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1 MACROCYCLI C I NHI BI TORS OF HEPATITIS C VI RUS NS3
SERI NE PROTEASE Field of Invention The present

WO 200203079Nn rel ates to novel hepatitis C virus PCTRE2M/031136

protease inhibitors, pharmceutical conpositions

; %h@ﬁbﬁ?e@.‘iﬁ INHIQE{FGRQL’G? Hgﬁk‘?’;flgé’wﬂ@ém%% §é§|NE

inhibitors to treat hepRRQTEASEand rel ated di sorders.

This invention additionally discloses novel

macrocyclic conpounds as inhibitors of the HCV

NS3/ NS4a serine prot epiatd of Mverdigi | cation cl ai ms

priority fromU. S. provistonal patent application

Serial Nunmber 60/506, 637 filed Septenber 26, 2003.

Background of the Invention Hepatitis C virus (HCV) is

sense | e-strapded RNA |ru .that h

! RS PBpent venbad ARl Beadilia C A e
profehsd iRRBRbI, 'pﬁa(rhlée@hﬁcaﬁ)@bﬁi éﬁhléhb)(:ohfémm? one or more such

bl ood- associ at ed NANBH ( BB- NBH) (see er nat i onal
inbiiters, metppde of pmmmsw&m@hﬂm arw Betiosef, usig@ glich
mhﬁahtyﬁ ﬁ)otp Q?e#) VI |sr; W?lé@g cﬁsé’rgiregédsléﬂéga%g)eﬁnsgﬁzdggmnally
dibelpats hosemmamrou;zcl(cl-dz@ﬁ)updnmﬁst ad inhitiitors ofithe( HBV) NSNS 4a

h tit D t I
Sﬂe%%a%rlpﬁé%&}/ (B @ng'cgﬁmé"gge n%@r'?yvg é#vfswén%@wgpnﬁbwgnt
a;?ﬁhch%&ﬁ%eﬁbﬁﬂﬁﬁﬁ)e?%%@%ﬁ ﬁ%ﬁ%éé{ﬁ%’ég 2B/ bggsy Dbiliar

cirrhosis. Recently, an prot €ase necessary for
pol ypepti de processing and viral replication has been

identified, cl on%dac?(rg];go% oﬁﬁgqf-\végﬁgh e.g.. US

Hepatitis C virus (HCV) is a (+)-sense single-stranded RNA virus that

has been implicated as the major causative agent in non-A, non-B hepatitis -
(NANBH), particularly in blood-associated NANBH (BB-NANBH) (see,
International Patent Application Publication No. WO 89/04669, equal to US
2003162167). NANBH is to be distinguished from other types of viral-induced
liver disease, such-as hepatitis A virus (HAV), hepatitis B virus (HBV), deita
hepatitis virus (HDV), cytomegalovirus (CMV) and Epstein-Barr virus (EBV),
as well as from other forms of liver disease such as alcoholism and primary
biliar cirrhosis.

Recently, an HCV protease necessary for polypeptide processing and
viral replication has been identified, cloned and expressed; (see, e.g., 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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Patent No. 5,712,145). This approxi mately 3000 am no
acid polyprotein contains, fromthe amno termnus to
WO b@soz07hoxy term nus, a nucl eocapsid protein BC/US2004/031136
envel ope proteins (El and B2) and severa
non-structural proteins (NS1, 2, 3 4a, 5a and 5b). NS3
is an approxi mately 68 kda protein, encoded by

ORISR By HEGRy R B SR T photBic SoaRiRE Buerdllthree-
dimeasishangraturengidriethbaisyn 30¢atafysisheOtidr ehymotdypsin-like

am no acids; and (be@ an RNA- dependent ATPase domai n at
erFEMesarfiakiragh, faplor feo thipmbinHeNess RlrgniasEckirase, tPA
a‘h?ﬂ%ﬂ?“ﬁh% BCTENES sePhe (PGEBKETS Fok n@iﬁ‘lé‘ﬂ}#&o@%ﬁ%‘f@&fthe
of simlaritres rn protern sequence, overall
polypeptide€pslyproating ot thet NS8/NSvdha, S haiN SHh, NS4aNSS5asarsd

B R B 55 PR 15 RS ol St
JoSifig VIraerdiRYais. $RIS HS RaabeRs PG NS HEHR Bldiedsy an

proteol ysis of the Fol ypeptide (polyprotein) at the
atisagtivedargeti®aamizing) cheznpihesapy. ahbie NSEINSSIONMRowds ©as

6 el Pitfeh s "ORMLASE spRimaflafe tneitobfiing of Repsiiis ©
vitey (MNBY ) pilypeptideot ease an attractive target for
antiviral chenot h&&;\q@/ The inventive conmpounds can

i nhi b hassheen geter thag e NSda RrateimRILARR@XiMately 6 kda
. & . ey
SHIRENEENN e IS e oo KA g O
Atpcleavage ef the@NBAN A jypetion He the DISB/NS4baetioe drotease

QNSRRI Ltort Dy IR Rl DREAE2YaGs iop Atk asessed
iReFHbRCURIY B, pankpr |y (Le., cis) while the ot her

cl eavage sites are processed internolecularly (i.e.,

t r anéynalysimolihiesnatbral kleavagesies ddrddCNguotaaseseiealetithe
p%éjetn%%so% crygtve(?r% g{j Ptl ha%d serine at P1’ and that these residues are
strictly conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions.
The NS3/NS4a junction contains a threonine at P1 and a serine at P1’. The
Cys—Thr substitution at NS3/NS4a is postulated to account for the
requirement of cis rather than trans processing at this junction. See, e.q.,
Pizzi et al. (1994) Proc. Natl. Acad. Sci (USA) 91:888-892, Failla et al.
(1996) Folding & Design 1:35-42. The NS3/NS4a cleavage site is also more
tolerant of mutagenesis than the other sites. See, e.g., Kollykhalov et al.
(1994) J. Virol. 68:7525-7533. 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 (equal to US2002032175), Landro
et al. (1997) Biochem. 36:9340-9348, Ingallinella et al. (1998) Biochem.
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presence of cysteine at P1 and serine at P ' and that
these residues are strictly conserved in the

WONBWahdBdh, NS4b/ NSba and NS5a/ NS5b j unct i ons. PATES2004/031136
NS3/ NS4a junction contains & threonine at P1 and a
serine at PV. The Cys "Thr substitution at NS3/NS4a is
postul ated to account for the requirenent of cis

PRI s53AN SRR 36 o bl MU SR SRp 1715
1_79112 PRbitdRbadad bhahe 701HAb duid Bolypeptid® gl c (Martin et al.
42. The NS3/ NS4a cl eavage site1s also nore

(t189§)5.|9<3_ﬁt7l|§1fb1g"€5‘9€§1%63 Hahibiters affipib selpeted. fraspdiuman
S SiEeteBriirpaip by (ISt BFard BB onerities

acl IC resi

(MBIb) (oimash et hle(w%m% | Vé:7d68- 74139)) (A":Y = &0 “camellzed"
efficient cleavage. 1994) J_Virol

‘@glab%ﬁomﬁwntltmyaﬁqm%"%moﬂw st ail1gal Protbingag, 10:607-

B R SNy kS AC Wé@%@%?&wm-
zl’ﬁr?{ téﬂ:agbommi lddggtngﬁtdo rsetﬁctldelymtmgfhei(oagﬁ? C virus RNA has
G8pbBeT dRsiserdser BoueR afey Badrich (Rayempensh)

133 Eem 36 9340- 9348, Ingal linella eI al . ( 998)

Bi o€

em 37: 8906- 8914, Llinas-Brunet et a (1998)
Bi oorRBefernte iciadgn madetto tge PCBPubligaionsi Noi WO ®8417679,

R B N e s R R

%’2242963 ublistied S aAvoBaequsl t%QQISSfGOGWB 020 @ﬁUrU S.
i nhi bi tor hPSTM%2 and m EI bod¥N ertoires

I BPeRSH Bt Haffma(\ndwﬁosh%’%)l and Oﬂ@g)puéhvhgg (a

C8E S Dol & o Rl O ARl

Latdl)antichynotrypsin (ACT) (El zouki et al.) (1997) J

I
I;:g? ﬁl-(g(/‘% iqqqgén@cg{qlqtjlg f{qﬁogggf %neeltljvér%nsdellnPigétljc\{l%nyof

hepatocellular carcinoma. The prognosis for patients suffering from HCV
infection is currently poor. HCV infection is more difficult to treat than other
forms of hepatitis due to the lack of immunity or remission associated with
HCV infection. Current data indicates a less than 50% survival rate at four
years post cirrhosis diagnosis. Patients diagnosed with localized resectable
hepatocellular carcinoma have a five-year survival rate of 10-30%, whereas
those with localized unresectable hepatocellular carcinoma have a five-year
survival rate of less than 1%.

Reference is made to WO 00/59929 (equal to US2004002448 and U.S.
6,608,027; Assignee: Boehringer Ingelheim (Canada) Ltd.; Published October
12, 2000) which discloses peptide derivatives of the formula:
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recently been disclosed (see, Biowrld Today9(217) : 4
(Novenber 10, 1998)). Reference is also nade to the
No. W98/1 7679, published Ppr/iub2080031136
1998 (Vertex Pharmaceutical4 |Incorporated); WO

98/ 22496, published May 28, 1998 (equal to U S
6,018,020 and U. S. 5, 866,684; . Hoffmann-La Roche AQ;
and WO 99/ 07734, publi hedMFebngry 18, 1999 (equal to
U S. 6,143,71 ; Boeh af |Imgel hei m Canada Ltd.). HCV
has been inplicated i rrﬁp.ls of the liver and in

i nducti on of hepatoce | ary"car ci noma. The prognosi s
for patients suffering from HCV infection is currently
poor. HCV infection is nore difficult to treat than
other forms of hepatitis due to the lack of inmunity
or rem ssion associ at ed th)HCV i nfection. Current
data i ndicates a | ess*{h vhval rate at four
years post cirrhosis di/agriosts Fts di agnosed

with localized resect lL.e hepapocel dr carcinoma

have a five-year surVival~tate of-10-30% whereas

those with | ocalized unresecrabl e hepat ocel | ul ar

car ciRpfsrenBave niadel thex Waaichetl ¥i é!labghlé?tesqf 1 b@@ 30bh {4999)

1% Reference is made to WD 00/59Y equal
descritnng theiapnthesis Of icylic eoa|as of a«s@hgme of B@é/nNSﬁger

oFASHES Bt GR0R ik BB RGBT, 12 2000

formul a: Reference is nmadeQt g. A. Mar chett| et al,
Synlett, SJ., 1000-1 describing the
synthesis of bicylic an inhibitor of HCV
NS3 protease. A co und dloSC sed thgrein has the
formula: \\

COOH

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
Ingelheim Limited; Published February 24, 2000) which discloses peptide

derivatives of the formula:

R2

/

Z

H
A N

D
(o]

HaC

Iz

Rs e}
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AcHN SH COOH Reference is also nade to W Han et al,
Bi oorgani ¢ & Medicinal Chem Lett, (2000) 10, 7 1-713,

wowkioshsdescri bes the preparation of certain a-PCT/US2004/031136

ket oam des, a-ketoesters amd a-di ket ones contai ni ng
allyl and ethyl functionalities. Reference is also
made to WO 00/ 09558 .( Assi gnee: Boehringer | ngel heim

T 6 A5 e P B A o

tiehteserinisdsare defined therein. An illustrative conmpound
of that series is: CH Reference is also nade to WO
00/ 09543 (equal to US2002246242 and US 2002037998;
Assi gnee: Boehringer | ngg Li m ted; Published
February 24, 2000) which Qses_pepti de derovatives

of the fornula: 3 where the“varigls erg $~ar gy,
defined therein. An illustrative | that
series is:CH Current therapies fo C i ncl ude

interferon- a (INF ) and conbi nation therapy with
ribavirin and interferon. CSee e.dg., Berenguer et a .

( 998) Proc. Assoc. Amc P y%hm ans 10(2) 98-112. These
t herapies suffer frgma ed response rate
and frequent si de el|f ect s|. , Hoofnagle e (

997) NH;;@"I/ 336 47. gntly, no vaccine is

N

CH,
OH

Q
Iz

Reference is also made to WO 00/09543 (equal to US2002016442 and
US 2002037998, Assignee: Boehringer Ingelheim Limited; Published
February 24, 2000) which discloses peptide derivatives of the formula:

Ay

OH

0]
where the various elements are defined therein. An illustrative compound of

that series is:



avai |l abl e for HCV infection. Reference is further made

to W01/ 74768 (equal to US 2003236242; Assi gnhee:
wo/eoose307Bhar maceuti cal s 1 nc) published Cct oberPCT/BOD4/031136

whi ch di scl oses certain conpounds of the follow ng

general fornmula (R is defined therein) as NS3-serine

protease inhibitors of Hepatitis Cvirus: HC CHA

speci fic conmpound di sclosed in the afore-nentioned WO

Publ i cati ons WD 01/ 771 | \I' 01/ 081325 WD 02/ 08198;

WO 02/ 08256; WO 02/ 0818 244 O 02X48172; WO
02/ 08251 ; and pending U'S. at i ongn,Ser i al
No. 10/052, 386, filed January 18, u scl ose

various types of peptides and/o
NS-3 serine protease inhibitors of hepatitis virus.
The di sclosures of those applicatgons are incorporated
herein by referencei¢herece, There is a need for new
treat ments andut herapi for infection. There is a
need for ¢ ound usefjul injthe ¥reatment or

preventi on anefyor n_ef or nore synptons of
hepatiti'$®C. Tiere i% a nffed fok net OR t r eat ment
nmor é4synpt ons
for

gonpounds as

of hepatitis C. There is a ne
nodul ating the activity of serine wrot ses,
particularly the HCV NS3/ NS4a serine prit t ease, using
"t he conpounds provided herein.

Current therapies for hepatitis C include interferon-a (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.9.,
Hoofnagle et al. (1997) N. Engl. J. Med. 336:347. Currently, no vaccine is
available for HCV infection.

Reference is further made to WO 01/74768 (equal to US 2003236242;
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:
HaC

CH; CHy
o
o)
i N 0 0

e N N

Iz

H
CHs

o)
N/KO
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There is a need for nethods of nodul ating the
processi ng of the HCV pol ypeptide using the conpounds

w@e@giosigds herein. Sunmmary of the Invention n iPCT/DE2VY4/031136

enbodi nents, the present invention provides a novel
class of inhibitors of the HCV protease,
phar maceuti cal conpositions contai ni ngone or nore of

Of. pr ri . j
A PR G0 T Rl IR BRAL I B4E 26 has ne
faltwlvingtfbediglaof treat nent or prevention of HCV or
anel i oration of one qr.nore of the synptons of
hepat iti{s C using one®d such comgagunds or one or
nor
nod |

| ating thelintefacti §n of jan HCV pgol ypeptide with
unds prgovi ded herejn,
ijne protjgase
tion CHy

activity are pr
e\ghown

di scl oses cofmgdundsCthavi

in structural Formula 1:

phar maceuti cal » accept
FeT 8| N:

. 2uFormullla 1

e salts or sélvates of said

) i -C(OR5 0 -B(OR) ; (2) R5

is H -OH % -C(OOR 8, -C(ONR R1O , -CF
-C F, X -CFW—'{G, “R6, -C(OR 7 or NR SO R8; (3)

i or -CHR R10; (4) R6, R8, R9 and R10

can be the sane or different, each being

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 dvis"clbosures 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.

Summary of the Invention

In its many embodiments, the present invention provides a novel class

of inhibitors of the HCV protease, pharmaceutical compositions containing
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i ndependently selected fromthe group consisting of H
al kyl, al kenyl, aryl, heteroal kyl, heteroaryl,

wae@ywsoadhey ! , aryl al kyl, heteroaryl al kyl, Rl4, PCH{R004/031136

JCH(R ) AOQOR 11 -[CHR ) PO OR 11-[ CH(R )] pC( O NR
R13, [CH(R)]DS(O)Rll -[CH(R )]IOC(O)Rll [CH(R
)] S( 2 )NR RI3 -CH(R ) (O N(H) CH(R ) (" :

Mr@?&%&%@bun Erpgtb‘u%ﬁ' g{ 9%@&@9 Pfarrinépf? cal

folrRGiBtichs Bo nsre?‘d(r@—or) ok Such %@Hanalgﬂoqae@ﬁbds of
C(O)N(|‘|)C|‘| O ORL1, -C(ONH CHR)"

reginRnt PCP(@VN(‘FPEH( ROV of greforten OfGH@W)'UP@) N(tHPCH( R

S A S Ao o

su):ﬁ(f@rmlﬁlbﬂlghl_lﬁ EA)&( % NGHH% @éﬁbﬂ%ﬁ?n@ﬂ%&tg@)‘lﬁ@ interaction of
amﬁ&\) (Ig))e o p:gQ‘LH) ( e )gg&.g) qn(qpounds provided
rk%lw( &Wgﬁnag@twﬁ\ gﬂ'ﬁlCV NS3/NS4a serine protease activity are

preferred. The present invention discloses compounds having the general

structure shown in structural Formula 1:
Ml

ZT

L'\N
[D]
i IXI/

Formula 1

or pharmaceutically acceptable salts or solvates of said compound wherein:
(1) R'is -C(O)R® or -B(OR),;

(2) R%is H, -OH, -OR®, -NR°R", -C(O)OR?, -C(O)NR°R'’, -CF,, -C,F,,
-C,F,, -CF3R5, -R®, _C(O)R” or NR’SO,R?;

(3) R”is H, -OH, -OR8 or -CHR®R";

(4) R%, R%, R® and R can be the same or different, each being

- independently selected from the group consisting of H: alkyl, alkenyl, aryl,

heteroalkyl, heteroaryl, cycloalkyl, arylalkyl, heteroarylalkyl, R™,
-CH(R")CH(R")C(O)OR"",
-[CH(R"),C(O)ORM,
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WO Y@6/apdsd) CH(R °

-CHR)C(ON

(H)CHR * ) C(O NH CHR )C(ONH CHR "
)C(O)N(H)CH((R)

C(OOR11 and -CH(RL" )YC(O N(H) CH(R

) C(O N(H) CH(R ") C( O) N( H) CH( R5PQT/CK 10pMB31136
R13; wherein R1', R2' R3', ®4', R5', Rl1l, R12 and R13

can be the sane or different, each being independently
sel ected fromthe group consisting of: H, hal ogen,

@%ljf%d )]p@g@; haﬁmar oal kyl , heteroaryl, cycloal kyl,

['oxy, ’al kenyl, al kynyl, al kyl-aryl,
~FOHR' )]aS(@g)G&ifyl het er ocycl oal kyl , aryl -al kyl and

ﬁ%‘?{?ﬁ ég%‘b or R12 and R13 are |inked together such

B € ( tnation is cycloal kyl, heterocycloal kyl,
R hRiPaRYd ; 10 R14 is present or not and if
%SE@Z) ect éd fromthe group consisting of: H,

-GHI((RT )C(@)N(H)(hld(l%zr I),kyI het eroaryl, cycl oal kyl,
) 4 kyI het er oaryl, al koxy,
Wﬁé };@T@ﬁ )Cﬁ)wﬁ al kynyl and heteroaral kyl; (5) R
-@prRjCW)g(@;)Rnt or not and if present can be t he
or different, each being independently selected

'@H&% YG(RNS(QIMEHERSs i ng of © H, OH, 1- 10 al kyl, -

SOl £ o ]
io, ar io, a am no,

-HyRNE,Cel(OrRMY, am'ydo aryl t%i oani no, Y

%93{?&3%5%&& )ﬁéé&?%‘ ?Eﬁ”bgﬂ’enw . al kynyl ,

égﬁg\h()r;gbk.b(hiz d@earyl al kyl , ester, carboxylic acid,

ket one, aldehyde cyano, nitro,

-ﬁéﬂ)kﬁﬁé‘()CI—Kﬂf/)ﬁ(@a)lFRVl )al kyl, aryl, heteroaryl,
| kyl - het lyl and

éﬁé %@M%@Q@ﬂ))g&%ﬁwﬁfere?n gal decscr:logglckzl ?2
-@H@Q1 ;qj(d)m;q;{;mgq?e)pght car bon atons, and zero to six

Hy,gg »SU fur, Qhos horHs at ons,
-C C(O)N(H H(R )C(O)N(H)CH(R )C(O)OR™,
-CH(R")C(O)N(H)CH(R?)C(O)CH(R*)NR"R™,
-CH(R")C(O)N(H)CH(R?)C(O)N(H)CH(R*)C(O)NR 2R,
-CH(R")C(O)N(H)CH(R?)C(O)N(H)CH(R*)C(O)N(H)CH(R*)C(O)OR"",
-CH(R")C(O)N(H)CH(R?)C(O)N(H)CH(R*)C(O)N(H)CH(R*)C(O)NR'?R 3,
-CH(R")C(O)N(H)CH(R? )C(O)N(H)CH(R*)C(O)N(H)CH(R*)C(O)N(H)CH(R®)C(O)OR™" ,
and

-CH(R" )C(O)N(H)CH(R®)C(O)N(H)CH(R®)C(OIN(H)CH(R*)C(O)N(H)CH(R®) C(O)NR'R"*:

wherein R", R?, R*, R*, R%, R", R"? and R"® can be the same or
different, each being independently selected from the group consisting of: H,
halogen, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkoxy, aryloxy, alkenyl,
alkynyl, alkyl-aryl, alkyl-heteroaryl, heterocycloalkyl, aryl-alkyl and
heteroaralkyl,
or R™ and R" are linked together such that the combination is

cycloalkyl, heterocycloalkyl, aryl or heteroaryl;



and said alkyl is of one to six carbon atonms; (6) L'

is H OH alkyl, heteroal kyl, aryl, heteroaryl,
wa@yowsoad7hey! , or heterocyclyl; (7) M is H al kptT/US2004/031136

het er oal kyl, aryl, heteroanyl, cycloal kyl, arylal kyl,

het erocyclyl or an am no acid side chain; or L' and M

are |inked together to forma ring structure such that

t he [ r. I :

(¢ ne B it i bresepElS i lol K 6o
cbusistingof: ¢, aﬂm,earyaih@terafam?n h@t@mamnoby@laag{%,aélhyl-aryl, allyl,

nitrogen atomrespective IS represente y
alky-heteoan, plony arvbabar alkenst afmyT sndielerchralivt

Fornmula 2: E is present or absent and if present is C

CH Nor CR; Jis present or absent, and when J is
5 preséit, R arsd RCEFE preseGHROMR gnd if p@4Rnd cah GRRhesant ar

N N - wh i bsent and_| t
ditergity aeh Yo TRabp Y sefedtsd . FerariiiplioSRihy of: v,
CROT O, B CoBIMTT, S efibel. 8o hSRIGSRANE,
alkoxy, afyloxiit alkithie, prvitbieon alkylanaipseatylaminonemingranidot

s, A%y 50 ehin gl H) Kegsgroon

10 héetedeglRyidalkehyl, blkykgkl (4r91)&lkyl, heteroarylalkyl, ester, carboxylic acid,
carbamate, urea, ketone, aldehyde, cyano, nitro, halogen, (cycloalkyl)alkyl,
aryl, heteroaryl, (alkyl)aryl, alkylheteroaryl, alkyl-heterocyclyl and
(heterocycloalkyl)alkyl, wherein said cycloalkyl is made of three to eight
carbon atoms, and zero to six oxygen, nitrogen, sulfur, or phosphorus atoms,

15 and said alkyl is of one to six carbon atoms;

(6) L’is H, OH, alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, or
heterocyclyl;

20 (7)  M'is H, alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, arylalkyl,

heterocyclyl or an amino acid side chain;

or L' and M’ are linked together to form a ring structure such that the
portion of structural Formula 1 represented by
o

L'\ 2 l
N

o_(— |
(o]
25

(the numbers 1 and 2 having been added to show the location of a certain
carbon atom and a certain nitrogen atom respectively)

is represented by structural Formula 2:
30
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G is present or absent, and when Gis present, Gis
(CH) , (CHR) , (CHR-CHR )p or (CRR) ; when Gis

w@bmenso79ad is present and E is directly connece@rusmo4/031136

t he carbon atom nmarked posiltion ; is present or
absent, and when is present, is NR PR, (CR=CR), (CH)
, (CHR) , (CRR)p, (CHR-CHR )p, , NR S, SO or SO;
when is absent, Mis (i) (glther directly linked to A
or (ii) an mdependent sy ;fFEt uent on L, said

i ndependent substituentpbei ng sel ect ed from - OR,
-CH(R (R), S(0)o- Ror \or (iii) absent; when
both and M are absent, A Its eiGher directly linked to
L, or Alis an mdepender(b Jsubstit t on E, said

i ndependent substituent RO Skfected from-OR
-CHR(R), S(O R or RR or is absent; Ais
present or absent and if ggmsigab Ais AR, (CH) ,
CHR) , (CHRRCHR) , (CRR)p, N(R, NRR, S, S(0),

(. R; or Ais linked to Mto form an
cycl %R? 'ﬁa‘?’g’{%‘zﬁ\lﬁc or heterocyclic bridge;12 Mis
pr esdhis msablsarﬁbseamdnmhfepsre%nﬁsm G(SHDN orl¢(Ry;
halogen , N(R) Qi_g(CH - CHR

olr'S(Rae@@r)t or em .a@dwma ig er@&enta Jf'ér( )o» (CHR-

PRI, BRSO IO FSTIE P s i
qreg.erﬁhbumdtned:twnk@d)to rtthnerannaIbm marked position 2;

p is a number from O to 6;

L is present or absent, and when L is present, L is C(H) or C(R); when
L is absent, M is present or absent; if M is present with L being absent, then M
is directly and independently linked to E, and J is directly and independently
linked to E;

G is present or absent, and when G is present, G is (CHz),, (CHR)j,
(CHR-CHR'), or (CRR’)p; when G is absent, J is present and E is directly
connected to the carbon atom marked position 1;

Q is present or absent, and when Q is present, Q is NR, PR, (CR=CR),
(CH2)p, (CHR),, (CRR’),, (CHR-CHR’),, O, NR, S, SO, or SO,; when Q is
absent, M is (i) either directly linked to A or (ii) an independent substituent on
L, said independent substituent being selected from -OR, -CH(R)(R’), S(O)s.
2R or -NRR’ or (iii) absent; when both Q and M are absent, A is either directly
linked to L, or A is an independent substituent on E, said independent
substituent being selected from -OR, -CH(R)(R’), S(O)0-2R or -NRR’ or A is
absent;

A is present or absent and if present A is O, O(R), (CH.),, (CHR), ,
(CHR-CHR’),, (CRR’)p, N(R), NRR’, S, S(0,), -OR, CH(R)(R’) or NRR’; or A is
linked to M to form an cycloalkyl, aliphatic or heterocyclic bridge;



wherein: j44 is selected fromthe group consisting of:

and and 577 is selected fromthe group consisting of:
wo@2@503049¢ N- 013 .0 p - N CH 4 NN P, .BCCUS004/01136

NN NN | PPPHAN. 20s VO HN 10 o slIP P

P14

M is present or absent, and when M is present, M is halogen, O, OR,
N(R), S, S(Oz), (CHz),, (CHR), (CHR-CHR'),, or (CRR’),; or M is linked to A to

form a cycloalkyl, aliphatic or heterocycloalkyl bridge;

5 (8) Z is represented by either (i), (ii), (iii), (iv) or (v) shown

below:
(i)
N__N
Y ¥
R4 O
Formula A
wherein:

10 R* is selected from the group consisting of:

WAy

T o o ¢$. 0

and R"" is selected from the group consisting of:

o O ° 0 0
@N—E QN% N/\ = CiN—é o N-%
15 6] O O
0
Q EN—§
0 o 0 r40 o
o it



=rvo NIl I I 1l " NI 115 g v and where R78 is
sel ected fromnethyl, ethyl, isopropyl, tert-butyl and
w@b@apsq79¢ ) 0-3 Fornula B where R79 is sel ectedi/iismmm/031136
the group consisting of: CHBCH N and 1-3 HH 0-3
Formula C wherein the sulfone ring is optionally
substituted with al kyl and cycloal kyl; (iv) the
i ety: 16 II 0

O O
R WCEN-; /HN% /HN_g

HN\\< /N\\<
O ¢}

© O
O
Sl a0 S SN
N_g \ \_< 615 L«

0 O o
><<§~—s
0 ¥y 0O P P
CeHs N—% CoHe— /_{N__g N—§ >“N/_/<N—-§
5 0] N_§ e} \—<O o) %O
(0]

10 /-
78 R78 78 78 7
e, 20, ik o el
Y G R ey A S
O N 1"
R(7)8 o ) O
l



CH, CH, V CHL, Hc J (tm HC/ HCLl7 HCV " CH,
(v) the noiety: - wherein Wis -C(=0- or -S(O)- ;
wWQ@2008/08079dN; and Y is selected fromthe group CPCBUS10041081136
of:18 .0. M XX M M2 J M 048 MeT JX J

O

78
o R° >LO R
's

@2/'&\;

R - F R78
o} g/N\f 9 ril o
A N\é“: :S:’N\res 'N (1]
s cHO0 O 0]

i
O
)\(“) N\; CoHs~g- \rg PN Jg
O
R78

n_N
§Y 5
o) (s}
F
78
gl
Il/
=Y
0]
Cl
78 78 E Z 78
CH3 78 @9 E 9 E QO R78 N M E
R P - Wt ! N RN
el SO Ny KA &y
5 o] O Cl O R78 0
)
%ﬂw
O (0]

N\é;
O 0
10 ”
R
R \ R78 78 R78
N\; ~ /N‘S’N\e’s N‘%"‘“\; N‘§/N\e’}
1A I
O o
o] 0 0] R% 0
i
Chgn
Y
0O
/\I 78 R78 H
o) R | H
o N_T_N N_ O N._ _O N__O
ndiy Mgty SOy seityoy Sy
o) e o) o o)
N__O



M M Xf M H MO-3 0-3 0-1- MOM s: o-\ Hg 1319
1-2

CH. CHC. H. CH1-2 CH WHOO CH
WO 2005/030796 PCT/US2004/031136
15
rL 0 N. 0O i
N O
oy Aoy oy
O (0] and (0]

where R is selected from methyl, ethyl, isopropyl, tert-butyl and phenyl;

R7\98 H\ﬂ/“\v’f
N
O O; ]] 0
0-3

Formula B

(ii)

where R” is selected from the group consisting of:
/’\ /E CH3 CHs

: é NS O
10 | 4 N

w

BY

CHg" "CH3 and

(iii)
55 ~
o T
] 0-3
Formula C
15 wherein the sulfone ring is optionally substituted with alkyl and

cycloalkyl;
(iv) the moiety:



CHCHHOOTr 0-4 COOHH C "CH CH HOO HOOC CH HOCC 1 g
1620 COOH C COOH 3 HOOC. 1-4 y COOH //JL / y HN COOH Y
w@2mF/08p79¢8 CH \ | CF | PCT/US2004/031136
16

T 2Oy @VOTN\ -
6*\; i&ju\; >\/°\[]/\ y %EOT\;;
Y | @J\;&, XWTY
%W A0 5( o

J
(%(TF @(T\f Yw\f m%(\f\f

e //\/ITY E}// q:\[ry D_//\?(T\;

%\/INTN\f c/—//ﬁ\/gi\ﬂ/\ /—/\/IT\;‘
\\g@i«% e Q A Pf A

M|QJ\/§ Uﬁ@i}; V”\QJ\



AcHN H X COOH COCH COOH21 X COOCH \ cr "COOH F F F OOH
CHHOOCFFMM M MMMMMYV- CA, VMM

wo/ko0ME3dVRe M M PCT/US2004/031136
17
Q o]
N N N N 9
\"/ }r‘ H ~ e . .
VI‘I 0 H ?)‘I \ﬂ/ e T \er'
HyC CH, H,C CH, HC o
Hy CH,

0 0
N N
et HaC,
\"/ e N, \n/ N\JJJ‘ o N\"/N\ _rr’J
0
HyC o H,C °
I

[e] e}

- " 3 & N 2 "
A T%é) TN—W!\A/@T%

(v) the moiety: Y—W—2Z /‘e??‘

wherein W is —C(=0)- or -S(0,)-;
ZisOorN;

and Y is selected from the group consisting of:



M MMM H2HMHH M M CFCAO, M HNV W e

0-3 HNH and HMy y / wherein: Y11 is selected fromthe
w@emap3wensi sting of: H -C(OOH -C(O CEt, -Quet/USTON4/031136

-OPh, -NHMWe, -NHAc, -NHPh, 18CH(Me) , 1-triazolyl,

1-im dazolyl and -NHCH COOH;, Y12 is selected fromthe

group consisting of: H -C(OOH -C(OOw, -Ow, F d

and Br; Y13 is selected fromthe group consisting of

the follow ng noieties:

m O\% mZgT\/O\§ MeMi/O\i M:ﬁ\( O\§

Me

Me

oo Sl e
M

/\/O\§ YO/% / O\§ z O\§
Me

o #
Q}OLO\§ @:/?‘i @O\i Mo~

Me oy M e o
LQ% ke .
e, O O

o—}%
T
v N



TX\ M M M Me CbzHN CbzHN Me ""Me " Me , , Me ]
/0-1 and X OBn 0 tBu OH XONH Y14 is MeS(O )-, -Ac,
WwO0 Bws/03079Boc, - Cbz, or -Alloc;23 Y15 and Y16 ceer/bs20041e31136
same or different and are iifdependently sel ected from
the group consisting of: alkyl, aryl, heteroal kyl, and
heteroaryl; Y17 is -CF, -NO-C(ONH, -OH -C(O OCH,
- OCH OCH -CH, -C(OCH, -NH, or -C(OOH and
Y18yl s -C(O) -NO, -N(CH) , F, -OCH, -C(H
) GPEY S;&ﬁ*ﬁo)wa/\g’\f NH) BBECH9) X
IS re@resented BH3structural Foenul a 4: (O)echg
(CH) a- (C—C)b (0)c - (Sd- (Af - 29 R R30 29

For mul erein i Fornula4 ais 2, 3, 4, 5, 6, 7,
8 oD e BN sarre or d ferent,
eachbln.éln tIy EBs 4 o ;HOOC ,r‘"

HOO

CHy CHj
03H7)\; HoocX/\" C\(v);:/ @\ e
COOH

/\/\f H3COOC._~ ¥ /\/\)\j /\/\(‘;;{

Hj CH3
HOOC (3~ )C:3 A(:ECHs HOOC™ ™"
6/ HOOC™ Y HOOC g CHz

Y1 Y16
spdient™Seadise:



Ais CN Sor ; R9 and R2 are independently present
or absent and if present can be the sane or different,
we@2mh/0beveg | ndependent|y one or two substituePtBUS2004/031136
i ndependently selected fronrdthe group consisting of:
H, halo, alkyl, aryl, cycloal kyl, cycloal kyl am no,
cycl oal kyl am nocar bonyl, cyano, hydroxy, al koxy,
al kyl thio, am no, -NH(al kyl), -NH(cycl oal kyl),
-N(al kyl') , car [, -C(Q C)alkyl heteroaryl
ar al ky al &@Q ar al @ I par al K CH
aHZ%LQetero , heteroa : yI »roxya N
V Xy, ar a - acyl, @ , nltro
aryl oxycar bonyl ,” ar al kghtyT20 bony! , CQFkylsuIFoﬁyl
aryl sul fonyl , heteroarylsulfonyl al kyl sul finyl,
arylsulfinyl, het eroaryl sul finyl, arylthio,
het er oaryl t hi o, aralkyhbbbo, heteroaralkylthio

kenyl cyclyl,]heterocyq enyl,
al O - and ]SO -, (n Y a
cafi be th@dgane or diffekxemt and ar depefident |

selected fromthe group consisting of hydrogen, alkyl,
aryl, and aral kyl; or24 R29 and R29 are |inked
toget her such that the conbination is an aliphatic or
he eroaliphatic cfpain of 0 to 6 carbongodpd0 is
or abseo i f present is ong or tmo N
i tuents |ndep nd tly, sel ected o the gq:u@L\

consicelgHg of : vyl yaryl, hetero and
cycl oal kyl ; (10) D |n F a lis repre nt ed by
structural Formula 5: (Oi (CH g

‘A\
% %
a % SeUNes
F CHj

% * 3

[:f:]:i? [:f:[;;H3 [E;EE;;H3 H3C’[:::[:;H3
T
AL A ﬂ‘ Beg
F Ci

\ CH3 CHa,

AcHN

‘a

COOH
COOH COOH CFa



- (Oh - (NJ- (Ak- (COIl (CHm- 33 R34 Fornula 5
wherein in Formula 5, R32, R33 and R34 are present or
wabmenso7add i f present are independently one OPCT/WS2004/031136
substituents independently2sel ected fromthe group
consisting of: H, halo, alkyl, aryl, cycloalkyl,
cycl oal kyl am no, spiroal kyl, cycloal kyl am nocar bonyl ,
cyano, hydroxy, al koxy, alkylthio, am no, NH(al kyl),
-NH(cycIoaIkyI) -N(al kyl) , carboxyl, -C(O O al kyl,
xyLY aral kyth_ 3l aryl, aral ken I*v,k
ulkyl, al kyl dlr oaryl , hete enyl
¥t kebor vl § ablexiy Lﬁ{
aryl oxycar bonyl , aralkoxycarbonyl alkyls fon
aryl sul fonyl , heteroarylsulfonyl al kyl sul finyl,
aryl sul finyl, heter”arylsulflnyl aryl t hi o,
he , Araikyl thio, X,

i,n Y F
J d ndent| YoooH
sel ected fromthe group consisting of hydrogen, alkyl,
aryl, amd aralkyl; r R32 and R34 are |inked together
suchgt hat the conbi natdwon forns a porti Bff of a

8 or 9; h,

i d nt | h
ks p d m gt T T Sz”efgr Sergnt, cach

O

Hoxo 9\(0\9:* >|7<°\f o

M Me

Y Y (T Ae, NI

Me Me Me " Me

Me.__O-_ :
o MeST ¥ Mey O Q :o\;
‘g o =2 Me>c|;;|3f 0-IMe

O O w0
A Ay A
,\'\,f:i;;O/ 0\; Me

v



10

wo edos0%479¢ condi ti onal

() provided that in Fornmula 1 when structural Fornmnula
2. Q- /M\ Formula 2 is - and Wis CHor N, both the

condi tional exclusion (i):2Z" is not - NH R36 wherein
R36 is H Caryl, Caryl, heteroaryl, -C(O - R37,
-C(O - Rr - O -NHR 37, wherein R37 is C al kyl or
cycl oal kyl ; and conditional exclusion (ii): RL is not
-C(O OH, pharmaceuti cal » acceptable salt of g O OH,

an esme (O or O NHR1.38 rei nuR38 pj S

sel ecMed] f rom t he?&?fﬁﬁg— onsi sﬁ:ﬁf%hﬁ?al kyN'\/Illegz3 -NG?I
cycloal KY¢, C aryl, a@rgl, or aralkglz. A furtheggp
feature of the invention is pharmaceuti cal
conpositions containing as active ingredient at |east

one cqgnmpoynd of Fornqul &1l (or itq sahts, estersg
sol v Nssomer s er w har ma Feapn
accept carrier orlexcipient.26/ Yhe invention also

provi des nethods for preparing conpounds of

H ll\/le L&
SRt oty 4 ARY

N

Yo D BT
H

wherein:

Y'" is selected from the group consisting of: H, -C(O)OH, -C(O)OEt,
-OMe, -Ph, -OPh, -NHMe, -NHAc, -NHPh, -CH(Me),, 1-triazolyl,
1-imidazolyl and -NHCH,COOH;

Y*2 is selected from the group consisting of: H, -C(O)OH, -C(O)OMe,
-OMe, F, Cl and Br;

Y* is selected from the group consisting of the following moieties:

s T * 2
hoC
Me Me CbzHN

CbzHN

Me/LM e/}\ /ﬁ
e M MeMe M Me ©)

S SIS Ul U
05Bn COstBu CO2oH ONH,

Y is MeS(0.)-, -Ac, -Boc, -iBoc, -Cbz, or -Alloc;

exclusions (i) and (ii)PeEppb3on4/031136
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Formula 1 as well as nethods for treating di seases
such as, for exanple, HCV, AIDS (Acquired | nmmune

whedososEency Syndrone), and rel ated di sorders. HA¢EUS2004/031136

nmet hods for such treatnent 28onprise adm nistering to a
patient suffering fromone or nore of the above

di seases or one or nore rel ated di seases a
therapeutically effective amount of at |east one

conpo Qd of1§ornula 1 or a pharnaceutical conposition
conmprY sSiangd Yt cesde therrame apdifieredrandoanglindependesndly

F547 18 5 R 5 nBlnd bt 483} 30 HuS R S peteroar
t r eaty'hgs P4, -NORS,.C(@NH,£IGIH e (D)o HE-OCHRYIFOTgHS, -CeHs,
disclosed is a nethod of treatnent of a hepatitis C

-G @ifsstHes SNEeRTedC @SB conpri si ng admi nistering an

£ . ¢ . .
corpunie-CIORICHE! NP IGHRE T oG SIARIOIEH -
G OH]e8(OENbder oN(H2(@)&H3ng the activity of

hepatitis C virus (HCV) protease, conprising
contacting HCV protease with one or nore inventive

conpeynds af rpldsentedBy BROStUPAI HorRRIA B9 Or preventing
HCV, or aneliorating one or nore Syneho s of hepatitis

C, conprising adm nistering an effecyjive anount of one
or nore of the_i ﬁtL\(gzggm_p_oF@ﬁs._ gh—qmyrulat i on,
treatment, prevention orn anelioration can al so be done
with the inventivg2phar ggglti cal conposit Réhs or
formul ati ons. Wthout being limted to theory, it is
bel i eved that the HCV protepaggnmay be the NS3 or NS4a
prot ease. The inventive conpounds can inhibit such

Pr ot §@RfeinlinPorfifl 2l 8¢ d05IY & ¢ thg gpigocessi ng of
hepatitis C virus (HCV) pol'ypepti de. Description of

‘the Tgvery i%hd f can be the same or different, each being independently
0,1,2,3,40r5;

AisC,N, SorO;

R?® and R* are independently present or absent and if present can be
the same or different, each being independently one or two substituents
independently selected from the group consisting of: H, halo, alkyl, aryl,
cycloalkyl, cycloalkylamino, cycloalkylaminocarbonyl, cyano, hydroxy, alkoxy,
alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl),, carboxyl,
—C(0)O-alkyl, heteroaryl, aralkyl, alkylaryl, aralkenyl, heteroaralkyl,
alkylheteroaryl, heteroaralkenyl, hydroxyalkyl, aryloxy, aralkoxy, acyl, aroyl,
nitro, aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, arylthio,
heteroarylthio, aralkylthio, heteroaralkylthio, cycloalkenyl, heterocyclyl,
heterocyclenyl, Y1Y2N-alkyl-, Y1Y,NC(O)- and Y{Y2NSO,-, wherein Y; and Y
can be the same or different and are independently selected from the group
consisting of hydrogen, alkyl, aryl, and aralkyl;

or
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As used above, and throughout this disclosure, the
follow ng ternms, unless otherw se indicated, shall be

waeasnst7ood to have the foll owi ng neani ngs: " PetT/e81004/031136

i ncl udes both human and ani2#al s. "Mammal " neans humans
and ot her manmmalian animals. "Al kyl" nmeans an

al i phati c hydrocarbon group which nay be strai ght or
branched and conpri sing about 1 to about 20 carbon

at ons an the chain. 27 Preferred al y groups contain

abouR?1 and R{B aue linked tagsitheraushghatihergorabination isbare

o SR n g thAn R Y BB mans that one or
rmr e H3@Ji@,e¢sre@bhvd>r A5 ang utressntistong or taiohsUbstituents
pyl, are attached to a linear alkyl chain. "Lower

lrsdqqandeﬁﬁhﬁelegteg#f&m thegreup epmtisting @fo Hasdid. a8yl hetasaaryl
ﬁ ﬂiy‘ he chai n which may be strai ght or branched.
10k ‘group may be optionally substituted by one
or nore substituents whi ch may be the sanme or

di ff bst i tuent bei [ nd ent |
sel 180 P Briemaile,ldn sougReR e s BIothi borupia s
aryl, cycloal kyl, (gyano, hydroxy, aI koxy, al kylt h| o,
am no, -NH(al kyI )é& NH(cycI oal kyl'), -N(al kyl') ,
ro

car boxy an __No(k)kl—l‘(ﬂﬂ(l)g—a(@ Bphes.of
suitable a y ps |ncI uder thyI et h%a n- propyl ,
i sopropyl apét- butyl " Al kyrﬁl means antal i phatic
hydr ocar bon group containing at | east one
carbon-carbon triple bon#Foandlai ch may be strai ght or
branched and conpri sing about 2 to about carbon atons

oy B GFRBIES 7, APy oo BEsN 200 e
paésert ape indlepieodently cae botwasobstituentsiedependentBsatectast
form the gt;r%%tp consisting of: H, halo, alkyl, aryl, cycloalkyl, cycloalkylamino,
spiroalkyl, cycloalkylaminocarbonyl, cyano, hydroxy, alkoxy, alkylthio, amino, -
NH(alkyl), -NH(cycloalkyl), -N(alkyl),, carboxyl, —C(O)O-alkyl, heteroaryl,
aralkyl, alkylaryl, aralkenyl, heteroaralkyl, alkylheteroaryl, heteroaralkenyl,
hydroxyalkyl, aryloxy, aralkoxy, acyl, aroyl, nitro, aryloxycarbonyl,
aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfinyl,
arylsulfinyl, heteroarylsulfinyl, arylthio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkenyl, heterocyclyl, heterocyclenyl, YY2N-alkyl-,
Y1YoNC(O)- and Y1Y2NSO,-, wherein Y4 and Y2 can be the same or different
and are independently selected from the group consisting of hydrogen, alkyl,
aryl, and aralkyl;

or

R* and R* are linked together such that the combination forms a
portion of a cycloalkyl group;

gis1,2,3,4,5,6,7,80r9;

h, i, j, k, l and m can be the same or different, each being
independently 0, 1, 2, 3, 4 or 5; and

AisC,N,SorQO,
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20

one or nore |ower al kyl groups such as nethyl, ethyl
or propyl, are attached to a |linear al kynyl chain.

wO bdes07ad kynyl " means about 2 to about 6 car bPeT/ESZINFE031136
in the chain which may be gfrai ght or branched.
Non-limting exanples of suitable al kynyl groups
i ncl ude ethynyl, propynyl, 2-butynyl and 3-
nmet hyl butynyl . The term "substituted al kynyl" neans

t hat e roup may b ubstituted by one or
nmor e (‘L{}DSPF‘?%%‘%/H E H"Pré&"i‘ ﬁ@’?‘?ﬁé tugtralrormyla ;i ent |
each substituent being ipdependently sel ected fron1the
group consi sting of alkyl, yl and cycl oal kyl .
“Aliphatic" means and iMcl udes strai ght or branched
chai ns of paraffinic, }ﬁy/ I\C or acetylenic carbon
atons. The aliphatic group cai? be optionally

substituted by one or sust i tent s whi ch may be
the same or different, sufptituent bei ng
i ndependently sel ecte on1thé)group consi sting of H

hal o, hal ogen, al kyl cl oal kyl
cycl oal kyl ami no, alkenyl¥%H@Fé%%cyclic, al kynyl ,

cycl oal kyl am nocar bonyl, hygg oxyl, thio, cyano,

hydr oxy, al koxy, aIkyIthio, am no, -NH(al kyl),
-NH(cycl oal kyl ), -N(al kyl) , carboxyl, - C(O O al kyl,
het eroaryl, aral kyl, gal k Iar ak al kenyl ,
heteroaralkyl 28 al kyl e , heteroaral kenyl ,
het er oal kyl , carbonyl kyl, aryl oxy,

ar al koxy, acyI ar oyl , am no, am do, ester,
car boxylic aci d aryloxycarbon |, aral koxycar bonyl ,

al kyl sul fonyl, aryl sul fonyl, eteroarylsulfonyl

al kyl sul finyl, arylsulfinyl, *eteroarylsul finyl,

al kyl t hi o, arylthio, heteger oar yl)t hi o, aralkylthio,

het er oar al kyl t hi o, cyclo erocycl yl,

het erocycl enyl , carbamatg, urea, |[ketone, al dehyde,
cyano, sulfonam de, sul f'oxi de, salfone, sulfonyl urea,
sul fgpy! . hydrazi de,

W' is CH or N, both the following conditional exclusions (i) and (ii)
apply:

conditional exclusion (i): Z’ is not -NH-R>®, wherein R is H,

Cs aryl, Cyoaryl, heteroaryl, -C(0)}-R¥, -C(0)~OR* or —C(O)}-NHR¥,

wherein R¥ is Cy_¢ alkyl or Ca_g cycloalkyl;

and

conditional exclusion (ii): R" is not ~C(O)OH, a pharmaceutically
acceptable salt of ~C(O)OH, an ester of -C(O)OH or —C(O)NHR® wherein
R* is selected from the group consisting of Cy_g alkyl, Cs_s cycloalkyl, Cs aryl,
Cioaryl, or C7-16 aralkyl.

A further feature of the invention is pharmaceutical compositions
containing as active ingredient at least one compound of Formula 1 (or its
salts, esters, solvate or isomers) together with a pharmaceutically acceptable

carrier or excipient.
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hydroxamate, S(alkyl)Y YN-alkyl-, Y Y Nalkyl-, YY

NC(O- and Y Y NSO -, wherein and Y can be the sane or
waledosesiemd and are i ndependently sel ected fronmP€hES2004/031136

group consi sting of hydroges, alkyl, aryl, and

aral kyl . "Heteroaliphatic" neans an ot herw se

al i phatic group that contains at | east one heteroatom

(such as oxygen, nitrogen or sulfur). The term

et el Rt TR AR TR by eobpBRas o
Rorivails 1 HsameIC aspidthbAg forhadting diseayeeWuchalsh it é)éa‘hﬁﬁe,
'_gqr;eferabl about 6 to about carbon atoms. The ary

¥uplka kA sruiegst ingrane Pefigiency Sunsiomie), anshielated mcnsders
T PR LR Pyl U AR g
fomopkbes mtbrescnﬂthakabevaﬁ}de&ee@psnermlm@i@ mw?dbigm@es a
tBeBveUtcally sty amuniof 8t e 6 RORRGRB & Sormula 1 or a
pHaRdhtetiey chhp%sﬁl%tho%rPsrﬂqsgf R&EEEhd F:@r[ﬁ‘pg'%mé;of Rormula 1.

Fbteroary neans an aronatlc nmonocycli c
mul t iAd§e diselasedds ﬁ;&umﬁaﬁpaﬂs@n@cmpom& of boaholat 1 fof the

arRELREB P s BBy o2 HRlng Hl RS, AncRifed fsorodrs.

ot herFurihen diseidyed, is baheoaNGTltRdtinehPEFA he PEMIEEC Vitus
sul fur, alone or in _conbination. Preferred heteroaryls

agspeiated @EQEQGVECQVBP'&%BQJ?dH‘"’r"BngQtafh%ffeCtWé amount of one or

L GtRAS onally substituted by one or
rr(%‘rée&tﬁ?n%oegng g?%t uents" which nmay be the sane

or dil stk 9ettfurthedembedaﬂerdsfthm@isip®dj\ﬁd®d midteodds ef i X
et e&gf\ryl root nanme nmeans

egHa tﬁi(gaﬂ%;%@&h? H?Fggé;@i?tgd%yﬁéh‘ ) rEplepse. GarpRfising
cgtﬁgd?nﬁg 'I-Y@%brot'e%s@ WithesHe 85mBré IMVniv® BbmPolhds 985k as
methods of treatlng or preventing HCV, or ameliorating one or more
symptoms of hepatitis C, comprising administering an effective amount of one
or more of the inventive compounds. Such modulation, treatment, prevention
or amelioration can also be done with the inventive pharmaceutical
compositions or formulations. 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.

Description of the Invention

As used above, and throughout this disclosure, the following terms,
unless otherwise indicated, shall be understood to have the following
meanings:

"Patient" includes both human and animals.

‘Mammal” means humans and other mammalian animals.

"Alkyl" means an aliphatic hydrocarbon group which may be straight or

branched and comprising about 1 to about 20 carbon atoms in the chain.
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het eroaryl can be optionally oxidized to the
correspondi ng N-oxide. Nonlimting exanpl es of

W@ posaki7es het eroaryl s i ncl ude pyridyl, pyrazi npeT/US2004/031136

furanyl, 29 thienyl, pyrim@/inyl, pyridone (including
N-substituted pyridones), isoxazolyl, isothiazolyl,
oxazol yl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl,
pyrazolyl triazolyl, 2 4-t hi adi azol yl, pyrazinyl,

P o SRR B P o S i ch
Nﬁﬁﬁé\‘é"n"é@ﬁl@l ! wbdﬁtalr?é@élgdloﬂoyé o@%r%ﬁ%ym the

thien I nyl, azol t hi enop
chainnBraricheyl means tha'opylelonrdgte loper raﬂdybgn;aups)duch as methyl,

el %%?ﬁ%{i.%é@“%éﬁ@ﬁ Ay by DR A Sy 21k eaps &

nglfbt R&AAG )ébouﬁi £ ab&iites éa.tbbnpétbmsahltue eRbin whieA may be
heteroaryl noieties such as, for exanple

straight Ry brasicoeduT e ply! gtcmprraay besptionslly subTmuteldeby one or
n#drgesubst% vvh \khltcﬂ aa)?f)¥ gxhekﬁ&lﬂéreﬂi‘ eadrpc\f'ne%lﬁiglﬁgtleyt being

group rn ar e

indiependbeatly séleetedrfrard tlae gkdnm soresisting ofehao,| alkgr agl Kyl
Non- | i mtlng s of suitable aralkyl

g?'%'ﬂ%' PM%”Q:JB’%@WZ OXZ a'@m@n@twm%nu H(alkyl), -

I
NHRER O NTRAOM), C-?E\W A EROIORIBANEH- R didrfiples
ofysuitable alkyhgroupshrclad& yhethyld ety In- amybssqmepylcam tybutyl.
et T g T LR i

casdbcarboh it boﬁﬁ("l'ariém)ﬁhchCr‘nédi1 Bel%ra@m oF‘b'r@r‘idhe'dSand
through the aryl. "Cycloal kyl™ means a non-aromatic

campesingratiaut i teyakiout 16|qagbcyyetognﬁ tndhgrahgimdrefestad kymyl
G SRR 1Rt B PP e B8l
plefembhpabidut?2 to atgout 4 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 alkynyl chain. "Lower alkynyl" means about 2 to about 6 carbon
atoms in the chain which may be straight or branched. Non-limiting examples
of suitable alkynyl groups include ethynyl, propynyl, 2-butynyl and 3-
methylbutynyl. The term "substituted alkynyl" means that the alkynyl group
may be substituted by one or more substituents which may be the same or
different, each substituent being independently selected from the group
consisting of alkyl, aryl and cycloalkyl.

“Aliphatic” means and includes straight or branched chains of
paraffinic, olefinic or acetylenic carbon atoms. The aliphatic group can be
optionally substituted by one or more substituents which may be the same or
different, each substituent being independently selected from the group
consisting of H, halo, halogen, alkyl, aryl, cycloalkyl, cycloalkylamino, alkenyl,
heterocyclic, alkynyl, cycloalkylaminocarbonyl, hydroxyl, thio, cyano, hydroxy,
alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl),, carboxyl, —
C(O)0O-alkyl, heteroaryl, aralkyl, alkylaryl, aralkenyl, heteroaralkyl,
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atons. The cycl oal kyl can be optionally substituted
Wi th one or nore "ring system substituents” which nmay

wheoosha7sanme or different, and are as defi ned EBbDUS2004/031136

Non-limting exanples of sa8table nonocyclic
cycl oal kyl' s include cycl opropyl, cycl opentyl,

cycl ohexyl, cycl oheptyl and the like. Non-limting
exanpl es of suitable nmulticyclic cycloal kyls include

AlifeGroR helipTaa da o icabendaeox L arvioxy
SRR o Ay, S SRR b BT
argidixpearbBnyf aralleakyaaebdriytalkyisylfartyl, mrylselfm},d br om ne.

e R T e R ey

| S ), Ihaiedre3Ralkpigi® a§BIcRIkdyE i ng
RYRD, RotofAyABT Ao, ek BaRINIQISRIRNCE T

hiterosyelyt, heterobydlenylgcarbaepiedyeal !yetgeeealdehy¢¢ ayienbe

- slpRmge uﬁé%@%kgﬁnfo k%ylf%rﬁ\glu?g% sulBniY E.&Qgﬂz?cié’ X

Helrexaraste! SK&RYIWNZN%‘&IRVIO anzal-hlkplyl Yﬁ@NQ(U‘)etaﬁd agVYINSO,-,
hydr ox hydr oxyal k al koxy oxy, aralk g
Iagnem ‘Z/r 6941 Y2r9§‘|n<Pe %]etqqgne @yarf@reetaa ke independently

oL R R brouP b IRR oF WMiicosh, AP T ang Brato

al kyI“Helterpabptyattd’l mmariseareottmrwisemlmhahc grdup tHat contains at

het ero%mall kyl thl@%ldN clq%gblé “'EES%?%IEMKJW teRFnYN.
h\été(MaﬂbKé(ﬁc incllidés NebShituted'heteNsiiphaied - SO NY Y,

wherein and Y can be the sane or different and are
i ndepénylemaanssarn aemalict menveyadic @ ouytieyslis irvgi sygten

SRR o St B s e o
carbon atoms. The aryl group can be optionally substituted with one or more
"ring system substituents" which may be the same or different, and are as
defined herein. Non-limiting examples of suitable aryl groups include phenyl
and naphthyl.

“Heteroalkyl” means an alkyl as defined above, wherein one or more
hydrogen atoms are substituted by a heteroatom selected from N, S, or O.

"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
or sulfur atom respectively, is present as a ring atom. A nitrogen atom of a
heteroaryl can be optionally oxidized to the corresponding N-oxide. Non-
limiting examples of suitable heteroaryls include pyridyl, pyrazinyl, furanyl,
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noi ety which sinmultaneously replaces two avail abl e
hydr ogens on two adj acent carbon atons (one H on each

w@200508079©n a ring system Exanples of such noPet/ySmn€031136
nmet hyl ene di oxy, ethyl ened2dxy, -C(CH ) - and the Ilike
whi ch form noi eties such as, for exanple: and
"Heterocyclyl"™ or "heterocycl oal kyl" or "heterocyclic"
nmeans a nonaromati c saturated nonocyclic or

R el kol
isathiaziolybrexazolyldhiazolyl thyeazolgnfuraranylepyrroly, pyeszelyl.i s
il B RSl IRBr SR B L Bl .
oxXicHl] ReigAZo[@RLE riam?,qmi@aﬂd[y,n-tqwa@mr §§|¢iﬂfuird2ahgl(?
ring system Preferred heterocyclyls contain about
indelyk igaaindelv.i henzimigagolyirhengetitieny! aguinoli igridazaly,

> the . ] St h t
e e s R
ispudnelirtyl aserzoazaipdalym,2 Antyiazinidi benzeathiwedoyl @bdcthgliike. The
R N S A
PLEAABI, Myl anEaTiL N ARt 4 e

subsAraliyle or tarylalieyl'onesns an“aryirglkyly graum inukisich theatyd'and
AR R 2 ey sty SeREried e ot SEmE FOmPERe oy Bimealky
grbap eNenigliting ERAmpPRsUTtsuntBBlel aralkyi g&ow@,m@paé ®enzyl, 2-

correspondi ng N-oxide, S-oxide or S,S-dioxide.
pmmmﬁnﬂn@pgﬂmmsé@eﬂwlsme kand tertfivopgrent moiety is through

thg%i |ocycl yl rings include piperidyl, pyrrolidinyl,
pi perazi nyl, norpholinyl, thionorpholinyl,

t hi aAdkylatyiyhearls dn atkybagydroupéeih wilitothef alk@radd aryl are as
prtesitoixglgy ers%Eigieg .pé]r%?grlréd gﬁl(():llta?ynl]s clo?ncptri%geé Io%v%?’ atllpy glrci>ukpef'Non-
limiting example of a suitable alkylaryl group is tolyl. The bond to the parent
moiety is through the aryl.

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms, 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 multicyclic 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” means fluorine, chlorine, bromine, or iodine. Preferred are
fluorine, chlorine and bromine.

"Ring system substituent” means a substituent attached to an aromatic

or non-aromatic ring system which, for example, replaces an available
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t should be noted that in hetero-atom containing ring

systens of this invention, there are no hydroxyl
wW@e@ap3n7ecm carbon atons adjacent to a N, or S BST/WE1004/031136

as there are no N or S groups on carbon adjacent to

anot her heteroatom Thus, for exanple, in the ring:

there is no -CH attached directly to carbons marked 2

and 5. t should also be noted that tautomeric forns

such as, for exanple, the noieties: Hand CH are
hydmeﬂerreﬂnee'mg system:. Rimg systeni sutmmmtmaysbe)the sape or

dlstRSe. eACmetlo kP Sty SRR MR WY Breup X oRSintna sy
au@s @kéwi aIIESVr@/ﬁ Qiryleﬁeﬁirbﬁﬂ&"a'ﬂalkyl Salvcwawwh@te’a‘obﬁaw
ynyl “and l'ower al kyl “group. Theé bond to the

hp&ﬁr@wia{kﬁ@ﬂ yh¢t§rqawlalkgnylt RikyHatgroariohydrpiy. thyegoxyalkyl,

STPA AL oAy E b g SRS oy

ahﬁ;@tfarabmyl-, afy{q*ycamcﬁrltw éralk\dxygdwgbhg, b?(tyEUtfgnyil agjglilfonyl,
r a rev] ous criped. Frererred
h%@fé@wgﬁtﬁpwﬁ alkylhioa? f@'q %ménr&\ﬂ'o qrayithio,
hfé'enago%aglﬂthlw ﬁif@ﬁmxﬁ%’e?érogyélgl no rﬁb:},b ‘th, %HRH}-NHZ, -
OfeNH) (talueflpé(nféﬁm ﬁbeeNyelk)d tmwou@lﬁoowmmsogmd-

SN R YT SR fedr ba st Bt ahg org !

irRiepeatiantlyp¥sleciddydm th@@éu&b@hﬁ%@@ﬂ@o@égéﬁ kit afl e
hy droxe;al kyl '%I'oyﬁs i ncl'ude hydroxyne

cyClaglylo apdaig gl systera ssibatituan y alsa| rngan e(sygle
niieXthiR silitddBusty EptRes'tho available hydrogens on two
adjacent carbon atoms (one H on each carbon) on a ring system. Examples of
such moiety are methylene dioxy, ethylenedioxy, -C(CHas),- and the like which

form moieties such as, for example:

S coLh

"Heterocyclyl" or “heterocycloalkyl” or “heterocyclic” 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
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whi ch the various groups are as previously described.

The bond to the parent noiety is through the carbonyl.
woe@smesa7eel acyl s contain a | ower al kyl. Nonli mP€T/I§2004/031136

exanpl es of suitable acyl @toups include fornyl,

acetyl and propanoyl. "Aroyl" nmeans an aryl-C(O)-

group in which the aryl group is as previously

descri bed. The bond to the parent noiety is through
astdéfine@ e, ThiHirbgen bi me@@m &Sthefhe‘ééfbh?alnecawwps

i nclude benzoyl and 1- naphthoyl. "Al koxy" means an
opéiprglly oxidigedup the carrespondieg &- QyﬂdegSem@d¢ or §sS5-dioxide. Non-

.evi ousl Non- [dm tin xamples pof, . .
i BEHDPlas e g mehp e die REHER (e RgRige piperiayt,
pyFrofiiplgR piperbsiapr, ‘hﬁtﬂbﬁom‘w thidrid @Xplinyl hﬁmé’ﬁﬂiﬁlﬂyp 1'[41-9

parent noiety is rou%h t he et her oxi/ )
digyasys tatﬁafayqrp&u:amdr tatighydrathioehenyi elagkam, @ptmn,@ agd éfse like.
pre [ [
IFRIR RO O
mVﬁnilobothére aré he mrdr@(w graipst gn carbbhraiugh adjaceﬁtth@la N, 0 or
oxygen. "Aral k ans an ara
S AR 2SR B0 N b IRUP RO EabPb 3tk & AnefBer
helNS’r(’oa{drﬁ‘ FThing f@,xg,@hﬁ,% FH‘th%Wi bl e aral kyl oxy groups
i ncl ude benzyl oxy a - napht hal enemet hoxy. The
bond to the parent nojety=xi s through the ether oxygen.
"Al kyl thi 0" means an group in which the al kyl
group is as previousl ed.> Non-limting
exanpl es of suitable i 0 ggzaups i ncl ude
met hyl thi o and et hyl thi 0o"NThe b d to the parent
moi ety is through the sulfur. "Arylthio" neans an

théveyik na-OH aHBched WhE&HY foh@irB6Nd midrdtP2ishdes

It should also be noted that tautomeric forms such as, for example, the

~

L .
Vo P
H and N “oH

are considered equivalent in certain embodiments of this invention.

moieties:

“Alkynylalkyl” means an alkynyl-alkyl- group in which the alkynyl and
alkyl are as previously described. Preferred alkynylalkyls contain a lower
alkynyl and a lower alkyl group. The bond to the parent moiety is through the
alkyl. Non-limiting 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.
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previously described. Non-limting exanples of
sui table arylthio groups include phenylthio and

wo2pkoborbd hi 0. The bond to the parent noiety iBCT/OSmMOYIB1136

the sul fur.33 "Aral kyl thi o32nmeans an aral kyl -S- group
kA whi-ch the- aral-kyl group is as previously descri bed.
Non-limting exanple of a suitable aral kylthio group

i s benzylthio. The bond to the parent noiety is

t hrough the sul fur. "Al koxycarbonyl" means an

al ky1’H@r6@alEYI0mbad§CmHO Bikiyl-R@oex amwhich aikyl $3166 dPd\Bously
roups i ncl ude met hoxycar bonyl and

aI koxycar bon dg
Rt TR B GopEain inefv%ﬁl'@fh Nﬁﬂﬂ'ewng gxamples of
sﬁn?ﬁtﬁé‘ gpﬁt%?aﬁ(gf @%nu}ﬁ% |\BCI®¥ h&?%gg 3 ngsnie gyéroﬂp?thm.
aryl W&mhanslang}ﬂ@(@ |at|cyl+@(@)pbewvtgmhylkm(l®/)l- grodp in
WP ¥inus GeaRs gte 55 RiatiausTy Resasiisgt Thedmnd thS parent
nﬁﬁélklké/{hr&n% e c&'b%H 3 P'?@f'é‘rr'e’d'ﬁdy!%rﬁéﬁ\rﬁ’lo@vé?fall%d Non-

sui tabl e koxycar onyl group’is benzyl oxycar bonyl .
limiimgexadnples oh eunwle ratcymﬂogpy m@uq!qumtyh acetyl caadmmganoyl.

or ou Al ehBs AN BRI A, Bl et in AR Brodr R "

pevioUsly J@ﬁ:rh@ﬂdTh@ tonel thahe pardrmiredivty i§ thﬂafughqhe icafonyl.
squonyI "Aryl sul fon I nmeans an aryl-S(C group.

NPHAIMENG Cxamplas Ol BRblearoapy Ingudepeuza one Ly
The ‘ﬁf(@g"%@?ﬁé Eﬂtaﬂgll- ! gﬁpW%lcﬁqﬁe%% d&w is,as,

hydr ogen esi"gnat atomi1s re
pm/f @ty desdribec Noa-limiting a!xemmﬂsmﬂcsmmbm/ialﬂedy gradpstihelude
me ho)g/na h%%y% %mogogy?rls?o%lrog\)/giyegr? u oxy e e(;(r;dS to tﬂg parent
moiety is through the ether oxygen.

"Aryloxy" means an aryl-O- group in which the aryl group is as
previously described. Non-limiting examples of suitable aryloxy groups include
phenoxy and naphthoxy. The bond to the parent moiety is through the ether
oxygen.

"Aralkyloxy" means an aralkyl-O- group in which the aralkyl group is as
previously described. Non-limiting examples of suitable aralkyloxy groups
include benzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent
moiety is through the ether oxygen.

"Alkylthio" means an alkyl-S- group in which the alkyl group is as
previously described. Non-limiting examples of suitable alkyithio groups
include methylthio and ethylthio. The bond to the parent moiety is through the
sulfur.

"Arylthio" means an aryl-S- group in which the aryl group is as
previously described. Non-limiting examples of suitable arylthio groups
include phenyithio and naphthylthio. The bond to the parent moiety is through
the sulfur.
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ci rcunstances i s not exceeded, and that the
substitution results in a stable conpound.

w@oubiosiabé ons of substituents and/ or vari abl esPeEr/®S2004/031136
perm ssible only if such cé®binations result in stable
conmpounds. By "stable conmpound' or "stable structure”
is meant a conpound that is sufficiently robust to
survive isolation to a useful degree of purity froma
reaction mxture, and forrmulation into an efficacious
t heApmtkylihio"ageans afitazalkyl-3a Jroppiio vdiicty theuaradky grag is as

orp P DG AT Bl L B RE I R BT
be??g'ttrg&gfhé Bbgﬁ td e PacPRRIGY i$ BrBugh tige liurPhysi cal

sal d conpound after being 1solated froma
sy nt'Alkoixgcarbooys sneansran akksl-OsGQr geount Nashbimiting @xamples

th f. The t ! i f.i ed} i fi fornm f
of SUEaR i FaREnY! oRtbrdhdiie Maotychitiony &g o ™ 'O
etfOTRAHBhYR TR Bénd & the kAl mekty sotireugtuthiel carbbhyin
process or processes descri bed herein or vvelsrln,_knom to
t he "Aryloxysarbonyl'smeans anAlFPEENr IFMR-NOR-tmiing examples

of SURABE AR BrY FoaRf Mol SotlBaroRG B>,
naphtieoartaing The bt th irentmoistis theghoh Gasbony
et eroat om Wi satisfied va .
cohhEkSBicamanl FaanS apie DR Y Srolit Mgy e
ex{aﬁﬁ)lé of histitabie é}ﬁlﬂ%%(f:é’rbohwcﬁrégﬁlib BERAGRychebdiAA. FHe/bond

val ences. VWWen a’ functional group in’a conpound is
to the parent praietyds daroughtihe cathomyl.t hat the group is in

nodi,f.i,ed form.to precl Si j ' t
the " OVSTuiBal iR AR ke R bstR, Préfuiaslgsas
th6 S Whikh theialldPhfoup is lower alkyl. The bond to the parent moiety is
through the sulfonyl.
"Arylsulfonyl" means an aryl-S(O.)- group. The bond to the parent

. moiety is through the sulfonyl.

The term “substituted” means that one or more hydrogens on the
designated atom is replaced with a selection from the indicated group,
provided that the designated atom’s normal valency under the existing
circumstances is not exceeded, and that the substitution results in a stable
compound. Combinations of substituents and/or variables are permissible
only if such combinations result in stable compounds. By “stable compound’
or “stable structure” is meant a compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction mixture, and formulation
into an efficacious therapeutic agent.

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
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protecting groups will be recognized by those with
ordinary skill in the art as well as by reference to

W@ t@ndan7ge t ext books such as, for exanple, T.WPQ/E8064/031136
et al, Protective Goups iRB4organic Synthesis (1991),
Wl ey, New York. Wen any variable (e.g., aryl,
heterocycle, R2, etc.) occurs nore than one tine in
any constituent or in Fornula , its definition on each
occurrence is independent of its definition at every

b@“hb&)’bt@lﬁ@d rfmm eqourm&amsrdmgldn,prémsbe fd@scrlbed herein or
is intended tg enconpass a

W@B ﬂfﬁpwgu tﬁéh@ skilleg @éﬁlsanew pffjcieat putity tp/be ﬁ@@ﬁ‘@é‘?—ﬁb'@@y
SGBUR} finaiffatTecnidyét etk Hortth GTWEIPRIGT fo the skilled

adpani fied i ngredi ents in the specified armunts

Pr od S vate of the conpound

o ohisoniLaleS Dedi e i Any ciahomas arel. serheleteatam with
uﬁé’émga@aqerﬁ%ﬁmém SPERiY, eQ§H1‘Eﬁé%Sar?d FaPRAYeihgt

I's a drug precursor which, upon admnistration to a
assibpedto ham-i dTeg&efﬁcnehtehumbler obhydrogen @ty (sjdo abtisfy ther

clhem cal processes to yield a conpound of Fornula or a
V&&M'®¥nd/ or sol vate thereof. A discussion of pr odr ugs

I s pyherdgfurdtional Ghia cMbolndSsabired Fsrotsbteds tHs
Novel Deli verylosia/s%ike)gg (1987) 14n of the APFBC S.

meansdBatithe sseyR i ingnadifind B tBresiysecundgsifedrside feactions
@]%?pnraggegtj@ snté %&gﬁ)thg‘é %uﬁd dé:{gﬁ&%cte%dto %lbﬁa?wtat%le

SOCI a n an erganon ress
pahectinggreupsailt perataghizet by thdse wigh erdinay skileinghe .abbas

well asvieldiants 3 tarpid RO RG R B PG, T W,
Greene et al, Protective Groups in organic Synthesis (1991), Wiley, New
York.

When any variable (e.g., aryl, heterocycle, R?, etc.) occurs more than
one time in any constituent or in Formula |, its definition on each occurrence is
independent of its definition at every other occurrence.

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

Prodrugs and solvates of the compounds of the invention are also
contemplated herein. The term "prodrug”, as employed herein, denotes a
compound that is a drug precursor which, upon administration to a subject,
undergoes chemical conversion by metabolic or chemical processes to yield a
compound of Formula | or a salt and/or solvate thereof. A discussion of
prodrugs is provided in T. Higuchi and 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.
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wi th one or nore solvent nol ecules. This physical
associ ation invol ves varyi ng degrees of ionic and

wa@ewalantve bondi ng, i ncludi ng hydrogen bondi ng. PET/US2004/031136

certain instances the solvafe will be capabl e of

«i 80k at i-o@,-f or -exanmple..when one or nore sol vent

nol ecul es are incorporated in the crystal lattice of
the crystalline solid. "Sol vate" enconpasses both
sol ution-phase and isol atabl e sol vat es. Non I imting

xSl WA PRl 3ASp 1 SHIEARLEY iy v

whie ohierorimeressdiveritimoreteles| Thisphysical asddatationviavolves
anmount” or "therapeuti caIIy effective am)unt i s meant

YaJyingsdadraes ghioairand ceyaleshPeriiag.drclydispelpeenhoading. In
E&éel'galﬂr ﬁ‘ct,eé m\é%wag@ vﬁﬁ B@%ta 8@ & |éc‘t$1ﬁh6’ﬁ thPex C{HBle when

I seases an us pr UCI ng e desire
d)ﬂ\moapmne isolveatraidlendes aes incalpobatedrin tive cpystal daittieé bf the

ef f Th ds of F { | ts which
Gptliriesqls FaveRS ceeappasrot ol SV Phaee add Bdldidule

é&véte%oﬂﬁﬁulﬂqtﬁé e%%mésaofwtabré éo?vét@g ‘i’r'icﬁﬁd’é’@tﬁa?lolates
i nclude referencte to salts thereof, unless otherw se

nethanolates, amdthedike. ”Islmdnace;) is a %ﬁv@ﬁmw@m thersslvent
0 ic salts forned W|th|nor ani ¢ and/ or
PR s )

as well as basic salts fornmed with

i nor Ot etion Gheune! gethérabaaticallyreffedtié memounthiermeant to
npound of Fornula contains both a basic noiety, such
%%scr@@tam@mounm cumpeund gia camposiion; qﬁtaap&%ent yentian

S Aive iTMiibiing ® ﬁ’éﬁe%fed 9%@35\% ahd mdseﬁlroﬁﬁcghg ntgs dgglred

car oxy ic acl I ons I'nner salts'
ﬂmramutmndrrmheratwej intiditony bhpneveh‘eatm/erefﬁeCSal t(s)"

oo 5% SoMonyts TRES B b BE SIS M s witin the
%t?cﬁfeeéfr AR inReAthRL RereidneE 6 @'d&n@é&@éﬁ%rﬁﬁﬂé Pheredld s
understood to include reference to salts thereof, unless otherwise indicated.
The term "salt(s)", as employed herein, denotes acidic salts formed with
inorganic and/or organic acids, as well as basic salts formed with inorganic
and/or organic bases. In addition, when a compound of Formula | contains
both a basic moiety, such as, but not limited to a pyridine or imidazole, and an
acidic moiety, such as, but not limited to a carboxylic acid, zwitterions (“inner
salts") may be formed and are included within the term "salt(s)" as used
herein. Pharmaceutically acceptable (i.e., non-toxic, physiologically
acceptable) salts are preferred, although other salts are also useful. Salts of
the compounds of the Formula | may be formed, for example, by reacting a
compound of Formula | with an amount of acid or base, such as an equivalent
amount, in a medium such as one in which the salt precipitates or in an
aqueous medium followed by lyophilization.

Exemplary acid addition salts include acetates, ascorbates, benzoates,
benzenesulfonates, bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochlorides, hydrobromides, hydroiodides,

lactates, maleates, methanesulfonates, naphthalenesulfonates, nitrates,
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t he conpounds of the Fornmula may be forned, for
exanpl e, by reacting a conpound of Fornmula with an

wa@ewmanso7ed aci d or base, such as an equi val ent PEIDS2U4/031136

in a nmedium such as one in3&which the salt precipitates
or in an aqueous mnedi um foll owed by |yophilization.
Exenplary acid addition salts include acetates,

ascor bat es, benzoates, benzenesul fonates, bisulfates,
borates, butyrates, citrates, canphorates,

O@H@éobﬁéléﬁlﬁ’téﬁ q%opfdr'\%f’é@tsﬁﬁcyléﬁégrQﬁﬁuﬁtéé‘e@lfates
hydr obr om des, droi odi des, lactates, mal eates,

tamra]teﬁemw(anat@s toluepesultgnatassialsodknawre s tesatasd angdhe

i BehEau. 30 B i o SR Eonsi G the

fdrflatien @ phhAnatasticaiy seetun eaits ﬁﬁn't Insic phaﬂnécemmlzat he
like. Additionally, acids which ﬁ:rﬁe@fﬁener
t

cemRevads ate disrussside ferexamiles by ebal, Larile G. (eds.)
HB%BB‘B#?QFPhQﬁha éiﬁ:%EPbgﬁ§‘fF5r5péﬂié@ P@{%’c@gﬁ %ﬁﬁg{?ﬁ l‘(ﬁg@'

dunds are disclase exanp
Zahch iley-VEHE S .(Betge)et idd nithvond! affPHainanaceaked/ iScégnces (1977)

o) 19/ B 5. e gy R 24

Aﬁ@é%@ﬁ%? I 1B Prdicd of Med‘l&naPCh%t% (1 bQB?rA@d’eﬁﬂé‘IPress
of Pharmaceutics (1986) 201- 21 Ander son ef al

N?EWeYGTﬂ(aaﬂd i 768 QuadigeiBaak (Evedids Dryg Aﬂggal)stramradem C

Wt G o e Heed These WGRSTRS o Tinebogdd

hditiis by @éfeedrasithefetal € |ncorporat ed herein by reference
thereto. Exenplary basic salts include ammoni um salts,
al kaFxemplay @ﬁlqsﬁl@d%ﬁuﬁg aguBPRIAM $altsalkali rgeigl salts such

2 ebari Ll'l'fﬂl & taﬁdﬁtgglurﬂesaﬂ@réln?lﬂ?é Bhrtts AdtS SHELRR as

cal Ci urhan umsalts ts wth organi c bases
cdltiom andmvmégnesmrgaalts salts with organic bases (for example, organic

amines) such as dicyclohexylamines, t-butyl amines, and salts with amino
acids such as arginine, lysine and the like. Basic nitrogen-containing groups
may be quarternized with agents such as lower alkyl halides (e.g. methyl,
ethyl, and butyl chlorides, bromides and iodides), dialkyl sulfates (e.g.
dimethyl, diethyl, and dibutyl sulfates), long chain halides (e.g. decyl, lauryl,
and stearyl chlorides, bromides and iodides), aralkyl halides (e.g. benzyl and
phenethyl bromides), and others.

All such acid salts and base salts are intended to be pharmaceutically
acceptable salts within the scope of the invention and all acid and base salts
are considered equivalent to the free forms of the corresponding compounds
for purposes of the invention.

One or more compounds of the invention may also exist as, or
optionally converted to, a solvate. Preparation of solvates is generally known.
Thus, for example, M. Caira et al, J. Pharmaceutical Sci., 93(3), 601-611
(2004) describe the preparation of the solvates of the antifungal fluconazole in
ethyl acetate as well as from water. Similar preparations of solvates,

hemisolvate, hydrates and the like are described by E. C. van Tonder et al,
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am nes) such as dicycl ohexyl am nes, t-butyl am nes,
and salts with am no acids such as arginine, |lysine
w@eas0keod | ke. Basi c nitrogen-contai ni ng gr oupBCTrHS20046031136

quarternized with agents sédth as | ower al kyl halides
(e.g. nmethyl, ethyl, and butyl chlorides, brom des and

i odi des), dialkyl sulfates (e.g. dinethyl, diethyl,

and di butyl sulfates), long chain halides (e.g. decyl,

| auryl, and stearyl chlorides, brom des and i odides),

AAPS Ruémlmlrréefs Q&)gartiaemml(zm ahe peLhBinghaometies Chem.

and oth acid salts and base salts are

Cpmf@waeaowof}ﬁeﬂa} rf\atyemai' Jnrimitingeprogsss invglives dissolving
th¥ ihe Rive o R fﬁfdédé;‘;ég ddﬂé&?r‘itb ﬁ%‘ﬂeé‘ih%%é&l?gn% anic or

Pase salts are consi qU|va en ree
wafertdnem&mreseﬂmvedﬁ) 1at advgiperthds ahariepiubepgeestucd, arhiecoolmg
ntion. One or oun

h
thy SNa 8 2 GRS SUTCITtia Sl ovstte Siamreshes ainas)
stBh88RY .%tetrmasot«n§§)¢|g§|ttg§hh.§us§ B8Rk Yok RRUmMpld Nye, for

exanpl e , J. Pharnmaceuti cal SCI , 93(3)
spEirostopR.CiWW thespreserce pktheragheanit(Oowatstr) inttbewnystalseas a

[t nti_f ngal fluconazole in ethyl acetate as well
S‘ﬁ‘é?‘?@ﬁﬁwi Simlar preparations of solvates,
hem seh\mads lmy Fophak 1aaad shRs,| doneates eesiescan&@@dhygsli
van Tonder ef al/, 37 AAPS PharnSci Tech. 5(1],

th&rwfcrr@nez«s(tz@@‘zglr tagemelic formHfegeamBleaps agamide or imino
0-such Q40 tgprﬂerngg hre ok m[ﬂé‘{ed 8! é% it Bt e

cess nvolves PV ng t e 'rnventive oun
pﬂssntmdeammunts of the desired sol vent (organlc or
her than a

tenpl SlesPRSORcES (BEFAIGPlen Seofietic Bamers contiaLisomers and
theulke) of g pk@eﬁpédmﬁédﬁdsadu%lﬂ\ﬂ]hﬁ hédeof 1R AItS O4Giv Stds nd

standard nethods. Anal ytical techniques such as, for
prodaugs ef therompounds as well as the salts and solvates of the prodrugs),
such as those which may exist due to asymmetric carbons on various
substituents, including enantiomeric forms (which may exist even in the
absence of asymmetric carbons), rotameric forms, atropisomers, and
diastereomeric forms, are contemplated within the scope of this invention, as
are positional isomers (such as, for example, 4-pyridyl and 3-pyridyl).
Individual stereocisomers of the compounds of the invention may, for example,
be substantially free of other isomers, or may be admixed, for example, as
racemates or with all other, or other selected, stereoisomers. The chiral
centers of the present invention can have the S or R configuration as defined
by the IUPAC 1974 Recommendations. The use of the terms "salt", "solvate"
"prodrug” and the like, is intended to equally apply to the salt, solvate and
prodrug of enantiomers, stereoisomers, rotamers, tautomers, positional
isomers, racemates or prodrugs of the inventive compounds.

Polymorphic forms of the compounds of Formula | and of the salts,

solvates and prodrugs of the compounds of Formula |, are intended to be

included in the present invention.



spectroscopy, show the presence of the solvent (or
water) in the crystals as a solvate (or hydrate).
waeovposntee of Forrmula , and salts, sol vates, eBCBUS20841081136
prodrugs thereof, nmay exisB8in their tautoneric form
(for exanple, as an amde or imno ether). Al such
tautoneric forns are contenpl ated herein as part of
the present invention. Al stereoisonmers (for exanple,
geomstri c isoners, optical isomers and the |ike) of
Lhe Y gsfih gamumc'aﬂa 20D pesRlctdPraRhls in
sol vat s and prodrugs of the conpounds as we
th&a&ap;shcmtldn sefev & He mwspebtiveppoidtsugfsiannection af;trtmmzmerned

FETRRE W PEIs AEPURIT SR G P BRREOT T PCh may
exi Sfy &YeEBmbbdimentiiepeRenf indeNtiBRdktRs63 CBRIPBUNdS of

rotameric forns, atropisoners, and diastereoneric
5 Féwnua,1 as mlntmtqremﬁlr@\éammam resph@laﬂxcﬁpfeHéW NERBNS4a

T o M

thel iRl def@itbnefark Rveroamsuends of the invention nay,
for exanpl e, be substantially free of other isoners,

r n@anthateampedimensy Rejskgioamide acich ketqacid detogster,
ké'}hh ?19 |Qétoﬂhh6{)ro§ﬁ:{ SGH A trifRorbRAbAgNEr S The

cen? resent 1 nvention can have the S
10 or Hmamdthguem)odmnaﬂ dm‘pmeelnﬁmvemt@ri dipgiGs€F dompounds of

Rec at| 0 The use, of t ter "salt"
PO B Bherdh dis pEioR/d gt oIS 1 (BBRRRIacby
sifgitald romPlar2t o the salt, solvate and prodrug of

enantioners, stereoisoners, rotamers, tautomers,

posi tional isorrers racemafpes or prodrugs of the
i nventive conpounds. | ymdrphic forms of the
conpounds of Formnul a d}fE\t he salts,

T
Qg ,!
,/\ :N/HK
O is
Formula 2
15
Q\A

/ .
M R

R G

A

O

where the arrows — »~  and —=—— refer to points of connection of Formula
2 to the points shown in Formula 1, and
G and J immediately may or may not be present and if present can be
20 the same or different and are independently selected from the group
consisting of (CHa)p, (CHR),, (CHR-CHR'),, and (CRR’)p;
A and M immediately may or may not be present and if present can be

the same or different and are independently selected from the group



sol vates and prodrugs of the conmpounds of Fornula I
are intended to be included in the present

WO pwsnsi7ec. 38 n general, the arrows - and - onNPCT/US2004/031136
structural Formulas in this%application refer to the
respective points of connection of the concerned
Fornmula to the points shown in the structure of its
parent Forrmula. n one enbodi ment, the present
i nvention discloses conpounds of Forrmula 1 as

cd)rﬁﬁiétm&@ff@ Sf StEY, R(R} Q@H%)p, (ﬁ*ﬂﬂga@tm -CHR'JC¥nd (CRR)p ;

a serine protease, rmaceutical »
ond@nst Mare linked jegeather torf@rrecw cm@l@lm@et%pcm!@ bridge ;
ﬁ finitions are given above. n another enbodi ment, Rl
ket oam de, acid, ketoacid, ketoester, ketoal dehyde

di keQanay opeiNGt b?e?ptés@ht and fflpreserkds (xnlelg)pn N{ROtDES,
enbodi ment, the present invention discloses conmpounds
5 S@Z)F@HBI);aOI( ‘in the portion of structural Fornula

L " CRisLalE dpBint bhY ShtHe Al &oK BbBseht, meweﬁqd:mhgqbﬁes%nt)

ere
Acarivi eaniaptionllformud ay@loalkyltdrdwqjenqwslybd;tmenerwm thul a

c%rﬁ%ﬂ&(%?cﬂ‘%’)‘ i@}f&b@}lg Déonn? rgpgreseXta?ve exam%lieessgr%tshown
in some of the structures that follow below.
10 In an embodiment of the present invention, the portion represented by

structural Formula 2 is selected from the following structures:
Me
CI)H OH Me
H l H
Il L
o} o}
\/Br
zsg NIy
R R 0
H Ha A H
0 H Q H 0
| | H
5 0 0
Mi\'/Me FiC CoF
HaC.. /" *
O\\ﬁj\I/ o\ N
A A



the sane or different and are independently sel ected
fromthe group consisting of (CH) , (CHR |,

w@ RSB ) , and (CRR ) ; A and M i nmmredi at el yPe®EYSII04/031136

may not be present and if pfesent can be the sane or
different and are independently selected fromthe
group39 consisting of , S, S(O), NNR, (CH) , (CHR
, (CHRRCHR') , and (CRR) ; or A and Mare |inked
together to forman cycl oal kyl or heterocyclic bridge
; and may or may not be present and if pregsent is (CH
) . N(R, , S "@), (CH)p, or (CRRvym%His
absent, and eifter Mor A i “absent, the~ePmi ni ng
(present) can opt Poral oal kyl or
het er ocycl '
in Formula . Sonedrepresentative exanpl es abe shown in
some of the structures that foll ow below. n an

enbodi nent of e present inyention, the rtion

repr esent ed by;:kzhctural Fdfﬁ@la 2 is selegted from
the foll owi ng sfFuctures:o < UC Bn? r S? Mvkee

II>HT‘)‘?\N L AN

S .\
A@\A/ AL /k@\gx

and

wherein n= 0-4.
In another embodiment of the present invention, the portion of
structural Formula 1 represented by structural Formula 2 is selected from the

following structures:



Me , /<]40 Il o and o wherein n= 0-4. n anot her

enbodi nent of the present invention, the portion of
waeososars@l Formul a 1 represented by struct ur abCHOS2004/631136

2 is selected fromthe fol Hbwi ng structures: 41 Me A Me

?PTI -A Br. ,VMe Me n anot her enbodi nrent of the

present invention, the portion of structural Formula 1

represented by structural Fornula 2 is selected from

the following structures: Me Me XV Q -N Q

Me M
e
Me\/Me H Q—k
o~ Y
o &3 (l) H cl)
| )\ ))\
N N
/KN | | 1
0o (o] 0
Cl R Br.
P \F \-Br

In another embodiment of the present ihvention, the portion of

structural Formula 1 represented by structural Formula 2 is selected from the
5  following structures:

wherein X is H, F, Cl or Br.

In still another embodiment of the present invention, the portion of

10 structural Formula 1 represented by structural Formula 2:



wherein X is H F, d or Br. n still another
enbodi nent of the present invention, the portion of
waeososars@l Formul a 1 represented by struct ur abCHOS2004/631136
2:42 Q- /IM9,J s Fornmula 22 and Q may be present or
absent, and if Qis absent, Mis directly linked to A
n still yet another enbodi nent of the present
i nvention, the portion of structural Fornmula 1
represented by structural Fornmula 2 is selected from
the foll ow ng structure/Q\rA Lb n anot her aspect of the
present invention, the/portjon of structural Formula 1
represented by structh\aI rmula 2:43 Q /MG s
Formul a 2 N

I G
O 1
pd

O is

Formula 2

Q
M/ \A

\/
SN

Q may be present or absent, and if Q is absent, M is directly linked to
A

In still yet another embodiment of the present invention, the portion of
structural Formula 1 represented by structural Formula 2 is selected from the

following structures:

A she A
5% ()
/91/ S A0

o0 %Y
S0 S »%Y S

In another aspect of the present invention, the portion of structural
Formula 1 represented by structural Formula 2:



R R n still another aspect of the present invention,

the portion of structural Fornmula 1 represented by
warogosars@l Formula 2 is selected fromthe fol POMMUISZY04/031136

structures: -N N -N n yet ahother aspect of the

present invention, the portion of structural Fornmula 1

represented by structural Fornmula 2 is selected from

the followi ng structures:44 Me Me Me, Vo Me Me Mvee

Il RLP9 PANOI M, nstill yet another aspect of

t he present invention, tﬁgﬁportion of

/

M
\L/ E\
I G
Qe 2
)/\\—N/H/
0 is
Formula 2
R R
R R
& )
,/‘\ N -
5 In still another aspect of the present invention, the portion of structural

Formula 1 represented by structural Formula 2 is selected from the following

structures:

/LR@/ /&O\( JI -

1] Rl
&Q R‘ﬁ R' R
}/ﬂ\ | )/E -
R P
ad A ad N
NTT N 4
O O

In yet another aspect of the present invention, the portion of structural
10 Formula 1 represented by structural Formula 2 is selected from the following

structures:



structural Formula 1 represented by structural Fornula
2: /| MFormula 245 S ; and is selected fromthe

wo edos0%4706 structures: X X X | X Ho o X X H | PEI/US2004/031136
anot her aspect of the presdit invention, the portion
of structural Forrmula 1 represented by structural
Formula 2: / MFornula 2 is46 ; and R21 and R22 may be
the sane or different and are independently

_\\Me

Me
OMe/,' O ?
|
‘/U\N Pl A)\N e N -~
(|) o}

| 0
Me, WMe o Me, Me
/ Me 0 Me
\
N | (o] fs}
0 F’, F
? i (i’/
o)
)/“\N ;/U\N I A/l\N |
! )
>LS L R

In still yet another aspect of the present invention, the portion of

structural Formula 1 represented by structural Formula 2:

Q—p

Formula 2



sel ected fromthe group consisting of the foll ow ng
structures:47 1 VHN N FHO®L VVXXNM\ M M
wO/R008/030%d , NH V n anot her aspect of the presePtT/US2004/031136
invention, L and Mare absdfit, and J is directly
linked to E. 48 n anot her aspect of the present
invention, L, J and Mare absent and Eis directly
linked to N. n another aspect of the present
invention, G and Mare absent. n still another aspect
of the present invention, Mgis n=0-5 n yet another
aspect of the present invention, X is selected from
t he Rzo\

N

l’ ; and

R% is selected from the following structures:

PN sER o Ra sy

In another aspect of the present invention, the portion of structural

Formula 1 represented by structural Formula 2:

Q—
&

M
\L/ B
l G
,5\—\@/1/'
O
Formula 2

is



group consisting of the followng structures: n Y Y N

nL.HS7- and 1 RHand 55 is alkyl, cycloal kyl,
w@acobasEbde or urea; and n= 0-5. n still yet anpth®s2004/031136

aspect of the present invedéion, X is selected from

the group consisting of the following structures: n o

y n still yet another aspect of the present

invention, Rl is a ketoam de, ketoal dehyde, di ket one,

ketoacid or ketoester.49 n anot her enbodi nent of the

pr esent |nvent|on Rl& - RC(ONR R10; R9 is H

and R10 is H, (R X]’pC(O)CR 11,

/LN -

JD ; and

R?' and R? may be the same or different and are independently

selected from the group consisting of the following structures:



-[CHR1')] pAONR RI3 -[CH(R )] pS(O )RL1, -[CH(R
)IPS(O )NR R13, -[CH(R)]pC(OR 11, -CH(R )"
WEL@rMsIHC(H) (R ) C (00211, -CH(R ) C( O N( H) QM RUY1004/031136
(ONR R13, or -CHR)" C(OMN(H CHR)(" R). n another
enbodi nent of the present invention, R1O is H -Rl4,
-CHHR)C(OOR 11, -CH(R)CH R)C(OOR 11, -CHR
"JCCONR R13, -CHR')CHR) ' C(ONR R13 -CH R )CH(R
)S(O)Rll CH(R)CH(R ) S (O)N R13, CH(R)CH(R

)'C(OR 11 -CH(R ' N( H) QH ) )
)qummm)c
) R |s H or aIkyI
pheny he substl phenyl
heterocycloalkyl pi peridyl or Eyrldyl €
enbodi nent of the present invention, Ris H n stll

anot her enbodi rrent of fhe prme%mv& H,
net

;U

E

OJ
jﬁ
(D
=]
E

o 7 o 0
Ez/u\ Me "“-/ILO/I H)LO/\O \/H\/H\OH
° M Me 0] o o e}
. )‘\/o% ¥ ,&)WKQ Y
e B

In another aspect of the present invention, L. and M are absent, and J is
directly linked to E.



ethyl, allyl, te/f-butyl, benzyl, a-nethyl benzyl,
, a-di met hyl benzyl, 1- nethyl cycl opropyl or
wd.20mbbybeycl opentyl ; R is hydroxynet hyl or - QGCIZUS0bR31136
R13; 50 i s independently seMl&cted fromthe group
consisting of the follow ng structures: wherein Ul and
U2 may be sane or different and are i ndependently
selected fromthe group consisting of: H F, -CH
C(OOH -CHC(OOw, -CHCONH, -CH C(O NHW, -CH
(O MVenothar h&isct IO predeat Mkhtiord, UDU ddd!VeskeddBsAt and E
and substituted hydroxyl ; U3 and U4 are the same or
isdlifecdly dinkediteiNar e i ndependently or S; Us is al kyl

| f I I | £ .. h Kyl | f L,
net cPanoneEdinditof M presBRL EVRRIGH. o B TaLs mbaont
het efrpstilkatiothér fspuct of ts greeanyinveatidomlis
al koxycar bonyl , aryl oxycarbonyl,

het er oar yl oxycar bonyl , al kyl am nocaphony! ,

aryl am nocar bon or heteroaryl am arbonyl or a

conbi nation the “~NR R13 i g selected) fromthe group
consisting of:51 i gﬁn\H H , NAMe i

5 -N(Me) OVe, / Me Me H HN

In yet another aspect of the present invention, X is selected from the

group consisting of the following structures:

wANS e M
| | 4 S

wWwuv aaa’d O\
s

\;

L G,
¢ g ¥ RSHN"
10 and R*® is alkyl, cycloalkyl, carbamate or urea; and n= 0-5.
In still yet another aspect of the present invention, X is selected from

the group consisting of the following structures:

e v ‘ an e
o TN
T -

In still yet another aspect of the present invention, R' is a ketoamide,

15 ketoaldehyde, diketone, ketoacid or ketoester.



10

15

20

25

30

CeP)G(QNR

N\ H%M M- / M MM - HNand UHr CH CH SnC
R14 is selected fromthe group consisting of: H-CH

wa@Rq0560307p6 opyl , net hoxy, cyclopropyl, n-butyl,PCT/US2004/031136

1- but-3-ynyl, benzyl, a-ne#hyl benzyl, phenethyl,

allyl, 1-but-3-enyl, -OCH 3 and cycl opropyl nethyl. n
still another enbodi nent of the present invention, Rl
is selected fromthe follow ng structures:52 X X X CH
V/ -CH K53 n anot her aspect of the present invention,

D angh hétakesmboarh&etofithe presctit ialeptibn (R (612

unbranched ,paraffinic linking chain formng a portion
® nenber macrocycle. n another aspect of the
pres&ggs Hnéﬁgti on, D and X taken together forma C8 or
C9 unbrianthed paraffinic |inking chain formng a

port Rdhisal, R'r 16

-[CH(R")],C(O)OR™",

-[CH(R")] ,C(O)NR'"R™,
-[CHR")];S(02)R™,
[CH(R")],S(02)NR™R™,
-[CHR"),C(OR",
-CH(R")C(O)N(H)C(H)(R*)C(O)OR"",
-CH(R")C(O)N(H)CH(R?)C(O)NR'R"3, or
-CH(R")C(O)N(H)CH(R?)(R).

In another embodiment of the present invention, R is H, -R™,
-CH(R")C(0O)OR™",
-CH(R")CH(R")C(O)OR™,
-CH(R")C(O)NR'R",
-CH(R")CH(R")C(O)NR'R™,
-CH(R")CH(R")S(0)R™",
-CH(R")CH(R")S(0,)NR"?R™,
-CH(R"CH(R")C(O)R"",
-CH(R")C(O)N(H)CH(R?)C(O)OR",
-CH(R")C(O)N(H)CH(R?)C(O)NR'"R"3, or
-CHR")C(O)N(H)CH(R*)(R') ;

R" is H or alkyl; and
R? is phenyl, substituted phenyl, hetero atom-substituted phenyl,

cycloalkyl, heterocycloalkyl, piperidyl or pyridyl.

In another embodiment of the present invention, R" is H.

In still another embodiment of the present invention, R'! is H, methyl,

ethyl, allyl, tert-butyl, benzyl, a-methylbenzyl, a,a-dimethylbenzyl, 1-
methylcyclopropyl or 1-methylcyclopentyl;

R is hydroxymethyl or -CH,C(O)NR'?R">;



menber ed heterocycle. n another aspect of the present

invention, D and X taken together form a dival ent
wWEZ0080 796 br anched ol efinic |inking chain formP@mus2004/031136

portion of a 14- 19 nenber Sfracrocycl e having a single

degree of unsaturation. n another aspect of the

present invention, D and X taken together forma C8 or

C9 unbranched ol efinic linking claimformng a portion

of a 15 or 16 nmenber heterocycle having a single

degr R€ iPihdepeAdEnth s88ctel fRIMN tRE gravPesiisistingt dfehe following

present invention,” D and X taken together forma

di vasteuetu@s: - C12 unbranched aliphatic chain forming a

portion of a 9-19 nembered.heterocycle. n another

AN W

aspdct of tfhe present invenfion, D1|$ sel eCied frdf
t heztol | ow str 'es: n stgfhg yet t her
ashecl of I\h presgntyi nv ion, t por t it/ of

t
Forml a 1 represent&d by i sNsel ected from the
followi ng structures: 55 n anot her enbodi nent of t
present invention, Z' is selected fromthe group
consiksting of: CH CH H MN.V CH V_CH

A

O N

uv T2

wherein U' and U? may be same or different and are independently
selected from the group consisting of: H, F, -CH,C(O)OH, -CH,C(O)OMe,
-CH,C(O)NH_,, -CH,C(O)NHMe, -CH,C(O)NMe,, azido, amino, hydroxyl,
substituted amino and substituted hydroxyl ;

U® and U* are the same or different and are independently O or S;

U® is alkyl sulfonyl, aryl sulfonyl, heteroalkyl sulfonyl, heteroaryl
sulfonyl, alkyl carbonyl, aryl carbonyl, heteroalkyl carbonyl, heteroaryl
carbonyl, alkoxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, or heteroarylaminocarbonyl or a
combination thereof;

NR'?R™ is selected from the group consisting of:



CHCHCH \ . YI/ HC/ VI I T/ CH CK -SHCH

C56 HC CH CHW=Q] \ n another enbodi nent of the
w@e@s®si79é nventi on, Wi s C=0O. n anot her enbodi neeit/usf004/031136

the present invention, Z i$1N n another enbodi nent of

the present invention, Y is selected fromthe

followng noieties: Me * vy CF .\Y i vy

H, H
§~NH,  $—NHMe, g_H_CECZ_CHs §—N(Me)OMe,
e
Ey \ Me_ Me Me. Me
h : N OH
”/\/OH H/\/ HN&OH ‘,*NXMe
, Me )

BN N Y
y HNTNZ NN\ ﬁ/\\\ \uw

);_Me Me . C> ;\N o i— C> _Us
3 oo Yo
Me Me Me
g—HNJ\Q and HNb
N

U%is H, OH, or CH,OH, and

R™ is selected from the group consisting of: H, -CHs, Et, n-propyl,
methoxy, cyclopropyl, n-butyl, 1-but-3-ynyl, benzyl, a-methylbenzyl,
phenethyl, allyl, 1-but-3-enyl, -OCH3; and cyclopropylmethyl.
In still another embodiment of the present invention, R’ is selected from the

following structures:



Me Me Me MB57 o- M e i HHH/ M/ /| M CF CO vy
Mp-> 0-3 / Hn=1-558 M@ M Me - CH SO HN MeO CH . CH
woe0s7060766 OH HOO COOH H COOC COCH PCT/US2004/031136

52



HOO L H :00H OOH OCCH : 0O0H Me Y18' 17 OH Me Me Me59
wherein Y17 is CF, NO, C(ONH, OH NH or C(OOH

wW@eesNIB9¢ s F or C(OOH n still another enbodpPeens2004/031136
the present invention, Y i$3selected fromthe group
consisting of the follow ng structures: Me Me Me Me V
or5/ HH/ /[ / CFCA 0-\ H

In another aspect of the present invention, D and X taken together form
a divalent C7-C12 unbranched paraffinic linking chain forming a portion of a
14-19 member macrocycle.

In another aspect of the present invention, D and X taken together form

s a C8 or C9 unbranched paraffinic linking chain forming a portion of a 15 or 16

membered heterocycle.

In another aspect of the present invention, D and X taken together form
a divalent C7-C12 unbranched olefinic linking chain forming a portion of a 14-
19 member macrocycle having a single degree of unsaturation.

10 In another aspect of the present invention, D and X taken together form
a C8 or C9 unbranched olefinic linking claim forming a portion of a 15 or 16
member heterocycle having a single degree of unsaturation.

In another aspect of the present invention, D and X taken together form
a divalent C2 — C12 unbranched aliphatic chain forming a portion of a 9-19
15 membered heterocycle.
In another aspect of the present invention, D is selected from the

following structures:

e

S

j 2
Do
S S

20



n=1-560 ""if/ " Mi CH CHCHCHHCOOC HOOC H C H
OOH H COOC COOH HOOC C L COCH COCH ¢! OOCH ; 00H : OOH
wWOR003/8307900H Me Me M6l wherein Y17 is CF , N ,rPc/0pidbi/931136

OH, NH or C(OOH and 54

In still yet another aspect of the present invention, the portion of Formula 1

.
%ﬂ 1

is selected from the following structures: A
\ék P U JU

AY L”LL 2 3 5 1,1' é “’é""
HC ‘5: L‘-_, A
U "

™

represented by

{(IA

S

TNTHE

10 H



Y1180 is F o
t he present
W@ 2NSio37peg o

M M M MM XV M

Me Me Me |\

r C(O OH.
i nventi on,

n still

f the follow ng structures:
v Me M MCF A A
Wl COHy HH M Me CF

anot her enbodi nent of
Y is selected fromthe group

Me MepqvE'US20V4/031136
M M Me cr>

In another embodiment of the present invention, Z' is selected from the

group consisting of:

Y 2

Hsc/l\ o, (o]
CH,

N,

T?‘

o

N.
HC

F
F

HC

Q\/O\L(N\‘; N
CIY 7 Ly By

e



Me MM Me HNn still yet another enbodi nent of the
present invention, Y is selected fromthe group
wa@onsisn7pcilg of the foll ow ng structures: 62 N 2BCRBS2004/031136

n=0-5 R p 23 24 n=0-5 24 246R2" Wis Nor ; R23 is H,

al kyl, aryl, heteroaryl, cycloal kyl or

het erocycl oal kyl wherein each of said aryl,

het eroaryl, cycl oal kyl, heterocycl oal kyl may be

substituted with an al kyl noiety; R24 is H, alkyl,

aryl, heteroaryl, cycloalkyl or heterocycl oal kyl
[ N said arylj, heterparyl, cyclgoal kyl,

may *bersu st uted wi t'f
and R24< t ak get her fo m aJcyd|

CHy

In another embodiment of the present invention, W is C=0.
In another embodiment of the present invention, Z is N.
In another embodiment of the present invention, Y is selected from the

following moieties:

&o'\ 4 >|\ro\ ; >S<O\ y m:ig: ?\f
Ony Q/ %
oy Y



R25 is H al kyl, heteroal kyl, aryl, heteroaryl,

al kyl am no, aryl am no, heteroal kyl am no or cycl oal kyl
waR2®5i03073€! ect ed fromthe group consisting of : PE4/US2004/031136

car bamat e, sul fonam des, alskyl carbonyl, al kyl sul fonyl,

aryl sul fonyl, heteroaryl, sulfonyl,

het er oal kyl sul fonyl, aryl oxycarbonyl ,

het er oal koxycar bonyl , het eroaryl oxycar bonyl

al kyl am noar bonyl, aryl am nocar bonyl and urea; R27 is

H, al kyl, cycloal ky|, aryl or heteroaryl 8 |s H

al kyl, heteroal kyl ,\aré¢ or het roaryl

an et r,oggter or hamat e. till yet her

enbo f the dresent |nv a) t he portion

of Forffmel repr ? by structur For nul &2: 63 M

NS Formula2 / (b) Rl i*s selected fromthe fol |l ow ng

structures: 64 - HCV HCCH X CHCH

ve. N H H Me
e M N Me N Me N
Me>|\|/|/ ~/ Mee>|/ ~ Me>|/ ~7 Me>( ~7
e
Me

CFy CCl



where R' = H, (c) Z is represented by either (i),

(ii), or (iii) shown below. 0)65 HH R Fornula A
wob@s®e3a196 R44 i s sel ected fromthe group consiBCT/I§2004/031136
and and is selected fromtl3® group consisting of: p N

NN QN 6, N NCH' NN66 PCH- NNNAHNI | 10

< . A ot
:22@/0 % Meﬁ\/o\i m%e/\ ° M/

4 Me  Me CH3SOHN
0 0 1
’ Z MeO,C N Y _<__—>"O\§ CH3\|/‘
CH,
CHs CH HaC e
3, 3 CH
HsCOOC)\/\f HOOC/}’ HOOC/\/\E/ i Q/\E

N CeHs OH

m HaCOOC HOOC A~ ©/'\,_,:'
COOH
> oy
HOO(,/—@/\ Hi-2 @ }z,/y

CH
¢ &

s A
@(: Hao e

COOH

c COOH cl COOCH; F OOH F F



78 1 | y67 78 78 R7T8 N 78 y 0
0 T I V2 o T I B B
wo eawsosebhyl , ethyl, isopropyl,

R78 i

tert-butyl

R78 R78
NY V W o where R78 is sel ected

=zrv V N.

andp@ieszb4/031136

( )68 HH O0-3 Fornmula B whépe 79 is selected fromthe

group consisting of: CH CH

wherein Y' is CF3, NO2, C(O)NH_, OH, NH, or C(O)OH; and

Y'®is F or C(O)OH.

In still another embodiment of the present invention, Y is selected from

the group consisting of the following structures:

Aoy 9\(0\5
o>H S::7/0>f
q Me

Me

:>L7<fl§;
L
Me

Me

@(O\f Me L&/o\
0-3Mme Me O\f; r"rr

Me “ M H M H

e e

Meﬁ/ Y Me>|/ v Me>|/ i

Me CF3 CClz

H H H
Aoty Y Y

e Y

CF;

O\KJ

Me



NCHCH(iii) -3 HHg ,"Nv 0-3 Formula C wherein the
sulfone ring is optionally substituted with alkyl and
wa@ywsoad7hey! ; and (d) the portion of Formula 1 PCT/US2004/031136
represented by is selectedé6dromthe foll ow ng
g o LI SE MG ULES 6 and n= 0 to 3. Further the follow ng

compounds are non-linmting representatives of
enbodi ments of the present invention: 70 HC "CH H CHH

CCH"YWYWNHCHHC.CHHHZC
" 0\2 >/\ /
M%e( M
cHBSOZHN\_/\
Me :
ya ot Meo;:></ N e
H CH3
H3C CHS ;r'
CHj
CHg, £t HOOC ¥ /\ji/ ©/\
H3COOCM! HOOC
OH
2 e oC A o
/\/\‘/\3’ HO
L oon Ha COOC)\N \/\;\'

COOCH
HOO

C I I
C
F
C COOH C COOCH3 OOH

COOH



HIl HHHCHCACHOVWV "CHHHHCCHHCH’1L H H
"CH HCCHNNHCHSTYHCCHI HHNMCHHHHC
WEBH0E10607G2H PCT/US2004/031136
61

wherein Y is CF3, NO,, C(O)NH,, OH, NH; or C(O)OH; and
Y'is F or C(O)OH.

5 In still another embodiment of the present invention, Y is selected from the

group consisting of the following structures:

Mo Me H3CSOHN.__%
Me O}" )\(O\ :
0
Me><Me Me)\/ \f Me Me ’f Me
Me
M Me
M O Me
LY Wy ey et
Me Me” Me Md Me CF3

Me o/zsz By O~
Me Me. # o
Me>l\/o\f Me/\ ©/\ 3 Me

Me
a. o o Me
Ok g O e
Me Mé Me Me Oy
. . %
P\\ f& cl Y
0\§ O\;‘.r' ClﬂCOZH l’K/@:COZH
H
o> oY a7 o
H Me Me  n M N\f
Me._ N Me._ N N ©
Me>'\[/|/e Y Me>g ) v Mej?(Mef( CF3
MeMj\rn\! @‘H @-[\']Ime ﬁ&/H ﬁ&
Me I8 03 }, o );" N:rr'_. HN\;

In still yet another embodiment of the present invention, Y is selected

10 from the group consisting of the following structures:



10

15

20

HCHI 72 Ho73 H9 HHH74 - \ HH - HoOHH.N XH
BocHN L 0 0 BocHN. L 2\ HHO CHCHCHCHHV HH
woh@ses@H H' |, N/5 CH PCT/US2004/031136

62

X'\ W Ras W. Rz','\ W.
Y e h "y N
R23 o R2

R23 R26

X'\ /><W'\ R25 ~ W‘\ R27\ /><WI\
° Ra3 R24JJJ; O//S\<o®3< JJJJ ) Jﬁ:

| Rz
R23 Ras R2e Rae
n=0-5
(6]
Q W
W wr and Rog >
RZB/R>< }r‘- Rza/“\‘/ \.rr'.f Ro3 Roq
23 Roq R23
WisNorO;

R®is H, alkyl, aryl, heteroaryl, cycloalkyl or heterocycloalkyl wherein
each of said aryl, heteroaryl, cycloalkyl, heterocycloalkyl may be substituted
with an alkyl moiety;

R?* is H, alkyl, aryl, heteroaryl, cycloalkyl or heterocycloalkyl wherein
each of said aryl, heteroaryl, cycloalkyl, heterocycloalkyl may be substituted
with an alkyl moiety;

or R?® and R** taken together form a cyclic ring containing a carbocycle
or heterocycle;

R? is H, alkyl, heteroalkyl, aryl, heteroaryl, alkylamino, arylamino,
heteroalkylamino or cycloalkyl,

R? is selected from the group consisting of: H, carbamate,
sulfonamides, alkylcarbonyl, alkylsulfonyl, arylsulfonyl, heteroaryl, sulfonyl,
heteroalkylsulfonyl, aryloxycarbonyl, heteroalkoxycarbonyt,
heteroaryloxycarbonyl, alkylaminoarbonyl, arylaminocarbonyl and urea;

R¥ is H, alkyl, cycloalkyl, aryl or heteroaryl;

R? is H, alkyl, heteroalkyl, ary! or heteroaryl; and

X'-O- is an ether, ester or carbamate.

In still yet another embodiment of the present invention:

(a) the portion of Formula 1 represented by structural Formula 2:



CCHNBocHNCH"CHHHHHY YA XHCH. XHNHJU
HHTHHCHACHCHACHCHHII NIl CHIl HHo CHV
WO 2005/030796 PCT/US2004/031136
63

HiG

X

Hy CH,

\ N
Dy

(b)  R'is selected from the following structures:



HHov76 vI' L" i i HgH1 "YHH" "YTUVH
HX77 CH. CHGHCHNHHHII HHONstill yet
waewshadaspect of the invention there i s provPCBEUSHE04/031136
pharmaceuti cal conpositioné¢onprising as an active
i ngredi ent a conmpound of Formula 1 which is for use in
treating disorders associated with HCV. The
conmposition would generally include a pharnaceutical”®
acceptable carrier. The conposition nmay contain one or
nore addi tiong agents such as, for exanple, an
antiviral age an interferon or pegylated i feron

and the [1Ei\ H /ﬂ\W/“ 2
%”J\ﬂ/‘ II/ | o R/ﬂ\“/vﬂ\ '{\m,

o N
‘sn)kﬂ/ H,?<°"’ W \>//\©\ M)S(N\)ko o
dke A

whert RP<H, — "z /A PN /w

(c) Z isrepresented by either (i), (ii), or (iii) shown below:

(i)



A preferred antiviral agent is ribavirin and a
preferred interferon is a- interferon. A nethod of
WO e@ansatge di sorders associated with the HCV predBES®04/031136

conprises adm nistering to6ad patient in need of such
treatnment therapeutically effective anounts of a
conpound of Formula , or a pharnaceutical conposition
whi ch conprises therapeutically effective anmobunts of a
conpound of Formula . The administration nmay be ora
or subcutaneous. The conpounds ofi Fornula 1 may be
used for the nanufactugp/@ﬁ/§ kganent to treat
di sorders associ at ed th the prot ease, for
exanpl e, the nmethod conprisi*ig bringing into intimate
contact a conpound of 78 Foggmdligaal a pharmaceuti cal ?
acceptable carrier. These and other aspects of the
whefelt i on are described in further detail below. n

[ ri . present invention
%g%&@éiggpﬁﬁﬁﬁo@ggf’%E%%B?%Bﬁ as inhibitors of HCV
prot ease, especially the HCV NS3/ NS4atserine proté?ée,

a pharmaceuwtical® acc bl e deriyative there
/ggére the varijous defi ni S are giv above. n
ahot-her enbodi ment, this ™
phar maceuti cal conpositions conprising the inventive
pepti des as an active ingredient. The pharnaceuti cal
andriRdss selectedyfeomrtht Igyownl donsistiraj bfy conpri se a
pharmaceuti cal ® acceptable carrier diluent, excipient
or carrier (gollectively referred to herein as_carrier
mat efi al s). /Because of thepr HCV infibitory agtivity,

$%ar ical c tions/pogsess ulf liysin
g atitis C | ¢ Arht ed\diso ders.\IQ?
inhigitory tivity can al§o | ead ty use of 0
O
N-%
6]
o) 0 O O o)
N OQN—s Hﬁ -~ Nf/(N—é Nt
><——£ X cHy
10 @] @] 6] O
O
CSHS‘QN_E
| © 0] 0
0O \ 0 o)
N wl
N (N N T \\<N—§ g \(N—g
@] 0 0] 0] O



10

the inventive conmpounds and/o
treating di seases (e.qg.
w@as®ensEbed or connected with
enbodi nent, the present

for preparing pharnaceutica
the inventive conpounds as an
phar maceuti cal conpositions a

i nvention, the active ingred
dntnlstered in adm xturepw t
t |aIs

r conpositions for

AIDS, etc) that are

HCV. n yet anot hB€T/US2004/031136

i néénti on di scl oses met hods

conposi tions conpri sing
active ingredient. n the
nd net hods of the present

ents will typically be

h SUItab e carrier

itaQly selec ed Wi th re_gect to the

adm ion,_j e %al taMﬂﬂ@
u es olid | &éd, se FerbTd N
liggd fille Npgmders for constlttn%on oral gebs
elixirs, dlsper i bl e granul es, syrups, suspensions,
and the i consi stent with conventiona

d
phar maceut j rﬁctlces For
adm nistrationWn the form of

exanpl e, for oral

tabl ets or capsules, the

active drug cod% nent may be conbined with any ora

-tOXIC phar

eutlcaIA aQ§eptabqu

nert carri )

ﬁ?rch rose, 4ﬁlos , _%ium
ate dlca at%‘ cal\ci su
“Nok, et hyl Icohol (I| id for and the
Nbreover when desired or needed, suitable blnders
brlcants &l sintegrag |ng agents nd color ng ag;gﬁe
“al so be Jj nc rporat n the
tall et s mag”bg-conpri f from ab ut 5 0 apout
cent i nMentive co |t|on.79 itable ders
e starch, gelatin, natural sugars, corn
ers, naKmraI and ynthetlc gu such as acaci a,
car bo yIc e, of obyethyKEgGD
7 e lu ts th /%
asle int e dosage foma, bo acﬁzv/
/% O\\ /,O O\\ //O \O N~ O\\S//O
HN'S\N/E < /g % HN"" "N~ -
\\/O

R78 R78
@O 5 DN CHy N
1 3Nar
§TN CoHs” ST Y ST
o)

. 78
o
CF3\§,N\f;
R78 O
/L('? N Csz\ \f /4‘/<
6

A i,

L Qi Shell
uN ”,N\
3 ¥ (.S.) ¥



benzoate, sodium acetate, sodiumchloride, and the

like. D sintegrants include starch, nethylcellul ose,
w@e@s/0spaes and the | i ke. Sweetening and fl avori PQr/agmni/e31136

and preservatives may al soébe included where

appropriate. Sonme of the ternms noted above, nanely

di sintegrants, diluents, lubricants, binders and the

i ke, are discussed in nore detail bel ow

Addi tionally, the conpositions of the present

bnventlon may be formyateddren sustained release form

,JdehOP atge C nt\ dDled re ek any £
t he ntg rg*e:\@gﬁwets“g;
optlngzé theCchheds apeutilc fects e.d i nhi big or'y
activity and the |ike. Swtable dosage forns for

sust ai ned geleaggs i ncl ude | ayered tablets containing

| ayers of @ lﬂgdlsi ntegration rates or controlled
rel ease pol me?|c matrices inpregnated with the active

conmponent s andoahaped in tablet formor capsules
cont ai ni ng such{’i npregnat ed or encapsul ated porous

pol ynmeri c mat FCgs. gisquithf orgMpr egar at i on cl qg

sol G'ﬁam R7su sfiols @ efu| si, o @&f"’an@@

may b nti,oned wﬁter;éor waper “pe d; s~ \x’
dition

sol uti onSofor par et eral Ginj@cti ops or oa

sweet eners and pacifiers f oraf" sol uti ons,
suspensi ons and enul si ons. "Li 'H\j orm preparations
may al so include solutions f (ntranasal

adm ni stration. Aerosol pregarat®ons suitable for

3 i nhal ati on nmay i ncl %de sol utions and soI ids in powde;a
fom wiiec h ma{y beR bi na’Pon wi t R
rracqs&utlca N%p - ecr er sic asune \;
corrp seéi gas ni t r ggen.
o] 0]
N\;
0] O
78
'378 E | R78
N O 1
Vﬁ \é! \e:v /N\gzN\‘-ej O\l\"/N C‘
d o 7 o o
R78
g,
10 o

R78
) o H H
LUNEN ANLEN N O~ Noo, A_RN_o
ST N S ~, ~
3 3 £ T D ¢ Y T
| T
H H
0] o] o)
15 where R is selected from methyl, ethyl, isopropyl, tert-butyl and phenyl;

(ii)
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For preparing suppositories, a low nelting wax such as
a mxture of fatty acid glycerides such as cocoa

whoedses0796¢ first nmelted, and the active ingredP@nusi084/031136

di spersed honogeneously thesein by stirring or simlar
m xi ng. The nolten honbgeneous m xture is then poured
i nto convenient sized nolds, allowed to cool and
thereby solidify.80 Also included are solid form
preparati ons which are i ntended to be converted,

shortly before use, 7J,| qui fon preparations for
ei ther oral or par ent t\r tion. Such liquid
forms include sol uti ons) kS %l ons and enul si ons.

The conpounds of the invent may al so be deliverable
transdermal ly. The transdepgﬁhbqpnp03|t|ons may take
the formof creans, |otions, aerosols and/or enul sions
wineredR ideetentad flen the group eprsistingdf: pat ch of t he
matrix or reservoir twype as are conventi-gphal in the
art for this”purpose. |The compounds of the inventien
y al so Q;£édninist ﬂo oral lvyy intraven

anasal or subcyg gheousl yeyThe conpou of th Hs

invention may also conprise pn@paratlons whi ch are_in

unlt dosage form - such for the preparation is
vi dedAm§o suit bI si zed it dosesicontai niAfQ

apr riatlg duantities of the active coents, 3
an fectlv anount to' achi eve-the desired purpose.
The quantity of the ifiventive active conposition in a
uni t, dose of prepar n may be generally varied or
adj ysted from about .8mlligramto about , 000
] AN preferably fromabout .0 to about 950
mlligranms, nore preferablyfromabout .0 to about 500

mlligranms, and typically from

(iii)

S 5
*o(3 ¥
]0-3
Formula C

wherein the sulfone ring is optionally substituted with alkyl and
cycloalkyl; and
(d) the portion of Formula 1 represented by

M
%XH oS

is selected from the following structures:



about 1 to about 250 mlligrans, according to the

particul ar application. The actual dosage enpl oyed nay
wheoogasi7’edl dependi ng upon the patient's age, SBXI/US2004/031136

wei ght and severity of theeégondition being treated.

Such techniques are well known to those skilled in the

art. Cenerally, the human oral dosage form contai ning

the active ingredients can be adm nistered 1 or 2

times per day. The ampbunt and frequency of the

adm ni stration will .hbe regulatedwaccordlng to the

j;udgment: of ppexgttendln A generally
fecomendad y dosage’ regi nen flor ora
admi ni strgy,i ons may rapge flgom about™. 0 milligramto
, 000 m|Ingrang per day, i i ngl e or divided
me usef rnms ar Fi bed bel ow Capsul e
s to a speci cont ai ner or encl osure nade of

met hyl cel | ul ose, polyvinyl alcohols,, or denatured
gel atins ~gr starch _for~hol ding or copt ai ni ng
itio i gy he [ edi ents. Hard

' )bl ends of

‘ pork skin
gel at| ns. le ifself may conffain smal |l anounts
of dyes; ' pl asti crzérs and
preservaLLves Tablet- refers to a conpressed or
el ded scli d dosqgghfornacontalnlng tHe active
i‘nyredi ent$ withs tabl endi | w . tabl et can be
pr conp:agﬁlon of))ymi xt . ranul ati ons
obt af ned py wet granul atifon, dry anufation or by
conp
di spersed or sol ubili
matri x.

Ao )

n=0 to 3.

: and

Further the following compounds are non-limiting representatives of

embodiments of the present invention:



Powder for constitution refers to powder bl ends
containing the active ingredients and suitable
waledoamsit7ge whi ch can be suspended in water or jRECTES2004/031136
Diluent - refers to substanges that usually nake up
the major portion of the conposition or dosage form
Suitable diluents include sugars such as | actose,
sucrose, mannitol and sorbitol; starches derived from
wheat, corn, rice and potato; and cellul oses such as
n1crocrystalllne cel lykogs, The anount of diluent in
t he conposition can range frongabout to about 90% by
wei ght of the total co si Ki Ngs ef erably from about
25 to about 75%p nprq{pﬂef rabl fromabout 30 to
about 60% by preferably from about
12 to about 60% n egrant refers to materials
added to the 08 d@Ftlon help it break apart
(di sintegrate) and rehgﬁ5@4the medi canents. Suitable
di sintegrants include starcheso "cold water sol uble”

nodi fi ed starches such as S marboxynethyl starch;
natural and synt eM|cH U£h(ﬁS | ocust bean,

karaya, guar, and cel I ul ose
derivatives s | cel ulose and sodi um
carboxynethylcel ose rocrystalline cellul oses

and cross-linked mcrocrystalline cellul oses such as
sodi um croscar nel | osé#Cglcdi nat es such as alginic acid
and sodi um al gi nate; cl U g6 bentonites; and

ef fervescent m xtures. (ﬁ%ﬁgﬁﬂgﬂﬂﬂkefwm53|ntegrant in

t he conp05|t|on cgn wange r ém about 2 to about 15% by
wei ght of theH Oﬁi {09, noye preferably from about
4 to about 10% bgHaei g Bi der - refers to

subst ances that bind or powders toget her and

make them cohesive by fagduiag granules, thus serving
as the "adhesive" in82




the formul ati on. Binders add cohesive strength al ready
avail able in the diluent or bul king agent. Suitable
wheowd®swE9é ncl ude sugars such as sucrose; star CPEBUS2004/031136
derived fromwheat, corn ri’lte and potato; natural guns
such as acacia, gelatin and tragacanth; derivatives of
seaweed such as al ginic acid, sodium al gi nate and
ammoni um cal ci um al gi nate; cellulosic naterials such
as net hyl cel |l ul ose and sodi um car boxynet hyl cel | ul ose
and hydroxypropyl net hyl cgt] khpse;
pol yvi nyl pyrrolidone; and rnor'garb cs such as magnesi um
al um num si | i cat e"a The a ml‘J [ ndg&gdn t he
conposition c ngenf nomaput 25t o abdut 20% by
wei ght of the?-n%ﬁ}mo T‘Mre referably from about
3 to about % by vve‘i@,o even e preferably from
about 3 to about 6% by wei ght? Lubricant - refers to a
substance added to the dosage formto enable the
tablet, granules, etc. ahferciit has been conpressed,
toreleasefromthe mol d of% d| reducing friction
or wear. Suitable |ubricant Qﬁi}fw{mtalllc
stearates such a “magnesa sgearage, calciumstearate
or potassi um steasabe’ atd ¢ agid; high nelting
poi nt waxes; and °sor bl e _Lubri cants such as
sodi um chl ori de, sodi um ben te, sodium acet at e,
sodi um ol eate, pol yethylene glycols and d'I-1eucine.
Lubricants are usually, adged at the very last step
bef ore conpression, si nc}é they nmust be present on the
surfaces of the granul e5 andi i A_bgt ween them and the
parts of the tabpet, ppess. NThe m)untc”ef | ubricant in
t he con‘positi%l%/@r Hn of)ro about 0.2 to about 5%
by wei ght of the o%o s5ition, /preferably from about
0.5 to about 2%°noite pr ably fromabout 0.3 to
about 1.5% by wei ght.
HschH3

o




Gident - material that prevents caking and inprove

the flow characteristics of granulations, so that flow
wo so0sosobdr and uni form Suitable glidents incledEUS2004/031136

silicon dioxide and talc. 7he anpbunt of glident in the

conposition can range from about 0.1%to about 5% by

wei ght of the total conposition, preferably from about

0.5 to about 2% by weight. Coloring agents -

exci pi ents that prOV|de coloratlon to the conposition

or the dosage R 3 xamiee: | NCl ude food

grade dyes and f onto a

sui tabl e adsor @ nunB3 oxi de.

The anount of & v from about

0.1 to about 58 ‘ tion,

preferably froff i oavai lability

- refers to thi the active

drug i ngredi ent™ absorbed into

the systemc c I ni stered dosage

form as conpa

Convent i onal

Such met hods

conpression a

conpaction, o

pr ocedur es. : &

fornms for adn1n|strat|on such as,

capsul es, sup

known. Anot he

the use of th

above for tre

hepatitis C argbisas s

admi ni st eri ng s e ective anmount of

the inventive

abl ets are known.
h as direct

| ati on produced by
speci al

& naki ng ot her

for exanple,

e are al so well
ention di scl oses
itions disclosed

h as, for exanple,




to a patient having such a disease or diseases and in

need of such a treatnent. n yet another enbodi nent,
wo bmsosmpounds of the invention may be used f oPCT/l182004/031136

treatment of HCV in humans78n nonot herapy node or in a

conmbi nation therapy (e.g., dual conbination, triple

conbi nation etc.) node such as, for exanple, in

conmbi nation with antiviral and/or imunonodul atory

agents. Exanpl es of such antiviral and/or

I mmunonodul at ¢ Ri bavirin (from

Scheri ng- Pl oug §di son, New Jersey) and

Levovirin(tn G gut i cal s, Costa Mesa,

California), W Vi r ophar ma

I ncor por at ed, ia), SIS 14803(tm

(from1SIS Phg | sbad, California),

Hept azyme(t m ¢ @ maceuti cal s, Boul der,

Col orado), VXid B cx Pharnmaceutical s,

Canbri dge, M ( ,nytosi n(tm) (from Sci A one

Phar maceuticals, San Mateo, California),

Maxan ne(tm ( e SUlE s, San Di ego,

California), L gl (from

Hof f man- LaRocl ey), interferon (such

as, for exanpl , PEGinterferon

al pha conj ugat i PEG34 interferon

al pha conj ug 8 al pha nol ecul es

covalently att gecule. Illustrative

PEG interferon al pha conjugates include interferon

al pha-2a (Rof eron(t Hof f nan La- Roche, Nutl ey,

New Jersey) ¥ N terferon

al pha-2a (e. g o > name

Pegasys(tm) on(tnm), from

Scheri ng- Pl oug m of pegyl at ed

interferon al | er




the trade nane PEG I ntron(tm), interferon al pha-2c
(Berofor Al pha(tm), from Boehringer Ingel heim
wo pgslobigpéen Ger many) or consensus interferon aBCTESi0n€aB1136
by determ nation of a consé@hsus sequence of naturally
occurring interferon al phas (Infergen(tn), from Angen,
Thousand QOaks, California). As stated earlier, the
i nvention |ncludes tautoners, rotaners, enantioners
and ot her stere s of the i nventive conpounds
al so. Thus, as} SR c art appreci ates,
sone of the i may exist in suitable
i someric formns I§k ar e contenpl ated to be
wi thin the scoj #on. Anot her enbodi nment
of the inventi B hod of nmking the
conpounds di Scj ® conpounds may be
prepared by se] nown in the art.
Representati ve - edures are outlined in
the foll ow ng reactlon schenes The invention
di scl osed herein is then further exenplified by
preparative exanpl es and exanpl e conpounds which
shoul d not e Egnstrued tolimt the scope of the
i nvention whixh 1s defined in the fpeftled cl aims.
Al ternative hafi stji cHpat hways and=-&na
structures %géﬁjpn ppafentSeg thosdingkﬁg Hiyyéx
art. \é)ge<mnd‘ ood t hat whil & foll owi ng
illugg?émiv descri be ﬁh@"kmxﬁa rAtiop Of a few
repre enPath&FA?L I ve conpounds, -SU|tam
substitutio of both the natural unnat ur al
am no aC|d result in the forymati on of the
desired co unds based on such sﬁbstltutlon Such

vari ations/ane conteipl ated to be t hi ythg sg¢ppe of
t he i nvent . FQQedures(SE&eﬁJ Nowy, Clilhe
foII%m br iatio : o

are z
BocHN\/& o




used: AcOH: Acetic acid ADDP:
- (Azodi car bobyl ) di pi peri di ne85 Boc neans t-butyl oxy
WwW@eoos®8079But yl oxycar bonyl Bu TBu Bu': terf - ButpdtT/Chan4/031136
Benzyl oxycar bonyl Bop: 75
- Benzotriazol -1-yl -oxy-tris(di net hyl am no) hexaf | uor opho
sphate Bn or Bzl: Benzyl Bz: Benzoyl Chg:
Cycl ohexyl gl yci ne Cp: Cyl copentyl di enyl DCM neans
di cl hl or onet hane; DCC. 1.S-Dicycl ohexyl carbodii m de
DEARH, Di gfjnyl azodi car boxyl at e DVAP:
4- N, N-L?e./ms?hy nopyri di ne DMF neans L, L
/ - di I fanra d DVMSO neans di et h‘”yh\,sluifom de
EDCI : Er‘([arnqq/\oq,wa30pyI ) - 3- et hyl bodi i

hydrocHf or lde;: Etgd Ethyl; EtOAc neans e de E’/\CHs
BeicPIN: Syher; HATU Means,0 ROR_K. 0 N0

O (7-azabenzotyi azol -1-yl) - SN%M apetthyl ufoni um
HOOBL : y-1, 2, 3- benzott i azit~ £( 3R ope:



HOBt :
i Pr:
wa@le@siogd7aen de;

N- Hydr oxybenzotri azol e;
i sopropyl ;

i Boc: i sobutoxycarbonyl ;
KHVMDS neans Pot assi um hexanet hyl
Li HVMDS neans hexanet hyl di si | azi PeT/U8m04/031136

Met hyl ; M5 neans nmass spect/éum nBuLi

«« lithium NWM neans N nethyl

nor phol i ne;

means n- butyl
NVR neans

nucl ear

rragneti C resonance,;

Phenyl ; 86 Pd/ C neans pal | adi um on char coa
PyBr OP: Brono-fr/s-pyrrolidi nophosphoni um

hexafluorophosphave
TEMPQ 2, 2,6, 6-Te
tetrahdequr@nH

Phg: Phenyl gl yci ne; Ph:
cat al yst;
TBUNCO neans t - buty!l |socyanate
T%Eﬁ ﬁHF means
“eans

trimet
p-tolu

H H

N

H\n,n; 00
SIS

\fédl w;};
3 ﬁyPi€§g;eral of tRe W nt ernedi at es and/ or
preparat|ve exanples used in the foll owhg syvxhetlc
protgdures have been dléélosed i NWD 01/ 77113;;
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01/081325; WO 02/08198; WD 02/ 08256; WO 02/08187; WO
02/ 08244; WD 02/48172; WD 02/08251 ; and pending U. S.

w@ad08n08079ppl i cati on, Serial No. 10/052, 386, fiPerus2004/031136

January 18, 2002. The di scliosures of those

applications are incorporated herein by reference
thereto. General Preparative Schenes and Procedures

for Preparative Exam ples87 SCHEME 1 CH CH OCH NJL NH
OH BocHN, HCH CH CH CH CH HN COOCH H BocHV, OCH
BocHV , 3v/ c@qd GH BocHN , BocHN, SCHEME ¥ _BocHN , |

H 9 H b ©
0 Q\'(N\)J\‘r ~Nch, o Q\WN\_/U\“/NH
><:Z et T 7&@ Ny |
N ; N

In still yet another aspect of the invention there is provided a
pharmaceutical composition comprising as an active ingredient a compound
of Formula 1 which is for use in treating disorders associated with HCV. The
composition would generally include a pharmaceutically acceptable carrier.
The composition may contain one or more additional agents such as, for
example, an antiviral agent, an interferon or pegylated interferon and the like.
A preferred antiviral agent is ribavirin and a preferred interferon is a-
interferon.

A method of treating disorders associated with the HCV protease
comprises administering to a patient in need of such treatment therapeutically
effective amounts of a compound of Formula 1, or a pharmaceutical
composition which comprises therapeutically effective amounts of a
compound of Formula 1. The administration may be oral or subcutaneous.

The compounds of Formula 1 may be used for the manufacture of a
medicament to treat disorders associated with the HCV protease, for

example, the method comprising bringing into intimate contact a compound of
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wddooBwawedur es For

BocHN, 10 C H CH CH, CH CONH CONH BocHN BocHN,,, 11
12 SCHEME 388 CH CH CH BocHN , BocHN,, CH CH BocHN
Preparative Exanpl es PreparedT/us82004/031136
Exanple 1 - \ HH T CH CH B®cHN Step AHCH CH CH H CH
la 1b

Formula 1 a pharmaceutically acceptable carrier. These and other aspects of
the invention are described in further detail below.

In embodiments described above, the present invention discloses
compounds of Formula 1 as inhibitors of HCV protease, especially the HCV
NS3/NS4a serine protease, or a pharmaceutically acceptable derivative
thereof, where the various definitions are given above.

In another embodiment, this invention provides pharmaceutical
compositions comprising the inventive peptides as an active ingredient. The
pharmaceutical compositions generally additionally comprise a
pharmaceutically acceptable carrier diluent, excipient or carrier (collectively
referred to herein as carrier materials). Because of their HCV inhibitory
activity, such pharmaceutical compositions possess utility in treating hepatitis
C and related disorders. The HCV inhibitory activity can also lead to use of
the inventive compounds and/or compositions for treating diseases (e.g.,
AIDS, etc) that are associated or connected with HCV.

In yet another embodiment, the present invention discloses methods
for preparing pharmaceutical compositions comprising the inventive
compounds as an active ingredient. In the pharmaceutical compositions and
methods of the present invention, the active ingredients will typically be
administered in admixture with suitable carrier materials suitably selected with
respect to the intended form of administration, i.e. oral tablets, capsules
(either solid-filled, semi-solid filled or liquid filled), powders for constitution,
oral gels, elixirs, dispersible granules, syrups, suspensions, and the like, and
consistent with conventional pharmaceutical practices. For example, for oral
administration in the form of tablets or capsules, the active drug component
may be combined with any oral non-toxic pharmaceutically acceptable 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.
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The synthesis of 1b can be acconplished using the
procedure of ( ) Myers, A G; deason, J. L.; Yoon,

wazgosmsotge D. W; J. Am Chem Soc 1997, 119 ,pr6B6S2002031136

Myers, A. G ; Schnider, P.;79Kwon, S.; Kung, D. W; J.
O g. Chem, 1999, 64, 3322.; or (3) Mers, A G;

G eason, J. L ; Og. Synth. 1998, 76, 57. A solution
of amne ( 24 g, 120 mml) in THF (300 m ) was
treated with anhydrous LiCl ( 16.80 g, 400 nmol) over

horossRBBlsEBihdRS Inbiibe stdten! GaGhn Waulal stibdis: ORY 50
sdRdtdriepst etul hhd&yﬂiﬂﬂét@@umﬁs lech)és achbiBSsqdiom. AGingte,
400 mmol in 300 m THF) over mn. The reaction

carbexymetiwdselitiose, @@Ivathsder@ gtypobarsd waxag Ameagdae brigants
t %@frggy ES%&%@! Bfube u'}Ll%%sg‘Hb's)a 876hn¥, 'Horrlgdac"f’& stnum

reacti on m xture vva d| ssol ved 1 n ag.
b¥hkhteasodiaomaestateasediunnchadde, arad thenlikee Digiftegidrds mclude

rmstl Ia er was furth ted th 3M HCI

@'}éﬁa&‘%‘!ﬂ 0S@4 9‘&%&%‘3{“\3"?’[{“8%%(3(2;“200 e ? T The
aque%été.m{; MRIKIRBFh Ia@@nfsoarnrgﬂe%emmas aﬁay él@@lﬁe
(50% and extracted w ).

ingwdechwbets gppriopriatey Sosnenet @ederré@l nwtetdnatn@@onamadm ed
(ﬁ%@%gg ggtﬁﬂﬁb% Ylﬁ}%é%n b?;r{a%lr ﬁ& lﬂqgh&e r{l,fo@séusggﬁl n more

€p W't hout urther pur | ation
dét@[béso\NHBoc 1b 1c A soluti on of 1b (12.5 g, 41.2
was di ssolved in. a

mml )Adéi’ﬂtﬂ)"ﬁ‘ﬂmtbé cmpastt] C'l‘ﬁ qrfélpe B %elﬂfﬁyepg%mqynbe

iR iNRBstained release form to provide the rate controlled release of
any one or more of the components or active ingredients to optimize the
therapeutic effects, i.e. HCV inhibitory activity and the like. Suitable dosage
forms for sustained release include layered tablets containing layers of
varying disintegration rates or controlled release polymeric matrices
impregnated with the active components and shaped in tablet form or
capsules containing such impregnated or encapsulated porous polymeric
matrices.

Liquid form preparations include solutions, suspensions and emulsions.
As an example may be mentioned water or water-propylene glycol solutions
for parenteral injections or addition of sweeteners and pacifiers for oral
solutions, suspensions and emulsions. Liquid form preparations may also
include solutions for intranasal administration.

Aerosol preparations suitable for inhalation may include solutions and
solids in powder form, which may be 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.
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cooled to rt. and extracted with CH2Cl 2 (3x100 nlL).
The aq. layer was treated with 100 nL of di oxane

wo edoso80 by NaHCO (8.00 g, 95.2 mmol ) and di t Be1/D81094/031136

di carbonate ( 8.95 g, 41 m8dl) and stirred at rt. for
5 h. The reaction m xture was extracted with ether
(2x250 nL) and the aqueous | ayer was acidified to pH-2
with ag. HCl and extracted with CH C (2x200 nL). The
combi ned organic layers were dried with MySO4,

fi1t usslirARRRnbicalord fbfin SRgstfationy elh Areiiftohact 10 vB

g) as a colorless oil. Step CJ 1c A solution of acid

cp@vesgd stwrityibefese psante |mhlid1@“1bpf(393%10@3 faoeitheraral gr

AeRe e ) asthafisifation Hicr il Wfﬁﬁst ioRhide s s ispeidhs

aniderptisiored overnight at 0 C. The reaction m xture vvas

concentr at ed in vacuo and diluted with 650 m  of

Cb- Tite erupeurds eltbe inventigadnay algothe ﬁef'verﬁtrle(trazwgeona"y-
S

1F\/\Be?rt)éam g Emp%'g%gg(%ttmé?)éh ?gﬁéﬁ%@g{rﬁdloﬁl}?ﬁ%aaemsols

adomemulsiond dnd cdr baatcmgtmnhw {r&nsolernvat patohedfHibe anatsix or

Id 1 H NVR:
BRERI DG FiE SORETIInS| BN A7t for S Piages 02 (dd, 2
||:|)|z) 4 t%chrﬁbeuﬂdsJ‘bf tﬂe?mﬁan'ﬂéh mé”y 8&)0(513 aémiﬂ(lstéredl&aay,
uztra\zer@ugw (rrtqar@sauyoqswbpuiarmt(sm 9 H), 1.41 (s, 9 H),

112 4 b kit i U R bred A
are in a unit dosage form. In such form, the preparation is subdivided into
suitably sized unit doses containing appropriate quantities of the active
components, e.g., an effective amount to achieve the desired purpose.

The quantity of the inventive active composition in a unit dose of
preparation may be generally varied or adjusted from about 1.0 milligram to
about 1,000 milligrams, preferably from about 1.0 to about 950 milligrams,
more preferably from about 1.0 to about 500 milligrams, and typically from
about 1 to about 250 milligrams, according to the particular application. The
actual dosage employed may be varied depending upon the patient's age,
sex, weight and severity of the condition being treated. Such techniques are
well known to those skilled in the art.

Generally, the human oral dosage form containing the active
ingredients can be administered 1 or 2 times per day. The amount and
frequency of the administration will be regulated according to the judgment of
the attending clinician. A generally recommended daily dosage regimen for
oral administration may range from about 1.0 milligram to about 1,000
milligrams per day, in single or divided doses.

Some useful terms are described below:

Capsule - refers to a special container or enclosure made of methyil
cellulose, polyvinyl alcohols, or denatured gelatins or starch for holding or

containing compositions comprising the active ingredients. Hard shell
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60.91 , 53.42, 52.80, 34.7, 33.5, 32.3, 31.4, 29.8,
28.7, 26.4, 26.1, 20.6, 12.9. Step D- _ ?rCH HH

WO a0S0s079CO0CH + i 1b 1fl A sol ution of ester BeT/(4m04/031136

9.79 mmol) in THF (20 m ) 8H O (20 nL) and MeCH (10
m) was treated with LiOH H O (575 ng, 14 nmmol) and
stirred at t for 4h. The reaction m xture was '
concentrated in vacuo to renove THF and MeCH. The
nostly aqueous | ayer was acidified wwth ag. HCl and

i y@ﬁ'a f Bieha9 dﬂ@ tivel§ higHT§EINSKE RV BBAE and
Cl%ﬁ{é'?gta?\/\g}yem%ér"le é\/I%tOh MySO ?I‘tée]?e s oncer@?at ed an
ponk skiowgelating. Thedagsuletitsef. may sontain smabfamaiirds of dyes,
obtajned from hydrolysig of 1le, .am ne segnent 1f (2.02
QPAAINGAGRRLR. PIATIHES 2RE RIESVEIFE (40 ML) at 0 C was
t r eatiemhiot FtefdAdld Edmpfested- ; %@gﬁb )ﬁ*oﬁdﬂ dobbhé fotnbcéntaining

or

35 mmol) and stirred at 0 C The reaction

the retivesingsedientsowith suitabde diluenis ubhe kablefi san el prenaied &y
T . .
cmrgsian Bt GEAHRORY Shitfeq B aR Mo, &
gtanllation 8RbYICBkpActioMCO (3x100 nl), brine dried with
o0 e b et BRE LA ey AR AR o i
%%%ilﬁ@séﬁi-@oﬁ’d }né’fﬁx.a colorless foam Step E CH CH

Powder for constitution refers to powder blends containing the active

ingredients and suitable diluents which can be suspended in water or juices.

Diluent - refers to substances that usually make up the major portion of
the composition or dosage form. Suitable diluents include sugars such as
lactose, sucrose, mannitol and sorbitol; starches derived from wheat, corn,
rice and potato; and celluloses such as microcrystalline cellulose. The amount
of diluent in the composition can range from about 10 to about 90% by weight
of the total composition, preferably from about 25 to about 75%, more
preferably from about 30 to about 60% by weight, even more preferably from
about 12 to about 60%.

Disintegrant - refers to materials added to the composition to help it
break apart (disintegrate) and release the medicaments. Suitable
disintegrants include starches; "cold water soluble" modified starches such as
sodium carboxymethyl starch; natural and synthetic gums such as locust
bean, karaya, guar, tragacanth and agar; cellulose derivatives such as
methylcellulose and sodium carboxymethylcellulose; microcrystalline
celluloses and cross-linked microcrystalline celluloses such as sodium
croscarmellose; alginates such as alginic acid and sodium alginate; clays
such as bentonites; and effervescent mixtures. The amount of disintegrant in
the composition can range from about 2 to about 15% by weight of the
composition, more preferably from about 4 to about 10% by weight.

Binder - refers to substances that bind or "glue" powders together and

make them cohesive by forming granules, thus serving as the "adhesive" in
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COOCH | 9 1h A solution of diene 1g (1.1 g, 2.0 nmol)
indry CHC (20 nL) was treated with G ubbs catal yst
WO ¢@¢p3RMCI =CHC H, 83.8 ng, 0.1 nmmol) and stPeT/E82084/031136

rt. for 24 h. The reaction8i xture was concentrated in

vacuo and purified by chromatography (Si O, EtOAc/ Hex

1:3) to yield 1h (501 ng) as a colorless solid and

rrixture of E/Z isonmers. H NVMR (CDCl , 300 MHz) d, 7.38
1HJ81Hz)530518(m2 ,455(dt1H

i [ Elfer S ort v snotafffabiydile n ine dilyent

dribulKing 8gént7 Su(tableltﬂndiﬁrs idcl@de (slugarsﬁsum aéLs@cEro(sé ﬁafdhes
0. 85 , 3H) re tlvelnten5|t

qe('ve &é’}“ at éF@ﬁrg (lgg)andlmngatngja 9'(9‘{@?)@)‘0 a§t3é’6°¥3 H
deléﬁn’\éndlfi%@?%nﬁt?é}{ba%(/e§%f SbawBed %99h HE alggnl%gam&jmm

Indry T was treated wth M sol n
digirateCargd am)ncanumgtalmureualgmate,.cellubsmnhterlalssswdaas i on

R ol oSG oS g 25 1) 20
Hyaysdypropitetadefidioset Poldinylpyrrolidone; and inorganics such as
magnesium aluminum silicate. The amount of binder in the composition can
range from about 2 to about 20% by weight of the composition, more
preferably from about 3 to about 10% by weight, even more preferably from
about 3 to about 6% by weight.

Lubricant - refers to a substance added to the dosage form to enable
the tablet, granules, etc. after it has been compressed, to release from the
mold or die by reducing friction or wear. Suitable lubricants include metallic
stearates such as magnesium stearate, calcium stearate or potassium
stearate; stearic acid; high melting point waxes; and water soluble lubricants
such as sodium chloride, sodium benzoate, sodium acetate, sodium oleate,
polyethylene glycols and d'l-leucine. Lubricants are usually added at the very
last step before compression, since they must be present on the surfaces of
the granules and in between them and the parts of the tablet press. The
amount of lubricant in the composition can range from about 0.2 to about 5%
by weight of the composition, preferably from about 0.5 to about 2%, more
preferably from about 0.3 to about 1.5% by weight.

Glident - material that prevents caking and improve the flow
characteristics of granulations, so that flow is smooth and uniform. Suitable
glidents include silicon dioxide and talc. The amount of glident in the
composition can range from about 0.1% to about 5% by weight of the total
composition, preferably from about 0.5 to about 2% by weight.

Coloring agents - excipients that provide coloration to the composition
or the dosage form. Such excipients can include food grade dyes and food

grade dyes adsorbed onto a suitable adsorbent such as clay or aluminum
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NaHCO (100 m) brine, dried with MgSO filtered
concentrated in vacuo and purified by chromatography

w@ 31080307ac et one/ hexanes 1:3) to yield 1i (70 neQT/EHS20841031136

anor phous solid.92 HNWR (8Cl , 300 MHz) 6.96 (d, 1
H J=8.1 Hz), 5.32-5.21 (m 2 H), 4.43- 4.37 (m 2 H)
4.01-3.93 (m 1 H), 3.77(dd, 1 H J=5.7, 4.8 Hz),
3.65 (dd, 1 H J=3.9, 6.6 Hz)353(dd 1 H J= 6.0,
10.8 Hz), 2.11-1.77 (m 6 H), 1.55-1.31 (m 12 H),

oxde> The, aafﬁ?%*’?fﬁ?éﬁg@wgégd&% eRnYAr fomaidy O“MEE'@’E’%
bzod’e'?htg?foﬂemh;?%ﬂ?or}' pw’ma(bmﬂ'))m sbeuyt (H1 @)\abbuk1% 1]
s e eBlin: Eow torhekd@ AVe erant oNBIEh thageiig lug

Qgr%d!@m bt tHdpSiitid m%tws éEsorB&B irdofthe Epﬁehﬁ@@ﬁemauon from
xture was quenched w S solution (10% )

annatiinisieredetbIegedoms (asmr@mar@sﬂ do @ gtandardser qqrér@l at

(47 o ClafTola RS I5 BBl 45 0B T Sy ik
nﬁ¢|b<§@ﬁﬁﬁn’@ﬂﬁtﬁﬁl§d®t asldirect\cotnsression i ddrmfeb’slon of

chr omat ogr acet one/ hexanes 4. yi eI d
granyl emwgo&eg(w&wpﬁm PLey msihods OT—P%QI

pggg%d\%g% ESnvéhtibRal H'\emodsz‘oﬂ%aﬁ(ﬂ]g dthlr fokns for %dh‘ﬁ%ustratlon
such as, for example, capsules, suppositories and the like are also well
known.

Another embodiment of the invention discloses the use of the
pharmaceutical compositions disclosed above for treatment of diseases such
as, for example, hepatitis C and the like. The method comprises administering
a therapeutically effective amount of the inventive pharmaceutical composition
to a patient having such a disease or diseases and in need of such a
treatment.

In yet another embodiment, the compounds of the invention may be
used for the treatment of HCV in humans in monotherapy mode orin a
combination therapy (e.g., dual combination, triple combination etc.) mode
such as, for example, in combination with antiviral and/or immunomodulatory
agents. Examples of such antiviral and/or immunomodulatory agents include
Ribavirin (from Schering-Plough Corporation, Madison, New Jersey) and
Levovirin™ (from ICN Pharmaceuticals, Costa Mesa, California), VP 50406™

3TM

(from Viropharma, Incorporated, Exton, Pennsylvania), ISIS 14803 (from

ISIS Pharmaceuticals, Carlsbad, California), Heptazyme™ (from Ribozyme

Pharmaceuticals, Boulder, Colorado), VX 497™

(from Vertex
Pharmaceuticals, Cambridge, Massachusetts), Thymosin™ (from SciClone
Pharmaceuticals, San Mateo, California), Maxamine™ (Maxim
Pharmaceuticals, San Diego, California), mycophenolate mofetil (from
Hoffman-LaRoche, Nutley, New Jersey), interferon (such as, for example,

interferon-alpha, PEG-interferon alpha conjugates) and the like. "PEG-
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(m 2 H, 4.55-4.40 (m 2 H), 3.93 (d, 1 HJ=10.2 Hz),

3.77 (dd, 1 H, J=5.4, 5.1 Hz), 2.04-1.78 (m 4 H),
wa28503079%7 (m 14), 1.31 (s, 9 H, 1.02 (s, 3 POT/UM09H031136

(s, 3H. M5 (ESI), mz, rékative intensity 512

[ (MrNa)\ 80], 490 [(M+1 ) , 0], 434 (20), 390 (100).

Step CH QOAc i 193 A solution of aldehyde 1j (50 ny,
0.1 muol) indry CHC (2 nL) was treated with CH COCH
(19 nmg, 0.31 mmol) and nethylisocyanoacetate (31 ny,

el i SIERERC LTS S chiet
aftachéd trlalREG hncﬂaalleglﬂlapﬂnatl\(eﬂ’m-lmmﬁeron @dmmnﬁegaté}?

i Bl 8 o P SB35 g e
éﬁg‘?ﬁnolﬁl%]o?rrﬁ‘b? Iﬁ’%%ﬁdeﬁéﬁe% %ﬁ% b'a"(le%; Hd s?ld uH@eiLth%
trademame Regagys H‘L)m@ﬁ@r@l—latuha(% ﬂnyrowas fnqnestcbdrmgﬂpugh
Clbrpora'fjor% ﬁwztgqur‘m of pegr;rrfo {e)d mperferon 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).

As stated earlier, the invention includes tautomers, rotamers,
enantiomers and other stereoisomers of the inventive compounds also. Thus,
as one skilled in the art appreciates, some of the inventive compounds may
exist in suitable isomeric forms. Such variations are contemplated to be within
the scope of the invention.

Another embodiment of the invention discloses a method of making the
compounds disclosed herein. The compounds may be prepared by several
techniques known in the art. Representative illustrative procedures are
outlined in the following reaction schemes. The invention disclosed herein is
then further exemplified by preparative examples and example compounds
which should not be construed to limit the scope of the invention which is
defined in the appended claims. Alternative mechanistic pathways and
analogous structures will be apparent to those skilled in the art.

It is to be understood that while the following illustrative schemes
describe the preparation of a few representative inventive compounds,
suitable substitution of any of both the natural and unnatural amino acids will
result in the formation of the desired compounds based on such substitution.
Such variations are contemplated to be within the scope of the invention.

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

AcOH: Acetic acid

ADDP: 1,1'-(Azodicarbobyl)dipiperidine
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W@ onsesisat ed i n vacuo.

stirred at rt. for 2 h. After the conpletion of the
reaction it was acidified wth ag. HCl (2 nL) and

and used as it with out fusSher purification. The acid
was dissolved in CHC (2 nL), DV (2 nL) and treated
with H Phg-N(CH HCl (26 ng, 0.12 mmol), NW ( 32 nmg,
0.32 nmol) HATU ( 45 ng, 0.12 mml) and stirred at 0 C
for 24 h. The yellow col ored sol uti on was concentrat ed

| oy or ot ipaAs SEUISG, Rl BhcdBefaney g Ha

and By n"ﬂBuEhlu?*%@d:iBLmyl m xture was dried (I\/gSO)
filtered concentrated in vacuo and used as it |s in
next (% Benzyloxygarbepdy K ¢\ HH T CH CH L JI

BocngQ)}zlge%Q Hfakem.&i-o'ﬂ/ ’g‘iﬂlﬂlmétgglamn )@lngﬁJdggg ?ﬁ'{éé%

eate rt|n r
ny, (BrﬂdrBzIDB)enzyld stirred at rt. for 2 h. The
rea&g’ B diluted with ag Na2S233 sol uti on and aqg.
LS el'}tzf’)ﬁ'n (20 m _ each) and extracted with CH Cl

(50 why: Cy'Ehﬂ,er@wﬁelayer was washed with satd.
NaHCO ,” brine, dri'ed with MgSO filtered concentrat ed

in vAuEWeRPentYdiENEd by chr omat ogr aphy (
20! PNRBAE Schighridilh! 1, (72 1) a2 ool o] 55
80] , DXCC: 1,8MNBityclohéRjicarbbdiimide
DEAD: Diethylazodicarboxylate
DMAP: 4-N,N-Dimethylaminopyridine
DMF means N,N-dimethylformamide;
DMSO means dimethyl sulfoxide;
EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochioride;
Et: Ethyl;
EtOAc means ethyl acetate;
Et20: Diethyl ether;
HATU means O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium;
HOOBLt: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one;
HOBt: N-Hydroxybenzotriazole;
iBoc: isobutoxycarbonyl;
iPr: isopropyl;
KHMDS means Potassium hexamethy! disilylamide;
LIHMDS means hexamethyldisilazide;
Me: Methyl;
MS means mass spectrum;
nBuLi means n-butyl lithium;
NMM means N-methyl morpholine;
NMR means nuclear magnetic resonance;
Phg: Phenylglycine;
Ph: Phenyl;

The residue was dri ed POT/USZHOO031136



(100). Preparative Exanple 2 Step ACC,CHOH,CH OH

r 1i 2a A solution of alcohol 1i (1.1g, 2.25 mmol) in
woredosaswobe (30 nl) was treated with Pd/ C (10% wew/usmo4/031136

ng) and hydrogenated at 608psi for 3 h. The reaction

m xture was filtered through a plug of celite,

concentrated in vacuo to yield 2a which was used in

the next step without further purification. Step B95

CH NMCH OH 2a 2b Crude 2a fromstep A was oxidized

[ v t] . 68 I
Fol 1 B ORAE THBLETEE el oy cp 11 (ot eparati ve
exanPyBrap: Bomo-eisipyivolidibOphasphasiuin tekafiucephbsptiate;
M5 (ESI), mz, relative intensity 1005 [ (2]l vRNa) |,

10] , TBBUGQ means t-budyl iseeyenpte,vHNa) , 90], 492 [ (Ml )
30FEMBR: 2,99 6- 2% MR -piferRiny i) ; H

THF means tetrahydrofuran;

THP means tetrahydrofuran;

TMSI means trimethyl silyl iodide;

T3N means triethylamine;

Ts: p-toluenesulfonyl.

Several of the intermediates and/or preparative examples used in the
following synthetic procedures have been disclosed in 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. The disclosures of those applications are

incorporated herein by reference thereto.

General Preparative Schemes and Procedures for Preparative Examples




. CHO BocH\N'L . 2b Conmpound 2b (200 ng, 0.41 mol) from
step B was converted to 2c (250 ng) using CH COOH (60
worgosasidoéret hyl i socyanoacetate (99 ng, 1 mmol )PCT/US2004/031136
followi ng the procedure si@dflar to step (preparative
exanple ) as a mxture of diastereonmers. H NVR (CDCl
300 MHz, m xture of diastereoners) 8.05, 7.93 (d, 1
H, 6.60 (d, 1 H J=7.8 Hz), 5.20, 5.09 (d, 1 H),
4.58-4.49 (bt, 1 H, 4.34 (s, H, 4.34- 4.31 (bt, 1H
4.11-4.06 (m 1H), 3.95-SchEMEV 3 , 3.73, 3.71 (s,
3 H, 2.21, 2.19 (s, 3H, L. 99-1. 06 (m 31 H),
0.99-0.94 (6 H. M5 (ESI), mz, relative |ntens??y“689
[ Kewso 51, 673 [(MNa) , 3@], 651 [(Mr1) 35], 1
( SLgp»D79(]-|oCI-P°Q*d9&I\/EthyI——es¢—e¥ 2¢ (2 -
0. 390mnpl) was hydrolyzed t aci d usi ng Li OH*HENOeI2
ny, pnnl) and coupled to hg N(CH) HC (90 X
0.42 mml) using NW ( 126 ng, 1.26 mmol) and HATU
(160 ng, 0.42 nmol) as outlined I n preparative exanple
, Step J to yleIchrude 2d directly used for
oxi dation. Step E f’ OH CHHft Hft CH Cha,_CHs

N o
COOCH
\/ 3 H
N
{Nj\( \)j\ocu,

BocHN;,, H
\H\ BocHN,,, o o =

CHa,__CHy CHJ}(CH:‘
i o \ H H\/ﬁ\ I
N n\/U\H N N\i/ﬁ\ﬂ/N N -
BocN,, A, O BocHN., 5o © °
8 9
SCHEME 2
CH3\/CH3

CH3\/CH3

N v~ “CONH,
OO

BocHN,,,

1 12

SCHEME 3
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CH[ JI JI HJl BocHN Hydroxy am de 2d was oxi di zed
usi ng Dess-Martin reagent (200 ng, 0.48 mmol) which

wowr®spsn7ed | ed by chromat ography (Si O, acet onePCHusi004/031136

:4) toyield 2 ( 0 ng) as @®lorless solid. M5 (ESI),
mz, relative intensity 775 [(MtNa) 60], 753 [(Mt1) ,
50], 653 (100), 277 (80), 232 (60), 162 (30), 162
(40), 148 (80), 217 (95). Preparative Exanple 3 HHH
t Step A" gr CH A solution of 2 (40 ng, 0.0053
mml) in HCOOH (2 nl_) was stirred at t for 2 h and
concentrated in vacuo. The rgs%gue was repeatedly
d|S§bLV®d in toluene and drleﬁ’ln vacuo to renove

resi | farmic acid. The regi 5@%. i ssol ved in
CH Chw i L each) and treht d WIEh'B (10m) .
aniet-. (I m.) at 0 C an a e reffigerator
for .(i?e reaction n1xture centrated in vacuo
and p Jed by chromat ograph O , acetone/ hexanes
:2) to yleld 3 (21 ny) as a colagyless solid. M5 (ESI),
mz, relative intensity 774 [(M+Na) , 50], 752 [(M+]l)
: 7QL L cfd3 (90), 420 (30), 297 (30), 148 (100), 134
(40) .5 Prepagatlve Exanple 4 Step ACHCH X H

H 0, .0
NOs
BocHN,, ~x O R0

14

Procedures For Preparative Examples

Preparative Example 1

\/

OY )
BocHN\/K o
\/\__//\j

1
Step A
CH; O CH; O
C6H5 < N NH2'H20 COHS . N NHZ
z 1 =
OH CH, OH CH, N
1a 1b

The synthesis of 1b can be accomplished using the procedure of (1)
Myers, A. G.; Gleason, J. L.; Yoon, T.; Kung, D. W.; J. Am. Chem. Soc 1997,
119, 656; (2) Myers, A. G.; Schnider, P.; Kwon, S.; Kung, D. W.; J. Org.
Chem., 1999, 64, 3322; or (3) Myers, A. G.; Gleason, J. L.; Org. Synth. 1998,
76, 57.

A solution of amine 1a ( 24 g, 120 mmol) in THF (300 mL) was treated
with anhydrous LiCl ( 16.80 g, 400 mmol) over 0.5 h and stirred till the

reaction mixture turns homogeneous. The reaction mixture was cooled to 0° C



10

15

20

25

H OH 2b 4a A solution of al dehyde 2b (100 ng, 0.2
mol) in HI (2 nL) was treated with (50 ng, 0.5 mmol)

waeasasebone cyanohydrin (43 ng, 0.5 mol). ThBCT/US2004/031136

reaction mxture was stirré? at rt. for 2 h and
concentrated in vacuo. The residue was purified by
chromat ography (Si 2, acetone/ hexanes 1:4) to yield 4a
(100 ng) as a colorless solid. Ms (ESI), mz, relative
intensity 541 [ (MtNa) , 60], 519 [(Mm+1) , 10], 463
aﬁé@ﬁeetédl@ntﬁ]aoﬂ)iF s%ﬁlﬁfbnaﬁa_lmtf@ﬁ % éb gW(ﬁPﬁ\H%I‘?ﬁBéb it of

sol ution of cyanohydrin 4 .
THF ) mivey 20msint Tbermbtmntmlmme W%%rre)d at ﬁ’? C)foaﬁcﬁ Kacnd

trbited Wit S:sioFlonkxBBE (39 #aicd2irpfron 4 sttt ot §igr 24 .

TH@SB@&IC)M rtnhdm wé@d@s@v&@h#b’qom M lrﬂ%arﬁpcd'ﬁce}\tr@téﬁ in vacuo
brine (30 ). The reaction m xture was dried NEK:O%OO

taf ram@\raeaHEoiHEemm%tweaﬂ ilayerpeamiuaher dilviegtwith bkaq
nﬁf)%d%iﬁatcpeod"&/itﬁ lé&ﬁé}e(ﬁx@(% HL)P%é %ﬂueéﬁ? chy%r was basified to

pH 14 using aq. NaOH (50%) and extracted with CH,Cl, (3x 300 mL). The
combined organic layers were dried with MgS O filtered concentrated in

vacuo to yield crude 1b (15.1 g ) that was used in next step without further

purification.
Step B
CH; O o
&H CH, N N
1b 1c

A solution of 1b (12.5 g, 41.2 mmol) was dissolved in aq. NaOH (1 M,
88.0 mL, 88 mmol) and heated at reflux for 3 h. The reaction mixture was
cooled to rt. and extracted with CH2CI2 (3x100 mL). The aq. layer was treated
with 100 mL of dioxane followed by NaHCO; (8.00 g, 95.2 mmol) and di-
tertbutyl dicarbonate ( 8.95 g, 41 mmol) and stirred at rt. for 5 h. The reaction
mixture was extracted with ether (2x250 mL) and the aqueous layer was
acidified to pH~2 with aq. HCI and extracted with CH,Cl, (2x200 mL). The
combined organic layers were dried with MgSO4, filtered concentrated in
vacuo to yield acid 1¢ (10.8 g) as a colorless oil.

Step C
CH3._CH;
o CHy._CHs &
BociN I\, (1 N~~~ COOCH
E +
P A u,&: COOCH; BOCHN\E/kO
1c 1e

A solution of acid 1¢ (5g, 19.44 mmol) and amine 1d (3.98 g, 19.44
mmol) in CH2Cl, (30 mL), DMF (30 mL) at 0° C was treated with HATU (8.87
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CH BocHN BocHN 4b 4 A solution of hydroxy am de 4b

(100 ng, 0.18 mml) in toluene/DMSO ( : , 5 mM ) at O
waE2was3tveat ed with EDClI (356 ng, .86 nmol) anBCTZUS2004/031136

CHCOCH (120 ng, 0.93 mol ) %and stirred at 0 C for 3 h.

The reaction m xture was diluted with Et OAc (150 ml )

and washed with satd. aq. NaHCO (100 ml ) and brine

(100 m). The ethyl acetate |ayer was dried

concentrated and purified by chromatography (Si O

SSERRRABRLAERIAY 1320t St R0k e . Te
regiSion 3pdxtyre0®)as Porpenteated einEvaogd earsb dilGtes withy6%0 mL of
cHREE” The “pdvdaiin e hias,Wasbbe ‘et i e (i, BA8E R0, aq,

NBHET @i vawoamaklen% ofgdtic fayelrs ARAE Yricvowf @,,Siltered
Step A CH CH NH N ocHN The synt hesi s of was

cengangnatetl usinng vehgo si and ar pgriietbdubye sehromatography  (SiO,,
Acetone/Hexanes 5:1) to yield 1e as a colorless oil (5.5 g).

'H NMR: (CD;0D, 300 MHz) 55.87-5.76 (m, 1 H), 4.97-4.92 (dd, 2 H), 4.26
(bt, 1 H, J=7.8 Hz), 3.98 (d, 1 H, J= 10.2 Hz), 3.61 (dd, 2 H, J=5.1, 5.1 Hz),
3.73 (s, 3 H), 2.14-2.07 (m, 2 H), 1.74-1.42 (m, 9 H), 1.41 (s, 9 H), 1.12 (s, 3
H), 0.92 (s, 3 H).

3C NMR: (CD;0D, 75 MHz), d 173.8, 173.2, 158.0, 139.8, 115.0, 80.4,
60.91, 53.42, 52.80, 34.7, 33.5, 32.3, 31.4, 29.8, 28.7, 26.4, 26.1, 20.6, 12.9.
Step D

CH;._ CH; CH;._CH;
OCH, S
ot COOCH
O\ cmsN\/k N—/ :
COOCH; 0 N : \/\/§
BocHN\/g /\/\/ BocHN\/& o
H o
H 1f :
M NN
1e 19

A solution of ester 1e (4g, 9.79 mmol) in THF (20 mL), H2O (20 mL)
and MeOH (10 mL) was treated with LiOH-H,0O (575 mg, 14 mmol) and stirred
at rt. for 4h. The reaction mixture was concentrated in vacuo to remove THF
and MeOH. The mostly aqueous layer was acidified with aq. HCI and
extracted into CH,Cl; (3x100 mL). The combined organic layers were dried
with MgSOs,, filtered, concentrated in vacuo and used as it is.

A solution of acid obtained from hydrolysis of 1e, amine segment 1f
(2.02 g, 9.79 mmol) in DMF (40 mL), CH.Cl; (40 mL) at 0 °C was treated with
HATU (4.46 g, 11.84 mmol) and NMM (3.5 g, 35 mmol) and stirred at 0° C for
24 h. The reaction mixture was concentrated in vacuo and diluted with aq. HCI
(100 mL). The aqueous layer was extracted with CH.Cl, (3x75 mL). The
combined organic layers were washed with aq saturated NaHCO; (3x100
mL), brine dried with MgSOQs,, filtered concentrated in vacuo and purified by
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W@ onsesisat ed i n vacuo.

synthesis of 5. A solution of 4 ( 0 ng 0.34 mmol) in
HCOOH (3.0 m ) was stirred at rt. for 3 h an
The residue was dri ed POT/VUSIHOE031136
and taken in CHC (4 m ) 9%and treated with nethyl
cycl ohexyli socyanate (72 ng, 0.52 mmol) and Et N (52
ng, 0.52 mmol). The reaction mxture was stirred at 0
C for 16 h and concentrated in vacuo. The residue was
purified by chromatography (Si O, acetone/ hexanes : 3)

.1 )’
SHiGh YorbomSHrRY SRR ™) 8018, 18 (o)) aSaolortess
fqedn) . 100 Preparative Exanple 7 Step A CH CH C NH, NH
ng‘ﬁg The synthesis of 7 was achi eved using the

ar procedure so synthesis of 5. A solution of 4

(180 g 0.34 mml)‘ in HCOOH (3.0 m _) omscaiirred at

rt. for 3 h aﬁd concentrated in vacuo. 50 ng (0.12
mmol ) of this Hiyﬁcqmssdrledlnvauoarw taken in
HCb (4 m)) rea\t/em h—i-seeyanathe Yerf but yl

(35 ng, 0.0.35 mmol ). The reaction m stirred
at 0 /for q h and concentrated i n vacuo, The residue
was diluted with CH C and washed with ad"HCO, aq

sat dA $éittish @ﬂcﬂléqﬁe Mg (1They,02.0aminol) Ry 8RS CMBOE, (20 @fl) was
and purified by chromato , acet one/ hexanes
treatpd with (Geiblps7catalyst [(CyggRuCly—éHCeHs, 83.8 mg, 0.1 mmol) and
stirred at rt. for 24 h. The reaction mixture was concentrated in vacuo and
purified by chromatography (SiO,, EtOAc/Hex 1:3) to yield 1h (501 mg) as a
colorless solid and mixture of E/Z isomers.
'H NMR (CDCl3, 300 MHz) &, 7.38 (d, 1 H, J=8.1 Hz), 5.30-5.18 (m, 2 H),
455 (dt, 1 H, J=2.4, 9.6 Hz), 3.92 (bs, 1 H), 3.77 (s, 3 H), 3.79-3.77 (bm, 1H),
2.06-2.1 (bm, 3 H). 1.95-1.81 (m, 2 H), 1.79-1.77 (m, 13 H), 1.31 (s, 9 H),
1.05 (s, 3 H), 0.85 (s, 3H). |
MS (ESI), m/z, relative intensity 542 [(M+Na)® 45], 464 (20), 448 (25) 420
(100) .
Step F

gl yci ne Bezﬂﬂbul%l ester (74ng, O. Wcmd Et N

CHy _CH, CH3_cH,

H
(A oo, —— LAy
= / < /

1h 1i

A solution of ester 1h (100 mg, 0.19 mmol) in dry THF (1 mL) was
treated with LiBH4 (2M soln. in THF, 0.2 mL) and stirred at rt. for 16 h. The
reaction mixture was quenched with aqueous HCI (1M, 30 mL) and extracted
with CH2Cl; (3x30 mL). The combined organic layers were washed with aq.
NaHCOj3 (100 ml) brine, dried with MgSOQ, filtered concentrated in vacuo and
purified by chromatography (SiO., acetone/hexanes 1:3) to yield 1i (70 mg) as
an amorphous solid.
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ng) as colorless solid. M5 (ESI), mz, relative
intensity 648 [ (M1) 45], 592 (25), 435 (100).

woe@pasEbé ve Exanple 8 Step AL01 H H 9 BocHN PCRUSRA4/#81136
solution of nethyl ester 202(100 ng, 0.15 mmol) in THF
(2mM ), HO(2 n) and HOH (2 nL) was treated with
LIOHHO (41 ng, 1.0 nmmol) and stirred at rt. for 2 h.
After the conpletion of the reaction it was acidified
with ag. HC (2 rTL) and concentrated in vacuo. The

1'?3@{'%3? pui’ﬁbl' cat |£3§.6/'$§3 ac?gJ\L/\ngpg?z ?%—\gdéfﬁﬂ%k& 4.43-

4(32 (mh,)2 HPMED 1-2.93L0m ahH) 1 3.2at(éd, W, b= Be7hzly8 Har)ci 3185 (dD7 H,

1530, 44513 25 é(gawrédl 2 4801600 T 1 e P a1 31

0 I GHNbr d Igy vacuo and di | ut ed
(e H%%—ﬂ vl % %O ). @he orgéﬁlt Ia@ers wer e washed
Mﬂ (ESI.anim, aelativaintensitiS3) [(WK)HA0]abiti HM+a)" THY, 492

Ii was dried (MgSO ) filtered
[(@ﬁﬂger??ﬁ'a% 1ﬁq?vacuo and used as it is in next step
stépHy) . Step B CH CH BocHKL 8a 8

CH3yCH3 CH3VVCH3

A solution of alcohol 1i (70 mg, 0.15 mmol), in CH.CI; (3 mL) was
treated with Dess Martin reagent (85 mg, 0.2 mmol) and stirred at rt. for 2 h.
The reaction mixture was quenched with Na;S;03 solution (10%, 10 mL) and
saturated NaHCO; solution (10 mL) and stirred at rt. for 0.5 h. The reaction
mixture was extracted with CH2Cl, (50 mL). The organic layer was dried with
MgSO,, filtered concentrated in vacuo and purified by chromatography (SiO»,
acetone/hexanes 4:1) to yield 1j (50 mg) as a colorless fluffy solid.

'H NMR (CDCls3, 300 MHz) 59.54 (s, 1 H), 7.43 (d, 1 H, J = 7.8 Hz), 5.30-5.19
(m, 2 H), 4.55-4.40 (m, 2 H), 3.93 (d, 1 H, J=10.2 Hz), 3.77 (dd, 1 H, J=5.4,
5.1 Hz), 2.04-1.78 (m, 4 H), 1.55-1.27 (m, 14), 1.31 (s, 9 H), 1.02 (s, 3 H),
0.95 (s, 3 H).

MS (ESI), m/z, relative intensity 512 [(M+Na)*, 80], 490 [(M+1)*, 10], 434 (20),
390 (100).

Step |

CH
CH3 cn3 Ly CHs

0
\ V‘\[(N\)J\O,CH:,
N

1 1k
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Hydroxyam de 8a (62 ng) in CHC (3 nL) was treated
with Dess- Martin reagent (62 ng, 0.15 mmol) and
wariosoadd@t rt. for .5 h. The reaction m xtur ePEEES2004/031136
diluted with CHC (20 nlL) %nd treated with aq. soln
of Na S O (10% 25 nL) and satd. NaHCO (25 nlL) and
stirred for 20 mn. The aqueous | ayer was separated
and extracted once again with CH2CI 2. The conbi ned

organic layers were dried (MgSO ), filtered,

CONCRNdIdiof AURRNO AR YT 01GnY .ﬁmrg@g@g BPRY) was

(Si O, acetone o Vvyie
treateddm@li CHygOQB 1EYEBngH$B)1 o)) ared miethvwdisocyaoaicetate (31

A ot gy e i
APt fd 2t @s%e%@?uﬁﬁé@b};‘%h%@tﬁ ?é‘%rﬂ/ }—@?OUZ

3.6,181mm|,amne ,181
a(:éioﬁelhaxahes 42)80 ym‘rdl1)( Eottimgiisisian naitude of Basterepmend/F

M St Beabke ihshsifia MBS 41" ead s 5290 %540
(100).
Step J

CH3 cn, CHs C|-|3
cn3
N \)\”/ CH3 NJJ\
BocHN\i&/o\i/NJ - BocHN\/&
: /

1k 1"

A solution of methyl ester 1k (50 mg, 0.078 mmol) in THF (2 mL), H,O
(2 mL) and CH3;0H (2 mL) was treated with LiOH-H,O (20 mg, 0.5 mmol) and
stirred at rt. for 2 h. After the completion of the reaction it was acidified with
aq. HCI (2 mL) and concentrated in vacuo. The residue was dried in vacuo
and used as it with out further purification.

The acid was dissolved in CH,Cl, (2 mL), DMF (2 mL) and treated with
H-Phg-N(CH). -HCI (26 mg, 0.12 mmol), NMM ( 32 mg, 0.32 mmol) HATU (
45 mg, 0.12 mmol) and stirred at 0 °C for 24 h. The yellow colored solution
was concentrated in vacuo and diluted with CH,Cl, (70 mL). The organic
layers were washed with saturated aq. NaHCO3, aq. HCI and brine. The
reaction mixture was dried (MgSQ,) filtered concentrated in vacuo and used
as it is in next step (47 mg).

Step K

CH3 CH3
CH3 CH;
W i CHs N\)j\ |
N \)L BocHN\/& )

1
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and diluted with ag. HC (1M 500 nlL) and extracted

wth CH Cl (3x250 nlL). The conbi ned organic | ayers
wows/0sEshed with ag. HCl 500 m ), aqueous satPRPCEHUSZH04/031136

NaHCO (500 ni) brine (300 ®t) and purified by

chromat ography (Si O, acetone/hexanes :4) to yield 9c

(6.7 g) as colorless solid. Ms (ESI), mz, relative

intensity 495 (MtNa) 90], 473 [(M+1 ) 60], 429 (70),

391 (40), 200 (100), 140 (30). Step B _ OCH CoocH

» COORKoktioPcofMcdhd all 5o ﬁg; of 0aBRHInYAI) magcngﬁﬁuﬁugs

.59 mol) in CH H THFI’IF—Af% 00 nL) was treafed with
treated, with Dres-MaytinreageminteD)ma,d14 thmpbdnst stirted glot. foe2 h.

The. r i e ' e i and, ..

Tt radichdPi, Hiel it 66 N5 %46tiaahd ABE NG tution
(2G5 okl antdtextridefa with OM€Xl, GONGENITHY 6anit lgetwagnd

used as it is in subsequent steps. A solution of crude
washed with@gatdg. f‘(‘éUCIQ:%_P,””@W'st‘ﬂ'twgs%ﬁlt‘?rﬁééloé‘éemr@qﬁ’d n

. A ;

AR i8R R Bl an I o 33 9kl 1
mgdasentcolriedsisolidacuo and taken in agq. HC (300mM).

M anlzo i e a4 GBI WAl G TR €81 )
(1oRyur at ed NaHCQO3, brine and purified by chronmatography

(SiO, acetone/ hexanes 4:1 ) to yield 9d (7.1 g ) as a
colorless solid

Preparative Example 2

N
o 0 CH,

H H T
%NVU\H/ N\)LN Ny,
Bocun\io\i/\:j 0 H o

2

Step A

CH3\/CH3 CH%:/CHS

N

N A H
H
e BOCHN\/'K 0 2

BocHN i\/o\i/\j _\/o\_/\j
A /

1i 2a
A solution of alcohol 1i (1.1g, 2.25 mmol) in methanol (30 mL) was
treated with Pd/C (10% w/w, 100 mg) and hydrogenated at 60 psi for 3 h. The
reaction mixture was filtered through a plug of celite, concentrated in vacuo to

yield 2a which was used in the next step without further purification.
Step B
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Stepc CH,CHCHH9 A solution of diene 9d (2.0 g,
3.2 mol) in CH2A 2 (64 M ) was treated with G ubbs
wa@2d0al035b6 ( [ (Cy) RuCl =CHC H 404 ny, O0.48 moPQT/E8ZH04/031136

stirred at rt. for 24 h. TH®& reaction m xture was
concentrated in vacuo and purified by chromatography
(SIO, EtOQAc/Hex :3) to yield 9e (1.1 g) as a brown

solid and m xture of EJZ isoners. H NI\/R(CDCI , 300
I\/Hz)D736(bm5H) 7.13 (d, 1 H 4.5 Hz), 5.73

(d, 1 H J=8.1¢k) c,5-28 (m 2 H), 5ed0chs, 2 H, 4.75
(m 1 H), 465(m’zH) 4.52- 4.46 1I—|) 390
(bd, 1 H), H)_I 3. 61 (dd, 21’)1( 1
Hz), 3.44 (dd, 7—2—sz 201(m 5
H)? 1.79- 1B(o6|w 1. 49- “( 3 °H) . 36- 1 34
(m 4 H 26( S, (bs, \N?_(/E\]

rel ative intensit [(I\/H\Ia) 70] 584—<100), 540

(30). Step D 3>"CHaV g Vv 3 9e 9f 104 A sabution of

t 2 dry THF
Cr eaCBie, P2 HTRmeieR Aas Pridzed Uiipd 5SS MGty ehadit(1 14 9,
298 ﬁ\ﬁﬁﬂ’) @llovatng tf@%r@cébur@@nﬂ%tslté’@ ﬁéb‘ér@tﬂ?@%xample 1)

quenched wi th aqueous HCl (1M Om and extracted
tayyield 204(T60 e 58 aTCO|9>r|eSIEh@80bnb| ned organi c |layers

ME[ES YaRAL Jetild ifRSnsity 1005 [(2M+Na), 10], 530 [(M+K)", 20], 514
[(M+Na)*, 90], 492 [(M+1)", 30], 436 (40), 392 (100).

Step C
cus CHa CH:fgCH;
N N ; o
BocHN\ig/o\o_/\) BocHN\io\:\j (o]
2b 2c

Compound 2b (200 mg, 0.41 mmol) from step B was converted to 2¢
(250 mg) using CH3COOH (60 mg) and methylisocyanoacetate (99 mg, 1
mmol) following the procedure similar to step | (preparative example 1) as a
mixture of diastereomers.
'H NMR (CDCls, 300 MHz, mixture of diastereomers) 8.05, 7.93 (d, 1 H), 6.60
(d, 1 H, J=7.8 Hz), 5.20, 5.09 (d, 1 H), 4.58-4.49 (bt, 1 H), 4.34 (s, 1H), 4.34-
4.31 (bt, 1H), 4.11-4.06 (m, 1H), 3.95-3.86 (m, 3 H), 3.73, 3.71 (s, 3 H), 2.21,
2.19 (s, 3H), 1.99-1.06 (m, 31 H), 0.99-0.94 (6 H).
MS (ESI), m/z, relative intensity 689 [(M+K)*, 5], 673 [(M+Na)*, 30], 651
[((M+1)*, 35], 551 (100).
Step D

CH3\\/CH3 CH3 CH3
— y OAc W ©
A Ao "J

2c 2d



(100 M) brine, dried wth MgSO filtered concentrated

in vacuo and purified by chromatography (Si O,
waewsosedhexanes :3) to yield 9f (2.1 g). H NMT/CEXBD4/931136

300 MHz) d. Ms (ESI), mz, 9%elative intensity 578

[ (M+Na)\ 40], 556 [(M1) , 80], 512, (30), 295 (100).

Step E HOH A solution of alcohol 9f (100 ng, 0.19

mmol), in CHC (3 m_) was treated with Dess Martin

reagent (106 ng, 0.25 nmmol) and stirred at rt. for 2

h., T m%’cﬁ

sol u{“ﬁ)ﬁﬂﬁ%%ﬁc g@ﬁ Hggeg\rr]%?sat ur at 631%5}_%0 a9d using

ut on
L(QH HdO Y42my, dtinmaddared cowpled do HOPRgMN(CHe - H@h(c&fl mg, 0.42

e N 185055 1746 Penelyobg g bTE HeBmoro 92850 as

o@ﬂﬁ)eﬂﬁg'pylagﬂgﬂ%% @Rémﬂ% ¢9§tEP mo(y%@oru@@ eamchfﬁgeafsor
sogiomloos 1H)736(bs 5 H), 71(d 1 HJ=7.2 Hz),
%s‘é(d 1 H J=7.8 Hz), 5.24-5.1 (m H), 5.1 (s, 2
77-4.45 (m 5 H), 3.92 (d, 1 H J=12 Hz), 3.58
(dd H J=6.6, 5 5.), 3.51-3.46 cdmncd H)
f”k%(m 25 H) (ESI), mz, réT%'veintens
530
N

|
576 OH M+1) , 100 407. 16t § GHa
F105w> 5Uf gD 1001 U’Wasﬂu
BocHN \/\—/\j BocHN\j:\j 0

2d 2

t—l-u

Hydroxy amide 2d was oxidized using Dess-Martin reagent (200 mg,
10  0.48 mmol) which was purified by chromatography (SiO,, acetone/CH,Cl; 1:4)
to yield 2 (110 mg) as colorless solid.
MS (ESI), m/z, relative intensity 775 [(M+Na)*, 60], 753 [(M+1)", 50], 653
(100), 277 (80), 232 (60), 162 (30), 162 (40), 148 (80), 217 (95).

Preparative Example 3
g
Hw 9 4 © CHy
. QWQ&WNVLLN Ko,
N N_K o =_o H o
>ty o
o
3

15

A solution of 2 (40 mg, 0.0053 mmol) in HCOOH (2 mL) was stirred at
rt. for 2 h and concentrated in vacuo. The residue was repeatedly dissolved in

20 toluene and dried in vacuo to remove residual formic acid. The residue was



"HOAc HI ,CH. 9h A solution of al dehyde 9g (80 ng,
0.15 mol) indry CHCb (2 mM ) was treated with CH
wWEos10§B0% g, 0.50 mmol) and net hyl i socyanoacepet/€S1080031136

ng, 0.50 nmmol). The reacti @ m xture was stirred at

rt. for 24 h and concentrated in vacuo. The residue

was purified by chromatography (Si O, acetone/hexanes

:3) to yield 9h as a m xture of diastereoners. M

(ESI), mz, relative intensity 735 [(I\/H\Ia)\ 70], 713

g in MBI DRIED it SherFpcTrocted vAFBUGRIN 1 Panc

NAMV 16 giln gt OF O-amd efeindhe a)eﬂugecatt)ofdﬂ-mﬁg Tl‘h(@d)actlmh mixture
ol d

Wk FOnEH At ateg 1n Yagkb aHB IR e aaardphe [k | e

aSét%ﬁE}h%xanél‘)QPZ)Jtotwbld '3gk_|23'1 ﬁig()zhgéﬁ cBfesd s81f.| y used

f or oxidation.
s MS (ESI), m/z, relatlve mtensuty 774 [(M+Na)’, 50], 752 [(M+1)", 70], 653 (90),

420 (30), 297 (30), 148 (100), 134 (40).

Preparative Example 4

10 StepA
CH3 cna CHs CH3
N e N
BOCHNV\J?’\:\:I BocHN\ilio\i/\)
2b 4a

A solution of aldehyde 2b (100 mg, 0.2 mmol) in CH,Cl; (2 mL) was
treated with Et3N (50 mg, 0.5 mmol) and acetone cyanohydrin (43 mg, 0.5
mmol). The reaction mixture was stirred at rt. for 2 h and concentrated in

15 vacuo. The residue was purified by chromatography (SiO2, acetone/hexanes

1:4) to yield 4a (100 mg) as a colorless solid.
MS (ESI), m/z, relative intensity 541 [(M+Na)*, 60], 519 [(M+1)*, 10], 463 (30),
419 (100).
Step B
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HHCHCHNCOCHNEK Ji HCH CbzHN 9i Crude 9] (470 ng,
0.58 mol) fromstep F was oxidi zed using Dess- Martin

WO e@g®esi79¢ 424 ng, .00 mmol) foll ow ng the procedUg2004/031136

simlar to step H (preparavBve exanple 1) to yield 9j
(310 ng) as a colorless solid.106 Ms (ESI), niz,
relative intensity 869 [(MCH O+Na) , 100], 815
[(M+1) , 40], 770 (30). Preparative Exanple 10 BocHN O
10 Step A3 CH9 - " QAc Ac .CHir 9h 10a A solution
of 9h (200 a1y, ch. 3 nmmol ) in nmet hanol cfs5ch] ) was
treated withsPd(OH) g,(C (wet, 10% and, hydrog%p,at ed for

3h. The rea({a%r%n”g/)q ure 4\)\/

BocHN\io\O_/\:l BocHN \/\i/\j

4a 4b

A solution of cyanohydrin 4a (100 mg, 0.2 mmol) in DMSO (3 mL) was
treated with H,O, (35%, 0.3 mL) and K,COj3 (43 mg, 0.3 mL) and stirred at rt.
for 4 h. The reaction mixture was diluted with CH,Cl, (150 mL) and washed
with ag. NazS,0; solution (10%, 30 mL) and brine (30 mL). The reaction
mixture was dried (MgSO4) filtered concentrated in vacuo and directly used in
step C without further purification.
Step C

CH, _CHy CHy _CHy
R OH o o
H H
NH NH
CAAIA e G
BocHN\io\i/\j o BocHN \/o\i/\:j 0

4b 4

A solution of hydroxy amide 4b (100 mg, 0.18 mmol) in toluene/DMSO
(1:1, 5 mL) at 0 °C was treated with EDCI (356 mg, 1.86 mmol) and
CI,CHCOOH (120 mg, 0.93 mmol) and stirred at 0 °C for 3 h. The reaction
mixture was diluted with EtOAc (150 mL) and washed with satd. ag. NaHCO;
(100 mL) and brine (100 mL). The ethyl acetate layer was dried (MgSQ,),
concentrated and purified by chromatography (SiO,, acetone/hexanes 2:3) to
yield 4 (20 mg) as colorless solid MS (ESI), m/z, relative intensity 435 [(M+1)",
85], 390 (100).

Preparative Example 5

N
£z i o
N NH
o =
5




was filtered through a plug of celite and the filtrate
was concentrated in vacuo. The residue was dissol ved
wo e00s®3d19é ene chl oride and treated with PCT/US2004/031136
di tertbutyl di carbonate (2009ng, 0.92 nmol). The
reaction m xture was stirred at rt. for 24 h and
purified by chromatography (Si O, acetone/ Hexanes : 2)
to yield 10a (85 ng) as a colorless solid. Step B CH
CH C CH YV 10a 10b Methyl ester 10a (80 ng, 0.15 mmol)
sw@ﬁAhydrol yzed to acid using LIOHH O (41 ng, 1 nmol)
and coupled to HPhg-N(CH HC (32 ng, 0.15 mmmol)
usi ng NI\/M(%}Oc , 0.40 mml) and HATU (¢4.6 ng, 0.17
mmol ) as107 xut’l i ned in preparative exarpl g, 1,0 step J

to yield 1 di mecyly used for oxidati‘gw _ NEi m)
OH . / \ Hq%ﬂaiao%wmlon 1%c 0% Em de
10b ( BcHmy, +Q, 08 ) was oxi d>|feafus_}ibnr/\_[)/g§- Martin
reagent (@Mmml) whi ch wé puri\fi/fed by
chromat ogr a O acetone/CH Cl :2) to yjeld 10c (21
ng) as colorless solid.

Carbamate 4 (40 mg, 0.1 mmol) was converted to urea 5 (7.5 mg)
following the procedure similar to preparative example 3, Step A.

5  Preparative Example 6

Step A

CHy__CH;, , CHy_cHy
S H o ~ 3\ H
N NHy — » N NH,
N : H H\/L
BocHN 2 CH N__N o ~_©O
N m ’ :’ijm/ :\/0\_/\)
= o =

4

-

The synthesis of 6 was achieved using the similar procedure so
10  synthesis of 5. A solution of 4 (180 mg 0.34 mmol) in HCOOH (3.0 mL) was
stirred at rt. for 3 h an concentrated in vacuo. The residue was dried in vacuo
and taken in CH,Cl, (4 mL) and treated with methyl cyclohexylisocyanate (72
mg, 0.52 mmol) and Et3N (52 mg, 0.52 mmol). The reaction mixture was
stirred at 0 °C for 16 h and concentrated in vacuo. The residue was purified
15 by chromatography (SiO,, acetone/hexanes 1:3) to yield 6 (10 mg) as
colorless solid
MS (ESI), m/z, relative intensity 574 [(M+1)*, 20], 435 (100), 390 (50).



M5 (ESI), mz, relative intensity 805 [(M-Na)\ 20],
783 [(M+1 ) , 20], 683 (30), 369 (40), 210 (70), 116

W@ 1@8)3076% epar ati ve Exanple 11 3 o i H ft NH SPOT/ISDHA4/031136
Step A OH XHO CN J J 1l1a Ai®ol uti on of al dehyde 9g
(400 ng, 0.73 mml) in CHC was treated with Et N
(150 ng, 1.5 mmol) and acetone cyanohydrin (170 nyg,
1.5 mol ). The reaction m xture was stirred at rt. for
3 h and concentrated in vacuo. The residue was
p%é,faltﬁ@ g),ya,ﬁg[éafrat ography (Si O, acetone/hexanes :4)
to yield 4a (286 ng) as a colorless solid.108 M
(ESI), mz, relative mtensM 603 [ (MFNa)\ 60], 581
[(

Me1) , 70], 464 (50), 420-’=00)H\fﬁE;/8
N NH,
N :
~ 0]

O
H H 0
ﬂ\o NTN\/&O
O

Step A

The synthesis of 7 was achieved using the similar procedure so
synthesis of 5. A solution of 4 (180 mg 0.34 mmol) in HCOOH (3.0 mL) was
stirred at rt. for 3 h and concentrated in vacuo. 50 mg (0.12 mmol) of this
residue was dried in vacuo and taken in CH,Cl; (4 mL) and treated with

10 isocyanate of tert-butyl glycine tertbutyl ester (74mg, 0.0.35 mmol) and Et;N
(35 mg, 0.0.35 mmol). The reaction mixture was stirred at 0 °C for 16 h and
concentrated in vacuo. The residue was diluted with CH,Cl, and washed with
aq HCI, aq satd. NaHCO3 and brine. The organic layers were dried (MgSQ,)
and purified by chromatography (SiO,, acetone/hexanes 1:3) to yield 7 (15

15 mg) as colorless solid.

MS (ESI), m/z, relative intensity 648 [(M+1)", 45], 592 (25), 435 (100).

Preparative Example 8

CH3 CH3

Step A
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o\ OHCN 1la 11b A solution of cyanohydrin a (600 ng,
1.1 mol) in DMSO (12 nl) was treated with H O (35%

woO goosiyo7adid K O (43 ng, 0.3 nmL) and stirred atPet/US$004/031136

8 h. The reaction mxture ¥#ds diluted with HI ( 0 nl)
and washed with ag. Na S O solution (10% and brine
(30 n.). The reaction mxture was dried filtered
concentrated in vacuo and directly used in step C

wi thout further purification. M5 (ESI), mz, relative
|ntenS|Ct'y/cﬁ|21 [ (M:Na)\ 70], 599 [cfiiich), , 100], 554

(40). C]—|/ \ Hllb As ution gf oxy
amde 1% N054c %@Q\ﬁp
eated’vmth EDCI 5]40 k@
8d at rt
for4 '. ctlon mxture mswwthmd
(150 nm) an washed with satd. aq. and brine.

The organizé | ayer was dried (MySO ),%concentrated and

pur i ﬁﬂuﬁ’dn @hmm:w egteri2iey (168 g, OaERneist) ICRIARES ml2), H,O
yield (173 ng) as colorless solid.
(2 mL) and CH30H (2°mL) was treated with LiOH-H,O (41 mg, 1.0 mmol) and
stirred at rt. for 2 h. After the completion of the reaction it was acidified with
aqg. HCI (2 mL) and concentrated in vacuo. The residue was dried in vacuo
and used as it with out further purification.

The acid was dissolved in CH2Cl, (2 mL), DMF (2 mL) and treated with
benzyl amine (107 mg, 0.22 mmol), NMM (42 mg, 0.42 mmol) HATU (63 mg,
0.14 mmol) and stirred at 0 °C for 24 h. The yellow colored solution was
concentrated in vacuo and diluted with CH2Cl, (100 mL). The organic layers
were washed with saturated aq. NaHCO3, aq. HCl and brine. The reaction
mixture was dried (MgSQ,) filtered concentrated in vacuo and used as it is in
next step (63 mg).

Step B

CHy CHs CHs _cH,

8a

Hydroxyamide 8a (62 mg) in CH,Cl, (3 mL) was treated with Dess-
Martin reagent (62 mg, 0.15 mmol) and stirred at rt. for 1.5 h. The reaction
mixture was diluted with CH,Cl, (20 mL) and treated with aq. soln of Na,S,03
(10%, 25 mL) and satd. NaHCO3; (25 mL) and stirred for 20 min. The aqueous
layer was separated and extracted once again with CH2CI2. The combined
organic layers were dried (MgSQ,), filtered, concentrated in vacuo and
purified by chromatography (SiO,, acetone/hexanes 1:2) to yield 8 as a
colorless solid (21 mg).



M5 (ESI), mz, relative intensity 619 [(Mt1) 20], 597
(100). 109 Preparative Exanple 12 Step A CH CHC ?< (H
WORO0BIBUA9d CbzHN 11a 11b A solution of 1la wasPCT/US2004/031136

hydr ogenat ed usi ng Pd/ C anth2t he am ne obt ai ned was

di ssolved in CH Cb and treated wth
tert-butylisocyanide at 0 C. The reaction m xture was
stirred at rt. for 12 h and diluted with water. The
reaction m'xture was extracted with CH Cl (30 m ) and

RSS9 i S 1

(101)(] da@(]p(mo)y\mh(na) further purification. Step B CH CH
CH()—| NH NH Hr 11b 12

Preparative Example 9
CH3 CH
N\)L i ,

CszN\/K
: /
5 StepA
°“3>< °><
CszN\/U\OH . & - . [N—Lcoocu3
N N COOCH, CbZHN\g/go
9a 9¢c

A solution of acid 9a (3.6 g, 18.1 mmol), amine 9b (5.53 g, 18.1 mmol)

HATU (8.59 mmol, 22.62 mmol) and NMM in CHxCl; (50 mL), DMF (50 mL)

was stirred at 0°C overnight. The reaction mixture was concentrated in vacuo
10 and diluted with aq. HCI (1M, 500 mL) and extracted with CH,Cl, (3x250 mL).

The combined organic layers were washed with aq. HCI 500 ml), aqueous

saturated NaHCO3 (500 mL) brine (300 mL) and purified by chromatography

(SiO,, acetone/hexanes 1:4) to yield 9¢ (6.7 g) as colorless solid.

MS (ESI), m/z, relative intensity 495 (M+Na)®, 90], 473 [(M+1)*, 60], 429 (70),
15 391 (40), 200 (100), 140 (30).

Step B
CH3>< CH3><CH3
CIH N
Q‘coocu, + (HN\/COOCH";
CszN\/& M CbzHN
A 11 z \A
M M

9c ad

~

A solution of methyl ester 9¢ (6.5 g, 11.59 mmol) in CH30H/THF/H,0
(300 mL) was treated with LiOH.H,O (700 mg, 16.7 mmol) and stirred at rt. for
20 1.5 h. The reaction mixture was diluted with aq. HCI and extracted into CH,Cl,
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A solution of hydroxy amde 11b (320 ng, 0.54 mmol) in

toluene/DVBSO (1:1, 10 m ) at 0 C was treated wth
wWEDGE/08079d. g 5.40 nmol) and CI CHCOOH (350 ng, PRI/¥S2004/031136

mmol ) and stirred at rt. fo3 4 h. The reaction m xture

was diluted with CH Cl- (150 ml ) and washed wi th satd.

ag. and brine. The organic | ayer was dried

concentrated and purified byl1l0 chronmat ography (Si O,

acetone/ hexanes 1:2) to yield (173 ng) as col orl ess

(5B hE) R 5 s BB ARSI B0l
vatuo-britbudShasitdsirusulsequienabtéplsyde 2b (50 ng, 0.1
o, salfblor e SelimH i [ DRl fbo LG, tiested

WTH ‘HAﬁé‘QS I5Qd) 17,38 Hfrﬁommmm (4.029), 30 34 mri@y aﬁ@ sfirrd@%t 0 °C

concentrated in vacuo. The residue was purified b
for Rddndihegreagtign (ktare was Qancheitatedsn Yagyo padytakeniinig. HCI

S f r
ORI nEHRUTIOY Sl SriRERIDESGRCy 2R 0GY) e
cEABineliMyanictigyerd warkl whshed with saturated NaHCO3, brine and
purified by chromatography (SiO,, acetone/hexanes 4:1) to yield 9d (7.1 g ) as
a colorless solid.

Step ¢
CH3.__CH; CHs __CH,
D o

ﬂ\__/coocn:, <N\)\;(HV
CszN\:/LO R ad CszN\&/\’iijﬁij
P J
9d ge
A solution of diene 9d (2.0 g, 3.2 mmol) in CH2CI2 (64 mL) was treated
with Grubbs catalyst ( [(Cy)sRuCl.=CHC¢Hs, 404 mg, 0.48 mmol) and stirred
at rt. for 24 h. The reaction mixture was concentrated in vacuo and purified by
chromatography (SiO,, EtOAc/Hex 1:3) to yield 9e (1.1 g) as a brown solid
and mixture of E/Z isomers.
'"H NMR (CDCls, 300 MHz) O, 7.36 (bm, 5 H), 7.13 (d, 1 H, 4.5 Hz), 5.73 (d, 1
H, J=8.1Hz), 5.28 (m, 2 H), 6.10 (s, 2 H), 4.75 (m, 1 H), 4.65 (m, 2 H), 4.52-
4.46 (m, 1 H), 3.90 (bd, 1 H), 3.74 (s, 3 H), 3.61 (dd, 1 H, J=15.6, 11.1 Hz),
3.44 (dd, 1 H,J=6.9, 7.2 Hz), 2.12-2.01 (m, 5 H), 1.79-1.67 (m, 3 H), 1.49-
1.43 (m, 3 H), 1.36-1.34 (m, 4 H), 1.26 (bs, 5 H), 1.16 (bs, 3 H).
MS (ESI), m/z, relative intensity 606 [(M+Na)* 70], 584 (100), 540 (30).
Step D

CH; CH3

><CH3

H
N._ COOCH, N No"oH

><CH3

N

CszNé@ CszN\L/K 00
NNy V\_//\>

9e 9f
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> CH 13a 13 A solution of 13a (60ng, 0.08 mml) in
nmet hanol was treated with a 8 drops of concentrated

woislosasdstirred at rt for 12 h. The acetate eBCBUS2004/031136

waslll hydrol yzed with partd4al |y deprotecti on of Boc
group which was reprotected wth

ditertbutyl di carbonate (16 ng, 0.073 mmol ). The

hydr oxyam de (46 ng, 0.07 mmol) in CH2Cl 2 was treated
with Dess-Martin reagent (55 ng, 0.13 mmol) and

Sti T RQ forl dr d<0Kr 90 (M maSBLsh Aol BagHBE BIL) was

reaction m xture was ex nto
tregedtwitnLiBHkt (@M sotas indTHE 0 BZ2o50) andlistitreded rt. for 3 h. The

K RUNEES A ST e
Wi SRS R TR RS o e 2o
NeEIOQb (109.rb) tomioke) dried WiHhR M@SOadlﬁecedjcwmﬁngatecblmvacuo and

pdtebf Prbmalgsrpny o seramerhes [l ¢ o
ﬂﬂt@gcwdsh;géotmgg%l pent ene (3 59, 23.5 nmmol) and

|rre for 1 h. The reaction m xture was
MSe(Eﬁt)edn/w teftative. inte@isity 5T S +bad e 40], 1556 [@Vind)*, BOD 512,

(g&)zgg?&&r gani c | ayer

Step E
CH3><CH R C“c:;><:cu3
H O\V(HVl
- . N N )

N
N ~" T OH

H / = /

9f 9g

A solution of alcohol 9f (100 mg, 0.19 mmol), in CH,ClI, (3 mL) was
treated with Dess Martin reagent (106 mg, 0.25 mmol) and stirred at rt. for 2
h. The reaction mixture was quenched with Na,;S,03 solution (10%, 10 mL)
and saturated NaHCOj; solution (10 mL) and stirred at rt. for 0.2 h. The
reaction mixture was extracted with CH,Cl,. The organic layer was dried with
MgSO,, filtered concentrated in vacuo and purified by chromatography (SiO,,
acetone/hexanes 3:1) to yield 9g (80 mg).
'H NMR (CDCl3, 300 MHz) § 9.52 (s, 1 H), 7.36 (bs, 5 H), 7.11 (d, 1 H, J=7.2
Hz), 5.67 (d, 1 H, J=7.8 Hz), 5.24-5.11 (m, 2 H), 5.11 (s, 2 H), 4.77-4.45 (m, 5
H), 3.92 (d, 1 H, J=12 Hz), 3.58 (dd, 1 H, J=6.6, 5.5 Hz), 3.561-3.46 (m, 1 H),
2.17-1.00 (m, 25 H).
MS (ESI), m/z, relative intensity 576 [(M+Na)*, 15], 554 [(M+1)+, 100], 510
(40).
Step F
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15

was dried (MgSO ) filtered concentrated in vacuo and
purified by chromat ography (Et QAc/Hexane 1:19) to
woe@sad3@9d g of 14b as colorless Iiquid. H NVMRCT/OEX0D4/031136

300 MHz) d, 5.83-5.70 (m 105H), 5.00-4.91 (dd, 2 H,

3.65 (s, 3 H, 2.01 (dt, 2 H), 1.53-1.48 (m 2 H),
1.35-1.30 (m 2 H, 1.1 (s, 9 H. Step Bo .CH CH 14b
14c112 A solution of ester (2. 6 g, 16 mol) in ether

(30 M ) was treated with LiAIH ( soln in THF, 20 m )

at - 78 C@pdeyarnmed to rt. Thecweagiion mxture was
guenched V\/Iot)ﬁ a sol ution of KHSOgand filtered through

a plug of ¢ |te and MgSO . The trﬁte0
nkvaew and used a S/’\@« \hék&é&at
14d A sol utlcgmNg/gg | L ¢hl oride (
r edt ed

concentr at
step. Ste

.48 %pr inmdry HI was t: th DMSO ( .53
78 C and stirr mn. To this

g, 19 5
m xture was agdded al cohol 14c (1.1 g, 7.8 nmol) and

stirred at - Cfor mn. Triethyl amne (5.0 m _,

35 5Arﬁm1t)on\/\@fSala@Meﬁ 949 ¢80 hey, 0248 imol) In JEWCE,BBY2 mL) was
med to rt. reaction m xture was acidified and

treaﬁdawm@mmpﬁt(éﬁm 2580 mmpl) apgemetisaepnaagaiate (50
mPYSEmMiRSIE MRSRedivh Wix@fe was stirred at rt. for 24 h and

concentrated in vacuo. The residue was purified by chromatography (SiO,,
acetone/hexanes 1:3) to yield 9h as a mixture of diastereomers.
MS (ESI), m/z, relative intensity 735 [(M+Na)*, 70], 713 [(M+1)", 100].
Step F

CH,3 CH3

><c}-|3 ><CH3
OAc [0}
Q\r AH K o, UL ; B!
CszNé@ 0 ___.CszN\/&
= / = /

9h 9i
Methyl ester 9h (600 mg, 0.92 mmol) was hydrolyzed to acid using
LiOH-H,0 and coupled to H-Phg-N(CH), -HCI (235 mg, 1.09 mmol) using
NMM (303 mg, 3.0 mmol) and HATU (437 mg, 1.15 mmol) as outlined in
preparative example 1, step J to yield 9i that was directly used for oxidation.

Step G
CH,

><CH3 CH3><CH3

H o o] CH,
N

H ' H H .
<N‘)\ﬂ/ :v‘\ﬂ/N\)LN N-cu, %NVU\“/N\)LN Nech
= H H H 3
CszN\/KO o o ° . CszN\/&O 0O <~_O o
S ] :\/\_//\)

9i

Crude 9j (470 mg, 0.58 mmol) from step F was oxidized using Dess-
Martin reagent (424 mg, 1.00 mmol) following the procedure similar to step H

(preparative example 1) to yield 9j (310 mg) as a colorless solid.



HCl, dried (MgSO4) filtered, concentrated in vacuo and

used in next reaction. HNWVR (CDCI , 300 MHz) d 9.42
W@ 3005030B¢ 5.82-5.68 (m 1 H), 5.00-4.91 (m 2P&d/USDOOB1136

(dt, 2 H, 1.48-1.23 (m 41ad), 1.03 (s, 3 H. Step D

1l4e A solution of al dehyde 14d (18g, 129 mmol) in CH

Cl (150 nL) was treated wth (R)-phenyglycinol (20.33

g, 148.3 mmol ) and stirred at 0 C for 1 h. The

reaction m xture was treated with TVM5-CN (25.6g, 258

2 t R C n +1)

MR VS T roipled) Mlonblty S I PP eTae (e s
4@k t7i78dB6Y wi th Et CAc (3x150 mL). The conbi ned organic

| ayers, e drje SO ) filtered concentrated in
PSR ERAEPISLD Ga s G ool vad Ln THE (100 )

and treated w : us | ayer
was basified vithcig,_dgOH (1 M extracted with
(Et OAc, 450 nij). Th%orrbi ned or | ayers were

dri ed, fiIteredllS oncent rat ed nd purified
W t h chromat odgr aphy "y Xanesud| 1 ) to
yield 1l4e 21 csaﬁna/'& Icorl s oil HStoep E|(tm 14e A
solution of 14e (20G_g OH (200 m ) S treated

1

with HO (60 i ) and kp O (5.88 g, 209.6 mmol) at
0O . The reacti i . for 12 h
5 s@ék?iAcool ed to O and carefully quenched with ag. Na S O
olution (10% . The reaction m xture was concentrated
in vactb-aod CHaCHy
Q % Q %

— OAc (o) —
%nﬁnJO/CIh - (N\A\((HYJ\[(H\/”\O/CH:‘
= \/g =

CszN\:/&o o = o BocHN ;' o o) o
9h 10a
A solution of 9h (200 mg, 0.3 mmol) in methanol (5 ml) was treated
with Pd(OH)2/C (wet, 10%) and hydrogenated for 3h. The reaction mixture
was filtered through a plug of celite and the filtrate was concentrated in vacuo.
10  The residue was dissolved in methylene chloride and treated with

ditertbutyldicarbonate (200 mg, 0.92 mmol). The reaction mixture was stirred
at rt. for 24 h and purified by chromatography (SiO;, acetone/Hexanes 1:2) to
yield 10a (85 mg) as a colorless solid.
Step B

CH3><CH3 CH3 CH3

BocHN\% \/HorN\)l\ ey BocHN. A @‘/ J\( 'L\

15 10a 10b
Methyl ester 10a (80 mg, 0.15 mmol) was hydrolyzed to acid using

LiOH-H20 (41 mg, 1 mmol) and coupled to H-Phg-N(CH). -HCI (32 mg, 0.15

mmol) using NMM (40 mg, 0.40 mmol) and HATU (64.6 mg, 0.17 mmol) as



the aq. layer was extracted with EtQAc (600 m ). The
conbi ned organic | ayers were washed extensively wth
WwW@eposMs7% O , dried concentrated in vacuo and por/u$ioedo31136

by crystallization (EtOAc/ H8xanes) to yield pure

di astereonmer directly used in the next reaction. H NWR

(cbcl , 300 MHz) d 7.30 (bs, 5 H, 6.25 (s, 1 H, 6.17

(s 1 H, 5.79- 5,66 (m 2 H), 4.98-4.89 (m 2 H,
3.71-3.60 (m 3 H), 2.68 (bs, 1 H), 1.98-1.90 (3 H),

p F
o iged eoricla St msF%vn ik $8b oy Beg Be? £
oxigalign.in CH Cl (160 nl ) CH3CH (80 m) at 0 C was
treated with Pb(QAc) (13.45 nmol, 30.3 nmol), at 0 C
1 h. the yellow solution was treated with aq.

(250 nml_, and stirred for m ow, Tha, reactlon
Haas filter nd concentrat 1N vacuo.

m)st queqys Iayge [s extracted HCI o( Bﬁﬁ

) co@&g}ﬂ d |\va u and—d4—r—e+;tl

reacty o Iutl dh df the cr u;j,eHN eowa ken Hn 0
BRI g@(? m>)%and tredted with aq HC%@ZOO )
and st at rt. for 1 h. The reac Xture

was114 concentrat ed in vacuo and extracted.u th Ether
(2x250 nd' b) The aqueous | ayer was basifi ed W th aqg.

5 NaOHH(8RIKY amhide 1amd(68xhya008thniiol hwals dXidizéd simg Dess-
The conbi ned organic | ayers were extracted with brine,
Martineepagent (60 mg, 0.14 mmol) which was purified by chromatography
(SiO., acetone/CHCl; 1:2) to yield 10c (21 mg) as colorless solid.
MS (ESI), m/z, relative intensity 805 [(M+Na)", 20], 783 [(M+1)", 20], 683 (30),
369 (40), 210 (70), 116 (100).

10  Preparative Example 11

Step A
cug><cﬂ3 CH3><CH3
OH
H H
Ny N CHO . N\:/kCN
cbziN_K 0 = CszNvKoo 2
\/\—//\_‘) \/\—-//"-\‘j
9g 11a

A solution of aldehyde 9g (400 mg, 0.73 mmol) in CH,Cl, was treated

15 with Etz3N (150 mg, 1.5 mmol) and acetone cyanohydrin (170 mg, 1.5 mmol).
The reaction mixture was stirred at rt. for 3 h and concentrated in vacuo. The
residue was purified by chromatography (SiO2, acetone/hexanes 1:4) to yield

4a (286 mg) as a colorless solid.
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(MS™4) filtered concentrated in vacuo and directly
used in the next reaction. The residue was dissol ved
WO 20088B0ZY6 (200 nmL) and cooled to - 78 C and t reet/es2004/031136
with NWM (4.2 g, 40 mol ) #&8d Cbz-Cl (5.4g, 3 .58
mmol ). The reaction m xture was stirred at rt. for 12
h and washed with aq. HCI . The organic | ayer was
separated and the aq. |layer was extracted with CH Cl
(200 nmL) The conbi ned organic | ayers were extracted

r : ; r
WS (00 TG gRALE Tgfenens MVEANDY, G 0T AaLan ol B4s0),
420I(d>®(1))ess solid. HNW (CDCl , 300 MHz) d 7.37-7.30
m o , 6.23 (bs, 1H) 5.86 (bs, 1 H), 5.82- 5.64
S{l ,563(d 1HJ—93HZ)512493(m4
; 407(d 1o, J= 9Hz) 2019(ra:}13 .42- .30
(m 4 H), 065 . M5 (ESI), md¢ relatlve

intensity 3 MtNa) PH100], 319 [ (MH1) 74 (50),
230 (70), 2@%@@«@@ (30)__Step G{@@Iz g 49
14h A S@JZMIIvd@ mde 14 g (6. Goz@n in CH
Cl (200 M)Wted W|th Me OBF M 69. 9
nmmol ) and K 1l g, 69.52 nmol) a I'rTed at rt.

for h. The reactjgn mxture was concentratgd in vacuo
and di ssolved in OH (280 nlL) and aq. HClI (140 ni, 1
M aAdsdietioredf eyanolytds 11ar(600 mg, Th meabtin MEOx(18mal.)

SRS B, | ERRPREChAIE gl Sl e
ak 8ty fJr8 METIfe reaction mixture was diluted with CH,Cl, (150 mL) and
washed with aq. Na>S203 solution (10%) and brine (30 mL). The reaction
mixture was dried (MgSQ,) filtered concentrated in vacuo and directly used in
step C without further purification.

MS (ESI), m/z, relative intensity 621 [(M+Na)*, 70], 599 [(M+1)*, 100], 554
(40).

Step C

CHs

CH
o< <

11b 1"

A solution of hydroxy amide 11b (320 mg, 0.54 mmol) in
toluene/DMSO (1:1, 10 mL) at 0 °C was treated with EDCI (1.1 g, 5.40 mmol)
and CI,CHCOOH (350 mg, 2.7 mmol) and stirred at rt. for 4 h. The reaction
mixture was diluted with CH,Cl, (150 mL) and washed with satd. aq. NaHCO3;
and brine. The organic layer was dried (MgSQO,), concentrated and purified by
chromatography (SiO,, acetone/hexanes 1:2) to yield 11 (173 mg) as
colorless solid.

MS (ESI), m/z, relative intensity 619 [(M+1)", 20], 597 (100).



dried (MgSO ), filtered concentrated in vacuo and
purified by chromatography (Si O, EtQAc/hexanes 1:19)
wo eoogiosi7ge 14h (5. 69) as colorless oil H NVR ( QBxX/US2080@31136
MHz) d 7.36 (bs, 5 H), 5.8895.71 (m 1 H, 5.32 (d, 1
H J=9.9 Hz), 5.10 (dd, 2 H, J= 12, 3.9 Hz), 5.03-4.93
(m 2 H, 4.27 (d, 1 H J=9.9 Hz), 3.72 (s, 3 H,
2.05-1.98 (m 2 H), .47-1.24 (m 4 H, 0.93 (s, 9
H).115 M5 (ESI), nmlz, relative intensity 356 [ MfrNa) ,
: + 10] 290 (100), 230 (60), 213 (20).
Pg?é%r@é'é.)(%é)eﬂ? A soI ution of acid 14i (4.5g, 7.64
nmol ) and am ne aII (3.66c49, cn,64 mol) [in CHC (50 m
), DMF (50 m ) cWas>ireated witH HATU (8.39 g,

22.05 mmol ) and I\M\/I(5 35%3 9¢ nmol) and stirred

overnight at 0 C/| The rea was
concentrated in vacud aﬂ\/gl ted Wth|450 mof CH C

. The aqueous | aylerTwas Wh aq.| HCl (1M 2x300
m.), ag. NaHCO (1M 2x800 e orggdnic |layers were
dried wwth MgSO ,| filtered concentrateq in vacuo and
purified by chronatography (Si'®  Acetdne/ Hexanes 5: 1)
33%6 weld 14) as a colorless oil (5.8 g). HNW (CDCl ,

)d703 6.39 (d, 1 H J=7.5Hz), 5.8-5.7

(m 1 H,chO9P s 90 (m 2 H 4.66 4.6 .1 H, 3.72
(s, 3H, 02:3.42 (m 2 H, 2.01 (b§ 2 H), .88 1.63

(m 4 H. ﬁjﬁ(lﬂiﬁ? 9 H, 613(mwrﬂ)v?\"‘?2(s
Cbzunéo\i/\jo >( I \/\_/\:l
i
11b

11a

5 A solution of 11a was hydrogenated using Pd/C and the amine obtained was
dissolved in CH,Cl, and treated with tert-butylisocyanide at 0 °C. The
reaction mixture was stirred at rt. for 12 h and diluted with water. The reaction
mixture was extracted with CH2Cl, (30 mL) and combined organic layers were
dried (MgSOy) filtered concentrated in vacuo to obtain 11b that was used in

10  oxidation without further purification.

Step B
CH,

><CH3 CH3><CH3

TS DTy wg

11b
A solution of hydroxy amide 11b (320 mg, 0.54 mmol) in
toluene/DMSO (1:1, 10 mL) at 0 °C was treated with EDCI (1.1 g, 5.40 mmol)
15 and Cl,CHCOOH (350 mg, 2.7 mmol) and stirred at rt. for 4 h. The reaction
mixture was diluted with CH,Cl, (150 mL) and washed with satd. aq. NaHCO;
and brine. The organic layer was dried (MgSQ,), concentrated and purified by



H, 0.90 (s, 3H. Ms (ESI), nmz, relative intensity
431 [(M+Na) , 60], 409 [(M+l) 40], 353 (40), 309
w@ 1@8)3074d.0 (80). Step COOCH 14k A sol ution of P€BEUST004/031136
14h (5.49, 16.2 mol) in HI® (30 nm.), THF (30 nlL) and
CH COH (30 nL) was stirred with LiOHH O (1.36 g, 32.42
mmol ) for 24 h and concentrated in vacuo. The aqueous
| ayer was acidified with ag. HC (1M and extracted
into CHClI (400 nlL). The conbi ned organic |ayers were
j fi SHEM- i used .
Cg@nﬁ%oéis%lﬁy (%5&(?%, réedFﬁ{rr%g%t [ ong nfl%gfoi)q g‘g{ﬁﬁ’fﬁ?ﬁo@g’)‘ggi d
colériesgsoli®. 5 mmol ) and deprotected amne* in CH Cl (30

(30 at . treat j TU (7.15
N@ f%%'%%ﬁ%‘@ W%{?{t&em& (lcwm@%1)4%0$d§#0{1)%0 nd stirred
PRéparativeE xdtAple 1#nd 25C for 24 h. The reaction
m Xture was concentrated in vacuo and diluted with 300

m_ OHC .| The aquegqus.]ayer was washed wijth aq. HC

( , 3x100 m| ), agq. NaMCO’(satd, 3x100 m _).| The
organic layers were dyied wit 806 filterled
concentrated in vacyo Ber 1t sb@;ro ogr aphy
(Si O, EtOAG/ 8. 3k1)ot oyboel d 1 s alcolorless

oil (4 g of [pu k land 2 g pf partially i
H NVR (CDCl |, 300 MHz)>d\z[34-7.32 (bs, 5 H)
, J=7.5Hz), |5.48- 5.69 (m B H), 5.37 (d, 1JH, J=9.9
5 Hz), 5.08-4.97(m B 1), 4.56-4.33 (M I 3.97-3.93
Step A2 H), 3.84-3.80 (m 2 H), 3.74 (s, 3 H), 2.03-1.97

(m 4 (L_lps\v’/c&; 86- CHy_cH,

ure 14Kk).
6.92 (d,

—~3 o 34 OAc
H H H O .0
N YO0
H H CH

A solution of aldehyde 2b (50 mg, 0.1 mmol) in dry CH,Cl, (5 mL) was
treated with CH3COOH (21 mg, 0.3 mmol) and TOSMIC (59 mg, 0.3 mmol,
10 3.0 eq.). The reaction mixture was stirred at rt. for 40 h and concentrated in
vacuo. The residue was purified by chromatography (SiO,, EtOAc/hexanes
2:3) to yield 1k (60 mg) as a mixture of diastereomers.
MS (ESI), m/z, relative intensity 769 [(M+Na)*, 30], 747 [(M+1)*, 20], 647

(100).
15 StepB
CHy _cH, CHy _cH,
N H ~ N ; ~
st 5 e T AT O
[ I o °

A solution of 13a (60mg, 0.08 mmol) in methanol was treated with a 8
drops of concentrated HCI and stirred at rt for 12 h. The acetate ester was



1.87-1.39 (m 12 H, 1.12 (s, 3 H, 0.98 (s, 6 H, 084
(s, 3H M5 (ESI), mz, relative intensity 632 [(M-Na)
WO 288)3076d.0 [ (M+1) 100], 309 (60). * Anmi ne wasPObUSI00€B1136
by the deportation of 14 witth 4 MHCl in di oxane.
Step J MeJ 14k 141 A solution of diene 14k (4.00 g,
6.57 mol) in CHC (65.0 nL) at t was saturated with
N and treated with Grubbs catal yst (551 ng, 0.657
mrol ) and stirred for 24 h. The reaction m xture was

RPN Sty e BB U  ee
withrditedbatyddicanbondte (1oNWB, 0038 mMMaB0 MHz) d 7.34-7. 31

b = 10,2
( N Tg E%d qﬁyagléjﬁ (4%@%&%&1@%} ||'QCL§C|24W%%trgat§g V(Ilm
Dlaskbl\llarﬂm‘l'@aq«er?@(%%g 20. H*lifbml%ofﬂ)ﬁm(ﬁ dtftrddat & fé‘l) 10 l?nr? 454t8 aq.

5 NH)2$2@3 was @slded an)d rgageon mtxtgrewvath e(@ﬁt CHn% The

r %ﬁ'}'ﬁh @&%Mﬁ%@ﬁgﬁ %Eeo%ﬂ %8]8%6 gﬁ?&gp 1"8 Q’é‘”‘l"sti’ﬁ?zoo
pUBfiedbp shromatbgrapHyH3QRIH 2 (61 my). was
MS (ESI), m/z, relative intensity 703 [(M+1), 11], 603 (100).

Preparative Example 14
CHs CH3
N N\/u\

Y ¥/0\0_/\j

10

Step A
o 0
CHsW/U\O’CH“ — Wj\o/cm
CH, CH;” “CHj

14a
A solution of methylisobutyrate (2.0g, 19.5 mmol) in THF was added
dropwise to a solution of KHMDS in THF (4.65 g, 23.5 mmol) at -78 °C and
15 stirred for 0.5 h. The reaction mixture was treated with 5-bromo-1-pentene
(3.5 g, 23.5 mmol) and shirred at rt. for 1 h. The reaction mixture was
quenched with aq. HCI and extracted into ether (150 mL). The organic layer
was dried (MgSO,) filtered concentrated in vacuo and purified by
chromatography (EtOAc/Hexane 1:19) to yield 2.1 g of 14b as colorless liquid.
20 '"H NMR: (CDCl;, 300 MHz) 8, 5.83-5.70 (m, 1 H), 5.00-4.91 (dd, 2 H), 3.65 (s,
3 H), 2.01 (dt, 2 H), 1.53-1.48 (m, 2 H), 1.35-1.30 (m, 2 H), 1.1 (s, 9 H).

Step B
(o]

X /CH3 \/\/><\

CHy~ “CHj;
14b 14c



10

15

20

25

treated with Pd/C (5% 200 ng), ditertbutyl di carbonate
(200 ng, 0.92 mmol) and hydrogenated at t for 12 h.
wabesosaed i on mi xture was filtered through a pbamyusfo04/031136
celite and concentrated i ni2acuo. The reaction m xture
was purified by chromatography (Si C2, acetone/hexanes
1:5) to yield 14m (81 ng). H NWR (CDCl , 300 MHz) d
6.84 (d, 1 H, J78Hz) 5.14 (d, 1 H), 4.61-4.55 (m
1H) 4.31 (s, 1 H, 4.22 (d, 1 H J=10 Hz), 4.03 (d,

QAISOJFL%)n (#12 e)sfergszg %19 3|§>8 r%n"dﬁamlq%ﬁ%gg’iﬁ_ﬂ'ﬂ? T/aag e;%ed xoqnth

L.IA)IH4 Om%o(rsm BHE) 20 a19%t (98 °T &hd m&n&@d(ta rt. Ihd)reabdfon
ESI), nlz, relatlvelnten5|t%610 (MtACOH+1 )

nwsorq was guengbed witba salotign oBEHISGoand @ﬁ@sduh%@hw pﬂug of

Eﬁd%&g@ 1@#%%% W% o&m%- fr?é{aet%[ela ]"%%Pé%dgﬁeﬁﬁﬁlé is in
tlmhéxtstépTHF 0.1 m ) and stlrred at rt. for 4 h. The

reaction m'xture was quenched with aqueous HC (
SteRfs) and extracted with CH Cb (3x30 m ). The

conmbi ned organic |layers were washed with a NaHCO

(100 ) brinesdriegy th MySO.fi I&E@%entrated

in vacuo and puFtifi &k by chromat ogr aphgH{Sic

acet one/ hexanes 1148) to yield 14n (70 rrg)4das an

anor sol reI t.ive Sit

544 F(ﬁ% fﬁa]r)}l @%S 1(1%5&88 g mL,ﬁf mT? in dry bwz&?g Wab
treated with DMSO (1.53 g, 19.5 mmol) at -78 °C and stirred for 15 min. To
this mixture was added alcohol 14¢ (1.1 g, 7.8 mmol) and stirred at —78 °C for
15 min. Triethyl amine (5.0 mL, 35.5 mmol) was added and the reaction
mixture was warmed to rt. The reaction mixture was acidified and extracted
with EtOAc (200 mL). The combined organic layers were washed with aq.
HCI, dried (MgSO4) filtered, concentrated in vacuo and used in next reaction.
'H NMR (CDCls, 300 MHz) § 9.42 (s, 1 H), 5.82-5.68 (m, 1 H), 5.00-4.91 (m, 2
H), 2.03 (dt, 2 H), 1.48-1.23 (m, 4 H), 1.03 (s, 3 H).

Step D
o HO. inu

WL

14d CH;” “CH;
14e

A solution of aldehyde 14d (18g, 129 mmol) in CH,Cl, (150 mL) Was
treated with (R)-phenyglycinol (20.33 g, 148.3 mmol ) and stirred at 0 °C for 1
h. The reaction mixture was treated with TMS-CN (25.6g, 258 mmol) and
stirred at rt. for 12 h. The reaction mixture was quenched with saturated
aqueous NaHCO3 and extracted with EtOAc (3x150 mL). The combined
organic layers were dried (MgSQy) filtered concentrated in vacuo and the
residue was dissolved in THF (100 mL) and treated with aq HCI (100 mL).
The aqueous layer was basified with aq. NaOH (1 M) and extracted with
(EtOAc, 450 mL). The combined organic layers were dried, filtered
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(100). Step M A solution of alcohol 14n (30 ng, 0.05
mol), in CH2C 2 (2 m) was treated with Dess Martin
wo eag®esit79¢ 30 ng, 0.07 mmol ) and stirred at rt.PEDUSRO41031136

The reaction mxture was guenched with Na S O sol ution
(10% m ) and saturated NaHCO solution (10 m ) and
stirred at rt. for 0.5 h. The reaction m xture was
extracted with HI1 (3x10 m ). The organic |ayer was
dried with filtered concentrated in vacuo and used as

Lt 1S i r r 4 on. al ative
ohhaeshial ) et and pbft D i oSty (S8 oo
EMeAcMexbfes Gotitowield Hdie 21 grassd eploNeswesil.converted to
14p_(40 ng) using CH COOH (20 DL) and
yl i socyanoacetate (20 DL) follow ng the procedure

simlar to step (prepatative exanple ) as a m xture of
di astereoners. M5 (E niz, relative ensity 7
[ (M+1) 100], 240 (20) Step119 AH ’> BcHN

\/\/><l\CN \/\/><|\CONH2

cn3

A solution of 14e (20 g) in CH30H (200 mL) was treated with HO; (60

mL) and LiOH.H,0 (5.88 g, 209.6 mmol) at 0 °C. The reaction mixture was
stirred at rt. for 12 h and cooled to 0°C and carefully quenched with aq.
Na;S,0; solution (10%). The reaction mixture was concentrated in vacuo and
the aq. layer was extracted with EtOAc (600 mL). The combined organic
layers were washed extensively with aq. Na;S,03, dried (MgSO,)
concentrated in vacuo and purified by crystallization (EtOAc/Hexanes) to yield
pure diastereomer directly used in the next reaction.

'H NMR (CDCls, 300 MHz) 6 7.30 (bs, 5 H), 6.25 (s, 1 H), 6.17 (s, 1 H), 5.79-
5.66 (m, 2 H), 4.98-4.89 (m, 2 H), 3.71-3.60. (m, 3 H), 2.68 (bs, 1 H), 1.98-1.90
(3 H), 1.03 (s, 3 H), 0.99 (s, 3 H), 1.03-0.99 (m, 1 H).

Step F
HO i NH fil\HCbz

\ \/\/>\ NH
wkcouuz cH; oM
CHy” “CHj 149

14f

A solution of amide 14f (8.00g, 26.3 mmol) in CH,Cl, (160 mL),
CH3O0H (80 mL) at 0°C was treated with Pb(OAc)4 (13.45 mmol, 30.3 mmol),
at 0° C for 1 h. the yellow solution was treated with aq. NaHCOj3 (250 mL,
and stirred for 15 min. The reaction mixture was filtered and concentrated in
vacuo. The mostly aqueous layer was extracted in CH,Cl, (3x300 mL)
concentrated in vacuo and directly used in further reaction.

A solution of the crude imine was taken in THF (200 mL) and treated
with aq HCL (1 M, 200 mL) and stirred at rt. for 1 h. The reaction mixture was
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30

Me A solution of nmethyl ester 14p (80 ng, 0.12 nmol)
in THF (3 M ), HO (3 n) and HOH (3 mM ) was

wo e@ansdosv th LiOH H O (41 ng, 1 mmol) and stiPCBUSAD4/031136

rt. for 2 h. After the conpl4eti on of the reaction it
was acidified wwth ag. HC ( nmL) and extracted with
CH2CI 2 (3x30 nL). The conbi ned organic | ayers were
dried (MgS™4), filtered and concentrated in vacuo. The
resi due was dried in vacuo and used as it wth out

ISR OB Sl
A e NI (000 O M 5

(QQQ BiladTRe PQNWW§36M@¥ﬁESr"&@"@deXtWG®% wéh amtﬂ‘ed drigd ed

(%F@ﬂt&eﬁ Z%Mraﬁ%{@o%&%%waﬁ}% if tﬂ@ijﬁgfjreactlon.

r eacfli herremdmteum& gizsolded adCﬂ-izCllze(Qed rmbhamchtoaleddo iHT8°C

ag et psh AP s il B0 St gt Shicsmafonn itpe

réé’&.oﬁgm&ré v%@l;t)rréd‘ag’t' &slr 1(2211 aha vs)é@ﬁe& VA &6 NEE hrhe

Dess-Martin reagent (10 nmol ) and stirred at
organi¢ tayep was samratedandihem Iayar wascextradtecwitNClep @l (200

mslsl'lLH 85]m‘)m%8 o”b%m%rfg/earg were extracted with brine, dried and purified
by chromatography (SiO;, EtOAc/Hexanes 2:3) to yield 14g (6.8 g) as a
colorless solid.

'"H NMR (CDCl3, 300 MHz)  7.37-7.30 (m, 5 H), 6.23 (bs, 1 H), 5.86 (bs, 1 H),
5.82-5.64 (m, 1 H), 5.63 (d, 1 H, J= 9.3 Hz), 5.12-4.93 (m, 4 H), 4.07 (d, 1 H,
J=9 Hz), 2.0-1.9(m, 2 H), 1.42- 1.30 (m, 4 H), 0.96 (s, 6 H).

MS (ESI), m/z, relative intensity 341[M+Na)", 100], 319 [(M+1)+, 30], 274 (50),
230 (70), 213 (30), 140 (30).

Step G

NHCbz
NHCbz

\/\/>\ (_:ONH2 “l\
CH NS
3 e chSO0CHs

14
9 14h

A solution of amide 14 g (6.8 g, 21.4 mmol) in CH,Cl, (200 mL) was
treated with Me;OBF4(10.36 g, 69.9 mmol) and K3;PO4 (12.11 g, 69.52 mmol)
and stirred at rt. for 12 h. The reaction mixture was concentrated in vacuo and
dissolved in CH30H (280 mL) and aq. HCI (140 mL, 1 M) and heated at reflux
for 1 h. The reaction mixture was concentrated and the aqueous layer was
further extracted with CH.Cl; (3x150 mL). The combined organic layers were
dried (MgSO,), filtered concentrated in vacuo and purified by chromatography
(SiO,, EtOAc/hexanes 1:19) to yield 14h (5.6g) as colorless oil
'H NMR (CDCl3, 300 MHz) § 7.36 (bs, 5 H), 5.85-5.71 (m, 1 H), 5.32 (d, 1 H,
J=9.9 Hz), 5.10 (dd, 2 H, J= 12, 3.9 Hz), 5.03-4.93 (m, 2 H), 4.27 (d, 1 H,
J=9.9 Hz), 3.72 (s, 3 H), 2.05—1.98 (m, 2 H), 1.47-1.24 (m, 4 H), 0.93 (s, 9
H).
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NaHCO sol ution (30 nL each) and extracted with CH Cl
(50 nm.). The organic |ayer was washed with satd. NaHCO

wWQ 20054080896 dried with MySO filtered concentr at eRCT/IIS2004/031136

vacuo and purified by chromét ography ( acetone/ hexanes
2:3) toyield 14 (22 ng) as a colorless solid.120 M5
(ESI), mz, relative intensity 813 [(M1 ) 100], 768
(20). Preparative Exanple 15 Step ACHCH" NH OH CH H
CH a 15a To 45 ml _ THF, diisopropylamne (4.70 m

MR ESNie refif iRty 56Tt Rar® g8y, rahedi 1of 200
(F30P2BOEHE), 2nBr20pt er, the solution of 1 a/30m THF was
transferred to the above solution over mn. After 20
StePH t he browni sh yellow nixture was warmed up to 0 C.

Anot her 20 mig | gter, the soflti,on became opaque
bright yell ow and 4-iodo- 1- but¥ne (3.035 g, 1.1 eq) was

added in dropw se. dihe sol uti@\bg apeéven brighter
and 60 mn | at _ 1 MHC S added to~guench the
reaction. The - %as renpved %ﬂ’id%lSO m _ Et OAc was
added in for extfaction. The organﬂc | ayer was further
was h@dsoliitidn of aciti@Wi (A16g, 4164 snmol)ayrel smvey ¢f (B gNen.64

TRIDAR IO CI R TB I M 45 Pk 3 O C e iretyah it g b 18730
gg/g?idtégﬂn%u)oaﬁd NAAY T 135! BOBBLAmdTY Add SfiédlobéinyHfat 0° C.
The reaction mixture was concentrated in vacuo and diluted with 450 mL of
CHCl,. The aqueous layer was washed with aq. HCI (1M, 2x300 mL), aq.
NaHCO; (1M, 2x300 mL). The organic layers were dried with MgSOy, filtered
concentrated in vacuo and purified by chromatography (SiOo,
Acetone/Hexanes 5:1) to yield 14j as a colorless oil (5.8 g).

'H NMR (CDCl3, 300 MHz) § 7.03, 6.39 (d, 1 H, J = 7.5 Hz), 5.8-5.7 (m, 1 H),
4.99-4.90 (m, 2 H), 4.66 —4.54 (m, 1 H), 3.72 (s, 3 H), 3.62-3.42 (m, 2 H), 2.01
(bs, 2 H), 1.88-1.63 (m, 4 H), 1.61, 1.43 (s, 9 H), 1.6-1.3 (m, 4 H), 1.02 (s, 3
H), 0.90 (s, 3H).

MS (ESI), m/z, relative intensity 431 [(M+Na)*, 60], 409 [(M+1)", 40], 353 (40),
309 (100), 110 (80).

Step |
MevMe o
NHCbz Y
4 H
M‘l\coocu _ O\("\)\\ o
CH3 CH3 3 N ::\/\/§
14h cbziN &, ©
<o
Me z
T~ ~F
Me

14k
A solution of ester 14h (5.4g, 16.2 mmol) in H>O (30 mL), THF (30 mL)
and CH3;OH (30 mL) was stirred with LiOH-H,O (1.36 g, 32.42 mmol) for 24 h
and concentrated in vacuo. The aqueous layer was acidified with aq. HCI (1M)
and extracted into CH2Cl, (400 mL). The combined organic layers were dried

(MgSQ,), filtered concentrated in vacuo and used as it is in further reactions.
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and renoval of the solvent afforded 4 g of the oil
whi ch upon standi ng, becane solid. Flash
wa@ koosost7egr aphy with 5:5:90 Et N MeOH DCM pr ovPCBUSRD0E®3 1136
g pure 15a in 57 %yield. (IR = 0.64, 5:5:90 Et
N MeOH/DCM H NWR (4: 1 rotaner ratio. * denotes m nor
rotaner peaks. CDCl ): d 0.96* (d, 3H J = 6.7 Hz)
1.15 (d, 3H, J =6.9 Hz) 1.45-1.55 (m 2H) 2.05-2.20
(m 2H) 2.80 (s, 3H 2.92* (s, 3H) 3.55-3.60 (m 2H)

i oA sl &5 0% 25 el dndlainficiBeiing
HL MRS CRH), DM 3(1 il o 6° @wab tioclsd OhATATD (32125, 18.79
116. 46 12 28.67 129.34 138.60 143.

mmtﬂ) ard NidM 4. félsN45 Gmmelppy stimaiad.0° Gafardts Q?&ndlﬁim for
; 19 { . fi:
24 8 Fle féddohyixtyrsl B BofleentiatRn i Pacda B g vy 480 mi
ofICHLCRf lTM%bQUeaﬂlsi layet WasedastiedOwith fagr l—(@%l mg\é',rw Be100 xilly &aq.
was. cool ed to roo erature. Q )
NAERSs et 200 Tank TRADTG AN [riers dyip diis Wl Mo Qy fitered
; Th
oAk leind Bt BP Erfb oy RO 1 T of
Et@AeiHexahes Sohitoryéald 44keasua coloyless wil4 o efquurd ikiand 3 g of
0 nL of dioxane was added and the

2. N HCI
pé%'laiht' frgﬂu'ﬁag4'§dj usted to pH 8-9 by addi ng
'H NMR (CDCl3, 300 MHz) & 7.34-7.32 (bs, 5 H), 6.92 (d, 1H, J=7.5Hz), 5.48-

5.69 (m, 2 H), 5.37 (d, 1 H, J=9.9 Hz), 5.08-4.92 (m, 6 H), 4.56-4.33 (M, 1 h),
3.97-3.93 (m, 2 H), 3.84-3.80 (m, 2 H), 3.74 (s, 3 H), 2.03-1.97 (m, 4 H), 1.86-
1.87-1.39 (m, 12 H), 1.12 (s, 3 H), 0.98 (s, 6 H), 084 (s, 3 H)
MS (ESI), m/z, relative intensity 632 [(M+Na)*, 20], 610 [(M+1)*, 100], 309
(60). ' '

* Amine was obtained by the deportation of 14j with 4 M HCl in

dioxane.

Step J
Me\/ Me Me}{ Me o
[—)\WH\)\O QYHYLO/
e -
\l\/\/\/ ) )
Me Me
14k 141

A solution of diene 14k (4.00 g, 6.57 mmol) in CH,Cl; (65.0 mL) at rt.
was saturated with N2 and treated with Grubbs catalyst (551 mg, 0.657 mmol)
and stirred for 24 h. The reaction mixture was concentrated in vacuo and
purified by chromatography (SiO», EtOAc/hexanes 1:3) to yield 141 (1.7 g) as
a tan colored solid.

'H NMR (CDCl3, 300 MHz) 5 7.34-7.31 (bs, 5 H), 7.08 (d, 1 H, J = 7.8 H2),
543(d, 1 H,J=10.2 Hz), 5.28 (m, 2 H), 5.13-5.02 (m, 2 H), 4.56-4.32 (m, 1
H), 4.49-4.28 (m, 2 H), 3.96-3.79 (m, 2 H), 3.74 (s, 9 H), 2.05-1.29 (m, 16 H),
1.0 (s, 3 H), 0.96 (s, 3 H), 0.94 (s, 3 H), 0.86 (s, 3 H).
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walews®oasvag t he sol vent volume to one hal f,

saturated NaHCO . 1.48 g of iBOC-OSU (1 eq) was added
and the m xture was stirred for overnight. After
mMLPOT/USBD€031136
and 10 nL DCM was added fotl7extracti on. The aqueous

| ayer was then treated with N HCl dropw se until it
precipitated (pH 2). Extraction with EtQAc 40 nL x 2
foll owed by MgSO drying and celite filtration afforded
1.52 g colorless oil 15b in 90 %yield. H NI\/R(CDCI ):

M5 F3) ol ey ﬂ&e@s'@oi"’%@ ] 71§n 25%*“@ (m 1

sse;eksoﬁ(mz 5,10 (m 1 H 5.80 (m 1 H).
NVR(CDCl ) : 2622903285427281170
138.0 157.8"™ ee I\/Sfor C HNO: Step

Cl22 XOOx Bu m he 15c (9. 42 g .88 0m’ml
eq) was m xe éJCorey s cat alngi Chem

Soc, 199&,2“,; 2414) (1.93 g, % v @es um

hydr oxi de meno (53.55 g, 10 Mm DCM

The sol ution s\¢ool ed down to - 60 d by

addi ti on of 5-i ado- 1- pentene (25 g, 4 G‘eq.)m.under

nitr The ude tirr f or

ot hy R Shitian eAksadl 1290 ot 682y GHeAR & S rLyges
trgbtedxw@h ?’H?’C 'QS%”QO@Qnﬁ Hltéftb&ﬂlﬁm@érﬁéﬁbfé (oBp&hg V@§2 mmol)

dri ed over MJSO I'tration and renoval th

aedlh\ydmgemmm aed. floné2dr Jdne reaction g\lxmrqwgsdmtetetbtmwea
p}'ﬁ% ofC I|Pengrtic? %oﬁ‘ggnﬁpated in vacuo. The reaction mixture was purified by
chromatography (SiO,, acetone/hexanes 1:5) to yield 14m (81 mg).
'H NMR (CDCl3, 300 MHz) § 6.84 (d, 1 H, J=7.8 Hz), 5.14 (d, 1 H), 4.61-4.55
(m, 1 H),4.31 (s, 1 H),4.22 (d, 1 H, J=10 Hz), 4.03 (d, 1 H, J=10.5 Hz), 3.88-
3.85(m, 1 H), 3.75(s, 3 H), 1.89-1.76 (m, 1 H), 1.59-1.76 (m, 28 H), 1.02 (s, 3
H), 0.97 (s, 3 H), 0.94 (s, 3 H), 0.86 (s, 3 H).
MS (ESI), m/z, relative intensity 610 [(M+AcOH+1)", 40], 550 [(M+1)*, 50],
450 (100), 309 (20).
Step L

Me_  Me
NS
MevMe Y

U B! i~
Lo % on
E [0}
BOCHN\f;\LJ _— BocHNw

Me :

Me
Me
14m 14n

A solution of ester 14m (80 mg, 0.15 mmol) in dry THF (2 mL) was
treated with LiBH4 (2M soln. in THF, 0.1 mL) and stirred at rt. for 4 h. The
reaction mixture was quenched with aqueous HCI (1M, drops) and extracted
with CH,Cl, (3x30 mL). The combined organic layers were washed with aq.
NaHCO; (100 ml) brine, dried with MgSOy filtered concentrated in vacuo and
purified by chromatography (SiO, acetone/hexanes 1:3) to yield 14n (70 mg)

as an amorphous solid.
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with pure hexane first and then 1 : 40 to :20
Et OAc/ hexane. A 2.56 g of a m xture of 15d,
w®2006d80796 pent ene and benzophenone (1 : 2.5 : BCBYSWa$031136
obt ai ned. (15d: R = 0.39, 11820 Et CAc/ hexane.) Step D
LJ )=N COOxBu Boc- N .COQxBu 15e 0.5 g of the above
crude (2.56g) was treated with 4 nL HOAc/ THF/ water 1 :
1: 1 for 90 mn when TLC shows di sappearance of the
starting material. Two pipetful of saturated NaHC 3

fEr ag’t I on. %h%a@%@%%ﬁ&%@é’%é% &(ﬁjﬁ@? A{(ﬁ,r422

(1knmjf|ed to p 9-10. (Boc) (0.15 g) and di oxane 4 nL
were added and after 2.5 h, the solvent was renoved

M he pH of the solution was adjusted to 3-4.
Extracti on w jh @feher fol | owed by clmgormt ography with
1: 10 Et CAc/ hexane af forded 0. 16 of #15e i Nng48 %

overal | yield m 5 0. 44

Et OAc/ hexane. ) ElciggBoc N COOt BugN%Oﬁ N/LéHo 15e
15f 4. 88 PocHN-g mml) wass«itesoty8d im 20 L of
tol uene at -M a s treated Weh 21 Li AlH (1
Min Et O 1.6Meq) or 40 mn. The mmet ure was war ned
up to O C and was'*fuenched by Et OAc and™0 nlL 5 %

NaHSR® solldn @ftélb@ﬁbMM%hhgr 0.05! iRy, irPCHLOL,qRIAL) was
celite and renoval sol vent
treated with Dess Martin reagent (30 mg, 0.07 mmol) and stirred at rt. for 2 h.
The reaction mixture was quenched with Na;S,03 solution (10%, 10 mL) and
saturated NaHCO3 solution (10 mL) and stirred at rt. for 0.5 h. The reaction
mixture was extracted with CH,Cl, (3x10 mL). The organic layer was dried
with MgSQ;, filtered concentrated in vacuo and used as it is in further
reaction.
MS (ESI), m/z, relative intensity 552 [(M+1)", 100], 248 (40).
Step N

Me\v/ Me Me\/Me

— HJ\H = 4 H\/Lo/

Me
140 Me 14p

Compound 140 from step.M was converted to 14p (40 mg) using
CH3COOH (20 0L) and methylisocyanoacetate (20 OL) following the
procedure similar to step | (preparative example 1) as a mixture of
diastereomers.

MS (ESI), m/z, relative intensity 711 [(M+1)", 100], 240 (20).
Step O
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af forded the residue which was chromat ographed wth

1/5 Et QAc/ hexane. 2.8 g of the desired al dehyde 15f (R
We2®543079¢ ong wi th the al cohol (1.43 g, R = 0.Pd/usmn€031136

obt ai ned. The latter coul di®de converted to the

al dehyde by Dess- Martin reaction. Step F H QAc Boc-N

CHO - // i o o 15f 15g 1.26 g of 15f (5.55 mmol, 1

eq), nethyl isocyanoacetate (0.50 nL, 1 eq), acetic

acid (0.32 nL, 1 eq) were mxed in 20 nL DCM and

stirred for 80 h. Renoval of the solvent and fl as

chromamegmaphy provided 1.10 g ofe_l@mg in 51 % d
(R = 0.29, 1: hefct GAclhexane). H NWR(CDChyo) : ‘

9 H) 1.@%{(&2){\%'« 1. 9922 (m',14
H 3.76 Andl3.78 Jtwo singlets, V&D\‘( 0
di a@@@@wgm Ps) 3. 90- 4,zo_gmso¢um)/&og’o o% (m 2 H)
5.20 br_s; 570(m1H)M6\62/\(5_k1§; 1 H. C
NVR( CDCMe) : d 21.93 26. 26 29. 46 3 2534. 41 41.99
52.53 53. 5075, 57 80. 41 115.74 139. 148 156. 28 168. 91

169 7 I
i sonlrfcf mERRBosE 18pa0 iy oI Fron T L0
(3 mL) and CH30H (3 mL) was treated with LiOH-H,0 (41 mg, 1 mmoI and
stirred at rt. for 2 h. After the completion of the reaction it was acidified with
aqg. HCI (15 mL) and extracted with CH2CI2 (3x30 mL). The combined organic

layers were dried (MgSO4), filtered and concentrated in vacuo. The residue

was dried in vacuo and used as it with out further purification.

The acid was dissolved in CH,Cl; (2 mL), DMF (2 mL) and treated with
H-Phg-N(CH), -HCI (40 mg, 0.2 mmol), NMM ( 40 mg, 0.4 mmol) HATU ( 68
mg, 0.16 mmol) and stirred at 0 °C for 24 h. The yellow colored solution was
concentrated in vacuo and diluted with CH,Cl, (75 mL). The organic layers
were washed with saturated aq. NaHCO3, aq. HCI and brine. The reaction

mixture was dried (MgSQ,) filtered concentrated in vacuo and used as it is in

next step (90 mg).
Step P
Me_ Me
\:'/ HO H\/?L }4 Me\:{Me o o) \
N ~ = H N_
(N_X((NJK“/ No§ HJ‘\‘("\)LN
o 0 N H o
BocHN \/O\J\j BocHN o o
" Me\/o\,/\j
Me \
14q Me

A solution of alcohol 14q (90 mg, 0.11 mmol) in CH.Cl, (2 mL) was
treated with Dess-Martin reagent (100 mg, 0.24 mmol) and stirred at rt. for 2
h. The reaction was diluted with aq Na;S,03 solution ( 30 mL) and aq.
NaHCOj solution (30 mL each) and extracted with CH,Cl, (50 mL). The
organic layer was washed with satd. NaHCO3, brine, dried with MgSOj filtered
concentrated in vacuo and purified by chromatography ( acetone/hexanes

2:3) to yield 14 (22 mg) as a colorless solid.
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Compound 15g (1.08 g, 2.8 mol, 1 eq), 60 g K CO (0.15

eq) in 6 nL MeOH were stirred at roomtenperature for
wd20vsmsidoe hen another 2 h at124 40 C. Renoval pET/BE81004031136

foll owed by flash chromat otpoaphy afforded the desired

product 15h as white solid (0.65 g 68 %yield). H

NVR(CDCI ): d 1.40 (s, 9 H 1.40-1.70 (m 4 H

1.99-2.10 (m 2 H 3.70(s, 3 H 3.80 (br, 1 H

4.00-4.25 (m 4 H 4.90-5.00 (m 2 H 5.10 (br s, 51

H). 5 7 +/ . C
Mg)ﬁ%ég%?&n}e%t@e'“g%"%% by 180k 585 4208 50,
p.%ﬁ&tﬂégﬁnﬁiﬁ]eot?, 115.76 139.30 157.92 170.84 174. 16.

CHN: 345 (MtH) . HRMS: cal cd: 345. 2026 f ound:
345.2038. o Step HH 15h 15i Conpou |
1.13 mmpl) was stirred with 4 M HCl |
at room/tenperature r 2yh [
fornmed. [ The sol vent

7 by ,1,1 g Huni g's

added. T pH vvaa a
base. Tleisor renBved and tl‘Pe resi ue was

treated|with mo_ THF, BocjPro-OH (0.73 g, 3 eq)] HATU
(1.29 g{ 3 eq), Huni ase (1.18 ml _, 6 eq) apd 1
m _ DVF| After stirring at1sr oom t enperat ure for{7 h,
the sol VENT was renoved TNn vacuo. The resrdue was
SwipsAol ved in 20 mM Et OAc and washed with 10 L
saturated NaHCO , 10 L

ofetM Yas

s CH; O
CeHs_~\ NHyeH,0 — . CgHs N NH,
OH CH, OH CH, N
1a 15a

To 45 mL THF, diisopropylamine (4.70 mL, 33.51 mmol, 2 eq.) and LiCl
(4.26 g, 6 eq) at —78 °C was added nBuLi (20.4mL, 1.95 eq) under nitrogen
atmosphere. 10 min later, the solution of 1a/30 mL THF was transferred to
the above solution over 10 min. After 20 min, the brownish yellow mixture
was warmed up to 0 °C. Another 20 min later, the solution became opaque
bright yellow and 4-iodo-1-butene (3.35 g, 1.1 eq) was added in dropwise.
The solution became even brighter and 60 min later 115 mL 1 M HCl was
added to quench the reaction. The THF was removed and 150 mL EtOAc
was added in for extraction. The organic layer was further washed with 115
mL 1M HCI. The aqueous layers were combined and adjusted to pH 14 by
6M NaOH at 0°C. Extraction was done with dichloromethane 110 mL x 4.
The organic layer was dried over sodium carbonate. Filtration through celite
and removal of the solvent afforded 4 g of the oil which upon standing,
became solid. Flash chromatography with 5:5:90 Et3N/MeOH/DCM provided
2.63 g pure 15a in 57 % yield. (R¢ = 0.64, 5:5:90 Et;N/MeOH/DCM)
H NMR (4: 1 rotamer ratio. * denotes minor rotamer peaks. CDCl3): § 0.96*
(d,3H,J=6.7Hz) 1.15(d, 3H, J =6.9 Hz) 1.45-1.55 (m, 2H) 2.05-2.20 (m,
2H) 2.80 (s, 3H) 2.92* (s, 3H) 3.55-3.60 (m, 2H) 4.00* (m, 1H) 4.35-4.45*
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0 0.5 MHCI twice, water 20 nL and brine 5 niL.

Chr omat ogr aphy provided 0.68 g 151 (Rf = 0.31, 5 %
wWOROEI03019OCM) . Step P o )- N H O Boc NH - QOve ECT/US20b4/631136
Il Xi Ove 1§ 15i was treat&d with 2 nL DCM 3 nL 4 M
HCl in dioxane for 1 h. 5 30n. DCM was added fol | owed

by neutralization with Hunig's base at 0 C. The

sol vent was renoved and the crude was dissolved in 5

mL DCM nlL125 THF. After addition of 15b (0.26 g, 1
(rea)H) HAG0J4(B5 @8, 2H) U.e2t5.CGihiinHRid) &.68-HBBke(ng 1ML MR0-7.40

é eq) and stirred for 4 h, the solvent was renoved
(MneHB80 nm _ Et OAc was added. The sol ution was then

“(@ﬁﬂrﬁgsadtbél )255 ﬁﬁtw 35568 @%HPPas 6L 4% 1Y 59%12 76 & 511%' 46

bri ne Chr omat ogr aphy gave t
12850r $28 670428341538 .60. 34@19487%()ﬁ3rom 15h) C NI\/R(CDCI

2 26 72 29.18 29.55 30.58 33.25 34. 60
"’Pﬁi.‘g@%&é‘ﬁgﬁ gﬁg'@ 00 53.40 54.68 61.56 72.34 75.68
HRMSAcHBd 78773610 FodR®. B 467747 171.04 171,15 173.06

174.23 CHN O : '553 (MeH) .

Step B
UHN

0
Ph
\/L N NH, \/COOH

15a 15b

1.9 g of 15a (6.88 mmol, 1 eq) was treated with 2N NaOH (7.0 mL, 2
eq), 7 mL of water and refluxed at 100 °C for 3 h. The mixture was cooled to
room temperature. 20 mL of DCM, 10 mL of water was added and the
organic layer was separated. The aqueous layer was washed with 20 mL of
DCM. The combined organic layers were further washed with 10 mL of water.
The combined aqueous layer was treated with 1.3 mL 12 N HCI. 20 mL of
dioxane was added and the solution was adjusted to pH 8-9 by adding
saturated NaHCO;. 1.48 g of iBOC-OSU (1 eq) was added and the mixture
was stirred for overnight. After decreasing the solvent volume to one half, 10
mL of water and 10 mL DCM was added for extraction. The aqueous layer
was then treated with 12 N HCI dropwise until it precipitated (pH 2).
Extraction with EtOAc 40 mL x 2 followed by MgSQO4 drying and celite filtration
afforded 1.52 g colorless oil 15b in 90 % vyield.
'"H NMR(CDCl3): 5 0.88 (d, 6 H, J = 6.6 Hz) 1.78-2.00 (m, 3 H) 2.10-2.20
(m, 2 H) 3.80-3.82 (m, 2 H) 4.40 (m, 1 H) 5.00-5.06 (m, 2 H) 5.10 (m, 1 H)
5.80 (m, 1 H).
3C NMR(CDCl3): § 20.0 26.2 29.0 32.8 54.2 72.8 117.0 138.0 157.8
177.6.
MS for C41H1gNOy4: 230 (M+H)".
Step C
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HRVS: cal cd: 553.3237; found: 553.3259. Step J 1 /-
15 15k Conpound 15j (0.37 g, 0.67 mmpl) was treated

wWOowRdk/0874388 g G ubbs' catal yst (0.25 eq) in 228CTuISDCM31136
under argon. After stirrinteat roomtenperature for 65
h, NMR shows the m xture contained the S. . 15j, the
desired product 15k (about 20 %yield) and PQ(C Hn)
The R for these three are 0.34, 0.24, 0.74,
respectively in 5 % HOAc/ Et OAc. Repeated fl ash
chr omat pgraphy coul d provide the pure_sanple of 15k. H
NVR( n@ d 0.90 (d, 6 H J =6.6 1 40-2.00 (m

NO@opmy 3—Hy3-60(m—1 H 3. N ScockuH)

3. 75- 4. (m 3 H 4.00-4.20 (m 2 H) (4560 (m 1 H)

: H J = 7.5 Hz, diastereomen~4.81 (d/ 1

J = 7. 9 Hz1scanot her di astereomsr) 5.38 (m15d1 H) 5 58

llmrﬂeﬂsﬁxgs ‘%n@hlé%? 21Oeé)zwa§@“é%d Methztbe@r@y Soz
é%_*ﬁégﬁ 2%%&%5@%873%831%41@51?% N ek

hydmxiate mEBotl)Bd rate7($.33%5 gL @D ) i1 56 . DONI N Thgrsadiitemt was

ob o8 firidats ST GaNEE bX aiftiPr0f Siddoyivnaf 998 (Esd oo
uﬁéétcﬁiitroégﬁ.- F88%rudowad: stipréd. f3PB6 h WwheR 160\ ‘ettfyl Sther was
added in. After washing with water 100 mL x 2 and brine 70 mL x 1, the

organic layer was dried over MgSOQO,. Celite filtration and removal of the
solvent afforded the crude 28.56 g. 5.1 g of the crude was chromatographed
with pure hexane first and then 1 : 40 to 1:20 EtOAc/hexane. A 2.56 g of a
mixture of 15d, 5-iodo-1-pentene and benzophenone (1 : 2.5 : 0.8) was
obtained. (15d: Rf = 0.39, 1 : 20 EtOAc/hexane.)

Step D
C .
—N\/COOtBu Boc—N.__COOtBu
Q Tl _L//
15d 15e

0.5 g of the above crude 15 d (2.56 g) was treated with 4 mL
HOAc/THF/water 1 : 1 : 1 for 90 min when TLC shows disappearance of the
starting material. Two pipetful of saturated NaHCO; was added. 10 mL water
and 20 mL hexane was added for extraction. The aqueous layer was then
further basified to pH 9-10. (Boc).0 (0.15 g) and dioxane 4 mL were added
and after 2.5 h, the solvent was removed and the pH of the solution was
adjusted to 3-4. Extraction with ether followed by chromatography with 1: 10
EtOAc/hexane afforded 0.16 g of 15e in 48 % overall yield from 15¢. (R¢ =
0.44, 1 : 10 EtOAc/hexane.)

Step E
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1 GBu " 1 5k 151 Conpound 15k (92 ng, 0.18 nmol, 1
eq), 60 g KCO(2.5eq) in 5 mM MOH wre stirred at
waos0s8wee 2 h when TLC shows conpl et e di sappeapPEmnvs2004/031136

S. . After renoval of the 83lvent, 44 m _ 0.01 M HC

in DCM (2.5 eq) was added to neutralize the sol ution.

The sol vent was renoved foll owed by addition of 10 L

THF, 1 M DV, PhGOtBu (HC salt, 51 ng, .2 eq), 80

ng of HATU ( .2 eq), 0.1 nL of Hunig' s base (3.5 eq).

The mi xture was stjrred for h. Aftern renoval of

sol vent, direct sehigmmosgr aphy pP?fvT'déa‘ot he product

151 (97 ng, 79 %yield from1l5 . Rf = 2, 5%
I\/b()—l/DCI\/p H NVR(CDO U/ d 0.90 (d, = 6% Hz) .30 (s,

.40-2.00 (m 141%) 2.15-2.20 (M6f 1 H 3.60(m 1

H) 34 ﬁ%g ?Qséfi"l%%ﬁ@n%aé‘g%%oﬁ@b .&;H)gnélzoﬂ’olf}eﬁé at 8

Oﬁlamjtwasztreat@d witfr 21 (rdl. LIAIH, (3 MirvE®CHIA,.6 @gdfdretO min. The

g7 WG aAe 1 10%8 B was ayenchisl by, t@Aeang 2EmL S %
NaH]S EQtr’éBt)on7w§l5 e(rﬂar fitratidn 'tﬂr))uéh %@llt(ebéncf rerﬁo@l .of Solvent
CADC| .30 23.35 26. 38 78 27.

aﬁgrd_e@ the. resldga vﬂﬂcMWs@mh@am’a@gmpB@d MthQGSQOE@IMa:ne 2.8

a1t gésise 3nyde T3t 08~ e Ay e ool (173 O R=

0104) wiere dutaiNed. Thetatterfdatild beWorte8d té\the aldehyde by Dess-

Macetonltrlle)/B (water with 0.1 % TFA): from
artin reaction

Step F
Boc-*N ~_-CHO H Qhc
Boc—N J—"—N OMe
H H o H
/ H (o]
_\_/ L/
15f 15g

1.26 g of 15f (5.55 mmol, 1 eq), methyl isocyanoacetate (0.50 mL, 1
eq), acetic acid (0.32 mL, 1 eq) were mixed in 20 mL DCM and stirred for 80
h. Removal of the solvent and flash chromatography provided 1.10 g of 15g
in 51 % yield. (R¢=0.29, 1:1 EtOAc/hexane).
'H NMR(CDCl3): 8 1.42 (s, 9 H) 1.50-1.60 (m, 2 H) 1.99-2.20 (m, 4 H) 2.18
(s, 3H) 3.76 and 3.78 (two singlets, 3 H, 1 : 1 diastereomers) 3.90-4.20 (m,
4 H) 4.90-5.00 (m, 2 H) 5.20 (brs, 1 H) 5.70 (m, 1 H) 6.62 (brs, 1 H).
3C NMR(CDCl3): & 21.93 26.26 29.46 31.25 34.41 41.99 52.53 53.50
75.57 80.41 115.74 139.14 156.28 168.91 169.38 170.79.
HRMS for C1gH3oN207: calcd: 387.2131 (M+H)*; found 387.2133.
Step G

Boc—NJ\"/Nlﬁ]-OMe Boc—N\)\"/ N%OMe
Y W

159 15h
Compound 15g (1.08 g, 2.8 mmol, 1 eq), 60 mg K.CO3 (0.15eq) in 6

mL MeOH were stirred at room temperature for 1 h and then another 2 h at
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5ABto 95 %ABin 10 mn.) M5 CHNO: 700 (MtH)
Step L127 Conpound 151 (90 ng, 0.13 mmol) was
wo e@ansdosm t h 109 g of Dess- Martin reagent (2PenysSiond/031136
10 L DCM at room tenperatut® for h. After renoval of
- the solvent, direct chromatography with 7:3
Et OAc/ hexane provided 15m (40 %9 as white solid. H
NVR(CDCI ): d 0.95 (d, 6 HJ = 6.6 Hz) .40 (s, 9 H
.50-2.10 (m 14 H 2.20-2.30 (m 1 H 3.60(m 1 H
4@ 5R3nMal 61 scﬁad"ﬁnll@w@@ b(i/f*liash]cH‘bmétogrégﬂy aﬂf@ro%d*‘ih)e

d@sjredlrgnaduot hsas wlmy(e sl 0549, Qfﬁn% gicd). 5. 41 (d 1 H,

"HRhEs) -@zﬁ” J045%0 1) Bag1704e" il B8 g gy

- 9 A
3303 )50 L T S 4D BB 0! S e 230 2 Gl <

154, 33098, 114Hescﬁ 28 (Me 194) §40 red. 1B 129. 41 129. 68

“EAMNCIChE 1883340 RIS #-8 gAIR el o oa

81 agel pnizkr uf,@)sme?\@tzewwsmhmﬂe% TFA): from5%A/ B
to 95 %A/ Bin 10 mn.) M HN: 698 (MtH) HRMVES:

Cosdil2eN2@0 84570k Hbund 698. 3762 Step MoH o -
HRMS: calcd: 345.2026; found: 345.2033.

Step H

O

on (2 o
H
Boc—Nv\\[rNrﬁ]—OMe bocH V‘\H/NQ\,—OMe
0

Y — 1Y
15h 15i

Compound 15h (0.39 g, 1.13 mmol) was stirred with 4 M HClI in
dioxane (4 mL) at room temperature for 2 h when solid precipitates formed.
The solvent was removed and 20 mL DCM was added. The pH was adjusted
to7 b‘y using Hunig’'s base. The solvent was then removed and the residue
was treated with 10 mL THF, Boc-Pro-OH (0.73 g, 3 eq), HATU (1.29 g, 3 eq),
Hunig's base (1.18 mL, 6 eq) and 1 mL DMF. After stirring at room
temperature for 7 h, the solvent was removed in vacuo. The residue was
dissolved in 20 mL EtOAc and washed with 10 mL saturated NaHCO3, 10 mL
0.5 M HCI twice, water 20 mL and brine 5 mL. Chromatography provided
0.68 g 15i (Rf =0.31, 5 % MeOH in DCM).

Step |

15i was treated with 2 mL DCM, 3 mL 4 M HCl in dioxane for 1 h.
30mL DCM was added followed by neutralization with Hunig's base at 0 °C.

The solvent was removed and the crude was dissolved in 5 mL DCM, 10 mL
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/ 1155 Conpound 15m (4 ng) was treated with 5 nL MeOH,
2 ng of Pd-C under hydrogen balloon for 1.5 h. The
waelanswom was filtered through celite. The fil PCHUS2008E631136
dried in vacuo and the NVRIZhows excl usive formation
of 15. HNWMR(CDCI ): d 0.95 (d, 6 H J = 6.6 Hz) 1.40

(s, 9 H 1.50-2.10 (m 16 H 2.20-2.30 (m 1 H)
3.60(m 1 H 3.75-3.90 (m 3 H 3.93 (dd, 1 H J =
5.9, 16.8 Hz) 4.10 (m 1 H 4.50 (dd, 1 H J = 8.0,

leiﬁ %ﬂ@)ad‘&ltﬁﬁ 6fd15ﬂ-§d‘h6;ob5? &) 6HNﬂ|’lJ g)%@? gTeﬁ%)a'ﬁQg I-Zuzrﬂé’s

bme (014 Hle 21 2q3 ahld)stmresdo( mh tha-polvemovasremovedand 30

= 6.7 -128 'MS: Tr,= 5.2 ' ient A
mt selAs B iafepRE THedption WRtnan yiasRal Wi 8 il Sedted
NERCGE;, H0AnB 1M |-1@| Aiohm). 0VBM QG Wafer 207080, bifigTs mL.

HRVS: cal cd: 700. 3922; found: 700. 3925. Preparative

Chamalograghysgaventheedesiieg progduet-AIE8S N 44 1 fram 1. A

SRR e B, 28RN0 20 2B R T 29 2O 70 a0

4908t 28%7¢ 290N %3100'5%. 4605063 81%% Tg4) 75168 11664 1106.73
m xture was stirred at rt for and concentrated in

13800015003 1560AUST 108 B 1181 44306 A% 2Ans ogr mphy
CRRELRNSL HBERRRRH)

HRMS: calcd:; 553.3237; found: 553.3259.
Step J

r j\ HN O 0 \( )OL \/g O
15j

Compound 15j (0.37 g, 0.67 mmol) was treated with 0.138 g Grubbs’
catalyst (0.25 eq) in 223 mL DCM under argon. After stirring at room
temperature for 65 h, NMR shows the mixture contained the S.M. 15j, the
desired product 15k (about 20 % yield) and PO(CgH11)3s. The R¢for these
three are 0.34, 0.24, 0.74, respectively in 5 % HOAc/EtOAc. Repeated flash
chromatography could provide the pure sample of 15k.
"H NMR(CDCl5): 8 0.90 (d, 6 H, J = 6.6 Hz) 1.40-2.00 (m, 14 H) 2.05-2.50
(m, 3 H) 3.60(m, 1 H) 3.70 (s, 3 H) 3.75-4.00 (m, 3 H) 4.00-4.20 (m, 2 H)
4.50 (m, 1 H) 4.70 (d, 1 H, J = 7.5 Hz, diastereomer) 4.81 (d, 1 H, J = 7.9 Hz,
another diastereomer) 5.38 (m, 1 H) 5.58 (m, 1 H) 5.65 (brs, 1 H) 7.20 (d,
1HJ=70Hz) 738 (d, 1 H,J=7.1 Hz).
13C NMR(CDCI3): 8 20.26 23.05 26.54 27.02 27.67 27.73 29.21 31.06
34.03 41.97 48.71 52.40 52.80 53..53 60.54 72.43 75.08 130.44 130.56
157.02 171.13 172.01 173.13 173.38.
LC/MS: Tr = 5.11min (gradient A (acetonitrile)/B (water with 0.1 % TFA): from
5% A/B to 95 % A/B in 10 min.) CasHaoN4Os: 525 (M+1)*
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:4) to yield 16a (600 ng) as a colorless solid. M5
(ESI), mz, relative intensity 569 [(IVvRNa) , 20], 547

WO edusD30796 40] , 447 (100). Step B HO NH CN N M MIVESH64031136

16 A solution of cyanohydri2e 16a (600 ng, 1.1 mml) in
DMSO (10 nL) was treated with HO (35% .5 nL) and K O
(252 ng, .83 mmol) and stirred at rt. for h. The
reaction mxture was diluted with CHC (200 nlL) 129
and washed with ag. Na S O solution (10% 50 m _) and
HRMSecdI5d: 525.2924 feund2825.29080 xt ure was dried (MySO )
flltered concentrated in vacuo and directly used in
Kation without further purlflcatlon A sol ution of

hydroxy m de in tol uene/ DMSO (2: 1, ) was treated
Y’t E 99 g 10.00 rmol) docCl 317
)HNQQE[}EH ed at 0 C! ?# gactd
OO

mxture wWas thCHCI 0) an OtBu
with satyd. OI\IaHCOW 9x100 £100 nd) .5

The orga c Iayer was dried (I\/gSO) ncentrat ed and
purified %y chromat ography (Si O, acet®he/ hexanes 1:5)

o1 SEEnbetRmse e i | M Bl cayins

mL MeOH were stirred at 40°C for 2 h when TLC shows complete
disappearance of S.M. After removal of the solvent, 44 mL 0.01 M HCl in
DCM (2.5 eq) was added to neutralize the solution. The solvent was removed
followed by addition of 10 mL THF, 1 mL DMF, PhG-O-tBu (HCI salt, 51 mg,
1.2 eq), 80 mg of HATU (1.2 eq), 0.11 mL of Hunig’s base (3.5 eq). The
mixture was stirred for 12 h. After removal of solvent, direct chromatography
provided the product 151 (97 mg, 79 % vyield from 15j. Rf =0.32,5 %
MeOH/DCM).

TH NMR(CDCl3): 6 0.90(d, 6 H, J=6.6 Hz) 1.30 (s, 9 H) 1.40-2.00 (m, 14
H) 2.15-2.20 (m, 1 H) 3.60(m, 1 H) 3.75-3.90 (m, 3 H) 4.00-4.09 (m, 1 H)
4.10-4.35(m, 2 H) 450 (m, 1 H) 4.62 (d, 1 H, J = 7.5 Hz, diastereomer) 4.72
(d, 1 H, J = 7.9 Hz, another diastereomer) 5.20-5.38 (m, 1 H) 544 (d, 1 H, J
=6.6 Hz) 5,50 (m, 1 H) 598 (m, 1 H) 7.30 (m,5H) 7.45(d, 1H, J =7.0 Hz)
7.55(d,1H,J=71Hz) 7.70 (brs, 1 H).

3¢ NMR(CDCl3): 6 20.30 23.35 26.38 26.78 27.29 28.02 29.18 31.42
34.89 43.97 48.70 51.90 52.93 58.22 60.40 72.44 74.96 75.93 83.80
120.88 128.10 128.12 129.63 129.70 130.33 137.74 157.20 169.32
170.69 173.70 174.47.

LC/MS: Tr = 6.61min (gradient A (acetonitrile)/B (water with 0.1 % TFA): from
5% A/B to 95 % A/B in 10 min.) MS: C3sHs3NsOg: 700 (M+H)".

Step L

Y ““\:li:/\{ V\cr)r \)OL:?O(OBU \COJLHN I/Hiygr %

151
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[ (MFCH O+1) , 40], 507 [(M+1) 20], 463 (100).
Preparative Exanple 17 Step A HCOO H N BocHN M M 17a A
waedoanswm of 16 (300 ng 0.54 nmol) in HCOOH (1BCDUR10)4/031136

was stirred at rt for 2 h #&d concentrated i n vacuo.

- The rest-due was dried in vacuo and used in further
reactions without further purification. Step B130 M
HCOO H N M 17a A solution of 17a (100 ng) in DVF/ CH Cl
(1:1, 3 nm) was treated with BuNCO (50 DL and NWM (52

ny, O:oﬁi’pdmvdl 751 (90eng e®¢8 inarmolfiwdsuireated with 109 ath eft Dess-
for and concentrat ed in vacuo and diluted with CH
'V@”"Q B%‘?th (488) 30 8- RHGM akhgpomytgmperatyresfor 12)h. After
, f ed
rtho Gl of M7 SENERE ool nrbictBraplly WiiST.S RO Bre, | ©
pio¥idedii15m) (48s%¢ ab ovHitesolilol i d. M5 (ESI), nfz, relative

i NIRBREDG TS ol ) = 834 1P%b s S BB 30150 (. 14 b
2.20-2.30 (m, 1 H) 3.60(m, 1 H) 3.75-3.90 (m, 3 H) 3.93 (dd, 1 H, J=5.9,
16.8 Hz) 4.10 (m, 1 H) 4.50 (dd, 1 H,J=8.0,13.9Hz) 4.80(d,1H,J=6.6
Hz) 5.20-540(m,3H) 541(d,1H,J=6.6Hz) 560 (dd, 1H,J=7.3,10
Hz) 6.82(d,1H,J=7.3Hz) 7.30 (m,5H) 750 (m, 1H) 7.80(d,1H,J =
6.7 Hz).

3C NMR(CDCl3): 6 20.29 23.65 26.34 26.75 29.02 29.20 30.37 30.95
31.56 35.07 43.71 48.83 52.95 54.20 58.14 60.23 72.54 84.15 128.03
129.41 129.68 129.87 130.62 137.60 156.99 160.33 167.41 171.37
173.84 187.26 196.36.

LC/MS: Tr = 6.81 min (gradient A (acetonitrile)/B (water with 0.1 % TFA):
from 5% A/B to 95 % A/B in 10 min.) MS: C3sHs1NsQg: 698 (M+H)*

HRMS: calcd 698.3765 found 698.3762.

Step M

\C HN\/k HN \)L?(OtBu \(o SN LN W O

O
féj
o

@)

Compound 15m (4 mg) was treated with 5 mL MeOH, 2 mg of Pd-C
under hydrogen balloon for 1.5 h. The solution was filtered through celite.
The filtrate was dried in vacuo and the NMR shows exclusive formation of 15.
'"H NMR(CDCl3): § 0.95(d, 6 H, J =6.6 Hz) 1.40 (s, 9 H) 1.50-2.10 (m, 16
H) 2.20-2.30 (m, 1 H) 3.60(m, 1 H) 3.75-3.90 (m, 3 H) 3.93 (dd, 1H, J=5.9,
16.8 Hz) 4.10 (m, 1 H) 4.50 (dd, 1H,J=8.0,13.9Hz) 480(d, 1H,J=6.6
Hz) 630 (m, 1 H) 5.41(d,1H,J=6.6 Hz) 5.55(d, 1H, J=7.0 Hz) 6.82 (d,
1H,J=73Hz) 7.30 (m,5H) 7.50 (m, 1H) 7.80 (d, 1 H, J = 6.7 Hz).
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Step AHCOOHN M2 Me 17a A solution of 17a (100 ny)
in DMVF/CH C (1:1, 3 nL) was treated with isocyanate
w@boosesa7bait yl ester of tert-butylglycine (100 npCT/0S2064/031136
mrol ) and NWM (52 ng, O0.52128nol). The reaction m xture
was stirred at rt for h and concentrated in vacuo and
diluted with CHC (60 nL) and washed with aq. HC (1M
2x30 nL), dried, concentrated in vacuo. The residue
was purified by chromatography (Si O, acetone/ hexanes
Lcﬂ\xst Pr yigehel n{.Az?ﬂéa)erﬂ& g@b&fd.ﬁﬁéyﬁﬁ QUAtdr dith OVP o EFIA):;
, relative intensity %x Na)\ 40], 676 [(Mtl)
frqmo@% AIBFo(F0Ye A 0 BN VIBx SngHlaNA0o SHL(MHHIX00 H N

Higq e A B R o Oy hnat o of
paemhybmhpmewl am ne (100 DL) and NWM (52 ng, 0.52

The reaction mxture was stirred at rt for h
and concentrated in

Me\v/Me

HJK\W NH,
N e )
BocHN\f/o\o‘/J
Me -

Me
16

Step A

BocHN\/&O o - . BocHNV&o o -
Me - Me G

140 Me 16a

A solution of aldehyde 140 (590 mg, 1.15 mmol) in CH,Cl; (10 mL) was
treated with Et;N (240 mg, 2.4 mmol) and acetone cyanohydrin (240 mg, 2.82
mmol). The reaction mixture was stirred at rt for 2 h and concentrated in
vacuo. The residue was purified by chromatography (SiO,, acetone/hexanes
1:4) to yield 16a (600 mg) as a colorless solid.

MS (ESI), m/z, relative |ntenS|ty 569 [(M+Na)*, 20], 547 [(M+1)", 40], 447
(100).
Step B

16a 16

A solution of cyanohydrin 16a (600 mg, 1.1 mmol) in DMSO (10 mL)
was treated with H2O. (35%, 1.5 mL) and K,CO3; (252 mg, 1.83 mmol) and
stirred at rt. for 15 h. The reaction mixture was diluted with CH>Cl, (200 mL)



vacuo and diluted wwth CH Cl (60 nL) and washed wth
ag. HGO ( , 2x30 mM ), dried, concentrated in vacuo.
wabmsnasvalue was purified by chromat ography (SPC/1US2004/031136

acet one/ hexanes 1:2) to yi#&9 20 (21 ng) as colorless
solid. M5 (ESI), mz, relative intensity 624 [ (M+:Na)\
30], 602 [(Mm+1) 15], 463 (100), 449 (20), 129 (30).

Preparative Exanple 20 - HI | TI Y U [/ 20 Step Al32
BocHN BocHN 20a 20b A solution of acyclic diene 20a

aha VsHed With 9§4NEFSI0; smutdm/ﬂto@ BRIL() 208 bine, ﬁo The

%assed with Argon for O was treated wt
Ragtionyyixtyre was gried (WasQmiiiitsresmonseatratedsn V@GU@aﬂdrdlfeCﬂy

i B R B M e 2120 [ e
. 3) Rosolukdrtlo2dragy antide wntdliwee/DBISID (B 1, €6lmL) was treated
5 with EDCI (1.9 g, 10.00 mmol) and Cl,CHCOOH (317 mg, 2.49 mmol) and
stirred at 0 °C for 3 h. The reaction mixture was diluted with CH,ClI; (300 mL)
and washed with satd. ag. NaHCO3 (2x100 mL) and brine (100 mL). The
organic layer was dried (MgSQ,), concentrated and purified by
chromatography (SiO, acetone/hexanes 1:5) to yield 16 as colorless solid.
10 MS (ESI), m/z, relative intensity 617 [(M+CH;OH+Na)*, 20], 595
[((M+CH30H+1)", 40], 507 [(M+1)*, 20], 463 (100).

Preparative Example 17

Step A
MeyMe
Me  Me N o)
R N\)j\‘(NHz
H
NH
N 2
N % — . HcOO H3N\/\§
BocHN\AO o
Me.: Me
17a
Me
15 16

A solution of 16 (300 mg 0.54 mmol) in HCOOH (10.0 mL) was stirred
at rt for 2 h and concentrated in vacuo. The residue was dried in vacuo and
used in further reactions without further purification.

Step B
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BocHN 20b 20c A sol ution of al kene 20b (5.0Qg ny,
0.865 mmol ) in nmethanol (100 nL) was treated with Pd/C

W@ 20029307800 W W) and hydrogenated at 50 psi forp@r/bs20dhes1136

reaction was filtered throwyh a plug of celite and
concentrated in vacuo. The residue was purified by

chr omat ogr aphy usi ng THF/ hexanes gradi ent from 10- 40%
to isolated 20c (3.00 g) as a colorless solid. Step C
OH BocHN 20c 2Qd A solution of ester 20c (3.00 g 5.75
nmol) in dw\(ﬂl-ll: (50 m) was treated valet]/Mgl BH4 (2M
soln in THF 5m_ 6.90 mol ) and stir d@t t for

3 h. The redac i oy %ﬁ.@llowed by TLC (
:2). The reg;g\q 33 quenched w,,th.|

) anmcdbluﬁ\/d% h~aq® ext\r act ed
into CI—QCME%(SWO The corrb%geﬁl i yers
ag.

wer e washed t saiurat ed NaHC 3 (%6 1J _), brine,
dried (I\/gSC ,ﬂfailtered concentrated in vacuo and

purifhe 1%@% P I§1'F éH (’91C liqng/ 3 Tre%tga with
to vyi eI d 2 s8¢

"BeNCQ (&0 Dummw (528n¢ (ovﬁK)nmonsrrhezkaact[c(rl\mmtuce was
s?n?nled a%soé)lq%)h ané cgncent%_t'ed in vacuo. and diluted with CH,CI, (60

mL) and washed with aq. HCI (1M, 2x30 mL.), dried, concentrated in vacuo.

The residue was purified by chromatography (SiO,, acetone/hexanes 1:2) to
yield 17 (34 mg) as colorless solid.

MS (ESI), m/z, relative intensity 584 [(M+1)", 30], 463 (100).

Preparative Example 18

Me\v/Me
N H [e]
N\)l\‘(NHZ
O y H\/L
N__N o
'BuO Y Y °
Me—
Me
18

Step A

Me  _Me

>

HCOO H:nri \/ou\j P E j\/o\‘/\j

Me 17a
A solution of 17a (100 mg) in DMF/CH,CI, (1:1, 3 mL) was treated with
isocyanate of tertbutylester of tert-butylglycine (100 mg, 0.46 mmol) and
NMM (52 mg, 0.52 mmol). The reaction mixture was stirred at rt for 16 h and
concentrated in vacuo. and diluted with CH,Cl, (60 mL) and washed with aq.

HCI (1M, 2x30 mL), dried, concentrated in vacuo. The residue was purified by
chromatography (SiO;, acetone/hexanes 1:2) to yield 18 (42 mg) as colorless
solid.
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20d 2Ce A solution of alcohol 2Qd (2.2 g, 4.58 nmol)
indry CH2Cl12 (50 mMl ) was treated with Dess-Martin
WO e@g®esi79g 2. 91 g, 6.880 mmol ) and stirred at rect/v82084/031136
h. The reaction m xture wa$3ldi luted with aq. (5% 50
m ) and ag. saturated NaHCO (50 ml ) and stirred at
rt. for mn. The reaction m xture was extracted with
CH2Cl 2 (500 mM ) and the conbined organic |ayers were
dried (MgSOH4), filtered, concentrated in vacuo to
M8 ¢8Il cmilix] eelabiee (riteBsity 698 {Mvxks)' LSEIAIGT [tVre! )Heta0], 463
reaction without further purification. Step E OH CN
20f A solution of crude 20e.(1 .00 g, 2.094 mol)
was cooled to 0 C and treated with
ngeﬁéggbﬁé%gﬁi%??n (356 ng, 4.187 mmol ) and
triethylamne (424 ny, 4],&7 grol ). The jeaction
m xture was stifred at 0 C f~0r 12 h and goncentrated

in vacuo. The residue vvas @\fqlf yNBJ‘I omat ogr aphy
(Si 2, EtOAc/ Hexanes : N) 2Yi PCf (500 no)

as a colorless oil. 20 2Qg
dMe

Step A

n\/u\n/NHz n\)l\\(NHz
N : HoH L 0
- + z [o) —_ . b
HCOO H,N\/§o o NTN\/\%O 0
Me. = e :

Me Me
17a 19

A solution of 17a (100 mg) in DMF/CHCl, (1:1, 3 mL) was treated with
isocyanate of a-methyl-cyclohexylamine (100 OL) and NMM (52 mg, 0.52
mmol). The reaction mixture was stirred at rt for 16 h and concentrated in
vacuo. and diluted with CH,Cl, (60 mL) and washed with ag. HCI (1M, 2x30
mL), dried, concentrated in vacuo. The residue was purified by
chromatography (SiO,, acetone/hexanes 1:2) to yield 20 (21 mg) as colorless
solid.

MS (ESI), m/z, relative intensity 624 [(M+Na)*, 30], 602 [(M+1)", 15], 463
(100), 449 (20), 129 (30).
Preparative Example 20

Step A



A solution of cyanohydrin 20f_(500 ng, ~ .00 mml) in

DVBO (5 mM ) was treated with (5 nL), K2CO3 (276 ny,
wQ@2@68/08mmed ) and stirred at rt. for 12 h. The reemUSIN4/031136

m xture was diluted with atp2 (5% 100 nlL) and

extracted with CH2Cl 2 (2x100 nL). The conbi ned organic

| ayers were dried (MgSO4), filtered, concentrated in

vacuo to yield 20Qg that was used as it is for further

oxi dation w thout purification. Step G "BocHN 2Qg

2Ch A sol utjon of hydroxyl anine 20g_ (850 my, 1.626

mmol ) in tgkueng (% nlL) and DVSBO (5 wag tiyeated
wi t h EDCI \ \/ék&Q,ZG mol ), and djchyorcacetc

rt. for
Cl2 (200

aC| d 'gf‘ﬁ T/8‘%9,0 8:13mmol ,—698nL) -apgnst iy red *
ctl\iﬁrymxture was diluted wh
rrL) and washed\ h aq. saturated Na 3 0 n), aq.
HCI (1 M 20 ), brine (30 nlL), dried S 4)
filtered, concentrated in vacuo and purified by

chr omat ogr aphy 208 2, acetone/ Hexanes 12@b to yield
2Ch (300 r S a,.colorless id, p H .r. , . NH
Fioooh Sk oRSa e e 402 6500 5, 30 Seimamiol iy ilvene
(B8 ) f Qs dHssedGhith ARydH fol O"Biﬁ \ﬁ&é Fre8ebANith brﬁ@bs éafélyst
and concentrated in vacuo and used as it IS In
5 (héktg, 9t mmol) and heated at 60° C for 12 h. The reaction mlxture was
concentrated in vacuo and purified by chromatography (SiO2, EtOAc/hexanes
1:3) to yield 20b as a brown foam.

Step B

(ot Homan Pt

BOCHN@ ————— = BocHN \/J
_ Y

10 20b : - 20c
A solution of alkene 20b (5.00g mg, 0.865 mmol) in methanol (100 mL)
was treated with Pd/C (1.2g, 5% w/w) and hydrogenated at 50 psi for 3 h. The
reaction was filtered through a plug of celite and concentrated in vacuo. The
residue was purified by chromatography using THF/hexanes gradient from 10-
15 40% to isolated 20c (3.00 g) as a colorless solid.
Step C

\)J\/\ . H\./\OH

BocHN \I7 BocHN\/io/_-?

20c 20d
A solution of ester 20c (3.00 g, 5.75 mmol) in dry THF (50 mL) was
20 treated with LiBH4 (2M soln in THF, 3.5 mL, 6.90 mmol) and stirred at rt for 3 h.

The reaction was followed by TLC ( EtOAc/Hexanes 1:2). The reaction was
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wi thout further purification. 2G 2 0 A solution of

amne 20 (40 ng, 0.1 nmmol) in nethylene chloride (3.0
Workoop/08EIg6 t reated with NWMM (30 ng, 0.3 mol) apdi/osmbea1136

to O C. A solution of isocy®@nate in CH Cb was added

and the reaction mxture was stirred at rt. for .5 h.

The reaction mxture was diluted with nethyl ene

chloride (60 m ) and washed with ag. HC (1 M 30

m.). The organic |layers were dried with (MySO )

qhiehdriderite maahéleuzerﬁu and anwtedavith a4rHCi @dvbso mL) and
chr omat og acet one/ hexanes 20->50% to

eytir@ptad zuioffé,HaélﬂoGBefﬂ PBgBL)s dhesommnedrprganie |ayers were washed

il ShipheedahE0SE . '%@Wﬁrtﬂguﬁa@é WSS itéry
cgﬁrfé?ﬁfag%do %Enf 4%6%%%4{{ ﬁ%ﬂfﬁ%é 1? ﬁyﬁene

A@bidhrevrd@(a(r%sm Hb tdymszod Qe@)%tdmm&b(smd WIS @n/A, relative

zyand cool g ution of
infensj l)@ﬂﬁ)[W”i) c?@] ﬁdeTHi |7§bc3)89|(1m® et hanone (0. 15

in CHCl was added and the reaction m xture was
stirred at rt. for .5 h. The reaction m xture was
di I uted with netdlyl ene chloride (60 niJ and washed

wth aq. Hd (3\(,(“\/\0H 4__)\("\/g

BocHN\/&\O/j BocHN i_"/_?

20d 20e

A solution of alcohol 20d (2.2 g, 4.58 mmol) in dry CH2ClI2 (50 mL)
was treated with Dess-Martin reagent (2.91 g, 6.880 mmol) and stirred at rt for
2 h. The reaction mixture was diluted with aq. Na2S203 (5%, 50 mL) and aq.
saturated NaHCO3 (50 mL) and stirred at rt. for 15 min. The reaction mixture
was extracted with CH2ClI2 (500 mL) and the combined organic layers were
dried (MgSOQ4), filtered, concentrated in vacuo to yield crude 20e (1.9 g) that
was used in the next reaction without further purification.

Step E
NS NS

Ny ™

(oA PSS

BocHN\io/j BOCHN\-@

20e 20f
A solution of crude 20e_(1.00 g, 2.094 mmol) in CH2ClI2 (15 ml) was
cooled to 0° C and treated with acetone cyanohydrin (356 mg, 4.187 mmol) and
triethylamine (424 mg, 4.187 mmol). The reaction mixture was stirred at 0° C for
12 h and concentrated in vacuo. The residue was purified by chromatography
(SiO2, EtOAc/Hexanes 1:5-->1:1) to yield 20f (500 mg) as a colorless oil.
Step F
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(1M 30 mM ). The organic layers were dried with
(MySO ) filtered concentrated in vacuo and purified by

wae koosost7egr aphy (Si O, acetone/ hexanes 20 50% PeDUS10e4/aB1136

21 as colorless solid. Prepdrative Exanple 22 22 Step
A: 20Ce 22a A solution of al dehyde 2Ce (100 ng, O0.210
mol) in nethylene chloride (4 M _) was treated with
allyl isocyanide (28.01 ng, 0.41 mmol) and acetic acid
and stirred at rt. for 12 h. The reaction was

concentr at ed |n\yacuo and purlfled\Qy chr omat ogr aphy
(SiO, acetonel/h nes §th 4->1 1) to obtai on22a (75
ng) as colorles ‘d)\mB (niz rel NS ty)

605 [ (MrH) gy, 50 %-Hm H H OH
L ettt of 22b'3(°§$‘5/ﬁm, 0. 4n$m|) in

137 22a 22b A sol Btio

nmet hanol (4 m 4.0 rtil) and_water/ (4.0 nL) was

treated with Li (22 nmg, 0.55 nmo and stirred at

rt. for 2 h. The reggfion m xture was djzd)gted W th ag.
30 nL) and extracted in CH Cl (2x40 nL). The

HC (1 M
conbl&rmﬂjt&nrg@[my@nphy@in #Bf 00 mg, ~1.00 mmol) in DMSO (5 mL)

was treated with H202 (5 mL), K2CO3 (276 mg, 2.00 mmol) and stirred at rt. for

12 h. The reaction mixture was diluted with ag. Na2S203 (5%, 100 mL) and
extracted with CH2ClI2 (2x100 mL). The combined organic layers were dried

(MgSO0g4), filtered, concentrated in vacuo to yield 20g that was used as it is for

further oxidation without purification.
Step G:

Dy Gy

BocHN v? BocHN\/ii;?
2

20g Oh
A solution of hydroxylamine 20g_(850 mg, 1.626 mmol) in toluene (5
mL) and DMSO (5 mL) was treated with EDCI (3.117 g, 16.26 mmol), and
dichloroacetic acid ( 1.048 g, 8.13mmol, 698uL) and stirred at rt. for 3 h. The
reaction mixture was diluted with CH2Cl2 (200 mL) and washed with aq.

saturated NaHCO3 (200 mL), aq. HCI (1 M,200 mL), brine (30 mL), dried
(MgSOQg4) filtered, concentrated in vacuo and purified by chromatography
(SiO2, acetone/Hexanes 1:2) to yield 20h (300 mg) as a colorless solid.
Step H:

—\  H
Oy I
BocHN\/& ° N \)J\n/

o HN o N 0°
\/_7 z\sio_/j e HCOOH

20h 20i



dried (MgSO ), filtered, concentrated in vacuo, and
used as it is in next step without further

w@oshswoad i on. Step C. 22b 22 A sol ution of aPcD®1004/031136
22b (300 ng, 0.534 mmol) imwsdry CH2CI 2 (15 nlL) was
treated with Dess-Martin reagent (453 ng, .06 mmol)
and stirred at rt. for 2 h. The reaction m xture was
diluted with aq. (5% 30 nlL) and aq. saturated NaHC 3
(30 mL) and stirred at rt. for mn. The reaction

m xt @ solution ekBoeptatdctedtietéaiide2IBkbdrmic) acia @5 hile) was
conbi ned organic |ayers were dried filtered,

SEESﬂ@@hftr faf ddh and GerReRntEeC BLIFAGHORN Q/g%%ﬁé fels Byt step
Q[ ur@,%?g,gpﬁ@%snes 0:1->1:1) to yield 22 as a

ess (mz, relative intensity) 561
(I\/H-H) ,N\&00], 461 (99). HRVS (ESI) Cal cay for

588. 3761 LM+H) ;9 Found: 588.3751 . Prep IVE%{(
23 23 St%'i, Mdbz - 23a 23boA soI ut{z}ﬁp ne’
23a (W 0 33400 mmpl)—in CH Cl t 8d
with VI (81 SeHddonmol ) an¥/ ne hg[ﬁesul Ponyl
chl ori de 8 , 5.10 mml) and stirred for h.
The reacti m xture was diluted with CH2CI2(300n1 )
5 and washed 80f h excess aq. HCl ( , 500 nmL). Z0e

A solution of amine 20i (40 mg, 0.1 mmol) in methylene chloride (3.0
mL.) was treated with NMM (30 mg, 0.3 mmol) and cooled to 0 °C. A solution
of isocyanate in CH,Cl, was added and the reaction mixture was stirred at rt.
for 1.5 h. The reaction mixture was diluted with methylene chloride (60 mL)

10 and washed with aq. HCI (1 M, 30 mL). The organic layers were dried with
(MgSO0,) filtered concentrated in vacuo and purified by chromatography (SiO,,
acetone/hexanes 20>50%) to yield 20 as a colorless solid. MS (m/z, relative
intensity) 588 [(M+H)*, 100], 421 (40). HRMS (ESI) Calcd. for C31H50N50g: -

588.3761 (M+H)*: Found: 588.3751.

15 Preparative Example 21:

hd
R W ©
N NH,
N\n/N\:/&o o
o =
21

20 20i 21



organic layer was dried (MgSO ) filtered concentrated

in vacuo and purified by chromatography (Si O,
woleoosEsi@¢ 1:9->1 : 1) to yield nmethyl sul fonam Ber/BSi»04/031136

(1.00g). Step B: 23b 23c mé6sol ution

met hanesul fonam de 23b (1.0 g, 2.9 mmol) in nethanol

(30 n.) was treated with palladium (200 ng, 10% wt/ Q)

and hydrogenated at 60 psi for 3 h. The reaction

m xture was filtered through a plug of celite and the

fil tAaiodaJtimsofcammerﬂmM@mg 0. ¥ awrool) |ﬂ'm£thydehell¢hlon'zds (3.0

e et a v G Bio. 6F S Bl bt cdfteaiord "Crhaaiugion
of@-@x&b)\ei\ﬂ “1- é%l&ﬁ@ﬁ?ﬂz‘@d@@nétwetﬁ‘ahoﬁé (016 Mo )tih EH LS,

hosgen % soln. In toluene) and stlrred
was adde:dfamd tzerreaqtm midiane \was stisced raé rinder 4P hutfeée repetion

s mpgeg w8 Hdtet B rietu e Rflctics G it Fand 3884 Wishlhg. He

(1amd30uﬁtﬁameotbrbuh@dawrtshvefé drwduﬁme(Mgsm fitéreded t he
neth | ene chloride |ayer and used as a ution of

onpentratedincvaquqiary! pusifieskbnchignatpararby Gifne 20 (40

[ I j ) was
a?%*gz?@% e 2Ry T2 e £ apEpiiRebdsidl o 10 ¢
Preparativeddxahples2Zyanate 23 in CH Cb was added and the

reaction m xture was sti”ﬂf4 at

Qwr%m

BocHN\iorF

10

22
Step A:
Y N
Sy OAc
BocHN\/&\OO/J BocHN\_io_o/] o
20e 22a
15 A solution of aldehyde 20e (100 mg, 0.210 mmol) in methylene chloride

(4 mL) was treated with allyl isocyanide (28.01 mg, 0.411 mmol) and acetic

acid and stirred at rt. for 12 h. The reaction was concentrated in vacuo and

purified by chromatography (SiO,, acetone/hexanes 1:4->1:1) to obtain 22a

(75 mg) as colorless solid. MS (m/z, relative intensity) 605 [(M+H)*, 100], 505
20 (98).

Step B:

Dy Goafi

Bocuu\go/j Bocun\io_o/]



rt. for .5 h. The reaction mxture was diluted with

net hyl ene chloride (60 m ) and washed with ag. HC (1
w0R00303aTh6 ) . The organic | ayers were dried w tPCT/NMyBO/)31136

filtered concentrated in vaduo and purified by

chromat ography (Si O, acetone/ hexanes 20->50% to

yield 23. M5 (nfz, relative intensity) 693 [ ( MK) ,

10], 677 [(MtNa) 20], 655 [(M+H) , 100], 449 (30), 421

(30); HRMS (ESI) Calcd. for 677.3672 (M-Na) ; Found

677.3685. Prep22ative Exanpl e 24 HN, H2bT i

22, SheBylon o TR s B Shi P Pl @) e@ﬁﬁ 0
mb) $A8 WAtbF [0 i) was trbftedwith BIOHARS £ gk 65 Mty Hid

and used as it i's in the next step ut” further
stircad at dafor @rh. Theaeaptia Oixure waaaillgted with aq. HCI (1 M, 30

mL) and extracted in CH,Cl, (2x40 mL). The combined organic layer were
dried (MgSQ,), filtered, concentrated in vacuo, and used as it is in next step
without further purification.

Step C:

N N
BocHN\/(\Ej_oft?/‘\‘r BocHN\go\W—o/—VFU\(r

22b 22
A solution of alcohol 22b (300 mg, 0.534 mmol) in dry CH2Cl2 (15 mL)

was treated with Dess-Martin reagent (453 mg, 1.06 mmol) and stirred at rt. for
2 h. The reaction mixture was diluted with aq. Na2S203 (5%, 30 mL) and aq.

saturated NaHCO3 (30 mL) and stirred at rt. for 15 min. The reaction mixture
was extracted with CH2ClI2 (3x50 mL) and the combined organic layers were
dried (MgSO4), filtered, concentrated in vacuo and purified by chromatography
(SiOy, acetone/hexanes 0:1->1:1) to yield 22 as a colorless solid. MS (m/z,
relative intensity) 561 [(M+H)", 100], 461 (99). HRMS (ESI) Calcd. for
C31H50N506: 588.3761 (M+H)*; Found: 588.3751.

Preparative Example 23

Step A:
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A solution of amne 24a (40 ng, 0.1 mol) in nethyl ene
chloride (3.0 M ) was treated with NWM (30 ng, 0.3
wores)p3ensl cooled to 0 C. A sol ution of isocyapet/&@Siond/031136
CH CI was added and the re#@8tion m xture was stirred
at rt. for .5 h. The reaction mxture was diluted wth
net hyl ene chloride (60 m ) and washed with ag. HC (1
M 30 ml_). The organic layers were dried with (MySO )
filtered concentrated in vacuo and purified by
chr omat ography\ﬁ wevacet one/ heRan®s 2Qncsb0% to
yield 24 (27_ny (M z—retativé iNtepsity) 734
[(MK) , 10], 695 MtH) , 100], 461 ), 443 (20);

HRVE (FAB) Cal cd. gsr C34H59NGO7S 695.42%:32 (MHH)
Found: 695.4161 . Pr@parative Exanple 5 Step A

NHCR%oﬁﬁﬁ)nzéﬁarﬁm%QSH (900 rAf, @m)riﬁm%%&ln %Q)lggt 03¢ARas

mml) I n C Wwas treated

treated vmbej\/er(a1 1 mg)rﬂnwmrngl faodynetbaheswlﬂmy( QQI@ndg (585

ik 2 \TERIBL B sl 8P, ehaem Thedsanth biBGe s gived

with tGH 2310639031 ) dKd wash8d with éxce§§6q0H9}1m1M bey il \dfhe
dried (MgSO ) filtered concentrated in vacuo and

organic layer was itied Mg 0 diltarsd cqrdiedtrateadeix/ \Laomcan@pmﬁed by
Ilrgm g']regltpgegs(él(s I—ﬁa@/é’t%& ?9(91 q?toqguefg meﬂwy? ohamide 23b

(1.00 g).

Step B:

0520 0::0
oSy NHCbz L N NCO
I ' I

23b 23c

A solution methanesulfonamide 23b (1.0 g, 2.9 mmol) in methanol (30
mL) was treated with palladium (200 mg, 10% wt/C) and hydrogenated at 60
psi for 3 h. The reaction mixture was filtered through a plug of celite and the
filtrate was concentrated in vacuo. The residue was directly used in further
reaction without further purification.

A solution of deprotected amine in CH,Cl, (10 mL) aq. saturated
NaHCO3; (10 mL) at 0°C was treated with phosgene (5 mL, 15% soln. in
toluene) and stirred at 0 °C for 2 h. The reaction mixture was diluted with
CH2Cl; (50 mL) and the organic layer was washed with cold aq NaHCO;. The
organic layer was dried (MgSQy) filtered and further diluted with 10 mL
toluene, concentrated the methylene chloride layer and used as a solution of
23c.

Step C:
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15

20

25a 25b A solution of Cbz-protected conpound 25a ( .00
g, 2.1 8 mol) was treated with TFA (30 ml _) and
waleowsobybeul fide (7.78 mM ) at 0 and stirred apCT/US20090031136
3 h. The reaction m xture ¥W8s concentrated in vacuo
and diluted with ag. NaOH (100 m _). The am ne was
extracted with nethylene chloride (2x100 m ) and the
conmbi ned organic layers were dried with (MySO )
filtered concentrated in vacuo and to yield 25b (800
ng) that vggs used in further reaction w th@gt
purification. Ms (nfz, relative intensity) 277 [(M-H)
, 100], 190 (50). Step : X- NCO 25b 25c A solution of

frfl)or g\gs%%tgﬁ*n &;%rﬂﬁe(?ﬁﬁ (&ﬁ?r@gd'@b r%n&%'ﬂ‘ﬁe’th*l@na@chlcﬁ'lﬁg (3.0
rhomgeineated with NUBH{(3DIy, 0.5immbijend)ooafed 10 fEe safutn

C for 2 h. Ther ction ture was dilute
of sSKanate 23 e g s Gagand e TeaCiRRIT LTS WA SUEd at

tNRJR4Ss . The reécg%w r?adtﬁ%%aé"@ﬁ;t@& At mbthsiene &hnbh&é %@b mL)

and further diluted with niL toluene, concentrated
andmashedavitthaqril@e(1l iy 80 ralnd Theangaricaysass lwererdr@ﬂ W|th

(R8O i TSR B B0 FlpBlRfaR i,
acetone/hexanes 20->50%) to yield 23. MS (m/z, relative intensity) 693
[(M+K)*, 10], 677 [(M+Na)*, 20], 655 [(M+H)", 100], 449 (30), 421 (30);

HRMS (ESI) Calcd. for C31H54NgO7SNa 677.3672 (M+Na)*; Found:
677.3685.

Preparative Example 24

Step A:

PSS N (A s

Boc}iN\@ O —F N\i(jof? e HCOOH

22 24a
A solution of Boc protected ketoamide 22 (220 mg, 0.39 mmol) in
formic acid (5 mL) was stirred at rt. for 3 h and concentrated in vacuo and
used as it is in the next step without further purification.
Step B:
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m.) was treated with NWM (30 ng, 0.3 mmmol ) and cool ed
to 0 C A solution of isocyanate in CH Cl was added

wapasnkE9s eacti on m xture was stirred at rt. fpCT/US2004/031136

The reaction m xture was didouted with nethyl ene
chloride (60 nL) and washed with ag. HC (1 M 30 niL).
The organic layers were dried with (MgSO ) filtered
concentrated in vacuo and purified by chronat ography
(Si O, acetone/ hexanes 20-> 50% to yield 25 (39 n)
as a\c,el orless solid. M5 (nfz, relative Mens:‘é?( 801

[(M+ ﬁ] 763 [(MHH) , 100], 461 (1
'Si or 785. 3706 (M+Na
785 3 O% Pre ar at i-ve—Exanpt&:-28 “Stﬁp/g aN

6 H,
su@fdu 26 A sol utlﬁi f Tamine®20 (40 ny,
0.1‘ I) |n net hyl ene chl ori de ( °rrL) eat ed
with (30 mg, 0.3 mml) and cooled to 0O A

sol uti opg®f isocyanate in CH Cl was added and the24
reaction mxture was stirred at rt. for

r eac gutigrkelamingadda(4Qned Ov mm%mwemyée%vwr% (3 0
o0 M ASANY B ehooh o E1% soaon
oC mcgmgtetned:Hzn’:lywasmdded andrthé ireaction mohdtuneavag stpey at rt.
for { g) h. The reaction mixture was diluted with methylene chloride (60 mL)
and washed with aq. HCI (1 M, 30 mL). The organic layers were dried with
(MgSQ,) filtered concentrated in vacuo and purified by chromatography (SiOx,
acetone/hexanes 20->50%) to yield 24 (27_mg) MS (m/z, relative intensity)

734 [(M+K)*, 10], 695 [(M+H)", 100], 461 (20), 443 (20); HRMS (FAB) Calcd.
for C34H59Ng07S 695.4166 (M+H)*; Found: 695.4161.

Preparative Example 25

Step A:

23a
A solution of amine 23a (900 mg, 3.40 mmol) in CH,Cl, at 0 °C was
treated with NMM (511 mg, 5.10 mmol) and thiophene sulfonyl chloride (928
mg, 5.10 mmol) and stirred at 0 °C for 12 h. The reaction mixture was diluted
with CH2Cl2 (300 mL) and washed with excess aq. HCI (1M, 500 mL). The

organic layer was dried (MgSQO,) filtered concentrated in vacuo and purified by
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acet one/ hexanes 20-> 50% to yield 26_as colorl ess
solid (31 ng). M5 (nz,143 relative intensity) 761
WO edusM30796 10], 720 [(MHH) , 100], 421 (20); HRMI/(ESD)/ 031136
Cal cd. for 745.3393 (M-Na)141 Found: 745.3396.
Preparative Exanple 27 27 Step A: NCO 27a 27b A
solution of acid 27a (100 ng, 0.385 mml) in tol uene
(5 mM_) was treated with DPPA ( 16.5 ng, 0.425 mol)
and Et N (42.5 ng, 0.425 mmol) and stirred at refl ux
chrmatoghaphinSiDgddé/BIOAT NtADd  1)ete yikld suEdnavinide 25a ( 1.00
gng}urated I\%HCO(SO m.) and extracted into CH C (2x20
ghPt goloftegs 8Qlithi ned organic | ayers were washed with ag.
Sw(so m.), brine (30 nm.), dried (MySO ), filtered,
concentrated in vacuo, and used as a sol ution of
i socyanat e i Q%@Puenquctst ep B: 24a ° :ﬁ NHon of
ani ne 24a ( O\rrgﬁ’y;(%& mol) in rreth@)rélch oride (3.0
m.) was treatd w NW (30 ng, 0.3 mmol) d cool ed
to 0 C. A sol u%’ on of isocyanate 27b (3 ng v) in CH
O was added afd?the reaction mixture waSPstirred at
rt. faodoldtioh Bf CHRPréteafld mpdorid'28a RB0E, |2 fSimthéiPwas
matg%l ene chloride (60 nmL) and washed wi t'h aq. 1
W

HC
tnopteEDWHILTFATER mlhand dimelulesifider @ ¢ mbd akior I ang stirpd at

B BB b i SRR e wi
ayjl RO {10Bma ) CTHeDaMisswas extracted with methylene chloride (2x100
mL) and the combined organic layers were dried with (MgSQ,) filtered

concentrated in vacuo and to yield 25b (800 mg) that was used in further
reaction without purification. MS (m/z, relative intensity) 277 [(M+H)", 100],
190 (50).

Step C:

0220 050 NCO
z NH, XN
25b 25c

A solution of deprotected amine 25b (800 mg, 2.9 mmol) in CH2Cl, (10
mL) aq. saturated NaHCO3; (10 mL) at 0° C was treated with phosgene (5 mL,
15% soln. in toluene) and stirred at 0 °C for 2 h. The reaction mixture was
diluted with CH,Cl, (60 mL) and the organic layer was washed with cold aq
NaHCOj3;. The organic layer was dried (MgSO;) filtered and further diluted with
10 mL toluene, concentrated the methylene chloride layer and used as a
solution of 25¢.
Step D

\/
~ .
Q\r“%r > o

. (0] H H o)
HN Y o >s? NN K _©

24a 25
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solid. M5 (mz, relative intensity) 720 [(MH) , 85],
461(100); HRVS (ESI) Calcd. for 742.4189 (MtNa) ;

wo-om5/a3079612. 4200. Preparative Exanple 28 /- U ACTIUY2064/031136

28 Step A: 20 28 A solution of amne 2G (40 ny, 0.1

mmol ) in nethylene chloride (3.0 mM_) was treated wth
NWM (30 ng, 0.3 mml) and cooled to O . A solution of

i socyanate 27b (3.00 equiv) in CH2 12 was added and

the reaction mxture was stirred at rt. for .5 h. 'The
r eactN smutigrkeilamingaddal(4Limgd Ovii mmatkinhpkethntershthloridie (3.0

et toRR N N b o Byp P il coifed ord e Arsgiption of

igodydA&tedn @%mywlafsla@@lebyanﬂhh@ff@h@tﬂﬁﬁﬁimuﬁe&v@s st|rred at rt. for
acet one/ hexanes 20-> 60% to yield 28 (29

1oh of he sactioniraixturs Wag ¢i ute@m&h.m@thvlﬂr@r@ﬂ@we OﬁﬂsmL) and

el ARG yo U Bl i il s

filfé&2d3dBenfrateddnatacue andagpified 28/1cto@atdgraph(SiO,,
acetone/hexanes 20> 50%) to yield 25 (39 mq) as a colorless solid. MS (m/z,
relative intensity) 801 [(M+K)", 10], 763 [(M+H)", 100], 461 (15), 277 (20);
HRMS (ESI) Calcd. for C37H58Ng07S2Na 785.3706 (M+Na)*; Found:

785.3706.
Preparative Example 26

A solution of amine 20i (40 mg, 0.1 mmol) in methylene chloride (3.0
mL) was treated with NMM (30 mg, 0.3 mmol) and cooled to 0 °C. A solution
of isocyanate in CH,Cl, was added and the reaction mixture was stirred at rt.
for 1.5 h. The reaction mixture was diluted with methylene chloride (60 mL)
and washed with aq. HCI (1 M, 30 mL). The organic layers were dried with
(MgSO0,) filtered concentrated in vacuo and purified by chromatography /SiOo,
acetone/hexanes 20> 50%) to yield 26 as colorless solid (31 mg). MS (m/z,
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U 24a 29 A solution of amne 24a (50 ng, 0.1 nmol) in
nmet hyl ene chloride (3.0 nL) was treated with NvM (30

worgnos03B@9éemol ) and cooled to O C. A sol uti on OPCT/US2004/031136

i socyanate in CH Cl was adtdd and the reaction mxture
was stirred at rt. for .5 h. The reaction m xture was
diluted with nethylene chloride (60 nL) and washed

with ag. HCI (1 M 30 nlL). The organic |ayers were

dried with (MgSO ) filtered concentrated in vacuo and
rElativé iirtenSivy ) Fe1oat-RgT, i y7 05(M+apEt1@ng/ 4reX @0gsHRMS (ESI
50% to yli%é{)d Zg“gs choF]orlogés §2| i?m?ﬂ rr%m %) (ES)
Gatta., for €agHsudlgOntiNa 745.3828 (IMEMebTf \ FADS]: , 7452389635) .
Preparative Exanple 30 30 Step A NH HHo0 24a 30 A
Rreparative Example@724a (50 ng, 0.1 nmol) in methyl ene
chloride (3.0 ' nmg, 0.3

mmol ) and cooled to O C. A sulutjomnof isogyanate (3.0
equiv.) in CH was added &nd_tke kedctigh nixture
was146 stirred re. foryl. . thellreactifon m xture
was di | uted wi t[>ngthyNent. ehpot i P60 nL) and washed
with ag. HC (11 M~ o) .= The or/ganic | ajyers were
dried

27
Step A:

0
>|\ s NCO
O//S\\o > > \\;é

27a 27b

A solution of acid 27a (100 mg, 0.385 mmol) in toluene (5 mL) was
treated with DPPA (116.5 mg, 0.425 mmol) and Et;N (42.5 mg, 0.425 mmol)
and stirred at reflux for 1.5 h. The reaction mixture was diluted with saturated
NaHCOj3; (30 mL) and extracted into CH,Cl, (2x20 mL). The combined organic
layers were washed with ag. NaHCOj3 (30 mL), brine (30 mL), dried (MgSQy,),
filtered, concentrated in vacuo, and used as a solution of isocyanate in toluene.
Step B:

\/ \v/
Sy y —= u 9
[—)er\/lkn/N\/\ (%(N\'/IH]/N\/\
N H N H
H H o Z o)

w A o e ———sl N L
Y X T z °
s eHCOOH o °

24a 27
A solution of amine 24a (40 mg, 0.1 mmol) in methylene chloride (3.0
mL) was treated with NMM (30 mg, 0.3 mmol) and cooled to 0 °C. A solution
of isocyanate 27b (3 equiv) in CH,Cl, was added and the reaction mixture
was stirred at rt. for 1.5 h. The reaction mixture was diluted with methylene
chloride (60 mL) and washed with ag. HCI (1 M, 30 mL). The organic layers
were dried with (MgSO,) filtered concentrated in vacuo and purified by
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wo o0opiosi7de 30 as a colorless solid. M5 (mz,

with (MgSO ) filtered concentrated in vacuo and
purified by chromat ography (Si O, acetone/ hexanes 50%
r ePEL/US®04/031136
intensity) 668 [(M+H) , 1004, 169 (50), 128 (80).
Preparative Exanple 31: Preparation of: CH ~"CH NH 31
Step A: o0 Bn 31a 31b A solution of Boc-d u-0Bn 3la

(1.8 g 5.36 mol) and amine 1d (1 g 4.87 mmol) was
reacted as in preparative exanple , step and purified
dmwombtdgrapIQ})E(Sxda,r @a:mtbng’hephnyes{ 20263084 Plo%ield 27 as a colorless

oIS Waivsriptensiy PTGy P4, 8p @952‘1@@@5'4?8'0
%ﬁeﬁ(éhi?sﬁ 1Bishraon 2 ERa WA Fobrao e 800 e
PreparafVe Example 28
Y
>|\ 5 on\é/'kg/NHz
28
Step A:

(i T (A

H H o
H,N o ﬂ\ N._N \/J§ o
\io_/j s O//S\b \[OI/ i\o/]

_ 20i 28

A solution of amine 20i (40 mg, 0.1 mmol) in methylene chioride (3.0
mL) was treated with NMM (30 mg, 0.3 mmol) and cooled to 0 °C. A solution
of isocyanate 27b (3.00 equiv) in CH,Cl, was added and the reaction mixture
was stirred at rt. for 1.5 h. The reaction mixture was diluted with methylene
chloride (60 mL) and washed with aq. HCI (1 M, 30 mL). The organic layers
were dried with (MgSQy) filtered concentrated in vacuo and purified by
chromatography (SiO,, acetone/hexanes 20> 60%) to yield 28 (29 mg) as a
colorless solid. MS (m/z, relative intensity) 718 [(M+K)*, 10], 702 [(M+Na)",
20], 680 [(M+H)", 80], 421 (100); HRMS (ESI) Calcd. for C34H57N507SNa

702.3876 (M+Na)*; Found: 702.3889.
Preparative Example 29




m xture was filtered through a plug of celite and
concentrated under vacuumto give 31c (997 ng) which
wWoR®s0sEd i N the next reaction wthout furtherpPCT/US2004/031136
purification. Step C CH3NN148H 31c / =0 HO H A
solution of acid 31c (20.4 g, 48.7 mmol) in THF (300
m) was cooled to OC and treated with Et N (7.47 m,
53.6 nmol) and ethyl chloroformate (4.89 m, 5 .2
nmmol) and stirred for 2 hours. The white precipitate
formed was filtered and washggl with cold THF. The
filtrate was cooled to Oand (2.39 g, 63.4 mMmmol) was
Heeéd. MeOH (20m ) was added dropwi se over 1 hour and
stirred\fer an additional 2.5 hours. Solyvent was

renoved dunde, wacyum H | added and wa ter
bri ne apd)drw Q SO . Na SO was {i

sol veniﬁ':\@vw yness. Thefresi d-u% rlgl ed
by stNicaogel hronatographym €
Et QAc/ hexanes)/ téuddoue 31 (8.15 oSt &

5 3id ( A solution of ester 31d (8 g, .0.8 nmol )
in MeOH (3@ M) and H O (24 29
5 A solution of amine 24a (50 mg, 0.1 mmol) in methylene chloride (3.0

mL) was treated with NMM (30 mg, 0.3 mmol) and cooled to 0 °C. A solution of
isocyanate in CH,Cl, was added and the reaction mixture was stirred at rt. for
1.5 h. The reaction mixture was diluted with methylene chloride (60 mL) and
washed with aq. HCI (1 M, 30 mL). The organic layers were dried with (MgSO,) |
10 filtered concentrated in vacuo and purified by chromatography (SiO.,
acetone/hexanes 20 - 50%) to yield 29 as a colorless solid (41 mg). MS (m/z,
relative intensity) 628 [(M+H)*, 100], 129 (35).
Preparative Example 30

v
O 4 u N I =
Ny Mo
Y
15 30

24a 30
A solution of amine 24a (50 mg, 0.1 mmol) in methylene chloride (3.0
20 mL) was treated with NMM (30 mg, 0.3 mmol) and cooled to 0 °C. A solution of

isocyanate (3.0 equiv.) in CH,Cl; was added and the reaction mixture was



m) was treated with LiOH H (2.62 g, 62.5 nmol) at
roomtenperature for hours. Solvent was renoved under
wo amens7d© dryness. H CI was added and stirredpdDUSH04/031136
mnutes with . HC (72.9 mmol ). CH Cl | ayer was
separated, washed with brine and dried over Na S 4. Na
SO was filtered and sol vent was renpved to dryness to
give white solid 31le (7.65 g). Step EE CH “"CH CH "CH
,OH N 31e \ 31f NHCbz HO A solution of acid 3le in
sﬁnbgdxt au orCVE h( The reaictiondmadtimedwas glil@edaritt fietnyignsvabloride

(&ﬁﬂ?lj da”tﬂ(l\)mgs('gd?‘?q B4 %‘r(ﬁ& m W"E&%&%@g [ﬁ%’é'rsg\gege dried
VJH?GU(:Mgé@I) fﬁtei’@d“éér?c%ntﬂétéd_uﬁ&a@uo% b@hﬁéa b}%hﬁbm&bgﬁaphy

was ad and stirred f . hours at
(&@&cacmnaﬁmxaeeel 2Rears0%j) tqsylejda:m es ambﬂemqhd WS (m/z,

5 r@; ve @?@Yﬁgsﬁ&ﬂﬁg ﬁge?ﬁqgggﬁom%d% 'Sol vent Wag()/0 " ,

Prepanatide ExEf le/aerupr@ atigryoess to give 31f (12.79).
Stg%‘éFl49 CHp/ pab

CHstH3

% \/U\H/ \/\CH
BocHN\/& o =

10 StepA:

CHa,_CH

O
(N}W/ CH3

O
BocHN\)J\OH _,BOCHNVJ%O ©

ézo é:o
O~Bn O‘Bn
31a 31b
A solution of Boc-Glu-OBn 31a (1.8 g, 5.36 mmol) and amine 1d (1 g,
4.87 mmol) was reacted as in preparative example 1, step C and purified by

silica gel chromatography (10% to 25% EtOAc/hexanes) to give 31b (1.28 g).
1s StepB:
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15

HO A solution of 31f (5.5 g, 8.51 mmol) was treated
wth 10% Pd/Cin EtOH (100 mM) and hydrogenat ed

W@ 150380796t .) for 12 hours. The reaction m Xt UPET/VER04/031136
filtered through a plug of149elite and concentrat ed
under vacuumto give 31g (4.25 g). Step : CH3N CH CH
CH CH T 31g NH HO NO A sol ution of amne 31g (4.25 g,
8.3 muol) in anhydrous HI (750 m) was stirred with
triethylamne (1.5 m, 10.7 nmol) and 4-nitrophenyl o
chloroformate (2.0 /.96 mmol) at roonttensEbat ure
for 5 hours. Solvent wis renpved under vacyigmto 200
m, then washed with gat\ HCO , water, 5/ N PO,

brine and filtered thrgug CRQ___Na SQ wag Twiteced
and sol vent S Kenbved t@ give 31h (5.8 g]. ep H
H ~CH BocHN. V\%fﬁbﬁgﬁeg%m .5 150 >,/g\n/N.vLo

o s} -

é-:o 31b gz 3¢
5 0

HO

A solution of benzyl ester 31b (1.25 g, 2.56 mmol) was treated with
10% Pd/C in EtOH and hydrogenated (1 atm., rt.) for 12 hours. The reaction
mixture was filtered through a plug of celite and concentrated under vacuum
to give 31¢c (997 mg) which was used in the next reaction without further
purification.
Step C

A solution of acid 31¢ (20.4 g, 48.7 mmol) in THF (300 ml) was cooled
to 0°C and treated with Et3N (7.47 ml, 53.6 mmol) and ethyl chloroformate
(4.89 ml, 51.2 mmol) and stirred for 2 hours. The white precipitate formed was
filtered and washed with cold THF. The filtrate was cooled to 0°C and NaBH,
(2.39 g, 63.4 mmol) was added. MeOH (20ml) was added dropwise over 1
hour and stirred for an additional 2.5 hours. Solvent was removed under
vacuum, CH,Cl; added and washed with water, brine and dried over Na,SO,.
Na;SO4 was filtered and solvent removed to dryness. The residue was

purified by silica gel chromatography (50% to 90% EtOAc/hexanes) to give
31d (8.15 g).
Step D:
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A solution of 31h (5.8g, 8.3 mmol) in anhydrous THF

(600 M) was treated with 60% NaH (996 ng, 24.9 mmol)
wW@eoososnmd enperat ure for 22 hours. Reaction WaBCT/US2004/031136

gquenched by adding H O (5 M8) then . HCl (50 ml) over

3 mnutes. Solvent was renoved under vacuum CH Cl was

added and washed with 5% H PO, Brine and filtered

through Na SO. Na SO was filtered, solvent was

renmoved and the residue was chromat ographed on silica

gel colum w thcH3. 28%to 3% MeOH CH CEHiQ @lsve 31i

(2.86 g, 64 %yield). Step : CHH A solufion of 31i

(613 ny, 1.13 M was reacted as in pye rato'hve
exanple 1, step thjed—by—si- i cange

chr omat ogr ap % I\/EO-V CIO ) &t o |gi we al cohol
31j (500 \gﬁ i 31k A -spluyion o? al cohol
31j (480

exanpl e step and purified by silicagel
chromat ogr aphy (0% to 60% acet one/ heygnes) to give
al dehyde 31k (383 ng). Step K:151 CH H OAc H 2
A solution of ester 31d (8 g, 20.8 mmol) in MeOH (120 ml) and H,O (24

ml) was treated with LiOH+-H,O (2.62 g, 62.5 mmol) at room temperature for

{ m’mjﬁ, vvas react ed %S§n pseparative

12 hours. Solvent was removed under vacuum to dryness. CH,Cl, was added
and stirred for 5 minutes with 1N. HCI (72.9 mmol). CH.CI, layer was
separated, washed with brine and dried over Na;SO4 Na>,SO,4 was filtered and
solvent was removed to dryness to give white solid 31e (7.65 g).

Step E:

é 31f NHCbz
o .

A solution of acid 31e in anhydrous DMF (75 ml) and anhydrous
CH.Cl, (75 mi) was cooled to 0 °C and stirred with HOOBLt (3.68 g, 22.5
mmol), NMM (6.77 ml, 61.6 mmol) and EDCI (5.11 g, 26.7 mmol) for 5
minutes. H-Lys(Z)-OMe*HCI (7.13 g, 21.5 mmol) was added and stirred for
3.5 hours at 0 °C. Reaction was held 12 hours at 5 °C after which CH,Cl, was
removed, EtOAc added and washed with sat. NaHCO3, 5% H3;PO4, Brine and
filtered through Na>SQO4. Solvent was removed under vacuum to dryness to
give 31f (12.79).

Step F



A solution of aldehyde 31 (365 ng, 0.71 nmol) was
reacted as in preparative exanple 22, step A and
w@osHsEe by silica gel chromatography (30% t opED%62004/031136

acetone/ hexanes) to give 3M4¢ (426 ng). Step L: H2 1
31m A solution of 311 (357 ng, 0.56 nmol) was reacted

as in preparative exanple 22, step Bto give 31m (426
ng). Step M HHL NH 31 31m A solution of 31m (350

ng, 0.59 nmol) was reacted as in preparative exanple

22, step @bapd&tpurified by silica gelcighr opat ography
(30%to 50%:acet one/ hexanes) to give 31\{335 ng). MS

(ES) mz refa |veH|n enS|ty 492 [ ( MBOCH 80,]{ 692
[(M1) |, 10 L C_H_N_O_[.I\/H g)cH3
Found ('5')92H33 9. oDre ar atlve Exan'pl e ?,_Z\Ire ar at |

ofj:?? k BogHN Step \rfN~ o

5
NHCbz 31g NH,
HO
A solution of 31f (5.5 g, 8.51 mmol) was treated with 10% Pd/C in
EtOH (100 mi) and hydrogenated (1atm., rt.) for 12 hours. The reaction
mixture was filtered through a plug of celite and concentrated under vacuum
5 togive 31g (4.25 g).

Step G:
CHs_ CH CHy_ CH

A solution of amine 31g (4.25 g, 8.3 mmol) in anhydrous CHCl, (750
ml) was stirred with triethylamine (1.5 ml, 10.7 mmol) and 4-nitrophenyl
10  chloroformate (2.0 g, 9.96 mmol) at room temperature for 5 hours. Solvent
was removed under vacuum to ~200 ml, then washed with sat. NaHCO;,
water, 5% H3PQO,, brine and filtered through Na,SO,4. Na,SO4 was filtered and
solvent was removed to give 31h (5.82 g).
Step H:

CHy_CH, CHy_CH,

15



CHCHCHCH/-\ HA BocHN BocHN 20 e 32a A sol ution of
al dehyde 20e (200 ng, 0.42 mmol) in nethylene chloride
W@ 1@s50807%6 was treated with cycl opropyl nmet hyl i seCyasi0d€031136
(66.5 ng, 4.1 mmol) and ac&wic acid (50 ng, 0.82 nmol)
and stirred at rt. for h. The reaction was
concentrated in vacuo and residue was purified by
chromat ography (Si O, acetone/ hexanes 1:901 :1) to
obtain 32a (230 ng). M5 (ES) nlz relative intensity
641 [A bsistibn P B1hEEDB §(8/8Iminol) ik GhydFous '(HB)(ﬁO(Shﬂprs
CH CAc BocHN BocHN 32a 32 A solution of acetate
tr@@t@ Vi 6678 NaHR90) mgn 248t RER) atrgom Eﬂmeefafprtfrtfqr#%hours

R cligT s songl I Mg 185, (A iy ¥ ot (i blers

rmaalem Salvenkivas eemayed iundeedaguurh, GHQCH@as(addﬂd aﬁﬁ washed

s whhghuTbRdy B ey phab NS Nap gt Wit Tl

s6RBREWRS %ﬁ@véﬂ‘ anBaHE re§8Ge Wik miatodraphéd Bﬁ’%‘illoﬁtg%ﬂ’
W thout further purification. A solution of alcohol

caluynry whhiA.35%ets % Ade QH/GHs G2 o give 311 (2.86 g, 64 % yield).

Step I:
CHstH3 CHs_CH,
' H
N\)L _CH, N~on
BocHNV& o) ; BOCHNVJ% 0 ;
o 31| 0O 311
10 A solution of 31i (613 mg, 1.13 mmol) was reacted as in preparative

example 1, step F and purified by silica gel chromatography (3% to 6%
MeOH/CH,CI,) to give alcohol 31j (500 mg).

Step J:
CH;_CH, CHstH3
< H H
N\/\OH
BocHN\/& o) ; BocHNV& o} ;
0 31, 0 31k
15 A solution of alcohol 31j (480 mg, 0.94 mmol) was reacted as in

preparative example 1, step H and purified by silica gel chromatography (30%
to 60% acetone/hexanes) to give aldehyde 31k (383 mg).
Step K:



Martin reagent (237 ng, 0.558 mmol) and stirred at rt.
for 2 h. The reactionl53 m xture was diluted with aq.

W@ 2045/080961.) and aq. saturated NaHC 3 (30 nli) e@mUS2004/031136
stirred at rt. for mn. The&lreaction m xture was
extracted wth CH2Cl 2 (3x50 nmL) and the conbi ned
organic layers were dried (MpSO™4), filtered,
concentrated in vacuo and purified by chronat ography
(Si O, acetone/hexanes 0:1 : ) to yield 32_asa
col on"@as»sC*éol id (275 ng) M5 (ESHHal zHg el ati ve
|ntens 629 |(M+i sobutene) , 40F: 575 [£LMr

100], Q%S m | ar procedur¢és vver uge Hto

synt hesN zg] conpdinds: 33 and 34 us yﬁﬁﬁ opyRcand
\/rl%@ccg/ e—f-or—Step~ABocHNEDAL aoi v npl e 32:

PrepaFatlve Ex npl e 35: Preparation of of Step A: H

I H. TBocNkL HCOOH 32 35a732 (20G-ng, 0.39
mol ) ~d tbt ect ed by di ssol vi in Narmc acid 20
nL and standi pg for 2 h. The reactlQrT\(gﬂure was
concentrated in vacuo to yield 35a and used in further

r each syhstiod fheidényly 31j (38R, 0.7 @AmBI) was reacted as in
preparative example 22, step A and purified by silica gel chromatography
(30% to 50% acetone/hexanes) to give 31k (426 mg).

s SteplL:

CH3\/CH3 CHS\/CH3
= OH
H H
% \)\n/ \/\CHz (PWN\;)\”/NWCHZ
BocHN\/K 0 ; ,socHN\/&OO > 0

NH
O_‘( 3 O_\O( 31m

A solution of 311 (357 mg, 0.56 mmol) was reacted as in preparative

example 22, step B to give 31m (426 mg).
Step M:

CHs_CHs CHs__CH;,

N J\( ~ScH, N NYU\;r ~"Scw,
BociN._A 0 3L 0 5 P o
\k NH \k NH 31
o

O—\( 31m

10 0 o)

A solution of 31m (350 mg, 0.59 mmol) was reacted as in preparative
example 22, step C and purified by silica gel chromatography (30% to 50%
acetone/hexanes) to give 31 (335 mg). MS (ES) m/z relative intensity 492 [(M-
BOC+1)", 80]; 592 [(M+1)", 100]. Calcd. for CagH4sNsOg [M+1]": 592.33486;
15 Found 592.3359.

Preparative Example 32: Preparation of:
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WO e@ansdosm t h NMM (50 ng,

CH. .CH A HCOOH o 35154 A solution of am ne 35a (70
nmg, 0.13 mmol) in nethylene chloride (3.0 M _) was
0.5 mmol ) and cool edP¢DUS2004/031136
A solution of isocyanate 282 (1 m, 0.25 nmmol) in CH
Cl was added and the reaction mxture was stirred at
rt. for .5 h. The reaction mxture was diluted wth
nmet hyl ene chloride ( 0 nmL) and washed with aq. HCl (1
M 30 m ). The organic |layers were dried with (MgSO )
filtered concentrat eQHa\[)/C\Hacuo and purified by

chr omat ography (Si O . @&l 50D 100% to yield
35 as a colorless solid. \WSNE | ative
intensity 799 [ ( MtNa) ;77N (M+1) 100].
Preparative Exan‘pﬁoeHl%/J%P par t%n of: /- \ H Step A
- HH G BocHN , HCOOH 33 33 (200 ng, 0.39 mvl) was
deprot ected by dissol vi c acid 20 nL and
standing for 2 h. The reaction m xture was

Steméent rated in vacuo

CH3\/CH3 CHstHs
Q‘W Oﬁ( “\r

BocHNviii] BocHN \/_7

20 e 32a

A solution of aldehyde 20e (200 mg, 0.42 mmol) in methylene chloride
(10 mL) was treated with cyclopropylmethylisocyanide (66.5 mg, 4.11 mmol)
and acetic acid (50 mg, 0.82 mmol) and stirred at rt. for 12 h. The reaction
was concentrated in vacuo and residue was purified by chromatography
(SiO,, acetone/hexanes 1:901:1) to obtain 32a (230 mg).

MS (ES) m/z relative intensity 641 [(M+Na)*, 70]; 619 [(M+1)*, 100], 519 (50).

Step B:

Ch CHs CHs._ CHa

N (A

BocHN \/iij BocHN\/iO/_?

32a

3

A solution of acetate 32a (230 mg, 0.371 mmol) in methanol (5.0 mL),
THF (5.0 mL) and water (5.0 mL) was treated with LiOH<H,O (25 mg, 0.55
mmol) and stirred at rt. for 1 h. The reaction mixture was diluted with aq. HCI
(1 M, 30 mL) and extracted in CH,Cl, (2 x 50 mL). The combined organic
layer were dried (MgSQ,), filtered, concentrated in vacuo, and used as it is in
next step without further purification.

A solution of alcohol in dry CH2Cl2 (15 mL) was treated with Dess-

Martin reagent (237 mg, 0.558 mmol) and stirred at rt. for 2 h. The reaction



to yield 36a and used in further reactions w thout
purification. Step B & 2\ HH L o, HCOOHL55 A
wa@edanswm of am ne 36a (70 ng, 0.13 nmol) in neChys®ne031136
chloride (3.0 Ml _) was tre&Bed with NW (50 ng, 0.5
mol ) and cooled to 0 C. A solution of isocyanate 25c
(1 M, 0.25 mol) in CH Cl was added and the reaction
m xture was stirred at rt. for .5 h. The reaction
m xture was diluted with nethylene chloride ( 0 nlL)
maxtd revevab eliluted Witk ag. P@QSQDS\/(5%Q3(IMJ’)L) ahidea rsgéumated

ers were dried with h‘g filtered concentrated
Nalh'?/%ﬁ (30 and 3@19#$tfff@da°d§y @ﬁﬂérfﬁmo@'hﬂpﬁﬁgct(c?i ixture was
g%%&"%%ﬁ?)% 2153, ir??é@%%@ﬁ&"?%ﬂa %gmfc(lmm)wgr@ dried
(B335 fiekee oéoqﬁ%é{'téf’e? i geue AP iy BTGy

5 amtaénaﬂ@xﬁﬂeé @01091191 ) 18- yR #ld 320ds) a veIBrieeP rs@ﬁcﬁezwsim@y

di ssolving in formc acid nCand st.andin

M2 85 A0 lAlPInians 82 SRGHRePaese)’s A0kas T [(M+1)", 100],
475 (90).

Similar procedures were used to synthesize compounds: 33 and 34 using
cyclopropyl and ethyl isocyanide for Step A: preparative example 32:

10  Preparative Example 35: Preparation of:

32 35a

32 (200 mg, 0.39 mmol) was deprotected by dissolving in formic acid
15 20 mL and standing for 2 h. The reaction mixture was concentrated in vacuo
to yield 35a and used in further reactions without purification.
Step B:
CHavCHa

LGl B dia

.0 H H
\s/ N N o
: « HCOOH =N \/go
= \ S '

35a 35




to yield 37a and used in further reactions w thout

purification. Step B CHCH X HN " HCOOH 37a 37156 A
wa@edoanswm of deprotected amine 37a (70 ng, 0. 1BCT®10p4/031136

in methylene chloride (3.01%.) was treated with NW

(50 mg, 0.5 mml) and cooled to 0 C. A solution of

i socyanate 25¢ (1 m, 0.25 mmol) in CH2Cl 2 was added

and the reaction mxture was stirred at rt. for .5 h.

The reaction m xture was diluted with nethyl ene

chl oni wut(orDOmeGSa/\me@ 0i t3hmatbl) iMGhethleve dlonidg (3.0

h fjl d
g paledam YA SD & G mTPR N Pacicivd 56 Apution

o S b 4 Ch BB oKl ol I e
mixthre Wasdirretiateat. forahplhe THe: reBctpra maxtummwas dil@edGiith Y

s mattlehe offaride (150 Thif) dhd Whshbd with ag. HCI (1 M, 30 mL). The
organic layers were dried with (MgSOy) filtered concentrated in vacuo and
purified by chromatography (SiO2, EtOAc/CH,Cl, 500 100%) to yield 35 as a
colorless solid.
MS (ES) m/z relative intensity 799 [(M+Na)*, 60]; 777 [(M+1)*, 100].

10 Preparative Example 36: Preparation of:

Step A:

33 (200 mg, 0.39 mmol) was deprotected by dissolving in formic acid
15 20 mL and standing for 2 h. The reaction mixture was concentrated in vacuo
to yield 36a and used in further reactions without purification.
Step B:

O‘W Qﬂr < N

0:..0 H H L0
57 N._N 0

T « HCOOH =N il \E/&O

z N\ s | o z

36a 36




N N HCOOH o o 37a 38 A solution of deprotected am ne

37a (70 ng, 0.13 mmol) in nethylene chloride (3.0 nl)
wor®snsEat ed with NMM (50 ng, 0.5 mmol ) and copdBUS1004/031136

A solution of isocyanatel®7b ( .5 m, 0.25 nmmol) in

H 1 was added and the reaction m xture was stirred at

rt. for .5 h. The reaction mxture was diluted wth

nmet hyl ene chloride (150 nL) and washed with ag. HC (1

M 30 nL). The organic |layers were dried with (MSO )

filtersslutiernotamiri 36a (70 wREG 001 Anthdglin ietiyldne chloride (3.0

oS ol Y 500 el sl §Soehhdlyior
of FRcketiebe i (gl Y, Erifu@?%vxasé‘ﬁg%é@% {hg reacgon
niktepe was-stirteld at rHfar ©.50h. oThB read@orhixture was diluted with

s methylene chloride (150 mL) and washed with aq. HCI (1 M, 30 mL). The
organic layers were dried with (MgSO,) filtered concentrated in vacuo and
purified by chromatography (SiO,, EtOAc/CH,Cl; 0->100%) to yield 36 as a
colorless solid. MS (ES) m/z relative intensity 785 [(M+Na)*, 50]; 763 [(M+1)",
100]; 593 (60).

10 Preparative Example 37: Preparation of:

34 (200 mg, 0.39 mmol) was deprotected by dissolving in formic acid
15 20 mL and standing for 2 h. The reaction mixture was concentrated in vacuo
to yield 37a and used in further reactions without purification.
Step B:
CH3\/CH3 CHa,_ CHs

OW O\ /O H H O : O
l N. N
s | o =

37a 37
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36a 39 A solution of amne 36a (70 ng, 0.13 nmol) in
net hyl ene chloride (3.0 M ) was treated with NWM (50

worgos03@9emol ) and cooled to O C. A sol uti on 0OPCT/US2004/031136

i socyanate 27b_(1 m _, 0.286mmol) in CH2Cl 2 was added

and the reaction mxture was stirred at rt. for .5 h.

The reaction mxture was diluted with nethyl ene

chloride (150 m ) and washed with ag. HCl (1 M 30
). The organic layers were dried with (MgSO )

fiTtareetlitrpnst r@l‘e@féd' AMIRC3Ta g(ﬁm%DOITfSI ®ehddyin methylene
chr omat ogr a hy Et CAc/ CH 100% to yield

chjgride3.0mal.) wa :eéﬁ%d e NMMe(e9i mg, 8 Hmmolkaag cooled o O

@ﬁ%%éﬁ’liﬁ%ate% 14@0 ﬁoun@%gtHi%was added and

thgleaaf@i mixtubxaaplstirréd: atzgécza‘r 5|th. d'_rmedéa?tubn]mlkﬁ.li‘é was

t : t

dilgsd wrinamathslang Sk g1 AL RNE Y ARPSOVET i HICEEEM, 50
mj:)em@erg@rﬁqavw werk dfed Qntﬁ (m@rg %ﬁgréipéﬂrﬁ‘:@ngrﬁtéb f

sol uti™on of "I socyanate
vagtuonsisd pddied by dhtdmahogsanhydﬁl(ay RO e/ GHsCl 50t é@O%t) to
ﬁ{ﬁ{/ .5 h. The reaction mxture was diluted with

3 Iene chloride (150 m ) and washed with aq. HC

MSLEE) A% miative ittedisity 773 [(M+Na)*, 100]; 751 [(M+1)", 70].

Preparative Example 38: Preparation of:
CHngH3

37a 38

A solution of deprotected amine 37a (70 mg, 0.13 mmol) in methylene
chloride (3.0 mL) was treated with NMM (50 mg, 0.5 mmol) and cooled to 0
°C. A solution of isocyanate 27b (1.5 ml, 0.25 mmol) in CH,Cl, was added
and the reaction mixture was stirred at rt. for 1.5 h. The reaction mixture was
diluted with methylene chloride (150 mL) and washed with aq. HCI (1 M, 30
mL). The organic layers were dried with (MgSQ,) filtered concentrated in
vacuo and purified by chromatography (SiO,, EtOAc/CH,Cl, 500 100%) to
yield 38 as colorless solid. MS (ES) mv/z relative intensity 730 [(M+Na)*, 30];
708 [(M+1)*, 100]; 409 (30).

Preparative Example 39: Preparation of:
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organic layers were dried with (MgSC*) filtered
concentrated in vacuo and purified by chromatography

w@ 3090k7@Ac/ CH CI 50 100% to yield 40. H NVR(BoEU$2080W1136

MHz), d, 8.80 (t, 1 H, J=610 Hz), 8.37 (d, 1 HJ=9.5
Hz), 6.22 (d, 1 H, J=8.8 Hz), 5.88 (s, 1 H, 5.31 (dt,
1H J=2.8 & 9.5 Hz), 4.35 (s, 1 H, 4.28-4.22 (m 1
H, 3.85 (d, 1 H 10 Hz), 3.76 (q, 1 H J=5.4 Hz),
3.59 (t, 1 H J=13.5 Hz), 3.41 (d, 1 H J=13.9 Hz),
3.07-2.95 (m 2 H, 2.22-2.4.5 (m 2 H, 1.69-1.00 (b,
23 H, 1.25 (s, 9 H, 0.99 yH 0 0,09-0.70 (m 1
H, 0.88 (s, 3 H, 0420%N%%1018(m 2
H . NWR (dmso, 325 MHz) ¢; 198 17211 171. 3

162.0, 157.3, . N\Elzk4 5 8 51.5, 47.6,
43.8, 35.4, 35@’@ 323 31.6, 31.4, 28.3, 28.0,
27.9, 27.3, 26.9, 2 25, .9246 23. 4, 22.4,
21.5, 19.5, 13.7, 11¥5. MS (ES) nfz relative intensity
St&S A (MNa) |, 45]; 734 [(Mkl) , 100]; 475 (20). HRVB
cacld. for [Mt1l] : 734.4526; Found 734 4535

PreparM ve Exarrpl e 4 : Preparation of:

Step 59 XHH\HO—IH N Y H

:Mj «HeoOHH % \f7

36a

A solution of amine 36a (70 mg, 0.13 mmol) in methylene chloride (3.0
mL) was treated with NMM (50 mg, 0.5 mmol) and cooled to 0 °C. A solution
of isocyanate 27b_(1 mL, 0.25 mmol) in CH2Cl, was added and the reaction
mixture was stirred at rt. for 1.5 h. The reaction mixture was diluted with
methylene chloride (150 mL) and washed with aq. HCI (1 M, 30 mL). The
organic layers were dried with (MgSO,) filtered concentrated in vacuo and
purified by chromatography (SiO,, EtOAc/CH,CI, 500 100%) to yield 39. MS
(ES) m/z relative intensity 742 [(M+Na)*, 70]; 720 {(M+1)*, 100]; 461 (40).
HRMS Calcd. for C37Hg2N507S [M+1]": 720.4370; Found 720.4350.

Preparative Example 40: Preparation of:
NS

X

0

()W“v“\mﬂ%
H oH) :

Step A:
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BocHN L " BocHN 22b 41 A solution of internediate 22b
(300 ng, 0.54 mol) was taken in nethanol (25 m ) and

wo eaabadevi th 10% Pear | man' s cat al yst and hydregenstoedo31136
at 50 psi for 4 h. The reat®8ion mxture was filtered
t hrough a plug of celite(r) and concentrated in vacuo
to yield reduced product that was used in further
reaction without purification. A solution of reduced
al cohol in dry CH2CI12 (5 m ) was treated with Dess-
Martinm reagent (350 ng, 0.82 mmol) and SI/rred at t
for 22 h. Thepreaction m xture was dil ut

(5@%(@ a N saturated NaHC 3 (
stirmedfat : for mn. The reactl,gpn X ur
Hex{ Lhct €d Wi H CH2Cl 2 (3x75

organloc | ay rs°\W€P@Hdr| ed (MyBC
d in vacuo and purrfi

|Itered
by c
aceto hexanes 0:1 ->1 :1) to yreld 41 ( ) as a
colorl é¥s solid. Prepar ative Exanpl e 42: Prepg?ati on

of : H@mﬂuoﬁlofﬂa?amé(BZhl(MQdenBOhﬁﬁﬁ)ad rigthglemeathionide (3.0
in formc acid and st andi

f .
LQ 8 tGreta G SVNALOR Bk 6 FHTeh ol Coatsbion G Arsglution
ofj'%ﬁcy?z%}gaté‘%ﬂ * r?nL U(§ Eg%mbﬂ%tdr@g'@z Wak RRided and the reaction

mri);tlrJlre wastsltn(')rgd at rt for 1 5 h The reactlon mixture was diluted with
methylene chloride (150 mL) and washed with ag. HCI (1 M, 30 mL). The
organic layers were dried with (MgSO,) filtered concentrated in vacuo and
purified by chromatography (SiO,, EtOAc/CH.Cl, 500 100%) to yield 40.

'"H NMR(dmso, 500 MHz), 8, 8.80 (t, 1 H, J=6.0 Hz), 8.37 (d, 1 H, J=9.5 Hz),
6.22 (d, 1 H, J=8.8 Hz), 5.88 (s, 1 H), 5.31 (dt, 1 H, J=2.8 & 9.5 Hz), 4.35 (s, 1
H), 4.28-4.22 (m, 1 H), 3.85 (d, 1 H, J=10 Hz), 3.76 (q, 1 H, J=5.4 Hz), 3.59 (t,
1 H, J=13.5 Hz), 3.41 (d, 1 H, J=13.9 Hz), 3.07-2.95 (m, 2 H), 2.22-2.15 (m, 2
H), 1.69-1.00 (b, 23 H), 1.25 (s, 9 H), 0.99 (s, 3 H), 0.99-0.70 (m, 1 H), 0.88
(s, 3 H), 0.42-0.38 (m, 2 H), 0.21-0.18 (m, 2 H).

3C NMR (dmso, 125 MHz) §, 198.5, 172.1, 171.3, 162.0, 157.3, 60.5, 60.1,
54.4,52.8,51.5,47.6,43.8, 354, 35.1, 34.8, 32.3, 31.6, 31.4, 28.3, 28.0,
27.9, 27.3, 26.9, 26.6, 25.8, 25.6, 24.6, 23.4, 22.4, 21.5, 19.5, 13.7, 11.5. MS
(ES) m/z relative intensity 756 [(M+Na)*, 45]; 734 [(M+1)", 100]; 475 (20).
HRMS cacld. for C3gHg4N507S [M+1]": 734.4526; Found 734.4535.

raphy

Preparative Example 41: Preparation of:
CH3\/CH3

N

BocHN\iO_OfF

41
Step A:
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A solution of am ne 42a (100 ng, 0.196 mmol) in
net hyl ene chloride (3.0 mMl ) was treated with NWM (60

worgos03wB9emol ) and cooled to O C. A sol ution 0OPCT/US2004/031136

i socyanate 25¢ ( .5 m _, 01®5 mmol, 0.38 mmol) in

tol uene was added and the reaction m xture was stirred
at rt. for 2 h. The reaction m xture was diluted with
net hyl ene chloride (100 m ) and washed with aqgq. HC
(1 M 50 mM_). The organic layers were dried with
(l\/Q@Q3 éHItered concentrated in vagyo egd purified

by chrsnmat ogr y (Sl , Ethyl acetat eN’Texanes 1 1D

1:0) ld k}z 6 asacolorless 5 d. HH

(dmsoy GHy—{—1—H—-J=6. N(\d,/\CH3
J HD) , - GtD (dd 1 HJ=1 : -.650(dd,

éﬁ‘”%% &/2.5 Hz). 7.25 (dd, %E‘%ﬂs; 303.8 &1. Hz).

6. 15 J=9.0 Hz), 5.88 (d, 1 H 3=10 Hz 5. 31

(m 1 434(s,1H),4.30(m 1 H, 3(d, 1 H

v7=10.5 M2y, 3.79-3.75 (g, 1 H, J=5.0 Hz) &.67-3. 62

d -3 .
b o5 Arselutipn of inteedie 22 b0 B4 5ot By paken iy
mé‘l@naﬂ\o 5(th) aRd Hleafb@ﬁltlﬁSO%Pb%lm@n@ce(télk;l_Earhﬂ 0. 83

C NVR (dmso, 125

h(ydgmnaiect aps0 (pmfov 4@1 ethereaction gixtugy was fdtsaecbfhrq@\ a

Ao et el 3 sy i

u%@dﬁn fulréhet, redédtich witRo& putdicatiod.9. 5, 13.7, 12, 1 :
mz relative intensity 788 MtNa) \ 50] ;

/’f §<Rh+'l°') of trelucepralepial in J& Gzt (O Wb wasdtpeatad ,vmm Dess-

N SR BadiTushd 87 o fBndsttren 450 dalPh, dnpIfacion,
mMibdvré Sas@ilutéd @.tm)r\lé&m%%@%ds@ enLC) 4nd éq ssdtwartém of

i socyanate 27b soln .
NaHOS3g30asl ) and stirred at rt. for 15 min. The reactlon mlxture was
extracted with CH2ClI2 (3x75 mL) and the combined organic layers were dried

(MgSO0a4), filtered, concentrated in vacuo and purified by chromatography

| (SiO,, acetone/hexanes 0:1 21:1) to yield 41 (270 mg) as a colorless solid.

Preparative Example 42: Preparation of:

CHs._CHj
> ‘. H
N

0O

H
00 M H\/IL 2 S
SEB S
s | 0 02
Step A:

CHS\/CH;; CHS \/CH

(e (e

BocHN\i_Of? HzN\iIP « HCOOH

41 42a
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25

added and the reaction mxture was stirred at rt. for
2 h. The reaction m xture was diluted with nethyl ene

w@ bdoswosdes (100 nmL) and washed with ag. HCl (1 MT1/682004/031136

m.). The organic |layers wet@® dried with filtered
concentrated in vacuo and purified by chromatography
(Si 2, EtOAc/Hexanes 1:1 1:0) yield 43 (42 ng) as a
colorless solid. 1H NWR (dnmso, 500 MHz) d, 8.71 (t, 1
HJ6OHz)836(d 1 HJ=9.0 Hz), 6.22 (d, 1 H,

i&l"\%ﬁ Ejépﬁ% ﬁ;%d b} d‘%solﬁné?n &Hmc éc?d ZG]m,?_ §n§‘s%n%mg for

2]h l—'[he] reHRLIBN lrZikturé Wik c(cnm;enlratd:d i=Bmoodo S'JGEld |42)a arsi lde in
. 1 H .J=13, ..3.41 (d, 1 H J=13.5 Hz),

fég'l%f fﬁaéﬁmﬁﬂv'tg lﬂ)zi,g”rﬂ'.cﬁg%-. 15 (m 2 H) 1.67-0.9 (bm
R, 1.25 (s, 9 H), 0.99 (s, 3 H), 0.88 (s, 3 H),
0. 83" (t, 3 H J=7.0 H). C NWR (dnso, 125 M¥) d,

1§B@5CH172. 1, 171.3, 162.1 157.3, 60.%,3 .Hi, 55. 8,

> 47.6, 35.4, 35.1 , 3 347,931, 3,

54. 3% 52.

28, 51;% 6, 20 WP@,\/\CHa
23.3N7 2 8,_ o1 5, 155:'@ 1307 012 24 NG ( 'E ;)

Hotel_ardi y 8 Si Ly 744 ?lvm ,

10Q] . Prep ati’v Han‘pl 4: IPr apat ion of 162 CH CH

Step NCO 44a 44b A solution of de cted

am ne Z4a (Busacca C. A ; Gossbach, D.; inelli, E.
TetrahB8ron: Asynmetry, 2000, 9, 1907) in c (10 m
) aq. saturated NaHCO (10 nL) at O C was treated wth

phos geselufion Bk amisd@2al(100 iy, tool Q&nm)ol?amdmthwéwcmbnae

C for 2 h. The reaction m xture was di
(3.0 mL) was treated W|th NMM (60 mg, 0.6 mmol) and cooled to 0 °C. A

solution of isocyanate 25¢ (1.5 mL, 0.25 mmol, 0.38 mmol) in toluene was

added and the reaction mixture was stirred at rt. for 2 h. The reaction mixture
was diluted with methylene chloride (100 mL) and washed with aq. HCI (1 M,
50 mL). The organic layers were dried with (MgSO,) filtered, concentrated in
vacuo and purified by chromatography (SiO,, Ethyl acetate/hexanes 1:10 1:0)
yield 42 (65 mg) as a colorless solid. '"H NMR (dmso, 500 MHz), §, 8.71 (t, 1
H, J=6.3 Hz), 8.36 (d, 1 H, J=9 Hz), 8.00 (dd, 1 H, J=1.3 & 5.0 Hz), 7.65 (dd, 1
H, J=1.3 & 2.5 Hz), 7.25 (dd, 1 H, J= 3.8 &1.3 Hz), 6.15 (d, 1 H, J=9.0 Hz),
5.88 (d, 1 H, J=10 Hz), 5.31 (m, 1 H), 4.34 (s, 1 H), 4.30 (m, 1 H), 3.93 (d, 1
H, J=10.5 Hz), 3.79-3.75 (q, 1 H, J=5.0 Hz), 3.67-3.62 (dt, 1 H, J=4.1 & 5.6
Hz), 3.12-3.05 (m, 2 H), 2.95-2.91 (m, 2 H), 2.67 (s, 3 H), 1.70-1.61 (m, 2 H)
1.40-1.00 (b, 20 H), 0.99 (s, 3 H), 0.85 (s, 3 H), 0.83 (s, 9 H), 0.83 (t, 3 H)."*C
NMR (dmso, 125 MHz) O, 198.5, 172.0, 171.7, 162.2, 158.3, 137.7, 133.9,
133.1, 129.0, 60.5, 55.8, 55.7, 52.7, 51.6, 51.5, 47.6, 36.0, 35.0, 32.2, 31.6,
31.3,28.5,27.9,27.4,27 .1, 26.9, 26.7, 26.3, 24 4, 22.8, 22.3, 19.5, 13.7,
12.1. MS (ES) m/z relative intensity 788 [(M+Na)*, 50]; 765 [(M+1)*, 100].
Preparative Example 43: Preparation of:
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with CHC (50 nL) and the organic |ayer was washed

with cold ag NaHCO . The organic | ayer was dried
w@ dyS@o796 | tered and further diluted with ni tedTEs®N4/031136

concentrated the nethyl enelahl ori de | ayer and used as

a solution Step B CHHC CHHN HCOOH 44 24a A

sol ution of amne 24a (100 ng, 0.196 mmol) in

nmet hyl ene chloride (3.0 nL) was treated with NVMM (60

ng, 0.6 mmol) and cooled to O C. A solution of

i socyanate 44b (2.5 ni, CB2%Hgmol ,) in tol uene was

added and the reaction m xture vvasostlrred at rt. for

2 h. The reaction mxtureg@wG Fug( \/t\h net hyl ene

chl oride (100 m_) av\@s ed h 1 M 50

m.). The org : ari @nth(l\/gSO)

filtered concej”rﬁ purified by

chr omat ogr aphy (S t eshexanes 1:1D 1:0)

yield 44 (31 np) asacolor s solid. M5 (ES) mz
Step Ative intensity 755 [(MeNa)\ 40]; 733 [(Mrl) ,

10 . 163 Preparative Exanple 45: Preparation of:

3% SRLBHL O ©

H § H = H H
N N
Q\w R Q\W e,

: H H
© ° >l\ NN A © °
H,N
Y&O « HCOOH =S Y Y o
H o3y I
43

42a

A solution of amine 42a (100 mg, 0.196 mmol) in methylene chloride
(3.0 mL) was treated with NMM (60 mg, 0.6 mmol) and cooled to 0 °C. A
solution of isocyanate 27b (3 mL, 0.1 M soln., 0.3 mmol) in toluene was
added and the reaction mixture was stirred at rt. for 2 h. The reaction mixture
was diluted with methylene chloride (100 mL) and washed with aq. HCI (1 M,
50 mL). The organic layers were dried with (MgSQ,) filtered concentrated in
vacuo and purified by chromatography (SiO2, EtOAc/Hexanes 1:1-> 1:0) yield
43 (42 mg) as a colorless solid."H NMR (dmso, 500 MHz) &, 8.71 (t, 1 H,
J=6.0 Hz), 8.36 (d, 1 H, J=9.0 Hz), 6.22 (d, 1 H, J=8.5 Hz), 5.88 (s, 1 H), 5.29
(dt, 1 H, J=9.5 & 2.5 Hz), 4.34 (s, 1 H), 4.23 (t, 1 H, J=9.0 Hz), 3.86 (d, 1 H,
J=10.5 Hz), 3.76 (dd, 1 H, J=5.0 & 5.5 Hz), 3.60 (d, 1 H, J=13.5 Hz), 3.41 (d,
1 H, J=13.5 Hz), 3.13-3.04 (m, 2 H), 2.23-2.15 (m, 2 H), 1.67-0.9 (bm, 30 H),
1.25 (s, 9 H), 0.99 (s, 3 H), 0.88 (s, 3 H), 0.83 (t, 3 H, J=7.0 Hz). *C NMR
(dmso, 125 MHz) §, 198.5, 172.1, 171.3, 162.1, 157.3, 60.5, 60.1, 55.8, 54.3,
52.8, 51.0, 47.6, 35.4, 35.1, 32.3, 31.7, 31.3, 28.3, 28.0, 27.9, 27.3, 26.9,
26.6, 26.2, 25.8, 24.6, 23.3, 22.8, 21.5, 19.5, 13.7, 12.2. MS (ES) m/z relative
intensity 744 [(M+Na)", 40]; 722 [(M+1)*, 100].
Preparative Example 44: Preparation of:
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45a 45b A solution of am ne 45a* (2.00 g, 9.20 mol)
in CHCl at 0 Cwas treated with (CH) N (3.7 g, 37

worosp3dand 2- pyri di nesul fonyl chloride (2.4 g,PCRUSIV4/031136

stirred at rt. for 12 h. The reaction m xture was
diluted with CH2Cl2 (300 M ) and washed with excess
ag. NaHCO (1M 500 ml ). The organic |ayer was dried
(MgSCU) filtered concentrated in vacuo and purified by
chr omat ogr aphy (Si O, Acetone/Hexanes 0: : ) to yield
sul fonam de (2.3 g). A sotwien,of Boc-protected am ne
was deprotected by dissolving (2.1 g 5 7 mol) in 4M

soln. of HCl in gloxane an ir \ld)%Tt]/ for 2 h.
The reaction_ i xfure was co rated]li n va@U:o and
ﬂi

used as it t bt eH)Jgt hout ~f, uPt her
purificati o btalne\ﬂfbyt e pr
terf-1euci ne- N-met hyfhanPde XJCl -

ection of

) 44M t h
di tertbutyl di carbonate and su quent reduction with
SEpAOVS in THF (reflux, 2 h). Step B: NH -HC. 45b 45c
A solution of agpine 45b (300 ng, 1 mmol) in CH Cl (3

m ) ag. sa ured NaHCO (3 m ) at 0 ¢ was treated
wi t h phosgE

N2 My, 15% sol n., i ol'yene)nand
stirred at f or h. The reacti (Xt urfe was
diluted with oCl 0 nL) and the organi yer was
washed with céfdd aq NaHCO . 164 The offfani c '| ayer was

dri ech 686 of behﬂé&@d adink WﬁbﬂB‘usz&#t®dA W3rBssbdwh, D.;

tol uene, concentrated the net 8/ ene chl'oride |ayer and
Spieelliak. AekahearosnAsymmetry, 2000, 9, 1907) in CH2Cl; (10 mL) aq.
saturated NaHCO; (10 mL) at 0° C was treated with phosgene (5 mL, 15%

soln. in toluene) and stirred at 0 °C for 2 h. The reaction mixture was diluted

with CH2Cl, (50 mL) and the organic layer was washed with cold aqg NaHCO3.
The organic layer was dried (MgSQ,) filtered and further diluted with 10 mL
toluene, concentrated the methylene chloride layer and used as a solution

Step B:

CH CHs;
3\/ CHj \/CH3

=oow 9w
\/“\{f ~"ScH, 0 N N~
N CH,
(o] (0]
44
24a

A solution of amine 24a (100 mg, 0.196 mmol) in methylene chloride
(3.0 mL) was treated with NMM (60 mg, 0.6 mmol) and cooled to 0 °C. A

solution of isocyanate 44b (2.5 mL, 0.25 mmol,) in toluene was added and the

reaction mixture was stirred at rt. for 2 h. The reaction mixture was diluted
with methylene chloride (100 mL) and washed with aq. HCI (1 M, 50 mL). The
organic layers were dried with (MgSQ,) filtered concentrated in vacuo and
purified by chromatography (SiO., ethyl acetate/hexanes 1:10 1:0) yield 44
(31 mg) as a colorless solid. MS (ES) nm/z relative intensity 755 [(M+Na)*, 40];
733 [(M+1)*, 100].



10

15

20

Step . 24a 45 A solution of am ne 24a (100 ng, 0.197
mol) in nethylene chloride (3.0 Ml ) was treated with

woNRds&096y, 0.6 mmol) and cooled to O . A sol eetT/082004/031136

i socyanate 45c (2.5 m, 0.8 mol,) in toluene was

added and the reaction m xture was stirred at rt. for

2 h. The reaction m xture was diluted with nethyl ene

chI oride (100 M ) and washed with ag. HC (1 M 50
The organic |ayers were dried with (MgSO )

I o and purified by
ﬁrﬁb%%é‘t@gg@%p ygtétsawg%%:rg'g'?g?hexanes 1:1 1:0) yield
product 45 as a col orl essC'@&I/PHS The crude m xture was
further purified using HPL yiel we product 45
(27 mg). H NMR (dnso, 500 @\@ . 8'521 J=7.0
Hz), 8.72 (d, J=6.0 Hg 8.1B7 {d 1H 0.5 Hz),
8.07 (t, 1 50 NL_,SLSr%I 1|-PJ90HZ)766
(dd, 1 H, JE6. 5 &8 5[rzl, 6. 12 (d, /1 H J=1 H).
584575(/H) 27(s, — 4522 (bt, 1 H J=

3.92 (d, 1 H, J=13 Hz), 3.77-3.60 (m 4 H),
Sﬁeeﬁ(bd 1 H, 3.06 (bt, 1 H J=12.5 Hz), 2. 5( , 3
H, 1.68-1.59 (m 2 H), 1.44-1.12{m,18 H), 0.98 (s

3 H, 0.83\s 3R _0 78 (s .9 #) S N(r'elrmco 125
VHz) d, 19815:%72 1, 171.7, 16p. N 1b8.B, 157.1,

151.0, 139.6, 135.0, 127.9, 123.38, 116.4} ~60.5, 55.8,
52.8, 52.2, 5455, 36.4, 35.0, 28.0, %r.1 , 26.9, 26.3,
19. 5, I ﬁﬁ@ﬁ tY ¢ IVH;I\@

, 50]A ;@gg Iﬁ?ﬁk’f@ Hﬁo fb@?e%?? arﬁl ! Ex%%(?gaglg: s
tRradpdnithi (CaHeENB8Y @H OmnRilpprd 2-pyridinesulfonyl chloride (2.4 g,
11.2 and stirred at rt. for 12 h. The reaction mixture was diluted with CH2Cl2

(300 mL) and washed with excess aq. NaHCO3; (1M, 500 mL). The organic
layer was dried (MgSQy,) filtered concentrated in vacuo and purified by

chromatography (SiO,, Acetone/Hexanes 0:1->1:1) to yield sulfonamide (2.3
g). A solution of Boc-protected amine was deprotected by dissolving (2.1 g,
5.7 mmol) in 4M soln. of HCI in dioxane and stirred at rt. for 2 h. The reaction
mixture was concentrated in vacuo and used as it is in next step without
further purification. ‘

* obtained by the protection of tert-leucine-N-methylamide (TCI-Jpn) with
ditertbutyldicarbonate and subsequent reduction with BH3°DMS in THF
(reflux, 2 h).

Step B:
C(\s’/ NH,.HCI NCO
Y SEPY

45b

A solution of amine 45b (300 mg, 1 mmol) in CH,Cl, (3 mL) aq.
saturated NaHCOj3 (3 mL) at 0°C was treated with phosgene (2.5 mL, 15%
soln. in toluene) and stirred at 0 °C for 2 h. The reaction mixture was diluted
with CHxCl; (30 mL) and the organic layer was washed with cold aq NaHCO;.
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46a 46b A solution of (S) -tert-leucinol (5.0 g, 42.7
mmol, Aldrich) 46a at 0 Cin CH C (100.0 nL) was

wo eeabadoevi t h benzyl chloroformate (6.7 ni, 47pOr/DED®NI/Y31136

foll owed by Hunig's base (843 nL, 53.3 nmol). The
reaction mxture was allowed to warmto room
tenperature and stirred overni ght. The reaction
m xture was diluted with ethyl acetate (500 ni),
washed with % KH PO fol |l owed by saturated NaHCO and
[
L e g B R Dtk ifleg WAtn 3 m
taoesg, canmentratedthedmethylanet ¢rdoridectayer and wisetd @sta a@lytion.
urngl cation. To a solution of protected I eucinol
83 e) (10.7 g, 42.7 mmol) in CHC (100.0 nL) at 0 C
wes; aaigd pyridine (20.0 nlL) and met hanesul f onyl
chI ot de 3(553 rrL 47.0 mmmol ). The reacHpQrcHy xture
@I\% arq to room tenperature aftd stirrgd
overm g t,Ico centr&ﬁed redissol ved in %%@U}a}tﬁ\/\
Red with saturated and brjnen e argdhi ¢~ CH
Iayer Q/vas i edHCOHB0 ) co é’e@tor t ekl j/t@rlofle (3
t ogr aphy ove;@/ ﬁ‘s B%
acet at haaq,ane (1:4) to Nd 46 100-9
Step B: Msog 46b 46¢ A sol ution of 46b (3 9.9
nmmol) in toluene (72 L) containing water (400 nm.) was
t r eatpegolwtiom of &mings 2&@51 Gy, 0097 I&rrmtpan)metﬁyfér(e éhldide

1. 97 ) d 2-h di
i) wendracted with N0 a0 . maal band cadeg o i

sﬂﬁgnﬁf'léédggﬂaté 454 03 B2 25 Rfmbi,) ihtBiuRn¥avas added and the

concentra
reaction mixture was stirred at rt. for 2 h. The reaction mixture was diluted

with methylene chloride (100 mL) and washed with aq. HCI (1 M, 50 mL). The
organic layers were dried with (MgSQy) filtered concentrated in vacuo and

45

purified by chromatography (SiO,, ethyl acetate/hexanes 1:1-> 1:0) yield
product 45 as a colorless solid. The crude mixture was further purified using
HPLC to yield pure product 45 (27 mg). '"H NMR (dmso, 500 MHz) 5 8.89 (t, 1
H, J=7.0 Hz), 8.72 (d, 1 H, J=6.0 Hz), 8.37 (d, 1 H, J=10.5 Hz), 8.07 (t, 1 H,
J=9.0 Hz), 7.88 (d, 1 H, J=9.0 Hz), 7.66 (dd, 1 H, J=6.5 &3.5 Hz), 6.12 (d, 1 H,
J=11 Hz), 5.84-5.75 (m, 2 H), 4.27 (s, 1 H), 4.22 (bt, 1 H, J=11.5 Hz), 3.92 (d,
1 H, J=13 Hz), 3.77-3.60 (m, 4 H), 3.33 (bd, 1 H), 3.06 (bt, 1 H, J=12.5 Hz),
2.75 (s, 3 H), 1.68-1.59 (m, 2 H), 1.44-1.12 (m, 18 H), 0.98 (s, 3 H), 0.83 (s, 3
H), 0.78 (s, 9 H). *C NMR (dmso, 125 MHz) 8, 198.3, 172.1, 171.7, 162.1,
158.3, 157.1, 151.0, 139.6, 135.0, 127.9, 123.3, 116.4, 60.5, 55.8, 52.8, 52.2,
51.5, 36.4, 35.0, 28.0, 27.1, 26.9, 26.3, 19.5, 13.7.MS (ES) m/z relative
intensity 780 [(M+Na)*, 50]; 758 [(M+1)*, 100].

Preparative Example 46: Preparation of:
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in vacuo. The residue was purified by flash
chr omat ogr aphy over Si O using ethyl acetate/CH C (1:9

WO 200303979¢ 0 yield 46¢c (1.15 g, 35 %9 as a col ord'BES2004/031136

oil. Step : o NHCbz 46c 46th5A sol uti on of pyridone 46¢c
(1.15 g) in MeOH (50 ml ) was treated with Pd/C ( 10%
ww, 450 ng) and placed in a Parr(r) shaker and
hydrogenated at 40 psi for 4 h. The reaction mxture
was filtered through a plug of celite(r) and
concentrated in vacuo toHyi g 46d that was used in
the next step w thout furtiter purlélcatlon Step D
46d 46e A solution of am e46 303 nol ) in
HI (10 M) ag. saturate M)Cét\zOvaas
treated with os en\m§ Ion in toluene) and
stirred at O heQeact'on m xture was
diluted with e organic |ayer was
washed with cold ag I\IaHCO e organic |ayer was
Slepad (MSO ) filtered and further diluted with 3 nL

t ol uene, concentratqﬂ,the net hyl ene chll\%Hl)zge | ayer and
used as a sol ubadoONYi n*t-otuene—SHePp 4al167

46a 46b

A solution of (S) —tert-leucinol (5.0 g, 42.7 mmol, Aldrich) 46a at 0 °C
in CH,Cl» (100.0 mL) was treated with 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 and stirred overnight. The reaction
mixture was diluted with ethyl acetate (500 mL), washed with 10 % KH2PO,,
followed by saturated NaHCO3; and brine. The organic layer was dried over
MgSO, and concentrated to yield protected leucinol (10.7 g, 100%) that was
used in further reaction without any purification.

Toa solution. of protected leucinol (crude) (10.7 g, 42.7 mmol) in
CH,CI; (100.0 mL) at 0 °C was added pyridine (20.0 mL) and methanesulfonyl
chloride (3.63 mL, 47.0 mmol). The reaction mixture was allowed to warm to
room temperature and stirred overnight, concentrated, redissolved in ethyl
acetate (500 mL.), washed with saturated NaHCO3 and brine. The organic
layer was dried (MgSO,), concentrated and purified by flash chromatography
over SiO, using ethyl acetate/hexane (1:4) to yield 46b (14.0 g, 100 %).

Step B:
O
Ms O/INHCbz | N/J/\NHCbZ
=
46¢

A solution of 46b (3.1g, 9.9 mmol) in toluene (72 mL) containing water
(400 pL) was treated with (CsHg)sNBr (582 mg, 1.8 mmol), K.CO3( 2.72 g,
1.97 mmol) and 2-hydroxypyridine (937 mg, 9.85 mmol). The reaction mixture
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A solution of am ne 24a (100 ng, 0.197 mmol) in
net hyl ene chloride (3.0 mMl ) was treated with NWM (60

worgo503696¢mol ) and cooled to O C. A sol uti on OPCT/US2004/031136

i socyanate 46e (1.5 m _, 01685 mmol) in tol uene was
added and the reaction mxture was stirred at rt. for

2 h. The reaction m xture was diluted with nethyl ene
chI oride (100 m _) and washed with ag. HQ (1 M 50 ni

. The organic layers were dried with (MJSO ) filtered

i

“%%”%ﬁ”* B B I R St
irncadwt. § rtecre;sld&lledNa@p(lﬂfﬁBdTgy flash ahmhaipgm\ysmlar@loﬁusmg

FU %dﬁ‘ielglbgg%& &5 1i§? welcﬁl@p ](!] Ii'é‘]q)%ﬁg"{ I)_%lg agg_ol? %sslou

Silp 3. 69 (d, 1 ,J105Hz) 529(bt 1'H, J=10.0

HZ), 5.13- 5.10 (m 2 H), 4.33 (s, 430426(m
1H),38636(m6%3 3.50 (bt Q H,

3.15-3.08 (m 1““24 1.54 (bm
6 H, 1.46-1 | 099( W084(s 3
H, 0.82 (s, 9°H). I\/R(drrso 125 198. 2

172.1, 171.3, 169. %% 162.1, 158.2, 1354® 116. 4, 60.5,
55. 8,

55 84 eon gP g 35%3%8‘”95@%@@“3@8%)“W%5 gt
PZMCPQ 10268 wiw, 220 mg)Zathplaééd 51 a P31rr erérkepanelthyda)genated at
e 47. Preparation of Step A
4751 Frch BT rospHan mietura wasdiesed trough a g P& REUPGrand

cORYEMEEY iin (28081 yield 46d that was used in the next step without

further purification.

A solution of amine 46d (600 mg, 3.03 mmol) in CH,Cl; (10 mL) aq.
saturated NaHCOj3; (10 mL) at 0° C was treated with phosgene (5 mL, 15%
soln. in toluene) and stirred at 0° C for 2 h. The reaction mixture was diluted
with CH,Cl, (50 mL) and the organic layer was washed with cold aqg NaHCO;.
The organic layer was dried (MgSOQ,) filtered and further diluted with 3 mL
toluene, concentrated the methylene chloride layer and used as a solution in
toluene.

Step E:

CH_ CHy CHa_CHs .
Sl o H H
n H\A OWN\)J\H/N\ACH

HZNévio/j O.HCOOH @ INEN@ 0

24a ' 46
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9 1907) ( .59, 6.9 mol, 1 equiv.) was dissolved in
dry dichloronmethane (20 m) and cooled to -78 C. Added

wW®@2005/08@9&qui v.) of Et N foll owed by the sl ow eaiiUs10041031136

of dimethylsul fanyl chlorit® (1.5 eq., Sigma-Aldrich)

- di ssolved in DCM The tenperature was kept at -78 C

until the addition is conplete and then stirred
overnight allowing it to rise to roomtenperature.
Diluted withl68 nethyl ene chloride and washed wth

wer & ditition of affife S4RE100'mif 0007 oI PRl e iBride
(&ﬂdﬂbpwaemrteram@d/uthrNMNbLﬁﬁ) mGy O(ﬁenmcd)jamﬂ coeleldatoébP
Ao T Ao TRe PHAT LSRR aR B s
réa(ﬁbo%%lxjcur?)waé” stired %’t rtlfd('|2)h 9'Ei|)e??ea{cﬂon %mkeura) waEiluded
withShethytens cmlenae 1(1/@0 Mmiy) @ndiwasteiwith rm1HC%] M .”_’JE(SBmL) The
100 224 {
oL 2k it g oD ATl RohdSyPRea ) ohesd gt

phnﬂégtby%r&nﬁtd(@@ép@debmzcéth@ é&étatdﬁmxar@seﬂmo ¥;0)- a$181 100%

, equi v. m ) under

etimd acetatents pield 46 (30.89)asca c@h@rlﬁss(sghds wa@ll\/ﬁ(dm&@ 40

VAR R T iy B Sl SR S P S Rk nt ez

Hz)nsswmﬁ h M’?@SQ i b, | ueqso 5118), 8rTR(bItC1 Hawene 0/»32)95 13-
dried over ane/ rous sodi um sul f at e, filtered
St

sewﬁmawdw@r ) b BOHES (D, AMH)oB BB Coahgs-50 (ot
H ), S-SR % b 2 P2 Bl HOT s Y L3 BAE
1463-B. @n,(18 H}, 019D (s, 3B BY: @8223(%)10 B)Z (s29 80). °S NRIR
(dmso, 125 MHz) 8, 198.2, 172.1, 171.3, 169.3, 162.1, 168.2, 135.0, 116.4,
60.5, 55.8, 55.1, 52.8, 51.5, 48.3, 47.6, 47.0, 41.7. 34.6, 33.0, 32.4, 31.5,
28.3, 28.0, 27.8, 27.2, 26.9, 26.2,24.5,23.7,22.4, 21.9, 19.5, 13.7.

Preparative Example 47: Preparation of:
CHs._CHs

Step A:

O O
NHB g
HzN/I 0oC \T,\S/\”/INHBOC

47a 47b
The amine, 47a, (C. A. Busacca et al, Tetrahedron: Asymmetry, (2000)
9 .1 907) (1.5 g, 6.9 mmol, 1 equiv.) was dissolved in dry dichloromethane (20
ml) and cooled to -78 °C. Added 3 mi (3 equiv.) of Et;N followed by the slow
addition of dimethylsulfamyl chloride (1.5 eq., Sigma-Aldrich) dissolved in
DCM. The temperature was kept at -78 °C until the addition is complete and

then stirred overnight allowing it to rise to room temperature. Diluted with
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H, 2.79 (s, 6H), 1.89 (bs, NH), 1.22 (s, 9 H, 0.98
(s, 9 H. Ms (ESI), mz, relative intensity 338 [(Mtl)
w®0jo5/028% ( 00), 238 (90). Step C. 47c 47d To p¢EUS2004/031136
Boc- protected sul fonyl ure#847c (890 ny, 1 equiv.) was
added 4 M solution of HCl in dioxane (25 m _)at room
tenperature and stirred for 1 hr. After the
di sappearance of starting material (TLC), the reaction
m xture was concentrated and azeotroped wi t h hexanes

"f&ﬁ@y@@? i%hlon-ggear{de\ﬁé&l@d Wﬁ/}i’&e{t lé{iqaﬁ ﬁg—@'l 5Ry ﬁEQI e The

separ at ered and drle
ovgEHici yens Wéf@ddediopeni mh@&irbme@hnﬂsdlmﬂ frl’tgared mﬁ%

oS e A 2 b i S B
(@%Epﬁﬁ'ﬂbﬁgﬂgi‘%ﬁa%%ﬁw Sz'?g Ofgé%%fw )H'NMR (CDCls,

or onet . saturated
3&amﬂez)amd4 §t(dr t &t), $4gdmyusty), AL25qdC1 ﬂ'b)r2§9nﬁSn.6 H, 1.89 (bs,

NG 11970 B 8B IR Hover | ayer “and restored (he
MS @sQUﬁm/zstreratw@ﬂwtenmm@t Eiv-1) €8 clesd 100§ 2R4Q5aY.

tinmes and after 2 hrs, it showed conpl ete consunption
StgpBtarting material. The nethyl ene chloride | ayer was
separ at ed em\é/dj he aqueous | ayer waspexdracted with

di chl or onet P9 —TFhe——conbine 8o ayers
were dried |ove'T' hydr ous sodi um sul fat e

47b 47c

To the Boc protected sulfonyl urea 47b (440 mg, 1.25 mmol, 1 equiv.)
in DMF (10 mL) at 0° C was added Cs,COj3 (613 mg, 1.5 equiv, 1.88 mmol)
and Mel (6.36 mmol, 5 equiv., 0.601 mL) under inert atmosphere. The
reaction mixture was stirred at room temperature for 90 min and quenched
with water. The aqueous layers were extracted with EtOAc, washed 4 times
with water and brine. The organic layers were dried over anhydrous sodium
sulfate, filtered and evaporated off the solvent to afford 420 mg (91%) of 47¢
that was used in the next reaction without further purification. '"H NMR (CDCl,
300 MHz) 0 4.59 (d, 1 H), 3.62-3.58 (m, 1 H,), 3.29-3.22 (m, 1 H), 2.80 (s, 3
H), 2.79 (s, 6H), 1.89 (bs, NH), 1.22 (s, 9 H), 0.98 (s, 9 H). MS (ES!), m/z,
relative intensity 338 [(M+1) 60], 282 (100), 238 (90).

Step C:
O: 0 S
\T,\S/\T/:LNHBOC \T, \hll/:’/\NHz.Hm

47¢ 47d
To the Boc-protected sulfonyl urea 47¢ (890 mg, 1 equiv.) was added 4
M solution of HCI in dioxane (25 mL) at room temperature and stirred for 1 hr.
After the disappearance of starting material (TLC), the reaction mixture was
concentrated and azeotroped with hexanes and ether. The residue was

triturated with ether and the solid separating out was filtered and dried in
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filtered and concentrated using rotary evaporator
under reduced pressure at t to half the volune and

wo bms/osd7ached N for m nutes. Diluted the sol ut PONUSIH04/031136

130 M _ with dichl oronmethan® and used as 0.02 M
solution in further reactions. Step E CHCHCHCHHH
CHN<W . HCOOH 24a 47 A solution of am ne 24a (100
ng, 0.197 mmol) in methylene chloride (3.0 mM ) was
treated with NMM (60 ng, 0.6 mmvl) and cooled to 0 C.

v@%ﬁ&h%ia%r% Gd@i%’?é@&ﬁ%ﬁnea“(ﬁzd tho? ~Tb0%) Ot s TR ih fhﬂrc\er

uene was a eact I’on m xture was stirre
rédction. wittegut Durificdtion.r eacti on mi xture was diluted with
nmet hyl ene chloride (100 m ) and washed with aq. HC
StaP - 50 M ). The organic layers were dried wth
(MySO ) filgergd concentrated in vacygo gndl70 purified

by chr omategraphy (M2 2C et hyl acetaf & f 1: 10
1:0) and 100% ¢t hyl acetate to yieldl 471(49 ny) as a
colorless soli d.47d a7e

To the amine hydrochloride salt 47d (720 mg, 2.63 mmol) in
dichlioromethane (1 5 ml) was added 15 ml of aq. saturated NaHCO3; and
stirred vigorously at 0 °C for 5 min. A solution of phosgene (2 equiv. 20% in
toluene) 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. The methylene chloride layer was
separated and the aqueous layer was extracted with dichloromethane (30 ml).
The combined organic layers were dried over anhydrous sodium sulfate,
filtered and concentrated using rotary evaporator under reduced pressure at
rt. to half the volume and then flushed N2 for 15 minutes. Diluted the solution
to 130 mL with dichloromethane and used as 0.02 M solution in further
reactions.

Step E:

CH3 \V/CH3 ~
= le) H H
H H N N -~
N N\/§ N p CH2
N : CH  o._0 H H O 3_0
\/& o ) 0 oS N\/g
Y 0]

N
HoN NN YOY o
: « HCOOH . o =

24a 47

A solution of amine 24a (100 mg, 0.197 mmol) in methylene chloride
(3.0 mL) was treated with NMM (60 mg, 0.6 mmol) and cooled to O °C. A
solution of isocyanate 47e (1.5 mL, 0.25 mmol,) in toluene was added and the
reaction mixture was stirred at rt. for 2 h. The reaction mixture was diluted
with methylene chloride (100 mL) and washed with aq. HCI (1 M, 50 mL). The

organic layers were dried with (MgSQ,) filtered concentrated in vacuo and



H NV\R (dnmso, 500 MHz) d, 8.89 (t, 1 H J=6 Hz), 8.37
(d, 1 HJ=9.0 Hz), 6.15 (d, 1 H J=9.0 Hz) 5.83-5.76

W@ 20058308¢ 5.31-5.27 (m 2 H), 4.33 (s, 1 H, BECBOS202®1136
(m 1 H, 3.912 (d, 1 H J=10.5 Hz), 3.80-3.70 (m 4
H, 3.63-3.59 (m 1 H), 2.93 (dd, 1 H), 2.7 (s, 3 H,
2.69 (s, 6 H, 1.73-1.65 (m 2 H), 1.51-1.02 (m 18

H, 0.99 (s, 3 H, 0.84 (s, 3 H, 0.81 (m 9H)CNI\/R
(dnso, 125 MHz) d, 198.3, 172.1 , 171.7, 162.1 ,

piitiéd by ERtomathd paphy (02 esy %ﬁaié/h%ﬁﬁés?zholgﬁ) Eéé 0%

eih}l aceta?et%)y:@laﬂ(z@)?m ) asa ¢diSllesd golice! ative intensi ty
Na)", 40]; 72 M+1 ) 100] . Preparative

|(érrw@ 500 Az )od,i880 ¢ 1 Hbt 476 Wz), 9-866d.0-Ive=982H2),

6ot Bt 94'1‘?23 5%?%3@&2 Ell)‘f%ﬁmél 2210, 433 (s A
s 43, Eﬁ (@ Olglﬁ?lﬂgﬁ (@lesR, U5e0l5192), © 8180 5. DITERA 2 HOIT 65-3.59 (m,
1sl'd))l Bt9(edofl Hbs et FM@H‘Q 2. %(Sg 6 H)L 1n%%11)65 H“a%IWdF&]S1 02

(hOh8#1)€0.99 (s, 3 H), 0.84 (s, 3 H), 0.81 (m, 9 H) *C NMR (dmso, 125
MHz) 8, 198.3, 172.1, 171.7, 162.1, 158.2, 135.0, 116.5, 60.5, 55.8, 52.8,
51.7,1.3,47.6,41.1, 38.5, 36.0, 34.9, 32.3, 31.6, 31.3, 28.5, 28.4, 27.9, 27.4,

10 27.4,27.1.MS (ES) m/z relative intensity 746 [(M+Na)*, 40]; 724 [(M+1)",

100].
Preparative Example 48: Preparation of:
CH3\/CH3 _
= o) H
OW \)j\’r WCHz
// O 0]
¥speiagle
Step A:

\\ //

NHBoc
HzN/;LNHBoc /q/\
COzM

48a

15
Compound 48b was prepared from 48a and 2—carbomethoxy-3-

thiophenesulfonyl chloride according to the procedures described for the
preparation of compound 45b.
Step B:

\\ /, S NHBoc
NHBoc a N/q/\
s .
COzMe OH
20 48¢
To the solution of ester 48b (4.65 g, 11.1 mmol) in anhydrous toluene
(40 mL) at -78 °C was added a solution of DIBAL-H in toluene (23.0 mL, 34.5
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(40 M ) at -78 C was added a solution of DIBAL-H in
toluene (23.0 M , 34.5171 mmol ). The m xture was

waRhosoaddat -78 C for 20 mn and at rt. for 2 PCT/US2004/031136

Met hanol (20 ml ) was addetl’if ol | owed by 10% aqueous
citric acid solution (100 m ). After stirred for 5
mn, EtOAc (200 m.) was added and | ayers were
separated. The aqueous solution was extracted with

Et OAc (2 xi OOrL). The organic sol utions were conbi ned,

"\ﬂ\'{ﬁ" pUr%%(tépebea%SElﬁ'ﬁa%taﬁg °€ ﬁF?@H.ﬁta%‘a %T-P?Offﬂ due

col urm chr onat usin

Mélhérﬁ)@lb(ao eﬁLo)rwé@ adaee followeyl tv;em%Ga@e(cnusamnc)acui sél&t!on
48c 48d To a sol ut

(THRML )i After Sirestiond minttOAG (RO Mlduises AUATAABY Ipvesnyrere
sgrﬁér%{gécgjn{rﬁg%@aa? sofution WHQ'e)}dréBfédtW:'tr‘?E'iUAé@ RG0ORMFOrhe

he m xture was war ned al ong
ovgdrtic solatibas ivead dosthinads diriedr(MUS By ), Ettmd a(lm)cx)ndehtrate;d
5% H PO solution (100 nL) was added and the | ayers
Therresigdupayan rerifierhy E@%ﬁ@ EMeLEhromatearaehy URigh B oQve h

afelnR R ORET 8 SRR TBLAET: ol co” The rest due

Stexs Cpuri fied by flash col utm chromat ography using
10- 50% acetoge/ hexanes to give 0.80 g (73% of 48d.

Step D NHBOC\‘ d MHBBc A suspensi on QL HBhc 17 ¢
2. 85 mmol )(i esjjum carbanat.e / 1Y

48c
To a solution of 48c (1.04 g, 2.65 mmol) in CHCl2 1 (50 mL) at 0 °C
was added methanesulfony! 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% H3PO4 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 (MgSO4), filtered and

concentrated. The residue was purified by flash column chromatography
using 10-50% acetone/hexanes to give 0.80 g (73%) of 48d.
Step D:

\\ //

O
NHBoc O\\S//\N NHBoc
q E\gy

S
48e

A suspension of 48d (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. 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 give 0.99 g of the desired product 48e
(93%).
Step E:
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15

g, 4.30 mol ) in anhydrous DMF (100 nL) was stirred at
rt. for 18 h. Water (50 nL), brine (50 nL) and Et OAc

w@ 3068/0817% wer e added and the | ayers were separetBUS20041€31136

organi ¢ sol ution was washetzwater (3 x 150 ni) before

it was dried, filtered and concentrated to give 0.99 g

of the desired product 48e (93% . Step E: 172 NHBoc Q
NCO 48e 48f Conpound 48f was prepared from 48e
according to the procedures described for the
preparation of gonpounds 45b and 450 oSte F: CHCHH

HCOOH 24a Q\§ i grB@f ami ne 24 NCQ. 197
nmol ) in rret hIorlde—ﬁs—-O streated Wi th
NWM (60 nyg, and cool ed t oI ution of
I socyanat e 4 (2 mM_, 0.25 mml,) ith toI uene was

added and the reaggd on m xture vvas stirrage at rt. for
2 h. The reaction m xture was diluted with nethyl ene
chl orCamppeod 48f wasrmiepassetion #learccording(te w\e grpcedures

Fractioed 161 HeiRbea B Y Rolifroh 4 hd 8561050

ed con cuo
Step F:

CHstH CHa,_CHy
s W B
\/\ \/\
U\W QH( o, - Q\W J\m o,

24a

A solution of amine 24a (100 mg, 0.197 mmol) in methylene chloride
(3.0 mL) was treated with NMM (60 mg, 0.6 mmol) and cooled to 0 °C. A
solution of isocyanate 48f (2 mL, 0.25 mmol,) in toluene was added and the
reaction mixture was stirred at rt. for 2 h. The reaction mixture was diluted
with methylene chloride (100 mL) and washed with aq. HCl (1 M, 50 mL). The
organic layers were dried with (MgSQ,) filtered concentrated in vacuo and
purified by chromatography (SiO,, ethyl acetate/hexanes 1:1->1:0) and 100%
ethyl acetate to yield 48 as a colorless solid.

Preparative Example 49: Preparation of:
CH;,\/CH3

Step A:
COOCH;

I X COOCH;4
~N
49a 49b

A solution of 2 M LDA / THF-heptane (Acros Chemical Co.) in 50 mL of
THF was cooled to -70° C, methyl cyclohexanecarboxylate 49a was added
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purified by chromatography (Si C2, ethyl

acetate/ hexanes 1:1 ->1:0) and 100% et hyl acetate to
w@e@sa30¥86 as a col orl ess solid. Preparative ExeempiUs2048031136

Preparation of: 49 Step A 1B30O0CH 49a 49b A sol ution of

2 MLDA /| THF-heptane (Acros Chemcal Co.) in 50 m _

of THF was cooled to -70 C, nethyl

cycl ohexanecar boxyl ate 49a was addedl73 drop wi se at <

-60 C. After an additional 0.5 hr stirring at - 70 C,
dgc%po\'/é/f‘s‘?-‘;l(3 |<C- Qf' et Qn‘égdmonaﬁb%eﬁr é‘t@ﬁng?‘gfjeﬂod*@@ -BLSk1

he tenperature was then al to'rise
ckloddé yn 46 mbetherevaeadded érqurse%tm -6041611 §heé teroperature

Wi thh allgwed e s “Bouy T8 oo de kB URRETS o oo an

allionANE hA FhET€aMRh Wié aaéﬁ&cbd/wnwc&a%tdre%f@@brrﬁ@tm%
was washed with brine, and then dried with SO

anusous KHaRO4 and 5rmall of AREN HGIt t’r@tralmfrg mpﬁg%at@d Wlfhhe
Eféﬁai e et vaavaheg il B A (encitiech &t MoQe 5 The
iyl BeRIeRRr I B8 led by e g ntics

twice ditomal xyiehb, 36d tHe firial tedidag mmrbw@tbgrapued be silica gel

' ure stirred at 1 The m xture was
PaiehealBe? ko] HeustonetHatiolle Gpiti 4%her | and & ho
S?é)d g: aqueous was

| x COOCH3 N NCO
~N | _N
49b 49¢

A solution of ester 49b in 20 mL of dioxane was treated with 30 mL of 1

N aqueous LiOH, and the mixture was stirred at 100° C for 6 hr. The mixture
was quenched in ice-water, extracted with ether, and the cold agueous was
slowly acidified to pH ~4 with 3 N HCI. The precipitate was filtered, washed
with water, and dried to leave product acid that was used in the following step
without further purification. The conversion of the acid to the isocyanate 49¢
was identical to the synthesis of 27b in preparative example 27.

Step C:
CHa\/CH3

: O
Q\'( CH %N\)%N\/%CH
N : 2

0
N\/go oHCOOH Ng HTH\/&O 0 o
24a

A solution of amine 24a (100 mg, 0.197 mmol) in methylene chiloride
(3.0 mL) was treated with NMM (60 mg, 0.6 mmol) and cooled to 0 °C. A
solution of isocyanate 49c¢ (2.9 mL, 0.25 mmol,) in toluene was added and

the reaction mixture was stirred at rt. for 2 h. The reaction mixture was diluted
with methylene chloride (100 mL) and washed with aq. HCI (1 M, 50 mL). The

organic layers were dried with (MgSQ,) filtered concentrated in vacuo and
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slowy acidified to pH ~4 with 3 N HC . The
precipitate was filtered, washed with water, and dri ed
wo 2005030726 pr oduct acid that was used in the foP¢DUs2094/031136

step without further purifi®ati on. The conversion of

the acid to the isocyanate 49c was identical to the
synthesis of 27b in preparative exanple 27. Step C CH

. CHCHCHH\ HHNHH 24a 49 A solution of am ne

24a (100 ng, 0.197 mmol) in methylene chloride (3.0

Pl B eV Nk M BreesBBe 1 P 384 B0

etfiyPhcataidtol yibldAagvacohshing sonid. t he reaction nixture
was stirred at rt. for 2 h. The reaction m xture was

Pernanatae bxkampleeddiyreparatian®fi de (100 ml) and washed
with ag. HO (1 M 50 nt¢y, Ehe organic |ayers were
dried with filtered goncentrated in vacuo and174
purified by chroma

@ ap SiQ, Jet rﬁkl
acet at e/ hexanes % : 0) 10_06%\& Wl Saketate to

yield 49 as aycollor! esﬂy&i do Prep@rative Exanpl e 50:
Preparati on Ef N B0 Btep AC 50a A0b
SN ° - 50

Step A:

QSN
O

50b
A solution of pyrazinecarboxylic acid 50a (Aldrich, 3 g) in 150 mL of dry
dichloromethane and 150 mL of dry DMF was stirred at 0 °C and treated with
HATU (1.4 eq, 6.03 g). L-cyclohexylglycine-methyl ester hydrochloride (1.2
eq, 6.03 g) was added in small portions. Then, N-methylmorpholine (4 eq, 10
mL, d 0.920) was added dropwise. The reaction mixture was gradually
warmed to room temperature and stirred for 20 h. All the volatiles were
removed under vacuum and the residue was dissolved in 500 mL of ethyl
acetate. The organic layer was washed with water (100 mL), aq. 1N HCI (100
mL), aq. saturated sodium bicarbonate solution (100 mL), and brine (100 mL).
The organic layer was dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on
silica gel (gradient: acetone/hexanes; 5:95 to 3:7) to afford the product 50b
(6.5 g, 95%) as a white solid.
Step B:

0 0
[N\j)f\N o, — ENj)LN OH
H H
7 0 7 0

50b

50c
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A solution of pyrazinecarboxylic acid 50a (Aldrich, 3
g) in O L of dry dichloronethane and 150 nL of dry DWF
woRr®38si796 ed at 0 and treated with HATU (1.4 epCT/6S184/031136
g). L-cyclohexyl gl yci ne-nmettdyl ester hydrochloride
(1.2 eq, 6.03 g) was added in small portions. Then,
N- et hyl norpholine (4 eq, nL, d 0.920) was added
dropwi se. The reaction m xture was gradually warmed to
roomtenperature and stirred for 20 h. Al the

vol aé Sloﬁﬁlo%ﬁnéﬁgp%&%{ aggq 5\@% lﬁ’ﬂoarﬂﬁ df*ée - &S irfbliGre of

i'ssol ve acet ate. e or gani c
THE!/MBOMHzGD/aMBecb@lad ko 02Ceand trégtedivyith hﬁhuu rhmyd (dde

maphydibte 1751 peb iy e Pt rrod guil liicied By TLC

(RREESnTRERHHUSY Mg U Hneall thel dtaring rﬁé‘t@n’épﬂﬁ@ BeEACBASUMed,
under reduced pressure. The residu

thehneagtion gridprewas tresited withgiélo mQrQi@CIeW HCI and the mixture

wE§ oRESaPgRagETode UehBrainbine® (3508 VS aBSGLRY avers
Sé@r‘atéd) IThefadueioby llaystveds Sxtbadtéd with)ditilodfethank (3 x 80
1:1 mxture of THE/ MO/ H was cooled to Q C and

ntLr)eBh% AOmPined QrOANIGHRYS X EE e PNsH FoR@RRSIYD. ilfgtp,

d and nonitored by TLC
fil arégt%%}% @(),e(eaﬂr%a‘sféd‘g?%; \/@éérj}lsg the starting materi al
StegdCbeen consuned, the reaction m xture was treated
th &QO nmL of ag HCl and the m xturegy@s p,oncentrat ed
i N wgCud. Dichl oromet hane (250 ni) vvas z}dg

| ay, sepafat ed. The aqueous | a tr t VM t h
di W@'\@@Hz O—rb)—The o | gcansjbw
['s

thpy doi ed over magnesi ym sul fna
70 « HCOOH [/ N
. SN o

24a

A solution of acid 24a (100 mg, 0.197 mmol) in dry CH2CI2 (2 mL) and
DMF (2 mL) was cooled to 0° C and treated with acid 50c (51.8 mg, 0.197
mmol), HATU (94 mg, 0.25 mmol) and NMM (45 mg, 0.45 mmol). The
reaction was stirred at 0° C for 12 h and concentrated in vacuo. The residue
was dissolved in CH2Cl2 (100 mL) and washed with aq. HCI (1 M, 2x 30 mL),
aq. saturated NaHCO3 (2x30mL), brine (30 mL), dried (MgSOg4), filtered,

concentrated in vacuo. The crude dipeptide was purified by chromatography
(SiO2, acetone/Hexanes 0:1->1:1) to yield 50. '"H NMR (dmso, 400 MHz)
5,9.16 (8, 1 H, J=12 Hz), 8.89 (d, 1 H, J=2.4 Hz), 8.74 (s, 1 H), 8.59 (d, 1 H,
J=7.4 Hz), 8.43-8.38 (m, 2 H), 5.81-56.75 (m, 1 H), 5.28 (t, 1 H, J=10.8 Hz),
5.11-5.03 (m, 2 H), 4.45-4.31 (m, 3 H), 3.88-3.70 (m, 5 H), 1.65-1.22 (m, 31
H), 0.97 (s, 3 H), 0.83 (s, 3 H).MS (ES) m/z relative intensity 728 [(M+Na)", 4];
706 [(M+1)*, 80].

Preparative Example 51: Preparation of:
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filtered, and concentrated to afford acid 50c. Step C
CHCHCH CH?\ CHHN, HCOOH N 24a A solution of
wa@eiod/ oo (100 nmg, 0.197 mmol) in dry (2 i) apdi/Di#6o4{/@31136
m.) was cooled to 0 C and tmeated with acid 50c (51 .8
ng, 0.197 mol), HATU (94 ng, 0.25 mmol) and NWM (45
nmg, 0.45 mmol). The reaction was stirred at O C for h
and concentrated in vacuo. The residue was dissol ved
in CH2ClI 2 (100 nL) and washed with ag. HGO (1 M 2x 30

m), aq. saturated NaHC 3ckgx3@gl), brine (30 ni),

dried (MgSO4), filtered, cor}tentrat i n vacuo. The
crude di pepti de V\@S purlfl ({h ttbgraphy (Si 2,
acet one/ Hexanes 1) to H Cﬁdmso 400
MHz) d, 9. 8 (Q 1 H J=2.4
Hz), 8.74 ((:5{3 ( P H JET. 4 Hz), 8.43-8.38
(m 2 H, 5.81- 5 5. (ts11 H J=10.8 Hz),

5.11-5.03 (m 2H) 45431 3 H, 3.88-3.70 (m
sﬁepkl)t\,:leslzz(mslH) 0.97 (s, 3 H, 0.83 (s, 3
H.M (ES) mz relative intensity 828 [(I\/H-Na) , 4]

706 [(Mr1) , 80]. . Ryeparative Exanple Er epar ati on
of : 176 HO/:L — N
0

Sla 51b
A solution of the alcohol 51a (1.00 g, 4.6 mmol) in anhydrous CH2Cl2
(30 mL) in an inert atmosphere was treated with triphenylphosphine (1.52 g,
5.75 mmol) and dimethylglutarimide (780 mg, 5.52 mmol). The reaction
mixture was cooled to 0 °C and treated with DIAD (930 mg, 4.60 mmol, in 4
mL CH,Cl,) dropwise and warmed to rt. It was stirred at rt. for 5 h and
concentrated in vacuo. The residue was purified by chromatography (SiO,,
Hexanes/acetone 1:0->1:1) to obtained 51b (600 mg) as a colorless solid.

Step B:
0

0
N NHBoc N NCO
O (e}
Slc

51b
A solution of 51b (500 mg, 1.5 mmol) in HCI (15 mL, 4M soln. in
dioxane) was stirred at rt. for 1 h and concentrated in vacuo. The residue was
used in further reaction without purification. A solution of the deprotected
amine in CH,Cl; (10 mL) aq. saturated NaHCO3; (10 mL) at 0° C was treated
with phosgene (5 mL, 15% soln. in toluene) and stirred at 0° C for 2 h. The
reaction mixture was diluted with CH,Cl, (50 mL) and the organic layer was
washed with cold aq. NaHCO3. The organic layer was dried (MgSQ,) filtered
and further diluted with 3 mL toluene, concentrated the methylene chloride
layer and used as a solution.
Step C:
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CH. .CHCHHHoCHA / Step A: 5l1a 51b A solution of
the al cohol 51a (1.00 g, 4.6 mmol) in anhydrous CH2Cl 2
W@ 3®5/0807% i n an i nert atnosphere was treated W¢TUS2004/031136

tri phenyl phosphine ( .52 g1775. 75 mmol ) and

di methyl glutarimde (780 ng, 5.52 nmmol). The reaction

m xture was cooled to 0 C and treated with DI AD (930

ng, 4.60 nmol, in 4 L CHC ) dropwi se and warned to

rt. t was stirred at rt. for 5 h and concentrated in

v@guocHThe resi due was purifi ed by che angraphy (Si
Hexanes/ agetone 1:0-71 :1) to obtai nedv51b

as /a ol §r | dss ol i d. St—ep"B—o—NCOSQ\n/ utllo of
51%{? 5ﬁpw2|n nL, . 4M, sONT |Q‘\r(

HAN.O Qtirred at r. n€ent
?“n\}vgguo e sd€pdde wa d i fdrt her G eact; on

Wi t out ification. A solut®o Ot he cted
am ne CH A (10 nL) ag. saturated Na 10 niL) at

0 C was*treated with phosgene (5 ni, 15%sd8fn. in
toluene) and stirred at 0 Cfor 2 h. The reaction .
lmaxéifkfsmm & At 1o0GHgCh. 108InHel) iAtAethRner dadtide
y S
(3.0 mL) was treated with NMM (60 mg, 0.6 mmol) and cooled to 0° C. A

solution of isocyanate 51¢ (2 mL, 0.5 mmol,) in toluene was added and the

reaction mixture was stirred at rt. for 2 h. The reaction mixture was diluted
with methylene chloride (100 mL) and washed with aq. HCI (1 M, 50 mL). The
organic layers were dried with (MgSO;,) filtered concentrated in vacuo and
purified by chromatography (SiO; Acetone/hexanes 0:1->1:1) yield 51 as a
colorless solid."H NMR (dmso, 500 MHz) &, 8.91 (d, 1H), 6.19 (d, 1 H, J=8.5
Hz), 5.84-5.57 (m, 1 H), 5.58 (d, 1 H, J=10.5 Hz), 5.28 (t, 1 H, J=7.0 Hz),
5.10-5.05 (m, 2 H), 4.31 (s, 1 H), 4.18 (t, 1 H, J=8.5 Hz),.3.83-3.57 (m, 7 H),
2.44-2.38 (AB, 4 H), 1.66-1.62 (m, 2 H), 1.44-1.03 (m, 18 H), 0.98 & 0.96 (Zs,
9 H), 0.84 & 0.81 (2s, 12 H). "*C NMR (dmso, 125 MHz) §,198.2, 172.7,
172.1,171.3, 162.1, 158.1, 135.0, 116.4, 60.5, 55.5, 562.9, 51.3, 47.5, 46.4,
41.7,39.6, 35.0,32.4, 31.5,31.3, 29.3, 28.3, 27.9, 27.0,26.9, 26.6, 26.1,
24.5,22.4, 19.5, 13.7.MS (ES) m/z relative intensity 749 [(M+Na)*, 20]; 727
[(M+1)*, 100].

Preparative Example 52: Preparation of:

H N N H N\/\
SOy o
O

~o

Step A:
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washed with cold ag. NaHCO . The organic | ayer was
dried filtered and further diluted wwth 3 nL tol uene,
wa@onsesit7rsat ed t he net hyl ene chloride | ayer andraipes20a$031136
a solution. Step C 177 CH H8, CH CH 24a A sol ution of
am ne 24a (100 -ng, 0.196 nmol) in nethylene chloride
(3.0 mL) was treated with NvWM (60 ng, 0.6 nmol) and
cooled to 0 C. A solution of isocyanate 51c (2 nL, 0.5
mrol ,) in toluene was added and the reaction m xture
was stirred at rt. for 2 h. The reaction m xtgre was

diluted with nethyl ene chloride (10Q ni aﬁhg/\l@shed
with ag. 1 50 mL). The or gang ILp(yeris Ve
dried %«%ﬁs@%mu tered _congentrat edoi-n acuo and
purified byochrgmat ography Acetone/ hexanes 0: 1 ->1:1)

yield 51 as a corless solid. HNW (dnso, 5 VHz)
d, 8.91 (d, 18d, 6.19 (d, 1 H, J=8.5 Hz), b, 84-5. 57

(m vee D. 5 . =10 Hz)., .5 28 ,

577 B sebytioreohiyEioe b-5arOWepb 4, Algriga R fag mt gl THF
whs 'ﬂelc;!a§§e<§ (VU N@StudhY and Wiea?ed‘hrvith%ll%ﬁn&h?l&:a(rﬁ&naté (1.4

H, 1.66-1.62 (m 2 ;2@ 1.44-1.03 (m 18 H), 0.98 &
eq, 26 mksd 1903R), Agatalylec amgunt ok, 12 H). C NWR (dnso,
el e b L o i, 37510 g $ed. e
slightly yaflo, mixture, wa ddgassedbagaid add hedted aP60 3C fa@ratbut 3 h

27.0, 26.9, 26.6 Z?h 1, 24.% 22.4, 19.5, 13.7.M5 |
upHSL Gepalysisdacetonefexasesy2 32 Shpweil Ng) Motpstarting;material
1 ('}@Qtt?on’ mxe became brown). The THF was removed under reduced
pressure and the residue was diluted with 300 mL of ethyl acetate and
washed with 80 mL of aqueous saturated sodium bicarbonate solution and 80
mL of brine. The organic layer was dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on
silica gel (gradient: acetone/hexanes; 5:95 to 2:8) to afford the product 52b as

a clear oil (2.7 g, 64%).

Step B
>ro\[rN " “OMe >r \ﬂ/ Y~ TOH
o) :\o —_— 0 g

@Hﬂ Qg-‘?k”

A solution of methyl ester 52b (1.5 g) in 90 mL of a mixture of
THF/MeOH/H,0 (1:1:1) was treated with lithium hydroxide monohydrate (2.5
eq, 630 mg). Reaction was stirred at room temperature and monitored by TLC
(acetone/hexanes; 1:9). After 45 min, all the volatiles were removed under
reduced pressure. The residue was partitioned between 80 mL of aqueous 1N
HCI and 200 mL of dichloromethane. The aqueous layer was back extracted
with dichloromethane (2 x 80 mL). The combined organic layers were dried
over magnesium sulfate, filtered, and concentrated under reduced pressure to

afford the product 52c¢ as a clear oil (1.4 g, 95%).
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Preparative Exanple 52: Preparation of: 52 Step A 178
HOWw o o 52a 52b ) A solution of N Boc-L-Ser-Owe
W@ 3006/08p79Al drich) in 150 L of dry THF was degaBSBUS2004/031136
(vacuunm’ N2-flush) and treat®d w th allyl nethyl
carbonate (1.4 eq, 2.6 nL, d .022). A catalytic anount
of tetrakis(triphenyl phosphi ne)pall adi um (0.02 nol %
379 nmg) was added. The slightly yell ow m xture was
degassed again and heated at 60 C for about 3 h until
S{%&C’;\nal ysis (acetone/hexanes; 2:8) showed no nore
arting material |eft (reactl on m xture becane

brown). The THF was re under reduced pressux& and
the residug was diluted wrth 300 nL of ethyl ac te
and vvasn]ed with 80 nL of/ agueous saturated sodi Z'_i}(
Ebgar\ﬁr el ution an OMst bri ne. The g

I a erovvas\dn ed over Hhgbresigm sul fate, d3
concentratgd under reduceg pressure. The due vvas
chr omat ogr aghed on silica—gel{gradient: o

acet o8¢ hexdnes; 5:95 to 2:8) to afford the prod
52b as a clear oil (2.7 g, 64% . Step B o 52fpd 52

A solution of acid 52¢ (6 mmol) in 40 mL of dry dichloromethane and
40 mL of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 3.2 g).
The amine hydrochloride 1d (1.3 eq, 1.6 g) and N-methylmorpholine (4 eq,
2.6 mL, d 0.920) were successively added. The reaction mixture was
gradually warmed to room temperature and stirred overnight. All the volatiles
were removed under vacuum and the residue was taken into 300 mL of ethyl
acetate. The organic layer was washed with aqueous 1N HCI (50 mL),
aqueous saturated sodium bicarbonate (50 mL), and brine (50 mL). The
organic layer was dried over magnesium suifate, filtered, and concentrated
under reduced pressure. The residue was chromatographed on silica gel
(gradient: acetone/hexanes; 5:95 to 2:8) to afford the desired product 52d
(2.23 g, 93%) as a clear oil.

Step D
h e \/
O N
0 _ o
Y 1Y

~o

o H

A solution of methyl ester 52d (2.23 g) in 45 mL of a mixture of
THF/MeOH/H20 (1:1:1) was treated with lithium hydroxide monohydrate (2.5

eq, 300 mg) at 0 °C. The cooling bath was removed and the reaction mixture

/

was stirred at room temperature and monitored by TLC (acetone/hexanes;
2:8). After 1 h, 10 mL of aq 1N HCI were added and all the volatiles were

removed under reduced pressure. The residue was partitioned between 30



A solution of nmethyl ester 52b ( .5 g) in 90 nL of a
m xture of THF/ MeOH/ H (1:1:1) was treated with lithium
whyasoxi7de nonohydrate (2.5 eq, 630 ny). ReactPONUSES4/031136

stirred at roomtenperatur#&oand nonitored by TLC

(acet one/ hexanes; :9). After 45 mn, all the volatiles
were renoved under reduced pressure. The residue was
partitioned between 80 niL of aqueous HCI and 200 ni of

di chl oronet hane. The aqueous | ayer was back extracted

nTM 6fhatgdé3ﬂ||soﬁ@ Fﬁﬁl%’i‘ﬂq dPmk. &le('fﬂm‘é)ron:f&ﬁaﬁé’ nﬁhé‘ Saué’é&ba@l'yér
ayer

were dried over magnesium sulfate, I'tered
was dackrextnactet with diniéeromethael(dx 869uk k Tﬁ‘@ qu!wnad fonganic

roduct 52c . as a clear. oil 5 179 Ste H
e Were BiesvRr maghgsiu aufata Ulred; 4 Crneaaes hver
réHmJeB liresékﬂer‘tb dfordltine gioelabos2eTet Ba ke 884) #40a Blear ofl.

was stirred at 0 C and treated with HATU ( .4
5 SéQp E3 2 g). The amine hydrochloride 1d ( .3 eq, .6 Q)
and N-net hyl norpholine (4 eq, 2.6 M , d 0.9%)/} wer e

successi Iy added. The reaction m xture was gr aduaII
war med t o oom t enperpat ure and stirred overnj g t.
t he vol Qker e Cenmm/lhnder vacuum and OMe

resj due aken into 306 M®™of ethyl, a e. oTh
:Dr“ am%\/\p%@r was m\d/Wth_faqueo E’Gg li’/e
52e Hl

A solution of acid 52e (830 mg) in 20 mL of dry dichloromethane and
20 mL of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 1.15 g).
10 The amine hydrochloride 1f (1.1 eq, 227 mg) was added in 10 mL of
dichloromethane followed by N-methylmorpholine (4 eq, 0.95 mL, d 0.920).
The reaction mixture was kept in the freezer (-20 °C) for 48 h. All the volatiles
were removed under vacuum and the residue was dissolved in 200 mL of
ethyl acetate. The organic layer was washed with water (50 mL), aqueous 1N
15 HCI (50 mL), aqueous saturated sodium bicarbonate solution (50 mL), and
brine (50 mL). The organic layer was dried over magnesium sulfate, filtered
and concentrated under reduced pressure. The residue was
chromatographed on silica gel (gradient: acetone/hexanes; 5:95 to 3:7) to
afford the product 52f (680 mg) as a white solid along with a minor
20 diastereomeric product (130 mg) for a combined yield of 70%.
Step F




10

15

20

aqueous saturated sodi um bi carbonate (50 nml _), and
brine (50 nL). The organic |ayer was dried over

wore@sesi7aen sul fate, filtered, and concent rat edPCmntus2004/031136

reduced pressure. The resithle was chromat ographed on
silica gel (gradient: acetone/hexanes; 5:95 to 2:8) to
afford the desired product 52d (2.23 g, 93% as a

clear oil. Step D Ow N Wl 52e || A solution of

met hyl ester 52d (2.23 g) in 45 nL of a m xture of

THF/ Nefbi M dolutlenlof diese &s&ﬁ(ﬂéﬁﬂm\g&ﬁmtdwéﬁé Was ediaxé difor 30
nmonohydrate (2.5 eq, 300 ny) at C. The cooling bath
mivaargembubtilingloanctreatedovittoGrubixs catalyst{0st eq.r21b mg). The

PR B as hia@a g Jgrofer (R sbidfion begarmg dagy after
hé&tirRy POdaA). e siVeritheas/@inddvddesnd@ediesd prsksursland the

reduced pressure. The residue was partitioned between

residigowes shramategiaphed oriftica ge! taradientiathylsiceiaieaxanes;
28, GRS AR RRlced B oD o o miure o £

ahdyeissmees Gapproed:Yver magnesi um sul fate, filtered,

and_concentrated under reduced pressure to afford the
SHBuct 52e ( .88 g, 88% as a clear oil. Step E V g

CH 4 N

~
e

O

N n\.)cj)\OMe .N‘ H\;)I\OMe
%/o\g/ﬂivi\g : >|/O\lol/n\§;>o\(ﬂ; 2

~
52 azh

o) (o]

A solution of alkene 52g (570 mg) in 20 mL of methanol was treated
with palladium dihydroxide on carbon (0.1 mol%, 78 mg of 20% Pd(OH)2/C).
The mixture was hydrogenated at 50 psi until all the stafting material had
been consumed. The reaction mixture was diluted with 100 mL of
dichloromethane and filtered thru a short path of celite. The filtrate was
concentrated and the residue was chromatographed on silica gel to afford the
product 52h (590 mg, 70%) as a clear oil.
Step H

\

> o
H
Oo._-N o - O_-N
%/ Y Y o - >( N
(o] BN o ~

(o) O

52h 52i

A solution of methyl ester 52h (580 mg) in 20 mL of dry THF was
treated with lithium borohydride (2.1 eq, 1.2 mL of a 2M soln in THF). The

reaction mixture was stirred at room temperature and monitored by TLC



Nd H,NHOw 1f 52e Il 52f A solution of acid 52e
(830 ng) in 20 nL of dry dichl oronmethane and 20 nL of
waleopsDdFIsvas stirred at 0 C and treated w t h HAOL/US20044031136

eq, . g). The ami ne hydrocH2oride 1f ( .1 eq, 227 np)

was added in 10 nL of dichl oronet hane foll owed by

N- met hyl norpholine (4 eq, 0.95 niL, d 0.920). The

reaction mxture was kept in the freezer (-20 C for

48 h. Al the volatiles were renoved under vacuum and

(ddegorigiRédiiresnds? )dbp diskhppdatamce &I tms@‘mn‘g hldteﬂéleA&b% h,
The organlcla er was washed with water

theyenasss Mmim(mromrld%w@éay@n@a?qrbataéﬂil%upﬁ@mueous
squ?ﬁ%B @?ﬁﬁ]’énm %'o‘i’lﬁe(s?j)%tlgn) (3 rﬂﬂg ﬁ{é H\%(t&r%fow?!;)partﬂ?ﬁed
organ| at’e,

esi um'sul
bétwdesr @tdylaamétatm(deﬁtma) and aqdeous satucatedsodasn bicarbbeate

; Sé@ﬁ%-g@) ibia e 330985 [y es was happrigieded wif by etate (2
S m( $8Rd Abh|GontetMbnhd ?2 §‘?>|O' rﬁL?'T‘?fégcdH'leea Qﬁ’iF: I?yers

i astereoneri c product 0 ny) a conbi ne
wem/dn@ﬂ @peFmagnAs@nMMfaiel fitered ato'{d ctinseotrafed l@r@d’@ redyced

into e _wa deasedfor on, bubbl i
plihsbfe SR Rl ves S ao iy o 6755 5h (afgde
ad&®npihaikafes;ut:0as S\W)Stoféﬁ‘ﬁir@ﬂwé prdflcE52p(3606mb, 68%? asa
sol ution becane dark after heati ng mn). The sol vent

10 white splidpved under reduced pressure and the residue was
g@pm&t ographed on silica gel (gradient: ethyl
et at e/ hexanes;

Y
o - n S H O
Y " oH N N\_/U\H
Py H put
>’/O\H/N\i/go © >ro\n/N;v§o ol
° o o X
52i 52j

A solution of alcohol 52i (350 mg) in 20 mL of dry dichloromethane was

treated with Dess-Martin periodinane (3 eq, 925 mg). The reaction mixture

15 was stirred at room temperature for 45 min. The mixture was treated with
aqueous 1M sodium thiosulfate solution (15 mL) and aqueous saturated
sodium bicarbonate solution (15 mL) and stirred for 15 min. The mixture was
extracted with dichloromethane (3 x 50 mL). The combined organic layers
were dried over magnesium sulfate, filtered, and concentrated. The residue

20  was chromatographed on silica gel (gradient: acetone/hexanes; 1:9 to 4:6) to
afford the product 52j (285 mg, 83%) as a colorless solid.
Step J
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2:8 to 1:1) to afford the al kene product 52g (570 ng,

90% as a mxture of Eand Z-isoners (approx 4:1 ).
wek@p/087aVe OMe 52g 52h A sol ution of al kene 52gr/(52004/031136

ng) in 20 mM of nethanol ws treated with palladi um

di hydr oxi de on carbon (0.1 nol % 78 ng of 20%

Pd(OH) 2/ C). The m xture was hydrogenated at 50 psi

until all the starting material had been consuned. The

reaction mxture was diluted with 100 m _ of

di chh@orn@hisigdéeide 52jt(2vednd ikt Bms Nsfrdry Biishioremethane
celite. The filtrate was concentrated and the residue

wag freatacyith gvligsieyanige (€ieq, /4 el and a&efi@ pgidt(Reeq, 0.064
. 7Q9 i . "
iy 53640° $e st ad SitePorarpuf 8, A the Vol welE |

rem)vadurtieridacuaim akigy theHe sidhue fWHe@hﬁﬂnfﬂo@’aﬁHdd?m mliﬁa gel
borohydride (2.1 eq, .2 nj of a _2Msoln in THF).  The
(GFRiETT GReIRRIE GRS 138 o1 -4 102G he A 2k B0R 00,

[ i C182 (acetone/ hexanes; 3:7) for
90&?’2?%%2‘2’3‘5%8’% the starting material. After 5 h, the
Stepd€ss |ithi um borohydri de was quenched by addition of

aqueous_sat ur @t ed ammoni um chl ori de sol uti @/(3 m) .

The m xture was] partitioned
OH
H H H H
H %NY‘YN\/\ Q\(”WN\/\

o _N @ o oH o -~ O
Ty oyt
(o] 52k ~o 521

The acetate 52k (300 mg) was dissolved in 15 mL of a 1:1:1 mixture of
THF/MeOH/H,0 and treated with lithium hydroxide monohydrate (2.5 eq, 51
mg). The flow of the reaction was followed by TLC (acetone/hexanes; 4:6).
After 15 min the reaction mixture was concentrated in the rotavap and the
residue was partitioned between dichloromethane (80 mL) and aqueous
saturated sodium bicarbonate solution (20 mL). The aqueous layer was back
extracted with dichloromethane (3 x 50 mL). The combined organic layers
were dried over magnesium sulfate, filtered, and concentrated. The crude
product 521 (276 mg, 98%) was used without further purification.

Step L

v
n OHH — H 0 H

O N o -~ O O. _N O (o]
>(\rfs° —————>(T=°
o o
? 521 ? 52

A solution of hydroxyamide 521 (276 mg) in 20 mL of dry
dichloromethane was treated with Dess-Martin periodinane (3 eq, 424 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture

was treated with aqueous 1M sodium thiosulfate solution (20 mL) and
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bet ween et hyl acetate (100 nlL) and aqueous sat urated

sodi um bi carbonate solution (50 nL). The aqueous | ayer
woR®s030ke extracted with ethyl acetate (2 x 30PepSmn4031136

di chl oronet hane (2 x 30 nlL})84 The conbi ned organic

| ayers were dried over magnesium sulfate, filtered and

concentrated under reduced pressure. The residue was

chr omat ogr aphed on silica gel (gradient:

acetone/ hexanes; :9 to 5:5) to afford the product 52i

aqstusnghtuisd sadiuen Bitattsorsne IsdlutIShe(WOVnD) éﬁj stﬁtred for 10
sol_ution of al cohol 52i §350

min. dieombdigienuas extiacteded fba'cmrﬁrr@éfwa\@m 29 mL) The
b B GRS et g BRI R e B

cdv??ntmatmt ijhe/vietsrm@quasa ubrmnahogm%ﬁ’edoaru_bihaa geb@radienty

t nat e
ACRIPUe FBYAa% TR JO A 10 ORb e BIOMERBE Fo0b o PEYe) a8
wﬁ‘?fé 58fd. o8 MMVIR) %@MI—PJ @W@l@ﬁ%e 77 ¥, 90, 7. 5B1ﬁz) 7.03 (dd,

nmbi ned organlc | ayers weie dried over nagnesi
1l5luﬂ £0.68, 5.00tHx)e8,88(ddt, cldhcbnata Gt HUO, The Hésﬁdi@e(dV\Alsl J=

o B eARB 0. 83 \dd. P65 'GP B iR (bt 4302
10.8%92)M.618@10 11 46 €@, AH)e3 D@k, ZH, Stam b 61Hz), 3.88 (dd,
1H, J = 5.0, 10.8 Hz), 3.83 (d, 1H, J = 11.0 Hz), 3.66 (m, 2H), 3.48 (dd, 2H, J
=4.7,5.6 Hz), 1.95 (m, 1H), 1.81 (d, 1H, J = 7.56 Hz), 1.47 (s, 9H), 1.27-1.63
(m, 12H), 1.09 (s, 3H), 0.93 (s, 3H); *C NMR (CDCl3, 125 MHz): & 196.7,
170.9, 170.7, 159.3, 155.6, 133.2, 117.9, 80.4, 71.0, 70.8, 61.2, 54.5, 52.9,
48.2,42.1,31.4,29.3, 28.7, 27 .8, 26.8, 26.6, 26.4, 23.6, 23.4, 19.2, 13.2 ppm;

* HRMS calcd for CogHa7N4O7 [M+H]": 563.3445, found 563.3457.

Preparative Example 53: Preparation of:

© o
X]

Step A

N A4

o H ? H H Q H

N N\/”\H/N\/\ N N\)]\H/N\/\

H : :
>(OTN_V&O o 0 HOHN. A O 0
o - :\
Q 52 0 53a

The N-Boc protected amine 52 (60 mg) was dissolved in 10 mL of 4M
HCI solution in dioxanes and stirred at room temperature for 1 h. All the

volatiles were removed under reduced pressure and the product was placed
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H Hn 52k183 A solution of aldehyde 52j (270 ng) in 10
L of dry dichloronmethane was treated with

wa@bdogloswwoecyani de (2 eq, 77 ng) and acetic aci dPCRUSZHN4/031136

0.064 nmL, d 1.049). The m s8Sure was stirred for about
5 h. Al the volatiles were renoved under vacuum and
the resi due was chronat ographed on silica gel

(gradi ent: acetone/ hexanes; 1:9 to 1: ) to afford the
product 52k (303 ng, 90% as a white solid. Step K g
uﬁét’é‘r fﬁéﬂ vﬁb&uﬂﬁatf 3tre Ne2turhe@ Quriidativrswds geak Yectherprdduct

1 mxture of THF/ MeOH/ H and treated with

53@1@9%% hydr oxi de nonohydrate (2.5 eq, 51 mg). The
Eé w of the reaction was followed by TLC

Atat one/ hexanes; 4:6). After mn the reaction m xture
was ‘Qﬁncentrat ed in the rotavap and the res\/due was

par t i oned cbe{ween dj chl or onet hane (80 mi)” an
aqu ed~sodi} Ycar bonat e sol ut QQ%)
HCT,h,@ ugous layer was B extr ed \Mth

di cHI of onfet hane (3 x 50 ):27bT a?n C
Iayércs re drjed over magnesi unf's tce $ilt ed,
and c entrat®d. The crude product 821 (27 , 989

was used wi thout further purification. Step

The amine salt 53a (31 mg) was dissolved in 5 mL of dry
dichloromethane and cooled to 0 °C. Then, 10 drops of aqueous saturated
sodium bicarbonate solution were added. After 10 min, a solution of the
isocyanate 27b (2.5 eq, 0.8 mL of a 0.2M solution in toluene) was added and
stirring was continued for 10 min. The cooling bath was removed and the
mixture was stirred at room temp for 3 h. The residue was chromatographed
on silica gel (gradient: acetone/hexanes; 1:9 to 4:6) to yield the product 53 (25
mg, 58%) as a white solid. '"H NMR (500 MHz, CDCI3): &, 7.90 (d, 1H, J=8.5
Hz), 7.38 (br s, 1H), 5.9 (ddt, 1H, J=5.6, 10.4, 17.0 Hz), 5.61 (ddd, 1H, J =
1.6, 8.8, 10.4 Hz), 5.27 (dd, 1H, J = 1.26, 17.3 Hz), 5.24 (dd, 1H, J = 1.26,
10.0 Hz), 4.9 (dd, 1H, J = 3.4, 8.8 Hz), 4.53 (s, 1H), 3.94-4.08 (m, 4H), 3.62
(dd, 1H, J= 8.5, 8.8 Hz), 3.56 (m, 1H), 3.47 (dd, 1H, J=4.0, 7.9 Hz), 3.37
(ddd, 1H, J=2.2,7.2,9.4), 3.15(d, 1H, J = 13.5 Hz), 2.4 (m, 1H), 2.24 (m,
1H), 1.95 (m, 1H), 1.85 (m, 1H), 1.27-1.70 (m, 20H), 1.4 (s, 9H), 1.2 (m, 1H),
1.07 (s, 3H), 0.94 (s, 3H), 0.92 (m, 1H); *C NMR (CDCl;, 125 MHz): § 198.0,
172.1,171.0, 159.5, 157.0, 133.3, 117.7, 70.8, 70.5, 61.0, 60.8, 54.9, 53.8,
51.0,48.4,42.2, 36.2, 32.0, 30.5, 28.7, 27.9, 27.2, 27.0, 26.8, 25.9, 24 1,
23.9,23.5,21.9, 21.8, 19.3, 13.4 ppm; HRMS calcd for C3sHgoN50gS [M+H]™:
722.4163, found 722.4193.

Preparative Example 54: Preparation of:
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HHHIlo Ho o 521 52 A solution of hydroxyam de 521
(276 nmg) in 20 nL of dry dichl oronet hane was treated

wowdas/0Bess- Marti n peri odi nane (3 eq, 424 ng). ACEUS2004/031136

reaction mxture was stirr#e® at roomtenperature for
30 min. The m xture was treated wi th aqueous sodi um
thiosul fate solution (20 nL) andl184 aqueous sat urated
sodi um bi carbonate solution (10 m ) and stirred for
10 min. The m xture was extract ed with dichl oronethane
(3 x 20 mM ). The conbi nedkogrganic |ayers were dried
over magnesium sul fate, filxtered, and concentrat ed.

The residue was chromat ogr/apt ed @n liga gel
(gradi ent: acetoQ)e/ hexane 4 Nao -afford the
product 52 (236 , & ite solid. H NVR (500

MHz, CDCl ): /?51 : ), 7.03 (dd,
J = 5.68, 5 99/H), 7§ fddt, | 5.6, 0.0, 7.0
Hz) '5.50 (d, , J 746 (m 1H), 5.28 (dd,
, 0.9, 7.0 Hz .25(d 0.95410.0 Hz), 4.61
ém 1H), 4.51 (s, iH), 3.99 (dt, 2H J = 1.2, 5.6 ),
tepoA(dd, , J = 5.0, 10.8 Hz), 3.83 (d, 1H = 11.0 Hz),
366\(}?{1 2H) 348(dd 24, J = 4.7, 5.6 Hz), .95 (m
NcO47 (s, 9H) .27%1.63 (4n

1H), d, o B = 7.56
12H) , 0.
l’ﬁ\(% 170
'1%'%%/%@. - 7120, 70.8*361.2, 54.
31.4:29.3, 28.7, 27.8 26:8,726.
19.2, 13,2 ppm§3ﬂl—|Rl\/B calcd for CH

f ound 3. 3457.

A solution of amine salt 53a (17 mg) in 2 mL of dry dichloromethane
was treated with solid sodium bicarbonate (3 eq, 8 mg) followed by the
addition of isocyanate 54a (2.5 eq, 0.26 mL of a 0.307M solution in toluene).
The resulting heterogeneous mixture was stirred at room temperature for
approximately 3 h. The mixture was diluted with 50 mL of ethyl acetate and
washed with aqueous 1M HCI (10 mL), and brine (10 mL). The organic layer
was dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was chromatographed on silica gel (gradient:
acetone/hexanes; 2:8 to 1:1) to yield the product 54 (8 mg, 34%) as a white |
solid. '"H NMR (500 MHz, CDCl3): 8, 7.91 (br s, 1H), 7.40 (m, 1H), 6.37 (br s,
1H), 5.91 (ddt, 1H, J = 5.6, 10.4, 17.3 Hz), 5.88 (br s, 1H), 5.62 (dt, 1H, J =
1.26, 9.45 Hz), 5.28 (dd, 1H, J = 1.26, 17.3 Hz), 6.23 (dd, 1H, J = 1.26, 10.4
Hz), 4.92 (ddd, 1H, J = 3.46, 8.5, 8.5 Hz), 4.77 (dd, 1H, J = 4.7, 8.8 Hz), 4.55
(s, 1H), 3.94-4.06 (m, 4H), 3.63 (t, 1H, J = 8.2 Hz), 3.54 (ddd, 1H, J= 3.4, 6.6,
9.7 Hz), 3.47 (m, 1H), 3.38 (m, 1H), 2.09 (ddd, 1H, J=4.4, 7.8, 12.3 Hz), 1.91
(m, 2H), 0.91-1.83 (m, 27H), 1.07 (s, 3H), 0.94 (s, 3H); HRMS calcd for
C3sHssNsO7 [M+H]": 670.4180, found 670.4177.

Preparative Example 55: Preparation of:
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Preparative Exanple 53: Preparation of: Step A g n 52
53a The N-Boc protected am ne 52 (60 ng) was dissol ved

wo m032030790f 4M HCl solution in di oxanes and stPCT/E82084/031136

roomtenperature for 1 h. M7 the volatiles were

-renoved under—reduced pressure and the product was

pl aced185 under hi gh vacuum for 3 h. No further
purification was done for the product 53a (99% . Step
B NCO HOH 27b 53 The amine salt 53a (31 ng) was

di ssolved in 5 m of dry dick|eronmethane and cooled to
0 C. Then, drops of aqueous sa urated sodi um

bi carbonat e sol uti on were added. quterO 10y n, a
sol ution of the isocyanate 2%¥Q @qU\HQN&/rﬁ\\* of a
0. 2M sol uti on ‘Pn/,Q ol ueHe) H/va added and!'stirring was

conti nued f @g th Was renoved and
t he mxture\ |rre roomte for 3 h. The

resi due was chromat g phed 08 sifica gel (gradient:
acetone/ hexanes; :9 to 4:6) t iel d t9Be product 53

, 58% asav\,hltesolld H NVR (500 MHz, CDCl 3):

étep?Ago(d 1H, J = 8.5
W*N =00 G 0 tar

HCIH,N o Y o)
SN \;/J%o
'\o ol o X,
53a 55

A solution of amine salt 53a (17 mg) in 2 mL of dry dichloromethane

7
7N

was treated with solid sodium bicarbonate (3 eq, 8 mg) followed by the
addition of isocyanate 25c¢ (2.5 eq, 0.45 mL of a 0.18M solution in toluene).
The resulting heterogeneous mixture was stirred at room temperature for
approximately 3 h. The mixture was diluted with 50 mL of ethyl acetate and
washed with aq 1M HCI (10 mL), and brine (10 mL). The organic layer was
dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was chromatographed on silica gel (gradient:
acetone/hexanes; 2:8 to 1:1) to yield the product 55 (8 mg, 30%) as a white
solid. HRMS calcd for CagHsNgOsS2 [M+H]: 765.3679, found 765.3687.
Preparative Example 56: Preparation of:

ﬂ?* O\N%

Step A
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Hz), 7.38 (br s, 1H), 5.9 (ddt, , J = 5.6, 10.4, 17.0
Hz), 5.61 (ddd, 1H = 1.6, 8.8, 10.4 Hz), 5.27 (dd, , J

We20588796.7. 3 Hz), 5.24 (dd, J = 1.26, 10.0 HzhCT/WSB04/031136
(dd, , J = 3.4, 8.8 Hz), 4183 (s, 1H), 3.94-4.08 (m
4H), 3.62 (dd, 8.5, 8.8 Hz), 3.56 (m 1H), 3.47 (dd, =
4.0, 7.9 Hz) 3.37 (ddd, 1H, J = 2.2, 7.2, 9.4), 3.15
(d, 1H, J = 13.5 Hz), 2.4 (m 1H), 224(m 1H) 95
(m 1H), 85(m 1H), 27170(m 20H), .4 (s

.2 (m , 1.07 (s 0.94 (s, 3H) 0092(m ; C
NVR , 125 .0, 172.1

157,08, A83. 3, 117.7 70-5—6%. 0, ,
53.8, 5Y.0, 48.4, 20362 2.0, 30’5, , g

27. 2%327 0, 26.8, 25 gi-24 1, 23.9,23.5, 2 9

19. 3A sbiuttbroema 4ldiMet |gt1arfnqae@sld (NIdAich, hM*é& 486g in
722. 4163, found 722.4 . Preparative Exarrp

20y @piapfadWoTHBﬁNam@qu E! @pCaand mwltwrm@smmmne @

f of dr
1 cﬁngﬂﬁg‘t" h%n@eo% \itgi’t‘ﬁﬁtg@f% J‘O \}\A%tgk( W'ﬁ&%@d. um Y
bi caDhmbpyl@&odmartﬁnw@Xe f(Z)lSI em/\ﬂd Dynlt, ldel.027) wasmddéd
|soq anat e of a 0.307M sol utjon

drapwiss aaddhe S e sditionyen @/*e%t@fﬁegaérpe&:g‘\#ﬁrxl%w By
mibktufe Sgcé}he My 8RB&LRINY #akontinued overnight (0 to 25 °C).

The mixture was concentrated under reduced pressure and the residue was
dissolved in 80 mL of ether. Hexanes (100 mL) was added and the
precipitated solids were filtered off. The filtrate was concentrated to half its
volume and hexanes (100 mL) was added again. The solids were filtered off.
The filtrate was concentrated under reduced pressure. The residue was
chromatographed on silica gel (ethyl acetate/hexanes; 2:8) to afford the
-product 56¢ (4.0 g, 51%) as a white solid.

Step B
(o] O
H
N_ O NH,HCI
Lter ——
(o] © O
56¢c 56d
The N-Boc protected amine 56¢ (4.0 g) was dissolved in 200 mL of 4M

HCI solution in dioxanes. The mixture was stirred at room temperature and a
white solid precipitated after 10 min. The mixture was further stirred for 2 h. All

the volatiles were removed under reduced pressure to afford the product 56d
(3.24 g, 98%) as a white solid.

Step C
0 o]
ﬁ NH,HCI ﬂz NCO
‘q/\ 56d ;1 36e

A solution of amine hydrochloride 56d (1.5 g) in 60 mL of
dichloromethane was treated with 50 mL of aqueous saturated sodium

bicarbonate solution and stirred vigorously for 10 min at 0 °C. Stirring was
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approximately 3 h. The m xture was diluted with 50 L
of ethyl acetate and washed with aqueous HCI (10 niL),
wa@easiosi7ae (10 nmL). The organic |ayer was dri eBCDUS2004/031136
magnesi um sul fate, filteretand concentrated under
reduced pressure. The residue was chromat ographed on
silica gel (gradient: acetone/hexanes; 2:8 to : ) to
yield the product 54 (8 ng, 34% as a white solid. H
NVR (500 MHz, CDCl ): d, 7.91 (br s, 1H), 7.40 (m

stbpped @n@ﬁa{(érls werbl'éllom}iadgtb s(eliﬁlifratel Hhésger’ie 615 M. of, 2084 s3In
Hz 5.88 (b 26, 9.45 Hz

ingo n@,)]dvas aq;de_d t{quqgh qﬂegdtqztp thg ozgarqlg&ayer (lg)weria}g;) in

oyl il e T o e o

10 min,atd € 8na flither stirfed gtdddm t&np fcﬁs:?_GS h9THe Iraixtur® whs
Tha Wit 100 L S gicPiprandthab S laydne wereseneiated i hS

mf%a%‘fc I%Zer Wik wadR¥E with 80 rhiobf Eold dﬁu@oh%@lurat&ﬁ&tﬁﬂﬁo

ound 670.4177. Preparative Exanple 55: Preparation
bisartigiats Solstiop andxBedaerssagnesilimt subiates fThendrgenisdayer

waF FbrcPnd Buetfln B8 FuoRECLIE T eai sed (RAEE. 85
Wbb%eﬁldgg:ah?izg)ﬂmi éndmgﬁgmea%ﬁe(rzégule?i ng 45 ot a

ogeneous m xture was stirred at roomtenperature
for appyeoxi mately 3 h. The m xture was dllu@d wi th 50

m of ?LS:( acgt ate a”%«* % J‘\W i

The N-Boc amine 52 (200 mg) was dissolved in 20 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 10 drops
of aqueous saturated sodium bicarbonate solution were added. After 10 min,
a solution of the isocyanate 56e was added dropwise (1.2 eq, 1.97 mL of a
0.216M solution in toluene) and stirring was continued for 10 min. The cooling
bath was removed and the mixture was stirred at room temp for 2 h. The
reaction mixture was diluted with dichloromethane (70 mL) and washed with
aqueous saturated sodium bicarbonate solution (20 mL). The organic layer
was dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was chromatographed on silica gel (gradient:
acetone/hexanes; 15:85 to 55:45) to afford the product 56 (172 mg, 66%) as a
white solid. '"H NMR (400 MHz, CDCls): 8, 7.95 (d, 1H, J = 8.8 Hz), 7.59 (br s,
1H), 5.91 (br s, 1H), 5.84 (ddt, 1H, J=5.8, 10.2, 16.8 Hz), 5.61 (ddd, 1H, J =
1.5, 8.7, 10.2 Hz), 5.21 (dd, 1H, J = 1.4, 17.5 Hz), 5.17 (dd, 1H, J= 1.4, 10.2
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washed with ag 1M HCl (10 nL), and brine (10 nlL). The
organic | ayer was dried over magnesium sul fate,

wo pdos@siEde and concentrated under reduced presseeBUSINE031136
resi due was chromat ogr aphetPoon silica gel (gradient:
acetone/ hexanes; 2:8 to : ) to yield the product 55 (8

, 309%9 as a white solid. HRVE calcd for CHN S

[ MtH] : 765. 3679, found 765.3687. Preparative Exanple
56: Preparation of: 56 Step A188 o 56b 56¢ A sol ution

STEHNY K ) | 10% A6
H2) %1:45&* O?QW%LEH\?\;Ecgzl(ﬁmjtmow(dchgﬁﬁreat ed)

3%\%%99r(ﬂ‘pl%ﬁy3@ﬁ)d§wﬁ"ﬁe3 %4 @, 2HB 207 (3 2hhd/ = 16.8 Hz), 2.43

Ogl éfprgéyq faﬁ: %%K@b :) f@? éﬁgﬁg'(‘}& 155n§)(m a2H()52175)5 (s,

GWSO ardggdami)” omd @egando Bhe(sr@iaw?c mwac(omlemmwmz) s
ture_becane a

1%&@ {28 i1Rg: inég 1c?or1159r§1e1&7o&ﬁem ‘bh‘tﬁ(b %4,2%0 &) 60i'hé¥ 0,
d
R R e e T S At
26.90Q414, 1P.3d3. 2 gded HRMSt(t&iCd)fC&f(ﬂspH&Ne@@ [NbiH]ds7zse4%1
fllt%e%?g The filtrate was concentrated to half
and hexanes (100 m ) was added again. The

PRPdrafve'EXEmbld SBrR@patdtionlere filtrate was
concentrat ed under re uced pressure. The residue was

chr omat ogr aphed on silia gel (ethyl acetate/hexanes;

2:8) to afford the przé«;ciﬂ/%;ﬁ\ﬂ/o g, 51% as a vvhlte
sol i d.

The N-Boc protected amine 52 (101 mg) was dissolved in 10 mL of
formic acid and stirred at room temperature for 1 h. All the volatiles were
removed in rotovap and the residue was chromatographed on silica gel
(gradient: acetone/hexanes; 2:8 to 6:4) to give the formylated product 57 (35
mg, 40%) as a white solid. "H NMR (500 MHz, CDCls) &, 8.24 (s, 1H), 7.35 (d,
1H, J=7.8 Hz), 7.07 (br s, 1H), 6.83 (d, 1H, J = 6.9 Hz), 5.89 (ddt, 1H, J =
5.6, 10.0, 17.0 Hz), 5.47 (m, 1H), 5.28 (dd, 1H, J = 1.2, 17.3 Hz), 5.25 (dd,
1H, J=1.2,10.4 Hz), 4.95 (ddd, 1H, J=3.1, 5.9, 8.5 Hz), 4.51 (s, 1H), 3.99
(m, 2H), 3.92 (dd, 1H, J = 5.3, 11.0 Hz), 3.75 (d, 1H, J = 11.0 Hz), 3.74 (m,
1H), 3.70 (dd, 1H, J = 5.6, 9.1 Hz), 3.48 (m, 2H), 1.96 (m, 1H), 1.77 (d, 1H, J
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Step B NY - 56¢c 56d The N-Boc protected am ne 56¢
(4.0 g) was dissolved in 200 mM _ of 4MHCl solution in

wa@lc@zasEse The m xture was stirred at room t enper/as200€031136

and a white solid precipit#tled after mn. The m xture
was further stirred for 2 h. All the volatiles were
renoved under reduced pressure to afford the product
56d (3.24 g, 98% as a white solid. Step Cp o 56e A
solution of am ne hydrochloride 56d (1.5 g) in 60 L of

=i §MAr pretrang a7 1 &at(@s miH)h1509 @L3eg) cﬁg@@@w) Bc
sat ur at ed sodi um bi carbonate sol ution and stirred

\HSAEDGL M 4 68 0 6 00 dnifae s et 2
7o 00 Y Rty U0R 48 2B A & R p oy b T

20160 23i6; 23%,e19.8) oNer 18 2yspn; HRM® ealed ot ORH IO [M+H]™:
m xture was vigorously stirred i medi ately after
4848 Pofoundrddhi-4884- 0" C and further stirred at room

p} a{, E;a%gggpgéyg\c%wrpoms diluted with 100 m _

oro ayers wer e separated. The
organl c layer was washed with 40 nl of cold aqueous

saturated sodi um bi car bonaté sol ut| @n and dried over
magnesi um sul fate. The ordanic I wet# filtered and
diluted with 60 m of toIHuema ro uct"Ste (1.44 g,

98%) 617

The N-Boc protected amine 52 (80 mg) was dissolved in 5 mL of 4M
HCI soln in dioxanes and stirred at room temperature for 45 min. All the
volatiles were removed under reduced pressure and the residue was placed
under high vacuum for 3 h. The resuiting amine salt was dissolved in 3 mL of
dry dichloromethane and treated with N-methylmorpholine (3 eq, 0.05 mL, d
0.920). The isocyanate 58a was added in solution (2 eq, 3.8 mL of a 0.075M
solution in toluene). The reaction mixture was stirred at room temperature for
about 3 h. The mixture was diluted with ethyl acetate (50 mL) and washed
with aqueous 1M HCI (10 mL), aqueous saturated sodium bicarbonate (10
mL) and brine (10 mL). The organic layer was dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The residue was
chromatographed on silica gel (gradient: acetone/hexanes; 3:7 to 7:3) to
afford the product 58 (16 mg, 16%) as a white solid. '"H NMR (500 MHz,
CDCl,) 6, 8.19-8.39 (br s, 1H), 8.05 (d, 1H, J = 8.5 Hz), 6.22 (br s, 1H), 5.91
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was kept as a 0.21 Msolution in toluene. Step C NCO H
" gr 56e 52 56 The N-Boc am ne 52 (200 ng) was

waik®sosoredd in 20 nL of 4M HCl sol ution in di oxetBES20041631136

resulting solution was stitred at roomtenperature for
30 mn. Al the volatiles were renoved under reduced
pressure and the resi due was placed under hi gh vacuum
for 3 h. The resulting am ne salt was dissolved in 5
nmL of dry dichl oronethane and cooled to 0O C. Then,

(dtdtops, 9& @auwosw@t Hz)aﬁsem (:‘dlﬂlwm.bt oy, bIWI-Q)S@BBt(d otH, J
wer e added. ution of the |soaana

=558 Hasd 3§d€b| 1&)0@@%@% 1H2Jeq1 2,47.01dz(5.20 (i 1HwJ = 1.2,

| t for A0
1074 HE) Aod (e 1HEDER A RO A S I B0y PN ASE R P4
1916 Hzgd. 12 (d,adhterp. T Be), 3. 8:6-41017e(m,e4a|a) 349363 (Me3MR3.38

- ST s ot SR 0
1§If8'e|£+ g agdél ey g 4y 6142)0\2@27 g&%g’nﬁSJu"B 6Uif§tr¢z1)h1 .89-

concentrate under duced pressure

2r(@Es(roluH wds7 thiieanfan ot a O 1 &4 @i 1144, geﬂ3 (syBhl)i @88 (s,

B2 3ot g M Elle PR il {1 BoTrE, 1555

1@@@ 1B37d11773 949 .4,940.8, @oe 558 53)5 51 (5918(3)r4£§1 4@“&35422

34, 36132(7d£&i 8, 3FP 0:2817525 8, 27 61@720 r2£5)9 . 9,12% &d23 5, 311
18: 413 me,H@Rmé -chled 0 CasHINGOL 1h+H19 6854445, found

687.4434.
Preparative Example 59: Preparation of:

@w Ay
fopean

h4 N

N

(A X R

e ﬁﬁpﬁfjj :

The N-Boc amine 52 (56 mg) was dissolved in 10 mL of 4M HCI

solution in dioxanes. The resulting solution was stirred at room temperature

Step A

for 30 min. All the volatiles were removed under reduced pressure and the

residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 15 drops
of aqueous saturated sodium bicarbonate solution were added. After 10 min,

a soln of the isocyanate 59a was added dropwise (1.0 eq) and stirring was
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Hz), 5.1 (br s, 1 H), 4.86 (br s, 1 H, 4.52 (s, 1H),
4.05 (d, , J = 10.2 Hz), 3.80-3.99 (m 6H), 3.50 (m
WQ@b)05/0724 (m 2H) 2.51 (d, 2H, J = 16.8 Hz),PRr/u2004031136

2HJ = 16.8 Hz), 1.88 (m 13H), 1.77 (m 1H),
0.84-1.58 (m 12H) 1.05 (s, 6H), 0.97 (s, 3H), 0.92
(s, 9H), 0.81 (s, 3H); C NWR (CDCI 3, 125 MHz): d
198.6, 172.8, 172.0, 171.2, 159.3, 157.8, 133.4,
117.7, 71.4, 70.8, 60.7, 57.0, 53.5, 48.5, 46.8, 42.2,
céﬁtlrﬁhed%rﬂo it Yhe o'i%hﬁg bafh tas 28moved Bnd the Afixtlre was
4, 26.9, 24.3, 19, ppm HRMS calcd for CHN
sturngaHroom tepfg62 h. Thsuﬁacmmmgl@ wes dijategtwith-ethyl

SFPBIE 4 BN 9B Shiedu TR ) £ 2 e g

mL)oThé @rgaric épjietl wasddridd overdnagnesiom sudfaps fitereccafidr 1
h. Al t evolatlles were renoved .in rotovap and t
cpaeeHAiedadenrestueel RrapHin. bhe Eesiduawgsic W@Pam%ﬁe edon

SRESRIRr ggfé?ggsm&m hg&rﬁas@z .4 & Gy fo %ﬁ&dftﬁé@fbé\%&% (35

pro as a ite’ so
mgmom a)white scsldsz(MS od)cd for %sfdedNeOy IMHT': 8164758,
6.83 (d, , J = 6.9 H), 5.89 (ddt, =
f 'E’7g?67§9 0 HZ), 5.47 (m 1H), 5.28 (dd, J =(.2, 7.3

P"B;)aréh@éE(xéﬁmleJ% Propatitich bfz) 4.95 (ddd, , J = 3.1,
5 Hz), 4.51 (s, 1H), 9 (m 2H 3.92 (dd, , J
= 5 3 .0 ru) 3.75 (d, J = ru) 3.74 (m 1H) 3.70

(dd, 5.6, 9.1 ru) 3.48 (m 96 (u1 1 ro 77 (d,
J191
N

A solution of aldehyde 52j (405 mg) in 15 mL of dry dichloromethane
was treated with cyclopropylisocyanide (Oakwood Prod., 2 eq, 117 mg) and
acetic acid (2 eq, 0.1 mL, d 1.049). The mixture was stirred at room
temperature overnight. All the volatiles were removed under reduced pressure
and the residue was chromatographed on silica gel (gradient:
acetone/hexanes; 1:9 to 1:1) to afford the product 60a (500 mg, 98%) as a
white solid.

'Step B
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= 7.8 Hz), 1.76 (m 1H), 1.27-1.63 (m H), 1.10 (s,
3H), 0.92 (s, 3H); C NMR (CDCl 125 MHz) 196.8, 170.5,

wae®s4307460. 8, 159.3, 133.1, 117.9, 71.3, 70.0pPCBUSIHN4/031136

54.4, 50.8, 48.2, 42.1 32. 04 31.5, 29.4, 28.6, 27.8,
26.7, 26.6, 23.6, 23.5, 19.3, 14.5, 13.2 ppm HRMS
calcd for CHNJ[MH: 491.2870, found 491. 2882.
Preparative Exanple 58: Preparation of: 58 Step A NCO
HHHX58a 52 58 The N-Boc protected am ne 52 (80

ng) was \d,l/ssol |n 5 L of 4M HCl sol n i i oxanes
and stlr d at rcpomterrperaturefor 45 m n—=Al | t he
vol ati | e r mﬂ/ed under reduced pres nd k hel
resi due pI acell unger hi gh vacuum Jom 3 "h TThe W

e 38It was di ssol ved>tg2\EY
dilch ortmeth e and treated with N yl Ry

eq, 0.05%L,[ d 0.€80). The isocyanate 58a s addedgokn
sol ution eq, 3.8 nL of a 0.075M solution

t ol uaN@utioh8f &4&a61c G0a (BOU Mﬁ?mﬂ%nﬁl bf & 9%H - AtmixRREf
tenperature for about e mxture was dil uted

TR/ e&HHwat%rm&tr@a(@wmjith hydshddie manehydrate 2. oHg), 86

0] ra e i i opat.

e B8 3By B A Rt BN gl g
conRgnasd lamdﬁﬂénfnahed byi Tit@ aadlyaind ety aestatérhedaney] @:4). The

reduced. pressure, The residue was
reaction mixture was diluted with 30 mL of aqueous saturated sodium
bicarbonate solution and extracted with dichloromethane (3 x 50 mL). The
combined organic layers were dried over magnesium sulfate, filtered and
concentrated to afford the crude product 60b (464 mg, 98%) as a colorless
semi-solid which was used without further purification.

Step C

\{ OH
>(°ﬁ;“?jfﬁw — 7y QY

o ~o

§0b 60c

A solution of hydroxyamide 60b (0.824 mmol) in 20 mL of dry
dichloromethane was treated with Dess-Martin periodinane (2.0 eq, 698 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (15 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate solution (20 mL) was also
added and stirring was continued for further 10 min. The mixture was
extracted with dichloromethane (3 x 50 mL). The combined organic layers
were dried over magnesium sulfate, filtered, and concentrated. The residue
was chromatographed on silica gel (gradient: acetone/hexanes; 5:95 to 35:65)
to afford the product 60¢ (333 mg, 72%) as white solid.

Step D
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chr omat ogr aphed on silica gel (gradient:

acet one/ hexanes; 3:7 to 7:3) to afford the product 58
W@ 1®5/08)7966%9 as a white solid. H NVR (500 MHzPC1ZD€4004/031136

d, 8.19-8.39 (br s 1H, 8.05 (d, , J = 8.5 Hz), 6.22

(br 1H), 5.91192 (ddt, , = 5.6, 10.0, 17.0 Hz), 5.71

(dd, J = 9.4, 10.0 Hz), 5. 3 (d, , J =9.4 Hz), 5.28

(m 1H), 5.26 (dd, J = .2, 7.0 Hz), 5.20 (dd, , J =
4.96 (ddd = 4.0, 9.4, 9.4 Hz), 4.60 (s,
, 4.12 (d, 1HJ =10.7
63 (m 3H), 3538 (dd,o,
3.6 (m 1
RE N "N

ol. 87
3
2

ZT

id
00\8

171. 8,'171. 3, 59. é, 158.2, 133.7, 17.3, 71.4, .8,
60.6, 55.7, 53.5, 51.0, 48.3, 48.1 , 46.5, 42.2, 34.3,
32. 7Thg N-Bocamioe 62g.(70 rag) ®as disselvedind 0 me oh AN

sien i dotangs The diuings i SRE) 571 ipfil
fdv B0 Mire pArtae voratitds weke &redved Whdér redo&sd prbsslrelnd the

N-Boc amne 52 (56 ng) was dissolved_in 10 L of 4M HC
residue was placed under high vacuum overnight. The resulting amine salt
was dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 20
drops of aqueous saturated sodium bicarbonate solution were added followed
by a solution of the isocyanate 56e (1.3 eq, 0.7 mL of a 0.241M solution in
toluene) and stirring was continued for 10 min. The cooling bath was removed
and the mixture was stirred at room temp for 2 h. The reaction mixture was
diluted with dichloromethane (50 mL) and washed with aqueous saturated
sodium bicarbonate solution (10 mL). The organic layer was dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The
residue was chromatographed on silica gel (gradient: acetone/hexanes; 2:8 to
55:45) to afford the product 60 (70 mg, 77%) as a white solid. "H NMR (500
MHz, CDCl3): 6§ 7.95 (br s, 1H), 7.56 (br s, 1H), 5.86 (br s, 1H), 5.65 (t, 1H, J =
8.8 Hz), 5.09 (br s, 1H), 4.91 (br s, 1H), 4.56 (s, 1H), 4.07 (d, 1H, J=10.4
Hz), 3.98 (dd, 1H, J =5.0, 10.7 Hz), 3.91 (m, 3H), 3.54 (m, 2H), 3.34 (m, 2H),
2.88 (ddd, 1H,J=3.7,7.5,15.1 Hz), 2.56 (d, 2H, J = 16.7 Hz), 2.50 (d, 2H, J
=16.7 Hz), 1.94 (m, 1H), 0.87-1.76 (m, 15H), 1.11 (s, 6H), 1.03 (s, 3H), 0.97
(s, 9H), 0.86 (s, 3H), 0.70 (m, 2H); 3C NMR (CDCls, 125 MHz) 6 198.0,
172.9,172.0,171.2, 160.8, 157.7, 71.5, 70.8, 60.7, 56.9, 563.4, 51.1, 48.4,
46.8, 39.9, 34.9, 32.1, 30.8, 29.4, 28.7, 28.1, 27.7, 27.5, 26.9, 26.8, 24 4,
23.0, 19.2, 13.5, 6.8, 6.7 ppm. HRMS calcd for C3gHg1NsOg [M+H]": 729.4551,
found 729.4558.

Preparative Example 61: Preparation of:
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solution in dioxanes. The resulting solution was
stirred at roomtenperature for 30 mn. Al the
woeloansd7es were renoved under reduced pressur ePEnUS100€031136
resi due was placed under high vacuum for 3 h. The
resulting amne salt was dissolved in 5 nL of dry
di chl or onet hane and cooled to O C. Then, 15 drops of
aqueous saturated sodi um bi carbonate sol ution were
added. After 10 min, a soln of the isocyanate 59a was
added dropwise ( .0 eq) and\sj/frri ng was193 conti nued
for mn. The cooling bath was™renoved and the m xture

was stirred at roomtenp for/ 2\h. whefir eacti on ni xt ure

was diluted witlP ethyl aceta mwlashed

wi t h aqueous (10 it ) Hand| brne >(105m The
veY ﬁ@g

organi c | ay was dri negl um sul f at e,
filtered and/ cencent t@d urder reduced pressure. The
resi due was chromat ogr aphed siflica gel (gradient:
acet one/ hexanes; 2:8 to 6:4) ffor& the product 59
35rrg 50% asav\,hltesolld HRMS calcd for CHN O

: 7 5.4758, found 715.4739. Preparative Exanpl e
60 Prépérati on of: 60 Step A 60a A solution of

al dehydey 52, (405, o) _of dry dichloro hane o
vvas tr M( cl oﬁ%ﬁ)msfrocyam de (Oak
@\%N nd faceVi ¢’ aci d'\¢2 ,

te(was stirred afaroo er tl]]/e rnlght
| Ot heovol til es were removed un er u‘éed\gre ure
6 61
and the i due~was chromat ogr aphed on 'silica I =

(gradi ent:
The N-Boc amine 60c¢ (56 mg) was dissolved in 10 mL of 4M HCI

solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 20 drops
of aqueous saturated sodium bicarbonate solution were added followed by a
soln of the isocyanate 59a in toluene (1.3 eq) and stirring was continued for
10 min. The cooling bath was removed and the mixture was stirred at room
temp for 2 h. The reaction mixture was diluted with dichloromethane (60 mL)
and washed with aqueous saturated sodium bicarbonate solution (20 mL).
The organic layer was dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on
silica gel (gradient: acetone/hexanes; 2:8 to 6:4) to afford the product 61 (52
mg, 73%) as a white solid. *H NMR (500 MHz, CDCl,): 6 8.30-8.53 (br s, 1H),
8.15(d, 1H, J=8.8 Hz), 6.13 (br s, 1H), 5.74 (dd, 1H, J = 8.8, 9.7 Hz), 5.38
(d, 1H, J = 9.1 Hz), 4.96 (br s, 1H), 4.59 (s, 1H), 4.35 (dd, 1H, J = 12.9, 12.9
Hz), 4.10 (d, 1H, J = 10.4 Hz), 4.01 (dd, 1H, J = 5.0, 10.4 Hz), 3.94 (m, 1H),
3.56 (m, 2H), 3.50 (dd, 1H, J = 8.5, 8.8 Hz), 3.31 (m, 2H), 3.17 (ddd, 1H, J =
5.6, 6.0, 12.3 Hz), 2.91 (ddd, 1H, J=4.0, 7.8, 15.4 Hz), 2.67 (dd, 1H, J = 3.4,
13.5 Hz), 2.17 (d, 1H, J=17.0 Hz), 2.10 (d, 1H, J = 17.0 Hz), 1.94 (m, 3H),
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acetone/ hexanes; :9 to : ) to afford the product 60a

(500 ng, 98% as a white solid. Step B194 60a 60b A
waelanswm of acetate 60a (500 ng) in 15 nl of BCTWUI2084/031136

m xture of THF/ MeOH water ¥ds treated with |ithium

hydr oxi de nonohydrate (2.5 eq, 86 ng) and stirred for

approx. 30 mn until all the starting material had

been consunmed as deternm ned by TLC anal ysis (ethyl

acet at e/ hexanes; 6:4). The reaction m xture was

10'24 vtmoknv\ﬂﬁz‘ﬂﬁ@ 14 (m, OfHﬁqtmpwsﬂ?Wbét §d3ﬁpd|' &"(s, 3H), 0.91

bi car bonat e sol uti on and extract éd

(5319 Br89(st BHNED.84 (m, 261)nl.¥3 (rrhél-ljorﬁﬁi NMR (CG&h, 425 MHz)

s R e {a T T I RN 00D 3 B Bocbip Few a2

4@83%45&)3 . 8U06] 363, 361 28Q, g AMD7CH 2y 280271t he W,
further purification. Ste C OH'60b A sol ution of

26:%d 288, 4 62%62019.0. 834, ﬁﬁbﬂ’Bml HRMS eelcsk for CpsHeaNsO7
d th De Mar t
[@eﬁﬁozﬁﬁgﬁgga@%ﬁ‘%%@ o The rZthl :)nI nm xture was

Pséparatice Ekarrrpdmﬁ?elﬁ:waaétwheoﬁ or 30 min. The mixture
was treated with aqueous SO{Z{methi osul fate sol ution
(15 nL) and stirred for 5 nM).  Aqueous sat ur at ed

sodi um bi carbonate solutio 20 @L\)/Dmg[; al so added and

stirring was continued for{f @l _NThe m xture

was extracted wth dwhl,np\/t nei(3Jk 5 ). The
conbi ned org 0

/\\

o

Z
zx
}0
<(ZI
o\\ :
X
o=(§’Z
Oy >
z
zT
}O
zT

The N-Boc amine 60c (60 mg) was dissolved in 10 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 20 drops
of aqueous saturated sodium bicarbonate solution were added followed 5y a
soln of the isocyanate 27b in toluene (1.2 eq) and stirring was continued for
10 min. The cooling bath was removed and the mixture was stirred at room
temp for 2 h. The reaction mixture was diluted with dichloromethane (60 mL)
and washed with aqueous saturated sodium bicarbonate solution (20 mL).
The organic layer was dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on

silica gel (gradient: acetone/hexanes; 2:8 to 6:4) to afford the product 62 (65
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were dried over magnesiumsulfate, filtered, and
concentrated. The residue was chronmat ographed on

waedosoz7gel (gradi ent: acetone/ hexanes; 5:95 tPCBESHBY/031136

to afford the product 60c (833 ng, 72% as white
solid. Step D195 HIl HHJi g - H H 56e 60c 60 The
N-Boc am ne 60c (70 ng) was dissolved in 10 L of 4M
HCl solution in dioxanes. The resulting solution was
stirred at roomtenperature for 30 mn. Al the

gla%to | £ a Wi @DVﬁNMPﬁ(S Y CEBOM)ES T zﬁ daﬁﬁ]t.IhEB 2
ue was p ace under | vacuum over ni g
Hzesnlzm(ngs atiNG. BRB02bs sd'ﬂbl$cﬂ §Bddda B4 =af9,8.2, 8.5 Hz),

s e T 4 BB T 28 8 e Gont 81 9B a7, 3.62
e e e LI
44,81 |Hzg 3\/38 (opriH)n3d8 (Mo H1d =15 HAe2 E6oldddg1HavIF 3.8,

A R Lo e 2 aadbuiid S pHA 1 85m,
1114)Chf79r1089t(ﬁ1aae1)(Morvs)grapd wsfvteﬂ(mw 16‘HPCIL®D(I‘9‘ 1H) 1.06
saturated so nate sol ut

(Srdan 03 (&yéH)m&&Hm é’éﬂ)o‘}ép ﬁ‘aé}h@su lQmNMR (Gb@ls 125 MHz)
5178 £fb. G”Wﬁﬁn?&?‘br %29 ?'G%e?orqe%‘ict?%qoé% 9.5, 7T§‘?1

resi due Wa's phéd oh Si radi
A8 3R /3 B ES; 28?.782?19 233.242P.9, 2628 fZBﬂ 2416 BB@dQBtS

0 (70 mg, 779 i lid. HNWR (500 MHz, CDCI

2)63:0752179@'-%’ }9@ ﬁ“ﬁ@\wﬁ Sf(c)“b:r s, 1H, (5 86 (br s, 1
: 28 b 1 H, 4.91 (br s,

F’f@%r?*'ﬁ?%‘az"s@%?@aﬁ@ﬁjj 320 (brs

= H o :

N \/U\[]/\/\
\\// \[(N o S 0
/I . 83

H 0\\ &
N.__O
HoN
T jpr iy
63a
A solution of amine 63a (2.0 g) in 100 mL of dry dichloromethane was

cooled to 0 °C and treated with pyridine (3.0 eq, 2.24 mL, d 0.978) and
ethanesulfonyl chloride (1.2 eq, 1.05 mL, d 1.357). The resulting yellow

Step A

120

homogeneous solution was stirred overnight (temp 0 to 25 °C). The mixture
was diluted with 200 mL of ether and washed with aqueous 1M HCI (100 mL)
and brine (100 mL). The organic layer was dried over magnesium sulfate,
filtered and concentrated. The residue was chromatographed on silica gel
(gradient: dichloromethane to ethyl acetate/dichloromethane 3:7) to afford the
product 63b (850 mg, 30%) as a white solid.

Step B
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Hz), 3.98 (dd, H J = 5.0, 10.7 Hz), 3.91 (m 3H),
3.54 (m 2H), 3.34 (m 2H), 2.88 (ddd, , J = 3.7, 7.5,
wa B8y 2.56 (d, 2H, J = 16.7 Hz), 2.50 (d,PCHPSD0£031136
16.7 Hz), 1.94 (m 1H), 0.8P-1.76 (m 15H), 1.11 (s,
- 6H), 1.03 (s, 3H), 0.97 (s, 9H), 0.86 (s, 3H), 0.70
(m 2H); CNWR (CDCl , 125 MHz) d 198.0, 172.9, 172.0,
171.2, 160.8, 157.7, 71.5, 70.8, 60.7, 56.9, 53.4,
51.1, 48.4, 46.8, 39.9, 34.9, 32.1 , 30.8, 29.4, 28.7,
28. 1 02707 27.5, 26.9, 26.8, 24. 4,0\\2,330 wz 13. 5,

6.8, € _Kp cd for CH N 7“23( ,
f ound 729H45 @%at iveExanpl e 6 : E;gga
of : 196 61 S Oc 61 The N-Boc amn C é36 ng)
was di ssol ved |n EQQL of 4M HCl solution in di oX3nes.

The ég%llﬂt dnn(%l (ftﬂ%lg Mie 6°§H 9};"{ Q@M%@rrﬁﬁngs

f or vo atlles

treatddogith peaema?bandtet(Be(l) eqs2. (74@ \mmi IpFaﬂﬂthalﬂij@'O bqgg .51
vacuu e resultin e salt was 0

mia S8 Bb0 ST g aetan Mot Ra S af dor aoprmeiely £h TLE

aﬁénggns §9etehem°exg§ Ogisfgﬁovséa EHéitaﬂQhé%@éert; PhABFRIONRS Been

ution were a [ owed a soln he
corsarpedchathe sddutenwas dileted with etrwq?cemtﬁ 6300 mLpgndaeashed
nti,nu r mn, The oI' h was renmoved an
witf Wasft CEx 58mE) g PPZe (DR a0 itk SRR SRS Y8 Wied
oVErahyREsilim<difate, ierél | aticesbrideh trati Cih @sraeEL bed presslre to
and washed wi t h aqueous saturated sodi um

aﬁo%ﬂa@hgcﬂﬁg@@ctﬁq@ﬁgﬁng 297 %) ps a white solid. No further purification
was carried out for the product.

Step C

\\ // NP

\“/ \,< \/s\’il NH,HCI
63d

The N-Boc protected amine 63c (850 mg) was dissolved in 100 mL of
4M HCI solution in dioxanes. The resulting solution was stirred at room
temperature until all the starting material had been consumed as determined
by TLC (acetone/hexanes; 2:8). All the volatiles were removed under reduced
pressure and the residue was placed under high vacuum to afford the product
63d (680 mg, 98%).

Step D

Q. 0 Q. 0

S o NHHC S NCO
| .
63 | 63

A solution of amine hydrochloride 63d (2.636 mmol) in 40 mL of
dichloromethane was treated with 40 mL of aqueous saturated sodium
bicarbonate solution and stirred vigorously for 10 min at 0 °C. Stirring was
stopped and layers were allowed to separate. Phosgene (10 mL of 20% soln
in toluene) was added through a needle to the organic layer (lower layer) in

one portion. The mixture was vigorously stirred immediately after addition for
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WO e®sadsEIsnas chr omat ogr aphed on silica gel

The organic | ayer was dried over magnesium sul fate,

filtered and concentrated under reduced pressure. The

( gr eii/es1004/031136

acetone/ hexanes; 2:8 to 6:200 to afford the product 61

(52 mg, 73% as a white solid. H NWR (500 vHz, CDCl ):

d 8.30-8.53 (br s, 1H), 8.1 5 (d, 1H, J = 8.8 Hz),

6 13 (br s, 1H), 5.74 (dd, 1H, J =8.8, 9.7 Hz), 5.38
1H, J = 9.1 Hz), 4.96 (br s, 1H), 4.59 (s, 1H,

1§|Zn§'lﬁ a(t‘{')d"C % fl}rth'er]s%ﬂ%d élt%ogmﬂé HB ﬁ)r&OS ﬁd?' niiﬁ;uréglaé(s
d4uted:wm 10() Bl ()fgmchlprolneihané ansl ISyeiz)wer:e sspafated2Fhe
ofgapic (A5 ek vipshef wih 89 iy §F el Feliests Saykatet pdiom-

b%aﬂt?or{a‘f'e sé‘dtloﬁ a?d](?rléli_ qVé{Omggﬂ&ldrﬁD sulthe S ) h(e c;raaﬂlch'é}er
wasdllte @ a(ml-ghe filtrete wes diufed \g.]tm@o (rgL oth)Iuer[ﬁ Q’he(rgroduct 63e

g o8 gy B e T

(the8ofutionlcohtaind aBoub® nil. obdichloraBethandy. 2, 46. 3, 45.0,
35.8, 34.6, 31.7, 30.3, 28.8, 28.7, 27.8, 27.7, 27.6,
B 26.9, 26.8, 24.8, 24.7, 23.2, 19.1, 13.4, 6.4
ppm HRNB calcd for CHN[MH : 7 5.4758, f\pund
715. 4768: Pr r epar at i \fe Ex>a,erp| e 62 Preparati og-~of : 62

Step ALH w@g}; N2 1 o o e Ql\[r“\)'

XT”JQ sae Vjpr\:}(;

The N-Boc amine 52 (60 mg) was dissolved in 10 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 10 drops
of aqueous saturated sodium bicarbonate solution were added. After 10 min,
a soln of the isocyanate 63e was added dropwise (1.2 eq, 0.97 mL of a
0.131M solution in toluene) and stirring was continued for 10 min. The cooling
bath was removed and the mixture was stirred at room temp for 2 h. The
reaction mixture was diluted with dichloromethane (70 mL) and washed with
aqueous saturated sodium bicarbonate solution (20 mL). The organic layer
was dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was chromatographed on silica gel (gradient:
acetone/hexanes; 2:8 to 6:4) to afford the product 63 (49 mg, 65%) as a white
solid. "H NMR (500 MHz, CDCl3): & 8.04 (d, 1H, J = 8.5 Hz), 7.52 (br s, 1H),
6.04 (br s, 1H), 5.89 (ddt, 1H, J = 5.6, 10.4, 17.0 Hz), 5.65 (dd, 1H, J = 8.8,
10.4 Hz), 5.26 (dd, 1H, J=1.2, 17.0 Hz), 56.22 (dd, 1H, J = 1.2, 10.0 Hz), 5.17
(d, 1H, J=10.0 Hz), 4.99 (br s, 1H), 4.61 (s, 1H), 4.19 (d, 1H, J = 10.7 Hz),
4.02 (m, 2H), 3.95 (m, 2H), 3.60 (dd, 1H, J = 8.1, 9.1 Hz), 3.54 (m, 1H), 3.49
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The N-Boc am ne 60c (60 ng) was dissolved in 10 L of

AM HCI solution in dioxanes. The resulting solution
wWoR®388G79¢ ed at room tenperature for 30 min. APCT/UR®O4/031136

vol atil es were renoved und2an reduced pressure and the

resi due was placed under high vacuumfor 3 h. The

resulting amne salt was dissolved in 5 nL of dry

di chl oronet hane and cooled to 0 C. Then, 20 drops of

aqueous saturated sodiun1bicarbonate sol ution were

(@dﬂ?eneﬂi)(}g@g gltq?rﬁn{mmls@g ??ﬁ ?d&?gsr’igjnﬂhtgs
(MheHobBS i ot W&st)sriDZ/kdgﬁi’n(dn t HH)yitxt@utre, Welk 1.03 (s,
01 0b2ds prh WL P brelc SR (58Ck T25 PGS B b FE3,

12432949 S ALY AUSS. @oﬂlwm tarhened 7, 58! 1tERH 5(12@ 506,
The 'organic |ayer was dried over 2g@@g‘{nea um sul f at'e,
¢

48i4, t4§r83d42a21084: nd4ht Ba0ed0hds 7, 3 pR 68526 8. 2413

2 B Ve e RUAPRALY R Cubbaf PR M EG a5

fduRil P81 .493385% as a white solid. H NVR (500 MHz, CDCI
P): d 7.84 (d, , J =8.2 Hz), 7.28 (br s 1H), 5.73-6.02
repargtive frxample; 64 Beaparation of: 9 g 2 8.5 Hz), 5.22
(br s, 1H), 4.88 (dd, , J =374, 8.5 Hz), 4.51 (s,
1H),4.01(m 3H), 3.62 (dd,s= 8.5, 85Hz) 3.55

(ddd, = 3.7, 6. 3 9.7 Hz), 8 (dd, J Jy=4.0, 8.1
N i3Jg“HE 86 (ddd,
2.24

Hz), 3. .38 (m , 3.18 (d
J = 3.8, 7 qu 4.8 k) H2 1

(d, , J=.6 qp 21, 8§(n1 4w 1. 40
(s, 9H), 1. 28 1 70 6FD\~ 21 (m ) 1.06 (s, 3H)
0.93 (s, 3H), 0.917 . ; C NMR (CDCl
, 125 MHz) d 197.9, 172 o "1r.0, 160.% 157.0, 70.8,
ggj , 61.0, 60.8, 54.9, 53.7, 51.1 48.4, 36.2, 32.0,
S 28.7, 27.9, 27.2, 26.9, 26.8, 25.9, 24.1 , 23.8,

\ a
>T'7f ?\/fj/ S 1/:¥;1f i?::fj/

The N-Boc amine 60c (60 mg) was dissolved in 10 mL of 4M HCI

solution in dioxanes. The resulting solution was stirred at room temperature

23.5

for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 10 drops
of aqueous saturated sodium bicarbonate solution were added. After 10 min,
a soln of the isocyanate 63e was added dropwise (1.2 eq, 0.97 mL of a
0.131M solution in toluene) and stirring was continued for 10 min. The cooling
bath was removed and the mixture was stirred at room temp for 2 h. The
reaction mixture was diluted with dichloromethane (70 mL) and washed with
aqueous saturated sodium bicarbonate solution (20 mL). The organic layer

was dried over magnesium sulfate, filtered and concentrated under reduced



10

15

20

25

23.0, 21.9, 21.8, 19.3, 13.4, 6.9, 6.8 ppm
Preparative Exanple 63: Preparation of: Step A 63b A

wa@edanswm of am ne 63a (2.0 g) in 100 m _ of dpPgT/US2004/031136

di chl or onet hane was cool ed2®20 0 C and treated with
pyridine (3.0 eq, 2.24 m , d 0.978) and

et hanesul fonyl chloride ( .2 eq, .05 nL, d .357). The
resulting yell ow honmogeneous solution was stirred
overnight (tenp 0 to 25 C). The mi xture was dil uted

p‘f‘ééﬁr@%é‘?eé?(ﬁu@%@rch%}ﬁa ASbdbh Quln@ggj@@ab@ht (100

and brine (1 . organi c dried
acetonefeepareis| 2180l G:4) to, affard ttee poduad 64((62 ang,r82%y as Bhwhite

st bR TRGRLATED RGP SaBloEh ol AR ARt AR oy 10

(bps afmplscbs {lﬂ m—pd/ues 863b 7( 832 5121 (BOMA, ﬁs 738 W) L2200 (dd,

solid 63c A solutio

B 37 Coh ki) G585 11408 B0 (T @vr-mwznd 07 (d.vidb J =
5.0 28l 3 93383 1T 95'LD ey a3 Bk, Ay 8 4B (i, =

1126 Hit), €3 4@ g t l-w@agf(m 184)p3.0%i (qp2k| Y =47.8.HF)8.06 (m, 1H),

EP5I 4D, BACei0an. Fcy Bebh H8ndimaarT b 1o kit aHIeb34 (.
Phrer TR FG 1 BEETE LI il TPP I Z0 0 Sho
0.89 &3, 31\719)50(&7 (@l 2H), 0.69 (m, 2H); 3C NMR (CDCI3, 125 MHz) 6 198.9,
172.3,171.4, 160.9, 158.0, 71.0, 70.6, 60.6, 53.2, 50.9, 50.6, 48.4, 45.9, 34.8,
34.5,32.1,31.1,28.7, 27.8, 27.5, 27.0, 26.9, 24 4, 23.0, 19.2, 13.6, 8.6, 6.7
ppm; HRMS calcd for C34HsoNgOsS [M+1]*: 711.4115, found 711.4133.
Preparative Example 65: Preparation of:

\/
(0]
H
Step A

(0] H Q

HCIH,N,, o _N,

: OMe —_— ‘ OMe

ﬁ T ﬁ
OH OH

65a 65b

A solution of (S)-allo-threonine-OMe hydrochloride 65a (Chem-Impex,
5 g) in dry dichloromethane (150 mL) was cooled to 0 °C and treated with di-
tert-butyldicarbonate (1.1 eq, 7.0 g) in 50 mL of dry dichloromethane. N-
methylmorpholine (2.5 eq, 8.1 mL, d 0.920) was added dropwise and the
mixture was stirred for 30 min. The cooling bath was removed and the mixture
was stirred for further 3 h. The mixture was concentrated to one third of its
volume and then diluted with ethyl acetate (300 mL) and washed with
aqueous 1M HCI (100 mL), aqueous saturated sodium bicarbonate (80 mL)
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over magnesium sulfate, filtered, and concentrated
under reduced pressure to afford the product 63c (860

woros03Pe as a white solid. No further purifi cBtT/OR008631136
carried out for the produc2i3 Step C The N Boc
protected am ne 63c (850 ng) was dissolved in 100 m _
of 4M HCI solution in dioxanes. The resulting solution
was stirred at roomtenperature until all the starting
materi al had been consuned as determ ned by TLC

aha WRineNBO XA ordadit lay¥rlwdd\@rid@baéd agnusium s@rswed
under reduced pressure and the residue was Elace

fiteredrand epnoendiated vederfredueed peessuritecaff@edne gsodugs 65b
3e A sol ut f
(B aran LebaBSofse ol in oL of

St Bl or onet hane was treated with 40 nL of aqueous
sat urat ed sodi um bi car bonate solution and stirred
vigorously fpr nat O C Stirring was stople and

| ayer L[h/l\aJ to separate. Phos Hﬁ

20% s’%ﬁal | ue was added t hrough ed e to the
organic | &y bower [ ayer) in one portl on.

m xture wasesyi gorously stirred i mmediatel y ftet\/

addition for200 min at 0 C and further strr‘red at room
t enp Af soluttrbohBod-halior khnn©OdengSb ¢6.8Big)énl 260 trhl D0 dnnT df was

BRSS! BB S SRTERI colinfb B
APAILYE 1.022). A catalytic amount of tetrakis(triphenylphosphine)palladium
(0.02 mol%, 673 mg) was added. The slightly yellow mixture was degassed
again and heated at 60 °C for about 3 h until TLC analysis (acetone/hexanes;
2:8) showed no more starting material left (reaction mixture became brown).
The mixture was concentrated under reduced pressure and the residue was
chromatographed on silica gel (ethyl acetate/hexanes; 1:9) to afford the
product 65¢ (5.72 g, 72%) as a colorless oil.

Step C
0 o
o _N i
%/ N Tome >ro\n/N"' OH
© 0 © 0
NP2 L~

A solution of methyl ester 65¢ (1.45 g) in 250 mL of a 4:2:1 mixture of
THF/water/MeOH was cooled to 0 °C and treated with lithium hydroxide
monohydrate (2.5 eq, 2.19 mg). The cooling bath was removed after 30 min
and the mixture was stirred at room temp for further 4 h until all the starting
material had been consumed as determined by TLC analysis
(acetone/hexanes; 15:85). The reaction mixture was treated with 200 mL of
aqueous 1M HCI (pH of mixture = 1) and the product was taken into
dichloromethane (4 x 100 mL). The combined organic extracts were dried

over magnesium sulfate, filtered and concentrated under reduced pressure to



bi car bonate sol ution and dried over magnesi um sul f at e.

The organic layer was filtered and the filtrate was
waledoamadosm t h 50 nL of toluene. The product 63BCT/652004/031136

ng, 98% was concentrated 2add kept as a 0.1 solution

in toluene (the solution contains about 2 nL of

di chl oronethane). Step E 52 \ 63 The N-Boc am ne 52

(60 my) was dissolved in 10 nL of 4M HCl solution in

di oxanes. The resulting solution was stirred at room
afferP@eairddact! Mo faRnh8t purifiadtioh Wasy ardiet| % fovahe predtumeshd

under reduced pressure and the residue was pl aced
(uAder 9MBfigh vacuum for 3 h. The resulting am ne salt

Sﬁ%§ di ssolved in 5 nL of dry dichl oronmethane and

oPed to O C. Then, drops of aqueous saturated sodi um
bi carbonate sol uti on wera/added. After nin, ol n of
the i socyanate 63e was agded dropwise ( .2 eg™ 0.97 nmL

of a 0.1 solution in tol oMgnd stirring S
continued for 710 mi n. Yhed cgoling bath was r OMAad
t he “gj R, ogtirred aidroomte ffgr h. | Th
rea%/onorrix ure was dituted—wrth g%ﬁ e (70
nm.) and waghed wi th aqueous saturated sagliu

bi car bonat.e SW on (20 nL). The organic ay@as
dried o magnesi um sul fate, filteredsand =

RS RseY B  L  HHSoHne
SRASUONRLOTIEEN 4o se8 b (ol i e 8
13.18.9)4 The ,aming saltix) (1.7 e§25 (16rg)swad ahided faldowedr bys N-

meyigariipie (e, g7y g 0 Hf). FhioTpHgton Bigldrg s stigz
olétightHAll thervdlaflles Wbr8 réfbve8 uhder vacuum and the residue was

10  dissolved in 500 mL of ethyl acetate. The organic layer was washed with

water (200 mL), aqueous 1M HCI (100 mL), aqueous saturated sodium
bicarbonate solution (100 mL), and brine (100 mL). The organic layer was
dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was chromatographed on silica gel (ethyl

15  acetate/hexanes; 2:8) to give the product 65e (7.6 g, 88%) as a colorless oil
along with a small amount of its corresponding diastereomeric product.
Step E

N N

OMe OH
>(o\n/ N, o o >|/O\n/ N, o 0]
o) 0o
(0] (0]

A solution of methylester 65e (7.6 g) in 300 mL of a 2:1 mixture of
20 THF/water was cooled to 0 °C and treated with lithium hydroxide monohydrate
(2.5 eq, 1.93 mg). The cooling bath was removed after 30 min and the mixture
was stirred at room temp for further 4 h until all the starting material had been
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W@ 2@8/080d0g J

(d, 1H, J = 10.0
=1

Hz), 4.99 (br s, 1H), 4.61 (s, 1H),
4.19 (d, , J 7
1,

0.7 Hz), 4.02 (m 2H), 3.95 (m 2H),
= 8.1, 9.

, 1.9 Hz), 3.44 (m 1H), 3282 (m H), 3.07 (m 3H)),
2.94 (s, 3H) 1.93 (m 1H), 1.35 (t, 3H J = 7.5 Hz),
1.27-1.62 (m 15H), 1.16 (m 1H) 1.03 (s, 3H), 0.92
(s, 9H), 0.91 (s, 3H); C NWR (CDCl , 125 MHz) d,
198.6, 172.3, 171.3, 159.4, 1 58.0, 133.4, 117.6,

cir%%e%%sgfet%ﬁmﬁed gg Tg_C %ﬁalgmsg%tf&l aggtaﬁa/h%garf‘es gg 7%

Thé réactivh 1iBjxt@4. \Ras freated wigh ng gan obggmecb;FWB\/lddCb(pH oi'
Mt C 7,.41 epar

it J) el e gyt vt RSN 0 SRR 00 k)

TEB Q:oh‘ldﬁ‘?@d BFgdMc éﬁ?fad@QIeﬁ@Hrﬂé@%v@k né8flinh Buftftel filkdred

solution in dioxanes. The resulti ng sol ut| on
amﬂ@oscemtraiad amndeorducefpressuiedo afordthenpredupy 65% (686 g,

(] ved under reduced pressure and the
9#2‘??3 ég@gﬁg%ﬁ’egél d under high vacuumfor 3 h. The
StsBl ting am ne salt was dissolved in 5 rrL of dry

di chl oronet hane and cooled to 0 C. Then, d\Pps of
aqueous \sét ur at ed SOdI um bl&&f bonat e sol ut| onwer e
added. er mn, 0
T—NOH HS‘N\)l\OEt N N -
N e~ 1 H :

OEt
H
>(O\"/NIg° 0 >|,0TN;E§0 E/
o) (o}
o O
o o 650 H S

A solution of acid 65f (6.86 g) in 100 mL of dry dichloromethane and
100 mL of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 9.23
g)- The amine salt 1f (1.1 eq, 4.21 g) was added in 100 mL of
dichloromethane followed by addition of N-methylmorpholine (4 eq, 7.6 mL, d
0.920). The reaction mixture was stirred at 0 °C overnight. All the volatiles
were removed under vacuum and the residue was dissolved in 500 mL of
ethyl acetate. The organic layer was washed with water (2 x 100 mL),
aqueous 1M HCI (100 mL), aqueous saturated sodium bicarbonate solution
(100 mL), and brine (100 mL). The organic layer was dried over magnesium
sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on silica gel (ethyl acetate/hexanes; 3:7) to afford the
product 65g (8.17 g, 84%) as a colorless oil.
Step G

1 Hz), 3.54 (m H), 3.HOR032004031136
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a soln of the isocyanate 63e was added dropwi se ( .2
eq, 0.97 nL of a 0.1 solution in toluene) and stirring
wor®sosnTé nued for 10 min. The cooling bath waBCT/EsmI€M1136
and the m xture was stirre26at roomtenp for 2 h. The
reaction mxture was diluted with dichloronethane (70
nm.) and washed wi th aqueous saturated sodi um
bi car bonate solution (20 nm.). The organic | ayer was
dried over magnesiumsulfate, filtered and
conc d S h I
o BRdTEof WERE §SGHECITARn HEtbent ad 88554 for

36¢ﬂ|h qasjdrebutitsing) am titeatdd ftr)tht@)rmbfscxraialybte(m? ed21386d).
Tgegplrll@sqlgpo% w%%)heafeclhgoe Clsfgr [ h%@é@lgthgﬁéﬁgme dlar2< after

1§Dr%|ng?zf%agﬂgb Tz'ug Cfo?ve'nj%vé% réﬂoyed'@ﬁdesrﬁ‘ea&cédj?ressﬁl"%‘and the
refblcﬂle st c,hrdmatog@aﬁhedtgm sdicazye| (ethyl, acbtaieme(xanm J7)to

dd,
g(v& the ai@a ( C%g%(?png ﬁpgﬁ,)saszg rr? ﬁtﬁuref_yf &maaé 2@0%
(%anz42”Hu) 3 06 (m H, 2.93 (s, 3H), 2.85 (dddd, ,
4.0, 7.5, 15.1 Hz), 1.91 (m 1 H), 1.34 (t,
SpH 7.2 Hz), 1.25-1.61 (m 12H), 1.13 (m 1H 1.01
(s, 3H, Q90 (s, 9H), 0.89 (s, 3H) 0.87 (m_2H), 0.69

(m 2H); G=NWR ( , 125 M#z) d 198.9, 17223, 1714,

160.9, 158. 7%S§§|70 6, 60.6, 53.2, 50.9,/5Q. 6,4

48. 4, 45. No"3det5, 32.1 , 31.1 28.7, 2 N OEt

21. \“265 .47 23.0, 19.2, 13. 6 8, @W/ <§ ERVB

eiwgé fof CHN S [M1] : 7 .41 , 7 .41

Pr epaPati ve anpl e 65: Prepar ati on of 0
65h " 65i

A solution of alkene 65h (7.0 g) in 300 mL of methanol was treated with
palladium on carbon (0.1 mol%, 1.37 g of 10% Pd/C). The mixture was
hydrogenated at 35 psi until all the starting material had been consumed
(approx 3 h). The reaction mixture was diluted with 300 mL of
dichloromethane and filtered thru a short path of celite. The filtrate was
concentrated and the residue was chromatographed on silica gel (ethyl
acetate/hexanes; 3:7) to afford the product 65i (5.33 g, 76%) as a white solid.
Step |

N N

~ ~
N =~

%My SN me

65i
A solution of ethyl ester 65i (5.33 g) in 100 mL of dry THF was treated
with lithium borohydride (2.1 eq, 10.4 mL of a 2M soln in THF). The reaction
mixture was stirred at room temperature and monitored by TLC
(acetone/hexanes; 3.7) for disappearance of the starting material. After 2 h,

more lithium borohydride solution was added (1 eq) and stirring was

continued for 1h. The excess lithium borohydride was quenched by addition of



Me 65a 65b A solution of (S)-allo-threonine-QOwe
hydr ochl ori de 65a (Chem | npex, 5 g) in dry
wale@bkioan7esret hane ( 0 mM ) was cooled to 0 C aneCT/UsRD€M1136
with ditert- butyldicarbon2t’e ( .1 eq, 7.0 g) in 50
m _ of dry dichl oronmethane. Nnethyl norpholine (2.5 eq,
8.1 m _, d 0.920) was added dropwi se and the m xture
was stirred for 30 min. The cooling bath was renoved
and the mxture was stirred for further 3 h. The

S 58 SR B B i v pfionee
betsd@d ethiyl Acatate(309 M) aﬁd&Quebl)s satqmaedssosiatm lbﬂtationate
S s i e oo
dd b dLﬁééorﬁgm%erHGrggﬁigg_ gésl'gg\?eré %é@l neagHsRurh Sulfate,

for e product as a co orl ess
5 fltieted Sk poieeDittatébbndércredused préssurefThe residue was

L:al | g- Thr- Qve 65p, (6. 8 in 25 dry THE
chimsioguesiad o0 Sita SRRl exdteS; Padte g the Bloduct
hte/bm@t lam%)ce%r@%ﬂé%o(.a 3eq 4.3m_, d1.022). A
cat al ytIC arount of

Step daki s(t ri phenyl phosphi ne) pal I adi um (0. 02 nol % 673
nmy) was added. The slightly yellow mxture

degassed again and heated at 60 C for about 3=h untll

TLC anal y¢i s (aaetone/ hexanes; 2:8) showed rﬁ\)]\
startln N1 obr (reactlon m xture becsa

mxture was concentrate eIN,, ced
fiy{v; esi due_was W /6@ °
0
65k
10 A solutlon of alcohol 65j (1.0 g) in 40 mL of dry dichloromethane was
treated with Dess-Martin periodinane (1.5 eq, 1.28 g). The reaction mixture
was stirred at room temperature for 3 h. The mixture was treated with
aqueous 1M sodium thiosulfate solution (10 mL) and stirred for 5 min.
Aqueous saturated sodium bicarbonate solution (30 mL) was also added and
15  stirring was continued for further 10 min. The mixture was extracted with
dichloromethane (3 x 80 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated. The residue was
chromatographed on silica gel (gradient: ethyl acetate/hexanes; 4:6 to 8:2) to
afford the product 65k (750 mg, 75%) as a colorless solid.
20 StepK
N

-

oy @ww

>mrJr

A solution of aldehyde 65k (750 mg) in 20 mL of dry dichloromethane
was treated with allylisocyanide (2 eq, 0.26 mL, d 0.8) and acetic acid (2 eq,
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chromat ogr aphed on silica gel (ethyl acetate/hexanes;

:9) to afford the product 65¢ (5.72 g, 72% as a
w@eiosnsese oil. Step C 65¢c 65d A solution of nmettyk2004/031136

ester 65¢c ( .45 g) in 250 28 of a 4:2:1 m xture of

THF/ wat er / MeOH was cooled to O C and treated with

['ithium hydroxi de nonohydrate (2.5 eq, 2.19 ng). The

cooling bath was renoved after 30 mn and the m xture

was stirred at roomtenp for further 4 h until all the

AHh1 801 GRS LTl B DR AP YR or S SRR TS 2Bt 5 .
o 1587

C anal ysi s (acet one?hexanes; e reaction
Allitké wokativesswereernsaled dride2G@cluunt arad) treotesiddel wépH of

i xture = and t he duct s taken into
rameboemtaiinsiios g8 G fent Sealoheliianes: 5948 4%55) to
Iyt 0 ' fate, filtered
A B oS (V00 o e P IS Sl 2 o e &t for d
StérLproduct. No further purification was carried out

forthe p\rG%duct 5d (5.42 g, 98% . Step D J . T 65e
A solutieh of acifd 65d (20.92 mmol) in 200 #1 of dry
r

di chl or gm&t hage &ndn10Q m of dry DVF was Stirrgd Q..\/”
Candt%”_' ( .4 eq, .16 Q). @W : N

salt Hd (1.2 eq, %16 g) was added_fqlldped byy : §
:ﬁﬁet\[ﬁyﬁgho ine (4 eq, 9.19 m_,>g O\{(Qgﬁ[{.gOTh

reac® i Om re was stirred overni ght© Oth

vol atile re renf®ed under vacuum and the[repgi due 83m
was

A solution of acetate 651 (700 mg) in 20 mL of a 2:1 mixture of
THF/water was treated with lithium hydroxide monohydrate (2.5 eq, 118 mg)
and stirred for approx 30 min until all the starting material had been consumed
as determined by TLC analysis (ethyl acetate/hexanes; 8:2). The reaction
mixture was diluted with 50 mL of aqueous saturated sodium bicarbonate
solution and extracted with dichloromethane (3 x 80 mL). The combined
organic layers were dried over magnesium sulfate, filtered and concentrated
to afford the product 65m (651 mg, 98%) as a colorless semi-solid which was
used without further purification.

Step M

Y Y
R H OH y I e y 0 9y l
AT
>|/ (o) O\)/l/ 65 >|/ o) C\)\)/,/ 65n

A solution of hydroxyamide 65m (1.127 mmol) in 25 mL of dry
dichloromethane was treated with Dess-Matrtin periodinane (2.0 eq, 956 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (20 mL) and stirred

for 5 min. Aqueous saturated sodium bicarbonate solution (30 mL) was also



10

15

20

25

di ssolved in 500 m _ of ethyl acetate. The organic
| ayer was washed with water (200 nL), aqueous HC (100

worgos/ozgeeous sat urat ed sodi um bi car bonat e sol BCT/0U82004/031136

(100 nmL), and brine (100 nm. The organic |ayer was
dried over magnesiumsulfate, filtered and
concentrated under reduced pressure. The residue was
chromat ogr aphed on silica gel (ethyl acetate/hexanes;
2:8) to give the product 65e (7.6 g, 88% as a

2888 ahastirid wak eoativéd for faAmét 1@ARNNThOmiktufe was
correspondi ng di astereoneric product. Step E Ov& H N

egactegiwith dishlgromathemenBn§?d é@t)eihemn(bm@ gyganic Byers

o{Ere St o A Sy S, et oAb e phorfefpit
wth‘;’nr@m)atogTBﬂl@cD@h lsﬂ@a@l iogmsemeameﬂe/aék@mes’iu it 45:55)
he m xture was stirred at roomtenp for further 4

t%aﬁﬂftdl thedlrpdlﬂcﬁéi%t 86 mg. fated esyhiteszplideen205 consumed

S;%’ term ned by TLC analysis (ethyl acetate/hexanes;
. 7/5). The reaction mxture was treated with 200Lof
aqueous\/HCI (pH of mixtuse = 1) and the proMt was

taken i dl chl qf t 4ox 100 ). ompi néd
organl W@:ﬂem@éover gneS| um %@/ﬁxﬁ J
flét ‘comcent r at ed® Ghder edN r

rd tH’e roduct 65f (3286 g, c Io?l Ss
soI [ tep F Gsn

The N-Boc amine 65n (60 mg) was dissolved in 10 mL of 4M HCI

solution in dioxanes. The resulting solution was stirred at room temperature

for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 10 drops
of aqueous saturated sodium bicarbonate solution were added. After 10 min,
a soln of the isocyanate 56e was added dropwise (1.2 eq, 0.57 mL of a
0.216M solution in toluene) and stirring was continued for 10 min. The cooling
bath was removed and the mixture was stirred at room temp for 2 h. The
reaction mixture was diluted with dichloromethane (70 mL) and dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The
residue was chromatographed on silica gel (gradient: acetone/hexanes; 15:85
to 5:5) to afford the product 65 (50 mg, 65%) as a white solid. *H NMR (500
MHz, CDCl3): § 8.13 (br s, 1H), 7.42-7.82 (br s, 1H), 6.30 (br s, 1H), 5.90 (ddt,
1H,J=5.6, 104, 17.0 Hz), 5.71 (br s, 1H), 5.38 (br s, 1H), 5.27 (dd, 1H, J =
1.2,17.0 Hz), 5.23 (dd, 1H, J = 1.2, 10.4 Hz), 4.63 (dd, 1H, J = 7.8, 8.1 Hz),
4.50 (brs, 1H), 4.23 (d, 1H, J = 10.4 Hz), 4.05 (m, 2H), 3.98 (dd, 1H, J = 5.6,
9.9 Hz), 3.95 (d, 1H, J= 11.0 Hz), 3.88 (dd, 1H, J = 10.7, 10.8 Hz), 3.82 (q,
1H, J = 11.6 Hz), 3.71 (m, 1H), 3.62 (ddd, 1H, J = 5.0, 5.3, 9.4 Hz), 3.20 (m,
1H), 2.55 (d, 2H, J = 16.7 Hz), 2.47 (d, 2H, J = 16.7 Hz), 1.73-1.97 (m, 4H),
1.14 (d, 3H, J = 6.0 Hz), 1.10 (s, 6H), 1.00 (s, 3H), 0.99 (s, 9H), 0.83 (s, 3H);
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OEt 1f o 65f A solution of acid 65f (6.86 g) in 100 nL

of dry dichl oronethane and 100 nL of dry DMF was
werisnaddat O C and treated with HATU ( .4 eq, PCr/E8209)/031136

The amine salt 1f ( .1 eq,2W.21 g) was added in 100 niL

of dichl oronet hane foll owed by addition of

N- met hyl norpholine (4 eq, 7.6 niL, d 0.920). The

reaction mxture was stirred at 0 C overnight. Al the

vol atil es were renoved under vacuum and the residue

' ' I t Iy [
Rk fepciEdRENaRR ot AV iresteiga, Topotan gas
6810®O0M,)57.200569,48.8 46082028, 36d2, #9. B, 287 p2818{ 27.8, 27.6,

2B b et T e 19,87 oo RS IS Bl of ER g

[MPRFeTUBRARY MR 74£8pfed pressure. The residue was
chromat ogr aphed on silica gel (ethyl acetate/hexanes;

Prergrative &kaiople 66ePmpadatian 66g (8. g, 84% as a
colorless oil. Step 65¢ 65h396 A solution of diene 65g
(8.17 g) in 1.5 L of tolueneg.was degassed for 30 mn
(argon bubbling) and treated w th, G{bb's catal yst
(0.2 eq, 2.38 g). The pink i Meatgd to 60 C

for h (the s&ufion bhecanre darkllaftter i n of heating).
The sol vent™>~was e Nngeror Bduced Pressure and the
resi due was chrdnmat pgr @phed on sij)ica gel (ethyl

acet at e/ hexanes; 3 to o 6

€6

Step A

The N-Boc amine 65n (60 mg) was dissolved in 10 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum overnight. The resulting amine salt
was dissolved in 5 mL of dichloromethane and cooled to 0 °C. Then, 10 drops
of aqueous saturated sodium bicarbonate solution were added. After 10 min,
a soln of the isocyanate 63e was added dropwise (1.2 eq, 0.95 mL of a
0.131M solution in toluene) and stirring was continued for 10 min. The cooling
bath was removed and the mixture was stirred at room temp for 3 h. The
reaction mixture was diluted with dichloromethane (70 mL) and dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The
residue was chromatographed on silica gel (gradient: acetone/hexanes; 2:8 to
6:4) to afford the product 66 (55 mg, 73%) as a white solid. '"H NMR (500
MHz, CDCl3): 6 8.20 (d, 1H, J = 6.6 Hz), 7.58-7.77 (br s, 1H), 6.13 (br s, 1H),
5.90 (ddt, 1H, J = 5.6, 10.0, 17.0 Hz), 5.76 (br s, 1H), 5.27 (dd, 1H, J = 1.2,
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gi ve the al kene product 65h (7.0 g, 90% as a m xture
of E- and Z-isoners (approx 4:1). Step HHi i Hb5 A
we odosnswom of al kene 65h (7.0 g) in 300 m _ of pet/sawod/n31136
was treated with palladi umtgn carbon (0.1 nol% 1.37 g
of 10% Pd/ C). The m xture was hydrogenated at 35 psi
until all the starting material had been consuned
(approx 3 h). The reaction m xture was diluted with
300 m _ of dichloronmethane and filtered thru a short
1?’@qu)0@3 Zie{ddf qH, Ihe1fd HoaHe) VR35¢Qnpgny "=89 ¢¢12§n41| 69r(ad
resi due was chronato raphed on silica

1Hc dt=a8.8/ Adddnk 4; 573(SZ)1H 04 29 (6 AH: e ﬂ)@(giddé); 3&&@9 (88 4H),

3§, e 34 B R 2 18 T reh s fa . WL Fo2lriahy!

2\94|I(I§ BHY, h1 gm(ﬁpﬁenyﬁetscte A, A= % HED). ﬂsza@(mmZM 1.22

ion m X was stirred

(@ Brbol 614 Hrhidi 6, 159 CHOBYE 1B, O o i es 3. T
t
NBIRACERS, ARBAASRE AN Ofrd 801281 18419, TBE [ 188 2 £478)
78@) 68 66t7,r56. ZL@MM&GD#BJ@UGQ I @4.7,84.5h82.6x8€6528.6,

At S0 AY ST SR, HELTREL o0k ST

cé”cd;f&rf @%s%mmgs [M+mpe¢29a9wefe>uﬁaw5 &ogs ate (300

agueous saturated sodi um bi carbonate sol ution
Pramative Examn@ agReparationeel: was back extracted with
et hyl acetate (2

The N-Boc amine 33 (60 mg) was dissolved in 10 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum overnight. The resulting amine salt
was dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, N-
methylmorpholine (2 eq, 0.03 mL, d 0.920) was added. After 10 min, a soln of
the isocyanate 56e was added dropwise (1.5 eq, 0.8 mL of a 0.2M solution in
toluene) and stirring was continued for 10 min. The cooling bath was removed
and the mixture was stirred at room temp for 2 h. The reaction mixture was
diluted with ethyl acetate (50 mL) and washed with aq 1M HC! (10 mL) and
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x 100 nmL). The conbi ned organic | ayers were dried over
magnesi um sul fate, filtered and concentrated under
WO edaosdpr essure. The resi due was chromat ogr aptietSIIN4/031136
silica gel (acetone/ hexane3t2 3:7) to afford the
product 65] (3.93 g, 80% as a white solid. Step J HH
Il OH H 65 65k A solution of alcohol 65 ( .0 g) in
40 nL of dry dichl oronet hane was treated with
Dess-Martin periodinane (1.5 eq, 1.28 g). The reaction

bﬂhé"(% LY. ?hé*o'r%érﬁel Ia%er WRRNARRBR FhEEfediGh stifate, Tltered

m xture s tre th aqueous sodium t hi osul f ate
asdlconcentrated under sertlicedi pree@uneoﬁhe rmlduemﬁeous

d di bi I |
cBiAroapreniar Plick GELRRARLT 28atnsM el e B T 1 A
affb?a Weq@rwaﬁcteeqt (ﬁﬁﬁn@d 6M/J)fasob whit@ rs@n@t ’fPrﬂNIMFQ %500 Rz,

i ned 3 dri ed

Bl)ésilh&ﬂrﬂédll tHté= 6. IHZéfééﬁ 7aﬁa ('éroﬁc@'ﬁt F5al1t1e@Pr STFIE’) 5.70
(P LR A L MIE U 43 374 3o 100
H2),B8196 (d65KH (F 50, 19,0 RZY93.9% (m, 8HI),Q2. 9¢$6d<$0||—'r|,d1 =3t2I.8&
1\5/.1VH2)6, Ko7 (d, 2H, J = 16.7 Hz), 2.50 (d, 2H, J = 16.7 Hz), 1.86 (m, 3H),
1.69 (m, 1H), 1.18-1.61 (m, 16H), 1.10 (s, 6H), 1.01 (s, 3H), 0.95 (s, 9H), 0.89
(m, 2H), 0.87 (s, 3H), 0.71 (m, 2H); "*C NMR (CDCl3, 125 MHz) & 199.2,
173.5, 172.9, 171.9, 160.7, 158.0, 60.5, 56.6, 51.5, 48.5, 46.8, 39.9, 35.0,
34.2,31.4,29.4,28.1,27.8,27.6,27.4,27.3,27.0, 26.9, 26.5, 26.1, 23.4,

23.1,19.4, 13.6, 6.8, 6.7 ppm.

Preparative Example 68: Preparation of:

The N-Boc amine 34 (60 mg) was dissolved in 10 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, N-
methylmorpholine (2 eq, 0.02 mL, d 0.920) was added. After 10 min, a soln of
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A solution of aldehyde 65k (750 nmg) in 20 nL of dry
di chl oronet hane was treated with allylisocyanide (2
we@eos03@6 ni., d 0.8) and acetic acid (2 eq, 208POr/1132004/031136

.049). The m xture was sti?Bed at roomtenperature for
about 5 h. Al the volatiles were renoved under vacuum
and the residue was chromat ographed on silica gel

(gradi ent: acetone/ hexanes; :9 to 45:55) to afford the
product 651 (700 ng, 74% as a white solid. Step L "

thﬁ@g?%%é%ﬁé’é 4548 d%@%@k?ﬁ D6 6rfl08f %)241'M €Biution

xtureo water wds treated Wt
il {afdenehamgddstioringl evasoonitinded far ‘((Errﬁn e'bhe <1dgﬁmgg)athmdas

rSrabked 80 e FHBUF waRslived eoqmlomn KE4 T e @lction
iRty Mas dlatéw.tﬁ%%ﬁta%éfmé@mﬁm)é’an@wa;ﬁ@j WRAGY M HCI

m xture was dil uted of aqueous sat urat ed
(Hmeo @angi brmeb(dﬂanb) gaqmrganlcdaverewaaa doed over ttagnesium

sfltis, BN i ortpelydled inlder Bfurel Peasre ¥ NeSicye was

chromatographed drosiiéa géﬂﬁgﬁb@eﬁt @détﬁne@%ﬁa(n@%“ mo m%) to

as a colorless sem - sgd witho

aftgrd herPrpdvet 6% (44 W, S8 s Whé%ﬁpl'@srﬂ N%%K@@Q izt
R TRt R ME L L TR &y 1) R0 e (Y 5.70 ors, 1),
o6 (hodi mEnet.62.(0, &), 4])526 (dg)H J=10.0 Hz), 3.97 (dd, 1H, J= 5.0,
10.0 Hz), 3.92 (m, 3H), 3.43 (m, 2H), 2.57 (d, 2H, J = 16.7 Hz), 2.50 (d, 2H, J
=16.7 Hz), 1.90 (m, 1H), 1.74 (m, 2H), 1.27 (t, 3H, J = 7.2 Hz), 1.20-1.62 (m,
17H), 1.11 (s, 6H), 1.02 (s, 3H), 0.96 (s, 9H), 0.88 (s, 3H); *C NMR (CDCls,
125 MHz) 6§ 199.1, 173.5, 172.9, 171.8, 159.3, 157.9, 60.6, 56.6, 51.5, 48.5,
46.8,40.0, 34.9, 34.8, 34.1, 32.8, 294, 28.1, 27.8, 27.5, 27 .4, 27 .3, 27.0,
26.9, 26.5, 26.0, 25.1, 23.4, 19.4, 14.8, 13.6 ppm; HRMS calcd for
C3sHs3NsO7 [M+H]": 715.4758, found 715.4751.

Preparative Example 69: Preparation of:

The N-Boc amine XX (93 mg) was dissolved in 10 mL of 4M HCI

solution in dioxanes. The resulting solution was stirred at room temperature
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The reaction mxture was stirred at roomtenperature
for 30 mn. The m xture was treated wth aqueous

waeasom7ddi osul fate solution (20 nL) and stirredr/i810085031136

m n. Aqueous saturated sod2idm bi carbonate sol ution (30
m.) was al s0209 added and stirring was continued for
further 10 mn. The m xture was extracted with

di chl oronmet hane (3 x 80 nmL). The conbi ned organic

| ayers were dried over magnesium sul fate, filtered,
fargd0 amcaihtheatatatiles h@re esrindved wadecieducad qugesaaminednd nhe

silica adi ent.: acetone a 9 to 45:55
r%%d% cP'@éf‘éI B%%f igh gaRUYE, Qfgtj‘ Q'EW&S%'&“WW'EG Sa?t was

dZs%lo'I\/(ég §t5e|§\L'¥>f'd dl Qﬁé@'ﬁetﬁr@lgn%gg#ﬁh@ d*@omﬁwt pe

meth;dlrm)mhelme (2heq, r(b@‘mlmll,rth%DDMaeradN&sl After 1@dniat a soln of
roomte ur or 30 m olatil e re
the Rosxen hSolebe Wasadied dionivise {2 &by i S was

cBhﬁﬁ@é& wad@rmm Iihe\IHHG bt w%s kembled fa‘ﬁ%ltthé infigtRAE W
was dissolved in 5 nL of dry dichloronethane and

S&U@ﬂ@(ﬂ regmdemp fondh. The repetien aixtapuiwas dilgtedurith ety

' LGar [ . > i R,

SR PO AT IR BN IR e (R A e
oegam@laﬁjér Wasafricdl fvet Imagsediurni sulfate) filtefadeae) cameentrated
stl rri s contipued for 10 m n. The cool | bat h

upger f Pregyrenth W@&'&%W@a@g@m@mameq %%ﬁi"?@ﬂﬁ'

I

%r%ﬁh%é{‘%c%{i‘ﬁ(gﬁg 50'1 %“16(35'“5 (gf'\c/j etHE‘T:ﬁ'ocW:ét%Q (45 mg,
38%) as a white solid. NMR (500 MHz CDCI3) d 8.26-8.67 (brs, 1H), 8.17
(brs, 1H), 6.19 (br s, 1H), 5.92 (ddt, 1H, J = 5.6, 10.4, 17.3 Hz), 5.74 (dd, 1H,
J=8.8,9.1Hz), 541 (br s, 1H), 5.26 (dd, 1H, J=1.2,17.3 Hz), 5.20 (d, 1H, J

= 10.0 Hz), 4.67 (br s, 1H), 4.62 (s, 1H), 4.35 (dd, 1H, J = 1.9, 12.9 Hz), 4.20

(d, 1H, J = 9.8 Hz), 3.99 (m, 4H), 3.58 (ddd, 1H, J =5.9, 6.9, 12.6 Hz), 3.18

(ddd, 1H, J=5.9, 5.9, 11.9 Hz), 2.69 (d, 1H, J = 10.7 Hz), 2.18 (d, 1H, J =
17.0 Hz), 2.12 (d, 1H, J = 17.0 Hz), 1.96 (m, 1H), 1.18-1.89 (m, 20H), 1.12 (m,
1H), 1.04 (s, 3H), 1.03 (s, 3H), 1.00 (s, 3H), 0.92 (s, 9H), 0.91 (s, 3H); °C
NMR (CDCl3, 125 MHz) 6 199.3, 173.3, 171.8, 171.1, 159.4, 158.2, 133.7,
117.3, 60.4, 55.3, 51.5, 48.3, 46.3, 45.0, 42.3, 35.8, 34.6, 34.0, 31.2, 30.3,
28.6, 27.8, 27.7, 27.6, 27.3, 27.2, 27.0, 26.3, 25.9, 25.4, 23.2, 19.3, 13.5 ppm.
Preparative Example 70: Preparation of:

Step A
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magnesi um sul fate, filtered and concentrated under
reduced pressure. The residue was chromat ographed on

waedosoz7gel (gradi ent: acetone/ hexanes; 15:85 pOI/BSH)4/031136

to afford the product 65 (%3 ng, 65% as a white
solid. HNW (500 Mz, CDCl ): d 8.1 (br s 1 H,
7.42-7.82 (br s, 1H), 6.30 (br s, 1H), 5.90 (ddt, 1H,
J =5.6, 10.4, 17.0 Hz), 5.71 (br s 1H), 5.38 (br s,
1H), 5.27 (dd, 1H, J = 1.2, 17.0 Hz), 5.23 (dd, , J =
1.2,10\/4Hz)463(dd,J:78 81Hz)\,450(br
, H, 23(do,J—104Hz 405(m2|—|) 3.98 o

(dd, , ()< " .

(dd, wlH J—_107 105! , HJ \%T
¥y 3 62 (dddssa= 5 Hﬁ: %

(m o1 b 5 (d, 2H, I =16.7 70(d o3 =

16.7 Hz) J73-1397 (m 4H), 1.14 (d, 3H J =l6.b Hz) 20
1.10 (s, 6H), 1.00 (s, 3H), 0.99 (s, 9H), 0.83 (s,

3H); 210 C NWR (CDOl , 125 MHz) d 198.0, 172.8, 171.5,
159. ZheN-Bog,amine. 3A (785mg) wes dissohaal i, 1GmLof 48 HG|

S%@Itl@h Il’kglog'&lnﬁi ﬁﬁe Eefu Ingi@lliﬁorig/aé stlér%gsdééﬁ%miﬁpé&gﬂue
faradacahin. NIl thehotatliddWere refiovely Griderf @doded éaes%aia and the
Preparative Exanple 66: Preparation of: 0O HH o 66

residye wamcpqzq_prmjeggggh/vac%ﬁ fogg h. The resultlng amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, N-

7]

methylmorpholine (2 eq, 0.03 mL, d 0.920) was added. After 10 min, a soln of
the isocyanate 59a in toluene was added dropwise (1.2 eq) and stirring was
continued for 10 min. The cooling bath was removed and the mixture was
stirred at room temp for 2 h. The reaction mixture was diluted with ethyl
acetate (50 mL) and washed with aqueous 1M HCI (10 mL) and brine (10
mL). The organic layer was dried over magnesium sulfate, filtered and
cOhcentrated under reduced pressure. The residue was chromatographed on -
silica gel (gradient: acetone/hexanes; 1:9 to 45:55) to afford the product 70
(63 mg, 69%) as a white solid. 'H NMR (500 MHz, CDCl5): & 8.20-8.43 (br s,
1H), 8.17 (br s, 1H), 6.20 (br s, 1H), 5.75 (dd, 1H, J = 8.2, 9.4 Hz), 5.41 (br s,
1H), 4.66 (d, 1H, J = 9.1 Hz), 4.63 (s, 1H), 4.36 (dd, 1H, J = 12.6, 13.2 Hz),
4.18 (d, 1H, J = 10.4 Hz), 3.96 (m, 2H), 3.57 (m, 1H), 3.41 (m, 2H), 3.18 (ddd,
1H,J=15.9, 11.9 Hz), 2.69 (d, 1H, J = 13.2 Hz), 2.19 (d, 1H, J = 17.0 Hz),
214 (d, 1H, 17.0 HZ), 1.76-1.99 (m, 4H), 1.25 (t, 3H, J = 7.2 Hz), 1.18-1.75
(m, 17H), 1.12 (m, 1H), 1.04 (s, 3H), 1.02 (s, 3H), 1.01 (s, 3H), 0.92 (s, 9H),
0.91 (s, 3H); *C NMR (CDCls, 125 MHz) § 199.9, 173.3, 171.8, 171.1, 159.4,
158.2, 60.4, 55.2, 63.5, 51.5, 48.3, 46.3, 35.8, 34.8, 34.6, 31.3, 30.3, 28.7,
27.8,27.7,27.6,27.3, 27.0, 26 4, 26.0, 23.2, 19.3, 14.8, 13.5 ppm; HRMS
calcd for C3gHesNsOg [M+H]": 701.4966, found 701.4960.

Preparative Example 71: Preparation of:
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The N-Boc am ne 65n (60 ng) was dissolved in m _ of 4M
HCl solution in dioxanes. The resulting solution was

W@ iososdI@at room tenperature for 30 mn. Al tPEr/US2004/031136

vol atil es were renoved undek reduced pressure and the
resi due was placed under high vacuum overni ght. The
resulting amne salt was dissolved in 5 nl of
di chl oronet hane and cooled to 0 C. Then, drops of
aqueous saturated sodi um bi carbonate sol ution were
added. After mn, a sol nCdf_the isocyanate 63e was
added dropwi se ( .2 eq, O\é\)\:‘m ofga O 131M sol ution
in toluene) and stlrrlng s\.C 10 mn. The
e\%h\*ﬂ Y

cool i ng bath s renpveqhad ure Vets stirred

at roomtenp 2 @ xture was dil uted
w th dichlor m@ét\lg andpl ed over magnesium
sul fate, fil tered .n conc ntrat under reduced
pressure. The residue was C fgr'dphed on silica

gel (gradient: acetone/ hexanes,OZ 8 to 6:4) to afford
t he product 66 (55 rrg, 73% as a white solid. H NWR
Stewb: Mz, cDCl ): d 8.20 (d, 66Hz) 7.58-7.77 (br

s, HcH;6.43 (br , H, 5.90 (ddt, , (546 O O, 7.0
Hz) , 5.%(br s. 1H), 5.27 (dd, J: Hz

5.22 ( JO 4.2, 10.0 Hz), d Hl W 9.1
Hz), 468 Ny =g.8, 8.8 N(s)tge”, ,
(@bcHNng— 0. ), 3.91-4. 09 (oM Ty TRV 3@61 2

3.47 (dd,° 1HJ=11—9—1—3—5—>HZ, 1°(m1,30
(m 3 2.94 s, 3H), 1.95 (m 1H) 35 (t~3H = 7.5
Hz), .2%-1.69nGms112H), 1.22 (d, 3H, = 6.9 H2ja .14

(m 1H), "96% (s, 3H), 0.93 (s, 9H), O. s, 3H: C
NVR (CDCl , 0125 MHz) d 199.0, 172.8, 171.®, 159.3,

5. 6, DL (g, O Sonfholriy 4, Pt gl (5 i

wais. Dirreplo. Bt raémaenpérd@ureford, hdig. Splvedt dasiéndved3os,
d%n%nggngivHeRP@a (120 mg) which was used without further purification

- Step B:

CH3\\’/CH3 CHstH3
_ o+ N \)j\n/ \ACHZ <Njﬁ( \/U\”/ SCH,
ClH3N O _O

70 ; O/\\Ej H\/&OO
1 NH 71a \k

A solution of 71a (89 mg, 0.169 mmol) in CH>Cl, (10 ml) was treated
with isocyanate 27b (3 equiv), sat. NaHCOj3; (3 ml) and stirred vigorously for 2

NH 71

hours. The solution was allowed to stand at 5 °C for 12 hours. The CH,Cl,
layer was separated, washed with water, brine and filtered through Na,SO,.
Solvent was removed to dryness and the residue was purified on silica gel
column (40% to 60% acetone/hexanes) to give 71 (73 mg). MS (ES) m/z
relative intensity 773 [(M+Na)®, 20]; 751 [(M+1)", 100]. Calcd. for
Ca6HsoNsOoS [M+1]": 751.4064; Found 751.4075.



calcd for CHN S [MH : 725.4272, found 725. 4285.
Preparative Exanple 67: Preparation of: V 67 Step A Il
wWoR005038967 The N-Boc am ne 33 (60 ng) was di SBOI/USZH04/081136

m of 4M HCl solution in d2igxanes. The resulting
solution was stirred at roomtenperature for 30 mn.
Al the volatiles were renoved under reduced pressure
and the residue was placed under high vacuum

overni ght. The resulting am ne salt was dissolved in 5

PRéparhtivl Ex8impid P2 oPRipa@aoreerl cooled to 0 C. Then,

Nmet hyl mor pholine (2 eq, O. 03 d 0.920) was added
After 10 min, a soln of the |soc§1@ﬁﬁie 56e was added
dropwise ( .5 eq, O 8oL of a 0. sol |OonH| n tol uene)
and stirri ng nued for ath
was renoved a ur I et roomtenp
for 2 h. The rm vvas‘dllut wi th et hyl
acetate (50 nl) and V\a V\Pth 10 nL) and212

brine (10 m _). The organic |aye vvas o i ' over
magnesi um sul fate, filtered and coﬁdﬁ]t rated under
reduced pressure. The residue was chiomat ogr aphed on
Step Aca gel (gradient: acetone/ hexanes; 2:8 to 1:1) to
afford the product 67 (50 ng, 64% as amlt&solld H

NVB4 500, Mz,

e Uw*m
S S

C|H3NV& o)

; NH 72
NH 71a

0
O

. A solution of 71a (89 mg, 0.169 mmol) in CH,CI; (10 ml) was treated
with isocyanate 51c¢ (1.5 equiv), sat. NaHCO3 (4 ml) and stirred vigorously for |
30 minutes. The solution was allowed to stand at 5 °C for 12 hours. The
CHCl; layer was separated, washed with water, brine and filtered through
NaxSO4, Solvent was removed to dryness and the residue was purified on
silica gel column (40% to 50% acetone/hexanes) to give 72 (95 mg). MS (ES)
m/z relative intensity 790 [(M+CH3OH+1)", 40]; 758 [(M+1)*, 100]. Calcd. for
CagHsoN7Og [M+1]": 758.4453; Found 758.4449.

Preparative Example 73: Preparation of:
d
NH

7&02 HTHY%FH%J
T

0

73
Step A
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cbcl ): d 8.14 (d, , J =6.9 Hz), 7.66-7.82 (br , 1H),
6.1 1 (br s, 1H), 570(br s, 1 H, 532 (br s, 1H),
wa@2@3/06d0p6 s 1 H), 4.60 (s, 1 H, 4.19 (d, 1H =pdDUS20blE)31136
3.96 (dd , J 5.0, 10.0 Hz318 3.91 (m 3H), 2.91 (ddd,
J=23.7, 7.8, 15.1 Hz), 2.57 (d, 2H, J = 16.7 Hz),
250(d 2H, J =16.7 Hz), 1.86 (m 3H), 1.69 (m 1
H. 1.18-1 .61 (m 16H), 1.10 (s, 6H), 1.01 (s, 3H),
0.95 (s, 9H) 0.89 (m 2H), 0.87 (s, 3H), 0.71 (m
2H); C NWR (CDCl , 125 I\/Hz) @y 199.2, 173.5, 172.9,
171.9, 160.7, 158.0, 6 &@%5 48.5, 46. 8,
39.9, 35.0, 34.2, 31.4, 29. 27.8, 27.6, 27.4,
27.3, 27.0, 26.9, 26.5, 261232231,194 13. 6,
6.8, 6.7 ppm Preparative Exald® e 68: Preparation of:

(o0 0P Nibrip el iarRony o ot B R TS ffepared
adtendane®. th@@ocaﬁubtdesgnsaﬂ by IVeieras afd icohvesrkats (mqnmd L.
tenperature for 30 mn. the volatiles were re

Dyrfdantasalicldd adesasirk Canld Al"PreC’P%@r 806 1985 M%MOS 7109)

w;ﬁiﬁq %tﬁe " g am ne salt
was Trggg?) g@aagg)tgoa. dN ﬁg?é’he?%'lrgmt hane and
StemBed to 0 C. Then, Nmet hyI mor pholine (2 eq, 0.02 ni,
d 0.920) was added. After 10 min, a soln of213

>(OTH"‘ Efo >(olrﬂ E'kOH

o NH

T3a m‘ﬁ,

A solution of N-(tert-Butoxylcarbonyl)-L-serine-beta-lactone 73a (1

mmol) in 20 mL of dry acetonitrile will be added dropwise at ambient
temperature over 1 h to a stirred solution of allylamine (25 mmol) in 30 mL dry
acetonitrile. After 2 h, the solution will be concentrated under reduced
pressure. The residue will be slurried with acetonitrile and the acid product
73b will be recovered by filtration.

Step C

Hof h 9
>‘/O\n/ Nn'ﬁl\OH >‘/O\H/N/"EU\OH
° NH 0o =

N/\/

73b ‘\” 73¢ o//‘\o/\©

A solution of acid 2 (1 mmol) in aqueous saturated sodium bicarbonate
solution (4 mL) and water (1 mL) at room temperature will be treated with
benzyl chloroformate (1.12 mmol) in acetone (1 mL). The reaction mixture will
be stirred for 2 h. The mixture will be partitioned between ether (20 mL) and
water (20 mL). The aqueous layer will be cooled in an ice-water bath, brought
to pH 2 using 5% aqueous HCI and extracted with dichloromethane (3 x 30
mL). The combined organic layers will be dried over magnesium sulfate,

filtered and concentrated to afford the acid product 73c.
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the i socyanate 56e was added dropwise ( .4 eq, 0.6 nl
of a 0.241M solution in toluene) and stirring was
waeonsiosiresl for mn. The cool i ng bath was renovedr/asmo4/031136
the m xture was stirred at2®oomtenp for 2 h. The
reaction mxture was diluted with ethyl acetate (50
m ) and washed with ag HCl (10 m ) and brine (10
). The organic layer was dried over nagnhesium
sul fate, filtered and concentrated under reduced
ngéfgsure. The resi due was chromat ographed on silica
(gradient: acetone/ hexanes; :9 to 45:55) to afford
the product 68 (44 ng, 56% as a white solid. PI\VNI\/R
(500 MHz, CDCl ): d 8.08 r s, 1H), 7.52-7.77 Lhr s,
1H) 6 06o(br s, 1H), 5. &Q@Mes 1H), 5.26 (br{s, Hb;wa
, 420(d wa N =10.0 Hz), 397(qd NG,
_0lHz2)Y %2 (m 3H), 3.43°(m 2H), =
1 70Hz)\N2\5@//(d 2H, J = 6.7 Hz), o (m
(m2H))\27 3H J = 7.2 H). . 20- 62(m1=|’fF|}/
(s, @) 0 @f“@sm, 0.96 (s, 9H), 0.88 (s, 3H):
NI\/R(_CDCI 12 ) d 199.1 , 173.5, 172.®md 171, %
159. 3, 1579 60.6, 56.6, 51.5, 48.5, 46.8, 40.0,

27" 3 St Gacs 7 (Emiggin 19 nt of dg ghiofnginay dho

103nl6opghry Dhﬂ%l\@lldad stitrddbat €C°El ald| thédtbd wnfh]JSA?{IE(S ’4f fronimidl
715. 475 a Pre on of: 69,
TS A8 RY# RSO RIS e B0 KRN 8 Mgy e /Bl wi be

sé&éssﬂlﬁlﬁﬁﬁdﬁ TH Hé'éb%h hﬂxtgfé’%ﬂlrl?égra-ﬂqu%llg%l%bbﬁg room

solution was stirred room t enper at ur e2
temperature and stirred overnlght All the volatiles will be removed under

vacuum and the residue will be taken into 100 mL of ethyl acetate. The
organic layer will be washed with water (20 mL), aqueous 1N HCI (20 mL),
aqueous saturated sodium bicarbonate solution (20 mL), and brine (20 mL).
The organic layer will be dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The product 73d will be purified by
column chromatography on silica gel.

Step E

A solution of methyl ester 73d (1 mmol) in 15 mL of a mixture of
THF/MeOH/H20 (1:1:1) will be treated with lithium hydroxide monohydrate
(2.5 mmol) at 0 °C. The cooling bath will be removed and the reaction mixture
stirred at room temperature and monitored by TLC (acetone/hexanes; 2:8).
After 1 h, 10 mL of aqueous 1N HCI will be added and all the volatiles will be
removed under reduced pressure. The residue will be partitioned between 30
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for 30 mn. Al the volatiles were renoved under
reduced pressure and the residue was placed under high

woamaom7de©r 3 h. The resulting am ne salt was POCBES100€G1136

in5 m_ of dry dichl oronmet2tane and cooled to 0 C.
Then, Nmet hyl norpholine (2 eq, 0.04 m , d 0.920) was
added. After mn, a soln of the isocyanate 59a in

tol uene was added dropwise ( .2 eq) and stirring was
continued for 10 min. The cooling bath was renoved and

MGt A s NI TGS it of RATbISTARNGRE, The'2al8Gus ayer
will be banﬁ ewtratied with HichtprametiGne((2x 50 mL Jaiite wonmtengd 0
e or

m ) Ia er was dried ver
oA ayers MIFes St i SEBIBBROI SuAlR (UIeTER G goncentrated
JRUEPR Ren THEsS REIOURRS S BB go7gehed on si 11 ca

acet one/ hexanes; :9 to 45:55) to afford
Sﬁépanroduct 69 (45 ng, 38% as a white solid. H NI\/R
(500 I\/HZ\/CDCI 8.26-8.67 (br s 1H) 81
6.1 (br s, 1H) 5.92 (ddt, |, = 5.6, 10v4 173

Hz) 5.74{dd, , J = 8.8, 9@10Hz) 541(br

5.26 (d%%z 17.3 styl g@% WFN/U\OMG

4. 67 . 4.62 1H): 4 dd. . Ju=

}g@ Hoj/l%zo (d )\/gt')g He Y, 3(91( i 6058
(ddd,o 1H;\

1
(ddo,'\l;\/9 6.9, 12 6 Hz)  3.18
59,59 9 HzZ), 2.69 (d, 1H J = 10.7 Hz). 24;%/8\@

1H r&‘ &/\@2.12 (d, 1H, J = 17.0 Hz) 14 X
-1.89 20H), 1.12 (m H), 1.043(s. 30,

103 (s 3H) 1.900 (s, 3H), 0.92 (s, 9H), 0.91 (s,

3H; C NMR (CDCl , 125 MHz) d 199.3, 173.3, 171.8,

}1;1 A solﬁ%rf’rof 50513 7%9 (13ﬁm5|) irf 18 m@%fﬂ? §§hﬁ>ror§etl'%ne and

1anla'of gw @MszﬂI?be atrrr@d atz@ °@ ar@ﬂr@ategwm HA@’ LB(1 ‘tsq91 15
gborie epa?@q@ny%gcﬁlon&é AP Mm&H GRRBELHYE TR of O
dichloromethane followed by N-methylmorpholine (4 mmol). The reaction
mixture will be stirred overnight (temp from 0 to 25.°C). All the volatiles will be
removed under vacuum and the residue will be dissolved in 100 mL of ethyl
acetate. The organic layer will be washed with water (20 mL), aqueous 1N
HCI (20 mL), aqueous saturated sodium bicarbonate solution (20 mL), and
brine (20 mL). The organic layer will be dried over magnesium sulfate, filtered
and concentrated under reduced pressure. The product 73f will be purified by
column chromatography on silica gel.
Step G
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V 70 Step A215 70 The N-Boc amine 34 (73 ng) was
di ssolved in 10 L of 4M HCl solution in di oxanes. The
WO e®alsi7ag sol ution was stirred at room t enper BEIUS20D0031136
30 min. Al the volatiles re renoved under reduced
pressure and the residue was placed under hi gh vacuum
for 3 h. The resulting amne salt was dissolved in 5
nmL of dry dichl oronet hane and cooled to 0O C. Then,
Nmet hyl norpholine (2 eq, 0.03 niL, d 0.920) was added.

Af t eA OYOMM a)hsmimobcﬂnehé q 3f $Deyraoiqiretdhitne Willttsd degasssaisfor
added dropw se and stirring was continued for

3@irpin (¢r99rbwhllﬁg aati rﬁrewé@d Wi daehbsriatalyst (9 &« mipel)wkhe

ol BT o g e R R o
uaderereds celCpréssiirerapd dinel réssidue willLEhnotratodriaphed gensilica gel to

fate filtered and
%e@c@ﬁ%%pwgf P QAT I oA 9Be e nas

amat ogr aphed on silica gel (gradient:
acetone/ hexanes; :9 to 45:55) to afford the product 70
(63 ny, Méasav\hltesolld HNI\/R(SOOI\)HZ/CDCI)

d8.208(3d.grﬁ¥*.jﬁ\ll_b 8.17 (br s, br%so
1 5.7 = 8.2, 94Hz)541(brs
4H236 (q H ?Mﬁz) 4.63 (s 1H) H%J\OMe

=59 1T 69(d 1HJ=132
1H, J_glipﬂ Hz) 2.14 (d, , 17.0 HZ), 1116*1 99 (m

4H Ajso%.ﬁ c;ntof aelkgné] 73_‘9 z1 ?mjﬁ%P) in %0]’1%_ g)f r7n%thanol will be treated

with 5% palladium on carbon (0.1 mol%). The mixture will be hydrogenated at
50 psi until all the starting material is consumed. The reaction mixture will be
diluted with 100 mL of dichloromethane and filtered thru a short path of celite.
The filtrate will be concentrated and the product 73h will be purified by column
chromatography on silica gel. ’

Step |

73h 73i Og/S\/\Si/

A solution of macrocyclic amine 73h (1 mmol) in 10 mL of
dichloromethane will be treated with potassium carbonate (2 mmol) and
(trimethylsilyl)ethanesulfonyl chloride (1 mmol). The mixture is stirred for 1

day and solvent will be evaporated. The product 73i will be purified by column
chromatography on silica gel.
Step J
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(m 17H), 1.12 (m H), 1.04 (s, 3H), 1.02 (s, 3H),
1.01 (s, 3H), 0.92 (s, 9H), 0.91 (s, 3H); C NWR (CDC

W0 203530vbiz) 199.9, 173.3, 171.8, 171.1, 159. 4, PABBSDN4/031136

60.4, 55.2, 53.5, 51.5, 4822, 46.3, 35.8, 34.8, 34.6,

-31.3, 30.3, 28.7; 27.8, 27.7, 27.6, 27.3, 27.0, 26.4,

26.0, 23.2, 19.3, 14.8, 13.5 ppm HRMS calcd for CHN
[ MtH] : 701. 4966, found 701.4960. Preparative Exanple
71: Preparation of:216 X HH Il TMx g cr\ | o 71 Step
A 31 A sohyrion of 31 (100 ng, 0.169 mml)\in 4 N

in di ox.ane (5 rH) was stirred at roomteftperature

for 1 hour olvent Mwas renoved to dryness fo glvw 71a
(120 ng) vv| t hout further purbfd e ™~on
Step B £ CIH N .NH 71 A sol ytidh of 78 (89
n‘g>[ Tin cu_@m_m,) trgated Wth

i socyanat 6\2 ui v) sat . (3om )~

Stll‘l‘ed vig rously for hour s. The sol uti oniwas

al | ovead t8 /gt\arﬁ?js',ét 5 C for 12 hours. e E%ISSI/\sl(

A solution of methyl ester 73i (1 mmol) in 10 mL of dry THF will be
treated with lithium borohydride (2.1 mmol). The reaction mixture will be
stirred at room temperature. After 5 h, the excess lithium borohydride will be
qguenched by addition of aqueous saturated ammonium chloride solution (3
mL). The mixture will be partitioned between ethyl acetate (60 mL) and
agueous saturated sodium bicarbonate solution (30 mL). The aqueous layer
will be back extracted with ethyl acetate (2 x 30 mL) and dichloromethane (2 x
30 mL). The combined organic layers will be dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The residue will be
chromatographed on silica gel to afford the product 73j.

Step K
N N

~ ~
= <

H ‘ H
\/\OH N N\/U\H

YLD T

A solution of alcohol 73j (1 mmol) in 20 mL of dry dichloromethane will
be treated with Dess-Martin periodinane (1.5 mmol). The reaction mixture will
be stirred at room temperature for 45 min. The mixture will be treated with
aqueous 1M sodium thiosulfate solution (10 mL) and aqueous saturated
sodium bicarbonate solution (20 mL) and stirred for 15 min. The mixture will
be extracted with dichloromethane (3 x 40 mL). The combined organic layers
will be dried over magnesium sulfate, filtered, and concentrated. The residue
will be chromatographed on silica gel to afford the aldehyde product 73k.
StepL
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15

| ayer was separated, washed with water, brine and
filtered through Na S . Solvent was renoved to dryness

w@easnkie9é esi due was purified on silica gel cobPemmszod0061136

to 60% acet one/ hexanes) to2give 71 (73 ng). M5 (ES)
mz relative intensity 773 [(IVvRNa) , 20]; 751 [(M1)
100]. Calcd. for CHNO S [M1] : 751.4064; Found
751. 4075. 217 Preparative Exanple 72: Preparation of:
CHCHStep A H- Il - Il C72 71a A solution of 71a

(89 nmg, Q169 mml) in CHC (10mM) was\treate ith
i socyanat®e 51c (J.5 equiv), sat. NaHCO (4™m ) an

stirred {igoruslly for 30 minutes. The sol oti¢n vasy
al  oned t and & 5 Enfor hours. The Cé:%]\m ayer was >
=z c” X H
\eéEOWh N

%p%j[a‘t shed with water, brinefapt-fitdered ©
thro ghi\Na@\S;Fvent was renoved oegryﬁe;gog@the
resi due vhs purified on silica gel colum@(40%to 50%
acetrane? @s) to give 72 (95 ny).7aVB GBSy wiz

relative’intehsity 790 [ (MrCH OH+1 ) , 48]; 798 [(M+1)

»10Q) s01GhbF B aliBhyde ka'(prﬁ%yin 10 B of dRAdichRydfethane

758. 4449. Preparative Exanple 73: Preparation of: V J
will be treated with allylisocyanide (2 mmol) and acetic acid (2 mmol). The
mixture will be stirred for about 5 h. All the volatiles will be removed under
vacuum and the residue will be chromatographed on silica gel to afford the
acetate product 73l.

Step M

The acetate 731 (1 mmol) will be dissolved in 16 mL of a 1:1 mixture of
THF/water and treated with lithium hydroxide monohydrate (2.5 mmol). After
30 min the mixture will be partitioned between dichloromethane (50 mL) and
aqueous saturated sodium bicarbonate solution (20 mL). The aqueous layer
will be back extracted with dichloromethane (3 x 30 mL). The combined
organic layers will be dried over magnesium sulfate, filtered, and
concentrated. The hydroxyamide product 73m will be used without further
purification.

Step N
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U NH 73 Step A218 - 73a The
N-~ert - But oxycar bonyO L-seri ne-beta-lactone 73a w ||
wheoopnspas ed according to the procedure describerukz004/031136
Vederas and co-workers (Aredl d, L. D.; Kalantar, T.
H; Vederas, J. C. J. Am Chem Soc. 1985, 107,
7105-7109) starting fromcomercially avail able
N-Boc-L-Ser-CH. Step B - 73b A sol ution of
N-(tert-But oxyl carbonyl)-L-serine-beta-lactone 73a (1

ol A dolutitth & hydfrodfamideqaani( mrhel) W 20 niieopdged

dropw se at anbi ent” tenperature over 1 h to a stirr
digblaremethaste willlba taated witheDeagiMartin pegodinang(g-5 mmol) The

t , | he

rSERoB R0kl ol R Bired dl rod e AR BURE 0 B The miyre
wilebé treatddedithviajbeags tt hsddil rlnethmsdlfatleaomiam @Ooﬂupanasb

will be recovered b fiItratioP g&C?:%b @A
agueQNs sfuFted spdiupm é@amﬁﬂate SAIUEgDd Y snloand sitrergt for 15
miR A HETHRLG AL RANSYE Extracted with dichloromethane (3 x 30 mL). The
combined organic layers will be dried over magnesium sulfate, filtered, and
concentrated. The ketoamide product 73n will be purified by column
chromatography.
Step O

e o @w o
>rj<]3/ é\N/O\/J T 2 _\N/\/\>

|
n O_//S\/\Si/ 73 O_//S\/\Si/

Ln g ™~ Lo ¢ ™~

The N-Boc protected amine 73n (0.1 mmol) will be dissolved in 5 mL of
4M HCI solution in dioxanes. The resulting solution will be stirred for 30 min
and then evaporated under reduced pressure to give the amine hydrochloride
product 73o0.

Step P
g

Gy

Y
— 0
H HJ
N N
o N\) o ﬁ N\H/N /O\o/\.j )
\N 5__ o/:(\ o] _\fl\l
I3p

|
73 O—/ﬁ\/\Si/
|

0=§8 -
Vg S
The amine hydrochloride 730 (0.1 mmol) will be dissolved in 5 mL of
dichloromethane and treated with 20 drops of aqueous saturated sodium
bicarbonate solution followed by a solution of isocyanate 51c (0.12 mmol) in
toluene. The mixture will be stirred for 5 h and then diluted with 50 mL of

dichloromethane and dried over magnesium sulfate. The mixture will be



solution (4 mM ) and water (1 nL) at roomtenperature
Wil be treated with benzyl chloroformate (1.12 mmmol)
wo moaost7ofe (1 nmL). The reaction mxture will BPET/US2004/031136
stirred for 2 h. The m xtu22® will be partitioned
bet ween ether (20 nL) and water (20 nlL). The aqueous
| ayer will be cooled in an ice-water bath, brought to
pH 2 using 5% aqueous HCl and extracted with
di chl oronet hane (3 x 30 nL). The conbi ned organic
filtexgdy andvcohcdrdrated eddevmduced pessaune sthe ptaejuct 7Bpavikkbe
ar oncent r at ed t afford the acid product 73c. 219
ot By S amatadianty r Sfogsy Tac (1 mol) in 10
stdp.qof dry dichloronmethane and L of dry DVF will be
stlrred at 0 C and treated with HATU ( .4 mol ). The
am ne hydrocr%rl de (1. 3 nmol ) and N- et hyl mo¥phol i ne (“

(4 mol ) wil e gucgeslively added. The rea ony

m ure wil | %P‘aﬂ%ﬁﬂ‘*y war med t roomten%rﬁrg\[(“”
tﬂ\p)kgercnl to All the v
ve u der m'c/ug; and the-re be taken
i nt o® n. of eth acetate. The or@a |c Iay{ga

be washedy OFﬁ\wager (20 nL), aqueous HCl 7420 ni),
aqueous sat ufat ed'sodi um bi carbonate sol ution (20 n),

5 and Pré REJS- B%t@éﬂad amlﬁe‘?r £ ndrAd§ wilhbé hidievéd |ﬁ@ mL of

over nagnesi um sul fat e, ered, and concentr at ed
Diiidand tredtesedith cesison &uorldee(q;qi outuel). Trsiradatipnreixture will be

stEPé«J 5 @B YerfiSbiatlte FO0F 2 TR RPHEREY o Watt“A0%8L). TReSP
mixture will be extracted with ethyl acetate (3 x 20 mL). The combined organic
layers will be dried over magnesium sulfate, filtered and concentrated under

10 reduced pressure. The macrocyclic amine 73 will be purified by column
chromatography on silica gel.

Preparative Example 74: Preparation of:

N

~
e

I
ZT

>L

O

N\

o=

Step A

\:{ (o)
Gt e

TS . O
15 t o

The N-Boc amine 65n (60 mg) was dissolved in 10 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the

20 residue was placed under high vacuum for 3 h. The resulting amine salt was
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- A solution of nethyl ester 73d (1 mml) in 15 nL of

a mxture of THF/ MeOH/ H20 (1:1:1) wll be treated with
wo pdokiosnmdrydr oxi de nmonohydrate (2.5 nmol) at OPCI/UI1ve4/031136

cooling bath will be renovs and the reaction m xture

stirred at roomtenperature and nonitored by TLC

(acetone/ hexanes; 2:8). After 1 h, 10 nlL of aqueous

HCI will be added and all the volatiles will be

renmoved under reduced pressure. The residue will be

d%@bivbﬁ'|R'SQHLWHN38f&hﬁ93|%QtH'Qne SHd esu18qys oHe. T‘h'é@ln i@erops

di chl or onet hane. The aqueous |ayer will be back
ofsaqu@mﬁe@atwatted dbdinmbisasianate solation B@redadyed Toltowed by a

S LB OB BT DB B S o G B
td?umtb"r@i étﬁng%mst&tﬁltlaﬁéd o TORG, Tﬁfeﬁcooﬁnngd:ch W@ removed

e A solution of acid 73e (1 nmol) in 10
and e arixtueg was stigedtat dpemdampifor gih. Jhegeactipgrmixture was

ARG, Ok B G0 A By Pl o)
filtéredianof cwoehtratemmdmrredﬁcéd preaduley The residue was
SN PHEAIE Hie b bbn Bnpone R A0 e
aﬁ@#@ﬂ‘u‘e' Feduet 14 0% r‘h@”gg%q a@rég\ﬁﬁlté’ 360! MHANA (500" IVFszue

be di ssolved in 100 acet at e.

C@@a)mSCB I aylers.viH)L 758-0v@9Hbeuswl i 6v(é& -6r43( (b0 Snrﬁb'l) 5 91 (ddt,
BPUETERn b 0 Frkis ORI ETEMRTT =, 173 o),
5.24 (dd, 1H, J=1.2, 10.4 Hz), 4.66 (d 1H, J=9.4 Hz), 4.46 (br s, 1H), 4.38
(m, 1H), 4.25 (d, 1H, J = 10.7 Hz), 4.06 (m, 2H), 3.98 (m, 1H), 3.71 (dq, 5.6,
11.6 Hz), 3.64 (ddd, 1H, J=5.0, 5.3, 9.7 Hz), 3.25 (m, 1H), 2.88 (d, 1H, J =
13.5 Hz), 2.47 (br s, 1H), 2.19 (d, 1H, J = 11.6 Hz), 1.39 (s, 9H), 1.28-1.99 (m,
22H), 1.21 (d, 3H, J = 5.6 Hz), 1.13 (m, 1H), 1.04 (s, 3H), 0.91 (s, 3H); **C
NMR (CDCl3, 125 MHz) 6 198.7, 173.0, 171.3, 159.4, 157.0, 133.4, 117.7,
75.2,67.7,61.2,60.8, 55.6, 54.6, 48.7, 42.2, 36.3, 31.6, 28.9, 27.9, 27.8,
27.1,26.8, 25.9, 24 .8, 24.0, 23.6, 21.9, 21.5, 19.4, 15.8, 13.4 ppm; HRMS
calcd for C37Hs2NsOgS [M+H]": 736.4319, found 736.4325.

Preparative Example 75: Preparation of:

\/

>~

ot SPAN

I
I

Step A
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brine (20 m.). The organic layer will be dried over
magnesi um sul fate, filtered and concentrated under

WO edsosdpr essure. The product 73f will be purpdi/es2obyo3113e6

col utm chr omat ogr aphy on s®?7ica gel. Step GY SS/ \
Ovwe H Z3g221 A 0.01M solution of diene 73f (1 muol)
in toluene will be degassed for 30 mn (argon
bubbling) and treated with Gubb's catal yst (0.2
mol ). The pink solution will be heated to 60 for

The sol vem wi Il be renpved under reduced\pr eSSLﬂ and
the resi wi | I ¢hromat ographed on silica-ge

af ford the)lal I{]e\ﬁl\product 739 as a mxtu@%{

Z-i songr sN Y M1 HH 73q Cbz 73h A 30l

ol I)|n 20 m _ of o e
tneatled Wt %pallad-i—trm—eﬁ—car%ﬁ(.lno% The
i I

e hydrogenated at 50 psi “Untd
st @5k i ng rial is consunmed. The reacti

¥\1 : lt gE%dgtleclﬁij éfe %déﬂqy)crq &glé{ﬁ(g%fgég]l l ol[ 8?3 c? chIoronmethane

was treated with cyclopropylisocyanide (Oakwood Prod., 2.0 eq, 0.25 mL, d

0.8) and acetic acid (2 eq, 0.16 mL, d 1.049). The mixture was stirred at room
temp for 5 h. All the volatiles were removed under reduced pressure and the
residue was chromatographed on silica gel (gradient: acetone/hexanes; 15:85
to 55:45) to afford the product 75a (740 mg, 83%) as a white solid.
Step B

N

~
N

OH
H H
S0

>y OJJWW - XT/EDJ

A solution of acetate 75a (740 mg) in 20 mL of a 2:1 mixture of
THF/water was treated with lithium hydroxide monohydrate (2.5 eq, 125 mg)
and stirred for approx 30 min until all the starting material had been consumed
as determined by TLC analysis (ethyl acetate/hexanes; 8:2). The reaction
mixture was diluted with 50 mL of aqueous saturated sodium bicarbonate
solution and extracted with dichloromethane (3 x 80 mL). The combined
organic layers were dried over magnesium sulfate, filtered and concentrated
to afford the product 75b (688 mg, 98%) as a colorless semi-solid which was
used without further purification.

Step C
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25

The filtrate will be concentrated and the product 73h
wi Il be purified by colum chromatography on silica

w@edos/o8t7ep / .H . Il OV OV -0 n 73h 73i A seATIUSZIN4/031136

of macrocyclic amine 73h (28mvol) in 10 L of

di chl oronmethane will be treated with potassium
carbonate (2 mmol) and (trinmethylsilyl)ethanesul fonyl
chloride (1 mml). The m xture is stirred for 1 day
and solvent will be evaporated. The product 73i wll
be purlfl\ed by col umm chr omat ography on S|\L/ca gel .
Step J222-0H Y 431 73i A solution of net estero 73|
(1 mmol) QLoHdry THF will Dbe treat

I|th|umbro 1mm|) Thereaqtl xtur
\%ﬂ/ /ﬁz at° room temperat u %E%} he®
exice t hi um bor ohydride w || be d by
addi ti on ©f phqueougbsat urated anmmoni um chl @ri

ned

sol ution m.). The m xture will be partit

bet veeg, gl bf AFEbR)EMIFRO758-11.399 mmol) in 25 mL of dry
dichloromethane was treated with Dess-Martin periodinane (2.0 eq, 1.01 g).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (30 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate solution (30 mL) was also
added and stirring was continued for further 10 min. The mixture was
extracted with dichloromethane (3 x 80 mL). The combined organic layers
were dried over magnesium sulfate, filtered, and concentrated. The residue
was chromatographed on silica gel (gradient: acetone/hexanes; 5:95 to 4:6) to
afford the product 75¢ (476 mg, 69%) as white solid.
Step D

The N-Boc amine 75¢ (60 mg) was dissolved in 10 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum for 3 h. The resulting amine salt was
dissolved in 5 mL of dry dichloromethane and cooled to 0 °C. Then, 10 drops
of aqueous saturated sodium bicarbonate solution were added. After 10 min,
a soln of the isocyanate 56e was added dropwise (1.2 eq, 0.59 mL of a
0.216M solution in toluene) and stirring was continued for 10 min. The cooling
bath was removed and the mixture was stirred at room temp for 2 h. The
reaction mixture was diluted with dichloromethane (70 mL.) and dried over

magnesium sulfate, filtered and concentrated under reduced pressure. The
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aqueous saturated sodi um bi carbonate solution (30 ni).
The aqueous layer will be back extracted with ethyl

waemsasEq 2 x 30 nmL) and dichl oronet hane (2 x BO/DEY004/031136

The conbi ned organic |ayer®dmi |l be dried over

magnesi um sul fate, filtered and concentrated under
reduced pressure. The residue will be chronmat ographed
on silica gel to afford the product 73]. Step K CH
O=S. TM 73k SL A solution of alcohol 73] (1 nmol) in

reXidid-wak chfometoghd JSHéd"Bﬁ Bmes g tqr?gi%nf rRet&@tb/Mbxdhes; 1:9 to

Dess-Martin periodi nane he reactlon

11#i)ste @fferdithe pr@éusﬂfi (zbumu Bawmmwbae@pude H BIMR %500

M CECRLBE LS Br ol Zoed R R saa L G 2BT8LS, RREGSR or

sSﬂeI) lﬂmb(mad blcmawzsﬁgl wH), om4921@r smq)H anCPZS(td nHed £ 00.7 Hz),
4&15:@doﬁb'ndt=héﬁe1@§ '%2)4@ S’Md 11'he’ térﬁaHﬁb@ 88 dahiH. J=

d f | d,
10209057 Meh, 3,8 (G 1ML 2 1300 FREE00 [, TH) P68 (qdd, HELPE 5.0,
5@ 94 Hzy,B. @@I(mt dHAf2.60dddthel 1) HetBydleT Br 64180tz)7 255 @ e, J

=TT GH) 3845, oA P Elhah 2B B0 (BHER Lkl 6o (. 10m.

13M QH BWQEB'OC\‘QZ)(Q fUTE;' BI—@WO@Q@%H @ngjfs( @)HWQ'QX) (rrTrEH)
ure will be sti d for about

0\&3 (@t BHa0. Wﬂ I(m, B&l)r eﬁd\’w (fFlaels, W&@ Mhﬁ)ahdl%ﬁeﬂéﬁ dda.5,
18b1d 189 £HE YR PES, 955! 453 985, 58 AIPE D s 3,
27.7,26.9, 26.8, 24.8, 24.4, 23.1, 19.3, 16.3, 13.6, 6.8 ppm; HRMS calcd for

CaoHasNeOs [M+H]": 743.4707, found 743.4686.

Preparative Example 76: Preparation of:

Step A

&«%r 4 O\rdﬂ(
>y J v 1 jpr/(i)/( v

The N-Boc amine 75¢ (60 mg) was dissolved in 10 mL of 4M HCI
solution in dioxanes. The resulting solution was stirred at room temperature
for 30 min. All the volatiles were removed under reduced pressure and the
residue was placed under high vacuum overnight. The resulting amine salt
was dissolved in 5 mL of dichloromethane and cooled to 0 °C. Then, 10 drops

of aqueous saturated sodium bicarbonate solution were added. After 10 min,
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acetate product 731. Step MHHo0 Y o N 73, 73m The
acetate 731 (1 mol) wll be dissolved in mM_ of a:1

woreoossEof THF/ water and treated with |ithi unPCT/US2004/031136

hydr oxi de nonohydrate (2.523nol). After 30 mn the
m xture wll be partitioned between dichl oronet hane
(50 mM ) and aqueous saturated sodi um bi carbonate"
solution (20 m ). The aqueous |layer will be back
extracted wth dichloronethane (3 x 30 ml _). The

a@elMion &k RbEpMAte 6BaNas Bdbd BRopWiIEE §1 QV&Y, 0188 RRSHILEN
sul fate, filtered, and concentrated. The dr oxyam de
0434 Hluselutiamindalyensy ansediring meastcontipueed forpl min.clie eppling

) _ _ . 0y

oy R gl Bhilih il XA SR Ao rib RT3, THR

rdaesion Maikture wesr didéd avith dichldromethhne The milgarid dried over
mxture will be stirred at roomtenperature for 30

mRgResiALsyiate ubitera andonceatiaied Wiaeh reguessiRressdieuhhe
AL SRRl A P sl befpAGHE B TRNERA, 20
6i) ho afford thiexprodect6 (54omge X2 Y% @saaiwhite isolid. 'H NMR (500
MES RISERTS 818896 8 11 Y 48 @rs, 11, 6.13 (br s, 1H), 5.75 (br s, 1H),
5.15 (d, 1H, J = 8.5 Hz), 4.68 (br s, 1H), 4.56 (s, 1H), 4.28 (d, 1H, J = 10.7
Hz), 4.06 (dd, 1H, J = 4.7, 10.4 Hz), 3.99 (dd, 1H, J = 9.1, 9.7 Hz), 3.60 (m,
2H), 3.47 (dd, 1H, J 12.2, 13.2 Hz), 3.19 (m, 1H), 3.07 (m, 3H), 2.94 (s, 3H),
2.87 (ddd, 1H, J=4.0, 7.8, 15.1 Hz), 1.72-1.99 (m, 4H), 1.37 (, 3H, J=7.5
Hz), 1.27-1.68 (m, 9H), 1.21 (d, 3H, J = 6.0 Hz), 1.13 (m, 1H), 1.01 (s, 3H),
0.92 (s, 9H), 0.89 (s, 3H), 0.87 (m, 2H), 0.71 (m, 2H); *C NMR (CDCls, 125
MHz) & 199.5, 172.8, 171.6, 160.8, 158.1, 75.8, 68.4, 60.6, 56.2, 54.4, 50.4,

148.5,45.7,34.7, 34.5, 32.1, 31.6, 28.6, 27.8, 27.7, 27.0, 26.9, 26.7, 24.9,

24 .6, 23.0, 19.2, 16.2, 13.5, 8.5, 6.7 ppm; HRMS calcd for C35Hs1NgOsS
[M+H]": 725.4272, found 725.4292.

Preparative Example 77: Preparation of:
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WwWEe@dosn79&3n wi | |

conmbi ned organic layers will be dried over magnesi um
sulfate, filtered, and concentrated. The ketoam de
be purified by colum chromaPOgUsgny031136
Step " 73n 730 The N-Boc pr¥tected anmine 73n (0.1
mmol) wll be dissolved in 5 mM_ of 4MHC solution in
di oxanes. The resulting solution wll be stirred for
30 min and then evaporated under reduced pressure to
give the am ne hydrochloride product 730. Step P HC H

N - The wmda&arhm@rm& e@rmgfw%%s{s%hﬂedmoid mi dfl4NPRICI

di ssolved in 5 of di chl oronet hane and treated with
SQlDlthﬂ(ﬂbdeXBNQQUBﬁﬁIEG%@IW%Ql@@QSWQB@ﬁf@ﬁ(ﬁéﬂ@@ﬁdﬁ@peraturﬁ

i3l e piifiet oo PanVed Uit efREYA BEESURY g the
rétﬂdiuévdasgﬂébédﬂ@m@ High @dcwarhfob® hl. Thé résmﬁh@éﬁﬁ@é Bam&/as
and dried over gne3| um sul fate. The m xt ur

dissolbvedsin |5 rak- & dru Aighlasamethang and cerled te 8die J&en 20 drops
oPESéééUsesat-&F%e@ SBdRR bl%%Podﬂajté ?ﬁt@%%é%%dgﬁ SRWEE by a

romat ogr a on silica
soln of the lsocyanate 27bin toluene (1.2 eq, 0.6 mL of a 0.2M soln in
toluene) and stirring was continued for 10 min. The cooling bath was removed
and the mixture was stirred at room temp for 2 h. The reaction mixture was
diluted with dichloromethane (60 mL) and dried over magnesium sulfate,
filtered and concentrated under reduced pressure. The residue was
chromatographed on silica gel (gradient: acetone/hexanes; 2:8 to 6:4) to
afford the product 77 (50 mg, 65%) as a white solid. 'H NMR (500 MHz,
CDCl3): 6 8.12 (br s, 1H), 7.33-7.63 (br s, 1H), 6.07-6.47 (br s, 1H), 5.67 (br s,
1H), 4.65 (d, 1H, J = 9.7 Hz), 4.45 (br s, 1H), 4.37 (m, 1H), 4.24 (d, 1H, J =
10.7 Hz), 4.07 (dd, 1H, J =5.0, 10.7 Hz), 3.70 (dq, 1H, 5.9, 9.7 Hz), 3.64 (ddd,
1H, J=5.0, 5.6, 9.7 Hz), 3.24 (m, 1H), 2.89 (ddd, 1H, J = 3.7, 7.5, 14.5 Hz),
2.88 (m, 1H), 2.47 (br s, 1H), 2.18 (d, 1H, J = 12.6 Hz), 1.74-1.97 (m, 5H),
1.39 (s, 9H), 1.27-1.73 (m, 17H), 1.20 (d, 3H, J = 6.3 Hz), 1.11 (m, 1H), 1.04
(s, 3H), 0.91 (s, 3H), 0.90 (m, 2H), 0.73 (m, 2H); *C NMR (CDCl3, 125 MHz)
6 198.7,173.0, 171.3, 161.0, 157.0, 75.2, 67.8, 61.1, 60.8, 55.5, 54.6, 50.1,
48.6, 36.3, 31.6, 28.8, 27.9, 27.0, 26.9, 25.9, 24.8, 24.0, 23.6, 23.1, 21.9,
21.5,19.4,15.8, 13.4, 6.9, 6.8 ppm. HRMS calcd for C37He2N508S [M+1]™:
736.4319, found 736.4329.

Preparative Example 78

Step A
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N T The SES-protected amne 73p (0.1 nmol) will be
dissolved in 2 mM _ of DW and treated with cesium
wo basewsdes (0.4 mmol ). The reaction m xture w | PCDES2004/031136
stirred at roomtenperatur2zs2for 4 h and poured onto
water (10 m ). ~-The m xture will be extracted with

ethyl acetate (3 x 20 ml ). The conbi ned organic

| ayers will be dried over magnesium sul fate, filtered
and concentrated under reduced pressure. The
macrocyetic anmine 73 will be purified by colurm

chr omatA raphyoon SI I ica& gel. Preparative I e 74 H
Prepar At SQE, \dgbé;’/w \Y NCO 27b TheZ%E N
n(} ed i Hoft 4
o\qrtl nCin d| Exanes Th88ar esul tj ngﬂs u\tro h\m;s/\j
st i Pr t%Hperature for
volatlles were renoved under reduced pressure and the

resi due was placed under high vacuumfor 3 h. The
Thed\HBocramiam G&n 64 mgmaazﬁsaﬁlwbunv‘éhmmf%WHCkﬁoltﬂm in

dchlor methaea 0 g 20 drops of .

o5 s e e Qi ES stidpl A oL N B meraif O o min.
AlldRe Jofatildsonee iyndvesialiter eéddider pm@u@ @t the/iesidie was

toluene (1.2 eq, 0.6 ml of a 0.2Msoln. in
placed under high vacuum for 3 h. The resulting amine salt was dissolved in 5
mL of dry dichloromethane and cooled to 0 °C. Then, 20 drops of aqueous
saturated sodium bicarbonate solution were added followed by a solution of
the isocyanate 59a in toluene (1.2 eq, 0.6 mL of a 0.2M soln in toluene) and
stirring was continued for 10 min. The cooling bath was removed and the
mixture was stirred at room temp for 3 h. The reaction mixture was diluted
with dichloromethane (60 mL) and dried over magnesium sulfate, filtered and

concentrated under reduced pressure. The residue was chromatographed on

- silica gel (gradient: acetone/(hexanes-dichloromethane; 1:1); 1:9to 1:1) to

afford the product 78 (51 mg, 67%) as a white solid. '"H NMR (CDCls, 500
MHz) 6 8.17 (br s, 1H), 6.42-6.79 (br s, 1H), 5.90 (ddt, 1H, J=5.6, 10.7, 17.0
Hz), 5.73 (br s, 1H), 5.57 (br s, 1H), 5.27 (d, 1H, J=17.0 Hz), 5.22 (d, 1H, J =
10.0 Hz), 4.62 (dd, 1H, J = 9.1, 9.7 Hz), 4.52 (br s, 1H), 4.29 (m, 2H), 3.86-
4.11 (m, 4H), 3.64 (m, 3H), 3.17 (m, 2H), 2.74 (d, 1H, J = 11.9 Hz), 2.24 (d,
1H, J=17.3 Hz), 2.10 (d, 1H, J = 17.0 Hz), 1.95 (m, 4H), 1.24-1.68 (m, 11H),
1.16 (d, 3H, J=5.9 Hz), 1.11 (m, 1H), 1.02 (s, 3H), 1.01 (s, 6H), 0.95 (s, 9H),
0.87 (s, 3H); *C NMR (CDCl;, 125 MHz) 6 196.8, 172.9, 171.6, 170.7, 159.4,
158.2, 133.6, 117.5, 75.7, 68.2, 60.8, 56.0, 55.3, 48.5, 46.8, 46.2, 44.9, 42.3,
35.7, 34.8, 32.3, 31.6, 30.2, 28.6, 28.4, 27.8, 27.7, 271, 27.0, 26.8, 24.8,

24.5,19.3, 16.5, 13.6 ppm. HRMS calcd for C3gHgsNsO7 [M+1]": 729.4915,
found 729.4917.

Preparative Example 79
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toluene) and stirring was continued for mn. The

cooling bath was renoved and the m xture was stirred
w@roososnmwé enp for 2 h. The reaction m xture waBCTOUb200€B1136

wi t h di chl oronet hane (60 nt33) and dri ed over magnesi um

sul fate, filtered and concentrated under reduced

pressure. The residue was chronmat ographed on silica

gel (gradient: acetone/hexanes; 1:9 to 1:1) to afford

the product 74 (45 ng, 59% as a white solid. H NWR

(500 Mz, CDCl ): d 8.11 (bl\;/ 1H), 7.40-7.69 (br s,

1H), 6.08-6.43 (br s, 1H), 57901 (ddt 1H, J = 5.6,

10. 4, 17.3 Hz), 5.70 (br s, (dd, 1H, J =
1.2, 17.3 H), 5.24 (dd, , vfé\ﬂa 4.66 (d,
L J = 9.4 H), B 46 (Br HlHi“, 38(mO 4.25 (d,
J =10.7 %gﬂwy (m "1H), 3.71 (dq,
5.6, .6 Hz); (ddd, i= 5.0, 5.3, 9.7 Hz), 3.25 (m
1H), 2.88 (d, <\3.5 f2)© 2.7 (br_, 1H), 2.19 (d,
1) = 11.6 HzZ), 1.39 (s, 9 “1%99 (m 22H),

(d, 3H J = 5.6 Hz), 1.13 (m H), 1.04 (s, 3H),
(s, 3H) C NWVR (CDCl , 125 MHz) d 198.7, 173.0,
. 3, \159 , 157.0, 133.4, 117.7, 75.2, 67~} 61.2,
60. 8, 6 5406 48.7, 42.2, 36. 3 31. 6 287
27. 8, 25 %? 24,0, 23.6, 21

194H18 13 | cd orCnHINS[

m;g@j 736 4325§9_Prepar t M/e n};[egw : J
reB . 0I5 Step A227 ~of e 7
65k (710 mg) in 30 M of dry dichl oromet hane was

treated with cycl opropylisocyani de (Cakwood Prod., 2.0
Téeg ,N-Bozmmine,75¢ (60 mg) was dissolved in 10 mL of 4M HCI solution in

dioxanes. The resulting solution was stirred at room temperature for 30 min.

All the volatiles were removed under reduced pressure and the residue was
placed under high vacuum for 3 h. The resulting amine salt was dissolved in 5
mL of dry dichloromethane and cooled to 0 °C. Then, 20 drops of aqueous
saturated sodium bicarbonate solution were added followed by a solution of
the isocyanate 59a in toluene (1.2 eq, 0.6 mL of a 0.2M soln in toluene) and
stirring was continued for 10 min. The cooling bath was removed and the
mixture was stirred at room temp for 3 h. The reaction mixture was diluted
with dichloromethane (60 mL) and dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on
silica gel (gradient: acetone/(hexanes-dichloromethane, 1:1); 1:9to 1:1) to
afford the product 79 (36 mg, 48%) as a white solid. *H NMR (CDCl; 500
MHz) 6 8.19 (br s, 1H), 6.38-6.70 (br s, 1H), 5.73 (br s, 1H), 5.55 (d, 1H, J =
7.8 Hz), 4.61 (t, 1H, J=9.7 Hz), 4.51 (br s, 1H), 4.27 (m, 2H), 4.05 (dd, 1H, J
=2.0,10.4 Hz), 3.95 (dd, 1H, J = 9.4, 9.7 Hz); 3.62 (m, 3H), 3.18 (m, 2H),
2.90 (ddd, 1H, J=3.7,7.2,14.8 Hz), 2.73 (d, 1H, J=12.6 Hz), 2.21 (d, 1H, J
=17.0 Hz), 2.09 (d, 1H, J = 17.3 Hz), 1.93 (br s, 4H), 1.27-1.68 (m, 11H), 1.15
(d, 3H, J =5.9 Hz), 1.11 (m, 1H), 1.02 (s, 3H), 1.00 (s, 6H), 0.94 (s, 9H), 0.87
(m, 2H), 0.86 (s, 3H), 0.73 (m, 2H); *C NMR (CDCls, 125 MHz) & 197.1,
172.9,171.6, 170.6, 160.9, 158.2, 75.6, 68.3, 60.7, 56.0, 55.3, 48.5, 46.7,
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0.8) and acetic acid (2 eq, 0.16 M _, d 1.049). The
m xture was stirred at roomtenp for 5 h. Al the

woeloansd7es were renoved under reduced pressur ePEnUS100€031136

resi due was chromat ogr aphe2B4on silica gel (gradient:
acet one/ hexanes; 15:85 to 55:45) to afford the product
75a (740 ng, 83% as a white solid. Step B 75a 75b A
solution of acetate 75a (740 ng) in 20 M of a 2:1

m xture of THF/ water was treated with lithium

4Byl dsis POSPBY§P at 91 %236 209 Ay fg gy §t me@ﬂcpr

appr ox mn until all 'the'starting nmaterial had been
2607r1524n&,c24a§ Al et Hi3néa. 5031 310.6.arfabypins HRMS,/talcd for

t / €Sinn8n2k. . Th [ on m xture was
Cgcﬁ‘iiﬁéé Wﬁﬁ?ﬁ’rﬁgﬁf foé'&ﬁe??%a Xéioﬁ)ur ated sodi um
di chl oronmet hane (3 x 80 m The conbi ned organic
| ayers were dried over magne fum sul fate, filtered and
further pugifica®ion. 28 A775d] A 5ol it i on of
hydr oxyam \Dg LN,/ 25 n Oof dry
di chl or onet
peri odi nane 2.0 eq\. 81 g)o The-reaction mixture was
stirred at roomterrperaturefor 0 nin B% mixture
St8p Al ) and stirred for 5 min. Aqueous saturat ed
sodi umbi,carbonate solution (30 mM ) was al added
m Xth@e;H i & O\( i

1 1] d\r 1 . Jﬁr

T 1*
52 80

pbégafgtwéaEQaﬁ.glwgoon and extracted with
concentrated to afford the praduct 75b (688 ngy, 98%
as a colorless sem-solid \Azl‘-éjwﬁwib edMut
redtect w Ph
was treated with aqueous sodi umthi osul fate sol ution
and st |M| ng was continueg for further 10 m . The
O

The N-Boc amine 52 (60 mg) was dissolved in 10 mL of 4M HCI solution in
dioxanes. The resulting solution was stirred at room temperature for 30 min.
All the volatiles were removed under reduced pressure and the residue was
placed under high vacuum for 3 h. The resulting amine salt was dissolved in 5
mL of dry dichloromethane and cooled to 0 °C. Then, 20 drops of aqueous
saturated sodium bicarbonate solution were added followed by a solution of
the isocyanate 80a in toluene (1.2 eq, 0.8 mL of a 0.155M soln in toluene) and
stirring was continued for 10 min. The cooling bath was removed and the
mixture was stirred at room temp for 3 h. The reaction mixture was diluted
with dichloromethane (60 mL) and dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on
silica gel (gradient: acetone/hexanes; 2:8 to 6:4) to afford the product 80 (41
mg, 61%) as a white solid. "H NMR (CDCl; 500 MHz) 8, 8.01 (d, 1H, J = 8.2
Hz), 7.65 (br s, 1H), 6.01 (br s, 1H), 5.91 (ddt, 1H, J = 5.6, 10.0, 17.0 Hz),
5.68 (dd, 1H, J=9.1, 9.4 Hz), 5.27 (dd, 1H, J = 1.2, 17.0 Hz), 5.23 (dd, 1H, J
=1.2,10.0 Hz), 5.20 (m, 1H), 4.98 (br s, 1H); 4.59 (s, 1H), 4.13 (d, 1H, J =
10.7 Hz), 4.01 (m, 3H), 3.89 (ddd, 1H, J =2.2, 10.4, 10.7 Hz), 3.79 (dd, 1H, J



extracted wth dichloronethane (3 x 80 ml _). The
conbi ned organic |ayers were dried over nagnesi um
weosaswEds filtered, and concentrated. The resiBPUBUSES4/031136
chromat ogr aphed on silica 28l (gradient:
acet one/ hexanes; 5:95 to 4:6) to afford the product
75¢c (476 ng, 69% as white solid. Step D 75 The N Boc
am ne 75c¢ (60 ng) was dissolved in 10 L of 4M HC
solution in dioxanes. The resulting solution was
=S3.41 129 Hz), Ba@n(rh et 132861 (ra, 2id), 386 (ad. 1H J =tdhk, 7.5 Hz),

et TR T Moot htibt B i Hontamid dFt 3 Thio gz, 207
@ess“éﬂgro%ﬁbﬁ%f’% -fi7psH Vﬁqh)TE 18 (h ﬂlid) %Qg, 3H),

ane and ‘tooled to
Of2fuso 961) s@B6r(at 8id) s&alNMRdO&Glao‘r%& Ml-kz)IthSB&JB W\é?é 1721,

s 133ckdsarhyiirL @8 £ PoPbe (77,607 BB B Eanifiape

45 UG 2uered 3G, 34.i71 Bsngsw mwtzmwezir fop7 B p7 3The.9,
cooling bath was renoved and the m xture was stirred

Zét3 & 1t3e5rppfrer&Mﬁ5 Cat%fqré%mquNst M+il's 784394, faung
?’»89' chl oronmet hane (70 nL) and dried over magnesi um
- sul filtered and concentrated under reduced
Ppepamlm.E)ﬂmﬁwsn esi due was chromat ographed on silica
gel (gradient: acetone/hexanes, :9 to 1:1) to afford
t he product 75 (41 ngy, 53% S a white solid. HNWR
(500|\/Hz CDCl :d812(br 7(40 70 (br s,

,628(brs ,568(b KH\)/U\W s

4.62 (s, 9(ersH1 227(d %O7Hz)
4.05 (dd, \ﬁ/ §4d,J—16Hz)
3.88 (dd, 240" 4, 10]l7 3.92 (g, J = 11.0 Hz),

369(m1|—|)362( 5. o1

10
Step A

i S0 OWW
TYL ) B ﬁmr

The N-Boc amine 65n (60 mg) was dissolved in 10 mL of 4M HCI solution in
15 dioxanes. The resulting solution was stirred at room temperature for 30 min.
All the volatiles were removed under reduced pressure and the residue was
placed under high vacuum for 3 h. The resulting amine salt was dissolved in 5
mL of dry dichloromethane and cooled to 0 °C. Then, 20 drops of aqueous
saturated sodium bicarbonate solution were added followed by a solution of
20 the isocyanate 80a in toluene (1.2 eq, 0.8 mL of a 0.155M soln in toluene) and
stirring was continued for 10 min. The cooling bath was removed and the
mixture was stirred at room temp for 3 h. The reaction mixture was diluted
with dichloromethane (60 mL) and dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on
25  silica gel (gradient: acetone/hexanes; 2:8 to 6:4) to afford the product 81 (54
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5.6, 9.4 Hz), 3.20 (m 1H), 2.89 (ddd, 3.4, 7.2, 14.8
Hz) 2.55 (d, 2HJ = 7.0 Hz), 2.48 (d, 2H, J = 7.0 Hz),

WO Z®503@% (m 4H) .28-1.69 (m OH) .14 (d, 3H, PCT/8SH0DH031136

Hz), .10 (s, 6H), .00 (s, 3#), 0.99 (s, 9H), 0.90 (m
2H), 0.83 (s, 3H), 0.71 (m 2H: C NVR (CDOl 125 M)
d 198.8, 172.8, 171.5, 160.9, 157.8, 75.5, 68.1

60.8, 57.2, 55.9, 48.7, 46.8, 35.2, 29.3, 28.6, 28.3,
27.7, 26.9, 26.8. 24.8, 24.4, 23.1 19.3, 16.3, 13.6,

nrg;ﬁo4 s 5RrReCHiigd 'y NMﬁ Ud&lL]'BbU MHZ$S; éi@%br%%ﬁ 7.39-

86. Preparative EX Preparation o
7St %(br A, YH),F6.83¢bi75,c1 I—T)S 519ﬂe(ddiBt}d Amﬁa@ Thé, (60 Hay) Swids(br

sr WAL R IE et 1) s by b Mkl s ERL B o 7 S

18Q% \E)N4.6Y (dd, e, wot atadlaef erzewwmyem acizet (d,aducedq10.7

F-gressure and the residue was pl aced hi gh vacuum

e 7 . 1Hhé BoBu1Q.8 ) DRI AH), AT (@95t der 8.6, 5.9,
NS kit ey Rt 1 O ERE R L)

Bémll(sdz%fs ev (8] TH?@OZ@(C& dHy.J :c)ﬂ 1t(hlelz) 00F trad, SHH3€.984dbr s,
se ( a 0.1 solutiogn in

2B TR GD St Tl 1781155 el Und W 3o 163418, Tl
19?01 b'i‘gns bﬁllnj; 0‘”@@(5r @)@ygﬁgqesﬂannewww €D, £ (9 s
198.5, 177.1,172. 8 171 5,159.4, 158.0, 133.4, 117.7, 75.5, 68.1, 60.8, 57 4,
55.9,48.7,45.4,42.3,40.4, 34.8, 32.8, 31.7, 28.6, 27.8, 27.6, 27 .4, 26.9,
26.8,24.7,24.4,19.4, 16.2, 13.5 ppm. HRMS calcd for C3oHg1NgOg [M+1]":
741.4551, found 741.4543.

Preparative Example 82

The N-Boc amine 75¢ (60 mg) was dissolved in 10 mL of 4M HCI solution in
dioxanes. The resulting solution was stirred at room temperature for 30 min.
All the volatiles were removed under reduced pressure and the residue was
placed under high vacuum for 3 h. The resulting amine salt was dissolved in 5
mL of dry dichloromethane and cooled to 0 °C. Then, 20 drops of aqueous
saturated sodium bicarbonate solution were added followed by a solution of

the isocyanate 80a in toluene (1.2 eq, 0.8 mL of a 0:155M soln in toluene) and



10

15

20

25

reaction mxture was diluted with dichloronethane (70

m ) and dried over magnesiumsulfate, filtered and
w@eonsesi7e@t ed under reduced pressure. The resiBPUBUSES4/031136

chromat ogr aphed on silica 28 (gradient:

acet one/ hexanes; 2:8 to 6:4) to afford the product 76

(54 ng, 72% as a white solid. H NWR (500 WHz, CDCl ):

d 8.22 (br s, H, 7.58 (br s, H, 6.13 (br s, H, 5.75

(br s, H, 5.15 (d, 1H, J = 8.5 Hz), 4.68 (br s 1 H,

stﬁmgs 1&% c%.?'ﬁreﬂ;‘f?%g @@8 Tg%l c&oﬁ?]glgatg\ \)ig% 5er§o£€c§ QF@ t%eo
mixturewhs sBrréd at doomlemplfol 3.2 ThiSre2ictia) miﬁuﬂ_@w(a&]dnme)q
wilh dfctiplornethané (631 and e aver shaghesiim yats, Titefgef and
c%n ﬁtﬂatgq u%Hér %ﬁﬂ&xce& pldsdufle. Phé re]sié‘ueﬁwgg 'dﬁ}omét-oé%éf?ﬂ‘@d on

L s, . 0.92 (s, 9H), 0.89&8, 3H),
silioa geHjgradient: acefore)exapeRVRS(tortH) to affdike preHuc 82550

il OF sy 4 Whilg St BB JCOCTy 20 sfq o-1d,for sy 6 1,36-

758 & s??HZ,,G.ZgéBn s,20H)95.685(bf s, 3#)95.384bbs, B), 4.66L_AE 1H, J
16.2, 13.5, 8.5, 6.7 p HRVS calcd for CHN O S
=[VB] 51208 48P 5. 10UTHoY 18, HD0H= e btEy-cft-06 &ttt 5 5.0,

104 31 Eh 0. 20 (i, WG a7 ol T2 fEF e Ty 1m0,
3H@ (bs o] BH),B07 1fs o s 2 (ddhd H, JsuBLT, Agh, Sl &itizpr2. 284d, 1H,
JEH 5524 deaP2 LY EMENY Y551 .96 (m, 6H), 1.26-1.67 (m, 9H), 1.17 (d,
3H, J = 5.9 Hz), 1.10 (m, 1H), 1.00 (s, 3H), 0.98 (s, 9H), 0.90 (m, 2H), 0.83 (s,
3H), 0.72 (m, 2H); "3C NMR (CDCls, 125 MHz) & 198.9, 178.8, 172.8, 171.5,
160.9, 158.0, 75.5, 68.1, 60.8, 57.4, 55.9, 48.7, 45.4, 40.2, 34.8, 32.8, 31.7,
28.6, 27.8, 27.7, 27.4, 26.9, 26.8, 24.8, 24.4, 23.1, 19.3, 16.2, 13.5, 6.9, 6.8

ppm.
Preparative Example 83

The N-Boc amine 33 (60 mg) was dissolved in 10 mL of 4M HCI solution in
dioxanes. The resulting solution was stirred at room temperature for 30 min.

All the volatiles were removed under reduced pressure and the residue was



10

15

for 30 mn. Al the volatiles were renoved under
reduced pressure and the residue was placed under high

wo amsns7dor 3 h. The resulting am ne salt was PUEESI00€M1136

in 5 nm of dry dichloronetfsne and cooled to 0 C
Then, 20 drops of aqueous saturated sodi um bi carbonate
sol ution were added foll owed by a soln of the

i socyanate 27b in toluene (1.2 eq, 0.6 nL of a 0.2M
soln in toluene) and stirring was conti nued for mn.

platBrigies Py BB o S M Sl S ek Elieeniagiin s
néll b8 HivhiborabteBhe bﬁﬂ&id@?étﬁto(@ecﬁther&rzb dropedbfen@ieous

magnesium sul fate, filtered and concentrat ed under

spiigatedpqskur igasbomate soliianwerrsaddad intawed byphedutign of
o3 bk A0, PO BN aPab fifliche) o
stiting(Wwa® cdinueddot 1D mih. FheZoblimg bath) was %ﬂdv@daaﬁdrthe )
nyl_'?dpr%m%é sglréé e%tg{aogl tg%’p %&%Zh; (ﬁ_\rﬂ r’ef%{gr’\ gﬂ'gg?q éy%s d ilyiJed_
v@tﬂ df ﬁl'é?ométhgze( gé’@' mL“B arﬁi &hedlgvgr rh'éénes?ur%%tﬂﬂéfb frlte%cpand
canésnt(ateld undeereﬁ,ucéd Epres_sure Hzg r@sn&& (Nms ch)matogra rmd on

ety bt st ¥ i o bl ¥

g, B4 % as ahite $fid(s, 3H) 0.91 (S 3H), 0.90 (m 2H),
0.73 (m 2H); C NMR (CDCl 125 MHz) d 198.7, 173.0,
171. Example gompgungs aresshows in Eab@f 1 agd 2delew. 5 he Ki

27.9, 27.0, 26.9,
vyl gfopg‘e%oﬁﬁ%d%ﬁééaé%%mgﬁ 9, 2 1.5, 19.4,
“A5fo8 Ki ﬂalu@,s Iés@thaﬁ D 0mn “BHRECicalwst greatet thlarMoOeSual to
1bg|+ H but lggg th%%119 UM an %f}% ?gr6K|4v33 uges gle%?(%rtﬁér'u \6(? e%ﬁgm%l 1e MM,

Table 1
Example Structure Binding
Activity
1 A
2 A
3 A




oA 78 Step A232 NCO H H Ji ,

The N-Boc am ne 65n (60

nmyg) was dissolved in L of 4M HCl solution in di oxanes.

wabmsosens ti ng solution was stirred at
the vol ati2¥®s were renoved under

for 30

mn. A

reduced pressure and the residue was placed under

vacuum f or

in 5 nL of dry dichloronethane and cooled to 0 C

room t ePEBEUSI004/631136

hi gh

3 h. The resulting amne salt was dissol ved

2M

0

was
e was
er

r

4.52
(m
d,

Then, 20 drops of aqueous saturated sodi um bi car bonat e
sol uti o were adda : ; solutjon of thd
i socyangte 59a in 0.6 pL of a O.
sol n in|tol uéne) a conti hued A or 1
mn. The cooling I and the m xture
stirred at roomte react} on m xtur
dilutedf with dichloronethane (60 nm.) and dried oV
magnesi gm sul fat e, : pncentfated unde
reduced| pressure. chr onpt ogr aphed on
silica gel (§radie
acet onef (hexanes- di 1:9 to 1:
afford | he product white so
NVR (CDCl_., 500 IVH 6.42-6. 79
s, H, pb.90 (ddt, Hz) 5.73
s, 1H),|5.57_.(br , 17.0 Hz)
(d, , 3| = 1050 Hz) 9. P ),
(br s, LH), 4.29 (|nk 4H), 3. 64
3H), 3.7 (m 2H), z), 2.24 (

7 A

8 A

9 A

10 A




1H, J = 17.3 Hz), 2.10 (d, 1H J = 17.0 Hz), 1.95 (m

4H), 1.24-1.68 (m 11H), 1.16 (d, 3H = 5.9 Hz), 1.11
w@ 205086796 1. 02 (s, 3H), 1.01 (s, 6H) 0.95 (s, BEHUSDOBI31136
(s, 3H; C NWR (CDCl , 125240Hz) d 196.8, 172.9, 171.86,

170.7, 159.4, 158.2, 133.6, 17.5, 75.7, 68.2, 60.8,
56.0, 55.3, 48.5, 46.8, 46.2, 44.9, 42.3, 35.7, 34.8,
32.3, 31.6, 30.2, 28.6, 28.4, 27.8, 27.7, 27.1 , 27.0,
26.8, 24.8, 24.5, 19 3, 16. 5 13.6 ple HRVS cal cd for

CHN [WI 72914 T Preparatijve
Exanpl e] 79233 79 St c The N-Bqgc
am ne 7bc (60 ny) pf 4M HCI
solution in di oxan ut i on, was
stirred at roomte .1 Al'l Mhe
vol atiles were ren essure and the
resi due| was pl aced r 3 h. The
resulting amne sglt™ L of dry
di chl orpoet hane and_cooled to 0 _C__Then, 20 dropg of
aqueous| sat ur at ed uti on werle
added fpll owed by cyanate 59a in
toluenel ( .2 eq, Q. n tol ueng) and
stirring wastxonti I ng Bat h {was
renoved| and the m roomtenp |[for 3
h. The yreaction m

13 A

14 A

15 C

16 C




wi th di chl oronet hane (60 nL) and dried over magnesi um
sulfate, filtered and concentrated under reduced
w@e®sesn7ec The resi due was chromat ogr aphed on BC1T/US®04/031136
gel (gradient: acetone/(hexanes-di chl oronet hane, 1:1);
1:9 to 1:1) to afford the product 79 (36 ng, 48% as a
white solid. HNW (CDCl , 500 MHz) 58.19 (br s, 1H)
6.38-6.70 (br s, 1H), 5.73 (br s, 1H, 555 (d, = 7.8
Hz), 4.61 (t, 1 = Q9 7 Hz) 4 51 (br s, 1H) 4 27 (rn

2H), 4.[05 (dd, , J- b), 3.95 (dd, , J

9.4, 9.7 Hz): 3.62 (m 2H), 2.90 (cdd
J=3.7 7.2, 14.8! , J =[12.6 H) 2.21
(d, , J = 1770 Hz), f = 17.3 Hz) A 1.93 (br
s 4H), |1.27-1.68 (r . 3H, J =5.9 H), .
(m 1H)|, .02 (s, 3¢ ), 0.94 (s, 9H), |0.87
(m 2H), 0.86 (s, |3H), 0.73 (m 2H: C|NVR (CDCl |, 125
MHz) d [I97.1, 172]9, 171.6, ‘170 6, 160.9, 158.2, |75.6,
68.3, €0.7, 56.0, |55.3, 48. ‘jjm/ 4 146.3, 44.9,
35.7, 4.8, 32.4, %%\ soH |6, 28.5, 27.8,
27.7, 2

: 7.0, 436.7, Wﬁg:;ﬁgg 14. 3, 6.5, [13.6,
6.7, 6.6 ppm HRMB caleld $oi~C H X O [NKr1] ' 729.4915,
found 729. 4926. Pheparative le 8080 Step A[NCO H
H 80a 80 The N-Bo¢ am ne 52 (60 ng) wag dissolved in
10 L of4MHer—sol S £

19

H H o

SEES S EaIVAN

«

22 BocHN\ii_? o A




di oxanes. The resulting solution was stirred at room
tenperature for 30 mn. Al the volatiles were renoved
wanaensa7edluced pressure and the residue was plBCEUS2004/031136

under high vacuum for 3 h.24he resulting am ne salt
was di ssolved in 5 nL of dry dichl oronmethane and
cooled to 0 C. Then, 20 drops of aqueous saturated
sodi um bi carbonate sol ution were added fol |l owed by a
solution of the isocyanate 80a in toluene ( .2 eq, 0.8

nmL of a[o: T and styrring was
cd for 10 min. The co

conti nu gzgggeggﬁh hWas renove
the m xfure was stlrred at J bf 3 h. The
h i xture £ 26 A ichl
naﬁEiﬁmunxQ;;Lé?e, f
reduced pressure. Th

d and

reactio pr onet haneg] (60
mL) and| dri over | tered and
concentfat ed under P resi due was

chr omat
acet one

pgr aphed on silica ge

(gradi ent

hexanes;

4:8 to 6:4) to afford

I he produc

t 80

, 50
6.01 (br
z), 5.68 (
17 O ), |5.23
(br |s,

4.1 (m
3.79 (dd,
2H),
brs,
2.07

(41 ny,
d, 8.01

1H), 5.
= 0.

61% as a
(d, 8.2
bxm 5;§U,Ib

01 (ddt,
o \Suyijz
) m 1H,

9. 4, 42),
%M' 1Q.0 HZ), 5.
(d, 1H, J = 10.
2.2,
3.
)

Nﬂte solnd. H NR(C

7.65 rm§&§

MHz)
31
dd,

b =
.B9 (s,
.89 (dd

W |
H, 1.
) H) 251. 02
CcDCl , 125
157.9, 133.
53.4, 50.8, 48.86,
32.2, 310287

13.5 ppm HRMS ca

7 FE)

1H),| 4.
H, J 10. 4, 10.7 FE)
4 9 76 (m 1H).

3. glo(m 1

, (Pt Ss o

¢ m?& e A2, 252 1. 70
%‘( ’ 0}/‘%’ 9H)
MHz) d 198 177. 4,
4, 117.7, 71.4, 70. 7

45. 4, 45.2, 42.2, 39
27 7 27.5,. 273,

cd for CHRN MH

d,
4

U'I

1

1
3. 36 (d 4
1H), 3.
(br , 2
1.16 (nf
C NWR (
159. 3,

13
Hz) .
J .1 .5
r FD 2.

=

-2.

=T €8]
wum |l

7

Q

N
26 QI"iJ;“/ A
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727.4387. Preparative Exanple 1 HH 81 Step A NCOo H

H - JI 80a 65n 81 The N-Boc am ne 65n (60 ng) was
waolc@sosored in 10 L of 4M HCl solution in di oxaresUusiHhe031136

resulting solution was sti?43ed at room tenperature for

30 mn. Al the volatiles were renoved under reduced

pressure and the resi due was placed under hi gh vacuum

for 3 h. The resulting am ne salt was dissolved in 5

nmL of dry dichl oronethane and cooled to 0O C. Then, 20

dr ops qgf —agqueous gaturatedssodi um bi carfponate sofjuti on

were added fol |l owed by a sgﬁgﬁn f t he |socyandte

80a in |toluene ( . of a ~0>155M sol n i|n

t ol ueng) an stlrrqﬁgk?$meén i nuéd for| 10 nin. The

cool i ng bat as re @ at m xt urle was* stirlred

at roomtenp for 3 h. The reaction m xtjure was dijl uted

wi t h difjchl oronet hane (60 nL) and dried jover magnesi um

sulfatg, filteredjand concentrated undgr reduced

pressurle. The resijdue was chf omat ogr apHed on silijca

gel (grjadi ent: acetone/he%§£%{~vﬁwﬁ\p\ 6:4) to affford
0

the prqduct 81 (5423 mgy o0& Whijte solid. |HNWR
(CDCl 500 Mdg) d, Obraziyrﬁk, 7. 39- 7.ép (b s, 1
H, 6.49 (bf's 1H), (aet,~ J = 5.9, 10.4, 17.0
Hz

), 5.]71 (br

Additional representative compounds of the invention which exhibit

excellent HCV protease inhibitory activity are listed below in Table 2.

Table 2
Activity
Entry Structure
Ki* (nM)
31 -
32 B
33 A




s, 1H),

5.23 (dd, , J

woz005/080780 ( br
5.3, 0.4
5.9, 15.7 Hz),
3.

N

= 12.2 Hz),
(d, , J
(br , 3H),

5.40 (br s,

H),
(m H),
H, 3.07

1.17 (d,

J=.
4.67 (dd, 1H = 7.8,
J = 10.7 Hz),
3.97 (ddd,
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3H, J
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wi th di chl oronet hane (60 m _) and dried over nmagnesi um

sulfate, filtered and concentrated under reduced
w@e®sesn7ec The resi due was chromat ogr aphed on BC1T/US®04/031136

gel (gradient: acetone/ hexatses; 2:8 to 6:4) to afford

the product 82 (50 ng, 65% as a white solid. H NWR

(CbCl , 500 MHz) d 8.12 (br s, 1H), 7.38- 7.68 (br s,

1H), 6.28 (br s 1H), 5.68 (br s, 1H), 5.39 (br s, 1H),

4.66 (dd, , J = 7.5 7.5 Hz), 4.49 (br s, 1H), 4.23
gg 4 =—5-0—10. 4 Hz):; 3.81
1H, J = 1P.2 Hz), 3.61
2.89 (ddd, J =
Hz),| 1. 98- 2. 13

0
CBYA(m | 9H), 1.17
1.00 (s, 3H), 0.98
3H), 0.72] (m 2H): C
d 198.9, 178.8, 172.8, 171.5

160.9. 158.0, 5. 68.1 60.8. 57.4, 55.9, 48.7, 45.4,
40./2, 34.8, 32. %?yﬁ'ia 7 28 6 2718, 27.7,}27.4, 26.9,
26./8, 24.8, 24.4f 3, 16.2, 13 5 6.9, 6.8
RPN Pre ar atlve V33(‘*& ep A HI| H NCO 83
he %&3 (060 was di ssolAved in 10 L of 4M
HCli <sal u ndl oxan s. The resulting sl ution was
sti|rred oomt rature for 30 mn. Al the
volratites were repoved under—redyced—pressure and the

resi due was238 pI “aced ungler hi gh|vacuum flor 3 h. The
resul ting am ne /(salt ﬂ@;lf\trllrig\s/ol\ved in5
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L of dry dichl oronethane and cooled to O C. Then,

20

drops of aqueous saturated sodi um bi carbonate sol ution
wowos/ozdoed foll owed by a solution of the i socpemnas®o4/031136

80a in toluene

toluene) and stirring was continued for 10 m n.

(.2 eq,

0.8t6nL of a 0.155M soln in

The

cooling bath was renoved and the m xture was stirred

at roomtenp for 3 h. The reaction m xture was dil uted
Wi th dichloronethane (60 nmL) and dried over magnesi um
sutfate; |r|Lc@H§u P educed
pressure. The resadue wgs chronatographed on silica
gell (gradient: ac toﬁe/ e n 1:9to 1:1) to afford
sghe praduct, 83, ( 819 asHa|whi e solid. Exanple
cornp ir ables 1 and 2 beljow. The Ki
val oA t onpoun s are rated as fol] ows: "A" for
K| ues Iess th oOnM "B" for Ki valjues greater
than—or—eguatc; d "C' for Ki
vallues greater Pﬁan §r(§qual to InM Table 1 Exanpl e
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29 A - H 30 A Additional representative conpounds of
the invention which exhibit excellent HCV protease

WO ndvshsda7es y activity are listed bel ow i n Tabl ep@r/uIBbY/e31136
2 Activity Entry Structure24€,* ChM HCH - HH31 --
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Still additional compounds are shown in Table 2A:

Table 2A
Example Structure Binding
Activity
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Table 3 shows the activities (Ki*) of certain representative compounds

of the invention:

Table 3. Representative compounds with inhibitory activity

Entr | Comeound ~ Structure Activity
y number Ki* (nM)
1 20 11
2 21 11
3 22 36
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86 87 C 88 C252 Table 3 shows the activities (Ki*) of
certain representative conpounds of the invention:

wa alse3B@9Repr esent at i ve conpounds wi th inhi bi tPCHUS2004/031136
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Following generally the procedures described above, the following

compounds can also be prepared and used as HCV protease inhibitors:
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Foll ow ng generally the procedures descri bed above,

wo besosi7bow ng conmpounds can al so be prepared paMUS®OH031136
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A-CH BocHN, BocH N,, BocHN , BocHN,, BocHNV,
BOCHN, , 255 , NHCbZ BocHN,, BocHN,, BocHN,, CH CH
BocHN, ,

NHCbz ><
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BocHN,, ~ BocHN,, O C H C H NHCbz NH, BocHN,
BocHN, , 256 The present invention relates to novel HCV
w@emsesEes | nhi bitors. This utility is manifestedr/ius004/031136
their ability to inhibit t2® HCV NS2/ NS4a serine
prot ease as denonstrated by the following in vitro
assays. Assay for HCV Protease Inhibitory Activity:
Spectrophotonetri c Assay: Spectrophotonetric assays
for the HCV serine protease was perfornmed on the
i nventive conpounds by follow ng the procedure
descri be y R Zha et al, Analytical Biochemstry,
70 (199 68- 275, e di scl osure of which is
erence. The assay based on
eni ¢ ester substrates is

ndor por'atedjhereifn R

t g]\p@e%e,o g™ G {

sui table fop’ tshe contifiuous nonitoring of HCV NS3
pr ot eas ivity. The substrates were derived from

the P side of thg NS5A-NS5B junction sequence (Ac-
DTEDVVX( Nva) , ere X = A ) whose C-term nal

carb | ,group re esteri d with one of four
diffe egﬂ\chr"g haric, aljcohpls (3- or 4-nitrophenol,
7- hydr &xy-“=rmethyk< codmar T; “4- phenyl azophenol ).
Present ed bé he syntheésis, characterization
and applicati

t hese novel spectrophotonetric
ester substrates to high throughput screening and
detail ed kinetic evaluation of HCV NS3 protease

' nhi 'Pﬁé BFeSs'en'tvﬁ\tv%rniignl] ?elg{é% t%o@%?ﬁbv protease inhibitors. This
utility is manifested in their ability to inhibit the HCV NS2/NS4a serine

protease as demonstrated by the following in vitro assays.

Assay for HCV Protease Inhibitory Activity:

Spectrophotometric Assay: Spectrophotometric assays for the HCV serine

protease was performed on the inventive compounds by following the
procedure described by R. Zhang et al, Analytical Biochemistry, 270 (1999)
268-275, the disclosure of which is incorporated herein by reference. The
assay based on the proteolysis of chromogenic ester substrates is suitable for
the continuous monitoring of HCV NS3 protease activity. The substrates were
derived from the P side of the NS5A-NSSB junction sequence (Ac-
DTEDVVX(Nva), where X = A or P) whose C-terminal carboxyl groups were
esterified with one of four different chromophoric alcohols (3- or 4-nitrophenol,
7-hydroxy-4-methyl-coumarin, or 4-phenylazophenol). Presented 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 were 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
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Material s: Chem cal reagents for assay related buffers

were obtained from Sigma Chem cal Conpany (St. Louis,
wotb®sosn7pg . Reagents for peptide synthesis wereCt/Us1o04/031136

Al drich Chem cal s, Novabi oz¥lem ( San Di ego,

California), Applied Biosystens (Foster City,

California) and Perseptive Bi osystens257 (Fram ngham

Massachusetts). Peptides were synthesized nmanual ly or

on an automated ABI nodel 431 synthesizer (from

(FarlingshrBi mgé&r&bnsp\#éﬂnaeg;w@brs%’ﬁfe%fze@qﬂshuw\@% an

was from Perkin El mer k, Connecticut) and

agemated ARY rpomlélsﬁ\/eemmtbm@ern(ér@m Aoniiebh Binsygtentar IVIg!S

Bl m B8 APATEBIC) 2 s i PR Ol

Coahbetiait mgsrvwem Uelplates werstobianst $ronVElormiag (E@hﬁng,
I11inois A Spectramax Plus mcrotiter plate reader

Newt YOrkbnbia PEATEHNG Ao chYas et WSArstientia (Qgalsdyetda)
ap G MBS piet LOrREiEr Vs FRARIGE HEHfhe A8 (Welrose Park,
Ill(rmls)aArSpiet)tramax E’hmaamdtltbypme repdenevithr moagchnemeter was
d em stry,
e 8an HeBsuBi Pebcestnoie ofialiemial L one wor e
Eﬁﬁvrﬁémrasard%nt R@c&r@i%t Wb rBBIMSHE MEVIISBACMR biGBASe

HCV protease standards previously quantified by amno
(sdegiinl 1ahwieg ireparedilyrusing thesprpcedutasaublished peevdousiyéD. L.

S BBttt BRaisDRb 20N efBicecdnyiiomhie
demsminech by (rsBionad the sty Uk fretofBmaHIWpratthse 5

300 10% gl ycerol, 0.05% | auryl naltoside, 5
Sﬁame@ﬁmr@w@ugrlym@f%?dlhy.am@prﬁjﬂ%aaalasladPB%toaﬁaayp 6

R ER oA Ror Y0 B GOSN SEhlh tsphate o1t 8.0, 300
mM NaCl, 10% glycerol, 0.05% lauryl maltoside and 10 mM DTT) was
exchanged for the assay buffer (25 mM MOPS pH 6.5, 300 mM NaCl, 10%
glycerol, 0.05% lauryl maltoside, 5 yM EDTA and 5 yM DTT) utilizing a Biorad
Bio-Spin P-6 prepacked column.

Substrate Synthesis and Purification: The synthesis of the substrates was

done as reported by R. Zhang et al, (ibid.) and was initiated by anchoring
Fmoc-Nva-OH to 2-chlorotrityl chloride resin using a standard protocol (K.
Barlos et al, Int. J. Pept. Protein Res., 37 (1991), 513-520). The peptides were
subsequently assembled, using Fmoc chemistry, either manually or on an
automatic ABl model 431 peptide synthesizer. The N-acetylated and fully
protected peptide fragments were cleaved from the resin either 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 was evaporated azeotropically (or repeatedly extracted

by aqueous Na2CO3 solution) to remove the acid used in cleavage. The DCM
phase was dried over Na2SO4 and evaporated.

The ester substrates were assembled using standard acid-alcohol
coupling procedures (K. Holmber et al, Acta Chem. Scand., B33 (1979) 410-
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done as reported by R Zhang et al, (ibid.) and was
initiated by anchoring Fnoc-Nva-OH to 2-chlorotrityl

w@ bdoswosdes resi n usi ng a standard protocol (K Baris®0€031136

al, Int. J. Pept. Protein B8s., 37 (1991), 513-520).
The pepti des were subsequently assenbl ed, using Fnoc
chem stry, either manually or on an autonatic ABI

nodel 431 peptide synthesizer. The N acetyl ated and
fully protected peptide fragnents were cleaved from

4927 FIRB SFidets Merk HEtREd f, Ao BrgR O PLmy/g)
torwhichotO mol@%dquivdléntsraf abhedrmophariedar(dra &ptalyticoorbiok (0.1
m.n. The conbined filtrat d DCM h was evapor at ed
eﬂié’é%‘l@ﬁ??éﬁtﬁ%ﬂé%‘H@Z’Pﬁ_ﬁ&;“’@ﬁ Pgé\l?aé'd bysaq\ljegus
D?(ﬁJc%Hé\l%Zbca?t%dimé eDUIE 3&d §wasestided telisiidRARe cOUPIifEM
phase s dried over and evaporated. The ester
readbions aP exluct farmation M seaonioregl sy HRESr anditauindatiodashol

cS AR R 33567 o TenbBbT 38 odHh rpefi b, EYBHng soven
WHRI v aposatel (et Da@uiy Ghauartagr ishoved BPaséotragiol ) to
whi ch nol ar equi val ents of chronophore and a cat al

t
e¥ARRIALION OVith tolIoncofl N AeRTIdB |GSiaTRaR BeproteGied Wit Ssh)T FA in

DAY 3P Hours e AR 60 RS ahfdroys cffly btheio
réraov@ exoessiaisromophbee.ekhebge piBteCtec dubstratd was parified by
St ot Hei Bl ars B CRCHRU AR, §gPh 1S BOTF emonive
g\vfaﬂ{iﬁman@ dik ebhdin VATRIRY. The 8¢&all v folRWAHRG HIELICON

th toluéne. The peptide ester was deprotected wth
pagfication was BpMdxgnatelin2b30fs Eraimelequiartredss wesonfirraed

oY iR Dbl e S SehBL T S mers giprgg n
dry powder form under desiccation. ’

Spectra of Substrates and Products: Spectra of substrates and the

corresponding chromophore products were obtained in the pH 6.5 assay
buffer. Extinction coefficients were determined at the optimal off-peak
wavelength in 1-cm cuvettes (340 nm for 3-Np and HMC, 370 nm for PAP and
400 nm for 4-Np) using multiple dilutions. The optimal off-peak wavelength
was defined as that wavelength yielding the maximum fractional difference in
absorbance between substrate and product (product OD - substrate
OD)/substrate OD).

Protease Assay: HCV protease assays were performed at 30°C using a 200

pl reaction mix in a 96-well microtiter plate. Assay buffer conditions (25 mM
MOPS pH 6.5, 300 mM NaCl, 10% glycerol, 0.05% lauryl maltoside, 5 yM
EDTA and 5 yM DTT) were optimized for the NS3/NS4A heterodimer (D. L.
Sali et al, ibid.)). Typically, 150 pl mixtures of buffer, substrate and inhibitor
were 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, was then used to initiate the reaction

(final volume 200 pl).The plates were monitored over the length of the assay
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reversed phase HPLC on a C3 or Ccolum with a 30%to

60% acetonitrile gradient (using six colum vol unes).
wab@sosep@l | yield foll owi ng HPLC puri fi cati onP@BEES2004/031136

approxi mately 20-30% The &9l ecul ar mass was confirned

by el ectrospray ionization mass spectroscopy. The

substrates were stored in dry powder form under

desi ccation. Spectra of Substrates and Products:

Spectra of substrates and the correspondi ng

() RIRESRF Rafod i S e BigtE ey R R
f?ltﬂ NpBén(bHMQz@IO na\fer EAfﬁ’t and 400- mmf@nmem)elsir@do n

SHSFIFTRY N MUCRtIS RS eadeTer bk B MpBgRhomater
(RPN TS HBTAES BB WIRDIHBYEARIT it Gt he

maxi num fracti on difference i n absorbance between
fikersyt P rataoldivdclpaagecof thprasterdinkBge bsbisen treeNva and the

[ substrate OD r gt.ease Assay: HCV prptease says
(e asiye Wsmotored 2 18 BRpfobTats WAV IsRaf SaRRsC3 PR
efAfymeIbiarnK 8¢ atdohebl fr abﬂ.erﬁ@m.cb%f@ysugdn@b bl anatioR of
MMOPS pH 6.5, 300 nM NaCl, 10% glycerol, 0.05% | auryl

swmtfaiguwtlcmmtm\ Véaﬁdp@fcrfmwer\ﬁe%f@stsumwa@ f or
ypl Ag"a%}{ @gg?tﬁrzﬁﬁw é"slp%lf\).eb é w8rea %tte 'rng '%d)a@}sdng

linesdmi rbgtezﬁsnneamd Rinatie donstants Were( d)btamiedctcynﬁmng tia¢ data tofthe

N@’;‘% %v/v and al | owed * rei ncubat 2 C f(f’
qatipR Wsing nen-fin rrﬁegrqﬁsm& Mac Curve
r40
Rl ﬂ??‘?aé%ﬁﬂi““?i%cﬂ"aﬁ%wﬁy WD alouitEs %59@"“'“@%

epkwheswamﬁudymﬁwd ored over the Il ength of the assay259
_f C ne,l n ab_?orba}‘nce at th

he inhibition constants (Ki*) for the

competltlve mhlbltors Ac-D- (D Gla)-L-I-(Cha)-C-OH (27), Ac-DTEDVVA(Nva)-
OH and Ac-DTEDVVP(Nva)-OH were determined experimentally at fixed

concentrations of enzyme and substrate by plotting vp/vj vs. inhibitor
concentration ([I] o) according to the rearranged Michaelis-Menten equation
for competitive inhibition kinetics: vo/vi =1 + [I] o /(Kj (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 ([l]Jo) and [S]o is the substrate

concentration used. The resulting data were fitted using linear regression and
the resulting slope, 1/(Ki(1+[S] o/Km), was used to calculate the Ki* value.
The obtained Kj values for the various macrocycles of the present
invention are given in Tables 1, 2 and 2A, where the compounds have been
arranged in the order of ranges of Ki* values, as well as in Table 3. From
these test results, it would be apparent to the skilled artisan that the
compounds of the invention have excellent utility as NS3-serine protease

inhibitors.
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for 3-Np and HMC, 370 nm for PAP, and 400 nm for 4-Np)
using a Spectronmax Plus microtiter plate reader

we@ouspopeds Wi t h a nmonochronet er (acceptabl e r esedT/85Sa41031136

be obtained with plate rea2l®rs that utilize cutoff
filters). Proteolytic cleavage of the ester |inkage
bet ween the Nva and the chronophore was nonitored at
the appropriate wavel ength agai nst a no enzyne bl ank
as a control for non-enzymatic hydrol ysis. The

eval uation of substrate kgpaimg paraneters was
perfornmed over a 30-fold SubStrate concentration range
Wha- iaotaaimw is:lnitial velocities were determ ned using
I|ne r re rﬁghon a d kinetic qnst nt s weEe oblta1'_ned
by YT OuikEhadnd e SefieralStrvidire Shqun OHBY&t Y -on
usi ng non-1linear regressmon analysis (Mac Curve Fit
1.1, K Raner). Turnover |nunbers (/ccat) were

cal cul ated assunibg the ¢nzyne ffas ful | Y active.

Eval uati on of | nhi bi asti vatRrs: The

i nhi bition constants r theyconpetitive
inhibitors Ac-D-(D-dla)-L-1-){Cha)-C OH (27),

Ac- DTEDWVA( Nva) - Ac- D'ICEDV\P( a)-COH were

determ ned experi ly at fi x oncentrati ons of
enzynme and substrate pl ott i nhi bitor
concentration ([1] z /f'the rearranged

M chael i s- Ment en equati on [0 conpetitive inhibition
kinetics: =1+ [1] o (1 +[S] /Kn). where is the
uninhibited initial vel og g% IaV1'S the initial
velocity in the presence oOf Tnhibitor at any given

i nhi bitor co ent tion and t he
ot fhetaet R Ehtdlenie balis ctoNae Or estats oF F goromngynd
whietdigd using linear regression and the resul ting
slope, /(K (I +[S] was used to calculate the Ki*

val ue. The obtai ned K values for the various

MG RAYS LSRR o B (BRTS et

(2) R®is H, -OH, -OR®, -NR°R", -C(0)OR?®, -C(O)NR°R'®, -CF,, -C,F,,
-C,F., -CF2R®, -R®, —C(O)R” or NR’SO,;R?;

(3) R’ is H, -OH, -OR® 0or -CHR®R'%;

(4) R®, R%, R? and R'® can be the same or different, each being
independently selected from the group consisting of H: alkyl, alkenyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, arylalkyl, heteroarylalkyl, R*,
-CH(R")CH(R")C(O)OR"",

-[CH(R")],C(O)OR",
-[CH(R")],C(O)NR'R™",
-[CHR")sS(02)R",
{CHR"LCOR™,
-[CH(R")],S(02)NR™R"3,
-CH(R")C(O)N(H)ICH(R*)(R"),
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invention are given in Tables 1, 2 and 2A, where the
conpounds have been arranged in the order of ranges of

wdedoswad7aes, as well as in Table 3. From t heser¢BES2004/031136

results, it would be appar#iit to the skilled artisan
that the conpounds of the invention have excell ent
utility as NS3-serine protease inhibitors.260 CLAI M5
What is clainmed is: . A conpound having the general
structure shown in Fornmula : Mz Formula 1 or

RU\Cc@)Nrerept abl e salts, solvates or esters
of s gﬁcoh‘p@t}nd V\hereln (1) Rli -COR5 o0 -B(OR) ;

QHORRGH(R‘)&?(%R R, -NRR-QOOR, -CCONRR, -CF
526 -R6, -C(OR 7 or NR SO R8; (3)

‘%&’}(RGQEﬁ(R"gL@Wﬁ R LOHR R10; (4) R6, R8, R9and

djﬁwg@ éhe(g (tprgane or different, each being
I ndepen ﬁs{el ‘ected fromthe group consisting of H:

-[@HKRI )] GiH (i aryl, heteroal kyl, heteroaryl,
SHETERNTE RS 5 o™
-COD)NGIIBRRHCIO)OR ™Y,

-C(O)N(H)CH(R*)C(0) R"",

-CH(R")C(O)N(H)CH(R?)C(O)NR"R"3,

-CH(R")C(O)N(H)CH(R? )R,
-CH(R")C(O)N(H)CH(R?)C(O)N(H)CH(R*)C(O)OR"",
-CH(R")C(O)N(H)CH(R?)C(O)CH(R*)NR'?R",
-CH(R")C(O)N(H)CH(R*)C(O)N(H)CH(R*)C(O)NR'R"3,
-CH(R")C(O)N(H)CH(R?)C(O)N(H)CH(R*)C(O)N(H)CH(R*)C(O)OR™",
-CH(R")C(O)N(H)CH(R%)C(O)N(H)CH(R*)C(O)N(H)CH(R*)C(O)NR'?R"3,
-CH(R")C(O)N(H)CH(R? YC(O)N(H)CH(R*)C(O)N(H)CH(R*)C(O)N(H)CH(R®)C(O)OR"" ,
and

-CH(R" )C(O)N(H)CH(R*)C(O)N(H)CH(R®)C(O)N(H)CH(R*)C(O)N(H)CH(R®) C(O)NR'?R"%;

wherein R", R%, R¥, R*, R®, R"", R'? and R"® can be the same or
different, each being independently selected from the group consisting of: H,
halogen, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkoxy, aryloxy, alkenyl,
alkynyl, alkyl-aryl, alkyl-heteroaryl, heterocycloalkyl, aryl-alkyl and
heteroaralkyl;
or R'? and R" are linked together such that the combination is
cycloalkyl, heterocycloalkyl, aryl or heteroaryl,;

R is present or not and if present is selected from the group
consisting of: H, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, allyl,
alkyl-heteroaryl, alkoxy, aryl-alkyl, alkenyl, alkynyl and heteroaralkyl;
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-[CH(R)]pS(O)RL1, -[CHR)JC(OR 11, -[CHR')] S(O
)NR RI3, -CH(R ) (O N(H) CH(R ") (R ), 261 -CH(R ' ) CH(R
WO 6K R13, -CH(R )CH(R ) S(O )RI1, -CHR ') BH/BSIBI®1136
JNR R13, -CH(R)CH(R )C(O®211, -[CH(R ")]pCH(OH)R 11,
-CH(Rl' )C(ONHICH(R 2" )C(OQ OR11, -C(ONH CHR
YO OR 11, -C(ONHCHR ')C(O Ri1, -CHR
JAONHCHR )C (ONRRI3, -CHR)C(ONHCHR 2
)R CH(R)C(O)|\|(|'|)CH(R)C(O)|\|(H)C|'|(R ) C(O OR 11,
CH('%?? resdriPoProRand (#RrEdeh a@"!(é?the same or
(H)CH(R)C ()N(H)CH(R)C(O)NRR CH(R

O
&%Tétﬂ(ﬂaﬁmelmg odependemjycrglectpd fronOhe ghadi gonsisting of: H,

(%% @%31 | %3(@ ?\ﬁ%‘?ﬁg«& ga%ﬁc%fc%%%ﬂw&c%mkw

R I 1A ORI, B! 5L L
R R AT TS fc':(O) RE) G Ao oS

argthigaminccanagarponyieniro rargtaminesabaxralkylgrinogagboxy,
Heroal®3, all®hii, SmyRANARBRIGAhREBRTaRAMBSRYr, carboxylic acid,

carbamate, urea, ketone, aldehyde, cyano, nitro, halogen, (cycloalkyl)alkyl,
aryl, heteroaryl, (alkyl)aryl, alkyltheteroaryl, alkyl-heterocyclyl and
(heterocycloalkyl)alkyl, wherein said cycloalkyl is made of three to eight
carbon atoms, and zero to six oxygen, nitrogen, sulfur, or phosphorus atoms,

and said alkyl is of one to six carbon atoms;

(6) L'is H, OH, alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, or
heterocyclyl,

- (7) M'is H, alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, arylalkyl,

heterocyclyl or an amino acid side chain;

or L’ and M’ are linked together to form a ring structure such that the
portion of structural Formula 1 represented by

M

L"\ 2
N

o=/ |
o]

(the numbers 1 and 2 having been added to show the location of a certain
carbon atom and a certain nitrogen atom respectively)

is represented by structural Formula 2:
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di fferent, each being independently selected fromthe
group consisting of: H halogen, alkyl, aryl,

whedosnsEabkyl , heteroaryl, cycloal kyl, al koxy, eCwis2094/031136

al kenyl , al kynyl, al kyl -arsd3, al kyl - heteroaryl,

het er ocycl oal kyl, aryl-al kyl and heteroaral kyl; or R12
and R13 are |linked together such that the conbi nation
is cycloal kyl, heterocycl oal kyl, aryl or heteroaryl;
R14 is present or not and if present is selected from
the group consisting of:qH,_ alkyl, aryl, heteroalkyl
heteroaryl, cycl oal kyl, /al ky{ -aryl, allyl,

al kyl -heteroaryl, al kody, aryl-alkyl, alkenyl, alkynyl
and het eroaral kyl ; 262 ?%) nd R are present or not
and if present can be thef sa different, each
bei ng i ndependently sel Q}gd‘ he group consisting
of: H OH alkyl, C- k®ny| C -C cycloalkyl, C-C
het er ocycl oal kyl , al y, aryl@Xy, al kyl t hi o,

aryl thi o, al kylam no, ary¥baauma® am no, am do,
aryl t hi oam no, aryl carbonyl am no, aryl am nocar boxy,

al kyMgH!Hq@pEgﬁM e et eroal kyl, al kenyl, al kynyl,
yl

(aryl)a , heteroaryl al kyl, ester, carboxylic acid,

car bErspeesant @aabkemtoami if arwmeec SraMbor G(R); 0,

hal I Kk | k het l,

(al kI i of Borefsy dndngn ™ KinrsPSitey B (s
CHR3§ (@Hm,l 6RR},) 8 cby)l N(M@N(ﬂ)@r@l whé gligabiet andl G is

mad ree to e| on atons, and zero to six

pEﬁ@P@éH— lsmiﬁcﬂg@ﬁke% Vl@rn'tfggefpﬁmm&ﬁb@dmﬁ@n Zind
sald %£5Wu ﬁﬁoﬁ? (§6)3|x carbon atons; (6) L' is H,
R X eronl aryl, heteroaryl, cycl oal kyl,
or hEh@pmsecal vt abééﬁt Mhd wheH, L &l mbenﬂwtlemﬂb by C(R); when
Lallsr )élb’setg]te}\lleursop%%/ent or a%sg%'lt kfy M'is p gsle?\lt l\(/\ntlh L being absent, then M
is directly and independently linked to E, and J is directly and independently
linked to E;

G is present or absent, and when G is present, G is (CH3),, (CHR),,
(CHR-CHR’), or (CRR'),; when G is absent, J is present and E is directly
connected to the carbon atom marked position 1;

Q is present or absent, and when Q is présent, Qis NR, PR, (CR=CR),
(CH2)p, (CHR),, (CRR’)p, (CHR-CHR'),, O, NR, S, SO, or SO; when Q is
absent, M is (i) either directly linked to A or (ii) an independent substituent on
L, said independent substituent being selected from -OR, -CH(R)(R’), S(O)o.
2R or —=NRR’ or (iii) absent; when both Q and M are absent, A is either directly
linked to L, or A is an independent substituent on E, said independent
substituent being selected from -OR, -CH(R)(R’), S(O)s-2R or -NRR’ or A is
absent;

A is present or absent and if present A is O, O(R), (CH2)p, (CHR), ,
(CHR-CHR'),, (CRR’)p, N(R), NRR’, S, S(0y), -OR, CH(R)(R') or NRR’; or A is
linked to M to form an cycloalkyl, aliphatic or heterocyclic bridge;



het erocyclyl or an am no acid side chain; or L' and M
are |inked together to forma ring structure such that
wo bespsnr7dé on of structural Fornula 1 representBdr/bg20M/031136
N (the nunbers 1 and 2 haw%i4ng been added to show the
| ocation of a certain carbon atomand a certain
nitrogen atomrespectively) is represented by
structural Fornmula 2:263 Fornmula 2 wherein in Fornul a
2: Eis present or absent and if present is C, CH N

o oS o FLARORL. N < SRR Bl O

Ni;RD S,,S(MQZI}D(CFMOR)(CHR)D ((\I\HE!HCHR )5 AR ) grod Mais Imked toAto
Ha & eacipalivh BRhat br Vel Bl bAdafio to 6, L (s
present or absent and when L is present, Lis C(H) or

s R el 7 o RaRbsoNb SRR 4 @G lethe

b'ehmlEpendentIy linked to E, and J is directly and
|ndependen ly linked to E; Gis present or absent, and
when GIS( resent, Gis (CH) , (CHR) , (CHR—CHR)p or
(CRR ) ; when GIS absent, | resent and E is
d| rectly connected toR;J?é\sfa gt om mar ked position

Formula A
wherein:

10 R* is selected from the group consisting of:

s

T o o $. 06

3 * L

and R is selected from the group consisting of:

o 0 o o) /_<o
N-- N—§ i N— —§ —§
Qo @ G

iio
%O

o0

z
o
e

Z|O

0]
><:ZN—§ OCZ cHy
0]

O
@)
@)



is present or absent, and when is present, is NR PR

(CR=CR), (CH)p, (CHR) , (CRR) , (CHR-CHR )p, , NR
W®20085@30796 SO ; when is absent, Mis (i) eitherPCT/US2004/031136

directly Ii nked to A or (i 265 an i ndependent

substituent on L, said i ndependent substituent being

selected from-OR, -CHR(R), S(O R or -NRR or

(ii1) absent; when both and M are absent, Ais either

directly linked to L, or Ais an independent

subsgi t ueqt Qh E sai d i nc@pendent sypstituent being

s ctedf,(,n(n OR, - Gl Ro-NR r Ais

S €t esent ent n IN—brese t Ns

, (CHH (oR) ,Q@%R-CHR (CRR) PRy
NRRo S, S(OQ, -OR CHR(R) or N ; or Aie |inked
to Mto form ap cycl oal kyl, aliphatic or heterocyclic
bri dge; 26 S present or absent, and when Mis
present , Nrogen, , OR N(R), S, S(O), (CH)p,
(CHR) p (CHR- ) , or (CRR) ; or Mis |linked to Ato

forma cycl oaI PQ/ , aliphagyic or het er(gcycl oal kyl

by i s represgnted by eit (1), (ii)e
%(IV ?v) Sf%?qe ow. Q) H For mula4A
446« sgl ectedyfromt he gr_%up cores's M’é

andg

b o L8 L
7 Gt N o —N/_</N— 3 N N
ARS) § \_<
s o N el % o

\N/E U__/N/ HN:\STI(\?/% \N:\S?S/g /\S/\ /E HN /E
Q s J O ) K)
YO\ .0
Y;))\sfﬁ,g N SN )\ N)‘sfﬁ 4
10 N
78 78 R78 R78 R
| l ) ! O | /\ O @\ 1
/N ~ ”~ e rd
0O (7)8 O O (0]
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and 377 is selected fromthe group consisting of
N !

Tr ' <
oN o{ CH'" CHZB65 PHNN - { - N i rACH -
woRdds/0807p6 C H - NN NN | NN i VWHN V V PCNUS2004/031136

H s Il R7/8 266

> Ny §My
CH;O o ’ O o
78
@oﬁ
n
$Y
(0]
Cl
78 78 F 78
“orgr, Mg, Dr, g
< \ g \ llI
%,N\; :Sl ; § ;F "'N\‘,\—" n rés
5 Cl O 0
R78
!
%N\f
(0 (0]

R78 / '378 O R78 y - R78
N Y Y A Y
O (0] O (o] 0] (¢] o 0 O O

R78
1
N\;
: (@] (o]
10
R78
R78 l 78 78
Y A, el QA
it
NN N N\II/N ~a- N~
SV STV Y
O O 0] (7)8 O
onx
1]
~ r'd \
ST
0]



Il V266 78 y NIl R7l8 1 RT8 RT8 Ny S 1 | Il " y o 78
Ht vIl gv W' 00267 g v and where is selected

wo camsoseddyl , ethyl, isopropyl, tert-butyl andpe@iheso4/031136
() HH®G 267

| H H
/NTO\; /N\[]/O\és( /k/N\n/O\e;
and 0

0 o)

where R” is selected from methyl, ethyl, isopropyl, tert-butyl and phenyl;

R? H;{rﬁ\j
SS i
O/ O | o)
0-3

Formula B

(ii)

where R” is selected from the group consisting of:

wans > A

T X o ¢ o,

o (3 U O
10 \/ \'

o

BY

CHy” CH; and

(iii)
l 1-3 H H

N N
’ S\\ \“/ \\;y
O/ O | e}

0-3
Formula C

15 wherein the sulfone ring is optionally substituted with alkyl and
cycloalkyl;

(iv) the moiety:



0-3 Fornmula B where R79 is selected fromthe group
consisting of: CHCH N and (iii) 1-3 HH 0-3 Formula C
wobsesa19¢ he sul fone ring is optionally substipat/es2004/031136
with al kyl and cycl oal kyl ;268i v) the noiety:268 HC CH

CH7HCYCHCHCHAHCH

vy Uesy o

[}

" “

ST S By 3y
u,c/izcu, ¢ F > °

{ °\|(”\f @i% >S/T\f

'vvvx.

%T\’ &Y\fﬁ\& Y

(]
(%(T? @(T"\f }(W\f ~=§\(\f

Ty /;( Y EH\ oYY > ?( Y

H,C

b

0

//\:(T\; /—/ /IY\ /_/\/IT\";
QJ\/“; DNQHL/E Py A

J\N/l‘s O/ IQJ\ A \>W\Q /ﬂ\N}’



CHVHCHCHHCHC\ HCHCHCHCCHHCCH
,/79gg HCHCHCCH" 7vi HCHC69 HCCH HCCH
W@ 200s0bg9eoi ety: Y- -WZ wherein Wis -C(=0) - peT/US{004/031136
)- ; Zis or N, 269
N\"/N},_‘a e N\"/N\J_,J" e o i )
HC o e \-‘Jj]
H,C CH,
[o]
N N He 7 . \
\!1/ > e N\"/N\ N ne \"/ ~ J.r"'

o
Il

i o
I, R o N, e
T Iy é) R A U

o]

(v) the moiety: Y—W—12Z /Lsz

wherein W is —C(=0)- or -S(0O5)- ;
ZisOorN;

and Y is selected from the group consisting of:



270 Me

and Y is selected fromthe group consisting of:
oAl MCM M-Ov BJ 0-8 MMM MM H MCo\ Hg
wAa @33k CH ' CH CH, 1-2 CH H COOH HOOCyL O00ecTHsoR031136
H 270
Me Me Me
M O~ M o)
M % My\/o\§ Me)\/o\§ ME/H/ \§
Me
Me
o M O M O ClaC_ O«
oyt |
M Me

me- | H
%R§ 20-3 ’ @‘0\3 M o4
Y11‘<__—>_ o\; yi— L MeOI\;lC eo\§

>0
L
Yy N



H JJH HOO HOOC 0-4 y COOH CH T HOOC CH CH C y H HOOC
COOH 0-2y vy 1-4 THP )H272 CH . i Vi V COOH CH Hoo U
WE0sI08d6 - 17 g 1 HCH CH | CF PCT/US2004/031136
271

CHj CH
CH3>|/\ ] 3\"?.5; CHy Y Hooc” ™YY
CHj CHj 1-2 CHs
CH, OOH SQ:
HOO
C\‘/K/ H3C\Mi;( HOOCE}%/CH\SJ’ HooC™
CH3 0-2

c CHs HOO
03H7)\/ HOO(?X/\J" Q@;}, @\ e

COOH

NN H3COOC_~ y /\/\)\f /\/m

Hg CHg
H
HOOC\H/\ j\3 /:ICHs HOOC/\l/\”J
6 HOOC™ ™ ! CH3

HoOC
Cabtn gy l:é%ﬂ; HOOC s

cHy ~ HOOC " O o COOH
o AL TE AL

CoHs

©/<L @”\C:EEE @*} @@;f @‘;
OTHP H S5yt
,, @if woe LI (Y



Il HACHN HI COOH COOH COOH273 \ \ OOH C COCCH | |
XONHCH "COOH COOH F CHMMIC. My y Me M M M M

wobkooke3079CF Me" O-i ecu M Me Me PCT/US2004/031136
272

(f%y @iOH 9\/ O/ k,ci\j CH3\;;

CeHs™ X0 COOH

HOOC

W Hﬁm d/v Lb/\x O\/\;

. 3
<)f: CHy L H30/<ICH3
6 L :

c cl CFa F/Q/ C/Q)\
F Cl
CH&

H3 H3
AcHN Y .4 : HaC)QQ/H‘ : h
COOH FaC CF3

COOH COOH



M M MeVMMMOMH/I4HMHHMN MM M
M CFCC M HM 0-3y HHwherein: Y11l is selected

wo easosdres gr oup consisting of: H -C(O OH, - C(E)T1EE2004/031136
-Owe, -Ph, -OPh, -NHWe, -NMAc, -NHPh, -CH( M)
1-triazolyl, 1-imdazolyl and -NHCH COOH, Y12 is
sel ected fromthe group consisting of: H -C(O OH,
-C(OOw, -Owv, , A and Br; Y13 is selected fromthe
group consisting of the follow ng noieties:

i@f‘ ;
CONHCH; COOH COOH F
COOH
F VAAAA
. ——
OCoHg
ooy O OO
F
O
QYo\f §7<‘*f KO
o, ;j";f gfo\f j Me\(j%f
& O}f "
Mé me  Me Me
Mesr O M {;:o\
_p/o}d Me>‘C/FS ! M(-:(?>|C/C(I)\f 0-3 Meg
3

L Q\’; O W
s AN A A
m;?uf::]/ O, Mo

O~



e JMe Cbz. HIN CbzHN MeT "M C /0-1 o V )-1 X O Bn

tBu X OHOONH Y14 is MeS(O)-, -Ac, -Boc, -iBoc,
WO 8I9z/03096 - Al | oc; 275 Y15 and Y16 can be the saP@DUS2004/031136

different and are independzmt|ly sel ected fromthe

group consisting of: alkyl, aryl, heteroal kyl, and

heteroaryl; Y17 is -CF, -NO, -C(ONH, -OH,

-C(OOCH, -0OCH, -CCH, -CH, -C(OCH, -NH, O -

C(OOH, and Y18 is -C(OOCCH, -NO, -N(CHa), F, -CCH

(%H)&C( Q,CH, - C(O)OHbN-St(O)L\IH IOfF- Nl(H)C(QMéZH”

d.S_Kepresen srucMgaNorw -

(O 2o TC- (O)CMQXS)E*’(A)f 29 3 Mzm% 59

wher ei anen Formul a 4CFa is 2, 3 04:|35 6 7,

b, ¢, d, e and f can be the sanme or dlfferent each

belng i ndependently 1, 2, 340 ; Ais C N, Sor

and R are |ndepenelently pre enH or absent Hand’ i f
presp%@&gv Ny N />< >

wherein:
Y™ is selected from the group consisting of: H, -C(O)OH, -C(O)OEt,
-OMe, -Ph, -OPh, -NHMe, -NHAc, -NHPh, -CH(Me),, 1-triazolyl,
5 1-imidazolyl and -NHCH,COOH,;
Y'2is selected from the group consisting of: H, -C(O)OH, -C(O)OMe,
-OMe, F, Cl and Br;

Y* is selected from the group consisting of the foIIowing moieties:

-~
Ay

CbzHN

Me/l\Me M Me e/[f\
Me
-~
\(]\C \(]1: 1 and \ﬁiﬂé ;
04Bn OBu co?_H ONH,

Y™ is MeS(05)-, -Ac, -Boc, -iBoc, -Cbz, or -Alloc;

CbzHN

10
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15

20

25

30

the same or different, each being independently one or
two substituents independently selected fromthe group

waonsisit7verg of : H, halo, alkyl, aryl, cycl oal kp¢T/US2004/031136

cycl oal kyl am no, cycl oal ky2#m nocar bonyl, cyano,
hydr oxy, al koxy, al kylthi o, am no, -NH(al kyl),
-NH(cycl oal kyl ), -N(al kyl) , carboxyl, -C(O O al kyl,
het eroaryl, aral kyl, al kylaryl, aral kenyl,

het er oar al kyl, al kyl heteroaryl, heteroaral kenyl,

hydr qxy gl c%hﬂe%)é sa%é‘bl‘e?fbér rﬂ‘"éﬁd ar%r |ﬁ?ﬂ?permérﬁl9

aryl oxycar bonyl, aral koxycarbon
satedtedi frbonthie, grbepelooatsyhg of fatkyl) aryalhqtermmyl raﬂd heteroaryl

?rety'eroaﬁ,ﬁ/ﬁ' B L RDHR IO QRIS RpiHes (0CaHs, -Catt,

‘QX‘R.?@?* e, om@@wcédd heter acycl enyl
_@? and Y Y NSO - V\,herel nyYand Y
can BE lSweCéQ)QCUB, @, eNEFitla)an, -Q@"s n@é’dé@rﬂ@b@w

Q@Q??’aﬁmﬂ%*ﬁ&gﬁﬁg‘@ge sting of nydrogen. alkyl,

t oget her such that the conmbination is an aliphatic or
aliphatic chain of 0 to 6 arb R30 is

het er ns;
preséﬁi orX IeRFRseRtRA by sEreluEal qrg"-g@,é or two

substituents i ndependently sel ect ed Yem t he gr oup
consi sting of: H, aI kyl , aryl, heter ryI
cycl oal kyl; (10y( ngrﬁﬁh'a-i Ics— eyt esétlea oy

structural Fornul 2§ ( }d R (CHg - (& - R(zN)j- (A) k-
(C=01- (CHm_

Formula 4

wherein in Formula 4,ais 2, 3,4, 5,6, 7, 8 or 9;

b, ¢, d, e and f can be the same or different, each being independently
0,1,2,3,40r5;

AisC,N, SorO;

R* and R*® are independently present or absent and if present can be
the same or different, each being independently one or two substituents
independently selected from the group consisting of: H, halo, alkyl, aryl,
cycloalkyl, cycloalkylamino, cycloalkylaminocarbonyl, cyano, hydroxy, alkoxy,
alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl),, carboxyl,
—C(O)O-alkyl, heteroaryl, aralkyl, alkylaryl, aralkenyl, heteroaralkyl,
alkylheteroaryl, heteroaralkenyl, hydroxyalkyl, aryloxy, aralkoxy, acyl, aroyl,
nitro, aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, arylthio,
heteroarylthio, aralkylthio, heteroaralkylthio, cycloalkenyl, heterocyclyl,
heterocyclenyl, Y1Y2N-alkyl-, Y{Y2NC(O)- and Y,Y2NSO,-, wherein Y and Y,
can be the same or different and are independently selected from the group
consisting of hydrogen, alkyl, aryl, and aralkyl;

or



5

10

15

20

25

30

R 3 3 R34 Formula 5 wherein in Fornmula 5, R32, R33
and R34 are present or absent and if present are

w0 nabepaiteent |y one or two substituents i ndepeneenuk3no4/031136

sel ected fromthe group co®si sting of: H, halo, alkyl,
aryl, cycloal kyl, cycl oal kyl am no, spiroal kyl,

cycl oal kyl am nocar bonyl, cyano, hydroxy, al koxy,

al kyl t hi o, am no, NH(alkyl), -NH(cycl oal kyl),

-N(al kyl') , carboxyl, C(O) O al kyl, heteroaryl,

ara r I

o 2 and b eGP Mo RS BEE A i an
aliphtiexy hetsrablighatic crryn of Glt@Blcarhjtbrtsr 0,

aryl oxycarbonyl, aral kox carbonyl al kyl sul f

oy 18 SroserticsebeaEs S A PrerEt IS ane o up subgiiuents
mﬁé%‘éﬁd’ér{twrelhectgﬁtfﬂrﬁa{eiv{; Efdd?ﬁélstm r&f'ltlhéIFYI alall heteroaryl

et er oar ar al heter aral ky
ay cycladlkginyl , het erocycl yI het erocycl enyl, Y

YN al kyl -, YYNC(O)- andYYNSO-, wherein and Y can
be the sane or different and are i ndependently

sel d prig é’éé‘-‘ritédb Gtrattumdr QERia 52l Kyl
aryle(qban EIII‘ EO}@'%'&Q{%JR? ngf are linked t%get her

such that the conf8)hati on forrrs a port| on of a
cycloal kyl group;ilg is 1, 2 3, 8 or 9; h,
ijo, k -a-r(d:fﬁge—a(ﬂ)he—t(ﬁ@]-s-arfé)bf-(gr?:}le‘r‘eﬁmnéath bei ng
i ndependently 0, 1, 2, 3, 4 d635; and A igd, NS or
,277 () prBvi ded that in Formula 1 when structural

FOHTLH a 2:
, Formula 5

wherein in Formula 5, R*, R* and R* are present or absent and if
present are independently one or two substituents independently selected
from the group consisting of: H, halo, alkyl, aryl, cycloalkyl, cycloalkylamino,
spiroalkyl, cycloalkylaminocarbonyl, cyano, hydroxy, alkoxy, alkylthio, amino, -
NH(alkyl), -NH(cycloalkyl), -N(alkyl),, carboxyl, —-C(O)O-alkyl, heteroaryl,
aralkyl, alkylaryl, aralkenyl, heteroaralkyl, alkylheteroaryl, heteroaralkenyl,
hydroxyalkyl, aryloxy, aralkoxy, acyl, aroyl, nitro, aryloxycarbonyl,
aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfinyl,
arylsulfinyl, heteroarylsulfinyl, aryithio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkenyl, heterocyclyl, heterocyclenyl, Y1Y2N-alkyl-,
Y1Y2NC(O)- and Y1Y2NSO.-, wherein Y4 and Y, can be the same or different
and are independently selected from the group consisting of hydrogen, alkyl,
aryl, and aralkyl;

or

R and R are linked together such that the combination forms a
portion of a cycloalky! group;

gis1,2,3,4,5,6,7,80r9;

h, i, j, k, | and m can be the same or different, each being
independently 0, 1, 2, 3, 4 or 5; and

AisC,N, SorO,



10

15

Q / M\ Formula 2 is and Wis CH or N, both the
follow ng conditional exclusions (i) and (ii) apply:

wa@eoondisizenal exclusion (i): Z' is not - NH R3BCT/US2004/031136

wherein R36 is HC aryl, at¥yl, heteroaryl, -C(O R37,
-C(O R37 0 -C(O - NHR 37 wherein R37 is or C3-6

cycl oal kyl ; and conditional exclusion (ii): Rl is not
-C(O OH, a pharmaceutical ® acceptable salt of -C(O OH,
an ester of -C(OOHor -C(ONHR 38 wherein R38 is

sel e F)F(S\ﬁ&léchﬁ\ﬂ"r?lﬂerrﬁ&’l%% %bﬂ%tr%(:tt.ﬁ‘élk%rmnﬁez

cycl aI kyl, Caryl, Caryl, or e aral

compound according to C A Wherein the portion of
structural Fornmula 1 represented by structural Fornmula

2:278 Ns Fornula 2 M \L/E\
l G
OJ .}
\\—\N/Krf'
/ 0]
Formula 2
is
R W R
x
F

and

W' is CH or N, both the following conditional exclusions (i) and (ii)
apply:

conditional exclusion (i): Z’ is not -NH-R3®, wherein R*® is H,

Cs aryl, Cyoaryl, heteroaryl, -C(0)-R*, —.C(0)-OR*" or —-C(O)}-NHR¥,

wherein R¥ is Cy_g alkyl or C;3_g cycloalkyl;

and

conditional exclusion (ii): R is not -C(O)OH, a pharmaceutically
acceptable salt of -C(O)OH, an ester of -C(O)OH or —C(O)NHR3® wherein
R is selected from the group consisting of C4_g alkyl, Cs_¢ cycloalkyl, Cs aryl,
Ciparyl, or C;_46 aralkyl.
2. The compound according to Claim 1, wherein the portion of structural
Formula 1 represented by structural Formula 2:



10

15

R N G and J independently nmay or may not be present
and if present can be the sane or different and are

wo nabepaitaent |y sel ected fromthe group consi stP@musfo04/031136

(CH) , (CHR) , (CHR-CHR )278 and (CRR) ; A and M

I ndependently may or may not be present and if present
can be the sane or different and are i ndependently
selected fromthe group consisting of , S S(O) NR),
(CH) (CHR) , (CHRRCHR ) , and (CRR) ; or A and Mare
| i nked together to forman_cycl oal kyl or heterocyclyl
bridge ; and may or nmay/ not/l\be present and if present
is (CH) , N(R, , S, (O )z (CHR)p, or (CRR) . 3.
The conpound accordi ng \aim 2 wherein the portion
represented by structuraj Foffhla 2 is selected from

the follow ng structurékjy279% | cd Br o Me Me. Me,
M M HC

—N
/ O is

Formula 2

Q—
A
/ Rl

G and J independently may or may not be present and if present can
be the same or different and are independently selected from the group
consisting of (CH,),, (CHR),, (CHR-CHR’),, and (CRR’),;

A and M independently may or may not be present and if present can
be the same or different and are independently selected from the group
consisting of O, S, S(02), N(R), (CHz),, (CHR),, (CHR-CHR'),, and (CRR’)p ;
or A and M are linked together to form an cycloalkyl or heterocyclyl bridge ;
and

Q may or may not be present and if present is (CH3),, N(R), O, S,
S(02), (CHR),, or (CRR’),.

3. The compound according to Claim 2, wherein the portion represented

by structural Formula 2 is selected from the following structures:



V N 0280 s JlI \ or and wherein n= 0-4. 4. The

conpound according to Claim3, wherein the portion of
waeroososurs@l Formula 1 represented by struct ur abCTFUSI004/631136

2 is selected fromthe fol 2w ng structures: 281 MV |V

? M Me 5. The conpound according to Claim4, wherein

the portion of structural Fornmula 1 represented by

structural Fornmula 2 is selected fromthe follow ng

structures: Me Me XV Q-NN

Me
Cl)H (I)H HMe
/\N ,H /\N )
0 0
C\I\\-/C' %_/F Br\/Br
0 0 0
?i Me )<Me
R 5 0
Q"< n 6" m c,’H
’/Isz&/ ,/U\N ) /\N lH
) ! !
'\fi\-/Me FaCocr,
HsC 3
}:ﬁjw/ }/@/
0 o}



10

o or o wherein Xis H F, O or Br. 6. The conpound
according to Caim, wherein the portion of structural
wo-o00s0bE9d represented by structural Fornul a 2p@BRS1004/031136
/IMs Fornmula 2 o and Q nmay2d9e present or absent, and
if Qis absent, Mis directly linked to A 7. The
conpound according to Claim6, wherein the portion of
structural Formula 1 represented by structural Fornmula
2 is selected fromthe followi ng structures: o o 8.
The conpound according to Caim, wherein tihe portion
of structural F'B"(/mél al represent ed by st tural
Fornmul a 2: 283 /M N s Forpmiila 2

B /k(l(

Lﬁ

o
o}
Lo
or O
and
(0] n
A~
N
22—
o]
wherein n= 0-4.
4. The compound according to Claim 3, wherein the portion of structural

Formula 1 represented by structural Formula 2 is selected from the following
structures:



R 9. The conpound according to Claim8, wherein the
portion of structural Fornmula 1 represented by

weresosures@l Formula 2 is selected fromthe fol POmUsD04/031136

structures: R 10. The conpztind according to Caim?9,
wherein the portion of structural Formula 1
represented by structural Fornmula 2 is selected from
the followi ng structures: 284 M M, V/ M, ( 0o R Ph-
*(O -2 0 M, M| M, . The conpound according to
Caim, wherein the portion of structurgd Fornmula 1
repr esent ed byme\s/t,\;euctural gormul a 2: /Q,kMe
S H \\O

IR

o
/'\ ’
N
or 0
5. The compound according to Claim 4, wherein the portion of structural

5 Formula 1 represented by structural Formula 2 is selected from the following
structures:

wherein X' is H, F, Cl or Br.

10 6. The compound according to Claim 1, wherein the portion of structural
Formula 1 represented by structural Formula 2:



M- Nis Fornula 2285 ; and is selected fromthe
followng structures: XVVXI| ci oOHVVVYvVvI H
woh005420796The conmpound accordi ng to C ai m wher eP@T/UN®04/031136

portion of structural Fornef2za 1 represented by
structural Formula 2: ; and286 R21 and R22 may be the
sane or different and are i ndependently selected from
the group consisting of the following structures: C H
V NN H

\ E
IT/ \G
Q4 ,!
N

Formula 2

A
M A

\/
<E
Q
)—NJY'
O ;and

Q may be present or absent, and if Q is absent, M is directly linked to
A.
7. The compound according to Claim 6, wherein the portion of structural
Formula 1 represented by structural Formula 2 is selected from the following

10  structures:

8. The compound according to Claim 1, wherein the portion of structural
Formula 1 represented by structural Formula 2:



O VV X XNMMM.0. AAH\ ,NHV X) and287
13. The conpound according to Claiml, wherein L and M
waemsakeent, and J is directly linked to E. 14pCilii82004/031136

compound according to C aim3, wherein L, J and Mare
absent and Eis directly linked to N. . The conpound
according to Caim, wherein G and M are absent. 16.

The conpound according to Caim, wherein M is n =0-5
17. The compound according to Caim, wherein X is
selected fromthe group/@LLil sting of the foll ow ng

structures: N. |
M

\L/ E\
I G
QU 2,
) _N//ﬁ’/
o is
Formula 2
R R
R R
& )
))\N -
s 9. The compound according to Claim 8, wherein the portion of structural

‘Formula 1 represented by structural Formula 2 is selected from the following

structures:

/LR@)/ Al g
/L@ S B

The compound according to Claim 9, wherein the portion of structural
10  Formula 1 represented by structural Formula 2 is selected from the following

structures:



nV V.Hs and RH and R55 is al kyl, cycloal kyl,

carbamate or urea; and n= 0-5. 18. The conpound
waemensli7ag to Claim 17, wherein X is sel ected PE€DOS100€031136

group consisting of the fotddow ng structures: n VYY

/'Vi | Y288 19. The conpound according to Claim,

wherein RL is a ketoam de, ketoal dehyde, diketone,

ket oaci d or ketoester. 20. The conpound according to

Caim19, wherein RLis -CCOC(ONR RLO; RO is H and

RI0O is H -Rlg -[CHR)] ®§OORL1l, -[CHR 1')]

pC(O NR R13, - CH(R)]pSO(O 1, -[CIBI(/' S(O )NR

R13, 0 i
}/U\N I/ A/U\N é)/ A)\N (|)/
(0]

Me Me
oMe" (? (I)
/U\N l/ )/l\N |/ N O/
0 o
’/
? %] CI) O\ P
‘)\N (I)/ ;/“\N lo ,/[\N é)
Me, Me Me, Me

O'Ki’/ \ / )/l\ /

/Ji /Jl/ /K@’

R
1
Ph™>g #(Olo-2 R’N\

»C%/ ¢ A Nl/

Me Me

ﬂl/ /ﬁy 20

11.  The compound according to Claim 1, wherein the portion of structural
Formula 1 represented by structural Formula 2:

Q—
/")
Mo E

] G
O 1
AN
/ 0O is

Formula 2



-[CH(R ") ]p&ORL1 -CHR ) QNHCH(R)C (QOR 11,
-CHR'")C(ONHCHR ) C{ONR R13 or -CHR

WO S(0Opd7h) CH(R ) ("R ). 2 . The conpound accor dP@mUsm04/031136
Claim20, wherein: R1O is M5 -R14, -CH R )C(OOR 11,
-CH(R")CHR")C(OOR 11 -CHR)C(ONR R13, -CH(R
JCHR)C(ONR R13, -CH(R")CH(R )S(O)R11, -CH(R )CH(R
)S(O)NR R13, -CH(R)CHR')C(OR 11, -CH(R
)AONHCHR ) QORI -CHR)CONHCHR)C (ONR
R or -CH(R)C(O)N(I—|)CH@0)(R'); Ris Ho alkyl; and R
i s phenyl, substituted ph |, hetero atom substituted
phenyl , cycl oal kyl, heterocycl oal kyl, piperidyl or
pyridyl. 22. The conmpound cording to Caim?2 ,
wherein Ris H 23. The c opnd according to Claim
20, wherein R11 is H, [inethyl al lyl,
terf-butyl, benzyl,4a- , a,a-
di met hyl benzyl, -nethyl cycl opropyl or
1- met hyl cycl opentyl: R is hydroxynei)# o -CH C(ONR
R13; 489 s selected from the following structures:

X" \)< \/© \A© \/\Q\C,

X cl N cl H3C N\ R
o Yot O

ok e YT oyt

\)ﬁc' \imQ ) \)OL“AQ

12. The compound according to Claim 1, wherein the portion of structural

Formula 1 represented by structural Formula 2:

Q\
N
M E
G

|
O 1
yd

o is
Formula 2

R21\ /R22

o ; and



R is independently selected fromthe group consisting

of the follow ng structures: | 5 wherein UL and U2 may
wheoosasedor different and are independently seP@DUSIN4/031136

fromthe group consisting 28: H F, -CH C(OOH, -CH

C(OOw, -CHC(ONH, -CHC(ONHW, -CH C(ONW |,

azi do, am no, hydroxyl, substituted am no and

substituted hydroxyl ; U3 and U4 are the sane or

different and are independently or S; U5 is alkyl

sul fandﬁzy'm@’bé‘Pr‘ﬂé’bam@%r%@é\%h%n& %\t‘% Qf@él endently

het eroaryl sul fonyl, alkyl carbonyl, ary bonyl
sklectedbibiythegiovp I¢9h$lshleg of tbwfpllowmgkmﬂwtu res
al koxycar bonyl , aryl oxycar bogyl ,

heteroaryloxycarbg/ |, alky|=n1 Qe AK B0
aryl am Pocar bonyl|; | ) am & bo (P
conbi | I NRR13 el ecthed @

conS|st|ng f:290 HH/ -
-N(Me)OVe, Me M@ M NOHHH HN OH Me Me Me MB

"“/\/\O %‘AO R/\/@\/\/Q/OMe

Lo v

W ~
WO Sk IO A
i X
E)LMe \(u\o/\r o/\O \ )]\/H\OH
M Me (o] o ° o
Jaly A Ao
e B
] N O\\s” /(“)\}H o] O>
VU Y " ﬁ/ko < 0
d,, IO 4
NHy ™ n
$o O



5

10

15

Me - HNand UHr CH OH SnCd Rl14 is selected fromthe

group consisting of: H-CH Et, n-propyl, nethoxy,
wa@eymsogr7epyl , n-butyl, 1-but-3-ynyl, benzyl, ara®EUk30b4/031136

benzyl, phenethyl, allyl, 287but-3-enyl, -OCH 3 and

cycl opropyl nethyl. 24. The conpound according to Claim

, Wherein RL is selected fromthe follow ng

structures:291 CHHCVCH .CHHCCHK XCH.CH X/

") and 0-3 25. The conpound according to Caim,

1aher ey &drapsunt héksaingeetiar 1f Wheréndi ¥ad fhrddbsek? and

unbranched paraffinic Il nking chain formng a portion
Jos directly litkedbtooler nmacrocycl e. 292

14. The compound according to Claim 1, wherein L, J and M are absent
and E is directly linked to N.
15.  The compound according to Claim 1, wherein G and M are absent.

16. The compound according to Claim 1, wherein M’ is

SR

17.  The compound according to Claim 1, wherein X is selected from the

group consisting of the following structures:

)\N -H >,\O ‘\ , I\§
A O'J},_ S\;‘
I\?\ ﬁ\ and
; O ; R55HN ‘_',J'

and R% is alkyl, cycloalkyl, carbamate or urea; and n= 0-5.
18.  The compound according to Claim 17, wherein X is selected from the

group consisting of the following structures:

w v

Mil“ ﬁwi;t? %H *.Ti

N J. O‘J\J_r_ . b



10

15

20

25

30

26. The conpound according to Caim25, wherein D and
X taken together forma C8 or C9 unbranched paraffinic

wo povkiosigochai n formng a portion of a 15 or 16PaETE®NEWM1136

het erocycl e. 27. The conpofsd according to O aim,
wherein D and X taken together forma divalent C7-Cl2
unbranched ol efinic linking chain form ng a portion of
a 14-19 nenber macrocycl e having a single degree of
unsaturation. 28. The conmpound according to C aim 27,

fer e Edrapdunt bé&&?in&;&&%lﬂﬁﬁ 1 QhBtéin @ i8%a Keloamide,

unbranched ol efinic linking claimfornmng a portion of
ketealdehydes dikedonre, dejeddid haketogstersi ngl e degree of

satyration., 29. The.c und ., accor di.ng.4t.0 ' 9410,
Wher a5 BusE AeRFInEIBROHLT PoMRPEE AR, eOICTOINRER
Cl2 whsanched aliphatic chain formng a portion of a
9- 19 penbereqd heterocycle. 3Q. The conpound according

to CRar s H, viRer dCH(B )IsCEAQARTed from the fol | ow ng

St ructAngs! JThei1sconpound according to Caim,
\Aheret%ﬁlg]"g%(r%t)wgnh?epresent ed by the part293 o N\

in t hECHER'§},$(02JR'',n Fornula is selected fromthe
Fol I op ek 8] 6165 ks,
-[CHR"),C(O)R"",
-CH(R")C(O)N(H)C(H)(R?)C(O)OR™,
-CH(R")C(O)N(H)CH(R?)C(O)NR'R", or
-CH(RY)C(O)N(H)CH(R?)(R)).
21.  The compound according to Claim 20, wherein:
R"is H, -R", -CH(R")C(O)OR™",
-CH(R")CH(R")C(O)OR",
-CH(R")C(O)NR'?R"®,
-CH(R"CH(R")C(O)NR"R",
-CH(R")CH(R")S(0,)R™",
-CH(R")CH(R")S(0,)NR'™R™,
-CH(R")CH(R")C(O)R"",
-CH(R")C(O)N(H)CH(R%)C(O)OR"",
-CH(R")C(O)N(H)CH(R?)C(O)NR™R™, or
-CH(R")C(OIN(H)CH(R?)(R');
R" is H or alkyl; and
R? is phenyl, substituted phenyl, hetero atom-substituted phenyl,
cycloalkyl, heterocycloalkyl, piperidyl or pyridyl.
22.  The compound according to Claim 21, wherein R is H.
23. The compound according to Claim 20, wherein
R" is H, methyl, ethyl, allyl, tert-butyl, benzyl, a-methylbenzyl, oo
dimethylbenzyl, 1-methylcyclopropyl or 1-methylcyclopentyl;
R is hydroxymethyl or -CH,C(O)NR'?R"3;



32. The conpound according to Caim, wherein Z' is

sel ected fromthe group consisting of:294 HI HN CH
woh@sN3079CH HI A HCV CHHCHCHHC CHH C &/b51004/031136

C295 HC Y VL. V.. Y" 33. X9 conpound according to

G aimwherein Wis C=0. 34. The conpound according to

Caim, wherein Zis N

R? is independently selected from the group consisting of the following

structures:
4B e 51 és O
N N \N = S
oy Eﬁ é A 57
<. S '

ds
wherein U' and U? may be same or different and are independently
5  selected from the group consisting of: H, F, -CH,C(O)OH, -CH,C(O)OMe,
-CH,C(O)NH;, -CH,C(O)NHMe, -CH,C(O)NMe,, azido, amino, hydroxyl,
substituted amino and substituted hydroxyl ;
U® and U* are the same or different and are independently O or S;
U® is alkyl sulfonyl, aryl sulfonyl, heteroalkyl sulfonyl, heteroaryl
10 sulfonyl, alkyl carbonyl, aryl carbonyl, heteroalkyl carbonyl, heteroaryl
carbonyl, alkoxycarbonyl, aryloxycarbonyl, heteroaryloxyéarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, or heteroarylaminocarbonyl or a
combination thereof;

NR'?R™ is selected from the group consisting of:



35. The conpound according to Claim, wherein Y is

sel ected fromthe group consisting of the follow ng
weresosurses: CX * i CF Me Me Me Me296 Me ~Me  RCTHUBRObE/031136

Me Me. / / CF CCl Me Hn=12%9297 M A1 M H CH HH

CHCHHOCHOH 00H H CooC

H, H
FNH,  FNHMe,  §—N-cicicH, §—N(Me)OMe,
JJJ“
£ \ Me  Me Me. Me
) N OH
Me 7’&, ]

B EN £
5 HNTNZ N\ N/\\\ \u/\/é

;__Me Me —Q J;\ 8 i /\:> _Ue
Me
S o Yo

Me Me Me

g-—HN = I and '/_iN
N s

U%is H, OH, or CH,OH, and

R is selected from the group consisting of: H, -CHs, Et, n-propyl,
methoxy, cyclopropyl, n-butyl, 1-but-3-ynyl, benzyl, a-methylbenzyl,
phenethyl, allyl, 1-but-3-enyl, -OCHj; and cyclopropylmethyl.
24.  The compound according to Claim 1, wherein R' is selected from the

following structures:



COOH HOO 1-4 H COOH OOH COOCH "COCH F F OOH Me 17 OOH

Me Wh298 wherein Y17 is CF, NO, C(ONH CH NH or
WEL@saBg79@nd Y18 is F or C(O OH 36. The conmpoe@mUsS2004/031136

according to aim37, whee®din Y is selected fromthe

group consisting of the follow ng structures: Me Me xy
0. e Me M Me M M M/ M M TV

9 o / s
?H(QL < zﬁﬁ” Qg(\)k%(f\

J’YQLE%&, A AL
A T

25. The compound according to Claim 1, wherein D and X taken together

5 form a divalent C7-C12 unbranched paraffinic linking chain forming a portion
of a 14-19 member macrocycle.



M / MM MCFMMM- B/ M1-3 MM M M M
l , /1 COH/ yHHM M/ / MVCF M MM M and M
WO 2005/030796 PCT/US2004/031136

292

26. The compound according to Claim 25, wherein D and X taken together
form a C8 or C9 unbranched paraffinic linking chain forming a portion of a 15
or 16 membered heterocycle.
27. The compound according to Claim 1, wherein D and X taken together
s  form a divalent C7-C12 unbranched olefinic linking chain forming a portion of
a 14-19 member macrocycle having a single degree of unsaturation.
28. The compound according to Claim 27, wherein D and X taken together
form a C8 or C9 unbranched olefinic linking claim forming a portion of a 15 or
16 member heterocycle having a single degree of unsaturation. |
10 29. The compound according to Claim 1, wherein D and X taken together
form a divalent C2 — C12 unbranched aliphatic chain forming a portion of a 9-
19 membered heterocycle.
30. The compound according to Claim 1, wherein D is selected from the

following structures:

y f\j | £ ;JXM §—/\j

W

[GiL

%

31.  The compound according to Claim 1, wherein the portion represented
by the part
20



Me HN- y / 37. The conpound according to Caim,
wherein Y is selected fromthe group consisting of the
wo 0005084706 Structures: 299 X w 23 L n=0-5 " 25rCTEN2084/031136

and _ r<23 D 23 Wis N or 298R23 is H, alkyl, aryl,

het eroaryl, cycl oal kyl or heterocycl oal kyl wherein

each of said aryl, heteroaryl, cycloal kyl,

het er ocycl oal kyl may be substituted with an al kyl

noiety; R24 is H alkyl, aryl, heteroaryl, cycloal kyl

or h rocycl oal kyl wherein each ap said aryl,

hgtero ', cycl oal kyl, heterocycl|alky| may be
t/tuted with an alkyl mgi_ tyipnr R2Nand R24 taken

t oget\per forrmpg, cyclic ring i ng \Eirbocycle or
het er lle;AR25 is H, al kyl, hK& r aI @H% aryl

het er D Ikyla Ian1no oaI no or
cycl oal kyl', @qbgfg@? d fron1the group COHE R

f. H. carb f d | kyl car bony|
Ggrdsd ?%?ﬁ@ﬂfetfi 9ra ﬁﬁa@"e%?et Zr oar ii,r sul fony!

B PU
—

32. The compound according to Claim 1, wherein Z’ is selected from the
10 group consisting of:



het er oal kyl sul f onyl , aryl oxycarbonyl,

het er oal koxycar bonyl , het eroaryl oxycar bonyl
wa@bdoghzotoeoar bonyl , aryl am nocar bonyl and ur eaPCTREF2006031136

H, al kyl, cycloal kyl, aryl2%r heteroaryl; R28 is H,

al kyl, heteroal kyl, aryl or heteroaryl; and X -O is

an ether, ester or carbamate. 38. The conpound

according to Claim, wherein:300 (a) the noiety: Q -

/IM\ N Formula 2 s/ CM(b) Rl is selected fromthe

follow ng structures: 301 H @ X ,CHCHd where R' -

H%g\:ml/bzl\%bﬁ%w ed by gither 0(\i”)/,u\;)l\l) , or HS\! i)
SIaEI

o

TIOYY Y

H,c/l:c . F ]
\(_O\IJJ/ N\J; ©<o/ﬂ\ N/L‘i, H:cx(:“\ﬂ/"\ fr
ne £ . ) VT“
N N F N N o NN
:>%/ \[or }f F " \[c!/ \;; \<N F%/NT“\;J
o=<c X . HyC ] o,
|y @ o
\[J)/ \)_ff N\ﬂ/N\ ,;; H:YN N\f H,iﬁ/ bj)( :;‘
Hah/}j b N\[(N\f [ ﬁ\ N [>—|T\ .
o H,c/i;(% " s c{ . C/N:‘;(N\ﬂ/ f 1 WCNX N\!])/ . f
HC wa WJ e



0)302 HHR77 T TR Fornmula A wherein: R44 is selected

fromthe group consisting of: L and and 7 7 is
wGeedososwEds from t he group consisting of : N | QGT/NS20DU/031136

1303 //-\ CP- VN ®H- NNP-Nt N1 0.0

HN 78 0 O

%I\I(}F 7/“j(T\J’f HZ° T\f

Hl
H,C

Jo oy At L
ALy AR Ly

33. The compound according to Claim 1, wherein W is C=0.
34. The compound according to Claim 1, wherein Z is N.
35. The compound according to Claim 1, wherein Y is selected from the

group consisting of the following structures:

O
] ¥
)Xo\f ﬁ\(o\x‘ >S<°\£ ! >(')/Fa
oy ° 0. °
» g YO (;r
Me Me Me Me



I Cll 1l VOR CFs RO78 NR78 R’T8 R7T8 CH N I
MII Il 110 78 Ol | ti CN O304 78 R7T8 R78 y " N o Il

W 2005080786 O PCT/US2004/031136
296

Me H M H M H M Z'e
~ e e e

Me T ¥ Me—] ¥ me ] ¥ Me( >
Me CF3 CCly Me

¥ N ¥ N
/|><N\ r\_.: \rrr‘ >|7< ~ H“J />< ~ H’H
H Me
o o, N

0-3Mme HN\;

FiC.N
3 \_s;

{
n=1-5



I 78 H

tl
is sel ected

[1l gr v W o -W V V and where R 78
m et hyl , ethyl, isopropyl, tert-butyl
wanaspkemy| ;  ( 5 HH(tm Formula B where RYOI/US2004/031136
sel ected from group coewisting of: CHCHNCHTf H
and (iii) 1-3 HH 0-3 Fornula C wherein the sul fone
ring is optionally substituted wth al kyl and
cycl oal kyl; and (d) the portion of Fornmula 1
represented by

Me O, Me = O/§ /\O/§
e

/\ /§ M Me 11 CcH :SSOZHN\/i"L
=z ° Me0,c” 0N Y O‘O\
bt

Y}
from
) 30
t he

H
CHa
e on HsC_ _CHs
3 3 CH
Heoocm ANy OO HOOC/\;E/ 3 Q/\JH
SN CeHs OH

/”\«/\I;;: rhcooc/L~/“>f HOOC ANy [::TJ\pH
COOH
- <;)\f
oocr__EE:]/\\ ti1-2 [:21>H EZ/A>H

COOH

"j@(‘ C
C COOH C COOCH3

q >
ra

M§>L»/Qg



X-t+D is selected fromthe follow ng structures: 306
and n= 0 to 3. 39. The conpound according to Caim

WG edosnswEds from t he group consisting of:

CH307 , CH YUo*

HCCHCHCHSH CCHHHMH :s;

H C CH@#US2004/031136
NH/ YH

wherein Y' is CF3, NO,, C(O)NH;, OH, NH, or C(O)OH; and
Y'is F or C(O)OH.

36.

The compound according to Claim 37, wherein Y is selected from the

group consisting of the following structures:

Me><0\ /

Me Me

Me \]/O\ /

Me

Me

Me>|\/o\/

Me'

%

Me

C(\/

H
Me N
M 7
Me

Me
H
Me N
Me>|\\/ 4
Me

37.

Ve Me HaCSOHN._\
0 M
J_o Me)\( 4 Me-_~
Me’ \/ Me ij
Me
Me O
O Me ~,
Me)>< \/ M e&o\/ Me>|C/F /
Me" Me Me Me 3
Me ©/\ s Me
Me

Me

g % @;:/ @bﬁMe

O/\/

H
M N
Me hr{lle hﬁxn M:>|/ \/
~ M ™ CF
Me>g / ®Me” Me ?
e

Me and ;&
Q};H\/ Qj’:\/ ﬁ&,ﬁ y HN\/-

The compound according to Claim 1, wherein Y is selected from the

group consisting of the following structures:



CHCHC HNCHHCN: Il 2
.1 HCHCCHHH"CH308 HC

2z

wWEkRse3d48d 0 - H311
299
X' W R W
~ ~ B ~
R23 O gz
n=0-5
X W. R W
N ~ 25~ ~
(o] —
/R?<R24 JJJ: O/Sg()%(l? J:rr
24
R23
n=0-5
(@]
W W:
Rza/>< ?:'J Rza/“\‘/ \_THI
R Ry R2
W’ is N or O;

CCHHHYV s CH
HCCHHCCH
PCT/US2004/031136

d W

R3is H, alkyl, aryl, heteroaryl, cycloalkyi or heterocycloalkyl wherein

s each of said aryl, heteroaryl, cycloalkyl, heterocycloalkyl may be substituted

with an alkyl moiety;

R* is H, alkyl, aryl, heteroaryl, cycloalkyl or heterocycloalkyl wherein

each of said aryl, heteroaryl, cycloalkyl, heterocycloalkyl may be substituted

with an alkyl moiety;

10 or R* and R** taken together form a cyclic ring containing a carbocycle

or heterocycle;

R®is H, alkyl, heteroalkyl, aryl, heteroaryl, alkylamino, arylamino,

heteroalkylamino or cycloalkyl,

R% is selected from the group consisting of: H, carbamate,

15 sulfonamides, alkylcarbonyl, alkylsulfonyl, arylsulfonyl, heteroaryl, sulfonyl,

heteroalkylsulfonyl, aryloxycarbonyl, heteroalkoxycarbonyl,

heteroaryloxycarbonyl, alkylaminoarbonyl, arylaminocarbonyl and urea;

R? is H, alkyl, cycloalkyl, aryl or heteroaryl;

R? is H, alkyl, heteroalkyl, aryl or heteroaryl; and

20 X'-O- is an ether, ester or carbamate.

38.  The compound according to Claim 1, wherein:



CHCHCH. .CH

H H
HN! NHHHH HHV

wo20d5/060484 2

(a) the moiety:

I -0 BocHNHHo CHCHCH XHH
CHCHCH1 BocHN "CHCHCH-\ HH
PCT/US2004/031136
300
Q—
A
v
\L/ \
I G
)_\N/k"/
O
Formula 2

(b) R'is selected from the following structures:



CH. ,CHCHCH/ \ HIl HHTHHAHHdH: T" Y, HH]| -
HH|] -9 OoVHHH3I3Hol I H. /, HHY Vv H/ \
wori20d5/0547961 H H o CH CH PCT/US2004/031136
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Where R% = H, = A N /W

() Z isrepresented by either (i), (ii), or (iii) shown below:

(i)
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| HHand or pharmaceutical ® acceptable salts,
wae odosasEse or esters of said conmpound. 40. The ePONPS20€031136
according to Claim39, sela&aeted fromthe group
consisting of: HCCHHCAMCH NH1H
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Formula A
wherein:
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and CHt or pharmaceutically acceptable salts,
sol vates or esters of said conpound. 4 . The conpound
wobkooShai7as , wherein RL is ketoam de, acid, ketparius2004/031136
ket oester, ketoal dehyde, dsldet one, boronic acid or
trifluoroketone. 42: A pharmaceutical conposition
conprising as an active ingredient a conpound
according to Caim. 43. The pharnaceuti cal
conmposi tion according to Claim42 suitable for use in
toreati ng di sorders assp at a@lmvvlth HCV. 44. .The
/&gﬁﬁgﬁﬁﬁeuﬂ"c@ gRposik i a,t;cor di 8 ai @ R™
a al | yag\elﬁpﬂkﬁl ngNa ﬁarfra Ny accep éﬁ‘l\g
carrler 45, cilheo phar ma’ceuol cal comp sioti on accordi ng
to daim46; additionall y containing an antiviral
agent. 46.~The pﬁar maceuti cal conposition according to
C ai m 45, lgda 1y containing an interferon or
pegyl at ed i nt e?fer‘:ﬁl 47. The pharnmaceuti cal
conposition ac @,rdl ng to Caim46, wherein said

antiviral agent IS rlbaV|r|n and sald interferon is
a-interferon. of Rffea di sor R78

assot gaw erale @» ofet h@u N

conpri g“adm ni stse & pat iFe isfeed of Such
treat ment°t her apeufd caI I yC'efpect ive anmdunts of a0
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di sorders associated with the “prot ease, said
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where R is selected from methyl, ethyl, isopropyl, tert-butyl and phenyl;

(ii)



phar maceuti cal conposition which conprises
therapeutically effective anobunts of a conpound

waewsnsli7og to Caim. 50. The nethod accor di ngee DU 0a4/031136

49, wherein said adm ni stra3ision i s subcut aneous. 316 5
The use of a conpound according to Claim1l for the
manuf acture of a nedi canent to treat disorders
associated with the HCV protease. 52. A pharnaceuti cal
conposition for treating disorders associated with the
HCV protease, said conpositiof cenprising
t herapeutical |y ef fecRY g agetnt Nofsone or nore
compounds in claim40 Qy%/rm eutical ™ acceptable
carrier. 53. The pharnmaceut\-¢¢l~ conposition accordi ng
to Claimb52, additionally ontf? ing an antiviral
agent. 54. The pharnaceut i %81’"“ aolg‘posi tion according to

whéieRB3s selddtéd fEM thieftalip Yonasistiag 6f:ng an i nterferon
or a pegylated interfgron. 55. The pharnpgeuti cal

conposi ti on~accordi ng ]t o Caimb54, whereiln said .,

a“”fiviral Q%ntisr irina,rlwlsaidint onis‘\
z%mterfero. CH, CHy
o) Z N
\ \I

AN

BY

s CHy CH; and ;

(iii)

l 1-3 H H

N N
S NS
o §
] 0-3
Formula C

wherein the sulfone ring is optionally substituted with alkyl and
10 cycloalkyl; and
(d)  the portion of Formula 1 represented by

LA
el

15  is selected from the following structures:
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:and

n=0to 3.

39. The compound according to Claim 1, selected from the group

consisting of:
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and

or pharmaceutically acceptable salts, solvates or esters of said compound.
40. The compound according to Claim 39, selected from the group
consisting of:

H3C___CHs
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or pharmaceutically acceptable salts, solvates or esters of said compound.
41.  The compound of Claim 1, wherein R' is ketoamide, acid, ketoacid,
ketoester, ketoaldehyde, diketone, boronic acid or trifluoroketone.

42. A pharmaceutical composition comprising as an active ingredient a
compound according to Claim 1.

43. The pharmaceutical composition according to Claim 42 suitable for use
in treating disorders associated with HCV.

44.  The pharmaceutical composition according to Claim 42 additionally
comprising a pharmaceutically acceptable carrier.

45.  The pharmaceutical composition according to Claim 46, additionally
containing an antiviral agent.

46.  The pharmaceutical composition according to Claim 45, additionally
containing an interferon or pegylated interferon.

47.  The pharmaceutical composition according to Claim 46, wherein said
antiviral agent is ribavirin and said interferon is a-interferon.

48. A method of treating disorders associated with the HCV protease, said
method comprising administering to a patient in need of such treatment
therapeutically effective amounts of a compound according to Claim 1.

49. A method of treating disorders associated with the HCV protease, said
method comprising administering to a patient in need of such treatment a
pharmaceutical composition which comprises therapeutically effective
amounts of a compound according to Claim 1.

50.  The method according to Claim 49, wherein said administration is

subcutaneous.
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51. The use of a compound according to Claim 1 for the manufacture of a
medicament to treat disorders associated with the HCV protease.

52. A pharmaceutical composition for treating disorders associated with the
HCV protease, said composition comprising therapeutically effective amount
of one or more compounds in claim 40 and a pharmaceutically acceptable
carrier.

53. The pharmaceutical composition according to Claim 52, additionally
containing an antiviral agent.

54. The pharmaceutical composition according to Claim 53, still
additionally containing an interferon or a pegylated interferon.

55.  The pharmaceutical composition according to Claim 54, wherein said

antiviral agent is ribavirin and said interferon is a-interferon.



