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interferon to significant hemolytic anemia from treatment with ribavirin. Therefore,

more effective and better tolerated drugs are still greatly needed.

HCYV, first identified in 1989 (See e.g. Choo, Q. L. et al. Science (1989) 244:359—
362), is a single-stranded RNA virus with a 9.6-kilobase genome of positive polarity. It
encodes a single polyprotein that is cleaved upon translation by cellular and viral
proteases into at least ten individual proteins: C, E1, E2, p7, NS2, NS3, NS4A, NS4B,
NS5A, and NS5B (See ¢.g. Lindenbach, B. D. et al. (2001). Flaviviridae: the viruses and
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as Ff my@ﬁqﬂr%gorders There is also a need for compounds useful in the treatment
or prevention or amelioration of one or more symptoms of HCV, as well as a need for
methods of treatment or prevention or amelioration of one or more symptoms of HCV.
Furthermore, there is a need for methods for modulating the activity of HCV-serine
proteases, particularly the HCV NS3/NS4a serine protease, using the compounds
provided herein.

In one aspect, the invention provides compounds of Formula I:
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Certain compounds of Formula I provide superior pharmacokinetic profiles
compared to prior compounds. In particular, certain compounds of Formula I offer oral
bioavailability, as measured by the procedure of Example 15, in excess of about 20%, in
excess of about 25%, in excess of about 30%, or in excess of about 40%.

In one embodiment, the invention provides a method of treating an HCV-
associated disorder comprising administering to a subject in need thereof a
pharmaceutically acceptable amount of a compound of the invention, such that the HCV-
associated disorder is treated.

In another embodiment, the invention provides a method of treating an HIV
infection comprising administering to a subject in need thereof a pharmaceutically
acceptable amount of a compound of the invention.

In still another embodiment, the invention provides a method of treating,
inhibiting or preventing the activity of HCV in a subject in need thereof, comprising
administering to the subject a pharmaceutically acceptable amount of a compound of the
invention. In one embodiment, the compounds of the invention inhibit the activity of the

NS2 protease, the NS3 protease, the NS3 helicase, the NS5a protein, and/or the NS5b
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anot her enb i ment, the 1nvention provides a nethod of

t r datsiih gn(aheﬂ-(i@bodlment the invention provides a method of treating an HCV-
associated disorder comprising administering to a subject in need thereof a
pharmaceutically effective amount of a compound of the invention, in combination with a
pharmaceutically effective amount of an additional HCV-modulating compound, such as
interferon or derivatized interferon, or a cytochrome P450 monooxygenase inhibitor, such
that the HCV-associated disorder is treated. In one embodiment, the additional HCV-
modulating compound is selected from the group consisting of ITMN191, MK-7009,
TMC 435350, Sch 503034 and VX-950.

In another embodiment, the invention provides a method of inhibiting hepatitis C

virus replication in a cell, comprising contacting said cell with a compound of the
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R®, R’, R" and R'* are independently selected from the group consisting of
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In certain other embodiments, the invention provides methods of preparing
amino-alcohol compounds of Formula V by deprotection of compounds of Formula I1

prepared supra, wherein a compound of Formula V has the structure:

2
Z1,Z\Z3
R6

R” R11

R12
HN *

R13

HO R14

Other aspects of the invention are discussed infra.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a proton NMR spectra of compound A-33 in CDCls.
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Fig. 11 is a proton NMR spectra of compound A-57 in CDCl;.
Fig. 12 is a proton NMR spectra of compound A-58 in CDCl;.
Fig. 13 is a proton NMR spectra of compound A-59 in CDCl;.
Fig. 14 is a proton NMR spectra of compound A-72 in CDCl;.
Fig. 15 is a proton NMR spectra of compound A-82 in CDCl;.
Fig. 16 is a proton NMR spectra of compound A-64 in CDCl;.
Fig. 17 is a proton NMR spectra of compound A-65 in CDCl;.
Fig. 18 is a proton NMR spectra of compound A-42 in CDCl;.
Fig. 19 is a proton NMR spectra of compound A-43 in CDCl;.
Fig. 20 is a proton NMR spectra of compound A-45 in acetone-d6.
Fig. 21 is a proton NMR spectra of compound A-50 in DMSO-d6.
Fig. 22 is a proton NMR spectra of compound A-62 in DMSO-d6.
Fig. 23 is a proton NMR spectra of compound A-66 in CDCl;.
Fig. 24 is a proton NMR spectra of compound A-67 in CDCl;.
Fig. 25 is a proton NMR spectra of compound A-73 in DMSO-d6.

Fig. 26 is a proton NMR spectra of compound A-7 in CDCls.

Detailed Description of the Invention
This invention is directed to compounds, e.g., peptide compounds, and
intermediates thereto, as well as pharmaceutical compositions containing the compounds
for use in treatment of HCV infection. This invention is also directed to the compounds

of the invention or compositions thereof as protease inhibitors, particularly as serine
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bioayghpukiyt(c gngs niveswed bathemssyed Sxample Bt or s,
particularly as serine 7 WO 2009/ 047264
PCT/ EP2008/ 063460 protease inhibitors, and nore
parddrai esnhpouads 5iGYe NS&np te@seintnbé Hok® tdmpoids of Formula
conmpounds are particularly useful in interfering with
I: the life cycle of the hepatitis C virus

ZT
m

\

1,

O R2 R2a

and pharmaceutically acceptable salts and stercoisomers thereof;

wherein

X is absent or selected from NR™ or oxygen;

1 and k are independently selected integers selected from the group consisting of
0,1,2,3 and 4,

j 18 an integer selected from the group consisting of 1, 2, 3 and 4, wherein the sum
of 1 +j + k is less than or equal to 5 and greater than or equal to 2 when X is absent and

the sum of 1 +j + k is less than or equal to 4 and greater than or equal to 1 when X is



and in treating or preventing an HCV infection or

physi ol ogi cal conditions associated therewith. The
wW@e@9es264 nvention is also directed to met hodsPGE/EP2008/063460

conbi nation therapy for inhibiting HCV replication in

cells, or for treating or preventing an HCV infection

in patients using the conpounds of the invention or

har maceuti cal conpositions, or kits thereof. The

OXyEﬂhpounds of the present invention possess increased

pOHﬁ@Q%; ggpjeased solubility and/or inproved
phar no inetic properties conpared to the correspondi ng

pr dper@lil NHafN(thowrINSIN S easdodl i 6i(OINE- pr é‘l:(ﬁd&@)y—

ds of th
oot R Biofel SR o BeedfIRN g, © 1 56 < 10
nMRZris Uwauaﬁswocpjan&x el s §eyleRoaity| & 3)alkyiny gh agqueous
solgblllty (e. ubilities in excess of 0.5 nMin

vatfer isdtydpgen, @ @H@ i h@ sxetlkel, of Cogyrioalkgliplalkyl; gr
WatlgzranatRzp HZnSn §%jmg1rnaft (ﬁF ford Saetﬂreet% Eéyeﬁ% ég%& dhturated ring

g., as ’‘measur
con@ﬁﬁh@lzlroc@nme unitetsze0f oﬁyigen Dﬂﬁﬂﬂm hng RO, I\Mh[bhl rirg) is debstituted

Wit Ao G ORI So DSt IR i SO PR o alipnd CLalkeny

phagnpgqut I [

P her aap il ldoerRERBRIATIE ot e B0 SRIFRL 8P (R, Ca
'wydwybﬁmndmhaqakMHanedmnuﬁgbwdhaﬁhydkghemﬂed i ntegers

sel ct ed fron1t conS|st|q%w§ 2, 3.and

TFES R Gu e dr g BTy R et P ng
occ&&frenl"e fdm e ¢hpooniB@E L Mal PR n SMAro:8f, ahinb, IC, falkyll 63

| ess than or equal to and ?reater than or equal
scychprdky | )XCi_gllkgzg empnerand di-C, 4alkylamino, hydroxyC;. 4alky1 and Cl

salkoxyCi.salkyl;

R is independently selected at each occurrence from the group consisting of
hydrogen, C;_salkyl, haloC,;_salkyl, Cs.scycloalkyl, hydroxyC,.salkyl, and C;_4alkoxyC;.
salkyl; and

R® and R’ are independently selected from hydrogen and C;_alkyl.

Certain other compounds of the invention include compounds of the Formula Ia:

Ia
and pharmaceutically acceptable salts and stercoisomers thereof;

wherein
11s an integer selected from the group consisting of 0, 1, 2, 3 and 4;

j 18 an integer selected from the group consisting of 1, 2, 3 and 4, wherein the sum



the sumof i +j + k is less than or equal to 4 and
greater than or equal to 1 when X is 8 WO 2009/ 047264
weEQNpBP2608/ 063460 oxygen; pis0, 1,2or3; E i SPOMEPNBER063460
N(H) G _4al kyl, N(H) C3. 6¢cycl oal kyl, -C(O NH or
-N(H)S(O 2-; Rl is absent, hydrogen, C-4alkyl or
C3.6¢cycloalkyl; R2is C 4a| kyl, haI oC _4al kyl, or

0f1%|1%%¥0$§$k§¥quoﬁ P oo RO CLsa,

Reg, jsfpakenod 1 conmbi nation forma three to seven
menbered saturated ring conprising zero or one

n| th b, NHX,)Z@(éﬁCmaﬂsxll N Gsisenleat s C(QMNDhor iIMEDBE)2-;

® RS RRE by ok X e D by D *ont &5 s Ky

R3 244 cRalalayleham@ﬁmMQﬁtdgsgcﬁedaele}ﬂegzafmymm the group
consjsting of Cl_6al C4_  7cycloal kﬁqy and

04 Rrcisdivesngen Cs@H@ﬂ,uhaLﬁCedalﬁvk Rr &s-@yclealkyiffoplksl Qtie;
zea%ﬁ?e Q{ikcén%g Pﬁaﬁa{ ) Tm 2] etﬁfe%%g §e\%ﬁ%lfernlfer%d rﬁattLH%ted ring

n epen y sel occurrence

congiQing ze@N& gt |n|it@gaﬁ daigoy ensul fuy dih@Xyomsamihivh, ring is substituted
Cl. 4al kyl 6cycl.oal kyl, Cl1 4al koxy, nopo-an

WilhE<reong 4F ke é%SHBlenﬁ%&@ﬁmﬂx aFRgted rghiC anlkyt AREC, alkeny';

Aal oy @ Ja| n‘&%end@/tﬂz %e‘fec'téa%cﬂﬁ H%eﬁbh%/ coif8 sﬁﬁé 88 CAfalkyl, C,.

each occurrence fromt roup consis
7cyd1\gadk3dgted C. iy climlligy lsubshaitﬁt}mthaIquhlkylG@mﬁw,cI oal kyl,

R oM S
°C°L.G%%“f*3 'él’é’“%%ﬁp%g‘%pﬁd;’“%?ﬁt O o0 IR LTIET o
scy@eplkd, §1_talkaxy Mone-Andrdi-C kiallylaming, IydraxyS 1 @IRel, REEC 1.
salkoxyCi salkyl;

R is independently selected at each occurrence from the group consisting of
hydrogen, C;_4alkyl, haloC, salkyl, Csscycloalkyl, hydroxyC, salkyl, and C;4alkoxyC;.
salkyl; and

R® and R’ are independently selected from hydrogen and C;_alkyl.

Certain preferred compounds of Formula I, wherein

X is carbon,;

1isOor1;

jtkis2,3,or4;

pis1;

E is C(O)NH or N(H)SOg;

R' is cyclopropyl or C,alkyl;

R’ is propyl or cyclobutylmethyl;

R* is hydrogen; or

R” and R® form a cyclopropyl ring substituted by zero or one ethyl or vinyl

residues;

10



la and pharmaceutically acceptable salts and

stereoi soners thereof, wherein i is an integer
w@e00eo¥RM from t he group consisting of 0, 1, 2PCBER29d8/063460

4; j is an integer selected fromthe group consisting

of 1, 2, 3 and 4, wherein the sum 9 WO 2009/ 047264

PCT/ EP2008/ 063460 of i + j is less than or equal to 5

greagqer t q 3; E i
i are indeRiRen R e et rBiPiyt o b opteaned;
met@@y@)@{&g@ Rl is absent hydr ogen, Cl -4al kyl or
6cyc| dalkyl; R2 is G 4a| kyl, hal oC _4al kyl, or
C3. R oypiiesaltiaar@or o RydalkyReaidues;hy dr ogen, C1_ 4al kyl
hal oC1 Aal or C3_6cycl oal kyl CO 2al kyl; or R2 and
g? Y(é]e h%’nl’i conbination forma three to seven
merrfemna R ’sad hdapaderitynglectainpith bl i g@e iRl MEthone
nitrogen, oxygen or sulfur ring atons, which ring is
substituted wth zero, one or two substituents
in I and C2_4al kenyl ;
({e&%ﬂ? %ﬁédiﬁﬁggﬁ@% ?ﬁ%%ﬂég%&ékfromthe gr oup
corPSmctarl’m@ of C1_6al kyl , C4_ 7cycl oal kyl and
CA_7cycl oal kyl substltut ed with a Cl-4al kyl residue;
R5 ¥ Pé ents zero to three residues each
' gaplg&@@t&yé; sel ected at each occurrence fromthe
up consi sting of hal ogen, hydroxy, am no,
Cl.phiallkyl , C3_  6cycl oal kyl, Cl1_4al koxy, nobno-and

am no, hydr oxyCl 4al kyl, and Cl1_
4alﬁc<:]<§;gﬂé)§ﬁal kyl; Rya is i ndependent |y sel ected at
eaqyl i9eFMUbHB eeth 1omot Spdl QUBGRAgI sting of
hydroge%él 15(:115]§A;fla gl , hﬂgl%% _4al kyI[3§ C3. 6¢cycl oal kyl ,
hyd%dﬂy@p}’hal kyl , and Cl. 4al koxyd _ 4alkyl; and R6
2Ry arde |ndependently sel ected from hydrogen and
fsk)?' E%ert ai n preferred conpounds of Formula I,
WhER eind RX dr&inddpdndently selected from ferr-butyl and cyclohexyl;

R’ is absent;
R is ethyl, iso-propyl, or tert-butyl; and
R® and R’ are methyl.

In certain other compounds of Fromula I, R** is selected from hydrogen,
deuterium, tritium or a combination thereof. In certain compounds of Formula I, R* is
enriched in deuterium, ¢.g., at least about 50% of the hydrogen atoms at R* are

deuterium (*H), or at least about 95% of the hydrogen atoms are deuterium.

In certain other aspects, the invention provides compounds of Table A and Table

B infra.

In yet other aspects of the invention, methods of making compounds of Formula

II

11



i
or

isOor 1; j +kis 2, 3, or 4, pis 1l Eis C(ONH
N(H) S02; Rl is cyclopropyl or C2 4alkyl; R2 is

w@e@pPs7204 cycl obutyl methyl; R2a is hydrogen; PGF/ERD08/063460

and R2a form a cycl opropyl ring substituted by zero or
one ethyl or vinyl residues; 10 WO 2009/ 047264

PCT/ EP2008/ 063460 R3 and R4 are i ndependently
selected fromtert-butyl, cyclohexyl, and 1-

nmet hyl cycl ohexyl; R5 represents zero or one C _4al kyl
residues; Rya is Cl.4alkyL; R6 and R7 are

i ndependently sel ected fy/6hydrogen and net hyl .

Certain preferred conpe
carbon; i is 0 or 1; j
is CONH R is cyclh
tert-butyl; R2 is propy;

ar

or

cycl ohexyl; R5 is ag&gggj
R16 O

of Formula I, wherein X is

k is 2, 3, or 4, pis l;, E
R11 .

ethyl, iso-propyl, or

26 hydrogen; R3 and R4

rom tert-butyl and

aniss ethyl, iso-propyl,

R14

n

e i ndependently sel ectg

tert-butyl; and

1
the method comprising the steps of

(a) providing a compound of Formula III:

2
L

z! 78

11

R’ 10

(¢) contacting the compound of Formula III with the compound of Formula IV

and a base in a solvent under conditions conducive to formation of a compound of

Formula II;

12



R6 and R7 are nethyl. In certain other conmpounds of

Fromula I, R2a is selected from hydrogen, deuterium
W eoovjogmsdr a conbi nati on thereof. I n certai n POIPPR200$IG63460
of Formula I, Rea is enriched in deuterium e.g., at

| east about 50% of the hydrogen atons at R2a are
deuterium (2H), or at |east about 95% of the hydrogen
atons are deuterium |In certain other aspects, the

i nvention provides conpounds of Table A and Table B
infra. In yet other aspec of the invention, nethods

of maki ng conpounds of E la 11 11 WO 2009/ 047264
PCT/ EP2008/ 063460 z2R R6 R7 RI11 R12 N x R15 ?
R13 R16 0 R14 Il ths hod conprising the steps of

(a) providing a conp Biula 111: z2 z1 z3

R11 O R12 x R15 R13

I

wherein

X 1S zero, one or two,

7' and Z” are each independently selected CRR’;

7% is absent or is selected from the group consisting of O, S, CR®R?, or NR';

R®, R’, R" and R'* are independently selected from the group consisting of
hydrogen, C; galkyl, or aryl; or

R® and R’ taken in combination form a three to six membered saturated three to
seven membered carbocycle, which is optionally substituted by zero to three
substituents;

R® R, R' and R'? are independently selected from the group consisting of
hydrogen, halogen, C,_ salkyl, C,_¢alkoxy, haloC;_salkyl, haloC, salkoxy, hydroxyC;.
salkyl, CisalkoxyC,salkyl, or aryl;

R'% is selected from hydrogen, Cysalkyl, haloCy_salkyl, hydroxyCisalkyl, C
salkoxyC,.salkyl, aryl and aralkyl;

R" is hydrogen, C_jpalkyl, Cs.iocycloalkyl, aryl, or heteroaryl;

R® s Ciraoalkyl, Csocycloalkyl, aryl, or heteroaryl; and

R;7 is cyano, nitro, Cj_salkylsulfonate, haloC,_salkylsulfonate, arylsulfonate, or

halogen.

In still other aspect of the invention, methods are provided for the synthesis of

compounds of Formula V:

13



R16 0 R14 111 (b) providing a conpound of Fornula IV:

R6 /--R17 R7 IV (c) contacting the conpound of
wo-00ak 64 11 with the compound of Fornula |V BEHER2008/063460

base in a solvent under conditions conducive to

formation of a conpound of Forrmula Il: 12 WO
2009/ 047264 PCT/ EP2008/ 063460 z2 Z1 Z3 R6 R7 Rl11
Rl12 N X R15 ? RI3 R16 0 R14 Il wherein x is zero

one or two; Zi and Z3 are each independently sel ected
CR8BR9; Z2 is absent or isz§elected fromthe group
consisting of O S, CR8§53\2§ NR1l; R6, R7, R13 and
R14 are independentlyg ed fromthe group

consi sting of hydrogg 1 6ah yl, or aryl; or R6 and
R7 taken in conbinati m & three to six menbered
saturated three to sevdn rred carbocycl e, which
is optionally substitutg zerd to three

R13
HO R4
\Y%
the method comprising the steps of
(a) providing a compound of Formula III:
2
Z1 \23
l R1 1
O R12
X
R1 572 R13
R16 O R14
10
(b) providing a compound of Formula I'V:
R6
>_R17
R’ v

(¢) contacting the compound of Formula III with the compound of Formula IV
and a base in a solvent under conditions conducive to formation of a compound of

Formula II;

14



substituents; R8, R9, R' and R 2 are independently

sel ected fromthe group consisting of hydrogen,
wha00omens4 C1_6al kyl , Cl_6al koxy, hal oCl_6al kyl PCT/EP2008/063460

hal oC1_6al koxy, hydroxyG _ 6al kyl,

Cl. 6al koxyd _6al kyl, or aryl; RLO is selected from

hydr ogen, C1. 6al kyl, hal oC 6a|ky| hydr oxyd _6al kyl ,

Cl_ 6al koxyd _6al kyl, aryl and aralkyl R15 is

hydrogen, Cl_loal kyl, C3_locycl oal kyl, aryl, or

heteroaryl; R16 is c1 Ioa&kyl C3_1ocyc|oa|ky|, aryl,

or heteroaryl and R17 i tyano, nitro,

Cl. 6a|ky|su|fonate, ha /6al kyl sul f onat e,

aryl sul fonate, or hal, I'n gtill other aspect of

the invention, netho rBvided for the synthesis

of conpounds of Fornu V. -;% 2009/ 047264

PCT/ EP2008/ 063460 z2 Z1y R6 R HN x R13 HO R14 V

the met hod conpri si ngs TQS\S eps:0f (a) providing a

compound of Fornula 1 Z3 R11 R12 x

R

I
(d) contacting the compound of Formula II with an inorganic or organometallic
compound or salt comprising at least one metal hydrogen bond in a solvent under

conditions conducive to formation of a compound of Formula VI:

VI
(e) contacting the compound of Formula VI with dihydrogen and a hydrogenation
catalyst in a solvent under conditions conducive to formation of a compound of Formula

V:

15



R15 R13 R16 O R14 11l (b) providing a conpound of
Formula IV: R6 /--R17 R7 IV (c) contacting the
w@ovpoend of Fornmula |11 with the compound of JHOF/EP1088/063460

IV and a base in a solvent under conditions conducive
to formation of a conpound of Formula Il: 14 WO
2009/ 047264 PCT/ EP2008/ 063460 z2 Z1 Z3 R6 R7 R11
Rl12 N X R15 ? RI3 R16 0 R14 Il (d) contacting the
conpound of Fornmula Il with an inorganic or
organonetal lic conpound %ﬁ salt conprising at | east

B \23solvent under conditions

one netal hydrogen bond&#
conduci ve to formati ops compound of Formula VI: Z2

Z1 Z3 R6 R7 R11 -
R R11
Rg
HN *
R13
HO R4

wherein

X 1S zero, one or two,

7' and Z” are each independently selected CRR’;

7% is absent or is selected from the group consisting of O, S, CR®R?, or NR';

R®, R’, R" and R'* are independently selected from the group consisting of
hydrogen, C; galkyl, or aryl; or

R® and R’ taken in combination form a three to six membered saturated three to
seven membered carbocycle, which is optionally substituted by zero to three
substituents;

R® R, R' and R'? are independently selected from the group consisting of
hydrogen, halogen, C,_ salkyl, C,_¢alkoxy, haloC;_salkyl, haloC, salkoxy, hydroxyC;.
salkyl, CisalkoxyC,salkyl, or aryl; or

R' and R'? taken in combination form a three to six membered saturated three to
seven membered carbocycle, which is optionally substituted by zero to three
substituents;

R'% is selected from hydrogen, Cysalkyl, haloCy_salkyl, hydroxyCisalkyl, C
salkoxyC,.salkyl, aryl and aralkyl;

R" is hydrogen, C_jealkyl, Cs_jocycloalkyl, aryl, or heteroaryl;

R'is Cioalkyl, Cs9cycloalkyl, aryl, or heteroaryl; and

R'” is cyano, nitro, Cy_salkylsulfonate, haloC,_salkylsulfonate, arylsulfonate, or

halogen.

16



R12 N X R15A R13 R16 0 R14 VI (e) contacting the
conpound of Formula VI with di hydrogen and a

whyweogenati on catalyst in a solvent under coPdi/EPINE063460
conducive to formation of a conpound of Formula V. 15
WO 2009/ 047264 PCT/ EP2008/ 063460 z2 Z1 Z3 R6 R HN X
R13 HO R14 V wherein x is zero, one or two; Z1 and

Z3 h ind dent l. d CR8R9; .72 i bsent
o 1ReCudh B PEReR Y YrBh SEhngeilg obfSrep el ot Fomuta
v, IER&R%, eléUtroHRJi'thdrB@ing @?cmp%%@h @@ﬁii_ttg% c?z!irﬁ). iTndeRaAdamdbl¥ents,

17$el'ect ed fromthe group consisting o hydr ogen,

R GInigal kyl, or aryl; or R6 and R7 taken in conbination
forma three to six nmenbered saturated three to seven
menber ed carbocycle, which is optionally substituted

by 12 @E®@aih @rdfbtr@&PmeBulSH i dyrehatis of BSmpdidds B Fémeh1R12r Foemula
independent|y sel ected fromthe group consisting of

V. Ry diy eic indgpagerily sciectrd fkgm hydrogempdbiysalkyl; R 1s nitro.
halpClp 63 kyk 11 ,fRROCHe BPU QXY anfY dr oXy Qi _
R'®is phenyl or a five or six membered heteroaryl, each of which is substituted
with zero to three substituents selected from halogen, C, salkyl, trifluoromethyl, C;_

salkoxy, and trifluoromethoxy.

In certain other methods of synthesis of compounds of Formula II or Formula V,
7' and Z? are ecach CR*R”; Z* is CR®*R’ or O; and cach occurrence of R® and R? is

hydrogen.

Although any solvent capable of solvating the reactants and products are
contemplated for use with the synthetic methods of the instant invention, certain
preferred solvents for step (c) in the preparation of compounds of Formula 11 supra,
include dialkyl sulfoxides (e.g., dimethyl sulfoxide), cyclic ethers, dialkylformamides
(e.g., dimethylformamide), dialkyl acetamides (e.g., dimethyl acetamide), acetonitrile,
alcohols (e.g., Cisalcohols) or pyrrolidines (e.g., N-alkylpyrrolidine) and combinations

thereof.

Although any solvent capable of solvating the reactants and products are
contemplated for use with the synthetic methods of the instant invention, certain
preferred solvents for the preparation of compounds of Formula V supra include:

For step (c) dialkyl sulfoxides (e.g., dimethyl sulfoxide), cyclic ethers,
dialkylformamides (e.g., dimethylformamide), dialkyl acetamides (e.g., dimethyl
acetamide), acetonitrile, alcohols (e.g., Cisalcohols) or pyrrolidines (e.g., N-
alkylpyrrolidine) and combinations thereof. 23.  The method of claim 18, wherein

For step (d): ethers, cyclic ethers, aromatic hydrocarbons, and mixtures thereof;

17



6al kyl , Cl. 6al koxyd _6al kyl, or aryl; or R" and R 2
taken in conbination forma three to six nenbered
W@ 20000é2¢d three to seven nenbered car bocycl ePCTAP2INS/063460
is optionally substituted by zero to three
substituents; R10 is selected from hydrogen,
Cl. 6al kyl haI od _6al kyl, hydroxyd _6al kyl, Cl
d6a| koxyd _6al kyl , aryl and ar al kyl; R 5 is hydrogen,
andecl 1oal kyl, C3 Iocycl oal kyl, aryl, or heteroaryl; R16
' 3 P%%sie@"{‘é)khfiters Qih@r@(b‘g{l@h@&h&?é' ¢ 6%[0)611@15% ghﬁfeﬁfaﬁélr ¥thanol, iso-
i's cyano, nitfo, Cl.6al ]kyl sul fonat e,
prombdil 1-@8lakgicaaids 6hat ecetigragidd.ndomiatuecs thereohal ogen. 16
WO 2009/ 047264 PCT/ EP2008/ 063460 1In certain preferred
nmet hods of synthesis of conpounds of Fornula Il or
ForrmebRail prdfdrfed Hc@BdLoBEEFRIMg\W dohthoaid BIFGhRkpVstheh
as nitro or cyan. In certain enbodinments R7is
inorgprig g1 ougan@réetﬁléwompeﬂ@ pledltriee AEEnEn ok heropeempowrd or salt

com%%gﬁglé@ é%tt ne as eﬂ{é eﬂa)d{@ %ﬁégﬂ% Qtelﬁa}% %m&i hﬂroggr?bond
MoieIptefiegabiyi, ltHeCBlurFﬁn,unRﬂo’a.‘npdﬂila or E%ﬂlﬂls aalréct&i Broar zﬂullm/tdlhogﬂﬁde
Si X

i Ry 1B Eh oA EHN TS B G FR e el iy minsay by iges.
di(c, qﬁlﬁﬁ LP?QIQ{%‘III'I\LI’H ﬁ?&ﬁdeﬁ%@(ﬁf(ﬁ%ﬁ&%@l dﬁikgg lungﬂurﬁ@rlr\{ﬁﬁhes and the

r omet tri uororret OXy
bordmcmduadmamtshleatedﬁlohmuistabborshyﬂrhks,l rsetalf cyanotpooinaisidod,
b For mu Il or Formula V, Z1 and Z3 are each CR3R9; Z2
Orgng, PT8P°-0; and each occurrence of R8 and R9 is
hydrogen. Al though any sol vent capabl e of solvating
the reactants and products are contenplated for use

wi tIh cemain pyatetiedt methads efqurspasmgtarpenpesndat Formudnli the,

ef erre | vents. f or.
hydrorggnaglrogtcag St INSIFEE eﬁﬁg%roa% nggl% r‘ré nP fc(f% Bél;,]lladlum,rpciltlndle
and dmaiukasl th&gbf dvposies dno gsubsdamhwem&ué Eubsiraie)is sctactdd feom
et hers, dial kyl formam des
carbon, alumina, and silica. In certain embodiments, palladium on carbon, platinum on

carbon, thodium on carbon, and Adam’s catalyst are preferred hydrogenation catalysts.

Preferred embodiments of the compounds of the invention (including
pharmaceutically acceptable salts thereof, as well as enantiomers, stereoisomers,
rotamers, tautomers, diastereomers, or racemates thercof) are shown below in Table A
and Table B, and are also considered to be “compounds of the invention.”

TABLE A

Compound

Structure No.

18



(e.g., dinethylformam de), dialkyl acetam des (e.g.,

di net hyl acetam de), acetonitrile, alcohols (e.g.,
w@u08akehol s) or pyrrolidines (e.g., PCT/EP2008/063460

N-al kyl pyrrolidine) and conbi nati ons thereof.

Al t hough any sol vent capabl e of solvating the

reactants and products are contenplated for use with

f hr\ r\\lnf hr\f LO rmf hr\nlr\ r\f f hr\ | nr\f ﬁnf | n\lr\nf | r\n
=T

certain preferred solvents for the preparatlon of
conmpounds of Formula V stupta include: For step (c)
di al kyl sul foxi des (. q. i met hyl sul foxide), cydlic
ethers, dialk des (e.g., dinethylformam de),
di al kyl aceta ~—\di et hyl Q acet ami de) ,

acetoni trile, phol s{(e.\Q., coh or

pyrr din N al'kyNgyr rl i difne) A-1
conbi nati o 23 Theyne hodcpf cIa|n118,

wher ej N s, cychhc ethers, arongtic

P ™
hydr ogar hons,Hand n1xLures t her eof 17 WO 2009/ 047264
08/063460 ang\Eor step (e): esters, ether|s,
cyclic ethers, Cl _6al cohols (e.g., methanol, ethanol,
I So- propanol) Cl. 6al kanoi c acids (e.g., acetic

act u;, o Xt o ED frereof .t certarn 8] eferred
nmet hods of prepary ng| a-conpound of Formula V, the
i norgani c or or@tbu ptallic co ound“or salt is a
al um num or borad Oppound of S co i sing at

| east one al um num Rydr gge do | east one

bor on- hydr ogen bond. br e preﬁeraﬁPy the al um nym
compound or sal & Uls sql ect ed om al um num hydri de,
l'ithium al um nu sodhum al um num hydri de, A-2
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oral bioavailability as nmeasured by the procedure in
Exanple 15 infra. More particularly, certain
w@ovposnes of Table A provide at | east about 2PC%/BP2NN8/063460
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refrtfacture—of—aredicanrent—to—treat—HEV+rAfecti{
of the conmpounds of thg

I nventA

\\\\‘jL

pr esent

Y
(™

the activity of HCV. The nethod includes contact
cell with any of t enpounds of the present
provides that the corpould iddpregent\#n an anoy
ef fective ctive T Mg y of
or _nmore off t
ot N e mbodi ment, the net
thanithe conﬁouné)| present in an anout
I n other enbodi ments, he present invention provi
use of any of the conpounds of the invention for
a subject. In other enbodi nents, the invention
provides a nethod of - acture of a nedicanment
Q
\/
PN

Iz

w

=]
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treatnment of a subject. Definitions The term"treat,"
"treated,"” "treating" or "treatnent" includes the
walzepnezMEent or alleviation of at |east one BYIPPINS/063460
associ ated or caused by the state, disorder or disease
being treated. In certain enbodi nents, the treatnent
conprises the induction of an HCV- inhibited state,

fAall ownd bhv the Aact 1 vat N nf the IO\, »madill At ney

O
mrorTrowcu oYy TS aAacTT vaur 1T it Ol e TV Tioudrrati ity

compound, which would in turn dimnish or allevilate
at | east one synptom asg§ocj ated or caused by the
HCV- associ at ed st at der or disease being

treated. For exan zeat rent can_be di m ni shirent
of one or seve 3ynpt pE\ of g, di syr d& for conpllete
eradi cati on of [ ' [

i nt ended t ncI tes |and B-27
e%ka( suffering Yrom ar

aftfl ted di sorder. Exanpl es

of sulpj ecys | . 0., humans, dogs, |cows,
hor ses, ~pi gs, P, ts, cats, mce, rabbits,
rats, and transgeni ¢ non-hunman ani mals. In certailn
enbodinents, the subject is a human, e.g., a human

suffering from at risk of suffering from or
potentially capable of suffering from an
HCV- associ at ed di sorderf, [and for di seases or

condi tions describ erein, e.g., HCV infection.| In

anot her enbodj : ¢ VO 20096044264

PCT/ EP2008/ 063 ecl is t cell. YHe | anguage

" HCV- nodul & i no ; V) N ' or |"HCVp.28

i nhibitor" ouc)s at hodul a¥e, e.g.,

i NAMT TN the activity of HCV.
Simlarly, /NBéA prot se inhibitor," or an
" NS2 pr ot easeO i bitor" refers to a conpound

that nodul ates, e.g., linhibits, or otherw se alters,
the interaction of these prot eases with one anot/her.

Exatptes—of—HOV-nodutatng——econpounds—tnetude

conmpounds of Fornmula | or Fornmula Il1l, as well as
Table A and Table B cl udi ng pharmaceutically
acceptable salts , as well as enantioners,
stereoi sonmers, rot tautomers, diastereonerg, or
racemat es t her gof A/

B-29

T
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w@ovposn4 of the invention,

Addi tionally,
subj ect an effective anount

the met hod i ncludes adm nistering t

e.g.,
conmpounds of Forrmula | or Formula 111, as well

Table A and Tabl e B (i ncluding pharnmaceutically
acceptabl e salts thereof, as well as enantioners

)
et oarnni on Nt anprc t a1t nnpr Al nct Ay eoner

0O a

of an HCV- nodul ating
HCV- nodul at i PGI/EP2008/063460
as

npr Q
SOU CT CUT oSuUIrici D, I Ul. armmciT o, rtauturnictT 9, Ul oSt CTr CuUirTo

racemates thereof). The term "al kyl" includes

saturated aliphatic g ps, including straight-ch
al kyl groups (e.g yl , ethyl, propyl, butyl,
pentyl, hexyl, hep octyl, nonyl, decyl, etc.

br anched- chai n_al thert-buty

omn
Q
=

ain

—

i SO tyI et clu gr oups

(cycl pro yclopenmyl yC IFE%YFZoheptyl, B-30

cycl kyIN titaut cycl oal kyY groupg, and

cyc oaI $Ubst'tut alckyl _#roups. Furthernore,| the

expkessi on Fex- aIEyI", erein x is 1-5 and y |is

2-10 Y'ndicates a p ular al kyl group (straight- or

branched-chain) of a'particul ar range of carbons.| For

exanple, the expression C-C4-alkyl includes, but is

not limted to, nethyl, ethyl, propyl, butyl,

i sopropyl, tert-butyl, isohutyl and sec-butyl.

Moreover, the term C3_6<cyeteal kyl includes, but| is

not limted to, cyclopr (. cyclopentyl, and

cycl ohexyl . As discuyussed bglow, theselal kyl groups,

as well as cycl grou e, r

sub uted ;SEaC' I kyl" Mef ers t Cﬂgle coval enig.31

bon NQu V|mg froml to n carbon

at ons; npl e =alk fers to a single

covalent or a CiOC4aE group; "QCO- Cgal kyl|"

refers to a si ngl e coval bond or a G -Cgal kyl

group. In sone instanced substituent of an allkyl

group is specifically I ndiMCat ed. For exanple

"O-CAllyUH UAyal r\ylII refers—to—a G —C4att r\yl g1otu{ that

has at | east one hydroxy sgbstituent. 66 WO

2009/ 047264 PCT/ EP2008/ 063460 "Al kyl ene" refers|to a

di val ent al kyl group, asgdéfined above. Co-C4al kyl ene

is a single coval ent befd Y} n al kyl efge group havi ng

fron11 to 4 carbog ptons; {and\Co- Kﬁal lene is &

S|n covalenK)bo or an Ky ne™ roupHhavi ng |from
ar on J\to AH"cyng oalkyf—is a group that B-32

conprlse on angl/ or partially
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saturated rings in which all ring nenbers are carbon,

such as cycl opropyl, cyclobutyl, cyclopentyl,
w@ywbokesyl , cycl oheptyl, cyclooctyl, adamant yPCT/EP2008/063460

decahydr o- napht hal enyl, oct ahydro-i ndenyl, and

partially saturated variants of the foregoing, such as

cycl ohexenyl. Cycloal kyl groups do not conprise an

Aar nrmt A rinn Ay A hntAaracnvyecl 1 A v Wy Cort aln

arvimtactrr o 1 IIU Ul (@8 nmocu il U\;y\;l o 1 IIU O Lt aAalrii
cycl oal kyl groups are C3-Cgcycloal kyl, in which the
group contains a single ripg] with fron13 to 8 rifng
menbers. A "(C3-Cgcyclgal kil ))Co-C4al kyl" is a

C3- Cgcycl oal kyl group PRgked via a single coval gnt
bond or a G -C4al kyl ené grfou

met hyl, ethyl, pr
i ncl ude both Qunsgpstitutety al Kyl
al kyl > g 0 al kyl noieties
havi'ng bstﬁiuewts pl agi ngoa rogen on one Qqr
nore carfQons) of the ydracarbon backbone, which |all ow
the nol ecuf’e to perfor i ntended function. The
term"substituted” is intended to describe noietiles
havi ng substituents replacing a hydrogen on one |or

nore atons, e.g. C, 0 or N, of a nolecule. Such
substituents can include, for exanple, alkenyl,
al kynyl , hal ogen, hydroxy], | al kyl carbonyl oxy,

aryl car bonyl oxy, al ko g bonyl oxy,
aryl oxycar bonyl oxy, ropxyl ate, al kyl carbonyl ,
aryl carbonyl, al kgxycarbgnyl\ aniinocgf bonyl ,

alkylanlnocarbon

b
aIkyIthlocarb nyl, phosphonat o,

phosphi " _ 8 ky!l ami no,
dlalkylan1n , adyl anj no, i diary¥am no, and
al kyl ar no), acy} agipQ (i ncluding

al kyl car bonyl am no, aryl carbonyl am no, carbanoyl| and
ureido), amdino, imno, sulfhydryl, aIkyIthlo

—apar

arylthi O t+hi-otat bu;\ylatc, DUIIGLCD, al r\lequlll I,
sul fonat o, sul fanmoyl, sul fonam do, nitro,
trifluoronethyl, cyan, az{dd, heterocyclyl, alkyljaryl,
nmor phol i no, phenol, b phenyl, piperazine,
cycl opent ane, cyelghe i pyrldlne 5Htetrazol g,

gy

triazole, pip¢g ne, of ap argmatij or

het er oa natic . rther s of

substituents nventi on, Yth &% not i ntdndedB-35
to be IMrnt mg;/zg%et ep selected from

strai br@ I alkyl “epr rably CI-C5), 67 WO
2009/ 4726 PCT/ EP2D08/ 63460
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cycl oal kyl (preferably C3-C8), al koxy (preferably
Cl-C6), thioal kyl (preferably Cl-C6), alkenyl
W@ proeenabl y C2- C6), al kynyl (preferably C2- CERCT/EP2008/063460

het erocyclic, carbocyclic, aryl (e.g., phenyl),
aryl oxy (e.g., phenoxy), aralkyl (e.g., benzyl),
aryl oxyal kyl (e.g., phenyl oxyal kyl), aryl acetam doyl,
a-kyary—heterearalor—al kylearboenyl—and
aryl carbonyl or other such acyl group,
heteroarylcarbonyl, or
(CR’R')O 3NR R O, (CR’R")O-SCN(e.g

: < or -1),
(CR'R')O 3C(ha|
(CR R hal ogen),
(CR R H (cRR )o_ B-36
35(0 1 R") O- 30(CRR)C 3H,

., ZoocH3 and - OCH3)|,
., -SH and - SCH3),
(CR R")0-3COR ,

)

)0 . 0.

')0-3(substituted or unsubstituted phenyl),
)0-3(C3-Cs cycloal kyl), (CR R')0-3CQ2R (e.|g.
-CQ2H), or (CR R')0-30R gpraoyp, or the side chailn of
any naturally occurring anjnq acid; wherein R and R’
are each independentl girogen, a Cl-C5 al kyl, [C2-C5

al kenyl, C2-C5 al oN-aryl group.o Such
substituents can de, /for\exampl e,] hal ogen,

hydroxyl, al kybcarigenyl oxy»"a baxy, B-37
al koxycar bonyl gxy, aryI@xyCero yI , carboxyl at|e,

al k MY e o™, nocar bonyl ,

al kyl t hi pocar bonyH, : pﬁo at e, phosphonato,
phosphi n 7~ cyano, &m |nclud|ng al kyl am no,

di al kyl am no, arylam no, I|diarylamno, and

alkylarylan1no) acyl am no (including
al r('y'l caf buuyl atm o, atr yI cafr bGnyl amno,—Car b"my: &
urei do), amdino, imno, oxime, sulfhydryl, alkylith
arylthio, thiocarboxyl atef 3ul fates, sulfonato,

sul fanmoyl, sul fonam dQ, pitro, trifluoronethyl

cyano, azido, heterQcye®NJj, or an aropatic or

het er oaromati c I ertain enpodi ments, a

car bonyl noiety mayw b urnNher rivatized with

an oxi me noi vy, anNal dfhygel noi €ty may be B-38
derivag i a8 its C=No analog. It will be
undersﬂbod Hy ose JBki NYed"on t art that the

noi et i stl utegy on 2he hydrocarbon chain can
thenselves be substlturﬁ%F\lf appropriate. Cyclodl kyls
can be further substituted, e.g., with the

substituents descri bed above. An "aral kyl" noiety is

an
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al kyl substituted with an aryl (e.g., phenyl nethyl

(i.e., benzyl)). The term "al kenyl" i ncl udes
wae®anenes ed al i phatic groups anal ogous in | enp@TER2908/063460

possi bl e substitution to the al kyls descri bed above,

but which contain at |east one double 68 WO

2009/ 047264 PCT/ EP2008/ 063460 bond. For exanple, the

tarm "allkanul "™ 1 Nl iidne ot rar At cehatr n Al kenyvyl oAr NG

coriIn al r\CIIyI 11T UUcCTo S0 1T Al ulll. oriarii Al r\CIIyI UI UU'JO
(e.g., ethenyl, propenyl, butenyl, pentenyl, hexenyl,
hept enyl , octenyl nonenyi decenyl, etc.),
branched- chai n alke | gkoups, cycloal kenyl
(alicyclic) groups (cy€|Ddpropenyl, cycl opentenyl|,
cycl ohexenyl, cyclohéptenyl\ cyclooctenyl), alkyll or
al kenyk s stit tle cys&l o epyd., gg , and
cycl oal k! cydl oal kenyN” suljst i #ut ed®dl kenyl grloupsB-39
The te eny furﬁher i ncbudgs al kenyl groupg that

J ogeyf, Sol f or phosphorous |at ons
e carbons 0of the hydrocarbon
backbone” In certal n-e di nents, a straight chain or
branched chai n al kenyl group has 6 or fewer carhon
atons in its backbone (e.g., C2-C6 for strai ght dhain,

C3-C6 for branched chain). Likew se, cycloal keny
groups may have from 3-8 _carbon atons in their rijng
structure, and nore preferfably have 5 or 6 carbgns in
the ring structure. germ C2-C6 includes al kgnyl
groups containing 2 icqrbon ato Mor eover, |t he
term al kenyl incljudes bgth Y unsubstijtuted al kenyl|s"

and "EUEsti ut | kenyhg”, pof which B-40
refers t akE;nyl noieti e havin ubstituents

repl acg o] bn,aﬁabop re carbons of the

hydr oG baekborje. Sych S tituents can incljude,

for exarpte, al kyl Qr , al kynyl groups, hal ogens,
hydroxyl, al kyl carbonyl oxy, aryl carbonyl oxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, car boxyl at e,

al r('y'l caf buuyl T—at yl caf uuuyl ; al Ir\u;\y\,ai' bGnyI ;

an1nocarb

Ian1noc$rbo

A/ %ﬂ%\é %%”o Proteasg g HP@?%%%&?V repligegyaysays described
n t@@%&%ﬁﬁ@atlon%gm Ghe 9&9 4B e n%ye"ﬁﬂon lﬂ@ing

(1 ncluding al kyl am no, dla amno, aryla o,
conqbpancisl alrfiable, A dopicted Iabd)\aa) ytteﬂﬁmumcb)o shawllCamaims(fDnHCNdlhlh@)ition

LT T T T TS YR
range from 0.5 to10 nM or less.

Compounds of Table A are highly soluble in aqueous media. More particularly,
compounds of Table A have a solubility of at least about 100 micromolar in water at pH
of about 1 and a solubility of at least 30 micromolar in water at pH of about 6.8 as
measured by the solubility assay recited in the Examples infra.

Compounds of Table A further possess excellent in vivo pharmacokinetics.
Generally compounds of Table A provide improved pharmacokinetics, e.g., improved
oral bioavailability as measured by the procedure in Example 15 infra. More
particularly, certain compounds of Table A provide at least about 20% oral

bioavailability as measured by the process of Example 15 (see, Table C infra). Certain
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arylthio, thiocarboxylate, sulfates, alkylsulfinyl,

sul fonat o, sul fanmoyl, sulfonam do, nitro,
wa eooblogmasonet hyl , cyan, azido, heterocyclyl, aPKYER209$/063460

or an aromatic or heteroaromatic noiety. The term

"al kynyl" includes unsaturated aliphatic groups

anal ogous in length and possible substitution to the

al k descri bed above, .but which nt ai n_at ast one
ConipPPfﬁfﬁseof et iegy Sy Shegtii Compeinda of oy Fr;HmVlﬁ?] &F Bt s
bioaVall iBRIorGNRLG aBbEYIIYA, BEXHDY,, (B0t 35% BF ADOAY L0 %.

propynyl butynyl, pentynyl, hexynyl, heptynyl,

in enagliments, decoympphind ef e preseBgnwbtip dofuoh?26 4

e 0B 001460, AFRN DRtk F2 T ALY B RS e

inclgdiay }aihum_ﬁh it er m apkeyendd dnbiddiént] the kopsural dﬂfﬂé’inventlon is
oups that include oxygen, nltrogen sul fur or
anf%ﬁ bitus at ons repl aci ng one or nore carbons of the

hydl‘h%%%{nﬁ’s HCPAckRan e%stekc@’ 8@”1&@&/%?{5? é’n}c'ﬁﬁrou ificlude

stra hai n or ranc chain a
disodder$ &MtEStateﬁ(eb(@na dikenzs sﬂafa:) ittas alka:askdmmai '€v&h gle, acﬁi%rtﬁ?fif H@N,
st rai.ght _chain branched chain (%IiThe

e.g. oafeelop AEHf ekt aaﬁ%fﬁm Hé?/o%%%% paies, ﬂ%u %Vsnff?a{i@b piver
cirrfsRTBhrolRIRRY &seas& r}%pﬁt%%ﬁlﬁ‘érl%ﬁﬂ‘)fﬂonﬁ?ﬂ %{%gﬁo‘guﬁl%eﬁna non-

"unsubstituted al kynyl's" and substit'u al kynyl s’
Hodghen’$ hintphiomaf anhd supprasfelrisndto 1ratalcylh;141r mmmﬂtelrespohmn ng

sub ents | aci ng a hydrogen .o
o B DTG Aet A R ST e dR lind Biofease of
HCQUQﬁfchtléJﬁ%o“nsﬁﬁ@fdr Q& sl 8teph & the )f)?d@ks@n% &tttk oy EMF)ﬁrotem
kynyl groag thalo ens, hydrox I Kyl car bonyl oxy,
R’S‘D

1nt06§n3ajllglaﬁ1bgtrm eipy. K S(?yp]@‘t@@(nmr@lﬁy heterodlmerlc complex with the

carbon | ate .
NS@& éfo?elr ’bacl)lnv?e 13‘0?(0\?%1& r tﬁ o ny ncegl ﬁ'fllzr}’o al%% 8§ n‘flle,’ aX(li is believed to
helIﬁéﬂéhbraHCN’Ot@ Qlﬁ@&fdybblasﬂioa{eﬁwl@m INS3afilgoaitdeatalyzes hydrolysis of the
osphate, . phosphonato,

al kyl t hi ocar bon al kox h
NSHNGS prpRess; and/ ﬁﬁn clgmyas éﬁle( Hﬁg’ mﬂymgtea} mﬁmla}ﬁcw(@rly at the
Sé% %’ﬁlﬂ:ﬂf g%olﬁ% ARy éléy g%(-)}ﬁlgg ?1?%1{5@%[0@19 Tﬁﬁq)rocess is associated
w1t1aieh9ybaamnbﬁm§mam agybjecar idhdatibg mylhladmlmmg tha rabta\myydf oRn @r

ol 1355 AL T LR ST, B
replRUtibRBAtIeV DU fuBRY kher&Y (rONARME8r trBitiz3ne HCV-associated state.
In a particular embodiment, the HCV-associated state is associated with the activity of
the NS3 protease. In another particular embodiment, the HCV-associated state is
associated with the activity of NS3-NS4A heterodimeric complex.

In one embodiment, the compounds of the invention are NS3/NS4A protease
inhibitors. In another embodiment, the compounds of the invention are NS2/NS3
protease inhibitors.

Without being bound by theory, it is believed that the disruption of the above
protein-protein interactions by the compounds of the invention will interfere with viral
polyprotein processing by the NS3 protease and thus viral replication.

HCV-associated disorders also include HCV-dependent disecases. HCV-
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trifluoronmethyl, cyan, azido, heterocyclyl, alkylaryl,
or an aromatic or heteroaromatic noiety. The term

WO 2000/0€7260r " am no" shoul d be understood as bePEIYEP2008/063460
broadly applied to both a nolecule, or a noiety or
functional group, as generally understood in the art,
and may be prinary secondary, or tertiary. The term

m,no" i ncludes coppound ere a nitro
deng B Gsc St nRTHE s R Aot ey fea et S g A €0
actlhﬂydéﬁﬁ%%%lpdhoﬁ R ef 10t Ot stfNf of HCE i nclude, f or
exanpl e ut are not limted to, "al kylam no,"
" armegmq:aqgt 1'nvermoarny¢ladnsrt@atmena DRHCA/P 9s|sg¢mt|qd dtsorders as

desc.ré ﬁh%éove, Bgt%h% bﬂvnent;??ng ?g& g 0 %/ 1m1.tec!rﬁ)atﬁ% gfaﬁ%lle@ﬁy WlilICh

the edthfsind peEBRhd BEMtGHOU ﬁﬁlca@doﬂt@maﬁr&‘ atheael. nrliehﬁesent
nitrogen is bound to at | east one additional alkyl

invegtign picludes tregiment off disqages densrihed hicreen ey ragnegpthat allows
mis bound to at |east two
Uaﬁﬁﬁﬁ%£&X%F &$£§F9q§§ﬁ§§9 The term "aryl am no" and
"dHamyHamnmﬁmodnmﬁhuﬂec@hpmpﬂsmﬁ&kemnmﬁhﬁcmibdmgﬁnfbﬁ

hound to a ast_one gro
trea%@@gl,s@%?w t /@ﬁé@@)%@@éﬂ?f m?@é% <f 5@?%8*%@691 mpune
Deﬁd%n%¥b§ﬁ&b " "al kyl am noaryl ™ or "arylam noal kyl"
refefs’to an an1no group which is bound to at | east

ondnakikaih egbodimeanis thetinvadast ponedea rayphagnmptlcal Torepostion of
|.kam noal kyl " refers.to an

any}é?ﬁwy@pg% PTERURESES Ny entien- al'&g%fﬁlaaﬁ qwe%yﬁ%ﬁm the jpvegtion

pro@ewwpﬁaﬁnmuﬁbéqsebn@wﬁsn off i draR&torARBUEs of therddent iR¥ention
am nocar bonyl " includes conpounds or noieties which

and @mh@ﬁnweatlwdlwrae@@mbéq emigiirshcipgnpollany af shasheompeinsis. In
rbon or a th| The

ceﬂalncelml})gglme,nt &%‘e nllnﬁ%ntlgn m%}ﬁ?est% ngoma;?qyoﬁgerlﬁ Vga?lbe(r)rhlg}a[l £ntities.

gr ddpsc dhbedinicAt thtdiaved tioyl 1ncladlés€al’pé|cka 8 HCvhas@lclaydiydisorder
roups_ bound to an am no group bound to a carbonyl
treafpe; pThq: paqkﬁgequt(g@gmgmyp@m?q@@@@mﬁgqi ofthg invention packaged with

instﬁfgﬁbﬁ:safop ﬁgx%m%ct% AHR%nt é{vgth@ E‘orhﬁglﬁlnld%? ﬂ?erl}(lL fon for an

teroary I et1es boun an a roup ch
inmbmmhmeto t he carbon of a carbonyl or thlocarbonyl

p. The t "al kyl am nocar bon;
jﬂ@ F@HPM Fent IVEPRIIM3IE é%¥ar¥%f‘c%§ra§8ﬁ§/ pgents in
pharrﬁ’a[c)é{l@éyl B&th @('lsj?l.‘?(ﬁﬁélthat are Ké@l&%r ‘E’cmﬁlla"i‘ﬁ' BPireating HCV-associated
“al kenyl carbonyl am no, " "al kynyl carbonyl am no,™ and

disorders. The pharmaceutical composition in various embodiments has a
pharmaceutically effective amount of the present active agent along with other
pharmaceutically acceptable excipients, carriers, fillers, diluents and the like. The phrase,
“pharmaceutically effective amount” as used herein indicates an amount necessary to
administer to a host, or to a cell, issue, or organ of a host, to achieve a therapeutic result,
especially an anti-HCV effect, e.g., inhibition of proliferation of the HCV virus, or of any
other HCV-associated disease.

In one embodiment, the diseases to be treated by compounds of the invention
include, for example, HCV infection, liver cirrhosis, chronic liver disease, hepatocellular

carcinoma, cryoglobulinaemia, non-Hodgkin’s lymphoma, and a suppressed innate
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"aryl carbonyl am no" are included in term"am de."

Am des al so include urea groups (am nocarbonyl am no)
warwnenrhanmat es (oxycarbonyl am no). The ter m "BCHEP2008/063460

i ncl udes aromatic groups, including 5- and 6-nenbered

single- ring aromatic groups that may include from

zero to four heteroatons, for exanple, phenyl,

&%L ol e, furan, thlophene t hi azol e, isothiaozol e,
intr3GHIBa0 Phgung IsROSFe, tetrazole, pyrazole, oxazol e,

| SqX ARk 8mbBYikcAisN e PRYEAZH A tioR Wb @ NYBethdd for inhibiting the
pyrimdine, and the like. Furthermore, the term

actwl@r gff HCVncl Mde@hmnmludy@ tangacsing fa cgH mﬁdﬂsﬁnyeof the compounds of

ht h b

the pERGY fivkfino) B lafetiidne D RE bSO SRR Rutine
conﬁb@ﬁﬁ@tsf}jriﬂsi@ﬁﬁﬁ%n at[’fﬁhhw@d%ﬁ% ﬂ?(%éﬁd@ﬁriylb 1nlﬁbl1ltt EQJ dgﬂ&hty of one or
| SOQqul NOol I ne an r enan r na ridl ne

mote R 1ENS bAY Yt QY - pr Npal3 ?gﬁt@lﬂ%\nlnp@éﬁ@é&‘&?ﬁ? de,

emb?):c]ilr%% Othé {ﬂeﬂﬁ)d p-lr_ d& thd t}{é a@gg&g@ s&g in& ]% gﬁlgﬁh%%ctﬂve to

structure may efred to as
dnnhﬂﬂemeeyﬁye$&akmbemesm@ynles heteroaryls or
“het er.oar omat. cs The aromatic ring, can

suldgpetheg Frgod eawetharpr?ﬁswelnv%@%%‘il@?smm? apy efithR
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al ogen, hydroxyl, oxy, al kyl car oxy,
suhﬁcylcarbonyloxy, alkoxycarbonyloxy,
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aralkylcarbonyl al kenyl car bonyl", al koxycar bonyl
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71 WD 2009/ 047264 PCT/ EP2008/ 063460 ami no,
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alle¥ih ﬁ{)ﬂjﬁ% at 1%1“ e %ggsocﬁ'tgdq? g‘lE £d :bngE%/‘[%l 5 ({1 ?olrgglrl o’r disease

oxyl ate,
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disorder.

The term “subject” is intended to include organisms, e.g., prokaryotes and
cukaryotes, which are capable of suffering from or afflicted with an HCV-associated
disorder. Examples of subjects include mammals, e.g., humans, dogs, cows, horses, pigs,
sheep, goats, cats, mice, rabbits, rats, and transgenic non-human animals. In certain
embodiments, the subject is a human, e.g., a human suffering from, at risk of suffering
from, or potentially capable of suffering from an HCV-associated disorder, and for

diseases or conditions described herein, e.g., HCV infection. In another embodiment, the
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which a 6- to 10-nenbered carbocyclic group conprising

at least one aromatic ring is l|inked via a single
W@ onaléns4s bond or a G - Cgal kyl ene group). SuchPQr/BP3988/063460
include, for exanple, phenyl and indanyl, as well as
groups in which either of the foregoing is linked via
G - Cgal kyl ene, preferably via G -C4al kyl ene. Phenyl
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eic. oA St Sk onpe (sopFy b by hfabdBs. b CHIOTEY
(aiigTRAb] ARGR CSUGHBREN bRofAntSl ot QX Bl doocty), alky!

substheté codyadkyll gromp‘schncﬂ@cldaﬂiyl autBtinedd alR SARODSHDATEGA he
PCT/ EP O 8/@? %B l[imted t .hg fall.ow ng
CXPISEHOD Al éﬁ9 T19dp 9%{%%9%%11% alkyl group
(stragglﬂz prtﬁﬁ@f%hyclhamp 604 rﬁbﬁﬁpllaﬁ%e op@a?gtﬁfsh 'FBP&?&%I@ the
nzoxazol yl', car az , carbol i nyl ci nnol i'nyl,
expfessiam ¢I1-C4+aﬂ1k}d adideb,, buit mmt limyted to rmkcihyll, sthiyndaipak |bn§511

1sop1ropy‘”il tert%utyl isobutyl and sec-butyl. Moreover, the term C; ¢-cycloalkyl includes,

sub

but is not limited to, cyclopropyl, cyclopentyl, and cyclohexyl. As discussed below,
these alkyl groups, as well as cycloalkyl groups, may be further substituted. "Coy-Cpalkyl”
refers to a single covalent bond (Co) or an alkyl group having from 1 to n carbon atoms;
for example "C(-Caalkyl" refers to a single covalent bond or a C;-Casalkyl group; "Co-
Csalkyl" refers to a single covalent bond or a C;-Csalkyl group. In some instances, a
substituent of an alkyl group is specifically indicated. For example, "C;-Cshydroxyalkyl"
refers to a C;-Cjalkyl group that has at least one hydroxy substituent.
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o e o B QeI R Rl PGtk
gmmphm&ﬂhmmymhghcgvdumXMndbed(MKbakyEnagkmmcovalent

bo or C y g
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m01a1ll¢syha@mg sgbﬁuwﬂhsamphglngradmdnogeo 08 oparhomeratashans oA the( 6-
et er Co-.C6al
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Th erHe&ém “@@ythtuteuﬂ & iHEa8c ORI SEBEL sl Bigi s@Bs i ned
contain the acyl radical (CH3CO ) or a carbonyl

replgeing p hyduegen an gne eiparc Ane d-sa by O onhhcif gdeeleads:| Such

oGRS AR 15 TR SR, HRG g g, o
alkydeca@bis/loxyahigtartsonyloxelr alkgiyca@bkylbﬁﬁ rabdoyydaryonyloxy,
ary| car ponyl oxy, alkoxycgrbon yl oxy

carbxylatsy g BRRYY b 2§y cagbeny y@%Oét/@arb%ym@a?%bﬁnyl
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car nocar bo y1
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dinrG AR e s DR s b A iR 1S ponS rting
aryl@ér%b!ﬂlﬁéﬂih@%aﬁ‘@émoﬁ%h AN, dhfsdudh G, sulthydryl, alkylthlo,

arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,

trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, morpholino, phenol, benzyl,
phenyl, piperazine, cyclopentane, cyclohexane, pyridine, SH-tetrazole, triazole,
piperidine, or an aromatic or heteroaromatic moiety.

Further examples of substituents of the invention, which are not intended to be

limiting, include moieties selected from straight or branched alkyl (preferably C;-Cs),
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al kyl car bonyl am no, aryl carbonyl am no, carbanoyl and
wa@e@pdene4 am di no, imno, sulfhydryl, alkylthPCGI/EP2008/063460

arylthio, thiocarboxylate, sulfates, alkylsulfinyl,

sul fonato, sulfanoyl, sulfonam do, nitro,

trifluoronmethyl, cyan, azido, heterocyclyl, alkylaryl,
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(CRéRk)ﬂs%(l@Riﬁé)arch(a}gl,, SHlaad kS(EHm AR aOH (e.g., -OH)

(R PR R R Kt By e oy REPURR RS PR B mo
(CRAR®Y, F(xdsam c@r@hoaﬁd’yl/)' ARG AIBRY | ea{n rtsozHans!r (CR’R”)0:0R’ group,
al Kyl aryl am no), = acylam no (includ

ng
or thy %¢¢ damb@ﬁﬂﬂyawmﬂ@lly moyrrm%mny lagih wherewialt benddy/[ arqieeich

indfe S PRY BB kG H TRAL O X RIL Lot B Reyg rous.

Such @hﬁsﬂﬂ@hﬁi, caf i d @ Rr ,exﬁrﬂblfeomél@%eﬂ@hydibiﬁ Oalkylcarbonyloxy,
trlfluoronethyl cyan, azid eterocycly
arylgarRmdpxy, alkoryeiborvimes #y oy cHbomoat 6?1@91‘3@3%@1&1’19@%?0113’1

R e

phosplﬁﬂlamro@am Iaﬁmyq (indludihg ey barainbodiylkytintios, cunﬁhimamy

chloro trichl prorme hox The
diary sy bk gy a9 egingd,py ey a%lgglegﬁﬁa hgine.

aryl@Hb@ﬁ}H%ﬁm‘M'bé%ﬂam&}q'ﬁh@hfbl@ogcﬂﬁﬁ% %ﬁﬁlﬁe&lﬁfé ﬂlPdﬁrl alkylthio,

doubl'e bond to an oxygen atom and tautoneri
arylttherthiofarbéxdatp] edfatss, subiorttp ewilfatmayl, sdifiraimda ngar,bony
trlﬂ{lgr%lrn%gl 1, clygr(leoh%gﬁo he%eertogyc?ﬁ or an aromatic or heteroaromatic moiety. In
certain embodiments, a carbonyl moiety (C=0) may be further derivatized with an oxime
moiety, e.g., an aldehyde moiety may be derivatized as its oxime (-C=N-OH) analog. It
will be understood by those skilled in the art that the moieties substituted on the
hydrocarbon chain can themselves be substituted, if appropriate. Cycloalkyls can be
further substituted, e.g., with the substituents described above. An “aralkyl” moiety is an
alkyl substituted with an aryl (e.g., phenylmethyl (i.e., benzyl)).

The term “alkenyl” includes unsaturated aliphatic groups analogous in length and

possible substitution to the alkyls described above, but which contain at least one double
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carboxylic acids, am des, esters, anhydrides, etc. The
term "carboxy noiety" or "carbonyl noiety" refers to
w@e@aps7264ich as "al kyl carbonyl " groups wher ei NnPEFER20K8/063460
group is covalently bound to a carbonyl group,
"al kenyl carbonyl " groups wherein an al kenyl group is
covalently bound to a carbonyl group,
bon "al kynyl carbonyl ™ groups wherein an aIkynyI group is
eovalently bound to a carbonyl group, "aryl carbonyl™
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phoqﬁfolimmaltorgsr mpkac(ng ode or alosOcdrbdmsrofelt hyalrésirigon backbone. In
"car Furt hernore, ami nocar honyl ami n
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trogen,
le@&lB@CCBYC]aH]fkﬁE})I grcﬁmsmaafrhwe éront h@ ohﬁtoerauansmm thanrlbg structure,

further. s t|t th. ope .or nore al n
and UG Hmfera@yjqave glg%\glon%wpe rigg strugture, Tlf% éérm-ré 8 ﬁpmdes
alkenly NEBRAY RMMIhing QMo lcAiRGARRXY" | ncl udes conpounds and
noi eti es mhlc% contain a carbon connected with a
doupeonanthettemaalkenyl mchaie@ hvthmesqbéhwed akinglsaebdny |
at, are

“sut%tlb%(ﬁalken%ﬁ & eqatgetl)r el P)vhl f?pﬁ tg alketnﬁ IG%BS ﬁ'avmg substituents

repla®ih€ b he8rolgBiE bl dﬁe afnma@tdatma bb@ﬂéﬂydrd@b@bﬁ lbﬁlcl@ﬁn@ NS
roup 1s  bound to the carbon atom of the thlocarbocy
subsgmms canjpelnds. deyrexapplve plky hgreers Blayy! grepnrs: hadggens, hydroxyl,

o 0N, B REPESOINL S LRAOEE, BRADE L bon
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ko8P G4 DO, LBy S o1y £ A BRI P G Phosphate
phogﬁoé%?’ 5 gllblgat‘gﬁ;%yghg Lat@{u)%B glg%%gg%tag&ﬁﬁhnncﬁldmémm‘ar
arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulthydryl, alkylthio,
arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moiety.

The term “alkynyl” includes unsaturated aliphatic groups analogous in length and
possible substitution to the alkyls described above, but which contain at least one triple
bond.

For example, the term “alkynyl” includes straight-chain alkynyl groups (e.g.,

ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, etc.),
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oxygen atomthat is covalently bonded to another alkyl

group. The term"ester" includes conpounds and
WOorRi0enirss t hat contain a carbon or a het er oat BCT/BP2INEI063460

to an oxygen atomthat is bonded to the carbon of a

carbonyl group. The term"ester" includes
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carbbR§latce Eﬁlcaﬂ% %lprghaa bondt, a mwaﬁru&ﬂyl CarfiiAka8@nyl,i Ncl ude
moieties ™ with two'or nore rin cIoaIk | s,
alldainosiony sl kehnisgsibgny. Gy Bhptsbamd/ dkoxy] photphate,
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both a molecule, or a moiety or functional group, as generally understood in the art, and

may be primary, secondary, or tertiary. The term “amine” or “amino” includes
compounds where a nitrogen atom is covalently bonded to at least one carbon, hydrogen

or heteroatom. The terms include, for example, but are not limited to, “alkylamino,”

2% ¢ 2% ¢

“arylamino,” “diarylamino,” “alkylarylamino,” “alkylaminoaryl,” “arylaminoalkyl,”

2% ¢

“alkaminoalkyl,” “amide,” “amido,” and “aminocarbonyl.” The term “alkyl amino”
comprises groups and compounds wherein the nitrogen is bound to at least one additional
alkyl group. The term “dialkyl amino” includes groups wherein the nitrogen atom is
bound to at least two additional alkyl groups. The term “arylamino” and “diarylamino”

include groups wherein the nitrogen is bound to at least one or two aryl groups,

70



al koxyl , phosphat e, phosphonat o, phosphinato, cyan,
am no (including al kyl am no, dialkylam no,
wa@eobasizap, di aryl am no, and al kyl aryl am no), BCI/ER200$1063460
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whigh eeqtain 4 nitsegparaterp Marl igbound erhe edbei ef a @sboryk anpl e,
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boupg ffh FF G B ShiaFlude B3 BAFATIRBY bR K CRgORY @Rtne goups
whibRR81de TR/ 8¢ ggtg{fa?ﬁ%ﬁui&?e%,tb%ﬁd toha)ﬁdd'n?@@%?/oﬁ)aﬁhipﬁis bound to the

renoved or a , as required to satis he val ence
cartoh of achrbanplnor ti7i6 cAlBoiR0 @eduP4 7Tde4erRGT /A EKFRO08H GBRIHN” | t
s to.be under,stood that all of, the conpoynds, of the
ol Ry RiTRGH Rer e RV DL (Y HER AR Ode bonds
“a IRYRBN aRhAC eake@néuaﬁo@mﬁiﬁs;’hxnt&ﬂg@ﬂgo@aaﬂlﬁﬂw dn@d to

Satisfy the valence of "'each atom That i's, bonds
“aryAeralb @ty langide Ogferingludndsin dere ‘@deidel” Panigesodlsadimctude urea groups
(arnfnOI lrg)wﬁ rlgmnnuggg('i qr{)ate?tt atoxboar}gsn tle(l) 58 h of the

Pt ﬁﬂﬁg f)? 8 BRI OB\ O o tour  bonds;

ni tTHRgem: “drirécli@RASom iy G6ips, inttuddnNslsind F@embbicd Kingle-
. two bonds. Groups that are "optiognally substituted”
ringaremeiiGenoups that wey scluge drogypip te fus dcisipatarns, & axpmple,

d 0 - ' | WA
phefPIBAREE, BranORforBend ik HoBRURIP IR du Srial RN,
pyrapobay psazold) isokazvky phedinbepysaring, pyridizifee ahpyrimiQpte, ambdhe like.
ubstitution js also jndicated by the phrase . =
Fuﬁ%g%%rﬂ s "Wt h reiusles Bt YRlG iy gioune K, tFicy Ghige Pigyskic,

e P Bt P oBaRI G PRl o0
bengathiophengnmOthtyen2dioymdenyl, fmdelpsn tentinyglise kettydophenanthryl,
napﬁllflitalsntei, }nlcjigféf gen(zioﬁl%ﬁ, purine, benzofuran, deazapurine, or indolizine. Those
aryl groups having heteroatoms in the ring structure may also be referred to as “aryl
heterocycles”, “heterocycles,” “heteroaryls” or “heteroaromatics.” The aromatic ring can
be substituted at one or more ring positions with such substituents as described above, as
for example, alkyl, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, arylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
alkylaminoacarbonyl, aralkylaminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl,
arylcarbonyl, aralkylcarbonyl, alkenylcarbonyl, alkoxycarbonyl, aminocarbonyl,

alkylthiocarbonyl, phosphate, phosphonato, phosphinato, cyano, amino (including alkyl
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are unsubstituted or substituted with up to the

recited maxi mum nunber of substitutents). It wll be
woeiedsat t he structures of sonme of the conpPCFEBR200$/063460

this invention include asymmetric carbon atons. It is

to be understood accordingly that the isonmers arising

fromsuch asymmetry (e.g., all enantioners,

st ef.epi soners, rota tauto i astere ners
amipy By B ity M ey g aﬁ@%@ﬁ%ﬂ% ag3frainG (including
alkyl W By BRino H#GRarbb BPERIID, 6ABaR8yIARHA8S), hRidino, imino,
substantially pure form by classical separation
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descri bed herein g be obtai ned through art
1

alicydicqgdicteeryshnitipgssviich grerngt aggineic spas (g formay podyyele (e.g.,
mnﬁﬁﬁed that the substituents of some of the conpounds
this invention include isonmeric cyclic structures.
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cons I soners O ar-s

whithne bugber- Memlbbﬂ&dtchﬁ)osmm%r@fp ctdﬁﬂl[ﬁrlsmgrat ki @, ar@tﬁht@@ﬁng is
|nd|cated ot herwi se, For. exanp term"tetrazo

linkgd, &%@é@g @ éwaé% pend oy @e?ﬁaal%ﬂlplge grogm tSCh ZFAPE | include, for
exaléalnFL 0 S é\grl SAH' &eﬁlt Jsg&kpﬁ in lvgﬁl?ch' é'fthgicyftﬂé &Q%@'ﬁgg linked

npoun e present Inventio
via (Za{lgailaylenqg lpmfmabb'l g CedlsalkpleopePlidngbgranps dnkedwsed sihglen

t he tr f diseases. . ln cert odj nent s 7
coeR A0S o0 A7 SeAKHE) E9IBGE GERI6Y PRERPEad<arengenAl. I
heh 1l RBLET: { Whd 2 BhéMe-ciypat ment  of
P eﬁ%§%§ésoglagngggéordé?sIE@Fg??a as drugs to treat HCV
i nﬂérettﬁmn hetdtivaryl.eas nsedilsasting reptagerds a atﬁbleon@owclmrrém@fchc
i nvent

rlngroge etgt Ia\/OéfP%/& G{lﬁgﬁﬂ% gel?eﬁel{l ﬁlLleflgﬁ é)gF ﬁ]élﬁtls %rprnatlc and contains from

1 toHAét @580k 8t186tcdl DAY e bfsuptdaRsibtify §fa, N bieS MBIt &G IUfrBups
of pharnmaceuti cal conpositions for use in the

withip gt @R OlcHhistdBaision dpQedeslus areenag limitce te Herifenlcae
B e
ben@hﬂil‘eﬁﬁglbfkﬁzbﬁﬁhnyﬂ),rcﬁmaﬂﬁyl, @doguimalinylgoxazolyl, isoxazolyl, indolyl,
pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, tetrahydroquinoline. As with the
definition of heterocycle below, “heteroaryl” is also understood to include the N-oxide
derivative of any nitrogen-containing heteroaryl. In cases where the heteroaryl
substituent is bicyclic and one ring is non-aromatic or contains no heteroatoms, it is
understood that attachment is via the aromatic ring or via the heteroatom containing ring,
respectively.

The term “heterocycle” or “heterocyclyl” as used herein is intended to mean a 5-
to 10-membered aromatic or nonaromatic heterocycle containing from 1 to 4 heteroatoms
selected from the group consisting of O, N and S, and includes bicyclic groups.
“Heterocyclyl” therefore includes the above mentioned heteroaryls, as well as dihydro

and tetrathydro analogs thereof. Further examples of “heterocyclyl” include, but are not
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conmpounds of the invention for the treatnent of these
di seases; and conpounds of the invention for use in
W b@Ivsret nent of these di seases; as appropri aREI/EPZH08/063460
expedient, if not stated otherw se. In particular,
di seases to be treated and are thus preferred for use
of a conpound of the present invention are selected
assoc at ed

. f rd v o | di
s P R OHAN G PO REUH AT D S i o izt
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L e TR T
thlakiﬂlyl- daend; taihadyld a&edmeds, 1, g x s, lﬁﬁxahmompmyu Ip(;be@fzmyl,
t he qresent |nvent|op§as an inhibitor %é one or
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Assays The | iItion o ty may be ‘neasur ed
dlhﬁhohesnzawgualyh uﬂmlbeilrofufanab sehydroiavdazblyb ldehyidnoindhaylart . An

il Pogagyh St g PSR, B BporepBlence
dihydRopylrSziBNt dihPAspy ASSIAY alhfyafopgrﬁaﬁzr %Hi%lmfopyﬁfmw

activity are al so descri bed experi ment

dlh@é@pyrmhylbéllhmwothahméc@bydr@@tra@dmad@wdtoélngdlmyl
ainy PP ELLRTY A7 BTHRl Bl D FREREARTL oy even

Pfece nPll pr event an

methﬁ&’n@ﬁ@@@bﬁo@ﬁ t@ﬂr@l@ﬂﬁﬁiranﬁ ghd tefrSMeRithiche, ¥al NQi$des thereof.
holg%;cal and somatic synptons of an

AttWa%%f cgraey chil subsiigrent e SHT Ha @icabes atasn oy giapgheteroatom.
2009/ 047264 PCT/EP2Q98/063460 condi ti on descri bed
herti hﬁterpw%%fioe@@ﬂml s adgtesodyetic Broap dimbthyiasfsinghecqyelent

O n
bonglrrggatl C%é%gl nt ct 'on%’ nltcgﬂs‘&bj ec er8 Cflé }%ngle% I
heteacyefit glup\(e gamunbtyddic of byt hmmlglfﬂim mgo ¢ einp @hMﬁbdr§linked
. the anmount sufficient
via a single covalent bond or an alkylene group having from 1 to 8 carbon atoms. A "(6-
membered heteroaryl)Cy-Cealkyl" refers to a heteroaryl group linked via a direct bond or
C,-Cealkyl group.

The term “acyl” includes compounds and moieties which contain the acyl radical
(CH3CO-) or a carbonyl group. The term “substituted acyl” includes acyl groups where
one or more of the hydrogen atoms are replaced by for example, alkyl groups, alkynyl
groups, halogens, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,

phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino,

dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino (including
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to treat HCV infection, liver cirrhosis, chronic liver

di sease, hepatocellul ar carcinoma, cryoglobulinaem a
wawsetgki n' s | ynphoma, and a suppressed i Nnnak&T/EP2008/063460

intracel lular immune response in a subject. The

effective anount can vary dependi ng on such factors

as the size and wei ght of the subject, the type of

il or the artlcular o u of. the .jnventi on.
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ni stere ai | r sequenti al | or th se can be
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Ui 46s)
metﬁ \?{eﬁtﬁllbén E:kg) 6@2&%}82 O?Ot%ona I y incr eaxi, glrelcl)prS dgg?a algccelgde
cyclacsgmﬁﬁflt w:l e cyﬁ?pMye Hxgeplis of gldfstltdﬁ}eihalh@r}aye?@s ioclode
ro CllI C sSlI oun e ntil on

hal i RELHRSYY Emiby. Bl R SPDS G b Sl gpd G Bt sl as
alkerﬁ;vls ARSASI, ﬁﬁo?@h‘i Faﬂ@@ﬂ ARG RhbonPlox?, %yl%zﬁl%oﬁﬁ%k’;f acture

har maceu ositions for use in
alkqxweabmmxyofamkb?é/@érbdnglease"@rbowkamdlétybarhqgﬁl elfylcarbonyl

{ the t { t
alkoxfyn%)ﬁ%%ye %ﬁ)lng%lar OIgIli ?kerf r%lllrnI Car ﬂt%y%lg flﬁ%lrarenrl)lg carbeoial fTBn

alkadcaﬂaoﬁylnpmuﬁyi§pmSphati@ ph@ﬁ;ﬂmmtb ?Hﬁépmﬁlht@ncﬁaﬂb atrﬁiiﬁo
treatment of these diseases. The | angua

(inchyshng athideinealialkyape, flTYé%mlnPn‘é}PHYéPé@nﬁ»raélﬂé#kéﬂ%%H@lno)
o A% SRR 3P SRR,y B
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hunans they c '

n be given per se of as a .
Sulfpito ISRV o 3 FUBTRASS PLTeO A IHOF Y h 6o reidgedisreeyclyl,
alk;@a 1, t0? ar? Srontdtic TP h& R Rl RRhdietiQ: %xtaﬁl 8% nolo gﬁ? Lub¥uted
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alkm@qmm bhadudsabni ae nofldmited to, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, chloromethoxy, dichloromethoxy, trichloromethoxy, etc.

The term “carbonyl” or “carboxy” includes compounds and moieties which
contain a carbon connected with a double bond to an oxygen atom, and tautomeric forms
thereof. Examples of moieties that contain a carbonyl include aldehydes, ketones,
carboxylic acids, amides, esters, anhydrides, efc. The term “carboxy moiety” or
“carbonyl moiety” refers to groups such as “alkylcarbonyl” groups wherein an alkyl
group is covalently bound to a carbonyl group, “alkenylcarbonyl” groups wherein an

alkenyl group is covalently bound to a carbonyl group, “alkynylcarbonyl” groups wherein

an alkynyl group is covalently bound to a carbonyl group, “arylcarbonyl” groups wherein
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adm ni stering conmpounds of the present invention to
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I r | e | ive oil,
B S R R (R S
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et hyl ene C ch eth oleate
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boun@ %ther non-toxi c conpati bl e substances enployed in
G MNeceutical formulations. Wetting agents,

car‘tﬁ‘)mk(ﬁh bF gleshiabstbbiid ik QN FisthefHSHR odtfer SiO¢AiBaly@Hoydties include,
sulfate and nmagnesium stearate, as well as col oring
0xX Ya@@ﬁf@nybépwa%ﬁg%mhe syhen ﬁfgnag@nmgthlocgvt@@v@m% groups,
. flavoring and perfumng agents, preservatives and
‘anti oxidants can also be present in the conpositions.
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ter sol u anti oxi dants uch as scorblc
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Y e LD oS g LSRN, SR S o
hetc?@REth ousd N andskyebi hiofh @64 id bonded to the carbon of a carbonyl group.
The term “ester” includes alkoxycarboxy groups such as methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, etc. The alkyl,
alkenyl, or alkynyl groups are as defined above.

The term “thioether” includes compounds and moieties which contain a sulfur
atom bonded to two different carbon or hetero atoms. Examples of thioethers include,
but are not limited to alkthioalkyls, alkthioalkenyls, and alkthioalkynyls. The term
“alkthioalkyls” include compounds with an alkyl, alkenyl, or alkynyl group bonded to a
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et hyl enedi am ne tetraacetic acid (EDTA), sorbitol,

tartaric acid, phosphoric acid, and the Iike.
wo-adas4 ons of the present invention includeP@BBM08/063460
suitable for oral, nasal, topical, transdermal,

buccal , sublingual, rectal, vaginal and/or parenteral
adm ni st rati on. 80 WD 2009/ 047264 PCT/ EP2008/ 063460
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dosage forns of the invention tTor oral adm trat’ion
alkylora suhe srontasib loe histeroaromatic moiety.

The term “heteroatom” includes atoms of any element other than carbon or
hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus.

Additionally, the phrase “any combination thereof” implies that any number of
the listed functional groups and molecules may be combined to create a larger molecular
architecture. For example, the terms “phenyl,” “carbonyl” (or “=0”), “-O-,” “~OH,” and
Ci6(i.e., -CH3 and —CH,CH,CH;-) can be combined to form a 3-methoxy-4-
propoxybenzoic acid substituent. It is to be understood that when combining functional

groups and molecules to create a larger molecular architecture, hydrogens can be

removed or added, as required to satisfy the valence of each atom.
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pills, dragees, powders, granules and the |ike), the
active ingredient is mxed with one or nore

web@emeeut i cal |y acceptable carriers, such asPGDEP29013/063460
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invention include isomeric cyclic structures. It is to be understood accordingly that

constitutional isomers of particular substituents are included within the scope of this
invention, unless
indicated otherwise. For example, the term “tetrazole” includes tetrazole, 2H-tetrazole,

3H-tetrazole, 4H-tetrazole and 5H-tetrazole.

Use in HCV-associated disorders

The compounds of the present invention have valuable pharmacological

properties and are useful in the treatment of diseases. In certain embodiments,
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Assgusspendi ng agent s

The inhibition of HCV activity may be measured as using a number of assays
available in the art. An example of such an assay can be found in Anal Biochem. 1996
240(1): 60-7; which is incorporated by reference in its entirety. Assays for measurement

of HCV activity are also described in the experimental section below.

Pharmaceutical Compositions

The language “effective amount” of the compound is that amount necessary or
sufficient to treat or prevent an HCV-associated disorder, e.g. prevent the various

morphological and somatic symptoms of an HCV-associated disorder, and/or a disease or
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the treatment of these diseases, or pharmaceutical preparations having compounds of the

present invention for the treatment of these diseases.

The language “pharmaceutical composition” includes preparations suitable for
administration to mammals, e.g., humans. When the compounds of the present invention
are administered as pharmaceuticals to mammals, e.g., humans, they can be given per se
or as a pharmaceutical composition containing, for example, 0.1 to 99.5% (more
preferably, 0.5 to 90%) of active ingredient in combination with a pharmaceutically

acceptable carrier.
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present in the compositions.

Examples of pharmaceutically acceptable antioxidants include: water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propyl gallate, a.-tocopherol, and the like; and metal chelating agents, such as citric acid,
ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the
like.

Formulations of the present invention include those suitable for oral, nasal,

topical, transdermal, buccal, sublingual, rectal, vaginal and/or parenteral administration.
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adm ni stration other than enferal and'topica

adrinmolsd desagoforms of the invention for oral administration (capsules, tablets,
pills, dragees, powders, granules and the like), the active ingredient is mixed with one or
more pharmaceutically acceptable carriers, such as sodium citrate or dicalcium
phosphate, and/or any of the following: fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, and/or silicic acid; binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
humectants, such as glycerol; disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; solution

retarding agents, such as paraffin; absorption accelerators, such as quaternary ammonium

compounds; wetting agents, such as, for example, cetyl alcohol and glycerol
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compositions may also optionally contain opacifying agents and may be of a composition
that they release the active ingredient(s) only, or preferentially, in a certain portion of the
gastrointestinal tract, optionally, in a delayed manner. Examples of embedding
compositions that can be used include polymeric substances and waxes. The active
ingredient can also be in micro-encapsulated form, if appropriate, with one or more of the
above-described excipients.

Liquid dosage forms for oral administration of the compounds of the invention
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““ga%?ﬁbén?EPX Km$ﬁ? g;lt i s possible for a conpound of

t heFapmaREbhs oMHe phirfiacéidichbiecoatdsitios 6f e imahftefor iréctdlor
preferable to adm nister the conpound as a
vagwab%dmeetml%maﬁ bErpEsseited s a suppasiipsy. which BwE b pecpared by

g%rn%o %r@ﬁﬁ@@@% %?ﬁ{étmwﬁ‘( SR WRDLrROE ni € BB Iaoglam{‘i‘tatmg

n y aval conpoun ds usi ng procedures
exciptentshorsarridks tdmeghising, férecxample, cowh battag palyythgleac glycobae

of .the foll ow ng condjt thout limtation: th n
SUDPHUOBCHEOH SHRYate, B Y whghy Py Sl Eppip §Fn}Pé’FﬁS\}f§b'P1€~ gL
bod¥ t‘Eé%l;lpélr§tuf‘lé(-’etnd§"‘thelrefore, will melt in the rectum or vaginal cavity and release the
active compound.

Formulations of the present invention which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate.

Dosage forms for the topical or transdermal administration of a compound of this
invention include powders, sprays, ointments, pastes, creams, lotions, gels, solutions,
patches and inhalants. The active compound may be mixed under sterile conditions with a
pharmaceutically acceptable carrier, and with any preservatives, buffers, or propellants
that may be required.

The ointments, pastes, creams and gels may contain, in addition to an active
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constituent of the particul ar desired end product of
t he conpounds of the present invention is designated
wa@20pgRect i ng group,” unl ess the context i ndi PEE/EBB2008/063460
ot herwi se. The protection of functional groups by
such protecting groups, the protecting groups them
sel ves, and their cleavage reactions are described for
in st ndard.r.eferegh wor ks, suc

exanpl as e.g.,
comgRR i st GBS e YA AR e PR uyayes.
paraffﬁtﬁ_]sl1 ng%@dh”ﬁfﬁ%égﬁntgcgegl?% Sg 'ﬂbl?&@wy@ b A thyRindtel @RI silicones,

bentonttes, /svlmm@cgh tederaed ohe gyd@,rmsmlst%WQ@%ct r oni ¢

Versi o
& daalrsidogh TEES gt geatten b SRR Gbe on
exci@its sYiok ks LBib3e, tal, sllicid\cilr aﬁ@rﬁﬁmﬁﬂl‘ﬂyd?om@e MciMibisicates and
"Protective Groups in Organl c Synthesis", Third

polysgnide pewvdany orapixtugespthese subgances. @m%éalpé@ﬂm@@#y contain
custgﬁla% gel a%g§ g@crh'\?g Rib M@eoﬁ)l% c@c% éelggl%%g%bggﬁéeqp
hydﬁndrbNﬁwstrdm LBk, andrpropawét hoden der or gani schen

ot Wy tpggs' Fube g 4({21%@5“ oeR oG HoWrE g%lntro\ﬁé(yi delivery of
a co%kirﬁlh@ 8f the (13967541% 1h9eﬂf10n R, th%%ﬁg k@ucﬁ%seﬁe forlﬁss&alﬁl?)%'rﬁade by

nosaur ep | e, Pr ot el o acid
dissPbig areBspeRing thic meinpoifet inale plﬁbeﬂmedluMéAhkmpmn enhancers can

slsoGrseh P, e ToUEF TRGAMEARY AR A Do e guch flux

can BB oReS1icd By R1thé B Pidsior Vraff coBb PR YU 8RS or dispersing the active
Monosacchari des and Derivatives), Georg Thiene Verlag,

compound gmpolxmvmmamxmprct er- istic of pr ot ecting
rea

gr %%%Ahtnhe og%gfal{]l oS, g%e 01n rn sd é)gwg% ssoe% ar?{ﬁle like, are also

confeﬁ@ﬁdte@mﬁelﬁgnwltﬂman@mpbySfﬂ@d MOEntinS, T educt i on,
photol ysis or alternatively under si ol ogi cal
c orfdiateseytigad cgmpo%syorlc,srpf;vmﬁw@n@rbwaél@)for safnterabf
t
scnfATRAN o fiisl O, B BOR Topl BUEN A O AN Booh BRBlo0Nin
one [oe mos€phdroncaxiaaipl g cepable steoie xsaﬂpmmrqd&mfor nt)llmilueous

present invention having acid group.
Sohwﬂaps SIRRISIANS, Pnsions Plh%mkl jons, %ﬁﬁ&fﬁWW% W wétr%ﬁy be
recdTQIRRIANAR stGHEC thi@Satd Kdfion¥Rt AlspSRiohs jRf pSdtith %E’é ‘%vhlch may

organic car boxyl ic acids, e.g., the SOdI um salt of
con@nemwddamhbufﬁerachacterlwtatm sohganviziclardodbi thenberalulaton isotonic

S AR AN T M TN TN O

Examples of suitable aqueous and nonaqueous carriers that may be employed in
the pharmaceutical compositions of the invention include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures
thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl
oleate. Proper fluidity can be maintained, for example, by the use of coating materials,
such as lecithin, by the maintenance of the required particle size in the case of
dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting
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hydr ogen carbonates, such as sodi um or potassium
hydr oxi de, carbonate or hydrogen carbonate, wth

W@ reespendi ng cal ci um conpounds or w t h anmmonP@I/BP2088/063460
suitabl e organic am ne, stoichionmetric anounts or
only a small excess of the salt-form ng agent
preferably being used. Acid addition sal ts of

oynds of the sent inve on are talned n
gl g AR B R iR AssOanaL i ¢ h
mlc%r%hs%s%aﬁw éﬂsh?éa't%z 86 i&mm&a&ﬁh@ﬂg@s ARBEQBtal and antifungal

Internal salts of conpounds of the present invention

agel@&rfpaﬁmnge aerapen, aqhhbrblaga@hsrdllenolfsorhw agdgmdubs like ligmay also

and a am.n
be RyfiGo B 8 Kpfn e RB P S Rurop B Pisc B R e im0
the a(ﬁh saxishis InQid d Bidh 1§roldnged Bgotsialf el infectaBlRi pharm&egtical form
weak bases treatment with | on exchangers.

ma}é@ﬂ rougly beyet bydh% éwh@u)nl of ageids Hiehaglayrabresttionsueh @Shééummum
metal and amonium salts can be
mo%%ﬁ%%?te ?%%’exanple by treatnment with suitable

ac |Idsoma n@lsea,cm @rdeadd pitol g tBatffsct of @dnex &rnpld&irably to slow the
treat a SU|tabIe basi ¢ ag egw The present
absrR{jhP faﬁ dry IR S SN CRFRTHRERDRICE vrye%@eeﬁléma% be

accé f @R 59 Itﬂeyu 09 b ?ilhﬁfa s‘ﬁ?ﬂ@ﬂ@iﬁﬂ ds cﬁ/gtaﬂfh% or 'ai'h%%ﬂoﬁﬁ] rna'terﬁl

ounds of Orl'TU a wher el one Or nore
havﬁl@Q@bf)YW@ﬁ 4ol PGTifEPDO G8¢ Oﬁwﬁ@tloatocﬁﬂﬁt dmng tlreapileliﬁldd ubgn its rate

ato g. the sane, atom c nu bu 1 C
of FsSbhan Miedin i 5w arRoeRt e ABe sSoRRiRhgs or
AltdiRsiseRUMber usually found in nature. Exanples of
I sotopes suitable for inclusion in the conpounds of
delayhé absoviivmi adia pacgrliysedmingsierop dsiedbrydiceganlished & as
13C and 14C, chlorine,

(h$95%%ynSu§g@§mg$ﬁﬁgwgﬁnan ﬁ‘ﬁgg "18F, iodine, such as

12 3hjeatableki2pdt, fofths re@@itic byUBHMIAS midddh@psuld alitoey g€the
such as 150 170 and 180> phosphorus, such as 32P and
subjggf cmmoun@iﬂ@rblod&gragie@e pe@m% WCh%p@W@&ﬂWOHyaB@Ph@d

Dep%ﬁ&'iﬁg Sof < 191{10 of Eh[ﬂg J@ 8 )mer and tﬁ’%ﬁ'ﬂﬁleeof tﬁéﬁﬁ&(%ulTr po rPrmelr

I nco ating ar tive Isotope, are
empdoyed, theditoof dtdg%keaﬁe&ah ibs sustralicdt Exdmpleoof otbertbdodegradable
The ra9|0a0i|ve i sot tritium

o i.e. 3H . )
polymgrp gigludg pojy(grthogsters &P pg‘aﬁrahz@nl%ﬁ%s} ;?Depag@fq%?a%%ﬁ‘oﬁorrfmlﬁeons
are BI¥S g%%eh I%g\éhﬁ’%lﬁlfl IR BARRsGhed AGATRRALANLST tBRDire

ready mean f “detection.
compatible with body tissue.

The preparations of the present invention may be given orally, parenterally,
topically, or rectally. They are of course given by forms suitable for each administration
route. For example, they are administered in tablets or capsule form, by injection,
inhalation, eye lotion, ointment, suppository, efc., administration by injection, infusion or
inhalation; topical by lotion or ointment; and rectal by suppositories. Oral administration
is preferred.

The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration other than enteral and topical administration,

usually by injection, and includes, without limitation, intravenous, intramuscular,
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Substitution wth heavier isotopes such as deuterium
i.e. 2H may afford certain therapeutic advantages
WO e®alyizg from greater nmetabolic stability, fRET/EP2008/063460
exanpl e, increased in vivo half-life or reduced
dosage requirements, and hence may be preferred in
sone circunstances. Substitution with positron
. emtting isoto u S ' and 13N, .can be
intr st TGRS P herRHedr S RSP PR os
intrd [REit AT B AP S LB @kt hcb8S SREQFicul A€ GHRAREN lar, subcapsular,
I'sot opi cal | y-1 abel ed compounds of fornula (1) can
sub@f@@imoai hl}trdsplnplr andanteabtdyyal igjeeterandon@isionechni ques

e skil t he.a [OCesS8es. .
el gty OSSRt BB irbEe iRl oBIERg g periphera
adnﬁ%@tlim{cﬁs apfl dadthiaResied p@phetaslyNgs aded ARRSOMchRR administration
i sotopi cally-1abeled reagents in place of the
of arggRWPHRb s et ripateyiad @ %&g datiopt bmthe central nervous system,

o RS 5580 L0100 A BRI
pro@ksesy fps tadrhplz asubanamsays bdminssdtatpn.cal | y substi t ut ed,

D20, d6- acet M xtures of is
ob?%eﬁ%m%p%eé%mv aafh@n%lﬁgrwﬁ A% By ?@rﬁné&ﬁh%énwg;f%ﬁl@aapy
by dn sBitalTRRREL ommlsﬁsﬁons ﬁlcwﬁo% &Iaﬁy,' ﬂag;uw Qyﬁyp fbﬁ@&ﬁ{p%e a

ast ereol soners can be separa exa
spragardctaﬂlyomtragag}ueﬂlwemelpeﬂayphaﬁa@stwlauﬁ aamd mpldally,efs by powders,
rec talllsabyon and/ onatﬁgraphlc separation,

h
ointpgpts seinglpdmediuesql a@l&fsu ngigl medi um

Pr a&fBess o Bidirfute BT QIMRdFABR YelOMEd, tﬁ’e é&ﬂ@'u%@ﬁo%@%?esent
columm, and racemates can be separated, for

invezmog/\@lmlz ewy m@mm@wsmwat@xfam and/dyhe mnnaceutlcal
comlpggl?lan% %fnth Hres% t n§ven tlli] 20 fo ate%ffil 13{10 LR,%alsnal?cteu 1cally acgeptable

ar
epara dn 0]

dosage&tsfrﬁg BPLERERichas MctBiaknabl & thbQrofekampltee &y neans
of fractional crystalllsatlon or by chromat ogr aphy
ov ety dopagellgy ekt the agtr ungrodiants i Télleé)haﬂnﬁﬂcé‘#tiﬁéb PpRApitions

of tiil ﬂnfeg{‘éﬂ ml %89 Vet ds%@.{il @ S?ﬁﬁi diéeaq%é_{fgh_t Gf‘%/se %Eté@éﬁ‘hglfe'd?eﬂt which

according t st an

is efftutvont odriaphthedevttdasapediis taspdnst ifan petihidaspatiCte- )
comg)r@)?/}g}){?,: o at({e or% adgl?rgstgar‘gleonl \I)vi(ﬂ?out %e{l]lgrtoailc tor t %%gtslent

The selected dosage level will depend upon a variety of factors including the
activity of the particular compound of the present invention employed, or the ester, salt or
amide thereof, the route of administration, the time of administration, the rate of
excretion of the particular compound being employed, the duration of the treatment, other
drugs, compounds and/or materials used in combination with the particular compound
employed, the age, sex, weight, condition, general health and prior medical history of the
patient being treated, and like factors well known in the medical arts.

A physician or veterinarian having ordinary skill in the art can readily determine
and prescribe the effective amount of the pharmaceutical composition required. For

example, the physician or veterinarian could start doses of the compounds of the

invention employed in the pharmaceutical composition at levels lower than that required
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The follow ng applies in general to all processes

nmenti oned throughout this disclosure. The process
WGEL@pe424 synt hesi ze the conpounds of the i nveP@T/BP200%063460

be carried out under reaction conditions that are

known per se, including those nentioned specifically,

in the absence or, customarily, in the presence of

. splvents or. di i nc in

n °§gﬁr¥\Pe GVBFhedﬁiqSHS %@racpﬁﬁ?c %f?eét ?‘?ﬂe d‘fad&a}Pg‘gaSceﬁlée dosage until

the B&RGEBES:tYsgdidnRd di ssolve them in the absence or
presence of catal ysts, condensation or neutrali zing

agdntgsnerilpp seisedpdasly dosproex @Map@ed:of thpuiomerion otlibgrthat
exch ers, e. i [ dependi
e ARB Sfipfidpa i et afl et o SR RMRE P ftic effeet.
Such @8l Uereetiveriosdraill géncellBM @Peﬂh URIRBE Blctir&destAbed oaspl e
in a tenperature range o fron1about -100 C to about
Genpodly, intrgrenoyp agd sybsptaneous dpses of thaganaypéseithisanyentigy for a
patlérgCQRB{ %m?%]l t?% ¥n e a%u%ng%eSI% %?@&IS ewglora%% o%&%goﬁt% 0001 to
ﬂmﬁ@ﬂMUﬁgpeﬂn&g&ﬁmoébmymﬂeghuﬁiﬂmﬁmmﬁepﬁﬁ@ﬁﬂgéﬂm@dmmumﬂlw
a c| osed vesse appropr| t e under pres re,
aboyfmf) 1§ PEHKERET Jaﬁearnfi s ﬁ%%rﬁ ﬂ?éf‘rfea bydfore bl ‘Gt 199 me per
kg REEXN Rh eﬁbét{v%gl%uﬁjé ﬁ‘%ﬁ&l &Rt t%@at@éﬂ H@t\/a%éc@tgd Hﬂgrder
reactions, mxtures of Isoners that are forned can be
sefdédedired, thatdcdttve dariyidosechfahe wxvﬂeompouimkmey(hﬂpdremlstered as

dj astereoli soners or enantio |nt desi red

twopdhiien KAE T P Shrae SGHosS Rpie T g’ Ot b s
inteBfals HIAShEG RS &dgﬂmfst%naﬁ9rm%ﬁraek@geamhsogousI y to the

met hods descri béd in Science of Synt hesi s:

Hod\H éﬂe megfposn@idw@ﬁg cgmpmdetfdheprewré rtisvreoh@mtq bmadn@meged
alo erbllaﬂ) adrmnl fer aercto haany ; ha aceuti h]Tc s} 110n

r%er {3 R TSEIS Riomoigiey Bt 1198? ArePy ““t%%‘h% Sf pgﬁ

particular reaction may be sel ected include those

nmenti oned specifically or, for exanple, water,
SvnibetiePeocediiieh as | ower  al kyl -1 ower al kanoates, for

SISV Sy S5 S B BBy

compwangs singdj fedbdpdursstknewn tethosy sltiiled mttheas, inéladingxaypheor more
rahydr of yr ane | oxane, liquid aromatic

Ofﬂﬁy@18wgﬁﬂ@ﬁ’“°§%8Wg8%qB%W¥@ﬁe or toluene, alcohols,
su O&ioltﬁﬁﬁ thggv,rg@@ B0lhis RkNBAL! a Rhdily reﬁfovgblg g%él%'}%t’is not a

nitril h as acetonitrile,” hal ogenat
constituent of the particular desired end product of the compounds of the present

invention is designated a “protecting group,” unless the context indicates otherwise. The
protection of functional groups by such protecting groups, the protecting groups them-
selves, and their cleavage reactions are described for example in standard reference
works, such as e.g., Science of Synthesis: Houben-Weyl Methods of Molecular
Transformation. Georg Thieme Verlag, Stuttgart, Germany. 2005. 41627 pp. (URL:
http://www.science-of-synthesis.com (Electronic Version, 48 Volumes)); J. F. W.
McOmie, "Protective Groups in Organic Chemistry”, Plenum Press, London and New
York 1973, in T. W. Greene and P. G. M. Wuts, "Protective Groups in Organic
Synthesis", Third edition, Wiley, New York 1999, in "The Peptides"; Volume 3 (editors:
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hydr ocar bons, such as net hyl ene chl oride or

chloroform acid am des, such as dinethylformam de or
wWa@l2ooenkReb4 acet am de, bases, such as het er ocycl PCT/EP2008/063460

nitrogen bases, for exanple pyridine or

N- et hyl pyrrolidi n-2-one, carboxylic acid anhydri des,

such as | ower al kanoic acid anhydrides, for exanple

E. G550 Db EFL A&l prishaie® epd RERVGR 1981, in

"MBRRE MeARGaniQ¢hcRICHMIES(MI IR OF ©rsiV ENLMistry S, Mouben Weyl,
exanpl e aqueous sol utions, unless otherw se indicated

4th pditipmeV eeme gt G@@rgdfhletrh@Vemg; Stedigey.19%hah Hsd).Jekubke and H.

u, "
Jes TSR By B PR TR PRl R FHAED. Fertae
Chelnﬁ6|WGinﬁ@1rﬂ MRIcFicS@BE&ch, ARYB&Jcs 09822 afbindiotkesh ILéhnidh@, "Chemie
form of ydrates, or their crystals may, for exanple

der Kﬁéleﬂblﬁédf@‘ﬁ EMogpvierharids ¢ad Dsrivetey Seleamivipee)i @rbohydrates:
MO;J%saIc%r s G ea%’é%r?vdﬂ‘vfsg o{}? g‘sfrl]lWG ?grrl% %glﬁ&%ﬁ I-J)_'ﬁ A character-

nvention r es a 0se process
1st1d crf pmiecthlgagrompm@uradthe@ lehia b edvha cd Scalilyi(Hé. ;ewnh@ht alicco@irrence

stage qof the cess is used as starting eria
of ua%ﬁlrefi ﬁ%COP %Fa.r?ﬁCHanss AocEREnl Bpwlwleiy 5?41108811 ﬁwolws or

altehﬁn%l Ghd@ éﬁﬁgl ol {&1 SBdfidnle. };Sb{z eﬁiéﬂddftlg lrém[&gzggeghe

react on c ns or 1s used
derSaltabf vempdumds eﬁﬁmmlr@emtnnwntlpn dbeog etlchss one salt-farmidpe

formof a salt, or a ound obt ai nabl by the
roysP Bk B PR s ity Rl b IOHB A Ty . T B Pap (s, s b Gompetmds of
the ﬂ%@eﬂ@ﬁrﬁ%ﬁﬁ&l RAMEH ﬁdl@g&ugyﬂlaprbecf&%&@dfofrté&ﬁ @@ by @ea%ﬂngtﬂhe
ro-drugs The present | nvention also rela

conmoun@r\wgls mgtfal gooperpgsrticiops alivali pretad salts ofisnivabie Oﬁgﬂnm hat
carbon; %%cil § etéig,qhe od\lllll,mv %al% 0 i h%yn Oolilp gcsig gvrrzléﬁngr%aﬁ 15 all aﬂ metal

or allapOtdtth @ftal EEnREERICH MvBs tmmﬁbﬁdlh@ ay@beides, tc@rbbﬁates or
understood as referring also to the correspondin

hydpnesp grigRates Stes SomyBLAICDOGSSIUREY 450dde ﬁﬁrbpﬁ%té Rt Emr,ogen
car‘t%?at%ﬁ‘g{tg ?éﬂsr Sn(ﬁﬂ g%?ﬁgﬂé@%ougﬁg%gﬂhfggg) a & LRTROUEsanic
amin@ rs@ﬂa@metmmu‘ntoluntstdn enly aBs‘knAl‘&@@@fo@kﬂ&%&ormmg agent preferably
belnFéc{lE/ecli:_ P%Q%Sa{d?igl%ﬁ%glts of compounds of the present invention are obtained in
customary manner, e.g., by treating the compounds with an acid or a suitable anion
exchange reagent. Internal salts of compounds of the present invention containing acid
and basic salt-forming groups, e.g., a free carboxy group and a free amino group, may be
formed, e.g., by the neutralisation of salts, such as acid addition salts, to the isoelectric
point, e.g., with weak bases, or by treatment with ion exchangers.

Salts can be converted in customary manner into the free compounds; metal and
ammonium salts can be converted, for example, by treatment with suitable acids, and acid
addition salts, for example, by treatment with a suitable basic agent.

The present invention includes all pharmaceutically acceptable isotopically-

labeled compounds of the invention, i.e. compounds of formula (I), wherein one or more
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agents, e.g., an additional HCV-nodul ati ng conmpound

that is or is not of the fornula I, for treatnent of
wapeIsBieeaassoci at ed di sorder in a subject. By PCIHEP®O$1063460

“conbi nation”, is neant either a fixed conbination in

one dosage wunit form or a kit of parts for the

conbi ned adm ni stration where a conpound of the

resent invention and conbi pat.i on part ner . be
otor R RIS DR BRI e ¢opH RUEHfe O e e Mass or mass
nunftRPAITRE&H YroM thBlafntit Mist 8 Bh¥H S TP BluafS P&EHEh n¥tudd. | ow
that the conbination partners show a cooperative, '
e. ixampjaserigisstopes, swifablsctor in¢lusiony i dib cerapdunds tofi dhe afvention

For exanpl e 2005/ 042020, i ncor porated hereinpn b 14
compgpes SREBC R ITUBERY ot §° 1 e P BB rehalicho! frat Lotnd “C:
chid@fneVauch Qy S AtiGYudriR fichak S*Ryiddina seatt CHT ap@ P4 8frogen, such as
5. ("CYP") inhibitor, Qgg CYR inhibitor that inproves

Nepd Pharvasdorichasi €& df aithe O phesphprusNGgh an Ppgnsksarlpdar, such
(3r@y be used in conbination with the compounds of this
invention. These CYP inhibitors include, but are not

|'i ridrath timtopitdlbniabelted( YEnPUNE 436 forinndor @Rr folr eckample, those
. herein by reference in its entirety ket oconazole, . .
INCQrPQR Wih Y SAJRACH Y C BOHPERYI %Wﬁ%@r@g ap{/er segsBpicrissue istribution

~]1 0 i i fli - tma a4 F:Lu .
S B PR e e O N} 4 ctoge e pcularly
usefmerfor ahis meyrpasadinneieivr of tiedif icasvof incanpramay hnd ready means of
d fﬁsanprenavir, saqui navir, |opinavir, delavirdine,

GO hr onyci n, VX-944, and VX-497. Preferred CYP

I nuUBkhtatisn Wikl ned@ick idoRIPRY ktioh &LIREPNAZAlL?H, may afford certain

trol eandonycin, 4-nmethyl pyrazole, cyclosporin, and
thergpayitie taldi antegce resviitngolemfgseatereastabolrrgstaliibityalfor dxegnpls iereased

. GO to inhibit CYP activity a known, (se .
in FUEREEIE SPp R0 e mEb R fongS WA g Bifeppegin some
circhinstae&dst i on, vol. 21, pp. 403-407 (1993);
i ncorporated herein by reference). Forlpxquhg a |,
CcoNpPOBHEteH WA Dosijign FaHEMEHERfoRss, $ush @batled fwi (hasl TN, can be
wofl By A PSRBT er] S o PBEEAREL A S ecp
occamuner ci al |y avail abl e, pooled characterized hepatic
nicrosqner) m nutes, ar ot her

0, 5 10, 20 d 30
appPrYpRFal Yéla{’glfgﬁjré}é’@ﬂoﬁng%@g&’é’g‘gﬁcé) gn ggnerally be prepared by

con%@?o’hﬁlgt%glﬁﬁ ds hﬁ&o@%ﬁ% QH&se(@]‘gﬂLerdoih th& %H_tb'?tﬂgpﬂ%c&@%’s Qﬁ%ogous to
thoésébsgébrzﬁ imlutthe ;cgmrﬁqug?tfg:Ega)mplgg Zflcli ;a%&;@i;g;ig sglr appropriate
isot@%ﬁ%?%ﬁgﬂfgg %e}?‘g{:‘n s ﬁggenocf%heo Iflor{-[]a%el%g @a%ggtdpre\!iggs 3p grtn}pl%?led.

Pharmaceutically acceptable solvates in accordance with the invention include
those wherein the solvent of crystallization may be isotopically substituted, e.g. D,O, de-
acetone, dg-DMSO.

Mixtures of isomers obtainable according to the invention can be separated in a
manner known per se into the individual isomers; diastereoisomers can be separated, for
example, by partitioning between polyphasic solvent mixtures, recrystallisation and/or

chromatographic separation, for example over silica gel or by, e.g., medium pressure

liquid chromatography over a reversed phase column, and racemates can be separated, for
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produce a linear rate of conpound netabolismw |l be
used a guide for further studies. Experinents known
WO poovke2e4t can be used to determ ne the ki net PCHERF008/063460
t he conpound netabolism (Kmand Vmax) The rate of
di sappearance of conpound may be determ ned 92 WO
2009/ 047264 PCT/ EP2008/ 063460 and the data anal yzed

accordi,ng. to M chaelis-Menten ki netics by usin
exaiPp o b M P ImIAnIOT SELVED PR s SurCral BT Segectts and
sepdr8ESESShO iR ofHisterddIiirs s@HbtRhabR! RPekdnSilt by means of

experiments may then be perforned. For exanple, a '
fract omgd supstilI{satien.cw iy shranzto gyaphyovenppineily Betivaenlian ewterials.

or BBRHEES BTN pBRA R B S PRRIR sl PR R

standBdahethbds, .29 lﬂl@iingicﬁfb‘ind#@%@ﬁhﬁ ARthodb AN Gribiionyaetheldh ere-)
reqo%nized, control incubations should contain the
cryssgligatiopnaeibe §k¢.on of organic sol vent as the
i ncubations with the CYP inhibitor. The
concentrations of the conpound in the sanples nay be
Gemgrdptickatwdditiond the rate of di sappearance of parent
co oun@ mpy be determined, with rates being expressed
as e TplpwieneRplesdn cermtl gl REqerics eniigiqddgeougpeut this
discy@tdating the influence of co-adm nistration of a
compound of the invention and a CYP inhibitor in a
sublleqiro@sestapssto skmbenzq the epmpognds oUBROOYINIOR 875 Be carried out

i ncorporated herejn reference). .Any such nethods.
undg R ouSanT HELERALRYT B S DR TUCig BoRDRHERER oL iically
in tIbO4LRENT B8, dub@niAdy, TRaRKIrBhECof STRARLS 0P Hil@erk® TRilNAAE T:
Subj ects that would benefit fromtreatnent according
examples sl geritheteditucots thed aradinet éawdsds delreageed usataurdissalicythem,
in tl?en%senrgb%gi e nrgc Off catl hi St;si po\ﬁ%ntsiag%bgrr O\{litrgﬁzsmaanenttsh ?dr fx?lr le
adim A SO PIRG A CHAPBS BP9 P HRAEE Edrpoutid 8P
ion thehahgers RUEIOD: cafiBR teang@shod] ehé HOforbd)dspdndigrin th@ nature
provi des a nethod for adm nistering an inhibitor of

of thesisasfing apdjpr @f th?p’sm?l}% atirs@ﬁ%@oz@i@r(ﬂwmﬂctqr?pqr?m, for
cxa B3N Mo i YRSl om bORLYE Ao XL ilyaing. for
exampieo oneppsoxidetcly KA far ppeas@atichhi I0°PC ofor esanple 95@or(1680 to -

t [ t f CYP i nhi bi t
60° T%g&{rﬁ?ﬁ%qﬁ%ﬁ%% oeré;gﬁégg'ﬁotb e01r at reﬂu;li [c]enllpelratgrre, under

atmospheric pressure or in a closed vessel, where appropriate under pressure, and/or in an

inert atmosphere, for example under an argon or nitrogen atmosphere.

At all stages of the reactions, mixtures of isomers that are formed can be
separated into the individual isomers, for example diastereoisomers or enantiomers, or
into any desired mixtures of isomers, for example racemates or mixtures of
diastereoisomers, for example analogously to the methods described in Science of
Synthesis: Houben-Weyl Methods of Molecular Transformation. Georg Thieme Verlag,
Stuttgart, Germany. 2005.

The solvents from which those solvents that are suitable for any particular
reaction may be selected include those mentioned specifically or, for example, water,

esters, such as lower alkyl-lower alkanoates, for example ethyl acetate, ethers, such as
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As woul d be appreciated, CYP3A4 activity is broadly
observed in humans. Accordingly, enbodinents of this
WO paseidi26h i nvol ving i nhibition of isozynme 3A4PGIBEPIH08/063460
be expected to be applicable to a broad range of
patients. Accordingly, this invention provides nethods
wherein the CYP inhibitor is adninistered t oget her
he co ound 0 |nven Dk t he sa das
alipBirieb o ety devhi e BY Foethein Sre S BpE Ao furane
or didi@né, Myans ér@ﬂlaﬁ@hﬁdroceﬁ@&ﬁoéiﬁﬁ a9 berZRhEW RIdenBlalcohols, such as
subfornul ae  thereof) may be admi nistered as the sole
methargl etlicant oro} q'rﬂ opdnohaxiides, sichab pestenifrde haiaghnated WO

2009/ 047264 / 06346 her antiviral ents,
R AR R L SN M T
dimtgIfapyamidebf ieddtivg adasagrsbats, sueh &rhat@b&/cie ﬁnfdgeﬁb@ses

adm ni st ered toget her, whereas in alternation
for gagpdnpyrainsory- m%ylawohcbnﬂemee@%rbwhaég@g@ mrlcteacwch as
lowgrgaﬁlgérnao csaczi‘cfj I{yrc]ir;i%iigsg %gt gf%l aJcthcognhgaﬁg«lfj %géﬁca ké(ar ot granched
hydmoefooab tseclnat ctytah)heidmrl@emnbelclamtanb omdixaess dfithddepbbents,

S|nultaneous tresses on the virus. The dosages iven

for Giamplejapieaps utms oress gHheryise ddicaiad ig AhedscanioneTi ths
prodcRl8. QlchtsBRchl HBktdSs i’l‘ﬁ&l l1s8%e ugﬂhﬁ woRf le for e&arh?letb?/

e noted that dosage val ues w al so
chraeategaplyy af partteonicondi ti on to be aIIeV|ated. It isto

be further understood that for a pa ..cul.ar, subj ect,
op TP ety e RRrbRE S ey AR ELRR ihth 5F
hy d@%suat ﬁglr@y;@falg nBR BESANHI A Ind@ILRE soll & iud ek ryRRBthation.
and rof essi onal judgment of the per son
leﬁcﬁlﬁi ﬁriystta merfgm@ﬁrmgwb@pw@tng t he adm m stration of
a ai,nst

ff t he
ef e %1:9{1 :reo afes alg% ?Qot%o%e fé %89 e pgﬂf& I t ] ch a Fornpound

vira

obteﬁﬂﬁﬂ@ﬁs@ﬂl ipperaedihidiab gy ithg ke FRORRUNGkeH As carthignaiteal and
or alternation with a second, and perhaps thir

the pemaiRiNg ATOCEWHPS HEF $a¢d P oRIdB svhach distartiag appterid frgformed
undgl“th@tréagﬁoﬁ %@'ﬁhtﬁ&i‘tor ?sadéﬁﬁﬁjnt 4K rg(tnjilr?o { H&Waﬁbg £ é&%rﬂp'i‘e fha

rug resis rus ative
protptrad fiaendd inehd form lif adhls,tdrlabumponndaobtamhlele bpa]nealm’et@s S
of . the drug can be altered4£y such co |nat|
accofingrin S gHen0R Anppdusdi underiss Reesss g ipBgadprocessed further
insigacticing the method of the present invention wll
vary dependi ng upon, for exanple, the conpound of the
i nvention enpl oyed, the host, the

Pro-drugs

The present invention also relates to pro-drugs of a compound of the present
invention that are converted in vivo to the compounds of the present invention as
described herein. Any reference to a compound of the present invention is therefore to be
understood as referring also to the corresponding pro-drugs of the compound of the

present invention, as appropriate and expedient.

Combinations

A compound of the present invention may also be used in combination with other
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node of adm nistration, the severity of the condition

to be treated. A preferred daily dosage range is
wabwav4f2zsom 1 to 50 ng/ kg per day as a singl e PIOFEP2NS/063460

in divided doses. Suitable daily dosages for patients

are on the order of frome.g. 1 to 20 ng/kg p.o or

i.v. Suitable unit dosage forns for ora

dm ni str tlon ri e f.romca. Q.25.to0 .10
ageiligd g o FRAPlog et utiniengiiatis i B0t St fprgrata 1,
for @&HRMOAIBHaAE Hd*\efa%ﬁtatédQﬁﬁfrB@rm Wishkjectone or nore

phar maceutical ly acceptable diluents or carriers
t hddywethe rtemfr‘ﬁ@névm@nn”,0$ meant cathenn fikad Qomolmkﬁ@ag@ ofgdenage

n var r 0 /
unit i p O TR oy B gl QRRMLEaALHREE L RuTRlhdGere
pregéﬁﬁﬂv&ﬂtidn andk\cofBRRIASH PErtaR iy HeldmigXerdl i@depch@ently at the
conmpound enpl oyed, the host, the node of
samgdySTst rati on and t he severlty of the condition to
sepé%gtewﬁﬁﬁlgggn R er\Zﬁ%‘g{B{ gspe%%l aylgb%%&%ag%%oﬁl%iﬂgﬁon partners show
a coppgyitied, e |s|yt1ﬁ'gfsec (Hffeﬂﬂy)r bey aﬂmblmtﬁmethedoﬁ)ar enterall y
one to three week, preferably once a week
at Torewgaple &?QPSZ%‘@@? ARGATPRY e difem %bref@fenvrﬁ inpisgptirety,
desér%e? ﬂ{%rc%nﬁﬁ@aftl%ﬁ%? |V§rlo'i1 tP@C‘JZQnIHBﬁ(Lr's QRthld arté'@h%me P450 (“CYP”)
erable 8t l[1ton TU 94 WO 2009/ 047264
inh@(t&ﬁi EBQ;O@‘SPG&SH&@ thBemguses dfc thaendiokerctes tfithesclofnt NS3/4A
co-agent that be. use t he anou an vay.
protaﬁsgdg%p{)be usg(gll & COIX]@B@tiont W tl@(f@n}pﬁpﬁcgs ogé 18 atéxgpn 1 These CYP
inhi6 M6k eRdludkt BMdAE HotAfmEd! B, fidhatif B0 mlﬁﬁ@aﬁﬂcbﬂp&a@éd [ferein by
the combi nation of pegylated interferon al pha wit
referqniga il its entirgy ), \whiogenazhle, irelcedoanged 4doetby! mrerdls cyclosporm

egi-nterferon a 2b 180
clorgeéthgz?vrg,rcflgl gﬁi]m%ﬂ ¥ra0021gzol%l o_nLaZB%‘OnP%onfg%l&Oﬂ%x%mlqey of
ﬂuo&btb@v héfarodoe, séfraieekisdingvir gRfayRearhpieadvie ﬂ’%s‘imp%na%o
ng da|I of ribavirin for 24 weeks for enotyB
saqBivie rlmgnavmq delewindipersaytBronyeen, (M-t and 26497 referred CYp

1nh18955@ el s n eoﬁ PEWlMEt%cénaQ&esH&fe dggl trﬂﬁﬁﬁgjgdaz@&q any

thé Inventi oh may mniste
cycbsmxﬁnhnbﬂmhmﬂnnmkﬁ in particular enterally, e.g.

oral | r exanpl e, i he form of qu I on
driM %H@S of gispatwgdhe %HE@'LH élscompoa El.bg| CfﬂgP agtjyity are

kno®HRER! 8 ol s 016837, 05 TR YifleREit M%Me%blﬁﬂl %’P@ls%ﬁsmon vol. 21,
suspehsions. Certain prefeerred pharmaceuti cal

pp. é@ﬁrﬁ@'é(]&%h gnqmgorbted hetgm b}t m&gmdg)asw c@ample, a compound to be
evalrlrllat%[icr)r(leay lesihgu Ated 1%11e8 T r(l) lg and 10 rLIJllé pzrbtei?i]%*n? or oﬁ\ler appropriate
concentration of human hepatic microsomes (e. g., commercially available, pooled
characterized hepatic microsomes) for 0, 5, 10, 20, and 30 minutes, or other appropriate
times, in the presence of an NADPH-generating system. Control incubations may be
performed in the absence of hepatic microsomes for 0 and 30 minutes (triplicate). The
samples may be analyzed for the presence of the compound. Incubation conditions that
produce a linear rate of compound metabolism will be used a guide for further studies.
Experiments known in the art can be used to determine the kinetics of the compound

metabolism (K, and Vy,.x). The rate of disappearance of compound may be determined
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The conpound of the invention (e.g., conpound of
Formula | or subformulae thereof) are adm ni stered

W@ oenkies4 Wit h ot her drugs (co-agents) e.g. a BET/BP2008/063460
whi ch has anti- viral activity, especially
anti-Flaviviridae activity, nDst especially anti - HCV
activity, e. g an interferon, interferon-a-2a or

and iy Ot e ab it piiRT ﬁ?e@ﬁ@%ﬁ%{% B BT

Burltett Rfic-SRFHR! 8r RAIINMER reSlesdiéh 51%&[5%[& al bumn, e.g.
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10024 2 A2 I
comipiiih o7 SRt fort ak R ereiriye SRR THRER pfasic
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congiigpedRiermingd 4toxs e A6 oRNEDGsFYETEFAs eontigl ingupatids sk
c f
conﬁﬂlpiﬁe %5‘{1% g&%{%ﬁr%{d& oﬁg}@{ﬂqd sol%% [ 9L f&lg tn?c%g?trloen.sgx.ngi th@ CYP
inhibit@dt The boncantrativi o€ therdtipatindh thgearple€mgy be quantitated, and the
mycophenolic acid, a salt or a prodrug thereof, e.g.
rate§’(§d|umnycophenolate or nycophenol ate nofetil, or a
d Erad B OF BLRAt AR - defelirq, &[th?a[i SO d
1“%%é¥%é? opt i onal Emahore até% . %s d?ggﬁ%ggdasa
perdentaEE’ﬁﬁG’Gl@@MQtWEiW78263A1 EP1002792A1 W02/ 18395,

WDQ2/ 76995, 02/ 06268, JP2002316985, . WQ3/ 29184

%?é@@b@r ev%%%éyn@é@%ﬁl fee esa Buygitionypl @ compound of the

invéhtios hAS WA RhivMal il &ibfect BEARAURWALREE 81, I004/0028755;
reference in their entireties. 95 20087047264

incPEIAEPIOBS! bﬁ@i@@ncet):omnm gaehemethpds <mUé¢ b@u@d utl gorpection with
this 1nven{1 11 ? X etg?rmu?e hg %F]a( aargﬁklggan%né}ag 1na 1 S% l?jlec!t%that

conj u 0 po y yners
WOLﬂ@ bM&lflﬁ ﬂoﬁﬂ@e&ﬁl&ﬁ@ccor@ﬁ@@) ti5 inRehtydr @ﬂﬂ/d BBL bakyeats,
d%%xyethylenated pol yol s, copolyners, thereof and
Bl y/ansreanbod ety pf this inxpntignerspyides a@ethgd for
adnﬁfﬁ@éﬂh% ¥h Gl of %Yﬁ%?x danﬁ%h%ﬁﬁ; g d ot %%hﬁ@ﬁ.)/An?ther
non-antigenic materials such as dex Pran yVvi ny
embpdimait iofl dﬁe'm,ventttml gta@udyd a‘mneﬂhesl formnilnylmsteyﬂng ah adfiaks,of

A A L D0 L i
isoz “CYPf*Q%z”)%s%ng%%g "éyﬁé@ 28&15 PEAN-CH#PRE). In
pllca i on No 2 987, European Patéent Applicatio

emliidimers Hhere3BEpratmsd mhnitoatsi GRS 0Appd stemtdogsomer thereof), the
CYll’D kfnbltcor pre%‘raggr 1n1\1/@1ts %ﬁ%%o the disclosures of

As would be appreciated, CYP3A4 activity is broadly observed in humans.
Accordingly, embodiments of this invention involving inhibition of isozyme 3A4 would
be expected to be applicable to a broad range of patients.

Accordingly, this invention provides methods wherein the CYP inhibitor is
administered together with the compound of the invention in the same dosage form or in
separate dosage forms.

The compounds of the invention (e.g., compound of Formula I or subformulae

thereof) may be administered as the sole ingredient or in combination or alteration with
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whi ch are incorporated herein by reference in their

entireties. Since the polyneric nodification
waedoblogizent | y reduces antigenic responses, theP¢DERI0g$1063460

interferon need not be conpletely autol ogous.

Interferon used to prepare polyner conjugates may be

prepared froma mammali an extract such as human,

run.nant or, bovine interferon, C nant |.

othds AR e oroscrdly a5 et iealsuHE S TR EamPERh thgrary.

effe@@‘llé’d’ésﬂg/és%@%vvg by fRko a%eﬁjtssa@e kDRt RSd R)%Qﬁh'eﬁtwﬁﬂreas in alternation
interferons. Especially preferred conjugates of

or spqueatifletartharpy pagyfeat eddamhgact aacke rgat gnsdmingstered serially or
ex I peg | at ed eron at ed .

soa ARy i Ree DSl oA N Ao elE RS S gliergption

ther@@gbféo@h@dt ﬁluntéslrelﬂnpretsﬁﬁﬁlern@aus sare@sre@ dietie viRROhatdeshges
interferon- a -2a is described e.g. in European

gqua\wéhﬁepsryéoedeomtweomww@fle@ alrrbr@'rﬁl%yare@ff éhee%e ag yell as

{ e

ot SN B 0 G RTIET go Ti) AR iy PG e e
confleigy kcﬂb@ﬂilﬁvﬁﬁtﬁf fleisan-be durtlp uhderstesd thab &gt ane particular subject,

Eur gpean Patent 975, 3 [ rporated herein by
speqiti dprage gy éﬁ%?quzftsygl wifeadiviet v frge aisaldingloghe

r

1nd1€1d%algﬂé‘3§ %fl'}’% éﬂfl'lg?fg ﬁ&ir?ac fal i\ rsxﬁ Ep{liti ﬁ%}%@bﬁﬁ‘%&?‘lg&% dr@ erv1smg
the admMBt188611 4 Oth3 c()mpcmnqmr dthedfwicgiofia ngrmms‘eﬂhc elralrlnfectlon

its entiret r ef enre l.ated a-interferons
can Fgroj(érb%%iaet eln e?rr I%FtBFP Za%nﬁpﬂg‘}/eﬁgé% acioga)ound in combination
or altB&hefidWAR 2 s8cohl; arf ePhdpk BiRT &RF iraBcdd@hatigd induces a

consensus i nterferon. O her preferred co-agents are
diffengsf genc mmtmnﬁhamﬂlamausﬂleﬂﬁle manmpfqdfuexa e ryirus.

inte

Altdh T Vglﬁls The Rha{m cfolkmgﬁc gbrlocg I‘l% on T o%ﬁer é)ra{;amet rs 8? Hle drug can be

cons ero
alteRdAYUGLh c@BBRaidn Myhilefhatisn fhdasfqﬁ wi th anot her protein.
Certain preferred fusi aon gﬁotelns conprise an
i Ralrdoseges equired in pragti¢ig Hig-methodef the prpsen iayoptin wilhgary

oSS BB o, BRSO R0

mod%(b‘lf/aﬁmaﬁdtﬁﬁsme @evéMjZ)Sf 06 338G tiamnth WDDGLA7 70 A fér-ddndanly
CGenone Scj ences) referred interfero conjuggéfgmes

dostds TaMR nAROR I i PR By HIREN divi
Sultg’ﬁl'e%'élﬁﬁ ﬁesat%@’ﬁ)lr DA 48 W CEdB ST Hh EQNY Ité’ 20 th/k p.0 o iv.

cycl ophi but "are not | mmunosuppressive incl
SuitablesmitclpsdgeSpony fos orak edmadstiatio)c@npst feprm sa H). Zﬁtb IIB@g/kg

active! l%g?éd?e%% e4g7 %or%%gun({ of Formula I or any subformulae thereof, together with

one or more pharmaceutically acceptable diluents or carriers therefor. The amount of co-
agent in the dosage form can vary greatly, e.g., 0.00001 to 1000mg/kg active ingredient.
Daily dosages with respect to the co-agent used will vary depending upon, for
example, the compound employed, the host, the mode of administration and the severity
of the condition to be treated. For example, lamivudine may be administered at a daily
dosage of 100mg. The pegylated interferon may be administered parenterally one to three
times per week, preferably once a week, at a total weekly dose ranging from 2 to 10

million IU, more preferable 5 to 10 million U, most preferable 8 to 10 million IU.
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i ncorporated herein by reference. Melle4-Cycl osporin
is a preferred non- i nmunosuppressive cycl ospori n.
w@zowasnept her cycl osporin derivatives are desRCT/BR0$/063460
W)2006039668 ( Scynexi s) and W2006038088 ( Debi ophar m
SA) and are incorporated herein by reference. A
cyclosporin is considered to be non- innunosuppressive
when it .has an ac IVIt i t he, M x d Ly ocyt
Becp @iy ey St HsPb AR BBgSC pxhéfagigg BlFap gy,
eg}bg@1g$@omﬁ@g&%&mpM@}osporln A. The leed Lynphocyt e
Reaction is described by T. Meo in "I nmunol ogi ca
Melihesugent standpesf dwict for tipating. hepeiitiss( isBle combingtieteaf pegylated
. 227 1979) . en cel l . 5. X
intel5gR A B hiacar iy hdgearraenald Houks e wb e
pegﬁl@erfe?&i"!ﬂ?a{ ?@of PgO n?%/@%;ﬁgl%érfbr&l afa?(%]-%ﬁ? St (‘5@)‘%‘?% mg daily of
(2000 rads) cin C treated eén cel %
ribaCisi for ¢& w(eé]anﬁt ecnaBype [Iatienee ks )800 'ﬁl@dallyrafaﬂnlaaﬂmdor 24 weeks
II%% @@ic cells induce a proliferative response in
for g3notB51%4° BatBiSeen cel I's which can be neasured by
| abg].ednpberds SAE 1ﬂVréﬁﬁ?&p&r At dRihduRl 8f FoendPNPor sﬁbﬂﬁﬁulae
the stinmulator cells are irradiated (or mtonycin C
thercofg and @k)-agemég/ome roentiesmente adminicrBabp Aty caivestiatial h
i fer do retain their. n The
roufB B ey R r e e SoRpie iIR: R ypplfiond RS
drink D AbRM WM daPsidlésadr parsangalf 30 ) ForCak@mPEA thd fofmioT ifectable
paral |l el experinent. In addition,
soluigns PIVSPRISIPDpI Eeraip erefgeshRsenperstica cRmpRstiengyagy byc.g.

thos?l%l e{lihitpﬁl c!r uclyo&n QS h&%nb&f) Wlkb 7'5}6 A@‘T pat hway.
osporin iIs a ref erreéd hon-
| mmnaﬁﬁ@pnﬁ@ of ehe ioxeatiope. g ] sonipjondd bchrymﬂ@somubfbrﬁmnae

use according to the invention. Ri bavi
thereqf) grodmipisiciiddRaer- "1“110@“4@%1% @ecﬂgéntsl %&r?’o@éﬁﬁl"‘d’é?h lag anti-

Vlra?ac%(f'i‘tﬁr ﬁ)b&allfﬁﬂl _Fi va‘ﬁ‘ici ra@ﬁv ec1 q}pglgtl-glgqué‘t% e.g.

antiv nucl eosi e ana 0g s U
an 1n1arferonV«: ganGirerdnfttda Mamté«fdrmdﬁ)ab &:gt hltl@dFtAl Boferadi, toonex”,

a S,r Merck & .Co. nc
Robg 90 Ho s SO e o b Ui Lol oY sol B polygres gt human
albuRE4 % 8 30bufblonCA RAL Ak q§ har ek rlflﬂ?i‘{flrﬁ? i8hiongiRe,] 'tHe Ed1Bpdunds
entlretleS) dlSC 0ose an aln]rl aVlrln bavirin

disclased irr UStpateat nw 658 lrm léranti €W QUARGODXE2 A (thhdisclopurgs of which

are %ﬁ%}ip\é%at%d 1?%?18 reélgeé 1n( t&g%reﬂfﬁsal\@nﬁljbritgﬁ’ oetS the HCV or other
Flas@&&iﬁdﬁ@&ﬂﬁsﬁé’tﬁb@é}ﬂfa&%& 11k tAOHSS/ 4L Aroted ) Brlica9d oMNA polymerase

2009/ 047264 PCT/ EP2008/ 063460
or a prodrug of such an inhibitor, an anti-fibrotic agent, e.g. a N-phenyl-2-pyrimidine-

amine derivative, e.g. imatinib, an immune modulating agent, ¢.g. mycophenolic acid, a
salt or a prodrug thereof, ¢.g. sodium mycophenolate or mycophenolate mofetil, or a S1P
receptor agonist, e.g. FTY 720 or an analogue thereof optionally phosphorylated, e.g. as
disclosed in EP627406A1, EP778263A1, EP1002792A1, W002/18395, W002/76995,
WO 02/06268, JP2002316985, W003/29184, W0O03/29205, WO03/62252 and
WO003/62248, the disclosures of which are incorporated herein by reference in their

entireties.
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Ri bavirin reduces serumam no transferase |levels to

normal in 40% of patients, but it does not |ower serum
WO eavelog7206 HCV- RNA (Gary L. Davis, Gastroent er BCDER2008063460

18: S 104-S 114, 2000). Thus, ribavirin alone is not

effective in reducing viral RNA levels. Additionally,

ribavirin has significant toxicity and is known to
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alfa-2 Scheri ng rporation Ken
modRGE & oo fficientlyceddsenamtigenwtrespoesasntha Ifdirai-gﬁainterferon need not be

compi eIk BRI G, TaRT S topoed Y iamith Pply Mish SYBTERER T1iy be Rigpared

frork 8 mBEH SRR krthet, SUthek fhﬁfn@ﬂ rahdfiing oAVRih Sk ®feron, or
( Boehri nger IngelheiniPharnaceuticaI I nc.

recqniﬁdg@ftiyenrelducext)Pref(eﬁ)ed stendohaigetes pf intesfosom fof podyithylenrilyeol,
als %ura ﬁltainﬂt Qferons (Sum tono, Japan) (9Q)
“Pe?éﬁ% f PRSP ast oi d i nterferon al pha nl

( Glrpposat isﬂéfdnr&a)conﬁl@étei of BEPRAU Ire pe@NSed sifis-iraéiihians, for
interferon (InterMine Pharmaceuticals, Inc.

exapplegisgiated dmpreronyo-Ap. meewA(CH fnterfeionsor dh: deaylatsd canrsgnsus
e e
desalpha.g. nt BulbpcanPdten 50 ABGE (incdrperated Mevdi by rdferckce i@ALs
entirety) and commercially available e. g. under the tradename PEGASY S® (Hoffmann-
La Roche). Pegylated interferon- o -2b is described, e.g. in European Patent 975,369
(incorporated herein by reference in its entirety) and commercially available e.g. under
the tradename PEG-INTRON A® (Schering Plough). Pegylated consensus interferon is
described in WO 96/11953 (incorporated herein by reference in its entirety). The
preferred pegylated a-interferons are pegylated interferon-a-2a and pegylated interferon-
a-2b. Also preferred is pegylated consensus interferon.

Other preferred co-agents are fusion proteins of an interferon, for example fusion
proteins of interferon- o -2a, interferon- a -2b; consensus interferon or purified
interferon-a product, each of which is fused with another protein. Certain preferred
fusion proteins comprise an interferon (e.g., interferon- o -2b) and an albumin as

described in U.S. Patent 6,973,322 and international publications W0O02/60071,
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O her fornms of interferon include: interferon beta,

gamma, tau and onega, such as Rebif ( Interferon beta
WO 2@p/oR6Ser ono, Omi feron (natural interferonfCHEP2008/063460

Viragen, REBIF 98 WO 2009/ 047264 PCT/ EP2008/ 063460

(interferon beta-1 a) by Ares-Serono, Orega Interferon

by Bi oMedi cines; oral Interferon Alpha by Amarillo
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a consensus |nterferon ovi ne or bovine interferon- tau
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IMNBINGEROPI SIS ICYFHBIROTINh &icEaM, othey cyplognarrdesivpijeestage described in

WORBhYRKYS ?In% L dinR3F BSR4 %L b? Jh%ﬁ'}l 'SA§ladd are incorporated
ggr%; Ic rm? ? ﬁ §I yVi nyi[1
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hergiy by eéﬂ:néﬁcresA cpabwmyé acrﬂsdiescd to rbe Inysmlmyﬂunam;@‘mhlse when it
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has%‘ilﬁ%té“%/ ot ReaSHaT R Gﬁ 9 @ﬂ&eﬂﬁm %éuces

pref%fbﬁolygﬁdqfnﬁrer tﬁ%@%s ﬁrat B ctc@?@ﬂngﬂ Tﬂé le(&f Iﬁﬁ KQktion is

be conpletely aufol ogous. Interferon use {0 pf epar e
desquddeyt g1 T. My mg ‘dnesmolpyicabicthodgalle iefkowvts andnBurRomisi Bds.,

Aoty et 237 praR b iRl A8 RrEpaRSRice

(fer®dle,ignt €9 Gv@a@?l afcQoPRbNRI W LER Bagl WERD,5 x FI*SBalBRW G rads)
ylated interferons. (2) Ribavirin, such as

peg
or mltqmmnr Cﬁre@n@dbekegn D%lts| fiyn (B ded (Ferpile, ©- 40 pveckioTe 3-
1rra(§’}g{§§ aﬁ%nelc)ﬁg&% ul uﬁ 3 p]fohtf a%%%&r%%?o%ﬁ%mdg? %&ba(i sfpcl)?]en ceﬁs which
can I56 Addayuaed Iay 1dNdled pRgtufsop 8@YFIoFtioh et tio DN Bindeah&aihgator
Nut | ey NJ; and new ribavirin anal ogues in

cellgy @r\@érr@fbﬁt@ﬁt(orsln@%na@n Cetirniqd itheyodoyr¢sapmdiiortbe Bylbie cells with
prol?ile ok 'b ﬁ?%h AR dnfhl &ﬁcﬂ’e rI'h\é"ilé \gﬁgtédéﬁ'r &% %Q%anound in the

evan tion I a rever se
MLRA ik boraparNSB/ﬁthAheft dsurninfopeydi@sporia mdlnNSﬁMl&Bespdnﬁﬁdnaﬂﬂ addltlon

(Sudo K. et al Antjvir Resear ch 96,
NONF RPN 3 SBEIAPORPS iacgé%%capaws%@gﬁlggmgqg N éap tic”)
dow%ﬂ%fﬁéhglg%ﬁgﬂ AT aﬁltv\)ﬁys lel%ﬂb}“ W &6kpotihhs Aple@ietaaloky! chain,

Immunosuppressive cyclophlhn-blndlng cyclosporin for use according to the invention.

Ribavirin (1-B-D-ribofuranosyl-1-1,2,4-triazole-3-caroxamide) is a synthetic, non-
interferon-inducing, broad spectrum antiviral nucleoside analog sold under the trade
name, Virazole (The Merck Index, 11t edition, Editor: Budavar, S, Merck & Co., Inc.,
Rahway, NJ, p1304,1989). United States Patent No. 3,798,209 and RE29,835
(incorporated herein by reference in their entireties) disclose and claim ribavirin.
Ribavirin is structurally similar to guanosine, and has in vitro activity against several
DNA and RNA viruses including Flaviviridae (Gary L. Davis, Gastroenterology
118:S104-S114, 2000).
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(4) Thiazolidines and benzanilides identified in

Kakiuchi N. et al. J. FEBS Letters 421, 217-220;
waaneskizeea N. et al. Anal ytical Biocheni stry, HBOBEP2008/063460
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(f) Sumiferon®, a purified blend of natural alpha interferons (Sumitomo, Japan)
(g) Wellferon®, lymphoblastoid interferon alpha nl (GlaxoSmithKline);
(h) Infergen®, consensus alpha interferon (InterMune Pharmaceuticals, Inc.,
Brisbane, CA);
(1) Alferon®, a mixture of natural alpha interferons (Interferon Sciences, and
Purdue Frederick Co., CT);
(j) Viraferon®;
(k) Consensus alpha interferon from Amgen, Inc., Newbury Park, CA,

Other forms of interferon include: interferon beta, gamma, tau and omega, such as

Rebif ( Interferon beta 1a) by Serono, Omniferon (natural interferon) by Viragen, REBIF
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inhibitor (Chu M et al., Bioorganic and Medici na
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reference). | mdazol ei dinones as NS3 seri ne ﬁfotease
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Antz%?rgf késggijcil, ?%?32,8& 98)%5?)%&&11%9 %’rﬁﬁonu%% RD-1-6250, possessing a fused
cinnamoyl moiety substituted with a long alkyl chain, RD4 6205 and RD4 6193;
(4) Thiazolidines and benzanilides identified in Kakiuchi N. et al. J. FEBS Letters
421, 217-220; Takeshita N. et al. Analytical Biochemistry, 1997, 247, 242-246;
(5) A phenan-threnequinone possessing activity against protease in a SDS-PAGE
and autoradiography assay isolated from the fermentation culture broth of Streptomyces
sp., Sch 68631 (Chu M. et al., Tetrahedron Letters, 1996, 37, 7229-7232), and Sch

351633, isolated from the fungus Penicillium griseofulvum, which demonstrates activity
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currently in preclinical devel opnent; Substrate-based
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its entirety),
Nanomolar potency against the HCV NS3 protease enzyme has been achieved by the

design of selective inhibitors based on the macromolecule eglin ¢. Eglin c, isolated from
leech, is a potent inhibitor of several serine proteases such as S. griseus proteases A and
B, V-chymotrypsin, chymase and subtilisin. Qasim M.A. et al., Biochemistry 36:1598-
1607, 1997.

U.S. patents disclosing protease inhibitors for the treatment of HCV include, for
example, U.S. Patent No. 6,004,933 to Spruce et al (incorporated herein by reference in
its entirety) which discloses a class of cysteine protease inhibitors for inhibiting HCV
endopeptidase 2; U.S. Patent No. 5,990,276 to Zhang et al.(incorporated herein by

reference in its entirety) which discloses synthetic inhibitors of hepatitis C virus NS3
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in a pharmaceuti 'y accepta e carrier.
(incprpefaed ketelibyl rofyrawt firythavtentetids), WO, 9887679 to Xllertex

PhagR it e, BT BB ATrsTBaY Hp Bisclpsestl \prens

inhiBN&ks GinBdPoradkh h@ah by b€ h BER chiteQEd)or at ed herein
y reference. Qther patent applications disclosing the

uSECYMNTet b apnnaprolcessinbiditandndyding BIENSAO | bhidjnehiinges
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curBGITy ERR608 06 34&lprRGT/ CA01/ 00197 (WD 01/ 60315; filed
February 19, 2001) filed by Bi oChem Pharma, _Inc
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e o B
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Pharmasset, Ltd. (the disclosur
group; and Sch68631 a phenanthrenequinone, an HCV protease inhibitor.

Sch 351633, isolated from the fungus Penicillium griseofulvum was identified as a
protease inhibitor. Eglin c, isolated from leech is a potent inhibitor of several serine
proteases such as S. griseus proteases A and B, a-chymotrypsin, chymase and subtilisin.

US patent no. 6004933 (incorporated herein by reference in its entirety) discloses a
class of cysteine protease inhibitors from inhibiting HCV endopeptidase 2; synthetic
inhibitors of HCV NS3 protease (pat), HCV inhibitor tripeptides (pat), diaryl peptides
such as NS3 serine protease inhibitors of HCV (pat), Imidazolidindiones as NS3 serine

protease inhibitors of HCV (pat).
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i ncorporated herein by reference in their entireties)
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Sub%ﬁ?tgg Wétthl lﬂ%$ al&%gn#l}eal}@@ y %idé&ﬁlfi Vi r Q%Resear ch  (April

ZPheaeﬁﬂﬁuexﬁqmaaﬁ@fsbss&é\hg aBtivi$bYgallR S priokdaes it J@Ds PAGE and
synt hesi s and_ phar macoki neti c properties of

aut%@ﬁbp@éﬁhw@s%ﬁﬁp@@gé@fﬁﬁle&%@%@t@m cakpsi brethof St repomy RNAD
SchB l'a(flﬁtg 895 ggﬁglsol%'dth%rn‘?ﬂ{e I?él%snﬁ?%?l{lor }g@g@{yﬁ?’ywﬁ%h

ucl eosi nstrate
denmlstkateskmedy nephamtdtatlaﬁ@mmltﬂamy et al. (Oal

filon V,. Hepatiti vi virjdae

TaMNigleogife Pt n‘ébﬁ‘f‘é?oéﬁg 'Irﬂaﬁlwltog AGEANS éés%%é{?pemr RNA
polﬁﬁera&o%h a§QV@r}ﬂ@tﬂ¥m%-@J OB ?ﬂgi@?%@i&g%ﬁ E%tvdlhﬂgdemx) as

effects of the di fied nuc
disciaspdl i W0 2004/Q@U2RIAA (@oormeatpd hyuesr Bse faredvichn ite estiratyd, R803

i3 (556 Tabsaf 1B e R e bl SR compounas
curr@fil g“ln%ﬁbélnﬁéa‘l’ﬂ@%‘lﬁbrﬁéntet al. Virology, 1998, 249,

118 NS3 hel i case inhibitors, such as
V%$OKG®16? Vhdﬁﬁh@ﬁﬁﬂaﬁdmﬂtéﬂprﬁds from Vertex. O her

% fFa %m] Slgltors (Diana G D. et al., Conpounds,
conp SITVSHE'aRd net hods for treatment of hepatitis C,

U. oﬂler RatlesdiddNenal dpubsSas cﬁ@cﬁose(ihﬂﬂWID pgmavm he rwmobysmzs A2,
reference in its entire Yy

WORTIGSHd: WO DR Firannd BS prsinsmordoblaed Oafhecsssuras o ich are

e ASAETGRE Uy PR Yo e ent o hepac 1

[deRCPhER2008102B3IUGlscf tho Jus@of brantied nphlesplarioti to@t@ent of
ﬂaV?\!lll'u%ng(?I‘?C)l( y(ﬂ u| %({})Iatljl pest1v1r%)e’\sl) n %gtggaggfaq PuLHcation Nos. WO
01/90121 and WO 01/92282 (incorporated herein by reference in their entireties).
Specifically, a method for the treatment of hepatitis C infection (and flaviviruses and
pestiviruses) in humans and other host animals is disclosed in the Idenix publications that
includes administering an effective amount of a biologically active 1°,2°, 3’ or 4’-
branced B-D or B-L nucleosides or a pharmaceutically acceptable salt or prodrug thereof,
administered either alone or in combination with another antiviral agent, optionally in a
pharmaceutically acceptable carrier. Certain preferred biologically active 1°, 2°, 37, or 4’
branched B-D or B-L nucleosides, including Telbivudine, are described in U.S. Patents
6,395,716 and 6,875,751, each of which are incorporated herein by reference.

Other patent applications disclosing the use of certain nucleoside analogs to treat

hepatitis C virus include: PCTCA00/01316 (WO 01/32153; filed November 3, 2000) and
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to sequence stretches in the 5 non-coding region

(NCR) of the virus (Alt M et al., Hepatol ogy, 1995,
WQ@2009/807264717) , or nucl eoti des 326-348 conpri si PGI/EP®0B63460

end of the NCR and nucl eotides 371-388 located in the

core coding region of the HCV RNA (Alt M et al.,

Archi ves of Virology, 1997, 142, 589-599; Gal derisi U.

I I hysi
peigh aDyiony P SRR L8031 BlenfsBmang Y 2B P b Biogiehs Pharma,
Inc. a?bkvsﬁﬁl%%ﬂ%}z‘héfh{ bR, 9'@7CT/@ISDQ/$)¢9§1€$W® A5 72 oRnsd !T%uary 18,
I nhi bi tors of | RES-dependent translation (lkeda N’

200%) amil PCT/N§ER1030%0 (WRe02/ Q;-’r@\%hﬁheé daramty 1% €80%efmed by Merck &

Co. i8S PET T ot 3R TR o PRI B lieg Mg a7 a2 lE by Roche.

andmaﬂtﬁﬂféatﬁ’(ﬁi Hai V?Ob)l/?l)l?ﬂfa 04104 23k ;13 52000),a80 02%@2@/{81%3
| sis Pharm El an IRES i nhi bitor by Anadys, |RES

Octﬁﬂ?ﬂﬁul& ER al@WQrﬁ%@&wS X Brajeegt Righ (Hieahschaspips oy wiich are
mCOEE&F%B%l&eHI? B ge%gr)e @ 19%&%1%?&%&'1 as

Sase-1es] st ant. ribozynes ccj ak, et al.,
He @ OP olgicati&OSp. WD 9%369la1©tErﬂ&5)Uramisﬁ3h@ﬁ®rpbrmedthe&in by

in US, Patent No. 6, 077 to . Barber et al nd . _
refeggnge inpikt @iiretiy entieds §9- F%s%m%ﬁﬁ 1%&03 ipgascp @%}Sﬁﬁgpe@m 2’-

fluoBdmiclcBSigEPRAhedcwvnerein by reference in their
entireties) for exanple, HEPTAZYME by RPI (13) siRNA

di riddtupct alg&Dras SeddOv \gahgmti§ CAYirkCVlaveptidaal 6'dternational

ConagertvA P SEHL RE e Ay o 27 caloR: o, B Rlreripseihe

stm@ﬁlfeoé/&tl@ﬂt?}elﬁ[bﬂslﬂ@o@'ﬂ BAlodeficdtRRosiday ﬂ)@‘itﬁuﬂlnﬂoﬁ BgHBQV

fe cycle including viral entry, assenb
rratlihaat:ﬁ air(qralesesmn nﬁi@pétltrsda Viiisi lﬂngagéirat:, )08 1O0zad Sgssion V,
Lr cap
Heng MR Al Bfria ST ERAR Rsha Gftend ot Roveaee
(ApﬁDQEtZOkB Suvanidl GEBPEAI7E) (04&iB& Ahé syinflydsB3Sind pﬁh@ﬂfa’%oﬁmetlc
(Zadaxi n, by Sci O one); or_a SlIP.receptor oni s

progeries quVIZQS%fF anpRaUSY HePashiblcaahibipisi ol rIrHWgRN rephcatlon The
autlﬁ?sgieg aé%t ﬁl%dlf{eél@ucl%gsﬁ&td él{dnkg{rﬁ)cg 8teﬁ9§1ﬂ¥b1to§3“&%wﬁ§ ifcell-

pyri mdi ne-am ne deri vat I ma
base(cGeplémcz)ssaylsP 501 by Indevus, and Interferon ganma I b

f L 18) Th t by | |
Ep T AL MBS ) HePfiSe T e - nrmationl

Coﬂf%%cgéf}gﬁt?ﬁ%arl] ggk&%ﬁ%%p‘?ﬁ 2byr 0B avandatC €lahp AREY ARY dd¥ribed
the effects of the 2’-modified nucleosides on HCV RNA replication.

(8) Nucleotide polymerase inhibitors and gliotoxin (Ferrari R. et al. Journal of
Virology, 1999, 73, 1649-1654), and the natural product cerulenin (Lohmann V. et al.
Virology, 1998, 249, 108-118);

(9) HCV NS3 helicase inhibitors, such as VP_50406 by ViroPhama and
compounds from Vertex. Other helicase inhibitors (Diana G.D. et al., Compounds,
compositions and methods for treatment of hepatitis C, U.S. Patent No. 5,633,358
(incorporated herein by reference in its entirety); Diana G.D. et al., Piperidine

derivatives, pharmaceutical compositions thereof and their use in the treatment of

hepatitis C, PCT WO 97/36554);
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anti body XTL-002 by STL, ANA 246 and ANA 246 BY

Anadys, 104 WO 2009/ 047264 PCT/ EP2008/ 063460 (19)
w@xdensnsscel | aneous conpounds i ncl udi ng PCT/EP2008/063460

1- am no- al kyl cycl ohexanes (U.S. Patent No. 6,034, 134

to Gold et al.), al kyI l[ipids (U S Pat. No. 5,922,757

to Chojkier et al.), vitam n E and ot her

ot G danmﬁoém%tﬁmafq isagy Qﬁ/nv@eéld%g%-tooﬁkﬁgénifﬂlgﬁmaw
to sequfi& FR8Gds Irpthggeﬂ‘dn &)tdn@ rﬁ%longN@Ng%ﬂWﬁ@ &tV deal.,

aspartic acid, 905 to ana et
Hepaltolygy, bWz éﬁe’éme'éﬂr)m«famp@esde{sms 348zomprinipg th; 5384 88 ehc

NC]% 51{15] n}{geotga‘eﬁQZI éﬁ% 'l)chyea %l clg%:e achln?g rdeglrolnvo?’tthevﬁé\/(lﬁ\]i' (Alt

M. &'a8; Aﬂjh@l@@&ﬁl/ﬁ@l@gﬁew@w 1&2 5’@9 59£N<I}al@arf%2@ 68, Yurnal of
Yar choan et al dazo

Cel@lcgg‘ilywhﬂgf/ol%ll%b%é 2ét7) ahch as @ﬂ%&%S(Bmw%@tPélawF@n

ant{é%%%]g#@g r1§01§ &%&EZ B}pﬁ-{ﬁ%ﬁolﬁltdﬁﬁ'ls PU S. Pét No.

6, @56) Iaﬁib)toﬁm:f IBESefepehdetrz(ﬂsﬂaﬁon IPmeda No:t ab, Bgr RPBhd O
D ana et al e di sclosures of

Preveqtert gt KF@WH’leéﬁeﬁafW (elPRnERT BAtPR PUHeJP DedfepoRdrasy etal
Preﬁéi_n?lgn SHE RGN BFMHI YGLRS, JaPanese Patent Pub. JP-10101591); such as

hosphonoacetyl ) -L-aspartic aci
ISIS &4808 rbydisis &hbox &Ehand BSES prhlllyta)d én ﬂnadysad:RES inhebitoraby Wressol,

tafgg‘g?ﬁ%ﬁ\%?@%’lﬁﬁ%@élbﬁg’éﬁi W%gﬁdogﬁnigﬁfl f: (r:u ury caused

bY 12N RibdZykhSs, sDELE diRbasd-AliktaANM bOARARE (VRBHMNS). ot al.,
currently in preclinical or clinical devel opment for

Hepardogyt Y998t sfbrabsterict PRV andl tsadiragged S, B@mentquoﬁ 043,077 to

o SR A NI {ROTEL o R

herdh 8y BEeren&dOW/ tMED Snthrytidsh Fdr@RamPle VAEPRAZEIBILYtRE C
I mmune d obulin) by NABI, CEPLENE (histam ne
di( & BRINAirasiedveaing HCBc8e86 by | dun PHARM T67, a

b t t

B G S T s e
VP 30406 '8 avRh driedh a Wil énhibiddek Glotn AShilligphasrowor al

R EAE BB piket et ai T B{%Sq%’% OIS VIR entry,

assATPRM hbfBtiddy Aet hl on Medi cal , 231B by United
Ther apeutics. (21) Purine nucl eosi de anal og
ar{l @gbmismsnomoddRing agrink sudhlee an éh@@}b irdijbitbeviey aypbenolic

acic%) iﬁégglg%/ Efo&ﬁ}%%érgp sootaigl%% ?Iiygg]&h(e e 0 m?c%%hle&o?atg (}etﬂ
Merimebodib (VX-497); thymosin alpha-1 (Zadaxin, by SciClone); or a SIP receptor
agonist, ¢.g. FTY720 or analogue thereof optionally phosphorylated.

(17) An anti-fibrotic agent, such as a N-phenyl-2-pyrimidine-amine derivative,
imatinib (Gleevac), IP-501 by Indevus, and Interferon gamma 1b from InterMune

(18) Therapeutic vaccine by Intercell, Epimmune/Genecor, Merix, Tripep (Chron-
VacC), immunotherapy (Therapore) by Avant, T cell therapy by CellExSys, monoclonal
antibody XTL-002 by STL, ANA 246 and ANA 246 BY Anadys,
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i n European applications EP348446 and EP636372,

I nternational Publications WO03/045968, WO05/121162
wWar@IMIRbS 25583, and U. S. Patent 6/973322, eacPCDEP2008/063460

which is incorporated by reference. (21)

Non- nucl eosi de i nhi bitors devel oped by Genel abs and

described in International Publications

of P QHOT RO U CBGS ER il ORI ol et (U.S.
Pate%@&%/ 0432644 RGHBRR Qp)géﬁ@ﬁﬂﬁgs (I(T %2i>atGNB €4,9207 R ivjkier ot

(e.g., non-imunonodul atory or i mmunonodul at’ory
al.),cotpouRdsy ottieaantirayidbets (5 éd Prient dieb 5932767 twﬁh%k@r etal.),

o RRRRLE oL B8 SR O SBEBr AE5igopasct -

aspdrfi€ @€ipONAS efeht heds &5,8B005 tb TigiLeNae), bhﬁzehs@mara&xatrﬁluss (U S. Pat.
i nvention may al so i nvol ve admini stration of anot

No.odridotiérie Diztsripel s palyadenyha arididsiixptivay €. B E@t%% 546 to
Walgg]&'@l ftbk “H?d@%g%gb%t( RINY. 5. (AR 637k Yf'a{fc% &%%?,Ler

i tor ease ah 1 nhi bi tor o
bentiafideblds (Ut @atASM. BJ89$ 8¢9 ad €placiao €YAR.)i plindxxtiacts (OrS. Pat. No.

5 S TP JeHE S P SRt OB b DN S & oD S Pa. No.
6.0 %4 BRYARTLNES PN & LATRBUB DIy Ll RV ERLIbARes of

anot her anti-viral agent preferably an anti-HCV
whielg emetincoBparhted ticin/by sdferagenn $haum11t1m<dfes Buko,sguelenpttelbivudine,

I ted t t t
NSRRI L BRer e peg b St et Rt ol fRaf it o
deri¢ SNROUNGSsyRNGN tHRYSTRSL, And ﬁbﬁb@émﬁ@%gm}éfd’c@ltw@ﬁg&ﬁssbhaﬁ&%k cell

as ribaviri n, anmant adi ne, and telbi vudi ne; ot her
anuﬂthmdb}r%leo*ﬂmh@}faQﬂOﬂlls C proteases (NS2-NS3

IOREJ%)?A%}S) {)t%g acno(%inpnoupij1 8u1]‘[ﬂ}1 nh gecclgngc? or chlnhcgrge e'[od)rnent for the
treaﬁﬁéﬂt@ﬁH@V , PRl ydIBg ﬁﬁ@melmndlmoabh@gammgaﬁ ANIANTA DIV ;
inhibjtors of internal ribosonme entr br oad- s ectrum

(SysameggeD ibyHingp tLgbs Solyanicagnass mbfor BN X561y 19@15 arma,

HCSATPIEy PN SO B0y oL

(his&ﬁdiﬂ@&i&h],ori\i@ BOMa6B3 IDNa6Eb yscldph @A RN, 367,ch ‘t&lt‘ﬂ.‘itubulin

. atlve er eof and incl udin but not Jimte
inhipiion, &y Jgihri iwﬂwaﬁeu%mcamewe@tﬁgjq B by desase ettes dite 0y
Fujisawa Helathcare, IdB1016 (Siliphos, oral silybin-phosphatidyl choline phytosome),

fusion inhibitor by Trimeris, Dication by Immtech, hemopurifier by Aethlon Medical, UT
231B by United Therapeutics.

(21) Purine nucleoside analog antagonists of TIR7 (toll-like receptors) developed
by Anadys, ¢.g., Isotorabine (ANA245) and its prodrug (ANA975), which are described
in European applications EP348446 and EP636372, International Publications
WO003/045968, WO05/121162 and WO05/25583, and U.S. Patent 6/973322, each of

which is incorporated by reference.

(21) Non-nucleoside inhibitors developed by Genelabs and described in
International Publications W02004/108687, W02005/12288, and W02006/076529, each

of which is incorporated by reference.
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any of the above. In accordance with the foregoing the

present invention provides in a yet further aspect:
wopbasmetceuti cal conbi nation conprising a) a PCT/BP2008/063460

agent which is a conpound of the invention, e.g. a

conmpound of formula I or any subfornul ae thereof, and

b) a co-agent, e.g. a second drug agent as defi ned

aboye. .. A net ho s defi.ned above, conprisin

o ARHP L 46 oI5 EGHERMOL ATy CbImmHTo BT,
conPpbudsh ARk RO WeS&l InYeotitiRfibh WatARIHoual oR tHEOIREMIH iBElude,

the invention, e.g. a conpound of fornmula |I or any
but sugtyiod Fmiticd &0, thvese spdcificid VMOJB/ BgéRt whieh ¢ ingorperatadrigrein by
refedru% agent as defined above. 106 WO 2009/ 047264
PCTF EP2008/ 063460 The terms "co-adni nistration” or

" c VIbthbéso faBiiinvcatib@ bda@Alsodhvdliead ik tratonbf dro@d component
herein are neant to enconpass adm nistration of the

compgiswgea ddeienspeatt ssleaigd Atosn an BngurerAguatprdeenf an arféyiral

s LILFOSE % pOEAES 1 P8 RPN o

Sstere
a C¥Rhibicait er @fmtasktions sHek@lfi on or at the same tine.

Fi xed combi nati ons are also within fhe scqope of the
pr &SERTIRNHY-RENBHCT FpRedimgps RS OB Prafids 2 method

con?ﬁg@%g?ﬁﬁﬁfbt%ﬁhg g Q%iaé,ﬁﬁ%ii. A Ofhvidifon éﬁﬁ%ﬂ&ﬂh@ﬂaﬂtﬁ%ﬁl{aﬁeﬁt!‘

icial effec a synergistic therapeutic

prefefabgcan antieHOd axgnt Sweh rmti&iﬂaba@p;s ingpdle;ibngare mbylimited to,

. of it armaceutical ly ,actjyve inpgredients., Each..

imrinamoRuloTs FEGy il Pof e B S pEmId A Rt on

intePRBMnBEconM BTN B, 2h& B3 AR BIRL ShtYvirhI0G8hNR S uch 8 ribdViBRY
conmbi nation thereof. As recogni zed b skilled

amaptaglenc endignvudingy othye srbdfitorneldropetiionC aracasypNed-Ny3

. .measur [ . 8.. about. 4 iJlion IU to . 12

RS AT liuone? P affihe el bR RROHYg et

inclﬁdﬁﬁF helicaC Polydriiet @id mbtaBopretchqdinMditbel; inhitieFLdfahRrnal
enploy two or nore CYP inhibitors. Each conpaonent may

ribopeme g iibsead- gt Em VEREINBILIREs Biches AME T pribitoraters
con%?glgc%?oﬁlﬂ{i{@d@é‘cesbﬁat&ﬂ@,%ﬁE%,&d49t89 7816 3PRAUESBL 034 AXVO
97/40028, WO 98/40381, WO 00/56331, and mycophenolic acid and derivatives thereof,
and including, but not limited to VX-497, VX-148, and/or VX-944); or combinations of

any of the above.

In accordance with the foregoing the present invention provides in a yet further
aspect:

e A pharmaceutical combination comprising a) a first agent which is a compound of
the invention, e.g. a compound of formula I or any subformulae thercof, and b) a
co-agent, ¢.g. a second drug agent as defined above.

¢ A method as defined above comprising co-administration, e.g. concomitantly or in
sequence, of a therapeutically effective amount of a compound of the invention,
¢.g. a compound of formula I or any subformulae thereof, and a co-agent, ¢.g. a

second drug agent as defined above.
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The conpound of the invention and any additional agent
may be fornmulated in separate dosage forns.

WQ\L@oe#264 vel y, to decrease the nunber of dosaRET/ER200$063460
adm nistered to a patient, the conmpound of the
i nvention and any additional agent may be fornul ated
together in any conbination. For exanple, the conpound

TR A T S T
utiliz&f R ALBIA9eb BEtonpasdhinRiradOs 80 e kaksRd ﬁi@i/ar[])eutic agents
separate dosage fornms may be admnistered at the sane

to atsingée paticdi, phidargnntendadee inchidedraasmént et gimens imonpols ihciagants are
of this Ipvention conprises an.additiopal agent as ..
not Beseb ARl MR £ R RER P BB p BTG s time.
Fixdd6bnWistitidhs 6RMISWithi@fise scop®BPihd ptdsert ifRHpies Thens, or
in a sin?ﬂ%l e conposition. Exenplification of the )
admyinyjissitongd apharmaseuiical sempation efbe invieniien seaulsdn gypepefécial

o Lo SN ATRLEB R0, SUARL L RSUSRS LSy onc
of itpaamiaesutivally acthephgddiendenonstrati on of efficacy in

these assays is_predjctive of efficacy in subjects.
10D OB WL 9D %20 ﬁmws%t@é@w Hemm@ay%e

adm?ﬂigfgﬂ%%'e%lﬁ%ly lgé%‘th%ﬁ oFi @r Etfnation theredt! AN Ilélcégrnli'%edlﬂy
, Rl HN IT'NERS'k ORF HOOR2 Ra Al starting
skilked tpeacitiibsers aloisdgs 0§ inddréarés arertppigd ht weasacidds JUage sbout 4

.de atin ts sol vents, and catalysts utilized
milligp {ﬁqt'ﬁ’&ﬁg]sf"%ﬁgo%b%ounds of the present invention

ar gf ahddi§énat OFERR ICichlcler fRMAAGRAE PP it &thP hiehiBtould,

bx organi ¢ synthesis nethods known to o '
therefore, employ two or more CYP inhibitors. Each component may be administered in
one or more dosage forms. Each dosage form may be administered to the patient in any
order.

The compound of the invention and any additional agent may be formulated in
separate dosage forms. Alternatively, to decrease the number of dosage forms
administered to a patient, the compound of the invention and any additional agent may be
formulated together in any combination. For example, the compound of the invention
inhibitor may be formulated in one dosage form and the additional agent may be
formulated together in another dosage form. Any separate dosage forms may be
administered at the same time or different times.

Alternatively, a composition of this invention comprises an additional agent as
described herein. Each component may be present in individual compositions,

combination compositions, or in a single composition.

Exemplification of the Invention
The invention is further illustrated by the following examples, which should not
be construed as further limiting. The assays used throughout the Examples are accepted.

Demonstration of efficacy in these assays is predictive of efficacy in subjects.
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WQ@12909/0¥s54 her, the conpounds of the present i nRENEPINS/063460

RN ﬁyldllsoprop I . ne DVAP Di met

one of ordinary skill in the art (Houben-Wyl 4th Ed.
1952, Methods of Organic Synthesis, Thiene, Vol une

can be produced by organic synthesis nethods known to
one of ordinary skill in the art as shown in the
follow ng exanples. LIST OF ABBREVI ATIONS Ac acetyl
ACN Acetonitrile AcOet / EtOAc Ethyl acetate AcCH
acetic acid aq aqueous Ar aryl Bn benzyl Boc
tert-butyl oxy @W}@RM@NMESIS(MET}R)DSWWI, tBu =
tert-butyl) CDI Carbonyl diimdazole
Acetognitrile DBU 1, 8-Di azabicycl o[ 5. 4
A-D chl oroet hane DCM Di chIoron%th
yI

me4 PCT/EP 8/ 063460 DI P
R.nopyri di ne
N, N - Di nethy or de O Dihet ¢ | f oxi dep El
Ellect fospray oni t| n E&lr \ggmg;;r Spra pos{}iv R
3 E aHEIectr ay ti o =

0 O R2 R2a

dec-7-ene
ngS WO

lllll

:IJIIH

All starting materials, building blocks, reagents, acids, bases, dehydrating agents,

solvents, and catalysts utilized to synthesis the compounds of the present invention are

either commercially available or can be produced by organic synthesis methods known to

one of ordinary skill in the art (Houben-Weyl 4th Ed. 1952, Methods of Organic

Synthesis, Thieme, Volume 21). Further, the compounds of the present invention can be

produced by organic synthesis methods known to one of ordinary skill in the art as shown

in the following examples.

LIST OF ABBREVIATIONS
Ac acetyl
ACN Acetonitrile
AcOEt/ EtOAc Ethyl acetate
AcOH acetic acid
aq aqueous
Ar aryl
Bn benzyl
Boc tert-butyloxy carbonyl
Bu butyl (nBu = n-butyl, tBu = tert-butyl)
CDI Carbonyldiimidazole
CH:;CN Acetonttrile
DBU 1,8-Diazabicyclo[5.4.0]-undec-7-ene
DCE 1,2-Dichloroethane
DCM Dichloromethane
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Et 20 D ethylether Et3N Triethylam ne Ether
Di et hyl ether EtOH Ethanol FC Fl ash Chromat ography h

wWhowp 264 HATU O ( 7- Azabenzotri azol e- | -yl ) - NeQCU/EPI08/063460
t et r anet hyl ur oni um hexaf | uor ophosphate HBTU
O (Benzotriazol- | -yl)-N,N N ,N tetranmethyluronium

hexaf | uor ophosphate HC1 Hydrochl oric aci d HOBt
- Hydr oxybenzotri azol e LC H gh Perf.ormance Liquid
DIPEAY omat ogr aphy  H20 V\&tl\é'ﬁ‘ﬁ[y?ﬁhilstog’fo@é{@m“&%— MS Li quid
DM@ onat ogr aphy Mass Spesi{iBihmopMaiin@t hyl  Mel
| odonet hane MeOH Met hanol ng mi | FI gram mn mnute(s)
DMIA. milliliter MS Mass Mepeddinstietioym@aide pal | adi um on

rcoal 109 WO 2009/ Q47264 .PCT/ EP2008/ 063460 PG
DM%F)gt ecting group Ph phgé%r}}e%lylsu%x%e
El

Electrospray ionization

ES+ Electrospray (positive mode)

ES- Electrospray (negative mode)

Et,0O Diethylether

Et:N Triethylamine

Ether Diethylether

EtOH Ethanol

FC Flash Chromatography

h hour(s)

HATU O-(7-Azabenzotriazole-1-yl)-N,N,N’N’-
tetramethyluronium hexafluorophosphate

HBTU O-(Benzotriazol-1-yl)-N,N,N’ ,N’-
tetramethyluronium hexafluorophosphate

HCI Hydrochloric acid

HOBt 1-Hydroxybenzotriazole

HPLC High Performance Liquid Chromatography

H,O Water

L liter(s)

LC-MS Liquid Chromatography Mass Spectrometry

Me methyl

Mel Iodomethane

MeOH Methanol

mg milligram

min minute(s)

mL milliliter

MS Mass Spectrometry

Pd/C palladium on charcoal
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Prep Preparative Rf ratio of fronts RP reverse phase
Rt Retention tine rt Roomtenperature Si02 Silica gel
WA BAB/0TR64 abut yl ammoni um fl uori de TEA Tri et hyPEIEPZ908/063460
TFA Trifluoroacetic acid THE Tetrahydrofurane TLC
Thin Layer Chromatography HPLC nethods: Method A
HPLC Instrunent: Agil ent system col um: waters
PGsym“retry Cl18, 3.5 m, x.50mm , flow 0.6 m/nmn
sol vent: CH3CN (0. 1% cﬁ’é%@ﬁtpi)ggf%b (0. 1% CF3CCR2H)
pPh gradient: 0-3.5 min : ZfePa% CH3CN, 3.5-5 min : 95%
CH3CN, 5.5-5.55 min 95 %to 20% CH3CN Met hod B:
Prepagi | ent 1100 LC chr onatHﬁgwaa@tmec systemw th M cronass
Rf ZND M5 detection. A bi nar(%/ a}dl ent conposed of A
(water containing 5 % ace 8 ?¥P1e and 0.05%
RPtrifluoroacetic acid) ramseEpHaQ@et onitrile containing
0.045% trifluoroacetic acid) is used as a nobil e phase
Rt on a Waters X Terra TMRstamiogdingm (30 x 3 mm 2.5 m
particle size) as a st se. The foll ow ng
elution profile is appﬁ%degp?e%efag%%r gradient of 3.5
SiOmi nutes at a flow rateSaﬁca@:lG Mm/mn from5%of Bto

%?U?ESBM f Ollllg\NEd by anetrla%uty a%&gnlggrl f{uorl e of 0.5
TEA Triethylamine
TFA Trifluoroacetic acid
THF Tetrahydrofurane
TLC Thin Layer Chromatography
HPLC methods:
Method A:
HPLC

Instrument: Agilent system

column: waters symmetry C18, 3.5 um, 2.1 x 50mm , flow 0.6 ml/min

solvent: CH;CN (0.1% CF;CO,H); H,0 (0.1% CF;CO,H)

gradient: 0-3.5 min : 20-95% CH3CN, 3.5-5 min : 95% CHzCN, 5.5-5.55 min 95 % to
20% CH;CN

Method B:

Agilent 1100 LC chromatographic system with Micromass ZMD MS detection. A binary
gradient composed of A (water containing 5 % acetonitrile and 0.05% trifluoroacetic
acid) and B (acetonitrile containing 0.045% trifluoroacetic acid) is used as a mobile phase
on a Waters X Terra™ C-18 column (30 x 3 mm, 2.5 um particle size) as a stationary
phase.

The following elution profile is applied: a linear gradient of 3.5 minutes at a flow rate of

0.6 ml/min from 5% of B to 95% of B, followed by an isocratic elution of 0.5 minutes at
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WO 2009/ 047264 PCT/ EP2008/ 063460 a flow rate of 0.7
m/mn of 95% of B, followed by an isocratic elution
W@2009/05720d4 nutes at a flow rate of 0.8 m/m n PET/BBRN®663460
B, followed by a Iinear gradient of 0.2 mnutes at a
flowrate of 0.8 mM/mn from95% of B to 5% of B,
followed by a isocratic elution of 0.2 mnutes at a

o 1k &% B el 9B Sk dRio S Pet g siution of 05 minures at
floviVBEOSI % nMiasialof 9O5YCATDSENSN & BPH hﬁea@%&a’e@ent opb Yemhutes at a
CH3CN (0. 1% CF3CO2H) ; HZO 0. 1% CF3 Gradient: 0-5

ﬂovmraﬁe ofi®8 1009 GHBCRE YD B © fr% of Blﬁxb%ﬂ@ﬁl@(m igqraig clution of 0.2

mingged 4 Bpies 5 E@”ﬁﬂ%ﬂ %ﬁ« 0O OH OHHNHNN
QUNO QuN~O 0

Method C:

HPLC

Instrument: Kontron, Kroma-System

Column:  Macherey-Nagel, Lichrosphere 100-5 RP 18

Solvent: CH;CN (0.1% CF5;CO,H); H,0 (0.1% CF;CO,H)

Gradient:  0-5 min: 10-100% CH3CN; 5-7.5 min: 100% CH;CN (Flow 1.5mL/min)

Example 1:

Step 1-A:

To a solution of Boc-L-t-butyl-gly-OH (711 mg, 3..08 mmol, 1.0 equiv) and
amino alcohol I (600 mg, 3.08 mmol, 1.0 equiv) in CH,Cl, (15.0 mL) at -20 °C is added
HATU (1.4 g, 3.69 mmol, 1.2 equiv), followed by DIPEA (1.6 mL, 9.2 mmol, 3.0 equiv).

The solution is stirred at -20 °C for 24 hours, 0 °C for 3 hours and room temperature for 1
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is 1b To a solution of Boc-L-t-butyl-gly-OH (711 ng,
3..08 mol, 1.0 equiv) and am no al cohol | (600 ng,
W@2@8/0#md , 1.0 equiv) in CH2A 2 (15.0 nL) at PQDER2008063460
added HATU (1.4 g, 3.69 mol, 1.2 equiv), followed by
DIPEA (1.6 niL, 9.2 mmol, 3.0 equiv). The solutionis
stirred at -20 C for 24 hours, 0 C for 3 hours and

houpCTINEPSOBETOBIHED SruHed THE FIRE oA HgehAdth 40 N HCI aq
solufioh UtTed ﬁﬂhie@ afd %ﬁra@éﬂﬂaﬂﬂ&ﬁ@ Qfudtut Maydr & MNudctbd 3th EtOAc. The

sol ution. The phases are separated and the aqueous
orgdnay &yeissarexxpmbated cindi wshed @A, saturated giqgenvis N afé@@s,éormee dried

ovel s e TS A o s BB RERRIER OBy I et column
chrdr@g&bgdphy GheRalc/EtORd, M) & £ilve Bragiabt O IFYORY m/z ES+ 409
chr omat ogr aph $hexane/ Et OAc, 1/1) to gl ve gro uct
Fouka sphitips ot alcabol 1ar9) wa) iny mtpr@f(l Ocshokt 1%° ‘ésgedded a
solugig)l j)g g%rge‘s‘eltegg&é %8(1@ :gb}(ﬂn”)g 181% rﬁ%{lﬁerﬁsg&%tﬁ fo g%“efndosﬁrred at
thiswerhpaatutefdd ZQ‘ldillﬂ:d Thé reaetbrais théhisentkedley slbur @iditan & i-PrOH
hours.  The reaction i s then quenched by sl ow additign
(5.0ghL4 2} A mipite in iy 4R REUTEAQAS o The Phisien it Seqtrated and the
aquiusNafdr Fextradi@l RIRTRO AR eriRenasml ¢ Ade tcBﬁlbm%HU%éh%d with
ayer'i1s extracted wth EtOAc. “The organic |ayers are
bring parixidn(@6, SO shé dowichtrated td gies pabduetdlhy Na@rﬁﬁd:)z &ESd = 423.
concentrated to give product 1b. Found m z ESt+ = 423.

Step 1-B: OH H2NNH2 OHO OHH N2 HNHA Il N Qu
Stet- HN O O 11 OON,
OH
H_N NH,
0
HCI I

To a solution of acid (906 mg, 2.1 mmol) in DMF (8.0 mL) and CH,Cl, (8.0 mL)
at 0 °C is added HATU (958 mg, 2.5 mmol, 1.2 equiv), amino alcohol (492 mg, 2.4
mmol, 1.1 equiv) and N-methyl-morpholine (0.692 mL, 6.3 mmol, 3.0 equiv). The
solution is stirred at room temperature for 3 hours. The reaction mixture is added
saturated aqueous NaHCO; solution and EtOAc/diethyl ether 1/1. The two phases are
separated and the aqueous layer is extracted with EtOAc. The organic layers are
combined, washed with 1N HCI, brine, dried over Na;SO4 and concentrated. The crude
material is purified by silica gel column chromatography (hexane/EtOH, 9/1) to give
product 1¢. Found m/z ES+ = 577.

112



O0O Ibis To a solution of acid (906 ng, 2.1 nmol)
in DVF (8.0 nL) and CH2C12 (8.0 nL) at 0 Cis added
wWoR2I04R268 ny, 2.5 mMmmol, 1.2 equiv), an no al cRCIDEPZ049®3460
, 2.4 mmol, 1.1 equiv) and N nethyl - norpholine
(0.692 n., 6.3 mol, 3.0 equiv). The solution is
stirred at roomtenperature for 3 hours. The reaction
St nhgfure is added saturated aqueous NaHCO3 sol ution
CBnu-'Et OAc/ diethyl ether 1/1. The two phases are
separated and the aqueous l|layer is extracted with
Et OAc. The o ¢ | ayergyare conbi ned, \washed w th

IN HCL, bri Led qyer

crude materi al urhl by S|I|ca
1gthﬂBLograph% 1
Found ni z deS+n= 7 (11 VO 2009/0472

PCT/ EP 8/?}‘634 -C O HN NHE O 310
1c O N~ O H& 4uOH2NJ~O/I I(]-~\O 1 To

a solution of alcohol Ic (450 ng) in CHZE®2 (0.6 ni)

at 0 Cis added DHPEA (0.504 nlL) foll owed by a

sol ution of S03 conpl ex (372 i in DMSO

Thel spsalutianofadcobp] te @§0ang)an Ehbr. (96 mi-hat sC i ed DIPEA

: o . h

(0.5 BhcHiGndPed 78 Sl GOS0 SoRbick 8705k nISUET OB )

Thel”sblzutlﬁﬁ‘fs stirledmt 0 °Ther po adhugés. I”Ehedhﬁ;&(ﬂ: weldaddd dizctel tokilica gel
i n dioxane. The solution was stirred at

Cohtr@hﬁ@r %‘ESQF‘% withrheptapg/dcstongfgive piaduginld. Fownd w7 Eswrf .
"lrﬂemﬁ?&ﬁfc?ﬁed@sgfj\zed ng &t 5%@ ﬂ/l H@l gd Jox&ale! dﬁe%BRff’iHﬁ tvvas
e, | C t no

IS carrie onto e next StepWI
stirred at room temperature for 2 hours. The solution is diluted with 50 mL heptane and

concentrated to give crude product le, which is carried on to the next step with no

purification. Found m/z ES+ = 475.

Alternative synthetic route from I to 1c.

(Boc),, DIPEA

P
-

OH  CH,CL,

N
H

To a solution of I (1.95 g, 10 mmol) in CH,Cl; (20.0 mL) at room temperature
added Boc anhydride and DIPEA (0.434 mL, 10.5 mmol, 1.05 equiv). The solution is
stirred at room temperature for 2 hours. The solvent is evaporated and the residue is

purified by silica gel chromatography (heptane/EtOAc, 2/1) to give product 1a’ 2.1 g.

Jones' reagent

-

acetone
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purification. Found mz ES+ = 475. Alternative

synthetic route fromlto 1c. (Boc)2, D PEA OH CH2Cl 2
wOR@pPI04764H | | a, boc To a solution of | (1.95 BCT/EP2008/063460

mol ) in CH2C12 (20.0 nL) at roomtenperature added

Boc anhydride and DI PEA (0.434 nL, 10.5 nmol, 1.05

equiv). The solution is stirred at roomtenperature

o DS us T TS BRRSR Abbbe Fale
addéd R R&{EhIPAS 2 B 10 3 ﬁm‘iﬂl,\/ﬁ(&l E%ﬁ_ll@}‘! Cthd @lutdnls Qtir'redlat é) °C for

Jones' reagent N CH acetone H boc boc O1 a" 1 b"
1.0 hag. (ke 266900 557p61ctRA Ty ERE008/066240H (5 Ponb). sBiarolwiends then

.. al coho ' .2 mol) in aceto 30. 0 at
ainGagE i R ahRaberd, o e ook s rAGEARNGe bihecls Bk &
extr@éied With EtO@ cs aihlor@iid 1ay&t bfer@éhbaded)whsHe@hwithlbitheN@tiéd over

The reaction is guenched by addition of i-PrCH (5.0
Nayp{y andreqneggiraied- ohhg @udgyaateriah is dbets then ppeginlie ngrigstep without

[ . The phases are separated and the aqueous

1hﬁ$%§%$ﬁ?%un%xtracted with Et QAc. The organic | ayers are

conbi ned, washed with H ne, dried over Na2SO4 and

concentrated. The HKud erial is Ib" is then used

in the next step withput |l further purifjcation. OH

RN NH2- 00 HO 1| HNGHD

Y

ZT
prd
I

boc O boc O O

1b’ 1c’

To a solution of carboxylic acid 1b’ (1.0 g, 3.2 mmol) in CH,Cl, (8.0 mL) and

DMF (8.0 mL) at 0 °C added II (673 mg, 3.2 mmol, 1.0 equiv) followed by HATU (1.45
g, 3.8 mmol, 1.2 equiv) and N-methyl morpholine (1.05 mL, 9.6 mmol, 3.0 equiv). The
solution is stirred at room temperature for 4 hours. To the solution is added EtOAc and
sat. aq. NaHCOs. The phases are separated and the aqueous layer is extracted with
EtOAc. The organic layers are combined, washed with 1.0 N HCI aq. solution, brine,
dried over Na,SO4 and concentrated. The residue is purified by silica gel
chromatography (heptane/acetone, 1/1) to give product 1¢’ 975 mg. Found MS ES+ =
464.

HCI
1c’ 1d’

To a flask containing 1¢” added 10 mL of 4.0 N HCl in dioxane. The solution is

stirred at room temperature for 1.0 hour. The solvent is then evaporated to give crude
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OH NNNH2 boc Oboc OO0 1 b'" 1 c¢c' To a solution of

carboxylic acid Ib" (1.0 g, 3.2 mol) in CHCl12 (8.0
worgovasmted DM (8.0 nmL) at 0 C added Il (673 ngPCBER2008/063460

mmol, 1.0 equiv) followed by HATU (1.45 g, 3.8 mmol,

1.2 equiv) and N-nethyl norpholine (1.05 nL, 9.6 nmmol,

3.0 equiv). The solution is stirred at room

e ature for.4 hours. To the.soluti.on is adde
prosERE” S s ot ThliRioes Momg G SutR driohs SBAREMSES - =
364apd. 1 g aqueous | ayer is extracted with EtOAc. The

organic | ayers are conbined, washed with 1.0 N HCl aq.

solution, brine, dried over Na2SO4 and concentr at ed.

The residue is purified by sipljca gel chromatography
(hept ane/ acetone, 1/1) tqjlgi e product |lc' 975 ny.
Found M5 ES+ _  464. Ho€H ™ 10 NN N
to HOt HCA 1c¢' 1dz:_To a fl
0 qu obH4. 0 N HCL in di oxane.
atNI oo fnenperature for I.0 hour
vagoralled to give crude 114 W 2009/1047264
PCT/ EP2008/ 063480 product |d', whigh-Ng t® nu
the nexd| step |without purification. Fourd ES+ _
364, ES- = 362. H OH boc'N'OH OH H &N NH2 N NH2
HoNoOM Te

To mixtures of Boc-L-t-butyl-gly-OH (297 mg, 1.29 mmol, 1.0 equiv), 1d’ (515
mg, 1.29 mmol, 1.0 equiv) in CH,Cl, (7.0 mL) at -20 °C added HATU (585 mg, 1.54
mmol, 1.2 equiv) and DIPEA (0.696 mL, 4.0 mmol, 3.0 equiv). The solution is stirred at

-20 °C for 12 hours then 0 °C for 1.0 hour. To the solution is added EtOAc and sat. aq.
NaHCOs solution. The phases are separated and the aqueous layer is extracted with
EtOAc. The organic layers are combined, washed with 1.0 N HCI aq. solution, brine,
dried over Na;SO4 and concentrated. The residue is purified by silica gel

chromatography (heptane/acetone, 1/1) to give product 1¢ 610 mg. Found MS ES+ =
5717, ES- =575.

Example 2:

H,N

Hel O AT~ ,

Step 2-A:
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boc' HCI = 1d' 1c To m xtures of
Boc-L-t-butyl-gly-OH (297 ng, 1.29 mmol, 1.0 equiv),
WO 200905264 ng, 1.29 mmol, 1.0 equiv) in CH2Cl2 FGT/8P290§/063460
at -20 C added HATU (585 ng, 1.54 mol, 1.2 equiv)
and DI PEA (0.696 nL, 4.0 nmol, 3.0 equiv). The

solution is stirred at -20 Cfor 12 hours then 0 C
for 1.0 hour. To the solution is added Et OAc and sat.
aq. NaHCO3 sol ution. The phases e separated and the
aqueous ljayer is extracted wt N JEt OAc. The organic
combi ned, .washed w™M h’ N HC198q.H
rine, dried over Na2 ww#%&\ at ed.
The residue\is purified by silica chro ogxaphy
(hept ane/ dlcetone, 1/1) to gi \féNpVolB‘ ?1c ny.
Found M5 ES+ OH 577, ES- = 575. arrpl e 22IHOH N
NNV HNOOO2 .HCO 0 2 Step 5 WO
2009/ 047264 PCT/ EP2008/ 063460 H N ()—| N "V N HN OO
O HOHI 2a HA
Intermediate 2a is prepared according to the procedure described for the synthesis of 1f.
Found MS ES+ =491.

Step 2-B:

NW 0
= —_—
O boc

4N HCI

To a solution of Boc-L-cyclohexyl-gly-OH (0.391 g, 1.53 mmol) and 2a (800 mg,
1.53 mmol, 1.0 equiv) in CH,Cl, (7.0 mL) and DMF (7.0 mL) at 0 °C added HATU (697
mg, 1.8 mmol, 1.2 equiv) and N-methyl morpholine (0.505 mL, 4.6 mmol, 3.0 equiv).

The solution is stirred at room temperature for 4 hours. To the solution is added EtOAc
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Internmediate 2a is prepared according to the procedure

described for the synthesis of If. Found M5 ES+ =
wa2moerep 2-B: H OH H boc. N OH OH NN H N N PRCTMEP2098/063460

""VHHN OOOboc.NNNOOO O 2a 2b HCA 4N HCl H

OHH NN NTI HNOOO 2 O HC 2 To a solution of

Boc- L-cycl ohexyl -gly-OH (0.391 g, 1.53 nmol) and 2a

and ipag. FBICRY T st A g oy s (v i it
EtO2QUIMht o@é‘&iiud\l'a?:ﬁf% By comyiRi0 WafiRd(WittP 05 NTHCI 4 &olBh, brine,

3.0 equiv). e solution is stirred at room
drietl ewpeNatSGk @nd gpncgntigtad. s Thargsidne isspirdted b silgragdted

o RS R ARS8 L O PRRAR Eohg e

728l ayer is extracted with EtQAc. The organic |layers are
conbi ned, washed w solution, brine

ned 'thl.ONHClagi“ ,
dr iTr Beercongpsm 2B hb0% sheddsd (it WdICHRdioxese thik) md.). The
solvRHf s fe{lﬁ)%rggd & élbg &udE tnaterial 2, which is continued to the next step without
purification. Found MZ ES+ =630, ES- = 628.

Example 3:

HCI

Intermediate 2a is prepared according to the procedure described for the synthesis of 1f.

Found MS ES+=491.

Step 3-B
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chr omat ogr aphy (heptane/ acetone, 1/1) to give product
2b. Found M5 ES+ = 730, ES- _ 728. To a flask
w@owainssag 2b (1.02 g) added 4.0 N HCL in di ORGHEP2008/063460
(10.0 nmL). The solvent is evaporated to give crude
material 2, which is continued to the next step
wi thout purification. Found MZ ES+ = 630, ES- = 628.
Exanple 3: OH HH N~ N,V HJd NNOO HNOO3
p3-AHOHH NN H2 ~ 000 HOH2a HC
ernedi ate 2a is preparfed accordin he procedure
Ydeni bed f &M the syth OF 1f. ES+ &

. S(eN.3-8 17 WO 2009/ §47264 PCT/ EP2008/ 063460 H
Oﬁb . H OHIIOH W/Nv-—N-6-RN-NN H2N§70, 0 Byt ey HO Qro
HN © © bocs AN N A O X O

To a cooled solution (0 °C) of Boc-L-t-butyl-gly-OH (555 mg, 1.29 mmol, 1.0
equiv) in CH,Cl; (20.0 mL) was added HATU (960 mg, 2.50 mmol, 1.05 equiv) and
DIPEA (1.46 mL, 8.40 mmol, 3.5 equiv) and the solution stirred for 15 mins. A premixed
solution of Amine 3a (1.28g, 2.40 mmol, 1 equiv), DIPEA (0.43 mL, 2.40 mmol, 1.0
equiv) in CH,Cl, (5.0 mL) was added to the activated acid. The solution is stirred at
room temperature for 2 hours. To the solution is added EtOAc and sat. aq. NaHCOs.

The phases are separated and the aqueous layer is extracted with EtOAc. The organic
layers are combined, washed with 1.0 N HCI aq. solution, brine, dried over Na,SO4 and
concentrated. The residue is purified by silica gel chromatography (heptane/acetone, 1/1)
to give product 3b. Found MS ES+ = 704, ES- = 702.

To a flask containing 3b (1.02 g) added 4.0 N HCI in dioxane (10.0 mL). The
solvent is evaporated to give crude material 3, which is continued to the next step without

purification. Found MZ ES+ = 604, ES- = 602.

Example 4: Compound A-6
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H 3a 0 3b HJd 4NHCO OH HH ~/NV NNvT~ HNJ H Nv

OO O 2 HJ OTo a cooled solution (0 C of
w@ewoh4ebut yl - gl y-OH (555 ng, 1.29 nmol, 1.0 PEEP20P8/063460

in CH2Cl12 (20.0 nlL) was added HATU (960 ngy, 2.50 mmol

1.05 equiv) and DIPEA (1.46 nL, 8.40 nmmol, 3.5 equivV)

and the solution stirred for 15 mns. A prem xed

sol ution of Am ne 3a (1.28 2.40 nmol, 1 equiv),

DI PEA (0.43 niL, 2.40 nmol, eqU|v) |n CH2C12 (5.0

m.) was added to th ] ed aci d.Q Th sokutlon IS
% The
Sat( ao: The

stirred at roon1te
oud | ayer is

solution is

phases are sep ra 2

extracted w %ﬁg e ayers are

conbi ned, waghed wi thh 150 HCl1 aqg. solution, brine,

dried over Na2&SX and coh¢entgated. The residue is

purified by silica gel chromatography
Swﬁheptane/acetone 1/1) to give product 3b. Found M5

ES+ = 704, ES- = 702. To a flask containing 3b (1.02

g) added 4.0 N ﬁ[ﬁoln di oxane (10"nb). The sol vent

i s evapor at ed mwg crradermat er iyl B which is

continued to t@next step—w t hofit Jpur®tication.

Found MZ ES+ = 4, ESetone/§cH | e 4: Conpound A-6

118 WD 2009/ 04726% PCT/ EP2008/ 063460% O H

To mixtures of Pd/C (10 % by wt., dry 30 mg) and methanol (5 mL) is added L-
pipecolinic acid 4a (2.3 mmol, 300 mg) and acetone (1 mL). The reaction mixtures are
stirred under 1 atm of H, for 16 hours. The reaction flask is then purged with N, and

filtered through celite. Removal of the methanol under reduced pressure gave the desired

product 4b (310 mg). Found m/z ES+=171.

Step 4-B

To a solution of the N-isopropyl-pipecolinic acid 4b (26 mg, 0.15 mmol) in DMF
(0.8 mL) and CH,Cl, (0.8 mL) at 0 °C is added HATU (63 mg, 0.17 mmol, 1.1 equiv),
amine 2 (100 mg, 0.15 mmol, 1.0 equiv) and N-methyl-morpholine (0.07 mL, 0.60 mmol,
4.0 equiv). The solution is stirred at room temperature for 3 hours. To the reaction
mixture is added saturated aqueous NaHCOj3 solution and EtOAc/dicthyl ether 1/1. The
two phases are separated and the aqueous layer is extracted with EtOAc. The organic

layers are combined, washed with 1N HCI, brine, dried over Na,SO4 and concentrated.
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N HH NYONHOj NHNO\ UO4 Step 4-A 0 H

N,AAL OHPd/C, H2 N,, ~ 1 OH Acetone/ MeoH ~~/J 4a
W04t ures of Pd/C (10 % by wt., dry 30 neQT/EP2008/063460

nmet hanol (5 L) is added L- pipecolinic acid 4a (2.3

mmol , 300 ng) and acetone (1 nlL). The reaction

m xtures are stirred under 1 atmof H2 for 16 hours.

The ,reaction flask,is then purged with N2 and
Ther §ig MAET1ah 1% BB S PY 18 1o O B, MRt Gest i petapsdgptanc,
6/4)rts%u&:gﬂow&&ﬁum%ug@ﬁﬁztﬂsa%lred product 4b (310

nmg). Found mz ES+ = 171. Step 4-B H HO NN OH H HN

Nomd \\ ~04b NO OYHJ NONNOO HNOHOV O 2
Step4-C

To a solution of alcohol 4¢ (122 mg, 0.16 mmol) in CH,Cl; (1.0 mL) at 0 °C is
added DIPEA (0.109 mL, 0.62mmol) followed by a solution of sulfur trioxide pyridine
complex (50 mg, 0.31 mmol) in DMSO (1.0 mL). The solution is stirred at 0 °C for 10
mins. The mixture is loaded directly onto a silica gel column and flushed with

Acetone/Heptane 20-75% to give product 4 (50 mg). Found ES (M+H") = 781.65.

Example 5: Compound A-44

Step 5-A
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To a solution of the N-isopropyl-pipecolinic acid 4b

(26 ng, 0.15 mmol) in DV (0.8 nL) and CH2Cl12 (0.8
wWorkgo9as7264 C i s added HATU (63 ng, 0.17 mmol, I1PAI/EP2008/063460

equiv), amne 2 (100 ng, 0.15 nmol, 1.0 equiv) and

N- et hyl - nor phol ine (0.07 niL, 0.60 mml, 4.0 equiv).

The solution is stirred at roomtenperature for 3

hours. To the reaction mxture is added saturated

aqueous, K NaHCO3 sol uti on and Et OAc/ di et hyl \ et her 1/% H
The Y phases are geparated and the HIgous Iay I SN
i E?OAcﬁ or ganl c @ N ~/
{t et (1)19 V\DZ 9 7 4 H
84 O The_trud ®f| ed\ by
H elocol u chromato rap Eﬁac on hept ane,
2 gfrgl ve product C. CFo mz ES . Step 4-C
N~ H3H Nv~\\ N—OYONY05HOZHHO4C

H O4 To a sol ution |of % &hlol 4c (122 ng, 0.16 mol)
in CH2C12 (1.0 L) added DI PEA (0.109 ni,
0.62mmol ) foll owed by a soI utlon of sul fur trioxide
pyridine conplex (50 ng, 0.31 mmol) in DMSO (1.0 ni).
TheAmield (sptheszal dsrihdikaniple 3Cwae rcoﬂ,lﬁled withsdb dshié Step 4-B and
m xture is |oaded directly onto a silica gel columm
oxidis 11 SHOd- it BveAGSINEIApt S5 30- 7506 to gi ve
product 4 (50 ng). Found ES (MH—I+) = 781.65. Exanpl e
5: Conpound A-44 OH N NN
Example 6: Compound A-15

r

Step 6-A
@)

O
NaCNBH,, acetalaldehyde,
OH - OH
Et;N, CH,OH, CH.CI,

Hsa )N6b

To a solution of (R)-3- piperidine-carboxylic acid 6a (1.0 eq, 5.0 g, 38.7 mmol), Et;N
(0.9 eq, 5.0 mL, 35.9 mmol) in DCM (80.0 mL) and methanol (80 mL) at 0 °C, is added
NaCNBH3; (2.6 eq, 6.4 g, 102 mmol) in one portion. Acetaldehyde (3.0 eq, 6.5 mL, 116
mmol) is added dropwise, and the resulted mixtures are stirred at room temperature

overnight. The mixtures are then concentrated on vacuo. Acetonitrile ( 80 mL ) is added
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HO NNNO HOS5 Step 5-A 120 WO 2009/ 047264

PCT/ EP2008/ 063460 O HHONNNNNO OOHoO NNN
W@2MIBH64 2 O 0" % HN OO O3 Il N %86, OH S5PCTEEL08/063460

Amine 3 (synthesized as in Exanple 3) was coupled with

4b as in Step 4-B and oxidized as in Step 4-C to give

5 (ES (MtH+) = 755.61). Exanple 6: Conpound A-15 H

to tlé r%f% 19% %%S%r%ﬁﬁ%g'ﬁie fﬁ‘?rgttealé goln%ggt}la(%eed inovgcuoo_.| 4NHCI
in dioxane ( 80 mL ) is added and ethyl ether ( 80 mL ) is added. The solid is then
collected by filtration to give product 6b (0.90 g).

Step 6-B
0
H OH H OH H OH H
YN e 9 Y L WYY AV,
HCI. HN ( © ) (j)LH N\:/&Oorv ol
N o 4
EDCI,HOBT, NMM, ) ™™ 6¢

CH,Cl,, DMF

To a solution of the acid 6a (26 mg, 0.15 mmol) in DMF (1.0 mL) was added
HOBt (31 mg, 0.23 mmol) and EDCI (43 mg, 0.23 mmol) and solution stirred at rt for 15
min. Then a solution of amine 2 (100mg, 0.15 mmol) and N-methyl-morpholine (0.07
mL, 0.60 mmol, 4.0 equiv). in CH,Cl, (0.8 mL) was added and the mixture stirred
overnight. To the reaction mixture is added saturated aqueous NaHCOj; solution and
EtOAc. The two phases are separated and the aqueous layer is extracted with EtOAc.
The organic layers are combined, washed with brine, dried over Na,SO4; and
concentrated. The crude material is purified by silica gel column chromatography

(acetone/heptane, 6/4) to give product 6¢. Found m/z ES+ =769.

Step 6-C

To a solution of alcohol 6¢ (44 mg, 0.06 mmol) in CH,Cl; (1.0 mL) at 0 °C is
added DIPEA (0.3 mL, 0.24 mmol) followed by a solution of sulfur trioxide pyridine
complex (19 mg, 0.12 mmol) in DMSO (1.0 mL). The solution is stirred at 0 °C for 10
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6a 6b To a solution of (R)-3- piperidine-carboxylic

acid 6a (1.0 eq, 5.0 g, 38.7 mol), Et3N (0.9 eq, 5.0
WOor20098%7264 nmol ) in DCM (80.0 nlL) and net hanol PGUEP10P8/063460

at 0 C, is added NaCNBH3 (2.6 eq, 6.4 g, 102 mmol) in

one portion. Acetal dehyde (3.0 eq, 6.5 niL, 116 mmol)

i s added dropwi se, and the resulted m xtures are

. stirred at roomt rature over.night, The m xtutre .
mindy ¢ Thf RS coner A 4 ariy Qei5o s RREL Gl Py (Rgifspeq with
AcckcheAdGR &eh@h%@t@@i@@b%ﬁ@%(ﬁ%%ﬁ%@ﬁ%@ﬁ%ﬁ@f ) £961 he

residue and the mxtures are filtered. The filtrate is
concentrated in vacuo. 4NHCL in dioxane ( 80 nL ) is
E adqeq,gﬁd et hyl gther ( 80 nL ) is added. The solid is
XM /e oMo ABy filtration to give product 6b (0.90
g). Step 6-BO HOHHHOHH H HNNNVNNG®Ga O
NNC HCl. H2N NO O O N N_ HIf ON 2
To a sgjution of the

EDCI , HOBT, NWM 6c Z
acid 6a (26 ng, 0.15 i (%.O m.)Hwas added
HOBt (31 ng, 0. 23 mml Jyand 4 \J%kgd\‘ mol )
and solution stikred a rtHfor 150 mMn. g¢hen

sol ution of anifne 2 (%OO : _.15>nng%? and

N- et hyl - mor photy+ie (0.0D 0.60 mmol, 4.0 equiv).

in CH2C12 (0.8 ) was added!ang the m xture stirred

overnight. To e~reaction mxture i s added saturated

agueous NaHCO3 sol ution and EtQAc. The two phases are
SteRéphr at ed and the aqueous layer is extracted with

Et OAc. The organic |ayers arg conbi ned, washed with

brine, dried over Na2§§l and [L

N OH

7a

Prepared in a similar manner as described in Step 4-A

Step 7-B

.HClI

H,N

Coupled and oxidized as in Example 6. Obtained 7, Found ES (M+H") = 781.56.

Example 8: Compound A-50
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concentrated. The crude material is purified by silica
gel colum chromat ography (acetone/heptane, 6/4) to
w@erosg/opiedluct 6¢. Found m z ES+ =769. Step 6- CPEI/EP20DB/063460

OHN=OOHNNN OHNNNOOONNOO-- O HOH
NOO 6c N6 To a solution of alcohol 6¢c (44 ng,

0.06 mmol) in CH2C12 (1.0 nL) at 0 Cis added DI PEA

(0.3 nm., 0.24 mmol) followed by a solution of sulfur
trioxide pyridine conplex 9 ng, 0.12 nmol) in DVSO
(1.0 m). The solutiagn irred at 0 C for 10 122

WD 2009/ 047264 PCT/ p63460, ms. yThe mixture is
| oaded directly ont i1y NG and fl ushed
with Acetone/ He q gi ye prod 6 (22
ng). Found l - =% | e~7: Conmpound A-4
O HH H Q O: H = Ot 7 Step 7-A O
8
Step 8-A
o paraformaldehyde o
(j)LOH PdC. R, (j)LOH
N N

8a | 8b

H

To a suspension of Pd/C (10 % by wt., dry 50 mg) in methanol (8.0 mL) added R-
nipecotic acid 8a (3.87 mmol, 500 mg) and paraformaldehyde (5.8 mmol, 174 mg). The
flask is charged with H, and is kept stirring under a balloon of H; for 3 hours at 50 °C. At
this time the reaction is judged to be complete by '*C NMR . The reaction mixture is
then purged with N, and filtered through celite. Removal of the methanol under reduced

pressure gave the desired product 8b (500 mg).

Step 8-B

> A

Coupled and oxidized as in Example 6. Obtained 8, Found ES (M+H") = 753.42
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N'A OH 7a Prepared in a simlar manner as descri bed
in Step 4-A Step 7-B™ 0 CJ OHJJJ o HO H7a NN
WO 20090C1264H N N~/ N~ 0 N O O H2N NO O TO H = OPOI/EP2008063460
7 Coupl ed and oxidized as in Exanple 6. Ootained 7,
Found ES (M+H+) = 781.56. Exanple 8: Conpound A-50
123 WD 2009/ 047264 PCT/ EP2008/ 063460 H OH OH N
N2 r CN)-.'=.,NN'00 OHO=8 Step 8-Ao0
EX%‘R?‘S%EHHTH%‘%?%‘&% CYOHPd/C, N8ai 8b To a
suspension of Pd/C (10 %by,wt., dry 50 ng) in
nmet hanol (8.0 nL) added ecot i cOaC|q 8a (3.87
mml, 500 ng) and par af Hdehyde ( 174 nyg).
The flask is charged vvlt nd N k irring
3 atz 5000 At

under a ball opn of ur
/f \\ N\/g

9

Step 9-A

9a is synthesized as in step 4-A, Coupling and Oxidation as in Example 6. Found 9 m/z
ES (M+H") =727.37
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this time the reaction is judged to be conplete by 13C

NVR . The reaction mxture is then purged with N2 and
WO dovesR6H4 t hr ough celite. Renoval of the net haPOl/EP2od&063460

reduced pressure gave the desired product 8b (500

ng). Step B0 OH N8 HHHH HNN N/ NCHNN

TJ,, OO0OHNNOOONN 2IfH .HJ O0- 2 NO 8

eGSR e 0 Mo Bl s ©

PCT/ EP2008/ 063460 Exanpl e 9: Conpound A-73 N N
N HO NNNOHOA4 9 p 9-A O OH

) PhCHO, TSOH N LIHMDS . o
” o Toluene, reflux, 6h - : \\\\\‘l\o cyclobutanone N

94% THF §

quantitative W
D-2

D-3

D-1 °

MsCl, TEA
quantitative | DMAP

2-Nitropropane o
DMSO, KOtBu J\
R i)
91%
97% LAH
MR D-5
D-4
1:1 Mixture
di-p-toluoyl-L-
Pd/C, H, tartaric acid z :
EtOAc/HOAC - . 3
N OH 679, ' etharlol
° H oy 4% oH OH
D-6 D-7 . L-DPTTA D-9

D-8

Step 1: Preparation of intermediate D-2

A mixture of (S)-(+)-5-hydroxymethyl-2-pyrrolidinone D-1 (20.0 g, 0.17 mol),
benzaldehyde (20.3 g, 0.19 mol), and p-toluenosulfonic acid (0.38 g, 0.002 mol) in
toluene (235 mL) is refluxed for 17 h while collecting water using a Dean-Stark water
separator. The cooled reaction mixture is washed with 5% NaHCO; (2 x 50 mL),
saturated NaHSO; (4 x 50 mL), and brine (2 x 5SmL). The organic layer is dried over
MgSO4 and concentrated to give compound D-2 (31.2 g, 88.5%) as a light yellow oil

which is used directly in the next step without further purification.
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ONWKOHHON 92 NO NOHNO NOO, NOHNS=O
NNz-2HO09 Ot 9ais synthesized as in step 4-A
w@omplsngd and Oxi dation as in Exanpl e 6. FoundP@I/EP208/063460

ES (MrH+) = 727.37 125 WD 2009/ 047264
PCT/ EP2008/ 063460 Exanple 10 - Synthetic Preparation
of am no-al cohol D9 OH O O PhCHO, TsOH N LiHVMDS O H
ret cycl obutanone N OH THE 94%
Stegs PRDGatif ot drpedioe DR 5 3 Mecr  TEA
quantitative DMAP 2-Nitropropane O O N

The 2-L, 4-necked round-bottomed flask equipped with a mechanical stirrer, addition
funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged with 50.8
g (0.250 mol) of crude compound D-2 and 400 mL of THF . Cool the solution to an
internal temperature of -75 £ 2 °C and add 262.5 mL (0.263 mol) of lithium
bis(trimethylsilyl)amide 1.0 M solution in THF over 1.5 h while maintaining an internal
temperature at -75 £ 2 °C. Stir the reaction mixture at an internal temperature -75 £2 °C
for 1.5 h. Add the solution of 19.3 g (0.275 mol) of cyclobutanone in 200 mL of THF
over 1 h while maintaining an internal temperature at -75 £ 2 °C. and stir at this
temperature for 1.5 h. Add to the reaction mixture 700 mL of saturated aqueous solution
of ammonium chloride over 0.5 h at an internal temperature of -75 to -35 °C. Warm up
the reaction mixture to an internal temperature 20 + 2 °C and add 700 mL of ethyl
acetate. Separate the phases and extract the aqueous phase with 2 x 500 mL of ethyl
acetate. Combine the organic layers and wash with 700 mL of 15% aqueous of sodium
chloride. Separate the phases and concentrate the organic layer ( ~ 2.7 L) under reduced
pressure (75 -32 mbar) at an internal temperature 30- 35 °C to afford 71.7 g of crude

compound D-3 as an oil.

Step 3: Preparation of intermediate D-4

The 1-L, 4-necked round-bottomed flask equipped with a mechanical stirrer, addition
funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged with 34.2
g (0.125 mol) of crude compound D-3 and 420 mL of CH,Cl,. Cool the solution to an
internal temperature of 0 =2 °C and add 63.2 g (0.63 mol) of triecthylamine over 25
minutes while maintaining an internal temperature at 0 =2 °C. Then add 3.1 g (0.025
mol)of 4-(dimethylamino)pyridine. Stir the reaction mixture at an internal temperature 0
+ 2 °C for 20 min. Add 21.5 g (0.19 mol) of methanesulfonyl chloride over 25 minutes
while maintaining an internal temperature at 0 + 2 °C. and stir at this temperature for 0.5
h. Warm up the reaction mixture to an internal temperature 43 +2 °C and stir at this
temperature for 20 h. Cool the reaction mixture to an internal temperature of 0 £2 °C and

add 280 mL of sat. aqueous solution of ammonium chloride and 280 mL of ethyl acetate.
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t DMSO, KOhBu N ~\ 0 91% O LAH 97% THE D5 D4 1:1

Mxture 2 di-p-toluoyl-L Pd/C, Hz tartaric acid
WER@NOARIGAC N dOH et hanol 97% N 14% H H OH H{TER200$063460

D6 D7 - L-DPTTA D9 D8 Step 1: Preparation of

intermediate D-2 A m xture of

(S)-(+)-5-hydroxynet hyl -2-pyrrolidinone D1 (20.0 g,

d 30,..0,1 ),
SepRiale bt BhbEr RO A Bt Hivagusahise Htions SaERL of Al sciatce
Conﬁ@?@tﬁ%@r dnSc faz&ls U@ dakiotith 350 nyihbt £59% Qlih®b b di@h hloride.

tark water separator. The cool ed

Sepa@afcttgw phasm xind cendegtrofa $hreer ganit rysod Na MAOBundRr BCdECﬁdmI%S,SMe
T
1sGRRHFLT PRI ehlrtler nacth a0 BT coplfind

D4g1|s\aﬁogorrpound D2 (31.2 g, 83.59% as a light yellow

oil which is used directly in the next step w thout
further purification. 126 WD 2009/ 047264

Ste@%ﬁéﬁ@r@mﬁ% 0B3460Q.4iotgp.52: Preparation of internediate

The 2-L, 4-necked round-bottomed flask equipped with a mechanical stirrer, addition
funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged with 28.0
g (0.25 mol) of potassium tert-butoxide and 215 mL of DMSO. Stir the mixture at an
internal temperature 22 + 2 °C for 15 minutes to get a solution and add 22.3 g (0.25 mol)
g of 2-nitropropane over 45 minutes while maintaining an internal temperature at 22 - 32
°C. Stir the reaction mixture at an internal temperature 22 + 2 °C for 0.5 h. Then add the
solution of 31.9 g (0.125 mol) of crude compound D-4 in 90 mL of DMSO over 25
minutes while maintaining an internal temperature at 22 + 2 °C. Stir the reaction mixture
at an internal temperature 22 £+ 2 °C for 0.5 h. Warm up the reaction mixture to an
internal temperature 100 £ 2 °C and stir at this temperature for 85 h. Cool the reaction
mixture to an internal temperature of 0 =2 °C and add 610 mL of water and 600 mL of
cthyl acetate. Separate the phases and extract the aqueous phase with 2 x 300 mL of
cthyl acetate. Combine the organic layers and wash with 3 x 400 mL of 15% aqueous
solution of sodium chloride. Separate the phases and concentrate the organic layer ( ~
1.2 L) under reduced pressure (100 -12 mbar) at an internal temperature 35- 40 °C to
afford 34.3 g of crude compound D-5 as dark orange oil.

Step 5: Preparation of intermediate D-6
The 1-L, 4-necked round-bottomed flask equipped with a mechanical stirrer, addition
funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged with 32.7

g (0.11 mol) of crude compound D-5 and 0.7 L of THF. Cool the reaction mixture to an
internal temperature of 0 =2 °C and add 12.5 g (0.33 mol) of LiAlH4 over 1 h while
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The 2-L, 4-necked round-bottoned flask equi pped with a
mechani cal stirrer, addition funnel, digital

W@ b@pwiret er and condenser with nitrogen inletPOUEPDS/063460
is charged with 50.8 g (0.250 nol) of crude conpound
D-2 and 400 nL of THE. Cool the solution to an
internal tenperature of -75 2 C and add 262.5 niL

.(0.263 ol f lithium Dbi rimethylsilyl)amde 1.0 M
maifitivs ghidm e temb g S S RO ek Ty
tempSh@EN@H 2 dCefFp e matwhen ﬁ}% trefRactidn EnixRlrd fo dnNBtcRA&nhRPature 22

m xture at an internal tenperature -75 2 C for 1.5

+ 2 HC andistintah ghis temperagure ¢ér 2000h.3Ceol(the R7Stigroi)xtwe to an internal

ternfRi i PORH RS, o B8 AR Lot bEn ol £ s oBb% Squooyy solution
of s&diufn 1BidréxtidSandt EFNPBIL AU ferf Bler 25 MifuteAdthilk @ndift@ining an

__reaction mxture 700 nL of saturated aqueous sol ution
integral empsHItUinaE A 8r'Ca SVeperp thegesstign nykturhiognigiemal temperature

t - - | on
224 R ShE PPl o b Ppcfle tng SHRT b CANIEATAL B by
filtratiorodvee & Biichna deiral, end Seph et selitl dththa e snlasitkteytaceate and 2

t he agueous, phase with 2 500 of ethyl acetate..
X 20BhAe éeB%r_@fgﬁh%phlaé%?ﬁﬁlgﬁf& SFESRITI L1 2POOOPGHE b
15 H0'4¢ gtllll?l Ret3QACHbin€ M LSl 1@?{&3("2317.6} LL?'&ﬁd BORRRRa@Nthder

concentrate the organic lFayer under reduce
redyzeé psagsge (1B -1 3 nbrapjeat an ateimal temperanat 35-eth%e. dtharesi@ Q-

. 35 C atfo 71.7 of crude onpo D-3 as :
dissgive T 3P0t nd dical B vGEH i P AT & ogaiedt eSftipn of
sodfm@kest. rRpadtdnt brageE ahl 3SRkt PRESH Wit hyRr (~ 0.27 L) under

mechani cal stirrer, addition funnel, gl i tal
redyché prasse €100an @ nihwnigs a8 éxtempit tempictapag 8 i $thiCeto-adlard 89.5 g of
Cm' S (ﬁ{]arg(ig_g\nétgar %. 2 % (0.125 nol) of crude conpound
SERY 0° HL9Y 81@&5: Cool the solution to an
internal tenperature of 0 2 C and add 63.2 g (0. 63
rml}l)zﬂeof tri et‘h%ll am ne over 25 mnutes while
Stepefi; Picaratiogobintamediaied?-7t enperature at 0 2 C. Then
add 3.1 g (0.025 nol)of 4-(dinethylam no)pyridine.
Stir the reaction mxture at an internal tenperature O
TheZaar hyirogMatiombotAd th Garded gviftO151@ g @0} 3 aiol) of crude compound D-
met hapesul fonyl chloride over 25 mnutes while
6, 7o In RIS TARY I CEise %&-%5&@%@3 giredic gpidgnd . xg of o PA/C
(5 0‘%“1&%. af bR SRPRRPALWRLL Bfst QitR nitfoeeRIMHYPHERGimes and next
reaction mxture to an internal tenperature 43 2 C
withalmrggdnr(Sapsi Hirse timesrddeaprassurfzeth2Parhbot@oelithtfydrogen (60 psi)

RS SR B gb o804 LT GRS O Sy over
the pdd &r4.01¢ oR08lite BV ¥k tIRf ceBitdPAd @8 ]18-mL of isopropyl acetate.
Concentrate the filtrate under reduced pressure (100 -12 mbar) at an internal temperature
35- 40 °C. To the residue add 3 x 25 mL of isopropyl acetate and concentrate under
reduced pressure (100 -12 mbar) at an internal temperature 35- 40 °C. To the residue add
50 mL of water and 25 mL of 6 N aqueous solution of sodium hydroxide to pH ~ 12.
Then add 3 x 100 mL of isopropyl acetate and separated the phases. Combine the
organic layers and wash with 80 mL of 15% aqueous solution of sodium chloride.

Separate the phases and concentrate the organic layer ( ~ 0.35 L) under reduced pressure
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127 WD 2009/ 047264 PCT/ EP2008/ 063460 Separate the
phases and extract the aqueous phase with 2 x 250 niL
wW@R00ekR2b4 acet ate. Conbi ne the organi ¢ | ayer sPEREP2X8%063460
with 350 nL of 15% aqueous of sodi um chl oride.
Separate the phases and concentrate the organic | ayer
- 1.4 L) under reduced pressure (150 -12 nbar) at an

(

[ nt t 35- f 32. f
(100 GgRbE R bateta or 10 S e i rmngund D-
7(ﬁdﬁd%ﬂﬂ%%dﬁ%%n@&&ﬁ?Qﬁ&%kbnm@eBﬁpked round- bot t omed

flask equi pped with a nmechanical stirrer, addition

funnel, digital thernoneter and condenser with

niLtyogen..inlet-outlet 4s charged with 28.0 g (0.25
Steedi DEBFOY AL TR OBy oxi de and 215 N of DVBO

Sep&fatibn bheiagitoebidbeAt maiRturt DLEbPakathRAPAis@vith @i-3doludyD-

for 15 minutes to get a solution and add 22.3 g (0. 25
tartggig acid gpdgrexpwith di-gpelbgnk-tatasic 48l ni nut es whil e

mai ntai ning an internal tenperature at 22 - 32 C

Stir the reaction mxture at an internal tenperature
The20-RL CGH-hedke@ réunld-botloared ek tdeppcioliti & arecidni @il stre, addition

T e SR g S i 7
t i i . 1 m t

¢ BTN ol cdpouf .7 i RS S Sl

ethaneb2A0 rofn Kicnradd the stutionrif Orddad (& Egenal) of €)4DP-toRiogl-D-

d stir at thi for 85 h. Cool the .
tareftiSheit g el FUPERSE ReE7 Sy ShahahiE 4 ingmat
temp&etuddst 010 5me 4 swRtRMmARAGe 80 iter@dl ter@idilreanet abe for 14

eparat e the phases and extract the aqueous phase with
h. Waym gpthamixgdre teintgrhaldemperpre Fhwii heandistir afrthiari¢roperature for

|, aver n sh, W t.h mL of 15% ueous
an aggt R ARG S Fy o el Rlor f BERRY TRURL ang g the

soli€ MRGEN 5 A€ of &iRard 38N ool aydiceitrate thelfltritodaderrediicee Pressure
ao&ressure (100 -12 nbar) at an internal tenperature 35-

0l 2anba) atzyigiegnag enpegatpre 30r 40 eC chnpsupadus asld29 rah ok water
M . P ! . . d .
naHAGP 6% b SR SBRLR B Sly LPL TR By 35 m

nec roun equi ppe
of isopedpghaaalte std saperatedaticphdson Cémibimelthe atpgiit ddyers and wash with

25 1, RS AGHICHRCRIVSEN PG ChIPTAB! BeBiie gl snBiL AR centrate
the SganR My eP ufddr r@fucddpretQRt (100215 BAGE) 280 HtXhM Bmb&affle 35- 40
°C. To the residue (~ 3.1 g; 0.0159 mol) add 20 mL of ethanol 200 proof and then add
the solution 0f 4.29 g (0.0111 mol) of (-)-di-p-toluoyl-L-tartaric acid in 10 mL of ethanol
200 proof over 7 minutes while maintaining an internal temperature at 20 - 23 °C. Stir
the reaction mixture at an internal temperature 22 £+ 2 °C for 7 h. Warm up the mixture to
an internal temperature 50 + 2 °C and stir at this temperature for an additional 2 h. Cool
to an internal temperature 22 +£2 °C and collect the solid by filtration over a Blichner
funnel, and wash the solid with 3 x 5 mL of ethanol 200 proof. Then suspend the solid (
~2.03 g) in 25 mL of ethanol 200 proof at an internal temperature 22 + 2 °C and warm up
the mixture to an internal temperature 77 £ 2 °C. Then add slowly 40 mL of methanol to

get a solution at reflux. Cool the solution to an internal temperature 40 £ 2 °C and
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internal tenperature of 0 2 C and add 12.5 g (0. 33

nol) of LiAIH4A over 1 h while 128 WD 2009/ 047264
WEQMPBP2608/ 063460 mai ntaining an internal tePEEERI003$/663460

at 0 2 C Stir the mxture at an internal

tenperature 0 2 Cfor 1 h. Warmup the reaction

m xture to an internal tenperature 22 2 Cand stir

configbifBe bGUAT PHEBFHAFed bigyis GPCLAM o Ronishi fropgture
38 4200 tdh b&kh VElusle @ndzsl%o%mrg light S%M@aﬁ)e qQSn 860146 hPthternal

of sodi um hydr oxi de and wat er over 25
temmrﬁuﬂr@%Z Wi °Cean|d§tlmhausn$mgmam f0r| 4r$ths rGellect trpelidby Filiragion over

he .rea e t
» Bkl ST YER O RURT A5 AL SR Ead oRhrodt BRI solid
undén@de&ed Prestiire @0 Bibar)@eB 5 &cC fort 1@&1 ®alivdl by § of ID-8 kaltd i@MRatio of
over a Buchner funnel, and wash the solid with 2 x 90

desipgd @pstereprppr Apdesited ablid 22.6x (Phe desiisl dipiapomedp ratiag salt
h h
with R PBATESYE et SBo PR 2N Y 2" o me ¢ he-or gani o

| ayers (- 1 1 L) and concentrate under reduced

ﬁr essure g 12 npbar) at an internal tenperature 35-

Step, §: Efequﬁ'[ém}% intrr@edigicdd S ve in 220 ni of et hyl acetate

To i’ﬁ? (1aghow g 6 AT s @Bte}%l{ﬂaﬂﬂﬁpg% e H4iBs %lutléﬁ%’f%ﬂlum
ori de.” Separate the phases and concentrate

hydorxgdntiopH ayér Tl@en QldB7x [LQ nﬂndﬁsoprppylmetdtemnd%paraeq 1i@(phases.

-12 nbar) at an ntrnlt er at 39- 40 C to. .
Corife N s8e 42 Hof e esfoBbnd 1 5adautine lidisget sodium
chld?id'e Sehamtcbhe BhaRar aﬁid' QncQtrakdHherd 1@Ia§61[h17deﬂ_t’&iu€@cﬁbressure

enation bottle is charged wih 15.

0
(10(?m12) mgﬂr) @f e éntepalplempdrapire §5- 78 “@ito get §. é@@ g@é}D 9 compound as
ve @@ﬁ ﬁ 9 rrL (0.158 nol) of acetic acid and 7.5 g of
™ (EfN 50% wet). Flush and vent the Parr bottle
first wwth nitrogen (40 psi) three tinmes and next

Wit h hydrggen 50 pSI) three tinmes. Then pressurize
t héExagipie bl cyip Oh EHy Bingigéia Itemngglitg to spigcythigieaniagalcohols

an r ure 22 2 Cfor 16 h. Filter the
reasct % @%htlieggg)?gs%r the pad of 4.0 g of celite.
Wash the celite pad with 3 x 15 nL of isopropyl
acetate. Concentrate the filtrate under reduced

pressure (100 -12 nbar) at an internal tenperat
35- 40 C. To the resi duBrPad@HO3pXks@bx AROOf i s
acetmrate un@elpener educed pressure

-12 at i_ygHker nal tenperature 35- 40 C. To \t he
resi due adqI SIS

Br
E-1 E-2

The 1-L, 4-necked round-bottomed flask equipped with a mechanical stirrer,
Dean-Stark separator, digital thermometer and condenser with nitrogen inlet-outlet is

charged with 46.1 g (0.4 mol) of (S)-(+)-5-hydroxymethyl-2-pyrrolidinone E-1, 81.4 g
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50 nL of water and 25 nL of 6 N aqueous sol ution of
sodi um hydroxide to pH - 12. Then add 3 x 100 niL of

W0 2@pogpRyd acetate and separated the phases. CRCDHEP2908/063460
the organic layers and wash with 80 nL of 15% aqueous
sol ution of sodiumchloride. Separate the phases and
concentrate the organic layer 0.35 L) under reduced

OB g Fprepona o 4 e 4T %gogg% Bmaulfanic acid and

300a3h1f o #HEO Waref u ﬁfﬂé@@a&@ﬁ'ﬁﬁ&éﬁ% t@anﬁn{eﬁia@&fnﬁfe%&qqﬁfﬂ ZeC,
m xture) as dark orange oil. Step 7. Preparation of

Stirithgt repeteeai ratX@JrDaBthsetpmpenaumn fayf~ Ul lawhde eoliesting miater (~ 7 mL)

i P BT Mg oo o flyPat Sp e
ternp@rbﬂlre dihE) L0060 hd whsih G@tﬂﬁ@dx PRV 1[0 V3ie5079) s bdlasdn of sodium
qui pped with a mechanical stirrer, addition funnel,
blcaab@afeaqndt%éﬁnﬁ#e@fe%at%ﬁad aairaEn sQytion @ rﬁomum bigefitc and 2 x 50
mL 0?%{661&2% gltﬁn égaﬁ?é;ﬁ?%e Igrgﬁc%lrg%éagme&?m%aﬁe %r\ggsél with
toluEﬁb z[ﬂd @ﬁlcetﬁltahﬁﬂhe brga@fd lpyeit@lfnder'lfhﬁtbeéqbcbstlhe (B0432trmieat) atfan
g (0.0244 uoyl - D- rtari
mteg@# E?nwrmreép &t r%mfff%é@h&r%@‘f? C%@%?O@p%nﬁﬁ &4 Ginpilevhich
SR DeR) RTEh R Botglt BEABLrud-CBREDHMAES Bhs BRd 4j2R oA next
Crys |lr t he mxtu?eﬂ'at }gn |nntern terrperasture : ﬁo nex
stepfor 14 h. Warmup the m xture to internal tenperature
50 2 Cand stir at this tenperature for an
additional 2 h. Collect the solid by hot filtration
ovq;tel@Znghﬂ@glsfog@ngl and wash the solid with 3 x 5
of* et hanol 200 proof Concentrate the filtrate
under reduced pressure (100 -12 nbar) at an ingtre
tenperature,35; 40 C. To the residuegadd 20 nL
wat er and of 6 N aqueous sol yfion of sodi ur?
hydr oxi 3

- 12. Th 3 x[35 nmL  of isoprepy
acetate and SepaNat ed"f"f@gpﬁlag es—Conbi ne the organic
| ayers and wa th 25 m of 15% aqypeous sol@

sodi um chiagy de.” Separate the phases and concentr at
the or «,@ ayer under reduced pressure (100 -12 )

nmbar) p/internal tenperature 35- 40 C

resid =~ 3.1 g; 0.0159 nol) add 20 nL of et 200
proo®r and then add the solution of 4.29 g (0
nol) of (-)-di-p-toluoyl-L-tartaric acid in }O of

et hanol 280 proof over 7 minutes while maiBftaining an
internal tenperature at 20 - 23 C. Stir E-3

A 2-L, 4-necked round-bottomed flask equipped with a mechanical stirrer,
addition funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged
with 52.8 g (0.187 mol) of crude compound E-2 and 300 mL of THF . Cool the solution
to an internal temperature of -75 + 2 °C and add 196.6 mL (0.197 mol) of lithium
bis(trimethylsilyl)amide 1.0 M solution in THF over 1 h while maintaining an internal
temperature at -75 £ 2 °C. Stir the reaction mixture at an internal temperature -75 £2 °C
for 2 h. Add the solution of 14.5 g (0.207 mol) of cyclobutanone in 150mL of THF over

45 min while maintaining an internal temperature at -75 = 2 °C. and stir at this

132



the reaction m xture at an internal tenperature 22 2
Cfor 7 h. Warmup the mxture to an interna

W epesasare 50 2 C and stir at this tenperatRCEEPNS/063460
an additional 2 h. Cool to an internal tenperature 22
2 Cand collect the solid by filtration over a Buchner
funnel , and wash the solid with 3 x 5 nL of ethano

200 The end.the. soli_d . 2.03 in 25 nL of , .
temBp R R 2o P T Ao oyt 10 Bilogh SieldagaiTulotution
of aﬁ{ﬂﬂ’on\{\@fﬁ RhidBide bh& 20 Kintilt &n Hlﬁeﬁﬁl ﬂeﬂ%@faﬁﬁk of EMNBL W 8vdrfn up

C. Then add slowy 40 anol to get a
the m@btmn wixtae to ef mes«‘nal@@mpertawée 203t Coand @ﬂdaﬂ 0 mt. of ntlyl

scesBrRERSOHR Ao ST sl Bo BTG M Sn S adyof eyt

acetﬁ%d b i3 DuFid @ferd @ndraash with 480 mINdfrahqueous of sodium
nperature 38 2 Cto a batch volunme of - 25

-30 nL
cth(rldleu ghbarafgdhrephsisemnpnd qaneantsse theraseaavc faperernall) under reduced

S
progiEREs P4 nBerd & arinfso P offls S0 3HESRRBR, A ¢ BPellac
confpounneE:3 anah Mﬂﬁhiéﬂ\@yﬁ@lﬂikeﬂ iR haBercodploldayk. @udanempound E-
200 pr.oof the solid wunder reduced pressure (20
3 Wbke dHF“b@D §BGXLE8PHh to give 1.27 g of D-8 salts in
ratio of desired diastereoner / undesired = 97.4 /
2.6. (The desired diastereoner is formng salt wth
(- )Step 3p-Syothesiglof E-4artaric acid in ratio 2/ 1). Step
8: Preparation of internediate D9 To D8 (1.27_g) add
6 nmL of er and 1 nL of 6 N aqueous sol ution
sodi um ide to pH - 12. Then add 3 x 10 &
etate and separated the phases. Co

I sopropyl
the organic ers and wash with 10 nL of 15% aque
sol ution sodium chloride. Separate the phage

concent Pat e k r gariHF, TeAdMAmdksClr educed prgssu
(100 -12 nban)

get O. 656 g

E-3
A 2-L, 4-necked round-bottomed flask equipped with a mechanical stirrer,
addition funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged
with 51.0 g (0.145 mol) of crude compound E-3 and 450 mL of THF . Cool the solution
to an internal temperature of 0 £2 °C and add 73.3 g (0.73 mol) of triethylamine over 20
min while maintaining an internal temperature at 0 £ 2 °C. Then add 3.54 g (0.029 mol)
of 4-(dimethylamino)pyridine. Stir the reaction mixture at an internal temperature 0 + 2
°C for 25 min. Add 26.1 g (0.23 mol) of methanesulfonyl chloride over 30 min while
maintaining an internal temperature at 0 + 2 °C. and stir at this temperature for 0.5 h.
Warm up the reaction mixture to an internal temperature 65 £ 2 °C and stir at this
temperature for ~17 h. Cool the reaction mixture to an internal temperature of 22 + 2 °C

and add 315 mL of sat. aqueous solution of ammonium chloride and 315 mL of ethyl
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NIS \_O HBr E-1E2 The 1-L, 4-necked
round- bott omed fl ask equi pped with a nmechani cal

W@ 20000€1264 Dean- St ar k separator, digital ther mOPEL/BP20881053460
condenser with nitrogen inlet-outliet is charged with
46.1 g (0.4 nol) of
(S)-(+)-5-hydroxynet hyl -2-pyrrolidinone E-1, 81.4

WD 2009/ 047264 PCT/ 008/ 063460
acetfith ORI DA ey i SYaBne s gAYy 2 % 3D off cthyl
acct@fcPCHRALHRNRS HichRi 'lﬁyeﬁscéﬂ‘a V@Jkﬂ wigPS 0L &t 178Fa 068 diRo dléll’n

the reaction mxture to an internal tenperature 110
chlagide. Separateiilec pl@a@t arldrconccmrlateethaprgah10§a3teé fpelrAbunedef opduced

presﬁ‘éra?g QQ vﬁkmgéf%t and g}a %eél}pemfﬁ‘%r?sc 6‘@1% tt‘h%f??rg%gt | AL crude

con{pbﬁﬁdJEel. &sqgrawnlsaﬁ@r naI tenperature of 20 2 C and
wash with 2 x 25 nL of 5% aqueous sol ution of sodi um
bi carbonate and 3 x 50 niL of saturated aqueous
solut f ' -
o s St B3 REL LBl Ul e R0 0% ookl rBlndBhitined
flasls eyiippe], with hfn&:rchanm Rtinner, h]ddlﬁ@i fimnel, digdalCthE\m&ﬂﬁeFtat and

the organjc |ay under uced. pressure (
conggnsgivith P@ERA Y Gf?t \é&tﬁég oot eéomoamz %f‘&i {% @l of
ethadbl %(Hg’?of: OB 'ﬂ? tl% Ra@onaP af iterniief Eeraﬁfré’ g5ald dCZt%%et a
at RT after cou

days. Crude conpou E-2 was use
darldsaletednl. yCdod tltdteaaﬁ@ntrnlxslrep) anShespna? fenByendthiesif@20f 2 & 8ver ~1h
and stir at?hls tel'nq')ve??[ure-r orF 17 9 Tl%nl\%iltel?rtheEs_u%pe%rsion and wash solid with 4 x 10
mL of cold ethanol 200 proof. Dry the solid under reduced pressure (20 mbar) at 35 °C

for 24 h to get 25.8 g of pure compound E-4.

Step 4: Synthesis of E-5 and E-6

EtOH / H,0

A 250-mL, 4-necked round-bottomed flask equipped with a mechanical stirrer,
addition funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged
with 11.73 g (0.105 mol) of potassium tert-butoxide and 45 mL of DMSO. Stir the
mixture at an internal temperature 22 £+ 2 °C for 15 min to get a solution and add 9.32 g

(0.105 mol) g of 2-nitropropane over 15 min while maintaining an internal temperature at

134



E-3 A 2-L, 4-necked round-bottonmed flask equi pped
Wi th a nmechanical stirrer, addition funnel, digital
W@ b@pwiret er and condenser with nitrogen inletPOUEPDS/063460
is charged with 52.8 g (0.187 nol) of crude conpound
E-2 and 300 nL of THF. Cool the solution to an
i nt ernal terrperature of -75 2 C and add 196.6 niL

. | i t hi d
23 S5 E P d St il i 5ied B e e gt a
thistGARGEBIUOE 08th. Thon add &s a FHlid 25 b% (0 @69 frﬂ&ﬁoﬂ@o&‘ﬂp‘éﬁﬁd #l4 over

an internal tenperature -75
15 miml while mamtalmmgamgnwemaiz@mmmu)re@t 6@y68 %uv‘&sb N\ethl ZwrnL of
DMSER Sadh up i@y Shon aRuft b Al SRR DR o ang sy
thlsv&ﬁq?&&afe%? 264, 10l tHP2e2860 340k totaﬁrmefnal tepefadiire bf 32 + 2
d to the reaction m xture 510 of saturated

°C @é@éé 42 ndoplf Togueqys salhon Pﬁf’ﬁdélﬁp @hlioaée 8yE 2o od- of TBME.
Sep?ﬂeagectplé gﬁa&%é 4&3&51?1%%%8 ra&ue%fus ‘vﬁth »236 Vﬁfgi‘awﬂ:? (“dh‘ﬁbme

RO XtUFE o aniinter nper a re
the apdniadalebslthdnashfwiet Winlmfﬂ’/ah@leoﬁemiﬂt&ﬂrﬁoﬂsbélunhdﬂeﬁde
act t he agueous, phase of et

d 3
Sepgrg@tfﬁx hases Bfl FRNGCREBE traefieanip gy@%% AH% mkgéﬁhw refucs o
pres‘ék‘reqflS(;-S?/Q %Hﬂ%’% Rferfifdb MR rafuld 95- IZﬂ‘)e’C tg%%ﬁ?ﬁ@o %rb? grude

ases and centrate the organic |ayer (-
compedut Beb agpdepssdark ofange o8B 2Disbalvg thits odnn 20 ey nﬁtloluene and load it

enper at ur e. 30- Cto. affor of ¢
on th TR RS 90 egif Michisk O ERpS e Pl PG Gdrogiopugne
coll6QHR!tBe SRt in@. y@%haem@oaaﬂlbﬁfe RstRS et SIRfol A8 &bhdenti@te ( ~
t he next step Ste&oz Synthesis of E4 "OH O N THF,

1.4 EEundeDmducedeI@ssu@ 12 n(bat)@t agnt@nal tempeigtuge AS-240°C fo
nd bot t ed with a

affop S PR R B d PR o B BP oG £

t her m)mst er and condenser with nitr ogen i nlet-outlet
i s charged . . . .

A 250-mL, 4-necked round-bottomed flask equipped with a mechanical stirrer,
addition funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged
with 19.4 g of crude compound E-5 and 55.8 mL of ethanol 200 proof. A homogencous
solution is obtained by warming the flask to an internal temperature 50 +£2 °C. Add 12.2
mL of water over 5 min while maintaining an internal temperature at 47 - 50 °C. Cool the

reaction mixture to an internal temperature of 40 + 2 °C and seed it with about 15 mg of

compound E-6 (desired diastereomer).

Then cool to an internal temperature 22 + 2 °C over about 30 minutes and stir at
this temperature for 12 h. Then filter the suspension and wash solid with 3 x 15 mL of
ethanol / water (80% v/v). Dry the solid under reduced pressure (20 mbar) at 35 °C for 5
h to get 11.26 g of compound 5 (ratio ~ 34/66 — undesired/desired).

A 250-mL, 4-necked round-bottomed flask equipped with a mechanical stirrer,

addition funnel, digital thermometer and condenser with nitrogen inlet-outlet is charged
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with 51.0 g (0. 145 nol) of crude conpound E-3 and 450
mL of THE. Cool the solution to an internal

wo empesrsure of 0 2 C and add 73.3 g (0. 73 noPQT/BP2008/063460
triethylamne over 20 min while maintaining an
internal tenperature at 0 2 C. Then add 3.54 g (0.029
nmol ) of 4-(dinmethylam no)pyridi ne Stir the reaction

it mpemsde RiFitoor IBE naniiergngrec et &BoE:

etha%gl P00 probf. | Warriah McBlcRétdE t8an hrﬁ@r%ﬁ%ﬁp@ﬁfﬂ?@ KLU € RigePa
and stir at this tenperature for 0.5 h. Warm up

soluttlhe' Addt2.2onl of watgr evetrcﬁ ram while maaitainmgpariaternabted®ergure at
708 TR B s BB b nlsdlin R B

integadl tetidraddie 301+ DFC SEen caflUB qusntsﬂﬂauteh@eraﬁire apoMiisver ~0.5
chloride and 315 nL of ethyl 133 WD 2009/ 047264

h andstir phogenpestEDior d8dy Eh@n ﬁ@@ﬁb@ SHSBCRSHE PdaEash sahigwith 3 x
h
15 LT Sl S BN EOLPLSS Bt B G i

35 Alfood ht@ YetaliBe oo C@Iﬁp@.mdl Jumaticch Il Di8B daindSendrdtiecd)he
phases and concentrate the organic layer (- 1.4 L)
under reduced pressure (150 -12 nbar) at an internal
te
co %ﬁ%ﬂé‘é@ﬁéaglzgg%t\%m tﬁéérolﬁelf éa?ﬁ%do érr% c‘;ﬁ ﬁgtaﬁlf a &e{sﬂg@ level of

diastarymtad bxeed by charging a 0.5-L, 4- necked
round- bottoned flask equi pped vvith a mechani cal
stirrer, addition funnel, digital thernoneter and
conqm%géctm ﬁﬁmgl; foRURconioBhd et Tl M é? B3mpobndifA-1
crude conpound 4 and 120 nlL of ethanol 200 proof.

throwgh Ay &bhasrt@en awesurethusiog anViters &hdlS devrgser ature 65 2

Cto get a dark sol utIO,iJ.AngE the reaction m xture
to an internal tenperatu 2 2 Cover -1h and

stir at sh/};npehzitunerort%?h ';enmralsli/ﬁzlﬁge
suspensi.onl a 0 Wi
COé‘?II‘fEWE'ISN‘% prpg:d D?y tﬁ8n§’8pfl§ﬁ}hd=r rquﬁgd )
pressure (RO nbar) at $5 C for 24 hjto get 25.8 g pf
. purggconpdund Fete Step 41 Synfshesi s| of E-7gasd E- 6
VA2 0 Y 0 Mere T A-46 781.2
A-3 741.6 A-47 753.7
A-4 781.6 A-48 753.6
A-5 781.7 A-49 753.4
A-6 781.7 A-50 753.4
A-7 801.4 A-51 795.5
A-8 781.6 A-52 767.4
A-9 781.6 A-53 795.8
A-10 753.7 A-54 783.6
A-11 753.7 A-55 739.7
A-12 767.1 A-56 739.6
A-13 767.7 A-57 727.5
A-14 767.8 A-58 727.5
A-15 767.8 A-59 741.5
A-16 803.7 A-60 781.7
A-17 803.6 A-61 753.8

136



NN\ ONH3 COEtCOH/ H20 ON
\1~' O Br Br E-4 Br

O

E-6 E-5 A 250-

DVMBO, t-BulK \
m., 4-necked

wo o4 204 t omed fl ask equi pped with a nmechani cBCT/EP2008/063460

stirrer, addition funnel, digital th
condenser with nitrogen inlet-outlet

\/fllrr\ ﬁf an

ernonet er and

is charged wth
11 73 g (0.105 nol) of pot assiumtert-butoxi de and 45

} nf ar nﬁ|

e
1 epe | Y

t@ﬁn]ﬁgr aturle 22793.7C ol 15 nt‘hﬁzto get a soﬁﬁ-‘ff on _an
add-B 32 ¢ (07855 nol j| g of A@3ni tropr opant8Xyer 15
m R _3 ‘ al te a

merat%ﬁ at 15
#@ﬁ%ﬁ)
nd_sti 671' e

Lre
ist

r eAe22 on Xt ur7@o st ehgpér aturp for THFA h. Then
adg.pss a spl1d79900 g (0. 07/oA1pml ) of
15A||'4| VV{II\H ;F%Hlsal il g ] i |§B€F&§;‘= 7
m At2fre t gl an {7l &r nal ||t enpeA®dure 1D0 2 @la'hd stif
at A-3dhi s terrper765l7re faor 84 R.70Cool |he repgggon
III AWZH dll I#b(?l ITal lellpeA%UI e 0 ,fss $J daltd :ldd
. 26
Sdf80at e m@?ﬁ? extrat4l3 he
ase vmjs 2 x 30 m.A g3 TBI\/E Conb72®%4 t he
] wWast 6% agpEPUS
C 5 [= A wxe ] TA] d
i ¢ m) uﬁ reduced
pr AsXur e (|h50 -712.7rrbarj| at _af-7ént er npl t enpErat ure [B5-
207333 0 aULord7g§4O g @7 crugdey corrp)und B j3.@S denge
ekt Fari Ot 1 Vet o i LU T Foraene
gnA'\:M ad | nrjgﬁ e nn|||rm AZ]\S i 75‘7“ f sillca
geA:3% | utle thd9641 um|[with A-78 L of toI uets.8
Cohlmpt i nq[ t he 7gl5|6uent J[I n 0. 12 go aliguots. fgui ne
J.. 4 L?Siéluel
afflb18(3197 g of ®ile

5 ag9dense rangeAxssl 755.6
A-40 781.7 A-84 725.6
A-41 795.6 A-85 741.9
A-42 796.6 A-86 797.7
A-43 796.7 A-87 797.7
A4 | 7556 | H |
BIOLOGICAL ACTIVITY

Example 12: HCV NS3-4A protease assay

The inhibitory activity of certain compounds of Table A against HCV NS3-4A

serine protease is determined in a homogenous assay using the full-length NS3-4A

protein (genotype 1a, strain HCV-1) and a commercially available internally-quenched

fluorogenic peptide substrate as described by Taliani, M., et al. 1996 Anal. Biochem.

240:60-67, which is incorporated by reference in its entirety.

Example 13: Luciferase-based HCV replicon assay
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A 250-nL, 4-necked round-bottoned fl ask equi pped wth
a nechanical stirrer, addition funnel, digital
W@ b@pwiret er and condenser with nitrogen inletPOUEPDS/063460
is charged with 19.4 g of crude conpound E-5 and 55.8
mL of ethanol 200 proof. A honogeneous solution is
obt ai ned by warm ng the flask to an internal

t . 50 . 2 Add 12.2 _of wat 5 ni
b TR 4Ry b e AP e st agas ! FpIS AGy"
dete@ni&@@sin%@%ub%&%%{i& géhoﬁ@}ﬁ@ W BCYQcpliconteR i@ Huh-Luc/neo-ET)

tenperature o Cand seed it with about 15 ng of
cononpey hitiferage fapeser gade dhaskpessameat)whigihsmndenthe tonteal of

el I RS SRS, BB 8RRl A P g

welBogEewsil Gsud Rdlt pht&odnddravhildvedl 1§ altbcitla cBfplé biaast nledia
~water (80%v/v). Dry the solid under reduced pressure,
withopip Gh pyergighg 50 thcgiext days theruifate madis gregeplpcedotsly media

58] TR o TS R AP s nd 0.
DMSEX hafii¢read 8- tricsitheht withdo dongpouhdiofi®hble &, gictr@aining luciferase

.therponeter and condenser with nitrogen inlet-outlet
actiyigiey g é%ﬂs g 8etoneh Y pa Bited itecqgee séyl@gga@ewé‘ﬁhe%lﬁy,
M ithGOMRAQKIN 1k MdPecul 3 PHER, mvi . Each
a%%%%g?tr%()egﬁltd esi red) %;Ee dl%%&érg r?geccl)lf e(?(%énncﬁltr%g) pr%cofd.ata
poinddepreseptsttheaveeaastaf dourtroplantdsm eclhallture nifss sstthie eorfsOntrfion of

Cto get a..solutjon.. Add 12, 2 of ter. o mn
the gt g s R RGN friborhirot B dr inred by 0Ph7 Tas0
cytdioxiSBLSK tht c¥mpburdiititab ko MPevafuab@nReisns MT8-Hadesddledability

di ast'ereoner) at an internal tenperature 50 2 C

assdfhen cool to an internal tenperature 22 2 C over -0.5

h d stir at-this tenperature for.12 h. The ilter

- o BTl o EETRAE 50 8 Sy ST ptase
assagtdT@x@hple VMBdrahe (PpO¥orVady ofEanifIe 13 ahd exHibid el 1T 5d0kesthan

pressure (20 nbar) at 35 Cfor 5 h to get 7.39 glof
aboglolAdau @r B¢ paatilenst oneryfahe assgpsgecifaddn Faampledd)and13.

e PR L PP AR R, dr By Rihat B e

invagiat r al anal ysis for the conpounds of Table A e.g.,
Conpounds A-1 through A-87 has been neasured using a

VatBicsmd@nivridotisieity fbABlecompounds of the invention listed in Table C is
measured by a published literature procedure, ¢.g., Liping Zhou, et al., J. Pharm. Sci.

(2007) 96(11): 3052 — 3071.

The DMSO stocks of test compounds previously dissolved in 25 ul. of DMSO
(~10mM) in mini-prep vial (MPV: Whatman, with PVDF filter and 0.45 um pore size)
chamber were evaporated via a GeneVac HT-4X evaporator for approximately 1 hour, at
the guard temperature of 30°C. An aliquot of 250 uL buffer solution (pH 1.0 or 6.8) was
added into each MPV chamber containing powders reconstituted from DMSO stock
solutions. The MPV filter plungers were pushed down into the chamber until the
membrane of the filter plunger slightly touched the surface of the buffer to promote

equilibrium between the two compartments and to minimize the adsorption due to non-
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Compound No. MS Found ) Conmpound No. MS Found ) A-1
767.6 A-45 781.5 A-2 767.6 A-46 781.2 A-3 741.6 A-47
WQa3B9I/P47264 4 781.6 A-48 753.6 A-5 781.7 A-49 TBCI/BP2088/¢53460
781.7 A-50 753.4 A-7 11 801.4 A-51 795.5 A-8 781.6

A-52 767.4 A-9 781.6 A-53 795.8 A-10 753.7 A-54
783.6 A-11 753.7 A-55 739.7 A-12 767.1 A-56 739.6

A.13. 767. 7. A-57 727.5  A-14 767. -58 . 727. -
speg isdsuecal 9pios Sk ooy sonitigy-Hgacupatigd o QBT at room
tenn@m@tlure%.5 EnBied bR WA V404 7i26baHod ! BEHARBLACRER FurtherlFlished
93.7 A-62 753.4 A-19 785.6 A-63 783.4 A-20 771.6

dowa- ©4thy Bttem of-tha clrargbets. Ae® spBition way PBhFF hrgugh the membrane
and7e?1§e're4d th'é\_p%éngzg %Orgpa{_l\;mqgnt.? "?I"lj’e' glter/charnber assemblies were then put on a
shaker for another 30 minutes at 600 RPM. Afterwards, filtrates were further diluted
(1:10) with 50/50 acetonitrile/water solvent followed by a thorough mixing process. Both
plates with diluted and undiluted filtrates were analyzed by HPLC and quantified against
the four-point standard dilution curve of the same test compound (5 uM, 35 uM, 65 uM
and 100 uM, respectively). In the current study, solubility reflects the average of
triplicate samples tested at each pH.

Table D recites solubility data for certain compounds of Table A and comparative

Examples 1 and 2 (which correspond, respectively, to Examples A-106 and A-125 of
copending international application PCT/US2007/066204).

Table D
Ex # Solubility (pH 1) Solubility (pH 6.8)
mM mM
A-4 0.63 0.2
A-5 0.48 0.044
A-6 0.93 <0.005
A-10 0.91 0.024
A-11 0.87 0.092
A-15 0.7 0.17
A-33 0.79 0.11
A-43 0.64 0.29
A-44 0.69 0.064
A-45 0.72 <0.005
A-50 0.83 0.24
A-54 0.79 0.028
A-58 0.96 0.93
A-59 0.84 0.55
A-62 0.93 <0.005
A-64 0.71 <0.085
A-66 0.84 0.6
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A-24 783.8 A-68 753.7 A-25 771.5 A-69 741.7 A-26

765.7 A-70 799.8 A-27 779.7 A-71 755.8 A-28 793.6
WOR2002/0¥R84 5 A-29 793.8 A-73 727.4 A-30 765. 4PCGW/FB2008/063460

797.4 A-31 779.6 A-75 753.4 A-32 779.7 A-76 757.7

A-33 739.4 A-77 743.6 A-34 796.6 A-78 757.8 A-35

796.7 A-79 743.8 A-36 785.6 A-80 769.6 A-37 767.6

A Q1 ZEL (A A.-2Q 7Q1 7 A_Q92 7600 A A 20 705 O _A_Q2
™~ Oxr 1T99. 0 90 JOL 1 /v~ OZL 10IJ.70 I 199 J /09O

755.6 A-®L 40 781. 7| A-84 725984 A-41 795.6 A-85 74 9

A-42 79% 6 A-86 7D7.7 A-43g796.7 A-87 797.7 Aydd
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roo. U DI'UC OO0 UAL o ITT Vi Tl CAAQnprc 1. oV NOoOoO=™ 5/

prot ed$& assay The inhibit88Y activity of certglPs

conpoungg_of Tabl g A againsgsHCV NS3- 4A serirmpoo5

protease TS deterfrmed honogenouy assay usi g —the
full -Ié’ﬁgth NS3-4A proteij r"\genotvpe la, strai 84Ig—IC,\/

CénpandvaEcanprerici al |y avaidbabbe interral | y- queaxtod

I Uor pgepi c_peERti ge substT as descrjibed by Tatjani,
CRIPIZIIVE EXaSE pha) By ochlh 240 60- 67 whi 2%

i ncorporated by reference in its entirety.

Example 15: Measurement of pharmacokinetic profile

Compounds listed in Table D are administered as a solution orally via gavage at
10 mg/kg to Sprague Dawley rats at a dosing volume of 10ml/kg. Samples are collected
via a surgically implanted cannula at selected timepoints deemed necessary to
characterize pharmacokinetic parameters. Blood samples are placed on wet ice and spun
down to plasma within 5 minutes of timepoint collection. Plasma samples are frozen

until bioanalytical analysis.

Compounds listed in Table D are administered intravenously into a surgically
implanted cannula as a solution at 1 mg/kg to Sprague Dawley rats at a dosing volume of
Iml/kg. Samples are collected via another surgically implanted cannula at selected
timepoints deemed necessary to characterize pharmacokinetic parameters. Blood
samples are placed on wet ice and spun down to plasma within 5 minutes of timepoint

collection. Plasma samples are frozen until bioanalytical analysis.

Table E recites pharmacodynamic data for certain compounds of Table A and
comparative examples 1 and 2 (which correspond, respectively, to Examples A-106 and

A-125 of copending international application PCT/US2007/066204).

Table E
Example # AUC Cmax Bioavailability
P (nM'h/mg/kg) (nM) (%F)
A-10 460 1473 46
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Exanpl e 13:

Luci f er ase-based HCV replicon assay
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the guard tenperature of 30C. An aliquot of 250 L
buffer solution (pH 1.0 or 6.8) was added into each

WORMOkRer cont ai ni ng powders reconstituted PCORPIONMIG3460

stock solutions. The MPV filter plungers were pushed
down into the chanber until the nmenbrane of the
filter plunger slightly touched the surface of the
buffer to pronote equil Mbetv\een the two
conpartnents and to mni e adsorption due to
non- 138 WD 2009/ 047264 PCT/ EP2008/ 063460 specific
bi ndi ng of sanples during the subsequent 24-hr

Whatrig alemédois: (at 600 RPM at room tenperature).
I Mmedi ately after the 24-hr incubation, the plungers
were further pushed down to the bottom of the
chanber sA cdapeunsiddfuhd Pormwdsi:pushed t hrough the
menbrane and entered the plunger conpartnent. The
filter/chanber assenblies were the X ut on a shaker
for another 30 minutes at 600RE f erwar ds,
filtrates wefe further dilu W th 50/50

acetonitril er sol vent fd | oW d by a thorough
m xi ng pré . [
undi | uted ¥j

;Bot h ' } | ut ed
oy - HiLC
quantified E 0i nt Sy .n d Efutlon
tesk cofp M 3Rz 42265 M and

curve ofﬂgh
100 M respectively). In the current study, sol ubi | i tyy
reflects the average of triplicate sanples tested at
eaamdemnﬁahmstyaaEpméés@hﬁwhiﬁﬁmymdmtmth@tokertain
qﬁgﬁnds of Table A and conparative Exanples 1 and 2
Borrespond, respectively, to Exanpl es A-106 and
A— 2% Mhent©PRABAENFomNRT RAbkPRAl application
PCT/ US2007/ 066204). Table D Ex. #. Solubility (pH 1)
Soligbfl kiargindppengdcigly solaetadnmtegers sgleged from thagroup cagsisting of
()1028ﬁ4(bfv6 0.93 <0.005 A-10 0.91 0.024 A-11 0.87

j 18 an integer selected from the group consisting of 1, 2, 3 and 4, wherein the sum

of 1 +j + k is less than or equal to 5 and greater than or equal to 2 when X is absent and
the sum of 1 +j + k is less than or equal to 4 and greater than or equal to 1 when X is
oxygen;

pis0, 1,2 or3;

E is OH, NH;, N(H)C, 4alkyl, N(H)Cs_scycloalkyl, -C(O)NH- or -N(H)S(O),-;

R' is absent, hydrogen, C)_salkyl or C3scycloalkyl;

R’ is Ciaalkyl, haloC4alkyl, or CsscycloalkylCoralkyl;

R*is hydrogen, C;_4alkyl, haloC,_salkyl, or C;scycloalkylCyalkyl; or

R” and R™, taken in combination form a three to seven membered saturated ring
comprising zero or one nitrogen, oxygen or sulfur ring atoms, which ring is substituted
with zero, one or two substituents independently selected from C,salkyl and C.salkenyl;

R* and R” are independently selected from the group consisting of C;_galkyl, Cs.
scycloalkyl and C47cycloalkyl substituted with a C;_4alkyl residue;

R’ represents zero to three residues each independently selected at each
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A-15 0.7 0.17 A-33 0.79 0.11 A-43 0.64 0.29 A-44

0.69 0.064 A-45 0.72 <0.005 A-50 0.83 0.24 A-54
W@®@2009/00720£8 A-58 0.96 0.93 A-59 0.84 0.55 APGREP2098063460

<0.005 A-64 0.71 <0.085 A-66 0.84 0.6 139 WO

2009/ 047264 PCT/ EP2008/ 063460 A-67 0.74 0.69 A-72

0.84 0.34 A-73 0.81 <0.005 A-82 0.83 <0.005 A-7 0.9

oy s RBIGB0 S 0 B B
scy IOAKYTBC PkiIRRY T §oR6-Qhd HEC F&ﬂ@%ﬁ%, tyjdss:8e, i,k TiakheCP

are adm ni stered as a solution orally via gavage at
salkogyGmyalkylit 0 Sprague Dawl ey rats at a dosing vol ume of

I I kg, Samples are.collected via a surgically .

| Ber R 3 B el a S roné R BV L Tgdising of
hydhes sSaalkyl, haldthadlRgl €% L&eloaiks!, ekl 0eldlieyl paidamehkbSyC .

Bl ood sanpl es are placed on wet ice and spun down to
salkigl 48¢ra within 5 minutes of tinepoint collection.

Pl 38R 4 FERL it MrQeddyPaflted i hyfloBaPAlYE! Gy

anal ysi s.

2. A compound of the Formula Ia:

Ia

and pharmaceutically acceptable salts and stercoisomers thereof;

wherein

11s an integer selected from the group consisting of 0, 1, 2, 3 and 4;

j 18 an integer selected from the group consisting of 1, 2, 3 and 4, wherein the sum
of 1+ j is less than or equal to 5 and greater than or equal to 2;

pis0, 1,2 or3;

E is OH, NH;, N(H)C, 4alkyl, N(H)Cs_scycloalkyl, -C(O)NH- or -N(H)S(O),-;

R' is absent, hydrogen, C)_salkyl or Csscycloalkyl;

R’ is Ciaalkyl, haloC,4alkyl, or CsscycloalkylCoralkyl;

R*is hydrogen, C;_4alkyl, haloC,_salkyl, or C; scycloalkylCyalkyl; or

R” and R™, taken in combination form a three to seven membered saturated ring
comprising zero or one nitrogen, oxygen or sulfur ring atoms, which ring is substituted
with zero, one or two substituents independently selected from C,salkyl and Cs.salkenyl;

R and R” are independently selected from the group consisting of C;_galkyl, Cs4.
scycloalkyl and C47cycloalkyl substituted with a C;_4alkyl residue;

R’ represents zero to three residues each independently selected at each
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Compounds listed in Table D are adm ni stered

intravenously into a surgically inplanted cannula as
wa2@ohemson at 1 ng/ kg to Sprague Dawl ey rats BET/EP2008/063460

dosing volume of |Im/kg. Sanples are collected via

anot her surgically inplanted cannula at sel ected

ti mepoi nts deened necessary to characterize

har macokj neti ¢ par.aneter.s . es ar | aced
e RE R e Sy D T Rlo o oSiso R PRIT: 6 i £ of
6cydld>dl§ﬁ°€[‘}alko§(?| ﬂn@ﬁ& LRddi-€ @ﬁ@aﬁ%ﬂﬂhﬁﬁo@@? 4£1k§r’12 ey anti |

bi oahal ytical analysis. Tabl'e E recites
salkpherimaldgtlynanmi ¢ data for certain conpounds of Table A

a”;ig;gsﬁn %%%&énglg Etfggtﬁg :a e§ac§o§§%re§ﬁé%k?tﬁ§§%’ogp SSRONd, of
hydespeeNdi_akkyl, MaRinailkenak 3R Rlaikeathy8rxyC:_salkyl, and C;4alkoxyCi.
PCT/ US2007/ 066204). Tabl e E Exarrpl e # AUC Cmax
4a1k81 dadailability (nMh/ng/kg) (nM (%) A 10 460 1473

1o sl Fligitlaniie G156 203

653 n.d. A-62 241 796 36 A64 274 904 n. d.

aratlve 65 2 (ﬁg%% Exanple 1 Conparatlve 87 388 9
Ex hegognpoung, gk clejgy brrhsig due to | ack of
coryg %s& Lng intravenous admnistration data. Those
skilled in"the art will recognize, or be able to
asaes@ar h; using no nore than routine experinentation,
many alents to the specific enbodi nents and
rrwetholfjlgLﬂ\g ZP

pis1;

E is C(O)NH or N(H)SO;;

R' is cyclopropyl or Cy.4alkyl;

R’ is propyl or cyclobutylmethyl;

R* is hydrogen; or

R” and R® form a cyclopropyl ring substituted by zero or one ethyl or vinyl
residues;

R*® and R” are independently selected from rert-butyl, cyclohexyl, and 1-
methylcyclohexyl;

R’ represents zero or one Cy_qalkyl residues;

R is Cpqalkyl;

R® and R’ are independently selected from hydrogen and methyl.

4. The compound of claim 1, wherein
X is carbon,;

1isOor1;

jtkis2,3,or4;

pis1;

E is C(O)NH;
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descri bed herein. Such equivalents are intended to be

enconpassed by the scope of the following clains. 141
wWOD020026047264 PCT/ EP2008/ 063460 CLAI NS  WhaRCT/BP2008/063460

claimed is: 1. A conpound of the Fornula |I: Rya R6 P

R7 Ns PkYHH1 XNHNNRRS ORM OOR2 R2a |

and pharmaceutically acceptable salts and

st ]eoisanrs ﬂh rFof, wher ei n BX i.s absent or

seltbat SHPRBRYINABL B TSBett - BIRA: Kk ar o

i ndenepappt;l y sel ected integers selected fromthe

gro%g‘consisting of 0, 1, 2, 3 and 4; | is an integer

selRctsdydfagsm t he group consisting of 1, 2, 3 and 4,

5 o ave Phenon Sl o TR WS BheEH "o

t her’syabgeht;i + ] + k is less than or equal to 4 and

greater than or equal to 1 when X is oxygen; pisO,
1, Xor By ethyl; iso-ppppyNie fernbpybiandal kyl |

N( K)eC3, I, -C(ONH or -N(HS(O2-; Rlis

abgggﬁg‘ f%%%%gﬁ¥ Cl - 4al kyl or C3.6cycloalkyl; R2 is

C _4al kyl, hal oG _4al kyl, or C3.6cycl oal kyl Co_2al kyl ;
5. The compound of claim 1, wherein the compound is selected from the

group consisting of:

ZT
@)
@)
ZT
@)
ZT

Iz
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R2a i s hydrogen, Cl_4al kyl, hal oCl_4al kyl, or
C3_6cycl oal kylC0_2al kyl; or R2 and Rea, taken in

W@ ovplsas4 on forma three to seven nenbered saPCr/EPAS/063460
ring conprising zero or one nitrogen, oxygen or
sul fur ring atons, which ring is substituted wth
zero, one or two substituents independently sel ected
fromCl-4al kyl and C2_dalkenyl; R3 and R4 are
i ndependently sel e ted om the group consisting of
Cl_6al kyl, C4 and C4 7cyc|oalky|
substltuted v $|R5 represents
zero to thrg | y;sel ected at

eac 42 063 occurrence
fromi he , hydroxy, am no
G y oxy, nono-and

di - hydroxyCﬂ 4al kyl , and Cl_

_4al kylQG i s independently sel ected at
each occurrence fromthe group consisting pof

hydr ogen, C _4al kyl, haloC _4al kyl, C3.6cycl oal kyl,
hydr oxyC _4al kyl , nd O |4al koxyC _  4al kyl; and R6
and R7 are |ndepen y sel ected fron1hydrogen and

iy

C _4al kyl . c np d of the lala: RS R6 P
R7 R5a1 11 Rl H E OrR4 @) R2a la and
d st\ef eoi soners
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j is an integer selected fromthe group consisting of

1, 2, 3 and 4, wherein the sum of i + | is less than
woerooefeRb4i to 5 and greater than or equal to 2;PEi/BP2008/063460

1,20r3; Eis OH NH2, N(H) G _4al kyl,

N(H) C3. 6cycl oal kyl, -C(ONH or -N(HS(O2-; Rl is

absent, hydrogen, Cl-4alkyl or C3.6cycloalkyl; R2 is

C _4al kyl, hal oG _4al kyl,, or C3.6cycl oal kyl Co_2al kyl ;

R2a i s hydrogen, _4a] kyl, hal oC1_4al kyl , or
C3_6cycl oal kyl CO 2apg¥d ; or R2 and Rea, taken in
conbi nation i t hy to seve

neqpered sat ur at ed
ring conpri g zerd or onekhltr geIN gen or

sul fur ri whirg w10 supst i ed wth
zer o, one@gr wo syibstituents rnde ndently sel ect ed

fro of ) kenyl ; (%nd R4 are
i ndependent hy s Iected fPom t he roup consisting of
C1 lkyl, C4_ Oic al kyl and C4_7cycl oal kyl

suéﬁfﬁtuted with a d-4alkyl residue; R5 represents
Q

zer 0 three residues each independently sel ected at
eac 143 WD 2009/ 047264 PCT/ EP2008/ 063460° occurrence
fromthe group consi stj
G _4al kyl, C3_ 6¢c
di - C1_4al kyl am éroxyC1 4al kyl , and G
4al koxyd 44 nthy sel ected at
each occurre from{ he of

. A

al kyl , 4alikyl , cl oal kyl ,
, ; %}7%_ =O'_o4alkyl and R6
@: e “Nndepgn | Yose ecﬁ% from hydrogen and
. I

of hal ogen, hydroxy, am no,
yl, Cl1_4al koxy, nono-and

. The cbnpound of claim 1, wherein X is
\ is 0%r } + kis 2, 3, or 4, pis 1, E
is C(ONH or N(H) S02;

eaav el
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Rl is cycl opropyl
cycl obut yl net hyl ;

W@ 2@y90k2p4 opyl
Vi nyl

Cl_4al kyl ;

hydrogen and net hyl .

resi dues;
fromtert-butyl

R5 represents zero or one C _4al kyl
R6 and R7 g

or C2_4alkyl; R2 is propyl or
R2a is hydrogen; or R2 and Rea form
ring substituted by zero or onePE&L/RP1008/063460
R3 and R4 are independently sel ected
cycl ohexyl, and 1- nethyl cycl ohexyl;
. residues; Rya is
e i ndependently sel ected from
The conpound of claim1,

wherein X is carboRge=s1 is Oor 1; j + kis 2, 3, or
4; pis 1, Eis ) NH— 144 WO 2099/ 047264

PCT/ EP2008/ 068460 R/ i , Het hyl ,

i SO- propys, R2 1Y V y ais
hydr ogen; ||R3 depergdentlly seNécted from
t er ¥~ by : is aBsent; Rya is
ethyl, |so-propyl, of tert-bytyl; and R6 and R7 are
nmet 5. The €onpepd of claim1l1l, wherein the

conpgund is selectedl fromthe group consisting of NH

Iz

g
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7. The compound of claim 6, wherein the compound is selected from the

group consisting of:
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8. The compound of claim 6, wherein the compound is selected from the

group consisting of:
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conmpound of claim®6, wherein the conpound is sel ected

fromthe group consisting of: 180 WD 2009/ 047264

PCT/ EP2008/ 063460 O H H

181



N NOr,,, NH NGNHOH HN NN NHHH NNN
V. N,,,...~- . NMv '"~-O00O0 HOHH NNNV N,,~O
W@2H984264 O 181 WO 2009/ 047264 PCT/ EP2008/ 06 34BOT/EP20BB/063460

N V

iy

3
5

Iz :
ZT
e
Z
O
O
ZT
O
ZT

}
I
O
O
ZT
ZT

; and

182



Z0
IZO
Oo<0O
®»ZI

O HNO/I
H FNN HN'-"~

PCT/EP2008/063460

<
8xz
@I
Z

g

Oy g

The compound of claim 6, wherein the compound is selected from the
group consisting of:
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F;and HH NN HN.,.~NHOO Uo 185 WO

2009/ 047264 PCT/ EP2008/ 063460 10. The conpound of

W@ k@ Be4 wherei n t he conmpound i s sel ected fr oPCT/BER2008/063460
group consisting of HH NNV N OyYyO HOOINN N
HH O O>mnl~ HNO O NH O=— 186

10.  The compound of claim 6, wherein the compound is selected from the

group consisting of:
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2009/ 047264 PCT/ EP2008/ 063460 HH N N N\/ N N1~O
W@2@9/0¥268 Ol and HHNNV H((1J) ,,,,,. HPINITER00$63460

O 11. The compound of claim6, wherein the conmpound is

sel ected fromthe group consisting of

188



HH N_N NN N,,~00 OH NOHH NyN,V |~
NNN~OO0O=0H NO 189 WO 2009/ 047264

wWERmPEP2608/ 063460 H H NNV N N- OO H O HEI/ERRODB/A63460
NNN-I~-OO HO

g

)\ ; and

SRR
A

11.  The compound of claim 6, wherein the compound is selected from the

group consisting of:
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HO;and HHN- N N N,,.. NNOOHO 12. The

corrpbund of claim6, wherein the conpound is sel ected
WO e@ai0sze4 group consisting of: 191 WO 2009/ 04FQBEP2008/063460
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The compound of claim 6, wherein the compound is selected from the

12.

group consisting of:
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NNN HOONH OO H 193 W 2009/ 047264

PCT/ EP2008/ 063460 NH <N Hp NNHHOand N
WOR0020K26N "rk p O N OH O 13. The conpound BET/EP2N0$063460

6, wherein the conmpound is selected fromthe group
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13.  The compound of claim 6, wherein the compound is selected from the

group consisting of:
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PCT/ EP2008/ 063460 HH NNN-V HONNO JHH NN
WOR009/047264 .~ N NO OOp HNOI and HH _ PCINERROUB/DE3460

Np OO HO 14. The conpound of claim®6, wherein the

conpound is selected fromthe group consisting of:

g

H N
N
N :
H ]T\ 5
N oW
W N Y
H
O O /I\

H H
N N
N A, 0~ ©
H gor
o
N
N /I\ ;
H

N
O\j\u H\E/LO @] ( 0O W
¢

Iz
ZT
@)
O
——\ ZT
[
O
<( Z

195



196 WO 2009/ 047264 PCT/ EP2008/ 063460 Hml | NN H
OOH OO HH- M H Q,,,,,

NHO~ O HN O0- 0 HN
wazoonorkzes NHp O NNN H=0O0 HON 197 PCT/EP2008/063460

; and

Z
Iz
ZT
%"llllln
v iy
O
O
/\mlu
O

14.

The compound of claim 6, wherein the compound is selected from the
group consisting of:
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NNOO HOI ;j and HH N NNNOO H=O0O0O 16.

The conpound of claim®6, wherein the conmpound is
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16.  The compound of claim 6, wherein the compound is selected from the

group consisting of:
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NN'OO HO1 17. A nethod of maeking a conmpound of

Formula Il: z2 z1 z3 R6 R7- R11 R12 N x R15'-)
WERIBI/0RR64 0 R14 |1 the nmethod conprising the BCEPB200$/063460

(a) providing a conpound of Fornula Il1l: 204 WO

2009/ 047264 PCT/ EP2008/ 063460 Z2 Z1 Z3 1 R11 Q R12

x N R15L-)\, R 13 R16 R14 IIl (b) providing a

compound of Formula IV: R6

Iz

=
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\>-R17 R7 IV (c) contacting the conmpound of Formula
Il with the conpound of Formula IV and a base in a

W@ i09esm64nder condi ti ons conduci ve to fornmatiRPCIT/BP2088/063460
compound of Fornula Il1: Z2 Z1 Z3 R6 R7 RI11 Q Rl12 x
R15, R13 R16 QR14 Il wherein x is zero, one or two;
Z1 and Z3 are each independently selected CR8R9; Z2 is
absent or is selected fromthe group consisting of O
S, CR8R9, or NR10; R6, R 3 and R14 are

i ndependently sel ected fr he group consisting of
|; or R6 d&gytakenin

hydr ogen, C1. 6al kyl, or

conbi nation forma three menb e%s}Xg%at ed
three to 205 WD 2009/047264 RT/ EP2008/'063 seven
menber ed carbocycl e, whi chY onh,l y substituted
by zero to three su i tuents; IIR8, , R and R 2 are
i ndependent |y sel ect M eOgr up consi sting of
hydr ogen, hal ogen, Ci _6alkyl ,” G _6a\ koxy,

hal oG _6al kyl, hal o Nkoxy, hydroxyd _  6al kyl ,

C _6al koxyd _G%I}vl . qr aryl ;
N """//K

; and

gy,
1

N ‘\\\\\i
) N
H
(¥
17. A method of making a compound of Formula II:
L
Z1 \23
R6
R” Ri1
O R12

II

the method comprising the steps of

(a) providing a compound of Formula III:
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R10 is selected from hydrogen, Cl_6al kyl,
hal oCl1_6al kyl , hydroxyCl_6al kyl, Cl1_

w@200k0x26 _6al kyl , aryl and aral kyl; R 5 i s hyRPCDERINS/063460
Cl_l oal kyl, C3_locycl oal kyl, aryl, or heteroaryl; RI16
is Cl_l|oal kyl, C3_locycloal kyl, aryl, or heteroaryl;
and R17 is cyan, nitro, Cl _6al kyl sul fonat e,
hal oC1_6al kyl sul fonate, aryl sul fonate, or hal ogen.
18. A nmethod of making a conpound of Fornmula V. 2z2
Z1 Z3 R6 R7 R11 R12 HN R13 HO R14 V the nethod
conprising the steps of _{a)_gproviding a conpound of
Formula I11: 206 WO 206 7264 PCT/ EP2008/ 063460 Z2
Z1 z3 1 R11 QR12 x Nl 5LF-{1)1\3, R 13 R16 R14

O R12
X

N
R15 R13
R16 O R14

1
(b) providing a compound of Formula I'V:

R6

>_R17

R’ v
(¢) contacting the compound of Formula III with the compound of Formula IV

and a base in a solvent under conditions conducive to formation of a compound of

Formula II;
22
Z! \Z3
R6
R” R11
O R12
N X
R1 574 R13
R®® O R4
11
wherein

X 1S zero, one or two,

7' and Z” are each independently selected CRR’;

7% is absent or is selected from the group consisting of O, S, CR®R?, or NR';

R®, R’, R" and R'* are independently selected from the group consisting of
hydrogen, C;_¢alkyl, or aryl; or

R® and R taken in combination form a three to six membered saturated three to
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[11 (b) providing a conpound of Formula IV: R6
\>-R17 R7 IV (c) contacting the conmpound of Fornula

WO 2409 2M t he conpound of Fornula IV and a baBE&I/EP2088/063460
sol vent under conditions conducive to formation of a
compound of Fornula Il1: Z2 Z1 Z3 R6 R7 RI11 Q Rl12 x
R15, R13 R16 QR14 Il (d) contacting the conpound of

Formul.a Il with an j.norgani c .or orga talljc
SV S BUREF Ao EI e uhish g nally yubSEitea Y 7 gy three
subsigndgen bond in a solvent under conditions conducive

to forpation of a conpound of Fornula VI: 207 WD
2009} Mgaﬁém@&%/a@@@mmlecm frim 28 grivep omsiRting of

hydRk2n, RigSen, C1ealkyl, C1 galkoxy, haloC) galkyl, haloC) galkoxy, hydroxyC.
salkyl, CisalkoxyC,salkyl, or aryl;

R'% s selected from hydrogen, C,_salkyl, haloC,_salkyl, hydroxyC,_salkyl, C;.
salkoxyC,.salkyl, aryl and aralkyl;

R" is hydrogen, C_jealkyl, Cs_jocycloalkyl, aryl, or heteroaryl;

R® s Ciraoalkyl, Csocycloalkyl, aryl, or heteroaryl; and

R,7 is cyano, nitro, C;_salkylsulfonate, haloC, salkylsulfonate, arylsulfonate, or

halogen.

18. A method of making a compound of Formula V:

RS 21/22\23
R” R 1}
R12
HN *
R13
HO R4

the method comprising the steps of

(a) providing a compound of Formula III:
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R15A R13 R16 0 R14 VI (e) contacting the conmpound of
Formula VI with di hydrogen and a hydrogenation

W@ 2109/0y264 i n a sol vent under conditions conducCP@EEP2908/063460
formati on of a conpound of Formula V. Z2 Z1 Z3 R6
R7 RI11 R12 HN X R13 HO R14 V wherein x is zero,
one or two; Z1 and Z3 are each independently sel ected
CR8BR9; Z2 is absent or is selected fromthe group
consisting of O S, CRBR9, or NR1O; R6, R7, R13 and
R14 are independently selegcted fromthe group
consi sting of hydrogenz{%izeﬁal kyl, or aryl; or R6 and
R7 taken in conbination ma three to six menbered
saturated three to sevenl nenbey ed carbocycle, which
Is optionally substityte RPeho to three
substituents; R8, R9, 2 are independently
sel ected fromthe group istihg of 208 WO
2009/ 047264 PCT/ EPZOI%%PA 0 +ydr ogen, hal ogen,
G _6al kyl, G _6al koxy, 7hal et bal kyl, hal oG _6al koxy,
hydr oxyG _ R* O R

1
(b) providing a compound of Formula I'V:

R6

>_R17

R’ v
(¢) contacting the compound of Formula III with the compound of Formula IV
and a base in a solvent under conditions conducive to formation of a compound of

Formula II;

I
(d) contacting the compound of Formula II with an inorganic or organometallic
compound or salt comprising at least one metal hydrogen bond in a solvent under

conditions conducive to formation of a compound of Formula VI:
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6al kyl , Cl_6al koxyCl_6al kyl, or aryl; or R" and R 2
taken in conbination forma three to six nenbered
W@ 20000é2¢d three to seven nenbered car bocycl ePCTAP2INS/063460
is optionally substituted by zero to three
substituents; R10 is selected from hydrogen,
Cl_6al kyl, hanCl _6al kyl, hydroxyCl_6al kyl, Cl
6al koxyd _6al kyl , aryl and aral kyl ; R 5 is hydrogen,
Cl loal kyl, C3 Iocycloalkyl aryl, or heteroaryl; R16
is Cl1 IoaIkyI C3_1ocycl o ikyl, aryl, or heteroaryl;
and R 7 is cyan, nitro,Z N6al kyl sul f onat e,
hal oC1_6al kyl sul f onat gy sul fonate, or hal ogen.
19. The net hod of cl or 18, wherein R7 is
nitro. 20. The nethod o | 2"'m\17 or 18, wherein R6
and R7 are independentl '®gd from hydrogen and
Cl.4al kyl; R17 is nitro.y , ?, R13, Rl14 and R18
are hydrogen; and R1Q1' phenylizor a five or six
menber ed heteroaryl, ich is substituted
Wth zero to three sd%stlpuen$s sel ected from hal ogen,
Cl 4al kyl, trifluoromethyl, Cl_ 4al koxy, and
trifluoronethoxy. 21. The nethod of cIa§q117 or
wherein Z1 and Z3 are each CR8R9; Z2 is"CR8R9 or O
anqe Lk cARS Hd SRGBURE ofBordfith TP with dIREOGEInd %%ydfgé%natlon
method of cfaim 17 or 18, wherein the 'solvent of “st
catafys} in ascvahit andl@]Icon@ubmmndeqlvgtocfymhatmnmﬂa@ompound of Forrnula
V‘dim=.~thy|forma\m'de, di met hyl acetam de, acetonitrile, a
" Cl_ 6al cohol or N-nethylpyrrolidine. 23. The net hod
of claim 18, wherein 209 WD 2009/ 047264
PCT/ EP2008/ 063460 the solvent of step (c) is a
di al kyl sul foxide, a cycljz ether, dinethylformam de,
Z3

RS 2
R” R11
o
HN *
R13
HO R4

wherein

X 1S zero, one or two,

7' and Z” are each independently selected CRR’;

7% is absent or is selected from the group consisting of O, S, CR®R?, or NR';

R®, R’, R" and R'* are independently selected from the group consisting of
hydrogen, C;_¢alkyl, or aryl; or

R® and R’ taken in combination form a three to six membered saturated three to
seven membered carbocycle, which is optionally substituted by zero to three
substituents;

R® R, R' and R'? are independently selected from the group consisting of
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di met hyl acetani de, acetonitrile, a Cl_6al cohol or

N- et hyl pyrrolidine; the solvent of step (d) is an
W@rGven47264 cycl i c ether, an aromatic hydr ocar boPCT/BP2088/063460

m xture thereof, and the solvent of step (e) is an

ester, an ether, a cyclic ether, a Cl.6alcohol, a Cl_

6al kanoic acid, or a mxture thereof. 24. The net hod

of claim 18 erein the inorganic or. arganonetallic
By C s s AR T RS b B 6 PSP rBH Cr-
calk§ BRIt AREBIC ShIRYL, Bt adyBRst one al um num hydrogen bond
or

C) Iea%t one bor on- hydrogen bond. 25. The nethod of

cl &t meediR “vikleanain wombénatipw farmuibeesntp st embersd batuiaged three to
sel ected fram al.um num hydr i Li £ hi al um pum
seveﬁly mep&agedscg Io&mlg,l Vlv,llrlﬁdﬁf nc?’pﬁlyagl?ydseu’bstltu{e%@y zero to three
subglitidals; 4al kyl ) al um num hydri des, di (Cl_
4al koxy) al umi num hydri des

di (FE1 1slcetsgyfram hudmeasy Caklliy Inbatp Gyehyddydroamy§ slyl, Ci
sel d f I b hydri des,
6”k§%?§$ﬂ&§§§ﬁ§%§§gﬁ@%ﬂse ecte rom net a or ohydri des

ri des, borane, and di borane. 26.
Ther 't thadogeh, €)_Raliy1] 85 goheogkyl, by dndicageyiat i on
catalyst is, selecte rom rhodium iridium nickel,
palf adh h¥de%F¥ﬁﬁﬁ$°%%ﬂ’ﬁWLPﬁ elsTRRer 8 deposi t ed
ONtO7 i Boy SHO S AU, aMORLBE, MSI0TY DALY IR IR, SEAGHORS
fron1éa9%oﬁ,léﬁuﬁf%%? and s%lié§3927§ A ngtﬁoghof & or

haldgerat i ng an HCV- associ at ed di sorder conpri sing

adm nistering to a subject in need thereof a
phar maceutical |l y acceptabl e anount of a conpound of

cl giom 1 e hdtBbddOolaist ot RRvHREn ROz aggpCi at ed
disorder is treated. 28. The nethod of claim 27,

wherein the HCV-associ ated disorder is selected from

e R A e A IR

ci rrhosis, ase, hepatocel |l ul ar

cargi andire, ar€ iniogdnabitlyt edpddefrorm @?dﬂdgeig KAdC 5,2l RyAFI'G i itro.
and_ ,a ]§%£@re§sed ipnate intracellular inmmune
r edborfse. K210 Wl Boour bydregen: ped/ EP2008/ 063460 29. A

met}ie reatd EnAL 0L e 0@ -
o8 3 A8 R ORI
witlcomp o thireegsubstituentsicbedtayfiréro haloges ubj elky1, &rifluoromethyl, C;.

pharng%g tically

salkoxy, and tritluoromethoxy.

21. The method of claim 17 or 18, wherein
7" and Z* are cach CR*R’;
7%is CR*R’ or O; and

each occurrence of R® and R’ is hydrogen.
22.  The method of claim 17 or 18, wherein the solvent of step (c) is a dialkyl
sulfoxide, a cyclic ether, dimethylformamide, dimethyl acetamide, acetonitrile, a C;

salcohol or N-methylpyrrolidine.

23, The method of claim 18, wherein
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accept abl e anpbunt of a conpound of claim1 or claimb®6.

30. A nethod of treating an HCV-associ ated di sorder
W@vpo#Rss1g admi nistering to a subject in neeRCT/AR068663460

a pharmaceutically effective amount of a conpound of

claiml1 or claim®6, in conbination with a

phar maceutically effective anount of an additional

HCV: nodul at j.n oynd, - such.that the HCV-assoc] at ed.
o 9B gdrert of P G abe dafkyt SHEN AR Rouc Bredbiag AR oTmainide,
dimwh?r lctintiBE R&dhitdienaC, HdGhBPSU ahdtRgpyediReund is
selected fromthe group consisting of ¥TNN191,
MK-tFogdyent nCstap 6839 an ctBeth a 59d3nheanah ag80hy@acartiers or a
mix%ﬁ?de ?fa %I aim 30, wherein the additional
S A ng conpound is interferon or derivatized
| NttRE §@VEN of gbﬁcet)eﬁaﬁ &9 Ah@h @t @upclfediisdrsd Cnglcdhol, a C;.
i nterferon al pha 2B, fpegyl ated interferon al pha,
calkanmie agid ey 4 mixdwe éhasept. i nterferon al pha 2A
| ynphobl astoid interferon, and interferon tau; and
sai d conpound having anti- hepatitis Cvirus activity
i s Zlel ecihednéthaif dieing & wheesn diesihbrg@niofor brfagometakicn
2, interleuki .6, i%erl eukin 12, a conpound that
Con@ﬁﬂ%ere%“ﬂ%a@a%%ﬁ fongPmMpopYher spltcapipeising af epst one
ORRE \ randed RNA
alurfé%?r%l exe%ge\%q{éﬁht% gbﬁlgﬁg?ﬂb%rlﬁygﬁ%goﬁl bavirin, an
i nosi ne 5' - nonophosphat e dehydr ogenase i nhi bitor,
amgnt adine, n(g %%rran%ﬁdihne.. 33. The nethod of claim
30, wher lMFALY A shal"“Be¥- nodul ating  conpound i s
a qi¢ ek cHAPSLIRRAEN YIRRARE fidMhhRitifim fh?hﬁ@é, @hium
fromthe group consisting of ritonavir, ketoconazol e,

alumingmdadeidpsorim alumstumy hy gydeadidC eqalleyalusipomi hydridesadi(C.-

cl t hiazol e..,34,. armaceut i cal |l yv. accept abl e
kG AR R Fige it PR RE ek e 5B RR B g

di sh¢ B&on chi@olrlsid &ldcadd fe@ipidtslibogohadaosgpasnd of

claiml1l or claim6 and a 211 WO 2009/ 047264
cyampprepdodey b%ﬂ%@ndﬁmf?ﬁé’eeuti cally acceptabl e

exci pient. 212

26.  The method of claim 18, wherein the hydrogenation catalyst is selected
from rhodium, iridium, nickel, palladium, platinum, and mixtures thereof deposited onto

a substrate, wherein the substrate is selected from carbon, alumina, and silica.

27. A method of treating an HCV-associated disorder comprising
administering to a subject in need thereof a pharmaceutically acceptable amount of a

compound of claim 1 or claim 6, such that the HCV-associated disorder is treated.

28. The method of claim 27, wherein the HCV-associated disorder is selected
from the group consisting of HCV infection, liver cirrhosis, chronic liver disease,
hepatocellular carcinoma, cryoglobulinaemia, non-Hodgkin’s lymphoma, and a

suppressed innate intracellular immune response.
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29. A method of treating, inhibiting or preventing the activity of HCV or HIV
in a subject in need thereof, comprising administering to the subject a pharmaceutically

acceptable amount of a compound of claim 1 or claim 6.

30. A method of treating an HCV-associated disorder comprising
administering to a subject in need thereof a pharmaceutically effective amount of a
compound of claim 1 or claim 6, in combination with a pharmaceutically effective
amount of an additional HCV-modulating compound, such that the HCV-associated

disorder is treated.

31.  The method of claim 30, wherein the additional HCV-modulating
compound is selected from the group consisting of ITMN191, MK-7009, TMC 435350,
Sch 503034 and VX-950.

32.  The method of claim 30, wherein the additional HCV-modulating
compound is interferon or derivatized interferon selected from the group consisting of
interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha
2A, lymphoblastoid interferon, and interferon tau; and said compound having anti-
hepatitis C virus activity is selected from the group consisting of interleukin 2, interleukin
6, interleukin 12, a compound that enhances the development of a type 1 helper T cell
response, double stranded RNA, double stranded RNA complexed with tobramycin,
Imiquimod, ribavirin, an inosine 5'-monophosphate dehydrogenase inhibitor, amantadine,

and rimantadine.

33.  The method of claim 30, wherein the additional HCV-modulating
compound is a cytochrome P450 monooxygenase inhibitor selected from the group
consisting of ritonavir, ketoconazole, troleandomycin, 4-methyl pyrazole, cyclosporin,

and clomethiazole.

34. A pharmaceutically acceptable formulation for the treatment of an HCV-

associated disorder, the formulation comprising a compound of claim 1 or claim 6 and a
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pharmaceutically acceptable excipient.
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