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Abstract The present invention covers macrocyclic conpoug@ge&gmfbgfgaqﬁ (n)
active in-vitro and in cellular assays agai nst the NS3 protease e
hepatitis C virus wherein Wis CHor N, Rerr] is H halo, Cerr] alkyl,
cycl oal kyl, hal oal kyl. Cerr] al koxy, cycloal koxy, hydroxy, or
N(R[err])[err], wherein each R err] is independently H {err] alkyl or
cycl oal koxy; and Rlerr] is H halo, (Jerr] alkyl, Cerr] cycloalkyl, Cerr]

hal oal kyl , g%fg 5} thioal kyl, Cferr] al koxy, ([err] cycloal koxy, C[err]
al koxyal kyI 3 rq] cycloal kyl, Clerr] pr [err] aryl or PEECAOMMEBein Het is

a five-, six-, seven- nenbered saturated or unsaturated heterocycle
cont ai ni ng from one to four heteroatons selected fromnitrogen, oxygen and
sul fur said cycloal kyl, aryl or Het being substituted with Rerr],

V\/nelrei l’nkR[ err] qus H, | Cpﬁ%oﬂ?ylcP@ﬂmﬂAcyp\;pﬁ[tm&?T%r rNL%'(S’X%’H S[[ err}
cycl oal koxy, err], err err or - err
h v [ ]te‘fy ﬁ-&%ﬁ] al kyl or Cerr] cycloal kyl;

wherei n each err] is independe

or Rerr] is QE(FEF IDRNEION] wherein Rerr] is Jerr] alkyl or (Jerr]
cycl oal kyl ; Rﬁ'l@bfe};eﬂt&vﬁﬂﬁﬂ’n@&!tes M&%B&ds% el oll] epregf(%%jnﬁ.“' et Rierr],
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cycloal kyl ; [paitisular, trefpoestft-imicatibbpiovidad Riel pRptiddIaAbylat qml"i‘zl ne ctd1a| n
y s ect e

optionally c o_three heteroatons indepen
froth: Q S, %H\ Cc’%]Qa‘imn Seurcgl ﬁ?ﬁ“ 8} #Yd megho quoref@gﬂ]esqiqq@qguesgyd oal kyl or
-C(O-Rerr] ﬂ‘%ﬁé?@ﬂhOﬂiﬁ@Vn‘]fecmnqerr] al kyl, cycloalkyl or CJerr] or [err]

aryl; Rl err] phéxdkdiing sriRe aRENTON Nr ee substituents at any carbon at om of
sai d chalg D) saj d _substituent 1 ndependently selected fromthe group

consi stin B Vs (HGY) is the arajor etiglegienl dgeht of @pstrtrahstusion and

commumtyTacqmred 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



al koxy, hydroxy, halo, amno, oxo, thin or Cferr] thicalkyl, and Ais an
am de of fornmula -C(O-NHRerr], wherein Rerr] is sel emgé*btgﬁn,gggg

group consisting of: CJerr] alkyl, Clerr] cycloalkyl, Cerr] or [err] aryl
or CJerr] aralkyl; or Ais a carboxyllc acid or a pharmaceutlcally
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 THECbdd¢ENTI ON The present invention rel ates torﬁ?/r&gm%j,
conpositions, the preparation of such 5 conpounds and nethods T0or the
treatnment of hepatitis Cvirus (HCV) infection. In particular, the present
I nvention provides novel peptide anal ogues, pharnaceutical conpositions
cont ai ni ng such anal ogues and net hods f8r using these anal ogues in the
treatnent of I nf .0 ACKGRQJND OF THE | NVENTI ON 10 Hepatitis C
virus (HCV) |‘l§@gf1ea@tept%;nr gﬁtﬂ‘:ﬂ‘ agent of post-transfusion and
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known how HCVY Lnt eract and evades the host 1 nmune system In
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protection adeerapst Ha@vverrﬂ\esxue effecBealisdd BEEPE: AN EIted Vit Bi£St abl i shed.

| munogl oful rc&ﬁblgﬁ%gﬂ%«? reported for prophyl axis of
t ransf usi on-associ ate I'ral hepatitis, however, the Center for Disease

Control does Therefore, a need exists for the development of effechve antiviral agents for
treatiment of HCV infection that overcomes the limitations of exxslmg
pharmaceutical therapies.

HCYV is an enveloped posrtrve 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 matrlre 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. The 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
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about A phenanthrenequinone has been reported by Chu et al., (Tet. Lett., (1996), 7229-
7232) to have activity against the HCV NS3 protease iz vitro. No further
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



3000 am no acids. In infected cells, this polyprotein is cleaved at
multiple sites by cellular and viral proteases to produggsthempbf sgiaur 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 coMOHiA®A within the N-term nal region of NS3 (bkericedomish referred
to as NS3 protease) and nediates all the subsequent cleavages downstream of
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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.




activity of the NS3 protein of the virus but clinical tests have not yet
been reported. A phenant hrenequi none has been reported ByS&htametr 2003,
(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, @i®P&Mpe2930, 1, A23 (abstract 19)) reports thpagehdobizs
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)% The peptides disclosed in that

application e hal i nyl carbonyl - benzoyl - peptj de anal opgues that are
structural | ygglh‘faf%?té%ta%v ?;c%%oﬁﬁgccﬁ%%‘f"ingigp%?P‘%nglt’ﬁ'f”%?@ﬂfesi v&ris on. WO
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prot ease, pargt] . L j o NS3. prot.e 25 f man LaRoche
(WD 98/ 22496;3%@%%§"€ iy C%‘f‘g‘i’%!do‘g%)be Rl LR ps “ggi‘“%‘&apepti des
that are progereiares of HhVbitors useful as antiviral agents for the

treat ment sof HCV infection. Steinkuhler et al. and Ingallinella et al. have
publ i shed on NS4A-4B product inhibition (Biochem stry (1998), 37.8899-8905
and 8906- 891 FPMMEYRHTYERHENHENLy Schering Cor poration di scl oses 20 and 21
ani no aci d p@phidda in He gspecRBe AGit4R aRGONPSinds BECHM. B3 prot ease. WO

98/ 46597 by Enory University,discloses pgptides and peptidom rnetics active
26 Sept enber 2003 WO 00/ 509 PETNEABRLO0353 .4 in vitro agai nst serine
prot eases. WD 98/ 46630 %32 Pept i peutics Limted discloses

depsi peptide substrate ikhibiting the HCV NS3 protease. Finally, US

5, 869, 253 di scl oses enzymati c RNA ecul es that inhibit the HCV NS3

" ®
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 protease. None of the prior patent applications described above di scl ose
suggest cyclic peptides active and sel ective agai nst th25 Segatbéd 2008 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 Aggumises, 1999 by the Institute de Richerche dic 'Agﬂ%}ga
Mol ecul are (I RBM discloses small peptides inhibitors of the NS3
protease. Nothing in this disclosure suggest or indicates the cyclic
nature of the peptides of 15 the present invention. In addition, this PCT
applicati on was published after the pr®ority date of the present :
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present inventi 0?1. Onse atvant ag?%?lﬁt e present invention is that it
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pancreatic elcﬁagmoﬁﬁP@% pr bovine pancreatic chynmotrypsin, or cysteine
prot eases such as "humai' 1iver cathepsin B (Cat B). 30 A further advantage

of the preserR"is Myl o1 foshrefaibsiifiefs Mg 0SbSABbIn B6RY bdespaliq | ow
mol ecul ar wei ght that are capable of penetrating cell menbranes and inhibit
the NS3 protsubssitentindspendenily seledtéd foorh thergeoupdOnSatpigefde | alRA03 WO 00159929

PCT/ CA0O/ 0035(?1
10  haloatkyl, C, ¢ alkoxy, hydroxy, halo, amino, oxo, thio, or C,  thicalkyl

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




5 Still, a further advantage of the conmpounds of the present invention
resides in the fact that they are active in both nmajor ZEsgtymesr Seyand in
clinical isolates (l1la & 1b), strongly suggesting that these conpound will
be active against all presently known genotypes of HCV. 5 SUWRARY OF THE
| NVENTI'ON I ncluded in the scope of the invention are conpounds of formula
(r)y: 21 -- 22 a (1) wherein Wis CH N, 10 RR1 is H, halo, Cl -6 alkyl,
Cab cycl oal kyl, C1.6 hal oal kyl, Cl-6 al koxy, C3..6 cycloal koxy, hydroxy,

or N(R23) 2, cukiBihetich &@@homuﬂcﬁoﬂfmmn&ea%&x%ﬁgcgﬂy ggceg alméls%gg%cﬁ a|6 oal kyl ,

cycl oal kyl ; nd R7 is H halo, Cl4
Cl t hi oal kyf® e‘d?i‘eagr ASSRrding o gne 58%1? kﬂs?y’hme?cwb&ﬂwswyaqlwo C
cycl oal kyl , Hi@5ingentib captiseQin altll&ih:lonal\bﬁﬁ&lhdfindﬂalaté@ agenl5E)fahi{:ﬂ’es,of si x-, or

seven- nrerrber turate unsat urated het er oc containing from one’
to four het er‘gg?rba?%m%‘éqné%fia&o‘?’ra%‘?ﬂtw é‘ﬁareé'ﬁ/ ﬁedatﬁ skt #dd sai d

cycl oal kyl , irderfdrorer Het being substituted with R79, wherein R24 is H, halo,

C1, alkyl ._al | kox N( R25) 2;
oY b Ty B b PSP asbient 1 y: b CL6
al kyl or C3ingentips|myy|adglitionaltyrcomprisd a aNiviR] QenOfR@mple peamivizA6 i s Cl- 6 al kyl
or Cab cycl gahkyhaludbriSaRkenhar.aR03: W0 00159929 PCTI CA00I 00353 6

According to another alternate embodiment, the pharmaceutical compositions of
this invention may additionally comprise other inhibitors of HCV protease.
According to yet another alternate embodiment, the pharmaceutical compositions of
this invention may additionally comprise an inhibitor of other targets in the HCV
life cycle, such as helicase, polymerase, metalloprotease or IRES.

- Yet another aspect involves a use of a hepatitis C viral NS3 protease inhibiting 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):




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 -NHR32,26/MBenteinbeBR3i 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 cycloalkyl, or -C(O-R42, wherein e is Cl-6 al kyl, C3-6

cycloal kyl or C6 or 10 aryl; R4 is H orzafromone to three substituents at
any carbon atom of said chain D, said substituent independently sel ected
fromthe group consisting of. Cl-6 alkyl, 10 Cl-6 hal oal kyl, Cl al koxy,
hydr oxy, haM8ereim$ioPC® thio, or Cl thioalkyl and Ais an am de of
formul a -C(g),cﬁ\bb%irm;?é&jéﬁﬂ pir&e&ﬁ.jgeé‘r& fromthe group consisting of
.C1-8 al kyl, _C, 6 cycl oal kyl, or 107aryl"'or C7-16 aralkyl; or Ais a
carboxyl i ¢ SclsPsteliRediipPymceuti cal |y acceptable salt or ester thereof. 15
I ncl uded w ahik & gréeceaBfbdXylid &g | nvention is a pharmaceutical conposition
conprising an,antji-hepatitis Cvirally effective amunt of a conpound of
formula 1, af@ﬂ“&%herapeuti cally acceptable salt or ester thereof, in

adm xture with a pharmaceutically acceptable carrier nediumor auxiliary
agent. 20 An i npardoaipiouad p@cing die follewing femulacid)i nvol ves a net hod of
treating a hepatitis C viral infection in a mammal by adm nistering to the
manmal an anti-hepatitis C virally effective anount of the conpound of
formula |, or a therapeutically acceptable salt or ester thereof or a
conposition as descri bed above. AnofPher inportant aspect involves a nethod
of inhibiting the replicati.on of hg&j\t“i/hi s 25 Cvirus by exposing the
virus to a hepatitis C NS3 proteasgyi/nhnNbi $.Ahg anount of the conpound of
formula I, or a therapeutically acaeptlabl® salt or ester thereof or a
conposition as described above. Still ©an er aspect involves a nethod of
treating a hepatitis Cviral infection inl manmal by admi ni stering
thereto an anti-hepatitis Cvirally effectivg anount of a

(D)

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;




26 Sept enber 2003 7 conbination of the conpound of formula I, or a
therapeutically acceptable salt or ester thereof. Accorzh s@tbmb@;n:g)og
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 conprizse an antiviral agent. Exanpl es of
antiviral agents include, ribavirin and amantadi ne. According to anot her
al ternate epbodi nent eutical conpositions of this invention
may additi O%bﬁﬁffgtgﬁfgldl %@)(B&E&(’ar 8nh| bitors of HCV protease. According to
yet anot her Ristasrdedined eatoweli ment , t he pharmaceutical compositions of this
i nvention My, @grdétl onal 'y conprise an inhibitor of other targets in the
HCV life cycﬁ Such as helicase, polynerise, netalloprotease or | RES. Yet
anot her aspamt: |nvoI ves a use of a hepatitis C viral NS3 protease
inhibitin h, :namtg f a
medi camsn%J ?hﬁ’l %Pt |ang %WM %fé%&;fmén of azrl Sbtbhg] C vi ﬁﬁé%@t&

anot her aspthoe heteoatasss Iada@%‘ld@ﬂﬂsl ﬁ@e@ﬁéffﬁﬁlc@uﬁl @faTN I%orrpom tion described
above for e manufacture of a nedicanent for treating a hepatitis C viral

infection in a mamual . Yet anot her aspect involves internedi ates of
conpounds of2) woenulis2( B)is aThaton satuiatasriiudens ¢had eptienally eontayomantitvi ng t he

follow ng f 4 A pehdeR g&@&édgggﬁcﬂg whgret-n X is PG or R2; each
PGis i ndep@%}]’“é?&é%omrot%ctl ngﬁ%roup 'S as defined above;
: andR 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.




A is a protected carboxylic acid; and n is 2. A conpound having the
following formula (D): (D) wherein Xis PGor R2;, PG i <6Septerneationg

group; R2 is as defined above; A is a protected carboxylic acid; and n
is 2. A conmpound having the followng fornmula (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 O, D is a 57atom saturated al kyl ene chain
optionally cont ai ni ng one to three het er oat oms independently sel ected

from 0, S, or ofhd haindreToldwisg a ( f a 3-atom saturated al kyl ene
chain optionally corr?fal ning one to three et'efoat ons i ndependently

selected-from 0, S, or NFNR4'; and R41Rs as defined above. A conpound
havingthefollowingforrrula(G) R®”

(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.




0 (G wherein R and R3 are as defined above; A is a protected carboxylic
acid; nis 0 or 2; and (1) when nis 0, D is a 5-atom st Sepiemberctdopl 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 optionally containing one to three heteroatons

i ndependently. selected from 0, S, or NNR4l; and Rbl is as defined above.
26 Septenmber 2003 7c A conpound havingzd he following formula (H: R2 0 (H)
wherein R2 and R3 are as defined above;, A is a protected carboxylic acid,
nis O0or 2; and (1) when nis 0, D is a 5-atomsaturated al kyl ene chain
optional | y cont ajrdongpoane of the fbiloméreg foaheladll:ons | ndependent|y sel ect ed
from 0, S5 or NR4', or (2) when nis 2, D is a 3-atom saturated

al kyl ene chain optionally containigig one to three heteroatons

i ndependently selected from 0, S5 or N-R4'; and R4l is as defined above. A

conpound having the foll ow ng for?jli(m R OA"

M “NHCbz

R
(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)

2

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.




(J) wherein R2 and R3 are as defined above; mis | to 5 nis l1ltob5;, A
is a protected carboxylic acid; and Cbz is benzyl oxycar bthgéptedberSapRenber
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 follow 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 faqr preparing a conpound of formula (A)

conpri ses react i‘BroseedippBARG RS aFBWBF%f??fﬁPFW]?IﬁAh CORRGERd of fornul a

(O: reacting a compound of formula (B) with a compound of
formula (C):
X X
o” ‘ o~
H,N A

H .

)\I OH - . /N N A
PG b Mg \ PG? o)

[
(B) (©) A\
(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):




PG OH + (A) wherein PG X, A and n are as defined above.. A process for
preparing a conpound of the fornula (D) conprises cleavih8eptbmber2003cti ng
group PG on the pyrrolidine ring in the compound of fornmula (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 formula (E) conprises reacting a conpound of formula (D) with a conpound
of formula (F): 26 September 2003 7f (Bf (F) (E) wherein X, A", n, R3, and
D are as defined above. A process for preparing a conpoyrd of formula (G
conprises causing a ring-closure of the conmpound of for9ula (E) by

reacting the corg}dimd of fornmula (E) in the presence o ;iran3|t| on

nmet al - based . catjal yst to obtain a&iconpeynd of formula X
: H

+ D —_— 7 "y
LR -
©) (F) ®

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

o]

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~ X

(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)

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




(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 conpaé8emémberaoaza (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 pr epar| ng a conpound of
the formula (H) conprises subjecting the conpound of forrmula (G to
hydrogenation: hydrogenation (G whergyn R2, R3, D, n, and A' are as
defined above. (H) A process for preparing a conpound of formula (K)

conpri ses subj ec ydr obor at.i on and then
oxi dat i on: O%A‘%}gc%f)%p@%k’ﬁ%@%g é‘?‘m E(I%%foi; F@éﬁﬁoﬁoﬂmﬁeﬁi n R2, R3, m
n, A and Cbz are as defined ab(mbjectmg the compound of formula (G) to

hydrogenation:

(G) (H)

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

A process for preparing a compound of formula (K) comprises
subjecting a compound of formula (J) to hydroboration and
“then oxidation:

L8]

O
>,
Al O\;U

Z

O
O

o o) Ms \ (1) hydroboratlon
jg.-.[,,,%_\ (2) oxidation
3
M “NHCbz

()

NHCbz

(K)

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




(K) 26 Septenber 2003 7h A process for preparing a conpound of formula (L)
conprises subjecting the conpound of formula (K) to hydrdfg®eratmber 2003t he
presence of acid: RR R2' O A 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 EMBODI MENTS Definitions I As used
herein, the follow ng definitions apply unless otherwi se noted: Wth
reference to the instances where (R) orm(S) is used to designate the
absotute configuration of a substituent, e.g. RO of the conpound of

formula I, the designation is done in the context of the whole conpound
and not in the C%b@&bs@farb%anﬁ%ﬁ%ﬁp@ﬁm oﬁ‘bﬁﬁlﬂa (ﬂjhe cH@ph@gation "Pl, P2,
and P" as used herein refer osition of ami no acid residues-

starting fromthe Cterninus sé’ﬁlfcmg Ehﬁecoﬁ’é’ﬁﬂmj@f fﬁﬁﬁll"écﬂé) taritydengeoatitimig

towards the the pfRbAtdtiadd;- €. Pl refers to position 1 fromthe Cterm nus,
P2: second position fromthe Ctermnus, etc.) (see Berger A & Schechter
2

| ., Transactions oﬁz t he R
H Al .

% y
[\’L\z\‘ hydrogenation,
[~ acid N '
o,
R3

w Ong

[
l'rr[luk_}n—]"\ ’ 3 fr,[“’
NHCbz R ]m N

H

(K) (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:




Royal Society London series B257,249-264 (1970)). As used herein the term
"1-am nocycl opropyl -carboxylic acid" (ACCA) refers to a 2&Segtember 2(f03
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, fl waygyseyei 0do. The term"Cl hal oal kyl" as usedpBgrgighfiBans as
used herein, either alone or in conbination with another substituent,
means acyclic, straight or branched chain al kyl substituents containing
froml to six carbon atons having one or nore hydrogen substituted for a
hal ogen sel ected from bronmo, chloro, fl&oro or iodo. 10 The term"Cl.

t hi oal kyl" as used herein neans as used-herein, either alone or in

conmbi nation wth another substituent, nmemns acycltic, straight or branched

chain al kyl substituents containi N i # group such a thiopropyl. The
term"C -6 alkyl" or "(lower)al kyl" ag\used herein, either alone or in
conmbi nation w th another substituent, s acyclic, straight or branched

chain al kyl 15 substituents containing from1l to six carbon atons and

i ncl udes, f orAsedrbérein theyetnn {homeetlifl:ACCAY mafars to alwatmpbuyndnaffgrimulal - et hyl et hyl ,
1-met hyl propyl, 2-methyl propyl, 1,1-dpmrethylethyl. The term"C cycl oal kyl"
as used herein, either alone or in comfjination wth 3-6 anot her

substituent, neans a cycloal kyl stels¢i gAt containing fromthree to six 20
carbon atons and includes cycl oprop cycl obutyl, cyclopentyl, and

cycl ohexyl. The term "unsaturated cychoal kyl" includes, for exanple, the
substituent cycl ohexenyl: 26 Septenber 20803

The term “halo” as used herein means a halogen 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:




WO 00159929 PCT1CA00100353 9 The term "saturated or unsaturated al kyl ene"
as used herein neans a divalent alkyl substituent derivéuSéytember 2608oval
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- )wo ddm@sedoer m " CL al koxy" as used herein, eithepcal-Qpdysd; | N
conmbination with another substituent, neans the substituent - & &1- 6 al kyl

wherein alkyl 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&nt is known conmonly as

tert-butoxy. Jhe term"C3:, cycloalkyl" as used herein, ejther alone or in
conbi nati on w eﬁemansg %%d %rulg%?ﬁagegﬁ#ﬂ%aﬁémfcﬂ]éﬂ% Bepgsa ivatent gl ,
cycl oal kyl cowbstitednh dedfived iyt removal bf dre hfdgerbaom dioaidach ddether m " Cu

al koxyal kyl " as, used. Elfad £ tituent. C1,al kyl -O.Cl-6 al kyl
wherein al kyl ;ﬁg as de igneagea 0 e§%r§2%§§#)%§mu%%‘at§csi}:?’c;(roﬁaé BS9at ons.  For
exanpl e, net Hesydrstfayexamplens - CH2- O CH3. The term " C2_7 aryl" as used

herein, eithe Iy o Jagor [ i ot h stjtuent, nmeans
an Cl1 al ky£]t grotp ﬁ%ﬁgﬁﬁggtggﬂgﬁ%@?ﬁgﬁ%%ﬁﬁsé&%oﬁgﬁ' -Cl al kyl .
The term G0 1 Ghhéh AkY bpicRSySRMinl i Rlrbhtork LG Rl Bolialnfl CAFDI NAL T ON
W th another sSubstituent, neans either an aronatl & nocycF| c System
contai ni ng 6 CrardOBLatons or an aromatic bicyclic systemcontaining 10
carbon atons. For exanple, aryl 25 includes a phenyl or a naphthyl - ring
system The {tlée tarthCT] galkeql’ kymhsed hereinsaithehdsre on in @nibhatiovih endkeri N

conbi nation with another substituent, neans an aryl as defined above
| i nked. t hr ougHPsHfeat. mippnsghetHbstitipnt r@iGy, alkyl wherein alkyl is 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 (?r 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.




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

i ncludes for exanple benzyl, and butyl phenyl. 26 SeptenBéiSegRaidheV\EDO3
00159929 PCTI CAOO 00353 10 The term "Het' as used herein, either alone or
in conmbination with another substituent, means a nonoval ent substituent
derived by removal of a hydrogen froma five-, six-, or seven-nenbered
saturated or unsaturated (including aromatic) heterocycle containing from

one to fourwhegseemat ons sel ected fromnitrogen, oxygen 50@'}&%?266533‘”-
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
nmore - other cycle be it a heterocycle d any other cycle- One such exanpl es
i ncludes 10 t |atzol, 4, 5-b] -pyridipe. Al though generally covered under the
term"Het", th& T8 M HEPETUEF I AT 2pneer N AERNoprei ety defi nes an
unsat ur at ed hebgiteay,che@nt omonbratdnt dubetitaot értred 67 déincfvaT dﬂg h§arogEd rr:ijt ic

system Suit anpl e of heteroaronatic, system 1 . qui nol.ine,

i ndol e, pyri |Jﬁ‘g?%Ta\lrr?”f\q"rﬁf"“i‘é“|’ﬁ‘e“h‘19¥r‘?|sat,“?a“§\ari’f¥“ésf‘§f‘a‘!;egflf‘#ﬁ‘g"‘% faae

" phar maceut | claﬂtqrwdesgmiamgéroewewfoashmmbdmemﬂad freintriitesgea) @@mgeror in
combi nat i of Wil LARO RS BUBSLASHAN o RANRIEN! BL I Dlodllf SRTROUNT Of

- formula I in _which any of the carboxy unctions e, but
preferably t k@a@g@ﬁéwazole, piperidine, dioxane, morpholine, pyrimidine or

(J

0

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: -
O

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),




20 termnus, is replaced by an al koxycarbonyl function: 0 )OR in which the
R noi ety of the ester is selected fromal kyl (e.g. nethytgsgng#mrgbﬁgopy|,
t-butyl, n-butyl); al koxyal kyl (e.g. nethoxyxnethyl); al koxyacyl (e.q.
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

sui tabl e ﬁgodrug esters are found in Design of prodrugs, Bundgaard, H Ed.
El sevier (Y592 ncorporated herewith by reference. SuBRUEMSORSEeuti cal Iy
acceptabl e esters are usually hydrolyzed in viva when injected in a manmal
and transforned into the 5 acid formof the conmpound of fornmula I. Wth
regard to the esters described above, yql ess otherw se specified, any alkyl
noi ety present advantageously contains 1 to 16 carbon atonms, particularly 1

to 6 carbonoptigim sMMhﬁd&ﬁHﬂUﬁHl@éeﬁ,@Lﬁ&?ertd MG hoast stigpigdvant ageousl y
conprises a phenyl group. 10 In particular the esters maybe a Cl-16 al kyl

ester, an un®Puisses estaresre fumgyn Desigreef poedrags, Bundggard d31Fsk Elseyibg (1982t ed Wit h at

| east one halRERRaildlkdlevAtt) refefehve. RbKORYmaddididally Ucepthil LddiOs ML Nyl . The
term "pharmaceutically acceptahle salt" as used herei'n includes those

d
derived froNFMEMHEOEGEed Earteyher dissted it e mprEwkandiansisraed igfo te)j t abl e bases

incl ude clol afi@ formlds telbapolandifenaildd. et hyl enedi ami ne. Na+, K+, and Ca++
salts are al cont ated to he within the scope of .the invention (also
See. Phar mace INETG B 16 esgis iibed Rppvig ke SHeges Rgficd, sa AN 1077) 66,
1-19, i ncor pokiteprelat aivantageduslyensnioe) to IBrabe aions @atrediafipdtess R : 20

Preferred enpoRiIRBLS Al obf1Gdhle BR0n: b MANLRM I AGL 85 QiRRUAdS of Formul 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
1

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
s
I &

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).




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

di ast ereoi sonmers where the 1-carbon center. has the R conPé @eprhibeh2@ss
represented by structures (i) and (ii): H25 D "D D syn to the 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 i nvwob#seezsi ncl ude conpounds of fornula | as desggicRadyaRave.
wherein the R2 noiety is wherein Wis preferably N. 5 Preferably, R21 is H,
Cl-6 alkyl, d-, alkoxy, hydroxy, chloro, or N(R23)2 Wherein R23 is
preferably H or Cl-6 alkyl. Mre preferably, e is Hor Cl-6 al koxy. Mst
preferably, R21 is nethoxy. Preferably ¥2 is H C -, thioal kyl, Cl4

al koxy, phenyl-or Het selected fromthe group consisting of. R24 10 24 24
R24 R4 RR4 N~ o "Il I N NN :

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, C,¢ thicalkyl, C,  alkoxy, phenyl or Het selected from the group

- consisting of:

e L3 S
H24 R24 H 24
N O N @)

ety

; and

10

Preferably, R* is H, C_ alkyl, NH-R”, NH-C(0)-R™; or NH-C(O)—NH—RE or NH-
C(O)}-OR”,

15 More preferably R”is C,. alkoxy, phenyl or Het selected from the group consisting
of:




R2N R24 N and O Preferably, R24 is H C-6 alkyl, N\HR , NHC(O-R75; or
NH C(O-NHe or N\H C(O-Of . 15 Mre preferably Rn is C34epicksy 2o@henyl
or Het selected fromthe group consisting of_ WO 00159929 13 R24 Rao S S
24 26 Septenmber 2003 PCT/ CAOO' 00353 Rea R24 ;and 5 More preferably, R24 is
H C -6 alkyl, NHR25, NH C(O-R75; or NH-C(O)_—CR‘_s. Most preferably R22

I s ethoxy, or Het selected fromth;a group CO&IS-II-S&IO?QC]%]CZ R24b I\/bstf o
referabl y,wigdols NHR 5, NHC(O -R25, or ef erably,
Dab R is 102 kyl. R24a N / 3-R24b Yottt

"Qﬁfﬂm "</ «'\{3/ "
O Ko ,@

;and

R24

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

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

Nﬁ}—!—— 24a /N Rz4b @
"&,5 R* ¢—< } - /\l-—N
5 ; S ;and
Most preferably, R is NH-R™, NH-C(O)-R*, or NH-C(O)-OR™. Most preferably,
R is Hor C, , 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™ is C, , 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.




S ;and Preferably, each R25 is independently: H, Cl1-6 alkyl, or C

cycloal kyl. Mdre preferably, E. is d _s alkyl or C, cyzﬂgg;btgmberme,e
preferably, e is Cl-6 alkyl. 10 Preferably, R26 is Cl al kyl

Preferred enbodi nents of the present invention include corrpounds 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 NHweé fdsosd®'. More preferably, R3 is a car bamatF /{:A&fohgs a. Most
preferably, R3 is a carbamate. Preferably, R32 is Cl al K , or

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 enber 2003 WO 00/ 59929 PCT/ CAOO 00383 14 D. Preferred enbodi nents of
t he present ir#ventlon i ncl ude conmpounds of fornmula 1, wherein linker Dis
a 6 to 8 atom’'saturated or unsaturated al kyl ene chain. Mire preferably,

linker D is Prefewed entaidiments dPlafaesahy mvenh&ﬁn@u&él%hﬁomto@fd?ﬁu&ﬁe or two
acyl . ‘More

Bretefe re(r)'g'l[of)g? t%ﬁ‘leeg\ %E%grﬁlsg;??dosnagﬂl Sawrc%u‘[dé’F Hgsaﬂ’r‘il Qﬂ%ﬁé‘?&&%ﬂ@éﬁ ected from
“NH, or N-C2- Préélybly:mspr"r?eamnabh:y N(Ac), and is positioned at atom 10 of

Sat urated” 16 A Lok Poaty SRR PR B BB om 0, or

S. Pref erabl ¥, slkgrr B-Cjj, 8cyl. Nidre prefatabil figh i chakrd @ tiBn 0k cShtdhOBhd S at position
9 of the chain. Preferably, this chain is,substituted with R4, wherein e

is Hor G- hg_qe;@ytom iscted gows MHaed N-C, Ryl sloﬂ paaferably N(Ac), and i is
positioned at atom 10 of the chain. Most preferably, the chain containing a nitrogen
atom is saturated.
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'isHor C,, alkyl. Even more preferably, R’ is H or methyl. Most preferably, R’ is
H or 10-(5)-Me. '
A:

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




met hyl . Most preferably, R4 is Hor 8-(S)-Me. Even nost preferably, Dis
saturated. Alternatively, D contains one double bond at2pgsplehider 2dpsl2.
Preferably, this double 15 bond is trans. Alternatively, Di1s 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 t hi oal kyl , al koxy

or al kyl. 2Q0bWéeepreferably, R4 is Hor Cz-6 alkyl. ETI‘EIA?({IO%g bly, R4 is
H or nmethyl. Most preferably, RA is Hor 10-(S)--M. erna Iy, Dis

an all carbon al kyl ene chain containing preferably one double bond and is

7 atomin length. Mre preferably, this double bond is at position 13,14 25
of the chain. Mst preferably, this douBle bond is cis. Preferably, this D

chain is subg é d with R4, wherei n R4 is H oxo, hydroxy, alkoxy or

al kyl . More pr&Ferad O)Ye - whezein 8 i3  earboxylicacidy| . Even nore preferably, R4 is H
or rmethyl. I\/b%ﬂecxptehbmabﬂeyts R4 is Hor 10-(S)-Me. A 30 Preferred

enbodi nment s ntion . nclude c ounds .of forpula | as 26
Sept enber 2003lr %&68; gggﬂ%‘ F%‘g SO RN rl’%‘dﬂfggg‘?’?}l?é‘ﬂdsa‘[fé‘i’fé‘ uladdsrein A s
‘a carboxyl i c ¢esdrifed al&pemﬂerms’hb@qmmembsﬁﬁmﬁe(téefdlsemjbodl ments of the
%esent i nve 3I oig% ‘erpﬁl’ @ﬁg@ﬁ_@@gﬁaiorwl a l asu gengr! bed above, f
erein is a I o . is agroup o
formula - NH q}Q}EMZCor% Q %? wherel n R32 is: Cl-4 al kyl or C4.
tom ura

cycloalkyl; Dis a 6 to™8 éd or unsaturated al kyl ene chain

| i nked to Rlmaa6&@aﬁb@¢a&at@nor&ﬁ@a&:ﬁteﬁ,au@%ba%{me&@é‘ﬁﬁhn' ng one or two
het er oat ons i ndependently selected from 'O, S or NNR43, wherein R41 is

C2_, acyl: 1G6OWBUraionsynsp As oRfienalivecopginirigrane os sshetromsorsintiegegetigent | y
sel ected f r O%wﬁm d?g or N-R* ,wheremR is C,; acyl;

4,
10 Ris 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;

b
20 andR™ is Hor C_ . alkyl;

R’ is a urea of the formula NH-C(O)-NHR™ or a carbamate of formula NH-C(O)-
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,




Cl-6 alkyl; and Ais a carboxylic acid, or a pharmaceutically acceptable
salt or ester thereof. Mure preferably are conpounds of P®SBptemibbr PHES €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‘;'>,'w,g99 r Ccycloalkyl; 20 and Ribis Hor ClL alkyl; R3is a
urea of the formila NH C(O) -NHR32 or a carbamate of for Fi&ARIREO) - OR32,
wherein R32 is Cl1-6 alkyl or C cycloalkyl; 3-6 Dis a C7-atom saturated or
unsat urated al kyl ene chain optionally containing one double bond at :
position 11,12 or 13,14; 25 said D. chaien optionally containing one

het er oat om i ndependently selected from O 26 Septenber 2003 WD 00/ 59929
PCT/ CACO ooss@l‘%@m),om,mqn(an@), or N(Ac); and R4 is Hor Cl_, alkyl. Mst

preferably, age u of fornmula |I. wherein R21 is nethoxy, and O is
et hoxy or. sz;,‘alS IC\)%WF*%' :

Most preferably, are compounds of formula I wherein R is methoxy, and R is

ethoxy or:

wherein R™ is NH-(C, , alkyl}, NH-C(O) -(C, ; alkyl); or NH-C(O)-O-(C, , alkyl),;
and ‘
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




wherein R24a is NH(Cl-4alkyl), NHC(O -(Cl-4 alkyl); or NHC(O -G (ClA
alkyl)" and Dis saturated or contains one cis double bm\geﬁbmgg,smd;son
13,14. Finally, included within the scope of this invention are all
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 admnistration or

admi ni st raty@py4are i Nj ection are preferred. The pharmac nmposi tions
of this invention may 15 contain any conventional non- tg)%rrg%?tlm%?

pharmaceutical |l 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 daWhance the stability of the

f ormul at ed cgggg_lund or its deliver?{ form _ The term parenteral as used

herein incl Lo R eewisd induydeastage anteomsstarchnt ubpisstimg sgentntechnuscul ar

i nfra-arti culaamag@@iunndteanay, ARV typitdlly 2834 'FORbral ddMlikiBkBRAL » and
intral esional_in ct i on f‘ﬁé‘ﬂl nf usi.o t echni.ques. The phar maceuti cal

conposi ti ons ARy eb%m A f“?ﬂt?ﬁniilf‘g%h%tf’?ﬁ“fi ripdl fsR ptatshe WheR aieput i on, for
exanpl e, as ausieamdserq ﬂmwﬂeﬂmﬂg@amv@mgf&deagisamnwnsi on. This

suspensi o C i to te hni es. kno the art using
25 sui tabI%e S ﬁ’r'&l?%&%u?ﬁ&vép% %%tgglg%?sm "gee gn‘?ﬁﬁgg‘m“ﬁmeen 80)
and suspendlaﬁ‘é/pcﬁgﬁﬁ%agﬁWéﬂﬁhheh#béut i cal conpositions of this invention
ey be O al | DA GhbRl B, bitar Rt 0 bbote A6EERERARLBolaRge, for m i nct udi ng,

but not limted to, capsules, tab aqueous suspensi ons and
sol uti ons. ﬁoﬁ‘wlb@%@n&? fqua insstandegs Phammpceysical textarers. by ‘Repéng8Bayit enber 2003

WO 00/59929 B%gééqgéaq gééées]‘ g™y Cﬂ{aﬁg leub%&%ro(?oz}(]l:an elgj {onf, aetli-luglelfjg ctose and

corn starch. Lubricating agenhts, suc e al so
t ypi cal | yi0adBeshge Ruels oftalwead abnit .01 aid aboui momg/egbﬁdﬁteelélﬁlpﬁi}d#Sef ul

di luents inc H‘éﬁﬁal:ll}a&attg&% aﬁ&ﬂ O%ra.Lnﬁ qb&lﬂ Vi m% éé gody weight percué?f%yﬁ\e

protease inhibitor compounds described herein are useful in a monotherapy for the
prevention and treatment of HCV mediated disease. Typically, 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 usled
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




suspensions are admni stered orally, the active ingredient is conbined with
5 emul sifying and suspendi ng agents. If desired, certalnz§ggggﬁgbpgrﬁpd/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 pharmaceutical texts, e.g. in "Rem ngton's Pharnaceuti cal
Sciences", 19 th ed., Mack Publishing Conpany, Easton, Penn., 1995. 10
Dosage Ieveh&ngk%g tween about 0.01 and about 100 ng/kg bo éﬂ$eﬁ$ht per
day, - preferably between about 0.5 and about 75 ng/kg bo per day
of the protease inhibitor conmpounds described herein are useful in a

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

Typi cal ly, the pharnaceutical conposi ti®ns of this invention will be

adm ni stered f §n1aboué to about 5 tines 15 per day or alternatively, as
a continuous i egifefs- admi nistration can be used as a chronic or

acute ther apy WiEhehemmigsitiah oGk iNfenli ORI cdllila IR Y PBrmpBQIPLNEd Wi L
the carrier mat ro ug@Pa si ngl e "dosage form w vary dependlng

r s to
upon the host é'%a[ aadgﬁ‘a TRYe patitral therepertia ar prepkidertinpasnt hethole A t ypi cal
prepar at i on wkbthp@mmrtaad hefarigitfond) agkint SHulibea Hha9ém§§£$ﬁ¥§fggaggpnd (W W) .
0, 0,
B e Bl S AR AP0 R R L L E AL 0G0 ol B0%act L ve
t han t hose reE@P@@Y@@G@@mHﬂmpaMmeéqumyﬁﬂmnémeC|f|c dosage and treat nent
regi mens o1 Wkn RAK doaithakasR e Bhoni bl cIERENG. HRON. 5, VALLGLY, Of factors,

including the activity of the speci iats body
wei ght, gener Betherayithha Rhagmapsuticliyaccefitabie Catrlthe)n‘esul’mynompshﬁat men, rate of

excreti on, drh@mmab&ahﬁﬁ%tommvﬂchwm%%&% ESRoPivsd Beald e B ‘r?g;'tozg the
|

patient's glsgi$|t|on tﬁg&he i nfection and the ]U
physi ci an'’ Gehar 81 pgvent fofgetion. (Fueh eaggentimealt alsake pchivyedgping
substantlalIyﬂ¢e@mpomﬂkmﬁﬂmh&wemkmmMﬁhdm&ﬁmQ%ﬁﬁB%x@ﬁﬂ&ﬂﬂﬁdu&?ﬁﬁ@ﬁgter t he

dosage is '”%{?ﬁ%ﬁg Qyun] I increnents_until the optinmum effect under
the circunstances 16 T eachedodHrigEAeTLy suchppe, %o?Fﬁd{]WEferBSr ather desirably

admi ni st er ed antivizal @gerdesvth at ritavirhcaneintddi@) otirlidhibitors 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




generally afford antivirally effective results w thout causing any har nf ul
or 26 Septenber 2003 WO 00159929 PCFI CACOL00353 18 del etgjs énE

effects. Wien the conpositions of this invention conprise a co |nat| on of
a conmpound-of formula I and one or nore additional therapeutic or
prophyl-actic agent, both the conpound and the additional agent should be
present at dosage |evels of between 5 about 10 to 100% and nore preferably
bet ween about 10 and 80% of the dosage normally adnministered in a

nmonot her apyY? ¥§P%2n. When these conmpounds or their phar BEFE40H06HS | v
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 HCYgNS3 protease or to 10 treat or
prevent HCV virus infection Such treatnent may al so be achi eved using the
conpounds of dishiss. Eﬂneqﬁtarmmﬁmh@ﬂﬁbbﬂmﬂ@ﬁxpﬂsésfbnggﬁah@om &fihik ncl ude, but

are not limf nom)dul atory a

y-interferon; V%ﬁ?ﬁ as the TV Tar CRgent' ési‘ s%gﬁéségayrﬁ%gﬂ\?P%}yﬁonﬁW%di ne; ot her
i nhibitors ofstEH@ﬁﬁdﬂSSthpng)tmsi@ammﬁmblagmsel@iedcftdmeam targets in the HCV
life cycle S&&ﬁmuﬂém&ﬁhat gmt%iﬁ%Yagﬁé&%%’H&% elaso Iﬁr%%;ﬁa?e or internal

ri bosome entry site (| atidn 2" 4d8i ti onal agent s
may be cofbi H‘é'é]’lw?WW%@EWM@VME%’HPSSUChﬁd@homabagmomaybate a single

dosage form &&.ﬁéﬂ@éso\fﬁémm&.ﬂﬁﬁﬁw@@mhéﬂcw}a{ﬂ ﬁnhéfoﬂ&v%ﬁ% separately

adm nistered {o a manmal_ as part of a nulti dosage Accordingly,
anot her enbo aB"P“Qfﬁ]i‘escoﬂwgﬁ?’}%ﬁmﬂﬁné\i‘?%@%?%ds of inhibiting 20 HVC

NS3 pr ot ease Thedompioliyds sat fFRRREres nity a3 b bl 8 ﬂdbeﬂlt&y sapRAngeof the
formula I, m?%rel tthe sgoré1 hrg%_ls are ag def i bove. In a preferred
enbodi nent, {RELEREPRITSOLTS THE WpE ForRpugde v ing ngaeaﬂws@%% Atease
activityPn eretigidyedctivd dndtsherifplagrinstclet BFICE &IS3 pe:nms iSbine bf thepREdnses only a
conpound of this iAve qustg&&lth? LIid8 - GQORAN sucgwgﬁégo may 25
additional ly cop% ri segl‘{tlﬁe ste mg)g-m ni §§§?| ‘(r%nt% %fcgéife %Zn agent
sel ect ed rephcahon assays, vahdahon of animal assay systems and structural bioclogy 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




from an i munonodul atory agent, an antiviral agent, a HCV protease
inhibitor, or an inhibitor of other targets in the Hcvdgiée c% | e such as
hel i case, polynmerase, or netalloprotease. Such additio eﬁ%¥mbe

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 l
replication in a mammal - Such nmethods are useful in treating or preventing !
" HCV 26 SeptWead¥i9922003 WO 00/ 59929 PCT/ CA00/ 00353 19 di seasicAcdd3sshe
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 mamal an agent | ected from an i mmunonodul at ory
agent, an antiviral agent, a HCV protedSe inhibitor, or an 5 inhibitor of

ot her target S(siientd of #olen thé mysdnmmg%ﬁ%tﬂ ep&huéﬂsaﬁum be

adm ni stered to the manmal r concurrently wwth, or follow ng the
admi ni strati oﬁ“ltﬁ““’t%o%rﬁ?ﬁgiiﬁtl?oﬁﬁ f%‘@B?’H?CH@I‘%HIt h| s invention. The
conpounds  setDétailstdf ey rbiesiByreph@onibebdis@d as | aboratory reagents. The
Appl i cant provides for the first time conpounds with a | ow nol ecul ar

wei ght, that 10 are highly active and specific agai nst the HCV NS3

prot ease. ok of Mdreocpelizsidmt vicalefiouretisheary be i nstrunental in providing
research tools for designing of viral replication assays, validation of
ani mal assay systens and structural biology studies to further enhance
know edge of the HCV di sease mechani §eemefThe conpounds of this invention
may al so be used tggffggat or prevent viral 15 contami nation of materials
and therefore r ce the risk of g ral infection of |abmeaety or nedical

per sonnel or nts whoacone i contact W thguch mat@rials (e.g. blood,
tissue, surglca nehrunent s_and, , Iaboratory st ruments and
garnments, ande cq&kecﬂrogeﬁr fusron apparat ug Y ‘%aterials).
20 Met hodol ogy 0
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A'= protected carboxylic acid or N-substituted amide
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D= saturated D= unsaturated

10  Schemel:
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
15 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).




Several ways of carrying the synthesis of acyclic intermedi ates of
conpounds of fornula | are disclosed in WO 00/ 09543 an The
conpounds of the.present invention are synthesized acco%giv#l%gpq%g%grﬁz@%aeneral
process illustrated in Schenes 1, Il and IIl (wherein PGis an appropriate
protecting 25 groups. [In all schenmes presented below, D has the sane
definition as Dbut is 2 to 5 atomshorter]. Wen the invention covers
conmpounds of fornmula | wherein Ais a N-substituted am de, vinyl-ACCA or
hono- al | yl WREILER) is coupled to an appropriate am ne PGFLHH00pH3 ¢ he
coupling to P2_ Such coupling will be readily recogni zed by persons 30
skilled in the art. As will be recognized by persons skilled in the art,
such amide (A) is not protected but bgars any relevant substituent R5 as
defined above. The ring-closing reaction (macrocyclization) is carried out
by either ol Sképa AyBi @t Brilysthe 81, $e pind 3 exioistiedan WEXARE 59 929 kAGwRCTI CA00100353

(Schene 1) or n.the |Linpker contain .njtraq t y. reductive
ani nati on (§8V€cﬁe€°‘[‘}f & "Bt lﬁespaé‘?) s éaﬁlé’gdﬁsafofegl’%%@ﬁgéﬁ 911, Details of
t hese proces§e49818e presented bel ow. A Macrocyclisation via olefin
met at hesi s PG : Tk ArRSEGAL R AL LE (A% darBla DheS YRS 8 Rk de.  n=0 or
: £
21RR 01b D:é%saturatedEls Jy centbe carfied OREVIA an oleh nictathesis
5 usit_1gaRu—based catalyst such as the one reported by Miller, SJ.; Blackwell, HLE;

Grubbs, R.H. J. Am. Chem. Soc. 1996, 118, 9606-9614 (a); Kingsbury, ].S.; Harrity,

J.P.A.; Bonitatebus, P.J.; Hoveyda, A.H. J. Am. Chem. Soc. 1999, 121, 791-799 (b) and

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.

N/——"\
o N 25 %}

~Ru ¢ "nl @ R
r:l/‘i‘cy‘ C'/J::; H cufii:c;_
3 i 3
@ ®) ©
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.




D= unsaturated B 10 Scheme |: There are several ways in which the coupling
sequence can be carried out which can be easily recogni er S
skilled in the art. Starting with 4-(S)- hydroxyproli ne,§§§8&§W§§E$¢®ent 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 nmacrocyclization. Alternatively the assenbly can be done with the
required 4- Wﬂ)““’ﬁ%;agr oxy-.substituted proline as di scl osedPGTCAdGIIgENer 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 eths can be linked by well known
pepti de coupl i ng t echni ques and general 'y di sclosed in WO 00/ 09543 & WO

00/ 09558. Step D: The formation of thshemenocycle can be carried out via an
ol efin netat hesi s 5 using a Ru-based catal yst such as the one reported by
Mller, S.J. Blatkwell HE; Gubgs, RH I|. Am Che?n Soc.

1996 118 9606- 914 (a) ,A'KI ngsbury, J}S.; Hgerity, J.POA ; Bofitatebus,

P.J.; Hoveyda, A-H. Chem Soc 19 21, 791-799/(p) N
St evens, E.D.; _Peherse :
1999, 121, 2674- 780(c wll als § r
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Optional ly, the doubl e bond‘ i's reduced by stN¥f®Far d hydrogelwatl on nmet hods
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A= protected carboxylic ac:d or N-substituted amide.
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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
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 ehlorides 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.




well known in the art. Wien A' is a protected carboxylic acid, it is also
deprotected appropriately. 15 B. Macrocyclization via rgddctiyve rza:ﬂjo%ati on
(for linkers containing N) Wien the |inker contains a nitroden a?om
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 doubl e bond

fol | owi ng BYOWEprocedure (H.C. Brown and B.C. SubbaP®EE400p5AM 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 corresponding ab?ehyde. Step B.” Hydrogenation in the
presence of acid leads to the renoval of the amino protecting group

foll owed by macrocyclization via reddedmhe/®r am nati on. The P3 unit used in
this synthesis is easily obtaiped froma variety of amno acids, 10 such
as lysine, ornithing, gluta ife (after 8 Hof mann reg€tion: Ber. 1881, 14,
2725) and otfiemsi¢ 't hese synihetic nBo\fi cati%ns thods wel | known in
.the art. Step C tional | y§_2heosecopddry—am ne ige qg‘g'm\k er D (formed
after step D) is I yl at®d wiXh al kyl ‘@l ides or acetyl at ed"Wt h al kyl or
aryl acid chlorides VWsing net%lzodol ogi es we nown in theyart to obtain

i nhi bitors of geng,;@l tructurfein. 1 en A" is a protected carboxylic
acid, it is also deprotected ap lately. C. Mcrocyclization via | actam
formati on Alternativelly, it 43S undeaspreededtchbdxylit ARen-BREIAGAGIdEC compounds
wi th general

n=0or2
m=1to7

e T o oF
:SS b 0P N(l“/ope }g

\\\“\“ D

o}
- ol Q et D
H:i
g% /
{
Q H A
eV
N o
0=I> m\‘“D
R* l

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




structure | and Il can be synthesized in other ways- For exanple Pl and P3
can be first connected to the linker D, then coupled to%{f% nd the
macrocyclization reaction 20 can be a lactam formation i e’BB@;rs?fO@ﬁe 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 IVaAYHPI requires the sane P1 5 fragnents: a)rcaianebend§&CA, t he
synthesis and resolution of which is described in WO 00/09543 & WO

00/ 09558 or b) honoal |l yl ACCA (Exanple 1, conmpound If). Synthesis of P2 10
Sone of the P2 fragments used for the synthesis of conpounds of fornula I
are described in WO 00/09543 & WO 00/ 58. Ot her P2 fragnents are

- synthesized as follows: a. Synthesis of 2-"Het"-

4- hydr oxy- 7- met hoxyqui nol i ne derivative 15 - (i) Approach fromthe
correspondi ng "Het" carboxylic acid $%“‘26V8eptenber 2003 WO 00/ 59929 24

H 0
R21 NHZ ['e) RZ! N\-( R21 N\ Rn
+ 1.|o’u\|:i22 —f-- R -—--—-B
e
. o
Ve

o OH
Ivb

IVa Ivd

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




Schenme 1V | Va PCT/ CAO0/ 00353 The synthesis is carried out according to a
nodi fi ed procedure in Li et al. J. Med. 5 Chem 1994, 3 63§ q 3407,
Internmediate | Va where R2' = Ove (Exanple 7, conpound 7 %P?JPB%?(O@& as
descri bed by Brown et al. J. Med. Chem 1989, 32, 807- 826. Step A
Internediate Na is coupled with heterocyclic car boxyl ic acids Nb under
basic conditions with POCI 3 to activate the carboxylate group. A variety of
10- carboxylic acids with general structure Nb are used for the preparation
of inhibitd¥@80/5999ese are either comercially avail abl epcyyavtmsszzed 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 achieved under basi c corigl tions to obtain quinolines of
general structure Nd. 15 (i. Synt hesis of "Het -carboxylic aci ds of

general for
2- subst i tutw%ﬁ%@m p@i%tﬁg%em din i PShmeﬂgr(Rva?]H}&o%dgfhe nodi fi ed
procedure d e&com@duﬁyaﬁe Meliskytiervd caldemdatiorGRadibn Hetlkasys in th&apd. 20

|(-Er|\]|gll T anS| Eaina%g]l&%gé@frd'?’?’e{} Sonta Smelgg th§ gguqteo-s\r.{bituteg h'ua.zofe _________ HO

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.




A variety of 2-al kyl am not hi azol yl -4-carboxylic acids, conpounds of general
25 structure Vc, are made using the general synthetic i ned
in Schene ~HN--R~ N\ HBr 26 Septenber 2003 WO 001599 -é})-%rﬂgé/réb%
PCT/ CAOQ 00353 25 V using thioureas (Va) with different al kyl 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 synthesized
fromthe colPa¥FHdi ng 2- carboxyl derivative as shown PANCALRTE 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 WD 00/09543 & WO 00/ 09558.,¢5ynt hesi s of
2- car boxy-4-substituted am nothi azole derivatives VIId A variety of
4-al kyl t hi azol yl - 2- car boxy| $yattesis A& -cael¥pAIBEauRl)-igRNShRHes¥ct Ure VI 1 d,
is made using the general s etic nethodol ogy outlined in Schenme VII.
Schenme VIl Vita 0 CEt R-)! A+ Rza \/ --~ EtO heat VIIb

A variety of alkylimidazolyl-2-carboxylic acids, compounds of general structure

VIIIb, are made using the generél synthetic methodology outlined in Scheme VIII.

5 ‘ Scheme VIII
R24b
' N
RZ‘“’%(\ }NX:
N
\ :/ —_— OH
)
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. nBulLi) 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).



O Vic R4 0 Vild R24 The procedure described by Janusz et al. |I. Med. Chem
1998, 41, 3515-3529 is used with nodifications as descrjg té?ﬁbécr%lobgws

Et hyl thiooxamate (Vita) is reacted with different (i-bronoketones of
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

al kyl i m dawelogkse2e car boxyl i ¢ aci ds, conpounds of gener HCTEAUBHFre VIIID,
are made using the general synthetic nethodol ogy outlined in Schene VIII. 5
Schene VIII OHWVIIla VIIIb The procedure descri bed by Baird et W j. Aner.
Chem Sac. 1996, 118, 6141-6146. was #79 an al kyl imdazole is
deprotonated with a strong base (e.g. BULI) and then reacted with CO to

form the car Bl aslhdcddibs « Uahity bYiR1Bt1eE NILRBHEN i urbpaCt | ON | S

well known in art, Synt hesi s of 4-hydrox nmet hoxy- (1 mdazol yl
or pyrazol yl PW@&?W&E‘Q’”“&SWH?BW@ESRE’P%WQ& e fhg r‘aﬁ"‘ieﬁ‘l dazol yl or
pyrazol yl rmbgéomp@tmma%s@ @apehRlslof gRieRPaRREireiBMNg t he net hodol ogy

outlined in C h %pon removg'l o?ﬁxe lbenzg'ﬁt)rotecI:mg group from the 4—hyd_toxy moiety of
5  the quinoline by standard hydrogenation methods, quinoline derivatives 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, XT & XII). A
Synthesis of Linkers in Class A
This general synthesis is used to make linkers that are all carbon based {(no
heteroatom) (Scheme X}.
15 Scheme X '

o o
R4 /\W%RJ.’\ /(
LA -CO0H =T~ N
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The synthesis is performed according to the procedure of Evans et al. J. Am. Chem.
Soc. 1990, 112, 4011-4030.



I Xa d Ru = imdazole or pyrazole derivatives OBn | Xb 22 22 15 OH 1 Xc The

synthesis of the key internediate, (wherein R21 = Owe) 26 September 2003
4- benzyl oxy-2-chl oro-7- nmethoxyquinoline | Xa is described in detail In
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 alkyl substituted pyrazoles can be used to

di spl ace t - oro noiety of conpound | Xa giving conpounds of general
structure F&B&S%p%p B: Upon rempval of the benzyl proteB¢Ta¥PE1Sp fromthe

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 fragments are synthggi zed contai ning the appropriate D
|l i nker extension for nmacrocyclization by olefin netathesis. In general P3
uni ts cont ai Ahagtaring t&bexlinadids| (X9 lissmmedrdallynetibdblas isprepaeedbyinbesi zed

fol | owi ng t heuQangr SGREARS:AS \ emes X, XI & XlIlI). Synthesis
of Linkers in Clasgﬁkahis geﬁe?ﬁ g;m:éigéflé used to make |inkers that

are all car b&ffPYIEE FheYliensideraiandivyted Sitheinaloy) chloride and then reacted
with the anion of Evans’ chiral awdliary 4(5)-4-(phenylmethy_l)-2—oxazo]idinone

5 - following well known chemistry (Review: D.J. Ager et al. Aldrichimica 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 enolate such as
those which would form from compounds with general structure Xb in the presence
of a base like KFIMDS, is also well known in the art (Review: D.J. 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 proceduré 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.



15 Schenme X R4 Xe mto5 R4 = Hor alkyl A0 O F1 4 Xo B Xe The synthesis
is performed according to the procedure of Evans et al. Al e Soc.
1990, 112, 4011- 4030. 26 Septenber 2003 WO 00/59929 PCTI C&ffﬂ%@gg@@oﬁhe
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 anion of Evans' chiral auxiliary 4(S)-

4- (pheny! meVAI?%. oxazol i di none 5 fol | owi ng wel | known BER&#0&80353 ( 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:

Stereosel ective a-azidation with trizybgzide, of a chiral inmide enolate
such as those which would form from conpounds with general structure Xb in
the presence of a base |ike KHVDS, Scheit XD Wel|l known in the art (Review.
D.J. Ager et al. 10 Aldrichimca Arta 1997, 30, 3-11, and references
therein). Step C ReductiBHPBf the aaazide, catffl8Bed by Sncd 2, is fol |l owed
by protection of theg. am nyely m}god ¥1L| car bamat e gi ves

i nt ernedi ates of general xStructure Xc. These rxﬁ]acﬁ ons are also well known
in the art.

A, R, NHAc
/\1‘{7(‘(0 B Wcoo&
H Xib
Xlc Xid
m=1-5, B%= H or alkyl l C.
R, NHBoc
| 5 R, NHAc
= COOH :
n D. = - CQOOEt
¥e 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.




Step D0 Finally, the chiral auxiliary is hydrolyzed under basic conditions,
such as a 15 mxture of HRO2 with LiOH, to produce the %'g%ésbq agi %&B pe

|l i nkers of general structure Xe. Alternatively, P3 npié€tl HARY' he
sanme general structure Xe are synthesized follow ng de procedure described
by Mj. Burk et al. 1. Am Chem Soc 1998, 120, 657 20 663 illustrated in
Schene Xl. These conpounds varied in the nunber of nethylene wunits (-CH2-)
along the linker (mel to 5) and the substitution of al kyl -groups at R4,
but did no&éont ain a heteroatom 26 Septenber 2003 WD 00/ 59929

PCT/ CA00/ 0035%53%Y scheme XI COOEt EtOOC'N HAc Xl a CBEECAMA®EE) ~' NHAC
Xtbh Aft, NHAc COD't Xlc nel-5, R4-- Hor alkyl NHBoc Xe XId n4 UN r7 HC

COCH: 30

Synthesis of Linkers in Class B
General Structure of Linkers in Class B

NHBoc
: X=0orS
N XK\COOH R, =Hor CH,
H; R, R,=H or CH,

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

Scheme XTI
/
OH ON x/\/
1ot~ ~COLCH, €0,CH,
R A R 2 B COOQH
32 —_— 5 1
Rx"NHBOC R NHBae -A F.;'; X=0DorS§
. Xilb NHR,
Xilc
C
@ | \G
o] Q
3
o0=3 ! !
o CH, /\/’
. D S E SH F S
CC,CH, — = —_—
H\/:_;kl/ 2+ R,,.Jj/co,wa ————te s CO,CH, Hl,_J\rCOZCHJ
a = > =
NHBac R NHBoc & NHBoc &' NHBoc
Xild
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.




D. Me COCEt Step A: The nonoacid conpound Xlb is prepared fromcomercially
avai l able diethyl 2-acetaniidonal onate by standard este hydronS|s under
basic conditions. 5 Step B: Knoevenagel -type condensati Pertomasr

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 XId having the Z stereochem stry around the newy.
formed doubl e bond as shown. Step C. Regi osel ective and enanti osel ective
catal yti c walsssgemati on of the enami de 10 internedi at epedvdadomodsihe am no
acid internediate Me is achieved using Burk's nethod. Step D. The nitrogen
of the acetam do derivative Me is then di-protected with the addition of a
t-butyl carbanmate substituent before the acetate group, as well as the

et hyl ester, are hydrolyzed under stanthrd basic condition to obtain P3

noi eti es of 9929
PCTI CA0010035%??’ 30 gfoﬁ,lsg?}c%ggé,y{gr f?“ g&@gmgggg &é%g%‘é?ﬁgg%%t ure of
Li nkers in CfragthigdXffBoc X=0orS COOH R, = Hor CH3 R, R2 = H or CH3 This

general synt BR$IFs Alk§laHEESk thOthidTBsRtHE BARY Scnkid Mdak PR QN EEMs Wiersul T ur .
RACOzCH3 R NHBoo  Xtla
: allyl iodide.
5 Step G: Finally, the sulfide analog XIIc (X=S) are obtained after hydrolysis of the
methyl ester using standard procedures.
Synthesis of R3 fragment:

Examples of synthesis of fragments wherein K’ 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-




NHBoc X Ib .R~000H HNHRz Xitc 5 OHR = Hor CH3 R2Z = H or CH3 but not

both R R2--CH x=ocr5 Step A Suitably protected am no
Boc- (L) -serine nethyl ester, Boc-(L)- threonine nethyl gzs%f[gejjt%rﬁb‘&"boos

Boc- (L) -al | ot hreoni ne nethyl ester, are alkylated with ally! iodide in the
presence of Ag20to give the nethyl ester XllIb. Step B: Hydrolysis of the
nmet hyl ester under standard basic conditions yields the 10 ether-type

l'inkers of \ggpf4eds structure Xllc (X =0 . Step C The sgﬁlgfr&%%ﬂéog S
rotected

prepared fromthe sane starting amino acid Xlila (appro

as before) and its hydroxyl group is converted to a good | eaving group
(such as the tosylate internediate Xl |d) using standard net hodol ogy well
known in the art. 15 Step D. The tosyl3apiety is subsequently displaced
with the anlgn of thloacetate | eading to the formati on of the thioester

i nt er nedi at e %@F@EBYI‘PMSPMY@ 3gie EAITA: ethylerqdiamingteteaafeticar bon.
Schenme X | Qu& ERRif; FRORt GIRRY ERORS M DUR IR aBH ) HQURR353 31

electrospray mass spectrometry; HATU: O-(7-azabenzotriazol-1-y1)-1,1,3,3-
tetramethyluronium hexafluorophosphate; HPLC: high performance liquid

§ ' chromatography; MS: mass spectrometry; MALDI-TOF: Matrix Assisted Laser
Disorption Ionization-Time of Flight, FAB: Fast Atom Bombardment; LAH: lithium
aluminum hydride; Me: methyl; MeOH: methanol; MES: (2-{N-morpholino]ethane-
sulfonic acid); NaHMDS: sodium bis(trimethylsilyl)amide; NMM: N- '
methylmorpholine; NMMO: N-methylmorpholine oxide; NMP: N-

10 methylpyrrolidine; Pr: propyl; Suce: 3-carboxypropanoyl; PNA: 4-nitrophenylamino
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: trifluoroacetic acid; THF: tetrahydrofuran; TIS

15 triisopropylsilane; TLC: thin layer chromatography; TMSE: trimethylsilylethyl;

Tris /HC: tristhydroxymethyl)aminomethane hydrochioride.




Step E: Hydrolysis of the thioester noiety under m|d basic conditions
yields the free thiol XlIf. Step F: Al kylation of the ?gé}l m)'éet%/gois
easily achi eved under basic conditions with allyl iodid®e. eptegp o 3
Finally, the sulfide analog XlIlc (X=S) are obtained after hydrolysis of the
met hyl ester using standard procedures. Synthesis of R3 fragnent: Exanples
of synthesis of fragnents wherein R3 is NHR3' are disclosed in WO

00/ 09543. 10 EXANMPLES The present invention is illustrated in further
detail by YREY8% owi ng non-liniting exanples. O her F&EAM3Rays of
synthesis or resolution can be found in WD 00/ 09543 & WD 00/ 09558. 15
Tenperatures are given in degrees Celsius. Solution percentages express a
wei ght to volune relationship, and s@sution ratios express a volune to
volume rel ationship, unless stated otherw se. Nucl ear nmagnetic resonance
(NVR) spectra were recorded on a BrMPOEETIE®0 MHz spectroneter; the chem cal
shifts (8) ag,&MrngQrted in parts per m'IIion and are referenced to the

i nternal deuterated sol rwi se 20 indicated. The NWVR spectra

of all- fi na|5yeémaﬁﬁ§uiﬂ ﬁﬁ#B?ff%«z@ylmglUﬂewwﬂCYCEPPWME@Bwbarfet heir TFA

salt unl ess (pf:nerwi se indicated. Flash colum chromat ography was carried

out on silica gel (S Q) accordl ng to Still's flash chromat ography
technique (WC Still et al Org Chem, 1978, 43, 2923).

Abbr evi ati ons usgd in tcge e?g ude Bn: de | ; Boc:

tent - but yl oxycar [NE3000(|£))] ;. BSA: bovi eramdal bum n; Cbhz:

benzyl oxycar bo CI-% 3-3 0
chol am dopropyln%l met anmoni o]~ | - pr opanesul f dhat®; «PBU. 1, 8-
di azabi cydo[ 5. 4. 0] undec- 7- ene; CHzCl12= DCM ne ene chl ori de; DEAD:

di et hyl azodi car boxyl ate; DI AD: dii sopropyl azodi car boxyl ate; D PEA:
di i sopropyl et hyl am ne; DVAP: di net hyl am nopyri di ng;| DCC: 1, 3

| 0
:;’Slvf\o’lLNf\/\/} ]
C. H-0
P
1e *
0.1 '
. /
HZN:_E\/\/ Hsz\’\ quf\/\/
SO &

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),




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

diinethyl formam de; DMSQO di net hyl sul foxi de; DTT: dithify 881
t hreo- 1, 4-di nercapto-2,3 26 Septenber 2003 WO 00159929 PCT#(%@L)'%FO%S.?‘ 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: electrospray nmass spectronetry; HATU:

O (7- azabeng@lopsazol - 1--yl) -1, 1, 3, 3- tetranmet hyl ur oni Umpericann/ooass

hexaf | uor ophosphat e; HPLC. high performance |iquid 5 chronmatography; Ms:
mass spectronetry; MALD -TOF: Matri x Assisted Laser Disorption

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

al umi num hydri de; Me: nethyl; MeOH net¥#anol ; MES: (2-[ N-norphol i no) et hane-

et hyl mor phol T4 SKANGY R0 0Bt W BT HoY ot 2 e e 180 b 20,
net hyl pyrrol i dégn@m, P 10 PHOAW,5.1846R,T =37 MDY BEORAS R 297 (M+H)".

PNA: 4-ni trophenyl am no or p-nitroanilide; TBAF:. tetra-n-butylamonium
fluoride; TBME: t detaspipepsionefprippsium t-hatpxide G7OK, 5336 aweillimaplydrowsut oxi de;

TBTU:. 2-(1HDb t [ = | - =1 1 - Ira hyl onj um .

tetrafl uc()r obo(r%‘rﬂ'z}%z1 ;EEhf%ég!:] S’IL> ?@(’é&éﬁﬁgg‘%&%@l WL {p;%sp w\%“nd tﬁffﬁera%%l ori de;

tTF_A_: trifl suf)r:_aaaeé ivasT smé.ied :Eat q‘FIﬂI;‘rl: 1ohei.raﬁhyzﬂéﬁbmﬁaﬂéfﬁ&§%mﬂeﬁNSE c(2.48 gin 10
riisopropylsilane; . thin er ongt ogr aphy;  TMSE:

e ot yt o) 1 ik B e, 108 inol Vi ks RERHG rat RO RR &R

hydrochl or i depheZfxt280l8HA6fed F9B3MODPA2A-28 RN Rl dier BZ06A0Q 00353

EXAMPLE 1 Synt hesi s of :

t butyl - (I R, 2R The axgpouslajer wes Ridifadda PHA o witoise-oplg 10% aqusonsdiice (1) :
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




o --111~-00 'J[° isIb A C le 5id A To a suspension of
benzyl tri et hyl ammoni um chl oride (5.08 g, 22.3 mmoi.) | 50% aqueous NaOH
(50 mi), 1, 2- di br omo- 5- hexene (1b, 8.10 g, 33.46 mol) arf® cfirteriber 2003
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
with H20 (2 x 50 nL), brine/H0 (2/1,2 x 50 nL, dried over N&gm and
evapor at edVO®9%¥r ude residue was purified by flash cECHEHI¥EBMat ogr aphy
on silica gel, using 3 to 5% EtQAc in hexane as the eluent, to obtain
conpound Ic in 38%yield (2.48 g). 1H NWR (CDC13, 400 MHz): 6 1.19 (bd, |j =
7.9 Hz, 2H), 1.25-1.33 (m 113), 1.464S, 9H), 26 Septenber 2003 WO
00/ 59929 PCT/ CAOO' 00353 34 1.48 (s, 9H),1.47-1.60 (m1H),1.75-1.82 (m
1H), 2. 14 2.7 (iB e i, SR ubRT B s2ibl) wad oo blitnemikfovkz, 1H), 5. 18
(din, J =17.2 Hz, 11-1). ES(+) M5 n'z 297 8I\/HrH){. B. To a suspension of
pot assi um t -fissitstiediat RIFo7% hpnd5ubseguently hyatedtogeflwdordf snin.dThetshiyentet her (150
m-) at 0, H S\Q@%ﬁﬁgg‘?ﬂ)oﬁﬁ&?‘tﬂde}l% eﬂml(&uﬁgﬁet 1 Joﬁ@iﬁff&?ﬁlef{%em XF ure was
stirred at 0 for 10°mn. An ether solution of conpound r's (2.48 g in 10 nL
di et hyl et heamineltf, potiomdipyld s exeaeird dluaing thersgangration pethasdventh fhed at RT for
o (Tg%x Mt Svll bt ivetlid B AR16AE) LB Rl WKL ELSatt! N AT Sty
brine (50mL), dried over MgSO, and again the solvent was carefully evaporated.

The crude product 1f ( as a mixture of two enantiomers 1f' and 1f") was used for
coupling with the P2 proline derivatives without further purification. Isolation of the
P1P2 fragment having the desired stereochemistry at P1 was easily achieved at this
10  stage using flash chromatography (example 21, fragment 21b).
| P2 MOIETIES
EXAMPLE 2
" Synthesis of Boc-4(R)-[(7-methoxy-4-quinolinyl)oxylproline (2c):

=

OH 0
2b L =
/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): & 1.44 (s, 9H), 1.65 (bs, 1H), 2.34-2.43 (m, 1H), 2.63-2.76




mL). The aqueous | ayer was acidified to pH 3.5-4 with ice-cold 10% aqueous
citric acid and re-extracted with EtQAc (3 x 200 nli). ‘gﬂe %Bglcgé@r was
washed with 10 H20O (2 x 100 rnL), brine (100 ni), dried over

evaporated to give conpound Id in 85%yield based on the anount of

recovered starting material. 1H NVR (CDCl13, 400 MHz): 51.51 (s,
9|—|) 1.64-1.68 (m IH) 1.68-1.75 (m1H), 1. 77 1 88 (m IH, 1.96-2.01 (m

2. 03- 5.01 (dm j = 6.4 Hz, 503 J = 14.9 Hz,
5. 72- é"‘@% ’%%9 IM 15 ES(+)MB: nfz 241 (M+H)+ J%@W’ﬂﬁ on of the
aC| didin anhydrous benzene (1.14 gin 25 nL benzene, 4.74 mol ), Et3N
(800 } 1L, 5.68 mmol) was added, followed by the addition of
di phenyl phosphoryl azide (1.13 nlL, 5.213emvol) and the m xture was heated to

reflux for 3.5 h. Subsequently, trimethylsilylethanol (1.36 nL, 9.48 nmol.)
was 20 added GmdB3378/(. Ag). a¥5PEF &DHEORAS (2no At], hrntaindrys3 (s, 3HYMGL énal 4 h.

The mi xture wago et heB I-Qoﬁl{%oﬂa&egﬁ 1§§1’§PH{)36®06 59Qm! ﬁJI)f7Pi7ist(§d/qU gi nal

volune, diluted wt iet d washed w th 5% aqueous
NaHO® (2 X 980 7 g 3b 60T nep e U, 8 Guar MSodthad> Gnboratod.  The

resi dual oil H@,su-ghrorrat ographed on silica gel using 10% Et OAc in hexane
as the el ugnt {0 obéaln pure conpound le in 88% 25 yield (1.49 g). 'H NWR
(CDC13, 40 03 (s, 9H, 0.91-0.99 (m 21,1.18-1.29 (m 2H), 1.45
(bs, 11H), 1. Sﬁrtﬂgsi&bf(zmhozy#-hyam@ﬁ?-ﬁ\eﬂﬂ:xyquinaﬁ&ne(3@. 12 (t, ] = 8.3 Hz, 2H),
4.93 (dm f = 102 Hz, IH), 4.98 (dm | = 17.2 Hz, 1H), 5.07 (bs, 1H),

5.71-5.83 (m 1Hg D Tq,Ha sol ution of t he cycloprbpyl derivative le (1.19

g, 3.35 mml, in 37@;% Sept egber® . DS Vﬁzﬁémg a } 00353 35

THF) , t - Bu4NF (6.7 °§ i n THF, pl . ) "Was d the m xture
was first stirred at Rrofof 16 h and SubS@rent |y heated to reflex for 15
mn. The solvent wa% carefully evaporat@&d under | ow pre88ure (due to the

hi gh vol atilify glﬁthésﬁeofﬂe %M&%ﬁdnﬂ:’anﬁgtggﬁ s SNRYL esRSheGX ekactlz§ ed during

t he evapor ation e so

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 te 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).




5 crude residue was re-dissolved in Et OAc (100 nL) and washed with H2O (2x

50m.), brine (50n), dried over MJSO4 and agai n the sol C fully
evaporated. The crude product If (as a m xture of two e%iﬁéet%%é?rﬂog' and

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 aphy (exanple 21, fragnent 21b). P2 MJ ETIES EXAMPLE 2 Synthesis
of Boc- 4( RYOP¥$93%et hoxy- 4- qui nol i nyl ) oxy] proline (2c): YEHB*HWPBH 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; Kimy J.H,; Lee, J. Bioorg. Med. Chem
Lett. 1997, 7, 789. A solution of conmpound 2b (1.88 g, 10.73 nmol) and

DEAD (3.4 miigy @Mﬁ@o%,bﬂﬁb&%ﬁﬁw%swg:w& adyleds . e84 i rri ng

solution of protected ci's-hydroxyproline 2a (2.63 g, 10.73 nmol) and

t ri phenyl phodbpldi Fre8.¢ Bz, a8).¢.94 #ar. 24 81y 4-3p6ir)s, 2D, 3BhpdHOuE34HE=08EE ) at O
under N2. The reaction mixture was allowed to warmup to RT and stir for
14 h. The THE was then evaporated and the pure product 2c was isol ated
after flash B&MPERLchr omat ography using 5% MeOH in Et OAc as the eluent, in

35% yiel & ( lsjﬁlt%\sis of 4-hydroxy-7-methoxy-2(3-methyl-1,2,4-oxadiazol-5-yI) quinoline (4d)

|
o COOMe r!'n Ny, -COOMe
(:I,J/ " E :[ /]

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



25 1H NMVR (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 WO 00/ 59929 36 PCT/ CA00Q/ éjggf’g%“%épébb
3.78 (s, 3H), 3.75-3. 85 & 3.89-3.99 (2m 1H, 2 rotaners)

4.51 & 4.60 (2t, j = 8 Hz, 1H, 2 rotaners), 5.15 (bs, 1H), 653659(m
1H), 7.12-7.18 (dd, j =

89&22H21H) 7.36(d, J=2. 6Hz, 1H), 8. 03(bd, J=9. 2Hz, 1H), 8. 65(bd, J=5.1 Hz,

XA%P ynt hesi s of 2-ethoxy-4-hydroxy-7-nmeth i ne (30)
3a A 3b 385(5%15 synt hesi s of Met hyl - p- net hoxyantrany?é%gc‘ﬂga‘]&\%as 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 Joursal of Chem stry, 1995, Sat. B,

330-332. A, Met hyl met hoxyantranyl ate 3a (3.069 g, 16.96 mmol ) was
di ssol ved |n1hpwféﬁmsikqsﬁx’cWGa@@{fwés'{lawﬂtﬁrQAc@Gomonmﬁﬁ?mwﬁ&q a sol ution of
anhydr ous HCkox{cénua}léd%rméav&uuéOTﬂeﬂesmﬁa h:\“@ﬁasa;ﬂﬂﬁ@dbﬂ_ﬁ&hr esul ti ng

m xture was heated at 15 reflux fo é lati]l es were the
evapor at ed URRIBT SremaB R PR HD &%ﬂﬂﬁ%Pvﬂ“92C8525ﬁ6§KXﬁhﬂa&a

‘quantitati vevmtelsaiu that was used as such for the next step. B. To a
nder it PogSn, v radRalePRRR FE Rrreou e ey weseg B TGl ) G fer
20 the addl t rqueous HEl @ V. d ntignPlerrasultire mmmmmmlm&u@ham xture was
lng i E)g ;E | [fcﬂf@ﬁ%un}() g‘&dutem%h Q&u‘é&% 158-511’(:5 H?\X 503&5 Thle s\c,mé t%rme was anot her

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 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




m.) was added. The resulting m xture was stirred until conplete

di sappearance of starting material (1 hour) by TLC (10Q¢ c, i date Rf
= 0.7, product Rf = 0.2). HO (4 Ndioxane, 10 nL) was t%eé)n%é)%%ergraggt he

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, washed with water and dried to afford the desired roduct 3c
as a bei ge M0 3 117 g, 84%yield for 2 steps, >99% paFF&MER P o). 26
Sept ember 2003 WD 00/ 59929 PCT/ CAOE 00353 37 i H NVR (400 MHz, DVMsO-d) S
(ppm: 7.88 (d, j = 8.9 Hz, 1H), 6.98 (br. s, 1H, 6.89 (br. d, | 8.6 Hz,
1H), 5.94 (br. s, IH), 4.30 (br. s, 2Hg 3.84 (s, 3H), 1.34 (t, | 7.0 Hz,
3H). EXAMPLE 4 5 Synthesis of 4-hydroxy-7-nethoxy

2( 3- met hyl - 1heatetl as 11876 underyitioggui el reswdtingaixtu@vasshenGoRst vith 4b COOMe

> ar bomet holi2AF ST S<Hhh SR Forried NS, £ = s of whi ch
) “under i £FGuR" MAS RO0ed A TaBor RorhsraiRdny sl ), o7, g 10
mol ). The r désulnkiopgphy @00 BtOdad Gdmpauad 5358y, €M yitlé igewatupd for 1 hour,
5  wasobtained as a yellow oil. MS (ES+) 392 (m+1), (ES-) 390 {m-1).
C. Compound 5b (333 mg, 0.852 mmol) was heated at 140 °C under high
vacuum for 8.5 h and purified i)y flash column chromatography (100% EtQAc) to

afford a mixture of 5b (116 mg, 35%, R, 0.5} and compound 5¢ (138 mg, 72%

corrected yield, R;0.3). To a THF {4 mL) solution of compound-5c (138 mg, 0.4

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-(chloro)- 7-methoxyquinoline (6e)

i |
O NH, (¢} NH,.HCI B c‘) N NH,
3 =
T = U &= U
NCVCOOEt -
Ba
lc.
b z b nn
J O T
0OBn QBn QOBn
6e 6d 6c

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



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 EtOAc (100 nm), vvashe% gbt%ﬂﬁé%opgo m.),
brine (50 nL), dried with MySOg 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 éSOO ng) and
acet am doxWa00(398 ny, 3.35 mmol) was added THE (3ml). HRECAH088%%1 | ng

m xture was stirred for 15 mn. under nitrogen at anbient tenperature,
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,

t hen ester- 4b (500 ng, 1.56 mmol) was added in solution in THE (5 nl).
The resul ti ngeigd sdlidreas\ias fitert afld dfied @idktvacieh tGfforbsafep(32:88¢r982003 WO
00/ 59929 PCTI 00353 38 1 hour then filtered over Celite, rinsing with
Et OAc (3 port1®Hs of 20 nL) and concentrated under vacuum The resulting
crude m xt ur 8 wasTethid shit eds oidefl lefhghryaohkatate @h? ol Hgnelpingd thd 00% Et OAc) to
af ford produ t To the MEM
ether 4c (17%5"6&" ’8‘3“%§%ﬁ(%¥ﬂh %\'?%“ ead,m%lsd aagg%g %gﬁg%aﬁs HCO (1 N, 1
nL). The Fesbeatechiy 280400 eE WIBIOFIPWédvaaFO F?B‘i‘@ri’t‘m‘tﬁé’f‘r*é‘éﬁ'é&hm@‘)ffor 1 hour

then dil ut edgaywi Lhuagueoar DEdRREA difanb(th2bketidal amdde1 90 fhéaangads was
filtered, triturated with. EtOAc, flltered and dried to affciéd t he desired

product (4d) stoppryl g Zeartion 5ixarreisooled dowyi KT, dilyted avithypaterg0ymidsg (1) |

(E)s-)7zgg E'c\i/h@‘“égo%% %%Q%M%,E?Wb @Odzﬂﬂ)raasagfigig ﬁg% (br: 21 21E|)z:

3.88 (s, 3H) ad&itiGrtal §tiryingfdy 1 h, HdAGRlaRd BryByg bhwss chtaified (19.06 g, 84.5%
4- hydr oxys 7- BRLROXeAlAay B b e soha 4a@%adhR4 Ol suln ¥ die St RAUAE (5€)

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.



COOve O~/ ~ .N CONH~I H2 4b OMEM OR 5¢ R MEM 5dR=H C. OVEM 5a OVEM 5b Okt
NY H15 A To substrate 4b (465 ng, 1.45 mmol) in ethan added
anhydrous hydrazine (57 L,1.8 moL). The resulting sol %Q%%t%ée%@fged at
reflux for 4 h, then concentrated under vacuumto afford product 5a (704
ng, quantitative crude yield) as a yellow solid which was used as such in
the next step. S. Conpound 5a (assunmed 1.45 nmol) in triethylorthoacetate
(5 m) was _26_ Septenber 2003 WO 00/ 59929 PCT/ CA00/ 00353 g@c {]?f'“% g:d at
100-110 C JF4¥%trogen. The resulting mxture was theR Ut Ied" 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
colum chromat ography (100% Et OAc). Csmpound 5b (359 ng, 61%yield for two
steps) 5 was- obtained as a yellowoil. M5 (ES+) 392 (mtl), (ES-) 390

(m1). C Corgomir (4bME38DUY): 5 0.08&R] #om H):, 1%@s7.5eaimeh, 8H), 49 (L) »nder hi gh
vacuum for 8.5 h and gl)ur ified by flash colum chromatogr aphlx_/I (100% Et OAc)
to 2.5Hz, 1H),7.12 (dd, ] = 9.2, 25 Hz, 1H), 6.73 (s, 1H), 5.26 (s, 2H), 3.92 (s, 3H). " .
' EXAMPLE 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
. oBn @N

[o]

H

N\

Dl M c|1 Ny Q
|

Lo

I N 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



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 ?‘;9“5&%8&%38 ny,
0.4 nmol) was added aqueous HO (1 N, 1 nL) and the resulting niXt was
stirred wuntil conpletion (30 mn.). THE was evaporated under vacuum and
aqueous NaHZPO4 (1 M 2 nlL) was added. The resulting suspension was
sonicated, filtered and the solid was dried under -high vacuumto afford
the desired product 5d., (75 ny, 73%yield) as a beige solid. M5 (ES+) 258
(m-1), (ESwpogkd2d m1). 'H NVR (400 MHz, DVMBO-d): S  PCT/CA00/00353

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-nethoxyqui no}é ne (6e) I I NN O-/\~N~3z HCl 6a 6e
Cl 6d o$n OBn OBn 6C NH2 NH2 A. Commercially avail able Meta-anisidine (25

005 TR LR ot ot it A BB 0
and stirri ngstising atAmhient feawperagire thiwseqtion FhduRavas Sferefisirese WO 00159929
PCT/ CA001003330,4frm-methanol mixture, and concentrated to afford 7b (130 mg, 97.7% purity,

56% vield) as a yellow solid. MS (ES+) 242 {m+1), (ES-) 240 (m-1).

5 'HNMR (400 MEz, DMSO-d): § 851 (s, 1H), 8.03 (d, J = 8.9 Hz, 1H), 7.93 (s, 1H),

723 (d, ] = 1.9 Hz, 1H), 7.15 (s, 1H), 7.12 (dd, ] = 9.2, 2.2 Hz, 1H), 6.92 (br. 5, 1H), 3.91

{s, 3H). 7

B.  Compound ée (251 mg, 0.837 mmol) and 4-methylimidazole (344 xﬁg, 419

mmol.) were heated at 110 °C for 20 h. The mixture was then diluted with EtOAc,

10 washed with water and brine, dried with MgSO,, and concentrated under reduced

pressure to afford a crude conta.im'ng a 10:1 mixture of 4-methyl and 5-
methylimidazolyl isomer respectively. The major assumed desired isomer 11¢, a
white solid, (166 g, 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



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 0GR .3 m,
0.20 nol) and the mxture, in a flask equi pped with a disti I%@%?Toz(r?%%ead
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 m.) - EtOAc (200 ni)

t hen.sti rr@goﬁzﬁ%gaqueous. NaH2PO4 (300 nlL) was added. Afrcercaomeddsst i onal
stirring for , 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. Conpound 6b (11.0 g, 57.8 nmmol) in DMF (100 nmL) at 0 C was
added to NaH (60%in mineral oil, 2.7 g, 115.6 mvl). The ice bath was

then renmoved and the mixture s stjrred.at i I > for | h,
benzyl broni @gmgﬁ%wfyéégéf@%fye’!ﬁg’smg%g%sg%gt%agﬂ%ﬁ?ﬁ% )'?aedz;(c%t?i on nixture
was stirred fyjor 16 hours. The 15 solution was then diluted with EtOAc (220
m.) - hexar-g (220 nL) and the sali f Qr.ned i lterg triggrated with
‘aqueous sat UIW(W W&%%f;’f’ﬁ%éﬁ@é%‘%ﬁ%ﬁ&e%,ﬁ@é&ﬂre‘- tOAc (1:1
ratio. 100 ny \nd @ied 119das dhl ity asswens, 1eirofuely £ K51806,599 196 puri ty,

35% vyi el d) was us obtained as a yellow solid. To conpound 6¢c (2.67 g,
9.52 mmol§ ifr-acdDi 29046i3%0-(21 nl) was added iso-anyl 20 nitrite (3.8 ni,
28.6 mml ) apd t hniRaHk bé U7 R XIA2M Grvians iindtigyadzol @i eny, 724 enper at ur e

and nonitored by HPLC. MNbre_iso- | pitrite (1.3 v Qs ) was added
after 2 hourWKHW%@&%?‘%&‘&?Q%%&@?%fﬁ’EW%‘ﬁ5¥‘°"6‘\‘/‘ EHQE)QH%JSHF? HPLC 81%
product, 3% &dbasiylAédompdaicTh {riilenzyilitedprodad dpvat den Alutedyitht | ng
suspensi on, [ t filt todu&ohlaeed was dried
under hi gh v%%@ﬁﬁ?ﬁ\éﬁ‘ f*ﬂ‘/ﬁp%%‘epdr‘é’ uéﬁ%q%%g%g?g%%a%géﬁpﬂri ti(/, 72% vyield). D.
To conpound @ purith, g% yel®%s pmdity sabids added phosphorous oxychl oride (13
m., 141 ol ), and t r b m - Lgbhkixyfpyosl hour then
diluted wit ﬁ@%@%@#@@%&%ﬁ%ﬁeéﬁ%ﬂEﬁ*c?-g?%*v'd yg\%vi th ‘gﬁueous NaOH (1
N, 150 nl) tg,RHI®, 730, . diayed g 2518z SR EBA TR IR0 YHRi ¢ | ayer was
dried '

~ 3H).

EXAMPLE 8 _ ;
15  Synthesis of 4-hydroxy-—’7~mel:hoxy-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.]



30 with MgSH4 and concentrated under vacuumto afford

a brown solid which

was purified by flash col um chronatography (15 %)Etomyrgaﬁ%ﬁ%%ﬁﬁégduct

6e (819 ny, purity > 99% 62%yield) was obtalned as
Sept ember 2003 WD 00159929 PCTI CAOQ 00353 41 '"H NWR (4
(d, j =9.2 Hz, IH, 7.50-7.40 (an, 5H), 7.29 (d, j =
(dd, J =92, 2.5 Hz,1H), 6.73 (s,1H), 5.26 (s, 2H), 3.
7 Synt hesis of 4-hydroxy-2-(1-im dazolyl)-7-methoxyqu
4- hydr oxy- WO(@/599% net hyl -1 -i m dazol yl ) - 7- net hoxyqui nol
4- hydr oxy- 7- met hoxy- 2- (1- pyrazolyl)quinoline (70; and
4- hydr oxy-2-(3-net hyl -1- pyrazolyl)-7- nmethoxyquinolin

a‘yello

00 MHz, CDCL): s 8.07
2.5 Hz, 1H), 7.12

92 (s, 3H). EXAMPLE
noline (7b);

| PRT/CALgpe3s3

e (7h). A Conpound

6e (423 nmg, 1.41 nmmol) and inidazole (490 ng, 5.88 mmol.) were 10 heated
at 110 C for 20 h. The m xture was then diluted with Et OAc and washed with

wat er and brine, dried with MySO4, concentrated under
af ford conpound 7a 22 ng, 96% purity, 90%yield) as
Compound 7a (319 ng, g 963 Mol ) with Pd (5% C, 64 ng
et hanol (5 nL) and 2§{§epten@er 2003 VI)Q9159929 PCH
‘m.) was purged and AT ased, und e ATM_ of hyt
stirring at anbi'®sg"t¥nperat ur reaction

with a chloroforrmnethanol mxturg, and concentrat

97. 7% purity, 56% y¥deld) as ad®ell ow solid. I\/S(EES{O-)
(nn-1). 5 1H NVR (400 MHz, DMBO-d): S 8.51 (s, 1H), 8.

1H), 7.93 (s, 1H), 7.23(d,J=1.9Hz, 1H), 7. 15(s, 1H), 7. 126,

reduced pressure to

a M ow sol i d.

). kn a mxture of
0000353 42 THE (5

er 7.5 h of

was filtered, rinsed

to afford 7b (130 nmg,
242 (m+l), (ES-) 240

03 (d, J = 8.9 Hz,

dd, J=9.2,2.2 Hz, 1H),

6.92 (br. s, 1H), 3.91 (s, 3H). S. Conpound 6e (2514 ngy, 0“&%7 nmol ) and

4-met hyli nidazole (344 ng, 4.19 |

0 N\ S
. =
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 was 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



mmol .) were heated at 110 C for 20 h. The m xture was then diluted with
Et OAc, 10 washed with water and brine, dried with MySO%s SddempacRHE! at ed
under reduced pressure to afford a crude containing a 10:1 m xture of
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
separ at ed f'rom a second nore polar fraction (76 ng, 23%yield) containing
a mxture d 5-nmethyl imdazolyl 15 isonmer by fl
chr omat ograp%y 8@80% Et OAc). Compound 7c¢ (163 ng, 0.4786—%%0%%9th 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 mxture was fM5ltered, rinsed with a chloroform
met hanol m xture, and concentrated to afford 7d (118 ng, 99%purity, 98%
yield) as ZOadalswtiitctla‘l‘Gibﬂlk@eoﬂslaN\NwI(IA@&ammﬂWB@IgﬁnecBm&mz (br. s, 1H),
801(d J = 9.2 Hz, I—g s, 1H), 7.21 (br. s, 11-1), 7.10 (d, J
8.9 Hz, | H)anhpdgus Mi5C %Rerﬁ—and csn%lrf(fsd mmquaczurzoﬂ(e§ﬂgswhd Wa@ Conpound

8ol L1 T o) oM (O 3 A el ot o0

aqueous NamaﬁippJ)?YalhﬁvmhﬁNe%"/w‘lﬂééﬁ%H)h MySO4, concentrat ed under r educed

pressure tg aﬁforsisalu%ﬂgﬁsgoﬂm WS%OWMQ\?M&JBM@Y(@M§@4W| umm
chr omat ogr aphy . 1 _hexane- Et OA\C% to afford . 50%vyield) as a
pale yellow F‘EI oredigBeAlY weheaidgdo mitux(ompp (-8 5t4rF“F181 ¥8%4 C, 20 ny)

in a tm‘ xtrr%gaid@irh@nd Qiseb@erﬂin)maﬁtﬂthl_ﬂﬁk(rfdmldno“@&n@t H%@Eﬁr&d&htm acefl under
one atm o ro irri at a enper at ur e,
the reaction ﬂ&%ﬂr g@ﬁ&”“?‘?ﬁm(&a‘“&? (.tih%e? 8?1?‘8‘?"(‘5’!“@ rrenPhanoI

m xture, and HRIQ.aht rettet was cadlédioRTzhd 2871 Sep bddiet ¢4 N2 Gidxane) Tié9929

PCTI CAO01003 ot | d d. M5
(ES) 24%9)( nﬁfﬂé’i‘é‘gﬁ %ﬁ%g’?ew% &%“ﬂﬁm&%‘%g)@%ﬁ% %3‘8 72 (d, ]
= 2.5 Hz, 1HHCI8nddioksne widr renrBvél) tegproductwiks r8-dissotved twice in CIHLClL, and

dried under vacuum to finally obtain the HCI sait of compound 8f as a beige solid
(L.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) 3 8.27 (s, 1H), 8.12 (d, 1H, ] = 9.2 Hz), 7.97 (br.s, 1H),
7.94 (s, 1H), 7.43 (s, 1H), 7.24 (dd, 1H, ] = 9.2, 2.2 Hz), 3.97 (m, 1H), 3.94 (s, 3H), 1.24
(d, 2H,J = 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



Hz, 1M 7.83 (br. s, 1H), 7.43 (br. s, 1H), 7.24 (br. s, 7.10 (d, ]

8.6 Hz, IH),

for 23 h. The m xture showing a 1. 1 m xture of
and benzyl ated product 7g was then diluted with
filtered to afford the pure debenzyl ated product 7h (111 ng,
ield) as a white solid. '"H NWVR (400 MHz, DNBC>d% 8 8.58 (d,

i 0,
purity, 54% 093 (5

= 2.6 Hz,
7.04 (br.

d,

6.59 5 (br..s,1H), 3.90 (s, 3H. D_ Cbnp 217
0.724 mol) and 4-nethypyrazole (594 ng, 7.24 nmmol. wéggkwgﬁé 2953110 C

W5PRg (d, j = 9.2 Hz, 1H), 7.25 (br. s, Pffca
j = 9.2 Hz, 1W 6.38 (s, 1H), 3.89 (s, 3H), 2.30 (s,

EXAMPLE 8 15 Synt hesis of

4- hydr oxy- 7- met ho) cy- 2[ 4( 2-i sopr opyl amiggot hi azol yl ) |
[ Avariety of 2- alkylaninothiazolyl

qui noline (8f)
substituents were nmade using the sane

debenzylated compound 7h
Et OAc (2-3 nL) and
10 95%

1H),
3H) .

Not e:

synt heti c schene where conpqynd was replaced by other al kyl thioureas.]

H2 A S H2N)~ NH + HO B
PCT/ CACQ 00353 44 C. @.o
~o
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15
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et o s
Hoj*

OH
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of s-d

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

solution washed with 5% aqueous NaHCQO,, 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
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
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
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

8b 80 8d 26 Sept enber 2003 WO 00/ 59929
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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. 2%"§%er & J.
Med. Chem 1989, 32, 807-826. However, the purification pr cerﬁu?rzeiéov(\)/gs

nmodi fied to avoid purification by 5 chromatography. The Et QAc phase
containing the desired product was treated with a m xture of MgSOH,
charcoal and 5% w w (based on expected mass) silica gel. After filtration
on celite, ¥heo uct was triturated with ether. Conpo S
obtained as a ggblrgg}jbr own solid in >99% purity (as confi :ﬂrrlg{f'lg@w&%LC). B. A
suspensi on of isopropyl thiourea (8b, 3.55 g, 30 nmmol) and 3 10
bromopyruvic acid (8c, 5g, 1 eq.) in dioxane (300 nL, 0.1 M was heated to
80 C. Upon reaching 80 C the solution4ecane clear and soon after the
product preci itgrteg as a white solid. After 2 hours of heating, the

sol ution was TEESTEG™E SOHF Vo Cheresifine wappawsdin £ sttwralid,ars er ed to obtain

conpound 8d i biiftofds REEIEOYarki¥28 e Ml teo&sn&%%ﬁcgs%r% Mo gnd 94% yi el d
(7.51 g). 15 C. A mxture of the carboxylic acid 8 4. 85 g, 18.2 mmol ) and
the aniline adyioas MgBORHIréd &hd chaGnjrated ufiddr viliuat. MhdQulbprodud2 M was
cooled to -30 C (upon ﬁool ing, the clear solution becane partially a
suspensi on) . ‘ﬁfdé‘ﬁﬁ‘é‘flh% R GURMB chigmatogmphy, ysing 25%Et04g iy heyase asifen added
slowy oves elengitdigipeionPdund Peasi26AGleisOlld PBSmg Wiklyied. at -30 C for 1 h, the

bath was re ed reactiqQqn m re was allowed 20 to warmup to RT.
After 1.5 h the r Z’%&% %ﬁs W\g%‘tﬁ”g “Wégé P 8§ IPRESPT ¥ eompapad Se{7fidwen 6
Sept enber 200G Mcl) tH HHYBIuPBLOENADMDS) ThSredQitinglintiddre trat Realell t¥¥43 ¢ aqueous 3N
NaCH, extract j 1 Cl 2 ried,ave anhydr.ous, MygSH, filtered and
concent r at ed fﬁ%d%\ﬂr‘ t@/easg):lt?l éﬁ? Wﬁgle% 8‘?0&% R leiaBd ﬁé%}’e‘fﬁ’élh’\@’ﬁ%#f"éﬁg}ﬁ@ flash
chr omat ogr api4N f¥3 % Ep@ne 2iSmjeReesikttowgs weccoapd titibr 8fuum 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 EtQAc, 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. 5. 1H), 6.95 (br. 2, 1H), 3.90 (s, 3H), 3.15 (m, 1H),
15 1.33 (d, J=54 Hz, 6H). |

WPLE 10

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

_o NH,
| 0
O @ g 0
OH B. ~ N
[#] | N\(\ \
e ©

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



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 nSd f My
netal) was heated to reflex. Conpound 8e (1.8g, 5.4 rrm)Id))()sé\/\‘%'{yst‘Jﬂrﬁlgolled'(?rgg§1
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.). xture was then concentrated under va rder to
assure t hat & ng%‘?t HCl and di oxane were renoved, %gﬂg}r*%d cs 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 phosphaw#e buffer (1N NaHZPO4, pH=--4.5) and
soni cated. The beige solid, was filtered and dried under 15 vacuumto give
conpound 8f (ctos‘alsgoveslﬁ’m Eherpsultingamilsieirgjwrasssbiried 9¢ W@bﬁ?éi Byn HPLO). 'H

NVR (400 MHz 7 (b
1H) , ( 7.94 ( Spom%}}orbfnﬁrése (Jvér eﬁgﬁs@o}}d §£) Zlgégétilig‘gérfous rgxxg.u-e yﬁg f—?ZISEd%S g7r(
IH), 3.94 (s, hﬁ'lﬂ)a,ﬂoﬂzec?-%ree(cdRTZIWH@W&a@dbﬂ)o 126, RAMBME 1yeBint hesi s of

Variety o 2 PRGN éhﬂﬁg%v?%t%%ﬁéﬁé%%% B g PR e
synt heti ¢ s chemBvaMaR: QirfeQ (i ”g MreRAd ESREBREM @Meﬂ@hﬁ'&e@r&g&m&et ones. 9a

25 OEt + 9b A EtO 9c 26 Se te 2003 WD 00/ 59929
g (80% yield) of a whlte solid lﬂb was obtained.

B. A solution of 4methoxy-2-amino-acetophenone 8a (394 mg, 2.39 mmol) and

the carboxylic acid derivative 16b (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). :



46 9d OH 9f PCT/ CAOQ 00353 A. To a solution of 3-nethyl-butan 2-one (8 g,
93 mmol ) in MeOH (100 L) at -- 30 C, Br2 (4.79 m, 93 mpgdeplefier)oonds
added dropwi se over a period of 45 min. The resulting m xture was then
stirred at RT for 90 m n. 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 9% Wasezsised without further purification. A Spéﬂélo%ugf et hyl
t hi ooxamate (9a, 1.8 g, 13.5 mol) and bronoket one derivative 5 (13.5
mmol .) 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 i n hexane as the eluef®, to obtain conpound 9¢c (740 ny, 28
%yield). B. _A solution of compound 9¢ (700 ng, 3.5 mmol) in THE/ MeOH H20
(3:1:1 rati EAMEEYY) was treated with Li OHTH2O (148 ng, 3.5 nunol, leq.)’
at RT for 5 Bynfhkds ofgt-hyiaexytdiepyradylignethd@qinulited1» | N HCO and the
m xture was concentrated & 15 dryness under vacuumt%h@bt ain the acid 13d,
i furtlhe

whi ch was used directly ih the n&R®—s Mri t hout r purification. C
A sol ution of 4-nmethg am no- acet enone (i nt te 8a, 570 nmg,
3.45 mmol ) and carhoi g2cl d deriva®tive 9d, (K9 45 I, leqg.) in

pyridine (30 ml) Was coo¥edMo -20 Cc. PoCl 3. (8.35 ’m”, é“l mol, 1.1 eq.)
was t hen added 20 dropwi'3e over a period of 5 nin. The restlting sol ution

v SUTred &L - 10p Sl e Mo LRG0 AER ERE S D L1 20 Ton
concent r a¥ edhyshdgsmolysie of e befhipl grewy difle5%&d /@ owtieaiol- THE (abliatell aqueous
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, TH), 7.05 (br. d, ] = 7.9 Hz, 1H), 6.88 (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)

9]
o \
HN 8a
Ry Q
| = A | B | o
- ct —
N/ QO N/ N/ N
0 0 s}
12a
/0
C

12b 12¢

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



solution of NaHCO3 and extracted with Et OAc. The organic | ayer was dried
over anhydrous MgSO4, filtered and concentrated under ude
product was purified by flash colum chronat ography, u\?ﬁ%ﬁ%ﬁ}%@é
hexane as the 5 eluent, to give conmpound 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 r 7.5 h, the solution was then cool ed acidified
with the a (Efs%Jr%Qof HC . (4N HG in di oxane, 2.5 nl). ﬁ%ﬁﬁ@; ur%J was
concentrated under vacuum and the 10 residue obtained was poured into a
solution of IN NaH2PO4 and filtered. The solid material was then
~triturated with a snmall anobunt of EtOAS9 filtered and dried under vacuum
to obtain compound 9f as a pale beige solid (270 ng, 41%yield). 'H NWVR
(400 MHz, DVBOGHB)eréregioded friwn thesrpdctipn mifkt@® ufller. vasyuni #)d thg 8gidebwas s, 111),

88 (0ol {i P bt el Byt SR 18 1
Synt hesi s of cdadamﬁkrtéﬂ«yb-ﬁs(elhmmd‘ryﬂorﬂem @Germg)a.9 mibolyet hoxyqui nol i ne (10d)
e"" NA N=-j WM |lob OH OH 10d A. A solution.of N et hﬁl.,u m dazol e 10a

(59, 61 mol P-in I@@Sﬂtﬂeﬁﬂéﬂwdeze‘deb'ev% 2oin CHLCleG B €. 324. 4 M of a

2. 5SM Et 20g5 Olspit;iQlof the £8link s¥@E4 AYOLEE xﬁﬁo@iﬁi’ﬁﬂ?ﬁ@ RO835 Wah §P4ra9929
PCTI CA00/ 00353 48 dropw se over 15 mn. The resulting mxture was stirred

90 m n. at - T8LP (fharg, 0.5 mmol) in CH,CL, (10 mL) was added. The reaction mixture was
stirred a RT for 16 h. The volatile components were removed under vacuum, the

fesidue was dissolved in EtOAc and the solution was washed with 5% NaHCO,

(2x), H,O and brine. 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, ] =89 & 2.2 Hz, 1 H), 7.27 (dd, ]=
20 6.7&19Hz 1H),7.73-7.79 (m, 2 H), 8.28 (d, ] = 8.9 Hz, 1 H), 10.3 (br s, 1 H).



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 aél)élgtéﬁﬁgéa{?%og i
extracted with EtOAc (to 5 renpove 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-methoxy 2-am no-acetophenone 8a (394

ng, 2.39 the carboxylic acid derivative 10b (301 leq.) in
pyri di ne %an{s?ﬂ\gflvas cooled to - 20 C. POC13 (244 01, 1£§T’€ﬁ° 63%s t hen
added dropwi se over 5 min.. 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 pourad in a saturated solution of NaHCGB
and extracted with Et OAc. The organi ¢ phase was dried (MgSO™), filtered
and concent r F¥PUh¥2r reduced pressure. The product was purified by
chr omat ogr apgyntiesi 9f $hydrey-8let{o2Rr WEMERG LI )i i 0 ng 15 (81%
yield) of a t;;?aylne yel | ow&soﬁd 100&??( tBu%?i@rlr%q{Z@?Hgggé was added to a
suspensi on of the substrate 10c (500 ng, 1.8 mmol) in 8 mM of tBuCH The
resulting m-xture was then heated to 75 7 h. The solution was all owed

to reach roomtenperature overnight an of HCL(4N di oxane) was
added. The m xtgre . was conceg,tr t ed ur?deraaréﬁlaced 20 pressure and the

resi due obt ai ned dijuted Wt R Et CAc. NaCH.4 add@ ntil a pH of 7
was obt ai ned. The Pc Tiﬁas Epargt ed an d,rl ech (MS™M), filtered,
and concentrated undery reduce pressure to afford Od (31% yi el d)

as a pal e beige soiaad 1H NMR (490 MHz, DVMBO-d): 8 7 99 8.9 Hz,
1H, 7.49 (s, 1H),7.37(s,1H),7.18(s, 1H) 6. 92(d J~839Hz, 1 6 31 (s, 1H,
3.87 (s, 3H), 3.94 (s, 25 3H). 26 Septenber 2003 V\D O@/ 29 49

PCTf CA0O0/ 00353 EXAMPLE 11
f ¢ \
s

13d OH
A, To a solution of compound 13a (623 mg, 3.73 mipol) 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,



Synt hesi s of 4-hydroxy-2(1-pyrrolyl)-7-nmethoxyquinoline (11b) OH OH MaOOwe
A 11b A A solution of the substrate Il a (obtained from lﬁgy?%%ogfter
hydr ogenol ysis of the benzyl group with 5% Pd/ C in ethanol - 5.25
mmol) and 2, 5-di met hoxytetrahydro furan (0.68 nil, 1 eq.) in glacial
acetic acrid was refluxed for 4.5 h and al lowed to reach RT. The mixture
was then concentrated under reduced pressure. The residue was diluted with
met hanol ‘ (ag.) IN was added until pH7 is rea product was
purified 3‘388 rg!rgr’at ography using 10 silica gel (3%/090—!/%% g&gsﬁhe resi due
was pre-adsorbed on silica gel). 140 ng (13%yield) of 11b as a white
solid was obtained. 'H NVR (400 MHz, DVSO-d): 5 7.98 (d, j = 9.2 Hz, 1H),
7.64 (s, 2H), 7.18 (d, j = 2.5 Hz, 1M, 7.05 (br. d, j = 7.9 Hz, 1H) 6. 88
(br. s, IM 6.32 (s, 2H), 3.90 (s, 3H). EXAWMPLE 12 15 Synt hesi s of

4- hydr oxy- 7- %ﬁ&ﬂhd‘kM(@iﬁ@ﬂﬁ%ﬂﬁ)@WSﬁdwmm%ﬁ,Bhﬁ 67220k 1 FHRNM98a 0 12a 12b

(0.520 n. 700 Y305 50 B el e 31 BT b arBode BN ror 2 o The
sol vent and &%ddds BHSd FH)ehbigd, J2008Hz, 1 H), 8.48(d, ] = 1.9 Hz, 1 H).
EXAMPLE 14

5 - Synthesis of 4-hydroxy—7—met'hoxy—Z—(oxazol-S-yl) quinoline (14c):

[¢]
-~ o N\ o, A H N\ o,
OMEM OMEM
4b 14a

OMEM
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



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

m xture under vacuum and the residue was triturated wt ) e
solid material forned was filtered off and the fiItrate%c%ﬁﬂéerﬁ?&aztng to
give the acid chloride 12b (500 ng, 2.6 mmol). B. To a solution of the
crude acid chloride 12b in CHZClIZ (5 nL) at O0C, 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 40 m.) was added. The reaction m xture red a RT
for 16 h. he 0\;/5(’5 atile conponents were renoved under vag‘gﬁé?ﬁﬂ@k%g 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 xt& e was purified by flash col um
chromat ogr aphy, using EtOAc/ hexane (1:2) as the eluent, to obtain the
am de 12c (498ung, P@&XUptiorGrasierfarmsadsydiash ditoradtograptdgSile,23(-4@0nesy) 1. 71
mmwl) in t-BuOH (10 nL), tBuOK (410 ng, 3.43 mmol ) was added and the

m xture was sqqffor%@eésswoeaab@r14b(f}ﬂ89arﬁ9%ﬂ AEN3TO N+ Hdr 16 h. The mixture

was then pouged i ggﬁaﬂg plw 1 |rred for 30
m n. The sol Fd Wa@l trit Sodte é&%qﬂg%qu%wﬁg%%ﬁﬂjﬁéﬁ%r gani ¢ phase
was washed V\Ft-’#tecbmthéqu@mH@l(éNe}mR@mremnwmmmdrfm@dmnahﬂér vacuum The

solid obtai ngé?or‘é’%ﬁm%Eéﬁdéﬁt?ét&ﬂo%}tﬂéss%%cv&&mg'm@résﬂgeWzléQQJ l_%cﬂ@lth derivative
12d (263 nm, 94 (s, 3

589
H), 6. 85- 6. 88?12‘&/%‘“8"‘8@&@3 ‘BHzl ™ splutroniidd) sﬂd@ﬂgeéb%foqqghe progdpct wes 27 (dd, J="
Septenber 2003 “‘“f7‘?“7"6‘38"t““%ﬁ“&d?‘"§&@“’“8“ Eg/sfp““‘éa%g Arehes) s of
e e er n S O
Sy oo 7 o sl 23 TRE Sesied By SRS e qiie ARG as(al%af 15558 SSla

(0.065 g, 100%). MS 2429 (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

Et0OOC” “NHAc A HOOC™ “NHAc
15 (15a) {(15b)

{S5,5-E-DUPHOS (1/500)

£10H
Pyidng, ALO 7 4 D. # COOEt

(1sd) (152) coog - (150
. NaIO, >89% ea (GC)
HO ‘ g | 1}BOGO, DMAP, THF
2) LioH, HO
f%"” J UL
{15¢) &
oH (159)
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



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 m %gq S i3rred
at RT for 2 h. The solution was then acidified with HCl%gg Pigm errﬁﬁo 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 solghi s cooled to -25 C 10 before POCK (O. 73 mmol )
was added. *'Ie', g&%eggftion m xture was stirred at 10C for Pﬁf#‘gg%ﬂ%ﬁshen 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 MgJSO4 and concentrated under $&cuum The crude material was
purified by flash colu hr omat ogr aph usi ng Et OCAc/ hexane (1:2) 15 as
t he el uent, tocﬁ‘l“'\?ﬁt’i‘tﬁ‘gﬁgﬁiw splytion B’ﬁéﬁ&“ﬁ%ﬁﬁ%ﬂi@nwwatesb#beﬁ#ﬂon of the
ani de 13c (617 tigpappBariiice Ofiely drybted) By GiiRtFe WasBuEH ted shQ aWlabundBHOK (490 Ny,

4.11 mmol ) was . added and the 1m xture s stirred at 75C for 6 h and then
at RT for’ 16 hPrerpiatesgpeared. Al ’%%O&raé‘d%%%‘m?%ﬁcﬁwﬁ%ﬁ%&@%ﬁﬂ& (175
m., pH= 7) and{(@52ig @ figd) 8& whitesoliche solid material fornmed was 20
filtered ang tgitur e o .give the guinoli erivative 13d
(250 ny, 26g8e§f errbz(? g%ﬁ%%%%@ﬂ%&%ﬁ%%%@%@e SFEne-k Y NVR:
(DVSO, 400 MHz Mol $c32586 0.073 maeHnd HBOIMO(AL), iB a ML rodndidtbRSabi Hh, 6. 91

(dd, J=8.9&1.9Hz, I H), 7. 54(d, J=1. 9Hz, 1H), 7.60(dd, J=8.9&2. 9Hz, 1H),

7.97(d, j =8. 9Hz aqugpusgsohution ofjsedivgt-peripdpte 81078 6] Dndol@r] dd)in AFBXAMPLE) 14 5

Synthesi's of 45y i@ ¥ud 2 TRIBO X0 %ih LERG exbintldio ML e, f1dc): O

stirred at room temperature for an additional 1 h (completion of reaction confirmed

10 by TLC). The mixture was then decanted in a separatory funnel and the agqueous
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,S)-Et-



OVEM 4b 0 OVEM 14a O—l 14c OVEM 14b A. The protected quinoline derivative
4b from Exanple 4 (3.8 g, 11.8 mmol) was dissolved in @g@pee,ﬁ&qz@bg and
cooled to -78 C before diisobutylalumnum hydride (7.9 nL, 1 equiv., 1.5M
in toluene) was added very slowy over 15 min. 10 After stirring for 80

m n, an additional anount of DI BAL was added (5.5 m, 0.7 equiv., 1.5 Min
toluene). After stirring at -78 C a further 2 h, the reaction vvas

careful ly %HS%&?QWW nmet hanol (4 nL) at -78 C and th 55l Nto
aqueous solutron of Rochelle salt (1IN K-Na tartrate). The t |ck paste was
stirred wwth CH2C12 (300 nL) for 2 h until dear. The phases were separated
and the organic phase dried 15 (MgSO), filtered and concentrated to give a
white solid. Purification by flash chr&fatography (Si G2, 230-400 nesh)

wi th 50% Et OAC /hexane ve al dehyde 14a as a white solid (2. Sg 73% . B..
To a stirred REPE ‘&%%9)0@@3‘3(5(8371‘&? 6)- GLhe Anixtes vasipit BiRL) was

added tol ueenw%%g&geanﬁﬁgﬁ%%&i%md BH a PO 218088 2 . 'ﬁl;ée reaction

was 20 heate 4a (0.10 g, 0.34 nmol) was added. The
reaction m xt uesﬂtia@srdhewwebdvapc&@ted:tdcbynésstdvbmﬂmhmdemmmlrléﬁ ed to

dryness under 26 .Sept enber %%%q%g%%%goﬂo 0100353 53 vacuum

Purification was erforrre I 2, 230-400 nesh) to

afford the &dedir ed Tonaolotien q_f,q;xd@(_()S)@ggrl égcr%t;n/@%&wens@s 19 {®E-3013) +.

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):

A COOH
Br ) -
15h 150



C. The MEM protected hydroxyqui noline 14b was di ssolved in THE

(3 nm) and

treated with aqueous HC1 (IN, 1 nL). The reaction was sbjigpfin{Rf 2683 M n at
RT 5 before being concentrated to dryness under vacuum The residue was

treated with phosphate buffer (3 xnL,1 N solution,

before the product was filtered out, washed wth distilled water
overni ght under high vacuum (60 C, 16 h). The desired hydroxy quinoline
14c was obt

H

Hz, 1H), 7.19 (s, 1H), 6.93 (d, j = 7.9 Hz, 1H), 6.42 (bs, 1H), 3.

3H) .

(21b)

10 iH

ES (a) M5: mz 242.9 (M+ H)+. PEPTIDE LINKER MJ ETI ES (P3)
15 Synthesis of (2S)-N Boc-amn no-non-8-&nhoic acid (15g) OOt 15 Di oxane -
NaOH (1 N) COOEt 1:1 A HOOC NHAc (15b) EtOOC- -NHAc (15a) (15d) C

Pyridine, Arlo (S, 5)-B-D JPHO'S (1/50D) gtCH nlHAc ao ~

10

15

15k

| ID. -
I T seend

-
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 ciibromoethane {0.1 mL), 8-bromo-1-octene (15h, 2.52 mL,
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
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).

'HNMR (CDCl,, 400 MHz) 6 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, ] = 10.0 Hz, 1H), 5.04 (dm, ] = 17.0 Hz, 1H), 5.75-
5.86 (m, 1H).

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.

pH 4.5) and stirred

and dried

' s a tan colored solid (0.065 g, 1009 . o242, .9 (M +
ﬁﬁ&ﬁ%ﬁ%som): 5 8.65 (s, 1H), 8.02 (bs, 1H), P%OEN,SSJ-E S. 9

87 (s,
EXAMPLE



>99%es (GC) E 1) BO 20 DVAP, T W 2) UGH H20 (1=9) CO~ri A. To a
solution of comrercially available diethyl 2-acetam dong$ ggptembéb2003 100 g,
0.46 nole) in dioxane (500 nL) was added aqueous sodium hydroxide (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 to pH J2 with 26 Septenber 2003 WO 00/ 59929 54pPfEAfenedas 00353
concent r at 3&‘&@?39Thi s solution was left to crystallize in an ice-water
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 f orded conpound 15b, (62.52 g, 72% yfeld) as a white solid. 5 B. To a
magnetically stirred enul sion of comerci al | av%i_l.abl e 31 octene-1, 2- di ol
15c (25 g, O.Themixregyassneied 84 10D aHf)%"fe“i EAR TR B6YT Om 1 ask, an
aqueous sol utahRydrehs Aot B HAEF4-@Hatydméhil)-7-oggzoldilG@ lithstmsalt i THFey. , in 475
m. 112 0) wag_agdded.over eriod..of 20 mn i ergLe) . The
resul ting ni xYur e&l&%“mﬁl’f%r &d*ate rdf)néj%efeé%té%lédts%efcgme?réu%g%egg{eg})%naI 1h
(conpl etion ohe sleaadditon clonbuli (A M 6 hyyarks,Z)85 ith 85 AimaliietogdEF¥en decant ed
n a separat ofy SHnele AOGLORARIEONS 1680 HasTSAPREat od from t he

organi c | ayer. e aqueous sol ution was saturat ed v¥ith Cl dtecant ed and
separ at ed f r Gierdnetioymihire wps sstedeh—785n s 1hpitheat R Tl By J§24W et £ r acti ons
wer e combi nedvvasqlgierﬁ:ﬂe%ﬁtﬁ =5 0Glicui soultoA besoaiih Bibifa64 (80D mlv6f'1 M) andalid on pl ug

(in a Pasteur pipette) to give co und _15d 5.135 ol..or oil, 78%
15 yield). T a%aéedé‘b%&f ’i‘f%‘ﬁ“\ﬂg‘g’?‘&&"rr £ “W“E“ﬁ”&%ﬁ*&ﬁ F?‘?‘ F‘?‘g‘g‘zw th

g“hygggg)s MISGH rn15 Bk R RERMJ:SridapnriREre WA Wit REMCONEASD Bg), hept anal
. p. to

10 brined (2 x 50 mL), dried over MgSO, and evaporated. The resillting crude oil was

chromatographed on silica gel, using 15% EtOAc in Hexanes to obtain compound
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, ] = 17.2 & 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 mL) 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)  1.32-1.45 (m, 6H), 1.45-1.6 (m, 1H), 1.75-1.88 (2, 7H,

rotamers), 2.01-2.11 (m, 2H), 2.82-2.87 (m, 1H), 3.33 (dd, J = 134 & 3.2 Hz, 1H), 4.10-
30  4.28 (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,




obtain an additional amunt of conpound 15d (1.957 g, colorless oil, 10%
yield). Total yield 88% C. To solid ethyl 2-acetam dosgl 7.57
g, 40 mmol-.) was added 6- 20 heptenal 15d (4.48 g, 40 rggnoglé?%eigpgél on 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 another portion of
et hyl 2-acetam domal onate 15b (2.27 g) was added. The resulting m xture
was stirregoabsmmom tenperature for an extra 11 h. | ce ECEEAAYSRas 25 then
added and the solution was stirred forl.5 h, then the mxture was dil uted
with 250 nL of water and extracted with tvvo portions of ether. The etheral
solution was washed with I N HC1, sat. gaHCCB, dri ed Na2SO4, concentrated
and purified by fl ash chromat ogr aphy f OQAc40% / hexane) to give conpound
15e (4.89, 5Q¥ vield) as a pale yellowoil. 30 D. To a degassed (argon
“bubbl i ng for mn.) solution of Z-et g/ 2-acet am do- onadi enoate 15e
(8.38g, 35 mml) trnadmyecetohwmbfa@mdnm Ix%zéﬁ%léas(“g‘oﬁ)“‘@hyg@"éeptenber

2003 WD 00/5 00 s charnbl = 496

The i xture &)5%8 @ST@SS%?{ “0 thea‘?d qg%?gp‘%lgé_éf vacﬁﬁin:tﬁggcycl esg
and stirred Qﬂhﬁdr%Me@HaﬂhnUf %EWEWeSW@%FTf%QhM%MF@% evapor at ed
to d t bt d th
obsetuont AP LB b [P A PU g qres kG okl MO ob 1 | e
(S)-ethyl 2-age 9%@%@dﬁegg%@gg%gogﬁn%ﬁzsmn&@mm%g BaFHE (100 ni),

Boc20 (13.2 d. 0.2 eq) were  added, and the

reaction m xtjiter Y}ﬁ?a&j@s@éﬁdsﬁxmrﬂrbm%&ae@eh)msmmhwwst of the
THE sol vent was evapor ated, the crude m xture % Iut ed vvlth CH2C12 and
washed with ktRTH#E16/n Pent dithe digxang s gvapREtadipdy” Fayer was

further 10 e@x&é&éﬁ%é@&lﬁmﬁ@h@r'aﬁeaﬂgé&lbemu&meddt&zbdnwmbcﬁoanhydr ous

V\l\lna t2 E%Hgn{josoclg{,l);: Sr?édraaf;[deevaporatec[ %geléy ue Ol-)rtglefleg : gg&r&ﬁﬁgﬁgﬂhe%ﬁ Sﬁl@g n dl l ut ed

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 (mm, 1H), 5.74-5.84 (m, 1H), 7.22-7.36 (m, S5H}.
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.



and water (30 nL), LiOH H7O (2. 54 g, 2 eq.) was added and the resulting

m xture was stirred at RT for h (conpletion of the hy @eﬁ oS oWES
confirmed by TLC). The reacti on mxture was concentrated uhder vacuun'
renove nost of the THE 15 solvent and diluted with CH2C12. The resulti ng
solution was washed with I N HCl, dried with anhydrous Na2SO4 and
concentrated under vacuum |In order to renbve mnor inpurities and excess
Boc20O the crude product was purified by flash chromatography (using a
sol vent graigesdozd r om 100% hexane --100% Et OAc as the RATWAMPI3SThe titl ed
corrp'ound 15g was obtained in high purity as a pal e yellow oil 20 (5.82 g,
71%vyield). Y1 NVR (DVSO, 400 MHz): S 7.01 (d, | 8 Hz, IH), 579 (tdd, Jt
=6. 7Hz, Jd=17. 0, 10. 2Hz, 1H), 5. 00( and, Jd=%¢. OHz, 1H), 4 93(mj Jd=10. 2Hz, 1H),
383(m 1H), 200(q, j = 6.9 Hz, 2H), 16515(m 2H), 1. 38 (s, 9H)
1.35-1.21 (M gxRkde 16XAVPLE 15A 25 Alternative synt hesi s of

(2S) - N-Boc-am no non-8-enoi c acid (Ixy h 1 Septenber 2003
VO 00/ 59929 58yrthesism§ QSN Rosenyn% ’308}4‘9:‘*“%“%& E‘F’?\’F“@g"' éﬁsgf)ensi on of

finely cut My ribbons (0.55 g,,22.5 mol) yn dry THE (30 nL) contai ning
di br onoet hane (0.1 m_) 8- brono@l - octene. (15h, g2 52 g1c 5 15 nmmol ) was
“added dropw se over, a Bga‘odg bc@qmrn\i:fr e reac“H’on |3s slightly
exot hermc]:. Aft & %’ﬂ/ * the' mi xt usle was/’heated #q 38 for 1 h and then
cooled to -78 befor t was added via a_cannula o ;exgess anmount of
solid CC2. The e—'lozH ~ ° : |
162 16c
la.
BocHN\_;,COZCHE
oj\/\;
16d

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%).

' NMR (CDCL, 400 MEz) 5 1.44 (s, 9F), 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, ] = 17.2 Hz, 1H), 5.91 (m, 1H).




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 féf-dﬂe hd was
obtai ned 10 which was purified by chromat ography on sil ??:gég Elzﬁ%é 15%
Et OAc in hexanes as the eluent to give conpound 15i in 62%yvyield(1l.44 g).
1H NWR (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 I“!,% 3o B. To a vigorously stirring solution @érftmmo:gs boxylic
acid 151 (1 %] § 7 mmol) in anhydrous THE (70 nlL) at -78, freshly
distill ed Et3N (1.6 nlL;11.3 inol) and pivaloyl chloride (118 ni, 9.58
nmmol ) were added via a syringe under anhydrous conditions. The m xture was
stirred at -78 for 15 nin and then at 6%for 45 nmin. 26 Septerrber 2003 WO

00/ 59929 PCT/ CACQ.00353 57 The ure was cool 4 ihen
transferred Wa a¥f Béﬁ‘i‘fﬁ?dasm}‘i’t’ﬁoétﬁtréﬁ%\(ﬁgl’d}ﬂgﬁg %ng@é 1165:511101‘?'

4('S) - 4- (pheny] 1%&% thdéy B %miwameea dida Mfﬂx%ﬁ-ldtudd& MfatabspherdB; the
e

lithiumsalt of t oxazo i none reagent een previ ousl(}; prepared by
t he sl ow addlthemastnflﬁﬂ(ﬂlsalg 2@ @Diniiry PMFR ai e sThernigmreyas stigedzatgp| ) into a

THE (20 5 mb)e, SOl it Qi ww&aga&aéamérmﬂ( zsggaazaau%rme)ddeHE at 78.

The reaction mXture was stirred at - for 15 mn then atﬂg&’&% 1.5 h.
Final ly, ig% witsEigdeROmeld- whe BOAs selytienties washed wish 00NN ieowf sul fate (100
nL oof 1 M anghfife iﬁﬁ)eamﬁtee%ot:ﬂecal'ﬂle%mdubﬁab Birbmatbgphadrod. The

resi due was extract ed wth Et OAc and t he rgani c | ayers
vere washed Vilknedosing oty ¥94¢ g xﬁ’i‘_ asei‘l‘f“btf’lghvéao’f@oufd%&(@g)g? &dried over

MySO4 and evapadatspd. The resulting crude oil was chromat ographed on

silica gel qsm 15%EtOAc i n_Hexanes to obtain_compound- 15 in 68%yield
(1.880) . W}%ﬂf@&%%‘ﬁ#ﬂ %&%32571(‘“6%&’15%% (m 2H),

2922 090(”1(@3?8{43%:%1{&%) 155 S mrd, 978, @2'8')(13::1,31-34’;93(&}2 @n 2H)
?1 Sé Egd j —199@112)5@11@?1;{)16%@&@5005197(@{ 57455 s 4 L (m 1h,

ExaMPLE 17

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

NMMO
AB.CD NHAC H BuOHI'l-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




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 nmL)_.at -7

cannul ated a solution of the acid derivative 15 (3. 259,6%@???6‘%8\#:%@% in
dry THE (40 nlL) at 78. The m xture was stirred at 78 for 45 min. To 20 this
m xture, a solution of trizylazide (3.67g, 11.85 nmmmol) in dry THE (40 nl)
at 78 was added. The m xture was stirred at -78 for 3 mn then quenched
with acetic acid (5 m). Subsequently, it was stirred at RT for 1 h and 45
min and fiWQIOM§92% 40 for 15 nin. Mst of the THE was EFARIMABEY. The
residue was taken into EtOAc (100 nL) and the organic solution washed with
H20 (50 mL), 5% NaHCO3 (3x 50 25 nL) and brine (50 ni), (MyS™4) and
evaporated. The oil obtained was chrgqgat ographed on silica gel using
Hexane/CHzCl2 (1 / 1) as the eluent to give conpound 15k (2.47g, yield

679 . 1 H NVR(LXrh3ed AROEMA) TR digddc lltyéala(s mrt}@l’i)vas}kd%ﬂ\ © and
(m1H),1.75-1.88 (2, 2H, rotamersf 2.01-2.11 (m 2H), 2-2.87 (m |IH,

3.33 (dd, j. brin3, dkie o%er?anh!?.droﬂ.d-MgS@aiﬂevafﬁﬁraﬂed&Bd@ﬂessZH]ﬁ&d&lB’Z%s?Z (m 1H),
4.90-5.05 (m_ 3H), 5,73- 5 mlH), 7.17-7.38 gm 26 o?gﬁ:sfgnber 2003 WO
00/ 59929 58 Peansdinkzaess aﬁ'ﬁsﬂash@m%%%‘ﬁf’ﬁa@ Y $3r&t 5B anhydr ous

Snd 2 (2.61 goﬁas&emﬁt)mw%@anxoismgs MeCH (80 nL), a solution of the
azide 15k (2.45 g, 6.9 nmol) was cannulated at 0 in anh:}/drous MeOH (20
nL). The T xK-ur e Tragoletion ofetipl 37 (RF75 g 1-73mpolm EHEEEY (ds EXFéBEr ated and

t he foany ned s take i oxane/ 120 (100.. 20 L) and

treated wi {Tﬁ\@ 3@68@3 g'@mdl a;}d?fﬂ %; 4 ol ) (pH

adj usted to Br Wk 55 nTBIE: JNatIGEE: dofvelm&edeﬁﬁse Qg F@nd%élbjdéﬁ Hﬁﬁorst irred at

RT for 16 h. Part of the dioxane was evapor at egﬁgwgg& ?ﬁg “aﬂ resi due was

extracted t viRIET ViCRHm eREke remmRing FGUTe 28 B ERCTe RESHEE Wt h brine (2 x

50 10 nl), drtiee8mbingd eigagiolagére trere Hirthar @asicdevitiiaaquedus/ddtsic edid onet ogr aphed

on silica
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) in 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,



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) 26§§%n§b§r2§§‘g 1.80
(m 11-1), 2.00-2.08 (m 1H), 2.80 (t, J =12.1 Hz, 3
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 & 3¥r|vative 151 (1.74 g, 4.04 mmol) in JHRLiE8ReskyS nL/ 15

1- 202 (ﬁﬁ/9 w, 2.05 mL, 162 nmol) and LiOH H20 (0.34 g, 8.1 nmol)
were added and the solution was stirred at 0 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 citri®acid and the mxture diluted with
Et OAc. The aqueous fraction was extracted once nor @nw]'ﬂ_bh % and the
organi ¢ sol uBHbA 188 e RetPoridtde. Hibk hibei e, 1" édmatid & By ed. The
resi due was mblrl@mtm%agmeﬂmm $-3xxe, 9H), 498 (dag J2Q%HL KE)E.00 @nft OAc as the
eluent to give the 25 free ¢ ylic acid 159 (0.76 g, yield 70% . This
conpound was JFi¢&ktE LH)- 57?’155‘?‘%“' %s ects to the one obtained i n exanpl e 15.
26 SeptenberEzﬁqafw@ 00159929 PCT/CAOO/00353 59 EXAMPLE 16 Synthesis of
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= '
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O &)
A oH o B o C o o
o — 0/ i O/ USRS . on
NHBoc NHBoc
NHBoc NHBoc
18a 18b 18c

18d

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



"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% IC’A To a %ﬁl
stirred solution of the nonoallyl ester of nmalonic acid ? .egt?"“g’,e"i 4

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 10 solid My salt 16b, was dried under vacuumfg(jr; %? /t d utam c
aci d deri vHO0§893%a was first mixed with 1,1 -carbonyl i &Y WATE o (1.65 g,
10.21 mmol ) in anhydrous THE and the m xture was stirred at- RT for 1 h in
order to activate the free acid noiety. Subsequently, the activated
glutam c acid derivative was cannulatggd into a solution of the My salt 16b
and the reaction mxture obtained 15 was stirred at RT for 16 h. It was

t hen dil uted bbfo&hthEbdDﬁﬁltandetdammdgaﬂeiraacsoinuﬂh@resmomgme@mﬂilﬁﬁ 0.5 N
“ice-cold HC; brin rde si due. obtained was

chr omat ograph‘%?f“ﬁndeag’ls %cégrglg g%egxégf’%é&%@%ﬂ}g%é&?n hexane as eluent to

gi ve conpouncExk6eLg 19 85 g, yield 53%9. 'H NVR- (CDC13, 400 WMHz) 1 1.44 (s,

9H), 1.85-1. %ig%&s%}‘%s 3%3)-NB e 2231114\933(;11.&%5&%11561:&9:1& dd4d (192) 2H), 3.48 (s,

2H), 3.74 (s 34 (m 1 5.7 Hz, 2H), 5.09 (m
1H), 5.25 (d =10. 2 B5cH§4 cdm. J §17.2 quwocu5 91 (m 1H). 26
Sept enber 200 “%«@?5372%9 &, ik CAO0L00353 “Kf0 a SEi rreg sol ution of
tetrakis (tri pheu&gc hos—pm—ﬁ?) Pd (@)\@0 116—g—5 NMoh,c¥h g mmole) in dry
DVF (7 mi}was af %w ath si rl%%/and tnder aBN2 at m)s,gpere t he diester
16¢c (0.687 g, 2 rl) in dry %3 m_) The m xture was stirred at RT
I 1)0.2 MNaOH, 1.5h
2) allyt indide
c
BocHN. _COH  g2mNaoH,24h  PORN ~COCH,
. HSC”:\S¥ i HSCAS¥ .
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%




gp{ 3.3 h. The DMF was evapor ated under
iluted 5 with EtOAc (20 nL). The Et QAc sol uti on was magg%g t.h
eﬂg W%gpgﬁe was

ice-cold HO (5 nL), brine (10 nmL), dried and evapor at

chromat ographed on silica gel using 15-20% Et OAc in hexane as eluent to
gi ve conmpound 16d (0.253 g, vyield 42%. 'H NVR (CDC13, 400 N%E) 81.44 (s,

OH), 1.84-1.94 (m 1H), 2.08-2.22 (m 1H), 2.33 10 (dd, j = 14.0

1H), 5.03 Y@< 17.2 Hz, 1H), 5.00-5.10 (m 1H),

EXAMPLE 17 Synt hesis of (28 5R)eN-Boc-2-anino-5-nethy|

(170 Oso,

PhCH, f TFt FHAc 17f -CO ,H H. 170 COZEt G 0 17d CO2Et 15 A B, C D.

Conmrer ci alji éylamz(ndfvahg)e (R -(+)-citronellal
am no aci erivative 17b follow ld Cis th
previously Bescriafsiyten gk Ftér%g(#gf“gf]ﬁfrEQvaer |5|on d?%ﬁﬁﬁﬁydeoigd to
am no acid sdgleslss@%ﬂinaa 8¢ A2 NaBH CarAN) wWae addda 208 11 ihixGue Badstimdh) Was

di ssolved in

5

10

15

20

m xt
RT for 1.5 h. Aliyl 1od1de (0.292 mL, 3.2 mmol, 2 eq.) was then added and stirring

- was continued at RT for an additional 30 min. The reaction mixture was

concentrated to half of its original volume and then extracted with EtOAc. The
aqueous layer was acidified to pH=~3 with cold aqueous 0.5N HCl and re-extracted

with EtOAc. The combined organic layers were washed with brine, dried over
anhydrous MgSO, and evaporated to dryness under vacuum. The crude reaction

mixture contained at least four products; all of the products were isolated after flash
column chromatography on silica gel, using hexane/EtOAc (gradient from 9:1 to 31

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),

3.24-3.29 (m, 1H), 3.77 (s, 3H), 4.50 (dd, J=8.6 & 3.8 Hz, 1H), 5.12 (d, J=124 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
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.

reduced pressure and the residue

& 7.3 Hz,
2H), 2.45-2.55 (m 4H), 3.74 (s, 3H), 4.28 (bm1H), 4. 3%n%9§gm%$ 10. 2 Hz,
non--8- en0|r-
: NVMO C QH, , NHAC ~!" HI | Ol acetoney | z ABCDS=t BuO
21 Boc=D 1) PhCHBr  CH DVAP. THE CH3 Ké4DS CH NHBoc 3) t iOH 820 tVHAcC

17a was first converted to



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 GMXH (2.5%wWw in tBu 067
mol ., 0.012 eq) were added consecutively and the react %'ﬁeﬁ%ehdl%gogsvas
stirred at RT for 4 h. Mdxst of the acetone was renpved 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 %[}%A(wﬂ)%}r ated to
dryness. TWEOY98® 17c was obtained in high purity aft & ash col um
chromat ography using 1% EtOH in. EtQAc 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, g 3 eq.) was added and the reaction
m xture was stirred at RT for 3.5 h. Mst of the THY sol vent was
subsequent | yexevmyed by evaporation under vacuum and the renaining mxture
was extracte it h AG. __{ggm_g__ 16 4 L EanbRUERS were
further mshe&‘vﬂvﬁsfmogg%g&égés Cl tﬁeg&g%%&%%bgmttﬁlé%ﬁm(ugﬁ;go m.), 5%
aqueous NaHCE@8c(20 nml) and brine (2x50 rnL), then the EtQAc sol ution-was
dried over anhydrgus MySO4 and evapor at ed ryness und/gée/@uum The

al dehyde internedi atg 17d (0.47 g of Gdg produft), wass d rn the next
step without fHEFRET burifichtion. Ao @50l urien of Ph3dEHBBr (925 ny,
2.6 mol) in anfydieus tokuemed 15 15 M), KHVDg (0*5Min tol uene, 5.2 ni,
2.6 mml) was added and t h&Mi@MsPow suspensi on Togomed Was™&firred at RT for
30 min under N2_2After thatpeci®d, theé® suspension was f¥rst cooled to 0C,
a solution of the al dehydeyddd (0.47 g 1.73 mmol, dissolved in 15 nL of
anhydrous THY) was added via a syringe and the m xture was allowed to
warmup to RT. After stirring at RT for 1 h, nost of the THE was 20 renoved
by evaporati an unidBeniaiiZeamuinn?0af44@eg, b rG@was digselverda EWME/ DMK GH xture and

R I S R 5 00,

and 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




evaporated to dryness under vacuum Pure conpound 17e i sol at after
purification by flash colum chromatography on sili caz\éﬁqp%‘?ﬂo?%gﬁes

hexane: Et OAc (3:2) 25 as the eluent, in 63%yield (0.29 g) for the two | ast
steps. The hydrolysis of the ethyl ester and sinultaneous 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
conversi on of conpound 15f to 15g (17f, 310 ny, quankf¥ M“{Pa:}?’ 1H NWR
(CDA 3, 4ffeodkizy: 5 0.88 (d, J=6.4 Hz, 26 Septenber 2003 WO 00159929 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)-thr LRe (18d) 18a A

Boc- (L) -t hreonine lgg'o éggwmgousmg&)&méIeyaRREée‘ip‘éfif’F‘ﬁ%'%bg?ssol ved in

CHz2C12/ IVEO—FaQ’?VYﬁf’fi& m., respectivel Qe %ﬁgﬁ&eﬁssmmmdicof di azonet hane
in diethyl, ﬁ]ﬁ,g\dmvﬁﬁ@vwafua%ﬁ)‘ééhelfﬁ "t he yel | ow col or persi st ed,

i ndi cating the 10 pr.es urExa»as di azonmet hane. Upon evaporation of the
sol vent's, cirtjghito “F’ﬁkﬁfﬂ%‘g‘fg 18b was obtained as a cloudy white oil (0.534
g). B. Internediate 18b (311 ny, 1.33 mml_ba) piaggel ved i n anhydrous
di ethyl ether (8 r’rkbrcﬁﬁ?ﬂm:ﬂwﬁﬂk@mfr i mmol )’ _and freshly
activated 4A nol ecul ar _si Fves (iho Bactidrs Bahd iy solatf wdﬁw}ﬁd&xﬂ% L, 1.47
mol ) was adrhegenesalpreseduse fESHF OR flas‘ib Z]B?O Egge m xture was stirred at
reflux. Two r@&apgags&maanowcmw%ﬂ%‘ﬁ’d G L, 0.50 mupl .. fach tine)
were added arter a period feeggsegf@me@a&misemhpmﬁm?‘???qg%v\%s continued for
a total of 3Bheberreed S HEA T Hhe m xt ur vas .filtered through celite and

purified by jd.amhakotipaptices PivdotPapfy’ on silica gel, using

10  EXAMPLE 21
Synthesis of acyclic tripeptide 21e

HN
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inoli describ
available Boc-4(R)—hydroxyproline and 4-chloro-quinoline as eh s
00/05543 and WO 00 /09558) (1.32 g, 3.68 mmol) and the crude homoaly
15

53,4.02
in CH,CL, (10 mL), NMM (1.2 mL, 10.05 mmaol) and HATU (1.53
” tirred at RT for 18 h.

21e

(~3.35 mmol

i ion was S
were added in succession and the suspension

> orated and the crude reaction mixture was

After that period, the solvent was evap




Et OAc/ hexane (1:4) as the eiuent, to give 73 ng (27%yield) of conmpound 18c

as a 20 clear oil.. 1H NMR (CDCl., 400MHz): 8 1.21 (d, 1.45
(s, 9H), 3.75 (s, 3H), 3.82 3.87 (m 111), 3.99-4.07 ( 2@%}“%@2%3%

J=9,5 & 2.5 Hz, 11-1), 5.14 (dm J=10.5 Hz, 1H), 5.21 (dm J=17.2 Hz, :
5.75-5.84 (in, 1M C. The ester conpound 180 (99 rrg, 0.362 mml ) was
dissolved in a mxture of 25 THE/ MeOH H20 (2:1:1,4 nL) and Li OHH20 (61 ng,
1.45 mmol) was added. The solution was stirred at RT for 2 h and was t hen
aci dified WAHSPRPHC to pH -3 26 Septenmber 2003 WO 00/ 5¢Y EGHo4puRess

PCT/ CAO0O/ 00353 before the solvents were renoved under vacuum The resulting
oil, conpound 18d was used as such for the synthesis of macrocyclic

i nhi bitors. EXAMPLE 19 Synthesis of (2§ 3S)-N

Boc- 2- am no- 3(nercaptoal | yl ) butanoic acid (19e) BocHN~-~CO2H 1) CH2N2

ggg I'::kl_l" mC(ZJ G’@edx&!vl@ GIEORY (301, Slisofich wekRash8@wiiB% adueous BaBICOAS - K B

(2 x 10 mL), brine (10 mL), dried over MgSO, and evaporated. The crude product
was purified my chromatography on silica gel using 8% diethyl ether in EtOAc as
the eluent to obtain the desired diastereomer of 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, 41), 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 HCI (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 MFz, rotamers in 6:1 ratio} chemical shifts of major rotamer &



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 COEB ng 9a 8 1
mol ) was dissolved in pyridine (5 nmL) and the solution %Q%‘Elﬁﬂrgé 30 oC
in an ice bath, tosyl chloride (2.3 g, 11.8 mml, 1.3 eq.) was added in
“smal |l 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 H2O (100 nlL). The ether layer was further washed with 0.2N
HC1(6x100 MO)005992° brine (100 nl), dried over anhydr ousr%%@ﬂ’,m% | tered and
concentrated to dryness under vacuum Purification of the crude nateri al
by flash colum chromat ography, wusing hexane/ EtQAc (gradient from8:2 to
7:3 ratio) as the eluent, led to the igglation of tosyl derivative 19b in
85%yield (3.05 g). 15 B. To solution of internmediate 19b (775 nmg, 2 mmol)
i n anhydr ous 1 PMr.2% 8n,2H),113k (s, PHJ, 3251 8N4l THR 2 20-AR2(o{, 36} 2126-2.33(2 mmol , 1. 6

eq.) was added a r tiagn 1 t _ 4 h. M
of the ove wi®) 2R SRl el Rt I G- PRl eel (L O ha
partitioned ket wsan)EsDAdd, Ard.3H2D4 HENE), 487detns, Hy 816 (s §-2Hedkk act ed with
Et OAc, the c%gt ngﬁg)’%{%%%g?é fe%@z d‘\rgﬁrzes_gﬁzfvy@ﬁhgg_y\%t@,j}r)jm,(dgyi ed over

anhydrous My evapor ness.
5 - 7.0 & 1.3 Hz, 1H), 8.03 (d, ] = 8.6 Hz, 1H), 8.17 (d, ] = 8.0 Hz, 1H), 8.78 (d,J=51Hz,
1H).
MACROCYCLIC PEPTIDES
EXAMPLE 22

General procedure for macrocyclization via olefin metathesis
10 Inall cases, the tri-peptide diene was dissolved in CH,CI, at a concentration of

0.01M and the solution was deoxygenated by the bubbling of argon (~1 h for a

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.



Purification of the crude material by flash col unm chromat ography using
hexane/ Et OAc (4:1 ratio) as the eluent, led to the isol %%ﬁn of, c 5@ und
19c in 80% 26 Septenber 2003 WO 00/ 59929 PCT/ CA00/ 00353 %“%Ff%

C. To a solution of thioester 19c (465 ng) in RO EtCH (3:5 ratio, 8 rrL)

an aqueous solution of 0.2M NaOH (2.4 nlL) was added and the m xture was
stirred at RT for 1.5 h. Alyl iodide (0.292 nL, 3.2 mmol, 2 eq.) was then
added and stirring 5 was continued at RT for an additional 30 m n. The
reacti on nweboessaas concentrated to half of its origiPERICAIMI%AYe and t hen
extracted with Et OAc. The aqueous |layer was acidified to pH=-3 with cold
aqueous 0.5N HCl and re-extracted with EtQOAc. The conbined organic |ayers
were washed with brine, dried over anhydrous MgSO4 and evaporated to
dryness under vacuum The crude reaction 10 m xture contai ned at |east four
products; al (&8 products were isolated after flash colum

chromat ography on silica gel usi ng hexane/ Et OAc (gradient from91 to 3:1
rati o). The Synthesisgfanastocydhis interme F‘%‘}S conpound (TLC RF = 0.68 in

hex/ Et CAc 4: 1) corrmgsponded to the desired product diod (83 ng, 18% yield).
1H NVR (CDC 3, 400 ): 81524 (d, J=7.0 Hz, 3H), 1. 6(s, , 3.13-3.19

(m 2H), 15 3.24-3(29 (rﬂ\%ggfrs 77 (s, 3H), 4.50 ({d) J=8.

5.12 (d, J=12.4 Hz,N g (dd, J=18.4 & 1.3 HzN
Hz, 1H), 5.75-5. (m 1H) A solution of the osfhy
0.287 mmol ) . |nNE 1, xnt—was T xed wit NaOH (0.2 N,
1.3 m, O.26 mml or tRTand f or 1hatN40 C. The reaction

f a
m xture was ac |f vvlth | d aqueous HO (0. HCl, at 0 C,
pH-4-5), the 238npved under vacuum an rer@dbni ng aqueous
m xture was ex racted wi th Et OAc. The organi c sol ution was dried over
MySO4 and evapoy ate 45V 9SS7 BB &I bt #obntOAREd 19e. Conpound
19e was usedg fu% gf %ﬁa? @ %?%em S ﬁ ﬁﬁ}g %ngrs W t hout any further
purifi cat Eonm@aro%msrdaexygam by bubblmgArforZh Hoveyda's catalyst (262 mg,
0.434 mmol, 5.5 mol %) was then added as a solid and the reaction was refluxed

19d (83 n,

ak

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).



WO 00/ 59929 65 PCT/ CA00/ 00353 EXAMPLE 20 Synt hesis of
(S) - N-Boc- 2- am no- 3- net hyl - 3( 1- ner capt o- 4-buter yl)buta cid c) sH
CO2H A 2 1) CsOHH20 DMFIDMSO 20aBr 2) Boc20 a H3GC-: Ragéﬂ?mg&ﬁgc
NHBoc 20b UGH S CO2CH3 NHBoa 20c 5 A- L-Penicillam ne 20a (448
mmol ) was dissolved in DM/ DVSO (5:1 ratio, 6 nL), 4-bronopentene (0.46
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 ntg
1.25 eq.) WaPusHaed to the nmixture and stirring was corBGHfc980
12 h. The DWMF was subsequently renoved under vacuum the

addi ti onal
renai ni ng
5
10
15
20

&

70

EXAMPLE 24 '
Synthesis of macrocyclic intermediate (24b):
O

_Meo)k@:jm
=
o
LIXE
N

3.7 \/\1‘ AT o

A solution of diene 24a (2.76 g, 3.82 munol) in anhydrous CH,Cl, (600 mL,

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
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).
'H NMR (400 MHz, DMSO-d,) 5 8.69 (s, 1H), 8.13 (d,] = 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-
1.65 (m, 2H), 1.55 (dd, ] = 4.8 Hz, 1H), 1.485 (dd, ] = 4.8 Hz, 1H), 1.41-1.30 (m, 7H),
1.16 (s, 9H). MS; es’: 7954 (M + H)".

ng, 3

3.75 mol ,
-an



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 S wa heg ith
brine (2x), dried over anhydrous MySO4 and evaporated € 8PVH§?§ 9@§give
the crude carboxylic acid 20b. B. Purification of 20b turned out to be
difficult, thus the crude product was first 15 treated w th diazornethane
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 eluent, to obtain
190 ng (206my/edesk) of the pure nethyl ester 20c. 'H NVRCTABQUVNBE, CDCL): 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 subsequentl’y dissolved in TBT/ MeOH H20 (2:2:1
5nm), Llcrwgg%éagzgg, 2.0 mol, 2 eq.) was added and the reaction m xture
stirred at or 4 1t to hydrolyze the ester 20c back to the acid 20b.
The react i onSyrthesisraf compaungd 2028208 ffakla%) 0. 5N HC1 to pH=4-5, the THE and

MeOH were evaporated to 25 dryness and the r i ni ng aqueous sol ution was
extracted with Et OA he Et OAc 26 Sept enbe 03 WD 00/ 59929 | ayer was
dried over anhydr g S, and evaporate dryness to give conpound
20b, which was usdd )h the subsequ synt g Of macrocygd.f% inhibitors

PEPTI DE AND
sol uti on and
WO 00/ 09558.

wi t hout further puryfi -qn TI.DE RVEDI ATES ™A
TRI PEP The gener al profgﬁzgéqgﬁr plT Ty TEACt |
speci fic exanples theregfjare de i I

These procedures have beenjused_for nt er nedi at e
di peptides 26c, 30a agenN(T (“pept de5123a, 24a, 3la, 3&a, and 33a. 10
EXAMPLE 21 Synthesis of acyclisetripeptide 21le

O NOO

CO,H _
oy H
—_— t:ﬁhm’u
N
c
oil C
. —_—
BocHN™ %

compound 202

AcHN
compound 203

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%



H2N If A 21b 66 PCT/ CACD/ 00353 C. o BocHN Hw ' 2le NHBOC -~ CO2W 21d H
21C A. To a solution of the proline derivative 2la (prepar fr.0
comercially avail able Boc-4(R)-hydroxyproline and 4-c%€or§£e&1uﬁeﬁgp??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 ev d the
crude reacNUWSM2%t ure 26 Septenber 2003 WO 00/ 59929 P%W%QSB 67

redi ssolved in EtOQAc (30 nmL). The solution was washed w th 5% aqueous
NaHCO3 (2 x 10 nmL), brine (10 nm.), dried over MJSO4 and evaporated. The
crude product was purified ny chromatpgraphy on silica gel using 8% -
diethyl ether in EtQAc as the eluent to obtain the desired di astereoner of
conpound 21b 4igRest9 U1 kst100% /T3, ENab Bithintparadorpeachaias i ymogbousot

det er m ned).
white solid (11.8 mg).
"'H NMR (DMSO, 400 MHz): § 1.12 (s, 9H), 1.20-1.24 (m, 2H), 1.32-1.40 (m, 3H), 1.58-
1.62 (m, 2H), 1.68-1.78 (m, 3H), 1.95-2.02 (m, 1H), 2.08-2.18 (m, 2H), 2.42-2.59 (m,
5  2H),3.97-4.00 (bd, ] = 9.8 Hz, 2H), 447 (t,] = 8.6 Hz, 1H), 458 (d,] = 11.8 Hz, 1H),
522-5.29 (m, 1H), 5.46-5.54 (m, 1H); 5.66 (s, 1H), 7.12 (d, ] = 6.0 Hz, 1H), 749 (d, ] =
3.5 Hz, 1H), 7.68 (dd, ] = 7.3 Hz, 1H), 7.98 (dd, ] = 7.0 Hz, 1H), 8.08 (d, ] =83 Hz,
1H), 8.21 (s, 1H), 8.35 (d, ] = 8.3 Hz, 1H), 9.08 (d, ] = 5 Hz, 1H). '
C. The macrocyclic compound 25a (20 mg, 0.033 mmol) in dry CH,CL, (1 mL}
10  was stirred in presence of 4M HCl/dioxane (5 mL) for 1 h. The mixture was
evaporated and dried carefully. The residue was re-dissolved in CH,CL,/DMF (3
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  'H NMR (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, J = 12.1 & 3.5 Hz, 1H, Pro-5), 441 (dd, ] =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),555-5.61 (m, 1H), 5.73 (bs, 1H, Pro-y), 741 (d, ] = 6.3 Hz, 1H), 7.64 (bs, 1H, Acca-
NH), 7.80 (dd, J = 7.9 Hz, 1H), 8.03 (dd, J = 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).



"H NVR (CDCI 3, 400 MHz): 5 0.93 & 1.01 (t, J = 8.3 Hz, 1H rotarrers in
ratio of 3:7), 1.14-1.35 (m 2H),1.44 (s, 9H), 145(s 1.50-1.82 (m
4H), 2.08-2.24 (m 2H), 2.32 (bs, 0.7H), 2.63 (bs, O. 7@151)%9@@?@%3
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 rotamers), 7.42-7.58 (m
3H), 7.63- 7.73 (m 2H), 8.04 (d, J = 8.3 Hz, 8.11 (d, 8.3 Hz,

1H). 8. 74WQWE9R 5 1 Hz, 1H). B. To a sol uti on of thé’cﬁi%g%‘{"?%e 21b (137
ng, 0.248 mol) in dry CH2A 2, a solution of HO 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 underyghi gh 15 vacuumto give the free

am no acid. The m xture was dissolved in diethyl ether/MeOH (3 L/2 gL) and
treated wthoawmiight excess of diazomethane dissolved in diethyl ether.
After 30 m he. e %CESS di fle was destroyed wth the addition of
HO (4Min dlns té}rllees)s dn?%ed?rslﬁxﬁ%%{e&ms evaporated to dryness to obtain the

HCl salt of conpound 21c which was used in the next ste wi t hout any
purification. C. To a sti rredAsuspenS| on of the &4 ti'de 21c (0.23
g, 0.48 nmmole) in Cl Z 635«&&&; ’§dded in succe n the
(2S) - N- Boc- am no- hept. 64 ¢ “(Qud51 g, 0.62 %mol ) NWM (210
p.L,1.91 nmol ) apwehw anﬁ ba, (9°°'6*2 ol e) and t hef @ewas stirred

at RT for 16 h (the pHM:was adj usted to%8 with 25 NNM &fXer h if needed).
The CHzZCl1l2 was evaporated, the residue taken into EtQAc (:20 ) and the
organi ¢ sol uti on washed with 5% NaHOO3 (2 x 20m.), brine (2 x 20nmL), dried
and evaporated. The crude conpound obtai ned was chromat ographed on silica
gel (50 m., 2% Et OH Et CAc) to give corrpound 2le (0.139 g, yield 46%. 30
"H NWVR (CDC13, 400 WHz, rotaners in @zl ratio) chem cal jfts of major
rotaner 5 26 Septenber 2003 “WB;GQ7'§9929 PCT/ CA(C36’ 8 1.21-1.27
(m1H),1.36 (s, 9H),1.45-1.51 # TH) , 220222( 2.28-2.37 (m

B
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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



1H), 2.90-2.99 (m 1H), 3.66 (s, 3H), 3.94-3.98 (in, 1H), 4.29 (bd, J = 9.9
Hz, 11-1), 4.46- 4.50 (m 1H), 4.81 (dd, J = 8.3 &5.4 oL 4,92-5. 06
(m 41.1), 5.16 (d, J = 8.3 Hz 1H), 5.37 (m 1H), 5.70%.%?&%”3%? 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 General procedure for macrocyclization via
olefin metathesis 10 In all cases, the tri-peptide diene was dissolved in
CH2Cl 2 at Wo#®ehtration of 0.01M and the sol uti on waRCHdetfWFehat ed by

t he bubbling of argon (-1 h for a volune of 500 nL). A solution of

catal yst (5-30 nol % dissolved in a small amount of degassed CHZCI2) is
added and the reaction m'xture is reflyxed until all starting material was
converted to product(s) as indicated by TLC and HPLC. The crude 15 reaction

mi xtures wer %erﬁﬂ%gg ﬂtgfeﬁéﬂ ‘?(asqgag&{ma% &, K. CRE M ) YRERE e if: ki feer ed

t hrough a shor ica gel, eluting first wth CH2C z to renopve nost
of the cat albythitandadolttieof birtzly! diidBformate G13del, 20.6 mehaltld2gl) diskanehe

macrocyclic oduc(s) ) f. th ' .S ' 3 . The
crude produc?‘{oﬂdﬂf‘\gﬁﬁ%oé’gyg#d%gé F‘én'iﬁs'gﬁgna}i%‘z%h%gé |€cg%t%H%EngEg)n a

CHI RALCEL QJ R4 eQtT3h2  PTHeGhiaaeswis then Glhitddalit?l, 0 60 g eagaes] witlc, 0.46 ~ X
15 cnm), using an isocratic solvent mxture of 70% H2O + 0.06% TFA - 30%
CH3CN + 0506%IRIEA"G) dieths efher GThmblegdifisrhitvty E Gl pTttiard efactiths fully

char act er i zeq,;RVE0AFESIIRY. TR obinedtHg RIS ¥r MR dabboveRatiydesust 0 confirm
Its structure and stereochem stry. 26 %eptenber 2003 WO 00/59929 69 EXAMPLE

23 Synt hesi s MgSOyant oepatiied tadmmere uider ¥aqupgh jThe ardematggal 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).
0 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



OH PCTI CAOO 00353 A solution of diene 23a (4.0 g, 7.88 mol) in dry CH2Cl 2
(800 m., Aldrich 5 anhydrous) was deoxygenated by bubbling Ar for 2 h.
Hoveyda's catal yst (262 ng, 0.434 nmml, 5.5 mol % was 20apteolrs@088 a
solid and the reaction was refluxed under an Ar balloon. After 28 h, the
red- orange sol ution 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,

t he sol ventW@es9%8anged to pure Et OAc. Elution of the cEFBRCYWOBRrom the
colum was evident fromits color. The macrocyclic product 23b was

I sol ated as a colorl ess foam whi ch was re-dissolved in CHZClI Z/ hexane
(.1:2). Evaporation of the solvent affgrded a white powder (3.362 g, 89%
yield). "H NWR (CDCI 3, 400 MHz): 51.20-1.50 (m 6H),1.43 (s, 9H), 1.53 (dd,
j = 95 & 5. 4,510k, thb&orﬂbu@éﬂ-olgazﬁt lé}f&slvbﬁre Wagted imﬁl(hl('lé(,l‘flneib'i)er aghydboid. 26 (m

4H), 2.45 d,Mj—1431 3.67 (s, 3H), 3.71 (d, j = 11.1, 1H), 3.90
(dd, j = 11, M&Q, aBdEFﬁPOTQFECh Iy wder yaeyum. 4Thﬁam(4? mﬁfeﬂﬂwesmmﬁ , 4.86
bd, | = 1H),. 5.20-5, 23 7 7.32
(bs 1ry. o0 tiilremiien Spn= ety soos st heabn MIboRC7 sBiebL £ 24

Synt hesi s Of JIRGE, Q6 Wisthih Gutd Hodip Bﬁdiﬁh%lﬁ%ﬁém(lgﬁ O Mr)O O ~O 24a O .24b
A solution of diene 24a’(2.76 g, 3.82 mml) in anhydrous CH2CI2 (600 nL, 5
anhydr ous)s wad. dedrypgehtiordf donpbutiise fryCIACLI®mL), DessMarinpetiedinady of

Hoveyda’ s (195 mg, 97%, 0.33 mmol, 1.5 eq) was added and the reaction mixture was stirred at

RT for 1.5 h. The reaction was quenched with the addition of aqueous Na,5,0, (3
mL of 5% solution), then saturated 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,



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 reflux under

an- Ar balloon. After 20 h, the reaction m xture was ap&% Q@)%
conpl eted, at which point a second portion of catal yst was added (117 ny)
and the stirring was continued for an 10 additional 16 h. The solution was
t hen concentrated to - 100 nL, applied to the top of a pad of silica gel |
(6 x 10 cm and the catalyst was first recovered by el utlng vvlth CH2d 2_
Conmpound 240 oese329nwashed of f the pad of silica with 3% FEEN #Boac  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 NWMR (400 MHz, DI\/BOdG)-‘-S 8.69 (s, 1H), 8.13 (d; J 9.2 Hz,
IM 7.50-7.44 (m 2H), 7.17 (dd, j =9.2,72.2 Hz, 1H), 7.04 (d, ] 6.4 Hz,
IH), 5.60-5. g MR Aafaf @118 (s, 9H), 1.09-1.85 (overlapping m, 11H), 1.95
J=9. 2Hz, 1H), 5. 25(

dhd RdBsy
4.05-3.98 (i 3%1392%%33‘9@(%63 @Ir:%‘H)'é 1%%(1%51"" %E%’i"lgg‘)‘ég’é%g’d %{gﬁ 3 55
(s, 3H), 2. 6gys 18,232 &6, ] =288z, (1H,rqtm:s1ﬁ5$2|ﬂzs,1H)H720®,m 7531 (m 1H),

ﬁzzhéd‘i' 4e5@f&H) 7673’522%’1%@%9@83’?(51@0 (m %H)SS (gdlaj (s, 49E|) VB es:

795.4 (M=% I—ﬁmmzﬁzﬁeptenber 2003 WD 00/59929 71 EXAWMPLE, 25 Synthesis of
conpound 202, & bI ‘% So&ABPRNRHAA8 F7HT/ CACOL00353 conpound 202
A The diene® ngﬁlost?n ﬂg %)d'% °‘3’9' 0.205 mml) was cyclized using

catalytic 5 anount§* of bi s-(tri cydohexyl phosphi ne) benzyli dene rut heni um

| V dichloride (Gr talyst, supra) (52 ng, 0.064 mmol) in CH2C12 (60
m_) under reflex 60 give after chromatography on silica gel (50
m., 3%EtOH E tind 25a '

23h A. EtOAc

oH OH

H,, Rh 5%/alumina

o H
°7’Qwr j’@w” o’
BocHN—., BocHN-, o

27b
27a 1

B. LIOH.H,0, 8% eq.

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



(60.1 ny, yield 48% . 'H NMR (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 _1H rotamers in 1:3
ratio), 3.69 (s, 3H), 396-4.04 (m 1HO, 4.42- 4.50 (m | PP SeRtegrhes2603 (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, rotarrers in1l:3 ratio), 7.36 (s, 1H),
7.46-7.50 (in, 1H), 8.03 (d, ] 8.3 Hz, 1H), 813&817(2d,j:8.0|—|z,
1H, rotamers in 1:3 ratio), 8. 77 (d, j =5.1 Hz, 1H). S. The ester

moi ety of WAEYSHHr ocyclic conpound 25a (0.0156 g. O. 026’%“3’“03%5

hydrol yzed with Li OHH20 (8.7 ng, 0.206 mol ) in THF/ MeOH4/ H20 (4 nmL /2 nL
/2 m). The crude product was purified by C18 reversed phase HPLC on a
What man (Partisil 10, 0DS3) 50/2.4 can ol um using a solvent gradient from
5% 26 Sept enber 2003 WO 00/59929 PCT/ CA00100353 72 aqueous CH3CN to 100%
CH3CN t 0 obt wdrpdisfidut, thanpodechaR0@mathodwasdevispd bassd omthetrdatimirates f11. 8 ny) -

1H NVMR ( DMV5 -1.24 (in, 0,1.32-1.40

3H), 1. 553 1%?‘%%?”%”’?@@?%“’(“%%% 95- 2. (()Izn(m IH, 2. 08 (_m18 (m
2H), 2 422 B9 (riﬁheﬁnﬁlel)‘qéxtﬁreg)ﬁmnﬁ@m@ %vaanjizzb(gfi&)msg@?vedAM(? 1,H) = 8.6
5. éa(s 1H), 718111%“”6915(3&1%“6{%‘%@?‘5“7‘ %g%ﬂl%hz&{ifgb](@mgmémﬁéé 2

Ty 8, 2105 I e Ly s OB a a1 e MCORBE T beycl i ¢
conpound 25a(@y Ot the E%‘tﬂ I)’:g]itﬁ ‘éf'm%f’fa(:@zﬁf_’j"aslﬁng%% St rr)éd in
presence of m&ticnhdteamem(cﬁrmasdoﬂ@m&atbduﬂ'daevamnmunerdma@rexemporat ed and

dried carefully. The re5|due vvas re oIve A 0 /1 m)
and treated WPERE {RVEF prd 3 ‘)“”5 iy 7.0 L,

0.073 mmol ) & pﬁgbfgaﬁfé@%rﬁﬁ;‘L%edlamhomﬁb@omaﬁwﬁ) w&%@mr ated and

dried wunder high vacuum® The residue was then dissolved in a mxture of 15
THE/ Me OHA¢2 010¢daquikoys cRriericid (2210f1)L) dmighe §10) mid diried even pgindravsMegSO,,OH. 2H20 (11

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
L
BochiN, N 1) DIAD (2 eqy.),
PP (2 eq). 0
OM "
g 2) LIOH BoctiN
_—— i) N O

(e} (]
23h i OH

Z'I.

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



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 u%i %g a sol vent
gradi ent from 0-40% aqueous CH3CN (0.06% TFA) in order PosPEsmsr é803ur e
conmpound 203 as an anorphous white solid (12 ng). 20 1H NVR (50mM Na2PO4
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 IH, 2.12-2.27 (m 1H), 2.22-2.27 (m 1H), 2.60-2.67 1H, Pro-13"),
2.83-2.89 WORS® Pro-(3), 4.32 (dd, | = 12.1 & 3.5 Hi’,CT/gf'g}"’“lﬂ?%-y'), 4.41
(dd, j =12.1 & 7.3 Hz, 111), 4.56 (bd, j = 8.0 Hz, 1H, Pro-y), 4.62 (dd,
j =89 Hz, 1H, Pro-a), 5.40-5.46 (m 25 1H), 5.55-5.61 (m IH), 5.73
(bs,1H, Pro-y), 7.41 (d, j = 6.3 Hz, X, 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=7Hz, 1H, T i 3b (5. efFend m2 @ eSgRleeTber 2003
‘WO 00159929 @%&%%%%3 lﬁl‘:@%@gﬁ Sinetzlgesi 1;12118]%&%80”%0_;%&?08 (Tabl e

5) OH A O 1) b kild0REGkE )t whibdEz cdaled t2)°CChEAD (g4 11 0% NaBEBBONN 263 26b

OH OH.26d 26e A. A solution of Boc-protected L-glutamne 26a %4. 93 g, 20
mmol ) and added dropwise. The solution is stirred 1 hour at 0 C theh stirred overnight at room

temperature. The mixture was then diluted with EtOAc (15 ml), washed with a

5 saturated solution of NaHCO, (15 ml), followed by brine. The solution was dried

with MgSO,, filtered and concentrafed in vacuo. 202 mg of a yellow oil was
obtained. The product was purified by flash chromatography on silica gel (100%
EtOAc). The product still contained DIAD byproducts after the purification. The
resulting product obtained contained 55% w/w of the desired product, so the yield
10 was declared to be 62%. '
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
mixture 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,) 3 (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).



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 for 3 h. The
reaction mixture was then diluted with H20 (20 nL), t he6r%eptemizar0CRE3CN
solvents were renoved under vacuum and the renai ni ng agueous m xture 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 am ne

i nternedi ate) was then concentrated to dryness, the 26 Septenber 2003 WO
00/ 59929 PEWEMN®D 00353 74 renmmi ning material was re- di K3SFAPMIO3PN 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 mn). The reaction m xt ur e Ygis. stirred at OCfor 1 h and at RT
for 2 h. The m xture was then diluted wth H20 (50 nL), extracted with 5
cold (--50C diglhyloget her (3x50 m_) acidified with 4AM HO to pH=3-4. and
extracted wth EtQAc (3x50 n.) . conbi ned organic | ayers were dried
over anhydroﬁKN*WES@E“ﬁﬁﬂu ﬁﬂ%ﬁ to dryness under vacuum The crude
material was purified by flash colum chro
Et OAc/ Hexane/ Ac 2.9:0.1) to obtain corp d 26b in 43%overall yield
(3.04 g). 10 B tide internedi ate 26qy g ng, 0.41 mmol), conpound
26b (171 ny, 0|49 mmol ,1.2 eq.) and HATU §{ 18% ng, 0.49 nmol .2 eq.) were
di ssol ved in CH of,6_QL) and FREA (0. 29 ;0] g/, €Q.) was
added. The reaction m @. % tirred at RT fom t he CH2Q 2
was evapor at ed under vaeg I”- crude NT i

The Et OAc sol ution mai:iﬁsh@d wi tTy aqueoys 5% 150ahHAS

over anhydrous MySO4 and |evapoiai€d to dryness. Conhound was obt ai ned
after purification aheiNfe“efude material by fl&shHN c6ra¥n chromat ogr aphy,
usi ng Et CAc/ hexane (4:1) agﬁthe eluent, in 98@6y|$# Q§§ 8o050) . C A

sol ution of conpound 26d ( ) ng, O. 394 nmol ) in ) was cooled 20
to OC andsa Sohsdlitgm of theBBracpclidicompdiyid 25w {2 mge0-939 mpolhin tof  10M sol ut i on,
1.2 mmol,

piQgr aphy, using

2

d7brine, dried

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).



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 ueous sol ution of
NaOH (0.8 nL of 2.5 Msolution, 1.97 mmol, 5 eq) was agg pfﬂ"@ﬁﬂ’?o%er a
period of 15 mn, followed by the slow addition (-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 mxture was acidified to pH -4 in_ _order %9 guench the
excess BH3Yopd9B29aqueous NaHOO3 was added to adjust th&TGAENYS210 the 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 QAc, th%gconbi ned organic | ayers were washed
with brine, dried over anhydrous MSO4 and evaporated to dryness under
vacuum The whwges smterial was purified by flash col uim chromat ography,

usi ng Et OAc/ hexane/ NHAOH 20 0. e eluent, to obtain pure conpound
26e in 57% ﬁy&%sggé@%uggg%%gzﬁ)ﬂgﬁgé ution of compound 26e in CH2C 2 (8
m.), Dess-Martin perigubinate (195 ng, 97% 0.33 mmwé, 1.5 eq) was added

and the reaction mxttee was stirred at RT for 1 h. The reaction was
quenched wth the ai on of aquequs %La%SZCB (3 of 5% sol ution), then
saturated aquet ‘J.o: (5 L) was added’ apsht m xture was stirred at
RT for 15 mn: , the reagtl on 3 % acted with 10 EtOAc, the
organi c | ayer was washt it Ry qiféousJ %

HCOB andbr\ne,.df red over
anhydrous MgSO4 and eva r ed\T /der vaquumto give 412% dehyde 28f
whi ch was used in the next Ste t hout rt.her puri bi:ﬁa?i on™~E. A solution
of conmpound 26f (188 ngy, Q22 mul), E H (38 L) ard, Pd(OH)2 (25 ng) in
ethanol (5 nmL) was stirred to RT under H2 at atnospherig¢ 15 ?ﬂ’essure--for 16
h. After that period, nore H gas, Pd(OH)2 (180 nyg)  and CO2H . (154 plL)

and were added to the flask and stirring was continued fo addi tional 24

OMe OMe
. l &

0
BoeHN
° 30c
compound 214
OMe OMe .
“Oc
@ Goon 0 =
Q. “a, e
o . NH
NH N
N B o

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)



h. The m xture was then filtered and the sol vent evaporated to dryness, the

crude macrocyclic product was purified by flash col um Y,
using CHCl 3/ MeOH AcOH (10:2:1), to obtain conpound 26g2§$88%%3?% (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 mxture of THE MeOH H20 (2:2:1,5 ) d;xine%_é:;%HZO (113 nmg,
0.31 mmol ,WOOUEE% were added and the hydrolysis reactiofrnas al | 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
conmpound 508 (-6 ng, -26%yield for thgg last 2 steps). 1 NVMR (DVSO, 400
MHz) of 508 (m xture of rotamers confirmed by COSY, 26 Septenber 2003 WO
00/ 59929 76 RChCAMHIDOSE3vaFRESVitahs NREESY VR ¢Gimla prinegl (10 mB), dged

11 "5 16", g et adigt fsciin Ela oy, 375"
4,69 (2d, ] geheBwltf e Prlpo/robaRsA (057 §D.dihol) b the redbicd srBLOAY 7 53
(bs,1H), 7.67 (bs, 4H), 8.19 (bs, 3H) .61 (s, 1H). 5 MPLE 27 Synthesis
of the sat ur @8eegfdr seydl) e éﬂﬁﬁé K%BGL&"E“‘P?Q gyer aﬁgﬁ%‘&ﬁﬁlﬁfﬁ‘%ﬁﬂb 27a B.
UGH H, O B% €fk refdfon mixture was chromatographed on silica gel using EtOAc/hexane (1/1)
as the eluent, to isolate the pure compound 30b (0.370 g, yield 83%, Purity >95% by
HPLC).
'H NMR (CDCl,, 400 MFiz) 3 1.41 (s, 9H), 1.45-1.54 (m, 1H), 1.58-1.62 (m, 1H), 1.73-
1.77 (m, 1H), 1.86-1.91 {(m, 1H), 2.16 (dd, ] = 17.8 & 8.6 Hz, 1H), 2.26-2.43 (2m, 2H),
10 2.46-2.58 (m, 2H), 2.64-2.81 (m, 1H), 2.85-2.92 & 2.95-3.03 (2m, 1H, 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



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 579 1 ha
was 10 added. The mi xture was stirred under H2 gas at a?ﬁo%ﬁ%gﬁbéagw:ssure
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 ﬂ({i‘?c'(f)%{/ﬁ:dsﬁp“)pane
ring. The WOMF%h m xture was filtered and 15 concentra L' give a light
green color solid (3.47 g). The solid was co-evaporated twice with EtOH to
renove all of the EtOQAc (the presence of EtOAc interferes in the next
step). Separation of conpound 27a frong®7b by chromat ography proved to be
26 Septenber 2003 WO 00/59929 PCTI CA00100353 77 very difficult, thus an
alternative mesbhethonads ideighgeditih@s’e duwerbyttiiC) &1 1804 weld 3ae®s of hydrol ysis

compounds. 57 emmaeg FAOBIER MR G o S REG AT RS )
aqueous sol u, oy of 74 42O, 2429185 (nd) 481), Wl27 RO AH), 2612Gp mAs)added and the

reaction m xture was stirred at RT for 16 h glcorrpl ete hydrolysis of the
si de product 237 tife 1531z til), 38D ny2 &diddin Er%@ré%?ﬂsi?rfﬁég&ﬁg)' HPLC). The

reaction mxture was concentra v in I rerp¥e nost of
the THE aha ARy BarE bred sePiaen Ras Tulo RS AR A Co00 )
The organi ¢ l@yes.9wasIHypSSIeRbswid, IH05.62 (s NECPH(R 71003, hnp0 Hy ke (100 ni), 10
10% aqueous citric_acid i ( D) 1124 19%efmanhydr ous
MpSO4,  filt g@h%%@&ﬁﬁﬁ%ﬁ??@?&ﬁ{ s%ﬁq% zd%és'jlﬁr{gg p(réodla)ct 27a was
obt ai ned i n Bisgls, 1IPACTA-NIBO0% by HPLC) as a light green foamand in 93%
overall yield (3.28 )1%‘:{29@ t RS, o 1 Ho NVR: - ( Der): S
1.1-1.38 (m cEpoppd 213 é@g?—f)ﬂq“@%?%ﬁé’? 1(181%%1%%1?1%(25'%“%
10 (m, 1H), 1.62-1.80 (m, 1H), 2.10-2.68 (overlapping, 9H), 3.90 (bd, J = 8.3 Hz, 1H), 3.96

(s, 3H, OCHL,), 4.20-4.27 (m, 1H), 4.58-4.63 (m, 1H, Pro-8), 4.66 (dd,J =83 Hz, 1H,

Pro-c) 4.88 (dd, ] = 10.2 Hz, 1H), 5.18-5.26 (m, 1H), 5.73-5.79 (m, 1H, Pro-y), 7.01 @.J

= 6.4 Hz, 1H), 7.23 (bs, 1H), 7.50 (bs, 1H), 7.66 (bs, 3H), 8.20 (bs, 21), 8.53 (s, 1H)-

EXAMPLE 31
15 Synthesis of compound 209 (Table 2)



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
1 H), 2.02-2.08 (m1H),2.62(d, J=14Hz, 1H), 3. 4(d,J831§)5(§,ﬁ§efg 325&34 01
(dd,J= 10.8 & 4.1 Hz,1 H), 4.42-4.48 (m1 H), 4.51-4.5 99209357 (4,
j =86 H, 1H, 514 (d, J =8.6Hz, 1H),7.97(brs, 1 H). EXAVPLE 28 20

Synthesis of conpound #741 (Table 7) OH 23b 8f 2) UGH cpd # 741 Quinoline
derivative 8f was attached to the pre-forned macrocyclic conpound 23b via
a Mtsunobu reaction. The quinoline derivative 8f (30 0.095 mml ) was
26 Sept enb®io EH WO 00159929 PCTI CA00100353 78 di ssol I%??‘W“‘??ﬁlﬁ t hen
macrocycle 23b (45.6 ng,1 eq.) and PPh3 (49.8 ng, 2 eq.) are then 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 O C then stirred overnight at
room tenperature. The m xture was then diluted with EtOAc (15 ml), washed
with a 5 sat y.at EUheEdlérlétstlﬁ)Qé@ﬁlgfﬂ&iﬂ@%((l)]}ﬁasnﬁs)solvéctihlmmfla;lh}hﬂlrdnﬁe. The

solution was dried with MgSH, filtered and concen%rF_‘ % g vacuo. 202 ny
of a yel | ow &HL.Chard thepelufioiades degrssesroithareonies Igary fre Ryt Pleash

chr omat ogr ap bbb ne BlthEim 1V BRHIBHQESSE IngS8.1dolmmaNt ai ned
DI AD byprodug%lsq?%bfh?gjrlbt h }glg%rl I cat |eon Thné resul ??dgg gfoduct ogt ai ned

cont ai ned 55%aakissabfedtihg mias anlgeitrgs eod degassed CHYEL, srdiddied 1thpdisnelec| ared to
be 62% The ester internediate (46 r}gm 0.06 nml ) _was dissolved in a ‘
mxture of FolEHidve Thy tepgiop pidture wasee e@foﬂymﬁqrmmowaso 48 mol )

was ad d ed and ncteﬂratecf anlé:#u%ed\@f flazh ccgl{ug.ﬁi dﬁt)mg{ggraf)‘f& i ob%upgﬁﬁ%g f 16 h,

anal ysis of t e
31b as a brown solid in 71% yield (171 mg).

*H NMR (CDCL,, 400 MHZ): § 1.22-1.44 (m, 10H), 1.42 (s, 9H), 1.66-1.74 (m, 1H),
1.87-1.97 (m, 2H), 2.13-2.28 (m, 3H), 2.32-2.39 (m, 1H), 3.08-3.16/(m, 1H), 341 (s, 3H),
10 4.07-422 (m, 3H), 428-4.34 (m, 1H), 4.58-4.64 (m, 1H), 4.95-4.99 (m, 1H), 5.22-5.29 (m,
| 2H),5.385.43 (m, 1H), 5.48-5.56 (m, 1H), 7.00-7.12 (m, 3H), 7.43-7.55 (m, 4t), 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-




m xture by HPLC indicated that the hydrolysis was conplete. The organic
sol vents 15 were renoved under vacuum and the remai ni ng,grud t E) I

di ssolved in DVMSO was purified by Cl8 reversed phase Hsﬁgépge"&ae\gg ggre

i nhibitor 741. 1H NWR (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 IH,
5.32-5.23 (m 1H), 4.74-4.64 (m 1H), 4.55-4.47 (m 201 4.23-4.06 (m
1M 4. 04- 3W@OBRS 1H), 3.97 (s, 3H), 3.92-3.85 (m 11- 15CTIGAMBBS 55 (m
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 H, 3H,
1.12 (s, 9H). Ms: 763.1 (M+l), 761.1 (41). 26 Septenmber 2003 WO 00/59929
79 EXAMPLE 29 . Synthesis of conpound 205 (Table 2) PCT/ CA00/ 00353 (25a)

conmpounds 20g), 4572b5a peﬁ@mtmm@&,smclaq&rmﬁhﬁpsg@maQM%Sas(21 ng,
0.035 mmol) int tanol / H a_solution of G4 in

t - but anol (01§B5ﬁ¥;(SO¥H)a57&3(‘1?%1W}3m”®5@é§’ n]lfﬁoﬁ%l %%&EEG’S&%?@% m xt ure
was stirred gk, 4/, .00, bH 8.45h 7 =Vipd, uHp 8 8RS, 14, ladcednm.t h Et CAc (20 nL) and
t he organi c sol ution washed wi,th 5% NaHCG3 (2 x 10 nlL), brine (2 x 10niL),
dried and evEHeRaS: e z698-3AFHEEs. The crude 10 conpound was taken into
THE/I\/EC]—V&—iZO *M{i}e,s/ 1.5 nm / 1.5 rnL) and stirred in presence of Li OHH20
(13 ng, 0728 nmo 13 16 h. The m xture was acidified to pH4 with 0.5 N
i ce- col d HC1Symbhesiront sermpountid #H4rangi#qy (Bgbleds r ever sed phase HPLC using a
sol vent gradient fromH20O (0. 06%FA) to 40% aqueous CH3CN (0.06% TFA). The
syn diol 205 was is.lateo in gh purity as anorphous white solid. 15
conpound #205: 'H X 200 MHz): & 1.01 (s, 9H),1.06-1.30 (m

OH), 1.48- 1.68 (m 3H) @ . 3.78-3.82 (m
1H), 3.86-3.90 (m

o
Q\( L,
BocHNm. BacHNw- o e
§ N

cpd #407 cpd #404
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



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), 7.58-7,62 (m 1H),
7.87-7.91 (m IM 8.00 (d, | = 8.3 Hz, 1H), 8.24 (d, # 25 Serfermper 2008, 3. 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 ( Swerke/3992 nL) was stirred at RT in presence of PCTOABRMO3B50 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) W Owe 26 Septenber 200§ WO 00/ 59929 PCTI CA00100353 81 and
the solution was washed-with 0.5 N ice®8old HO (10 m.), brined (10 ni),

dried (1:1) as the eluent, to give the macrocyclic compound 32b as a yellow oil (33 mg, 41%

yield). ' '
B. The ester intermediate 32b (33 mg, 0.045 mmol) was dissolved in a mixture
of THF/MeOH/H,O (2:1:1 ratio, 2 mL), LIOHeH,O (8 mg, 0.18 mmol) was added

5  and the solution was stirred at RT. Aftera period of 16 h, analysis of the reaction
mixture by HPLC indicated that the hydrolysis was incomplete. Thus an additional
amount of IiO}iJPIzO (4 mg, 0.09 mmol) was added and the solution was stirred at
RT for a total of 36 h. Finally, the solution was acidified with a small aliquot of
acetic acid, the organic solvents were removed under vacuum and the remaining

10 crude material was purified by C18 reversed phase HPLC to gi*;re pure inhibitor 404.
'H NMR (DMSO, 400MHz): § 1.21 (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), 447
(bd, J=12.7 Hz, 1H), 4.58 (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, ]=2.9 Hz, 2H), 8.29 (bs, ]=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): 5 1.04 (m, 1H), 1.17 (4, ] = 6.0 Hz, 3 H), 1.35 (s, 9H), 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, J = 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).



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 rErgDI) in the
presence of HATU (233 ng, 0.612 nmol) and DI PEA (420 L,25%P%mbe513008ver a
period of 16 hat RT. 5 The reaction m xture was chromat ographed on silica
gel using Et CAc/ hexane (1/1) as the eluent, to isolate the pure conpound
30b (0.370 g, yield 83% Purity >95% by HPLC). 1H NWR (CDCl, 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 twmookédpy 2.16 (dd, j = 17.8 & 8.6 Hz, 1H), 2.28/QA04BI(Pm 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), .4.80-4.88 (m 1H), 4.92-5.10 (m
2H), 5.14 (dd, j =10.2 & 1.6 Hz, 1M 58%4.5. 38 (m 4H), 5.42-5.54 (m 1H),
5.68-5.86 (Mpxgiue 36 04-7.14 (m "2H), 7.42-7.64 (m 5H), 7.92- 8.12 (m 3H
15 B. The diene 30b (0.370 0.49 mmol) was cyclized in the presence of
the bis- (trSeydedh WWHB%%ﬁzﬁgaszyl i dene rutheni um 1V dichloride
catalyst (0.125 ng, 0.15 mmol) in CH2Cl 2 (distilleed from CaH2 and degassed

with argon for 30 mn) over a period of 2 h at ref . _The compound was
"obtained as a m xture of stereongomers (30c and 3 stio) after flash
col um chr omat hy on silica using 20 Et CActHe e (3/1) in 35%
yield (0.124 g). Qbcdm xturgg&%\,ﬂ afm, (CDC 377400 gvHz) - 81. 44 (s, 4H)
& 1.37 (s, 4H), 1}'60g % 299 (m 1H),

2H), 1.83/'(
2.42 (m 5H), 2073 (m —&p
3.96 (s, 3H), i 4. 2dbeilfm
4.73 (m 1H), 4.89 4, .5H), 4.97 (=g .51-1‘2_1,5-5’5“(15*“(@1 H, 25 5.44 (m
2H), 5.64 (m 1H), £, 1-7.0 (m 3H), Z,47 (m 24H), 8.08%7.,98 (in, 3H. CD.
Hydrol ysis of the nethyl esters 30c and 30d (24 ny, 0.0%3 nol ) was carried

: 3.76 (s, 15R),
.5HN\ 4.58 (m IH)),

out in THEf MOH/ H20 (1 m / 0.5 nmL / 0.5 nL) with U041 2@ (11 ng, O.246
znnol ) over a period of 16 h at RT__After that periégdt e reaction m xture

OMe

Ohe

CH3CN (0. 06%

was acidifiedt H 4-5 and chrond raphed on a J eversed phase . HPLC
col um 30 using /é_ vent gradi ent #r A0 (0. 06% Fﬁ o0 50% aqueous
[e) o

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



TFA) . The desired conpounds 214 and 218 were isolated fromthe m xture of
the 26 Septenber 2003 WO 00/59929 PCT/ CA00/ 00353 82 t\/\%?(igrmorlﬁgds I n high
purity (94% pure by HPLC) in 15%vyield (3 ng). conpound ePIPPRIAROB DV,
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 IH, 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, | = 7.8 Hz, 1H,
Pro-a), 4.6608$%2p =11.8 Hz, 1H, Pro-y), 5A5 (t, | = OFPGI{H000Q3S
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 gi8:1'H NVR(DMSO, 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 ( O‘éﬁfrérﬂ-%:ﬁﬁgt of @kane &t c (fsha 7B to-1: BraBo)HPurekdmpdundB30ras (s, 3H,

OCH3), 4.20-4.27 (m _JH . A 584.63 (m I|H Pro-5), 4.66 (dd, j = 8.3 Hz,
1H, Pro-a) ¥° d(né)’}tpe@(%o‘.“ ‘Hz, 1H), 5.18-5.26 (m 111), 5.73-5.79 (m

1H, Pro-y), €01 é&pdundisﬁvﬁmﬁ,zo.loﬂmﬂc)l)war%ﬁedJOﬁhéH)ng o910 b1 1H), 7. 66
(bs, 3H), 8.20 (bs, 211), 8.53 (s, 1H). EXAMPLE 31 15 Synthesis of
“conpound 209 HCr#idiexaps (5nL) apd Segnixtupe wasallewethtostratRidoghrh meorderdge enrber 2003

WO 00159929 Bed/e@hO8bL QRia8ind Broup -and Bitaifl HRITECI3 IR0 HiddEndiBhte $5a338e MOl ) Was
di ssolved in 30 nL of anhydrous  CH2Cl12 and the sol uti on was degassed W th

argon for 15 Teqrtipn cygle reagtion ]9%({.11[’5 jwas evaporated to dryness under vacuum, drie

under vacuum to assure the removal of all HCl and used in the next step without

purification. '

D. To a solution of cyclopentancl (29 ul, 0.32 mmol) in THF (20 mL), a solution
10 of phosgene in toluene (1.93 M, 274 pL, 0.528 mmol} was added dropwise and the

mixture was stirted 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,



(tricycl ohexyl phosphi ne) benzylidene ruthenium IV dichloride (82 ng, 0.100
nmmol) was dissolved in 3 nL of anhydrous and degassed 1 ed to
the diene 5 solution. The reaction m xture was refl uxed%pge'ﬁb r@gs

The solution was concentrated and purified by flash colum chromat ogr aphy
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 (m 1H), 3.08-3.16-(m

| H), 3.41 Wo00/8%29, 10 4.07-4.22 (m 311), 4.28-4.34 (ffﬁTf%ﬂ?WEP 58- 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(+)M5: mz 727.4 (MH*. B. Conpouncyg3lb (0.117 mmol) was stirred in a
solution of HCL(1 nL of 4N in 15 dioxane) for 30 mn and concentrated to
dryness. Thespol 35 4, 1K 8.80-8L85 (of), 16H/3@5 %, 3KR 4.02-1.08 (i, 3M),@82 (g, I57 0. 585 ol )

and t-butyliso 5 N O Rpciow r S ded. After
stirring at %ﬁﬁmgﬁtﬁ‘%&%?ﬂ‘tﬁf4#@3%%)%@%%#? Hf) %fﬁfddg ayy%%ss and the
cr ude ‘conpoulid), BFdbsal), G328.49 ntlkD, 637altihedr Gldy 58S &s1.2P2vitbhait  furt her
purification I i ssolved in

THP! MeOH/ Hz O B2 Re. (A PRS- ﬁé(ﬁz R - %ﬂ&% A ) was added
and the s®l uﬁxﬂéﬁﬁv\é% stlrred for 20 h at RT. After that period, acetic add

(1 n) was asld@hsRRBE cIjoun@ybizi (@Ro1v@S concentrated to renove the MeOH and
THE The pure ‘conpound 209 was isolated after dDUI’IfI cation of the crude by

C18 reverse phase HPLC (25 ng, 25 -31% \jgld i H NVR ( ON 00 MHz): 5
1.04 (s, 911),1.15-1,24 (g} 211k, 1. 30-1. @ °§'11 ). L. 44 1%¢m

211), 1. 54- 1. 68w om 111) > 118 (dd, j =, & 8.5 Hz,
111), 2.32-2. 4% (mr1ld, Pr gk (m 111>m,u -2 68 (m 1H,
Pro-n), 3.91 (d qm-111 PoS) B3, 96

C
4.17-4.23 (m 1 °i“(dd'_“‘_"'mm86 11° 926 Sept%(t?pOS
00159929 PCT/ CAOO/QOB 3

Oy
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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 S, 1H)
7.21(bs,1H), 7.51(bs,1H), 7.66 (bs, 4H), 8.19 (s, %%@t?%b 26-0%

1H), 8.61 (s, 1H, ACCA-NH). ES(+)Ms: mz 698.3 (N%FD+ 5 EXANPLE 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 CHZCQl 2 (11
rnL) and the.solution was degassed over a period of 15 min. with a flow of
argon. 10WOPWessi s- (tricycl ohexyl phosphi ne) benzyl i derfETIGHONERPUM | Vv

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 stirgeed for 2 h at reflux. The sol vent
was then renoved under vacuum and the reaction mxture was purified by
flash col um chronatograppy on sg4lica gel, using EtOAc/ pexane 26 Septenber
2003 WO 00159929 PCTJCAOGd N, (1:1) as the eluept g gi ve the
macrocyclic conmpound 32b a llow oil (33 ngy, 4 #eld). B. The ester

intermediate 32b (33 ngy, Q. 04 nnDI) was dlssolveQ,ln s m xture of
"THB/ MeOH H20 (2: 1: ﬁﬁiﬂ\)L Li OHH20 éfrmﬁm\OLiiinrnol) was added 5
and the sol ution |Er at RT After 16 h, analysis of the
reaction m xture by HPLC) ﬁated_LhaL_Lbe hydrofy wwas inconmplete. Thus
an additional “anmount of LI CHLO. (4 nmy, 0.09 mypl) S ed and the
solution was stirred &fte =~ § = g
G
S ’ S .
! n 2 3 w2
P =
0 0

O, ‘ﬂ’N\/[L ? - H O,OTH\!)LN
Z\f‘\r 2 ot
cpd # 812 T 34g \ ST

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%




RlT_for a ]Eotal of 36 h. Finally, the solution was acidified with a small

al i quot o acetic acid, the organic solvents were renov under v um and
the remaining 10 crude material was purified by C18 revezgg%%)t%'ﬂé\ eﬁ)thC 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 1 5.83 (bs,
1H), 6.18 VD@0/592%6. 9 Hz, 1H), 7.25 (bd, J=7.3 Hz, 1H), PETER0Y 531H) 15
7.70 (m 4H), 8.22 (bd, J=2.9 Hz, 2H), 8.29 (bs, J=9.2 Hz, 1H). C

I nhi bitor 404 (15 ng, 0.021 mml) was dissolved in ethanol (2 nL) and Pd
1094 C (2 ng) was added. The mi xture wag stirred under hydrogen at RT for 16
h. After filtration, the m xture was purified by C18 reversed phase HPLC

to give mhqlﬁ)g aJ9 5 &by Bpvdy te sol id (10 ng, 66% yi el d) 20 1H NWVR ( DVBO,
400MHz) : 81. m 1%5 117 (d, 1. 25(

(m 12 H), 2B 32 Fogmolatipn of thy Bocs:{r%cfsd s@r@ﬁ?lafz 3#1) ¢ 5@@11:} %&F%%

454 Ca, ey Sy Mgyl abdgfinipd Shsohmpeiniy ey ' i,
E(3br13_s 81I2—|)7 ( r?;@?: Th3Hn ghpevértphat 7 tHEd gel Wuj@m alfjway throggh t?le MC'E% 4 H
0 T i 0y S BB S 1 0109020 6

Colrrp?und 33agdpréledtion gﬁl@bl)ler]\c&ﬁfrfldleg@?katéfb drﬁne@'@@b%ﬂ(alﬂﬁlo%bhcbmﬂat he 5
sol uti on was ssed ca u ef or S catalyst (17
ng, 0.028 q‘i@“’(ﬁ?r@qﬁ' r&a"&éa"- eé’siolaﬁ?rloélrxfla sﬁ'?ﬂ'fein%slfl rreé un((jer

reflux for cLRE re—E&‘&%Sxtategﬁo HiprbahRdWaR A RN ERIbtiRiRtboand3quisiaf i ed by
flash col um romat ography, using a solvent gradi ent of CH2Cl 2/ Et OAc

(from 3 2t 0Y€‘.210'8 selig, wbich wap ugidiie thegwgstapgvithout any purification.
10 C To a solution of cyclopentanol (614 uL, 6.76 mmoL} in THF (15 mL) a

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

vacuum 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).



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 g%%ﬁgg g. nmol
2 eq.) and Ph3P (186 ny, 0.71 nmml, 5 eq.) in anhydrou ¢ aﬁ%¢3at 0
C, DIAD (140 ~EL, 0.71 mml, 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 colum chronat ography, using a 26

Sept enber 2808543900/ 59929 PCT/ CA00/ 00353 87 sol vent gFEHCAPH0EH
hexane/ Et OAc (from 7:3 to 1:1 ratio). Pure conpound 33c was. isolated in
73%vyield (72 ng). C. Conpound 33c (72 ng, 0.104 nmol) was mi xed with
CH2C12 (5 nL) and 4M HC in dioxane (§4nl) and the mixture was allowed to
stir at RT for 1.5 h in order to 5 cleave the Boc protecting group and

obtain the H@ongluhd0ld Wi @edRGhSh&t S3sIwitllhe phe@Gtibon Ccrude reaction
m xture was evaporated to dryness under vacuum dried under vacuumto

assure the rdhpvallhefruds sodiym saltddd (lGSanppl)ivre diseolteddr EHF W} 7mRlbl LN
purification. D. To a solution of c ent anpo mmol) in TH ~
(10 m), a sdrarEresd AdsheRIEp¥aReRe Yeudﬁ" lﬁé’h&e%’ ’gc’ti\‘ﬂtylé“g%%mﬁ%zs mol )
was added dr Lur e -vas 4 to formthe
cycl opentyl - gﬁ%ﬁld?glf or nalﬁ‘éva?aegﬁéﬁfwwm&fafl etnﬁ‘ f"'gperl 0 Id%{a%%‘i‘??rat ely half

of the solsenhinWaster RaIPeacH, dzavapaisls AN) wasudeed aaiciiting wdse renai ni ng

i ght yellow solution,was diluted by the addition of CH2Cl2 (5 nL) and
reconcent r at egninsed af §'Cérr 30 min and Yemah R ey Qi‘r?éld‘qoﬁalérl‘dé’Ps’f?ft%"sfé’lYF%t 15 t he

removal  of a'%&éﬁ%ﬁ@%gﬁg@gﬁmﬁm&mvtﬁe z%ﬁlaﬁl{_ﬁaﬁx&ie &E@M&Imnt yl

chl oroformate rea rther diluted wt cooled to 0 C
and added t EtDAe vmhaddvxﬁmpmuammm%@xﬂ@@o(amutd)bmt (). @nerEb@%N (75 pL,
0.534 mmol, 5.2 g.) was added to the reaction m xture and stirring was

conti nued at aohﬁfP'GSrM&SQz fijtered e exaiopated to dRgiees tp ebipeamBRIAEY 349 4% um and t he
crude rmat fo' I ailghp}!’éhbttllfc%g't (l?.ﬁg, ~1%§ I&\mol). 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



20 col umm chromat ogr aphy, using Et OAc/ hexane (1:1) as the eluent, to obtain

conpound 33e in alnpst quantitative yield (75 ng). E. Hygr i he
met hyl ester was achi eved by reacti ng conpound 33e (75 ngé,)épg%qe&fm%%) W th

Li OHH20O (35 ng, 0.84 mml, 8 eq.) in a solvent m xture 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 pWaS¥sIWY eparative HPLC, using a sol vent gradi&HCAIPOBE0 o 58%
aqueous CH3CN (with 0.06%FA), to obtain inhibitor #824 as a white

anor phous solid (45 ng, 65%yield). "H NVWR of the Na"' salt of #824 (DWVSO
400 MHz): 8 0.88 (d, J=6.7 Hz, 3H), 0g25-1.70 30 (overlappi ng resonances,
17H), 1.37 (t, J=7 Hz, 3H)., 2.00-2.10 (m 1H), 2.10-2.33 (m 26 Septemnber
2003 WD 00/ 59828ts 8@ hdi A0 GbSvaatlm add 88-chidépriduct gffied By 608 3. 85 (m

1H), 3.85 (s, 3H), 4.02-4.08 1H), 4. 42 J=7 Hz, 4 35-4. 44
1t|)|), 4. 50 Eirfwexstebﬁmheseﬂi??qw Pail}g( Qf‘%‘?ﬂ% %‘éf‘le&'rﬁw,(“gg‘]."/z‘éz%%fnﬁig&é“éé, 1H), g.mss

707 (4] 3-SR sty e Hypprpieil iiqrstzpngd yalbt B o 11 Ty 1T
8.57 (s, | H)oveéu@%\@kﬁe%&v&émnfwﬁt&n@&iamuﬂdbiﬁﬁ3#?]2[.Tab| e 8) BoCHN 23b

OH OLle A 6 PNP. "Dl AD ONa BocHN
5 'HNMR (400 MEz, DMSO-d,) 5 8.63 (s, 1H), 8.26-8.15 (m, 25), 7.79 (bs, 1H), 7.72

(bs, 1H), 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), 4.50 (dd, ] = 8.3 Hz, 1H), 4.39-4.31 (m,
1H), 4.08-3.99 (m, 2H), 3.94 (s, 3H), 3.87 (4, ] = 9.5 Hz, 2H), 2.65-2.53 (m, 2H), 2.46-
_ 2.36 (m, 2H), 2.20-2.12 (dd, ] = 8.6 Hz, 1H), 1.80-1.64 (i, 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 §)



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

internediate 23b (13.05 g, 27.2 mol, 1.0 eq_ ), Ph3P (fﬁh%%ﬂﬁﬁ&%ﬁmgénuno
2.0 eq) and 2-carboxynet hoxy- 4- hydroxy-7- net hoxyqui noline (WD 00/09543 &
WD 00/ 09558) (6.67 g, 28.6 nmmol, 1.05 eq) in 5 THE (450 nL) at 0C, DI AD
(10.75 n, 54.6 mml, 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. Maermssuhe conplete conversion of starting mat BFFGA&r oduct s,

the sol vent was evaporated under vacuum the remaining mixture diluted Wit h
Et CAc, washed with saturated NaHCO3 (2x) and brine (lIx), the organic |ayer
was 10 dried over anhydrous MySH4, fihgered and evaporated to dryness. Pure
conpound 34a was obtained after flash colum chromatography; the colum
was eluted first . wth hexane/ Et OAc (50450), ~Jollowed by CHCL3/Et CAc
(95:5) to renpve Ph3PO and DI ARk ﬁnd elution of the inpurities
was nonitored by TLC. Finally, the red product 34a was eluted fromthe
colum with CHC 3/ Et CAc (70:30). 15 Usgally, the chromatography step had to

be repeated 2-3 tines before corrpound%
N

QM

'H NMR (400 MHz, DMSO-d,): 8 8.63 (s, 1H), 8.27 (bs, 1H), 8.20 (d, ]= 9.0 Hz, 1H),
8.13-8.07 (m , 1H), 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 He, 1H), 4.65 (d, J= 124 Hz; 1H), 4.51(dd , J= 8.8

5 Hz, 1H), 4.38 (bs, 1H), 4.03 (m, 1H), 3.97 (s, 3H), 3.92-3.87 (m, 1H), 3.54-3.46 (m,
2H) , 2.68-2.65 (m, 2H), 2.47-2.38 (m, 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)".
EXAMPLE 34C
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). '



34a could be isolated in high purity as a white solid with an overall yield
of 68% 26 September 2003 WO 00159929 PCTI CACO 00353 90 (Fb2sdhtémb&D0p%e pur e
by HPLC). B. To a solution of the Boc-protected internediate 34a (1.567Q)
in CH2ClI 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 CH2C12
was added.] Upon conpletion of the deprotection the solvents were evaporate
~ to drynesswpousifeai n a yel low solid and a paste |ike rfiF4U0035he m xture
was redi ssolved in approximately 5% MeCH in CH2Cl12 and re-evaporated to
dryness under vacuumto obtain conpound 34b as a yellow solid, which was
used in the next step without any puridjcation. 10 C. To a sol ution of
cycl opentanol (614 iL, 6.76 moL) in E (15 nL), a solution of phosgene
in toluene (gxSfelbad. 96 ni, 11.502 mmol ) was added dropwi se and the

m xture was stirred at RT. for.2 h to for e cycl.opent chl.qr of or mat e
reagent (z).U#rg E}ES?‘H%Pmﬁ‘"edﬁf%ﬁ,deﬁcﬁg?%’?ie é?le %Lglrgac%?&rﬁ%‘g%% r\%‘%{ was '

renoved by @uhpanmbicially tvuilele Nacetyithiodrbregave @dni ng | i ght yel | ow sol ution
was diluted by the 15 addition of CH2C12 (5 nmL) and concentrated to hal f of

its original volume, in order to assure tf §_hr,,&nnval of all excess
phosgene. The above sol ution of %H tyl chl orof ormat e reagent was
further diluted with THE (15 nL) an d to the amne-2HC salt 34b. The
m xture was cooled to OCin an ice bathg the pH was adjusted to -8.5-9
with the addition of Et3N (added grgp i“se) and the reaction 20 nmi xture was
stirred at OC for 1 h. After t Jpdri i he mxture was diluted with

Et OAc, washed with water (1x), satu atedsNa (2x), H20 (2x) and brine
(I'x). The organic |ayer was dried r fydtous MgSO4, filtered and
evapor at ed under vacuumto obtain a w anber foam Conpound 34c was

obtained as a white foamafter purification by flash col umm chromatography
(usi ng a sol ¥ERMRyueEdER DMSO-K)oE.Q08/1 H 80 st )20 VE (deldietiz, ittt OAc as t he

eluent) in 80%yield ¢1, &L, By, #Wd, 1- 6411z, 110, 7.21 (s, 1H), 5.63 (bs, 1H), 554
" (dd,J=8.1Hz, 1H), 5.28 (dd, J=9.5Hz, 1H), 4.62 (d, ]=12.1 He, 1H), 456-4.46 (m,
9H), 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 1
CHO Ny, IN}‘ﬁ o~
l/

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,



>93% purity. D. The dinmethyl ester 34c (1.17g) was dissolved in a m xture
of THE/ MeOH HZO (20 nL, 2:1:1 ratio), and an aqueous S i on_of (1.8
on s

m., IN 1 eq.) Was added. The reaction m xture was sti

before it was 30 evaporated to dryness to obtain the sodiumsalt 34d as a
white solid (-1.66 mol). 26 Septenber 2003 WO 00/59929 PCT/ CA00/ 00353 91
Conpound 34d was used in the next step without purification. E. The crude
sodiumsalt 34d (1.66 mmoL) was dissolved in THE (17 nL), Et3N was added
and the m wouwnsgas cooled to OC in an ice bath. |sobutBdEMmPEsr 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 mn and thg at RT for an additional 1 h. Most
of the solvent was evaporated to drynéSs under vacuum the remaining

m xture was g uteg.qsw(m @@%@,y—wﬂsqﬂw4t1@4 Osmaat)eﬂgd\@a@ﬁ&e(zzx) H20

(2x) and brine Eﬂ‘a’%‘ﬂ over é’H |tered. a {j evapor at ed
to dryness t&%% %@rﬂbéﬁh&%ﬁéﬂ% 251)'1@7“11 Ht“g T 1'13};1}'1162?1‘."29, --1.66
mol ) .- The dpayaketonan)ieHgnmedilate, Bhavsms': T8 adMivH) lele7sne g —gep wi t hout
purification,_ F. Tr:]'g%dl azoketone 34e (1.2g,1.66 nmolL) dissolved in THE (17

nm.) was cool EYAME in an ice bath. A solution of aqueous HBr (48% 1.24
m.) was addeﬂolloﬁ}nm@ﬂmesmdaitdasﬁhenb@laabbirmemnmlu% wisisisg isopwg at OC for 1 h.

The mxture §@§m Hefe %avg %ﬁgﬁggts&sﬁtu%m%@ a{mmd%g" gg@hﬁqe NaHCCB

(2x), H20 (2 organi c er was over anhydrous
MySO4, fil te:sekdtednnhtmaépm&tﬁlehﬁrdyméf@es@@CG@PQ‘FIHI#L*H@ R- br onoket one
internedi ate 34f as a |ight yeIIowfoam(--10657 mml)_ G To a solution
of the bronoketone 34f (600 rrgcQ 779 o P d's?propanol (5 L), thiourea
(118 ng, 1.55 nmol) was added ang eakttifon mixture was placed 20 in a
pre-heated oil bath at 750C where s allowed to-stir for 1 hr. The

i sopropanol was then renoved under va€uum and the product dissolved in

Et OAc Q H s
O3 Ly s

© © & ‘on

-

'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.

P
| N
. o oH o N Was
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



(100 m.). The solution was washed with saturated NaHCO3 and brine, the

organic |layer was dried over anhydrous Na2SO4, filtere d.evapa ed to
afford the crude product 34g (522 ng) as a red-brown S%Ga%ptqrﬂgézbﬁ%eri al

was used in the final step 25 without any further purification. H The
crude nethyl ester 34g (122 ng, 0_163 mmol) was dissolved in a solution of
THE/ MeOH H20 (2:1:1 ratio, 4 nL) and saponified using Li OHH20 (89 ny, 2.14
mol ). The hydrolysis reaction was carried out over a 12-15 h period at RT_
The 26 SepWemwyeas22003 WO 00159929 PCT/ CA00/ 00353 92 sHGIEMIYERRY 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 #81%¢as a yellow solid (24 ng, 20%
overall yield for the conversion of internediate 34f to inhibitor #812). 5

"H NVR (400 ivhiz7.8 N6t 631), 8.58788(nk, 2H), Fidf7.2B (R 6118, AB (@M= 2, 1HY, 79 (bs, 1H),

7.72 (bs, 1 50 (b 7.25 ( 5.7 5.52 (dd, |
= 8.3 Hz, 1%@7%352‘7“ 1!%1)(13.352%5&&@%&%;54%?& iy, %Q‘HP, ("}'Z’E‘S'?%’.‘é%): 1H), 4.50
(dd, | = 8. 33.442383k) [H) 239283 Gd, 1ENR.48-24) (mAH)S-3-190( BSHRHYS; 8= 94 (s, 311),
3.87 (d, | = .2 65-2.53 (m 2H), 2.46- 2.36 (m 2H), 2.20-2.12
(dd, j( L 8.6 Q?Mf'zﬁl),'e%éc’i'-%{géﬁ(m (2H), ?63-1.06 (m 1£1H). K/Drs; 10 es+:
733.2 (M5 Hyxampreg35A 731.2 (M- H) . EXAMPLE 34A Using the sane procedure

as descri bed?%@‘eggg%mngpﬁ%dgy@ reacting bronoketone 34f with commercially
avai | abl e N-rfet hyl thi ourea gave # 811 (Table 8) 15 'H NVR (400 MHz,

DVBO-d): S 8Ugng the samgyroceguzrgs describedyin expmple 35but yyipg agilale J- 93 (m  1H)

7.88-7.69 (r@cety%me?gﬁ%tgmﬁz&uﬁmwamble5).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), 4.44-4.37 (m 1H), 4.08-4.00 ( ns%_ , 3.96 (s, 3H), 3.89 (m

1H), 3.04 (d, J= 4.1 Hz, 3H), 2.9® 7 , 2:16 (m1H), 1.77-1.65

(m 2H) , 1.63-1.11 (m 17H). Ms; € 1 A47.2 (M+ 20 H ', es-: 745.3 (M -
. !

H

9 H
Oy
WOH

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).
S
| N
CH,O I Ny N}‘ﬁ
/
o

OoH

20 'HNMR (400 MHz, DMSO-d,}): 6 8.47 (s, 1H), 8.29 (bs, 1H), 8.20 (d,] = 9.2 Hz, 1H),




EXAMPLE 34B Using the sane procedure as described in exanple 34 but

reacti ng bronoketone 34f wth commercially avail abl e gave
# 810 (Table 8) 26 Septenber 2003 WO 00/59929 PCTI CAOOlO%?B%%J%Qb&gOﬁ%R (400

MHz, DMSO-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), 3WOIIY7 (m 1H), 3.54-3.46 (m 2H) , 2.68- ZEWAGHPOIF)

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'. EXAMPLE 34C 10 Using §pe sane procedure as described in

exanpl e 34 but reacting bronoketone 34f with commercially avail able

N-i so- propy| §.tv @s1nER 7EAE 1H), 877 %, 155, NRAA A0 Mz, 1HIVRD(D), | 86.8 163 (s lH) ,

8.33-8.23 8. ,

88 (ba. 1ty TeonSta paf A ad 1581 3B, 403 B il 180 glarh dorts,

1H) , 5. 52( dd, F883.8Ha, ﬂ#ﬁ?ﬂzﬂ@ﬁﬁﬁ%(ﬁi—ﬁﬁﬂﬁﬁ&ﬂ%&( A 242-248k2HLH) |, 4. 51

dd, | = 0 m 2 3.97
(s, 3JH) 3. S’sﬁ%%"@ 2588 %{f@ 1%@ 356183‘5%@%?6%%5@ &Pl (2 2,
2.19-2. 105 (dd)- | = 9.2 Hz, 1.80-1.64 (m 2H), 1.63-1.29 (m 13H),
and125(2mﬂg35c65Hz 6H) 1.23-1.09 (m 2H). MS; es': 7750(|v|+
H', e-: 772, (M - 26 S&pt enmber 2003 WO 00/ 59929 PCT/ CAOQ 00353 94

EXAMPLE 34D Qﬁ‘iﬂﬁélst"ﬁé‘“‘é&%ﬁ‘d PYtedure as described in exanpl e 34 but

reacting br anekethe Bansdiocedird 43 deafiBRT iRierdrhple 38/Mit usihf evabhlac®igpl t hi our ea gave

# 809 propylthiourea gave compound # 911 {Table 9).

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),



s ff{{ CHao /U-~/~ni~H5 "H NMR (400 Mz, DMsO-d): 8 8.62 (s, 1M 8.30
(bs, IH, 8.17 (d, J=8.9 Hz, IIl), 7.62 (bs, IH, 7.5 : 28 (d,
J= 6.41U, 1H), 7.21(bs,1H), 5.63 (bs, 1H), 5.54 (dd, J%G@e%t%é@rfﬂé? 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 (m1M222(s 3H), 221213(m1|—|)179169(m
211),1.65-1.30 (m 16H), 1.26- 10 1.12 (m 2H). Ms;, es': 77 g + H', es
773.3 (MV°°P4§99§XAI\/PLE 34E To a stirred solution of tW&T’CA"“’""“
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 mol, 5 eq). The reactiogg m xture was stirred for 6.5 h 15

bef ore being concentrated under vacuum The crude isolated material was
then hydrol ya2@d, 1H), 3.526q,Je%9 Hed H) 4 260 4890 1A CHK. 62 d Jes145, Bigpl4h Exanpl e 34

to yield . 1H)

8. 21- 8. 07 (n{@‘%?? St i) @‘mﬁﬁ%ﬁeg’ o, Ay 49 %,I%jfgfﬁé)f%%ﬁ&: ,
7.19-7.10 ( nPHLRIPS-2.85 GO1B).2852p (R.1H), 2.6 (@ 1-4 idz, lﬁ),ﬂ 68-175kKn, 2ID6 Sept enber
2003 V\DOOlS 395.1H) 463453(m 1H), 4.47 (d, j = 7.9
Hz, 1H), 933%5 % qglﬁgﬁg : 3.92- 3.87 (m 2H), 3.79 (s,
3H), 2. 4252 Mﬁ (Qﬁ(m 70%(1\17)(dd j = 9 2 Hz, 11-1), 1.81-1.68 (m

2H), 1. 63- 1. 28xAwmreB6H), 1.23-1.10 (m 2H). M5, es': 791.1 (Mf H', es :
789.1 (M - MPLE 34F Fol 1 owi ng the conditions descri bed above in
exanpl e 34EH§§5‘H’E‘eSth‘1 ﬁ%mP%"B%lﬁ% chl orof ormat e, gave the anal ogous
substituted carbamate i nternedi ate. The grude isolated naterial was then
hydrol yzed to the desired conpound # 818%

4
0 lN\ &
P
°
N

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),




"H NVR (400 MHz, DVsO-d): 6 8.62 (s, 1H), 8.47-8.27 (bs,1H), 8.18 (d, | =
8.6 Hz, 10 1H), 7.69-7.60 (m 1H), 7.60-7.51 (m 1H), < d,. | .=.6.7 Hz,
1H), 7.28-7.19 (m 1H), 5.70-5.60 (in, 1H), 5.52 (dd, Jzﬁz%pge”ili%é“i? , 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', ¥00/:5992% 831.2(MFL . EXAVPLE 35 Synt hesi s of PGRIGAOBE #908
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 Bo cpd # 908 Chemistry as described H
NLo~--NH in exanple 34 'H NWR (400 , DMSO-d6): 8 8.47 (s, 1H), 8.16
(d, ] = 10 Hzea658 (m, 81, 5:58-5Q8 (N 260333en@RS! 4. 2008 MO11904 290 - '

PCT/ CA09100353 96
7.5, 9.1 Hz, 1H), 4.09-4.00 (m, 1H), 3.92 (s, 3H), 3.93-3.83 (m, 1H), 2.67-2.55 (m, 2H),

2.53-2.43 (m, 1H), 2.42-2.31 (m, 1H), 2.23-2.12 (m,1H), 1.81-1.66 (m, 2H), 1.52-1.42 (m,
2H), 1.42-1.25 (m, 6H), 1.21 (s, 9H).
5 MBS 689.3 (M+1), 687.3 (M-1)
EXAMPLE 39
Synthesis of compound #722

~

/0 N\ N\?“

=

o

) 0
c ©

S T Y e
07 “Nn—.., L
P

"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



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), 5.77-5.65 1H), 4.62-4.52 2H), 4.50-
H) (m 1H (m 2H ég%ép%nwmeﬁb

4.20-4.10 (m 1H), 3.94 (s, 3H), 3.89-3.83 (m 1H),

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 conpo d # 909 (Table 9). 10 "H NMR (400 WMHz, DMSO- dG% S 8.53-8.41
(m 2H), BO%3="9.2 Hz, 1H), 7.68 (bs , 1H) , 7.6BC¥ é“"’“&%ﬁﬁ 7.27
(dd, J:92Hz IM 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 (s, 3H) ,49078-1.67 (m 3H , 1.67-1 .01 (m
22H). M5; es’: 798.0 (M+ Na)', es': 777.0 (M+ H'. 15 EXAMPLE 35B

Synt hesi s of (gohiib&625-HHM0 1135156549 on J&INS-3850¢ d D, L-4ciagar 1H)ed in exanpl e
35 but using gxad t V. Table 9). s
CH, O~YN~~NH 20 " TR ﬁﬂ[\h()ﬂmh‘ gl%%?g%f%é%e%%lﬁﬁ%% “(bs, 1H),
8.20 (d, j 23{)25#@45m1H?62 4elrrb B, 280214/0. 0Y). 59@299%1!}3@@&100353 97

8. 09 (bs 111)L431m82h)(§41_11ﬁ)(m,m7a1(7 913;;4) 7.32 (dd, j = 9.2 Hz, 1H), 7.14
(dd, f é‘z% 1% (b&% 458 (dd, | = 8.1 Hz, 2H). 4.43

( bs, 1H) 6§93 1),_ng32 1y7 (s 3H), 3.87 (d, j = 8.9 Hz, 1H),

3. 55- 3. 46 (FHEXRH)’I,EQLGB .53 (m 1H), 2.47-2.41 (m 111), 1.78-1.00 (m
25H), 1.25 (t g‘&mofmmpo&ng;gﬂa M5, es': 763.1 (M+ H)', es-: 761.1 (M -

S5 HY. EXAI\/PL
S
cHO N [ N»*ﬁj
l =

o

'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 N
o

?

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,



Synt hesi s of conmpound #911 Using the same procedure as described in exanple

35 but using avail able N iso- propylthiourea gave conpo %& | e 9)
10 "H NWR (400 MHz, DVSO-d6): 6 8.47 (s, 1H), 8.29-8. 19%(’8#& t}ergBﬁg ]

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
63-2.58 (m 1H), 2.46-2.41 (in,1H),1.79-1.10 (m 24H), 1.27 15 and 1.26
2 x d, | YO@EIRYy, 6H). M5, es': 777.0 (M+ H)', es : HGECAPUOKH -
EXAMPLE 36 Synthesis of conpound #716 rH NVR (400 MHz, DMSQ-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),4g4. 03 (d, J=6.0 Hz, 1q, 26 Septemnber
2003 WD 00159929 PCT/ CACQ 00353 98 5. 63 (s, 1H), 5.52 (q, J=9.9 Hz, 1H),

5.26 (t, J=8.181)455-5\4Bl{mAEHS 100524 m] 1HYB.63-4.59 (mm, 41 B 47448l (, JED, 4238 27 Hz

%”5542025(?“m'd‘%e‘ﬂ%%@%%?”ﬁsg (g0 267 P A frn®y 301

2H),  1.5- 1. 351 (m1IH2R-2518, 8), 28HBH),B.7ME70.(.08)), (AUP (70D, 4% 1) EXAVPLE

37 Synthe5|s 0 H NVR (400 MHz, DMSO-d,): S (ppm: 8.62 (s,
1H), 815 (d, l%é’ﬁ Hiﬁz%@' %ﬁl’? 62- (s, 10 1H), 7.49 (s, 1H), 7.19 (dd,
J=9.2, 2. § HNSng2(M+1M’0{aWJ):5 4 Hz, 1H), 5.64 (s, 1H), 5.52 (q, J=9.9
Hz, 1H), 5. 2@MPLEJ439 2 Hz, 1H),4.63 (d, J=11.44, 1H), 4.45 (t, J=9.2 Hz,

1H), 3.94 ( &? 3.9-3.8 an, 1H,2.7 2.55 (m 1H), 2.4-2.3 (m 1H), 2.18
(q, J=8.9 Hz5Y‘1 sis of cogoynds®38 1y DH)  1.5-1.2 (m 7H), 1.14 (s, 9H). MB :

705. (M+1), 703 (M 1). ol

O AN
o
9
: O
Lrtyg®
N=", 0 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

SND

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,




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 (Qfée?r%'%j%%ﬁ%ﬁ

7.66 (s, 1H), 7.46 (s, 1H), 7.32 (d, j = 2.6 Hz,
Sept enber 2003 WD 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
(mI1H, 1 8RO M 2H), 1.52-1.42 (m 2H), 1.42-1. 25 RGHCHMPISH 21 (s,
9H). 5 Ms: 689.3 (M+l), 687.3 (M1) EXAWPLE 39 Synthesis of conpound #722
OH i H NMR (400 MHz, DVMSO-d6): S (ppm: 9.70 (s, 1H), 8.64 (s, 1H), 8.26 (s,
1H), 8.14 10 (d, j = 9.2 Hz, 1H), 7.4%g4s, 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 (m 111)—?)'49@& U9, 73548, JER? HERH), 7.09-7083, B9, {665.61Hn, 113), 995-649 3H) ,

T 5 57 (s eain sz Jaga o dl ke, npide b o hgag & 10.0,% 1Yy
1, 42h1 27 ( ][nsga-{)s,,Bﬁ)ZEZ(@G (@l—QH) 1B-NB: (o7 U8), 36§ wuy,,lmaﬁsadammnm EXAMPLE 40
Dt "e%es (L APyl 3515 BhUMR A8 oo B D L0, 8, 15

| H), 728%d1239,211@r@z9&194) 7.05-7.00 (m 2H) 6. 64-6. 63 26 Septenber 2003

MS : 748.2 (M+1), 746.2 (M-1)
ExXAMPLE 45
Y
=2 N
W {
Q
@ N N
- OH
XOLNILJ\?L
=

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),




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
15)0, 3.91 (s, 3I(—I)m ;?92-3.85 (zn,(lH), |2_|?67 2.54 (m E?G%?”ﬁj%o?

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 (Ml), 687.2 (M1) EXAVPLE
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),WomEy, | = 8.6 Hz, 1H), 6.93 (d, j = 6 Hz,PAIAYA00ME38D-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 2 3,1.60-1.01 (m15H),1.24 (t, ] = 7.4
Hz, 3H),1.17 (s, 9H). Ms; es : 751.1(M+ H), es 749.1- (M- H . 15
EXAMPLE 42 SyaBahesi (g, 7H), 4206wt 634 (J, BHINVE-6 40, Wz)tszlilisﬁ HAH), & (ppm)

0,62, (5 1) ok (gl bl oyl oy oy 004,10, % T T

Sept ember 2008S W2 0@UEHIE9.9RET) CACOL00353 101 1H), 5 55-5.48 (m 1H),
5.28-5. 24 (mﬁét%a 63- 4 50 (m 1M 4.47-4.43 (m 1H), 4.13- 3.99 (m 1H),
3.90 (s, 3H) Y% 83 (m 1H), 2.67-2.55 (m 2H), 2.53-2.46 (m 1H),
2.43- 2.3B (rfynthdyis opcopmopnd $907m 1H), 2.15 (M), 1.75-1.70.(m
2H),1.51-1.42 (in, 2H),1.41- 1.28 (m 6H) 17 (s, 9H). 5 M5 : 703.2

(Mr1), 701.3 (M 1)- EXAMPLE 43 Synt ompound 4738
P
(:)
O\J\_\?’(lyr L
o7 N, LI &

"H NMR (400 MHz, DMSO-d,): & (ppm): 8.46 (s, 1H), 7.98 (d, ]=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, lH),
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
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),



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

pg’% 8H§54(d j = 2.5 Hz, 1H), 8.62 (s,
s, 1H), 724(d, J=2. 5Hz = 6.0
1H), 6.43 (d, | = 2.2 éiz p%ﬂ%ggg%% 57
5.22 (m 1H), 4.65-4.56 (m 1H), 4.45 (dd,
m 1H), 3.90 (s, 3H), 3.88-3.84 (m 1H),
ggigiggmztg,zmzﬁ( 2.42-2.31 (m 111), 2.34 (s, 3H),
m 1H), 1.80-1.64 (m 1.52-1.43 (m 2 7 (m 6H),
1.18 15 (0929 \s: 703.2 (Mrl), 701.2 (M 1) EXANP[DEPCEZF%%"% eS|g of K
compound #725 20 1 H NWR (400 Miz, DMSO-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, {dd), 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 ( M2, mefcadethaidl, it presdrk pf a Dcl@F] ¢fprotdis inhditd2- BisdS¥ m  1H)

2222, 15 (mPTy T e B gy op Y G Guk Rp g Do By (X” ks
12H), 1.18 (<,5MNpCL &Rl a D4R t2aifidet \ftefddBa@nifinghyion, ENANPEIE extgreSynt hesi s of

d
?S,WDJOES S#thﬁwa%l&{édi%lw&ﬁcﬂ% OMW?L‘ psﬁ&m ﬁmﬁé 1&5 ( %H) 11?) 10

7.18- 7. 01 5 mEipps3- W@aﬂ@ﬂt@ﬂsﬂﬂ az=r—?9% PRl (azmdgeﬁlkrgy %EP%PAQE)G‘@% 63 (m

1H), 4.47-4. %%OQﬂOOWmmﬂiagtﬁe dleélﬂe%%m% stglgeli)at-Ba’ 140 (s, 3H),
3.93-3.86 (m 2-2.14 (m

1H), 1.79- 1 n@ﬁ seq’lﬂunﬁlﬂphite '{521? A((W V);giy_]_Cfrol P- SM &Icgi 0.8 1m1 azcﬁ

0.1% NP-40. It 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-

(pp
7

(

~

j .6, 8.9 Hz, 1H), 4.07-4.0
1H),
2H)

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



15 M5 : 703.2 (M+l1l), 701.3 (M1l) EXAMPLE 46 Synthesis of conmpound #906 1H
NVR (400 MHz, DVMBO-d6): 8 (ppn): 8.46 (s, 1H), 8.06 (d, 2@;3egt k&% o0dsD |
7.57 (s, 20 111), 7.49 (s, 1H), 7.34 (m 1H), 7.14-7.05 211), 5.63-5.58
(m 111), 4.66-4.61 (m 1H), 26 Septenber 2003 WO 00/ 59929 PCT/ CACQO' 00353
103 4.54-4.44 (m 2H),4.23-4.18 (m 1H) 3.93 (s, 3H), 3.92-3.88 (m I|H),
3.21-3.14 (m 1H), 2.44-2.33 (m1H),1.35 (d, J=7Hz, 6H), 1.73-1.01 (m
26H) Ms : 762.0 £M+1) 759.9 (M 1) EXAMPLE 47 5 Synthesis of conmpound #907
"H NVR (40B008%2DVE0 d6) . 8 (ppn): 8.46 (s, 1H), 7.98 HA/CAPUSE 1y 1p)
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 3g40-2.33 (m 1H), 1.73-1.01 (m 26H).
M5 : 702.0 (Mt1l), 699.9 (M1) EXAMPLE 48 Full-1ength NS3-NS4A heterodi ner
protein fl uoagagaeibeacassﬁryaél'slaye:rm&elfdﬁbﬂe&bynﬁmadmdi‘rhgamegitoﬁsmagﬁ-cI oned by RT

PCRintothe t racted fromthe
serum of an H gg%dglgyfg%&cﬁ% ]f? %%Lh %@%Eﬁ%ﬁ%&row g)%tﬁe; . Bernard
W I | emrs, Hopralailatign.of the Pemge@mu,bsf@emersw@m@e PeTératagSar NS4A region
(NS3- NS4AFL) ini@sidchen subdoned by PCR into the pFastBacT"" HTa bacul ovirus

expression vector (G bco/BRL). The vector sequence includes a region
encodi ng & 28-RegeRftie N-term nal sequence which contains.a 20 hexahi stidine

tag. The BacTi®arRemENIOAOL 0We Wore QKRMES EbALISE TedRBloi. RéRRL) was  used
to produce the reconbinant_bacul ovirus. H's NSAAFL was ex(gqn(lassed by

et g 10BTISHBTS, MR S B AP PR A O AR | SRE PR

mul tiplicitypRice, DMSO from Aldrich® and NaOH from Anachemia®.
Assay buffer: 50 mM Tris-HCl, pH 7.5, 30% (w/v) glycerol, 2% (w/v) CHAPS, 1
10 mg/mL BSA, 1 mM TCEP (TCEP added just prior to use from a 1 M stock solution
in water).
Substrate: DDIVPC-SMSYTW, 25 yuM final concentration (from a 2 mM stock
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.



infection of 0.1-0.2 at 27. Authentic auto-proteolysis occurs during
expression to produce a non covalent and stable NS3- NS44 gafRinfieh 2663501 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/ CAOQ' 00353 104 2mM - ner capt oet hanol, in presence of a cocktail of
protease inhibitors. Hi s-NS3- NS4AFL was then extracte cell

| ysate wit WOP¥S¥NP- 40, 0.5% Triton X-100, 0.5M Nad ,d"ﬁég”@]"@ﬁg’se
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% puses 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 nVteqliteswah Gitgrhdindng Willipose@ BBAtSaeen VapupeddatifoldFilrafeNaCl , 0. 25

Mim dazole, _ 0. 19 - 481 \Qﬁﬁ J I | jgst prior to
use. The pr otaé’gggeaégég%d\%?fl ;7 O(E)?l ] saE%%%%Ef&&aag%g%@g&g{a&?# a50 nmM Tris-HC ,
pH 8.0, 10 GoB&irlhsEdilipfsdntilipderefidp@Me W v) n-dodecyl -[| - D-nal t osi de, 1
FTM TCEP Fl Vv M f . t]"el_(i t | Jkﬁg EHQ - IZSI_H -d

ant hrani l yl - %ﬁ%ﬁ%&%ﬁc Al\i/r??lé-%)ra% i%%ﬁ%ﬂﬁ preseng%J gvar “ous ,
concent r atd onmowtoliferiithinter were i ncubated with 1.5 nM of Hi s- NS3- NS4AFL

for 45 min atng3liBRoh WaaladMRA iRDGE RlbAlsQGuatiof: Not exceed 5.25% The
reacti on was ter n’inl:rllgat gd vvlgtafg the addition g‘f'g LII\/I NMVS, ]{%H 5.8. 15

Fl uorescence of the Nt orHcauts.presatiet)/ Rl Srelk WA a Per ki n- El mer

e

LS-'5PB f Luoggﬂm-%eﬁau%@ﬁ®GM& Hi1Bm &6 \#aé ipggb&fo&hé ﬁﬁﬁﬁi’on( excitation
wavel engt h: 5 nm . emssion elength: 423 nr The % inhi bition was
cal cul at ed wiPRePHaIH D FRBGe g%ﬁ%ﬁ“ﬁ‘?ﬁ““?ﬁﬁaq"n(ﬂ??r# ifsj We&gﬁﬁf‘e

k) / (f1 uol b - fdse 6bdng sofcb@fR(S26st4al Sofwire BEaem; SAS Bestifuté, Inai, Carst, N&C.Hi | | nodel

was applied t e l51hi bition concentration data, and the 50% ef fective
concentration ? was cal cul ated by the wuse of SAS software
(Statistical Spefifigky &s&pstem SAS Institute, Inc. Cary, N.C).

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 M Z-FR-AMC (7-amino-4-methylcoumarin} and 0.5 nM cathepsin B {the stock
enzyme was activated in buffer containing 20 mM TCEP before use)].



EXAMPLE 49 Reconbi nant HCV NS3 protease radionetric assay 25 The substrate
used for the HCV NS3 protease radionmetric assay, DDl VPCogMa¥leberioBos! eaved
bet ween the cysteine and the serine residues by the enzynme. 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 ncubat ed .\ t he reconbi nant NS3 protease in the in the
presence o%%lggg?tor s. The separation of substrate f?vgé‘rﬁg‘g@g%?s was
performed by addi ng avidin-coated 26 Septenber 2003 WO 00/ 59929 :
PCTI CA00/ 00353 105 agarose beads to the assay m xture fol |l owed by
filtration. The anount of SMS['ssl Y] TWmproduct found in the filttrate (with
or without inhibitor) allowed for the calculation of the percentage of
substrate confyEPEISeRRFEExBPle iicupandzadibslgw fof porfinhpasicrepticelastais®.  Reagent s
Tris and Tri snbighiybihens ﬁﬂwoﬁbm%&%u9&&@@9@&1&!%@%@2&@&% a€S.

G ycerol (UtraPure S and BSA were purchased from Signa. TCEP was
obt ai ned fror'ﬁ1 %@%{h%sﬂﬂleﬁﬂ@?ﬁ“ﬁl drich' and NaOH from Anachemi a(r). Assay

buffer: 50 mMoltioBasthOhutisd mds BOLICVER b, 1 XGRS 50 2 PS, 1 10
ng/ nL BSA, 1 WM-E%CETD %%CEPHadded j ustwé)ri'or %Qgiué'e roma\gl'\]{.))' st ock sol ution
in water).5 SHEate: DDl VPC- SMBYTW 25 11Mfinal concentration (froma 2

nmM st ock ologt j %& t 3 avoj i dati .~ JLacer:
r edﬁced rm?\ozg%?ﬁ%ﬂtzg‘g su sot%r{g({ e %t%%l%%%%%?gﬁ"%?&?%( %Jﬁ nM 15
final concentiveen-ghio nMpordigPaperettisastateyprd 1b, 25 nM final concentration

(froma stockysphihh®Rod L. % gl ycerol., 300
(17om a st ClosebithiRcl i oM Ol A0 BHAS AR ol T s BB
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.



40). B. Protocol 20 The assay was perfornmed in a 96-well pol ypr opyl ene

pl ate. Each well contained: 20 pL substrate/tracer ff 10 PL
t inhibitor in 20% DMSQO assay buffer; 10 L NS3 prot easggﬁe&e@% %6?%

i nhi bitor and no enzyne) and control (no inhibitor) were al so 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
mn at 23C under gentle agitation. Twenty (20) P.L of 0.025 N NaCH were
added to g ERME %e enzymatic reaction. Twenty (20) L HCTRAMIPHoat ed
agarose beads (purchased from Pierce(r)) were 30 added in a MIIlipore(r)
MADP N65 filtration plate. The quenched assay m xture was transferred to
the filtration plate, and incubated fofgg60 nm n at 23C under gentle
agitation. 26 Septenber 2003 WO 00/ 59929 PCTI CACO 00353 106 The pl ates were

filtered usi ﬂ'gisaowptﬂlfﬁ'rilpi?realéneyse‘ﬂ/umﬁdrSM@emol\i&muEM\J\pmmbtakd Filtration
appar at us, 'a%oﬁ%émuédéﬁﬁ?@gp:&sﬁk {Ogeq,(pgécgtév\%a?ﬁ an opaque 96-wel |

plate containin C|nt|IIat]'i3 ui d per The filtrates

wer e count edpwpgﬂt%dé%(weq%miﬁﬁoﬁﬁfsatffférrmpnﬂy@lmgn@tef" l-liquid 5
protocol for Tie fseshruclBgas% Rl Rblelith oG Aloteil 86:E it ok diiGed:0! | oW ng

equation: 100-[(counts;.h counts F)/( cou sc,-countsb,,n) x 100] A
non-1ineaPf cBR{ESPoteiRg aFWe{eﬁ%*dFﬁ‘qugl?'rﬁ%Pé(Pgﬁ\/@{sth%ﬁ% pregasedt sibeliavedhi bi t i on-
concent r at i Othatihik aatird dirdilpeotBiafonrhs £ednplex £ eRGRMYraleioPihe Chdapldsmias

calcul =0 B e ol P56 AR st © o
Acad. Sci. USA 89 (1992): 5547-5551), which contains a DNA-binding domain and a
transcriptional activator. Release of the tTA profein requires an NS3-dependent

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,,



Specificity assays The specificity of the conpounds was determ ned agai nst
a variety of serine proteases: human | eukocyte el astas I
pancreatic el astase and bovine 15 pancreatic a-chynotrygzsq %%%Jag%r?eoos
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
“followed by addition of substrate and hydrolysis to -&30% conversion as
measur ed oﬁv%ﬂwg?ﬁerrnorrax(r) micropl ate reader or a fl BEFEAQSASE
Perkin-El mer(r) 20 LS50B plate reader. Substrate concentratjons were kept
as |l ow as possible conpared to KMto reduce substrate conpetition.
Conpound concentrations varied from 30@ggto 0.06 pM depending on their
potency. The final conditions for each assay were as follows: 50nM Tri s- HCl
pH 8, 0.5 M Na2S®4, 50 nmM NaCl TABLES oREDIRPOUBMSOMSO, 0. 01% 25 Tween- 20
with; [100 pMusifs : P | [ 133 pM

bR AHhAnds 2 e%ngaﬁggﬁap%ﬁ%gén%n

Succ- AAA-pNA  and 8 nM porci ne ‘el ast ase], ucc- AAV- pNA and 8 nM

| eukocyt e el Y epgrpeundsdyster jn Batrien 1ip PiPex fpndBio be AMvERDTA e@ymBRGSsdNM TCEP,

0.01% Tween- Zlﬁeseﬂted Mﬁ@&%éré&&ﬂpﬁﬁéébf@{ %\%%Qk“mgfe@ntsapd 0.5 11 M
uffer'c

cathepsin B (the stock . enzynme was activated 1n ntal ni ng 20 nv

TCEP bef or% (E&fJatcsgva oblafse vithderadioretic sgop prematedinEprrapie s 107 A
represent ati ggepa i ri.zed bel ow fo ci.ne ncreati ¢ el astase:
In a pol ysty\rl@ne Fﬂ%ﬁgﬂost%@n F%ﬁe ﬁ%ﬁtasésm(s(%ﬂeg%r"l’%g,gr A AYYSefer e added

using a Bi orekihiayhg. 9apd Ea;(dﬁ?@b,ﬁfm)i 40 L of assay. buffer (50 niM
Tris-HCO pH M Na2SQ4, 50 mM NaCl, 0.1 mM 5 EDTA); 20 L of enzyne

- . ) .
sol ution (50 FFFHCPRPIRRds peredestest infhenpesificitp aspayppreseTted ToBE2pe 50
and were found to be specific for the NS3 protease. In general, the results from the

10  different specificity assays are the following: HLE >300pM; PPE >300uM; o-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.




Tween-20, 40 nM porcine pancreatic elastase); and 20 }iL of inhibitor
solution (50 nM Tris-HCl, pH 8,50 nM NaCl, 0.1 nM EDTA, 26G<p2dnterens 20, 15
mw0.3 Minhibitor, 15%v/v DVMBO). 10 After 60 m n pre-incubation at RT, 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 th ermomax(r) plate reader. Rows of well | ocat ed
for controﬁs‘j}-ﬂ?%%g-{?nhi bitor) and for blanks, (no inhibi t?’%@gﬁﬁ? 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% Twden- 20, 15% (v/v) DVSO. Al ot her
specificity assays were performed in a simlar fashion. 20 The percentage
of inhibition was cal culated using the formula: [21-((V -UVbl )/(Uvcu UVb
))1 x 100 A non-linear curve fit with the H |l nbdel was applied to the

i nhibition- concentration data, and the 50% ef fective concentration (ICS)
was cal cul ated by the use of SAS software (Statistical Software System
~SAS Institute, Inc., Cary, N.C). 25 EXAMPLE 51 NS3 Protease Cell-based
assay This assay is done with Huh &&m a human cell line derived from
a hepatoma, co- transfected with 2 diructs: one (cal | ed NS3)
expressing part of the HCV non-structural ped yprotein fused to the 30 tTA
protein through an NS5A- NS5B cle% f~4e"in the foll owing order:

NS3- NS4A- NS4B- NS5A- (NSSB) t TA wher ) represents the 6 first am no

aci ds of NS5B. 26 Septenber 2003 WD 00/}59929 PCT/ CA00/ 00353 108 This

pol yprotein is expressed under the contQol of the CW pronoter,

o) N
3]
>l d
- 9
o N ",,

. . 1
single stereoisomer at R

t1l

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




the other (called SEAP) expressing the reporter protein, secreted al kaline
phosphat ase (SEAP), under the regul ation of a tTA-respo2siS¢pteptbammbes. The
first construct |l eads 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 tTA is a fusion protein,

descri bed Qyoggﬁﬁﬁn and Bujard (Proc. Natl. Acad. Sci. pdefafiteis3®92):
5547-5551), which contains a DNA-binding domain and a transcript ional
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 last cleavage
allows tTAto migrate to the nucleus arld1transactivate the SEAP gene.
Therefore, reduction of NS3 proteolytic activity |eads to confinenent of
tTA to the cytoplasm and conconitanTA8dE@ase in SEAP activity To contro
for cellular activities otheg, than inhibjtion of NS3 protease which are due
15 to the conpound, a paralﬁe' ection is done with a construct
expressing tTA alone and the Leporter construct such that SEAP
activity is independent of the NS3|protease. Protocol of the assay: Huh-7
cells, growmn in CHO-SFM | (Life TecRnologies) -F 10% FCS (fetal calf
serum) were co-transfected with the=two DNA constructs in the 20 foll ow ng
proportions: 7 pg NS3+ 500ng SEAP pi PuGENE (Boehringer Mannheim per
4 X 106 Huh-7 <cells. After 5 hounAs atf 37CHthe cells were washed,

trypsi ni zed and plated (at 000-Nte  +HOBHwel | pl ates containing
a range of concentrations of tHé conpounds {%e tested. After a 24-hour
i ncubation period, the SEAP actfvity in the ne

umwas 25 neasured with
t he Phospha-Light kit (Trdpl%). ™ i sys0f ! “Percent inhibition of SEAP
activity with respect to conpound

WCERLTA i on was performed with the SAS
software to obtain the EC,. 26 SepRenmber 2003 WO 00159929 PCT/ CA00/ 00353
109

. . 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




TABLES OF COMPOUNDS The follow ng tables |ist conpounds representative of
the invention. Al conpounds listed in Tables 1 to 9 wepe Jeptththct Qob®

active in the enzymatic assay presented in Exanple 48. A nu
acconpani ed by an asterisk (*)

nmber

represents 5 enzymatic activity obtained

with the radionetric assay presented in Exanple 49 wth ICs under 50ji M
A? 1pM

In these enzymati c assays,
11i M>B>0. 1pWRaH#E5 O | pM  Sever al

the foll ow ng grading was used:
conpounds wer e test eddrTabimzsspeci ficity

assays presented in Exanple 50 and were found to be specific for the NS3

pr ot ease.

I n general,

the results fromthe
are the follow ng: HLE >300M PPE >300

indicating that these conpounds are highly specific

10 different spécificity assays

a-Chym >300 M Cat. B >300 M

toward t he HCV NS3

prot ease af@par £, N0T eXPeLteq HupRX M Ui o5 ous s gezetfeats
addi tion, :%rta n of theSe cqnpounds re testeld"in|®he cel Im%asaﬁf‘zassay
descri bed {h Exanple 51| and w&eRd f ound steerorhste fact i ity witih an B8t Hel ow
10PM 15 $elondgWi-Hondi PHEt | ng 18 patis T hESE, 16 GfEUNGHe ,gﬂe TO5%gé 4T KET
menbrane. Partijcul arly,{ conpounds of Tables 7,8 and have |been pssedsed in
the cellul ar_asisay and the desult indi*€8ted in the{last cqlum.|In this
cel lul ar apsHy, ml;?;a f ol [lBW ng1gbdiing WAR, Dumed. | dMe PMnyB §53pM T dme
foll owi ng abbregvi ationsi are used withijn_the foljl ow hg tabl gs: 20 Ms:
El ectrosprpy nHss_spectiral data; mz except] wheph ot herwi se i|ndi cated by
an asterisk®3= @B M, |A: atelidcs Bn| iBamayl i | e | Her T - BUBMOXNEar hony! ;
Ph: phenyj; (or2N OPY!|. 26 Pept enber Q93 WO 00/ 59p29 PCT|CAOO|00353 110
TABLE 1 R2R single sterfeoi sofrer at Rl . doublieD- R bondRWMsSenzyjme
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
. | (mixt acid
dia
stereo)
218 | NH-Boc | 10- 13,14-cis IR, Dsynto | OMe | phenyl | 7138 |C
oXo 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




#bondst ereochemactivity. 10112,13-1R, D syn tophenyl 685. 8A* transam de
102nonelR, D syn tophenyl 687.2C acid 103nonel R D syn togggg%k6qz.%Af am de
26 Septenber 2003 WD 00/ 59929 PCTI CA00100353 111 TABLE S[NoeL; HB:I’e

st ereoi soner at R CpdR3R4doubl eD- R bondR21R~MSenz. #bondst er eochenact .
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- Boc1]- elR or 1S, HH627.7B 12-OHD syn to 5aci

206NH BocH Q?@S"’% s1R D syn toHH593. 7C acid 207NH Boc%fg‘,’%ﬂg@f’sglR, D syn
t oOMeH623. 7C aci d _ . :

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




208NH BocH13, 14-ci s1R, D syn toOwephenyl 699. 8C aci d

209NH- C( O) - H13, 14-ci s1R, D syn toOwkephenyl 698. 8C NH-t Bu
2003 WO 00/ 59929 PCT/ CA00/ 00353 112 CpdR3R4double D-R b
210NH Boc H13, 14-cis IS, Dsynto Ove phenyl
599.7 C acid 213 OH H 13, 14-ci s

(one acid Ove H 524.6 B isonmer) 214 NH Boc 10-oxo 13,14-cis 1R
D syn to OMaghesy! 713.8 C acid 215 NHBoc H none | R Dsyhtofehde; phenyl

bondst er eochenxact .
211INHZ H 13, 14-cis 1R Dsynto Owe phenyl

1R, Dsynt o
701.8 C acid

R R RS

699. 8A*

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




217 NH Boc 10-OH 13, 14-cis 1R Dsynto Owe phenyl 715.8 C (m xt acid dia
stereo) 218 NHBoc 10- 13, 14-cis IR Dsynto Owe phenyl 713.& %393%2? yde 219
NH-Ac H none 1R, D syn to Owe phenyl 643.2 C acid 220 NH Boé) 13, T4-cis

| R, Dsynto OMe s 706.2 C am de H 26 Septenber 2003 WD 00/ 59929

PCT/ CACQ' 00353 113 TABLE 3 single stereoisomer at RCOOH } R1 1

Cpd. R3-D-D-R1 bondRz1R22MSenz #act stereochem 301NHLIR or 1S, HH621. 7B 16

BoC7 15 D Sy dhResdo ~ acid 11 " a i, : PCT/CA00/00353
115
Cpd R‘ 9-X 11,12 MS enzyme
# double ' activity.
bond
405 / 0O trans 715.2 C
Me
406 |H O none 703.3 C
407 - Q none 717.3
Me\
408 / (e none - 7173 | C
Me
409 / O cis 715.2 B
Me
410 / S trans 731.3 C
Me |
411 / S cis 731.3 A*
Me
412 8-(Me), 95 cis 745.3 A




10 12 13 302NH-9 121 R, D synOwePh671A Bocl0 11to am de 303NH 10 12 141R D

synOvePh701. 3B BocB 11 13to am de 304NH IR, D synOwvePh ,
13to acid 7y ,4 10 12 305HO R, D synOwPh602.2B s 11 %%ejp%rﬁé’gzgggd 14

10 12 13 306NH1. 1R, D synOwePh673.2A* Boc% 9 " 12to am de 10
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




26 Septenber 2003 WD 00/59929 114 PCT/ CA00/ 00353 Cpd. R3-D-D- R~ bona

R22R'MSenz #st ereochenact. 307NH 1R, D synOwveHC Bocl3 1 %gaigg 11 bl 10 12
14S 77 308NH- Acrl R, D synOVeCEt609.2C 9 11 . e / 1l4to i SPPIRINDS 2098 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 PCT/CA00/00353

17

TABLE 6

21 22
2}

N
—
o

2

C
>( 7
o
N
H
D-R’ bond syn to the acid )
Cpd# Rﬂ rZ Ms enzyme
activity.
601 N(Me), ﬁ O |[776.2 C
N
: \
A/S
602 OH 675.2*
(CF,) 5 C
603 OMe 0\" 690.1 C
._Q\/N




403HOt rans701. 3C 4040trans715. 3B Me 26 Sept enber 2003 WO 00/ 59929 _
PCTI CA00/ 00353 115 CpdR49- X11, 12Msenzyne #doubl eacti vi té go&%&%

405/ Ot r ans715. 2C Me 406HOnone703. 3C 4070none717. 3B Me 4681°P 7993 3Cc e
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 DR bond

syn to the acid

WO 00/59929 PCT/CA00/00353
118
TABLE7
. 0 /N R 22
<

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




PCTI CA00/ 00353 Cpd10- X11- X12- XMBenzyme #activity. 501CH20CI - 12703. 2C
502CH2CH2CH2701C 503CH2CH2NH702. 3A 504CH2CH2N( Me) 716. 3A*
505CH2CH2N( CO) Me744. 3B 506CH2CH2N( CO) Ph806. 3B 507NHCI - 2 &825epseraiger 2003

508N( CO) CH2CH2744. 3C Me 26 Septenber 2003 WO 00/ 59929 117 TABLE 6 D-R bond
syn to the acid 17 13 PCT/ CA00/ 00353 CpdR2MSenzyne activity. 601N(Me)2W
O776.2C N S 6020H(CF3)675.2*C 6030Ve0~690. 1C

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 N H \fo 7652 | B
S
.-<\:é/
710 H CH, None \')\ 7501 | B
) New
-‘<\/S
711 H CH, None SN . 7022 | B
| P
712 H Cis t
CHz -OE 6673 | B
713 H None N 708.1
CH, L ] 1B
S 1
714 H CH2 None -OFEt 6693 | B
715 H i
CH, Cis @ 6883 |B
716 H Cis 70
CHz 0 53 | A
LT
717 H Cis
CHz N \( 7052 | B
. 7\
-_<0’N
718 H i
N~
i L




26 Septenber 2003 WO 00/59929 PCTI CA00100353 118 TABLE 7 RR2 N H D -W bond

syn to the acid Cpd #R4Xs, X 0% or 13, 14R22Mscel | . 11douh] eact. Xbond
701H11- 0Ci sphenyl 701. 3A 702HCH2Gi s~ 763.1B 0 ~ ~ 703H%§z§iﬂﬁ%llPef§P%B N

N-- 704HCHaC sN700. 3B 705HCHC s~~ 706.2B S 707HCf 2C s748. 2B
708HC Ci sH749. 2B

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
).__//
723 H CH2 None @ 6903 | B
p /
724 H CH, None n\(o 781.1 B
N--.
N O
725 H CH, Cis 7482 | B
N.
v
s
726 H CH, (?is N‘/\§ 7032 | B
Ay
\
727 H CH, Cis -CH,-OMe 6673 | A
729 H CH, Cis y k}\ 7352 1B
.’g




26 Septenber 2003 WO 00/ 59929 119 PCT/ CA00100333 Cpd #R4X9 X10;

or13, 14R22Mscel | . 12doubl eact. Xbond 709HCH2NoneH p765. ég#\l

710HCH2None _s750. 1B 711HCI - | 2None702. 2B 712HCH 2Ci s- CEt epgember 2003

713HCI - 12None708. 1B 714HCFJ~None- OEt 669. 3B 715H- 12Ci s688.3B r O--

716HCH2C s. . -<, i 705.3A NN 717HCHzcis_/N-1( 705.2B O~N 718HCH2ci sJN689. 3B

719HC s714. 2B 26 Sept enber 2003

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




WO 00159929 120 9;)? X; X. 13,14 Cpd #R411l ordoubl e Xbond -720HCH2None 721 H

CH2None 722 H CH2as 723 HNone 724 H CH2None 725 H CI-I2%%% ?EN;IE-LO S CHZ 727
HCH2Cs 728 HC -12Cs 729 HCH2CGs RR2 HH O N 3 -CH er 200

PCTI CAOO/ 00353 MS 751. 2

WO 00/5992¢ PCT/CAO0/00353
122
de # Rd xg; xlo‘: or 13,14 RZZ MS cell.
- double . act.
X bond

7631 | B

741 H CHQ Cis H
N,‘\_I/ Y
| O

D-R' bond syn to the acid, double bond 13,14: cis

Cpd# |p* R rZ MS cell.
act.
801 D\ H N o 7612 | B
Moo
or ~«Y Y
303 n-Pr H OEt 6373 | A

804 H ) 7903 | B
N
N
805 H = 700.1 [B
A2

‘0_-"
806 i - H OEt 663.2 | A




716.3 703.3 690.3 781.1 748.2 703.2 667.3 637.3 735.2 cell. act. B BBBB
2003 WD 00/59929 121 PCT/ CAY 0032"33 9 10: 13,14 Rn
6 September 2003

B B A AB 26 Septenber

cel |.

Cpd #R 4X; X
WO (0/59929 PCT/CA00/00353
123
CPd # R32 RZZ MS CE“.
act.
807 CL OEt | 6793 | B
0.-—"
- 808 /L OEt 6532 | A
0/
809 Q H o 775.1 |B
New” ’
o™ ‘<\:Sr \f
810 Q R 7612 | B
. =~
0 '-<\/S
811 CL H 7472 | B
Neg ™ '
o ﬂ
812 O\ Nﬁ,NHzl 7332 | B
o '&s
813 ?/ OFt 6913 |B
814 - N 718.3 B
C] p .
o ]
8
815 <:L Ry 7263 | B
0,-7' i N/
816 %/’\ Wn\/ 7763 |B
N 4
817 Q 7602 | B
N
o _,</ ]
S
818 CL N o 7911 | B
e .
o <%




ordoubl e Msact. xbond None H O 730HCH2NN 780.1B S HN 731HCH2C s N~NH,

721.1B <S 732HCH2Ci s 705.3A 0 Gis 733HCH2/ | 689.3B JV-J\ 734HG s N703. 2B
~I- 735HCH2Ci s 749.2B NCO Cis 736HCH2NNO 779. 2B eptember 2003

WO 00/59929 . PCT/CAG0/00353
124
CPd # RSZ R4 R22 MS cell.
act.
819 ! H \)\ 8332 {B
- N 0
o "'-\1/
"<\,S o
820 EL H Nj/g\/ 7472 | B
o ‘_<\/S
821 H
P 7009 | B
A~ £
o .
822 CL H ”\]/ﬁ \\/ 7754 1B
o "i\,s
823 H P 7152 | B
a_ |* o
o
824 O\ "10-(R) | OFt 693.0 | B
o Me




S 0 737HCH2C sOwe730. 2B 738HCH2Ci s 703. 2B N 73910-(R) CH2None Ph715.2B Me

74010- (S) CH2none Ph715.3B Me 26 Septenber 2003 WO 00/ 59929 122
PCT/ CA00/ 00353 Cpd #R4X4; X10; orl 3, 14R22Mscel | . i t doubl<EaeqPebRyRPO3
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 60/59929 PCT/CA00/60353
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TABLE 9
R

22

o ©
A
H
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/




761. 2B a~~s 803n- Pr HOR637. 3A 804N~ H N 0 790. 3B H~S 805H700. 1B

806HOEt 663. 2A 26 Sept enber

RzzMscel | .
61.2B N, _

811HH747. 2B

2003 WO 00/59929 123 PCT/ CAO
RacL 807HOEt 679. 3B 808HOEt 653.2A 809 HH 7

WO 00/59929 PCT/CAG0/00353
126
Cpd# |g* R rZ MS celi.
act.
908 O\ H .—&(NHz 735.2 | B
O_.-v \ S
909 O\ H H 7770 | B
Na,
0—-"‘ a-‘<\:|s/ Wlf
910 <:L - {H ”ﬁ/n\/ 763.1 |B
.0—-' ‘—<\,S
911 O\ H N i \( 7770 |B
- .@/
912 [L H N\r',j\/ 7489 |B
o "<\,s
913 D\ H- o 7629 | B
Ne,
o~ ﬂ jo(
914 O\ H N ﬂ\ 7490 B
0} f{\:]s/
915 ) H N 7511 |B
— —
o .g W
916 Q 16(R) [OEt 6952 | B
o Me

78 SEPri 0




812HNH2733. 2B 813HOEt 691. 3B 814 ~HSI 718. 3B oo 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 RB2 RA HHHHH

26 September 2003

WO $0/59929 PCT/CA08/00353
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CLAIMS
What is claimed is:
1. A compound of formula (I: —

10

15

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,

cycloalkoxy, 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,,
N(R™),, NH-C(0)-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™,




10- (R} Me 124 Hn/O- NYNii a5 O OR PCT/ CAOO 00353 M5 833.2 7472 700.9
775.4 715.2 693.0 cell. act. B B B B B B 26 Septenber 202%38\/\? og/ 52%929
PCTI CA00/ 00353 125 TABLE 9 COOH R 32 eptember 2003

WO 00/59929 PCT/CA00/00353
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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):

"\ H
}xjjf/l\ O -
D—* 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:




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;%8762 0B

907"H, , 702. 0B 26 Sept enber 2003 WD 00/ 59929 126 PCTI CA EMigy 003
#R32ROMscel | . act. 908HNH, 735. 2B s 909HN~777. 0B 910HN763. 1B C~

WO 00559929 PCT/CA00/60353
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24
R
24 24
‘G_—R24 “_‘</ ‘/Q /\l —N
24
R

24 R
N \ O R N O
R24 ,
L 19
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:
24 24
24
‘@—R ‘.-</ ‘/N/3’ /N-—"N
R
NTX )
)L R ’ ~ i
; N ; N

R24




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) OEt 695.2B 0 --Me 26 Sept enber -
2003 WD 00/ 59929 PCT/ CAOQ 00353 127 CLAI MS Wat is cl ai4betentember 2043
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wherein R* is H, C, , alkyl, NH-R”, or NH-C(O)-R™
wherein each R” is-C.  alkyl or C, ; cycloalkyl,
or NH-C(O)-OR”, wherein R” is as defined in claim 4.

5 7. A compound of formula I according to claim 6, wherein R is methoxy.

B. The compound of formula I according to claim 7, wherein R”is ethoxy, or

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,




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, G 6 alkyl or C3"6 cycloal kyl; R22 i@G@eHﬂFQﬁf@WG

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 er ocycl e containing from one to four heteroatons selected from
nitrogen, oXQ§EM9¥nd sul fur; said cycloal kyl, aryl or NecTicavmgssubstituted
wth e, wherein R4 is H, halo, Cl-6 alkyl; C3.6 cycloal kyl, Cl1_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 d-6 alkyl '8 C3-6 cycloalkyl; or e is
NHC(O-ORs wherein e is Cl, alkyl or C36 cycloal kyl; R3 is hydroxy, NH2,
or a group of jferguha - NHR31, wherein R31 is C60,0 aryl, heteroaryl,-
-C(O)-R32, -C(O*NFR32 or -C(O-OR'. 26 Septenber 2003 i WD 00159929

PCT/ CAOQ' 00353 128 wherein R32 is Cl-, alkyl or Ci-6 cycloalkyl; Dis a 5
to 10-at om sajur at [ | kyl ene, chai-n, optionally. containing
one to three %éét erlglgtc on%%ﬁ%g%é%glggf Cf/rd\slntﬁetgc e Y"Bf#‘“d?o@,‘c’%lrlyN -R41,
wherein RI1 éomtalhs ofid h@erahtsil selediddlrep QU A B, QEyl- C(O) - . R42, Wherein R42 is
Cl4 al kyl, C3-6 5 cycloalkyl or C6 or 10 aryl; R4 is Hor fromone to three
substituents at any carbon atom of said chain D, said substituent

i ndependent | yidsel abt efingdueaaédBRIgY QRIS 0) Sih&leinid¥eterdatons isabikdtky Cl - 6

hal oal kyl , Clﬁoqn_ Xy C$1ydroxy, hal o, am no, oxo, thio or Cl-6 thioal kyl,
and 10 A is an amde O%A ‘ormula -C(O-NHR5, wherein R5 is selected from

t he group

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.  Thecompound 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.




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 formula | according to clai m £5 Sapéeraber 2088d 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 fornmula | according to claim2, wherein Dis linked syn to 20
A as represented by formula (ii). 4. The conpound of formula | according to
claimi1, wHres®2vis N, R21 is H Cl.6 al kyl, Cl4 al korgr/cinpdessxy, chl oro,
or N(R23)2, wherein eis Hor O-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/ CAC®¥# 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 0 The dongepadaesiding tolklainCh3, Srhalekshid Déhaln S Miaakiy! ; or

NH C(O-0ORS, whereinf is d-, alkyl. 5. A conpound of forrmula I according

to claim4, wherein Ruis Hor O _6
25.  The compound according to claim 19, wherein said D chain contains one

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



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 whePeiaptemleri2908) C1- 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 cBRHMEPIhg of N R24a ~ R24b S or 10 wherei n RZLaAos00E- R25 or
NH-C(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 conpound of fornula | according
to claim1, wherein R3 is an am de of fof¥ula NH C(O R32 or a urea of
formula NHC(O-NH R32 or a carbamaté of 15 formula NHHC(O-OR'. wherein
Rae is Cl-, alikyl, or C cycloal kyl. 10. The conpound of formula | according
to claim9, wherein R3 is a urea or a carbamate, wherein R32 is Cs alkyl

or C4-6 cycloal kyl. 20 11. The conpound of forrmula | according to claim 10,
wherein R3 is3a cafizammpewaiecdRing kocldiRizh,vittkarh sai€ PARBH b Rtuey dopent yi .

with R’, wherein R* is H, oxo, hydroxy, C, , alkoxy or C, , alkyl.
38. The compouzicl according to claim 37, wherein said R is H or C,4alkyl.
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;




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 R-JeplembgreV83n 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 oWQRG&8Y2% 15. The conpound according to clai m p8r/Ccwbmessn 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 conpound
according to claim 13, wherein said D dR4in is saturated. 15 18. The
conmpound of forrmula | according to claim12, wherein Dis a 6 to 8 atom
saturated or unsaturated al kyl ene chain optionally contgigi ng one

het eroatom selected from 0, or S. 20 19. The conpQu & according to claim
18, wherein said D chain contains 7 ons. 20. Th%fgsgpound according to
9

claim 19, wherein said'ﬁﬁfg;o§;0n1| 7 al ddbi ON said D chain. 25 21.
The conpound accordbﬂééégl & whetlei’n said PlciMin i s substituted at
position 8 with R4, wh S R4is H a~TLl-6 al k 22. The conpound

according to claim 21, wherein said R4 is H ofmhethyl 30:23. The conpound

accordi ng t qclai gr2 £, &L%,M—WN%C@- , &erg-C((é)-NMEREPG Sept enber 2003
wherein R” is: H, C‘1 ¢ 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'isHor C, 4 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




WO 00/ 59929 PCT/ CA00/ 00353 132 24. The conpound according to claim 23,
wherein said D chain is saturated. 25. The conpound according to claim19,
wherein said D chain contains one double bond at posi t i <$hoaptember 2003 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 claim27, wherein Dis a 7 atomchain. 29. The
conpound ofW@8¥H#PA%a | according to claim 28, wherein D ipsTEatomozted. i5

30. The conpound according to claim29, wherein said D chain is substituted
with R4, wherein R4 is H oxo, hydroxy, al koxy or alkyl. 20 31. The
conpound according to claim30, whereifd38aid R4 is Hor C -6 alkyl. 32.
The conpound according to claim31, wherein said R4 is Hor methyl. 33.
The conpoundsgsaccqq einiduh® ofdophik:32, Wherein said R4 is Hor 10-(S)-M. 25
34. The conpound of fornmula I according to claim 28, wherein D contains one
doubl e bond. 35. The conpound af®° A* according to claim34, wherein
sai d double bond is at position ﬁ%ﬁf said D chain. 30 36. The conpound
of fornmula | according to claim 35, erein said doubl e bond 26 Septenber
2003 WO 00159929 PCT/ CA00/ 00353

- . . 1 :
comprising a single stereoisomer at R, wherein said double bond, DR’ bond

stereochemistry and R? are defined as follows:

Cpd.# : double bond: ' D- R'bond : R%
stereochem:
101 12,13-trans IR, Dsyntoamide ' . phenyl;
102 ! none IR, D syn to acid I phenyl;
and . : |
i 103 none i IR D syn to amide phenyl.

46. A compound of formula:

21

A

. 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:




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 claim37, wherei r?ﬁs%ﬁ%emgari?@oﬂ 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 i¥oRWE¥HUp of fornmula or -NH C(O) -NHR32 or - NERGIGWORSY, wherein
R32 is d-, alkyl or C cycloalkyl; Dis a 6 to 8 atomsaturated or
unsaturated al kyl ene chain linked to Rl syn to A,  optionally containing
one or two heteroatons independently séf®cted from 0, S or 20 NR4L,
wherein R41 is H or C. acyl; RAis H or fromone to three substituents"

i ndependentdpy #sef gt ed from, hydr oXyeulle | BlRdonal Kyl apd, ATSZa cat boxylic
acid, or a pharnmceutical{y accept gble salt or ester thereof. 25 43. The
conpound of fornula | according te cldim F5ONHEPE'n R22 ist H or et hoxy;
R22 is O -80al kopdyii-Bor HetHsel ect eti,ixomtRwe 1§r oup condi sting of : W
00/ 59929 134 R24a Rz24b 26 Septenbagra,g003Dg}>,g'§J)g;§\§ar 053 R 24b

7208 . NH-acetyl :H 11,12- 1Ror 15, H

: ‘ | trans ! Dsyn to acid : ‘ :

1205 {NH®Boc | 11-OH none  IRoris, H 5 ?

i ; zii.OH ! D syn to acid

1206  [NHBoc H  [1314- 1R Dsyntoadd H  H;

L o

7207 T {NBBoc | H 1314 1R Dsyntoacd | OMe | H;

L ﬁ | f

7208 | NH-Boc | H 1314 (1R Dsynfoadd | OMe  phenyl;

; ? | s

| 209 [NH-C(O)- | H ;1314 [ IR, Dsyntoacid ~OMe . phenyl; i

NH-tBu | cis :

1210 INHBoc  H 1314 15, Dsyntoacid i OMe ' phenyl; ]

] G ]

L { : : . : i

P 211 i NH, ‘H 1314 IR, Dsyntoacid |OMe |phenyl; !

; jois f :'

2137 [OH(one 'H 11314 IR Dsyntoacd | OMe :H;

i i isomer) ; P : : ;

i i I Cls !

‘ |

{214 NHBoc  i0oxo | 1314 (1R Dsyntoacd  OMe | phenyl; |

. | : | cis . |
B ' i ; S i
0215 NH-Boc ‘H inone 1R, Dsyntoacid :OMe ;phenyl;
;217 NHBoc  |100H 11314 IR Dsyntoadd & OMe phenyl;
: (mixt dia | cis 5 ?

218 NEBoc | (10-oxo 11314~ IR Deyntoamide  OMe | phenyl

;219 NH-Ac H none IR, Dsyntoacid ;| OMe phenyl;




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 4655¢Rte/pber2083al 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 i hai n optionally containing one heteroat om | nde endent |y
sel ected f r?lgfsgz9C S, NH, N(Me), or N(Ac); and R4 is H e F"E
The conpound of fornula | according to claim43, wherein R21 IS rret hoxy,
15 and R22 is ethoxy or 24a Nom S V\/n Isﬁln R24' is NH(C .4 al kyl);
NHC(O -(Cl-4 alkyl); NHCO-0(Cl4 al'kyl); or NHC(O-NH(Cl4 alkyl); D
is a C7 all_car bm] chain, saturated or containing one cis double bond at
position [%pdi3, 14’ 26 Sepwbnber 2@1@817!#'\0 DRIBOBLO 135 487, Aﬁ’drrpouhd of
formul a: R22 PCT/ CA00/ 00353 Con‘pl’ll%ﬂg. A R BGHhEmBLGY €O somer at RI wherei n
sai d doubl-e_bond,_D_Rl bond i ,

i and i NH-Boc ' H 13 14- IR, Dsyntoamide- OMe s/\>

;220 ! i dis ; N
1 i l E : '

i
i

47. A compound of formula:

A LN A%

5 R2'andR? are defined as follows

[ Cpd-# - g’ 7P DR'bond  R: IR
i : stereochemistry: | i
301 NH-Boc 1R or 15, § H P H
' : 15 i D syn to acid ;’
| : n 14 ‘ : | i
5 ; : ! |
: : .‘ : !
302 (NEBoc |7 . . ' IR Dsynto . OMe |Ph; |
| ; '/\_f’ i :
L anude : '

303 NELBoc ST ik Dsynto ~ OMe | Ph;
- 7\.~‘\,/\0 VY ; Y ;f T
; : A 3 i amide P E
7304 NHBoc iR, Dsyntoacid | OMe | Ph; |
E + 15 : ’1
C A o 13 i i
! 7 ) 1a : : i
i i * e % : i i
305 THO D iR, Dsyntoadd ; OMe | Ph; |
! : v, 1 : i : i
1 ;/\W/O / 14 : ' i
! 12 13 l :




stereochem stry and R22 are defined as follows: 5 46. CO #doubl e bond: D

Rl bond R stereochem i 10112,13-translR, D syn to amd 102 nonelR,
D syn to acidphenyl; _ 1 and 103nonel RD syn to am de: %%h’\ger%rhb %]Bﬁpound
of formula: R29 '~"~ R 22 conprising a single stereoisoner at R, wherein
R3, R4, said double bond position, D-Rl bond stereochem stry, R21 and R22
are defined as follows: 26 Septenber 2003 WO 00/59929 136 --1 double D-R

bond bond: %‘;&{{}%&ﬁpem stry: 11,12- 1R or 1S, 202NH Boctrlqgls/u%wse 3@3t0 acid

--- 11, 12-
138
i b bt R T
e ' : stereochemistry: ; !
: 306 ' NH-Boc /\/, ' 1R, Dsyn to i OMe Ph;
; : _ amlde : i
5 ' ! ‘ :
; 307 NH-Boc IR Dsyn | OMe [ g\ro :
_i e E to acid . -—@
i 4 1 ' : ;
| | L
{and NH-Ac IR Dsyntoacid | OMe | OEL. |
: : ‘ ! ; j
! 308 /\/J ; ; |
i ; = ! i
P f | !

48. A compound of formula:

-0 N Q :

wherein said D-R’ bond is syn to acid, R Xy, and said 11,12 double bond are

defined as follows:
"Cpa# | gt X, F11,12
; i + doubie
! 5 : bond:
02 ™ ! cis
i ! i C 4
o ik
403 ' H e : trans;
04 L0 s,
: | Me




1R or

1S, 203NHacetylH D syn to acid trans 11-OH none 1R or 1S,

205NH- Boc12-OH D syn to acid C'S 206NH Boc H 13, 14- 1R, D syn to acid -
cis 20$NH BocH 13, 14- 1R D syn 4c>enierabeari2903

-ci s 207NH- BocH 13, 14-

NH-C(O- H 13,14- 1 209NH tBu. 1R, D syn to acid cis H,MH 210N
WO 00/59929 PCT/CAG0/60353
iCpd# gt ] X,: (1L, 12
o : double
1 i : bond:
405 : ; . ;
!! . / | 0 . trans;
- Me
! 406 H 1O . none;
] .
E 407 : - O ' none;
e
. 408 : / Xe} : none;
o
; 209 ; © s
: Me ‘
1410 ; / i S frans;
at | / g Tas
: . Me : :
; : P ‘
a2
49. A compound of formula:
o S
]
o
O N N COOH
=L j/ © ey
1 14
J‘L x 12
x” f

wherein said D-R’ bond is syn to acid, X,q, X,,, and X,, are defined as follows:




13,14- 1S, D syn 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-C]§% 0- 0Xx0 12%0%4- 1R,
D syn to acid cts 215NH BocH nonelR, D syn to acid 10 Pigjnber

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/CA00/00353
140

i Cpd # Xt 5 X Xyt _ ;
ETreT o lem;
2 jem, oy
§503 CHZ CH, ?ENH}*MJ
: | % f
06 e TTNCOPR:
f | CH o)
L 507 NH _ CHz CH,
é _ L ;
E'

50. A compound of formula:

wherein said D-R' bond is syn to acid, 8% and R? are defined as follows:

é f ?
l : _<
H 1 . N 4
o /
b 1 !
| 602  OH (CEyy ;




HH Ow phenyl; Owe phenyl; Owe phenyl; e phenyl; 0 O\ = H OWw phenyl;
Owve phenyl; Owe phenyl; Owe phenyl; Owe phenyl; 26 Septenber 2003 WO
00159929 137 Cpd #t R3: R4: doubl e D-R bond bond: st er eocherdsssdptemssidions
NH BocH13, 14-1 R, D syn to am de 220cis ' 47. A conpound of formula: R21
COOH I R1 D 12 14 conprising a single stereoisoner at RlL, wherein R3, D,
D- Rl bond stereochem stry,

WO 00/59929 PCT/CA00/00353
141
Cpd# | gpit. %
P !R R
{"and OMe . o—
: ; \Il
603 # NN

51. A compound of formula:
_0 N R22

'IO

COOH

>LJLj/ /\\§
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:

Cpd # r: X; xm; or 13,14 double bond: : rRZ

: L ‘X e i
701 ‘H - 11-0 1 Cis phenyi;

2T TH = Cis H\(o

703 H ' CH, ' None N\(HW

J04 H TCH,  Cis ~

;‘ ! ‘ pe

N : i

705 T H CH Cis TR |

; | 2 =Y jl

-

7 TTH cH, | G

: Z e <t 5

: : | ’ i




5 R21 and R22 are defined as follows: Cpd.# R3 -D-: 301 NHBoc 11 302 NH
Boc ! * j 912 z 8 10 SS 304 N\HBoc -- -- 1305 HO1. 1R Dsynto
acid Ove Ph; . 9 t, T O PCT/CA00/00353 R21. 2z R OWe ;4dVBefBmber 2g9a2€ (C)
13 anide 8 14 10 9 12 b d epitinber 2003

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
; i : : S E
| | ; 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 ]

{74 H ) cH, ‘None ~1-OEt; :
G H f G e
: J CH, ; 8 @ |

7% TH I | |
78 C e d ‘
; - i ' "<\ l ‘:
| ; - '

| 718 H CH, Cis (\N
: i !




on stereochem stry: 1RorlS, HH D syn to acid IR D syn to acid ; Ow Ph;
26 Septenber 2003 WO 00/59929 138 PCTI CACQ' 00353 CO. # R3: 306 i- 307
and 308 NHBoc NHBoc NH-Ac 10 48. A conpound of for nulzg Sédehbé2dagnd
RzI. ;R22 . stereochen-ist y IR, Dsynto Ov Ph; amde |l IR Dsyn to

acid Ove OR
WO 00/59929 PCT/CA00/00353

143

g Cpd # R4: X, Xm; or 13,14 double bond: x Rﬁ: i
X |

719 TH CH "Cis S
CONTS
? | ! AL

L3

_ f f
Ny

720 H o, "None

: 721 H CHz None

T35 H : ; - —
|  CH, | Mone o

724  H (:_‘I—I2 None i ' ’ “H C;_

= C jx
E : |l

- e

737 | e ;
A | CH,  Cis | -CH,OMe;

7287 TH CH: TG Me




-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 88:363bd3ha05 O

trans; | 406 |H AC7 none; on : double b d . none;

WO 00/59925 PCT/CA60/00353

144

pd# | gt . X; X, or ' 1314 double bond: | 7,
f X ?
729 |{H ' CH | Cis ; H !
: 2 : : N i

H
A E T ey e

S - ‘

Foa Y ) c - — -

i ; : : ; o~ . '
. : : i : ’

1733 'H i TGi - T -

T e

735 H CHz “Cis

736 TH CH,

e

i : ;
: ] : : T

738 H 5 ' | Ci :

| Pl
: '

H
£
i
i



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 enber 2003 WO 00/ 59929 PCT/ CA00/ 00353 140 and N( CO) N6 S&bi8mbbO2008
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 00/59929 PCT/CAD0/00353
145
:‘ Cpd # i R4: - X, xm" or '-__-573,14 double bond: Rzz_
X -
i 739 | 10-(R} Me CH, ; none Ph;
i 5 | ;
1740 [ 10-(S)Me ‘cH, none | Ph; |
1 % ' =
iand | H Cis @ H ]
| R | e |
741 ! @
; | ; : R R
i ] ' ; T

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:

;:de# szz: iR4: |R
! ; ; |
L v D L RN VZa
e <x7
? ; A ; i
803 J n-Pr H : OEt; J:
W I U

: . 1

805

: o 1
Q" T “OE;




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 # X Sepléniber 2603 Or
13, 14 double bond: ; R2 xi' 701 H11-0 : 7021 HCH2 703HCH2 704HCH2 13
phenyl; ---------- ;--- None H S 26 Septenber 2003 WO 00/ 59929 142

Wi
0 00/59929 PCT/CA00/00353

146

E— e et g e
Cpd# 1 g* 'R . R% ‘
{ _.__._..._..‘., e e e e
! i OBt :

U2 CL
: o

7808 /L H B .
P

0 ) i H

809

o |

+ 811

A |
;810 ;Qo, .EH | .—Q‘YH\/
o

‘ O,r

812 H T A
; | i : Moz !
0

813 y

814

o}

815 O\, ,H Jj

816

1
i
{

O
T T

i
. 817 !

' 818 H

a
. "

i
—
i




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

WO 006/59929 ’ _ PCT/CA00/00353

147

e —— -
Cpd # ‘R: l R | R

819 5T ; \)\
: i : H
: ; G\ i I N\‘(O

=]

5
S &
-

822 G\ H X

2 M~
| - T ;
823 |H W h ;
A :

fand i 10-(R)Me  OFEt.
igd G\ ;'
X ; - .

53. A compound of formula:

wherein said D-R' bond syn to acid, Rsz, R4 and R22 are defined as follows:




718 H
wo 00159929 Cpd #
13, 14 doubl e bond:

CH - CEt
ROx Xl a or
| R-fi =

WO 00/59929

PCT/ CAOO/ 00353 H s - CEt
719 ;720 C :721H CH2 25 727 PCTI CA00100353 143

None i s None None

N O 26 Septenber 2003

26 September 2003

PCT/CA00/00353

_épd # | Rsz:

_ 901 LT

L CL«*

1
N

903 !

- 904

905

“'509

: ]
! I :
5 o ’/@ i
TR R H |
<. oy
; o | E
' U
T A NH
: _j 5 N,______\_I/ 2 |
o s
| ’




s 728 HG s i -CHz-OMe; Me; 26 Septenber 2003 WO

O‘ -
R -~ 729 :HCs Cs 734 H 375 i 737 H X : Xi oor
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# | 32: R4: Rzz:

R : :
}
1 610 j TH i H
| G\ e andis
L ; -ﬁ\/s
B i H

i L
ol
f S §«<’s ;
; ? ; f L
912 II:L iH f ﬁ\/a
: : i
913 i[L H : n
-. e
; o : i*“Q;lj \E/ |
s

914

h

and

i o L |

]

; o «@/j

916

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




PCT/ CACD/ 00353 i H 13, 14 double bond: Rte: X 3" Xor i0 CH2 CH2 52. A

compound of formula: WO 00/59929 145 1 Cpd ## | It : 739 10-(R Me f 740
10[m(8) Me R 32 none 26 Septenber 2003 PC / CA00/ 00353 wiebeptembai 2008- R

bond is syn to acid, said 13,14 double bond is cis, R32, R4 and Rl are
defi ned a)s/ foll ows: 26 Septenber 2003 WO 00/59929 146 sz R4 22 Cpd # R R

807
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.




R32. 821 | R4. Rte. H
oy oLt EC O s 2 28 26 Sobi e b 22003 PCY CADY 00353

: t enber
d of fornmula: H22 3 R4 26 Sep ( )
%grgi&n ?a?gml?f?nl?' bond syn to acid, R32, R4 and R22 ar e2@i8éptamtienz0n

53 26
fol | ows: WO 00/59929 148 908 909 H 26 Septerrbg; Ogggg PCT/ CACQ/ 003
Sept ember 2003 WD 00159929 Cpd # R32. PCT/ CAQ

151

63. The pharmaceutical compasition according to claim 61, wherein said inhibitor
is selected from the group consisting of: helicase, polymerase, and metalloprotease.

64. The pharmaceutical composition according to claim 57, wherein said

immunomodulatory agent is a~interferon.

- 65, The pharmacautical composition according to ciaim 57, further comprising an

antiviral agent.

66. The pharmaceutical composition according to claim 65, wherein said antiviral

agent is ribavirin.

67. The pharmaceutical composition according to claim 64, further comprising an

antiviral agent.

68. The pharmaceutical composition according to claim 67, wherein said antiviral

agent is ribavirin.

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




54 Use of a hepatitis C viral NS3 protease inhibiting anount of the
conpound of formula | according to claiml1 in the manufacture of a

medi cament for inhibiting the replication of hepatitis 26 S¢ntersber2083. A
pharmaceutical conposition conprising an anti-hepatitis Cvirally
effective anmount of a conpound of forrmula X according to Clain 1, or a

t herapeutical |y acceptable salt or estl€8 thereof, in admixture with a
pharmaceutically acceptable carrier nediumor auxiliary agent. 10 56. The
pharmaceutical conposition according to claimb55, further conprising 26

Sept enber 20UBNVIBC0! SOOROJIPEAGABOHO; ; i.ti onal.
i mmunonodul atory agent. 57. The phar na@gétr}je@gﬁ't%&%g%éqf?'tf?ﬁ RedseRaEl to

cl ai m 56, vmof%rei nusai d additional immunonodul atory agents is selected from
the group cofisi st¥sgyofyfharmaceuRealZompasiforthbry 8., 1N

phar maceut i Qﬁgnﬁggg%%tai@% .accor gé{n%@t_o cl ai mlg{oﬁgjwtﬁefor}&mri sing an
antiviral agent. 1 . dé%%[# d&Giinga hepditis Ssvital nfection or &lienhg, ¢! ai m
58, wherein said antiviral agent is selected fromthe group consisting of.

ribavirin ang amgid.a¢i . The phar maceutical conposition according to
claim55, further cg‘Hl E?%’?a%%“t‘%B?’ﬁB?siffqﬁ'rﬁcsmdmg tofclaiC@4pioptiease. 15 61. The

phar maceut i @%ﬁ””&#ﬂf@@famdicamtﬁirﬂgaﬁr@é:h ARS8 i r _conprising an
i nhibitor of other targets in the HCV Iife@dcy(!{,e.wr%@meggoﬂ in "'Bammaf-
pharmaceutical conposition according to claimb55, for the nmanufacture of a

medi canent f8r t Meaof earmaheytienl eanspoSitish kakoriing &5 biaAfles ToAndRTal - 26

Sept enber 2RBAufacture of a medicament for treating a hepatitis C viral infection in a mammal

75. Use of pharmaceutical composition according to claim 66, for the

manufacture of a medi‘c_: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.




151 63. The pharmaceuti cal conposition according to claim6l, wherein said
inhibitor is selected fromthe group consisting of. helicase, polynerase,
and netal | oprotease. 64. The pharnmaceutical conpositi on2aSeptedibag 2603 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 pharnmaceutical conposition according to claim 65,
wherein said antiviral agent is ribavi®in. 67. The phar maceuti cal
conposition according to claim64, further conprising an antiviral agent.
68. The pharnmaceutical conposition according to claim®67, wherein said

antiviral aggpt i$nd| L ri 69. Use of pharmaceutical conposition
according to claim E%Egrﬁ%éru dﬂzé]?ar?ﬁ?(@fr@d@@faéndﬁ. a medi canent for treating a
hepatitis ¢ viral infection in a manmal. 70. Use of pharnaceuti cal

manuf acture of a nedi cament for

conposition aggor di ?tr@ | gim 59, for the
treatinng a hepati ?'{'HSHJC |°;E'5$4ﬁhf‘i‘$€f’f%9 oglamm@mal . 71. Use of
pharmaceutical conposition according to claim®60, for the 26 Septenber 2003

152 manuf actagr e gfheq ABd| t for treating a hepatitis Cviral infection
in a manmal . 72. Use gﬁ’%‘f@%ﬁ@?(w&m aimpéi tion according to claim 61,
for the nmanufacture of a nedicanent for treating a hepatitis C viral

infection ingg marRRkom Z'il e of pharnmaceutical conposition according to
claim64, for the rranuPacdué%Eiﬁm NEfgickdme®t for treating a hepatitis C
viral. -infection in a mammal. 74. Use of pharnmaceutical conposition

accordi ng t o8&l ai Théb&m manuf acture of a medi canent for treating a
hepatitis C viral inf ecé%rqt#aﬁ a&“ﬁ'ﬂﬁﬁﬁ? claim§0. Use of pharmaceuti cal

conposi tion according to claim®66, for the manufacture of a medicament for
treating a t&mpat Iﬁhe&oﬁﬁéhﬁ&&og QE&?&ESE‘O (l:lgi_mas{ramral .

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.




76. Use of pharmaceutical conposition according to claim®67, for the
.manuf acture of a nedicanent for treating a hepatitis Cviral infection in
a manmal . 77. Use of pharnaceutical conposition accor didbgSepernberi2an068, for

the manufacture of a nedicanment for treating a hepatitis C viral infection
ina mnmml. 78. A conpound according to claim43, wherein R3 is

-NHC(O-0R32 , wherein R32 is Cl1_4 akkyl or C4_e cycloalkyl; Dis a C7
all carbon chain, saturated or containing one cis double bond at position

13,14; and R22 is 24a N S wherein R24,a is NH(Cl.4 alkyl); NH (C3-E;

cycloal kyl); NHC(O -(C-4 alkyl); NH C(O-O(C _4 alkyl): or
NH C(O) - NH- ( ®9: 4 athlsydompodS ound 208 according to claim46. 80.
The conpound 209 accordipng ?gq—??%‘%ﬁr’ﬁ%%’g%’ﬂﬁme conmpound 214 according to

claim46. 26 Septenber 2003 153 82. The conpound 217 according to claim46.
84. The conpound 508 accordi ng

83. The conpdodnd 7R8 a7 .ai 8.
o Caﬁﬁgum%%%fpdé%@r%”ﬁézto claim50. 86. The conpound

to claim49. 85. The conpou
603 according to claim50. 87. The conpound 702 according to-claim51.
88. ' The cohpounthg Bsmasidli .claim5l. 89. The conpound 709

90. Hecbitiy Jﬂ&mﬁkzaccor ding to claim51. 91.

according to claimb51. The conp
The conpound 715 according to claimb51. 92. The conpound 719 according to

claim5l. 102, The compound 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




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 di4fgSerferoberi 30032,

98. The conpound 810 according to claim52. 26 Septenber 2003 154 99- The
conpound -811 according to claim52. 100. The conpound 812 according to
claim52. 101- The conpound 814 accorigsng to claim52. 102. The conpound
818 according to claim52. 103. The conpound 819 according to claim52.
104. The conpound 821 according to claimb52. 105. The conpound 822

accor di ng t oadditaing ok 23.according to claimb52. 107.
The conpound 904 ac%g?%ﬁ ng tu(l)au(}?zg@%ﬁ%%ggi%%&r?’ﬁéh%BWHB@QGSi%@ afozppdi ng to
cl ai m 53. 1wa“m%feé@?ﬁaound 914 according to claim53, 110. The conpound
916 according to claim53. 111. A pharmaceutical conposition conprising an
anti - hepati t{' ally effective anmount of a conpound of fornmula I

s Cuvir
accor di ng t o "4ny Wieepharmateultinal compositiad @ccading to &158] FREWHLAR L% acceptabl e
salt or est eiydkiBRAISHR iaﬁ'm@glgio)(t ure with a_pharmaceuti cal il g'ept abl e
carrier mediumor auxilrary agehtoent {Sorintereramar maceut i cal  conpositi on
according to claim 111, further conprising an additional immunonodul atory
Qsition according to claim 112, wherein

agent, 113. 1fbe mhar I co ; )
sai d 26 Sept enber 28@%%%%%&4' caMpBsifion aceording 10 claim 111, further comprising
an antiviral agent.

116. The pharmaceuticai 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.




addi tional imunonodul atory agents is selected fromthe group consisting
of: a-, j3-, and 5-interferons. 114. The pharmaceutical conposition
according to claim 113, wherein said additional imunoniS¢ptembyr 2098nt i s
a-interferon. 115. The pharnaceutical conposition according to claim 111,
further conprising an antiviral agent. 116. The pharnmaceuti cal conposition
according to claim 115, wherein said. 188ntiviral agent is ribavirin. 117.
The pharnaceutical conposition according to claim 113, further conprising
an antiviral agent. 118. The pharnaceutical conposition according to claim

© 117, "wher ei n13%i d Usaref phamwiceatipantorgositioRah:6 t&%%%ﬂ‘i ﬁgpﬁr maceuti cal
a

conposi tion azEeLA l.aim 114, further conprisi Fiviral agent.
120- The phar rraceuttdlﬂ(gg{gf:n%rcrf%agﬁepEfSFltrﬁ%tEtSrEtH%ﬂtl%Cwirai infietdh in\WaEBhR Sai d
antiviral agent is ribavirin. 121. The pharnaceutical conposition according

to claim11lq24 urybep LSi.ng, anot her inhibitor of HCV protease. 122.
The pharmaceuti cal cofn@om %’?%Lh'cg'c%?mpa’ﬂ#an Becading tn dlaitn 1f4)férfies conpri si ng

an i nhi bi t orM@ufgethes oftaamgditament foeeatiny alHeb gty 423 The

phar maceut i cal conposition according tgycl aelbml 12%!"?%%?%‘% R gingmmahi bi t or
is selected fromthe group consisting of: a helicase, a polynerase and a
met al | opr ot d#8e. Y Eoprendmutie) @8mpoéticdPdocokdiy @fc,a[?ga,r,lga%feu"&j cal

conposi ti on nge @4l -l 1. for the pmanufactur medi canment
for treating a hecggte?){ %gn K\%ﬂﬁ%ﬁ}qrﬁr}e@@@g BRepFfitia CrvirahinFactior #ha mabigy of

phar maceuti cal conposition according to claim 114, for the manufacture of

a medi canenti2f.or Lﬁsé%@bh%a%e@f?c%%&%ﬁc?sit!%n\gcggrldinlgqg ?:l(;r;l ?SO,Ier t%emammll '

| 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

(B) with
formula (C): ) with a compound of




126. Use of pharmaceutical conposition according to claim116, for the
manuf acture of a nedi canent for treating a hepatitis Cviral infectionin a
manmal . 127. Use of pharmaceutical conposition accordi niZf Septehbemabd0, for
the manufacture of a nedicanment for treating a hepatitis C viral infection
ina mnmual. 128. A conpound having the following formula (A): (A wherein
Xis PGor R2, each PG is independentlqgza protecting group; R2 is as
defined in claiml1; A is a protected.carboxylic acid; and nis 2. 129. A
process for preparing a conmpound of formula (A) according to claim 128,

sai d process conpri si reacting a conmpound of formula (8) with a conpound

of formula (O): 26O t enber 2003 157 (B) OH + wherein &G X, A" and n are
as defined in clain128. 130y Aqconpound having t he@f ol | owi ng fornul a
r

(D: '"IXO0 (D wh in Xis R2; PG is a protegtNng,group; R2 is as
defined in claiml/\l .0 adpr ot ed carboxyl ¢ acidy-{anR. n AS 2. (A
0 ' (M
)

PG 4
pa/ [

(B) (C

\

(A)

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)




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 conpound of forrrul a (A: xx OFEES¢ppmbd) 23

Sept enber 2003 158 wherein X is PG or R2; each PG is independently a
efined in claim130. 132. A

protecting group; R2, A" and n are as1g
conpound having the follow ng formul a (5 0-~X (E) wherein X is PG or R2;
PGis a protecting group R2 is as deflned inclaiml, A is a protected

carboxyllca is as defined in claiml; nis 0 or 2; and. (1) when

nis 0, D grharegw Xi0neeaRir at ed al kyl ene chain optional |y containing one
N-R41, or (2)

to three heéﬁmmdéﬁ@ﬁ@ﬁgﬂﬁﬁFJtd Iected from 0, S, or |
at I'ene chain optionally containing

when n is 2 is a 3-atom
one to thre% %?@?Bﬂ%ﬁ%dﬁﬂw;j@n@mﬂw selected from 0, S, or N\R4' ;- and

R4' is as defined |n claim1.
132. A compound having the following formula (E):
/x

O
H
N-L_ N A

oﬁ I
Ry

Sy

A

(E)
wherein X is PG or R%
PGisa protecting group;
.R?is 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 preparmg & compound of formula (E) according to claim 132,
said process comprising reactlng a compound of formula (D) with a compaund of
formula (F):




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 Septenber 2003 159 f (D) (P36 Septembpn2003 A' |
n, R3, and D are as defined in claim132. 134. A conpound having the
followwng formula (G: R2 0~ (E) (G wherein R2 and R3 are as defined in
claiml1, A is a protected carboxylicygmcid; r~is 0 or 2; and (1) when n
is 0, D is a 5-atomsaturated al kyl ene chain optionally containing one to
t hree heteroatons independently selected from 0, S, or NR41l or (2) when
nis 2, D is a 3-atomsaturated al kyl ene chain opti onal I% cont ai ni ng one
to three heteroatons independently selected from O, ~0r N-R41; and R4’
is as defined inoe?(ai m 1. 135. A process for preparing conmpound of

formula (G accofding to claim 134, | g process conpki gi hg qausing a

ring-cl osure of (t eH:onR.ound of for a9 E) by reactoi g exconpound of
st to obtain

formula (E) in ence of a transition netal -baseg @a

a conpound of fornal G): 2-'6 Sept etqer 2003 160 ( Bx® gy D \

) (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"):;




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 fornula
(G) is deprotected and further reacted w th a conpound2&8efdeniber ofdai 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 corrpo%(a having the following formula (H):
R OR O~ (G (H wherein RR and are as defined inclaiml1;, 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 heteroat ons inderé)/endently selected from 0, S, or NNR41l, or (2) when
nis 2, D is a 3-atoidsaturated al kylene chain optionaldy containing one
to three heteroato 'nd%?endently selected from 0,95 or NR4'; and R41
is as defined in clai . N )

37+ A process for prepari a conmpound of the
cl A m Q/ﬁ A

@] —_—
Ra "lll;Dl Oj O

(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:

and when X is PG, the compound of formula (G) is de

with a compound R2 protected and further reacted

OH to obtain a compound of formuia (G):

Q/x RZ
C ) 9/
Q/N : R2-OH
ATH S
R ’,’D = l Oj’ ©
R3 . In
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):

R
Q/
H
oi d
R3 "’f,D' ]n
(H)

wherein R? and R*are as defined ih 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




136, said process conprising subjecting the conmpound of formula (G to
hydrogenation: R2 O- hydrogenation (G wherein R2, R3, D, n and A" are
as defined in claim136. 138. A conpound having the fol |%ﬁm’3w§eméerrﬁ90§ (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 carboxylic acid; and Cbz is

benzyl oxycarbonyl. (H) 139. A conpoundl6df the following formula (K): 26
Sept enber 2003 162 (K) wherein R2 and R3 are as defined in claiml;, mis
1to5 nis1tob5 A is aprotected carboxylic acid; and Cbz is

benzyl OXY Catireabter ound of formul a (K)
according to clai m%gmsmdéf)gﬁﬁﬁlgg%g%g&%ﬂ{ Q]%’g Eﬁggqgcti ng a conpound of
formula (J) % o hydroboration and

(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:
2 2
" o™
N N A" N A
O;l"/ hydrogenation Q/
0 - Oi o
R3 ”{,D' S ]n Ra ”’,,DI‘ ]n
(G) (H)

wherein R? R? D', n, and A’ are as defined in claim 136.

138. A compound having the following formula (J):

R
/

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):




then oxidation: R2 OA 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 formula (L): P2 o A (K) NHCbz (L) 2% Sepérandiergg2003
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 fornula (L) according to claim 141, said process conprising
subj ecting the conpound of formula (K) 16 hydrogenation in the presence of

acid: R2 z OA % hydrogenation, acid

A1} O‘*-.
l\:

f" ”’

NHCb
| (K)
| wherein R? and R®are as defined in claim 1;
mis1to5;
nis 1to 5;

A'is a protected carboxylic acid;
and Cbz is benzy!oxycarbonyl.

140,
A process for prepanng a compound of formula (K) accordmg to claim 139,

R2
/

o o Ik N (1) hydroboration gl‘(
. ru[“."__}__\ (2) oxidation 0 o [ _
™ “NHCbz [ '_}_\ ©
3 fa
m

R NHCbz

()
(K)

w H 2 3 1
herein R? R » M, n, A’ and Cbz are as defined in claim 139

141. A compound having the following formula {L):




(K) (L) wherein R and R3, m n and A" are as defined in claim2141; and
Cbz is benzyl oxycarbonyl . 26 Soptember 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 "{""+\ 3 rg,[”r
R ™ NHCbz R Jm N

(K) (L)

~wherein R®and R®, m, n and A’ are as defined in claim 141;

and Cbz is benzyloxycarbonyl,





