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WD 2005/ 085242 PCT/ US2005/ 005924 NOVEL KETOAM DES W TH
CYCLIC P4'S AS | NHI BI TORS OF NS3 SERI NE PROTEASE OF
wWORRAD8EMS C VIRUS Field of the Invention The peEESI5/005924
invention relates to novel hepatitis C virus ("HCV")

protease inhibitors, pharmaceutical conpositions
contai ning one or nore such inhibitors, methods of

NOVE2KEYOAMIDES erlscmmw INHIBIFORS OF
Thi FASE QFHERATITING

macrocyclic conpounds as inhibitors of the HCV

NS3/ NS4a seri ne Pigldeof thellnvertipn cati on cl ai ns
priority fromU. S provisronal patent application

Serial Nunmber 60/548,506 filed February 27, 2004.
Background of the Invention io at.l
i s TG RpseBhinyestion relaiastamave! EEE@V:%@@/WA Hﬁﬁ’
a
prot%%ﬁ? g‘llﬂg%%rﬁ Fﬁgrrﬁ%?&ﬂ%ﬁ;@bﬁg?t%lﬁigﬁ rﬁgéllﬁﬁﬁﬁrgné 8r ARe uch
inhibitarsdredisods af m@pHAhBHu@BBMMAKEﬂ)ar(d;mthodsnofeusnag isoichl

| | . 9/ 04669
inhifireda sig2h bepahis B g reis Bl P BabRre IS R RETORs R ionally
disoR ndYNRbdrBcchcROrisoufids! dmHiSIRd of HRIHONRISHNBas

viral -induced |iver disease, such as hepatitis A
serme pustearrV] histappdications ciims prierit-Bun U s pravisignel patent

vl e B BOTRR A D g ad €53 T Cr T

di sease such as al coholismand primary biliar
cirrhosis. Recentl an HCV protease necessary for

pol ypept i de proﬁﬁgﬁmepl i cation has
be ;

0 SeAER G U (HEVITEH (3B B REGmidEE R Vi et

has elueiendnmd:lcdtawsymeom;m causatige agenf inarort-Ae naniBbepatitis

(NA%TEB%?’[ ar e'H\;gP% ?@)é P%&%@%ﬁéﬁg%&@ﬁisgﬁveral

lnteﬂ%xoﬁ%\f P%EéHt?N g)?f:&ﬁ@r’t F‘*ﬁlbh&é\’%’n N8: WO 8674669 %ﬁ‘&’ E@Igé%%an

I's an ap I mat e protein, encoded 2
Pat@nmmpdlcaapelaubheafmmbbl Edﬁ3&13§16) NANBKNS i;;ehema and
distiggﬁg%m@ggé{ﬁltoﬁé:rhépﬁ n'gmgl lQ&Hé?@fl\?/eel’rzagee r,?s{lrg: as hepatitis
A viRdst (wwr fh'epéfﬂlé‘B \ﬁﬁjsd@a\aﬁ @e(ta)he%nﬁMrrdg paDdgnt

ATPase donai n at term nus e protein. The
cytoNsmaleiusa€aMVs andrisieineBam Vm;ﬁ‘dEBVdf ag welh\ge from other

formf- AL Ofease ich 3 FEp IR A R EE e BT 1

t hRegently, an HCV protease necessary for polypeptide processing and

viral replication has been identified, cloned and expressed. (See, e.9., U.S.
Patent No. 5,712,145). This approximately 3000 amino acid polyprotein
contains, from the amino terminus to the carboxy terminus, a nucleocapsid
protein (C), envelope proteins (E1 and E2) and several non-structural proteins
(NS1, 2, 3, 4a, 5a and 5b). NS3 is an approximately 68 kda protein, encoded
by approximately 1893 nucleotides of the HCV genome, and has two distinct
domains: (a) a serine protease domain consisting of approximately 200 of the
N-terminal amino acids; and (b) an RNA-dependent ATPase domain at the C-

terminus of the protein. The NS3 protease is considered a member of the
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di mensi onal structure and mechani sm of catal ysis.
O her chynotrypsin-like enzynes are el astase, factor

wXagosogsebi n, trypsin, plasmn, urokinase, tPRCHISR005/005924

PSA. The HCV NS3 serine protease is responsible for
proteolysis of the 5 polypeptide (polyprotein) at the
chyiNeiypEihFaniiG4/chitide of Biditdriigsdn proteilNSoqud¥ie®) overall three-

junctions and is thus respo si bl e for generating four

dlm@wslgmalp%twcéw@sanqjchhan\;zm catalysis aPiRT chymainpsi-like
enzyRds a'f%%lé@ ﬁct%? anﬂ'\reh‘fﬁlﬁ_qgfe e ?grtn fRUrbiiRabar @t

OF > &Nt iviTar érapy I've 'conpounds
and®8A. Tilei HCYV N88 h;epnnetpea@seT@ egsadrssible dor prmﬁied)mls df firee

polypEpiigS (BRMRIEnG AR st SAE T S HENS S SR ISR and
NSE%ETES% RTINS %$%"%hu§%%’}ﬁﬁﬁ%lg?G')\lsgéné’rgﬁﬂgff?&rt\ﬂfal Poteins

ine protease acti eavag
duringpeirdl3®plis4ton.umbisi as lhmadehhe RE3Y N33 seEnée rpeoqeasemse

atiraigg jargst Lo ahgeLchembitisraly. THe tyeilive etipaigs can
|nh|t§lt s@c HCE)/thé§§é THEPAIYS 'c‘én%oéllﬁlgté‘ﬂ\télﬁ@ce%iﬁ@\@%p‘éhf@@

ot ease reveal ed the presence of “cysteine at
wru@ﬂH@Hd iepdidet P1' and that these residues are

NlteclesiT AR ied therife NSEEA SRS, AT APBRRRR hdte

polybb 808 iB& @ct-fé%‘tonam tife sgrm@pr@tteaeei ‘actiVifeoRRSBys- >Thr
stitution at NS3/ is postul ated to account for

Autqqh@avagaq@. th@rr%'ﬁB/Nﬁ%Jt@cham purthe NSNS sping BEieRP

occi TR To T wARe et Elpfhg® siskifEHpoogeed

inteld&I86NIafgl(DéngraksPesi gn 1: 35-42. The NS3/ NS4a cl eavage
o R Rl EB o R BT WSR3l

preségic%(ic{g‘%ly e@rgea 4PP2-dmPskrind alB¥ MNP thai $68sd Réﬂﬂjés'@‘e

eS|n erelonustreamofte
strictly eanagevesli in éhaﬂ\l@4aébi&4bed18‘4®dN869| andeNSSalNGShgnctions.

The JSe/aBb sl antAnS A NGNS, A0P & AT Seiag ahBJ 5 The
Cys—>elsrﬂ JURRBIULRMA tﬂ@éﬁﬂkﬁs4é‘ LRt desy %é@(ﬁmt for the

nt er nat 1 onal at ent |cat|onP Icati on No. WO 30
reqtﬁr&iﬁéﬁt&ﬂf)q:s raihdalathanrtemts peceasidgEdihisdendial. o§se(age,

B e v BB A A0 o
(19%39%(‘11&15@ Dasiin 1P|35 421—9?% l\%ﬂm cI%ZV §rt§%1éisotnt10re

nas- Brunet et al. (1998) Bioorg,
toleranimmu_tag@)esms tharbiheootbebaites] 3@829@5/ I§elydnalcy et al.

(19&% vso?q)fg Pgég %%33 It has also been found that acidic residues in

the region upstream of the cleavage site are required for efficient cleavage.
See; e.g., Komoda et al. (1994) J. Virol. 68:7351-7357.
Inhibitors of HCV protease that have been reported include

antioxidants (see, International Patent Application Publication No. WO
98/14181), certain peptides and peptide analogs (see, International Patent
Application Publication No. WO 98/17679, Landro et al. (1997) Biochem.
36:9340-9348, Ingallinella et al. (1998) Biochem. 37:8906-8914, Llinas-
Brunet et al. (1998) Bioorg. Med. Chem. Lett. 8:1713-1718), inhibitors based
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on the 70-am no acid pol ypeptide eglin c (Martin et
al . (1998) Biochem 37:11459-11468, inhibitors

wa@bdosnsiy2 sel ect ed from hungn pancreati c secr ePOF/YS2005/005924

trypsin inhibitor (hPSTI-C3) and m ni body repertoires
(MBip) (Dimasi et al. (1997) J. Virol. 71:7461-7469),

on tﬁW’éZarhmo mblm@hdwgnaw shtimeit ml.51908) Bthem.

fragment) (Martin et al.(1997) Protein Eng

37: eS0T )nhlbwsaﬁlnlésnsel@ﬁ_ m%&rﬂam R@fryre(aepf@&@’tory
wveGodfypbal (B ESR) FTERnKREY FepeRared MBI AP REs et al,

(19911(331 Wz?h?{émﬁemi gvhgggg)émg,lzf@i ofénebte Cf«m;mam .
2175 venper ererence s al sO npde
antibedy ﬁegmx F(b/tarile@_ebb@97mf_}m1@w11éﬁ§)7-6%) and a.1-

antifbo i IR0 (EioubiSbalg  Pou T TGk 372,281, 9
nboiﬁ:ﬁne'ﬂ@csf drdinolstl &ty d&stroyahdpatfils O Uir0E RMA haﬂelceh’&yi
bruary 18, 1999 (Boehr| n er Ing | hei m Ca ad&;’teb and

| beeH@lﬁqlfa%Edo@@ﬁ BigyVoddt kafay, Qvegnberiid,|

o BEEL a%fo mBARALAERCY | pubﬁgtenegg@ W%s/17679,

for patients su
pubhsﬂ‘f@bApﬂerO ﬂ%&%ﬂéwmacdmaisdﬁeommwé Wa e

sorliomibiechesin A & CaimahEa PR o

09/0¥944! @Lﬁﬁéﬂé?ﬁFe fafng% 92'9@@ BAShHRIRIngelhefrs Gdiianan).

survi rate at year OSt cirrhosis dl&gﬂOSIS
Paﬂ@mmascbe@gunmmamd in ctmsbaﬂsls of the begrantbindnduction of

[ | ul h
hepPLEIaRT oo onssat pal T SefeuRd iRt Mo
infeBfibrEREGIrAING RRRAHCYihfecabn e difficilaietreal thea-otiear
survival rate of less than 1% Reference is made tq WO

fornppBigssalitis UBiestosthe, lack of immugiteer remissian agpaciated with

Mrer g Ny
yeaf®gost ditddodik didyrndsidh Eaﬂer&s@lagr@sedR&th]bcaﬁﬁeMsectabie

2005/ 085242 4 PCT/ US2005/ 005924 R fer e o (11
hep,atoqeﬂulgn@ﬁ[qm@naahaveg,ﬁy@wear S;[_FVI %éégg\j ereas
tho%nﬁ/ﬁlé '@ gpiggéi uﬁ&?}’%&%ﬁl@'t?ep%ftoéen%}’e{r'déréﬁﬂ@h%gﬁaﬁ atie-year

survival rate of less than 1%.

Reference is made to WO 00/59929 (US 6,608,027, Assignee:
Boehringer Ingelheim (Canada) Ltd.; Published October 12, 2000) which
discloses peptide derivatives of the formula:



prot ease. A conpound di scl osed therei n has the

formula: HOHO ACHNN-NN'v "OH OHOSH COOH 5
wRedosigiee i s al so made tg W Han et al, Bi oorPenius2085/005924

Medi ci nal Chem Lett, (2’000) 10, 711- 713 whi ch

descri bes the prepar atl on of certain a- ketoam des,

SRUGHER ifodat A SA4ENERRS A0SIAE 59, 001002 d1500)

descriBf nirssis ofbieyliBanhlogsgsan inhibitge bhEICW NISE t ed;
Publ i shed February 24, 2000) which discl oses peptlde

proteagex A campeund isciiserdhataia Nasipe ToMMEa: o 1 HoG, A2\
NN)Il' RS N-~r NA- § HORS RQ O N H where the B
various el enments feXdmad therein. An illustrative
compound of that WO 2005/ 085242 5

PCT/ US2005/ 005924 .CH3 I—Bg CH3 OH3CHNN N
H
AcHN - N N ¥ OH
o X o A\
SH
COOH
5 Reference is also made to W. Han et al, Bioorganic & Medicinal Chem.

Lett, (2000) 10, 711-713, which describes the preparation of certain a-
ketoamides, a-ketoesters and a-diketones containing allyl and ethyl
functionalities.
Reference is also made to WO 00/09558 (Assignee: Boehringer
10 Ingelheim Limited; Published February 24, 2000) which discloses peptide

derivatives of the formula:,

o~

Zy

Iz

H
HsC. A
E'\‘r‘?\/
(e}

Rs

Iz

where the various elements are defined therein. An illustrative compound of

that series is:



HHam CH2 O OOH ONHOReference is also made to
WO 00/ 09543 (Assi gnee: Boehringer IngelheimLimted,
weoimsioszezrl February 24, 2000y which di scl oses PEPUBIIOS/005924

derivatives of the formula: Rs Z O R5 R4 O 3 HA2

R6) ::, NH OOd ONH 5 O where the various

el emrents are defined the' . An illustrative conpound

of that series is: WO 70 (85242 6 PCT/ US2005/ 005924
NOCH3 OH3C CH3 CH3 (O NONNHH\CHz ON® |

CHa

HaC.

HaC HN
\”/ N >
H v
o
O

Reference is also made to WO 00/09543 (Assignee: Boehringer
Ingelheim Limited; Published February 24, 2000) which discloses peptide

Iz

derivatives of the formula:

Az

Rs
O
Rs /“\
\A3 N

OH

o}
where the various elements are defined therein. An illustrative compound of

that series is:
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ONH O Reference is also made to U. S. 6, 608, 027

(Boehringer Ingei heim Canada) which discl oses NS3
w@e@sosRe2 | nhi bitors of the gype: R2,10 R22 OPCMMUBR2085/005924

Lx, R R3/ R4 5 wherein the various noieties are

defined therein. Current therapies for hepatitis C

include interferon-a (IMRa) and conbination therapy

with ribavirin and i ntf€ pn. See, e.g., Berenguer et

al . (1998) Proc. Assd A Physi ci ans 110(2):98-112.

O , )

These therapies suffer gd\l esponse
rate and frequent side effects |, 10CHs
Hoof nagle et al. (1997) N. Engl. Ved,_I336: 347.
Currently, no vaccine is avail af 3 HCV i nfection.

Reference is further made to WO Q1/ 74768 (Assi gnee:
Vertex Pharmaceuticals |Inc) publol shed Cctober 11,
2001, which di scl oses_cerdHai n corrpounds of the
fol |l ow @«9: gerzte yald for

NS3 15 rﬁt easel i nhi
Vi rus:

CH3 | | 3R| 0

of Hepatitis C

05/ 005924, N O H3C CH3

AN NR H H
CHy

OH

O
=

O
Reference is also made to U.S. 6,608,027 (Boehringer Ingelheim,
Canada) which discloses NS3 protease inhibitors of the type:

%gg

* A

wherein the various moieties are deflned therein.

Current therapies for hepatitis C include interferon-c (INF,) and
combination therapy with ribavirin and interferon. See, e.g., Beremguer et al.
(1998) Proc. Assoc. Am. Physicians 110(2):98-112. These therapies suffer
from a low sustained response rate and frequent side effects. See, e.4.,
Hoofnagle et al. (1997) N. Engl. J. Med. 336:347. Currently, no vaccine is
available for HCV infection. A

Reference is further made to WO 01/74768 (Assignee: Vertex

Pharmaceuticals Inc) published October 11, 2001, which discloses certain

compounds of the following general formula (R is defined therein) as NS3-

serine protease inhibitors of Hepatitis C virus:
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X O ON (@D QA specific compound disclosed in the
af ore-nenti oned WO 01/ 74768 has the foll ow ng
wo orossa12 N H3C CH(NONo O O © O H3C~~ CH3 N H¢A/OBB05/M05924
O- O OS5 PCT Publications WO 01/77113; WD 01/081325;
WO 02/08198; WO 02/08256; WO 02/08187; WD 02/ 08244;

WO 02/ 48172, »WO 02/ 08251; H&Qd _gpaendi ng U. S. patent
appl i cati off, rial No. , 386, filed January 18,
2002, disc]osejvaripus tjypes Jof peptides/and/or other
conmpounds asyS~3-1 0>sef | p ase i nfi biot ors of

hepatitis C virug, Thé di stl osures |pf thos

applications areq pc,ef\porat ed Hege rence
thereto. There is & need for @ eat nedts &nd

hére'is acneed for

It rent or prevention or

therapies for HCV infection.
conpounds usefu
anel i orati on of or e] synpt ons of hepatitis C
15 There is a n® phots of treatnent or
prevention or ' ' of one or nore synptons of
hepatitis C. There is a need for nethods for

A spsdificaeompouing disstasedtin the aserermentipned ¥iedX/74768 has the
articul y the HCV NS3/ NS4a serine protease, using

ﬁﬂ@ﬂ@%}<)ﬁﬂg%hds provi ded herein. 20 There is a need for

nmet hods ﬁ\nodul ati ng"fe _p« ocessi ng, of the HCV
pol ypep{ji dejusi ng t cofrpounds proyi ded herein. WO
2005/ 08824 / USR0051.005824

N (o]
H

- 0 O
o AL N CH,
H,C CH, H N O/
H o}

PCT Publications WO 01/77113; WO 01/081325; WO 02/08198; WO
02/08256; WO 02/08187; WO 02/08244; WO 02/48172; WO 02/08251; and
pending U.S. patent application, Serial No. 10/052,386, filed January 18,
2002, disclose various types of peptides and/or other compounds as NS-3
serine protease inhibitors of hepatitis C virus. The disclosures of those
applications are incorporated herein by reference thereto.

There is a need for new treatments and therapies for HCV infection.
There is a need for compounds useful in the treatment or prevention or
amelioration of one or more symptoms of hepatitis C.

There is a need for methods of treatment or prevention or amelioration
of one or more symptoms of hepatitis C.

There is a need for methods for modulating the activity of serine
proteases, particularly the HCV NS3/NS4a serine protease, using the
compounds provided herein.

There is a need for methods of modulating the processing of the HCV

polypeptide using the compounds provided herein.
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Sunmary of the Invention In its many enbodi nents, the
present invention provides a novel class of

WO niushosi2er s of the HCV protegse, pharnaceuti caPCT/US2005/005924
conposi tions containing one or nore of the conpounds,
nmet hods of preparing pharmaceutical 5 fornul ations
conprising one or SivhthayyoFf thenmpeertién and net hods of
treatnment or prevention of HCV or anelioration of one

or rdits reany gEbosimphtsrtheprasephinvendor pieyidgs erovsl class

of R 5 GRRREY B e oy iackRlifal UffPos oM bBhiaRilRg

onendranard bbthecdompaurtts/ methpae pf besparridipiéimaueutiease.
t he conpounds provided jo herein, conpounds that

forrrﬁMag@ms FRVPRSIEIONERR O BIara sUBh soRpRMngs: and nyethpds of
tre%"tr%ﬁ{ 6Pﬁrev£'ﬂﬁon %ﬁf\? or %}G?éi‘g'@ﬁar%ﬁ&ﬁé’afr UCQ'B?%‘dS

enar al ruc ur al
syﬁm‘tomlsa)fhepultlﬂs CLuging® dHeRSr mbkeléfi)/ch(cdrriﬁo(ln& oD on¥ dP rbre

For 5 wherein: s H _OR8, NRIRIO, . .
SughOROA at o 8150 RG] TR S THaUYIRENG S3fritgzaction of
an&ﬁ%ﬁ/ﬁﬁ&?%%%tﬁ%f\?\}ﬁnﬂ?@ ﬁr %E@anrﬂérll enyFSl‘htp%ﬁEB& %Jl@@d
hweml eompeuadsﬂhaiyhhlblth-é@\érwwd&ka seye paltegde actuv:ty are

orlEls tero% %IS sen §éﬁi§%%ilsaﬁq%§g pgﬁ{PeJ %/H%’!Q}@;B"e Gonéral

str‘u@ﬁﬁ@%‘ﬁ@@dﬁ inYstrie@higeFeemfiizom R OR. NHR NRR', SR,
SO2R, and halo; or A and Mare connected to each

ot her (in other ds A— -L-M taken together) such
that the m)lety -FJ SY

wrvﬁrw

Formula |

wherein:

R'is H, OR%, NR°R, or CHR®R', wherein R®, R? and R'® can be the
same or different, each being independently selected from the group
consisting of H, alkyl-, alkenyl-, alkynyl-, aryl-, heteroalkyl-, héteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and heteroarylalkyl;

A and M can be the same or different, each being independently
selected from R, OR, NHR, NRR’, SR, SO.,R, and halo; or A and M are
connected to each other (in other words, A-E-L-M taken together) such that

the moiety:

N

N
L,



10

15

20

WD 2005/ 085242 9 PCT/ US2005/ 005924 shown above in
Formula | forns either a three, four, six, seven or
wer@hvss2aenber ed cycl oal kyl '9
heterocyclyl, a six to ten-"nenbered aryl, or a five
to ten-nmenbered heteroaryl; Eis C(H or C(R); 5L is
r can
oo o Foftel] R ek fourter, Sicfth oFhy
mesebersdetyclaatikyl t & fourto gightemsnttered heterbk:ycziylk;al six to ten-

T

(cyd ,gthldr@ R’I -, (heterocyclyl )aI kyl -, aryl -al kyl -
and heteroaryl-alkyl-; or io alternately Rand R in

NRRL lalCe(I-lc)daﬂ%)chrdtQ(R)e@mG(%lGiér such that NRR forns

2e|f R, %ﬂf E{hga% %g‘t‘%??@ﬁéénf fé‘cgef’ﬁ '@Smg 15

8 |
gl i e s

alkpng- FovsigRikyl4 detervaliyi, Retereoyriv Rrylo retgrgany lmg R15

M B B 89 S

altelinalfél R’\’éﬁd RR29 NRR Saretwingieotdd foseddh othep suan th&fISRR’
R18, R19 and R20 can be the sane or

formsrqa @Plﬁﬁt”e@ﬂdﬁeﬁﬂqeﬁﬁd NELIPEY¥nt |y sel ected fromthe

%;?gﬁggﬁ%’?&é@?ﬂgﬁﬁ tﬁ%&enngl%é hgtle%gl kenyl

C2- C10, Wyl , C2-C10 det ex'8al kynyl , . C30C8 R
cycl o . ?68 he;5eur\ ¢ ar y'F,\h,éltﬁ!)B%@'I?{ or
alternatlel : l:\(QB) ei t Rer q R16 carPbe RITR18
%17 1 8 ’ TR
R16 RZO RZO
o R19
15 Q0 RS 0, O R JU G—s
R\ \SI \ /S \ R15 N &
N N -5; R1 N 5‘: 18
I R18 R18 zo’k R17 R
R16  R20 R17 R20 R17 R 0
0 R19 O\\S//O R19
R15\N)J\N G\A‘: R15/ ~ /S< \is
/ 18 /g 17 R18
R16 |16 R17 R R
\\// \\S// R1®
| 18
R17 R18 16 R17 R
Rzo R Rzo/&o

wherein G is NH or O, and R", R'S, R, R'®, R"® and R*® can be the
same or different, each being independently selected from the group
consisting of H, C4-C+o alkyl, C4-C1q heteroalkyl, C2-C+q alkenyl, C2-Cqg
heteroalkenyl, C2>-C4g alkynyl, Co-C+o heteroalkynyl, C3-Cg cycloalkyl, C3-Cg
heterocyclyl, aryl, heteroaryl, or alternately: (i) either R' and R'® can be
connected to each other to form a four to eight-membered cycloalkyl or
heterocyclyl, or R'® and R'® are connected to each other to form a five to

eight-membered cycloalkyl or heterocyclyl, or R and R*® are connected to

a four to ei ght-neabEsmds/005924
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20 connected to each other to forma four to

ei ght - menbered cycl oal kyl or heterocyclyl, or R15 and
wRi®sase4zonnect ed to each olbher to forma fi vRCT/US2005/005924

ei ght - menber ed cycl oal kyl het erocyclyl, or R15 and

R20 are connected to WD 2005/ 085242 10
ea&%ﬁ néérﬁ%gﬁgestgl«%gﬁﬂm%%r rg%;ﬂ yf hgfaeré&{ch(! and (ii)
IlkéWIIsewmjependdamerRiéahUﬁ R cmmdea]a‘ﬁi iareadtoothec tefbriroa

thrge 49 ST TeBDoket Brdegl AT niRE N eneh of aai d
al kwherahyéacmseaﬁ@grkgl a ﬁbf&{:lfsg;)l %epe bméférxbyéyl

can be unsubstitute I ona dently
can beatrisubstitiited oh optmmailry mdependrmtlyt sudsstibeabd wﬂ'dorﬁe onmmore

majelies SelPigfiramane o foBReiR G ISkt ardy it thio,
a|k9nmbamm,|o %MMBSHHdH‘)QIkyIaﬁWd Sarwawb auwgﬁ@&ﬂm do,

dl f onam do, ary onam et 0, carboxy,
ary&%lﬂé@lykdwyfonammmlmdformnmdayzmmmlam@,dgetohcelxrboxy,
cafBfithy’ BRI S Bl idehaficiedha

alkglugeigonBpglRId, maﬁﬂ@aﬂbhsmd niik:h that the noiety: ML
A shovvn above in Fornul a forns either a three, four,

six] §@b@¥ed7rot@¢ §atement rﬁmrwcar@mnaépm to eaahoethef o
su(fH % heterocycl yl, a six to ten- msnbered
ary or LFPve to ten-membered heteroaryl " can be
iIIustrated in a non- If‘”mtlng/Anatter as follows.

Thus, for exanple, in theltase where A and M are
connected such that the vﬁal et MA L-E 20 shown
above in Formula | forns suQ"J menber ed cycl oal kyl

héwxd OhG)ﬁé O E,Olr rlng qlt\tg(é?g tR?eeq?gbrCtSIexd s&¥an 5r %Ig Y

membered cycloalkyl, a four to eight-membered heterocyclyl, a six to ten-

_ membered aryl, or a five to ten-membered hetéroaryl” can be illustrated in a

non-limiting matter as follows. Thus, for example, in the case where A and M

are connected such that the moiety:
M A

N’

5

shown above in Formula | forms a six -membered cycloalkyl (cyclohexyl),

Formula | can be depicted as:
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WO 2005/ 085242 11 PCT/ US2005/ 005924 One with ordinary
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synptons of hepatitis C. Such nodul ati on, reatnent,
to isnesarhon@ioms, preieired sycloalkyhis mede of éhrgetth aiglet carbon

ety Bl Beseed RERSPAPLAR o 3R sl B BRRRRAS oR8lo six
OXH MlitRcen, \WUITOR Wr frRispliokigratoass.t 0 theory, it is
elieved that the HCV protease nmay be the NS3 or NS4a

pr ol BEFEOMPKREdsHepResarded Oy fvimie |, dyrthemselvas alieh

‘ T [ ! ' .
coff LR Sy TR o o B GPTBAL Bokh GERSEY gincan bo
usélesforitpatiog diseasesesdubdasydot exdrhplep HEENHIV, MO8 (Adquired
di scl oses conpounds ich are represente

d
MRS e e oS amE o And R BB SRS VA abl ¢

_ | | . .
Bt SOV O Ry SILEHGTIERAG Broleirgiicy
or amiebdiativgtgneRir meréiR9RPIomarnd hepatitis B, SRth medidation,

reBinidht htants AR SN oo ey P SRR
corbbYAIS a8wdirALWRAPHarAdeklitical compositions or formulations
comprising such compounds. Without being limited to theory, it is believed
that the HCV protease may be the NS3 or NS4a protease. The inventive
compounds can inhibit such protease. They can also modulate the processing
of hepatitis C virus (HCV) polypeptide.

Detailed Description

In an embodiment, the present invention discloses compounds which
are represented by structural Formula 1 or a pharmaceutically acceptable salt,
solvate or ester thereof, wherein the various moieties are as defined above.

In another embodiment, R' is NR°R'?, and R%is H, R0 is H, alkyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl,
alkenyl, alkynyl or heteroaryl-alkyl.



WO 2005/ 085242 12 PCT/ US2005/ 005924 I n anot her
enbodi nent, R10 is selected fromthe group consi sting

W@ 2005485202 I\/b 6-Y ,,1-5 1-4o,F 1-4 1-3 1-3 1-BCT/LSB05005924
" 1-4 " 1-4 OH OH -OH, ov% OVE/~()—I 1-3 M Me
l\/b()—llz'Nl\/b\N\I\N N\ NM S/ N-3\ and

In dricthdr %nﬂoo%hrﬁehtn RNt hae crebtirsh ﬂﬁ@?ro@céﬁslﬁmg?éf ed

rom t he group conS| st ng of th noi eti es:
CH3 CH3 CH3 % 05/0 13
PCT/ uszqﬁsmoégm F F'FF F'CHB I 'F' F
2F F
£
/ ? £} y
;\M/ 1-3 1.3 1-3
1-4
8L , 1 ) »

OH OH
mﬂ/>< , LL"/XH .

i OH,  -OMe, ¢~y OMe o
Me Me Me
E/E;OH : -‘&L/K@ | g)\E\NJ zi)\@\l
s . Me
«%L@ | M{ﬁ b L*’l)\@.

In another embodiment, R? is selected from the group consisting of the

following moieties:
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In another embodiment, R? is selected from the group consisting of:
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wherein R*" is OH or O-alkyl; and
R%? is H, C(O)CHs, C(O)OtBu or C(O)N(H)tBu.
In an additional embodiment, R® is selected from the group consisting of the

following moieties:
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In an additional embodiment, the moiety:
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HCV protease inhibitory activity are listed later in this Description in Tables
1and 2 along with their biological activity in HCV continuous assay (ranges of
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In an additional embodiment, this invention discloses the following
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erns unl ess ot herw se

i ndi cated, shall be understood to have the foll ow ng
meani ngs: 5 ~Pati ent’ |nC|ufes bot h human and ani mal s.
“Manmal " nmeans humans and ot her manmmal i an ani mal s.

"Al kyl " nmeans an aliphatic

be straight or branched an
about 20 carbon atons in th
groups contain about 1 to a
chain. io Mire preferred al
to about 6 carbon atons in

that one or nore | ower alky

hydr ocar bon group whi ch may
d conprising about 1 to

e chain. Preferred al kyl
bout 12 carbon atons in the
kyl groups contain about 1
t he chain. Branched neans
groups such as nethyl,

et hyl or propyl are attached to a Iinear aIkyI chain
“Leower—aHoH—reans—a—grotp—having—about—1—to auuut
carbon atong”in the ;paln whi ch may be sYfaight or

br anched. ter ubstituted al kyl" s th tl

al kyl ug:gﬁ/ subst| tuted by nga?\“b
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groups have about 2 to about 12 carbon atons in the
chain; and nore 25 preferably about 2 to about 6

W@ 2005085282 ons i n the chain. ?r anched neans t haPCT/US®0®005924
nore | ower al kyl groups such as nethyl, ethyl or
propyl, are attached to a l|linear al kenyl chain.
“Tower—al Kenyl~ nmeans about| 2 to about 6\/car bon WO
2005/ 085242 34 PCT/ US2005/ 0p5924 at ons 4=n theochal n

vvhi ch n@{p alght or branched. The te mN
subst)'Lg,woed al kenyl " neans that thelal group
may beaﬁ,glubstit ted by one of nore_ subs |10uent Swhi ch
Herthe same or different a‘?;fﬁ sﬁhs'fltuent ei ng
| ndepe(q Qﬂt ly selected from t "consi sting of
hal o, . aryl, 5 cycl oal kyl"; cy , al koxy and

-S(alkyla. hbn-liniting exanpl es of suitable alkenyl
groups include ethenyl, propenyl, n-butenyl,

3- et hy! but-2 eny! —n pent Yaivi oct anyl and—-deceny

Ty TCT Il_‘yl.

"Al kynyl " means an aliphatic hydrocarbon group

con%h' e %ﬂttﬂmhog@fmgalsg&mﬁ@ mb'feh&mgngrrﬁ@d

e stral ranch i 0 conpri 3ing
unwssetdthé’rwlsue erhbmﬂtediSslmairb@undemmd to haee dreafoliowing
Preferred al kynyl groups have about 2 to about 12
MeHVBEh atons in the chain; and nore preferably about

2 t opahait irfbi SR PORhA RABN BAdidMmaRai n. Branched neans
that one or nore |ower alkyl groups such as nethyl,

et hyMaommal’ opsans bumaas radhdber ma@nmplizkaniraglRy ny|

SRRt S B FFARER ARk by BoSABR o

brévicheeigst compribing ébdlﬁ 1&19@(‘!36&20 cHrbsniaternb én ﬂid((yl’falh
groups i nclude eth 2-butynyl and

Preteried alky\gioups taB adre ahpufsh g%@gwﬁ (% Cﬁ!%ﬂ@tpm%'ﬁéh% chain.
A R e TRl 3 3B6LL S e e
chainc Brandissd tneant tbali one bndmmeitﬂmnalyylsgafbaps sdci msmethgl,

o) PrOmUbCATS Aliacheliiara inase] chpict ohowdl akdycgdans a
grédﬁ‘ﬂaﬁ}ﬁgtagr?g gpﬁﬂgggﬁgcazg&%tcgg% E'h ?gé)éﬁalﬂ@vrﬁéﬁ R4y be

carbon at orrs.
stréalyht ar prarghedp Thartetm "oph stitutedl alkyl bsansuhatiths alkyl @reup

3Pt A ST S L GRS o
dlff)t‘,‘?ﬁni leBich 'sﬂasﬁm@ﬁp bémq%débéﬁdﬂﬂﬂ%‘/ ¥ted TR e gRiupde

and napht hyl Het eroaryl" neans an aronatic

conansb%t/g of halogalkylil aryk gytloaliyl, syarg shysdroxy.clexys ialigithio,
arfRa N I?yl)n BQE cydodikil9 R ART,, PREAIRYISL CYrRBg Hnd to
—C(0O)0O-alkyl. Non- I|m|t|ng examples of suitable alkyl groups include methyl,
ethyl, n-propyl, isopropyl and t-butyl.

"Alkenyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkenyl
groups have about 2 to about 12 carbon atoms in the chain; and more
preferably about 2 to about 6 carbon atoms in the chain. Branched means that
one or more lower alkyl groups such as methyl, ethyl or propyl, are attached

to a linear alkenyl chain. "Lower alkenyl" means about 2 to about 6 carbon
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atons, in which one or nore of the ring atons is an

el ement other than 30 carbon, for exanple nitrogen,
wexygess2er sul fur, al one orgjn conbination. PPef/Es20e8005924

het eroaryl s contai n about % to about 6 ring atons. The

"heteroaryl™ can be optionally substituted by one or

atofRy @ thel dhairs WHi@may el stkalght 6 bralchBd. THY tdifh tdidsERABI
or different, and afe as defined herein. The prefix
alkany! means that the alkeaylgreup neay ke spbstifted by ongaramore

ns .t hat. LLr y, i 42
suEers OB bbb 8 b s ghecffere SRR Rt PR <
indepeagahthaselactddoratihggraumconsigiing af hatooligl. aryl,

het eroaryl can be optional |y oxidized to the

cyaienlkys pyn.raikaxoandies (@lsyl) Nerrimiting examplesoisuitable
s B GRSy SR, AN SRS By v

P B b at out Bz0 vl - furazanyl . ovr oLyl

oyr Blsyil maansaainHatis hydidearbanidionp sontiging At igdst one
i 5 (b e g
cornerisintuakaaLd 2/to, abdautddl garbomatome ah $he chainz Prefeeed iajfynyl
R

préf@?a%%zﬁﬂdtﬁﬂ 2vd abb@t 4 E8BENKbIWh thE @Rz Brangtdd means that
1,2, 4-triazin benzot hi azolyl and the like. The
r

| 1
one@.rmcmdoweoaﬁw grapssuchfas methyl peiihyl an prppyhere attaghed

het I ieti, "
to # 3RSl by Bl SRyRY Sy s, SEAHRS fo abopt g garbon
atdrh& B the”sHEiK Whiclp mayasey siedilght or bemehednNanylimitihg ekamples
group in which the aryl and alk

. > y yl are as previqusly
of geitahie aﬁw.nyb@@rw_rl@aua@ SRS Rf@ﬁjé'i‘&"s_%‘bé‘w'g(}\éﬂd aky
mefFBAD, IS ORGSR S5 St APk kb Hroup

mawtwh Ebﬁétﬁn’gﬁmmlt tkmlla orﬁﬁtlﬁstmubsl titue nt$e/hjcr aty beothetsane or
_throug the a AL ary|" means an_.al kyl -aryl -
diflof i SPE SHPSHUERLbsinGyRdassnaaryl Saieetad i s Gy
g TR =Y aryls conprise a | ower alkyl
Cogggﬁﬁpé Bﬁélﬁyﬁfgylﬁﬁrﬁ%%@anpl e of a suitable d
al k{Asi'yinegne am aremasicyrhondtyelib@mdnulticydlie ringrsystem

B LB PP 1,y T B oot 1
cafRIPAtoid) I DA g%ub%a?p@é‘bpﬁgnéw hapstiitedsvith one or more

preferably about to about 10 carbon atons.
"ringy sysiemestlestitieniskwhichi mgy bedhesiame ps differentpang siie as

i ng, 25 .at S ' J
el 8RR T SXEHRRALY s R0 Bl phony
andHaphtiyent s” which may be the sane or different, and

are as defined . . .

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system

comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring
atoms, in which one or more of the ring atoms is an element other than
carbon, for example nitrogen, oxygen or sulfur, alone or in combination.
Preferred heteroaryls contain about 5 to about 6 ring atoms. The "heteroaryl”
can be optionally substituted by one or more "ring system substituents" which
may be the same or different, and are as defined herein. The prefix aza, oxa

or thia before the heteroaryl root name means that at least a nitrogen, oxygen
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above. Non-limting exanples of suitable nonocyclic
cycl oal kyl s include cyclopropyl, cyclopentyl,
waeyasosexyl , cycl oheptyl andsthe |ike. Non-|i nPCT/Nn§2005/005924
exanpl es of suitable nmulticyclic cycloal kyls include
1-decalinyl, norbornyl, 3o adamantyl and the |ike, as

or ¥Elkr é’cérrpﬁisbb@il\yé{y Siétdﬂéﬁérﬂtbssé)ﬁﬁg efomlUAMiBSgeil @tom of a
exanpl e, indanyl, tetrahydronaphthyl and the |ike.

heteraaryliean beroptiearly oxiizes o tb@rqqm@sp@ﬁﬂts\g. Nexidg: Manre,

il 5 Btee DD A8 B b A A Ry BB AR ey

thiGiyl! yriraldieyl| pyreivne (imsunding M—Bbbsﬂlmmpyratdmmedomzahyl
aromatjc or non-aronmmtic ring sg/stemvvh ﬁg
an'Ff’éoly"ng

isodiarplye OxpEplyh diazall RYEAZOAAT B!

tna?%ﬂl er eh@mg%%%glg ||:)4 | ngo‘ %Bleng Xél?@d if r o?rl?&wgl’
oxipdolyh, mmiiucr[ﬂ j%i@]}ggrldlﬁyllahm;dazom kdﬂmlazcﬂtwkklyﬁrymfumhyl

. ter .. aral kyl er.oar a

indpf creangoi, Berpt Nonadid Bansvtianyauinai i Midarr y1
thlgb{é}?ﬁ?ﬁgl Wﬁé{gmgi anop%rjﬁ@y}’ py@fdl’éﬂmdyl il de@pyridyl,

cyano,” carboxy,
|somuimolwbm«:zgazaladwbﬂy%éftbazmvl,, b@ﬂ&@ﬁ@@ﬂbﬂﬁﬁl@ldw like. The

o AL o L S OGP e v o
for@@aﬁﬁl\flér iﬂtv‘é‘}qz/ﬂMI%qMN@I&D@éMydrbqﬂuﬂbMﬁﬁﬂ ythe like.

C(=N- ON) - QNN al k)
Ylvmalkyhmzwlausyl _means/an@rvyalkylygreypsinpwhish dhe aryl and

e e

grcgjp)ltworf‘rgniﬁtirg éxvgnplﬁasiqf@uﬂgble aralldyygro@syhclude benzyl 2-
cycl oa tituent
phehethvhaa napgfh?é@ i B %Baﬂé %qﬁ@qmﬁgﬁ H@%@% thidagh

thd SRLpces two avail abI e hydrogens on two adjacent
carbon atons (one H on each carbon) on a ring system
Exaltplkgkarglf meanshamalkgt-grydr gronptinwracte thé alkyl, and aryl are as

preyaly Seseibsr Frelarind alepyis ComPs o e Rk roUp. Non-
limitliR} SXSR¥IE of a siieMIE aficyyt Grovipas 't@I%/IS Fherssrbto the parent

nonocycl | c or mlticycli€ fing system conprising
mcaetyustmoughatbelaryllo ring atonms, preferably about 5 to

0Pl PoBA LR e RSBy e LA s
coffprisiipamde id ABEEM0 exheamtoms, preferably about 5 to about 10
carbon atoms. Preferred cycloalkyl rings contain about 5 to about 7 ring
atoms. The cycloalkyl can be optionally substituted with one or more "ring
system substituents" which may be the same or different, and are as defined
above. Non-limiting examples of suitable monocyclic cycloalkyls include
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-limiting
examples of suitable mutticyclic cycloalkyls include 1-decalinyl, norbornyl,
adamantyl and the like, as well as partially saturated species such as, for
example, indanyl, tetrahydronaphthyl and the like.

“Halogen” or “halo” means fluorine, chlorine, bromine, or iodine.

Preferred are fluorine, chlorine and bromine.
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sul fur, alone or in conbination. There are no adj acent
oxygen and/or sulfur 25 atons present in the ring

W@ ywso8s24Pr ef erred heterocyg?yl s cont ai n about PGT/U82005/005924
about 6 ring atons. The prefix aza, oxa or thia before
the heterocyclyl root nanme neans that at |east a

ni “’F@iﬁ?% ystf 88BsPicht! hisnf b BUbERRAE bityehed tan aromatic
present &8s a ring atom Any -NH in a heterocyclyl ring

or hey-aExnstic ppetsystesa which Hobgxamele, éxRlapee angyaiable

nyoiPOBAEH R D st RIET Sy BEPLE R iy e 10 sBHTor

differartneacmn be’ﬁ@ﬁnbép@ﬁ&w@ﬂ s)électedlfrdm tlepyraupatdnsisting of
substituted by one or " ? system substituents”

alkyh penyralkyswl, @avd, batﬁroawl oﬁrﬁﬂw @Mfylara(hdw&@r@aa@kyl
0

he%iéé@%%%@ﬁ Jierrtaliypbf RS ufo et R Ry Sfarplyalkyt,
alkbgy cqn'ylaxyabtga}kmoéﬂ écylgdrdyb haﬂe gitnoy egqum diamigoxyi\- oxi de,
alkGRY G B B ERT B W ATBIGRY RO A or Y rvisulfonyl

d
heftrB& s bny D ¥l hick aRitnio, HtERRRUTNG, ardiGMARL ' 1Y -
heteyoanatikiylthica cyglbalkyl, trater@nydybrﬁ(zimw»NHzl db(t—‘al’rﬂ) -NHa, -

o(HRERNIT R, Yoleu i aiang syl STy afa -

SO WER, | WRerdiM &Y @ndne, éléh by @Iﬁ@éwnegcbrodiﬁérem addrdren
atons adj acent to a N, or S, as well as there are

mdwend@ntl;&egle@tgg!sfr@n tbargﬁ@up §QP&|§B'BQ of BydiegeRealkyl, aryl,

cngélﬁ&loghﬁlrg@%QﬁR, érg'gdb%{l P%yrdl&?{ne‘én% single °

maiétyherish Eﬁmhlﬁhéb@l}drei)ladds thaWaila@leshydhegens emh ttvoat
tautoneric forns such as, for ex t he Etles

adjqcent carppn ateme (epe 1 opeachsrsboaR aémg Sustermy Examiples of
sut hidi ﬁﬂ@ﬁgﬂ#&@ﬁ%ﬁl%ﬂ%bggha &h‘@f(CHs f'alfwﬂrﬂ’lbﬁkbw{/hlch

neans i ch the al kyny
forad kyietisesuch 3, dor exerhpledescr bed Preferred

al kynyl al kyl s contaln a lower alkynyl, and a | ower
al kyl group. Dﬁé bond t t he parent ety is through
the al kyl. ,I es of abl e

al kynyl al kyl r ud

"Heterocyclyl" means a non-aromatic saturated monocyclic or
multicyclic ring system comprising about 3 to about 10 ring atoms, preferably
about 5 to about 10 ring atoms, in which one or more of the atoms in the ring
system is an element other than carbon, for example nitrogen, oxygen or
sulfur, alone or in combination. There are no adjacent oxygen and/or sulfur
atoms present in the ring system. Preferred heterocyclyls contain about 5 to
about 6 ring atoms. The prefix aza, oxa or thia before the heterocyclyl root
name means that at least a nitrogen, oxygen or sulfur atom respectively is
present as a ring atom. Any —NH in a heterocyclyl ring may exist protected
such as, for example, as an -N(Boc), -N(CBz), -N(Tos) group and the like;
such protections are also considered part of this invention. The heterocyclyl
can be optionally substituted by one or more "ring system substituents" which

may be the same or different, and are as defined herein. The nitrogen or
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20 propargyl methyl. "Heteroaral kyl" nmeans a
heteroaryl -al kyl - group in which the heteroaryl and
wa@bdoglosane as previously de?yri bed. Preferred PCT/US2005/005924
het eroaral kyl s contain a [ower al kyl group.
Non-limting exanples of suitable aral kyl groups
sul J}Céé&%eof tAY We‘ﬂé’ﬂo&?él?b/éan B8 GplYhap) om&emltaahéncbrregb@ndmg
the parent noiety is 25 through the al kyl

N-Oxitelr oxidegn S, Sreimrdden NaD-BNKiG eXxABRIgSIah suitpble apRyEyclic

v RSNl I By AT ek B R,
th.éérﬁbhﬂwluﬂthé@mmmﬂgwh Agdioxasyl] mﬂahqardfumrg/xynet hyl and

droxyet hyl 2005/ 085242 38 PCT/ US2005/ 005924
tetrawrorthmaﬁaylalaqtar@( ctoneaiapg thedibp.  or

e

inveRtieh ythefe léiv n@gﬂyldtcb@l gmdpxsrtlm carlBoaf&tomohclaagérstfto aN,Oor
contain a lower a Non- limt exanpl es o
s, gaw@lm%th@éwar@nemrﬁwpue@°|n prl agjakept 1o, agother
S aryl - C(O) group in
heﬁwgﬁﬁﬂfﬁﬂehugr‘y gr ou%lelr@atg% erS;r eviously described. The

bond to the parent nojetyxis through the carbonyl.
Non-limting exanpl es abl e groups include
benzoyl and 1- napht hgyl . ko nmeans an al kyl -
group in which the alWyl drOup IS as previously
descri bed. Non-limting exanpl es”of suitable al koxy
groups include 1o nethoxy, ethoxy, n-propoxy,
' 9] rent
the g el B o B Bk & R "reans an
ar y lt-sBoutt aisp bennuﬂelddhat taetamegtic forogpsuch as, for example, the
previ ously described. Non-limting exanpl es of
Majeli8Sapl e aryl oxy groups incl ude phenoxy and

napht hoxy. The bo o the parent noiety is through
the ether 15 oxyge| Aral kyl o ans an aral kyl -0 -
group in which the a d(yl gro@fx/gE previ ously
described. Non-1imfjing expapl esNofogui t abl e

aral kyl oxy groups include benzyloxy and 1- or
are congitieled eqdvalenbinceriaie ephiadimentsef this iaMentioni et y

A A AT gy R Rt

alkiyT 8e 88 previciesly Uebe@bed\kﬂrefermd allkgnyllamym esntaih a lower
suitable al kylthio gro i ncl ude net hyl thi o,

a”‘é’ﬂh‘yﬂirﬂdwﬁdOW@’hﬁlkaﬁ@UPoTBﬁé’oﬁgrt@ﬁhe PEreRMpisty Iﬁa‘gt@wh the
aly N NGHifiting examples of suitable alkynylalkyl groups include

propargylmethyl.

"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl
and alkyl are as previously described. Preferred heteroaralkyls contain a
lower alkyl group. Non-limiting examples of suitable aralkyl groups include
pyridylmethyl, and quinolin-3-ylmethyl. The bond to the parent moiety is
through the alkyl.

"Hydroxyalkyl" means a HO-alkyi- group in which alkyl is as previously
defined. Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of

suitable hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.
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"Arylthio" means an aryl-S- group in which the aryl

group is as 25 previously described. Non-limting
wexaspses2 of suitable arylthgo groups i ncl udePCT/US2005/005924

phenyl t hi o and napht hyl t hi o. The bond to the parent

noiety is through the sulfur. "Aral kylthi o" nmeans an

ar at A" Prea@s AHHLOOW, aqlayltda@)abalcwlbamypm@o? gfSup in

previously descri bed. limting exa
whighi theblasioalisgrryps Breag parMoysly d%cﬂb@fi ;ﬁp henbend Wn&eb@ﬂr@nt

mo‘i%w%ﬁy@@éﬁgﬁ?ﬁgf%h ;ﬁgﬁégﬁgg@%ﬂ% fa%wer alkyl. Non-

limMeRr tathples df exiitableasyl gfoupisi |h6|hHe fafrh;dwcabybamy propanoyl.
gro/g_ i ncl ude net hox%/car bony| and et hoxycar banyl .
The"Avowl meappan iyl hﬂr‘é@@/'ﬂﬁ’ i%%‘@gﬂw @U@dﬁ@@nyl

o RAVELOBREE 1, B LSRRy bt an by

Noaulmlahg@xanyblesxou&ammmgIgrcgjp:lepleidecH)Myl and 1- naphthoyl.
b Behe e SR e aloFo B S 1

prg@@% {Bééf&%éﬂ)w&n IIMFmés?%ﬁb@'df%hTtébI@(aﬁ)koxﬂér@ﬁBs include

mting 5 exanp a sui tabl e aral koxXycCar bonyl
megh«mqp eitisoye ngﬂwmyy,asbmmpbxy ahd rb-butoxyt dhe Hi@npiatoéhe parent

the carb [. "Al kylsulf |
moé‘?ityaﬁ’ ﬁypugﬁﬁg% %ﬂﬁ g’: e?gyr ed gr oﬁpzuar gnyt horsn(:alnf}
whi eAridie " ghéahs 8k @WJ @S%HOQ h WHikly lthe ang 8h§lnﬁlstés t he

parent noiety is hr ou sul f ony

previoysly des@rnisﬂad Nmrah@ltm @f@npls(ssmswtgb@lmloxmr%mIncwde

L O

oxy@ngnated atomis repl aced with a selection fromthe

I'ndi cated group, provided that the de ignated atom s
nor niralkdexyridpeansian amlgyleQr sreuRimwhic fgﬁ@ﬁ%'gw&@uws as

st a ﬁg‘&%@gﬁnged ?ﬂa" @?(r[) at [ o Ilé%t %ﬁﬁtgglﬁéﬁe t(;s,)éla%rg}l g?

inchate bbhzdoxy an@dr— mﬁmdpfﬁhalenémetiﬁomd‘rhemm toatheqpasent
resuylt ounds. By "stable conpound' or

mo#%*tyalwﬂémé'e?n}@? 'ée”? 9fBant a conpound that is
SuT PARY AT fnd 181 alg1-SUBKIPin WARhahG &k Group s

degreeo purlty romar actlon m xture,
prévdously desoribad Nmbnﬁm@emmal@smmmthbl%@ihﬂthl@ O5QIEIR .

i, R0 B off B BT R B dprouon e
suf@ibi nation agents and the like, refers to at |east

"Arylthio" means an aryl-S- group in which the aryl group is as
previously described. Non-limiting examples of suitable arylthio groups
include phenylthio and naphthylthio. The bond to the parent moiety is through
the sulfur.

"Aralkylthio” means an aralkyl-S- group in which the aralkyl group is as
previously described. Non-limiting example of a suitable aralkylthio group is
benzylthio. The bond to the parent moiety is through the sulfur.

"Alkoxycarbonyl" means an alkyl-O-CO- group. Non-limiting examples
of suitable alkoxycarbonyl groups include methoxycarbonyl and

ethoxycarbonyl. The bond to the parent moiety is through the carbonyl.
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one, and up to the maxi mum nunber of chemcally and

physically perm ssible, substituents, conpounds,
wa@oortsiosszul on agents and thegki ke, that are preBEMUSING/005924

25 added, depending on the context. Such techni ques

and know edge are well known within the skills of the

concgrMBd cartdryfMmedhe ahermbocpgmprgabuy N@mmuﬁmg efamples

nmeans “opti onal "substitution wt speci fi
of guitahle arylexycgabenyd :grcntm%mcwe mﬂ@QwﬁqurtVbBad ed" or

naphfokagBbfil 1R Borsth AeTRRBRIA LI hivach eadnn.

fr ommll&mbhﬂidrm"nﬁeaﬁem aralkyROUCED)- sgwupeN@n ||m|t|ng
conmbi nation thereof. The term "purified" or

exymple Pk suﬁ@blmarakkpxxépaseﬁﬁ&gfaum QPBZXl%XXQQébW sThgbond
to ﬁ{eaﬁ% Ffogétg ,§ﬂﬂ8ggﬂ%@ggﬁ{on¥)el ng obtained from a

pur process or processes described herein or
vel 'Akgisuifohyl” triemnsikan akgi-8(®4)s aroup. iPrefdrfedgmenips are

r to.b t bl e 200 5242
thden 0 410 BB RS IS KHATIE KK odBR Aegesmorety s

thrd6 rtp,é)gg jein or well known to the skilled
r ?ﬁsan h uld al so be noted that any carbon or

het éAqdﬂwim»d"tmeamssam iasyl+ (D) vaitoeipe dbeibondre thexparent
sch emtﬁﬁ, e gggl eﬁ arid Tabl es herein is assuned to 5
maiglyds 8”96 geP®'on(s) to satisfy the val ences.
Wherrha tEHRCElRdtedr Mbaristhat 6A8TRP Wiskel Iydrégemson the
"protected”, this neans that the group is 1n nodified

designatachaione isl ieplaedduiEh ae&ﬁlemtm fremdhe dndicated graup,

preidhc Floh b SiglREEY HBGy EREPRAT (o TicT Ul R b

cirt @®etinceeds hMt &xsseled, bhd Qhaﬂl thersu bsNthlbnl restilteinoa stabde
io well as reference to standard textbooks such a‘s,

COW”@Qa@Q@'"ﬁ'OV\ﬁIOf@L@éHB’%ﬂs andiosgtia 'leis\iaée@eéﬁ‘dﬁs'
e{??{e}\ le%ﬁ&éfi@hg;&%@?ﬁ?t@}é\@@% 856&8@{ occurs lind

or fetablet stauctu@iés meamat arcoamyourwhidiait isueuufﬂmently mlﬁmtrhtmlsarvwe
its defIPItI on on eagch _occurrenge

isq}ﬂm@ﬂeﬁe ubrlegieg QleuThy fiogh adpact i b and formulation
int@ Enuért SQQSUSﬁ?erHﬁ_th&@ &hth, the term"conposition” is

|nten ed to encohpass product conprising the
S pe(Thbl tecmr‘nge edineore’ or fattleastape’i Whed lradmantmgthearsumber of

d h
subSiibeafs SMheRhs < Gimbiiafibn et finc the B, el to at least
onk ngﬁ@ @Ipetattﬁe 'rﬁla%lﬂﬁﬁniS REMber of cRERTHIY - an%loplﬁfswly%rﬁf@blble

sol vates of the conpounds of the inventjon are al so
substituents, compounds, combination agents and the like, that are present or
added, depending on the context. Such techniques and knowledge are well
known within the skills of the concerned artisan.

The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties.

The term "isolated" or "in isolated form" for a compound refers to the
physical state of said compound after being isolated from a synthetic process
or natural source or combination thereof. The term "purified" or "in purified
form" for a compound refers to the physical state of said compound after
being obtained from a purification process or processes described herein or

well known to the skilled artisan, in sufficient purity to be characterizable by
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contenpl ated herein. The term "prodrug", as enployed

herein, denotes a conpound that is a drug precursor
waowkiosigs2epon adm ni stration 4 a subject, undeCTUSR05/005924

chem cal conversion by netabolic or chem cal processes

to yield a conmpound of Formula 1 or a salt and/or

sta@flay@b@alyfieskelethnigueds Hissabed hefeid or Welldkrd@w tcsthe skilled
provided in T. H guchi and V. Stella, Pro-drugs as

artr&ane Delivery Systems (1987) 14 of the A C.S.

i LDy o
o RSt 260 62 noRRfinafakly B ot ReiErodtaf] with Sinktisfied
val@memmﬁ text | schestas, aixanplesdndPdiadtasinerBireissassunidd tof
are |n00éﬁorated herein by reference thereto.

haggthegqu%qg@n 3ieHKS) © H’@‘@i@ eeS-ati on of a
COMROH a%cﬁ:ﬁlﬂr%l ?(‘{L?FS‘F otu'ﬂdqg?erﬂ‘iemr&e%‘?éd‘emls

nmol ecu s p y3|ca ass clation invol'ves vafylng
mekety that thef gioopi is irmntdiftecfcemt tobpradiude, undasiredlsmtp reactions
certain.i n

at fiq priected 3510 %n e Bppihd s STDIERERP € thecon ondtale

pré@bﬁq@gwﬁi%twmrﬁee@ao RiZ2k%y MHERERAIRSREhA s‘khﬁnoché%fr@és
[atticeé of the WD 2005/ 085242 41 PCT/ US2005/ 005924

wellrasslow referancedpi sdandasdl testbeoke suohess s sxample, T. W.

criBhthst 8L IPREBREouPS if vidde SRS Erodlionipd. e
Yokt hanol ates, and the like. "Hydrate" is a solvate
wherein the solvent nmolecule is H20 5 " Ef fective

amoKben any varablesed-i anill Reteracysls: iR atfalegeurs sgredhan
onb%mé’ﬁ?&ﬁ ?Sn&ﬂuéﬁpé‘ﬂh #ﬁrpﬁﬁ%‘ﬁoﬂé‘ﬁeﬂﬁlt@n %”é’é’&i {)Jﬁ&nréﬂce
ese I nventi on e ective inin
is iﬁaﬁbemde\nﬂobftﬂsuiaefmﬂtaduat @gprylmeh@te@aouenénbber apeut ic,

amel i oratjve, .inhibitory or eventative effect. The
n‘ﬁtﬁHﬁfsd 'a%rerfb EE% ?%F ﬂr%%ﬂp?g{'% S8 IREendRe g‘h eRFRMpPRSS @
préMJdT'cBrﬁ Fén 91 R 1é?:f1lnppé<ﬁeh1!%"‘|ﬁ'?ﬁé@ ecnﬁég%rn%lfrﬁsté’s well

compoun eln 1s unde stood to 1nclude
asraafl'qureduet wblcbalasslts fiireetly or indirectly ofrdwarcgnsleination of the

i ndi cat ed. m"salt(s)",, as enpl oyed herein,
spaied disdients bt Pacieb bt horgani o and o

Or g@Rb&r RS 4t s@vateR!df tRe cBﬁﬁddﬁnﬁ@'o‘f fEhé ﬁfv@ﬁﬂoﬁ"'atré also

i norgani ¢ and/ or organi ¢ bases. dition, when a

contamiated hereirorihg term "poedrag! ﬁﬂ@nbblmddmam clenotasty,

cobfilnfinaliin dtiomiePlfR ifoR B Rl tath €3¢ Bifiger,

un@ardodsydhemiasl ebnveréibh &yl m@maolncmﬂehenﬁ@ﬁltmodesws tbqneld a
formed and are included within the term"salt(s)"

coppeyndif Farmulap arisasaltiend/ar solvate Bierael & discigssion of
protfigs R plovidd i £ QR d¥d V. Stella, Pro-drugs as Novel Delivery

Systems (1987) 14 of the A.C.S. Symposium Series, and in Bioreversible
Carriers in Drug Design, (1987) Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press, both of which are
incorporated herein by reference thereto.

"Solvate" means a physical association of a compound of this invention
with one or more solvent molecules. This physical association involves
varying degrees of ionic and covalent bonding, including hydrogen bonding. In
certain instances the solvate will be capable of isolation, for example when

one or more solvent molecules are incorporated in the crystal lattice of the
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acceptable) salts are preferred, although other salts

are also useful. Salts of 20 the conpounds of the
weorsusr4: may be forned, fgr exanple, by reacPCTySm05/005924

conmpound of Forrmula 1 with an anmobunt of acid or base,

such as an equival ent anmount, in a nmedium such as one

crybialliMy §dlid. hSolvatd” difc@ﬁhrmis@ts%tlﬁ) Golutlbné}fha%@témﬂismatable
medi um f ol | owed by Iyo hilization. lary acid

sohyaigst No- 'ﬁﬁllf'ﬂg ATRRR ORI e SN BAIE S hanolates,
meRFHAEE? and fite RELAFHGRAGY %”é“s‘éﬁraté’m&k%ﬁttﬁé RRRgt es.

citrates, “canmphorates, ~camp orsurPona
moietmliaslﬁldgo hydrochl ori des, hydrobrom des,
hydroj odj des, | act met hanesul fonat €%

nap FEFRAVETPY YNl g&'e@ﬁ% @la )ée egtvg gneynt” is meant
demﬁy%oméﬁfoun%% ?ehﬁa or%ax‘:d)rﬁﬁbé‘ihéﬁof 5@@%@ vention

fates, tartara t hi ocyanat es uenesul f onat es
eff¢ctivednkinlvibitingshe YK ést) end) thars prodhecisg the Kesired therapeutic,

Addi ti onal | acids which ar eneral Iy consi dered

W@ﬂ?ﬁ%&wﬁe ”Ihba/f%Qr pf%’rer%?tfvﬁweﬁ?&phar maceutical |y useful
sal fReldoRipdimRls Of TR & WelnC@bm m@ﬁ%r@b%o within the
di scussed, for exanple, by P. Stahl et al, Camlle G

scapedef this irxation Referanne ivee s0mpeand SiRosmuks d)ﬂr@relneg

ungirsfiod GRnPRAe Bferendy Rerant HerPdicuMlesuoiisdndied.

Tha & @:ﬁﬂﬂéﬁ 42 eR{pld &P RO stes G6idio sél’tsli%rmEd W|th

Goul d, International J. of Pharmaceutics (1986
inopganic and/orAxaaRisaeids, ag welkag basissal @e‘oz&meﬂ/wthﬁnﬁé@amc

ancﬂ&? %@%{HX Gt})%é%% 5)1 (a'g%‘ﬂggg%erl) é%gmprﬁdsﬂt@‘r’l‘gﬁrh]ulér‘] %tdrftains

bothbs bas@tmmet)D stich@s, boenot lmlted te p. pyfidescodinidapslar asd an
sl Eich s el Froc SEhEHTRCRal o mer

sa|£§3§ tﬁl.sa}ysgéf @ﬂ%rdféhd aﬁfn%mdaa w|tﬁnh*‘thbl %m@n&anﬂgy--aa%suéaa

e earth netal ts such cal ci um and
hereigrféisaramacsaltically sedaptablet(heo rrxgmﬁhomcbabgsokogmally

acqeably safiy AEk ralRASLamTo G PInBR A 46 SRpdset.rals of
theé&hpbiifds bVﬁierFE‘or?fﬂﬂatﬁﬂa'y'Héeforﬁ@a' for example, by reactlng a
ni trogen- contai ni ng groups nay be quarternized with

comgehnn Qfdf@lﬁmakaﬂ amprgurt &f agiElon kasg, sHel |gglan

eafvdieny At i gh 'SR s b ifcfile A ciB b tategior
in anbtabess mddung follewead bglly@mﬂnz(amo@ decyl , lauryl,
and _stearyl chlorides, brom des and i odi des) ar al kyl

hal FaemRiarygcidaddifipn salfs ingugde acetatss. ascoriales) bengaates,
beﬂi{ﬁésznfgﬁ%\ esbéfstﬁﬁgfés b8ﬁ'—%tﬁ§ ﬁ]nt‘;ré@é it AesS cAhphorates,

F'mace
camphorsulfonates, fumarates hydrochlorldes hydrobromides, hydroiodides,

lactates, maleates, methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates, succinates, sulfates,
tartarates, thiocyanates, toluenesulfonates (also known as tosylates,) and the
like. Additionally, acids which are generally considered suitable for the
formation of pharmaceutically useful salts from basic pharmaceutical
compounds are discussed, for example, by P. Stahl et al, Camille G. (eds.)
Handbook of Pharmaceutical Salts. Properties, Selection and Use. (2002)
Zurich: Wiley-VCH; S. Berge et al, Journal of Pharmaceutical Sciences (1977)
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acceptable salts within the scope of the invention and
all acid and base salts are considered equivalent to

Wo b@ssede2 forms of the corregpondi ng conpoundsPCT/U82005/005924
pur poses of the invention. 20 Pharmaceutically
acceptable esters of the present conpounds include

e1-hol Pod@oud, Ihepstioral ). @ﬁPbéWéctéutl%@l(d 086} 88 201 -21 7;
obt ai ned by esterification of _the ydr ox ro
Ar\ﬂﬁr%qn ehal, ﬁ'BﬁPJQﬁB%Qf Mesiicing/ @vemﬁéydén%é)«%qa@peauc &ress,
NEGP YoHE e in' [ 87 0o BRBKRFASH DR AbhTISHAAER,
Wastdhgton, D0t opytheir ivebulty). These misolostrgs aaélmwpb&ajéd

(f.or exanple 25 met hoxynet hyl ), aral kyl (for exanple,
heprin 2y ref erﬁf‘??é@@@i‘kyl (for exanple, phenoxynethyl),

ar y 'Ex% ﬁ%@é@& Saltd) ) ﬁgmé?ﬂ%oé/al%l Eﬁ%‘htﬁléﬁ‘i‘ s¥ftd Buch

al ogen, B kox
asa;mdmm Ilthm)m,sand poﬁselmsahs,,alkadimkeazm midtgl saltsrsuch as

rH :afg%gglyg} gé)IEsf, g)éﬁg%ﬁqu)rggw%s yl (ff%rr gxgmpl% 2)rgan|c
anhné@%ﬁhcé{é an yEIbheRNARIHES) Qltﬁutﬂsérﬁifn%saﬁﬁd 34it§ With Bk

di- ‘or trip osphate esters. phate esters may
acld@ Summasaarglmgeekysmueeambme |ﬂ©r B@smmtregea-oontaomg groups
ohoI or _.reactjve rivative ther
& 68 4PapBiniss] il et sV8h =¥ fakdehikinafesd¥ d metpy

etrﬁ}mdaﬁcﬁbbﬁll chleridat e&onﬁdé@éﬁd%@id@ép@famyﬂ sulfb&fsec@‘g may
exist in their tautomeric form (for exanp

diragihyb diethyhiang d;wtxb@sfaiegh@melmwhawg@ @%)godegmlauryl
anﬁtstfgé%(l c!“%hd@%J Cﬁphﬁﬂéé’ 2lale '|<9d |{18|§)g5ré%ﬁ H%F RB.g‘?‘tt)%qzyl and

er el resen ve
phehembb&nﬁhiles (efrmiothkem'pl e, geonetric isoners, optical
|so he prese conmpoynds )
(i el q%gaq'ﬂég S@F ﬁtﬁsargé%fﬁogﬁééogpé Rharaaseyficelly
ac@é;?@blé%alfg wftﬁi‘ﬁ tﬁ@ 8%‘? tﬁélr}%hhoﬁ%nﬁhaql %%d%e salts
ates of t such as thos

areronsiddresl equmammn mecfr@afdjmsofdhe opareispoading compounds
substltue i ncl.udi ng enantionmeric forns (which may

fore%‘@?%%@ﬂ I]Sq’qinvpﬂ absence of asymmetric carbons),

r ot TRIrhfackafiéRly é’éde?Péb?@'é%fe?s oh itk prisent @6@%%5 include
forms, are conténplated within the scope of

the following groups: |(b) carboyyisi acid esters obtained @ylﬁﬁhera‘ssatmo rof

tn R asuby ibiicrE e, AR ¥RHEE moieBitrhe Bakonylig acic

poftin 6ithedster gloRipiigistsanddtad lfrbnﬁ éﬁ‘élgﬂf oPbfchieslasreirs alkyl
or may be adm xed, for exanp racemat es or

(fosexagpisracelyl, Biepylstbe, éur n-byiyeatkenyaky (fwamplg '
megnbfqﬂhe Pbgaﬂ Qfog%é’x%g%é?ﬁérﬁezy)ngﬁp&ﬂkﬁ WorUmdide
phenoxymethyl), aryl (for example, phenyl optionally substituted with, for
example, halogen, C4.4alkyl, or Cq4alkoxy or amino); (2) suifonate esters,
such as alkyl- or aralkylsulfonyl (for example, methanesulfonyl); (3) amino
acid esters (for example, L-valyl or L-isoleucyl); (4) phosphonate esters and
(5) mono-, di- or triphosphate esters. The phosphate esters may be further
esterified by, for example, a C1.59 alcohol or reactive derivative thereof, or by a
2,3-di (Cs.24)acyl glycerol.

Compounds of Formula 1, and salts, solvates, esters and prodrugs

thereof, may exist in their tautomeric form (for example, as an amide or imino
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Is by the 1UPAC 1974 Recommendati ons. The use of the
terns "salt", "solvate" "prodrug" and the like, is
Wo posiosied2 t 0 equal |y apply xg the salt, sol vatBCHIS2005/005924
prodrug of enantioners, stereoisoners, rotamers,

tautomers, positional isomers, racemates or prodrugs
eth@f'). il esuch e ifohYeticconine Wi conksmpRie P Refeith gfsg}érpcf)f thee
conmpounds of Fornmula I, and of the salts, 20 solvates,

presenkinyeatien.pr odr ugs of the conpounds of Formula |, are

o B Stehomits 3F KD e difieRieisoitbry, RERE! ISmelg and
thedikelyof the prdsehbcompbends ¢nalpelirig thosppifite@talksisolvates,

di scussed herein is applicable to each conmpound b
estprsand Peadrigs Oh the, SHBPRHPHSASYelbantiasalload spIvaHRS o the
re.\C F i ;
ore B SRR ST b Bt e b on
variowdesuistitebmg, intladingpgharonerigfamsa@dich maly exist even in

conposi tion(s conpri Si h . d
L L e
diaefareﬁm%-f%m 4r8EBAMHBIAEE Withirhel StopBeofitAXaRTémtibn, as

can have pharmacol ogi ca 30 properties; in
areppositional asgmeitse(soomasyfarsexampier 4apysdyl arsch3pyridyl).

i.nhi bitors.of HCV_.protease, each d by i I
Indyfchunl st SHciDImeTS i B RS TELNES Aane Tenhian i dBF Erdrge:
be WubBtPRAIINPfreERf BLIFEIBOMBHS creha¢ behdniined Wok Bikample, as

Formula "1. The conpound(s) can be useful for treating

racginsates @s wdilichl eibier.faroteraapipeted, evecispimers. Al irschiral
cqaul i Ci .
oG H BN R ML GO ok 055 ST R s fflodrSiBh e ifined
by WPA@@JJ 4aREeo@MhiEhdationg I%%@%elmmm ltér'm's "Galtl r"selvate”
r ot ease, preventin ) ' ti
“propgancPeikents BfendegdoigauaTy EppbD Berisi sl als and
. h f e
pro ¥t Bnapfitelts stiregieEiors fordfein RELE RS, pésiional
isopiersprsemdtes or pradmye of thesinventioel comppundsng bri ngi ng
intg intinmate contact d F la | d
ha P RNEREPPIIONIS at dae, CapTrOLRaR f Somilh DasfiRe Safts
ol TR ERME anbPrEdiugsestithe ofDUNR Sof FHMHIRE B rk Gitended to

conpositions conprising the inventive conpound or
be docipdech dsthespraseaicinvertiot.o i ngredi ent. The

D oA oA S B B kiRl 1 o
thee@erhssuti dpitiehtion diselLsséd Reralaig agplicabild esdh ¥ehpound

referred to herein as carrier materials). Because o
by itiself or kgthe combination or combinations of one or more compounds of
Formula 1 as illustrated, for example, in the next immediate paragraph. The
same understanding also applies to pharmaceutical composition(s)
comprising such compound or compounds and method(s) of treatment
involving such compound or compounds.

The compounds according to the invention can have pharmacological
properties; in particular, the compounds of Formula 1 can be inhibitors of HCV
protease, each compound by itself or one or more compounds of Formula 1
can be combined with one or more compounds selected from within Formula
1. The compound(s) can be useful for treating diseases such as, for example,

HCV, HIV, (AIDS, Acquired Immune Deficiency Syndrome), and related
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i nhibitory activity, such pharmaceutical conpositions
possess utility in treating hepatitis C and rel ated
waoele@sngiens. 15 I n yet anoth enbodi nent, the PCBEERIN5/005924
i nvention discloses nethods for preparing
phar maceuti cal conpositions conprising the inventive
dis6RIEI8 UasWef aisdBr ARIduYAird Weestitiony of hepatites C virus (HCV)
pharnaceutlcal conposi tions and " net hods of the
projeasss preventingt iGN, of aeneliorating ong)PemMABASYMAtems of hepatitis
cC. typically be admnistered in adm xture with suitable
carrier materials suitably selected with 20 respect to

t heThacenfpiinde ronFI gk thay batused, for thee mainafacture of a
tabl ets, capsules (either solid-filled, sem - S?|Id

megli¢areentde trga dmr@ienﬂ aspocigiedudinghe diCY gretaass: [y
exésnr{1§|e 95 Fetfidd égﬁ%gﬂqﬁg@ﬁgﬁgﬁ Jﬂogﬁtﬁﬂ'&ﬂeeéontébﬂr 4B8mpound of

pensi ons, consistent Wt
Fonﬁumehhn@@qiharhmtlealﬂy a@demataetoacrw For exanpl e,

for oral admnlstratlon in the form of tabl ets, or

capHU?@%thef gEbodimeat, (ﬁ"r“ﬁdn\é%m‘i’arfgﬂi”d% ARyMEcepticali ned
cor bBitiBAY CBHﬂJrlsﬂﬁ{‘fhteqmént]R{gé ESHM 6ﬁbbbhp%€1ﬁ8§ta%kérﬁactlve

ert carrrer, such as starch, sucrose,
mgcedhbut dée, phmmmuboalstmpmlmns glem;@raﬂy adﬂﬁi@o@bﬁaomprlse

| ci f at t.h | .cahol i
at Barhaye Rhampaee ol SoePRRR CauirEriNenl PRSP L et
(coﬂ@bﬁ\?éri( PefBiredab hereihy cm@t fatéhislk ) Batatisbtd thaie Gy

and oring agents may al so be incorporated 30 in the

lnmbltaru eetlvmmgh phanvacautical somppsiionsdgssese atibly in tigating
t 5 t ercent inventive conposition.
a%la@dgreh%ggsfoﬁg?%de starch, gelatin, natural
S uqm Fet Hther smbetpnents thenpitaseat invedtiely nlish:&tses rgetivnds
such as acaci a, sodium al gj nat e,

fOrdHﬁB@Bt'}@r@hﬂW%‘@qt@ﬁbg%mp%ﬂ'?Q? KpMRising '&t@dﬂvﬁ'ﬂf&’%x es.
oo 85 PR EDIRA RSty compogions and

mdthg@@oﬂtb&qgesémrmvgnm Jithe actide irgredients witlniypealy be

sodi um acetate, sodjum ¢hloride, and the |jke. .
admiRisiered mAYRIXIHEG WHR Sude 'ﬁc‘i?"'%’t’ﬁg% s st selfeipd with
re%);ég Wthe |HFeHde'ﬂeforr§"&ﬁeér§ﬂhl§9raﬂBH ifd. %@Ha’bﬂet&gc%ﬁs%lélﬁd

ervatives may al so d where
(eithygprsofid filed, séisnmaolmf filtegkor leguich leﬁ:d)e ﬁowbelﬁsformmgtlgatlon
o e S ST i SRR B indHe O anc
cori§igtent Al ddhvehﬂ@nélq{mmdcbgﬂ%quraéﬁﬁésp FeserRample, for oral

invention may be fornulated in sustained release form
adminigtrationdin thedormtas tallets of capsules, dag active diug eerppenent

mag{)?%%g?r{ergtevl?/ﬁh COTPRAFRSS-tic BfibniScd MR 28RE StabR inert

carrier, such as lactose, starch, sucrose, cellulose, magnesium stearate,

dicalcium phosphate, calcium sulfate, talc, mannitol, ethyl alcohol (liquid
forms) and the like. Moreover, when desired or needed, suitable binders,
lubricants, disintegrating agents and coloring agents may also be incorporated
in the mixture. Powders and tablets may be comprised of from about 5 to
about 95 percent inventive composition.

Suitable binders include starch, gelatin, natural sugars, corn
sweeteners, natural and synthetic gums such as acacia, sodium alginate,

carboxymethylcellulose, polyethylene glycol and waxes. Among the lubricants
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therapeutic effects, i.e. HCV inhibitory activity and

the like. Suitable dosage forns for sustained rel ease
WO passte42 ayered tabl ets coggaining |ayers of PURDFINH005924

disintegration rates or controlled rel ease polyneric

matrices inpregnated with the active conponents and

thepd! d idriiBhel foonse ﬁfthb%e@@@agé%‘rn@@fﬁdﬂdﬁmﬂ Soditim
I mpr égnat ed or encapsul at ed porous poly

benmmtaté,cxasliumiapgtate; sediupr eparide, @K&th%'d‘{% &S@tﬂg!ﬁn@riQC'Ude
I b
StaFFih %ﬁglgeﬁbé?g? @Mv@’%rﬁ%%gr oéﬁ' gﬂee}gglag.f:)ol(a ggl)/ut |eons

f or spabRIMiRg ahdiflRiverhy @ g@nw aradl grdsepvativiesanay bésebes
and pacifiers for oral 20 solutions uspensi ons and
incluigedsvivere apnrepiiater Somepkihertatms H@’t@% bayadramaly| ude

s i G, FEARRRRE byRRTS Bk breiRon nmore
detaillbeldwens and sol i ds in powder form which nmay be in

car AgRonaBn the SomaRS i 408 Bee St INETIoN MY Ben

fon%ﬁleﬁ@& i %ﬁ%fdé&gre?éé@é)@rh(%b' p?éwdé the WateRd dritRMleVasleide bf

re of atty acid glycerides such as cocoa
an;bohéenr marefofrtbe cmmnmtantandacﬂx@ ingradientsitappéimizethe s

theipal Soats T riten TabiyaAsguly A Hhe ke oSyRihiE dBspas
fon'n'%tfer §9§témadef@lea%e21ﬂ@|ud@qé¢§red ahblevedoritairteg layansl of

thereby solidify. 30 Also included are solid form
vanyingpdisiategraionates er@f’itﬁ@!l@dl delgase p@b/m@rdmv@m%s

short
imgBghalet,; ‘&?‘I‘gﬁﬁ atife chipohPhs i HERLFRRGBIL RN BT |
iy Ipsl
i T g

maffiees. nvent i on may al so be deliverabl e transdermally.

TheLfQ@?dqﬁ)‘iiﬁ{ é)a?é’ﬁm%slh{:l’uﬂg og[?t)bntsagﬁ BdHsibR H?a&’femul%lgns.

crea aer osol’s or CeRtT’31 ong Aand- can
Asiancéxatrplei mayp berrasatienethivapartartwater-phapytene ghycot solutions

for A pRIeER! PN B ABHAS a EHERLPTSHS SR RAPTRLY 191 Q8 po-

so@ﬂﬁ?&é"sﬂs %ﬁgllo%adﬂj demulsBiL2Y fRAY o pféﬁefréf'@ﬁ@hia)y o

_ ut an e conpounds of the invention may
lncajcta)sadutmsﬁnlmrmﬁsaitaldnnﬂlstmtl@m are in a unit dosage

(! B BHSRer0h oS0 GPRN AR s T b ohS R
soARI ISV EST fBFm! MickCinay®e in combination with a pharmaceutically
acceptable carrier such as inert compressed gas, e.g. nitrogen.

For preparing suppositories, a low melting wax such as a mixture of
fatty acid glycerides such as cocoa butter is first melted, and the active
ingredient is dispersed homogeneously therein by stirring or similar mixing.
The molten homogeneous mixture is then poured into convenient sized
molds, allowed to cool and thereby solidify.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions

and emulsions.
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1o conponents, e.g., an effective anount to achieve
the desired purpose. The quantity of the inventive
Wa@easwes2epnposi tion in a unigg dose of  prepar aPCDOSI0AY005924
be generally varied or adjusted fromabout 1.0
mlligramto about 1,000 milligrams, preferably from
abothelodnpourdEostt th@HQventioni rﬁ_é?@so b&elefiveradietraRdermally.
fromabout 1.0 to about 500 milligrans, and typically
Therteansdsrapbeemposiions sAY t2ke the feing phaieanas.deliens geresols
rki-cul Leati T ,
enk8 AFANR A B 438 TR FarSBE1Ab ARERBP 1 o
resegeoir tygexXas aee gbhventibnakinethistart fofr thiseourposét i on bei ng
treated. Such techniques are well known to thagse
ski IThefampeynds:eh thedpyrittion pay @igo ke @dmibisigred esalhe
: t Ry h j igr edi ents can be
mté\%ﬁ“ﬁ%&é%‘?%ggﬁygr?? %%SB%QU% y. The anount and
f r eGhercompduridseofattisiinveritiont may aléd tornerise puéparations which
accordi,ng to the jud of , the attending, clinicjan.
ard R HBHabsp 0P ST T 05T {reeRgEatalisbaited e,
ﬁ%ﬂz ' @it 89s&RYor bppropRRes! {igd thgr?%ﬁ\/ 0
Sua 0 t%‘z?%od mSI I ?’l%rtgms epﬁdg,_ iﬁuéliqnglgg_ebﬁor ivi%led
conpeaent B.Goan difestive atmaunt taachigwe dhe dedired powose.
Capsule - refe t.0 a speci.al contai.ner.or enclosur.e
radd graast R, f hednyehBEEots SRS Gh rbasnt dage of
prélsiation fehyoleé gehBeallgvasicdrditad]@sted $tchh BBoAf 1.0 milligram to
contalnln% conpositions conprisin

abpubt &90en igramls arefaeably freab@mtletsﬁaﬁtgzbgﬁ 'aéﬁ nyilliggaras,
ol RSy G AL Y9l B8 AR, o) ine

at’i ns. € capsu
absutd to abou250 afilligseans, actioading g the patticulay aslicaiiarerkhe
and preservatives. Tabl et -&&lgfers to a cogpres_seql or
actysl degagd EMPIRVRERYIRG HRY aPeNdigg upes thenalignt's age,

sokHEEP A1 34801 AR gl b iy atedere

welikmovestl thosefskitiedtinitles adr  gr anul ati ons obt ai ned by
STk P e BERb 10 e SR oo

ingg%d@ﬁw@éﬁ bé&finiRistereBYObPPRindd SerS@ay. TH AMolRE An- S

wder for constitution refers to powder blends
frequeney of the adnsinigtration willigr regutated agadrding tatiiegjudgment of
[ er, or

di Juent s ich cgan be suspended i,n t Luices.
tae eSS iPlcfal & Pe Gl FERIEE e BhoRpohdRRiap o
ordl RRInfiRisHatiBATha P Farfe fr® SSUTRASO Miligrath t6 @bage1fooom
Suitabl e diluents include sugars such as
milligrams per day, in single or divided doses.

Some useful terms are described below:

Capsule - refers to a special container or enclosure made of methyl
cellulose, polyvinyl alcohols, or denatured gelatins or starch for holding or
containing compositions comprising the active ingredients. Hard shell
capsules are typically made of blends of relatively high gel strength bone and
pork skin gelatins. The capsule itself may contain small amounts of dyes,
opaquing agents, plasticizers and preservatives.

Tablet- refers to a compressed or molded solid dosage form containing

the active ingredients with suitable diluents. The tablet can be prepared by
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| act ose, sucrose, mannitol and sorbitol; starches

derived fromwheat, corn, io rice and potato; and
weedsosases such as microcrysgtalline cell ul osePCT82005/005924

amount of diluent in the conposition can range from

about 10 to about 90% by weight of the total

corfPFRRN bOmixti¥edf H@ahylatibRTLRRAREd BY et égﬁﬁul‘atl@ﬁo/@ry
nore preferably fromabout 30 to about % by wel ght

gra@wmqmrdo)pc@ﬂea@mry from about 12 to about 60% 15

conpBRi IS Fers thahe v iBe b FBRRY S edEiiase ina

hydr@bﬁmﬁﬁsém;asa&ﬂmm;ent s. Suitable di SI nt egr ant S
i nclude starches; "cold water soluble"” nodifie

st aPeweer &ronsttutiopdetars é@p@w@ﬁ@!&ms %qrga@rng mt%ﬁtwe
ingfle R AT bifari BuSHS ifith L8Rt sugfitled iRLMHAr ofidfes.
met Dﬁheﬁ?ﬂ ] Milf?r_sao &uds’ﬁm@es I’ﬂh@talsmg)klynnal’(elkp ¢hé m:;geleportlon of
mcrocr__sta I ne e n CrQss-1i1n
therﬁQ:rF‘B@$‘§y)@'i‘ 8¥ dpPFRIe %&t@ﬁ%awﬁ% iRGude, ﬁpgars such as
|acfdsgsga&;q§' ! ﬂ%nlta ?hé‘@&ﬁﬁto’?%@mﬁésﬂe@%ﬂ%&}ﬁ 'm1d¢af,dcorn,

i nat e; ays such as bentonites
ricethd rpmatoe and wektloses sudh esannmurysiéllﬂes:eﬂumeah’heiamou nt

of §egi OB borbBBs 88 s DeFeb oM 2R 1 RuBpu Al bBiont
of feAtal bohthHRRUH, i&%réb{y%hgbbou@@&%boutf%%f Fnoré

substances that Dbin wder s t oget her and
prafaiebly from alode30/ie ai:;ouftm%ﬁ By vgelght,u le¥en naigspreeraplygrom

in the formulation. Binders add
ab%‘%@ﬁgggﬁ%t h already available in the diluent or
bul Rigigtegemiti- refais t@Matehalgdrided tothe denmugitich Butdipds
sucrose; starches 30 derived fromwheat, corn rice and

brasds apart (disintacsatey @ndl relaasedbe seediramente | Siitableind
dis gﬁcggraa e dﬁiud%e{:qa}’a{ésv €5o1q wAEAYEEHIS ‘fﬁ(ll;kjlﬁéd %&#}bﬂéﬁ such as

um~ al"gli nat e and anmmoni um cal cl um a

so@iagd udamwrgmtw Istaﬁb? |$zrt|c|halllamd switheticglims|such aa100ust
sodl um car boxynet e Ul ose
beaR.draiRyar SHAN i/fegﬁ% Biang 3 C%@ﬂ%@ Aerivghives, Sfl{ﬂ:(})‘n%s

oI SEARE S IO RIEEE e

celiutfoser and cbmssdlmkedrmtdnecrgs’mﬂma q:ellmldnmmuq’rmgeodlumn

bout hout 20% t
cropgptgfieted Alngles M AB OIS PEdasodE SY A gieys
suéty &8 H@Pl%&lférseéﬁﬂ Aeywddcent nitadds. IHeOamBaKE oﬁfl’(@mfegrant in

wei ght. 5 Lubricant - refers to a substance added t
thet tempositige canrrange fionabbeut 2 e abaut £5% kit weight of thﬁ c.

cor%fp%glrho'nt mhorg p?&%?a!ﬁ? %H?ZBS& 448 aBSth 6); \‘R/g]gthtﬂe

Binder - refers to substances that bind or "glue" powders together and
make them cohesive by forming granules, thus serving as the "adhesive" in
the formulation. Binders add cohesive strength already available in the diluent
or bulking agent. Suitable binders include sugars such as sucrose; starches
derived from wheat, corn rice and potato; natural gums such as acacia,
gelatin and tragacanth; derivatives of seaweed such as alginic acid, sodium
alginate and ammonium calcium alginate; cellulosic materials such as
methylcellulose and sodium carboxymethylcellulose and

hydroxypropylmethylcellulose; polyvinylpyrrolidone; and inorganics such as
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nold or die by reducing friction or wear. Suitable
| ubricants include netallic stearates such as
wora@nesium st earat e, cal ci Upgst earate or pot asBCTIIB2005/005924
Stearate; stearic acid; high nelting point waxes; and
wat er soluble lubricants 10 such as sodium chloride,

Isiith téﬁﬂﬁ%h?sméé@ heasRbattesf HHederimtaé edhosition can
po yet hyl ene glycols and d'I-1|eucine. Lubricants are

rangaitibimyakeid @dtoaabaui@0de by weight oftheFompasiéion, more

B B Do L b ey PR Ot biFeraly frgm

abbaf 8 3o abothe%t aphelgher ess. The am)unt of lubricant in
t he conposition can range from about 2 to about 5%

15 bybtiearjntrefgrsipa adged tﬂ@ﬁéﬁ%ﬁﬂ% formre sheble
kxS Ot A0 e e

maldloraige by dedugie frictioheorfweay. Suitabledubricatis disclode metalhc
gr anul atl ons, so that flowis srmotg?aé_Q uni form

steaaiesuch a5 IN@EResIuT slegiales FRAICIR S S ROIESPIHNE .
=SSR g g ool Lo BRENAPEESR BB
suclo e awidiunochliqride; sodiviny benzoatebsediut Scateteatsodium wdae,
poliGaiie SRoBl 4t dLiHsns LUboBhR S Relatly Bty i e very
|as‘t3|é,féc]o B&Rr® b@ﬁip‘i’e%n | SiGte oy PRt 186 PRssehit ©F tABGuaeds of

grade dyes adsorbed onto a suitable adsorbent such as

the gegnules and i beiwesn ikendand the pars @ thetakieldress ofhag

| o
arRR R SERRKBL R PR ARG ey FAndl Pl oy 2 Y6 8l o
bleé(ght & the\canhgditidri, Yoreferahlg fionh abbbie0 15atbeakrnd 264 traote
ich the active dr u<t;1if‘%/gred| ent or therapeutic
t

pr%r%hly/frpm abayl Gédoiahoy o QYWRIBNE circul ation from
dard
or et T MR ERUASENR R Ang R ABIOULR fid oo
chbedtteisticarof gkanmylatior®) o thmat fiowss smoolthudad dmyformat Saiiable

oigeinabie 596&%@@%@@5%3@?00@88 S ieRbindbas or
oFH Rition eFdeiﬁeéiiéru%) 1%35 \@BuLt QW%Q?iO%ﬂ@tﬁé’iotal

I ng ot or ms for adm nistration /085242
conﬂ)oBﬁiﬁ/nUSMeEdmwﬁ’gﬁnabeluM5és abbut 2%xbyrpleightcapsul es,
itories and the

Ao Lt pSh e ictTenhdafb@yfle i itiond8 48 cmmgsition

or e HHSadd AL, IS(Rh SRIFIERRIENOhcRIARITBBE gadé ales and food
conpositions disclosed above for treatnent o 5

grafie dyessdserbrd onto potuitebimpreorbrepsalich as coyaraluminum
ox,cf e. erheTanﬁothHe coloring agent can vary from about 0.1 to about 5%
by weight of the composition, preferably from about 0.1 to about 1%.
Bioavailability - refers to the rate and extent fo which the active drug
ingredient or therapeutic moiety is absorbed into the systemic circulation from
an administered dosage form as compared to a standard or control.
Conventional methods for preparing tablets are known. Such methods
include dry methods such as direct compression and compression of
granulation produced by compaction, or wet methods or other special

procedures. Conventional methods for making other forms for administration
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conprises adm nistering a therapeutically effective
anount of the inventive conpound or pharmaceutical

W@ 05083282 on to a patient hq i ng such a di seasECT/U82005/005924
di seases and in need of such a treatnent. In yet
anot her enbodi ment, the conmpounds of the invention may

subi®as) or éﬁsﬁ\pié)rcabametsr sappEditoriel dridMhienikatsrendsd well
monot herapy node or in a combination therapy (e.g.,

kneval comnbi nation, triple conbination etc.) node such

o5 ok R re R R0 ldheRTh e e
cos’ﬁrj})@bﬁds bmaﬂﬁ@@wtm an‘@@%mbﬁsldEﬁlcb@éﬂ ale\hafdrrtrdatment of
rom Scheri ng Pl ough Cor porati on,

dlS@@ﬁ@%WC%ﬁé, 08 exauyile.r hepatitis f& ane |t@¢|'bﬁaT%H@§h@‘é al s,

coifiR P anas e o 4 K Bbeul oy HARERE Ay TRXIERIBRTT:,

com‘ébﬁnﬂ’mrﬁhﬁaaat:eu@dai cofgrdsttioamcto Opbii¢mirhaving such a disease
tazyrreTM (frogm R bozynme Pharnmaceutical s, Boul der,

or étﬂe@%%iéfl 'Weﬁgﬁfﬁﬂf’h@o’ﬁﬁ?@m@gx Phar naceuti cal s,
Carrl 0ot hB SRERHRRLAE e EvBBNAT M (s peptohame

uséd/mxn the tn%MmeateﬁHCdblrshurﬁans i egmotl@lapy mmﬂ!eapr ina
| at e fetil n che, Nutle
cophalenaBsiaoy (e furkirERetoR PR coRbHABn cit) hidte
subl‘i‘b@rfo‘?re‘)’tﬁmglé’hﬁacoﬁﬁfﬁwbmrﬁﬁtﬁré?ﬁlvﬁblpé}ﬁjlépﬁhﬂhﬂﬁbﬁﬁbuﬁdry
e | interferon al pha conjugates” are

agentse B(gﬁmleaobmlmm’r@aml esdmymnynamodgatary agrets ineluge

RGBS erinogRub e PoRgis Mok el 8w n
Leflbﬂﬂh%(ffdﬁimCNai’Wedﬂ@talseﬂos[‘deMesée%ﬁﬁdrniar) VP650406TM
form of gyl ated interferon_al pha-2

(remOGroRTaa Irsegporied Hedasy Bemvivamen 1SS 14853 AE
1Si6, PhaAREQRuERITCHIBRUTBafloE HEBEPANET tfom Ripbpfme

Pnammece&ﬁbammulaehe OtﬂomdBEGJXWIQr?SW{Mm Vertex f eron
PrERRSE Gl commRighe SHEcbaehale) SRS i Sl
Ph%‘%'aﬁ@?ﬁl&\fs C@éﬁwmtéétcsﬁoﬁi.aﬁ Rels gmgwnce of

naturally occurring interferon al phas (Infergen, from
Phampeoeu fidaissPard Didos Calidbdrniayy myspphenaatoredet/(rese42

PCT/ 05/,0059 state arli the. inventi on
Holie heEosage UHESE NeWORRE, MR R BT SYRRPIS
mtérrfercﬁpé|§ﬁaEPEGlfntéH@rdeﬁé o AjueRke) HHdsthal ke, "ml_q@s

as one skii he art appreci ates, sone of the
interfeennt alpba conpgate)s’ argyinterferon alpha molecules covalently
attached to a PEG molecule. lllustrative PEG-interferon alpha conjugates
include interferon alpha-2a (Roferon™, from Hoffman La-Roche, Nutley, New
Jersey) in the form of pegylated interferon alpha-2a (e.g., as sold under the
trade name Pegasys™™), interferon alpha-2b (Intron™, from Schering-Plough
Corporation) in the form of pegylated interferon alpha-2b (e.g., as sold under
the trade name PEG-Intron™), interferon alpha-2¢ (Berofor Alpha™, from
Boehringer Ingelheim, Ingelheim, Germany) or consensus interferon as
defined by determination of a consensus sequence of naturally occurring

interferon alphas (Infergen™, from Amgen, Thousand Oaks, California).
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exist in suitable isoneric fornms. Such variations are
contenplated to be within 5 the scope of the

WO poosfgizen. Anot her ermbodi nejgt of the inventi oPCT/US2005/005924
di scl oses a nethod of meking the conpounds disclosed
herein. The conpounds may be prepared by several

t echp SuRS &aen thél |ﬁ\1&ﬁht|@htincludié$1€édt@ﬁ1e‘r‘§ BERRERBUr es
are outlined in the | owi ng reaction schemes. The

enantmmer%an@@&%@wwme@@fd dnvandiyeteenmpaerndsiase.nehus,

oS G B RBAL E RHELL MBues may

exRi# aGtise fomeridiformswSluch hariafipas ard coheniglage to be within
skilled in the art. It is to be understood that while

the geopePf 1% IRYEMIAist rati ve schenes describe t he

P onpiiotier Y Boa e MitRPTERATo A idfosdlaMieSa of making the
conadounab distlbsathhéreiml Trentorapagnds may be pregsared blyrselvial
formation of . the d slbred conpounds based o

teciayes knqwmin ustraiivedecatwresAe ﬂ?ﬁfglﬁ' 8 be

B e
thmsempe abthalbibvention wbhith is defined iratheappemdechclaims.used

o8 555 B S0P, SRS o EREEIPER 2P

tofpmgeg}},,n\édi}hrmémﬂfornam de EtQAc: Ethyl acetate AcOH:
Acetic acid

3- Hitds é&peprwegsﬂ@@dztba?wb&e thesioeyingnidusipative schemes

s A A AT e

suitatile-subatiditionrdichiyl of bath frey haiunal arldEMhatural amino acids will
Di et hél azodi car boxyl ate DI AD:

regylf iadhe dpmnatistptihiemiseiedte@mnangs hasaher sugipsubstitution.- -
S%ﬂgﬁq%ﬁéﬁ%g? LoffehMaRds/ RORARH thE'sddpe driRd flveRtion:

For the procedures described below, the following abbreviations are
used:

Abbreviations

Abbreviations which are used in the descriptions of the schemes, preparations
and the examples that follow are:

THF: Tetrahydrofuran

DMF: N,N-Dimethylformamide

EtOAc: Ethyl acetate

AcOH: Acetic acid

HOOBH: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one

EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
NMM: N-Methylmorpholine

ADDP: 1,1'-(Azodicarbobyl)dipiperidine

DEAD: Diethylazodicarboxylate

DIAD: Diisopropylazodicarboxylate

MeOH: Methanol
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DVMSO  Di met hyl sul foxi de HOBt: N-Hydroxybenzotriazol e
5 PyBrOP: Brono-tris-pyrrolidi nophosphoni um

wheooahsizer ophosphate DCM  Bychl or onet hane DCCQPCT/US2005/005924

1, 3- Di cycl ohexyl car bodi i m de TEMPO
2,2,6, 6-Tetranet hyl - 1- pi peri di nyl oxy Phg:

EtdRemmgHaici ne i o Chg: Cycl ohexyl gl ycine Bn: Benzyl
Bz: Benzyl Et: Ethyl Ph: Phenyl is iBoc:

EtiQs fjgthokgtherbonyl i Pr: isopropyl tBu or But:

t - But yl b | Cbz:
DMBiQ Qﬁﬁéwgé\%ony er20 g:py gi\/gggeg% di en;Z/I Ts:

HGBtltPl-H?dljﬁﬁ@béﬁmthazdye Methyl Ms or Mesyl: Methane
sul f on

PyBrQR: Bm@rtﬂgtnyr@ﬂélnﬂphmhqn'!neh@safm@?mqma@ oni um
D@@@grm%ﬂﬁgﬁsﬁgg;fl ([Jl)er?(Fe) Bop:
D(B?ﬁrrlz,et[blbwzloheiylyiarbodyﬁnde s(di met hyl am no) hexaf | uor opho
TE@%@O%’P@%& %ﬁp‘%/!ﬁ‘? ||n1 UFR)WEQ%' rgglgggsomat gr D:?$ALRI(;|om
PrAEPRERPNER LT | DO LTS e aun 2005, boshes
Chg2 Cycliohesgiohsito5924

Bn: Benzyl

Bz: Benzyl

Et: Ethyl

Ph: Phenyl

iBoc: isobutoxycarbonyl

iPr: isopropyl

‘Bu or Bu®; tert-Butyl

Boc: tert-Butyloxycarbonyl

Cbz: Benzyloxycarbonyl

Cp: Cylcopentyldienyl

Ts: p-toluenesulfonyl

Me: Methyl

Ms or Mesyl: Methane sulfonyl

HATU: O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

DMAP: 4-N,N-Dimethylaminopyridine

Bop: Benzotriazol-1-yl-oxy-tris(dimethylamino)hexafluorophosphate
PCC: Pyridiniumchlorochromate

DIBAL-H: diisopropyl aluminum hydride

rt or RT: Room temperature

guant.: Quantitative yield

h or hr: hour

min: minute

TFA: Trifluoroacetic acid
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General Schenes for Preparation of Target Conpounds

Conpounds of the present invention were synthesized
waigiosgske 5 general schemgs (Methods A-E) deBCT/UBmES/005924

bel ow. Met hod A: Deprotection of the N Boc

functionality of 1.01 under acidic conditions

provi ded the hydrochloride salt 1.02 which was

subsequentl coupled MAth N— i o Boc tert-leu0|ne under

pept | Al 8 f s ol C (3%

deprotectlon fol |l oned by treatnent mnth appropriate

i socyanate gave the urea 1.05. Hydrolysis of the

met *a)dm@@drﬁfs Frbgigtesertiavattich Welkbsyrithpsizée uemgtheng
of the acid 06 wth the appropriate P1-P' primary

geamaiéchenr@sjwm@dsdé&)twcrw&rbﬁlw am de 1. 07.
Oxidation (Mdffatt or related process - T.T.Tidwell,
15 Synthesis, 1990, 857; or Dess-Martin's periodi hane

Mdtdod @:g. Chem , 1983 48, 4155) resulted in the

Degp%"%%t@ﬁ %rrﬁmun PUI‘CGQ”?L"tM@f ilobh!”% Cl&@‘%ltgmgogﬁ

Prite) gl iy OgHongh b Bie e P ot rou i N

BoCatpN¥@apnbiNhder peptid®©cauplirg meth@dology to afford 1.03. N-Boc
deprotection followed by treatment with appropriate isocyanate gave the urea

1.05. Hydrolysis of the methyl ester provided the acid 1.06. Peptide coupling
of the acid 1.06 with the appropriate P4-P’ primary amide moiety afforded the
hydroxyl amide 1.07. Oxidation (Moffatt or related process - T.T.Tidwell,
Synthesis, 1990, 857; or Dess-Martin’s periodinane (J. Org. Chem., 1983, 48,
4155) resulted in the target compound 1.08.-

M \V

~
~
~ %

— = O\Wocm
%om—as - O,COZCH;; . V'L I

ﬂ\ox&o o N.HC) >f ©
1.02 AN
1.01
v Y
PN OCHs PN OCHs
HCl.HzN\_/&O o Cap \/go ol
s

1.04 1.05
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1.06 VHONNHR Cap NYNNO O O 0O 1.08 Mthod B
Peptide coupling of the acid 1.06 with the appropriate
wepeoR/osRerondary ani de noi 1ggy af forded t he hyPCDX$1005/005924
am de 1.09. Oxidation (Mdfrtatt or Dess- 5 Martin's)
resulted in the target conpound 1. 10 V V H OHH OHN

N NN N Cap' NUN\y O Cap’NUN 0 0 -T- 1. 06
V109 HOH NsAIN Ca 'NyN-OO O P O 1 thho
I n anot her vari/ation, I_lclaweptl de coupling of t Re
N- Boc- P2- P3- aci t he approprl a

—amde noi ﬁty,@ff d t he hydroxyl 1o o
Oxi datGapf (V0 or Dess-Marti ﬁass’) he
ket o am de d . Deprotection of theON-
functionality gave the hydrochlorlde sa
Treatment with, g suitable i yanat e (or i socif%at e

equi val ent) re1s ted in the ‘target conpound 1.14. WO
2005/ 085242 54 PCT/ USZOOS/O 24 V B

Cap

Method B

Peptide coupling of the acid 1.06 with the appropriate P4+-P’ secondary
amide moiety afforded the hydroxyl amide 1.09. Oxidation (Moffatt or Dess-

Martin’s) resulted in the target compound 1.10.

M Y
S . - H OH H
%/OH N N N
H H - H H
Cap,N\[orN\é/go o) Cap/N\g/Névl\\o o) o
~T> 106 \/ AT 1.09

Method C

In another variation, peptide coupling of the N-Boc-P2-Ps-acid 1.17 with
the appropriate P4-P’ amide moiety afforded the hydroxyl amide 1.11.
Oxidation (Moffatt or Dess-Martin’s) resulted in the keto amide 1.12.
Deprotection of the N-Boc functionality gave the hydrochloride salt 1.13.
Treatment with a suitable isocyanate (or isocyanate equivalent) resulted in the

target compound 1.14.



/| HOHHH > SOHH (N~~~ NNPL \ OYN~IIW Oo0\
/JOUNNOOOX 1O 1.17 ~I( 1O V1.11 VN /| HOHHO
woRoosioss2PL N N, P,  /\/OyNL B 1 O ~~0 O HCl . H2PET/Q8 1008005924
~01.12 1.13 VHOH "cap-NCO' 9N Y NN ,P, or _Nu

N~O O equivalent Cap Il OO0 1.14 Method D In yet
anot her val\j/ation, the hydrochloridé salt 1.13 was
converted fa the 4-nitrophenyl cafl anmt eogLALS by
reacti on wi 4>Hn|trophenyl 5 chlzﬁf\gm [\,
Subseguefm atment_with an amthe j(of am
d>p o) ¢ @ salt) of chm\>pe\nf)r vi@ed<t he target
comour?d4\1417v V 0~~o0 P]\N N. R/ HCl . H2N~LO O
OO0ON- 000 OllI @NI/OI' 1s+43.\,/ 1.15 V H
O H "cap- NH2" H\{—|NNP1 Cap' NYN~NOO(\}/O T 1. 14

N (xrgj\( _ HCIHZN\/& <;)\(V)f s

=, Ny o "
"cap_NCOll H H N N N\P
or _N__N 0 o)
equivalent Cap \ﬂ/ H o
0 /l\ 1.14
Method D

In yet another variation, the hydrochloride salt 1.13 was converted to

the 4-nitrophenyl carbamate 1.15 by reaction with 4-nitrophenyl
5 chloroformate. Subsequent treatment with an amine (or amine hydrochloride

salt) of choice provided the target compound 1.14.

Y v
N\ n § H § H
y Nep, AN N,
HOLHN. A O 0 OOTH\/&O 0 0
/T\ O,N 0 /T\
113 \/ 1.15
NS H O “
cap-NH2 N P

Method E
In yet another variation, the dipeptide hydrochloride salt 1.03 was
10 converted to the 4-nitrophenyl carbamate as described above. Treatment with
an amine (or amine hydrochloride salt) of choice provided the urea derivative
1.05. Hydrolysis and further elaboration as described in Methods A/B

provided the target compounds 1.14.
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Met hod E In yet another variation, the dipeptide

hydrochl oride salt 1.03 was to converted to the
wd20ss2phenyl car bamat e as5§escri bed above. TPERURING005924

with an am ne (or am ne hydrochloride salt) of choice

provided the urea derivative 1.05. Hydrolysis and

further el aboyAati on as described in Methods/A/ B

provi ded t he farget conpounds 1.14. WD 2005%085242 55
PCT/ US2005/ 0@59240c V / OCH3 N OCH3 NH 9- dd2N) 0 0
0 OYN-O 04 0PN I O mI.16 \ / | \H HI0O H ca
NHT ocrég"la*é”: e\ ~4N NP, p H Mo Met hod
A) Nu N O QpCapigz N OO Cap ' ol 0 O _#&.1.Q5% 1 1.14

Preparation of |nternmediates 5 Preparation of

I nt er medi at es 16},{11 and 10.12: Step 1: @O H 2 N
N~-OC2H5 OC2H5 .OlCl140.02 A stirred sohutiwn Sof 4
ket icapinmgr 10. 01 R4 87#ssbovemppl ) under

(400T=) Waskcoal ed to WREd® and ﬁ ﬁl,ejdo\mt 10 M
sol uti orf®f K-5tBIO 10 (220 ni,"1. 15 equiv>in THE
The reaction milxt l,ﬂ%fe was warned to 0 €Tand tinned
for 1 h and treated with brononet hyl cycl obutane (28
m., 249 mmol).

Preparation of Intermediates

Preparation of Intermediates 10.11 and 10.12:

Step 1:
QP I
HoN
/NVU\OCZHs . 2 OC;Hs

10.01 10.02

A stirred solution of ketimine 10.01 (50 g, 187.1 mmol) under Nz in dry
THF (400 mL) was cooled to —78 °C and treated with 1 M solution of K-'BuO
(220 mL, 1.15 equiv.) in THF. The reaction mixture was warmed to 0 °C and
stirred for 1 h and treated with bromomethyl cyclobutane (28 mL, 249 mmol).
The reaction mixture was stirred at room temperature for 48 h and
concentrated in vacuo. The residue was dissolved in Et;O (300 mL) and
treated with aq. HCI (2 M, 300 mL) The resulting solution was stirred at room
temperature for 5 h and extracted with Et,O (1 L). The aqueous layer was
made basic to pH ~12-14 with NaOH (50 % aq.) and extracted with CH2Cl»>
(3x300 mL). The combined organic layers were dried (MgSO.), filtered, and

concentrated to give the pure amine (10.02, 18 g) as a colorless oil.

Step 2



10

15

20

The reaction mxture was stirred at roomtenperature
for 48 h and concentrated in vacuo. The resi due was
waele@sosizezrl in Et 20 (300 ml -k and treated w t hPErUSHHEH/005924
(2 M 300 mM-) The resulting solution was stirred at
room is tenperature for 5 h and extracted with Et20
(I Q The aqueou@ | ayer was made basic o pH -12-14
with NaCOH (A g & and extract gd. .yt hJICH2Cl 2 (3x300
m). The conbi Hed @Fgni c—tayers vvere ried (MSso),
filtered, and ‘concentrated to give the pure am ne
(10.02, 18 g) as colorless oil. Step
2005/ 085242 56 PCT/ US2005/005924 OO0 OC2H5 BocHN
CH 10.02 10.03 @sol ution of the amqpe310.02 (18g,
105.2 mol ) at E) in CH2ClI 2 (350 nL) was treated with
di - Acsoluthon gfl thie caminert0.82 ( 28y, g’lOSl@SnMOhmb 0)°GaimdCH,Cl> (350

L e A A R
rt. PR AR 'c6m/pﬁ§t‘|’<91 8hthel RACHiES (TIUE), WaS rek iRl Mﬂduﬁen
THF/ H20 (200 , 1:1) and treated with Li OHH20

wag consenﬁahedun)vagnq a@ph thegeasiguevpamdissalypd imtl lHFéHé@r(ZQO

mlotigd et Wi Lk FEO B G PRER BT ET Sl L Rer
terhp@furédsr 8¢, dTﬁé fchdfohimixerBGvad EbndehtiRittd aAdand basic
extracted with CH2Cl 2. The conbi ned org%glc | ayers 1lo

aqueous kdyeewag Mygacjed wnthtEéz@dThgﬂaue@n% F ma@oamﬁlfled with

CoLd .

ool S ot B B Rl Phn Pt Brdantior

wePRdl Hiiéd ¢RIGSD),), fHte?ed 3arkd Eondatritedih Baclkdi\td\mhi 10,08 s\
10.03 10.04 15 A solution of the acid 1Q.0

0.4,
colgesryispous obmitish wesgtsas for e nextriap é\ﬂthﬂvf %"géﬂﬁﬁer

(41.1 g, 93 mmol ), N-nethyl norpholine (27
puﬁﬁ?aQ%'ﬂN O di et hyl hydroxyl am ne hydrochl ori de (9.07

Stegp 393 nmmol ) and stirred overnight at rt. The reaction
m xture was diluéed with I Nag. HQ (2§50 ni),

BocHN .OMe
BocHN \g)}\ OH E)kl}l
X\ . Me

10.03 10.04
A solution of the acid 10.03 (15.0 g, 62 mmol) in CH.Cl, (250 mL) was
treated with BOP reagent (41.1 g, 93 mmol), N-methyl morpholine (27 mL),
N,O-dimethyl hydroxylamine hydrochioride (9.07 g, 93 mmol) and stirred

overnight at rt. The reaction mixture was diluted with 1 N ag. HCI (250 mL),
and the layers were separated and the aqueous layer was extracted with
CH2Cl (3x300 ml). The combined organic layers were dried (MgSO,), filtered
and concentrated in vacuo and purified by chromatography (SiO2, EtOAc/Hex
2:3) to yield the amide 10.04 (15.0 g) as a colorless solid.

Step 4
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and the |l ayers were separated and the aqueous | ayer
was extracted with 20 CH2Cl 2 (3x300 m ). The conbi ned
Woe@ang42 ayers were dried (gSO4), filtered BEMUS2005/005924
concentrated in vacuo and purified by chromatography
(Si2, EtOAc/Hex 2:3) to yield the am de 10.04 (15.0
as a colorless ®olid. Step 4 WO 2005/ 085242 57
PCT/ US2005/642aR24 L O_6nvBocHN N, Ove HieeM Me 10.04
10.05 A solutioh of\ the ami-de—18- 04 (155g, 52.1 mol)
in dry THE (200 ® -Me was treated dropwi 3¢ with a
sol ution of LiAl 1M 93 nL, 93 mol) O C. The
reaction m xture stirred at roomtenperature for 1
h and carefull y105 4quenched at 0 Cwth | ution of
KHSO4 (10% agq. ) #d stirred for 0.5 h. e reaction

m XtAussluties oﬁtHeJéﬂﬁheM 0J042d 5 d182.1 inﬁv/bl)lr‘q‘:!ryﬂtHFa(Qoo mL.)
extracted wth CH2Cl 2 (3x200 ni), The conmbi ned

wasrtgeated drapwise With 8 mmmm@ M, gmly, P3ypmol) at 0 °C.
Th%arIe Eﬁéﬁ%lm% é?irr Bijn &k &a(d\{g$9r4 X h A8 F carefully

ure Wa's concen rat I'n vacuo
qu¢neheld 2000F% witha solstumusf KbiIS® 4 9%6 agl) aritkstirde tg))r O 5h.

BocHN HN CN
Thfdeeetlom@qéﬂum s %ﬂtﬁ@"@ﬂ%m@uﬁ 680 mqﬂ) adﬂdl %&tr%cted
= H 7
with'e HiGlLfe5o% E'i“éﬁﬁe ??’é}bé,"n%@?%ﬂrﬁ‘ﬁ el mNS%”@*,“ .
HQIZ71.18Y, satwiajechNaHG Oy, lsitheaand @bledt at Urhe mixturgvas

hrs, The reactiqgn mxture . centrat in, v Q..
ftfe o0 pnbeaiARO e Veped Ty ERF 1608 0 h VR Blly DSk R
g)l nto CH2Cl 2 (3x200 nlL). The conbi ned organic | ayer

were washed with H2O, brine, dried (MgSO4), filtered,
StepScentrated in vacuo and purified by chromatography

(Si02, EtOQAc/Hex 1:c#) to yield 10.06 (10p3 g) as a

BocHN H BocHN E)\ CN

—_—

O hn

10.05 10.06

A solution of the aldehyde 10.05 (14 g, 61.6 mmol) in CHxCl, (50 mL),
was treated with EtsN (10.73 mL, 74.4 mmol), and acetone cyanohydrin
(10.86 g, 127.57 mmol) and stirred at room temperature for 24 hrs. The
reaction mixture was concentrated in vacuo and diluted with aq. HCI (1 M, 200
mL) and extracted into CHCl, (3x200 mL). The combined organic layer were
washed with H,O, brine, dried (MgSOQ.,), filtered, concentrated in vacuo and
purified by chromatography (SiO2, EtOAc/Hex 1:4) to yield 10.06 (10.3 g) as a

colorless liquid

Step 6
OH OH

- 4
CIH3N OCH
BocHN E)\CN 3 E/Kn/ 3
hn 0

10.06 10.07
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20 colorless liquid Step 6 OH + OH BocHN CN Cl H3N
OCH3 O 10.06 10.07 WD 2005/ 085242 58
WOGNs082@D5/ 005924  Met hanolggsat urat ed wi t h HOPCT/US2005/005924
prepared by bubbling HCl ,gas through CH3CH (700 m)
at 0 C, was treated with the cyanohydrin 10.06 and

hea\asthah6l $atlifated wath HéI*hpreldared %ﬁumnml gas through
concentrated in vacuo to |eI d 10 whi ch was use

CHa®H KE0R a3} ake &6 wasHtrated withrtheayppahydrin 10.06 and heated

I
to (iR BF 1 1) Yhohaon Gt Bhiteitialih Yol B0 00,
me&chde iPThS nékt éteb@mﬂﬁ)ul(buﬁaca\tnml ution of the
. amne h drochl oride 10.07 in CH2Cl 2 (200 nlL) was
Altesratv@nPVhHE! BrerRargd @yra@dltmt)%ﬁ@g {Ony TBeiEE00! can also
belfkaq’9, 209 nmol) at -78 C. The reaction mxture was
Lhen stirred at roomtenperature overni ght and
Step Futed with HCQ (2 M 200 nL) and extracted into
CH2Cl 2. The co |ned . organic layer wepg dried

(MyS04) I er cent rated in_v o and rified
by chro 30Ac/ Hex 1:4) P%S'\l[l @@??oxy
ester 10. 08 15 tep 8. HOHOH BocHN O

BocHN O
10. 08 10. 09 Iutlon of nethyl ester 08 (3g,
10.5 mol in F/H20(1 1) was treate ith Li OHH20

(645 ny, 15 75 mmol ) and stirred at rt. for 2 h. The
reaction m xt@we®e was acidified with aq10hd@l (1 M 15

dr i STHUGRGE TR REVER hAtacRYas TUOLdnr Ll 00 T bwas
treate&Pwith @151 5.0 mL, 315 mmol) and Boc,O (45.7g, 209 mmol) at —78
°C. The reaction mixture was then stirred at room temperature overnight and
diluted with HCI (2 M, 200 mL) and extracted into CHxCl,, The combined .
organic layer were dried (MgSQO,) filtered, concentrated in vacuo and purified
by chromatography (EtOAc/Hex 1:4) fo yield hydroxy ester 10.08.

Step 8.

OH OH
BocHN OCH3 BocHN OH
—————
O o)
10.08 10.09

A solution of methyl ester 10.08 (3g, 10.5 mmol ) in THF/HO (1:1) was
treated with LiOHeH,O (645 mg, 15.75 mmol) and stirred at rt. for 2 h. The
reaction mixture was acidified with aq HCI (1 M, 15 mL) and concentrated in

vacuo. The residue was dried in vacuum to afford 10.09 in quantitative yield.

Step 9

OH OH
BocHN OH BocHN NH»

0 O

10.09 10.10
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BocHN OH BocHN NH2 O 10.09 10.10 WO 2005/ 085242 59

PCT/ US2005/ 005924 A solution of the acid 10.09 (from
wabwseys2in CH2Cl 2 (50 nl) amgd DMF (25 ml -) wasPCT/E8108§005924

with NHACl (2.94 g, 55.5 mmol ), EDCl (3.15 g, 16.5

mol ), HOOBt (2.69 g, 16.5 mmol), and NW (4.4 g, 44

Mo ly) solich 5@@@&\&@ 10'U9<(ﬂ=6rﬁ abRGe i cﬁgglzqsorrﬁpmnd DMF
terrper ature . he sol vents were renoved under

(25/am)@vammeaued WIﬁsNb‘u@I (@94 @, 55 2 nrph HERE! (318D g( 2605

o) G B SR P EIR AR e

mlitNGés%)s dtirfddestado ra@iredol B dv FeEGoMBRYWIre removed
10. 10, which was used as it was in the foll ow
undeipeiud ADY e e yas Sutwin 20 b 4258 Brig) Srafextracted

wifl GG THY st eRGiaefib Rye ik Wistsdmihad F
Na®iCO;,Erign @@g$®4pﬁlte@é66dnf:emtrélea ih vacu&te pbidin @8.10, @rthich

BocHN NH2 Cl H3N 0.11 sol ution  of

wasiseg @hit ayasdn ’fhﬂ f@'lﬁwa@ @W%é@%@t%ﬁ 19-1Q gp0 &g Rea
o t T

obineHrkBIFhP I ReRTENTr 0L (25 of 177 Rim) Wit F Ha0g (10
mu)heiOHélesOesk@trg), 20.8 imsl) at QO’IO ith, 5(wnLccbf @Ja@or-meo 5 h )

W thout further purification. Step 11 OH + OH BocHN

HBN N Y-1Y 10.09 10.12 The required
i nternedi ate 10. éﬁ was obt ai ned fromr compound 10. 09
I

20 using %sww ']ihe pr ocedur &g, @%h@q& above in

Steps 9, “priate reagent Pifepar ati on of
Internmedi ate 1K Olp Step I > O
10.10 10.11

A solution of 10.10 obtained in the previous step was dissolved in 4 N
HCI in dioxane and stirred at rt. for 2 h. The reaction mixture was
concentrated in vacuo to give the intermediate 10.11 as a solid, which was

used without further purification.

Step 11
OH _ o+ OH
BocHN OH ClH3N AN
—_—
O O
10.09 10.12

The required intermediate 10.12 was obtained from compound 10.09
using essentially the procedures described above in Steps 9, 10 with

appropriate reagents.

Preparation of Intermediate 11.01

Step 1
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WD 2005/ 085242 60 PCT/ US2005/ 005924 OH CO2tBu 11.02

11.03 To a solution of 4-pentyn-1-ol, 11.02 (4. 15g;
Wa\@hsiosszy2 was added Dess- Mggtin Periodi nane (BOI/BSZ05/005924

Aldrich) and the resulting mxture was stirred for

45m n. before the addition of (tert 5

But oxycar bonyl mebnyl ene) tri phenyl phospbBosx®ne (26. 759;

Al drich). The esulting dark reactionfwas stirred

overni ght, dil with aqg.

sodi um sul f {(+e. sat. ag. NaHCOB, wat brine and

dried. The yol ati | es—were—+#oVved der reduced

pressure and the residue was purified by silica gel

col um chr omat ogr aphy using 1 % E§OAc i n hexanes as

el uent to gj ,}/ g the to desired conflound!-83.03 (3.92g).

Sone inpure fractions were al so obtained but set

asi Te aadoltiiors of 4+pentyst-émw! 211002 t(Bu1 SQONcBisch) eeENatided Dess-

Maﬁllrpg’ga'aﬁ'a@n?igﬁ@%/xﬁgdrf%ﬁ)aﬁdkfﬁgﬁ%%w ting Ve s imed for

opanol (40m ), NaOH (1.299) in
4514141 %%%r %d‘alﬂt erir(?f ul?{/l hypochl orite (3.7m)

Bu’(oﬁ&bil@mléhmmeebhylez@mphladylpbhsphd)ranﬁ(2@;7593%#@"37“5% ),

et R iRerProRas sren SRt uEREHn EiPN g e win
aq(fGh subfte. §A3644NaHTD3, WEES; Hrirgadrd am@aulﬂaemtaim
whi ch was purified by silica gel col um 20

wemrmv@ua@awrawcrag rresnge anddhedesiduswagppyrified by gilica

ool Gl P BB Dsngabs e Bl uBaby % the

desk& BvmPeBhY CBEZOBI, (3 G3GNHS omeGhpu@irattiofSwetd albd obtained
but set aside at this time.
Step 2

CO,tBu CO,tBu

‘/H CBZNHﬁ/’
11.03 11.04

Using the alkene 11.03 (1.9g) in n-propanol (20ml; Aldrich)), benzyl
carbamate (4.95g; Aldrich) in n-propanol (40ml), NaOH (1.29g) in water
(79mt), tert-butyl hypochlorite (3.7ml), (DHQ)2PHAL (0.423g; Aldrich)) in n-
propanol (37.5ml), and potassium osmate:dehydrate (0.1544g; Aldrich) and
the procedure set forth in Angew. Chem. Int. Ed. Engl (1998), 35, (23/24), pp.

2813-7.gave a crude product which was purified by silica gel column

chromatography using EtOAc:Hexanes (1:5) to give the desired amino alcohol
11.04 (1.379g, 37%) as a white solid.

Step 3



To the ester 11.04 (0.700g) was added 4M HCl in

di oxane (20nl; Aldrich) and the resulting m xture was
wa@lkdosinest41 0 stand at room t gpperature over ni ghCT/US1065/005924

vol atil es were renoved under reduced pressure to give

the 5 acid 11.05 (0.621g) as a white. solid. Step 4

CO2H CBZHN OHCOgHUCBZNH O 11.05 11.01 8OeHreagent

(3. 65q; g ) f Ilomed by triethylamne (3{45nl) were

added t &

gpt hane (20ml) ~Qp-Ofplyhe
car boxylic aC| 11 5 10 (2.00g) and allyl amne
(0.616m ) at omtenperature and the r I'ting

was partiti
organi ¢ phdge was separated, washed wifjh sat. ag.
sodi um bi car boriajoa, water, dried (rmgne3| uhld)dl f at e) .

e e oS T aootiict SER L et Kl
Alcgﬂgcrgla‘l‘\%r’chet@s@flﬁ 'n"ﬁﬁtutr?ew SIdvRY ﬁ‘)”étgﬁ?]#r&]m(téﬁfé%ture

Vi scous ow ol reparation of 1nterned’ates
ovathigid. dhd vbiatllms wEte perho@dhind Borcsidh cEt pBessiNe bl give @

1 . Conpound 12.01 was converted to the
ac\éﬁﬁﬂ’f’ié Q%ﬁ%??%pwﬁﬁe@F%Si ng essentially the
gcedures described for Internediate 10.11, Steps

WD 2005/ 085242 62 PCT/ US2005/ 005924 Step 2 OH CH
BOCHN(}IHCI. NH2 O O 12.02 12.03

CBZHN. A
OH CBZNH\/Kn,N\/\

|| IIF 11.01
11.05

BOP reagent (3.65g; Sigma) followed by triethylamine (3.45ml) were

added to a dichloromethane (20ml) solution of the carboxylic acid 11.05
(2.009g) and allyl amine (0.616ml) at room temperature and the resulting
mixture was stirred overnight. The reaction mixture was partitioned between
EtOAc and 10% aq. HCI. The organic phase was separated, washed with sat.
ag. sodium bicarbonate, water, dried (magnesium sulfate). The crude reaction
product was purified by silica gel column chromatography using
(EtOAc:Hexanes; 70:30) as eluent to provide the desired amide 11.01 (1.73g)

as a viscous yellow oil.

Preparation of Intermediates 12.03 and 12.04
Step 1

o OH

BocHN OH
BocHN OH

12.01 12.02
Compound 12.01 was converted to the required material 12.02 using

essentially the procedures described for Intermediate 10.11, Steps 3-8.
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Conpound 12.02 was converted to the required
internmediate 12.03 wusing essentially the procedures

walemsisiezl for Internediategd0. 11, Steps 9, 5SPADUS2005/005924
Step 3 OH OCHH BocHN CH .HZN N 0O 12.02 12.04
Conpound 12.02 was converted to the required

StéF]Qer medi ate 12.03 wusing essentially the procedures
escribed for Internediate 10.12, Step 11. 1o
Preparation of At ermedi ate 13.01 Step | 02N~/ ~
®@N OH Bx : To a stirrédHediutonNids
1-nitrobutane,f 13102 (16.5 g, 0.16 nol)| an gl yoxylic
acid in H0O (28,1 g, 0.305 nol) and Me 22 nL) at
0C-5C, 15 was ed dropwi se triethyl am (93 .,
0.667 nol) 1@0er 2 hrs. The sol ution 12@s warned to
roomtenperature, stirred overni ght and, concentrated

to ?%-oaiW/%g genysrted tpiBedeauifad intaenediate; 4208y
; > I o . o |

s S50, B8 LR 810 10 St

10sol ution was washed with brine, dried over Na2SO4,
filtered and concentrated 20 to dryness to give the

SteR 3duct 13.03 (28.1 g, 99%yield). Step 2 WO

conpound 13.13 {240 g, —2-35+0l) in agetif aciaS (1.25
L) was added~10% Pd/ C (37 g). The resukfi®g sol ution
was hydrogenated at 59 psi for 3 hrs then at 60
psi overni %152. The acetic acid

12.04
Compound 12.02 was converted to the required intermediate 12.03
using essentially the procedures described for Intermediate 10.12, Step 11.

Preparation of Intermediate 13.01

Step 1
OH
OQN/\/\ 02N OH
13.02 o
13.03

To a stirred solution of 1-nitrobutane, 13.02 (16.5 g, 0.16 mol) and
glyoxylic acid in H20 (28.1 g, 0.305 mol) and MeOH (122 mL) at 0°C-5°C,
was added dropwise triethylamine (93 mL, 0.667 mol) over 2 hrs. The solution
was warmed to room temperature, stirred overnight and concentrated to
dryness to give an oil. The oil was then dissolved in H2O and acidified to pH
=1 with 10% HCI, followed by extraction with EtOAc. The combined organic
solution was washed with brine, dried over Na2S04, filtered and concentrated
to dryness to give the product 13.03 (28.1 g, 99% vield).

Step 2
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5 was then evaporated and azeotroped 3 tinmes with

toluene, then triturated wth MOH and ether. The
waolswsam was then filteredggnd azeotroped tw PET/WS1005/005924

toluene to afford 13.04 as an off white solid (131 g,

0.891 nol, 66%. Step 3 OHOH H2N OH BocHN OH O O

13.04 13.05 ioQl@ a stirred solution ©H the am no

acid 13.04 ¢ 0 6 mml).- in HMN.O edH0 nlL) and

H20O (5nL) at O s added 1 N NaOH golution (4.3 ni,

14.0 mmol ). The~yé3ulting solution was sPirred for 10

m nutes, followed by addition of

di -t-butyl di carbonate (0.110 g, 14.0 ) and stirred

at 0C for 15 MPltes. The solution then warned to

I 0oLl LERERE BN O bbﬁ%ufnam 3403 1240y Y 38smarndn keBstic acid

at refrigerator overnight and concentrated to dryness
(1.26 Lygiwas addest 106 lﬂ@/l(.‘e@?ag) The neisultivgls@lutiom wast hi s

nydibEefey &g bsi i Sipansafin B o) Brebidnt, S AREHESeid

waBitAgh @%aForElw and we@tr’ofwm tivass Wiertok ey, derdiramdtédaith
a ueous | ayer was extracted twice with Et OAc. and the

nekether. gaws %oluw@waﬁdbemé@ﬁ@ﬂ and Azepiraped bryce with
5 ed to
to@%ﬁeﬁ% gl B4 G AP of White sol13d G UBSERTBERT, S
Stgp 389% yield). Step 4 OH O—| BocHN OH HCI . H2N N O
13.05 13.01 WO 28g5/ 085242 64 PCT/ US20@p/ 005924
Compound 13. o verted to tt‘l_ﬁ\lre ui rcs_g
i nt er medi at &2t ng essent PRFT
descri bed for nmedi ate 10.12, St
Preparation of ternediate 14.01 5 St pl()—| 2N
BocHN OH O

cedur es

13.04 13.05
To a stirred solution of the amino acid 13.04 (2.0 g, 13.6 mmol) in
dioxane (10 mL) and H20 (5mL) at 0°C, was added 1N NaOH solution (4.3

mL, 14.0 mmol). The resulting solution was stirred for 10 minutes, followed by
addition of di-t-butyldicarbonate (0.110 g, 14.0 mmol) and stirred at 0°C for 15
minutes. The solution was then warmed to room temperature, stirred for 45
minutes and kept at refrigerator overnight and concentrated to dryness to give
a crude material. To the solution of this crude material in EtOAc (100 mL) and
ice, was added KHSO4 (3.36 g) and H20 (32 mL) and stirred for 4-6 minutes.
The organic layer was then separated and the aqueous layer was extracted
twice with EtOAc and the combined organic layer was washed with water,
brine, dried over Na2S04, filtered and concentrated to dryness to give the
product 13.05 as a clear gum (3.0 g, 89% vyield).

Step 4
OH OH
BocHN OH HCIL.HN N~

0] O

13.05 13.01
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14.02 14.03 Conpound 14.02 was converted to the
requi red material 14.03 usi ng essentially the
w@e@sosiznes descri bed for ﬁhernedi ate 13. 01, BUEPS2005/005924
1-3. Step 2 OHOHH BocHN OH HCI.H2ZN N O O 10 14.03
14.01 Conpound 14.03 was converted to the required
| nt ©orRstrde1.060as BShVHRPRARB ragLired hﬂeﬁ’ﬁ@@@@@ﬂsm
described for Internmediate 10.12, Step
usipgesseatialbntherproaeduresdiescebed forl niejrrgect;@tem 12, StepctB
@2N~-- ' CF3 15.02 15.03 To a suspension of silver
nitrite (9 g, 58.5 mmol) in diethyl ether (25 nlL) at
Préaration af fitdrmegiatait 4@ of
4-10do-1,1,1-trifluorobutane, 15.02 (10 g, 42.0 mol)
Stem1di et hyl ether (25 nL) slowy through an addition
funnel (approx. 20 15 mn). The resultiosg m xture was
vigorously stirred at OC and war ggayyo rtit. Afjter 50 h,

t he solid Qi eryal s filtered off thfou acelite
pad. The resulting diethyl ether sol utjof® was

concent r at ed itA-02acuo to give 15.03 as qgolorless oil,
whi ch was used wi t hout further purlflog n. Step 2 WO
2005/ 085242 65 PCT/ US2005/ 005924 2N - CF3 BocHN

OH CbmSburfd 1463 wééc@ﬂvéﬁﬁéﬂlmm@ réquived Yﬁ@ceﬂéhﬂrﬁOBQ@mg

to the required materi al using essentially t

espefisdy dhe preresiyrep daseied fﬂréfﬁ’fﬁé'@ﬁdtaée 1304 St 39%633
St % Step 3 OH OH

OH OH |,
BocHN OH HCI.H,N N

O 6]

14.03 14.01
Compound 14.03 was converted to the required intermediate 14.01

using essentially the procedures described for Intermediate 10.12, Step 11.

Preparation of Intermediate 15.01

Step 1

l/\/\CF3 —_— 02N /\/\CF3

15.02 15.03
To a suspension of silver nitrite (9 g, 58.5 mmol) in diethyl ether (25
mL) at 0°C was added a solution of 4-iodo-1,1,1-trifluorobutane, 15.02 (10 g,
42.0 mmol) in diethyl ether (25 mL) slowly through an addition funnel (approx.
15 min). The resulting mixture was vigorously stirred at 0°C and warmed to rt.
After 50 h, the solid material was filtered off through a celite pad. The resulting
diethyl ether solution was concentrated in vacuo to give 15.03 as colorless oil,

which was used without further purification.

Step 2



BocHN OH HCI . H2N N O O CF3 CF3 5 15.04 15.01
Conpound 15.04 was converted to the required

WO posiosedl at e 15. 01 using eggentially the procRdUUSH05/005924
described for Internmediate 10.12, Step 11.
Preparation of Internedi ate 16. 01 OOH H BocHN OH
HCl . H2N N F2C F2C | 0 10 16.02 16.01 OFhe acid 16.02
(Wnkler, Dg,NBURgErCEK. —SyAt MRsHN 960pH1419) is
processed as “descri bed above (preparatidn of
Intermediate 10434} to give the expesté& intermediate
16.01. 1s Preparation of Internediate .01 H3C, CH3
C)CRCH3 N H HCl 20.01 The anijg@gqester 20.01 vvas
prepared follow ng the nmethod of R Zhang and J.
Mad Elostieasind 45.03. was gon\@ritad tolthegeqeired Baapriald 3. ﬂ4tu$é19

ti,on that
es SRR o oo Ruren Sept il L Iifinag AL SHHR 10
Stggghanol ic HC (4M HCl in dioxane was al so enpl oyed
or the WO 200%{:85242 66 PCT/ US2005/ 005924
deprotecti on) a variation of the rgpotted
synt hesiBocH PBni amrytt deladgeN ted-wit h the
cor respondi ng[_ph@gsphoni um yl i de. Prepargi on of
Internediate 20.04 5 Step 1 CH3, _, 0 CH31'/CH3
BocHN - OCH3 s+ + OCH3 N CF3

5 15.04 15.01

Compound 15.04 was converted to the required intermediate 15.01

using essentially the procedures described for Intermediate 10.12, Step 11.

Preparation of Intermediate 16.01
0 OH

BocHNj)J\ on HCILHoN j/K[rH\/\
FoC FoC ©
10 16.02 16.01
The acid 16.02 (Winkler, D.; Burger, K., Synthesis, 1996, 1419) is
processed as described above (preparation of Intermediate 10.12) to give the

expected intermediate 16.01.

15 Preparation of Intermediate 20.01

H3C\/CH3

20.01
The amino ester 20.01 was prepared following the method of R. Zhang
and J. S. Madalengoitia (J. Org. Chem. 1999, 64, 330), with the exception that
the Boc group was cleaved by the reaction of the Boc-protected amino acid

20  with methanolic HCI (4M HCI in dioxane was also employed for the
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BocHN O ~O H2C1 0 O 20.03 20.02 20.01 A solution of
comercial am no acid Boc-Chg-CH, 20.02 (Senn
web@sisahs, 6.64 g, 24.1 nmgg) and am ne hydr op¢i/U8200005924
20.01 (4.5 g, 22 mmol) in Cl2 (100 mM-) at 0 C was
treated with BOP reagent and stirred at 1o rt. for 15
deﬂs\ntéfdh%n') 8ad wg&rtmm& he ré@érté@ ayﬁﬂhtevsa,t &b baIfoanoylide was

and extracted
replaute:d \Eﬁmﬂme caxasgonding phﬁéph@rm‘dﬁh)élﬁie organi c | ayers
were washed with sat'd. NaHCO3 (200 ni), dried
(MgS™M), filtered and concentrated in vacuo, and

%rg{m efmeinesitfe 2E04Et OAc/ Hex 3:7) to obtain 20.03
g) as a colorless solid. 15 Step 2 CH3,,,CH3

StepHB, ., CH3 /OCH3 ~ /OH BOCHN~-O 0 ' BocHN- 0 O 0 0
20.03 20.04 A sol uti on of nethyl ester 2@ éHQ g,

5(979 mml) inT 5 p(1l:1) was treated wth £ OHH20
401 ng, 9.79 )\/an stirred at rt. for 3/h.\ Th

4\91”\ xture aC|d|f|ed Wi th aq HCI %CH
concenztrat ed Fn v @6; obtai n the d O
|nte di ate, free l‘aa 20. 04. Preparng
Inte di ate 20.08 &G |c91 WO 2005/ 085242 67 =

PCT/ US2005/ 005924 O OH C N /OCH3 BocHNI I + 4 ¢9CH3
N BagbiN O 20.01

A solution of commercial amino acid Boc-Chg-OH, 20.02 (Senn
chemicals, 6.64 g, 24.1 mmol) and amine hydrochloride 20.01 (4.5 g, 22
mmol) in CH2Cl, (100 mL) at 0 °C was treated with BOP reagent and stirred at
rt. for 15 h. The reaction mixture was concentrated in vacuo, then it was
diluted with aq. 1 M HCl and extracted into EtOAc (3x200 mL). The combined
organic layers were washed with sat'd. NaHCOs3 (200 mL), dried (MgSOa,),
filtered and concentrated in vacuo, and chromatographed (SiO», EtOAc/Hex
3:7) to obtain 20.03 (6.0 g) as a colorless solid.

Step 2
CHa_-CH3 CHz~_CHj3
N N
BOCHN\/&O O —_ BOCHN\/‘KO O
20.03 20.04

A solution of methyl ester 20.03 (4.0 g, 9.79 mmol) in THF/H20 (1:1)
was treated with LiOHeH,0O (401 mg, 9.79 mmol) and stirred at rt. for 3 h. The
reaction mixture was acidified with ag. HCI and concentrated in vacuo to

obtain the required intermediate, free acid 20.04.

Preparation of intermediate 20.08

Step 1




"N HH261 0O _ 20.06 20.05 20.01 A solution of

Boc-tert-Leu 20.05 (Fluka, 5.0 g 21.6 mmol) in dry
wW@RShg2DVF (50 ni, 1:1) cooled to 0 C aneCT/UsB®N5924

with the amne salt 20.01 (5.3 g, 25.7 mml), NW

(6.5 g, 64.8 mmol ) and BOP reagent (11.6 g, 5 25.7

mmol ). The reaction was stirred at rt. for 24h

di | utedowi th aq. HCI\/(ll\/p and extracted w thz CH2Cl 2.
tgg;_"\q:vrrﬁ\ned organi’¢ | ayers were washed wtkﬁ?@\’éma
1 sat Na ) bri(ElﬁJi dri-ed—{MySH), fiNterfed
and centrat ed N And purifi ego&pmvg o
chr omat ogr aphy (' Si et one/ Hexane 1:5) ta yl%l d

20.06 as a colorless solid. 10 Step 2 /ITI\
BocHNp@s0 HCl . H2ZNLO £ o1 20 06 20.07 A soluti'on of
met hyl ester 20.06 (4. O g, 10.46 mmol) was di ssol ved

i n A\sohgion af Bpestarid-eune0.05i(Flukea, 80 g £1.6 mimd) in dryhe

CHFRMA G S doh) Bre SRR 6 364 OrfR s gl sei
20v01 (mg REI7i ety INVIM S, 3414 @A) bh@gep ré@?gemmuce 9,
0 OLNL 02N 20.07 2 A sol ut| on

5  25ghmmalp To m@ongvaszstgz@dmbm)for g4ip._gm{t@q W|th aq HCI (1 M)

anf] BEEONN Cr il 218 cdnbifRdiI84aIc hRaRouers waghed with
H?@d,@@?ﬁi@ﬂ@%ﬁC&w bnﬁgg@nedwgSQ?}g fﬂénﬁg??g Ir?bnm?irated
in Wl Srdaniasd by GEshelisiaRariD2. Afstons Bekaind o aield

Zoldgjéé:gé%g)r[@sggd“gn conpletion. Diethyl ether (50 m-)

was a the resulting precipitate was filtered
10 Stepf. The filtrate was washed with saturated

N ~
~

N N

BocHNv&o O HCl.HzN\_/&O o
= =

20.06 20.07

W

A solution of methyl ester 20.06 (4.0 g, 10.46 mmol) was dissolved in
4M HCI in dioxane and stirred at rt. for 3 h. The reaction mixture was
concentrated in vacuo to obtain the amine hydrochloride salt, 20.07 which

15 was used without purification.

Step 3
~

~r
~ .

\V/
OCH OCH
QY . H Q\( .

HC!.HZN\/KO o) /O/O\H/N .0
/I\ O2N ° 4_\

20.07 20.08
A solution of the amine salt 20.07 (840 mg, 2.64 mmol) in THF (14
mL)/acetonitrile (2 mL) was cooled to 0°C. 4-Nitrophenylchloroformate (800
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5 ammoni um chl oride solution (1 x), brine (1 x), dried

(Na2SO»4) and concentrated. The residue was purified
Whyoosiossz chr onat ogr aphy usigag 20/ 80 Et OAc/ heRENES2005/005924

whi ch afforded 1.15 g of the required internediate

20.08. Preparation of Internediate 21.01 io Step | N~

b6 MnfdRivae adéil Blowedlb Adin@3(0.64 Al SYi92r @fnol). The

mgfs,:%g?i on of N-Boc- 3, 4- dehydr)ggryol [ ne( 21.02 (5.0 g, )
rediop Wasl plowdy - wamped oy roam clgnnaiatwe(over ¢ hgy when TLC
.l ), - | net ' gl ( 0 .
e ot oIt BT 408 50 (Gadadlod o tne
red i pad cipitateawas diteded rofietThd fitiate Was Washed3ith saturated

mmol ). The resulting solution was ?ti rred at this
amreapidit ehlerider seiitenpdil ord: i Brings(conk eftiedt di¥ap$O4) and

h _ C s Lt

coliSetfated Fne TesicREWts DERNCY By P phBgorbhl & 20180
EtGACAwXaeravehitio afforded hd Spy ofithetregtiréd irtermediate20.08.

yellow oil (5.29 g, 84%. 20 Step 2 ci ,ci NCO2tBu

"N CR2tBu Boc | Boc 21.03 21.04 To a stirred

Préﬂéﬂé%ibﬁ%f%tehh@d%@@!qr(PIpr0' ine derivative 21.03 (10.1
) . . pbenzyrtriethyl anmoni um chl oride (1.60
Step 17.02 nmmol ) in chloroform (120 m-) at room
t enper at ure was, added 50% aqueous Gegi’.um 25 hydroxi de
(120 g). Aftg-}.j~ rously stigred dat j enperature
for 24 h, the f}ldagézl'hi xture was di IVt egb%?ms‘{h CH2Cl 2
(200 ni-) and Bficet hyl ether (600 mB°® After the
| ayers were sepes ated, the aqueous 2308 uti on was

t t i,ith CH2Cl 2/ FEt20 (1:2,, 3x600 T
or g & SEEPU SPLH RS NrERSa HASSHIRRINe AT ARG B 85235
mrﬁapf’&ﬂzfe OBdiearidtthte ?PB“gﬁ@h!@hﬁﬁol),Té}ﬁi B9¢Nlue was
purified by flash col urm c¢hromat ography using 5-20%
dirsetbiarhieppyeadine (840g.d3.83 3amg!)(im acefonitirile (1AumAg agroom

ter%fefa\%@r'et was added triethylamine (5.0 mL, 35.6 mmol). The resulting

solution was stirred at this temperature for 18 h before it was concentrated in
vacuo. The dark brown residue was purified by flash column chromatography
eluting with 10-25% EtOAc/hexane to give the product 21.03 as a pale yellow
oil (5.29 g, 84%).

Step 2
Cl \V/CI
QCOZtBu — [\
| CO.,i{Bu
Boc [}l 2
Boc
21.03 21.04

To a stirred solution of the dehydroproline derivative 21.03 (10.1 g,
37.4 mmol), benzyltriethylammonium chloride (1.60 g, 7.02 mmol) in
chloroform (120 mL) at room temperature was added 50% aqueous sodium
hydroxide (120 g). After vigorously stirred at this temperature for 24 h, the
dark mixture was diluted with CH,Cl> (200 mL) and diethyl ether (600 mL).
After the layers were separated, the aqueous solution was extracted with
CHCIy/Et20 (1:2, 3x600 mL). The organic solution was dried (MgS0O4) and
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solid. Step 3 cl ,d C SC CF3CO2H N~ CO2t Bu NCO2H
Boc H 5 21.04 21.05 The solution of 21.04 (9.34 g,
wQ@eos/ossmt ) in CH2Cl 2 (25 mgg and CF3CO2H (50 PA/USESS/005924
stirred at roomtenperature for 4.5 h before it was
concentrated in vacuo to give a brown residue, 21.05
coibéritfate8sThHE @ésndﬂe $Ia‘sppu rified mhfpaléh EOlLATLEh romato%ra h
purlflcatlon t ep C ~cl cINI~C HC I)-/|
using B0k E@Acmezanﬂtczfﬁesi 3134(& (7 Con ot Rl 04t agian off-white
sofydrochloric acid (4.5 m-) was added to a sol ution of
the residue 21.05 from Step 3 in nethanol (70 nL) and
Stéh8 resulting mxture was warned to 65C in an oil
bath. After 18 h, the mxture was,, co entrated inis
vacuo to g\fe a brown oil 21. 01 wm/ was used

further w ut purificatiog atl
I nt er medi @l Step | tBoc tB N THF,
reflux O 222 03 20 Potassi un

bis(tri rreth%ﬂsuyl)am de (158nmL of a 0.5M solution in
tol uene; 79mmvol) was added to a sti rreddzﬁtd pensi on of
cycl opr opyP¥P4 phenyl - phosphoni um br oni ?33 129;

86. fmendolutich @mdnqg%ﬂqftZ@BMh@f )4h @szlgm)@ﬁa
the resulting oran ure was stirred under an
CRaffbshifsr mLyfvas stlrred at room temperature for 4.5 h before it was

concentrated in vacuo to give a brown residue, 21.05 which was used in Step

4 without further purification.

Step 4
Cl\/CI CI\V/CI
S e — “HCl
'CF3COzH O\
QCOzH N CO?_Me
H H
21.05 21.01

Concentrated hydrochloric acid (4.5 mL) was added to a solution of the
residue 21.05 from Step 3 in methanol (70 mL) and the resulting mixture was
warmed to 65°C in an oil bath. After 18 h, the mixture was concentrated in

vacuo to give a brown oil 21.01, which was used further without purification.

Preparation of Intermediate 22.01

Step 1
tBOC CHO tBOC\
ph3p=<l NT\W
>< j THF, reflux ><O
22.02 22.03

Potassium bis(trimethylsilyl)amide (158ml of a 0.5M solution in toluene;
79mmol) was added to a stirred suspension of cyclopropyltriphenyl-
phosphonium bromide (33.12g; 86.4mmol) in anhydrous tetrahydrofuran

(130ml) and the resulting orange mixture was stirred under an atmosphere of
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WD 2005/ 085242 70 PCT/ US2005/ 005924 nitrogen at room
tenperature for a period of 1 h., before the addition
woboosiogs24al dehyde 22. 02 (9. 68g; 42. 2nmol ) i n TIHEL/82005/005924
The reaction was then refluxed under an at nosphere of
nitrogen for a period of 2h. After cooling, nethanol,

mtn‘Bg%'hhé‘c' roSFrﬂ%hwﬁB?QtLﬁQ 2 |p%ﬁo§ It haseFordgethddiish of the

organi c phase was separ at ed washed with bri ne,

aldghyde &baagmz 2ol SHF @mibokhe raastionmas thea

SR HnBERatnyr UERGHEPREEHBY dh Mg fooipo
mdth&Ns!; BRtaN etidr 4R Rbehelsosdltiwetdaddbd eTige dryhic phase
(8. 47g) as a yellowoil. Step 2 NHtBoc tBoc\ O== N HN

was-separatedowahgd o, brmee,rdr@@ any congentrajed yndar reduced

il Bl SR RRAREAE Ity BEREECBly

chrmhé\l@@ﬁépf@mbldg EtONachéxamer (@20 )t torEt O Ashetarmen(5: 95)21©0n1
room tenperature. The carbhamate 22.03 (9. 49g;

pr@f?d%mﬁaﬁ efaL2A % & 78kas A YRlPW0bI  (12n1) and added

sté®2l M HC in 15 MeOH MeQAc (150nt) while cooled in an
bath. The resulting m xture was naintai ned at

this tenperature for 1 h., then the ice 6489 was
removiBde.and stirring continued o i ght at room

t enper at M tiles were renoved uced
press tojyield yel | owi@ial whi ch was jsed | he
next syre - t hout ‘purj fB%chc?i‘ LdsQRay 20 The Il ow o1l was

di ssol ved¥in a m xture o HE (30 ) HRd" MeoH (20m)
and treated2@th triethylam ne (15nl; 108286l ) until

t he ,s0l,ut.i.on ' ' i

at £ Sation B MRRCRIEHeBMEO & vBishred b7 BgHf 14.2m
of bédtyPedloridd drdlise iftoecdld endtabhov@sd wmth@thwl’resulﬁng he

reaction stirred at roomtenp. for | h. The volatlles

solidios tp 2000 @t rerrartempgiaiise. pr&,garib@%ea%OQ kR4Pdsi due

L f sing
37, apas §Sshlvet h s RRbL (2T Bnd SEERIOARFRDY it
Melt@sivie0 Az 8oniAwhile c68leddg)an iSe d@tt® The resulting mixture was
maintained at this temperature for 1h., then the ice bath was removed and

stirring continued overnight at room temperature. The volatiles were removed
under reduced pressure to yield a yellow oil which was used in the next step
without purification.

The yellow oil was dissolved in a mixture of THF (30ml) and MeOH
(20ml) and treated with triethylamine (15ml; 108mmol) until the solution was
pH=9-10. After placing in an ice bath, the mixture was treated with N-Boc-Gly-
OSu (11.22g; 41mmol). The ice bath was withdrawn and the reaction stirred
at room temp. for 1h. The volatiles were removed under reduced pressure
and the residue was purified by silica gel column chromatography using
methanol (1-3%) in dichloromethane providing the desired amide 22.04
(9.099).

Step 3
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WO 2005/ 085242 71 PCT/ US2005/ 005924 NHt Boc NHt Boc p~

O HN 2, 2-di net hoxypropane BF3:CEt2 \ < O" V HO
wWQ@20084822 05 The al cohol 22404 (9.09g; 33. 6nmBLCY/USZ95/005924

di ssol ved in acetone (1 18. gm) and treated with

2, 2-di met hoxypropane (37.4nmil; 304mml ) and BF3: Et 20

(O. 32nmk—NHiees ™0l ) and the resulting m NeltBoss

stigLgd at room5 tenperature for a@e@;@gd of 5.5h The

reactipn solutjon was:idneddk@dead th a fe

=

triethyl am he votatit®s were
reduced The PBEsPBue was pu ﬁztrl e ca
gel cohom chromat ography using 5-25% EP

hexanes to prpvide the N, O acetal 22.0568585g). Step
4 NHt Boc O 1. NOBF4 O 2. Pyrrolidine N 3. Pd(CQCAc)2
and TNeMId&Dhc!DZ%G@(SH)QQ 22.606na) wes digsaved Fhacetone

 EE bR rared b2 D Pau RphrF a7 e ST g e
BF; ‘F_ng %OQQF‘nIaE @ﬁrﬁ%ﬁ@?ﬁftﬁe@%sulﬁhé rAigRIYe Wid btihé®at room

| owed by nrtrosium
tempemmnelfor emﬂrmobof Q éh A3 resetignsolutionevas tHgaked withy a few

aropt of (Feftedarithel SREINE Vol YedreTB Ry Betish o dfedtl e
préﬁﬂﬁé ORhe re%lét’@@whs [ﬂﬂfi@@byjekll’l@ gémﬂlum&%mmaogva{shy using

added and the cooling and stirring
5-2nl BONAG wdwaaesﬂ@cnwéﬁﬁ'ée 3{ Qr%cqtaﬁaoﬁ (8&98)+ hen
té@ﬁ vol atil es were renoved under reduced pressure. The
i due was qui ckly

N HiBoc

1. NOBF4
2. Pyrrolidine
T\v 3. Pd(OAc)Z >< ><

22.05 22.06 22.07

The carbamate 22.05 (8.81g; 28.4mmol) was dissolved in acetonitrile
(45ml) and the solution was cooled to —40°C under an atmosphere of
nitrogen. Pyridine (6.9ml; 85.3mmol) followed by nitrosium tetrafluoroborate
(6.63g; 56.8mmol) were added and the resulting reaction mixture maintained
below 0°C until TLC indicated that no starting material remained (approx.
2.25h.). Pyrrolidine (20ml; 240mmol) was added and the cooling bath was
withdrawn and stirring was continued at room temperature for 1h. and then
the volatiles were removed under reduced pressure. The residue was quickly
passed through a pad of silica gel to provide a yellow oil.

The yellow oil was dissolved in anhydrous benzene (220ml) and palladium
acetate (0.317g; 1.41mmol) was added before heating the resulting mixture to
reflux, under an atmosphere of nitrogen for a period of 1.5h. After cooling, the
volatiles were removed under reduced pressure and the dark residue was

purified by silica gel column chromatography using EtOAc-hexane (1:4) to
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passed through a pad of silica gel to provide a yellow

oil. 20 The yellow oil was dissolved i n anhydrous
whenwzese4l 220m ) and pal | adizgm acetate (0. 317BCT/LIS2005/005924

nol ) was added before heating the resulting mxture

to reflux, under an atnosphere of nitrogen for a
proRffd P |9fthe1tr§hs- ﬁ\;ﬁ&rdum 2206 (1E1g)vellAbed 8§ iiMHEcis-

renoved under reduced pressure and the dark residue
pyr\m{wlnqzn& 2Ri0F(197a)i | i ca gel col urm chr onat ogr aphy

1Sk Ng Et OAc- hexane (1:4) to WD 2005/ 085242 72

/ US2005/ 005924 provide the |I) the trans-

pyrrolidinone 22.06 (2\94g) followed by i} the cis-
pyrrolidi nonel22. 07- 79). Stepwb FA=MeQAc/ MeCH
NN H~H O '06 22.08 5 Fre repared 1 M
HCl in MeQAc/ Mg OrHEL indMsOAFBEPH | ove) was

added to the lt_lal 22.06 and st '?lmat room
tenperature . The sol vent was § ernoved under
reduced pressur® and the residue wae~ purified by
silica gel col wmeéchromat ography usingsO-4%ve0OH in

o) CBrennnopramed TEIC TaMachMemPigibm: & Bs@hed abgye)
wa%lf%gghl'z@qgs LN,%éEetbP 5 dd ?tm’{c'lb‘gpro%?ﬁ ié'l'grlgaatlh‘l@ o Pn.

ution | act a 08 (1.29q;
The sétemb Wasi nensoveoouroes reduc:ea:hpmssﬁm and cﬁémgldmwas

i.thiu un num
pudiet By siicail oI OO s 00 B RS AT 1 Ly
dichRRbMethar@ k8 efuerit % bryde Be dodhratflalcbRr6H2aveBE1 addgta
and the resulting mxture was filtered through ce ite
yellovdoilhe soli d was washed thoroughly with THE and MeOH.
§B%£§ sol vent was renoved under reduced pressure and
resi due redi ssolved in

A

] A
LAH :
N—( 2. N-Boc-L-tert-Leu-OH N
H HATU BoctHN “H
o)
HO

HO

22.08 22.09

To a solution of the lactam 22.08 (1.29g; 8.44mmol) in anhydrous
tetrahydrofuran (55ml) was added lithium aluminum hydride (2.40g;
63.2mmol) and the resulting mixture was refluxed for 8h. After cooling, water,
followed by 15% aq. NaOH were added and the resulting mixture was filtered
through celite and the solid was washed thoroughly with THF and MeOH. The
solvent was removed under reduced pressure and the residue redissolved in
dichloromethane, dried and concentrated under reduced pressure to provide
the pyrrolidine, used without purification.

Hunigs base (4.5ml; 25.8mmol) was added to a mixture of N-Boc-L-
tert-Leu-OH (1.76g; 7.6mmol), The crude pyrrolidine and HATU (2.89g;
7.6mmol) in anhydrous dichloromethane (50ml) at —60°C, under an

atmosphere of nitrogen. The resulting reaction was allowed to come to room



di chl oronet hane, dried and concentrated under reduced

pressure to provide 20 the pyrrolidine, used w thout
W@osos2at i on. Huni gs base (4. 5ml; 25. 8ol ) WeCT/EBeH005924

to a m xture of N-Boc-L- tert-Leu-OH (1.76g; 7.6nmol),

The crude pyrrolidine and HATU (2.89g; 7.6nmmol) in

rﬁé‘é‘ﬁé%r%%%\ﬁl Ve BUeHRgMR! BEDRc Welhddéd and¥e yaINSIR soRtion was

at nosphere of nitrogen. The resultin reactlon was
washedweth dib aspiriCly eair eqnswgoblsa ©, water, brine. The

R P RR ST A e frdls? Yeduor e S R g

res)i\djl!ié‘w@'s urfied ByBilics |c@mnsmbmat@gr@ph9@@m@e wat er ,
brine. The organic layer was dried and concentrated

5 EtQAgdexepgadtd) fo eivedhe deﬁﬁédraé@,'ﬁél?ez 0R4$2.008)-fi ed by
Sts' ica gel columm chromatography using 5
c: hexanes (1:3) to give the desired am de 22.09
(2.00g). Step /ANJones N Y N tBocHN H tBoc j(y O
HO 0 |CO2H 22:G .01 The al cohgl 22.09 ( g;
. [ ' / and cool ed
in a icerat for Ienfn——fhis S n s then added
B Jones reagen}. N—agpr ox
2mol / rgy) he resulting Axturelwas Btirred at 5C
for 0.5hH&Ad the cooling bath was r@novelCzthe
reacti omy@s stirred for a further22bp at roomtenp.,
before adding to sodiumsulfate (28.54g), celite (1
59) Thi FESMa 22169 dog; 5erriRS! ?Was(éé%%an@ﬁa@aaﬂé (116mi)

after 1 mn andthen stirred for a further 10m n
anél idopkadeith. alee Bathfent @minad hisselotior Masaihed adeggrto a cooled

reduced ur.e ro'din i '
to Jofes KAl (A 2B CopBroRiadmdfnh A5 e, Bt i Bees
stifed @it 56C3f¥r ®Bh ahd the caslin batbrwas rembi€d. Fiwlreaction was
concentrated to provide the desired carboxylic acid

stized dar a furtierh. &4 reomieme. seafpee agdiagde sodiwn selfate
(Zéghaf 'E%ﬂ{e {1%9%?}1 EilOAg% &Srﬂﬂ Psopropanol (15ml) was added after

1min and then stirred for a further 10min. and filtered. The filtrate was

15 concentrated under reduced pressure, providing a brown oil which was
dissolved in EtOAc. This solution was washed with water, 3% aq. citric acid,
brine, dried and concentrated to provide the desired carboxylic acid 22.01

(1.649) as a white solid.

Preparation of Intermediate 23.01

20 Step 1

Q

O
MOCH;& [N> , ms 4A0 ZHOCH;:,
H
O > O
©/\O/go ©/\O/g0
23.03

23.02
To the mixture of ester 23.02 (6.0g) and molecular sieve (5.2g) in

anhydrous methylene chloride (35 mL) was added pyrrolidine (5.7 mL, 66.36
mmoL.). The resulting brown slurry was stirred at room temperature under Ny
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0Ql.,OCH3 OCH3 ns 4Ac NHNGO-~-0OO0O-~-0O0 .03

23 23.02 To the mxture of ester 23.02 (6.0g) and
woriso8i2ar si eve (5.29) in sanhydrous nethyl enBCT/US2005/005924

chloride (35 m-) was added pyrrolidine (5.7 nL, 66.36

mmolL). The resulting brown slurry was stirred at room
for L A e Mo LI Thg Sorbinge flrste
waamcbndeninsteGHs @ield thedesingd peatudt] 23.88e  was
Stco centrated to yield the desired product, 23.03. Step

O OCH3 G NOCH3 NOO O 'O Nal, K2C®B OO

23. 23.04 5 To a solution of the product 23. rom
proceeding step in CH3CN (35 nlL) was added anhydy ous
K2CBN nethal |yl chloride (2.77g, 30.5 mmolL)Q. Nak
(1.07g .7 moL). The regsulting slurry was st/irxed at
anbi en ure un ON2 for 24 h. 50 nL OCHs

i ce-col er was by 2N KHSO4 o)
i gnti |l pH wasNd, KEOgAc (100 nL d and
@d’ﬁi’xture was 1o stirred for 0.75h. i ned ,gpLgani ¢
yer v@d®3col | ected and washed with brihe, dried over

VS A0S PRI By o8 M IFp AT LR RN oo
mLPWE0addd ahhydr6us K.CO3, methallyl chloride (2.77g, 30.5 mmol), Nal
(1.07g, 6.7 mmoL). The resulting slurry was stirred at ambient temperature
under N, for 24 h. 50 mL of ice-cold water was added followed by 2N KHSO4
solution until pH was 1. EtOAc (100 mL) was added and the mixture was
stirred for 0.75h. Combined organic layer was collected and washed with
brine, dried over MgSO4, and evaporated to yield the desired product, 23.04.

Step 3

O o O
MOCH;:, 1N LiOH / dioxane‘ MOH
o/l%o o ©ﬁo/l%o ©

©/\ 23.04 23.05

The product 23.04 from the preceding step (2.7 g, 8.16 mmoL.) was

dissolved in dioxane (20 mL) and treated with freshly prepared 1N LiOH (9
mL). The reaction mixture was stirred at ambient temperature under N for 20
h. The reaction mixture was taken in EtOAc and washed with H20. The
combined aqueous phase was cooled to 0°C and acidified to pH 1.65 using
1N HCI. The turbid mixture was extracted with EtOAc (2 x 100 mL).
Combined organic layer was washed with brine, dried over MgSO,, and
concentrated to give the desired acid, 23.05 (3.40 g).

Step 4
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23.05 23.04 The product 23.04 fromthe preceding step
(2.7 g, 8.16 mmoL) was 15 dissolved in dioxane (20
wWorRgosasst4t reated with freshw) prepared | N Li OHPCRUSI00Y/005924

The reaction mxture was stirred at anbi ent

tenperature under N2 for 20 h. The reaction m xture

was taken in Et OAc and washed with H2O. The comi sied
aqueous phase was cooled to OC and acidified to p
1.65 usin?*?i N HCI. The turbid m xture was eud,facted

wi th OAc~(2 x 100 nL). 20 Conbined organic | ayey was
washed \h brine, dri eNaW@r‘\cwgsm and conc
to giv red acid, 23705(3.40 g). Step

FIRNE<™> -~0 0 23.05 23.06 To a sus i on of
BH( Q9¢)s (3.93g, 18.5 mmolL) in CH2CI 2 5 m 23.06vas
added a sol ution of product 23.05 from precedi ng step

in QOWQJWSKQI-BQNQB(-ROW;;OS 9%yl BcBmmohkind 00—172013_055

The slurry was stirred at ambient 5 tenperature f 20

mlp wag a¢d ﬁ&%mof(mrgd%h 23.05d0m gERAEARO BigP 1§ vgrous

orPfs P §f st eid o AT SIary Rep el Bmbet

terppediture, foR3006. |<$t emlldSNai@( (100 kD) wascmwed\todhecsmw ahd

St og Ut Qr9pls 1PV kP GepaI g <ot T =14 o} SHegated

to gigfhuméaegﬁi ;Srb@ﬁb?%voéh excess of CH2N2 / Et 2o

tion stirred f

~ !

HO.,

HO,, & /
OMe
N OH CH,N, / Et,0 / MeOH /fl !
PNe Cge

23.07
23.06

2005/ 085342 [7'5 PCT/ US2005/ 005924 HO, , @,_ 'O~ 3 N
0

To a solution of the product 23.06 from preceding step (1.9g) in MeOH
(40 mL) was treated with excess of CHzN / Et20 solution and stirred for
overnight. The reaction mixture was concentrated to dryness to yield a crude
residue. The residue was chromatographed on silica gel, eluting with a
gradient of EtOAc / hexane to afford 1.07 g of the pure desired product, 23.07.

Step 6
~( X

H O/ 2 \\\\ [} !

Q\WOMe . OMe
BF3 . Me,O / CHxCl»
PNNe PN
O/\O o) ©/\O 0
- 23.07 23.08

To a solution of product 23.07 from preceding step (1.36 g) in
anhydrous CH,Cl, (40 mL) was treated with BF3;. MezO (0.7 mL). The

reaction mixture was stirred at ambient temperature for 20 h and quenched
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overni ght. The reaction m xture was concentrated to
dryness to yield a crude residue. The residue was

weboosis2eyr aphed on silica ggl, eluting w th aPCT/US2005/005924

gradi ent of EtOAc / hexane to afford 1.07 g of the

pure desired product, 23.07. 15 Step 6 O~ HO,,, '
alNCRR330MAE P ad GHEl 3o )2 K- Or§afic!idfer WaSsegarfed

WI@}%E)\?/N To a3§(ol utlgn of product 23. Oga romyeprece |%g

andtcemt(lled%er@nlq? rayes wasdrashedopitimibring4 drigtl - ovendgS O,

coygtiaiey P i agHubo TheTeblsuE Fas CERTHAGRABREA b

RUNYiHDLYradierder FORCThERAMDE 592388\ dith
s:h@é’@%PB HC%JI @IrrrL) ad stirred for 1/2 hr. Org\gm c ©

deSlB@@comﬁ’ngép%&@ed and conbi ned organic |ayer was

st hed with brine, dried over MgSO4, concentrated to

—%je crude residue. The residue was chromat ographed on
silica g eluting with a gradi ent of EtOAc exane
to afford/’®,88 g of the 5 desired conpound, %08.
Step 7 0y-~'9y-~ H2-109%°d/CHO W OV ND-Q O
23.01 23.0§ To,g,sol utidke -dP%Re'Cpr oduct 23 (0.92
g) from prgc@eing step Tn NeOH (30 nlL) was g'g DHleos

Pd/ C (Q. 16/ g) oat room tenperature and to hydr t ed
a i €0 nperature under 1 atm Pressure. The
r ion mxture was stirred for 4 h and concesdtat ed

to dryness2¥-B8yield the desired conpound, 23.01.
To a solution of the product 23.08 (0.92 g) from preceding step in

MeOH (30 mL) was added 10 % Pd/C (0.16 g) at room temperature and
hydrogenated at ambient temperature under 1 atm. Pressure. The reaction
mixture was stirred for 4 h and concentrated to dryness to yield the desired

compound, 23.01.

Preparation of Intermediate 50.01

Step 1
E fcoZH E fc:ozc:H?,

50.02 50.03
To a solution of 50.02 (15 g) in MeOH (150 mL) was added conc HCI

(3-4 mL) and the mixture was refluxed for 16 h. The reaction mixture was

cooled to room temperature and concentrated. The residue was taken in

diethyl ether (250 mL) and washed with cold saturated sodium bicarbonate

solution, and brine. The organic layer was dried (Na S0O,) and concentrated to

afford the methyl ester 50.03 (12.98 g) which was carried forward without

further purification.

Step 2
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Preparation of Internediate 50.01 15 Step | CO2H

CO2CH3 50.02 50.03 To a solution of 50.02 (15 g) in
WOR@E0§ED nl) was added copg HCl (3-4 m-) anBCT/82005/005924

m xture was refluxed for 16 h. The reaction m xture

was cooled to roomtenperature and concentrated. The

resi due was takew,tH; 20 diethyl et
washed with eold saturated sodi um bi bonat e
s dried

sol ution, andg ine. Theeorganic |a
(Na2SO4) and concentrated to afford he nmet hyl ester

50. 03 (12.98 @)yzwWhi ch was carri ed fo%@gd W t hout
further purification. Step 2 WD 2005 242 77
PCT. Nbsmemesmzso.mmmas@jmlm iﬁztnefhlymne

nmet. hyl 50.03 f d | ved
o ClanCmde KSR st e o
(1. O'I\H rs%ﬁﬁﬁ’onﬁh TRePhRNe- ch@rﬁﬁi— 2001mP ) WasAdHdddrobWise over 2 h
hyl'ene chloride, 200 m’-) was added dropw se over 2

pehoc$ Bae reattionHeixtusesvasowanmed e soorsemparaiire ovepdeh. The

reacgaman e ok 0 Hh M SR B Sk elfSicropye.

A St @ﬂa@ue@wm%%om%mgmmbﬂ&mtu@o@mww&@ slowly
dé@d? m) was slowy added with stlrr|n8 Diluted with
a

Myilheswnam Bilutad wlttomethmn%ﬁhlog@sa(ﬂg &al-) anfkseparated

N ol N R PTEE s B

washedavitRON RiC) (2@0 mm foNee ) rvek) i dech (et S ) xthck 0

provi de the al Iear oi l.
conrgeifraieghto p@v@e the; |C9h°|5@s éé @ﬁ@@gmaw Qaf r om
S_r%gve was di ssol ved in nmethylene chloride (400 15 nl)

cool ed to OC under nitrogen atnosphere. PCC (22.2

g) was added Num™pgytions and the reastFOR nixture was

slowy vvarrre room tenperature Ej

50.04 50.05

The alcohol 50.04from above was dissolved in methylene chloride (400
mL) and cooled to 0°C under nitrogen atmosphere. PCC (22.2 g) was added
in portions and the reaction mixture was slowly warmed to room temperature
over 16 h. The reaction mixture was diluted with diethyl ether (500 mL) and
filtered through a pad of celite. The filirate was concentrated and the residue
was taken in diethyl ether (500 mL). This was passed through a pad of silica
gel and the filtrate was concentrated to provide the aldehyde 50.05 which was

carried forward without further purification.

Step 4

E fCHO HCI. HQN CO,H

50.05
50.01

The aldehyde 50.05 from above was converted to the desired material
50.01 using essentially the method of Chakraborty et. al (Tetrahedron, 1995,
51(33), 9179-90).
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over 16 h. The reaction mxture was diluted with
diethyl ether (500 nL) and filtered through a pad of
w@eloses24The filtrate was cegcentrat ed and t heP€BBERTN®005924

was taken in diethyl ether ?500 m.). This was passed
through a pad of silica 20 gel and the filtrate was
concentrated to provide the al dehyde 50. 05 whi ch was
carried forward without further purification. Step 4

ton offitermedialepbfl.0Oe  50. 05 50. 01 The al dehyde
50. 05 from above was converted to the d@si red materi al
25 50. 01 usiqg essentially the Chakraborty

et. a/ (Tetrjahedron, 1995, i\bﬁ” \g 9-90H; WO
2005/ 0852 PET/ US2005/ Q0592 re si on of
I nt er medi at € .01 O HOOYN--~- 5H3 O - CH3
51.02 51.01 e required internedi at 1.01 was

obt ai ned fremokhe al dehyde 51.02 5 usiimg the

S S TaBL T e o RPN 5102

us@getg@rhiéor‘a%ﬁe‘?f SEWF%I%CSE%SQ(T lQOChb§ra|NoH}7|%)t|gQ,o " 5%803

Teabédron, 1995, 51 (33), 9179-90).

Preparation of compound 5000:

O

5000

Step 1

0
NHBoc
L X
O

5000a 5000b

To a stirred solution of N-Boc-(S)-valinol 5000a (10.0 g,49.2 mmol),
phthalimide (7.40 g, 50.3 mmol) and triphenylphosphine (13.0 g, 49.6 mmol)
in anhydrous THF (100 mL) at 0°C was added diisopropylazodicarboxylate
(DIAD, 9.8 mL, 49.4 mmol). The resulting solution was then stirred at rt for 18
h before it was concentrated to dryness. The residue was dissolved in CHxCl
and purified by silica gel flash chromatography (10-40% EtOAc in hexanes) to
give product 5000b.

Step 2

O
B
O

5000b 5000c
To a stirred solution of 5000b (8.8 g, 26.5 mmol) in methanol (100 mL)

at rt was added hydrazine monohydrate (1.4 mL, 28.8 mmol) and the resulting
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To a stirred solution of N-Boc-(S)-valinol 5000a (10.0
g,49.2 mmol ), phthalimde (7.40 g, 50.3 nmmol) and

Wwao poosiogszy phosphi ne (13.0 g,7¢49. 6 mml ) i n ankgOU2085/005924
THE (100 m-) at OC was adged
di i sopropyl azodi car boxylate 15 (DIAD, 9.8 nL, 49.4

sofﬂ??'@h)wasTﬁﬁrécféﬂhtfbﬁ% $0 hgitRhanagdralpe mbhbh?d#a@é %_G bmL,
h before it was concentrated to dryness.

1 Or%mmmaaw@sadﬁe@ls@]d/ﬁw mixt@reeas breyght je rreﬂ%anwtlrred for 4

ol R ePRiopo g b TRAThPSRERR o o SRR rplager

wad2ddNdBatratdd 10 drgReSO0MEe RYMIee wae dissolved dCERCItdrenthe
of 5000b (8.8 26.5 mmol ) in nethanol (100 mi-) at

Precipii@is Wasiegriny tersd al. Afiabegrreairation, a,yﬁLowzal Wasmol )
o' Lk fg WO 2005/ 085242 79 PCT/ US2005/ 005924
Obgéci)'ﬁlecﬁ 9?\2@‘ ?rred at it for 18 h. Additi onal
Stéwy@razi ne nonohydrate (0.5 nlL, 10.3 nmol) was added
and the m xture was brought to r?l(yx and stirred for
4 h before it was cooled to it. eqiHioL at e was

filtered off, f\HBos ol ut i on ﬁon entrated to
dryness. The’r esk due was dissol v Cl2 and the
5 precipitate s again filtered . After

concentration, %&b( el low oil was obtﬁo'_@%d (8. O g,
quant.). Step H N NHBoc S, H 5000c
5000@ a §oluaosan‘fl50000 (d)fO $,0094 nirmol) ing CHGl4! (‘ﬂlﬁﬂ L) at -30°C
t .
in gBaaCRe BT BidRd SaTainprodu RUIFPRA PiStigs (60 Hie .08
rﬁanlahdatﬂetﬁywarﬁmvdﬁm A, (7189[ﬁ1rﬁ?91) TheSRogting solTh@n was

resulting solution was warned to it al on

sl terrialoronwil e batieand e rifih. ANGEPRELAH:Gh and 1
N g%gé:&gtig}t%%vg&ggﬁic&@ggg %ea%?/ePsh\?/eLea@ﬁe?ra\f@& Erhe aqueous

solution was extracted with CH2Cl2 (2 x 100 mL). The organic solutions were
combined, filtered, dried (MgSQO4) and concentrated. The residue was purified

by flash column chromatography using 10-40% acetone/hexanes to afford 1.0
g (59%) of 5000d.

Step 4
Q.0
7 0]
SeN NHBoc = ¥ NHBoc
” ¢
cl

5000d 5000e

The suspension of 5000d (1.0 g, 2.92 mmol) and sodium hydride (0.32
g, 60%, 8.0 mmol) in anhydrous DMF (100 mL) was stirred at rt for 8 h. After
cooled to 0°C, 5% aqueous phosphoric acid solution (110 mL) was cautiously
added followed by EtOAc (150 mL). The layers were separated and the
organic solution was washed with 5% aqueous phosphoric acid solution (100
mL) and saturated sodium bicarbonate solution (2 x 100 mL) before it was
dried, filtered and concentrated. The residue was purified by silica gel flash
chromatography (0-40% acetone in hexanes) to give 0.63 g product 5000e
(70%).
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solution was extracted with CH2ClI 2 (2 x 100 nmL). The
organi c solutions were 15 conbined, filtered, dried
W@ MpSQ¥24and concentrated. ghe residue was purPET/E82008905924
flash col um chronmat ography using 10-40%
acetone/ hexanes to afford 1.0 g (59% of 5000d. Step
£§ S NHBoc 0 0 H ~ NHBoc «cl 5000d 5000e 20 The
suspenS| on of 5000d (1. O g, 2.92 rzgol) and sodi um
hydri de (0932 g, 60% .0 Mol 93\ nhyelrags DVFE (100
m-) was spPry-ed-Aters feF—8—>h Qeﬁ' cooledto 0C,
5% aqueous O/Z\EEQH c acid soluti nm.) was
cautiously added followed by Et OAc (150 nm.). The
| ayers were sepgfeat ed and the organi®osol uti on was

washed with 5% agueous phosphoric acid solution (100
25 Whe)soaﬁ@nsceffm%&@e@ m%ﬁ)ﬁunm)darﬂai\lé*gﬁlﬁlpéén? yag
f ar,

stl%(%g gghttfér)% %’ A d?t ﬁrﬂé {hé’i@é uégn\‘;\t%ged fjdr Jlirgyﬂ'égg lﬁ‘UQCt[lo to glve 0.60 g
prddues 5008 liqwarett)ogr aphy (0-40% acetone in hexanes) to

gi ve 0.63 g produc ( . VWD 2005/ 085242 80
Prépe YokEoum : 2 3L/ 0 NH HO S, NHBoc

SN-X2 U 5000e 5000 The soI uti on of 5000e (0.62
g, 2.02 mol) in 4 N dHpxiane was stirred at rt

e E

for 4 h. It was then &o nfrated to dryness in vacuo
to give 0.60 g 5 product 0 (quant.). Preparation
of conpound of fornula 500154 NH2- HCl ~N -~(

Step 1

O
HB
L O
———-

5000c 5001a

Compound 5001a was prepared from 5000c and 4-bromobutyryl
chloride according to the procedures described for the preparation of
compound 5000d.

Step 2

o) 0]
OO — O
—

5001a 5001

Preparation of compound of formula 5002
0
O)LN NH, HCI
\_/

5002

Step 1
0

/U\N NHBoc

0

e — ST
B

r
5000c 5002a



5001 Step I O H2N NHBoc ~N NHBoc 5000c 5001a io

Conpound 5001a was prepared from 5000c and
wa2sosbut yryl  chloride aggording to the proR€HURHS5/005924

described for the preparation of conpound 5000d. Step
2 00 jNNHBoc (JH2. HO -,-x "-x 500l1a 5001 is

P f
5 SBRPAPD STOBARRSUIRT SO0 Sorbbieli HC

chlaﬂﬂamm muogﬁam PlodeCNr¢ssdessitEusor the grepsasatieon of
5002a repared from 5000c and 2-bronvoet hyl
CO@HPU?%?’@ﬁﬂate according to the procedures descri bed

Stef% the preparation of conpound 5000d. Step 2 Oo0
oc NHBoc OH UN Br

)J\ NHBoc
o H/I O)J\N NHBoc
8 J

Br

5002a 5002b
Compound 5002b was prepared from 5002a according to the

procedures described for the preparation of compound 5000e.

Step 3

5002b 5002

10 Compound 5002 was prepared from 5002b according to the

procedures described for the preparation of compound 5000 (Step 5).

Preparation of compound of formula 5003

O
O

5003

O
NHB
0]

5003b

Step 1

5003a
Compound 5003b was prepared from N-Boc-(S)-fert-leucinol 5003a

according to the procedures described for the preparation of compound
5000b (Step 1).
Step 2

15



5 5002a 5002b Conpound 5002b was prepared from 5002a
according to the procedures described for the

w@e@sasrit on of conpound 50%%& Step 3 O 0 ~NeQHBSD05/005924
ON--~(NH2- HC 5002b 50 10 Conpound 5002 was
prepared from 5002b according to the procedures
descri bed foo the preparation of conpound 5000 (Step
5). Prepa [ oﬁHg;,erpound of A 5003 62N NH2
HCI O 5003 Ste O NHBee>N NHOJO "15 5003a
5003b Cowpound 3b was preparee
N- Boc- (S) - t enf- | euci nol 5003a accor di ig to the
procedur es desipdbed for the preparatisop of conpound

20003 o, B AR A oo o

pr&%@!&beéa@&r%m@umé prépAraten Bf emapednd 500033(13’1&5)

accordlng to the orocedures descrlbed for the
i : Ut ep 5). Preparation of

conpound of formul a 5(904) OS

sy NHz HC!
oL

5 5004

Step 1

(0]
NHB
0O

5003b 5004a
Compound 5004a was prepared from 5003b according to the

procedures described for the preparation of compound 5000¢ (Step 2).

10 Step?2
\,,o

\ NHBoc
B e o

5004a 5004b
Compound 5004b was prepared from 5004a according to the
procedures described for the preparation of compound 5000d (Step 3).

Step 3
/O O
(T\H/I\IHBOC O\\S/LN/I\]HBOC
U

15 5004b 5004c
Compound 5004c¢ was prepared from 5004b according to the
procedures described for the preparation of compound 5000e (Step 4).

Step 4



10

15

-N NH2 HCI 5 5004 Step | ON cN JHBOC HZN HBoc O

5003b 5004a Conpound 5004a was prepared from 5003b
w@ews/sh2my to t he procedur% descri bed for theCT/US2005/005924

preparation of conmpound 5000c (Step 2). 10 Step 2 O,

0O H2N ~rHBoc N CJHBoc H CI 5004a 5004b Conpound

5004b was Opr(kpared from 5004a acgor@h ng to t he

procedures °§or the prep b "Ebmpound
5000d (Step\jf) Step 30 SN NH NHBoc H N
Cl 15 5004b 5004 Compound 5004c was p epared from

5004b accordi ng 5009 the procedures desch bed for the
preparation of corrpound 5000e (Step 4) Step 4 WO

2009 dMgsaiAd mfwsgﬁagawm5Momrmngo tReS*N
NH2 HCI U U 5004c ound 5004 was prepared

preGastured dascrirasoioaithe pfeeparﬁtéorp pbeemapead 990 (Sti 5 -or
the preparation of conpound 5000 (Step 5).

Preparation of compound of formula 5005
0

A NH, HCI
o N
AN
5005
Step 1
0
NHBoc o)J\N NHBoc
"1 I
——
Br
5004a 5005a

Compound 5005a was prepared from 5004a according to the

procedures described for the preparation of compound 5002a (Step 1).

Step 2
0]
O)]\H NHBoc O)l\N NHBoc
8 \_J /J/\
Br

5005a 5005b
Compound 5005b was prepared from 5005a according to the
procedures described for the preparation of compound 5002b (Step 2).

Step 3

5005b 5005
Compound 5005 was prepared from 5005b according to the
procedures described for the preparation of compound 5000 (Step 5).



5 Preparation of conpound of formula 5005 O ~N NH2

HCI Ov 5005 Step 1 O H N NHBoc O N NHBoc 2 Br
wWoe04es80D5a Conpound 5005g was prepared fronPGDO805/005924

according to the 1o procedures described for the

preparati on of conmpound 5002a (Step 1). Step 2 00

Pr@baréﬁmeoﬁmd oRfofthuRP98@e 5005b  Conmpound 5005b
was prepare rom according to the procedures
descri bed for the prep%r ation ngti onpound 5002b (Step

2). 15 Step 3 010 & H2 HCI  Ov 5005b
5005 Conpound 5005 prepared from 5005b accordi ng

to the procedures described for the preparation of

compound 5000 (Step 5). WD 2485/ 085242 84

PCT/ US2005/ 005924 Preparati on of conmpound of fornula
Stemde 0 <~kN NH2 HCl 5006

0O
HZNI\IHBOC &N/INHBOC
—_———

5004a 5006a
Compound 5006a was prepared from 5004a and 4-bromobutyryl
chloride according to the procedures described for the preparation of
compound 5000d.

Step 2
o) O
&N/INHBOC JEN/INHZ HCI

5006a 5006
Compound 5006 was prepared from 5006a according to the
procedures described for the preparation of compound 5000 (Step 5).
Preparation of compound of formula 5007

o)
O\\S’QN NHy HCI
B /:P
S
5007
Step 1
O\ L0 )
HoN NHBoc ‘SQN NHBoc
57 “co,Me
5004a 5007a

Compound 5007a was prepared from 5004a and 2-carbomethoxy-3-
thiophenesulfonyl chloride according to the procedures described for the
preparation of compound 5000d.

Step 2
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Step 1 O H2N NHBoc N NHBoc 31 5004a 5006a 5 Conpound
5006a was prepared from 5004a and 4- br onobut yryl

W@ k0os/083t¢2 according to the g%ocedures descri beplCT/UB20051€05924
preparati on of conmpound 5000d. Step 2 0 O | _N NHBoc
~N-)NH2- HCI 5006a 5006 10 Conpound 5006 was prepared
from 5006a according to the procedyr@s deslc_:|ri bed for

t he prepar é%si,%n of yGesgpound 5000 e NHBoc

Pr epar at jyopr ot coppound -of—fer md al[ 5007 Al S~ N NH2
HO s 500f & H N NHBoc Og SN NHBoc ' 2 | H s
2Me 15 5 e 5007a Conpound 5007 was prepared

from 5004a angggr,car bonmet hoxy- 3 t hi ophspasul f onyl
chl oride according to the procedures described for the

pr epaithe solbtion of ester EM7aCEEh 9.5t b MAD IDENEYIRRIN 2
tolgehe 1AHepE AL 5obaa 80e9 e St N Bifers @2 0
mL582 Bmndol f He mbdure WEBIslirred a2 for20 min and at rt for 2 h.
Methanol (20 mL) was added followed by 10% aqueous citric acid solution
(100 mL). After stirred for 5 min, EtOAc (200 mL) was added and layers were
separated. The aqueous solution was extracted with EtOAc (2 x 100 mL). The
organic solutions were combined, dried (MgSO4), filtered and concentrated.
The residue was purified by flash column chromatography using 10-50%

acetone/hexanes to give 4.6 g (quant.) of 5007b.

Step 3
O\\S/’\ON NHBoG O\‘S”\ON NHBoc
(/1 H/q/\ - (/1 H/q/\
S )
OH Cl
5007b 5007c

To a solution of 5007b (1.04 g, 2.65 mmol) in CHxCl, | (50 mL) at -0°C
was added methanesulfonyl chloride (0.23 mL, 2.97 mmol) and triethylamine
(0.80 mL, 5.74 mmol). The mixture was warmed to rt along with ice bath and
stirred for 18 h. EtOAc (200 mL) and 5% H3POs solution (100 mL) was added
and the layers were separated. The organic solutions were washed with 1 N
sodium carbonate solution (100 mL) before it was dried (MgSQ4), filiered and

concentrated. The residue was purified by flash column chromatography
using 10-50% acetone/hexanes to give 0.80 g (73%) of 5007c.

Step 4
0

§7 N NHBoc O\\S”? NHBoc
v — O
8 3
ci S
5007c 5007d

The suspension of 5007d (1.17 g, 2.85 mmol) and cesium carbonate
(1.40 g, 4.30 mmol) in anhydrous DMF (100 mL) was stirred at rt for 18 h.
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toluene (40 m-) at -78C was added a sol ution of

DIBAL-H in toluene (23.0 nL, 34.5 mmol ). The m xture
woer®sesiziz ed at -78C for 20ggi n and at rt for PCHIUS2085/005924

Met hanol (20 ml -) was added foll owed by 10% aqueous

citric acid solution (100 nL). After stirred for 5

Fkgoﬁh@%rlh%(@mﬂ'\t) aM@EtofdgdoamsL ) w¥rr adaed and the layers
rated. The aqueous sol ution was extracted wt

weﬁ @qzar(awdx Thewrgenic stetiorowgawashes) wiaies i3 XvOe’iOemL) before

RETE N R e

500’“@?)&;})@ aphy using 10- 50% lo acetone/ hexanes to give
(quant.) of 5007b. Step 3 0 s NHBoc O N NHBoc
gg / (HSS OHdA 5007b 5007c To a solution of
5007b (1. 04(9 2. 65 mol) |nCH2 I (50n1 at -0C

was addedOnat Béonyl| chl or|
nmol ) an rijet hyl am ne——rs—’(o 74 mml) The
m xture war tort al ong |ce bat h and

stirred fof 18 h. EtOAc (200 m -) and 5% H3PO4
sol ution (100 ndpgrg Was added and the d0ayers were

ted. Th | t was,h th 1 N
S onCamssng R awas PasPeRd s S00Y§ arstanas o e
proe Hﬁ%s(ﬁ%‘%qgég b } S}El%g)gfélﬂ)n SRR SdOOThe resi due

Was pur i um chr omat ogr aphy 20 usi ng
Préﬁh@ﬁ%wmmdmchoéﬁom@m&) 80 g (73% of 5007c.

Step 4 0 0O SN NHBoc O S - NHBoc ~ ~cl s 5007c
5007d The suspensi on of OO7d g, 2.85 mmol) and
cesi um carbonate (1.4 'in anhydr ous DMF
(100 M -) was stirnadN WD 2005/ 085242

86 PCT/ US2005/ 005924

5008

Step 1

0 o ]
NHBoc
NHB %
o R i ()  J—— mN
N = >
0

5003a 5008a 5008b
Compound 5008b was prepared from 5003a and 5008a according to

the procedures described for the preparation of compound 5000b.

Step 2
0

0
NH, HC!
ae NHBoc @N
N HO NS~
O
5008b 5008

Compound 5008 was prepared from 5008b according to the

procedures described for the preparation of compound 5000.
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Water (50 mL), brine (50 nL) and EtOAc (300 m -) were
added and the layers were separated. The organic
waolosiosam was washed water g3 x 150 nl -) bef or BCT/USWE5005924
dried, filtered and concentrated to give 0.99 g of the
desired product 5007d (93%. 5 Step 5 0 0 d, 4NHBoc

Pr%’étiNnNchﬁgodNopoffdr'rdula-sobg\ ", y - 6~ s s 5007d
npound 5007 was prepared from 5007d accordi ng
to the procedures describgd for the preparation of
conpound 5000. Prep oR N dund of fornul a
5008 0 N NH2 HClI HG ;;%;5008 Step 1 0 0 HO

5003a 5008a 5008b

NHBoc NH N NHBoc 4O
Conmpound 5008b was prepared from 5003a and 5008a
according to the procedures®®scribed for the

Stﬁﬁpar ation of conpound 5000b. 15 Step 2 OO0 N NHBoc
NH2 HCIT N~ HCIN~ OO0

o O
7 N NHBoc a T N NHBoc
N\\ q/\ o s
o © ‘,

5008b 5009a

To a solution of 5008b (1.02 g, 2.93 mmol) in CH.Cl (50 mL) at -18°C
was added m-chloroperoxybenzoic acid (3.03 g, 17.6 mmot) and the resulting
solution was stirred at -18°C for 1 h before it was placed in a refrigerator
overnight (16 h). After stirred at rt for another 6 h, additional CH,Cl, was
added and the solution was washed with 10% NaHSO, and 1 N Na,CQOgs. The
organic solutions was dried (MgSO4), filtered and concentrated. The residue

was purified by flash column chromatography using 5-60% acetone/hexanes
to afford 0.49 g (46%) of product 5009a.

Step 2
0 0
Y N NHBoc V% N NH, HC
+N ~ -:N N
0 o) O o
5009a 5009

Compound 5009 was prepared from 5009a according to the
procedures described for the preparation of compound 5000.

Preparation of compound of formula 5010
Q.0

s’ .

5010

Step 1



5008b 5008 Conpound 5008 was prepared from 5008b
according to the procedures described for the

wee@sasaz on of conpound 5088. WO 2005/ 085242 BCIT/US2005/005924
PCT/ US2005/ 005924 Preparation of conmpound of fornula
5009 O / NNH2 HO _O NOS5009 Step | OO0 N NHBoc
/' NNHBoc / N~ NC O 5008b 5009aQ » To a sol ution of

5008b (1. g,zN;z: i.%@gc mrol) in CHRQ8-( HBoc at - 18C
was added f ch oroperoxybenzoi id(3403 g, 17.6
nmol ) and th ulting soluti®h wesmestirred at -18C
for 1 h before it was placed in a refrigerator

over ni ght (165°Hf“. After stirred at rf°P®r another 6 h,
addtbhiindBtd2wae preputdadrorn G00da e mhctipn 2vas
washed with 10% NaHSO4 and | N Na2CO3. The 1o organic

(chirbstifemd) berzaate egcomiiysse) thefprocedeigsdrpcribed forthe
concentrate yjdue was purified by flash
pre(pgquc}mp Qﬁ'ri%’ﬂﬁ?gﬁ?ggﬁ@auy ng 5-60% acet one/ hexanes to
5 sf%éord 0.49 g (46% of product 5009a. Step 2 0 0 / N
oc NNH2 HCI N O N~ 0 -0" 5009a,.5009 is Conpound

5009 was prepared from 5009a accor dlo\g’é)

pr ocedur gs._des BPDr the prep 4ti gn gf cg(r:mound
5000. ara'T'i of compourd of fe mul 10
COsMe OH
5010a 5010b

Compound 5010b was prepared from 5010a according to the
procedures described for the preparation of compound 5007b.

Step 3
o) Q
“S’go N NHBoc % N NHBoc
T —
: OH Cl
10 5010b 5010c

Compound 5010c was prepared from 5010b according to the

procedures described for the preparation of compound 5007c.

Step 4
0. o Q.0
“S’;N NHBoc s? NHBoc
Hq/\ — @qu/\
cl
5010c 5010d
15 Compound 5010d was prepared from 5010¢ according to the

procedures described for the preparation of compound 5007d.

Step 5



10

15

20

os o N ~CH2- HCI 5010 Step | WD 2005/085242 88

PCT/ US2005/ 005924 0% /,0 NHBoc H N NHBoc _ SN 2
wW@RRinEs28D04a 5010a Conpougg 5010a was prepar BATAUSING/005924

5004a and nethyl 2 (chlorosul fonyl) benzoate according

to the procedures described for the preparation of

Comemgga'u%@mo @a§g%b£rea ffeh S0MBsCcortiny 3Dithe HBOC
Co2we 5010a 501 Conmpound 5010b was Brepared from

prosedoeesadessiridieddor the prepafstiofeef saBpaerEPPBRd for the
SRR &l -.-_- -_’.-. 13.. Step 3 0 cNBoc s N

& 5 i 6c Conpound 5010c was
prepared from 5010b acc@rdl ng to the procedures
descri bed for the p zidﬁinpound 5007c. Step
4 Oo / SAN NHBoc / :I%

5011
Step 1
O\\/,O O\"/O
A O
COzMe - o)
5010a 5011a

The suspension of 5010a (0.60 g, 1.45 mmol) and cesium carbonate
(0.707 g, 2.17 mmol) in anhydrous DMF was stirred at 40°C for 18 h. Water
(50 mL), brine (50 mL) and EtOAc (150 mL) were added and the layers were
separated. The organic solution was washed water (3 x 80 mL) before it was
dried, filtered and concentrated to give 0.17 g of the desired product 5011a

(31%).
Step 2
%P NHBoc ¥ NH' HCI
oy — O
01 S
5011a 5011

Compound 5011 was prepared from 5011a according to the
procedures described in Step 5 of the preparation of compound 5000.

Preparation of compound of formula 5012

0
('iz/q/\r\mz Hel
0
5012
Step 1
o)
o~ NHBoG @Imoc
R
X o
5003a 5012a
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5010c 5010d 15 Conpound 5010d was prepared from 5010c

according to the procedures described for the
wee@sasatt on of conpound 5084d. Step 5 o~ 0 0 BUT/NBiB0O8005924

SAN NH2 HCI N 5010d 5010 2005/ 085242 89

PCT/ US2005/ 005924 Conpound 5010 was prepared from

S018enRfhRidB MR Was B OFer@éI FfH $908aHd HathrintitietdtRording

preparation of compoun . Preparation of corrpound
to tbe ArocediressiEseribed forHiae prepanation deompaing: 2300b.0
N_f NHBoC s~N NHBoc CO2Me O 5010a 5011a The

Ste pensi on of 5010a (0.60 g, 1.45 nmmol) and cesium
car bonat e 0.707 g, 2.17 nmol) i/ anhydrous DMF was
stirred at NHER(& h. Water NHaHGhe (50
m-) and 50 m-) were adde the | ayers

~were 1o se . The organic sol'u d) was washed
wat er (3x80rr1 before it was dried, filtered and

concentrat ed téOGPve 0.17 g of the desP¥3d product

i CoBrgEAGIZYER pfofired ok SO R Hling U o

prdcedareésNddscribeddodthegprepataton of compound 5000.

Preparation of compound of formula 5013

\\ /,

5013

0, .0
NHB Q.0 %
HZNI oc \\S( @/I\IHBOC
' U T

5004a 5013a

The solution of amine 5004a (3.0 g, 13.9 mmol) and 1,4-butane sultone
(1.8 mL, 17.7 mmol) in anhydrous THF (25 mL) was refluxed for 16 h. More
sultone (0.6 mL, 5.89 mmol) was added and the mixture was refluxed for
another 4 h. Phosphorus oxychloride (2.6 mL, 27.9 mmol) was added and the
solution was stirred at rt for 4 h. After cooled to 0°C, 50% w/w NaOH solution
was added slowly along with water (30 mL) until PH is greater than 12. Ether
(200 mL) was then added and layers were separated. The aqueous solution
was extracted with THF/diethyl ether (1:1, 150 mL) twice. Organic solutions

were combined, dried (MgS04), filtered and concentrated. The residue was

purified by flash column chromatography using 10-50% acetone/hexanes to
give 1.49 g of 5013a (32%).

Step 2

N/
\\/, DA

5013a 5013
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procedures described in Step 5 of the preparation of
conpound 5000. Preparation of conpound of fornula
WGOoWR/0e2aN NH2 HC O 5012 4,Step 1 O HBoc  NHBRCT/OB1605/005924
20 5003a 5012a WD 2005/ 085242 90 PCT/ US2005/ 005924
Conpound 5012a§vvas prepared from 5003a and gl utari m de
ac i
o G 8083 gl S L g e oc
pro¢&4iuriEs desciipad foribe preggaration ofi cdmgoLRdRA0r epar ed
from 5012a accolrjdi ng .o twaesggéocedures descri bed for
o 0. Preparation of
IO~ 0 SNH2 HJ 5013 Step 1

; | LNEHBEC h12N 4 - + CY 10
og ne 5004a (3.0 g, 13.9
Cs_)

Pr:

conmpound of formula 5013®
0 O NHBoc G5 O ~S: CJ
5004a 5013a The sof
mmol ) and 1, 4- but an

5014
Step 1
HO,C.__NHBoc HoNOC.__NHBoc
ij ij
5014a 5014b

To the suspension of 5014a (10.0 g, 41.1 mmol), HOOBt (8.7 g, 53.3
mmol), EDCI (10.0 g, 52.2 mmol) and ammonium chloride (8.90 g, 166 mmol)
in anhydrous DMF (400 mL) at rt was added 4-methylmorpholine (22.5 mL,
204.5 mmol). The mixture was stirred at rt for 70 h. Brine (150 mL) and 5%
aqueous phosphoric acid solution (150 mL) were added followed by EtOAc
(800 mL). The layers were separated and the organic solution was washed
with 5% aqueous phosphoric acid solution (400 mL) and saturated sodium
bicarbonate solution (2 x 400 mL) before it was dried, filtered and
concentrated to give 8.35 g product 5014b (84%).

Step 2
HoNOC.__NHBoc HZN/E fNHBoc
[ ] S

5014b 5014¢

The solution of amide 5014b (8.35 g, 34.5 mmol) in anhydrous THF
(100 mL) at rt was added a solution of borane methyl sulfide complex in
toluene (43.0 mL, 86.0 mmol) and the mixture was refluxed for 4 h. More THF
(100 mL) was added and 3 N HCI solution was added slowly until no gas
evolution was observed. To the mixture was added 50% w/w NaOH solution
slowly until PH is greater than 12. Ether (200 mL) was then added and layers
were separated. The aqueous solution was extracted with THF/diethyl ether

(1:1, 150 mL) twice. Organic solutions were combined, dried (MgS04), filtered
and concentrated to give 6.50 g of the product 5014c¢ (83%).
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(1.8 m., 17.7 nmmol) in anhydrous THE (25 nL) was

refluxed for 16 h. More sultone (0.6 nL, 5.89 mol)
womsastierl and the m xture was refluxed for aPOL/BI0081005924

h. Phosphorus oxychloride (2.6 nm, 27.9 mmol) was

added and the 1s solution was stirred at rt for 4 h.
Sté&bhBer cooled to 0C, 50% w w NaOH sol ution was added

slowy along with water. (30 m -) until Pkbis greater

than 12. Ether (200 was then added d layers

NHBee T 0gs,50l ution 5 ﬁBéﬁl

et hyk 1:1, 150 Tt) . @z nic
solutio were conbi ney, dried (MgSH), fol tered and
concentrated. The residue was 20 purified by flash

col um SAMSmat ogr aphy d%i*fg 10- 50% acet onéPHexanes to

9i Ve olthdSdutiin 0th3aarhid%014et gm(? 03.50 mthdl) am@ N=Cl
N 4NHBoc Dr 5013a 5013 WO 2005/ 085242 91

carmetho)szpothetiosde 50148 (D S0ra S013mab ipespydiewst Tidm(50 mL)

at BelpBig el int (T 8800 Bl TEE SR atafnd =

rt fof 1801, RtOADADS roL) bt B aqte0d phobplisripadid HOREIONHBOO
H2NOC NHBoc 5014a 5014b To the suspension of 5014a

mlg)were apdeshand fheplayersiuers separated. Hie aroamnit solutiprmivas

: 2 i . i .

waighSifh 572 auEBE: endiihoFiE BBLAGNTB) H (ahd e, e

and-cueickyitratedd ble meg(u%&vés pUrifiécb?@ggﬁmcé gatdiash cgl'cmna’;ography
m r tirr at. r or ., Brine -

(5508 BISARTR seansRoiv DESG piowit S0MdR 540 i )

sideye added fol lowed by EtOAc (800 ni). The |ayers

—%T‘e separated and the organic solution was washed

O O
B Ho' HCI
/\\)\/iN/ijNH oC u j :N/ijN 2
(@] (e}

5014e 5014

Q)

Compound 5014 was prepared from 5014e according to the
procedures described for the preparation of compound 5000.

Preparation of compound of formula 5015

0
Osgr” N NHy HCI
05

5015

Compound 5015 was prepared from 5014¢ according to the
procedures steps 1-5 described for the preparation of compound 5007.
Preparation of compound of formula 5016

0O o

N

s’ .
©/\/NE ENH2 HCl

5016
Step 1
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wi th 5% aqueous phosphoric acid solution (400 m-) and
saturated sodi um bicarbonate solution (2 x 400 m-)
whedosngs2ur was dried, filteged and 15 concent r BEBUS1005/005924

give 8.35 g product 5014b ?24%. Step 2 H2NOC NHBoc
H2N NHBoc O 5014b 5014c The sol ution of am de 5014b
(8.35 g, 34.54 | NHB6t anhydr oueNPHE_NHBOO m -) at it
was added a sol utjon of berame nmethyj sulfide conpl ex
in 20 tol uene ( m., 86.0 mmol) g the m xture was
refluxed for 4 re THE (100 miy_sas added and 3 N
HCl sol ution was added slowy until_ng gas evolution
was observed. To®¥$e mixture was ad&¥® 50% w w NaoH
sol ghifiihurdd 5046b Wak iprepAtedSrdh SW1®a ddtairdihg to Hhder

(200 nl’-) was then added and | ayers were separ at ed.
prothdureystend dasctibedifonthe prrpacatioadfionpoue 20 tiny |
S‘,[etger 25 (1:1, 150 m-) twice. Organic solutions were

ined, dried (MgSO4), filtered and concentrated to
e NmBaduct 5014c, g NHEYO 2005/ 085242
924 Step 3 O O"COget / AN, - NHBoc

H2N NHBoc N O O ¢5614c 5014d 5014e t he sol ution of

the am ne 5014c 80 g, 3.50 mml) ~apd N car bet hoxy

pht hal i m de 5014d g\g 90 g, 4.11 mmls}”d'cn anhydr ous THE

(50 m-) 5 at rf9&s added triethyllamne (1.0 niL,

7.1 ' rh50RékPhccordingab tA8 h.

Et O%gﬁzgldodondng Wﬁggg@;ﬁgoﬁ phosphori c agi d
praseldute ate 2odescnibpd fier thequreparaiion afftompsundS¢de

se ted. The organic solution was washed with 5%
St 6us phosphoric acid solution (80 nL) and dri ed,

filtered and concentrated. The ré&sjalue was purified

by silica f INaiBb: chr omat ogr St NBPUCEt QAC i n
hexanes) f gi ye 0.82 g—preduc e 5. Step 4 O
O N NHBoc N HC OO

5016¢ 5016

give 6.50 g efNdd
92 PCT/ US2005/ 005

Compound 5016 was prepared from 5016¢ according to the procedure
steps 3-7 described for the preparation of compound 5010.
Preparation of compound of formula 5017
Q.0

N\ 2

87 NHy HCI

J

5017
Steps 1-2
O‘\s”o NH, HCI
NHB < 2
H,N 0C U
———————— Y
5016¢ 5017

Compound 5017 was prepared from 5016¢ and 1,4-butane sultone
according to the procedures in steps 1-2 described for the preparation of

compound 5013.



5014e 5014 Conmpound 5014 was prepared from 5014e
according to the procedures described for the

w@e@sasatt on of conpound 50%@. 15 Preparati on BET/US2005/005924
conmpound of fornmula 5015 . SO NH2 HClI s 5015
Compound 5015 was prepared from 5014c according to the

Prel AGER SFcSmpRtintt 6F AthRilaBulg or the preparation of

compoun : repar atr on of conpound of fornmula
5016 OS o . N NH2 HCI 0 5016 Stepl WO 2005/085242 93
PCT/ US2005/ 005924 N 2 NHBoc 6 6 5016a
5016b Conpound 5016b p ared from 5016a accordi ng

to the procedure step 1 @escribed for the preparation
of conpound 5014b. Step 2 EHNOC NHBoc H2N NHBoc 6 5
5016b 5016c¢ Conpound 5016c was prepared from 5016b

Stepscb?di ng to the procedure step 2 described for the
preparation of compound 5014c. gteps 3-7 O-, 0 H2N
NHBoc s' N NHS 16c 5016 1 op ¢4cp016 was
prepared frifm Hcg\lgggcgcc—%dd'—ﬂg t&’ﬁe (rNg%edure steps
3-7 descri bed t he preparat iMf npound 5010.
Preparation of tonpound of fornmula %017 OS N NHZ HCI
5017 Steps 1-2003a 5018

5 Compound 5018 was prepared from 5003a and morpholine 3,5-dione
according to the procedures in steps 1-2 described for the preparation of
compound 5012.

Preparation of compound of formula 5019

0
NH,' HCI
0
5019
10 Steps 1-2
o}
NH, HCl
o)
5003a 5019

Compound 5019 was prepared from 5003a and 3,3-dimethyl
glutarimide according to the procedures in steps 1-2 described for the
preparation of compound 5012.

15 Preparation of compound of formula 5020

S /,O

5020

Step 1
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0~ 0 NHBoc s,N NH2 HCl "'~6 H2N "~6 15 5016c 5017
Conpound 5017 was prepared from 5016¢c and 1, 4- but ane
W@ adosose42 according to the ocedures in stepsPAF/PRS2005/005924
descri bed for the preparation of conpound 5013. WO
2005/ 085242 94 PCT/ US2005/ 005924 Preparation of
conmpound of ghonmg-a=5§381 O N2 BEHNS215018 St eps
1-2 0 Ha HOI HO NHBoc tzo O 5003a 5018 5 Conpound
5018 was prepared from 5003a and nor pholine 3, 5-dione
according to the procedures in st eps 1% 20descr i bed for
the preparation Q%N fhd 5012. tﬁrapsar\j ol
conpoGprtiNngddior nuf a 5019 O—2—HeEl AORH) [ 5019 1o
Steps 1-2 O HO NHBoc! N H2 HCI O 5003a 501 Conpound
5019 was prepared frg a5003a and 3, 3-di
glutarimde according to the procedures in steps 1-2
desToithedolutiontdfiehlorosulfonyl isocyanate (0.80 mL, 9.25 mmol) in

anhydrous CHxCl, (20 mL) at 0°C was added slowly benzyl alcoho! (0.96 mL,
9.25 mmol). The resulting solution was stirred at 0°C for 30 min before it was
added slowly to a solution of amine 5020a (2.0 g, 9.25 mmol) in anhydrous
CH,Cl, at 0°C. The mixture was stirred at 0°C for 1 h and at rt for another
hour before it was concentrated to dryness. The residue was dissolved in
EtOAc and washed with 1 N HCI solution twice and brine once. It was then
dried, filtered and concentrated. The products were purified by silica gel flash
chromatography (20-70% acetone in hexanes) to give product 5020b (3.11g,

78%).
Step 2
Q. 0 Cbz. 8%~ NHBoc
Cbz.. .S~ NHBoc H
NN N
H H
Br
5020b 5020¢c

To the solution of 5020b (1.60 g, 3.73 mmol), triphenylphosphine (1.46
g, 5.57 mmol) and 3-bromo-1-propanol (0.36 mL, 4.12 mmol) in anhydrous
CH.Cl, (40 mL) at 0°C was added diisopropylazodicarboxylate (DIAD, 1.10
mL, 5.55 mmol). The resulting solution was then stirred at rt for 2 h before it
was concentrated in vacuo to dryness. The residue was purified by silica gel
flash chromatography (10-40% acetone in hexanes) to give the product 5020c
(1.62 g, 79%).
Step 3

O\\/,o [e)

Cbz., .S< NHBoc P
N N Cbz., .SJ NHBoc
H\H UI

Br

5020¢ 5020d
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preparati on of conmpound 5012. 15 Preparation of

conpound of formula 5020 o~ ,0 HNS'N NH2 HCI 5020
WE@/0852410 2005/ 085242 95 PGE/ US2005/ 005924  BRCHUS2005/005924

O=C=NSQ2CI ChzHNS2CI OLO H N NHBoc Cbz, N, S. N NHBoc

CbzHNSC2CI + 2 H H 5020a 5020b To the sol ution of

chl ehasushany bn'o‘-f?ﬁ!@ﬂa(ﬂ &1 $ : @.QB%mo% A H&]U}n ¢dYbonate

anhydr ous CH2Cl C was added sl ow

<1 HemegisGmmmnbin gonos DV (480 mihyas Siced b tifor g h.

840 Baviine Lo e et BPAS (agtimb) B8 28h6a g g 18yers
wemébanaﬁe@nnwb@mc §61260R vads Washdd @afBrxBUt ¢5m> before
stirred at OC for 1 h and at rt for another

it wasr dried, ifiltered 26d soaaenizaled to@ive vm@%swem@rqde@t a%omég 40

g Ivedln Et OAc and washed with 1 N HCl solution
"and brine once. It was then dried, filtered and

Steon centrated The products were purified by silica gel
flash io chrggnéography (20-70% ace oge i n hexanes) to
give pro t 789% . p.2 Q0 O
Cbz, N, S: %%QN cN g\ﬁzﬁﬁéNﬁm HHN BN ga% 5020c
To the sol uth 020b (1.60 g, 23 ),
triphenylphosphlne (1.46 15 g, 5.57 mmol ) and
3-brono- 1- propan&l CE)O 36 ni, 4.12 mmol ), in0 anhydrous
CH2Cl2 (40 mM-) a C was added
dii §'hprmp(yurazﬁcﬁmm(dx4@ gt 2.980inAII) 4And A 0% Pd-6.(ast baS|s) in

abgglH %ew-gglgy; Eﬁ)z | n me h%tnlo?%om%i)tv\llqaesnwatt)rous?y stlrreé at rt for
2.5 h. The catalyst was filtered off through a celite pad to give product 5020e
(1.10 g, quant.).

Step 5
WP NHB O‘\s”o NH,+ HCI
5020¢ 5020

The solution of 5020e in 4 N HCI in dioxane was stirred at rt for 4 h. It
was then concentrated to dryness in vacuo to give product 5020.

Preparation of compound of formula 5021
o

ﬁ N(;'/\NHZ HCI
0

5021

(e
:f: NHy HCI
HO/INHBOC N/X 2
(@]

5003a 5021

Steps 1-2
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15

was concentrated in vacuo to dryness. The residue was

purified by silica gel flash chromatography (10-40%
waec@sose4t n hexanes) to gi v%&he product 5020cPCR0S2005/005924

(1.62 g, 79% . Step 3 0,0 , S. NHBoc OO N~ H

Cbz, NN NHBoc Br 5020c 5020d WO 2005/ 085242 96

Pm/dé?@@&ﬁ‘c@@@??%as@@ aHSPRBE 5003 arﬁ@?&ﬁbrﬁéﬂ'@ﬂerﬁa .
2.93 nmol ) and cesi um car bonate (1.4 4%1304 39 nmmol) in

glutatipifteoaecamiing(tedbe mprpcedivesin sieps &2 fibed for ﬂhe

(50 mM-) and EtOAc (300 nL) were
pr%@ﬁoég)g %@Wﬁ@gﬁgz wer e separated. The organic
Préphkdtich oMeemissied ofdbahul3562450 L) before 5 it was

dried, fiTtered and concenirated to give the desired

product 5020d (1.40 g, guant. bazg p 40 000O0

Cbz, NN NHBoc HN. S; N The m xture of
0% Pd C (wet basis) in
and net hanol (50 i) was

5020d (1.40 g, 2.98
to absol ute ethanol (50 niL
vigorously stirred at rt fo§ 2.5 h. The catal yst was
filtered off through a celite pad to give product
Stepd0e (1.10 g, quant.). Step 5 0 0 0O O HNN NHBoc
HN. S: N NH2 HCI 5020e 5020 15 The sol utign of 5020e

in 4 N in dloxanevm%stlrred at rt fr 4h,\”4"§01;3
was ncent Hate df ynessin
pr od 5020. Prepa |on of corrpou a 5021
0 N NH2 HCIo

5022a 5004a 5022b

The mixture of anhydride 5022a and amine 5004a in anhydrous
toluene was brought to reflux and stirred for 46 h before it was cooled and
concentrated in vacuo. The residue was purified by silica gel flash
chromatography (5-40% EtOAc in hexanes) to give the product 5022b (2.90

79%).
Step 2

o O
Hy HCI
o o

5022b 5022
The compound 5022b was treated with 4 N HCI for 30 min at rt and

concentrated in vacuo to give product 5022.

PREPARATION OF EXAMPLES
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O 5021 Steps 1-2 OH 2 HCG HO )rHBoc aN 20 5003a
5021 WD 2005/ 085242 97 PCT/ US2005/ 005924 Conpound

WG/ 0882 prepar ed from 5003 and tetranmet hyl ePeT/US2005/005924
glutarimde according to the procedures in steps 1-2
described for the preparation of conpound 5012.

Pr gﬁ%@!&fbpﬂoﬁfgmeﬁ?ﬁﬂef formula 5022 0 N NH2 HCl
Boc NHBoc aN\ | O O + HEN

5022a 5004a 5022b The m xtu\v,e/of anhydri de 5022a and

am ne 5004a in anhydrous w wag brought to
reflux and stirred for 46 or wagi, cool ed and
i 0 concentrateoo\wm vaguo.y Th'e rgsi ue s purlfl ed by
0%
( 0

silica gel %T; Et OAc in
hexanes) to g| he] pr duet 5022b g, 79%.
Step 2 OO0
5146
Step 1
0
Qo Cbz. /\”N NHBoc
Cbz &2 NHBoc H/I
NN
AP
5020b 5051a

To the solution of 5020b (2.0 g, 4.66 mmol), triphenylphosphine (1.83g,
6.99 mmol) and 2-bromo-ethanol (0.31 mL, 5.12mmol) in anhydrous CH2Cl>
(30 mL) at 0°C was added diisopropylazodicarboxylate (DIAD, 0.996 mL, 6.99
mmol). The resulting solution was then stirred at rt for 2 h before it was
concentrated in vacuo to dryness. The residue was purified by silica gel flash
chromatography (10-40% acetone in hexanes) to give the product 5051a
(1.50 g, 63%).

Step 2
Cbz O\s’o NHBoc Q.0
NP \N/:L Cbze 7 NHBoc
H N“ N
H l_l/:ﬁ
Br
5051 a 5051b

The suspension of 5051a (1.5 g, 2.79 mmol) and cesium carbonate
(1.36 g, 4.19 mmol) in anhydrous DMF (100 mL) was stirred at rt for 18 h.
Water (50 mL), brine (50 mL) and EtOAc (300 mL) were added and the layers
were separated. The organic solution was ‘washed water (3 x 150 mL) before
it was dried, filtered and concentrated to afford 1.37 g of crude product.
Purified via flash column( 10-30 % Acetone-hexane) to afford 0.98 g of 5051 b
(82 %).
Step 3
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~ X IJHBOC O O 5022b 5022 15 The conpound 5022b was

treated with 4 NHCI for 30 mn at rt and concentrated
WO p003@g2e2 t 0 gi ve product 5@% PREPARATI ON QFCT/US2005/005924

EXAMPLES WO 2005/ 085242 98 PCT/ US2005/ 005924

Preparati on of conpound of 5146 HO NNH2 O A0 N N,

JN NYN-O 0 80D 05146 Step | 0 Cbz 5S~ NHBoc O\ i0 N

N Cbz, NS/ ;N NRBos. bNHBeH Br - 50200 %0542 NBHTO t he

sol ution BF|5030b |(2.0 g, 4.66 1),

tri phenyl phosphi 1.83g, 6.99 o

2- brono-et hanol (0.31 nL, 5. 12mm|) i n anhydr ous

CH2Cl2 (30 m-) 805tke was added5051c

di i sopropyl azodi car boxyl ate (DI AD, 0.996 ni, 6.99

mol ). The resulting solution was then stirred at rt

f or T8 dorisdumide5031 E98 @oacmwmmletﬂ douiw pede ddeled 4 M HCI
ryness. The residue was_purified h ?/:’_SI l1ca gel flash
f-

in (il@X%mﬁr 6ratBY) algrent tempoSHERG A Heh. i Lite shAweY Noostgiting

ma&%?e}lpﬁl)?%g 3 Bégéﬁlt@? &é&?ﬁﬁﬁﬁﬁ@ggo@mpéﬁ GRhh kahe@Hd then

with ether. Washed out the non-polar material with ether and kept under high
vac. over the weekend to give the product as a pale yellow solid (842 mg,

guant.). Product was used without purification.

Step 4
N Y
%OMe OMe
N —_— N
CIHHZN\/&O o) OCN\./&O o
g ah
1.04 5051d

To the amine hydrochloride 1.04 ( 3g, 9.4 mmol) in Dichloromethane
(50 ml) was added 50 ml of saturated NaHCOs. Stirred vigorously at ice
temperature for 5 min. Stopped stirring and phosgene ( 2 equiv. 20 % in
toluene, 10 mL) was syringed out to the lower layer and restored the vigorous
stirring immediately. Checked the TLC at times and after 2 hrs it showed
complete consumption of starting material and then separated the layers.
Washed the water layer one more time with dichloromethane( 3 ml) and dried
over anhydrous sodium sulfate. Filtered and evaporated off the solvent using
rotary evaporator under reduced pressure without hot bath to half the volume
and then flushed Nz for 15 minutes. Diluted to 33.5 mL with dichloromethane

and used as 0.28 M solution for further couplings.

Step 5



Br 5051 a 5051 b is The suspension of 5051 a (1.5 g,
2.79 mol) and cesium carbonate (1.36 g, 4.19 mmol)

WO poosfosspez ous DVF (100 m -) qy@s stirred at rt POT/USBO§005924
Water (50 nmL), brine (50 nL) and Et OAc (300 niL) were
added and the |ayers were separated. The organic
sol ution was washed water (3 x 150 nL) before it was

dried, filtered and conce ated to afford 1.37 g of
crude prédact. 20 Pur|f| e%mel ash colum( 10-30 %

Acet one=Niexa Qf fnd g of 5051 b (82 9.
Step 3 0 085242 99 PCP/ US2005/ 005924 00 OO ' 1
NHBoc ~NBi ChzN' N NH2HGI’]\ CbzNJ ~ 0.- " " 5051b

5051c To cAfibund 5051 b (GsR8 g, 2.15 mmol\~1 equiv.)

was added 4 MHCI 5 in dioxane (25 nL) at m t enp.
Stirred for 1 hr. TLC showed no qtgrtlng %@'\@I

Evaporated off the solvent,andb ell_wlt o hexane

and then wth ether. Washed ou he noh- gol Qr

material with ether and kept under filgh “Vac. over the

weekend to give the product as a pale ye},l,g1gw solid
Product was used wit

ot o Barardne A0 s, @penar@w@sd@cnmem Before: (7a ipan2 9
mr§9“10 dltmm“’f)ﬁ@ﬁll(uﬁjo ﬁﬂ%r A . eqm&fg&g%ﬁ%w df1égﬂa 1254
mmbl)ca‘t iceatenm@EdratlrélaAGT8d |§1c1yanakda 5053kd Oluewwav diéosf 0.628M

s sofupugapy N Simopnd, stirgindands i abioe GaPkBRTRGIY din &t
rodf&ehPepiturNSlieidibd ®ith 084 dithe a‘é‘icﬂgﬁé‘ \étracted with EtOAc
and washed with brine. Dried over anhydrous sodium sulfate and filtered and
evaporated off the solvent. The crude product was purified via flash column (
10-40 % % Acetone-hexane) to afford 800 mg of 5051e as a white solid (58

10 %). '"H NMR (CDCls, 300 MHz), 6, 7.4(m, 5 H), 5.3(bs, 2 H), 4.4(d, 2 H,), 4-
3.6 (m, 6 H), 3.6 (s, 3H), 3.25 (m,2H), 3( m, 2 H), 1.02- 0.98 (m, 25 H).

Step 6
0 OMe \\ ,,O
5P HoH \ —S N\/& O
-8
o i
0
5051e 5051f

The mixture of 5051e (0.600g, 0.904 mmol) and 10% Pd-C ( 10 % wt
15 60 mg) in methanol (10 mL) was vigorously stirred at rt for 1.5 h. The reaction

mixture was filtered through a celite pad to give product 5051f (0.45 g, 94 %.).
Step 7
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stirring i medi ately. Checked the TLC at tines and
after 2 hrs it showed conplete consunption of
waee@siosszgz mat eri al and themgeparated the | ayePGI/US2005/005924
Washed the water | ayer one nore tine with
di chl oronethane( 3 m) and dried 20 over anhydrous

sodyymes slifathRie 5054460 MEY. FORRPAGT ¢ EfiiV.) InthF( 10 mL)

solvent using rotary evaporator under reduced

at ipe dampetatuie haddeh 52686 h( 368 Mg, 1. rauive[luldd Manel) aReé Mel

(o R 5 B0 0 BT e, BV 2o, it & room

ten*in’érb’ﬁﬁé feoNBrhils. A‘éttﬁé TELG/‘@wél(MNISWdlﬂ@ startlng materlal
CT/ US2005/ 005924 ¢ ZNS: N NH2

, qEEhed Wits water z@d.|e}q‘.r@§ted vyﬂj\,éto@z K@shqq\fi\m@je@ wlptlulwater

ang ot A1 gRBl Bgp anfycou8 el G PRI e )

al]&ﬁra?ﬁjd@‘ﬁtlﬁ ﬁﬁﬁeﬁﬁam pufied QlanQasthﬂi;oI%erbQO-m aacetbnz-
t .
nexine 1o 2HRTGS30IT A P! SRS (RBVAL MR (E Picte et e,

r d t
1D HETAFTREP I $230 200 ST o S TR St 2
3.08t @A\BH) a8 (sydihed 4!(Im H Hyr ﬂr%m IZbH)ed @Qhe(i) 9&r(ry dddd}
sogi umsulfate and filtered and evaporated off the
St vent. The crude product was purified via flash
colum 10-40 %%gécetone-hexane) to afford 808 _ng of
5051e as a white 36lid (58 io % 3=

MHz), 5,7.4(m 5/H), 5.3(bs, 2 H),
36(m 6 H, 3. @m 3.25_(
50. 98H(mH Step 6
“'N*“?j‘#r "
5051g 5051h

To the methyl ester, 5051g (300 mg, 0.607mmol, 1 equiv.) in dioxane
(10 ml) was added LiOH (1.8 mL, 1N in water, 3 equiv) and stirred overnight.
Quenched with 1 N HCI and extracted with EtOAC. Washed with brine and
dried over anhydrous sodium sulfate. Filtered and evaporated off the solvent

to give the crude product (290 mg, 90 %).

Step 9
\,/
G p
OH CIHH,N NH
Q, 2 2
N Y Yo °
O /|\
10.11
5051h \/
- OH
H
N NH,
Q.0 <;ijr
N H H
N- N__N o) 0
— O g

To solution of the amine 10.11, prepared as described before (16.51
mg, 0.079mmol, 1.2 equiv.), and 5051h ( 35 mg, 0.066 mmol, 1 equiv.) in
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NHJ, 0O CbzNl "S N~T Is NYNNM\OOCNNOVIOs O

5051e 5051f The m xture of -5051e (0.600g, 0.904 mol)
war@sagssPd- C (10 %ow., 1H$H0 ng) in met hanoPCT/US20EH05924

was vigorously stirred at rt for 1.5 h. The reaction

m xture was filtered through a celite pad to give

DMF 0d0ch!) 2R DC (Bs4kided HATH(.2 e§lien 0/0RD ntind¥ 381.80md)
~3.yOMe. N~O O HN-S NuN~O O NYO 0 1111 5051f 5051g

follmegldasDU%%Mﬁ enuiv. PR Ao G52 209 supal). Strred éorsly hfeéimede

teripgrapuf LR A sdom embaittind oueRo i) §re: S

exttadtéd WiPEYOACH Wdhed with §8r@ebdiutn ®dronate arebtheh-with

under nitrogen atnosphere. Stirred at room
brm@@ee@pufaéanbydr@v& SR SUW@;teE fiberadaanthavarstesheffdie

ched with water and
SOIQ% ra '{é%@%egﬁé@[%rﬁ%s e %4 times with water and

Step 1@ brine and dried over anhydrous sodi um sul fate.

Filtered and .evaporated off the solvent and purified
via flash colupn( 20-40 % acet one- hexane) to afford
390 my of 5051 ’(9 % .0aH NVR (CDCI 3, 300 MHz) 4.4(d,

H) 3.99- & W@.S (d, 2H), 3.7(s, 3H)),
2 5(m 2H)] io 3.01 (m3H), 2.8(s, 3H),
“f (R H)Hvr% o ¥ 1200 o.s(arsn(rl}? 24 I—I§S StH)ep

O—I ~OHHN/NNOO N NNOQNSW OO
50519 15051h the nethyl ester, 5051g (380 ny

0. 607mml , 15&}u v.) in dioxane %H\@(
N NH,
\ \W)
o) o]

N(‘)S\/O N K i
—_— K/N/l \g/ H ©
“T™

5146
To the hydroxy amide 5051i (60 mg, 0.087mmol, 1 equiv.) in 1:1
mixture of DMF/toluene(6 mL) at ice temperature was added EDCI.HCI( 167
mg, 10 equiv., 0.878 mmol) and dichloroacetic acid( 36.29 plL, 5 equiv., 0.439
mmol) and stirred for 5 min. Then stirred at room temperature for further 3
hrs. Quenched with brine and washed with 1 N HCI followed by sat'd NaHCO;

and again with brine. Dried over anhydrous sodium sulfate, filtered and

evaporated off the solvent. The crude product was purified by preparative TLC
(40 % acetone-hexane) to afford 25.2 mg of 5146 (43 %). LRMS , m/z,
682[(M+1) ], 375.

Preparation of compound of formula 5237
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(10 M) was added LiOH (1.8 nL, 1 Nin water, 3 equiV)
and stirred overnight. 15 Quenched with 1 N HCl and
wezisaserl Wi th Et OAC. Washggawi th brine and BET/E82005/005924
over anhydrous sodium sulfate. Filtered and evapor at ed
off the solvent to give the crude product (290 ng, 90
Stépq Step 9 OH 9 OH+ CCHE2NNH2 GCGa N-Y ,ON S, N
000 ~~// 1Al 10.11 5051h ™H ':~O,0HH
Il N _NH2 \\NDS NYNY O 0 0 O 5051r/20 Toé\?% ution
r

of the SRfneSt NHBoShared as desinrThed 8
(16.51 gy, L0 0794nol, 1.2 equiv.), land 50k1h (35 my,
0.066 nmol, 1 eqGilvi) in WD 2005/ 085242 10

PCT/ US2005/ 005924 DMF (10 nl) at 0 "Cyas added HATU
(1.2 equiv., 0°G%® mol, 30.18 ) o182 by DI PEA

(8 %uwmpoaﬁd $054b 1%%9 mmol )$himhéPanbPWvas Addal Pd/C

9.
i ce erature ané t hen room terrper at ure.
(5‘?@Jfémwhe Gumg) undeir N@latrmapheset afé@twamtlhnEEmated again

Washed rbonate. and th th.5
ang Y el Tt oA, e AQkaE RAMTRIRR bt hrtob ot
statflflg eyaeabRFebred fanbmv @%feerdﬁ e silvéntitbefor® Gosiza (819
méSZrTQ 100 % . Step 10 ~/NHZ \ sO N~ 1

Step 2
O\ / )\ S //
b NHBoc

HN ’S\N NHBoc
I_!

5052a 5052b

To the amino compound (285 mg, 1equiv.) in DMF(10ml) added 2-iodo
propane( 5 equiv.) and Cesium carbonate (1.5 equiv.) at ice temperature and
stirred for overnight. Temperature of the reaction mixture was slowly raised to
room temperature. Quenched with water and extracted with EtOAc and
washed the combined organic extracts with brine. Dried over anhydrous
sodium sulfate , filtered and evaporated off the solvent. The crude product,
5052b was used as it is for next step (310 mg, 96 %). 'TH NMR (CDCls, 300
MHz) 4.5(d, 1 H,), 3.8-3.6 (m, 2 H), 3.4-3.2 (m, 2H), 3.01-2.8(m, 2H), 1.9 (m,
1H), 1.4 (s,9H), 1.2(dd, 6H), 0.98(s, 9H).

Step 3
Q.0 O\\ 0
)\N/\\SZN NHBoc )\N/SiN NH,HCI
1_11 I B

5052b 5052¢c

Compound 5052b was dissolved in 4 N HCI in dioxane at rt and the

solution was stirred for 1 hr. TLC showed no starting material. Evaporated off
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N~-S\ NYNOO O50511 NONHa O-sO NN- SN
NyNI"'I~O OO0 O5146 To the hydroxy am de 5051 i (60
worgeos0sL87mol , 1 equiv.) i1r(1)41: 1 io m xture of PCT/US2005/005924
DMF/ tol uene(6 m-) at ice tenperature was added
EDCl . HCl ( 167 ngy, 10 equiv., 0.878 mmol) and
the Wchln? 'éﬂ@“a%%? ﬁ%ﬂ%ltt‘?ﬁ@%é—an@tfﬂéwwuh etRerd B&pt GABE)D high

and stirre hen stirred at room
vad. éompmreanighttd aiforfdﬂZ‘nmg o 5082¢ (%Buénched with brine
Stan ~washed with 1 N HGO followed by sat'd NaHCO8 and
gain with brine. Dried over anhydrous sodium sulfate,
filtered dolg evapor at ed of f t $ylvent. The crude
product QQ bs(rl emHMe! preparauia\,/?bg ¥C%
acet one- hex ne) tojafford 25.2 19 of 5146 4 % . LRVB
, mz, 682 1 ~ 375. Preparation of ound of
formula 5237 20 2005/ 085242 103 PCT/ U82005/ 005924
Step | OO0 O- O Cbz.N.S: N NHBoc HNN NHBoc u -~ u 5051b
5052a To conpd@$@c5051 b (1.16 g, H0R%mol) in

 nepved e ARG el (et Oortite. o SR IH TS (5 m)

anébtjﬂé@@ HOGFNHRCOQ(sRW) @t e (Ehiperhtured Stivrgal ‘egerously for
consunption of starting material. Filtered

2 reinaptappeddtising apd sysngesout Bhasgenel (486l )6%8%69 regption
mpéggez/%nd r%setgre% fs \gggro‘&@ts%ﬁﬁ‘%c aftdidp er{\.“é%%%rg’c@d tﬁé”l_%@ars

and dried over anhydrous sodium sulfate. Filtered and evaporated off the
solvent without hot bath under vac. Diluted with DCM and kept as stock
solution of 0.02 M.

Step 5
\/
%QH + CIHHN OHN
2 ~
BocHN._A O \Q{ N
7 O o
147 12.04 NS
A 1 MH
N N N\/\
—_— BocHN OO @]

5052e

To a mixture of acid 1.17 (500mg, 1.37 mmol, 1 equiv.) and amine
hydrochloride( 317.8 mg, 1.37 mmol, 1 equiv.) in DMF at ice temperature was
added HATU ( 1.2 equiv. 619 mg) and DIPEA ( 6 equiv., 8.15mmol, 1.42 mL)
under N, and stirred for overnight . The temperature was slowly allowed to
raise to room temperature. Quenched with 1 N HCI and extracted with EtOAc.
Washed with NaHCOj3 (sat) and then with brine. Washed with ice-cold water(
5 x 20 ml) and again with brine. Dried over anhydrous Na,SO,.Filtered and
evaporated off the solvent to afford 580 mg of 5052e (77 %).

Step 6
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10 To the am no conpound (285 ng, 1 equiv.) in

DMF(10m ) added 2-iodo propane( 5 equiv.) and Cesium
wearsoste (1.5 equiv.) at jge tenperature andPCHUBIN&NS924

for overnight. Tenperature of the reaction mxture was

slowy raised to roomtenperature. Quenched with

wat er aq,d/extract ed with Et OAc and vvashgd t he conbi ned

or gani extracté with brine. Dried ovegzan ydrgys 15
sodi ung sy f g Hltered and evaporal{@j\g'j t e H
sol ventN uct, 5052b was Nis [

BoeH Oept@é ngy, 96 % ]JHCINMR 3, 8000 M—|z)
4. 5(d 1 6 (m 2 : 3 4 3 2 tm 2H))

3.01 (m 2H), 19(m 1 , ~9H), 1.2(dd,

6H) , 98(3 Step 3 0 / ~N NS NHB Is N
NH2HCI U U 5%%3)505% 5052c¢ Conpound 5052b0§v\0/a52+

di sJol thedtrude Aydox@lamided B2end .@immntol didmyet equiv.) in

&let(cﬁd mL)mﬁ@cﬁﬁhé%Egr%&e \%@szgggch 200 a@iE]oPg’rtloac[irtmér?g(
892&3 W@%&OQ%@N L@Irf?ﬁ MRE h apH, @%%ﬂbﬁ@@@\ﬁthv‘éétﬁrated
a n er.

ne and t he Kept under vac.
Nabi@Dnagttsodiurabisadiite 20t exjrasted O8thd=1Qsc. @&asl&@pﬂm e

andaffied QU VB AR ST o Perad BERe PR3t sfighe®
so%ﬂﬁ@@d%r@ﬂuwmﬁé’d by ¥ladh coftenhENPA0IHddtone-

Stirred vigorousl mn. Stopped stirring and
hexgne Heallasd t5PHDE b ke kelasiife prodetts Re sadciarrs
j L

il ERICERIRST ] PSRRI 1 0 Arefe e
coﬁ@@lmttmea 1)) fdajimassFinlvbeuedo g 5082fq0ad®Rd, OF o)t he

solvent wi thout hot bath under vac. Diluted wth DCM

kept as stock solution of 0.02 M Step 5 9N OH OH
H

o H
A3 A

)4 NCO
Nl NI/J/\ + HCLHZN\:/&O 0 0

5052d 5052f
N
A i YT
N—9, N N (6] (@]
LN J Y °
E— o /I\
5237

To the amine salt, 5052f, (20mg, 0.041mmol, 1 equiv.) in DCM (5 ml)
was added DIPEA (6 equiv.) at ice temperature. Added isocyanate, 5052d (
1.1 equiv, 0.045 mmol, 2.27mL of 0.02M solun) under N2 atm and stirred for
30 min at ice temperature and 90 min at room temperature. Quenched with
citric acid and extracted with EtOAc and washed with brine. Dried over

anhydrous sodium sulfate and filtered and evaporated off the solvent. The
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+ CIHHZN BocHN~-O o0 1.17 12.04 HOH H NN N, ~ 30

BocHN-O O O 5052e 15 To a m xture of acid 1.17 (500ny,

wa2@z/ossmt , 1 equiv.) and am ne hydrochl ori dePCB1F2085/005924

ng, 1.37 mol, 1 equiv.) 146 DVF at ice tenperature was
added HATU (1.2 equiv. 619 ng) and DI PEA (6 equiv.,

crudegsPANGHIES PHATO Mol ARUITEL Cr g SEFiepRceepe) to

S 5 erature. Quenched with 1 N HCl and
aﬁo@x rag edm Et OAc. 20 Washed with NaHCO3 (sat) and

then with brine. Washed with ice-cold water( 5 x 20
m) .and ain with B pne. Dried over anhydrous

- vaporated off the solvent to
afford 580 ng of 5052e (74 %) . Step 6 WO 2005/ 085242
105 PCT/ US2005/ 005924 N GEN N O N) BocHNO 0 O
HCl . H2N O O 5052e 5052f Q heﬂc roxy am de
5052e (1.05ml, 580Ny, 1 e Déﬁ\ls m) at
room t enpegat tife, wel$ aflde De%s- rtq n Per| odi nane(

897my, 2. N egli vi).O%Stirref for 5 h at rt.
Quenched at t & _5~NaHCO3 and sodi um bisulfite
and extracted w th'!'Et OA shed with brine and dried
over anhydrous sodium sul¥ate . Filtered and
evaporated off the solvent.5Z%0ude product was

te g;ﬂrl fied by flash colum( 10-40 % acetone- hexane) to

ford 450 ng of the ketoam de product. The product
was dissolved in 4 N HCl solutiongn di oxane and

stirred at rt for 3 h before it lo concentrated to
dryness in vacuo to give 5052f (mocﬁ %. Step 7

R 2 e o
S50 GUERIFEER S

5010

Pre

\\//
Q‘CO?_Me

Q

@ /:'/\\"/ \/go

O
5250b
Compound 5250a was prepared from compound 20.03 according fo

the procedures described for the preparation of 20.08. To the solution of
amine 5010 (0.817 g, 2.68 mmol) and carbamate 5250a (0.976 g, 2.06 mmol)
in anhydrous DCM (60 mL) at 0°C was added DIPEA (0.90 mL, 5.15 mmol).
The solution was allowed to warm to rt along with ice bath and stirred for 18 h
before it was concentrated. The residue was dissolved in EtOAc and washed
with 5% HsPO4 solution and saturated sodium bicarbonate solution. It The
products were purified by silica gel flash chromatography to give product
5250b (1.07 g, 86%).

Step 2
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OS Nco N."~N N+ HCl.H2N'"'"~" OO L-I O 5052d 5052f H

H O NO ONSNONOOOJ5237 To the am ne salt,
wGOB20852¢20mg, 0. 041 nmol ilmequi v.) in DCM (5rai/yS2025005924

was added DI PEA (6 equiv.) at ice tenperature. Added

i socyanate, 5052d ( 1.1 equiv, 0.045 mmol, 2.27nL of

0. 02M sol un) under N2 atmand stirred for 30 m gt

i ce tenperatur d 90 min at roomtenperature. &=

Quenched with @ktric acid and extracted with Et@\
and washed wit ine. Dried over aah/y)drous sodi COH
sugfate and fil doard evapor at KT heHsoIN\epg
The\ 2085/ %352 2 PCT/ US2005/ 00 ru e
odu(:ﬁ ced via—tash c %
get/one- to afford 12 ng of 5237 (40 %O
reparatlono npound 5250 0 HH NN ONHX~-HO

S N 101 N_ 250 Step I OCH3 SAN NESddCl O

5250b

The solution of methyl ester 5250b (1.06 g, 1.76 mmol) and LiOH
(0.105 g, 4.40 mmol) in THF/MeOH/H20 (1:1:1, 30 mL) was stirred at room
temperature for 4 h. Methanol and THF were removed under reduced
pressure. The aqueous solution was acidified to PH~2 using 1 N aqueous HCI
solution (50 mL) and saturated with solid sodium chloride before it was
extracted with EtOAc (3x150 mL). The organic solutions were combined, dried

(MgSO0y), filtered and concentrated in vacuo to give a white solid 5250¢c

(quantitative).
Step 3
A
OH
Q 0 N7 TCOMH HCI.H,N N
\V H H 2 ~
O !
13.01

To the suspension of 5250¢ (0.052 g, 0.088 mmol), HOOBt (0.022 g,
0.132 mmol), EDCI (0.027 g, 0.141 mmol) and amine hydrochloride 13.01
(0.030 g, 0.132 mmol) in anhydrous DMF (6 mL) and DCM (6 mL) at -20°C
was added 4-methylmorpholine (0.030 mL, 0.273 mmol). The mixture was
stirred at -20°C for 20 min and then in a refrigerator for 18 h. Brine (30 mL.)

and 5% aqueous phosphoric acid solution (30 mL) were added followed by
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ZN / O O 5010 5250a c)co2Me O\ 00 HH C-D SNy\N O O

V 5250b Conpound 5250a was prepared from conpound
wWQ@0od8sxrexrording to the pr dures descri bed PCT/US105/005924

preparation of 20.08. To the solution of io am ne 5010

(0.817 g, 2.68 mmol ) and carbamate 5250a (0.976 g,

Etc%f\g&mug Th8 @%&%%é}ﬁ%e@%té@%@%eairggﬁ}cv@ﬁutﬂﬁﬂwgs

The solution was all owed

wassbedaiih 2% aqueawr@mpthnnce@ldoa@lhtlgm@%mu)rew sajurated h

sofirb Balonks BERER T 06 Puto HGlsTR WEH r e el ant

cof@dnifaée to ge pradbtesesom afuartigdtiie)on. It The is
products were purified by silica gel flash

omat ography to give product 5250b (1.07 g, 86%.
Step 2 WD 20Q5/ 085242 107 PCT/ US2005/005924 \/ QO CO
O N CO2Me Cs #H N N QSOHH) NO NNY- O\ OO
5250c 5250b( T \/%f met hyl ester 5250b (1.06

L. 76 I)Nan 05 g, 4.40 mol) in
rrL) was stirred at room
- -'o tu e or 4 h Met hanol and THE were/fenpved
under edu 5 pressure. The aqueous sol g& onywa$
acidified t PHagbausing 1 N aqyeous HCI N N AE
\\/ 0
— “/pr "
5250
The mixture of hydroxyamide 5250d and Dess-Martin periodinane ( g)
in CH,Cl» was stirred for 2 h, quenched with saturated Na,S,03 solution and
saturated NaHCO3 solution. After layers were separated, the organic solution
was extracted with DCM twice and the combined organic solution was dried,

filtered and concentrated to give g product 5250 (0.048 g, 72 %, two steps).

Preparation of compound 5648

(0] \’ H o
H £ OUN N NHz
N N—j(
Y
5648
Step 1
HO NH> HO NHCBz
—_—
CBzCl
(S) -tert-leucinol 5500a

To a cooled solution (0 °C) of (S) —tert-leucinol (5.0 g, 42.7 mmol) in
CH.Cl, (100.0 mL) was added benzyl chloroformate (6.7 mL, 47.0 mmol),
followed by Hunig’s base ( 9.3 mL, 53.3 mmol). The reaction mixture was

allowed to warm to room temperature overnight, diluted with ethyl acetate
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solution (50 nL) and saturated with solid sodi um
chloride before it was extracted with Et OAc (3x150

Wor)0s/0832¢2 or gani ¢ sol uti onsqygre conbi ned, driBdI/US2005/005924
(MgSHA), filtered and concentrated in vacuo to give a
white solid 5250c (quantitative). io Step 3 c)CO2H H

(50 HyiRed QAN 10 oK H DR, ¥owdd by QatuPatedl NAHCER H
OHH'NN,/, O~0HH, O O -~\ SN1I0I1 N=0OO

brise5Dhe omanit By wesrdiashodr a8k qrel ewreagiratedBuyield

I of0.022 g, 0.132 mmol), EDC (0.027 g,

55@6'%&%10-%% d am ne hydrochl oride 13.01 ((O. OSOgg,

Stéh 232 mmol ) in anhydrous DMF (6 nL) and DCM (6 mnlL) at
-20C 15 was added 4- net hyl nor pholine (0.030 nL, 0.273
mol ). The m xture was stirred at -20C for 20 m n and
then in a refip-genHcez for 18 h.Mg?' ne §_|§QZWL) and 5%
aqueous phosphorifc acid salution (30 wer e added
foll owed by WO 5/ 085242v4@8Py  PCT/NS2005/ 005924
Et OAc (100 ni). e layers were se ed and the
organi c sol uti O%S-B%as washed wi th g‘%sg%bueous
phosphoric acid solution (50 nL) and saturated sodium

L oeaead Sl e PR P i e
(109 FALY Was L¥Bed pyrighR2t.d i, fBlloled by methanesulfonyl
chloride( 3.63 mL, 47.0 mmol). The reaction mixture was allowed to warm to
room temperature overnight, concentrated, redissolved in ethyl acetate (500
mL), washed with saturated NaHCO3 and brine. The organic layer was dried
over MgSQ,, concentrated and purified by flash chromatography over SiO.
using ethyl acetate/hexane (1:4) to yield 5500b (14.0 g, 100 %).

Step 3

O
MsO NHCBz
_— | N NHCBz
hydroxy-pyridine, .
TBAB, K,CO3
5500b 5500c

To a solution of 5500b (3.1g, 9.9 mmol) in PhMe(72 mL) containing
water (400 plL) was added TBAB (5682 mg, 1.8 mmol), KoCO3( 2.72 g, 1.97
mmol), 1-hydroxypyridine (937 mg, 9.85 mmol). The reaction mixture was
refluxed overnight with stirring, filtered, evaporated and concentrated. The
crude was purified by flash chromatography over SiO- using ethyl

acetate/CH,Cl, (1:9 to 1:1) to yield 5500¢(1.15 g, 35 %).
Step 4

0] 0 (0]
| N NHCBz | N NH, N N NH,

5500c 5500d 5500e
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ONNO HH~- OO I SANN /NOO 05250d N Nom ONTOH
HOSNNI I NO O 5250 The m xture of hydroxyam de

WG 288dsam Dess-Martin peripgnane (g) in CHZEI'RUSESS/005924
stirred for 2 h, quenched wth saturated Na2S203
solution and saturated NaHCO3 sol ution. After |ayers
were separated, the organic solution to was extracted
with DCMtw ce and the conbi ned organi c sol ution was

dri €d,a solutior o€ 8500l (tdd i Ma@d (P8 iy wag agded d/C(

10"202\01&5‘%000 ) dne Hpsge ' RPR Biyen BUERELT ke Sipagphere

OHES NrB5604 M@brm@&&ﬂanhﬂ&w@@ wheghe lr@tﬁiomhaé 5@1@)@(960
a cool ed sol ution -tert-1 eucinol

aftart 2 Thns BaoRe vaplorme oy taely aliar 4 iqbtolheraAse the
redifloIaRIEHAS fifoybdverd SRR bf coll O ALY

cor\ﬂ@@por&ilh@\aadnéo warmto room tenperature overnight,
luted with ethyl acetate WO 2005/085242 109
_ﬁl US2005/ 005924 (500 nlL), washed with 10 %KH2PO4,
fol l oned by saturated NaHCO3 and brine. The organic
| ayer was dr| ed over MpSO4 and concentrat ed to yield

5500a (10. 79 100%9. Step 2 5
ij\/‘XNHZ é‘INCO

5500d 5500f

Saturated NaHCO; (7.0 mL) was added to an ice-cold solution of
5500d (194.0 mg, 1 mmol) in CHxCl, (7 mL). The reaction mixture was stirred
vigorously for 10 min. and COCI; (1.85 M solution in toluene, 1.35 mL) was
added to it and stirring was continued at room temperature for 1h. The organic
layer was dried over MgSO;, filtered and concentrated to half the volume to
yield 5500f as a solution in CH,Cl,. 5500f was stored as a 0.05 M solution in
CHxCl>.

Step 6

o) 0
@XNHZ @Xmo
—

5500e 5500g

Compound 5500g was synthesized using the procedure of step 5 in the

preparation of 5500.
Step 7
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HO NHCBz MsO NHCBz MsCl, Py 5500a 5500b To a cool ed
solution (0 C) of 5500a (10.7 g, 42.7 mmol) in CH2C 2
W@ 1@8/085202 -) was added pyrigiqne (20.0 niL), fol POmEs2005005924
met hanesul fonyl 1o chloride( 3.63 nL, 47.0 mml). The
reaction m xture was allowed to warmto room
tenperature overnight, concentrated, redissgq)ved in
ethyl aCetate (500 nl), washed with saturated NaHCGS
and bpirfe. The organi ©Hl Fgr was dried aqvér I\/gﬁ NH,
coneghy ad andH:pak 1 y flash chro oyer
Si 02/ usidng ethyl acet ape/ hexane { 1. BpNw-ef yi eIQJI 00b
‘3°(°'*i'it.~ g, 100 %. 15 Step 3 0 MsO NHCBz MCNHCBz
hydr oxy- pyridine, i TBAB, K2C03 5500b 5500c To a
sol uti qn, of 5500b (3.1g ,,9.9 mol) in PhMe(72so0i -)
cont ai ni ng wat er (400 . tlL) was added TBAB (582 ny,
18mm|) KZCG3(2729, 19720mm|)

i XY areeame sPRPDAA oGei g PRI 1736 s g 2nd D11,

i
so PSP O P assoasorrnru o8 qTogoneinse e

1. 332emb) évr@ma@k:ﬂol(. migture waslstirtes i @lof ©5J0ENM atbrogm 35

terasrall e gp02n e SR Wb Cta G SRR she S BN HC!

bridé, dietPbvdr NaHCD o f@sed( éoﬂéerqbatea IVEOH (50 rrL) was
added Pd/ C( 10% W w, 450% JLn a

T othenatdo & RyMAIRR Qb8 3Hor 215 86 Bayas 2988 EDC! (
5,265 folRlEl b HERdbBLeEadia 0EE ANE THE3CE bath WS removed

and 4 FddohWRdy sité® it fodim téimperdthes forasie Tdik was added
EtOAc ( 75 mL) the reaction mixture was washed with H20 ( 25.0 mL), with
saturated NaHCOs3 and brine, then purified over SiO, using acetone/ hexane
(1:9 to 9:1) to yield 5500h.

Step 9
o
H o
0 %N NH, o %H NH
N
—_—
BocNH—:>/ 0 \q HCLHZN_?’ I I
N A

5500h 5500i

Compound 5500h was dissolved in 4N HCI in dioxane (25 mL). The
reaction was stirred at room temperature for 30 min. and concentrated to yield
a white solid, 5500i (350.0 mg).

Step 10
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reaction mxture was filtered over a short pad of
celite to yield the corresponding amne. Step 50 0

wWORNEESI24N co N10 5500d 55010| Sat ur at ed NaHCOBCT/US105/005924
m.) was added to an ice-col g solution of 5500d (194.0
ng, 1 mol) in CH2CI 2 (7 nL). The reaction m xture was
stirred vigorously f\gr 10 mn. and COClI2 (1.85 M

osolution in tol uene, 35 rrOL) was 15 added to it and
tlrrlgg was contip d afl riponut.enperature for 1 h.

| _Jhe o?gamc | ayer rifedjfover MgS04, filtered and
“copbentrat ed teHAES the vsLHne to yi el d 5500f as a
sol Ution in CH2C 2N\ 5500f stored as a 0.05 M

¥l ution in CH2CI2. Step 6 0 0 N NHZ N NCO 20 5500e
5500g Conpound 5500g was synt hesi zed using thb/
procedure of step 5 in the preparation of 5
7 25 WD 2005/085242 1 1 1 - PCIT/ yS200%/ PO
NH2 pOH NH2. HCI NHZ O- NN 10 Bqc S)SBOCH
1.17 10.11 5500h To a cool ed sol i (
acid (1.17, 368.5 ng) and (10.11, 565.'3nD)
10.0 m-) was added HATU (1.03 g), foll owed % DI PEA
5 1.382 nL). The reaction mxture was stirred at 0 oC
for Té dcaied sblutionrO {@fehatamiaefrydr@thlonitie 65000 (&i5t.0

nagb s B0 P2 D, S0 S0 B g Eh, Ef4S oo,
follé[o%ﬂeoy) B|FFEW?/6@'\(RQ d.40nRoiLThd rdctidn PixtuMakadddaed at

room temperature for 1.2 h, diluted with ethyl acetate (20.0 mL), washed with

3% citric acid, brine, dried over NaHCOj, filtered , concentrated and purified
over SiO; using acetone-hexane (1:9) to yield 5648 (10.0 mg).LCMS 641.2 (
M+H).

Preparation of compound 5644

5644
Step 11 .
2 Lo
d NCO o) %N
‘I HCl H2N—-—; O 0
29
55009 5500i \/
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5.2 g), followed by dichloroacetic acid (447 L). The
ice bath was renoved to and the reaction was stirred
wWa@roososint enperature for 2 To it was added BCTIBES2007805924
m-) the reaction m xture was washed with H2O ( 25.0
m), with saturated NaHCO3 and brine, then purified
over Si 2 usi ng acetone/ hexane (1:9 to 9:1) to yield
5500h. Step 9 VHOOPpP ~NNHS ON NHZ BocNH~- OO OO
HCI aempqwdsm%wscnynthqsmmbwag j5e proaediires desened for

tnereppiiton O S ITS SR IING S0 rin and

congemimBeedf émlwggb@sem M@éoelb@alm Fabhs204erfe3eplred from
ng). Step 10 WO 2005/ 085242 1 12 PCT/ US2005/ 005924 o

- 550001 usTg e prsedures desoribed p freprepsoaiionsghBb44e ON H

/IJONNH2 (I NHOO 5648 To a cooled solution (0 C
of the am ne hydrochl oride 55001 (25.0 ng, 0.051

PréparatiomoftBfpbund 56321) was added 5500f ( 2.5 ni,
0. 135 nmmol ), followed by DIPEA(68 uL, 0.4 mol). The

reaction mxture was stirred) t 5 roomtenperature for

1.2 h, diluted Wth et hyl te(gOOrrL) washed
wth 3%citricjacid, bmua,ezegg( v erNa HCOB,
filtered , cor‘i‘eﬁi—i an pur

5632
Step 1
vV

o) S e

N NCO 0 <N\)\(N NH,
i‘;i * HCI.HZN—-—; 0 \q

N
5632a 5500i
by

5632
Compound 5632a was prepared from (S)-N-boc valinol according to
the procedures in the preparation of 55009 (steps 1-6). Compound 5632 was
synthesized according to procedures described for the preparation of 5648.
LCMS: 631.1 ( M+H)
A number of analogs of compound 5632 in Table 2 were prepared from

5632a using the same procedures as in the preparation of 5632.

Preparation of compound 5665
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over Si 02 using acetone-hexane (1:9) to yield 5648
(10.0 ng).LCVS 641.2 MH). 10 Preparation of conpound

WG oes/n8524D N N O NN NH2  NHQ O 5644  Step 11 PCHUR2005/005924

ONCO ON N NH2 + HCl . H2ZN- O O 5500g 5500i O OHON
H4 ONNNH2 NH OO 5644 WO 2005/085242 113

PCT/ US2005/ 005924  Conpound 3644 was synt hesi zed using
t he procedures described forthe preparation of 5648.
LCMS 645.0 (MrHE. A nunger df Wanal o 0f,4.0644,

described in J 2 ey %5 55009 using
t he procedures@;ﬁc bedyL t heopr &@papati on of 5644.
Preparation of conp d 563—&0 ON N N NH2 N4 NH
OO 5632 Step 1 OHO N N NHS + HCl . HZN~ O O

5632a 55000 0 O N N--~O OSEQ‘) NHz NH O O

Step 1

I
NHBoc
HON NHBoc HN H
2 ————
cl”™>>""NcOo * /J/\ H\
cl

5022a 5004a 5520a

To a cooled (0 °C) of amine 5004a (560.0 mg, 2.58 mmol) in CHzCl,
(15.0 mL) was added chloropropyl isocyanate (Aldrich, 531 mL, 5.16 mmol)
and the reaction mixture was stirred at room temperature for 12 h, washed
with saturated NaHCOs, brine, dried over MgSOy , filtered, concentrated and
purified over SiO, using ethyl-acetate-hexane ( 1:1) to yield 5520a (660 mg,
1.91 mmol, 76%).

Step 2
0] 0]

L NHBoc M NHBoc
o — iy

Cl
5520a 5520b

To a cooled solution of 5520a (660.0 mg, 1.96 mmol) in THF (30 mL)
was added NaH. (60% dispersion in mineral oil, 313.0 mg, 7.84 mmol). The
reaction mixture was allowed to warm up to room temperature over 4 hour,
carefully quenched with ice cold water, extracted with CH2Cl,. The organic
layer was washed with brine, dried over MgSO; filtered and concentrated.
The crude was purified over SiO, using ethyl acetate-hexane (1:1) to yield
5520b (220.0 mg, 1.0 mmol).

Step 3
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10 5632 Conpound 5632a was prepared from (S)-N boc
val i nol according to the procedures in the

wee@sasasl on of 55009 (stepfsl-6). Conpound 56BRTAEH05/005924
synt hesi zed according to procedures described for the
preparation of 5648. LCMS: 631.1 (M+H) 1s A nunber of
anal ogs of €@onpound 5632 in Table 2 re prepared from

5632a usi oprocedures as,| N@&par at i on
of 5632. Hreparafi on of conpound Sé\lgz'{im 005/ 085242
114 PCT/ US 5/ 24 H NN~ ~NN HN O 5665

Step | 0 NHBoc HNA, N NHBoc 2 CI~~-NCO+ HNH d

5022a 5004a 552Bgp> To a cooled (0 C) aB2mn ne 5004a

(560.0 2.58 mol) in CHC 2 15.0 m -). was added

chl Epép’%wﬁﬁpé)owaﬂeaﬁewmlawaérﬁd(@ﬂfﬁwﬂsn HOXARS (25
e . ¢

mLgo e PRl o SyER et o Aam R e R a0 AR s,

corgeniated to gigdldoa evhitetsaid whichlwas didsolved de H &le (V.G maL )

andsat §1 G T By MY e e
miftYhE N PBQ e EMIbNcWBAepafbte dndphofie @2 8Huiv.) was
added to the organic layer in one shot. Vigorous stirring was resumed
immediately, the ice bath was removed and stirring was continued for 1 h, the
layers were separated. The organic layer was dried over MgSOy, filtered and
concentrated to half to its volume and 5520¢ was stored as a 0.05 M solution
in CHxCly,

Step 4

“T™ “
5520c 55001 X
P
o) awoon N 2
—_— HN)LN/jJ:Ter\KL%)O °
L o _4
A

5665

To a cooled solution (O °C) of the amine hydrochloride 5500i (25 .0
mg, 0.051 mmol) in CHxCl; ( 2.0 mL) was added 5520¢ (2.5 mL, 0.135
mmol), followed by DIPEA ( 68 uL, 0.4 mmol). The reaction mixture was
stirred at room temperature for 1.2 h, diluted with ethyl acetate (20.0 mL),
washed with 3% citric acid, brine, dried over NaHCO3, filtered , concentrated
and purified over SiO, using acetone-hexane (1:9) to yield 5665 (10.0 mg).
LCMS 646.2 (M+H).
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To a cool ed solution of 5520a (660.0 ng, 1.96 nmol) in
THE (30 m-) was added NaH (60% di spersion in
worRovspsd24di |, 313.0 g, 7.84,gmml). The 15 r eaRCT/UR2005/005924
m xture was allowed to warmup to roomtenperature
over 4 hour, carefully quenched with ice cold water,
ext ' a¢<z§§b G5t B TaBEeZ WeRs présdired
W tﬁafgjrrﬁﬁ?e%%ém e ovgﬁsﬁ—ggce)?léfi I t?r ed and g .
usiogria2ficraacedding Th ¢he prereduses gassriiaskfosire pmmratian af
56§éhyl acet ate-hexane (1:1) to yield 5520b (220.0 ng,
-0 nmol ). 20 Step 3 WD 2005/085242 1 15
PCT/ US2005/ 005924 O O HNAI N NHBoc HN' N NCO LI~ "D
LI ~ 5520b 5520c To 5520b (660.0 ngy, 1.96 nmmol) was
Prepaiation Bf c@MpPoHndiS688ne (25 nl). The reaction was
stirred at roomtenperature f\9r 30 mn and
concentrated to yield a white solid which was

di ssol ved in 2 (7.0, mM H\5 and saf,, d NaHCOB (7.0
m-) was addegﬂggt_g‘{i, . }j&f?()t %f?‘ﬁkglzorously for 10

mn, the |ayer reyal hewed t @ sepapate and phosgene

(2.5 equiv.) was a to]\'he orgdnijc layer in one

shot. Vigorous stirring was resuned immediately, the

ice bath was renoved and st68&i ng was continued for 1
Sth 1the | ayers were separated. The organic |ayer was
SteRied over MySO4, filtered and to concentrated to half

toits volu HB®20c was st oredcR 0HBGc M

sol ution i%& Step_4 0, ON NH2 N~N NCO +

HCl.H2N O O 5 c 55001 NNHS 0 'N N N~O O LQO

Ly 5004a 5030a

Amine 5004a (998.0 mg, 4.6 mmol) was converted into the

corresponding isocyanate 5030a using the procedure of step 5 in the

preparation of 5648.
Step 2

N X

e N
N N NHBoc
+  OCN NHBOC H\H—J\
—_—
cl X Cl
5030b 5030a 5530¢

To the isocyanate in CH2Cl, (10.0 mL) was added N-methyl
chloropropyl amine 5030b (Aldrich, 490.0 mg, 4.6 mmol) and the reaction
mixture was stirred at room temperature for 12 h, washed with sat'd NaHCOs3,
brine, dried over MgSQy, filtered, concentrated and purified over SiO2 using
ethyl acetate/hexane to give 5530¢ (1.6 g, 4.6 mmol) in 100% yield.

Step 3

X 2
N
\ NJ\NHB“ \N/U\N NCO
kL — Ul
cl
5530¢ 5530d
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5665 To a cooled solution (0 C) of the am ne
hydr ochl ori de 5500i (25.0 15 ng, 0.051 mmol) in

w@Eengs2¢2 2. 0 m -) was addegy-5520c (2.5 ni, 0.BGBHUS2005/005924

mmol ), followed by DIPEA ( 68 uL, 0.4 nmol). The
reaction mxture was stirred at roomtenperature for

1. 2cmpBridt 558 0% Was&onybriad & 85804 %@,lr@l\gie) exg)é/ivﬁﬁé}ﬂﬁl
wth 3%citric acid, brine, dried over

pradedueasegtep 2 andarepd Eutheanap@@ﬂpﬂ@@ommurﬁ 986%si ng
acgtone hexane (1:9) to yield 5665 (10.0 ng). 20 LCMS

2 (M+H). WD 2005/085242 116 PCT/ US2005/ 005924 A
nunber of anal ogs of\5665 described in Table 2 were

prepared using 5520csaccordigg to the procedures
descri bed for the piggﬁﬁgﬁlo ofi, 5648. 5 Preparation
9l~conpound 5688 O ON ~TMHN~- O O 5688 Step 1 H2N
NHBCE'HN\3é§ %00 30a Amine 5004a (998.0
7 416 nndf) was Ci verted tothe io corresponding
i soc te 5030a uslng the procedure of ste in the
preparation of 5648. Step 2 0 C Nve N N NH + OCN
r&@d HC d 5030b 58%a 5530c To the i anate®in
CH2C 2 (10.0 nl) was added N-meghyl 15 chl OWW
am ne 5030b (Aldrich, 490.0 qg/mgzé:iﬁol) the

reaction

5688

To a cooled solution (O °C) of the amine hydrochloride 5500i (25 .0
mg, 0.051 mmol) in CHxCl, ( 2.0 mL) was added 5530d ( 2.5 mL, 0.135
mmol), followed by DIPEA ( 68 uL, 0.4 mmol). The reaction mixture was
stirred at room temperature for 1.2 h, diluted with ethyl acetate (20.0 mL),
washed with 3% citric acid, brine, dried over NaHCOg3, filtered , concentrated
and purified over SiO; using acetone-hexane (1:9) to yield 5688 (17.0 mg).
LCMS 660.2 (M+H).

A number of analogs of compound 5688 in Table 2 were prepared from

5530d using the procedures described above.

Preparation of compound 5700

%
—{O h oo \ H 0 NH,
ujﬁjy@r 4
N

5700

OH OCOClI
(o

Cl

Step 1

5540a 5540b



m xture was stirred at roomtenperature for 12 h,
washed with sat'd NaHCO3, brine, dried over MgySOH4,
Wo 2dosesed; concentrated andypgrified over Si02PCEUSLPOS/005924
et hyl acetate/ hexane to give 5530c (1.6 g, 4.6 mvl)
in 100%yield. Step 3 0 O \NAN NHBoc NN NCO C 20
553Qmnscial YehkieTIrogaRdIZ 18141, 26T/ kpdPOR Avdrted i
Compound 5530c vvasqjcoﬁverged to 5530d usi nggteﬁe .ed into
theespeespansting chlosefonnates53tdy usingribe sregedurerstemd in the
r ' f conpound 5665. Step 4 ONHZ ONN ~
pr#ﬁ%gﬁ%%gm\rv OO0 0 + 5530d 5500i 0 N NHZ QI
StéebPl N ~-NNN-\NOOO TOI | 5688 5 To a cooled
solution (0 C) of the am ne hydrochl ori d% 5500i (25.0
ng, 0.051 nmmol) in CH2CI 2 (2.0 m-) was gdded 5530d

(2.5 nmL 35 mmol), | oned by DI P UNHB&:. 4
mol )/ ﬂ}cgjcgeact ﬁé‘h‘;'K'{%Pé was stirre a%m

tenpecature for 1.2 di | utedwith ethyll a te
(20.0 MY, cl
5 5540b 5004a 5540¢

To the ice-cooled chloroformate in THF (10.0 mL) was added amine
5004a ( 543.0 mg, 2.51 mmol) and the reaction mixture was stirred at room
temperature for 12 h, diluted with EtOAc ( 250.0 mL) washed with sat'd
NaHCOg;, brine, dried over MgSOy , filtered, concentrated to yield 5540c (664

10  mg, 1.97 mmol). The crude was used directly in the next step.

Step 3
0
)J\ O
O ”XHBOC OJ\N NCO
v L — VX
Cl
5540¢ 5540d

Compound 5540c¢ was converted to 5540d using the experimental
procedures from Step 2 and Step 3 in the preparation of compound 5665.

15 Step4

g
:’—'_ ’ o
j\ " N NH;
U_l'\'co + HCI-HZN\/J§O o) o
A
5540d \v/
5500i g o
N NH,
0 oo N
o)l\N N\[rN\:/go 0 bo
K)q/\ PN
5700

To a cooled solution (0 °C) of the amine hydrochloride 5500i (30 .0 mg,
0.0.6 mmol) in CH2Cl, ( 2.0 mL) was added 5540d ( 2.6 mL, 0.131 mmol),
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washed with 3%citric acid, brine, dried over NaHCG3,

filtered , concentrated 1o and purified over Si02
Waigiosgseeet one- hexane (1:9)44ig0 yiel d 5688 (17.RCTMY$2005/005924

LCVMS 660.2 (M+H). A nunber of anal ogs of conpound 5688

in Table 2 were prepared from 5530d using the

f

e S e R o e
roof temperatitredon 420k, dmt@cmwhcmble@eia’r@ (%.0 0 mL), washed with

ol 3584 SRRl R SRE A o

(D) agyp '
o A o o s sy

(M'PHNHBOC Ccl a 5 5540b 5004a 554OC To the

i cexcool .ed hIorofo

i AU eSO O, e 4 810 pPirer e I 880
usnﬁb&é&eﬁidﬁ@é}dé&tﬁﬂ&ﬂal@évé oom tenperature for 12 h,

dlluted with EtOCAc ( 250._0 m_) washed with sat'd
Prepaial of target e pI43S04 , filtered,

concentrated to vyi eI d 55400\(/664 io ng, 1.97 muol).

The crude was used directlygsen the next step. Step 3

0 0O OH NHBoc O-N NCO y 9 H

5743

0 0
CQN NHBoc > QfN NHBoc
L L L

5003b 5550a
To a solution of 5003b ( 1.0 g, 2.9 mmol) in MeOH at -4 °C was added
NaBHj4 (11.52 mmol, 430.0 mg). After stirring for 20 min, the reaction was
quenched with CH,Cl,/ sat'd NaHCO3 (1:1, 60 mL). The aqueous layer was
extracted with DCM (3x 20 mL). The organic layer was dried over MgSO, and

Step 1

concentrated to yield a white solid which was used directly in the next step.
The crude from the previous step was re-dissolved in EtOH ( 50.0 mL) and
Pd/C ( 10% by weight , 200 mg) was added. The reaction mixture was stirred
under a H, atmosphere for 12 h, filtered over a pad of celite and concentrated
to yield 5550a (0.999).

Step2
O

0
CﬁNYHBoc — CleNCO

5550a 5550b



I J G 5540c 5540d Conpound 5540c was converted to
5540d using the experinental procedures fromStep 2

war@s8semp2 3 in the prepar a“'%p of conpound 566BCT/UH05/005924
Step 40 Y ~H+ HO H O OCO 5540d 55001 O H &

NHZ OHHW -~ Ok NN-(N-OO O 110~~ 5700 To a
COOE8hpRINEI8585Da WaSkofletde 8556 DEMORE! sXpetignertoi
30 .0 ng, 0.0.6 mml) in CH2CI2 (2.0 nL

_ _ was added
prossdotes(irom Siep JiniBe prepaationof 200w 3 19
St PCJ/ US2005/ 005924 fol l owed by DI PEA (91 uL, 0.52
). The reaction m xture was stirred at room

tenperature for 1.2\ diluted with ethyl acetate
(20.0 nL), washed wieh 3%citric acid, brine, dried

over NaHOOB, filtexed\, tﬁooenﬂra ed and purified

oyer ~Si usi ng acefony< hgxaye (1:3) to yield 5700
8/0 Imy). +LCMEEH§MJ/J§O Hp. A nunber of anal ogs of
00 Tabl e 2 were preparjgd from 5540d using

pr ocedur es describédr above. Preparation of target

conpibnd 5743 HO H Ngysy OHNOO O\ S

N N X
i i koo \q;'(
— T
5743
5 To a cooled solution (0 °C) of the amine hydrochloride 5550d (45 .0

mg, 0.094 mmol) in CH,Cl ( 2.0 mL) was added 5550b ( 2.8 mL, 2.0 mmol),
followed by DIPEA ( 100 uL, 0.52 mmol). The reaction mixture was stirred at
room temperature for 1.2 h, diluted with ethyl acetate (0.0 mL), washed with

3% citric acid, brine, dried over NaHCO3, filtered , concentrated and purified

10 over SiO; using EtOAc-CHClo (1:9 to 9:1) to yield product 5743 (32.0 mg).

LCMS 705.2 (M+H).
A number of analogs of 5743 in Table 2 were prepared from 5550b

using procedures described above.

15 Preparation of compound 5754

\/
2 ] o H
N N R
0 H H\/L

N Y .:.
BQEN
(0]

5754
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NIIl( O 5743 10 Step | OO N NHBoc N NHBoc O
5003b 5550a To a solution of 5003b (1.0 g, 2.9 mol)

WO poosgIMat -4 C was added,l BH4 (11.52 mol , pABOSI05/005924
ng). After stirring for 20 mn, the reaction was
quenched with CH2Cl 2/ sat'd NaHCO3 (1:1, 60 nmL). The
aqueous |layep was 15 extracted wi thoDCM (3x 20 nl).

The organi c Jla sHdri ed over A _andh=c=0
concentr at ¢d y[eld a white™sol i[d ich was used
directly I t step. The C f t he

previ ous step Was re-dissolved in EtOP ( 50.0 nL) and
Pd/ C (10% by wei 1®, 200 ng) was added7sddhe reaction

m xture was Sti under a at nosph or 12 h,

11 The e onplesHain whS PP e r e s S6potdiptig the

' PeQRHEa- i MHBe/m 5089INCO 5550a
profeBlfes detiipel (dbthe piepaRaidh of sdsdibion 50 Conmpound
SteghbB0a was converted to 5550b using the experinental

procedures from Step 3 in the preparati on of conpound

5665. Step 3 OOH NCONNN + HC.H2N O O O 5550b

5052f W OHNOO®/" /

2 L0 ’
(o] N
N X
N N=C=0 N ~
/:(\ * HCLHzN\/gO 0 0
0 /i\

5754a 5052f

e
,HO“
NN\ AN
i iR
LY
3
%O/I\

5754
The product 5754 was prepared from 5754a and 5052f according to
the procedures described for the preparation of compound 5237.
A number of analogs of 5754 in Table 2 were prepared from 5754a
using procedures described above.
Preparation of compound 5812

N |
S o
0 N
\/l( H H\/g 0 (o]
Y Y
\\< h: Q
5 /I\
5812

Step 1
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NIlII( O 5743 5 To a cooled solution (0 C) of the
am ne hydrochl oride 5550d (45 .0 ng, 0.094 mmol) in

WEBSHE2¢2. 0 M -) was added;5H50b (2.8 ni, 2. OPETDEI0NS/005924

foll owed by DI PEA ( 100 uL, 0.52 mml). The reaction
m xture was stirred at roomtenperature for 1.2 h,

di | ut edBW::iw acetate (0.0 niL) gh 3%
. . . br

citric acid, dried over NaHCGS flltere
concentr at d purr fied io over Si02

Et OAc-CH2Cl 2" (1:9 to 9:1) to yield product 5743 (32.0
ng). LCVS 50848 (MrH). A nunber of an@8d@a of 5743 in
Table 2 were prepared from 5550b using procedures
descri bed above. is Preparation of conmpound 5754 H H

0
2005 AR TN L o S, 160l Yin DERR(INE) wag added

50 NH©f Gat. NaldC . Stiged wgwousla@tmt@naewevfes 5|cmlapar ed
SR A PR ABERL L 805 8BRS BERF B
mL)wMs dMreed out to the lower layer and restored the vigorous stirring
immediately. Separated the layers after 1 h. Washed the water layer one
more time with DCM (3 ml) and dried over sodium sulfate. Filtered and
evaporated at high vac. with out hot bath to half the volume and then purged
N for 15 minutes. Diluted to 100 mL in DCM. Used as it is for further

reaction.

Step 2
(@]
BocHN BocHN >\\
N
\/O\n/\NHMe + NCO - . ‘7]/N\
(0]
5812b 5812a 5812c

To the amine 5812b (Aldrich, 0.5 g, 4.2 mmol, 1 equiv.) in methanol
(20 mL) was added the isocyanate (5.5 mmol, 1.3 equiv.) and triethyl amine
(3.4 ml, 6 equiv, 25.2 mmol) and refluxed the reaction mixture at 90°C for 48
h. Stirring was continued at 100°C for another 5 h. The mixture was
concentrated and purified through a flash column chromatography to give
product 5812c¢ in 96.7 % yield.

Step 3
0 0
BocHN N>\\ HCLH,N >\\
Xy~ — -
0 0
5812c 5812d

To compound 5812¢ (650 mg) was added 4 M HCI/ Dioxane ( 25 mL)

and stirred at room temperature for 0.5 h. Evaporated off the solvent and
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N N+ HCl . HZN-O O O 5754a 5052f HOH ONNN H N-p
OON N/ O0-Tl- O5754 The product 5754 was
w@e@pased2 f rom 5754a and 5 according to tPET/US2005/005924
procedures described for the preparation of conpound
5237. A nunber of analogs of 5754 in Table 2 were
f r
R A e S T e e
give-the lpkbdiict iNgQaotitatite y81®.  Step 1 15 WO 2005/ 085242
St 122 ~ PCT/ US2005/ 005924 BocHN BocHN NHZ NCO 5004a
2a To the amne, (1.2 g, 55 mol, 1 equiv.) in
DCM (50 nL) was added 5\wm of sat. NaHCCB3. Stirred
vigoroysly at ice tenpe ure fer 5 mn. Stopped

Hmstl rr| and phosgene ( LN g9 mol, 20 %in
f"g I596 Al - ) ngd ut tothelovver
drestoredt rou33|rr|ng |mTed|ater
Sep rat%d the | ayers afrt-e#o 1 h. shed the ter Iayer

one ?Pre time with DCM (3 rg), .and dried o

sul F Filtered and M

Os_NH \\

_ A

29 Y
0 5812

To the amine hydrochloride (20 mg, 0.08 mmol, 1.3 equiv.) in DCM (5
ml) was added DIPEA (6 equiv.) at 0°C. Added isocyanate(3 mL, 0.02M in
DCM) under N2 atmosphere. After stirred for 30 min at 0°C and 90 min at
room temperature. Quenched with citric acid and extracted with EtOAc and
washed with brine. Dried over anhydrous sodium sulfate and filtered and
evaporated off the solvent. The crude product was purified via flash column

chromatography ( 10-40 % acetone-hexane) to give compound 5812 in 41 %

yield.

Representative compounds of the invention which exhibit excellent
HCV protease inhibitory activity are listed below in Tables 1and 2 along with
their biological activity in HCV continuous assay (ranges of Ki* values in

nanomolar, nM): category A <50 nM; category B > 50 nM.
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O1 O 30 0 OYNH NH 5812 5 To the am ne hydrochl oride

(20 ng, 0.08 mol,
waodwsasDUPEA (6 equiv.) at

1.3 equiv.)

in DCM (5 m) was
Added i socyanat BCBURL005/005924

0.02M in

under

DCM

N2 at nosphere.

After stirred for

30 mn at 0OC and 90 mn at to roomtenperature.

Quenchedwith citric acid and extractdd wih Bt OAc and
washed with brine. Dr}«éd over anhydrous sodi um sul fate
and filtered and evaparatedfoff the gol vent. [The
crude prioduct was u% Pash dol um
chr omat ogr aphy (1&49(@@ acetone- hexandg) to give
cgmpound) 5812 in 41 b4 yiel d\715 Representfati vie 638.833
conpounds ofgbhe Ivention which exhibit excel| ent
HCV pr ot ease, $-piibiNfory activity are lfisted bel ow in
Tabl es | gnd I wth their biological actjvity in
HCV cont| nuous assay (ranges of Ki* values in 20
nanonol ar, nM: category A <50 nM category O > 50
AM—WO-2P0651-085242 124 PCETUS2005/ 005924 Tabl g 1
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above, nmany alternatives, di fications and other
vari ations thereof will be apparent to those of
ordinary skill inthe 5 art. Al such alternatives,
nodi fications and variations are intended to fall
wi t The préserd frivartioanelates penovel tHieVmretease inhibgars. ohhis

utiy 50G MenTasted 12 bty BrnaRior sireY HSINS e
proté&d SN EREraP p rddétdﬁi’@f& suchWcmBnhstratnds illRteied 8§ 1eé

sal ound a pharmaceutically acceptable salt,
follewingaman!b"oalssawer of said conmpound, said conpound

havin eeral tr.uctu own in Formula I: MA
As P ? lohibi it N Lo o

SpBbessidomblicAssSy: S pddRbphbRITaGic wsa@mmﬂmmm

R8, RO and RIO can be the sane or different, each
praseasRycam e peiesmedyons tedpyentive epmPAENGS By following the

pref SRl ¥ 15y RS A kngret 8 S iogy BigHbihistry 270 (1999)

2682761 ﬂfa/@lbylbsu readfivaickyib 1ncalpdrdlmcl be:mm pyakferenceé: Hiel
M can be the sane or different, each

assaydearacten ihe Profeolyais i GCMPERNIR SR S%ﬁ%’at%hﬁ suiggle for
theﬁfﬁn u?[]g Mt r%ofg‘-l @W\l% ?fr@tea%@ HREGHE I HPs @ssttes are

n ot her E-L- M taken together) such
detivesd frolrfteerﬁ‘)seiwof the M%AW&SBmmloatﬁaqelehneKACﬂul a l

DTfE%WX af} wheret> &r SR orf l9 Whosé C-tetminal C%Fbo%éy? BFoups are

esterified with one of four different chromophoric alcohols (3- or 4-nitrophenol,

7-hydroxy-4-methyl-coumarin, or 4-phenylazophenol). lllustrated below are
the synthesis, characterization and application of these novel
spectrophotometric ester substrates to high throughput screening and detailed
kinetic evaluation of HCV NS3 protease inhibitors.
Materials and Methods:

Materials: Chemical reagents for assay related buffers are obtained

from Sigma Chemical Company (St. Louis, Missouri). Reagents for peptide
synthesis were from Aldrich Chemicals, Novabiochem (San Diego, California),
Applied Biosystems (Foster City, California) and Perseptive Biosystems
(Framingham, Massachusetts). Peptides are synthesized manually or on an
automated ABI model 431A synthesizer (from Applied Biosystems). UV/VIS
Spectrometer model LAMBDA 12 was from Perkin Elmer (Norwalk,
Connecticut) and 96-well UV plates were obtained from Corning (Corning,
New York). The prewarming block can be from USA Scientific (Ocala, Florida)
and the 96-well plate vortexer is from Labline Instruments (Melrose Park,
lllinois). A Spectramax Plus microtiter plate reader with monochrometer is
obtained from Molecular Devices (Sunnyvale, California).

Enzyme Preparation: Recombinant heterodimeric HCV NS3/NS4A protease

(strain 1a) is'prepared by using the procedures published previously (D. L.
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20 nenbered cycloal kyl, a four to eight-nenbered
heterocyclyl, a six to ten- nenbered aryl, or a five

WO eoosess2uETber ed het er oaryl 50F |s C(H) or C(R)PCT.[USZDOS/005924
C(H, (R, CHRC(R, or C(%S R, R2, and R3 can
be the sane or different, each belng 25 i ndependently

t
o 8 6o 4741040, S A0 F 10l r

detgninjmad by thy Biavadl idyle-methedaisiad k@aomblnenteHé‘d&ptqtease

sta?whélf(gr B%%qel,{mj g%ﬂg;ﬁlfleo( g)}/?m?ricly %l'd aﬁ%%s Prior to assay
initRRHoR!, GRS ¥hzy#h& Wtorag@rbuffer (50 R &lodicn Bhds RBha’de”pIN@R) 300

are connected to each other such that NR forns a

mM NaClt $0% gliceiabrdbebidlaner enaligside pnd 5 Oamiyt BTy is

oG NCHadiRelor L8 (RIFR0E S Srap B NGRE 6%
glyBéfbl 069kl affe§ld@, RUNVPEBTA afd SR [ T pdiflizivigda Bidrad

N S N 18 R15 N 18 2A R17 R18 R16 R20 Rl7 R, R20 R17
BigRBINPP m’mkﬂamlmg RI5 NKk NG RI5-- SN G,

subSBL SRR S itcdton. TR ST %fe“ff@%spewe
as Eggor&&ﬂb}gzma rﬁemggeﬂ al, (bidorar@), lsamﬁa?IBby 6horRig7 Fmorei8ya-
OK Fm%%@ﬂaeﬁﬁylﬁ%r@%f%%n 153 Az 3'@5@9@ @dﬁ?ﬁ?{'tﬁ% &

IntHJ ﬁép Fﬁot@M‘R‘es @]?“(ﬁb@(:g@@r-%)k%e pfé)p‘t@ég a@é'ﬁﬁ%équently

et er oal kem C10 al’kynyl’,
asmbiadamsylgyii:mommtmle)’mlekymant(aﬂyccs orh@n eutmy@ﬂq/ABl

el a1 apdo Fitnastiar ThE MhAHSU ey by Ty i@y ebyoe
fraBiidiits BRTBIRBOEd Fivph @7 lein BRther by 10% acetic acid (HOAc) and
10% trifluoroethanol (TFE) in dichloromethane (DCM) for 30 min, or by 2%
trifluoroacetic acid (TFA) in DCM for 10 min. The combined filtrate and DCM
wash is evaporated azeotropically (or repeatedly extracted by aqueous

Na2CO3 solution) to remove the acid used in cleavage. The DCM phase is
dried over Na2S0O4 and evaporated.

The ester substrates are assembled using standard acid-alcohol
coupling procedures (K. Holmber et al, Acta Chem. Scand., B33 (1979) 410-
412). Peptide fragments are dissolved in anhydrous pyridine (30-60 mg/ml) to
which 10 molar equivalents of chromophore and a catalytic amount (0.1 eq.)
of para-toluenesulfonic acid (pTSA) were added. Dicyclohexylcarbodiimide
(DCC, 3 eq.) is added to initiate the coupling reactions. Product formation is
monitored by HPL.C and can be found to be complete following 12-72 hour
reaction at room temperature. Pyridine solvent is evaporated under vacuum
and further removed by azeotropic evaporation with toluene. The peptide
ester is deprotected with 95% TFA in DCM for two hours and extracted three
times with anhydrous ethyl ether to remove excess chromophore. The
deprotected substrate is purified by reversed phase HPLC on a C3 or C8

column with a 30% to 60% acetonitrile gradient (using six column volumes).
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het erocyclyl, or R15 and R19 are connected to each

other to forma five to 15 ei ght-nenbered cycl oal kyl
woeooseseancycl yl, or R15 an 0 are connect edP€DUSHaIN5924

other to forma five to ei g% menbered cycl oal kyl or

heterocyclyl, and (ii) |Iikew se, independently, R17
. t 8 etho
OB RIEIABMIREHP O B IRCIGPL a8 bd SphRidate B0k

Thﬁanblecﬂlaarahassad:a«ybe canfitmedh @y@quspraymiwld{MMaes
t 2 b b d [
SPRRUeRorTP e AT Ot h I PRSP URTRE: Y s

deSkksgéed fromthe group consisting of hydr oxy,
aI koxy, aryI oxy, th| o, alkylthio, arylthio, am no,
: slilotes soquCiss Poectra Rf sehstratey And e

coér%%’?ﬁ%mﬁrgrﬁ?ew ﬁ?@ﬂgﬁ’ 18 OHipineB i RS 2oy puttr.

Exﬁﬁéﬁtm(Moefﬂ@i@h@éﬂéod@term‘ﬁtféﬁoaﬁhbdjptlmal off-peak wavelength in 1-
al ko xe:car bonyl am aI koxycar bonyl oxy al kylureid

CITREYY @ 370 nen for PAIR @nddRsbi mopfi-
I i :
Ne) L%Fri%u“ﬁ% Pﬁ%‘%ﬁéﬂ*gg QR 80 ey Rt s
tha:vta\lreliemg’[h y;'}eiﬂingl thbehaxioamy lfr,acaomakdlﬁéltaﬂce |alabeolstiance
ynyl or heteroaryl -al kyl . Th 0 f c| ai
bepwegmshbsiratRANG Sosbrlratie O SR HD) stéts -
5 2 3c Are3arkr - 1 d
Prfsassh ok Mifasd s B ofogind ot
redctidd mix inN: 964wellNiicrotiter plate. Assay buffer conditions (25 mM
MOPS pH 6.5, 300 mM NaCl, 10% glycerol, 0.05% lauryl maltoside, 5 yM
EDTA and 5 uM DTT) are optimized for the NS3/NS4A heterodimer (D. L. Sali
et al, ibid.)). Typically, 150 ul mixtures of buffer, substrate and inhibitor are

placed in wells (final concentration of DMSO <4 % v/v) and allowed to
preincubate at 30 °C for approximately 3 minutes. Fifty pls of prewarmed
protease (12 nM, 30°C) in assay buffer, is then used to initiate the reaction
(final volume 200 ul).The plates are monitored over the length of the assay
(60 minutes) for change in absorbance at the appropriate wavelength (340 nm
for 3-Np and HMC, 370 nm for PAP, and 400 nm for 4-Np) using a
Spectromax Plus microtiter plate reader equipped with a monochrometer
(acceptable results can be obtained with plate readers that utilize cutoff
filters). Proteolytic cleavage of the ester linkage between the Nva and the
chromophore is monitored at the appropriate wavelength against a no enzyme
blank as a control for non-enzymatic hydrolysis. The evaluation of substrate
kinetic parameters is performed over a 30-fold substrate concentration range
(~6-200 pM). Initial velocities are determined using linear regression and
kinetic constants are obtained by fitting the data to the Michaelis-Menten
equation using non-linear regression analysis (Mac Curve Fit 1.1, K. Raner).

Turnover numbers (kcat) are calculated assuming the enzyme is fully active.
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Me S S\ P-3 Nand 1-3 1-3 4. The conpound of claim 1,
wherein R2 is selected fromthe group consisting of

W b@sfogi2iowi ng noi eti es: 005/ 085242 216  PCT/US2005/005924
PCT/ US2005/ 005924 H CH3 I, 3CH3 ,ivw "z~ ww

4z CH2FCH3CH3FF F, FFFF3C CF3FCHB FI F
o o Inhik nacii: :&é@ﬂbﬁgﬁﬁ?sﬁaﬁmt@(}%{)%%&

corﬁpautﬁleﬁnﬁubﬁaﬂs /Sc-m B %1_00(31&35(24}1 227), Ac—DTEDVVA(Nva)
PCT/ US2005/ 005924 e conmpound of c¢l ai

OHharst &prD FRDVY P{RIVe- 0l ars drierminal geermentaly at fixed

concentrations of enzyme and substrate by plotting vo/vi vs. inhibitor

concentration ([l] o) according to the rearranged Michaelis-Menten equation
for competitive inhibition kinetics: vo/vi = 1 + [I] o /(Ki (1 + [S] 0 /Km)), where
Vo is the uninhibited initial velocity, vj is the initial velocity in the presence of
inhibitor at any given inhibitor concentration ([lJo) and [S]o is the substrate
concentration used. The resulting data are fitted using linear regression and
the resulting slope, 1/(Ki(1+[S] o/Km), is used to calculate the Kj value. The
Ki* values (in nanoMolar) for some of the inventive compounds are in the

following Table 4:

Table 4
Compound structure Ki*
number
25 o]
QYN N~
*/j%o (¢} (o]
O N
5619 J, X 11

\4
[NBYN i N)
5652 & q/\,i:foo <tg 19
(0]




consisting of: ~ CH3 O CH3 CH3 CH3~CH3 , CH3 CH3 CH3

CH3 H3C sCH3 CH3 .,,,.,,, CREt 0-4 HC*S) 3 60 F
wWo 200588842 0-3 F F F ' I—B%%-S 6, CF3 S COOHP@T/US2008005924

CH3 CH3 (t~ ~--k CH3 COR31 CH3 CH3H3 Me M= O

JW/ ~. ...y J"N M¢ R31 NHR32 5 CF3 WO 2005/ 085242 218

PCT/ gS2005/ 005924 CH3—F_C *SBn , HOLCH3 3

Y
o O
q)ﬁ('“ N
Q,/go Y o
Q? OYN 3
5705 Ci“)/\“

V
o] o]
5724 9 © 19
O

5731 @ENTN 15
(0]

5753 j,,,,[w . 4

0.
Y
5754 %(N . 4




COOHH3C O COOHCH3 CH3 p SO0 CH3 M OH M Me 0-3
FSCCF3 C G Me M F F and H3CTCH3 R31 H3C CH3 CH3

WEERsobrei n R31 is OH or
C(OCH3, (O QBu or C(O

% ‘

| kyl ;
t Bu.

claim5, wherein R3 is selected fromthe group

and 5 R32 i BCHS2005/005924
6. The conpound of

consi[sting of tfhe fof I'ow n\% noi eties: CH3 QA3 CH3+CH3
CH3 gH3 CH3 ' (H3 R31 CH3 &-4 31 60 F F GOR31 WO
2005/|085242 219 PCT/ USZOO@QﬁI NGH3 Q| 03 S| CH3
CH3 HB OH M Mg O- O H G Cd dH3 CF3
MehCH3 and Me|0-3 F PR F  7..The conpound of claim
1, wheregpsss i S NH. 5&8, N The conpound of cljiny1,
wherdgin Y is sel ected fE@\\the gr oup
(0]
g |
oo
N Nji;rN
0 (0]
O o N °
5775 X:ZN Y 5
N
e
Y |
=% O A
(Njﬁ("‘ N
[ j( P e o}
5781 . WL 9
PR
o]
Y
0
Q\(” N
5 o0 o)
5793 QCZ O N 11
N N
X
Y o
N N, N
ALET
5796 g X 3.2
S




consisting of: H H Y30 Hy30 Ny30 M 30 N\Y 30 Y30

N---1, ~T- ~ 1Y30 Ny3o H, YO HNY ~ y30', /N
wOR0050824D- 3 y31 H y31 N y3%15| y31 HH O HH PCHUYBILS/005924

Y31 N\, Y31 M, Y31 Ny 0-3)1-4" FCQA FAd

VD 2005/ 085242 220 PCT/ US2005/ 005924 H 31 H Y31 H Y31

N Y31 M Y31 NY N 0-4 FF HY31 NY31 NY31 NY31 N

Y31 N\ 5" " ~/ \~and NNIY32 OO Y32 0 wherein

Y80 Vethite M@lprasentsiavectictdhas beehtesgribeg witbrisiconjungtioh:with

theospe\aciﬁg exbodinents set fc\>(rth~/ab0\7|e\!\ m‘gﬁy alternativis, Mddifications
and other variations thereof will be apparent to those of ordinary skill in the
art. All such alternatives, modifications and variations are intended to fall

within the spirit and scope of the present invention.
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2005/ 085242 221 PCT/ US2005/ 005924 o OY12 S0 & O S
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I NI N NI/ SNP ~ S\N, \N~" - S Oyl2 0 V12 O
Whel 2s Glaime®hs:, v, o, V=~ Y12- GNAN I N1 N, O
1. 0 OAy ompoundO or enantiomers, stereoisomers, rotamers, tautomers, and

racemates of said compound, or a pharmaceutically acceptable salt, solvate
or ester of said compound, said compound having the general structure

shown in Formula I:

Formula |
wherein:

R'is H, OR® NR°R™, or CHRR', wherein R®, R® and R can be the
same or different, each being independently selected from the group
consisting of H, alkyl-, alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and heteroarylalkyl;

A and M can be the same or different, each being independently
selected from R, OR, NHR, NRR’, SR, SO2R, and halo; or A and M are
connected to each other (in other words, A-E-L-M taken together) such that

the moiety:
M

/A

/
N, ﬁ‘rr

shown above in Formula | forms either a three, four, six, seven or eight-
membered cycloalkyl, a four to eight-membered heterocyclyl, a six to ten-
membered aryl, or a five to ten-membered heteroaryl;

E is C(H) or C(R);

L is C(H), C(R), CH2C(R), or C(R)CHy;

R, R’, R?, and R® can be the same or different, each being

independently selected from the group consisting of H, alkyl-, alkenyl-,



I S ONI ~MNM NNOOOOOONOO ONONGNI I
NOOOO OONOO NI N(JIN<XN, S-2N1-200
Wa@s@22N N, _,\ N ON 05040 0 O OO0 NN, ,.PCI/UY2085/005924
NN'"A >3 N,,,,\ 5 OO%, WD 2005/ 085242 222

0

PCT/ US2005/ 005924 0 O O Y12 y12! Y12- N~ ~ N~
alk@ym c§/(f"\[|5!alNKIE %teroélla?( %e't‘érocyclg- aryl- Fh@tFte)\'Q%Q ONO 0
(cycloalkyhalkyl-, (heterocyclyl)alkyl-, aryl- aIkyI— and heteroaryl- aIkyI- or
alternately R and R’ in NRR'’ are connected to each other such that NRR’
forms a four to eight-membered heterocyclyl;

5 and Y is selected from the following moieties:

R19 0O R o R"

S G— 15 S G—
~ON ¥ R \N/ \N d

or
|20 RITR e A RI7TR®
R20 O

wherein G is NH or O, and R", R"®, R"" | R'®, R" and R?® can be the
same or different, each being independently selected from the group
10 consisting of H, C1-C1p alkyl, C1-C4o heteroalkyl, C2-C1o alkenyl, C2-C1o
heteroalkenyl, C»-C1o alkynyl, C2-C1o heteroalkynyl, C3-Cg cycloalkyl, C3-Cs
heterocyclyl, aryl, heteroaryl, or alternately: (i) either R' and R'® can be
connected to each other to form a four to eight-membered cycloalkyl or
heterocyclyl, or R™ and R are connected to each other to form a five to
15 eight-membered cycloalkyl or heterocyclyl, or R'S and R?® are connected to
each other to form a five to eight-membered cycloalkyl or heterocyclyl, and (i)
likewise, independently, R and R'® are connected to each other to form a
three to eight-membered cycloalkyl or heterocyclyl,
wherein each of said alkyl, aryl, heteroaryl, cycloalkyl or heterocyclyl
20  can be unsubstituted or optionally independently substituted with one or more
moieties selected from the group consisting of: hydroxy, alkoxy, aryloxy, thio,

alkylthio, arylthio, amino, amido, alkylamino, arylamino, alkylsulfonyl,



FFFO, OO O, O NpNY32NN , \' 0000
0 OY32 -N-NNONI- : ‘Nond 00 Or' ,~T 0
w0 2005087220 OL N O N, g1 é , 01y YPOT/GSIDOS)005924
FF N NNN OOOON NN /NSOOOOV\D

2005/ 08524'2' 223 PCT/ US2005/ 005924~ O ~O O HN\n' /1 N y
oMb A ora e i b g
cartbdIroxy, kertgnauiido palkbsydargonylamino, alkoxycarbonyloxy,
alkylureido, arylureido, halo, cyano, and nitro.

2. The compound of claim 1, wherein R' is NR°R™, and R®is H, R"is H,
5 alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-

alkyl, alkenyl, alkynyl or heteroaryl-alkyl.

3. The compound of claim 2, wherein R is selected from the group

consisting of:

o R N
ot M s s

-
ﬁvf’f%’fwf'&%)\,

1-3

sfw ;‘Q@/l\ fs\qﬂf
R a/?ﬁ: ,

10

i—OH,  §—OMe, f\%OMe : ;\%OH ,

Me Me Me
/\M/e \N\' \\’ \lN
W NP B NN W% N

Me
S S
l/’ |/> \HQand%z)\Q
;%D ML s .

4. The compound of claim 1, wherein R? is selected from the group
consisting of the following moieties:



Yand 0 O Il OSO 1 0 ~ 0 5 and Y12 is selected from

H, COOH, COOwve, CON H2, Owe, OH, OCF3, OCH(CH3) 2,
wozSees, F, d, Br, NH2, fISC2CHS, NHC( O) CH3PCT/US2005/005924

NHCO2CH3, NO2, SO2NH2, , Me, Et, isopropyl,

cycl opropyl, t-butyl and phenyl. 9. The conpound of

claim8, wherein Y is'ﬁglectederon1t gro

consi stf*'ng of :"TH H Y30 H- E%d N Y30 m 30 C 10 H

H Y30 /3 N Y36HN > YZl H \ O~3030-3‘H Y1 N

Y31 N Y31 N Y31 QN and™ 1-4 ©Hst F F "wherelin Y30 and
Y31l are selected fromthe group consisting of: WO

2005/985242 22% PCT/ 02005/ 005924 O O cN\ N+ a / N

/S\ LB /s ap\ 01, MO 0+, 003 HN R'MeN NG

N, S{R-~ - 0s $80 O\ oyo/( , ,
C

~N ,
CH,F CHs
Hs

F
o % % k3 %,
5o 888
0-3
F OH
T e a o
ko \LO L?(O)o-z \L
=TT T i
<§ 3 5 s R L
S L L0 4
F' °F o n=0-3 n=0-3 n=0-3

$.65 8 L4
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consisting of:

)\ CH CHg
CHy~ "CHz » CH3 CH%HS ’ 3 SCH,

CHj

CO,Et
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wW020058852€2 O0' O O NN N -Ny 0 0 O O nPepusmosn0s924
HN NHN N--NN O, ON- and 5 0 Y32 is selected

fromthe group consisting of: WO 2005/085242 226
PCT/ US2005/.005924 vaA and o IolmvTo ~and Y12 is

sel ect ed frﬁm H, Ove, OH A QCF3,
OCH( CHB) 2,cOC(CH3) 3, F, CI "Br, SBNHSOQC‘:#% CHs ,
NHC( O) CH3, NHCO2CH3, QOIQGQ S , CF3, M,

i sopropyl, cyc|opropyl,  t-butyl and enyl 10 The
compound of C|§]’I;n 1, whéYein the noj N
[---- 1, O b sel ect ed dd@mthefoll vvlng '
structures: O l\/b Me Me

CH3 CH3 ” B

v wwwv

wherein R*' is OH or O-alkyl; and
R% is H, C(O)CHs, C(O)OtBu or C(O)N(H)tBu.
6. The compound of claim 5, wherein R® is selected from the group

consisting of the following moieties:

v aidd Al Ve

CH3)\CH3 ’ CH3/C’:\HCH3 CH3/I\CH3 ,)\CHQ, {} ,
' " Y04
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’ ' CF3 CO.H H\COZH
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CHa CFs
) M CF3 and
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F F F
7. The compound of claim 1, wherein G is NH.
8. The compound of claim 1, wherein Y is selected from the group

consisting of:
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11.  The compound of claim 10, wherein the moiety:
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The compound of claim 11, wherein the moiety:
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14. A pharmaceutical composition comprising as an active ingredient at
least one compound of claim 1.
15.  The pharmaceutical composition of claim 14 for use in treating
disorders associated with HCV.

15 16. The pharmaceutical composition of claim 15 additionally comprising at
least one pharmaceutically acceptable carrier.
17.  The pharmaceutical composition of claim 16, additionally containing at
least one antiviral agent.
18.  The pharmaceutical composition of claim 17, still additionally

20 containing at least one interferon.



10

15

20

rp O1 NNH N S' WD 2005/ 085242 243

PCT/ US2005/ 005924 y HO NNHO NHN, NNO OOOO o
WORNS/OB#MHD 0 O/NH F FF C NH SI 1 H O H CPoOr/NSNbE/M5924
NN\ NO ~00 000 p sO ppONH NNHNNH OV
OHOH NN NN- Nfl pO 00 0.10 OyNH O HNH N

19. (’;';',qﬁ,-e‘@é}‘g%ﬁﬁuﬁgﬁl ﬁéﬁ%&}{ic}n b clairh 18NwWheteS R 8t IeastoRe
antiviral agent is ribavirin and said at least one interferon is o-interferon or
pegylated interferon.

20. A method of treating disorders associated with the HCV, said method
comprising administering to a patient in need of such treatment a
pharmaceutical composition which comprises therapeutically effective
amounts of at least one compound of claim 1.

21.  The method of claim 20, wherein said administration is oral or
subcutaneous.

22.  The use of a compound of claim 1 for the manufacture of a
medicament to treat disorders associated with the HCV.

23. A method of preparing a pharmaceutical composition for treating the
disorders associated with the HCV, said method comprising bringing into
intimate physical contact at least one compound of claim 1 and at least one
pharmaceutically acceptable carrier.

24. A compound exhibiting HCV protease inhibitory activity, or
enantiomers, stereoisomers, rotamers, tautomers, and racemates of said
compound, or a pharmaceutically acceptable salt, solvate or ester of said
compound, said compound being selected from the compounds of structures
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pol ypepti de under conditions in which said polypeptide
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5 35. A néfhod of treating|disorders as C|ate vvlth

the HCV, [;@%Nme ho@‘é conpii sing ad n| ster|N
patiew ed’ off such treatnent, r ceu |c
|a

[ Ocorrprl ses thera@e Py effective
’tm(unt%/ﬂf at | efast one conp orﬁe antioners,
Bomers, rotaners, tau '?' Mnd racemates of

salcd ound, or a phar mageuti c Iy 0 acceptable
salt, solvate or ester of gaid conpound, said conpound
being selected fromthe following: VO O NN-,, Nr
NN---_ """ ), ,, OINNOy N ON N\ O=\JN
N/-,,, QO Il HOHOIMNNII NN~ NG OO0 NN
11 -~ .85N N' b~ O1 |[VO NN-/\ Ni&f N 0O 0
aged s¥aay
S0 50 00 N ©
o S ° O oN
el O
N N N N
S P
o o

N N N N

N\\é )/\N\ N\«ONXN




10

15

20

25

085242 278
o Co0 OO0 NN
00 O CrP@I/URS2OBS/P5924

PCT/ US2005/ 005924 J
WORINSQBIMD 0-4 |J % O
ONONOO ONN NOOO OHoivIlI NN~ ONN
CSONHNL "OO0O0-10 N, N~~HOH HO HJAN

O OO O0ONNONNO ~4 0 o-4 W 2005/
0 y O f

| rqo ?\éa\grq@ru
v
N

N\\<O 1“\

25. A pharmaceutical composition for treating disorders associated with the
hepatitis C virus (“HCV”), said composition comprising therapeutically
effective amount of one or more compounds in claim 24 and a
pharmaceutically acceptable carrier.

26. The pharmaceutical composition of claim 25, additionally containing at
least one antiviral agent.

27. The pharmaceutical composition of claim 26, additionally containing at
least one interferon or PEG-interferon alpha conjugate (“pegylated
interferon”).

28. The pharmaceutical composition of claim 27, wherein said at least one
antiviral agent is ribavirin and said at least one interferon is a~interferon or
pegylated interferon.

29. A method of treatment of a hepatitis C virus associated disorder,
comprising administering an effective amount of one or more compounds of
claim 24.

30. A method of modulating the activity of hepatitis C virus (HCV) protease,
comprising contacting HCV protease with one or more compounds of claim
24,

31. A method of treating, preventing, or ameliorating one or more
symptoms of hepatitis C, comprising administering a therapeutically effective
amount of one or more compounds of claim 24.

32. The method of claim 31, wherein the HCV protease is the NS3/NS4a
protease.

33. The method of claim 32, wherein the compound or compounds inhibit
HCV NS3/NS4a protease.



10

NOHNII OHHNOONNOOO ,/7"ON OO 0O6V
V OOIl 9-YNNJANNIN-OO0 000 O (/INNNNINy N
WO 200008085/ 085242 279 PCT/ US2905/ 005924 O N NeCI/NS1H0£2005924
Oo NII' A\ TOOYyYN OOHNI"OOONN NS NNy I
I @00 -YNN-,, NN >~ O0 ONOGOON NoOoSOY N

345=OANmnethod6f dfodukativgtheprdcadsing af hedatits @Wiruki(BICV)
pofly%rergtide, comprising contacting a composition containing the HCV
polypeptide under conditions in which said polypeptide is processed with one
or more compounds of claim 24.

35. A method of treating disorders associated with the HCV, said method
comprising administering to a patient in need of such treatment, a
pharmaceutical composition which comprises therapeutically effective
amounts of at least one compound, or enantiomers, stereoisomers, rotamers,
tautomers, and racemates of said compound, or a pharmaceutically
acceptable salt, solvate or ester of said compound, said compound being

selected from the following:

N
ﬂoﬁnl >| Oy N
(N P ""[N o
Ay b




278 PCT/US2005/005924

WO 2005/085242

= = =
{ L uWoW S
o o}
uanIoLH_ I/o»unq A O = o - o
Z o %noo vamWNﬂ 2 S v g Iﬂ .: % vvv,% O _
P o >, o oY A Tz =0
T N,LMM\ d- NSNWM NAN =0 Z
” |\/ ° No Oy %~° =z 1
<] gl B
=)
{
Ir= W\
IIH/IN "/...N o OWMW'\ = u“/IN
2 | |
° = o o
) ) v OO == - .
o) B
Y38 SISt 2| e |2
A =z v = If:./o 3
AWOV\IY AW\\WVOV\INN‘N HN/\nn © HN/V.‘\I.O ano
o_=z_0 o._zZ_ O N‘A’ - NN‘O
& W« O { =)
<




WO 2005/085242 279 PCT/US2005/005924
Pl O
\/ [I:IBWN N\/\
5 H 0 I[:} Q/go O O
(NlrrN M O N

O\\ ’/O Y

A
el Y

Y
A 0
(NjﬁrN
o o]
0.9 N

36. A compound of claim 1 in purified form.




