at 50 °C for 2 hours, cooled to 20 °C over about 1 hour and held
at 20 °C for about 20 hours. The solids were filtered, washed with 16 mL 2:1
acetone:methanol and dried in a vacuum oven at 60 °C to give 2.14 g (67.5%) of
purified Compound (I): 'H NMR (400 MHz, DMSO-d; 80 °C): 8.02 (d, J=8.34 Hz,
4 H), 7.97 (s, 2 H), 7.86 (d, /=8.34 Hz, 4 H), 6.75 (s, 2 H), 5.27 (t, /=6.44 Hz, 2 H),
4.17 (t, J/=6.95 Hz, 2 H), 3.97 - 4.11 (m, 2 H), 3.74 - 3.90 (m, 2 H), 3.57 (s, 6 H), 2.32
-2.46 (m, 2 H), 2.09 - 2.31 (m, 6 H), 1.91 - 2.07 (m, 2 H), 0.88 (d, /=6.57 Hz, 6 H),
0.79 (d, J=6.32 Hz, 6 H); “C NMR (75 MHz, DMSO-ds): 8 170.9, 156.9, 149.3,
139.1, 131.7, 127.1, 126.5, 125.9, 115.0, 57.9, 52.8, 51.5, 47.2, 31.1, 28.9, 24.9, 19.6,
17.7; IR (neat, cm™): 3385, 2971, 2873, 2669, 1731, 1650. Anal. Calcd for
CsoHs52N3O6Cly: C, 59.18; H, 6.45; N, 13.80; Cl, 8.73. Found C, 59.98; H, 6.80; N,
13.68; Cl, 8.77. mp 267 °C (decomposed).

Preparation of Seed Crystals of Compound (I)

A 250 mL round-bottom flask was charged with 6.0g (10.5 mmol, 1 equiv)
Compound 5, 3.87g (22.1 mmol, 2.1 equiv) N-(methoxycarbonyl)-L-valine, 4.45g
(23.2 mmol, 2.2 equiv) 1-(3-dimethyaminopropyl)-3-ethylcarbodiimide
hydrochloride, 0.289 g (2.14 mmol, 0.2 equiv) 1-hydroxybenzotriazole, and 30 mL
acetonitrile. The resulting slurry was then charged with 7.33 mL (42.03 mmol, 4
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-1. 0075 0.3126 H26B 0. 2158 -0.5619 0.2923 C24 0. 3932
-0.7895 0.4232 H26C 0. 1027 -0.5160 0.3723 C28 0.4299

WO 00987828. 5628 H25 0. 2074 -0.8105 0. 3478 C29 BCHUSR08/071734
-0. 7007 0.6895 H21A 0.6629 -1.1660 0.2427 C26 0.1249
-0.5830 0.3353 H21B 0.8099 -1.1619 0. 3036

10

15

20

25

30

equiv) diisopropylethylamine and allowed to stir at 24-30 °C for about 18 hours. The
mixture was charged with 6 mL of water and heated to 50 °C for about 5 hours. The
mixture was cooled and charged with 32 mL ethyl acetate and 30 mL water. The
layers were separated and the rich organic layer was washed with 30 mL of 10 wt%
aqueous NaHCO3;, 30 mL water, and 20 mL of 10 wt% aqueous NaCl. The rich
organic layer was then dried over MgSQy, filtered, and concentrated down to a
residue. The crude material was then purified via flash chromatography (silica gel, 0-
10% methanol in dichloromethane) to provide the free base of Compound (1).

The free-base of Compound (I) (0.03g) was dissolved in 1 mL isopropanol at
20 °C. Anhydrous HCI (70 uL, dissolved in ethanol, approximately 1.25M
concentration) was added and the reaction mixture was stirred. To the solution was
added methyl tert-butyl ether (1 mL) and the resulting slurry was stirred vigorously at
40 °C to 50 °C for 12 hours. The crystal slurry was cooled to 20 °C and filtered. The
wet cake was air-dried at 20 °C. A white crystalline solid (Form N-2 of Compound
(I)) was obtained.

Form N-2 was analyzed using one or more of the testing methods described

below.

1 Single Crystal X-Ray Measurements

A Bruker APEX2 Kappa CCD diffractometer equipped with a rotating anode
generator of Cu Ko radiation, (A = 1.54178 A) was used to collect diffraction data at
the room temperature. Indexing and processing of the measured intensity data were
carried out with the APEX?2 software package/program suite (APEX2 Data collection
and processing user interface: APEX2 User Manual, v1.27; BRUKER AXS, INc.,,
5465 East Cheryl Parkway, Madison, WI 53711 USA). The final unit cell
parameters were determined using the entire data set.

The structure was solved by direct methods and refined by the full-matrix
least-squares techniques, using the SHELXTL software package (Sheldrick, GM.
1997, SHELXTL. Structure Determination Programs. Version 5.10, Bruker AXS,

Madison, Wisconsin, USA.). The function minimized in the refinements was Zw(|F,|

- [F)™ R is defined as T ||Fo| - [Fe|l/ |Fo| while Ry = [Zw( |Fo| - [Fe)*/Zw [Fo[*]"2,
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C25 0.1972 -0.7461 0.3866 H27A 0.0368 -0.7163 0.4938

C21 0.7052 -1.0999 0.2661 H27B 0. 1093 -0.8874 0.4894
W@2009028288 -0. 7834 0.4569 H27C -0. 0572 -0. 769BCOUER9071734

C23 0.5435 -0.7711 0.3553 H30 -0.6271 0.8706 -0.2714

C30 -0.7440 0.8547 -0.2454 H31A -0.9249

10

15

20

25

where w is an appropriate weighting function based on errors in the observed
intensities. Difference Fourier maps were examined at all stages of refinement. All
non-hydrogen atoms were refined with anisotropic thermal displacement parameters.
The hydrogen atoms associated with hydrogen bonding were located in the final
difference Fourier maps while the positions of the other hydrogen atoms were
calculated from an idealized geometry with standard bond Iengths and angles. They
were assigned isotropic temperature factors and included in structure factor
calculations with fixed parameters.

The crystal data of the N-2 form is shown in Table 2. The fractional atomic
coordinates are listed in Table 3. It should be understood by one of ordinary skill in
the art that slight variations in the coordinates are possible and are considered to be

within the scope the present disclosure.

Table 2. Crystal Data of Form N-2

Temperature room temperature

Wavelength 1.54178 A

Crystal system, space group Triclinic, P1

Unit cell dimensions a=7.5680(2) A alpha =74.132(2) °

b=9.5848(3) A beta=384.132(2)°
c=16.2864(5) A gamma = 70.646(2) °
Volume 1072.06(5) A®
Z, Calculated density 1, 1.257 Mg/m’

Table 3. Atomic coordinates

Atom X Y Z Atom X Y Z

C7 0.0807 | -0.0688 | 0.0165 H3 0.0264 | 0.2281 | -0.0035

Clé -0.5489 | 0.4635 | -0.1121 H17 -0.7884 | 0.4046 | -0.0848

C4 -0.0807 | 0.0688 | -0.0165 H2 -0.2192 | 0.4393 | -0.0575

Cl18 -0.7034 | 0.6975 | -0.1863 H5 -0.2549 | -0.0380 | -0.0365

Cl3 0.5516 | -0.4628 | 0.1105 H6 -0.5015 | 0.1728 | -0.0892

Cls 0.7037 | -0.6988 [ 0.1841 H9 0.5090 | -0.1737 | 0.0755

C3 -0.0789 | 0.2157 | -0.0218 H14 0.7875 | -0.4013 | 0.0906
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0.9498 -0.1547 C34 -0.8171 0.7743 -0.3628 H31B -0. 7674
1.0278 -0.1856 C31 -0.8522 0.9853 -0.2037 H33A -1.1460
wW@2®383829. 2916 C33 -1.0373 1.0092 -0. 3191 H33BCHUSDHOHO71734
1.0635 -0.3783 C32 -0.9782 1.1019 -0.2736 H32A -1.0859
1.1679 -0.2499 C38 -0.8340 0.7734 -0.5748
Atom X Y Z Atom X Y Z
C10 0.3885 | -0.3317( 0.0771 H12 -0.0376 | -0.2264 | 0.0165
Cl -0.3895 | 0.3303 | -0.0781 HI11 0.2109 | -0.4403 | 0.0683
C17 -0.7335 | 0.4794 | -0.1115 HS 0.2590 0.0389 0.0270
C2 -0.2275 | 0.3428 | -0.0531 H19 0.8664 | -0.8827 | 0.2693
Cs -0.2458 | 0.0584 | -0.0412| H20A 0.6721 | -0.9411 | 0.1489
Co6 -0.3950 | 0.1847 | -0.0720 | H20B 0.8848 | -1.0218 | 0.1745
c9 0.3978 | -0.1858 [ 0.0641 H22A 0.4299 | -0.9831 | 0.2863
Cl4 0.7330 | -0.4774 | 0.1143 H22B 0.5433 | -1.0623 | 0.3720
Cl2 0.0728 | -0.2143 [ 0.0290 H24 0.4288 | -0.8972 | 0.4553
Cll1 0.2233 | -0.3439( 0.0597 H29A 0.3610 | -0.6896 | 0.7199
C8 0.2471 | -0.0573 | 0.0347 H29B 0.5410 | -0.6388 | 0.7042
C19 0.7480 | -0.8565 | 0.2404 H29C 0.5552 | -0.8060| 0.7046
C20 0.7591 | -0.9804 [ 0.1959 H26A 0.0099 | -0.5669 | 0.3086
C22 0.5494 | -1.0075 | 0.3126 H26B 0.2158 | -0.5619 | 0.2923
C24 0.3932 | -0.7895 | 0.4232 H26C 0.1027 | -0.5160 | 0.3723
C28 0.4299 | -0.7573 | 0.5628 H25 0.2074 | -0.8105| 0.3478
C29 0.4783 | -0.7007 | 0.6895 H21A 0.6629 | -1.1660 | 0.2427
C26 0.1249 | -0.5830 | 0.3353 H21B 0.8099 | -1.1619| 0.3036
C25 0.1972 | -0.7461 [ 0.3866 H27A 0.0368 | -0.7163 | 0.4938
C21 0.7052 | -1.0999 | 0.2661 H27B 0.1093 | -0.8874| 0.4894
Cc27 0.0588 | -0.7834  0.4569 H27C -0.0572 [ -0.7699 | 0.4319
C23 0.5435 | -0.7711 | 0.3553 H30 -0.6271 | 0.8706 | -0.2714
C30 -0.7440 | 0.8547 | -0.2454| H31A | -0.9249| 0.9498 | -0.1547
C34 -0.8171 | 0.7743 | -0.3628 H31B -0.7674 | 1.0278 | -0.1856
C31 -0.8522 | 0.9853 | -0.2037| H33A | -1.1460| 0.9828 | -0.2916
C33 -1.0373 | 1.0092 | -0.3191 H33B -1.0659 | 1.0635 | -0.3783
C32 -0.9782 | 1.1019 | -0.2736 | H32A | -1.0859| 1.1679 | -0.2499
C38 -0.8340 | 0.7734 | -0.5748 H32B -09111 | 1.1645 | -0.3120
C36 -1.1117 | 0.7288 | -0.3922 H36 -1.1758 | 0.7856 | -0.3502
C39 -0.6953 | 0.7302 | -0.7067 | H39A | -0.7874 | 0.7037 | -0.7301
C37 -1.0485 | 0.5605 | -0.3464 | H39B -0.5733 | 0.6820 | -0.7276
C35 -0.9477 | 0.7893 | -0.4312 H39C | -0.7221| 0.8392 | -0.7235
N1 0.5385 | -0.6067 [ 0.1537 H37A | -1.1562| 0.5276 | -0.3279
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H32B -0.9111 1.1645 -0.3120 C36 -1.1117 0.7288 -0.3922
H36 -1.1758 0. 7856 -0.3502 C39 -0.6953 0.7302 -0. 7067

WO3®2020828874 0. 7037 -0. 7301 C37 -1.0485 0. 560BCFOSRAEHA71734
H39B -0. 5733 0.6820 -0.7276 C35 -0.9477 0.7893 -0.4312
H39C -0. 7221 0.8392 -0.7235 N 0.5385

Atom X Y Z Atom X Y Z

N4 -0.5358 | 0.6044 | -0.1590| H37B -0.9757 | 0.5444 | -0.2977
N2 0.8232 | -0.6215 | 0.1585 H37C | -0.9736| 0.5027 | -0.3846
N3 -0.8254 | 0.6252 | -0.1572 H35 -0.9995 | 0.8976 | -0.4608
N6 -0.8719 | 0.8722 | -0.3123 Hl 0.4378 | -0.6316 | 0.1597
NS 0.5974 | -0.8687 0.3055 H4 -0.4338 | 0.6276 | -0.1688
N8 -0.8375 | 0.7087 | -0.4913 H2A 0.9413 | -0.6576 | 0.1685
N7 0.3941 | -0.6991 | 0.4812 H3A -0.9442 | 0.6631 | -0.1654
04 -0.6651 | 0.6742 | -0.3518 H8A -0.7710 | 0.6146 | -0.4726
(0)! 0.6094 | -0.6663 [ 0.3446 H7 0.3699 | -0.6020| 0.4611
02 0.4413 | -0.8890 | 0.6028 H40A | -1.1909 | 0.7164 | -0.5066
03 0.4448 | -0.6524 | 0.5991 H40B | -1.3113| 0.8675 | -0.4819
05 -0.9383 | 0.8955 | -0.6125 H40C | -1.3481 | 0.7128 | -0.4362
06 -0.7001 | 0.6782 | -0.6138
C40 -1.2538 | 0.7592 | -0.4606
Cll -0.2486 | 0.7587 | -0.1475
CI2 0.2421 | -0.7524| 0.1377

2. Powder X-Ray Diffraction

About 200mg were packed into a Philips powder X-ray diffraction (PXRD)
sample holder. The sample was transferred to a Philips MPD unit (45 KV, 40mA, Cu

5 Koa). Data were collected at room temperature in the 2 to 32 26 range (continuous

scanning mode, scanning rate 0.03 degrees/sec., auto divergence and anti scatter slits,
receiving slit: 0.2 mm, sample spinner: ON).

The results of the PXRD pattern and a simulated pattern calculated from the
single crystal data are shown in FIG. 1.

10 Table 4 lists the characteristic PXRD peaks that describe Form N-2 of

Compound ().

Table 4. Characteristic diffraction peak positions (degrees 26 + 0.1) at room
temperature, based on a high quality pattern collected with a diffractometer (cuKa)

15  with a spinning capillary with 26 calibrated with a NIST other suitable standard.
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-0.6067 0.1537 H37A -1.1562 0.5276 -0.3279 Atom X Y

Z Atom XY Z N4 -0.5358 0.6044 -0.1590 H37B -0.9757
WO@284420828. 2977 N2 0. 8232 -0.6215 0. 1585 H37C POI/05R868/071734

0. 5027 -0.3846 N3 -0.8254 0.6252 -0.1572 H35 -0.9995

Form N-2

10.3

12.4

12.8

13.3

13.6

15.5

20.3

21.2

22.4

22.7

23.7

3. Differential Scanning Calorimetry
Differential scanning calorimetry (DSC) experiments were performed in a TA
Instruments ™ model Q2000, Q1000 or 2920. The sample (about 2-6mg) was
5 weighed in an aluminum pan and recorded accurately to a hundredth of a milligram,
and transferred to the DSC. The instrument was purged with nitrogen gas adt 50
mL/min. Data were collected between room temperature and 300 °C at 10 °C/min
heating rate. The plot was made with the endothermic peaks pointing down.
The results are shown in FIG. 2.
10
4. Solid-State NMR (SSNMR)
All solid-state C-13 NMR measurements were made with a Bruker DSX-400,
400 MHz NMR spectromter. High resolution spectra were obtained using high-
power proton decoupling and the TPPM pulse sequence and ramp amplitude cross-
15  polarization (RAMP-CP) with magic-angle spinning (MAS) at approximately 12 kHz
(A.E. Bennett et al. J. Chem. Phys. 1995, 103, 6951). (G. Metz, X. Wu, and S.O.
Smith, J. Magn. Reson. A., 1994, 110, 219-227). Approximately 70 mg of sample,
packed into a canister-design zirconia rotor was used for each experiment. Chemical

shifts (8) were referenced to external adamantane with the high frequency resonance
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0.8976 -0.4608 N6 -0.8719 0.8722 -0.3123 H1 0. 4378
-0.6316 0.1597 N5 0.5974 -0.8687 0.3055 H4 -0.4338

WO20293828. 1688 N8 -0.8375 0. 7087 -0.4913 H2A BCBYIR08/071734
-0.6576 0.1685 N7 0.3941 -0.6991 0.4812 H3A -0.9442
0.6631 -0.1654 04 -0.6651 0.6742 -0. 3518

being set to 38.56 ppm (W.L. Earl and D.L. VanderHart, J. Magn. Reson., 1982, 48,
35-54).
The SSNMR spectrum is shown in FIG. 3.
Table 5 lists the characteristic SSNMR peaks that describe Form N-2 of
5 Compound (I).
Table 5: SSNMR peak positions of Form N-2 of Compound (I). Peak

positions & (in ppm) relative to TMS scale.

Form N-2

14.8

15.3

19.6

20.4

25.1

25.6

28.4

29.3

29.3

30.1

323

46.8

51.6

54.3

55.2

57.5

57.8

58.2

111.7

113.1

125.4

127.4

128.5

132.6
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H8A -0.7710 0.6146 -0.4726 01 0.6094 -0.6663 0.3446 H7
0.3699 -0.6020 0.4611 02 0.4413 -0.8890 0.6028 H40A

WO 120020982%. 7164 -0.5066 03 0.4448 -0.6524 0. 59BAT/BEI0B3/071734
-1.3113 0.8675 -0.4819 05 -0.9383 0.8955 -0.6125 H40C
-1.3481 0.7128 -0.4362 06 -0.7001

133.7

138.8

150.5

151.9

156.7

169.9
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0.6782 -0.6138 C40 -1.2538 0.7592 -0.4606 Cl1
-0.2486 0.7587 -0.1475 Cl2 0.2421 -0.7524 0.1377
WQ2Mmomeises X- Ray Di ffraction About 200ngPUEDE2008/071734
packed into a Philips powder X-ray diffraction (PXRD)
sanpl e hol der. The sanple was transferred to a Philips
MPD unit (45 KV, 40mA, Cu 5Ka). Data were collected at
roomtenperature in the 2 to 32 28 range (conti nuous
scanni ng node, scanni ng rat(é 8}1)9‘3 degrees/sec., auto
di vergence and anti scatter 5y , receiving slit: 0.2
mm sanpl e spinner: ON). The results of the
PXRD pattern and a sinulated pattern calculated from
the“Qﬁgh‘éIC iRgdist al data are shown in FIG 1. 10Table 4
lists the characteristic PXRD peaks that describe Form
g\l-zlof Corrpoundf(l).

Form N-2 o

HsCO

P~ PN

SOOI -
N AN ¢ o)\\\ .
\\ Q/ H HN\(

: 2HCl OCHjs

2. Form N-2 of
H,CO

J~NH D
SOOI

N N NN o)\\\ 0
\\ Q/ H HN\(

- 2HCI OCHjs

10  characterized by the following unit cell parameters:
Cell dimensions: a =7.5680 A
b=9.5848 A
c=16.2864 A
o =74.132 degrees

15 B =284.132 degrees
v =70.646 degrees
Space group Pl
Molecules/unit cell 1

wherein measurement of said crystalline form is at a temperature between about

20 20 °C to about 25 °C.

3. Form N-2 of
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Table 4. Characteristic diffraction peak positions
(degrees 28 0.1) at roomtenperature, based on a high
wa@eeabiozog2patt ern coll ected with a diffractonmet B€T/US2008/071734
(cuKcc) 15with a spinning capillary with 28 calibrated

with a N ST other suitable standard. Form N-2 10. 3
12.4 12.8 13.3 13.6 15.5 20.3 21.2 22.4 22.7 23.7 3.
Differential Scanning Calorinetry Differential
scanning, calorinmetry (DSC) experinments were perforned
in a TA IBsirunments TM nodel 2000, Q1000 2920. The
sanpl e (abgltNR2-6ng) was 5 weighed in @n & u um pan
and recorded & rat Xt @ hupdradt NE‘T‘/ENmI iLgram
and transferned ' gt r et Spur ged
wi th nitrogen' gas @dt 0 mL/nin. Data were %ok

bet ween roomte rature ang-300 C at 10 ¢ mn hzsing
rate. The plot was nmade wt the endot herm ¢ pea

POI Bitdrddehrid fradiBnd] GRMid &oﬁfn@ate%hﬂm}l 1hB ufiik géll a% hst%gl) ifTable 3.
Solid-State NMR (SSNWR) All solid-state C1
measurenents were nmade with a Bruker DSX- 400 400 MHz
NVR spect st er,s H gh resolution spectra were obtained
usi ng hi gh-power proton decoupling and the TPPM pul se
sequenceH ranp anplitude cross- 15 polarization

( RAVP- CP) KH CEI C- angl e Spl nn| ng (M\S) :ﬁ>

(
appr oxi mat@l y ) et raLr/:‘r \%\
Phys. 1995 % 69 an
Sni t h, \]\n Wﬁee%%) 0, z%f\;
Appr oxi rrately 7 tH sarrpl e packed |nto a \(
¢ani ster- desi gn zirconia roti§t was used for each OCH
exper Chemi cal shift e referenced to
oxt Sith ARt pekeiRe Pt PR T A AL avo
bei bgtas#lio e 38.154 M 10WLo.1 Fard + andidy Lo.1VensienHans 3 +
J. Magn. Reson., 1982, 48, 35- 54). The SSNWVR spectrum
i s QHoWR2 EA.IFRZ3! 9.1, 22.7 £ 0.1, andrah & OF at p dameperase between about
cha er NMR peaks that describe Form N2 of 5
Con%%%ld(aﬁqt%sé Tabl e 5: SSNVR peak positions of
16orm N-2 of Conpound (1). Peak positions 6 (in ppm

reI tive.to scale. Form N2 14.8 15.3 19.6 20.4
5. 3 o5 Form N
HsCO
& o L
- O-O<T S
R N\_/”\N NN o)\f 0
= H HN
- 2HCI OCHj3

characterized by one or more of the following:
a) a unit cell with parameters substantially equal to the following:
15 Cell dimensions: a = 7.5680 A
b=19.5848 A
c=16.2864 A
o= 74.132 degrees
B =284.132 degrees
20 v =70.646 degrees
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28.4 29.3 29.3 30.1 32.3 46.8 51.6 54.3 55.2 57.5 57.8
58.2 111.7 113.1 125.4 127.4 128.5 132.6 133.7 138.8
Wa®9820828.. 9 156. 7 169.9 CLAI M5 What is cl ai nedI/ius2008/071734
51. Form N-2 of 2. Form N2 of 10characterized by the
following unit cell paraneters: Cell dinensions: a =
7.5680 A b= 9.5848 A c= 16.2864A a = 74.132 degrees

Space group Pl

Molecules/unit cell 1
wherein measurement of said crystalline form is at a temperature between about 20
°C to about 25 °C;

5 D) characteristic peaks in the powder X-Ray diffraction pattern at values of two theta
0f 10.3£0.1,124£0.1,12.8 £0.1, 13.3 £0.1, 13.6 £ 0.1, 15.5 £ 0.1, 20.3 £ 0.1,
21.2+0.1,22.4+0.1,22.7£0.1, and 23.7 + 0.1 at a temperature between about
20°C and about 25 °C; and/or
¢) a melt with decomposition endotherm with onset typically in the range of

10 225-245 °C.

6. Substantially pure Form N-2 of
HsCO

- 2HCl OCH;

15 7. The form of Claim 6 wherein said Form N-2 has a purity of at least 95 weight

percent.

8. The form of Claim 6 wherein said Form N-2 has a purity of at least 99 weight
percent.
20
9. Substantially pure Form N-2 of
HsCO

- 2HCl OCH;

with characteristic peaks in the powder X-Ray diffraction pattern at values of two

theta 0f 10.3 £0.1, 12.4 £0.1,12.8 £0.1, 13.3 £0.1, 13.6 £ 0.1, 15.5 £ 0.1, 20.3
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15 = 84.132 degrees ? = 70.646 degrees Space group Pl

Mol ecul es/unit cell 1 wherein neasurenent of said
w@eapshAisk ne formis at a tenperature between BGDUS2088071734

20 Cto about 25 C. 3. Form N2 of characterized by

fractional atom c coordinates within the unit cell as

listed in Table 3. 4. Form N2 of 5 W th

characteristic peaks in the povvder X- Ray di ffraction

pat 5?121 ggr O\éaé2u$ %@olfs Wgri)t lh %t %3 7 6%11 at igengoleraéuri bety@ergabout
O 1o0¢Lnd abQutds@2.4 0.1, 22.7 0.1, and 23.7 0.1 at

a tenperature between about 20C and about 25 C. 10 5.
Form |\|-2 of characterized by one or nore of the

fol h@W ngnanafeutBdi bofflsitiof f
subst ant i gF?‘y age&lugd[ rc? OS{) hleo fcg{;lllp ?g%eol I
di mensi oMsCOa = 7. 5680 A b= 9. 5848 A c= 16. 2864A
a = 74.132 ;&e.,qees 84.132 degrees 20? <79 646

degr ees S@ac um \ pfegul es£yni tN rein
measur enent & I(T’\gtﬁF &
tenperature b t£ aut ' b)O
characteristic S in the powder X- Ray di ff i on
pattern at values of tvmtf?é'@b of 10.3 0.1, 12 4OC(BI31
128d011? 1 %tg01 1% 01 20. 3 0.1,
21. 3" rm%‘ﬁu%a 1702‘Cf‘3pt cearriggof dilugnyy 23 7 0.1 at a
t enperature between about 20C and about 25 C, and/or
C) a melt with decaonposition endotherm w th onset
t ypil bal | 4 Phmesrutica] syapesftiongoppriyngsubstagialy puiedetm & 9F
pure Formadb2 of H3CO 157. The formof Caim6 wherein
said Form has a purity of at |east 95 ght
per cent . . e g or orm N-2
has a purity OSf ¥at
Substanti al | Y\ pyX
characteristic Reaks ith the povvder X- Ray dlfleéi |on
pattern at values of two theica of 10.3 0.1, 12. 4¢y,
0.1, 12.8 0.1, 13.3 0.1, 13.6 0.1, 15.5 0.1, 20.3
1Q. 1aandl_p@rm@:eat;ca]ZQaai:eptaalaparﬂar of dilgent,, and 23.7 0.1 at
a tenperature between about 20C and about 25 C. 10. A
phar maceuti cal conposition conprising Form N2 of
12. The pharmaceutical composition of Claim 11 wherein said Form N-2 has a

purity of at least 95 weight percent.

15 13. The pharmaceutical composition of Claim 11 wherein said Form N-2 has a

purity of at least 99 weight percent.

14. A pharmaceutical composition comprising Form N-2 of

H5CO
NH =
© N\ 0 N ~ N
SOOI -
= H O NP
+ 2HCI OCH;

20  in combination with one or two additional compounds having anti-HCV activity.
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H3C0 and a pharnaceutically acceptable carrier or
di luent. 11. A pharmaceutical conposition conprising
wauwsvznses al [y pure Form N-2 of H3CO 10and a PCT/US2008/071734
pharmaceutically acceptable carrier or diluent. 12.The
pharmaceutical conposition of Claim1ll wherein said
Form N-2 has a purity of at |east 95 wei ght percent.
1513. The pharnaceutical conposition of Caim1ll
whergein said Form N-2 has .a ,t.y of at .least 9
wer Gt | pERcarRe T oH coRapyReB e Py R by -2 hes o
CONpiiiits ioNg 1E01 90 Weight @Ercbid CO 2HCI OCH3 20 in
conbi nation with one or two additional conpounds
havi ng anti-HCV activity. WO
20096.0208Z8fRerddQA RO MAdsiB¢h of LIaimTleyIRAGH FBRE Bot 192 has 2
conposition of Claim14 wherein said Form N-2 has a
pur PEsty 6f atdeast Vaegiclpeiggiitght percent. 16. The
pharmaceuti cal conposition of Caim 14 wherein said
Form N-2 has a 5purity of at |east 95 weight percent.
17. 1FThe PreathaesseiticaldomperipaseliGlam dfwicran paid dorghir2dian a
sai r . Lty of at |east 99 wei ght
per glélﬁ .Omitg%l%t. grbﬁzel%g%g%él?tt ion of Claim 14 wherein at
| east one of the additional conpounds having anti-HCV
Ctiyityrds i.nt e . [ LI o
st + Phsreopo bt G AL o orhendain e
sel eotpundy leningnrted i@ anivay pha 128 fcrpegyitatied.
interferon al pha, consensus interferon, interferon
al pha 152A, and | ynphobl astiod interferon tau. 20.
The 12.onpDisd dophsitidn &l Gaim Riwhdngn éicnintatferbeastlcaaefrah

Y TN N S R R g T

1€nhancas hghodRvddipieEeon@fu. a type 1 hel per T cel
response, interfering RNA 20anti-sense RNA, | mn qginod,
ribavirin, an inosine 5 -nonophospate dehydrogenase

i nhp®i t OThe AMPOLIAGH FYes1aiaNd) WihdiBAhAEBHsNEhe of Ak-additioRd hod
of treating infection in_a na I risi

adnPHNRGUEdS 18 @el@céedtfp%n HdEHsRln 3 interlglﬁcain 6,(:ir?tgHeukin 1n2§,J a compound
t hegap&inbacalnk e Rid@ichi ¥& GFOURPLT ERFApMse iRbritFRERNA,

20  anti-sense RNA, Imiqgimod, ribavirin, an inosine 5'-monophospate dehydrogenase

inhibitor, amantadine, and rimantadine.

21. A method of treating HCV infection in a mammal comprising administering

to the mammal a therapeutically-effective amount of Form N-2 of

HsCO
N o H =D
SOOI

= N 0 0
CE HN~¢

25 - 2HCl OCHj; ‘

22. The method of Claim 21 wherein said Form N-2 has a purity of at least 90

weight percent.
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2HCI OCH3 . 22. The nmethod of Claim 21 wherein said Form

N-2 has a purity of at least 90 weight percent. WD
WQ2®INVBEB28PCT/ US2008/ 071734 23. The net hod BPET/TE2081071734

21 wherein said Form N2 has a purity of at |east 95

wei ght percent. 24. The nmethod of C aim 21 wherein

said Form N-2 has a purity of at |east 99 5Swei ght

percent. 25. The nethod of C aim 21 wherein the

8 9§| ! "I'Sheamcp[filorga or}'Claim 21 wherein said Form N-2 has a purity of at least 95

weight percent.

24, The method of Claim 21 wherein said Form N-2 has a purity of at least 99
S5 weight percent.

25. The method of Claim 21 wherein the mammal is a human.
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