CRYSTALLINE FORMS OF A 2-THIAZOLYL- 4-QUINOLINYL-OXY DERIVATIVE, A POTENT HCV
INHIBITOR This application claims benefit to the following U.S. Provisional Patent Applications
61/097,291, filed September 16, 2008, and 61/150,826, filed March 9, 2009. FIELD OF THE
INVENTIONYEW8##{{(&4tidn relates to novel crystalline forms of Compount (/Y &8tk Eddium salt of
Compound (1) as described herein, methods for the preparation thereof, pharmaceutical compositions
thereof, and their use in the treatment of Hepatitis C Viral (FICV) infection. BACKGROUND OF THE
INVENTION The following Compound (1): otAlH CIA i.s known as a selective and potent inhibitor of

the HCV NS3 setngproteaserSGompaund.(hfallswithin the-seope.of Hie agels peptide series of
lICV inhibitors disclosed in U.S. Patents,§,3¢3.480, fimpkda5/ and 7,585,845. Compound (1) is
disclosed specifically as 20 Compound # 1055 in U.S. Patent 7,585,845, and as Compound # 1008 in
U.S. Patent 7,514,557. Compound (1) can be prepared according to the general procedures found in
the above-cited references, which are herein incorporated by reference,

This application claims benefit to the following U.S. Provisional Patent Applications:

61/097.291, filed September 16, 2608, and 61/150,826, filed March 9, 2009,

FIELD OF THE INVENTION
This invention relates to novel crystaliine forms of Compound (1) and the sodium salt of
Compound (1} as described herein, methods for the preparation thereof, pharmaceutical

compositions thereof, and their use in the treatment of Hepatitis C Viral (HCV} infection.
BACKGROUND OF THE INVENTION

The following Compound (1}:

O
O
15

is known as a selective and potent inhibitor of the HCV NS3 serine protease. Compound

(1) falls within the scope of the acyclic peptide series of FICV inhibitors disclosed in U.S,

Patents 6,323,180, 7,514,557 and 7,585,845, Compound (1) is disclosed specifically as
20 Compound # 1055 in U.S. Patent 7,585,845, and as Compound # 1008 in U.S. Patent



Compound (1) may also be known by the following alternate depiction of ts chemical 5structure, which
is equivalent to the above-described structure: 0 wherein B is ; Li) is MeO-; L Br; and R2 0When
synthesized according to the general procedures set forth in the above-cited references, Compound
(1) is prepar®® &M étHorphous solid which is a form that is generally 1eBS SURHIREMET Tll-scale
pharmaceutical processing. Thus, there is a need to produce Compound (1) in a crystalline form to
enable formulations to meet exacting pharmaceutical requirements and specifications. Furthermore,
the process by which 15Compound (1) is produced needs to be one which is amenable to large-scale
production. Additionally, it is desirable that the product should be in a form that is readily filterable and
easily dried, Finally, it is economically desirable that the product be stable for extended periods of time
without the need;for specializgd $ieraoe.cangditions: .2 UMNMARY.Wa have Rewsyptsingly and
unexpectedly found for the first time that Comrg%qu élg can be Pr...ﬁgared‘in crystalline form and also
in the form of its ‘SHATGH SATE "aRET IS Brararabily THE EREpiiheE SIthT salt form. Thus, the present
disclosure provides Compound (1) in crystalline form, which in one embodiment is the new crystalline

polymorph designgied.herainas ﬁy&ﬁe&n%ﬁ@'% %ll@@ﬁ@%ﬂ&ﬁ@e%ﬁﬁkgﬁhy@ﬁﬂ i&l{%rﬁfégﬂum _salt _Of
Compound (1). These novel crystalline forms overcome the %)harmaceutlcal processing difficulties

inherent in the uSE6F5h MHISBROBYHS0H LG the SORUIRSAITYSMH in particular, has other properties

making it particularly advantageous in pharmaceutical folinulation processing as will be described in

detail below. 2
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10 When synthesized according to the general procedures set forth in the above-cited

wherein B is

references, Compound (1) is prepared as an amorphous solid which 1s a form that is
generally less saitable for full-scale pharmacentical processing. Thus, there is a need to
produce Compound (1) in & crystalline form to enable formulations {0 meet exacting
pharmaceutical requirements and specifications. Furthermore, the process by which

15 Compound (1} is produced needs (o be one which is amenable to large-scale production,
Additionally, it is desirable that the product should be in a form that is readily filterable and
easily dried. Pinally, it is economically desirable that the product be stable for extended

pertods of time without the need for specialized storage conditions.
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In one embodiment, the present disclosure is directed to Compound (1) in crystalline form. In a more
specific embodiment, the present inventors have discovered a novel crystalline polymorph of
Compound (1), referred to hereinafter as "Type A". Type A exhibits a characteristic X-ray powder
diffraction (1.T.PD) pattern with characteristic peaks expressed in degrees 20 ( 0.2 degrees 20) at 4.8,
6.8, 9.6, 13.6, 17.3, 19.8 and 24.5 measured using CuKa radiation. In a first aspect, there is provided a
sodium salt of the compound of the folfwWiHg4&Mula (1): NH oy-Nm cr. (1) Another embodiment is
directed to the sodium salt of Compound (1), which sodium salt can be prepared in crystalline form.

The crystalline sodium salt of Compound (1) exhibjts a characterjstic X-ra wder diffraction (XRPD)
pattern with cha?ﬁ%@ﬁ%%%%%%?@géﬁ?ﬁpa%iﬂlée%% {%t% ?ésgtr%%%%%[;%%?ﬁ?ng@&?, 10.1,

11.9, 13.0, 18.2.20:2 aeshe4 % meastinedousiagy @aka fadiation! Ik sodevosd aseterthere is provided
a quantity of com]pg Qlé%rﬁ%o%teh%e ]é';gtlxllﬂl"z\{gns% %@g‘%f@})ﬁ. Whereinalleast R0k of said ggmpound is present
It'co efi ’

in the form of thé a mpound as defined above. Yet another embodimeffnt Is directed to a

pharmaceutical Composition omking Pypevkich TiARe SRR SR S RE SRpTUHE L, or mixtures
thereof, and at l%@m%@m%&%@ lys Type A, and also in the form of a novel crystaliine sodium

salt of Compound (1}. These novel crystalline forms overcome the pharmaceutical _
processing difficulties inherent in the mse of an amorphous form and the sodiure salt form,
in particular, hes other properties making it particularly advantageous in pharmaceuticel

formulation processing as will be described in detail below.

In one embodiment, the present disclosure is directed to Compound (1) in crystalline form.
In & more specific embodiment, the present inventors have discovered a novel crystaliine

polymorph of Cormapound (1), referred to hereinafter as “Type A”,
Type A exhibits a characteristic X-ray powder diffraction (XRPD) pattern with -
characteristic peaks expressed in degrees 20 (+ (.2 degrees 26) at 4.8, 6.8, 0.6, 13.6,17.3,

10.8 and 24.5 measured using CuKo radiation.

" In a first aspect, there is provided a sodium salt of the compound of the following formula (1):

%
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acceptable carrier or diluent. In a third aspect, there is provided a pharmaceutical composition
comprising the sodium salt as defined above, and a pharmaceutically acceptable carrier or diluent.
Yet another embodiment is directed to a method of treating HCV infection in a mammal comprising
administering to said mammal a therapeutically effective amount of Type A or the sodium salt of

Compound (1), gfixtieshereal-dna iouithasneckitbervispiyidedtheuseet te sodium salt of
the compound of foimula (1) as defined aboye for the.preparation of.a. pharm ical.composition to
treat a Hepatftis Ee\lfﬁgé’lafﬁéégt?gﬁ | {gen%’inrﬁmﬁ?? §ﬁ?@%é@ﬂ%gﬁ%g?ﬁ%?%%%%ﬁﬂ68 FIG. lisa
characteristicaxiraycRowid&i-Bif rastionditRRD) GEREM forETypsyehRIGeEscthReIDSC thermal curve for
Type A crystalsuherg the DSGdsperoumed abpheating rajeef 11616 peroniputedraeimped cup.
FIG, 3 is a characteristic X-ray Powder Diffraction (XRPD) pattern for the crystalline sodium salt of ;
Compound (13 E RS 2PTE4HENS SEMPEHICurve for crystals of the crystalline sodium salt of Compound
(1) where the DSC is performed at a heating rate of 10C per minute in a open cup. FIG. 5 shows the
XRPD patterns of the Type A crystalline form of Compound (I) (bottom); the Type A crystalline form of
Compound (1hafterheingsiumiediinpprapdengglysalrnigdie): antdhafvpe Asivstalline form of
Compound (1) after being slurried in ethanol (top). DETAILED DESCRIPTION OF THE INVENTION
Definitions Terms not specifically definedjiin should be given the meanings that would be given to

f the giisclosure and the context As used throughout the present
less spe fi69/

them by one of skill in the art in li
application, however,
121

=

e contrary, the following terms have the meaning indicated:

T

wherein at least 50% of said compound is present in the form of the sodium salt

compound as defined above.

Yet another embodiment is directed to a pharmaceutical composition comprising Type A

or the sodium salt of Compound (1}, or mixtures thereof, and at least one pharmaceutically
acceptable carrier or diluent. In a third aspect, there is provided a pharmaceutical composition comprising

the sodium salt as defined above, and a pharmaceutically acceptable carrier or diluent.

BT



The term -Type A" means a crystalline polymorph of Compound (1) that has an X-ray powder
diffraction pattern having at least a characteristic peak at 9.6 degrees 20 ( 0.2 degrees 20) when
measured using CuKa radiation. This characteristic peak is believed to distinguish Type A from other
crystalline forms of Compound (1). 5 The term "about" means within 5%, and more preferably within
1% of a given value or range. For example, "abgut 3.7%" me from.3.5.10, 3,9%., preferably from
3.66 to 3.74%% AT TREERRD &b ‘ﬂ?“‘%gé%%é?:‘?a SHWi a%“%%%i’ o ?/‘:at%rglsﬁ aé%é%{ﬁggout X% to Y%",
the term "abowutrisipteindasstonn odifid ot dobverred) et Yesre ¥ vatlesiePi 8tRe recited range.

For examplg, "aboult 2996:e AQinis efialaRkiodaRaut 20% to about 40%". The term
"pharmaceutically acceptable™ with respect to a substance as used herein means that substance

which is, within the scope of sound medical judgment, suitable for use in 15 contact with the tissues of

humans and, QA AMAISAHIOWINRNSIBERY I TIRHON  All6FgIc JaspanReAdhiNe @ defined
a e

commensurate wit easonable benefit/risk ratio, and effective for the intended use when the
substance iBPQEeEPihS RPRVABEACRPEBIAPHSHGAT TN BErih PR ATHE2 W B SUETB IR freatment
of a diseasenstaiglin a patient include 20inhibiting or ameliorating the disease-state in a patient, e.g.,
arresting or slowing its development; or (ii) relieving the disease-state in a patient, i.e., causing

regression or cure of the disease-state. In the case of HCV, treatment includes reducing the level of
HCYV viral load in a patient. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a characteristic X-ray Powder Diffraction (XRPD) pattern for Type A

FIG. 2 is the DSC thermal curve for Type A crystals where the DSC is pesformed at a

heating rate of 10 °C per minuie in a crimped cup.

FIG. 3 is a characteristic X-ray Powder Diffraction (XRPD) pattern for the crystalline
sodiom salt of Compound (1).

FIG. 4 is the DSC thermal curve for crystals of the crystalline sodiuvm salt of Compound

(1) where the DSC is performed at a heating rate of 10 °C per minute in a open cup.

FIG. 5 shows the XRPD patterns of the Type A crystalline form of Compound (1)
{(bottom); the Type A crystallive form of Compound (1) after being shurried in propylene
glycol (middie); and the Type A crystalline form of Compound (1) after being slurried in
ethanol (top). '

DETAILED DESCRIPTION OF THE INVENTION
Definttions

Terms not specifically defined herein should be given the meanings that would be given to
them by one of skil} in the art in light of the disclosure and the context. As used
throughout the present application, however, unless specified to the contrary, the following

terms have the meaning indicated:

4.



Crystalline Compound (1) The Compound (1) has been isolated as a crystalline polymorphic form
designated herein as "Type A". In general, Type A exhibits a characteristic X-ray powder diffraction
30("XRPD") pattern with peaks expressed in degrees 20 ( 0.2 degrees 20) at 4.8, 6.8, 9.6, 13.6, 17.3,
19.8 and 240 THE/RRPD pattern of Type A is shown in Ha 1. The charak§dristré¢seakpositions and
relative intensities for the XRPD pattern in FIG, 1 is shown in Table 1 below. sTable 1: Compound (11
Type A Angle 2-Theta Rel. Intensity 4.8

The term “Type A” means a crystalline polymorph of Compound (1) that has an X-ray
powder diffraction pattern having at least a characteristic peak at 9.6 degrees 20 (£ 0.2
degrees 28) when measured using CuKo radiation, This characteristic peak is believed w

distinguish Type A from other crystalline forms of Cormpound ().

The term “about” means within 5%, and more preferably within 1% of a given value or
range. For example, “about 3.7%” means from 3.5 to 3.9%, preferably from 3,66 to
3.74%. Wher the term “about” is associated with a range of values, e.g., “about X% to
Y%, the term: “about” is intended to modify both the lower (X) and upper (Y) valaes of

16 the recited range, For example, “abont 209% to 4097 1s equivalent to “about 20% to about
40%”.

The werm “pharmaceutically acceptabie™ with respect 10 a substance as used herein means
that substance which 1s, within the scope of sound medical judgment, suitable for use in
15 comtact with the tissues of humans and lower animals without undue toxicity, irritation,
allergic response, and the like, commensurate with a reasonable beneflit/risk ratio, and

elfective for the intended use when the substance 1s used in a pharmaceutical composition,

The term “reating” with respect to the reatment of a disease-state in a patient include
20 {i; nhibiting or ameliorating the disease-state in a patient, e.g., arresting or slowing its
development; or
(i1} relieving the disease-state in a patient, i.e., causing regression or cure of the
disease-state. In the case of HCV, treatment includes reducing the level of HCV

viral load in 4 patient.

3
LA

Crystailine Compound (1)

The Compound (1) has been isolated as a crystalline polymorphic form designated herein
as “Type A”. In general, Type A exhibits a characteristic X-ray powder diffraction

30 ("XRPD7) pattern with peaks expressed in degrees 20 (£ 0.2 degrees 281 at 4.8, 6.8, 9.6,
13.6, 17.3, 19.8 and 24.5.
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The XRPIY pattern of Type A is shown in FIG. 1. The characteristic peak positions and

relative intensities for the XRPD pattern in FIG. 1 is shown in Table 1 below.

5 Table 1:

Compound (1}
Type A
Angle Rel. intensity
10 2-Theta ° %
4.8 100
6.8 8
9.6 24
13.6 5
17.3 8
19.8 16
24.5 11




FIG 2 shows the Differential Scanning Calorimetry (DSC) thermal curve for Type A crystals where the
DSC is performed at a heating rate of 10C per minute in a crimped cup. 5In one general embodiment,
the present invention is directed to Compound (1) in crystalline form. Another more specific
embodiment48 éiédEd4b a crystalline polymorph of Compound (1) that K&S"AbM&¥¥¥ETollowing
characteristic: an X-ray powder diffraction pattern u comprising a peak at 9.6 degrees 20 ( 0.2 degrees
20) when measured using CuKa, radiation. Another embodiment is directed to a crystalline polymorph
of Compound (1) having an XRPD pattern comprising a peak at 9.6 degrees 20 ( 0.2 degrees 20) as
described above

FIG. 2 shows the Differential Scanning Calorimetry {I2SC) thermal curve for Type A
crystats where the DSC is performed at a heating rate of 10 °C per minute in a crimped

cup.

5 In one general embodiment, the present invention is directed to Compound (1) in

crystalline form.

Another more specific embodiment is directed to a erystalline polymorph of Compound (1}
that has at least the following characteristic; an X-ray powder diffraction pattern
10 comprising a peak at 9.6 degrees 26 (& 0.2 degrees 20} when measured using CuKa

radiation.

Another embodiment is directed 1o a crystalline polymorph of Compound (1) having an
XRPD pattern comprising a peak at 9.6 degrees 26 (z 0.2 degrees 20) as described above
15 and further comprising a peak at 19.8 degrees 20 (+ (.2 degrees 20) when measured using

CuKo radiation.

Another embodiment is directed to a crystalline polymorph of Compound (1) having an
XRPD patiern comprising a peak at 9.6 degrees 20 (£ (.2 degrees 28) as described above
20 and further comprising peaks at £.8 and 19.8 degrees 26 (& (1.2 degrees 20) when measured

using CuKga radiation.

Another embodiment is directed to a crystalline polymorph of Compound (1) having an
XRPD pattern comprising a peak at 9.6 degrees 20 {+ 0.2 degrees 26) as described above
25 and further comprising peaks at 4.8, 6.8, 13.6, 17.3, 19.8 and 24.5 degrees 26 (£ 0.2

degrees 20) when measured using CuKuo radiation.

Another embodiment is directed to a crystalline pelvmorph of Compound (1) exhibiting an
XRPD patiern substantially the same as that shown'in FIG, 1,
30



15and further comprising a peak at 19.8 degrees 20 ( 0.2 degrees 20) when measured using CuKa
radiation. Another embodiment is directed to a crystalline polymorph of Compound (1) having an
XRPD pattern comprising a peak at 9.6 degrees 20 ( 0.2 degrees 20) as described above "?(I)and
further compHSiAY {J&aket at 4.8 and 19.8 degrees 20 ( 0.2 degrees 20) wRER W8 H¥d dsing CuKa
radiation. Another embodiment is directed to a crystalline polymorph of Compound (1) having an
XRPD pattern comprising a peak at 9.6 degrees 20 ( 0.2 degrees 20) as described above and further
comprising peaks at 4.8, 6.8, 13.6, 17.3, 19.8 and 24.5 degrees 20 ( 0.2 degrees 20) when measured
using CuKa radiation. Another embodiment is directed to a crystalline polymorph of Compound (1)
exhibiting an XRPD pattern substantially the same as that shown in HG. 1. 30 Another embodiment is
directed to a crystalline polymorph of Compound (1) having an XRPD pattern comprising a peak at 9.6
degrees 20 ( 0.2 degrees 20) as described above and alsg exhibiting a DSC thermal curve
substantially the SEHE S TRALEORATRBILC » S S HAHRG FARE ErotP B HiEALTh & crimped cup.
Another embodifiBhbigadirectedosaguantityl SfCompo dAdy( LR whereirr Gt tedsii50% apreferably at

least 75%, more preferallyatieasb 9o Y. maraRefarably At larst.9R%. 1fi Said supsianse.i.s present in
crystalline form, for example, in the form of the Type A clrlystalline to polymorph as characterized by

any of the abovehiEHIHEY XRPD-48HRE & MBSHIREAET-

Another embodiment is directed to a quantity of Compound (1) wherein at least 50%,
preferably at least 73%. more preferably at least 95%, more preferably at least 99%. of said
substance is present in crystalline form, for example, in the form of the Type A crystaliine

10 polymorph as characterized by any of the abovementioned XRIPD-defined embodiments,
The presence of such amounts of Types A in a quantity of Compound (1) is typically

measurable using XRPD analysis of the compound.

An additional embodiment 18 directed to a pharmaceutical composition comprising

15 Ceompound (1) and a pharmaceutically acceptable carrier or diluent, wherein at Ieast 50%,
preferably at least 75%, more preferably at least 95%, more preferably at least 99%, of the
Compound (1) in the composition is present in crystalline form, for example, in the form of
the Type A crystalline polymorph as characterized by any of the abovementioned XRPD-

defined embodiments.

20
The present invention provides a process for the preparation of Type A which comprises
crystailizing Compound (1) from a solation in solvents under conditions which yield Type
A. The precise conditions under which Type A is formed may be empirically determined
and it is only possible to give methods which have been found to be suitable in practice.
25

It has been found that Type A of Compound (1) may be prepared by a process comprising
the following steps, which process is also an embodiment of the present invention;

() dissolving Compound (1) in an aliphatic alcohel solvent, optionally containing
water as a co-solvent, by heating the mixture to a temperature of about 65 t0 75 °C to

30 obtain a solution;



The presence of such amounts of Types A in a quantity of Compound (1) is typically measurable using
XRPD analysis of the compound. An additional embodiment is directed to a pharmaceutical
composition comprising 15 Compound (1) and a pharmaceutically acceptable carrier or diluent,
wherein at 84328695 3Hteferably at least 75%, more preferably at least 9893/ Hgto8fefétably at least
99%, of the Compound (1) in the composition is present in crystalline form, for example, in the form of
the Type A crystalline polymorph as characterized by any of the abovementioned XRPDdefined
embodiments. 20 The present invention provides a process for the preparation of Type A which
comprises crystallizing Compound (1) from a solution in solvents under conditions which yield Type A.
The precise conditions under which Type A is formed may be empirically determined and it is only

possible to give methogs shigh have deerdeundinhesuitabienpiaclicsulhiambesndaund that Type
A of Compound &12 m[g?/ be prepe redlpg/ aproces comprising the following steps, which process is

also an embodiment 8f 'mempresen i ?ﬂio‘n:((lt)0 1280 \2}i?11§r@0mpound (1) in an aliphatic alcohol

solvent, optionally contaihinglinatbe dsrey ebisotdentdnfiheathgithedinueado a temperature of about

65 to 75 C to 300btain g, sQIHtion: me sditl RN waterie)the seliianehtaingd.in step (i) while
maintaining Ehe solution at a}temp Sratur()ao f about 7,10 to st% to obt%inla slimy; (iii) cooling the
slurry obtaingd i RREF(HFtS SBANT S8l matepin Type & of Compound (1)

Aliphatic alcohols that may be employed in this process include, for example, ethanol
{e.g., denatured, 200 proof or 100% pure), 1- propanol, 2-propanocl, 1-butanol, iso-butyl
alcohol and ise-pentyl alcohol, preferably ethanol. The resulting crystals of Type A may

10 be recovered by any conventional methods known in the art.

In the final step (1v), the resulting solids obtained in step {iii} may be collected and dried at
high temperature using conventional collection and high-temperature drying techniques,
for example, filtration and vacuum oven,

15
In one preferred embodiment, amorphous Compound (1) is dissolved in an aliphatic
alcohol solvent (e.g., ethanol), comtaining up to about 10% v/v water as co-solvent, by
stirring and heating the mixture to a temperature of about 72 to 74 °C untii Compound (1)
completely dissolves, A separaie water addition solution is prepared containing water and

20 up to about 16% v/v aliphatic alcohol (e.g., ethanol}, and this water addition solution is
added approximately linearly over time to the Compound (1) sohution while maintaining
the mixture at a temperature of about 72 to 74 °C. Type A of Compound (1) begins to
crystallize during the addition of the water solution. The resulting erystal slurry is cooled
and stirred, and the crystals are then filtered, washed and dried at a temperature df about 65

25 to 75 °C using conventional technigques.

The process steps may ol course be facilitated by conventional agitation techniques, e.g.,
stirring, and other conventional techniques as would be well understood for facilitation the
process.

30



(iv) collecting the solid material of step (iii) and drying said material at a 5 temperature of about 65 to
80 'V to obtain Type A of Compound (1). Aliphatic alcohols that may be employed in this process
include, for example, ethanol (e.g., denatured, 200 proof or 100% pure), I- propanol, 2-propanol,
1-butanol, iS¥hA &0l and iso-pentyl alcohol, preferably ethanol. ThBGESSGRMHYEATStals of Type A
may ID be recovered by any conventional methods known in the art. In the final step (iv), the resulting
solids obtained in step (iii) may be collected and dried at high temperature using conventional
collection and high-temperature drying techniques, for example, filtration and vacuum oven. IS In one
preferred embodiment, amorphous Compound (1) is dissolved in an aliphatic alcohol solvent (em.,
ethanol), containing up to about 10% v/v water as co-solvent, by stirring and heating the mixture to a
temperature of alpit{ 249 £4G il empound (1) completely dissolves. A separate water addition
solution is prepared containing water and 20up to about 10% v/v aliphatic alcohol (e.g., ethanol), and
this water addition solution is added approximately linearly over time to the Cotnpound (1) solution
while maintainingtihecrnixtusré af ha€imperatdre thabeut 124024 @ty pebAwpCrihpounds(l) begins to
crystallize duringfhg,addition qf fhewate'ssettian,INeresulling Gomieh sluraii.copladiand stirred,

and the crystals are then filtered, washed :cmd dried at a temperature of about 65 25to0, 75 C using
conventionaf'tecHiuBsePHa L albap SoRiRy SHCYrama A ChitstBl By SBHOBRESHAT agitation
techniques, e.g.rstipingsanhdrather CORRRNMOREl tedhriigaesraswyouitd hereseitiundanstodd for
facilitation the pracessi3Qes 20) at 5.4, 6.5, 8.7, 10.1, 11.9, 13.0, 18.2, 20.2, and 24.7.

10 The XRPD pattern of the crystalline sedium salt of Compound (1) is shown in FIG. 3. The
characieristic peak positions and relative intensities for the XRPE pattern in FIG. 3 is

shown in Table 2 below.

Table 2:
15
Compound (1)
Crystalline Na Salt
Angie Rei. Intensity

2-Theta °© %

54 42

26 8.5 29
8.7 43
10.1 100

11.9 39

13.0 52

18.2 51

20.2 42

247 30

-HG-



Sodium Salt of Compound (1) The sodium salt of the Compound of formula (1) has been found to be
especially suitable for pharmaceutical processing due to the fact that it can be prepared as a stable
crystalline 5 form. In general, the crystalline sodium salt of Compound (1) exhibits a characteristic
X-ray powd &Y QI#fia&EdH{XRPD) pattern with characteristic peaks expres8ed/ {1t H&YFees20 (0.2
degrees 20) at 5.4, 6.5, 8.7, 10.1, 11.9, 13.0, 18.2, 20.2, and 24.7. 10 The XRPD pattern of the
crystalline sodium salt of Compound (1) is shown in FIG. 3. The characteristic peak positions and
relative intensities for the XRPD pattern in FIG. 3 is shown in Table 2 below. Table 2: 15 Compound
(1) Crystalline Na Salt Angle 2-Theta Rel. Intensity

10

FIG. 4 shows the Differengal Scanning Calorimetry (DSC) thermal curve for the
crystalline sodium salt of Compound (1) crystals where the DSC is performed at a heating

raie of 10 °C per minute in a open cup.

The sodium salt form has been unexpectedly found to have unique properties making it
particularly advantageous in pharmaceutical formulation processing. In particular, the
sodium salt form has certain properties making it particularly suitable for formulating in a
Lipid-Based Drug Delivery System (LBDDS).

First, the sodium salt form was unexpectedly found to have much improved solubility in
excipients commonly used for LBDDS formulation including, for example, propylene
ghycol and ethanol. The table below provides data demonstrating the much improved
solubility of the sodium salt form of Compound (1) as compared to the Type A form of

Compound {1) in particular excipients:

Comparison of Solubility of Compound (1) Na salt vs. Compound (1) Type A in various excipients

Excipient Compound (1) Na salt Type A of Compound (1)
{mg/ml.) (mg/mL.)

PEG 460 233.6 + 34 136.8£3.2

Propylene Glycol ~4B88 1.3+ <0.01

Ethanol 187.0 £23.9 0.9 £ 0.1

Capmul PGB <169 1726 + 8.3

Capmul MCM 262.5+£2.86 2206 £ 7.4

Transcutol P 430.6 + 14.7 24.3 £ 0.3

Labraso! H74.6 £ 11.8 146.7 £ 5.1

The much improved solubility of the sodium salt form in propylene glycel and ethanol
makes this form particularly suited to the development of an LBDDS formulation

employing one or more of these common excipients,
Second, the sodium sait unexpectedly exhibits higher form stability in propylene glycoi

and ethanol as compared to the Type A form. In particular, the Type A form of Compound

(1} exhibits a clear form change when it is slurried in either ethanol or propylene glycol, as

11-
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13.0
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15

20
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is demoenstrated by a change in its XRPD pattern, FIG. 5 shows the XRPD patterns of the
Type A crystalline form (bottom - Lot A03); the Type A form after being slurried in
propylene glycol (middle - propylene glycol solids); and after being shurried in ethanel (top
- BtOH solids), clearly showing the crystalline form changes. By contrast, when the
crystalline sodium salt form of Compound (1) is sturried in either propyiene glycol or
ethanol, there is no change in the XRPD pattern observed for the remaining solid phase.
This demonstrates the improved stability of the sodium salt form in these excipients which,
again, makes the sodium sait form particularly suited to the development of an LBDDS
formulation employing one or more of these common excipients. The methods used in

generating these results are described below in the Methods of Characterization scetion.

The above results obtained with the crystalline sodium salt are unexpected because it is
generally not possible to predict such differences in solubility and any trend in physical
stability between the free form and different salt forms of a compound, and in particular for

Compound (1}, even atter such forms have been successfully prepared.

In one general embodiment, the present invention is directed to the sedium sakt of

Compound {(1).
In a more specific embodiment, the sodium salt of Compound (1) is in crystalline form.

In an even more specific embodiment, the present invention is directed to a crystalline
sodium salt of Compound (1) that has at least the following characteristic: an X-ray
powder diffraction pattern comprising a peak at 10,1 degrees 20 (+ (.2 degrees 26} when

measured using CuKo radiation.

Anocther embodiment is directed (o the crystalline sodium salt of Compound (1) having an
XRPD pattern comprising a peak at 10.1 degrees 28 (+ (1.2 degrees 28) as described above
and further comprising peaks at 13,0 and 18.2 degrees 28 (+ 0.2 degrees 20) when

measured using CuKe radiation.



18.251 20.242 24.730 FIG. 4 shows the Differential Scanning Calorimetry (DSC) thermal curve for the
crystalline sodium salt of Compound (1) crystals where the DSC is performed at a heating rate of 10C
per minute in a open cup. 5 The sodium salt form has been unexpectedly found to have unique
properties n&RiAY H9B2tticularly advantageous in pharmaceutical formulatio® PFUEESHG? In particular,
the sodium salt form has certain properties making it particularly suitable for formulating in a
Lipid-Based Drug Delivery System (LBDDS). 10 First, the sodium salt form was unexpectedly found to
have much improved solubility in excipients commonly used for LBDDS formulation including, for
example, propylene glycol and ethanol. The table below provides data demonstrating the much
improved solubility of the sodium salt form of Compound (1) as compared to the Type A form of

Compound (1) inpafticanraxsiRientsteOomparisomat Selubility: eiComparadi(hNasalt vs.

CompoundTybe A alows SECIIES EXcieg! Gmeosne (4 Ma SR AmY ML ps A0

and further comprising peaks at 5.4, 8.7, 13.0 and 18.2 degrees 28 (2 (.2 degrees 20) when

measured using CuKa radiation.

Another embodiment is directed to the crystalline sodium salt of Compound (1) having an
XRPD pattern comprising a peak at 10.1 degrees 20 (+ 0.2 degrees 28) as described above
and further comprising peaks at 3.4, 6.5, 8.7, 11,9, 13,0, 18.2, 20.2 and 24.7 degrees 26 (+
0.2 degrees 28) when measured using CuKuo radiation.

10
Another embodiment is directed to the crystalline sodium salt of Compound (1} exhibiting

an XRPD pattern substantially the same as that shown 1n FIG. 3.

Another embodiment is directed to the crystalline sodiant salt of Compound (1} having an
15 XRPD pattern with a characteristic peak at 10.1 degrees 28 (+ 0.2 degrees 28) as
described above and also exhibiting a DSC thermal curve substantially the same as that

shown in FIG, 4 at a heating rate of 10 °C per minute in an open cup.

Another embodiment is directed to a quantity of Compeund (1) wherein at least 50%,

20 preferably at least 75%, move preferably at least 95%, more preferably at least 99%, of said
substance is present in the form of the crystalline sodium salt of Compound (1) as may be
characterized by any of the abovementioned XRPD-defined embodiments. The presence
of sach amounts of crystalline sodium salt of Compound (1) in a quantity of Compound (1)

is typically measurable using XRPID) analysis of the compound,

[
]

An additional embodiment is directed to a pharmaceutical composition comprising
Compound (1) sodivm salt and 2 pharmaceutically acceptable carrier or diluent. In a more
specific embodiment, at least 50%, preferably at least 75%, more preferably at least 95%,
more preferably at least 99%, of the Compound (1) sodium salt in the composition is

30 present in crystalline form, for example, in the form of a crystailine sodinm salt of

<153
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Compound (1) as may be characterized by any of the abovementioned XRPD-defined

embodiments,

The present invention provides a process for the preparation of crystalline sodium salt of
Compound (1) which comprises crystallizing Compound (1) from a solution in selvents
under conditions which yield crystalline sodium salt. The precise conditions under which
crystalline sodiom salt is formed may be empirically determined and it is only possibie to

give methods which have been found to be suitable in practice.

It has been found that the crystalline sodium salt of Compound (1) may be prepared by a
process comprising the following steps, which process 1s also an embodiment of the
present invention:

(i) dissolving compound (1) in an ketones or acetate solvents, optionally
containing water as a co-solvent, by heating the mixture as a slurry or by obtaining a
complete selution

(ii) adding water to the solution obtained in step (1) while maintaining the solution
at a remperature of about 50 - 70 °C to obtain a solution or slurry;

(iii) seeding with the crystalline sodium salt of Compound (1)

{(iv) cooling the slurry obtained in step (iil) to obtain solid material;

(iv) collecting the solid material of step (iii) and drying said material at a

temperature of about 45 to 75 °C to obtain the crystaliine sodivm salt of Compound {1).
Additional alternative processes for preparing the crystalline sodium salt of Compound (1)
may be found in the Hxamples section below, each of which are additional embodiments of

the present invention,

Pharmaceutical Compositions and Methods

The aforementioned forms of Compound (1}, including Type A and the sodium salt forms,
are useful as anti-HCV agents in view ol the demonstrated inhibitory activity of

Compound (1} against HCV NS3 serine protease.  These forms are therefore useful in

14-



220.6 7.4 Transcutol P 430.6 14.7 24.3 0.3 Labrasol ,174.6 11.8 146.7 5.1 The much improved
solubility of the sodium salt form in propylene glycol and ethanol makes this form particularly suited to
the development of an LBDDS formulation employing one or more of these common excipients.
Second, the"§8afifP&4it4unexpectedly exhibits higher form stability in prdffy#én2YRs725 and ethanol
as compared to the Type A form. In particular, the Type A form of Compound (1) exhibits a clear form
change when it is slurried in either ethanol or propylene glycol, as is demonstrated by a change in its
XRPD pattern, FIG. 5 shows the XRPD patterns of the Type A crystalline form (bottom - Lot A03); the
Type A form after being slurried in propylene glycol (middle - propylene glycol solids); and after being
slurried in ethanol (top - EtOH solids), clearly showing the crystalline form changes. By contrast, when

the Scrystalline sediwansalt farm ofreamprundthlisisiiedhneitRels psopyiepeaMeoh At a
pharmaceutical composition for treating an HCV infection or alleviating one or more
symptoms thereof in a patient. In addition, the sodium salt form of Compound (1) has
demonstrated effectiveness in treating HCV-infected patients in human clinical trials, The

5 appropriate dosage amounts and regimens for a particular patient can be determined by
methods known in the art and by reference to the disclosure in 11,8, Patents 6,323,180 B1
and 7,585,845, Generally, a therapeutically effective amount for the treatment of HCV
infection in the mammal is administered. In one embodiment, aboui 50mg to 10600mg,
more preferably from about 120 mg to about 480 mg, is administered per adult human per

10 day in single or muluple doses.

Specific optimal dosage and tfreatment regimens for any particular patient will of course
depend upon a variety of factors, including the age, body weight, general health status, sex,
diet, time of administration, rate of excretion, drug combination, the severity and course of
15 the infection, the patient’s disposition to the infection and the judgment of the treating
physician, 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,

26 These crystaliine forms of Compound (1) or the sodium salt thereof at a selected dosage
level is typically administered to the patient via a pharmaceuticai composition. See, e.g.,
the description in U5, Patents 6,323,180 and 7,585,845 for the various types of
compositions that may be emploved in the present invention. The pharmaceutical

composition may be administered orally, parenteraily or via an maplanted reservoir. The

[
h

term parenteral as used herein includes subcutaneous, mntracutaneous, intravenous,
intramuscular, intra-articalar, intrasynovial, intrasternal, intrathecal, and intralesional
injection or infusion techniques. Oral administration or administration by injection are

preferred.

30 The pharmaceutical compositions of this invention may contain any conventional non-

toxic pharmaceutically-acceptable carriers, diluents, adjuvants, excipients or vehicles. In

-15-



ethanol, there is no change in the XRPD pattern observed for the remaining solid phase. This
demonstrates the improved stability of the sodium salt form in these excipients which, again, makes
the sodium salt form particularly suited to the development of an LBDDS formulation employing one or
more of theS&cBMifbr4éxcipients. The methods used in 10generating thESE FéEM& & described
below in the Methods of Characterization section. The above results obtained with the crystalline
sodium salt are unexpected because it is generally not possible to predict such differences in solubility
and any trend in physical stability between the free form and different salt forms of a compound, and in
particular for 15Compound (1), even after such forms have been successfully prepared. In one general
embodiment, the present invention is directed to the sodium salt of Compound (1). 20 In a more

specific embodimgini -4he. sedprm sal sa,fr&gﬁnpﬁ)ﬁmgi 16&%&%%@%@%@@&@@%@ﬁﬁbeymlmore specific

embodiment, thecp(ge ent mveltﬂjflon is dj recte 5% Ealhlne salt of PsOcPP gl) that has at
s O ers o Il ancct C Ea L O Oorm Eit(: COHPOUn OI‘ 1 11V
least the followmg ‘Characteristics an powder ract ion pa ern comprising a eak 10.1

degrees 20 ( 0.2@agrees 20) when measured using CuKa radiation. Another embodlment is directed
to the crystalline sodium salt of Compound (1) having an XRPD pattern comprising a peak at 10.1
degrees 20 go 2 g(ég ees %8% a descrlbed abov § ther nsm £ ks at 13.0 and 18.2

degrees 20 ( 0.2 dedrEBLSD) W el G el eu%llng U 8#53 O R St b S i Hent is

directed to the crystallinessodititn isaiteb Commpotindolddehaving amixXiRP D ipattepareomprsing a peak at

10.1 degrees 20;4,0,2 .Aegreesi?Q) asdescriked ARavenand ibercomrrisindReakefhs 4, 8.7, 13.0
and 18.2 degrees 20 %O .2 degrees 20 When %]i%}lj{ed usm%CuKa radiation. Another embodiment is

directed to the cAFSPSIITRE LB TEARE CBRID PRSI 4R°%RPD pattern comprising a peak at
10.1 degrees 20 ( 0.2 degrees 20) as described above and further comprising peaks at 5.4, 6.5, 8.7,

11.9,13.0,18. 24%9%1%&%%&&@'@&%@%@%@9@ ﬂ&%@%&@@%ﬂb@&%@ﬁ%&é&%ﬂ%u Ka radiation.
Another embodiment is directed to the crystalline sodium salt of Co%b%?und (2) exhibiting an XRPD

pattern su bstantféfﬂ@pﬂﬁ@‘ga?ﬁ@@é*%?@ﬁm ePEYS R ST SABEdin Sh TS EFEEE TS the
crystalline sodiumdaltafiCompounrddiichidwimgepnble carrier or diluent. The oral pharmaceutical

compositions may be orally administered in any orally acceptable dosage form including,
but not limited to, tablets, capsules {e,g., hard or soft gelatin capsules), inciuding liguid-

15 filied capsules, and agueous suspensions and sokutions, In the case of tablets for oral use,
carriers which are commonly used include lactose and corn starch. Lubricating agents,
such as magnesium stearate, are aiso typically added. For oral administration in a capsule
form, useful dilwents include lactose and dried comn starch. Examples of soft gelatin
capsules that can be used inciude those disciosed in B 649651 B1 and US Patent

20 5,985,321, When aqueous suspensions are administered orally, the active ingredien( is
combined with emulsifying and suspending agents. If desired, certain sweetening and/or

Havoring and/or coloring agents may be added.

(ther suitable vehicles or carriers for the above noted formulations and compositions can

b
th

be found in standard pharmaceutical texts, e.g. in “Remington’s Pharmaceutical Sciences”™,

19" ed., Mack Publishing Company, Easton, Penn., 1995,

Certainly, when the crystalline sodium salt is formulated in a iquid vehicle, for example,
as a iquid solution or suspension for oral administration or by injection, including for
30 example in hquid-filled capsules, the sodium salt loses its crystalline natare, Nevertheless,

the final liguid-based pharmaceutical composition contains the novel sodium salt of

-16-



15XRPD pattern with a characteristic peak at 10.1 degrees 20 ( 0.2 degrees 20) as described above
and also exhibiting a DSC thermal curve substantially the same as that shown in FIG. 4 at a heating
rate of 10C per minute in an open cup. Another embodiment is directed to a quantity of Compound (1)
wherein at 2452500539t} preferably at least 75%, more preferably at Ieas"f%%?%%/ eopteferably at
least 99%, of said substance is present in the form of the crystalline sodium salt of Compound (1) as
may be characterized by any of the abovementioned XRPD-defined embodiments. The presence of
such amounts of crystalline sodium salt of Compound (1) in a quantity of Compound (1) is typically
measurable using XRPD analysis of the compound. An additional embodiment is directed to a
pharmaceutical composition comprising Compound (1) sodium salt and a pharmaceutically acceptable
carrier or diluentcdmgomare SpRGIfs @mbedimentaatieast 5&%@5@&@5@@&@& tﬁﬁﬁﬁa?eﬁ%y more
preferably at least 95%), more prfferably %tl ag(gv%g‘r’l/ oft e Co ﬁoung (I § qo lum salt in the
composition is 30presen ‘i?ll(c)Pys alfiiie Torm, Tor exant e n the of g crysta ine sodium salt of
Compound (1) a%ﬂbiayrkféaﬂhﬁrm@ﬂﬁz@dﬂbwﬁﬂytm%@&mé%@fﬁwe@bmmﬁéﬁhed embodiments.
The present inV%&%WM{@%ﬁa@fﬁ&ﬁﬁ% fortheRieRarationehenstalling:saditmsalt of 5Compound
(1) which comprgs jﬁ‘{St II| oupd 141 fro m.a solu[tlon |nL solv ntlssupger co&dglons which
yield crystallme "I’rﬁ‘ E ?é%l S6Con |onsdd(r)1%i(é?nw [o cr?/% ineSodiim sait is formed may
be empirically deerrhinadbésncit isiohlppossibhenndgivé amtisoapevhich helsibeancfdlind to be suitable
in practice. 10 Itﬁ@&ﬁm{g&md that the crystalline sodium salt. of Compound (1) may be prepared by

a process comprising the following steps, which process is also an embodiment of the

10 Methods of Characterizadon

1. X-Ray Powder Diffraction

X-ray powder diffraction analyses were conducted on a Bruker AXS X-Ray
15 Powder Diffractometer Model D8 Discover, available from Bruker AXS, Inc. of Madison,
WL, using CuKee radiation. The instrument is equipped with a long fine focus x-ray tube.
The tube power was set (0 40kV and 40mA. The instrument was operated in parallel beam
mode with a Gobel Mirror, using a 0.6mim exit slit, a 0.4° soller slit, a Lil flat crystal
diffracted beam monochromator and a Nal scintillation detector. A detector scan was run
20 using a tube angle of 1° 28, Step scans were run from 2 to 40° 26, at 0.05° per step, 4 sec
per step. A reference quartz standard was used to check instrument alignment, Samples

were prepared for analysis by filing a zerc background quartz holder.

2, DSC Analvsis

The DSC analysis was conducted on a TA instruments DSC Q 1600, The
differential scanning calorimetry curve was obtained on a sample of Type heated at 10

degrees C in a crimped cup under a nitrogen flow.

30
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present invention: (i) dissolving compound (l) i.n an ketones or acetate solvents, optionally containing
water as a co-solvent, by heating the mixture as a slurry or by obtaining a 15complete solution (ii)
adding water to the solution obtained in step (i) while maintaining the solution at a temperature of
about 50 - 70C to obtain a solution or slurry; (iii) seeding with the crystalline sodium salt of Compound
() (iv) cooling the skitnyibhtaidebimstipuiil fu@hiain solid material; 20(iv) collecting the solid material
of step (iii) and drying said material at a temperature of about 45 to 75C to obtain the crystalline
sodium salt of Compound (1). Additional alternative processes for preparing the crystalline sodium salt
of Compound (1) rmay Ldulsitinddndaenbxandpios sesition Pelans eadieabdlbiahdidangditianal
embodiments of the present invention. Pharmaceutical Compositions and Methods B}e
aforementidﬂ‘é%sﬁ’cgﬁff‘% SPCEHIBBY AP PIIIHFEERIAY 1 A ARG ARESE&UAY %rglt%?ﬂ%‘?% Are useful as
anti-1ICY/ ageikiisdn vityx @kiheodersondifbtes dritfibitbty hctivityfaixCpispolingh{ile) againstplCV NS3
serine protevai.a%.“gt ese forms are E}here[tpre use[ul in Howed _
ps. The samples were allowed to rotate at room temperature
for up to 4 days. Sampling was done by centrifuging (14,000 rpm on the Eppendorf

model 5415C table top centrifuge) and filtering through a 0.45 pm PVDF filter. The

filtrate was subject to HPLC analysis for determining the solubility. HPLC analysis

10 was conducted with an Agilent 1100 using gradient or isocratic conditions. Both
methods used acetonitrile/water (each with 0.1% Triflouroacetic Acid) and an ACE
C-18 stationary phase with colomn heating maintained at 40-45°C. The wavelength
of detection was set at 220nm or 264nm. Wet solids were collected and analyzed for
form change (stability) by XRPD.

15 XRPD analyses for the form change studies were conducted on a Bruker AXS
X-Ray Powder Diffractometer Model D8 Discover or D8 Advance, available from
Bruker AXS, Inc. of Madison, WI, using CuKa radiation. The tube power was set to
either 40kV and 40mA or 40kV and 30mA. The instrument(s) were operated in
parallel beam mode with a Gobel Mirror, using a 0.6mm exit slit with a 0.4° soller slit

20 and LiF flat crystal diffracted beam monochromator or using 1 mm divergence slit
with 0.12mm soller slits. Bragg-Brentano configuration with the D8 Advance was
also used for some analyses with 1 mm divergence slit with 0.12mm soller slits. Each
configuration/instrument employed Nal scintillation detector. Detector scans were
run using a tube angle of 1° 20. Step scans were run from 2 to 35° or 40° 26, at 0.05°

25  per step, with 0.6 or 4 seconds per step. A reference quartz standard was used to
check instrument alignment. Samples were prepared for analysis by filing a zero

background quartz holder or Ni plated holder.

In order that this invention be more fully understood, the following examples are set
30 forth. These examples are for the purpose of illustrating embodiments of this

invention. The reactants used in the examples below may be obtained either as

described herein, or if not described herein, are themselves either commercially

available or may be prepared from commercially
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treatment of HCV infection in a mammal and can be used for the preparation of a pharmaceutical
composition for treating an HCV infection or alleviating one or more symptoms thereof in a patient. In
addition, the sodium salt form of Compound (1) has demonstrated effectiveness in treating
HCV-infected& atiwtss#tshuman clinical trials. The appropriate dosage ar6tifiS2emdFeygimens for a
particular patient can be determined by methods known in the art and by reference to the disclosure in
U.S. Patents 6,323,180 B1 and 7,585,845. Generally, a therapeutically effective amount for the
treatment of IICV infection in the mammal is administered. In one embodiment, about 50mg to
1000mg, more preferably from about 120 mg to about 480 mg, is administered per adult human per
today in single or multiple doses. Specific optimal dosage and treatment regimens for any particular

patient will of coyrsg,drnERd:URRY ANRASIENOL AR RIS INCINING 298, LAdY %?‘@Jaﬁq_}g&nefa' health

status, sex, diet, ti.me of administration, rate of excretion, drug combination, the severity and course of
1.5 the infection e b Sspohitries e dirdRadHeRE I Jatghiamlistine Pating physician. In
general, the contpaissd3iswanst/desizaily administared Btancarrsnisatinnieve! that wiigenerally afford
antivirally effectiye results without causing any harmful or deleterious side effects. 20These crystalline
forms of Compound (1) or the sodium salt thereof at a selected dosage level is typically administered
to the patient via a pharmaceutical composition. See, e.g., the description in U.S. Patents 6,323,180
and 7,585,845 farithes varipusdypesiof compasitionethat may e employséd athe praskinddnvention.
The pharmaceutical compasition may be administered orally, par ﬁglé[gﬁl}lxrggc\éioanan implanted

. 11y Be readily se ofie Of ordimary s TOUTEss .
reservoir. The 2 te?:m parer?iteral as used herein w%ludles subcutaneous, mtracutgngous, intravenous,

intramuscular, inBAAfIEIRTHIPANSE RES St ddtehalrimtrmeehy BR&intiarssisHatidjection or
infusion techniquesntialadministmtianay sdpiniziration by dhjaeivnaraiRieiarsed.36, The
pharmaceutigal %ggpvgaﬁ%go{nesn of this invention may contain any conventional nontoxic
pharmaceutically-accep Able carriers, diluents, adjuvants, excipients or vehicles. In some cases, the
pH of the formulation may be adjusted with pharmaceutically acceptable acids, bases or buffers to

enhance thc stability of the formulated compound or its delivery form.

20

]
tn

30
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5 The pharmaceutical compositions may be in the form of a sterile injectable preparation, for example,
as a sterile injectable agueous or oleaginous suspension. This suspension may be formulated
according to techniques known in the art using suitable dispersing or wetting agents (such as, for
example. TwEeRBOPIEH#suspending agents. The pharmaceutical compoB{tiohs2atayaise be in the
form of an oral pharmaceutical composition comprising Type A or the sodium salt of Compound (1), or
mixtures thereof, and at least one pharmaceutically acceptable carrier or diluent. The oral
pharmaceutical compositions may be orally administered in any orally acceptable dosage form
including, but not limited to, tablets, capsules (e.g., hard or soft gelatin capsules), including liquid-filled
capsules, and aqueous suspensions and solutions. In the case of tablets for oral use, carriers which
are commonly ussgh ipgiuele lactose and corn starch. Lubricating agents, such as magnesium stearate,
are also typically added. For oral administration in a capsule Form, useful diluents include lactose and
dried corn starch. Examples of soft gelatln capsules that can be used include those disclosed in EP
649651 131 and £is:Pité WAVl poysharspensiomsuakiadministered orally, the active
ingredient is combined with emuIS|fy|ng and suspendlng agents If desired, certain sweetening and/or
flavoring and/or coloring agents may be added. Other suitable vehicles or carriers for the above noted
formulations and compositions can be found in standard pharmaceutical texts, e.g. in "Remington’s

Pharmaceutical Suences" 19tn ed. lMaqlgﬂqb.lhshm@@ompany EastoanPen 19 5. Certainly, when

the crystalline soditfitrs -a-tietie-vehicte-for exdi £S.3 tion or
suspension for oral ad atlo or by itijadtidee: ﬁwEttifdvlﬁti/for 30exa @ Ilqu -filted capsules, the
sodium salt loses its crystélline nature. Neverthglgss, the final liquid-baset pharmaceutlcal
composition contains the movel sodium salt of Compound (1) and it is therefore to be considered a
separate embodiment embraced by the present invention. It was only by discovering a method for
preparing the sodium salt in a stable crystalline form that the present inventors enabled efficient
pharmaceutical proces%lﬁfj and phammacedical diarmulatiopdnanfacture using the

S5Therefore, the final phamtagettical for on db‘ﬁtamlng—thesodfumsalt for
enabled by this discovemyis considered ang#t

10Methods of Charactgsization 1.X-Ray Powder Diffraction

(COCH,, EtsN, DMAP 9
s -

e Q
DMF, THF, 70%
~ N
o} N
H I \>‘NH
Br o
\>—NH
Step 4

OH Ci

. FOCI;, Dioxane, 75 °C
KOBu', BME, »

e a8
Step 6 ~.

Y
= H
85°C,2h N N \}’NH o N \ \},NH
Step 5 Br H Br g
11 0

14

Step 1
10 The dianion of amide 1 (prepared exactly as described above, from 1.00 g amide 1) was
cooled to -78°C, then 2.19 mL perfluorooctyl bromide {8.46 mmol, 1,75 eq.) was added

dropwise via syringe over 5 minutes. The dark-colored reaction mixture was then placed

20-



X-ray powder diffraction analyses were conducted on a Bruker AXS X-Ray 15 Powder Diffractometer
Model DS Discover, available from Bniker AXS, Inc. of Madison, WI, using t_luKet radiation. The
instrument is equipped with a long fine focus x-ray tube. The tube power was set to 40kV and 40mA.
The instrum@iit 3 Bptdated in parallel beam mode with a Gobel Minor, BsigSat0?@aeiT2exit slit, a 0.4
soller slit, a Lif fiat crystal diffracted beam monochromator and a Nal scintillation detector. A detector
scan was run using a tube angle of 1 20. Step scans were run from 2 to 400 20, at 0.05 per step, 4 sec
per step. A reference quartz standard was used to check instrument alignment. Samples were
prepared for analysis by filing a zero background quartz holder. DSC Analysis The DSC analysis
was conducted on a TA instruments DSC Q 1000. The differential scanning calorimetry curve was

obtained on a samplef-Type Aieaied abh0 deaiiees Gdn A.CtmpadiFURNDARE hoitreaen flow.
3.Solubility and Form Change dles The SO|UbI|It§)Of Compound 12 as either Type A or the

sodium salt form WALSHVAHGSERa VARl BRLAG TGS EBIVERIE VFHE ERIINRGHE Voete prepared by 5
addition of exces&Compourid ¢k) hORSaphibatl Omilliof excipient wntambéiesoreW@ap wials with Teflon

lined caps. The %"2‘6@F?'?i‘ﬂ%rﬁo%ﬂ{?&&%%%%@t&%or@&Ubﬁe”1@%@1‘1%"?@(i?Mf'P, terk4ays; paRPIing was
done by centrlfugln%’(m ,000 rpm on the Ep \f}en orf model 5415C table top centrifuge) and filtering

through a 0.45 pSni MWW%H The-fitrdfe wis savjéect f&ﬁﬂd‘éh&&é@%( aétérﬁﬁﬂ?g the solubility.
HPLC analysis 10 wasscondusted withoan Agilsmtd 100 u@lug(gbaﬂrﬁnlmfiw@ratis gonglitions. Both

methods used a(i%oggt Iﬂ \ﬁ/éag%r(fg aﬁ@ g%'%}&lboljé{ég #0%9%9 4%1 9)( gﬁnﬂﬁﬂ QCJ)% %i stationary

phase with column Heati Nng maintained at e Wave atection was 2et'at 220nm or
264nm. Wet solids were collected and analyzed for form change (stability) by XRPD. 15XRPD
analyses for the fggmchange studies were conducted on a Bruker AXS X-Ray Powder Diffractometer

Model D8 Dlscove,g or, D8 Adv ne a|Ia le fro er A c. of son, W CuKa
radiation. THE tu e W%I?%géa%et o efther : bﬁ@%ngﬂ%ﬁ%&%@i&\f’gﬂ’\g %m% ﬂ] §1i‘ ument(s)
were operated wrhz%mz#e#@eamt@ﬁ@dwﬂ)\/ifﬁta @d@etMﬁemu@m%@@mm@dﬁeﬂﬂWﬁW{a 0.4 soller slit

20 and LiF flat crystal,di ffrﬂg@ﬂ&e%ma%m@m%@é@w@@gétmmeawgﬁ@%rﬂ;&e%ﬁh 0.12mm
soller slits. Bragngrentano conf ]9urat|on with the D8 Advance was also used for some analyses with 1

mm divergence SHtWAtH 0 1 S ONE BHE a8 S U AT iRSHRIRERR 8RaRtey ¥ Nal scintillation
detector. Detectorstansyindresreiplusitigradtuhecanglbiaill @0 Step Gedns gveré. famg G240 35 or 40

20, at 0.05 25 pesieR, MDA LA BERANIS Peiatel: Avsleinnte duere slandard wasysed to check

instrument alignment. SamP es werelpre{)ared for analysis by filing a zero backg7 round quartz holder or
Ni plated holder.Hz 11, 6.61(d. /=80 H}, 6.47 (d,J = 111z, 1), 3.84 (br s, 2H), 3777 (s, 3H}.

Step 3
Bromoanisidine. HCI {5.73g, 24.0 mmol}, Aluminumtrichioride (3.52g) and chlorobenzene

20 {150 mL) are charged into an oven dried 104} mL three necked flask af 1t (temperature rise
to 30°C). The resulting mixture is then stirred for 10 min then coocled te 0-5°C followed by
slow addition of acetonitrile (1.8% ml., 36.0 mmol) followed by addition of BCl; (2.82g),
transferred as gas (or liquid}) into the reaction mixture, keeping the temperature below 5 °C,
The resulting mixtare is then stirred at rt for 20 min then heated 0 85-100°C for 16h.

25 HPLC indicate completion of the reaction (SM<(.5% at 220nm), The mixture is cooled
down to 50°C then Toluens {15mL) was added foliowed by slow addition of IPA {11.1mL)
then slow addition of water {32ml.) at 50°C. The resulting mixture stirred for additional 2h
at this temperature then 3g Celite was added and the stirred mixture cooled to rt, Filtration
then wash of the organic fraction with water 1x15ml., 2x13m: 59%NaHC (s, 1x13ml. water

30 then concenirafion under reduced pressure provided 3.92-4.4g of the desired product in 6&-



In order that this invention be more fully understood, the following examples are set 30forth. These
examples are for the purpose of illustrating embodiments of this invention. The reactants used in the
examples below may be obtained either as described herein, or if not described herein, are
themselves Bithiteidiercially available or may be prepared from comnR&EitiHgviawaidzikle materials
by methods known in the art. Certain starting materials, for example, may be obtained by methods
described in the International Patent Applications WO 00/09543, WO 00/09558, WO 00/59929, U.S.
Patents 6,323,180, 6,608,027, 7,514,557, and 7,585,845. 5 Unless otherwise specified, solvents,
temperatures, pressures, and other reaction conditions may be readily selected by one of ordinary skill
in the art. Typically, reaction progress may be monitored by High Pressure Liquid Chromatography

(-IPLC), if des”%rﬁﬁ&éﬂ'ﬂmﬁd@ﬁwgw QAYetERRaYPe purifisd By, ehrqmatography e silica gel
and/or by 10recrystallization, 15 20 2
6.28 (d, 7 = 9.1 Hz, 1H), 3.94 (s, 31}, 2.55 (s, 3.

Step 4

5 Oxalyl chloride (8,15 mL) is added dropwise to the cold mixture (1025 “C) of Thiazole
acid 8 {20.18 g) is dissolved in THE (300 mL} and DMF (300 uL.) over a period of ~5 min
keeping the internal temperature at 10+5°C. The reaction mixture becomes yellow and
homogenous. The cooling bath s removed and the mixture is allowed to reach ambient
temperature over a period of ~30 min. Gas evolution is observed. The mixture is stirred at

10 ambient temperature for 30 min to 1 hour. A solution of aniline 7 (19.8 g), DMAP (140
mg} and THE (35 mL) was added at 10+5°C. B3N (13.2 mL) was added in portions at
10+5°C over a period of 10 min, The ice bath was removed and mixture was heated to
65+2°C and stirred overnight (18 k). The mixture was allowed to reach ambient
temperature, diluted with Et(Ac (130 ml.) and washed with water (150 mL). NaFCO;

15 (5%, 225 mlL} was added to the orgamic portion and the mixture was stirred at ambient
temperature for 30 min. The organic portion was concentrated under reduced pressure at
approx. 40°C. EtOAc (150 ml.) was added to the resulting material and the residual water
was removed and the mixture was concentrated under reduced pressure at approx. 40 °C
(to azeotrope water}. EtOAc (94 mL) was added and the resulting slurry was stirred for 2-6

20 hand filtered, The solid was washed with EtOAc (30 mL) followed by heptane (30 mL)
and air dried for 1 h to give the desired product in 70% yield,

'"H NMR (400 MHz, CDCL) 8; 1.32 (d, 6H, J = 7.8 Hz), 2.58 (s, 3H), 2.65-2.72 (m, 1H},
3.98 (s, 3H), 6.83 (d, 1H, J= 8.7 Hz), 7.70 (d. 1H, 7 = 8.7 1z), 7.86 (s, 1H), 8.98 (bs, 1H),
10.13 (bs, 1H).

o]
L

Step 3

in a 2L flask was placed potassinm t-butoxide (112 g). Dry DME was added at room

temperature (exothermic: temperature went up to 335 °C). The resultant solution was heated
30 toca. 80 °C, and amide (88 g) was added in 10 portions slowly so temperature was kept

between 80-83 °C. Upon completion, reaction mixture was stirred at 85 °C for 2 hours.



WO 2010/033444PCT/ES2009/056772 EXAMPLES Example 1- Preparation of Qumohne Starting
Material Compound 11 Step 10The dianion of amide 1 (prepared exactly as described above, from
1.00 g amide 1) was cooled to -78C, then 2.19 mL, perfluorooctyl bromide (8.46 mmol, 1.75 eq.) was
added dropwiSetig/Bjs#itige over 5 minutes. The dark-colored reaction mB&IYESAEE/ heriplaced in a
10C bath. After two hours, 10 mL 11X HCI was cautiously added, and the mixture extracted with EtOAc
(2 X 25 mL), dried (MgSO4), and the solvents removed in vacuo. The residue was then
chromatographed on silica gel eluting with 4:1 Hexane:ELOAc to give 1.13g bromoamide 5 (81%) as a
colorless olil. Ili NMR (400 MHz, CDC13)S: 8.12 (hr s, 1H), 8.04 (dd, J=1.3, 8,4 Hz, 1F1), 7.24 (t, J =
8.3 Hz, IH), 6.63 (dd, J = 1.3, 8.3 Hz, Ill), 3.87 (s, 311), 1.33 (s, 911), '3C NMR (100 MHz, CDCE)6:

176.57 (S), 155.%4(3}rd 30 A8 Rerih@ SrdAleh)i b 1518 F @)ﬁ}@@%@d B3R/ {RicbraR (), 40.20 (s),
27.45 (qg). Step 2 to O. 25(£ bromoamide 5 (0.87 mmol, 1 eq.), 2.0 mL con. MC] (24 mmol, 28 eq.), and

1.0 mL diglyme WBPB'HE ?é&“étpiﬁbff%‘fﬁ?&’ﬁo{ﬂ%%)rﬁ@%?ﬁfﬂ% WELTRERS C298]«9.‘&1t%’u"i?:i”i’i’ltered (product).
The filtrate was evaporatedid acuoldsihy ih20:toldzadotkgpioali P Xdimb velaibs dveifis mifheasesidue was

riturated with Ethﬁ]@dtQ(st% {%Y ipitation.of additiona] wd%&tn&{w,%f}e\y&@@lﬁ&tﬂ dqﬁsﬂ\;fahe combined
solids were dried to give O 2 7%) of 15bronman|I|ne 6.110 as a light brown solid.NMR (400 MHz,
CDC13)8: 7. D9 (@ ﬂmeg W 4- ‘i bout 10{) mi of water was added (Note: amount of water may need

adpustment to facilitate filtration), and the resulting suspension was stirred at room
temperature for 5-10 hours. Product was isolated by filtration, washing with THI” and

drying under vacuum. Yield: 81g, 6% vield.

10 'H-NMR (400 M Hz, DMSO-ds): 1.14 (6H, d, ] = 6.8 Hz, i-Pr), 2.48 (1H, hept., F = 6.8
Hz, i-Pr}, 3.99 (3H, s, MeO), 6.75 (1H, s, H-3), 7.24 (1H, d, }= 8.5 Hz, H-6}, 810 (1H, 4,1
= 8.5 Hz, H5), 8.22 (1H, s, H-5"), .87 (1H, 5, OH), 12.40 (1H, s, annde NH),

Step 6

15 Ina 100 mi flask was placed starting material quinolone {4.22 g) and dioxane (40 ml).
POCH (4.6 g) was added, and the mixtare was heated to 75 °C. After 2 hours, HPLC
showed the reaction finished (99.7% converston). Reaction mixture was cooled to room
temperature, and then poured to 100 mi saturated NaHCOs solution and 20 m] EtOAc. The
resulling suspension was stirred for 3 hours. Product was isolated by [iltration, washing

20 with BtOAc and drying under vacuum. Yield: 4.0 g, 90.9%.

"H-NMR (400 M Hz, CDClL): 1.14 (6H, d, I = 6.8 Hz, i-Pr), 2.76 (1H, hept., I = 6.8 Hz, -
Pry, 4.05 (3H, s, MeQ), 7.68 (1H, d, J= 8.5 Hz, H-6), 8.07 (1H, s, H-3), 8.13 (1H, 5, H-5"),
8.20(1H, 4, T = 8.5 Hz, 115), 12,30 (1H, s, amide NH).



Hz. Ill), 6.61 (d, J= 8.0 flz, 1H), 6.47 (d, J= 8.1 Hz, 111), 3.84 (bit s, 21-1), 3.77 (s, 3H). Step 3
Bromoanisidine.HC1 (5.73g, 24.0 mmol), Aluminumtrichloride (3.52g) and chlorobenzene 20(15.0 mL)
are charged into an oven dried 100 mL three necked flask at it (temperature rise to 30C). The resulting
mixture is theH &8¢ 10 min then cooled to 0-5C followed by slow additidr ¥ &&&oHitrile (1.89 mL,
360 mmol) followed by addition of BC13 (2.829), transferred as gas (or liquid) into the reaction mixture,
keeping the temperature below 5 C. The resulting mixture is then stirred at rt for 20 min then heated to
85-100C for 16h. HPLC indicate completion of the reaction (SM<0.5% at 220nm). The mixture is
cooled down to 50C then Toluene (15nalL) was added followed by slow addition of IPA (11.1mL) then
slow addition of water (37mL) at 50C. The resulting mixture stirred for additional 2h at this temperature
then 3g Celite wagsagder.-angnthastidedimixier e caeled feurFittationthenwash of the organic
fraction with water Ix15m1.., 2x1 5m: 5%Nal1CO3, Ix15mL water 30then concentration under reduced
pressure provided 3.92-4.4g of the desired product in 68- WO 2010/033444PCT/US2009/056772 722
isolated yield.NMR (400 MHz, CDC13)5: 7.72 (d -= 9.0 Hz, 114), 7.1 (hr s, 21-1), 6.28 (d, J = 9.1 Hz,
11/1), 3.94 (s, 3H), &55 (s, 3H). Step 4 50xalyl chloride (8.15 mL) is added dropwise to the cold
mixture (105 C) of ThfaZdle acid 8(20.18 g) is digsolved in THF (300 mL) angtHMI," (300 UE) over a

period of -5 min keepiag Hre=#wernal temperature 05C. The reaction mixtu comes yellow and
homogenous. The cooliig. is removed and the mixtugg is allowed to reachanbiesttiemperature
over a period of -30 min. Gas evolution is obseryed¥The mixtutte is stirred
+ ? &%ﬂ - L o
NH
OH OYNH OY RiE —}—'QMe
o O
NH 13
QY G/ 12 G/ Cy7H2eN2G, [ 13 MTBES

CaHlagN20Og Mol. Wt.: 385.7%

O
g Mol, Wi.: 370.44

a) EDC, HOBT, DMF, DIEA, 0%
b} i) LiOH, H,G, THF, MeOH i) MTBE recrystallization

A 250 mL. 3-neck flask with a thermocouple, nitrogen inlet, and magnetic stir bar was
charged with N-cyclopentiyoxy carbonyi-ters-L-leucine (20.0 g, 82.2 mmol, 1.0 eq.}, 1-
hydroxy-benzotriazoie (12.73 g, 90.42 mmol, 1.1 eq), and 1-(3-dimethylaminopropyl)-3-
ethvlcarbodiimide hydrochloride (17.33 g, 90,42 mmol, 1.1 eq.) The flask was purged with
10 nitrogen, and the stirring started. Anhydrous DMF (62 ml) was added to the flask and the
mixture was stirred for 20 minutes at room temperature {about 24° C). The reaction was
mildiy exotherimic, the internal temperature rose to 29 ° C. Solid rrans-4-hydroxyproline
methyl ester HCI (14,93 g, 82.2 mmol, 1.0 eq) was added to the reaction in one portion.
Using a syringe, diisopropyl ethyl amine (14.36 mL, 82.2 mmol, 1.0 eq} was added o the
15  reaction dropwise over 25 min, The internal temperature rose to 34.5 ° C from 29 ° C. The
reaction was stirred for 1.75 h, forming 12. The reaction was then quenched with 6.1 M
HCI (100 mL3, the internal temperature rose to 34 °C. The reaction was extracted three
times with 75 ml. of ethy] acetate, and the organic layers were combined. The organic
layer was washed with 75 mi. H;O, and 2 x 75 mL of sat. NaHCOs. The organic layer

2¢  (about 235 ml.) was transferred tc a 300mL flask fited with a mechanical stirrer, shortpath



10ambient temperature for 30 min to 1 hour. A solution of aniline 7 (19,8 g), DMAP (140 mg) and THE
(35 mL) was added at 105C. Ft3N (13.2 mL) was added in portions at 105C over a period of 10 min.
The ice bath was removed and mixture was heated to 652C and stirred overnight (18 h). The mixture
was allowed¥® éetthatoient temperature, diluted with EtOAc (150 mL) &8d Weaieeserith water (150
mL). NallCO3 15(5%, 225 mL) was added to the organic portion and the mixture was stirred at
ambient temperature for 30 min. The organic portion was concentrated under reduced pressure at
approx. 40C. EtOAc (150 [M) was added to the resulting material and the residual water was removed
and the mixture was concentrated under reduced pressure at approx. 40 C, (to azeotrope water).
EtOAc (94 mL) was added and the resulting slurry was stirred for 2-6 20 h and filtered, The solid was

washed with EtOAG(3Q 40k folnwed byanspiane 3R ?éadaﬁ‘é{ Sigddey 1:h0ugiye.Hie desired
product in 70% yield,  NMR (400 MHz, CDC)) 6: 1.32 (d, 6H, f=7.8 Hz), 2.58 (s, 3H), 2.65-2.72 (m,

111), 3.98 (s, 3HY, %f%‘:a’“‘(ﬁ”fiif“%ﬂ%c"}“ﬁ%’ﬂ ]ﬁ%"(&{éﬂ?ﬁ“ 9 é'i? %i'%ﬁr“?ié%‘lt%erﬁ ‘j‘"°8"©‘§ (‘Bé’ﬂlH) 10.13
(bs, 111). 25 Stepth knainftask4048€. placed potassixmrcnittkide (id2deDeyrdbMEofvas added at

room temperaluie S RUNEITIS TR BMEMURIAGE GluThoresilani gl ignas heated 30to

ca. 80 C, and amide (88 g) was added in 10 portions slowly so temperature was kegt between 80-85
C. Upon completidh; a?@%f?dﬁerﬂﬁﬁbrﬂé“\‘z\}hg’aétﬁ%‘ﬂ Qf@?@(f&@w}’ﬂfrimﬁﬁd%?gﬁp ted during the
reaction. HPAC @naélissisningi¢ated¢hatdhe it actativwasuoashpleted atrttisapoinii(ednversion: 100%).

The reaction m"%‘r&ﬁﬁa\é’c@?ﬁ%‘?ﬁﬂ%%ﬁ%r&%ﬁ@& IEMPRIAUIG AR RGO ﬂz@egf}é\f'%&%"h%ﬁ& A}QUEOUS 2N

HCA solution (ca. 500 ml) was added slowly so temperature was kept under 25 C to quench the
reaction mixture 3pHH e n gflded ¢67 15, ﬁ@cﬁﬂ@@b Wdf%éfé‘ﬁ%%“éﬁﬁé&‘m‘&é“%ou nt of water
may need adjustmeéntdeifacititdtendiliration)s angddheresulingnsospensorrewasdskireddabioom

temperature for AQROMIS, Pradhet WA ol R IR BRI AR AE e ing Under
vacuum. Yleld 819, 969 eld.
Teaction st quen(,hed by slow (45 min.; addition of 4 M HC1 (58-65 ml.) to adjust the pH
to 3.5, causing a slight increase in temperature to 27 °C. The flask was fitted with a
distillation head, and the methanol and tertahydrofuran were removed by distillation at
reduced pressure, with a bath temperature of 40 °C, internal temperature below 30°C. The
15 mixture was extracted twice with 150 mL of MTBE. The MTBE solution was
concentrated at reduced pressure, (350 mmHg) to miniraum stirrable volume. 50 mL of
MTBE was added, it was removed by distillation, internal temp below 35 °C. The reaction
was a clear viscous licaid, 20 mlL of MTBE was added, the mixture was heated to 50 °C,
solution was ciear, the oil bath was turned off, and the solution cooled to rt, ~24 °C over
20 1.5h. To the resultant slurry was then added 60 ml. MTBE, stitred 2h, then the slurry was
filtered, using ~20 mlL MTBE to transfer the mixture, The solid was then dried under
vacuum at 35°C o constant weight, 16.4g (52%), to give the 1/3 MTBE solvate compound
13 as a colorless solid, m.p. 117-124°C; op= -58,6 (¢ 2.17, MeOH); ‘H NMR (400 MHz,
DMSO, major rotamer reported) &: 6.76 (&, J= 9.3 Hz, 1H), 5,15 (s, 1H), 4,92 (m, 1H),
25 4.31 (brs, 1H), 4.26 (t, J= 8.3 Hz, 1), 4.19 (d, /= 9.3 Hz, 111}, 3.63 {m, 2H), 3.06 (s, 111,
(MTBL)). 2.08 (m, 1H), 1.87-1.48 {m, 9H), 1.09 (s, 3H. (MTBE)), 0.92 (s, 9H).

30



1011-NMR (400 M Hz, DMSO-d6): 1.14 (614 d, J = 6.8 Hz, i-Pr), 2.48 (11-1, hept., J = 6.8 Hz, i-Pr),
3.99 (314, s, MeO), 6.75 (IH, s, 11-3), 7.24 (1H, d, 3=8.5 Hz, H-6), 8.10 (1H, d, = 8.5 Hz, 115), 8.22
(1H, s, 11-5Y. 9.87 (1H, s, OH), 12.40 (1H, s, amide NH). Step 6 15In a 100 ml flask was placed
starting matéYRRgWitiistHe (4.22 g) and dioxane (40 m1). POC13 (4.6 g) W& ektdedisant the mixture
was heated to 75 C. After 2 hours. HPLE showed the reaction finished (99.7% conversion). Reaction
mixture was cooled to room temperature, and then poured to 100 ml saturated NaHCO3 solution and
20 ml EtOAc. The resulting suspension was stirred for 3 hours. Product was isolated by filtration,
washing 10 with EtOAc and drying under vacuum. Yield: 4.0 g, 90.9%. All-NMR (400 M Hz, CDCI3):
1.14 (61-1,d,J=6.8 11z, i-Pr), 2.76 (1H. hept., J = 6.8 Hz, iPr), 4.05 (314, s, Me0), 7.68 (114, d, J=
8.5 Hz, 14-6), 8.0%ddAL 55, Alsdh Bl (e $idk1aBik &R0 16 ol BeB AR 145), 1230 (1H, s,
amide NH). WO 2010/033444PCT/US2009/056772 Example 2 - Preparation of Dipeptide Acid
Compound 13 Starting Material

Y

Q‘-oozﬂ

o]

NH
y ) %—-(}Me i
H
H
13 Chide H
G/iv}]uwgoﬁ,m MTBE} ? CoaH
Mol Wt,; 385,7%
a e} 9 0
+ e r—r—- b Q
————-—.—’.
e cyNH /
Hy COpMe
TOH G/ 13 16
14 CoagHyzN:0y CHLN
i 2y Oy
Cy 3y NOS Mol. Wt.: 479.57 Mol. Wi.: 46554

/ Mol Wt.: 313,37

a) EDC, HOBT, THF
b) LICH, 11,0, THF, MeOH

In a 25 ml flask 14 was dissolved in 3 ml DMF. HOBt {149 mg, 1.1 mmol), EDC (211
mg, 1,1 mmol}, 13 (290 mg, 1.0 mmol) and i-ProNEt (129 mg, 1.0 mmol) were added in
the given order at room temperature. The resulting reaction mixture was stirred at room
temperature overnight. The reaction mixture was poured into 15 ml aqueous NaHCO4 and

16 extracted with ethyl acetate (20 mi). The organic layer was washed with HC1 (0.5 N,
2x10ml) and saturated aqueous NaFCO; (10ml). After removal of solvent by rotary
evaporation, 15 was obtained as a white solid, 0.46 g (95% yield), ‘H-NMR (400 M Haz,
CDClL): 0.96 (s, 9H), 1.35 (1H, dd, T = 3.0, 4.5 Hz), 1.45-1.90 (m, 9IT), 1.77 (1H, dd, | =
3.0, 4.0 Hz), 2.00-2.09 (1H, m}, 2.45-2.32 (1, m}, 3.02 (11, br), 3.50 {1H, dd, J = 11.0,

15 3.0Hz), 3.58 (3H, ), 3.99 (1M, d.J = 11.O Hz), 4.18 (1H, d, ] = 9.0 Hz), 4.43 (1H, br),
Hzy, 4.63 (1H, 1, I'= 8.0 Hz), 4.93-5.00 (1H, m), 5.04 (1H, dd, I = 10.5, 2.0 Hz), 5.20 (1H,
d, J=18.0 Hz), 5.20-5.25 (1H, m), 5.65-5.77 (1H, ddd, I = 18.0, 10.5, 2.0 Hz), 7.78 (1H,
br) ppm.



a) EDC, HORT, DMF, DIEA, 90% b) i) 1,i0H, H20, THE, MOTH ii) MTBE recrystallization 5 A 250 ml,
3-neck flask with a thermocouple, nitrogen inlet, and magnetic stir bar was chanted with
N-cyclopentlyoxy carbonyl-tert-L-leucine (20.0 g, 812 mmol, 1.0 eq.), 1- hydroxy-benzotriazole (12.73
g, 90.42 mn¥P W010@ép4dnd 1-(3-dimethylaminopropyl)-3- ethylcarbodiinfifié’B§#9¢icite (17.33 g,
90.42 mmol, 1.1 eq.) The flask was purged with To nitrogen, and the stirring started. Anhydrous DME
(62 mL) was added to the flask and the mixture was stirred for 20 minutes at room temperature (about
24 C). The reaction was mildly exothermic, the internal temperature rose to 29C. Solid
trans-4-hydroxyproline methyl ester HC1 (14.93 g, 82.2 mmol, 1.0 eq) was added to the reaction in
one portion. Using a syringe, diisopropyl ethyl amine (14.36 mL, 82.2 mmol, 1.0 eq) was added to the
15 reaction dropwise over 25 min, The internal temperature rose to 34.5 C from 29 C. The reaction
was stirred for 1,75 h, forming 12. The reaction was then quenched with 0.1 M HC1 (100 inL), the
internal tem pera?glpen}%gﬁefolgf&ﬁqwgl} atfitn WaSSAPSEE thrE fithes With'7 %4%?_‘("10? ethyl acetate,
and the organic faysrstweargecombindd. \bh 8 otiganitulayer wasnwakked. with[75Mm1 LEI2D, and 2 x 75
mL of sat. NaHCQ3 H&%Q@%ﬂiﬁxﬁMﬁE&Q@QQMr@%@. Mk wasHraRsirred ia.ax00mbfask fitted with a

mechanical stirrer, shortpath distillation head, internal and external thermacouples, and distilled to
minimal stirrable' USiite R dEr RSt RS UHIE 1B ARG 3 Do mlysas! &atridbrin/ %Fﬁge‘?%sture with an
pil bath .te.rnperaudtje@mml@llﬂﬂims cruytedmibitelpbagé shPewaspthendadd dek tepralwyaitafaran (150 mL) apd
it was distilled to,raipimaum,stiriahle votue rletahydraiien L0 mitowasadderie thedlask, and it

was again distilled to minimum stirrable volume. The distillation head was re,ﬁlaced_with\ an addition
funnel. TetrahydrOftiandtOEMRDY dntfHBEREREP G B ré Wadea 16 he'fask dhiithe solution
stirred for about &zminuiesitAVBIB R S&lution ofdniOfht (Zfdmldrdeualenmgl,v3ceqn) was cRziged to the

addition funpel, and aqlgled QverAs RUIES, LNCEMRCIAIEE JOSE TOMEH Cad 29 1yand the

reaction 10mixture became slllghtly cloudy. The mixture was cooled in a cold water bath, then the

reaction was quéHehetfi &I K MIdHHORSEr M HeEgeesTl Ptd adjuBt thEbH to 3.5,

causing a slight meseaserindemperatyrerie, 27 Cs . Thedlask, was fiediwitinadistillation head, and the

methanol and tertahydrofuran were removed Ry, distillation.at reduced pressure, with a bath
R DTk s,

temperature of 4 Int mperature be

15
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15 mixture was extracted twice with 150 inL of MTBE. The MTBE solution was concentrated at
reduced pressure, (350 mmHg) to minimum stirrable volume. 50 mL of MTBE was added, it was
removed by distillation, internal temp below 35 C. The reaction was a clear viscous liquid, 20 mE of
MTBE was 3ttt 0the4tixture was heated to 50 C, solution was clear, tHe-Siti5AH S Hirned off, and
the solution cooled to rt, -24 C over 201.5h. To the resultant slurry was then added 60 mL MTBE,
stirred 2h, then the slurry was filtered, using -20 mL MTBE to transfer the mixture. The solid was then
dried under vacuum at 35C to constant weight, 16.4g (52%), to give the 1/3 MTBE solvate compound
13 as a colorless solid, nip. 117-124C; ap= -58.6 (c 2.17, Me0l4);NMR (400 MHz, DMSO, major
rotamer reported) 8:6.76 (d, ,J=9.3 Hz, 1F1), 5,15 (s, 1F4), 4.92 (m, 114), 4.31 (br s, HI), 4.26 (t, J=
8.3 Hz, 111), 4,19 (g de H-33feplik) $.63 (Bbrddeillo 3:08(EublEMERENL2.08 (in, 1H), 1.87-1.48 (m,
9H), 1.09 (s, 3H, (MTBE)), 0.92(s, 9H). Example 3 - Preparation of Tripepiide Acid Compound 16
Starting Material 5 In a 25 ml flask 14 was dissolved in 3 ml DMF, HOBt (149 mg, 1.1 mmol), EDC
(211 mg, 1,1 mmol), 13 (290 mg, 1.0 mmol) and i-PrONEt (129 mg, 1.0 mmol) were added in the given
order at room temperature. The resultipg re&ction mixture was stirred at room tempera overnight.
The reaction mixture vgas poure LmEgml quégoys NaHCO3 and 10extracted w etm@cetate (20
m1). The organiodayelwag wa 5 N, 24180b)@ndvsatyrs s NallcOa3 (I
Om1l). After removal blve tby rotary on%wa&ebmed 1 white solid. 0.46 g (95%
yield). 1H-NMR (400 N CDC13): 0.96 (s .35 (£#dcl'I= 3.0, 5 F?), 1.45-1.90 (m, 911),

V4|

H),

1.77 (1H, dd, J = 3.0, 4.0 Hz), 2.00-2.09 (I, m)= 245=252(111, m), 3.02 (I11,%r), 3.50 OIL dd, J = 11.0,
153.0 Hz), 3.58 (31-1 §)n2:99.(1H, U 1 o z). 4.18 (1H, d, J = 9.0 HZ), 4 H n.), Hz). 4.63
(1H, t, .1= 8.0 Hz), 4.93508"{1H, m)) ted ity = 10.5, 2.0 Hz). 5. = 18.0 Hz),
5.20-5.25 (Hi, m), 5.65-5.77 (1H, ddd, J = 18.0 10.5, 2.0 Hz), 7.78 (111, tﬁﬂp&%

O N
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SnAr Protocol 1: A 100 mL 3-neck round bottom flask was charged with 1.93g 13 (5.00
mmol, teq.), then evacuated/Ar filled (3X), then 17.0 mL DMSO was added via syringe to
give a clear, colorless solation. The flask was again evacuated/Ar filled (3X), then 2.53¢g -
10 BuOK (22.5 mmol, 4.5 eq.) was added neat, at once. An exotherm to a maximum of
31.5°C wus observed. The flask was evacuated/Ar filled (3X), then stirred under house

vacuum (~60 mm} for one hour, and some foaming (-/-BuQOH) was observed, The vacuom

-28-



320 mg ester 15 (0.667 mmol, | eq.) was dissolved in 6.7 mL THF + 3.4 mL MeOI4 at ambient
temperature under N9. To this solution was then added 3.34 mL 1.6 M LiOH (5.34 mmol, Seq.)
dropwise over 5 minutes. After 1.5 hours, the solvents were removed 5in vacuo, and the residue
diluted with W& R9L0EE3A% + 10 mL sat'd NaCl, then IN HC1 was added uftfi i3 N§aE reached. The
phases were separated and the aqueous phase reextracted with 15 mL EtOAe. The combined EtOAc
layers were washed with 1-1,0 (1 X 50 nth), dried (MgSO4), and the solvents removed in vacuo to give
an oil. The oil was azeotroped with MTBE (1 X 15and the residue dried under high vacuum to give 320
10mg of 16 (100%) as a colorless foam. Exact mass calcid for C23H35N307: 465.25; Found (ES-):
464.29; '11 NMR (400 MHz, DMSO, major rotamer reported) 8: 12.40 (hr s, 111), 8.49 (s, 111), 6.77

(d,1 =8.2 Hz, 1R}, Gefibvidid ), Bid2 46351075 A0 1dird1 3664 1008 Bh%baB 8032 1aGM, 414), 2.00-1.42

(in, 1114), 0.92 (s, 914). 1 WO 2010/033444PCMS2009/0567,72. le.4 - Dipeptide SINAI-
Approach to am%?ﬁ%ﬂ | 55#1%8%&3 %ﬁegﬁfir %C{%SCOW[S: “A’afbi‘i-@r%?ﬁ“ ffrllz_(éc r U%l "b6 (C)’(rgn flask was
charged with |.98ydeBh(H:B0 FHwo I plegejcdienndizht abtediaat filleek(8XY; théw £20WIvDMSO was added
via syringe to givg;a:clgats colorlgas salionnihedieskivas againpyacuatedinvfited (8X), then 2.53¢g

t- to BUOK (22.5 mmol, 4.5 eg.) was added neat, at once. An exotherm to a maximum_of 31.5C was
observed. The flzgﬁ%5%%%%?8%;@%ﬂgaf%?ﬁ?f?rtégﬁ igti]fgé%‘ ﬁ’ﬁ%gﬁ %8]&5%&\%5@[,{% C((ég mm) for one
hour, and some foamingq-txBaOkt) adkds obserired oTée- Vaouutes. An exotherm to 20.5°C was

observed, The misture was stirred for 10 minutes, then added dropwise over 13 minutes

into a second flask containing a well-stirred solution of 30 mi. pH 3.5 H,0 (~0.001M HCI)
at 18°C, causing a precipitate to form immediately, and giving an exotherm to 21.0°C. 2.0
10 mL DMSO was used to wash the residue into the agucous mixture, followed by a wash of
5.0 mL ~0.001M HCI. The resulting suspension was stirred for 15 minuates, then 30 mL of
a 1:] mixture of EtOACc:MTBE was added, and the mixtare agitated vigorously for 15
minutes. Agitation was stopped and the phases were allowed to separate. Rapid phase
separation and formation of 2 clear phases with no rag layer was seen. The lower aqueous
15 phase was then reextracted with 30 mL of 1:1 EtOAc:MTBE (same fast separation), and
the organic extracts were combined and saved. The aqueous phase was discarded as waste,
The organic solution was then washed with HyO (3X30 mL), again all extractons
gave rapid separation of phases and no rag layer, then the EtOAc was distilied to minimal
stizrable volume, The residue was then azeotroped with 30 mL THF (2X), again distiliing
20 to minimal stirrable volume. The resultant slurry of crude 18 was used immediately in the

peptide coupling. Exact mass calc'd for CzHpBrNsOsS: 759.19; Found (MS-): 757.92,

SwAzr Protocol 2: 1.00g 13 (2.59 mimol, I eq.) and 1.35g 11 (2.59 mmol, 1 eq.)
were charged to a dry flask, The flask was then evacuated/Ar filled (3X), then 10 mL dry
25 DMSO was added via syringe. The flask was again evacuated/Ar filled (3X), then cooled
to 19°C with a cokd water bath. To this mixture was then added a 2M solution of
KDMO/heptane (5.71 mL, 11.7 mimol, 4.5 eq.) dropwise over 30 minutes. After six hours,
HPLC showed the reaction as complete. The reaction was gquenched with .89 ml. [TOAc
(6 eq.), and added slowly to 25 mL stirring H>0, causing a precipitate to form. The
30 mixture was then extracted with IPAc (2 X 25 mL). The combined IPAc phases were

washed with H>O (1 X 25 mL), dried (MgSQy), and the soivents removed in vacuo o give

ple



was relieved to Ar, then 2.20g 11 (5.00 mmol, 1 eq.) was added neat, at once. An exothertn to 28.6C
was observed. The flask was evacuated/Ar filled (3X), then stirred under house vacuum protected from
light at ambient temperature. After 6.5h the vacuum was relieved to Ar and a sample removed for
HPLC, whicH8r8#dd¢24 unreacted 11. 5The flask was then cooled in &EBESRIESEBHEN to 18C, and
1.72 mL glacial TIOAc (30 mmol, 6 eq.) was then added via syringe over -10 minutes. An exotherm to
20.5C was observed. The mixture was stirred for 10 minutes, then added dropwise over 15 minutes
into a second flask containing a well-stirred solution of 30 mL pll 3.5 H20 (-0.001M HCI) at 18C,
causing a precipitate to form immediately, and giving an exothenn to 21.0C. 2.0 10 mL DMSO0 was
used to wash the residue into the agueous mixture, followed by a wash of 5.0 mL -0.001M HCI. The

resulting suspensionWasisived.iRbABainkiescten 30Mbof &t ddainie ofFIRASMEBE was
added, and the mixture Lg%ta ed vi%orousl for 15 minutes. Agitation was stopped and the phases were

allowed to separiitd RABG pHESE R SArAiisd Ak OrsIHah 6 2 Wi Phabes with no rag layer was
seen. The lower aqueous 15phase was then reextracted with 30 inL of 1:1 EtOAc:M'IBE (same fast

separation), and the orgapi exiiarts WelR GamRinedaid, IR AAHEAUS RNARG.WRS discarded

as waste. The or%anlc solution was then washed with ITO (3X30 mL), again all extractions gave

rapid separation B¥phasE SN o rdy’ I‘éfifj@ﬁ%éwmeﬁﬁf?w%gﬁigtﬂI%?:fii@rr‘?‘iﬁ‘iﬁ“ﬁg@ﬂﬁiﬁ’&‘ie volume.
The residue waswrenidzieotfapicdd with:8Q. i dd- B2 mdg8ift disitil it 26tevmimimadbStinable volume.

The resultant slugy gf grude gﬂf&w§gqae%ig15%%@m{eh? the .?&-QQ%@&J@%@%@S%%@%S calcd for

C341-149BrN508S: 759.19; Found (MS-): SNAr Protocol 2: 1.0

and 1.35g 11(2. S5FmdB e WaHsctikrdeutta aﬁlg}iﬁa%W%ﬁ@%&ﬁ%&é&&g&@@%&g@éﬁn&m} fled.
(3X), then 10 mL@dy mmol, 1.2 eq.), and 1.05g EDC (5.50 mmol, 1.1 eq.) was then added neat, at once.

16 The flask was then removed from the coid bath and the resultant mixture was then stirred
at ambient temperature under Ar for 4 hours. A sample was withdrawn for HPLC which
showed <2% unreacted 18 remained. The mixture was cooled to 5°C, then 40 mL 0.1N
HC1 was added dropwise via addition funnel over 5 minutes, followed by 40 mL EtOAc.
The mixture was well agitated for 15 minutes, then agitation was stopped and the phases

15 were aliowed to separate. The lower agueous phase was then reextracted with 40 ml.
EtOAc and the organic phases were combined and saved. The aqueous phase was
discarded as waste. The organic solution was then washed with H;O (1X40 mL), sat'd
NaHCOs; (2X40 mL), and again H,O (1X40 ml), then distilled to minimal stirrable
volume. The residue was then azeotroped with MTBE (2X40 mL), and again distilled to

206 minimal stirrable volume. The residue was dried under high vacuum to give 4.70g of
crude 19 as an orange solid, with HPLC purity of 78.3%. This material was then
chromatographed on silica gel eluting with 2:1 EtOAc:Hexane to give 3,01 g (68% over 2
steps) pure 19 as a yvellow powder, Exact mass calc'd for CyyHs; BrNgOoS: 882.26, MS+ :
§83.30, 'H NMR (400 MHz, DMSO, major rotamer reported) 8: 12,32 (s, 1H). 8.69 (s,

25 1H), 8.14(d, J= 9.2 Hz, 1H), 8.03 (s, 1H}, 7.45 (s, 1H), 7.33 (d, J=9.4 Hz, 1N}, 6.97 (d, J=
8.6 Hz, TH}, 5.65 (m, 1H), 5.40 (s, 1H), 5.20(dd, /= 1.5, 17 Hz, 1H), 5.06 (dd, J= 1.6, 10.2
Hz, 1H), 5.56 (s, 1H), 4.46 {m, 1H}, 4.37 (d, J= 9 Hz, 1H), 4.08 (m, 111, 3.99 (s, 3H, 3.90
(1, 110, 3.56 (s, 3H), 2.81 (m, 1H), 2.51 (my, 1H3, 2.25 (m, 1), 2.07 (m, 11D, 1.70-1,32
(m, 7, 1.30 (m, 3H), 115 {d, J= 8.1 He, 6H), 0.95 {s, 9H).

30



25DMSO was added via syringe. The flask was again evacuated/At filled (3X), then cooled to 19C with
a cold water bath. To this mixture was then added a 2M solution of KOMO/heptane (5.71 mL, 11.7
mmol, 4.5 eq.) dropwise over 30 minutes. After six hours, HPLC showed the reaction as complete. The
reaction was'gugheR&d4tith 0.89 mL, 1I0Ac (6 eq.), and added slowly to ZEHESEHiH#E 1RO, causing a
precipitate to form. The 30 mixture was then extracted with IPAc (2 X 25 mL). The combined IPAc
phases were washed with HO (1 X 25 mL,), dried (MgSO4), and the solvents removed in vacua to give
a solid, which was azeotroped with MeCN (1 X 25 mL), and then diluted with heptane to give a slurry.
The slurry was filtered and dried to give 1.80g 18 (91%). Peptide Coupling Protocol 1: To the THE
slurry of crude 18 from SNAr Protocol 1 5 (taken as 5.00 mmol, | eq.) under Ar at ambient temperature

in a flask protected from iglt wasiaddeddedi29 24P -5 it %u%‘éa LARg e MlrkH Radifg.solution
was then cooled to 5C under Ar, then 0.958 m1, DEA (5 %o .50.mmol, 1.1 eq.) was added dropwise via

syringe over 5 mifties b TS RIS WS (STERCA aliitord Wi %o%p(l%)ted BY5d HEBT Hidrate (6.00
mmol, 1.2 eq.), ang-da@BREDTIASB0 rimibls vds 6gr) widsdthentaddedHireatyddrorick LOnkhes flask was

then removed frqmy @ﬁgcﬁlﬂ Rak G}Q% Shé’léﬁb'itﬁ{ﬂ MPYre ‘é‘fé?gﬂ}h% &%&qgeﬂeaﬁr@m@ﬁm&ﬁmperature
under Ar for 4 hours. A sample was withdrawn for HPLC which showed <2% unreacted 18 remained.

The mixture Was %&%1e?ihf‘o“é‘é‘“fﬁ§ﬁ34‘6%i°°1‘6i IR E U655 Abiae drBhviiSe Va2 daRidn fdnnel over 5

minutes, followeey G nikp EtGRe. dievinixtureaidsaveltagitated ol Hominutes tthentagitation was
stopped and the@hﬁé@é&wﬂr&z@!t@wqﬂ glgﬁa@@geagéa& '&Y&ﬁ%&@%&oﬂﬁ)‘é@aﬁéﬂaﬁ Hhespreextracted

with 40 m1, Et0Ac and the organic phases were combined and saved. The aqueous phase was
discarded as waBt#o e SFg)aY‘ii’é SOt ISR T e Wit 1@@2&%4*0%1 ) RatteRaTICO3
(2X40 ml,), and agaierddovel X40 18, thientdistitedio neintmal, Stifrablenolmeradihe residue was

then azeo”‘?&’ed%\/”ébt%@%é%ﬂﬁl@Llahaﬂﬁra&%'ﬁﬂ'&sﬂﬁﬁ%ﬂ WAE"S%I)%&I[@*?EL‘@'&H&% A g residue

was dried under high vacuum to give 4.70g of crude 19 as an orange solid, with HPLC purity of 78.3%.

This material wa& ¥ o RERIgaphBd B Ekcaagerslding Mtk DHEE IR RS TGives3 01 g
(68% over 2 stepsiquse:1 asiaweallawpowserodxaei mass calaldfarC4 55 IRrN60951882.26, MS+

:883.30. 111 NNJR ,DMSO ) (5, 114) s, lin, 8.14 (d,
J= 9.2 Liz, 1H), 80?%%1 i'}z{lldf)& 7%11\2?5%1@%%7@ a}m%drggc}mg A?lljﬁ\%{gré??ldl £ §€§Hz 11|2) 5.65 (m,

1H), 5.40 (s, 1HfD5 BEr{Ee Whs adpdty H&f@fﬁ&ﬁé%@é@an@mq;@% P seppayed SBYLOVei1), 4.46
(M, 114), 4.37 (Chq) skl Zad bhpnd@Bufied bich HON(STIBIANR. 9Q (Im Aphhsd: 56n(BindL 1E1:81 (in, 1H),

2.51(m. 1), 2.2% (0, Ml 204 SReckild IR 135 (Me (LD PR3 H A A0 8l 12 6H).

0.95 (s, 911). 30
(1 X 1L}, The mixture was then mech. stured for 12h to precipitate gquinoione 7, The

mixiure was then filtered through a medium-fritted funnel, and the filtrate distilled until
minimal stirrable velume was reached. The residue was then azeotroped with MTBE
20 (2X400 mL), and again distilled to minimal stitrable volume, The residue was dried under

high vacoum to give 128g of 19 as a vellow solid, with HPLC purity of 89%.

140 mg 19 (0.158 mmol, 1 eq.) was dissolved in 1.6 ml. THEF + .80 mL MeQH at

ambient temperature under N», To this solution was then added 0.79 mbL 1.6 M LiOH

2
Lh

(1.27 mmol, 8 eq.) dropwise over 3 minutes. After 1.5h, the organic solvents were
removed in vacuo, and the residue diluted with 10 mL EtOAc + 10 ml. sat'd NaCl The pH
was then adjusted to 575 with 1IN HCIL The mixture was agitated vigorously for ane hour,
then the phases were separated. The agueous phase was reextracted with 10 mL BtOAc,
The combined EtOAc phases were then washed with H,O (2 X 25 mL), dried (MgSOy),

30 and the solvents removed in vacuo to give 125 mg of Compound (1) (91%) as an

amorphous yellow powder,



Peptide Coupling Protocol 2: A 5L 4-neck RBI', fitted with mech. stirrer, addition funnel, and
thermocouple was charged with 69.57 g 14 (222 mmol, 1.3 eq.), then evacuated/Ar filled (3X). To this
was then added a 200 mL THE solution of 18 (contains 129.85 g 171 mmol, 1 eq.), then 523 mL THE
was charged¥® Biiep#ét final THE volume 5 LO 1L. The mixture was the RCHORER#30T under Ar.
38.67 mL DIEA (222 mmol, 1.3 eq.) was then added dropwise via addition funnel over 10 minutes, as
the internal temperature fell to 2.4C. The mixture was aged 5 minutes, then 29.98 g HOBT 1120 (222
mmol, 1.3 eq.) was added, followed by 42.57 g EDC (222 mmol, 1.3 eq.). The internal temperature
was then 3.6C. The bath was then removed, The internal temperature rose to to 20.5C over 90
minutes. 4h after the EDC addition was completed, IIPLC showed the reaction was complete. The
mixture was cooled to 4.0C, then 750 mL 0.1N 1IC1 was added over 30 minutes via addition funnel,
giving an exotherm to 9. SC To thls mlxture was then added 250 ml, sat'd NaC1, followed by IL IPAc.
After 5 mm. vigo GER e ixtere : yrurael, and the phases were
separated. The lower 15 aq. phase was then reextracted with 500 mL IPAc, and the IPAc phases
combined. These were then washed suegessively with ILO (1 X 1L), sat'd NallCO3 (I X 1L), and then
FLO (1 X 1L). The mixture was the me?;hgtirred for | 2h to precipitate quinolone 7, Themixture was
then filtered throuh a edlum frijted °and the filtrate distilled until minimaln m

reached. The resic Q0-E7ed roped with MTBE (2X400 Wb '
stirrable volume. 'Thé \
HPLC purity of 89%. 140 mg 19 (0 kb&4nmeol, 1 eq.) was dissolved fhjA “THE + 0.80 mL MeOI1 at
ambient temperature underN2. To'this s8idtion wasutrenmdsed 0.79 mL 146 M LK/11 25(1.27 mmol, 8
eg.) dropwise over 5 minutes. After 1.5h, the organte-sotrents-wawe remove‘d in vacuq, ang the residue
diluted with 10 mL EtOAc + 1@ ml, sat'd NaCl. The pHSwas then adjusted to $.75\wit &l The
mixture was agitated wgorousfy one Iﬂour then the phases were separated,~TheXNquegdes phase
was reextracted with 10 mL EtQAc. cosdbined Et0AC phases were theQ waghed with¥.120 (2 X 25
mL), dried (MgS0O4), 30 a r ved in vacuo to give 125 mg ¢f C8mpourd (1) (91%) as
an amorphous yellow pow. . 2010/0 444PCT/1182009/056772>:E1xaf‘ﬁple 5 - Trineptide SgAr
Approach to amorphous Comp und (1) 5 233 mg tripeptide acid 16 nmol) was charged to a
flask, then the flask was \]/ é’

O
CaaHlasNy05

Mol. Wt.: 465.54

olume was
S{ORLV] m|n|mal

(1)

233 mg tripeptide acid 16 (0.50 mmol) was charged 10 a flask, then the flask was
evacuated/Ar filled (3X). 1.7 mL DMSO was then added, and the mixture evacuated/Ar
filled (3X). The mixture was then cooled in a cold water bath, then 317 mg t-BuOK (2.82
10 mmol, 5.63 eq.) were added. The flask was again evacuated/Ar filled (3X). then stimred
unider 60 mm vacuum for one hour. 220 mg quinoline 11 (0.50 mmol, 1 eq.) was then
added, and the Hask evacvated/Ar filled (3X), then stirred under 60 mm vacuum in the
dark at ambient temperature for 3 hours. (.30 mL HOAc was then added, then the
resulting solution was added to 25 ml 0.001 M HC], causing a precipitate to form. The
15 shury was filtered, washing the solids with 25 mL H;0. The solid was dried under N for
2 hours, then chromatographed on silica gel eluting with EtOAc to give 226 mg (52%) of

Compound (1) as an amorphous yellow solid,



evacuated/Ar filled (3X). 1.7 mL DM50 was then added, and the mixture evacuated/Ar filled (3X). The
mixture was then cooled in a cold water bath, then 317 mg t-BuOK (2.82 tommol, 5.63 eq.) were
added. The flask was again evacuated/Ar filled (3X), then stirred under 60 mm vacuum for one hour.
220 mg quindr81938480 mmol, 1 eq.) was then added, and the flask eVEcUHEBHAIHANED (3X), then
stirred under 60 mm vacuum in the dark at ambient temperature for 3 hours. 0.30 mL [I0Ac was then
added, then the resulting solution was added to 25 mL, 0.001 M IICI, causing a precipitate to form. The
15 slurry was filtered, washing the solids with 25 mL 1120. The solid was dried under NI) for 2 hours,
then chromatographed on silica gel eluting with EtOAc to give 226 mg (52%) of Compound (1) as an
amorphous yellow solid. Additional methods for preparing amorphous Compound (1) can be found in

E-S- PfiltegtsFL)JSA@&@&Q{%%_?X@@FR%%@HQ&&&%&@%thﬁ?]rﬁf@ fc@aﬁﬁﬂa %B&gf E}lptﬂéeﬁag%;ﬁeﬁ “;BC()E-
xample 6 - Preparat] e m .Amorphous Compou atch 7, 13,809) was
et 10 & 1000 A e TSR, Ael i A A S WAL RGN to RS, while storing,
the contents of the flask were heated at 60 degrees C/hr to - 74 degrees C. (Solids do not dissolve at
74 degrees C). Walsh 257 4g)was themaddeg: ingaryaver 4 hr to the resulting slurry while stifling
and 10maint%aining the temperature at 74 degrees C. After the water addition was complete, the
temperature'was reduced linearly to ambient temperature at 8 degrees C/hr and then held at ambient
temperature for Bdhrspivivide stirpingd ThdBeshlfing Sodidsawerded olledtétd by filtratiork 8md.washed with 50

ml of 171 (w/w) EQEMVAeEThewel.solids el s deied.an hefunnahion3Qminues fysleking N.,
through the cake. (XRPD analysis on this samézlée 15indicates that the pattern is_similar to the EtOI-1

solvate). The solffEWETE AN dREcal 68-90 delfigs® & Undii v ttini¥is L 357 BRgT4Ad a nitrogen
bleed for 1.5 hr. Wherestltipgsselitis: (12467 9al5 ckecomaoted yeltnwene conficmeddgyaXRPD as
being Type ﬁ C%&Qﬂﬂﬂg(&)c temperature at 74 degrees C. After the water addition was complete, the

temperature was reduced linearly to ambient temperature at 8 degrees C/hr and then held at
ambient temperature for 6 hrs while stirring. The resulting solids were collected by
filtration and washed with 50 ml of 1/1 (w/w) EtOH/Water. The wet solids were dried on
the funnel for 30 minutes by sucking N through the cake. (XRPD analysis on this sample

15 indicates that the pattern is similar to the FtOH solvate}. The solids were then dried at 65-
70 degrees C under vacuom (P = 25 in Hg) and a nitrogen bleed for 1.5 hr. The resulting
solids (12.6g, 93,5 % corrected yield) were confirmed by XRPD as being Type A
Compound ().

.....

and 2.

Example 7 - Preparation of the Sodium Sait of Compound (1) - Methed 1

25 2.1 g of amorphous sodium salt of Compound (1} and 8.90g of acetone was added to a vial
and stirred at ambient temperature for 3 hr, The shurry was filtered off mother liquors and
the resulting solids were dried for 20 minutes under nitrogen flow for 20 minutes, 1.51 g

of crystalline sodium sait of Compound (1) as solids was collected.

30
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The unique XRPD pattern and DSC curve of Type A Compound (1.) is shown i.n Figures 1 and 2.
Example 7 - Preparation of the Sodium Salt of Compound (1) - Method 1 152.1 g of amorphous
sodium salt of Compound (1) and 8.90g of acetone was added to a vial and stirred at ambient
temperature"f8r281423¥Hd slurry was filtered off mother liquors and the reSGitGEBHAEWere dried for
20 minutes under nitrogen flow for 20 minutes, 1.51 g of crystalline sodium salt of Compound (I) as
solids was collected. 30 Example 8 - Preparation of the Sodium Salt of Compound (1) - Method 2 15.6
g of Type A of Compound (1), 175 nil of acetone and 3.6 ml of water was added to a 250 ml reactor
and heated to 53 degrees C to dissolve the solids. 900 ul of 10.0 N NaOli was added to reactor and the
solution was seeded with Type A. The seeded solution was stirred at 53 degrees C for 10 minutes. A
second 900 ul pestigpefslGMN-MaPH wasadeed.and thasysiem was gikred at 53 degrees C for 30
minutes over which a slurry developed. The slurry was cooled to 19 degrees C at a cooling rate of 15
degrees C per hour and held overnight at 19 degrees C. The final resulting slurry was filtered and the
wet tusolids weréfashictipvith A5 misiuad étond S Drietiksohds ot 1. hinke5Rage gitsaddedinder vacuum

with a nitrogen floyy ang ther.expesed:the selidssto lakiasiferanerundgallecied ik @pf Compound

(1) crystalling sodumsalt solds, Example, . Preparglign, of e, S Sell pLGompeund (-

stirred at 53 degrees C for 10 minutes. A second 900 vl portion of 10.0 N NaOH was

added and the system was stirred at 53 degrees C for 30 minutes over which a slurry
developed. The slurry was cooled to 19 degrees C at a cooling rate of 15 degrees C per
hour and held overnight at 19 degrees C. The final resulting siurry was filtered and the wet

16 solids were washed with 15 ml of acetone, Dried solids for 1 hr at 52 degrees C under
vacuum with a nitrogen flow and then exposed the solids to 1ab air for ene hour.

Collected 12.1 g of Compound (1) crystalline sodium salt solids.

Example 9 - Preparation of the Sodium Salt of Compound {1} - Method 3

15
25.4 Kg of amorphous Compound (1), 228 L of THF and 11.1 Kg of 10 wt % NaOH (aqg)
was added to a reactor. The components were mixed at 25 degrees C to dissolve all solids,
The resulting solution was filtered and the reactor and filter was washed with 23 L of THT.
186 L of solvent was removed using atmospheric distiflation at 65 degrees C, 195 L of

20 MIBK was added and 166 L of solvent was removed by vacuum distillation at ~ 44
degrees C. 161 L of MIBK and 0.41 Kg of water was added back to the reactor and the
confents were heated t0 70 degrees C. 255 g of Compound (1} sodiom: salt seeds were
added at 70 degrees C and 1.42 L of waier was added over 1.5 hours. After the water
addition the shurry was held at 70 degrees C for 45 minutes and then ceoled te 45 degrees

25  Cover 1 hr. The resulting slurried was filtered and washed with 64 L of MIBK containing
~0.8 weight % water. The wet cake was dried at 55 degrees C 1o give ~ 25 Kg of

crystaliine sodium salt of Compound (1).
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25.4 Kg of amorphous Compound (1), 228 L of THE and 11.1 Kg of 10 wt % NaOH (aq) was added to
a reactor. The components were mixed at 25 degrees C to dissolve all solids. The resulting solution
was filtered and the reactor and filter was washed with 23 L of TI1F. 180 L of solvent was removed
using atmospPReAIEdidittation at 65 degrees C. 195 L of 20 MIBK was ad8&d’Hr¥65978f solvent was
removed by vacuum distillation at - 44 degrees C. 161 L of MIBK and 0.41 Kg of water was added
back to the reactor and the contents were heated to 70 degrees C. 255 g of Compound (1) sodium salt
seeds were added at 70 degrees C and 1.42 L of water was added over 1.5 hours. After the water
addition the slurry was held at 70 degrees C for 45 minutes and then cooled to 45 degrees 23 C over 1
hr. The resulting slurried was filtered and washed with 64 L of MIBK containing -0.8 weight % water.
The wet cake waggrigd af 55 HedreesGrlosginen 5:igrherstalline sedivin salt of Compound (1). 30
Example 10- Preparation of the Sodium Salt of Compound (1) - Method 4 2,00 g of amorphous
Compound (1), 9.96g of THE and 0,11 g of water was added to a reactor and stirred at ambient
temperature to digébivel solitiogsg20mdund 20, Weigrdd BN aoE: ih ethanelwas addaéd drop-wise while
stirring thedsr?luti@gct@rgﬁé mggﬂagsbﬂeﬁls%&ﬁﬁ%&ﬁé@@s@?ﬁ%ﬁi&ﬂ. ofsuaie w&.gswgdgﬂ@éd toa second6
reactor and hea 5 degrees tion B). 2.56 g 0 ution A was added to ion B at 65
agrees © ana (0 BSTITHG FAEHE A< SR SIS 75 TG B CoP S (1) LSt SAlf seeds. The
seeded mixture wasRuferthad 68 degrees G iordSdiinutes 2, 88cpoi@dicaichBoivasadded to

10Solution A andkaggshfar. 4bsminutesiinfoursanatatedierrls pAltes hae finat addition and aging, the
slurry was cooled to, 50 deg_&ees Coverl ho%f: and fi(lﬁLered, The wet cake was washed with 6 ml of

n-BuAc containifg Y8 EIGHE O AT ETHATE SN 3¢ W/%(?‘én&ﬁ]écfeéjf%ﬁ Hgrads SahErYacuum
using a nitrogenputge.yGoagpoet (trerystdiin® soditm 416 galidewere ltollectedd 15

16 Solution A and aged for 45 minutes in four scparate intervals. After the final addition and

aging, the slorry was cooled to 50 degrees C over 1 hour and filtered. The wet cake was
washed with 6 m! of n-BuAc contaiming 0.5 weight % water. The final sohds were dried at
30 degrees C under vacuum using a nitrogen purge. Compound (1) crystaliine sodium salt
solids were collected,

15

Fxamnple 11 - Preparation of the Sodium Salt of Compound (1} - Method 3

At room temperature a solution of sodiom ethoxide in ethanol (21 weight 9%; 306 ml) was
added to a solution of Compound (1) (745 g} i THE (2000 ml) and water (76.5 ml) while
20 stirring.  After stirring for 30 minutes, the mixture was filtered and the filter was washed
with THE (85 mD). The resulting solution was warmed to 63°C and treated with filtered
butyl acetate (6640 ml, optionally pre-warmed to 65°C7) within 30 minutes. Seeding
crystals (0.50 g) were added, and the mixture was stirred at 65°C for 2 hours, while

crystallization starts after about 30 minutes. The suspension was cooled to 30°C within 1

2
L

hour and stirred at this temperature for an additional hour. The title compound was isolated
by filration, washed with filtered butyl acetate (765 ml, optionally pre-warmed to 50°C)

and dried at 65°C for about 16 h giving Compound (1) crystaliine sodium salt (~ 725 g).

The unique XRPD pattern and DSC curve of Compound (1) crystalline sodiam salt is

30  shown in Figures 3 and 4,

350



Example 11 - Preparation of the Sodium Salt of Compound ( - Method 5 At room temperature a
solution of sodium ethoxide in ethanol (21 weight ; 306 ml) was added to a solution of Compound (1)
(745 g) in THE (2000 ml) and water (76.5 ml) while 20stirring. After stirring for 30 minutes, the mixture
was filtered and the filter was washed with THE (85 ml). The resulting solution was warmed to 65C
and treated with filtered butyl acetate (6640 miCpptianglly pre-warmed to 65C) within 30 minutes,
Seeding crystals (0.50 g) were added, and the mixture was stirred at 65C, for 2 hours, while
crystallization starts after about 30 minutes, The suspension was cooled to 50C within 1 25hour and
stirred at this tempgralgienfearn pgditonabiadcfThe e eampdotnalyag:isolated by filtration, washed
with filtered butyl acetate(765 ml, optionally pre-warmed to 50C) and dried at 65C, for about 16 h
giving Compound (1) crystalline sodium salt (- 725 g). The ufiique XRPD pattern and DSC curve of
Compound (1) crystalline sodium salt is 30shown in grgtyes 3 4. CLAIMS A sodium salt of the
compound of the following folinulgy,

2. The sodium salt according to claim 1 in crystalline form.

3. The crystalline sodium salt according to claim 2, having an X-ray powder
diffraction pattern comprising a peak at 10.1 degrees 20 (+ 0.2 degrees 20) when

10 measured using CuKa radiation.

4, The crystalline sodium salt according to claim 3, wherein the X-ray powder
diffraction pattern further comprises peaks at 13.0 and 18.2 degrees 20 (& 0.2 degrees

26) when measured using CuKa radiation.

15
5. The crystalline sodium salt according to claim 4, wherein the X-ray powder
diffraction pattern further comprises peaks at 5.4 and 8.7 degrees 20 (= 0.2 degrees
26) when measured using CuKa radiation.

20 6. The crystalline sodium salt according to claim 2, having an X-ray powder

diffraction pattern comprising peaks at 5.4, 6.5, 8.7, 11.9, 13.0, 18.2, 20.2 and 24.7

degrees 20 (+ 0.2 degrees 28) when measured using CuKu radiation.
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3. The crystalline sodium salt according to claim 2, haying an X-ray powder diffraction pattern
comprising a peak at 10.1 degrees 20 ( 0.2 degrees 20) when 10measured using CuKa radiation. 4.
The crystalline sodium salt according to claim 3, wherein the X-ray powder diffraction pattern further
comprises peaks at 13.0 and 18.2 degrees 20 ( 0.2 degrees 20) when measured using CuKa radiation.
15 5. The Crystallimﬁesofgiwm&edtmﬁmﬁdingttammng wheirﬁiﬁ th,eb}évﬁag paviderdiffcaction pattern
further comprises Peaks at 5.4 and 8 7 eesaz ees 1n easured using CuKa
radiation. 2 é%ﬂ/@?&ﬁfﬁl&% ﬁa 25 4 gaé’ ??X Sﬁﬂﬁ/&ért raction
pattern corrgmsmgrpEEKS?,at 5.4, 6 5, 8 7,11.9, 13.0, 18 2, 20.2 and 24.7 degrees 20 ( 0.2 degrees 20)
when measured using CuKa radiation. 7.The crystalline sodium salt according to claim 2, haying an
X-ray powder diffraction pattern made using CuKa radiation, which is substantially the same as that
shown i FI&. 3. 58 Awudatitf obeeopdutdiel itlolollpngraiuls (1): wherein at least 50% of said
compound is present in the fomi of the sodium salt compound according to claim 1, 2, 3,4, 5,6 or 7.
10 9. A pharmaceutical composition comprising the sodium salt of claim 1, 2, 3,4, 5,6 or 7, and a
pharmaceutically aggeptable ¢ r

9, wherein agdgast

0 t.. 10. The pharmaceutical composition according to claim

wherein at least 50% of said compound is present in the form of the sodium salt
compound according to claim [, 2,3, 4,5, 6 or 7.

10
9. A pharmaceutical composition comprising the sodium salt of claim 1, 2, 3, 4,

5, 6 or 7, and a pharmaceutically acceptable carmrier or diluent.
10.  The pharmaceutical composition according to claim 9, wherein at least 50% of
15 the sodium salt of the compound of formula (1) in the composition is present in the

form of a crystalline compound according to claim 2, 3,4, 5, 6 or 7.

1l.  Use of the sodium salt of the compound of formula (1) according to claim 1

for the
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15the sodium salt of the compound of formula (1) in the composition is present in the form of a
crystalline compound according to claim 2, 3, 4, 5, 6 or 7. 11. Use of the sodium salt of the compound
of foluta (1) according to claim 1 for the preparation of a pharmaceutical composition to treat a

Hepatitis C viral infection in a mammal
preparation of a pharmaceutical composition to treat a Hepatitis C viral infection in a

mammeal.
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