1 MACROCYCLIC I NH BI TORS OF HEPATI TIS C VIRUS The present invention
I's concerned with macrocylic conpounds having inhibitory activity on
the replication of the hepatitis C virus (HCV). It further concerns 5
conpositions conprising these conpounds ag active ingredients as well
as processes for preparing these conpounds and conpositions.
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structural protein 5b (NS5B). In addition to the polymerase, the viral helicase and
25  protease functions, both encoded in the bifunctional NS3 protein, have been shown to
be essential for replication of HCV RNA. In addition to the NS3 serine protease, HCV

also encodes a metalloproteinase in the NS2 region,

Following the initial acute infection, a majority of infected individuals develop chronic
30  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.
Chronic hepatitis can progress to liver fibrosis leading to cirrhosis, end-stage liver
disease, and HCC (hepatocellular carcinoma), making it the leading canse of liver
35 ftransplantations.

There are 6 major HCV genotypes and more than 50 subtypes, which are differently
distributed geographically. HCV type 1 is the predominant genotype in Europe and the



There are 6 maj or HCV genotypes and nore than 50 subtypes, which are
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additiogﬁl drugs with ditferent resistance pa rns are required to
provi de“failing patients with treatnment options, and conbi nation
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in the academic and patent literature. It has already become apparent that the sustained
25  administration of BILN-2061 or VX-950 selects HCV mutants which are resistant to
the respective drug, so called drug escape mutants. These drug escape mutants have
characteristic mutations in the HCV protease genome, notably D168V, D168A and/or
A156S. Accordingly, additional drugs with different resistance patterns are required to
provide failing patients with treatment options, and combination therapy with multiple
30  drugs is likely to be the norm in the future, even for first line treatment.

Experience with HIV drugs, and HIV protease inhibitors in particular, has further
emphasized that sub-optimal pharmacokinetics and complex dosage regimes quickly
result in inadvertent compliance failures. This in turn means that the 24 hour trough

35 concentration (minimum plasma concentration) for the respective drugs in an HIV
regime frequently falls below the ICy or EDgo threshold for large parts of the day. It is
considered that a 24 hour trough level of at least the ICsq, and more realistically, the
ICyp or EDgy, is essential to slow down the development of drug escape mutants.
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15 The present invention concerns inhibitors of HCV replication, which can be
represented by formula (I):
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and the N-oxides, salts, and stereoisomers thereof, wherein

the dashed line represents an optional double bond between atoms C7 and C8;
20 R'is hydrogen or Cy.ealkyl;

R’ is hydrogen or Cy.¢alkyl; and

nis3,4,5,or6.

The present invention concerns two subgroups of inhibitors of HCV replication, which
25 can be represented by formula (I-a) and (I-b):



R2 is hydrogen or Cl.6alkyl; and nis 3, 4, 5 or 6. The present

i nvention concerns two subgroups of inhibitors of HCV replication,
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5 The invention further relates to methods for the preparation of the compounds of
formula (T), the N-oxides, addition salts, quaternary amines, metal complexes, and
stereochemically isomeric forms thereof, its intermediates, and the use of the
intermediates in the preparation of the compounds of formula (I).

10 The invention relates to the compounds of formula (I) per se, the N-oxides, addition
salts, quaternary amines, metal complexes, and stereochemically isomeric forms
thereof, for use as a medicament. The invention further relates to pharmaceutical
compositions comprising a carrier and an anti-virally effective amount of a compound
of formula (T) as specified herein. The pharmaceutical compositions may comprise

15 combinations of the aforementioned compounds with other anti-HCV agents, The
invention further relates to the aforementioned pharmaceutical compositions for
administration to a subject suffering from HCV infection.

The invention also relates to the use of a compound of formula (I), or a N-oxide,

20  addition salt, quaternary amine, metal complex, or stereochemically isomeric forms
thereof, for the manufacture of a medicament for inhibiting HCV replication. Or the
invention relates to a method of inhibiting HCV replication in a warm-blooded animal
said method comprising the administration of an effective amount of a compound of
formula (I), or a N-oxide, addition salt, quaternary amine, metal complex, or

25 stereochemically isomeric forms thereof.



said nmethod conprising the admnistration of an effective anmount of a
conpound of formula (1), or a N-oxide, addition salt, quaternary
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stereochemically isomeric forms. The term “stereochemically isomeric forms” as used
herein defines all the possible compounds made up of the same atoms bonded by the
same sequence of bonds but having different three-dimensional structures which are not
25  interchangeable, which the compounds of formula (I) may possess.

With reference to the instances where (R) or (S) is used to designate the absolute
configuration of a chiral atom within a substituent, the designation is done taking into

consideration the whole compound and not the substituent in isolation.
30

Unless otherwise mentioned or indicated, the chemical designation of a compound
encompasses the mixture of all possible stereochemically isomeric forms, which said
compound may possess. Said mixture may contain all diastereomers and/or
enantiomers of the basic molecular structure of said compound. All stereochemically
35  isomeric forms of the compounds of the present invention both in pure form or mixed
with each other are intended to be embraced within the scope of the present invention.

Pure stereoisomeric forms of the compounds and intermediates as mentioned herein are
defined as isomers substantially free of other enantiomeric or diastereomeric forms of
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The di ast er efartingi matedgienat es of the conpounds of fornmula (1) can be
obt ai neds

The diastereomeric racemates of the compounds of formula (I} can be obtained
separately by conventional methods. Appropriate physical separation methods that
may advantageously be employed are, for example, selective crystallization and

chromatography, e.g. column chromatography.
30

For some of the compounds of formula (I), their N-oxides, salts, solvates, quaternary

amines, or metal complexes, and the intermediates used in the preparation thereof, the

absolute stereochemical configuration was not experimentally determined. A person

skilled in the art is able to determine the absolute configuration of such compounds
35  using art-known methods such as, for example, X-ray diffraction.

The present invention is also intended to include all isotopes of atoms occurring on the

present compounds. Isotopes include those atoms having the same atomic number but
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into thesactive inhibitors in vivo. Prodrugs of a conpound of the
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phar mceut | S GoRlera sBhEREK BRI Sraraal BURlp vioTomRsa, Phihalidyl
Cl _6al koxymestbns| Cﬁ@yébﬂkbmycaﬁxmmgcmm)és’tersrfeﬁ émhlple 1-cyclohexylcarbonyl-
il oot SR ABRAEL oh i ATRES, BF YOI SRR L iopatens
exanpl e 1- Cngnyh@f;(cl}ylgmd;@ngﬂlkoxycarbonyloxyethyl esters for example 1-methoxycarbonyl-
25  oxyethyl which may be formed at any carboxy group in the compounds of this
invention,

An in vivo hydrolysable ester of a compound of the formula (I) containing a hydroxy
group includes inorganic esters such as phosphate esters and a-acyloxyalkyl ethers and

30  related compounds which as a result of the in vivo hydrolysis of the ester breakdown to
give the parent hydroxy group. Examples of o-acyloxyalkyl ethers include acetoxy-
methoxy and 2,2-dimethylpropionyloxy-methoxy. A selection of in vivo hydrolysable
ester forming groups for hydroxy include alkanoyl, benzoyl, phenylacetyl and
substituted benzoyl and phenylacetyl, alkoxycarbonyl (to give alkyl carbonate esters),

35  dialkylcarbamoyl and N-(dialkylaminoethyl)-N-alkylcarbamoyl (to give carbamates),
dialkylaminoacetyl and carboxyacetyl. Examples of substituents on benzoyl include
morpholino and piperazino linked from a ring nitrogen atom via a methylene group to
the 3- or 4-position of the benzoyl ring.



oxyet hyl; 1, 3-di oxol en-2-onyl methyl esters for exanple

5-net hyl - 1, 3-di oxol en- 2-onyl met hyl ; and Cl- 6al koxycar bonyl oxyet hyl
esters for exanple 1-nethoxycarbonyl 2% oxyethyl which may be forned
at any carboxy group in the conpounds of this invention. An in vivo
hydr ol ysabl e ester of a conpound of the formula (1) containing a
hydroxy group includes inorganic esters such as phosphate esters and
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hydr oxybut anedi oi ¢ acid), tartaric, citric nethanesulfonic,
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the1r non-toxic metal or amine addition salt forms by treatment with appropriate

organic and inorganic bases. Appropriate base salt forms comprise, for example, the

ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium, sodium,

potassium, magnesium, calcium salts and the like, salts with organic bases, e.g. the

benzathine, N-methyl-D-glucamine, hydrabamine salts, and salts with amino acids such
30 as, for example, arginine, lysine and the like.

The term addition salt as used hereinabove also comprises the solvates which the
compounds of formula (I) as well as the salts thereof, are able to form. Such solvates

are for example hydrates, alcoholates and the like.
35

The term “quaternary amine” as used hereinbefore defines the quaternary ammonium

salts which the compounds of formula (I) are able to form by reaction between a basic
nitrogen of a compound of formula (I) and an appropriate quaternizing agent, such as,
for example, an optionally substituted alkyl halide, aryl halide or arylalkyl halide, e.g.



20 Conversely said salt forns can be converted by treatnment with an
appropriate base into the free base form The conpounds of formula
(I') containing an acidic proton may al 380 be converted into 25 their
non-toxic metal or am ne addition salt forns by treatnent with
appropriate organic and inorgani c bases. Appropriate base salt forns
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i nvention. £3st@ome imlicatddeindbarfidlomasg sifuctumalnfotnaul Will eysal. so exi st in
their tautoneric form Such forns_although not explicitly indicated

in the above fornula are intended ¥ be included wthin the scope of
the present invention.

(1

Asymmetric centers are present at positions 1, 4 and 6 of the macrocycle as well as at
the carbon atom 3’ in the pyrrolidine ring. Each of these asymmetric centers can occur
25  intheir R or S configuration.



As nentioned above, the conpounds of formula (1) have several
asymmetric centers. 20 In order to nore efficiently refer to each of
these asymetric centers, the nunbering systemas indicated in the
followi ng structural formula will be used. M \ N OS 2" 34 O
~N2 O NHN3O R" ))n H4 HNSO02 1Z) 7 6 R2 Asymmetric centers are
present at pOwistiresnhemistyy atpdsiornd pteferabizcooesohéds wsthavalflandsamaino delie
carbon at om3;, i :he . 170} I ng. Each of these asymetric
centers can ogg%%l?‘aﬁ% I%ﬂh%ﬁgeﬁ]?b%?igé S configuration. 10 The
stereochem stry at position 1 preferably corresponds to that of an

L-am no aci drhecofipoGidsadfifornulh (1§ indilidta @Elobrdﬂ'y@hfoﬂg as éﬁes@ﬂﬁﬁ%ﬂfés of
formula () H:]{clu ?-ra Cé?\l}?(g‘rr_opyl group as represented’in the 5
structurdl f BEFEWCY HNa O s cd= wherein C7 represents

the carbon at position 7 and carbons at posijfion 4 and 6 are
asymmetric carbon atons of the cycl ofr i ng. 10 Notw t hstandi ng
ot her possible asymmetric centers at gt segnents of the conpounds
of the invention, the presence of thede t asymetric centers means
that the conpounds can exist as mixtures o€ astereoners, such as
t he di astereqners of conpounds of fornmula (1) wherein the carbon at
position 7 i e&%ﬁﬂvé@r%ﬁlqgith%wb@yﬁ position 7 and carbons at position 4 and 6 are

asymmetric carbon atoms of the cyclopropane ring.

10 Notwithstanding other possible asymmetric centers at other segments of the compounds
of the invention, the presence of these two asymmetric centers means that the
compounds can exist as mixtures of diastereomers, such as the diastereomers of
compounds of formula (I) wherein the carbon at position 7 is configured either syn to
the carbonyl or syn to the amide as shown below.

8] 0]
N RN
Py *m\
8] :J 0] 8
Ci= C=
C7synto carbor{yl C7 syn fo amide
H Q H
N (Sy..lg ¥ (§>...1L‘\
RS R,
O ¢ O
_A =c, c,
15 C7synto carbonyl C7 syn to amide

One embodiment concerns compounds of formula (I) wherein the carbon at position 7
is configured syn to the carbonyl. Another embodiment concerns compounds of
formula (I) wherein the configuration at the carbon at position 4 is R. A specific
subgroup of compounds of formula (T) are those wherein the carbon at position 7 is

20  configured syn to the carbonyl and wherein the configuration at the carbon at position 4
is R.

The compounds of formula (I) also include a proline residue. Preferred are the
compounds of formula (T) wherein the substituent at the 1 (or 5°) position and the
25  substituent at position 3° are in a trans configuration. Of particular interest are the



t he carbonyl or syn to the am de as shown below OO RN (4 ~, N
"1R~, Ilr .6 _ 5aib5 CCr7+ C7 syn to carbonyl C7 syn to amide N
15 3~ ~N 1l Il s O 04Cr tCr 15 C7 "®yn to carbonyl C7 syn to am de
One enbodi ment concerns conpounds of fornmula (1) wherein the carbon
at position 7 is configured syn to the carbonyl. Another enbodi nment
concerns confsapegsdsodf fofmarian(l) aviierdin pbsitien h hasibe comfgugaticat doorespandineeto
carbon at posiidlRe afld i ﬁbstﬁuéﬁ%?bééit?tgl PYbgr @H&s@onﬁ@@@ﬁ@rﬂ%e?ﬂect of

formula (1) are, those el n the carbon at position i

confi gured s@Pﬁ“i‘)Bqt ﬁ)ée%g}%%bﬁ‘? IcompauRdsef émmulad) basithe sieorkamisity ehe
carbon at poadichted irdtheisgudluredfdogauPAu)dslo: formula (1) also include
a proline residue. Preferred are the conpounds of formula (1)
wherein the substituent at the | (die&') position and the 25
substituent at position 3' are in a _trans configuration. O
particular interest are the 11 griipoynds of fornmula (1) wherein
position 1 has the configuration psponding to L-proline and the
substituent at position 3" is in 3 ang configuration in respect of
position 1. Preferably the conpounds of |[formula (1) have the

stereochem stry as indicated in th ct/\me}gf(‘orrrula (I-¢)
s

-

below. Ow N s>K O-N O (I _O

o N
Y o (1-0)
i-Ny  HN 2
b)n @ xll'"(
Ny . HN'_-'SOZ
(Z)\\\\““

R2

Preferably, the dashed line is a double bond between carbon atoms 7 and 8 in the
compounds of formula (I), (I-¢) or in any subgroup of compounds of formula (I). More
preferably said double bond between carbon atoms 7 and 8 is in a cis configuration.

10 TItis to be understood that the above defined subgroup of compounds of formulae (I-b),
as well as any other subgroup defined herein, are meant to also comprise any N-oxides,

addition salts, quaternary amines, metal complexes and stereochemically isomeric
forms of such compounds.

15 When n is 2, the moiety —CH;- bracketed by “n” corresponds to ethanediyl in the
compounds of formula (I) or in any subgroup of compounds of formula (I). When n is
3, the moiety ~CHa- bracketed by “n” corresponds to propanediyl in the compounds of
formula (I) or in any subgroup of compounds of formula (I). When n is 4, the moiety
-CH,- bracketed by “n” corresponds to butanediyl in the compounds of formula (I) or

20 in any subgroup of compounds of formula (I). When n is 5, the moiety —~CH,-
bracketed by “n” corresponds to pentanediyl in the compounds of formula (I) or in any
subgroup of compounds of formula (I). When n is 6, the moiety —CH,- bracketed by
“n” corresponds to hexanediyl in the compounds of formula (I) or in any subgroup of



RN)n HN OHN-SO2 RZ 5 Preferably, the dashed |line is a double
bond between carbon atons 7 and 8 in the conpounds of fornmula (1),
(I-c) or in any subgroup of conpounds waf formula (1). More
preferably said doubl e bond between carbon atons 7 and 8 is in a cis
configuration. 10 It is to be understood that the above defined
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forrrulah]g)l) or 1n any corrpounsof ormula (1). Wien n
is 6 noi ety -CH2- bracketed by "n" corresponds to hexanediyl in
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ormul a rticul ar rou ounds . ornul a are
t hose corrpouorjiél?é S\t}\#? élpﬁoﬁc r&%ng’?og}onﬂ‘h]@f@r‘? &elﬁ%b REL- of the

i nvention are conpounds of forrrul a (l) or any of the 5 subgroups of

conmpounds o

Enbodi ment s %@ﬂ%hiﬁ%v@ntl on are O@gd&gﬂﬁ%ﬁ ﬂ%SF @? ﬁ%ﬂdg o(f Iﬁ}m&la (D
any of tlRe 95aBYPbikssubgroesmicampeueds of éfpmmlm(ll W}lexmeRelsrmﬂByh S

hydr ogen, or C, . 4al kyI i.e. methyl, ethyl, propyl, isopropyl,

butyl, tert-hut i sabut vl . roup, of corrpounds of th

i nvention ar'lgl ﬁ%’?@ rf%g a C?Qﬁlﬁﬁﬂ?g‘?ﬁ I?Q’B?buélﬁ?lg higcks id, g%}@@ﬁi@éps

of conpoundsvhiéh dreraeH delinri)ediyer @irnedR2niseiday e JRE buAldat 6cl§9bﬁfrﬂx’ép

of conpound 1 o) I hose nds

or any of t %8%@%%%%8%{?{)‘#‘% Qi S’l %mu%fna%%ﬁpﬁﬁ%bmt ?S()%erﬁflf nul?] Eé'l %%elt:lier

met hyl . 20 building block P2 or of bulldmg block P3. The linking of building blocks P1 with P2,
P2 with P3, and P1 with P1°, involve forming an amide bond. The linking of blocks P1
and P3 involves a double bond formation. The linking of building blocks P1, P17, P2
and P3 to prepare compounds of formula (I) can be done in any given sequence. One
of the steps involves a cyclization whereby the macrocycle is formed.

OMe
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The conpounds of forrmula (I) consist of three main building bl ocks
P1, P2, and P3, which are each delimted by a curved sinusoi dal
line. The building block PI further dd8ntains a PI' tail. The
carbonyl group marked with an asteri sk may be part of either 20
bui |l di ng bl ock P2 or of building block P3. The Iinking of building
blocks P 1 with P2, P2 with P3, and P1 @)th P1', involve fornming an
am de bond. ,The |inking of blocks PI. and P3 involves a double bond
f ormati on. sypihrsIR groseduses desebpddiesrinaltepare mgant tobe apphigalps faras well
prepare conphefdsmerks, fs@HréU&l@mida)l?r par iR Br HDprofiyRd) asSgHence.

One of the steps |nvoI |za%lson wher eby. t he,_ macrocycle is
formed. Owe ?\? % TRy x%ne Tacemaggs of stgrqoch e’éc lgnixturgs mpjkhe papargted
1i) nh4 f$ gSop st%reoisd?&ricl fortbs &t B stage It)]f theR¥nthesi@ procddurds. inbae (efnbodﬂbi’li&t,

nt hesi s pr, r..ar t i cabl e
sy PR AR iAR 36 b}?&gmnﬁag‘ AU hE ke fHoEndIEo sneifie BRPL |

for as well ereoc em ca

end product $ompeundsof fermredrdoner i c mxtures The racenates or

st ereochem cal m xtures may be separat ed 5 into stereoisoneric forns
at any stage of th nt hesi s procedures. In one enbodi nent, the

i nt er medi at 08‘?18“1@?1% PbatEPe arqprepared by i Apning themirle bengs and
above i 0t heubseqmmmﬁmrﬁsngﬁhefd@ﬁhhlb@nﬂ linkgge Hefva2AP3amdqi \ﬁfﬂlﬂb@nconntan%)

conmpounds (I epar first formng the am de bonds and
subsequent ‘r’l%ﬁ%’g) @ggga(éfﬁ&dﬁbnd | i nkage between P3 and P 1 with

concomtant cyclization to the nmacrocycle.
In a preferred embodiment, compounds (I) wherein the bond between C; and Cy is a
double bond, which are compounds of formula (I-a), as defined above, may be prepared
15 by as outlined in the following reaction scheme:

OMe
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Formation of the macrocycle can be carried out via an olefin metathesis reaction in the
presence of a suitable metal catalyst such as e.g. the Ru-based catalyst reported by
Miller, S.J., Blackwell, H.E., Grubbs, R.H. J. Am, Chem. Soc. 118, (1996), 9606-9614:

20  Kingsbury, J. S., Harrity, J. P. A., Bonitatebus, P, J., Hoveyda, A. H., J. Am. Chem.
Soc. 121, (1999), 791-799; and Huang et al,, J. Am. Chem. Soc. 121, (1999), 2674-
2678; for example a Hoveyda-Grubbs catalyst.



In a preferred enbodi ment, conpounds (1) wherein the bond between C7
and C8 is a double bond, which are conpounds of formula (I-a), as
defined above, may be prepared 15 by as outlined in the follow ng
reaction schene: O N OS OJ" NO(l-a) R'NHN3 O/]n 5 4 6//
HN-SO02 7 R2)> (I11) Formation of the macrocycle can be carried out

vi a Fm ol er immm}]ma&hm &a&lgét@ Budhibs icpdtslevlﬁ@@glﬁm@ﬁhiﬁ?)saébh@@h@}r-inden-
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(1996), 960d{denvthiginathylgetimtieniuin (I87), didkdonidetoan be usdl. Other catalystsgt?at can
Boni bus pePR : 1. (1999),
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- laene ru enl. u or |l . ol ys r .
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catal ysts ceohduaedig tolotier Thesareattiosrreednusted ut morasditemperahges a@er
for this re@ﬁt}é‘ﬁéﬂ'aﬁ{ﬁ%hgﬁt at hesis reactions nmay be conducted in a
a

suitabl e solverit such™as for exanple

Compounds of formula (I) wherein the link between C7 and C8 in the macrocycle is a

20  single bond, i.e. compounds of formula (I-b), can be prepared from the compounds of
formula (I-a) by a reduction of the C7-C8 double bond in the compounds of formula
(I-a). This reduction may be conducted by catalytic hydrogenation with hydrogen in the
presence of a noble metal catalyst such as, for example, Pt, Pd, Rh, Ru or Raney nickel.
Of interest is Rh on alumina. The hydrogenation reaction preferably is conducted in a

25  solvent such as, e.g. an alcohol such as methanol, ethanol, or an ether such as THF, or
mixtures thereof. Water can also be added to these solvents or solvent mixtures.

The tail P1’ can be connected to the P1 building block at any stage of the synthesis, i.e.
before or after the cyclization, or before or after the cyclization and reduction as

30 explained herein above. P1’ can be linked to P1 by forming an amide bond between
both moieties. In one embodiment, the P1° group is introduced in the last step of the
synthesis of the compounds (I) as outlined in the following reaction scheme wherein G
represents a group:



ethers, e.g. THF, dioxane; hal ogenated hydrocarbons, e.g.

di chor onet hane, CHC13i 1,2- 15 dichl oroethane and the like. In a
preferred enbodi nent, the netathesis r¥action is conducted in

tol uene. These reactions are conducted at increased tenperatures
under nitrogen atnosphere. Conpounds gf;,fornula (1) wherein the |ink
between C7 and C8 in the macrocycle isfa 20 single bond, i.e.
conpounds of formula (1-b), can be prgpared fromthe conpounds of
formula (1-a) by a reduction of the doubl e bond in the
conpounds of formula (l-a). This red oy may be conducted by
catal yti c hydrogenati on wth hydrogen ' presence of a noble
nmetal catalyst such as, for exanple,q PN B or Raney ni ckel .
O interest is Rh on alumina. The hy rogenatlon tion preferably
is conducted in a 25 solvent such e.g. ar~af cohol such as

met hanol , ethanol, or an ether such as/ THF, or m xtures thereof.
Water can al so be added to theﬁe S nts or solvent m xtures. The

tail P1' can be connected to t idhg bl ock at any stage of
the synthesis, i.e. before or after t e cyclization, or before or
after the cyclization and red ﬁr 30 expl ai ned herein above. PI'
can be linked to PI by form ng an boend between both noieties.
I n one enbodi nent, the P1l' group roduced in the |ast step of
the synthesis of the conpounds ( outlined in the foll ow ng
reacti on scheme wherein G represents a group: 15 O N O/ S1
OYNO RI_NHNIJ)n H2N-S®2 G COOH + R2) -- (g Pig (I1V) In this
procedure, a cycl oprgél sul f onam de (I\b‘)aNT'§Oﬂeact ed with an
internediate (I111) namdeformngezxﬁctron—scrchas dhy of
the procedures for the formation of an

()
(IV)
In this procedure, a cyclopropylsulfonamide (IV) is reacted with an intermediate (III)
5  viaan amide forming reaction such as any of the procedures for the formation of an
amide bond described hereinafter. In particular, (IIT) may be treated with a coupling
agent, for example N,N’-carbonyldiimidazole (CDI), EEDQ, IIDQ, EDCI or
benzotriazol-1-yl-oxy-tris-pyrrolidinophosphonium hexafluorophosphate
(commercially available as PYBOP®), in a solvent like THF, followed by reaction with
10 the desired cyclopropylsulfonamide (IV) in the presence of a base for example a
trialkylamine such as triethylamine or diisopropylethylamine, or 1,8-diazabicyclo-
[5.4.0Jundec-7-ene (DBU) or diisopropylethylamine.

The activation of the carboxylic acid in (IIT) as described in the above reactions may
15  lead to an internal cyclization reaction to an azalactone intermediate of formula



am de bond described hereinafter. In particular, (I1l) rmay be treated
with a coupling agent, for exanple N, N -carbonyldiimdazole (CDI),
EEDQ, |1 DQ EDCI or benzotriazol- | 16

-yl -oxy-tris-pyrrolidi nophosphoni um hexaf | uor ophosphat e

(commercially avail able as PyBOP(r)), hp,a solvent like THF, followed
by reaction with 10 the desired cycl opjopyl sul fonamde (1V) in the
presence of a base for exanple a tri#fkyl am ne such as triethylam ne
or diisopropylethylamne, or 1,8-dia ycl o- [5.4.0]undec-7-ene
(DBU) or diisopropylethylamne. The i on of the carboxylic acid

in (I11) as described in the above reat{igns may ,5 lead to an
e
e

internal cyclization reaction to an er nedi at e of
formula 16 O N OMNM S ol O I1-a) wherein Rl
and n are as specified above and in the stereogenic centers nmay
have t he stereochem cal configuratiion /as specified above, in

particular as in (I-c). The imer Nates (l1l-a) can be isol ated
fromthe reaction mxture, using ©onal 5 nethodol ogy, and the
isolated internediate (Ill-a) is eatted with (1V), or the
reaction mxture containing (Ilg¢a)ca peacted further with (1V)
w thout isolation of (Ill-a). In gne\gnbodinent, where the reaction
with the coupling agent is conduct8g ter-imm scible sol vent,

the reaction mxture containing (111-a) mﬁ Be washed with water or
with slightly basic water in order to renove all water-soluble side
products. 10viEmin Rhasd obraanspdcifiad heaesot witieesin tim)stédrbegenivecehRacingyg have

with (1V) wi E@Q%oﬁ@@ﬁdl%@ﬁﬁgur@%ﬁﬂ £ sgé’céﬁé)&]absotvgow pallS1d 3053 riRf

i nt er nedi at es
advant ages |Wewaf?%@1r@§%b%§0b¢@d@@ﬂ th Qaﬂe@@onmmgalsmgnmtﬂemonal

purificasi orimetﬁ@dblog@eaﬁ@ﬁa@ﬁmatw hﬂ%rﬁie&%ate QIn4) Ewthéxh ?é?ac{eﬁ WitS@VS ot fhe
products and an easler react
reaction mixtire contammg (ﬁ{ -a) can be reacte d f(t)lrther with (IV) without isolation of
(I1I-a). In one embodiment, where the reaction with the coupling agent is conducted in
a water-immiscible solvent, the reaction mixture containing (I1I-a) may be washed with
water or with slightly basic water in order to remove all water-soluble side products.

10 The thus obtained washed solution may then be reacted with (IV) without additional
purification steps. The isolation of intermediates (III-a) on the other hand may provide
certain advantages in that the isolated product, after optional further purification, may
be reacted with (IV), giving rise to less side products and an easier work-up of the

reaction.
15

The compounds of formula (I) can also be prepared by etherifying an intermediate (V)
with a quinoline of formula (VI) as outlined in the following reaction scheme:

OH

OMe




The conpounds of forrmula (1) can al so be prepared by etherifying an
internediate (V) wth a quinoline of fornmula (VI) as outlined in the
follow ng reaction schene: OHOWw ON¥ R NHN3 ON i ~)ns X a
8 6 HNSO2 S (2), Rz (M) (V) 17 Xin (M) represents hydroxy or
a |l eaving group such as a halide, e.g. bromde or chloride, or an
aryl sul f onyl X4 6Y rensesgntsrhydydxatas  leaviifg groep x(suchtmsyiahde ea drarhide bof ke.
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1981, s ég? ’@f( %& 02510 latgyisgeastedgyith the apylatingrasat wherein X is

a suitable Ieavmg group as mentioned above. The conversion of (V) to (I) using an
O-arylation reaction does not change the stereochemical configuration at the carbon
bearing the hydroxy or -O-quinoline group.

20  Alternatively, the reaction of (V) with (VI) can also be conducted via a Mitsunobu
reaction (Mitsunobu, 1981, Synthesis, January, 1-28; Rano et al., Tetrahedron Lett.,
1995, 36, 22, 3779-3792; Krchnak et al., Tetrahedron Lett., 1995, 36, 5, 6193-6196;
Richter et al., Tetrahedron Lett., 1994, 35, 27, 4705-4706). This reaction comprises
treatment of intermediate (V) with quinoline (VI) wherein X is hydroxyl, in the

25  presence of triphenylphosphine and an activating agent such as a dialkyl
azocarboxylate, e.g. diethyl azodicarboxylate (DEAD), diisopropyl azodicarboxylate
(DIAD) or the like. The Mitsunobu reaction changes the stereochemical configuration
at the carbon bearing the hydroxy or -O-quinoline group.

30  The compounds of formula (I) wherein R! is hydrogen, said compounds being
represented by (I-d) can also be prepared from a corresponding nitrogen-protected
intermediate (VII) wherein PG represents a nitrogen protecting group. Suitable N-
protecting groups are described hereinafter. In one embodiment, PG in (VII) is benzyl
or substituted benzyl, in particular 4-methoxybenzyl.



1995, 36, 22, 3779-3792; Krchnak et al., Tetrahedron Lett., 1995, 36,
5, 6193-6196; Richter et al., Tetrahedron Lett., 1994, 35, 27,
4705-4706). This reaction conprises tgeatnment of internediate (V)
with quinoline (VI) wherein X is hydroxyl, in the 25 presence of

tri phenyl phosphine gnd an activating agent such as a dial kyl
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The starting materials (VII) in the above reaction can be prepared following the
procedures described for the preparation of the compounds of formula (I), but using
intermediates wherein the group R’ is PG.

Alternatively, in order to prepare the compounds of formula (I), first an amide bond
between building blocks P2 and P1 is formed, followed by coupling of the P3 building
block to the P1 moiety in P1-P2, and a subsequent amide bond formation between P3
and the P2 moiety in P2-P1-P3 with concomitant ring closure. Yet again, the tail P1°

10 can be bonded to the P1 building block at any stage of the synthesis of the compounds
of formula (I), for example before or after coupling the building blocks P2 and P1;
before or after coupling the P3 building block to P1; or before or after coupling
building blocks P3 and P2 and the concomitant ring closure.

15 Yet another alternative synthetic methodology is the formation of an amide bond
between building blocks P2 and P3, followed by the coupling of building block P1 to
P3, and a last amide bond formation between P1 and P2 with concomitant ring closure,
Yet again, the tail P1” can be bonded to the P1 building block at any stage of the
synthesis of the compounds of formula (), i.e. in the present case, before or after

20 coupling the building blocks P2 and P3; before or after coupling the building blocks P1
and P3; before or after coupling P1 and P2 with concomitant ring closure.

Building blocks P1 and P3 can be linked via double bond formation at carbons 7 and 8
if desired, followed by a reduction of the C7-C8 double bond. The thus formed P1-P3
25 block can be coupled to building block P2 and subsequently cyclized, by forming

s



procedures described for the preparation of the conmpounds of fornula
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Alternatively, in order to prepare thet%conpounds of formula (1),
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The formation of amide bonds can be carried out using standard procedures such as
those used for coupling amino acids in peptide synthesis. The latter involves the
dehydrative coupling of a carboxyl group of one reactant with an amino group of the
other reactant to form a linking amide bond. The amide bond formation may be

30  performed by reacting the starting materials in the presence of a coupling agent or by
converting the carboxyl functionality into an active form such as an active ester, mixed
anhydride or a carboxyl acid chloride or bromide. General descriptions of such
coupling reactions and the reagents used therein can be found in general textbooks on
peptide chemistry, for example, M. Bodanszky, “Peptide Chemistry”, 2nd rev. ed.,

35  Springer-Verlag, Berlin, Germany, (1993).

Examples of coupling reactions with amide bond formation include the azide method,
mixed carbonic-carboxylic acid anhydride (isobutyl chloroformate) method, the
carbodiimide (dicyclohexylcarbodiimide, diisopropylcarbodiimide, or water-soluble



group, wherein Rl is as defined for the conmpounds of fornula (1) or a
subgroup thereof, 15 and wherein RL may further be a
nitrogen-protecting group; and Ris tie P3 alkyl noiety. The
activated asterisked carbonyl can be introduced by reacting the
pyrrolidine or amne NHRR w th phosgene or a phosgene derivative.
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[5.4.0]undec-7-ene), or 4-DVAP. Further coupling agents are
(benzotriaz c’if[he lzemblmgy)aactibns prefetabip tahy/ ¢omdineted irpdroinph eoliveny such as

hexaf | uor ophy t RLES
1- hydr oxybenzotri az olil)gréér%%f n%\ﬁ%é’ (ﬁ&h&f&% w%’e 21?05? gllpofar f?Pr)Oﬁc solvents
such as acetonitrile, dzrnethylformamde dlmethylacetamlde DMSO, HMPT, ethers
25  such as tetrahydrofuran (THF).

In many instances the coupling reactions are done in the presence of a suitable base
such as a tertiary amine, e.g. triethylamine, diisopropylethylamine (DIPEA), N-methyl-
morpholine, N-methylpyrrolidine, 4-DMAP or 1,8-diazabicycle[5.4.0Jundec-7-ene

30 (DBU). The reaction temperature may range between 0 °C and 50 °C and the reaction
time may range between 15 min and 24 h.

The functional groups in the building blocks that are linked together may be protected
to avoid formation of undesired bonds. Appropriate protecting groups that can be used
35 are listed for example in Greene, “Protective Groups in Organic Chemistry”, John
Wiley & Sons, New York (1999) and “The Peptides: Analysis, Synthesis, Biology”,
Vol 9, Academic Press, New York (1987), hereafter referred to simply as Greene.
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25  is then neutralized either prior to the coupling or in situ with basic solutions such as
aqueous buffers, or tertiary amines in dichloromethane or acetonitrile or dimethyl-
formamide. When the Fmoc group is used, the reagents of choice are piperidine or
substituted piperidine in dimethylformamide, but any secondary amine can be used.
The deprotection is carried out at a temperature between 0 °C and room temperature,

30 usually around 15-25 °C, or 20-22 °C.

Other functional groups that can interfere in the coupling reactions of the building
blocks may also be protected. For example hydroxyl groups may be protected as
benzyl or substituted benzyl ethers, e.g. 4-methoxybenzyl ether, benzoy! or substituted

35  benzoyl esters, e.g. 4-nitrobenzoyl ester, or with trialkylsilyl goups (e.g. trimethylsilyl
or tert-butyldimethylsilyl).



10 benzyl oxycar bonyl s, and 9-fl uorenyl net hyl oxycar bonyl (Fnoc); 3)
al i phatic carbamate groups such as tert-butyl oxycarbonyl (Boc),

et hoxycar bonyl, diisopropyl net hoxy-ca2bonyl, and allyl oxycarbonyl;
4) cyclic al kyl carbanmate groups such as cycl opentyl oxycarbonyl and
adamant yl oxycar bonyl ; 15 5) al kyl groups such as triphenyl net hyl,
benzyl or sutysther uning greupsymayshacprotested by peotbatingteroupsithat@n be cleaved off
trial kyl sil ydelestiGdly aBor dxlaffipld) ¥heh Bk i fﬁSﬁ b aBthel- 15 ?réfel:’éﬂg 308 e

t hi ol cont ai n‘g % }ﬁ%é'il such as phen I ocar bony
di t hi asucci Bb‘P n 8y Hrﬂ‘ijcfé?ﬁ ﬁ@uﬁfﬁr%@ é’élfaibi?gPd@@@?ﬁu@’é‘ﬂé‘@éﬂ&mleﬁes

Froc. 20 Pr e:faﬁlbalulsed ﬁ)hﬁotadiﬂfﬁﬂhe&r&ilﬁ@gioﬂ s; BeRsR (BH) &h&gwdb@ﬁsfed% pﬂﬁect
to the n%xt I|n st e

ot'ecting groups c
done foll OWI r?gmﬁﬁr%pl?%@%cﬁﬂeésscan\m&ﬁgé tosotsg 'Ci%&ﬂ & g@HPS tPe
met hods of cWhﬁnd“ema?rle choseh ifothe acating pentéation nesaallyterd-putyl based protecting

di chl or onet s a?é adé‘r%)tal':'l@ P cep Bok @ﬁp@ﬁ%@gﬁpﬁﬁgﬁaﬁg L%%(ﬁ?pﬁl ttert

amoni um sal en_neutra zed
in situ wt fb“@éﬁl@ms@r bydrexy! %Qt‘éiﬁ @zyiteadw@d@gtem érther garbogfigrcaxpy
anm nes in dichloronmethane or acetonitrile or dinethyl- formam de.

When t hg oFMen;96QAHPp f&ecﬁﬁgg‘rodpgfh RIENb R taﬁﬂgﬂaggo%@ sgﬁtg%é Béaufd

substi t ut ed %I rlggne in f or ram sec am ne
can be used? E‘W TRl %E&t‘?C@ﬁglg&@anﬁ%@Ghﬁ ﬁg{ctignqhéwpgpbmmlgedmthe

between 0 Creausiof eps meﬂ‘@:ﬁbaédﬁf%; coz%ﬁ]eti&hlafﬂh}é bﬁﬂ@-‘&iﬂ%fﬂﬁe‘rﬁ@cr&s o,
20-22 C. Q'i? n|nt erelntheco

f onal s t hat upl.in
reactions of th OV%E?#?“EIP?% Sﬁﬁ@/b% T B F%F’é’@?%’&er lwtagﬁ g‘é
hydr oxyl gr cbpise pfiproestipg grcmps e»dhlah mahag yle vosll lsndvat uotthbsechkbleﬂzhythe art.
et hers, lé g 4 rret hoxybenzy] et her, benzoyl or substi tuted 35 benzoyl

esters, r|alk 5|I l. gou

trinet hyI si I AIH? %Z% ‘Z‘Eﬁeq ﬁ’;?} P}e}p?}edﬂ % %ﬁaté)fgﬁas
may be prot é’@’é}b@ ﬂe@Kg ﬁgthgmwpscetdfatcadmnybeﬁoﬂmgagamt &s outlined in
sel ecti vel ythg:gqb@mg@mw@%@oo is used as the a-am no protecting
group, the follow ng side chain protecting groups are suitable:

p-tol uenesul fonylL (tosyl) noieties can be used to pnotect further
am no groups; tSénzyI (Bn) ethers can be used to pr&tect 5 hydroxy
groups; and benzyl esters can be usgd to protect further carboxyl
groups. O noc i s chosen for|the a-an no otction, usually
tert-butyl baSed /protecting NH o (X)

0 n oﬁ/
—

HNs O ai-Ng  HN P
5 CO introducing In 5
HN—S0; agent & . HN—SO2
R2 7 e Rz
(Vi) Lis PG (Il-a)

L is a radical (a) (H)

20 L represents an O-protecting group PG' or a group

OMe

(a)




groups are acceptable. For instance, Boc can be used for further

am no groups; tert- butyl ethers for hydroxyl groups; and tert-butyl
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Where L is PG' the reaction of (VIII) with (IX) yields intermediates (II-a). These can
be deprotected, for example where PG' is benzoyl or substituted benzoyl by reaction
with a an alkali metal hydroxide (LiOH, NaOH, KOF), in particular where PG' is
4-nitrobenzoyl, with LiOH, in an aqueous medium comprising water and a water-

20 soluble organic solvent such as an alkanol (methanol, ethanol) and THF. The resulting
alcohol (i.e. an intermediate (II-a) wherein L is hydrogen), is reacted with an
intermediate (VI) as described above for the reaction of (V) with (VI) and this reaction
results in intermediates (I0).

25  The intermediates of formula (IIT) may be prepared by first cyclizing an ester
intermediate (X) to a macrocyclic ester (XI), which in turn is converted to the
corresponding macrocyclic carboxylic acid (I11) as follows:

L ~
o~ 0
N 1
o
OYN 0 5 O
e
o]
~N_  HN 0 R HINg
R Dh h s e
o OH
0-PG? N
< (2)3
/ Lis PG (lli-a)

L. is a radical {a) (lll



bases and sol vents used in the am de form ng reactions as descri bed
above. In a particular enbodinent, the base is a hydrogencarbonate,
e.g. NaHCO3 or a tertiary amne such ®&s triethylamne and the |iKke,
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CH2C12, CHC13, and the like. Thereafter, the amne (I1X) is added
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L is as specified above. Where L is a radical (a) this reaction sequence yields
intermediates (VII-a) or (VII-b). These can also prepared by removing L being an O-

20  protecting group and etherifying the thus formed alcohol with intermediate (VI) as
described above. The sulfonylamide group in the above sequence may be an ester (i.e.
an -OPG? group as specified above) which may be removed and condensed with a
cyclopropylamide (IV) following the procedures mentioned earlier.

25  The cyclopropylsulfonamide group can be introduced at any stage of the synthesis,
either as the last step as described above, or earlier, before the macrocycle formation as
shown in the following scheme.
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art-known nethodol ogies, e.g. nmethyl or ethyl esters by treatnent
with an al kali netal hydroxide 5 in aresaqueous nedium t.butyl esters
with weak acid and benzyl esters with strong acid or by catalytic
hydr ogenat i on. re Lis aradical (a) this reaction sequence yields
i nt er nedi at es (Il These can al so prepared by r@ﬂnving L being an

O protecting gr up and etherifying the thus fornpd al cohol with
internediate (VYl)>yas descri bed above. 10 The i
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i nternmedi ate (- @ hAfescri bed above. The sul fonyl anide group in the
above sequence mayl be an ester (i.e

R? (b), wherein R and n are as defined above, or wherein R' may also
5  represent a nitrogen-protecting group (a group PG, as specified above). Obviously,
when R’ represents a nifrogen-protecting group, such may be removed at the desired
stage of the synthetic route. The intermediates (XIV) wherein L' represents a group (b)
correspond to the intermediates (IT) or (II-a) and may be processed further as specified

above.
10

Coupling of P1 and P2 building blocks

The P1 and P2 building blocks are linked using an amide forming reaction following

the procedures described above. The P1 building block may have a carboxyl protecting

group PG2 (as in (XVI-a)) or may already be linked to P1’ group (as in (XVI-b)). L is
15  hydrogen or a group L as specified above.
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In the procedure of the above scheme, a cyclopropyl amino acid (XVI-a) or (XVI-b) is
coupled to the acid function of the P2 building block using an amide forming reaction
such as the standard peptide coupling conditions described above. Removal of the acid

5 protection group in (XIII), using the appropriate conditions for the protecting group
used, followed by coupling with a cyclopropylsulfonamide (IV) as described above,
again yields intermediate (XIV).

In one embodiment, L' is a group (b) and these reactions involve coupling P1 to P2-P3,

10 which resulis in the intermediates (X) or (II) mentioned above. In another embodiment
L'isa N-protecting group PG, which is as specified above, and the coupling reaction
results in an intermediate (XV-a) from which the group PG can be removed to
intermediates (XIII-a), using reaction conditions also mentioned above:

]

¢
Oj oﬁ
(XV-a) = (Xlll-a) =

15 In one embodiment, PG in this reaction is a BOC group. Where additionally L* is
hydrogen, the starting material is Boc-L-hydroxyproline.
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In (XVIII) R* is as specified above, but may further be a nitrogen-protecting group,
which may be removed with a nitrogen deprotecting agent at the desired stage of the
15  synthetis route. Where L? in (XVIII) is a group ~OPG?, the PG* group may be
removed and the resulting acid coupled with cyclopropyl amino acids (XVI-a) or
(XVI-b), yielding intermediates (XIII) or (XIV) wherein L' is a radical (b).

The building blocks P1, P1’, P2 and P3 for compounds of formula () can be prepared
20  starting from art-known intermediates. A number of such syntheses are described
hereafter in more detail.

Synthesis of P2 building blocks
Building blocks P2 can be prepared by an O-arylation reaction, e.g. following the

25  procedures described above, as depicted in the scheme below, wherein L' is as
specified above and in particular is a N-protecting group PG, X is as defined above and
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5  Starting material (XIX) is reacted with reagent (VI) as described above for the
synthesis of (I-d) starting from (V) and (V). Similarly as described above, this reaction
can be done with retention (arylation with X being a leaving group) or inversion
(Mitsunobu reaction) of the stereochemistry at the hydroxy bearing carbon atom. In the
arylation with X being a leaving group, L* may also be hydroxy, in the Mitsunobu

10 reaction L* is a group —~OPG>.

In one embodiment the group L' is PG, which is Boc and the starting material (VIO) is
commercially available Boc-L-hydroxyproline, or any other stereoisomeric form

thereof,
15

Where L* in (XX) is —OPG?, the carboxyl protecting group PG* may be removed
following procedures described above to hydroxyproline derivatives (XVII). Tn one
embodiment PG' is Boc and PG? is a lower alkyl ester, in particular a methyl or ethyl
ester. Hydrolysis of the latter ester to the acid can be done by standard procedures, e.g.
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Friedel-Craft acylation of a 3-methoxyaniline (XXII), available either commercially or
via art-known procedures, using an acylating agent such as acetyl chloride or the like in
the presence of one or more Lewis acids such as boron trichloride and aluminium

10 trichloride in a solvent like dichloromethane provides (XXIII). Coupling of (XXIIT)
with 4-isopropyl-thiazole-2-carboxylic acid (XXIV), preferably under basic conditions,
such as in pyridine, in the presence of an activating agent for the carboxylate group, for
instance POCl;, followed by ring closure and dehydration under basic conditions like
potassium ter¢-butoxide in fert-butanol yields quinoline derivative (VI-a). The latter

IS5 can be converted to (VI-b) wherein LG is a leaving group, e.g. by reaction of (XII) with
a halogenating agent, for example phosphoryl chloride or the like, or with an
arylsulfonyl chloride, e.g. with tosyl chloride.

2-carboxy-4-isopropyl-thiazole (XXIV) is synthesized following art-known procedures,
20 in particular as follows:



commerci al |l y avail abl e Boc-L-hydroxyproline, or any other

stereoi soneric form thereof. 15 Wiere L4 in (XX) is -OP&, the
carboxyl protecting group P& may be r¥®noved follow ng procedures
descri bed above to hydroxyproline derivatives (XVIl1). In one

enbodi nent PG is Boc and P& is a | ower alkyl ester, in particul a
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Intermediate (XXIII) may also be prepared as described by Brown et al. J. Med. Chem.
1989, 32, 807- 826, or as outlined in the following scheme.

SO OO

(XXiX) (XXX) (XXXI)

|
o=t

ey © (XXXI1)

10 Starting materials ethylacetyl acetate and ethoxymethylene malononitrile, which are
commercially available, are reacted in the presence of a suitable base, such as sodium
ethoxide, and a solvent, such as ethanol and the like. This reaction affords intermediate
(XXIX). The latter is hydrolyzed, e.g. with a base such as an alkali metal hydroxide,
e.g. NaOH or LiOH, in a suitable solvent such as ethanol/water to produce (XXX).

15 Decarboxylation of intermediate (XXX) into intermediate (XXXI) is performed at
increased temperature until effervescence ceases, preferably in the presence of a basic
solvent such as quinoline. Methylation of intermediate (XXXI), in particular with a
methylating agent such as Mel in the presence of a suitable base (e.g. K2COs) ina
suitable solvent (such as DMF and the like) yields (XXXII). The latter is reacted with a

20  Grignard reagent such as MeMgBr in the presence of a suitable solvent (e.g. THF),
followed by hydrolysis, for instance with aqueous HCY, affording intermediate (XXIII).
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Starting materials ethylacetyl acetate and et hoxynet hyl ¢ne

mal ononitrile, which are comercially available, are re¢acted in the
presence of a suitable base, such as sodium ethoxide, and a sol vent,
such as ethanol and theH,Nke.cdbpszreaction affordsyt er aggpat e
(XXIX). The latter is hydrofyzed, e.g. with a base such<as an al kal i
nmetal hydroxide, e.g. Na )r LiOH in a suitable sol t such as
et hanol /water to produce (XXX= 15 Decar boxyl ati on of i ntlernedi ate

into internediate (XXXI) is perfornmed at
(XXX) ( (XVi-a)-1) P (XVi-a)

Treatment of commercially available or easily obtainable imine (XXXIII) with

10 1,4-dihalobutene in presence of a base produces (XXXIV), which after hydrolysis
yields cyclopropyl amino acid (XVI-a), having the allyl substituent syn to the carboxyl
group. Resolution of the enantiomeric mixture (XVI-a) results in (XVI-a-1). The
resolution is performed using art-known procedures such as enzymatic separation;
crystallization with a chiral acid; or chemical derivatization; or by chiral column

15  chromatography.

The sulfonamide derivative (XVI-b) can be obtained as outlined in the following
reaction scheme, wherein R®and PG are as specified above.

O
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In this scheme, LG is a N-protecting group as specified above and in particular is BOC

15  or trifluoroacetyl; R' and n are as defined above, and wherein R may also be a further
nitrogen-protecting group which can be cleaved off selectively towards the group PG.
LG is a leaving group as specified above, in particular LG is chloro or bromo. Where
R' represents a nitrogen-protecting group, it may be removed with a nitrogen

deprotecting agent at the desired stage of the synthetic route.
20

The monoacylated amines (XXXVI) are treated with a strong base such as sodium
hydride and are subsequently reacted with a haloCssalkenyl (XXXVII) to the
corresponding protected amine (XXXVIII). Deprotection of (XXXVII) affords (IX).
Deprotection will depend on the group PG, thus if PG is Boc, deprotection can be

25 accomplished with a relatively weak acid, e.g. trifluoroacetic acid, or when PG is
trifluoroacetyl, removal is accomplished with a base, e.g. sodium hydroxide.

Intermediates (IX) wherein R! is hydrogen can also be prepared via a Gabriel synthesis
of an alkenylamine, which can be carried out by the treatment of a phthalimide

30 (XXXIX) with a base, such as potassium hydroxide, and (XXXX), followed by the
hydrolysis to generate an alkenylamine (IX-a).
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or when PG g tert-butyl hydro-perox1de Suitable solvents are, for example water, lower

alcohols, e.g. ethanol and the like, hydrocarbons, e.g. toluene, ketones, e.g. 2-butanone,
15  halogenated hydrocarbons, e.g. dichloromethane, and mixtures of such solvents.

Pure stereochemically isomeric forms of the compounds of formula (I) may be obtained
by the application of art-known procedures. Diastereomers may be separated by
physical methods such as selective crystallization and chromatographic techniques,

20 e.g., counter-current distribution, liquid chromatography and the like.

The compounds of formula (I) may be obtained as racemic mixtures of enantiomers
which can be separated from one another following art-known resolution procedures.
The racemic compounds of formula (1), which are sufficiently basic or acidic, may be
25  converted into the corresponding diastereomeric salt forms by reaction with a suitable
chiral acid, respectively chiral base. Said diastereomeric salt forms are subsequently
separated, for example, by selective or fractional crystallization and the enantiomers are
liberated therefrom by alkali or acid. An alternative manner of separating the
enantiomeric forms of the compounds of formula (I) involves liquid chromatography, in
30 particular liquid chromatography using a chiral stationary phase. Said pure stereo-
chemically isomeric forms may also be derived from the corresponding pure stereo-
chemically isomeric forms of the appropriate starting materials, provided that the
reaction occurs stereospecifically. Preferably if a specific stereoisomer is desired, said
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form or metal complex, as the active ingredient is combined in intimate admixfure with

a pharmaceutically acceptable carrier, which carrier may take a wide variety of forms
depending on the form of preparation desired for administration. These pharmaceutical

25  compositions are desirable in unitary dosage form suitable, particularly, for
administration oraily, rectally, percutaneously, or by parenteral injection. For example,
in preparing the compositions in oral dosage form, any of the usual pharmaceutical
media may be employed such as, for example, water, glycols, oils, alcohols and the like
in the case of oral liquid preparations such as suspensions, syrups, elixirs, emulsions

30  and solutions; or solid carriers such as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like in the case of powders, pills, capsules, and tablets.
Because of their ease in administration, tablets and capsules represent the most
advantageous oral dosage unit forms, in which case solid pharmaceutical carriers are
obviously employed. For parenteral compositions, the carrier will usually comprise

35  sterile water, at least in large part, though other ingredients, for example, to aid
solubility, may be included. Injectable solutions, for example, may be prepared in
which the carrier comprises saline solution, glucose solution or a mixture of saline and
glucose solution. Injectable suspensions may also be prepared in which case
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scored or coated tablets), capsules, pills, suppositories, powder packets, wafers,
30  injectable solutions or suspensions and the like, and segregated multiples thereof,

The compounds of formula (I) show antiviral properties. Viral infections and their
associated diseases treatable using the compounds and methods of the present invention
include those infections brought on by HCV and other pathogenic flaviviruses such as
35  Yellow fever, Dengue fever (types 1-4), St. Louis encephalitis, Japanese encephalitis,
Murray valley encephalitis, West Nile virus and Kunjin virus, The diseases associated
with HCV include progressive liver fibrosis, inflammation and necrosis leading to
cirthosis, end-stage liver disease, and HCC; and for the other pathogenic flaviviruses
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constitutively active gene promoter, and such cells can be used as a counter-screen to

-

eliminate non-selective inhibitors.

Due to their antiviral properties, particularly their anti-HCV properties, the compounds
of formula (I} or any subgroup thereof, their N-oxides, addition salts, quaternary

30  amines, metal complexes and stereochemically isomeric forms, are useful in the
treatment of individuals experiencing a viral infection, particularly a HCV infection,
and for the prophylaxis of these infections. In general, the compounds of the present
invention may be useful in the treatment of warm-blooded animals infected with
viruses, in particular flaviviruses such as HCV.

35
The compounds of the present invention or any subgroup thereof may therefore be used
as medicines. Said use as a medicine or method of treatment comprises the systemic
administration to viral infected subjects or to subjects susceptible to viral infections of
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predeterm ned quantity of active ingredient calculated to produce
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Inhibitors of HCV proteases (NS2-NS3 inhibitors and NS3-NS4A inhibitors) include,
30  but are not limited to, the compounds of WO02/18369 (see, e.g., page 273, lines 9-22
and page 274, line 4 to page 276, line 11); BILN-2061, VX-950, GS-9132 (ACH-806),
SCH-503034, and SCH-6. Further agents that can be used are those disclosed in
WO98/17679, WO 00/056331 (Vertex); WO 98/22496 (Roche); WO 99/07734,
(Boehringer Ingelheim ), WO 2005/073216, WO 2005073195 (Medivir) and
35  structurally similar agents.

Inhibitors of other targets in the HCV life ¢ycle, including NS3 helicase; metallo-
protease inhibitors; antisense oligonucleotide inhibitors, such as ISIS-14803, AVI-4065
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Other antiviral agents include, but are not limited to, ribavirin, amantadine, viramidine
25  nitazoxanide; telbivudine; NOV-205; taribavirin; inhibitors of internal ribosome entry;

broad-spectrum viral inhibitors, such as IMPDH inhibitors (e.g., compounds of

US5,807,876, US6,498,178, US6,344,465, US6,054,472, W0O97/40028, W0O98/40381,

WO00/56331, and mycophenolic acid and derivatives thereof, and including, but not

limited to VX-950, merimepodib (VX-497), VX-148, and/or VX-944); or combinations
30  ofany of the above.

Thus, to combat or treat HCV infections, the compounds of formula (I) may be
co-administered in combination with for instance, interferon-a (IFN-a), pegylated
interferon-o. and/or ribavirin, as well as therapeutics based on antibodies targeted

35  against HCV epitopes, small interfering RNA (Si RNA), ribozymes, DNAzymes,
antisense RNA, small molecule antagonists of for instance NS3 protease, NS3 helicase
and NS5B polymerase.
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In a further embodiment, the combination comprising (a) an HCV NS3/4a protease
inhibitor of formula (I) or a pharmaceutically acceptable salt thereof; and (b) ritonavir

25 ora pharmaceutically acceptable salt thereof;, further comprises an additional anti-HHCV
compound selected from the compounds as described herein.

In one embodiment of the present invention there is provided a process for preparing a

combination as described herein, comprising the step of combining an HCV NS3/4a
30  protease inhibitor of formula (I) or a pharmaceutically acceptable salt thereof, and

ritonavir or a pharmaceutically acceptable salt thereof, An alternative embodiment of
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The compositions may be formulated into suitable pharmaceutical dosage forms such

25 as the dosage forms described above. Each of the active ingredients may be formulated
separately and the formulations may be co-administered or one formulation containing
both and if desired further active ingredients may be provided.

As used herein, the term “composition” is intended to encompass a product comprising
30  the specified ingredients, as well as any product which results, directly or indirectly,
from the combination of the specified ingredients.

In one embodiment the combinations provided herein may also be formulated as a
combined preparation for simultaneous, separate or sequential use in HIV therapy. In
35  such a case, the compound of general formula (I) or any subgroup thereof, is
formulated in a pharmaceutical composition containing other pharmaceutically
accepiable excipients, and ritonavir is formulated separately in a pharmaceutical
composition containing other pharmaceutically acceptable excipients. Conveniently,
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and pestivir 3 di ment of t present invention there is
a0 PESL Y1 38 0 SN BBl b R RSB o
accordi ng t alterayiroaea phartraecusichlidacrepiable sdie Sterddfewhink issiufficient ta increase
phar maceut i Galday cﬁa%%ﬁieqmaﬁné‘e&%ﬁﬁﬁ Qhriatidh d¥ahd 184 RE3/4h 55?01.—9;%8 $80bitcvr
i nvent i provi des_ a pharnaceuti cal conmposition conprising (a) a
{ ffo

t her ap e%i c 591;191.1 a (I) selected from t1/3, Cininy Cinax, Css, AUC at 12 hours, or AUC at 24 hours,

relative to said at least one pharmacokinetic variable when the HCV NS3/4a protease

inhibitor of formula (I) is administered alone.

A further embodiment relates to a method for improving the bioavailability of a HCV

25  NS3/4a protease inhibitor comprising administering to an individual in need of such
improvement a combination as defined herein, comprising a therapeutically effective
amount of each component of said combination.

In a further embodiment, the invention relates to the use of ritonavir or a

30 pharmaceutically acceptable salt thereof, as an improver of at least one of the
pharmacokinetic variables of a HCV NS3/4a protease inhibitor of formula (I) selected
from t12, Cinin, Crnax, Css, AUC at 12 hours, or AUC at 24 hours; with the proviso that
said use is not practised in the human or animal body.

35  The term “individual” as used herein refers to an animal, preferably a mammal, most
preferably a human, who has been the object of treatment, observation or experiment.



effective amount of an HCV NS3/4a protease inhibitor of the formula
(I') or a pharmaceutically acceptable salt thereof, (b) a _
therapeutically effective amount of rd42tonavir or a pharnmaceutically
acceptabl e salt thereof, and (c) a pharmaceutically acceptable

exci pient. Optionally, the pharmaceutical conposition further
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i ngredi ents,ti™& wel | as any product mhlch results, directly or
indirectly, fron1the conbi nati on of the specified ingredients. In
one enb conbln | ans provi ded herein may al so be

f or mul aﬁgd ea?o a?%lpﬂ%afa f&?ﬁéﬁ‘éﬁ‘rnélpn SAn b pdminigred incymansde dogege eanges

sequenti al lspemﬁﬂfdﬂle‘dcﬁ teahgdent ddinprided sU&d @ozﬁlﬁﬁﬁnoﬂshfrhé%gﬁ poitshtOf
har maceut | CATPESHBSTIT R Bigie, SmigetepRabe e earnD: he
accept abl e éﬁﬁ/@ motme mhlblhorstdrfamnulaﬂs) of amymﬂbgrcm;b thapaf, ah@tiyonavir ar a
phar maceut i R Gk ta%?é"éa cﬁ“ ak a%%%yf} oG ellsyofthe order
accept abl e CI |ents I‘l ese tWo ‘sep & a

phar macédt i &4 (ﬁd cpsgfﬁméﬁféém be part of a kit for si rrultaneous
separate or sequentlal use. Thus, the individual conponents of the

[ [ t 5 t d rately
i 1 er ontY EFHEE HCY Mg HEO BB BEOGH YHEFRYS (D et ant pymmsrerdd
di vi ded or gn nghbinetieryitheateight fatio o memvmmroteayenmm; bfiformula (I) to

her ef
her 1 or o 4 SultpASE BB A6 aB A AP IZER, Rl a0 o
is to bali nebewrlslber ﬁ'@@b&hﬂmhlﬁ W, tOIabO@t oA &f typiceldy &otoationehd:, ! totaheut 1:10,
separ at e dogadendr®fypically Sroadbduk gtl%%goﬁbloytAEb'ﬁ'ééﬁJP%% rat%& dffthe

amount of | ERCBRAA PrgReasE R AR doTERt 3 %%raé%%ﬁ%%@%ﬁéﬁ%oﬁ%
whi ch is sufabiwi 1e$;tormncdmdmt g4l tb)ﬁbomtrlm @Y Erobhébolt 9dvidiabadi 1.3, o fidkn 4008t
HCV NS3/ 4a B PLS okt f 9 or otncl) [about IfSD { abou{ pl 5. In one aspect, the amount by
25  weight of the HCV NS3/4a protease inhibitors of formula (I) is equal to or greater than
that of ritonavir, wherein the weight ratio of the HCV NS3/4a protease inhibitor of
formula (I) to ritonavir is suitably in the range of from about 1: 1 to about 15: 1,
typically from about 1: 1 to about 10: 1, and more typically from about 1: 1 to about 8:
1. Also useful are weight ratios of the HCV NS3/4a protease inhibitor of formula (I) to
30  ritonavir ranging from about 1: 1 to about 6: 1, or from about 1: 1 to about 5: 1, or from
about 1: 1 to about 4:1, or from about 3:2 to about 3:1, or from about 1:1 to about 2:1
or from about 1:1 to about 1.5:1.

The term “therapeutically effective amount” as used herein means that amount of active
35  compound or component or pharmaceutical agent that elicits the biological or
medicinal response in a tissue, system, animal or human that is being sought, in the
light of the present invention, by a researcher, veterinarian, medical doctor or other
clinician, which includes alleviation of the symptoms of the disease being treated.



relative to the bioavailability when said HCV NS3/4a protease
inhibitor of formula (1) 15 is admnistered alone. In another

enbodi ment, the conbination of the preSent invention contains an
anount of ritonavir, or a pharmaceutically acceptable salt thereof,
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According to one embodiment, the HCV NS3/4a protease inhibitor of formula (I) and
ritonavir may be co-administered once or twice a day, preferably orally, wherein the
amount of the compounds of formula (I} per dose is from about 1 to about 2500 mg,
and the amount of ritonavir per dose is from 1 to about 2500 mg. In another

30 embodiment, the amounts per dose for once or twice daily co-administration are from
about 50 to about 1500 mg of the compound of formula (I) and from about 50 to about
1500 mg of ritonavir. In still another embodiment, the amounts per dose for once or
twice daily co-administration are from about 100 to about 1000 mg of the compound of
formula (I) and from about 100 to about 800 mg of ritonavir. In yet another

35 embodiment, the amounts per dose for once or twice daily co-administration are from
about 150 to about 800 mg of the compound of formula (I) and from about 100 to about
600 mg of ritonavir. In yet another embodiment, the amounts per dose for once or
twice daily co-administration are from about 200 to about 600 mg of the compound of



15 of 0.02 to 5.0 grans-per-day. Wien the HCV NS3/4a protease
inhibitor of formula (1) and ritonavir are admnistered in

conbi nation, the weight ratio of the H@V NS3/4a protease inhibitor of
formula (1) to ritonavir is suitably in the range of from about 40:1
to about 1:15, or fromabout 30:1 to 20 about 1:15, or from about 15:
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amount” i s PHHSOIRN: 286 20W80agent s taken together so that the
conbined effect elicits the desired biological or nedicinal response.
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Another embodiment of the present invention concerns a kit or container comprising a
compound of the formula (I) or any subgroup thereof, or a combination according to
the invention combining an HCV NS3/4a protease inhibitor of formula (I) or 2

30  pharmaceutically acceptable salt thereof, and ritonavir or a pharmaceutically acceptable
salt thereof, in an amount effective for use as a standard or reagent in a test or assay for
determining the ability of potential pharmaceuticals to inhibit HCV NS3/4a protease,
HCYV growth, or both. This aspect of the invention may find its use in pharmaceutical

research programs.
35

The compounds and combinations of the present invention can be used in high-

throughput target-analyte assays such as those for measuring the efficacy of said
combination in HCV treatment.



four or nore (sub-)doses at appropriate intervals throughout the day.
Said (sub-)doses nmay be fornulated as unit dosage forns, for

exanpl e, containing 1 to 1000 ng, and 4n particular 5 to 200 ny of
active ingredient per unit dosage form 15 The exact dosage and
frequency of _adm ni stration depends on the particul ar conpound of
formul a (1) Exameples he particular condition being treated, the
severity of Tl‘ibﬁfoqil@ﬁ'ﬂigtéxﬁﬁapl&%k@ﬁténﬁ@@{oqﬁusﬁal?@th@gﬁes %ﬁh@ﬁfﬁoﬁ%ﬁ& not to limit
extent of dkiﬁ{der and general physical condition e particular
patient as eTelQ ot her nedication the individual may be taking, as
is 20 well known to those skilled in the art. Furthernore, it is
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enbodi nment , |°_| NS3/ 4a protease inhibitor of formula (1) and
ritonavir nmegep@ CO-adm nistered once or twi ce a day, preferably
orally, wherein the ampunt of the conpounds of fornula (1) per dose
is fromabout 1 tg apo 2500 ng and the anmotint AT Sritonavir per
dose is from1l to/aboy i
anounts per dose for once e dahLymgg,adnlnlstra|lon
about 50 to about 1500 ny /6 conpound of fornula (IH)z&ns
about 50 to about 1500 ngcpf ritonavir. In still anothef enbodi ment,
t he anmourit s per dose for once ort twi ce daily co-adm nisiration are
from about 100 to about 1000 ng of the conpound of fornula (1) and

f rom about wgomgo@spm %nggnﬁlfazaztztﬂw.@vméthoissaummmpf (168.633 in
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To a stirred solution of Boc-4-hydroxyproline, with the specific stereochemistry as

illustrated in the formula above, (2.6 g, 11.2 mmol) in DMSO (80 mL) was added

potassium fert-butoxide (3.8 g, 3 eq). After approximately 1 h of stirring 4-chloro-
25  2-(4-isopropylthiazol-2-yl)-7-methoxyquinoline (2, 3.6 g, 11.2 mmol) was added and



formula (1) and from about 40 to about 100 ng of ritonavir. Exenplary
conbi nations of the conpound of formula (I) (mg)/ritonavir (ng) for
once or tw ce daily dosage include 506100, 100/100, 150/100,

200/ 100, 250/100, 300/100, 10 350/100, 400/100, 450/100, 50/133,

100/ 133, 150/133, 200/133, 250/133, 300/133, 50/150, 100/ 150,

150/ 150, 200hd BACHREOIXIHE,wdS6tiR0d at oSy i2BPeradBOOAa0igh? (A0 the reaction

7007 600, 405 a0s RHRME sﬁtf%%%@é@%%%?g%%@ﬁ%%%%é% 60, TiipReitiy
600/ 666, 80@}18‘6651011@@9/36%@% inghpeesiate (hx 460 mLAowased mﬁdwr@mnd dried
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daily dosag@%%;lm!de Si2Qp4 800/ 400, 600/400, 400/200, 600/ 200,
600/ 100, 500/100, 400/50, 300/50, and 200/50. 20 In one enbodi nent

of the present ~nvention there is provided an article of manufacture
conpri si ng osition effective to treat an HCV infection or to
inhibit the NS3 protease of HCV; and packagi ng materfPal conprising a
| abel which indicates thaf the corrp05|t|d')n can be used to treat

infection by the hepatit virus; where e Cco tion

conpri ses a conpound of for mul a CliHpN ahy subgroy ereof, or
the 25 conbination as d 'Ped her ei n/\Anot her enbodl t of the
present invention concerng @ S

of the formula (1) or aﬁy s--g

it or cont ar:ner corrpr (o<1 potind
gu there , a comrbi nati og
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thereof, and ri tm§Tr a pharngceutically a tab NIS § /‘\
ff
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thereof, in an ano PYe for use as a stan dyor ea ent in a
test or assay for det & npning the ability of ntlal .
pharmaceuticals to inhibit HCV NS3/4a protease, gr owt / or bot h.

Thi s aspect of the invention may find its use in pharmceut’ cal
researcg pr(a)l[&l éS The conpounds and _conbi nati ons of the present
i nventi dff elﬁ‘éldt;’s o B/ WeipEieg Ayth the 4 ragapo-dranyk @ clopsenpaesuch
as those forcarteaglit 4did eﬁthe@efrfliyﬁﬁQ:Mloﬁﬁe Stﬁllﬂﬂthecspéﬁiﬁ@ &bfe@ﬂhédﬂls
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i ustrate aeostRiR o Erebows bRt PO g fon diSHES in Bir. The
reaction mixture was flushed with argon and cooled down in an ice bath and DIPEA
(1.5 mL) was added in one portion. Then, the reaction mixture was stirred for 10-15

15  min at 0°C, before HATU (2.93g, 7.7 mmol) was added at 0°C under argon, in one

portion. After 40 min at 0°C (reaction was monitored by LC-MS), the reaction mixture
was concentrated by rotary evaporation (not to complete dryness), then mixed with a
solution of saturated NaHCO; and extracted into EtOAc (3 x 100 mL). The organic
layer was washed with brine, dried over MgSO, and concentrated by rotary

20 evaporation. Purification by column chromatography on silica (DCM) and then on
YMC silica (200 g, gradient hexanes/EA 3:2 to 2:3) afforded 3.81 g (84%) of the target
product 4 as a white powder.



it thereto. 5 Exanple 1: Preparation of
N-[18-[2-(4-isopropylthiazol-2-yl)-7-nmethoxyqui nolin-4-yl-

oxy] - 2, 15-di oxo- 3, 14, 16-tri azatricycl of714. 3. 0. 04' 6] nonadec- 7- ene- 4-ca
rbonyl]- (cycl opropyl)sul fonam de, with the specific stereochem stry
as depicted in conmpound (9) below Step A~s s NN O NN 0O OHC
10 1 2 A sol Stepdh of

2-(4-isopropyl thiazol -2-gl)-7-nmethoxyquinolin-4-ol (1, 3.6 g) in
phosphor us oxychl W 0 pl) was heat ed for 40 mn
(reaction was nontort¥d " “Then, trhe x& vas
down to roomtenperature ahd._- excess of phosph 5
was evaporated. The residuall oil was partitioned 157bet¥een a
saturated solution of NaHCO2 and extracted-with di ethylether (3x70
mL). The conbi ned organic tracts were washed witlx brine, dried
over MgSO4, concentr ed y ot ary evapor ation angd passed through

e

short pad of silica ( ve 6 g (62%H th d sired
product 2 as white pOV\d r GB/\S OH N 011 N &~OH O
ON -(~N4 OH 003 To% Qtlrr qutlon of Bgc- <Duhydr rollne
w th the speC|f|c stereochgm stry as 'illustrated’in the for

above, (2.6 g, 11.2 mol) in DVSO (80 nlL) was added
A solution of 4 (3.81g, 5.8 mmol) in CH,Cl, (30 mL) and trifluorcacetic acid (30 mL)
was stirred at room temperature for about 1.5 h. Then, the solvent was evaporated and
5 the residue partitioned between saturated NaHCOs (100 mL) and diethylether (3x100
mL). The diethylether layers were combined, washed with brine, dried over MgSO,
and evaporated to give 3.13 g (98.3%) of the target product 5: m/z = 551 (M+H)"

Step E

0

e

10

NaHCOj3 (1.0 g) was added to a solution of 5 (1.4g, 2.5 mmo]) in tetrahydrofuran
(50 mL). Then, phosgene (5 mL, 1.9 M in toluene) was added at 0°C under argon. The
resulting suspension was stirred for 40 min at room temperature (monitoring with
LC-MS). Then, the reaction mixture was filtered and washed with THF (2 x 30 mL).

15  The filtrate was concentrated by rotary evaporation and re-dissolved in CH,;Cl,
(50 mL). NaHCOs (1.0 g) and N-methylhept-6-enylamine (1.5 g, 13 mmol) was added.
The reaction mixture was stirred at room temperature overnight, and then filtered.
Purification by chromatography on silica gel (ether) provided 1.42 g (84%) of the target
product 6: m/z = 690 (M+H)",



potassiumtert-butoxide (3.8 g, 3 eq). After approximately | h of
stirring 4-chloro 25 2-(4-isopropylthiazol-2-yl)-7-nmethoxyquinoline
(2, 3.6 g, 11.2 mmol) was added and 46i8 the reaction m xture was
stirred at roomtenperature overnight. Then, the reaction mxture
was diluted with water (350 nL) and neutralized with IN HCl. The
resulting suspension was extracted into ethylacetate (3 x 100 ni),
washed with $tep Be and dried over MgSOH4. Filtration and concentration
by rotary evaporati on—dgave after drying 5 overni ght on high vacuum
3.6 g (62 %9 of the desp+red product 3: Purity by ®PLC >95% nmfz =
514 (MtH) +. Step C Cl H Op\ ~N NIO NGO

034 10Theacid3(.g,":‘ 1) was mi xed w
| - am no- 2-vi nyl - cycl opr opane rhoxylic acid ethy
hydrochl oride, with thecs tereochem stry as

F ted in

the fornul a above, (1.4%g, 7.6 mmol)s and then di ggol ved I /DIVF. The
reaction m xture was ftushed with argon and cool ed down i n an-+ce
bath and DIPEA (1.5 s added in one portionm. Jhen, the/reaction
mxture was stirredP®gr 1 15 _mn_at 0C, befo TU (@.93g, 7.7

mmol ) was added at O@nundgr “bo , in"one poP&ron. mler\ﬂ\dé)/ﬂn at
OC (reaction was nonitohed by—1C MS), the reactdn #i xt re ~ was
concentrated by rotary vapora%on (not to conpl ete dr ss), then
m xed with a solution o ated NaHCO3 and ex cted #nto Et QAc
(3 x 100 nL). The organi ayer was washed with bri Rg;—€ried over
MySO4 and concentrated by rotary 20 evaporation. Purification by

col um chr onpt ogr.aph n.siljca nd. then on. Y N 00 g,

ar adi ent hexaragranods 82k A Shouy dhisrosage (onn o plopr % st

product 4 aswas bwhbled withwigon fot BppiSkamtdy NS Imibl The)Hdeyda-Grubbs 1%
generation catalyst (120 mg, 12 mol%) was added and the reaction mixture was heated
at reflux under stirring with a slow flow of argon for 16 h, The reaction mixture was

then cooled to room temperature and MP-TMT palladium scavenger (approximately
200 mg) was added to the mixture. After 2.5 h, the scavenger was removed by

10 filtration and washed with 50 mL CH;Cl,. The solution obtained was concentrated by
rotary evaporation. The residue was purified by column chromatography on YMC
silica (100 g, EtOAc/hexane 1:1) to give 806 mg (57%) of the target product 7: m/z =

662 (M+H)".
15 Step G
72 >—~</\S
N/ N\ O\ N/ |N\ O\
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0
2 LiOH 3
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YQY Lo o A on
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7 8

Lithium hydroxide (300 mg) in water (6 mL) was added to a solution of the
macrocyclic ester 7 (806 mg, 2.1 mmol) in tetrahydrofuran (12 mL) and methanol



OO OHN OO~1l O 5 4 Asolution of 4 (3.81g, 5.8 nmol) in
CH2C12 (30 nL) and trifluoroacetic acid (30 nL) was stirred at room
tenperature for about 1.5 h. Then, thetsol vent was evaporated and 5
the residue partitioned between saturated NaHCO3 (100 ni) and

di et hyl et her (3x100 nL The di ethyl ether |ayers were conbi ned,
washed wit h rilak, Afigr et 505, tmg\stbmnemar@magbﬁodm&dm evaponatioBariBweter
(o 9% |3‘é/]t) of t(he rﬁ@rv%tadﬁéd)qf&lﬁ&lﬁéattdﬂ GE~ 5)5%116 t:ra%%x%ﬁ uﬁthocm%ﬁ N
to a sol utl(ﬁ?"‘c’)?%@‘r{gloi taég.%PFﬁﬁ’b‘Ft) ?%WB‘E?EW‘%WQ’F‘ r‘aﬁ@q Y . Then,
phosgene (5 nL, 1.9 Min toluene) was added at OC under argon. The
resul ti ng sugp sion was stirred for 40 mn at roomtenperature

(rmoni tori'ng LC-M5). Then, the reaction mxture was filtered and
washed with THE (Z 3¢ 30 rrL) 15 The filtrat oncentrated by
rotary evaporayio issolved in CH2Cl (1.0 9)

reaction mxture was S ., and t hen

filtered. Purification by chromat ography on silica | (ether)
provided 1.42 g (84% o t he target product 6: mz = 690 (NH—|)+ 48

LA)

9

o
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A solution of acid 8 (760 mg, 1.2 mmol) and CDI (389 mg, 2.4 mmol, 2 eq) in dry THF
(10 mL) was heated at reflux for 2h under N,. Optionally the azalactone derivative, if
desired, can be isolated. The reaction mixture was cooled to room temperature and a

10 mixture of sulfonamide, prepared as described in W003/053349, (436 mg, 3.6 mmol, 3
eq) and DBU (0.5 mL, 3 mmol) in dry THF (10 mL) was added. The resulting solution
was heated at 55°C for 18h (monitored by LC-MS). Then, the reaction mixture was
cooled down to room temperature, the solvent was evaporated and the residue
partitioned between EtOAc and water (pH adjusted to 3.0 with HCI). The crude

15 material was purified by column chromatography (EtOAc/Petroleum ether 1:1) to give
380 mg of the target product contaminated with up to 20% of starting sulfonamide
(NMR determination). This material was purified by column chromatography on
prepacked column (gradient ether to ether/THF, 3:1). Third purification by column
chromatography (YMC silica 50 g, ether, followed with ether-methanol 9:1) provided

20 176 mg of the title compound as a slightly yellow powder, which was further purified
by prep HPLC to give 55 mg of the title product as a yellowish powder. m/z = 737,
(M+H)" NMR data (125 MHz, CDChL): °C, § 6.3, 6.5, 6.9, 22.0, 22.7, 22.8, 25.4, 26.7,
28.6,29.1,29.7, 31.3, 32.7, 34.7, 38.4, 45 .3, 51.8, 55.8, 60.1, 77.0, 96.7, 107.5, 114.7,
116.5,119.4,123.2, 125.8, 136.4, 151.4, 153.1, 157.7, 160.2, 161.8, 165.5, 168.2,

25 168.7,178.2.

Example 2: Synthesis of N-[17-(2-(4-isopropylthiazol-2-yl)-7-methoxyquinolin-4-yl-
oxy)-13-methyl-2,14-dioxo-3,13,15-triazatricyclo[ 13.3.0.0**|octadec-7-ene-



-O-O NSNS NN NOONp;NO HNONH HNOG6 A solution of 6
(1.42 g, 2 mol) in dry dichloroethane (900 nL, 0.0023M solution) 5
was bubbled with argon for approxi matelty 15 m n. Then, Hoveyda- G ubbs
1st generation catalyst (120 ng, 12 nol % was added and the reaction
m xture was heated at reflux under stirring with a slow fl ow of
argon for 16+parbamd](excdenropyl)sifrnamide,wish thetspecifiosttrdchamistopas depicted in
t enperat ure @rﬁq, adi um scavenger (approximately 200 ng)
was added to thgwn?xit\égrbgw,&fter 2.5 h, the scavenger was renoved by
10 filtrati orr@cEDWEShad Wi th 50 ni CH2C1l2. The sol ution obtai ned was
concentrated by rotary evaporation. The residu s purified by

col um chromat ography on YMC silica, (100 g, Et wane 1:1) to
give 806 nmg (57% of the target pr : =N662 ( MHH) +. 15 Step
GN. O N~-N\ ®HO O UH IO 10
~ 7 8 Lithiumhyfiroxide (300 ng) in wa

O

OYNN "4LOH HHp HN O
m.) was added to a

solution of the rocyclic ester,7 (806 2.1 mmol) in
tetrahydrofurani(12 mi) H’;\nd nmet hanol 49 5

~ 0 ~

Boc
© N OH
Boc™
10 ©O
5 StepA

To a stirred solution of BOC-4-hydroxyproline, with the specific stereochemisiry as
illustrated in the formula above, (2.59 g, 11.2 mmol) in DMSO (80 mL) was added
potassium-tert-butoxide (3.77 g, 33.6 mmol). After 1 hr of stirring at room
temperature, the quinoline chloride 2 (3.57 g, 11.2 mmol) was added and the solution
10 was stirred at room temperature overnight. The mixture was diluted with H,O
(350 mL), washed with EtOAc (100 mL), and acidified to ca. pH 3 with 1 M HC]. The
resulting suspension was extracted with EtOAc (3 x 100 mL), washed with brine, and
dried over MgSO,. After evaporation compound 10 (3.60 g, 62 %) was afforded.

15 StepB

Compound 19 (3.60 g, 7.02 mmol) was dissolved in DMF (20 mL). Then, 1-amino-
2-vinyl-cyclopropanecarboxylic acid ethy! ester hydrochloride (1.47 g, 7.68 mmol) was
added, and the reaction mixture was flushed with argon and cooled to 0°C. DIPEA

20 (3.00 mL, 17.2 mmol) and HATU (2.93g, 7.66 mmol) were added and the reaction
mixture was stirred for 40 min at 0°C. The solution was evaporated, mixed with



(6 nmL). After Ih at 50C, the volume was reduced to half by
evaporation and water (30 nL) was added. Acidification (pH = 2)
foll owed by extraction with chl oroform1 gave 760 ng of the target
product 8 as a white powder: nlz = 662 (MtH+. 5 Step H\ ~S ~S N |
N~V O NM O OO ONHK-OHO /NN-1dLNOS H~INOHN O L~ H 8
9 A sol uti ontwitedNatl Dy DDextpcted viithniGiAc @rdl CONLY.38Re cagmbidedlonganik,
2 eq) in dry a X d
Optional ly tlﬁg@gfe;@?gyﬁ% efblrggt %hSéeﬁ &h M;%?edsii ?%&é%vaﬁg}ﬁ{é%e%lﬁag gﬁ%%“é‘&
The react i orthemrigg@piethexarsis@iOns X domhexanse/EtAe &3antpvided@ompetnd &1
of sul f onam @&1zP8LPYaed vasteGRSQEs. bed i n W03/ 053349, (436 ng, 3.6
nmmol , 3 q) ang DBU (0.5 nm., 3 nmmol) in dry THE (10 nL) was added.
The resulting solution was heated at 55C for 18h (nonitored by
LC-M5). Therftep e reaction m xture was cooled down to room
tenperature, the solvent wass porated and the residue rtitioned
bet ween Et OAc andpwat (\oH adjdsted to 3.0 with HC1). T We 15
material was purifi N N eum et her
1:1) to give 380 atedjwith up to
20% of starting sul fonamide "hi~g“mat erial was
purified by colum chromé ography on prepacked col ung (gradient
ether to ether/ THF, 3:1),. Third purification by colunmm
chromat ography (YMC sil{cay50, g, ?ther_,_f_QLLomed wi t et her - nephanol
9: 1) provided 20 176 ny t t\\Ut\I e conpound as a sli htIg—er yﬁlol ow
powder, which was fBacher p fifped OBy prep HPLC t o'y v ‘ bet he
title product as a yellow skp powder. mz = 737, (MH) +, VR /3t a (125
MHz, CDCl3): 13C, 5 6.3,416.5, 6.% 22.0, 22.7, 22.8, 25. 4, 26.%7,
28.6, 29.1, 29.7, 31.3, 32.7, 34.7, 38.4, 45.3, 51.8, '%5.8, 60.1,
77.0, 96.7, 107.5, 114.7, 116.5, 119.4, 123.2, 125.8, 136.4, 151.4,
gs. ﬁ 157. f7A sdlaflorRof 16@B.Blg, 386 ndmol} G8CRA,CBF30.68.) énd TFA. B0 nkXPWH Rirred

nthesis o .
N- [ 17- ( 2- (4-3 SUPR BRI A8t 130y e oltilefonsr hensivpnoigtegy Saturated NaHCO;
oxy) - 13-I¥et HyP0 ML) svadiaddel 1B, thaeil Gbtained 2ad thesshohova8eBradted4vith diethylether
oj octadec- @58 @ - PRf SRMNL LEXU AR ORIk, WAREE Wil Brink! defbd dir
specific stereochem’stry aS depicted I'n

MgSQs, and evaporated to give compound 12 (3.13 g, 98 %).

unfl chr omat ogr aphy®
target product cont

Step D

S/H - \CO
0 N =N S P

12 = %
15 |

To a solution of compound 12 (1.41 g, 2.56 mmol) in THF (40 mL) were added
NaHCOs (4 tablespoons) and phosgene in toluene (1.93 M, 4.0 mL, 7.7 mmol). The
mixture was vigorously stirred for 1 h at room temperature, after which it was filtered
and evaporated. The residue was dissolved in CH,CL (40 mL), and NaHCO;



conpound (16) below. PROCEDURE A: 0 N OH O Boc 0 OH O Boc ,N OH

10 0 5 Step A To a stirred solution of BOC-4-hydroxyproline, with
the specific stereochemstry as illustzrated in the formula above,
(2.59 g, 11.2 nmmol) in DMSO (80 nL) was added

potassiumtert-butoxide (3.77 g, 33.6 nmol). After 1 hr of stirring

at room t enp@rtahlespepns) hed fex-fainy hmethylanxine bydtogiBoide (70 big, 3. Ifminp ) weese

dded and t | W08 S ] '
The i xtur e o MO oyenigh! %:;ﬁégﬂr‘{%?&m%%s U ndh el B GAeRed
mL), and aci@ f i< stliga s agdedzang the sy Wi evamgrated te duinessa gilash column
suspensi on vésoxbiaphedivhylehet OAS o tethadO0in Midthy Was %@foytiemolggbg}?i 13
Hl N

and dri o) . After .evaporation conpound 10 (3.60 g,
was affo%geod%?s‘%v% é%f’éassthgﬁ%y)’gli?wARP‘i" Y YYN~~ ii O~ii0 O
N,d Boc OH Bocce ' ~Cet 10 Ol 11 ~_ Conpound 10 (3.60 g, 7.02
mol ) was digghgbved in DMF (20 nL). Then, 1-am no-

2-vinyl -cycl panecar boxyliie acid ethyl ester hydrochloride (1.47
g, 7.68 mmol) was added, and reaction m xture was flushed with

argon and cool edP+.0-0C N20 (\3.00 nL, 17.2 nmol) and@
(2.93g, 7.66 rrm)I)é added and the reactiono.m xturm was=gtirred
for 40 mn at O0C. The sgfUtion was evaporat ed, nﬂiei[vm'\f“ 51
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Compound 13 (1.53 g, 2.18 mmol) was dissolved in 1,2-dichloroethane (1.50 L) and

10 the solution was degassed with N,. Hoveyda Grubbs catalyst 1* generation (95 mg,
0.16 mmol) was added and the mixture was refluxed overnight under N,. The solution
was allowed to cool to 60°C, after which 1 tablespoon of the scavenger MP-TMT was
added. The reaction mixture was stirred for 3 h (while cooling to room temperature),
filtered, and evaporated. The residue was dissolved in CH,Cl,, ca 3 g of silica was

15 added, and the slurry was evaporated to dryness. After flash column chromatography
(diethylether — 3 % methanol in diethylether) compound 14 (1.09 g, 74 %) was
obtained as white prisms.



sat urated NaHCO3, and extracted with EtOAc (3 x 100 nL). The conbi ned
organic |layers were washed with brine, dried over MgSOH4, and
evaporated. Flash columm chromat ograpsy (hexanes/EtQAc 3:2 ->
hexanes/ Et OAc 2:3) provided compound 11 (3.81 g, 84 % as a white

powder. 5 Step C3 N~ O N ON OOHO Boc NN ~~CEt HNN*, ~~\
OCEt O 11 %Sigp A sol ution of 11 (3.81g, 5.86 mmol) in CH2C12 (30 m_)
and TFA (30 nlL) was stirred oomtenperature for 1.5 h.g

vol atiles were ghen evapor Le at urat ed NaHCOZ, 10 (190

Wned and t he slurry was extr

di et hyl ether (3 x . The organic | ayers wer \QO u} d, washed
with brine, dried over | MJSO4, and evaporated to give conpound 12
(3.13 g, 98 %. Step D& 3 i0~NO OHO OO\ C&t EN/>HKkN
CEt O 12 15 13 To a solution of conmpound 12 (1.41 g, 2 56 mmol) in
THE (40 nlL) were adde HCO3 (el t abl espoons), and pho\g e |n o
tol uene (1.93 M zbo 77H . The

T YR Y
wﬁ\/

Compound 14 (1.00 g, 1.51 mmol) was dissolved in THF/methanol/H,0O 2:1:1
(200 mL). An aqueous solution of LiOH (1 M, 15.1 mL, 15.1 mmol) was added
5  dropwise at room temperature over 10 min, and the resulting reaction mixture was

stirred at room temperature for 20 h. The solution was acidified to ca. pH 1 with 1 M
HC], and concentrated until almost all of the THF and methanol had been removed.
The resulting slurry was extracted with CH,CL, four times, and the organic phases were
pooled, dried (MgSO,), and evaporated to give compound 15 (960 mg, 100 %) as a

10 slightly yellow powder.

added to the oil

14

Step G

185 16

A solution of compound 15 (960 mg, 1.51 mmol) in THF (75 mL) was put under No,
15 after which carbonyldiimidazole (CDI) (510 mg, 3.14 mmol) was added. The mixture
was refluxed under N, for 1 h, and was then allowed fo attain room temperature.
Optionally, the azalactone derivative, if desired, can be isolated. Cyclopropyl-
sulfonamine (550 mg, 4.54 mmol) and DBU (530 uL, 540 mg, 3.54 mmol) were added
and the solution was stirred under Ny at 55°C overnight. The solvent was evaporated

Ed



m xture was vigorously stirred for 1 h at roomtenperature, after
which it was filtered and evaporated. The residue was dissolved in
CH2CI 2 (40 nmL), and NaHCC3 52 (3 tablsdspoons) and

hex-5-enyl - net hyl ami ne hydrochloride (770 ng, 5.15 nmol) were added.
After stirring overnight at roomtenperature, the reaction mxture
was filterednd thgerude gprgfindgr mag disvelsecinddd:Clanh. 8 pofsilicrmes\wadded, and the

evapor at ed tdurélf WASSRpofat@SHB el MPIa GV AIRA QO ﬂﬁ% gr% y?ét r_); %
Ry O S
HI I O /NON O \y~Oet )zOEt O 13 ~V 14 Conpound 13 (1.53 g,
2.18 mmls) éﬁﬁﬁ?{?’%d{xﬁgﬂ%ﬁ@d' hlalgrogﬁiggge (1.50 L) and 10 the

sol uti on "was degasse catalyst 1 s
generation (Sl@_gg, 0.16 nmml) was added and the m xture was refl uxed
over ni ght under N2. The sdtution was allowed t&%tool to 60C, after

whi ch 1 tabl espoon of the iscavenger MP-TMI was _added. The reaction
So z

m xture was stirred for h~(while cooling to om t enperfat ure),
d

filtered, and evaporatedy The rgsi gue—was di ss i CI—\‘ Cl2, ca 3 g

of silica was 15 addahc/gnd e slurry was B¢apora g’d 0 dr9fFess. _
After flash colum chronmat ography (diethylether -x et hanol in
di et hyl ether) conpound 14 (1.09 g, 74 % was obtai ned/as white
prisns. 53 Step F SN S 17 =
Boc-protected 4-hydroxyproline (10.2 g, 44.1 mmol), HATU (18.7 g, 49.2 mmol) and
the cyclopropyl ester (9.31 g, 48.6 mmol), both with the specific stereochemistry as
10 illustrated in the formulae above, were dissolved in DMF (120 mL) and cooled to 0°C.
Diisopropylethylamine (DIPEA) (30.0 mL, 172 mmol) was added. The solution was
allowed to warm up to room temperature and was stirred overnight. CH,Cl, (~80 mL)
was added and the reaction mixture was washed with saturated aqueous NaHCOs, citric
acid, H0, and brine and was then dried (MgS0O,). Ca. 30 g of silica was added and the
15  slurry was evaporated to dryness. Purification by flash column chromatography
(diethylether — 7% methanol in diethylether) gave compound 17 (13.0 g, 80 %) as a

white powder.
Step B
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Compound 17 (8.11 g, 22.0 mmol), p-nitrobenzoic acid (5.51 g, 33.0 mmol) and PhsP
(8.66 g, 33.0 mmol) were dissolved in THF (100 mL). The solution was cooled to 0°C
and DIAD (€.50 mL, 33.0 mmol) was added dropwise. The reaction mixture was
allowed to warm up to room temperature and was stirred overnight. Saturated aqueous
25  NaHCOj; (60 mL) was added and the mixture was extracted with CH,Cl, several times.
The organic phases were pooled and dried (MgSOQs), after which ca. 40 g of silica was



NO NN 11 1J OO 01", NNJtIl ON N"'"J~ Cet OH 14 15
Compound 14 (1.00 g, 1.51 mmol) was dissolved in THE/ net hanol / H20
2:1:1 (200 nm.). An aqueous solution ofssLiOH (1 M 15.1 nlL, 15.1 nmol)
was added 5 dropwi se at roomtenperature over 10 mn, and the
resulting reaction mxture was stirred at roomtenperature for 20 h.
The sol uti oredded and theishirguwasevaporafed tb dyinkess. Pubdficki@n b}ﬁﬂﬂkh column

concentrat edclﬁ'é%hﬂogﬁ#)ﬁg ﬁ;sep%le/d%ft Wgtlgtﬁer ﬁ»@%gntgg%/ﬁﬁ@‘%&kzgﬁq b r %; methanol

renoved. The éee urr S extract
and the or gafi drretgeted interanedigisB4a30 g.83d0p enpwhite EQIWdeU
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Step G S, SN /O/
O 15 165 A WHIEREH "8&‘%&%{3’3%%&% %d“ﬁ’@ ad‘f dg‘@OWﬁF)aﬂidﬁherﬂE(WQVas
m.) was put simcdmt Mdm tpafahee ford nh'rhavdﬂamh dietendvidpaated, CERL), ((GDLAL)

, 3.14 nml, t
and was t hor 51 Tonat Slaeal RS, oS et SRR HNGER iy
azal act one d€pargHen, fke orgpnig phisearns drigd (MgSDslﬁmit@dpor&Ipdlt@ givepyginpound 18
sul f onam ne (%80, BY % Yas 21T el p&dRit (530 L, 540 ng, 3.54 mmol)

were added, and the sol ution Wwas stl rred under N2 at 55C overnight.
The sol vent was evaporated 54 and the crude renai nder was di ssol ved
in Cl42Cl12. Sfap C3 g of silica was added, and the slurry was
evaporated to dryness. Flash colum chromat ography (dicet hyl et her -->
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To a solution of compound 18 (6.90 g, 16.5 mmol) in THF (240 mL) were added
NaHCO; (15 tablespoons) and phosgene in toluene (1.93 M, 18.0 mL, 34.7 mmo).

15  The mixture was vigorously stirred for 1 h at room temperature, after which it was
filtered and evaporated. The residue was dissolved in CH,Cl; (250 mL), and NaHCOs
(15 tablespoons) and hex-5-enyl-methylamine hydrochloride (5.00 g, 33.4 mmol) were
added. After stirring overnight at room temperature the reaction mixture was filtered,
ca. 17 g of silica was added, and the slurry was evaporated to dryness. Flash column

20 chromatography (diethylether — 3 % methanol in diethylether) afforded compound 19
(8.00 g, 87 %) as a white powder.



met hanol in diethylether) afforded conpound 16 (960 ng, 86 % as a
white powder. 5 PROCEDURE B: Alternative synthesis of acid 15. Step
A OHOHO NNBoc NOHBoc ~v ~ OBt 3® 0 17 Boc-protected

4- hydroxyproline (10.2 g, 44.1 mol), HATU (18.7 g, 49.2 mmol) and
the cycl opropyl _ester (9.31 g, 48.6 mmol ), both with the specific

st ereochem e{ﬁ-%;as 10 illustrated in the fornmul ae above, were

di ssolved in DVF (120

) and cooled to OC. Diisopropylethyl am ne
(DI PEA) (30.0 nmi, '-n.- was added. The solution wa® allowed to
warmup to room gire and was stirred overni ght. ICH2C12 (-80
h turated

m.) was added, and eaction mxture was wash
%d }the drled

aqueous NaHCOB, citric\ acid, yH2 and brine and
(MJS™). Ca. 30 g @P:.si _ 8% and t hé&2M5 sTurr

evaporated to dryness. Purificatyon flash col urmoc\hrg

(di ethyl ether --> 7%Met han8l i n di et hyl=et=leer ) gave oun 130(5t
g, 80 %9 as a white powder. Step”SO—|0 HOBoc' 02N010

0 HN Mk, "', ,,,k 17 j 20 18 /" Compound 17 (8. 1g, 270 v

p-ni trobenzoic acid (5.51 3% 0 mmol ) and Ph3P (8.66 g, 33.0 mml)
were dissolved in THE (100 ). The solution was cooled to @ and
DIAD (6.50 nL, 33.0 mmol) s added dropw se. The reaction m xture
was allowed to warmup to roomtenperature and was stirred

over ni ght . mtané@ét}ﬁécgu% 90 BorhialHEES disédived in Mardichttdesthared 1150d.) and

T s SN QR Ml 8 LA G295
5 21 mmol) was a d and the mlxture was refluxed overnight under N,. The solution
was allowed to cool to 60°C, after which 1 tablespoon of the scavenger MP-TMT was
added. The reaction mixture was stirred for 3 h (while cooling to room temperature),
filtered, and evaporated. The residue was dissolved in CH,Cl,, ca. 3 g of silica was
added, and the slurry was evaporated to dryness. After flash column chromatography
10 (diethylether — 3 % methanol in diethylether) compound 20 (1.13 g, 74 %) was

obtained as a grayish powder.
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15 Compound 20 (200 mg, 0.38 mmol) was dissolved in a mixture of THF/methanol/water
(2:1:1, 20 mL) and cooled in an ice-bath. Aqueous LiOH (1 M, 1.9 ml, 1.9 mmol) was
added slowly. The mixture was stirred at 0° C for 4 h, and was then neutralized with
1 M HCl and extracted with CH,Cl,. The organic layer was washed with saturated
aqueous NaHCO;, H,O, and brine. After drying (MgSQ4) and evaporation, the crude

20  remainder was purified by flash column chromatography (2 % methanol in CH,Cl, —
4% methanol in CH,ClL) to give compound 21 (115 mg, 80 %) as a grayish powder.



55 added and the slurry was evaporated to dryness. Purification by
flash col um chromat ography (pentane/diethylether 2:1 -*

pent ane/ diethylether 1:2 -> 2 % nethans in diethylether) gave the
Boc-protected internediate (9.50 g, 83 %9 as a white powder. This
internediate (9.50 g, 18.4 nmmol) was dissolved in CH2Cl2 (66 nL) and
the 5 sol uti8epWkas cooled to OC. TFA (33 nL) was added dropw se, and
the m xture was stirred at roomtenperature for 2 h. T oIa iles
wer e evaporated, CH2Cl2 (100 nmL) was added, and aqurgou (0.50
M was added until pH cad 8 was reached. Af/feT\ epa nN t he
organi ¢ phase was dri e/q (MgS™) and evapor at ed | ve| conmpound 18
(7.68 g, 83 % asasl\lgtly yeIcDowpowder Step 0 OO O 02N /
OH 02N HN NI~ @&_/ "IH 'lICEt OEt W018 To a
sol ution of conpound 18 (6790 @5 ol ) [n THE ( 40 rrL) vvere
added NaHCO3 (15 t espogns nd phosgene in tol e (1. 93 18 0
m., 34.7 mmol). 15 The\ m Zwas Vi gorously sti fom 1
roomtenperature, after vvh&qch it was flltered

resi due was dissolved in CH2C12 (250 i), and Na @L—X

t abl espoons) and hex-5-enyl - net hyl am ne hydroch 00 g, 33.4
nmol ) were added. After stirring overnight at roo errperLFure t he
reaction mxture was filtered, ca. 17 g of silica was 1added, and the
slurry was evaporated to dryness. Flash colum 20 chromat ography

(di ethyl et he@omﬁo@d%ﬂ’(@b@ﬁ@ob 26 'i‘nrﬁb ‘Eitﬁﬁﬂhé #34 HrslaflatPIRR M b1
(8.00 g, 87 t{?wgls 2- yl)% %oquumolm-é ]m% (?P’? mg, 0.39 mmol) were mixed in THF
5 (10-15 mL), and the slurry was cooled to 0°C in an ice-bath. DIAD (77 uL, 0.39 mmol)
was added dropwise. The ice-bath was then removed and the mixture was stirred at
room temperature for 12 h. The solvent was evaporated and the crude product was
dissolved in THF/methanol/I1,0 2:1:1 (12 mL). Aqueous LiOH (1 M, 3.80 mL,
3.80 mmol) was added and the mixture was stirred at room temperature overnight, The
10 volume was doubled by the addition of water and the slurry was extracted with
diethylether. The aqueous phase was acidified to pH ca. 1 with 1 M HCl and extracted
with CH;Cl,. The CH;Cl phase was dried (MgSQy) and evaporated. The desired
product was obtained by flash column chromatography (2% methanol in diethylether
until the excess quinoline 1 eluted, and then 10 % methanol in CH,Cl,) to give
15 compound 15 (71 mg, 42%).

Example 3: Preparation of Cyclopropanesulphonic acid {17-[2-(4-isopropylthiazol-

2-y1)-7-methoxyquinolin-4-yloxy]- 2,14-dioxo-3,13,15-triaza-tricyclo[13.3.0.0*%]-

octadec-7-ene-4-carbonyl} -amide, with the specific stereochemistry as depicted in
20 compound (26) below
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Compound 19 (1.61 g, 2.90 mmol ) was dissolved in 1, 2-dichl oroet hane
(1.50 L) and the solution was degassed# with N2. Hoveyda G ubbs
catalyst Is’ generation (125 ng, 5 0.21 nmmol) was added and the

m xture was refluxed overnight under N2. solution was allowed to
cool to 60C, after which 1 tablespoon of The venger MP-TMI was
added. The reaction m xture_x 2 i
roomtenperature), filtered, a ‘aporated The resi due was
di ssolved in CH2Cl 2, ca. 3 g of :
evaporated to dryness After flash colum chronatography 10
(diethylether -> 3 % nethanol in dleﬁ%ylether) conpound 20 (1.13 g,

74 %9 was obtained as a grayish po ) Step OCH 0o 02 HOO-N
N ~N~N ~CEt 0 CBEt INO 21 20 15 np undy 200 oMy, 0.38 mml) was
di ssolved in a m xture of THE/ net ha lnl 0 m) and
cooled in an ice-bath. Agueous Lo (1 mN“ ) was

added slowy. The m xture was sti rr atO Eor 40h and was then
neutralized with I M HC and extracWZCl 2. The organi c | ayer
was washed with saturated aqueous NaHCZ3, H20O, and brine. After

drying (MyS04) and evaporation, the crud@& 20 remai nder was purified
by flash colum chronmat ography (2 % net hanol in CH2Cl2 -->

Step A: Preparation of 1-({1-[Hex-5-enyl-(4-methoxybenzyl)-carbamoyl]-
4-[2-(4-isopropylthiazol-2-yl)-7-methoxyquinolin-4-yloxy]-pyrrolidine-2-carbonyl } -

5  amino)-2-vinyl-cyclopropane carboxylic acid ethyl ester, with the specific
stereochemistry as depicted in compound (22) below
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Compound 5, prepared in Example 1, step D (1.97g, 3.58 mmol) was mixed with ca.

10 200 mg NaHCOs3 (2 small spoons) and THF (20 ml)., 3 ml 1.9M Phosgene in toluene
was added to the reaction mixture and the reaction mixture was stirred for about 1.5 h
at room temperature. The reaction was monitored by LC-MS. Starting material
disappeared and the peak of the chlorocarbonyl intermediate (>90% according to
LC-MS data) was formed. The reaction mixture was filtered and concentrated by

15 rotary evaporation. Then it was dissolved in CH,Cl, and hex-5-enyl-(p-methoxy-
benzyl) amine (0.9 g) was added together with 100-150 mg (1 spoon) of NaHCO;. The
reaction mixture was stirred at room temperature overnight and then filtrated and
purified by column chromatography on silica (EtOAc/petroleum ether) to give the pure
title compound 22 (1.42g, 84 %). MS (M*) 797.



4% met hanol in CH2CI 2) to give conpound 21 (115 ng, 80 % as a
grayi sh powder. 57 Step FS OHONO HNO OBt YNOO O H
N4,,,.~~OH 21 z N O 15 Conpound 21 (180 ng, 0.26 mmvl), Ph3P (100
ng, 0.38 mmol) and 2-(4-isopropyl -

t hi azol - 2-yl)-7-nmet hoxyqui nolin-4-ol (1) (117 nmg, 0.39 mmol) were
mxed in THE 5 (10-15 nL), and the slurry was cooled to OC in an

i ce-bath. DI Y4 opw se., The.ice-path
was then ren%g%%aﬁ%a{aﬁgﬁr%ﬁfm%)g \}\%@%ﬁ' ﬁﬁlr%g%lg%y Bwf%lg%of% c}gjt"%ly %Xﬂ)r
12 h. The sol¥Ehmethxyhspaporatiediosed, BHS-azaitricyelobidct.0 Wi octddessbened
i n THE/ met hanohbbid@ickicd dinfiledtelarith AYUBRYC sbbeemidy & &Didtta in3- 80
nmol ) was; added ang&%ﬁgﬁg xture was stirred at room tenperature
over ni ght”.  THEPOHH Wvas doubl ed by the_addition of water and
the slurry was extracted with diethylet her.,STh ueous phase was
acidified to pHca. 1 with | MHZ_and € act,gd Wi th CH2Cl12. The
CH2C12 phase was dried (MgSO™4) and por at ed. The desired product
was obtai ned by flash columm chro raphy (2% et hanol in

di ethylether wuntil the excess quinolinel 1 eluted, and then 10 %
met hanol in CH2Cl12) to give 15 conpound %5 (71 ng, 42% . Exanple 3:
Preparati on of Cycl opropanesul phoni c acid_{I
7-[2-(4-isopropylthiazol- 2-yl)-7-methexyduinpli rf4-y| oxy] -

2, 14-di oxo- 3, 13, 15-triaza-tricycl o[ 13. 3 RN

oct adec- 7- ene- 4- car bonyl } - ami de, w® the- é)écj/ ic stereochem stry as
depicted in 20 conpound (26) b 58NS z
6\0 NN TN
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Compound 22 (1.68 g, 2.1 mmol) as prepared in step A, was dissolved in dry dichloro-
ethane (distilled over CaH, about 800 ml) and bubbled with argon for ca. 10 min. Then

10 the Hoveyda 1* generation catalyst (88 mg, 7 mol%) was added to the solution and the
reaction mixture was heated at 100°C while stirring with slow flow of argon for 16 h.
The reaction mixture was then cooled to room temperature and MP-TMT palladium
scavenger (ca. 100 mg) was added and the mixture was stirred for 2.5 h. The scavenger
was removed by filtration and washed with 100 ml of CH,CL. The obtained solution

15 was concentrated by rotary evaporation and dried on high vacuum which gave the title
compound (m/z = 599, (M+H)"), HPLC purity 79% (diode array), 95% (ELSD). Yield
63%.

Step C: Preparation of 17-[2-(4-Isopropylthiazol-2-yl)-7-methoxyquinolin-4-yloxy]-

20 13-(4-methoxybenzyl)-2,14-dioxo-3,13,15-triaza-tricyclo[ 13.3.0.0*%]octadec-7-ene-
4-carboxylic acid, with the specific stereochemistry as depicted in compound (24)
below



/JONN OO NNk~O [/~ O=OHoOS~ INH26 Step A: Preparation
of 1-({1-[ Hex-5-enyl - (4- met hoxybenzyl ) - car banoyl ] -
4-[2-(4-isopropylthiazol-2-yl)-7-nmethd®yqui nolin-4-yl oxy] - pyrrolldlne
-2-carbonyl} 5 am no)-2-vinyl-cycl opropane carboxylic acid ethyl
ester, with the specific stereochem stry as icted in conmpound
(22) below NO O G NN (0/~. 0022 %prepared in
Exanple 1, step D (1.97g, 3.58 s s hxed™Nv t h\ca 10 200 ng

NaHCO3 (2 snall spoons) and THE (20 1. 9M Phosgene in

tol uene was added to the reaction mi X¢Gre#and the reaction mxture
was stirred for about 1.5 h at roomtenpgrature. The reaction was
nonitored by LCG-MS. Starting material disappeared and the peak of
t he chl orocarbonyl internediate (>90% accordi ng tQ) LC- M5 data) was
formed. The reaction m xture was filter
rotary evaporation. Then it was dISS
hex- 5- enyl - (p- met hoxy- benzyl) am ne dded together with
100- 150 nmg (1 spoon) of NaHCCB re t] ure was stirred at
room t enperature overni ght an® tra te purified by col umm
chromat ography on silica (EtOAc/p- oleun1ether) to give the pure
title conpound 22 (1.42g, 84 %9. Ms (M 287. 59 Step B. Preparation
of 17-[2-(4-1sopropylthiazol-2-yl)-7-methoxyqui nolin-4-yl oxy] -

13- (4- et hoxydsmsmt 2320 1hm@] 02enBof} 3s pRphich 3¢ Siep B %E hﬁ&&ﬁe@mf)so%ﬁ]m?
ctadec- 7 eﬁ,'r‘?[srrchar:%g?é}" E1EA 0D, Xque%%ts 95t LR D1 N2y SPECEI L he
5 solution. The reaction was stirred for 2 h at 50°C, to allow all the starting material to
react (checked by LC-MS). The reaction mixture was acidified with citric acid,
extracted with with chloroform (3x75 mlL) and washed with brine. The organic phase
was dried with Mg80,. The crude product was purified by flash chromatography
(gradient starting from ethyl acetate/hexane gradient 2:1) to afford the title compound
10 (24) as a slightly yellow solid (864 mg). HPLC purity 96%.

Step D: Preparation of Cyclopropanesulphonic acid [17-[2-(4-isopropylthiazol-2-yl)-
7-methoxyquinolin-4-yloxy]-13-(4-methoxybenzyl)-2,14-dioxo-3,13,15-triaza-tricyclo-
[13.3.O.04'6}octadec-7-ene-4—carb0nyl]-amide, with the specific stereochemistry as

15 depicted in compound (25) below

\ N O 4, O
O \/W
25

Compound 24 (50 mg, 0.068 mmol, 1 eq) was mixed with CDI (44 mg, 3 eq) and
dissolved in THF (1,0 mL) in a 2 ml microwave vial. The cap was attached and the
20 vial flushed with argon. Activation was performed in a microwave for 12 min at 100°C



5 conmpound (23) below S NN OO NNQ 0 O23 Conmpound 22 (1.68
g, 2.1 mmol) as prepared in step A, was dissolved in dry dichloro-
ethane (distilled over CaH, about 800 ¢dH) and bubbled with argon for
ca. 10 min. Then 10 the Hoveyda 1s generation catalyst (88 ng, 7
nol %9 was added to the solution and the reaction mxture was heated
at 100C whi | @osnaly no prg-shicting)s [Therédction whs cragbed b ECIESK100%enversion to

reaction m Xfohtedfiertaite Oph&dedsthdP &%&W -qggrﬁ%ﬁ&gilw}gwaactone
pal | adi um s(%a,venger, ca., 100 nyg)_ was added and the xture was

stirred for Seriyative, fifesied, Gambeisolajpds Gysiapieny! Bylphonapyde (49rmartieq) was
washed w t h fif}ed Withof HICERCDBU [@oa],abd inas ddded iHtal separdfe WRISA fter complete

concentrat ed rQtary eyaporati and .dried. on high v um whj ch ,
gave t e tchl%téoélng’gdﬂ]&{](" 53 2004V e ‘fﬂ)que Recoviel  Thersseiiog e
array), 95%walsBed ivaahidrowasent B05Q @ 11Pr Braradtionnniafure was concentrated by
17-[2-(4-1s iLazol = 2-yl )07 Lol i n-44- 2
13- (4- et howg Boney Py raed mbed Wi ARl Tt b s gdd
ct adec- 7- eneﬁ’leﬂ%t&frrﬂ@ﬁ%/w‘%wéﬂeé,w% EtRANSx$pabi fThe cembined onganictxtpcias
ggpi ct ed |2 g wggg@m x(rﬁlg})riné)[@dd)&ie@%vgr M350, nDiﬂE{ gg%né%mg%dﬁglgl agent and
oun .2 mmol ) as.prepared I ..
i nngo mc_llOTHlf, ncef%fgﬂﬁn ﬁ%{?{%ﬁﬁcﬁv)a%%ﬂ@s%ﬁcr\l&?ms&w@@é@@ﬁ@ibw@m )
was added t ahrdieatbgaphyion FMC ilea (€HOhponhylasetate] REOW, barting dulghonsBide
to allow al lO.é)r.1 Fradfdhl E&gcaigﬁ{[g%ﬁé alsiked product were combined and concentrated by
rotary evaporation to afford the title compound 25 (83 mg, yield 98%) with 86% purity.
The compound was used without additional purification in the next step.

15
Step E: Preparation of Cyclopropanesulphonic acid {17-[2-(4-isopropylthiazol-2-yl)-
7-methoxyquinolin-4-yloxy]- 2,14-dioxo-3,13,15-triaza-tricyclo[13.3.0.0*%Joctadec-
7-ene-4-carbonyl}-amide, with the specific stereochemistry as depicted in compound
(26) below
S/\>~<
~ o N\ thN
L
Q
(%H i
N N K\ ]
Y N—S
0 1 Z i g
NH P
20
26

Compound 25 (65 mg, 0.077 mmol) was dissolved in 4 mL DCM. 2 mL TFA was
added and the solution was stirred for 20 minutes. The reaction mixture was poured in
a separatory funnel with NaHCQ; and CHCl;. Extractions were made with CHCl,

25 (3x50 mL) and wash with NaHCO; (2x50 mL) and brine. The organic phase was dried
with MgSQOy4 and concentrated by rotary evaporation. The crude product was purified
with {lash chromatography on YMC silica (20 g, diethyl ether) which gave product 26
as a white solid (25 mg, yield 45%).



react (checked by LC-MsS). The reaction mxture was acidified with
citric acid, extracted wwth with chloroform (3x75 nL) and washed
with brine. The organic phase was dri@d wth MySO4. The crude
product was purified by flash chromatography (gradient starting from
et hyl acetate/ hexane gradient 2:1) to afford the title conmpound 10
(24) as a s|Expmple 4yRicparatiendi tMabyl-ayglpprogRhSuphonisacRIFYF - St(éisopropyl-
Preparation @faz6e W—%ﬁ{b‘i}g% | 4 S1B519, 14-dioxo-3,13,15-triaza-tricyclo-

[17-[2-(4-i _s[ﬁgr (% 55

7- met hoxyqui Hél3 17-er8=4- ﬂ@fhéﬂ%%’?@énw%thQ SHesifin sreochemastysst 1
iaza-tri Cycldbpldté@m?coﬁlpﬁﬂn(ﬁ[ bamec- 7- ene- 4-carbonyl ] -anmi de, with the
specific stereochem stry as 15 depicted i onpound (25) below /O N1
N OO NN-~-~O H11 25 Conpound 24 ( _PB.068 mmol, | eq) was
mxed with CDI (44 ny, 3 eq) -8k G Qlvegyin THE (1,0 nL) ina 2 n
m crowave vial. The cap was atta d the 20 vial flushed with
argon. Activation was perforned wcrowave for 12 mn at 100C 61
(normal; no pre-stirring). The reaction was checked by LC-Ms (100%
conversion to activated internediatez- nass |ess then substrate:

W 16). Optionally, the azal actone vative, if desired, can be

i solated. Cyclopropyl sul phonam de (49 /g,y 4 61 ) was mxed wth THE

and DBU (601, 4 eq) was added in a V\I\\ gkf er conplete 5
ng ﬂne ction vial.

activation, the mixture was adde@ syr
The reaction mxture was heated i nNa m%rowaye at®100C for Ih. The

reaction gm xture was concentrated b)}/mj/&r\y’fevaporatl on, mxed with
Et OAc and water, and 1 drop of 3M HC wag added. The wat er phase was
washed with Et QAc (3x15ml). The conbi ned Br ganic extracts were

washed with brine_and dried over MgSO4. After f||ter|nrg7 of f the
dryi ng agentStgiha: Frepastier af |- etbyl-txglapemnangsudphwpisrasid On- 2t @dsanropid-

product was plehltd-¢h-Hmeokyiiin o}ﬁmﬁl@@p@ﬂ%@mem yhMz g?)'—i'l@%o(x(am ng,

et hyl acet at st a ) tions

cont ai ni ng tﬁ? &g‘?arzﬁdn iﬁihjgg Q@rg’ E’g R 17084267 %Hcf’éﬂlflf’at”é@ thgspecific
rotary el\ﬂap(xtataocrhanmsnrym‘sfcbpﬂteﬂhﬁcbmpbtﬁldqamplwhd 25 (83 ng, yield 98%
with 86% purity. The conpound was used wi thout additional

purification in the next step. S’\>\<
O N\ =
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The procedure described in Step D of Example 3, was followed, but using 1-methyl-
cyclopropyl sulphonamide instead of cyclopropyl sulphonamide (prepared as described

15 in W0O2004/043339), which gave the title compound (27) (24.5 mg, 43%) as white
solid after purification by column chromatography on silica (eluent diethyl ether).

Step B: Preparation of 1-Methyl-cyclopropanesulphonic acid [17-[2-(4-isopropyl-
thiazol-2-yl)-7-methoxyquinolin-4-yloxy]-2,14-dioxo-3,13,15-triaza-tricyclo-



15 Step E: Preparation of Cycl opropanesul phoni c acid
{17-[2-(4-isopropyl thiazol-2-yl)- 7-nmethoxyquinolin-4-yloxy]- 2,

14-di oxo- 3, 13, 15-triaza-tricycl o[ 13. 330.04' 6] oct adec-
7-ene-4-carbonyl }-ami de, with the specific stereochem stry as
depicted in compound (26) below /OMN ZZN OO NNO NS--aO11
H NH O 20 0133/0-Q%]oc@@1@96m-42@rb®wl]ngnide, Wity therspedifioeteraticbenisirgds i n
4 nL DCM 2 d@ghiclddAnW8mpoastie®) 8adwt he sol ution was stirred for 20

m nutes. The reaction m xture was poured in a separatory funnel with
NaHCO3 and CHC13. Extractions were nade 13 25 (3x50 nL) and
wash wi th NaHCO3 (2x50 nlL) apd. brtne.N.IThe<gpgami ¢ phase was dried
with MgSO4 and concentrated by aporation. The crude product
was purified with flash chromatagfapky on YMC silica (20 g, diethyl
et her) which gave product 26 as a white solid (25 ng, yield 45%. 62
Exanpl e 4: Preparation of 1-Methyl- C)Q:I opr opanesul phonic acid

[17-]2-(4-1sopropyl -
t hi azol - 2-yl ) - 7- met hoxyqui nol i n- 4- ykoxy] - 3, 14‘Ei oxp-3, 13, 15-triaza-tr
d

icyclo- [13.3.0.04, 6] octadec-7-ene- 4 l§~amide /, with the
ound } below /ON O
0

specific stereochem stry as dep(DL=n<ed i
HONN-~~ 0==( NS H N ©

Ny

28

5  Compound 27 (20 mg, 0.023 mmol) was dissolved in 3 ml methylene chloride, 1 ml
TFA was added and reaction mixture was stirred at room temperature for 20 min.
HPLC showed the absence of starting material. A solution of saturated NaHCO; (5 ml)
was added to the reaction mixture and the resulting mixture was extracted into CH,Cl.
The organic extract was washed with brine, dried over MgSQO; and concentrated by

10 rotary evaporation. The resulting oil was purified by column chromatography on YMC
silica (20 g, diethyl ether) which gave the title compound (28) (14.7 mg, 85%) as white
powder. HPLC purity > 95%.

Example 5: Preparation of 1-Methyl-cyclopropanesulphonic acid [18-{2-(4-isopropyl-

15 thiazol-2-yl)-7-methoxyquinolin-4-yloxy]-2,15-dioxo-3,14,16-triaza-tricyclo-
[14.3.0.04’6]nonadec-7~ene-4-carbony1]-amide , with the specific stereochemistry as
depicted in compound (33) below

A Ny SN



O1l NHS5 28 Step A: Preparation of 1-Methyl-cyclopropanesul phonic
acid [17-[2-(4-isopropyl -

t hi azol - 2-yl) - 7- met hoxyqui nol i n- 4-yl ox] - 13- (4- net hoxybenzyl ) -2, 14-d
0XO-

3,13, 15-tri aza- trlcyclo[13 0. 046] oct adec- 7- ene- 4- car bonyl ] - am de ,
with the spedflpePrpartion éﬁéﬁ@nﬂi@ﬂt‘;ﬁ iy -tepethosybdnay - earbemosll] (42[2) (4-iso-
bel ow S Mpr 1@1@01% ’fon in§lidd4 tox ( @a?w d bed
in Step D of 4 y'lj‘l % %sq_f,l}%io l%%%@aﬁdmé% n?l ”@%F’]opw
sul phonani de*” Vlﬂa{TnggopcS?P ‘BW y}‘lFl %ﬁﬁ%ﬁw thespeg Pé@re@ghemwfry as
descri bed kﬁpw&ﬁﬂﬁlﬁﬂ@b@ﬁﬂasybdowm|ch gave the title conpound (27)
(24.5 nmg, 439% as white solid after purificati@p.by colum
chromat ography on silica (eluent diethyl ether'?§>SL§b B: Preparation
of 1-Met hyl -cycl opropanesul phoni c a4 N An1 SOpr opyl -

-di oxo-3, 13, 15-tri aza-tr

t hi azol - 2-yl) - 7- met hoxyqui nol i n- 4- on A
icyclo 63" [13.3.0.04" 6] octadec- 7- ene- jonyl ] -am de, with the

specific stereochem stry as _dép ed in cgnmpound (28) below /O N\ ~N
OO NNNO 0=:3r OH~~ |INH SCorrpound 27 (20 ngy, 0.023
mmol ) was dissolved in 3 m net hykene~chl 1 ny TFA was added
and reaction mxture was stirred at rQomte erﬁtur for 20 mn.
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The title compound 29 was prepared according to the procedure described in Step A of
Example 3, but using hept-6-enyl-(p-methoxybenzyl)-amine instead of hex-5-enyl-(p-
methoxybenzyl)-amine,

10
Step B: Preparation of 18-[2-(4-Isopropylthiazol-2-yl)-7-methoxyquinolin-4-yloxy]-
14-(4-methoxybenzyl)-2,15-dioxo-3,14,16-triaza-tricyclo[ 14.3.0.0**|nonadec-7-ene-
4-carboxylic acid ethyl ester, with the specific stereochemistry as depicted in
compound (30) below

s \3—<< >h—JN\\/\\/\\§7

The compound obtained in Step A (29) was treated according to the procedure
described in Step B of Example 3, which gave the title compound (30).



HPLC showed the absence of starting material. A solution of saturated
NaHCO3 (5 m) was added to the reaction mxture and the resulting

m xture was extracted into CH2C12. Thé organic extract was washed
with brine, dried over MJSO4 and concentrated by 10 rotary
evaporation. The resulting oil was purified g col umm chr omat ogr aphy

on YMC sil i8R CoBregaraipnohy$- [?a{ﬁ&oprc\mkhwcg ¥ Thmethpryqmindimpbyiocty]-
(28) (14.7 WM~(48ﬁ%1o§§béHﬂyI§Q 15%&9@@3 14'18%%@&'10?14935%“ TXMEL 7 2ne-
Pr epar at i ong é a)é %Vycill ppr.o ahnesu onic ati d

[18-[ 2- (4-i SHEF ch th the specific stereochemistry as depicted in compound (31)

t hi azol - 2- ylBelaw net hoxyqui nol i n- 4-yl oxy] - 2, 15- di oxo- 3, 14, 16-tri aza-tr
icyclo- [14.3.0.04' 6] nonadec- 7- ene- 4- carbonylé mde , with the

speci fic stereochem stry as depi ct ed in conpu 3) below S /O N
OO NN~~ O O OH1~\1/ V v° 3¢ A Prgparation of
1-[[1- [ Hept - 6- enyl - (4- met hoxybenzyl pyl ] -4-[2-(4-1so0-
propyl t hi azol - 2-yl)-7-met hoxyqui nol im Oxy] - pyrrolidine-2-carbonyl
]-am no] - 2-vinyl-cycl opropanecarboxylic acid ethyl ester, with the
specific stereochem stry as depicted in -'eorrpound (29) beI owS /0O
NN OOO ;~/~/NIl N.,~~ OO 5 29 etltl%g\corrpoundzgwas

prepared according to the procedure des r| ed HN ep A of

0:< OH

The compound obtained in Step B (30) was treated according to the procedure
described in Step C of Example 3 which gave the title compound (31).

10 Step D: Preparation of 1-Methyl-cyclopropanesulphonic acid [18-[2-(4-isopropyl-
thiazol-2-yl)-7-methoxyquinolin-4-yloxy]-14-(4-methoxybenzyl)-2,15-dioxo-
3,14,16-triaza-tricyclo[14.3 .0.04’6]n0nadec-7-ene-4-carbony1]-amide, with the specific
stereochemistry as depicted in compound (32) below

15 : 32

The compound obtained in Step C above (31) was treated according to the procedure
described in Step D of Example 3, but using LIHMDS as base instead of DBU (4 eq,
IM solution in THF). The reaction was complete after 2h at room temperature. The



Exanpl e 3, but using hept-6-enyl-(p-nmethoxybenzyl)-am ne instead of
hex- 5-enyl - (p- nmet hoxybenzyl)-am ne. 10 Step B. Preparation of

18-[ 2- (4-1sopropyl thiazol -2-yl)-7-nmet kexyqui nol i n-4-yl oxy] -

14- (4- met hoxybenzyl ) - 2, 15- di oxo- 3, 14, 16-tri aza-tricycl of

14. 3. 0. 04' 6] nonadec-7-ene- 4-carboxylic acid ethyl ester, with the
speci fic st ditlecomaonnd (32) aws dbpineded aiwhitesolip efierpugigio)tidebovolifin N
Z~-N 14 O ; :
was L oat od Seeararay o o and 02 HORPR AR hAP b Viflol bt i hlnfifhion.
Exanpl e 3, which gave the title conmpound (30). 65 Step C

Pr8 epgr az [ IC)n Saép E: Preparation of2 1 ~N|Eethy71—cycl()ﬁropanesplph?nic azid [ll 8-{2-](4-isopropyl-
18-[2-(4-l sqQpr.opyd thi-azol, - 2-vyl.) -.7- 0] I pol 1 n-4-yl oxy] -.
14- E 4- Eretshoﬁg’ﬁze(%iﬂ 272‘,"? Pﬂ%&%"?@:ﬁfoﬁﬁﬂ3&@%%‘?=‘1%»951f8f2é4‘?¥1§)’@‘?04, 6] n
onadec- 7- end14.3.0c3 " horgdece’ -ars-4carbibt ] -hinides pathithe spesifiersezeduheindsity\as as
depicted in &gﬁ%gngoﬁ]ﬁ%d @'3559‘%‘%' /ONN OO HO=- N, I~OH 5

nd o ed |

31 The conpo tal tep B (30) was treated according to the

procedure described in Step C of Exanpl & 3\whi£h gave the title
conpound (31). 10 Step D. Preparati om_ of =
& [ 18-[ 2-(4-i Sopropyl -

10 The compound obtained in Step D above (32) (100 mg) was treated according to the
procedure described in Step E of Example 3, which gave the title compound (33)
(55 mg, 73%).

Example 6: Activity of compounds of formula (I}

15 Replicon assay
The compounds of formula (I) were examined for activity in the inhibition of HCV
RNA replication in a cellular assay. The assay demonstrated that the compounds of
formula (I} exhibited activity against HCV replicons functional in a cell culture. The
cellular assay was based on a bicistronic expression construct, as described by

20  Lolmann et al. (1999) Science vol. 285 pp. 110-113 with modifications described by
Krieger et al. (2001) Journal of Virology 75: 4614-4624, in a multi-target screening
strategy. In essence, the method was as follows.
The assay utilized the stably transfected cell line Huh-7 luc/neo (hereafter referred to as
Hub-Luc). This cell line harbors an RNA encoding a bicistronic expression construct

25  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 (neo™,
neomycine phosphotransferase). The construct is bordered by 5 and 3° NTRs (non-
translated regions) from HCV type 1b. Continued culture of the replicon cells in the



t hi azol - 2-yl ) -7-met hoxyqui nol i n- 4-yl oxy] - 14- (4- met hoxybenzyl ) - 2, 15-di
oxo- 3,14,16-triaza-tricyclof

14. 3. 0. 04' 6] nonadec- 7- ene-4-car bonyl ] -@ni de, with the specific
stereochem stry as depi cted in conpound (32) below ONM N OIl INO
Z NHIIl oS O/ N ~~V v 15 32 The conpound obtained in Steg
C above (31)PrGigce ?%(5‘% Kinge O dﬁnﬁgd% on e fspbeasion of theddS¥rRIBAd Tiha stably

Step D of ExgdiBfeeted regtebn el haldxpMaSrasy RASE viish ﬁceﬁés %@ﬁfbu@l%and
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solid after gqumpohidsati on by coI um chromat ography on silica, and was
used in tshe next step w thout additional purification. Step E

Preparation of 1-Methyl-cycl opropanesul ?honi c acid [1
8-[2-(4-i sopﬂ@ﬁ‘?]ﬂl@n cells were plated 1n 384 well plates in the presence of the test and control

t hi azol - 2-yl ARISAPKVH WeP@éddéd%l vérm ]cox?oeihﬁ ﬁ’dn(ax oﬁo%‘hlg]a% hédb%ﬁ@n bf

i cyclo- [14. ﬁ@ Mna ec- -ene-4-car ony T

specific stdPEEGh atigfeppscpeasured WMUG@PS%FW fusing N\

O N O H SO stddard lu€Fdrasetddbal lsubstraded an&@za'@hﬂts QedBPeAdn @Dhé* VRALuR™St ep

D above 32) e cor

descri bed in- S g‘)’rp V\%?(e lgr?jﬁggt) ﬁe ?Ogﬁegigle ﬁgl?tf‘?l &WBH"B&}HE}‘ (33)

(55 ny, 73%1u01ferase expression in the absence of any inhibitor. The inhibitory activity of the
compound on luciferase activity was monitored on the Huh-Luc cells, enabling a dose-
response curve for each test compound. ECsy values were then calculated, which value
represents the amount of the compound required to decrease by 50% the level of

15 detected luciferase activity, or more specifically, the ability of the genetically linked

HCYV replicon RNA to replicate.

Inhibition assay

The aim of this in vitro assay was to measure the inhibition of HCV NS3/4A protease
20 complexes by the compounds of the present invention. This assay provides an

indication of how effective compounds of the present invention would be in inhibiting

HCV NS3/4A proteolytic activity.

The inhibition of full-length hepatitis C NS3 protease enzyme was measured essentially

25  as described in Poliakov, 2002 Prot Expression & Purification 25 363 371. Briefly, the
hydrolysis of a depsipeptide substrate, Ac-DED(Edans)EEAbuy[COO]ASK (Dabeyl)-
NH, (AnaSpec, San José, USA), was measured spectrofluorometrically in the presence
of a peptide cofactor, KKGSVVIVGRIVLSGK (Ake Engstrém, Department of
Medical Biochemistry and Microbiology, Uppsala University, Sweden). [Landro, 1997

30 #Biochem 36 9340-9348]. The enzyme (1 nM) was incubated in 50 mM HEPES, pH
7.5, 10 mM DTT, 40% glycerol, 0.1% n-octyl-D-glucoside, with 25 pM NS4A cofactor
and inhibitor at 30 °C for 10 min, whereupon the reaction was initiated by addition of
0.5 uM substrate. Inhibitors were dissolved in DMSO, sonicated for 30 sec. and
vortexed. The solutions were stored at - 20°C between measurements.

35
The final concentration of DMSO in the assay sample was adjusted to 3.3%. The rate
of hydrolysis was corrected for inner filter effects according to published procedures.
[Liu, 1999 Analytical Biochemistry 267 331-335]. Ki values were estimated by non-



Exanple 6: Activity of conpounds of formula (1) 15 Replicon assay
The conpounds of fornula (I) were exam ned for activity in the
inhibition of HCV RNA replication in @& cellular assay. The assay
denonstrated that the conpounds of formula (1) exhibited activity
agai nst HCV replicons functional in a cell culture. The cellular
assay was bd#wear iaressiph ehdysis (Frel sxinithasis Gofiares Staixs, V3§ HE)s osinped
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froman Internal Ri bosonme Entry Site (I RES) from encephal omyocarditis
vi rus ( EMCV) preceded by a reporter portion (FfL-luciferase), and a
sel ect abl e rkabigk portion (neon, neonycine phosphotransferase). The
construct is_bordered by 5 and 3' NIRs (non- transl ated regi ons)
from HCV type If, i nuad %%ﬁﬁdﬁ; the r&glsh @av) cel [ s i nKt beMP7
depe
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RNA. The stably nsfectied repld{con CEITS thAal express HCV K
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control cul tEﬂ@?wm%nhbmh@df%@bm oXB¥nRES(Ien i n the absence of
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HCV replicom; 19td BRbIa&AHI]B) transport

Every compound was tested in 2-4 wells. The basolateral and the apical wells

contained 1.5 mL and 0.4 mL of transport buffer (TB), respectively, and the standard

concentration of the tested substances was 10 uM. Furthermore all test solutions and
20 buffers contained 1% DMSO. Prior to the experiment the transport plates were pre-

coated with culture medium containing 10% serum for 30 minutes to avoid nonspecific
binding to plastic material. After 21 to 28 days in culture on filter supports the cells
were ready for permeability experiments.
Transport plate no. 1 comprised 3 rows of 4 wells each. Row 1 was denoted "Wash",
25  row 2 *“30 minutes” and row 3 “60 minutes™. Transport plate no. 2 comprised 3 rows of
4 wells, one denoted row 4 “90 minutes™, row 5 “120 minutes" and the remaining row
unassigned.
The culture medium from the apical wells was removed and the inserts were transferred
to a wash row (No. 1) in a transport plate (plate no.1) out of 2 plates without inserts,
30  which had already been prepared with 1.5 mL transport buffer (HBSS, 25 mM HEPES,



I nhibition assay The aimof this in vitro assay was to neasure the

i nhibition of HCV NS3/4A protease 20 conpl exes by the conpounds of
the present invention. This assay provwdes an indication of how

ef fective conpounds of the present invention would be in inhibiting
HCV NS3/4A proteolytic activity. The inhibition of full-Iength .
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f th .o5] ' le nr.
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20 experiment, To all collected samples acetonitrile was added to a final concentration of

50% in the samples. The collected samples were stored at ~-20 °C until analysis by
HPLC or LC-MS.

Basolateral to apical transport
25  Every compound was tested in 2-4 wells. The basolateral and the apical wells

contained 1.55 mL and 0.4 mL TB, respectively, and the standard concentration of the
tested substances was 10 uM. Furthermore all test solutions and buffers contained 1%
DMSQO. Prior to the experiment the transport plates were pre-coated with culture
medium containing 10% serum for 30 minutes to avoid nonspecific binding to plastic
30  material.
After 21 to 28 days in culture on filter supports, the cells were ready for permeability
experiments. The culture medium from the apical wells was removed and the inserts
were transferred to a wash row (No.1) in a new plate without inserts (Transport plate).
The transport plate comprised 3 rows of 4 wells. Row 1 was denoted “wash” and row 3
35  was the “experimental row”. The transport plate had previously been prepared with
1.5 mL TB (pH 7.4) in wash row No. 1 and with 1.55 mL TB (pH 7.4), including the
test substance, in experimental row No. 3 (donor side).



Exanple 5 33 3.6 x 10-3 0.3 10 Exanple 7: Perneability of conpounds
of formula (I) This exanple neasures the transport of conpounds of
formula (1) through the cells of the Muman gastroenteric canal. The
assay uses the well known Caco-2 cells with a passage nunber between
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was tested ihS migtrapspps buffer(FRSS 28 mavIVIES neH ©61fd veasiadddd taghd mserts in row

cont ai ned 1. j ,
and the st anlg%?}jmﬂgge %e}l?llgl?h?lig%erfg ?)vf% t Eteﬂ%bé%tg %gﬁg}ﬁ%@ R&@%gﬁ#%w
Fur t her nor e Tﬁi“PteF%’égEs‘B PRONBA shekero 4fgt beiag squilibretgdrie thebudfeprastym the
Prior to thelEBmesluawas nidasurtd BNGPB kel HyanaSV ORI ehdpf Sick @RauLEnM t h

| t di t aj ni % f 30 m nut t, voi d ]

monsheci P o T Easndt DL B SR 4 Nas HemSvod bl 5 enin 3168 g thq igsert was
cul ture on ftranstsrred tppoy 8 and A0 pbiffesh TRepH 6. 2 wdy added tp érentasdpis] iAtfier 30

i 1S.3 i |
Fon 1 ves qanibEReReLl PaAkihdin fofEREbREtcteR B A art oot ARG
m nut es”. TriEARERASE butfira Thereatter2 X0gHpsamples were avithdeawn andgsplaged bnesh
denoted r gw tf’arl]}'s'@ﬁt !li%ffditeeéf')n?;_orrﬁw%ﬂés 'hﬂitﬁﬁth%ﬂ&'bﬁ‘iﬁfé eRP&irhd}R of EIPIN mgg&é%rgﬂf
unassi . cul tur rom the apica S was, r emoy
Uhasnoant ity ot Tt R oS MeaSRod Bfe ks SEihe pcsinienae 2.
p: at ed( pLat esamplelyasoakenofrorl tid bdsemtanalt{Bondr) d:diﬁ;ﬁfrtnsent 3erwl wihuadingd at the

i # t r (HBS 2

al r eady ee%ﬁﬁ [?‘F re%gefrﬁ’g\%\lgt. lji’l%%%é%.rﬁp}%r}%r%egte%éongr sa@ngp%sﬁ%onp%h?%mit ﬁ%d the

HEPES, 69 i screenin
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where Cg; is the receiver concentration at the end of the interval i and Cyp; is the donor
concentration at the beginning of interval i, A linear relationship should be obtained.
The determination of permeability coefficients (Payp, cm/s) were calculated from:
- (k ) VR)

where k is the transport rate (min™) defined as the slope obtained by linear regression
of cumulative fraction absorbed (FAcum ) as a function of time (min), Vg is the volume
in the receiver chamber (mL), and A is the area of the filter (cm?).



test substance was added to the apical (donor) well. The plates were
incubated in a polymx shaker at 37C with a | ow shaking vel ocity of
approximately 150 to 300 rpm After 30 minutes incubation in row 2
the inserts were noved to new pre-warned basol ateral (receiver)
wells every 30 minutes; row 3 (60 mnutes), 4 (90 mnutes) and 15 5
(120 mnutes). 25 L sanples were taken fromthe apical solution after
-2 minutes algblal: RétereBfoodfipounle experiment. These sanpl es
represent ed denor sanples fromthe start and the end of _the
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10 Example 8: In vitro metabolic blocking of HCV NS3/4a protease inhibitors by ritonavir
Different HCV NS3/4a protease inhibitors were tested in a metabolic blocking

experiment using 3 pM test compound together with 10 uM ritonavir acting as booster.

Test compounds and ritonavir were added to human liver microsomes (protein

15 concentration 1 mg/ml) suspended in potassium phosphate buffer (pH = 7.4), to get
final reaction mixture concentrations of 3 uM test compound and 10 pM ritonavir. In
the non-boosted parallel reactions, ritonavir was not added. Boiled human liver
microsomes were used for blank experiments. After addition (in a 1:3 ratio) of a
cofactor mixture consisting of f-nicotinamide adenine dinucleotide phosphate

20 (B-NADP, 0.5 mg/ml, 653.2 pM), D-Glucose-6-phosphate (2 mg/ml, 7.1 mM),
Glucose-6-phosphate dehydrogenase (1.5 U/ml) in 2% NaHCOs, the reaction mixture



m nutes 250 ItL was withdrawmn fromthe apical (receiver) well and
repl aced by fresh transport buffer. Thereafter 250 gL sanples were
w t hdrawn and replaced by fresh transport buffer every 30 m nutes
until the end of the experinent at 120 m nutes, and 10 finally a post
val ue of TEER was neasured at the end of the experiment. A 25 L
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rate (mn') [defined as the]|slope Owﬁ@" ned by T1 near %\%ESSI on of
cunul ative flracti on absor bed—(FAcurF—as—a—funretion—-of re—{mn)- VR
i s the vol ungompounder.r ecei|vés DeleateddPonipriupd hntk ]Aeﬂestedlﬁbnqroaado t he
filter (cm. 71 Table 2: FZeﬁgrB%r&ggp‘ccﬁP&ﬁggs @h@g&?ly ’onﬁmg i on
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The experiment shows an almost complete blocking of test compound (3 uM)
metabolisation by addition of 10 pM ritonavir.

Example 9: In vivo effects of ritonavir on the pharmacokinetics of Compound nr. 9 in

15 dog
Oral pharmacokinetics of Compound nr. 9 in male Beagle dogs after a single dose at

10 mg/kg, using a formulation in 50% PEG400/water and the influence of “boosting”
with 10 mg/kg ritonavir were investigated.

20 Six male Beagle dogs (body weight 8-10 kg) were randomly divided into 2 groups of 3
animals (boosted and non-boosted). No untreated or véhicle-treated control animals
were included. Before dosing, the animals were fasted overnight (approx. 12h fasting
period) and did not receive any food before dosing until 6 hours after dosing. Drinking

water remained available throughout the experiment.
25

Dogs from the non-boosted group received a single oral 10 mg/kg dose of Compound
nr. 9, formulated as a 5 mg/ml 50% PEG400/water. Dogs from the boosted group
received a single soft capsule of Norvir® (ritonavir, 100 mg/capsule), about 30 minutes
before single oral dosing with 10 mg/kg of Compound nr, 9. The drug formulations

30  were administered by oral gavage, using a gastric tube.

A 3 ml blood sample was collected at 0.5h 1h, 2h, 4h, 6h, 8h and 24 hours after dosing
of Compound nr. 9. Plasma concentrations were determined using HPLC-MS. Results



ACTI VE EFFLUX PGP-MDRI Dioxin 30 The following table 3 shows the
perneability results (Papp) expressed in 10-6 cm's for a 5
representative selection of conpounds @ccording to the invention when
tested in the perneability assay descri bed above. Table 3 Conpound
No. P _ 10"6 cmfs) .9 11 26 3.6 28 8.6 33 31 10 Exanple 8: In
vitro met abdi'¢ shastoihe bl 5 bowNsaressedusoblseehenganini iiatroacokingtic parameter
ritonavir DidffRs BedstedGYolS dhangar it 8 ¥ EndritiRliciPrguper e tested in a
nmet abol i ¢ bl ocki ng experinent ‘'using 3 Mtest conpound together with
10 Mritonavir acting as booster. Test conpounds and ritonavir were
added to hurifabld § ver m crosomes (protein 15 concentration | ng/m)
suspended i n potassi um phosphate buffer (pH = 7.4), to get final
reaction m'ytuge concenirations iT 3] ltest conpound —and 10—g™
ritonavir. I nPPARECHIEHSIBARGETpar al | EPIGIRSIEISE 4R OMPOYMHU 1 wels not
added. Boil eéd human liver microsones wtiee bosged with ridbmie
experinments.|After addition (1n @ 1:3 ratio) of cofactor m xture
consi sti ng of—o—ntrecotinam-de—adene—dinrucleoti-de—phosphate 20
(0O-NADP, O0.5AWEnm , 653.2 M, D@ ucose-6-phospffate (2 my/mi, 7.1

mV), @ ucose-6-phosphate dehydrogenase (1.5 Um) 1n 2% NaHCO3, the
reaction mxture 72 was incubated at 37 C for 30 or 120 m nutes

af ter whi ch theee vesulis despniiate shag pitengvispubstantiely shhamcesibe phamwcakinetics of
to 95 C. TeStorssttRawA® HAUMRERIth Bvb@N Sx¥Ehfes d8pRERH @@%U@%ice&siﬂglsngwﬁ;
5 Results are sunmarized in the table 4 bel ow. Val ues are percéntages
of test conpound detected after the indicated incubation tinmes as
conparedOto the initial test compound concentration. Each value is
the nean of the results of two i ndependent experinents. Table 4 30
120" Conmpound nr. % Detected Conpound % Det ected Conpound No

Booster ritonavir No Booster ritonavir




16 71 93 20 102 9 44 88 0 100 10 The experinment shows an al nost
conpl ete bl ocking of test conmpound (3 M netabolisation by addition
of 10 gMritonavir. Exanple 9: In vivodeffects of ritonavir on the
phar macoki neti cs of Conmpound nr 9 in 15 dog Oral pharmacoki netics of
Compound nr. 9 in nale Beagle dogs after a single dose at 10 ny/ kg,
using a f or rlleimid on i n 50% PEG400/ wat er and the influence of
"boosting”" wth 10 ng/kg ritonavir were investigated. 20 Six mal e
Beagl e dogs (baody wei ght 8-10 ) were randomy divided into 2 groups
of 3 aninalls ApEEarosgd éﬁﬂﬂﬁﬁﬁﬂgﬁﬁﬁﬂed) No untreated or
vehicle-treated control aninmals were | i ncl uded. Before dosing, the
ani mal s were fasted overni ght (appro«. 12h fasting period) and did
not receive any food before dosing 6 hours after dosing.
Drinking water remained avail abl e ughout the experinment. 25 Dogs
i gingle oral 10 ng/ kg dose of
Compound nr. 9, fornmulated as a 5 0% PEG400/ wat er. Dogs from
t he boosted group received a single ofd capgul e of Norvir(r)
(ritonavir, 100 ny/capsule), abouto30 T g re single ora
dosing with 10 ng/kg of Compound nf. 9. Thegdr mul ati ons 30 were
adm ni stered by oral gavage, usi i . A3 nm blood
sanpl e was col lected at 0.5h I'h, \2h,/ 4h, 6h, 8h and 24 hours after
dosing of Compound nr. 9. PI concentrations were deterni ned
using HPLC-M5. Results 73 are hown2 %he table 5 | ow, expressed

as fold change in pharnacokln LNC :§%§E22%r of the boosted group as

Z

conpared to the non-boosted dfou hs 5 5 pharmacoki netic
paranmeter Fold increase in conp boosted with ritonavir
Crax 31 AUC 55 These results r at e tha ritonavir
substantially enhances the phar oklnetlcsR2

5 and the N-oxides, salts, and stereoisomers thereof, wherein
the dashed line represents an optional double bond between atoms C7 and C8;
R' is hydrogen or C;.¢alkyl;
R’ is hydrogen or C;¢alkyl; and
nis3, 4,5, or6.
10

2. A compound according to claim 1, wherein the compound has the formula (I-a):

OMe




Compound nr. 9 in dog, with overall exposures expressed as AUC
increasing 55-fold. 10 74 dains 1. A conpound having the formula
O N OS NO~ZT/ z O RI\ HNa O ~$n 5 4 ~Z° HNSO02 Rz 5 and the
N-oxi des, salts, and stereoi soners thereof, wherein the dashed |ine
represents an optional double bond between atons C7 and C8; Rl is
hydrogen or i Asetnkgdund Recdrding yelamoens aficlaiins 662, kyblereimtie composndhas4be
5, or 6. 10 2. g qﬂ_nd according to claim1, wherein the conpound
has the formula (1-a): " O NOI e S\ ONO RV (I-a) NHNO
)n HN-S02 (2) R

oﬁ/” o (--b)

HN Q
-II'I‘/

-N
R h@ {

N HN-—S02
(2] R2ﬁ>

4. A compound according to any one of claims 1-3, wherein n is 4 or 5.
5. A compound according to any one of claims 1-3, wherein R' is hydrogen or methyl.
6. A compound according to any one of claims 1-3, wherein R? is hydrogen.

10 7. A compound according to any one of claims 1-3, wherein R* is methyl.

8. A compound according fo any one of claims 1-3, wherein the compound is selected
from

15



75 3. A conpound according to any one of clainms 1-2, wherein the
conpound has the fornula (1-b): O NS O\ I NN J O-N O (f-b)
RL,NHN O (Zk) n -11~ HN-SO> RZ 4. At6conpound according to any one
of claims 1-3, wherein nis 4 or 5. 5 5. A conpound according to any

one of clainms 1-3, wherein Rl i drogen or nethyl. 6. A conpound
according to any one of clai -3 erein Qéhgs hydrogen. 10 7. A
Oof NTI ap11B 3 rein R2 is nethyl. 8.

conpound according to any o
3, wherein the conmpound

A conpound according to any one of ¢
is selected fromiO OHO O-~0,S0 Nv 016 1576 S N N

\'0 00% ;.1-NS-O 0
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\\8410
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O-NNHHNO9 S/OM N 115; 1. OO NO OOHO N26 SICO O
IONNO11/ OOHI NN528and 77 ,0M NOO NNO HOO ~~
HN~1 33 9. A conpound according to anysof clains 1-8 other than an
N-oxi de, or salt. 10. A conbination conprising 5 (a) a conpound as

defined in any one of clainms 1 to 9 or aS armaceutically acceptable
salt thereof; and \\
N

O AN

=
9

K9
A
HNW

33

9. A compound according to any of claims 1-8 other than an N-oxide, or salt.,

10. A combination comprising
5 (2) a compound as defined in any one of claims 1 to 9 or a pharmaceutically
acceptable salt thereof; and
(b) ritonavir, or a pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition comprising a carrier, and as active ingredient an
10 anti-virally effective amount of a compound as claimed in any one of claims 1-9 or
a combination according to claim 10.

12. A compound according to any of claims 1-9 or a combination according to claim
10, for use as a medicament.
15
13. Use of a compound according to any of claims 1-9 or a combination according to
claim 10, for the manufacture of a medicament for inhibiting HCV replication.

14. A process for preparing a compound as claimed in any of claims 1 - 9, wherein said
20 Process comprises:
(a) preparing a compound of formula (I) wherein the bond between Cy and Cg is a
double bond, which is a compound of formula (I-a), as defined in claim 2, by
forming of a double bond between C; and Cs, in particular via an olefin

25



(b) ritonavir, or a pharmaceutically acceptable salt thereof 11. A
pharmaceutical conposition conprising a carrier, and as active
ingredient an 10 anti-virally effectiVv# anount of a conpound as
claimed in any one of clainms 1-9 or a conbination according to claim
10. 12. A conpound according to any of clainms 1-9 or a conbination
accordi ng to cl aimetathgsis fesetion avidscancomilig apelination % the madseyde as outlined
conpound accor di ng thOfoRBY i refdtiin®hdnd Or a conbination according to
claim 10, for the manufacture of a medi canent for inhibiting HCV
replication. 14. A process for pmgpari ng a conpound as clainmed in any
of claimse 1 - 9, wherein said process conprises: (a) preparing a
conpound of fornmula (1) wherei e bond between C7 and C8 is a
doubl e bond, which is a conpou formula (1-a), as defined in
claim2, by formng of a doubl g boffd between C7 and C8, in

particular via an olefin 25 78b ;Macti on, with concomtant
cyclization to the nmacrocycl e jas outlilne n the foll ow ng reaction
scheme: O N OS ON"'I( > (I- RL,NHN3 O)n 5 a 6 HN-S02 7
R2 (I1) (b) converting a coppound of formula (l-a) to a conpound of
formula (1) wherein 5 the | Nnk\between C7 and C8 in the macrocycle
is a single bond, i.e. a onpouw
claim3, by a reduction of \the,
formula (1-a); R

-C8¢p doubl e bond in the conmpound of

o 5
8 HN—S80z

6

7 e R2

(n ;
(b) converting a compound of formula (I-a) to a compound of formula (I) wherein
5 the link between C7 and C8 in the macrocycle is a single bond, i.e. a
compound of formula (I-b) as defined in claim 3, by a reduction of the C7-C8
double bond in the compound of formula (I-a);

(c) reacting a cyclopropylsulfonamide (IV) with an intermediate (ITT) via an
10 amide forming reaction as outlined in the following reaction scheme:

OMe

N—L! HoN—S0O;

moNo HN3 9
O y{ "
N OH
23"



(c) reacting a cyclopropylsulfonamde (1V) with an internediate (I11)
via an 10 am de formng reaction as outlined in the foll ow ng
reaction schenme: Ovwe NS ON HoN--SOZ79 z ORz -> (i) R'N HN3 O VWV
~)n 546 OH (I~ (Z (Ili) 79 (d) etherifying an internediate (V)
with a quinoline of formula (VI) as outlined in the follow ng
reaction scheme{d)@thaiing Mn Mitermeadiatol VINSittDa NuineJine of fiérmulad V1) #dduBERd S
(2) 7N 6 Rz (V) wWaeTSldwixy tackiof dchbmBr esents hydroxy or a |eaving
group; which reaction in 5 partlcuﬂlar is an O-arylation reaction
wherein X represent Om | eaving group, or a Mtsunobu reaction,
wherein X is hydroxyj. (e) preparing a cound of formula (1)
wherein Rl is hydr sai d conpound bgi'fig represented by (I1-d),
froma correspondi internediate (VII),

wherei n PG repges | group: QOwe

+ —_— (1
gi-Ny HNg D N
b)ns . \/>—¢<
3\ / HN-—-‘“"SOz S
(2} 5 R2

(Vi)
(V)

wherein X in (VI) represents hydroxy or a leaving group; which reaction in
5 particular is an O-arylation reaction wherein X represents a leaving group, or
a Mitsunobu reaction, wherein X is hydroxy;.

(e) preparing a compound of formula (I) wherein R' is hydrogen, said compound
being represented by (I-d), from a corresponding nitrogen-protected
10 intermediate (VII), wherein PG represents a nitrogen protecting group:

OMe
OMe

N 1
OY Ne==0 deprotection
e rrr—
- HNs 2

VIl {I-d)

(f) converting compounds of formula (I) into each other by a functional group
transformation reaction; or



O NN OVI VI NO SS NO-z Odeprotection O ON OHyl OPG
N-,)ns HH3 NO | HN3 a 8 HN'"S02 )nsa 68 (Z2) R~ 6 HN-SOz
(2) 7 Rz (M1) (I-d) (1) converting c®nmpounds of formula (1) into
each other by a functional group transformation reaction; or 80 (Q)
preparing a salt formby reacting the free formof a conpound of
formula (1) wi t(B) prapadigch Wit farrp by eeactng the free form of a compound of formula (1)

with an acid or a base.





