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Technical Field This invention relates to benzi m dazol e-i m dazol e
derivati wee,20miisess4are i nhibitors of the hepatitis C vi Pa3/EPRIGVs6cHhei r
synthesis and their use in the treatnment_jor prophylaxis 5 of HCV.
Background Art HCV is a single stranded, positive-sense RNA virus bel ongi ng
to the Flaviviridae famly of viruses in the hepacivirus genus. The viral
genone translates into a si Bgheindgerlé-aailianglefdepivativdsat encodes for

mul tiple structural and non structural proteins. 10 The NS5A protein of HCV
is |located r of the NS4B protein and upstream of the NS5B protein.
Upon posttrg%gaﬁ i) cl eavage by the viral serine protease NS3/4A, the
NS5A matures into a zinc containing, three-domai n phosphoprotein that

ei t her exi stlys gyeationjshysesde preripidezeld-imaéizr bederiygaies ovhigl periphibdpiefy| at ed
speci es (58th< BBpat PR Q) vird¥IBHVOf tHP\yhihedi§Phd Gl ack 1nrth@%5thféh@mq§9§gnasq§f t he
vi ral 3/%(? i ncl udi ng 15Vvi r al replication and infectious particle
assenbl f V- as nodul ation of the environment of its host cell.

Al t hough no enzymatic function has been ascribed to the protein it is
reported t oBadkpsnadtArtvi t h nunmerous viral and cellular factors. A nunber of
patents and patent applications disclose conpounds with HCV inhibitory
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A number of patents and patent applications disclose compounds with HCV inhibitory

activity, in particular targeting NS5A. W02006/133326 discloses stilbene derivatives

20 while WO 2008/021927, WO 2008/021928, W02009102325 and W02009/102318
disclose biphenyl derivatives having NS5A HCV inhibitory activity. US2009/0202483
discloses bridged biphenyl derivatives. WO 2008/048589 discloses 4-(phenylethynyl)-
1H-pyrazole derivatives and their antiviral use. WO 2008/070447 discloses a broad
range of HCV inhibiting compounds including a benzimidazole moiety.

25 WO02010/099527. W0O2010/065668, W02010/065674 and WO2010/065681 disclose
benzimidazole-imidazole derivatives as HCV NS5A inhibitors. For instance,
compounds having the following structure and Chemical Abstracts Number are
disclosed in Table 1 of W0O2010/065674:



ONHOHN"'",( O\ CYLNHNHO /O Il NHO Hes.ss\":) CAS
1242087-95-1 - conmpound 176 N-[(1S, 2R)-2-nethoxy-1-[[(2S)-2454642-

[ (2S) - 1- [WOSpBRp484 et hoxy- 2- [ (et hoxycar bonyl ) am no] - 1 POX@EPAt1pDF6688
pyrrolidinyl]-1H benzi m dazol-6-y1]-2- napht hal enyl] - 1Hi m dazol - 2-y1] - 1-
pyrrolidinyl]carbonyl]propyl]-carbam c acid, nethyl ester -0

Table A

Structure of W02010/065674

Chemical Abstracts Number (CAS),
CAS name and compound reference
number in WO 2010/065674

CAS 1242087-93-9 - Compound 174

NA[(18)- 1-[[(28)-2-[5-[6-[2-[(28)-1-[(29)-
2-[(methoxycarbonyl)amino]-3-methyl-1-
oxobutyl]-2-pyrrolidinyl]-1H-
benzimidazol-6-yl]-2-naphthalenyl]-1H-
imidazol-2-yl]-1-pyrrolidinyl]carbonyl]-2-
methylpropyl]-carbamic acid, methyl ester

CAS 1242087-95-1 - compound 176

N-[(1S,2R)-2-methoxy-1-[[(25)-2-[5-[6-[2-
[(2S)-1-[(2S,3R)-3-methoxy-2-[ (methoxy-
carbonyl)amino]-1-oxobutyl]-2-
pyrrolidinyl]-1H-benzimidazol-6-yl]-2-
naphthalenyl]-1H-imidazol-2-yl]-1-
pyrrolidinyl]carbonyl]propyl]-carbamic
acid, methyl ester

CAS 1228552-40-6 - compound 177

N-[(18)-1-[[(28)-2-[5-[6-[2-[(28)- 1-[ (2R)-
2-(dimethylamino)-2-phenylacetyl]-2-
pyrrolidinyl]-1H-benzimidazol-6-yl]-2-
naphthalenyl]-1H-imidazol-2-yl]-1-
pyrrolidinyl]carbonyl]-2-methylpropyl]-
carbamic acid, methyl ester

(e}

Compound 179

Compound 181




NHO O/ I CAS 1228552-40-6 - conpound 177
N-[(1S)-1-[[(2S)-2-[5-[6-[2-[(25)-1-[(2R)- .

2- (di met wbamwsys32- phenyl acet y1] - 2- pyrrolidi nyl] - 1H becTinredasedeeH- y1] -
napht hal eny1] - 1Hi m dazol-2-y1]-1-0-"Lo _3.

pyrrolidinyl ] car bonyl] 2- met hyl propyl] - carbam c acid, nethyl ester

HO\ NH

i CAS 1228552-49-5 - compound 182
oy
O/LH N/KO N-[(18)-1-[[(2S)-2-[6-[6-[2-[(2S)-1-[(2R)-
N N

H 2-(dimethylamino)-2-phenylacetyl]-2-
o © pyrrolidinyl]-1H-imidazol-5-yl]-2-
~ naphthalenyl]-1H-benzimidazol-2-yl]-1-
NH /N pyrrolidinyl]carbonyl]-2-methylpropyl]-
O=< carbamic acid, methyl ester
o)
/

Following the initial acute infection, a majority of infected individuals develop chronic
hepatitis because HCV replicates preferentially in hepatocytes but is not directly
cytopathic. In particular, the lack of a vigorous T-lymphocyte response and the high
propensity of the virus to mutate appear to promote a high rate of chronic infection.

5  Chronic hepatitis can progress to liver fibrosis, leading to cirrhosis, end-stage liver
disease, and HCC (hepatocellular carcinoma), making it the leading cause of liver

transplantations.

There are six major HCV genotypes and more than 50 subtypes, which are differently

distributed geographically. HCV genotype 1 is the predominant genotype in Europe and
10 inthe US. The extensive genetic heterogeneity of HCV has important diagnostic and

clinical implications, perhaps explaining difficulties in vaccine development and the

lack of response to current therapy.

Transmission of HCV can occur through contact with contaminated blood or blood
products, for example following blood transfusion or intravenous drug use. The

15  introduction of diagnostic tests used in blood screening has led to a downward trend in
post-transfusion HCV incidence. However, given the slow progression to the end-stage
liver disease, the existing infections will continue to present a serious medical and

economic burden for decades.

Current HCV therapies are based on (pegylated) interferon-alpha (IFN-a) in

20  combination with ribavirin. This combination therapy yields a sustained virologic
response in 40% of patients infected by genotype 1 HCV and about 80% of those
infected by genotypes 2 and 3. Beside the limited efficacy on HCV genotype 1, this
combination therapy has significant side effects including influenza-like symptoms,
hematologic abnormalities, and neuropsychiatric symptoms. Hence, in order to

25  overcome the disadvantages of current HCV therapy such as side effects, limited
efficacy, the emerging of resistance, and compliance failures, as well as to improve the
sustained viral load response, there is a need for more effective, convenient and better-

tolerated treatments.
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The present invention concerns a group of benzimidazole-imidazole derivatives capable

of inhibiting the HCV replication cycle.

Compounds of the present invention are also attractive due to the fact that they show a

greater selectivity to inhibit the HCV replication cycle when compared to their capacity
5  to inhibit the HIV replication. HIV infected patients often suffer from co-infections

such as HCV. Treatment of such patients with an HCV inhibitor that also inhibits HIV

may lead to the undesired emergence of resistant HIV strains.

Description of the Invention

In one aspect, the present invention provides compounds, which can be represented by
10 the formula I:

Y ’
H
)

or stereoisomeric forms thercof, wherein :
A is phenylene or naphthylene, each of which may be optionally substituted with 1, 2 or
3 substituents selected from halo or C;zalkyl;

15 RandR’ are, each independently,—~CR;R;R3, aryl, heteroaryl or heteroCy¢cycloalkyl,
whereby aryl and heteroaryl may optionally be substituted with 1 or 2 substituents
selected from halo and methyl; and wherein
R; is hydrogen;

Ci.alkyl optionally substituted with methoxy, hydroxy or dimethylamino;
20 phenyl optionally substituted with 1, 2 or 3 substituents independently selected
from halo, C;_salkoxy and trifluoromethoxy;
1,3-benzodioxolanyl;
benzyl optionally substituted with 1, 2 or 3 substituents independently selected
from halo or methoxy;
25 Csecycloalkyl;
heteroaryl;
heteroCsscycloalkyl; or
heteroarylmethyl;
R; is hydrogen, hydroxyl, amino, mono- or di-C;_4alkylamino,
30 Cialkylcarbonylamino, C;4alkyloxycarbonylamino,
Ci4alkylaminocarbonylamino, piperidin-1-yl or imidazol-1-yl;

R3 is hydrogen,



NHOHe "1/4( N H NH WD 2011/ 054834PCT/ EP2010/ 066668 - 3- Fol | owi ng
the initial acute infection, a majority of infected individuals devel op
chroni c hepavitisgssbecause HCV replicates preferential | yPCh/Ere@atomys es but
is not directly cytopathic. In particular, the lack of a vigorous

T-1 ynphocyte response and the high propensity of the virus to nutate appear
to pronote a high rate of chronic infection. 5 Chronic hepatitis can
progress to | ovByi afid Rs apether foemdinrgroton aclyclohmpysgroemd- st age | i ver di sease,
and HCC (hepa . i , i i I i ng cause of liver
transplantati%ﬁggh#ﬁégéwg@%&%gﬁgﬁ%fggﬁﬁgggﬁéh%%gggggggd nore than 50
subtypes, which are differently distributed geographically. HCV genotype 1
i s the predarfinAtist aspesiothy PecseRf IFVATHIOB PEiddeBFOMPORREs WiSch Tebaeseprseited
geneti c hetgr @genRIvivg 0dm dB3s fdriRer ) .di agnostic and clini cal

i nplications, perhaps explaining difficulties in vaccine devel opnent and
the I ack of response to current therapy. Transm sston of HCV can occur

t hrough contact w th contam nat ed ‘gng?kducts, for exanple
fol I owi ng bl ood transfRig® g4 2 3 g U%EL The 15i ntroduction of
di agnostic tests used in gloo [ ad & downward trend in
post -transfusi on HCV inCKLEFégN However, given the slow progression to the
end- st a | i ver disease, e ef‘sting infections will gggyjnue to present a
serious nedi cal and econoni ¢ burden for decades. Current HCV therapies are
based on (pagpreqisaerinfoens dermelaviphein¢l FN-a) in 20conbi nation with
ribavirin. Ahi i i r (W13 | e I GH e nse
0% of  pat e o e B o S M P Fpace®

i nfected by géﬁB?V%%%mﬁwkﬁ&déﬁnB@§Pd€(hh@thn1ted ef fi cacy on HCV genotype
1, this conbiap@R ar, toariampch@ms-Om RikAbky] Het@od T @lcterbOLicyclbagyl,

i nfluenza-1ike,s to emat ol ogi bn lities, .an europsychiatric
syt ond . HenSLEHeDR aehd PEGrose T RBa e e dirARt Iy be R FERR: Hov
t her apy such adegedi@orfiagctm] mbthpi; bedlwhbfeicacy, the energing of resistance,
and conplianceg f ékH&%%' as well as to inprove the sustained viral |oad
response, there is a need for nore effective, convenient and

bet t er - t ol er at edCtsaban pptanglly suiptingad wob ag83uPeTr EPReth k068668 - 4- The

present inventi qheRANGRLANABSRURIR)iPENZM ddzabentl HidpgRbiPIdYRE | ves
capabl e of inhibjting the HCV égglLﬁatlon cycle. Conpounds of the present
i nventilon are al&yméglo Qérﬁﬂﬁé‘y tiduqrametaxy: t hat they show a greater

sel ectivity to inBitbhtodidi@lddg replication cycle when conpared to their

capacity 5to inhibit the V repljcatjon., HV infected patients often
sufter Trom co snatorgRe kB 2 b G SR BT an
HCV i nhi bi t or t hasmbborindthdxyts H 'V nay | ead to the undesired energence of
resi stant HV Stég"’_‘gc%loalkyl-

20 heteroaryl;

heteroCsscycloalkyl; or
heteroarylmethyl;
R; is hydrogen, hydroxyl, amino, mono- or di-C;_4alkylamino,
Cialkylcarbonylamino, C;4alkyloxycarbonylamino,
25 Ci4alkylaminocarbonylamino, piperidin-1-yl or imidazol-1-yl;
R3 is hydrogen,
or R; and Rj together form an oxo or a cyclopropyl group;

or pharmaceutically acceptable salts and/or solvates thereof.

In another aspect, the present invention provides compounds, which can be represented
30 by the formula (I-COR):



Description of the Invention I n one aspect, the present invention
provi des conpounds, which can be represented by 10the formula |I: or

st er eoi sowenot/dses3ns t hereof, wherein @ A is phenyl ene ecTnzpimhyicene, each
of which may be optionally substituted wigth 1, 2 or 3 substituents sel ected
fromhalo or G _3alkyl; 15R and R are, each independently, - CRLR2R3, aryl,

heteroaryl or heteroC4 _6cycl oal kylﬁeby aryl and heteroaryl may

optionally be substl t ut ed h 1 er sybstituents sel ected from hal o and
met hyl ; andgpwh R G N4al kyl optionally substituted with
met hoxy, gr xy L?Op ,I optionally substituted with 1,
2 or 3 substl sy ndependent |y sel fromhal o, G _4al koxy and
trifluorometRoxy; 14 3-benzodi oxol anyl ; benzyl tionally substituted with
1, 2 or 3 substTituents independently sel ecﬂe@()Rgom hal o or nethoxy;

25C3 _6cycl O@Hdl‘t}{é steRBIsERAE YdrmsNEd: 850 (fie Byl 0al kyl ; Or hEt eroaryl methyl ; R2
i s hydrogen, hy roxyl, am no, nono- qr di-C _4al ky I

30C1_4al kyléé&lbbﬁﬁy cBfPRBPhEYlong) Wh&fy@a%%mb%ﬁwtmaﬂy Substituted with 1, 2 or
Cl_4al kyl ani ngcsabmltm@%d R @klo@r 1 Lalyyl; or i mdazol-1-yl; R3 is

hyd 11/ 05 P201 6 t f

oy dogen RaERprogt nitpdcngy %ﬁ?&wﬁ%&quﬁ%@@%ﬁ% SQEHRE. andl or
sol vat es t her editrebyardnod hetercasy ey, optioealpr seibstitutedenitti bor prabstitests
corrpoungls whi rgge%@@ﬁgﬁlﬂa%%ﬁsﬁ?ﬁlﬁp ag%lhereg{ ol | owi ng corrpounds of formul a

(I-PR er eol soneric wherein : A is phenyl ene or
napht hyl ene, &adhhysfrogdti ch may be optionally substituted with 1, 2 or 3

substituents sel e@l sk T&ﬁfﬂnﬁﬁ‘ﬂr%&ﬁtugdﬁﬁﬂllﬁéthox Rk o rcﬁ«t’h@th F‘a%ﬁﬁ'o
i ndependent |y, - Rg het er %, roCa 6cyc| o %er eby

X
aryl and heteroar nY%éSPUB‘EﬁIIYOWQFtFtWe év%hb(s?thrt StHpTHINficRpRn ents
sel ected from hal o afgh helohy jalleoxg antl éfiftidtomethoxy;

1,3-benzodioxolanyl;
benzyl optionally substituted with 1, 2 or 3 substituents independently selected
from halo or methoxy;
15 Csecycloalkyl;
heteroaryl;
heteroCsscycloalkyl; or
heteroarylmethyl;
R; is hydrogen, hydroxyl, amino, mono- or di-C;_4alkylamino,
20 Cialkylcarbonylamino, C;4alkyloxycarbonylamino,
Ci4alkylaminocarbonylamino, piperidin-1-yl or imidazol-1-yl;
R; is hydrogen,
or R; and Rj together form a cyclopropyl group;
or R, and R; form oxo;

25 and the pharmaceutically acceptable salts and the solvates thereof.

In another aspect, the present invention provides compounds, which can be represented
by the formula (I-PR-COR):

H
N
R 0 j/(N>
Ei,h pu.
N O
H
(I-PR-COR)

or stereoisomeric forms thercof, wherein :



R1 is hydrogen; G _4al kyl optionally substituted with nmethoxy or

di nmet hyl am no; phenyl optionally substituted wwth 1, 2 or 3
substi t uewb0imdessendent | y sel ected 15from hal o, C _4al POXEP2016/066668
trifluoromethoxy; 1, 3-benzodi oxol anyl; bebnzyl optionally substituted with
1, 2 or 3 substituents independently selected fromhal o or nethoxy;

C3_6cycl oal kyl ; 20heteroaryl; heteroC4-6cycl oal kyl; or heteroaryl nethyl; R2
i s hydrogenA i©pldmekyt pr aapludqleﬂmmh ocﬁmkﬂhhrﬁhlaablkt;dnaﬁy mahstituted with 1, 2 or

Cl_4al kyl car bg@}{t&%&% ﬁe%cfe‘(‘iaf*r&%%{ ﬁl%yo&‘gf 28}@/1[ am no:

25C _4al kyl ani noca i mdazol -1-y1; R3

hydr ogen, o anRaﬂ@, E@htlméﬁ‘@ﬁmnﬂt’oﬁh&i{aoﬂb’l dmtﬁéio%'ybfbrd}@m@@al 6Cg¢1©@lby1 or
phar maceut i caly taﬁ@ h&teRAkI$n ti@ﬁalﬁ%é’ﬁﬁo@ﬁuﬁeﬁ%ﬁpf or 2 WBstituents
2011/ 054834PCT/ EP2 668 - _ and the stereoisoneric fornms
t her eof 2 wher é?lﬁCt.e qn%tﬁél PdW Elﬁ’ﬂlhyl ene, each of which nmay be

optionally sub@ﬁgﬁydr@gtnw t h 1, 2 or 3 substituents selected fromhalo or
C _3al kyl; 5R a het er oaryl or

ch i |,
het er oC4 6cyc| oa@k‘&? ky?%@nélﬁ?' S'étksfr}?u%g(ﬁ‘ggﬁgfeé%ﬁroﬁ 355'18 I%loénal ly be
substituted wt rphbngdropzlosubsmbstﬁtawdswiﬁel @odreldsubstitnerta inoleperdentdy sj¢ctedand

wherein RL is hy rﬁ%f& C k¥l 19RLd B8l 0?( substituted with nethoxy,

hydr oxy or di rret am no’ phenyl opti1ona substituted with 1, 2 or 3
substi tl@ents indb &qw@ﬂqu ected from halo, G _4al koxy and

trifluoromet hoxybendyl3phisRARLLBNALAANiih DONFYY suBRtLANRINdYpSHBSTy dcticd Wi t h
1, 2 or 3 substlet%uent |nde endently selected fromhalo or nmethoxy; 15C 3

_6cycl oal kyl ; yquﬁﬁ ¥ro C 4 -6cycloal kyl; or
Csecycloalkyl;

heteroaryl;
15 heteroCsscycloalkyl; or
heteroarylmethyl;

R; is hydrogen, hydroxyl, amino, mono- or di-C;_4alkylamino,
Cialkylcarbonylamino, C;4alkyloxycarbonylamino,
Ci4alkylaminocarbonylamino, piperidin-1-yl or imidazol-1-yl;

20 R3 is hydrogen,

or R; and Rj together form a cyclopropyl group;

or R; and R; form oxo;

and the pharmaceutically acceptable salts and the solvates thereof.

In another aspect, the present invention provides compounds which can be represented

25 by the following compounds of formula (I-PR) :

H
N
R 0 j/(N>
Eﬁw (DT )

N
H
(I-PR)

or stereoisomeric forms thercof, wherein :
A is phenylene or naphthylene, each of which may be optionally substituted with 1, 2 or
3 substituents selected from halo or C;zalkyl;
30 Rand R’ are, each independently,—~CR;R;R3, aryl, heteroaryl or heteroCy¢cycloalkyl,
whereby aryl and heteroaryl may optionally be substituted with 1 or 2 substituents
selected from halo and methyl; and wherein

R, is hydrogen;



heteroaryl methyl; R2 is hydrogen, hydroxyl, am no, nono- or

di - G _4al kyl am no, 20Cl_4al kyl car bonyl am no, G _4al kyl oxycar bonyl am no,
Cl_4al kylsoizooosussenyl am no, piperidin-1-yl or im dazol PCTEP201RD66688
hydrogen, or Rl and R3 together forma cxcl opropyl group; or R2 and R3 form
oxo; 25and the pharmaceutically acceptable salts and the sol vates thereof.

I n anot her aspect, the present invention provides conpounds, which can be
represent ed by t@Geaflkot optiana(ly siRtICOR) with (etiRRyCOR)methylatenceoi sonmeri ¢ f orns

t hereof, wherei : PC R2Q1. - I i ne or
napht hyl ene, eag%helclﬁll %ﬁoﬁ%ﬂ;ﬁ%@?@ﬁ%@ Vﬁlﬁéﬁazlz ?Oryﬂsutc%g@? ?r?%%“edépﬁdte ﬁﬂ}??&%ﬂoaf 3
substituents selfeonddlo Comlkayandiritiorgaicthpky; R and R are, each

i ndependently, - %@B%ﬁ%di@{oﬂnyl;het eroaryl or heteroC4_6cycl oal kyl, whereby

aryl and heteroaryl may optionally be substituted with 1 or 2 substituents
5sel ect€d from ﬁﬁ%‘/l&rﬁé‘oa@éiwa’tﬁa%d Wikeh&i ¢ W%thuﬁ%}néﬁ%ﬁﬁlﬁe@{ e ckash
optionally substfidrithed omridtha¥gt hoxy or di net hyl am no; phenyl optionally
substituted with.1, é o%#g substituents independently selected from hal o,

G _4al koxy and tTI¥YE8#EWet hoxy: 101, 3- benzodi oxol anyl ; benzyl optional |y
substituted wi thhetsro2ybr 3 substituents independently selected fromhal o or

met hoxy; C 3 _6¢ I ; .eroaryl; 15hetero C 4 -6cycl oal kyl; or
het er oar yl et hyll?[eq%fsgef'% hlgaf}gfg’jg% hydr oxyl , am no, nono- or
di - G 44} kyl am nlsterearyliagthkyl car bonyl ami no, G _4al kyl oxycar bonyl ani no,

C1_4al kyl am n@cay bRRysAThitox i RloiBnd-oHldi 0 AT HAFS),- 1-y1: 2083 i's
hydr ogen, or Rl énd to e[ her form a cyclo(fr? 1 group; or R2 and R3 form
oxo; and the phafrmale F@%P anine Cagplplosyearp Ig’gg‘%‘&ot he sol vates thereof.

Ci4alkylaminocarbonylamino, piperidin-1-yl or imidazol-1-yl;
R3 is hydrogen,
15 or R; and Rj together form an oxo or a cyclopropyl group;
or pharmaceutically acceptable salts and/or solvates thereof;

provided the compound is other than any one of the 6 compounds listed in Table A.

Whenever used herein, the term “compounds of formula I, “the present compounds”,
“compounds of the present invention” or subgroups of the compounds of formula (I)
20  such as those defined herein by the different embodiments as well as “the compounds of
formula (I-PR)”, “the compounds of formula (I-COR)”, “the compounds of formula
(I PR-COR)” or similar terms, it is meant to include the compounds of formula I, or
such subgroup thereof, including the possible stereoisomeric forms, and the
pharmaceutically acceptable salts and solvates thereof, unless specified differently.
25
In a further aspect, the invention concerns the use of compounds of formula I, or
subgroups thereof, as specified herein, for inhibiting the replication cycle of HCV.
Alternatively, there is provided the use of said compounds for the manufacture of a

medicament for inhibiting the replication cycle of HCV.

30  Embodiments of the present invention concern compounds of formula (I), or any
subgroup thereof as defined herein by the different embodiments, wherein one or more

of the definitions for A, R, R’, R, R, and Rj as specified herein, apply.

An embodiment of the present invention concerns those compounds of formula I, or any
subgroup thereof, wherein R and R’ are independently —CR;R;R3 or an optionally

35  substituted S-membered heteroaryl; in particular, wherein R and R’ are independently



I n anot her aspect, the present invention provides conpounds which can be
represented 25 by the follow ng conpounds of fornmula (I-PR) : (I1-PR) or
st er eoi sowenot/dses3ns t hereof, wherein @ A is phenyl ene ecTnzpimhyicene, each
of which may be optionally substituted wigth 1, 2 or 3 substituents sel ected
fromhalo or G _3alkyl; 30R and R are, each independently, - CRIR2R3, aryl,
heteroaryl or heteroC4 6cycl oal kyl, whereby aryl and heteroaryl may
optionally mlkgﬂ)ﬁtmdwhephrmuldtr Whorcir2R and & atoU€IR; B, Redrelcire thefsmimm hal o and

methyl; and, U%]&yﬁiaaggiq QERNR, o 10,2054 G 4834PCT/ EP2010/ 066668 - 8-

O__4a|ky| opti ona oxy or di nmet hyl am no; phenyl
optionally substituted with 1, 2 or 3 substituents independently sel ected

from hal o, Godi&! debeniRd otfmefﬂreéehpﬁe&h%yoonéerés ezl ee ormeRgNZY!

optionally substituted with 1, 2 i substl tuents 1 ndependent | y sel ect ed
from hal o o 3REERREIQUD tbeg:of e%@ﬁé%éﬁz I%Sy]PY Bl eFBiAPy MONgrer &i-6°1 gallgylamino,

- 6cxécl oal kyt; aliylcheivelyRindad Y GBIaﬂWéoxyB%bbﬁleMﬂfo@@ﬁlﬁalrE&ll}{ﬁk W ¢, @nalym nono-
or di arbonyl am no a 0X onyl am no,

0 Gai kyT arbua ORGP AT R RRRIHIRR, 25 T 6 auSp SRR

hydr ogen, 18ore iRpaetivailaR3R 1 s gettiverycdrbomylaminoxo or a cycl opropyl gr oup, or
pharmaceutical Iy acceptable salts and/or solvates thereof; provided the

conpound is other than any one of the 6 conmpounds listed in Table A
Whenever usdotheranbodimend of gierpreseshipueiri s concdray gpacampoungdhef fgrasladt

conpounds” :ofr a}fﬁ @l?@%iﬂ%tlﬁfeo?%e@&ﬁ?@ﬁi shdlefb‘{&ﬂffrdf)rﬁ 14 RkyB 99&{%5&%&11; Pfe t
conpoungds of _for 0Ss efi ne e differen
enbodi n@nt ssuéétlmgﬁw@s @Eﬁéuteaﬁlﬁetaﬁ%ie ﬂy ﬁﬂ?%{e%?r w%afo 4@%5 BEREYinds of
f ;)r mul a (I EI}tBR)snzodlldﬁgﬁn@?Dﬁﬁ@hﬂﬁﬁaaQﬂ ﬁleamﬂuehar(Rl RBReICER) froat brahd¢hicdar t er ns,

it is nmeant~to,inclu or c

thereof, incldy g”hF n*ﬁg’@géq%tség&ltshohr%‘? e mFtIhVI dﬁﬁaranLf%ore !
pharnaceut|mmm®#ma8cepthbwéfhmmbendnd(égh&at@anﬂepwmmﬂyunbﬁswﬁép@blfied
differently O}%alcf RI, & ﬁrHﬁcthQ&’ c, ?ﬁ?ﬁcklte&gﬁvélﬁ"iﬁ QhéREy ﬁa‘i’ﬂ?&ﬁa{r%ﬁoﬁﬁné{ﬁ%(ﬁ

conpounds
is selected frorn ¢ 4alky1 optionally substituted with methoxy.

Another embodiment of the present invention concerns those compounds of formula I,
or any subgroup thereof, wherein R; is selected from C;4alkyl; phenyl optionally
substituted with 1 or 2 substituents independently selected from halo, methoxy;
1,3-benzodioxolanyl; and heteroaryl. In particular, R; is selected from branched

20  Csaalkyl; phenyl optionally substituted with halo; and heteroaryl.

Another embodiment of the present invention concerns those compounds of formula I,
or any subgroup thereof, wherein R-(C=0)- and R’-C(=0)- are independently
-(C=0)-CR;R;R; selected from

/OH:%;:/O «f i ¢ C
g

, wherein * denotes point of

attachrnent to the pyrrohdme nitrogen. In partlcular, R-(C=0)- and R’-C(=0)- are



subgroups thereof, as specified herein, for inhibiting the replication
cycle of HCV. Alternatively, there is provided the use of said conpounds
for the meoubuatsus3e of a medi cament for inhibiting the PepiEPC@IoodmogyCl e of
HCV. 30 Enbodi ments of the present invenjpon concern conpounds of formnula
(1), or any subgroup thereof as defined herein by the different

enbodi nents, wherein one or nore of the definitions for A R R, R, R2
and R3 as specified herein, apply. An enbodi nment t he pr nt invention
concerns those conpounds of formula I, or anyH bgroup reof, wherein R
and R are independently -CRLR2R3 or an opt 35 Bt ed 5- nmenber ed
het er oar y! ; inflgpepdenttiycfCap)-Ch Boldi Wlﬂt@rfdorﬁ’ are i ndepend’ent ly, WO

2011/ 054834PCT/ EP2010/ 06666 - CRIR2R3; nore in particular, wherein R
and R are -CRLR2R3/ and are he sane; alternatively, Rand R are -CRILR2R3
and are differgnt. noth di ment of the present invention concerns

t hose conpouwnds of ormul a I* or any subgroup thereof, wherein R2 is

hydr oxyl , afi no,* nongpqor di-C _4al kyl amino, 5 O._4alkylcarbonylanino or
O__4a|kyloxycarbonylanlno in particular, R2 is a 4a|ky|carbony|anino or

G _4al kyl ox bon s Cl. 4al k car bon More in
part cul ar AR AR o M ah e R G RPS Ehas e tur OHE Brles ent
i nvention ommersmlsgrbh;mﬁmaoﬁmﬁwnﬂdsk sfphtwoylend, & partiorlaramersinbgrsoup t her eof
wherein RL is selected from 41\\yl; phenyl optionally 10substituted mﬁth

1 or 2 substituents independent el ected from hal o, nethyl, nethoxy;

1, 3-benzodi oxol anyl ; and het erga _In particular, Rl is selected from
branched C3L4qumﬂmxpﬁenyhuﬁptio~ | y--suhsteirt tht ddshad tihchmd@aterthepdintsl ; and
het er oar yl i | ected from branched C3_4alkyl,;
phenyl optlgggﬁ ﬁ“%ﬁ@%{utuﬁalda“?%h%§P%£“%r, R1 is branched C3_4alkyl.
Alternatively, in another particular enbodinent, RL 15is selected from

G _4al kyl Oﬁﬁdtﬁ&aénll%dﬁﬁgﬁto'fm&gﬁgsem ﬁlbeﬂ{%tn%ﬁ mﬂh%&%"@&mﬁ&*ﬁ@@b%%uﬁfl the

present i nventi on concerns those conp ounds O formu or an subgroup
t her eof , wHradysubgroyRthsegod crhsgein %W’@Phth& CRS 1A DR beﬂemofha& |y

substltuted with 1 or 2 substituen
met hoxy; 1, 3- benzodi oxol anyl ; anf
from branched 20C3_4alky1l,; pheny

het er oally| . 2,6mapltaylcasrbOdiucring of

conpounds Lepgﬁgqh%u8&H&%ﬁ%§%@i§$&ﬁ§%ﬁ§ﬂ%§ wherein R-(C=0)- and

R -C(=0)- are'rn depen Fed from OH HNHNHNHN O
0000 HN 0\Q0 WD 2011/ 054834PCT/ EP2010/ 066668 10- /0 HNHN O O

A

|. In particular, Rl is sel ect ed
Ly sybstituted wi th hal o; and

Another embodiment of the present invention concerns those compounds of formula (I),
or any subgroup thereof, wherein A is naphthylene which may be optionally substituted
15 with 1, 2 or 3 substituents selected from halo or Cjsalkyl; R' is as defined in the

compounds of formula (I) but different from unsubstituted 2-propyl, and when R' in R

is 1-methoxy-ethyl, then R' in R’ is different from 1-methoxyethyl. In particular, the

present invention concerns those compounds of formula (I-PR) wherein A is
naphthylene which may be optionally substituted with 1, 2 or 3 substituents selected

20  from halo or C;alkyl, more in particular A is naphthylene, even more in particular A is
2,6-naphthylene;

R and R’ are, each independently,~CR;R3R3, aryl, heteroaryl or heteroCy scycloalkyl,
whereby aryl and heteroaryl may optionally be substituted with 1 or 2 substituents
selected from halo and methyl; and wherein

25 R, is hydrogen;
Cialkyl optionally substituted with methoxy or dimethylamino, but different
from unsubstituted 2-propyl;



\ independently -(C=0)-CRLR2R3 selected from Anot her enbodi nent of the
present invention concerns those conpounds of fornula I, or any subgroup

t her eof , wbere034834i s phenyl ene, in particul ar wherei n RCIrEP2&D/0dssphrenyl ene
of structure, wherein the dashed lines i.pdicate the points of attachnment to
t he remai nder of the nol ecul e. Another enbodi nent of the present invention
concerns those conpounds of formula |, or any subgroup thereof, wherein A

i s napht hyl ene, phenplarftionallyasubstitetediwithAl ,i2sorB0Qibettnaph inklyp@nlentdf scd¢atadet ur e,
wherein the das Lines. i ndi : i of attachment to the remai nder
of the nnleculeh%%Hg? é?kg@%gﬁﬁﬁgﬁ%ﬁ%FB?ﬁg%%¥hsent i nvention concerns those
conpounds of forhBibgngadjoxotanykiny subgroup t hereof, wherein A is naphthyl ene
whi ch may be opty | dp¥ioRShubbtithRE whithM Dibrb suBstRliends HBSIEMBNRcREI ect ed
fromhal o or G _3alkyl; is as defined in the conpounds of formula (I)

but diffPerent fristiAOMMStEIYed 2-propyl, and when R in Ris

1- net hoxy- et hyl ,CifeeloRkyl,n R is different from 1-nethoxyethyl. In
particul ar, the resent. I nvention concerns those conpounds of formula
(1-PR) wherein A'T¥°Hdpht hyl ene which may be optionally substituted with 1,
2 or 3 substit uemtgo€efaycloeldkyR®fr om hal o or G _3al kyl, nore in particular A
i s napht hyl ene, in particular Ais 2,6-naphthylene; R and R are,
each independenﬁ%xga%g%%gggf aryl, heteroaryl or heteroC4_6cycl oal kyl,

wher ebylOaryl  &ads f;:étr@g@ahxdromdyarwpi BaBe- o dbé’ 1 sillsxleminged with 1 or 2

substituents selgf%ggkﬁﬁgﬁ&g@hgbaﬂqamgkﬁ>&mbgﬁykﬁﬂag;ein 25R1 i s hydrogen;
C _4al kyl option i ?.

ubstituted wi th” nefhoxy or  dimethylam no, but

di Frorent from Unsaleiimigpesbony Bwnlper\%l%ﬂfwewsé% } EP2010/ 066668
-11- phenyl opiiohalrbgensubstituted with 1, 2 or 3 substituents
i ndependent |y s§]gc&§qu;r8¥}cglgm(pi %%%kqx K@nEIIrLfluoronethoxy;
1, 3- benzodi ox8l ahyl'S “hefzy " SHLiOmarTd AsubhePiPut&d" Wi th 1, 2 or 3
substi tident s ionpkgpendanichy swkptebledalsf andrnrisalvetes thenestfhpryided 3
6cycl oal kyl ; n Vil - BV G 108 ols [ hyl ;

wheh R QRRYL llrﬂghgiﬂthgl,ﬁ%%ngl? %rri?’g‘k I.a)gfe_r%%ﬁi?&ﬂ qﬁ&l%}weml

10R2 is hydrogen, hydroxyl, am’no, am no,

Another embodiment concerns compounds of formula (I), or any subgroup thereof,
wherein
20 A is naphthylene;
R and R’ are, each independently,~CR;R;R3 wherein
cach R; independently is C;_4alkyl optionally substituted with methoxy or hydroxy;
cyclopentyl; or phenyl;
cach R, independently is amino, mono- or di-C; salkylamino,
25 Ci.alkylcarbonylamino, C;4alkyloxycarbonylamino, or
Cj4alkylaminocarbonylamino; and
cach Rj is hydrogen,
provided that :
e R; is other than 2 propyl when R; is methoxycarbonylamino; and
30 e R;inR’is other than 1-methoxyethyl when R, in R” is
methoxycarbonylamino;

and the pharmaceutically acceptable salts and the solvates thereof.

Another embodiment concerns compounds of Formula (I) or any subgroup thereof such

35 as compounds of formula (I-PR), wherein A is 2,6-naphthylene of structure

“OO\

~

~
~
~



Cl1_4al kyl car bonyl am no, G _4al kyl oxycar bonyl am no,

Cl_4al kyl am nocar bonyl am no, piperidin-I-yl or imdazol-1-y1; R3 is

hydr ogen,wor20R205#83d R3 t oget her form an oxo or a cycl opPOPHP2@OO6GHS 150r
phar maceutical ly acceptabl e salts and/ orjgol vates thereof; provided when R
in Ris 1-nmethoxyethyl, then R in R is different from 1-nethoxyethyl.
Anot her enbodi nent concerns conpounds of fornula (1), or any subgroup

t her eof , whadeirer&o tie ¢osnpoaptit mythsrejboRinamd afe different #a@hny one of the 6

i ndependent - rei g each Rl independently is G _4al kyl
optionally é&&g@fﬁhﬁ%@d l\j"\ﬁﬁa}?%rr)éqt hoxy or hydroxy; cycl opentyl; or phenyl;
each R2 independently is am no, nono- or di-C _4al kyl am no,

25CL_4al kyl £R5{RGA iAot cChedh dolRHESE BN IRNT)RP anPSubgroup thereof

Cl_4al kyl am nocarbonyl am no, and. each IS hydrogen,” provided that :

Rl s othervhigh Rant Rogne dififerantibom en¢aiqtksty car bonyl ani no; and 30 RL in R
is other than 1-nethoxyethyl when R2 in R is nethoxycarbonyl am no; and the

phar maceut i cal acceptable salts and th ol vat es t her eof.. JAnot her

Brbod ment  Soet RS EEHAT SRS SegP i R Gy hIEBSRHE  her cof such
35as conpoundspeoflertlyripth salkyle@Bynylavhmoeir €, AalkgloRy Gy branyhinkiyd.ene of structure
v,y WD 2011/ 054834PCT/ EP2010/ 066668 -12- and wherein the conpounds in
this enbodi ment are different fromany one of the 6 conpounds listed in
Tabl e A0  Angthentdrehodéners ¢pneonts omoendsoidermeafdor ary subgmupah¢ref or any
subgroup t hgrgeh dacWRe iRlcPerddeaidisictRd:8 cibbh@bRio. f rom one anot her. Anot her
enbodi nent concerns conpounds of Fornul'a (1) wherein each R2 i ndependently
i s Cl_4al kyl carbonyl ami no or C _4al kyl oxycar bonyl am no. 10 Anot her

enbodi ment AnstaardnsbocldmngEn oaksref cohgiotidseo { fhymala (Boy asyhdesyp théreseof

wherei n each, R2. i ndependent | s. et hoxycar baonyl am n Anot her odi nent

concer ns. consaaReRapRe PRty W AR RRL SRR S PR IEE e e

i ndepenident ¢yglopsntybdrepitcedl. f r om br anched C3_4alkyl, nethoxyC2_ 3al kyl ,

15cycl opentyl or phenyl. Anot her enbodi ment concerns conpounds of formula

(I') or any subgroup t hereof wherein RL in Ris 1-nethyl propyl

2- met hy! pr opyetherzmhodiass) sopgams yaosperriprala phengny sukerqup therepts

%bm%‘t Ihyl et P\)ﬂllereih‘REﬁh mvilsnt%%%vlpr@psm h&i@mt@p@m 2-hrchRixeeky e t{ld entyfl or |
cycl open or .phepyl . An r epbodi nent concerns coirpounds of, fornul a

(> or oy Mstigr B0 Riis B e banerony - ProabaRaent 1y TdPe S roRs

bot h t ¥ carbpeatybospteasl i ng the R1L, R2 and R3 substituent have the

S-configuration. 25 Another enbodi nent concerns conpounds of formula (1),

or any subgroup thereof such as the conpounds of forrmula (I-PR), wherein

t he conpoundingtgergfmtfodimentgongerns compounds of formula (I) or any subgroup thereof

wherein R and R’ independently are —CR;R;R3 both the carbon atoms bearing the R,
R, and R; substituent have the S-configuration.

25
Another embodiment concerns compounds of formula (I), or any subgroup thercof such

as the compounds of formula (I-PR), wherein the compound is of formula Ia
A
O SUSTN
AT
RI
N s),w\\kN O
o

Another embodiment concerns compounds of formula (I) or any subgroup thercof

Ia

30  wherein the compound is one of the following compounds of Table 1a : compound 9,
compound 11, compound 13, compound 14, compound 16, compound 17 or compound

18, or a pharmaceutically acceptable salt thereof.



la Another enbodi nent concerns conmpounds of fornula (1) or any subgroup

t hereof 30 wherein the conpound is one of the foll ow ng conpounds of Table
la : conpwordii@s4gsenpound 11, compound 13, conpound 14, PCOMPOUNM6GHES
conpound 17 or conpound 18, or a pharmaceytically acceptable salt thereof.
WO 2011/ 054834PCT/ EP2010/ 066668 -13- In a further aspect, the present

i nvention provides conpounds of forrmula I, and their pharmaceutically
accept abl e B@imﬂhanﬂpamhhapﬂsmﬁhm«mﬁbnpﬁmkmﬂsempmmtkefﬁnﬁmmnbanddmﬂ

prophyl axi s s‘ih(a% r%sg:@c &tﬁé ?a&%fanésé'i‘% gk I‘gé{}?ﬁse 19%%&%&%

pr ophyl axi resen pes in B)he cont ext
of treat merprophyl®&ps 67pih19fl mmsfa¢tnrea1,f@ormﬂamreem\fqrhh¢ neatmpetsemrophﬂﬂerﬂ) obn

i ncl ude genQEYPRfd-Bok HBYRLRRvd Hcﬁtgeaesr})esoﬁl th@c&rréﬁ\é@k@ahlehnoﬂ\lor th
Anerica). The present invention also provides a for the treat ment or

ne
pr ophyl axi sPP W IvfreeRidppss, Wﬁﬂhthﬁé’ir?sleﬁ‘i}%?ntioﬁf“é‘é’t‘ eogaenmyr)ﬁ ovrestlentip
genot ype | aE@bpé)or 1Emp1evaﬂéﬁnemosmmneﬁcaf) OTtigspredent Mec@@IRMONSIGvidada

ree of ot HORMBRATTPOBRTEN Y Tar B Er et ¥ nEovis P TRU e RN

nol ecul ar sHECVodfuhegobtyaild ou:dhpounds or internedi ates. I n particular, the
term"stereoi sonerically pure” concerns conpounds or internediates having a

stereoi s omerdrg @E@%%ﬁe?it: f&ms 418 Wuinbis §’nd MR 994 RbHARE HeRGTEL and

maxi rrum 10% o) BOSSI b e I soner s to a stereol soneric excess of
100% (il0e. dabimed a¥ isameisesupspndly dkeq oA gt eranflﬁ@eeﬁ RefIRsteregpstiE forgwrafi cul ar

conmpounds  Othe kith€biecindlc@8lahd¥icAde 3f §di@ bEAPSMHAL bf ft@Hfe@RsesOfn RBJeulkR, t 0
100% even re |n§$art| cul alrlpéhav n(gna st er eoi Soner.i c 6\éigess of 94% up to
100% and IR SR At a e DY g CAPCs TS caBIPS B g ARl havens up o

100% The t mmmsbraﬁaméxeemf ac &labtyB 0P (iee” mam chuhd9@s o€ peoivemec add mapivuel
Z Egm Ido ﬁg " qu(yjz 9 ?;{ths q;‘hér %8&1@'% rggh%{r%) \Q@% a Q%&eoﬁ&%rllaae%&g of ?&?/% 3 elzcﬁ)@%f t he

eoneri C excess,
m xt ur elSi n wemmfamnd Raneokthe odsh)s o19eg ingatteauies, mmmuede@n lgtﬂlﬁ@ﬁ@a'@ﬁ t he

conpounds  andidy ﬁéx@@ﬁbﬁ%ﬁ@ e>9:fesst Sl E% RNO0OD. TRY RS RIS HaYink Qe

application of Tart-known procedures, | nstance, enantionmers may be

separ at ed fYIRPEABHIOPIES %394 vhed ©el 00 rrrﬂemerty%parlrcrlféhrverg df their

Zﬁdl as]E er eofi@tbdicormatid éxc\ééastdf;g% usal IlQO‘%aCItHe\t@’nﬁ;C!eﬁ&tibﬁnebﬁsl‘?}S urEXamp| es .
thereof are.tartaric.a i be tartaric aci t rtarrc cr
and’ canpnor SRTGATRSisakPusy saRHA YRR & s Yokt fén 0BbhR b

chr omat2§gr aphhcertaetbmego escests andjthe hiiasadrearhad oxxessyrepasiesly, Gahe npxine
stereochem’lgqulcl)l Yiopsonmeric forns may al so be derived fromthe correspondi ng
pure stereoisoneric forms of the appropriate starting materials, 30provided

that the reaction occurs st er eospeci fi cal lfi'r Pr ef erabl% if a specific
st er eoi sonefurE stegrodioMmSEc farmsPretrprItaIeers of g §ompaIds @n Wterrreﬁeé@pe‘é i8j ¢

nmet hods of jpy@RRhahdyosd obINBSELYRIE raggﬁca\rroh bf a@kaarva esudghits. STHR ir¥ance,
enanti omeri cal |. ure sbgartr 1% teri C}% ?h } 548345’ EP%{)éOI 066668
-14- advant 3gBY rEP A RpCach o Ry i WICClt Bapigaion &k AP zat i on
and chrXdmat dlgsrtap&myreruesays wath apicalthaaivataogs apbz}Ses) rEmnmesrsahermf@ad: taktatic d
chromat ogr aepcrf(}f 'dibenzoyltartaric acid, ditoluoyltartaric acid and camphorsulfonic acid.

Alternatively, enantiomers may be separated by chromatographic techniques using

chiral stationary phases. Said pure stereochemically isomeric forms may also be derived

from the corresponding pure sterecoisomeric forms of the appropriate starting materials,

30  provided that the reaction occurs stereospecifically. Preferably, if a specific
stereoisomer is desired, said compound is synthesized by stereospecific methods of
preparation. These methods will advantageously employ enantiomerically pure starting

materials.

The diastercomeric racemates of the compounds of formula I can be obtained separately

35 by conventional methods. Appropriate physical separation methods that may



The conpounds of formula | have several centers of chirality. O interest
are the stereogenic centers of the pyrrolidine ring at the 2-carbon atom
The confiworativises3at 5this position nmay be that correspentinrgomwoecdsepr ol i ne,

i.e. D-proline, i.e. Al so of interest are stereogenic centers
occurring in -CRLR2R3 noi eti es of conpounds 10 of formula |I. Enbodi nents of
the present invention therefore concerns those conpounds of forrmula I, or

any subgr ouplvhiregeably batveipde yedtane ferarxaoplatdmtBeicnysidiRRBRAndppears in its

i 1 et howy O RaRBRR S S B JRGRe Rheb B RHY TN SRRty W

1, 2 or 3 substituents |ndependently selected fronthalo or nethox

panpi ¢ an the i ke aCIdSH 15Co verser said salt forns

Neatne ith an a |at into the free base
O%%%BF‘ (1) contalnln nan aC|d c proton may al so be

C3_6cycl oal kg conwwe@e@ﬁf@a%l@tlémﬁammal caterpef ey IQfartsyast arpaha i cul ar
exampl s of stertGhle CRERAINTBYR R Ahg aVB a%ayo%mztﬁgdoﬁeg@a%@@@esess
-15- 3nd ft nnleg§tﬁ wherein * denot.es .point of attachement to the
remai nd ﬁéxﬁﬂﬁp thQoFigsnRd w8 te o Hﬁﬂflon salts conprise the
t herapeutically active non- tOXIC acid and base ad tlon salt fornms of the
conpounds of fornul a (I)Ror y Ssubgroup thegeof, interest are the
free, i.e. non-salt forns the conpeunds of nula |, or of any subgroup
t hereof. The pha ce%tlcall accept | e gld addj tion salts can
conveni ent | y* by obty@ai nad by atlng th e formw th such appropriate
acid. Approprijlate acid r| for e b nor gani ¢ aci ds such as
hydrohal i c aci sy -€. g~ hydr &rOr h Nobront ngﬂﬁhC&H&%?Hdé?to
nitric, phosphorlc and the |like aC|ds or organic acids such r
exanple aclatnrelinept-dpi oni c, hydroxyacetlc | actic, pyruvic, oxalic (i
et hanedi oic), malonic, succinic (i.e. butanedioic acid), maleic, funaric,
malic (i.e. hydroxylbutanedi c acid), tartaric, cjfric, nethanesul fonic,
et hanesul foni ¢, benzene nic, p- to enesulf% , cyclantc salicylic,
p- anlnosallc¥llc
can be convertgd b
form The conp
converted intag se'aqd |on salts r metal or am ne
addition salt forns, Dy treatmedfd@fth appr%prlate organi ¢ and i norganic
bases. Appropriate base salt fornms conprise, for

Also of interest are stereogenic centers occurring in -CR;R,R3 moieties of compounds

10 of formula I. Embodiments of the present invention therefore concerns those

compounds of formula I, or any subgroup thereof, wherein the carbon atom C in

-CRR;R; appears in its S-configuration, in particular when R; is Cy4alkyl optionally

substituted with methoxy, hydroxy or dimethylamino; benzyl optionally substituted

with 1, 2 or 3 substituents independently selected from halo or methoxy; Csscycloalkyl,
15  heteroCyscycloalkyl; or heteroarylmethyl. Particular examples of -(C=0)-CR;R;R 3

/

e}
HN HN
o %; o

(o) *

moieties of

compounds of formula I with specified stereochemistry are

O«f /«{j «0*5 /« . /o«“jjg



20 exanple, the ammoniumsalts, the alkali and earth al kaline netal salts,
e.g. the lithium sodium potassium magnesium calciumsalts and the I|ike,
sal t s wi tWoangasiss4sbases, e.g. the benzat hi ne, N nethyl PDTgiPa@ans6s6s
hydrabam ne salts, and salts with am no_g&i ds such as, for exanple,
arginine, lysine and the |like. The term "sol vates" covers any

phar maceuti cal | y ,accept abl e solvate that the conpounds 25of formula | as

wel | as any phar eutically agceptable salt thereof, are able to form
or examiéizydrates al cohol ates, e.g. ethanol ates

Such sol vates ar

propanolates nang t he |i keeSonme of the conpounds of formula I may al so
exist in ta r ¢ for FOr - exanpl e, tautoneric forns of am de
(- C(=0) - NI—I-g1 gPolps ande i nf noal odivetis * (de@stompeint 9f attaohcTaant tmibe rondiodars,
al t hough ”QH%R%H%E%hE'Y indicated in the structural fornul ae represented
herein, are inten to be included within the scope of the present

i nvention. _ WD 2011/ 054834PCT/ P20 /06 68 - 16- used hereln

"G - 4al kyl "Thegsphargacsycadly ﬁsarﬁt S&@@pﬁ&theéqurml%r Wrackvght or

branched c hajnntomccbrcmcaardbe@e @Idﬂthtﬁﬁsaﬁt&bﬁtﬂilgoﬁth@ aa)ri;pdnmdé of b (@f @mysuch as

for exanple , pro . 2-butyl,

2 ety 1- yPEgP esSieBhon raBP b e APy gt ok et iateny

i nventi on, fofmilatleoredtangsobpystp hekodal kyl is C3_4alkyl, i.e. straight or
branched chain hydr ocar bon groups having 3 or 4 carbon atons such as

1-propyl, 2rpr ﬂlace%ﬁpd{ngyécc%[ﬁa‘tﬁy Eé’ib‘ ’ad@lTlHE Eeﬁ%l cah CBIE\%BY@IH'[I %e %{améh% propyl .

o partlcular teres branc such -propy 2-butyl,
2- met hyl - | -t5pagpg the bas rr&rﬁwlﬂz %hcﬁmomlateﬁ%i ﬁ@prﬁpﬂ@@ @W&oa@rw of j g

%enelrl cto &i‘ﬁﬁip@ﬁlﬁ)@ydmc a:cy@d @buhyhydrsmiccu@wawg mebchﬂﬁrccdrqﬂsveﬁ@rbkomlc
I Ml ar

cIo ric.to cyclobut e and cycl o
eyl 4T i R G8hE st B e kst Etie Ay SBRSBY of “Tor m
-0- G _4al kydxawdpér, ecemlcCpro@&Inkyhydmxmeﬂeﬂadnredpﬁbmeoxaﬂixmmle&mnﬁﬁo@ 4al koxy
are met hox 0 t IS enerrc
to fluoro, yc%ﬁ%@bé%ﬁmqﬁg q&gé%méﬁéa%sPBﬁﬂ%@ﬁ%?%&éxﬂﬁﬁ(? Wbdﬂ%%?o) o? "0x0"
forms a carlppwrilqmaced)ytfmeﬁ, citricamhthaneso fanie athanesulfosia, benzesprlfodiche not ed

that an atqakﬁ%%eﬁﬁﬁmup%yﬁ%gﬁt&HH&EQ;M%B@m@ﬂw?K@Iﬁﬁﬁﬂﬂthﬁ@hk@ﬁn&@|enCy of
t hat atonrso per used herein, " is generic to phe nd

ny
napht hyl>, Z00TASTS e@&lch tdpyms %éwéoetcerlmﬁqré%yer%&rw WlFPeaéh@PéﬁPﬁé‘Feol??é? rIEO
car bohydr atie ficBBagtorat ure having 5 to 10 ring atons of which at | east one
ring atomis a heteroatom selected fromN, 0 and S in particular fromN
and 0. As herein heteroCA 6 | k ans._sat ur.at ed
cyel e hydr DRt GLMeql e oS EL P ik o O REP AR e
one car bon thtiobricsaddéphaeles nbparamz@r membmmnmwé@tle@séﬁmeamyWeaMMd S, in

particul ar rtrp ﬁrneﬁ ¢ Brgahit AR it o fific B%er@@@&m@@m hl%h fise. for

t et rahydro- yl, peri KF t et rahydr of ur anyl and. yrrolidinyl.
Waere t3e pe@mp edrmlaowwpl%ﬁ Galkpl ard sath abgilive yatad splét eepﬁerlrﬂinéal,(for
exanpl e a sswﬁrmt mglu@lnnﬁgﬁémrﬁ darctmrﬁ szﬁlf%FHnﬁ&ﬁ@Iﬂ&Q sk with bﬁg@fﬂcrnﬁségoetgh such
group nay ato such a noi ong as e
Jeoultiny S frer{)r SR Dt Eraohe 5 R b i P& Bt rror e
t han once isuchhe fm)émmpllee,armna Igehd¢ md thohke.s i ndependent. WO

2011/ 054834PCT/ EP2010/ 066668 -17- The conpounds of the present invention

can be SYNIRSARA RS DG LAl bAMh G BN RRER, B 5RANTAR e ARhEDY ™

as used herein
N N - caborsfiformylail aawell @s any pl@ﬁg@ﬁcewtlgalw@ptg@e alt tbeg_eof are able to form.

- Bi s(di pheg\)@hgb%fél@ la ROt} @ia{n%l@ AGdrates, AlddHOR csl 8. gn&ﬁzﬁfola&& Pﬁ)panolates and _
4- Di nethylagkgggyrl i ne " is neant to be Di net hyl f oxi de MPT" is

meant to be met hyl phosphorous Tri am de "DI PEA" is neant to be
N, N-di i sopropyl ethylamne "DMF" is nmeant to be dinethyl formam de
Some of the compounds of formula I may also exist in tautomeric forms. For example,

tautomeric forms of amide (-C(=0)-NH-) groups are iminoalcohols (-C(OH)=N-).
30  Tautomeric forms, although not explicitly indicated in the structural formulae
represented herein, are intended to be included within the scope of the present

invention.



10 "THF" is neant to be tetrahydrofuran "TEMPO' is neant to be
2,2,6,6-tetranethyl -1-piperidinyloxy DBU is neant to be

1, 8- di azawoytlisjds44. 0] undec- 7-ene HATU is nmeant to be PCT/EP2010/066668

0- (7-azabenzotriazol -1-y1)-N, N, N; N -t et r.agret hyl ur oni um hexaf | uor ophosphat e
15 TBTU is neant to be 2-(1H benzotriazol-1-y1)-N, N, NWtetranethyl uronium
tetrafl uoroborate Schene 1 1 B 20 In schene 1, the synthesis
of conpoundAs tisedderdin, "ICs-4alRglE ms bedoupl ar partfof a oyt dincasat@amicd atraldid or

2011/ 05483 .04 - 18- ' ' i d
4-nal obenz e eB D iy A2%Ron Bbung Bt frohgl BEFcdBlT BouRIPL 8 2701 %,

sui t abl e cowxphiphymetdal eyl floproayh Aeremybulpbetil Pditdn2-motlesh- lagropylor exanpl e,

CDI . As useflphafyeblhroffP F& the pﬁ@a%mﬁap&g&fﬂE&nﬂaﬁti&h%_fﬂﬁé&glmn@a ni trogen,
such as,_ for exanple, bamate protectin ke benzyl oxycar bonyl ,

ar ; g.group |i
or 5t er t- but o:AkeALY yLdre; Stéﬁlghé@ﬁaf%w@%ham%m%aﬂpn@r@eﬁsdwwe% n R
has the neagirtig @Asmsefchned-Fropyll DeraSiPobReS 2 MutFloT-metidy11-propgd, 2-Mutshyl-
obt ai ned ir%ermaEi ertislfurt er %Yﬁlgrﬁe%ﬁdrcgsw%tf ng i nythe ei("l) itnL azol e
derivative oPraPgt HhiPartclar afensstanay o uppelicd Gralsyl wixb a sd 'é“%f eat ment
wi th an aciZmeshyth-raspylf DimetiyaiPpprepylaceti ¢ acid in a tenperature range from
0 to 150C, nore specifically between 80C and 120C. The 10 i nternedi ate of

fornula || ﬁ@&eﬁﬁ“@%&g@ 1’{ig§ﬁtée?1:3rnt9?%éelolgrr%g r ciotf I%CSUAJSMYI tngder Pd

catal yzed condi tions, . exa ., sence o Cl2

bi s( pi ndcol @clPpardovion ead G dsadealkylg s gsnsriprecysibusd; arloasavhend  Compound
|V (Schenme &Bloheryl be obtained after selective renpval of the protecting
15group PG of the pyrrolidine nitrogen of internediate Il, under suitable

condi tions,,.such.as,,.for exanple, wsing HCL in isopr.pangl n is
Cort- but oy rEBHINY 4rheBRR AT prngl  sep Hitinsf e h g M OB s er t ed to
an i nt er medwbdreind®; shllyhglaa defild aboyé. dixiaomplasiof K1 hidlkoxappe optlhicxtyecthcxyd of

formula R C(=0).- ] i has t he meani ng as defined for the conpounds
of fornmul aq? P%B%ioy@?ﬁﬂ%tx' on may be perfornmed by reacting the starting

materials in the presence of a coupling agent or by converting the carboxyl
funct i oal i THe terp ohaly” Baendc Pdhuare shipradromo and iodo.

As used herein, the term “(=0)” or “oxo” forms a carbonyl moiety when attached to a
carbon atom. It should be noted that an atom can only be substituted with an oxo group

when the valency of that atom so permits.
As used herein, “aryl” is generic to phenyl and naphthyl.

20  Asused herein, the term “heteroaryl” means an aromatic carbohydrate ring structure
having 5 to 10 ring atoms of which at least one ring atom is a heteroatom selected from
N, O and S, in particular from N and O.

As used herein, the term “heteroC,scycloalkyl” means saturated cyclic hydrocarbon

group as defined for “Cscycloalkyl” wherein at least one carbon atom is replaced by a
25  heteroatom selected from N, O and S, in particular from N and O. Examples of

heteroCsscycloalkyl include tetrahydro-2H-pyranyl, piperidinyl, tetrahydrofuranyl and

pyrrolidinyl.

Where the position of a group on a molecular moiety is not specified (for example a
substituent on phenyl) or is represented by a floating bond, such group may be

30  positioned on any atom of such a moiety, as long as the resulting structure is chemically
stable. When any variable is present more than once in the molecule, each definition is

independent.



an active ester, m xed anhydride or a carboxyl acid chloride or brom de.
CGeneral descriptions of such coupling reactions and the reagents used

t herei n a0 2ba1/05e88ad i n general textbooks on peptide chegmirgree/ o6a@ns

exanpl e, M Bodanszky, "Peptide 25Chem si{jy", 2nd rev. ed.,
Springer-Verlag, Berlin, Germany, (1993). Exanples of coupling reactions
for am no-group acylation or am de bond formation include the azi de nethod,
m xed car bohhececongronodydfithe aciseht amteytdon den d sabiesiytd cdihgtheffollovaing) net hod,

the _car bod! i, (NS ODFULARRCL T e AL SOBLOBN SALALD de: O

wat er - sol ubl’e car I mde suc m no) -

30pr opyl | cardgeii Hedeto TENRcarb 1-%1ﬁhiié(a?zorét er nethod (e.g. p-nitrophenyl,
p- chl oro- phenyl, trlcﬂloropheny ,~ pent achl oro- phenyl, pentafl uorophenyl,
- hydr oxys Ui niclh (9 bRNdI RIS IBSBRRD felkfiRn¥000war d 1 eagent

K- nmet hod, the 1, 1-carbonyl diimdazol'e net hod, the phosphorus reagents or
oxi dat i @n- r-edDMARNs MRfao@He 4SDivgethflahit@sporidgthods can be enhanced by

addi ng suitable catalysts, e.g. in the carbodiimde 35 nmethod by addi ng

1- hydr oxybeixMdBSO”ag olcent to be Dibhkl SHEtideer coupl i ng agents are
(benzotriazol -1-yl oxy)-tris-(di methyl am no) phosphoni um

hexaf | uor opHb¥BRAd temcait tthhbe Hoyarne¢tgphosphoions Thempgleesence of

1- hydroxy- benzotriazol e or 4-DVAP; or WD 2011/054834PCT/ EP2010/ 066668 - 19-
2- ( 1H benzotRiPEAG|is megntyto e NN disoprepy st #pingr oni um t et r af | uor obor at e
(TBTU), or 0-(7-azabenzotriazol-1-y1)-N N, N, N -tetranmethyl uronium

hexaf | uor opA¥dbhat @eantyerby dimetiador@ainglci ng reacti ons can” be perforned in

either solution, (liquid S or. solid phase. For the purpose of the

pr esentﬁ)l nvgﬁd%@egn!pﬁoégz% IE¥HBd for acylation is 5 performed

enpl oyi ng L phb€. coupl i reactions preferabl.y are conducted in an inert
sol vent, smg6héﬁ%l %Iﬁé? g%zﬁﬁ%eggwgpéﬁ pépegr}dl%flgﬂf or onet hane,

chl or of or mnggé%%%rb%tli’ﬁ@c'dﬁ%b\fﬁ%i5§3ﬁﬂ8%'|q' tonitrile,

di met hyl f or mam i methyl acetam , ethers such as

tetrahydr of yagoy i Fidahe to_]k@(ﬁ‘-(mﬁ%ehib?ﬁ%@-@ﬁyl}-ﬂ@\l,ﬁ@Nﬂie’tﬂ&&e{h@zﬁ%ﬁiﬁﬁs are done
in the presence of a suitable base such as a tertiary amne, e.qg.

tri et hyl am HefleQTPRPBYGI et hyl ani ne (DI PEA), N net hyl - nor phol i ne,

N- et hyl pyr jdine, A4- P or 1,8-diazahjcy . 4. 0] undec-. 7-ene (DBU).
The readct | O,th{ HEFaRtP Bg/‘r%lﬂrﬁ'rbﬁﬂ@gﬂ ? ﬁ@’&ﬁ&d\%&?&g@“%@]e%y 't He reaction
time may raegellsedbeere 15 mn and 24 h. Internmediate V can then be
15converted to a boronic ester VI under Pd catal yzed conditions in the
presence of bis(pinacol ato)diboron Iike in the conversion frominternedi ate
Il to inter3ahdimatle |11. WO 2011/ 054834PCT/ EP2010/ 066668 -20- Schene 2
Vila NBSBr P NHG N XI | |

o o A><P
1) PG-Proli I PG B8 08
-Froline, couplin 4 N
pling 4 S 3 o NH PG
/

X NHz reagent X
— ) AN
NH, 2) cyclisation N N

B
PG R R0
X H \ X H H \fo X H \f
NN N OH NN
N N N
I v v
0
i o™
H
- o’BUN N
-
N

20 Vi
In scheme 1, the synthesis of compound II to VI, is described. In a first step, an amide



Further buil ding blocks used in the synthesis of conpounds of fornula | are
described 5 in schene 2. a-Am no ketone VII (Schene 2A), wherein A has the
same nearw0Qoamsisss conmpounds of fornmula | and X is a haiCogergioiosseeoupl ed
with a suitably protected proline wherehygPGis a protection group on the
pyrrolidine nitrogen, preferable tertbutoxycarbonyl or benzyl oxycarbonyl,
in the presence of coupling reagent for am no-group acyl ation as descri bed
above for thmddoforeksiusing ®G-proliec randiast-keald BénkzenclD2ditnenaedicatireX\is Cl, Br

pref erabl e Itﬁ'lth'é‘é}%sé cLhg Eing &g@hﬁé O%g?ﬁm aIF?lP Cg?&? ic?{?l’i‘ﬁﬂ .@%%E medi at e

is cycllze oim azoe inte enera teat nent
wi t h amoni ierexseenle.<CDh rﬁéﬂéﬁdamrems RGas @erm@qt@g@r@pr@h@e pmoh@eﬁnm@gamd

150C, nore gpRGL fhCalalnhDalMaRMa ot%eﬁlnzg}gfa% iR} B@r{z %tx[yyﬁbé(nylld}t er medi at e
VITI WD 2011/ 054834pP /EP2010/ 06 ? can tal ned by coupling

a-hal 0 Ket off-byteycaiberdpyr: algrpative 8&%&@%&9( .%) avhﬁ%?llrbRé%me FAHE
sui tably prateehedfdp i ¢d‘ﬂ@0\0{ﬁ@§ ebfpri@ail STl tmns)bmﬁle@ mt@mum@i@ ﬂlﬂ“ﬂl&br

. o : b I,
"W the procemiesofSialif Ugl & g Rub bl Bl e PiRfiirgan™™
cycl i zati onbet @rgad &it rbryd@ztnh@lt withenredl, atoh ay) fok casnes @cratlbedldabave
pref erabl e ok AlieRRo0toty) ANPro EnBrE QRO 6aRcHPsrhanole anaf or med

to and |nter at e the transfornation

of i nt eifnedintpracdipterod f@mﬁvéa Hecan &esonyarted Ap 9é>pm@q Qﬂéﬂrybf fm@hrﬂana@fé Bdi11 can
be depr ot e%a@ﬂyzembn&ﬁaﬁm@f R¥mblSa kB scé B lfl@@dﬁpfbc'lzsopr opanol in case PG

equal s tert-but oxyca o .interned a schene 2B) and 10furt her

t ransf or medblf(én}aﬁ l%‘ioﬁt@g‘?l)éflé‘né(f‘ bages %@Xglﬁlﬁf€|l)§}asé1{jﬂlcﬂ0ﬁa&‘ns as those used in
the transformation of internediate [V to internediate V. Boronic ester Xl
results fro |nter ndi ti tfghthoeused in

ho e vor S nPa TR Snf 1 p Y B S e SRR in0 08 o e BRI T ' D
be syntldesigedp Py of tbet epwlstimrtiiragenf ofone @ darto I, mlade{rSDi’téﬂec@@ltmﬁmheby PG

IS a protecd e9£ escr .%ﬁgl R%Eésﬁ?hgﬂioﬁ‘gfhé‘ﬁ PGQQ?&!—F&B%&F%Q&F Tth@”'

but oxycar bonyl | m dazo

synt hesi zeoreér&tmgglntempﬁ@tesléﬁ@aw (FOBVEIRddp an ARpriaqaty a%for@tﬂ@p‘é biiher ei n
iodine i nst&@zmu@ﬁ WahaRE BEprbpridt® héi@ @8 € hu@ R 1€ 0) 10 [ 3Rt RWMAL et Behife

achi eved by ation with |12 0 foll ovved by renmpoval of one iodide
wi th Na2503’an§ %‘LE) rghe CO&H?é‘PdSp%‘!sfg}arBO_l@%l nt ermedi ates are described in
schene 8. Hexid agyldidnahagbenpaédrel bgfreacting et draticpmpeuintisn dic grosend af 4 , and

X and X arg Bﬁégg’ge] fmﬁﬁé%%@%%%% darf ‘%l ?&n%go%ﬂ]?g]nt@%actmlfgﬁr? sbrom’

Alternatlve(fy Hati on Wt
hal ogen. | ranedchime cstete mixgd anbyé@iqﬂr@dcaanml ad ehlowide ar erowiide. Generel Suzukl

WO 2011/ 054834kh6HEB2 gﬂc@/ cgﬁﬁlgn@g/rea&%ns My ﬁh‘é B RRRALL] BPRin Y5 BiFoRREIOr Nore

equi val ents of i nternediate he resultin
general textbooks on peptide chemistry, for exarnple M. Bodanszky, “Peptide

25  Chemistry”, 2nd rev. ed., Springer-Verlag, Berlin, Germany, (1993).

Examples of coupling reactions for amino-group acylation or amide bond formation
include the azide method, mixed carbonic-carboxylic acid anhydride (isobutyl
chloroformate) method, the carbodiimide (dicyclohexylcarbodiimide, diisopropyl-
carbodiimide, or water-soluble carbodiimide such as N-ethyl-N'-[3-(dimethylamino)-
30  propyl]carbodiimide) method, the active ester method (e.g. p-nitrophenyl, p-chloro-
phenyl, trichlorophenyl, pentachloro-phenyl, pentafluorophenyl, N-hydroxysuccinic
imido and the like esters), the Woodward reagent K-method, the 1,1-carbonyl-
diimidazole method, the phosphorus reagents or oxidation-reduction methods. Some of
these methods can be enhanced by adding suitable catalysts, e.g. in the carbodiimide
35 method by adding 1-hydroxybenzotriazole, or 4-DMAP. Further coupling agents are
(benzotriazol-1-yloxy)-tris-(dimethylamino) phosphonium hexafluorophosphate, either

by itself or in the presence of 1-hydroxy-benzotriazole or 4-DMAP; or



internediate XV is further transformed to XVI under conditions simlar to
those described to convert internediate Il to internediate Ill. In case PG
equal s RW0O=20)1/0s3nei n R has the nmeani ng as defi ned for PCEPC@OPoashgis of
formula I, intermediate Il 5is the samej@s internediate VI. Scheme 4 As
illustrated in Schenme 4, the coupling of boronic ester Il1 and hal ogeni de
or triflate VIIl, wherein X is a halogen or a triflate, under

Suzuki - M y als1&/-bonadiriazans yh) €6 iv] X'sV'itetraofeth yierohammwattiainooborant @B, at € XVI | .

Si m | ar COU(B'(RA’LQ%e%ot%QPogqp%%ﬁN A tﬁ%%'t@ﬁ&ﬁyﬁ%?ﬁ{fgﬁﬁ& Pﬂosfﬁi&g”e 1to3

usi ng Suzuki aura con sor on of

i nt er nedi at @\ |Thq3@rsombagm¢a@tlom @mtmper formeddinathensodutiost (Bauid Yhesm obe
coupl ed resylifjipAgse Pod fAE %’Eu%gé &t Be PM¥stnt iRRnflSS Ca%r@ﬁ{%& HethoatBF ARMttRhLEesS | 1]
and VII1. Alternatively, ounds of fornmula | 'may be obtained as

i || ustrat edSiere %W@OBmg&Li boroni c ester of fornula XVI i's coupled with
brom de of or mu e

"t er medt at B ngeeeiotyageb o soBhHn ) e liERb TR Bectiet

sui t abl e cdndiredadmss, d.§.kiechl@omestanp|cblonsfermf dibiglar aprofis squmamh abn case PG

equal s tert n?gﬂm 39%5 th
agrds of tH%QEéﬁé%% ormu ﬁnnbﬁ?%%ﬂ%ﬁ&@&?% dké%ﬁ%§p&£ﬁmﬁe§g#‘ Qgﬁth

have t he ZGfﬁgﬁﬁk gnddHEef i ned for the conmpounds of fornmula |, under
condi tigns as descrlbed for the conversion of internmedi

i nt er medi at '@ NANY1BLERGES thefoppling KSAHAS 8 dncdn MsRSBAEE S %ue)tﬁms%asq wher e
R-C(=0) - amiicRas £(crigry aatiee, icde nidtidiminSchiesopropylettytaminb €D A0S

|1 d XVI |
L1 ustrat ookl BB SR B BORCR,E 4 PATSPLOM Bl JLBE TP fhe X |
XVI 1 equal s7-RacqBRY). Blre RactOpteNpsrammgimen gange I’@etrwaeg 02 Comdt (G angl the oup | i ke

for exampl erclGlch iRk (Y CAEHRM}con 35 GhGRL DY ﬂﬁ&ﬁféﬁﬁ@évqaﬂ@n@esm bl e like
shown in the conversion o# i nt er nedi at e ésc eme to i nternedi ate XX,

or i nt ePmedicavertodde akorome extereYl wider Rstlcwa P é@%@ﬁn&ﬂ%@w@%ﬂ@ ®¥xI 1 can
then be comigpimatsh@)dibsoaniay itthefcohirsivh &oh @treiesiatc sl int@mctifag: I11.
conversion of internediates XVIII to 10 conpounds of fornmula |I as
illustrated in scheme 5. Schene 6 The methods illustrated in schene 4
and first step of scheme 5 nay al so be used to obtain internediate conpound
XXV (Scheme 7) wherein the pyrrolidine groups are 15orthogonally protected
by different protecting groups PG and PG thereby allow ng sel ective
deprotection, resulting in either conpound XXVI or XXVI| and subsequent
acylation with appropriate R-C(=0)- or RC(=0)- groups, resulting in
conmpound XXI or XI X respectively (see schene 7). In a followng step, the
second protecting group is renoved selectively and the pyrrolidine nitrogen
acylated to obtain a conpound of 20fornula |I. For exanple, for the purpose
of the present invention, such orthogonal WD 2011/054834 PCT/ EP2010/ 066668
-24- protection can be achieved using the t-Boc group on one pyrrolidine in
conbi nation with the benzyl oxycarbonyl (Cbz) on the other pyrrolidine.
Schene 7 XXV XX



1 5 The synthesis procedures as depicted above in schenmes 1 to 7 may be

performed using racem c proline derivatives, L-proline derivatives or

D prol i newOeniv@idves. Ther eby, conpounds of fornula | WCTIEPA10O6GEES | Ve

stereochem stry nmay be obtained. In a fusgher aspect, the present invention

concerns a pharmaceutical conposition 10 conprising a therapeutically or

prophyl actically effective anount of a conpound of formula | as specified

her ei n, andSchepka@ maceutically acceptable carrier. A prophylactically

effective amount in this cgntext is an anount sufficient to prevent HCV

infection im subjects heing at risk of being infected. A therapeutically
ig thi ontext is _an gnmount sufficient to stahilize HCV

i nfection, ya duce 15H |nfeg(ti oner adi gat € \ NN

infected subjects. “nm,sfiy,l,a further aspectPSthis i nticonrel.at espd 0 a

process of preparing a pha}naggutical gpnposition as specifigd herein,

whi ch conpri ses intinatelé m Xl ng a pharmaceutically acceptable WO

2011/ 0548340/ 066 - carr|ler with a therapeutically or

prophyl actixa ef f ectiveo conmpound of forrmula I, as specified

herein. Therefore, the gampeudnds of the present invention or any subgroup

t hereof nmay bevfeormul ated i nto various pharmaceutical fornms for

adm ni strati on purposes. As Sappropriate conpositions there nay be cited

all conpositions usually enployed for system cally adm nistering drugs. To

prepare the pharnmaceutical conpositions of this invention, an effective
anount of the particular conpound, optionally in addition salt form as the

active ingredient is—eonbined in intimate adnixture with a e-arnﬁggﬂfbcally
acceptabl e carri eft ch carrier gay A ake 'Mﬂty 1
dependi ngxo rm@f preparation‘.desired f8r admi ni stration. “Theseg
phar maceuti ca coqgositions are desirablecin unitary dosage f or m suit abl e,

particularly, foradministration orally, rectally, percutaneously, or by
parenteral injection. For exanple, -+n preparing the conpositions in oral
%apﬁ%g
I

dosage form any of e usual p eutical nedia may be enpl oyed such as,
for exanpl e;—water, gol ol §, cohols and the like 15in the case of
oral liquid preparations such as sgsp®nsions, syrups, elixirs, emulsions
and solutions; or solid carrief$ such as starches, sugars, kaolin,

| ubricants, cbinders, disintegrating agents and the like in the case of
powders, pills, capsules, and tahl ets. Because OE their ease in

adm ni strati 69, E%blﬁg§+@nd cap%ﬁlagw%qggesent the nolt-advant ageod oral
-2?3 VIPR, Nabr .

dosage unit f : mdéagggso%ﬁg—gharnace ti ca—carTier f&fi;;
20enpl oyed. #érq;;renfﬂﬁal conmposi ti ons, the gg???epmﬁﬂlemﬂgual y ‘ednpri se
sterile water, at least in large part, though other ingredients, for

exanple, to aid solubility, may be included. Injectable solutions, for
exanpl e, may beggdarepaged in which the carrier conprises saline solution

gl ucose solution or_a mny ur'é® of saline and gl ucose solution. Injectable
suspensi ons may al so be p%e@ﬁyed in which case appropriate liquid carriers,
25suspendi ng agents and theti ke nay be enployed. Al so included are solid
form preparations i ntended"to be converted, shortly before use, to liquid
form preparations. In the conpositions suitable for percutaneous

adm ni straty e I | : i rati RhgRci ng
agent and/ oﬁlﬂ‘gmgh?l?d a ? éfo‘\'%gs{%%%ﬁtéﬂ %%§Ht¥e%§§rf§r@% ﬁg&c%ﬁﬁglglvﬂp{%&.s&l tabl e
addi ti vés of sggmhdtdrAanipg kﬁﬁOﬁ@ng%p@m@ Eéh,svyhfxmneﬁhh@daﬁ $4RBICYHNBOS not

i ntroduce afpstanpdirdsor idBhRlBdoUss LAdl&sh, BRrolhMed $kihn: sukligly pasteasdds  of
the present ipventio y. al so be adm ni stered via oral inhalation or

| nsul f | at | GHOIE PAECPYP ibh IOENRR FEHD Oat@%@?ﬂ@mﬁma?ge&, BT HRIWEST usi ng
any art - knowioiehibegylyordyatyddrychibohsl, @sthe pradticy oidv@linggequest fod afmiriorul at e

t he afor errer}ti ogeqatphaars ecc%lﬂ)ti o 0I 6%8%0% Itlieclgns ip.n enhlt %%51391% formfor ease
of admi ni st¥ath 3w and % |?or39?€‘bf dogaBéY 5T T &oggge orm as used

her ei n Ief entrinedipteys,iprefctapledivisic Het1d) umtht presemacatfIldPEA. ihé thas yodedages,
each unit cnkmbihids BydiEfe fidlBRAnRAN LY oPferRRl i OTAdyent

calcul ate
treatment with ammoniumacetate, preferable in a temperature range between 0°C and

150°C, more specifically between 80°C and 150°C. Alternatively, intermediate VIII



WO 2011/ 054834PCT/ EP2010/ 066668 -26- to produce the desired therapeutic
effect in association with the required pharmaceutical carrier. Exanples of
such uni twoasags483er ns are tabl ets (including scored or PcoatPedoedsbet s) |
capsul es, pills, suppositories, powder pagkets, wafers, injectable

sol utions or suspensions and the like, and segregated nultiples thereof. 5
The conpounds of fornula | are active as inhibitors of the HCV replication
cycl e and can bebused tyncoupbng cdatonesnoncaYilapriepdiyl caxh X iodepdaderntiyfieet i on or
di seases a Lated . wmith. el er | r iV '

i bros s, 1 AoRE it b prd e Bl HERO PR, BiEER fold ¥ilhe |,
di sease, arpirtdigatcodiepganl picfasalle fanbbrioxyqathest ordieneflexyerhonhdsthef thi s

i nvention MRESAVELT 258taBRIaSY §6k éxfanﬁéfe EIPEA/,%%%W ciE‘HEﬁio%C{ojaQ strains of
HCV. The in vi tr?et,antlw ral_ activity against he conpounds_of

. / HCV of t .
formul a” caHdgele igkrmedints Wk @%Pral?ed?fr@wwﬁ?f?@éw i ylpens Yavede ol ohmann
ﬁt ﬁ' : (199&hp$?h@6§18b%ﬂﬁthéﬂ@ariblf&n#ew\tfé b]n(f iﬂ%rﬁlgdéfhféébgmdfilg zx,aqmiacyﬂ@ﬂaescri bed

rieger et ournal of M rglo o - an ohmann et
o (260% Stubrr bR RmalREG) Heegityt i SRed L ABESEy ond by v
et al. (200d)crmhodintedNIIbEarvber dpomtyctT:for7@@dpTiibtréapmegtemiol Ao id a
I ncor por at: i f i |.Sqf . i he
(ex anpl gs selg |r§ﬁa.{n%ﬁl'ﬁll %}éerr%geﬁ%l,{la\?\z??_gutyg &gb dél gl}fﬁi’lqel%t%ﬁl{eﬁi ect ittg)dr%l ehnlg%eq) QP %r HCV,
is wdelly aesbpttensipsmedio wgsmedistouSt vaing senidr cpaditioppsdhossfuseditndhonous HCV
RNA repli cagdfpramdfis 2ot iner@¥diblca® @.infebmdMidth VOBoARRE 8GérAX AGcdtMdlont 1S

inportant to distin sh between 20 conpounds that. specifically interfere
with HoV fdﬁ@f@ﬁ‘&i@teml?ﬂ s milan gonditiong t%{’%%%@ dn 0@9?%@939¥c effects in

t he HCV r ephicesdigiedeko intsrthediateallLonsequence cause a decrease in HCV RNA or
| i nked reporter enzyme concentration. Assays are known in the field for the
eval uat! on. @iaBeld MRl f bt el RIRR0 0o AP Al REnaGLLYY LY Of

m t ochondrial “enzynmes "using fluorogeni c'redox~dyes such as resazurt n.

Fur t herlor evha@sleePGus apratesting groupameba gyrslidine riglogeth erderablgdeiton of

non-sel ect i yfoiyRBiBhill NdQEribddk 8ehenRPRE URTidAEREX AT daideXynBbGhdagidd refly

| uci ferase. Appropriate cell types can be equi pped by stagl e transfection
with a luciferase reporter gene whose exprep%si on i s dependent on a
constitutively active gene pronoter, ?ﬂ HSL&Fh cells can be used as a
counter-screen to elimnate non-sel ecthy i thi bitors. 30Due to their
antiviral properties, particularly their ) i -HCV properties, the conpounds
of formula | or any subgroup thereof, are useful in the inhibition of the
HCV replication cycle, in particular in the treatnment of warm bl ooded

ani mal s, i nthpaarhé¢ prolcedurbaxpsior ithef lesttsexghs wiheteiHoOWneandeddorf trdwainpriophy| axi s
of HCV infegt . haventi / F . met hod of
treating a 1%?%F8§E§edﬁa1§%’wlﬁ% %grbtg :A(C:%IP{éér u%ﬁnagﬁh?ﬁﬁzéﬁ\ggﬁby HCV, or
bei ng r i flokowed brfaravabal ene ipdide watdiNax¥Pshod conprising the

adm nistration of a therapeutically effective anount of a conpound of
formula I. SdER3G1l1/ 054834PCT/ EP2010/ 066668 -27- The conpounds of formul a
|, as specified herein, may therefore be used as a nmedicine, in particular
as nedicine.t Jreat or prevent HCV infection. Said g as a nedicine or
met hod of treafnment conprises. the system c adm nistragioon-to HCV infected
subjects or to jeﬁ:t B S '>bl\ 0 HCVyi A¢ection of am amounty 8ffective
to conbat the 5icdnditnons associ ated :}—gz'jnfection Ptpu@
effective to prevent inf&¢ton. The.prgsent imvention al el ates to
the use of the pregsent conpounds in the ngnufacture of a medicaggnt for the
treatnent or the prevention of HCV infection. In general it is contenplated
that an antiviral effective daily amunt would be from 10 about 0.01 to

about 50 ngPtagr pessibibigtprmedigtes ars desgriked3n schgmeg?- blsag/a ddplggenide XINgf pe
appropriate to admy er the required dose as two, three, four or nore
sub- doses at appr>6)i’<ht erval s throughout the day. Said sub-doses may
be fornul atfednals uni t—dosage forns, i osedewhnmpireA heptitcansinmy abletined foro
about g u , or
R e i
present i nvieae. c@ivrapg%b@@méwgla&w%i AatnddeisX onanbe Bissuwed o capbinatien (1)
or any subggpnR hhidgeeofnterARdiaReMi fsl Rdploe Waiinitthdigkhav, aRbdr-Jd&ykiagent s.
The term "conbi nation” may relate to a product or kit containing (a) a
conpound of forrmula I, as specified above, and (b) at |east one other
conpound capabl e of treating HCV infection 20 (herein designated as
anti-HCV agent), as a conbined preparation for sinultaneous, separate or
sequential use in treatnent of HCV infections. In an enbodi nment, the

i nvention concerns conbination of a conpound of fornula (1) or any subgroup

Y . o, =




Agents that may be conbined with the conpounds of the present invention

i nclude, for exanple, nucleoside and non-nucl eoside inhibitors of the HCV
pol ymer aswQ 2prigtsessge i nhi bitors, helicase inhibitors, NB¢BEPaMibGE668 s and
agents that functionally inhibit the 35isernal ribosomal entry site (IRES)
and other agents that inhibit HCV cell attachnment WO

2011/ 054834PCT/ EP2010/ 066668 -28- or virus entry, HCV RNA transl ation, HCV
RNA t r anscrMptaucncondéionk,aaingame @ nd@y coqutaleds b HmterasdieteiX IV oFfhevesulting

rel ease. Sp

o b tors: Db GefRT RIS @3'\%?9?%%6% A ASBgh AP uBE Bl a8

nar | apr evi rde(settredgo@ems:)rt infempdiatg A1 (qanmw,hatetimes@swq MBS (=OK- 7009,
5Bl - 201335, o A06 Ras ik LR oE HerirBGo PALS o0 Aok 42 1081 O 9256,
VX-985, IDX-375 (HCV NS4A protease co-factor inhibitor), 813,
PHX-176é PRiBRosIe 3 ppteragsliate Mk 316, ABT- 450, EP- 013420 (and congeners) and
VBY- 376; the nucl eosi de HCV pol ynerase inhibitors useful in the invention

i nclude R712&emk8l - 7851, PSI 7977, |1DX-189,|DX-184, |DX-102, R1479,

UNX- 08189, 10PSI-6130, PSI-938 and PSI-879 and vari ous other nucl eoside and
nucl eoti de anal ogs and HCV inhibitors i udi ng those derived as

2' - G net hyl di fied nucl eosid 4N nodi fi ed nucl eosi des, and 4 -deaza
modi fi ed @03|des og- H-ai sio- -1 5- &= do- 4- H

hydr oxy- 5- 0X nemhy% thy t et y,ghydr of uran- 2N.‘ Y { - one
and the bis- Z-EEiEZﬁgﬁgﬁﬁnoate ester thereof. @b 'polﬁnerase
inhibitors 15 he i nvention include ?bG HCV- 371, VCH 759,
VCH- 916, VCH 222, ANA-598, MK-3281, ABT-333, -072, PF-Q0868554,

Bl - 207127, GS-9190, A—837093 JKT- 109, G.-59728, G.-60667, ABT-072,

AZD- 2795 and 13-cycl ohexyl

3- met hoxy- 14 Q@lsfdttﬁ%trhwemﬁttleeotlprbtgqaﬁhﬂﬂhmﬁettﬁt B andhbrde geaidspeyetiatanoi mi no
met hano) i ndeiie] whdedlX &l bengaaeriangfidd, dicdseaki-My étﬁa dbaiisiR. rea@tsg her

O, S S Ay ARl TP el >

VCH- 916, BI&Bdaked,in ABieriy 2 to B D¥ing 8RzukrSMiyd@s LondEbaOA8y al\salr@;plt(m th‘ebi ne,

or Le- 1041, PEQRGR" e e SKAHE AR (RB0RE M g bR 8 1838 be
25MK- 1220, dseiniedipsuding ia iefermedaate XSl dseieseibed forgntehinedintey IMand il at i ves,
phenyl - al ani ne derivatives, A-831 and A-689; HCV proteases (N52-N53 and

N53- NS4A) | Ahéhhiwis ,coﬁlpeumrm%mﬁa pﬁlay\@@%ﬂaﬁl%@%s (15R8atc8 11950heﬂ1@§$eA273

l i nes 9 22 and page 2 4 to pa Iln 11 1335

MK7009, 151 TR oSt foe@@ o raulelsehetms tﬁtﬂﬁltasgh,&et %&@ﬁ 0 VBY376
PHX- 1766, A(GHmll@ZﬂH’3&sﬂk1h%ﬁ&%e&%e%0ﬂ BIfteNdé?;&G&ctchi\ﬁ thO pB3AidivX- 500,
SCH 503034, th b tdg{ Suifdble congltl ta‘rh%etfor xi re S Qé%llgl 118 rCl a?ﬂoél nClsudI ng
hel i case, J Her'al oprotease AR DIt OF S, Saub! 88 JtétSr
agents suc hP@squeés terfiBatoxymacbonyl, imererctstoNY THuUS foramdr lemgzvbth Erdld%!\bfa 2ba,
consensus Hﬁ@géx§ﬁﬁﬁﬁhﬁ§Plﬁt%ff@ﬂknﬁqu QDHR?&%&H%&m@JVWEEPT 3k I nfergen

+ acti nmune N-omega w t oct eron O al
| FN-a, 2A0FN-meppngyas dAfwedofest croFoup @R ﬁlff@t Iy &rindpieepyrioas aydiscvbad Ped

i nt er f er on-he CONRAINIST ﬁte@lheeﬁeteumhﬁtbﬁﬂeoﬁdtﬁst aesahs mQ‘ﬁ@Ydrﬁ{aﬁdn bFEN-a 2a,

Do P cvnmenne RTBR 0Tk Sea oS, Ry HRoated Tho. " rhe "

receptor (TLR) agonists, conpounds that enhance the developnent of type 1
hel per T ce$dhemesponse, and thynosin; other antiviral agents such as
ribavirin, ribavirin anal ogs such as rebetol, copegus and viram di ne
(taribavirin), amantadi ne, and tel bivudine, inhibitors of internal ribosone
entry, al pha-glucosidase 1 inhibitors such as MX-3253 5(cel gosivir) and
UT- 231B, hepatoprotectants such as | DN 6556, Me-3738, LB-84451 and MtoQ
broad-spectrumviral inhibitors, such as | MPDH inhibitors (e.g., conpounds
of US5, 807,876, US6, 498,178, US6, 344, 465, US6, 054, 472, W97/ 40028,

W98/ 40381, WO00/56331, nycophenolic acid and derivatives thereof, and
including, but not limted to VX-497, VX-148, and/or VX-944); and ot her
drugs for treating HCV 10 such as zadaxin, nitazoxanide, BIVN 401
(virostat), PYN-17 (altirex), KPE02003002, actilon (CPG 10101), KRN 7000,
civacir, G-5005, ANA-975, XTL-6865, ANA-971, NOV-205, tarvacin, EHC 18,

NI MB11, DEBI O 025, VGX-410C, EMZ-702, AVI 4065, Bavituxi mab, and

Qgl uf ani de; or conbi nations of any of the above. It nay be beneficial to
devel op certain of the above nmentioned anti-HCV agents in their 15 prodrug
form in particular the nucl eosi de anal ogue HCV pol ynerase inhi bitor.
Exanples of such prodrug forns could be phosphates phosphoranidates, or

. . o o, o Y L




t hereof as defined above for the manufacture of a nedi canment useful for
inhibiting HCV activity in a manmal infected with HCV viruses, wherein said
medi canmerwoi2011334838ed i n a conbi nati on therapy, said combirERRI1006d6her apy i n
particul ar conprising a conpound of formya (1) and at |east one ot her
anti-HCV agent, e.g. IFN-a, pegylated IFN-a, ribavirin or a conbi nation
thereof In preferred enbodi nent, the conbination of conpounds of formula

(1), or an bgroup thereof, with another agent that alters HQV viral
replicati od TRy act 35synergistically. Interactions conpouhds nay be
anal yzed by a ty ofy r?@chanl sk & x@nd  espi @ pdg. 7 WO

2011/ 054834 PCT/ EP20¥0Np 666 30- One apprpach of analyzi gNsudlf ——

conbi nations is by dineensional grapfis Jand synergiistic vol une
cal cul ations pr odug(epl by MacSynergyTM Il based on the Bliss |Independency
nodel (Dr. Mark Pritchard, Universityoof Al abama, Tuscal oosa, ,AL)T\As such,

conmpounds of the present ipnve on |nﬂ%dm| nago on W 2 he t that
alters 5 HCV vyry @ R"are "said toiEct i}/l gal or yhave a

synergi st|,¢ efi valLljesH expressed. in 6 {wol une of syner§y) are
bet ween 25V Em nor but significant mouht  of Synergy), between
50 and 10 67o(m)dera e synergy) or over 100 nM2% (strong synergy).

The foll owi ng exanples are neant to illustrate the invention and shoul d not
be 10construed as a limtation of its scope. EXAMPLES Exanple 1 -
synthesis of conpounds of formula XVIl1la (A= 151.1 aration of

i nt er medi atEorhe mphedpiiustrated myycheme fagd $o “dleéf‘o?@tlﬁg (gp)B@fcRLCﬁ%h ne

é 2??5& ny, d]-latelﬂmgdﬁﬁﬂlegXVH @Méﬂu@l @é@hfm(ng%f&r&mlﬂd Lin v@s o@@d&@t PG in t 4 20
| i azo one m. Xxture was stirre
ot {25 Por BRET RN SR KOB R br B it 95 ey & oA AR ERT P i
added and tliie for xtamipde vvasbigbk yoagangt, aaalbcmtdepmtmmahup@stb%em gbtvn idhe

sol vent nas, E%W Fs?or?g'fjm{ep&e 1§t%l)9ﬁ@ (sgﬁé%b%g trognt%ﬁq%dlaﬁ? 25& )Q(rflgmqulatéat 100C

for 30 m nu er concentration ure was
partiti onedXKérwéarnedllasﬁl XXbeinteancdirtesaX X and PeX M dras grtinbmcbnearedsmat e

sol uti on. T&ﬁnﬁ%ﬁ@@f ForHlﬂPaSIeasV&%&rﬁ)%@%ﬁh@E'or?v’é?’sd@éﬂ”i%nﬁéd’iﬁt%&"%ileﬂ’o af ter

dryi ng gver Na2504, the m xture was Itrated and the filtrate was

concent Wat e@rNUpdTRffemiAd aéﬂﬁ‘é‘i%‘é@“’f@?’d‘ﬁé was purified by flash

chr omat ogr aphy usi ng CH2C12/ Et 0Ac 90/ 10 to 50/50, resulting in conmpound Ha
(3.146 g, 6%h¥nc6l. la Preparation of internediate Ho (PG= Cbz; X= Br) WO
2011/ 054834PCT/ EP2010/ 066668 -31- To a stirred solution of

N- benzyl oxycar bonyl - L ProI [ nemj(;ﬁ;ﬁ g, 160.4 mol) in dry THF (300 was

added CDI .6 g, reaction m>oture NS S edNn C for
2 hours. ro 0 spehze (30 g, 1 A ‘ ' d " he
reaction er st red h‘O‘U‘I“S—&E r ook e _ . The sol vent

was 5 reno d under reduced pressure the resid
acid (100 nm) and stirX&d in a preheated mantle at 100C for 40 minutes. The
sol vent was then renmoved under reduced pressure. The obtained residue
di ssolved in dlchloronethane (5 nL) and wat er (SOQGH“ . R OMNgar

was separ at ed fro h erN vrashed_umtm 0.
by sat urafed m: s 300 10 Afte g
concentratl vacuum the pro uc vvas puri f\

The methods illustrated in scheme 4 and first step of scheme 5 may also be used to

XXII

obtain intermediate compound XXV (Scheme 7) wherein the pyrrolidine groups are

15  orthogonally protected by different protecting groups PG and PG’ thereby allowing
selective deprotection, resulting in either compound XXVI or XXVII and subsequent
acylation with appropriate R’-C(=0)- or R-C(=0)- groups, resulting in compound XXI
or XIX’ respectively (see scheme 7). In a following step, the second protecting group is
removed selectively and the pyrrolidine nitrogen acylated to obtain a compound of

20  formula I. For example, for the purpose of the present invention, such orthogonal



col um chr omat ogr aphy (gradient elution with dichloromethane to 10 % Et OAc
i n dichloronethane) resulting in conmpound IIb (17.1g, 25 % . 15 To a

m xt ure oVOHa11(@@B34g, 546 nmol ), potassi um acet ate (160PBTEP201084666®| ) and
4,4,4' 4,5 5 5 5 -octanet hyl-2, 2' - bi s(443, 2-di oxaborol ane) (416 g, 1.64
nol) in DVF (3L) was added Pd(dppf)Cl2 (20 g) under nitrogen gas. The
reaction mxture was stirred at 85C for 15 hours. The m xture was diluted
wi th et hyl @ottadtecanviesichived tding thewdBoergraudobonaeyrradidinedn ovmbinaagmesi um
sul fat e, solvents of the filtrate
were r ermvg‘glﬂaﬁl e%ﬁz}; d}%}g\éﬁ%n? Cfblzi Mﬁﬁehg&rré)gﬂgg%lg%s purified by silica

col um chr omat ogr aphy (petroleun1ether . ethyl acetate 10:1 to 2:1) to

af ford 125 3chemel7| | 3" as a white solid (contains 15% of boronic acid). 251.3

preparation of internediate Villa (PG B Xﬁ4Br A= Step 1 WO
2011/ 054834PCT/ EP2010/ 066668 32- @ @ athyl amine (80.0 g, 0.62
nol ) was added dropw se, over” es 0 a-Ni xtR#

am nonet hyl - (4- br ono- phenyl ) - e on@ (50 g, 0.2 nol),

2- (1H 7-azabenzotriazolt 1-y1)-%71, 3, 3-tetygnet hyl uronium

hexaf | uor ophosphat e net ananiniun1(HATU; 53 g, 0.21 nol), [N-Boc-L-Proline
(43.0 g, 0.2 nol ) in 5(600 nL). The reaction m xture'was stirred at 5C
for 1 hour. Most of the volatil onponents were reaned |n vqguu* and the
resul ting residue Mg i thio ¢’ between ethyl ace wat er
(300 nL). The ong§ Ay e > aq g

m.) and bri ( ried over MgS™4, the Sekidé were_ renoved via
filtration and tﬁb sol vents of the filtrate ¢ réhoved UNler 10 reduced
pressure. The crude product was purified by colum chronmatjography (silica
gel, petroleumether/ethyl acetate 3:1 to 1:1) to obtain pal e yel | ow
solid, 60 g (62% of internediate XX || 1H NVR ( 13 400 MHz): 6
7.85 (d, J = 8.4 Hz, 2Hy, 7.66 (d, J = 8.4 Hz, 2H), 4.67- 4.80 (m 2H)
4.33-4.41 (m 1H), 3.42-3.53 J(mgH), 2.19- 2.31 (m 2H), 1.90-,2.60 (m
152H), 1.50 (s, 9H xture of intergredi ATR

8 N
mol ) and am®gni 3 39 lg g, RQ1.4 nol) inSkyl j§ny Y\was  Ireat ed
at reflux foN . The reac®ion mxture Ntltloned bet ween et hyl
acetate (700 ) And saturated NaHCOB sol ution 00 nL) The | ayers were
separated and the aqueot¥ |ayer was extracted with additiofal ethyl acetate
(2 x 300 nmL). The organic |ayers were conbi ned, washed with brine (500 nm),
dried over My504, the solids renpoved via filtration and the sol vents of
25the filtrate were evaporated under reduced pressure. The|resulting
material was recrystallijzed fromethyl acetate/petroleumether to afford a
yellow solid, VlIlla, 25 . F'1H NVR ( MHz): 6 7.62
(d, J =48.4 Hz, 2H, 7. 51 (d, J = 8.4 Ft ZFD 7. 31 7.36 (m 1H), 4.93-4.98
(m 1H), 3.66- 3.70 (m 3. 8 3. 54 29-2.41 30(m 1H),
1.93-2. 17 (Tﬁe sgfpﬁhesq pygg:e(héres gq_geplciecba;bocfg n m]q)arnes Q,@ 7 may be performed using
(Zg (13{/ 854834186&1{115&&3;{&/&66%% B3rolhedcRvARRE 8F DAftobic ddivariviBdTRéreby VI | a

ocC |,

ornpo)u}lds of formula I with alternative stereochemistry may be obtained.

In a further aspect, the present invention concerns a pharmaceutical composition

10 comprising a therapeutically or prophylactically effective amount of a compound of
formula I as specified herein, and a pharmaceutically acceptable carrier. A
prophylactically effective amount in this context is an amount sufficient to prevent
HCYV infection in subjects being at risk of being infected. A therapeutically effective
amount in this context is an amount sufficient to stabilize HCV infection, to reduce

15  HCV infection, or to eradicate HCV infection, in infected subjects. In still a further
aspect, this invention relates to a process of preparing a pharmaceutical composition as

specified herein, which comprises intimately mixing a pharmaceutically acceptable



To VIlla (1138 ng, 2.90 nmol) and tetrakis(triphenyl phosphi ne)pal | adi um
(140 ng, 5 0.121 mml) in toluene under a nitrogen atnosphere, 2 M Na2CO3
(2.5 m, woommskg34and conpound Illa (1.0 g, 2.42 mmol ) PCA/EPeloAn®ks wer e
added. The vigorously stirred m xture wagswarnmed to 80C under a nitrogen

at nosphere and stirred at this tenperature overnight. After cooling to room
tenperature, CH2Cl2 (15 nlL) was added foll owed by water 10 (10 nlL). The

or gani ¢ | ayarrisvasitisefieraptetdcaindr prophyiaterallly ayfect ivexinicact efla vorhpou@dDEL2. The

conbi ned or Gl I ried over Na2SO4 and after filtration,
concentrate ﬁ?{éﬁ&’rﬁs géﬁ%\%h%reﬁilf educed pressure to afford a brown residue.

This residue was purified by colum chromatography with CH2Cl2 to
CH2C12/ net h"éh%¢fogf@l@moa§90@{lq¥m{tthe Piesat invisptiotorcanypberguxthcreef 8yedeng, 61
%l- 35 1. 5f@§(r%f|:?l|§fe@'zﬂétggaﬁﬁud %ﬁaﬁﬂ%ﬁ!&@ﬁ@él?@%ﬁ! fol @dtﬁi?ﬁstrai[ion )b§e>§.VAk| adTg ﬁCl
solution o a , 1. mro| ) in i sopropano S e
(5-6 M B i%bqpaﬁéﬁn%ﬂn}poggwﬁtshﬂer%yL}%&Wﬁéfwgww &éla t/em\ﬁ?@%eagwperat ure
over ni ght . Qeteftiallyeldwamttcriag deiga Py plcpdhe tidshabhicutied cembostiond dflthis was
dried in vacuum and ed as_such dn th ext ste . e 2.5...synt.hesis of
Comounds. of DG E EmpUERr 8 At B Sonio B op BB G SgiPN BV
2011/ 054834feaM/ HRROIO1VEEEE6@icni34 coBbmath & mitiayd adsuikfurcdeitbenpl ex (180 ni,
1.80 mol) W5 AAaHcARORMARIE Caried Wil QR mdY BRC3 wiaPidlebsr HAR0 0, 1.39
mol) in an?ﬁ?o%%ﬁTﬁFy%%&ﬁ%ég%l (e:i‘%,lmﬂéi éc%oé e &_o %%:.\)Jtdvé\b‘?%ne as f(e)vo_uti on
ceased, [0 hedsperdipgon theeform efpirearatinn desiied don adniipistrofien. Jhesermbgrmgeedo@lf or 18
hours. Thi ncdn@Bitioa s hRMRERMI@RMNitaldosashRRGuitiag, 1gaiatic@la@qryg forg 5 materi al
remai ned and, t.hat the dﬁsi r&édlgproduct wa d sol utifn was ‘Fﬁool ed

’ ed

formed. The.
to OC and rPHARBRIQRATE )AL, ePGHRIoilie T DY RERSH dNEL NReb & SRS
under r educiagrgraesg theeconpjositioas indarel duasga foemnaty dfuhedsuahpldir@hdcnticatet hane (1
L), washed wit. I , e [ ,
dai ed over %@Wﬁ%@l g‘%%gss U%\he?i?éré%%%@gg Y/vlg% ’f%q?([soasat% ?gr?ﬁ)goglﬁg a% ﬁgl%slg%z/ent S
of the K5 | tindhecase pborakhowid grapatidiond Sich ad yewanenss SuHRS, tbxiad, Eoutbicnswhi t e

solid, 260 g4(s3RMbns; 6386l Fartil§ shi@xXds s%ér@lﬂbsy\éutggﬁykaofhﬂr fiEEaRy biddegat i on. 2. 2
preparation_of L-boc-prolinal 15 To a solution of L-boc-prolinol (100 g,

500 mmol ) i $isieiagreiivg egents pyd the liseingbe sasspidg velascRidls cpasujes. apbeplels gor ous
stirring, 2Beabsofithdif ea¥eimydinReiatich, 1gb1dts axy bapslleMVRpreséntafie thostt0 nMmol ) and
NaBr _(5. 14 . 50 nmol } dTo the. resulti ng}ég xturgd ) adpllgd g%fqrpw se a

sol ution of lﬁé%i?“(‘@.*’é 8§ag?§nﬁ1§%rﬁjs’ Fhyme9rRECL0” PRERETUEACHITSTT AE 20 (750
nmL, 75@0modniplayed) Eoopaentarapesmpabitais thécarier Wiltuskhbyveodmposesttailt matpr,

mat eri al reqmi e | . Pf.0 g fthe _m xture was
rapidly ext%gg%:a?g% I%I%tg ﬁg‘gﬁ%ﬂﬁ%}o&%ﬁhgﬁgﬁ?% %&l%qg}‘\@? tg‘%d;ggl}blgtﬁi gﬁ}')g%/er S were
conbi ned, waskeer. Wjeetaa siadorst fupexample, ey briprqpagd ipedugh the camieh wi t h
Na25203 ( 10%mpkisk saMRE sOIiSE glikeoSe $olutidh dr@nRYGE oVt andl BRICOQ! doliftioner e

CRTEREN TN iy KRS RN R
puri fi cat i oduspehdthepicep@raad ttenikefmaybesmpoiatl alddihMuded are solid form
preparations intended to be converted, shortly before use, to liquid form preparations. In
the compositions suitable for percutancous administration, the carrier optionally
comprises a penetration enhancing agent and/or a suitable wetting agent, optionally
combined with suitable additives of any nature in minor proportions, which additives do
30  not introduce a significant deleterious effect on the skin. The compounds of the present
invention may also be administered via oral inhalation or insufflation in the form of a

solution, a suspension or a dry powder using any art-known delivery system.

It is especially advantageous to formulate the aforementioned pharmaceutical
compositions in unit dosage form for ease of administration and uniformity of dosage.
35  Unit dosage form as used herein refers to physically discrete units suitable as unitary

dosages, each unit containing a predetermined quantity of active ingredient calculated



WO 2011/ 054834PCT/ EP2010/ 066668 - 35- reaction m xture was seal ed and
reacted at 10C. After 16 hours, additional glyoxal (20 nml) and aqueous
amoni a (W0 2nli)osyssne added and reacted for an additi onalPCé/HrOUOA6666He

sol vents were renoved under reduced pressggire, and the crude was
reconstituted in ethyl acetate (1.0 L), washed with water and brine, dried
over MgSM4, the solids were 5 renoved via filtration and the solvents were
renoved underpredda cleddgeirebsturapeuticheffoct indasoagiopuyitl the dedayred phammaceutical

170yt o onader! Bl SR, B6hucn thf b AL TRITEP b RATCRAIR (ALETGAoRgt hane
NVR  ( CD3002h06). Mepyul®, pillsssuppositorys, pawger phckas,(wfersHpjecBbBroditipds om  1H) ,

103. 41- 3. 50suggensﬂaﬁk andthé Qiké; a?n%ségae?é{ba mukiplds Be@3r (M 3H), 1.47 (s, 3H),
1.25 (s, preparation of fnternediate XI1la (PG Boc) 15

N- Br omosuc i mde 7 26 nol added. po se over hour to
a cool ed (.t@wwgé %ﬁfpﬁnulaleredct@%rlm ogt ol %'d(‘%@p cjiongyslg aﬁén in
CH2C12 (1. 5cah)beaned Bitthe frestn@tit e&idrprbpl{yletﬂmﬁﬂavuh&cﬁ@fi o2dibeas¢ssassoldieed eact i on
m xt ure was |nvcuumand urificati.on by

o apar ot ors W EBPEAPIRE e i RO 1OE AR AR B b ERBLST O

20 1H NI\/R ICRBGDtAOOMIS, @n@rsgge fveo3ligessel kipd helpa?@eﬂulgﬂca(rcmomH)A nBngg-o3. 68

(m 1H), t‘ﬁg §Irﬂ?9u1{dg‘of gﬂ'@ mvgnt%ql Iﬁoég}z&r&e ﬂé'[@eve oac% a%tlgéa%a”i}st %H)cateci- 47 (s,

3H), 1.27 4a preparation of internediate Xl | = Boc) 25
00) 1) Né)OH St@Z(SquC‘Hz) Na2S03c)7 H NNN E, (( NN XXIVXII1'a To a sol ution
of iodine (43.3 g, 170.5 mol, 2 eq) in chI oroform (210 nL) in a round

ngtﬂt-lo WEF fl ”Bl‘iéﬁn(vﬁt/llrcé arﬁn&ﬂd‘ﬁ@@ﬁ&ingalﬁﬁt H@V\Sf ¢ROcompoBfdSo MaBhylail gaﬁﬁe aglaous

sol uti.on xtur.e rred at room

temper at ur anpaeTt b Eple bR e p Dby 2 F50 et s ot he

resul ting ra&ctlilehl 3pwxthuhefuntsr mddddatorsalesordeéd by Aegoust aNa(Z@EOSommhht i on
100 L UK

(ext ract )edavn\éjft%p&ﬂg%?%;u 06? ?n@%ﬁﬁli@%é@; iadﬁ qg?mgﬁ?%ﬁ?l Mé@le conbi ned,

washed Mi t B30AQtfer genatyparlbaad bn Yreg ale 6100 bmr@ﬁ@f ¥1rom¥ %%ﬂ‘%lé TRkp 01t i | tered

and the sol gdhh8Rc W8 1n5@1§156ﬁ%d5ﬁe%1n%9 réi%ﬁéﬁ@e%swhféhéﬁ fu@ﬂh@!r %;;gﬁﬂf@!& if @8- 61 g, 89

% . The above obt ai ned e e diiodide ( sodi um
sulfite (4. %ﬁrn@ o5 380 o TS e atﬁléé’&t?ﬁogpkﬁulﬁﬁcﬂ%‘% 9 E@Llw 2D

and suspendedepted 8@% lﬁidBH‘dbait&llhd (e&ﬂnefﬂi)no&h@f aruaamlrﬁdusgi(rw RINA ecphiastionef | uxed
the mxt ur e A0S TR ER ko WSS PR EETER by BhaB e 4find (R
filtered, wasimdndi ﬂhht smtlﬁlcalanmteuifeir@mth MGV Vastions Demrthese tlataftmetml conpound
Xt a (1. Oc%/%tgxic o1 c%static effects in the HCV replicon model, and as a consequence cause a

decrease in HCV RNA or linked reporter enzyme concentration. Assays are known in

the field for the evaluation of cellular cytotoxicity based for example on the activity of

mitochondrial enzymes using fluorogenic redox dyes such as resazurin. Furthermore,

25  cellular counter screens exist for the evaluation of non-selective inhibition of linked

reporter gene activity, such as firefly luciferase. Appropriate cell types can be equipped

by stable transfection with a luciferase reporter gene whose expression is dependent on

a constitutively active gene promoter, and such cells can be used as a counter-screen to

eliminate non-selective inhibitors.

30 Due to their antiviral properties, particularly their anti-HCV properties, the compounds
of formula I or any subgroup thereof, are useful in the inhibition of the HCV replication
cycle, in particular in the treatment of warm-blooded animals, in particular humans,
infected with HCV, and for the prophylaxis of HCV infections. The present invention
furthermore relates to a method of treating a warm-blooded animal, in particular human,

35 infected by HCV, or being at risk of infection by HCV, said method comprising the

administration of a therapeutically effective amount of a compound of formula I.



1H NWR (400 MHz, DMSO-d6) 6 ppm1.16 and 1.38 (2x br. s., 9 H, 1.68 - 2.02
(m 3H, 2.02 - 2.27 (m 1 H, 3.18- 3.38(m 1 H, 3.38-3.59(m 1H),
4.53 - 4.8820myo054834) , 156.81 (m -0.1 H), 7.05 - 7.28 (mwCTAP2@0l6p6668.1. 90-
12.20 (m -0.9 H, 12.22- 12.40 (m -0.1»H) 2, 6-Di brononapht hal ene (6.92 g,
24.2 mol ), boronic ester Illa (2 g, 4.84 mol), NaHCO3 (813 ng, 9.68
nmmol ), (dppf)PdC12(710 ng, 0.968 nmol) were dissolved in toluene (75 nl).
Water (1 miYhoasnmadédofaiodntlaéd, asispecified hasinhmay éctréfore ie byodinsa atedareef | ux.

The solids pg)r ﬁw‘h%ﬁ"&é’ ﬁl%dRYne tb ltlleﬁta&lrr{)?&eg‘y ﬁg\/dfn?e% 1515 % "f]tpgse C?Qed IIIé(il#l[l@'BIe vas

evapor at ed ess on sili
chr omat ogr arpﬁyO@yf geaaiceinrongirises da SWt@IhICWéptl@lﬁ'féattO@ te tHHyY at,feqtad gubjcpitseor

appropri at g sﬁ%%&tk Qurk%eﬁﬁcfl@tooﬁékfeﬁfe%ﬂgn bPgh éﬁ%ﬁ&ﬁ @?feé’i’ﬁ»% tb esRygdnunder reduced
pressure. The residue was used in the next step. WO

2011/ 0545834@@@@@@9@9@@%@1%@5’ m%CBOIp?%%@% ﬁffeqtlverw Bravedi B¢ ¥ xvib (A=
\', PG= Boc)infectidd/bXVI b Brom de Xvb (1890 ny, 3.83 nmol),
4,4,4' 4,5 5,5 ,5 -octanethyl 2,2 -bis(1,3,2- dioxaborolane) (2437 ny,

9. 59 mml) d d PdC1 281 0 384 mmol )
2,09 Tl ) o 890 i R o M SPIP BGhER hap 384 ol
wer e r enovedaifadtivictof atmesicaovent fq;htbfaﬂrmtmelarmi tlndwef’aﬂtlpn@tf éIGAémf@xmpor ated to
dryness on silica. The residue was purified by colum chronat ography using

a heptane tg g%h&)il @(fseéo%é%nlﬂét@@' b hn afﬁ'ﬂ@raf é@&&ﬂv@ 'a§11§59r%ﬁ"ﬁt%dlﬂd bhgopr oduct
wer e pooled and t he sol vent renove der red pressure. The residue

(1.22 ¢0 5g'1bs>alt (A4 tq kot é%ﬂ@d%ehabwtpi% tﬂémutﬁ@a%&/kg)hoq}swggafeﬁrﬂ%tl?f‘ogen
I1la (25 g,app 1af€1f©|ahm11ﬁstbfthﬁ@ tl labeeay-tdoyihirdd, fddﬂ@fﬁfdiﬁé!ﬁmaé dtonate (20

Ser e st i 1 PRI o %a&ﬁ%gm Sy e he ot et B
C (reflux) dccsagerokms;rfer eﬁH@i[élZo(n‘éﬁnng_e)bomi; tagshad S@hogt treaboat Bfo dbayer was

20 t T th
i rate el uhe apod G BUE TR GBS o PR bR "

purified byundigdasage ©FMomat ogr aphy (petrol eum et her/ Et hyI acet at e 15/1 to
1/1) to afford XVb (20 g; 40.6 mmol). Conpound XVb ( (? 1),
pot assi um aElEngF@nt glvgntg)n aésq)cqpﬁgpy combinations of a compound of forrnula () or any

4, 4| ;1 , 4' d55é15 l%d 5her%t§ﬂc?iéfz@bglﬁ%d Berdim Wit 6 theBanti-Hi M@é&ﬁfsoﬂ“ﬁél%hn( 1d29 g, 5.0
nmo an tirr n on.
The. i xtor o b IR ol G 3ad §betihibedddehihd Oomeaoutstt Kb or
hours. Aft especitiotl rbgye, GH2(®] 2t IO ont))th\aasomptdmd capabld dfetraaing H(EY wesctioas hed
wth s r . W th
G5 20 et AR Hed I ab o HR5mBREADA ?P%gg“wﬁ%ﬁegﬁ’
filtration fch&rateginpegreniiglsise m%ﬁle&tmﬁi@\é ipfeefenst Ingase imeedthpy col um

chr omat ogr aphyntlod Bt co%%mlatﬂo%m cbthpleﬁﬁd Mi%ﬁﬁhﬁt(bedr/aﬁir ﬁr@\ﬁ)eﬂllé‘ﬁeEf 1071

to 1/1) to give of XV as i ow sol id.
) v%{th at least one antl-%CV ggent In a particular emé)odlrnent t e 1nV nt10n concerns

combination of a compound of formula (I) or any subgroup thereof with at least two

25  anti-HCV agents. In a particular embodiment, the invention concerns combination of a
compound of formula (I) or any subgroup thereof with at least three anti-HCV agents.
In a particular embodiment, the invention concerns combination of a compound of

formula (I) or any subgroup thereof with at least four anti-HCV agents.

The combination of previously known anti-HCV agents, such as interferon-o (IFN-a),
30 pegylated interferon-a, ribavirin or a combination thereof, and, a compound of formula

(1) or any subgroup thereof can be used as a medicine in a combination therapy.

Agents that may be combined with the compounds of the present invention include, for

example, nucleoside and non-nucleoside inhibitors of the HCV polymerase, protease

inhibitors, helicase inhibitors, NS4B inhibitors and agents that functionally inhibit the
35  internal ribosomal entry site (IRES) and other agents that inhibit HCV cell attachment



6- br ono- 2- naphthoic acid (72.3 g, 282 mmol, 1.0 equiv.) was suspended in

di chl oronet hane (600 nL) and DMF (catal ytic, 5 drops) was added.

Oxal yl chlwoi2de/05#8846 g, 564 nmol, 2.0 equiv.) was addedPporEPRan/ogdes®e duri ng
1 hour. The reaction m xture was 15stirregl overnight with a CaCl2 drying
tube nmout hed on the flask. Conplete dissolution occurred. The reaction

m xture was concentrated, dichloronethane (100 nL) was added and the

sol vent vvasoresximp@n‘ay ediCEgav A traylisleﬂlmii "6 RN 0 ranripah triydichtichbodCie (76. 1

, 100 ¢
R o D oy hyT R Bl 1 AED R Rut AR O ggfbl%pgfﬁ%@h%& (ERRERGE | ) s
di ssol ved |HC |I§Dieﬁ$@e1§h1\h/€t@1§rsu@2wehnl)war( %85@5@@91@&(56%5@%4)17 g, 3.0
equi v.) msna@ﬂﬁl%@ﬁ%QCH‘-%S%)s?TMW9?MQJ7§Q7)WMC4\§'§§% (1(1\%@@351)1—141@%09

di chl or anet hane 91%1100 was, added and sol ution br'om- 2- napht hoyl
chi ori de ( 78l-40% 3508 2plcilunrcpipl &4l -0>9092n AdiHAP o &@ﬂ&% Q%@%ﬁén) was
added port i VR-9955 EDX B 7SHHE VNS Arotelcl @-faétbf inhitgtor)] VeC-F@RAIX3M3 1 Xt ure was

sul phate, M AR ARaneLipral B Re B RET I rachsare iR o BRteYied ai ng
6- br orm; N- "éBNeXi6; Nermetclepbid2 HEAD ho lyariade inl8iditd@s gsefidlGo thg inesntanbndwde sol i d.
WO 2011 054@?@ 1

6- br ono- N- e Cﬁéﬁ?@ﬁ %é??@%%pﬁ%%g g(%@@ %%Dg( o2 §81§79 wa 08189UI V.) was
di ssol viéd |1?Slt@t3ﬂaﬂ§ld?i§r Wd’rSé 8(75@@1 rvﬂl)lousmthermuﬁl@@udﬁr prgsucigetide anﬁ egsogen.
The reacti %dii@V&ﬁMBﬁoﬂé@@cl %sé BerfRdiaS @' @%éllﬁﬂﬂodlﬁé&'ﬂ&clé@%@% 9

bromde (3.2 M.n - tet dr of 197 added
drop wise duPqifgd @qﬁﬁqﬁéesmdﬁ %ﬁ%ﬁam&f ﬁ?(ﬂ@uctl dF%r?p%raalrﬁlP%Li %ZH@? geactl on
_m xture bet weleskylH-hISHCxymbidryl- E@@dthﬁwtmhydruﬁ;eamml]pymﬂn[cﬁldzem)%rmﬂndshé ]thrlt Iher
N an | ce at eous Orl e careru
Lddad ar op -amEBER Ao L IEThOh € NI e lof il bt 8P pBiholiRE shilERuE ol Lol
evapor atsed @nﬂllmh‘élepm@@tlpm mheid H 996t HEN-3 Ale v eHWis 9 hV dHe Nl 6o VéeLRane (500
m). The so DLSUL, WA 32'816&13?"3%"3 ABQ*(W@ ?F'd@'@@éﬂ Bl |2b‘?f297d6%“§i]]98| g

concentrate resi due rieéd in vacuum at
1- (6- br onon/éﬁﬁﬂﬂ%ﬁ dkT214pg (3L~ %ﬂ%n@h&%% ABE-0730ALD-2 705 nd d B rfeyelohexylor
prepar at i om-afethlox{S7tr3odmianint/ial @p- &e&bﬂﬁhﬁﬁ’d}ﬁi@ﬂmnoetﬁatﬁﬂo&'&ré’ch%&ﬁuno-

2- br onbnapht h 4 0 mmol r 11.3 nL, 160 20

mol ), ni Itor%ﬁgﬁliogwgg@%g agﬁ_z eélﬁ%izeﬁlféél 2?‘2@89{ %g%ﬁfdi‘ll \(Nas stirred for 4

hour s 0|I erature [ ti ction.m.xture was

cool ed Ppouli St HRR R ApAn Gk “arhT o Roy PORRIS AR T ae

washed wit hRWéQ&rM((i(M)SHABT MW%PF{&@Bﬁ‘bK&%@&eI)TMR& MVi@i3l2d by

distillati OVCHT@l% ;nngafq)smd V@Q pgly%ql PSIZ%E fVE@g‘]CH%ﬁ@e to afford
2

18 g of desired product (36% XI el r ononap 'yl ) et hanone:

1H NVR ( 400P el 30AXEFSN2TRNME] 63)RE 2%&%@483@%625543%11&036@ tef®, J=8.8, 2.0
Hz, 1 H) 7.186.H-do41JF8- 708, JTK- lrb9 ZnoBﬁH{Jdos JE8ASIEZ IDX- 4, BII@32€§1dd J=8. 8,

1.8 ke 251 l_R/IKBlEZ?b {)enzmn(%zgle erlvatlve be 1,&,4-th1ad1a21nel_(|126rlvatlvlg)s phenylp 4
alanine derivatives, A-831 and A-689; HCV proteases (NS2-NS3 and NS3-NS4A)
inhibitors, the compounds of W0O02/18369 (see, e.g., page 273, lines 9-22 and page
274, line 4 to page 276, line 11), BI-1335, TMC435, MK7009, ITMN-191, MK-7009,
BI-201335, SCH900518, VX-813, ABT-450, VBY376, PHX-1766, ACH-1625,

30  BILN-2061, VX-950, BILN-2065, BMS-605339, VX-500, SCH 503034; inhibitors of
other targets in the HCV life cycle, including helicase, and metalloprotease inhibitors,
ISIS-14803; immunomodulatory agents such as, a-, -, and y- interferons such as
rIFN-a 2b, rIFN-a 2ba, consensus IFN-a (infergen), feron, reaferon, intermax a,
rIFN-B, infergen + actimmune, IFN-omega with DURQOS, albuferon, locteron, Rebif,

35  Oral IFN-a, IFN-a 2b XL, AVI-005, pegylated-infergen, pegylated derivatized
interferon-o compounds such as pegylated rIFN-a 2b, pegylated rIFN-a 2a, pegylated

IFN- B, compounds that stimulate the synthesis of interferon in cells, interleukins, Toll



WO 2011/ 054834PCT/ EP2010/ 066668 -40- 1-(6-brononapht hal en-2-yl ) et hanone
(55.6 g, 223 nmmol, 1.0 equiv.) was dissolved in dichloronmethane (1.3 L).

Di brom new(Q 2811354834490 mMmol, 2.2 equiv.) was added dr opPeraP2adunsees 30
mnutes. The reaction m xture was stirregg.l hour and concentrated to afford
2, 2-di br ono- 1- ( 6- br ononapht hal en- 2- ypet hanone as a solid which was used as
5such in next step. 2,2-dibrono-1-(6-brononapht hal en-2-yl)ethanone (90.0 g,
221 mol, UikkGpcopas (TLRY efmeds,icontpetinditiiatreaharcanie: {B8pment offtypet hylpam ne

(27.67 m- 5 é%%gﬂ \r%gBAITe %% tgﬂ‘%s\{ )otl‘.?%%nﬁ%?ﬁqig&ﬁk L]P \ﬁedg rﬁ)‘évﬂhertl@olrh? aﬁcpéy te

(45.8 g, on m X
over ni ght . Sk as eebetol. sapeLsand ézlr@msilmq Gt@rﬂmvém)mm&denel ong tllvieydingas

removed in Mﬁwymofmemgmﬁdseﬁfé eh{%§' QH& g\ﬁ&s@dagé@hmﬁtdr@s&th%lhaﬁcgs@t e (1.2
L) and washed with water. g%)nlc ayer was segarate dried over

sodi um sul plsgieesivir) e 120 | B e Gineas st Stshio TDNap3p6c MFitd 738, LB-84451
2- br ono- 1- (frdvie@Niephd-BedcerAr Wi ithabians s(dlasIMPDHRGbYss @ ki zat i on from

25y o1 (SofBif 0 Rl LN A Bo0eR 65590 a5 Nohaooas

2- br ono- 1- (Wosxsmﬁapwmar%as P-yypepharndio @cidang dgrivdtdes themalf, and iejuding) was

suspended i 5 I 9
p le u%\}%?ﬁ%gﬁ\é/\(}a{so g%degﬁ ?ﬂ hd/épv&éizﬂ W| %odggir? p F'trrg%gl - 2-am ne
(2 83 o, 15610121 agrpgslaxing nitgrosefuife WW@Oké’a@@ﬁaﬁn Wx%@aétlrws)s}l@ﬁ &&90&{ 20C
for 30 m nuigifon E'PQ} 1 @AAY, RRNDTOOD UEiSa MR 105006 Almad B X TINER 4 aiNlLe 7 Yvas

hydr och or IIQOSHC S0 aeoun. 1B T TSSO N U gl RIS 4085 ng
over sodi unBswiuRhadte and OtufatidgQr acdbioatiesnifaay bothe abbee.r esi dual oi |

25(6.52 g, 94% was used as such in the next step. Amonium acetate (16.3
g, 212 mmlI,tthbedmn@/ﬁc)lal\mée‘mdm«:brtam afttbe @lmvponmtdloodﬁt mthd‘Vaetgsms i 6hel2 g,

14. 1 t

refl uxe Eﬁlﬁ% yfﬂéalgfgglgp h\éﬁﬂﬁfne{}?la@&&v\%‘ conceéner at%g andtéph)e( ;”egl \3'32
was cryst aI EX ek ¢fsrsnpedoig forns eoyld bo phasphatth ehespherannidatas e cstpr forped of f
and dried ijfci3dingakdtémsadrs 4R it Qecdd. fSMdﬁ J)drhgs I(Ggulge Hanst¥ation W LikB td 3. 076

g, 695mm bi"spi nacol at odi bor.o mol ), potassi um
Sacetate (1 géfse gu 12y %Pmpﬁdaqrfm?@irpgflyvei bsg’arwtra@elhl mol ) are
di ssol ved iphospharglagord @0thaudtivangedieat ed for 17 hours at 85C under argon.

The reaction m xture was cooled to roomtenperature, dichloronethane (50
m.) was20addEdisateccoinibat o tx¢at HE Wwadeatmah gk varbpounds ufﬁpt‘radlalﬂa)}d(r‘,%ysol ution.

The organi ¢ élB%l%%,g Y@?eo@ a?%e%eardnh{%@%d 1£'cbﬁ15ﬁ1taﬁ%w§tﬂ%rglﬂgtﬁﬁé 2d in vacuum

and purifie col um romat o ent elution from
20 to 50% En@Aerdme AEPT-aheyeleed indergerondy, l(ﬂzamn gramb/glatwmféerﬁ@ﬁ@awl can be

preci pi tat eg tﬁé&%uﬁ%%%&%ﬁ ohaﬁﬁ%lés%éx%)etea aggtnarmare@{wm Shall Rt@frmgi ate
VH ¢ (X= Br

To a ution o
2- br ono- 1- (%Nér%hﬁéa*@m@ﬁs ?ﬁﬁmmﬁ@hﬁni@@é gmali melegulgpfaconishhur e)
i n acetasni tfior iBtahde NB3 phot€&3z- REDhelivasd 4l 8SSB pdlfcassmol ) was added,
foll owed by diisopropylethylamne (33.4 nL, 193.5 nmol) and the react i on
was sti rr edl#Ocomnuttess af the poeschtampetiah umay. beTised awmvémamerttenwmsdimgyr,oved

i ehi or ot LRI %{%*?f&ﬁg#oﬁﬁe B S B Hpork (A SSAUMEB D o oo
NaHCOB ( 500theaept asmhedined glagicdontha seanpgastuge pedmgilichmyaiSeatul fquunhlhlta@a and the

sol vent wWasgC§MRYE Hﬂ;iﬁlr @A HEeHcPHAR THTe vir8 U] vh&8inl AiPmBIieWReRid Y
resi due (8033 whi ¢ %ed as such .i.n nex% ste Part1 of the above
r esi due30(69J d&”?&!@bl@a%‘i ?raaﬁnﬁagﬁ%lﬂhlm%’@é TRRY gt 4, COPPHSHE Anp| ) wer e

stirred in dophpoané oafamuef (I Laeicht tsasy srie@ilicr ahtidiCEagtrtong MFXLuI@gwWatdcool ed

to room terﬁ%ﬁa & ra%lr‘ﬁlngratpo%lbsigatlon%er‘é‘@fs removed under reduced pressure. The

In a preferred embodiment, the combination of compounds of formula (I), or any
subgroup therecof, with another agent that alters HCV viral replication may act
35  synergistically. Interactions of compounds may be analyzed by a variety of mechanistic

and empirical methods.



WO 2011/ 054834PCT/ EP2010/ 066668 -42- obtai ned residue was stirred in a

m xture of dichloronethane and water (1/1, 1500 nlL) to precipitate conpound
VHI c. Aftwo 2bilasSes3ung and rinsing with water, conpound YHI®EPE@LOG6GS 92 %)
was obtained as a white powder. 1H NWR (480 MHz, DMSO-d6) 6 ppm 1.84 -2.38
(m 4H, 3.42 - 3.56 (m 1 H, 3.585- 3.73 (m 1H), 484 - 520(m 3
H, 6.97 - 7.46 (m 5 H, 7.54-7.60(m 1 H, 7.63-7.71 (m 1 H), 7.83 -
7.91 (m 2 Gbg appr&Ehd®f@balfrmg iudﬁ)c,on&ziﬂe(ﬁioﬁs ﬂsﬂay(th][ee Mitppsichal@rah8ad m 1 H),

11.92- 12. 4 B T
boroni c est %%ﬁ%%&%&g%ﬁﬁ&ﬂfgb rom 33%%?)%\? Iﬁ%/f%(%ﬂﬁie Bl %9 (r)rrcri)l )O
sodi um bi cambenvadency3aaichtDr. MR Priabiagd, Mmmqf@ﬂzba(meaé”umloc@a,zﬂb) ol ) in
tol uene ( 505u%)oorﬁ%ﬁn@sddme wRt&s ifvhnfida in cB%lﬁa%ﬁlv&ﬁmome% bR tmﬁué}@at ed

at reflux overnight. The reaction m xture filtered, evaporated to

dr yness “andHp\rYifal sgplisgtionsre saithie st S¥Ragists wyhb‘gﬁ %gw&rgéﬁtc eéfeﬁtwbw Wit h
hept ane to efliglex @ieatlﬁnM?%e(v@ﬁinheeﬁtsgderfgyﬁﬁbIb@ﬂ%sseeﬁgstaad 50 AYI*UhEnipsoduct
wer e pool edw%nd tﬁ& vol at i | ﬁs vver mveﬂ)?‘ﬁg%hé’wﬂéﬁd eiortessure The

resi due (960" HFIESIOAMOMY © %yélﬁrgi Refigeny QYR SYISygy) o

2011/ 054834@@TAEPBMiW(@6&fg3®neﬁg3) was heated to 85 C for 15 hours. Brine
(100 nm. ) was added and the m xture was extracted with CH2Cl12, after drying
on MySO4, fThe feltavang asxdamplesparecamicant tof ilustratsothee iventidie ansshauld weis be

purifieg byCo(h@t'r&’éH‘asQJl{rﬂﬁﬂ%foﬁfo@tQ@éfoﬁ%y gradient elution with CH2C12 to Et OAc

to afford XVIIb (7 8 9. To a stirred, deoxygenated sol ution of
VIllb (20.0 45, 2 I 1. 00 equiv.), llla 10(20 6 g, 49 7 mol, 1.1
equiv.) an i car bonat e (11.4 g, 136 mol, 3.0 e in

1, 4- di oxanekyyahple 1(S9hthdsis 8F cbinpon@ds oNfdrhRBL XV RS AR ) I

- Bi s(di pherlyl phosphi no)terneene-pakRadi un{ 11)di chioride di chi onxnet hane
conplex (2.50 g, 4.52 matol, QJ equiv.). The m xture was heated at 80C
under alrSgonl.i prepifatinoof sitanddaoolledPGe BoroXi-typer at ure. The reacti on

m xture was diluted with dichloronethane 15 (500 nlL) and washed with brine
(2 x 150 nL) dried on magnesi um sul phate; filtered and gyaporated to

dryness to afford a d&r @ o2 f 0B mbddr3oigs) cmTh@r@ s Igurl fied using

silicagel columm chronmat phy MeOH in CH2C12)
to afford XVIlb (19.52 g, 65%" as éL\ﬁ Off-white po N 20~Z2.8 preparation
of internediate XVIIlb (A= To a solution of XVIlb (960 ny, 1.48 mmol)
in CH2C12 (25nm) was added HCl (5-6 Min isopropanof® 5 nlL). The m xture
was stirred at roomtenperature overnight. The

To a solution of Boc-L-Proline (2669 mg, 12.4 mmol) in pyridine/DMF (30 mL, 1/1)
was added di(1H-imidazol-1-yl)ketone (2205 mg, 13.6 mmol). The mixture was stirred

20  at 45°C for 2 hours. 4-bromobenzene-1,2-diamine (2319 mg, 12.4 mmol) was added
and the mixture was stirred at ambient temperature overnight. The solvent was removed
and the residue heated in acetic acid (15 mL) at 100°C for 30 minutes. After
concentration of the residue, the mixture was partitioned between ethyl acetate and a
saturated sodium bicarbonate solution. The organic phase was separated and washed

25  with water, after drying over Na,SOs, the mixture was filtrated and the filtrate was
concentrated in vacuum. The obtained residue was purified by flash chromatography
using CH,Cl,/EtOAc¢ 90/10 to 50/50, resulting in compound Ila (3.146 g, 69 %).

1.1a Preparation of intermediate IIb (PG= Cbz; X= Br)

30
CB;

Br\c[ NHz 1) CbzL-Proline, DI pr 0N
e
NH,  2)ACOH \C[N

lib




25sol vent was evaporated, the obtained solid was dried in vacuum and used
as such in the next step. WO 2011/054834 -44- PCT/EP2010/ 066668 2. 8a

Al t er nat iwe 2prigsas3at i on of internediate XVIIIb (A= i 04®CT/EP2010/066668
XVIIb (19.52 g, 30.1 nmmol, 1.00 equiv.) yas dissolved in dichloronethane
(200 nL) 5 and HC1 in isopropanol (5-6 N, 300 nL) was added. The reaction
m xture was stirred for 1 hour at roomtenperature. tBuOve (1000 nL) was
added to t heo ssspahsilgwnafdN-bheysixycarpomed.-Braline €30.2g, Id@ohmemwpeinatryr e f or

30 mi nut es.THh3d0 &Lﬁ%ﬁiaé&h@bmg @% N9&6d ninbl). T@J@/&m?rﬁlxmwakhlﬁém dried
t to affor I b as a 1H, NVR

d wd
(300 . VOB G Bl tone: Ly dgmipay gt BOE B0 4 iy Wi pddsaigla 5 s,
2.69 (m 2 threa2tiGOwas Qur@8r QtnredZoH)é h@ur§ 6t roof1 tthpémurd THie,sobeiOwas 5. 41 (m

2 H, 7.50 I‘GII%VQ@HI(({@Y re’%iutgd s, (el hesid T @a@dlsgol@edﬁﬁacéﬂc'@md g()é(l)hL) a%d25 (m
4 H), 8.30 (d,

synt hesi s of!l S%BQFF&’&MB? Mg %PW %‘ﬂ@l%@%hi Selyon gy en Temoved:

under reduced pressure. The obtained residue was dissolved in dichloromethane
(500 mL) and water (300 mL). The organic layer was separated from the water layer,
washed with 0.5 N HCI1 (300 mL) followed by saturated NaHCOs-solution (300 mL).

10 After drying with MgSQO, and concentration in vacuum, the product was purified by
column chromatography (gradient elution with dichloromethane to 10 % EtOAc in
dichloromethane) resulting in compound Ilb (17.1g, 25 %).

1.2 Preparation of intermediate I1la (PG= Boc)

| e

Br H QNH Boc
/ N
N d(dppf)Cly, KOAC NMQ
lla llla

15
To a mixture of Ila (200 g, 546 mmol), potassium acetate (160.8 g, 1.64 mol) and

4,4,4'4'5,5,5',5"-octamethyl-2,2'-bis(1,3,2-dioxaborolane) (416 g, 1.64 mol) in DMF
(3L) was added Pd(dppf)ClL, (20 g) under nitrogen gas. The reaction mixture was
stirred at 85°C for 15 hours. The mixture was diluted with ethyl acetate, washed with

20  water and brine, dried over magnesium sulfate, the solids removed by filtration, and the
solvents of the filtrate were removed under reduced pressure. The residue was purified
by silica column chromatography (petroleum ether : ethyl acetate 10:1 to 2:1) to afford
125 g of I1a as a white solid (contains 15% of boronic acid).

25 1.3 preparation of intermediate VIIla (PG=Boc, X=Br ; A=" Q 2)
Step 1

NH,

IBoc
HO™ N&-N
HATU, DIEA

DMF




r 2a.1 preparation of internediate XXVb (A=; PG= Cbz; PG =Boc) C- N 9o
IXb To I Xb (2.63 g, 5.37 mmol ), Ilb (2.80 g, 6.99 nmol ), PdCl2(dppf) (298
ng, 20 0.w82omwmsky34and sodi unbi carbonate (1.354 g, 16. 1PCHEPR(10/066668

di oxane/water (50 niL, 5/1) was added. Thgreaction was heated for 13 hours
at 80C under argon atnosphere. The reaction m xture was cooled to room
tenperature, diluted with dichloronmethane and brine was added, the m xture
was filtr atEd-Diussproedethyhmimn@010he Ocr2gaci) evap hddee depesatodr 3T mnuwesgani ¢

h dri i t WO

D011/ o\gﬁg34@@?@?@%@%’@&'@%%%'\é’g‘g{éye%@é?éeg@\r/%%ajjn'g‘ggirjri fied by col um
chr omat ogr aphyH-(egzablingniriagelohy0- 1t b3.3% mametaplolroninmdigralwyroplwsphase d  XXVb
(2.086 9, Sfihakinidiutf GPATEL 590 @Elh{bg)ewnﬁgé-ﬁtﬁoﬁ%\/m@g‘,;ofﬁa BROHMEG =
Cbz) A stirring solution of "VH ¢ (36, 1g, 75.8 mmlg% I[la (28, 59, 68.89
mol ) and s68P aHoi £hs Karianempxure gy stipeats el | hew- Meskahibe yakedle (500 ni,
PO npt ) e B e ot flor 18 hour und

. . e [ e eat e or u under

A gon o aoet ety dictis OBt o Sal LR e RER bt e SR ed it h
di chl or orret\h@]meat(uﬁﬂid m¢ow@@Hﬂéhé@OmR)mMMme (F@x30D dnic)i ovahdgbOgahé c
bhase. was SRS Waaenbdn IR £ ROIRHAPA AL Bk OuilSblodedlhtet T oam

The m xture was stirred In ' ac recipitates were
filteredd offedeged pressurgaklee Gimde Npdhetavanirukiind be celuomchi@ogogiaphy (sdipeane (1.5

{-Z) \)//V?Z | gdiij%lj%fg&%%%ﬁggg%%m@d for B fro®behit BBalRBROWIsh R, §0W®284)! t er ed.
of intermediate L
'HNMR: (CDCIl; 400 MHz): 6 7.85 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 4.67-
4.80 (m, 2H), 4.33-4.41 (m, 1H), 3.42-3.53 (m, 2H), 2.19- 2.31 (m, 2H), 1.90- 2.00 (m,
15 2H), 1.50 (s, 9H)

Step 2
o Boc Br

|

s, N
O N
H

NH,OAc NH Boc
xylene, reflux, 16 h /NN@
Br Villa

A mixture of intermediate XXIII (60 g, 0.14 mol) and ammonium acetate (89 g,
20 1.4 mol) in xylene (800 mL) was heated at reflux for 16 hours. The reaction mixture
was partitioned between ethyl acetate (700 mL) and saturated NaHCOj3 solution
(500 mL). The layers were separated and the aqueous layer was extracted with
additional ethyl acetate (2 x 300 mL). The organic layers were combined, washed with
brine (500 mL), dried over MgSQy, the solids removed via filtration and the solvents of
25  the filtrate were evaporated under reduced pressure. The resulting material was
recrystallized from ethyl acetate/petroleum ether to afford a yellow solid, VIIla, 25 g
(43%).
'H NMR: (CD;0D 400 MHz): § 7.62 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H),
7.31-7.36 (m, 1H), 4.93-4.98 (m, 1H), 3.66-3.70 (m, 1H), 3.48- 3.54 (m, 1H), 2.29-2.41
30 (m, 1H), 1.93-2.17 (m. 3H), 1.48 (s, 3H), 1.27 (s, 6H).



XXVI'l b 20 Pot assium carbonate (334 ng, 2.42 mmol) was added to a
solution of XXVb (2.086 g, 3.054 mvol ), Pd/C (10% 0.5 g) and sone drops of
wat er i n wethamsis3g40 nmL). The reaction was placed undePCREPRYIGOFHESN

at mosphere for 2.5 hours. The m xture wasgsfiltrated over decalite, the

sol vent was renpbved under reduced pressure and the product was purified by
silica gel colum chronmatography (gradi ent of net noI in CH2C12 25 from
0- 3% then CHPEArateh lvd notrhidBte/ XV Iia E-3BIOIA=t el d XXVI b (1.018 g,
6199 . WD 2011/ 054834PCT/ EP2010/ 066668 -46- 5 Pot assi um carbonate (4.8
g, 34.7 mol, 09equiv) added to a m xture of % Pd/C (2 g), XXVc

(26.35g, 38, GQDQI\//\ML 00 € urB Kmet ha 8 ) @ in a
round bot t omed=¥1 ayK¢ P‘i |oﬁc%iph&“t'\%C(JTL § sﬁi@m
hydr ogen at nospher g‘eriénr ght ddrr tion, ysN (10% Rd/:C, @g)
was added 10 and reaction mx was fure er s i rred under ydr ogen
at nosphere for ngurs Then, onal pot assi um car bonatg, (4.8 g, 34.7
mol, 0.9 equiv.) and catal yst (10% Pd/C) (2 g) were added and the m xture
was further stirred under hydrogen overnight. The reaction m xture was
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nme ano e solvent.was eva wnl s

ovdar v 2 T%ﬁ@nﬁi@ar%%r G einarn A Rana b NR0dad Mhohbay

water (2 X aZﬂ(bordp)ounict 1dal (Do gnﬁgﬂmnmlmrsmbtmhﬁtleyeré adidddaTEcdv@ad)uelyfapﬂedat ed to

oy mees oy BRI B8 R Bk Bl MRS 1 2 ol

col o)m chr oma radient e
di chl or onet thaiperafust bowweighby 5- 10% net hanol (7N NH3) in dichl oromet hane) to

provi de XXVARGIBC%Oﬁné {cgﬂabnpt'éﬁlwgraﬁﬁm ((l}gl S%ﬂwag%d@éﬁllov@&adwgrelzb -

synt hesrs of N-Met hoxycar bonyl am no aci Synt hesi s

(S)-2-( tr(dséy%la}r Eamrg&mcmer gvaﬁé%mwffh%%@rs évaér‘érl%reirexttaorﬁéﬂr W%CHZ@IZQ 167. 3
ol ) in a Bid donisin@seaus ldya@-dve(ra,%edtwema)zsgpdmtaf&a filtFat@n €dehth@dsd om
flask (1 L), sodium arb na %%866 < g h ) ed. The dalsk 30
K o) PO T RRl o BP0 B Rl s SRR pt P A
mmol ) was agdedurdn olromaseeraphy wileCHe@L tto OB, Glxhethanol@8/18lak olvedt, tasubingr f or
15 hours a fo The reaction m xture was separat ed

”1%6&%%%& Qf;ﬁz{ @ﬁg%@t@r ﬁ) P

wi th ether e aqueous | ayer was contained in a round
bottom¥l ask and cooled in a ice-water bath,
1.5 preparation of intermediate XVIIla (A= %)

°§( S)\ WJ (s ¢ Gl J/r%
K >< \‘( X HCl h

XVlia XVllla

To a solution of XVIla (878 mg, 1.47 mmol) in isopropanol (SmL) was added HCI
(5-6 M in isopropanol, 15 mL). The mixture was stirred at room temperature overnight.
20  The solvent was evaporated, the obtained solid XVIIla was dried in vacuum and used

as such in the next step.

oy
Example 2 — synthesis of compounds of formula XVIIIb (A=" )

2.1 preparation of L-boc-prolinol

25

HO Boc Elioc

N Me,SBH; SN
o no~X )



WD 2011/ 054834PCT/ EP2010/ 066668 -47- Concentrated HCl(aq) was added drop
wise until pH 2. The m xture was brought to roomtenperature and extracted
wi t h di chworomtsissne (3 x 200 nL). The organi c | ayers wece/Eroalodcq6eglr i ed
(sodiumsulfate), and the solids were regpved by filtration. The sol vents
of the filtrate were renoved under reduced pressure to afford a white
solid. The 5white solid was further dried in vacuum (25.3 g, 86 % . 2b.2
Synt hesi s oBor@(lé)neﬂryttyldﬁd@cmpplkx 21 {0nmei.hb X § eal peayddaleil doypadet toa satitdn/ 0- - \ (
0 CH C

syt hesi zed o it ar WOy RE e mo o Bon ot U T e cdbit o

L- cycl opr op¥iCgWisnrgas ﬁn@v@@d0®se¢1h¢ap¢ bath w2l r@n@mdtaméélil@socbutlon was stirred

((2S,39)-2- a(tm@b@%mcgaﬁo%?@%mp&)chﬁmﬁasg%}gemm%sw@@ﬂﬂt no starting
15(2S, 39) - 2- (et hoxycar bon%)/q am no) - 3- I"pent anoi ¢ aci d, was syn} hesi zed

sim|ar %t o RelgERHeRySH BBHhipat @evgw%iém%t Hgs farmed) BlrciohdionggseRglegto
L-Val i ne. 2pC(and-rosBidvdxy.¢ a) ban yloary Bdded2Thé Silvanyahe@ reoaadnafiedredhijeicet i C

acid 20 2- rretho car am no).-2- (.t.etr ro; 2H pyr.an-4-yl).acetic acid
s synt heslSBUar i FatiE S R RONuRirer BRI (7 faifinf Wik

(S)-2-am noNﬂiCOet(iQﬂnylﬁr st @ekedyrquaeds) apd branetSi00 nac), driechetee MigSid4, theVal i ne.
2b. 5 Synt hegj: - 3- - l.am K¢ acid
25 " b 2011 55 A giReiny by {IFU LA ki ol SEhCA SP AR AT RRIEA RS

( 2S, 3R)103- nistlegsdypressygde Adsidcawbishsalidn?olby LU anesad iadhanaxhsicr yithaetsi zed
simlar to frABtheXKeasPoNyl - L-Valine, using O Methyl-L-Threonine instead
of L-Valine. Dichloronethane extraction was carried out 10 tines instead of
3 times. 52b.6 Synthesis of (S)-2-(methoxycarbonyl am no) - 4-net hyl pent anoi c
acid An aqueoupaiaichof 1Mocarélimil) sol ution is added, while stirring, to
L-Leucine (4 g, 30.5 mol) in a round bottomflask (250 nL). To this

sol ution was added sodi um l10cardsnate (1.62 g, 15.2 mmzlc) The flask is
cooled to OCin an ice-water ?a,t,h Mandyy INagrhl or of or tr@ (2.6 nL, 33.5 nmol)
is added drop wi se and t%/l’é'é\/gt_?on—m—xt-crr-e—rs al(ya’%g;éo stir for 15 hours
and reach roomtenperature. TheYeacti 8% xture is separated with ether (3
X 50 mys and the aqueous Iayer is contained in a round bottomflask and
cool ed over_an i ce-wat Concentrated HC 1(£ ata i s added drop wi se
until 15 pH®a sqiydon %fakxb%ﬁr%nse% U08 & 0 mmpdhin GRGlodm LeadEateie addssy
extracted vuub&bszwél@ Uikdler (yf‘gomﬁ@mﬂn)g 2. 2heo-at Qa1 pipyetise-aloRky cmjmplo dried

Femoved undGr® fellRBETPEICIES e ST OBOUD e BT g tr%yyawﬁﬂl"ﬁafg'el e
chr omat ogr aphpwiae tahokyunanl o€NaHE(6. 6rg, 75 nnmc(t}-@r(dl&%%(ﬂﬂﬁﬁ:mmm&drmet ic acid
17/ 2 1 a@%b%{ts 730 M ?b{‘@d%% H 6191 ﬁ&b ﬂfj Eﬁge@ﬂgs&gﬁnggﬁ&éf&gt were

rem)ve acuurh resu xyca ucl ne
remained and that the desnred product was formed. The mixture was rapidly extracted

with dichloromethane (2 % 1.5 L). The organic layers were combined, washed with
NaHSO4 (10%, 1 L) and KI (4%, 200 mL), then with Na;S,03(10%, 1 L) and brine
(1.5 L), dried over MgSQOs, the solids were removed via filtration, and the solvents

25  evaporated to afford a yellow oil, L-boc-prolinal, (89 g, 92%), used in the next step
without further purification.

2.3 preparation of intermediate XXIV

(@) O
o= 0 A0 ’ o=(
(SLN )f H N
oon LA
ammonia N
XXIvV

30  Aqueous ammonia (25~28%, 200 mL) was added dropwise to a solution of L-boc-
prolinal (89 g, 0.44 mol) and glyoxal (183 mL of 40% in water) in methanol (1 L). The



2b. 7 Synthesis of (S)-4-nmethoxy-2-(mnmethoxycarbonyl am no)butanoic acid To
Boc- O net hyl - L- honoseri ne-di cycl ohexylam ne salt (5 g, 12.1 nmol), was
added HCiwODrroissgssspanol (5-6 N, 50 nlL). The m xture wa®CStEPROOM6@oRr Ni ght .
The volatiles were renoved and the residyge was dried in vacuum To the

obt ai ned residue, water WO 2011/ 054834PCT/ EP2010/ 066668 -49- (10 niL) and
NaCH (19 M 2 nL) were added, while stirring. To this solution was added
sodi um car boadion MIRNBO wys s@fedandmedcfed FHOE | Ak Madmucveildtona ghoxhli28n

| ce-wat er ﬁ‘and\/ﬁiulébhlls £SOkl 25 FRY %veé@ad]d%d%d re%Ztea fm é)dd\’i’ﬁﬁlélﬁ@ﬁ'@l% drop

W se and t ction m xtur to stirf hours and . reach

r oom t enper & PD eI RETS TR ﬁ%@@%@&u@m h%cwég Wvd‘éée“\‘k/&%“ PSti%i ed by
HPLC (RP Vyadhy aDetat (i 0CD8wadi@dmitl2&@gr ariclmine, Midsl der phetisd:, (1052586 Wet¢HOCB

sol uti oy | ekl &l via 0ot ﬁaﬁﬁ%\aolvé&@w%%ﬁﬁ%&‘m% fe‘élﬂ@ed"ifrés%ufeoh'h%m ed, and
t he sol vent r nove I\%Nlet oxgl%ar f)na}/ malt honoseri ne
(1.77 g, 769 eﬂyaszwrg’}/ pmatography (silic gel dlC rornethane to

(2S, 3R) - 3- hyldlhanxy%dﬁsh(lqremhﬁwy@ &7 proyd team 78 (0@ diternadiate DNIMNs@-whifeOOH An
aqueous NaQg;gl M 167 rrL) solution is added, while stlrrlng, to
LThreonlne1 15&3@%@; Mﬁ% in a round bottomf 6%1 Lc% To this

sol uti on wa$l NeHed @iQﬁHQQ: A& (2, 682942943(%1911))3 e’ qf%tsllﬁ)is cool ed
to OC i am.ies-30ahenHyat bo-2Methy hHghl or-ofoermasE), (147 @, B, 1125%(576 is
added drop wi se and the reaction mxture is allowed to stir for hours
and reach room tenperature. The reaction m xture is washed with CHZC12 (3 x
50 nlL), and.tpecpatienws intayediatsXtda{RBGnAddc) n a round bottom 20 fl ask and
cool ed over an ice-water bath. Concentrated HCl (aq) is added drop w se
until pH 2. The aqueous sol uti on%brought to roomterrp ture and the

water is renoved in vacuum TheSr due was taken up i :1 m xture of
MeOH CH2C12 (150 ni, filter,_iag nd washevBam th 2:1 ’Hr;} of MeOH CH2CL2

(50 mL). The filtrate was ated.a re va at 40C,
resulting in white foam(@)rz\g 8 9. @% QE%TIM
(S)-2-cycl opentyl-2- (et hoxfcar bonyl anm no) acet i

(S)-2-cycl opentyl-2- (et hoxycaﬁxﬁbnyl am no) aceti ¢ aci dlls synt hesi zed
simlar to N nethoxycarbonyl -L-Valine, using

(2 g%l_ 1/265483 aCBTI/%M%ZWW%le gQﬂZ' 8%'219015 Qal Md%r‘[ﬁﬁl—wﬂ@bbé}q houtd a cooled
(2S, 3R) - 2- ((E@fﬂgwgé?tﬁ ﬁ@ gﬁf‘h‘ﬁ)“’@&éﬁ‘ﬂ\ﬁ%ﬂﬁ gp Eloé)clinoCHzcb (1.5L) and
(2S, 3R) - 2- (steted ax yioalab tmyicaatimeddr 3hows Hjticpemnttian oistuac ivds wascstyaithmsi zed

S'Zg lg,%r t20 é&cﬁhﬂ%ﬁ@%&ﬁﬁ@@@% 1&1%‘?1{1&@9}1 ﬁl‘é?hﬁgornyPECVtol prov1de 25.3 g (30%)
( ) - anf])?ﬁIa as apa%é )}% Q\Evasgf)(lic acid ead © )

20
"H NMR: CD-0OD 400Mhz
0 6.99-7.03 (s,1H), 4.77-4.90 (m, 1H), 3.61-3.68 (m, 1H), 3.42-3.50 (m, 1H), 2.20-2.39
(m, 1H), 1.89-2.05 (m, 3H), 1.47 (s, 3H), 1.27 (s, 6H).
2.4a preparation of intermediate XIII’a (PG= Boc)
25

o7 T
L L0 X e

XXV Xlll'a

To a solution of iodine (43.3 g, 170.5 mmol, 2 eq) in chloroform (210 mL) in a round
bottomed flask (1L) a suspension of XXIV (20 g, 84.3 mmol) in an aqueous NaOH
solution (2M, 210 mL) was added. The mixture was stirred at room temperature for



2b. 11 Synthesis of (R)-2-(nethoxycarbonyl am no)-2-phenyl acetic acid Cl
H2NHN 0-0 100H0 OH To a solution of (R)-2-am no-2-phenylacetic acid (14 g,
92. 6 nmolwoiznivessss (250 nl) was added Li OH (14.8 g, 618CT/Eraub)sats 0C and
the m xture was stirred for 15 mnutes. Q@ this solution, nethyl
chloroformate (17.9 nmL, 231.5 mml) was added drop 15 wi se and the m xture
was stirred for 2 hours at OC. The m xture was then acidified until pH 1

wi t h concentd lauesl TiaGhe réPhidingirsactipe masteraewsy aldcdd seiutatedzt@acusanaStPe or gani ¢

pggsem"\’afegs%l'ﬂg%ﬂt '1@(5 £, 'aﬂd Mﬁcdil a[ﬂlc Iﬁggrr\ﬁ%sée %ﬁeﬁﬁ?h@éd&%ﬂﬁﬁ%ﬁﬁ?&g&&? (11.8
vacuu ul ti Xy ] |

g: 60.9 moVy B Sﬁﬁ e BYerS Bty WO WogT 1

pr epar at i omandfdred rmponagﬁesmm s:ulphate Phe forlyds pyerd fitered aBd thie)solnvtion added t o
conpound X\/édab@raﬁeaﬁgd ess 8- afBr TR dide @%ltgh§9 %})I vent was renoved in

Zaé‘i”mmf)' hﬁf%@svwﬁe? int 3%?%%19@%&6& W&ﬁ%&%)lﬁp L0845
2011/ 054834RGY/ EPR0L06 ) 666682 lin alroMal baten(cdBiskig] 001D Bamiwishended én added.
The i xture %téﬁ'/\i}étgld(Sb%L 2TH9 ﬁma QR e;vs %ﬁ@é&fo?4oﬁbﬁr58?ﬁ@sf$lvent

equi val ent s rea m Xt ure
stirred for"% rﬁH’tﬁ?F"g‘? 1’2‘9“ é&gﬁﬁéae HH’&“’E%‘@aSrﬁt%\garaér% washed

wi th 1010% ctetpeatiae bderaiz@t. rﬂh): sblodd mmecﬁiltb;edsafaslredtvedl WatEICRl. drifidan ar gani ¢
phase was d&a!cﬁﬁn%v@@td\@ffo%c ?‘? Jl(q 08161 4 ved by filtration. The
sol vent was evaporated and purification was performed by silica gel

chr omat ogralph%]\&) 10% rret hanol in CH2C12 resulting in corrgound 1l as a
solid (170 hh! PM§@-dist pam 1RE6 angl 1.88 axbr. by 9 B, 1268- 2.02001 3 +
Exact mass:HY 22372 271(1hl\l\/H) (H00- MR le\/EQKi@) 339(&911@ £33 ( 3188 be))

7.88-7. 2

10m, 4°14- 4%2?“( 294?”3067 6 8&%“‘776?4@ 1%@0 é%gg(( i @FP 73935334 o T ( 10H,
m, 1.00-0.¥B1F2H ny. 3.2 preparation of corrpounds 2 to 4 Conpound 2 was
synt hesi zed fol | owing the procedure reported for conpound 1 using - 15

N- Met hoxycar bonyl - O Met hyl - L- Threoni ne inste
N- Met hoxycai n I . A dae): 12.12 -
12.26 (1H, L. 09 - 3T —86—(6H—my,” 7.18-7.31 (2H,
m, 515525(1H m, 505513(1H n, 4.25-4.38(2H, m, 3.77-3.95 (4H,
m, 3.55 (6H_/s), 3.45-3.52 (24 3.20 (6H s), 1.79-2.38 (8H m,

1.14-1.06 (&H ?r). 20 Conpound ppared following the proceduxe
reported fo e fsi s af congoukd 1 usi ng i nte rredl ate )d'\j/J7 ¥nst ead
of internediate a,}n@und 371H I\/RBr(AOIB) M D} 2 “Elpmnpf 34 (2
H s), 821 (1 H, : _

8.00(1 H dd, J=8.88 1. Mm) "Fq'ggs (dp"?gg% (2'H, 1 H, J=8. 48

Hz), 7.32 (1 H d, J= 7.34 (1 H d, J853Hz>9vp25527 1\ H, dd,
J=8.17,¢5. 33 Hz), 5.17 1 H t, J=7.00 Hz), 4.15 (2 H, t, J=7.95 Hz), 3.84
- 3.96 (4 H m, 3.56 (6 H s), 2.38 - 2.47 (2 H nm, 1.95 - 2.30 (8 H, m,

az)86 f 2_] H: 9?}%5@5091 gpr%al%rg %@2( % ('?%2 [(I@E]S =Borbfic&der Iﬁa%é' g,(@ SJl'Inmﬁjol) J=6.63
NaHCO; (813 mg, 9.68 mmol), (dppH)PACL (710 mg, 0.968 mmol) were dissolved in
toluene (75 mL). Water (1 mL) was added and the mixture was heated for 7 hours at
25  reflux. The solids were removed by filtration over dicalite and the filtrate was
evaporated to dryness on silica. The residue was purified by column chromatography by
gradient elution with heptane to ethylacetate. The appropriate fractions were pooled and
the solvent was removed under reduced pressure. The residue (1.89 g, 79 %) was used

as such in the next step.
30



Al ternative preparation of conmpound 3 and the correspondi ng HCl salt WO
2011/ 054834PCT/ EP2010/ 066668 -52- N- net hoxycarbonyl-L-Valine (3.09 g, 17.7
nmol , 2. Iwequimp48sas di ssol ved in dichloro- nethane (30@CEFEP201006@bhy| am ne
(11.7 m., 84.1 mml, 10 equiv) and (1-cyano-2-
ethoxy-2-oxoethy|idenaninooxy)dinethylanino nDrphoIino car beni um

hexaf | uor o- 5phosphate were added (7.57 7.7 rrgo 2.1 eq). The reaction
m xture was stirred at roomtenperature f tes, after which XVIillb
was added (ﬁwrep@mﬁ@nmtemmpaeesmm@% HOA~ Bch T Ti ng wais

continued for 30 mnutes. HCI 1n 1 PrCH (6N) was added to the m xture (until
pH = 2), and the resulting m xture s stirred for 5 mnutes. The sol ution
was t hen washed with saturated aq ¢ sodi um carbonate (2 x 200 nL) 10 and
once with brine (200 nL). The orgafhietlayer was separated, dried o

magnesi um sul phate and fi]tr ed After(')?rgmval gf the sol vent i nlvacuum

t he obtained r due was NuEgfrer dried ifmvaculm ko n¢onafide powder
(6.84 g) %url g‘g;ocol 7 gr@(bhw
using gradient e MFdeLﬁbd%M&erd (7N NH3) Ichl or oket hane,

resulting in corrpound 3 (2. g) as a foam Conmpound 3 pdi ssolved in
i PrOH (40 m) and HCIX 6N in iPrOH, 10 m) was added. The Vol ati |l es were
renoved in vacuum Then, iPrOH (30 nL) was added and the 20 m xture was
heat ed at rBfonmide XWb $I:89l()tin£g1 3\188 ﬁ@ﬁdl}:d4t4§w 4@%2%&%\&&&& Ab(B82rred

room t enpe ure | o adde tion,
resul ting Fﬁ W{%’O (24%7 tnéé/ hﬁﬁ&qtﬁhgere 21?1 d; @ﬂ%@?‘!’gél y
with t BBOVE(288 mg, QGSQLII)mczland@re dwatorl‘@gen teluereg pherlo aad deated écsﬂaymdefﬁﬂwacuum at
40C. The residue was m xed with acetonitrile and evaporated to dryness

(2x). The reg dugs \%?e I%I‘ﬂo%c?gy ﬁﬂratlgﬁ 0RGEL O hid @ic Q‘me Nhal ¢ é‘e{ri')grét&?tom xture

was soni cat ed for m nut es. precipi tate was tered der nit rogen
at mospher e, driyasnen Stlw&éhevﬁe%lﬁueaw Prifiqd; hyecodugpn ﬁ@pnamr%nhﬁ/@am@ﬁ Reatagem at

40C, resul tionghyldtetutStragidht. Thy Shbtis REWERind the }odubmet‘é ble@fang @pound 3:

O VETHYL FORORG DR By s R0y fﬁ%@@%%éwﬁ%hﬂ?l@ﬁ@oﬁ%?ﬁg RO S (A S

Hz, 6 HO, 25u0Bin th2 n2€ remtiod H), 2.26 - 2.37 (m 3 H, 2.39 - 2.61 (m 5 H),
3.61 - 3.63 (m 6 H), 3.93 - 4.01 (m 2 H), 4.23 - 4.32 (m 2 H), 4.32 -
439(m2H),549(tJ75Hz 1H),552(dd,53Hz 1 H, 7.22
d, J=8.8 |'@621 Alt@natlge Brbpdrdtion si8inRriikdiate X 1b (498 J@G&Ego 1H, 801
dd,J:8 Fz, 1 H), 8.03 (dd, 35J=8.8, 1.8 Fz, 1H)809(d J=8.8
Hz, H)819(d J=8.8 Hz, 1H) 8.22 (dd, J=8.4, 1.8 Hz, 1 H), 8.25 (s,
1 H, 8.32 (s; H) , 841(5 ) ;-8 1 H. Anal. Calcdf

CA2HSONBO6 . 05%1 4HH20 c1)55 . N 12.34. Foundg C[55:00, H
6.60, N 12.3 ! C . 2}7\\\(R)a pr epar ed
ol | owi ng the proc besi , '@-a 2_tsbng
ntermediate XVI11b jnst 3@ ofy, kdsuc%gpmza&@nexw 1l a. 1H%<MR (400
MHz, DMSO d6) 6 ppm'8. 8<80 (m 2 H, 7.88 - 7.98 (mxviB H), 7.73 - 57.87
(m 2 H, 7.50 - 7.67 (m 3 H), g%zﬁs(m 2 H, 5.18-5.24 (m 1 H),
o 3.

NN

—_—h

5.06-5.16 (m 1 H), 4.31 (m 2 o 3. - 395 (m 4 H, 3.56 (s, 6 H,
3.43 - 3.53 (m 2 H, 3.20 (s, 6 H, 1.80- 2.35(m 8 H, 1.05-1.20 (m 6
H), 3.3 5preparation of conpounds 9, 11, 13, 16, 17, 18

Under nitrogen, IIla (25 g, 60.5 mmol), 6-bromonaphthalen-2-yl trifluoromethane-
sulfonate (20 g, 56.7 mmol), KsPO4 (36.65 g, 173 mmol) and (PPhsz)4Pd (717 mg,
0.62 mmol) were stirred in THF (60 mL) and water (15 mL) with the heating mantle at
85 °C (reflux) for 2 hours. CH,Cl, (50 mL) was added and the water layer was

20  separated. The organic layer was dried on MgSOj, and after filtration, the filtrate was
concentrated resulting in a sticky solid. The residue was purified by column
chromatography (petroleum ether/Ethyl acetate 15/1 to 1/1) to afford XVb (20 g;
40.6 mmol). Compound XVb (1 g, 2.0 mmol), potassium acetate (0.5 g, 5.0 mmol),
4,44'4'5,5,5',5"-octamethyl-2,2'-bis(1,3,2-dioxaborolane) (1.29 g, 5.0 mmol), and

25  Pd(dppHCl, (0.1g) were stirred in DMF (15 mL) under argon. The mixture was heated



10 3.3.1 preparation of conpound 9 3.3.1.1 preparation of intermedi ate
Xil1"b -NHNBoc 1) TFA 2) HATUO ON, /c)H Xill'a XII'b 15 To Xl Il"'a
(5.3 g, ™Moeommsks34i n CH2CL2 (10 nmL) at OC was added TFRCTAF20m0)p6666he

m xture was warned to roomtenperature aggl stirred for 30 mnutes. The

vol atiles were renoved and CH2C12 (10 nL) and DI PEA (15 nL) were added to
the obtained TFA salt of (S)-4-iodo-2-(pyrrolidin-2-yl1)-1Hi m dazole. Half
of this m xatWheC fersd hsesl Afedr owolingy Ciho11é9 nfll)asds, adtled and the mixture was

() B TPt Donyeanauh AEO RUHEOTPT Y Bt A9 CuREh el ufd ookt Afly 12 ol )
ol . was. G TBIG SR By baTFe B1rbes AlbORsEpES Dl st e

(S)-4-iodo- @)lx(epywa@tandwnd ang he-plothichivdapadifeed byhe lwix throgmatepsargtyi (gradibnt

overni ght. G212 &r&l@ﬂﬁ%ﬂéﬂ@th&h@ce@téim%‘I‘mtd"@i%@@FJXVIB*CO brg' “e 10 %

AcO-landslt (54 5 tlﬁfn s\%,g o4 and filtration, 25

sol vent was!-? &HBe® s li &Xetl}P d pur| f| ed via colum chromat ography

using gradient el ution from CH2C12 to CH2CL2/ I\/EOH 95/5. The fractions

cont ai ni ng product were corrbl ned and t he soI ve rermved The obtai ned
|. nemh C ~ 3 3 »

| ayer was cgat flully neutral | zed vmth saturat ed NaHCCB and again extract ed
w th CH2C1 e orgafic ers were dried 30 with Na2SO4 and after
filtration, the solvent pved. THRERYEAI ney p (790 ng, 26 % was
used as such in the nex » OH 5 XYkh 2867 33 ol ), XII1'"b (790
ng, 1.88 nmol), sodi um bi carbon e (316 ng, 3.76 mmol) and Pd(dppf)Cl2 (138
ng, O. 188 mmol) were dissolved ih THF/ H20 (2.5 nml, 4/1) afd heated in the
m crowave for 60 m nutes at 100C. The reaction m xture was filtered over
dicalite, the volatiles were renoved fromthe filtrate by rotary

evapor at i orO-hrna-Raaplbpiggeidids. 3 283 maep ol 0 sipivd avageshsnebiaghin dichloro-

chr omat ogr aa@maﬂeom()%ﬂglaaatnmww VSOdefSHjR@%%d&&i @{H2hIVRAE(Aldy, The
fractions ta| nl XXI. b, wer e ed and a)l’f veni was renoved under
educed pr eXRUEOL JLEdYY Wt 3@05}%%6 oo D B LR FRa T Cifg g

Al t er nattsi vedtlynedmamughndnm 0aClg dryilpetubbhaiutied ontthe flaghg Compinte disgudutivsh XXVI b
15 simlar a8, depaibhedibh eyl A58l AcRle SRTRIMAGNSY Gob AT Mo W €N

t he exception e syn
(S) - 2- (et howdytbasdiveny W@ﬁﬁmmoraemdmyIylmjdlagérbromo%nmﬂhos’édhlom@@ &ad of

(2S,39)-2- (f@t%?é%ip@ﬁ%h%gs%%d 2 deh yhBgrfpnoi c acid, that is used in

the synthesis o
\“\’( K2C03
CH,Cly/H,0 1:1

N,O-Dimethylhydroxylamine Hydrochloride (41.3 g, 423 mmol, 1.5 equiv.) was

20 Step2

dissolved in distilled water (200 mL) and potassium carbonate (117 g, 3.0 equiv.) was
added portion wise (CO; evolution). Water (300 mL) and dichloromethane (200 mL)

25  was added and a solution of 6-bromo-2-naphthoyl chloride (76.1 g, 282 mmol,
1.00-equiv.) in dichloromethane (300 mL) was added portion wise to this mixture while
stirring. The reaction mixture was stirred 1 hour. The organic layer was separated, dried
over sodium sulphate, filtrated, concentrated and dried in vacuum overnight, yielding
6-bromo-N-methoxy-N-methyl-2-naphthamide (82.9 g, 100 %) as a brown solid.

30



WO 2011/ 054834PCT/ EP2010/ 066668 -55- 3.3.1.3 preparation of conpound 9

To XXIb (580 ng, 0.822 nmmmol) in CH2C12 (10 nL), HCL in i PrOH was added (5-6
N, 53 nL)wWOTha/ofussture was stirred at roomtenperature POT/EP201006&68 The

vol atiles were renoved and Huni gs' base §{6.53 nL, 4 eq) in DW (5 nL) was
added. This m xture was added to a prem xed (10 m nutes) solution of HATU
(469 ng, 1.23 mol, 1.5 eq),

(2S, 3R) - 3- Xy- 2- (met hoxycar bonyl am no) but anoic acid (318 ng, 1.64 mol,
2 eq) and Huni gs' base .15 m, 1. 11ag;M¢ﬁ1ﬁWF &R . The reaction m xture
was stirred for 1030 m 15 ops—of copc. HCY added and after 15

m nutes the volatiles 2 ‘d/bb Letary evapor .
purified by silica gel colum ohromatography by gradient egution from
CH2C12 to 9/1 CH2Cl12/ MeOH (7 N NH3). The fractions containing t he product
wer e pool ed and the sol vent was renoved und uced pressure

yi el di ng pro8iseno-dl-methgxyyiy- méthﬁb@iu@phtilalmder{§2 983283 mﬂ[OA] ESREV-) WS- 137. 04 (c

0.3736 W v &@soi@amtetahiymri 0bbi) GOBOG:SkHlask JRDIRrkrfden: The Ractch H )
55 7. PP popfsd i et i anfiizl)‘eﬂaﬁ%agpisw i G 2gip ety

4.04 (4 H m)raiafdammana G rfll, 12 codiv3 v68 add@l &8p 6scHiurimg 13027, WiEl20H, s)

1.99 - 2.49, 1%ta|111nglhejt ﬁéraeuré'gi(t%e If&aa{q%gn%gre be%%% ]&3l§dC glel geagt?%eso 93 (3

H m 3.3 1 can i zed
simlar as me@mm@dtu‘rnd Bheminwey/ertbeon a@flcmtlb Apreouniotiedh@ic md oM,

(2S, 39) - 2- (15Rf HPXKGEMHRA @yﬂeﬁmyraahe@anstvnyé REIL 88WnG oAGndcd Bith eAR or¥lic
2011/ 054834PCT/ E 3810, OGLen

(2S, 3R)1L03- r@i\i?awa%ei(a@@faiﬁﬁwééh%wipgﬁieﬁ@milefa%iaeteédiliil dichjoromethang 6 (c
0.3618 W v &0 MIOHhe dtitNVRY 44 e ANV sdaRRIsEIPhatb, ﬁlﬁHﬁé(ﬂ-énd7c5bncenll%t&11T(18 H, g’)

(27 5 PRyt %sc?n?%gq Capotdypiidots
1.

1. 65 - 1.7%tkdnobk (79.6 &, B%). 1.53 (1 H, m) 1.02 -

15  Alternative for preparation of 1-(6-bromonaphthalen-2-vl)ethanone
Br
_ AChL O‘
acetyl chloride
(0]

A mixture of 2-bromonaphthalene (41.4 g, 200 mmol), acetyl chloride (11.3 mL, 160
20  mmol), nitrobenzene (250 mL) and AICl; (28g, 210 mmol) was stirred for 4 hours at

100°C (oil bath temperature). The resulting reaction mixture was cooled, poured onto

ice /water (100 mL) and filtered. The filtrate was washed with water (100 mL). The

solvent (nitrobenzene) was removed by distillation. The resulting residue was

crystallized from hexane to afford 18 g of desired product (36% yield).

25  1-(6-bromonaphthalen-2-yl)ethanone: 'H NMR (400 MHz, ACETONITRILE-d3) &
ppm 2.66 (s, 3 H) 7.66 (dd, J=8.8, 2.0 Hz, 1 H) 7.86 (d, /=8.8 Hz, 1 H) 7.94 (d, J=8.8
Hz, 1 H) 8.02 (dd, /=8.8, 1.8 Hz, 1 H) 8.13 (d, /=2.0 Hz, 1 H) 8.53 (d, /=1.8 Hz, 1 H).

OO iiide ¢ Q¢
(EtO),P(O)H, NEts Br

30 o

Step 4



(1 H m 0.74 - 0.98 (12 H m 3.3.2 preparation of conmpound 11 HATU (776
nyg, 2.04 nmol ), DIPEA (0.48 nm., 2.78 mmol) and (S)-2-(nethoxy- 15

car bonyl| awDreo)7@34s83et hyl but anoi ¢ acid (357 ng, 2.04 mmol pCcamP2divvs@byed in
dry DVF (10 nL) and stirred for 5 mnuteggat roomtenperature. XXVIIDb
(1.018 g, 1.855 nmol) was added and the reaction was stirred 1 hour at room
tenperature. Dichl oronethane (100 nL) was added and the m xture was washed
wi t h sat ur at-égbiatddaphthakoidyeti{adone AB® gi223 nliel, driganic) wisadiesowad dlr i ed

SO, ,.fi t.hg. , ' d
auch 1 cnelERblonRLERC IR OBiRghieDrs SAAPRLE 45 ofIF L S iR HG5, e o
(A=----- 1 ;wiRe doripg 30 minykgsxidhe 1eagon guxtaregss shinio ) haas antl enneenieaticd ta CH2C12
(10 nl) and,ficd 2i2'3diic>%ngjlQé—‘b@or%na%ﬁth{%—é@ﬁe(t%%@?ﬁ 5as TSR WRsRS] &L 1 rred

for 35 mnutes at roomtenperature. was added and the slurry
was sti PredUsh it B3fstBnperature for WO 2011/ 054834PCT/ EP2010/ 066668 - 57-

30 m nut es. 2, Thigbrbinbt le(eBroa@inbshtliElon-2iydRednvhd (90108 Qv nirhé), MOP) wag dried in
vacuum oven, 2l 409Gt yasd ol ettt 27,67 RESTSY g of compound

0.9 equiv.) was added followed by diethyl phosphite (45.8 g, 332 mmol, 1.50 equiv.).

The reaction mixture was stirred overnight. The reaction mixture was filtrated and the

10 solvent was removed in vacuum. The obtained residue was dissolved in ethyl acetate

(1.2 L) and washed with water. The organic layer was separated, dried over sodium

sulphate, filtrated and concentrated to yield crude 2-bromo-1-(6-bromonaphthalen-

2-yl)ethanone (70.3 g). Recrystallization from acetonitrile gave 30 g (first batch) and

6.5 g (second batch) of 2-bromo-1-(6-bromonaphthalen-2-yl)ethanone (50 %)

15
Step 5
Br

Br - H

1) Boc-Pro-OH, Hunig's N
base >|“.

T 2)NH,0Ac Viiib N

o

N
o=, J<
2-bromo-1-(6-bromonaphthalen-2-yl)ethanone (4.9 g, 14.9 mmol, 1 equiv.) was
suspended in acetonitrile (150 mL) at 20°. (L)-Boc-Proline (3.22g, 14.9 mmol, 1 equiv.)
20  was added followed by N-ethyl-N-isopropylpropan-2-amine (2.83 mL, 16.4 mmol, 1.10
equiv.) The reaction mixture was stirred at 20°C for 30 minutes. The reaction mixture
was concentrated. The residue was dissolved in dichloromethane and washed
successively with aqueous hydrochloric acid (1 %, 100 mL) and aqueous NaHCOs
solution. After drying over sodium sulphate, filtration and concentration, the residual oil
25  (6.52 g, 94%) was used as such in the next step.
Ammonium acetate (16.3 g, 212 mmol, 15 equiv.) was added to the compound obtained
above (6.52 g, 14.1 mmol, 1.00 equiv.) dissolved in toluene (150 mL) and the mixture
was refluxed overnight. The reaction mixture was concentrated and the residue was

crystallized from acetonitrile (100 mL). The crystals were filtered off and dried in
30  vacuum at 40°C to afford VIIIb (3.2 g, 51%).



HATU (858 ng, 2.26 mmol ), DI PEA (0.808 nL, 4.69 mmol) and (2S,
3R) - 3- et hoxy2- et hoxycar bonyl am no) but anoi ¢ acid (432 ng, 2.26 nmol) are
di ssol vedwDrodrog4$3vF (10 nl) and stirred 5 m nutes at r ®OREPROIPALEGHIT €.
XX]) (1.137 g, 1.59 mwol) was added and _ghe reaction was stirred 2 hours at
roomtenperature, after which nore 10 DI PEA (1.5 eq) was added and the
m xture was stirred for 1 hour nore. Dichloronethane (100 nL) was added and
the m xture was vvashed vvlth saturated @g uti on (3 x 100 nL), organic
phase was di.peprepye IS =vBpor at ed and purified
on columm using a gradl ent fromO to 5% et hanol in 20 dichl oronethane to
yield 11(585ng 479 . [a] D--13 9(c03§%@w/v% MeOH) 15 1H NWMR
MEO-A6

(400 MHz, H exchanged wit 0) 6 pp 78-0.91 (m 6 H)

. 1.&6-230(m93’3f0 34H),~3.46 - 3.62 (m 7
H), 3.78-3.96 N>4, ~4.16 (m 1 4264 lhi) 5.05 - 5.16
(m 1 H 5.18 526( Nas 7.53-8.33 (/] \>epgrjt|on of
/

conpound 16 and 17 WO 20%‘] 834PC'|7’EP2UI07’066668 58 TO
- et ryIPpentoddi ¢ acid (2. 39" ;((12

(2S, 39) - 2- (et hoxycar bon
1.05 equiv.) in avi®0 nL round-bottoned flask, dinmethylrnmani

triethylamne (3.34 nL, 24.1 mmol, 2.00 equiv.) and HATU (4.80 g, 12. 6
nmol , 51.05 equiv.) were added. The reaction mxture was stirred for 5

m nut es andviXy(h016g .69 Pmnibl), BispimatelatbdddraqQi 648)g, a3 astaell. polddsium- Xt ur e

was otirred i Botinar el o P s RSB B E ety tvi B8 chutleRibocs:
sol uti on (20luch} (el padbltbated fohé7 houes ar & °CpHdpagpeon. c"[fheckacpbi; nfigfure Whe
conmpound V‘%oﬁ@&tt ré)tﬁgengﬂe%ﬂntehﬁlcﬁ P&ﬁ&ﬁa&@ﬁ%\%}?‘v&ﬁ Cﬁdﬁe&’%&d‘ﬂh@hﬁ%@@@& (5 x

150 nL) and t I ned organi c ayers we sat ur ated agueous
Na2COB- sol Wtshedh W(ltil%tuﬁaéyd N@Hﬁ&j sphytigaghesiresnie phash atee dried pyaMgSA@nd t he

filtrate wslt@téap&ﬁ@&ﬁ@hté&n%mﬁﬁ and PurdiddodycsiXelesl dodumdn GI}IO\MM?? s used as

3332/ 62@333 @g}e%w@pé@% t0§er %@X%@Oﬂ%éégegg%@?@al%@ @39% 70 Therol | 1 0

equi v. ) wasprdiss ohrvespictipitited fiohoheiaharner{@03/2).) and 5-6 N HCL in

i sopropanol (40 ni, 200 mmol, 17 equiv.) was added. The reaction m xture
was stirred overnight at roomtenperature. tBuOve (400 nL) was added to the
5solution and the resulting slurry was stirre%@@e@mterrperature for 30
m nut es. ThZod picpambdn sbHinkaimadister VHeXBr.MAt Bu (2PGEOObzYl ) and

di chl oronet hane (100 nlL) and dried under vacuum overnight to afford XXl Ic

(8.35 g) Br
Br 1) CBz-Pro-OH, Hunig's OO H
base—> | />|||-(j
Br N N

2) NH,0Ac

° Vilic 04/\0/\
To a solution of 2-bromo-1-(6-bromonaphthalen-2-yl)ethanone (57.7 g, 175.9 mmol,

80% pure) in acetonitrile (1 L), L-Chz-Proline (43.8 g, 175.9 mmol) was added,
followed by diisopropylethylamine (33.4 mL, 193.5 mmol) and the reaction was stirred

15

40 minutes at room temperature. The solvent then was removed under reduced pressure
20 and the obtained residue was redissolved in dichloromethane (500 mL), washed with
1% HCI (500 mL) and aqueous saturated NaHCOj5 (500 ml). The organic phase was
dried with MgSOQy, filtrated and the solvent was removed under reduced pressure
resulting in a brown oily residue (80 g) which was used as such in next step.
Part of the above residue (69.8 g, 140.6 mmol) and ammoniumacetate (162.6 g,
25  2.11 mol) were stirred in toluene and refluxed overnight. The reaction mixture was
cooled to room temperature and the solvent was removed under reduced pressure. The



3.3.3.3 preparation of conpound 16 16 10 To

(S) - 2- (met hoxycar bonyl am no) - 3- net hyl butanoic acid (481 ng, 2.74 mmol) in a
round- botworzed/dskgsgsk (500 nli), dichl oronmet hane (300 mnl) PCT/EP2010/066668

di i sopropyl ethylamne (3.7 nL, 21 nmmol) _gnd HATU (1.04 g, 2.74 nmol) were
added. The reaction m xture was stirred for 5 mnutes and XXIlc (2.00 g,
2.74 mmol, if x HC1 equals 3 HC1, WD 2011/054834PCT/ EP2010/ 066668 -60- 1.0
equi v.) vvasota@id@tjr%ﬂihewraeatmetd)im anntwre of wabloseethew dndrwa2ers 1hiodp80 mi) r oom

tenper at ur &g pf 1{a%@é‘dﬂ1158‘hnH‘V§ﬂ[IH Qﬁé@ﬁltm‘eﬁﬂ st @@ﬁ %@E %n@%Hﬁ@WIINaZC@
solutlon(2 r%_i Br.i ne HL% dried on |tered and the
filtrate wa 33 Wep Qalpe ?hgeas‘él PWESr d a brown reS| due. The residue
was puri f| edH N3k (A0 MBeaDBS(@Hds )aopmm . 8dhr Dasi(rogh élphy4by3 géaxm élﬁi) &b8ti on
Wi th 0- 5% MeBti (7 H NI _ 580 EM glu%se% affoud @ Wﬂét‘? 71The

poer s il e L S e R

extracted w Hh DOV { UDH! (). HThe organic | ayer was separated and washed
with water (4 x 150 nmlL); dried over magnesi um sul phate and evaporated to 10
dryness in vacuum Drying over weekend i;@gégm oven at 40C afforded
conmpound 16 ¢ Hr&rafibn @8 inderMeidiab ROWHEIA= 1, eoeon conpound XXl I c was
not determ ned. The procedure was perforned wth the anounts stated above.
If x HC1 equals 3 HC1 in the above proc re, 1.0 15 equival ent of HATU and
(S)-2-(nmet hoxycar bonyl am no) - 3- net hyl bu%oi c acid and -8 equivalents

di i sopropyl ethyl am ne were used. In theD=E(heoret| cal case x HCl equals 4

HC1l, 1.05 equival ent of HATU and H’@
S) - 2- (et hoxycar bonyl am no) - 3- rreth ut/ mot’c acid and -8 equi vy e@
di i sopropyl et hyl ami ne vver enus 201H NVR (400 NHE ) u@» 6 ppm P 1.05

(m 12 H), 1. 42 XWa_ 66 m INH), po& 870 1
194- 6 3. 7,@5114(m4l—|) ‘23 -
431 Nppﬂész (m, 1 H, 7.33 - 7.53 (m 1

H) -775(m2'|1;\,,775-80,30 5 H), 801 - 8X¥% (m 2 H)
3 3. prepar ation of conpound 17 WO 2011/ 054834PCT/ EP2010/ 066668 - 61-

N0 OH N N | y
(524 g, g bd3 {c?e&eisR)wr% O(:i]%?@8%)26%nﬁgﬁtﬁ?9ﬁﬂéé@ﬁﬁ?§§ﬁ0@§h?)g%@grﬁ%§g§hgﬁle

ot tomed f | ask
(300 ni), oﬁOﬁ%PBﬁsbpa%tﬁﬁ%%e“ p3mpq}), P d@h)pﬁa.?ga 016G me. AATO I g 2. 74
xm>T<‘|D|| ) \(Ngrg Qe (50THhE), rvﬁa@faﬁdémwé]%?((lutﬁlﬁ) Frhyassu&ﬁﬂgrm&mré Was heared bt efuand
C

. 3 H dded. Th
et on o gt b Eariqnidur s SHGr e b Pufieid R e et e
reacti ard modlummchmmawdtm hmgradlsmwhrt@mmlahppemmsm R CBtats oThud | on (2 x
100 m.), %W%g@&%ctﬁg'r%s coﬁt{akﬂﬁ%ﬁgp rogﬁlw%g)é L6 %\%@ﬂll elje rhhb@ige was

evapor at ed ryness wn re he resi was purified
usi ng si | i cendgeredgestidyrrpssure. The residue (960 mg, 65 %) was used as such i the next

reaction.

4
20  2.7a Alternative preparation of intermediate XVIIb (A= E% , PG=Boc¢)

Oy
i XIIIa Cﬂ%N Q O N 0
H
~ ‘ N
o
NaHCO, F /k

Pd(dppf)Cl, O7< XViib
Dioxane/Water

XVIb (10 g, 18.5 mmol), XIII’a (8.76 g, 24 mmol), NaHCOs (9.32 g, 111 mmol) and
Pd(dppf)Cl, (1g) were stirred in dioxane/water (140 mL, 6/1) under argon. The mixture



10 chromat ography; by gradient elution with 0- 5% MeOH (7N NH3) in CH2C12
to afford conpound 17 as a white powder (1.24 0. [a] _ -158.7 (c 0.3472
wv % MWH)2011113483HCL count on conpound XXI1c was not deCempRetedscche
procedure was perforned with the anountsygtated above. If x HCL equals 3
HC1 in the above procedure, 1.0 15 equival ent of HATU and

(2S, 3R) - 3- net hoxy- 2- (et hoxycar bonyl am no) but anoi ¢ acid and -8 equi val ents
di i sopr opyl ethhydateditn &S werfer Lﬁ;b@ilrs |Brirteé0® hdor et ashled end thexmik@ic vgsial s 4

I('Eét héxogafﬁ%ﬁlaﬁ%h &t @[flzdllg‘ggleg yirle aﬁ?&@g ﬁfﬁrﬁt}"@gﬁld%vaporatlon of the solvent,
(i Sopr opy! B FOTGHITS MHERES Bl EalimscrhiPrAQRPRORY RFE LBy BiBSHSTsS -

1. 00 (m elapAcltoJaﬁfmdxvzm(m 8%)., 1.49 - 1.65 (m 1 H, 1.72 - 1.85 (m
1H, 192 -2.52 (m 8 H), 3.27 (s, 3 H), 362-3.77(m 7 H, 3.84 - 4.08

(m 4H, 428 (d, J =8.0Hz, 1 H, 4.48 (d, J = 1 H, 516 - 5.25

(m 1H, 5 ’3@’A(ltéﬂyatn]e"gregaraﬂo@omterr%edﬂhte XV (A5 ﬁ@ tBoc? S

Preparati on of the . 1. 4H20 salt o’r the corrpound 7 WD

2011/ 054834PCT/ EP2010/ 066668 - : HCl . 4 H20 Conpound 17 (315 ny,

0.39 mmol) was d| ssolved in 1 HCl) (10 m) and the volatiles
tirr®

were renoved: S It was s terrperat > rile (6
mL) overni gh mflask The;,,am re was e .~n @ A eNs. The
residual 5 water wa Nazeot ropi cal |y renpved by ré/@eated addltlon ar‘i’d
evaporation, at™30C under/redugpecpressure, of acet’onitril® 4 x 4071&)

The powder was then stirred in agetaaprtrile at rd:rmterrperature in a closed
round bottoned flask, overnight, filtered and i medi ately dried under
vacuum overnight, to afford of a white powder (263 ng) The obtained solid
was anal yzed to have C43H52N807.2 HCl. 4H20 by el enental 10 anal ysis, Anion
lon chr orratTJgﬂatpimd deeixygRarted satatianoaf, VIAHR(20. @I‘kﬁdz forlLC4eHsRNBD AR HCL. 4

H20:  C 195. Q0.6 @@nmoNllllecﬁév)ErR#%@mané@erﬂatelﬁl 7136\!11&1%1 &% Eqliey 4 H20:

7.68, Found: .7 ani o Found 7.75
15 1H NMWR (1§d®4 %WWE&@@E’&%AWB% E(j‘}’ltm%%mjas 6‘8% ngéls‘ deny=7 3 by, 3
H, 0.91 (d}hﬂ&}ﬁemﬁﬁtﬁzﬂce@j BhHadhr@Thd 2hin8d¢ mebbrpsthina®ofids < ﬂhﬁ}g Hz, 3 H),
1.40- 1.47 L(mmjmcl'ﬂ)(ﬁ 198 1 Tie ARtliwab hibhted 2t @B Hder A58 e 15hofrstd L H)
212 - 2.19 “375 4 48 (dd,
J=12.9. 6. F d te r%%m teznp§(§aturezTg@-)reéaﬁillonzmll?oturezwaééhlute% (élﬁﬁlb@n%thar@ 27 (s,
3 H, 351 (90 n&)l-d)ld vaiskal Wah bBndd)2 x B3®RBL) ddeddn (ragnSivd) sulpbatd; fAgred 4. 33
(5m462('|[_i) J4a7n’aivﬁ ateé‘r@d&ness t3 aﬁ}érd alddik br&bw?@)aﬁfj(QS ZtheSoam: v@as'é%rlﬁéd H) ,

1 H), 7.26 {¥pey gl @i e %@degraﬂwet i With@%% IngFagh 2

H), 8.09 (ctpaﬂfgﬁdXVlilﬂ;(lP5ﬂ)g,68‘%a(as@nlpff3wﬁte'5pdﬂzderl H), 8. 22 (dd, J=8.8, 1 8
Hz, 1 H, 826 (s, 1 H, 833 (s, 1 H, 842 (s, 1 H, 889 (s, 1 H 25]a]
= 96.7- 0 -c 9 ( 0.3492 w/v % MeOH) Prepn of the .H2SO4 salt of

t he corBoundi8 AoR 01 8 34PXYIHPZA 0/ 066668) - 63- Corrpound 17 (15.0 g,
0.0189 nol) and et hanol (75 rrL) were charged into a three-neck flas under
N2. The mxture was heat ed tg - OC anqolstl rred fq nut es. N \\@ ution
of sul furic aciid @ g, 0-—029%Wol ) in éthanol (J L}t%_@%ﬁﬂpwi se
during 1 hogﬁéﬂﬁ6 @ <® M ¥t e was stl’rreMHz t 03/ h&u¥'s under N2.
The 5m xtur N\)@@ t hen cool ed t - 30C and stirred for agther 1 to 2
hours. The resul ti ng gmspensi on s filtered and vacuum dried at 50-60C for
at least 12 houyKs resulting in 16 g (94.8% white solid Ich was anal yzed
to be the . H2SX4 salt of corrpound 17. Aqueous solubility in ng/m_ of
this .HZSO4 salt at pH 1.2 32.23; at pH 2.2 = 13.34, 10at pH 4 0. 26; at
pPH 7.4 = 0. 000 a]f 5013%101{) |o_lf X1\27Hb (968%1{;, 1.48 mmol) in CH,Cl, (25mL) was added HCI (5-6 M

in isopropanol, 5 mL). The mixture was stirred at room temperature overnight. The

25  solvent was evaporated, the obtained solid was dried in vacuum and used as such in the

next step.



3.3.4 preparation of conmpound 18 3.3.4.1 Preparation of internediate
XXId(A= ; PG= Boc; R = HATU DI PEA -0 NH OH O :( 00 )00/1b

15 To a swbhubils4sshh XXVIb (3.33 g, 6.07 mmol ) in dry DMPCTAR20m)6666ms added
DI PEA (1.57 L, 9.104 mmol ) and N-(nethaoxycarbonyl)-0-nethyl-L-threonine
(1.29 g, 6.68 mmol ). This was stirred 5 m nutes before HATU (2.53 g, 6.68

mml ) was added and the reaction was stirred 30 mnute t room
tenperature, ¢ The I =JoRpY WG Q@m e (100 nL) and
washed sat ura ] B X ni ¢ phase was

dried over MgSHA4, filtered, eva rated and the obt ai ned corrpound was
used as such in _next step. 531

1/ 054%@4 PCT/ ER I—! 66668 \T?S) N

3.3.4.2 Prepar @ nrm\ﬁite XX Td (A= 1Y
7’ x.HCI
o XVilb Vil

XVIIb (19.52 g, 30.1 mmol, 1.00 equiv.) was dissolved in dichloromethane (200 mL)

5 and HCI in isopropanol (5-6 N, 300 mL) was added. The reaction mixture was stirred
for 1 hour at room temperature. tBuOMe (1000 mL) was added to the suspension and
the slurry was stirred at roomtemperature for 30 minutes. The filtered solid was rinced
with tBuOMe (2x 100 mL) and dried under vacuum overnight to afford XVIIIb as a
powder (15.2 g).

10 '"H NMR (400 MHz, MeOD-ds) 8 ppm 2.15 - 2.37 (m, 2 H), 2.37 - 2.52 (m, 2 H), 2.52 -
2.69 (m, 2 H), 2.69 - 2.88 (m, 2 H), 3.56 - 3.71 (m, 4 H), 5.19 - 5.41 (m, 2 H), 7.90 -
8.02 (m, 3 H), 8.05 (dd, J= 8.6, 1.6 Hz, 1 H), 8.10 - 8.25 (m, 4 H), 8.30 (d, /~1.4 Hz, 1
H), 8.47 (d, J=1.2 Hz, 1 H)

4
15 Example 2a — synthesis of compounds of formula XXVI and XXVII (A=" OO )

4
2a.1 preparation of intermediate XXVb (A= E% : PG= Cbz; PG’= Boc)

. H

o,

%
SI. o

¥ b m OO 7 @
RZES b
N N o)\o
Og\ PdCly(dppf), NaHCO;
[e} Dioxane/water XXVb %

a@

To IXb (2.63 g, 5.37 mmol), IIb (2.80 g, 6.99 mmol), PdCL(dppf) (298 mg,

20 0.537 mmol) and sodiumbicarbonate (1.354 g, 16.12 mmol), dioxane/water (50 mL,
5/1) was added. The reaction was heated for 13 hours at 80°C under argon atmosphere.
The reaction mixture was cooled to room temperature, diluted with dichloromethane
and brine was added, the mixture was filtrated over decalite and the organic phase
seperated. The organic phase was dried with MgSQy, the solvent was removed under



40. To a solution of XXId (4.38 g, 6.07 nmol) in

di chl oronet hane (40 nlL) was added 5-6N HCl in isopropanol (50 nlL) and the
m xture WO 20t1/05u83d at roomtenperature for 4 5 hours. PBUARIIODEG6sL) was
added and the slurry was stirred at roomyienperature for 30 m nutes. The
filtered solid was rinced with tBuOvw (50 nL) and to the filtrate was added
again tBuOwve (100 nL). New precipitates were forned, filtered and washed

wi t h t BuOveredwied ppesewicpind aueScdiey eolomh|chmnerdo graphyplgsaskeant iftom/@oudlm oven

over ni ght. rﬁétﬁgﬂtﬁﬁnéﬁzgg)%&gel@@ﬂi’ﬁ%io% asmhjte powder (3.61 g) and used

as such in next step. . 4.3 Preparation of conpound 18 15 HATU
(1.97 g, 5.189 mml), DIPEA (4.26 nL, 24.7 ) and _ _
N- met hoxy caf 0pphbhimiiSiPb L kirMediaRX ¥ ¢ B 15 e Bakep@i=sgphved in dry

DMF (10 nmL) and stirred for 5 mnutes at roomtenperature before XXl Id
(3.61 g, 4.94 mmol if x HCL equ 3 HCl) WD 2011/054834PCT/ EP2010/ 066668
-65- was added. After 1 hour ata;(ngterrperature, concentrated HC1 (3 nl)
was added and this was stirred fof ﬁyt@ The reaction was neutralized
with Na2C®B, diluted with dichl oromethane®(50 nL) and washed water (2 x 100

mL). The organi hase was dried over ng concentrated under Hre@k:ed
; i f “(S°N

pressure andmﬁ»% purified by Ilg%n C?‘H*N\N OQ \ﬂ O%O
N N j

N

we %o Pact 0 e xxve
A stirring solution of VIIIc¢ (36.1g, 75.8 mmol), IT1a (28.5g, 68.89 mmol) and
sodiumbicarbonate (17.36g, 206.7 mmol) in dioxane/water (500 mL, 5/1) was flushed
with nitrogen for 10 minutes before addition of PACly(dppf) (5.04g, 6.889 mmol). The
mixture was heated for 15 hour under Argon at 80°C. The reaction was cooled to room
10 temperature, diluted with dichloromethane (500 mL) and washed with brine
(2x300 mL). The organic phase was dried over MgSQy, filtered and evaporated to yield
a black foam. The mixture was stirred in EtOAc (300 mL), the black precipitates were
filtered off and the cake was washed with more EtOAc (200 mL). Heptane (1.5 L) was
added slowly to the EtOAc-filtrate and the precipitate was filtered. to yield XXVe
15 (28.35 g, 60%)

4
2a.3 preparation of XXVIIb (A= E% . PG’= Boc)
N H (s) N H
TR e QAT
=0 S H

Ha 0

@ XXvb #\ %

20  Potassium carbonate (334 mg, 2.42 mmol) was added to a solution of XXVb (2.086 g,
3.054 mmol), Pd/C (10%, 0.5 g) and some drops of water in methanol (40 mL). The
reaction was placed under an hydrogen atmosphere for 2.5 hours. The mixture was
filtrated over decalite, the solvent was removed under reduced pressure and the product
was purified by silica gel column chromatography (gradient of methanol in CH,Cl,

25  from 0-3%, then CH,Cl, methanol/NH3(7N) from 3-10%) to yield XXVIIb (1.018 g,
61%).



5chr omat ogr aphy (nethanol in CH2Cl2) to yield 18 (2.17 0. [a] D2o _ -139.97
(c 0.3558 wv % MeOH) Preparation of the .2HCl. 4H20 salt of the conpound
18 HN | iwoQo11/66@83Conpound 18 (485 ny; 0.611 muol) was @#CTgrkamesdcdons i Pr OH
(15 nlL, 6N HC1l) and the volatiles were rggoved in vacuum Acetonitrile (10
m.) was added and the m xture was heated at 40C for 10 mnutes to afford a

sticky precipitate. Water (0.4 n) we dded to afford a col orl ess
sol ution. Ase 1% élra'l$ fﬁﬁb)A-ﬂﬁQ%‘% e to afford 15a sticky

precipitate: aporated at 40Cto afford a
honpbgeneous sol ution. Again, acetonitrile (20 nL) was added and no
preci pitate was forned. The r@ dual

¢ @ ati‘on, at

: @-'- by repegted addit He )

30C under redgced ‘ of @% tanitrile (4 The obt ai'ned
powder was ¢ s ed |nx9\;;eton| tri-le at roem 20 t 5aturex,[\,|g a cl osed round
bottonmed fl as[fovernl ght, filtered and i nmedi atel y dried under vacuum
overnight to aﬂord a slightly yell ow powder (365 . The obtained solid
was anal yzed to have C43H52N807.2 HCLl. 4H20 by el enmental analysis, Anion |on
chr omat %gr aphy and H20 titration 25Anal. Calcd for C43H52N807.2 HCLl. 4 H20:
C 55.07,° H6.66, N 11.95. Found: C 54.54, H 6.54, N 12.18 Calc.4 H20: 7.68,
Found: 7. SSEothﬂmnﬁmbmmlt@glr&g,IﬂA 1 amiod).9 Equbie.) wais @tlded. tba ratimel of 70 36 [a] 2Do

-97.53 - DE- d
280K) 6 pp chcgg‘é Wy&&z@’?ﬁ%‘b B, E@l&?gp) %@W %% 1 14
(m 1 H, 1(51rBL)(m a 19ed botkgmed3flask (2 1) 3khe reacsion (mixtute wps star ndzr 02 (m 1

, 2.04 - o 2.40 -
H) 52 (m ké()d;@g& @m&sp‘ﬁ'}pe ogzerjxg%htzTﬂe% Qdﬂltl@l_iﬁaWata%stZ@O /oZP@I@_%é g)%wés?}'c?d’eg 00 (m

WO 21@1 1/%§4h%ma@1q@2@arsmé%@r Sgged ppder g, érogelaa@wp re forid howss. o3
301( ITPD 1 Ten, édcﬁﬁorfambotasslrﬁm cArbélaté ¢l g;]3=437 &mdl, 7.9Kguiv) alrﬁi,cat‘ély@ﬁ(l()%SSJ( (7:| 6
2y 31D DO ek factyags BeBiede s Rt 60 i e g 7
=8.5 Hz, 1Thd) rea(Blthmé(dJ,re a8 fieted ovidr dpglit@siR2d phd, (dlatcﬁnaﬁ;:oub fHtekriaid) mndl-l)
.26 (s, 1 1 ; 1!61), aration
of cogrpound\'ggs{k1 ?%Iﬁaga&i? fggﬂlil) Tﬁélﬁm aﬁv%g)réfédltoé gé)?osvp%sp
conpound 5 POWAIATDIGHAES m@somdmdm@mmetmmoe 011330d pias ezimmterml b
(200 ng, O.%H hrlécf or%mb@esﬁ%ﬁilﬁha‘ﬂe miétediﬂﬂi evaporated to dryness. The
(S)-2-cycl Ip g%/ émet ho bonyl a cet IIC Ci d (7145 gg 0. 84 mol)
were mixed t%‘a b Hlaléﬁr’;? (Vvsaw‘?a iAo afiEE bl oliaer AP RRisEERBY 5 hour
at room t enfedsdadnt elitioMAGIR 5 Wagcthatte th diohlotdirethanct full@wydBy 5-10% methanol
(7N NHs) in dichloromethane) to provide XXVIb as a light brown powder (13.85 g,
20 65%).

Ell:-bl\)l\.)

00 & G

Example 2b — synthesis of N-Methoxvcarbonyl amino acids

2b.1 Synthesis of (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid

25
/O\H/CI
(6]
HoN - . HN

o) O )
/ O OH

To L-Valine (20 g, 167.3 mmol) in a stirred aqueous NaOH (1M, 167 mL) solution in a
round bottom flask (1 L), sodium carbonate (8.866 g, 83.6 mmol) was added. The flask
30  was cooled to 0°C in an ice-water bath. Methyl chloroformate (17.4 g, 184 mmol) was
added drop wise and the reaction mixture was allowed to stir for 15 hours and reach
room temperature. The reaction mixture was separated with ether (3 x 200 mL), and the

aqueous layer was contained in a round bottom flask and cooled in a ice-water bath.



15 washed twice with saturated NaHCO3. The organi c phase was dried with
My504 and after filtration, the solvent was renoved in vacuum The m xture
was puri fweaotosssski cagel col utm chromat ogr aphy (gradi eRCTAHPM10066668 t h 0- 5%
MeOH in CH2C12) to yield conmpound 5 (10Q47rg, 38% . 203.4.2 Synthesis of
compounds 6 to 8, 10, 12, 14, 15, 19, 20, 21 Conpound 6 can be synthesized
follow ng the procedure reported for conpound 5 using
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(s, 6 H, 3.82 .00 (m 2 H, 413 - 4.23 (m 2 H, 4.24-4.31 (m 2 H,
525531 (m H »5534-5.41 (m 1 H, 7.84 - 7.91 (m 2 H, 7.94 - 8.05
(m 3 H, 807 0 &H7 (m 3 H, 825833 (m 2H) Conmpound 10 can be
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(S)-2-cycl opropyl-2- (nethoxycarbonylanrno)acetlc acid. 15 Cbnpound 14 can
be synthesized fal ng the procedure reported for conmpound 5 using

(R) - 2- (et hoxycar yl am no) - 2- phenyl acetic acid instead of

(S)-2-cycl opr 2- (et hoxycar bonyl am no) aceti c acid. Conpound 15 can be
synt hesi zed follo g the procedure reported for conmpound 5 using
(S)-2-cycl opentyler- (et hoxycar bonyl am no) acetic acid instead of

20(S) - 2-cycl opr opyl- 2- (net hoxycar bonyl am no) aceti c aci d. Conpound 19 can be
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from conmpound (5)A/1Na and (R -VIllc in contrast with the synthesis of

(S,S-XXvc from () ~/111a and (5)-Yule. (R -VIllc can be prepared as
exenplified fenLb)-Yule by using CBz-DProline instead of CBz-L-Proline. 30
Al'l conpoun re=gharacteri zed by LG M5. Method A: Liquid Chronatography:

Waters Allid&nce 2695, UV detector: Waters 996 PDA, range: 210-400 nm Mass
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rate was 0.6 nL/mn. Table la - conpounds of fornmula | The stereogenic
carbon atom adj acent to the nitrogen of the pyrrolidine ring attached to
15t he berOmdzsedse group has for all conpounds in thisPTCaPeolAcEss " S"
configuration. The stereogenic carbon atggn adj acent to the nitrogen of the
pyrrolidine ring attached to the im dazole group has for all conpounds in
this Table la an "S" configuration. WO 2011/054834PCT/ EP2010/ 066668 - 69-
Comp nr. @5S,3R)-3-mbthbx 2 a@ictidxysarbimsdamo tbukaesc {chd-hs Rintl{dMzad pinkviat hod 2

/0 HN /0 N!_rlﬁéthoxycarbonyl-L-Valine, using O-Methyl-L-Threonine instead of L-Valine.

Dichloromethane extraction was carried out 10 times instead of 3 times.

5  2b.6 Synthesis of (S)-2-(methoxycarbonylamino)-4-methylpentanoic acid

HN

/N ok

An aqueous NaOH (1M, 2.6 mL) solution is added, while stirring, to L-Leucine (4 g,
30.5 mmol) in a round bottom flask (250 mL). To this solution was added sodium

10 carbonate (1.62 g, 15.2 mmol). The flask is cooled to 0°C in an ice-water bath. Methyl
chloroformate (2.6 mL, 33.5 mmol) is added drop wise and the reaction mixture is
allowed to stir for 15 hours and reach room temperature. The reaction mixture is
separated with ether (3 x 50 mL), and the aqueous layer is contained in a round bottom
flask and cooled over an ice-water bath. Concentrated HCl (aq) is added drop wise until

15  pH 2. The reaction mixture is brought to room temperature and extracted with
2-Me-THF (3 x 50 mL). The organic layers are pooled, dried (MgSQj), the solids
removed by filtration, and the solvents of the filtrate removed under reduced pressure.
The compound was purified by silicagel chromatography with gradient elution from
CH,Cl, to CH,Cl,/MeOH/acetic acid 17/2/1. Fractions containing product were

20  combined and the solvent were removed in vacuum, resulting in N-methoxycarbonyl-L-
leucine (1.9 g, 32 %).

2b.7 Synthesis of (S)-4-methoxy-2-(methoxycarbonylamino)butanoic acid

o] Oo—
0 —0 2) N\ al HN«
/ e —— o)

. O

To Boc-O-methyl-L-homoserine-dicyclohexylamine salt (5 g, 12.1 mmol), was added
HCl in isopropanol (5-6 N, 50 mL). The mixture was stirred overnight. The volatiles

were removed and the residue was dried in vacuum. To the obtained residue, water
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(10 mL) and NaOH (19 M, 2 mL) were added, while stirring. To this solution was
added sodium carbonate (2.89 g, 27.3 mmol). The flask was cooled to 0°C in an ice-
water bath. Methyl chloroformate (2.17 mL, 27.3 mmol) was added drop wise and the
reaction mixture was allowed to stir for 15 hours and reach room temperature. The
solvent was removed and the residue was purified by HPLC (RP Vydac Denali C18 -
10um, 250g, Scm). Mobile phase (0.25% NH4HCO; solution in water, MeOH +
CH;CN), the desired fractions were collected, and the solvent removed, yielding.
N-Methoxycarbonyl-O-methyl-L-homoserine (1.77 g, 76%)

2b.8 Synthesis of (2S.3R)-3-hydroxy-2-(methoxycarbonylamino)butanoic acid

OH

HN
/ O«o OH °
An aqueous NaOH (1 M, 167 mL) solution is added, while stirring, to L-Threonine
(20 g, 30.5 mmol) in a round bottom flask (1 L). To this solution was added sodium
carbonate (9.8 g, 92.3 mmol). The flask is cooled to 0°C in an ice-water bath. Methyl
chloroformate (14.3 mL, 184.7 mmol) is added drop wise and the reaction mixture is
allowed to stir for 15 hours and reach room temperature. The reaction mixture is
washed with CH,Cl, (3 x 50 mL), and the aqueous layer is contained in a round bottom
flask and cooled over an ice-water bath. Concentrated HCI (aq) is added drop wise until
pH 2. The aqueous solution is brought to room temperature and the water is removed in
vacuum. The residue was taken up in a 2:1 mixture of MeOH/CH,Cl, (150 mL, filtered
and washed with 2:1 mixture of MeOH/CH,Cl, (50 mL). The filtrate was concentrated
and dried in vacuum at 40°C, resulting in white foam (29.1 g, 98 %).

2b.9 Synthesis of ($)-2-cyclopentyl-2-(methoxycarbonylamino)acetic acid

HN

O
/ o OH

(8)-2-cyclopentyl-2-(methoxycarbonylamino)acetic acid was synthesized similar to
N-methoxycarbonyl-L-Valine, using (S)-2-amino-2-cyclopentylacetic acid instead of
L-Valine.

1
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2b.10 Synthesis of (25,3 R)-2-(methoxycarbonylamino)-3-methylpentanoic acid

7

7’
HN

/o’< ’

O OH

(25,3R)-2-(methoxycarbonylamino)-3-methylpentanoic acid was synthesized similar to
5  N-methoxycarbonyl-L-Valine, using (2S,3R)-2-amino-3-methylpentanoic acid instead
of L-Valine.

2b.11 Synthesis of (R)-2-(methoxycarbonylamino)-2-phenylacetic acid

10 OH

To a solution of (R)-2-amino-2-phenylacetic acid (14 g, 92.6 mmol) in water (250 mL)
was added LiOH (14.8 g, 618.7 mmol) at 0°C and the mixture was stirred for 15
minutes. To this solution, methyl chloroformate (17.9 mL, 231.5 mmol) was added drop
15  wise and the mixture was stirred for 2 hours at 0°C. The mixture was then acidified
until pH 1 with concentrated HCI. The mixture was extracted with EtOAc and the
organic phase was concentrated in vacuum. The residue was dried overnight in vacuum,
resulting in (R)-2-(methoxycarbonylamino)-2-phenylacetic acid (11.8 g; 60.9 mmol).

20 Example 3 - synthesis of compounds of formula I

3.1. preparation of compound nr. 1

/0 $JHN O
NG
/N U \N
N B! HATU, DIPEA Z
H U N~ S NH
NS N H \LS
I g : 7

xvaXHCI DMF >_&¥OH Q N/J
a S) S
P >x_z€/ 0

N_/<O_ 1 N—<

Y
z
|

25  Dry pyridine (5 mL) was added to compound XVIIIa (267 mg, ~0.49 mmol), and the
solvent was removed in vacuum, this was repeated twice more. Then, dry DMF (5 mL)
DIPEA (0.845 mL, 4.91 mmol), HATU (466 mg, 1.23 mmol) and N-methoxycarbonyl-
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L-Valine (215 mg, 1.23 mmol) were added. The mixture was stirred for 2 hours at room
temperature. The same equivalents of reagents were added again and the mixture was
further stirred for 2 hours. CH,Cl, (20 mL) was added and the mixture was washed with
10 % citric acid (20 ml) followed by saturated NaHCOs. The organic phase was dried
on MgSO, and the solid were removed by filtration. The solvent was evaporated and
purification was performed by silica gel chromatography (0-10% methanol in CH,Cl,),
resulting in compound 1 as a solid (170 mg, 0.226 mmol). Method A: Rt: 4.18 min.
m/z=: 713.4 (M+1)+ Exact mass: 712.37; "H NMR (400 MHz, DMSO-ds): 12.99-11.63
(2H,s (br)), 7.88-7.44 (8H, m), 7.36-7.26 (2H, m), 5.26-5.16 (1H, m), 5.06-5.14 (1H,
m), 4.14-4.04 (2H, m), 3.90-3.77 (4H, m), 3.55 (6H, s), 2.32-1.94 (10H, m), 1.00-0.79
(12H, m).

3.2 preparation of compounds 2 to 4

Compound 2 was synthesized following the procedure reported for compound 1 using -
N-Methoxycarbonyl- O-Methyl-L-Threonine instead of N-Methoxycarbonyl-L-Valine.
Compound 2. '"H NMR (400 MHz, DMSO-dj): 12.12 - 12.26 (1H, m), 11.69 - 11.83
(1H, s (br)),7.33-7.86 (8H, m), 7.18-7.31 (2H, m), 5.15-5.25 (1H, m), 5.05-5.13 (1H,
m), 4.25-4.38 (2H, m), 3.77-3.95 (4H, m), 3.55 (6H, s), 3.45-3.52 (2H, m), 3.20 (6H, s),
1.79-2.38 (8H, m), 1.14-1.06 (6H, m).

Compound 3 was prepared following the procedure reported for the synthesis of
compound 1 using intermediate XVIIIb instead of intermediate XVIlIa.

Compound 3. '"H NMR (400 MHz, DMSO-ds) & ppm 8.34 (2 H, s), 8.21 (1 H, s), 8.19
(1 H, d, J=8.69 Hz), 8.06 - 8.11 (2 H, m), 8.00 (1 H, dd, /=8.88, 1.61 Hz), 7.88 - 7.96
(2 H, m), 7.86 (1 H, d, /=8.48 Hz), 7.32 (1 H, d, /=8.48 Hz), 7.34 (1 H, d, J=8.53 Hz),
5.27(1 H, dd, /=8.17, 5.33 Hz), 5.17 (1 H, t, J/=7.00 Hz), 4.15 (2 H, t, J/=7.95 Hz), 3.84
-3.96 (4H, m),3.56 (6 H, s),2.38 -2.47 (2 H, m), 1.95-2.30 (8 H, m), 0.86 (3 H, d,

J=6.70 Hz), 0.85 (3 H, d, J=6.70 Hz), 0.81 (6 H, d, J=6.63 Hz).
[c] 3= -148.98 ° (¢ 0.3336 w/v %, MecOH)

Alternative preparation of compound 3 and the corresponding HCI salt

H
ey \7% y
0 0

2T

~
)
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N-methoxycarbonyl-L-Valine (3.09 g, 17.7 mmol, 2.1 equiv) was dissolved in dichloro-
methane (300 mL). Triethylamine (11.7 mL, 84.1 mmol, 10 equiv) and (1-cyano-2-
ethoxy-2-oxoethylidenaminooxy)dimethylamino-morpholino-carbenium hexafluoro-

5  phosphate were added (7.57 g, 17.7 mmol, 2.1 eq). The reaction mixture was stirred at
room temperature for 5 minutes, after which XVIIIb was added (5 g, 8.41 mmol in case
x.HClI equals 4 HCI). Stirring was continued for 30 minutes. HCl in iPrOH (6N) was
added to the mixture (until pH = 2), and the resulting mixture was stirred for 5 minutes.
The solution was then washed with saturated aqueous sodium carbonate (2 x 200 mL)

10 and once with brine (200 mL). The organic layer was separated, dried on magnesium
sulphate and filtrated. After removal of the solvent in vacuum, the obtained residue was
further dried in vacuum to afford an orange powder (6.84 g)

The powder was purified by silica gel column chromatography using gradient elution
15 with 0 to 10 % MeOH (7N NH3) in dichloromethane, resulting in compound 3 (2.81 g)
as a foam.

Compound 3 was dissolved in iPrOH (40 mL) and HCI (6N in iPrOH, 10 mL) was
added. The volatiles were removed in vacuum. Then, iPrOH (30 mL) was added and the
20  mixture was heated at reflux. The solution was cooled to room temperature and stirred
at room temperature for 4 days. tBuOMe (100 mL) was added to the solution, resulting
in white precipitation, which was filtered, washed immediately with tBuOMe (3 x
10 mL) under nitrogen atmosphere and dried under vacuum at 40°C. The residue was
mixed with acetonitrile and evaporated to dryness (2x). The residue was stirred in
25  acetonitrile (150 mL) and the mixture was sonicated for 10 minutes. The precipitate was
filtered under nitrogen atmosphere, washed twice with acetonitrile (50 mL) and dried in
vacuum at 40°C, resulting in a slightly yellow powder (4 g).

HCl salt of compound 3:

[c] 3= -110.02 ° (589 nm, 20 °C, ¢ 0.429 w/v%, MeOH)
30 'HNMR (600 MHz, DIMETHYLFORMAMIDE-d;, 280K) & ppm 0.86 (d, J=6.6 Hz,
6 H), 0.95 (d, /=7.0 Hz, 6 H), 2.03 - 2.20 (m, 2 H), 2.26 - 2.37 (m, 3 H), 2.39 - 2.61 (m,
5H),3.61 - 3.63 (m, 6 H), 3.93 - 4.01 (m, 2 H), 4.23 - 4.32 (m, 2 H), 4.32 - 4.39 (m,
2 H), 5.49 (t, J=7.5 Hz, 1 H), 5.52 (dd, J=8.3, 5.3 Hz, 1 H), 7.22 (d, J=8.8 Hz, 1 H),
7.27 (d, J=8.8 Hz, 1 H), 7.98 (d, J=8.6 Hz, 1 H), 8.01 (dd, J=8.6, 1.1 Hz, 1 H), 8.03 (dd,
35 J=8.8, 1.8 Hz, 1 H), 8.09 (d, /=8.8 Hz, 1 H), 8.19 (d, /=8.8 Hz, 1 H), 8.22 (dd, J=8 4,
1.8 Hz, 1 H), 8.25 (s, 1 H), 8.32 (s, 1 H), 8.41 (s, 1 H), 8.88 (s, 1 H).
Anal. Caled for C4,HsoNsOg . 2 HCL . 4 H,0: C 55.56, H 6.66 , N 12.34. Found: C
55.00, H 6.60, N 12.30
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Compound 4 was prepared following the procedure reported for the synthesis of
compound 2 using intermediate XVIIIb instead of intermediate XVIlIa.

'"H NMR (400 MHz, DMSO-ds) 8 ppm 8.07-8.30 (m, 2 H), 7.88 - 7.98 (m, 3 H), 7.73 -

5 7.87 (m,2H),7.50 - 7.67 (m, 3 H), 7.21-7.33 (m, 2 H), 5.18-5.24 (m, 1 H), 5.06-5.16
(m, 1 H), 4.31 (m, 2 H), 3.80 - 3.95 (m, 4 H), 3.56 (s, 6 H), 3.43 - 3.53 (m, 2 H), 3.20 (s,
6 H), 1.80 - 2.35 (m, 8 H), 1.05-1.20 (m, 6 H),

3.3 preparation of compounds 9, 11, 13. 16, 17, 18

10
3.3.1 preparation of compound 9

3.3.1.1 preparation of intermediate XIII’b

%N

% N 1) TFA f
I
HNJ@,
2) HATU
Boc/
Py ““?
Xill'a XIII b

15 To XII’a (5.3 g, 14.6 mmol) in CH,Cl, (10 mL) at 0°C was added TFA (25 mL). The
mixture was warmed to room temperature and stirred for 30 minutes. The volatiles were
removed and CH,Cl, (10 mL) and DIPEA (15 mL) were added to the obtained TFA salt
of (8)-4-i0do-2-(pyrrolidin-2-yl)-1H-imidazole. Half of this mixture was used below.

In another flask, to (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (1.77 g,

20  10.12 mmol) and HATU (3.57 g, 9.40 mmol) was added dry DMF (5 mL). DIPEA
(5 mL, 28.7 mmol) was added followed by half of the above prepared mixture of
(S)-4-i0do-2-(pyrrolidin-2-yl)-1H-imidazole.

The mixture was stirred overnight. CH,Cl, was added and the mixture was washed with
brine, 10 % AcOH and sat. NaHCOs. After drying with MgSO, and filtration, the

25  solvent was removed. The mixture was purified via column chromatography using
gradient elution from CH,Cl, to CH,Cl,/MeOH 95/5. The fractions containing product
were combined and the solvent was removed. The obtained residue was dissolved in
CH,Cl, and washed with 10 % citric acid. The water layer was carefully neutralized
with saturated NaHCO; and again extracted with CH,Cl,. The organic layers were dried

30  with Na,SO,4and after filtration, the solvent was removed. The obtained XIII’b
(790 mg, 26 %) was used as such in the next reaction.
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3.3.1.2 preparation of intermediate XXIb (A= ’% : PG=Boc: R’= H )
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NaHCOs, THF/H,O, it
Pd(dppf)Cl, N N -
FO 0 NO

IS g

XXIb o

—0

5  XVIb (867 mg, 1.61 mmol), XIII’b (790 mg, 1.88 mmol), sodium bicarbonate
(316 mg, 3.76 mmol) and Pd(dppf)CL, (138 mg, 0.188 mmol) were dissolved in
THF/H,0 (2.5 mL, 4/1) and heated in the microwave for 60 minutes at 100°C. The
reaction mixture was filtered over dicalite, the volatiles were removed from the filtrate
by rotary evaporation and the residue was purified by silica gel column chromatography

10 (gradient elution from CH,Cl, to CH,Cl,/MeOH 9/1) The fractions containing XXIb

were pooled and the solvent was removed under reduced pressure, yielding XXIb as an
off white powder (580 mg, 44 %).

Alternatively, compound XXIb, can be obtained starting from compound XXVIb

15  similar as described in the synthesis of compound XXlIe¢ from XXVIb, with the
exception that for the synthesis of XXIb (S)-2-(methoxycarbonylamino)-3-methyl-
butanoic acid is used instead of (2S,3S)-2-(methoxycarbonylamino)-3-methylpentanoic
acid, that is used in the synthesis of XXIe¢.
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3.3.1.3 preparation of compound 9

A~y
O)AN Q HNJI',,' 1) HCI
N H
O>§O h NQ 2 HATU || Ho o
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/

O
XXlb /
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(@]
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To XXIb (580 mg, 0.822 mmol) in CH,Cl, (10 mL), HCl in iPrOH was added (5-6 N,

3 mL). The mixture was stirred at room temperature for 2 hours. The volatiles were
removed and Hunigs’ base (0.53 mL, 4 eq) in DMF (5 mL) was added. This mixture
was added to a premixed (10 minutes) solution of HATU (469 mg, 1.23 mmol, 1.5 eq),
(25,3 R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid (318 mg, 1.64 mmol, 2 eq)
and Hunigs’ base (0.15 mL, 1.1 eq) in DMF (5 mL).The reaction mixture was stirred for
30 minutes. 15 drops of conc. HCI were added and after 15 minutes the volatiles were
removed by rotary evaporation. The residue was purified by silica gel column
chromatography by gradient elution from CH,Cl, to 9/1 CH,Cl,/MeOH (7 N NH3).The
fractions containing the product were pooled and the solvent was removed under

reduced pressure yielding product 9 as a white powder (121 mg, 18 %). [a]} =
-137.04° (¢ 0.3736 w/v %, MeOH).

'"H NMR (600 MHz, CDs0D-ds) & ppm 8.04 - 8.25 (2 H, m) 7.37 - 7.97 (8 H, m), 5.33
(1 H, dd, J=4.7, 7.9 Hz), 5.21 (1 H, dd, J=5.6; 7.9 Hz) 4.48 (1 H, d, J=4.7; Hz) 4.25 (1
H, d, J= 7.6 Hz), 3.86 - 4.04 (4 H, m) 3.68 - 3.73 (1 H, m) 3.63 - 3.68 (6 H, m) 3.27 (3
H,s)1.99-2.49 (9 H, m) 1.14 - 1.19 (3 H, m) 0.95 - 0.99 (3 H, m) 0.90 - 0.93 (3 H, m)

3.3.1.4 preparation of compound 13

Compound 13 can be synthesized similar as described in the conversion of XXIb to

compound 9, using (25,3S)-2-(methoxycarbonylamino)-3-methylpentanoic acid instead

HN
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of (25,3 R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid. [o] 2D0= -147.6 ° (c
0.3618 w/v %, MeOH).

'H NMR (400 MHz, DMSO-dg) & ppm 11.71 - 12.51 (2 H, m) 7.51 - 8.31 (10 H, m)

5 7.22-7.39(2H,m)5.06-545(2H, m)4.02-4.19 (2 H, m) 3.75 - 3.95 (4 H, m) 3.52 -
3.57(6H, m) 1.81-2.30 (9 H, m) 1.65-1.79 (1 H, m) 1.39 - 1.53 (1 H, m) 1.02 - 1.14
(1 H, m) 0.74 - 0.98 (12 H, m)

3.3.2 preparation of compound 11

o
g
10 3.3.2.1 preparation of intermediate XIXb (AZE 2;; PG= Boc: R= ° N )
=0T
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HATU (776 mg, 2.04 mmol), DIPEA (0.48 mL, 2.78 mmol) and (S)-2-(methoxy-

15  carbonylamino)-3-methylbutanoic acid (357 mg, 2.04 mmol) are dissolved in dry DMF
(10 mL) and stirred for 5 minutes at room temperature. XXVIIb (1.018 g, 1.855 mmol)
was added and the reaction was stirred 1 hour at room temperature. Dichloromethane
(100 mL) was added and the mixture was washed with saturated NaHCOs-solution (3 x
100 mL). The organic phase was dried over MgSQy, filtrated and the solvent

20  evaporated. The residue was used as such in the next reaction.

)
Lo I
3.3.2.2 preparation of intermediate XXb (A= % :R= ° N )

[\ O
74
Ny o Qﬁ
S H H N
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(0] XXb . xHCl
A
25

XIXb( 1.309 g, 1.855 mmol) was dissolved in CH,Cl, (10 mL) and HCI in iPrOH
(5-6 N, 15 mL) was added. The mixture was stirred for 35 minutes at room temperature.

tBuOMe (50 mL) was added and the slurry was stirred at room temperature for



5.93 A Table I b - further conpounds of fornmula | Corn p nr. Z(* denotes
point of attachnment) Z' (* denotes point of attachnment) A Exact Mass
Observe owbkesl/osksH) Rt . (M n.) Method 20 HN o / HN / OPCTEPA@0/DE68L 793. 4
5.43 A 21 -57-

30 minutes. The filtered solid was rinced with tBuOMe (50 mL) and dried in vacuum
oven at 40°C to yield XXb (1.137 g).

3.3.2.3 preparation of compound 11

| .@(j -0
HNY N/> N J—NH  OH
(NG .xHCl H O

R)/
(S)
XXb /Oﬁo

™ 4
11 0 Z]/

HATU (858 mg, 2.26 mmol), DIPEA (0.808 mL, 4.69 mmol) and (2S, 3R)-3-methoxy-
2-methoxycarbonylamino)butanoic acid (432 mg, 2.26 mmol) are dissolved in dry DMF
(10 mL) and stirred 5 minutes at room temperature. XXb (1.137 g, 1.59 mmol) was
added and the reaction was stirred 2 hours at room temperature, after which more

10  DIPEA (1.5 eq) was added and the mixture was stirred for 1 hour more.
Dichloromethane (100 mL) was added and the mixture was washed with saturated
NaHCO3-solution (3 x 100 mL), organic phase was dried over MgSO4, filtrated, the
solvent evaporated and purified on column using a gradient from 0 to 5% methanol in

20
dichloromethane to yield 11 (585 mg, 47%). [a.]D =-134.69 ° (¢ 0.3638 w/v %, McOH)

15
"H NMR (400 MHz, DMSO-ds, NH exchanged with D,0) & ppm: 0.78-0.91 (m, 6 H)
1.05-1.19 (m, 3 H), 1.86 - 2.30 (m, 9 H), 3.21 (s, 3 H), 3.46 - 3.62 (m, 7 H), 3.78-3.96
(m, 4 H), 4.02-4.16 (m, 1 H), 4.26-4.40 (m, 1 H) 5.05 - 5.16 (m, 1 H) 5.18 - 5.26 (m, 1
H), 7.53-8.33 (m., 10 H)

20

3.3.3 preparation of compound 16 and 17

/
g
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HN
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3.3.3.1 Preparation of intermediate XXIc(A= % : PG=Boc: R’= %%)
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conpounds of formula | Replicon assay The conpounds of formula (lI) were
exam ned wonroiwmisissiut ory activity in the HCV replicon. TRCI/EPed0Ob@&GS assay
is based on a bicistronic expression consgruct, as described 10by Lohmann
et al. (Science (1999) 285: 110-113; Journal of Virology (2003) 77:
3007-3019) with nodifications described by Krieger et al. (Journal of
Virol ogy (2001) 75: (4%4624) and Lohmann et al. (Journal of Virol ogy
INT
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(2004) 78: 7904- 7915A f ON—d
strategy. 15 Stabl#t Cansf ae assay
I

utilized the stab transfected cel Muh-7 1uc/ neo hereafter referred
to as Huh-Luc). This cell line harbors an RNA encodi g
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I nternal Ri bosone Entry Site (IRES) from ence haI orryocar iti\s virus (EMCV),
preceded by a reporter portion (FfL-luciferas 1ﬁ‘r%)and a seI ect abl e mar ker

portion (neoR, neonycine phosphotransferase). onstruct is 5 flanked by
5" and 3' NTRs (non- transkﬁ\;\%regi ons) fromH “I'b. Continued culture

ti-tar get scr eeni ng

of the replicon cells in wsence of G418 i s dependent on the
replication of the HCV R’\E%e bl ansfe,qte replicon cells that
replicate HCV RNA auto Iy @ @ ncoding inter alia

| uci ferase, were used f@r-screening the v N & corrpounds. 10The replicon
cells were plated in 384 well plates in the presence of the test and

control conmpounds which were added in_yarious concentrations. Follow ng an
i ncubation of three days, HCV repli cat¥Bn was measur ed by assayl ng
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by 50% or nore specificall to reduce the abil enetically

i nked HCV tPetiispbsveanhing The reashpn auxtarc Wléreé %&@mﬁré a?émm con results
obt ai ned f olemp @ﬂm@e rsilsur@tfedtag@oexNM@ s@iuvien (20O wiah alded t6 tidinikture

transfected ﬁepaper checl§ pﬁE(ﬁ

10 dichloromethane (5 x 150 mL) and the combined organic layers were washed with

he c mpounc(ie was extracted from the aqueous phase with

saturated aqueous Na,COs- solution (150 mL), dried on magnesium sulphate, filtered
and the filtrate was evaporated to dryness to afford XXle (9.3 g) which was used as

such in next step.
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3.3.3.2 preparation of intermediate XXII¢ (A= 3 (R= “2‘&)
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XXIec (8.66 g, 12.0 mmol, 1.0 equiv.) was dissolved in dichloromethane (40 mL) and
5-6 N HCl in isopropanol (40 mL, 200 mmol, 17 equiv.) was added. The reaction
mixture was stirred overnight at room temperature. tBuOMe (400 mL) was added to the
solution and the resulting slurry was stirred at room temperature for 30 minutes. The
filtered solid was rinced with tBuOMe (2x 100 mL) and dichloromethane (100 mL) and
dried under vacuum overnight to afford XXlIlIe (8.35 g)

3.3.3.3 preparation of compound 16

16

To (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid (481 mg, 2.74 mmol) in a
round-bottomed flask (500 mL), dichloromethane (300 mL), diisopropylethylamine
(3.7 mL, 21 mmol) and HATU (1.04 g, 2.74 mmol) were added. The reaction mixture
was stirred for 5 minutes and XXIIe (2.00 g, 2.74 mmol, if x HCI equals 3 HCl,
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1.0 equiv.) was added. The reaction mixture was stirred for 2.5 hours at room
temperature. The reaction mixture was washed with saturated aqueous Na,COs-
solution (2 x 100 mL), Brine (100 mL), dried on MgSQy, filtered and the filtrate was
evaporated to dryness to afford a brown residue. The residue was purified using silica
gel column chromatography by gradient elution with 0- 5% MeOH (7 N NH3) in DCM,
to afford a white powder (1.55 g). The powder was mixed with aqueous HCI (1 M) and
methanol (15 mL) and again neutralized with saturated aqueous sodiumbicarbonate.
The mixture was extracted with DCM (400 mL). The organic layer was separated and
washed with water (4 x 150 mL); dried over magnesium sulphate and evaporated to
dryness in vacuum. Drying over weekend in vacuum oven at 40°C afforded compound
16 (1.49 g) as a white powder.

The HCI count on compound XXITI¢ was not determined. The procedure was performed
with the amounts stated above. If x HCI equals 3 HCl in the above procedure, 1.0
equivalent of HATU and (S)-2-(methoxycarbonylamino)-3-methylbutanoic acid and ~8
equivalents diisopropylethylamine were used. In the theoretical case x HCl equals 4
HCI, 1.05 equivalent of HATU and S)-2-(methoxycarbonylamino)-3-methylbutanoic

acid and ~8 equivalents diisopropylethylamine were used.

'"H NMR (400 MHz, MeOD) & ppm 0.79 - 1.05 (m, 12 H), 1.06 - 1.26 (m, 1 H), 1.42 -
1.66 (m, 1 H), 1.69 - 1.87 (m, 1 H), 1.94 - 2.51 (m, 9 H), 3.66 (2 s, 6 H), 3.82 - 4.14 (m,
4 H),423-431 (m, 2 H), 5.18-5.23 (m, 1 H), 5.27- 5.32 (m, 1 H), 7.33 - 7.53 (m, 1 H),
7.53 - 7.75 (m, 2 H), 7.75 - 8.01 (m, 5 H), 8.01 - 8.33 (m, 2 H)

3.3.3.4 preparation of compound 17
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To (2S,3R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid (524 mg, 2.74 mmol)
in a round-bottomed flask (500 mL), dichloromethane (300 mL), diisopropylethylamine
(3.7 mL, 21 mmol) and HATU (1.04 g, 2.74 mmol) were added. The reaction mixture

5  was stirred for 5 minutes and XXIlI¢ (2.00 g, 2.74 mmol, if x HCI equals 3 HCI, 1.0
equiv.) was added. The reaction mixture was stirred for 2.5 hours at room temperature.
The reaction mixture was washed with saturated aqueous Na,COs- solution (2 x 100
mL), Brine (100 mL), dried on MgSQOj, and filtered and the filtrate was evaporated to
dryness to afford a brown residue. The residue was purified using silica gel column

10 chromatography; by gradient elution with 0- 5% MeOH (7N NHs) in CH,Cl, to afford
compound 17 as a white powder (1.24 g). [a] 2D0= -158.7 ° (¢ 0.3472 w/v %, MeOH).

The HCI count on compound XXITI¢ was not determined. The procedure was performed
with the amounts stated above. If x HCI equals 3 HCl in the above procedure, 1.0

15  equivalent of HATU and (2S,3R)-3-methoxy-2-(methoxycarbonylamino)butanoic acid
and ~8 equivalents diisopropylethylamine were used. In the theoretical case x HCI
equals 4 HCI, 1.05 equivalent of HATU and (2S,3R)-3-methoxy-2-
(methoxycarbonylamino)butanoic acid and ~8 equivalents diisopropylethylamine were

used.
20

'H NMR (400 MHz, MeOD) & ppm 0.83 - 1.00 (m, 6 H), 1.10 - 1.22 (m, 4 H), 1.49 -
1.65 (m, 1 H), 1.72 - 1.85 (m, 1 H), 1.92 - 2.52 (m, 8 H), 3.27 (s, 3 H), 3.62 - 3.77 (m, 7
H), 3.84 - 4.08 (m, 4 H), 4.28 (d, ] =8.0 Hz, 1 H), 448 (d, J=4.9 Hz, 1 H), 5.16 - 5.25
(m, 1 H), 5.33 (dd, /=8.2,4.9 Hz, 1 H), 7.24 - 8.35 (m, 10 H)

25
Preparation of the .2HCI.4H,0 salt of the compound 17
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Compound 17 (315 mg, 0.39 mmol) was dissolved in HCI/iPrOH (6N HCI) (10 mL)
and the volatiles were removed. The salt was stirred at room temperature in acetonitrile
(6 mL) overnight in an open flask. The mixture was evaporated to dryness. The residual

5  water was azeotropically removed by repeated addition and evaporation, at 30°C under
reduced pressure, of acetonitrile (4 x 40 mL). The powder was then stirred in
acetonitrile at room temperature in a closed round bottomed flask, overnight, filtered
and immediately dried under vacuum overnight, to afford of a white powder (263 mg)
The obtained solid was analyzed to have C43Hs;NsO7.2 HC1.4H,0 by elemental

10 analysis, Anion Ion chromatography and H,O titration.

Anal. Calcd for C43Hs;NsO72 HC1.4 H,O: C 55.07, H 6.66 , N 11.95. Found: C 55.04,
H 6.57, N 12.09 Calc.4 H,O: 7.68, Found: 7.96; Ion Chromatography (anion) Calc: 2
CI' 7.56 Found: 7.75

15 '"HNMR (600 MHz, DIMETHYLFORMAMIDE-d;, 280K) & ppm 0.85 (t, /=7.3 Hz, 3
H), 0.91 (d, J=6.7 Hz, 3 H), 1.07 - 1.13 (m, 1 H), 1.15 (d, /=6.5 Hz, 3 H), 1.40 - 1.47
(m, 1 H), 1.98 - 2.05 (m, 1 H), 2.08 (dt, /=12.4, 7.6 Hz, 1 H), 2.12 - 2.19 (m, 1 H), 2.29
-2.37 (m, 1 H), 2.40 - 2.45 (m, 1 H), 2.48 (dd, J=12.9, 6.2 Hz, 1 H), 2.50 - 2.55 (m, 2
H), 2.56 - 2.62 (m, 1 H), 3.27 (s, 3 H), 3.61 (s, 3 H), 3.62 (s, 3 H), 3.93 - 4.04 (m, 3 H),

20 4.29-4.33(m, 2 H), 4.35 (dd, J=8.7, 7.5 Hz, 1 H), 4.50 (dd, /=8.8, 5.0 Hz, 1 H), 5.46
(t, J=7.6 Hz, 1 H), 5.53 (dd, /=8.2, 5.9 Hz, 1 H), 7.00 (d, /=8.8 Hz, 1 H), 7.26 (d, /=8.8
Hz, 1 H), 8.00 (d, J=8.5 Hz, 1 H), 8.02 - 8.06 (m, 2 H), 8.09 (d, /=8.5 Hz, 1 H), 8.20 (d,
J=8.5 Hz, 1 H), 8.22 (dd, J=8.8, 1.8 Hz, 1 H), 8.26 (s, 1 H), 8.33 (s, 1 H), 8.42 (s, 1 H),

8.89 (s, 1 H)
25
[a] 5= -96.79 ° (c 0.3492 w/v %, MeOH)

Preparation of the .H,SOj, salt of the compound 17
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Compound 17 (15.0 g, 0.0189 mol) and ethanol (75 mL) were charged into a three-neck
flask under N,. The mixture was heated to 65-70°C and stirred for 30 minutes. A
solution of sulfuric acid (2.0 g, 0.0204 mol) in ethanol (75 mL) was added dropwise
during 1 hour at 65-70°C. The mixture was stirred for 2 to 3 hours under N,. The

5 mixture was then cooled to 25 — 30°C and stirred for another 1 to 2 hours. The resulting
suspension was filtered and vacuum dried at 50-60°C for at least 12 hours resulting in
16 g (94.8%) white solid which was analyzed to be the .H,SOj4 salt of compound 17.

Aqueous solubility in mg/mL of this .H,SOy salt at pH 1.2 = 32.23; at pH 2.2 = 13.34,
10 atpH4=0.26;at pH 7.4=0.001; at pH 12 = 0.02.

3.3.4 preparation of compound 18

y
3.3.4.1 Preparation of intermediate XXId(A=; 3 PG=Boc;R’= N o )
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15  To asolution of XXVIb (3.33 g, 6.07 mmol) in dry DMF (35 mL), was added DIPEA
(1.57 mL, 9.104 mmol) and N-(methoxycarbonyl)-O-methyl-L-threonine (1.29 g,
6.68 mmol). This was stirred 5 minutes before HATU (2.53 g, 6.68 mmol) was added
and the reaction was stirred 30 minutes at room temperature. The reaction was diluted
with dichloromethane (100 mL) and washed saturated NaHCOs-solution (3 x 100 mL).
20  The organic phase was dried over MgSOy, filtered, evaporated and the obtained
compound XXId was used as such in next step.
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To a solution of XXId (4.38 g, 6.07 mmol) in dichloromethane (40 mL) was added
5-6N HCl in isopropanol (50 mL) and the mixture was stirred at room temperature for 4
5  hours. tBuOMe (100 mL) was added and the slurry was stirred at room temperature for
30 minutes. The filtered solid was rinced with tBuOMe (50 mL) and to the filtrate was
added again tBuOMe (100 mL). New precipitates were formed, filtered and washed
with tBuOMe. All precipitates were collected and placed in vacuum oven overnight.

Product XXIId was obtained as a white powder (3.61 g) and used as such in next step.
10
3.3.4.3 Preparation of compound 18
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15 HATU (1.97 g, 5.189 mmol), DIPEA (4.26 mL, 24.71 mmol) and N-methoxycarbonyl-
L-isoleucine (981.8 mg, 5.189 mmol) are dissolved in dry DMF (10 mL) and stirred for
5 minutes at room temperature before XXIId (3.61 g, 4.94 mmol if x HCI equals 3 HCI)
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was added. After 1 hour at room temperature, concentrated HC1 (3 mL) was added and
this was stirred for 5 minutes. The reaction was neutralized with Na,CO3, diluted with
dichloromethane (50 mL) and washed water (2 x 100 mL). The organic phase was dried

over MgSQy, concentrated under reduced pressure and the residue purified by column
chromatography (methanol in CH,Cl,) to yield 18 (2.17 g). [a]})=-139.97 © (¢ 0.3558

w/v %, MeOH)

Preparation of the .2HCI.4H,0 salt of the compound 18
H
-
A T Y
N N N O
' oL
’ i

H
N .
A
O 2.HCI
4.H,0

Compound 18 (485 mg; 0.611 mmol) was dissolved in iPrOH (15 mL, 6N HCI) and the
volatiles were removed in vacuum. Acetonitrile (10 mL) was added and the mixture
was heated at 40°C for 10 minutes to afford a sticky precipitate. Water (0.4 mL) was
added to afford a colorless solution. Acetonitrile (15 mL) was added dropwise to afford
a sticky precipitate. Part of the solution (~5 mL) was evaporated at 40°C to afford a
homogeneous solution. Again, acetonitrile (20 mL) was added and no precipitate was
formed. The volatiles were removed in vacuum. The residual water was azeotropically
removed by repeated addition and evaporation, at 30°C under reduced pressure, of
acetonitrile (4 x 40 mL). The obtained powder was stirred in acetonitrile at room
temperature in a closed round bottomed flask overnight, filtered and immediately dried
under vacuum overnight to afford a slightly yellow powder (365mg).

The obtained solid was analyzed to have C43Hs,NsO7.2 HCL.4H,0 by elemental
analysis, Anion lon chromatography and H,O titration

Anal. Caled for C43Hs;NgO7.2 HCL.4 H,O: C 55.07, H 6.66, N 11.95. Found: C 54.54,
H 6.54, N 12.18 Calc.4 H,O: 7.68, Found: 7.55; Ion Chromatography (anion) Calc: 2
CI' 7.56 Found: 7.36

[a] 5= -97.53 ° (c 0.324 w/v %, MeOH)

'H NMR (600 MHz, DIMETHYLFORMAMIDE-d5, 280K) & ppm 0.84 (t, J=7.3 Hz, 3
H), 0.91 (d, J=6.7 Hz, 3 H), 1.05 - 1.14 (m, 1 H), 1.15 (d, /=6.2 Hz, 3 H), 1.39 - 1.50
(m, 1 H), 1.93 - 2.02 (m, 1 H), 2.04 - 2.12 (m, 1 H), 2.12 - 2.19 (m, 1 H), 2.28 - 2.37 (m,
1 H), 2.40 - 2.62 (m, 5 H), 3.27 (s, 3 H), 3.61 (s, 3 H), 3.62 (s, 3 H), 3.93 - 4.00 (m, 2



, 17 0.005 + * 0 18 0.003 WO 2011/ 054834PCT/ EP2010/ 066668 - 79-
STRUCTURE 2ompound nr. EC50 Ib (stable) (nM c-,4z" 4 0 *_1( c;4./--\
cv WO 2011/054834 PCT/EP2010/066668

-66-

H), 4.00 - 4.05 (m, 1 H), 4.23 - 4.30 (m, 1 H), 4.36 (m, 2 H), 4.47 (dd, J=8.8, 4.7 Hz, 1

H), 5.46 (t, J=7.6 Hz, 1 H), 5.51 (dd, J=7.9, 5.6 Hz, 1 H), 6.97 (d, /=8.5 Hz, 1 H), 7.33

(d, /=8.8 Hz, 1 H), 7.99 (d, J=8.5 Hz, 1 H), 8.01 - 8.03 (m, 2 H), 8.09 (d, /=8.5 Hz, 1

H), 8.19 (d, J=8.5 Hz, 1 H), 8.22 (dd, J=8.5, 1.5 Hz, 1 H), 8.26 (s, 1 H), 8.32 (s, 1 H),
5 841 (s, 1 H),8.90 (s, | H)

3.4 preparation of compounds 5 to 8, 10, 12, 14, 15, 19, 20, 21

3.4.1 Synthesis of compound 5

HATU
DIPEA
USSP Wy
X W
EWN O LN —0
H N H )—~NH  OH
o
xHCI o

XVliib

IO
! S

HATU (268 mg, 0.71 mmol), DIPEA (0.334 mL, 2 mmol), XVIIIb (200 mg,
0.34 mmol if x HCI equals 4 HCI) and (S)-2-cyclopropyl-2-(methoxycarbonylamino)-
acetic acid (145 mg, 0.84 mmol) were mixed together in dry DMF (5 mL). The mixture
was stirred for 1 hour at room temperature. CH,Cl, was added and the mixture was

15  washed twice with saturated NaHCOs. The organic phase was dried with MgSO,4 and
after filtration, the solvent was removed in vacuum. The mixture was purified by
silicagel column chromatography (gradient elution with 0-5% MeOH in CH,CL,) to
yield compound 5§ (100 mg, 38%).

20  3.4.2 Synthesis of compounds 6 to 8. 10. 12. 14, 15, 19, 20, 21

Compound 6 can be synthesized following the procedure reported for compound 5

using (2S5,3R)-3-hydroxy-2-(methoxycarbonylamino)butanoic acid instead of
(8)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid.

Compound 7 can be synthesized following the procedure reported for compound 5
25  using (S)-2-(methoxycarbonylamino)-4-methylpentanoic acid instead of (S)-2-cyclo-

propyl-2-(methoxycarbonylamino)acetic acid.
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Compound 8 can be synthesized following the procedure reported for compound 5
using (2S,35)-2-(methoxycarbonylamino)-3-methylpentanoic acid instead of
(8)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid.

"H NMR (400 MHz, MecOD) & ppm 0.82 - 0.94 (m, 12 H), 1.04 - 1.28 (m, 2 H), 1.41 -
1.62 (m, 2 H), 1.72 - 1.86 (m, 2 H), 2.12 - 2.45 (m, 6 H), 2.53 - 2.73 (m, 2 H), 3.66 (s, 6
H), 3.82 - 4.00 (m, 2 H), 4.13 - 4.23 (m, 2 H), 4.24-4.31 (m, 2 H), 5.25-5.31 (m, 1 H),
5.34-5.41 (m, 1 H), 7.84 - 7.91 (m, 2 H), 7.94 - 8.05 (m, 3 H), 8.07 - 8.17 (m, 3 H),
8.25-8.33 (m, 2 H)

Compound 10 can be synthesized following the procedure reported for compound §
using (§)-4-methoxy-2-(methoxycarbonylamino)butanoic acid instead of

(8)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid.

Compound 12 can be synthesized following the procedure reported for compound §
using 2-(methoxycarbonylamino)-2-(tetrahydro-2H-pyran-4-yl)acetic acid instead of
(8)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid.

Compound 14 can be synthesized following the procedure reported for compound §
using (R)-2-(methoxycarbonylamino)-2-phenylacetic acid instead of (§)-2-cyclopropyl-

2-(methoxycarbonylamino)acetic acid.

Compound 15 can be synthesized following the procedure reported for compound §
using (§)-2-cyclopentyl-2-(methoxycarbonylamino )acetic acid instead of

(8)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid.

Compound 19 can be synthesized following the procedure reported for compound §
using (2S5,3R)-2-(methoxycarbonylamino)-3-methylpentanoic acid instead of
(8)-2-cyclopropyl-2-(methoxycarbonylamino)acetic acid.

Compound 20 and 21 can be synthesized according to procedures similar to those
exemplified in the synthesis of compound 17 and 18 respectively, with the exception
that the corresponding intermediate (S,R)-XXVe is synthesized starting from compound
(8)-111a and (R)-VIlIlc in contrast with the synthesis of (5,5)-XXVe from (S5)-IIla and
(8)-VIllIe. (R)-VIlIe can be prepared as exemplified for (S)-VIIIe by using CBz-D-

Proline instead of CBz-L-Proline.

All compounds were characterized by LC/MS.

Method A: Liquid Chromatography: Waters Alliance 2695, UV detector: Waters 996
PDA, range:210-400 nm; Mass detector: Waters ZQ, ion source: ES+, ES- Column
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used: SunFire C18 3.5u 4.6x100 mm mobile phase A: 10mM NH4;OOCH+ 0.1%
HCOOH in H,O; mobile phase B: CH3;0H; column temp.: 50°C; flow: 1.5mL/min
Gradient time(min) [%A/%B]0 [65/35] to 7[5/95] to 9.6[5/95] to 9.8[65/35] to 12
[65/35]

Method B: Waters Acquity UPLC equipped with a PDA detector (range 210-400 nm)
and a Waters SQD with a dual mode ion source ES+/-. The column used was a Halo
C18,2.7u, 2.1 x 50 mm, and held at 50°C. A gradient of 95% aqueous formic acid
(0.1%)/5%acetonitrile to 100% acetonitrile was ramped over 1.5 minutes, held for

0.6 minutes, then returns to 100% aqueous formic acid (0.1%) for 0.5 minutes. The flow

rate was 0.6 mL/min.

Table 1a — compounds of formula I
H
A
Z / \ N Z'
gNj/kN
H

The sterecogenic carbon atom adjacent to the nitrogen of the pyrrolidine ring attached to
the benzimidazole group has for all compounds in this Table 1a an “S” configuration.
The sterecogenic carbon atom adjacent to the nitrogen of the pyrrolidine ring attached to

the imidazole group has for all compounds in this Table 1a an “S” configuration.

In tables 1a and 1b, “*” in Z and Z’ denotes the point of attachment. For instance for

/

@)

HN
J o« o
compound 2 in this Table 1a, Z being N results in / O _N .
/0«0 VA Q/%
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25 Table 3 shows the replicon results obtained for conpounds of the
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Example 4 — anti-HCYV activity of compounds of formula I

Replicon assay

The compounds of formula (I) were examined for inhibitory activity in the HCV

replicon. This cellular assay is based on a bicistronic expression construct, as described
by Lohmann et al. (Science (1999) 285: 110-113; Journal of Virology (2003) 77:
3007-3019) with modifications described by Krieger et al. (Journal of Virology (2001)
75: 4614-4624), and Lohmann et al. (Journal of Virology (2003) 77: 3007-3019) for
genotype 1b and by Yi et al. (Journal of Virology (2004) 78: 7904-7915) for genotype

la, in a multi-target screening strategy.

Stable transfection

The method was as follows. The assay utilized the stably transfected cell line Huh-7

luc/neo (hereafter referred to as Huh-Luc). This cell line harbors an RNA encoding a

>



0.030 > 0.984 > 0.984 10 0.057 > 0.984 > 0.984 11 0.012 0.048 > 0.984 >
0.984 12 0.110 0.268 >0.984 >0.984 13 0.002 0.051 > 0.984 > 0.984 14 0.004
0.836 > OWOa411:05@83984 15 0. 003 0.277 > 0.984 > 0.984 PCT/EP2010/066668
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bicistronic expression construct comprising the wild type NS3-NS5B regions of HCV
type 1b translated from an Internal Ribosome Entry Site (IRES) from
encephalomyocarditis virus (EMCV), preceded by a reporter portion (FfL-luciferase),
and a selectable marker portion (neoR, neomycine phosphotransferase). The construct is
5  flanked by 5’ and 3° NTRs (non-translated regions) from HCV type 1b. Continued
culture of the replicon cells in the presence of G418 (neoR) is dependent on the
replication of the HCV RNA. The stably transfected replicon cells that replicate HCV
RNA autonomously and to high levels, encoding inter alia luciferase, were used for

screening the antiviral compounds.

10 The replicon cells were plated in 384 well plates in the presence of the test and control
compounds which were added in various concentrations. Following an incubation of
three days, HCV replication was measured by assaying luciferase activity (using
standard luciferase assay substrates and reagents and a Perkin Elmer ViewLuxTM
ultraHTS microplate imager). Replicon cells in the control cultures have high luciferase

15  expression in the absence of any inhibitor. The inhibitory activity of the compound was
monitored on the Huh-Luc cells, enabling a dose-response curve for each test
compound. ECs values were then calculated, which represent the amount of compound
required to decrease the level of detected luciferase activity by 50%, or more
specifically, to reduce the ability of the genetically linked HCV replicon RNA to

20  replicate. Table 2 shows the replicon results obtained for compounds of the examples

given above in the stably transfected cell lines (ECso 1b (stable)).

Where a compound of formula (I) was tested more than once in the replicon assay, the
average of all test results is given in this Table 2.
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trapezoi dal| rul e was perforned using WnNonlinTM Prpdmgsiunaral (sdelegi on
5.2.1). The ¢frgtityrg are summarized in Table 5. 10 nr. (nM)
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WD 2011/ 054834PCT/ EP2010/ 066668 -83- Table 5 Conmpound nunber Liver AUC
(ng*h/g) 3 23157 4 1539 8 50655 9 6202 11 7928 13 51330 16 12630 17 4213 18
14091 BEMOpRbH/B4834]1 nhi bitor Conbi nation Studies 5 |n eeTERRM0OHB6EII meNt s,
three conpounds fromtable 2 were conbinggl with a conpound that inhibits
replication of hepatitis C virus, such as, for exanple, TM435350, MK-7009,
| TMWN-191, or a pol ynerase |nh|b|tor (nucle05|de based inhibitor: conpound A
and PSI-61§ﬂ2mﬂ@ﬁ_ﬁmﬂkémE]de based i nhibitor: conmpound B). The experi nent

was set-up jpn @ansféﬂ?&lﬁ%bbé)ﬁﬁg"7 1R hEp bl cONBnAhHI BRIy tah §REERE with
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Mac Sy ner gy Tdubgé¢nonsc ecgi@r isvneadliated by an internal ribosome entry site of
encephalomyocarditis virus. The construct is furthermore flanked by 5’ and 3’
untranslated regions of HCV (genotype 1a H77 or 1b Con 1, respectively), which allow

for replication of the RNA.

10 In addition to the wild-type constructs, site-directed mutations were introduced into the
transient HCV genotype 1b replicon in the gene encoding for the non-structural protein
5A (NS5A). More precisely, amino acid residues 28, 30, 31 and 93 in NS5A were
independently altered.

Cells were plated in 384 well plates in the presence of test and control compounds,

15  which were added in various concentrations. Following an incubation of two days,
replication of the HCV subgenomic replicon RNA was measured by assaying luciferase
activity (using standard luciferase assay substrates and reagents and a Perkin Elmer
ViewLuxTM ultraHTS microplate imager). HCV subgenomic replicon containing cells
in the control cultures have high luciferase expression in the absence of any inhibitor.

20  The inhibitory activity of the compound was monitored, enabling a dose-response curve
for each test compound. ECs values were then calculated, which represent the amount
of compound required to decrease the level of detected luciferase activity by 50%, or
more specifically, to reduce the ability of the genetically linked HCV subgenomic RNA
to replicate.

25  Table 3 shows the replicon results obtained for compounds of the examples given above
in the transiently transfected cell lines for the 1a and 1b genotype (ECs 1a (transient),
and, ECso 1D (transient) respectivley). Table 4 shows the replicon results on the NSSA
mutants in 1b obtained for compounds of the examples given above in the transiently
transfected cell lines also as ECsg values.

30

Counterscreens

Counterscreen cell lines included a Huh-7 hepatoma cell line containing a human
cytomegalovirus major immediate-early promoter-Luc construct (Huh7-CMV-Luc) and
an MT4 T-cell line containing a long terminal repeat-Luc reporter (MT4-LTR-Luc).

35  Table 3 shows the counterscreen results obtained for compounds of the examples given

above.
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1 0.058 > 0.984
2 0.909 > 0.984 > 0.984
3 0.008 0.051 5.822 7.643
4 0.016 0.033 > 0.984 > 0.984
5 0.058 > 0.984 > 0.984
6 0.142 0.181 > 0.984 > 0.984
7 0.003 0.989 > 0.984 > 0.984
8 0.005 0.204 > 0.984 > 0.984
9 0.007 0.030 > 0.984 > 0.984
10 0.057 > 0.984 > 0.984
11 0.012 0.048 > 0.984 > 0.984
12 0.110 0.268 > 0.984 > 0.984
13 0.002 0.051 > 0.984 > 0.984
14 0.004 0.836 > 0.984 > 0.984
15 0.003 0.277 > 0.984 > 0.984
16 0.003 0.098 > 0.984 > 0.984
17 0.005 0.049 9.305 11.10
18 0.004 0.018 9.678 8.684
19 0.002 0.471 > 0.984 > 0.984
20 4.103 323.504 9.413 8.165
21 2.898 482.403 9.144 8.163
ECso (nM)
Compound | L28T | R30H | L31F L31M | L31V | Y93H |Y93C
number
1 4.121 | 0.600 | 0.775 1.059 [1.331 |0.076
2 9.049 |2.686 | 1.813 1.378 [2.882 ] 0.655
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MK-7009 70 (132 -7) -3 (-1 --4) PI ITM\191 58 (112 -3) -4 (-2 --6)
130 25 ( 47 -4) -3 (-1 --4) NNI Conmpound A 57 (108 -6) -3 (-1 --5)
WO 2011/054834 PCT/EP2010/066668
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ECsp (nM)
Compound | L28T | R30H | L31F L31M | L31V | Y93H | Y93C
number
3 0.229 | 0.072 | 0.032 0.184 10.504 |10.470 |0.012
4 0.052 | 0.056 | 0.020 0.052 10.048 | 0.034 |0.013
5 10.848
6 1.013
7 3.411
8 0.206 | 0.116 | 0.016 0.258 10.311 | 0.587 |<0.013
9 0.081 10.045 | <0.017 | 0.072 |0.086 [0.042 |<0.013
10 1.032
11 0.117 10.050 | 0.021 0.087 10.141 | 0.167 |<0.013
12 0.275
13 0.109 10.027 | <0.013 ] 0.053 |0.141 [0.215 |<0.013
14 0.093
15 1.192
16 0.151 10.070 | 0.017 0.093 10411 |0.343 |<0.013
17 0.037 10.036 |0.005 0.025 10.037 | 0.034 |0.003
18 0.041 ]0.039 | 0.005 0.054 ]10.052 | 0.080 |0.003
19 5.186
20 336
21 275

Example 5 — Pharmacokinetic analysis after single oral administration I

Compounds were dosed orally as a solution in PEG400 to male Sprague-Dawley rats at

a dose level of 10 mg/kg. At serial time points, after dosing, the animals were

sacrificed and liver samples collected. All samples were analyzed using a qualified

research LC-MS/MS method to determine the concentration of the tested compounds in

liver. Non-compartmental analysis using the lin/log trapezoidal rule was performed

using WinNonlin™ Professional (Version 5.2.1). The results are summarized in

Table 5.



Conpound 17 + Pl TMC435350 125 (220 -29) -2 (n.s.) Pl MK-7009 77 (142 -11)
-2 (n.s.) NNI Conpound A 158 (289 -28) -6(-1--11) Pl ITM\191 not
det er mi nedOND11RGISE130 not determined WO 2011/ 054834 PETIEP20L06@65668

-85- PI TMC435350 24 -83-
Table 5

Compound Liver AUC
number (ng*h/g)

3 23157

4 1539

8 50655

9 6202

11 7928

13 51330

16 12630

17 4213

18 14091

Example 6 : Inhibitor Combination Studies

5  In certain embodiments, three compounds from table 2 were combined with a
compound that inhibits replication of hepatitis C virus, such as, for example,
TMC435350, MK-7009, ITMN-191, or a polymerase inhibitor (nucleoside-based
inhibitor: compound A and PSI-6130; non-nucleoside-based inhibitor: compound B).
The experiment was set-up in a “checkerboard” motif with one drug being titrated

10  horizontally and the other one vertically on Huh7-Luc cells containing the stably
transfected HCV 1b replicon. Each two-way combination was performed at least three
times and analyzed with the MacSynergy' ™ II software to obtain the percent
synergy/antagonism volumes (expressed as nM*%).

15 The theoretical calculations of additive interactions in MacSynergy' ™ II were derived
from dose response curves of each individual compound. The calculated additive
surface was then subtracted from the experimental surface to obtain a synergy surface.
Additive interactions resulted in a horizontal plane at 0%. A peak above the 0% plane
indicated synergy, a depression below the 0% plane refered to antagonism. The 95%

20  confidence interval for the experimental dose-response surfaces was calculated to

evaluate the statistical significance of the synergy or antagonism.

Volumes obtained by MacSynergyTM II upon combination are mentioned in Table 6.
Given that synergy volume ranges for the tested combinations, as derived from the 95%

25  confidence envelope for Bliss independence, span volume ranges determined as



( 43 -5) -2 (-1 - -4) Pl MK-7009 125 (223 -27) -3 (-1 --4) N PSI-6130 60
(102 -18) -2 ( 0 --4) NNl Conpound A 37 ( 53 -21) -11 (-5 - -18) PI

| TMN- 191 worrot1/iddeg3er m ned n.s. = 'Not Significant' asPCeEPRe10064668 by
MacSynergyTM | | -84-

synergistic and Bliss independent, the tested combinations were considered to act
additive to synergistic. No significant antagonism was observed in any of the tested
combinations (Table 6).

5  Compound A

|
\N/\/O/\/N O
O\ /
=S—N
Y X
5 N
't
Table 6.
. Synergy volume Antagonism volume
Inhibitor Compound . .
.. (95% confidence interval) (95% confidence interval)
class combination ) )
nM % nM %
Compound 3
+
PI TMC435350 20 (34 - 5) 40 - -7)
PI MK-7009 70 (132 - 7) 31 - 4
PI ITMN-191 58 (112 - 3) 4(-2 - -6)
NI PSI-6130 25 (47 - 4 31 - 4
NNI Compound A 57 (108 - 6) 31 - -5
Compound 17
+
PI TMC435350 125 (220 - 29) -2 (n.s.)
PI MK-7009 77 (142 - 11) -2 (n.s.)
NNI Compound A 158 (289 - 28) -6 (-1 - -11)
PI ITMN-191 not determined
NI PSI-6130 not determined
Compound 18
+




Exanple 7 : Pharmaceutical conpositions 5"Active ingredient" as used
t hroughout this exanple relates to a conpound of formula (1), including any
st er eochewDeallog4838onmeri ¢ form t hereof, a pharmaceuti calPCy/EReciops@hs e sal t

t hereof or a solvate thereof; in particugar to any one of the exenplified
conpounds. Typi cal exanples of fornulations of a conmpound of this

i nvention are—-asfollows: 101 Filmcoated Tablets Preparationof tablet
core A mxturePbf 100 TMOH3ERI0 ve | ngr édident, 570 g | act ose @ihd-20pD g
starch i s [m xeg, welfl eaffe 1fi vvlthasolut of

SOdl um dodecy! dul mhat D&Kfﬂﬂﬁf?ﬂ n nnlﬁ% n\IQZ)nl | rln e | al i\&? 743 Ig Of

PrTaiC ©— ot LU yvroIrytd

wat er. The wetNpowder nPSdt@i30 | s SI e6£led],0215dril&)d and| si eved (agal-n A)Ther
there is addle%\ﬁg g reo%p%%hg%t alli nﬁ t:e%l ul OZE) and {15 g hﬁjiggen%)ed;

racco —at A |l ot o

Vegetable ot ——nhe roe—t+s—xet —anta—CofRpPressSea— 1t o—tabrets; .‘ing
10. 000 t ab| et sPI each cdRIN-49 hg .LO ng of acti vendtrigtesmiinedt . Coat i ng 20 To a
solution of 10 g nethyl cellulose in 75 m of denaturated ethanol there is
added a solwg.i-oN@Sidnificaal’ Btrbittred &) byuMasSyreagyIBQ1 Ml of di chl or onet hane.
Then there are added 75 m of dichloronmethane and 2.5 m 1, 2, 3- propanetri ol
10 g of polethll , %l col .i rmlten and dissolved in 75 m  of

di chl or onet FAHBEE HPRGUUCALICOMPAYNONS added to the former and then there
are added Z‘A&t@e @fﬁgrazhgmté ab umdahttoagbnma tidateamiie eelats ad gonpoyhd o2 brmula
pyrrolidone n o] whol e is
honogenat ed(UaJIIﬂCh?zﬁa%%l et Jter%?%%%aérag?cog?% ng? %ﬁe{]ﬁﬁa%ag@gw&lp m xture in
a coating agspertablasalt thpopona saisAegnraf E%ﬂml@%%@n@&ffihﬁxesu@[ﬁ@dm on
An aqueous &Hﬁﬁ%ﬁég on is prepar ed for oral admi ni stratl on so that each
mlliliter contains 1 to ng, of active ingredient , ng of sodium

car boxynet h{aPigad erampseof @@H%OWOfWB‘éHQ@a% laverém aﬁﬁga%fpllgw bitol and
water ag 1 MlenacodtM@’@Elazbl e A parenteral conposition is prepared by
stirring 1.5 % i é ol unme) of active ingredient in 0.9 % NaCl sol ution
or in 10 %ByPSF “ﬂh&f tf) ¥ ene glycol in water. 10 WO

2011/ 054834&@1‘1&692@1‘11170%6%&% 8igreditra 57 g thctode emifunstach i ml'msdlvatlll | 5or

a stereoi sopgr | ene,
each of whi eﬂﬁ th&e&@&@u&{‘&fé%ﬁh@%‘é Olﬁtoltgt5 édg Oaluqllliﬁlgq&lelcg I%%t su st iTuents
sel ected f rlmi’}"hm’ld)}’(ljlfoll@i)n%@l gyt 200Rn]a¢de¢Qer ghéweém\ﬁder mixture is sieved,

i ndependent dyod- HSRYRREB aga Yithen MR E1:0R1Yd 160 g RabieEaCABRYelaBLHa, 1 e eby

aryl and het er oaryl Yy Q | 1y Qe substl t W th substl tuents
10sel ect ed h%?ﬁq%ﬁeéva%ahﬁ%tbﬁyfhe% © Haret e fn3§0WEﬁS§f‘g’éHt0 tablets,

giving 10.000 tablets, each comprising 10 mg of active ingredient.

20  To a solution of 10 g methyl cellulose in 75 ml of denaturated ethanol there is added a
solution of 5 g of ethyl cellulose in 150 ml of dichloromethane. Then there are added 75
ml of dichloromethane and 2.5 ml 1,2,3-propanetriol 10 g of polyethylene glycol is
molten and dissolved in 75 ml of dichloromethane. The latter solution is added to the
former and then there are added 2.5 g of magnesium octadecanoate, 5 g of polyvinyl-

25  pyrrolidone and 30 ml of concentrated colour suspension and the whole is
homogenated. The tablet cores are coated with the thus obtained mixture in a coating

apparatus.



C _4al kyl optionally substituted with nethoxy, hydroxy or dinethylam no;
phenyl optionally substituted with 1, 2 or 3 substituents independently

sel ect ed woemiashss4 C_4al koxy and trifl uoromnet hoxy; 15PC3APetInocicoxol anyl ;
benzyl optionally substituted with 1, 2_g¢. 3 substituents independently
selected fromhalo or nmethoxy; C 3 _6cycloal kyl; heteroaryl;

20het er oC4_6cycl oal kyl ; or heteroarylnethyl; R2 is hydrogen, hydroxyl,

am no, nono- or di-C _4al kyl am no, Cl_4al kyl car bonyl am no,

Cl_4al kyl oxyrﬁ,g%% ) Llam' no, Cl_4al kyl am nocar bonyl am no, piperidin-I-yl or

i m dazol - 1-y1; is hydrogen, or Rl and R3 together form a cycl opropyl
group; or R2na@eroRSsysperpiaxie prapercs fphetiehadreinistietion so theceashapllditral t or a

sol vat e t hesgefins BR ?mg%f%&mqﬁé‘&dﬁﬁfpﬂﬂ&ggf Eéhi&rh%fﬂo%y&@t%ﬁééﬂu&e,i B
ptional |y Substituted wth pethoxy or”di nethyl am no;

hydr ogen; G _4al kyl

WD 2011/5054@83215@@( %@&%é@%@&@émb&ﬁLﬁ%W@ﬁfi‘(bha}l-l y substituted with 1,
2 or 3 substituents independently selected fromhalo, C _4al koxy and
trifluorone Box?/(' 11 3- benzodi oxol anyl ; benzyl optionally substituted with

1, 2 or 3 suB%F¥8%nts i ndependently sel ected from hal o or methoxy;

C3_6cycl oal Kyhrenheedlepopoyition bgirepancibBstychg dl kil (wepht/heltmepaf adtivet hyl . 3. A

conpound ac; |oBBintPo &) R rei. ol t '

substi gt edlﬁ%retgﬁﬂ%n (52)9 o)rﬁ%msu lﬁbﬁtcﬁéﬁt@ég}’g@tﬂﬁ ﬂ#éﬁ%ﬁ}&ﬁeﬁ%&d&?ﬂ%ﬁ{%m kyl .

4. A compound according to claim3 wherein Ais 2,6-naphthylene optionally
15substituted with 1, 2 or 3 substituents selected fromhalo or C _3al kyl .
5. A conpound according to claim2 wherein A is naphthylene. 6. A conpound
according to claim5 wherein Ais 2,6-napthylene. 20 7. A conpound
according to any one of clains 3 to 6 wherein the conpound other than O ri
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Claims

1. A compound of formula I
H
R N /
?{jﬂ L
N N o}
H
|

5  ora stereoisomeric form thercof, wherein :
A 1s phenylene or naphthylene, each of which may be optionally substituted with 1, 2 or

3 substituents selected from halo or C;_zalkyl;

R and R’ are, each independently,~CR;R3R3, aryl, heteroaryl or heteroCsscycloalkyl,
whereby aryl and heteroaryl may optionally be substituted with 1 or 2 substituents
10 selected from halo and methyl; and wherein
R, is hydrogen;
Ci.alkyl optionally substituted with methoxy, hydroxy or dimethylamino;
phenyl optionally substituted with 1, 2 or 3 substituents independently
selected from halo, C;_4alkoxy and trifluoromethoxy;
15 1,3-benzodioxolanyl;
benzyl optionally substituted with 1, 2 or 3 substituents independently selected
from halo or methoxy;
Csecycloalkyl;
heteroaryl;
20 heteroCsscycloalkyl; or
heteroarylmethyl;

R; is hydrogen, hydroxyl, amino, mono- or di-C;_4alkylamino,
Cialkylcarbonylamino, C;4alkyloxycarbonylamino,
Ci4alkylaminocarbonylamino, piperidin-1-yl or imidazol-1-yl;

25 R3 is hydrogen,
or R; and Rj together form a cyclopropyl group;
or R, and R; form oxo;
or a pharmaceutically acceptable salt or a solvate thereof.

30 2. A compound according to claim 1 wherein
R, is hydrogen;
Ci.4alkyl optionally substituted with methoxy or dimethylamino;



N HO HN

10
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| P NHNHO HN 00

WO 2011/054834
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PCT/EP2010/066668
-88-

phenyl optionally substituted with 1, 2 or 3 substituents independently selected

from halo, C;_4alkoxy and trifluoromethoxy;

1,3-benzodioxolanyl;

benzyl optionally substituted with 1, 2 or 3 substituents independently selected

from halo or methoxy;
Csecycloalkyl;
heteroaryl;
heteroCsscycloalkyl; or
heteroarylmethyl.

3. A compound according to claim 2 wherein A is naphthylene optionally substituted

with 1, 2 or 3 substituents selected from halo or Cysalkyl.

4. A compound according to claim 3 wherein A is 2,6-naphthylene optionally

substituted with 1, 2 or 3 substituents selected from halo or C;zalkyl.

5. A compound according to claim 2 wherein A is naphthylene.

6. A compound according to claim 5 wherein A is 2,6-napthylene.

7. A compound according to any one of claims 3 to 6 wherein the compound other than

o— o
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8. A compound according to any one of claims 3 to 6 wherein R; is different from

unsubstituted 2-propyl and when R' in R is 1-methoxyethyl, then R' in R’ is

different from 1-methoxyethyl.

9. A compound according to any one of claims 3 to 6 wherein

e R; is other than 2 propyl when R; is methoxycarbonylamino; and

e R;inR’is other than 1-methoxyethyl when R, in R” is

methoxycarbonylamino.

10. A compound according to any one of claims 1 to 9 wherein R and R’ are different

from one another.

11. A compound according to any one of claims 1 to 9 wherein R and R’ are the same.

12. A compound according to any one of claims 1 to 11 wherein R and R’ each

independently are —CR;R;R 3.

13. A compound according to claim 12 wherein each R, independently is

Cialkylcarbonylamino or C;_4alkyloxycarbonylamino.

14. A compound according claim 12 wherein each R, independently is

methoxycarbonylamino.

15. A compound according to any one of claims 12 to 14 wherein each R,

independently is selected from branched C;4alkyl, methoxyC,zalkyl, cyclopentyl or

phenyl.
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16. A compound according to any one of claims 12 to 14 wherein R; in R is
I-methylpropyl, 2-methylpropyl, 2-methoxyethyl, cyclopentyl or phenyl; and R; in
R’ is 1-methylethyl, 1-methylpropyl, 2-methylpropyl, 1-methoxyethyl, cyclopentyl

or phenyl.
5
17. A compound according to any one of claims 12 to 16 wherein both the carbon atoms
in R and R’ bearing the R;, R, and Rz substituent have the S-configuration.
18. A compound according to any one of claims 1 to 17 wherein the compound is of
10 formula Ia

Ia

19. A compound having the structure

5 )‘LZKO °j»Q

=] > ©
S S "'T/
°=< /&O
o o
/ |

15  20. A pharmaceutically acceptable salt or a solvate of a compound according to claim
19.

21. A compound having the structure
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22. A pharmaceutically acceptable salt or a solvate of a compound according to claim
21.

5  23. A compound having the structure

-
o R
A L

o

/ i

24. A pharmaceutically acceptable salt or a solvate of a compound according to claim
23.

10 25. A compound having the structure



WO 2011/ 054834PCT/ EP2010/ 066668 -89- 8. A conpound according to any one of
claine 3 to 6 wherein RL is different fromunsubstituted 2-propyl and when
R in R iwoRematskesxyet hyl, then Rl in R is different fPOWEP20m0b@KYet hyl .
9. A conpound according to any one of cleggns 3 to 6 wherein Rl is other
than 2 propyl when R2 is methoxycarbonylamno; and Rl in R is other than
1- met hoxyet hyl when R2 in R is nethoxycarbonylam no. 10. A conpound
according to any one of clainms 1 to 9 wherein Rand R are different from
one another. 11. A conpound according to any one of clains 1 to 9 wherein R
and R are the sane. 12. according to any one of claims 1 to 11

wherein R and R eagh ijnd ¢ :(q*-CRlRZRS. 13. A conpound accordi ng
to claimi12 mhereiSiéééB‘ i -'pendeﬁf%. i s 20Cl_4al kyl car bonyl am no or
C _4al kyl oxycarb 1ho. 14. A co u

on . ccording claim12 wherein each
R2 i ndependent |y i t hoxycar bonyl am
one of clainms 12 €2 wher ei n each

. 2515. A conmpound according to any

} pendently is selected from
br anched C3_4a1ky1,oﬁﬂthoxyCZ_SalkyL, £ pentyl or phenyl. WO
2011/ 054834PCT/ EP2010/066668 -90- 1b. A conpound according to any one of
claims 12 to 14 wherein RL in Ris 1-nethyl propyl, 2-nethyl propyl,
2- met hoxyet hyl, cycl opentyl or phenyl; and RL in R is 1-nethylethyl,
1- net hyl propyl, 2-nethyl propyl, 1-nmethoxyethyl, cyclopentyl or phenyl. 5
17. A compound according to any one of clainms 12 to 16 wherein both the
car bon at omd- iAnpIRraaepuRCaleaseeniable ret a sqkpatapte FEINRQIBEtaceQIdng thalent he
S-configurati gn. 18. A conmpound according to any one of clainms 1 to 17
wherein the conmpound is of 10formula la 19. A compound having the
structure 1520. A pharnaceutically acceptable salt or a solvate of a
conmpound acTbrdiamgpduad bhaingtieXstruzture A conpound having the structure WO
2011/ 054834PCT/ EP2010/ 066668

28. A pharmaceutically acceptable salt or a solvate of a compound according to claim
27.

10 29. A compound having the structure

° A
—Q @ Yw\
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-91- 22. A pharmaceutically acceptable salt or a solvate of a conpound
according to claim?2l1. 5 23. A conpound having the structure 24. A

phar macewoOcallog4ssacept abl e salt or a sol vate of a conpecmEPaCioOs@ENg t O
claim23. 10 25. A conpound having the _§{ructure WO

2011/ 054834PCT/ EP2010/ 066668 -92- 26. A pharmaceutically acceptable salt

or a solvate of a conpound according to claim25. 5 27. A conpound havi ng

t he struct w3tk A @Brmicophazlhyeeyitildakdlyorcodpitabf eceapdundraceordmpvatinf a
conpound accgéglng to claim?27. 10 29. A conpound having the structure WO
2011/ 054834PCT/ EP2010/ 066668 -93- 30. A pharmaceutically acceptable salt or
a solvate of a conpound according to claim 29. 31. A conpound accordi ng

to claim29%; M&Iﬁpou%h*%o‘}ai%gté OLM 28 iBds 2f1(§aFPROUBAnaccordi ng to claim 29
inits .H2SO4 form . A conpound having the structure / 1034. A

pharnacéutlcally acceptable salt or a solvate of a conpound according to
claim33. 3. AcaopRadaccadiaghetagn 09 icltaiHs83 forh.its . 2HCL. 4H20 form 15
36. A pharnaceutical conposition conprising a conpound according to any of
claims 1 to 35, and a pharmaceutically acceptable carrier. 37. A conpound
accordi ng t33. #ngomyfount Arvieg thet oru8Biror a phar naceuti cal conposition
according to claim36, for use in the prevention or treatnent of an HCV
infection in 20a mammal . 38. A product conprising (a) a conpound as defined
by any of clains 1 to 35, and (b) another HCV inhibitor, as a conbi ned
preparation for sinultaneous, separate or sequentlal use in the treatnent

of HCV infections.
@*W e g\/
/07I
°\

o=
/

10 34. A pharmaceutically acceptable salt or a solvate of a compound according to claim
33.

35. A compound according to claim 33 in its .2HC1.4H,O form.

15  36. A pharmaceutical composition comprising a compound according to any of claims 1

to 35, and a pharmaceutically acceptable carrier.

37. A compound according to any of claims 1 to 35 or a pharmaceutical composition
according to claim 36, for use in the prevention or treatment of an HCV infection in

20 a mammal.

38. A product comprising (a) a compound as defined by any of claims 1 to 35, and (b)
another HCV inhibitor, as a combined preparation for simultancous, separate or
sequential use in the treatment of HCV infections.

25
39. A product according to claim 38 wherein the other HCV inhibitor is a HCV protease

inhibitor.



25 WD 2011/ 054834PCT/ EP2010/ 066668 -94- 40. A product according to claim
39 wherein the HCV protease inhibitor is selected fromthe group consisting
of as telwpreu/os4§3wX- 950), boceprevir (SCH 503034), nar PapmEPII0/066668
(SCH-900518), ITM\-191 (R-7227), TMCA3535§ (TMC4A35), MK- S 7009,

Bl - 201335, BI-2061 (ciluprevir), BMS-650032, ACH 1625, ACH 1095, GS 9256,
VX-985, I DX-375 (HCV NS4A protease co-factor inhibitor), VX-500, VX-813,
PHX- 1766, PHX2054, |1DX-136, |DX-316, ABT-450, EP-013420 (and congeners) and

VBY-376. 10 t
Vb bi tor 1A SR 3PHRIRE S lh 30 i e B EibNE FIRPREL TNy
7009 or | TM\- flom (hREERP)consisting mfzas tezlamrmua\éx %S&d,dmmgvm 6SCH&0303B, wher ei n

the ot her HC\/nwer &CH-9085 IWTWH@IQRSMQ?) qrM@@mrsuq*r 8%? MRL yner ase
i nhi bitaor. Ap uct accor erein the ol yner ase

i nhibitor is 5@@%&1&9113%;%&4%1é?lgwbeveén@v@rﬁﬁ?3aﬂ%ﬁlﬂlb@ > PSH-1E51 . P
7977, | DX- 189GY 92661 8XK-98DXDX0L15 (RIAT NS4UNpfoRBIBD-faliSk 1fhliddr), R-5068,

o 53, Aoy $3 R e AV Rl R YCRBER, R 8 M 20

G- 59728, G- 60GE7Acrs B VBY-3®ZD- 2795 and
13- cycl ohexyl- 3- met hoxy- 17, 23- di met hy1- 7H 10, 6-

( met hanoi m not hi oi m noet hanooxyet hanoi ni nonet hano) i ndol o£2 1-a] [ 2] benzazepi
ne- 14, 24- di bhé nedu@-ageasstingdo clamn 49 whargin heee vV axetersdiintybiter is baeaeds 2

wherein the H@‘e{npﬂ%g%fpae%%mbﬂﬁ{g HENC4B 53 90]rMVeABE ) avika 790@09ITMNtf9ﬂr(§\0f _
ing to clalm42 wherein the HCV pol ynerase inhibitor is

45. A product g%%
WO 2011/ 054834PED/ EP2010/ 066668 - 95- or a pharmaceutically acceptabl e salt
or solvate thereof. 46 A product corrpri Si ng (a) a corrpound as defined by

any of clai orllrgmg(tob):la?n?g§g{ grem eq am‘y meh%apor 1%21 C%/ conbi ned

AL
preparation .Orprg Sep e use | e treatnment
of HCV liSnf ect mwisomde or non-nucleoside polymerase inhibitor.

43. A product according to claim 42 wherein the HCV polymerase inhibitor is selected
from the group consisting of R7128, PSI-7851, PSI 7977, IDX-189, IDX-184,
IDX-102, R1479, UNX-08189, PSI-6130, PSI-938, PSI-879, HCV-796, HCV-371,
20 VCH-759, VCH-916, VCH-222, ANA-598, MK-3281, ABT-333, ABT-072,
PF-00868554, BI-207127, GS-9190, A- 837093, JKT-109, GL-59728, GL-60667,
ABT-072, AZD-2795 and 13-cyclohexyl-3-methoxy-17,23-dimethyl-7H-10,6-
(methanoiminothioiminoethanooxyethanoiminomethano)indolo-
[2,1-a][2]benzazepine-14,24-dione 16,16-dioxide.
25
44. A product according to claim 42 wherein the HCV polymerase inhibitor is PSI-6130

or a prodrug thereof.

45. A product according to claim 42 wherein the HCV polymerase inhibitor is



WO 2011/054834 PCT/EP2010/066668
-95.
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or a pharmaceutically acceptable salt or solvate thereof.

46. A product comprising (a) a compound as defined by any of claims 1 to 35, and (b)
an immunomodulatory agent, as a combined preparation for simultancous, separate

or sequential use in the treatment of HCV infections.



