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, fil %Su?%gﬁber 16, 2008, and 61/150,826, filed March 9, 2009. HELD OF THE
INVENTION ‘TRig"0EAEN relates to novel crystalline forms of Compoungﬁﬁﬁgﬁ%’w&‘(’g%ium 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. 10

BACKGROUND OF THE INVENTION The following Compound (1): 15 Me is known as a selective
and potent inhibite# ST #ié HIE\F 083 S8irke priteasy, yCompoumu{ 1y falswithir thverseope of the acyclic
peptide series of HCV inhibitors disclesedtat SPatents 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 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, 2008, and 61/150,826, filed March 9, 2009,

FIELD OF THE INVENTION _
This invention relates to novel crystalline 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.
10
BACKGROUND OF THE INVENTION

The following Compound (1}:

Me
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NH
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15

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

{1) fails within the scope of the acyelic peptide series of HCV inhibitors disclosed in U.S.

Patents 6,323,180, 7,514,557 and 7,585,845, Coempound (1) is disclosed specifically as
20 Compound # 1055 in U.S. Patent 7,585,845, and as Compound # 1008 in U.S, Patent
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Compound (1) may also be known by the following alternate depiction of s chemical 5structure, which
is equivalent to the above-described structure: 0 ,&N)\ wherein B is; is MeO-; LI is Br; and R2 isH 10
When synthesg%j] § (?303%9”9 to the general procedures set forth in the above-cited references,
Compound (% IS prepared as an amorphous solid which is a form that is Sgﬁ%fm@gggﬁitable for
full-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.
Furtheimore, the process by which 15 Compound () 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 withthiiheGregebdod sheedlizpdstodagecsbngitiohsgeSdMivbadMe@fouhkdm INVENTION
We have now sufprigipaly.andanexpeciedly frundferthe fistime that Lompound (1) can be
prepared in crystalline form and also in the form of its sodium salt; and more 5preferably, the
crystalline sodium salt form. Thus, the present invention provides Compound (1) in crystalline form,
which in one embbdipoend ($)theynéw orystedine pelystionpi:dasignatedihieret ascHypeaf, and also in
the form of asno%gllug%%t!avuifﬁl& sodinm salt ehCampound £1); These.novel crystalline forms overcome
the pharmaceutical processing difficulties inherent in the use of an amorphous form and the sodium
salt form, 10 in particular, has other properties making it particularly advantageous in pharmaceutical

formulation processing as will be described in detail below. R
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10 When synthesized according to the general procedures set forth in the above-cited

wherein B 1s

references, Compound (1) is prepared as an amorphous solid which is a form that is
generaily less suitable for full-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

15 Compound (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 specialized storage conditions,

20



In one embodiment, the present invention is directed to Compound (1) in crystalline form. In a more
specific embodiment, the present inventors have discovered a novel crystalline 15 polymorph of
Compound (‘g%ré;;gfred to hereinafter as "Type A". Type A exhibits a characteristic X-r,?% powder

X

diffraction ( '(p%l3 &rh with characteristic peaks expressed in degreesP EH?%%%?QGWGS 20) at 4.8,

6.8, 9.6, 13.6, 17.3, 19.8 and 24.5 measured using CuKa radiation. 20 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) exhibits a characteristic X-ray powder diffraction (XRPD)
pattern with characteristic peaks expressed in degrees 20 ( 0.2 degrees 20) at 5.4, 6.5, 8.7, 10.1, 11.9,
13.0, 18.2, 20.2 and 25 24.7 measured using CuKa radiation. Yet another embodiment is directed to a
pharmaceutical composition comprisingsT¥pé/ R arthd BodivESalt@RCompound (1), or mixtures
thereof, and at least one pharmaceutically acceptable carrier or diluent, Yet another embodiment is
directed to a method of treating HCV infection in a mammal comprising administerin%qto said mammal

a therapeutically ERERIR A ERYARTBEY JPL URSPIHESHEIM ‘Cabs fesbimsdhfid eBPePfiktures thereof
5BRIEF DESCRRTIOMHred MErDRAWI NG Sk @sdingla éharatieristicnd-wdy Bowder Diffraction

(XRPD) pattern for TyRe, Ane cﬁg&ﬁﬁe@&h}a&@ﬁ&ﬁﬁrm's%v%&w PG Eyslaigwhere the DSC is

performed at a 1 heatin% rate of 10 C per minute in a crimped cup, FIG. 3 is a characteristic X-ray
Powder Diffracti$rPERRBDY patEritdithio @y ¥bitkiB SSuRPSRIEBA SO e 5 FIG. 4 is the
DSC thermal curp@iaoptystalmattechyatalype sodilisaltiaf Coampaunde( byyahge thaidSC is

performed at a h@a%tﬁ}%%‘ﬁo%&@‘f %E@%VL?JR’S&HB@@O%Q overcome the pharmaceutical
processing difficulties inherent in the use of an amorphous form and the sodium salt forn,
10 in particular, has other properties making it particularly advantageous in pharmaceutical

formulation processing as will be described in detail below.

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

15 polymorph of Compound (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 (= 0.2 degrees 20) at 4.8, 6.8, 9.6, 13,6, 17.3,
19.8 and 24.5 measured using CuKo radiation.

20
Another embodiment is directed to the sodivm salt of Compound (1), which sodium salt
can be prepared in crystalline form. The crystalline sodium salt of Compound (1) exhibits
a characteristic X-ray powder diffraction (XRPD) pattern with characteristic peaks
expressed in degrees 20 (£ 0.2 degrees 20) al 5.4, 6.5, 8.7, 10.1, 11.9, 13.0, 18.2, 20.2 and

25 24.7 measured using CuKa radiation.

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,

30



FIG. 5 shows the XRPD patterns of the Type A crystalline form of Compound (1) (bottom); the Type A
crystalline form of Compound (1) after being slurried in propylene 20 glycol (middle); and the Type A
crystalline f%%gég%ggund (1) after being slurried in ethanol (top). DETAILED DESCRIPTION OF

I efl

THE INVEN nitions Terms not specifically defined herein shoPu(fa/H%Z&{l’ggﬁé he meanings

that would be given to them by one of skill in the art in light of the disclosure and the context. As used
30throughout the present application, however, unless specified to the contrary, the following terms
have the meaning indicated: 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 othéfetpystbdlinmfodimswfiCinmaund (Eh& Phedaimg FEB6 utfeptoansamitmim&%, and more

preferably within 49,0 &, g MR AR Ol BROR R XA Eu  ARRWR LR EAR S 9m 3310 3.9%,

preferably from 3.66 to 3.74%. When the turn "about" is associated with a range of values, e.g., "about
X% to Y%", the tB¥riOHHB Gt iHemgBe t Wy R BstHHE bwer (X) and upper (Y) values of to the

recited range. For example, "about 20% to 40%" is equivalent to "about 20% to about 40%".
5 . 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 performed at a

10 heating rate of 10 °C per minute in a crimped cup,

FIG. 3 is a characteristic X-ray Powder Diffraction (XRPD) pattern for the crystalline

sodium salt of Compound (1).

15 FIG. 4is the DSC thermal curve for crystals of the crystalline sodium 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 crystalline form of Compound (1) after being slurried in propylene

20 glycol (middle); and the Type A crystalline form of Compound (1) after being slurried in
ethanol (top).

DETAILED DESCRIPTION OF THE INVENTION
25

Definitions

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

terms have the meaning indicated:



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 h er animals without undue toxicity, irritation, allergic response, and the like,
commensurﬁgvg\/‘l?t ag%ré%{onable benefit/risk ratio, and effective for the in}t’g%%s&(ﬁg@s\ﬁ/ﬁén the
substance is used in a pharmaceutical composition. The term "treating" with respect to the treatment
of a disease-state in a patient include (i) inhibiting 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
HCV viral load in a patient. 25 Crystalline Compound (1 ) The Compound (1) has been isolated as a
crystalline polymékphicifdiypdésigrated tresaili msptTypeph bil Cgenersl ( Type Wexhibits a

characteristic X-iauRowiiedifiation ANGPRIARNEM A REka RIEHREAINAegiees 20 (02
degrees 20) at 4.8, 6.8, 9.6, 13.6, 17.3, 19.8 and 24.5. The XRPD pattern of Type A is shown in FIG.

1. The characterfSEBea Hgﬁ%ﬁﬁﬁ%qsé?ﬁt%%féﬁ@iﬁ@s O RReR e  p BB Bligesd19s shown in

Table 1 below. 53atviguish Type A from other crystalline forms of Compound (1),
5
The term “about” means within 5%, and more preferably within 1% of a given vahe or
range. For example, “about 3.7%" means from 3.5 to 3.9%, preferably from 3.66 to
3.74%. When the term “about” is associated with a range of values, e.g., “about X% to
Y%, the term “about” is intended to modify both the lower (X) and upper (Y) values of
10 the recited range. For example, “about 20% to 40%” is equivalent to “about 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 lower animals without undue toxicity, irritation,
allergic response, and the like, commensurate with a reasonable benefit/risk ratio, and

effective for the intended use when the substance is used in a pharmaceutical composition.

The term “treating” with respect to the treatment of a disease-state in a patient inclnde
20 {1) inhibiting or ameliorating the disease-state in a patient, e.g., arresting or slowing its
development; or
(i) 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 a patient.
25

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 26 (+ 0.2 degrees 20) at 4.8, 6.8, 9.6,
13.6, 17.3, 19.8 and 24.5.



Compound (1) Type A Angle 2-Theta Rel. Intensity % 4.8 100 6.8 6 9.6 24 13.6

WG 2010/033444 PCT/US2009/056772

The XRPD 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 tn Table 1 below.

5 TFable 1:
Compound (1}
Type A
Angle Rel. Intensity
10 2-Theta ° %
4.8 100
6.8 (3]
9.6 24
13.6 8
17.3
19.8 16
24.5 11




617.3819.81624.511

WO 2010/033444 PCT/US2009/056772

10

15

20

30

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

cup.

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

crystalline form.

Another more specific embodiment is directed to a crystalline polymorph of Compound (1)
that has at least the following characteristic: an X-ray powder diffraction pattern
comprising a peak at 9.6 degrees 20 ( 0.2 degrees 28) when measured using CuKo,

radiation.

Another embodiment is directed to a crystalline polymorph of Compound (1) having an
XRPD pattemn comprising a peak at 9.6 degrees 28 (+ 0.2 degrees 28) as described above
and further comprising a peak at 19.8 degrees 20 (% 0.2 degrees 20) when measured using

CuKo radiation.

Another embodiment is directed to a crystalline polymorph of Compound (1) having an
XRPD pattern comprising a peak at 9.6 degrees 28 (% (.2 degrees 20) as described above
and further comprising peaks at 4.8 and 19.8 degrees 26 (£ 0.2 degrees 28) when measured

using CuKo radiation.

Another embodiment is directed to a crystalline polymorph of Compound (1) having an
XRPD pattern comprising a peak at 9.6 degrees 26 (+ 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 26 (0.2

degrees 260) when measured using CuKa radiation.

Another embodiment is directed to a crystaliine polymorph of Compound (1) exhibiting an

XRPD pattern substantially the same as that shown in FIG. 1.



FIG. 2 shows the Differential Scanning Calorimetry (DSC) thermal curve for Type A crystals 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 i&\ﬁeqﬂgnsi:? directed to Compound (1) in crystalline form. Another more sEecific ‘
embodiment 15 diteetad 16 a crystalline polymorph of Compound (1) that AN S 4 @T%Ilowmg
characteristic: an X-ray powder diffraction pattern to 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 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 g Aok HaRh A9 MBS REALSBAE ARAASE &P&f&g ufD @ (hisfieaipes 20) when

measured using CuKa radiation. Another embodiment is directed to a crystalline pgtil/%orph of
Compound (1) haVthl aH YRETTPEEA Rkl acpedk&is 4 oeTTbekgieds 20) as
described aboveaandifurtkishicamprisih haeaksuttedthstfialid Be 143,21 i ane2dh Fdegraes 20 (0.2

degrees 20) WhePh@lﬁﬁg%[&%P?é“@; &‘y l%@mr]%dlirggglqu&o@er embodiment is directed to a crystalline
polymorph of Compound (1) exhibiting an XRPD pat%ern gl'JbstantiaIIy the same as that shown in FIG,

1.30
Another embodiment is directed to a quantity of Compound (1) wherein at least 50%,

preferably at least 75%, more preferably at Jeast 95%, more preferably at least 99%, of said
substance is present in crystalline form, for example, in the form of the Type A crystalline

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

measurable using XRFPD analysis of the compound.

Ax additional embodiment is directed to a pharmaceutical composition comprising

15 Compound (1) and a pharmaceutically acceptable carrier or diluent, wherein at least 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
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 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:

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

30 obtain a solution;



Another embodiment is directed to a crystalline polymorph of Compound (1) having an XRPD pattern
comprising a peak at 9.6 degrees 20 (th 0.2 degrees 20) as described above and also exhibiting a
DSC themial curve substantially the same as that shown in FIG. 2 at 5 a heating rate of 10C per
minute in a chimped € *Another embodiment is directed to a quantity of CIHISSMETT Wherein at
least 50%, preferably at least 75%, 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 crystalline 10
polymorph as characterized by any of the abovementioned XRPD-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 is directed to a pharmaceutical
composition comprisingiil sodioppacnd (i) ahda phatmacestticallywane eptatle; caikisoardiuent,

wherein at least §p§/§enp£g&fa%%b$y a%%lﬁ%ttﬁ%(:%%%ﬁ%fﬁﬁ ly at least 95%, more preferably at least

99%, of the Compound (1) in the composition is present in ¢ ’stalline form, for example, in the form of
the Type A crystalline oiyfAckBE Be LHar SBRIASLE ByPLHy Bratiainsdidenstsiigbned XRPDdefined
embodiments. "41 The(pneséiat inyentionpiowdesoaspiocRpsHDithe Riepataion 05 Type A which

comprises crystallizing Compgund glgofggn& ) s%{tiop in gol,, ts_under.conditions which yield Type A.
The precise conditiok%s under w%uicﬂ Type A?g ormed eayoglgn’%m p?i?ﬂfiﬁhjdetelmined 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 CompeipBait)ateehplenpr epanec-hylsypiosass goranrisingithe felawing.aiens, which process
is also an embodiment of the, pjesent invepton: (i). dissolving Compoun in an aliphatic alcohol
solvent, optionally” 6nta?rtll|lﬁeg ’W§t§eprr%05 grggago %‘F)?f, Ig)}) ﬁ’@%l?%gﬂ[ﬁe d&%ﬁrféjgt%mggf{é%oﬁ%?ggure of about
65to 75 Cto  aleohol and iso-pentyl alcohol, preferably ethanol. The resulting crystals of Type A may

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

In the final step (iv), the resulting solids ebtained in step (iil) may be collected and dried at
high temperature using conventional collection and high-temperature drying technigues,
for example, filtration and vacuum oven.

15
In one preferred embodiment, amorphous Compound (1) is dissolved in an aliphatic
alcohol solvent (e.g., ethanol), containing 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 until Compound (1)
completely dissolves. A separate water addition solution is prepared containing water and

20 up to about 10% v/v aliphatic alcoho! {e.g., etharol), and this water addition solution is
added approximately linearly over time to the Compound (1) sclution 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 crystal slurry is cooled
and stirred, and the crystals are then filtered, washed and dried at a temperature of about 63

25 to 75 °C using conventional technigues,

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

30



300btain a solution; (if) adding water to the solution obtained in step (i) while maintaining the

solution at a temperature of about 70 to 75 C to obtain a slurry; (iif) cooling the slurry obtained in
step (i) to oyt 'nmsI%H%:inHterial; (iv) collecting the solid material of Steﬁéi" nd drying said
material at a'b empera‘ture of about 65 to 80 C to obtain Type A of Comp}f)(EI S( .%fﬁf) tic alcohols

that may be employed in this process include, for example. ethanol (e.g., denatured, 200 proof or
100% pure), 1- propanol, 2-propanol, 1-butanol, iso-butyl alcohol and iso-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 (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 vacudiug X5 imonmenpréferred embodiment, amorphous Compound (1) is dissolved in
an aliphatie alcohol solvent (e.g., ethanol), containing 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 until Compound (1) completely
dissolves. A sepdPit&HuterRERdihs s SORMBA 5 SreykEd Rorheanicyiadr amsoalistailout 10% viv
aliphatic alcohol {e: gheethenalslanet¢hisavateoabiditionhsolutianisagded appraximaiahiiirearly over
fime to the SomngHRdLaal1AI A MARIAIRI0G RTINS A lemperatite.aligboy! 72 o 74C.

Type A of Compound (1) begins to cgéstallize durln_%the addition of the water solution. The resulting
crystal slurry is cB&IBY: frreip e e Rl G Rharste Tittisraerkneismessed iridaerser 3P a
temperature of aholik @be2BtR TG Ysing EonventianalREI¥qQUes?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)
Crvstalline Na Salt
Angle Rel. intensity

2-Theta ° %

5.4 42

20 8.5 29
8.7 43
10.1 100

11.9 39

13.0 52

18.2 51

20.2 42

24.7 30

-16-



The process steps may of course be facilitated by conventional agitation techniques, e.g., stirring, and
other conventional techniques as would be well understood for facilitation the process. 30 Sodium Salt
of Compoun T ium salt of the Compound of formula (1) has been found to be especially
suitablepfor p%rélr#é%ﬁeﬁtt%al processing due to the fact that it can be prepalargaf%z%ﬂ%/fgﬁfgzcrystalIine 5
form, In general, the crystalline sodium salt of Compound (1) exhibits a characteristic X-ray powder
diffraction (XRPD) pattern with characteristic peaks expressed in degrees 20 ( 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 XRI-1D pattern of the crystalline sodium salt of
Compound (1) is shown in FIG, 3. 1 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 Rel.
Intensity 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 10 °C per minute in a open cup.

5 The sodium salt form has been unexpectedly found to bave 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 (EBDDS),

10 First, the sodium salt form was unexpectedly found to have much improved solubility in
excipients commonty 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} in particular excipients:

15

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

Excipient Compound (1} Na sait Type A of Compound (1)
(mg/mL) (mg/mL)

PEG 400 233.6 + 34 136.8 £3.2

Propylene Giycol ~468 1.3 £ <0.01

Ethanol 187.0 £23.9 0.9+0.1

Capmui PG8 <169 172.6 £8.3

Capmul MCM 262.5£26 2206+74

Transcutoi P 430.6 + 14.7 24.3+0.3

Labraso! 1746+ 11.8 146.7 5.1

20 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 sodium salt unexpectedly exhibits higher form stability in propylene glycol

25 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

211



2-Theta 9/05.4426.5298.74310.110011.9 39 13.0 52

WO 2010/033444 PCT/US2009/056772

10

15

20

is demonstrated by a change in its XRPD pattern. FIG. 3 shows the XRPD patterns of the
Type A crystalline form (bottom - Lot A0Q3); 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 crystaliine form changes. By contrast, when the
crystalline sodium salt form of Compound (1) is slurried in either propylene glycol or
ethanol, there is no change in the XRPD pattern observed for the remaining solid phase.
This demonstrates the improved stability of the sedium 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 these common excipients. The methods used in

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

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

Compound (1), even after such forms have been successfully prepared.

In one general embediment, the present invention is directed to the sodium salt 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 (+ 0.2 degrees 20) when

measured using CuKa radiation,

Another embodiment is directed to the crystalline sodivm salt of Compound (1) having an
XRPD pattern comprising a peak at 10.1 degrees 26 (:£ 0.2 degrees 20) as described above
and further comprising peaks at 13.0 and 18.2 degrees 26 (+ 0.2 degrees 20) when

measured using CuKo radiation.
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182 51 20.242 24.7 30  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 minyte in.a open cup. 5 The sodium salt form has been unexpectedly found to have unique
properties mal w%&lﬂﬁfosg?ﬁ%ularly advantageous in pharmaceutical formulafion F&%‘é"é‘éﬁﬁﬂzm particular,
the sodium salt form has certain properties making it particularly suitable for formulating in a

Lipid-Based Drug Delivery System (LBDDS).

Another embodiment is directed to the crystalline sodium salt of Compound (1) having an
XRPD pattern comprising a peak at 10.1 degrees 28 (+ (1.2 degrees 26) as described above
and further comprising peaks at 5.4, 8.7, 13.0 and 18.2 degrees 20 (+ (0.2 degrees 20) when

measured using CuKa radiation.

5
Another embodiment is directed to the crystalline sodium salt of Compound (1) having an
XRPD pattern comprising a peak at 10.1 degrees 28 (0.2 degrees 20) as described above
and further 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 CoKuo radiation.
10

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

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

Another embodiment is directed to the crystalline sodium salt of Compound (1) having an
15  XRPD pattern with a characteristic peak at 10.1 degrees 20 {x 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 emnbodiment is directed 1o a quantity of Compound (1) wherein at least 50%,

20 preferably at least 75%, more preferably at least 33%, more preferably at least 999, of said
substance 1s 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.

25
An additional embodiment 1s directed to a pharmaceutical composition comprising
Compound (1) sodium salt and a 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 crystalline sodium sait of
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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 provid\%%dalt{? g§m4onstrating the much improved solubility of the sodiuJ[n S?It fOI‘n7”I qf Compound
(1) as comparedz?o ﬁ]}e‘tfype A form of Compound (1) in particular excipie’ﬁ%.[isg @%?ﬁf)e?ﬁson of -
Solubility of Compound (1) Na salt vs. Compound (1) Type A in various excipients Excipient
Compound (1) Na salt (mgAnL) Type A of Compound (1) (mg/mL) PEG 400 233.6 34 136.8 3.2
Propylene Glycol >468 1.3 <0.01 Ethanol

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
5  Compound (1) which comprises crystallizing Compound (1} from a solution in solvents

under conditions which yield crystalline sodium salt. The precise conditions under which

crystalline sodium salt is formed may be empirically determined and it is only possible to

give methods which have been found 10 be suitable in practice.

10 It has been found 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
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
15 complete solution
(11) adding water to the solution obtained in step (i) while maintaining the solution
at a temperature 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 (iii) to obtain solid material;
20 (iv) collecting the solid material of step (iii) and drying said material at a

temperature of about 45 10 75 °C to obtain the crystalline sodium salt of Compound (1).
Additional alternative processes for preparing the crystalline sodium salt of Compound (1)
may be found in the Examples section below, each of which are additional embodiments of

25  the present invention,

Pharmacentical Compositions and Methods

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

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

-14.
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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 patients in human clinical trials, The
appropriate dosage amounts and regimens for a particular patient can be determined by
methods known in the art and by reference to the disclosure in 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, aboat 50mg to 1000mg,
more preferably from about 120 mg to about 480 mg, is administered per adult human per

day in single or multiple doses.

Specific optimal dosage and treatment 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
the infection, the patient’s disposition o 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.

These crystaliine 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 1J.S, Patents 6,323,180 and 7,585,845 for the various types of
compositions that may be employed in the present invention. The pharmaceutical
composition may be administered orally, parenterally or via an implanted reservoir. The
term parenteral as used herein inclzdes subcutaneous, intracutaneous, intravenous,
intramuscular, intra-articular, intrasynovial, intrasternal, intrathecal, and intralesional
injection or infusion techniques, Oral administration or administration by injection are

preferred.

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

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

-15-



20 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 excwéezr}'t%ﬁg%%gnd, the sodium salt unexpectedly exhibits higheréo;m s’t{)%biLit in propylene
glycol and et anol as compared to the Type A form. In particular, the Typ]e): AT cf?’éo%pound (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 5crystalline sodium salt form of Compound (1) is
slurried in either propylesetyhydd bbthe tivandhtitrena yda edghargeiintirendR:pbttecapabserved for the

remaining solid phage, s, dRmanaiaies doadmpraved: shabiinnefiie andim Salk (Rimey these

excipients which, again, makes the sodium salt form particularly suited to the development of an
LBDDS formulati@ﬁ‘bmploying one or more of these common excipients. The methods used in 10
generating these results are described below in the Methods of Characterization section. The above

resuits obtained Wi aeésialing spdiumsalharew e hsriad bepausr LB dsRsAINnelpossible to

predict such differences in solubility and any trénd in physical stability betwee > free form and
different salt fornS&28PE S pETHTANSHANA BRFGES LIRSS &SP (TS teRcaie? BathTorms have
been successfullfoprelearedcinionegertaighaninadinman sthaspresanbioveptiemivowesigd to the

sodium salt of Compayndi{(1). ﬁpeﬁ,ggfg%geg ' i&gg&p&ﬂi&eﬁrﬁtgetgg sodium salt of Compound (1) is
e , the

in crystalline form. In an even more specific embodimen resent Invention is directed to a
crystalline sodium salt of Compound (1) that has at least the following characteristic: an X-ray powder
diffraction pajtermigoshgfisingtapeakmtilon degipes2i (0. .2aeorassdlnaitBeutical

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), inclading liquid-

15 filled capsules, and agqueous suspensions and solutions. 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 also typically added. For oral administration in a capsule
form, useful diluents include lactose and dried com starch, FExamples of soft gelatin
capsules that can be used include those disclosed in EP 649651 B1 and US Patent

20 5,985,321, When agueous suspensions are administered orally, the active ingredient is
combined with emulsifying and suspending 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
25 be found in standard pharmaceutical texts, e.g. in “Remington’s Pharmaceutical Sciences”,

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

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

*

the final liguid-based pharmaceutical composition contains the novel sodium salt of
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95 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 20) as
described a@g%@gﬁsgﬁgmr _comprising peaks at‘13.0 gnd ‘18,2 degrees %8(”%. 2(%%)%%%?7‘?1 20) when 30
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 20) as
described above and further comprising peaks at 5.4, 8.7, 13.0 and 18.2 degrees 20 ( 0.2 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 20) as
described above and further comprising peaks at 5.4, 6.5, 8.7, 11.9, 13.0, 18.2, 20.2 and 24.7 degrees
20 ( 0.2 degrees2oynwime heabtiethusing K aosdiatidn sémotihemboibocinrentisedipgched to the
crystalline sodiunysalt of GRmP AU dexhibiing.an s RRRAalER sibstantial e same as that

shown in FIG. 3. Another embodiment is directed to the crystalline sodium salt of Compound (1)
having an 15 XREDH IR TR i AR RIS BEiCRt TaPletshieaY P s tisghees 20) as
described gboveMﬂ@MbMMa@S@mmﬁm mmwasubsmm@auyihﬁmmg fassthat shown ir_1 FIG.
4 at a heating ratg,of. 40 GHRGLMINKIGINARQPE IR ABINSE SrRodiMent is FiESciagAQ.a quantity of

Compound (1) wherein at least 50%, 20 preferably at least 75%, more preferably at least 95%, more
preferably at leaStEeUCBPLLBYSh AiroeTs b roseft arethsrRSFtRBIGEAMR@ < dhim salt of
Compound (1) agrmay hecghatacterized 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
(2) is typically measurable using XRPD analysis of the compound. 25 An additional embodiment is
directed to a pharmaceutical composition comprising Compound (1) sodium salt and a
pharmaceutically\acoeptalincandaraibailuent. 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
1 X-Ray Powder Diffraction

X-ray powder diffraction analyses were conducted on a Bruker AXS X-Ray
15 Powder Diffractometer Model DR Discover, available {from Brﬁker AXS, Inc. of Madison,
W1, using CuK radiation. The instrument is equipped with a long fine focus x-ray tube,
The tube power was set to 40kV and 40mA. The instrument was operated in parallel beam
mode with a Gobel Mirror, using a 0.6mm exit slit, a 0.4° soller slit, a LiF flat crystal
diffracted beam monochromator and a Nal scintillation detector. A detector scan was run
20 using a tube angle of 1° 26, Step scans were run from 2 to 40° 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.

2, DSC Analysis

The DSC analysis was conducted on a TA instruments DSC Q 1000, 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

-17-



30present in crystalline form, for example, in the form of a crystalline sodium salt of Compound (1) as
may be characterized by any of the abovementioned XRPD-defined embodiments. The present
invention provi(d}es a process for the preparation of crystalline sodium salt of 5 Com%?und (1) which

SititHYield

comprises cﬁ)ys azﬂllzm?éz'ﬂémpound (1) from a solution in solvents under cOidittonY
crystalline sodium salt. The precise conditions under which crystalline sodium salt is formed may be
empirically determined and it is only possible to give methods which have been found to be suitable in
practice. to It has been found 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 present invention:
() dissolving compound (1) in an ketones or acetate solvents, optionally containing water as a
co-solvent, by heating theubilidunel &s@n slhangofbyig@btaining a 15complete solution (i) 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 slulr%; iii) seeding with the crystalline sodium salt of Compound (1)
(iv) cooling the slurry oBtisERPHHERIF-GMPR BbtRirf il sy pr the sodium salt form, was

investigated in various non-aqueous solvents. The solutions were prepared by addition of
5 excess Compound (1) to 0.25 m] to 1.0ml of excipient in amber screw cap vials with
Teflon lined caps. 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 was conducted with an
10 Agilent 1100 using gradient or isocratic conditions. Both methods used acetonitrile/water
{each with 0.1% Triflourcacetic Acid) and an ACE C-18 stationary phase with column
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.
XRPD analyses for the form change studies were conducted on a Bruker AXS X-
15 Ray Powder Diffractometer Model DS Discover or D8 Advance, available from Bruker
AXS, Inc. of Madison, WI, using CuKw 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 and LiF flat crystal
diffracted beam monochromator or using 1 mm divergence slit with 0.12mm soller slits.
20 Bragg-Brentano configuration with the D8 Advance was also used for some analyses with
1 mm divergence shit with 0.12mm soller slits, Each configuration/instrument employed
Nal scintillation detector. Detector scans were run using a tube angle of 1° 28, Step scans
were run from 2 to 35° or 40° 28, at (.05° per step, with 0.6 or 4 seconds per step. A
reference quartz standard was used to check instrument alignment. Samples were prepared

25 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 forth.

These examples are for the purpose of illustrating embodiments of this invention, and are

not to be construed as limiting the scope of the invention in any way. The reactants used in
30 the examples below may be obtained either as described herein, or if not described herein,

are themselves either commercially available or may be prepared from conmumercially
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20(iv) collecting the solid material of step (iii) and drying said material at a temperature of about 45 to
75 C to obtain the crystalline sodium salt of Compound (I) Additional alternative processes for
preparing the crystalline sodium salt of Compound (1) may be found in the Examples section below,
each of which %%3 Wid#hal embodiments of 25the present invention. Phsﬂwgéggﬁéﬂapz%mposnmns
and Methods The aforementioned forms of Compound (1), including Type A and the sodium salt
forms, 30are useful as anti-HCV agents in view of the demonstrated inhibitory activity of Compound (1)
against HCV NS3 serine protease. These forms are therefore useful in 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) hasaﬂeﬂm&hﬁ&edueﬂﬁemwehmdEntmmg(]dﬁ%kﬁemgdmaﬁkem&ﬂmhuman clinical

trials. Ibe 5 appropy. 8&9&9&%9%8%&%&%@8kﬁ‘&@ﬁ%ﬁt%ﬂ'%@é}ﬁ RAUGOLEANNS determined by
methods known in the art and %reference to the disclosure in U.S. Patents 6,323,180 B1 and

7,585,845, Gene? Ry SRSV VA9 A bRrteteh e At EFOR ORI HeSHon in the

mammal is administe)ssd, d450ne embodiment, about 50mg to 1000mg, more preferably from about 120
mg to about 480 mg, is administered per adult human per 10day in single or multiple doses. Specific
optimal dosage and treatment regimens for any particular patient will of course depend upon a variety
of factors, includMBaHe ke towgeilisr AP GalelPPRRIT SRt s R her e émaenriigteation, rate

3: exc;ret;on dr%@a@ﬁ&%&ﬂ?&l&?@@@v&[&?ﬁm&m}lmﬂl?ﬁ ik the mﬁ@wgnrew&cpagta%ssd ltsgosmobr} to
e Intection an e 1n SICI n gener. una, IS Most aesiraply
I‘chi gg% 1%%n<P!i)g ?E(h TESS g(agraﬁtlkr/ﬁ}%gl_ﬁgn}pcg

administered at a concentratlo that w era a or fflectlve résu ts without
causing any harﬁiﬁ@ﬂ@‘?%%l@ﬁdljédw&é@?ﬂﬁed by chromatography on silica gel and/or by

10 recrystallization,

15

20

25

30
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20 These 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 6032%36/%?0 and 7,585,845 for the various types of compositions that may be employed in
the present venton- e e pharmaceutical composition may be administersd’ 8?&?@7’ 37%%1terally or via
an implanted reservoir. The 25term parenteral as used herein includes subcutaneous, intracutaneous,
intravenous, intramuscular, intra-articular, 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 nontoxic
pharmaceutically-acceptable carriers, diluents, adjuvants, excipients or vehicles. In some cases, the
pH of the formul&iadviiBEsbe adjusted with pharmaceutically acceptable acids, bases or buffers to
enhance the stability of the formulated compound or its delivery form. 5 The pharmaceutical
compositions may be i |n the fotln of a sterlle injectable preparation, for example, as a sterile injectable
aqueous or oleagitSistispartasan elunoline sarine Maarial & ompoandd becording to techniques
known in the art using suitable dlspersmg or wetting agents (such as, for example. Tween 80) and
suspending ggents. to The pharmaceutical compositions may also be in the fonn of an oral
pharmaceutical composition comprising Type A or the sodium salt of Compound (1), or mixtures

thereof, and at leag{ pne harnmaceu icalRFbeceprhbEiEaiEr or dlluent The oral pharmaceutical
compositions may be 0 7dmmyst ed,i |n? o@yl@qﬁgﬁfable "G @ ing, but not
gluid- g 5fil

limited to, tablets, caps fe.g., dard or soft elatin capsules) includ led capsules, and
“aqueous suspensions and solutions. In the ca§'epdf tablets for oral use, carriers which are commonly
used include lactose and &orn starch. Lubricating agents, such as magnesmm stearate, are also
typically added. For oral administration in a capsule form, useful diluents include lactose and dried
corn starch. Examples;Qf;epft gelatln capsfiles that can be used include those dis¢losed in EP 649651

B1 and US Patent 205,985,321, WHEPq §H§pen5|dfﬁse&*€‘adm|nlstg?% & active
ingredient is combineiitiyptii@iulsifying g uspendlng 08 %qug’(ged certgp eet%ging and/or

flavoring and/or colorin 4gents may be aséfed. Other suitgble vehicles or carrie¥€ fo
noted formulations anﬁ“&?&mposmons can 25 be found in stanslard pharmaceutical texts, e.g. in
"Remington's Pharmaceutical Sciences”, 19th e a Mack Publishing Company, Easton, Penn., 1995.

{COCH),, Et;N, DMAP Q
Q 0
DMF, THF, 70%
~ N
o] N > <
H | \>—~NH
Br o
J\[ \>~.>H <

Step 4

OH

. POCI;, Dicxane, 75 °C
KOBu', DME, R

s passna oo s
Step 6

s 2
85°C,2h  Sg N >__NH o NZ \/ NH
Step 5 Br H

16

Step 1
16 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. perfluoroocty] bromide (8.46 mmol, 1.75 eq.) was added

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

20-



Certainly, when the crystalline sodium salt is formulated in a liquid vehicle, for example, as a liquid

solution or suspension for oral administration or by injection, including for 30example in liquid-filled

capsules, the sodium salt loses its crystalline nature. Nevertheless, the fingl Iiasuid-k?ased
It

W 2010/03344 : : US2009/036772
pharmaceutl‘gg corﬁposmon contains the novel sodium salt of Compound (1) an i 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 processing and pharmaceutical formulation manufacture using the sodium salt
form. 5Therefore, the final pharmaceutical formulation containing the sodium salt form which was
thereby enabled by this discovery is considered another aspect and embodiment of the present
invention. 10Methad$(5f Githratlierizatiomt, XORdy IRl derB iffrsicticly Xidal powdenidiffraction

analyses were cndigled anAdBIokex AXSX-BRY 4 RederRifasiamelaiMadel Ra Discover,

available from Bruker AXS, Inc. of Madison, WI, usmg CuKct radiation, The instrument is equipped
with a long fine fOREESIE P RiTE A HEmyRsHEREr Wl st liRg Wil AbHeAP TGRS Himent was
operated in paraliskhemmbmodenyikthsa Gabel Mistaneusing ‘FINSRexivEit, cDTY) &dle? dglit, a LiF flat
crystal diffragted b chro I intillgtipn detector., A,detectqr was run using
a tube angle%of 13’2%§§ Qdc(:aést vggg?tjﬁr? %c%%iNgﬁtﬁghd[ ?gibg{t}{ﬁz}ge)’p%gﬁ Bst(ggg){,(ajifgé% ggrefpsﬁ’ep. A
reference quartz $taridart \iHs Usedsi@Bheck YRS Hitlg hfehtoshifdies wdteprepared for

analysis by filing;azeseshackground st obdet (d), 103.07 (s), 56.26 (q), 40.20 (s), 27.45 (¢)).

Step 2 .

16 0.25g bromoamide § (0.87 mmol, 1 eq.), 2.0 mL con. HC1 (24 mmol, 28 eq.), and 1.0 mL
diglvme were heated at 100°C for 24 hours. The mixture was then cooled and filtered
{(product}, The filtrate was evaporated in vacuo using H,() to azeotropically remove all
solvents. The residue was triturated with EtOAc to cause precipitation of additional
product, which was also filtered . The combined solids were dried to give (.16 g (77%) of

15  bromoaniline 6.HCI as a light brown solid. 'H NMR (400 MHz, CDCl3)8: 7.09 (1, J = 8.1
Hz, 1H), 6.61 (d. J = 8.0 Hz, 1H), 6.47 (d, J = 8.1 Hz, 1H), 3.84 (br 5, 2I), 3.77 (s, 3H).

Step 3
Bromoanisidine. HCI (5.73g, 24.0 mmol), Aluminumitrichloride (3.52¢g) and chlorobenzene

20 (15.0 mL) are charged into an oven dried 100 ml. three necked {lask at 1t (temperature rise
to 30°C). The resulting mixtuare is then stirred for 10 min then cooled to 0-5°C followed by
slow addition of acetonitrile (1.89 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 mixture is then stirred at 1t for 20 min then heated to 85-100°C for 16h.

25  HPLC indicate completion of the reaction (SM<0.5% at 220nm). The mixture is cooled
down to 30°C then Toluene (15mL) was added followed 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, 2x15m: 5%NalHCO5, 1x15mL water

30 then concentration under reduced pressure provided 3.92-4.4¢ of the desired product in 68-
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DSC Analysis  The DSC analysis was conducted on a TA instruments DSC Q 1000. The differential
scanning calorimetry curve was obtained on a sample of Type heated at 10 degrees C in a crimped

cup under aﬁl]&r%%em flow. WO 2010/033444PCTRUS2009/056772 3.So}%blllt¥ and Form Change

‘Studies e’so u%fﬁﬁ? of Compound (1), as either Type A or the sodium St %}rgrlr??%ézs investigated

in various non-aqueous solvents. The solutions were prepared by addition of 5 excess Compound (1)
to 0.25 ml to 1.0m1 of excipient in amber screw cap vials with Teflon lined caps. 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 PVDE filter.
The filtrate was subject to HPLC analysis for determining the solubility. IPLC analysis was conducted
with an toAgilent72%08otisigigkadieNMR (90T M, cOMditidris 7 Bath methbidsIuBet 1atetopitiile/water

(each with 0.1% J. %Ig&{rp@g‘qt&ﬁﬁﬂ) ﬁl@gf@}@@%g(&gpﬁaﬁonary phase with column heating
. ength o

maintained at 40-45C. The wave detection was set at 220inn or 264mn. Wet solids were
collected and analyzed for form change (stability) by XRPD. XRPD analyses for the form change
studies were corgiegted on a Bruker AXS X- 15 Ray Powder Diffractometer Model D8 Discover or D8

Advance, avgila%ge 1]r m.Bruk fg(SL Inc.d fd\/&dison Wﬂe usj(rilgl.CuK lr@gaggn :Phe tlllbe power was
. > . : 3 { 7
set to either 40kV art CA%%AQC%)‘% 4 E’v)a‘%é g%)mA.p'IW e ’tlonstrucr%enté‘)uvrsge ope acfedhf%78aerallel beam

mode with a Go&iddiF?8r Lsify 0l in EXF sHt0i and BNSIIEPS KL ARtEL fEpdrEdctl staniiffracted
beam monochromaiaicQhdistegial @ipivegencesstit wih:ehdim misallepsliis. 22 BraggdBrentano

configuration with the D8 Advance was %!130 used g)r some arlal ses with.1 mm div%r.gence slit with
omgggn us. ecool%n is removed an (% e m X|\1l1r¥ 18 4 }?We? 0 reach ambi IB

0.12mm soller slits. Each configuration/instrument employed Nal scintillation detector. Detector scans

were run using atiperHglever 4 rpuodep38caits (asrey Pl RO PRsesveS dhamxorai OB per step, with

0.6 or 4 secands.p@icsiennARies ance quaitz sandardiwas usadite:gheck nstsyment aignment.
Samples were prepared) . < 1 ) was added at 1045°C, EGN (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
65:42°C and stirred overnight {18 h). The mixture was allowed to reach ambient
ternperature, diluted with EtOAc (150 mL) and washed with water (150 mL). NaHCO
15 (5%, 225 ml.) was added to the organic portion and the mixtufe 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% vield.
'H NMR (400 MHz, CDCL) &; 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, /= 8.7 Hz), 7.70 (d, 1H, J = 8.7 Hz), 7.86 (s, 1H), 8.98 (bs, TH),
10.13 (bs, 1H).

Step 5

In a 21 flask was placed potassium t-butoxide (112 g}, Dry DME was added at room

temperature (exothermic: temperature went up to 35 °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 80-85 °C. Upon completion, reaction mixture was stirred at 85 °C for 2 hours,

22-



25for 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 forth. These examples are for the purpose of

illustrating em odir%e ts of this invention, and are not to be construed as Iigwiti 9 th? scope of the
: oo 2010, 3%?4 : B T/B‘r% 009745677
invention in any way. The reactants used in 30 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 available 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 belidadityrseletted iy ivmesofiarditasy skilfsis thdantd Thapidaliyaaeaction progress may

be monitored by HighJpressHre,bifiic & romatearapiye (R nifdgsited candiniesmediates and
products may be purified by chromatoggga%]h on silica gel and/or by 10recrystallization. 15 20 25 30
f

EXAMPLES Exalripieri® s ragartith' 8t © f%bﬁﬁ%o%%ﬁ&‘ﬁ%%?ﬁl JrifBiagCE700 mb) was

added slowly so temperature was kept under 25 °C to quench the reaction mixture, pH was
5  adjusted to 4-5. About 100 ml of water was added (Note: amount of water may need

adjustment to facilitate filtration), and the resulting suspension was stirred at room

temperature for 5-10 hours. Product was isolated by filtration, washing with THF and

drymg under vacuum. Yield: 81g, 96% vield.

10 'H-NMR (400 M Hz, DMSO-dg): 1,14 (6H, d, ] = 6.8 Hz, i-Pr), 2.48 (1H, hept., ] = 6.8
Hz, i-Pr), 3.99 (3H, s, MeQ), 6.75 (1H, s, 11-3), 7.24 (1H, d, I= 8.5 Hz, H-6), 8.10 (1H. 4, ]
= 8.5 Hz, HS), 8.22 (11, s, H-5"), 9.87 (1H, 5, OH), 12.40 (1H, s, amide NH).

Step 6

15 Ina 100 ml flask was placed starting material quinolone (4.22 g) and dioxane (40 ml).
POCH (4.6 g) was added, and the mixture was heated to 73 °C. After 2 hours, HPLC
showed the reaction finished (99,7% conversion). Reaction mixture was cooled 10 room
temperature, and then poured to 100 ml satorated NaHCO; solation and 20 ml EtOAc. The
resulting suspension was stirred for 3 hours. Product was isclated by filtration, washing

26 with EtOAc and drying under vacuum. Yield: 4.0 g, 90.9%.

'H-NMR (400 M Hz, CDCL): 1.14 (6H, d, F = 6.8 Hz, i-Pr), 2.76 (1H, hept., ] = 6.8 Hz, i-
Pr), 4.05 (3H, s, MeQ), 7.68 (1H, d, J= 8.3 Hz, H-6), 8.07 (14, s, H-3}, 8.13 (1H, s, H-5%),
8.20 (1H, d, T = 8.5 Hz, H5), 12.30 (1H, s, amide NH).

25 '



15 OH Step 1 to The dianion of amide 1 (prepared exactly as described above, from 1.00 g amide 1)
was cooled to -78C, then 2.19 int, perfluorooctyl bromide (8.46 mmol, 1.75 eq.) was added dropwise
via syringe ' . The dark-colored reaction mixture was then placed in a -10C bath. After
two hours, %ﬁ'mhg%%fwas cautiously added, and the mixture extracted Wit ?Rﬁi&’éﬁfﬂzx 25 mL),
dried (Mg804), and the solvents removed in vacuo. The residue was then chromatographed on silica
gel eluting with 4:1 Hexane:EtOAc to give 1.13g bromoatnide 5(81%) as a colorless oil. 1H NMR (400
MHz, CDC13)8: 8.12 (br 5s, HI), 8.04 (dd, J. 1.3, 8.4 Hz, 1H), 7.24 (t, J= 8.3 Hz, 1H), 6.63 (dd, J= 1.3,
8.3 Hz, 1H), 3.87 (s, 311), 1.33 (s, 9H). 13C NMR (100 MHz, CDC13)8: 176.57 (s), 155.74 (s), 136.98

(s), 128.34(d), 113.63 (d), 106.86 (d), 103.07 (s), 56.26(q), 40.20 (s), 27.45 (q).
Example 2 — Preparation of Dipeptide Acid Compound 13 Startine Material

———————————
B . .
NH NH
OaH -3 e

HG,
H HO,
z;-—cozm O\
'L HCY a Q‘"CC@Me b OH
+
>L\1f ’
CyHgN206[1/3 MTBE]
o

CygH3pN20; Mol Wt.: 385,79
Mol Wt.: 370,44

a) EDC, HOBT, DMF, DIEA, 9¢%
b} i) LiOTL, H,0, THF, MeQH ii) MTBE recrystallization

A 250 mL 3-neck flask with a thermocouple, nitrogen inlet, and magnetic stir bar was
charged with N-cyclopentlyoxy carbonyl-ferf-L-leucine (20.0 g, 82.2 mmol, 1.0 eg.), 1-
hydroxy-benzotriazole (12.73 g, 90.42 mmol, 1.1 eq), and 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (17.33 g, 90.42 mmeol, 1.1 eq.) The flask was purged with

10 nitrogen, and the stirring started. Anhydrous DMFE (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 29 ° C. Solid trans-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 mi, 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 ml), the internal temperature rose to 34 °C. The reaction was extracted three
times with 75 mL of ethyl acetate, and the organic layers were combined. The organic
layer was washed with 75 mL H,0, and 2 x 75 mL of sat. NaHCO;. The organic layer

20 (about 235 mL) was transferred to a 500mL flask fitted with a mechanical stirrer, shortpath



Step 2 to 0.25g bromoamide 5 (0.87 mmol, 1 eq.), 2.0 mL con. lICI (24 mmol, 28 eq.), and 1.0 mL
diglyme were heated at 100C for 24 hours. The mixture was then cooled and filtered (product). The

filtrate was ev%o%ra}ed in vacuo using 1-120 to azeotropically remove all sglvents. The residue was
t

triturated Wit?]v AL Cause precipitation of additional product, which waS TR " rhe combined

solids were dried to give 0.16 g (77%) of 15 bromoaniline 6.11Cl as a light brown solid. 111 NMR (400
MHz, CDC13)8: 7.09 (t, .1= 8.1 Hz, 1H), 6.61 (d, J= 8.0 Hz, 114), 6.47 (d, J= 8.1 Hz, 111), 3.84 (br s,
2H), 3.77 (s, 311). Step 3 Bromoanisidine.FICI (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 rt
(temperature rise to 30C). The resulting mixture is then stirred for 10 min then cooled to 0-5C followed
by slow addition difsgitetonitid {diBSal] S6:0hmhmhothiollopiedaoy dsdibdm aiiBGhB(2182g), transferred

as gas (or liquid) g thenFeaclian MixtHe k8 eRIng 846 MBS FRtue DRI R Gul NG FESUHNg mixture is
then stirred at it for 20 min then heated to 85-100C Tor 16h, 25 HPLC indicate completion of the

reaction (SM<0.SHLAEBOYANTS. OFAL TrixtirBLcruls B HBw {6 Bethperdw By eraies was added
followed by slow @8i@litibhaofl Wiaf tisidifnd jothéenistovs addittonbihwatertB2erdimat 500 mihe resulting

mixture stirred fog adgiiona!ghvalithizdamRerali 8 Nen: 39-GRIG Vasaddeeand e stired mixture

cooled to rt. Filtration then wash of the organic fraction with water 1x15mL, 2x1 5m: 5%NaHCO3,

Ix15mL water 304iERESh et SrPiRtEr B dD e iR S5t pretrbied osuend UG B t@desired product
in 68- 72% isolatedtyietd (3B bNMR AN 1H RG] DA thé. 7AuthnbenQG dd 2bal) 1 7 siflres, 2H), 6.28 (d,

J=9.1Hz, 111),33,%4 (S wbﬁ%[i%%&)?%qpm %l%gdxl‘gglgfﬁ%g%ﬁﬁ%ggéﬁh%‘? uc]flle dropwise to

the cold mixture (105 C) of Thiazole acid 8 (20.18 g) is dissSolve and DMF (300 [IL)
over a period of B4IHIKERYSHTY Bkl eRsEitrasaiPose Trhe i Zotiod hittarioBecomes
yellow and homogenetsekhe caolingbaih.igremoved and-themixiueds, alowed teteach ambient

temperature overeaacegtrli%%mofub%(c)he ig. C-ngg \§0|Li'rt1i.. _Qdi(§ obsO Y nixtu '{g S i{lrse ] at 10 ambient
temperature for 30 min to ?L%our.rﬁ syofutlogo anﬁlne L%fgqiri y%@%@nﬁﬁﬁ?}ngfdnd (35 mL)
was added at 105G EE3NiE3 ight nfads aldednrporivns at 105 lever s feeiddisf 40 mm, The ice
bath was removeskaimd: fixéuenasd1eattddneb.anastifie & avesnght ¢#8dui khsnmixture was
;‘L"C’l"gdogo reach 2ol Nt QMRS R Alsied with HOAC (IR0 M. and washgd Wi waer (150 mL).
15 mixture was extracted twice with 150 mL of MTBE. The MTBE solution was
concentrated at reduced pressure, (330 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 ml of MTBE was added, the mixture was heated to 50 °C,
solution was clear, the oil bath was turned off, and the solution cooled to 1t, ~24 °C over
20 L.3h. To the resuliant slurry was then added 60 ml. MTBE, stirred 2h, then the slurry was
filtered, using ~20 ml. MTBE to transfer the mixrare, The solid was then dried under
vacuum at 35°C to constant weight, 16.4g (52%), to give the 1/3 MTBE solvate compound
13 as a coloriess solid, m.p. 117-124°C; oip= -38.6 (¢ 2.17, MeOH); "H NMR {400 MH7z,
DMSO, major rotamer reported) &: 6.76 (d, J=9.3 Hz, 1H), 5.15 (s, 1H), 4.92 (m, 1H),
25 4.31(brs, 1H), 426 (t, /=8.3 Hz, 1H), 4,19 (d, J= 9.3 Hz, TH), 3.63 (m, 2H), 3.06 (s, 1H,
(MTBE)), 2.08 (m, 1H), 1.87-1.48 (m, 9H), 1.09 (s, 3H, (MTBE)), 0.92 (s, 9H).

30
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15 (5%, 225 mL) was added to the organic portion and the mixture was stirred at ambient temperature
for 30 mm. The organic portion was concentrated under reduced pressure at approx. 40C. EtOAc (150
mL) was ad m% §ult|ng material and the residual water was remoy gd t?e m7|7xture was
concentrate r re ced pressure at approx. 40 C (to azeotrope Waters% 64 %_) was added
and the resultlng slurry was stirred for 2-6 20 h and filtered. The solid was washed with EtOAc (30 mL)
followed by heptane (30 mL) and air dried for | h to give the desired product in 70% yield. 1H NMR
(400 MHz, CDCI3) 8: 1.32 (d, 611, J= 7.8 Hz), 2.58 (s, 3H), 2.65-2.72(m, 111), 3.98 (s, 311), 6.83 (d,
1H,J=8.7 Hz), 7.70 (d, 111. J = 8.7 Hz), 7.86 (s, 111), 8.98 (bs, 1H), 10.13 (bs, 1H). 25 Step51In a
2L flask was placed potaSS|um t- butOX|de (112 g) Dry DME was added at room temperature
(exothermic: te liré weieparpt B , &b dhteds
amide (88 g) was added in 10 portlons slowly SO temperature was kept between 80- 85 C. Upon
completion, reaction mixture was stirred at 85 C for 2 hours. Solid precipitated during the reaction.
HPLC anaIyS|s |nd|cated that the reaction was completed at this p0|nt (conversion: 100%) The

adjustment to facilitate-Tiyetig

5-10 hours. Product was | oIated by filtration, washing with THE and drying under vacuum. Yield: 819,
96% vyield. tolH-NMR 00:M H¥; SO-d6): 1.14 (6H, d, J = 6.8 14z, i-Pr), 2.48 (1H, hept., | = 6.8 Hz,
i-Pr), 3.99 (3H, s, >6.75 (1H, s, H-3), 7.24 (1
(1H, s, H-5), 9.8 , S Qladhh2 40 (1H, s, amid

Mol Wt.: 38579

GOoH

_}_

a
‘ NH
- TsOH Oj 15
CoHlzrN:0;
Mol. Wt.: £79.57 - Coy H N

/

cmnwm s Mol Wi 465 54
Mol WE.: 313.37

a) EDC, HOBT, THF
b) LIOH, H,0, THF, MeOH

In a 25 m] flask 34 was dissoived in 3 ml DME, HOBt (149 mg, 1.1 mmol}, EDC (211
mg, 1,1 mmol), 13 (290 mg, 1.0 mmeol) and i-Pr,NEt (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 NaHCO; and

16 extracted with ethyl acetate (20 ml). The organic layer was washed with HC1 (0.5 N,
2x10ml) and saturated aqueous NaHCO; (10ml). After removal of solvent by rotary
evaporation, 15 was obtained as a white solid. 0.46 g (95% vield). "H-NMR (400 M Hz,
CDCl3): 0.96 (s, 9H), 1.35 (1H, dd, I = 3.0, 45 Hz), 1.45-1.90 (m, 9H), 1.77 (1H,dd, I =
3.0, 4.0 Hz), 2.00-2.09 (0 H, m), 2.45-2.52 (1H, m), 3.02 (i, br), 3,50 (1H, dd, I = 11.0,

15  3.0Hz),3.58 (31 5), 3.99 (1H. d, F = 11.0 Hz), 4.18 (1H, d, J = 9.0 Hz), 4.43 (1H, br),
Hz), 4.63 (1H, t, J = 8.0 Hz}, 4.93-5.00 (1H, m), 5.04 (1M, dd, T = 10.5, 2.0 Hz), 5.20 (1d,
d, J = 18.0 Hz), 5.20-5.25 (1H, m), 5.65-5.77 (1H, ddd, J = 18.0, 10.5, 2.0 Hz), 7.78 (1H,
br) ppm.

26-



Step 6 15In a 100 ml flask was placed starting material quinolone (4.22 g) and dioxane (40 ml).

POC13 (4.6 g) was added, and the mixture was heated to 75 C. After 2 hours, HPLC showed the

reaction flnls\gg%(g’? Z%fonver3|on) Reaction mixture was cooled to room temperature, and then
0

poured to 1 ugfé ed NaHCO3 solution and 20 ml EtOAc. The resu %gﬂésugp nsmr% was stirred

for 3 hours. Product was isolated by filtration, washing 20 with EtOAc and drying under vacuum. Yield:
4.0 g, 90.9%. 'II-NMR (400 M Hz, CDC13): 1.14 (614, d, J = 6.8 Hz, i-Pr), 2.76 (1H, hept., J -= 6.8 Hz,
iPr), 4.05 (3H, s, Me0), 7.68 (114, d, J= 8.5 Hz, H-6), 8.07 (1H, s, 11-3), 8.13 (1H, s, I-I-5"), 8.20 (1H,
d, J =8.5Hz, H5), 12.30 (1H, s, amide NH). 25 WO 2010/033444PCT/US2009/056772 Example
2-Preparation of Dine de Acid Compound 13 Starting Material a) EDC, HOBT, DMF, DIEA, 90% b)
LiOH, 1120, THF, MeOH ii) IHTBE reerystallization 5 A 250 mL 3-neck flask with a thermocouple,

nitrogen inlet, anghmagnaticsto Bas WasichasgsdhdNcyslepenilyemy cabapyiigsirsleucine (20.0g.
82.2 mmol, 1.0 eq %1 hy drox -benzotriazole (12.73 g, 90,42 mmol, 1.1 e

1-(3- dlmethylamfﬂ 'FBWT}’%’E fﬁ?ﬂfﬁfﬁ%dlﬁﬂ%?@ Fﬂ%‘ﬂBﬁPﬁ@?l@@n(idfi%ggg@412Wﬁdplf 1 eq.) The
flask was purged withnbviitsege drardstherstirnnopstarteittrArthyareuseRMee (s 2yenl emasddded to the

flask and thes iy yacuo, and the residue diluted with 15 mL BtOAc + 10 mL sat'd NaCl, then 1N HCl was
added until pH 3.45 was reached. The phases were separated and the aqueous phase
reextracted with 15 mL EtOAc. The combined EtOAc layers were washed with H-O (1 X
50 mlL), dried (MgSQy), and the solvents removed in vacuo to give an oil. The oil was
azeotroped with MTBE (1 X 15 mL), and the residue dried under high vacuum to give 320

10 mg of 16 (100%) as a colorless foam. Exact mass cale'd for CpsHasN3O5: 463.25; Found

(ES-): 464.29; 'H NMR (400 MHz, DMSO, major rotamer reported) &: 12.40 (br s, 1H),
8.49 (s, 1H), 6.77 (d, J = 8.2 Hz, 1H}, 5.71 (m, 1H), 3.22-4.85 (m, 4H), 4,36-4,10 (m, 3H},
3.80-3.21 (m, 4H), 2.00-1.42 (m, 11H), 0.92 (s, 9H).

15

25
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mixture was stirred for 20 minutes at room temperature (about 24 C). The reaction was mildly
exothermic, the internal temperature rose to 29 C. Solid trans-4-hydroxyproline methyl ester HCI

(14.93 g, 82 q) was added to the reaction in one portion. Usin inge, diisopropy!
ethyl amine ﬁgj@g 2 mmol, 1.0 eq) was added to the 15 reaction d:r(gf)?\;l\fn%g ové‘?ﬁ% 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 HCI (100 mL), the internal temperature rose to 34 C. The
reaction was extracted three times with 75 mL of ethyl acetate, and the organic layers were combined.
The organic layer was washed with 75 mL H20, and 2 x 75 mL of sat. NaHCO3. The organic layer 20
(about 235 mL) was transferred to a 500mL flask frtted Wrth a mechanlcal stirrer, shortpath distillation

Jeouplepre < fnimabsidrdble volume under house
vacuum( 110 mm Hg ) below 35 C mternal temperature wrth an orI bath temperature of 40 C. To this
crude mixture of 12 was then added tetrahydrofuran (150 mL) and it was distilled to minimum stirrable
volume. Tetrahydrofuran (100 mL) 5was added to the flask, and it was again distilled to minimum
stirrable volume. The distillation hea ed with an addition funnel. Tetrahydrom (200 mL)

the solution stirred fgr about 5 Winy A32M
f : Adradded over 45

Pecame slightly cloudy.
by slow (45 min.)
e in temperature to 27
AR,were removed by

and'tﬁ”r"‘“ct‘r(“)ﬂ”t
en_?_%‘r;ea'c“trén was quenchep
pH'to tausing a slight increa
C. The flask was fitted yfith<g:gistillati ead, and the methanol and tertahyd
distillation at reduced pressure, with th termperature of 40 C, internal te ature below 30C. The
15 mixture was extracted twice with 15%? of MTBE. The MTBE solution-wa centrated at

reduced pressure, (350 mmHg) to minimbm stirrable vqume 50 mL of B was added it was

oil bathswas turned off, and

MTBE was added, the t' eated to 50 C solutron was cle d é“f)
n ad ed mL MTBE,

the solution cooled to 4.2over 201.5h. To thgs£5 ant sIurry wa

stirred 2h, then the slurry wag filtered, using -20 mL M toHtg“aogsfe the mixture. The solid was then

dried under vacuum at 35C toye stargt W, 'grht 16.49 ( %x)ﬁté)ng the 1/3 MTBE solvate compound

13 as a colorless solid, m.p. X , = -58 71H NMR (400 M MSO, major

rotamer reported) 8: 6.76(d 5 15 (F}ﬁ BoﬁTé%anm #), 254.31 (b m 26 (t, J= 8.3
1 87-1.48 (m,

CaHayBriNgGs5

Mol. Wt.: B83.85
LiOH, H,0, MeOH, THF b—( £OH

CI/Q :
SwAr Protocol 11 A 100 mL 3-neck round bottom flask was charged with 1.93g 13 (5.00
mmol, leq.), then evacuated/Ar filled (3X), then 17.0 mL DMSO was added via syringe to
give a clear, colorless solution. The flask was again evacuated/Ar filled (3X), then 2.53g #-

10 BuOK {22.5 mmol, 4.5 eq.) was added neat, at once. An exotherm to a maximum of

31.5°C was observed. The flask was evacuated/Ar filled {3X), then stirred under house

vacuom (~60 mm) for one hour, and some foaming (-7-BuOH) was observed. The vacuum

28-



30 Example 3 - Preparation of Tripeptide Acid Compound 16 Starting Material CO2H 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 m.moI) a%gd-ﬁlig)&@&lm mg, 1.0 mmol) were added in the given ord%rcar% g}r&ftﬂ%n;} 2erature. The
resulting reaction mixture was stirred at room temperature overnight. The reaction mixture was poured

into 15 ml aqueous NaHCO3 and to extracted with ethyl acetate (20 ml). The organic layer was
washed with HC1 (0.5 N, 2x10m1) and saturated aqueous NaHCO3 (10m1). After removal of solvent
by rotary evaporation, 15 was obtained as a white solid. 0.46 g (95% vyield). '11-NMR (400 M Hz,
CDCI3): 0.96(s, 9H), 1.35 (1H, dd, J = 3.0, 4.5 Hz), 1.45-1.90(m, 9H), 1.77 (1H, dd, J = 3.0, 4.0 Hz),
'2.00-2.09(11-1, m), 2.45-2.52(11-1, in), 3.02(1H, br), 3.50 (1H, dd, J = 11.0, 153.0 Hz), 3.58 (3H, s),
3.99 (IH, d, J = 1¥0 Hivetl k8AtHbet 200 T K20 4aa@Y 124, )ov)s Hdjed i83t(ioce] A18.0 Hz),

4.93-5.00(111, myyopBih (bH3 84: d a5 dSveiO a2 all b naleds 18 iz 0, A0ep Ardd H, M),
5.65-5.77 (1H, ddd, J = 18.0, 10.5, 2.0 Hz), 7.78 (1H, PPIn. 320 mg ester 156r%)1'667 mmol, 1 eq.) was

dissolved in 6.7 FIFRRESE Sort PRIERT SPaie At TR S ERE AR NY. Ort thfsYagitifon was then
added 3.34 mL 1s@s\vtli@H (523 4mmh el B egiameiivi $8 blewbichishutes] Afte nirdadugls, the solvents

were removed 5 i yacuQyangkine sraidue.diluiatwith 119 IRAGS %9 k58 Nag(, then IN HCL

was added until pH 3.45 was reached. The phases were separated and the agueous phase
reextracted with T8 BI0AES F158 Eliothiie i B fay L Supere wAR REehRAth i9H 588D mL), dried
(MgS04), and thebsohegntBhraniavedsiss vacudfto Hiveianenithdiheldill iasweize outpetinitheM TBE (1 X 15

mL), and the resighie, diednetiath A LA SRARL0 Al HE00M) a5 & colgiiass foam.
Exact mass calc'd for C23H35N307: 465.25; Found (ES-): 464.29; 111 NMR (400 MHz, DMSO, major

rotamer reported:8515: 48P {HEL PIRGIPEREdO O THY B9l 3nd Bving 2n eEpbermioRL. 0, 3022-4.85 (m,

4H), 4.36-4. 10(MuBIMSB.8@s32d (erivadi ihe 2.00:d143 W addebl)s QiR fQ1dyed by a wash of
3.0 mL ~0.001M HCL The resulting suspension was stirred for 15 minutes, then 30 mL of
a 1:1 mixture of EtOAc:MTBE was added, and the mixture agitated vigorously for 15
minutes. Agitation was stopped and the phaées 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 BtOAc: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 F,O (3X30 mL), again all extractions

gave rapid separation of phases and no rag layer, then the Bt(Ac was distilled to minimal
stirrable volume. The residue was then azeotroped with 30 mL THF (2X), again distilling

20 to minimal stirrable volume. The resultant slurry of crude 18 was used immediately in the

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

SwAr Protocol 2: 1.00g 13 (2.59 mmol, 1 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 cold water bath, To this mixture was then added a 2M solution of
KDMO/heptane (5.71 mL, 11.7 mmol, 4.5 eq.) drepwise over 30 minutes. After six hours,
HPLC showed the reacticn as complete. The reaction was quenched with .89 mI. HOAc
(6 eq.), and added slowly to 25 mL. stirring H»O, causing a precipitate to form, The
30 mixture was then extracted with IPAc (2 X 25 mL). The combined IPAc phases were

washed with HoO (1 X 25 mL), dried (MgSQy). and the solvents removed in vacuo to give

.20.



15 20 25 30 WO 2010/033444PCDUS2009/056772 Example 4 - Dipeptide SNAr Approach to
amorphous Compound 1 5 SNAr Protocol 1: A 100 mL 3-neck round bottom flask was charged with
1.93g 13 (5.Q0.m {/ eq,), then evacuated/Ar filled (3X), then 17.0 mL DMSO was added via syringe
to give a clegg,oc?bglrl:)@r é’é%g“solution. The flask was again evacuated/Ar fiIIedP@T{S{Sﬁ%gr{Of%Eg t- lo BUOK
(22.5 mmol, 4.5 eq.) was added neat, at once. An exotherm to a maximum of 31.5C was observed. -
The flask was evacuated/Ar filled (3X), then stirred under house vacuum (-60 mm) for one hour, and
some foaming (-t-BuOH) was observed, The vacuum was relieved to Ar, then 2.20g 11 (5.00 mmol, 1
eg.) was added neat, at once. An exothenn 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 relievetddovhichmdsazanypiel reithddedNci MRE @ Lwhichisholbedd?¥ praaated 11. 5 The

flask was then copled colfuVRIEs DR Rl ARL Al SIRGRISIDAC (30 mmol, 6 eq.) was

then added via syringe over -10 minutes. An exothemt 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 pH 35#20(<0004 Mrddh) &t 8 G THlisingragdrecipildttrdn K momeadiately, and

giving an exathequiie, 2106 AR08 DMSRuasead 0. nash.ihe 195id4s aio.ihe, adugpus mixture,

followed by a wash of 5.0 nil_-0.001M HCL1. The resulting suspension was stirred for 15 minutes, then
30 mL of a 1:1 miatPE%sF EGAIANPFBE Rad haweanbntrt xttipe st igurosiidét 15 minutes.
Agitation was stoffpeddendthieplhasésnivers-alicvsechiaosapaeater Rapiddhaseisepartiar and

formation of 2 cl [ ag,layer) ; ( e yas then
reextracted with %%Eﬁ_ﬁgﬁﬁy E}(I)HESEMTB Eg;séﬁ%e%ggg ég’ga%é%ﬁ’)ﬁﬁqﬁge Shyg So%r%%g{aar%(a;ﬁé %?rl;%cts were

combined and sd0&8 M- defolanfr8e S HisCaraet A< faktes then added neat, at once.
10

The flask was then removed from the cold bath and the resultant mixture was then stirred
at ambient temperature under Ar for 4 hours. A sample was withdrawn for HPL.C which
showed <2% vareacted 18 remained. The mixture was cooled to 5°C, then 40 mL 0. 1N
HCl was added dropwise vig addition funnel over 5 minutes, followed by 40 mI EtOAc.
The mixture was well agitated for 15 minutes, then agitation was stopped and the phases

15 were allowed to separate. The lower aqueous phase was then reextracted with 40 mL
EtOAc and the organic phases were combined and saved. The agueous phase was
discarded as waste. The organic solution was then washed with HyO (1X40 mL), sat'd
NaHCO; (2X40 ml.), and again M0 (1X40 mL), then distilled to minimal stirrable
volume. The residue was then azeowroped with MTBE (2X40 mL}, and again distilled to

20 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 yellow powder. Exact mass calc'd for Cy:Hs;BiNgOsS: 882.26, MS+ :
883.30. 'H NMR (400 MHz, DMSO, major rotamer reported) &: 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 (4, J=9.4 Hz, 1), 6.97 (d, J=
8.6 Hz, 1H), 5.65 (m, 1H), 5.40 (s, 1H), 5.20 (dd, J= 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, /=9 Hz, 1H), 4.08 (m, 1H), 3.99 (s, 3H), 3.90
(m, 1H), 3.56 (s, 3H), 2.81 {m, 1H), 2.51 (m, 1H), 2.25 (m, 111}, 2.07 (m, 1H), 1.70-1.32
(m, 7H), 1.30 (m, 3H), 1.15 (d, J= 8.1 Hz, 6H), 0.95 (s, 911).
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The organic solution was then washed with 1120 (3X30 mL), again all extractions gave rapid separation
of phases and no rag layer, then the EtOAc was distilled to minimal stirrable volume. The residue was
then azeotr(w with 30 mL THF (2X), again distilling 20 to minimal stirrable volume. The resultant

slurry of crude "W’a“é%%‘*ed immediately in the peptide coupling. Exact maSL LS TP 77

C34W12BrN508S: 759.19; Found (MS-): 757.92. SNAr Protocol 2: 1.00g 13 (2.59 mmol, 1 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 25DMSO was added via syringe. The flask was again evacuated/Ar filled (3X), then
cooled to 19C with a cold water bath. To this mixture was then added a 2M solution of KDMO/heptane
(5.71 mL, 11 7 mmol, 4.5 eq.) dropwise over 30 minutes. After six hours, IIPLC showed the reaction as
complete. The reactionfeaslgUendimed’witied . SOATAL. 13-@xak RBEdijedndiadaed stowty ddi?dnmL stirring

H20, causing a prggipitaig t%&mo%\gv %%ﬂ%&&ﬁs‘dw%hs%%fﬁﬁt%%zwim&’m @ 2@35&9- The

combined IPAc phases were washe - X 25 mL), dried %M S04). and the solvents removed
in vacuo to give ?%ﬁ&%igﬂ‘?ﬂ/&?%zg&%ﬁéﬁ%ﬂwmﬁiﬁ A% ﬁﬁ,‘“‘ Hotheh§ilGteEwith heptane
to give a slurry. Tié.8hiny/asufitdred))amdndiischtbd Give #a80m:A8 @b %)n P eptical Goupling:Rrotocol 1.
To the THF slurmycofiersle AR (1AM =Nk FIGIRGRl02 (kenas 209 Mmole e44) HRdg: /iy at ambient

temperature in a flask protected from light was added 1.72g 14(5.5 mmol, 1.1 eq d 25 mL THF.
The solution was“theif £ 81et 16%E HBEsAY théfdgiosdumeDrs & soirivol 24 hedrsas added

dropwise via syringg@verdidnintedC. STintitesrafiars tied3lhAacditionwas geropetad) @859 HOBT

hydrate (6.00 mmg|,.1.2 £ ) and a'g?f% Oﬁ%&% n%ﬁtr}%z%le]:%%{ %1) was, I'Ehle_zgl gqﬁ?eghg%%a% once. 10

The flask was then removed from the ¢ at sultant mixturé wasthen stirred at ambient

temperature und&MRFFSITE HisURSR A S5mbhe Bl Wt imesed- Phoivisamehtempsir<zs6 inreacted
18 remainedo Theouikturenvasieacied tth2GethienI0omlidkibh O wasiasdadrdoruisedvig.addition
funnel over 5 minuigS.QIER A0 L EOGE The e as el agiaigd fart A piges, then
agitation was stopped and the phases were allowed to separate. fhe Tower agueous phase was
then reextracted Wiel 4010 EtORE Yt afbtisrylmieb Bades aperetbambing 8 @nd s e dniThe aqueous

phase was discatdethas wastesT e espangsolutiar-was thapvashed with,1420-63X40:mL ), sat'd
Nal-1CO3(2X40 @é) %Qdea'&ain%]é% cgguxgorr%_ hen disgtéllgl% to minimal stirrabl(? \Lﬁlume. The residue
was then azeotropegl]wffﬁ r %2 Vo) rﬁ?_)a a ué’ﬁ% ndistiidd 1o minimat etirrable Voloie. The
residue was!érie8lupiee MifrizacaeRnardived 0 gbflEAn enighed Rir otagec solithedititie®LC purity
of 78.3%. This materiakuasHaesuehiamatogiannen ox silicageheluing with £:3 EPcgxane to give

3.01 g (68% over 2 s).pure 19 as a yellow powder. Exact mass calc'd for C41H51BrN609S:
882.26, MS+ : séélgo. | RR)WE&BW@%?’B‘M@%M%r %’{at}n%t?éﬂ%cﬂt%@)‘%‘?‘ﬂ‘? %4 1H 8.69 (s,
251H), 8.14 (d, Jeigugeyas1ipn §loge(shmyh 748 (un Aiyed 881d, ahd GeAffiratd HipiBegd7uid] J=
minimal stirrable volume was reached. The residue was then azeotroped with MTBE
20 (ZXA400 mL), and again distilled to minimal stirrable volume. The residue was dried under

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

140 mg 19 (0.158 mmol, 1 eq.) was dissolved in 1.6 mL THF + 0,80 mI. MeOH at

ambient temperature under No. To this solution was then added 0.79 mL 1.6 M LiOH

25 (1.27 mmol, 8 eq.) dropwise over 5 minutes. After 1.5h, the organic solvents were
removed in vacue, and the residue diluted with 10 mL EtOAc + 10 mL sat’'d NaCl. The pl
was then adjusted to 5.75 with 1N HCL The mixture was agitated vigorously for one hour,
then the phases were separated. The aqueous phase was reextracted with 10 mL EtOAc.
'The combined EtOAc phases were then washed with HyO (2 X 25 mL), dried (MgSOy),

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

amorphous yellow powder.
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8.6 Hz, 1H), 5.65 (in, 111), 5.40(s, 111), 5.20 (dd, .1= 1.5, 17 Hz, | H), 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, 1H), 3.99 (s, 3H), 3.90 (m, 1H), 3.56 (s,
311), 2.81 ( &g%@%} slin, 1H), 2.25 (m, HI), 2.07 (m. 1H), 1.70-1.32 (m YH&, 1.30 %m 3H), 1.15 (d,
J=8.1 Hz, 6H), 6 @ 4). 30 Peptide Coupling Protocol 2: A 5L 4?1%13 %gﬁlg“ﬁ fecfwnh 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 THF was charged to bring the final THE volume 5 to IL. The mixture was
then cooled to 4.0C under Ar. 38.67 mL DIEA (222 namol, 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.). Thg,ipigraaifemparaiuie Was et 16GH-1H& bath-Was then removed. The internal
temperature rose to to 20.5C over 90 minutes. 4h after the EDC addition was completed, FIPLC
showed the reaction was complete. The mixture was cooled to 4.0C, then 750 mL 0.1N HC1 was
added over 30 minutes via addition funn iving an exotherm to 9.5C. To this mixture was then
added 250 mL sat'd NacCl, followed-s }ﬁAc After 5 min. vigorous stirring, the mixturefwas added
."= Yere separated The lower 15 ag. phase f a th extracted

preC|p|tate qumolone 7. The tmxtur"g‘i;@a‘%‘smen filtered through a mediui-Trged funnel and the filtrate
distilled until minimal stirrable volume was reachéoB'ﬂcl’l'é il was then gzeotroped with M IBE 20
(2X400 mL), and again distilled 1o minimal stirrable v The Pesidue wa d ungler Jatgh vacuum

to give 1289 of 19 as a yellowegolid, with HPLC pur|t % 140 mg 19 (0{158

dissolved in 1.6 mL TI-IF + 0.8 Me(E1 #edmbient temperature undgrN24To this salufion was
then added 0.79 mL 1.6 M LIOK_25¢+&7 mmMmgl, Seq.) dropwise over 5 Mﬂer 1.5, the organic
solvents were removed in uo, jand tffe reSidue diluted with 10 mL EtOAc 4 10 mL sat'd NaCl. The pli

was then adjusted to 5.75 I. Thegmixture was agitated vigoro for one hour, then the
phases were separated. The agsueous phase was reextracted with 1Q mL.&EtOAc. The combined EtOAc
phases were then washed H20 (2 X 25 mL), dried (MgS0O4), d the solyﬁnts removed in

vacuo to give 125 mg@oﬁ%pound (1) (91%) as an amorphous yelfow powder.
16

CBHZKN?O'F
Mok, Wt.: 463.54

5

233 mg tripeptide acid 16 {0.50 mmol) was charged to a flask, then the {lask 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 - BuOK (2.82
10 mmol, 5.63 eq.} were added, The flask was again evacuated/Ar filled (3X), then stirred
under 60 mm vacuum for one hour. 220 mg quinoline 11 (0.50 mmol, 1 eq.) was then
added, and the flask evacuated/Ar filled (3X), then stirred under 60 mm vacuum in the
dark at ambient temperature for 3 hours, 0.30 mL HOAc was then added, then the
resulting solution was added to 25 mL 0.001 M HCL, causing a precipitate to form. The
15 slurry was filtered, washing the solids with 25 mL H.O. 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.

232,



WO 2010/033444PCT/13S2009/056772 Example 5 - Tripeptide S,,Ar
Approach___.tc)armiotLjisComouild 1 5 233 mg tripeptide acid 16 (0.50 mmol) was charged to a flask,
then the fla v ted/Ar filled (3X). 1.7 mL DM50 was then added, and the mixture
evacuated/i? %?I/?e%&(%%(%ehe mixture was then cooled in a cold water batﬁ;t?ﬁ[ésnz%)f :’r‘%zt-BuOK (2.82
to mmol, 5.63 eq.) were added. The flask was again evacuated/Ar filled (3X), then stirred under 60 mm
vacuum for one hour. 220 mg quinoline 11 (0.50 mmol, 1 eq.) was then added, and the flask
evacuated/Ar filled (3X), then stirred under 60 mm vacuum in the dark at ambient temperature for 3
hours. 0.30 inL HOAc was then added, then the resulting solution was added to 25 mL 0.001 M HC1,
causing a precipitate to fn. The 15 slurry was filtered, washing the solids with 25 mL 1-120. The solid
was dried under AlidigphotthedtHenpoiroimatograipive Conpsilicé (¢ ptel btidgwith BtfAetotgive 226 mg
(52%) of Compoue kbl agaR AN9ERRRYS yellow salid, M}L@M&}g&mﬁb@eﬁﬁ@%ﬁng amorphous
Compound (1) can be found in U.S. Patents US 6,323,180, 7,514,557 and 7,585,845, which are herein
incorporated by reference. Example 6 - Preparation of Type A of Compound (1) 5

Example 6 — Preparation of Type A of Compound (1)

Amorphous Compound (1) (Batch 7, 13.80g) was added to a 1000 ml three neck flask.
Absolute ethanol (248.9¢) was added tw the flask. While stirring, the contents of the flask
were heated at 60 degrees C/hr to ~ 74 degrees C. (Solids do not dissolve at 74 degrees C).
Water (257.4g) was then added linearly over 4 hr to the resulting slurry while stirring and

10 maintaining 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 6 hrs while stirnng. The resulting solids were collected by
filtration and washed with 50 mi of 1/1 (w/w) EtOI/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 EtOH solvate). The solids were then dried at 65-
70 degrees C under vacuum (P = 25 in Hg) and a nitrogen bleed for 1.5 hr, The resulting
solids (12.6g, 95.5 % corrected yield) were confirmed by XRPD as being Tvpe A
Compound (1), '

20 The unique XRPD pattern and DSC curve of Type A Compound (1) is shown in Figures 1
and 2.

Example 7 - Preparation of the Sodium Salt of Compound (1) - Method 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 slurry 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 sodiom salt of Compound (1) as solids was collected,

30
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Amorphous Compound (1) (Batch 7, 13.80g) was added to a 1000 ml three neck flask. Absolute
ethanol (248.99) was added to the flask. While stirring, the contents of the flask were heated at 60
degrees C/h 859%}' geﬂgees C. (Solids do not dissolve at 74 degrees C). Water 257.49 was then
added linearly over PRt the resulting slurry while stirring and 10 maintaﬁﬁmasiﬂ Qfg?ﬂ) rature 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 I/1 (w/w) EtOll/VVater. The wet
solids were dried on the funnel for 30 minutes by sucking N2 through the cake. (XRPD analysis on this
sample 15indicates that the pattern is similar to the EtOH solvate). The solids were then dried at 65- 70
degrees C underBzanpigf {Pre ijon e fdha Sodaum polepalidr(1)5 Methdde resulting solids (12.6g,
95.5 % corrected yield) were confirmed by XRPD as being Type A Compound (1). 20 The unique
XRPD pattern and DSC curve of Type A Compound (1) is shown in Figures 1 and 2. Exam le 7 Pre
aratimRof the SothSHPL AEPAimMAIREREE 47572 B Qi3rdmsiibue Bhehurearotdehivtund (1) and
8.90g of acetone2fiiaislacited 1adchvdakdand Stirgedsat andsiehtetempaiatupedfor @ bo.0Thaigbmry was
fitered off mathey Jauats AN iesulingsplils e driem/a A0 i es Wadel lfoagn flow for 20

minutes. 1.51 g of crystalline sodium salt of Compound (1) as $olids was collecte 30 Example 8 -
Preparation of th&&3tAtm S&IETEOMITaRatEL) 2 MEROEC) v BBtigor N8P ST bound (1), 175
ml of acetone amﬂ&@zml ok waten was sicdéd 13 degh@sralfte 3otasmnd hﬁmﬁﬁicﬂoaﬁs&}d@grees Cto
dissolve the solis, 9041 90,0 MNAOH.S 36 ASad o aacianand e soiion s seeded with

Type A. The seeded solution was ‘stirred at 53 es C for 10 minutes. A 'second 960 ul portion of
10.0 N NaOH wa$Hdae deihor tre ey atdindisiecs firrddatimd raaias sharfor sdismeasd Bveravhich a
slurry developedschibevsity amias apletditpol -degreesid alrcosling iate afdk degreas C per hour
and held overniahi 8149, e91ee0.G: Ae NALeUNng sy as fiteref and ihe wet 10 solds were
washed with 15 ml of acetone. Dhied solids for 1 At at degrees & dnder Vacuumm with a nitrogen flow
and then exposedfifstedliidd trldbrairderddhechstillicomditadadosaligsof Compound (1) crystalline
sodium salt solids. Example 9 - Preparation of the Sodium Salt of Compound () - Method 3

pnldfytha Sddaumittagei]

Example § - Preparation of the Sodium Salt of Compound (1) - Method 3

15
25.4 Kg of amorphous Compound (1), 228 L. of THIF 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 filier was washed with 23 L of THF,
180 L of solvent was removed using atmospheric distillation at 65 degrees C. 195 L of

2¢  MIBK was added and 166 L. of solvent was removed by vacuum distillation at ~ 44
degrees C. 161 L of MIBK and (.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

25 Cover1hr. 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 to give ~ 25 Kg of

crystalline sodium salt of Compound (1),
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15 25.4 Kg of amorphous Compound (1), 228 L of TI-IF 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 t or and filter was washed with 23 L of THE. 180 L of g lvent was removed
using atmosp erﬁr}%d‘lg?ﬁ%tlon at 65 degrees C. 195 L of 20 MIBK was add) 50392%5?_7% 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 25C over 1
hr. The resulting slurrled was flltered and Washed Wlth 64 L of MIBK containing -0.8 weight % water.
The wet cake walszel Sapa ) ¢ gm I HOf (Gfi Stduoyisalt of Compound (1). 30
WO 2010/033444PCT/U82009/056772 Example 10- Preparatlon of the Sodium Salt of Compound-
Method 4 2.00 g of amorphous Compound% 9 969 of THE and 0.11 g of water was added to a
reactor and stirred 3SR R PRI dPs%?ﬂ\?é EBldedd 82617615 e ekt sNaoEt in
ethanol was addestaropdiisecd b lerdirninepibesokutichstolges oluidd 2l 8 grafmsBuUAc and 160 ul
of water was addeghig A sesRId Ieasion ang- Uﬁs%t@glf@s@agga{@%ﬁoﬁ%' g&mﬁ o2 go0f Solution A

was added to Solution B at 65 de%;rees C and the resulting mixture was seeded with 40 mg of
Compound (1) sGiRiRTSaA eSSl %@%@é’&?@&%‘?ﬁt@r@S\‘/’\‘f%daﬁé‘aoéla%tﬁé‘ﬁiiééézéj‘f‘é‘?eﬁ%|nutes 2.56
g of Solution B washaidddd]. t0.56 g of Solution A was added to Solution B at 65 degrees C and the

resulting mixture was seeded with 40 mg of Compound (1) sodium salt seeds. The seeded
mixture was aged at 65 degrees C for 45 minutes. 2.56 g of Solution B was added o

10 Solution A and aged for 45 minutes in four separate intervals. After the final addition and
aging, the slurry was cooled to 50 degrees C over 1 hour and filtered. The wet cake was
washed with 6 m! of n-BuAc containing 0.5 weight % water. The final solids were dried at
50 degrees C under vacuum using a nitrogen purge. Compound (1) crystalline sodium salt
solids were collected.

15
Example 11 - Preparation of the Sodium Salt of Compound (1) - 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 THF (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 THF (85 ml). The resulting solution was warmed 10 65°C and treated with filtered
butyl acetate (6640 ml, optionally pre-warmed to 65°C) within 30 minutes. Seeding
crystals (0,50 g) were added, and the mixtore was stirred at 65°C for 2 hours, while
crystaiiization starts after about 30 minutes. The suspension was cooled to 530°C within 1
25 hour and stirred at this temperature for an additional hour, The title compound was isolated
by filtration, washed with filtered butyl acetate (765 ml, optionally pre-warmed 1o 50°C)
and dried at 65°C for about 16 h giving Compound (1) crystalline sodinm salt (~ 725 g).

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

30 shown in Figures 3 and 4.
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10 Solution A and aged for 45 minutes in four separate intervals. After the final addition and aging, the
slurry was cooled to 50 degrees C over 1 hour and filtered. The wet cake was washed with 6 ml of
n-BuAc cont@gig&&%&v ight % water. The final solids were dried at 50 dlggr(l;[%s (}ngnd,%ar vacuum
using a nitrogen purge. Compound (1) crystalline sodium salt solids were co ectod 185 I%%(ample 11 -
Preparation of the Sodium Salt of Compound (1) - 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 ml, optionally pre-warmed to 65C) within 30 minutes. Seeding crystals
(0.50 g) were added, and the mixture was stirred aEB5884for 2 hours, while crystallization starts after
about 30 minutes. The suspension was cooled to 50C within 1 25hour and stirred at this temperature
for an additional hour. The title compound was isolated by filtration, washed with filtered butyl acetate
(765 ml, optionally pre-VETHHEET0 HoRe) BT e 865 18 RsBUtd W Yiving Compound (1)
crystalline sodium salt (- 725 g).  The unique XRPD pattern DSC curve of Compound (1)
crystalline sodium salt is 30 shown in Figures 3 and 4. IMEK%ompound of the following formula
(1) in crystalline form: e L e

T e

2. The crystalline compound of formula (1) according to claim 1, having
an X-ray powder diffraction paitern comprising a peak at 9.6 degrees 20 (+ 0.2 degrees 28)

when measured using CuKq radiation,

10 3 The crystailine compound according to claim 2, wherein the X-ray powder
diffraction pattern further comprises a peak at 19.8 degrees 26 (+ 0.2 degrees 28) when

measured using CuKe, radiation.
4. A crystalline compound of formula (1) according to claim 1, having

15  an X-ray powder diffraction pattern comprising peaks at 4.8, 6.8, 9.6, 13.6, 17.3, 19.8 and

24.5 degrees 26 (+ (.2 degrees 26) when measured using CuKu radiation.

20



5 2.The crystalline compound of formula (1) according to claim 1, having an X-ray powder diffraction
pattern comprising a peak at 9.6 degrees 20 ( 0.2 degrees 20) when measured using CuKa radiation.
10 3.The crystalline compound according to claim 2, wherein the X-ray powder diffraction pattern
further compwge@g”g?’e:’élﬁ‘iat 19.8 degrees 20 ( 0.2 degrees 20) when mea%%?é[asﬂ]é’m&ﬁﬂka radiation.
4.A crystalline compound of formula (1) according to claim 1, having 15an X-ray powder diffraction
pattern comprising peaks at 4.8, 6.8, 9.6, 13.6, 17.3, 19.8 and 24.5 degrees 20 ( 0.2 degrees 20) when
measured using CuKa radiation. 20 5.A sodium salt of the compound of the following formula ():
4:1(HYNH (1)

5. A sodium salt of the compound of the following formula (1)

==
H o0
ta)
o /
Qﬁ/ﬂﬁ
T
6. The sodinm salt according to claim 5 in erystalline form.
3
7. The crystalline sodium salt according to claim 6, having an X-ray powder
diffraction pattern comprising a peak at 10.1 degrees 20 ( (.2 degrees 20) when measured
using CuKa radiation.
0 8. The crystalline sodium salt according to claim 7, wherein the X-ray powder

diffraction pattern forther comprises peaks at 13.0 and 18.2 degrees 20 (& 0.2 degrees 28)

when measured using CuKa radiation.

9. The crystalline sodium salt according to claim 8, wherein the X-ray powder
15 diffraction pattern further comprises peaks at 5.4 and 8.7 degrees 20 (% (.2 degrees 28)

when measured using CuKe radiation.

10.  The crystalline sodivm salt according to claim 6, having an X-ray powder
diffraction pattermn comprising peaks at 5.4, 6.5, 8.7, 10,1, 11.9, 13.0, 18.2, 20.2 and 24.7

20 degrees 26 (£ (1.2 degrees 26) when measured using CuKa radiation.
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6. The sodium salt according to claim 5 in crystalline form. 5 7. The crystalline sodium salt according
to claim 6, haying an X-ray powder diffraction pattern comprising a peak at 10.1 degrees 20 ( 0,2
degrees 20) when measured using CuKa radiation. to8.The crystalline sodium salt according to claim

7, wherein tf%%%‘yﬂﬁ%%ﬁer diffraction pattern further comprises peaks aﬁg’%séwaqséﬁzdegrees 20 (

0.2 degrees 20) when measured using CuKa radiation. 9. The crystalline sodium salt according to
claim 8, wherein the X-ray powder 15diffraction pattern further comprises peaks at 5.4 and 8.7
degrees 20 ( 0.2 degrees 20) when measured using CuKa radiation. 10. The crystalline sodium salt
according to claim 6, haying an X-ray powder diffraction pattern comprising peaks at 5.4, 6.5, 8,7,
10.1, 11.9, 13,0, 18.2, 20.2 and 24.7 degrees 20 ( 0.2 degrees 20) when measured using CuKa
radiation. WO 2010/03B44RGTIMd SRDQ8 MAhGZt2dlik, Thaabrystaling: sadiuay sattaecording to claim 6,
havng an orey apish gHiaGaN AR IRARASING CHIH AdRUAR.HIG B sbaigtal the same
as that shown in I;IG. 3. g‘{(gé quantity of compound of the following %orr“r('uu a (11 :

snown in ¥ 3.

5012 A quantity of compound of the following formula (1):

wherein at least 50% of said compound is present in the form of the sodium salt compound
according to claim 5, 6,7, 8,9, 0 or 1 1,

10
13. A pharmaceutical composition comprising the sodium salt of ¢laim 5, 6, 7, 8, 9, 10

or 11, and a pharmaceutically acceptable carrier or dilueat.

14, The pharmaceutical composition according to claim 13, wherein at least 50% of the
15  sodium salt of the compound of formula (1) in the composition is present in the form of a

crystalline compound according to claim 6, 7, 8,9, 10 or 1 L.

15.  Use of the crystalline compound of formula (1) according to claim 1 or the sodium

salt of the compound of formula (1) according to claim 5, or mixtures thereof, for the
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wherein at least 50% of said compound is present inof the sodium salt compound according to claim 5,
6,7,8,9,100r 11. 10 13. A pharmaceutical composition comprising the sodium salt of5, 6, 7, 8, 9, 10
or 11, and a pharmaceutically acceptable carrier or diluent. 14. The pharmaceutical composition
according to‘%?a%ﬁ%“i%"? Wherein at least 50% of the 15 sodium salt of the c"o%%&%"&’%?‘%ﬁnma Q) in
the composition is present in the form of a crystalline compound according to claim 6, 7, 8, 9, 10 or 11.
15. Use of the crystalline compound of formula (1) according to claim 1 or the sodium salt of the
compound of formula (1) according to claim 5, or mixtures thereof, for the preparation of a
pharmaceutical composition to treat a Hepatitis C viral infection in a mammal.

prepaiation of a pharmaceutical compo'sition to reat a Hepatitis C viral infection in a

mameal,
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