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(54) Title: MACROCYCLIC PEPTIDES ACTIVE AGAINST THE HEPATTITIS C VIRUS

{n

(57) Abstract

The present invention covers macracyclic compounds of formula {I) active in-vitro and in cellular assays against the NS3 protease
of the hepatitis C virus wherein W is CH or N: R2! is H, halo, Ci alkyl, cycloalkyl, haloalkyl, Ci-s alkoxy, cycloalkoxy, hydroxy, or
NRZ)a, wherein each R ig independently H, Ci-s alkyl or cycloalkoxy; and R2 is H, halo, Cig alkyl, Cag cycloalky! Cis haloalkyl
Ci-s thioalkyl, Ci¢ alkoxy, Ci¢ cycloalkoxy, Casy alkoxyalkyl, C3¢ cycloalkyl, Cg or 10 aryl or Het, wherein Het is a five~, six—, or
seven-membered saturated or unsaturated heterocycle containing from one 1o four heteroatems selected from nitrogen, oxygen and sulfur;
said cycloalkyl, aryt or Het being substituted with R%4, wherein R is H, Cig alkyl, Cas cycloalicyl, Ci¢ alkoxy, Cis cycloalkoxy,
NOz, NR¥);, NH-C(O}R; or NH-C(0)-NH-R25, wherein each R is independently: H, Ci alkyl or Ca.g cycloalkyl; or R4 s
NH-C(0}-OR?S wherein R% i5 C_g alkyl or Cy¢ cycloalkyl; R is hydroxy, NHa, or a group of formula ~NH-R3!, wherein R3! is Csoar 10
aryl, heteroaryl, -C(0)-R32, -C(0)»-OR32 or —C(0)}-NHR?, wherein R3? is: Ci-s alkyl or Cag cycloalkyl; D is a 5 10 10-atom saturated
or unsaturated alkylene chain optionally containing cne to three heteroatoms independently selected from: O, S, or N-R4!, wherein R4! i
H, Cis alkyl, cycloalkyl or —C(0)-R%, wherein R*2 is C g alkyl, cycloalkyl or Cg or 10 aryl; R* is H or from one to three substituents
at any carbon atom of said chain D, said substituent independently selected from the group consisting of: Ci.5 alkyl, Ci_s haloalkyl, C1.¢
atkoxy, hydroxy, halo, amino, oxe, thic or Ci.g thicalkyl, and A is an amide of formula ~C(O}-NH-R5, wherein R? is selected from the

group consisting of: Ci_g alkyl, Cy4 cycloaikyl Cé o 10 aryl or Cy_y6 aralkyl; or A is a carboxylic acid or a pharmaceutically acceptable
salt or ester thercof,




al koxy, hydroxy, halo, amno, oxo, thin or Cferr] thicalkyl, and Ais an
am de of fornmula -C(O-NHRerr], wherein Rerr] is sele,q@ggptgm b

group consisting of: Clerr] alkyl, Clerr] cycloalkyl, Cerr] or F%rr aryl
or Jerr] aralkyl; or Ais a carboxylic acid or a pharnaceutically
acceptable salt or ester thereof. 26 Septenber 2003 WO 00/ 59929 7

PCT/ CA0O/ 00353 MACROCYCLI C PEPTI DES ACTI VE AGAI NST THE HEPATITIS C VI RUS
FI ELD OF THE | NVENTI ON The present invention relates to conpounds,
conpositio oob ggpreparation of such 5 conpounds and net hods for the
treatment of "R&patitis C virus (HCV) infection. In par®CEGAa3sBhe present
I nvention provides novel peptide anal ogues, '‘pharnaceutical conpositions
cont ai ni ng such anal ogues and net hods for using these anal ogues in the
treatment of HCV infection. BACKGROUND OF THE | NVENTI ON 10 Hepatitis C

virus (HCV) is the naj MAGROOYOLICRHPTROESACRIVIDOSARtEARERUSI on and

communi ty-acqui red non-A non-B éltljﬂ | dw de. It Is estimted that
over 170 mllion people worl dv&g e areécl%ﬁ@{{%ed by the virus. A high

per cent age ofFTRLRQFTHE SNVENEe chronical |y i nfected and nany progress to
chroni c |i verThdpaeas wes@mGalkiesth cofh QY itis C. This groyp is in
turn at high risk for “Serlous. |iver Bdi sgécggﬁg%%%g’ge%rgpﬁ‘rf‘?/"é‘roqéﬁ‘#‘r hosi s,
hepat ocel IPul &PREFEF AthiRetnds forthaimatment of bepaitis@ sives (HEAinfertibn Indeat h.  The

mechani sm by patticelar, Hi@\;ﬁr&ﬁﬁﬁb&ehﬁ&éﬁroﬁhéﬁov@%ﬁﬁ&taﬁﬁggje@ﬂ%g%i%§ﬁ?c€la_ high rate

of chronic L] d] .has not .been thoroughly efluci I S not
known how HQIC)I" x%{ﬁc%sgaérig%?o?% S“&ﬁa“aé%‘a%?dt%h & usingihese applpguenin| n
addi tion, th&etermenpéf HEY infdction. 20 and hunoral i nmmune responses in

protection agatRSlouNe\br e band di sease have yet to be established.
| munogl qgul }é@s have been reported for prophylaxis of
t r ansf usi'on- SERAEE Svays (G s fhe maiar etidogitsbagentnf postitengesitresnd or Di sease

Control doescommunity-acquired non-A non-B hepatitis worldwide. It is estimated that over 170
million people worldwide are infected by the virus. A high percentage of carriers
become chronically infected and many progress to chronic liver disease, so-called
chronic hepatitis C. This group is in turn at high risk for serious liver disease such

15 as liver cirrhosis, hepatocellular carcinoma and terminal liver disease leading to
death.
The mechanism by which HCV establishes viral persistence and causes a high rate of
chronic liver disease has not been thoroughly elucidated. It is not known how HCV
interacts with and evades the host immuine system. In addition, the roles of cellular
20 and humoral immune responses in protection against HCV infection and disease
have yet to be established. Immunoglobulins have been reported for prophylaxis of
transfusion-associated viral hepatitis, however, the Center for Disease Control does
not presently recommend immunoglobulins treatment for this purpose. The lack of
an effective protective inmune response is hampering the development of a vaccine
25  or adequate post-exposure prophylaxis measures, so in the near-term, hopes are
firmly pinned on antiviral interventions.
Various clinical studies have been conducted with the goal of identifying
pharmaceutical agents capable of effectively treating HCV infection in patients
afflicted with chronic hepatitis C, These studies have involved the use of interferon-
30  alpha, alone and in combination with other antiviral agents. Such studies have
shown that a substantial number of the participants do not respond to these

therapies, and of those that do respond favorably, a large proportion were found to



not presently recomrend imunoglobulins treatment for this purpose. The

|l ack of an effective protective imune response is hanpgg SaseHBEr 2003
devel opment of a vaccine 25 or adequate post-exposure prophyl axis neasures,
so in the near-term hopes are firmy pinned on antiviral interventions.
Various clinical studies have been conducted with the goal of identifying
pharmaceutical agents capable of effectively treating HCV I nfection in

patients akbbissved with chronic hepatitis C These stug E‘ﬁ%‘{?ﬁ' nvol ved
the use of interferon 30 al pha, alone and in conbi natlon Wi fAh
antiviral agents. Such studies have shown that a substantial nunber of the
participants do not respond to these therapies, and of those that do
respond favorably, a |large proportion were found to 26 Septenber 2003 WO

00/ 59929 PCT/ se after termnation of treatnent. Until a
few years ago ?%{agtrg%eron C’f"'ﬂ%l?'e the onl y avail abl e therapy of proven
benefit appr oVed aifqw thﬁagbamﬁedeﬁonmpamembsmykﬂa{rﬁaﬂl@m obpRAlitis C

and inte ron treatnent al so

However the &H&@bﬂ%@eénﬁ?@eﬁc@ﬁx & : I*is“’iﬁlg%?ﬂg/h pﬁﬁ%(f) Wever they oyt e

I nduces severe side 5 ef
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patients. 3 ntegediefi.0Retiddps y approved
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nai ve pati ent&2gt I %Qté‘ﬁ )PaEﬁﬁ%tIPteEfﬁ@QlﬁW@bg@hmwtthnMWas HCV ther apy.
However, the o&gﬂﬂlﬁpﬁa&%&f&@ﬂﬁ@%zﬂiﬁ k{f&nﬁ&@toﬁ!ﬁ&aﬁkéz e gﬂlggb‘é@th this 10

conbi natlon therag fmwg 11ore need exists for evel opnent of
effective anttviral ~agentk f‘bt?a“ Fréﬁﬂﬁﬁnsﬁﬂteﬁmgpﬁfsﬁ@ﬂﬁfénnﬂ@t over cones

the |imtati dresapyf Howewdr thgsidpbitcaraasd bEBN drbfstaniRaed dVaiis an envel oped

positive gt r auEh:RNn e in the Flaviviridae famly. The 15 single strand
HCV RNA genone i s approXimately 9500, nucleotides in length and has a

singl e open T8HEPrFg2 ‘I‘ffeéﬁé"ﬁé ERre @ﬂ'velogmﬂg obefferthglaativied] ggenR@by pr ot ei n of
about treatiment of HCV infection that overcomes the limitations of exxslmg

pharmaceutical therapies.
HCYV is an enveloped posmve strand RNA virus in the Flavmndae family. The

15" single strand HCV RNA genome is approximately 9500 nucleotides in length and
has a single open reading frame (ORF) encoding a single large polyprotein of about
3000 amino acids. In infected cells, this polyprotein is cleaved at multiple sites by
cellular and viral proteases to produce the structural and non-structural {NS)
proteins. In the case of HCV, the generation of matﬁre nonstructural proteins (N52,

20  NS3, NS4A, N54B, NS54, and NS5B}) is effected by two viral proteases. The first
one, as yet poorly characterized, cleaves at the NS2-NS3 junction; the second one is a
serine protease contained within the N-terminal region of NS3 (henceforth referred
to as NS3 protease) and mediates all the subsequent cleavages downstream of NS3,
both in cis, at the NS3-NS4A cleavage site, and in #rans, for the remaining NS4A-

25  NS4B, NS4B-NS5A, NS5A-NS5B sites. The NS4A protein appears to serve multiple
functions, acting as a cofactor for the NS3 protease and possibly assisting in the
membrane localization of NS3 and other viral replicase components. 'I'hé complex
formation of the NS3 protein with NS4A seems necessary to the processing events,
enhancing the proteolytic efficiency at all of the sites. The NS3 protein also exhibits

30 nucleoside triphosphatase and RNA helicase activities. NS5B is a RINA-dependent
RINA polymerase that is involved in the replication of HCV.

Patent application WO 97,/06804 describes the (-) enantiomer of the nucleoside




3000 am no acids. In infected cells, this polyprotein is cleaved at
multiple sites by cellular and viral proteases to produgeSkpembefF dgi3ir al
and non-structural (NS) proteins. In the case of HCV, the generation of
mat ure nonstructural proteins (NS2, 20 NS3, NS4A, NS4B, NSSA, and NS5B) is

effected by two viral proteases. The first one, as yet poorly
characterized, cleaves at the NS2-MS3 junction; the second one is a serine
prot ease coMOAM¥@ within the N-termnal region of NS3 (frefeqbasth referred
to as NS3 protease) and nediates all the subsequent cleavages downstream of
NS3, both in cis, at the NS3-NS4A cl eavage site, and in trans, for the
remai ni ng NS4A 25 NS4B, NS4B- NS5A, NSSA- NS5B sites. The NS4A protein

appears to serve multiple functions, ack i ng as a cofactor for the NS3
protease and pRAstRIYoasst §hidiGol menbr | ocal i zation of NS3 and
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proteol ytic eHBVEheNgy io¥e cBhikafordJag adivk %ﬁns?ﬂe—v _protein also exhibits
30 nucl eosi de_triphosph taseJ:af:l]gé’rRI\lAaheI|g ase acHﬁ\%f e agtony
RNA- dependent 83RATSH Xedobpraported. i nvol ved in the replication of HCV.

Pat ent app$i cAtgenmal\ W9y 0650 et @sdnPEantiNaul reht=N3 MA-Q0E! i Q. t he
nucl eosi de 26€n§gfptdeenberes an3 WO 00/.59929 PCTI_Cg,AOO’ 0035§ 3 aﬁ%{l%gue

cyt osi ne- 1, 3- oxat Ni 0 ane Carsd KhBtordke rerlsptionof ghavisgs agai nst HCV. Thi s
conpound, al tIdbighein épenseetforstosiat et fbnﬁfoﬁﬁ&%c}@ibiﬁBitﬁfé'Nésgx}&le%e@Qai nst H'V
and HBV, haspyghe@sddf Het & 4l rqven active against HCV and its
mechani sm of acti on *a0al ns%%§%3t§%6@% 6% be reported. 5 A general
strategy for YheatensvEpbifidacribss heferdcydlicatbstigemiarbiosariifes AMdGhil@les Viral |y

Vo me i onee BT o e ARk e e el deRPathe bilEeskss pr of case
or RNA hel i F5REYSY HadNp3pagtein ob thevisus i chintgal teols heyediobystt bemresmrtellS pat ent
5,633, 388 destpldoasthivat@iny Bhy Kees HpSiid bY@, &a&%&@&d@%@%é”a' ogues 10
as being act iz RIAL DR il Mpairkl R BIATBONILS 3 Sl HSELES, 031 DSt the
development on this compound has been reported.
15 A paper presented at the Ninth International Conference on Antiviral Research,
Urabandai, Fukyshima, Japan (1996) (Antiviral Research, (1996), 30, 1, A23 (abstract
19)) reports thiazolidine derivatives to be inhibitory to the HCV protease.
Several studies have reported compounds inhibitory to other serine proteases, such
as human leukocyte elastase. One family of these compounds is reported in WO
20 95/33764 (Hoechst Marion Roussel, 1995). The peptides disclosed in that application
are morpholinylcarbonyl-benzoyl-peptide analogues that are structurally different
from the peptides of the present invention.
WO 98/17679 from Vertex Pharmaceuticals Inc. discloses inhibitors of serine
protease, particularly, Hepatitis C virus NS3 protease |
25 Hoffman LaRoche (WO 98/22496; US 5,866,684 & US 6,018,020) has also reported
hexapeptides that are proteinase inhibitors useful as antiviral agents for the
treatment of HCV infection.
Steinkiihler ef al. and Ingallinella ef al. have published on NS4A~4B product
inhibition (Biochemistry (1998), 37, 8899-8905 and 8906-8914).
30 WO 97/43310 by Schering Corporation discloses 20 and 21 amino acid peptide
sequences active against the HCV NS3 protease.

WO 98/46597 by Emory University discloses peptides and peptidomimetics active



activity of the NS3 protein of the virus but clinical tests have not yet
been reported. A phenant hrenequi none has been reported 2ys&hdn®br 8003
(Tet. Lett., (1996), 7229- 7232) to have activity against the HCV NS3
protease in vitro. No further devel opnent on this conpound has been
reported. 15 A paper presented at the Ninth International Conference on
Antiviral Research, Urabandai, Fukyshim, Japan (1996) (Antiviral
Resear ch, (v90®%99280, 1, A23 (abstract 19)) reports thi pzotidionss
derivatives to be inhibitory to the HCV protease. Several studies have
reported conpounds inhibitory to other serine proteases, such as human
| eukocyte el astase. One famly of these conpounds is reported in WO 20
95/ 33764 (Hoechst Marion Roussel, 1995);4The pepti des disclosed in that

application. ajpepRrpleldnyboaaheny! - benzoyl - pepti de anal ogues that are
structurally different fromthe peptides of the present invention. WO

98/ 17679 f r omWEPB&6638baTeptide fhewaputios himitedidisclosns depsipaiptie subsimatef seri ne

pr ot ease, partﬁmuhagihyndﬂqugljrgje&e_c virus NS3 protease 25 Hof f man LaRoche
(WD 98/ 22496; S 5§§§§ﬁ?§4(§ US 6, 018, 020) has al so reported hexapeptides
that are prot 8PRa&ds 38 oridiclossscappmatis RN inplpryley thatdahipis the SICY Ng3
treatment of Idedfedsaf ection. Steinkuhler et al. and Ingallinella et al. have
publ i shed on 4A- roduct i hLbit'on_% iochem stry (1998), 37.8899-8905
and 8906- 8914l)}{f"fl"i‘%ﬁfl *5&%%1’&%@&6@? %ahg%%‘%‘?ﬁ?hb g@ﬁ?"ﬁ%’#&@?ﬁ‘gé‘fs&é’ ses 20 and 21
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26 Sept enber 2003 0% 50 29855 %%%dé%@ga%%@%iu_a}ofdégaqoflg%osgg%aﬁ%{%&geri ne
prot eases. WOPSBides@Biripgptide pralens the intiliethe NES protesse. dibwiiives Heses

depsi pept i1de QAASIFALR not RHBEGL b 108 bR HGYn B&a&@&%ﬁogﬁ%}f% ly, US
5, 869, 253 di scl oses enzymati ¢ RNA nol ecul es that rnhibit the HCV NS3

present invention.

WO 99/38888 published August 5, 1999 by the Institute de Richerche di Biologia

Moleculare (IRBM) discloses small peptides inhibitors of the HCV NS3 protease.

Nothing in this disclosure suggest or indicates the cydic nature of the peptides of
15 the present invention. In addition, this PCT application was published after the

priority date of the present application.

WO 99/64442 by IRBM, also published after the priority date of this application,

discloses oligopeptides with ketoacids at P1. .

WO 99/50230 from Vertex Pharmaceuticals (published on October 7, 1999) was also
20  published after the priority date of the present application. Even then, the

publication does not remotely suggest any cyclic peptides of the present invention.

One advantage of the present invention is that it provides macrocyclic peptides that
are inhibitory to the NS3 protease of the hepatitis C virus.

25 A further advantage of one aspect of the present invention resides in the fact that
these peptides specifically inhibit the NS3 protease and do not show significant
inhibitory activity against other serine proteases such as human leukocyte elastase
(HILE), porcine pancreatic elastase (PPE), or bovine pancreatic chymotrypsin, or
cysteine proteases such as human liver cathepsin B (Cat B).

30 A further advantage of the present invention is that it provides small peptides of
low molecular weight that are capable of penetrating cell membranes and inhibit the
INS3 protease activity in cell culture.




5 protease. None of the prior patent applications described above di scl ose
suggest cyclic peptides active and sel ective agai nst th26 Bepambbt 3003 Vi r us
NS3 protease. WO 99/07733, WD 99/07734, WO 00/ 09543 and W00/ 09558 di scl ose
hexa to tetra- peptides and tripeptide anal ogs that inhibit the NS3

prot ease. However, these 10 disclosures do not suggest or |lead to the

desi gn of macrocyclic analogs of the present invention. WO 99/ 38888

publ i shed AugsbEbed, 1999 by the Institute de Richerche gir/Biflpgta

Mol ecul are (I RBM discloses small peptides inhibitors of the HCV NS3
protease. Nothing in this disclosure suggest or indicates the cyclic
nature of the peptides of 15 the present invention. In addition, this PCT
~application was pubI i shed after the pr5 ority date of the present
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i nventi on reSUNMARYQFTHEINVENTIONhat  t hese pepti des specifically inhibit the
NS3 pr ot easeh&ndiedenm@tsco@haﬁ/&léhgﬂiu‘bhSﬁitbmpbxmlslafﬁo%aﬂaﬁgl vity against other
serine proteases such as hungn Ieukocyte el ast ase por ci ne
pancreatic el astase (PPE){ Br~bowi sarftr eati ¢ chym)tryp3| n, or cysteine

pr ot eases such as humanHI ver B (Cat B). 30 A further advant age
of the present invention ks that it provides small peptides of |ow

nol ecul ar wei ght that are capable ofgpenetrating cell menmbranes and inhibit
the NS3 protease actl vity in cell ture. 26 Septenber 2003 WD 00159929
PCT/ CA0O/ 00353

wherein Wis CHor N,

10 R¥is H, halo, C e alkyl, G, eycloalkyl, C,  haloalkyl, C, ; alkoxy, C, , cycloalkoxy,
hydroxy, or N(Ru)z, wherein each R” is independently H, C, alkylor C,
cycloalkyl; and
R™is H, halo, C, ; alkyl, C, ; cycloalkyl, C, , haloalkyl, C,  thioalkyl, C, , alkoxy, C,
cycloalkoxy, C, ; alkoxyalkyl, C,  cycloalkyl, C, ., aryl or Het, wherein Het is a

15 five-, six~, or seven-membered, saturated or unsaturated heterocycle, containing

from one to four heteroatoms selected from nitrogen, oxygen and sulfur;

said cycloalkyl, aryl or Het being substituted with R”,
wherein R™ is H, halo, C,salkyl, C;  cycloalkyl, C,  alkoxy, C, cycloalkoxy, NO,,
N(R™),; NH-C(O)-R”, or NH-C(O)-NH-R”,

20  wherein each R” is independently: H, C, , alkyl or C.M cycloalkyl;

or R* is NH-C(O)-OR* wherein R” is C, alkyl or C, , cycloalkyl; _




5 Still, a further advantage of the conpounds of the present invention

resides in the fact that they are active in both najor ZfeSegttymbsr 2a03nd i n
clinical isolates (la & 1b), strongly suggesting that these conpound will
be active against all presently known genotypes of HCV. 5 SUMVARY OF THE
| NVENTI ON I ncl uded in the scope of the invention are conpounds of formula
(r)y: 21 -- 22 a (1) wherein Wis CHor N, 10 R21 is H, halo, C -6 alkyl,

Cab cycl oalglbessedb. 6 hal oal kyl, Cl-6 al koxy, C3..6 cycl o&lil(&gﬁym s;hydr oxy,
or N(R23)2, wherein each R23 is independently H, Cl-6 al kyl or &§-6
cycloalkyl; and R7 is H, halo, Cl4 al kyl, C3-6 cycloal kyl, Cl-6 hal oal kyl,
Cl thioal kyl, C24 al koxy, C3-6 cycloal koxy, C2_7 al koxyal kyl, C

cycloal kyl, C6 or 10 aryl or Het, wherefn Het is a 15 five-, six-, or
seven- menbered, saturated or unsaturated hetgrocycle, containing -fromone

to four het erBaf BY4exvs bifecr @ grauriformufodBRR owheyein RarislCaup fyh . sai d
cycl oal kyl | ar 2 stit w fh R79, wherein R24 is H, hal o,
C1, al kyl, cgﬂ%efS%/rX’rgg{)k&:‘E%i’?éﬂaﬁo ,)3&5 ctycl oal koxy, NO2, N(R25)2;

NH-C( O - R25, @forDNHREGO %ﬁﬁei n each e is independently: H Cl 6
al kyl or C3-6 ce;cl oallkﬁ*!\gik}g%isgﬁ‘gf?fls C(O-0OR26 wherein R26 is Cl-6 al kyl

or Cab cycl oaPlisd 5 to2¢aSephsmiged 02630 MR DALAGR 202 R CHEANPEAO3E3; 6

5  one to three heteroatoms independently selected from: O, S, or N-R", wherein
R" is H, C,  alkyl, C, ; cycloalkyl, or -C(O)-R”, wherein R is C, , alkyl, C,

cycloalkylor C, .., aryl;

R'is H or from one to three substituents at any carbon atom of said chain D, said
substituent independently selected from the group consisting of: C_, alkyl,

10 G, haloalkyl, C, ;alkoxy, hydroxy, halo, amino, oxo, thio, or C, < thiocalkyl
and

A is an amide of formula —C(O)-NH-R’, wherein R’ is selected from the group

comsisting of: C, ; alkyl, C; ; cycloalkyl, C, ., aryl or C, , aralkyl;
or A is a carboxylic acid or a pharmaceutically acceptable salt or ester thereof.

15
Included within the scope of this invention is a pharmaceutical composition
comprising an anti-hepatitis C virally effective amount of a compound of formuta I,
or a therapeutically acceptable salt or ester thereof, in admixture with a
pharmaceutically acceptable carrier medium or auxiliary agent.

20 Animportant aspect of the invention involves a method of treating a hepatitis C
viral infection in a mammal by administei'ing to the mammal an anti-hepatitis C
virally effective amount of the compound of formula I, or a therapeutically
acceptable salt or ester thereof or a composition as described above.

Another important aspect involves a method of inhibiting the replication of hepatitis

25  Cyvirus by exposing the virus to a hepatitis C NS3 protease-inhibiting amount of the
compotund of formula I, or a therapeutically acceptable salt or ester thereof or a
composition as described above.

Still another aspect involves a method of ﬁeaﬁng a hepatitis C viral infection in a

mamumal by administering thereto an anti-hepatitis C virally effective amount of a




R3 is hydroxy, NH2, or a group of formula - NH-R31, wherein R31 is C6 or 10
aryl, heteroaryl, -C(O-R32, -C(O-0R32 or -C(O) -NHR32, 28\bestemBeZba S: Cl
al kyl or C3,6 cycloalkyl; Dis a 5 to 10-atom saturated or unsaturated

al kyl ene chain optionally containing 5 one to three heteroatons

i ndependently selected from 0, S, or N-R41, wherein R41 is H Cl-6

al kyl, C3-6 cycloal kyl, or -C(O-R42, y\,herein e is Cl-6 al kyl, C3-6

cycloal kyl or C6 or 10 aryl; R4 is Hor fromone to three substituents at

any carbon ab@bBinefiorsditick &H@bﬂn&f f&ﬁiuﬂal Mér!aﬁéi&@iﬂy‘a@&%&%ﬁ@@l@&l y selected
fromthe gro 10 C1-6 hal oal kyl, Cl alkoxy,

onsj sting. of .
hydr oxy, hafe%{gr t&?ﬁeﬁgo Acggrding fg,ong E‘Tgf’ %ﬂm&wyﬂcwh&ﬁkfomppehqﬁ °hmi de o
formula -C( @):sﬁdlvbr%n\mﬁpﬂseranmdimnﬁﬁhﬁﬁﬁ@ebd&ﬂ tgmld{ples%@nSI sti ng of
Cl-8 al kyl, g aycloal ag6 or ar C7 1 aral kyl; or Ais a '
carboxylic &CTd%8F "X P ?fﬁ‘(]: Wlaﬁeé‘ltslwc ?rﬁﬁ'f’eh’g’é‘fd(t"cﬁ‘" Rest6d- t her eof . 15
I ncl uded w iritérferdrze scope of this i nventi on i s a pharmaceutical conposition
conpri si ng p i i ra ctive anmount of onpound of
formula 1, ggﬁo@%ﬁer ﬁ% %eceé}}%f) lmé?%":lée # §B‘i“é“%5ﬁ°§‘ cgrpadiqrs of %é‘r eof, in
adm xt ur e wirrentipn Hpﬁfaild#é;@edmcoalbhge aalcaueptadtbgeet Rxarripks ofdivital or auxi | | ary

agent. 20 ARchfRQIdAMbARRER Mankifie! NVention invol ves a nethod of
treati ng a hepatitis C viral infection in a manmmal by administering to the

mamal an affePidepieEnether dtemateembogiment, ghetphoanasagisat composiiensobnpound of
formula I, mrsla@heiauaﬁmm@{ahyconqﬁee%mbﬁ&%fﬁév%%&@arset hereof or a

conposi ti on as ri bed abaqv Anaqt i nportant aspect involves a nethod
of inhibiti® E‘ﬁ%g‘i"éf TWQFF%FF“EF "d’gbﬁ WW?E@WR?PF%@B}PO@%MM t he

_virus to a thsptaﬁtentwrsrn@NBthpfaDieﬁgﬂmtﬂfmbibttbﬂtgo&ﬁﬁtbﬂgetﬂfltﬁmCOWpound of
formula I, acce sal t ester t hereof or a
conpositi on agélc‘faescr|g%ﬁe?|iltc'&$gg3 exneﬁse’l tc}tg{g’gf(’he“‘f’“:" i nvol ves a net hod of

treating a hepatitis Cviral infection in a marmal by admi ni stering

thereto an Y%Mdoﬂ'@?%&ét Hvﬁlvg; & &s'é %]? ,!1 P(ep%tfs%&iia\{ ?!S?‘B‘R)Me i%ib@ing amount of

_the compound of formula I in the manufacture of a medicament for inhibiting the
replication of hepatitis C virus.
Yet another aspect involves a use of the pharmaceutical composition described above for

the manufacture of a medicament for treating a hepatitis C viral infection in 2 mammal.

Yet another aspect involves intermediates of compounds of formula (I). The

i}ltennediates include:

A compound having the following formula (A):




26 Septenber 2003 7 conbi nation of the conpound of formula I, or a

t herapeutically acceptable salt or ester thereof. Accorfi Septérnber®03
enbodi ment, the pharmaceutical conpositions of this invention conprise an
addi ti onal inmunonodul atory agent. Exanples of additional inmunonodul atory
agents include but are not Iimted to, a-, 3-, and E- interferons.
According to an alternate enbodi nent, the pharmaceutical conpositions of
this invention may additionally conprizge an antiviral agent. Exanpl es of
antiviral agents include, ribavirin and amantadi ne. According to anot her
alternate enmbodi nent, the pharmaceutical conpositions of this invention
may addi t i oWRETEN Xé#BA ¥Rt her i nhibitors of HCV protease. According to
yet anot her egéd pgngmegmlggrb}@te&hg g .maceutical conpositions of this
.invention y.additionally conprise.an i1 nhibitor of other targets in the
HCV life g&clse?s defipRd #&otfel i case; pol ynerise, metal | oprotease or | RES. Yet
anot her aspatk al grebieTambdi§f fiq:a hepatitis C viral NS3 protease

i nhibiting ampunt_of the conpound of forrmula I in the manufacture of a
medi canent #N{Shibiting the replication of hepatitis C virus. Yet

anot her aspect involves a use of the pharmaceutical conposition described
above for the manshaeiudd éacihgshefedowiageminufaoiD)t reating a hepatitis C viral
infection in a mammal . Yet anot her aspect involves internedi ates of
conpounds of formula (1). The internediates include: A conpound having the
followng formula (A): (A 26 Septenh&r 2003 7a wherein X is PG or R2; each
PG is independently a protecting gr®up; R2 is as defined above;

H
N—{ N~

O
[

\

wherein X is PG or R?;

PG is a protecting group;

R?is as defined above;

A is a protected carboxylic acid;

andnis 2.

A compound havihg the following formula (E):

wherein X is PG or R%:
PG is a protecting group;

R?is as defined above;




A is a protected carboxylic acid; and n is 2. A conpound having the
following formula (D): (D) wherein X is PG or R2;, PG is2asgiteinsst 2003
group; R2 is as defined above; A" is a protected carboxylic acid; and n
is 2. A conmpound having the followng formula (E): o~X (E) wherein X is PG
or R2; PGis a protecting group; R2 is as defined above; 26 Septenber
2003 7b A" is a protected carboxylic acid; R3 is as defined above; "nis O
or 2; and: (1) when nis 0, D is a 5gmtom saturated al kyl ene chain
optionally containing one to three heteroatons independently sel ected
from O, S ,or NR4 or. . nis 2, D is a 3-atomsaturated al kyl ene
chain optio dfﬁfrggﬁﬁegicﬁfé]@%er,\\%& ‘o three heteroatons independently

sel ect ed- f r Bhis €3, deBnedrabiv®4’ ; and R41 is as defined above. A conpound

havi ng t he .ltl%ltl]gy\é,ng formula (§: R2

and:

(1) when nis 0, D’ is a 5-atom saturated alkylene chain optionally containing one to
three heteroatoms independently selected from: O, S, or N—R‘“,

or |

(2) when nis 2, D' is a 3-atom saturated alkylene chain optionally containing one to
three heteroatoms independently selected from: O, S, or N-R*,;

. and R* is as defined above.

A compound having the following formula (G):

(G)
wherein R? and R? are as defined above;
- A’ls a protected carboxylic acid;
nis0orZ2; and
(1) when nis 0, D' is a 5-atom saturated alkylene chain optionally containing one to
three heteroatoms independently selected from: O, S, or N-R*.
or
(2) when nis 2, D' is a 3-atom saturated alkylene chain optionally containing one to
three heteroatoms independently. selected from: O, S, or N-R*:

and R" is as defined above.




0 (G wherein R and R3 are as defined above; A is a protected carboxylic
acid; nis O or 2; and (1) when nis 0, D is a 5- at om 28t SapderelerddO0gl ene
chain optionally containing one to three heteroatons independently
selected from 0, S, or NNR41, or (2) when nis 2, D is a 3-atom
saturated al kyl ene chain opti onal |y containing one to three heteroatons

i ndependently. selected from 0, S, or NNR4l; and Rbl is as defined above.
26 Septenber 2003 7c A conpound having7éd he following formula (H: R2 0 (H)
wherein R2 and R3 are as defined above;, A is a protected carboxylic acid,

nis 0 or 2, andamp B@ﬁtﬁhé‘dlhg'sthgfoigwﬁffo@rné’ragﬁgm saturat ed al kyl ene chain .

optionally cont aining one to hr ee er oat i ndependently sel ected

from 0,-S, or NR4', or (2) when n i 22, D is a 3-atom saturated

al kyl ene chain opti onal | y contai ni ng Cbne to three heteroatons :
i ndependently selected from 0, S; g R4" and R41 is as defined above. A
conpound having the foll ow ng forrrul N O A"

(H)
wherein R?® and R® are as defined above;.
A’ is a protected carboxylic acid;
nis Oor2; and

. (T)ywhennisQ,D'isa 5-atom saturated alkylene chain optionally containing one to

three heteroatoms independently selected from: O, S, or N-R*,
or

(2) whennis 2, D' is a 3-atom saturated alkylene chain optionaily containing one to
three heteroatoms independently selected from: O, S; or N-R*';

and R" is as defined above.:

A compound having the following formula (J}:

(J)
wherein R* and R®are as defined above;:
mis 1to 5;
nis 1to 5;

A'is a protected carboxylic acid;l

and Cbz is benzyloxycarbonyl.




(J) wherein R2 and R3 are as defined above; mis | to 5 nis 1tob5;, A
is a protected carboxylic acid; and Cbz is benzyl oxycar ingépteAberSruaenber
2003 7d A conpound of the following formula (K): (K) wherein R2 and R3 are
as defined above; mis 1 to 5 nis |l to 55 A is a protected carboxylic
acid; and Cbz is benzyl oxycarbonyl. A conpound having the foll ow ng
formula (L): p2 (L) wherein R2 and R3 are as defined above; mis | to 5; n
is l1tob; and A is a protected carboxylic acid. Yet another aspect

i nvol ves processes for preparing the above described internedi ates. 26

Sept enber 2003 7e A process for preparing a conpound of fornula (A)

conpri ses reacti Agonppany ofithe foifowing fonhala(B): with a conmpound of formula

(O:

2

7

(13

n ‘”

R NHCbz
(K)
wherein R? and R® are as defined above;
‘mis 1to 5;
nisito5;

A’ is a protected carboxylic acid;
- and Cbz is benzyloxycarbonyi.

A compound having the following formula (L)

wherein R? and R® are as defined above;
mis 110 5;

nis1to5;

and A' is a protected carboxylic acid.

Yet another aspect involves processes for preparing the above described intermediates.




PG OH + (A) wherein PG X, A" and n are as defined above.. A process for
preparing a conpound of the fornula (D) conprises cleavith§ept@bgraoacti ng
group PG on the pyrrolidine ring in the conpound of formula (A): X O PG
(A) wherein Xis PG or R2; each PGis independently a protecting group;

R2, A and n are as defined above. (D) A process for preparing a conpound
of fornmula (E) conprises reacting a conpound of fornula (D) with a conpound.
of formula (F): 26 Septenber 2003 7f () (F) (E) wherein X, A, n, R3, and
D are as defined above. A process for preparing a conpound of fornula (G
conprises causing a ring-closure of the compound of fornmula (E) by

reacting the conpBRsESHIOr PEAPALING 2 cePPHNG Aifoprdaéht e CBMPE% 1 ansi ti on

metal -based catalyst to obt@hding LMIRE oPForfRla ) Yith @ dompdundi6s

formula (C):
X X
o’ | o~
HN A" ’

)\QWOH -+ - /Q“/N Al

PG b M \ PG’ o)

[

(8) (C) M

(A)

wherein PG, X, A’ and n are as defined above..

A process for preparing a compound of the formula (D)  comprises

i cleaving the protecting group PG on the pyrrolidine
ring in the compound of formula (A):

<§Y ¢
H
N N A’ H '
pe” 8 — Q{N .
: o
. '
\ \

wherein X is PG or R
each PG is independently a protecting group;
R?, A’ and n are as defined above. -

A process for preparing a compound of formula (E) comprises

reacting a compound of formula (D) with a compound of
formula (F):




(E) wherein Xis PGor R2; PGis a protecting group; and R2, R3, D, n
and A" are as defined above; and when X is PG the conpokh8emtémberzagdsa (G )
is deprotected and further reacted wth a conpound R2-OH to obtain a
conmpound of forrmula (G: oX R2-OH (G wherein R2, R3, D, n and A are as
defined above. 26 . Septenber 2003 7g A process for preparing a conmpound of
the formula (H) conprises subjecting the conpound of formula (G to

hydr ogenati on: hydrogenation (G whergfkn R2, R3, D, n, and A are as
defined above. (H) A process for preparing a corrpound of %ornula (K)

conpri ses subj ecting a conpound of fornula (J) to hydr oration and then
oxi dation: R2 %A&T (J) (1 hydroboratlon (2) oxi datl Wﬂerel n R2, R3 m

n, A and Chbz arje as defined abo _COOH
: ' @rﬁ I
: H D' '"n '
i + D
[ ) /

©) G ®

~wherein X, A’, n, R®, and D’ are as defined above.

A process for‘preparing a compound of formula (G)  comprises

causing a ring-closure of the compound of formula (E) by
reacting the compound of formula (E) in the presence of a transition metal-based
catalyst to obtain a compound of formula (G'):

x .
o~ A

(E)
wherein X is PG or R
PG is a protecting group;
and RZ R?® D', nand A’ are as defined above;
" and when X is PG, the compound of formula (G’) is deprotected and further reacted
with a compound R3OH to obtain a compound of formuta (G):

(G) (G)

whersin R, R?, D', n and A’ are as defined above.




(K) 26 Septenber 2003 7h A process for preparing a conpound of formula (L)
conprises subjecting the conpound of fornula (K) to hydrzp®aaembsr 2003t he
presence of acid: R R2' OA hydrogenation, acid (K) wherein R2 and
R3, m n and A are as defined above; and Cbz is benzyl oxycarbonyl. 0 (L)
DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS Definitions | As used
herein, the follow ng definitions apply unless otherwi se noted: Wth
reference to the instances where (R) org(S) is used to designate the
absolute configuration of a substituent, e.g. RO of the conpound of

formula I, the dgsi i hS I t he whol e conmpound
and not in the C;An;%rg%of@f‘@rﬁgénﬁﬁg?rhp ?J‘Ber{r%?()fglﬁ)%{?géhlfﬁg) d&€THRAE i on “P1, P2,
and P* as used herein refer to tdubjgetsg thecwmyouhdef famnola (Ged d resi dues
starting frg@%?&a%kgr m.nus end of the peptide anal ogs and extendi ng

towards the ermnus (i.e. Pl refers to position 1 fromthe C-term nus,

P2: second position fr/qqﬁthe C-termnus, etc.) (see §§Pger A. & Schechter
I., Transactions of tige

H . H ,
N N . N
o i I hydrogenation o {

(G) (H)

wherein R?, R?, D', n, and A’ are as defined above.

mQ

A process for preparing a compound of formula (K) comprises

subjecting a compound of formula (J) to hydroboration and
“then oxidation:

< - H A
A hydroborat (1\{“
1 roboration
0 o [k \ (1) hy n \ X,
...[,,,H}_\ (2) oxidation o:g 0 .
3
M “NHCbz

R® [' "

L8]

O
=T
>,
1} O\;U

M “NHCbz

()
(K)

wherein R? R® m, n, A’ and Chz are as defined above.




Royal Society London series B257,249-264 (1970)). As used herein the term
"1-am nocycl opropyl -carboxylic acid" (ACCA) refers to a 26c®emeaber 2003
formula: OH As used herein the term "vinyl-ACCA" refers to a conpound of
formul a: 26 Septenber 2003 WD 00/59929 PCl/ CA00/ 00353 As used herein the
term "hono-allyl-ACCA" refers to a conpound of fornmula: O H2N The term
"hal 0" as used herein neans a hal ogen substituent selected frombronpo, 5
chloro, fluoro or iodo. The term"Cl hakoal kyl" as used herein neans as
used herein, either alone or in conbination with another substituent,
means acyclic, straight or branched chain al kyl substituents containing

from1l to six carhprcatonk phﬁ)‘éhﬁ@a%ﬁfogﬁnmf%rmtﬂé(g_)()g%emé_h‘s@g ituted for a -
hal ogen sel ected from brono hl oro | uoro or he term " Cl :

thi oal kyl " as used herein meanbiesing e FoRwounsof formaua (Kiatodydragengtion in

combi nat i on e blesaned rdcigubst i tuent, neans acyclic, straight or branched
chain alkyl substifuents containing a.thiol group such a thiopropyl. The

term"C, -6 al kyl" /%r “(lower)al kyl" as used herein, e*her alone or in
combi nati on W thoanot her Asubstituent, means acycli CO/ straighlt or branched
chain al kyl 15 su s containing from1l to sixscar tons and

i ncl udes, for exa hyl , et hyEroggradipy:l , but vyl / - met hyl et hyl ,
1- met hyl propyl , I 1, apiddj et hyl et hyl . cycl oal kyl
as used herein, r _al one or0 | n~combi nati o Wi t b

substituent, neansg a{e Qal kyl substituent containi ny.f.r to six 20
car bon atom; and®i nct ud®&s “sychopr opyl , cycl obutyl, BYcllop _ yl}'}'I and

cycl ohexyl. The term "unsaturated cycl oal kyl" includes, for exanple, the

substituent cycl ohexe%l: 26 Sept enber 2003 (L)

wherein R* and R®, m, n and A’ are as defined above;

and Cbz is benzyloxycarbonyl.

DETAILED DESCRIFTION OF PREFERRED EMBODIMENTS
Definitions _ .
As used herein, thé following definitions apply unless otherwise noted:
With reference to the instances where (R) or (5} is used to designate the absolute

configuration of a substituent, e.g. R® of the compound of formula I, the designation

is done in the context of the whole compound and not in the context of the
 substituent alone.

The designation “P1, P2, and P” as used herein refer to the position of the amino

acid residues starting from the C-terminus end of the peptide analogs and extending

towards the N-terminus (i.e. P1 refers to position 1 from the C-terminus, P2: second

position from the C-terminus, etc.) (see Berger A. & Schechter L., Transactions of the

Royal Society London series B257, 249-264 (1970)).

As used herein the term “l-aminocyclopropyl-carboxylic acid” (ACCA) refers to a

compound of formula:
0

HN: ,IL
2 OH

As used herein the term “vinyl-ACCA" refers to a compound of formula:




WO 00159929 PCT1CA00100353 9 The term "saturated or unsaturated al kyl ene"
as used herein nmeans a divalent al kyl substituent deri vaSéptember 20830va
of one hydrogen atom from each end of a saturated or unsaturated straight
or branched chain aliphatic hydrocarbon and includes, for exanple, 5
CH2CH2C( CH3) 2CH2CH2, - CH2CH2CH=CHCH2CH2- or -CH2C=CCH2CH2-. This al kyl
chain may optionally contain a heteroatom such as oxygen (for exanple: CH3
CH2- O CH2- jwo ghlasuzber m " C1 al koxy" as used herein, eithep-alefmeRs 1N
conmbination with another substituent, neans the substituent g)Cl 6 al kyl
wherein al kyl is as defined above 10 containing up to six carbon atons.

Al koxy i ncl udes net hoxy, ethoxy, propoxy, 1 nethylethoxy, butoxy and

1, 1-di met hyl et hoxy. The latter substitu®gnt is known conmonly as
tert-butoxy. The term"C3-, cycloal kyl" -as used herein, either alone or in

conbination with another substituent ans the substituent -0-C,,
cycl oal kyl containing fromthree éﬁrbon atons. The term"Cu

al koxyal kyl " as used herein, neans th ubstituent Cl1 al kyl-O Cl-6 al kyl
wherein al kyl is as defined above contalNyu.ng up to six carbon atons. For

exanpl e, met hoxynmet hyl neans -CH2-O-CH3. The term"C2_7 aryl" as used
herei n, eit heks wkdheewthy tarne Srimordlyl-86CH teferatoatchepourRofSetasda: t uent , nmeans
an Cl al kyl group linked through a carpgonyl group such as - C(O-Cl alkyl.
The term"C6 or Cl0 aryl" as used herejn, either alone or in conbination
wi th another substituent, nmeans @R aromatic nonocyclic system
containing 6 carbon atons or an ar tic bicyclic systemcontaining 10
carbon atons. For exanple, aryl 25 inckudes a phenyl or a naphthyl - ring
system The term"Cr716 aral kyl" as used h&rein, either alone or in

conbi nation with another substituent, neans an aryl as defined above

| i nked t hr ou@he sammehilyt agrsedipereinfrentd ahalogen substituent selected from bromo,

5 chloro, fluoro or iodo.

The term “C, ; haloalkyl” as used herein means as used herein, either alone or in
combination with another substituent, means acyclic, straight or branched chain
alkyl substituents containing from 1 to six carbon atoms having one or more
hydrogen substituted for a halogen selected from bromo, chloro, fluoro or iodo.

10 The term “C, thioalkyl” as used herein means as used herein, either alone or in
combination with another substituent, means acyclic, straight or branched chain
alkyl substituents containing a thiol group such a thiopropyl.

The term “C,  alkyl” or “(lower)alkyl” as used herein, either alone or in combination
with another substituent, means acyclic, straight or branched chain alkyl

15 substifuents containing from 1 to six carbon atoms and includes, for example,
methyl, ethyl, propyl,- butyl, hexyl, 1-methylethyl, 1-methylpropyl, 2-methyipropyl,
1,1-dimethylethyl.

The term “C, ; cycloalkyl” as used herein, either alone or in combination with
another substituent, means a cycloalky! substituent containing from three to six

20 carbon atoms and includes cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.
The term "unsaturated cycloalkyl" includes, for example, the substituent

ey

cyclohexenyi:




al kyl is as defined above containing from1l1l to 6 carbon atons. Aralkyl

i ncludes for exanple benzyl, and butyl phenyl. 26 SeptenfebeHonBeNID03
00159929 PCTI CAOO 00353 10 The term "Het' as used herein, either alone or
in conmbination with another substituent, neans a nonoval ent substituent
derived by renoval of a hydrogen froma five-, six-, or seven-nenbered
saturated or unsaturated (including aromatic) heterocycle containing from

one to fourwdeisspat ons sel ected fromnitrogen, oxygen $capdefigsbdsur -
Exanpl es of suitable heterocycles include: tetrahydrofuran, thiophene,

di azepi ne, isoxazole, piperidine, dioxane, norpholine, pyrimdine or O The
term"Het " also includes a heterocycle as defined above fused to one or
nore ot her cycle be it a heterocycle of any other cycle- One such exanpl es

i ncludes 10 t oI psfa cplr eneral ly covered under the

ou
term"Het", t idt) tuﬁ%: ey oary ake alkﬂ'?é‘ﬁ Hg?%geﬁe“bfr@ sl pikHes an
unsat ur at ed m@mdtmdddvy thshremhva hboné(hydir}ogerbﬂad&oﬁﬁsram eralrbfar omatic

system Sui t?a{,_gatg gltmlsgmp;te F&rb?ﬂ%kédcchaﬁsaﬁxﬁaucg gafnl nol i ne,

i ndol e, pyri N t™q
"phar rraceutlda?lv‘iﬂsefet‘é‘ﬁ@ﬁkﬂe ester" as used herein, elther alone or in

Forbinat | o wekllanelliniarebel Kotenlcrtingon drl Sl spl e cepTRd of
preferably th@isaaBPsdy optionally contain a heteroatom such as oxygen (for example: CH,- .
CH,-O-CH,"). |
The term “C, , alkoxy” as used herein, either alone or in combination with another
substituent, means the substituent -O-C, . alkyl wherein alkyl i5 as defined above

10 containing up to six carbon atoms. Alkoxy includes methoxy, ethoxy, propoxy, 1-
methylethoxy, butoxy and 1,1-dimethylethoxy. The latter substituent is known

commonly as fert-butoxy.

The term “C, ; cycloalkyl” as used herein, either alone or in combination with

another substituent, means the substituent -O-C, ; cycloalkyl containing from three
15  to 6 carbon atoms.

The term “C, ; alkoxyalkyl” as used herein, means the substituent C, alkyl-O-C,

alkyl wherein alkyl is as defined above containing up to six carbon atoms. For

example, methoxymethyl means -CH,-O-CH,,.

The term "C, ; acyl" as used herein, either alone or in combination with another

20  substituent, means an C, alkyl group linked through a carbonyl group such as —
C(0)-C,¢ alkyl.

The term “C, or C,, aryl” as used herein, either alone or in combination with another
substituent, means either an aromatic xhonocydic systemn containing 6 carbon atoms
or an aromatic bicyclic system containing 10 carbon atoms. For example, aryl

25  includes a phenyl or a naphthyl - ring system.
The term “C,; aralkyl” as used herein, either alone or in combination with another
substituent, means an aryl as defined above linked through an aikyl group, wherein
alkyl is as defined above containing from 1 to 6 carbon atoms. Aralkyl includes for
example benzyl, and butylphenyl.




20 termnus, is replaced by an al koxycarbonyl function: 0 )OR in which the
R noiety of the ester is selected fromal kyl (e.g. nethyP6 Septeyiber pogsg opyl ,
t-butyl, n-butyl); al koxyal kyl (e.g. nethoxyxnethyl); al koxyacyl (e.g.
acetoxymnet hyl); aralkyl (e.g. benzyl); aryloxyal kyl (e.g. phenoxynethyl);
aryl (e.g. phenyl), 26 Septenber 2003 WO 00/ 59929 PCT/ CA00/ 00353 11
optionally substituted with hal ogen, Cl-4 alkyl or Cl-0 al koxy. O her
suitabl e pxodssgsesters are found in Design of prodrug;crﬁﬁﬂﬂg@ﬁrd, H Ed.
El sevier (1985) incorporated herewith by reference. Such pharmaceutically
acceptabl e esters are usually hydrolyzed in viva when injected in a manmal
and transfornmed into the 5 acid formof the conpound of forrmula I. Wth
regard to the esters described above, Ul ess ot herw se specified, any alkyl
noi ety presen dvapt ageous contains 1 to 16 carbon atons, particularly 1
to 6 carbon g‘i‘%ﬁ? %yﬁs?ﬁ‘ﬁ yeﬁ%ﬁ"é’f%’ﬁﬁ'&%‘é‘ﬁ? cqmRPigafion warapptien gy ant ageousl! y
- conprises a spibsﬁtyént,gmguﬁa nlbﬁ?dalbnpﬁibktitﬁdﬂt aér:)vbh'ﬁy r@ﬁc&éﬁofmygﬂngém C1- éG al Eyl
ester,.an uns it uted benz ester, or enz egster, substituted with at
| east one hal %%gé,ﬁ %15- 5 ARy -e,re‘ias?tl?f)a%‘/i,or Hf‘f%‘brat(?ﬁt(m‘fl? 'PE SPGB hyl . The
't er m " phar mackatrrpysle kgntziviog froatire tatalit heteasatorsestlchied fom riitagdendeggérhose
derived fgo Rafrm i Y2 : S Eé%gglﬁg i tabl e bases
~include cﬁ%l?ﬁg, _15%2%45%%%§%$%%9§E%§2%§§‘%%%HF%W]ne. ¢3%R§%wand Ca++
salts are al sHZBRediprEieaiPeadipe dgxens morhelingcpipimidieohe i nvention (al so
see Pharmaceutical salts, Birge, S.N%:%%Qal., J. Pharm Sci-, (1977), 66,

1-19, incorporated herein by referengg). 3yreferred enbodinents R : 20
Preferred enbodi ments of the present [i nvgntion include conpounds of formula
| as o)

The term "Het " also includes a heterocycle as defined above fused fo one or more

other cycle be it a heterocycle or any other cycle. One such examples includes

10 thiazolo[4,5-b]-pyridine.

Although generally covered under the term “Het", the term "heteroaryl” as used

herein precisely defines an unsaturated heterocycle for which the double bonds form

an aromatic system. Suitable example of heteroaromatic system include: quinoline,

indole, pyridine,
‘ Ne __
e N 0O
SRS

The term “pharmaceutically acceptable ester” as used herein, either alone or in

15

combination with another substituent, means esters of the compound of formula I in
which any of the carboxyl functions of the molecule, but preferably the carboxy
20  terminus, is replaced by an alkoxycarbonyl function: - 7
0O

M
in which the R moiety of the ester is selected from alkyl (e.g. methyl, ethyl, n-propyl,
t-butyl, n-butyl); alkoxyalkyl {e.g. methoxymethyl); alkoxyacyl (e.g. acetoxymethyl);
aralkyl (e.g. benzyl); aryloxyalkyl (e.g. phenoxymethyl); aryl (e.g. phenyl),




descri bed above, wherein the R noiety is selected fromthe 2 different

di ast ereoi soners where the 1l-carbon center has the R conﬁéggbgﬁth‘i%
represented by structures (i) and (ii): H25 D "D Dsynto %e am de
(i), or Dsynto A (ii). Mre preferably, the linker Dis linked to RL in
the configuration syn to A as represented by structure (ii). 26 Septenber
2003 WO 00/59929 - PCT/ CA00100353 12 z R Preferred enbodi nents of the
present inyention include conpounds of formula | as descri bed above,
wherein th& Ml ety is wherein Wis preferably N 5 PPeVertifif3? ro1 is H,
Cl1-6 al kyl, d -, alkoxy, hydroxy, chloro, or N(R23)2 \Werein R23 is
preferably H or Cl-6 alkyl. Mre preferably, e is Hor C -6 al koxy. Mst
preferably, R21 is methoxy. Preferably{R2 is H C -, thioalkyl, Cl4

al koxy, phenyl or Het selected fromthe group consisting of. R24 10 24 24

R24 R24 R24 Nptiorily bilbshitubédNvith halogen, C,,alkyl or C,, alkoxy. Other suitable
prodrug esters are found in Design of prodrugs, Bundgaard, H. Ed. Elsevier (1985)

incorporated herewith by reference. Such pharmaceutically acceptable esters are
usually hydrolyzed in vive when injected in a mammal and transformed into the
5  acid form of the compound of formula I.

With regard to the esters described above, unless otherwise specified, any alkyl
moiety present advantageously contains 1 to 16 carbon atoms, particularly 1to 6
carbon atoms. Any aryl moiety present in such esters advantageously compn'ses a
phenyl group.

10 In particular the esters may be a .16 alkyl ester, an unsubstituted benzyl ester or a
benzyl ester substituted with at least one halogen, C,; alkyl, C,  alkoxy, nitro or

trifluoromethyl.

The term “pharmaceutically acceptable salt” as used herein includes those derived

from pharmaceutically acceptable bases. Examples of suitable bases include choline,
15  ethanolamine and ethylenediamine. Na+, K", and Ca"™ salts are also contemplated to

be within the scope of the invention (also see Pharmaceutical salts, Birge, S.M. et al.,

J. Pharm. Sci., (1977), 66, 1-19, incorporated herein by reference).

Preferred embodiments
R%:
20  Preferred embodiments of the present invention include compounds of formula I as
described above, wherein the R’ moiety is selected from the 2 different
diastereoisomers where the 1-carbon center has the R configuration as represented

by structures (i} and (ii):

! H
'yt\!{ w A :EfN w_A
J _’;E/, 2?,,

D
25 D syn to the amide (i), or DsyntoA (ii}.
More preferably, the linker D is linked to R’ in the configuration syn to A as

represented by structure (ii).



R2N R24 N and O Preferably, R24 is H C-6 alkyl, N\HR , NHC(O-R75; or
NHC(O-NHe or NH C(O-Of . 15 More preferably Rn is @34&epickibsy2oehenyl
or Het selected fromthe group consisting of_ WD 00159929 13 R4 Rao S S
24 26 Septenber 2003 PCT/ CAOQ 00353 Rea R24 ;and 5 More preferably, R24 is
H C -6 alkyl, NHR25, NH C(O-R75; or NHC(O-ORs. Mst preferably R22

I s ethoxy, or Het selected fromthe group consisting of: R24b Most
preferabl y, wBadsotss. NH R 5, NH- C(O) - R25, or NH C(O) - OR2GcrMagincedzef erably,
24b Ris Hor Cl6 alkyl. R 24a N / 3-Rz24b

12

2

R:

Preferred embodiments of the present invention include compounds of formula I as
described above, wherein the R moiety is

R W R
~
/ .
wherein W is preferably N.
21,

5 Preferably, R” is H, C, ; alkyl, C, , alkoxy, hydroxy, chloro, or N(R®), wherein R is
preferably H or C,  alkyl. More preferably, R” is H or C,  alkoxy. Most preferably,
R is methoxy.

Preferably R”is H, (., thicalkyl, C,  alkoxy, pheny!l or Het selected from the group

- consisting of:

R24

G D »-N |

i N O i N i O
;,)NL/}\H%;M ‘—</O\f\;\\l ;e<\N1LIIl\I ;

el

; and
Preferably, R* is H, C,, alkyl, NH-R”, NH-C(O)-R™; or NH-C(O)—NH—RE or NH-
C(O}OR™, f
15 More preferably R”is C,. alkoxy, phenyl or Het selected from the group consisting
of:




S ;and Preferably, each R25 is independently: H, Cl1-6 alkyl, or C
cycloalkyl. Mre preferably, E is O _s alkyl or C, cyeéeapkilber M
preferably, e is Cl-6 alkyl. 10 Preferably, R26 is Cl al kyl. R3:
Preferred enbodi nents of the present invention include conmpounds of formula
| as described above, wherein the R3 noiety is preferably an am de of
formula NHC(O 15 R32 a urea of formula NH C(O-NH R32 or a carbamate of
formul a NH G . More preferably, R3 is a carbanat a. Most
preferably, R?’siygga carbamate. Preferably, R32 is Cl aﬁ’ﬁﬁcfﬁ%&%

cycloal kyl. Mre preferably, R32 is C-6 alkyl, or C, cycloal kyL Most
‘preferably, R32 is tert-butyl, cyclobutyl or cyclopentyl. 24 R 26

Sept ember 2003 WD 00/ 59929 PCT/ CAOO 003383 14 D:  Preferred enbodi nents of
the present invention include conpounds of formula 1, wherein linker Dis
a 6 to 8 atomsaturated or unsaturated al kyl ene chain. Mre gfeferably,

linker Dis-7 atomchain. 5 Preferably, the D chain cont one or two
het er oat ons sel ect M__g__lf]rom 0, SN N C -6 Ia;zn acyl. More
preferably, the D/challn-pfti I R4 ns ‘ero sel ected from

NH, or N-C2-7 acyl\m:gt preferably N(Ac) d at atom 10 of
the chain. Mst preferably,. the 2hai n containig a nitrogen atomis )
saturated. 10 Alternatively, cont ai ns one het eroatom sel ected from 0, or
S. Preferably, when D is 7 ®itomin |l ength, the O or S atomis at position

9 of the chain. PreferapFnt hi spetfiin is, sub ed with R4, wherein e
is Hor G-, alkyl. Mreé pifeferalyl y~R4.is Ho' R
o~ —N R N |

; ;and
More preferably, R* is H, C, , alkyl, NEH-R*, NH-C(O)-R™; or NH-C(O)}-OR.

Most preferably R”is ethoxy, or Het selected from the group consisting of:

LG
N\ _5 | s

;and

24b
R

Most preferably, R is NH-R™, NH-C(O)-R*, or NH-C(O)-OR™. Most preferably,
24b

R isHorC, , alkyl

Preferably, each R” is independently: H, C, ; alkyl, or C, ; cycloalkyl. More

preferably, R” is C, ¢ alkyl or C, ; cycloalkyl. More preferably, R” is C,¢ alkyl.

10 Preferably, R¥isC e alkyl.

3

R:
Preferred embodiments of the present invention include compounds of formula I as

described above, wherein the R moiety is preferably an amide of formula NH-C(QO)-
15 Rsz, a urea of formula NH-C(O)—NH—RSZ, or a carbamate of formula NH—C(O)-OR”.

More preferably, R’ is a carbamate or a urea. Most preferably, R’is a carbamate.

Preferably, R™is €, ¢ alkyl, or C  cycloalkyl. More preferably, R”is C, alkyl, or

C,, cycloalkyl. Most preferably, R™ is tert-butyl, cyclobuty! or cyclopentyl.




met hyl . Most preferably, R4 is Hor 8-(S)-Me. Even nost preferably, Dis
saturated. Alternatively, D contains one double bond atzmggptbmggréfjog,lz
Preferably, this double 15 bond is trans. Alternatively, Dis an all

carbon saturated or unsaturated al kyl ene chain. Inthis case, Dis
preferably saturated and is 7 atomin length. Mre preferably, Dis
substituted with R4, wherein R4 is H oxo, thio, hydroxy, thioalkyl, alkoxy
or al kyl. preferably, R4 is Hor Cz- 6a|ky| Mo ny, R4 is
H or "net hyﬁfbﬁl\%}gtﬁg preferably, R4 is Hor 10-(S)--M A?%T’Q%&Eoﬁi\?gl y, Dis
an all carbon al kyl ene chain containing preferably one double bond and is
7 atomin length. More preferably, this double bond is at position 13,14 25
of the chain. Mst preferably, this dodBle bond is cis. Preferably, this D
chain is substituted with R4, wherein R4 is H oxo, hydroxy, alkoxy or

al kyl. More preferably, R4 is Hor Cl alkyl. Even nore preferably, R4 is H
O:rb rrgt hyl . M¥stfepedsdnsircailthants dRehe presedrt lﬂdfenfh&a ﬁ&hd%mpéun&%f Pc{;rﬁtxﬁrl{ ed

enbodi nent s ent nti clude, co nds o ornmula I' as 26
Sept enber 20%%%&@@@6& E%ﬂﬁ&g%uﬁ%%g%ﬁ@&%v@“%er ein Ais
‘a carboxyl i C Pacferebly, IpyerdP fsi7atenbwdi.-ment s:  Pref erred enbodi nents of the
present ingve QHHQ Qraula | esc ove,
wherein Rg |srptréaf&g]lj}?%%?%gm§u st tu%n?k‘fc}c etema\wms E%fmdg Iﬂ36 %R&I &E)oup of
fornul a - NH € 03lkplIdRBIZC,0 cyNiMor€pfafersHRE the HEEdplioMBlY chftainkdnst al Kyl or C4.
cycloalkyl; Dis a 6 to 8 atom saturated or unsaturated al kyl ene chain
linked to thFfﬁmat?mﬁelegfa#épmoNHsgqNﬁayml mpstlpmﬁahlﬂyl\lcm,tamﬂm ng one or two
het er oat ons gcte fro . N-R43, wherein R4l is

c2_, acyl; BH%%%MET%&XO fr'stngn oneg{ %?Fré‘gy'stg‘f) Cﬁ%‘ﬁi"é“& TiEPRSRdent | y

sel ect ed froﬂ’ioﬁylelﬁmtedr

10 Alternatively, D contains one heteroatom selected from: O, or S. Preferably, when D
is 7 atom in length, the O or S atom is at position 9 of the chain. Preferably, this chain

is substituted with R, wherein R* is H or C, 4 alkyl. More preferably, R" is H or

methyl. Most preferably, R'isHor 8-(S)-Me. Even most preferably, D is saturated.
Alternatively, D confains one double bond at position 11,12. Preferably, this double

15  bond is frans.

Alternatively, D is an all carbon saturated or unsaturated alkylene chain. In this
case, D is preferably saturated and is 7 atom in length. More preferably, D is

substituted with R*, wherein R* is H, oxo, thio, hydroxy, thicalkyl, alkoxy or alkyl.
20 More preferably, R is H or C,  alky]. Most preferably, R* is H or methyl. Most

preferably, R'is Hor 10-(S)-Me.

Alternatively, D is an all carbon alkylene chain containing preferably one double
bond and is 7 atom in length. More preferably, this double bond is at position 13,14
25  of the chain. Most preferably, this double bond is cis. Preferably, this D chain is

substituted with R’, wherein R is H, oxo, hydroxy, alkoxy or alkyl. More preferably,
%,

R’ is H or C,  alkyl. Even more preferably, R’ is H or methyl. Most preferably, R’ is

H or 10-(S)-Me. '

A:

30 Preferred embodiments of the present invention include compounds of formula I as




Cl-6 alkyl; and Ais a carboxylic acid, or a pharmaceutically acceptable
salt or ester thereof. Mre preferably are conpounds of peSapembkr ¥H$S €i N
Rl is as defined above; R21 is H or nethoxy; 15 R22 is Cl4 al koxy, or Het
selected fromthe group consisting of: 246 N N S R24a / R24b S S ;and
wherein R24i is H, Cl4 alkyl, NHR2$ NHC(O-R7, NH C(O-NH R2S, wherein
R25 is: H Cl16 alkyl or C3-6 cycloalkyl; or RR" is NH C(O -OR26, wherein

R26 is q_6 wblydeeer C cycloalkyl; 20 and Ribis Hor ¥C?C§m§?3 is a
urea of the formula NH C(O) - NHR32 or a carbamate of for mi O - OR32,

wherein R32 is Cl1-6 alkyl or C cycloalkyl; 3-6 Dis a C7-atom saturated or
unsat urated al kyl ene chai n optionally containing one double bond at
position 11,12 or 13,14; 25 said D. chdln optionally containing one

het er oat om i ndepen tly sel ected from O 26 September 2003 WO 00/59929
PCT/ CACQl 0035 ‘%g’ge%’ %@5“36 OXKI(C &S and R4 is Hor CL, alkyl. Mst

preferably, a$pe:cn¢romnbumd&ntsf formula |I. wherein R21 is nethoxy, and O is
et hoxy or. R%@ferr&!%mbodunents of the present invention include compounds of formula I as

described above, wherein R* is a quinoline substituent (i.e. W is N);
5 R’isagroup of formula -NH-C(O)NHR" or -NH-C(O)-OR%,

wherein R” is: C,, alkyl or C, , cycloalkyl;
Dis a 6 to 8 atom saturated or unsaturated alkylene chain linked to R' in
configuration syn to A, optionally containing one or two heteroatoms independently
selected from: O, S or N- -Rﬂ, wherein R* is G, acyl;

10 R'is H, or from one to three substituents independently selected from hydroxy or
C,4alkyl; and
A is a carboxylic acid, or a pharmaceutically acceptable salt or ester thereof.
More preferably are compounds of formula I wherein I'{I is as defined above; R is
H or methoxy; |

15  R%is C, alkoxy, or Het selected from the group consisting of:

«</ e ‘__</ } 2% (>§

; and ;
wherein R is H, C,, alkyl, NH-R”, NH-C(O)-R®, NH-C(O}-NH-R”,
wherein R” is: H, C,¢alkyl or G, cycloalkyl;
or R is NH-C(O)-ORZG, wherein R” is C,salkylor C, 4 cycloalkyl;
20 and Rub is Hor C_ . alkyl;
R’is a urea of the formula NH-C(O)-NHR" or a carbamate of formula NH-C(0O)-

OR™, wherein R” is C, , alkyl or C, , cycloalkyl;
D is a C7-atom saturated or unsaturated alkylene chain optionally containing one
double bond at position 11,12 or 13,14;

25  said D.chain optionally containing one heteroatom independently selected from: O,




wherein R24a is NH (Cl-4alkyl), NHC(O -(Cl-4 alkyl); or NHC(O-0O (C1A
alkyl)" and Dis saturated or contains one cis double bphdegempesbidLn
13,14. Finally, included within the scope of this invention are al
conpounds of formula I 10" as presented in Tables 1 to 9. The

phar maceuti cal conpositions of this invention may be adm nistered orally,
parenterally or via an inplanted reservoir. Oral adm nistration or

admi ni st rat,g injection are preferred. The pharnaceuti cal conpositions
of this inJ%ﬁ@?%ﬁmnay 15 contain any conventional non-t &% A#0/00353
pharmaceutical | y-acceptabl e carriers, adjuvants or vehicles. In sone
cases, the pH of the fornulation may be adjusted with pharnmaceutically
accept abl e acids, bases or buffers to emhance the stability of the

formul ated conmpound or its delivery form The term parenteral as used
herein i ncl ugd¥lNBEeaNe¥andi nt r acut aneous, i ntravenous, intranuscul ar,
infra-articul gr. .20 4 ntrasynovial, intrasternal, intrathecal, and
intralesionalﬁfﬁfégé%bﬁkﬁ? i nfusi on techniques. The pharnaceuti cal

conposi ti ons @Y% p&etahly e ofth of formluB T WiR: upke%tn?e%&g Rhgearation, for

exanple, as a stérile injectable aqueous or ol eagi nous suspension. This
suspensi on mesthexy of-or nul at ed according to techni ques known in the art using
25 suitable dispersing or wetting agents (sugh as, for exanple. Tween 80)

and suspendi ng agents. The pharmaceg.ic Ronpositions of this invention
may be orally admnistered in any é#ﬂ%bécceptable dosage form i ncl udi ng,
but not limted to, capsul es, talffens, and agueous suspensi ons and
solutions.g I n the case of tablets for al use, carriers 26 Septenber 2003
WO 00/ 59929 PCT/ CA0Q/ 00353 17 which are commonly used include |actose and
corn starch. Wigsein Bat i Al-Egerikd), NSGHEID) -&5 , aligh esNHH(©)-Oe(Catalkyhar e al so
typically addgg. For oral admnistration in a capsule form usefu

di luents include |actose and dried corn starch. Wen aqueous
D is saturated or contains one cis double bond at position 13,14.

Finally, included within the scope of this invention are all compounds of formula I
10"  as presented in Tables 1 to 9.
The pharmaceutical compositions of this invention ma)'r be administered orally,
parenterally or via an implanted reservoir. Oral administration or administration by
injection are preferred. The pharmaceutical compositions of this invention may
15 contain any conventional non-toxic pharmaceutically-acceptable carriers, adjuvants
or vehicles. In some cases, the pH of the formulation may be adjusted with
pharmaceutically acceptable acids, bases or buffers to erthance the stability of the
formulated compound or its delivery form. The term parenteral as used herein
includes subcutaneous, intracutaneous, intravenous, intramuscular, Intra-articuiar,
20 intrasynovial, intrasternal, intrathecal, and intralesional injection or infusion
techniques.
The pharmaceutical compositions may be in the form of a sterile injectable
preparation, for example, as a sterile injectable aqueous or oleaginous suspension.
This suspension may be formulated according to techniques known in the art using
25  suitable dispersing or wetting agents (such as, for example. Tween 80) and
suspending agents.
“The pharmaceutical compositions of this invention may be orally administered in
any orally acceptable dosage form including, but not limited to, capsules, tablets,

and aqueous suspensions and solutions. In the case of tablets for oral use, carriers




suspensions are admni stered orally, the active ingredient is conbined with
5 enul sifying and suspending agents. If desired, certain2gwestBbigognd/ or
flavoring and/or coloring agents nmaybe added. O her suitable vehicles or
carriers for the above noted fornul ations and conpositions can be found in
standard pharnmaceutical texts, e.g. in "Rem ngton's Pharnaceuti cal
Sciences", 19 th ed., Mack Publishing Conpany, Easton, Penn., 1995. 10
Dosage | ev et ween about 0.01 and about 100 ny/ kg ht per
day, - pref g‘{r’gob%”lget ween about 0.5 and about 75 ngy/kg bogﬁ\ﬁﬁ@#? per day
of the protease inhibitor conpounds described herein are useful in a

nonot herapy for the prevention and treatnent of HCV nedi ated di sease.

Typi cal ly, the pharnaceutical conposittons of this invention will be _
adm ni stered from about | to about 5 tinmes 15 per day or .alternatively, as
a continuous YW g’lf’é?Eﬂ‘F““@H%Wedé‘EFFﬁdﬁ|1§fq5&ﬁ4ﬁ?%ﬁﬁ%éqb§é@ngager&8 ékchoni ¢ or

aﬁute thel’ap)asm-EQﬁeslﬁﬂDMéh&at@faa@dety}ﬁcdﬂﬂglEl@éﬁd%frorﬁf%fnuﬁ@ﬁ‘at%?ﬁmgonbl ged vmdth
the carrier materials t oduce e gosage rormw vary ependl ng
upon the host aES E40TY %ﬂ%ﬁ%‘%‘é‘?‘t‘f‘%{?ﬁg Mo deedrom garchi Yhenpqusaus A typi cal

prepar at i on wispensomstasd adnfimigiared berlly, thd/adtive ﬁnl@f&dien%%:aﬁhéd/ﬁtsormound (Ww .
20 Preferably : i om.about -20% out 80% active
25 conpound. mﬁﬂ?xﬂg%{%&é\h@%@ﬁ%ﬁ}&sﬁ f)’ﬁzf“é%‘?'%fe@mglafi‘ag %‘gYorfﬂggher doses
than those rédi{asgolamirgAgentampy beaddedui red. Specific dosage and treat ment

reginens for Cﬁﬁ&sﬂ%@v@lﬁh@éo&%e&?&mX"hlLJveQthﬁfbgm ahn ariety of factors,
including the activity of the specifi conpoun ye t he age, body

wei ght, geneFFPEioN: ¢nde foupd in stendardjpharmagepiigal '@ﬁsf eiin ‘Regémgaarion, rate of
excretion d he.s nd Sour sep ection, t he
?H&nﬁ@éml:ﬂ Q&é&ﬁ% fg d.; ﬁi\é&r f’& %C m%adgfmaﬁ{onb enflh %J;% )

patient's disposition to t i'nfection an Teating
physi ci ant® Gbrsagalevels of betesenelniut 061 amd dhioat B mil/kfibsdiakdigitos

substanti al | ¥,ek283y pdid) ereaf ter, .the
dosage is i ngrr eased @éﬁaﬁ%\fiﬂ%%&!ﬂ%ﬁéﬂé%ﬁﬁﬁéﬁé cf?’lwef)ﬁ'gpﬁrpfap’r?g% Feffect under
t he circunst Biféease lp@blrt@&emewnds fAesgebast higrein are meefgldmp owndtheispyrfos thedesi r abl y
adm ni st er edpRteriiof BREREHh& bOACKENRliatt I \@ikeald. l'IlyplcaHy, the pharmaceutical

compositions of this invention will be administered from about 1 to about 5 times

15 per day or alternatively, as a continuous infusion. Such'administration can be used
as a chronic or acute therapy. The amount of active ingredient that may be
combined with thé carrier materials to produce a single dosage form will vary
depending upon the host treated and the particular mode of administration. A
typical preparation will contain from about 5% to about 95% active compound (w/w).

20  Preferably, such preparations contain from about 20% to about 80% active
compound.

As the skilled artisan will appreciate, lower or higher doses than those recited above
may be required. Specific dosage and treatment regimens for any particular patient
will depend upon a variety of factors, including the activity of the specific

25  compound employed, the age, body weight, general health status, sex, diet, time of
administration, rate of excretion, drug combination, the severity and course of the
infection, the patient's disposition to the infection and the judgment of the treating
physician. Generally, treatment is initiated with small dosages substantially less
than the optimum dose of the peptide. Thereafter, the dosage is increased by small

S0 increments until the optimum effect under the circumstances is reached. In general,
the compound is most desirably administered at a concentration level that will

generally afford antivirally effective results without causing any harmful or




generally afford antivirally effective results w thout causing any harnful
or 26 September 2003 WO 00159929 PCFI CACOL00353 18 del et 26 58ptempbisoga
effects. Wien the conpositions of this invention conprise a conbination of
a conmpound of formula | and one or nore additional therapeutic or
prophyl actic agent, both the " conmpound and the additional agent should be
present at dosage | evels of between 5 about 10 to 100% and nore preferably
bet ween abowfg deReagd 80% of the dosage nornmally administered in a
nonot her apy regi men. \Wien these conpounds or their phar nEcEeAe%F y
acceptable salts are fornulated together with a pharmaceutically
acceptable carrier, the resulting conposition nmay be admnistered in vivo
to mammal s, such as man, to inhibit HCVI&NS3 protease or to 10 treat or
prevent HCV virus inf e_%ion Such treatnent nmay al so be achieved using the
conpounds of tRIEEUPHRATRSESHSi n conbination with agents which include, but
are not |im titkntthe cmﬁﬂmﬁﬁ%ﬁoﬁmeaﬁﬁ%ﬁﬁn 8F 2 cobni bk\xg)cgof th

adi ne; ot her

y-interferon,; foth r gntivi ral ents such as ribavirin, anman
i nhi bitors of ?%‘)iﬁ@? OBt Gty additiona] Yherepeuic of prophidactic agegb bethithe t he HCV

life cycle suetmpminkehd dasdditibal pgdny SHOURISR prédiitat ARBEOLRRSE betRbed Nt €T Na

ri bosone eptryysi (Gb6ES)a oL COombinat i ons  thereof . The additional agents
may be conbi nedﬁ\}\nﬁf?o“ltb%%gr?ﬁ(r)e rﬁ%‘%&q}e egn abayt land §Q %o thedesage a si ngl e
dosage form pprmalyadininisteyed ineswnateiapy egiheragent s may  be separately

adm ni st er od Wed ENTBlpoRIsRR ek ool L) £ dOSAGS, Lorm, jAcgor dingl y.

anot her enbodi nent of this invention provides i ng 20 HVC
NS3 prot ease R8EPEH WHh ¢ Phamamssuticsiingccepishlndasienrthangsdtimgxoppusitorofagt he

formula |, whiss @ininiblRdsybisd tbhiieaids, AlR 2850 Eﬂ%ﬂ%o@as% pisferred

enbodi nmen these net ho re useful in decreasing prot ease
activity }'?1 agg WFYW%%WM@H@W%M§W‘%M@M@S only a
conpound of  tthe sompnneds biahis i erithtn iREIIbERHERWRR BEMks wiSHCRIEL Pads. may 25
additional ly copmpeise the st eg)du?f admnistering to said mamual an agent

cel ect ed immunont atory agents, such as a-, B-, or y-interferons; other
antiviral agents such as ribavirin, amantadine; other inhibitors of HCV NS3
protease; inhibitors of other targets in the HCV life cycle such as helicase,
15 polymerase, metalloprotease, or internal ribosome eniry site (IRES); or combinations

thereof. The additional agents may be combined with the compounds of this

invention to create a single dosage form. Alternatively these additional agents may
be separately administered to a mammal as part of a multiple dosage form.
Accordingly, another embodiment of this invention provides methods of inhibiting
20 HVCNS3 protease activity in mammals by administering a compound of the
formula I, wherein the substituents are as defined above.
In a preferred embodiment, these methods are useful in decreasing HCV NS3
protease activity in a mammal. If the pharmaceutical composition comprises only a
compound of this invention as the active component, such methods may
25  additionally comprise the step of administering to said mammal an agent selected
from an immunomodulatory agent, an antiviral agent, a HCV protease inhibitor, or
an inhibitor of other targets in the HCV life cycle such as helicase, polymerase, or
metalloprotease. Such additional agent may be administered to the mammal prior
to, concurrently with, or following the administration of the compositions of this
30  invention.
In an alternate preferred embodiment, these methods are useful for inhibiting viral

replication in a mammal. Such methods are useful in treating or preventing HCV




from an i munonodul atory agent, an antiviral agent, a HCV protease
inhibitor, or an inhibitor of other targets in the HCVidé&ﬁ&¥§&gxﬁgch as
hel i case, polynmerase, or netalloprotease. Such additional agent may be
adm nistered to the mammal prior to, concurrently with, or follow ng the
adm ni stration of the conpositions of this 30 invention. In an alternate
preferred enbodi nent, these nethods are useful for inhibiting viral
replication in a mammal - Such nmethods are useful in treating or preventing
HCV 26 Septéh#§&P922003 WO 00/ 59929 PCT/ CA00/ 00353 19 di sEBEEEANM0P3SE he
pharmaceutical conposition conprises only a conmpound of this invention as
the active conponent, such nethods nay additionally conprise the step of
adm nistering to said manmmal an agent ggl ected from an i nmunonodul atory
agent, an antiviral agent, a HCV protease inhibitor, or an 5 inhibitor of

ot her tar get sliseset HehdBdrhacdeeticay@h@osiSotClonpeiskstonBadompaeid ofiy be

‘adm ni stered, e | prior to, .. concurrently with, or follow ng the
adni ni strati 5%1"%6‘1%&}?2% co rr‘f)eocgjl fnéeﬁ'rt’ac’gcglonrl%tg?% R %“ﬁ?@“‘iﬂ#\ﬁeﬁ'&’rﬁ@e The
conpounds setstep of admihistegng tomaid radremallas agae celated fednoarat ory reagents. The
Applicant pryinfdesmdharbl obde Stankil eﬂﬁg i th a low nolecul ar

wei ght, that 10 are hﬁ'tgﬁﬁ g'c%agghggﬁ3§E§EEC| iémg%saﬁmn%k’mfrh%'aﬁw NS3

pr ot ease. 9Soifikipr efpshes tageinin tholpY liftydemSuch edditisnal agestinay bé N pr ovi di ng

research tOOEMer%it%&gmgfpﬁGrEcé-l:o_ncﬁﬁmtf-yq'ﬁm, Qﬁomﬁgﬁe val i dation of
ani mal assay systens and structural biology studies to turther enhance

know edge of & Fetenpritherompritionasradins toriks ipwmeunds of this invention

may al so be Uke@nipouhdsaatfofth hpeR\@iYtaisbibe abed b bR apald ameof Material s
and thereforg_reduce t.ne r viral infectjion of  |aboratory or nedical

i sk .of :
personnel  or “BRITFRRE G, m@%ﬁgmfwm%ﬁﬁW%%TdVWF%a cholpataMeight thate 9. bl ood,
tissue, 90r gaeaighiyestivamenrpeciiaragaigstineiCy NSB plnéat. Soyie bfthé pieggnt s and

e o ncboloddh £8) bRl Al ol BRI Y P DR TG SR D P o7 21 S)
replication assays, validation of animal assay systems and structural biology studies
to further enthance knowledge of the HCV disease mechanisms.
The compounds of this invention may also be used to treat or prevent viral
15 contamination of materials and therefore reduce the risk of viral infection of
laboratory or medical personnel or patients who come in contact with such materials
(e.g. blood, tissue, surgical instruments and garments, laboratory instruments and

garments, and blood collection or transfusion apparatuses and materials).

20 Methodology
Several ways of carrying the synthesis of acydlic intermediates of compounds of
formula [ are disclosed in WO 00/09543 and WO 00/89558.
The compounds of the present invention are synthesized according to the general
process illustrated in Schemes I, IT and I (wherein PG is an appropriate protecting
25  groups. [In all schemes presented below, D' has the same definition as D butis2 to 5
atom shorter].

When the invention covers compounds of formula I wherein A is a N-substituted
amide, vinyl-ACCA or homo-allyl ACCA (R') is coupled to an appropriate amine

prior to the coupling to P2. Such coupling will be readily recognized by persons
30  skilled in the art. As will be recognized by persons skilled in the art, such amide (A)

is not protected but bears any relevant substituent R® as defined above.

The ring-closing reaction (macrocyclization) is carried out by either olefin metathesis




Sever a
conpounds of
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(Schene 1) or when the Ilnker contains a nitrogen atom by reductive

am nation ( SORRE Xy 9t bygreptide bood forgiatt emg)

tion Schenme II1.

t hese processP&ailicf tHREGHORERE alkPh@WtedbeldRCr ocycl i sation via otefin

nmet at hesis PG A" = protected carboxylic acid or
21RR 0 Ilb D= saturated E is

N- substituted am de. n=0 or

5 A Macrocyclisation via olefin metathesis
Scheme I
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’ \ R COOH
(P1) N \
A'= protected carboxylic acid or N-substituted amide. D c
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15

D= saturated D= unsaturated

Scheme I

There are several ways in which the coupling sequence can be carried out which can
be easily recognized by persons skilled in the art. Starting with 4-(S)-
hydroxyproline, the substituent at the 4-hydroxy can be incorporated viz a
Mitsunobu reaction (as described in Mitsunobu Synthesis 1981, January, 1-28; Rano
et al. Tet. Lett. 1994, 36, 3779-3792; Krchnak et al. Tet. Lett. 1995, 36, 6193-6196) before
or after the macrocyclization. Alternatively the assembly can be done with the
required 4-(R}-hydroxy-substituted proline as disclosed in the general processes of
WO 00/09543 & WO 00/09558 (see below for specific examples of these fragments).

Details of -




D= unsaturated B 10 Scheme |: There are several ways in which the coupl i ng
sequence can be carried out which can be easily recogm%ﬁ%ﬁ) IE

skilled in the art. Starting with 4-(S)- hydroxyproline su stltuent at
t he 4-hydroxy can be incorporated via a Mtsunobu reaction (as described
in Mtsunobu Synthesis 1981, January, 1-28; Rano 15 et at. Tel. Lett. 1994,
36, 3779-3792; Krchnak et al. Tel. Lett. 1995, 36, 6193-6296) before or
after the macrocyclization. Alternatively the assenbly can be done wth-the
required 4“@8"’53‘%& oxy-.substituted proline as di scl oseBCTGAUHBISHener al
processes of WD 00/09543 & WO 00/ 09558 (see bel ow for specific exanpl es of
these fragnents). 26 Septenber 2003 WO 00/ 59929 PCT/ CA0O0/ 00353 21 Steps A
B, C Briefly, the P1, P2, and P3 noi e%'?es can be linked by well known
pepti de coupling techniques and generally disclosed in WD 00/ 09543 & WO

00/ 09558. St SpepoA, Bhe: BﬁHﬂ@‘ﬂhéBnmfathBnmwﬁbﬁtﬂ&amy%u&ﬂBMEd out via an

ol efin netat heSch 5 usi.n ased % ne reported by
il er, s, 5. Do splpite o snt B iededin WEEGh A 5

1996, 118, 960680498358. (a) ; Ki ngsbury, J.S.; Harrlty, J.P. A ; Bonitatebus,
P30 Hoveydaieybitne forfior SR midl dg‘ga?l%e%%ed i&%aé%%léﬁ@&a esi11ang, J.;

St evens E. D ; P.: Pet erse
1999, 121, éamsmaeﬂsbeﬁﬁﬁmwswmasah%@eb@or@ébzgm@csl idackwell &LEst S

cont ai ni ng Otjﬂﬁibstftﬁnﬁhkzl@lﬁmr@kfﬂlb% 1} 59069613%a )J\/tzmgsmmf fsUfgdif or this
reaction. ubbs' cat al ﬁt Hor ey at a Step E

P E:
Optional ly, C?ﬁé Z?BHH‘ﬁt@“ﬁﬁﬂd Hoyeydagtyd § Ay Coraingaho®P: Hgﬂd @ﬁé‘?’laﬁﬁ net hods

Huang, J.; Stevens, E.D.; Nolan, S.P.; Petersen, ].L.; J. Am. Chem. Soc. 1999, 121, 2674-
2678 (c). It will also be recognized that catalysts containing other transition metals
10 such as Mo can be used for this reaction

U . R
o | a1 a’|
PCy, PQfa ' PCy,
@ ®) ©
Grubbs' catalyst Horeyda's catalyst Nolan's catatyst

Step E: Optionally, the double bond is reduced by standard hydrogenation methods
well known in the art. When A'is a protected carboxylic acid, it is also deprotected
appropriately.

15  B. Macrocyclization via reductive amination (for linkers containing N)
When the linker contains a nitrogen atom, macrocyclization is achieved by reductive
amination as shown in Scheme II to obtain inhibitors of general structure I1.




well known in the art. Wien A' is a protected carboxylic acid, it is also
deprotected appropriately. 15 B. Macrocyclization viar iV 1 nation
(for linkers containing NN Wien the |inker contains a ni?@ggéﬁmﬁf’fgﬁ}&
macrocyclization is achieved by reductive amnation as shown in Schene 11
to obtain inhibitors of general structure U 26 Septenber 2003 WO 00/ 59929
22 Schenme Il A = protected carboxylic acid or N-substituted amde. n=11to
5 m 1 to 5 FCT/ CA0O0/ 00353 11 Step A Hydroboration of the double bond.
fol | owi ng BVOWS¥2%r ocedure (H. C. Brown and B.C. Subba ¥aucAwmo3sim Che.
Soc. 1959, 81, 6434-6437) followed by 5 oxidation of the resulting. alcohol
(for exanple via Dess-Martin periodinate, 1. Am Chem Soc. 1991, 113,
7277-7287) affords the correspondi ng al dg¢hyde. Step B. Hydrogenation in the
presence of acid |eads to the renoval of the amino protecting group

foll omed by macrocyclization via redwssheMenam nati on. The P3 unit used in
this synthesis is easily obtained froma variety of amno acids, 10 such
as lysine, ornithine, glutamne (aftgf a Hofmann reactifon: Ber. 1881, 14,
2725) and ot het{s; these synthetic rg)difi cayions are nethods Il known in
the art. Step C~Optn-opally, the secand amne in th i D (formed

after step D) i8§ Ky ed_wihh al Kyl _Hal S orBaget ed th al kyl or
aryl acid chl gti/desousi met hodol ogi e8, wellfyknown iga{t heS ar obt ai n
inhibitors of genNeraly strutture 17745 en A'—Osapro.e[,gt d cayboxylic
acid, it is alid" fategied appropprafetyN C. Nacroeilcliz%icm via | actam
formation Alternatively, P¥ is understood t N¥FP% hese macro ycl i c conpounds
wi t h general /R2 l:C

A'= pratected carboxylic acid or N-substituted amide. Q

=1t05 -

m=1t5 .

k-

li
Step A: Hydroboration of the double bond following Brown's procedure (H.C.
Brown and B.C. Subba Rao, J. Am. Che. Soc. 1959, 81, 64|34~6437) followed by
5  oxidation of the resulting alcohol (for example viz Dess-Martin periodinate, J. Am.
Chem. Soc. 1991, 113, 7277-7287) affords the corresponding aldehyde.

Step B: Hydrogenation in the presence of acid leads to the removal of the amino

4

D~

protecting group followed by macrocyclization viz reductive amination.
The P3 unit used in this synthesis is easily obtained from a variety of amino acids,
10 suchas lysine, ornithine, glutamine (after a Hofmann reaction: Ber. 1881, 14, 2725)
and others; these synthetic modifications are methods well known in the art.
Step C: Optionally, the secondary amine in the linker D (formed after step D) is
alkylated with alkyl halides or acetylated with alkyl or ary} acid t;:hlorides using
methodologies well known in the art to obtain inhibitors of general structure IL
15 When A’ is a protected carboxylic acid, it is also deprotected appropriately.
C. Macrocyclization via lactam formation
Alternatively, it is understood that these macrocyclic compounds with general
structure I and I can be synthesized in other ways. For example P1 and P3 can be
first connected to the linker D, then coupled to P2 and the macrocyclization reaction
20  canbe alactam formation in two possible ways as will be recognized by persons
skilled in the art and as shown in Scheme 1.




structure I and Il can be synthesized in other ways- For exanple Pl and P3
can be first connected to the |inker D, then coupled t

macrocyclization reaction 20 can be a | actam formation %f?%@lﬁgé@ge ways
as wll be recognized by persons skilled in the art and as shown in Schene
M 26 Septenber 2003 WO 00/59929 - PCTI CA0O0100353 23 Scheme |11 OH,
NHCbz (P3) A = protected carboxylic acid or N-substituted amde. n= 0 or 2
m= 1 to 7 Synthesis of Pl The synthesis of inhibitors with general
structure W&HE? requires the sane P1 5 fragnents: aPCUCASHO0SECA, t he
synthesis and resolution of which is described in WO 00/09543 & WO

00/ 09558 or b) honoal lyl ACCA (Exanple 1, conpound If). Synthesis of P2 10
Some of the P2 fragnents used for the synthesis of conmpounds of fornula I
are described in WO 00/09543 & WD 00/09558. Qther P2 fragnents are

synt hesi zed as follows: a. Synthesi $ciedmeri Het "

4- hydr oxy- 7- met hoxyqui nol i ne dBI’I vative 15 - (|) Approach fromthe
correspondi ng "Het", car boxylé aci d I%”ZG SeptenbeﬂSO'ZOOS WO 00/ 59929 24

%,,\ Qﬂ/ ‘['"__]_"-‘—\NH Cbz

(P2] ®3)
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A'= protected carboxylic acid or N-substituted amide.
n=0or2
m=1to7
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Synthesis of P1

The synthesis of inhibitors with general structure I and II requires the same P1
5 fragments:

a) vinyl ACCA, the synthesis and resolution of which is described in WO 00/09543
& WO 00/09558 or
b) homoallyl ACCA (Example 1, compound 1f).
Synthesis of P2

10 Some of the P2 fragments used for the synthesis of compounds of formula 1 are
described in WO 00/09543 & WO 00/09558.
Other P2 fragments are synthesized as follows:

a. Synthesis of 2-"Het"- 4-hydroxy-7-methoxyquinoline derivative
15 1] Approach from the corresponding “Het” carboxylic acid IVb




Schenme 1V | Va PCT/ CA00/ 00353 The synthesis is carried out according to a
nodi fi ed procedure in Li et al. J. Med. 5 Chem 1994, 34 63%10(% 3407,
Internmediate | Va where R2" = Ove (Exanple 7, conpound 7b3 '%Oﬁpgffa%oé}é as
descri bed by Brown et al. J. Med. Chem 1989, 32, 807- 826. Step A
Internmediate Na is coupled with heterocyclic carboxylic acids Nb under
basic conditions with POCl 3 to activate the carboxylate group. A variety of
10- carboxylic acids with general structure Nb are used for the preparation
of i nhi bitoV80/5%¥Mese are either commercial ly avail abl e, pcayriolvesszed as
shown in schene V, VI and VII, or synthesized individually using nmethods
described in the specific exanples. Step B: R ng-closure, followed by '
dehydration is achi eved under basic corgld' tions to obtain quinolines of
general structure Nd. 15 (i.a). SynthesTs of "Het -carboxylic acids of

- general fornmula I'Vb Synthesis of

2-substi t ut ed- am no- 4- car boxy-am not hi azol e derivatives (Vd) The nodified
procedure descri bed by Berdi khi na el Sdemedem Het er ocycl . Conpd. 20

(Engl. Transl.), 1991 4,6427-433 is usedﬂ.21 Scheme ¢/ S heat, Br --------- HO
HON | NH + ~>®;&s Va Vb & A N, s “\@rﬂ
+ HO” ~RY —— [ Sul——
-
. o} 0 OH
Iva Vb Ve vd

The synthesis is carried out according to a modified procedure in Li ef al. J. Med.

5  Chem.1994, 34, 3400-3407. Intermediate IVa where R = OMe (Example 7,
compound 7b) is prepared as described by Brown ef al. J- Med. Chem. 1989, 32, 807-
826. |
Step A: Intermediate IVa is coupled with heterocyclic carboxylic acids IVb under

basic conditions with POCI, to activate the carboxylate group. A variety of

10 carboxylic acids with general structure IVb are used for the preparation of inhibitors;
these are either commercially available, synthesized as shown in scheme V, VI and
VII, or synthesized individually using methods describ;ed in the specific examples.
Step B: Ring-closure, followed by dehydration is achieved under basic conditions to
obtain quinolines of general structure IVd.
15 '
(i.a). Synthesis of “Het"-carboxylic acids of general formula IVb
Synthesis of 2-{substituted)-amino-4-carboxy-aminothiazole
derivatives (Vc)
The modified procedure described by Berdikhina el al. Chem. Heterocycl. Compd.
20  (Engl Transl) 1991, 4, 427-433 is used.

Scheme V
HN—R®

S O /{

J_L heat N= S -HBr
H,N lilH * HO Br e HO .

e
¢ 0
Va Vb Ve

A variety of 2-alkylaminothiazolyl-4-carboxylic acids, compounds of general
25  structure V¢, are made using the general synthetic methodology outlined in Scheme




A variety of 2-al kyl am not hi azol yl -4-carboxylic acids, conpounds of general
25 structure Vc, are nmade using the general synthetic d?' ogg out i ned
in Scheme ~H\N--R- N\ HBr 26 Septenber 2003 WO 001599 ember 2003

PCT/ CACO' 00353 25 V using thioureas (Va) with different alkyl substituents
(e= al kyl group) and 3- bronopyruvic acid. This type of condensation
reaction is well known in the art. Alternatively, the P2 fragnent

contai ning the 2-am no-substituted-thiazole derivatives are synthesi zed
fromthe co¥eeEiyadi ng 2- carboxyl derivative as shown Bcroasudesie VI
according to the procedure of: Unangst, P.C.; Connor, D.T. J. Heterocyc.
Chem 29,5,1992,1097-1100. Schene VI 10 15 Exanples of this process are

di scl osed in WO 00/ 09543 & WD 00/ 09558.,_Synt hesi s of

2- car boxy-4-substituted am not hi azol e aerl vat i ves Vild A variety of

4a|ky|thiaz nds ral stryucture WVild,
i s made usi ngy%{%]egzﬂ’goﬁ%iragpya% ﬂtaﬁ?lﬁ% out ﬁ i ene VII.
Schene VI | Vitrem8pyr@Ht adil. )Il'us&pe/&f dorBZx&ahaﬂn reachoEts@elﬂkﬁ&imMﬂ'l@art

Alternatively, the P2 fragment containing the 2-amino-substituted-thiazole

derivatives are synthesized from the corresponding 2-carboxyl derivative as shown
5  inscheme VIaccording to the procedure of: Unangst, P.C.; Connor, D.T. J. Heterocyc.
Chem. 29, 5,1992, 1097-1100.
Scheme VI

21 21
R Ny ~COOH- R N A
> —— Z

t“,o ’ ‘(0
(Via) (Vib)
Examples of this process are disclosed in WO 00/09543 & WO 00,/09558.
10
Synthesis of 2-carboxy-4-substituted aminothiazole
derivatives VIId
A variety of 4-alkylthiazolyl-2-carboxylic acids, compounds of general structure
VIId, is made using the general synthetic methodology cutlined in Scheme VII.
15 Scheme VII
neat \“/[\
Vila Viib Vile vild

The procedure described by Janusz et al. J. Med. Chem. 1998, 41, 3515-3529 is used
with modifications as described as follows: Ethyl thiooxamate (VIIa) is reacted with

different -bromoketones of general structure VIIb (R*'= alkyl group} to form
20  thiazolyl carboxylic acids of general structure VIId. This type of condensation

reaction is well known in the art.




O Vic R4 0 Vild R24 The procedure described by Janusz et al. |I. Med. Chem
1998, 41, 3515-3529 is used wth nodifications as descr4 WS:

Et hyl thiooxanmate (Vita) is reacted with different (i-3¥§%%ﬁgﬁ%%§¥b§f
general structure VIIb (R24= al kyl group) to form 20 thiazolyl carboxylic
acids of general structure VIM This type of condensation reaction is well
known in the art. 26 Septenber 2003 WO 00/59929 PCT/ CA0O0100353 26 Synt hesi s
of 2-carboxy-(substituted)-imdazole derivative A variety of
aIkyIinidai%P&nggharboxylic aci ds, conmpounds of gener alPCIIGA0®@Be VI |1 b,
are made using the general synthetic nethodol ogy outlined in Schene VIII. 5
Schenme VIII OH VIlIla VIIIb The procedure described by Baird et W j. Aner.
Chem Sac. 1996, 118, 6141-6146. was uged: an alkyl imdazole is
deprotonated with a strong base (e.g. nBuLi) and then reacted with CO to

form the carboxylic acid VigynkhesiT bf BeaibhtRe (@ibstdoRAERSSEbIAedRtbeact i on is
well known in the art. b. esi s of 4-hydroxy-7-nmethoxy-2- (imdazolyl
or pyrazol yl)quinolines 4§¥§g$oxy-7-R21 qgui nol i nes havi ng an i m dazolyl or
pyrazol yl noi &wgriely ofgikylimédazgighzrabdxylipaceis aoagpousdsnf gdneel smicheeol ogy

outlined in SghgNke nXde mgééré%&leﬁc methodology outlined in Scheme VIIL.

5 ‘ Scheme VIII
R24b
' N
Fg“?{?\ :iﬁj
N
)
Vilia Viilb

The procedure described by Baird et al. J. Amer. Chem. Soc. 1996, 118, 6141-6146. was

used: an alkyl imidazole is deprotonated with a strong base (e.g. nBuLi) and then
reacted with CO, to form the carboxylic acid VIIIb. This type of condensation
10 reaction is well known in the art. .
b. Synthesis of 4-hydroxy-7-methoxy-2- (imidazolyl or pyrazolyl)quinuliﬁes
4-Hydroxy-7-R" quinolines having an imidazolyl or pyrazolyl moiety at C2 are
generally prepared using the methodology outlined in Scheme IX.

Scheme IX
R Ci 1 22
. NS A R NP
T ———
& P
OBn OBn
IXa 1Xb
B
R2 = imidazole or pyrazole derivatives '
H21 N\ . Rzz
oo
OH
15 IXc

The synthesis of the key intermediate, (wherein R*' = OMe) 4-benzyloxy-2-chloro-7-
methoxyquinoline IXa is described in detail in Example 6 {compound 6e).




I Xa 0 Ru = imdazole or pyrazole derivatives OBn IXb 22 22 15 OH 1 Xc The

synthesis of the key internmediate, (wherein R21 =
4- benzyl oxy-2-chl oro-7- nmethoxyquinoline | Xa is descrl bezg Ser?ted%?er 2|003

Exanpl e 6 (conpound 6e). 26 Septenber 2003 WO 00/ 59929 PCT/ CAOQ 00353 27
Step A- At high tenperatures, a variety of imdazoles, alkyl substituted

i m dazol es, pyrazoles or al kyl substituted pyrazoles can be used to

di spl ace the 2-chloro noiety of conpound | Xa giving conmpounds of general
structure Wawos®REpP B: Upon renpval of the benzyl prot REUIGAGIRBuUp from t he
4- hydroxy noiety of 5 the quinoline by standard hydrogenati on nethods,

qui nol i ne derivatives of general structure |Xc are obtained. Synthesis of
P3 A variety of P3 fragnents are synt hgfl zed containing the appropriate D

| i nker extension for macrocyclization by olefin nmetathesis. In general P3

uni ts contai gid; %thﬂgﬂtérﬁﬁéi‘ltﬂéé aQr'aﬁét&rBf:LﬁHazHEé @ﬁc?ﬁ;%b&hﬂé&m%&‘%ﬂ?s' zed

fol | owi ng the general schemes shown  bel ow (Schefes X, . Synt hesi s

of Linkers i Ryerdesoralkyhjubstiuind pypzdentambaogd fadisplacy ﬂt"-&‘“ﬁh’k‘émf"ie kers that
are all car bepcdag®atd DAGviKEdRIPBRABITY gdndfl SRR 1K IXb.

Step B: Upon removal of the benzyl protecting group from the 4£hydroxy moiety of
5  the quinoline by standard hydrogenation methods, quinoline déxivaﬁves of general

strﬁct*ure PXc are obtained.

Synthesis of P3

A variety of P3 fragments are synthesized containing the appropriate D linker

extension for macrocyclization by olefin metathesis. -In general P3 units containing a
10 terminal olefin for metathesis are synthesized following the general schemes shown

below (Schemes X, XTI & XII). ‘

Synthesis of Linkers in Class A

This general synthesis is used to make linkers that are all carbon based {(no

heteroatom) (Scheme X).
186 Scheme X '

o o
R4 /\W%RJ.’\ /(
LA -CO0H =T~ N
- ) A J\/o

Xa )
m=1to5 .
R = H or alkyl
Xb

o 0

I [ ﬁvrvffu\J(

= 0 J\/O
N, “l\/ BocHN
—_— S —_——
B c
Xd
Xc
o]
H‘
s}
e - n OH
NHBoc

Xe

The synthesis is performed according to the procedure of Evans et al. J. Am. Chem.
Soc. 1990, 112, 4011-4030.



15 Schenme X R4 Xe mMto5 R4 = Hor alkyl AO O F1 4 Xb B Xe . The synthesis

is performed according to the procedure of Evans et al. s3.g f@mtg?%gb Soc.
1990, 112, 4011- 4030. 26 Septenber 2003 WO 00/59929 PCTI CACO 53 q‘he

starting carboxylic acids (Xa) is commercially available or is prepared by
know literature procedures famliar to those skilled in the art. Step A
The carboxylic acid Xa is activated with pivaloyl chloride and then reacted
with the ag{qg ;2 Evans' chiral auxiliary 4(S)-

4- (phenyl me @(S?-ﬁ-oxazol i di none 5 following well knownPCHEMIQEY (Revi ew
D.J. Ager et al. Aldrichimca Acta 1997, 30, 3-11, and references .
therein) to obtain conpounds of general structure Xb. Step B:

St ereosel ective a-azidation with trizypgzide, of a chiral imde enolate
such as those which would form from conpounds with general structure Xb in
t he presence Theptaginggarbotyilik acid§iNAS; comsnentisily aneildblelon tyvprepaned Hyeknawt ( Revi ew:

D.J. Ager et ﬁ@g,ar!,;e%rdegﬁgegmap%tﬁgste%ﬂg%é,&%g% 3-11, and references

therein). St e? C:. _Reduction of the a-azide, al yzed by Snd 2, is followed
by protect i ot @A Ihe carhpnylicacidofaipertiyated withipivalyyt shlorisda hd then eeagled s
i nt er medi at esvidfth@aieH @IE‘@{sr&lﬁm@hgﬁggg,.qs}:ﬁtt%ﬂng@g}w@%@ﬁo% so wel | known
In the ar r5 * following well known chemistry (Review: D.J. Ager et al. Aldvliéhimica Acta 1997, 30,
3-11, and references therein) to obtain compounds of general structure -Xb.
Step B: Stereoselective a-azidation with trizylazide, of a chiral imide enoclate such as
those which would form from compounds with general structure Xb in the presence
of a base like KHHMDS, is also well known in the art (Review: DJ]. Ageretal.
10 AMrichimica Acta 1997, 30, 3-11, and references therein).
Step C: Reduction of the o-azide, catalyzed by SnCl,, is followed by protection of the
amine formed as its t-butyl carbamate gives intermediates of general structure Xc.
These reactions are also well known in the art.
Step D: Finally, the chiral auxiliary is hydrolyzed under basic conditions, such as a
15 mixture of HO, with LiOH, to produce the amino acid-type linkers of general
structure Xe.

Alternatively, P3 moieties having the same general structure Xe are synthesized
following de procedure described by M.J. Burk et al. J. Am. Chem. Soc 1998, 120, 657-
20 663 illustrated in Scheme XI. These compounds varied in the number of methylene

units (-CH,-) along the linker (m=1 to 5) and the substitution of alkyl-groups at R,

but did not contain a heteroatom.



Step Di Finally, the chiral auxiliary is hydrolyzed under basic conditions,
such as a 15 mxture of H2Q2 with LiOH to produce the %agr%nq agl%& pe
linkers of general structure Xe. Alternatively, P3 noieétl PIRLYP he
same general structure Xe are synthesized follow ng de procedure described
by Mj. Burk et al. I. An Chem Soc 1998, 120, 657 20 663 illustrated in
Schene Xl. These conpounds varied in the nunber of nethylene wunits (-CH2-)
al ong the |jnker émzl to 5) and the substitution of alkyl -groups at R4,
but di d notVe8Ht°3#n a heteroatom 26 Septenber 2003 WO RGIEIOEE3IS3

PCT/ CAOO/ 00353 29 Schene XI COOEt EtOOC'N HAc Xl a COOEt HOOC)~' NHAc
Xtb Aft, NHAc COD't Xlc nel-5, R4-- Hor alkyl NHBoc Xe XId n4 UN r7 HC -

COOH 29
Scheme XI
COOEt A COOEt
E100C” “NHAe  HOOC” “NHAc
Xia Xib
R, R, NHAc
M" B WGOOH
m
H Xlb
Xlc Xld
m=1-5, R*=H or atkyl l C.
R, NHBoc
* % R, NHAc
= COOH . ;
m " . o COQOEt
Xe Xle

Step A: The monoacid compound XIb is prepared from commercially available
diethyl 2-acetamidomalonate by standard ester hydrolysis under basic conditions.
5  Step B: Knoevenagel-type condensation between an aldehyde of general structure
Xlc and compound XIb in the presence of a base, such as pyridine, and acetic
anhydride leads to the formation of enamide intermediate XId having the Z
stereochemistry around the newly formed double bond as shown.
Step C: Regioselective and enantioselective catalytic hydrogenation of the enamide
10 intermediate XId to the amino acid intermediate Xle is achieved using Burk’s
method.
Step D: The nitrogen of the acetamido derivative XJe is then di-protected with the
addition of a t-butyl carbamate substituent before the acetate group, as well as the
ethyl ester, are hy-drolyzed under standard basic condition to obtain P3 moieties of

15  general structure XIf.




D. Me COCEt Step A: The nonoacid conpound Xlb is prepared fromcomercially
avail able diethyl 2-acetaniidonal onate by standard est r o |.S.,under
basic conditions. 5 Step B: Knoevenagel -type condensati ?ﬁ%éﬁ%é%s@ﬁs

al dehyde of general structure Xic and conpound XIb in the presence of a
base, such as pyridine, and acetic anhydride |leads to the formation of
enam de internediate Xild having the Z stereochem stry around the newy
formed doubl e bond as shown. Step C. Regi osel ective and enanti osel ective
catal ytic hydrogenati on of the enanmide 10 internediate Xld to the amno
acid inter %?05?539!\/9 is achieved using Burk's nethod. SEEEANCIBe nitrogen
of the acetam do derivative Me is then di-protected with the addition of a
t-butyl carbamate substituent before theyfcetate group, as well as the
ethyl ester, are hydrolyzed under standard basic condition to obtain P3

noi eties of 1Syfmess &l Linkdrsimiciak BXI E 26 Sept enber 2003 WO 00/ 59929

PCTI CA00100353 30 Synt hesi s Li er% in Cass General Structure of
Linkers in O ass B NHBoc X=Q0 ege@%-'fc e of Linksts iplasgB o = 4 or CH3 This
general synthesis is used to, make Linkers containing oxygen or sulfur.

RACOzCH3 R NHBoo Xtla NHBec
’ H X=0or$S
' N x}(‘\COOH R, = H or CH,
H; R, R,=HorCH,

This general synthesis is used to make linkers containing oxygen or sulfur.

Scheme XIT
/
oH ON x/\/
RN~ COLH, A , €0,CH,
5 "' - 2 B . COOH
ord . = »
Rx"NHBOC R NHBae -A F.;'; X=0ors
= Xilb NHR,
Xilc
C
@ | \G
o] Q
-
0=3 ! !
“o CH, o~
o, — - ] E T |
H\/:_;kl/ 2+ R,,.Jj/co,wa ————te s CO,CH, Hl,_J\rCOZCHJ
a Z, = =
NHBac R NHBoc & NHBoc &' NHBoc
Xiid
Xile Kur Xilg
R'=Hor CH,

RZ=H or GH, but not both RY=A2=CH,

Step A: Suitably protected amino acids, such Boc-(L)-serine methyl ester, Boc-(L)-
threonine methyl ester or Boc-(L}-allothreonine methyl ester, are alkylated with allyl

iodide in the presence of Ag,O to give the methyl ester XIib.

Step B: Hydrolysis of the methyl ester under standard basic conditions yields the
10 ether-type linkers of general structure XIIe (X=0). _
Step C: The sulfur analog is prepared from the same starting amino acid XIla
(appropriately protected as before) and its hydroxyl group is converted to a good
leaving group (such as the tosylate intermediate XIId) using standard methodology
well known in the art.
15 Step D: The tosyl moiety is subsequently displaced with the anion of thicacetate
leading to the formation of the thioester intermediate XTIe by inversion of the chiral

center at the B-carbon.




NHBoc Xl Ib .R ~000H HNHRz Xitc 5 OHR = Hor CH3 R2 = H or CH3 but not
both R R2--CH x=ocr5 Step A Suitably protected am no acids, such

Boc- (L) -serine methyl ester, Boc-(L)- threonine nethyl eeptepber 2003

Boc- (L) -al | ot hreoni ne nethyl ester, are alkylated with ally! iodide in the
presence of Ag20to give the nethyl ester Xllb. Step B: Hydrolysis of the
met hyl ester under standard basic conditions yields the 10 ether-type ..
| i nkers of general structure XlIlc (X =0). Step C. The sul fur analog is
prepared f mondsbeesane starting amno acid Xlila (appropeiei®boyspr ot ect ed
as before) .and its hydroxyl group is converted to a good |eaving group
(such as the tosylate internediate Xl |1d) using standard nethodol ogy well
known in the art. 15 Step D. The tosyl nolety i s subsequent!y displaced
with the anion of thioacetate Ieadlng o the formation of the thioester

AN b e e S R
free thiol XIIf.
Step F: Alkylation of the thiol moiety is easily achieved under basic conditions with
allyl icdide.
5  Step G: Finally, the sulfide analog XTIc (X=5) are obtained after hydrolysis of the
metiwl ester using standard procedures.

Synthesis of R3 fragment:
Examples of synthesis of fragments wherein R’ is NH-R” are disclosed in WO
00/09543.
10
EXAMPLES
The present invention is illustrated in further detail by the following non-limiting
examples. Other specific ways of synthesis or resolution can be found in
WO 00/09543 & WO 00/09558. '

15  Temperatures are given in degrees Celsius. Solution percentages express a weight
to volume relationship, and solution ratios express a volume to volume relationship,
unless stated otherwise. Nuclear magnetic resonance (NMR) spectra were recorded
on a Bruker 400 MHz spectrometer; the chemical shifts (8) are reported in parts per
million and are referenced to the internal deuterated solvent unless otherwise

20  indicated. The NMR spectra of all final compounds (irthibitors) was recorded in
DMSO-d, of their TFA salt unless otherwise indicated. Flash column

chromatography was carried out on silica gel (5i0,) according to Still's flash
chromatography technique (W.C. Still et al., J. Org. Chem., 1978, 43, 2923).
Abbreviations used in the éxamples include Bn: benzyl; Boc: fert-butyloxycarbonyl

25 [Me,COC(O)]; BSA: bovine serum albumin; Cbz: benzyloxycarbonyl; CHAPS: 3-[(3-
cholamidopropyl)-dimethylammonio}-1-propanesulfonate; DBU: 1,8-
diazabicyclo[5.4.0jundec-7-ene; CH,CL= DCM: methylene chloride; DEAD:
diethylazodicarboxylate; DIAD: diisopropylazodicarboxylate; DIPEA:
diisopropylethylamine; DMAP: dimethylaminopyridine; DCC: 1,3

30  dicyclohexylcarbodiimide; DME: 1,2-dimethyoxyethane; DMF: dimethylformamide;
DMSO: dimethylsulfoxide; DTT: dithiothreitol o threo-1,4-dimercapto-2,3-




Step E: Hydrolysis of the thioester noiety under m|d basic conditions
yields the free thiol XlIIf. Step F: A kylation of the tju L ety .S
easi ly achi eved under basic conditions with allyl iodi ﬁ@%ot%ﬁ%%%oé
Finally, the sulfide analog XlIlc (X=S) are obtained after hydrolysis of the
met hyl .ester using standard procedures. Synthesis of R3 fragnment: Exanples
of synthesis of fragnents wherein R3 is NHR3' are disclosed in WO

00/ 09543. LES The present invention is illustr j rt her
detail by g‘ﬁce) 0 Igovvi ng non-limting exanples. O her sgé@gf‘%méﬂ{ﬁgys of
synt.hesis or resolution can be found in WO 00/09543 & WO 00/ 09558. 15
Tenperatures are given in degrees Celsius. Solution percentages express a
wei ght _ to volune rel ationship, and soBation ratios express a volune to
volume rel ationship, _unless stated otherw se. Nucl ear magnetic resonance

(NVR) spect r Fuifardeh BEt: dihengphopipyleaide AT Avpihylspdiaminstettaacetict he cheni cal
shifts (8) angqr mﬁ,%iomem{of;%t@&& etﬁgﬂakiétg%ﬁﬁiﬁ%&fg% e?-};fsrb/%;:ced to the

i nternal deuterated ‘solvent unless otherw s€ e e NWR spectra
of all final eledmspraydsst spattidmeinyy KATUER-(Feama@taiod 1-y[PV3E3d6 of their TFA
salt unless qiher Lndipcatas ) m. . chromat ogr aphy was carried
out on silica gel ?SI %ﬁ‘ﬁ%lggcorgﬁoﬁg&?%}%ﬁ%[l%gﬂpgrsf%magﬁ ogr aphy
t echni que’ ( Wigomaiogtaphy M mass spectOmgtry:MMARDT-TAR KByridSssisR8 2 3)er
Abbr evi at i onpgy &MH&.@mkﬁ%tiﬂmmﬁA B BoR@RAdent. BREL. 1ith
tent - butyl oxy(lzsaﬁgjg];ll | 25 [I\/ESOOO(M)' . BSA 'Eovffoggj sereﬁ%%g‘%tljtrlﬁmrﬁl Cbz:
benzyl oxycar f}mu,m %}cmﬂg_Mg _rxre(lg/_l; eOH: methanol; MES: (2-[N-morpholino)ethane-
chol am dopr ofyoni-@tiay Nayivars Y Baieh bg@ﬂﬁ&%ﬁnﬂs@wdgmz NPBU: 1, 8-
di azabi cydo[r5n. %ﬁg}l qu@g-_%_NCHZCM: V' net %Aﬁne chl ori de; DEAD:
di et hyl azodi T8¢ BoSP AT 8% F Nfrs Ry peEbyine e MEoNy | at e; DI PEA:
di i sopropy| etbihyipyrmldindRABrops; BedcBratitpmpy-nogl PIeA: BGopHenPlamino

or p-nitroanilide; TBAF: tetra-n-butylammonium fiuoride; TBME: tert-butyl-methyl

ether; {BuOK: potassium tert-butoxide; TBTU: 2-(1H-benzotriazole-1-y1)-1,1,3,3-
tetramethyluronium tetrafluoroborate; TCEP: tris(2-carboxyethyl) phosphine
hydrochloride; TFA: triflucroacetic acid; THF: tetrahydrofuran; TIS:

15 triisopropylsilane; TLC: thin layer chromatography; TMSE: trimethylsilylethyl;
Tris /HC: tristhydroxymethyl)aminomethane hydrochioride.




30 dicycl ohexyl carbodii m de; DVE: 1, 2-di met hyoxyet hane; DVF:

di i net hyl formam de; DMSO. di net hyl sul foxide; DTT: dit hil%tr%ur itol or

t hreo- 1, 4- di nercapt 0-2, 3 26 Septenmber 2003 WD 00159929 HHRYAN3 32
but anedi ol ; DPPA: di phenyt phosphoryl azi de; EDTA

et hyl enedi am netetraacetic acid; Et: ethyl; EtOH ethanol; EtOAc: ethyl
acetate; Et20 diethyl ether; ESMS: el ectrospray nmass spectronetry; HATU:
O (7-azabenzotriazol-1--yl)-1,1, 3, 3- tetranet hyl uroni um ‘

hexaf | uor opR8¥ &t e: HPLC  hi gh performance |iquid 5 cHSHal¥Ytdphy; e
mass spectronetry; MALD -TOF: Matri x Assisted Laser Disorption

loni zation-Tinme of Flight, FAB: Fast Atom Bonbardnent; LAH: |ithium

al um num hydride; Me: nethyl; MOH nmaghanol; MES: (2-[N-norpholino)ethane-
sul fonic acid); NaHVDS: sodium bis(trinmethylsilyl)amde; NVM N

met hyl mor phol i ne; NVMO N net hyl noRIpHOIEFIES oxi de; NWP: N 10

met hyl pyrrolg,dipge 1Pr: propyl; Succ: 3-carboxypropanoyl;

PNA: 4- ni trophenylamino or _p-nitroanilide;, TBAF: tetra-n-butylamoni um
fluoride; TERVmthepispf thRIyLERIRYHp)25)-kpmine:2-hampajlyisiopsenyd sebetateut oxi de;
TBTU. 2-(1Hdenzotriazole-1-yl)-1,1,3,3- tetranethyl uronium

tetrafl uoroborate; TCEP: tris(2-carboxyethyl) phosphine hydrochloride;
TFA: trifluoroacetic acid, Wdrof uran; TIS: 15
tri_isopropylsilaﬁe; TLG, thPRNA r omat ogr aphys.. TVSE:
trimethylsilylet ; ris/HG : #&pis(hydrox t amn t hane

hydr ochl ori de. .26.c5e er -2883—-Wo-06/A599 8 PEI\/U ETI ES PCT/ CAOQ 00353
EXAMPLE 1 Synt heBis of A oo ..

tbutyl - (IR 2R)/ (1S, 4S) - 1- am no- 2- honoal | yl cycl cvplr\ppyl carboxylate (If):

B.

| o]
SSo~o-A, 2 Q P
C. H-0
o] -— , o
X A0

e

R e
Hsz\’\ Hzﬂf\/\/
+
o o /T\ o
/*\ 11" L

A, To a suspension of benzyltriethylammonium chloride (5.08 g, 22.3 mmol.) in
50% aqueous NaOH (50 mL), 1,2-dibromo-5-hexene (1b, 8.10 g, 33.46 mmol) and di-
t-butylmalonate (1a, 4.82 g, 22.30 mmol) were added in succession. The mixiure was

stirred vigorously at RT for 16 h, then diluted with H,O and extracted with CH,CL,
10 (3x50mL). The organic layer was further washed with H,O (2 x 50 mL), brine/ HO

(2/1,2 x50 mL, dried over MgSO_4 and evaporated. The crude residue was purified

by flash column chromatography on silica gel, using 3 to 5% EtOAc in hexane as the
eluent, to obtain compound 1c in 38% yield (2.48 g).

'H NMR (CDClL,, 400 MHz): 6 1.19 (bd, J = 7.9 Hz, 2H), 1.25-1.33 (m, 1H), 1.46 (s, 9H),




o --111~-00 'J[* isIb A C le5id A To asuspension of

benzyl tri et hyl ammoni um chloride (5.08 g, 22.3 nmoi.) in NaCH
(50 nmL), 1, 2-di brono-5- hexene (1b, 8.10 g, 33.46 rrm)l) %ﬁ@e@t&ﬂlﬂ@%s
butyl mal onate (la, 4.82 g, 22.30 mmol) were added in succession. The
m xture was stirred vigorously at RT for 16 h, then diluted with 14.0 and
extracted wwth CH2G 2 10 (3 x 50 nL). The organic |ayer was further washed

W th H2O (2w opkhesd-) ., brine/H20 (2/1,2 x 50 nlL, dried ggiclbsed and
evaporated. The crude residue was purified by flash colum chromatography
on silica gel, using 3 to 5% EtQAc in hexane as the eluent, to obtain
corrpound Ic in 38%vyield (2.48 g). 1H NI\/R (CDC13 400 MHz): 6 1.19 (bd, j =
7.9 Hz, , 1.25-1.33 (m 113), 1.46 (34, , 26 Septenber 2003 WO

1Y ?932?4P§T’2§f8‘?‘799§%9 1 e %ﬁ) 4@%%%%@ Fhsdolatndt) (", 1
(din, 3 =17. 2288dm}f 02 HE S0 BB 293 H) Es(.8has F4. 97 qusenSi on of

pot assiumt-butoxide (5.75 g, 51.25 nmol) in anhydrous diethyl ether (150
m.) at 0, H2@Ewas Taddeerepsigpofipotpssiry t-hufpkijle @r?é gt»"ﬁé5 o} ingnhydsoys xt ure was

stirred at O 1 t I 8 gin 10 nL
di et hyl et heréngl)"&%)1 g?‘”l%%%?@pa*% qﬁé&ig aH&(ﬁﬁ?ﬁh urquﬂ%dgfgéfeta 4 at RT for
5 h. The s xhithge Wsﬂehﬁf@doﬂ!ﬂhhnlAﬁetﬁ&lsdluﬂaﬂbﬁ:aﬂlp%d'ﬁ(@@gwmh di et hyl

et her ( 3 x 200L diethyl ether, 10.25 mmol) was added and the mixture was stirred at RT for 5 h.

The mixture was diluted with ice-cold H,O and extracted with diethyl ether (3 x 200

mL). The aqueous layer was acidified to pH 3.5-4 with ice-cold 10% aqueous citric
acid and re-extracted with EtOAc (3 x 200 mL). The EtOAc layer was washed with

10 H,O(2 x 100 mL), brine (100 mL), dried over MgSO, and evaporated to give
compound 1d in 85% yield based on the amount of recovered starting material.
'H NMR (CDCL,, 400 MHz): & 1.51 (s, 9H), 1.64-1.68 (m, 1H), 1.68-1.75 (m, 1H), 1.77-
1.88 (m, 1H), 1.96-2.01 (m, 1H), 2.03-2.22 (m, 3H), 5.01 (dm, ] = 6.4 Hz, 1H), 5.03 (dm,
J =149 Hz, 1H), 5.72-5.83 (m, 1H). '

15 ES(+)MS: m/z 241 (M+H)".
C. To a solution of the acid 1d inr anhydrous benzene (1.14 g in 25 mL benzene,
4.74 mmol), Et,N (800 pL, 5.68 mmol) was added, followed by the addition of

diphenylphosphoryl azide (1.13 mL, 5.21 mmol) and the mixture was heated to
reflux for 3.5 h. Subsequently, trimethylsilylethanol (1.36 mL, 9.48 mmol.) was

20  added and stirring at reflux was continued for an additional 4 h. The mixture was
then cooled to RT, evaporated to half of its original volume, diluted with diethyl

ether (30 mL) and washed with 5% aqueous NaHCO, (2 x 30 mL), brine (50 mL),

dried over MgSO, and evaporated. The residual oil was 'chromatographed on silica

gel using 10% EtOAc in hexane as the eluent to obtain pure compound 1e in 88%
25  yield (149 g).

"H NMR (CDCl,, 400 MHz) 6 0.03 (s, 9H), 0.91-0.99 (m, 2H), 1.18-1.29 (m, 2H), 1.45

(bs, 11H), 1.56-1.72 (m, 2H), 2.02-2.18 (m, 2H), 4.12 (t, ] = 8.3 Hz, 2H), 4.93 (dm, ] =

102 Hz, 1H), 4.98 (dm, | = 17.2 Hz, 1H), 5.07 (bs, 1H), 5.71-5.83 (m, 1H).

D. To a solution of the cyclopropyl derivative 1e (1.19 g, 3.35 mmol, in 30 mL




mL). The aqueous | ayer was acidified to pH 3.5-4 with ice-cold 10% aqueous
citric acid and re-extracted with EtOAc (3 x 200 nm.). The. Et | ayer was
washed with 10 H20O (2 x 100 rnL), brine (100 nlL), drie OW%% dnd
evaporated to give conpound Id in 85%yield based on the anount of
recovered starting material. 1H NVR (CDC13, 400 MHz): 51.51 (s,
9H),1.64-1.68 (m IH, 1.68-1.75 (m1H),1.77 1 88 (m IH, 1 96 2.01 (m
IH), 2.03-2.22 (m 3H), 5.01 (dm | = 6.4 Hz, 503(1_ = 14.9 Hz,
|H), 5.72-WO8E%¥ |M 15 ES(+)Ms: mfz 241 (M+H)+ c. F& &%M“&?u on of the
acid Id in anhydrous benzene (1.14 gin 25 nmL benzene, 4.74 mmol), Et3N
(800 }1L, 5.68 mml) was added, followed by the addition of

di phenyl phosphoryl azide (1.13 nL, 5.3 nmol) and the m xture was heated to
reflux for 3.5 h. Subsequently, trinmethylsilylethanol (1.36 nL, 9.48 nmol.)
was 20 addedppfd-galniE (6L 8F 18 S T 6YaRm&I9 Mok Bt 2h@ edix@edidd Onal 4 h.
The nixture was then cooled to RT, evaporated to half of its original

vol ume, dil dﬁ@dhmdﬁﬂfexmand@umqu(r@@hﬁiéd tamefluxderie dninv The sbertqueous
NaHCOB (2 x 30 cgy_lekum Qe nga?atécﬁgad@h)ow &@h&%&%@&@%ﬁ%ﬁﬂ JfupppEat ed. The

residual oil was ch t ogr aphed o l'ica % Et QAc i n hexane
as the el uerﬁpu@@fcﬂéﬁ*a?rrﬁhs\alﬂé’eem@dmg ﬂ}er‘F"GE’%ﬁEB 09 gpelvem): 4beg) . ' H NWR

E SEC]-EIFD%OO ris%}% v?a% ré-g.iﬁ; ?Jél} lrbgtcgﬂgcl(go ( )%ﬂ%ghf& 1\%@?}102(%( éd}g_)g Hz 1. 45
4.93 (dm f trine @%Lgﬁnedl ber cﬂd@aﬂthe‘sol‘%ngwﬂzcare @o@aled bs, 1H),

5.71-5.83 (m 1H) To a sol ufion of the cycloprogg/ derlvatlve le (1.19
g, 3.35 molmemdsgrqtﬂgdz@(mmépf%@aaW@GﬂQ%Q P& verd®E 00353 35

THF), t- BuA’NEu}(lﬁl Zv1ﬁllﬂ19f‘2 &eﬁ%ve@ﬂ&%tﬁer Plﬁlf/ﬁcaﬁjcqﬁgo@% 4fige M xture

was first stlrre at RT h and subsequen heated to reflex for 15

nn. The sol &%Famﬁ%h%w@aﬂfve%%ﬁmwlﬁ%m BelFreisedt titiue to the

hi gh vol il i Istdgy usthe fid3f dubftogaiphi @xbipled tiappentzliul d be exercised during
t he evaporation of the solvent). y}‘i{om'rms

EXAMPLE 2
" Synthesis of Boc-4(R)-[(7-methoxy-4-quinolinyl)oxylproline (2c):

=

OH 0
2b L H
/N CO.CH
Boc 22" 3 )\‘
23 Boc CO,CH,
2c

15 .
4-Hydroxy-7-methoxyquinoline (2b) was prepared according to the method

described by Chun, M.W.; Olmstead, K.K.; Choi, Y.5,; Lee, C.O.; Lee, C.-K,; Kim,
JH.; Lee, |. Bioorg. Med. Chem. Lett. 1997, 7, 789. A solution of comI,-vound 2b(188¢g,
10.73 mmol) and DEAD (3.4 mL, 21.46 mmol) in anhydrous THF were added to a
20  stirring solution of protected cis-hydroxyproline 2a (2.63 g, 10.73 mmol) and
triphenylphosphine (5.63 g, 21.46 mumol) in anhydrous THF (160 mL) at 0° under N,.
The reaction mixture was allowed to warm-up to RT and stir for 14 h. The THF was
then evaporated and the pure product 2c was isolated after flash column

chromatography using 5% MeOH in EtOAc as the eluent, in 35% yield (1.5 g).
25 'HNMR (CDCL, 400 MHz): 5 1.44 (s, 9H), 1.65 (bs, 1H), 2.34-2.43 (m, 1H), 2.63-2.76




5 crude residue was re-dissolved in EtOCAc (100 nL) and washed with H20 (2x
50m.), brine (50n), dried over MJSO4 and agai n the sol full
evaporated. The crude product If (as a m xture of two efnﬁﬁ%ﬁ’ﬂé@@?ﬁﬂf nd
if") was used for coupling with the P2 proline derivatives w thout further
purification. Isolation of the P1P2 fragnent having the desired
stereochem stry at P1 was easily achieved at this 10 stage using flash
chr omat ogr anpl e 21, fragnent 21b). P2 MO ETIES MPLE 2 Synthesis
of Boc-4(R) Epié‘}’g’%t hoxy- 4- qui nol i nyl ) oxy] proline (2c): (ﬁ%@(’% 2b Boc
CO2CH3 2a CH30O C 2CH3 Bocc 15 2c 4- Hydr oxy- 7- net hoxyqui nol i ne (2b) was
prepared according to the nethod described by Chun, MW, dnstead, K K ;
Choi, Y.S.; Lee, CO; Lee, C-K; KimassJ.H; Lee, J. Bioorg. Med. Chem
Lett. 1997, 7, 789. A solution of conpound 2b (1.88 g, 10.73 nmol) and
DEAD (3.4 ni, (. AH)G. 7l YD, BAS-88R§ 388392 (e 1ile? rotambde.B-95ds. HR@58 & rri ng
sol ution of prgf@e ed}&'ﬁ{@fg{a%bé rsqk €118 %.43% 1915/ L and
tri phenyl phos hlﬁej 5.63 % P wg }gl n an%%m?%)}gsplfﬂzlmg m) at O
under N2. Th@® 8@@1%‘“62\?/&? Qﬂ]% @d{]cr tﬁé(tll%ﬂ’aﬁél stir for
14 h. The THEmwagf). t hen evaporated and the pure product 2c was isol ated
after flas cgl um ghromat ography using 5% MeOH in EtQAc as the eluent, in
1

35% vyield
Syntheszs of 2-ethoxy-—4-hydroxy-7—methoxy quinoline (3c)

N. OEt
_—.. =
P
COOMe COOM e
SCOH

The synthesis of Methyl-p-methoxyantranylate 3a was done as described in Katz et
al. J. Org. Chem., 1953, 18, 1380-1400.

10 The general synthesis for the quinoline derivative 3¢ is a modification of the
procedure of Baccar ef al. Indian Journal of Chemistry, 1995, Sat. B, 330-332.
A. Methyl-p-methoxyantranylate 3a (3.069 g, 16.96 mmol) was dissolved in
triethylorthoacetate (4.7 mL, 25.4 mmol), then a solution of anhydrous HCl (4
N/Dioxane, 50 pL, 0.6 mmol) was added. The resulting mixture was heated at

15 reflux for 19 hours. The volatiles were then evaporated under vacuum to give
product 3b (4.92 g, amber oil, guantitative yield) that was used as such for the next
step.
B. To a solution of the substrate 3b (assumed 16.96 mmol) in THF (34 mL) at —
78°C under nitrogen, was added LiHMDS (1 M/THF, 22 mL, 1.3 eq.). Shortly after

20  the addition, the cold temperature bath was removed and the mixture was left to stir
at ambient temperature for 1 hour, after which time, another portion of LiHHMDS (16
mL) was added. The resulting mixture was stirred until complete disappearance of

 starting material (1 hour) by TLC (100% EtOAc, imidate R, = 0.7, product R, = 0.2).

HCl (4 N/dioxane, 10 mL) was then added and the mixture was concentrated under
25 wvacuum. The resulting paste was triturated from a mixture of EtOAc (10 mL) and

aqueous Nal,PO, (1 M, 10 mL) and sonicated. An abundant precipitate was

formed, collected by filtration, washed with water and dried to afford the desired
product 3¢ as a beige solid (3.117 g, 84% yield for 2 steps, >99% purity by HPLC).




25 1H NMR (CDC13, 400 MHz): 8 1.44 (s, 9H), 1.65 (bs, 1H), 2.34-2.43 (m

1H), 2.63-2.76 26 Septenmber 2003 WD 00/ 59929 36 PCT/ CAO - 1),
3.78 (s, 3H), 3.75-3.85 & 3.89-3.99 (2m 1H, 2 rot aners?éfpgg@%mﬁé?f@ﬁ)

4.51 & 4.60 (2t, j =8 Hz, 1H, 2 rotamers), 5.15 (bs,1H), 6.53-6.59 (m
1H), 7.12-7.18 (dd, | =

8.9&2. 2Hz, 1H), 7. 36(d, J=2. 6Hz, 1H), 8. 03( bd, J=9. 2Hz, 1H), 8. 65(bd, J=5.1 Hz,
1H). 5 EXAMPLE 3 Synt hesis of 2-ethoxy-4-hydroxy-7-nethox (aui nol i ne (3c)
3a A, 3b ¥OO¥Me synthesis of Methyl - p- met hoxyantranﬁ%{c@ ¥W3Ras done as
described in Katz et at.1.Og. Chem, 1953, 18, 1380-1400. 10 The general
synthesis for the quinoline derivative 3c is a nodification of the
procedure of Baccar et at. Indian Jourggal of Chemistry, 1995, Sat. B,
330-332. A, Methyl p nethoxyantranylate 3a (3.069 g, 16.96 mml) was

di ssol ved i r'y {kirqhdawngs, DaeRe 4.88 ()] .8.93%z, 41157808 Jor. < 118N6.80 Sol uti on of
anhydrous HO (4 N D oxane, g%@(fsllfé O.é IrIrm)I) was added. The resulting

m xture was (hodtJew8-aHz 15D).568 (ryxs, A5, 480 Mrou?E), 35he. D) b4 t.és "Wz t hen
evapor at ed Lg}%,er vacuumto give product 3b (4.92 g, anber oil,
quantitative yield) that was used as such for the next step. B. To a

sol ution of ¥HMPEERstrate 3b (assumed 16.96 mml) in THE (34 nL) at - 78C

under ni tg OUSyhthddR Bt BERRELT-EHVEIxf-3(3 Ml 1,220l azdl- Byl quinoliratadt | y af ter
20 the addition, the cold tenperature bath was renoved and the m xture was

left to stir at anbignt teppepgture for 1 hour, after which tinme, another
portion of LiHWDS (1 g”\p b A o Ny Ehonlt

=& .

CH OMEM
4a 4b

OH
4d 4 OMEM

A, To a solution of 2-carbomethoxy-4-hydroxy-7-methoxyquinoline 4a (the
preparation of which is described in WO 00/09543 and WO 00/09558) (1 g, 4.29
mmol) in DMF (10 mL) under nitrogen was added Nafl (60% in mineral oil, 190 mg,
10 4.98 mmol). The resulting mixture was stirred at ambient temperature for 1 hour, |
MEM chloride (455 pL, 4.98 mmol) was then added dropwise and the resulting

mixture was stimed at ambient temperature for an extra 19.5 hours. The reaction

mixture was diluted with EtOAc (100 mL), washed with HL,O (50 mL), brine (50 mL),

dried with MgSO,, concentrated under vacuum to afford the crude reaction isolate

15 (1.37 g). The latter was purified by flash column chromatography to afford product
4b (1.04 g, 75% yield) as a colorless oil.
B. To a mixture of freshly activated 4A moiecular sieve (500 mg) and
acetamidoxime (248 mg, 3.35 mmol) was added THF (3mL). The resulting mixture
was stirred for 15 min. under nitrogen at ambient temperature, then NaH (60% in

20 mineral oil, 124 mg, 3.24 mmol) was added by portions. The resulting suspension
was stirred at ambient temperature for 1 hour, then ester 4b (500 mg, 1.56 mmol}
was added in solution in THF (5 mL). The resulting mixture was heated at reflux for



m.) was added. The resulting m xture was stirred until conplete
di sappearance of starting material (1 hour) by TLC (100% &t g%ﬁb ate Rf
= 0.7, product Rf = 0.2). HO (4 N dioxane, 10 nL) was then Addea an the
m xture was concentrated under 25 vacuum The resulting paste was
triturated froma m xture of EtOAc (10 nL) and aqueous NaHIPO4 (1 M 10
m.) and soni cated. An abundant precipitate was forned, collected by
filtration with water and dried to afford the d oduct 3c
as a.beige so %ﬁ?B 117 g, 84%yield for 2 steps, >99% g%f;é?oqm%ﬁ{ HPLC). 26
Sept enmber 2003 WO 00/ 59929 PCT/ CAOGE 00353 37 i H NVR (400 MHz, DMSO-d) S
(ppm: 7.88 (d, | 8.9 Hz, 1H), 6.98 (br. s, 1H), 6.89 (br. d, | 8.6 Hz,
1H), 5.94 (br. s,IH) 430(br s,2H)38384(s 3H), 1.34 (t, | 7.0 Hz,
3H). EXAWMPLE 4 5 Synt hesis of 4-hydroxy-7-nmethoxy ‘
2( 3- et hyl-- 1 1 hour Hrpbitasheves Coits, ”&&P&Mﬁ‘ﬁ@*‘{‘%@POWQQOMA 4b COOVe
OVEM OH  4d ﬂ&cgﬂ@@ﬁnd-gpv&u&m Phd Rulg crude mlxture was purified by flash
2- car bonet hoxy, dr oxy net h ui noﬁ i ne preépar ation of which
< deser | bed HIETSTREEY MRS N0 FouBap R 4¢ CF2 Be. Skt TA Db ( 10
~mL) under ni whegeslidnas added NaH (60% i n mneral oil, 190 ng, 10 4. 98
mol). The T eSUT 4G Rtk U6 2908t biefhaly ARt SIPELALUr e for 1 hour,
aqueous HCI (1 N, 1 mL). The resulting mixture was stirred at ambient temperature
for 1 hour then diluted with aqueous NaH,PO, (1 M, 50 mL). The solid formed was

filtered, triturated with EtOAc, filtered and dried to afford the desired product {(4d)
(90 mg, 71% yield) as a white solid. MS (ES+) 258 (M:+1), (ES-) 256 (M-1).

10 'HNMR (400 MHz, DMSO-d) 5 (ppm): 8.03 (d, ] = 9.2 Hz, 1H), 7.38 (d, ] = 2.2 Hz,
1H), 7.06 (d, ] = 8.6 Hz, 1H), 6.85 (br. s, 1H), 3.88 (s, 3H), 2.64 (s, 3H).
EXAMPLE 5

Synthesis of 4-hydroxy-7-methoxy-2(5-methyl-1,3,4-oxadiazol-2-yl) quinoline (5e)
| |

o N.. _COOMe o) N.__CONHNH,
~ A S
& — =
OMEM OMEM
4b 5a
B.
0’4 .
} PN, | i
N 0 Ny N,N\\rOEt
c H
— et o
OR OMEM
5¢ R =MEM
5dR=H 5b

15 Al To substrate 4b (465 mg, 1.45 mmol) in ethanol (5 mL) was added anhydrous
hydrazine (57 pL, 1.8 mmoL). The resulting solution was heated at reflux for 4 h,
then concentrated under vacuum to afford product 5a (704 mg, quantitative crude
yield) as a yellow solid which was used as such in the next step.

B. Compound 5a (assumed 1.45 mmol) in triethylorthoacetate (5 mL) was




MEM chl oride (455 L, 4.98 mmmol ) was then added dropwi se and the resulting

m xture was stirred at anbient tenperature for an extra
reaction mxture was diluted with Et OAc (100 ni), vvashezt’k’sq%ﬁt Eﬁ%"){’go m.),

brine (50 nm.), dried with MgSOg concentrated under vacuumto afford the
crude reaction isolate 15 (1.37 g). The latter was purified by flash col um
chromat ography to afford product 4b (1.04 g, 75%yvyield) as a colorless
oil. B. To_.a mxture of freshly activated 4A nol ecul ar SI eve &500 ng) and
acet am doxi"YiRY(3%8 ngy, 3.35 mml) was added THE (3nL). W2 i ng

m xture was stirred for 15 mn. under nitrogen at anbi ent terrperature,
then NaH (60%in 20 mneral oil, 124 ng, 3.24 mmol) was added by portions.
The resulting suspension was stirred g¢ anbient tenperature for 1 hour,
then ester- 4b (500 ng, 1.56 nmol) was added in solution in THE (5 nl).
The resul ti nheawdatdfElMAS underméithgan. Trefregmlinganixi@re W8 tBaplikwaderittp 003 WO

Bione (3 por ERBRUBH oAy i st aheried SF AP Ao« coul 11 ng
crude Xt 1 R8Py Skl AR AR HAANGAPO% B 00, €0

af ford product 4c 5% yie as a Ite s To the MEM
et her 4c (176uwbmpatofrapBB(10090EOAg Uddipcuhd Bb Y350as:, slddgeld faquweeteps)HCI (1 N, 1

m.). The ges ] XL erature for 1 hour
then dilu edwﬁ%ﬂgﬁégu%oyeﬁ?ﬂ#\aﬁ;%@h% aﬁtﬁﬁ%’?ﬁlﬁ&& 5ol i d forned was
filtered, trfEturfetpanndlb (B Oscl-8Rinunel} was keated dt 148 3C vondesthighy d t he desired

duct (4d o M1
E)rEg_ ;JCZSg (Malc(,aﬁ fg%lsHﬂN ?urﬁg@%@iza%h% [%l‘{i/%htcﬁmﬁﬁltd&gag W%Vﬁoé%%iﬁ:@%@ (v )2 o

1H), 7.38 (daffqrdangxtgrwﬁbGl&ﬁmgBS%R(mﬁ)apdcm@osmmzq(la&t)\g,?a%% (br. s, 1H),
3.88 (s, 3H), 2.64 (s ql:l% EXAMPLE 5 Synt hesi s of
4- hydr oxy- 7 ?ﬁsteﬁ@s%yleé% Be Oyt T332 THY & mLkseliipra pisompoynd Scdlidmg Pde (5e)

mmol} was added aqueous HCI (1 N, I mL) and the resulting mixture was stirred

until completion (30 min.). THF was evaporated under vacuum and aqueous
NatfLPO, (1M, 2 mL) was added. The resulting suspension was sonicated, filtered
and the solid was dried under high vacuum to afford the desired product 5d, (75
mg, 73% yield) as a beige solid. MS (ES+) 258 (m+1); (E"S-) 256 {m-1). 'H NMR (400
MHz, DMSO-d): 6 8.03(d,J=9.2Hz, 1H),7.39(d,J =22 Hz, 1H),7.06 (br.d, ] = 8.6
Hz, 1H), 6.85 (br. s, 1H), 3.88 (s, 3H), 2.64 (s, 3H).

EXAMPLE 6
Synthesis of 4-benzyloxy-2-(chlom)- 7-methoxyquinoline (6e)

i
NH,.HCI e ) | Ny NH,
© (j cooer z

o ’ Ny Ol b O N OH E s} ] Ny ~NH,
Ty O
OBn QBn 0OBn
A, Commercially available Meta-anisidine (25 g, 0.20 mol) in dioxane (80 mL})
10  was cooled down to 0 °C and anhydrous HCl (4 N/dioxane, 75 mL, 0.30 mol) was

added. Then Et,0 (500 mL}) was added and stirring was maintained for 1 hour. The



coove O-/~ .N CONH~IH2 4b OMEM OR 5¢c R MEM 5dR=H C. OVEM 5a OVEM 5b OEt
NY H15 A To substrate 4b (465 ng, 1.45 mmol) in et hanc§t eﬁ)téﬁ'{ﬂe added
anhydrous hydrazine (57 L,1.8 molL). The resulting sol ution Was h ed at
reflux for 4 h, then concentrated under vacuumto afford product 5a (704
ny, quantltatlve crude vyield) as a yellow solid which was used as such in
the next step. S. Conpound 5a (assuned 1.45 nmol) in triethylorthoacetate
(5 m) was 26 Septenber 2003 WO 00/ 59929 PCT/ CA00/ 00353 39 heated at

100- 110 C W®E9Ptrogen. The resul ting mixture was t heRCHFANOEE wit h

Et OAc (100 nlL), washed w th aqueous saturated NaHCO3 (50 ni), brine (50
m), dried with MJSO4, concentrated under vacuum and purified by flash
col um chronat ography (100% Et OAc). Gggrpound 5b (359 ng, 61%yield for two
steps) 5 was- obtained as a yellowoil. M5 (ES+) 392 (mtl), (ES-) 390
(m1). C CobgigestidvasiRadilteid aAd 86 widet Yacivas tde@dtidltat (3140 g0sunder hi gh
vacuum for 8. 5141 and purified by flash colum chromat ography (100% Et OAc)

to
B. To this salt was added eﬂ1y1cyanoacetate (21.3 mL, 0.20 mol} and the

mixture, in a flask equipped with a distillation head and a collecting flask, was
5 heated to 280-300 °C. Ethanol produced was collected to monitor the evolution of

the reaction. At 9 mL of collected ethanol (theoretical amount 117 mL), heating was
stopped, the reaction mixture cooled down to RT, diluted with water (200 mL) —-
EtOAc (200 mL) then stirred and aqueous NabLPO, (300 mL) was added. After
additional stirring for 1 h, filtration and drying, 6b was obtained (19.06 g, 84.5%

10 purity, ~50% yield) as a yellow solid and was used as such in the next reaction.
C. Compound 6b (11.0 g, 57.8 mmol) in DMF (100 mL) at 0 °C was added to
NaH (60% in mineral oil, 2.78 g, 115.6 mmol). The ice bath was then removed and
the mixture was stirred at ambient temperature for 1 h, benzyl bromide (7.6 mL, 63.6
mmol} was then added and the reaction mixture was stirred for 16 hours. The |

15  solution was then diluted with EtOAc (220 mL) — hexane (220 mL) and the solid

formed was filtered, triturated with aqueous saturated NaHCO, (110 mL), washed

with water, hexane—EtOAc (1:1 ratio, 100 mL) and dried under high vacuam.
Product 6¢ (5.6 g, 91% purity, 35% yield) was thus obtained as a yellow solid.
To compound 6¢ (2.67 g, 9.52 mmol) in acetic acid (21 mL) was added iso-amyl
20 nitrite (3.8 mL, 28.6 mmol) and the resulting mixture was stirred at ambient
temperature and monitored by HPLC. More iso-amyl nitrite (1.3 mL, 9.52 mmol}
was added after 2 hours and the mixture was left to stir over 90 hours (HPLC 81%
product, 3% substrate). Water (100 mL) was added to the resulting suspension,
which was then filtered. The brown solid collected was dried under high vacuum
25 giving product 6d (2.35 g, 92% purity, 72% yield).
D. To compound 6d (1.5 g, 4.39 munol) was added phosphorous oxychloride (13
mlL, 141 mumol) and the resulting mixture was heated at reflux for 1 hour then
diluted with EtOAc (150 mL) and quenched at 0 °C slowly with aqiieous NaOH (1
N, 150 mL} to pH 9. The two laYers were separated and the organic layer was dried

30  with MgS0, and concentrated under vacuum to afford a brown solid which was

purified by flash column chromatography (15 % EtOAc/hexane). Product 6e (819
mg, purity > 99%, 62% yield) was obtained as a yellow solid.



afford a mxture of 5b (116 ng, 35% Rf 0.5) and conpound Sc (138 ng, 72%

corrected yield, Rf 0.3). To a THE (4 nlL) solution of c 38 ny,
0.4 nmmol) was added aqueous HO (1 N, 1 nL) and the resggfsﬁggﬂpgﬁﬁ& was

stirred wuntil conpletion (30 mn.). THE was evaporated under vacuum and
aqueous NaHZPO4 (1 M 2 nlL) was added. The resulting suspensi on was
sonicated, filtered and the solid was dried under high vacuumto afford
the desired product 5d., (75 ng, 73%yield) as a beige i d. (ES+) 258
(ml), (Es-‘j"?%é”(’m 1). 'H NVR (400 Mz, DMBO-d): S reflchbtioods

8.03(d, J=92Hz, 1H), 7. 39(d, J=2. 2Hz, 1H), 7. 06(br.d, J=8.6 Hz, 1H), 6.85 (br. s,
1H), 3.88 (s, 3H), 2.64 (s, 3H. EXAMPLE 6 Synthesis of

4- benzyl oxy-2-(chl oro)- 7-methoxyqui nobiine (6e) I I NN O-/\~N-3z HCl 6a 6e
Cl 6d o$n OBn OBn 6C NH2 NH2 A. Commerci al ly avail abl e Met a-ani si dine (25

'g. 0.20 nol) HNMR eoa N 8DCLRER.07 (0] Was HIHeTSEN(xt, 6Hf) 789 anp=anhydr ous
HC1(4 N di oxane, 75 nL, 0.30 no%) was added.. Then Et20 (500 nmL) was added
and stirring 2hddz B alalddeld $-52-Hmbd) 67T fiel Dled- 2t (2883 W0 00159929
PCT/ CAOO1003F3afiPLE 7

Synthesis of 4-hydroxy-2-(1-imidazolyl)-7-methoxyquinoline (7b); 4-hydroxy-2-{4-

5  methyl-1-imidazolyl)-7-methoxyquinoline (7d); 4-hydroxy-7-methoxy-2-(1-
pyrazolyl)quinoline (7f); and 4-hydroxy-2-(3-methyl-1- pyrazolyl)-7-
methoxyquinoline (7h}). -

H
6e @N
.\ _
Dl QLJE A Ny L:E>
|
I

I N N
-
7gR=Bn

OR 7hR=H
Al Compound 6e (423 mg, 1.41 mmol) and imidazole (400 mg, 5.88 mmol.) were
10 heated at 110 °C for 20 h. The mixture was then diluted with EtOAc and washed

with water and brine, dried with MgSO,, concentrated under reduced pressure to

afford compound 7a (422 mg, 96% purity, 90% yield) as a yellow solid. Compound
7a (319 mg, 0.963 mmol) with Pd (5%/C, 64 mg) in a mixture of ethanol (5 mL) and



beige solid was then filtered and dried under vacuumto afford salt 6a

(31.88 g, 98% vyield) B. To this salt was added et hyl cy .3 m,
0.20 nol) and the mxture, in a flask equipped with a gage%?%@éeﬁgﬁaﬁead

and a collecting flask, was 5 heated to 280-300 C. Ethanol. produced was
collected to nonitor the evolution of the reaction. At 9 nL of collected
et hanol (theoretical amount 11.7 niL), heating was -stopped, the reaction

m xture cooled down to RT, diluted with water (200 nm.) - EtOAc (200 ni)

t hen. stirredassaqueous NaH2PO4 (300 nl) was added. Afr@rcaogenssx i onal
stirring for 1 h, filtration and drying, 6b was obtained (19.06 g, 84.5% 10
purity, -50%vyield) as a yellow solid and was used as such in the next
reaction. C. Conmpound 6b (11.0 g, 57.8 mmol) in DVMF (100 nL) at 0 C was
added to NaH (60%in mneral oil, 2. g, 115.6 mml ). The ice bath was

then 1 emoved g i iy B G PReSLAL 6L e IRl Gofert olREFSRU € for |

benzyl brom was then added and the reaction mxture
was stirred $toring 6t ambigns tempsraturs, theyepgtion mixtams vwas dlergditisevifia h Et OAc (220

n) - hexar - g {RRPmthdthAHPmbdiie 30H bShcedthiddBE 2@ 75 i(13b &lgolr.7% phdtyy at ed with
aqueous saturat ed NaHCO3 (lé&%' washed  wi.th water, hexane-EtOQAc (1:1

ratio, 100 ng§% meld) &yawdons Eae\A4 (ot Ep ¥ 6c (5.6 g, 91% purity,
35% vyield aRIGoPER] af. s&. $9!4 fl= 8 §@1,C be\d 18§, (2. 67 g,

9. 52 mml% ;/%?acet‘iﬁ% aci aﬁl?g?qﬁm%%g%hggggg@gﬁg@ﬁfﬁ%ggbgrﬁlt?t ??te (3.8 niL,
28.6 mmol ) ane dhie= 1.2 8 EH)NGLE AFW7d2\dd | s 0Rrx2dz.dH).&MBilant 1H)y 8fberat ure
and m)nitoreggﬁﬁ HPLC. More iso-anyl nitrite (1.3 nL, 9.52 nmmol) was added
after 2 hourS"and the mixture was |eft to stir over 90 hours §HPLC 81%
product, 3% BubstGemopnd 9@ (25} mei1QR$7 mmpollpad 4aeterdinidazoled3iaag £49 ng

suspensi on, b (MRSt RN 16 4¢ foe 5N THERGRFOWS 188 dikltetiatiabad was dri ed
under hi gh vacuum 25 giving product 6d (2.35 g, 92% purity, 72%yield). D.

To conpoafid @eshed withgyatet 289 brim Hitedvaish MgHed aphernpinérisd smdstyedcest | de (13
T ) G0 eSS L BB U (or 1 oy ner
N, 150 nl) tmethidiRidaddiyg isomer respeshivelyelhe nwiqyassumed degirgd isamentlgani ¢ | ayer was
dri ed " white solid, (166 mg, 99% purity, 57% yield) was separated from a second more
polar fraction (76 mg, 23% yield) containing a mixture of 4- and 5-methyl imidazolyl
15  isomer by flash column chro:.ﬁatography (100% EtOAc). Compound 7¢ (163 mg,
0.472 mmol) with Pd (5%7C, 33 mg) in a mixture of ethanol (2.4 mL) and THF (5 mL)
was purged and placed under one ATM. of hydrogen. After 18 h of stirring at
ambient temperature, the reaction mixture was filtered, rinsed with a chloroform-
methanol mixture, and concentrated to afford 7d (118 mg, 99% purity, 98% yield) as
20  awhite solid.
'H NMR (400 MHz, DMSO-d): 5 8.42 (br. s, 1H), 8.01 (d,] = 9.2 Hz, 1H), 7.64 (br. s,
1H), 7.21 (br. s, 1H), 7.10 (d, J = 8.9 Hz, 1H), 6.89 (br. s, 1H), 3.90 (s, 3H), 2.20 (s, 3H).
C. Compound 6e (184 mg, 0.614 mmol) and pyrazole (209 mg, 3.07 mmol.) were
heated at 110 °C for 17 h. The mixture was then diluted with EtOAc and washed
25  with aqueous NaOH (1 N} and brine, dried with MgSO,, concentrated under
reduced pressure to afford a crude product which was purified by flash column
chromatography @:1 hexane—EtOAc) to afford 7e (103 mg, 50% yield) as a pale
yellow solid. Compound 7e (103 mg, 0.311 mmol) with Pd (5%/C, 20 mg}ina
mixture of ethanol (2 mL) and THF (2 mL) was purged and placed under one atm. of
30 hydrogen. After 5.5 h of stirring at ambient temperature, the reaction mixture was

filtered, rinsed with a chloroform-methanol mixture, and concentrated to afford 7f



30 with MpSO4 and concentrated under vacuumto afford a brown solid which
was purified by flash colum chromatography (15 % Et OAc g@éﬁé}ﬁ duct
6e (819 ngy, purity > 99% 62%yield) was obtained as ajyel I"ow %%rlélﬂgg 26
Sept ember 2003 WD 00159929 PCTI CAOQ' 00353 41 '"H NWR (400 MHz, CDCL): s 8.07
(d, j =9.2 H, IH, 7.50-7.40 (an, 5H), 7.29 (d, j = 2.5 Hz,1H), 7.12
(dd, J =92, 2.5 Hz,1H), 6.73 (s,1H), 5.26 (s, 2H), 3.92 (s, 3H. EXAWLE
7 Synt hesis of 4-hydroxy-2-(1-im dazolyl)-7-nmethoxyquinoline (7b);

4- hydr oxy-%(-)()é}gg 2 Methyl-1-imdazolyl)-7-met hoxyqui nol ipce/cade)e3ss

4- hydr oxy- /- t?mxy- 2-(1- pyrazolyl)quinoline (70; and

4- hydr oxy-2-(3-nmet hyl - 1- pyrazolyl)-7- nmethoxyquinoline (7h). A Conpound
6e (423 ng, 1.41 muol) and i m dazole (400 ng, 5.88 nmol.) were 10 heated
at 110 C for 20 h. The nmixture was théd diluted with Et OAc and washed with

t d brine, drjied wit} A : g t
27T or d- compolEBA LS WRBSBATTEY obboRs far b e DR P LR e 1
C;)Lrpoulnd(57(;33(3190|m\2;,6 g QJESSrrbm’rol)2 with Pd (g% g 64 ng) in a nix'zgr_erH(éf(S
et hano an ept enber

nL) was pur gé%jNMM4QﬂL&T€‘éEPWé‘?: 53%2%‘}9\#3&%8%2’ ﬁ@’d?%ﬁ@%@%@ h of

stirring at ﬁmkﬁm%@ﬁ@ﬁ?bﬂg for. oL 1¥9), ¥ 88@k.Is0nn M. 20t )T 808z, fiE) tée39ed, ri nsed
or'm met hano

with a chl orof m xture, and concentrated to afford 7b (130 ny,
97. 7% pur’ t y(pr.s588h 390p.d5)-as a yell ow solid. MS (ES{-) 242 (m+l), (ES-) 240
(Ebn- 1). 5 %FbNNRdoﬁgﬁ?)uN%e(z%, 4@@@&44@&%&0&(@3@7% ='8.9 Hz, Y
1H), 7.93 (s, 1H), 7.23(d,J= 7.15(s, W 1. 12 =9.2,2.2 Hz, 1H),
6.92 (br. s,mmlj?,w%‘?giate"(ast,uéd g@%‘&'ﬁﬁ'&t?&%&}?§g}'%@ é_e%:fw nmol ) and
4-nethyl i ni gaertyeatéBebpatnd 7h & benzylated product 7g was then diluted with

EtOAc (2-3 mL) and filtered to afford the pure debenzylated product 7h (111 mg,

10 95% purity, 54% yield) as a white solid.
"H NMR (400 MEz, DMSO-d): 5 8.58 (d, ] = 2.6 Hz, 1H), 7.98(d,] = 9.2 Hz, 1H), 7.25
 (br. s, 1H), 7.20 (s, 1H), 7.04 (br. d, ] = 92 Hz, 1H), 6.38 (5, 1H), 3.89 (s, 3H), 2.30 (s,
~ 3H).
EXAMPLE 8 _ ;
15  Synthesis of 4-hydroxy—7~methoxy—2[4(Z-isopropylaminothiazolyl)] quinoline (8f)
Note: [ A variety of 2-alkylaminothiazolyl substituents were made using the same
synthetic scheme where compound 8b was replaced by other alkyl thioureas.]



mmol .) were heated at 110 C for 20 h. The m xture was then diluted with
Et CAc, 10 washed with water and brine, dried with MgS 0 rat ed
under reduced pressure to afford a crude containing aO%S %%genﬁi Q%@%)
4-met hyl and 5 net hylinai dazolyl isonmer respectively. The ngjor assuned
desired isonmer 11lc, a white solid, (166 ng, 99%purity, 57%yvyield) was
separated froma second nore polar fraction (76 ng, 23%yield) containing
a mxture of. 4- and 5-nmethyl imdazolyl 15 isonmer by flash colum
chromat ogr #®H/5¥300% Et OAc) . Conpound 7c¢ (163 nmg, 0. 472CHEAMWG th Pd
(5% C, 33 ng) in a mxture of ethanol (2A nmL) and THE (5 nL) was purged
and pl aced under one ATM of hydrogen. After 18 h of stirring at anbient
tenperature, the reaction m xture was f%;ltered, rinsed with a chloroform
met hanol mi xture, and concentrated to afford 7d (118 ng, 99% purity, 98%
yield) as 20 a white solid. 1H NWR (400 MHz, DMSO-d): 5 8.42 (br. s, 1H),
8.01 (d, J = 9.2 Hz, H) 7.64 (br. s, 1H), 7.21 (br. s, u¥41), 7.10 (d, J
= 8.9 Hz, IH, 689( s, 1H), 3.90 (s, 3H), 2.20 (s, ,/\’{H). _C. Conpound

6e (184 ng, 0.614 mm) ) and_gyrazolg (209 ng, 13 07 ol lmere heat ed at
110 C for 17 h. The'lm st we” ert diluted W 'bgflz’nd washed 25 with
aqueous NaCH (1 W bri nemw th MgSOH4, erated under reduced
pressure to afford a crude productgwhich was purifi by flash colum
chromat ography (2 : ® hexane-Et®Ac) to afford 7e eEde)S ng, 50%yield) as a
pale yellow solid. Conpound 7e (103 ng, 0.311 nmmol), with Pd (5% C, 20 ny)
ina mxture of ethanol (2 nL) and THE (2 nlL) was pusged and pl aced under
one atm of 30 hydrogen. After 5.5 h of stirring at janbi entﬂ_@enperature

the reaction mxture was filtered, rinsed Wltlh a chlora t hanol

m xture, and concentrated to afford 7f 26 Septgenby ¥ 00/ 59929

PCTI CA00100353 43 (77 ng, 99% purity, 99%yvyield $.alyell ow solid. M
(ES+) 242 (mtl), (ES-). 240 (m 1). IH NWR (400 WH»DMSO-d): S 8.72 (d, |
= 2.5 Hz, 1H), 8.31 (s, 1H), 8.00 (d, j = 8.9 OH

8f

A The protocol used for the conversion of m-anisidine to 8a was identical to
that described in the literature: F.J. Brown ef al. J. Med. Chem. 1989, 32 , 807-826.
However, the purification procedure was modified to avoid purification by

5 chromatography. The EtOAc phase containing the desired product was treated with

a mixture of MgSO,, charcoal and 5% w/w (based on expected mass) silica gel. After

filration on celite, the product was triturated with ether. Compound. 8a was
obtained as a pale brown solid in >99% purity (as confirmed by HPLC).
B. A suspension of isopropyl thiourea (8b, 3.55 g, 30 mmol) and 3-

10  bromopyruvic add (8c, 5 g, 1 eq.) in dioxane (300 mL , 0.1 M) was heated to 80 °C.

Upon reaching 80 °C the solution became clear and soon after the product
precipitated as a white solid. After 2 hours of heating, the solution was cooled to RT
and the white precipitate was filtered to obtain compound 8d in high purity (>98%
purity as confirmed by NMR) and 94% yield (7.51 g).

15 C A mixture of the carboxylic acid 8d (4.85 g, 18.2 mmol} and the aniline
derivative 8a (3 g, leq.) in pyridine (150 mL, 0.12 M) was cooled to -30 °C (upon
cooling, the clear solution became partially a suspension). Phosphorus oxychloride
(3.56 ml, 2.1 eq.) was then added slowly over a 5 min period. The reaction was
stirred at —30 °C for 1 h, the bath wa:;, removed and the reaction mixture was allowed

20  to warm-up to RT. After 1.5 h the reaction mixture was poured into ice, the pH was



Hz, 1M 7.83 (br. s, 1H), 7.43 (br. s, 1H), 7.24 (br. s, 1H), 7.10 (d, | =
8.6 Hz, IH), 6.59 5 (br..s,1H), 3.90 (s, 3H). D_ Conpounfs&fierhBd 2058
0.724 mol ) and 4-nethypyrazole (594 ng, 7.24 nmmol.) were heated at 110 C
for 23 h. The m xture showing a 1: 1 m xture of debenzylated conpound 7h
and benzyl ated product 7g was then diluted with EtOAc (2-3 nL) and
filtered to afford the pure debenzyl ated product 7h (111 ng, 10 95%

purity, 549 asavvhlte solid. "H NWR (400 MHz, 858(d J
= 2.6 He, %{bﬂ?%s i =9.2 H, 1H), 7.25 (br. s, Cga}""ﬂ%
7.04 (br. d, j 92 Hz 1W 6.38 (s, 1H), 3.89 (s, 3H), 2.30 (s, 3

EXAMPLE 8 15 Synt hesi s of

4- hydr oxy- 7-.met ho) cy- 2[ 4( 2- i sopr opyl anidgot hi azol yl )| quinoline (8f) Note:
[ A variety of 2-al kylam nothi azolyl substituents were nmade using the sane
synt heti ¢ schrejmsteditetlevithhapeousd@NEaOd sextregre e CHyClotitiet owk Kyl t hi our eas. |
H2 A S HZN)~ NH + HO B. HO 0 8b 8c 8d 26 Septenber 2003 WO 00/59929

PCT/ CACI)’ 003 5ahydrows Mgkt pfiligged and concentrated under vacuum, The beige solid was

then purified by flash chromatography (45% EtOAc in hexane) to give compound 8e
as a pale yellow solid in 73% yield (6.07 g).

5 D. A solution of tBuOK (2.42 g, 21.6 mmol) in anhydrous tBuQOH (40ml, 6.14 M,
distilled from Mg metal) was heated to reflux. Compound 8e (1.8g, 5.4 mmol) was
added portion-wise over 5 min and the dark red solution formed was stirred at
reflux for an additional 20 min (completion of the reaction was monitored i:y
HPLC). The mixture was cooled to RT and HCl was added (4 N in dioxane, 1.5 eq.).

10  The mixture was then concentrated under vacuum, in order to -assure that all of the
HCl and dioxane were removed, the product was re-dissolved twice in CH,Cl, and
dried under vacuum to finally obtain the HCI sait of compound 8f as a beige solid
(1.62 g 93% pure by HPLC). The product was then poured into a phosphate buffer
(IN NaH,PO,, pH=-4.5) and sonicated. The beige solid, was filtered and dried under

15 vacuum to give compound 8f (1.38 g, 81% yield) as a beige solid (91% pure by
HPLC).
"H NMR (400 MHz, DMSO) 8 8.27 (s, 1H), 8.12 (d, 1H, J = 9.2 Hz), 7.97 (br.s, 1H),
7.94 (s, 1H), 7.43 (s, 1H), 7.24 (dd, 1H, J = 9.2, 2.2 Hz), 3.97 (m, 1H), 3.94 (s, 3H), 1.24
(d. 2H,] = 6.4 Hz).

20 EXAMPLE 9
Synthesis of 4-hydroxy-7-methoxy-2{2(4-isopropylthiazolyl)lquinoline (9f).
Note: A variety of 2-(4-alkyl)-thiazolyl substituents were made using the same

synthetic scheme where compound 9b was replaced by other o-bromoketones.

5 Q [}
A N
QEt " Br — ~
N E10 y/
O 5
9c

%a : gb
1 6.
25



8a 8¢ 0 OH at A. The protocol used for the conversion of manisidine to 8a
was identical to that described in the literature: Fj. Br t . J.

Med. Chem 1989, 32, 807-826. However, the purificatioﬁﬁﬁgﬁgggﬁyng%s

nodi fied to avoid purification by 5 chromatography. The Et OAc phase
containing the desired product was treated with a m xture of MgSH,
charcoal and 5% w w (based on expected mass) silica gel. After filtration
on celite, the product was triturated with ether. Conpound. 8a was

obt ai ned asv@&Yr312 brown solid in >99% purity (as confi PREGAMPOISPLC). B. A
suspensi on of isopropyl thiourea (8b, 3.55 g, 30 nmmol) and 3 10
bromopyruvic acid (8c, 5 g, 1 eq.) in dioxane (300 nL, 0.1 M was heated to
80 C. Upon reaching 80 C the sol utiong4gecane clear and soon after the
product precipitated as a white solid. After 2 hours of heating, the

sol ution was cooled to RT agnd e-white precipitate was filtered to obtain
conpound 8d in high purity (P98%/ purity as confirnmed by NVMR) and 94%yield

(7.51 g). 15 C. A mxt 0 arboxylig acid (4.85/9,18.2 mol) and
the aniline derivative 82 gﬁ \ eq. ) =-nfyridin szﬁL{ 0.12 M was
cooled to -30 C (upor? cool i the cl ear ohytﬁ@n b me partially a
suspensi on). Phosphorus oXychlori de (§. 2.1 eq.) was then added
slowy over a 5 mn period. {The reaction wasf stirred at -30 Cfor 1 h, the
bath was renpved and the react®on nixturesas allowed 20 to warmup to RT.
After 1.5 h the reaction m xture was poured into ice, the pH was 26

Sept enber 2003 WD 00/ 59929 B¥T/ CA00/ 00353 45 adjusted to 11 with aqueous 3N
NaOH, extracted with ~ried over anhydrous MgSO™4, filtered and
concentrated under yac ITb bej ge ;solid was then purified by flash

chr omat ogr aphy (45% i h to gi ve conpound 8e
S -

of
A. To a solution of 3—met‘t_1yl—butan—2-one (8 g, 93 mmol) in MeOH (100 mL) at -

30°C, Br, (4.79 ml, 93 mmol, 1 eq.) was added dropwise over a period of 45 min.
The resulting mixture was then stirred at RT for 90 min. Pentane was added and the

5  solution washed with 5% aqueous NaHCO,, the organic layer was dried over

anhydrous Na,50,, filtered and concentrated under vacuum. The resulting crude
yellow oil, compound 9b, was used without further purification. A solution of ethyl
thiooxamate (9a, 1.8 g, 13.5 mmol) and bromoketone derivative 9b (13.5 mmol.) was
stirred at 70 °C for 15 h. The mixture was then concentrated under vacuum and

10 subsequently purified by flash column chromatography, using 15% EtOAc in hexane
as the eluent, to obtain compound 9¢ (740 mg, 28 % yield).

B. A solution of compound 9¢ (700 mg, 3.5 mmol} in THF/MeOH/H,O (3:1:1

ratio, 13 mL) was treated with LIKOH'H,O (148 mg, 3.5 mmol, leq.) at RT for 5h. The
pH was then adjusted to 6 with 0.1N HC} and the mixture was concentrated to

15  dryness under vacuum to obtain the acid 13d, which was used directly in the next
step without further purification.
C A solution of 4-methoxy-2-amino-acetophenone (intermediate 8a, 570 mg,
3.45 mmol) and carboxylic acid derivative 9d (590 mg, 3.45 mmol, 1eq.) in pyridine
(30 mL) was cooled to 20 °C. P.OCI3 (0.35 ml, 3.79 mmol, 1.1 eq.) was then added

20  dropwise over a period of 5 min. The resulting solution was stirred at -10° C for 2

h. The reaction was quenched with the addition of H,O and the mixture was



as a pale yellow solid in 73%yield (6.07 g). 5 D. A solution of tBulX
(2.42 g, 21.6 mmol) in anhydrous tBuCH (40m., 0.14 M JeSd My
metal) was heated to reflex. Conmpound 8e (1.8g, 5.4 mm%@s%%adstérﬁgejdie@g‘
portion-wi se over 5 mn and the dark red solution forned was stirred at
reflux for an additional 20 mn (conpletion of the reaction was nonitored
by HPLC). The m xture was cooled to RT and HO was added (4 N in di oxane,
1.5 eq.). 1Qobhswesd Xture was then concentrated under VaGiiin,qishsQrder to
assure that all of the HC and di oxane were renoved, the prociuc was

re-di ssolved twice in CHZC4 and dried under vacuumto finally obtain the
HO salt of conpound 8f as a beige solid (1.62 g, 93% pure by HPLC). The
product was then poured into a phosphat& buffer (1N NaHZPO4, pH=--4.5) and
soni cated. The bei cedsol id, was iIt,gr'ed and dried under 15 vacuumto give
conpound 8f (PPFEYECIETIETYPEIE) ThsreddpeaPeEid i 2 cUPRisdFaBedy  HPLC). ' H
NVR (400 Mz, sold¥feos RaliC B arld: . f 153 ovde 97 (br.s,
1H), 7.94 (s, |H), 7.43 s,seﬁ@d7@§hﬁ(b$%fﬁaﬁ@ayﬁg‘é’%%%h$’f 3.97 (m
IH), 3.94 (s,aBliiroud MREO,, filtkreiihd cdricefitrdtedtiihder FulNAWRE Eule SpBtAESI S Of

4- hydr oxy- 7- met hoxy- 2&2&44 sopropyl thiazol yl')] quinoline (90. Note: A

vari ety of 2-‘(’%—%’%‘9@ ¥ ash golgmp chigggtographesns ke BIOMs dehexandrg thene sane

synt hetic ESCMmt,%gﬁreccﬁq:mw%hs%bvm%olﬁcﬁ@h@ﬁg}t?ﬁéd&i)her a- bronoket ones. 9a

25 CEt + 9b Et O ept.enber 20 WO 00/ 5992
: Ab t]?uCO!g gISSmg, 21eq.)was agged to a suspension of compound 9e (700 mg, -
2.2 mmol} in anhydrous tBuOH (11 mL). The resulting mixture was heated to 75 °C
for 7.5 h, the solution was then cooled to RT and acidified with the addition of HC1

(4N HCl in dioxane, 2.5 mL). The mixture was concentrated under vacuum and the

10 residue obtained was poured into a solution of 1N NaH, PO, and filtered. The solid
material was then triturated with a small amount of EtOALc, filtered and dried under
vacuum to obtain compound 9f as a pale beige solid (270 mg, 41% yield).

"H NMR (400 MHz, DMSO-d,) § 8.00 (br. s, 1h), 7.60 (br. s, 1H), 7.51 (br. s, 1H), 7.43

(br. s, 1H), 7.29 (br. s, 1H), 7.14 (br. s. 1H), 6.95 (br. a, 1H), 3.90 (s, 3H), 3.15 (m, 1H),
15 1.33(d, J=5.4 Hz, 6H).

WPLE 10

Synthesis of 4-hydroxy-2(1-methyl-2-imidazotyl)-7-methoxyquinoline (10d)

_o NH,
0
P e .
O & 0O
OH 8 ~ N
1 ©

10a o
10b .
| 1 c.

OH

=

o

~o N _N
N\./>
10 7

A. A solution of N-methylimidazole 10a {Sg, 61 mumol) in 100 mL THF was
20 cooled at-78° C. n-Buli (24.4 ml of a 2.5M/EL,0 solution, 1 eq.) was added



46 9d OH 9f PCT/ CAOQ 00353 A. To a solution of 3-nethyl-butan 2-one (8 g,
93 mmol ) in MeOH (100 nL) at -- 30 C, Br2 (4.79 m, 93 ) s
added dropwi se over a period of 45 mn. The resulting m@)%elpéerﬁg%r%oﬁgn
stirred at RT for 90 mn. Pentane was added and the 5 solution washed with
5% aqueous NaHCO3, the organic |ayer was dried over anhydrous Na2SO4,
filtered and concentrated under vacuum The resulting crude vyellow oil,
conpound 9h, . sed without further purification. As i et hyl

t hi ooxamat Bv?é%,ﬁ” .8 g, 13.5 mml) and bronoket one deri \3a |¢@%5%§(13. 5
mml.) was stirred at 70 C for 15 h. The m xture was then concentrated
under vacuum and 10 subsequently purified by flash columm chromat ography,
using 15% Et OAc in hexane as the elues8, to obtain conmpound 9c (740 ng, 28
%yield). B. A solution of conmpound 9¢ (700 ng, 3.5 mmwol) in THE MeOH H20
(3:1:1 rati ciropwiserpver Wonying Fleaendting miktur¢ @psrties 4 o aty73°3: Beprunol , | eq.)

at RT for 5 My Jie oot was, then adiusbedyt 8.8 ot LD, Ol HEL 20 ot e
mxture was dSNEERTATEG 0 15 ar ynesszunder Vacuum 1o obt ai n the acid 13d,
whi ch was us &gar@i dliewed 6 réddth RWSINEXT wassddapd wi pHDB the {queddadsyepisr i fi cation. C

A sol uti f 4- h - 2-.am. no- h i nt i,at. « 070 ,
3. 45 mot) arfGETAE B Y PR RSP A QoBer Kb SN W8 M0 8P ea™ i
pyridine g 3Qembye éﬁﬁé,clfﬂéﬂl(ﬁéjﬁ@ﬂ fléfed Gnd BSAedndratddQinder Iminceapzésﬂmﬂz 1.1 eq.)

was then added 20 dropwi se over a period of 5 min. The resulting solution.
was stirred aa(80%gield) pimwiite splid havasehtaiiedn was quenched with the addition

of H20 and the M KiBoNBR RBnSERLARREELGHBn 00 H6F29203PeHoFARY 00353 47

concentrated under vacuum The residue was _pour_és\[icrjl i nn% saturf;\t ed aqueous
the carboxylic acid derivative 10b (301 mg, leq.) in pyridine (10 ml) was cooled to —

20° C. POCL, (244 1, 1.1 eq.) was then added dropwise over 5 min.. The resulting
10  solution was stirred at -10 °C for 2.5 h. Water was then added and the mixture was
concentrated under reduced pressure. The residue was poured in a saturated

solution of NaHCO, and extracted with EtOAc. The organic phase was dried

(MgSO,), filtered and concentrated under reduced pressure. The product was
purified by chromatography using silica gel (25% EtOAc/Hex) affording 530 mg

15  (81% yieid) of a pale yellow solid 10c.
C. tBuOK (431 mg 2.1 eq.) was added to a suspension of the substrate 10c (500
mg, 1.8 mmol) in 8 ml of tBuOH. The resulting mixture was then heated to 75°C for
7 h. The solution was allowed to reach room temperature overnight and 2.5 ml of
HCl (4N /dioxane) was added. The mixture was concentrated under reduced

20  pressure and the residue obtained was diluted with EtOAc. NaOH IN was added

" untila pH of 7 was obtained. The organic phase was separated and dried (Mg50,),

filtered, and concentrated under reduce pressure to afford 145 mg of 10d (31% yield)
as a pale beige solid. 'H NMR {400 MHz, DMSO-d): 6§ 7.99(d, ] =89 Hz, 1H), 749 (s,
1H), 7.37 (s, 1H), 7.18 (é, 1H), 6.92 (d, ] = 8.9 Hz, 1H), 6.31 (s, 1H), 3.87 (s, 3H), 3.84 (s,

25 3H).



solution of NaHCO3 and extracted with Et OAc. The organic | ayer was dried
over anhydrous MgSO4, filtered and concentrated under VROSUHR A%é}%g ude
product was purified by flash col um chromatography, using 259 C

hexane as the 5 eluent, to give conpound 9e as a white solid (740 ny, 67%
yield). D. tBuCK (518 ng, 2.1 eq.) was added to a suspension of conpound 9e
(700 mg, 2.2 mmol) in anhydrous tBuCH (11 nL). The resulting m xture was
heated to 4Ry dased@r 7.5 h, the solution was then cool edpd-Q-fFlu@rd acidified
with the addition of HG (4N HGin dioxane, 2.5 ni). T%e m Xt ure was
concentrated under vacuum and the 10 residue obtai ned was poured into a
solution of IN NaH2PO4 and filtered. The solid material was then
triturated with a small anount of EtOA89 filtered and dried under “vacuum
to obtain coggound Of as a pale beige solid (270 ng, 41%yield). 'H NWR
(400 MHz, ¥ 8.00 (br. s;1h), 7.60 (br. s, IH, 731 (br. s, 111),
7.43 (br ssyﬂﬂd)sls ﬂiQHyd@dmy-z(B-pyrtdiﬁ'l)- -ileilibxjr@timolﬁze dn), 6.95 (br. a, 1H),

3.90 (s, 3H), 3.15 (m 1H) 15 1.33 (d, J=5.4 Hz, 6H),; EXAMPLE 10
Synt hesi s of 4 hydr oxy 2( rret hy Me lyl)-7-nmet oxqu nol i ne (10d)
e"" N A - 10d A oI ution of ylim dazol e 10a

(59, 61 mml) |n~;LO Wg/a (24.4 M of a
2. 5M Et 20 sol ution? | eq.) wi% added 26 Septenb8r 2003 _g / 59929
PCTI CAOO/ 00353 48 dropWtse over 15 nin. The resulting m re was stirred

90 m n. 18 c A §illtion of the substrate 11a {obtained from compound 6¢ after
5  hydrogenolysis of the benzyl group with 5% Pd/C in ethanol-THF) (1g, 5.25 mmol)

and 2,5-dimethoxytetrahydro furan (0.68 ml, 1 eq.) in glacial acetic acid was refluxed
for 4.5 h and allowed to reach RT. The mixture was then conceritrated under
reduced pressure. The residue was diluted with methanol and NaOH(aq.) 1N was
added until pH 7 is reached. The product was purified by chromatography using

10 silica gel (3%MeOH/CH,(1,, the residue was pre-adsorbed on silica gel). 140 mg
(13% yield) of 11b as a white solid was obtained.
'H NMR (400 Mz, DMSO-d): § 7.98 (d, J = 9.2 Hz, 1H), 7.64 (s, 2H), 7.18 (d, ] = 2.5
Hz, 1H), 7.05 (br. d, ] = 7.9 Hz, 1H), 6.8 (br. s, 1H), 6.32 (s, 2H), 3.90 (s, 3H).
EXAMPLE 12

15 Synthesis of 4-hydroxy-7-methoxy-2-(6-methyl-2-pyridyl)quinaline (12d)

0
o \
HN Ba
SN o]
| = A | B | o
N/ QO N/ N/ N
0 0 s}
12a 12¢
A

C

12b

A. 6-Methylpicolinic acid 12a (411 mg, 3.0 mmol) and SOCL, (0.520 mL, 7.2

mmol, 2.4 eq.) were refluxed in benzene (5 mL) for 2 h. The solvent and excess



poured portionw se over excess solid CO2. The heterogeneous m xture was
stirred 2 h and allowed to reach RT. IN HCL was added t queous
| ayer is separated and |yophilized. The residue thus ob a?ér?é%m\a\%g%og
extracted with EtOAc (to 5 renove salts), dried (Na2SO4), filtered and
concentrated under reduced pressure. 6.2 g (80%yield) of a white solid
10b was obtained. B. A solution of 4-nethoxy 2-am no-acetophenone 8a (394

ng, 2.39 t he carboxylic acid derivative 10b eq.) in
pyri di ne %‘}r%@%as cooled to - 20 C. POC13 (244 01, 1@9&1. “3\/?/%15 t hen

added dropwi se over 5 mn.. The resulting 10 solution was stirred at -10 C
for 2.5 h. Water was then added and the m xture was concentrated under
~reduced pressure. The residue was pour&d in a saturated solution of NaHCO3

and extracted with Et OAc. The organi c phase was dried (MySO4), filtered
and concent r &06d, wanelemovedifios thereation mixturg edgrvaciuct andabe repidne fveed by

chromat-ography usi pg. silica gel 5% Et OAc/ Hex ffordi ng. 53 15 (81%
yield) of a %‘T“éa%%ﬂbw%}ei ef@‘écfmﬁe“?l (W%fﬂffﬁgﬁg E“%E‘F%P‘R‘ﬁzr&% added to a
suspensi on ofcofidagtrgethistghettiee diioch{dpide 12§00 thg 2.dmmlo)). in 8 m of tBuOH. The
resulting mxture_was then heated tqQ 75C.for = 7 _h. The solution was all owed

to reach roortenpef stlufo obthecridgieid shlgride Bbjin CHpEL Cied@iRia? oxane) was

added. The Mgyl HELoMRSarIMAGE Rk Aleddntles, PN ¢L4b R sBE GRS Maand the
resi due obtained was diluted wth Et CAc. 'NaCH I'N was added until a pH of 7

was obt ai ned DM#R (63 mygahb ownpiiis €@l (1§ e mat edidedn dhelreradibn mikfB@%as fil tered,

and concentrated. u r ce pressure to afford 145 of 10d (31%yield)
e il o berhEeat R B 18 B Ko BB S By fitovad 3o i e 51
1H), 7.49 (s residielwaé dBddived MiEOA LA Shaldutibn 96 trastied wAHEMAH603L. (s, 1H),

3.87 (s, 3H), 3.94 (s, 25 3H). 26 Septenber 2003 WO 00/ 59929 49
PCTf CA00/ 0035%5), @R Bridel The organic layer was then dried over MgSO, and concentrated

10 under vacuum. The mixture was purified by flash column chromatography, using
EtOAc/ hexane (1:2) as the eluent, to obtain the amide 12¢ (490 mg, 82%).
C To a suspension of amide 12¢ {490 mg, 1.71 mmol) in t-BuOH (10 mL),

tBuOK (410 mg, 3.43 mmol) was added and the mixture was stirred at 75 °C for 6 h

and then at RT for 16 h. The mixture was then poured in phosphate buffer (175 mL,
18  pH=7) and stirred for 30 min. The solid was triturated twice with ethyl acetate.

The organic phase was washed with brine, dried over MgSQO, and concentrated
under vacuum. The solid obtained was triturated with EtOAc to give the quinoline
derivative 12d (263 mg, 58%). "H NMR: (CDCL,, 400 MHz): 5 2.68 (s, 3 H), 3,94 (s, 3

H), 6.85-6.88 (2d, J= 8.68 & 9.5 Hz, 2 H), 6.94 (dd, | = 8.9 & 2.2 Hz, 1 H), 7.27 (dd, J]=
20 6.7 & 1.9Hz, 1H),7.73-7.79 (m, 2 H), 8.28 (d, ] = 8.9 Hz, 1 H), 10.3 (brs, 1 H).



Synt hesi s of 4-hydroxy-2(1-pyrrolyl)-7-nmethoxyquinoline (11b) OH OH MaOOwe
A 11b A A solution of the substrate Ila (obtained from fter 5
hydr ogenol ysi s of the benzyl group with 5% Pd/C in ethaé%ﬁggﬁ#ﬁ&? P§5.25'
mmol ) and 2, 5-di net hoxytetrahydro furan (0.68 nil, 1 eq.) in glacial

acetic acrid was refluxed for 4.5 h and allowed to reach RT. The m xture
was then concentrated under reduced pressure. The residue was diluted with
met hanol agﬂ)ﬁﬁ§5gaq.) IN was added until pH 7 is reached. The Eroduct was
purified by chromatography using 10 silica gel (3%eoH EtFEMINSHe esidue
was pre-adsorbed on silica gel). 140 ng (13%yield) of 11b as a white
solid was obtained. 'H NVR (400 WHz, DVMsO-d): 5 7.98 (d, j = 9.2 Hz, 1H),
7.64 (s, 2H), 7.18 (d, j = 2.5 Hz, 1HBt 7.05 (br. d, j = 7.9 Hz, 1H), 6.88
(br. s, IM 6.32 (s, 2H), 3.90 (s, 3H. EXAMPLE 12 15 Synt hesi s of |
4- hydr oxy- 7- TEeM8X/ 13- (6- net hyl 2-pyridyl)quinoline (12d) H2N 8a 0 12a 12b
Ct B OOH 1Ximbesholeh 98l tHikp2 A6 ndthd A2 i ) and SCC12
(0.520 ni, 7%§n nmol , 2?%b§2.) were refIuxﬁﬁ)%ﬁ&%%ﬁggﬁgn?ggﬁﬁ) for 2 h_ The

sol vent and excess 26 Septenber 2003 /E::IfL\

g b o™ |
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A, To a solution of compound 13a (623 mg, 3.73 mmol) in MeOH, NaOH (2M,

5 4.70 mL) was added and the reaction mixture was stirred at RT for 2 h. The solution
was then acidified with HCl (6N, 2.2 mL) and concentrated to obtain compound 13b,
which was used in the following step without purification.

B. To a solution of the crude compound 13b {~3.73 mmol) in pyridine (25 mL},

the aniline 8a (500 mg, 3.03 mmol) was added and the solution was cooled to —25 °C
10 before POC], (0.35 mL, 3.73 mmol) was added. The reaction mixture was stirred at —

10°C for 1 h and then at 0°C for 2 h. The mixture was then poured onto H,O and
extracted with EtOAc (2-3x}. The combined organic layers were washed with 5%
NaHCO, and brine, dried over MgSO, and concentrated under vacuum. The crude

material was purified by flash column chromatography, using EtQOAc/ hexane (1:2)
15 as the eluent, to give the amide 13¢ (617 mg, 55%). _
C. To a suspension of the amide 13c (617 mg, 2.05 mmol} in anhydrous t-BuOH
(10 mL}, tBuOK (490 mg, 4.11 mmol) was added and the mixture was stirred at 75°C
for 6 h and then at RT for 16 h. The reaction mixture was poured in phosphate
buffer (175 mL, pH= 7) and stirred for 30 min. The solid material formed was
20  filiered and triturated with EtOAc to give the quinoline derivative 13d (250 mg,



WO 00159929 1' CT/ CAOQ 00353 60 SOCI 2 were renoved fromthe reaction

m xture under vacuum and the residue was triturated W tfy élﬁ’%rﬁt?& ‘e(gg
solid material forned was filtered off- and the filtrate ~conce a2t to
give the acid chloride 12b (500 ng, 2.6 mmol). B. To a solution of the
crude acid chloride 12b in CHZClZ (5 nmL) at 0OC, a 5 solution of the aniline
8a (344 ng, 2.08 mol), DI PEA (1.45 ni, 8.35 mvl) and DMAP (61 ng, 0.5
mol ) in %;99{910 nm.) was added. The reaction ”"Xt”r%‘éﬁﬁw@gés”ed a RT
for 16 h. e volatile conponents were renoved under vacuum resi due
was di ssolved in EtOAc and the solution was washed with 5% NaHCO3 (2x),
H20 and brine. The organic |ayer was then dried over Mj; SO4 and
concentrated 10 under vacuum The m xt8re was purified by flash col um

chromat ography, psing EtOAc/ hexane (1:2) as the el uent, to obtain the
am de 12c (446 ndi NSIRADMED, %ml@ﬁ%maﬁmmmmﬁsmm 1E9Goy, 1.71

nmmol) in t-B ( 1 S and the

m xt ure was @?1 r%%&arpty)}% g?%gg(‘éﬁ qggﬂzd h@ﬁomgs}gﬁf %ggﬁl he m xture
was then pouf¥ddiln $hda st @210df f-e8.6 H2,13)n8.48 (.15 pHIz,WHAnd stirred for 30
~mn. The soly sqhriturated twice with ethyl acetate. The organic phase
was washed wt rine, dried over MJSO4 and concentrated wunder vacuum The
sol i d obt%i ndmthesls of Ahydrory-Eaneilioxyr2fpape-5tyd) qiindine{tchui nol i ne derivative
12d (263 ng, 58% 1H NWVR o(CDCL3 400 M—Iz)o 5 2.68 (s, 3 H, 3,94 (s, 3

H), 6. 85-6. 88(2d, J=8. 68&% ] @4(dd, 8 bz, 1 H), 7.27 (dd, J=
20 6.7&1.9Hz, 1H), 77377( ﬁ 2 =8. ¢ , 10. 3(brs, 1H). 26
Sept enber 2003 WD 00/ 59929 51 7 CACO/ 00353 ¥ PLE 13 Synt hesi s of
-hydroxy 7- met hoxy- 2- ( 5- met ho)’W"‘Z pyri dyl) qui r?&'F'I"ne (13d) 0
ja
N N
(’O\ N o. (O\ NG ou
l P 'C i =
OH OMEM
14b
14c !

A. The protected quinoline derivative 4b from Example 4 (3.8 g, 11.8 mmol) was
dissolved in CH,C1, (60 mL) and cooled to —78 °C before diisobutylaluminum
hydride (7.9 mL, 1 equiv., 1.5M in toluene) was added very slowly over 15 min.

10 After stirring for 80 min, an additional amount of DIBAL was added (5.5 mL, 0.7
equiv., 1.5 M in toluene). After stirring at 78 °C a further 2 h, the reaction was
carefully quenched with methanol (4 mL) at -78 °C and then poured into aqueous
solution of Rochelle salt (1IN K-Na tartrate). The thick paste was stirred with CH,Cl,
{300 mL) for 2 h until clear. The phases were separated and the organic phése dried

15 (Mg50,), filtered and concentrated to give a white solid. Purification by flash
chromatography (5i0,, 230-400 mesh) with 50% EtOAc /hexane gave aldehyde 14a
as a whife solid (2.5g, 73%).
B. To a stirred suspension of K,CO, (48 mg, 0.34 mmol) in MeOH (7 mL) was

added toluenesulphonylmethylisocyanide (66 mg, 0.34 mmol). The reaction was
20  heated to 45 °C and aldehyde 14a (0.10 g, 0.34 mmol) was added. The reaction
mixture was heated to 80 °C for 16 h and then concentrated to d.ryﬁess under



13a 0- 13d OH A. To a solution of compound 13a (623 ng, 3.73 mpol) in
MeOH, NaCH (2M 5 4,70 nL) was added and the reaction mﬁ@t%ﬁeﬁ@fﬁob”ed
at RT for 2 h. The solution was then acidified with HCIL(6N,” 2. and
concentrated to obtain conpound 13b, which was used in the follow ng step
W thout purification. B. To a solution of the crude conmpound 13b (-3.73
nmml) in pyridine (25 nm.), the aniline Sa (500 ng, 3.03 nmol) was added
and the soluti s cooled to -25 C 10 before POCK (0 73 mmol )
was added. deﬂggs’ezglgti on mxture was stirred at 10C for? lm&’ﬁ'?ﬁ? hen at 0C
for 2 h. The m xture was then poured onto H20 and extracted with Et OAc
(2-3x). The conbi ned organic |ayers were washed with 5% NaHCO3 and bri ne,
dried over MJSO4 and concentrated undes3avacuum The crude material was
purified by flash colum chronmat ography, using Et OAc/ hexane (1:2) 15 as
t he el uent, tougmyBudifiretianvapetf8ondddy HastgchrdhdXdgraghy (O, 2364d0aeas) on of t he
am de 13c (617 ng, 2.05 nmol) in anhgdrous t-BuCH (10 ni), tBuOK (490 ny,
4.11 ol ) wieetforditg dasieedionzols 14b (089 gefd 73 MG BHS ME+FBC for 6 h and then

at RT for 16xh. T Ir[gﬁﬁ;' ' A ured..in e hutfer (175
m., pH= 7) aﬁd st?}fer e oétggﬁéﬂ%%%ﬁé%gﬁ?%w%a‘%%? }vggg\‘s%ﬁgrrédn@/aagd 20
filtered andireated with eaeprow HRl ENCmL): Sheyiegetion vas stirredddr Menidet RV at i ve 13d
(250 my, 26 EEAEBEREERANAMR AR RETLLACR A0S E2ubi it H R
(DVBO, 400 MHz): S .86&%51: 3 H, 3.94 (35’ 3 H, 6.72 (bs,1 H, 6.91
(dd, J=8. 9&1. BRgsPhaty butfes 41 mL 3 safjuory plji 4 5yangiriiprad beforedgprogyct wpg |
7.97(d, j =8. Ofiiterdd YutBwashedlwith Qishii Wil AAd d8edodriigitiiaddiiigh RAWFLE 14 5
Synthesi s of (= pYdto¥Ye el RONN o bORZ Ao Hh I LNOLL DSk 250 ©
(0.065 g, 100%). MS: 242.9 (M + H)".
10 'HNMR (DMSO-d,): & 8.65 (s, 1H), 8.02 (bs, 1H), 7.97 (d, J =89 Hz, 1H), 7.19 (s, 1H),

6.93 (d,] =7.9 Hz, 1H), 6.42 (bs, 1H), 3.87 (5, 3H). ES (+) MS: m/z 242.9 (M + H)".

PEPTIDE LINKER MOIETIES (P3)
EXAMPLE 15
Synthesis of (25)-N-Boc-amine-non-8-enoic acid (15g) '

fOEt Dioxam;; - fl\laOH (1N} COOEt

EtOOC” ~NHAc A HOOC™ “NHAc
15 (15a) (15b)
{S.5)1-E1-DUPHOS {1/500)
£0H
C (@) NHA: H, (30 PSI) NHAC
= - O . 2 Lz —————— s P H
(15d) Pyridine, A0 (152) ccoet B (150 CooR
5 NalO, >89% ea (GC)
HO ‘ g | 1}BOGO, DMAP, THF
2 LioH, HO
Ll S
{15¢) =~
oH s~ 0N
A. To a solution of commercially available diethyl 2-acetamidomalonate 15a

(100 g, 0.46 mole) in dioxane (500 mL) was added aqueous sodium hydroxide (1 M,
1 eq., 460 mL) dropwise over 30 to 45 min. The resulting mixture was left to stir for

20  16.5h, then dioxane was evaporated in vacuo, the aqueous solution was extracted
with three portions of 300 mL of ethyl acetate and acidified to pH 1 with



OMEM 4b 0 OMEM 14a OH 14c OMEM 14b A. The protected quinoline derivative
4b from Exanple 4 (3.8 g, 11.8 mpl) was dissolved in %%éerégo' and
cooled to -78 C before diisobutylalumnum hydride (7.9 ;L gi<’’? 1.5M
in toluene) was added very slowy over 15 min. 10 After stirring for 80
mn, an additional anount of DIBAL was added (5.5 ni, 0.7 equiv., 1.5 Min
toluene). After stirring at -78 C(a fu;ther $8hb thg [ﬁactlon Wasinto
carefull with nethanol (4 nL) at - an

aqueous yso ﬁ?l&gﬁﬁof Rochelle salt (1N K-Na tartrate). %E:’er%ﬁ@ﬁsspaste was
stirred with CH2C12 (300 mL) for 2 h until dear. The phases were separated
and the organi c phase dried 15 (MySO4), filtered and concentrated to give a
white solid. Purification by flash chrofé&tography (Si 2, 230-400 nesh)

with 50% Et OAc / hexane al dehyde 14a as a white solid (2.5g, 73%. B.
To a sti (; red sG&FERER ‘6‘?1%g '%@é@%‘“ﬁ"&%’aﬁ’ﬁ ft tergsialiigedn 3n icerwieOPREW7 Afre)  was

£ sk | d reaction
added t ol ueeneshd appeayhde ﬁwwmemma{m”m&t%ma%m %glg added. The

Feact | on mxt uPE R ReBPE FFal~and g hainkies fipath sforden e ae 4851 o
(rjreg(rzlelss under 2@-Bepl28npied) RR0GiMERD/ 59929 PCT/ CA00100353228 4\680uumh) :
Purificatiog was pegd ok flas a mes 0
afford the de\év;%red Ji(;xazg?{L %ﬁ% 1(“8% :.tl.sm”%t(wgm f%géﬁyg C% e (1t

diol 15¢ (25 g, 0.173 mole) and H,0O (100 mL), in 2 1 L round bottom ﬂask, an

aqueous solution of sodium periodate (40.7 g, 0.190 moles, 1.1 eq., in 475 mL H,0)
was added over a period of 20 min (slightly exoﬂxerﬁdc). The resulting mixture was
stirred at room temperature for an additional 1 h (completion of reaction confirmed
10 by TLC). The mixture was then decanted in a separatory fzm.nel and the aqueous
layer was separated from the organic layer. The aqueous solution was saturated
with NaCl, decanted and separated from the organic fraction once more. The two
organic fractions were combined, dried with sodium sulfate and filtered over a

cotton plug (in a Pasteur pipette) to give compound 15d (15.135 g, colorless oil, 78%
15 yield). The aqueous solution was extracted with CH;C]T dried with anhydrous

MgS0,, and concentrated under vacuum (without heating, heptanal b.p.153°C) to

obtain an additional amount of compound 15d (1.957 g. colorless oil, 10% yield).
Total yield 88%.
C. To solid ethyl 2-acetamidomalonate 15b (7.57 g, 40 mmol.) was added 6-
20 heptenal 15d (448 g, 40 mmol) in solution in pyridine (32 mL, 10 eq) over 1 mm
The resulting solution was cooled in a 10° C bath and acetic anhydride (12 mL, 3.2
eq.) was added over 4 min. The resulting orange solution was stirred for 3 h at RT
and another portion of ethyl 2-acetamidomalonate 15b (2.27 g) was added. The
resulting mixture was stirred at room temperature for an extra 11 h. Ice (60 mL) was
25  then added and the solution was stirred forl.5 h, then the mixture was diluted with
250 mL of water and extracted with two portions of ether. The etheral solution was

washed with IN HCI, sat. NaHCO,, dried Na,S0,, concentrated and purified by
flash chromatography (EtOAc 40% / hexane) to give compound 15e (4.8g, 50%
yield) as a pale yellow oil.

30 D. To a degassed (argon bubbling for 30 min.) solution of Z-ethyl 2-acetamido-
2,8-nonadienocate 15e (8.38g, 35 mmol) in dry ethanol (70 mL) was added (S,8)-Et-



C. The MEM protected hydroxyqui noline 14b was dissolved in THE (3 nL) and
treated with aqueous HC1 (IN, 1 nL). The reaction was stisrgpfbrhigty 2883 M n at
RT 5 before being concentrated to dryness under vacuum The residue was
treated with phosphate buffer (3 xnL,1 N solution, pH 4.5) and stirred
before the product was filtered out, washed with distilled water and dried
overni ght under high vacuum (60 C, 16 h). The desired hydroxy quinoline

1l4c was obtgj s a tan colored solid (0.065 g, 1009 . . 9 (M+
H + 10 i H %B%BOdG): 5 8.65 (s, 1H), 8.02 (bs, 1H) P%"W”J-(:' S. 9
Hz, 1H), 7.19 (s, 1H), 6.93 (d, j = 7.9 Hz, 1H), 6.42 (bs,1H), 3.87 (s,
3H. ES (a) Ms: mz 242.9 (M+ H)+. PEPTIDE LINKER MO ETIES (P3) EXAMPLE
15 Synthesis of (2S)-N Boc-am no-non-8-@&foic acid (15g) OOt 15 Di oxane -

NaOH (1 N) COOEt  1:1 A HOOC NHAC  (15h) EtOOC- -NHAc (15a) (15d) C
(21b)  Pyri di feUPHP? BRCOHPTHSbm AL B myixtuge was PR ppger AGpsiof

hydrogen (after 4 vacuum-H, cycles) and stirred on a Parr shaker for 2 h. The

resulting mixture was evaporated to dryness to obtain the crude compound 15f,
which was used in the subsequent step without purification.
5 E. To a solution of crude (S)-ethyl 2-acetamido-8-nonenoate 15f (7.3 g, 30.3

mmol) in THF (100 mL), Boc,0 (13.2 g, 2 eq.) and DMAP {740 mg, 0.2 eq) were
added, and the reaction mixture was heated at reflux for 2.5 h. Subsequently, most
of the THEF solvent was evaporated, the crude mixture was diluted with CH,Cl, and
washed with 1 N HCl in order to remove the DMAP. The organic layer was further
10 extracte& with saturated aqueous NaHCO,, dried with anhydrous Na,S0, and
concentrated under vacuum. The crude product was then diluted with THF (50 IhL)
and water (30 mL), UOH.HZO {2.54 g, 2 eq.) was added and the resulting mixture
was stirred at RT for 25 h (completion of the hydrolysis was confirmed by TLC).

The reaction mixture was concentrated under vacuunh to remove most of the THF

15  solvent and diluted with CH,CL,. The resulting solution was washed with 1 N HC,
dried with anhydrous Na,50, and concentrated under vacuum. In order to remove

minor impurities and excess Boc,0, the crude product was purified by flash
chromatography (using a solvent gradient from 100% hexane — 100% EtOAc as the
eluent). The titled compound 15g was obfained in high purity as a pale yellow oil
20 (5.82 g 71% yield). 'H NMR (DMSO, 400 MHz): § 7.01 (d, ] = 8 Hz, 1H), 5.79 (tdd, Jt
= 6.7 Hz, Jd = 17.0, 10.2 Hz, 1H), 5.00 (md, Jd = 17.0 Hz, 1H), 4.93 (md, Jd = 10.2 Hz,
1H), 3.83 (m, 1H), 2.00 (g, ] = 6.9 Hz, 2H), 1.65-1.5 (m, 2H), 1.38 (s, 9H), 1.35-1.21 (m,
6H).
EXAMPLE 154
25  Alternative synthesis of (25)-N-Boc-amino non-8-enoic acid (15g):

r|/\L A ’/rlzcooﬂ
Br ) .
15h 151



>99%es (GC) E 1) BO 20 DVAP, T W 2) UGH H20 (1=9) CO~ri A. To a
solution of commercially available diethyl 2-acetam domaseRsismbkragod 100 g,
0.46 nole) in dioxane (500 nL) was added aqueous sodi um hydroxi de ?1 M 1
eq., 460 nmL) dropwi se over 30 to 45 min. The resulting mxture was left to
stir for 20 16.5 h, then di oxane was evaporated in vacua, the aqueous
solution was extracted wth three portions of 300 nL of ethyl acetate and
acidified t with 26 Septenmber 2003 WO 00/ 59929 54 00353
concentr at eg’oﬁgfg.jgmrhi s solution was left to crystallize %&gﬁ?ﬂgé wat er
bath. After the appearance of a few crystals, the m xture was soni cated
and an abundant precipitate appeared. Filtration and dryi ng under vacuum
af forded compound 15b, (62.52 g, 72% y$&eld) as a white solid.. 5 B. To a
magnetically stirred enul sion of conmmercially available 7-octene-1,2- diol
15¢ (25 g, 0.173 nmole) and 11z0 (100 nm.), in a 1 round bottom fl ask, an
aqueous solution of sodium periodate (40.7 g, 0.1do moles, 1.1 eq., in 475
m. 112 0) was added o pemiodcpf 20 mn (slidhtly exothermc). The
resulting mxture was redjat pgjoomtenperatuare for an additional 1 h
(conpl etion of react} j
in a separatory funngl &
organi c | ayer. The aqueous sOl rated - wi th] Nagl , decanted and
separated fromthe org®nic fracfion once mofe. Thesjt wose¥ganic fractions
were conbined, dried with sodidmyul fate and filtered\over a cotton plug
(in a Pasteur pipette) to giv ound 15d (15.135 g,»=sQlorless oil, 78%
15 yield). The aqueous sol ution~was extracted with C ﬂagb

anhydrous MSH, and concl%r_utrat ed under vacuum (withd

b. p. 153C) to
[}
I BocHN R l BocHN

-
W

15}
159
1

A. To a stirred suspension of finely cut Mg ribbons (0.55 g, 22.5 mmol) in dry
THEF (30 mL}) containing dibromoethane {0.1 mL), 8-bromo-1-octene (15h, 2.52 mL,

d fromthe

‘dried with
heati ng, heptanal

5 15 mmol) was added dropwise over a period of 15 min, [the reaction is slightly

exothermic]. After 30 min, the mixture was heated to 38° for 1 h and then cooled to
~78° before it was added via a cannula onto an excess amount of solid CO,. The
mixture was diluted with diethyl ether (100 mL) and the solution was washed with
brine (2 x 50 mL), dried over MgSO, and evaporated. A crude oil was obtained

10 which was purified by chromatography on silica gel using 15% EtOAc in hexanes as
the eluent to give compound 15i in 62% yield(1.44 g).
"H NMR (CDCL,, 400 MHz) § 1.31-1.42 (m, 6H), 1.60-1.69 (m, 2H), 2.02-2.09 (m, 2H),
2.35(t, ] = 8.3 Hz, 2H), 4.99 (dm, J = 10.0 Hz, 1H), 5.04 (dm, J = 17.0 Hz, 1H), 5.75-
5.86 (m, 1H).

15 B. To a vigorously stirring solution of the carboxylic acid 15i (1.36g, 8.7 mmol}
in anhydrous THF (70 mL) at —78°, freshly distilled Et,N (1.6 mL; 11.3 mmol) and
pivaloyl chloride (1.18 mL, 9.58 mmuol) were added via a syringe under anhydrous

conditions. The mixture was stirred at —78° for 15 min and then at 0° for 45 min.



obtain an additional amount of compound 15d (1.957 g, colorless oil, 10%
yield). Total yield 88% C. To solid ethyl 2-acetam dopmbenai®ed2dniy 7. 57
g, 40 mmol.) was added 6- 20 heptenal 15d (4.48 g, 40 rnnol) in solution in
pyridine (32 nL, 10 eq) over 1 min. The resulting solution was cooled in a
10 C bath and acetic anhydride (12 nL, 32 eq.) was added over 4 mn. The
resulting orange solution was stirred for 3 h at RT and anot her portion of
et hyl 2-aceta 'g | onate 15b (2.27 g) was added. The pepUhdolot@s M Xt ure
mas}stirre&"% E’%%ﬁ]tenperature for an extra 11 h. Ice (60 nL) was 25 then
added and the .solution was stirred forl.5 h, then the m xture was dil uted
with 250 nmL of water and extracted with two portions of ether. The etheral
solution was washed with IN HCl, sat. SKaHCG3, dried Na2SO4, concentrated

and purifi edd% _ft;gash %g&gdrr%ggtroa E%lyaaé/lé%f%ﬂ %ﬁ%é}%&rﬁg atm(;c)og{ ve conpound
15e (4.8g, 5 DyXTEYERy2s, yet 176V - . a degassed (argon ,
? g b ggl ng 31; or d¥béls %;hﬁi@h of 4(9%@&eﬁaﬁthylb—2-axmmmmedi&ﬁum,53t ingrﬁﬂ’diit 1(_'an ﬁgt e 15e

. 38¢, mml) i r 0 . z enber
5003 WD 00/ 596%‘9%@?}“&6%%@%ﬁ%ﬁﬁﬁ%&%ﬁﬁﬁﬁﬁ = 496) .
The m xture wassipabddifickeot r8Bulp€1.000( in hexarea el nflafly-emmpl\iatea IRFE cycl es)
and stirr Qn, A V5o RS mih 6 Wl TG -FaeXt ure was evapor at ed
to drYnesgsdt (?‘n[())ﬁ’f)glﬁél{?%Egéga%%fggﬁagﬁﬁ;%g;&q;mu%&f&/a]is%ﬁspggau%r}ht he
subsequent stTp reactidronixtyse was sterpdiagrys” Hr B mintgenatsy) ipg §- r'ude
E 2:2 gt ?>1/I3 g gk g%@ﬂ?d gﬁgeﬂ@ 2 ﬁé;sggﬁiyn(ﬂsoaiztﬁle biﬁﬁf\:ger(l(mrmié gfeﬂmaﬁummg ﬁgo m),
reaction "m"xt’ V\%ﬁé‘aﬁéé‘%aéd’fjéfti“’%éwqﬁ&"f'#efs .Wa§ﬁ%sa5%ugrll I’Ef/‘,g&%%st of the
THE sol vent ?P%OE%@M B e d ABanSd 1bELSs Wkrk WdEIRAWA 5 Nuled, @ikShmD2C12 and

washed with In order t0 renove the DVAP. The organic |ayer was
further 1 exinad2edboMhi)dsal dveaMesD a6d ecaperaualido8 resuiting drude eilwamhy dr ous

Na2SO4 and concentrated under vacuum e crude produyct was then dil uted
with THE (50 cﬂﬁqmatographed on silica gel, using 15% E%Acm%xargs%o%?am compountF

15j in 68% yield (1.88g).
'H NMR (CDCl,, 400 MHz) § 1.35-1.47 (m, 6H), 1.67-1.74 (m, 2H), 2.02-2.09 (m, ZH),
265(dd, J=134& 9.9 Hz, 1H), 2.84-3.02 (m, 2H), 3.31 (dd, ] = 13.4 & 3.2 Hz, 1H),
15 4.13-4.22 (m, 2H), 4.62-4.71 (i, 1H), 493 (d, ] = 10.2 Hzl, 1H),5.00 (dd,J =172 & 1.6
Hz, 1H), 5.75-5.84 (m, 1H), 7.18-7.38 (m, 5H).
C.  Toastirred solution of KHMDS (0.8 M THF, 22 mL, 17.5 mmol) in dry THF
(50 mlL) at —-78° was cannulated a solution of the acid derivative 15j (3.25g, 10.30
mmol) in dry THF (40 mL) at ~78°. The mixiure was strred at-78° for 45 min. To
20 this mixture, a solution of trizylazide (3.67g, 11.85 mmol) in dry THF (40 mL) at-78°
was added. The mixture was stirred at —78° for 3 min then quenched with acetic
acid (5 mL). Subsequently, it was stirred at RT for 1h and 45 min and finally at 40°
for 15 min. Most of the THF was evaporated. The residue was taken into EtOAc

{100 mL) and the organic solution washed with I'-QO (50 mL), 5% NaHCO, (3x 50
25  mL) and brine (50 mL}), MgSO,) and evaporated. The oil obtained was

chromatographed on silica gel using Hexane/CH,CI, (1/1) as the elugnt to give |

compound 15k (2.47g, yield 67%).

'H NMR (CDCL,, 400 MHz) 3 1.32-1.45 (m, 6H), 1.45-1.6 (m, 1H), 1.75-1.88 (2, 2H,

rotamers), 2.01-2.11 (m, 2H), 2.82-2.87 (m, 1H), 3.33 (dd, ] = 134 & 3.2 Hz, 1H), 4.10-
30 428 (m, 2H), 4.62-4.72 (m, 1H), 4.90-5.05 (m, 3H), 5.73-5.88 (m, 1H), 7.17-7.38 (m,




and water (30 nL), LiOH H7/O (2.54 g, 2 eq.) was added and the resulting

mxture was stirred at RT for 25 h (conpletion of the bydy {?Yr?d.eh
confirmed by TLC). The reaction m xture was concentrated uﬁ er va@ﬁ%n' to

renove nost of the THE 15 solvent and diluted with CH2C12. The resulting
solution was washed with I N HCl, dried with anhydrous Na2SO»4 and
concentrated under vacuum |In order to renbve mnor inpurities and excess
Boc20O the crude product was purified by flash chromatograph using a
sol vent grwdisesiozsl r om 100% hexane --100% Et OAc as t he P@&i‘r‘é‘ﬁ‘[";a?_ The titled
conpound 15g was obtained in high purity as a pale yellow oil 20 (5.82 g,
71%vyield). Y1 NWR (DVSO, 400 MHz): S 7.01 (d, j = 8 Hz, IH), 5. 79 (tdd, Jt
=6. 7Hz, Jd=17. 0, 10. 2Hz, 1H), 5. 00( and, Jd=1¢. OHz, 1H), 4. 93(nd, Jd=10. 2Hz, 1H),
3.83 (m 1H), 2.00 (g, j = 6.9 Hz, 2H), 1.65-1.5 (m 2H),1.38 (s, 9H),
1.35-1.21 (mgen6H). EXAMPLE 15A 25 Alternative. synthesis of
-(28)-I\I-Boc-an51Hr%'o non-8-enoic acid (15g): A COOH i5h 151 26 Septenber 2003
WD 00/ 59929 G E. Td5StReHoRHODo0bSdontbnkl (6! & 138 ryplidn eYHERSi on of
finely cut ri ns .(0.55.q,.22.5 ) 4d s THE £30i1 ft ai ni ng
di br onpet ha%ﬁ@g%%rﬁ‘_ )a ?Lg:\pgr?fo&'fza%%{r{eg%éi%glgﬁgn?% &%LC 5 {L{%aﬁl ) was
added dr opwi s@hpiets Me@E2000LI0'hd Sixwn waf stiveedeeRE far - The MePEHYIsy

exothermic]:. After 30 mn, the mxture - a8/ ado h and then
cool ed to5 - PEapEtiet 82 the fpay Ltit%m%gi‘%%snnu %Q%I%,?g ah Bxgess amount of

solid C2. TN /20 1) and treated with Boc,0 (3.0 g, 13.8 mmol) and NaHCO, (2.89 g, 34.5
mmol) (pH adjusted to 8 with more NaHCO, if needed) and the mixture was stirred
at RT for 16 h. Part of the dioxane was evaporated (~50%) and the residue was
extracted twice with EtOAc. The organic solution was washed with brine (2 x 50

10 mL), dried and evaporated. The residue obtained was chromatographed on silica
gel using 20-25% EtOAc in hexane as eluent to give the compound 151 (1.75 g, yield
60%).

'H NMR (CDCL,, 400 MHz) 8 1.27-1.53 (m, 6H), 146 (s, 9H), 1.80 (m, 1H), 2.00-2.08
(m, 1H), 2.80 (t,] = 12.1 Hz, 1H), 3.34 (d, 14.3 Hz, 1H), 4.17-4.23 (m, 2H), 4.60-4.66

15 (m, 1H),4.93 (d,] =10.2 Hz, 1H), 505 (dd, ] =172 & 1.9 Hz, 1H), 5.13 (bs, 1H), 5.38-
5.43 (m, 1H), 5.74-5.84 (m, 1H), 7.22-7.36 (m, 5H)-

E. To a stirred solution at 90° of the N-Boc derivative 151 (1.74 g, 4.04 mmol} in
THF/H,0 (75 ml./15 mL), H,0, (30% v/w, 205 mL, 16.2 mmol) and LIOH.H,O
(0.34 g, 8.1 mmol) were added and the solution was stirred at 0° for 1 h. The

20  reaction was quenched with Na,SO, (2.24 g in H,0, 15 mL, 17.8 mmol). The pH was
adjusted to 4-5 with 10% aqueous citric acid and the mixture diluted with EtOAc.
The aqueous fraction was extracted once more with EtOAc and the organic solution
was washed twice with brine, dried and evaporated. The residue was
chromatographed on silica gel using 20% hexane in EtOAc as the eluent to give the

95  free carboxylic acid 15g (0.76 g, yield 70%). This compound was identical in all

respects to the one obtained in example 15.



m xture was diluted with diethyl ether (100 nL) and the sol ution was washed
with brine (2 x 50 nL), dried over MgSO4 and evaporate h4d was
obt ai ned 10 which was purified by chromat ography on sil ?ggégfeélrﬁ%glzﬁ%é 15%
Et OAc in hexanes as the eluent to give conpound 15i in 62%yvyield(1l.44 g).
1H NVR (CDC13, 400 MHz) 81.31-1.42 (m 6H),1.60-1.69 (m 2H), 2.02-2.09 (m
2H), 2.35(t,j=8.3Hz, 2H), 4.99(dn, j =10. OHz, 1H), 5. 04(dm J=17. OHz, 1H), 5. 75-
5.86 (m 111), 15 B. -To a vigorously stirring solution of the carboxylic
acid 15i (Wwo¥ogge28.7 mol) in anhydrous THE (70 nl) atPCT/GAWARESH]| y
distilled Et3N (1.6 nlL;11.3 inol) and pivaloyl chloride (118 m, 9.58
nmmol ) were added via a syringe under anhydrous conditions. The m xture was
stirred at -78 for 15 mn and then at 9for 45 min. 26 Septenber 2003 WO
00/ 59929 PCT/ CAOCO 00353 57 The m xture was cooled again to -78 and then
transferred v%m&qgnul a into an anhydrous solution of :
4(S) - 4- (phenyl net hyl) -2-oxazol i di none |ithiym s‘gl t i p IH sﬁf- -78; the
Iithium sal t o¥nthests ob 25y NrBagramines>ProapUhe-nag A Bstyl e 5198y prepared by
the slow addition of n-BuLi (2,00 Min hexanes, 7.85 nmL, 15.7 nmol) into a
THE (20 5 nlL) solution of the f{oRazolidi non (édczrgg, %ﬁcz‘ mmol) in THE at 78.
‘' The reaction mxture Wﬁg gt Me ned. gtcor78. Foy 15 mntherr at RT for 1.5 h.
Finally, it was guenc &G i t h an ageeous | uti or—gf sodi um bi sul fate (100

m. of 1 M and'the THE evaporated to 3/4 of its inidtiabo;velupe. The
resi due was extracted wofh EtOAc (&2 x 150 ni) and®t hé mixed organic |ayers
were washed with 5% MeHCO3 (3 x 50 nl), 10 brined (2 x360 L), dried over

MySO4 and evaporated. The resulting crude oil was ch'r;mat ographed on

silica gel, using 15% Et QAc in Hexanes to obtain conpouyrsd- 15j in 68%yield
(1.88g). ~H NMR (CDC13, 400 MHz) S 1.35-1.47 (in, 6H), $1.67-1.74 (m 2H)
2.02-2.09 (m 2H), 2.65 (dd, j = 13.4 & 9.9 Hz, 1H), 2.84-3.02 (m 2H)
3.31 (dd, J 13.4 & 3.2 Hz, 1H), 15 4.13-4.22 (FA™249.62-4.71 (m 1H),

4.93 (d, j = 10.2 Hz' 111), 5.00 (dd, j =17.2&1.ej\/\/
le] —

i6d
This synthesis is based on methodology by T. Tsuda et al, J. Am. Chem. Soc., 1980,
5 102,6381-6384. |

A, To a well stirred solution of the monoallyl ester of malonic acid (1.50 g, 10.4
mmol) in dry THF under N, (20 mL} at —78° n-Bu,Mg (b.9M /hexane, 5.8 mL, 5.2
mmol) was added dropwise over a period of 5 min. The heavy suspension was then
stirred at RT for 1 h and evaporated to dryness (vacuum release under N). The

10  solid Mg salt 16b, was dried under vacuum for 1 h.
Glutamic acid derivative 16a was first mixed with 1,1'~carbonylidiimidazole (1.65 g,
10.21 mmol) in anhydrous THF and the mixture was stirred at RT for 1 hin order to
activate the free acid moiety. Subsequently, the activated glutamic acid derivative
was cannulated into a solution of the Mg salt 16b and the reaction mixture obtained

15  was stirred at RT for 16 h. It was then diluted with EtOAc and the organic solution
was washed with 0.5 N ice-cold HCI, brined, dried and evaporated. The residue-
obtained was chromatographed on silica gel using 35-40% EtOAc in hexane as
eluent to give compound 16c (1.85 g, yield 53%).
'H NMR (CDCL,, 400 MHz) & 1.44 (s, 9H), 1.85-1.95 (m, 1H), 2.12-2.22 (m, 1H), 2.58-

20  2.74 (m, 2H), 3.48 (s, 2H), 3.74 (s, 3H), 4.24-4.34 (m, 1H), 452 (dm, ] = 5.7 Hz, ZH),

| 5.09 (m, 1H), 5.25 (dm, ] = 10.2 Hz, 1H), 5.34 (dm, J = 17.2 Hz, 1H), 5.91 (m, 1¥).




Hz, 1H), 5.75-5.84 (m 1H), 7.187.38 (m 5H). C. To a stirred solution of
KHVDS (0.8 M THE, 22 M., 17.5 nxnol) in dry THE (50 ni

cannul ated a solution of the acid derivative 15 (3. 259?6%%6@%6}&7%2?3 in
dry THE (40 nlL) at 78. The mi xture was stirred at 78 for 45 min. To 20 this
m xture, a solution of trizylazide (3.67g, 11.85 nmmol) in dry THE (40 nl)
at 78 was added. The mxture was stirred at -78 for 3 mn then quenched
with acetig, (5 m.). Subsequently, it was stirred atT/Bdocfooss 1 h and 45
mn and fi na?Fby a? for 15 mn. Mst of the THE was evaporated. The

resi due was taken |nto Et OAc (100 nL) and the organic solution washed with
H20 (50 ni), 5% NaHC®B (3x 50 25 ni) and brine (50 ni), (MySO4) and
evaporated. The oil obtained was chroﬁﬁt ographed on silica gel using

He /CHZCI 2 (1 / 1 t he el tt 2. 47 Id'
SN w;ﬁm@ﬁﬁsz B L
m adée 2 an na h m

3.33 (dd, | J—&f 3RS ?Dm(’aﬁ)mﬁs 10- 04284(% 2H) 46347)2(m 1H) ,

4.90-5. 05 (mthSsterd67(.687 88 nimepllin)dry PMEA3 mijsTHermixtpgs GstigeheR12003 WO

00/ 59929 58 R Qﬁ?% ra uSn kleQBsi@fe quakydr ous
Snd 2 (2.61 g;&(@& éf%-‘baaﬁo Qfgﬁgeﬁm%&ﬁlg% n1_ a SO'I%}L@” of the

azi de 15k § 2 wﬁsx BOAG (29 migp The Wé?sﬁt?@@lﬁmﬂ ‘aﬁ%‘ﬂasafd U‘q‘Pr Nijrrpitt MeOH (20

nm). The m Xt eoae@%o%i,)faﬁédieeqhe%&;oméd ATHa residie whe Blom@sgapedapor at ed and
t he foany materi al obtained_was ken into di oxane/ lzodéggg %/ 20 L) and
treat ed wths%%&@“f‘%gés'bmﬁ@% © 3FfreRhRErs PBPEy £758 ol ) (pH

adj usted to 8iatdore NaHCO3 if needed) and the mixture was stirred at
RT for 16 h. ,Part of the dioxane was _evapor at engI g M esi due was
extracted tw HONMR{EDE:AREMHRS 14 §HD- S5l Mo \7\%{8%\%@ h brine (2 x
50 10 mL)qq drsg 208 «¥R0R s 268! £9) lrits OB 2 Be8k 185, 4981 GRTTOT aphed
on st 10.2 Hz, 1H), 5.03 (dm, ] = 17.2 Hz, 1H), 5.00-5.10 {m, 1H), 5.74-5.85 (m, 1H).

ExaMPLE 17

Synthesis of {25,5R)-N-Boc-2-amino-5-methyl-non-8-enoic acid (17f)
0s0,

NMMO
AB.CD NHAC 1 BuOHn-IQOIacelonB
HG. o~ L CO,Et CO,Et

E. | Nalo,
THFALO

2} Boc,0 1) PhyBCHBr
DMAP, THF KHNDS
NHBoc 3) LiOH, HzO NHAC PhCH,THF NHAc
GO, W om CO,Et co,kt
15 A,B,C,D. Commercially available (R)-(+)-citronellal 17a was first converted to

the amino acid derivative 17b following the same synthetic steps as those previously
deseribed in Example 15 for the conversion of aldehyde 15d to amino acid

intermediate 15f.
E. Compound 17b (0.675 g, 5.6 mmol) was dissolved in a mixture of

20  tBuOH/acetone/H,0 (1:1:1, 18 mL) and placed in an ice bath (0°C). NMMO (0.789

g, 6.74 mmol, 1.2 eq.) and Os0, (2.5% w/w in tBuOH, 0.7 mL, 0.067 mmol., 0.012 eq)

were added consecutively and the reaction mixture was stirred at RT for 4 h. Most

of the acetone was removed by evaporation under vacuum and then the mixture




gel using 20-25% Et OAc i n hexane as eluent to give the conmpound 151(1.75 g,

yield 60%. 1H NMR (CDCl3, 400 MHz) 61.27-1.53 (m 6H) %4@ S, J?(ij;,l.so
(m 11-1), 2.00-2.08 (m 1H), 2.80 (t, J =12.1 Hz, 1H) 2°3°8 ”%"&,r-? * 3 H,
1H), 4.17-4.23 (m 2H), 4.60-4.66 15

(m1H), 4.93(d, J=10. 2Hz, 1H), 5. 05(dd, J=17. 2&1. 9Hz, 1H), 5. 13(bs, 1H), 5. 38 5. 43
(m 11-1), 5.74-5.84 (m 1H), 7.22-7.36 (m 5H) E. To a stirred solution at
90 of the N-Boc derivative 151 (1.74 g, 4.04 mol) in THE/H20 (75 nl/ 15
n), 1-202WP308¥% w, 2.05 nl, 162 nmol) and Li OH H20 (BET49938 1 mol)
wer e added and the solution was stirred at O for 1 h. The 20 reaction was
quenched with Na2S@3 (2.24 g in H20 15 nL, 17.8 rnnol). The pH was
adjusted to 4-5 with 10% aqueous citrigg acid and the m xture diluted with
Et OAc. The aqueous fraction was extracted once nore with Et OAc and t he

organi ¢ sol WhRraMESwiNRBIRE. THE G8aik afler Wak Rethefiivagiéaanith IBOaRar at ed. The
resi due was chromat ographed on silica gel using 20% hexane in EtQAc as the

el uent to gibdkhef diedvedf anhpdroay MgSQ),land e@pbthtelg dffhedH The dipl BleavaZ0% . Thi s
compound was identical in all respects to the one .obiogiE@q i n exanpl e 15.

26 Sept enbero3ates INYEAPIHYRSST sk rENED YOS ERPNERARP &nthesis of

(2S) - N- Boc- apione54@%heitan 784 ¢eri@5mg).d nethyl ester (16d): BocHN.. CO2CH3

16a CO2H O - Mg OC CO / $OCHN~/ C02CH3 g"/ 2 \~.2 ifh A O o
5 F To a solution of diol 17¢ (0.575 g, 1.73 mmol) in THEF/H,0 (1:1, 20 mL} at 0 C,

NalQ, (0.48 g, 2.25 mmo), 1.3 eq.) was added and the reaction mixture was stitred at

RT for 3.5 h. Most of the THF solvent was subsequently removed by evaporation
under vacuum and the remaining mixture was extracted with EtOAc (2x100mL).

The combined organic layers were further washed with 5% aqueous citric acid

10 solution (2x20 mL), 5% agueous NaHCQ, (20 mL) and brine (2x50 mL}), then the

EtOAc solution was dried over anhydrous MgSO, and evaporated to dryness under
vacuum. The aldehyde intermediate 17d {(0.47 g of crude product) was used in the
next step without further purification.
G. To a solution of Ph,PCH,Br (925 mg, 2.6 mmol) 1;1 anhydrous toluene (15

15  ml), KHMDS (O.SM in toluene, 5.2 mL, 2.6 mmol) Wés added and the yellow

suspension formed was stirred at RT for 30 min under N,. After that period, the

suspension was first cooled to 0°C, a solution of the aldehyde 17d (0.47 g 1.73 mmol,
dissolved in 15 mL of anhydrous THF) was added via a syringe and the mixture was
allowed to warm-up to RT. After stirring at RT for 1 h, most of the THF was

20 removed by evaporation under vacuum, EtOAc (100 mL) was added to the mixture

and the organic layer was washed with H,O (30 mL), 5% aqueous NaHCO, (30 mL)

and brine (30 mL). The EtOAc solution was then dried over anhydrous MgSO, and

evaporated to dryness under vacuum. Pure compound 17e was isolated after

purification by flash column chromatography on silica gel, using hexane:EtOAc (3:2)
25  as the eluent, in 63% yield (0.29 g} for the two last steps.

The hydrolysis of the ethyl ester and simultaneous exchange of the N-acetyl

protecting group for a Boc in intermediate 17e to obtain compound 17f was carried

out using the same procedure as that reported for the conversion of compound 15f

to 15g (17f, 310 mg, quantitative). "H NMR (CDCl,, 400 MHz): 8 0.88 (d, J=6.4 Hz,



"16c | E3 BocHNCO2CH3 O 16d This synthesis is based on nethodol ogy by T.
Tsuda et al., J. Am Chem Soc., 1980, 5 102, 6381-638 I
stirred solution of the nonoallyl ester of nalonic aci dﬂ?f%gﬁﬁ&e?%@&%

mmol) in dry THY under N2 (20 nL) at 78 n Bu2My (0. 9M hexane, 5.8 niL, 5.2
mol ) was added dropwi se over a period of 5 min. The heavy suspensi on was
then stirred at RT for | h and evaporated to dryness (vacuumrel ease under
N2). The 1&05(@} ng My salt 16b, was dried under vacuum fgrpdadelosssdd ut amc
acid deri vaO¥e”18a was first mixed with 1,1 -carbonylidiimdazole (1.65 g,
10. 21 mmol ) in anhydrous THE and t he mxture was stirred at- RT for 1 hin
order to activate the free acid noiety. Subsequently, the activated
glutam c acid derivative was cannulat@ into a soI ution of the My salt 16b
and the reaction m xture obtained 15 was_ stirred RT _for Q It was
then di| ut ed 3. LHSEE8E. BRdl-IHe8drg3il £436198 dh- 7\%@ ﬂﬂshf’élal%?‘h 0.5 N
ice-cold HC 1}15)"1'939(12(&[ mgmmsdqy@mmmﬁmitmn f<ildie 1H), 600 @imed was

chr omat ogr aphed on sjlica ng 35-40% Et OAc in hexane as eluent to

gi ve conpoundrf&diz 1HB§7‘65%%F%|1§)53% 'H NMR- (CDC13, 400 MHz) i 1.44 (s,
9H), 1.85-1. $Rafapie 18H), 2.12-2.22 (m IH), 2.58 20 2.74 (m 2H), 3.48 (s,

2H), 3.74 (S#p’“!ﬂ)‘féliﬁf‘g%ﬁ%o‘ﬂiﬁm’ fu(mugg, (dm J = 5.7 Hz, 2H), 5.09 (m

1H), 5.25%(d 49 217.2 1z, IH), 5.91 (m 1H). 26
Sept ember 2003 WD 00/ 59929 PCTI CA00100353 GOQF; To a stirred solution of
5

tetrakis (triphenyl phosphine) Pd (0) (0.116 ml % Of1 nmole) in dry
DVF (7 m.}was ad 4 via @ simHng and Bnderfa 2 at "®sphg L the diester
16¢c (0.687 g, 2 an—d?y/dbﬁ\%/m_)* 4r e-was [stifrred at RT
NHBoc NHBoc NHEBoc NHBo(?H
18
18a 18b c 184

A. Boc-(L)-threonine 18a (500 mg, 2.28 mmol) was partially dissolved in
CH,CL,/MeOH (8 mL/0.5 mL, respectively) at 0°C. A solution of diazomethane in
diethyl ether was slowly added until the yellow color persisted, indicating the
10 presence of excess diazomethane. Upon evaporation of the solvents, crude methyl
ester 18b was obtained as a cloudy white oil (0.534 g).
B. Intermediate 18b (311 mg, 1.33 mmol} was then dissolved in anhydrous
diethyl ether (8 mL), Ag,0 was added (341 mg, 1.47 mmol} and freshly activated 4A
molecular sieves (1 g). Finally, allyl iodide (134 pL, 1.47 mmol) was added to the
15  reackon flask and the mixture was stirred at reflux. Two more portions of allyl
iodide (45 pL, 0.50 mmol, each time) were added after a period of 20h and 30 h, and
stirring was continued for a total of 36 hours. Then the mixture was filtered through
celite and purified by flash column chromatography on silica gel, using
EtOAc/hexane (1:4) as the eluent, to give 73 mg (27% yield) of compound 18c as a
20 clearoil.
"H NMR (CDCL,, 400MHz): § 1.21 (d, J=6.0 Hz, 3H), 1.45 (s, 9H), 3.75 (s, 3H), 3.82-
3.87 (m, 1H), 3.99-4.07 (m, 2H), 4.29 (dd, J=9.5 & 2.5 Hz, 1H), 5.14 (dm, J=10.5 Hz,
1H), 5.21 (dm, J=17.2 Hz, 1H), 5.75-5.84 (m, 1H).
C. The ester compound 18¢ {99 mg, 0.362 mmol) was dissolved in a mixture of
25 THE/MeOH/H,0 (2:1:1, 4 mL) and LIOHH,O (61 mg, 1.45 mmol) was added. The
solution was stirred at RT for 2 h, and was then acidified with 1N HCl to pH ~3




for 3.5 h. The DMF was evaporated under reduced pressure and the residue
diluted 5 with EtOAc (20 nL). The Et QAc sol uti on was Wazgesd %/itbh- 2 @%N
ice-cold HO (5 nL), brine (10 nmL), dried and evapor at Seip glteg? e was
chromat ogr aphed on silica gel using 15-20% Et OAc i n hexane as eluent to

gi ve conmpound 16d (0.253 g, vyield 42%. 'H NVR (CDC13, 400 MHz) 81.44 (s,
9H), 1.84-1.94 (m 1H), 2.08-2.22 (m 1H), 2.33 10 (dd, j = 14.0 & 7.3 Hz,
2H), 2.45-2.55 (m 4H), 3.74 (s, 3H), 4.28 (bm1H, 4. 98_%8%!03 = 10.2 Hz,
1H), 5.03 W@#s%2%= 17.2 Hz, 1H), 5.00-5.10 (m 1H), 5. 74%¢ ?]r“a 1H).
EXAMPLE 17 Synthesis of (2S,5R)-N-Boc-2-am no-5-nethyl-non-8-enoir- acid
(170 Gso, NMMO CCH, , NHAC~!" HI I Ol acetoney | z ABCD=t BuO
21 Boc=D 1) PhCHBr  CH DVAP. THE CH3 KgDS CH NHBoc 3) t i OH, 820 tVHAc
PhCH, f TFt FHAc 17f -CO ,H H 170 COZEt G 0 17d CQ2Et 15 A B, C D.

Commer ci al | y tawas ihabdleerfsRyeré temayied nodee Mhaahm] The wasltifg pdicompevdiifedd to t he

“amno acid derivatjve 17b fol | ow Elﬂgq Syidbetic steps as those
previ ously dEECrT aé’éu%ngégﬁ%}%é&%%f%g%o% e conversion of al dehyde 15d to
amno acid ibaswpet ate 15f. E. Conpound 17b (0.675 g, 5.6 nmmol) was

di ssol ved in ﬂmmeélg YE &S,Q;S}-N-Boc-Z-amino-3(mercaptoallyl)butanoic acid (19e)

Q
BocHN CO,CH
BocHN GOH 1) CHN, BOCHN\/C’chH._, )]\ i \;/ s
~ H S " K H
E 2) TsCl, Py E A o
HO” N\ A o” N\ cH —= HC s
CH, O,Q-\ 7 3 B 19
18a \ 19b c _
8% ‘
1) 0.2 MNaOH, 1.5h
2} allyt iodid
c ) allyt iodide
BocHN. _-COH  g2MNaOH,24h BocHN.~COH,
H s z
= A
Hscf\sx y Al N
5 19 19d

A Compound 192 (9.1 mmol) was dissolved in pyridine (5 mL) and the solution
was cooled to 0°C in an ice bath, tosyl chloride (2.3 g, 11.8 mmol, 1.3 eq.) was added

in small portions and the reaction mixture was stirred at RT for 24 h. After that
period, the reaction mixture was partitioned between diethyl ether (300 mL) and

10 H,0 (100 mL). The ether layer was further washed with (.2IN HCl (6x100 mL) and

brine (100 mL), dried over anhydrous MgSO,, filtered and concentrated to dryness
under vacuum. Purification of the crude material by flash column chromatography,
using hexane/EtOAc (gradient from 8:2 to 7:3 ratio) as the eluent, led to the isolation
of tosyl derivative 19b in 85% yield (3.05 g).

i5 B. To solution of intermediate 19b (775 mg, 2 mmol) in anhydrous DMF (2.5
mL), potassium thioacetate (365 mg, 3.2 mmol, 1.6 eq.) was added and the reaction
mixture was stirred at RT for 24 h. Most of the DMF was then evaporated under
vacuum and the remaining mixture was partitioned between EtOAc and F,O. The
aqueous layer was re-extracted with EtOAc, the combined organic layers were

20  washed with brine, dried over anhydrous MgSO, and evaporated to dryness.

Purification of the crude material by flash column chromatography using
hexane/EtQAc (4:1 ratio) as the eluent, led to the isolation of compound 19¢ in 80%




20 tBuOH acetone/H20 (1:1:1,18 nmL) and placed in an ice bath (0'C). NWMO
(0.789 g, 6.74 mol ,1.2 eq.) and &M (2.5%wWw in tBuQH,. 0,7 nm 067
mol ., 0.012 eq) were added consecutively and the react ?gr‘?’ H%%?%WBO&%S
stirred at RT for 4 h. Most of the acetone was renoved by evaporation
under vacuum and then the m xture 26 Septenber 2003 WO 00159929

PCTI CAOQ' 00353 61 was extracted with Et OAc. The organic | ayer was further
washed with H20O and brine, dried over anhydrous MySO4 AR ated to
dryness. THEWPB# 17c was obtained in high purity after flash col um

chr omat ogr aphy using 1% EtOH in. EtOAc as the eluent in 77%yield (0.575
g). 5F. To a solution of diol 17c (0575 g, 1.73 mmol) in THE/H20 (1:1, 20
m) at 0C, NalO4 (0.48 g, 2.25 mol, é4 3 eq.) was added and the reaction
m xture was stirred at RT for 3.5 h. Mdst of the THY sol vent was

subsequent | yyieldr@sbagg)by evaporati on under vacuum and the remaining m xture

was extracted with Et OAc 100mL he c ni yers were
further washéd m?%%’%“&ﬂg St&ﬁigf%’ B R /E{%ﬂ{&“&a‘l g% 5%
gquegus NaH eg&ﬂsomhbn%mzmlmﬂm C2H0 ﬁa@hﬁdedbh&&dﬂﬂmﬁv@%m@hﬂjtl on was
ried over anhydro

nd_evapqrate to d ess vacuum The
al dehyde i nt BF fsdiSat eb‘lvgd?’d’dtdﬁ(%%gzdﬂog &gs useamnﬁ the next
step w thgut wfaél‘fohhﬁﬁedFHﬂerffdnCaatauﬂmonﬁsofﬁm a‘hsodautdmmxmteﬁhﬁBPCHSBr (925 ny,

2.6 mol) in an%%%(rtf gﬁgalfﬂf“tes gfnllsvolumea%)thenw %ﬂ?ﬁ@dﬁ& tRd uene, 5.2 ni,

2.6 mmol) waf Ow suspensi on was stirred at RT for
30 mn undera@;@ousqﬁy@wabh«adlﬁpdatqp&&ﬁtvh@colslwsp@ﬁspéﬂ H@dand re-etragesbl ed to 0C,

O oA AR AL JFRA AL ol s ek iRl with Bl SNl 1 15 L of

anhydrous THY via a Syringe and the m xture was allowed to
warmup to Raixhyﬁf'dLQMgBU4 fuid étgpaﬂateRTo figmest uhder raeturo fThe bmdTHECHEAS 20 r enoved

b’ or barc. Py cRHSTeLaHE (ot 10 Sifotudt St b BB (50 )
and brine (3eithh chrbhgtofizphg o sihtat geb nsingexhing/ Btk d (grhdewneirom Alyell-bus MySO4
and ratio). The structure of the least polar compound (TLC R, = 0.68 in hex/EtOAc4:1)

corresponded to the desired product 19d (83 mg, 18% yield).

'H NMR (CDCl,, 400 MHz): & 1.24 (d, J]=7.0 Hz, 3H), 1.46 (s, 9H), 3.13-3.19 (m, 2H),

15 3.24-3.29 (m, 1H), 3.77 (s, 3H), 4.50 (dd, ]=8.6 & 3.8 He, 1H), 5.12 (d, J=12.4 Hz, 1H),
5.15 (dd, J=18.4 & 1.3 Hz, 1H), 5.22 (bd, J=7.6 Hz, 1H), 5.75-5.85 (m, 1H).
D. A solution of the methyl ester 19d (83 mg, 0.287 mmol) in MeOH/H,0 (3:1, 4
mL} was mixed with aqueous NaOH (0.2 N, 1.3 mL, 0.26 mmol) for 24 hatRT and
for 1 h at 40 °C. The reaction mixture was acidified with cold aqueous HC1 (0.5 N
20 HC), at 0 °C, pH=4-5), the MeOH was removed under vacuum and the remaining
aqueous mixture was extracted with EtOAc. The organic solution was dried over

MgSO, and evaporated to dryness in order to obtain compound 19e. Compound

19e was used for the final synthesis of inhibitors without any further purification.



evaporated to dryness under vacuum Pure conpound 17e was isol ated after
purification by flash colum chromatography on silica g I

hexane: Et OAc (3:2) 25 as the eluent, in 63%yield (o.zgggﬁepﬁ%ﬂ%ﬁéo %D | ast
steps. The hydrolysis of the ethyl ester and sinmultaneous exchange of the N
-acetyl protecting group for a Boc in internediate 17e to obtain conpound
17f was carried out using the sane procedure as that reported for the
conversion of conpound 15f to 15g (17f, 310 ng, quanti%g%%& @ 1H NWVR
(CDQl 3, 40BOMEP92 5 0.88 (d, J=6.4 Hz, 26 Septenber 200 §9189020 62
PCTI'CAC0100353 3H), 1.18-1.28 (xn, 2H),1.35-1.45 (m 3H), 1A5 (s, 9H
1.64-1.74 (m 1H, 1.81-1.89 (m 1H), 1.94-2.12 (m 2H), 4.28 (bd, J=--3.2
Hz, 1H), 4.93 (dm J=11.1 Hz, 1H), 5.0 (dm J=16.8 Hz, 1H), 5.74-5.84 (m
1H). EXAMPLE 18 5 Synthesis of N-Boc-Oallyl-(L)-threonine (18d) 18a A

Boc- (L) -thresxinmee®Ba (500 ng, 2.28 mmol) was partially dissolved in
CH2C12/ MeCH (.8 LO. Sl B QggL; 2@l 5 LebhaBic agiiazonet hane
in diethyl é tgl?lsvﬁgs);ﬁr'g\ﬂfgga e%mgﬁ??(gwg;ﬁgﬁ%%%%bg&“gersi st ed,
indicating t€AJ10 presence of excess diazonethane. Upon evaporation of the

solvents, crude mpthyl ester 18b was obt ai as a cligg%rﬂggge oil (0.534
g). B. Internediate 18b (311 ng, 1.33 ) was_fhen digsotved i n anhydrous

di ethyl ether %8s, " Ag20 whs addegd £84lcorg, 1caf. nmoll adaghf reshly
activated 4A noletl ar sieweso( 1 g)ysFilnal Iy, aIcIyI"ﬁidgdl de (134 L,1.47
mol ) was added to the 15 PHERMSPon flask and tTesom xt ure™&s stirred at
reflux. Two norez2portionsref—alt¥l iodfde (45 L, 0.50 nfBl, each tinme)
wer e added after a period .30 h and 30 h, and stirring was continued for
a total of 36 hours. Then the m xture was filtered through celite and

purified by.flash colum chromat ography on silica gel, usin
5 Al L-Penicillamine 20a (448 mg, 3 mmol) was dissolved in DMF/DMSO (5:1

ratio, 6 mL}, 4-bromopentene (0.46 mL, 4.5 mmol, 1.5 eq.) and CsOHsH,0 (1.0g, 6mL,

2 eq.) were added and the reaction mixture was stirred at RT. After 24 h, Boc,0O (820
mg, 3.75 mmol, 1.25 eq.) was added to the mixture and stirring was continued for an
additional 12 h. The DMF was subsequently removed under vacuum, the remaining
10 mixture was diiuted with cold aqueous 0.5N HCl adjusfl:ing the pH=~4-5 and then
extracted with EtOAc (2x50 mL). The organic layer was washed with brine (2x),
dried over anhydrous MgSO, and evaporated to dryness to give the crude
carboxylic acid 20b.
B. Purification of 20b turned out to be difficult, thus the crude product was first
15  treated with diazomethane to form the corresponding methyl ester 20c, and then
purified by flash column chromatography, using hexane/ EtOAc (9:1) as the eluent,
to obtain 190 mg (20% yield) of the pure methyl ester 20c.
'H NMR (400 MHz, CDCL): 8 1.35 (s, 3H), 1.37 (s, 3H), 1.4 (s, 9H), 1.59-1.67 {m, 2F]),
2.11-2.17 {t, 2H), 2.51-2.60 (fn, 2H), 3.74 (s, 3H), 4.29 (4, ]= 8.6 Hz, 1H), 4.98 (dm,
20  J=10.5 Hz, 1H), 5.03 (dm, J=19 Hz, 1H), 5.35 (bd, J=7 Hz, 1H), 5.72-5.83 (m, 1H).
C. The ester was subsequently dissolved in THF/MeOH/H,0 (2:2:1, 5mL),

LiOH#H,0 (50 mg, 2.0 mmol, 2 eq.) was added and the reaction mixture stirred at

40°C for 4 h to hydrolyze the ester 20c back to the acid 20b. The reaction mixture

was acidified with 0.5N HCl to pH=4-5, the THF and MeOH were evaporated to
25  dryness and the remaining aqueous solution was extracted with EtOAc. The EtOAc




Et OAc/ hexane (1:4) as the eiuent, to give 73 ng (27%vyield f ound 18c
as a 20 clear oil.. 1H NWR (CDCl1., 400MHz): 8 1.21 (é?eéfﬂifrgbq[%aggl—b,lAS
(s, 9H, 3.75 (s, 3H), 3.82 3.87 (m 111), 3.99-4.07 (m 2H), 4.29 (dd,
J=9,5 & 2.5 Hz, 11-1), 5.14 (dm J=10.5 Hz, 1H), 5.21 (dm J=17.2 Hz, 1H),
5.75-5.84 (in, 1M C. The ester conpound 18c (99 ng, 0.362 mml) was
dissolved in a mxture of 25 THE/ MeOH H20 (2:1:1,4 nmL) and Lj 9—|H20 (61 ny,
1. 45 mmol) was added. The solution was stirred at RTEEHFA®YES 04 was then
aci di fi edyowarsozbN HO to pH -3 26 Septenber 2003 WO 00/59929 63
PCT/ CAO0O/ 00353 before the sol vents were renoved under vacuum The resulting
oil, conpound 18d was used as such for the synthesis of macrocyclic
inhibitors. EXAMPLE 19 Synthesis of (88S, 3S)-N .
Boc- 2- am no- 3(nercaptoal | yl ) butanoi c acid (19e 0C ~ H 1) CH2N2
BocHN~~C02CH3 2} Ts@l . %Wm‘LQSQ&AH@WWt%ﬁQWEMT?L&% 00 AS- K B
BocHN- ' - Co- BIF- W&

compound 2

inhibitors without further purification-

i cli
ob, which was used in the subsequent synthesis of macrocy c

INTERMEDIATES
DE AND TRIPEPTIDE
5 ACYCLIC DIPEPTI -

i i in solution an
The general procedure for coupling reactions done in solu

cribed in WO 00/ 09543 and WO 00/ 09558.

thereof are des ) ' I
Th rocedures have been used for the synthesis of the intermediate dipep
ese p

26¢, 30a and tripeptides 93a, 24a, 31a, 32a, and 33a.

10  EXAMPLE 21
Synthesis of acyclic tripeptide 21e

HN

%
(D -

N (o]

[ ) b
- 21a

! o CO,CH, N O CO,CHq

' 21
\B.
H
(8] “”OY‘& C. o.,‘“I MN
N —-— ril Y
H

Oﬂ © NHBoc A
BocHN gy R l W COZH e
21e 2yd
i mmercially.
lution of the proline derivative 21a (prepared from cO y
- o line as described in WO

available Boc-4(R)—hydroxyproline a?td 4-chloro-quino e ACCATS
00/05543 and WO 00/09558) (1.32 &, 3.68 mmol) and the cru
15

(

IR

tHon mixture was
d and the crude reac

i lvent was evaporate

After that penod, the so



HaC' S 19c 1) 0.2 MNaOH, 1.5 h C1li 2) allyt iodide BocHN, CO2H 02 M
NaOH, 24 h rt H3C '3 D5 19e BocHNCO2CH3 H3C 19d A. Co 9 1
nmol ) was dissolved in pyridine (5 nL) and the solutionge&%@g?ﬁgﬁgé&%o oC
in an ice bath, tosyl chloride (2.3 g, 11.8 nmmol, 1.3 eq.) was added in
smal | portions and the reaction mxture was stirred at RT for 24 h. After
that period, the reaction m xture was partitioned between diethyl ether
(300 nL) and 10 H20O (100 nlL). The ether |ayer was further washed with 0.2N
HC1(6x100 W{900%A™S brine (100 ml), dried over anhydrousPfHSEH¥] | tered and
concentrated to dryness under vacuum Purification of the crude material
by flash colum chromat ography, wusing hexane/ EtQAc (gradient from8:2 to
7:3 ratio) as the eluent, led to the igplation of tosyl derivative 19b in
85%vyield (3.05 g). 15 B. To solution of internediate 19b (775 ny, 2 mol)

in anhydrous Divkofvéd 2 Eth) (30RAY 2P ééﬂﬁbhh@@ﬁ@&@&ﬁfi&l@%qﬁ&)us&aﬂcmgm ,1.6
eq.) was added and the reaction mxture was stirred at RT for 24 h. Most

of the OWF wgsx thaD), BNaI00 ALE driedhchet MgBagatdravapudated eThe erale protigctni Xt ur e was

partitioned between Et OAc and H20. The gqueo ) r was _re-extracted with
Et OAc, the covAsPHERIPYIRPRaPEFRRE Rl ggd”Wﬁé%éJdeatgﬁfﬂ‘eb‘f‘iﬁé‘?‘cﬁri ed over

- anhydrous M) $deraddobapmha kel GiasglesdRsof compound 21b in 20% yield (the
5 absolute stereochemistry was not determined). ,

"H NMR (CDCl,, 400 MHz):  0.93 & 1.01 (t, ] = 8.3 Hz, 1H, rotamers in ratio of 3:7),
1.14-1.35 {m, 2H), 1.44 (s, 9H), 1.45 (s, 9H), 1.50-1.82 (m, 4H), 2.08-2.24 (m, 2H), 2.32
(bs; 0.7H), 2.63 (bs, 0.75H), 2.93 (bs, 0.75H), 3.16 (m, 0.25H), 3.77 (bs, 1.5H), 3.88 (bs,
0.5H), 4.4-4.55 (m, 1F), 498 (d, ] = 10.2 Hz, 1H), 5.03 (dd, ] = 17.2 & 1.6 Hz, 1H), 5.24

10 {bs, 1H), 5.75-5.88 (m, 1H)}, 6.57 & 6.78 (2bs, 1H, 2 rotamers), 7.42-7.58 (m, 3H), 7.63-
7.73 (m, 2H), 8.04 (d, ] = 8.3 Hz, 1H), 8.11 (d, ] = 8.3 Hz, 1H), 8.74 (d, ] = 5.1 Hz, 1H).
B. To a solution of the dipeptide 21b (137 mg, 0.248 mmol) in dry CH,CL, a
solution of HCl in dioxane (4M, 4 mL) was added and the mixture was stirred at RT
for 1.5 h. The solvent was then evaporated and the residue dried under high

15  vacuum to give the free amino acid. The mixture was dissolved in diethyl
ether/MeOH (3 uL/2 pL) and treated with a slight excess of diazomethane
dissolved in diethyl ether. After 30 min, the excess diazomethane was destroyed
with the addition of HCl (4M in dioxane} and the mixture was evaporated to
drymess to obtain the HCl salt of compound 21c which was used in the next step

20  without any purification.
C. To a stirred suspension of the crude dipeptide 21c {0.23 g, 0.48 mmole) in
CH,Cl, (25 mL) was added in succession the {25)-N-Boc-amino-hept-6-enoic acid

21d (0.151 g, 0.62 mmol), NMM (210 pL, 1.91 mmel) and HATU (0.236 g, 0.62
mmole) and the mixture was stirred at RT for 16 k (the pH was adjusted to ~8 with

25 NNM after 1 hif needed). The CHLCl, was evaporated, the residue taken into

EtOAc (50 mL) and the organic solution washed with 5% NaHCO; (2 x 20mL), brine
(2 x 20mL), dried and evaporated. The crude compound obtainéd was
chromatographed on silica gel (50 mL, 2% EtOH/EtOAc) to give compound 2le
(0.139 g, yield 46%).

30 'HNMR (CDCl,, 400 MHz, rotamers in 6:1 ratio} chemical shifts of major rotamer &



Purification of the crude material by flash col unm chromat ography using
hexane/ Et OAc (4:1 ratio) as the eluent, led to the isolgéion of c gggund
19c in 80% 26 Septenber 2003 WO 00/ 59929 PCT/ CA00/ 00353 @eﬁeérl'tlf'r% ng) .
C. To a solution of thioester 19c (465 ng) in HROEtOH (3:5 ratio, 8 nl),
“an aqueous solution of 0.2M NaOH (2.4 nL) was added and the m xture was
stirred at RT for 1.5 h. Allyl iodide (0.292 nL, 3.2 mmol, 2 eq.) was then
added and stirring 5 was continued at RT for an additional 30 nin. The
reacti on nWaosE¥2has concentrated to half of its origiHCAPPe and then
extracted with EtOAc. The aqueous |layer was acidified to pH=-3 with cold
aqueous 0.5N HCl and re-extracted wth EtQAc. The conbi ned organic |ayers
were washed with brine, dried over anpydrous MgJSO4 and evaporated to
dryness under vacuum The crude reaction 10 m xture contai ned at |east four
products; al h2of 21 G 190,aBe¢d, SHYRAB18S (ng VHY) 220-2.22 (-, 4B 12.28-2 87 (mm '
chr omat ogr aphy.. @ i.lic |, USsi h e/ adbent ;¢ 91 to 3:1
ot o). he i advdvelilnss &l dseRaR s SR G RIPEORE I RS

hex/ Et OAC 4: 450 (x6,AH) ds dt) @ & 8t3ck 3.hEIzdED; 4 Lcb Gorimdtid) 510, 833 Hg 11 8% yi el d) .
1H NVR ( CDCl 40 : ( =l , 4775548, 7.2, 3. 13- 3. 19
(m 2H, 15 '?iﬁ'gW%Q%ﬁ%sg%@ gs,%%’,“ﬁ’%% 7]53?519 %}2’8. 6% et iMm
5.12 (d, 3=1Z04 W&Hz1H),8.035d,15 §6kdz. 152847 ,&=§-_0§bréﬁ, ) 478 I HbHeng J=7. 6
Hz, 1H), 5. 7§H§_.85 (m 1H). D. A solution of the nethyl ester 19d (83 ng,
0.287 mml) in"MeOH H20 (3:1,4 xnlL) was m];{_ﬁﬁ)with aqueous NaCH (0.2 N,
1.3 nL, 0.26 mmol) for 24 h atMAFRICYUGFEHIIRES 40 C The reaction

m xture was gghfdbifei?@d With col d aqueous HO (0.5 N 20 HCl, at 0 C,

H-4-5), the Me was, re ed er. vac n he.renai nin agueo
P o) Qe feroved Untek, X 3CUNRARGa kDA, T emai ning aqueous

m xture was &XPPE € organi ¢ solutlon was dried over

MySO4 andigev apar @t@ttht 8i-pipyide 8fent Waodis@lved tr CGHjChiana conpamatich df9e. Conpound
19e was used for the final synthesis of_inhibjtors Witho![J{_l any further
purificati on 0.09¢ asémeéﬁwgpn yagdeoxygenated by the bubbling of argon {(~I h fora

volume of 500 mL). A solution of catalyst (5-30 mol %, dissolved in a small amount
of degassed CH,CL,) is added and the reaction mixture is refluxed until all starting

material was converted to product(s) as indicated by TLC and HPLC. The crude

15  reaction mixtures were subsequently concentrated to near dryness and filtered
through a short pad of silica gel, eluting first with CILCI, to remove most of the
catalyst and then with EtOAc in order to elute all of the macrocyclic produc(s) {most

of the time as a single diastereomer). The crude product(s) from each reaction is
analyzed by chiral HPLC on a CHIRALCEL OJ-R column {purchased from Chiral

20 Technologies Inc, 0.46 ¢ x 15 cm), using an isocratic solvent mixture of 70% H,O +
0.06% TFA — 30% CH,CN + 0.06% TFA at 205 nm. The major macrocyclic product(s)
was fully characterized by: II-I, COSY, TOCSY, and ROESY NMR data in order to

confirm its structure and stereochemistry.



WD 00/ 59929 65 PCT/ CA00/ 00353 EXAMPLE 20 Synt hesi s of

(S) - N-Boc- 2- am no- 3- net hyl - 3( 1- ner capt o- 4- buter yl) but ar&gi

C2H A 2 1) CsOHH20 DWVF1IDMSO 20aBr 2) Boc20 a H3GC-:

fgﬁgc) sH

NHBoc 20b UGH S CO2CH3 NHBoa 20c 5 A- L-Penicillam ne 20a (448 ng, 3
mrol ) was dissolved in DM/ DMSO (5:1 ratio, 6 nL), 4-bronopentene (O0.46
m, 4.5 mol, 1.5 eq.) and CsOHH20O (1.0g, 6n., 2 eq.) were added and the

reaction mxture was stirred at RT. After 24 It, Boc20 (820 ny,
1.25 eq.) wesoussdgled to the mixture and stirring was coXCTER8HINBBr an

3.75 mol ,

additional 12 h. The DW was subsequently renoved under vacuum the
remai ni ng :
69
EXAMPLE 23
Synthesis of macrocyclic intermediate (23b)
OH
N N o~

7\\ S 23a

A solution of diene 23a (4.0 g, 7.88 mmol) in dry CH,Cl, (800 mL, Aldrich-

5 anhydrous) was deoxygenated by bubbling Ar for 2 h. Hoveyda's catalyst (262 mg,
0.434 mmol, 5.5 mol %) was then added as a solid and the reaction was refluxed
under an Ar balloon. After 28 b, the red-orange solution was evaporated to an
amorphous sohd and then purified by flash column chromatography over silica gel.
The injtial solvent system was 10% EtOAc in CH,Cl,- Once the catalyst was eluted

10 from the column, the solvent was changed to pure EtOAc. Elution of the catalyst
from the column was evident from its color. The macrocyclic product 23b was
isolated as a colorless foam which was re-dissolved in CFL,Cl,/hexane (~1:2).
Evaporation of the solvent afforded a white powder (3.362 g, 89% yield).

‘H NMR (CDCl,, 400 MHz): 5 1.20-1.50 (m, 6H), 1.43 (s, 9H), 1.53 (dd, ] = 95 & 54,

15 1H), 1.61-1.70 (m, 1H), 1.76-1.90 (m, 2H), 2.05-2.26 (m, 4H), 2.45(d, ] = 14.3, 1H), 3.67
(s, 3H), 3.71 (d, ] = 11.1, 1H), 3.90 (dd, ] = 11.1 & 4.3, 1H), 4.43-4.53 (m, 2H), 476 (d, ]
= 8.6, 1H), 4.86 (bd, J = 9.8, 1H), 5.20-5.23 (m, 2H), 5.57 {dt,] =7.0 & 9.8, 1H), 7.32
(bs, 1H).



10 m xture was diluted with cold aqueous 0.5N HCO adjusting the pH=-4-5 and
then extracted wth EtOAc (2x50 nmlL). The organic | ayer he i th
brine (2x), dried over anhydrous MySO4 and evapor at ed ?@Q%?wa §g9@égive
the crude carboxylic acid 20b. B. Purification of 20b turned out to be
difficult, thus the crude product was first 15 treated with di azornethane
to formthe correspondi ng nethyl ester 20c, and then purified by flash
col um chr omat ogr aphy, using hexane/ EtOAc (9:1) as the el uent to obtain
190 ng (20%060s$92) of the pure methyl ester 20c. ' H NVEEQU@SUMS cpoL): s
1.35 (s, 3H), 1.37 (s, 3H), 1.44 (s, 9H), 1.59-1.67 (m 2H, 2.112.17 (m
2H), 2.51-2.60 (m 2H), 3.74 (s, 3H), 4.29 (d, J= 8.6 Hz, 11-1), 4.98 (dm
20 J=10.5 Hz, 1H), 5.03 (dm J=19 Hz, M 5.35 (bd, J=7 Hz, 1H), 5.72-5.83
(m IH. C. The ester was subsequently dissolved in TBT/ MeOH H20 (2:2:1
5m), LIOHHEQN®Ee 2279, 2.0 mmol, 2 eq.) was added and the reaction m xture
stirred at éoqg for. 4 It‘hghggdggizﬁglﬁhe ester 20c back to the acid 20Db.
The react i on®FREHY mAGeT AL IEF e Wi H 0. 5N HCL to pH=4-5, the THE and
MeOH were evaporated$to 25 dr ni ng aqueous sol uti on was
extracted w th Et QRe~ ¢ 26 Septenbery ) N50029 | ayer was
dried over anhydrous and evaporated to dr to give conpound
20b, which was used in fhe subsequent synthesis ofy macrocyclic inhibitors
wi thout further purification Tl DE | NTERVEDI ATES dﬁ§;§;|Q5D|PEPTIDE AND
0

ness and the re

TRI PEP- The general pro or.. coupling reacti denellin solution and
speci fi c exanpl es tq§reo aie Yescribed in WO Q0 4¥afd WO 00/ 09558.

These procedures have Begh.us for_Lhe_s¥nthesPs" fO t i nternedi ate
di peptides 26c, 30a and tripeptides 23a, 24a, ab 32a, and 33a. 10
EXAVPLE 21 Synthestng) Ggyci ™ tripeptide 21%;\25:.mm

A solution of diene 24a (2.76 g, 3.82 munol) in anhydrous CH,Cl, (600 mL,

5  anhydrous) was deoxygenated by bubbling Ar for 1.5 h. A solution of Hoveyda’s
catalyst (117 mg, 0.19 mmol, 0.05 eq) in anhydrous and degassed CH,Cl, (8 mL) was
added iz cannula and the reaction was stirred at reﬂux= under an-Ar balloon. After
20 h, the reaction mixture was approximately 50% completed, at which point a
second portion of catalyst was added (117 mg) and the stirring was continued for an

10  additional 16 h. The solution was then concentrated to ~ 100 mL, applied to the top
of a pad of silica gel (6 x 10 cm) and the catalyst was first recovered by eluting with
CH,Cl,. Compound 24b was washed off the pad of silica with 3% MeOH in EtOAc

and re-purified by flash column chromatography using EtOAc/hexane (2:1) to
obtain 70% yield of a slightly olive-tinted white solid (1.85 g, 94% pure by HPLC).

15 'H NMR (400 MHz, DMSO-d,) & 8.69 (s, 1H), 8.13 (d, 7 = 9.2 Hz, 1H), 7.50-7.44 (m,
2H), 7.17 (dd, ] = 9.2, 2.2 He, 1H), 7.04 (d, ] = 6.4 Hz, 1H), 5.60-5.56 (m, 1H), 5.52 (dd,
] =9.2 Hz, 1H), 5.25 (dd, ] = 9.2 Hz, 1H), 459 (d, ] = 11 Hz, 1H), 444 (dd,] = 9.2 Hz,
1H), 4.05-3.98 (m, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.89-3.82 (m, 1H), 3.55 (s, 3H), 2.64-
2.53 (m, 1H), 2.46 (d, ] = 7.3 Hz, 1H), 2.40-2.31 (m, 1H), 2.21 {dd, ] = 8.9 Hz, 1H), 1.78-

20 1.65(m, 2H), 1.55 (dd, ] = 4.8 Hz, 1H), 1485 (dd, ] = 4.8 Hz, 1H), 1.41-1.30 (m, 7H),

1.16 (s, 9H). MS; es’: 7954 (M + H)".



H2N If A 21b 66 PCT/ CACD/ 00353 C. o BocHN Hw ' 2l1e NHBOC ~ CO2W 21d H
21C AL To a solution of the proline derivative 2la (pre red from
comercially avail abl e Boc-4(R)-hydroxyproline and 4 28§F8team9ﬁ8w§1e as
15 00/ 05543 and WD 00/09558) (1.32 g, 3.68 mmol ) and the crude honoal | yl
ACCA If (-3.35 mol) in CH2A 2(10 nL), NWM (1.21 ni, 10.05 mmol) and HATU
(1.53,4.02 mol) were added in succession and the suspension was stirred
at Rfor 18 was After that period, the solvent was evaporated and the
crude reacwioewsgdrskt ure 26 Septenber 2003 WO 00/ 59929 PCETTECACHIRRI353 67
redissolved in EtOQAc (30 nmL). The solution was washed w th 5% aqueous
NaHC8 (2 x 10 nl), brine (10 nmL), dried over MgSO4 and evaporated. The ©
crude product was purified ny chromat_ﬁgraphy on silica gel using 8%
diethyl ether in EtQAc as the eluent to obtain the desired di astereoner of
conpound 21bEde£9%y| eld (the 5 absol ute stereochem stry was not

det er m ned).
Synthesis of compound 202 & 203 (Table 2)

N

N
O CO,CH,

o, ”
-:,,
’ N

BocHN
BocHN 252

BocHN "”

compound 203

compound 202
A. The diene compound 21e (0.130 g, 0.205 mmol) was cyclized using catalytic
5  amounts of bis{tricyclohexylphosphine) benzylidene ruthenium IV dichloride
(Grubb's catalyst, supra) (52 mg, 0.064 mmol) in CH,CL, (60 mL) under reflux for 2 h
to give after chromatography on silica gel (50 mL, 3% EtOH/ EtOAc) compound 25a
(60.1 mg, yield 48%).
"H NMR (CDCl,, 400 MHz) § 1.22-1.30 {m, 2H), 1.35 (s, 9H), 1.44-2.35 (m, 13H), 3.07-

10 3.14 & 3.16-3.24 (2m, 1H, rotamers in 1:3 ratio), 3.69 (s, 3H), 3.96-4.04 (m, IHO, 4.42-
4.50 (m, 1H), 4.95-5.04 (m, 1H), 5.05-5.15 {(m, 1H), 5.20-5.30 (m, 1H), 5.55-5.65 (m,
1H), 6.75-6.79 (2d, ] = 5.4 Hz, 1H, rotamers in 1:3 ratio), 7.36 (s, 1H), 7.46-7.50 {m,
1H), 8.03 (d,] = 8.3Hz, 1H), 8.13 & 8.17 (2d, ] = 8.0 Hz, 1H, rotamers in 1:3 ratio),
8.77 (d, ] =5.1 Hz, 1H).

15 B. The ester moiety of the macrocyclic compound 25a (0.0156 g, 0.626 mmol)
was hydrolyzed with LIOHeH,O (8.7 mg, 0.206 mmol) in THF/ MeOH/H,O (4 mL
/2mL /2 mL ). The crude product was purified by C18 reversed phase HPLC ona
Whatman (Partisil 10,0D53) 50/2.4 cm column using a solvent gradient from 5%



'HNIVR(CDCIS, 400 MHz): 5 0.93 & 1.01 (t, J = 8.3 Hz, 1H, rotaners in
ratio of 3:7), 1.14-1.35 (m

3

2H),1.44 (s, 9H), 1.45 (s . 50-1.82 (m
4H), 2.08-2.24 (m 2H), 2.32 (bs, 0.7H), 2.63 (bs, O. 7?91)%?”39‘??8@?
0.75H), 3.16 (m 0.25H), 3.77 (bs,1.5H), 3.88 (bs, 0.5H), 4.4-4.55 (m
1H), 4.98 (d, J = 10.2 Hz, 1H), 5.03 (dd, J = 17.2 & 1.6 Hz, 1H), 5.24 10
(bs,1H), 5.75-5.88 (n, 1H), 6.57 & 6.78 (2bs,1H, 2 rotaners), 7.42-7.58 (m
3H), 7.63- 7.73 (m 2H), 8.04 (d, J = 8.3 Hz, 1H), 8.11,Lfd-. shomsP 3 Hz,
1H), 8.74 WP00FI5 1 Hz, 1H). B. To a solution of the dipeptide 21b (137
ng, 0.248 mmol) in dry CH2A 2, a solution of HOJ in dioxane (4M 4 nL) was
added and the m xture was stirred at RT for 1.5 h. The sol vent was then
evaporated and the residue dried underyhi gh 15 vacuumto give the free
am no acid. The m xture was dissolved in diethyl ether/MeOH (3 L/2 gL) and
treated with gusu BRLCXCRES CH.CT taziemmiphanempdinb2sizve s amorgheushy | et her .
After 30 mn, the excess di azonet hane was destroyed wth the addition of
HO (4Min di oxbitlesliddAHS e i xture was evaporated to dryness to obtain the
HCl salt-of a C Wﬂhg@ b1 b0 En PEX 1 BhER M .gghout any
purification. ﬁwg&ﬁéﬁorre 'san@%éyﬁg]?grllhg%tz?ﬁréagft}d% di ;gep:??de 21c (0.23
g, 0.48 mol e)e2im, 2EOHZER-Z78(R53H),. ) 93282 (ard (HH 2108238 @R 23-2 53 dm. ‘

(2S) - N Boc- an, no- hept.-6: engi ind (O Nl IMM (210
p.L, 1.91 Mol Ve Wﬁf&%%{féﬁ%é&?—%ﬁﬂﬁg%ﬁg %@%%’rgﬂwas stirred
at RT for 16 sa(iaempHwedk-ad; (ws TS 6t(s - 18DvE- 12Hd. 35 GO AF 9 {d-h=i f needed).

The CHzC12 v ih U (h@kery.o i, o), Blo@AC 1633 1) and the

or gani ¢ sol n\@oﬁz?\gg@g%{ hpg&o&ﬁgﬂ%%;jx 20nL) )bri ne (2 x 20nL), dried
and evapor at d&D. sTds, dHydé5 tohpda il Bt 2¥5{8d wwaidz 15y ot ographed on silica
gel (50 m., 2% Et Et 1o g B Emol h d3 gL i gt d 46% . 30
"H NWR ( CDC137" 4081;‘/ afm 0 céﬁglgg@nﬁgg}é?%?ioo) cﬁﬁem%% }gh}zﬁs )(cj)f maj or
rotamer 51026 vaepteebRpr&ef3 ofMM 61 58828 BELGA(Id) (The@888reggas]. 21- 1. 27

(m1H.1.36 (efr’apogry)ted gfr'ld4d5:-ie]c_l'cgr]éhﬁlé.ni'heltgiduezwgsoré—%isszo%veﬁizl}’\] CH?(IZ_Q/DI\%P %BT 2.37 (m

mL /1 mL) and treated with NMM (14.5 pL, 0.132 mmol) and acetic anhydride (7.0

pL, 0.073 mmol) and stirred at RT for 14 h. The mixture was evaporated and dried
under high va¢uum. The residue was then dissolved in a mixture of

15 THE/MeOH/H,0 (4mL /2 mL / 2 mL) and stirred overnight with LIOH.2F,O (11
mg, 0.264 mmol). The residue isolated after acidification to pH = 3 with 1N ice-cold
HCl was purified by C18 reversed phase HPLC using a solvent gradient from 0-40%
aqueous CH,CN (0.06% TFA) in order to isolated pure compound 203 as an

amorphous white solid (12 mg).

20 'HNMR (50mM Na,PO, buffer, pH=6.0, 600 MHz): 5 1.22-1.27 (m, 2H), 1.38-1.43 (m,
2H), 1.58-1.64 (m, 2H), 1.67-1.76 (m, 2H), 1.77-1.84 (m, 1H), 1.92-1.99 (m, 1H), 2.22-
2.08 (m, 1H), 2.12-2.27 (m, 1H), 2.22-2.27 (m, 1H), 2.60-2.67 (m, 1H, Pro-f§’), 2.83-2.89
(m, 1H, Pro-B), 4.32 (dd, ] = 12.1 & 3.5 Hz, 1H, Pro-§'), 441 (dd,J =121 & 7.3 Hz,
iH), 456 (bd, ] = 8.0 Hz, 1H, Pro-8), 4.62 (dd, ] = 8.9 Fiz, 1H, Pro-a), 5.40-5.46 (m,

25 1H),5.55-5.61 (m, 1H),5.73 (bs, 1H, Pro-y), 7.41 (d, ] = 6.3 Hz, 1H), 7.64 (bs, 1H, Acca-
NH), 7.80 (dd, J = 7.9 Hz, 1H), 8.03 (dd, ] = 8.0 Hz, 1H), 8.07 (d,] = 9.5 Hz, 1H), 8.16
(d, ] =7 Hz, 1H, ANH), 8.36 (d, ] = 8.3 Hz, 1H), 8.90 (d, J = 6.0 Hz, 1H).



1H), 2.90-2.99 (m 1H), 3.66 (s, 3H), 3.94-3.98 (i
Hz, 11-1), 4.46- 4.50 (m 1H), 4.81 (dd, J = 8.3 &5.4 : 492506
(m 41.1), 5.16 (d, J = 8.3 Hz 1H), 5.37 (m 1H), 5.70 2@%@’@@1%6@993 6. 82
(d, J =5.1 Hz, 1H), 7.47-7.55 (m 2H), 7.71(dt, J =5

7.0&1. 3Hz, 1H), 8. 03(d, J=8. 6Hz, 1H), 8. 17(d, J=8. OHz, 1H), 8. 78(d, J=5. 1Hz, 1H).
MACROCYCLI C PEPTI DES EXAMPLE 22 CGeneral procedure for macrocyclization via
olefin metathesis 10 In all cases, the tri-peptide diene was dissolved in
CH2Cl 2 at WO MU®¥Entration of 0.01M and the sol uti on waSY&aMAEnat ed by

t he bubbling of argon (-1 h for a volune of 500 nmL). A solution of

catal yst (5-30 nol % dissolved in a small anpbunt of degassed CHzZCI 2) is
added and the reaction mxture is reflaxed until all starting material was
converted to product(s) as indicated by TLC and HPLC. The crude 15 reacti-on
m xt ures wergxastaseeuent|y concentrated to near dryness and filtered

through a s ad .of si|i:G3 luting first with CH2Az to renpve nost
of the cat 2%03'9&‘?‘!%‘” c?lﬁgound %&Ekﬂ(ﬁ&g in order to elute all of the
macrocyclic produc(s) (nost of the tinme as a single dias eoner). The
crude product(s) from each regction |s anal yzed By~cHi HPLC on a

CH RALCEL QJ-R col (purggeﬁefgn Chiral 20 Tech gies Inc, 0.46 ~ x
15 cn), using an I's %ug’%&; 70% H20 € 0. 06% TFA - 30% -
CH3CN + 0. 06% TFkea quwﬁiééo macrocycl i c pro@# omevias ful |y

characterized by: 'H, 26éZOSY TOCSY, and ROESY NVR data #nilord&r to confirm

its structure and stereochem stry. 26 Septenber 2003 WO OQé 99®9 69 EXAMPLE
23 Synthesis of nmacrocydic internmediate (23b) OH 0 23a :

CHO CHO Ny Q
O o “

- B 5‘°*‘=’= Q{N £ OMe
+ 2B¢ N
K NaCOH, 1,0,

° i( 0 \ S o
oot -OH
BocHN \——NHCbz

L |
BocHN \-——NHsz

26d

n 1H) 429(bd J =99

noo-

D Dass-Martin
oxidation

CH,O
SRS ¢ I
b e
1) A0
LU =

CH COH N
z) LIoH BocHN NHCbz

o BocHN

\/N

epd¥soe HC

26f

A. A solution of Boc-protected L-glutamine 26a (4.93 g, 20 mmol) and

5 iodobenzene diacetate (7.73 g, 24 mmol, 1.2 eq.) in EtOAc/CH,CN/H,0 (2:2:1, 60
mlL), was stirred at 16°C for 1 h and at 20°C for 3 h. The reaction mixture was then
diluted with H,O (20 mL), the EtOAc and CH,CN solvents were removed under

vacuum and the remaining aqueous mixture was extracted with diethyl ether (3x50
mL) and EtOAc (50 mL) in order to remove most of the impurities. The aqueous

10 layer (containing the amine intermediate) was then concentrated to dryness, the



OH PCTI CAOQ 00353 A solution of diene 23a (4.0 g, 7.88 nnDI) in dry CH2C 2
(800 m., Aldrich 5 anhydrous) was deoxygenated by bubblb f.or 8
Hoveyda's catalyst (262 ng, 0.434 nmol, 5.5 mol % was B%%ﬁ MRFE4 gg
solid and the reaction was refluxed under an Ar balloon. After 28 h, the
red- orange solution was evaporated to an anorphous solid and then purified
by flash colum chromatography over silica gel. The initial solvent system
was 10% Et OAc in CH2C 2. Once the catalyst was eluted 10 fromthe col um,
the sol venWoms®ehanged to pure Et OAc. El ution of the cCZRHFANN03SY om the
col um was evident fromits color. The macrocyclic product 23b was
i solated as a colorless foam which was re-dissol ved i n CHZCl Z/ hexane
(.1:2). Evaporation of the solvent af{prded a white powder (3.362 g, 89%
ylelg%.&fg ENR (CDCI'3, 400 MHz): 51.20-1.50 (m 6H),1.43 (s, 9H), 1.53 (dd,
] = o7l o . 20
aH), 2.45 (d remé%“%ﬁoaﬁ’;’a%%%g %}iiﬁ 03/%5‘{,22@??}(/3?9?@@})1%%1%?% Q‘?ﬁ)g 3, 50
Egg ] 11. bath aAd 3 sditdign of béZyUchiBofOrmat@3)3, mI4 27.6 nmebl, 02 eq.) giogane1 H) , 4. 86

J

8 5 et Sl st A B 7,

Synt hesi s of JAREIIOCKHED h CTHHhiRful@whsahen dildda)vith B, SOl rekfad@d@th 24a O . 24b
A solution of diene 24a (2.76 3.82 mmol) in anhydrous CH2Cl 2 600 m., 5

ot olos eaedaBey ettt GyS el B BIS P o sits

Hoveyda’ s with EtOAc (3x50 mL). The combined organic layers were dried over anhydrous

MgSO, and evaporated to dryness under vacuum. The crude materjal was purified

by flash column chromatography, using EtOAc/Hexane/AcOH (7:2.9:0.1) to obtain
compound 26b in 43% overall yield (3.04 g).
10  B. Dipeptide intermediate 26¢ (250 mg, 0.41 mmol), compound 26b (171 mg,

0.49 mmol, 1.2 eq.) and HATU (185 mg, 0.49 mmol, 1.2 eq.) were dissolved in CH,CI,

(6 mL) and DIPEA (0.29 mL, 1.62 mmo}, 4 eq.) was added. The reaction mixture was

stirred at RT for 14 h, then the CH,Cl, was evaporated under vacuum and the crude

material re—diséolved in EtOAc. The EtOAc solution was washed with agueous 5%
15 NaHCO, and brine, dried over anhydrous MgSQ, and evaporated to dryness.

Compound 26d was obtained after purification of the crude material by flash
column chromatography, using EtOAc/hexane (4:1) as the eluent, in 98% yield (338

mg).
C. A solution of compound 26d (335 mg, 0.394 mamol) in THF (5 mL) was cooled

20  to0°C and a solution of BH, in dimethyl sulfide {0.12 mL of 10M solution, 1.2 mmol,
3 eq.) was added. The reaction mixture was allowed to warm-up to RT and stir forl

h. Then it was cooled again to 0°C before an aqueous solution of NaOH (0.8 mL of

2.5 M solution, 1.97 mmol, 5 eq) was added slowly over a period of 15 min, followed
by the slow addition (~15 min) of an aqueous solution of H,O, (0.8 mL of an 8.8 M

25  solution, 6.9 mmol, 17.5 eq.). The reaction mixture was allowed to warm-up to RT

and stir for 1h. After that period, the reaction mixture was acidified to pH ~4 in
order to quench the excess BH,, then aqueous NaHCO, was added to adjust the
pH=~9-10, the THF was removed under vacuum and the crude material was

partitioned between H,O and EtOAc. The aqueous layer was re-extracted with



catal yst (117 ng, 0.19 nmmol, 0.05 eq) in anhydrous and degassed CH2Cl2 (S
m.) was added via cannula and the reaction was stirred at refl ux under
an-Ar balloon. After 20 h, the reaction nmixture was appfoXapiinean20889,
conpl eted, at which point a second portion of catal yst was added (117 np)
and the stirring was continued for an 10 additional 16 h. The solution was
then concentrated to - 100 nL, applied to the top of a pad of silica gel
(6 x 10 cn) and the catalyst was first recovered by el utin% with CH2d 2_
Conpound 24¥0 W8928ashed of f the pad of silica wth 3% MBEHCAMESHA:  and
re-purified by flash colum chromatography using Et OAc/ hexane (2:1) to
obtain 70% vyield of a slightly olive-tinted white solid (1.85 g, 94% pure
by HPLC). 15 1H NMR (400 MHz, DMSO d6) —-a 8.69 (s, 1H), 8.13 (d; J 9.2 Hz,
IM 7.50-7.44 (m 2H), 7.17 (dd, j = 9.2, 2.2 Hz, 1H), 7.04 (d, j 6.4 Hz,
I H), 5.60-5. 560k the dddibinddl degaridshers were washed with brine, dried over anhydrous

J=9. 2Hz, 1H), 5. 25(dd, J=9. 2Hz, 1H), 4. 59(d, J=11Hz, 1H), 4. 44(dd, J=9. 2Hz, 1H),
4.05- 3. 98 ( mMg$, and evapopajed widryness wuley weuwgpy) Thegrgly matqyial yas purified) | 3. 55

s, 3H), 2.64- 2.53 (m 1H), 2.46 (d, j. .= 7.3 Hz . 40-2. .31 (m 1H),
(2. 21 I(_?jd, j Drdlegh @@W%@%ﬁs&S*é%gﬁﬁmz’hﬁ%anaﬂ‘&é%%ﬁ?%s °g (m 1%
He, 1), L 485 6y b obtaih plidtorptlindlacdbo Bl on i), | L 16 (s, OH). M s’
795.4 (M + H+. 26 Septenber 2003 WD 00/59929 71 EXAMPLE, 25 Synt hesis of

conpound 202 B 20JFo(@Fakytien ofjcompeurndRep suHd, A8 mbE HeagAGatio peESiiesdtrpound 202

A. The diene 0 0 0. I S Li - Usi_ng
catalytic 5 @%oqﬁ%?g%o‘ﬁf’?‘é“"( %‘??@%fgﬁ%‘%%saﬁﬁg&%p%?cﬁ%n%ﬁgﬁ en?aput heni um
|V di chl ori derT fof% 5BD'The @adtidvh yak quéaddayit the additior(bf Agbota Wk 5,0,8 CH2C12 (60

m.) under reflex for 2 h to give after chromatography on silica gel (50
mL, 3% Et OH EhIDBE% sodwtpm tlckn2Btarated aqueous NaHCO, (5 mL) was added and the

mixture was stirred at RT for 15 min. Finally, the reaction crude was extracted with

10 EtOAc, the organic layer was washed with aqueous 5% NaHCQ, and brine, dried

over anhydrous MgSO, and evaporated under vacuum to give 188 mg of aldehyde
28f which was used in the next step without further purification.
E. A solution of compound 26f (188 mg, 0.22 mumaql), CH,CO,H (38 pL) and

Pd(OH), (25 mg) in ethanol {5 mL) was stirred to RT under H, at atmospheric

15  pressure for 16 h. After that period, more H, gas, Pd(OH), (180 mg} and CH;CO,H

(154 pL) and were added to the flask and stirring was continued for an additional 24
h. The mixture was then filtered and the solvent evaporated to dryness, the crude
macrocyclic product was purified by flash column chromatography, using

CHCl,/MeOH/AcOH (10:2:1), to obtain compound 26g in ~30% yield (48 mg).

20 F. A mixture of compound 26g (22 mg, 0.031 mmol}, DIPEA (27 uL, 0.155
mmol, 5 eq.) and acetic anhydride (8.7 1L, 0.093 mmol, 3 eq.) in CHL,CL, (5 mL) was
sﬁrred at RT for 16 h. The CH,Cl, was then removed under vacuum, a mixture of

THF/MeOH/H,0 (2:2:1, 5 ml) and LiOH.2H,0 (13 mg, 0.31 mmol, 10 eq.) were

added and the hydrolysis reaction was allowed to proceed for 68 h at RT and 2 h at
25 50°C. The reaction mixture was then acidified (pH=~4) and purified by reversed

phase HPLC to obtain the final compound 508 {~6 mg, ~26% yield for the last 2

steps).

"1 NMR (DMSO, 400 MHz) of 508 (mixture of rotamers confirmed by COSY,



(60.1 ng, yield 48%. 'H NWR (CDC13, 400 MHz) 51.7-2-1.30 (m 2H), 1.35 (s,
OH), 1.44-2.35 (m 13H), 3.07- 10 3.14 & 3.16-3.24 (2m Ié rotamers in 1:3
ratio), 3.69 (s, 3H), 396-4.04 (m1HO 4.42- 4.50 (m ﬂ% eptagen 23 (m
1H), 5.05-5.15 (m 11-1), 5.20-5.30 (m 11-1), 5.55-5. 65 (m 1H)
6.75-6.79 (2d, j = 5.4 Hz, 1H rotamers in 1:3 ratio), 7.36 (s, lH)
7.46-7.50 (in, 1H, 8.03 (d, j = 8.3 Hz, 1H), 8.13 &8 17 (2d, j 8.0 Hzj
1H, rotamers in 1:3 ratio), 8.77 (d, j =5.1 Hz, 1H). S, The ester

noi ety of wewsseasr ocyclic conpound 25a (0.0156 g, O. 028%’"7

hydrol yzed with Li OHH20 (8.7 ng, 0.206 mol) in THF/ MeOH H20 (4 m_ /2 L
/2 m). The crude product was purified by C18 reversed phase HPLC on a
What man (Partisil 10, 0DS3) .50/ 2.4 can ggol um using a solvent gradient from
5% 26 Sept enber 2003 WO 00/59929 PCT/ CA00100353 72 aqueous CH3CN to 100%

CH3CN to Obtﬁb@s @@mmqa@% 128 (sam)amnmuseﬂapﬁhgm SO toX 11. 8 ny) .

1H NVR .( DVBO 40
3H), 1. 553 1, (ezi*f{)rﬁ%m) 1H)2- 6?8(“11‘(7@ 3(1854H)1§F%"e"%afp§§ 68'}% A %ﬁ%% (m18 (m
2H), 2. 42- 2. 5O 1f1w.6h 248, 25] ST-FHEQ torther)), s:sngsamwzmaﬂ),mw3 (t i =86

5 56(5) 1H) ?&éﬂaa’w o g0 fpoag gm0 (I > 4078 M A

3.5Hz, 1H)5 7. ﬁ,\&(mdgd?t? 3Hz, 1H), 7. 98(dd J= 7 OHz 1H), 8.08(d, T= 8. 3 Hz,

1H), 8. 21(s, 1, 35(¢d. J C. The macrocyclic
conpound 25a SISOQ%SG%?%wm@ gleﬁimd%ldz‘%k%:w(lﬂib m.) 10 was stirred in
presence of 4M HCl/#f oxane (5 nlL) for I h. The m xture was evaporated and
dried carefully.OT eyrgsig¢lue was re-dissolved in CHZClZ/DMF (3 nL /1 nl)
and treated with B4 500L, 0.132 mmol) and acetic anhydride (7.0 L,
0.073 mmol ) a&mtiNs'tj rred&Gt RT for 14 h.. The mi xture was evaporated and
dried wunder high The residue was then dissolved in a mxture of 15
THE/ MeOH H20 (4 nmligdy 2 nL jo 2omd) and stl rred overni ght vvlth Li OH. 2H20 (11

H,, Rh 5%/alumina

27b
27a 1

B. LIOH.H,0, 8% eq.

H OH
o
o H Q o) H
T DY
BocHN—L,, & & BociN—,  §

27a 27¢c

A. The unsaturated macrocyclic intermediate 23b (3.50 g, 7.30 mmol) was
dissolved in EtOAc (30 mL) and 700 mg (20% w/w) of 5% Rh_on alumina was

10 added. The mixture was stirred under H, gas at atmospheric pressure and at RT for
1.5h. After that period, HPLC analysis confirmed the complete conversion of
starting material to two products, the desired product 27a and a minor product (8%
of the total mass) which was later identified to be compound 27b, formed from
opening of the cyclopropane ring. The reaction mixture was filtered and

15  concentrated to give a light green color solid (347 g). The solid was co-evaporated
twice with FtOH to remove all of the EtOAc (the presence of EtOAc interferes in the
next step). Separation of compound 27a from 27b by chromatography proved to be



ng, 0.264 mmol ). The residue isolated after acidification to pH =3 with 1IN
i ce-cold HCL was purified by C18 reversed phase HPLC uaigg a sol vent

gradi ent from 0-40% aqueous CH3CN (0.06% TFA) in order < FPERILEF 80%ur e
conmpound 203 as an anorphous white solid (12 ng). 20 1H NWVR (50mM Na2POX4
buffer, pH=6.0, 600 MHz): 81.22-1.27 (m 2H),1.38-1.43 (m 2H), 1.58-1.64
(m 2H),1.67-1.76 (m 2H),1.77-1.84 (m IH), 1.92-1.99 (m 1H), 2.22- 2.08
(m IFD, 2.12-2.27 (m 1H), 2.22-2.27 (m 1H), 2.60-2.67_(m 1H_ Pro-13'),
2. 83-2.89 WPMISPA, Pro-(3), 4.32 (dd, | = 12.1 & 3.5 HECTHAWASR vy 4. 21
(dd = 12.1 & 7.3 Hz, 111), 4.56 (bd, | 8.0 Hz, 1H, Pro-y), 4.62 (dd,
j 8 9 Hz, 1H, Pro-a), 5.40-5.46 (m 25 1FD, 5.55-5. 61 (m IH, 573

(bs 1H, Pro- y), 7.41 (d, j] = 6.3 Hz, 13p, 7.64 (bs,1H Acca-

NH), 7. 80(dd, J=7. 9Hz, 1H), 8. 03(dd, J=8. OHz, 1H), 8. 07(d, J= 9.5 Hz, 1H), 8. 16

(d, J=7THz, 1H, c&lt&ﬁ@darﬂ&l&nﬁl:ﬂie bfhoBwaddeyisdd Basidon hielyelatd@ rerstfenber 2003
WO 00159929 [,CA00100353 73 t hesis of conpound 508 (Table
5) OH A O 1)™ % PG SRelye %@n%éy%b NH, 10% NaCORBONN 263 26b

OH OH.26d 268 A mesuidatnmmreoﬁ cmnoqudezVe@néa?bL@gmm&rﬁﬁ@l@één (4.93 g, 20

ol ) -and THF:MeOH (1:1, 20 mL), an aqueous solution of LIOHeILO (24 mg in 5 mL H,O, 8%

5 ' eq) was added and the reaction mixture was stirred at RT for 16 h {complete
hydrolysis of the side product 27b to its corresponding acid 27¢ was cohﬁrmed by
HPLC). The reaction mixture was concentrated under vacuum in order to remove
most of the THF and MeOH and partitioned between FL,O (100 mL) and EtOAc (300
mL). The organic layer was washed with 0.5 N NaOH (3x100 m), brine {100 mL),

10 10% aqueous citric acid (2x100 mL), brine (100 mL), dried over anhydrous Mg3O,,
filtered and concentrated to dryness. The desired product 27a was obtained in high
purity (>90% by HPLC) as a light green foam and in 93% overall yield (3.28 g) for
the two steps.

"H NMR: (400 MHz, CDCL,): 8 1.1-1.38 (m, 13 H), 1.42 (s, 9 H), 1.51-1.57 (m, 1 H),

15  1.63-1.67 (dd,J = 8.0 & 5.1 Hz, 1 H), 1.81-1.87 (m, 1 H), 1.92-1.99 (m, 1 H), 2.02-2.08
(m, 1 H), 2.62 (d,] =14 Hz, 1 H), 34 (d, ]= 8.3, 1H), 3.65 (5, 3H), 4.01 (dd, = 10.8 &
41Hz, 1H), 4.42-448 (m, 1 H), 4.51-4.55 (m, 1 H), 4.87 (d,] = 8.6 Hz, 1 H), 514 (d. §
=8.6Hz,1H),7.97 (brs, 1 H).

EXAMPLE 28
20  Synthesis of compound #741 (Table 7)

/>"N m(,}—rq/k
=
BocH, N 1) DIAD (24,
PhP(2eq). 0
OMe "
gf 2) LIOH
_—

cpd # 741

Quinoline derivative 8f was attached to the pre-formed macrocyclic compound 23b

via a Mitsunobu reaction. The quinoline derivative 8f (30 mg, 0.095 mmol) was



5 i odobenzene di acetate (7.73 g, 24 mmol, 1.2 eq.) in EtOAc/ CH3CN H20
(2:2:1, 60 nL), was stirred at 16C for 1 h and at 20C faor_ 3 h. The
reaction mxture was then diluted with H2O (20 ni), th&CEePIRNLERd0033CN
solvents were renoved under vacuum and the renai ni ng agueous m Xxture was
extracted with diethyl ether (3x50 nlL) and EtQAc (50 nlL) in order to
renove nost of the inpurities. The aqueous 10 | ayer (containing the anine
intermedi ate) was then concentrated to dryness, the 26 Septenber 2003 WD
00/ 59929 PEPAEHERY 00353 74 remaining material was re- difSTEAIEYEn 10%
Na2CO3 (30 nlL), cooled to OCin an ice bath and a solution of benzyl
chloroformate (3.3 nL, 20.4 mmol, 1.02 eq.) dioxane (40 nmL) was slowy
added (-10 min). The reaction mxture yas. stirred at OC for 1 h and at RT
for 2 h. The m xture was then diluted wwth H20 (50 nL), extracted with 5
cold (--50) gl (n?gg&ﬁg], 6 Qb1 a9 aMA L, 444 436k, 2teq ) RIF=3- 4. and
extracted W%ﬁi%g&g@%%o M).aér%}ag(%)%%?'nleﬁ organisg Idaglﬁér'tseq\?vere dried
over anhydr ogsn addp3CrheanslitRiy apRtued ieeboled to 0YNBRAD (Bridel, 2¢qisthen The crude
mat eri.al was (%;ri fied by flash colum_ chromatogr ap%{\;d usi ngk
Et OAc/ Hexanefdiedxdrqpyiise. Thegoluyior i5 sEechi how abhp SiFR NS Vemiets 8580 r al | i el d
(3.04 0). 10:Brpefentk dctintet BRdidated 26k HGARO(168Y), ashid k) , conpound
26b (171 ny, 8.49 mol , 1.2 eq.) and HATU g185 , 0,49 mol, 1.2 eq.) were
di ssol veds i nsaBui2iefl solutig (15opk follogred Yhﬂl‘,‘er-%}‘ﬁzluﬁ*ﬁ%?"?s driedy ) was
added. The reaction mxture was stirred atHgT f1pr i]4 h, then the CH2Q 2
was evapor at Wifh Medey flered an soReeniRisd in vAFEO- 20eE P Ay UPE O8i"E8 o) ved in Et OAC.
The Et OAc soltil oD THESoURS Radpiidd tpakatUsomYe NaliBEBserdodr i ne, dried
over anhydr oh@ihl\c/éégm aﬁg@%vaggr at ec?lﬁto dr ness%rzigﬂq(}ggu_d 20(613l was obt ai ned
h

. L y
af ter purifi Btchlhspredvet ifl gomsained BIARAPYRIQI U2 mat ogr aphy,
usi ng Et CAc/ hexaneprbfud bbtaed Rt2hddests wivn o8y desired plofdd@Bo tayeld C. A
sol ution of con%gun ngﬁ(i/é% ng, 0.394 mol) in THE (5 znL) was cooled 20
to 0C and®a ¥87<CREH Bre in dimethyl sulfide (0.12 nL of 10M sol uti on,
1.2 mol, The ester intermediate (46 mg, 0.06 mmol) was dissolved in a mixture of

THF/MeOH/H,0 (2:1:1 ratio, 2 mL), LIOHeH,O (20 mg, 0.48 mmol) was added and
the solution was stirred at RT. After a period of 16 h, analysis of the reaction
mixfure by HPLC indicated that the hydrolysis was comhplete. The organic solvents
15  were removed under vacuum and the remaining crude material dissolved in DMSO
was putified by C18 reversed phase HPLC to give pure inhibitor 741.
"H NMR (400 MHz, DMSO-d,) § (ppm): 8.67 {s, 1H), 8.29-8.14 (m, 2H), 8.08-7.97 (m,
1H), 7.91-7.78 (m, 1H), 7.74 (s, 1H), 7.31-7.20 (m, 1H), 7.10 (d,] = 5.7 Hz, 1H), 5.82-
5.71 {(m, 1H), 5.58-5.47 (m, 1F), 5.32-5.23 (m, 1H), 4.74-4.64 (m, 1H), 4.55-4.47 (m,
20  1H), 4.23-4.06 (m, 1H), 4.04-3.94 (m, 1H), 3.97 (s, 3H), 3.92-3.85 (m, 1H), 2.70-2.55 (m,
2H), 2.53-2.36 (m, 2H), 2.20-2.09 (m, 1H), 1.80-1.62 (m, 2H), 1.56-1.43 (m, 2H), 1.42-
1.29 (m, 6H), 1.27 (d, ] = 3.2 Hz, 3H), 1.25 (d, ] = 2.9 Hz, 3H), 1.12 (s, 9H).
MS: 763.1 (M+1), 761.1 (M-1).



3 eq.) was added. The reaction mxture was allowed to warmup to RT and
stir for 1 h. Then it was cooled again to OC before an aqueous sol uti on of
NaCH (0.8 nmL of 2.5 Msolution, 1.97 mol, 5 eq) was ad§eipitrondnz00%er a
period of 15 min, followed by the sl ow addltlon (-15 mn) of an aqueous
solution of H2A2 (0.8 nL of an 8.8 M 25 solution, 6.9 mol,17.5 eq.). The
reaction mxture was allowed to warmup to RT and stir for 1 h. After that
period, the reaction mixture was acidified to pH-4 in order to quench the
excess BH3yoily&2%9queous NaHCO3 was added to adj ust thePCIHH480085310, t he THE
was renoved under vacuum and the crude material was partitioned between
H20 and Et OAc. The aqueous | ayer was re-extracted with 26 Septenber 2003 WO
00! 59929 PCT/ CA00/ 00353 75 Et OAc, the,gonbi ned organic | ayers were washed
with brine, dried over anhydrous MSO4 and evaporated to dryness under
vacuum The giuMdg et eri al was puri fied by flash colum chronatography,

usi ng Et CAc/ hexane/ NHAOH ( é as the eluent, to obtain pure conpound
26e in 57% y?&‘l‘the%‘sl‘gf"ﬁﬁ?““dsmﬁ(r* 3 sol ution of corrpound 26e in CH2CO 2 (8
m.), Dess-Martin pegiodinate (195 ng, 97% 3 mol, 1.5 eq) was added

and the reaction ure was stirred at RT 1.5 h. The reaction was
quenched wth t ition of aqueous Na2S2CB mL of 5% sol ution), then
sat urated agueojys HCOB (5 nmL) was added ng, the mxture \Q%i&sti rred at
RT for 15 min. Y, Lhe react ®ffcr ude Was extract ed, wi 0 EtOAc, the
organi ¢ | ayer was wash&d W t by eous 5% NaHCC3 and i ied over

anhydrous MgSO4 and evapqrafjed u r vacuumto gi 1

whi ch was used in the pext Step hout farther fi®at

of conpound 26f (188 ny, |0.22 ), CH3CO2H (38 L)l and

et hanol (5 nL) was ShiHN"ed RT under H2 at atB?PUBphérl 15 pressure for 16

h. After that period, nore I§| gas, Pd(OH)2 (180 u@gﬁi‘ CHRCO2H . (154 pl)

and were added to the flas#nd stirring was contin fior an additional 24
5  To asolution of the macrocyclic compound 25a (21 mg, 0.035 mmol} in t-

al dehyde 28f
p/ E. A solution

OH)2 (25 ng) in

butanol/H,0) (1.5 mL/1.5 mL} at 0°, a solution of OsO, in t-butanol (0.36 mL of a

35% w /v, 0.035 mmol) was added and the mixture was stirred at RT for 1 h. The
mixture was diluted with EtQAc (20 mL) and the organic solution washed with 5%

NaHCO, (2 x 10 mL), brine (2 x 10ml), dried and evapolrated to drjness. The crude

10 compbund was taken into THF/MeOH/H,0O (3 ml / 1.5 mL / 1.5 mL) and stirred
in presence of LIOHH,O (13 mg, 0.28 mmol) for 16 h. The mixture was acidified to
pH 4 with 0.5 N ice~cold HCI, evaporated and purified by C18 reversed phase HPLC
using a solvent gradient from H,0 (0.06%TFA) to 40% aqueous CEHL,CN (0.06%
TFA). The syn diol 205 was isolated in high purity as amorphous white solid.

15  compound #205: 'H NMR (DMSO, 400 MHz): 5 1.01 (s, 9H), 1.06-1.30 (m, 9H), 1.48-
1.68 {m, 3H), 1.78-1.88 (m, 1H), =2.2-2.5 (2m, 2H), 3.78-3.82 (m, 1H), 3.86-3.90 (m, .
1H), 4.39 (1, } = 8.9 Hz, 1H), 461 (d, ] = 11.4 Hz, 1H), 5.60 (bs, 1H, Pro-y), 7.03 (d, J =

6.0 Hz, 1H), 7.40 (bs, 1H), 7.58-7.62 (m, 1H), 7.87-7.91 (m, 1H), 8.00 (d,] = 8.3 Hz,
1H), 8.24 (d, ] = 8.6 Hz, 1H), 8.60 (s, 1H), 8.99 (bs, 1H).

20 EMS (negative ionization mode): m/z 625 (M-H).



h. The m xture was then filtered and the sol vent evaporated to dryness, the
crude macrocyclic product was purified by flash col um %romat ogr.aphy,
using CHCl 3/ MeOH AcOH (10:2:1), to obtain conpound 2692E’ epgga}gey?ggﬁ (48
ng). 20 F. A m xture of conpound 26g (22 ng, 0.031 mml), DI PEA (27 ilL, '
0.155 xnmol, 5 eq.) and acetic anhydride (8.7 pL, 0.093 mol, 3 eq.) in
CH2A 2 (5 n.) was stirred at RT for 16 h. The CH2O 2 was then renoved
under vacuum a m xture of THE/ MeOH H20 (2:2:1,5 nL) and %"3 H20 (13 nm,
0.31 mol ,waovees) were added and the hydrolysis reactFUFAHEEEI | oved to
proceed for 68 h at RT and 2 h at 25 50C. The reaction m xture was.then
acidified (pH=-4) and purified by reversed phase HPLC to obtain the final
conpound 508 (-6 ng, -26%yield for thg last 2 steps). 1 NVR (DVSO, 400
MHz) of 508 (m xture of rotamers confirmed by COSY, 26 Septenber 2003 WO
00/ 59929 76 RGUEA®100353 TOCSY and RCESY NWVR data): 8 1.18 (s,
9H), 1. 09-1.. 85 (overl appin 9 (s, 3H, 2.30-(m 1H), 2.63 (m
1H). 3. 18-4.%4‘*‘(‘-’6\?@??&5‘8‘1% 2?3(1%32%%%6 (s, 3H), 4.44 (m 1H), 4.62 &
4.69 (2d, j =11.8 Hz,oMeH, rotaners), 5.82 (bs,1H),oMe20 (m 2H), 7.53
(bs,1H), 7.67 (bs, A-‘N 8.19 (bs, 3H), 8.61 (s, 1M 5 EXAMPLE 27 Synthesis
of the saturated maycl ic int egogﬁdi ate (27a) BocHN 23b 27b 27a B.

S s N

UGH H O B% o©o O x
0., CO,CH,
NH

+
CO,CH,
16d BocHN™ 30b

B
A

0,,‘
OﬁrNHt/ o
N y
Pli 0 S
30a

compound 218

5 A. A solution of the keto-nonenoate ester 16d (0.180 g, 0.6 mmol) in
MeOH/H,O (5 mL / 2 mL) was stirred at RT in presence of LiOHeH,0 (50 mg, 1.2

mmol) for 1 h. The solution was acidified to pH 6 with 0.5 N ice-cold HCl and most
of the MeOH was evaporated. The residue was then dissolved in EtOAc (30 mL)



27a 27c¢ A. The unsaturated macrocyclic intermediate 23b (3.50 g, 7.30 mmol)
was dissolved in EtQAc (30 nmL) and 700 ng (20% w w) of ,59 E% %
28 SeRRe R L C €

was 10 added. The m xture was stirred under H2 gas at atnos

and at RT for 1.5 h. After that period, HPLC analysis confirnmed the
conpl ete conversion of starting material to two products, the desired
product 27a and a m nor product (8% of the total mass) which was |ater

identified to be conmpound 27b, formed from opening of pr opane
ring. The VEA¥P¥n m xture was filtered and 15 concent r"tﬁfc&w@l’% ve a |ight

green color solid (3.47 g). The solid was co-evaporated twice with EtCOH to
renove all of the EtOQAc (the presence of EtOAc interferes in the next
step). Separation of conpound 27a fromg27b by chromatography proved to be
26 September 2003 WO 00/59929 PCTI CA00100353 77 very difficult, thus an

al ternative st hosbluds viswasked wits®5NGre-coleIC (| Gl brinegit ((mbE dnﬁ%/dr olysis

of their respective rreth t er., noi et The of
conpounds 27#ETAPTYS (ﬁﬁb‘f e rgpidueias Wg'gmﬁﬂve%éﬁd}!ﬂqﬁs 820 m.), an
aqueous sol UIéaagdmmh{e@ﬂh@ng%nma @35@5&@;)38@{@ plas@d of#psTadded and the

reaction mxture was stirred at corrplete fyghéaﬂﬁls of the
si de product(zﬁﬁmgt%l?ﬁn@lﬂﬂld&%%&"fzﬂ&é’ﬁ Hm9 8"%?3{5%‘? y HPLC). The
reacti on g X{il L. MBS mb@Re ik abadtodnee éd&ﬁéﬂiﬂdgﬂhﬁmgmac/lh&ahe(wv)e nost of

the THE and MeOH and partitjoned betwe d E (300 rrL)
The organic P%P%?'“%§°M?%BQWFH°’BP%’“§IQRE@7 %%H%?’nun rltgn%g\%(loo nL), 10

10% aqueous gpte).c acid (2x100 nmL), brine (100 rrL) dried over anhydrous
MySO4, filtered and concentrated to dryn

obt ai ned in Kl YMR EBCL 4P0MIBe o, Uy §4PHE) 43t g%l(”l‘ l%g'iééﬁ“’flgé’rﬁd}é%é ?Zanoa/os
overall yiel 977( 48, 9)86-1@'1 (mtlﬁﬁ H@Qdét ens. B& ' &5 VR, (04080 4bkEEs, 2850 ) : S
LAt -38 .l 2. 46— (m, 2H) 26&-2 81 (m, 1 H)H) 2. 855-292 & 2. 95(?%3 (2ml_9H rotamers in 1:3
ratio), 3.67 (s, 3H), 3.95 (s, 3H), 4.104.18 (m, 1H), 4.20-4.30 (m, 1H), 440-4.55 (m, 1H),
4.80-4.88 (m, 1H), 4.92-5.10 (m, 2H), 5.14 (dd, ] = 10.2 & 1.6 Hz, 1H), 5.24-5.38 (m,
4F), 5.42-5.54 (m, 1H), 5.68-5.86 (m, 2H), 7.04-7.14 (m, 2H), 7.42-7.64 (m, 5H), 7.92-
8.12 (m, 3H).
15 B. The dieﬁe 30b {0.370 g, 0.49 mmol) was cyclizedlm the presence of the bis-
(tricyclohexylphosphine) benzylidene ruthenium IV dichloride catalyst (0.125 mg,
0.15 mmol) in CH,CI, (distilled from CaH, and degassed with argon for 30 min) over
a period of 2 h at reflux. The compound was obtained as a mixture of stereoisomers
{30c and 30d 1:1 ratio) after flash column chromatography on silica gel using
20  EtOAc/Hexane (3/1) in 35% yield (0.124 g).
'H NMR of mixture 30¢ & 30d (CDCl,, 400 MHz)§ 1.44 (s, 4H) & 1.37 (5, 4F1), 1.60
{m, 2H), 1.83 (m, 0.5H), 2.01 (m, 1H), 2.09 (m, 1H), 2.42 (m, 5H), 2.73 (m, 2H), 3.26
(m, 0.5H), 3.69 (s, 1.5H), 3.76 (s, 1.5H), 3.96 (s, 3H), 4.10 (m, 1H), 4.24 (m, 0.5H), 4.10
(m, 0.5H), 4.58 (m, 1H), 4.73 {(m, 1H), 4.89 (m, 0.5H), 4.97 (m, 0.5H), 5.30 (m, 0.5H),
25 544 (m, 2H), 5.64 (m, TH), 7.1-7.0 (m, 3H), 7.47 (m, 4H), 8.08-7.98 (m, 3H).
C,D. Hydrolysis of the methyl esters 30c and 30d (24 mg, 0.033 mmol) was carried
out in THF/MeOH/H,O (1 mL / 0.5 mL / 0.5 mL} with LiOH,O (11 mg, 0.246
mmol) over a period of 16 h at RT. After that period the reaction mixture was

acidified to pH 4-5 and chromatographed on a C18 reversed phase HPLC column
30  using a solvent gradient from H,O (0.06% TFA) to 50% aqueous CH,CN (0.06%
TFA). The desired compounds 214 and 218 were isolated from the mixture of the



15 1.63-1.67 (dd, j = 8.0 5.1 Hz,1 H, 1.81-1.87 (rn,1 H, 1.92-1.99 (m
1H),202208(1H)262(d,J1Hle)34(dJ831 4.01
(dd J=10.8 & 4.1 Hz,1 H), 4.42-4.48 (m1 45145gé(§)r$1p%?£%!)7§®387(d,
] 8.6 Hz, 1 H, 5.14 (d, J —86Hz,1H)797(brslH) EXAMPLE 28 20

Synt hesi s of conpound #741 (Table 7) OH 23b 8f 2) UGH cpd # 741 Quinoline
derivative 8f was attached to the pre-fornmed macrocyclic conpound 23b via
a Mtsunobu reaction. The quinoline derivative 8f (30 By Skob nmol ) was
26 Sept enb®0 WEY WO 00159929 PCTI CA00100353 78 di ssol Ved i , then
macrocycle 23b (45.6 ng,1 eq.) and PPh3 (49.8 ny, -2 eq.) are t hen added.
The resulting mxture is cooled to OC. DIAD (37.4 0,2 eq.) is then added

dropwi se. The solution is stirred 1 hogg at 0 C then stirred overnight at
room tenperature. The mxture was then diluted with EtQAc (15 nl), washed

with a 5 sat watdthonatisihihigh pefitNaHCeBre(byFIRHO) in 15 siddddngly brine. The

solution was dried wi,t | o. 202 ny
of a yell ow grTPorRis?14 oﬁﬁgﬁigdm?h@obﬁﬁﬁéﬁ%agﬁ%% _1-',4;(%;. gl‘ﬂ ? 16%%5

chr omat ogr apKQ{ 98, 541 $ang e, £ 10936 Fa@fek7-2 B en AL, 68th 1H)cont ai ned

DI AD bypr oduct's after the purification. The resulti ng(spr oduct_obt ai ned

cont ai ned 55%8Rdby Jef115HE, Hdk BA2ddpholR&tl5 ¥a 1iRrop) 8046 3 -Yalvdecl ared to
M xture of FREIRREDG LI 15 P o b st | B (AP 8018 Fot )
was added ang, J4 fieHsOIH)} 5.51F6.580 5, B, 5.820s,dH, Rib:)Af00 6. a6k Bd of 16 h,
analysi's of Lhe 1east Oy, 753 (s, 1H), 7.67 (bs, 3H), 816 (d,] = 2 Hz, 1H), 8.18 (5, 1H),

8.83 (s, 1H, ACCA-NH).

compound 218: "H NMR(DMSO, 400 MHz): § 1.06-1.10 (m; 1H), 1.18 (s, 9H), 1.52-1.55

10 (m, 1H), 1.62-1.80 (m, 1H), 2.10-2.68 (overlapping, 9H), 3.90 (bd, ] = 8.3 Hz, 1H), 3.96
(s, 3H, OCHL), 4.20-4.27 (m, 1H), 4.58-4.63 (m, 1H, Pro-5), 4.66 (dd, ] = 8.3 Hz, 1H,

Pro-cr) 4.88 (dd, J = 10.2 Hz, 1H), 5.18-5.26 (m, 1H), 5.73-5.79 (m, 1H, Pro-y), 7.01 (4, ]
— 6.4 Hz, 1H), 7.23 (bs, 1H), 7.50 (bs, 1H), 7.66 (bs, 3H), 8.20 (bs, 2H), 8.53 (s, 1H).

EXAMPLE 31
15 Synthesis of compound 209 (Table 2)



m xture by HPLC indicated that the hydrolysis was conplete. The organic
sol vents 15 were renoved under vacuum and the remaini ng gride materj al

di ssolved in DVMSO was purified by Cl8 reversed phase ngﬁééroge"éqg}'gobgre

i nhi bitor 741. 1H NMR (400 MHz, DMSO-d6) S (ppm: 8.67 (s, 1H), 8.29-8.14
(m 2H), 8.08-7.97 (m 1H), 7.91-7.78 (m 1H), 7.74 (s, 1M 7.31-7.20 (m
111), 7.10 (d, j = 5.7 Hz, IH), 5.82- 5,71 (m IH), 5.58-5.47 (m I|H),
5.32-5.23 (m 1H), 4.74-4.64 (m 1H), 4.55-4.47 (m 20 1I—1|) 4.23-4.06 (m
1M 4. 04- 3WRPOEHR 1H), 3.97 (s, 3H), 3.92-3.85 (m 11- BCHGAWENS 55 (1
2H), 2.53-2.36 (m 2H), 2.20-2.09 (m IH),1.80-1.62 (m 2H), 1.56-1.43 (m
2H),1.42- 1.29 (m 6H),1.27 (d, j = 3.2 Hz, 3H),1.25 (d, j = 2.9 Hz, 3H),
1.12 (s, 9H). Ms: 763.1 (M+l), 761.1 (M 1). 26 Septenber 2003 WO 00/59929
79 EXAMPLE 29 . Synthesis of conpound 205 (Table 2) PCT/ CA00/ 00353 (25a)
compounds 20%A. 5 Tie dlerkGia249mgal330 hendpeasaisypaiedin@o niofadnyZBeus( 21 ny,
0.035 mmol) in t butanol/H20) (15 nm/1.5 m) at_O, solytion of G4 in

t - but anol (0 BEChandthe golutiomupy gy degaseedyith Hgorioy 13 i&‘a 8% he mi xture
was stirred at. f ; } i 84k (8h (3, Eiddemé20 nl) and
the organic o%hgﬁﬁ%}ggﬁgﬁé;\%&%zﬁﬁ%%%MN%?—%%I?%H;BN %%ﬂé bri ne (g x 10nl),
dried and evapeHBdebdtin3 dilyufesisydratisend degdssed CH:Ghpolaidedtsthe diean i nt o

THE/ MeOH/ H20 (3 m, / 1.5 nL / 1.5 rnL) and stirred_ in presence of Li OHH20
(13 ny, 0528 spirben. Thoveactign mixtpesvasirsveechiondl uadsr ixf TorPolwionas4 with 0.5 N

ol vent gr adi BRPRSAERARE B R ey kR R o, TEA)  The
syn di ol 205 3m§s d lgotvasalid in Al%A ighl (iﬂ}rq'.lg)y as anor phous white solid. 15
ory 3 ag- 1. ek GGt A YNt dof Moo hesoRpesiy 0015 o5
1H), 3. 86-3. 9@7.0/V (m, 2H), 2.13-2.28 (m, 3H), 2.32-2.39 (m, 1H), 3.08-3.16/(m, 1H), 3.41 (5, 3H),
10 4.07-422 (m, 3H), 4.28-4.34 (m, 1H), 4.58-4.64 (m, 1H), 4.95-4.99 (m, 1H), 5.22-5.29 (m,
" 2H),5.38-543 (m, 1H), 5.48-5.56 (m, 1H), 7.00-7.12 (m, 3H), 7.43-7.55 (m, 4H), 7.97-

8.11 (m, 3H).

ES(+)MS: m/z 727.4 (M+H)".

B.  Compound 31b (0.117 mmol) was stirred in a solution of HCI (1 mL of 4N in

15  dioxane) for 30 min and concentrated to dryness. The solid was taken up in CFLCL,

(2 mL), Et,N (82 pL, 0.585 mmol} and t-butylisocyanate (35 mg, 0.351 mmbl) were
successively added. After stirring at RT for 20 h, the mixture was concentrated to
dryness and the crude compound 31c was used in the final hydrolysis step without
further purification.

20 D. Compound 31c¢ (85 mg, 0.117 mmol) was dissolved in THF/MeOH/H,0 (2

mL /1 mL/ 1 mL), LIOH.H,0 (39 mg, 0.936 mmol) was added and the sclution was
stirred for 20 h at RT. After that peribd, acetic acid (1 mL) was added and the
solution was concentrated to remove the MeOH and THF. The pure compound 209
was isolated after purification of the crude by C18 reverse phase HPLC (25 mg,

25  ~31% yield).
'H NMR (DMSO, 400 MHz): 3 1.04 (s, 9H), 1.15-1.24 (m, 2H), 1.30-1.40 (m, 5H), 1.44-
1.51 (m, 2H), 1.54-1.68 (m, 1H), 1.75-1.88 {m, 1H), 2.18 (dd, ] = 17.2 & 8.5 Hz, 1H),
2.32-2.45 (m, 1H, Pro-B), 2.54-2.62 (m, 1H), 2.65-2.68 (m, 1H, Pro-p), 3.91(dd, ] = 11.1
& 35 Hz, 1H, Pro-8), 3.96 (s, 3H, -OCH,), 4.17-4.23 (n, 1H), 4.47 (dd, J = 8.6, 1H, Pro-




1H),4.39(t,J=8.9Hz, 1H),4.61 (d, J= 11.4 Hz, 1H), 5.60

(bs, 1H Pro-y),7.03(d,5= 6.0 Hz, 1H), 7.40 (bs,1H), 7.58.7. 6 m :
7.87-7.917 (m IM 8.00 (d, j =8.3 Hz, 1H), 8.24 (d, #gg%.pﬁe"&frz%%, 8. 60
(s, I'M 8.99 (bs,111). 20 EMS (negative ionization node): mz 625 (MH). 26
Sept enber 2003 WD 00/ 59929 80 EXAMPLE 30 Synthesis of conpound 214 & 218
(Table 2) Owe 30a W W conpound 214 0 conpound 218 16d PCT/ CAOQ' 00353 0
30d 5 A. A solution of the keto-nonenoate ester 16d (0.180 g, 0.6 mMmol) in
MeOH H20 (WOfn59922 nl) was stirred at RT in presence of PF4NVeALPBESY 50 ny, 1.2
mmol) for 1 h. The solution was acidified to pH6 with 0.5 Nice-cold HC
and nost of the MeOH was evaporated. The residue was then dissolved in

Et OAc (30 tnL) We Owe 26 Septenber 200g, WO 00/ 59929 PCTI CA00100353 81 and
the solution was washed with 0.5 Nice-cold HC (10 nlL), brined (10 nmi),

dri ed «), 4.67 (bd, J = 7.9 Hz, 1H, Pro-8), 5.30 (dd, ] = 9.5 Hz, 1H), 5.52 (bdd, ] = 19 & 8.3,
15), 5.68 (s, TH), 5.78 (bs, 1H, Pro-y), 5.94 (bs, 1H), 7.21 (bs, 1H), 7.51 (bs, 1H), 7.66
(s, 4H), 8.19 (s, 2FT), 8.40 (d, T =7 Hz, 1H), 8.61 (s, 1H, ACCA-NH).
ES(+)MS: m/z 698.3 (M+H)". |
5  EXAMPLE 32
Synthesis of compounds #404 and #407 (Table 4)

) g}\("
BocHN"'-t =

cpd #407

A. The diene 32a (84 mg, 0.11 mmol) was dissolved in anhydrous CH,C, (11

mL) and the solution was degassed over a period of 15 min. with a flow of argon.
10-  The bis-(tricyclohexylphosphine) benzylidene ruthenium IV dichloride catalyst (19

mg, 0.023 mmol) was first dissolved in 1 mL of degassed CH,Cl, and then it was

transferred to the reaction flask via cannula. The reaction mixture was stirred for 2 h
at reflux. The solvent was then removed under vacuum and the reaction mixture

was purified by flash column chromatography on silica gel, using EtOAc/ hexane



and evaporated. The crude residue was then re-dissolved in CH2A 2 (10 nl)
and reacted with the P1-P2 fragnent 30a (0.337 g, 0.6 nér% in the
presence of HATU (233 ng, 0.612 nmol) and DI PEA (420 L PR 3008ver a
period of 16 hat RT. 5 The reaction m xture was chromat ographed on silica
gel using Et OAc/ hexane (1/1) as the eluent, to isolate the pure conpound
30b (0.370 g, yield 83% Purity >95% by HPLC). 1H NWR (CDCI, 400 MHz)
81.41 (s, 9H), 1.45-1.54 (m1H),1.58-1.62 (m1H),1.73- 1.77 (in, 1H),
1.86-1.91 (woodsdy2e 2.16 (dd, j = 17.8 & 8.6 Hz, 1H), 2. 26TZA4EG0BM 2H),
10 2.46-2.58 (m 2H), 2.64-2.81 (m 1H), 2.85-2.92 & 2.95-3.03 (2m 1H,
retainers in 1.3 ratio), 3.67 (s, 3H, 3.95 (s, 3H), 4.10-4.18 (m 1H),
4.20-4.30 (m 1H), 4.40-4.55 (m 1H), 3§ 80-4.88 (m 1H), 4.92-5.10 (m
2H), 5.14 (dd, j =10.2 & 1.6 Hz, 1M 5.724-5.38 (m 4H), 5.42-5.54 (m 1H),

5.68-5.86 ( m(l'@ﬂs’thgel%f -(o §14e i(hmnagrbgydlgc ﬂ%ﬂ&n@fzb(d@aggm?m ! ﬁ:’g%’L Bod2 (m 3H)

15 B. The di ene 30b s cycliz f esence of
t he bi s- (trlﬁﬁélohexylphosphlne) benzylldene rut henium 1V dichloride

catal yst (0.1R5 rrgheeﬁerhﬁermmia)emm(s@ﬂzg%&s&ﬂmsgwa&aﬂsowearﬂ@aiﬂau@nd degassed
with argon for 30 mn) over a period of at reflex. The conpound was -

obt ai ned as @fﬁt’wﬁ@ %@E@%’@P@éﬁﬂ{)é@’(@é@@m 888 munol) wastaddyd aft er fl ash
| h | 35%
M e e A, e et T MR A
gc 41123(7 (SSH) Hpixtute IGOHPT((F’GndEH)?d !!138'38 Y#IOBS@HFS ingorgpletenThustdp, adél“@%l(zn llf)SR)
s
396 (o, ary 2eipulcoriRmEb @ ooty wapidaeq dydihe buc Bdsungadg (5 |7y
4 H)73 ( m 1H) Rﬂoﬁﬁto(dﬂbf:ﬁh5E%a]1ﬁﬂQEolﬁﬂana§5akidH)ed5naﬂa e Bighbor 25 H;S 44 (m

7,1-7.Q 3 7.47 (m 9 '
Hydrol ysi s ofa“t']q‘f hﬂe?‘ﬁ%“&%éogregﬁ%{e rﬁﬁ‘ﬁ”ﬁ‘éﬁ‘d{e’?‘?cﬁ‘ﬁn aﬁg 8§§eﬂﬁéﬂ"§ was carri ed
out in THE MeBide@er{al wad purified by G18 tevedsed phhje HRItChto\gB pupinhibitorugs. 0. 246
znrml) over RT, Af [.t reactjon m xture
i di 11 Rk fRvE0s0uteEhr chie et Shmenorba el otoleel Sddbhase 1L
col umm 30 USicsg, 380 SIHs\RME)OL 8k 1¥), .10, b 2(50 (R 5 1 (ol Br1H A% aqueous
CH3CN (0. 06%
(bd, J=12.7 Hz, 1H), 458 (bd, J=7.3, 1H), 4.66 (dd, J=8.0 Hz, 1H), 5.57 (m, 1H), 5.66
(m, 1H), 5.83 (bs, 1H), 6.18 (bd, J=6.9 Hz, 1H), 7.25 (bd, ]=7.3 Hz, 1H), 7.56 (bs, 1H),
16 7.70 (m, 4H), 8.22 (bd, J=2.9 Hz, 2H), 8.29 (bs, J=9.2 Hz, 1H).
C. Inhibitor 404 (15 mg, 0.021 mmol) was dissolved in ethanol (2 mL} and Pd
10%/C (2 mg) was added. The mixture was stirred under hydrogen at RT for 16 h.
After filtration, the mixture was purified by C18 reversed phase HPLC to give

inhibitor 407 as a white solid (10 mg, 66% yield)

20 'HNMR (DMSO, 400MHz): § 1.04 (m, 1H), 1.17 (d, ] = 6.0 Hz, 3 H), 1.35 (s, 9E), 1.25-
1.75 (m, 12 H), 2.32-2.45 (m, 1 H), 3.40-3.50 (m, 2 H), 3.74-3.83 {m, 1H)}, 3.85-3.93 (m,
1H), 3.97 (s, 3H), 4.27-4.36 (dd, ] =21.1 & 8.6 Hz, 1H),4.54 (dd, f = 7.95 & 7.95 Hz,
1H), 5.64 (d, ] = 8.3 Hz, 1H), 5.82 {br's, 1H), 7.27-7.33 (m, 1H), 7.53-7.57 (bs, 1 H),
7.60-7.74 (m, 4 H), 8.13-8.27 (m, 3 H), 8.30-8.35 (br s, 1H).



TFA) . The desired conpounds 214 and 218 were isolated fromthe m xture of
the 26 Septenber 2003 WO 00/ 59929 PCT/ CA00/ 00353 82 twg _conpounds in high
purity (94%pure by HPLC) in 15%yield (3 ng). conpound 2212€PtanpeqvdlOspivs0,
400 MHz) S 1.15 (s, 9H), 1.48-1.54 (m 2H), 1.65-1.74

(m,1H,1.77-1.85 (m 1H), 2.12 2.25 (m 4H), 2.27-2.34 (m |1H), 2.61-2.68
(m 1H, 2.87 (bt, j =11.5 Hz, 1H), 3.92 (dd, j = 9.2 & 1.5 Hz, 1H,
Pro-S), 3.97 (s, 3H, -OCH), 5 4.14-4.20 (m 1H), 4.52 (t, j = 7.8 Hz, 1H,
Pro-a), 4.6G®opd9929 =11.8 Hz, 1H, Pro-y), 5A5 (t, | = RCH/GHOI/OBEY
5.51-5.58 (m 1H), 5.82 (bs,1H Prosy), 7.09 (d, j = 6.0 Hz, 1H, BocNH),
7.26 (bs,1H), 7.53 (s, IM 7.67 (bs, 3H, 8.16 (d, j = 2 Hz, 111), 8.18 (s,
1H), 8.83 (s, 1H, ACCA-NH). conpound é&& 1'H NVR(DMBO, 400 MHz): 5
1.06-1.10 (m 1H), 1.18 (s, 9F1),1.52-1’55 10 (m 1H), 1.62-1.80 (m 1H),
2.10-2.68 (oggklARPisng, 9H), 3.90 (bd, j = 8.3 Hz, 11-1), 3.96 (s, 3H
OCH3), 4.20-4.27 (m _IH), 4.58-4.63 (m IH Pro-5), 4.66 (dd, j = 8.3 Hz,
1H, Pro-a) &2ystheqigef compoung#8ad(Lablefly 5 18.5 26 (m 111), 5.73-5.79 (m
1H, Pro-y), 7.01 (d, j = 6.4 Hz, 11-1), 7-23 (bseeH), 7.50 (bs, 1H), 7.66
(bs, 3H), 8.20 (bs, 211), 8.53 (s, 1H. EXAWPLE 3V Synt hesi s of
“conpound 209 (Table 2) o.~ A 31a | B 31b conpound b Septenber 2003
WO 00159929 PCTACA00100353 83 AX The di ene 31a (249 0. 330 nmol ) was

di ssol ved in BO%QK nyey ous E-'—rﬁ%ﬁ wf he sol gty on was degassed with
argon for 15 nmin.;*The gatalyst bisf o & B My

. G =

CH,

BocHN =2 BocHN
HJC 3

33a 33b 3¢

A Compound 33a (~0.55 munol) was dissolved in CH,CI, (100 ml) and the

5  solution was degassed carefully before a sample of Hoveyda’s catalyst (17 mg, 0.028
mmol, 0.05 eq.) was added. The solution was then stirred under reflux for 5 h. The
reaction mixture was concentrated and purified by flash column chromatography,
using a solvént gradient of CH,Cl,/EtOAc (from 3:2 to 2:3 ratio), to give compound
33b in 72% yield (194 mg).

10 B. To a solution of compound 33b (70 mg, 0.142 mmol), 2-ethoxy-4-hydroxy-7-
methoxyquinoline 3¢ (63 mg, 0.284 mmol, 2 eq.) and Ph,P (186 mg, 0.71 mmol, 5 eq.)
in anhydrousrTHF (15mL)at0 °C, DIAD {140 pL, 0.71 mmol, 5 eq.) was added
slowly over a period of 20 min. The reaction mixture was allowed to warm-up to RT

and to stir at RT for 2.5 h. Subsequently, the THF was evaporated under vacuum
15  and the crude product was purified by flash column chromatography, using a



(tricycl ohexyl phosphi ne) benzylidene ruthenium IV dichloride (82 ng, 0.100
mmol) was dissolved in 3 nL of anhydrous and degassed Q$F§%§ and added to
the diene 5 solution. The reaction m xture was refl uxed STRORMTHY

The solution was concentrated and purified by flash col um chronatography
to obtain conpound 31b as a brown solid in 71%yield (171 ng). 3H NWR
(CDC13, 400 MHz): S 1.22-1.44 (m10H),1.42 (s, 9H), 1.66-1.74 (m 1H),
1.87-1.97 (m 211), 2.13-2.28 (m 3H), 2.32-2.39 (n1 1H), 3.08-3.16-(m
|H), 3.41 (W0005MRY 10 4.07-4.22 (m 311), 4.28-4.34 (YRT/GAP004358-4 64
(m 1H), 4.95-4.99 (m 11-1), 5.22-5.29 (m 211), 5. 38- 5. 43 (m 1M
5.48-556 (m 1H), 7.00-7.12 (m 3H), 7.43-7.55 (m 411), 7.97- 8.11 (m 3H)
ES(+)MS: miz 727.4 (MH*. B. Conpoundg3lb (0.117 nmol) was stirred in a
solution of HC1(1 nL of 4N in 15 dloxane) for 30 min and concentrated to

dr é nes E Tlh € s810brit dradRat dfdkeRe IROIAQ (fEBer;{s )?o 1: ](rah@L)’meEbrabbL(r&%BC hrgsa Od 585]c nol )
and t-butyliso na 351 mmo were successively added. After
P 55 e e -

stirring at ture was concentrated to dryness and the

crude conpouird 3lEoMEind38ck72 M tmmfnhijMQWﬂeﬂgmze@nmﬁah@m further
purification. 20 D. Conpound 3Ic (85 ng, 117 mol ) " was di ssolved in

"THP/ MeOH Hz OHGl in dipxang (Srrnly) and #Le)mlxmrwsr@@fe@@ stigat RJ o365 hitorflenias  added

and the sgl UllR tBsoc %té&ﬁ?@mhﬁ%n@@otﬁnﬁe i salf\bliftersh didlie £1 iTRE, acetic add
(1 nL) was added and he solution was concentrated to renove the MeOH and

THE The pur e T%6PAGTHAG rerglon TREEUrE ¥3P eieReraA fRAUYReES RIS SR9R™ 8Fed he crude by

Cl8 reverse phds@addiinGoaa0re e redfovaldt I MCBind)used il thiVRx{ SRYERAthAR0 MHz) . 5
1.04 (s, 911% 1.15-1.24 (m 211),1.30-1.40 (m 511),1.44- 1.51 (m
211),1.54-1 %“‘C ,1.75-1.88 (m 111), 2.18 (dd, j = 17.2 & 8.5 Hz,
111), 2.32-2.45 rdasbwpnef@d@ﬁantaﬁ@apz.o&zu(mmniﬂlm)p,(mnﬁ)sagoxﬁ&n(m 1H,

Pro-n), 91 (dd, j =111 Pro-S), 3. s, 3H, .- OCH)
s, 174, 230 (o Hiecha it ST Ve, 05 ol bengdedebise AN 86 o
00159929 PCTHOARRMRO3H8:d at R.T. for 2 h to form the cyclopentyl chloroformate reagent.

After that period, approximately half of the solvent was removed by evaporation

under vacuum, the remaining light yellow solution was diluted by the addition of

CH,CL, (5 mL) and reconcentrated to haif of its original volume, in order to assure
15  the removal of all excess phosgene. The above solution Iof the cyclopentyl

chloroformate reagent was further diluted with THF (10 mL), cooled to 0 °C and

added to the solid compound 33d (0.104 mumol) at 0 °C. Et,N (75 uL, 0.534 mmol, 5.2

eq.) was added to the reaction mixture and stirring was continued at 0 °C for 1.5 h.

The solvents were removed under vacuum and the crude material purified by flash
20  column chromatography, using EtOAc/hexane (1:1) as the eluent, to obtain

compound 33e in almost quantitative yield (75 mg).

E. Hydrolysis of the methyl ester was achieved by reacting compound 33e (75

mg, 0.11 mmol)} with LIOHH,O (35 mg, 0.84 mmol, 8 eq.} in a solvent mixture of

THF/MeOH/H,0 (2:2:1 ratio, 7.5 mL) at 50 °C for 2.5 h. Upon completion of the

25  hydrolysis, the mixture was acidified to pH=4.5 and the solvents were evaporated to
dryness under vacuum. The crude product was purified by C18 reversed phase

preparative HPLC, using a solvent gradient of H,O to 58% aqueous CH,CN (with

0.06%TFA), to obtain inhibitor #824 as a white amorphous solid (45 mg, 65% yield).

'H NMR of the Na" salt of #824 (DMSO, 400 MHz): 5 0.88 (d, J=6.7 Hz, 3H), 0.95-1.70
30 (overlapping resonances, 17H), 1.37 (t, J=7 Hz, 3H), 2.00-2.10 (m, 1H), 2.10-2.33 (m,



84 (x), 4.67 (bd, j =7.9 Hz, 1H Pro-&), 5.30 (dd, J = 9.5 Hz, 5.52
(bdd, j =19 & 8.3, 1H), 5.68 (s, 1H), 5.78 (bs, 1H Pr 5.9 slH)
7.21(bs, 1H), 7.51(bs,1H). 7.66 (bs, 4H), 8.19 (s, %@%‘%’t‘i ber%&g

1H), 8.61 (s, 1H, ACCA-NH). ES(+)Ms: mz 698.3 (I\/H—|)+ 5 EXAI\/PLE 32

Synt hesi s of conmpounds #404 and #407 (Table 4) A 32b B OH cpd #407 cpd #404
A. The diene 32a (84 ng, 0.11 nmol) was dissolved in anhydrous CHZCO 2 (11
rnL) and the. solution was degassed over a period of 15 min. with a flow of
argon. 10WOTHE s- (tri cycl ohexyl phosphine) benzyl i derRETGAHEI UM |V

di chloride catalyst (19 ng, 0.023 nmmol) was first dissolved in | nL of
degassed CH2ClI 2 and then it was transferred to the reaction flask via
cannul a. The reaction mxture was stirgged for 2 h at reflux. The sol vent
was then renoved under vacuum and the reaction mxture was purified by

flash col umnmmmgf,aﬂ&byswﬂsmdx i1ED), 386 ks, SHp 1.0B4.B @ACH) e &p@-726 Sept enber
2003 WD 001 1 e the
macrocycl i c%ﬁﬁ%&d‘%@gm’a E@%O\l/é%—ll—{f)ll_@g 6%375’ %i)li}?%ﬁﬂd %9}% The ester
i nt er medi at el¥325H38(B3 1Hy 5. 4@5@&5:: D] §37 e dHlli6SE Gldv E6-9ién2. %le MOuU®  of

THB/ MeOH/ H20d(]22&H£ {I%E.}%(ddl_ %}m%—@-@ &](:ggﬁr& 1}% 48 (gT1@ﬁ| ) was added 5

and the sol ution was stirre ter 'a period of 16 h, analysis of the
reaction m xEWMPLHPE HPLC i ndi cated that the hydrol ysis was i nconplete. Thus

an addi ti onag t@gggpgonqgouhh%ﬂaﬁ)aﬁésﬁg 0.09 mmol) was added and the
sol ution was stl rred a

o
o CH (1) N w w
soctn, I S oM
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RT for a total of 36 h. Finally, the solution was acidified with a snmall
aliquot of acetic acid, the organic solvents were rem)v %ﬂg'ﬁé V, um and
the remaining 10 crude material was purified by Cl18 reverse g LC to
give pure inhibitor 404. IH NVR (DVBSO, 400MHz): 81.21(d, | 6.0 Hz, 3H,
Me), 1.36 (s, 9H, Boc), 1.1-1.4 (3m 3H), 1.66 (m 1H), 1.80 (m 1H), 2.10
(m 2H), 2.57 (m 2H), 3.90 (m 4H), 4.47 (bd, J=12.7 Hz, 1H), 4.58 (bd,
J=73, 1H), 4.66 (dd, J=8.0 Hz, 1H), 5.57 (m1H), 5.66 (m 1H), 5.83 (bs,
1H), .6.18 Wod/s92%6. 9 Hz, 1H), 7.25 (bd, J=7.3 Hz, 1H), PETEROPPMESH L) 15
7.70 (m 4H), 8.22 (bd, J=2.9 Hz, 2H), 8.29 (bs, J=9.2 Hz, 1H). C

| nhi bitor 404 (15 ng, 0.021 mol) was dissolved in et hanol (2 m) and Pd
10% C (2 ng) was added. The m xture wgg stirred under hydrogen at RT for 16
h. After filtration, the m xture was purified by C18 reversed phase HPLC
to give inhibitor 407 as, a whitge solid (10 ng, 6§%y| elg) 20 1H NVR ( DMSO,
400MHz): 81.04 (m 1H), 6.0 Hz, 3 H, NS0 H), 1.25 1.75
(m 12 H), 2.32-2.45 (m 1 /340350(m 2 H), 3.83 (m 1H,
3.85-3.93 (m 1H), 3.97 (s, 3H), 4.27-4.36 (dd 'c,— 2d.1 & 8.6 1h, 1H),

4.54 (dd, j = 7.95, &0/ 85 5. 64 (&],jﬂ . 5.82

(br's, 1H), 7.27-7@’%%@753757( Eﬁﬁﬂ%?M (m 4 H,
8.13-8.27 (m 3 H), 8.30- el DT s,_iH)_...ZG Sept w2003 WO 00159929 86
EXAMPLE 33 Synthesis of C H#824 (Table 8) EtlO ©A00/ 00353 A
Conpound 33a (-0.55 nifte) i ssolved in CH2C 2 arl) and the 5

sol ution was degassed car eful |y before a sanple of Hoveyda's catal yst (17
ng, 0.028 nmol, 0.05 eq.) was added. The solution fwas then stirred under
reflux for 5 h. The reaction mxture was concentrgted and purified by

flash col um chromat ography, using a solvent gr ad| ent of CH2C 2/ Et OAc
(from3:2 to 2:3 ratio), to givegconpound

I\ N I&-NH i N N,}—NHI.
= 2
9 1 L
o _n A o N
G e o
07 NH 0% NH
- 3 OH - O“‘.
cpd# 812 S~ 34g \NY

A, To a solution of the macrocyclic intermediate 23b (13.05 g, 27.2 mmol, 1.0
eq.), Ph,P (14.28 g, 54.4 mmol, 2.0 eq) and 2-carboxymethoxy-4-hydroxy-7-
methoxyquinoline (WO 00/09543 & WO 00/09558) (6.67 g, 28.6 mmol, 1.05 eq) in

5  THF (450 mL) at 0°C, DIAD (10.75 mL, 54.6 mmol, 2.0 eq) was added dropwise over

a period of 15 min. The ice bath was then removed and the reaction mixture was
stirred at RT for 3 h. After the complete conversion of starting material fo products,

the solvent was evaporated under vacuum, the remaining mixture diluted with
EtOAc, washed with saturated NaHCQ, (2x) and brine (1x), the organic layer was
10  dried over anhydrous MgSO4, filtered and evaporated to dryness. Pure compound

34a was obtained after flash column chromatography; the column was eluted first -
with hexane /EtQAc (50:50), followed by CHCL,/EtOAc (95:5) to remove Ph,PO and
DIAD byproducts and elution of the impurities was monitored by TLC. Finally, the
desired product 34a was eluted from the column with CHCl,/EtOAc {70:30).

15 Usually, the chromatography step had to be repeated 2-3 times before compound
34a could be isolated in high purity as a white solid with an overall yield of 68%




33b in 72%yield (194 ng). 10 B. To a solution of conpound 33b (70 ny,
0.142 mol ), 2-ethoxy-4-hydroxy-7- nethoxyquinoline 3c (2%%% ge nmol
2 eq.) and Ph3P (186 ng, 0.71 mvol, 5 eq.) in anhydrous é('r_”L r??@@at 0
C,- D AD (140 ~EL, 0.71 mmol, 5 eq_) was added slowy over a period of 20
mn. The reaction mxture was allowed to warmup to RT and to stir at RT
for 2.5 h. Subsequently, the THE was evaporated under vacuum 15 and the
crude product was purified by flash col um chronmat ography, using a 26

Sept enber WOO®5%® 00/ 59929 PCT/ CA00/ 00353 87 sol vent g}’éfﬁﬂ@?{?"?’

hexane/ Et OAc (from 7:3 to 1:1 ratio). Pure conpound 33c was isolated in
73%vyield (72 ng). C. Conmpound 33c (72 ng, 0.104 nmol) was m xed with
CH2C12 (5 nL) and 4M HC in dioxane (g ") and the m xture was allowed to
stir at RT for 1.5 h in order to 5 cleave the Boc protecting group and
obtain the Hghsgalbufuré b BPIEXI ate 33d. The reaction crude reaction

m xture was evaporated to dryness under vacuum dried under vacuumto
assure the rBnovdlo agplugiph ofitfe Begrpiotegiedintesmediate gtadkl Setedin (HLChéln
purification,.D, | Ut i ' . 1) in TH ~
T10 Ly o sarhav i g8t (2h bbb BEhARReh el s e Mol )
was added drB®pferss. Hnthetement that g thickegelvarguld dormy hedf vy tirowgh thgreagtiar t o form t he
cycl opentyl ch| qr of qr,mat e Af ter,that peri roxi mately half
of the so ve?ﬁ“oalaaé'aa%%{}aga&ﬁ@%gb&agta?%ﬁ T UREP™ g’ggﬁ?nﬁg%)he r emai ni ng

li ght yel | oWg§Rbtbtiib® theWaiSertt Wike@tapoyatt Redraakdi foiobrirnf yellGM2€iPandm nl) and

reconcentrated to half, of _its oriqginal, volunme, in o o sure 15 the
removal of aP# Eg@&en%&b@gwggre-r%grea Séf}lée‘}sj%llaa?’ioélrxf‘ a?)e?ye%/ﬁ%@gg@ﬂopent yl

chl or of or mt&l{@%@@é—g%&aﬁé&t& H?ﬁeﬁiﬁuh&dcw;@&o”ﬁtﬁx dokdpotthg 34bceal ed to 0 C
and added to the solid conmpound 33d (0.104 imol) at 0 C. Et3N (75 pL,

0.534 mmol , Flpw selifl, whighavagdepddr the nedestepadiorbnyAudficatienand. stirri ng was
conti nuegy at 0 Cf,Qlsohitith bk cya1dflaea38! RIS 6 WoRGoLpRRYRdidmbes vacuum and the
crude material purified by T ash ,

solution of phosgene In toluene (1.93 M, 5.96 mL, 11.502 mmol} was added dropwise

and the mixture was stirred at R.T. for 2 h to form the cyclopentyl chloroformate

reagent (z). After that period, approximately half of the solvent was removed by

evaporation under vacuum, the remaining light yellow solution was diluted by the

15  addition of CH,CL, (5 mL) and concentrated to half of its original volume, in order to
assure the removal of all excess phosgene. The above solution of the cyclopentyl
chloroformate reagent was further diluted with THF (15 mL) and added to the

amine-2HCl salt 34b. The mixture 1‘was cooled to 0°C in an ice bath, the pH was
adjusted to ~8.5-9 with the addition of Et,N (added dropwise) and the reaction

20  mixture was stirred at 0°C for 1 h. After that period, the mixture was diluted with
EtOAc, washed with water (1x), saturated NaHCO, (2x), H,O (2x) and brine (1x}.

The organic layer was dried over anhydrous MgSQ,, filtered and evaporated under

vacuv.;m to obtain a yellow-amber foam. Compound 34c was obtained as a white

foam after purification by flash column chromatography (using a solvent gradient
25  from 30% hexane to 20% hexane in EtOAc as the eluent) in 80% yield (1.27 g) and

>93% purity. '

D. The dimethyl ester 34c (1.17g) was dissolved in a mixture of

THF/MeOH/H,0 (20 mL, 2:1:1 ratio), and an aqueous solution of NaOH (1.8 mL,

1N, 1 eq.) was added. The reaction mixture was stirred at RT for 1 h before it was
30  evaporated to dryness to obtain the sodium salt 34d as a white solid (~1.66 mmol).



20 colum chromat ography, using Et OAc/hexane (1:1) as the eluent, to obtain

conpound 33e in al nost quantitative yield (75 ng). E. Hy é’% ré?&%j
met hyl ester was achi eved by reacti ng conpound 33e (75 © éer ) with

Li OHH20 (35 ng, 0.84 nmmol, 8 eq.) in a solvent mxture of THE MeOH H20
(2:2:1 ratio, 7.5 nL) at 50 C for 2.5 h. Upon conpletion of the 25

hydrol ysis, the mxture was acidified to pH=4.5 and the solvents were
evaporated to dryness under vacuum The crude product was purified by C18
reversed ph¥8e8ussp¥eparative HPLC, using a sol vent gradi ERTCAPVIRD t o 58%
aqueous CH3CN (with 0.06%FA), to obtain inhibitor #824 as.a white

anor phous solid (45 ng, 65%yield). 'H NMR of the Na"' salt of #824 ( DVBO,
400 MHz): 8 0.88 (d, J=6.7 Hz, 3H), 9-1.70 30 (overl apping resonances,
17H), 1.37 (t, J=7 Hz, 3H), 2.00-2. 10 m 1H), 2.10-2.33 (m 26 Septerrber
2003 WO 00/ 5 o38d BAdW4AREI RARSSexB s p wﬁh&ﬁ anfﬂéuéﬂn 1H) 3.80-3.85 (m
1H), 3.85 (s, , 4.02-4.08 (m 1 4.35-4.44 (m
1H), 4.50 (dEJ 1O‘h3cméesorimsaht36é @grmq%wasswg%vidd@ﬁ"ﬂ?i mIpBN 1H), 5. 38

bs, . )
1% (4] scarg gt atenibe vl i s ey 1,
: 34

(3. 190 &%@b S 155 e GRUROHIA £k TPE R Py BOCHN 230

OH Ol e A
min. After that period, diazomethane (15 mL) was added and stirring was

continued at 0°C for 30 min and then at RT for an additional 1 h. Most of the solvent
was evaporated to dryness under vacuum, the remaining mixture was diluted with
EtOAc¢, washed with saturated NaHCO, (2x), H,O {2x) and brine (1x), dried over
anhydrous MgSO,, filtered and evaporated to dryness to obtaﬁ compound 34e asa

10 light yellow foam (1.2g, ~1.66 mmol). The diazoketone intermediate 34e was used in

the next step without purification.
E The diazoketone 34e (1.2g, 1.66 mmoL) dissolved in THF (17 mL) was cooled

to 0°C in an ice bath. A solution of aqueous HBr (48%, 1.24 mL) was added
dropwise and the reaction mixture was stitred at 0°C for 1 h. The mixture was then
15 diluted with EtOAc, wash with saturated NaHCO, (2x), H,O (2x) and brine (1x), the

organic layer was dried over anhydrous MgSQ,, filtered and evaporated to dfyness

to obtain the §-bromoketone intermediate 34f as a light yellow foam (~1.657 mmol).
G. To a solution of the bromoketone 34f (600 mg,0.779 mmol) in isopropanol (5

mL), thiourea (118 mg, 1.55 mmol) was added and the reaction mixture was placed
20  ina pre-heated oil bath at 75°C where it was allowed to stir for 1 hr. The
isopropanol was then removed under vacuum and the product dissolved in EtOAc

(100 mL). The solution was washed with saturated NaHCQO, and brine, the organic

layer was dried over anhydrous Na,SO,, filtered and evaporated to afford the crude

product 34g (522 mg) as a red-brown solid. This material was used in the final step
25  without any further purification.

H. The crude methyl ester 34g (122 mg, 0.163 mmol) was dissolved in a solution

of THF/MeOH/H,O (2:1:1 ratio, 4 mL) and saponified using LiOHH,O (89 mg,

2.14 mmol}. The hydrolysis reaction was carried out over a 12-15 h period at RT. The



Ove WO 00159929 89 | S 2}-NHz NH "OUN[~17 lel OHcpd # 812 \/"*- e 34g
G 26 Septenber 2003 PCT/ CA00/ 00353 A. To a sol ution of iC
internediate 23b (13.05 g, 27.2 mol, 1.0 eq), Ph3P ( wﬁﬁ?éggnunol,
2.0 eq) and 2-carboxynet hoxy-4- hydroxy-7- net hoxyqui noline (WD 00/09543 &
WD 00/ 09558) (6.67 g, 28.6 mml, 1.05 eq) in 5 THE (450 nL) at 0C, DI AD
(10.75 nm., 54.6 mmol, 2.0 eq) was added dropwi se over a period of 15 mn.
The ice bath was then renoved and the reaction mxture was stirred at RT
for 3 h. AVO&¥s%¥e conpl ete conversion of starting mat A3 oduct s,
t he sol vent was evaporated under vacuum the remaining mxture diluted with
Et CAc, washed with saturated NaHCO3 (2x) and brine (lIx), the organic |ayer
was 10 dried over anhydrous MySO4, filghered and evaporated to dryness. Pure
conmpound 34a was obtained after flash colum chromatography; the colum
was el ut ed fdolvehts werathétrehexangldet lcurhaid B@)crudegiddeplisipd BHCIB/ Et QAC
(95:5) to renove Ph3PO and DI AD byproducts and uti o the inpurities
was noni toréGV%VdRhée}ﬁf[ﬁa}*f‘?g,af%‘éenpgégie?fé@"b}%ﬂéhﬂ&%%@ lgﬁﬁt ed fromthe
colum wth | Et -.30 15 Usual t he, chr y step had to
be repeat ed ‘2- |t?1%58§%3'\(€3%§; %%f?pa??d‘rﬁ]gg 15 b s L ESPTTEORE 362

overall yield for the conversion of intermediate 34f to inhibitor #812).

5 'HNMR (400 MEz, DMSO-d,) 5 8.63 (s, 1H), 8.26-8.15 (m, 2H), 7.79 (bs, 1H), 7.72
(bs, 1ED), 7.50 (bs, 2H), 7.33-7.25 (m, 2H), 5.77 (bs, 1H), 5.52 (dd, ] = 8.3 Hz, 1H), 5.27
(dd,] =9.2 Hz, 1H), 4.64 (d, ] = 10.8 Hz, 1H), 450 (dd, ] = 8.3 Hz, 1H), 4.39-4.31 (m,
1H), 4.08-3.99 (m, 2H), 3.94 (s, 3H), 3.87 (d, ] = 9.5 Hz, 2H), 2.65-2.53 (m, 2H), 2.46-

 2.36 (m, 2), 2.20-2.12 (dd, ] = 8.6 Hz, 1H), 1.80-1.64 (1, 2H), 1.63-1.06 (m, 14H). MS;

10 es:7332(M+H)", es:731.2 (M —H).

EXAMPLE 34A
. Using the same procedure as described in example 34 but reacting bromoketone 34f

with commercially available N-methylthiourea gave # 811 (Table 8)

CH,0

15 ’I—I‘ NMR (400 MHz, DMSO—dﬂ.): 8 8.63 (s, 1H), 8.20 (s, 1H), 8.18 (s, 1H)}, 8.12-7.93 (m,
1H) , 7.88-7.69 (m , 2H), 7.32-7.24 (m, 2H), 5.82-5.75 (m, 1H), 5.52 (ddd, J=8.1 Hz,
1H), 5.28 (dd, J= 9.9 Hz, 1H), 4.67-4.61 (m, 1H), 4.51 (dd , J= 8.8 Hz, 1H), 444-4.37
(m, 1H), 4.08-4.00 (m, 1H), 3.96 (s, 3H), 3.89 (m, 1H), 3.04 (d, J=4.1 Hz, 3H), 2.65-
2.37 (m, 3H), 2.16 (n, 1H), 1.77-1.65 (m, 2H) , 1.63-1.11 {m, 17H). MS; es": 747.2 (M +
20 H)',es:7453 M -H).
EXAMPLE 34B
Using the same procedure as described in example 34 but reacting bromoketone 34f

with commercially available N-ethylthiourea gave # 810 (Table §)



34a could be isolated in high purity as a white solid with an overall yield
of 68% 26 Septenber 2003 WD 00159929 PCTI CAOOQ 00353 90 %%e%tegﬁbes?% égo pure
by HPLC). B. To a solution of the Boc-protected interned at ? 679)
in CH2CI 2 (15 nlL), 4N HCl in dioxane (12 nL) was added and the reaction

m xture was stirred at RT for 1 h. [In the event that a thick gel would
formhalf way through the reaction 5 period, an additional 10 nL CH2Cl2
was added.] Upon conpletion of the deprotection the solvents were evaporate
to dryneswamseseain a yellow solid and a paste |ike REFEAIAP* The mixture
was redissolved in approxinately 5% MeOH in CH2Cl12 and re-evaporated to
dryness under vacuumto obtain conmpound 34b as a yellow solid, which was
used in the next step w thout any purggication. 10 C. To a solution of

cycl opentanol (614 iL, 6.76 moL) in THE (15 nL), a solution of phosgene
in toluene (1.93 M 5.96 nlL, 11.502 rrrml) ,Qdded dropwi se and the

m xture was stirred at R T. for cgo Nhe” cycl opentyl chl orof or nmat e
reagent (z). After that period, ap tely half of the solvent was
renoved by evaporation under vacuum ghe remaining |ight yell ow solution
was diluted by the 15 addition of CH2Ci2 (5 nmL) and concentrated to half of
its original volune, in order@\p)\fkbs r¢ the renoval of all excess
phosgene. The above sol ution ~egcldenyyl chlorof ormate reagent was
further diluted with THE (15 nlL) and_&d8edit @t he anine-2HCO salt 34b. The
m xture was cooled to OCin an ice ba he pH was adjusted to -8.5-9
with the addition of Et3N (added dropw and the reaction 20 m xture was

stirred at r g jwasrdi tMf,ed with
Et CAc, vvashe%ﬁﬁf(r(n W%%ﬁjggtegﬁaiﬁﬁszﬁﬁ @1))@20( I20 2x§and bri ne
(Ix). The &IGEA7dml, A7 -8hclls :dFD.Ed8 &y BD. 2AHY-4P B%rg-‘ﬂ/g%ffb s {50 P8t ed and

evapor at ed L{ngiss\tﬁciﬂfnstzﬁ &m@amalmldes\w atea B OeH)) 451)(@01#&8 34c was

(using  Soleith. gt #fbe ity AL R EG Y ‘3&? ad the’
eluent) in 8080 wieslaws(wh, 27, :gc.)?-;mscdm, 1H), 2.15 (dd, J= 8.6 Hz, 1H), 1.78-1.65 (m, 2H)
1.60;1.12 (m, 17H), 1.25 (t, J=7.3Hz, 3H). MS; es": 783.2 (M + Na)’, es: 761.2 (M +
H)".
EXAMPLE34C
10  Using the same procedure as described in example 34 but reacting bromoketone 34f

with commercially available N-iso-propylthiourea gave # 822

CHJOm/[ />"‘N’I\
I =

Q

H NMR (200 MEz, DMSO-d,) § 8.63 (s, 1H), 8.33-8.23 (bs, 1H), 8.21 (d,] = 9.2 Hz,
1H), 8.04 (d, ] = 8.3 Hz, 1H), 7.86 (bs, 1H), 7.77 (s, 1H), 7.35-7.23 (m, 2H), 5.81 (bs,

5 1H), 552(dd J =85 Hz, 1H), 527 (dd, ] = 9.2 Hz, 1H), 465(d,]= 118Hz 1H), £.51
(dd,J = 76Hz 1H), 4.37 (bs, 1H), 4.15 (bs, 1H), 4£.07-3.98 (m, 2H), 3.97 (s, 3H), 3.88
(@, ] = 8.9 Hz, 1H), 2.60-2.53 (m, 2H), 2.47-2.37 (m, 2H), 2.192.10 (dd, ] = 9.2 Hz, 1K),
1.80-1.64 (m, 2H), 1.63-1.29 (m, 13H), 1.27 and 1.25 (2 xd, J = 6.5 Hz, 6H), 1.23-1.09
(m, 2H). MS; es™: 775.0 M + H), s> 772.9 (M - H). '



>93% purity. D. The dinethyl ester 34c (1.17g) was dissolved in a m xture
of THE/ MeOH HZO (20 nL, 2:1:1 ratio), and an aqueous 504'6‘@4;%]119&2*8@9" (1.8
m., IN 1 eq.) Was added. The reaction m xture was stirred at for h
before it was 30 evaporated to dryness to obtain the sodium salt 34d as a
white solid (-1.66 nml). 26 Septenber 2003 WO 00/ 59929 PCT/ CA00/ 00353 91
Compound 34d was used in the next step without purification. E. The crude
sodiumsalt 34d (1.66 molL) was dissolved in THE (17 nL), Et3N was added
and the mi wo@ee9%ks cooled to OCin an ice bath. IsobutW%"B’r"‘B‘%r mat e
(322 pl, 2.5 mol) was added dropw se and the m xture was stirred at OC for
75 5 mn. After that period, diazonethane (15 nL) was added and stirring
was continued at OC for 30 min and thgn at RT for an additional 1 h. Mbst
of the solvent was evaporated to dryness under vacuum the remaining

m xture was gidnatiedapM th Et OAc, washed W th saturat ed NaHCCB (2x) H20

(2x) and brine (I x), dried over tered apor at ed
to dryness tHS‘B%#ﬁls?f“%B’f?ﬁ‘?ﬂ’fﬁﬁas:?E%m eiﬁnﬁﬁ?gﬁfoa{)’f%ﬁc cﬁ/\l/”ﬁ9 Bkt (Crf 3§¥ --1.66°
nol ). The dvth edsinermlly at-tliieNiaattpliddecgeetised in the next step w thout
purification. F. The di azoketone 34e (1.2g,1.66 mmoL) dissolved in THE (17
m) was cooled to OCin an ice bath. A's ?ﬂ ABn of aqueous HBr (48% 1.24
m.) was added dropwi se and the & Nxtlﬁure was stirred at OC for 1 h.
The m xture was then 15 diluted wt c, wash with saturated NaHCO3
(2x), H20 (2x) and brine (Ix), the organic layer was dried over anhydrous
MSH, filtered and evaporated toodhy to obtain the R-bronoketone
internediate 34f as a light y | -+ 1.657 mmol)_ G To a solution
of the bronoketone 34f (600 ng,0.77 Mig isopropanol (5 nml), thiourea
(118 ng, 1.55 nmmol) was added and t S oW mixture was placed 20 in a
pre-heated oil bath at 750C where it | lowed to-stir for 1 hr. The

i sopropanol was then renoved under vacuum and the product dissolved in

Et OAc 5 'HNMR (400 MHz, DMSQO-d,): 8 8.62 (s, 1H), 8.30 (bs, 1H), 8.17 (d, J=8.9 Hz, 1H),

7.62 (bs, 1H), 7.52 (bs, 1H), 7.28 (d, ]= 6.4Hz, 1H), 7.21 (bs, 1H), 5.63 (bs, 1H), 5.54

(dd, J=8.1 Hz, 1H), 5.28 {dd, J= 9.5Hz, 1H), 4.62 (d, J=12.1 He, 1H), 4.56-4.46 (m,

2H), 4.11-4.04 (m, 1H), 3.95 (s, 3H), 3.93-3.88 (m, 1H), 2.62-2.54 (m, 1H), 2.45-2.36

(m, 1H), 2.22 (s, 3H), 2.21-2.13 (m, 1H), 1.79-1.6% (m, ZII-I), 1.65-1.30 (m, 16H) , 1.26-
10 1.12 (m, 2H). MS; es™: 775.3 (M + H)', es: 773.3 (M - H).

EXAMPLE 34E '

To a stirred solution of the 2-amino-4-thiazolyl intermediate 34g (0.24 g, 0.32 mmol)

in CH,CL (5 mL) at RT was added DIPEA. (0.55 mL, 3.18 mmol, 10 eq} and methyl

chioroformate (0.13 mL, 1.6 mmol, 5 eq). The reaction mixture was stirred for 6.5 h
15  before being concentrated under vacuum. The crude isolated material was then

hydrolyzed to the desired carboxylic acid as described in Example 34 to yield

s L.
C%O‘GI;N:VI N}—ﬁ o
L
0

compound # 818

'H NMR (400 MHz, DMSO-d,): 8 8.61 (s, 1H), 8.21-8.07 (m, 2H), 7.61-7.38 (mn, 2H),
20 7.26(d,] = 64 Hz, 1H), 7.19-7.10 (m, 1H), 5.60-5.47 (m, 2H), 5.27 (dd, J = 9.2 Hz,



(100 m.). The solution was washed with saturated NaHCO3 and brine, the
organic |layer was dried over anhydrous Na2SO4, fil tered%e’a%glt Eg é@ged to
afford the crude product 34g (522 ng) as a red-brown so erial
was used in the final step 25 without any further purification. H The
crude nethyl ester 34g (122 ng, 0_163 nmmol) was dissolved in a solution of
THE/ MeOH/ H20 (2:1:1 ratio, 4 nL) and saponified using Li OHH20 (89 ng, 2.14
mol ). The hydrolysis reaction was carried out over a 12-15 h period at RT_
The 26 Sepweniyes22003 WO 00159929 PCT/ CA00/ 00353 92  soPGRSH08/10838% e t hen
removed under vacuum and the crude product purified by Cl18 reversed phase
HPLC, using a solvent gradient from 10% CH3CN in H20 to 100% CH3CN, to
afford the HCV protease inhibitor #812_as a yellow solid (24 ny, 20%
overall yield for the conversion of in?er medi ate 34f to inhibitor #812). 5

'"H NVR (400 70279 (bs, 1
Al (E)S 1&??46%%&%)&43(5?—(@%% 4&&2@46:11151)(:%3%&{) a2 4 (525(d|d_|) |

= 8.3 Hz, 1HPS” 602 %7(?&3%1)2%2-?0% 2P¥)+%1(7(ﬁdéif9(zdiz j‘H)* 3t , 1H), 4.50
(dd, j = 8. 32H¥,,16§-|1‘D29(:ﬂ 136),4.234.16 (i, 2EBH)S; ef: BRAMONIY o5 BB M3 EH4 (s, 311),
3.87 (d, |j , 2.65-2.53 (m 2H), 2.46- 2.36 (m 2H), 2.20-2.12
(dd, j = 8. 6’5#&““{%5‘ 1 80-1.64 (m 2H), 1.63-1.06 (m 14H). M5, 10 es+:
733.2 (M & I—l}?dﬂou&sgthezaﬁ.ﬂim(swbscnwdabo%m:ﬁalmwmﬁggkh@tﬂane procedure

el Tanl 6 N et anl%b%av%e%mg@@ggéfg%ﬁmgze%&n%ﬁate'w@g frwgprmer ci al 1y

rea gave
DVSO-d): S s;setate@snatqﬁq) wa@ﬂ@mhr@olyaqet)tot@drsre(ds:ommmnd #5192 7. 93 (m 1H)
7.88-7.69 (m, 2H), 7.32-7.24 (m 2H) 25175(m 1H), 5.52 (ddd, J= 8.1
Hz, 1H), 5.28 (dd, J= 9.9 He, é‘gl) 4.51 (dd , J= 8.8
Hz, 1H), 4.44-4.37 (m 1H), 4. 96 (s, 3H), 3.89 (m

1H), 3.04 (d, J= 4.1 Hz, 3H), 2.65%2x 7 (m 3H) 2 16 (m1H), 1.77-1.65
(m 2H) , 1.63-1.11 (m 17H). MS; es' @ 747.2 (M+ 20 H)', es-: 745.3 (M -

o»__H

N

QoiNﬁo
© 9 & ou

s

'H NMR (400 MHz, DMSO-d,): 6 8.62 (s, 1H), 8.47-8.27 tbs, 1H), 8.18 (d,J =8.6 Hz,
10 1H), 7.69-7.60 (m, 1H), 7.60-7.51 (m, 1H), 7.28 (d, ] = 6.7 Hz, 1H), 7.28-7.19 (m, 1H),

5.70-5.60 (m, 1H), 5.52 (dd, ] = 8.3 Hz, 1H), 5.27 (dd, ] =9.8 Hz, 1H), 4.63 (d, ] =11.8

Hz, 1H), 4.53-4.44 (m, 2H), 4.10-3.99 (m, 1H), 4.04 (d, J = 6.7 Hz, 2H), 3.95 (s, 3H),

3.94-3.87 (m, 1H), 2.65-2.53 {m, 1H), 2.46-2.34 (m, 1H), 2.16 (dd, ] = 8.1 Hz, 1H), 2.03-

1.91 (m, 1H), 1.79-1.09 (m, 20H), 0.95 (d, ] = 6.7 Hz, 6H). MS; es™: 833.2 (M + H)', es
15 831.2(M-~-H).

EXAMPLE 35

Synthesis of compound #308

Starting with derivative 27a and ﬁsing the same che‘mistry as described in example

34, the following saturated macrocycle, compound # 908 (Table 9) was obfained.

s
| N
BocHN\:)LN P

. o9 °
s PR e £ @,
Y Chemistry as described °
o h 07 "NH
in example 34 ZWOH
27a ' cpd # 908 I

'H NMR (400 MHz, DMSO-d,): § 8.47 (s, 1H), 8.16 (d, J = 10 Hz, 1H), 8.15-8.07 (m,

20



EXAMPLE 34B Using the sane procedure as described in exanple 34 but

reacti ng bronoketone 34f wth commercially avail abl e l.th gave
# 810 (Table 8) 26 Septenber 2003 WO 00/59929 PCTI CAOOl(%‘?g‘%)t%E’ergoag/R (400

MHz, DMBO-d): S 8.63 (s, 1R), 8.27 (bs,1H), 8.20 (d, J= 9.0 Hz, 1H),

8. 13- 8. 07 (m IH, 7.86 (bs,1H), 7.78 (s, 1H), 7.33-7.25 (m 2H), 5.81 (bs,

1H), 5.54 (dd, J= 8.8 Hz, 1H), 5.28 (dd, J= 9.7 Hz, 11-1), 4.65 (d, J=

12.4 Hz; 1H), 4.51 (dd, J=8.8 5 Hz, 1H), 4.38 (bs,111), 4.03 (m 1H), 3.97

(s, 3H), 3WoRUV®S®7 (m 1H), 3.54-3.46 (m 2H) , 2.68- ZQEW-AHPIIF)

2.47-2.38 (m 1H), 2.15 (dd, J= 8.6 Hz, 1H), 1.78-1.65 (3m 2H) ,

1.60-1.12 (m17H),1.25 (t, J=7.3Hz, 3H. M5, es: 783.2 (M+ Na)', es :

761.2 (M+ H)'. EXAWMPLE 34C 10 Usi ng 4khe sanme procedure as described in

exanpl e 34 but reacting bronoketone 34t wth comrercially avail able

gggosprzgpzfl i), wsm%a(gayﬁ)#sﬁ?ﬂ(ﬁ,lmwﬁw?emm zﬂ‘(SMHB 181,63 (s 1H),
3. 33-6.23 (8rltls o1t ook gt i g b 50 2 ngh 394 s

1H) 5. 52( dd, Qs S, 1) 250234 gl 19,4820 G153, I%(M(&szsm.)&vﬁze,sw) 4.51

dd. | [H), 4.15 (bs, 1H), 4.07-3.98 2H) . 3.97
Es, 3JH) 6@%5‘}’1‘1*% Ef%éz(ﬁ? Pi)H? 2. 60- 2(5:8), (2 2H) | 2.47-2.(?7 (2 2H) |
> 10- 105(dEwA~}PLtsss2Hz 1.80-1.64 (m 2H), 1.63-1.29 (m13H),1.27

and 1.25 (2 s esgm&émqa#g@m 1.23-1.09 (m 2H). M5 ‘es': 775.0 (M +
H', e-: 772, Sept enber 2003 WD 00/ 59929 PCT/ CAOY 00353 94

EXAMVPLE 34D ng&\f@e'e‘% rsraff?éuﬁraéé%ﬁbeé peeqrieipbrnaeldipie 34 but
reacting br osmekrhienea gik coMpédhdeooyEeeiea).| y avail able N-acetyl thiourea gave

# 809 0
3
CH,O Ny { N’>‘ﬁj\
I o
Q
Q H
O\Oy—n‘ %ﬁ O

0 & o

10 'H NMR (400 MHz, DMSO-d,): § 8.53-8.41 {m, 2H), 8.20 (d,]=9.2 Hz, 1H), 7.68 (bs,
1H), 7.68 (bs, 1H), 7.27 (dd, ]=9.2 Hz, 1H), 7.15 (d, J= 6.4 Hz,1H), 5.67 (bs, 1H}, 4.65-
4.50 (m, 3H), 4.44-4.37 (i, 1H), 4.214.13 (m, 1H) , 3.96 (s, 3H), 3.99-3.86 (m, 1H),
2.62-2.39 (m, 2H), 2.24 (s, 3H), 1.78-1.67 (m, 3H) , 1.67-1.01 (m, 22H).
MS; es*: 798.0 (M + Na)', es: 777.0 (M + H)".

15  EXAMPLE 358
Synthesis of compound #510
Using the same procedure as described in example 35 but using available N-

ethylthiourea gave compound # 910 (Table 9).

5
CH,0 Ny JN}‘E/\
l P

o

OoH

20 'HNMR (400 MHz, DMSO-d,}): 6 8.47 (s, 1H), 8.29 (bs, 1H), 8.20 (d,] = 9.2 Hz, 1H),




s ff{{ CHao /U-~/~ni~H 5 '"H NWR (400 MHz, DWVSO-d): 8 8.62 (s, 1M 8.30

(bs, IH, 8.17 (d, J=8.9 Hz, IIll), 7.62 (bs, IH, 28 (d,

J= 6.41U, 1H), 7.21(bs,1H), 5.63 (bs, 1H), 5.54 (dd, J?d§e%téé&§rﬁg§3 5.28

(dd, J= 9.5Hz, 1H), 4.62 (d, J= 12.1 Hz, 1H), 4.56-4.46 (m 21-1),

4.11-4.04 (in, 1M 3.95 (s, 3H), 3.93-3.88 (m 1H), 2.62-2.54 (m1 1),

2.45-2.36 (m 1M 2.22 (s, 3H), 2.21-2.13 (m1H),1.79-1.69 (m

211),1.65-1.30 (m 16H), 1.26- 10 1.12 (m 2H). Ms;, es': 775.3 (M+ H', es
773.3 ( WO OPESEXAMPLE 34E To a stirred sol ution of t HRET/ICAGN/00353

2-am no-4-thiazolyl internediate 349 (0.24 g, 0.32 nmol) in CH2CI Z (5 nl)

at RT was added DI PEA (0.55 nL, 3.18 nrnol, 10 eq) and nethyl chloroformte

(0.13 m., 1.6 nmmol, 5 eq). The reactiog; m xture was stirred for 6.5 h 15

bef ore bei ng concentrat ed under vacuum The crude isolated material was

t hen hydr ol g/ae@s, e, tes (¢ eH), 7o ( hbnsyidig -t He,ash),dasdd, pedyiga, Exanpl e 34

821 6. 07 (miorly et sy A YE el SRRl Bl iy ide iy
7.19-7.10 ( myHE)L3B7 (d5] =6&9HZAIH)($r$5-I246]()n 29), 233-2.88I(m, j1H3; 297-2.4H, 185 Sept_errtzer
2003, 10 001 PR T HCPLORISS 88, by s O g Ryl M fpd (0, ) = 79
3H), 42&213D(m2H) 2.17 (dd, | = 9.2 Hz, 11-1), 1.81-1.68 (m

2H)16312§,(AMQLE},§&—|) 1.23-1.10 (m 2H). M5 es': 791.1 (Mf H)', es :
789.1 (M - EXAMPLE 34F 5 Foll owi ng the conditions described above in

exanpl e 34EI-BJB'GIEES{§§FH‘§“‘PW% chl orof ormat e, gave the anal ogous
substi t ut ed GandmEBirRe pm&ﬂufmidambedmexmpldssbﬂtaghgﬁ\adam@mwoi al was then

hydrolyzed to thg: e8! £:69 SR By

s /k
CH,0 Ny d N’>*§
| 7

10
'H NMR (400 MEz, DMSO-d,): § 847 (s, 1H), 8.29-8.19 (m, 1H), 8.19 (d, ] = 9.2 Hz,
'1H), 8.09-8.0 (m, 1H), 7.83 (bs, 1H), 7.74 (bs, 1H), 7.31 (d,] = 8 Hz, 1H), 7.14 (d, ] = 64
Hz, 1H), 5.76 (bs, 1H), 4.64-4.53 (m, 2H), 4.44 (bs, 1H), 4.22-4.0% (m, 3}, 3.97 (s, 3H),
3.87(d, ] = 8.6 Hz, 1H]}, 2.63-2.58 (m, 1H), 2.46-2.41 {m, 1H), 1.79-1.1Q (m, 24H}, 1.27
15 and 1.26 (2x d, ] = 6.5 Hz, 6H). MS; es™: 777.0 (M + H)", es: 775.0 (M — H)"
EXAMPLE 36
Synthesis of compound #716

A

=

[«
-

N.
=
=

o
. _coon
N A
o
BOCNH,, o

'H NMR (400 MHz, DMSO-d,): § (ppm): 8.62 (s, 1H), 8.13 (d, J=9.2 Hz, 1H), 7.64-7.54
20  (m,2H),7.47 (d, J=2.6 Hz, 1H), 7.16 (dd, }=9.2, 2.2 Hz, 1H), 7.03 (d, J=6.0 Hz, 1H),



"H NVR (400 MHz, DMsO-d): 6 8.62 (s, 1H), 8.47-8.27 (bs,1H), 8.18 (d, |j =
8.6 Hz, 10 1H), 7.69-7.60 (m 1H), 7.60-7.51 (m 1H), | m~D. 7 Hz,
1H), 7.28-7.19 (m 1H), 5.70-5.60 (in, 1H), 5.52 (dd, jag?%pg%%rZ?&?, 5.27
(dd, j = 9.8 Hz, 1H), 4.63 (d, j = 11.8 Hz, 1H), 4.53-4.44 (m 2H),
4.10-3.99 (m 1H), 4.04 (d, j = 6.7 Hz, 2H), 3.95 (s, 3H), 3.94-3.87 (m
1H), 2.65-2.53 (m 1M 2.46-2.34 (m 1H), 2.16 (dd, j = 8.1 Hz, 1H), 2.03-
1.91 (in,1H),1.79-1.09 (m 20H), 0.95 (d, j = 6.7 Hz, 6H . M5 es': 833.2
(M+ H)', WQOUS935 831 D(MFL . EXAVPLE 35 Synt hesis offCaSAINIMS #9008
Starting with derivative 27a and using the sanme chem stry as described in
exanple 34, the follow ng saturated nmacrocycle, conpound # 908 (Table 9)
was obtained. S , -Nm N 20 27a BoCHjyg cpd # 908 Chenistry as described H
NLo~-NH in exanmple 34 'H NWVR (400 MHz, DMSO-d6): 8 8.47 (s, 1H), 8.16
(d, ] = 10 Ha.63{sHH) B52K5J89.9Fz(1H), 28 (SgBiaitd) e¥) 2603, MO MD11EP 829 '

PCT/ CAD9 1003?&, ]9=92, 8.27 Hz, 1H),4.02 (m, 1H) 3.93 (s, 3H), 3.7 (dd, J=7.6, 1.0 Hz, 1H), 2.66 (é,
3H), 2.55-2.65 (m, 1H), 2.35-2.45 (m, 1H), 2.17 (g, ]=8.6 Hz, 1H}, 1.65-1.75 (m, 2H),
1.5-1.35 {m, 7H), 1.15 (s, 9H).

5  MS:705. (M+1}, 703 (M-1)
EmPLE 37
Synthesis of compound #717

O\zf}\

(=L 3

N
l -~
P

°

COOH

0
BOCNH,,_AS,

"H NMR (400 MHz, DMSO-d,): § (ppm): 8.62 (s, 1H), 8.15 (d, J=8.9 Hz, 1H), 7.62 (s, -
10 1H),7.49 (s, 1H), 7.19 (dd, J=9.2, 2.2 Hz, 1H), 7.02 (d, J=5.4 Hz, 1H), 5.64 (s, 1H), 5.52
(q, J=9.9 Hz, 1H), 5.26 (t, J]=0.2 Hz, 1H) 463 (d, J=11.44, 1H), 4.45 (t, J=0.2 Hz, 1H),
3.94 (s, 3H), 3.9-3.8 (m, 1H),2.7-2.55 (m, 1H), 2.42.3 (m, 1H), 2.18 (q, ]=8.9 Hz, 1H),
1.75-1.65 (m, 2H), 1.5-1.2 (m, 7H), 1.14 (s, 9H).
MS : 705. (M+1), 703 (M-1).
15 ExAMPLE 38
Synthesis of compound #718

"H NMR (400 MHz, DMSO-d,): & (ppm): 9.55 (s, 1H), 8.63 (s, 1H), 8.43 (s, 1H), 8.13
(d,] = 9.2 Hz, 1H), 7.66 (s, 1H), 7.46 (s, 1H), 7.32 (d, ] = 2.6 Hz, 1H), 7.10-7.07 (m, 2H),




1H), 7.82-7.63 (m 2H), 7.53-7.43 (m 2H), 7.33-7.22 (m 1H), 7. 13 (d, j =

7 Hz, 1H), b5.77-5.65 1H), 4.62-4.52 2H), 4. 50-
4. 20-4.;?) (m 1H), 3. 9£1m(s,HéH), 3.89-3.E(3:T(m|_|)1l-|) ?Sdsf("g%“ RSR2092y |

2.48-2.40 (m 1H), 1.79-1.0 (m 25H);). M5; es : 735 2 (M+ H', es':
733.2 (M- H'. 5 EXAMPLE 35A Synt hesis of conpound #909 Usi ng the samne
procedure as described in exanple 35 but using available N- acetylthiourea
gave conpound # 909 (Table 9). 10 'H NWR (400 MHz, DVMBO-d6): S 8.53-8.41
(m 2H), 8wE@IEHW2?J= 9.2 Hz, 1H), 7.68 (bs , 1H) , 7. GEWGSOBE) K 7. 27

- (dd, J=9.2 Hz, 1M 7.15 (d, J= 6.4 Hz,1H), 5.67 (bs,1H), 4.65- 4.50 (m
3H), 4.44-4.37 (m 1H), 4.21-4.13 (m 1H) , 3.96 (s, 3H), 3.99-3.86 (m
1H), 2.62-2.39(m 2H) , 2.24(5, 3H), ., 78-1.67 (m 3H , 1.67-1 .01 (m
22H). M5, es : 798.0 (M+ Na)', es': .0 (M+ H'. 15 EXAMPLE 35B

Synt hesi s Ofséﬂﬁﬂ@&mdfﬂ%%@ Sléﬁtxﬂglfb@smmpfmcmﬁ(ﬁﬁlﬁﬁ&%% ek i n exanpl'e
35 but using_avail abl e et hyl t hi our(g%{?ave conpau 910 (Table 9). s

CH, O~YN~~NH 28 3IaR)- (14381‘} R, LR 38388 15D, 2628 (mPtDps | 1H)
g 38 (g | =2.88-2a3en, 181)12.426. 3Bap} BONET- 2003, 1m§g@11§gﬁﬂmqg$2§iAQQﬂa00353 97

. s, 111 . e s, 1H), 7. L j] = 9.2 Hz,1H), 7.14
(dd, 1£ = 6. 7%%?45%{'%‘%@'@?’?)&28@53%&%, 4.H)58 (dd, j( S8l oH) | ?43
(bs,lH) 9. 1RIS/A6893 (\m]), 48, (M3 97 (s, 3H), 3.87 (d, j = 8.9 Hz, 1H),
3.55- 3. 46 (”txA%H)LEs 63-2.53 (m 1H), 2.47-2.41 (m 111), 1.78-1.00 (m
25H) , 1.25 (t, 3 Hz, 3H. ). M5 es': 763.1 (M+ H)', es-: 761.1 (M -
5 HY. EXAMPL sof compound#?ZZ

XOiNIL‘Q\“/ii?LOH

"H NMR (400 MHz, DMSO-d,): 5 (ppm): 9.70 (s, 1H), 8.6 (s, 1H), 8.26 (s, 1H), 8.14
10 (d,) =9.2Hz, 1H), 7.45 (s, 1H), 7.30 (d, ] = 2.5 Hz, 1H), 7.14-7.06 (m, 2H), 5.60-5.54
(m, 1H), 5.58-5.48 (m, 1H), 5.31-5.23 (m, 1H), 4.71-4.62 (m, 1H), 4.49-4.40 (m, 1H),
4.08-3.99 (m, 1H), 3.92 (s, 3H), 3.92-3.84 (m, 1H), 2.69-2.54 (m, 2H), 2.53-2.46 (m, 1H),
2.42-2.31 (m, 1H), 2.37 {s, 3H), 2.22-2.13 (m, 1H), 1.81-1.64 (m, 2H), 1.54-1.42 (m, 2H),
1.42-1.27 (m, 6H), 1.22 (s, 9H).
15 MS: 703.3 (M+1), 701.3 (M-1)
EXAMPLE 40
Synthesis ef compound #733

g

/0 N\ ~N
P
o
? O
fo) o]
S Y TN o
o” Nl 3
P

"H NMR (400 Mz, DMSO-d,): 3 (ppm): 8.75 (m, 1H), 8.62 (s, 1H), 8.06 (d, J=9.2 Hz,
20  1H), 7.88-7.87 (m, 1H), 7.48 (s, 1H), 7.28 (d, J=2.6Hz, 1H), 7.05-7.00 (m, 2H), 6.64-6.63



Synt hesi s of compound #911 Using the same procedure as described in exanple
35 but using avail able N iso- propylthiourea gave conpo %éﬁ%r B@BI e 9)
10 "H NWR (400 MHz, DVSO-d6): 6 8.47 (s, 1H), 8.29-8. 19% i §

9.2 Hz, 1H), 8.09-8.0 (m 1H), 7.83 (bs, 1H), 7.74 (bs, 1H), 7.31 (d j
8 Hz, 1H), 7.14 (d, j =6.4 Hz, IM 5.76 (bs, 1H, 4.64-4.53 (m 2H),
.44 (bs, 111), 4.22-4.09 (m 3H), 3.97 (s, 3H), 3.87 (d, |j 8.6 Hz, 1M
63258( 1 246241(|n1H)179110(m24H) 2715and126
(2 x.d, j = , 6H. M5, es': 777.0 (M+ H"', es : i;q'g(:ﬁﬂn(omss

EXAMPLE 36 Synt hesi s of conpound #716 rH NWVR (400 MHz, DMSO-d6): S (ppn)
8.62 (s, 1H), 8.13 (d, J=9.2 Hz, 1H), 7.64-7.54 20 (m 2H), 7.47 (d, J=2.6
Hz, 1H), 7.16 (dd, J=9.2, 2.2 Hz, 1H),106 03 (d, J=6.0 Hz, 1q, 26 Septenber
2003 WD 00159929 PCT/ CACQ 00353 98 5. 63 (s, 1H, 5.52 (q, J=9.9 Hz, 1H),
5.26 (t, J=8.(& Hi) 5bHp.-58(n6 2], 6555;43@45),51289524@45{) Ledel 619mO1ID, 8. 27 Hz,

1 4.02 (m 4y S 66 (s, 3
Ry 65((m 1H)4§ 3y 40734463’( 1:Z)r P(S‘zﬁwg?éssgmgﬁ@ %glzﬁﬁ)z( Poes 1. 7?@
2H), 1.5- ﬁ{)éé%zﬁﬁm 1@11?541(%34 (OVED, B20uB14 (g OH), 17569 (m, 263 168 1)  EXANPLE
37 Synthesis 1qf3(,§ozmomd1§g7(ymj-l1wm ¢¥0 Mz, DMSO-d,): S (ppm: 8.62 (s,
1H), 815 (d, & 62 (s 10 1H), 7.49 (s, 1H), 7.19 (dd,

J=9.2, 2. fH;_MSﬁBW +Bé|g%3(M§ 4 Hz, 1H), 5.64 (s, 1H), 5.52 (g, J=9.9
Hz, 1H), 5.2@xhkprela9. 2 Hz, 1H),4.63 (d, J=11.44, 1H), 4. 45 (t, J=9.2 H,

1 3.94 ( 1H),2.7 2.55 (m 1H), 2.4-2.3 (m 1H), 2. 18
(;D J=8.9 m%’?&b@‘“ “°‘?‘£§’°&“%‘i{§?‘%m H)ZH) 1.5-1.(2 (m H)7H), 1.14 (g, 9H)H? VB

705. (Mr1), 703 (M1). S J
: cHO N "N’>“H
l =

o

NI

'H NMR (400 MHz, DMSO-d,): & 8.50 (s, 1H), 8.19 (s, 1H), 8.17 (s, 1H), 8.1 1-8.00 (m,
10 1H),7.88-7.77 (m, 1H), 7.73 (s, 1H), 7.25 (d, ] = 8.6 Hz, 1H), 6.93(d,] =6 Hz, 1H),
5.89-5.68 (m, 1H), 4.62 (d, ] = 11 Hz, 1H), 4.53 (dd, ] = 8.3 Hz, 1H), 4.16-4.07 (m, 1H),
3.96 (s, 3H), 3.88 (bd, ] = 9.5 Hz, 1H), 3.53-3.43 (m, 2H), 2.63-2.51 (m, 1H), 2.46-2.36
(m, 1H), 1.81-1.62 (m, 2H), 1.60-1.01 (m, 15H), 1.24 (t, ] = 7.4 Hz, 3H), 1.17 {5, 9H).
MS; es™: 751.1(M + H)", es™ 749.1- (M - HJ.
15 EXAMPLE 42

Synthesis of compound #734
o Ny, rﬂ:;g
Ty
?

AOiNE;%W
=

"HNMR (400 MHz, DMSO-d,): & (ppm): 8.62 (s, 1H), 8.54 (s, 1H), 8.04 (d, J=9.2 Hz,
1H), 7.70 (s, 1H), 7.43 (s, 1H), 7.24 (d, J=2.6Hz, 1H), 7.05-6.98 (m, 2H), 5.57-5.54 (m,



15 EXAMPLE 38 Synthesis of conmpound #718 OH 1H NVR (400 MHz, DMSO d6): S
(ppm: 9.55 (s, 1H), 8.63 (s, 1H), 8.43 (s, 1H), 8 13(

7.66 (s, 1H), 7.46 (s, 1H), 7.32 (d, j = 2.6 Hz, dzfoéef)f%ab%r#a@

Sept ember 2003 WO 00/ 59929 PCT/ CA00/ 00353 99 5. 64 5 54 (m 1H), 5.59- 5A8
(m 11-1), 5.33-5.23 (m. 1H), 4.73-4.61 (m 1H), 4.45 (dd, j = 7.5, 9.1
Hz, IH), 4.09-4.00 (in, 1H), 3.92 (s, 311), 3.93-3.83 (m 1H), 2.67-2.55
(m 2H), 2.53-2.43 (m 1H), 2.42-2.31 (m 11-1), 2.23-2.12

(mIH,1 8SWORMEW2{m 2H), 1.52-1.42 (m 2H), 1.42-1.25 YERCANPO3S3 21 (s,
9H). 5 Ms: 689.3 (M+l), 687.3 (M1) EXAWPLE 39 Synthesis of conpound #722
OHiH NWVR (400 MHz, DMSO-d6): S (ppm: 9.70 (s, 1H), 8.64 (s, 1H), 8.26 (s,
1H), 8.14 10 (d, j = 9.2 Hz, 1H), 7.4fy(s, 1H, 7.30 (d, j = 2.5 Hz, 1H),
7.14-7.06 (m 2H), 5.60-5.54 (m 1H), 5.58-5.48 (m 1M 5.31-523 (m 1H,
4.71-4. 62 ( mid)H)s5-548 48, UD)AREI4 (HB)H), 4.43-08 (&, 99), @ay-4184m, 131)223(s, 3H),

o 237 (oo S §on solead el st il 23 as e 50 1T
1.42-1.27 ( m236Hy, H)2Z22015 (9HH), 25 (), 1763.76 () 1517102 (8, T 131- EXAMPLE 40

Synt hesi s of d 1H NWVR (400 MHz, DMSO-d6): S (ppm: 8.75 (m
1H), 8.62 ( 19§ Ck’lﬁg%}g;]?[_ﬁl_|92|—|z 20 1H), 7.88-7.87 (m 1H), 7.48 (s,

IH), 7. 285(dMSJfQ3%M+1iW13WﬂB 7.00 (m 2H), 6.64-6.63 26 Septenmber 2003
EXAMPLE 43

Synthesis of compound #738

] 0
o ©
JJ\ j/N N - aH
N “, o
i

"H NMR (400 Mz, DMSO-d,): 3 (ppm): 8.64 (d, ] = 2.5 Hz, 1H), 8.62 (s, 1H), 8.04 (4,
10 [=9.2Hz 1H), 7.39 (s, 1H), 7.24 (d,] = 2.5 Hz, 1H), 7.04 (d, ] = 6.0 Hz, 1H), 6.99 (dd,

J=2.2,92Hz, 1H), 643 (d, ] = 2.2 Hz, 1H}, 5.62-5.57 (m, 1H), 5.56-5.47 (m, 1H), 5.31-

5.22 (m, 1H), 4.65-4.56 (m, 1H), 4.45 (dd, ] =7.6, 8.9 Hz, 1H), 4.07-4.00 (m, 1H), 3.90

{s, 3H), 3.88-3.84 (m, 1H), 2.68-2.56 (m, 2H), 2.54-2.43 (m, 1H), 2.42-2.31 {m, 1H), 2.34

(s, 3H), 2.24-2.14 (m, 1H}), 1.80-1.64 (m, 2H), 1.52-1.43 (m, 2H), 1.43-1.27 (m, 6H), 1.18
15 (s, 9H).

MS: 703.2 (M+1}, 701.2 (M-1)

EXAMPLE 44

Synthesis of compound #725

j\oj\NI%\kaoH

20 'HNMR (400 M¥z, DMSO-d,): & (ppm): 8.62 (s, 1H), 8.10 (d, J=9.2 Hz, 1H), 7.57 (s,




WD 00/ 59929 PCT/ CA00/ 00353 100 (m 1H), 5.62-5.58 (m 1H), 5.55-5.49 (m
1H), 5.28-5.24 (m1H), 4.64-4.61 (m 1H), 4.48-4.44 ( 03 (m
1H), 3.91 (s, 3H), 3.92-3.85 (zn,1H), 2.67-2.54 (m E?G%?ré’géoﬁ

2.4T 2.34 (in, IM 2.20-2.14 (m1H),1.75-1.69 (m 2H),150- 1.43 (m 2H)
1.41-1.32 (in, 6H), 1.17 (s, 9H). 5 M5 : 689.3 (Mtl), 687.2 (M1) EXAMPLE
41 Synthesis of conmpound # 703 "H NVR (400 MHz, DMSO-d6): & 8.50 (s, 1H),
8.19 (s, 1It), 8.17 (s, 1H), 8.11-8.00 (m 10 1H) 7.88-7.77 (m 1M 7.73
(s, 11-1), Woos99028, | = 8.6 Hz, 1H), 6.93 (d, j 6 Hz, PCAIGAO0BI3EH. 5 68 (m
1H), 4.62 (d, j = 11 Hz, 1H), 4.53 (dd, j = 8.3 Hz 1H), 4.16-4.07 (m 1H),
3.96 (s, 3H), 3.88 (bd, j = 9.5 Hz, 1H), 3.53-3.43 (m 2H), 2.63-2.51 (m
1H), 2.46-2.36 (m1H),1.81-1.62 (m 2Ky 1.60-1.01 (m15H),1.24 (t, j = 7.4
Hz, 3H),1.17 (s, 9H. M, es’: 751.1(M+ H), es 749.1- (M- H . 15
EXAMPLE 42 Symihrsd &, 0H), TaspJune B 713y, 1.09-NX9Rn( 2H)(6.06-z51 (RVB@, B65-5.4%. (ppn) :

oy ety sy SR R o e in )

Sept enber 20039349 D/ BYFHG (ROTHCAD BOBG BH)L265-2.59 (5, 15).2532. 4 m( H)LH) ,

g sg 53,24 (mzid'%gs@ ggj?ﬁglw 1%15"&7@1%%%:&(&3 5‘6114§'£Q1 uﬁzﬂﬁl%(%?ll(_bm, 1H),
2.43- 2. 315(n12}@l—1)13(29§12 2.15 (m. 1H), 2.15 (M, 1 75-1.70. (m

2H), 1. 51-1. 421\,Ig|ﬁ4822(@4_,ﬂ_741512-m41128 (m 6H), 1.17 (s, 9H). 5 M5 : 703.2
(M+1), 701.3 ]g“ EXANPLE 43 Synt hesi s of conpound 4738

N
/0 N\. f:l\>
P \

o

j\OiNf?:LQ\“S/\N?LOH

Synthesis of compound #726

10 'HNMR (400 MHz, DMSO-d,): 8 (ppm): 8.64 (s, 1H), 8.10 (d, J=9.5 Hz, 1H), 7.83-7.76
(m, 2H), 7.60 (s, 1H), 7.44-7.42 (m, 1H), 7.18-7.01 {m, 2H), 5.56-5.49 (m, 2H), 5.29-5.24
(m, 1H), 4.66-4.63 (m, 1H), 4.47-4.42 (m, 1H), 4.28 (s, 3H), 4.06-4.02 (m, 2H), 3.94 (s,
3H), 3.93-3.86 (m, 1H), 2.66-2.55 (m, 2H), 2.42-2.31 (m, 2H), 2.22-2.14 (m, 1H), 1.79-
1.65 (m, 2H), 1.52-1.27 (m, 7H), 1.22 (s, 9H).

15  MS:703.2 (M+1), 701.3 (M-1)
EXAMPLE 46
Synthesis of compound #906

ij’&(j

"H NMR (400 MHz, DMSO-d,): 8 (ppm): 8.46 (s, 1H), 8.06 (d, J=9.2 Hz, 1H), 7.57 (s,
20  1H),7.49 (s, 1H), 7.34 (m, 1H), 7.14-7.05 (m, 2H), 5.63-5.58 (m, 1H), 4.66-4.61 (m, 1H),




pn’):864(dj:25Hz 1H), 8.62 (s,

(
, 7.39(s, 1H), 724(dJ25Hz = 6.0
1M, 6,43 (d, | = Qéiz@ep%{ﬁ%%gg(}éss?
5.22 (m 1H), 4.65- 4 56 (m 1H), 4.45 (dd,
j .6, 8.9 Hz, 1H), 4.07-4.00 (m 1H), 3.90 (s, 3H), 3.88-3.84 (m 1H),
2. 68 2.56 (m 2H), 2.54-2.43 ( 1H), 2.42-2.31 (m 111), 2.34 (s, 3H),
2.24-2.14 (m 1H), 1.80-1.64 (m 2H), 1.52-1.43 (m 2H), 1.43-1.27 (m 6H),
1.18 15 (0929 VS: 703.2 (Mrl), 701.2 (M 1) EXAVPLEPQUACAYAEFesi s of
conpound #725 20 1 H NVR (400 MHz, DMBO-d): 8 (ppm: 8.62 (s, 1H), 8.10 (d,
J=9.2 Hz, 1H), 7.57 (s, 26 Septenber 2003 WO 00/59929 PCT/ CAOQ 00353 102
1H), 7.49 (s, 1H), 7.35 (d, J=2.2 Hz, ), 7.09-7.03 (m 2H),
5.65-5.61(x,111), 5.55-5.49 1H), 5.28-5.24 (m 1H), 4.62-4.57 (m 1H),
4,49- 4. 45 (m4Siad (dh, 09203008 () 1EHBIB (s, H19394-5.88 GE), 329213 (RAHM  1H),

> 505 15 (maBE Golld BT BTRE I sy a1y 1 211 28 (m 5

12H), 1.18 (SIS 9Hp.0 (NBL); 75948M2A) (Mr1), 746.2 (M 1) EXAMPLE 45 Synthesis of
compound #726; PLLé)ylH NVR (400 MHz, DVBO-d6): 8 (ppm): 8.64 (s, 1H), 8.10
(d, j=9.5 Hz, 83-7.76 (m 211), 7.60 (s, 1H), 7.44-7.42 (m 111),
7.18- 7. 01 § m SynHiesis 6f ®Guwound#0f 2H), 5.29-5.24 (m 1H), 4.66-4.63 (m
1H), 4.47-4.42 (m 1H), 4.28 (s, 311), 4.06=4.02 (m 211), 3.94 (s, 3H),
3.93-3.86 (m IH), 2.66-2.55 (in, _ 3-2.31 (in, 211), 2.22-2.14 (m
1H), 1.79- 1.65 (m 211),1.52-1.27 ( 1.22 (s, 911).

Qoi&j%j}#m

'H NMR (400 MHz, DMSO-d,): § (ppm): 8.46 (s, 1H), 7.98 (d, J=8.9 Hz, 1H), 7.91-7.89

(m, 2H), 7.23-7.21 (m, 2H), 7.07-7.00 (m, 2H), 6.35-6.32 (m, 2H), 5.64-5.58 (m, 1H),

4.65-4.61 (m, 1H), 4.53-4.47 (m, 2H),4.24-4.19 (m, 1H) 3.90 (s, 3H), 3.86-3.84 (m, 1H),
10 2.40-2.33 (m, 1H), 1.73-1.01 (m, 26H).

MS : 702.0 (M+1), 699.9 (M-1)

EXAMPLE 48

Full-length NS3-NS4A heterodimer protein fluorogenic assay

The N52-NS5B-3'non coding region was cloned by RT-PCR into the pCR®3 vector
15 (Invitrogen) using RNA exfracted from the serum of an HCV genotype 1b infected

individual (provided by Dr. Bernard Willems, Hopital St-Luc, Montréal, Québec,

Canada). The NS53-NS4A region (NS3-NS4AFL) was then subcloned by PCR into the

OH 1H NMR (400 Mz, DMBad6): 5
1H), 8.04 (d, 10 J= 9.2 Hz, 1H)
Hz, 1H), 6.99(dd, J = 2.2, 9.2 Hz
(mlH) 5.56-5.47 (m 1H), 5.31-
0
m

~

pFastBac™ HTa baculovirus expression vector (Gibco/BRL). The vector sequence
includes a region encoding a 28-residue N-terminal sequence which contains a

20  hexahistidine tag. The Bac-to-Bac™ baculovirus expression system (Gibco/BRL) was
used to produce the recombinant baculovirus. His-NS3-NS4AFL was expressed by

infecting 10° 521 cells/mL with the recombinant baculovirus at a multiplicity of

infection of 0.1-0.2 at 27°. Authentic auto-proteolysis occurs during expression to
produce a non covalent and stable NS3-NS4A protein complex (referred to as full-
25 length "FL"). The infected culture was harvested 48 to 64 h later by centrifugation at

4°. The cell pellet was homogenized in 50mM NaPO,, pH 7.5, 40% glycerol (w/v),



15 M5 : 703.2 (M+l), 701.3 (M1) EXAMPLE 46 Synthesis of conpound #906 1H

NVR (400 MHz, DVBO-d6): 8 (ppm): 8.46 (s, 1H), 8.06 (d, ,
7.57 (s, 20 111), 7.49 (s, 1H), 7.34 (m 1H), 7.14-7.052?%’68%22@-5.58

(m 111), 4.66-4.61 (m 1H), 26 Septenber 2003 WD 00/59929 PCT/ CACQ 00353
103 4.54-4.44 (m 2H),4.23-4.18 (m 1H) 3.93 (s, 3H), 3.92-3.88 (m IH,
3.21-3.14 (m 1H), 2.44-2.33 (m1H),1.35 (d, J=7Hz, 6H), 1.73-1.01 (m

26H) M5 : 762.0 (M1l), 759.9 (M1l) EXAMPLE 47 5 Synt he5| S of o rrpound #907
'H NVR (40WOMO5992DVE0- d6) 8 (ppn): 8.46 (s, 1H), 7.98 X % Hz,
7.91-7.89 (m 2H), 7.23-7.21 (m 2H), 7.07-7.00 (m 2H), 6. 35 6 32 (m 2H),
5.64-5.58 (m 1M 4.65-4.61 (m 11j), 4.53-4.47 (m 2H),4.24-4.19 (m 1H)
3.90 (s, 3H), 3.86-3.84 (m 1H), 10 24040-2.33 (m 1H), 1.73-1.01 (m 26H).
M5 : 702.0 (M+1l), 699.9 (M 1) EXAMPLE 48 Full-Iength NS3-NS4A het erodi mer
prot ei n f | uoraYd pimerapa@ihaidlgn NEReNSHB: @cktahofpootbasg inhibifpen Hisd$S% | oned by RT

‘PCR into the 3 yect VI b fromth
serum of an H gfe‘}fg 5e° ac?egl?‘eé}tﬂecehlﬁ%%\%%ﬁp%ro’vfsg/")e(’}d{tglgk%rgg’ Bernarg
Wl ens, HopiGsM NSt?l,Lrui:aDNhﬂethreement BffetrdbaceniCifugation), thePhlublR88raISAA 1 egi on
(NS3- NSAAFL) WRsabhen félti/taﬂf‘i’ﬂ‘fﬂxd% '%%dldaia%lﬂ% NPIRSERAGRimn, @ bacul ovirus

expr essi on vector he vect or sequence |ncI udes a regl on

encodi ng & ZSﬁF-é@ﬁﬁlﬁ;éAﬂ-’t"éﬁthﬁ‘éF‘%@&M@%K%W%%’%$%P%G@0%ahl sti di ne

tag. The Bac-t:5+Bap IMRamdlayihaent®RE ﬁ%&usmmt% tddaGosBRh ko was  used
to produce the reconbinant bacul ovirus. gressed by

i nf ect i ng 106G YA PSR R T by ko DA Nash%@m@

mul tiplicity ok, NP-40. Tt was thawed on ice and diluted just prior to use.
The protease activity of His-NS3-NS4AFL was assayed in 50 mM Tris-HCI, pH 8.0,
10 0.25 M sodium citrate, 0.01% (w/v) n-dodecyl-8-D-maltoside, 1 mM TCEP. Five (5}
1M of the internally quenched substrate anthranilyl-DDIVPAbu[C(O)-O]-AMY(3-

NO,)TW-OH in presence of various concentrations of inhibitor were incubated with

1.5 nM of His-NS3-NS4AFL for 45 min at 23°. The final DMSO concentration did not
exceed 5.25%. The reaction was terminated with the addition of 1M MES, pH 5.8.

15  Fluorescence of the N-terminal product was monitored on a Perkin-Elmer LS-50B
flucrometer equipped with a 96-well plate reader (excitation wavelength: 325 nm;
emission wavelength: 423 nm).

The % inhibition was calculated with the following equation:
100 - [(fluo,, -fluo,,, .}/ (fluo -fluo,, . )x 100]

20 A non-linear curve fit with the Hill model was applied to the inhibition-

concentration data, and the 50% effective concentration (IC,) was calculated by the

use of SAS software (Statistical Software System; SAS Institute, Inc. Cary, N.C.).
EXAMPLE 49 '
Recombinant HCV NS3 protease radiometric assay

25  The substrate used for the HCV NS3 protease radiometric assay, DDIVPC-SMSYTW,
is cleaved between the cysteine and the serine residues by the enzyme. The sequence
DDIVPC-SMSYTW corresponds to the NSSA /NS5B natural cleavage site in which
the cysteine residue in P2 has been substituted for a proline. The peptide substrate
PDIVPCSMSYTW and the tracer biotin—DDIVPC—SNL‘S["éI—Y]'IW were incubated

30 with the recombinant NS3 protease in the absence or in the presence of inhibitors.

The separation of substrate from products was performed by adding avidin-coated



infection of 0.1-0.2 at 27. Authentic auto-proteolysis occurs during
expression to produce a non covalent and stable NS3- NS44 unalfidt 2685P! ex
(referred to as full 25 length "FL"). The infected culture was harvested 48
to 64 h |later by centrifugation at 4. The cell pellet was honpgeni zed in
50mM NaPO4, pH 7.5,40% gl ycerol (wv), 26 Septenber 2003 WO 00/59929

-PCT/ CAOO 00353 104 2nM - ner capt oet hanol, in presence of a cocktail of
protease inhibitors. H s-NS3- NS4AFL was then extracted fromthe cell

| ysate wi t KOPUSYENP- 40, 0.5% Triton X-100, 0.5M Nad , PATEA3#REse
treatnment. After ultracentrifugation, the soluble extract .was diluted
4-fold and bound on a Pharnmacia H -Trap N -chelating colum. The 5

H s- NS3- NSAAFL was eluted in a >90% pyge form (as judged by SDS-PAGE),
using a 50 to 400 mM i m dazole gradient. The H s NS3-NS4A. FL was stored at
-80 in 50 nigsodibarispitspiay eyixtel fallolved BYfilatior). The yroamsbf SNIS[5T-M NaCl , 0. 25
M i m dazol e, 9 - . i ] i just prior to
use. The pr o&@gél{ggyﬁféﬁdylhg?g@ﬁ%% Q@Fﬁ%&%&kgg\ggﬂ%%@g%g?%& EiE':O nmM Tris-HC ,
pH 8.0, 10 caladationobtie peaceritzgeat absiPatOday¢ion pndofthelparsentagk oD- mal t osi de, 1
mM TCEP. Fi vgnfoaon. PM Of the internally quenched substrate

ant hr ani | gl - DDWPAbU[ C(O) - AMY(3- NO TWOH in presence of various

concent r aPi ofAsR&BRthhi bitor were incubated with 1.5 nM of Hi s- NS3- NS4AFL

for 45 m n afrigahd TeeIdl (0BlaPRIVBLC QPEREA Bt IHR TeithoRglks. Giyceoed 5. 25% The
reaction was termnated with the addition of 1N NVS, pH 5. 8.

. 15
FI uor escence(tdFaye. MEP ard B prers pyrhesied He Sigm t o+ EaveHekirsd 9% Bl ner
LS-50B fl uop@fr}e’tmﬂs@ﬁujnpg_aﬂcﬁmaa@mog&dﬁ{ek{mﬂg@;{a& reader (excitation

wavel engt h: 325 m 0 | engt h: 423 nrn), The % inhibition was
cal oul ated PRy PR ARG L Ot G (B GH=eipl PIog O HALOBL.
K)/ (fl uohd- - fg@bBSHx1 AOOICEOTAER added juseptiorao iseefrdn & 1 W dtérkishiatibd | | nodel
was applied f ﬁt%z inhibition concentration data, and the 50% ef fective
concentrati oan 5.) was cal culated by the use of SAS software

(St atisti cal S@ofréterdPIVBESMITWSASpMiimbl condteatratiomdfroifarzymMIstogk ) .
solution in DMSO stored at -20°C to avoid oxidation).
Tracer: reduced mono-iodinated substrate(biotin-DDIVPC-SMS[“I-Y]TW) (= 1 nM
15  final concentration). '
HCV NS3 protease type 1b, 25 nM final concentration (from a stock solution in 50
mM sodium phosphate, pH 7.5, 10% glycerol, 300 mM NaCl, 5 mM DTT, 0.01% NP-
40).
B. Protocol
20  The assay was performed in a 96-well polypropylene plate. Each well contained:
20 pL substrate /tracer in assay buffer;
10 uL = inhibitor in 20% DMSO/assay buffer;
10 pL NS3 protease 1b.
Blank (no inhibitor and no enzyme) and control (no inhibitor) were also prepared on
25  the same assay plate.
The enzymatic reaction was initiated by the addition of the enzyme solution and the
assay mixture was incubated for 60 min at 23°C under gentle agitation. Twenty (20}
pL of 0.025 N NaOH were added to quench the enzymatic reaction. |
Twenty (20) uL. of avidin—coated agarose beads {(purchased from Pierce®) were
.30 addedina MiIIipores MADP N65 filtration plate. The quenched assay mixture was
transferred to the filtration plate, and incubated for 60 min at 23°C under gentle
agitation. '



EXAMPLE 49 Reconbi nant HCV NS3 protease radionetric assay 25 The substrate
used for the HCV NS3 protease radionetric assay, DDl VPCogMa¥EWperbBoF! eaved
between the cysteine and the serine residues by the enzyme. The sequence
DDNPC- SM5YTW corresponds to the NS5A/ NS5B natural cleavage site in which
the cysteine residue in P2 has been substituted for a proline. The peptide
substrate DDI VPC- SMSYTW and the tracer biotin-DDl VPC SMS["I-YJTW wer e

i ncubated 30 with-the reconmbi nant NS3 protease in the %%ﬁ? o in the
presence of'Oi%APB! tors. The separation of substrate fr '%ngfgéts was
perfornmed by addi ng avi di n-coated 26 Septenber 2003 WO 00/59929

PCTI CA00/ 00353 105 agarose beads to the assay m xture fol |l owed by
filtration. The anobunt of SMS['ssl Y] Twdgroduct found in the filtrate (with
or without inhibitor) allowed for the calculation of the percentage of
substrat e corfterdatesween bitered vding Pillipome@ YoltiFireen VirubntMamfoldFikatiReagent s

Tris and Tris HI r r t gi es.
d ycerol (U|%PP§Buré d%l’ilg&na%i ‘3%#@“%8‘?% %segbﬁgga:%fen%%@TCEP was
obt ai ned fromonﬁmg:@ulmf/wtﬂlammdipﬁmﬁﬂ and NaCH from Anachem a(r). Assay

buffer: rdhS-.11 H L &raly z)sI I 10
mg/ L BSA 1 e‘ﬁ&fﬁ ‘%CEEB) ag%i‘%&’% usl‘t(avﬁ@ya‘or%ozég use er%g%n tock sol ution
in water).5 Subgtor:dtf@rlrﬂmﬂe’PC- SI\/BYTW 25 11M final concent ratl on (froma 2

MM st ock  sol o0, gcmeea%memav B flofl Oxi dation). Tracer:
reduced nono-iodi nated s trate(biotin DDIVPC-SMSI1 | Y]TW (h 1 nM 15

final concentration). H@@ [NS‘S}‘%FQ"@M) Hepprtsaepuntsg. il nal * concentration
(from a st ocka 5d-l#hdadRurkd¥iGRith tRdBDEb AR pBdicahe BhibikioR, 10% gl ycerol , 300
nM NaCl, 5 nM DTT, 0.01% NP-
concerdration data, and the 50% effective concentration (IC_) was calculated by the
.10 use of SAS software (Statistical Software System; SAS Institute, Inc., Cary, N.C.).
EXAMPLE 50

Specificity assays

The specificity of the compounds was determined against a variety of serine
proteases: human leukocyte elastase, porcine pancreatic elastase and bovine

15  pancreatic a-chymotrypsin and one cysteine protease: human liver cathepsin B. In
all cases a 96-well plate format protocol using a chromogenic substrate specific for
each enzyme was used. Each assay included a 1 h enzyme-inhibitor pre-incubation
at RT followed by addition of substrate and hydrolysis to =<30% conversion as
measured on a UV Thermomax® microplate reader or a fluorescence Perkin-Elmer®

20 LS50B plate reader. Substrate concentrations were kept as low as possible compared

to K, to reduce substrate competition. Compound concentrations varied from 300

to0 0.06 pM depending on their potency.

The final conditions for each assay were as follows:

50mM Tris-HCl pH 8, 0.5 M Na,S0,, 50 mM NaCl, 0.1 mM EDTA, 3% DMSO, 0.01%
25 Tween-20 with;

[100 pM Succ-AAPE-pNA and 250 pM a~chymoftrypsin}, [133 pM Succ-AAA-pNA

and 8 nM porcine elastase], [133 pM Succ-AAV-pNA and 8 nM leukocyte elastase];

or

[100 mM NaHPO, pH 6, 1 mM EDTA, 3% DMSO, 1mM TCEP, 0.01% Tween-20, 4
30 pM Z-FR-AMC (7-amino-4-methylcoumarin} and 0.5 nM calthepsin B (the stock

enzyme was activated in buffer containing 20 mM TCEP before use)].



40). B. Protocol 20 The assay was perfornmed in a 96-well pol ypropyl ene
plate. Each well contained: 20 pL substrate/tracer in asspdmidrobps 10 PL
t inhibitor in 20% DMSQO assay buffer; 10 L NS3 protease 1lb. Blank (no

i nhi bitor and no enzyne) and control (no inhibitor) were also prepared on
25 the sane assay plate. The enzymatic reaction was initiated by the
addition of the enzyne solution and the assay m xture was incubated for 60

m n at 23W§5gtzﬂentle agitation. Twenty (20) P.L of ?Clg\g,?%?{wﬁ (C)];tgﬁre

added to quenc e enzymatic reaction. Twenty (20) L o

agar ose beads (purchased fromPierce(r)) were 30 added in a MI|Ilipore(r)
MADP N65 filtration plate. The quenched assay m xture was transferred to
the filtration plate, and incubated fot10760 nmin at 23C under gentle

agi tation. 26 Septenber 2003 WO 00/59929 PCTI CACO 00853 106 The plates were
filtered usi nyreRSHEMREVSSraaRly ispmppseaddselowfarprrrnapanclesticelsstdser at | on

appar at us, angd a$0dstyrene QIt—HoHSmTQEJnte[l?Ia@q M@Mé&%ﬁéiﬁ&ﬁ%@déﬁ%ﬂ%@que 96- el |

plate contaiping 60 }.L of scintillation fluid per we The filtrates
wer e count ed 9" dler Bestmi®bunt i nstrunent using a "' I-liquid 5

protocol for g opsks bulResd MR-t Yas el &3 | tao Wi . fol | ow ng
equati on: 100-”{11(0c0uﬁct S; Iﬁ( count sb, ,I%;k}[(count ¢, countl\gb(%l'l,’bn Iglgl 100] A
non-1inears cHB¥A)fit with the Hill nodel was applied to the inhibition-

: 0 . :
Concenty e Soofgbpendfil e BUAE LB, STESTNEE PCEE AL, o o
SAS | nsti t ut éwepmg0, 40 Wdppring p@ngreatic B)AMRY: End 0
20 pL of inhibitor solution (50 mM Tris-HCI, pH 8, 50 mM NaCl, 0.1 mM EDTA,
0.02% Tween-20, 1.5 mM-0.3 uM inhibitor, 15% v/v DMSQO).
10 After 60 min pre-incubation at RT, 20 pL of substrate solution (50 mM Tris-HCI, pH
8, 0.5 M Na,50,, 50 mM NaCl, 0.1 mM EDTA, 665 uM Succ-AAA-pNA) were added
to each well and the reaction was further incubated at RT for 60 min after which
time the absorbance was read on the UV Thermomax® plate reader. Rows of wells
were allocated for controls (no inhibitor) and for blanks (no inhibitor and no
15 enzyme).
The sequential 2-fold dilutions of the inhibitor solution were performed on a
separate plate by the liquid handler using 50 mM Tris-HC1 pH 8, 50 mM NaCl, 0.1
mM EDTA, 0.02% Tween-20, 15% (v/v) DMSO. All other specificity assays were
performed in a similar fashion.

20  The percentage of inhibition was calculated using the formula:

[3-((UV, (- UV )/ OV UV, D] x 100
A non-linear curve fit with the Hill model was applied to the inhibition-
concentration data, and the 50% effective concentration {(IC,,) was calculated by the

use of SAS software (Statistical Software System; SAS Institute, Inc., Cary, N.C.).
25  EXAMPLE 51
INS3 Protease Cell-based assay
This assay is done with Huh-7 cells, a human cell line derived from a hepatoma, co-
transfected with 2 DNA constructs:
one (called NS3) expressing part of the HCV non-structural polyprotein fused to the
30  {TA protein through an NS5A-NS5B cleavage site in the following order: NS3-NS4A-
NS4B-NS5A-(NS5B)tTA where (NS5B) represents the 6 first amino acids of NS5B.



Specificity assays The specificity of the conpounds was determ ned agai nst
a variety of serine proteases: human | eukocyte el astas ci,ne
pancreatic el astase and bovine 15 pancreatic a- chynotry%ms%%g’?ﬁ'&b 8803
cysteine protease: human |liver cathepsin B. In all cases a 96-well plate
format protocol using a chronogenic substrate specific for each enzynme was
used. Each assay included a | h enzynme-inhibitor pre-incubation at RT
foll owed by addition of substrate and hydrolysis to -&30% conversion as
measur ed oWOP%®%herrnomax(r) nicropl ate reader or a fIRfGF eI

Per ki n- El mer(r) 20 LS50B plate reader. Substrate concentrations were kept
as |l ow as possible conpared to KMto reduce substrate conpetition.
Conmpound concentrations varied from 30fpg to 0. 06 pM dependi ng on their
potency. The final conditions for each assay were as follows: 50nM Tri s- HCl
pH 8, 0.5 M mh@swprmniﬂvma@bduﬂderth:ﬂwoMAf&@mwo@r, 1% 25 Tween-20

Succ. AnA pAT AT b S ARG %é’%f“egﬁ% BRRLLG oNR and 8w

| eukocyt e el &8espBEpse (S%ﬁ’) %’@r 6;1espaMiRDTENO8Y, DVSO, 1nM TCEP,
0. 01% Tween- 2R fid coagﬂMezdsﬁBﬂ@\&pl(ezgmfg? g Mﬂ&rﬁ QAR Y@t 0.5 ri M
e

cathepsin B (the stock enzyne was activa buffer containing 20 mM

TCEP bef oPe’ BeB¥§ Pf%%é%?@ﬁ?férﬂvfea@ WW@F@%PG’%&%@ 107 A
representati ﬂatmarmnlrevirapwmrotﬁedc 1@wtmrmd&wr&1el&emlaaﬁkwp®aa&ﬁcc el ast ase:

In a pol ystyr om 96- we Cel | | s ng) wer e added
using a Bio %ﬁlﬁ]‘lmqw éﬁi&’f‘é’?"”ﬁ‘ée‘%‘ﬁ?‘?g’ﬁ?gy Eéssﬁn "Eﬂ\ﬁeéé’i"‘é‘?s\ r°°o per (50 MM
Tris-HO pH 8padlSdURELERT92E 54T RAGY hicHkohtainVia TN A=biiding ddflaih 268 aenzyme

sol ution (SOtMﬁﬂoﬁﬂd%vaPcﬁ. l%eléx@e MM protgm]fqueEDTI@SB—gepen ent

10 cleavage at the NS5A-NS5SB cleavage site between NS5 and itself. This last

cleavage allows tTA to migrate to the nucleus and transactivate the SEAP gene.
Therefore, reduction of NS3 proteolytic activity leads to confinement of tTA to the
cytoplasm and concomitant decrease in SEAP activity.
To control for cellular activities other than inhibition of NS3 protease which are due
15 to the compound, a parallel co-transfection is done with a construct expressing tTA
alone and the same reporter construct such that SEAP activity is independent of the
NS3 protease.
.Protocoi of the assay: Huh-7 cells, grown in CHO-SFMI (Life Technologies) + 10%
FCS (fetal calf serum) were co-transfected with the two DNA constructs in the
20  following proportions:
7 pg NS3+ 500ng SEAP + 800p! FuGENE (Boehringer Mannheim) per 4 X 10° Huh-7
cells. After 5 hours at 37°C, the cells were washed, trypsinized and plated (at 80 000
cells/well) in 96-well plates containing a range of concentrations of the compounds
to be tested. After a 24-hour incubation period, the SEAP activity in the medium was
25 measured with the Phospha-Light kit (Tropix).
Analysis of the percent inhibition of SEAP activity with respect to coﬁpomd
concentration was performed with the SAS software to obtain the EC,,



Tween-20, 40 nM porcine pancreatic elastase); and 20 }iL of inhibitor
solution (50 M Tris-HCl, pH 8,50 nM NaCl, 0.1 mM EDTA, ~ 029 =20, 15
mwt0.3 Minhibitor, 15%v/v DVMBO). 10 After 60 mn pre-izr?gﬁ%ﬁ{%gwsm, 20
pL of substrate solution (50 MM Tris-HCI, pH 8, 05 M Na2S™, 50 nmM Nad ,
0.1 mM EDTA, 665 pM Succ- AAA-pNA) were added to each well and the reaction
was further incubated at RT for 60 mn after which time the absorbance was
"read on the LTV Thernomax(r) plate reader. Rows of wells were allocated
for controlPPPRF? nhibitor) and for blanks, (no inhibitBFT/GAWAE3 15
enzyne). The sequential 2-fold dilutions of the inhibitor solution were
performed on a separate plate by the liquid handler using 50 mM Tri s-HC
pH 8,50 MM NaCl, 0.1 M EDTA, 0.02% Twgen- 20, 15% (v/v) DVSO. Al ot her
specificity assays were perforned in a simlar fashion. 20 The percentage
of inhibition was cal cul at ed uTABHES BF davMpoUNDS [ 1- ((V -UVbl )/ (Uvcu Uvb
))1 x 100 A -thil i ha f- 1 was applied to the

i nhi bition- gg{r%éjénnt ra iiaglﬁg%ggiéﬁogﬁgé{aﬁ%p%&gkée#’%tg%%%neﬁogbncent ration (1CS)
was cal cul at ¥l sgFRorBds lipted inTabind te & evefpend tsba ritive incthé eByimatinassaySy st em
“SAS Institut reﬂeﬂt@dh@éﬁﬁﬁleﬁ;z@n)xmb&%cc%ﬁ@%g NeJis I'l - based
assay This a?sa%[wi}s done wth Huh -7 cell sﬁéﬁmn _%)(e‘?{egfe?%ésogeri ved from

a hepat on®, G THEASTRY CRFINEA ithshqsriomsisis prsary: presenredin Examuple 49 NS3)
expressin ; ' astructural pol ypraotein fused to the 30 tTA
prgt ein tﬁrgﬁglgl gﬁ%@%ﬁ{mﬂg‘f}%%va ahedice sés%i’shxi%ﬁ‘g&’fﬂgﬁ %ﬂi‘ﬁ%wﬁ?‘d‘%g‘. '

NS3- NS4A-  NS4G> NSa AmANSSBhh 1, Wt 80 ¢ NM25B) represents the 6 first am no
aci ds of NS5%. 2§ geptenbermgIOOS VWO 0%?59929 PCT/ CAOO/ 00353 108 This
pPEl

pol yprot ei n iP§VEXSPBRYEYS Hitrdrstedin thesnedifisity atsaystrsesenivd iy amplsr50
and were found to be specific for the NS3 protease. In general, the results from the
10 different specificity assays are the following: HLE >3001M; P15E >300uM; a-Chym.
>300 uM; Cat. B >300 pM; indicating that these compounds are highly specific
toward the HCV NS3 protease and are not expected to exhibit serious side-effects.

In addition, certain of these compounds were tested in the cell-based assay
described in Example 51 and were found to have activity with an EC,, below 10uM,

15 strongly indicating that these compounds can cross the cell membrane. Particularly,
compounds of Tables 7, 8 and 9 have been assessed in the cellular assay and the
resuit indicated in the last column. In this cellular assay, the following coding was
used: A >1pM; B < 1uM.

The following abbreviations are used within the following tables:
20 MS: Electrospray mass spectral data; m/z MH" except when otherwise indicated by
an asterisk* = m/z MH; Ac: acetyl; Bn: benzyl; Boc: fert-butyloxycarbonyl; Ph:

phenyl; Pr: propyl.




the other (called SEAP) expressing the reporter protein, secreted al kaline
phosphat ase (SEAP), under the regul ation of a tTA-respo2siSuptgiereDes. The
first construct |leads to the expression of a polyprotein fromwhich the
different 5 mature proteins are released through cl eavage by the NS3
protease. It is believed that the mature viral proteins forns a conpl ex at
the nmenbrane of the endoplasmc reticulum tTAis a fusion protein,

descri bed QX) ﬁﬁ gn and Bujard (Proc. Natl. Acad. Sci. 90361 992)
5547-5551), i ¢h contains a DNA-binding donain and a ?ranscrlpt i onal-
activator. Release of the tTA protein requires an NS3-dependent 10 cl eavage
at the NS5A-NS5B cl eavage site between NSS5A and itself. This |ast cleavage
allows tTAto mgrate to the nucl eus arfid0transacti vate the SEAP gene.
Therefore, reduction of NS3 proteolytic activity |eads to confinenent of
tTA to the cytoplasm and concom tant decrease in SEAP activity To control
for cellular activities other than inhibition of NS3 protease which are due
15 to the conpound, a parallel co-transfection is done with a construct
expressing tTA alone and the sane reporter construct such that SEAP
~activity is independent of the NS3 protease. Protocol of the assay: Huh-7
cells, grown in CHO-SFM 1 (Life Techf%b s) -F 10% FCS (fetal calf
serum) were co-transfected with the constructs in the 20 foll ow ng
proportions: 7 pg NS3+ 500ng SEAP + 800 i PebGENE ( Boehri nger Mannhei m per
4 X 106 Huh-7 cells. After 5 ko .. the cells were washed,
trypsinized and plated (at 80 000 well) in 96-well plates containing -
a range of concentrations of the conpounds to be tested. After a 24-hour

i ncubati on period, the SEAP activity i ®the nediumwas 25 measured with

t he Phospha-Light kit (Tropix). Analysis of the percent inhibition of SEAP
activity with respect to conpound ¢ ration was perfornmed with the SAS
software to obtain the EC,. 26 Septenber pP003 yWO 00159929 PCT/ CA00/ 00353

109 . 0 N COOH
3]
' >L i
- 9
o N ",,
8

s
R?
. . 1
single stereoisomer at R

Cpd. [ double |D.R'bond | g> MS enzyme
# bond stereochem activity.
ot | 12,13- 1R, D syn to | phenyl 685.8 A
trans amide
102 | none 1R, D syn to | phenyl 687.2 C
acid
103 | none IRDsynto | phenyl 687.2 A*
amide




TABLES OF COMPOUNDS The follow ng tables |ist conpounds representative of
the invention. Al conpounds listed in Tables 1 to 9 weRe Jeptenther Q00T
active in the enzymatic assay presented in Exanple 48. A nunber
acconpani ed by an asterisk (*) represents 5 enzymatic activity obtained
with the radionetric assay presented in Exanple 49 wth ICs under 50ji M
In these enzymati c assays, the follow ng gradi ng was used: A? 1pM
11i M>B>0. 1) ggpsdéss2 O. 1 pM  Several conpounds were testegeipirabdiasspeci ficity
assays presented in Exanple 50 and were found to be specific for the NS3
protease. In general, the results fromthe 10 different specificity assays
are the follow ng: HLE >300M PPE >300pM a-Chym >300 M Cat. B >300 M
indicating that these conpounds are hi gily specific toward the HCV NS3
prot ease and are not expected to exhibit serious side-effects. 1In
addition, certain of these conpoundsTABLE Zested in the cell based assay
descri bed in Exanple 51 and were found tg have activity with an EC, bel ow
10PM 15 strongly indicatiﬁg' conmpounds can cross the cel
menbrane. Particularly, conpou ables 7,8 and 9 have been assessed in
the cellular assay and the result ijndicated in the last colum. In this
cel lul ar assay, the follow ng codi n@ was used: A >pM B s 1pM The
foll owi ng abbreviations are used witchin the foll owi ng tables: 20 Ms:
El ectrospray nass spectral data; except when ot herw se indicated by
an asterisk* = mz M, Ac: acetyl,; ; Boc: tert-butyl oxycarbonyl;
Ph: phenyl; Pr: propyl. 26 t erfher 0PS99 PCT/ CAOT 00353 110
TABLE 1 R22 single stereoisoneffat RL Cpd. doyht-eD-R bondRMSenzyne

7

@

R 3 "’
8

4" 4 ta
R o 12

. . 1
single stereoisomer at R

Cpd | g* r* double D-R'bond | R* | g% MS enz.
# bond stereochem act.
202 | NH-Boc H 11,12-trans iR or 15, H H 5937 | B
Dsynto
acid
203 | NH-acetyl | H 11,12-trans | IR or 15, H H 5356 | A
D syn to
acid
205 | NH-Boc 11-OH | none 1R or 15, H H 6277 |B
12-OH D syn to
cis acid
206 | NH-Boc H 13,14-cis IR, Dsynto |H H 5937 | C
acid
207 | NH-Boc H 13,14-cis 1R, Dsynto | OMe | H 6237 | C
acid
208 | NH-Boc H 13,14-cis iR, D syn to | OMe | phenyl 699.8 {C
acid
209 | NH-CO)- |H 13,14-cis 1R, D synto | OMe | phenyl 6988 | C
NH-tBu ' acid




#bondst ereochemactivity. 10112,13-1R, D syn tophenyl 685. 8A* transam de
102nonelR, D syn tophenyl 687.2C acid 103nonel R D syn t ophea g{eﬁ%@@m am de
26 Septenmber 2003 WO 00/59929 PCTI CA00100353 111 TABLE 2 R2 single
stereoi somer at R CpdR3R4doubl eD- R bondR21R~MSenz. #bondst er eochenmact.
202NH BocH11, 12-translR or IS, HH593. 7B D syn to acid

203NH acetyl H11, 12-transl R or 1S, HH535. 6A D syn to acid

205NH- Boc 1 1WOBH#HYWIR or 1S, HH627. 7B 12- OHD syn to 5aci d pcr/casom03s3

206NH BocHL13, 14-ci s1R, D syn toHH593. 7C aci d 207NH BocH13, 14- cislR D syn

t oOMeH623. 7C aci d

112
Cpd | g° '8 double D-R’bond {g* |[g2 MS |enz.
# bond stereochem act.
210 | NH-Boc H 13,14-cis 15, Dsynto | OMe | phenyl |[699.8 | A*
acid
T |, H  |1314cs | IR Dsynto |OMe |phenyl |5097 |C
acid
213 | OH H 13,14-cis 1R, Dsynto | OMe | H 5246 |B
{one acid
isomer)

214 { NH-Boc 10-oxo | 13,14~cis 1R, Dsynto | OMe | phenyl 7138 | C
acid
215 | NH-Boc H none 1R, Dsynto | OMe | phenyl 7018 | C

acid

217 | NH-Boc 10-OH | 13,14-cis 1R, D syn to | OMe | phenyl 7158 C

f (mixt acid
dia
stereo)
218 | NH-Bac 10- 1314cis IR, Dsynto | OMe | phenyl |7138 {C
OO0 amide
219 | NH-Ac H none 1R, Dsynto | OMe | phenyl 6432 |C
' acid

220 NH-Boc H 13,14-cis iR, Dsynto | OMe S’\> 7062 | C

amide /k\N




208NH BocH13, 14-ci s1R, D syn toOwephenyl 699. 8C aci d

209NH- C( O) - H13, 14-ci s1R, D syn toOwephenyl 698. 8C NH t Buagi 6 .Se er
2003 WD 00/59929 PCT/ CA00/ 00353 112 CpdR3R4double D-R b%ﬁdéjeﬁ%'"ﬁl—eﬂ/%bﬁgb
bondst er eochenxact. 210NH Boc H13, 14-cis IS, Dsynto Ove phenyl 699. 8A* acid
211INHZ H 13, 14-cis 1R Dsynto Owe phenyl 599.7 C acid 213 OH H 13, 14-ci s
1R Dsynto (one acid Owe H 524.6 B isoner) 214 NH Boc 10-oxo 13,14-cis 1R

Dsynto | 713.8 C acid 215 NH Boc H none IR, phenyl
7018 ¢ aclglssly Ao

113
- TABLE 3
B2 N g2
g
3
o
H
Te) N N-_ 1 COOH
] s
L O/Z }H1
3 7
R D
. . 1
single stereoisomer at R
Cpd. | g’ -D- DR bona [RT |RZ |MS fenz
# stereachem act.
301 | NH- 1R or 15, H H 6217 | B
Boc 7 Dsynto
acid
302 | NH- L 2 IR,Dsyn |OMe |Ph 671 A
' Boc BT to arnide
303 | NH- 8 10 12 1R, D .
; "\/\0 P syn | OMe | Ph 7013 | B
Boc 8 b 13 to amide
304 | NH- IR, Dsyn | OMe | Ph 7111 | C
15
Boc “--ﬂ 113 to acid
7 - 14
9 T 3
305 | HO 7 . IR,Dsyn | OMe{Ph 6022 | B
o i1
';/\/0\_214 to acid
10 12 13
306 | NH- T . IR, Dsyn | OMe | Ph 673.2 | A¥
‘" 1"
Boc F _ * to amide
10




217 NH Boc 10-OH 13, 14-cis 1R Dsynto Owe phenyl 715.8 C (m xt acid dia

stereo) 218 NH Boc 10- 13,14-cis IR Dsynto Owe phenyl 713. % ﬂ? , de 219
NH-Ac H none 1R, D syn to Owe phenyl 643.2 C acid 220 Né‘?é%g 82@qé0| S
IR, Dsynto Ove s 706.2 C am de H 26 Septenber 2003 WO 00/59929

PCT/ CACQ' 00353 113 TABLE 3 single stereoisomer at RCOOH } R1 1
Cpd. R3-D-D-R1 bondRz1R22MSenz #act stereochem 301NHLR or 1S, HH621. 7B 16

Boc7 15 D spiolstezy ~ acid 11 ' a i, PCT/CA00/00353

114
Cpd | g° -D- D-R'bona |[R” |RZ [MS |enz
4 .
stereochem act.
307 [NH- | IR Dsyn | OMe H < C
P S " N\
Boc .. 13 | to acid \,/
B prd Y o “<\/S o
777
308 | NH-Ac T, IR, Dsyn |OMe |QEt {6092 |C
., 1 ,
4 ~ 1 | toacid
o 2 13

D-R' bond sy to the acid

Cpd | 3* 9-X 11,12 MS { enzyme
# double activity.
bond
41 |H CH, trans 699.3 C
402 | H CH, cis 699.4 B
493 |H O trans 701.3 C
404 - O trans 715.3 B
Me




10 12 13 302NH-9 12I R, D synOwePh671A Bocl1l0 11to am de 303NH 10 12 141R, D

synOMePh701. 3B BocB 11 13to amide 304NH IR, D synOvePh7tlg n%?& 11
13to acid 7y ,4 10 12 305HO R, D synOVePh602.2B s 11 % -éb% 0238|§d 14

10 12 13 306NH 1. 1R D synOwePh673. 2A* Boc% 9 " 12to am de 10

WO 00/59929 ’ PCT/CAGD/00353

115
Cpd | * 9-X 11,12 MS enzyme
# double ' activity.
baond
405 / 0 trans 715.2 C
Me
406 |H O none 703.3 c
407 - O none 717.3
Me\
408 / (e none - 7173 | C
Me
409 O cis 7152 B
Me/
410 / S trans 7313 C
Me |
411 / 5 cis 731.3 A
Me
02 [gnvge, |99 cis 7453 A




26 Septenber 2003 WD 00/59929 114 PCT/ CA00/ 00353 Cpd. R3-D-D- R~ bona

R22R'Msenz #st ereochemact. 307NH 1R, D synOveHC Bocl3 15,4t L, 10 12
14S 77 308NHAcrI R, D synOVeOEt 609.2C 9 11 . e / 14to %gl%pﬁ%gbei%oqg TABLE
4 D-R1 bond syn to the acid CpdR49- X11, 12MsSenzyne #doubl eactivity. bond

401HCH2t r ans699. 3C 402HCHzci s699. 4B

WO 00/59929 . PCTICA00/00353

116

TABLE 5

N
=
I

"o

H
o N N COOH
8 <
0
S A ARy e
N1
X 13
D-R’ bond syn to the acid

Cpd | 10-X 11-X 12-X MS enzyme
# activity.
501 [c, |O i, 7082 | C
502

CH2 CH, CH2 701 C
503

CH, CH, NH 702.3 A
504 *

CI‘I2 CH:Z N(ME) 716.3 Al
505

CHz CI‘I2 N(CO)ME 7443 B
506

CH, CH, N(CO)Ph 806.3 B
507 | NH CH, CH, 702.3 C
508 | N(CO) CH, CcH, 744.3 C

Me




403HOt rans701. 3C 4040trans715. 3B Me 26 Septenber 2003 WO 00/ 59929

PCTI CA00/ 00353 115 CpdR49- X11, 12Msenzyne #doubl eacti vity,. bond
405/ Ot rans715. 2C Me 406HOnone703. 3C 4070none717. 3B Me 4GSCARIoREE2P933C Me

409/ 0ci s715.2B Me 410/ Strans731. 3C Me 411/ Sci s731. 3A* Me
4128 (Me) z9- Sci s745. 3A 26 Septenber 2003 WO 00/59929 116 TABLE 5 D-R bond

syn to the acid
WO 00/59929 PCT/CA00/00353

17

TABLE 6

21 22
2}

N
—
o

2

[+]
Tz

D-R’ bond syn to the acid A
Cpd# Rn rZ Ms enzyme
. activity.
O |776.2 C

601 N(Me), F}—(
- |

602 OH (CE,) 675.2* C

603 OMe O\I 690.1 C




PCTI CA00/ 00353 Cpd10- X11- X12- XMSenzyne #activity. 501CH20CI -12703. 2C

502CH2CH2CH2701C 503CH2CH2NH702. 3A 504CH2CH2N( Me) 716. 3A*
505CH2CH2N( CO) Me744. 3B 506CH2CH2N( CO) Ph806. 3B 507NHCI - 2P PFREmRsr 2003
508N( CO) CH2CH2744. 3C Me 26 Sept ember 2003 WO 00/ 59929 117 TABLE 6 D-R bond
syn to the acid 17 13 PCT/ CA00/ 00353 CpdR2MSenzyne activity. 601N(Me)2W
Or76.2C N S 6020H( CF3) 675. 2*C 6030Ve0~690. 1C

WO 00/59929 PCT/CA00/00353

118

TABLE7

o N COOH
]
[o]
O
>LQJ\N ) -u{ 10
H X
L]
R4 11
D-R’' bond syn to the acid
Cpd# |g° XX or | 1518 | g2 MS | cell.
double act.
1
X bond
701 H 11-O Cis phenyl {7013 A
702 H CH, Cis o 7631 |B
'~
. "<\,s
703 H CHZ None N ﬁ 751.4 B
-
..<\,S
704 H CH, Cis o~ 7003 | B
.
N
705 H Cis N 7062 | B
CH, E </] ‘
S
707 H CH, Cis 7482 | B
New
.—<\/5
708 H Cis H 7492 |B
CH, N
Nz
.—Q:Sr j




26 Sept enber 2003 WD 00/ 59929 PCTI CA00100353 118 TABLE 7 R22 N H D - W bond
syn to the acid Cpd #R4Xs, X 0% or 13, 14R22Mscel | . 11doubl eact. Xbond
701H11- 0G sphenyl 701. 3A 702HCH2G s~ 763.1B 0 ~ ~ 703HATAMRRPe2003B N
N-- 704HCHaG sN700. 3B 705HCHG s~~ 706. 2B S 707HCf 2Ci s748. 2B

708HC Ci sH749. 2B

WO 00/59929 PCT/CA00/00353
119

Cpd# |[g* xg'_ X% or [ 13,14 rRZ , MS cell.

- double act.

X bond
709 H CH2 None H o 7652 | B
<Y
.-<\/S

710 H CHz None 7501 | B
-~

711 H CH, None I\ ) 7022 I'B
e
N
712 H Cis t
CH, -OE 6673 | B
713 H None N 7081
CH, L ] 1B
S 1
7i4 H cH, None -QOFEt 6693 | B
715 H i
CHz Cis @ 6883 |B

716 H Ci
C}‘Iz 15 ‘___<0\|( 7053 | A
N N
N
717 H Cis 7052 | B
C N .
Hz |27
o
718 i
H CHZ Cis Za 6893 | B
),_//
N~




26 Septenber 2003 WD 00/ 59929 119 PCT/ CA00100333 Cpd #R4X9 X10;
or13, 14R22Mscel | . 12doubl eact. Xbond 709HCH2NoneH p765. ég#\'
710HCH2None_s750. 1B 711HCI - | 2None702. 2B 712HCH 2Gi s- OFt 6§7°pmber 2003

713HCI - 12None708. 1B 714HCFJ~None- CEt 669. 3B 715H 12Ci s688.3B r O- -

716HCH2Ci s. . -<, i 705.3A N-N 717HCHzcis /N1 ( 705.2B 0~N 718HCH2ci sJN689. 3B

719HC s714. 2B 26 Sept enber 2003

WO 00/59929 PCT/CA00/0G353
120
Cpd# |p* xg; X% or {1314 rZ MS cell.
' double act.
11
X bond ‘
720 H CH, - { None y H\\ 7512 |B
== |
721 H CH, None 7163 | B
LN T
I L
722 H CH, Cis . 7033 | B
ZY
/N.__//
723 H CH2 None @ 6903 | B
p /
724 H CH, None i&l\(o 781.1 B
N--.
N O
725 H CH, Cis 7482 | B
N.
,(/])\
s
726 H CH, (?is N‘/\§ 7032 | B
Ay
\
727 H CH, Cis -CH,-OMe 6673 | A
729 H CH, Cis N\rk}\ 7352 1B
"<\/s




WO 00159929 120 9;)? X; X. 13,14 Cpd #R411 ordoubl e Xbond 720HCH2None 721 H
CH2None 722 H CH2as 723 HNone 724 H CH2None 725 H CI-IZ%% %2?6'@892300?42 727

HCH2Cs 728 HC -12Cs 729 HCH2CGs RR2 HH O N 3 -CH
PCTI CAOO/ 00353 MS 751. 2

WO 00/59929 PCT/ICAGD/0353
121
Cpd# |pg* ;X ¥ or | 1314 rZ MS | cell
double act.
11
X bond
730 H CH, None H o 7801 |B
N""---.
-{\I HR
731 H CH, Cis N\I/NHZ 7211 |B
"Q\/s
0
733 a CH, Cis / 6893 |B
J/
/\I—N
734 H CH, Cis | 7032 {B
"
/
)—N
N"‘--..
T
736 H CI'{Z CiS N H \‘(O\ 779.2 B
737 H CHZ Cis 2 OMe 730.2 B
I e
N
738 H CH, Cis // 7032 |B
SN
739 10-(R) CH, None Ph ' 7152 | B
Me
740 10-(5) CHz none Ph 7153 | B
Me




716.3 703.3 690.3 781.1 748.2 703.2 667.3 637.3 735.2 cell. act.
2003 WO 00/59929 121 PCT/ CAOY 00?2%389;) 10;

B B A AB 26 Septenber

cel |.

BBBBB
3,14 Rn

e tember]2003

Cpd #R 4X; X
WO 00/59929 PCT/CA00/00353

122
Cpd # x9; x“" or | 1314 R” MS cell.
- double . act.

X bond
741 CHZ- Cis N ﬁ 7631 | B
.-Q\/
TABLE 8
0 N R22
<

D-R' bond syn to the acid, double bond 13,14: cis

Cpd # 32 r” MS cell.
act.
801 H o 7612 | B
l_ﬁ—l\o—“’ -Q\Nj N\(
803 n-Pr OEt 6373 [A
804 - H_ o 7903 |B
%/LH’ I T
805 O\ == 700.1 (B
o~ "NQ
806 O" OEt 6632 | A




ordoubl e Msact.
721. 1B <S 732HCH2Ci s 705.3A 0 C s

735HCH2CI s 749. 2B NCO G s

733HCH2/ |
736HCHZNNO 779. 2B

xbond None H O 730HCH2NN 780. 1B S HN_ 731HCH2Ci s N~NH,
689. 3B JV-

2 d5ptember 2003° 2°

WO 00/59929 PCT/CA00/00353
123
CPd # R32 R4 RZZ MS CE“.
act.
807 CL H OFEt 16793 | B
0.——"
-808 /L H OFEt 6532 | A
0/
809 Q H e N \fo 7751 |B
o™ ‘<\:Sr
810 H H - 761.2 B
- =~
0 '-<\/S
8i1 H H 7472 | B
L ot
o ‘—Q\/s
812 O\ H Nhﬁ'/NHz‘ 7332 B
o '&s
813 ?/ H OFEt 6913 | B
814 H N 7
O” :
8
815 <:L H R 7263 |B
0,-7' iN/
816 %/’\ H Wn — 7763 | B
—
817 Q H 760.2 | B
N
o _,</ ]
S
818 H Y —
CL WNYO 791.1 B
o -_<\/S o




S 0 737HCH2C sOwe730. 2B 738HCH2Ci s 703. 2B N 73910-(R) CH2None Ph715.2B Me

74010- (S) CHznone Ph715.3B Me 26 Septenmber 2003 WO 00/ 59‘%252 122
PCT/ CAO0/ 00353 Cpd #R4X4; X10; orl 3, 14R22Mscel | . i t doubl<¥aegPemips 7§03
741HCH2C sNN~763. 1B s TABLE 8 R32 R4 DR bond syn to the acid, double bond

13,14: cis 13 Cpd #R xR4RzzMscel | . act. 801g HNNo

WO 00/59929 . PCT/CAG0/00353
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CPd # RSZ R4 . R22 MS cell.
act.
819 Q . H \)\ 8332 iB
o N\l/H ©
"<\,S o
820 EL H Nj/g\/ 7472 | B
o ‘_<\/S
821 H ﬂ 7009 | B

822 Q H ﬁ\‘/ 7754 | B

823 H
Q ()/ 7152 | B
- ’)“'N

824 O\ 1 10-(Ry | OEt 6930 |B
- Me




761. 2B a~~s 803n- Pr HOR637. 3A 804N~ H N 0 790. 3B H~S 805H700. 1B

806HOEt 663. 2A 26 Sept enmber 2003 WO 00/ 59929 123 PCT/ CAO%O§353 Cpd. #R32
RzzMcel | . RacL 807HOEt 679. 3B 808HOEt 653. 2A 809 H H 7745 JA°Plamppsi2083H

61.2B N, _ 811HH747. 2B

WO 60/59929 PCT/CA00/60353
125
TABLE 9
_0 _N R22
|

R32

=
o

D-R' bond syn to the acid
Cpd# |p*% r rZ MS cell.
act.

901 Q H OEt , 6813 |B
o

902 H " N 7199 B
Q. ]
o S
g03 H N 7059 |B
. ]
904 CL H (/} 7030 |B
o P
905 L_—L H (} 6890 | B
o A
906 CL H 7620 |B
o - ‘—</Nf

907 O\ H @ 7020 | B
Y/




812HNH2733. 2B 813HOEt 691. 3B 814 ~HSI 718. 3B 00 815 HN726.3B 0' 0 816~r-HNI -
776.3B s 817H760. 2B 818791. 1B 26 Septenber 2003 WO 00/ 59929 ~Cpd# 819 820
821 822 823 824 R32 R& HH H H H eptember 2003

WO 00/59929 PCT/CA0G0/00353

126

Cpd # 32 R rZ MS celi.
act.

908 H NH 7352 |B
"L\,]/ ¢

A
909 O\ - H r@/n 1‘)/ 7770 |B
S

910 H R_~ |7651 |B

911

913

912 [L H N\rg 7485 |B
o)
H- n 7629 | B
D\O" -{\N‘j/ jo(
912 O\ H N\]/n\ 7490 | B
, =~
<
915 H H 7511 |B
>_\°". __{‘j(“j

916 Q 16 (R) QOFEt 6952 |B
-~ | Me




10- (R Me 124 Hn/O- NYNii a5 O OR PCT/ CAOCO 00353 Ms 833.2 7472 700.9
775.4 715.2 693.0 cell. act. B B B B B B 26 Septenmber 2003 WO 00/ 59929

PCTI CA00/ 00353 125 TABLE 9 COOH R 32 26 September 2003

WO $0/59929 PCT/CA08/00353
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CLAIMS
What is claimed is:
1. A compound of formula (I: —

5 wherein Wis CHor N,
R* is H, halo, C,salkyl, C; ; eycloalkyl, C,  haloalkyl, C, , alkoxy, C, cycloalkoxy,
hydroxy, or N(st)z,
wherein each R” is independently H, C, alkyI‘ or C, , cycloalkyl;

R™ is H, halo, C, ; alkyl, C,  cycloalkyl, C, , haloalkyl, C, , thioalkyl, C,; alkoxy, C,

10 cydoalkoxy, C, , alkoxyalkyl, C, , cycloalkyl, C or 10 aryl or Het, wherein Het is a
five-, six-, or seven-membered saturated or unsaturated heterocycle containing from

one to four heteroatoms selected from nitrogen, oxygen and sulfur;

said cycloalkyl, aryl or Het being substituted with K>,

wherein R™ is H, halo, C, , alkyl, G, ; cycloalkyl, C, , alkoxy, C, , cycloalkoxy, NO,,
15 N(R"), NH-C(O)-R™; or NH-C(O)-NH-R”, wherein each R? is independently: H,

G, alkyl or C, cycloalkyl;

or R™ is NH-C(O)-OR™ wherein R* is C,, alkyl or C, , cycloalkyl;

R’is hydroxy, NH,, or a group of formula - NH-R”, wherein R* is Ce or10 ATV,

heteroaryl, -C(O)-R”, -C(O)-NHR™ or -C(O)-OR™,




D-R bond syn to the acid Cpd #R32R4AR~-Mscel | . act. 901~I oX HOEt 681. 3B Kl

902H~N 719. 9B S 903HN 705. 9B S 904H703. 0B 905H689. 0B 906(QHS762. OB
'907"H, , 702. 0B 26 Septenber 2003 WO 00/ 59929 126 PCTI CACX%%%%%@“@J’C?O%

#R32ROMscel | . act. 908HNH, 735. 2B s 909HN~777. 0B 910HN763. 1B C~

WO 00/59929 PCT/CA00/00353

128

wherein R™ is CakylorC, cydda]kyl;

Dis a5 to 10-atom saturated or unsaturated alkylene chain optionally containing
one to three heteroatoms independently selected from: O, S, or N»Rﬂ, wherein
R"is H, C, ; alkyl, C, , cycloalkyl or -C(O)-R**, wherein R” is C, , alkyl, C, ,

5 cydoalkyl or C,  ,,aryl;
R"is H or from one to three substituents at any carbon atom of said chain D, said
substituent independently selected from the group consisting of: C, alkyl; Cis
haloalkyl, C, ; alkoxy, hydroxy, halo, amino, oxo, thio or C,  thioalkyl,
and

10 A is an amide of formula —-C(O)—NH—RS, wherein R’ is selected from the grou
group

consisting of: C, ; alkyl, C,  cycloalkyl, C, _,, aryl or C,, aralkyl;

or A is a carboxylic acid or a pharmaceutically acceptable salt or ester thereof.

2. A compound of formula I according to claim 1, wherein said R’ moiety is

15 selected from the 2 different diasterecisomers represented by structures (i) and (ji):

NGy rha
Tyr S

D
D syn to the amide (i), or D syn to A (ii).

3. The compound of formula I according to daim 2, wherein D is linked syn to
20 A asrepresented by formula (ii).

4. The compound of formula I according to claim 1, wherein W is N;
R”is H, C,¢ alkyl, C, , alkoxy, hydroxy, chloro, or N(st)z, wherein R” is H or Cis
alkyl;

25 R¥isH, C,, thicalkyl, C,; alkoxy, phenyl or Het selected from the group consisting'
of:




a~+ 9110, H~ 777.0B YN~ 912nHN748.9B ate-N ---~~ 913H -N _762.9B D A{"1\c~
~D 914D~H 749.0B ~s 915aHN751. 1B 91610 (R) CEt695.2B 0 --Me 26 Sept enber
2003 WD 00/ 59929 PCT/ CAOQ 00353 127 CLAIMS What is cl ai4feeeAtagnbar 2083

conmpound of forrmula (I): R2 Y-", RB ' R (I)
wo00i59929 - PCT/CA00/60353
129
R24
24 / 24 24
q—R 4——-< —N
H24

24 R*
N 0 R N O
;‘)N\:b?\n“;«@ ;‘_</cjr\q ;"<\N7j|\! |

Rz4

' ~ ﬂ24 I
o

N ;or o ;

wherein R* is H, C, , alkyl, NH-R”, NH-C(O)-R™;, NH-C(O)-NH-R>
5 wherein each R” is independently: H, C,  alkyl, or C,, érycloalkyl;

or NH-C(O)-OR™, wherein R” is C, , alkyl.

5. A compound of formula ] according to claim 4, wherein R” is H or Cis
alkoxy.

10
6. The compound of formula I according to claim 4, wherein R%is C,, alkoxy,

phenyl or Het selected from the group consisting of:
R24

«Gfﬂ” LI " /N"N




5 wherein Wis CHor N, Rex is H, halo, C -, alkyl, C3-6 cycloal kyl, Cl1.6
hal oal kyl , Cl-6 al koxy, C36 cycl oal koxy, hydroxy, or N(O, wherein each f
is independently H C-6 al kyl or C3"6 cycloal kyl; R22 i Porbentemier 20036
al kyl, C36 cycl oal kyl, Cl1-6 hal oal kyl, Cl~ thoalkyl, C--6 al koxy, C3.6 10
cycl oal koxy, C2_7 al koxyal kyl, C3.6 cycloal kyl, C6 or 10 aryl or Het,
wherein Het is a five-, six-, or seven-nenbered saturated or unsaturated
het erocycl e containing from one to four heteroatons selected from
ni trogen, &QYEM2And sul fur; said cycloal kyl, aryl or NecT/oatmgsssubstit uted
with e, wherein R4 is H halo, Cl-6 alkyl; C3.6 cycloal kyl, Cl_6 al koxy,
Cab cycl oal koxy, NO2, 15 N(R25)2, NHC(O-e; or NHC(O-14H e, wherein
each f is independently: H C-6 alkyl1 C3-6 cycloalkyl; or e is
NH C(O - OR s wherei n e is Cl, alkyl or C36 cycloal kyl; R3 is hydroxy, NH2,
or a group of H r s €60, 0 aryI het er oaryl ,
-C(O-R32, - %?J ZHodr\I M 0?512{§g%tehber 2003 i WD 00159929
PCT/ CAOQ' 00353 128,11\9433{@&511;%23 Al C i-6 cycloalkyl; Dis a 5
to 10-atom saturated or_ unsaturat ed alcﬁ*j’/l ene c'hal n optionally contai ning
one to three cheNiIpa-ORE, windenpBidentdesingighasied from 0, S, or N -R41,
“wherein R91 is H Cl1 6 alkyl, C34 cycloalkyl or -C(O-.R42, Werein R42 i's
Cl4 alkyl, €3-6 5 cycloalkyl or C6 or 10 aryl; R4 is H or fromone to three
substi tuents yat aRYomBbRibs ARl aca ki Foh@duﬂs%e??]hﬂ“ ls%&{aﬁw uent
i ndependently selected fromthe group c%)n5| sting o a-c yl, Cl-
hal oal kyl, Cl.6 al koxy, hydroxy, hal o, am no, oxo thio or Cil- 6 t hi oaI kyl ,

and Q?Oﬁp' S AN Aol St Rordbly BaantfiPl AR il 855, &5t &0 From

Het selected from the group consisting of:

‘—</ 243"(/}% (>§

10 wherein R*" is NH-R™ or NH-C(O}-R”, wherein R” is'C,, alkyl;

or R™" is NH-C(O)-OR”, wherein R* is C, , alkyl, and R**" is H or C,  alkyl.

9. The compound of formula I according to claim 1, wherein R’ is an amide of
formula NH—C(O)R32 or a urea of formula NH—C’(O)—NH—R32 or a carbamate of

15  formula NH-C(O)-OR”, wherein R is C,, alkyl, or C, , cycloalkyl.

10. The compound of formula I according to claim 9, wherein R’is a urea or a

carbamate, wherein R” is C,, alkyl or C, cycloalkyl.

20 11 The compound of formula [ according to claim 10, wherein R’ is a carbamate

and R™ is tert-butyl, cyclobutyl or cyclopentyl.

12 The compound of formula I according to claim 1, wherein D is a 6 to 8 atom

saturated or unsaturated alkylene chain optionally containing one or two

25  heteroatoms independently selected from: O, S or N-R”, wherein R is H, C, ¢ alkyl,




consisting of: G -s alkyl, C3-6cycloalkyl, C6 or io aryl or C7-16 aral kyl;
or Ais a carboxylic acid or a pharnmaceutically acceptable salt or ester
thereof. 2. A conpound of fornula | according to clai m 26 Stigrabe; 2083d R
noiety is 15 selected fromthe 2 different diastereoisoners represented by
structures (i) and (ii): D syn to the amde (i), or Dsynto A (ii). 3. The
conpound of fornula | according to claim2, wherein Dis linked syn to 20
A as represented by formula (ii). 4. The conpound of formula | according to
claimil, wh¥P&V#?%/is N, R21 is H Cl.6 al kyl, Cl4 al koygrdayesssssy, chl oro,
or N(R23)2, wherein eis Hor -6 alkyl; 25 R22 is H, Cl4 thioal kyl, d _,
al koxy, phenyl or Het selected fromthe group consisting of: W 00/59929
24 129 R24 24 26 Septenber 2003 PCT/ CAGIN 00353 24 24 R4 RF p ~~- ON OMNWN
N'N R24 ; or wherein RZ is H Cl1_6 alkyl, NHe, NHC(O-f;, NHC(O-NH e,
5 wherein each @ L§independently: H O ,s alkyl, or C cydoalkyl; or -

NH C(O) - ORS, whéfern f is -, alkyl. 5. A conmpound of fornula | according
to claim4, wherein Ruis Hor O _6

13.  The compound of formula I according to claim 12, wherein D optionally

contains one heteroatom selected from: NH, or N-C, , acyl.

&

14. The compound according to claim 13, wherein said heteroatom is selected
from: NH or N(Ac).
15. The compound according to claim 13, wherein said I chain contains 7 atoms.

10
1s. The compound according to claim 15, wherein said heteroatom is at position
10 of said D chain. '
17. The compound according to claim 13, wherein said D chain is saturated.

15 ‘
1s. The compound of formula I according to claim 12, wherein D is a 6 to 8 atom
saturated or unsaturated alkylene chain optionally containing one heteroatom
selected from: O, or S.

20 19. The compound according to claim 18, wherein said D chain contains 7 atoms.

20.  The compound according to claim 19, wherein said heteroatom is at position

9 of said D chain.

25 21.  Thecompound according to claim 20, wherein said D chain is substituted at

position 8 with R‘, wherein R” is H or C, ¢ alkyl.
22, The compound according to claim 21, wherein said R* is H or methyl.

30 23 .The compound according to claim 22, wherein said R* is H or 8-(S)-Me.




al koxy_ 10 6. The compound of formula | according to claim4, wherein R22
is Cl4 al koxy, phenyl or Het selected fromthe group consisting of: R24 24
R24 26 Septenber 2003 WO 00/ 59929 PCT/ CAOQ 00353 130 whe&BetaptaRaiieri2908], Cl- 6
alkyl, NHR or NHC(O-R wherein each e is. Cl-6 alkyl or C cycloal kyl,
or NHC(O-0OR26, wherein e is as defined in claim4. 5 7. A conpound of
formula | according to claim®6, wherein R21 is nethoxy. 8. The conpound of
formula | according to claim7, wherein O is ethoxy, or Het selected from
the group ¥SHEE¥RI ng of N R24a ~ R24b S or 10 wherei n R2H@A6R03BH R25 or
NHC(O-R, wherein R is-Cl alkyl; or R74a is NHC(O-OR, wherein R26 is
g, alkyl, and R24b is Hor Cl alkyl. 9. The conmpound of fornula | according
to claim1, wherein R3 is an amide of fd&#%ula NH C(OR32 or a urea of
formula NHC(O-NH R32 or a carbamate of 15 formula NHC(O-OR'. wherein
Rae is Cl-, akkyl Thexon(poayd headding to ki 23] WaeeRERAWE0is f@mka | according
to claim9, wherein R3is a urea or a carbamate, wherein R32 is C s al kyl
or C4-6 cycloal kyl. 20 11. The conpound of forrmula | according to claim 10,
wherei.n R3 i €5a chHrdmmppendatolddy tb slatneld whereilsaid @ydabubyhindbnecydopent yl .

double bond at position 11,12.

5
26.  The compound according to claim 25, wherein said double bond is frans.
27.  The compound of formula I according to claim 12, wherein D is a 6 to 8 atom,
saturated or unsaturated, all carbon alkylene chain.
10
28. The compound of formula I according to claim 27, wherein D is a 7 atom
chain.
29.  The compound of formula I according to claim 28, wherein D is saturated.
15 '
30.  The compound according to claim 29, wherein said D chain is substituted
with R, wherein R” is H, oxo, hydroxy, alkoxy or alkyl.
31 The compound according to claim 30, wherein said R' is H or C, ¢ alkyl.
20

32.  The compound according to claim 31, wherein said R" is H or methyl.

33. The compound according to claim 32, wherein said R'is H or 10-(S)-Me.

25 34,  The compound of formula I according to claim 28, wherein D contains one
double bond.

35. The compound of formul_a 1 according to claim 34, wherein said double bond
is at position 13,14 of said D chain.
30

36.  The compound of formula I according to claim 35, wherein said double bond



12. The compound of fornmula I according to claiml, wherein Dis a 6 to 8
atom saturated or unsaturated al kyl ene chain optionally containing one or
two 25 heteroatons i ndependently selected from 0, S or 2R Jeptembpiebedn R4
is H d-, alkyl, 26 Septenber 2003 WO 00/ 59929 PCTI CA00/ 00353 131 or Cz_7
acyl. 13. The conpound of formula | according to claim 12, wherein D
optionally contains one heteroatomselected from NH or IV C2.7 acyl. 5
14. The conpound according to claim 13, wherein said heteroatomis sel ected
from NH or WRUKE®2% 15. The conpound according to clai m PEI/asleeedsn said D
chain contains 7 atons. 10 16. The conpound according to claim 15, wherein
said heteroatomis at position 10 of said D chain. 17. The'corrpound
according to claim 13, wherein said D cht#n is saturated. 15 18. The
conmpound of forrmula | according to claim12, wherein Dis a 6 to 8 atom
saturated or ugaturated al kyl ene chain optionally containing one
het eroatom selected from 0, or S. 20 19. The conpound according to claim
18, wherein said D chain contains 7 atons. 20. The conpound according to
claim 19, wheBsin 'ﬁa&icdmhemrekaaairdiﬁgi&mﬁxsp,asﬁe&éwﬁmdﬁcﬁim&agiudsuﬂxt&hai n. 25 21.
The conmpound a(:é;l rgdlk%g _t§4_cl im20, wherein said D chain is substituted at
position 8 w et 8 1 T RAxY QYWE’PCQFHE”‘&PWM"]@Q The conpound
according g0 claim 21, wherein said R4 is Hor nethyl. 30 23. The conpound
accordi ng to claim?22, wherein said R4 is Hor 8- (S) Me. 26 Septenber 2003
38. The compouncl according to claim 37, wherein said R is H or C, , alkyl.

39. The compound according to claim 38, wherein said R' is H or methyl.

10 40. The compound according to claim 39, wherein said R is H or 10-(S)-Me.

41.  The compound of formula I according to claim 1, wherein A isa carbo;tylic
acid.
15 42, A compound according to claim 1, wherein W is N;
R’ is a group of formula or -NH~C(O)}-NHR™ or -NH-C(O)-OR™
wherein R is C,4 alkyl or C, cycloalkyl;
D is a 6 to 8 atom saturated or unsaturated alkylene chain linked to R' synto A,
optionally containing one or two heteroatoms independently selected from: O, S or
20 N—Rﬂ, wherein R™ is H, or C, , acyl; |
Ris H, or from one to three substituents independently selected from hydroxy, or
C,¢alkyl; and

A is a carboxylic acid, or a pharmaceutically acceptable salt or ester thereof.

25 43.  The compound of formula I according to claim 42, wherein R” is H or
methoxy;
R”is C,, alkoxy, or Het selected from the group consisting of;




WO 00/ 59929 PCT/ CA00/ 00353 132 24. The conpound according to claim 23,
wherein said D chain is saturated. 25. The conpound accqording to claim19,
wherein said D chain contains one double bond at posi t iZGroepiember 2083 The
conpound according to claim?25, wherein said double bond is trans. 27.The
conmpound of forrmula | according to claim12, wherein Dis a 6 to 8 atom
saturated or unsaturated, all carbon al kylene chain. 10 28. The conpound of
formula | according to Cla|m27 wherein Dis a 7 atomchain. 29.The
conmpound of¥@ewsaera | according to claim 28, wherein D persatuessed. i5
30. The conpound according to claim29, wherein said D chain is substituted
with R4, wherein R4 is H oxo, hydroxy, alkoxy or alkyl. 20 31. The .
conpound according to claim30, wherei#3%aid R4 is Hor C -6 alkyl. 32.
The conpound according to claim31, wherein said R4 is Hor methyl. 33.
The conpound according to claim32, wherein said R4 is_kgor 10-(S)-Me. 25

34. The conpound of fornula | according to claim 28 rein D contains one
doubl e bond. 35. The C(Nrrpound of forgula | accor o claim 34, wherein
sai d double bond is ithan 13,44 qf @;bd D ha|/ 30 36. The conpound
of formula I accorck-a&; B m V\/ne e| sai d/@tru-tNe bond 26 Septenber
2003 WO 00159929 PCT/ 9&)0353

H - jor
wherein R is H, C, ; alkyl, NH-R”, NH—C(O)-R ; or NH-C(O)-NH-R”,
wherein R” is: H, C,¢ alkyl or C,  cycloalkyl;
or R is NH-C(O)—OR%, wherein R” is C,¢ alkyl or C, , cycloalkyl;
5 and R*is Hor C  alkyl;

R’ is urea of the formula N—C(O)-NI—IRE;2 or a carbamate of the formula N—C(O)—OR32,
wherein R is CgalkylorC cyéloajkyl;

- D is a 7-atom alkylene chain optionally containing one double bond at position 11,12
or 13,14;

10 said D chain optionally containing one heterocatom inde[':vendently selected from: O,

S, NH, N(Me), or N(Ac); and
R'is Hor C, alkyl.

44. The compound of formula I according to claim 43, wherein rR” is methoxy,

15 andR”is ethoxy or

wherein R™ is NH~(C, , alkyl); NH-C(O) -(C, , alkyl); NH-C(O)-O-(C, , alkyl); or
NH-C(O)-NH-(C, , alkyl);

D is a C7 all carbon chain, saturated or containing one cis double bond at position
20 13,14




133 is cis. 37. The conpound according to claim36, wherein said D chainis
substituted with R4, wherein R4 is H oxo, hydroxy, Cl-6 al koxy or Cl-6

al kyl . 5 38. The conpound according to claim 37, wherei reSsagriemgen 2008 or
C7_6 alkyl. 39. The conpound according to claim 38, wherein said R4 is H
or nethyl. 10 40. The conpound according to claim39, wherein said R4 is H
or 10-(S)-Me. 41. The conpound of fornmula | according to claim1, wherein
Ais a carboxylic acid. 15 42. A conmpound according to claim1, wherein W
is N R3 isvalysd8Ip of fornmula or -NH C(O -NHR32 or - NHPCE/Onew@RE2, wherein
R32 is d-, alkyl or C cycloalkyl; Dis a 6 to 8 atom saturated or

unsat urated al kyl ene chain linked to RL syn to A, ~optionally containing
one or two heteroatons independently sdBected from 0, S or 20 N R41,
wherein R41 is H or C acyl; R4 is H or fromone to three substituents

i ndependent | 35, sel gedn@isbuhdl BfoRYEEOXYy, or O v alkyl; and Ais a carboxylic
acid, or a pharmaceutically acceptable salt or ester thereof. 25 43. The
corrpound of formula | accordi ng-? Rf2, wherein R22 is H or nmethoxy;
R22 is O -6 al koxy, or Het select L0 t he group consisting of: W

00/ 59929 134 R24a R24b 26 Septenber 2003 PCTI CAaar o353 R 24b

- . . 1 :
comprising a single stereoisomer at R, wherein said double bond, DR’ bond

stereochemistry and R? are defined as follows:

Cpd.# :doublebond: :p.R'pond : R%
; stereochem:
101 : 12,13-trans "IR,Dsyntoamide . phenyl;
102 ; none IR, Dsyn to acid _ phenyl;
and . -
i 103 none i IR D syn to amide : phenyl.
s :
46. A compound of formula:
R21 /H R22
<
Q
8] COOH
1]
17
R3 -J’

. s . 1
comprising a single stereoisomer at R, wherein R3, R4, said double bond position,

D-R' bond stereochemistry, R?' and R% are defined as follows:




or wherein R24a is H C, alkyl, NHR NHC(O-R25 or NHC(O-N+R 5,
wherein e is: H, C.a al kyl or C3 6 cycloalkyl; or R24a is NHC(O -OR'
wherein e is Cl-6 alkyl or C3-6 cycloalkyl: 5 and R24b 36SeRtespberi2083al ky! :
R3 is urea of the formula NNC(O -NHR32 or a carbamate of the fornula
NC(O-0R32, wherein R32 is Cl-6 alkyl or Ccycloalkyl; Dis a 7-atom

al kyl ene chain optionally containing one double bond at position 11,12 or
13,14; 10 said D chain optionally containing one heteroatom independently
sel ected fVEM/SYY S NH, N(Me), or N(Ac); and R4 is HRGT/@og0EFKy| . 44.

- The conpound of forrmula | according to claim43, wherein R21 i s nethoxy,
15 and R22 is ethoxy or 24a Nom S wherein R24" is NH(Cl.4 al kyl);

NH C(O -(Cl-4 alkyl); NHC(O-0(C14 #%yl); or NHC(O-NH(Cl4 al kyl);
is a Cr all carbon chain, saturated or containing one cis double bond at -
position ZpdE3, 26 Sepgenber 269&1&1\013&1!5&929 135748, A genpouhd of
fornmula: R22 PCT/ 00/ 003! corrpr:gl ng as%rgoqllgmls& ere0| soner at Rl wherein

sai d doublie_bond. D-Rl bond - ot :
{20 |NHBoc H 11,12 1Ror1S, H H;
f trans ' D syn to acid .
7208 NH-acetyl |H 11,12- T1Roris, H
: ‘ | trans : D syn to acid : ‘ ;
1 205 { NH-Boc  11-OH none 1RorlS, - H B i
i ‘ zii.OH ' D syn to acid
: 206 ' NH Boc H {1314 1R Dsyntoadd H H;
7207 T {NBBoc | H 1314 1R Dsyntoacd | OMe | H;
5 L ﬁ | f
7208 | NH-Boc | H 1314 IR Dsyntoacid : OMe | phenyl,
| 209 [NH-C(O)- | H 11314 (IR, Dsyntoacid  OMe . phenyl; i
NH-tBu | cis :
210 | NHBoc  H 1314 715, Dsyntoadd  ; OMe | phenyl;
| o o
o ! : : : ? !
211 . NH, H i 13,14 IR, D syn to acid OMe | phenyl; :
| ; L -
2137 [OH(one 'H 113,14 IR,Dsyntoacd  OMe . H;
f i isomer) ; P 5 : :
H i I Cls : . !
- ! ? ‘ : |
214 I NH-Boc - 10-ox0 113,14- (IR, Dsyntoacid @ OMe |phenyl; |
| 2 ; s o |
. 215 NH-Boc ‘H 'none 1R, Dsyntoacid :OMe ; phenyl;
717 | NFBoc  |10°0H 1314 IR Dsyntoadd  OMe : phenyl
: (mixtdia | . 5 ? )
. Cls i
C stereg) i ok : :
1218 i NH-Boc  : 10-oxo 11314 IR Dsyntoamide , OMe ' phenyl;

s

§-~219 NH-Ac v: H none 1R, Dsyntoacid ; OMe phenyl;
: i i : : ;




stereochem stry and R22 are defined as follows: 5 46. CO #doubl e bond: D

R1 bond R stereochem i 10112, 13-translR D syn to am dephenyl; 102 nonelR,
D syn to acidphenyl; _ 1 and 103nonel RD syn to am de:. Mmbﬂ@ﬁﬁpound
of formula: R29 '~"~ R 22 conprising a single stereoisoner at R, wherein
R3, R4, said double bond position, DRl bond stereochem stry, R21 and R22
are defined as follows: 26 Septenber 2003 WO 00/59929 136 --1 double DR

bond bond:%eordgé)ggpem stry: 11,12- 1R or 1S, 202NH Boct rIg;lCnTleA[amsD i to acid

--- 11, 12-
137
[Cpd# 5% L RE i double ! D-R'bond g, [ pZ |
; ; S ! _ : sr RS ;
i l bond: ; stereochemistry: . i
and NH-Boc ' H : 13,14~ IR, Dsyntoamide- OMe sf\>
O A L
! : i | ; : :
47. A compound of formula:
A LN A%
|
x
Q
o Q(ﬁ ,,COOH
€ 2
T EA
3
R o
- . . i
comprising a single sterecisomer at R , wherein RS, D, D-R" bond stereochemistry,
5 R°'and R are defined as follows:
[ Cpd-# - g’ t-D- ‘DR'bond  R: R
i : stereochemistry: | '
£ 301 . NH-Boc | ‘1R or 1S, iH i H;
o ; . @
! : 7_’— . . 15/ . ! D syn to acid : i
: : i i : ! |
s ; LR S
302 NHBoc |7, . iR, Dsynto . OMe | Ph; |
i : ’/\_f ! : :
8 o h ' amide ; :

305 NELBoc s w © w _ iR Dsyto OMe T
A \s/\o/\w//_’ T :f
; 1t i amide

IR, Dsyntoacid | OMe | Ph;

f a 5 !

e noow :
] i 7 o 1a H ; i
f ; ? 10 2 i i '
f305  THO B IR, Deyntoacd ; OMe | Ph; |
' : ] - 1 . H :

i

12 13 i

H
' H
: i z




1R or 1S, 203NH-acetylH D syn to acid trans 11-CH none 1R or 1S,

205NH- Boc12-OH D syn to acid C'S 206NH Boc H 13, 14- 1R nto id -
-ci's 207NH BocH 13, 14- cis 20$NH BocH 13, 14- 1R D syn %%o@i’é‘?'ab%’??g’og
NH-C(O- H 13,14- 1 209NH tBu. 1R D syn to acid cis H,MH 210N

WO 00/59929 . PCT/CA00/00353

138

— g e e g ;
Cpd. # ‘R D= ! DR’ bond [ R g R

_ - e Estereochg_r;_ﬁ_sEy: | e

. 306 ‘NH-Boc 7, ! IR, Dsynto i OMe | Ph;

i . P 11 12 : ; : !

; | o : amide : ! i
- : ; . ; ! :

i 307 "NH-Boc | i IR, Dsyn |{OMe Ho0
' i 7, g 1t 15 i Y ‘ ¢ : N-\-..(N\r :
T AASL o LT
; .: 10 e 14 i ! ; ;o
jand T NHAC 4 IR, Dsyntoacad | OMe | OEt. |

: . P i ! ; :

! 308 ; w w ; :

i : ¥ 12 g3 : !

i : ! : ! R

48. A compound of formula:

-0 N Q :

wherein said D-R’ bond is syn to acid, R4, X,, and said 11,12 double bond are

defined as follows:

"Cpa# | gt X F11,12
i i » double
! 5 : bond:

102 TH p T s;
o o

403 ' H ‘0 : trans;
04 L0 s,
f | Me




13,14- 1S, Dsyn to acid }cis 211-13,14-1R, D syn to acid + cis
2130H (one 13,14- 1R, D syn to acid isoner)cis i 214NH Bocl0-oxo 13, 14- 1R
D syn to acid cts 215NH BocH nonelR, D syn to acid 10 O361Sgpfember 2003
217NH Boc(m xt dia 1R, D syn to acid cis stereo) 218NH Bocl0-oxo 13, 14-
IR, D syn to amde cis 219NH Acnone; 1R, D syn to acid PCT/ CA00100353 H H;

H
WO 00/59929 PCT/CAG0/60353
139
Cpd # | - o X,: 11,12
i i : double
i i | bond:
405 K e . ;
| a2 e
| Me
! 406 H 1O . none;
] .
E 407 : - O ' none;
v
. 408 : / Xe} : none;
| i Me f
09 ) Tds;
e
a0 ] / 3 “trans;
e
at | / g Tas
; , Me ‘ ; :
| | B .
a2 ;
49. A compound of formula:
o S
]
o
o N N COOH
=L j/ © ey
LA 14
JL X2
x” f

wherein said D-R’ bond is syn to acid, X,q, X,,, and X,, are defined as follows:




H H, Ow phenyl; Owe phenyl; Owe phenyl; e phenyl; = H, Owe phenyl;

Owve phenyl; Owe phenyl; Owe phenyl; Owe phenyl; 26 Sep:%%rg) 2%{%‘{% X\%)
00159929 137 Cpd #t R3: R4: doubl e D- R bond bond: st er eoche D
NH BocH13, 14-1R, D syn to am de 220cis ' 47. A conpound of for mul a: R21

COOH | R1 D 12 14 conprising a single stereoisonmer at R1, V\/nereln R3, D
D-Rl bond stereochemistry,

WO 0059929 PCT/CA00/00353
140

i Cpd# Xyt 5 Xyt Xy _ ;
501 | CH, Ke CcH; o
508 e CH, NEC T
| i
} 504 i | N(Me);
; | A
; : : = |
5o e TN{COPR:
| R
1507  iNH CHz CH,;
| N |
jand T NCOMe CH, |CH,
B

50. A compound of formula: |

R21 N RZZ
<)

wherein said D-R' bond is syn to acid, 8% and R? are defined as follows:

 Cpd# i R™: . R%
: f ?
| o
H ! . N H
o /
¢ H i
oy, ;




5 R21 and R22 are defined as follows: Cpd.# R3 -D-:

Boc !

acid Owe Ph;

|

z 8 10 SS 304 NH Boc
91,

9 12

13 amide 8 14 10 9 12 b d

WO 00/59929

1 305 HO 1 .
T O PCT/ CAO0/ 00353 R21. 2z R OWVe ;28\egRtnbér d003€ (C)

301 NH-Boc 11 302 NH
1R, Dsynto

PCT/CA00/00353

51. A compound of formula:

~0 N

'IO

COOH

LT e
x’/x

wherein said D-R' bond is syn to acid, R* ¢ Xgr Xior Xyyr said 13,14 double bond and

Rz2 are defined as follows:

XX, or
CXir

T13,14 double bond: | p%.

- 11-0 ' Cis

phenyi;

TR e Cis \l/ﬁ\(o
703 H ' CH, ' None N\(HW
5 : b ;
704 IH CH,  Cis S
P
; a ; N i
705 T TH i s TR '
: : ; CH, : Y/ jl

: ! i ! "<




on stereochem stry: 1RorlS, HH Dsyn to acid IR Dsyn to acid ; Ow Ph;
26 Septenber 2003 WO 00/59929 138 PCTI CACQ' 00353 CO. # R3: 306 i- 307

and 308 NH Boc NHBoc NHAc 10 48. A conpound of fornulgg S&ée,pgghdb%nd
RzI. ;R22 . stereochen-ist y IR, Dsynto Ow Ph; amde | I'R syn to

acid Owve OR

WO 00/59929 PCT/CA00/00353

142

Cpd# g% XX or | 13,14 &aiif:"l"e_b'dii&}“ﬁ{'ﬂ; )
§ :

. . - Xt i f R |
708 i H “CH, | Cis : N

| N .
! i
! H : - ' s M i
H i : ) i ! !
} 709 | H :CHz i None i ' lr:ll o i
; ; _ ; . N 5
| | ; Wedatl

| | N8 i
| . ] s’ S
; a : s
711 TH CHz "None ~ T
o z L7
; ] ; N
72 TH T CH,  Cis o8y .
i — i | f

i : :
| 713 'H : "No TN
| T ]

! P87,

74 H o CHz ‘None T OEG A

R T i ] |

j ; ! CH2 : ! Oj/ !

i : : i i ‘-‘< l !
; ! Ny

. . f d
1 i H [ Cis

| 718 H CH, Cis (\N
: i !




-j~ wherein said DR bond is syn to acid, R4, Xg, and said 11,12 double
bond are defined as follows: Cpd # R4: :401H 402H --~-- 403H 11,12 double
bond: trans; cis; 26 Septenber 2003 WO 00/59929 PCT/ CAQH $65&abd390405 O

trans; | 406 |H AC7 none; on : double b d . none;

WO 00/59929 PCT/CA00/00353

143

" Cpd# By XX, or ié:l3,1'4 double bond: | 2, |
X -

719 TH CH "Cis S
S
: : : AL

L3

_ f f
Ny

720 H o, "None

: 721 H CHz None

T35 H : ; - —
|  CH, | Mone o

724 ' H = None B T o

= C jx
E : |l

- e

737 | e ;
A | CH,  Cis | -CH,OMe;

7287 TH CH: TG Me




408 0 none; and 8-(Me)2 9-S cis. 412 49. A conpound of fornula: wherein
said DR bond is syn to acid, X10, X11, and X, are defined as follows: 26
Sept ember 2003 WO 00/ 59929 PCT/ CA00/ 00353 140 and N( CO Ms s§iA8mbe20048
conmpound of forrmula: Rzr COOH 13 wherein said DR bond is syn to acid,
R21 and R22 are defined as follows: C N(COPh; CH2 CH2; 21 1 R: 26

Sept enmber 2003 WO 00/ 59929 PCTI CAC0100353 141

WO 00/59925 PCT/CA60/00353

144

i 14 G : 1
pd # r- XX, or 13,14 double bond: ! Rzz:

Xy : ;
: CI_IZ : Cis ; H '

H
730 | H :CH? I'None : H o

! P Nx
, ; : ‘_‘<\:Sr HN~
B0 CH, | Cis g Nﬁ/“‘”z
e R T
o g
o H : i : ‘
73 TH T G o N
T e

735 H CHz “Cis

736 TH 5CH2

[ e

i : H ;
| ; L Ci i
737 H CH, 1 Cis S

| | A
. : : : - N ;
73 TH ; ' e
: P N—N
s Fa
i ! ;

H
H
H
i



51. cPd # 1. 22 and Ov 603 A compound of fornmula: 0 10 714 IM1 H'% X
0~/ X R Cis wherein said DR bond is syn to acid, R4, X9, Xlo, X, said
13, 14 doubl e bond and R22 are defined as follows: Cpd # B Sephéiber 2068 Or
13, 14 double bond: ; R2 xi' 701 H11-0 : 7021 HCH2 703HCH2 704HCH2 13

phenyl; ---------- ;--- None H S 26 Septenber 2003 WD 00/59929 142
WO 00/59929 ’ PCT/CA00/00353
145
:‘ Cpd # i R4: . X xm" or '-__-573,14 double bond: Rzz_
Xy i
i 739 | 10-(R} Me CH, ; none Ph;
i 5 | i
1740 [ 10-(S)Me ‘cH, none | Ph; |
jand [ H cH, Cs : N\"/H §
| 741 f ! : = \(
i | i

52. A compound of formula:

0 N R

wherein said D-R’ bond is syn to acid, said 13,14 double bond is cis, R32, R4 and R22

are defined as follows:

: Cpd # | R | % R |
: o P i
N ! : . i
801 | [H R o ]
BN N LT
i T ; |
803 aPr H "OE:
% e ah |
M I

; : % :

805

: CLO"' :
806 Q" H "OEt;




Cpd #4 R 708 X~; X,a or 13,14 double bond: 1{2. CH2 H 710 H 711 H 712
:CH Cs None None None Cs 713 H -- CH2None ----~---- . H CH2None 714 715

HCH2Ci s 716 HCH2C s 717C s 26 September 2003

Wi
0 00/59929 PCT/CA00/00353

T — e et
Cpd# g% 'R R

i i R -

i : OEt; T

808

809

+ 811

-,
)
a

: 812

- 813 y H OEt;
; ; f
o]

IS,
\

. 814 P

815

816

i
. 817 !

A

.
A
B

' 818

O
\
-

o=(j:




1718 H --------- CH - OEt; PCT/ CA00/00353 Hs -OEt; N O 26 Septenber 2003
wo 00159929 Cpd # ROx Xla or 719 ;720 C :721H CH2 25 727 PCTI CA00100353 143
13,14 double bond: I R -fi = None is None None 26 September 2003

WO 006/59929 ’ _ PCT/CA00/00353

147

820 H ; 5 :
i \(“\/ |

oo ’<\ts :
5 ! z ; !

....gii .......... %. ——— e {_H : e

: round : ’ ; I

82 H B ""
A LT

, o ‘_<\/S .

:-823 |H (Y a |
s : / !

fand i 10-(RYMe ' OFEt.

g4 i G\ ;'

X ; - .

53. A compound of formula:

wherein said D-R' bond syn to acid, Rsz, R4 and R22 are defined as follows:




Cs 728 HCG s i -CHz-OMe; Me; 26 Septenber 2003 WO
R -~729 ;HGs Cs 734 H 375 i 737 H X ; Xioor
2

Cs CHz 12 CGs 1 Gs
!
- R~ . is-__~ 26 September 2003

00! 59929 144 Cpd #
13, 14 doubl e bond:

WO 00/59929 PCT/CA00/00353

Cpd# % R* R%:

o a. |

5902 H N

ool ]

{904 H 7
D\ :

905

908 G\ H Nw.
; f o : §‘F<§;:l/ g

“'509




PCT/ CACDY 00353 i H 13, 14 double bond: Rte: X 3" Xor i0 CH2 CH2 52. A
conpound of fornula: WO 00/59929 145 1 Cpd ## | It : 739 10-(R) Me f 740
10- (S) Me R 32 none 26 Septenber 2003 PC /CA00/ 00353 \idbeBaniembeari 200B- R
bond is syn to acid, said 13,14 double bond is cis, R32, R4 and Rl are
defined as foll ows: 26 Septenber 2003 WO 00/59929 146 sz R4 22 Cpd # RR

807
WO 00/59929 PCT/CA00/00353
149

: : 2 : T .

de# ERg: R4: ;Rn: B

i . i :

i910 TH i H .‘
ALy

5 E :
Oy

! oaads

i TN “er |

; ? f L

1912 ! I:L iH i ﬁ\/ !
I G

: : ; .

: 913 i D\ ‘H 5 H

-' .
o~ ~<T %t

7

914

;915 % H o NH
O e

916 . ;
: ; 0 :
! . : i ) }
54. Use of a hepatitis C viral NS3 protease inhibiting amount of the compound of

formula I according to claim | in the manufacture of a medicament for inhibiting the

replication of hepatitis C virus.

5
53. A pharmaceutical composition comprising an anti-hepatitis C virally
effective amount of a compound of formuta I according to claim 1, or a
fherapeuﬁca]ly acceptable salt or ester thereof, in admixture with a pharmaceutically
acceptable carrier medium or auxiliary agent.
10

56. The pharmaceutical composition according to claim 55, further comprising




H Oet; OEt; PCT/ CA00/ 00353 WD 00/59929 147 Cpd # R32. 821 | R4. Rte. H
822 53. A conpound of fornula: H22 3 R4 26 Septermber 2003 PCT/ CAOO 00353
wherein said D--R bond syn to acid, R32, R4 and R22 ar e2@d8¢ptembea®03

follows: WO 00/59929 148 908 909 H 26 Septenber 2003 PCT/ CAOCO 00353 26
Sept enmber 2003 WD 00159929 Cpd # R32. PCT/ CA00/ 00353

WO (6/59929 PCT/CA00/00353

150

an additional immunomodulatory agent.

57. The pharmaceutical composition according to claim 56, wherein said
additional immunomodulatory agents is selected from the group consisting of: a-, B-

)

5 - ,and &-interferons.

58. The pharmaceutical composition according to claim 55, further comprising

an antiviral agent.

10 59 The pharmaceutical composition according to cdlaim 58, wherein said

antiviral agent is selected from the group consisting of: ribavirin and amantadine.

60. The pharmaceutical composition according to claim 55, further comprising
another inhibitor of HCV protease.
15 : '

61. The pharmaceutical composition according to claim 55, further comprising an

inhibitor of other targets in the HCV life ¢cycle.

20 62 Use of pharmaceutical composition according to claim 55, for the

manufacture of a medicament for treating a hepatitis C viral infection in a mammal.




54 Use of a hepatitis C viral NS3 protease inhibiting anount of the
conpound of formula | according to claim1 in the manufacture of a

medi cament for inhibiting the replication of hepatitis £0 Septembes2dB. A
pharmaceutical conposition conprising an anti-hepatitis Cvirally

effective anmount of a conpound of forrmula X according to Clain 1, or a
therapeutically acceptable salt or ester thereof, in adm xture with a
‘pharmaceutically acceptable carrier mediumor auxiliary agent. 10 56. The
pharmaceutical conposition according to claimb55, further conprising 26
Sept enber 2003 WO 00/ 59929 PCT/ CA00/ 00353 160 an additiona

i munonodul at ory agent. 57. The pharmaceutical conposition according to
claim56, wherein said additional inmnonodul atory agents is selected from
the group consisting of: a-, R 5, and & nterferons. 58. The
pharmaceutical conposition according to claimb55, further conprising an
antiviral agent. 10 59. The pharnmaceutical conposition according to claim
58, wherein said antiviral agent is selected fromthe group consisting of.
ribavirin and amant adi ne. 60. The pharnaceutical conposition according to
claimb55, further conprising another inhibitor of HCV protease. 15 61. The
phar maceuti cal conposition according to claimb55, further conprising an

i nhi bitor of other targets in the HCV |ife cycle. 20 " 62. Use of

- pharmaceuti cal conposition according to claim55, for the manufacture of a
medi cament for treating a hepatitis Cviral infection in a manml. 26

Sept enber 2@a3 - i
p @3 The pharmaceutical compasition according to claim 61, wherein said inhibitor

Is selected from the group consisting of: helicase, polymerase, and metalloprotease

64. The pharmaceqfical composition according to claim 57, wherein said
Immunomodulatory agent is a-interferon.

- 65, The pharmacautical composition according to claim 57 fu

ivi rthe isi
antiviral agent. I comprising an

66. The pharmaceutical composition according to claim 65 where
agent is ribavirin.

in said antiviral

67. The pharmaceutical composition according to claim 64 fu

fi rthe isi
antiviral agent. r comprising an

68.  The pharmaceutical composition according to claim 67. w
agent is ribavirin. |

herein said antiviral

69. Use of pharmaceutical composition according to claim 57, for the

manufacture of a medicament for treating a hepatitis C viral infection in a mammat

70, Use of pharmaceutical composition according to claim 59 for the

Mmanufacture of a medicament for treating a hepatitis C viral infection in a mammal

71. Use of pharmaceutical composition according to claim 60, for the




151 63. The pharmaceuti cal conposition according to claim6l, wherein said
inhibitor is selected fromthe group consisting of. helicase, polynerase,
and metal | oprotease. 64. The pharnmaceutical conpositi or?6aterderdberg?008 cl ai m
57, wherein said i munonodul atory agent is a-interferon. .65. The
pharmaceutical conposition according to claim57, further conprising an
antiviral agent. 66. The pharnaceuti cdf2conposition according to clai m 65,
wherein said antiviral agent is ribavirin. 67. The pharnmaceuti cal

conposi ti on accgfr d!i“ng to claim64, further conprising an antiviral agent.
68. The pharMabe@CiucROf TBMOSINEhTEr i : i,m.67, wherein said
antiviral agent is ribavirin. 69. @Lﬁ%ﬁ%? H&%g{rﬂ%aécgﬁ%’i”ﬁ%‘fﬂ%d’r‘rﬁéﬁqmﬁnéh
according to claim57, for the nmanufacture of a nmedicanent for treating a

hepatitis c & ral Ussmiytrmacdutical commeaition adBraitp MimPafdmeeut | cal

conposi tion g ' .alm for the ma cture medi canent for
treating a he%ﬁ%??%%ga\% ?C&é?am%rgzéﬁffeaﬂnq A hapatifiefaviral infdctionirea Bfammal

phar maceut i cal conposition according to claim®60, for the 26 Septenber 2003

152  manuf agtgur e (pf, @ ' nt for treating a hepatitis C viral infection
inammmal. 72 Ssepﬁ%%%%%8?[??%%!“&?%@519&9@@!&6@%&%9 to claimé6l,

for the naMAEEactre 0bs mediadienafe tbafrefa héRatié PYid: titis C viral
infection in a manmal .  73. Use of phar naceﬁ%ilcalgnrggnn%ggqr{'f‘&fnﬁw-di ng to
claim64, for the mnufacture of a nedicament for treating a hepatitis C
viral. infeétionUsa ohpharmaabuticalebmpldsition bcfdtaing 85 4 | §&le, conposi tion

accordi ng t gapliciird . nufacture of "a nedi cdnent for treating a
hepatitis C vi ralw}-n e%{nfgg'ﬁg 'il}]'%nte{gﬁﬁ?ﬁ{ﬁg a hepstitis g girgfinfettmninaendmeal.
conposition according to claim®66, for the manufacture of a nedi canent for

treating a T&epatiéd s ﬁaYﬁwé@éuﬁi:g’lfc‘Sﬁ]tpio%Hor% Qcc%ré}r?gn{cr:ac!,léim 66, for the

manufacture of a medic_:ament for treating a hepatitis C viral infection in a mammal

76. Use of pharmaceutical composition according to ciaim 67, for the
-manufacture of a medicament for treating a hepatitis C viral infection in a mammal
77, Use of pharmaceutical composition according to claim 68 for the

manufacture of a medicament for treating a hepatitis C viral infection in a mammal

78. A compound according to claim 43, wherein R® is -NH-C(0)-OR®?

. 32 -
wherein R* is C,4 alkyl or Cug cycloalkyl; D is a C7 all carbon chain, saturated or
containing one cis double bond at position 13,14; and R% js

T

. 24a -
wherein R*? is NH-(C,.4 alkyl); NH-(Csg cycloalkyl); NH-C(Q) -(C14 alkyl); NH-
C(O)-0O-(C1.4 alkyl): or NH-C(O)-NH-(C4.4 alkyi).

24z
R

79. The compound 208 according to claim 46.
80.  The compound 209 according to claim 46.

81. The compound 214 according to claim 486.




76. Use of pharmaceutical conposition according to claim®67, for the
infection in

.manuf acture of a nedicanent for treating a hepatitis C viral
a manmal . 77. Use of pharnmaceutical conposition accordi 86 Septegibat pp@S, for
the manufacture of a nedicanment for treating a hepatitis C viral infection

in a mnml. 78. A conpound according to claim43, wherein R3 is
Dis a C7

-NHC(O-0R32 , wherein R32 is C1_4 alkyl or C4_e cycloal kyl;
al| carbon chain, saturated or contaitng one cis doubl e bond at position

13,14; and R22 is 24a N_ S wherein R24,a is NH(Cl1.4 alkyl); NH(C3-E

cycloal kyl); NHC(O -(C-4 alkyl); NH C(O-O(C _4 alkyl): or
e conpound 208 according to claim46. 80.

NH C(O) - NH- (Cha4 ak 9 T
ﬁ%lﬁ%ﬁ%‘g“'}d@g%dmto cllm 48he conpound 214 according to

The conpound 209 ac
claim46. 26 Septenber 2003 153 82. The conpound 217 according to claim46.
84. The conpound 508 accordi ng

83. The conpogmd r di to cl ai m48.
to claim49. 85. The c@n‘pli'E 83% 8 girordinglodiany 480 cl ai m 50. 86. The conpound
603 according to claim50. 87. The conpound 702 according to claim51.

to claim5l. 89. The conpound 709 _

ccoraing (o rar ArERRRGERI SRk te Smsizccor i ng Lo T m o1, o1
‘The compound 715 according to claimb51. 92. The conmpound 719 according to
cl aimb51. 85.  The compound 601 according to claim 50,
86, The compound 603 according fo claim 50,

87. The compound 702 according to claim 51

88. ' The compound 703 according to claim 51.

. 89, The compound 709 according to claim 51.

90. The compound 71 4.according to claim 51.

91.  The compound 715 according to claim 51.

. 92.  The compound 719 according to claim 51.

83. The compound 725 according to claim 51.

84. The compound 736 according to claim 51.

95, The compound 738 according to claim 51.

96. The compound 801 according to claim 52

97. The compound 809 according to claim 52.

98. The compound 810 according to claim 52.




93- The compound 725 according to claim51. 94. The conpound 736 accordi ng

to claim51, 95. The conpound 738 according to claim51. 96. The conpound
801 according to claim52. 97. The conpound 809 accor didfgSdpternberian052.

98. The conpound 810 according to claim52. 26 Septenber 2003 154 99- The
conpound 811 according to claim52. 100. The conpound 812 according to
claimb52. 101- The conpound 814 accorgihng to claim52. 102. The conpound
818 according to claim52. 103. The conpound 819 according to claim52.

104. The conpound 821 according to claim52. 105. The conpound 822
107.

according to claim52. 106. The conpound 823 according to claimb52.
108. The conpound 909 according to

The conpound 9904 J¥e@odi im.53
53 Fipdng géﬁ&é’?'w&‘iﬂ@n}%&m aim53, 110. The conpound

claim53. 109. The conpound
conposition-conprising an

916 according to claim53. 111. A pharnaceuti cal
of a conpound of formula |

anti - hepat i t 160.C Theabmpo@id §64 i .anpunt.
according to any one of ﬁcl ac{m; %%fdéndf%d’,ia’@rsza t herapeutically acceptable
salt or ester thereof, in adm xture with a pharnaceutically acceptable

carrier nmedi t@h.or Tieelsdrhping Y 12, The pharmaceutical conposition
according to claim 111,'bf urt he?&%%rr?par}glztgic}‘?ﬁ” 5§n addi tional i nmunonodul atory
agent, 113. The pharnmaceutical conposition according to claim 112, wherein

said 26 Sept¥berTH0fMhpboRd 818 according to claim 52.
103.  The compound 819 according to claim 52,
104.  The compound 821 according to claim 52.
105. ° The compound 822 according to claim 52.
.106.  The compound 823 according to claim 52,
107. The compound 904 according to claim 53,
108. The compound 909 according to claim 53
108. The compound 914 according to clajm 53,

110. The compound 916 according to claim 53,

111, i iti
A pharmaceutical composition comprising an anti-hepatitis C virally effective
a
mount of a compound of formula | according to any one of claims 7910110, ora

therapeutically acceptable salt or ester thereof, in admixture with a pharmaceut
acceptable carrier medium or auxiliary agent, utically

112. ica it
.The pharmaceutical composition according to claim 111, further comprisi
an additiona| immunomodulatory agent, T

113. i ifj
The pharmaceuticaj composition according to claim 112, wherein said




addi tional imunonodul atory agents is selected fromthe group consisting
of: a-, j3-, and 5-interferons. 114. The pharmaceutical conposition
according to claim113, wherein said additional inmmunom$uegrierobsr 20§8nt i s
a-interferon. 115. The pharnaceutical conposition according to claim 111,
further conprising an antiviral agent. 116. The pharnmaceuti cal conposition
according to claim115, wherein said. 1sgantiviral agent is ribavirin. 117.
The pharnmaceutical conposition according to claim 113, further conprising
an antiviral agent. 118. The pharmaceutical conposition according to claim

117, * wher ei nadgichal Aithiindnic ;ﬁ&? is.ribavirin. 119. The pharnaceuti cal
conposi tion according to cl E;.tll m %%9}1%15% %%g‘ite%tgﬂﬁrth%grﬁgp cansistingi ofi a-ap-, agent .
120- The pha*?’?%@éﬁ'f%%ﬂs-conposi tion according to claim 119, wherein said

antiviral agent is ribavirin. 121. The pharmaceuti cal conposition according

to claim 111, further conprising another inhibitor of HCV protease. 122.

The phar macelfth calhegdinpvatautioal ceogositibngcididing & Shiliia g‘;ﬁreﬁeﬁ?g gonpri si ng
an i nhi bi toraogfﬁogé,r},tﬁhu%,g&g%%mi n_the HCY life cycle. 123. & said

phar maceut i cal conposition accor afHy T G UeERAN-122, wherein said i nhibitor
is selected fromthe group consisting of: a helicase, a polynerase and a

met al | opr ot qage. TR8 003 156 124. Use of pharmaceuti cal
conposi tion- accqréi ﬁg‘s{ht(l) c: g%%%TTE?S' Yt 2¢Redingrigrilgimctdr firthér eompridirgament
for treatingh&hdighagents C viral infection in a mammal . 125.. Use of

phar maceuti cal conposition according to claim 114, for the manufacture of
a nedi camen:tl G1;or treating a hepatitis Cviral infection in a mamal.
- The pharmaceutical composition according to claim 115, wherein said- '

antiviral agent is ribavirin.

117. _ The pharmaceqﬁcal composition according to claim 113, further comprising
an antiviral agent.

118. The pharmaceutical composition according to claim 1 17, wherein said
antiviral agent is ribavirin. '

119. The pharmaceutical composition according to claim 1 14, further comprising
an antiviral agent.

120. The pharmaceutical composition according to claim 11 9, wherein said
antiviral agent is ribavirin.

121. The pharmaceutical composition according to claim 111, further comprising
another inhibitor of HCV protease.

122, The pharmaceutical composition according to claim 11 1, further comprising
an inhibitor of other targets in the HCV life cycle.

123.  The pharmaceutical composition according to claim 122, wherein said

Inhibitor is selected from the group consisting df; a helicase, a polymerase and g
metalloprotease.




126. Use of pharmaceutical conposition according to claim116, for the
manuf acture of a nedi canent for treating a hepatitis Cviral infectionin a
mammal . 127. Use of pharmaceutical conposition accordi néf $epteinbhem2a0B30, f or
the manufacture of a nedicanment for treating a hepatitis C viral infection
ina mnmual. 128. A conpound having the following formula (A): (A wherein
X is PG or R2; each PG is independentli6a protecting group; R2 is as
defined in claiml1l, A is a protected carboxylic acid; and nis 2. 129. A
process for qrepari ng a conpound of forrmula (A) according to claim128,

~ sai d” process 1€bnpiissioh gharemctitig! corfsaERRM : ). with a conpound
of formula ﬁg},ufa%@r%%é ﬁ,{é?er 2003 1;%‘7&_1( B)rgéaﬂhffg\?\;’]g}réﬁﬂqg@rtﬂe A and n are

as defined in claim F TEr3gment IR MeRiRg Hipnatts Ggirahiefebmdd in Mgmi) MUl a

(D: '"IXO0 (D) wherein Xis PGor R2; PGis a protecting group; R2 is as

dEf_I ned in ciz.m gl'ée'3"PHéﬁ‘fﬂgc“-l‘:%-[f%"tﬂ C%tn%%si(t:iglg ggé(o%ihg toac'(::llai(rjri 114a?t;jr tl?el 25

manufacture of a medicament fo_r treating a hepatitis C viral infectidn in a mammal

126.  Use of pharmaceutical compaosition according to claim 116 for the
manufacture of a medicament for treating a hepatitis C viral infection in a mammal

127. Use of pharmaceutical composition according to claim 120, for the

| manufacture of a medicament for treating a hepatitis C viral infection in a mammal

128. A compound having the following formula (A):

o/X '
|
[
\
(A)

wherein Xis PG or R%;
each PG is independently a protecting group;
R?is as defined in clajm 1;

A’is a protected carboxylic acid:
andnis 2.

129. A process for preparing a compound of formﬁla (A) according to claim 128

said process comprising reacting a compound of formula
formula (C):

(B) with a compound of




131. A process for preparing a conpound of the fornmula (D) according to
claim 130, said process conprising cleaving the protecting group PG on the
pyrrolidine ring in the compound of forrmula (A): xx O ZE¢pemb&)2028
Sept enber 2003 158 wherein X is PG or R2; each PG is independently a
protecting group; R2, A" and n are as defined in claim130. 132. A
conpound having the followng formula4f): 0-~X (E) wherein X is PG or R2;
PGis a protecting group; R2 is as defined in claiml;, A is a protected
carboxylic acid; R3 is as defined in claiml1; nis 0 or 2; and. (1) when
nis 0, D is a 5-ator2 saturated al kyl ene chain optionally containing one
to three heteroatogs" ndependently selected from 0, S, Xor N-R41l, or (2)
when nis 2, D is 3-atom satyraged al kyl ene chain oftionally containing
one to three hete(oytons independently selected fro , § or NR4'; and
R4' is as defined}\l Gl m 4. N A

pc” & Mg \ ra” I

(®) © \

wherein PG, X, A’ and n are as defined in claim 128.

130. © A compound having the following formula (D):

wherein X is PG or R%

PG is a protecting group;

R?is as defined in claim 1;

A’is a protected carboxylic acid:
andnis 2,

131. A process for preparing a compound of the formula (D) according to claim

130, said process comprising cleaving the protecting group PG on the pyrrolidine
ring in the compound of formula (A):

(D)




133. A process for preparing a conpound of fornmula (E) according to claim
132, said process conprising reacting a conpound of fornmula (D) with a
conpound of formula (F): 26 September 2003 159 f (D) (F36 Septembem20q3 A',
n, R3, and D are as defined in claim132. 134. A conpound having the

following formula (§: R2 0~ (E) (Q 15\g/nerein R2 and R3 are as defined in
claiml1;, A 1is a protected carboxylic™cid; r~is 0 or 2; and (1) when n
is 0, D is a b-atomsaturated al kyl ene chain optionally containing one to
t hree het eroahom_s i ndependently selected from 0, S, or N-R41l or (2) when
nis 2, D i¥YNgeRXiReSeaRir at ed al kyl ene chain optional |y containing one

to three hetgihord (PdbiiRR lected from 0, S, or N-R41l; and R4’
1§@fj§w&tg%@§§§°“\por prepari ng a conpound of

is as defineg,in claiml. 135 A pr
c 0P Agre 8s defifeghinglajm 18@i d process conpri sing causing a

formula (Q
reacting the conpound of

ring-cl osure of the conpound of fornula (E) by

formula (E) jJy the presence of a transition netal -based catalyst to obtain
a conpound of““f or'niPEPPUSd) having the fallewingrfo@a03 (260 ( E)
X
O/
H
N-L_ N A

A

wherein X is PG or R%

PGisa protecting group;

.Ris as defined in claim 1;

A’is a protected carboxylic acid;

R®is as defined in claim 1;

nis0or2:

and:

(1) when nis 0, D’ is a 5-atom saturated alkylene chain optionally containing one to
three heteroatoms independently selected from: O, S, or N-RY,

or

(2} when nis 2, D' is a 3-atom saturated alkylene chain optionally containing one to
three heteroatoms independently selected from: O, S, or N-R*":

and R* is as defined in claim 1.

133. A process for preparing & compound of formula (E) according to claim 132
said process comprising reacting a compound of formula (D) with a compound of
formula (F): ' '




wherein Xis PGor R2;, PGis a protecting group; and R2, R3, D, n and A
are as defined in claim134; (G) and when X is PG the conpound of formula
(G) is deprotected and further reacted with a conpound?dOertpmber 23ai n a
conmpound of formula (G: O-IX R2-OH (G) wherein R2, R3, D, n and A are
as defined in claim134. 136. A conpound having the following fornmula (H):
R OR O~ (G (H wherein R2 and Rggare as defined in claiml, A is a
protected carboxylic acid; nis 0 or 2; and (1) when nis 0, D is a 5-atom
saturated al kyl ene chain optionally containing one to 26 Septenber 2003 161
t hree heteroatons independently selected from 0, S, or N-R41l, or (2) when
nis 2, D is a 3-atomsaturated al kyl ene chain optiona l/ff cont ai ni ng one
to three heteroat®nms independently selected from 0, S[ or NR4'; and R41

is as defined injclaim1. 137. A pr ocecct;%Hf or preparing 2 c%*rp und of the
formula (H) acco’&;/rmg tg claim .

-+ D —_— R® Y

L0 <M
) (F) ®

wherein X, A’, n, R% and D' are as defined in claim 132.

134. A compound having the following formula (G):

(G)
wherein R? and R?are as defined in claim 1;
A’ is a protected carboxylic acid:
nis 0 or2; and
(M whennis0, Disa 5-atom saturated alkylene chain optionally containing one to
three heteroatoms independently selected from- 0,8 or N-R‘-’,
or
(2) whennis 2, I’ is a 3-atom saturated alkylene chain optionally containing one to
three heteroatoms independently selected from: O, S, or N-R*t
and R* is as defined in claim 1. |

1 3?. A process for preparing a compound of formula (G) according to claim 134
said process comprising causing a ring-closure of the compound of formula (E) by,
reacting the compound of formula (E) in the presence of a transition metai-basad
catalyst to obtain a compound of formula (G"):;




136, said process conprising subjecting the conpound of formula (G to
hydr ogenation: R2 O~ hydrogenation (G wherein R2, R3, D, n, and A are
as defined in claim136. 138. A conpound having the fol | 2Cagtefrdenpbes (J) :
R 0O At (J) wherein R2 and R3 are as defined in claiml1l;, mis |l to 5; n
isl to5 A is a protected carboxyliﬁ5 acid; and Cbz is

benzyl oxycarbonyl. (H) 139. A conpound 8t the fol | owi ng formula (K): 26
Sept enber 2003 162 (K) wherein R2 and R3 are as defined in claiml;, mis
1to5 nis 1ltob5 A is a protected carboxylic acid; and Cbz is

benzyl oxycarbonyl. 140. A process for preparing a conpound of formula (K)
according to claim 139 said process conprising subjectk ng a conpound of

formula (J) to hydro atiHon and , ?

N-( N AT H

oj o Q/N A
- A\ P ’D < Ph

(E) (G)

wherein X is PG or R

PG is a protecting group;

and R% R®, D', nand A’ are as defined in claim 134:

ahd when X is PG, the compound of formula (G") is deprotected and further reacted
with a compound R%-OH to obtain a compound of formuia (G):

Q/x RZ
C . 9/
Q/N : R2-OH
s L i S
R’ ’,’D o In Oj’ °
R3 . I
D' Sy N
(G)
(G)

wherein R?, R® D', n and A’ are as defined in claim 134.

136. A compound having the foliowing formula (H):

O (H)
wherein R? and R%are as defined in claim 1:
A’is a protected carboxylic acid;
nis 0or2: and

(1) whennis 0, D' is a 5-atom saturated alkylene chain optionally containing one to



then oxidation: R2 O A R2 (1) hydroboration (2) oxidation (J) wherein
R2, R3, m n, A and Cbz are as defined in claim139. 141. A conpound ™
having the following fornula (L): P2 o A (K NHCbz (L) Z5SeRipmean#l032003

163 wherein R2 and R3 are as defined in claiml1;, mis |l to55 nis | to 5;
and A" is a protected carboxylic acid. 142. A process for preparing a
conpound of fornmula (L) according to cl®4i m 141, said process conprising
subj ecting the conmpound of formula (K) to hydrogenation in the presence of
acid: R2 z OA % hydrogenation, acid

three heteroatoms independently selected from: O, S, or N-R*,

or

(2) when nis 2, D’ is a 3-atom saturated alkylene chain optionaily containing one to
three heteroatoms independently selected from: O, S, or N-R*:

and R*! is as defined in claim 1.

137. A process for preparing a compound of the formula (H) according to claim
136, said process comprising subjecting the compound of formula (G) to
hydrogenation:

(G) (H)

wherein R? R? D', n, and A’ are as defined in claim 136.

138. A compound having the following formula (J):

R
/

NHCbz
(J)
- wherein R? and R®are as defined in claim 1;
mis 1to 5;
nis 1to5;

A’ is a protected carboxyiic acid;
and Cbz is benzyloxycarbonyl.

139. A compound of the following formula (K):




(K) (L) wherein R and R3, m n and A" are as defined in claim2141; and

Cbz is benzyl oxycarbonyl . 26 September 2003

162

A1} O‘*-.
g N

f" ”’

NHCb
(K)
wherein R? and R®are as defined in claim 1;
‘mis 1to5;
nis 1to 5;

A'is a protected carboxylic acid;
and Cbz is benzy!oxycarbonyl.

140. A process for preparing a compound of formula (K) according to claim 1 39,
- said process comprising subjecting a compound of formula (J) to hydroboration and
then oxidation:
RZ

H
1) hydroboration
[,, ’ (2) oxidation oi 0 —5
R? ‘ m ,
NHCbz \ ..[,,,,_}_\
m

R NHCbz

()
(K)

wherein R?, R® m, n, A’ and Cbz are as defined in claim 139

141. A compound having the following formula {L):




26 September 2003
163

wherein R? and R are as defined in claim 1;
mis 1to5;

nis 1to 5;

and A’ is'.a protected carboxylic acid.

142. A process for preparing a compound of formula L) according to claim 141,
said process comprising subjecting the compound of formula (K) to hydrogenation in

the presence of acid:
2

F | R
H H 9 H
N hydrogenation, N
N [ acid N '
3 'n["”__%_\ a "1[11,+_\
R ™ NHCbz R m "N

(K) (L)

~wherein R®and R®, m, n and A’ are as defined in claim 141;

and Cbz is benzyloxycarbonyl,



