CRYSTALLI NE FORMS OF A 2- THI AZOLYL- 4- QUI NOLI NYL- OXY DERI VATI VE, A POTENT
HCV I NHI BI TOR This application clains benefit to the following U S.

Provi si oD 2Pe0iss44 Appl i cat i ons: 61/097, 291, filed Sept echars248/0520D8, and
61/ 150, 826, filed March 9, 2009. FIELD OF THE | NVENTI ON Thi s invention
relates to novel crystalline forms of Conpound (1) and the sodiumsalt of
Compound (1) as described herein, nethods for the preparation thereof,
pharmaceutical conpositions thereof, and their use in the treatnent of
Hepatitis C VRYSHALLHGY)FORNMS @Ft A 021 THBACKGROUNDU IO LTHHE. ok ENRI QN 1iize

followi ng Compound (1): is kpawregs mvSalifettye and potent inhibitor of the
HCV NS3 serine protease. Conpound (1) falls within the scope of the acyclic

pepti de series of HCV inhibitors disclosed in U S. Patents 6,323, 180,
7,514,557 and 7,585, 845. Conpound (1) is disclosed specifically as Conpound

# 1055 in U ?@55 et 712:§ B8e o Ao w2 TRO PRl néplgﬁ ot ApblicRtions:
Pat ent 7, 514, .gﬁ&orrpoglfna %}i caﬁq%’eoprelp réd accor |ngetop el(g)grtlasheral
procedur es foUtd.IN, filké Sevovier db.t2003 rapdl 61/&HE &Y, filetl iMdrchad, @0bfer ei n
i ncorporated by reference. Conpound (1) nay al so be known by the follow ng
alternate depiction of its chem cal structure, which is equivalent to the
above-described structure: wher BIHLIBOFSHE INVENIIVBO-; L1 is Br; and R2 is
When synthes) g e, RSEIhRY v i BRNE ST RESINNES 1 A5k bl e
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):

e r | }—NH °

y
s O/O ey

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

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

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

1-



references, Conpound (1) is prepared as an anorphous solid which is a form
that is generally less suitable for full-scal e pharmaceutical processing.
Thus, thewe 20m/m@343¢ed to produce Conpound (1) in a crystalrhisa@9ofoss7m t o
enabl e fornul ations to neet exacting pharnmaceutical requirenents and
specifications. Furthernore, the process by which Conpound (1) is produced
needs to be one which is anenable to | arge-scal e production. Additionally,
it is desirable that the product should be in a formthat is readily
filterable and easily dried. Finally, it is economcally desirable that the
product be stable for extended periods of time w thout the need for

speci al i zed It d

surprisingIy§gﬁgﬁﬁﬁé§%ggkggﬁ$&?§# d o?ggﬁgmﬁ%#sfggiﬁgﬂ?ﬁg?n%%ﬁﬁggﬁ% (D)
can be pr epathedbvie-catey rfapicenevhichram kendn micepoiapdbhigeffrionen of its sodi um
salt, and nore preferably, the crystalline sodiumsalt form Thus, the
present invention provides Conpound (1) in crystalline form which in one
enbodi ment i €omheindéiy mwayydtodielkinpen ppthg roltqyhngdermgratcedtitresiaisghasicalype A,
and also in {he fOrmal aunaKsl o HIahallias,acdidmsal t of Compound (1).
These novel Crys aM i Te’ fBriis "overcone the phar maceuti cal processing
difficulties inherent in the use of an anorphous form and the sodium salt
form in particular, has other properties making it particularly

advant ageous in pharnmaceutical formulation procesd®ing as will be descri bed
in detail below. |In one enbodi nent, thE1presqu:Knvention is directed to
Compound (1) in crystalline form Ipn aynore spgeci §i ¢ enbodi nent, the
present inventors have di scover ed g ﬁ
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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
generally 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



pol ynmor ph of Compound (1), referred to hereinafter as "Type A'. Type A
exhibits a characteristic X-ray powder diffraction (XRPD) pattern with

char act erwet2on/q3aahs expressed in degrees 2Q 0.2 degr eesTAQpooaser78, 6. 8,
9.6, 13.6, 17.3, 19.8 and 24.5 neasured using CuKa radi ation. Another
enbodinent is directed to the sodiumsalt of Conpound (1), which sodium
salt can be prepared in crystalline form The crystalline sodiumsalt of
Compound (1) exhibits a characteristic X-ray powder diffraction (XRPD)
pattern with characteristic peaks expressed in degrees 2Q 0.2 degrees 20Q
at 5.4, 6.5, 8.7, 10.1, 11.9, 13.0, 18.2, 20.2 and 24.7 neasured using CuKa

radi ation. Yet another enbodi ReRiIMVIARYIDE SEIFERVENBORNar maceut i cal
conposition conprising Type A or the sodium salt o? Compound (1), or

m xtures thereof, and at |east one pharmaceutically acceptable carrier or

dil uent. Yet gnaf0ef, %@&ndﬂﬁe éEt@&l&‘?&nﬁ%ﬁh@R}sgﬁﬂﬂe %t %ﬁ%gh@&)“w

infection in a manma I'ng admnistering to s
t her apeut i catdnpegidpect iveysmbunforiofindgigeinholorh heitswodivonsad adnd ngfre Conpound

(1), or nmixtuyr her eof . ..BRI EE DE IPTTO\I THE. DRAW N FIG 1is a
A S YN
is the DSC t@empaind¢iriveryb@lind Ypm, which ysémelembudiercet it the nBSCrysalljper f or med at
a heating rate of 0C per._ mnu in acri d.cup..FIG, 3 is.a .
char act eri st POV PR REREreBITH gt fof et TPt MBI AL 1 ne
salt of Compound (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.

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 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 208) 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 comprising Type A
or the sodium salt of Compound (1), or mixtures thereof, and at least one pharmaceutically
acceptable carrier or diluent.
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sodium salt of Conpound (1). FIG 4 is the DSC thermal curve for crystals
of the crystalline sodiumsalt of Conpound (1) where the DSC is perforned
at a heatwogoroaiasef 10 OC per minute in a open cup. Fl GCTAISMOMS67The XRPD
patterns of the Type A crystalline formof Conpound (1) (botton); the Type
A crystalline formof Conpound (1) after being slurried in propylene glycol
(mddle); and the Type A crystalline formof Conpound (1) after being
slurried in ethanol (top). DETAILED DESCRI PTI ON OF THE | NVENTI ON
Definitions Ternms not specifically defined herein should be given the

meani ngs that would be given to them by one of skill in the art in |light of

the di scl osukg Abfhef dehoaRRneHK diredSa %%%Qetﬁéhr&%ﬁtﬁféltfllé‘lﬂ ﬁlf&ftit%ﬁ fid mﬁrﬁﬁllaj cation,

however, unless specified to the contrary, the f owi ng terns have the

meani ng i ndi eanmirgRdminestenn Ty prad wammahndernpentigaltyaiticrine apwuytabipybe dfor
Compound (1) ~ - -] ion pattern having at |east a
characteri st}h%gg%%ﬁgg%&&%%%gg%QZ’\;}Q%&&EB{G%&&ees 2Q when neasured using
CuKa radiation. This characteristic peak is believed to distinguish Type A

fromother crystalline forpgg of Wﬁ‘f&\l@ﬁ)THg & AR about” means wi thin
i mq b ol a gi

5% and nore preferably w gi vén val'ue or range. For exanple,
"about 3.7% neans from3.5 to 3.9% preferably from3.66 to 3.74% Wen

the term "abppt” ;i $.BRRELA R 9w bWl pIRRIRn kv EB) B i Pype 4, 2POUL X¥0TO

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. 4 is 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:



Y%, the term"about” is intended to nodify both the |Iower (X) and upper
(Y) values of the recited range. For exanple, "about 20%to 40% is

equi val enwoto10/abaut 20% t o about 40% . The term " phar neCeaiS2@alober72
acceptable” with respect to a substance as used herein neans that substance
which is, within the scope of sound nedical judgnent, suitable for use in
contact with the tissues of humans and | ower aninmals w thout undue
toxicity, irritation, allergic response, and the |like, comensurate with a
reasonabl e benefit/risk ratio, and effective for the intended use when the
substance is used in a pharnmaceutical conposition. The term"treating” with

respect to tg LhfakRm- rﬁéanéa @g&%ﬁﬁ@p&&ﬁ%ﬁoh 'of‘cérn{?&}n'd‘?ﬂtthét '1194 Mo rfy )

inhibiting or ameliorating t I Sease-State 1 n a pati e.g., arresting
or sl ow ng i pw@edéﬂr@p@mﬁerwavmgu ay lepss Iaucmrﬁqigusnheeaénas é’@@g@@a%(iu(}ﬂ a
patient, & he case
of HCV, treat &gglé)ln u eeggdrizcgl:ljsm ng tOﬁl?uq'ﬁté(\g/ﬁt;IjthlIg h%‘ VI rﬁh{;‘l lelvgd%

pati ent. Crydis@guishdySoApounah¢ryystliameGompelifdmpdyndids been i sol ated as a
crystalli Ee pol ynor phi ¢ form desi gnated herein as "Type A'. |In general,
Type A exhibits a characteristic X-ray powder diffraction ("XRPD') pattern
W t h peaks eXesséedouti ndagy ertsn 3¢ all iRord egifeddy ﬁzﬁ@nnalt% dﬁaBgiveﬁu&lueQ)rG 13. 6,

17.3, 19.8 d 24.5. The  XRPD f. T [ 1. Th
char act eri Sta Falélgeng ezbagrggl? i 8‘?%]? g&l%e rmrg:ar(l)s fron¥ 9% t(')6\3.|9§ pre?e%ly f}o 3%6 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 include
20 (i) inhibiting or ameliorating the disease-state in a patient, e.g., arresting or slowing its
development; or
(i1) relieving the disease-state in a patient, i.e., causing regression or cure of the
disease-state. In the case of HCV, treatment includes reducing the level of HCV
viral load in 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 20 (+ 0.2 degrees 20) at 4.8, 6.8, 9.6,
13.6, 17.3, 19.8 and 24.5.



relative intensities for the XRPD pattern in FIG 1 is shown in Table 1
below. Table 1:FIG 2 shows the Differential Scanning Calorinetry (DSC)

t her mal cwowel0iss44Fype A crystals where the DSC i s perf ecwas2@w/o0s67meat i ng
rate of 10 OC per minute in a crinped cup. In one general enbodi nent, the
present invention is directed to Conpound (1) in crystalline form Another
nore specific enbodinent is directed to a crystalline polynorph of Conpound
(1) that has at |east the follow ng characteristic: an X-ray powder
diffraction pattern conprising a peak at 9.6 degrees 2Q( 0.2 degrees 20Q
when neasured using CuKa radi ati on. Another enbodinment is directed to a
crystalline pal XRPPROuGH CRmotRdnd I inf1ad! NIrnXRELRRLLAN R EORPIS NG &
peak at 9.6 degrees 2Q( 0.2 degrees 2 as descri bed above ‘and further
conpri si ng areprsiak ingansitigs Br the grkdBipapexn 10 FIG dieig slewen in@pblafidnloweasur ed usi ng
CuKa radi ati on. Another enbodinent is directed to a crystalline polynorph
of Conpound (1) having an XRPD pattern conprising a peak at 9.6 degrees 2Q
0.2 degrees 2Q) as descri bed above and further conprising peaks at 4.8 and
19.8 degrges %ﬁgIO.Z degrees 2Q when neasured using CuKa radiation.

Anot her enbogrneﬁt is directed to a crystalline polynorph of Conpound (1)

havi ng an
Compound (1)
Type A
Angle Rel. Intensity

10 2-Theta ° %
4.8 100
6.8 6
9.6 24
13.6
17.3
19.8 16
24.5 11




XRPD pattern conprising a peak at 9.6 degrees 2Q 0.2 degrees 2Q as

descri bed above and further conprising peaks at 4.8, 6.8, 13.6, 17.3, 19.8
and 24.5 wognwas32@ 0.2 degrees 2Q when neasured usi ng@CCaisaomAasi7at i on.
Anot her enbodinment is directed to a crystalline polynorph of Conpound (1)
exhibiting an XRPD pattern substantially the same as that shown in FIG

1. Anot her enbodinment is directed to a crystalline pol ynorph of Conpound (1)
havi ng an XRPD pattern conprising a peak at 9.6 degrees 2Q 0.2 degrees 20Q
as descri bed above and al so exhibiting a DSC thermal curve substantially
the sanme as that shown in FIG 2 at a heating rate of 10 OC per mnute in a

crinped cup. pRNOtHEs BIPRARIRAT Sdaﬁmﬁl% C%hﬁgtgz /@)@)%’e@fﬂ%ﬂ du¥veQhr f3pRROUNd (1)

wherein at | east 50% preferabl east nore preferably at |east
95% nore prebeplaphyreshe ID%(ésvtpegg%ed@F a besitige sam)@ftlé)nQ@er »inyieds e grimped
crystalline g‘%rm for exanple, in the formof the Type A crystalline
pol ynor ph as characterized by any of the abovenenti oned XRPD-defi ned
enbodi ments. The presence of such anmounts of Types Ain a quanti ty of

Compound (1)1 S ty SHI usi XRPD h conpound.
An addi tléna{n en oaﬁ rﬁ%m{bgduql%%?% Fsgﬁt‘nverﬂ%nﬁ%?%ﬁ%gﬁ @Igﬁw%d Ogl tion
conpri si ng Cowpallindfofh) and a pharnaceut i cal |y acceptable carrier or
di luent, wherein at |east 50% preferably at |east 75% nore preferably at
| east 95% nore preferably at |east 99% of the Compound (1) in the

conposi ti on AsotpEr@s@a tpdcificehypsdialchd in @irdcdnd a tostaRiva pplly@orphof Chapdoxda of t he
Type A crystalline pol h . as characterized b f the abovenentioned
X)F/Qng ef i n)e/d t%at has at lgast }ilm%olﬁ)wmg charactegst}c an %(eray pXWSer dlf?ractfon pattern

10 comprising a peak at 9.6 degrees 20 (+ 0.2 degrees 26) 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
15 and further comprising a peak at 19.8 degrees 20 (+ 0.2 degrees 20) when measured using

CuKoa 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
20  and further comprising peaks at 4.8 and 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
25 and further comprising peaks at 4.8, 6.8, 13.6, 17.3, 19.8 and 24.5 degrees 20 (+ (.2

degrees 20) when measured using CuKa radiation.

Another embodiment is directed to a crystalline polymorph of Compound (1) exhibiting an
XRPD pattern substantially the same as that shown in FIG. 1.
30



enbodi nents. The present invention provides a process for the preparation
of Type A which conprises crystallizing Conpound (1) froma solution in
sol vent s woaero/saadi ti ons which yield Type A The preci geETASR2AONENS under
whi ch Type Ais formed may be enpirically determned and it is only

possi ble to give nmethods which have been found to be suitable in practice.
It has been found that Type A of Conpound (1) may be prepared by a process
conprising the follow ng steps, which process is also an enbodi ment of the
present invention: (i) dissolving Conpound (1) in an aliphatic al cohol

sol vent, optionally containing water as a co-solvent, by heating the

m xture to a tenperature of about 65 to 75 OC to obtain a solution;(ii)
adding water to the solution obtained in step (i) while maintaining the

sol ution at Anetbenzarbadioreat isflirgdigstip a 7o/staling Bolg@ornd ob boaippunal (4] having:an(j i)
cooling the I I i V)
col l ecting t hﬁb u%ﬂ%@&gﬁﬂg%P%%ng%%h%%aﬁ%egﬁgég&g&%2@9 ?%%ﬁg%ﬁﬂb%|
tmmmauuemﬂQMme@m®$MQ@dme@mmﬂm@%mwMmmmwmuﬂﬁ2m

Aliphatic, al5&3%n§r&e§ﬁuﬂ@¥)f&uﬁpﬂngﬁﬁ%gaﬂ: his process include, for

exanpl e, hano root  or 100% pure), 1- propanol,
2- propanol, 1-butanol, iso-butyl alcohol and iso pentyl al cohol, preferably

O o TSR E TR 4 R L S HEE R Bl
resul ting sopiettsabdbitadanets %, mosd @ﬁfe(ably Jt laasypshe nﬁ)@d prefetadl) s hdstdpieds atd
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 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;



hi gh tenperature using conventional collection and high-tenperature drying
techni ques, for exanple, filtration and vacuum oven. In one preferred
enbodi mrerwQ 2armo3piasous Conpound (1) is dissolved in an alPCphestécs/oad7ephol
solvent (e.g., ethanol), containing up to about 10%v/v water as
co-solvent, by stirring and heating the m xture to a tenperature of about
72 to 74 OC until Conpound (1) conpletely dissolves. A separate water
addition solution is prepared containing water and up to about 10%v/v

al i phatic al cohol (e.g., ethanol), and this water addition solution is
added approximately linearly over tinme to the Conpound (1) solution while

mai ntai ning the wixhdfig Hiedo H%@Bl%@ﬁ Wi&in@f in 3P YUY while bQinfathi@he Iédﬁ’tﬁ)nA of

Compound (1) begins to crystallize during the addition of the water
sol uti on. Th@tarte@mr@tuwg)f@b%ﬂ&to7§I°@rt¢9btﬂ1§a§btljltyed and sti rred and t he

crystals ar e the I ch&lﬁ% sl@ﬂ:ﬁgn&ﬂg sg{i_ir(]@QO @lr)talﬂ SBE&B%%W e of about 65

to 75 0C using conventi I ques. rocess steps iy of course be
facilitated by cdm)enlﬂqcowthea@dtraateniﬁhd mzmiliii)@mééryu@,sgm ma¢nal piang, and ot her

convent i ogal te;n ﬁl{ré%'fea%g%%?@@%‘ﬁ%ob%%yspog&jgfé n?%dncfl r facilitation the

process. Sodi U P um sal the Conpound of
formula (1) has been found to be espeC| aI ly sui tabl e for phar maceuti cal

processing d to t fat that it pre ar.e sastale cr stal line
Porm i gentraie g h bt 3 i s B RS fotshdo el et bi o5 a
characteri st {ecg. XleayupoVade pradt bif roved puos), (IXﬁB@)nopatﬁrepfaﬁol\[\Al-ﬂabtaﬁ:(haﬂé(ablht@]‘i stic
peaks expr esalco 0'1 Qnddlgo Il;eent)ﬁ aﬁ:%ol preferably ethanol. The resulting crystals of Type A may

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

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

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 alcohol (e.g., ethanol), and this water addition solution is
added approximately linearly over time to the Compound (1) solution 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 65

25  to 75 °C using conventional techniques.

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



( 0.2 degrees 2QQ at 5.4, 6.5, 8.7, 10.1, 11.9, 13.0, 18.2, 20.2, and 24.7.
The XRPD pattern of the crystalline sodiumsalt of Conpound (1) is shown in
FIG 3. TWwe 2otvzmsaatteri stic peak positions and rel ati ve iparasgimwioss7f or t he
XRPD pattern in FIG 3 is shown in Table 2 below. Table 2 :FIG 4 shows the
Differential Scanning Calorinmetry (DSC) thermal curve for the crystalline
sodiumsalt of Conpound (1) crystals where the DSC is perforned at a
heating rate of 10 OC per mnute in a open cup. The sodiumsalt form has
been unexpectedly found to have uni que properties nmaking it particularly
advant ageous i n pharmaceutical fornulation processing. In particular, the
sodi um sal t §of;m, Ras of€E AR Phoperties making it particularly suitable for
formulating Th a Lipid-Based Drug Delivery System (LBDDS). First, the
sodium salt formwas unexpectedly found to have nuch inproved solubility in

excipients c¢ f Elgl;as( f :H}l'al i I i ng, L eXAIpL.e.
propyl ene gl %go]%bag%ldﬁgﬁ) glﬁg{o.nl@ e tfafgllre Qlt) 15?\%%8!?12@}1 eﬂé)r[%g%]%&ég nstrati ng
the nuch i npfopbdmesaiutibil piccgssiog dihe tso@ruhatstadan bé prepared as@owbieunmgstdliige as
comared ko G, FBRA IR Sl CBaN: (o B RETH SHLRL, SUELRLSICE:
vari ous exci piyentvder thffracioalXREP) patech woh chairdciarigtiofeakduxpssdi inmlcpalet 26 orm i n

propyl ene gl yepl and ehnanal ¢ aKes i 5, gty parkl 4l pr]y suited to the

devel opment

106 The XRPD pattern of the crystalline sodium salt of Compound (1) is shown in FIG. 3. The
characteristic peak positions and relative intensities for the XRPD pattern in FIG. 3 is

shown in Table 2 below.

Table 2:
15
Compound (1)
Crystalline Na Salt
Angle Rel. Intensity
2-Theta ° %

5.4 42

20 6.5 29
8.7 43
10.1 100
11.9 39
13.0 52
18.2 51
20.2 42
24.7 30
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enpl oyi ng one or nore of these commopn excipients. Second, the sodiumsalt
unexpectedly exhibits higher formstability in propylene glycol and ethanol
as conparw020w/w3ka4Type A form In particul ar, the TypePATfuseomos67@mpound
(1) exhibits a clear formchange when it is slurried in either ethanol or
propyl ene glycol, asis denonstrated 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 formafter being slurried in propylene glycol (mddle -

propyl ene glycol solids); and after being slurried in ethanol (top - EtCOH
solids), clearly showing the crystalline formchanges. By contrast, when
the crystal | b ROl Pl LafhinEPMBANDE (90)|RrbbHiEGt ho e t her

propyl ene glycol or ethanol, ere 1's no change i'n the XRPD pattern
observed f or ciyhiellinesndium gl of Gloingoyridd $ecrystHs whete el mtredomied af aiabnged

stability of odi ~ ~ i.n these excipients which, again, makes
t he sodiun1sg%%ﬁggrgyggﬁﬁﬁgh?g?é%“%ﬁited to the devel opnent of an LBDDS
formul ati on enpl oyi ng one or nore of these conmon excipients. The mnet hods
used in generati th [ Lts are d I bel ow in th hods of
Character?za?ﬁ%%ﬂggbaﬁgﬁylﬁﬁéeéﬂggx(?gsﬁﬁlgaggP?%ﬁ%ﬁwaf¥%mﬁﬁ%%%?§%§aIIine
sodi um sal t pargcularbadeatiedoldc airsmadelti¢ad fgmnitien prycasghg. plagaitishler, tte pr edi ct
such differences in soluybility and .any trend i.n sical .stability. between
The trec for My FPLPS el p PR ot el BTt S Rl i ar 7 or
Conpound (1) LipgvBiseaDirey DAliely $yotenmsLBaNXS)been successful |y prepared. In one
general enbodi nent, the present invention is directed to the sodiumsalt of
Conmpound (1).

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

15

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

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

PEG 400 233.6 £ 34 136.8 £3.2

Propylene Gilycol >468 1.3 + <0.01

Ethanol 187.0 £23.9 0.9+0.1

Capmul PG8 <169 172.6 £8.3

Capmul MCM 262.5+2.6 2206 +7.4

Transcutol P 430.6 + 14.7 24.3+£0.3

Labrasol 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

-11-



In a nore specific enbodi ment, the sodiumsalt of Conpound (1) is in
crystalline form In an even nore specific enbodi nent, the present

i nventi orwDotvessestted to a crystalline sodiumsalt of Cecpasae9(03ig77t hat has
at least the follow ng characteristic: an X-ray powder diffraction pattern
conprising a peak at 10.1 degrees 2Q( 0.2 degrees 2Q when neasured using
CuKa radi ation. Another enbodinent is directed to the crystalline sodium
salt of Conpound (1) having an XRPD pattern conprising a peak at 10.1
degrees 2Q 0.2 degrees 2Q as described above and further conprising peaks
at 13.0 and 18.2 degrees 2Q 0.2 degrees 2Q when neasured using CuKa

radi ati on. Angtdla%nm%g(q%ﬂ&ngeﬁn@g X6 8elid® 10es GRSl kB paedhuimgal ¢ of
Conmpound (1) havin RPD pattern conprising a peak at 10.1 degrees 2Q(
0.2 degrees 2Qe fasry@relélm fcm@db@meLqm‘dBi tiret Bee Aclonp pfitgibaipeplvariesl iat 5. 4,

8.7, 13.0 an ed. us| Ka
radi ati on. ﬁr %ﬁ ﬁdl@ %mgy% zg(ﬁid(g))Q% %ﬁ?@?g&éﬁ@ﬁ#&ﬁ%@%@glﬁ alt of
Conpound (1)- E@H ﬂglda)nclmtshwmg@rewwﬂpmﬁsmn@aagq@eﬁk cantra}Q wheddgr ees 2Q

o5, 57+ 110grall: GIRGLLY T BTG R0g [5S AE ER e S RERS TR o5 e

nmeasur ed usi etgm@u Kacre aahloaheirrga in tAe EREErpagero otsemedtforn the d:'maeﬁ:ﬂgadhd phashie

crystalline dlums t of.Co und. (1 xhi bi ting an at.te
Cubetanti art RS MRt 8 TR B8 el Ll R R et
directed to idan, araystiad ddiven &udbmnpﬁaduuaﬂyfsuﬁmpwmveﬂdpmdmvf dhd_BIDDS

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

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

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

Compound (1).

20  In a more specific 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

25  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 13.0 and 18.2 degrees 20 (+ 0.2 degrees 20) when

30  measured using CuKa radiation.
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XRPD pattern with a characteristic peak at 10.1 degrees 2Q( 0.2 degrees 20Q
as descri bed above and al so exhibiting a DSC thermal curve substantially

t he sane WO 20fw33ehown in FIG 4 at a heating rate of 1@COTSP@9/ond7AUte in
an open cup. Another enbodinent is directed to a quantity of Conpound (1)
wherein at | east 50% preferably at |east 75% nore preferably at | east

95% nore preferably at |east 99% of said substance is present in the form
of the crystalline sodiumsalt of Conpound (1) as may be characterized by
any of the abovenenti oned XRPD-defined enbodi nents. The presence of such
amounts of crystalline sodiumsalt of Conpound (1) in a quantity of

Corpound (1) Ahéthéryeﬁib%éllrﬂe}{t TRASM AR IR c&’yss'ta'i‘!ﬂle%&'f’ Pm%ﬁ‘l%ﬂ’ééﬁpo%d HBaGipaRPUNd.

An additional enbodinment Is directed to a pharnmaceutical conposition
conpri si ng CXRBBmat!er(lmemmgmegbmt10a1n‘éﬁge@e§)%&rﬁa%émr¢e@39)85% dagseibgst above

carrier or &Ad‘&ﬁﬂﬁer c!nﬂ I%eﬁkssa&’%' §'701ﬁg%‘8%'§ed%§ree 04 &eg?e@(‘%%)%h%ﬁer abl y

at | east 75% nore pre y at 'l east 95% nore~preferably at ast 99%
of the Conpoungufedusivpfuimrakditoni n t he conposition is present in
crystallipe form for exanple, in the formof a crystalline sodiumsalt

of Conpound (1) as may be characterized by any of the abovenentioned

XRPD- def i ned Aentbadintvedinent i¥ dzequedas @rtcrysmilartsodinmprlovi Gaespanglohessg or t he

ti talli .sodi |t of 1 h
D epar a1 o Bt Al A5 R0 R APk LI SRTBRRSS.
whi ch yield mdﬁsttmrlcbmpm@oﬁeum /a4 6.5THE 1pet3.6d 820D hid0s.7 ukdees Mhixch

crystalline ium s is for iricall determined and it is
on?/y pOSSI bl @8?1 rees 2% when measurrggusmg %ul?a radn?l y

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 26 (+ 0.2 degrees 20) as
described above and also exhibiting a DSC thermal curve substantially the same as that

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

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

20  preferably at least 75%, more preferably at least 95%, more preferably at least 99%, of said
substance is present in the form of the crystalline sodium salt of Compound (1) as may be
characterized by any of the abovementioned XRPD-defined embodiments. The presence
of 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 is 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 salt of
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gi ve nmet hods whi ch have been found to be suitable in practice. It has been
found that the crystalline sodiumsalt of Conpound (1) nmay be prepared by a
process cwopoimisag4t he fol | owi ng steps, which process i gcaltseonse@nbodi nent
of the present invention: (i) dissolving conpound (1) in an ketones or
acetate solvents, optionally containing water as a co-sol vent, by heating
the mxture as a slurry or by obtaining a conplete solution (ii) adding
water to the solution obtained in step (i) while maintaining the solution
at a tenperature of about 50 - 70 OC to obtain a solution or slurry; (iii)
seeding with the crystalline sodiumsalt of Conpound (1) (iv) cooling the

slurry obtai pedpbiha$heR n(a'y'bh)chatr&bté}ﬁ%@b}ﬂaxﬁﬁﬁf'ﬂﬁ Me‘?ﬁén%ned()m@D galdgcting the

solid material of step ( drying said nmaterial at a tenperature of
about 45 to @Bhﬂmm@@%obtaln the crystalline sodiumsalt of Conpound (1).
Addi tional alternative processes for preparing the crystalline sodiumsalt
of Conpound (1) nmay be found in the Exanples section bel ow, each of which
are addition&heEﬁﬁudhm&hpspmwkwhempﬁes&mﬂwpmmummmnfmﬁmahmamémnh@hbf

Conposi tigns ﬁ t for tlo d for if

|nclud|ngg)Ty|(oj§m N% B édé%) uﬁ??znf fm%%ﬁxmﬁwgggg ¥mﬁa§BR%nP”& é@sagents

in view of t hmledecmdn@hsr whiel yiehhirpitdlloreysodiotni salit.t Yhegfrecise 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.

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
(i1) 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 to 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.

Pharmaceutical 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 demonstrated inhibitory activity of

Compound (1) against HCV NS3 serine protease. These forms are therefore useful in
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Compound (1) agai nst HCV NS3 serine protease. These forns are therefore
useful intreatnent of HCV infection in a mammal and can be used for the

pr epar at iwo 20fo/s34har maceut i cal conposition for treati ng@Canski@voserecti on
or alleviating one or nore synptons thereof in a patient. In addition, the
sodiumsalt form of Conmpound (1) has denonstrated effectiveness in treating
HCV-infected patients in human clinical trials. The appropriate dosage
anounts and reginens for a particular patient can be determ ned by nethods
known in the art and by reference to the disclosure in U S. Patents

6, 323,180 Bl and 7,585,845. Cenerally, a therapeutically effective anount

for the treafapRlnO H@VOinFECCEGﬁ PR mBmhAe R R | e AUP BE %JT@ﬂa%on Ioﬁ'tagne

enbodi ment, about 50ng t OOOry, nore preferably from about 120 ng

about 480 ngpharwacgdindahicempesaiipnpler tgatingt arhiféah ifedtioday dllavigiinegpee oF motd ti pl e
doses. Speci {i iyl do n £l it i Il ar
patient wll gygipt%g%lrhggeofjglpgﬁg%ﬁlgoﬁl %J var rg{éysog'?gllf g&?ﬁg?&f& icg)g%a‘%?in@? e age,
body wei ght, dgemenratd ¢feglivdnestintrogingd8XY-ideatd patipnreindfungdlinicgdttrias.i O, rat e

of excretion rug, c ination, the.severity and r f.t i_nf i on,
t he pati e%\t ' %ppg?psn%toes(?otqip enaa}{logg{ghaélhirgﬁ@g T on aapr?%lctu ﬁg%ﬁtﬁ%g FréénnPe g‘%e%rée%tcéyeat i ng
physi ci an. | metedekmivn it lle aomddyndfereacamogbe diedosuabinyU.8dPatenitsst,8236B0R1 a

concentration h wi || neral ly afford antivirally effect]j

Coults w t nout P ey TR TS PRy St Bt db S S E
crystalline fntictien of theanpowiilds cdhindterthels ot embalahdnt t deaetimgato B0sRkect ed
dosage | evel S v BhER! foh AT DS TSthoh Pl RELL Sl PR TR S 1 2

10 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
15  the infection, the patient’s disposition to the infection and the judgment of the treating
physician. In general, the compound is most desirably administered at a concentration
level that will generally afford antivirally effective results without causing any harmful or

deleterious side effects.

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 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

25  term 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 non-

toxic pharmaceutically-acceptable carriers, diluents, adjuvants, excipients or vehicles. In
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t he description in U S. Patents 6,323,180 and 7, 585, 845 for the various
types of conpositions that may be enployed in the present invention. The
phar macewoDcalo/ssaposi tion nay be adm ni stered orally, pararst@oabd?y2zor via
an inplanted reservoir. The term parenteral as used herein includes

subcut aneous, i ntracutaneous, intravenous, intranuscular, intra- articular,
intrasynovial, intrasternal, intrathecal, and intral esional injection or

i nfusion techniques. Oral adm nistration or admnistration by injection are
preferred. The pharmaceutical conpositions of this invention may contain
any conventional non toxic pharmaceutically-acceptable carriers, diluents,

adj uvants, exml it $e B of ﬁl@'f&lnﬁl%tloh Ry Be a&ﬁ&&ﬁwltﬁ PerRideQficalid Qccfa&ﬁﬂé” ation

may be adjusted w t h pharnmaceutical |y acceptabl e acids, bases or buffers to
enhance t he &tidsbbdsps ¢ boffens feerthananiiheattabality ohtho derchulbstedi competeidio i geliveym The
pharnaceutica%mconpositions may be in the formof a sterile injectable
preparation, for exanple, as a sterile injectable aqgueous or ol eagi nous
suspensi on. This suspension may be formul ated according to techniques known

in the al‘gr uﬂlen@wﬁlf aceu 1caFco(finé3%£) Fi&?s. erln %{.r%ﬁnn aas QG § etgt%ifill%h %ﬁfatlon I I

exanpl e. Tween I'ng a riaceltical ¢ onposi ti ons
may al so be bmnmh3a§@ﬁﬂM@hu@mmhﬂahamharﬁn@mmMsmapmmmnpwhmtmmamamnm%ﬂﬁing

ehct one pharvaeetoraal vy S EBbarre b pr 8 S iR ALPSTRE Ly Rt
phar maceut i cadenc@sgobas, foreRsmprayTvaen 80 ednd ywuspdiming seaked in any orally
accept abl e dosage form i ncl udi ng,

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

15 filled capsules, and aqueous 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 corn starch. Examples of soft gelatin
capsules that can be used include those disclosed in EP 649651 B1 and US Patent

20 5,985,321. When aqueous 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 liquid-based pharmaceutical composition contains the novel sodium salt of
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but not limted to, tablets, capsules (e.g., hard or soft gelatin
capsules), including liquidfilled capsules, and aqueous suspensi ons and

sol uti onswolznidsgs4gase of tablets for oral use, carrier #CrhiSetpase@’zonmonl y
used include | actose and corn starch. Lubricating agents, such as nmagnhesi um
stearate, are also typically added. For oral adm nistration in a capsule
form useful diluents include |actose and dried corn starch. Exanpl es of
soft gelatin capsules that can be used include those disclosed in EP 64965
| Bl and US Patent 5,985,321. Wien aqueous suspensions are adm ni stered
orally, the active ingredient is conbined with emulsifying and suspending
agents. | deghhafy (PRl AliOnSNRRL RN ARALOT sohdil 8 b0 BALhREEPh L NG
agents may be added. ‘Gt her suitable vehicles or carriers tor the above

not ed fornul altes@hglvmncbmégnlmbardssC@\@nnbenlretkmﬁorlpmpgn@gmas@iupha&lm@eut| cal
texts, e.g. | Mack
Publlshlng C%%%%8§ g%?%%§m€H% ﬂ%&%é&%ﬁ@%gﬁ%&&ﬂ%ﬁamn ﬁ%hﬁﬁe crystalllne
sodi um sal t pvcésongudphedndcputaal ﬁoqnuldmnemrmfaet;urdlamgebmwpium saftdora. | i qw d

sol ution spensj.qn. [ e cludi ng
For “exampre TRPRCIE Nt S B R BB B Al bR L BN
crystalline thatetiy enabNd\erthlhélscﬂBSI,y i§ cbuamﬁemdihndthequspdettaaeemdbqnimernm&nt| cal
conposition contains the novel sodiumsalt of Conpound (1) and it is

t heref ore tomﬁgmgﬂﬁglﬁgred a separate enbodi nent enbraced by the present
invention. It was only by discovering a nethod for preparing the sodium
salt in a stable crystalline formthat the present inventors enabl ed

ef ficient pharnaceutical processing and pharmaceutical formnulation
manuf act yse NRiHdgs sihasREkikRosal t form

1. X-Ray Powder Diffraction

X-ray powder diffraction analyses were conducted on a Bruker AXS X-Ray
15  Powder Diffractometer Model D8 Discover, available from Bruker AXS, Inc. of Madison,
WI, using CuKa 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° 28, 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
25

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
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Therefore, the final pharmaceutical formnulation containing the sodium salt
formwhi ch was thereby enabled by this discovery is considered anot her
aspect amsioenyads4mnt of the present invention. MethodsPofi/USh@wasd7ezi zati on
1. X-Ray Powder Diffraction X-ray powder diffraction anal yses were
conducted on a Bruker AXS X-Ray Powder Diffractoneter Mdel D8 Di scover,
avai |l abl e from Bruker AXS, Inc. of Mudison, W, using CuKa radiation. The
instrunment is equipped with a long fine focus x-ray tube. The tube power
was set to 4CkV and 40MA. The instrunment was operated in parallel beam node
with a Gobel Mrror, using a 0.6mmexit slit, a 0.4 soller slit, a LiF flat
crystal diffgacteg Rea.APRAGIERNBE §hagnd a Nal scintillation detector. A
detector scan was run using a tube angle of 1 2Q Step scans were run from
2 to 40 2Q at 0.05 per step, 4 sec per step. Areference quartz standard

was used to checkyj : | t ~ anal ysi s
by filing a zer O@ﬂ;@%pg&&}ﬁ@%@k&{o@ ngﬁg’lacsiglr. ?gkﬁ%gg?%g%@?g{u (raIJ;ID £ anal ysi s
was conduct ethvestigaedid varigtsreneqte@ud8Ge@s1 0O soldtvas dicfef peeraredibaladdicemaii ng
calorinmetry curv ' le.of T h ed at. 10.degrees C
T o o o R iR RENR L B AR kel Y e SR el &iln e

St udi es The $ealantinkd taps.ofThComnpdu ward dilowed & @iateh roohyeepdramire fiohep ®adi um sal t
form was

days. Sampling was done by centrifuging (14,000 rpm on the Eppendorf model 5415C
table top centrifuge) and filtering through a 0.45 um PVDF filter. The filtrate was subject
to HPL.C analysis for determining the solubility. HPL.C analysis was conducted with an
10 Agilent 1100 using gradient or isocratic conditions. Both methods used acetonitrile/water
(each with 0.1% Triflouroacetic Acid) and an ACE C-18 stationary phase with 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 D8 Discover or D8 Advance, available from Bruker
AXS, Inc. of Madison, WI, using CuKa radiation. The tube power was set to either 40kV
and 40mA or 40kV and 30mA. The instrument(s) were operated in parallel beam mode
with a Gobel Mirror, using a 0.6mm exit slit with a 0.4° soller slit and Lil’ 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 slit with 0.12mm soller slits. Each configuration/instrument employed
Nal scintillation detector. Detector scans were run using a tube angle of 1° 26. Step scans
were run from 2 to 35° or 40° 26, at 0.05° 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 commercially
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investigated in various non-aqueous sol vents. The sol utions were prepared
by addition of excess Conmpound (1) to 0.25 ml to 1.0nml of excipient in
anber scrwo20sp3gd4al s with Teflon |ined caps. The sanpl esTisec@asd7oned to
rotate at roomtenperature for up to 4 days. Sanpling was done by
centrifuging (14,000 rpmon the Eppendorf nodel 5415C table top centrifuge)
and filtering through a 0.45 nm PVDF filter. The filtrate was subject to
HPLC anal ysis for determning the solubility. HPLC anal ysis was conducted
with an Agilent 1100 using gradient or isocratic conditions. Both nethods
used acetonitrile/water (each with 0.1% Trifl ouroacetic Acid) and an ACE
C 18 stati onar ADARErN b oMo Thiadh IRAnTeLALALARG: Had s Hor Omplhe

wavel engt h of detection was set at 220nm or 264nm t solids were
col | ect ed antraphapiziad] fyonethestsidesshiberbja tfesineebialipnay Patyt AXRPEALOXRPO anal yses

for the form, r

D ffractoneter %@gwgwg%ﬁgﬁogg%%&%%@é% 3g§/gé‘(fgbqﬁg§¥r om %r lg.mlejl’ AXS,

I nc. of Madi awh/,580845usi ng CuKa radi ati on. The tube power was set to either
4CkV and 40MA or 4CkV and 30mA. The instrunent(s) were operated in parallel

beam rode’ with a Gobel Mrror, using a 0.6mmexit slit with a 0.4 soller
slit and Li FUhlesgtotlmnyst a;bec'ﬂheﬂfsbhzente,derbmxmmmmhn@nmtdxﬂh@meau&dnr@ndlmS

di vergence slit w sol | Br.ent no ca nfiquration with
e D8 Advanby IS a5 EEEhY Pus Toafaieh i RO T IRt OnpRuiSE o
wi th 0.12mm msal bemositdrédsby Hat Presamné L@ufd&thraﬁdtbgﬁpﬁyumentj) engukieyde end\al

scintillation detector ector scan n tub le of 1 2
Step scans ﬂlterme iates and procfucts may be punfs edvl\:gl c%romatography %n Esaihcal ge ancpgr Q

10 recrystallization.
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were run from2 to 35 or 40 2Q at 0.05 per step, with 0.6 or 4 seconds per
step. A reference quartz standard was used to check instrunment alignnent.
Sanmpl es weoeowmspated for analysis by filing a zero backgraseaogsert z

hol der or Ni plated holder. In order that this invention be nore fully
understood, the follow ng exanples are set forth. These exanples are for
the purpose of illustrating enbodinents of this invention, and are not to
be construed as limting the scope of the invention in any way. The
reactants used in the exanpl es bel ow may be obtai ned either as described
herein, or if not described herein, are thenselves either commercially
avai | abl e or grRNMPREsPr epared from commerci al | yavail abl e material s by

met hods known in the art. Certain starting materials, for exanple, may be
obt ai ned by nethods described in the International Patent Applications WO
00/ 09543, WO 00{ 09558 VR A 5I35ne dhrine FAIEH Sufboindi £80. 6, 608, 027,
7,514,557, and /7,585, 845. Unless ot herw se specified, solvents,
tenperatures, pressures, and other reaction conditions may be readily

sel ected by one of ordinary skill in the art. Typically, reaction progress
may be nonitored by H gh Pressure Liquid Chromatography (HPLC), if desired,

and intermedi ates and pgoduft s 238y PeuRunifieed by chrorfat ography on silica
gel and/or by Meecrystakty TOR—EXAMRLES Exangel e Meo Py [ W
Qui nol i ne Starti n eri Bl Compountia11F3EE0C 81% I

1 5

Step 1

Br Br
6N HCl
MeO NH, BCl,, AIC, MeO NH,
T E—— .HCI T e
diglyme 100°C
7% PhCl or DCE, 100°C Me
70 %

Step 2 6 Step 3 7 (o]

(COCI),, Et;N, DMAP Q
—>
0 0
DMF, THF, 70% S :
~N N
(o] N
? 0j i H | \>—NH
Br
HO N\ s
| >_N"' 9
s
8

Step 4
OH Cl
POCI,, Dioxane, 75 °C
KOBu', DME, S\ 3 X
—_—
Step 6 ~N P N
0 N = N fo) N
PG o “ \>’NH \ \>’NH
Step 5 Br d Br g
10 d 11 0
Step 1

10 The dianion of amide 1 (prepared exactly as described above, from 1.00 g amide 1) was
cooled to -78°C, then 2.19 mL perfluorooctyl bromide (8.46 mmol, 1.75 eq.) was added

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

20-



Step | The dianion of amde 1 (prepared exactly as descri bed above, from
1.00 g amde 1) was cooled to -78C, then 2.19 nlL perfluorooctyl brom de
(8.46 MUOWO 2010/B34d. ) was added dropwi se via syringe ovecTAS2moOse32 The
dark-col ored reaction m xture was then placedin a -100C bath. After two
hours, 10 nmL IN HC was cautiously added, and the m xture extracted with
EtQAc (2 X 25 nL), dried (MJSO ), and the solvents renoved in vacuo. The
resi due was then chromat ographed on silica gel eluting with 4:1

Hexane: Et OAc to give 1.13g brompanmide 5 (81% as a colorless oil. 1H NWR
(400M—|z, Ccbc 3)d: 8.12 (br s, IH), 8.04 (dd, = 1.3, 8.4 Hz, IH, 724(t

8 3 |_|Z l ' A a! d cT 0 OUr was'Cc 10 a an 1 Ic
13C NMVR (10%@0% Sy L ﬁ &g@mt@ §(§J sl (%311%%‘1% 34 (d),

113.63 (d), Q?O@C@@Wéthﬁtoée@ ?@25(0@9) drigg (M@SQQ) and4lie S!@VG@@)femwdnBV@(C@f) Step 2
0. 25g broma HO, eq.),
and 1.0 nL d:ﬁl Slrrgue\(/\kg%sgtﬁ nergziig?dérl %?@‘8%8 é%iﬁﬁ% (ﬁ%i}arl]l‘l{%ﬂt%élr%%\?vas t hen
cool ed and fgllve érlégibl(oproalduhtS)(Sl%h&s afqoldrlleatoel \)\HQ\IMR&WMH@CD@EM&MW& ng

Eronc to Cauba Prat B AT Tor Sl {Pbiat - Srdudd) AR ARl BB e e

The conbi ned), 3saidsnyers @rdrpd PCoNgR@0EMIG, gDCEM7@57 @y, qapam(sbl ne 6. HC1
asallght brown solid. 1H I H),

6.61 (d, = 8l ﬂ%34@)413éagd)=1%8é<ﬂ42103% s), §6§ﬁ<q)tf£07§<s)2?@ 45 @1)77 (s,
3H). Step 3

Step 2

10 0.25g bromoamide 5 (0.87 mmol, 1 eq.), 2.0 mL con. HCI (24 mmol, 28 eq.), and 1.0 mL
diglyme were heated at 100°C for 24 hours. The mixture was then cooled and filtered
(product). The filtrate was evaporated in vacuo using H,O 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 0.16 g (77%) of

15  bromoaniline 6.HCI as a light brown solid. "H NMR (400 MHz, CDCl5)8: 7.09 (t, J = 8.1
Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 6.47 (d, /= 8.1 Hz, 1H), 3.84 (br s, 2H), 3.77 (s, 3H).

Step 3
Bromoanisidine. HC] (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 30°C). The resulting mixture 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 rt 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 50°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%NaHCO3, 1x15ml. water

30  then concentration under reduced pressure provided 3.92-4.4¢g of the desired product in 68-
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Br onoani si di ne. HO (5.73g, 24.0 mmol ), Alum nuntrichloride (3.52g) and

chl or obenzene (15.0 nlL) are charged into an oven dried 100 nL three necked
flask at wO20toeespamrat ure rise to 300C). The resul ting nmPRTAISR000HSETAEN
stirred for 10 min then cooled to 0-50C foll owed by sl ow addition of
acetonitrile (1.89 nL, 36.0 mmol) followed by addition of BO (2.82Q9),
transferred as gas (or liquid) into the reaction m xture, keeping the
tenperature below 5 0OC. The resulting mxture is then stirred at rt for 20
mn then heated to 85-1000C for 16h. HPLC indi cate conpletion of the
reaction (SM<0.5% at 220nm). The m xture is cooled down to 500C t hen

Tol uene (15m), s, Addad (b RY8d), ot St 70dh 100 f hPALD LA, il her

sl ow addition © resulting mxture stirred for
addi ti onal 262&td, 7ki%] Henpbr A9use3hans 8g3kel i te was added and the stirred
m xture cooled to rt. Filtration then wash of the organic fraction with
wat er | xI5m, 2xI5m 5%NaHCO3, | x| 5nL water then concentration under
reduced presSupd provided 3.92-4.4g of the desired product in 68-72%

< %ry 6! 2600 D R 1 S TR fie Lol e Togi ol ocal i

chloride (8. acl@S mg)lgge idlshened MOPNW 680 ) tah@ Do 00X} diica HAHd D CP nof
Thi azole acid 8 %L i S dlssolg %)ln THF (300 WH% and DME (300 mi)
over a peri offepin thbe 1PﬁeW ERBPTAYTE 4 UF ?erTH‘éFeaftéWdE‘F‘%‘f pesoyes %BY’ian he

reaction m xhéth&eRQBOTRSoYRd 1AM A ROIRGLIRO Hxturt MealooRl tdgadhaintbidns r enoved
and the mxture is allowed to reach anbi ent tenperature over a period of

-30 nin. Gas'BPEIHES BT f Bersldd ry@arin. Thas expltion is obssryetlj Theprixggre is stirred at
10 ambient temperature for 30 min to 1 hour. A solution of aniline 7 (19.8 g), DMAP (140

mg) and THF (35 mL) was added at 10+5°C. Et;N (13.2 ml.) was added in portions at
10+5°C over a period of 10 min. The ice bath was removed and mixture was heated to
65+2°C and stirred overnight (18 h). The mixture was allowed to reach ambient

temperature, diluted with EtOAc (150 mL) and washed with water (150 mL). NaHCO;

15 (5%, 225 ml.) was added to the organic portion and the mixture was stirred at ambient
temperature for 30 min. The organic portion was concentrated under reduced pressure at
approx. 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 h and filtered. The solid was washed with EtOAc (30 mL.) followed by heptane (30 mL.)
and air dried for 1 h to give the desired product in 70% yield.
"H NMR (400 MHz, CDCl5) &; 1.32 (d, 6H, J = 7.8 Hz), 2.58 (s, 3H), 2.65-2.72 (m, 1H),
3.98 (s, 3H), 6.83 (d, 1H, J = 8.7 Hz), 7.70 (d, 1H, J = 8.7 Hz), 7.86 (s, 1H), 8.98 (bs, 1H),
10.13 (bs, 1H).

25

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.
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anbi ent tenperature for 30 mn to 1 hour. A solution of aniline 7 (19.8 Qg),
DVAP (140 ng) and THF (35 nL) was added at 105C. Et3N (13.2 nlL) was added
in porti one 2ato/B8#u% OC over a period of 10 min. The i cePbatus2emds¢7enoved
and m xture was heated to 652C and stirred overnight (18 h). The m xture
was all owed to reach anmbient tenperature, diluted with EtOAc (150 nL) and
washed with water (150 nmL). NaHCO (5% 225 nlL) was added to the organic
portion and the m xture was stirred at anbient tenperature for 30 mn. The
organi c portion was concentrated under reduced pressure at approx. 400C

Et OAc (150 nL) was added to the resulting material and the residual water

was removed aneh Jfi§pilhedtddfif W SeLQRE ﬁ'ﬁL@%Q s1§1fﬁ€if°c£te& RHUGELaRIRSSMT € at

approx. 40 0C (to azeotrope water). nm.) was added and the
resul ting sl eampletoghat this peipedorfvarsion: H)(}%)amb Ifeaqtlp@neﬁurem cedtd @ ro@i8 washed

gi ve the dest B Brolic AT 10N TRARR P Nkop 58 e s Pl 0

6H = 7.8 Hzd]de@sloBly(®,te1Bpdratui2 V@Sk@ptmde(rﬁﬁ °C K queBchaBe (egqtloﬁhﬁlxtU& 88 wad, | H,

= 8.7 Hz) .'ilC? uste(dgtE 4f$ Qgﬁutq()a ml } Wat was a(daéd (‘E\]‘:}Qe’ a%ulg& 0£ \afgtEr mi"% egf 0. 13 (bs,

IH) Step 5 Paced pot assi Dry DVE
was added at a@mmﬂtm@emlaﬂtmﬁﬂeat@@x,@mhdren‘emltlngenqpemsaanmas smett atm«p)omo 35 00).

Th | t ant | uti h 80 0 8 dded
T e a0k ki) 7 BRae bS] B BB e A5 APy 200

drying under vacuum. Yield: 81g, 96% yield.

10 'H-NMR (400 M Hz, DMSO-dg): 1.14 (61, d, J = 6.8 Hz, i-Pr), 2.48 (1H, hept., J = 6.8
Hz, i-Pr), 3.99 (3H, s, Me0), 6.75 (1H, s, H-3), 7.24 (1H, d, J= 8.5 Hz, H-6), 8.10 (1H, d, J
= 8.5 Hz, HS), 8.22 (1H, s, H-5"), 9.87 (1H, s, OH), 12.40 (1H, s, amide NH).

Step 6

15 In a 100 ml flask was placed starting material quinolone (4.22 g) and dioxane (40 ml).
POCI; (4.6 g) was added, and the mixture was heated to 75 °C. After 2 hours, HPLC
showed the reaction finished (99.7% conversion). Reaction mixture was cooled to room
temperature, and then poured to 100 ml saturated NaHCO; solution and 20 ml EtOAc. The
resulting suspension was stirred for 3 hours. Product was isolated by filtration, washing

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

"H-NMR (400 M Hz, CDCls): 1.14 (6H, d, J = 6.8 Hz, i-Pr), 2.76 (1H, hept., J = 6.8 Hz, i-
Pr), 4.05 (3H, s, MeO), 7.68 (1H, d, J= 8.5 Hz, H-6), 8.07 (1H, s, H-3), 8.13 (1H, s, H-5"),
8.20 (1H, d, J = 8.5 Hz, HS), 12.30 (1H, s, amide NH).

25
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bet ween 80-85 0OC. Upon conpl etion, reaction m xture was stirred at 85 0C
for 2 hours. -99-Solid precipitated during the reaction. HPLC anal ysis

i ndi cat edwOhato/3B=4r eacti on was conpl eted at this poi nt pCTarse@sdse@nz 1009 .
The reaction m xture was cooled to roomtenperature and then to 10 OC with
a cool bath. Aqueous 2N HC solution (ca. 500 m) was added slowy so
tenperature was kept under 25 OC to quench the reaction m xture. pH was
adjusted to 4-5. About 100 nml of water was added (Note: anmount of water may
need adjustnment to facilitate filtration), and the resulting suspension was
stirred at roomtenperature for 5-10 hours. Product was isol ated by
filtration, &5@%@9 \M%Qramfomgea{dm@gi @H}H&ﬁmy@@ytumngmérgi 8lg, 96%
yield. 1H N Hz, i-Pr), 2.48
(IH, hept, J =6.8 Hz, i-Pr), 3. 99 (3H, s, Nbc» 6 75 (IH s, H3), 7.24
(I'H, d, J= 8.5 Hz, F+6), 8.10 (IH d, J =8.5 Hz, H5), 8.22 (IH s, H5"),
9.87 (IH s, OH), 12.40 (IH, s, amde NH). Step 6 In a 100 mM flask was

pl aced startingﬁgiterial qgui nol one (4.22 g) and di oxane (40 m). POCI 3 (4.6

g) was added, angd the m xture was hegfed to 75 0C. After Zohours, HPLC
showed t he reacth rqeished (99. 7% cOpversion). Reaction
cooled to roon1teﬁberature and t hen dgfzgg to 100 mM saturéate
solution and 20 ni" EHGAc. Bhe resultinywSuspensipn was stiyr
Product was i sol atted by—frftratron;>k%/h£ng wi--h—E-Obe

re was

HCO

for 3 hours.
{ng under
vacuum Yield: 4.0 g, 90.9% ?

NH NH
O,H OY L3 Me
O
NH
%§r/ <::]/’ " 13
C7H26N>04[1/3 MTBE]

CysH3N;06 Mol. Wt.: 385.79

o]
O/ Mol. Wt.: 370.44

a) EDC, HOBT, DMF, DIEA, 90 %
b) i) LiOH, H,O, THF, MeOH ii) MTBE recrystallization

A 250 mL 3-neck flask with a thermocouple, nitrogen inlet, and magnetic stir bar was
charged with N-cyclopentlyoxy carbonyl-terr-1.-leucine (20.0 g, 82.2 mmol, 1.0 eq.), 1-
hydroxy-benzotriazole (12.73 g, 90.42 mmol, 1.1 eq), and 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (17.33 g, 90.42 mmol, 1.1 eq.) The flask was purged with
10 nitrogen, and the stirring started. Anhydrous DMF (62 ml.) was added to the flask and the
mixture was stirred for 20 minutes at room temperature (about 24° C). The reaction was
mildly exothermic, the internal temperature rose to 29 ° C. Solid trans-4-hydroxyproline
methyl ester HC1 (14.93 g, §82.2 mmol, 1.0 eq) was added to the reaction in one portion.
Using a syringe, diisopropyl ethyl amine (14.36 mL., 8§2.2 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,O, and 2 x 75 mL of sat. NaHCO3. The organic layer

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

4.



1H NVR (400 M Hz, CDCI3) : 1.14 (6H, d, J :68 Hz, i-Pr), 2.76 (IH hept,
J=6.8Hz, i- Pr), 4.05 (3H, s, MO, 7.68 (IH d, J= 8.5 Hz, H6), 8.07
(IH s, FWORPIA33IR4(IH s, H5), 8.20 (| d, J = 8.5 BET/UB)09/032780 (I H,

s, amde NH).Exanple 2 - Preparation of D pep i de Acid Conpound 13 Starting
Material a) EDC, HOBT, DMF, DIEA, 90%b) i) LiOH H20 THF, MeOH ii) MIBE
recrystallization A 250 nL 3-neck flask with a thernocouple, nitrogen
inlet, and magnetic stir bar was charged with N-cycl opent| yoxy

carbonyl -ferf-L- leucine (20.0 g, 82.2 mmol, 1.0 eq.), 1-

hydr oxy- benzotri azole (12.73 g, 90.42 mmol, 1.1 eq), and

| - (3-di met hylf@tiﬂa%n%@aﬁ*@enﬁl aﬁ&%m‘?ﬂ&x@ﬁ%e‘o%l&e aﬁ'&?’&l&ﬁféﬁ k@&lnﬁ’rﬁal%&&aﬁ@ g,

90. 42 mmol trogen, he stirring
started. Anhydroe Qndﬁlvh'oq% zaQﬁEI)ﬂ(vl.é@ HB’JdHéd bGIQWt3I5 ECtintersid t%m@bratm “mhﬂm@rtle was

stirred for g [ RULGS. Alag POTATBSHALNGe bRPOYL: A Gy TG ARAGLA on v

m | dly exothermc, e internal nperature rose
Zra"s- 4- hydr(i>59prIOIan¢he vwarethhlyllledesmmmbm stifrdfe 9Guge. BArdhydmiiran (10QméY) was

added to the_re | ne .portion. ! rin [ r | et hyl
an ne (14§ 36" rﬁ_ﬁﬁ&% b Has? a%fE ltOwaS a%al\r}véhslgage 8%1 il %l%}atélgc ]i%gl% g%pw se over
25 mn. The dmml@mnmheatdemseﬂrpMcad @ith s edditwn3dors]. Etﬁahyﬂmfiaﬁm, @00 fhlhﬁzamcbactl on

10 s T B SRR B AR SRR BB .
extracted ths.eev télums oMLibH (57 ml, Bio.cahhyl, 3agehat ehargat b thbeddiigainhel,| ayer s
\glfel’ gaf Onlea ugg%i a:crl ovgg %g%lfrwltq%y @’éef tve\%%er\ggi%hr%ge f\%r}l 92 ZCEP torr2t9 "lé,zgid t Q gacztio)ri 75
10 mixture became slightly cloudy. The mixture was cooled in a cold water bath, then the
reaction was quenched by slow (45 min.) addition of 4 M HC1 (58-65 mL) to adjust the pH
to 3.5, causing a slight increase in temperature to 27 °C. The flask was fitted with a
distillation head, and the methanol and tertahydrofuran were removed by distillation at
reduced pressure, with a bath temperature of 40 °C, internal temperature below 30°C. The
15  mixture was extracted twice with 150 mL. of MTBE. The MTBE solution was
concentrated at reduced pressure, (350 mmHg) to 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 rt, ~24 °C over
20 1.5h. To the resultant slurry was then added 60 mL. MTBE, stirred 2h, then the slurry was
filtered, using ~20 mI. MTBE to transfer the mixture. 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 colorless solid, m.p. 117-124°C; ap=-58.6 (¢ 2.17, MeOH); '"H NMR (400 MHz,
DMSO, major rotamer reported) 8: 6.76 (d, J=9.3 Hz, 1H), 5.15 (s, 1H), 4.92 (m, 1H),
25 4.31 (brs, 1H), 4.26 (t, /= 8.3 Hz, 1H), 4.19 (d, /= 9.3 Hz, 1H), 3.63 (m, 2H), 3.06 (s, 1H,
(MTBL)), 2.08 (m, 1H), 1.87-1.48 (m, 9H), 1.09 (s, 3H, (MTBLE)), 0.92 (s, 9H).

30
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(about 235 nmL) was transferred to a 5001L flask fitted with a nechani cal
stirrer, shortpathdistillation head, internal and external thernocouples,
and di st iwbediovs34itni mal stirrabl e vol une under house vacuarsgedd/oicy7mm Hg, )
bel ow 35 OC internal tenperature with an oil bath tenperature of 40 OC. To
this crude mxture of 12 was then added tetrahydrofuran (150 nL) and it was
distilled to mninmumstirrable volune. Tetrahydrofuran (100 nL) was added
to the flask, and it was again distilled to mnimmstirrable volunme. The
distillation head was replaced with an addition funnel. Tetrahydrofuran,
(100 m.) and nethanol (50 nmL) were added to the flask, and the solution
stirred for abowhe 35 pRipRMIiESof PipaptdeM SOCHpARAAE Skirddd NifidridiL, 246. 6 ol ,
3 eq.) was charged to the additiron funnel, and added over 45 mnutes. The
tenperature rose from22 0Cto 29 0C, and the reaction m xture becane
slightly cloudy. The m xture was cooled in a cold water bath, then the
reacti on was quenched by slow (45 mn.) addition of 4 MHC (58-65 nm.) to
adjust the pHto 3. causing a slight increase in tenperature to 27 0C
The flask was fittgd with a distillation head, and the nethanol and
tertahydrofuran‘gi;ﬁh:eﬁﬁﬁed by distillation at reduced pressure, with a

f

bath tenperature 0 0C, internal tenperature bel ow 300C. The m xture was
extracted twice wth P50 nL of MIBE. The MIBE sol ution was concentrated at
reduced pressur N850 ) to mininmumstirrable volune. 50 nL of MIBE was
added, it was renbved b *stillationfQinternal tenp bel owme35 0C. The

reacti on was ear viscous liquid, 2 aof MIBE was add the m xture
was heated t OGoanlih i on was cl ea f¥* bat h mas t NQfdoH and
t he sol ution cool ed“t6*t, -24 0C o

+ a o

H, CO,Me o] )
. TSOH g 15
14 CyyH3;N30, 3H35N

C14H19NOSS Mol. Wt.: 479.57 Mol. Wt.: 465.54
/ Mol. Wt.: 313.37

a) EDC, HOBT, THF
b) LiOH, IO, THF, MeOH

In a 25 ml flask 14 was dissolved in 3 ml DMF. HOBt (149 mg, 1.1 mmol), EDC (211
mg, 1,1 mmol), 13 (290 mg, 1.0 mmol) and i-Pro,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

10 extracted with ethyl acetate (20 ml). The organic layer was washed with HCI (0.5 N,
2x10ml) and saturated aqueous NaHCO3 (10ml). After removal of solvent by rotary
evaporation, 15 was obtained as a white solid. 0.46 g (95% yield). "H-NMR (400 M Hz,
CDCl): 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 (1H, m), 2.45-2.52 (1H, m), 3.02 (1H, br), 3.50 (1H, dd, J = 11.0,

15 3.0Hz),3.58 (3H, s), 3.99 (1H, d, J = 11.0 Hz), 4.18 (1H, d, ] = 9.0 Hz), 4.43 (1H, br),
Hz), 4.63 (1H, t, ] = 8.0 Hz), 4.93-5.00 (1H, m), 5.04 (1H, dd, J = 10.5, 2.0 Hz), 5.20 (1H,
d, J =18.0 Hz), 5.20-5.25 (1H, m), 5.65-5.77 (1H, ddd, J = 18.0, 10.5, 2.0 Hz), 7.78 (1H,
br) ppm.
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1.5h. To the resultant slurry was then added 60 nL MIBE, stirred 2h, then
the slurry was filtered, using -20 nL MIBE to transfer the m xture. The

sol i d waswOherv/wds44ed under vacuum at 35C to constant weiPgmtus2@8/08¢77% 529 ,
to give the 1/3 MIBE sol vate conpound 13 as a colorless solid, mp.
117-124C, ab= -58.6 (c 2.17, MeOH); 1H NWR (400 MHz, DWVSO, mmj or rotamer
reported) d: 6.76 (d, = 9.3 Hz, IH, 515 (s, IH), 4.92 (m IH), 4.31 (br
s, IH, 4.26 (t, = 8.3 Hz, IH, 4.19 (d, = 9.3 Hz, IH, 3.63 (m 2H), 3.06
(s, IH (MIBE)), 2.08 (m IH), 1.87-1.48 (m 9H), 1.09 (s, 3H, (MIBE)),
0.92 (s, 9H). Exanple 3 - Preparation of Tripeptide Acid Conpound 16
Starting Materia | a) EDC, HOBT, THF b) LiOH, H2O THF, MeOH In a 25 ni
flask 14 was dissolved in 3 mMl DW. HOBt (149 ng, 1.1 nmol), EDC (211 ny,
1,1 mol), 132(1pgesterd.S (4.667 mol. )l canavap dipgopyggtin 6.7 20~ i +B.9mr¢YHwer e added
in the given,gfdern. er&tﬁ%%&e‘?'i@erréhﬁ{ &1%9%&%&!%&&8% F4GRCY QR fBhpt ur e was
stirred at roomte rature oveérn reaction mxture was poured into
15 mM aqueou®.MNakitoB 8 andderivsaovad msuntldas ehftyr|1. doetsathe s¢lzéinvre rébhevedr gani ¢
| ayer was wash X t e
(10m). telrn V‘r%g%\%ﬁcrth emd(l%)déuulf\& ‘E/)l%h r%”}a%%ég\gér;@rnﬁf &ttgﬁi]a gldle%q% I%?al fled as
white soI i ellde@udtd pyl I Eo%asyreaihel).. Tlibl-ﬂhMVRw@methHtandMq%):ous pBas®6 (s, 9H),
.35 (IH, . 177 (IH . =z, 3.0,
o) 2. oty gt ot dampinty ATVt fabngfilidrg 5 Oy
= 11. 0, 3 80 irlL),,dan 5‘8g$@4b'l an8 Yhe s31vB&s fdntdvedlin vdcwo & kive ahlo)l, THe diBwhd H, d, J

9.0 Hz 4. 43
) azeotroped w1t% MTBE (1 X 15 mL), and the residue dried under high vacuum to give 320

NNehbRFRo

10 mg of 16 (100%) as a colorless foam. Exact mass calc'd for C,3H35N307: 465.25; Found
(ES-): 464.29; 'H NMR (400 MHz, DMSO, major rotamer reported) 8: 12.40 (br s, 1H),
8.49 (s, 1H), 6.77 (d, } = 8.2 Hz, 1H), 5.71 (m, 1H), 5.22-4.85 (m, 4H), 4.36-4.10 (m, 3H),
3.80-3.21 (m, 4H), 2.00-1.42 (m, 11H), 0.92 (s, 9H).
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20

25
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Hz), 4.63 (IH t, J =8.0 Hz), 4.93-5.00 (IH, m, 5.04 (IH dd, J = 10.5,
2.0 Hz), 5.20 (IH d, J = 18.0 Hz), 5.20-5.25 (IH, m, 5.65-5.77 (IH ddd,
J = 18. 0,wOQ0B/0324490 Hz), 7.78 (I H, br) ppm 320 ng ester PCHUSR0WBHF6ANOI , 1
eq.) was dissolved in 6.7 nL THF + 3.4 nL MeOH at anbient tenperature under

N2. To this solution was then added 3.34 mL 1.6 MLIiOH (5.34 nmmol, 8 eq.)
dropwi se over 5 mnutes. After 1.5 hours, the solvents were renoved in
vacuo, and the residue diluted with 15 nL EtOQAc + 10 nL sat'd NaC, then IN
HC was added until pH 3.45 was reached. The phases were separated and the
aqueous phase reextracted with 15 nL Et OAc. The conbi ned Et CAc | ayers were
washed with HROGLs X 1RO s AR MISHncaNdobiRLsel vent s Temoved i n
vacuo to give an oil. The oif was azeofroped wwth MIBE ( 1 X 15 nL), and
the residue dried under high vacuumto give 320 ng of 16 (100% as a
colorless foam Exact mass calc'd for C23H35N307: 465. 25; Found (ES-):
464.29; 1H NMR (400 Mz, DVBO, nmjor rotaner reported) d: 12.40 (hr s, IH),
8.49 (s, IH), 6.77 (d, J = 8¢ Hz,M 5.7 (m IH), 5.22-4.85 (mY4H),
0. 92

4.36-4.10 (m 3H), 21 o00-1.42 (m HH) o

9H) . Exanpl e 4eos I pagt ille/SNATARpr 08Ch t o, ABRITARGU = "”
SNAGPr ot ocol 1: Il m. "3- neck bottemflaskwaj ed with 1.93g
13 (5.00 mol, .7 t hen eVacuatkd/ Ar filGed (3X), tH .0 nmL DMSO was
added via syringe ta give a cledy, colarlgss solution. Th £l ask was again

evacuated/ Ar filledi(3X), thg 053g t-/ BUutk (22.5 mol, 4@) was added
ed

neat, at once. AfyEkgt¥er m q Jpxiumef 31.5C was obser the flask
was evacuated/ Ar filled (3X))

N
18
A C3sHyBrNOyS
HN, CO,Me Mol. Wt.: 760.70
/

. TsOH

hem st35pr ed under house

14

“ CoHNOSS
b«n CO,Me J Mol We3Lsy
N EDC, HOBT, THF, DIEA : IO
r
/ Me N. | / NH
N
NH
19 Z
C1H5;BrNGO,S
Mol. Wt.: 883.85 o
G/ LiOH, H,0, MeOH, THF \O—<H CO,H
N.

\

SnAr Protocol 1: A 100 mlL 3-neck round bottom flask was charged with 1.93g 13 (5.00
mmol, 1eq.), 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 1-
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

vacuum (~60 mm) for one hour, and some foaming (-r-BuOH) was observed. The vacuum
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vacuum (-60 mm for one hour, and some foam ng (-/-BuCH) was observed. The
vacuumvas relieved to Ar, then 2.20Qg 11 (5.00 mmol, 1 eq.) was added neat,
at once. wo2enaBharmto 28. 6C was observed. The fl ask wasTasagwased? Ar
filled (3X), then stirred under house vacuum protected fromlight at

anbi ent tenperature. After 6.5h the vacuumwas relieved to Ar and a sanple
renoved for HPLC, which showed <2% unreacted 11. The flask was then cool ed
in a cold water bath to 18C, and 1.72 nlL glacial HOAc (30 nmol, 6 eq.) was
t hen added via syringe over -10 m nutes. An exothermto 20.5 0C was
observed. The m xture was stirred for 10 m nutes, then added dropw se over

15 m nutes i ghorfeRBEORH tcdh@SH0 CANG B0 BAY, PedBlhds Bilidd deglad@but Apn of 30 ni
pH 3.5 H20 (-0.001IM HC ) ~at 186 causing a precipitate to formi medi ately,

and gi ving asrogonie?he Covarbened. Thoflnk DnBOCasd/ds Sled GXhaben stibred r esi due
[ h ] Th
|nto the aquUGEHEHMXttn oAl QR By 3 A YrnpRrar B ARG QA Uy The

resul ting suspension was stirre m nut es,
m xture of Ev@AClMEBE hamdaddagle randvedtier MFLE, whichagpvet €1 vigortaiidl y for 15

m nut es. Agi tatho t d _and the . ph [ I d. ate.
rapi o phase, SapiRae el ETRE PRk B RO T Cr e ELO LRl ROPPRRS P
was seen. Thanlobwer. ) agudeusd@dasesynase dvieenl remutes.adh exbtiwirtnho 305 waf 1: 1

st NG R N AT O
was then washeda wicohl (H20c¢nsA@i8g alwkell-sagal dolaioh oBXt mBgGH DR §1,Q @vE001apHA1)
separati on of BRSCS, AN 1oy Lo LSyt LIBY, Lhr FLOR veR dlstiLled fe
(2X), agabn A IHVKOIWE used to wash the residue into the aqueous mixture, followed by a wash of
5.0 mL ~0.001M HCI. 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 phases were allowed to separate. Rapid phase
separation and formation of 2 clear phases with no rag layer was seen. The lower aqueous
15  phase was then reextracted with 30 mL of 1:1 EtOAc:MTBE (same fast separation), and
the organic extracts were combined and saved. The aqueous phase was discarded as waste.
The organic solution was then washed with H,O (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 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 C34H42BrNsOgS: 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
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.) dropwise over 30 minutes. After six hours,
HPLC showed the reaction as complete. The reaction was quenched with 0.89 ml. HOAc
(6 eq.), and added slowly to 25 mL stirring H,O, causing a precipitate to form. The
30  mixture was then extracted with [PAc (2 X 25 mL). The combined IPAc phases were

washed with H,O (1 X 25 mL), dried (MgSOQy), and the solvents removed in vacuo to give

9.



to mnimal stirrable volume. The resultant slurry of crude 18 was used
imediately in the peptide coupling. Exact nmass calc'd for C34H42Br N5SCBS:
759.19; PRyondiofas®Buy: 757.92. SNAr Protocol 2 : 1.00g 13PCZ/UB200084772 1 eq.)
and 1.35g 11 (2.59 mmol, 1 eq.) were charged to a dry flask. The flask was
t hen evacuated/ Ar filled (3X), then 10 nL dry DVMSO was added vi a syringe.
The flask was again evacuated/ Ar filled (3X), then cooled to 19C with a
cold water bath. To this m xture was then added a 2M sol uti on of

KDMO heptane (5.71 nmL, 11.7 mmol, 4.5 eq.) dropwi se over 30 mnutes. After
si x hours, HPLC showed the reaction as conplete. The reaction was quenched

with 0.89 ni, HRCLfn %sr %]zeoéé]}éd fd gl Pk s hth)?a%df{fﬂren%fﬂh{ea Wad h'éi?t%%ze tg%( a;; i ng

a precipitate to form e mxture was then extracted wth | PAc

m.). The conbivaeduirPAdhgpHersewasidicecdyaddeed wigive IO 18 (21%.25 nl), dried
(MgS™), and the solvents renoved in vacuo to givea solid, which was
azeotroped with MeCN ( 1 X 25 nL), and then diluted with heptane to give a
slurry. The sl ur rEepadsCéupling Petbcand Tarthe BHE glugy vecradeBI8yrdd S{ABptoc@dpt i de
Coupling Protgcal 1..To the THF.slurr f Cr 18.fr GPrptocol. 1
(taken s 5. B0t 00 Bl Toripa AL LpRlp bR b i A PIDEELPL S Pl
prot ect ed frons dddght.79@#4 @ddedholl 1.12q.) 2dd 2H5mb TiHiOI The bolbtieqw)s taerdcoddne.  THF.

he. oLt ontas MERERALEE R MUt ) L1905 8RRl B E0, (a0 L
Dl EA addi ti oovendsnitwep|seh@dies idd Dg IHOBTaday@n atae cqiopl@Bd, noedg, HAB2 hedrale, and
11058, £0 (el b 50 B D RRor By B B IR 25
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% unreacted 18 remained. The mixture was cooled to 5°C, then 40 ml. 0.1N
HC1 was added dropwise via addition funnel over 5 minutes, followed by 40 mlL. 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 aqueous phase was
discarded as waste. The organic solution was then washed with H,O (1X40 mL), sat'd
NaHCO; (2X40 mlL), and again H,O (1X40 mL), then distilled to minimal stirrable
volume. The residue was then azeotroped with MTBE (2X40 ml.), and again distilled to
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 C41Hs1BriNgOoS: 882.26, MS+ :
883.30. 'H NMR (400 MHz, DMSO, major rotamer reported) 8: 12.32 (s, 1H), 8.69 (s,
25 1H), 8.14 (d, /=9.2 Hz, 1H), 8.03 (s, 1H), 7.45 (s, 1H), 7.33 (d, /= 9.4 Hz, 1H), 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, J= 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, 1H), 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, 9H).
30
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at anbi ent tenperature under Ar for 4 hours. A sanple was w thdrawn for
HPLC whi ch showed <2% unreacted 18 remai ned. The m xture was cooled to 5C,
then 40 myOQool3B¥Ek was added dropwi se via addition fun®elr/use@w/0567m nut es,
foll owed by 40 nL EtOAc. The mi xture was well agitated for 15 m nutes, then
agitation was stopped and the phases were allowed to separate. The | ower
aqueous phase was then reextracted with 40 nL Et QAc and the organi c phases
wer e conbi ned and saved. The aqueous phase was di scarded as waste. The
organi c solution was then washed with H20 (1X40 nlL), sat'd NaHCO 3 (2X40
mL), and again H20 (1X40 nL), then distilled to mnimal stirrable vol une.

The residue was thg Hd@é&ﬁﬁlﬁﬁ%@%ﬂo%ﬁ b NAMFBE {2448k fikda wﬁﬂﬁle@ﬂas'uf}erd'aé&héd ed to

m ninmal stirrable vol une e residue was dried under high vacuumto give
4. 70y of cruthandg apd thmmoeqnlgewsoichatgedaivith ¢ Cepld (232 ofmotg139%49. Trﬁh@
materi al was a h

- Hexane to gl‘%/e %%‘?{ﬁ@éggg o?grﬁlqsz&%t%%{s%&g%rggb ghzfsﬁggd (%n ‘\’/52130 Exact
mass cal ¢'d 13%385% I'H mBoNdCg3: th&8223216L TV rwas 8B brmg MRl 4017 WHZI}G DVBO,

o ST (el e i e A Sy AL EEAE,
IH), 5.65 (nmq.] Mas tberd@dded, drbp@n,se 5/182@dc(1d@h fanngl 5yer1]l) Hrnutésd)as the Gbtelndd, =
i St oy e b g il L
I H), 2.25 (munloH)1.3 2q.0Wag saded Hollovked78y 42. Szg(EDC @ﬂ)z mrhol30.3(arp). ik, 1ntﬂ:1:n315 ( d,
f: t8 édl_%vl t ﬁ gratgug)ec ‘&/?Srtg?nkg g&g p][Ll] %ﬁthcvvoalélellllenr} move %e 1nterna;1 te’?\npSeIr_atlﬁe ?oesg lt<0 RBF
10 20.5°C over 90 minutes. 4h after the EDC addition was completed, HPLC showed the
reaction was complete. The mixture was cooled to 4.0°C, then 750 mL 0.1N HCI was
added over 30 minutes via addition funnel, giving an exotherm to 9.5°C. To this mixture
was then added 250 mL sat'd NaCl, followed by 1. IPAc. After 5 min. vigorous stirring,
the mixture was added to a separatory funnel, and the phases were separated. The lower
15  ag. phase was then reextracted with 500 mlL. IPAc, and the IPAc phases combined. These
were then washed successively with H,O (1 X 1L), sat'd NaHCO; (1 X 1L), and then H,O
(1 X 1L). The mixture was then mech. stirred for 12h to precipitate quinolone 7. The
mixture was then filtered through a medium-fritted funnel, and the filtrate distilled until
minimal stirrable volume was reached. The residue was then azeotroped with MTBE
20 (2X400 mL), and again distilled to minimal stirrable volume. The residue was dried under

high vacuum 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 mIL THF + 0.80 ml. MeOH at

ambient temperature under N,. 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 vacuo, and the residue diluted with 10 mL. EtOAc + 10 mL sat'd NaCl. The pH
was then adjusted to 5.75 with 1IN 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 H,O (2 X 25 mL), dried (MgSO,),

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

amorphous yellow powder.
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funnel, and thernocouple was charged wth 69.57 g 14 (222 mvol, 1.3 eq.),
then evacuated/ Ar filled (3X). To this was then added a 200 nmL THF sol ution
of 18 (cowbDanr#33f9.85 g 171 mmol, 1 eq.), then 523 nl PHEFUsa@90Maryed to
bring the final THF volume to IL. The m xture was then cooled to 4.00C
under Ar. 38.67 nL DIEA (222 mmol, 1.3 eq.) was then added dropw se via
addition funnel over 10 mnutes, as the internal tenperature fell to 2.4C
The m xture was aged 5 mnutes, then 29.98 g HOBT H20 (222 nmol, 1.3 eq.)
was added, followed by 42.57 g EDC (222 mmol, 1.3 eq.). The internal
tenperature was then 3.6C. The bath was then renoved. The interna
tenperature rose to 20.50C over 90 mnutes. 4h after the EDC addition was
conpl eted, HPLC showed the reaction was conplete. The m xture was cooled to
4.00C, then Esmnp¢ S oTnipephidt SwiadAnptizhel toppearptRos fpompeund (I a addi tion funnel ,
giving an exothermto 9.5C. To this m xture was then added 250 nL sat'd
NaCl, followed by IL IPAc. After 5 mn. vigorous stirring, the m xture was
added to a separatory funnel, t he phases were separated. The lgwer ag.
phase was then reextracted-gi th 500 nL | PAc, and the | PAc phases coﬁﬁlned.

ce&s« :

N Th

These were then wished s wel’y with H2O ( 1 X IL)
IL), and thef* g e mxture was thefeo
precipitate qui . The m xture was then filte
mediumfritted f ”anqjlggmkkltrate distilled uN JAimal stirrable
Hewas tg?HO%éﬁRhﬁpped wth BE (2X400 nm),

e Vv

vol ume was reached. The resd
and again distilled to mnimal stirra une. Jhe resiogdue was dried
TT_"I_ ; OQ CO,H
(SnAr)

under wn
HO,
A X
NH
o /
QYNH goj/
o (1)
o
C13H35N;047

Mol. Wt.: 465.54

8 H 1X

ottt 12h to

233 mg tripeptide acid 16 (0.50 mmol) was charged to a flask, then the flask was
evacuated/Ar filled (3X). 1.7 mL DMSO was then added, and the mixture evacuated/Ar
filled (3X). The mixture was then cooled in a cold water bath, then 317 mg t-BuOK (2.82
10 mmol, 5.63 eq.) were added. The flask was again evacuated/Ar filled (3X), then 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 mlL. 0.001 M HCI, 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.
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hi gh vacuumto give 128g of 19 as a yellow solid, wth HPLC purity of 89%
140 ng 19 (0.158 mmol, 1 eqg.) was dissolved in 1.6 nL THF + 0.80 nL MeOH at
anbi ent twopercassse under N2. To this solution was thenpratdsd9/0F@nl 1.6 M
LiOH (1.27 mol, 8 eq.) dropwi se over 5 mnutes. After 1.5h, the organic
solvents were renoved in vacuo, and the residue diluted with 10 nL Et OAc +
10 nmL sat'd NaCl. The pH was then adjusted to 5.75 with IN HCO . The m xture
was agitated vigorously for one hour, then the phases were separated. The
aqueous phase was reextracted with 10 nL Et OAc. The conbi ned Et OAc phases
were then washed with H20O (2 X 25 nL), dried (MgSO ), and the solvents
removed in VAGHAokP, ik APl fam%m&wanﬁolmd (A bR ATON BRGNS

yel | ow powder. Exanpl e i pepti proach to anor phous Conpound
(1) 233 ny t Uswﬁna@ 7afd|4d51snct?)5®cﬁ4ﬁ1mhlyh méle@hlangmeprated by fefeagriee. t hen t he
flask was evacuated/ Ar filled (3X). 1.7 nL DMSO was then added, and the

m xture evacuated/Ar filled (3X) The m xture was then cooled in a cold

wat er bat h, 2| Prgy BUGIKT Y2 (Pom 163 eq.) were added. The fl ask
was agalnsevacuated/Aw filled (3X), then stirred under 60 mm vacuum for one
hour. 220" ng quinoline 11 (0.50 mol, 1 eq.) was then added, and the fl ask
evacuat ed/ Ar Afn'okplheds C&Pqunt BriBath 7,r18@0pneesradédl tnan10& nltrdemetih@astlar k at

anbi ent tenp re fo our s. t.hen added t he
Fesul 11 ng. soRDRTUhGE GAE ¥ gD 0T e Bk e gt BETBH ac e 1o
form The sl Wéll‘emew@dsatfmldbgé@CC/hl\/ﬁShMﬁ@gﬁehﬁC.S(ﬂohd@ddmdt bis&Bvad: 7#HArectlty. sol i d
was dried u na%.{er [(\%7f4%§ 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 stirring. The resulting solids were collected by
filtration and washed with 50 ml of 1/1 (w/w) EtOH/Water. The wet solids were dried on
the funnel for 30 minutes by sucking N through the cake. (XRPD analysis on this sample

15  indicates that the pattern is similar to the 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 Type 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 sodium salt of Compound (1) as solids was collected.

30
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2 hours, then chromatographed on silica gel eluting with EtQAc to give 226
nmg (52% of Conpound (1) as an anorphous yell ow solid. Addi ti onal nethods
for prepawvOongieasstaphous Conpound (1) can be found in U S8CTRsR@0S67US

6, 323,180, 7,514,557 and 7,585, 845, which are herein incorporated by
reference. Exanple 6 - Preparation of Type A of Conpound (1) Anorphous
Compound (1) (Batch 7, 13.80g) was added to a 1000 ml three neck fl ask.
Absol ut e et hanol (248.9g) was added to the flask. Wile 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 ovefyfndi st Prehiigdncstihd dadhnS SHf SntoMpobf &4 | Melnd@2and mei nt ai ni ng
the tenperature at 74 degrees C. After the water addition was conplete, the
tenperature was reduced linearly to anbient tenperature at 8 degrees C hr

and then hel ) re<f or N Lrri

resul ting so?sl'gg 0%;lve 5‘2%{?%@?@5}@%& ﬁsl@roégf%%&gﬁl@b@%gg[a% '?/gs ?@Qﬁ{o of 11
(W w) Et OH Vailem] reddter angheatal tb 38 degres (Hoidedolonthe kdidsu AGell of 39.0 30NadHut es by
sucking N2 through,th Kk XRPD anal ysi.s 0 hi | e jndicat t hat

t he patt egn e %scfa?ﬁi {Oarfgacfog aﬁ%%lg E?Rﬁl-?ns%%vsa?sdg Wltgr?tgpesgl ﬁgg&ﬁg?deso urtféﬁwggi ed at
65- 70 degr egsre@ auftidrgraea Cdom O(Rinate 5A iserohid YOCauwd ghortioniof t @ &NdDI¢eds f or 1.5

hr. The resultin lids (12. 95.5 % corrected vyield re confirmed by
YRPD ae ber oy Bt eSabiR T 2Rt G I S PR AR SSBEC Curve o
Type A Conpodsndlopd). THe shilt@Whsictoléd @UoeBgrtesaMak aZooling rate of 15 degrees C per

hour and held overnight at 19 degrees C. The final resulting slurry was filtered and the wet
10 solids were washed with 15 ml of acetone. Dried solids for 1 hr at 52 degrees C under
vacuum with a nitrogen flow and then exposed the solids to lab air for one hour.

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

Example 9 - Preparation of the Sodium Salt of Compound (1) - Method 3

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

20  MIBK was added and 166 L. of solvent was removed by vacuum distillation at ~ 44
degrees C. 161 L of MIBK and 0.41 Kg of water was added back to the reactor and the
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  Cover 1 hr. The resulting slurried was filtered and washed with 64 L. of MIBK containing
~0.8 weight % water. The wet cake was dried at 55 degrees C to give ~ 25 Kg of

crystalline sodium salt of Compound (1).

30
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Example 7 - Preparation of the Sodium Salt of Conpound (1) - Method 1 2.1 g
of anorphous sodium salt of Conpound (1) and 8.90g of acetone was added to
a vial amdozvivasedsat anbi ent tenperature for 3 hr. ThePsrorsegoomas7iiltered
of f nother liquors and the resulting solids were dried for 20 m nutes under
nitrogen flow for 20 mnutes. 1.51 g of crystalline sodiumsalt of Conpound
(1) as solids was collected. Exanple 8 - Preparation of the Sodium Salt of
Compound (1) - Method 2 15.6 g of Type A of Conmpound (1), 175 ml of acetone
and 3.6 mM of water was added to a 250 m reactor and heated to 53 degrees
C to dissolve the solids. 900 ul of 10.0 N NaCH was added to reactor and
the sol utionpyas, s aededpahdd of RS ofum i 3 eeABauRAh P ieRoyas stirred at 53
degrees C for 10 mnutes. A second 900 ul portion of 10.0 N NaOH was added
and the systemwas stirred at 53 degrees C for 30 m nutes over which a
slurry devel ) I I i,hg rate
o 15" deqr ot RSN ohrRR T EORE o i Ipd AT EEEuicPhyaliRRuD |
resul ting sl weactyr andstifréd stembenaaperhigrate tissdid ddnwerd0mbatiddvanghtda 15 m  of
acet one. [ ol i fior 1.hr at 52 degr nder v um W i trogen
' ow and TherralEelind Rl aft @5 SR FTpnd S n B, B! 2%
of Conpound ¢fl)-BoAy sidaldOiuhef wael wanagdddtto 8 eédodd readiaand|heat@d to Brdegacsaf | on of

t he Sodi um Salt .of  Co un - Met had, 3 i anor pho Conmpound
(1), 228 L o?so}gff—‘ﬁn ghdf%(i)g Rp%g‘;‘@f’ Alﬁamd%% Na@tfgé)gat%geg&%fﬁggangghea reactor.
The conponentesulviey @ixtirk @ds sedabwiteq) agsf Compoudd $5ebdiemabkit seedd. i'de secihe
resulting solutlon wes i b 8t A1 S 82% & o SRl TR Yo hed with

106 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 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 to 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 mixture was stirred at 65°C for 2 hours, while
crystallization starts after about 30 minutes. The suspension was cooled to 50°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 to 50°C)
and dried at 65°C for about 16 h giving Compound (1) crystalline sodium 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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180 L of solvent was renoved using atnospheric distillation at 65 degrees
C. 195 L of MBK was added and 166 L of solvent was renoved by vacuum

di still atworzoewo3s4444 degrees C. 161 L of MBK and 0. 41 ERgrafS2emaies77nas
added back to the reactor and the contents were heated to 70 degrees C. 255
g of Compound (1) sodiumsalt 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 mnutes and then cooled to 45 degrees C over 1
hr. The resulting slurried was filtered and washed with 64 L of M BK
containing -0.8 weight % water. The wet cake was dried at 55 degrees Cto
give ~ 25 Kg of crystalline sodi um sal#r gfyéonmpound (1) . Exanple 10 -
Preparation of the Sodium Salt of Conpound (1) - Method 4 2.00 g of

anor phous Corrpound (1), 9.96g of THF and 0.11 g of water was added to a
reactor and stirr solids. 0.820m of 2
1 wei ght % NaOEt |§g%ﬂ%%u%gpf§ggdg)d gﬁlﬁg?lv)\ntugg%\%ﬁ{?%%g{ll rring the solution
to get solution A 15.9 g of n-BuAc and 160 ul
second reactor and heated to 65 degrees C (s
A was added to Solution B at 65 defirees C |an @ resul ti ng m xture was
seeded with 40 mg of Conpound™ {8 SediNgpsa seeds. The seeded m xture was
aged at 65 degrees C for 45 mnu 2.36 g of Solution B was added to
Solution A and aged for 45 m nutes our separate intervals. After the
final addition and aging, the slurry vias cooled to 50 degrees C over 1 hour
and filtered. The wet cake was washed wth 6 n1 Ofco'ﬂ BuAc containing 0.5
wei ght % water. The final solids were dri

o
!
O/O ey

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 26)

when measured using CuKa radiation.

10 3. The crystalline compound according to claim 2, wherein the X-ray powder
diffraction pattern further comprises a peak at 19.8 degrees 20 (+ 0.2 degrees 20) when

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

20
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50 degrees C under vacuum using a nitrogen purge. Conpound (1) crystalline
sodiumsalt solids were collected. Exanple 11 - Preparation of the Sodi um
Salt of Guopownd3{4l) - Method 5 At roomtenperature a s®eCmtserwInse7sndi um
et hoxide in ethanol (21 weight % 306 m) was added to a sol ution of
Compound (1) (745 g) in THF (2000 mM) and water (76.5 m) while stirring.
After stirring for 30 mnutes, the mxture was filtered and the filter was
washed with THF (85 m ). The resulting solution was warned to 65C and
treated with filtered butyl acetate (6640 m, optionally pre-warnmed to
650C) wthin 30 m nutes. Seeding crystals (0.50 g) were added, and the

m xture was gtir rggocgﬁm@Qg;)fftﬁ)gco%lﬂagﬁtmf,thmglg\gm%rf&.ﬁltuﬁl (!15.zati on starts after

about 30 mi nutes. The suspension was cooled to 500C within 1 hour and
stirred at this tenperature for an additional how’. The title conpound was
isolated by filtration, washed wth filteredsbut acetate (765 m ,
optionally pre-warnmed to 500C and i %en or’ about 16 h giving
Conpound (1) crystalline sodi Ums . The uni que XRPD pattern and
DSC curve of Conmpound (1) crysta e sgdiumsalt is shown in Figures 3 and
4. CLAIM5 1. A compound of the folNWYg fornula (1) in crystalline form 2.
The crystalline conmpound of formula ( according to claim1, having an
X-ray powder diffraction pattern conprMNsing a ,pealgozgt 9.6 degrees 2Q( 0.2
degrees 2Q when neasured using CuKa rgdiati op"

0
X(Ko )
YNH
O e
6. The sodium salt according to claim 5 in crystalline form.
5
7. The crystalline sodium salt according to claim 6, having an X-ray powder

diffraction pattern comprising a peak at 10.1 degrees 20 (+ 0.2 degrees 20) when measured

using CuKa radiation.

10 8. The crystalline sodium salt according to claim 7, wherein the X-ray powder
diffraction pattern further comprises peaks at 13.0 and 18.2 degrees 20 (+ 0.2 degrees 20)

when measured using CuKa radiation.

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 (+ 0.2 degrees 20)

when measured using CuKa radiation.

10. The crystalline sodium salt according to claim 6, having 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

20  degrees 20 (+ 0.2 degrees 20) when measured using CuKa radiation.
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3. The crystalline conpound according to claim2, wherein the X-ray powder
diffraction pattern further conprises a peak at 19.8 degrees 2Q 0.2
degrees 20D 2odva334masur ed usi ng CuKa radi ation. 4. A crystraiskémsseorpound
of fornmula (1) according to claim11, having an X-ray powder diffraction
pattern conprising peaks at 4.8, 6.8, 9.6, 13.6, 17.3, 19.8 and 24.5
degrees 2Q( 0.2 degrees 2Q when neasured using CuKa radiation.5. A sodium
salt of the conpound of the following formula (1): 6. The sodium salt
according to claim5 in crystalline form 7. The crystalline sodiumsalt
according to claim6, having an X-ray powder diffraction pattern conprising
a peak at 10;i_degieeA «QaidmdBOLRERIRQ HAFR PR3 A /LY 5b0G AUKa
radiation. 8. The crystalline sodiumsalt according”™to claim7, wherein the
X-ray powder difirsctipmpaticonmpsitusiae i uKgredigonc whigh ls§e@st¢m@alﬂosthasan1®smhaand 18. 2
degrees 2Q Qxﬁmqﬁgﬁ? gs 2Q when neasured using CuKa radiation. 9. The
crystalline sodiumsalt according to claim8, wherein the X-ray powder
diffraction pattern further conprises peaks at 5.4 and 8.7 degrees 2Q( 0.2
degrees 2 en S in t The crystalline sodi um
salt acco%h \#g; to anﬁgﬁi}cgﬁgogld%%% f% g %O%\Rﬂle Bd| ffraction pattern
conprising peaks at 5.4, 6.5, 8. 7 10. 1, 11 9, , 18.2, 20.2 and 24.7

degrees 2Q 0.2 degrees 2Q when neasured uskng Ka radiation.11. The
:>ha an X-ray powder

crystalline sodium salt accordlng

O
O e

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, 10 or 11.

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

or 11, and a pharmaceutically acceptable carrier or diluent.

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 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
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diffraction pattern made using CuKa radiation, which is substantially the
sane as that shown in FIG 3. 12. A quantity of conpound of the follow ng
formul a (WP:20mhssaitn at | east 50% of said conmpound is pPeETAIsR0000O54¢7AE f or m
of the sodiumsalt conpound according to claim5, 6, 7, 8 9, 10 or 11. 13.
A pharmaceutical conposition conprising the sodiumsalt of claim5, 6, 7,
8, 9, 10 or 11, and a pharnaceutically acceptable carrier or diluent. 14.
The pharnaceutical conposition according to claim 13, wherein at |east 50%
of the sodiumsalt of the compound of fornula (1) in the conposition is
present in the formof a crystalline conpound according to claim6, 7, 8,
S. 10 0r 11 pl5urakdior QohdfifedhitbahbdNBnGOFRAU Ry Qis (Ofifl feclidd e COT di NG
to claim1 or the sodiumsalt of the conpound of fornula (1) according to
claim5, or mwammates thereof, for thepreparation of a pharnmaceuti cal
conposition to treat a Hepatitis Cviral infection in a manmal .
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