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| NVENTI ON The present invention relates to novel hepatitis C virus (" HCV )
protease inhibitors, pharmaceutical conpositions containing one or nore
such i nhi bi th gy7n1iet hods of preparing such inhibitors and mpiia®e1/edsesisi N
such inhibitors to treat hepatitis C and rel ated disorders. This invention
specifically discloses novel. 5 macrocyclic compounds as inhibitors of the
HCV NS31NS4a serine protease. Background of the Invention Hepatitis C virus
(HCV) is a (+)-sense single-stranded RNA virus that has been inplicated as
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B virus (HBV), delta hepatitis virus (HDV), cytonegal ovirus (CW) and
Epstein-Barr virus 15 (EBV), as wWpigi BpOE INVERTION forns of liver disease

such as al coholi sm and

The present invention relates to novel hepatitis C virus (*HCV”) protease
inhibitors, pharmaceutical compositions containing one or more such inhibitors,
methods of preparing such inhibitors and methods of using such inhibitors to treat
hepatitis C and related disorders. This invention specifically discloses novel

5  macrocyclic compounds as inhibitors of the HCV NS3/NS4a serine protease.

Background of the Invention

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),

10 particularly in blood-associated NANBH (BB-NANBH)(see, Intérnational Patent
Application Publication No. WO 89/04669 and European Patent Application
Publication No. EP 381 216). NANBH is to be distinguished from other types of
viral-induced liver disease, such as hepatitis A virus (HAV), hepatitis B virus
(HBV), delta hepatitis virus (HDV}, cytomegalovirus (CMV) and Epstein-Barr virus

15 (EBV), as well as from other forms of liver disease such as alcoholism and
primary biliar cirrhosis. '

Recently, an HCV protease nebessary for polypeptide processing and viral
replication has been identified, cloned and expressed; (see, £.g., U.S. Patent No.
5,712,145). This approximately 3000 amino acid polyprotein contains, from the_

20 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;

25 and (b) an RNA-dependent ATPase domain at the C-terminus of the protein. The
NS3 protease is considered a member of the chymotrypsin family because of
similarities in protein sequence, overali three-dimensional structure and
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5 responsible for generating four viral proteins during viral replication. This has
made the HCV NS3 serine protease an attractive target for antiviral
chemotherapy.
It has been determined that the NS4a protein, an approximately 6 kda
polypeptide, is a co-factor for the sefine protease activity of NS3. Autocleavage
10  of the NS3/NS4a junction by the NS3/NS4a serine protease occurs
intramolecularly (i.e., cis} while the other cleavage sites are processed
intermolecularly (i.e., trans). |
Analysis of the natural cleavage sites for HCV protease revealed the
presence of cysteine at P1 and serine at P1’ and that these residues are strictly
15 conserved in the NS4a/NS4b, NS4b/NS5a and NSSa/NSSb 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.g., Pizzi et al. (1994) Proc. Nati.
Acad. Sci (USA)} 91:888-892, Failla et al. (1996) Folding & Design 1:35-42. The
20 NS3/NS4a cleavage site is also more tolerant of mutagenesis than the other sites.
See, e.q., 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 mclude antloxldants
25 (see, Intemational Patent Application Publlcatlon No. WO 98/141 81) certain _ -
peptides and peptide analogs (see, Intemational Patent Application Publication
No. WO 98/17679, Landro et al. (1997) Biochem. 36:9340-9348, [ngallinella et al.
(1998) Biochem. 37:8906-8914, Llinas-Brunet et al. (1998) Bioorg. Med. Chem.
Lett. 8:1713-1718), inhibitors based on the 70-amino acid polypeptide eglin ¢
30  (Martin et al. (1998) Biochem. 37:11459-11468, inhibitors affinity selected from -
human pancreatic secretory trypsin inhibitor (hPSTI-C3) and minibody repetrtoires
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activity of WNSg 77444 ocl eavage 10 of the NS3/NS4a junction bye ﬂ'% ol ra6dNS4a
serine protease occurs intranolecularly i.e., cis) while the ot her cl eavage
sites are processed internolecularly i.e, trans). Analysis of the natural
cl eavage sites for HCV protease revealed fhe presence of cysteine at Pl
and serine at P1' and that these residues”are strictly 15 conserved in the
NS4a/ NS4b, NS4b/ NSba and NSba/ NS5b junctions. The NS3/ NS4a junction
contains a threonine at Pl and a serine at P1'. The Cys->Thr substitution
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Proc. Natl . vapable damain(amiody: fmn@m(hﬂaam : 7)_PrateimEngol 0/6A4-644)
ot agenss, < a0A 4 BRUARNOT @a&ﬁ@&@%msaﬁaﬁéﬂé%@&%ﬁ 2?8?5@3{ .
I\’feé?l)n 3?5'{7?@%{%&%&&%@ éélé&“}é%gag.% e@ﬂeﬂéﬁcﬁtﬂ ﬁ cé%ir‘\gt‘ctecf gav age.
See, e.35. dinviotedlsee|B g\l_ﬂl@ﬂd{[oﬂjay‘mmﬂ 46(81@@&313&3117, 1998)).

' Reference is also made to the PCT Publications, No. WO 98/17679,
published April 30, 1998 (Vertex Pharmaceuticals Incorporated); WO 98/22496,
published May 28, 1998 (F. Hoffmann-La Roche AG); and WO 99/07734,
published February 18, 1999 (Boehringer Ingelheim Canada Ltd.).

10 HCV has been implicated in cirrhosis of the liver and in induction of
hepatoceflular 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 é iess than 50% survival rate at four years post cirrhosis

15 diagnosis. Patients diagnosed with localized resectable hepatoceliular 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 also made to WO 00/09558 (Assignee: Boehringer Ingelheim

20 Limited; Published February 24, 2000) which discloses peptide derivatives of the
formula: -



I nhibitors of HCV protease that have been reported include antioxidants 25
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| Current therapies for hepatitis C include interferon-a (INF,) and
combination therapy with ribavirin and interferon. See, e.q., 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, 8.9., Hoofnagle et

5 al (1997) N. Engl. J. Med. 336:347. Currently, no vaccine is available for HCV
infection.

There is a need for new treatments and therapies for HCV infection. It is,
therefore, an object of this invention to provide compounds useful in the treatment
or prevention or amelioration of one or more symptoms of hepatitis C.

10 It is a further object herein to provide methods of treatment or prevention or
amelioration of one or more symptoms of hepatitis C.

A still further object of the present invention is to provide methods for
modulating the activity of serine proteases, particularly the HCV NS3/NS4a serine
protease, using the compounds provided herein.

15 Another object herein is to provide 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

20 macrocyclic inhibitors of the HCV protease, pharmaceutical compositions
containing one or more of the compounds, methods of preparing pharmaceutical
formulations comprising one or more such compounds, and methods of
treatment, prevention or amelioration or one or more of the symptoms of hepatitis
C. Also provided are methods of modulating the interaction of an HCV -

25 polypeptide with HCV protease. Among the compounds provideﬁ he'rein,
compounds that inhibit HCV NS3/NS4a serine protease activity are preferred. The
presently disclosed compounds generally contain about three or more amino acid
residues and less than about twelve amino acid residues.
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Formula |
wherein:
X and Y are independently selected from the moieties: alkyl, atkyl-aryl,
heteroalkyl, heteroaryl, aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl, alkyl ether,

10 alkyl-aryi ether, aryl ether, alkyl amino, aryl amino, alkyl-aryl amino, alkyl sulfide,
alkyl-aryl sulfide, aryl sulfide, alkyl sulfone, alkyl-aryl suifone, aryl sulfone, alkyl-
alkyl sutfoxide, alkyl-ary! sulfoxide, alkyl amide, alkyl-aryl amide, aryl amide, alkyl

- suifonamide, alkyl-aryl sulfonamide, aryl sulfonamide, alkyl urea, alkyl-aryl urea,
aryl urea, alkyl carbamate, alkyl-aryl carbamate, aryl carbamate, alkyl -hydrazide,

15 alkyl-aryl hydrazide, alkyl hydroxamide, alkyl-aryl hydroxamide, alkyl sulfonyl, aryl
sulfonyl, heteroalky! sulfonyl, heteroaryl sulfonyl, alkyt carbony!, aryl carbonyl,
heteroalkyl carbonyl, heteroaryl carbonyl, alkoxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, alkylaminocarbonyl, arylaminocarbonyt, )
heteroarytaminocarbonyl or a combination thereof, with the proviéo that X ang Y

20 may optionally be additionally substituted with moieties selected from the group
consisting of aromatic, alkyl, alkyl-aryl, heteroalkyl, aryl-heteroaryl, alkyl-
heteroaryl, cycloalkyl, alkyl ether, alkyl-aryl ether, alkyl sulfide, alkyl-aryl sulfide,
alkyl sulfone, alkyl-aryl sulfone, alkyl amide, alkyl-aryl amide, alkyl sulfonamide, ,
alkyl amines, alkyl-aryl amines, alkyl-aryl sulfonamide, alkyl urea, alkyl-aryl urea,

25 alkyl carbamate and alkyl-aryl carbamate;



prot ease, using the conpounds provided herein. 15 Another object herein is
to provide nethods of nodul ating the processing of the HCV pol ypkptStdellt
usi ng the conpounds provided herein. Summary of Invention In its many

enbodi nents,_ the _Present i nvention provides a novel class of 20
macrocycli c YORVEWDrs of the HCOV protease, pharmaceutical coRGIdUsI{18869
contai ning one or nore of the conpounds, nethods of preparing

pharmaceutical formrulations conprising one or nore such conmpounds, and

met hods of treatnent, prevention or anelibhration or one or nore of the
synptons of hepatitis C Al so provided are nmethods of nodul ating the

I nteraction of an HCV 25 pol ypeptide with HCV protease. Anbng the conpounds

provided herein, R'COOPRNGSBIORI,, | iréihtRE"‘-in,"@a{ ORPaNFERNEFI O A |,

activity are preferred. The présently discl osed conpounds’ geReralkly? ?

cont ai n abo@F,AfirRE CORMwkerin MO =ad] OH, CRT, CHR°RTdol RRSR hamherbinuR®, Rfel ve
amno acid rgsidues. 1 5 SEP 2001, WO 01/77113 PCT/US01/ 10869 7 toits
princi pal efbaidBntareindeprndaily selecladifwnmn she grews canaisting of H, alky), aryl,

compound of el iHid1, heteroaryl, cycloalkyl, cycloalkyl, arylalkyl, heteroarylalky),

5 CH(R")COOR", CH(R")CONR"R", CH(R" JCONHCH(R? )COO R",
CH(R")CONHCH(R*)CONR"R", CH(R"YCONHCH(R* )R’,
CH(R"YCONHCH(R?*)CONHCH(R*)COO R",
CH(R")CONHCH(R*)CONHCH(R®)CONR™R",
CH(R")CONHCH(R*)CONHCH(R®)CONHCH(R"YCOO R",

10 CH(R")CONHCH(R’)CONHCH(F{’}CONHCH(R")CONR‘ZFi‘s, CH(R"YCONHCH(R*
JCONHCH{R*)CONHCH(R*)CONHCH(R*)COO R",
CH(R" JCONHCH(R® }CONHCH(R*)CONHCH(R*)CONHCH{R") CONR"R",
wherein R", R?, R®, R*, R, R", R”, R®, and R’ are independently selected from a
group consisting of H, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, atkyl-ary!,
15 alkyl-heteroaryl, aryl-alkyl and heteroaralkyl;
Z is selected from O, N, or CH;
W may be present or absent, and if W is present, W is selected from C=0,
C=§, or SO,;
- Q maybe present or absent, and when Q is present, Q is CH, N, P, (CH,),,
20 {(CHR),, (CRR),, O, NR, §, or SO,; and when Q is absent, M is also absent, and
A is directly linked to X;
Ais O, CH,, (CHR),, (CHR-CHR’), (CRR},, NR, S, SO, or a bond;
E is CH, N or CR, or a double bond towards A, L or G;
G may be present or absent, and when G is present, G is (CH,),, (CHR) ;,
25 or (CRR) Eis
connected to the carbon atom where G was connected to;

o> and when G is absent, J is present and E is directly -
J maybe absent or present, and when J is present, J is (CH,),, (CHR),, or
(CRR’),, SO,, NH, NR or O; and when J is absent, G is present and
E is directly linked to N;
30 L may be present or absent, and when L is present, L is CH, CR, O, S or
NR; and when L is absent, then M may be absent or present, and if



5 Formula | HRL wherein: X and Y are independently selected fro %?
noi eties: al kyl, alkyl-aryl, heteroal kyl, heteroaryl, aryl-heteroa 5 P 2004
al kyl -heteroaryl, cycloal kyl, alkyl ether, 10 alkyl-aryl ether, aryl

et her, alkyl am no, aryl amno, alkyl-aryl am no, alkyl sulfide,

al kyl -aryl oug é1irgess aryl sulfide, al kyl sulfone, alkyl-aryl sgrfusogiosey vl
sul fone, al kyl- al kyl sulfoxide, alkyl-aryl sulfoxide, alkyl am de,

al kyl -aryl am de, aryl am de, al kyl -sulfonam de, al kyl-aryl sul fonam de,
aryl sul fonam de, al kyl urea, alkyl-aryl grea, aryl urea, alkyl carbamate,
al kyl -aryl carbamate, aryl carbamate, alkyl-hydrazide, 15 al kyl -aryl
hydr azi de, al kyl hydroxam de, al kyl-aryl hydroxam de, al kyl sulfonyl, aryl
sul fonyl, heteroal kyl sul fonyl, heteroaryl sulfonyl, alkyl carbonyl, aryl

carbonyl, het er oal kyM isapigsant withds B&lagrapseahﬂb@h is dre@dvyand bony! |

Sy oycarbony " BN ARRTI b, b R BARRRERE Mepontmyinige

t he proviso that X ango ¥:20 may optionally be additionally substituted with
noi eti es selected fromthe group consisting of aromatic, alkyl
al kyl -aryl, het eMomiaybe peesent osabsent, and wheryM is present, M 130 NR, S, SO,

5 (CH,),, (CHR), (CHR-CHR'),, or (CRR’) , ;
p is a number from 0 to 6; and
R, R’, R, R® and R’ are independently selected from the group consisting
of H; C1-C10 alkyl; C2-C10 alkenyl; C3-C8 cycloatkyl; C3-C8 heterocycloalkyl,
alkoxy, aryloxy, alkylthio, aryithio, amino, amido, ester, carboxylic acid,
10 carbamate, urea, ketone, aldehyde, cyano, nitro; oxygen, nitrogen, sulfur, or
| phosphorus atoms with said oxygen, nitrogen, sulfur, or phosphorus atoms
numbering zero to six;
(cycloalkyl)alkyl and (heterocycloalkylalky!l, wherein said cycloalkyl is made of
three to eight carbon atoms, and zero to six oxygen, nitrogen, sulfur, or
15 phosphorus atoms, and said alkyl is of one to six carbon atoms; aryl; heteroaryl;
alkyl-aryl; and alkyl-heteroaryl;
with said alkyl, heteroalkyl, alkenyl, heteroalkenyi, aryl, heteroaryl, cycloalkyl and
heterocycloalky! moieties may be optionally substituted, with said term
; “substituted” referring to optional and suitable substitution with one or more
20 moieties selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, aralkyl,
cycloalkyl, heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy, alkylthio, arylthio,
amino, amido, ester, carboxylic acid, carbamate, urea, ketone, aldehyde, cyano,
nitro, sulfonamide, sulfoxide, sulfone, sulfonyl urea, hydrazide, and hydroxamate.
Unless defined otherwise, all technical and scientific terms used herein '
25 bave the same meaning as is commonly understood by one of skill in the art to
which this invention belongs. Thus, for example, the term alkyl (including the alkyi
portions of alkoxy) refers to a monovalent group derived from a straight or
branched chain saturated hydrocarbon by the removal of a single atom having
from 1 to 8 carbon atoms, preferably from 1 to 6;
30 aryl — represents a carbocyclic group having from 6 to 14 carbon atoms
and having at least one benzenoid ring, with all available substitutable aromatic



het eroaryl, cycloal kyl, al kyl ether, alkyl-aryl ether, alkyl sulfid?,

al kyl -aryl sulfide, alkyl sulfone, alkyl-aryl sulfone, alkyl am d1e, SEP 1004
al kyl -aryl am de, al kyl sul fonam de, , alkyl am nes, alkyl-aryl am nes,

al kyl -aryl sul fonam de, al kyl urea, alkyl-aryl urea, 25 alkyl carbamate and
al kyl -aryl CHEPHIAMTAE: 1 5 SEP 2004 WD 01/ 77113 PCT/ USO1/ 1086RCHBUSOI/H8€30RS
or B(OR)2, wherein R5 = H OH, OR8, NROR19, CF3, C2F5, C3F7, CF2R6, RG,
COR7 wherein R7 = H OH, ORB, CHROR , or NROR10 , wherein R6, R R9 and R
are independently selected fromthe groupifonsisting of H, alkyl, aryl,

het er oal kyl, heteroaryl, cycloal kyl, cycloal kyl, aryl al kyl,

heteroarylalkyl 5 CHR')COOR', CH(R')CONR12R1 , CH(R"' ) CONHCH(R2 )COO R',

LR o e B%@CQW%@@?&Q FOTEESr 2505

CH(R ') CONH@H=ich {2 diede 1 .
GHR ) N7 oo Re,?’ég?'%‘i“ @m}m RemR Y, ?apghth%o% GRpyiand
) CONHCH( R3’ ) g eppesiaty phgnyi subsmuted pheny

CH(R ") CONHCH(R2' QrQWHG?J&B%SL%\y%—&% 30 alnin an arch}lgap Ilnﬁéd vial a lower
5 alkyl _
alkylary! — represents a moiety containing a lower alkyl linked via an aryl
group;
cycloalkyl — represents a saturated carbocyclic ring having from 3 to 8
carbon atoms, preferably 5 or 6, optionally substituted.

10 heterocyclic — represents, in addition to the heteroary! groups defined
below, saturated and unsaturated cyclic organic groups having at least one O, S
and/or N atom interrupting a carbocyclic ring structure that consists of one ring or
two fused rings, wherein each ring is 3 to 9-membered and may or may not have
double bonds that lack delocalized pi electrons, which ring structure has from 2 to

15 8, preferably from 3 to 6 carbon atoms, e.g., 2- or 3-piperidinyl, 2- or 3-piperazinyl,

2- or 3-morpholinyl, or 2- or 3-thiomorpholinyl;
halogen — represents fluorine, chlorine, bromine and iodine;
heteroaryl — represents a cyclic organic group having at least one O, S
- and/or N atom interrupting a carbocyclic ring structure and having a sufficient
20 number of delocalized pi electrons to provide aromatic character, with the
aromatic heterocyclic group having from 2 to 14, preferably 4 or 5 carbon atoms,
e.g., 2-, 3- or 4-pyridyl, 2~ or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2- or
4-imidazolyl, 2-, 4- or 5-pyrimidinyl, 2-pyrazinyl, or 3- or 4-pyridazinyl, etc.
Preferred heteroaryl groups are 2-, 3- and 4-pyridyl; Such heteroaryl groups méy
25 also be optionally substituted. - )
Also included in the invention are tautomers, enantiomers and other optical
isomers of compounds of Formula |, as well as pharmaceutically acceptable salts
and solvates thereof.
A further feature of the invention is pharmaceutical compositions
30 containing as active ingredient a compound of Formula | (or its salt, solvate or

isomers) together with a pharmaceutically acceptable carrier or excipient.



wherein RI', Rx, R, R4, RS, R', R 2, R3, and Rare independently selected
froma group consisting of H alkyl, aryl, heteroalkyl, heteroari ' SEP 200
cycl oal kyl, al kyl-aryl, 15 al kyl -heteroaryl, aryl-al kyl and heter ér%ﬁ k%ﬂ[i ;
Zis selected fromO, N, or CH Wnay be present or absent, and if Wis
present, Wy delegted from C0O, C=S, or SO2; Q maybe preseprTAS0RREN! ,
and when Qis present, 0is CH N, P, (CH2)P, 20 (CHRP, (CRR)P, 0, NR
S, or SA2; and when 0 is absent, Mis also absent, and A is directly
linked to X, Ais O CH1 (CHR) P, (CHR ) P. (CRR) P, NR, S, SO or a
bond; Eis CH Nor CR or a double bond towards A, L or G G may be
present or absent, and when Gis present, Gis (CHZ) P, (CHR) P, 25 or
(CRR)P,; and when Gis absent, J is present and 'E is di rectlgl, connect ed
to the carbon at Sheiinventiap alse providestraethods far prepaEngiaompown qoafeﬁ@'mulaand

when 3 1o PLERT06N a3 b Tt réeti plseaShs sbERES) faraidiniB! HCVaR rellatdth

present or Gi‘?,éﬂilérs TARE MbMdds fbﬁtr@é Bbm sé%dﬁ'ﬂms@&ané’to & paftientEhuffetify

when L is absent, then M nay be absen present
from said disease or dlseases a therapeutlcaily sffective amount of a compound

5 of Formula I, or pharmaceutical compositions comprising a compound of Formula
l.
Also disciosed is the use of a compound of Formula | for the manufacture
of a medicament for treating HCV and related disorders.

10 Detailed Description of Preferred Embodiments

In one embodiment, the present invention discloses compounds of
Formula | as inhibitors of HCV protease, especially the HCV"-NS3/NS4a serine
protease. Among the compounds encompassed by Formula |, preferred
compounds are those which have the Formula II:

- f a

Formula |l

15

or a pharmaceutically acceptable derivative thereof, where the varlous defmltlons

are given above. Some of the preferred embodiments include, but are not limited
20 to, the following definitions of the various functionalities in the above-noted

general formulas | and |l. Thus, for example, R in formula | may be selected from

the following moieties:



1 5 SEP 2006 WO 01/77113 PCT/US01/10869 9 Mis present with L being
absent, then Mis directly and independently linked to E, and J 1§5Epgm¢
directly and independently linkd to E; Mnmay be present or absent

when Mis present, Mis 0, NR S S, 5 (CH2)p, (CHRp (CHR—CHR'(?P,
(CRR )p : pW@HAlber fromO to 6; and R R, R2, R3 and REGIAUS 1F1osss’

i ndependently sel ected fromthe group conS|st|ng of H Cl--C10 al kyl;

C2- C10 al kenyl; C3-C8 cycl oal kyl; C3-C8 heterocycl oal kyl, al koxy, aryl oxy,
al kylthio, arylthio, am no, am do, ester,12arboxylic acid, 10 carbanate,
urea, ketone, aldehyde, cyano, nitro; oxygen, nitrogen, sulfur

phosphorus atonms with said oxygen, nitrogen, squur or phosphorus at ons

nunbering zero to six; (cycloalkyl)alkyl and ( ero IoaIkyI)aIkyI
wherein said cycloal kyl is made o& th eto t ca bon and zero
to six oxygen, nitrogen, sul f ur ¢« Or hosp rus atrons, aIkyL,ls

of one to six carbon dﬂonB(*&rybH het roaryl alky -aryl| and
CHj5
al kyl - het eroaryl ;

CHa
% *T\' A - M
|\(P \L 0 $(O)o-2 S(0)o \’H /H
CHy Gy, CHy #
X
CHg CHa CHg CHs é
n=0-3

Some preferred representations for the moiety

‘7\
/ﬁ\*.

o
are, for example, the following structures a, b, or ¢:




with said al kyl, heteroal kyl, al kenyl, heteroal kenyl, aryl, heteroaryl,

cycl oal kyl and heterocycl oal kyl noieties may be optionally SUbSHiS%EFﬂmL
with said term "substituted" referring to optional and suitable
substitution with one or nore 20 noieties selected fromthe group

consi sting @io@l#yds, al kenyl, al kynyl, aryl, aral kyl, cycl opf¥xiso1/10869

het erocycl i c, hal ogen, hydroxy, thio, al koxy, aryloxy, alkylthio, arylthio,
am no, am do, ester, carboxylic acid, carbanmate, urea, ketone, al dehyde,
cyano, nitro, sulfonam de, sulfoxide, sq%fone, sul fonyl urea, hydrazide,
and hydroxamate. Unl ess defined otherw se,” all technical and scientific
ternms used herein 25 have the sane neaning as is commonly understood by
one of skill in the art to which this invention belongs. Thus, for

exanpl e, the termel kyl (including<the al kyl portions of *akoxy) refers to
a nonoval ent g#ﬁﬁﬁids ived froma straRQght or branched chain satyrated
hydr ocarbon by the re of a singlelat®@mmaving from1 8Rcah bor™”
atons, preferably 1}(.0

having from6 to 1
with all avail abl
PCT/ USO01/ 10869
possi bl e poi nt& of

c

The structure a may be selected from the following non-limiting types of

structures:

AW \/H

/LN P )\N l/

yd LN -7 /LN A7

5 Other additional preferred embodiments are, for example, where the moiety:
\f\lA . e

M
\L/E\



attachnment. Preferred aryl groups include phenyl, 1-naphthyl, 2- na ht hyl

and .... indanyl, and especially phenyl and substituted phenyl; éﬁ?ﬂ%ﬂ-
represents a noiety containing an aryl group linked vial a | over 5 al kyl ;
al kylaryl - represents a noiety containing a | ower alkyl linked via an aryl

group; cycl 3PRYT7113 represents a saturated carbocyclic ring FEVU$Ny/1bse@mM 3
to 8 carbon atons, preferably 5 or 6, optionally substituted. 10
heterocyclic - represents, in addition to the heteroaryl groups defined

bel ow, saturated and unsaturated cyclic ofganic groups having at |east one
0O, S and/or N atominterrupting a carbocyclic ring structure that consists
of one ring or two fused rings, wherein each ring IS 3 to 9-nenbered and

T 7 T e e S SRR B

e.g., 2- p%sﬂioﬂ@rdré'é%éhplﬁed% iife Birienfds p?’l:orrm%unﬂés o%rlﬂﬂé?llh s or 2-

or 3- thlonDrphollny hal ogen - represents uori ne br om ne “and
i odi ne; heteeot®yl - represents a cyclic organic group haV|ng at | east one
0, S and/or N atomgnterrupting a carbocyclic ring structure and having a
sufficient 20 nunbe el ocalized pi ele ons to provide aromatic
character, with the '/ A
—
R' A
M M/ /
— 3%
R -
G R
0]
)\
N

N- \[]
0

or

- In some more preferred compounds, the moieties G and J are independently
selected from (CH,},, (CHR),, (CHR-CHR'),, and (CRR'),, and the moiéty A-E-L-M-
Q is an aromatic ring consisting of two to eight carbon atoms, zero to six hetero
atoms with X and J being ortho, para or meta with respect to each other.



aromatic heterocyclic group having from2 to 14, preferably 4 or 5 carbon
atons, e.g., 2-, 3- or 4-pyridyl, 2- or 3-furyl, 2- or 3-thienyl, g-P -
or 5-thiazolyl, 2- or 4-imdazolyl, 2-, 4- or 5-pyrimdinyl, Zdyg’ Ei H@[I ,
or 3- or 4-pyridazinyl, etc. Preferred heteroaryl groups are 2-, 3- and
4-pyridyl; SQust/eirroaryl groups may 25 also be optionallypeghAsbiddsked.
Al'so included in the invention are tautoners, enantioners and other opti cal
i soners of compounds of Fornula I, as well as pharmaceutically acceptable
salts and solvates thereof. A further feﬂéure of the invention is
pharmaceutical conpositions 30 containing as active ingredient a conpound
of Formula | (or its salt, solvate or isoners) together with a
pharmaceutical |y acceptable carrier or excipient. 1 5 SEP 2004 WO 01/77113
PCT/ USO1/ 10%@1?1& preferrad embedimaenis, gt oini tsmubatl He dselectedplremathenipllowing
conpounds og“ qua I, as well as nmethods for treating di seases such as,
for exanpl e, ¥1d rel ated disorders. The methods for treating conprise

adm nistering to a patient suffering quﬁ:1s§tj:disease Q.- di Seases a
d

therapeutically effectiye amourjt of a conpoundl5 of Formula 1, or
phar maceuti cal conposi ns c i si ng”a tonpou @ O

L



1. 10 15 Also disclosed is the use of a conpound of Fornula I
of a nedicanent for treating HCV and rel ated di sorder,s

manuf act ur e

for the

Det ai | ed Description of Preferred Enbodi nents In one enbodi nent, 1h@SEP7mh
present invention discloses conpounds of Formula | as inhibitors of HCV
prot ease, edPROVAIINY the HCV-NS3/ NS4a serine protease. AnondGHESBIMMunds

enconpassed by Forrmula 1, preferred

conpounds are those which have the

Formula I1I:

R3 Formula 11 or a pharnaceutically accept abl e derivative

t hereof, where the various definitions

al@ gi ven above.

Sonme of the

preferred enbodi nents incl ude,

but are not

l[imted 20 to,

the foll ow ng

definitions of the various functionalities in the above-noted general

the Tol T ow oLl aort £+5 tiRgb ey goukR77115 b usal s Tosse

formul as |

R* = OH, O-alkyl, NH, or N-alkyl;
R* and R® may be the same or different and are independently selected from H,
F, Cl, Brand CH,;

and the moiety X-Y is selected from the following structures:

preas

o CHy)s
Q/O (CH2)2-4 O_,LEth (}W"
%W (CHz)o-2 l."/(CHz)z
; O CH2)3 ; O—( CHa)a 0*$CH2)3
}, O}r'
\?0';\2"‘2) 3 ?O\/YHH O/ szf
Me Me
- - H.'/(CHz)a—a
0\/\/11"-: O o,
Mé Me (\/\ §
(N
\
/‘1'1 'iq/’% NA/L -
Me §
Q& '
Q.0 o a "~
SY 0—/_/ O/
_/_/ 4/—/J
%~ (CHzls 4 (CHalo.g " §



12 HCH3 CH3 x F FFCH3 )o-x CH3 CHCH3 C 3 H380rrepreferred15§EP2g[g'
representations for the noiety O are, for exanple, the follow ng structur
a, b, or c: F3C 5

WO 01/77113 PCT/US01/10869
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Several additional and further refinements of the above-noted various
definitions for the compounds represented by Formula | are noted in the Claims.
section of this application. They are also represented by the various compounds
listed in the specification and claims. Such refinements, definitions and limitations

5 are to be considered as representing the entire invention of this application.

Representative compounds of the invention which exhibit excelient HCV
protease inhibitory activity are listed below along with their activity (ranges of K
values in nanomolar, nM). The Example numbers refer to the numbers for the
various structures in the EXAMPLES section found in the later parts of this

10 application.

Table 1: HCV protease continuous assay results

Example Number Ki* (nM)
1A
1B

2
3
4A
4B
5

- 6

7A

7B
8
9
10A
10B
11
12A
12B
13A
138
14
15
16
17
18
19
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1 5 SEP 2004 WD 01/ 77113 PCT/USO1/ 10869 13 a b O The structure a may be
selected fromthe following non-limting types of structures: 5 C‘Fpgfpg{]m
additional preferred enbodi nents are, for exanple, where the noiety: M/E\
LGNI 015 SEP 2004 WD 01/77113 14 PCT/USO /10869 is sonetines the

fol | owi ng sWHBYAES where the definitions for the various PCT/USPI/10869

18

20A
20B
21
22
23
24
25
26A
268
27A
27B
28A
288
20A
29B
30
31
37A
37B
38A
38B
39
40
41
42

44A
44B

53A
53B
56A
56B
57A
57B
58
59A
598
60
61
62
63
64

plpiplojo |Tclojv|oo (Dl |2 |0 [{O|O|D|O]|D|DIM|H|N|T|TICI0ITNOITIO RO DI|IRIRIOIWD|ITID




positions are exenplified in the structures of conpounds shown IatZTr iE
this section: or 5 0 In sone nore preferred conpounds, the noieti sSé e
J are independently selected from(CH2)P, (CHR P, (CHR-CHR ),, and
(CRR)A, and the nmoiety A-E-L-M Qis an aromatic ring consisting of two to
ei ght carbory@bptmis zero to six hetero atons with X and J becmasei/idese
para or neta with respect to each other. 1 5 SEP 2004 WD 01/77113

PCT/USO /10869 15 1In other preferred enbodinents, R in formula | is
selected fromthe follow ng structures: 19" HR30 n =0-4 NO COCH3

65
66A
66B
67A
67B

68
69A
69B
70A
70B

71

72

: 73
g 74A
74B
75A
75B

76

78
79
80
81
82
83

85
86
87
88
89
90
91
92
93
94
95
96
97
98
29
100
101
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~)n=0-2 COR31 COR31 CO R31 R32 R33 1 5 SEP 200 WD 01/ 77113 16 wherein R3 =
H CH3 or other alkyl groups; R3, = OH Oalkyl, NH or N-alkyl; 15SEPZ00
PCT/ USO / 10869 R92 and R33 may be the sane or different and are

i ndependently selected fromH F, O, Br and CH3; 5 and the noiety X-Y is
sel ected frdhPONE M| | owing structures: O (CH2)2-a | i (CH2)RCTUSKW10849 N

20

102
103
104
105
106
107
108
109
110
111

TIOe ||| |o

HCV continuous assay Ki* range:
Category b = 1-100 nM; Category a = 101 nM-100 uM

5 Some of the inventive compounds and the methods of synthesizing the
various types of the inventive compounds are listed below, then schematically
described, followed by the illustrative Examples.

o) O 0 H3
ST S NG



0-(CH2)3 | O-(CH)3 | Vi (CH2)2-a | M O-(CH2)3 | IV~ i(CH2)a 8%&%63
Il \i(CH2)2-a .(CH2)2 1 5 SEP 2004 WD 01/77113 PCT/ US01/ 10869 17 Sé !
addi tional and further refinements of the above-noted vari ous

WO 01/77113 ' PCT/US01/10869
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definitions for the compounds represented by Fornula 1 are noted

Claim section of this application.
vari ous conpounds

refi nenents,

representi ngv®R&78A%ire invention of this application.

conpounds of

activity are listed below along with their activity (ranges of K

i n nanonol ar,

They are al so represented by tHegEEP?ML
listed in the specification and clainms. Such

definitions and limtations 5 are to be considered as

Repr eBERUa1/19869

the invention which exhibit excellent HCV protease inhibitory
val ues
nM . The Exanpl e nunbers reB8r to the nunbers for the

various structures in the EXAMPLES section found in the |ater parts of this
10 application. Table 1. HCV protease continuous assay results Exanple
Nunmber Ki * (nM 1Aa 1Bb 2b 3b 4Bb 5b 6b




7Aa 7Bb 8a 9b 10Aa 10Bb 1la 12Aa 12Bb 13Aa 13Bb 14b 15b 16b 17b 18b S%*EP%UU?
SEP 2001 WO 01/ 77113

WO 01/77113 PCTAUS01/10869
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37Aa 37Ba 38Aa 38Ba 39a 40a 4la 42a 43b 44Aa 44Ba 46a 53Aa 53Ba 56Ag H§Ba,
57Aa 57Bb 58a

WO 01/77113 PCT/US01/10869
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59Ab 59Bb 60a 6la 62a 63a 64a 1 5 SEP 2004 WO 01/77113 PCT/ US01/1086% ¢ 2004
65b 66Aa 66Bb 67Aa 67Bb 68b 69Aa 69Bb

WO 01/77113 PCT/US01/10869
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70Aa 70Bb 71b 72b 73a 74Aa 74Bb 75Aa 75Bb 76b 77a 78a 79a 80b 81la %a E83
84a 85a NI

WO 01/77113 PCT/US01/10869
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86a 87a 88a 89a 90a 91a 92b 93a 94a 95b 96a 97a 98b 99a 100a 101b
200 WD 01/77113 PCT/ US01/ 10869 20

15 3P,

WO 01/77113 PCT/US01/10869
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102a 103a 104a 105a 106a 107a 108a 109a 110b 171b HCV conti nuous assay Ki*
range: Category b = 1-100 nM Category a = 101 nM 100 M5 Sone of 5tdFe 7)6i
i nventive conpounds and t he methods of synthesizing the various types of
the inventive conmpounds are |isted below, then schematically described,

fol |l oned bywdeyikistrati ve Exanples. H3 "'CH3 1A 1B PCT/US01/10869
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H NQCeo' -OH17 H N 18 19 1 5 SEP 2004 WO 01/77113 PCT/ US01/ 10869 27 ;[
20B5 H NH NH 1 9 SEP 2004
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WO 01/77113 PCT/ USO01/ 10869 55 wyi 111 H N 5 Dependi ng upon the strg%ggre,
the conpounds of the invention may form pharnaceutically acceptaM 245
wi th organic or inorganic acids, or organic-or inorganic bases. Exanples
of suitable acids for such salt formation are hydrochloric, sulfuric,
phosphoric, WRBYT@13 citric, oxalic, malonic, salicylic, mali PCT/UHHANCS,
succi ni c, ascorblc mal ei c, nethanesulfonic and other mineral and 10
carboxylic acids wel | known to those skilled in the art. For formation of
salts with bases, suitable bases are, fo#48exanple, NaOH, KOH NHACH,

t et raal kyl ammoni um hydr oxi de, and the like. In another enbodinent, this

i nvention provi des pharmaceutical conpositions conprising the
above-described inventive macragycles as an active 15 ingredient. The
phar maceutical conpositions gen8 .G, addi tional ly conprise a
pharmaceutically acceptabl e di luent, excipient_or carrier

(collectively referred rein carrier materia Because of their
HCV inhibitory activity ?H
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such pharmaceutical conpositions possess utility in treating hepatitis C
and related disorders. 20 In yet another enbodi nent, the preseﬁtﬁﬁﬁﬂﬂwtlon
di scl oses nethods for- preparing pharnmaceuti cal conp03|t|ons conprising the
i nventive maerocycle conmpounds as an active ingredient. In the

phar maceut i g o1¢@930si tions and nethods of the present inveptT@Ro1/idssy

active ingredients will typically be admnistered in adm xture with
suitable carrier materials suitably selected with 25 respect to the
intended formof administration, i.e. orgg tablets, capsules (either

solid-filled, sem-solid filled or liquid filled), powders for
constitution, oral gels, elixirs, dispersible granules, syrups,

suspensi ons, and the |ike, and consi nt 1 5 SEP 2004 WO 01/77113

PCT/ USO01/ 10869 56 with conventi onal %ﬁ mgqeutlcal practices. For exanpl e,
for oral admnistration in the for tablets or capsules, the active
drug conponent may be conbi ned  wW.0h anyYoral non-toxic pharmaceuticalty -
acceptable inert carrier, suc 3 Iactose, starch, sucrose, cellul ose,
magnesi um st earate, dical cium | cj,u sulfate, talc, mannitol
et hyl al cohol (liquid forns) anq_t Keoyver .NMhen desired or
needed, suitable binders, Iubrlc. tsi d |nchr tlog agents and col oring
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agents may al so be incorporated in the m xture. Powders and table %‘ﬁﬁﬁlﬁe
conprised of fromabout 5 to about 95 percent inventive conposition. 0

Sui tabl e binders include starch, gelatin, natural sugars, corn sweeteners,
10 natural and synthetic gunms such as acaci a, sodium al gi nat e,
carboxyneth}WQ@U%Uﬂbse pol yet hyl ene gl ycol and waxes. AnDnglﬂﬁ@Uﬁﬁﬂpﬂﬁants
there may be nentioned for use in these dosage forns, boric acid, sodium
"benzoate, sodium acetate, sodium chloride, and the like. D si ntegrants

i nclude starch, nethylcellul ose, guar guppand the |ike. Sweetening and
flavoring agents 15 and preservatives may al so be included where
appropriate. Sone of the terns noted above, nanely disintegrants,

diluents, lubricants, binders apg~the like, are discussed in nore detai

bel ow. Additionally, the conp05|?| WGHHPf the present invention nay be
formulated in sustained rele \mto provide the rate controlled )
rel ease of any one or 20 conponents or active ingredients to
optim ze the therapeutic . Ixe. HCV inhibitory activity and the

|'i ke. Suitable dosage fo aynegd | egse include | ayered tablets
contai ning | ayers of varyiRg N o Hﬂled rel ease
polyneric matrices inpregnatled fith thd aciivé conpolent CHnd shaped in
tabl et formor capsul es contai such i egnat ed oOr ®ncapsul at ed
porous polymeric matrices. CHa
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Liquid form preparations include solutions, suspensions and enul sions. As
an exanpl e may be nentioned water or water-propyl ene glycol solut PSEPﬂBE
parenteral injections or addition of sweeteners and pacifiers for
solutions, suspensions and enulsions. Liquid formpreparations may al so

i ncl ude soéﬁpﬁg? 1330 for intranasal admnistration. 15 SEP g@pfisiidosss

01/ 77113 P }30859 57 Aerosol preparations suitable for inhalation my
i nclude solutions and solids in powder form which may be in conbination
with a pharmaceutically -.., acceptableggarrier such as inert conpressed
gas, e.g. nitrogen. For preparing suppositories, a low nelting wax such as
a mxture of fatty 5 acid glycerides such as cocoa butter is first nelted,
and the active ingredient is dispersed honbgeneously therein by stirring
or simlar mxing. The nolten Hy ngggneous mixture is then poured into

conveni ent sized nolds, alloys d cool and thereby solidify. Al so
i ncluded are solid formpre

s which are intend®&d,to be 10 e
converted, shortly befom;i to Fiquid forn1prepar pns for either oral
or parenteral adm nistxa

suspensi ons and
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enmul sions. The conpounds of the invention may al so be deliverable
transdermal ly. The transdernmal conpositions may take the form of oregpgi.
| oti ons, aerosols 15 and/or emul sions and can be included in a transdernal
patch of the matrix or reservoir type as are conventional in the art for
this purposé¥YOPH@had¥ably the conpound is administered oral |l y. PGCRESU1484y

t he pharnaceutical preparation is in a unit dosage form In such form the
preparation is subdivided into suitably sized unit doses containing 20
appropriate quantities of the active conpégents, e:g., an effective anpount
to achieve the desired purpose. The quantity of the inventive active
conposition in a unit dose of preparation nmay be generally varied or

adj usted fromabout 1.0 mlligramtgq.about 1,000 milligrans, preferably
fromabout 1.0 to about 950 milligram . .OMagre 25 preferably from about 1.0
to about 500 mlligrans, and typi fromabout 1 to about 250 -
mlligranms, according to the pgut application. The actual dosage

enpl oyed may be varied depe the patient's age, sex, weight and
severity of the condition bel§ . Bugh t hnhques are well known to
X aingdosage form
o o]

those skilled in the art. 30

J

10 CHa




can be admnistered 1 or 2 tines per day. The anount and frequency of the
15 SEP 2006 WD 01/77113 PCT/ US01/ 10869 58 adm nistration will be regul ated
according to the judgnent of the attending clinician. A general Iy SEP200i
recommended daily dosage reginen for oral adm nistration may range from
about 1.0 mplggigbram to about 1,000 mlligrams per day, in Sipgr@esen0869

di vi ded doses. 5 Sone useful terns are described below. Capsule - refers to
a special container or enclosure made of nmethyl cellul ose, polyvinyl

al cohol s, or denatured gelatins or starclaf or hol ding or containing
conpositions conprising the active ingredients. Hard shell capsules are
typically made of blends of relatively high gel strength bone and pork skin
10 gelatins. The capsule itself may coptain small anpbunts of dyes, opaquing
agents, plasticizers and preservatiVe& W{Igblet- refers to a conpressed or
nol ded solid dosage form contai ning . active ingredients with suitable
diluents. The tablet can be prgpa conpression of mixtures or ™7
granul ati ons obtai ned by wet ai; dry 15 granul ation or by

conpacti on. "
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Oral gel- refers to the active ingredients dispersed,or solubilized in a
hydrophillic sem -solid matrix. Powder for constitution refers to1goygreMil
bl ends containing the active ingredients and suitable diluents which can
be suspended in water or juices. 20 Diluent - refers to substances that
usual |y mak®QPVIRE maj or portion of the conposition or dosX&E 419869
Suitable diluents include sugars such as |actose, sucrose, mannitol and
sorbitol; starches derived fromwheat, corn, rice and potato; and

cel lul oses such as mcrocrystalline cell $ése. The anount of diluent in

t he conposition can range from about 10 to about 90% by wei ght of the total
25 conposition, preferably from about 25 to about 75% nore preferably from
,about 30 to about 60% by wei ght, npre preferably fromabout 12 to
about 60% Disintegrant - refers tA Hi s added to the conposition to
help it break apart (disintegrate) \and rgt.egse the nedi canents. Suitahle

di sintegrants include starchesxn ¢bld @atér®sol uble" nodified starches
such as sodi um car boxynmnet hyl ;AQatural and synthetic gums such as
| ocust bean, karaya, guar, tragficayh . Qellul ose derivatives such
as nethyl cellul ose and sodium 1

NB2 PCT/ USO1/ 10869 59

10



car boxymet hyl cel l ul ose; mcrocrystalline celluloses and cross-Ilink g

m crocrystalline celluloses such as sodi um croscarnel | ose; alginatg éU%WUh
as alginic acid and sodium al gi nate; clays such as bentonites; and
effervescent mxtures. The anount of disintegrant in the conposition can
range fromwwaiif;7£435 to about 15% by wei ght of the conpositi®ET/USKIres69
preferably fromabout 4 to about 10% by weight. Binder - refers to
substances that bind or "glue" powders together and make them cohesive by
form ng granules, thus serving as the "adjsesive" in the fornulation.

Bi nders add cohesive strength already available in the diluent or 10
bul ki ng agent. Suitable binders include sugars such as sucrose; starches
derived fromwheat, comrice and potato; natural gums such as acaci a,
gelatin and tragacanth; deri fVes of seaweed such as al ginic acid,

sodi um al gi nate and ammqyni cal chNym al gi nate; celluxgsic materials such
as net hyl cel | ul ose and and DA

hydr oxypr opyl net hyl cel | e; 1 yvinyl gyrroligen argh,l nor gani ¢s such
as magnesi um al um num si l|i caﬁe. e arﬁ)unt of Hgﬁi i nkhe conposition
can range from about 2 to ¥Hbout Yo t WnpGsti on, nore
preferably fromabout 3 toQabosf 10%0y ' , evéh nore preferably from
about 3 to about 6% by wei ght”. | Lubri cant refers to a substance added to
-the dosage formto enable the

5 Depending upon the structure, the compounds of the invention may form
pharmaceutically acceptable salts with organic or inorganic acids, or organic-or
inorganic bases. Examples of suitable acids for such sak formation are
hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, maionic, salicylic, malic,
fumaric, succinic, ascorbic, maleic, methanesulfonic and other mineral and

10 carboxylic acids well known to those skilled in the art. For formation of salts with
bases, suitable bases are, for example, NaOH, KOH, NH,OH,
tetraalkylammonium hydroxide, and the like.

In another embodiment, this invention provides pharmaceutical
compositions comprising the above-described inventive macrocycles as an active

15 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.

20 In yet another embodiment, the present invention discloses methods for-
preparing pharmaceutical compositions comprising the inventive maerocycle
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

25 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



20 tablet, granules, etc. after it has been conpressed, to release fromthe
nold or die by reducing friction or wear. Suitable lubricants in Iuﬂﬁ
nmetallic stearates such as magnesium stearate, cal cium stearate ) 2004
pot assium stearate; stearic acid; high nelting point waxes; and water

sol ubl e | ubW@8HTH1Xuch as sodi um chloride, sodium benzoat e PCIHHOYHI869
acetate, sodiumol eate, polyethylene glycols and dl 25 | eucine. Lubricants
are usually added at the very last step before conpression, since they
nmust be present on the surfaces of the gr@ﬁules and in between them and
the parts of the tablet press. The amount of lubricant in the conposition
can range fromabout 0:2 to about 5% by wei ght of the conposition,

preferably iighneomeriongl phamnadeaiticalPftactives. Porederapley fdrraral adniistthtdn 0
about 1.5% by weight. 30 Aident - material that prevents caking and

i nprove t heift thenfarmaeldeblsts or capsules, Heatliva drugscorsponenttmay be combined h
pCT/ Usox/ 10848 a7 81 rpr S Ralantieans ackepsalitngt carney itk e actene
Comos! | on SHAEA A0860b/ GG thodndsilin Aot ABictin osthae st o
agent s -5exesuffatytalct mannjtol ethid atedhml fiGuid formns)rand theplie. Mamover, when
desired or needed, suitable binders, lubricants, disintegrating agents and coloring
agents may also be incorporated in the mixture. Powders and tablets may be
comprised of from about 5 to about 95 percent inventive composition.
' Suitable binders include starch, gelatin, natural sugars, corn sweeieners,
10 natural and synthetic gums such as acacia, sodium alginate,
carboxymethylcellulose, polyethylene glycol and waxes. Among the lubricants
there mayfbe mentioned for use in these dosage forms, boric acid, sodium
benzoate, sodium acetate, sodium chloride, and the like. Disintegrants include
starch, methylcellulose, guar gum and the like. Sweetening and flavoring agents
15  and preservatives may also be included where appropriate. Some of the terms
' noted above, namely disintegrants, diluents, Jubricants, binders and the like, are
discussed in more detail below. '
Additionally, the compositions of the present invention may be formulated
in sustained release form to provide the rate controlled release of any one or
20 more of the components or active ingredients to optimize the therapeutic effects,
i.e. HCV ihhibitory 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

25 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

30 for intranasal administration.



5 the dosage form Such excipients can include food grade dyes and food
grade dyes adsorbed onto a suitable adsorbent such as clay or alygqngqm@
oxi de. The anount of the coloring agent can vary from about 0.1 to abou
5% by wei ght of the conposition, preferably fromabout 0.1 to about 1%

Bi oavai | abi Wigo/mefers to the rate and extent to which the gctrioserthsesg 10
I ngredi ent or therapeutic noiety is absorbed into the systemc circulation
froman adm nistered dosage form as conpared to a standard or control
Conventional nethods for preparing tabl etsy; are known. Such met hods i ncl ude
dry nmethods such as direct conpression and conpression of granul ation
produced by conpaction, or wet nethods or other special procedures. 15
Conventi onal nethods for nakinggother forms for adm nistration such as, for

e>r<Tgrrg! e, capsul eSeTasR)RISPRRANIOES syablerfer inhalatignemaysBciigeisokuians.anshot her
composi t1 on oI RAWESE {ohth, Wiich fpihe BiScdtifinglioh v AfamecHl ey ~

exanpl e, hepatépiablecdrier suke as Thern eBirprds 4,568, Aldgenstering a 20
t herapeutically effective anmobunt of the inventive pharmaceuti cal

“conposi tion to aFoparepainghaupprrionies, a law seeltieg waxdsunteass mixtureof i of
S o ol 057 af Bk Pkl B oA b B 4 R R .
"skilled in dYipersdd koMGZeneously therein by stirring or similar mixing. The molten
homogeneous mixture is then poured into convenient sized molds, aliowed to cool
and thereby solidify.
Also included are solid form preparations which are intended o be
10 converted, shortly before use, to liquid form preparations for either orai or
parenteral administration. Such liquid forms include solutions, suspensions and
emulsions.
The compounds of the invention may also be deliverable transdermally.
The transdermal compositions may take the form of creams, lotions, aerosols
15 and/or emulsions and can be included in a transdermal paich of the matrix or
reservoir type as are conventional in the art for this purpose.
Preferably the compound is administered orally.
Preferably, the pharmaceutical preparation is in a unit dosage form. In
such form, the preparation is subdivided into suitably sized unit doses containing
© 20 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 miliigrams, more )
25 preferably from about 1.0 to about 500 milligrams, and typically fr.om 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.
30 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



sone of the inventive conpounds may exist in isoneric fornms. Such
variations 25 are contenplated to be within the scope of the inventi§§EP2mL
Anot her enbodi ment of the invention discloses a nethod of nmaking the
macrocyclic conpounds di scl osed herein. The conpounds may be]pre ared by
several tecMR8UEIlknown in the art. Representative iIIustratﬂV@&ﬁFB@@ﬁures
are outlined in the followi ng reaction schenes. It is to be understood
that while the 30 following illustrative _schemes describe the preparation
of macrocycl es predoninately derived fron®8-cis-hydroxyproline ("cis-HYP'}
or 7 15 SEP 2004 WO 01/ 77113 PCT/ US01/ 10869 61

hydr oxyt et r ahydr oi soqui nol i ne-3-carboxylic acid ("TIC"), suitable

substituti 0@dﬁ{inisﬁaﬁoﬁfwih’%Teheghl%\té@héé@di@‘fb th g hiint ML afiéhdifgW | |
result in the formation of... "~ the desired macrocycl es based on suCh

subst i t ut i oslinicisin: &/genérally regormendedudaily dosagecreginenifpr drahadolinistation
ons ,an

Tet  anydir of B IR R0Tyte0 FOITEBA Refhabo Lt QG Mg REEfay.dn single or
divided doses.

5 Some useful terms are described below:

Capsule - refers to a special container or enclosure made of methyl
cellulose, polyvinyl alcohols, or denatured gelatins or starch for hoiding or
containing compositions comprising the active ingredients. Hard shell capsules
are typically made of biends of relatively high gel strength bone and pork skin

10 gelatins. The capsule itself may contain small amounts of dyes, opaquing agents,
plasticizers and preservatives. |

Tablet- refers to a compressed or molded solid dosage form containing the
active ingredients with suitable diluents. The tablet can be prepared by
compression of mixtures or granulations obtained by wet granulation, dry

15 granulation or by compaction. _

Oral gel- refers to the active ingredients dispersed or solubilized in a
hydrophillic semi-solid matrix.

Powder for constitution refers to powder blends centaining the active
ingredients and suitabie diluents which can be suspended in water or juices.

20 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

25  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

30 starch; natural and synthetic gums such as locust bean, karaya, guar, tragacanth
and agar; cellulose derivatives such as methylcellulose and sodium



AcOH Acetic acid 10 HOOBt: 3-Hydroxy-1, 2, 3-benzotriazin-4(3H) -one EDCI :
1- ( 3-di net hyl am nopropyl ) - 3-et hyl carbodi i m de hydrochl ori de NwW 15 SEP 2004
N- Met hyl nor phol i ne ADDP: 1, 1' - (Azodi car bobyl ) di pi peri di ne DEAD:

D et hyl azodi car boxyl ate 15 MeOH Mt hanol EtOH Ethanol Et20 Diethyl
ether Bn: BapgiytniBoc: tert-Butyl oxycarbonyl 20 Cbz: Benzyl pgyagihwsyd
Cp: Cylcopentyldienyl Ts: p-toluenesul fonyl Me: Methyl PyBrOP:
Tris(pyrolidino)bronophosphoni um hexaf | uorophosphate 25 DMSO Di net hyl
sul foxi de TFA: Trifluoroacetic acid HOBtgg Hydroxybezotriazole

carboxymethylceltulose; 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

5 1o 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 the
formulation. Binders add cohesive strength already available in the diluent or

10  bulking agent. Suitable binders include sugars such as sucrose; starches derived
from wheat, comn rice and potato; natural gums such as acacia, gelatin and
tragacanth; derivatives of seaweed such as alginic acid, sodium alginate and
ammonium calcium alginate; cellulosic materials such as methylcellulose and
sodium carboxymethylicellulose and hydroxypropylmethylicellulose;

15  polyvinylpyrrolidone; 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

20 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 dl-

25 leucine. Lubricants are usually added at the very last step before corﬁpressiop,
since they must be present on the surfaces of the granuies and in between thém
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.

30 Glident - material that prevents caking and improve the flow characteristics
of granulations, so that flow is smooth and uniform. Suitable glidents include



Huni gs base: Diisoprpylethyl am ne BOP:
Benzotri zaol - | -yl oxytri s(di met hyl am no) phosphoni um hexaf | uorophospgg}gp 1600
LDA: Lithiumdiisopropyl am de Ph3P: Triphenyl phosophine 15 SEP 2 WO
01/ 77113 PCT/ US01/ 10869 62 LAH Lithium Al um num Hydri de DVAP: 4-Di et hyl
am nopyr i di W0 01X303 Di cycl ohexyl car bodi i mi de MCPBA: met a- ChIP6TAFEVHEAY oi C
acid 5 BINAP: 2,2'-Bis(diphenyl phosphino)-1,1'-binaphtol MCN:
acetonitriie Pr: Propyl Ac: Acetyl Ph: Phenyl 10 General Preparative
Schenes: The preparation of the conpound @ fornula 1h, wherein Rl, R2, R3
are

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
5 the dosage form. Such excipients can include food grade dyes and food grade

dyes adsorbed onto a suitable adsorbent such as clay or aluminum oxide. The

amount of the coloring agent can vary from about 0.1 to about 5% by weight of

the composition, preferably from about 0.1 {0 about 1%.

Bioavailability - refers to the rate and extent to which the active drug
10 ingredient or therapeutic moiety is absorbed into the systemic circulation from an

administered dosage form as compared to a standard or control.

Conventional methods for preparing tablets are known. Such methods
include dry methods such as direct compression and compression of granulation
produced by compaction, or wet methods or other special procedures.

15  Conventional methods for making other forms for administration 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 freatment of diseases such as,

. for example, hepatitis C the like. The method comprises administering a
20 therapeutically effective amount of the inventive pharmaceutical composition 1o a

patient having such a disease or diseases and in need of such a treatment..

As stated earlier, the invention includes tautomers, enantiomers and other
sterecisomers of the compounds also. Thus, as one skilled in the art knows,
some of the inventive compounds may exist in isomeric forms. Such variations )

25  are contemplated to be within the scope of the invention. C

Another embodiment of the invention discloses a method of making 1hé
macrocyclic 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. It is to be understood that while the

30 following illustrative schemes describe the preparation of macrocycles
predominately derived from 4-cis-hydroxyproline (“cis-HYP”) or 7-



defined above, R s al kyl, heteroalkyl (OR', SR'"', NR'R'" wherein R' and R"
are alkyl groups), halo substituent at ortho, meta, or para -poshtSEBANLo
oxygen atom R 15 is alkyl, aryl, or alkylaryl groups; nis fromzero to
five;, Xis (CH )mwere mis one to five, oxygen atom NY where Y is
hydrogen ateooemi#id , aryl group; and PG and P& are appr opcraikel/10869
protecting groups (PG = t-boc, cbz and PG = H, Bn etc) is outlined in
Schenme 1. The protected 4-hydroxyproline acid (:La) is alkylated at the
4-position by an alkyl brom de in the prggence of sodium hydride. The
product 20 1 b is then converted to an ester either with an al cohol under
acidic conditions, or wth trinmethylsilyldiazanethane. After deprotection,

the resulting amne is coupled ,to a Boc-protected am ngo acid in the
presence of hygrytetrahydreiepquipglingdrcargpyic ﬁ'@%'a—dp%@ﬁut‘ essbshiwdiop afr om

~product 1d, g)l ' ' 1t : ' ;

acetic acid Q?’rﬁ o?rﬁ{e}:‘ésg%g@o%p |'tr‘1'g§8\(‘)gnl |t'ﬁ8na§'@‘§@“%%§ﬁﬁ¥gé %ﬁ@@é@?ﬁﬁ on
of the benzyhe gbbipsd Hatescydlss Passion Buch@ubstiitionrer ocycl i zation. The
macrocyclization is achi eved under M tsunobu conditions by using

tri phenyi phosphi Abtaedalioppwhichheremsed indbe desgoptions pthesschames.by D. L.
ones: o Jpr bR B B T i R, B PR
“hydr oxi de, WF:STet?EQ'lyQﬁM’BFQﬁ to an amine internediate to afford 1 h. 15
SEP20 M N, A-Dimethytformamide

EtOAc: Ethyl acetate
AcOH: Acetic acid

10 HOOBt; 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one

| EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

NMM: N-Methylmorpholine )
ADDP: 1,1'-(Azodicarbobyl)dipiperidine
DEAD: Diethylazodicarboxylate

15  MeOH: Methanol
EtOH: Ethanol
Et2O: Diethyl ether
Bn: Benzyl
Boc: tert-Butyloxycarbonyl

20 Cbz: Benzyloxycarbonyl
Cp: Cylcopentyldienyl
Ts: p-toluenesulfonyl
Me: Methyl
PyBrOP: Tris(pyrolidino)bromophosphonium hexafluorophospha{e )

25 DMSO: Dimethyl sulfoxide ,
TFA: Trifluoroacetic acid

HOBt: Hydroxybezotriazole

Hanigs base: Diisoprpylethyl amine

BOP: Benzotrizaol-1-yloxyiris(dimethylamino)phosphonium hexaflucrophosphate
30 LDA: Lithium diisopropyl amide

PhaP: Triphenyl phosophine




WO 01/77113 HOla Pt1"0Q 63 Schene 1 Pt -O 1k H PG Nilc le |lb

[ B
PCT/ US01/ 10869 The preparation of the conpound of Formula 2e, V\heréirsngté@m

R2, R3, R

10

15

20

25

30

WO 01/77113 PCT/US01/10869

62

LAH: Lithium Aluminum Hydride

DMAP: 4-Dimethyl aminopyridine -
DCC: Dicyclohexylcarbodiimide

MCPBA: meta-Chloroperbenzoic acid

BINAP: 2,2'-Bis(diphenylphosphino)-1,1'-binaphtol

MeCN: acetonitrile

Pr: Propyl

Ac: Acetyl

Ph: Phenyl

General Preparative Schemes:

The preparation of the compound of formula 1h, wherein R1, R2, R3 are
defined above, R' is alkyl, heteroalkyl (OR", SR", NR"R" wherein R" and R" are
alkyl groups), halo substituent at ortho, meta, or para -position to oxygen atom; R
is alkyl, aryl, or alkylaryl groups; n is from zero to five; X is (CH,),, where m is one
to five, oxygen atom, NY where Y is hydrogen atom, alkyl, aryl group; and PG’
and PG? are appropriate protecting groups (PG' = t-boc, cbz and PG? = H, Bn etc)
is outlined in Scheme 1. The protected 4-hydroxyproline acid (1a) is alkylated at
the 4-position by an alkyl bromide in the presence of sodium hydride. The product
1b is then converted to an ester either with an alcohol under acidic conditions, or
with timethyisilyldiazamethane. After deprotection, the resulting amine is coupled

to a Boc-protected amino acid in the presence of HOOBt, EDCI-HCI and NMM.
After removal of the Boc group from product 1d, the dipeptide is reacted with a
substituted hydroxyphenyl acetic acid using the same coupling conditions.
Catalytic hydrogenation of the benzyl ether gives the precursor for the
macrocyclization. The macrocyclization is achieved under Mitsunobu conditions
by using triphenylphosphine and ADDP. (The Mitsunobu reaction is reviewed by
D. L. Hughes, Org. Reactions, 42 (1992) 335, John Wiley & Sons, New York, L.
Paquette, ed.) After the ester is hydrolyzed to an acid with lithium hydroxide, it is
coupled to an amine intermediate to afford 1h.



5 and R are defined above, is outlined in Schenme 2. The protected 3,4
dehydroproline 2a is diastereosel ectively di hydroxylated to afford c§ik ol
2b. The acetal formation between 2b and an al dehyde can be acconplished in
the 1d 1 5 SEP 2004 WO 01/77113 PCT/ US01/ 10869 64 presence of catalytic
anount of pw®@byenesul fonic acid. The bicyclic proline deriyetrinser/2me S
converted to the nmacrocyclic ester 2d and subsequently to HCV inhibitor 2e
according to the sequence outlined ih Scheme 1. Schene 2 5 R 2a 2k R 20 2d
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The preparation of the compound of Formula 2e, wherein R1, R2, R3, R
5 and R' are defined above, is outlined in Scheme 2. The protected 3,4~
dehydroproline 2a is diastereoselectively dihydroxylated to afford cis-diol 2b. The
acetal formation between 2b and an aldehyde can be accomplished in the



The preparation of the conmpound of Fornula 3f, wherein Rl, R2, R3, R R
and n are defined above, is outlined in Schenme 3. \Wen treated “‘Hﬁiﬁﬂﬂmm
trifluoroboron diethyletherate, the protected 4-hydroxyproline 3a an
al kene 3b are converted to proline ether 3c, which undergoes the sane
sequence of W PHAdIbr nati ons outlined in Schene 1 to give t hd®GRAT3AYEP ¢
ester 3e and subsequently, to the desired final product 3f. 1 5 SEP 2004
WO 01/ 77113 Scheme 3 PCT/US01/ 10869 65 HQ 3a ad HL Pro' ''NIn Q 3b 3f
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presence of catalytic amount of p-toluenesulfonic acid. The bicyclic proline
derivative 2c is converted to the macrocyclic ester 2d and subsequently to HCW
inhibitor 2e according to the sequence outiined in Scheme 1.

Scheme 2
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The preparation of the compound of Formula 3f, wherein R1, R2, R3, R, R'

and n are defined above, is outlined in Scheme 3. When treated with

10 trifluoroboron diethyletherate, the protected 4-hydfoxyproline 3a and alkene 3b
are converted to proline ether 3¢, which undergoes the same sequence of
transformations outlined in Scheme 1 to give the macrocyclic ester 3e and

subsequently, to the desired final product 3f.




R3 OR2 3q 5 The preparation of the conpound of Fornmula 4f, V\,hereilT R%EPﬁE&
R3, R, and n are defined above, is outlined in Scheme 4. The coupl ian
between am no ester 4a and a Boc-protected amno acid was realized in the
presence of NVM HOOBt, and EDCI HCL. After renoval of the Boc group from
4b, the di psyoodeis coupled to a termnal al kene carboxyl i c PETES01/008G9 ve
4c. The doubl e bond was 10 then converted to an al cohol through

hydr oborati on. The macrocyclization of the phenol al cohol is acconplished
under M tsunobu conditions by using tripgenylphosphine and ADDP. After the
resulting ester 4e is hydrolyzed to an acid with I'ithium hydroxide, the
acid is coupled to an amne internediate to afford 4f. 15 SEP 2004 WD

01177113 66 Schene 4 0 4a 4q
Scheme 3
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5 The preparation of the compound of Formula 4f, wherein R1, R2, R3, R,

and n are defined above, is outlined in Scheme 4. The coupling between amino
ester 4a and a Boc-protected amino acid was realized in the presence of NMM,

HOOBt, and EDCI-HCI. After removal of the Boc group from 4b, the dipeptide is
coupled to a terminal alkene carboxylic acid to give 4¢. The double bond was

10 then converted to an alcohol through hydroboration. The macrocyclization of the
phenol alcohol is accomplished under Mitsuncbu conditions by using
triphenylphosphine and ADDP. After the resulting ester 4e is hydrolyzed to an
acid with lithium hydroxide, the acid is coupled to an amine intermediate to afford
4f.



a PCTIUSO /10869 4d R1 The preparation of the conpound of Formula 5h in
Schene 5 where in R 5 R2, R3, R are defined in Schene 1, R4 bei nlgﬁﬁﬂsﬂqh
) e

cycl oal kyl ,

aryl, heteroaryl, and heteroalkyl and R5 is OR NR2, or

conpound 5b was obtained by a Wttig reaction of 5a with tert-butg/l
phosphonoacXQPH7AkY NaH. The conmpound 5b was converted to FRCHYSHHE869
treatnent of MCPBA. The epoxide 5¢c was further opened wth NaN3 to give
conmpound 5d which was reduced with Pd/C H. to the am ne 10 and Cbz
protected using Cbz-C, Et3N to obtain cof®ound of the fornula 5e. The
conpound 5e was deprotected with TFA and further elaborated to 5f. The Cbhz
group of 51 was hydrogenol yzed and then coupled with conpound of fornula
11g wusing EDCI, HOOBt, NMWMto obtain 5g. The conpound of the type 5g is
oxidized w th Dess-Martin reagent to generate conpounds of formula 5h. 1 5

SEP 2004 WoSsheme®3 Schene 5: OOR
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The preparation of the compound of Formula 5h in Scheme 5 where in R,
R?, R®, R’ are defined in Scheme 1, R* being atkyl, cycloalkyl, aryl, heteroaryl, and
heteroalkyl and R’ is OR, NR,, or OH. The compound 5b was obtained by a Wittig
reaction of 5a with ter-butyl phosphonoacetate and NaH. The compound 5b was
converted to 5¢ by the treatment of MCPBA. The epoxide 5¢c was further opened -
with NaN, to give compound 5d which was reduced with Pd/C/ H, to the amine
and Cbz protected using Cbz-Cl, EL,N to obtain compound of the formula 5e. The
compound 5e was deprotected with TFA and further elaborated to 5f. The Chz
group of 5f was hydrogenolyzed and then coupled with compound of formula 1qg
using EDCI, HOOBt, NMM to obtain 5g. The compound of the type 59 is oxidized
with Dess-Martin reagent to generate compounds of formula 5h.
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5 The compound of formula 6m is synthesized as outlined in Scheme 6

wherein R’, R?, R’ and n are defined in Scheme 1 and R’ being alkyl, aryl, ester,

carboxylic acid and carboxylamides. The compound of type 6b is synthesized
from 6a by a Wittig olefination using Ph,PCH,l and BuLi. The compound 6b is
further aminohydroxylated to synthesize compound of the type B¢, which was
10 reduced using Rh/C, and H, to afford compound of type 6d. The compound 6d
was oxidized to compound of type 6e using RuCl, and H;lO,. The compound 6e



OH ft OOR 5 The conpound of forrmula 6mis synthesized as outlined in
Schene 6 wherein R, R2, R and n are defined in Schene 1 and R6 bej hGEP 2004
al kyl, aryl, ester, carboxylic acid and carboxyl am des. The conpound of
type 6b is synthesized fromé6a by a Wttig ol efination using Ph3PCH31 and
BuLl . The cd¥@8UAH13ib is further anmi nohydroxylated to synt REIVEEIH8#3ound
of the type 6¢ which was 10 reduced using Rh/C, and H2 to afford conpound

of type 6d. The conpound 6d was oxidized to conpound of type 6e using
RuCl 3 and H5106. The conpound 62 1 5 SEP 8804 WO 01177113 PCT/ US01/ 10869
68 was el aborated to conpound 6i by coupling it with deprotected 6h using
NVvWM  EDCI, and HOOBt. Extension of conpound 61 to G was agai n achi eved- by

coupling de res LSt ef kL '
ising 200 WARERRats R EoRPBUAR G CBHRTH bith Herf ORI BRCLhg Il
of 5 benzyl EDGYpand HOOBS Extehsivedof eofipaision @i tibesMwas! jain CasHiéyed by
6] was further elaborated to _conpounds of type 6mas outlined in Schenme 1.
coupling deprotected 6i and appropriately substituted phenyl acetic acid using
EDCI, HOOBt and NMM. The compound 6k obtained after hydrogenolysis of
5 benzyl group in 6j was cyclized to 6l using the Mitsunobu conditions. 61 was

further elaborated to compounds of type 6m as outlined in Scheme 1.

Scheme 6:
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Schenme 6: H BocHNV-,,,.. BocHN,,,~OH 6e 15 SEP 2004 WO 01/77113
PCT/USO /10869 HO 69 Ph" o"(--r n g Ilb fit ft Ph"11% O~-.0 OR O Al lj § §FR 2004
The conpounds of type 7d are synthesized using the arene ruthenium

w0 01/77113 PCT/US01/10869
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The compounds of type 7d are synthesized using the arene ruthenium
chemistry wherein the substituents R’, R?, R®, R’ are defined in Scheme 1, and
n=0 to 3. The synthesis of the compound of formula 7b was obtained from

5 compound of type 7a by an EDCI, HOBt, Hinigs base coupling. The treatment of



chem stry wherein the substituents R, R2, R3, R are defined in Schene 1,
and n=0Oto 3. The synthesis of the corrpound of formula 7b was obtal A&EP 200t
fromb5 conpound of type 7a by an EDCI, HOBt, Huni gs base coupling. The
treatment of 15 SEP 200 WD 01/77113 70 PCT/ USO1/ 10$69 7b with Cs2CO. and

phot ol yti c MBYAII1I3f rut heni um converted the conpound of

t YR TY1{18860y pe

7c, which was further elaborated to conpounds 7d as outlined in

Scheme 1,

Scheme 7 5 OR COOH ZA | b 7c OOR OOR )
70 A

7b with Cs,CO, and photolytic removal of ruthenium converted the compound of
type 7b to type 7¢, which was further elaborated to compounds 7d as outlined.in
Scheme 1.

Scheme 7
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The preparation of the compound of formula 8e, wherein R1, R2, R3 are

defined above, R' is alkyi, heteroalkyl (OR", SR™, NR"R" wherein R” and R" are

10  alkyl groups), halo substituent at ortho, meta, or para -position to oxygen atom; R
is alkyl, aryl, or alkylaryl groups; n is from zero to five; and X is (CH,), where m is
one to five, oxygen atom, NY where Y is hydrogen atom, alkyl, aryl group is
outlined in Scheme 8. The protected cis-4-hydroxyproline derivative 8a is
converted to the brosylate (Bs = 4-bromobenzenesulfonyl) derivative 8b which

15  was displaced with the appropriate mercaptoalcohol under sodium hydride '
conditions to give 8¢. Conversion to the macrocyclic ester 8d and subsequently to

the desired target 8e was accomplished as outlined in Scheme 1.



Zd The preparation of the conmpound of fornula 8e, wherein R1, R2, R3 ggs
defi ned above, R is alkyl, heteroal kyl (OR', SR'', NR'R'"" wherein RJ EPMW
R' are 10 al kyl groups), halo substituent at ortho, meta, or pars -position
to oxygen atom R is alkyl, aryl, or alkylaryl groups; nis fromzero to
five;, and Xwios01{7@H3) ," where mis one to five, oxygen atom PCRUSHIEIR6SY i S
hydr ogen atom al kyl, aryl group is outlined in Schenme 8. The protected

Ci s-4-hydroxyproline derivative 8a i's converted to the brosylate (Bs =

4- bronobenzenesul fonyl) derivative 8b whigh 15 was di splaced with the
appropri ate nercapt oal cohol under sodium hydride conditions to give 8c.
Conversion to the macrocyclic ester 8d and subsequently to the desired
target 8e was acconplished as outlined in Schene 1. M1 5 SEP 2003, WO

01/ 77113 7156hRAE8S fia 8b PCT/ USO1/ 10869
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5 The preparation of the compound of formula 9d, wherein R1, R2, R3 are

defined above, R’ is alkyl, heteroalkyl (OR", SR", NR"R" wherein R" and R" are
alkyl groups), halo substituent at ortho, meta, or para -position to oxygen atom; R
is alkyl, aryl, or alkylaryl groups; n is from zero to five; X is (CH,),, where m is cne
to five, oxygen atom, NY where Y is hydrogen atom, alkyl, aryl group; and LG is
10 leaving group (e.g., OTs, Br) is outlined in Scheme 9. The protected 4-
hydroxyproline derivative 1a is converted to 9a via formation of 1d {which is

described in Scheme 1). Removal of the benzyl ether followed by conversion to
an appropriate leaving group and unravelling the N protecting group provided @
Conversion to the macrocyclic ester 9¢ was carried out by treatrent yvith sodium

15 carbonate/sodium iodide in refluxing acetone. Subsequent processing to the -
desired target 9d was accomplished as outlined in Scheme 1.




Ho'("_ S Sc RL RBb Fie ft 5 The preparation of the conpound of f ré“’ékfzuu
9d, wherein Rl, R2, R3 are defined above, R is alkyl, heteroalkyl 4
SR"', NR'R" wherein R and R'' are al kyl groups), hal o substituent at
ortho, nmeta, or Para -position to oxygen atom R is alkyl, ar r

al kyl aryl QMB{;!?H}P.S fromzero to five; Xis (CH)R V\/nere rﬁnygsodﬂﬁs“gto
five, oxygen atom NY where Y is hydrogen atom alkyl, aryl group; and LG
is 10 leaving group (e.g., OIs, Br) is outlined in Scheme 9. The prot ect ed
4- hydroxyproline derivative 1 a is convevred to 9a via formation of 1 d
(which is described in Schene 1). Renoval of the benzyl ether followed by
conversion to an appropriate |eaving group and unravelling the N
protecting %t.q’i&i‘n g'cpvi ded 9b. Conversion to the macrocyclic ester 9c was
carried out by treatment with sodium 15 carbonate/sodiumiodide in

refl uxi ng acetone. Subsequent processing to the. desired target 9d was,.
acconplished as outlined in Schene 1. 15 SEP 2004 WD 01/77113
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5 The preparation of the compound of formula 10e, wherein R1, R2, R3 are

defined above, R'is alkyl, heteroalkyl (OR", SR™, NR"R" wherein R" and R" are
alky! groups), halo substituent at ortho, meta, or para -position to oxygen atom; R
is alkyl, aryl, or alkylaryl groups; n and q is any combination of zero to five; V is
oxygen atom, NY where Y is hydrogen atom, alkyl, aryl group; Wis élkyl, aryl,

10  alkylaryl, heteroaryl; PG' and PG? are appropriate protecting groups (PG’ = t-boc,
cbz and PG® = H, Bn, etc) is outlined in Scheme 10. The protected 4-
hydroxyproline derivative 1a is converted to 10b as described in Scheme 1.
Removal of the protecting group (10¢) followed by treatment with phosgene
equivalent resulis in the macrocyclic ester 10d. Conversion to the desired target

15 10e was accomplished as outlined in Scheme 1.
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preparation of the conmpound of fornula 10e, wherein Rl, R2, R3 are SIEMQ%
above, R is alkyl, heteroalkyl (OR, SR'', NR'R'" wherein R'" and R .. are
al kyl groups), halo substituent at ortho, meta, or para -position to oxygen
atom R isw@ldiyphnzaryl, or alkylaryl groups; n and q is anypcpuofimnasdéon of
zero to five; Vis oxygen atom NY Wnere Y i s hydrogen atom al kyl, aryl
group; Wis alkyl, aryl,
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5 The preparation of the compound of formula 11g, wherein R1, R2, R3 are

defined above, R is alkyl, ary!, or alkylaryl groups; X is (CH,),.. (CH,).O, (CH,),NY

where m is one to five, and Y is hydrogen atom, alkyl, aryl group; A is hydrogen

atom or appropriately positioned halogen atom; PG’ is appropriate protecting -
groups (PG’ = t-boc, cbz, eic) is outlined in Scheme 11. The protected 4-

10  aminoproline derivative 11a is converted to 11b by treatment with suitable
benzenesulfonyl chloride and a base. Removal of protecting group and coupling
with a protected aminoacid derivative gave 11¢. This was converted to 11d using
similar deprotection, coupling strategy. Palladium(0) catalyzed cyclization

afforded 11e as a mixture of isomers which was hydrogenated to provide



10 al kylaryl, heteroaryl; PG and P& are appropriate protecting gr$ﬁP§Esz&
(PG =t-boc, cbz and P& = H, Bn, etc) is outlined in Schene 10. e
protected 4- hydroxyproline derivative la is converted to 104 as descri bed
in Schenme 1. Renoval of the protecting group 10c) foll owed by treatnent
Wit h phosgeMO 0¥GidiYal ent results in the macrocyclic ester 10RET/C9HIe868i on
to the desired target 15 19e was acconplished as outlined in Schene 1. is
_'o PGNNRR HId N1D5 SEP 2004 V[;21/77113 73 PCT/ US01/ 10569 - N

macrocyclic ester 11f. Subsequent conversion to the desired target 11g was
accomplished as outlined in Scheme 1. | .
Scheme 11
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The preparation of the compound of formula 12d, wherein R1,R2, R3 are
defined above, R is alkyl, aryl, or alkylaryl groups; n is from zero to five; Xis -
(CH,),, where m is one to five, oxygen atom, NY where Y is hydrogen.atom, alkyl,
aryl group; A is hydrogen atom or appropriately positioned halogen atom; and-PG' ~
10 and PG’ are appropriate protecting groups (PG' = t-boc, chz and PG* = H, Bn etc)
is outlined in Scheme 12. The protected 4-aminoproline derivative 11a is
converted to 11¢ as described in Scheme 11. Conversion of 11¢ to the
macrocyclic ester 12c and subsequent conversion to the desired target 12d was

accomplished as outlined in Scheme 1.
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5 Preparation of Intermediates:
Intermediate A:
Step 1: . -
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defined above, Ris alkyl, aryl, or alkylaryl groups; Xis (CH2)m 3{?—@%&
(CH2) MNY where mis one to five, and Y is hydrogen atom al kyl, aryl
group; A is hydrogen atomor appropriately positioned hal ogen atom PG is
appropriate protecting groups (PG = t-boc, cbz, etc) is outlined in
Sscherme 11. YHROY¥Fdttcted 4 10 aninoproline derivative 11 a i FCEHRALY t o

11 b by treatnment with suitable benzenesulfonyl chloride and a base.
Renoval of protecting group and coupling ith a protected am noacid
derivative gave 11 c. This was converted ?@A 11 d using simlar
deprotection, coupling strategy. Palladium O catalyzed cyclization
afforded 1le as a m xture of isoners which was hydrogenated to provide 1 5
SEP 2004 WO 01/ 7 7013 stiregcnlulieniefl Badmbuane (V8.5 g, ®36enol) ahd gBrdylic aeitt

Sonver st ON b kS B 51, oA T and 1B (135 FRLPad SREL-B% Wi addbd tropwise
triethyl amine (93 mL, 0.667 mol) over 2 hrs. The solution was warmed to room
temperature, stirred overnight and concentrated to dryness to give an oil. The oil

o was then dissolved in H20 and acidified to pH =1 with 10% HCI, followed by
extraction with EtOAc. The combined organic solution was washed with brine,
dried over NapSQ4, filtered and concentrated to dryness to give the product ii {
28.1 g, 99% vyield)

Step 2:
10

O2N H HzN H

To a stirred solution of starting material ii (240 g, 1.35 mol) in acetic acid
(1.25 L) was added 10% Pd/C (37 g). The resulting solution was hydrogenated at.
15 59 psi for 3 hrs and then at 60 psi overnight. The acetic acid was then evaporated -
and azeotroped 3 times with toluene, then triturated with MeOH and ether. The
solution was then filtered and ézeotroped twice with toluene to give an oft white
solid (131 g, 0.891 mol, 66%). ‘

Step 3:
20

HoN H BocHN H - -
0 o)

jii iv

To a stirred solution of the amino acid iii (2.0 g, 13.6 mmol) in dioxane (10
mL) and H20 (5mL) at 0°C, was added 1N NaOH solution (4.3 mL, 14.0 mmol).



I 11b i R1L 5 11f lu The preparation of the conpound of fornmula 12d, wherein
Rl, R2, R3 are defined above, Ris alkyl, aryl, or alkylaryl groups; nis
fromzero to five; Xis (CHZmwhere mis one to five, oxygen atoml NP 7004
where Y is hydrogen-atom alkyl, aryl group; A is hydrogen atom or
appropri at elgo pesnii oned hal ogen atom and PG 10 and P& ar eczppoipssat e
protecting groups (PG = t-boc, cbz and PG = H, Bn etc) is outlined in
Schenme 12. The protected 4-am noproline derivative 1la is converted to 1lc
as described in Schene 11. Conversion of #1lc to the macrocyclic ester 12c
and subsequent conversion to the desired target 12d was acconpli shed as
outlined in Scheme 1. 15 SEP 2004 WD 01/77113 PCT/ US01/ 10869 75

The resulting solution was stirred for 10 minutes, followed by addition of di-#-
butyldicarbonate (0.110 g, 14.0 mmol} and stirred at 0°C for 15 minutes. The ...
solution was then warmed to room temperature, stirred for 45 minutes and kept
at refrigerator overnight and concentrated to dryness to give a crude material. To

5 the solution of this crude material in EtOAc (100 mL) and ice, was added KHSO4
(3.36 g) and H20 (32 mL) and stirred for 4-6 minutes. The organic layer was then
separated and the aqueous layer was extracted twice with EtOAc and the
combined organic layer was washed with water, brine, dried over Na2S04,
filtered and concentrated to dryness to give the product as a ctear gum (3.0 g,

. 10 89% yield).

Step 4:
H 0
H H
BocHN H BocHN N\)LOAPh
—
0
CH3 CHa
iv v
- 15 To a stirred solution of starting material (3.00 g, 12.0 mmol} in DMF (15
mL) and CH2Cl2 (15 mL) at -20°C was added HOOBt (1.97 g, 12.0 mmol), N-
' ; methyl morpholine (4.0 mL, 36.0 mmol) and EDRC! (2.79 g, 14.5 mmol} and stirred

for 10 minutes, followed by addition of HCI-H2N-Gly-OBn {2.56 g, 13.0 mmol).

The resulting solution was stirred at -20°C for 2 hrs, then kept at refrigerator

20 ovemight and concentrated to dryness, followed by dilution with EXOAc (150 mL).
The EtOAc solution was then washed twice with saturated NaHCO,, H,0, 5%. »
H,PO,, brine, dried over Na2S04, filtered and concentrated to dryness to give the

product (4.5 g, 94%). LRMS m/z MH+= 395.1.



Schenme 12 | f lic 10 12C 5 Preparation of Internediates: |nternedi aj & 8%:P 2004
Step 1: i 1k 02N ii 10 15 SEP 2004 WO 01/77113 PCT/ US01/ 10869 76 To a
stirred solution of 1-nitrobutane (16.5 g, 0.16 nol) and glyoxylic acid in

H20 (28.1 g, 0.305 nol) and MeCH (122 nlL) at 0C 5C, was added dropw se
WO 01/77113 PCT/US01/10869

78
Step 5. |
" 4 \j\o
H H
BocHN N
BocHN N\/ﬁ\o/\Ph H
0 O
CH3 CH3
v vi *
5 The solution of starting material v (7.00 g, 17.8 mmol) in absolute ethanol

(300 mL}) was stirred at room temperature under a hydrogen atmosphere in the
presence of Pd-C (300 mg, 10%). The reaction progress was monitored by TLC.
Afier 2h, the mixtdre was filtered through a celite pad and the resulting solution
was concentrated in vacuo to give the product vi (5.40 g, quantitative). LRMS m/z

10 MH+=305.1,

Step 6:
CHa
OH —
BocHN BocHN “CHy
O v
vii viii
15 To a solution of dimethylamine hydrochloride (1.61 g, 19.7 mmol), N-Boc-

phenylglycine (4.50 g, 17.9 mmol), HOOBt (3.07 g, 18.8 mmol) and EDCI (4.12-g,
21.5 mmol} in anhydrous DMF (200 mL) and CH2Cl2 (150 mL) at -20°C was
added NMM (5.90 mL, 53.7 mmol). After being stirred at this temperature for 30
min, the reaction mixture was kept in a freezer overnight (18 h). It was then

20 allowed to warm to rt., and EtOAc ( 450 mL), brine (100 mL) and 5% H3PO4 (100
mL) were added. After layers were separated, the organic solution was washed
with 5% H3PO4 (100 ml), saiurated aqueous sodium bicarbonate solution (2 X
150 mL.), water (150 mL), and brine (150 mL), dried (MgS0a4), filtered and



triethyl amne (93 nL, 0.667 nol) over 2 hrs. The solution was warned to
room tenperature, stirred overnight and concentrated to dryness tq yigp/mmn
oil. The oil 5 was then dissolved in H20 and acidified to pH =1 with %
HC , followed by extraction with EtOAc. The conbi ned organic solution was
washed w t hywhydrgiaz dried over Na2SO4, filtered and concentr atedisbiodégdy ness
to give the product ii 28.1 g, 99%yvyield) Step 2. 10 02N ii H2Niii To a
stirred solution of starting material ii (240 g, 1.35 nol) in acetic acid
(1.25 L) was added 10% Pd/ C (37 g). The rgpulting sol ution was hydrogenated
at, 15 59 psi for 3 hrs and then at 60 psi overnight. The acetic acid was
then evaporated and azeotroped 3 tinmes with toluene, then triturated with

MeOH and ether. The solution s then filtered, _and azeotroped tw ce with
tol uene to EPRREMIAEH N YAcYQ to aiprdCrude prgdupt ‘GQ%“rﬁﬁ 9) 88 sywhitg eojigt, which

was used without further purification. -
Step 7:
?Hg —_— . ?’HE
N
BocHN™ ™ “CHa HCHHN “CHy
o) 0
vili ix

The N-Boc-phenylglycine dimethylamide viii (4.70 g, crude) was dissolved
in 4 N HCI (60 mL, 240 mmol) and the resulting solution was stirred at room
temperature. The progress of the reaction was monitored by. TLC. After 4 h, the
solution was concentrated in vacuo to yield a white solid which was used in the

10  next reaction without further purification. LRMS m/z MH+= 179.0.
Step 8:

’ H\io
) BocHN N H + ?HS
C HCIH,N N ch,
CH,
vi

0]

ix
- w {Hs
——>  BocHN N A Mooy -
3
0 H O ¥ L4
CHs
X

The desired compound X was prepared according to the coupling

15  procedures described in Step 4. LRMS m/z MH+= 465.1.



20 iii BocHNiv To a stirred solution of the amno acid iii (2.0 g, 13.
mmot) in dioxane (10 nl) and H2O (5nmL) at 0C, was added 1 N NaOH sbﬁLBtEP(BW
(4.3 m., 14.0 nmmol ). 15 SEP 2004 WO 01/77113 PCT/US01/ 10869 77 The
resulting solution was stirred for 10 m nutes, followed by addition of di-t
but yl di car bOKQOY7T183 110 g, 14.0 mol ) and sti rred at OC for IBCTUBNES6Y The
solution was then warned to roomtenperature, stirred for 45 m nutes and
kept at refrigerator overnight and concentrated to dryness to give a crude
material. To 5 the solution of this crude8@aterial in EtOAc (100 nmL) and
ice, was added KHSO4 (3.36 g) and H2O (32 nL) and stirred for 4-6 m nutes.
The organic |ayer was then separated and the aqueous | ayer was extracted
twice with Kihe.and the conbined organic |ayer was washed with water,
brine, drie Na2SO4, filtered and concentrated to dryness to give the
product as a clear gum (3.0 g, 10 89%yield).

BocHN " H\j\ ﬁHS
oc ﬂ ~CHs
O 0]
CHs

prety

X
HCIH 2N " H\/ﬁ\ ?Ha
2 H \CH3
0 @]
CHs

The desired intermediate A was prepared from tripeptide x according to the
5 procedures described in Step 7. LRMS nvz MH*= 365.1.
Intermediate B:

Step 1 -

xit
10

The desired product xii was obtained by the procedure described for

Intermediate A, Step 8 using commercially available xi as the coupling partner.



Step 4_ BocHN BocHN, ¢ j .. if v 'O -Ph CH3 V 15 To a stirred sol uf KGEPofiL
starting material (3.00 g, 12.0 mol) in DW (15 nl) and CH2CI 2 (15 nlL) at
-20C was added HOOBt (1.97 g, 12.0 mmol ), f - methyl norpholine (4.0 ni,
36.0 mmol ) and EDCI (2.79 g, 14.5 mml) and stirred for 10 m nutes,

fol |l owed bywaggirt7amn of HCl H2ZN-QA y-OBn (2.56 g, 13.0 nmol). pd&hasoesséd i ng
solution was-stirred at -20C for 2 hrs, then kept at refrigerator 20

overni ght and concentrated to dryness, followed by dilution with Et OAc (150
m.). The EtOAc solution was then washed 8w ce with saturated NaHCO3, H2Q,
5% H3PO4, brine, dried over Na2SO4, filtered and concentrated to dryness
to give the product (4.5 g, 949 . LRMS mlz M+= 395.1. 15 SEP 2004 WO

01/77113 PCHU0I4d Rfidridivas Sufficiently pure for further studies. A portion of the
product was purified by flash chromatography using 97/3 dichloromethane/MeQH.

HRMS (FAB) Calcd for CosH40N307: 494.2866 (M+H)*. Found: 494.2863.
Step 2

0]

L OH 0
o N N A Ao
o1 Y N B

Xn

N
HOLHaN °“‘ ”\i‘%“’\ﬁ

5
The desired product B was obtained by the procedure described for
Intermediate A, Step 7. The crude material was used without further purification.
Intermediate C:
10 Step 1:

- H
BocHN BocHN N‘CH3

0
vii xili . -

The desired compound xiil was prepared similar to the coupling
procedures described in Step 6 for intermediate A except for substituting

methylamine for dimethylamine.



BocHN Ph BocHN vi 5 The solution of starting material v (7.00 g, 171§ ng
I n absolute ethanol (300 nL) was stirred at roomtenperature under

hydr ogen atnosphere in the presence of Pd-C (300 ng, 10% . The reaction
progress was nonitored by TLC. After 2h, the mxture was filtered through
a celite padV@9&%7{Hé resulting solution was concentrated i n REBUSKIE8e; ve
the product vi (5.40 g, quantitative). LRV nifz 10 M H+= 305.1. Ste R 6:
CH3 "CH3 0 Vil 15 To a solution of di metB%I am ne hydrochloride (1.61 g,
19.7 mmol ), N Boc- phenylglycine (4.50 g, "¥7.9 nmmol ), HOOBt (3.07 g, 18.8
mml ) and EDCl (4.12-g, 21.5 mmol) in anhydrous DMF (200 ni) and CH2Cl 2
(150 m-) at -20C was added NWM (5.90 nm., 53.7 mml). After being stirred
at this tenfdeptire for 30

ZT
Y
2T

HCIHzN “CH
BocHN “CHs 2 3

xiil xiv
5 The desired compound xiv was prepared from xiii according to the

procedures described in Step 7 for intermediate A.
Step 3:

H +
N

N
BocHN N,
HCHHN “CHs

xiv

vi
A E
- H H
. BocHN N ﬁ N“CHa‘
O Q
CHs
Xv

10

The desired compound xv was prepared according to the coupling
- procedures described in Step 6 for intermediate A, except for substituting amine .,

xiv for amine ix. LRAMS m/z MH+= 451.1.



mn, the reaction mxture was kept in a freezer overnight (18 h). It1wg§ 00
then 20 allowed to warmto rt., and EtOAc ( 450 nL), brine (100 nL) and %%%
H3P04 (100 nlL) were added. After layers were separated, the organic
solution was washed w th 5% H3P04 (100 mL), saturated aqueous sodi um

bi car bonat eweahatilen (2 X 150 nlL), water (150 nl), and bri neCT/USQ/m086p,
dried (MgSO4), filtered and 15 SEP 2004 WO 41/77113 PCT/ US01/ 10869 79
concentrated in vacuo to afford crude product viii (4.86 g) as a white
solid, which was used without further pggification. Step 7: H3 3 BocHN
ne-"C 0 ix 5 0 The N Boc-phenyl gl ycine dimethylam de viii (4.70 g, crude)
was di ssol ved

Step 4:
BocHN ’ H\,ﬁ\ N
oc N o
0 H o
CHs
Xv
woma L. KL T K
2 H “CHs
i o O
CHs .
cC
5 The desired intermediate C was prepared according to the procedures

described in Step 7 for intermediate A. LRMS m/z MH+= 351.1. It was used
without further purification.
Intermediate D:

: H\io’\ —_— 4 H\j\r
BocHN N Ph HCI'H:=N N OAPh
CHa CHs

v D

The desired intermediate D was prepared from compound v according 1o
the procedures described in Step 7 for intermediate A. It was used without further

15  purification.



in 4 NHC (60 nmL, 240 mml) and the resulting solution was stirred 1a§ Eﬁ?dﬂl
tenperature. The progress of the reaction was nonitored by. TLC. After é ;
the solution was concentrated in vacuo to yield a white solid which was
used in the‘ég next reaction wi thout further purification. LRVS nlz

MH+=179. 0. QVEMIBocHN CH3  vi ON- BocHN H N CH3 H3 HCI - HRET/U$§1/10869CH3
H3 HCl -H2N- -(' "CH3 Ix 0 x

84

Intermediate E
Step 1 -

AN
> N
0 o) o
Xvi
a
TFA. HoN N N H
o H O
xvii

To a solution of xvi (5g) in dichloromethane (20 mL) was added TFA (20
mL) and stirred at ambient temperature for 4 hrs. Another portion of TFA (10 mL)
was added and left standing for additional 3 hrs. All the volatiles were evaporated
and it was dried in vacuo to provide quantitative yié!d of xvii. This material was
10 carried further. (Note: The starting material xvi was obtained by a similar protocol

described for B, using nitropentane as precursor).



The desired conpound x was prepared according to the coupling 15 prqcﬁegiwﬁm
described in Step 4. LRMS mz MH+= 465.1. 1 5 SEP 2004 WD 01177113
PCT/ US01/ 10869 80 Step 9: -r BocHN x HCl' H2ZN CH3 A The desired

internediate A was prepared fromtripeptide x according to the 5 procedures
descri bed iWwodie9115- LRVS mi M= 365.1. Internediate B: Spepusonviosss i 10

85

Hoy
TFA. HoN NI, H
o Ho 4

xvii

g “UL%H

xviii
The desired compound xviii was obtained by the method described for
Intermediate A, Step 3. Sodium carbonate was used as the base instead of

5 NaOH. The crude material xviii was carried further without purification.
Step 3

Xix



The desired product xii was obtained by the procedure described for
Internediate A, Step 8 using commercially available xi as the coupl # rigSEP 2004
partner. 15 SEP 2004 WO 01/77113 PCT/ US01/ 10869 81 The crude material was
sufficiently pure for further studies. A portion of the product was
purified by‘VB&yﬂ“éﬁronatography usi ng 9713 di chl or onet hanel MEEHUSO11084S
(FAB) Cal cd for C25HA0NOO7: 494.2866 (M+rH)+. Found: 494.2863. Step 2 5 B
The desired product B was obtai ned by t he procedure described for
Intermediate A, Step 7. The crude materi aBBwas used without further
purification. Internediate C. 10 Step 1: All H N CH3

To a cold (-20°C) solution of xviii (4.8 g, 10.7 mmol) in —
dichloromethane/DMF (4/1, 25 mL) was added dimethylamine hydrochioride (959
mg, 11.77 mmol), diisopropylethylamine (4.2 mL, 24.1 mmol) and BOP (6.14 g,

5 13.89 mmol). It was left standing at -8°C overnight. The reaction mixture was
diluted with dichloromethane and washed with 10% citric acid solution, saturated
NaHCOg3 solution and brine. The organic layer was dried (Na2S0O4) and
concentrated. The residue was purified by flash column chromatography using
97.5/2.5 dichloromethane/MeOH io afford 2.4 g of xix (47% yield). HRMS (FAB)

10 Caled for C24HagN4Og: 479.2870 (M+H)*+. Found: 479.2862.

Step 4
y H H\i |
>l/0\n/N N N N
0] O H 0.
Xix
HC!. Hj‘r(;r \/ﬁ\ i

The desired product E was obtained by the procedure degcribed for

Intermediate A, Step 7. The crude material was used without further purification. -



0 The desired conpound xlil was prepared simlar to the coupling

procedures described in Step 6 for internmediate A except for substitjuf §FFZ004
nmet hyl am ne for dinethylam ne. BocHN BocHN 15 SEP 2006 WO 01/77113

PCT/ USO1/ 10869 82 Step 22 BocHNNCH3 0O A H HCI'H2N N'CH3 0 xiv 5 The
desired conmauowh7xiv was prepared fromxiii according to thepCpseriss®es
described in Step 7 for internediate A

87

Intermediate F

Step 1 -

HO, HO,

Ror Qoo
>LO 0 >|\0 0
XX xxk
5 To a cold (0°C) solution of xx {20.0 g, 86.5 mmol) in benzene (300 mL)
and MeOH (50 mL) was added trimethylsily! diazomethane (2M in hexanes, 56
mL, 112 mmol) dropwise till the solution remained yellow. The reaction mixture
was concentrated to provide 21 g of xxi (29% yield) which was pure enough to be

carried further. HRMS (FAB) Calcd for C{1H20NO5: 246.1341 (M+H)*. Found:

10 246.1347.
Step 2
9\ (}3\00201-13 —_— ,IL CO-CH3
0" S0 >J\o 0
i xxil '
15 To a cold (~5°C) mechanically stirred mixture of triphenylphosphine (31.97

g, 121.9 mmol) and methanesulfonic acid (7.66 mL, 118.1 mmol} in toluene was
added DEAD (26.47 g, 152 mmol) slowly while maintaining the reaction )
temperature below 35°C. After the addition was complete, the reaction mixture
was cooled to 20°C and a solution of xxi (23.71 g, 96.8 mmol) in toluene was

20 added followed by triethylamine (5.39 mL, 38.7 mmol). The mixture was heated
to 70-75°C for 6 hrs and cooled to 5-10°C for 1 hr. All the solid material were
filtered off and the filtrate was washed with 5% KH2PO4 solution and brine. The
organic layer was dried (Na2S0O4), and concentrated. Flash column

chromatography of the residue using 95/5 dichloromethane/EtOAc provided 26 g



Step 3: BocHN H HCI-H2N -1y N~\CH3 O xiv BocHN CH3 10 CH3 vi xv H N CH3'
The desired conpound xv was prepared according to the coupling prob&dpims
described in Step 6 for internmediate A except for substituting amne Xxiv

for amne ix. LRVB rn/fz M= 451.1. 15 SEP 2004 WO 01/77113 PCT/ US01/ 10869
WO 01/77113 PCT/US01/10869

88

of xxii (83% yield). HRMS (FAB) Calcd for C1oH2oNO7S: 324.1117 (M+H)+.

Found: 324.1115. -~
Step 3
Ms Ny

/L CO.LCHy — CN)\0020H3

ﬂ\O 0 >Lo’ko
xxii xxiii

The mesylate xxii (26 g, 80.4 mmol) was dissolved in DMF and all the

volatiles were evaporated in vacuo. (CAUTION: Trace amounts of
dichloromethane must be removed by this process). To the remaining solution

10 was added sodium azide {5.75 g, 88.4 mmol) and warmed to 70°C over 5 hrs.
The reaction mixture was cooled, diluted with EtOAc and washed with saturated
NaHCOg3. The organic layer was dried (Na2S04) and concentrated to afford 18 g
(83% vyield) of xxiii which was sufficiently pure for further studies.
Step 4

15

N?' ‘ HZN,_- .
ﬁ\oé:ﬁ\cozma T >Loio o

Xxiii F

The desired product F was obtained by the procedure described for

>

Intermediate A, Step 5. The crude material was used without further purification.



83 Step 4: -v BocHN CH3 HCI' H2ZNH N CH3 xv CCH3 H N -CH3 5 The desired
I nternmedi ate C was prepared according to the procedures described in Step
7 for intermediate A. LRVS mlz M= 351.1. It was used wi thout fur%BER 200l
purification. Intermediate D0 10 N U - HC ' HpN

WO 01/77113 PCT/US01/10869

89

Examples
Example 1: Preparation of compounds of Formulas 1A and 1B:

5
Q
o / 0 CHs
H H H
O
1A
CHg
N\)J\ \/u\r N ‘CH3
o H %
3
1B
Step A:
N
0
1a
10

To a solution of Boc-Hyp-OH (7.0 g, 30.3 mmol) and benzyl 3-bromopropy!
ether (7.8 g, 34.0 mmol} in anhydrous DMF (400 mL) at room temperature was
added sodium hydride (3.5 g, 60% dispersion in mineral oil, 87.5 mmol) and
sodium iodide (0.5 g, 3.33 mmols) with stirring. The resulting suspension was

15  vigorously stirred at room temperature overnight (18 h). The reaction was



BocHN ~ CH3 v The desired internediate D was prepared from conpound \5
according to the procedures described in Step 7 for internediate A) |$EPVM
used without further 15 purification. 15 SEP 2004 WO 01/77113

PCT/ US01/ 10869 84 Internediate E Step 1 5y r To a solution of xvi (5g) in
di chl or onet WR&YIAB3 11 -) was added TFA (20 m-) and stirred BET/HHI/886O
tenperature for 4 hrs. Another portion of TFA (10 m-) was added and | eft
standing for additional 3 hrs. Al the volatiles were evaporated and it
was dried in vacuo to provide quantitati v@yield of xvii. This material was
10 carried further. (Note: The starting material xvi was obtained by a
simlar protocol

quenched carefully with a slow addition of water (50 mL) and acidified with 6 N

HCI solution (20 mL). After addition of ethyl acetate (800 mL), brine (150 mL) and _
more water (150 mL), the formed two layers were separated and the organic layer
was washed with 5% H3PO4 (3X200 mL). It was then dried with MgSQa, filtered

5 and concentrated in vacuo to afford 1b as an oil which was used in Step B

without further purification.

Step B:

o ; —_— O
>LoJL(lg0H oL L ome
1b 1c
10
The acid 1b from Step A was dissolved in benzene {25 mL) and methanol
(28 mL). To this solution at room temperature was added a solution of
trimethylsilyt diazomethane (27 mL, 2.0 M in cyclohexane) with caution. After

being stirred at room temperature for 1 h, it was concentrated in vacuo to yield the
15  methyl ester. Flash chromatography (8 to 20 % EtOAc-CH2Cl2) afforded 1¢ (5.15

g; 13.1 mmol, 43%, 2 steps) as an oil.
Step C:

SAAS
HL‘;I'H@(DMQ )

T~
—————
%oi@(me
0 c
ic 1d
20
The Boc-amino methyl ester 1¢ (5.83 g, 14.8 mmol} was dissolved in 4 N
HCI in dioxane (80 mL, 320 mmel) and the resulting solution was stirred at room

temperature. The progress of the reaction was monitored by TLC. After 5 h, the



described for B, using nitropentane as precursor). 1 5 SEP 200b WO P 2004
01/ 77113 PCT/ US01/ 10869 85 Stye 2 The desired conmpound xviii was obt Ji %éﬁi
by the nethod described for Internediate A Step 3. Sodi um carbonate was
used as the base instead of 5 NaOH The crude material xviii was carried

further w tQhw@@$ypurs fication. Step 3 1 5 SEP 2004 WO 01/ 772&81501/10869

PCT/ US01/ 10869 86 To a cold (-20C) solution of xviii (4.8 g, 10.7 mmol) in
.M dichl oronet hane/ DMF (4/1, 25 nL) was added di net hyl am ne hydrochl ori de
(959 ng, 11.77 mmol), diisopropylethylaine (4.2 nL, 24.1 mmol) and BOP
(6.14 g, 5 13.89 mml). It was left standing at -8C overnight. The reaction
m xture was di I uted with dichl oronet hane and vvashed vmth 10%citric acid

sol ution, | s dried
(Na2sO™4) an%ﬂ concen %W‘%Wé@@ ugﬂd\/\gfisé %Sr‘(liq dEWS U‘Wﬁ
chr onat ogr aphgrmightrto yield a white solid which was used in the next couphng react:on

without further purification.

Step D:
SRS Y
—— >r0\gN\)I\N OMe
HCHHN OMe O O
o

5 1d 1e

To a solution of the amine ester 1d (from Step 1B), N-Boc-

cyclohexylglycine (4.10 g, 14.9 mmol), HOOBt (2.60 g, 15.9 mmoel) and EDCI
(3.41 g, 17.8 mmol) in anhydrous DMF (150 mL) and CH2Cl2 at -20°C, was

10 added NMM (6.50 mL, 59.1 mmol). After being stirred at this temperature for 30
min, the reaction mixture was kept in a freezer overnight (18 h). it was then stirred
in air and allowed to warm to room temperature in 1h. EtOAc ( 4560 mL), brine
(100 mL) and 5% H3PO4 (100 mL) were added. The separated ofganic solution
was washed with 5% H3PO4 (100 mL), saturated aqueous sodium bic;arbonate

15  solution {2 X 150 mL), water (150 mL), and brine (150 mL), dried with. magnesium
sulfate, filtered and concentrated in vacuo. Flash chromatography (10 to 20 %
EtOAc-CH2Clo) afforded 1e (6.60 g, 84% 2 steps) as a white solid. TH NMR (400
MHz, dg-DMSO) 8 7.36-7.25 (m, 5 H), 6.87 (d, J= 8.9 Hz, 1 H}, 4.46-4.40 (m, 2~
H), 4.25 {t, J= 8.3 Hz, 1 H), 4.11 (s, 1 H), 4.05-4.04 (m, 1 H), 4.03-394 (m, 1 H},

20  3.60 (s, 3 H), 3.50-3.41 (m, 4 H), 2.25-2.20 (m, 1 H), 1.95-1.88 (m, 1 H), 1.77-
1.55 (m, 9 H), 1.35 (s, 9 H), 1.19-0.90 (m, 4 H); ">C NMR (100 MHz, de-DMSO) §
172.0, 170.7, 155.6, 138.8, 128.2, 127.4, 127.3, 78.0, 77.1, 71.9, 66.6, 65.1, 57.4,
56.3, 51.8, 34.5, 29.6, 28.6, 28.2, 25.9, 25.6, 25.5.



97.5/2.5 dichl oromethane/ MeOH to afford 2.4 g of xix (47%yvyield). HRMS

(FAB) 10 Calcd for C24H39N406: 479.2870 (M+H)+. Found: 479.2862. St & 3SER 2004
The desired product E was obtained by the procedure described for
Internediate A, Step 7. The crude material was used w thout further
purificati oWOSVEIEEP 7004 WD 01/77113 PCT/ US01/ 10869 87 | ntRGHEHIANRIF
Step 1 C-' 002H -)-010 HO, Q-CRCH3 '~-0LO xx XxXi

92

Step E:

@/\0/\/\0 ©/\o’\/\9
AP = ol
N\_j\N Me HCIH2N Y N Me

: 0

O O
1e 1

5 The Boc-amino methyl ester 1e (6.53 g, 12.3 mmol) was dissolved in 4 N
HCI (60 mL, 240 mmol) and the resulting solution was stirred at room
temperature. The progress of the reaction was monitored bbeLC. After 4 h, the
solution was concentrated in vacuo and the residue was kept under vacuum
overnight 1o give a white solid which was used in the next coupling reaction

10 without further purification. TH NMR (400 MHz, de-DMSO) § 7.36-7.27 (m, 5 H),
4.43 (s, 2 H), 4.35-4.31 (m, 1H), 3.88 (d, J= 11.7 Hz, 1 H), 3.62 (s, 3 H), 3.62-
3.57 (m, 2 H}, 3.53-3.41 (m, 3 H), 2.32-2.27 (m, 1H), 1.97-1.91 (m, 1 H), 1.79-
1.60 (m, 8 H), 1.17-1.07 (m, 5 H); *C NMR (100 MHz, d-DMSO) & 171.5, 167.4,
138.6, 133.3, 129.1, 128.8, 128.2, 127.4, 77.1, 71.9, 66.5, 65.3, 57.8;54.9, 52.4,

15 52.0,34.0, 29.6, 27.7, 27.0, 25.6, 25.5, 25.48; HRMS m/z 433.2702 {calcd for
C24H35N205, 433.2702].

Step F:

Q/W? O/\O;\__.\o
eI Qo — 3 3
0

1f 19



5 To a cold (0C) solution of xx (20.0 g,
and MeCH (50 nL) was added trinethylsilyl

m., 112 mmol ) dropwi se till

86.5 mml) in benzene (300 ni} 56EP2004
di azonet hane (2Min hexanes, 5
the solution remained yell ow. The reaction

m xture was concentrated to provide 21 g of xxi

(99% vyi el d) which was pure

enough to beo @ariized further.

HRVE (FAB) Calcd for Cl1l H20NSbynRéHiokenl

(M+H) +. Found: 10 246.1347. Step2 HO_  OM ZCH3 CO2CH3 O O lii O xxi xxii
To a cold (-5C) nmechanically stirred m xture of triphenyl phosphine (31.97
g, 121.9 mol) and net hanesul fonic acid (@8 66 nL, 118.1 mmol) in tol uene
was added DEAD (26.47 g, 152 mml) slowy while nmaintaining the reaction
tenperature bel ow 35C. After the addition was conplete, the reaction

m xture was cooled QC and a _sol yti.on XXien( 23 7 . 96. | ) _.i,n
Lo uene wae. 20 Laafon sfdie Byt TEIRI Sreti s SdudieRy sBenviafERg bodhe
m xture vas(1egpd2EmiRolf IGO0t (8.1 §, #29 hRfY)Lend € ﬁfs 14, '
the solid n%terlbal wer e I’i I tereé offg’and t he f)ﬁﬁirt\rat[?l S %Qé#é’m"ﬁi’@%
KH2PO4 sol uanlydrens DIMFr(850Thie) and CH2Cl2 (100 mL) at -20°C, was added NMM (4.20

15

mL, 38.2 mmol). After being stirred at this temperature for 30 min, the reaction

5 mixture was kept in a freezer overnight (18 h). it was then stirred in air and
allowed to warm to room temperature in 1h. EtOAc ( 500 mL), brine (100 mL) and
5% H3PO4 (100 mL) were added. The separated organic solution was washed

with 5% H3PO4 (100 inL), saturated aqueous sodium bicarbonate solution (2 X

150 mL), water (150 mL), and brine (150 mL), dried with magnesium sulfate,

10 filtered and concentrated in vacuo. Flash chromatography (10 to 20 % EtOAc-

CH2Clp) afforded 1g (6.30 g, 11.1 mmol, 90 % (2 steps)) as a white solid. TH
NMR (400 MHz, ds-DMSO0) § 9.26 (s, 1 H), 8.19 (d, J=8.5 l-iz, 1 H), 7.36-7.25 (m,
5 H), 7.05-7.01 (m, 1 H), 6.66-6.64 (m, 1 H), 6.60-6.57 (m, 1 H), 4.46-4.39 (m, 2
H), 4.34 (t, J= 8.3 Hz, 1 H), 4.29-4.25 (m, 1 H), 4.09-4.08 (m, 1 H), 3.91 (d, J=
11.0 Hz, 1 H), 3.66-3.58 (m, 1 H), 3.61 (s, 3 H), 3.50-3.39 (m, 5 H), 3.30 (d, J =
13.7 Hz, 1 H), 2.24-2.18 (m, 1 H), 1.95-1.89 {m, 1 H), 1.74-1.57 (m, 8 H), 1.18-
0.89 (m, 5 H); *C NMR (100 MHz, de-DMSO} 8 172.0, 170.3, 170.0, 157.1,
138.6, 137.6, 128.9, 128.2, 127.4, 127.3, 119.6, 116.1, 113.2, 76.9, 71.8, 66.6,

65.2, 57.4, 54.7, 51.9, 51.8, 41.8, 34.4, 29.6, 28.5, 28.0, 25.5, 25.5; HRMS m/z
H
.y H
N\si%/ome
Z o

567.3073 [calcd for CapHaoNoO-, 567.3070).
HO )
H’\f\-f
o § - ) i
N\E)j\N Me
O
O

Step G:

15

20

O e,



organic layer was dried (Na2SO4), and concentrated. Flash col um 15 SEP 2004
chromat ography of the residue using 95/5 dichl oronet hane/ Et OAc pr ovi deg 5%

g 15 SEP 2004 WO 01/77113 PCT/ US01/ 10869 88 of xxii (83%yield). HRVS
(FAB) Calcd for C12H22NO7S: 324.1117 (MrH) +. Found: 324.1115. StS ep 3 N?

C -~ ~-~ NWOBHDRLE X002cH3 0 5 The nesylate xxii (26 g, SCPUI/HSAIIPS6Sas
dissolved in DVF and all the volatiles were evaporated in vacuo. (CAUTI ON:
Trace anmounts of dichl oronet hane nust be renoved by this process). To the
remai ni ng solution 10 was added sodi um az®4le (5.75 g, 88.4 nmmol) and war nmed
to 70C over 5 hrs. The reaction m xture was cooled, diluted with Et OAc and
washed with saturated NaHCO3. The organic |ayer was dried (Na2SO4) and

concentrated to Fif #eelutidnbf thé B¥nykstbr 9§ (823 b, MiohmBipincethhhsl @00 Y

pure for further studies.
mL) under nitrogen at room temperature was added 10 % Pd-C (1.5 g) cautiously...
The resulting suspension was vigorously stirred at room temperature under
hydrogen for 23 h. After careful filtration, the solution was concentrated in vacuo.

5 Flash chromatography (2 to 5 % MeOH-CH2Clo) afforded 1h (4.54 g, 9.52 mmol,

87 %) as a colorless oil. TH NMR (400 MHz, d;-DMS0) 8 9.26 (s, 1 H), 8.22 (d, J
=8.6 Hz, 1 H), 7.06-7.02 (m, 1 H), 6.66-6.58 (m, 3 H), 4.42-4.40 (m, 1 H), 4.35-
4.31 (s, 1 H), 4.27 (t, J= 8.3 Hz, 1 H), 4.10-4.09 (m, 1 H), 3.92 (d, J = 11.2 Hz, 1
H), 3.64 (dd, J=11.2, 4.3 Hz, 1 H), 3.61 (s, 3 H), 3.59-3.43 (m, 5 H), 3.40-3.38

10 (m, 1H), 2.26-2.21 (m, 1 H), 1.97-1.90 (m, 1 H), 1.74-1.55 (m, 8 H), 1.18-0.89 (m,
5H); °C NMR (100 MHz, de-DMS0) § 172.0, 170.3, 170.1, 157.1, 137.6, 129.0,
119.6, 116.0, 113.3, 76.9, 65.2, 57.6, 57.4, 54.8, 51.9, 51 .8,F41 7, 34.4,32.6,
28.5, 28.0, 25.9, 25.52, 25.49; HRMS m/z 477.2606 [calcd for CasHagN2O7,
477.2601]).

15 Step H:

(Z;ﬁ\éﬁ\N%Me — H\éj\glgom
O O

th 1i
A solution of the phenol alcohol 1h (4.50 g, 9.43 mmol) and ADDP (6.60-9,
26.2 mmol) in anhydrous CH,Cl, was bubbled with argon through a frit glass . ,
20 bubbler for 20 min. To this solution at 0°C was added triphenylphosphine (4.10 g,
16.3 mmol). After stirring at 0°C for 20 min, a second portion of
triphenylphosphine (3.40 g, 13.5 mmol) was added. The solution was then
warmed to room temperature and stirred overnight (24 h) under nitrogen until TLC
indicated the complete consumption of the starting material. After removal of
25 solvent in vacuo, the residue was partially purified by flash chromategraphy (1 to



Step 4 15 N? H2IM F The desired product F was obtai ned by the procedﬁlre 2004
described for Internediate A, Step 5. The crude nmaterial was used w t5h§)ﬁft
further purification. 1 5 SEP 200 WD 01/ 77113 PCT/ US01/ 10869 89 Exanpl es
Exanpl e 1: Preparation of conpounds of Fornulas 1A and 1 B: 5 1A 1B St ep

A. la 10 CHwo 01/77113 ' PCT/US01/10869

95

2 % MeOH in CH2Clo) to afford a mixture of the macrocycle 1i and

triphenylphosphine oxide. TH NMR (400 MHz, dg-DMSO) §8.47 (d, J = 9.7 Hz+4
H), 7.17-7.13 (m, 1 H), .79 (s, 1 H), 6.73 (d, J=1.8 Hz, 1 H), 6.71 (d, J=1.8 Hz, 1
H), 4.50-4.45 (m, 1 H), 4.24 (dd, J= 10.3, 7.6 Hz, 1 H), 4.17-4.06 (m, 4 H), 3.68

5 ({d,J=15.1Hz, 1 H), 3.63 (s, 3 H), 3.60-3.51 (m, 2 H), 3.37 {d, J=15.1 Hz, 1 H),
3.35-3.27 (m, 1 H), 2.51-2.43 (m, 1 H), 1.85-1.47 (m, 9 H), 1.22-1.12 (m, 3 H),
0.97-0.88 (m, 2 H) ; *C NMR (100 MHz, dg-DMS0) § 172.0, 170.0, 169.8, 158.4,
138.1, 129.1, 121.8, 115.4, 112.2, 77.0, 64.9, 63.6, 57.0, 54.3, 53.4, 51.8, 41.3,
33.2, 28.9, 28.5, 28.2, 26.0, 25.2; HRMS m/z 459.2495 [calcd for Ca5Hz4N205,

10 459.2495].

Step I:

. f O\
Yoy — Gt
O O

1i 1j
An aqueous lithium hydroxide solution (0.45 g in 30 mL H,0) was added to
15  a 0°C solution of the methyl ester 1i in THF (30 mL) and methano! (30 mL). The
mixture was stirred in an ice bath and warmed to room temperature along with it
in 4 h. The progress of the reaction was monitored by TLC. After the volatiles
were removed in vacuo, EtOAc (150 mL) and water (30 mL) were added and the
two layers separated. The aqueous solution was extracted again with CH2Cl2 -
20 (150 mL), after which it was acidified to pH = 1. EtOAc (200 mL) was then added
and the aqueous solution was saturated with solid sodium chloride. After
separation of the layers, the agueous layer was extracted with EtOAc (2 X 150
mL). Organic solutions were combined, dried with magnesium sulfate, filtered and
concentrated in vacuo to afford 1j (1.45 g, 3.26 mmol, 35 %, 2 steps) as a pale



h-CH3 CH3 N. H3 Ib To a solution of Boc-Hyp-OH (7.0 g, 30.3 mmol ) and
benzyl 3-bronopropyl ether (7.8 g, 34.0 mmol) in anhydrous DVF (4007 §1SEP 2804
roomtenperature was added sodi um hydride (3.5 g, 60% di spersion in

m neral oil, 873 mol ) and sodiumiodide (0.5 g, 3.33 nmmols) wth
stirring. TREOMYLIA?i ng suspension was 15 vigorously stirred BEEVPEYAPS69
tenperature overnight (18 h). The reaction was 1 5 S E P 2004 WD 01/77113
PCT/ USO / 10869 90 quenched carefully w't hﬁ% sl ow addition of water (50 nlL)
and acidified with 6 N HC solution (20 RB). After addition of ethyl
acetate (800 nmL), brine (150 mM-) and nore water (150 nL), the forned two
| ayers were separated and the organic |ayer was washed with 5% H3PO4
(3X200 ni). 1ehHOGp ' Ohiteer ajeq gn
Vacuo o ai P O S MO E S P  Ehs
purificatiorHz, X By, B17-7.13 (m, 1 H), 6.73-6.70 (m, 1 H), 6.79 (s, 1 H), 6.73-6.70 (M, 2-H), -

4.47 (t, J=9.7 Hz, 1 H), 4.17-4.00 (m, 5 H), 3.68 (d, J = 15.1 Hz, 1 H), 3.58-3.45
(m, 2 H), 8.39-3.21 (m, 2 H), 2.47-2.41 (dd, J=13.4, 7.6 Hz, 1 H), 1.85-1.56 (m, ©

5 H),1.19-1.11 (m, 3 H), 0.93-0.87 (m, 2 H) ; "°C NMR (100 MHz, d-DMSO) &
173.2, 170.2, 170.0, 158.4, 138.1, 129.3, 122.0, 115.5, 112.2, 77.3, 65.1, 63.8,
57.3, 54.2, 53.7, 41.5, 33.6, 29.0, 28.6, 28.4, 26..1, 25.4; HRMS m/z 445.2335
[calcd for Ca4HaoN2Og, 445.2339].

Step J:
10

g 0 ; OH 0 CHa
N \;)LNQ'(OH +  HCHN N\/U\ﬁ <My
2 o)
O o
1j A
/—\\9 ‘
o/ OH o) CHs
H H H
. N\;JI\QTN LK
0 - O H o 1
O CHg

1k

To a solution of the acid 1j (0.59 g, 1.33 mmol), amine A (H2N-NVa-
CH(OH)-CO-Gly-Phg-NMe2, 0.55 g, 1.37 mmol), HOOBt (250 mg, 1.53 mmol)
15 and EDCI (315 mg, 1.64 mmol) in anhydrous DMF (50 mL) and CH2Cl2 (50 mL)

at -20°C was added NMM (0.50 mL, 4.55 mmol). After stirred at this temperature
for 30 min, the reaction mixture was kept in a freezer for 40 h. Then EtOAc ( 200



| b 10 1c The acid Ib from Step A was di ssol ved in benzene (25 nL) and

met hanol (28 nL). To this solution at roomtenperature was added a 15 SEP 2004
solution of trinmethylsilyl diazomethane (27 nL, 2.0 Min cycl ohexane) with
caution. After being stirred at roomtenperature for 1 h, it was

concentrat egvo m/vagiio to yield the 15 nethyl ester. Flash chperaisogisghy (8
to 20 % Et CAc-CH2C 2) afforded 1c (5.15 g; 13.1 mmol, 43% 2 steps) as an
oil. Step C. 1c 20 1d The Boc-am no nethyl ester 1 c¢ (5.83 g, 14.8 nmol)

was dissolved in 4 N HC in dioxane (80 @£, 320 nml) and the resulting
solution was stirred at room tenperature. The progress of the reaction was
nonitored by TLC. After 5 h, the 1 5 S E P 7004 WO 01/ 77113 PCT/ US01/ 10869

mL}, brine (50 mL) and 5% H3PO4 (50 mL) were added. The separated organic
solution was washed, successively, with 5% H3zPO4 (80 mL), saturated aqueous
sodium bicarbonate solution (2 X 80 mL), water (80 mL), and brine (80 mL), dried
with magnesium sulfate, filtered and concentrated in vacuo. Flash

5 chromatography (4 to 7.5 % MeQOH-CH2Cl2) afforded 1k as a mixture of four

diastereomers (0.59 g, 0.75 mmol, 56%) as a white solid. TH NMR (400 MHz, d-
DMSO) § 8.54-8.35 (m, 2 H), 7.95-6.98 (m, 8 H), 8.79-6.77 (m, 1 H), 6.72-6.70 (m,
2 H), 5.96-5.73 (m, 2 H), 4.53-4.45 (m, 1 H), 4.35-3.61 {(m, 11 H), 3.54-3.41 (m, 1
H), 3.40-3.22 (m, 1 H), 2.83-2.92 (m, 3 H), 2.84 (s, 3 H), 2.42-2.17 (m, 1 H), 1.87-

10 1.55 (m, 10 H), 1.49-1.06 (m, 7 H), 0.98-0.75 (m, 5 H); "*C NMR (100 MHz, d¢-
DMSO) & 172.1, 171.9,171.8, 170.8, 170.7, 170.4, 170.4, 170.3, 170.0, 169.8,
169.7, 169.6, 169.2, 169.2, 167.9, 167.8. 167.8, 158.4, 158.3, 138.2, 138.15,
138.11, 138.07, 137.6, 137.50, 137.48, 129.1, 128.5, 128.3, 127.8, 127.7, 121.7,
121.6, 115.4, 115.3, 112.09, 112.07, 112.0, 111.9, 76.9, 76.8, 73.3, 72.1, 71.9,

15  64.9, 64.8, 63.2, 58.7, 58.5, 57.9, 57.8, 54.6, 54.5, 54.48, 53.8, 53.78, 53.7,

53.66, 53.0, 52.9, 51.0, 50.8, 50.7, 41.6, 41.5, 41.4, 41.3, 36.6, 35.3, 33.9, 33.86,
33.5, 32.9, 32.1, 29.9, 29.0, 28.9, 28.5, 28.4, 28.3, 26.0, 25.9, 25.3, 25.25, 25.2,
18.6, 18.56, 18.5, 13.8, 13.7; HRMS m/z 791.4339 [calcd for C42HsgNs0ag,
791.4344, error = 1 ppm].



91 solution was concentrated in vacuo and the residue was kept under vacuum
overnight to yield a white solid which was used in the next coupl 5139P 2[]0!.
reaction wthout further purification. St p D. 5 ..r. HC -HNOW le
1d To a solution of the amne ester 1.d (fromStep 1 B), 11MBoc-

cycl ohexyl gl Y&%WE 14 10 g, 14.9 mml), HOOBt (2.60 g, 15.9 mmBFT/USNMIEEC)
(3.41 g, 17.8 mml) in anhydrous DVF _ (150 nL) and CH2Cl 2 at -20C, was 10
added NWM (6.50 nL, 59.1 nmol). After belag stirred at this tenperature for
30 mn, the reaction mxture was kept in“a freezer overnight (18 h). It
was then stirred in air and allowed to warmto roomtenperature in 1 h.

Et CAc ( 450 nlL), brine (100 nL) and 5% H3PO4 (100 nL) were added. The
separ at ed of@pi sol ution was washed with 5% H3P04 (100 nl), saturated
aqueous sodi um bi car bon

in@¢ﬂN e

0

1k

/—LQ
CHa

1A

f
i adasale,
o O 0 -\ 0 H 5

CHg

1B

To a mixture of the hydoxy amide 1k (0.57 g, 0.72 mmol) and Des-Martin

S5 reagent (0.76 g, 1.8 mmol) at 0°C was added anhydrous CH2Cl2. The resulting”
white suspension was vigorously stirred at 0°C and warmed io room temperature
along with the ice bath in 4 h. Saturated aqueous sodium bicarbonate and sodium
bisulfite solutions (50 mL each) were added and the mixture was vigorously
stirred for 10 min before layers were separated. The aqueous solution was

10 extracted with (2 X 150 mL). Combined organic solution was dried with

magnesium sulfate, filtered and concentrated in vacuo. Flash chromatography (2



15 solution (2 X 150 nL), water (150 nL), and brine (150 nL), dried with
magnesi um sulfate, filtered and concentrated in vacuo. Flash

chromat ography (10 to 20 % EtOAc-CH2Cl2) afforded 1 e (6.60 g,] B3ER Bk
steps) as a white solid. 1 HNW (400 MHiz, dB-DMSO) 8 7.36-7.25 (m 5 H),
6.87 (d, J w@ofhizs 1 H, 4.46-4.40 (m 2- H), 4.25 (t, J =pBrAshiziosds H ,
4.11 (s, 1 H, 4.05-4.04 (m | H), 4.03-3."94 (m 1 H), 20 3.60 (s, 3 H,
3.50-3.41 (m 4 H, 2.25-2.20 (m 1 H, 1.95-1.88 (m 1 H, 1.77- 1.55 (m
9H, 1.35 (s, 9 H, 1.19-0.90 (m 4 H); gh3C NMR (100 MHz, d6-DVMBO) 8
172.0, 170.7, 155.6, 138.8, 128.2, 127.4, 127.3,78.0,77.1,71.9,66.6, 65.1,
57.4, 56.3, 51.8, 34.5, 29.6, 28.6, 28.2, 25.9, 25.6, 25.5. 1 5 SEP 2004

/ . pCT] UsQL/ “le 1f 5 The Bog-an hy
e (6. 53 g, 101 % NkRMCHEslal Atser dwd diasferopmery 48 GB0 b Sramiclyand he.
resul ting sQpubl 9N 445 o8 it B3%: dorihed yield) as white solids. .

Example 2: Preparation of Compound 2:

JL i n\igﬁ(
S

5
Step A:
/_LQ
H H
H HCHH N ﬁ\/&
N H o ¥ 2 N \F
o i O 0 O
O
1j B
,. [aj/_\cg
| ‘ H
e — N
Y °N N \|4
o A 0 0 H o .
O CHa -
2a
10 The desired compound 2a was prepared according to the method of

Example 1, Step J, except for substituting the amine B for the amine A. The
hydoxy amide was obtained as a mixture of inseparable diastereomers in the form

of a white solid in 60 % yield.



tenperature. The progress of the reaction was nonitored by TLC. After 4 h,
the solution was concentrated in vacuo and the residue was kept E%ggz
vacuum overnight to give a white solid which was used in the n1x [w i ng
reaction 10 without further purification. 1 H NVR (400 MHz, d6-DVSO) 5
7.36-7.27 (WOBVERI3 4 43 (s, 2 H), 4.35-4.31 (m 1 H), 3. 88&‘-"&%01&10&52 7
Hz, 1 H, 3.62 (s, 3 H, 3.62- 3.57 (m 2 H), 3.53-3.41 (m 3 H), 2.32-2.27
(m 1H, 1.97-1.92 (m 1 H, 1.79- 1.60 8 H, 1.17-1.07 (m 5 H); t3C
NVR (100 MHz, d6-DMSO) 8 171.5, 167.4, 199 6, 133.3, 129.1, 128.8, 128.2,
127.4, 77.1, 71.9, 66.5, 65.3, 57.8, 54.9, 52.4, 15 52.0,34.0, 29.6, 27.7,
27.0, 25.6, 25.5, 25.48; HRVS niz 433.2702 (calcd for C24H36N205,
433.2702]. StepB:: if 19 1 5 S E P 2004 W 01/77113 PCT/USO /10869 93 To a
solution of the amine If (fromStep 1 D), 3-hydroxy phenyl acetic acid
(1.90 g, 12.5 mmmol ), HOOBt (2.10 g, 12.9 mmol) and EDCI (2.85 g, 14.9 pmol
Jn anhydrous DWVF (250 and CH2CI 2 (100 nL) at -20C, was added NwM (4 20
m., 38.2 nmol). After bei stirred at this temgerature for 30 mn, the

i(l,r & g

2a

Vs,
O L

2

The desired ketoamide was prepared from the hydroxy amide 2a according
5 to the method of Example 1, Step K. The product was obtained as a mixiure of

inseparable diastereomers in the form of a white solid in 78 % yield. 1H NMR (400
MHz, ds-DMSQ) 4 8.69-8.57 (m, 1 H), 8.45- 8.36 (m, 1 H), 7.95-7.72 {m, 1 H),
7.64-7.53 (m, 1 H), 7.41-7.31 {(m, 5 H), 7.16-6.97 (m, 1 H), 6.79-6.70 (m, 3 H),
5.97-5.75 (m, 1 H), 5.31-5.27 {m, 1 H), 4.52-4.44 (m, 1 H}, 4.35-3.61 (m, 11 H),

10 3.54-3.41 (m, 1 H), 3.39-3.21 (m, 1 H), 2.42-2.16 (m, 1 H), 1.85-1.54 (m, 9 H),
1.49-1.05 (m, 16 H), 0.95-0.70 (m, 5 H); *C NMR (100 MHz, d¢-DMSOQ) & 172.3,
172.2, 172.0, 171.9, 170.9, 170.7, 170.5, 170.5, 170.4, 170.1, 169.9, 169.7,
169.5, 168.6, 168.5, 158.5, 158.4, 138.2, 138.2, 138.1, 136.7, 132.1, 131.6, ]
131.5, 129.2, 129.1, 128.8, 128.7, 128.1, 127.7, 127.8, 127.6, 127.5, 127 .4,

15 127.4,121.7,116.4, 115.4, 115.4, 113.3, 112.1, 112.1, 112.0, 81.3, 77.0, 76.9,
76.9,73.4,72.3,72.0,64.2, 64.8, 63.3, 58.8, 56.9, 56.8, 54.7, 54.6, 54.6, 53.9,
53.9, 563.8, 51.1, 50.8, 41.6, 41.4, 41.3, 34.0, 33.9, 29.1, 29.0, 28.6, 28.5, 28.4,



5 mxture was kept in a freezer overnight (18 h). It was then stirred in
air and allowed to warmto roomtenperature in 1 h. EtQAc ( 500 Et% @ i ne
(100 nL) and 5% H3PO4 (100 nmL) were added. The separated organlk F&

was washed wth 5% H3P04 (100 mi), saturated aqueous sodi um bi carbonate
solution (2w¢ oitBganl), water (150 nL), and brine (150 nli), dcradoiMoséy
magnesi um sul fate, 10 filtered and concentrated i n vacuo. Flash

chromat ography (10 to 20 % Et OAc- CH2Cl 2) afforded 1 g (6.30 g, 11.1 nmol,
90 % (2 steps)) as a white solid. 1 H NyRp4(400 MHz, d6-DVMSO) 8 9.26 (s, 1

M. 8.10 (d 2 =85 H, 1H, 7.36-7.250m 5 H. 7.05-7.01 (m 1 H.
0.66-6.64 (M 1 K. 600:6.57 (m 1H. 446439(m 2 H, 4.34 (1, ) =
8.3 HZ, 1 4. 29- 1 ,

o Cha s B0, 978, 450, 26, 05 4255, 2.2, Tbh 1?@91% 15954 HvE

,1‘1’ ZSHZO’%H? %[%a@égmﬁ'('%W%%Zka%q 8 17’2 é 7117(% 27 (1[;10 g

157 1,

28.0, 25.5, 25.5. HRMB nfz 20 567.3073 [calcd for C321-14214207, 567.3070].
Ste -n G 1g |h 15 SEP 2004

@f\i&rgw%

5 3

Step A:

e
Q%@rﬂwi%f

Q;}r-\g
— Yo
N N N
: N N
o A 0 o)

O CHs

10
A solution of the 1-Butyl ester 2 (26 mg, 0.032 mmol} in trifluoroacetic acid
(2 mL) and CH2Cl2 (2 mL) was stirred at room temperature for 3 h. After the

volatiles were removed in vacuo, the residue was dissolved in 50% MeOH-



WO 01/77113 PCT/USO /10869 94 To a solution of the benzyl ether 1g (6.23 g,
112.0 mmol ) in ethanol (200 m-) under nitrogen at room tenper at yriespeg;,
added 10 % Pd-C (1.5 g) cautiously. The resulting suspension was
vigorously stirred at roomtenperature under hydrogen for 23 h. After
careful fil W@0BHI3the sol uti on was concentrated in vacuo. SPEIT/HS(/10869
chromat ography (2 to 5 % MeOH CH2Cl 2) afforded | h (4.54 g, 9.52 mol, 87
%9 as a colorless oil. 1 HNW (400 MHz, d6-DVSO S 9.26 (s, 1 H), 8.22 (d,
J =86 Hz, 1 H, 7.06-7.02 (m 1 H), 6.86.58 (m 3 H, 4.42-4.40 (m 1
Hy, 4.35- 4.31 (s, 1H) 427(tJ 8.3 Hz, 1H),410409(m1H),
392(d J = 11.2 Hz, H)y, 3.64 (dd, J:112 4.3 Hz, 3.61 (s, 3

Y 97100 (GO %n?)cfﬁfﬁﬁfe%% OB i yhbyodo o 2 Whﬁe% A4 Mo
115 30 76, o.0-p82 bl qudhy, H NiRGuoR M2, drBinSo) 574 65 1, B s -
477 2001] . 188 S0 R o e, R, Bize 806 HORP 1,68 73 (R 1EETT R (m. 541,
9.43 mol ) amswmm Hﬁ, 9 H), 6.80-6.71 {m, 3 H), 535 (dd, J=7.5, 1.9 Hz, 1 H), 5.04-
5 4.96 (m, 1H),4.48-4.43 (m, 1 H), 4.37-4.22 (m, 1 H), 4.16-3.27 (m, 11 H), 2.35-
2.31 (m, 1 H), 1.84-0.70 (m, 21 H); °C NMR (100 MHz, d-DMSO) § 196.7,
171.7,171.4,171.3, 170.0, 169.7, 167.5, 161.0, 160.7, 158.5, 158.5, 158.4,
138.2, 138.2, 137.1, 137.0, 132.1, 132.1, 131.6, 131.5, 131.5, 129.2, 128.8,
128.7, 128.7, 128.6, 128.0, 127.7, 127.5, 127.5, 121.8, 115.4, 112.2, 76.9, 76.8,
10 5.0, 64.9,63.4, 63.3,58.2, 5 7.4, 56.3, 56.2, 56.2, 54.6, 54.5, 53.8, 53.4, 53.2,
41.5,415,41.4,40.2,33.9,33.7, 31.9, 31.7, 29.2, 29.0, 28.6, 28.3, 26.1, 25.3,
18.7, 18.6, 13.5; HRMS m/z 762.3705 [calcd for C4gHs1N5Q10, 762.3714].

Example 4: Preparation of Compounds of Formulas 4A and 4B:

O aA
0_ )
‘
OHO | )
N N ~ ]
\)%0 °
OE
4B

15



26,2 mol) in anhydrous CH2Cl 2 was bubbled with argon through a frit glass
20 bubbler for 20 mn. To this solution at 0C was added tri phenytgﬁigw ne
(4.10 g, 16.3 mmol ). After stirring at 0OC for 20 mn, a second X5 G of
tri phenyl phosphine (3.40 g, 13.5 mmvl) was added. The solution was then
warmed to reayyi/eaperature and stirred overni ght (24 h) undepciiishoaRee
until TLC indicated the conplete consunption of the starting material.
After renoval of 25 solvent in vacuo, the residue was partially purified by
flash chromatography (1 to 1 5 SEP 2004 199 01/ 77113 PCTIUSO /10859 95 2 %
MeOH in CH2Cl 2) to afford a m xture of theé macrocycle 11 and

tri phenyi phosphine oxide. 1 H NWR (400 MHz, d6-DVsO) 5 8.47 (d, J = 9.7 Hz;
4 H, 7.17-7.13 (m 1 H, 6.79 (s, 1 H, 6.73 (d, J =1.8 Hz, 1 H, 6.71
(d, J =1.8 Hz, 1 H), 4.50-4.45 (m 1 H), 4.24 (dd, J = 10.3, 7.6 Hz, 1 H),
4.17-4.06 (m 4 H, 3.68 5 (d, J =15.1 Hz : , 3 H, 3.60-3.51
(m 2H, 3.37 (d, JHOI5. 1 Hz, 1 H), 3 . . 2.51-2.43 (m 1
H, 1.85-1.47 (m 9 H, /TR2-1.12 (m '3 0.97-0.88 ( H ; 13C NWR
(100 MHz, d6-DVMSO) S 17$éd 0, 169.8,

58. 4, 138. ], R9. CO-M21. 8,
115.4, 112.2, 77.0, _64.9,]| 63.6, 576—54—8 53.4, 51, 4113, 33.2, 28.9,
28.5, 28.2, 26.0, 25 2 m z 459. 2495 (calcd for 5KR34N206,
1a

4a

The desired product 4a was obtained by the method described for
5 Example 1, Step A. The crude material was carried to the next step as it was.

Step B:

10
The desired product 4b was obtained by the method described for Example 1,
_ Step B. The material was purified by flash column chromatography using 80/20
to 75/25 hexanes/ethyl acetate to provide 4b in 50% yield as a colorless oil.
15

o™~ N T )
g\ 7|\0£/_IL>\C020H3 O/\ q:;l?_l;'coz:cH 3
0

4b 4c



10 459.2495]. Step I. 10 ii 11 An aqueous lithium hydroxide solution (0.45
g in 30 nL H2O) was added to 15 a OC solution of the nethyl estj %@ I N
THE (30 m-) and nethanol (30 nL). The mxture was stirred in m selllat h
and warmed to roomtenperature along with it in 4 h. The progress of the
reacti on waswedmi’fdded by TLC. After the volatiles were renDPETVUSH/ N8O,
Et OAc (150 nL) and water (30 nL) were added and the two |ayers separated.
The aqueous sol ution was extracted again with CH2CI 2 20 (150 niL), after
which it was acidified to pH = 1. EtOAc (g0 nlL) was then added and the
aqueous solution was saturated with solid sodiumchloride. After

separation of the layers, the aqueous |ayer was extracted with EtOAc (2 X

T R o S B4
I PR I PR B o 1o

Step D:

U\Of\/\/o-,
@/\ h C>\COgCH3
Gpoen — P
’ . O

The desired product 4d was obtained by the method described in Example
10 1, Step D. The material after work-up was sufficiently pure to be carried to the

next step. HRMS (FAB) Caled for C3gH47N207: 547.3383 (M+H)*+. Found:
547.3372.
Step E;

WC)\CtDzCHS QMWCXCOzCHa

>rOT _ HCI. Hgf\lé
s) O

4d 4e

1

The desired product 4e was obtained by the method described in Example 1,
20 Step E. The crude material was carried 1o the next step as was.



Hz, 1 H, 7.17-7.13 (m 1 H), 6.73-6.70 (m 1 H), 679(s 1 16?5}3:?

(m 2 "), 4.47 (t, J =9.7 Hz, 1 H), 4.17-4.00 (m 5 H), 368(d5 BI0s.

Hz, 1 H), 3.58-3.45 (m 2 H), 3.39-3.21 (m 2 H), 2.47 2.41 (dd, J =13.4,

7.6 Hz, 1 H), 1.85-1.56 (m 9 5 H), 1.19-1.11 (m 3 H), 0.93-0.87 (m 2 H)
1

., 13C NVR (W@ikkn3 d6-DVSO) S 173.2, 170.2, 170.0, 158.4, RGBUS/HAD. 3,
122.0, 115.5, 112.2, 77.3, 65.1, 63.8, 57.3, 54.2, 53.7, 41.5, 33.6, 29.0,
28.6, 28.4, 26..1, 25.4; HRVS niz 445.2335 [calcd for C24H32N206,
445.2339]. SWJ: 10 1J )b 1k A To a sol uypgn of the acid | j (0.59 g, 1.33
mmol ), am ne A (H2N-Nva- CH(OH)-CO Q@ y-Phg-Nwe2, 0.55 g, 1.37 mmol ), HOOBt
(250 ng, 1.53 mml) 15 and EDCI (315 ng, 1.64 nmmol) in anhydrous DMF (50
m.) and CH2(Cl 2 l(:50 m.) at -20C was added NWM (0.50 nL, 4.55 nmol). After
stirred at enperature for 30 mn, the reaction mxture was kept in a
freezer for 40 h. Then EtQAc ( 200 1 5 SEP 2004

ey

m\/\ﬂz_)\oozma W(LCOQCHa

HCL. H2NYt0 _— m O

O 4,

de

The desired product 4f was obtained by the method described in Example
1, Step F. The material was purified by flash column chromatography using 80/20
to 60/40 dichloromethane/ethyl acetate to provide 4f in 85% vield. HRMS (FAB)

10  Caled for C33H45N207: 581.3227 (M+H)*. Found: 581.3222.
Step G:

©/\O/\/\/0 HO ™~
C)\coac:-ns QCOzCHs

15
The desired product 4g was obtained by the method described in Example
1, Step G. The crude material was carried to the next step as was. HRMS (FAB)

Calcd for CogH3gN207: 491.2757 (M+H)*+. Found: 491.2761.



WO 01/77113 PCTJUSO /10869 97 nL), brine (50 nm.) and 5% H3PO4 (50 m -) were
added. The separated organic solution was washed, successively, 1\)/? QBP?@
H3PO4 (80 nlL), saturated aqueous sodium bicarbonate solution (2 ?))
wat er (80 & and brine (80 nL), dried wth magnesiumsulfate, filtered
and concent M8P&%7TM3 vacuo. Flash 5 chronmatography (4 to 7.5 9BGEUSMIANE 2)
afforded 1k as a m xture of four diastereoners (0.59 g, 0.75 mmol, 56% as
a white solid. 1 H NWR (400 MHz, d6- DMSO S 8.54-8.35 (m 2 H), 7.95-6.98
(m 8H, 6.79-6.77 (m 1 H), 672670(11(]')62H) 5.96-5.73 (m 2 H),
4.53-4.45 (m 1 H, 4.35-3.61 (m 11 H, 3.54-3.41 (m 1 H), 3.40-3.22 (m
1H, 2.93-2.92 (m 3 H, 2.84 (s, 3 H, 2.42-2.17 (m | H, 1.87 10 1.55
(m 10 H, @8- 06 (m 7 H, 0.98-0.75 (m 5 H); 13C NWMR (100 Mz, d6-
DMSO S 172.7T, 1.9, 171.8, 170.8, 170.7, 170.4, 170.4, 1.70.3, 170.0,
169.8, 169.7, 169.6, 169.2, 169.2, 167.9, 167.8. 167.8, 158.4, 158. 3,
138.2, 138.15, 138.11, 138.07, 137. 6, 137.50, 137.48, 129.1, 128. 5, 128.3,
127.8, 127.7, 121.7, 121.6, 115.4, 115.3, 112.09, 112.07, 112.0, 111.9,
76.9, 76.8, 73.3, 72.1, 71.9, 15 64.9, 64.8, 63.2, 58.7 8.5, 57.9, 57.8,
54.6, 54.5, 54.48, 53.8, 53.78, 53.7, 53.66, 53.0, 5249, ¥%1.0, 50.8, 50.7,
41.6, 41.5, 41.4, 41H 3, 33.9, 33.86, 33.5, .9, 32.1, 29.9,
29.0, 28.9, 28.5, 28. 4 28. 3 2%_(3\55.9 25.3, 25. D53

H 02CH,3 | C_XCO
HO \/g CHa
oY

o) :
49

S

The desired product 4h was obtained by the method described in Example
1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 4h along with triphenylphosphine oxide. This
10  mixture was taken to the next step.

Step I:

Qt ‘
H\/KO \/k )
o A o AL - ¢

O . QW - -
15

The desired product was obtained by the method described in Example 1
Step |. Yield of 4i (for 2 steps) = 24%. "H NMR (DMSO-ds) & 0.90-0.95 (m, 2H),
1.10-1.16 (m, 3H), 1.51-1.79 (m, 11H), 2.43 (dd, 1H), 3.29-3.32 m, 2H), 3.50-3.54



18.6, 18.56, 18.5, 13.8, 13.7; HRVMS nlz 791.4339 [cal cd for C42H58N609,
791. 4344, error = 1 ppnj. 1 5 SEP 2004 WD 01/77113 98 to K H3 ~@HBSAKIINA
1B PCTIUSO /10869 H3 -CH3 H3 CH3 To a m xture of the hydoxy am de 1k
(0.57 g, 0.72 mmol) and Des-Martin 5 reagent (0.76 g, 1.8 mol) at 0C was
added anhydwaue/GiH3Cl 2. The resul ting white suspensi on was Vpgensusiosss
stirred at 0OC and warned to roamtenperature

107

(m, 1H), 3.62-3.68 (M, 2H), 3.91-3.99 (m, 3H), 4.04-4.08 (m, 2H), 4.46 (t, 1H),
6.67-6.72 (m, 3H), 7.13 (app. t, 1H), 8.36 (d, 1H), 12.40 (br. s, 1H); °C NMR -~
(DMSO-dg) § 25.26, 25.31, 25.97, 26.62, 28.42, 33.28, 39.75, 41.49, 5350,
54.28, 57.45, 67.57, 67.98, 77.25, 111.07, 115.23, 121.48, 129.11, 137.99,

5 158.33, 170.07, 172.92; HRMS (FAB) Calcd for CosH35N20g: 459.2495
(M+H)*. Found: 459.2494.
Step J:

OH |, CHa
+  HCLHN N AN,
3
o R0
CHg '
A

OH 0 CHj

K i I}
—— e N N ‘CHS
H H
N O
i O
10 4

The expected product 4f was synthesized as described earlier for the Example 1
Step J. The material after work-up was of sufficient purity to be carried forward to

15 the next step. HRMS (FAB) Calcd for C43Hg1NgOg: 805.4500 (M+H)*. Found:
805.4492.



along with the ice bath in 4 h. Saturated aqueous sodi um bi car bona}tjﬁg’pﬂ]
sodium bisulfite solutions (50 nL each) were added and the m xtur 520k
vigorously stirred for 10 mn before |ayers were separated. The aqueous
solution was,_10 extracted with ,(2 X 150 nlL). Conbi ned organic sol uti on was
dried with JHEB m sul fate, filtered and concentrated in VRERWGSO1ADEESN
chromat ography (2 1 5 SEP 2004 WO 01/ 77113 PCTI US01/ 10869 99 to 4 %

MeOH CH2C12) afforded two diastereoners 1 A (250 ng, 0.32 mol) and 1 B
(217 mg, 0.28 mmol, 82% conbi ned yield) d98rhite solids. Exanple 2:
Preparation of Conmpound 2: 2 Step _ A: + HCH2N CH3 B 10 2a 10 The desired
conpound 2a was prepared according to the nmethod of

Step K:

o

y OH ., O CHy
N N —
N \/ILﬂ “CH;
Y \/Ko O o) o]
®) < Ha
Q
P 0 0 CH
H H 1 3
N
H q)\g N\)LN “CHs
H
N\)\)
O 2 Hy
O
Q
[}

The desired products 4A and 4B were obtained by the oxidation protocol
described previously for Example 1 Step K. Purification by flash column
chromatography using 100/0 to 99/1 dichloromethane/methanol afforded separate

10 isomers 4A and 4B, and some mixture. Combined yield = 34% (for 2 steps).



Exanple 1, Stye J, except for substituting the amne B for the amine A The
hydoxy ami de was obtained as a mixture of inseparabl e diastereoner]si §H He
formof a white solid in 60 %yield. 1 5 SEP 2006 WD 01/ 77113

PCT/ USOL110869 100 Step B: 2a 2 The desired ketoam de was prepared from

t he hydr oxy vambgeri2za according 5 to the nethod of Exanple 1, rérapsokKioséhe
product was obtained as a m xture of inseparable diastereoners in the form
of a white solidin 78 %yield. 1 HNW (400 Mz, d6-DMSO) 8 8.69-8.57 (m
1H, 845- 8.36 (m 1H), 7.95-7.72 (Xnq0b H, 7.64-7.53 (m 1 H),
7.41-7.31 (m 5 H), 7.16-6.97 (m 1 H, 6.79-6.70 (m 3 H), 5.97-5.75 (m
1 H, 5.31-5.27 (m 1 H, 4.52-4.44 (m 1 H), 4.35-3.61 (m 11 H), 10
3.54-3.41 (m 1 H, 3.39-3.21 (m 1 H), 2.42-2.16 (m 1 H, 1.85-1.54 (m 9
H), 1.49-1 HBMS(FAB) GalcddonE4aHBONEG9:5868;4304¢ * 16oungiz 80343BRB0) 8
172.8, 172.2, 172.0, 171.9, 170.9, 170.7, 170.5, 170.5, 170.4, 170.1, 1
69. 9, 169. 7, (4ApBO3.4348 (4B).1 68.5 158.5, 158.4, 138.2, 138.2, 138.1, * -

136.7, 132, oy armple 5: Preparation of Compound 5:

5

(_O} ®] O
A AL,
H\)%OO H 6
' 0O
5
Step A:
10

5a



131.5, 129.2, 129.1, 128.8, 128.7, 128.1, 127.7, 127.6, 127.6, 127.5,
127.4, 15 127.4, 121.7, 116.4, 115.4, 115.4, 113.3, 112.1, 112.1,1 53pP O
81.3, 77.0, 76.9, 76.9, 73.4, 72.3, 72.0, 64.9, 64.8, 63.3, 58.8, 56.09,
56.8, 54.7, 54.6, 54.6, 53.9, 53.9, 53.8, 51.1, 50.8, 41.6, 41.4, 41.3,
34.0, 33.9, WOMW7138 o 28.6, 28.5, 28.4, 1 5 S E P 2004 WO ORGHH50H40869

PCT/ US01110869 101 28.4, 28.3, 27.5, 26.0, 26.0, 25.4, 25.3,
25.2,18.7,18.6,18.5,13.9,13.8; HRMS niz 820.4493 [calcd for C44H61 N5010,
-820. 4497]. Exanple 3: Preparation of the Wdhpound of Fornula 3 below 5 3
Step A©- 2 3 10 A solution of the t -Butyl ester 2 (26 ng, 0.032 muol) in
trifluoroacetic acid (2 nL) and CH2ClI 2 (2 nL) was stirred at room
tenperature for 3 h. After the volatiles were renoved in vacuo, the

resi due was dissolved in 50% MeOH
The expected product 5a was synthesized as described earlier for the ...

Example 2, Step A. The material after work-up was of sufficient purity to be
carried forward to the next step. HRMS (FAB) Calcd for C45Hg54N5010:

5 834.4653 (M+H)*. Found: 834.4648.
Step B:

10

The desired product 5 was obtained by the oxidation protc;col 'describe,d
previously for Example 1, Step K. Purification by flash column chromatography
using 99/1 dichloromethane/methanol afforded 5 as a mixture of diastereomers in

15  31% yield (for 2 steps). HRMS (FAB) Caicd for C45Hg2N5010: 832.4497

(M+H)+. Found: 832.4497.




5 SEP 2004 WD 01/ 77113 PCTI 1SO /10869 102 CH2Cl 2, and concentrat §g
yness in vacuo to afford an off-white solid (24 ng, 0.032 nmol, EI FEIW
H NVR (400 MHz, d6-DMSO 8 8.73-8.65 (m 2 H), 8.4U"' (dd, J-95,

, 1 H, 8.24-8.05 (1 H, 7.64-7.55 (m 1 H), 7.41-7.32 (m 5 H), 7.15

, J = 7.8wW8@arit), 6.80-6.71 (m 3 H), 5.35 (dd, J= 7.5, Pcyudn1ndsed) ,
045496 (m 1 H, 4.48-4.43 (m 1 H), 4.37-4.22 (m 1 H, 4.16-3.27 (m
1H, 2.35- 2231 (m 1 H, 1.84-0.70 (m 21 H); 13C NWR (100 WMHz, d6- DVSO)
6 196.7,

171.7,171.4,171. 3,170.0, 169. 7, 167. 5, 161. 8,1160. 7, 158. 5, 158. 5, 158. 4,
138.2,138.2,137.1, 137.0,132.1,132.1,131.6,131.5,131.5,129.2,128.8, 128.7,
128.7, 128.6, 128.0, 127.7, 127.5 127. 5 121.8, 115.4, 112.2, 76.9, 76.8,
10 65.0, 64 : f 63, 56.2, 56.2, 54.6, 54.5, 53.8,
53.4, 53.2, 41.5, 41.5, 41.4, 40.2, 339 33.7, 319 317 29.2, 29.0,
28.6, 28.3, 26.1, 25.3, 18.7, 18.6, 13.5; HRMS mz 762.3705 [cal cd fof
CA0H51 N5010, 762.37143.° Exanpl e 4. Preparation O -Conpounds of Fornmul as

4A and 4B: 15 St ep A 15 SEP 1004
Hgﬁy Ji io
N

1
dr
1
Hz
t

(
5.
1

lll v

Step A:

0 [E«x
ni)}fn oﬁ\)LN I _’““

Q _
o\gm } nj@g@ .
i ”

O



WO 01/77113 103 HO. -*% N' -COzH "1 0 la 4a FCT/11S0O1/ 10869 02H The
desired product 4a was obtained by the nmethod described for 5 Exanp] & SEP 2004
Step A. The crude nmaterial was carried to the next step as it was. Step B:
f)C02CH3 00 10 4a 4b The desired product 4b was obtai ned by the nethod

descri bed fovVOBtaMIBe 1, Step B. The material was purified bPCTUEEHI086] umm
chromat ogr aphy using 80/20 to 75/25 hexanes/ethyl acetate to provide 4b in
50% yield as a colorless oil.

112

The expected product 6 was synthesized as described earlier for the Example 3,
Step A in quantitative yield. HRMS (FAB) Calcd for C41H54N5010: 776.3871..
(M+H)*. Found: 776.3865.

Example 7: Preparation of compounds 7A and 7B:

5
0\/\0
0 7 0 0 CHa
H H |
H\EJLQKN\é%N\)Lﬁi o,
0o & 0 8] 0
O "
7A .
O\/\g ,
0 o) o) CHs
H H |
Tu¥seThed
o = .0 H
G
7B
Step A:
10

HQ @\/0\/\0 _
AMLE —— Qe

1¢c 7

The desired compound 7a was prepared from 1¢ according to the

procedure of Example 1, Step A. The crude product was used in Step B without
15  further purification.



Step C 15 CO2CH 3 4c 4b 1 5 SEP 20 4 WO 01/ 77113 PCT/ USO / 10869 104 The

desired conpound 4c was prepared by the protocol described for ,
Step C The material was carried forward as it was. Step D 5 Cﬂ%@%—(

3 H 4c The desired product 4d was obtained by the nethod described in

Exanpl e 10?,30 1?7?1‘3 D. The material after work-up was suffi cpetyukyi/fuge to
be carried o({ e next step. HRMS (FAB) Cal cd for C30H47N207: 547.3383

(MtH) +, Found:
113

Step B:

©\,0\/\0 Q\’O\/‘o

-

R

o)
7a
5 The desired compound 7b was prepared from 7a according to the
g procedure of Example 1, Step B.
Step C:
©\/0\/\ Q\ID\/\Q
o 3
- ————
Me
>Loi(ln/0”'9 HC! Hg)\yfg
0
7b Te
10 '
The desired compound 7¢ was prepared from 7b according o the
, procedure of Example 1, Step C. The product was used in Step D without further
/ purification.
Step D: i
15

@\,0\/\9

o
> H OMe
OMe 2
HCI-Hglg O

7c 7d



547.3372. Step E; 15 I~ 02CH3 c?CO2CH3 HCE. H2N a 0 4d 4e The desired
product 4e was obtai ned by the nethod described in Exanple 1, 20 131565%;:%;'
The crude naterial was carried to the next step as was. 1 5 S E P 200
01/77113 105 Step F. 5 4e O

WO 01/77113 PCT/US01/10869

114

The desired compound 7d was prepared from 7¢ according to the
procedure of Example 1, Step D.

Step E:

QL SN

%ﬁ“\}@g{om - HCI-HZN\é/ﬂ\gl(n)ﬂMe
QO @

7d Te

The desired compound 7e was prepared from 7d according to the

procedure of Example 1, Step E. The product was used in Step F without further
10 purification.

Step F:

Qs

\/\Q H '
. Me — &
HOMHZN._ W ﬁ\j\()\“}om
H o Y N .
O o

7e 7

15 The desired compound 7f was prepared from 7e according to the
procedure of Example 1, Step F.



2CH3 PCT/ US01/ 10869 4f 02CH3 The desired product 4f was obtained by the
met hod described in Exanple 1, Step F. The material was purified by SEP&§h
col um chr omat ogr aphy using 80/20 to 60/40 dichl oronet hane/ et hyl acetate
to provide 4f in 85%yield. HRVS (FAB) 10 Cal cd for C33H45N207: 581. 3227
(MrH) +. FouQ@ 91281133222. Step G 41 15 Ct4l--r, 02CH3 c- C2GRrykhasebhe
desired product 4g was obtained by the nethod described in Exanple 1, Step
G The crude material was carried to the next step as was. HRMS (FAB)
Cal cd for C26H39N207: 491.2757 (MrH)+. Fpund: 491.2761. HO

Step G:
Hc\/\)
H
T :
————-
H\j\q(owle H\_j\@(om
O O
7 79
5 The desired compound 7g was prepared from 7f according to the

procedure of Example 1, Step F.
Step H:

(@)
oL,
=
O
=
[0)
‘l‘

10
A solution of the phenol alcohol 7g (830 mg, 1.79 mmol) and ADDP (1.36
g, 5.39 mmol) in anhydrous CH2Cl2 (200 mL} was bubbled with Argon through a
frit glass bubbler for 20 min. To this solution at 0°C was added triphenylphosphine
(1.41 g, 5.38 mmol). After stirring at 0°C for 20 min, the solution was warmed to
15  room temperature and stirred overnight (20 h) under nitrogen. After removal of
solvent in vacuo, the residue was purified by flash chromatography (1103 %
MeOH in CH2Cl2) to afford a mixture of the desired product 7h and

triphenylphosphine oxide, which was used in Step 1 without further purification.



1 5 SEP 2006 WD 01/77113 106 Step HH 5 "N~-Q2CH3 H N 4g 4h 2CH3 Th? SER
desired product 4h was obtai ned by the nethod described in Exanple é Eigt Q[B
H. Purification by columm chromat ography using 99/1

di chl or onet hane/ net hanol afforded 4h along with trip henyl phosphi ne oxi de.
This 10 mi XQPE'ME:5 taken to the next step. Step |: n 15 Th&(d&u$Hidpse?
product was obtai ned by the nethod described in Exanple |
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5 The desired compound 71 was prepared from 7h in 36 % yield {2 steps)
according to the procedure of Example 1, Step |.

Step J:

H H H3
HCIHHN N
” Ha
O 0]
CHs

7i A

‘l’

10
The desired compound 7j was prepared from 7i and A in 56 % yield

according to the procedure of Example 1, Step J.



Step I. Yield of 4i (for 2 steps) = 24% 1H NVR (DMVBO-d6) 8 0.90-0. 95 (m
2H), 1.10-1.16 (m 3H), 1.51-1.79 (m 11 H), 2.43 (dd, 1 H), 3.29¢3 an
2H), 3.50-3.54 PCT/USO /10869 1 5 SEP 2004 WD 01/77113 PCTI USC]/10869 07
(m 1 H) 3 62-3.68 (m 2H), 3.91-3.99 (m 3H), 4.04-4.08 (m 2H), 4. 46 (t,

: nfg'ﬁzﬂgm 3H), 7.13 (app. t, 1 H, 8.36 (d, 1 H), pdRudB A obo S

; 13CN (DVBO d6) 8 25.26, 25.31, 25.97, 26.62, 28.42, 33.28, 39.75,
41 49, 53.50, 54.28, 57.45, 67.57, 67.98, 77.25, 111.07, 115.23, 121.48,
129.11, 137.99, 5 158.33, 170.07, 172.92; J,—lRlvs (FAB) Cal cd for C25H35N206:
459.2495 (M+H)+. Found: 459.2494. Step 3! HH+ HEHNKNN O
CH3

Step K:

J O L i L
N N N N.
0o _~ ) 0
O CHs
7

TYRY

‘l’

0

I MR
z N N™ . “CHs
- 0 O H
O
TA

~"
Q;ﬂé%nv}gti e

CHgy
7B

5 The desired compound 7A and 7B were prepared from 7j according to the

procedure of Example 1, Step K.
Example 8: Preparation of Compound of Formula 8:

o “é%“{f“ﬂ2°%




CH3 4i A ?H3 CH3 10 The expected product 4] was synthesized as descri bed
earlier for the Exanple 1 Step J. The material after work-up was of 5 SEP 200!
sufficient purity to be carried forward to 15 the next step. HRVS ( FAB)

Cal cd for C43H61 N609: 805.4500 (M+H)+. Found: 805.4492. 1 5 SEP MR WO
01/ 77113 108¥GO¥P7IK3 4B 5 PCTI USO / 10869 The desired product SPURUSHG08G3
wer e obtai ned by the oxidation protocol described previously for Exanple 1
Step K. Purification by flash colum
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Step A: -
O\/\O
H 0O y OH H O
H +  HCIHoN N
SO e
o = O O O
O .

7i

0 | %ﬂ
O H OH H ho
R 'U\o*ﬁ*\* ¥

The desired compound 8a was prepared according to the method of
Example 1, Step J, except substituting amine B for amine A. The product was
. obtained as a mixture of inseparable diastereomers in the form of a white solid in
57 % yield.



chr omat ogr aphy using 100/0 to 99/1 dichl oronet hane/ met hanol afforﬁi%d
separate 10 isoners 4A and 4B, and sone m xture. Conbined yield = 43/%P(710Q§r
2 steps). 1 5 SEP 2J WD 01/77113 PCTI US01/ 10869 109 HRMS (FAB) Cal cd for
C43H59N609: 803. 4344 (MtH) +. Found: 803.4339 (4A), 803.4347 (4B). Exanple
5: Preparatiwgoipfi@oround 5: 5 Step A 10 H N B 1 5 SEP 2004cYW0s0ikiog¢dl13
PCTI USO1/ 10869 110 The expected product 5a was synthesi zed as descri bed

earlier for the ..:. Exanple 2, Step A The nmaterial after work-up was of
sufficient purity to be 119
Step B:

e

O

H H Hon
N\i@(N N\/ﬁ\%\ﬁ o
o) o H o
CHs
8a

QI

8

5 The desired compound 8 was prepared in 72 % yield from 8a according to
the method of Example 1, Step K.
Example 9: Preparation of Compound of Formula 9:

10 9



carried forward to the next step. HRVS (FAB) Cal cd for C45H64N5010: 5

834. 4653 (M+H) +. Found: 834.4648. Step B: 10 H N The desired product 5
was obt ai ned by the oxidation protocol described previously forhﬁxSaErPﬂﬂ[é 1,
Step K. Purification by flash colum chromatography using 99/1

di chl or onet N8V FEEhanol afforded 5 as a mi xture of diasteredfERESGIAY 31
%yield (for 2 steps). HRMS (FAB) Calcd for C45H62N5010: 832. 4497 ( MtH) +.
Found: 832.4497. 1 5 SEP 2004 WO 01/77113 PCT/USOL/ 10869 111 Exanple 6:
Preparation of Conmpound 6: 5 Step A° H N20

Step A:

\/\9
H\j\ N H\/ﬁ\ »

" N N N -

o i 0 0 H o
O CHs
8
H
o}
5 The desired compound 9 was prepared quantitatively from 8 according to

the method of Example 3, Step A.




10 H N1 5 SEP 2004 wo o0in7113 PCTI USO1/ 10869 112 The expected product 6
was synt hesized as described earlier for the Exanple 3, Step A
quantitative yield. HRVS (FAB) Calcd for C41 H54N5010: 776. 3874 (f/ﬁﬁﬁﬁ?”m
Found: 776.3865. Exanple 7: Preparation of conpounds 7A and 713: 5 7A 7B

St MA-, 10 HRodroN-e HO Ib PCT/US01/10869
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Example 10: preparation of Compounds of Formula 10A and 10B:

Step A:

O
HO, Br—@—g-
8V Co
N O4CH5 N sCHg

10a 10b

To a 0°C solution of 10a (10 g, 41 mmol) in dichloromethane (60 mL) was
added triethylamine (28.68 mL, 204 mmol) siowly. 4-bromobenzenesulfonyl ’ !
10  chloride (20.91 g, 82 mmol) and DMAP (few crystals) were then added and the
temperature was maintained at 0°C for 30 min. The reaction mixture was ieft
standing in the refrigerator (~5°C) ovemight followed by slow warming to ambient
temperature over two hours. At this time TLC analysis revealed complete

consumption of the starting material. The reaction mixture was diluted with



[ d 7a was prepared f grgEIP%m
-CH3 CH3 4 -CH3 | e 78 The desired conpoun
S:go'rb\di ng to the procedure of Exanple 1, Step A. The crude pr%ug[ll \;\/&;ilg
used in Step B without 15 further purification. 1 5 SEP 2004

PCTI USOI / 10%38011‘%%13& ep B. ~;LAI"ON-Jrow 7a 7b O PCT/US01/10869
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dichloromethane, washed with saturated sodium bicarbonate solution, and 10%
agqueous citric acid solution. The organic layer was dried (Nag804) and ...
concentrated. The crude mixiure was purified by flash column chromatography
using 100/0 to 95/5 dichloromethane/ethy! acetate to provide 18.4g (97% yield) of

5 the brosylate 10b as a white solid; 'H NMR {mixture of rotamers, CDCl) 6 1.41
and 1.45 (2s, 9H), 2.40-2.50 (m, 2H), 3.59-3.69 (m, 5H), 4.33-4.37 and 4.46 {2dd,
1H), 5.11 (m, 1H), 7.72-7.74 (m, 4H); 3C NMR (mixture of rotamers, CDCly) §
28.18, 28.27, 36.01, 36.98, 51.59, 52.03, 52.20, 52.35, 56.95, 57.22, 57.28,
78.35, 79.53, 80.66, 129.10, 129.26, 132.66, 135.68, 135.81, 153.25, 153.64,

10 17145, 171.78; HRMS (FAB) Calcd for C17H23NO7SBr: 464.0379 (M+H)*+.

Found: 464.0375.
Step B:

B"'O_g - HO\/\/'S.;,
0] ,
hocha g %ﬁ“s
ok ol
10¢
15
To a suspension of sodium hydride (60% dispersion in mineral oil, 187 mg,
4.68 mmol} in DMF at 0°C was added 3-mercaptopropanol (0.42 mL, 4.85 mmol)
under argon atmosphere. The mixture was stirred for 30 min while maintaining
the temperature. A solution of brosylate 10b (1.5 g, 3.23 mmol) in DMF (total ~
20  volume = 10 mL) was added slowly and the mixture was warmed 'to ambient
temperature over 2 hrs. The reaction was quenched by pouring into cold 10%
citric acid solution. The aqueous layer was extracted with ethyl acetate, the
organic layer was dried (Na2S04} and concentrated. The crude material was
purified by flash column chromatography using 85/15 dichloromethane/ethyl
25  acetate to provide 800 mg (78% vield) of the sulfide 10¢ as an oil; 'H NMR
(mixture of rotamers, CDCly) & 1.41 and 1.47 (2s, OH), 1.83-1.89 (m, 2H), 2.13-



5 The desired conpound 7b was prepared from 7a according to the procedure
of Exanple 1, Step B. St C 7b 10 15 purification. Step D. 7c The 1deSEp g
conmpound 7c was prepared from 7b according to the procedure of Exanple 1,
Ste R C. The product was used in Std without further 7c 7d 1 5 SEP HX4 WO

01/77113 1 @dD(ﬁ/%HgOl/ 10869 The desired conmpound 7d was preppEEdsély@ise’C
according to t procedure of Exarrpl e l, Step D. Step E
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2.34 (m, 2H), 2.69 (t, 2H), 3.23-3.49 (m, 2H), 3.73-3.78 (m, 5H), 3.86-3.95 (m,
1H), 4.33-4.37 and 4.42-4.46 (2dd, 1H); "°C NMR (mixture of rotamers, CDCls}8 -

28.21, 28.30, 32.15, 32.23, 36.65, 37.27, 40.45, 40.89, 52.16, 52.35, 52.50,
52.84, 58.32, 58.55, 61.22, 61.41, 80.35, 153.49, 153.99, 173.05, 173.23; HRMS

5 (FAB) Calcd for C14H2gNOsS: 320.1532 (M+H)*. Found: 320.1528.

Step C:
9\ i)\COZCHS, o q)\CO;gCHa
o0 H. HCI
10c 10d
10 The desired compound 10d was prepared by the protocol described for

Example 1, Step C. Reaction conditions were 0°C, 1hr. The material was carried
to the next step as it was.

Step D:

HO\ S

HO\/\/S*..C)\CO R O\COZCH 3
” | N'H Cl 2CHs >rOT

| 10d O
15 10e

The desired compound 10e was prepared by the method described for -

Example 1, Step D. The coupling reaction was carried out at -8°C for 2 days.
After workup the product 10e was sufficiently pure by TLC and was obtained in

20 80% yield; HRMS (FAB) Calcd for Co2H3gN206S: 459.2529 (M+H)*. Found:
459.2523.



5 7d I e The desired conmpound 7e was prepared from 7d according to the
procedure of Exanple 1, Step E. The product was used in Step F Ww&/austsEPmm’
further 10 purification. Step F. 7e if 15 The desired conpound if
prepared from 7e according to the procedure of Exanple 1, Step F. 1 5 SEP

2004 WO 01/ WQeB7M1% St ep_G PCT/ US01/ 10869 N 7f 7g PCT/US01/10869
124
Step E:
HON o~ HO\~S, -

Y

10e 10f

5 ' The desired compound 10f was prepared by the protocol described for
Example 1, Step E. The material was carried forward as it was.

StepF.

HOW HO A~

C_)\COZCHS H QCOzCHos

HC. H2N HO N\/go
O O

10f 109 -

10
The desired compound 10g was prepared by the procedure described for

Example 1, Step F. The crude product was purified by flash column
chromatography using 98/2 of dichloromethane/methanol to prowde 109 in 40%
yield as a white solid; 'H NMR (mixture of rotamers, CDCI3) 6 0. 90—1 .26 {m),

15  1.66-1.88 (m), 2.22-2.31 (m, 2H), 2.73 {t, 2H), 3.47 (s), 3.5-3.55 (m), 3.65-3.75
(m), 3.88-3.94 (dd, 1H), 4.07-4.12 (dd, 1H), 4.53 (1, 1H), 4.62 (1, 1H), 6.73-6.80
(m, 4H), 7.17 (t, TH); '*C NMR (mixture of rotamers, CDCly) & 25.80, 25.89,
26.14, 27.71, 28.55, 29.22, 31.88, 35.46, 40.58, 42.44, 43.16, 52.32, 52.90,
55.49, 58.46, 60.30, 114.59, 116.27, 121.01, 130.02, 135.90, 156.73, 171.25,



5 The desired conpound 7g was prepared from 7f according to the prﬁﬁgﬁir
of Exanple 1, Step F. Step H 7g 10 7h A solution of the phenol alc | ';@'*
(830 ng, 1.79 mmol) and ADDP (1.36 g, 5.39 mmol) in anhydrous CH2C 2 (200
m.) was bubbled with Argon through a frit glass bubbler for 20 mn. To
this soluti was added triphenyl phospl ine (1.41 g,

After sti rr%@fg??gc for 20 mn, the solution was warned to ?g%ﬁ]ggﬂqﬂisb
tenperature and stirred overnight (20 h) under nitrogen. After renoval of
solvent in vacuo, the residue was purifi by flash chromat ography (1 to 3
% MeOH in CH2C12) to afford a mxture o he desired product 7h and

tri phenyi phosphi ne oxi de, which was used in Step | w thout further
purification. 1 5 SEP 2QN WD 01/77113 116 Step 1: PCT/US01/ 10869

171.87, 171.96; HRMS (FAB) Calcd for C25H37N206S: 493.2372 (M+H)*.

Found: 493.2364. -
Step G:
Ho\/\/s’.‘ S:
- CH
H H\/K H N 2CH3
0\©/\r ; O NAG
O

QO °C
109 O 10h

The desired compound 10h was prepared by the protocol described for

Example 1, Step G. The crude product was suspended in 80/20 ethyl
acetate/hexane, and the solid material was filtered ofi. The filtrate was
concentrated and purified by flash column chromatography using 80/20

10 hexane/acetone to yield 22% of 10h as a solid. 'H NMR (CDCl) § 0.98-1.30 (m),
1.64-1.90 (m), 2.06-2.14 (m, 1H), 2.16-2.21 (dd, 2H), 2.62-2.70 (m, 2H), 3.38-3.46
(m, 2H), 3.60-3.66 (M, 3H), 3.71 (s, 3H), 3.88-3.94 (dd, 1H), 4.07-4.15 (m, 1H),
4.22-4.29 (m, 1H), 4.48 (1, 1H), 4.60 (t, 1H), 5.97 (br t, TH), 6.76-6.81 (m, 2H),
6.99 (br s, 1H), 7.20 (dd, 1H); HRMS (FAB) Calcd for CogHagN2058: 475.2267

15 (M+H)*t. Found: 475.2260.
Step H:

Y

Y

N

10h 10i



+M~ 7h 71 5 The desired conmpound 71 was prepared from 7h in 36 %yifl dSE&’i
steps) according to the procedure of Exanple 1, Step |. Step J. 751 004
7] 10 A H3 The desired conpound 7j was prepared from71 and Ain 56 %yield
according to the procedure of Exanmple 1, Step J. 1 5 SEP 2004 WO 01/77113
PCT/ US011108%0 01/171%t ep K PCT/US01/10869
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The advanced intermediate 10i was synthesized as described for Example
1, Step H, in quantitative yield as a white solid; 'H NMR (DMSO-dg) 5 0.88-0.96
{m, 2H), 1.10-1.14 (m, 3H), 1.59-1.76 (m, 7H), 1.88-1.94 (m, 1H), 2.09 (app. t,

5 1H), 2.61 (dd, 1H), 3.32 (app. d, 1H), 3.40-3.45 (m, 2H}, 3.61 (app. d, 1H), 3.83
(a, 1H), 4.13 (app. t, 1H), 4.19 (1, J = 7.32 Hz, 1H), 4.40 (t, J = 9.52 Hz, 1H), 6.76-
6.79 (m, 2H), 6.89 (s, 1H), 7.16 (app. 1, 1H), 8.39 (d, 1H), 12.5 (br. s, 1H); °C
NMR (DMSO-dg) 6 25.33, 25.41, 26.01, 26.44, 28.08, 28.62, 29.24, 34.90, 39.50,
41'.40, 42.30, 53.18, 54.44, 58.06, 66.94, 114.88, 115.25, 122.28, 129.20, 137.84,

10 157.90, 169.25, 170.29, 172.59; HRMS (FAB) Calcd for C24H33N205S:
461.2110 (M+H)*, Found: 461.2104.
Step I:

(X " X
! \,Nk O+ , HCLH:N N N Ne_
“" 0 O

10i A
q
3 H .
LA LA
P H\/ko o 0 H 0 . >
o éO
10j

15
The desired compound 10j was prepared as described earlier for Example
1, Step |, in quantitative yield as a pale yellow solid. The material obtained after



7j H3 ~CH3 7A 7B 5 The desired conpound 7A and 7B were prepared from 7J
according to the procedure of Exanple 1, Step K Exanple 8: Preparatli §ERTNL

Compound of Formula 8 a 1 5 SEP 20UL WO 01/77113 Step A. 118 CHH 71 +
HCl - H2N, N B 8a

WO 01/77113 PCT/US01/10869
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workup was sufficiently pure by TLC for further manipulations; HRMS (FAB)
Calcd for C42Hs59Ng08S: 807.4115 (M+H)*. Found: 807.4103. >
Step J:

O{CQ
{ FIIL '\\
"z
Q.
ZT
O
O
2T
; o
Iz
2—
/

O , 10A

To a solution of 10j (180 mg, 0.22 mmol) in dichloromethane was added
sequentially DMSO (0.313 mL, 4.4 mmol), DCC {908 mg, 4.4 mmol), and
dichloroacetic acid (36.4 uL, 0.44 mmol). The reaction mixture was stirred

10 overnight at ambient temperature. It was quenched by addition of aqueous 5%
citric acid solution (5mL) and MeOH (1mL) and stirred for 30 min. The solid



5 PCT/USQO /10869 The desired conmpound 8a was prepared according to the

met hod of Exanple 1, Steg J, except substituting am ne B for am ng YASEPTIE,
product was obtained as a m xture of inseparable diastereonmers in the form
of a white solidin 57 %yield. 1 5 S E P 2004 WO 01/77113 119 Step B. 8a
8 PCT/ US01/ W@88781¥he desired conpound 8 was prepared in 72 BeUsq0$690m
8a according to the nethod of Exanple 1, Step K Exanple 9: Preparation of
Compound of Formula 9: H N 10 9

128

material was filtered off, and the filtrate washed with saturated sodium
bicarbonate solution and brine. The organic layer was dried over Na2S04 and--
solvent removed in vacuo. The crude material was purified by flash column
chromatography using 100/0 to 98/2 dichloromethane/methanol to yield 105 mg
5 (60%) of 10A and 10B as a mixture of diastereomers. A part of the mixture (36
mg) was subjected to column chromatography again to provide pure isomer 10A
(more potar, white solid, 8 mg) and pure isomer 108 (less polar, white solid, 6
mg), the rest being mixture. HRMS (FAB) Calcd for C42H57Ng08S: 805.3959

(M+H)*. Found: 805.3858 (10A), 805.3950 (10B).
10 Example 11: Preparation of Compound of Formula 11:

Step A:
15

ZT
O
Y



15SEP2U4 WO 01/ 77113 PCTI USOL/ 10869 120 Step A s 9 5 The desired ¢
9 was prepared quantitatively from8 according to the nethod of Exggggg[y&m
Step A. 1 5 SEP 2004 WD 01/ 77113 PCT/ USO1/ 10869 121 Exanple 10:
preparation of Conpounds of Fornula 10A and 10B: Step k. 5 10a 02CH3 10b

2CH3 To a Ofpe@lHtizon of 10a (10 g, 41 mml) in dichloronmet heppgssGdsel)
was :

129

To a cold (0°C) solution of 10h (200 mg, 0.42 mmol) in dichloromethane
(10 mL) was added MCPBA (60%, 364 mg, 1.26 mmol}. The reaction mixture -
was slowly warmed to ambient temperature over 16 hrs. The reaction mixture
was diluted with dichloromethane and washed with saturated sodium bicarbonate
5 and sodium bisulfite solution. The organic layer was dried (Na,S0,), and
concentrated. Purification by flash column chromatography using 98/2
dichloromethane/methanol provided 11a (138 mg, 65% yield). HRMS (FAB)

Calcd for C25H35N2078: 507.2165 (M+H)*. Found: 507.2158.

Step B:
+ 10

N O

O O

L_)\COCH COLH
Yy O > o
o) := 3 , :

11a 11b

- The expected product 11b was synthesized as described for Example 1,
Step | in 90% yield as a white solid; HRMS (FAB) Caled for C24H33N207S:

493.2008 (M+H)*. Found: 493.2012.



added triethylamne (28.68 nL, 204 mmol) slowy. 4-bronobenzenesul fonyl 10
chloride (20.91 g, 82 mmol) and DVAP (few crystals) were then addePBas{Efmﬁtpe
tenperature was nmai ntained at 0OC for 30 mn. The reaction m xture was 1eft
standing in the refrigerator (-5C overnight followed by slow warmng to
anbi ent t eM@®PHEITWIE over two hours. At this tinme TLC anal ysirCTréSoaabssd
conpl ete consunption of the starting material. The reaction m xture was
diluted with 1 5 SEP 20014 WO 01/ 77113 122 PCT/ U SO1 /10869

di chl or onet hane, washed with saturated sd@pum bi carbonate sol ution, and 10%
aqueous citric acid solution. The organic |ayer was dried (Na2SO4) and
concentrated. The crude m xture was purified by flash col um chromat ography
usi ng 100/ 0 /'5 di chl oronet hane/ et hyl acetate to provide 18.4g (97%
yield) of 5 jrosyl ate 10b as a white solid; 1H NVR (m xture of

rotamers, CDCO 3) 81.41 and 1.45 (2s, 9H), 2.40-2.50 (m 2H), 3.59-3.69. (m
5H), 4.33-4.37 and 4.46 (2dd, 1H), 5.11 (m 1H), 7.72-7.74 (m 4H); 13C
NMR (m xture of rotarer CDCl 3) 8 28.18, 28.27,36.01, 36.98, 51.59, 52.03,

52.20, 52.35, 56.95, 357.22,57.28, 78,35,79.53,80.66, 129.10, 129- 26, 132. 66,
135.66, 135.81, 1 50t%3. 64,
N
0

H

( N H
H\)N\ COH ,  HCLHaN N\j\N
N T N

O :
11b

11c

5 The desired compound 11¢ was prepared as described earlier for Example
1, Step J, in quantitative yield. The material obtained after workup was
sufficiently pure by TLG for further manipulations. HRMS (FAB) Calcd for

C42H59Ng010S: 839.4013 (M+H)*+. Found: 839.4019.



10 171.45, 171.78; HRMS (FAB) Cal cd for CL7H23NO7SBr: 464.0379 (NHW;+.

Found: 464.0375. Step B: 15 10b 02CH3 HO-~~t ON CA 2CH3 O 100 To 'aJ SEP 2004
suspensi on of sodium hydride (60% di spersion in mneral oil, 187 ny, 4.68
mmol) in DW at 0C was added 3-nercaptopropanol (0.42 nmL, 4.85 mmol) under

argon at nos

(she m xture was stirred for 30 mn while npefpgpssmos® the

tenperature. A sorution of brosylate 10b (1.5 g, 3.23 mmpl) in DIVIF (total
20 volune = 10 nL) was added slowy and the m xture was warmnmed to anbi ent
tenperature over 2 hrs. The reaction was dB&nched by pouring into cold 10%
citric acid solution. The aqueous | ayer was extracted with ethyl acetate,

t he
was

organic |l ayer was dried (Na2SO4) and concentrated. The crude nateri al
Step D:
s-0 %
N
5 The desired product 11 was obtained by the oxidation protocol described

earlier for Example 1, Step K. Purification by flash column chromatography using

. 98/2 dichloromethane/methanol afforded 11 in 4% yield (2 steps). HHMS (FAB)

Caled for C42H57Ng010S: 837.3857 (M+H)*. Found: 837.3865.



purified by flash colum chronatography using 85/ 15 dichl oromet hamej gtpgqg{;‘
25 acetate to provide 800 ng (78% yield) of the sulfide 1Cc as an ol l;

NVR (mxture of rotamers, CDCI3) 8 1.41 and 1.47 (2s, 9H), 1.83-1.89 (m
2H), 2.13 1 5s EP 2004 WD 01/77113 PCT/US01110869 123 2.34 (m 2H), 2.69
(t, 2H), 3.2031v401m 2H), 3.73-3.78 (m 5H), 3.86-3.95 (m BCFYS01/10869
4.33-4.37 and 4.42-4.46 (2dd, 1 H); 13 C NWR (m xture of rotamers, CDCl r6
28.21, 28.30, 32.15, 32.23, 36.65, 37.27, 40.45, 40.89, 52.16, 52.35,

52.50, 52.84, 58.32, 58.55, 61.22, 61.413280.35, 153.49, 153.99, 173.05,
173.23; HRM5 5 (FAB) Cal cd for GL4H26NO5S: 320. 1532 (MtH) +. Found:

320.1528. Step C N CO02CH3 H HC 10d 10 The desired conpound 10d was
prepared by ~ 0 Reafd d

condi tions WETE ;' : pleparglion OLe-dinpolnds o1 Folmule et ep as it
was. Step D: -
Q
/ H H\/ﬁ\ I
N N N ~
X :
o} 0
N o
0 12A

H
Doers — UL
N g s 0 A~
id 12a

The desired product 12a was obtained by the method described for -
Example 1, Step D using N-boc-tert-butylglycine as the coupling partner. The
10  material was purified by flash column chromatography using 90/10
dichioromethane/ethyl acetate to provide 12a in 73% yield. °C NMR (mixture of
rotamers, CDCIS) § 26.20, 28.31, 29.07, 30.086, 34.94, 35.86, 37.06, 51.21, 52.16,
52.84, 57.78, 58.33, 65.95, 66.92, 72.97, 75.48, 79.45, 127.55, 127.66, 128.35,



10d 2GH3 I N ¢c?CO2CH3 H 14e 15 The desired conpound 10e was prepared by the
nmet hod described for Exanple 1, Step D. The coupling reaction was 1c53§EMﬂ|L
out at -8C for 2 days. After workup the product 10e was sufficiently pure
by TLC and was obtained in 20 80%yield; HRVS (FAB) Calcd for C22H39N206S:
459. 2529 ( Ny -,ﬁgund 459. 2523. 1 5 SEP 2001 WD 01/ 77113 d2duSiianseds:

PCT/ USCL/ 10869 44 -,S

133

138.45, 155.62, 165.06, 171.13, 172.54; HRMS (FAB) Calcd for C27H43N207:

e

507.3070 (M+H)*. Found: 507.3077.
Step B:

@xlox/\/l. @\Jo\/\/o
(P cocm,

>|/O:l)r .- HG1 HoN
. ™ T~

12b

C)\COCH
b N oCHy o
N\/ko

The desired compound 12b was prepared by the protocol described for

Example 1, Step E. The material was carried forward to the next step.

Step C:

10
) C)\cozcna —— C>\COZCH3

P
HCl.HzN\i/io H N Ao
T O /T\

/"\

12b

The desired product 12¢ was obtained by the procedure described for”
15 Example 1, Step F. The material was purified by flash column chromatography
using 99/1 dichloeromethane/methanol to yield 12¢ in 91%. BC NMR (CDCly) &

26.24, 29.93, 34.95, 35.96, 43.48, 52.18, 53.09, 57.06, 58.06, 66.10, 66.92,
72.93, 77.43, 114,59, 116.14, 120.87, 127.58, 127.64, 127.74, 128.37, 130.02,



Hf-CQR2CH3 be HCL HZN C . \O O | of 5 The desired conpound 10f was

prepared by the protocol described for Exanple 1, Step E. The mate aég
carried forward as it was. Step F: f)-CO2CH3 HCI. H2N, HOB - 5 P\%@g

The desired conmpound 109 was prepared by t he procedure descrlbed for
WO 01/77113 PCT/US01/10869
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135.95, 138.39, 156.90, 170.65, 171.06, 172.38; HRMS (FAB) Caicd for
C30H41N207: 541.2914 (M+H)*. Found: 541.2921.

Step D:

@\/0\/\/0 MO
q)\cozcwd SR g N TC0LH,
HO N Ao HO\Q/YN\AO |
o 3
|OR A

/]\

5 12¢ 12d

The desired product 12d was obtained by the procedure described for
Example 1, Step G. The product obtained after filtering off the catalyst was pure
enough for subsequent manipulations. *C NMR (CDCl,) § 26.27, 32.09, 35.44,
10 35.67, 43.19, 52.21, 52.74, 57.60, 58.21, 58.75, 65.78, 77.74, 114.74, 116.02,
120.68, 130.07, 135.66, 157.11, 170.59, 172.05, 172.51; HRMS (FAB) Calcd for

Co23HasN207: 451.2444 (M+H)*+. Found: 451.2436.
Step E.

15 12d 12e

The desired product 12e was obtained by the procedure described for
Example 1, Step H. The crude material was suspended in ethyl acetate/hexane
(approx. 1/1) and the undissolved solid material was filtered off. Repeated this



Exanple 1, Step F. The crude product was purified by flash colum SEP?
chromat ogr aphy using 98/ 2 of dichl oronet hane/ net hanol to provide 11)3 nE %%
yield as a white solid; 1H NVR (m xture of rotamers, CDCl3) 5 0.90-1.26

(m, 15 1.66-1.88 (m, 2.22-2.31 (m 2H), 2.73 (t, 2H), 3.47 (s), 3.5-3.55

, 3.65- , 3.88-3.94 (dd, 1 H), 4.07-4.12 (dd, 1 H¢ 1
(H)m) 4. 62 (te“,’vz’;)“ﬁf’%a 73-6. 80 (Sn 4H),H)7. 17 (t, 1 H);( 13C N&C{fgﬁsgﬁlﬁ? of

rotamers, CDCl3) 8 25.80, 25.89, 26.14, 27.71, 28.55, 29.22, 31.88, 35.46,

40. 58, 42.44, 43.16, 52.32, 52.90, 55. 419 58. 46,

60. 30, 114. 59, 116- 27, 121. 01, 130. 02, 135. 90,%%6. 73,171.25, 1 5 SEP 2004 WO

01/77113 PCTIUSO /10869 125 171.87, 171.96; HRMS (FAB) Cal cd for

C25H37N206S: 493. 2372 (M+H)+. Found: 493.2364. Step G 2CH3 10g 5 ryy
process once again, the filtrate was concentrated and applied on the column as a

dichloromethane solution. The column was eluted with 75/25 hexane/acetone-te
yield 29% of 12e. HRMS (FAB) Calcd for C23H33N206: 433.2339 (M+H)*.
Found: 433.2339.

5 StepF:

2 X
A A

O

12e . 12f

The advanced intermediate 12f was synthesized as described for Example

10 1, Step |, in quantitative yield,; 'H NMR (DMSO-dg) 6 0.96 (s, 9H), 1.66-1.70 (m,
1H), 1.75-1.82 (m, 2H), 2.43 (dd, 1H), 3.32-3.36 (m, 2H), 3.48-3.52 (m, 1H), 3.55
(dd, 1H), 3.84 (app. d, 1H), 3.99 (app. d, 1H), 4.06-4.10 (m, 3H), 4.16 (dd, 1H),
4.69 (d, 1H), 6.70-6.72 (m, 3H), 7.15 (app. t, 1H), 8.42 (d, 1H), 12.43 (br. 5, H);
3C NMR (DMSO-dg) & 26.25, 28.54, 33.31, 34.97, 41.22, 53.96, 56.11, 56.97,

: 15 63.36, 64.96, 76.84, 111.94, 115.25, 121.73, 129.13, 138.36, 158.27, 169.85,

170.15, 173.04; HRMS (FAB) Calcd for C22H31N20g: 419.2182 (M+H)*.

Found: 419.2180.



The desired conmpound 10h was prepared by the protocol described for
Exanple 1, Step G The crude product was suspended in 80/20 ethyl 15 SEP 200
acet at e/ hexane, and the solid material was filtered off. The filtrate was
concentrated and purified by flash col um chromat ography using 80/20 10
hexane/ acet Y@ 03’43 el d 22% of 10h as a solid. 'H NVR ( CDC13)P(I/0S098682930
(m, 1.64-1.90 (m, 2.06-2.14 (m 1H), 2.16-2.21 (dd, 2H), 2.62-2.70 (m
2H), 3.38-3.46 (m 2H), 3.60-3.66 (m 3H), 3.71 (s, 3H), 3.88-3.94 (dd, 1
H, 4.07-4.15 (m 1 H), 4.22-4.29 (m 14d4¢ 4.48 (t, 1 H, 4.60 (t, 1 H),
5.97 (br t, 1 H, 6.76-6.81 (m 2H), 6.99 (br s, 1 H, 7.20 (dd, 1 H);
HRVS (FAB) Cal cd for C25H35N2058: 475.2267 15 (MtH)+. Found: 475.2260. Meg
02CH3 10h 1$t 1 5 SEP 2004 WO 01/77113 PCT/US01/ 10869 126 The advanced

i nt er medi at '¥81%was synt hesi zed as described for Exanple 1, Step H in
quantitative yield as a white solid; 1H NVR (DVMBO-d6) 8 0.88-0.96 (m..2H),
1.10-1.14 (m 3H), 1.59-1.76 (m 7H), 1.88-1.94 (m 1H), 2.09 (app. t,

Q
H
Qcom H {
H +  HCLH2N N\i ; N
N\_,AO o H
A

o 0
121
Q‘
AT 8 1T
S W) N
} O o] 0]
© AN
: 12g
5 . The expected product 12g was synthesized as described earlier for the

Example 1,.Step J. The material after work-up was of sufficient purity to be.
carried forward to the next step. HRMS (FAB) Calcd for C4oH57Ng0g: 765.4187

(M+H)*. Found: 765.4175.




51H), 2.61 (dd, 1 H, 3.32 (app. d, 1 H, 3.40-3.45 (m 2H), 3.61 (app.

d, 1 H), 383 (q 1H) 4.13 (app. t, 1 H, 4.19 (t, 32732"'21153“9P2[][]£
440(t g 1 H, 6.76- 6.79 (m 2H) 6.89 (s, &ED ]é?@)(app

t, ‘§0§§’Z : H) 12.5 (br. s, 1 H: '3C NWVR (DVBOdej g 287°3

25. 41 26. 01, 26.44, 28.09, 28.62, 29.24, 34.90, 39.50, 41.40, 42. 30,

53. 18, 54. 44, 58.06, 66. 94, 114.88, 115.25, 122.28, 129.20, 137.84, 10
157. 90, 169. 25, 170. 29, 172. 59; HRVS (FABY3Zal cd for C24H33N205S: 461.2110
(MtH) +. Found: 461.2104. Step I: f 10i 15 A The desired conpound 10) was
prepared as described earlier for Exanple 1, Step 1, in quantitative yield
as a pal egpg How solid. The material obtained after 1 5 SEP 2DN WO 01/77113

PCT/ USO / 127 wor kup was sufficiently pure by TLC for further
mani pul ati ons; HRMS ( FAB)
Q

12A

5 The desired products 12A and 12B were obtained by the oxidation protocol
described previously for Example 1, Step K. Purification by fiash column
chromatography using 98/2 to 96/4 of dichloromethane/methanol afforded
separate isomers 12A and 12B, and some mixture. Combined yield = 57% (for 2

steps). HRMS (FAB} Calcd for C4oH55Ng0Og: 763.4031 (M+H)*+. Found:
10  763.4040 (12A), 763.4047 (12B).



Cal cd for C42H59N608S: 807.4115 (M+H) +. Found: 807.4103. Stu J. f 5,0 %EP
To a solution of 10 (180 ng, 0.22 nmol) in dichloronethane was addéd5 200
sequent i amyoDNM®3 (0.313 nL, 4.4 mol ), DCC (908 ng, 4.4 nwonusoansses

di chl oroacetic acid (36.4 L, 0.44 nmol ). The reaction mxture was stirred
10 overnight at anbient tenperature. It was quenched by addition of aqueous
5% citric acid solution (5n) and MeOHggl ni) and stirred for 30 min. The
solid 1 5 SEP 2oau WO 01/ 77113 PCTI USO /'T0869 128 material was filtered

off, and the filtrate washed with saturated sodi um bicarbonate solution

and brine. ayer was_dried over Na2SO4 and- sol vent renoved in
vacuo. Th&xample Hd:Preparatipn of Compounds of Formudas d3A and 4382 ogr aphy

using 100/0 to 98/ 2 dichl oronet hane/ net hanol to yield 105 ng 5 (60% of 10A
and 1OB as a mixture of diastereoners. A part of the mixture (36 U

N 0 0
O -
™ 13A
Q
/ H H I
C)\,rv&r\i -
E\/LDO/(: 0 H
O -
/]\ 13B
5 Siep A:
Q
H )
L_N)\COH H\j\ |
H \/k 2 , HCLHXN N N Ne_
Ty 0 oo
/|\ c




ng) was subjected to colum chronatography again to provide pure is Eg PJY%
(nmore polar, white solid, 8 ng) and pure isoner |10B (less polar, whi't EP T
solid, 6 e rest being mxture. HRVMS (FAB) Calcd f 08s:

805. 3959 ?ﬁﬁFound: 805. 3958 (10A), 805.3950 (10B). 18‘5%%6%?‘@?1:
Preparation of Conmpound of Formula 11: Step A: 15 1Ch 1l1a 1 5 SEP 2004 WO

01/ 77113 PCT/ USOL/ 10869 129 To a cold (98) solution of 10h (200 ng, O.42

mol ) in dichloronmethane (10 nL) was added MCPBA (60% 364 ng, 1.26 mol).

The reaction mxture..., was slowy warnmed to anbi ent tenperature over 16

hrs. The reacti PRe Bxpb \ ed with dichloronethane and washed with

sat ur at ed é;c()di um bi cgrg%e?aqrgaécgﬁ#&v ﬁ}'l'ﬁs'b‘-’rsﬂﬁ s deseribad earlierfor thegani ¢

| ayer was Bxample NaRiBOA)., The thateGar S, d i f i.on by.flash col um

chr omat Ogrgéarf} sin %8/2 di chi or onet h‘g%lz(?un% hgnc;(;lsggﬁéé%?qot@%“li%g?l% ny,

65% yi el d)° Fé&/%o'wﬂ%ﬁ)o they next step. CHIMEB (EAB)Cakl 102Cq 7 PisoMEdg: 778 4ads

507. 2158.
(M+H)*. Found: 779.4350.
5 StepB:

m

Q
H Hy O i
N N N, —
N__ 00 0 0
Q/?\

13a

The desired products 13A and 13B were obtained by the oxidation protocol
10 described previously for Example 1, Step K. Purification by flash column
chromatography using 100/0 to 96/4 dichloromethane/methanol afforded separate

isomers 13A and 13B, and some mixture. Combined yield = 50% (for 2 steps).



Step B: 10 1la 11b The expected product 11 b was synthesized as delskiSEbaHi
for Exanple 1, Step | in 90%yield as a white solid; HRMS (FAB)Cal cd for
C24H33N20W® 0149832008 (M+H) +. Found: 493.2012. 1 S SEP 700#cYWDsOilkiogéd 13 130
step C PCT/USO /10869 n4dh A 5 The desired conpound 11 ¢ was prepared as
described earlier for Exanple 1, Step J, in quantitative yield. The

mat eri al obtained after workup was suff4@iently pure by TLC for further

mani pul ati ons. HRMS (FAB) Cal cd for C42H59N6OL OS: 839. 4013 (MH) +. Found:
839.4019. 1 5 SEP 2 094 WO 01/77113

HRMS (FAB) Calcd for C41H57NgOg: 777.4187 (M+H)*. Found: 777.4177
(13A), 777.4185 (13B). .

Example 14: Preparation of Compound 14:

%'f*ﬁ

Step A:

== =
—_—
) 0% OH O ?k
14a 14b

10

A solution of vinyl benzoic acid 14a (10g, 68 mmol) in dry benzene (150

mL) was treated with ditert-butylacetal of DMF (69 g, 340 mmol, 5 0 equw) and

heated at reflux for 4h. The reaction mixture was concentrated in vacuo and _

diluted with aq. NaOH (1M, 300 mL). The reaction mixture was extracted in dlethyl
15 ether {(3x100 mL). The combined organic layer was extracted with ag. NaOH (1M,
100 mL), H2O (2x100 mL), brine (1x100 mL) dried (Na2S0y4), filtered and
concentrated in vacuo. The residue was distilled under reduced pressure to yield
14b 9.2 g (66.2 %) of a colorless oil.



131 St_ ep D PCTIUSO /10869 -r 5 The desired product 11 was obtai heégEBYHL
the oxidation protocol described earlier for Exanple 1, Step K

Puri ficaty | ash col unmm chr omat ography using 98/2

1 ehl or B B0 SO T 1P et yield (2 steps) ORI MRB)

Cal cd for C42H57N6010CS: 837.3857 (MtH)+. Found: 837.3865. 1 5 SEP 2004 WO
01/ 77113 PCT/ USOL/ 20869 132 Exanple 12; Preparation of Conpounds of

Formul as 12A and 12B: Step A 5 id 12at4the desired product 12a was obt ai ned
by the nmethod described for Exanple 1, Step D using

N-boc-tert-butyl glycine as the coupling partner. The 10 material was
purified gy Bash col um chronat ography using 90/ 10

BocHN
¢ Y on
_—
0] >l\ 0 >l\
14b 14c

i

A solution of tert-butyi carbamate {5.96 g, 50.9 mmol) in 1-PrOH (68 mL)
was treated with ag. NaOH (128 mL, 0.41 M) and tert-butyl hypochlorite (5.5g,
50.9 mmol). The reaction mixture was cooled to 0° C and (DHQ)2Phal (780 mg,

1.00 mmol) in 1-PrOH (64 mL) was added. A solution of tert-butyi-4-vinylbenzoate
14b in 1-PrOH (119 mL) was added followed by K20sO4eH20 (248 mg, 0.7

10 mmol) and the reaction mixture was stirred at 0° C for 4-5 h. The reaction turns
green and all the starting material disappears with a new product formed. The
reaction mixture was concentrated in vacuo and the residue was diluted with H20

(300 mL) and extracted with EtOAc (3x100 mL). The combined organic layer was
extracted with ag. HCl (200 mL), brine{100 mL) dried (Na2S04) filtered conc. in

- 15  vacuo and purified by chromatography (SiO2, EtOAc/Hexanes 1:2} to.yield 14c as

a colorless solid (4.6 g, 82%). 'H NMR (CD30D, 8) 7.90 (d, 2 H, J=6.0 Hz), 7.40
(d, 2 H, J=6.3 Hz), 7.22 (bd, 1 H, J=5.7 Hz), 4.69 (bs, 1 H), 3.71-3.62 (m, 2 H)
1.58 (s, 9 H), 1.39 (s, 9 Hz); 13C NMR (CD30D, 75 MHz) 169.7, 160.5, 149.8,_
134.5, 132.9, 130.4, 84.7, 82.9, 68.7, 60.7, 31.25, 30.9 MS (FAB) 675.2 ([2M+1]*+,

20 15), 338 ([M+1]*, 15), 282 (65), 225 (50), 165 (100); HRMS calcd for
C1gH28NO5 (M+1): 338.1887, found 338.1967.



di chl oronet hane/ et hyl acetate to provide 12a in 73%yield. 13C NNRBG”%’PWBWE
of rotaners, CDClI3) S 26.20, 28.31, 29.07, 30.06, 34.94, 35.86, 37/.06,

51. 21, 52wtans7b3. 84, 57.78, 58.33, 65.95, 66.92, 72.97, 7BCERS0VDS¢D,
127.55, 127.66, 128.35, 1 5 S E P 2004 WO 01/77113 133 PCT/ USO / 10869

138. 45, 155. 62, 165. 06, 171. 13, 172.54; HRVS (FAB) Cal cd for C27H43N207:

507. 3070 (M+H)+. Found: 507.3077. B: $4& 2CH3 12a 12b The desired conpound
12b was prepared by the protocol described for Exanple 1, Step E. The
material was carried forward to the next step. Step C 10 12b

Step C:
BocHN\E/\OH BOCHN\;./\OH
— QO
O >l\ O%CPI\
14c 14d
5 A solution of aromatic compound 14¢ (1.0 g, 2.96 mmol) in CH30H (20

th) was treated with Rh/C (10% w/w 100 mg) and hydrogenated (60 psi) for 2d.
The reaction mixture was filtered through a plug of celite and the residue was .
concentrated in vacuo 1o yield 14d. The crude product was purified by
chromatography {SiO2, EtOAc/Hex 2:3) to vield the cis compound 14d (830 mg,

10 83%) which was further purified by crystallizing from hexanes. 1H NMR (CD30D,
d) 6.31 (d, 1 H, J=6.9 Hz), 3.58-3.49 (s, 2 H), 3.40 (bd, 1 H, J=4.8 Hz), 2.48-2.46

(m, 1 H), 2.1-1.98 (m, 2 H), 1.61-1.2 (m, 7 H), 1.45 (s, 9 H), 1.42 (s, 8 H); 13C
NMR (CD30D, 75 MHz) 176.2, 158.5, 81.2, 79.8, 63.1, 57.2, 41.8, 38.8, 28.8,

28.3,27.7; 27.5, 25.9. MS (FAB) 687.2 ([2M+1], 5), 344 ([M+1]%, 20), 232 (40),
15 188(100), 107 (13); HRMS calcd for C18H34NO5 (M+1): 344. 2437; Found:

344.2444. CHN calcd for C18H33NO5 .C=64.07%, H= 8.07%,N= 4.15% Found

C=64.32%, H=8.21%, N=4.32%.

StepE :

BocHN\:_/\OH B°°HN\:/\0H

%\ - %\

20 14d 1



12c The desi-red product 12c was obtained by the procedure described for'
15 Exanple 1, Step F. The material was purified by flash col unm 5 SEP 2004

chromato h ing 99/1 dichl oronet hane/ met hanol to yiel 1% 13C
NVR (@C%?Q’é%ﬂgé. 24, 29.93, .34.95 35.96, 43.48, 52.18, @ﬁ%’f}’@hﬁgo&

58. 06, 66.10, 66.92, 72.93, 77.43, 114.59, 116.14, 120.87, 127.58, 127.64,
127,74, 128.37, 130.02, 1 5 SEP 2004 WD 01/77113 PCTI U 501/10869 134 5

135. 95, 138. 39, 156. 90, 170. 65, 171. 06, 172148; HRVS (FAB) Calcd for C30H41

N207: 541.2914 (MtH) +. Found: 541.2921. Step D. 12c CORCH 3 12d CO2CH 3 The
desired product 12d was obtained by the procedure described for

A solution of amino alcohol 14d (3.3 g, 11.08 mmot) in dry THF (200 mL)
was cooled to -78 °C (dry ice/acetone, internal temperature -68°C) was treated--
with LDA {44 mL, 2M soln in heptanes, 88 mmol, 8.0 equiv.). The reaction mixture
was stirred at -78° C for 2 h and quenched with CH30H (20 mL). The reaction

5 mixture was treated with aq. HCI (150 mL, 1 M) and extracted with ether (3x100
mL). The combined ether layer was extracted with brine (50 mL) dried (MgSO4),
concentrated in vacuo and purified by crystaliization from boiling hexanes. The
solid separating out from the mother liquor was predominantly cis stereo isomer,
where concentration of the mother liquor gave the pure trans isomer. The above

10 sequence was repeated twice more o obtain 2.7 g of the trans compound and

600 mg of cis/trans mixture. 13C NMR (CDCI3, 75 MHz) 175.3,156.6, 79.8, 63.6,
57.0, 44.1, 38.3, 37.7, 28.9, 28.6, 28.4, 28.1, 26.6, 26.1. MS (electron spray) 344
(M*, 50), 288 (50) 232 (90), 188 (100).

Step F:
BocHN\:/\OH BOCHN\:j\OH
——
) o g\ 0 g\
5 14e 14

A solution of alcohol 14e (2.6 g, 7.6 mmol) in CH3CN (150 mL) and CCl4
(150 mL) was treated with H20 (22 mL), cooled to 0°C, treated with periodic acid
(7.05 g, 30.92 mmol, 4.0 equiv.) and RuCl3e3H20 (60 mg, 0.3 mmol, 4 mol%}.
The reaction mixture was stirred at nt. for 3h, and concentrated in vacuo. The

20 residue was diluted with water (150 mL) and extracted with EtOAc (3x100 mI:).
The combined organic layer was extracted with H2O (100 mL) and with aq. NaOH
(1M, 3x100 mL).The combined aq. layers were acidified with HCI (6M, pH ~1) and
extracted with EtOAc (8x100 mL). The ethyl acetate layers were pooled, extracted
with brine (100 mL) dried (Na2S0O4) filtered concentrated in vacuo to yield acid

25 141 (1.8 g, 66%) used for further couplings without further purification. MS (FAB)



Exanple 1, Step G The product obtained after filtering off the Cﬁ?a%ﬁﬁﬁt
was pure enough for subsequent mani pul ati ons. 13C NVR ( CDCl 3) é D27,

32.09, 35WOI1/MI1RB85. 67, 43.19, 52.21, 52.74, 57.60, 58.21, PE8v/7w1/165978,
77.74, 114.74, 116.02, 120.68,130.07, 135.66,157.11,170-59,172-05,172-51,;
HRVS (FAB) Cal cd for C23H35N207: 451. 2444 (M+H)+. Found: 451.2436. SttepE:
HO,,~Q Q cCQRCH3 Q-C02CH3 H N 15 12d14be The desired product 12e was
obt ai ned by the procedure described for Exanple 1, Step H The crude
materi al was suspended in ethyl acetate/ hexane (approx. 111) and the

undi ssol ve@86@ {([M+Nd]er g | {ite d.this 1 5 SEP Z00& WO
01/ 77113 1?250)PC(I£/ USO /1013%%@%["““ °55,5¢% (20), EBERLT 2dd (100), 202 (70), 200

-

Step G:
bl |
>y on Q,O
O . \/\/G,"
k E_ COOCHz

A solution of Boc-trans~4-tertbutylcarboxyl~cyclohexylgylcine 14f (1.9 g,
5.3 mmol) in CH2Cl2 (30 mL} was treated with proline compound 1d (1.92g, 5.85
mmol, 1.1 equiv.) and cooled 1o 0°C. The reaction mixture was treated with
Hiinigs base (1.51g, 11.7 mmol, 2.2 equiv., 2.15 mL) followed by the addition of
10 BOP reagent (2.6 g, 5.85 mmol, 1.1 equiv.) The reaction mixture was stirred at ri.
for 12 h diluted with aq. HCI (1M, 100 mL) and extracted with EtOAc (3x100 mL).
The combined ethyl acetate layers were extracted with ag. NaOH (1M, 100 mL)-
brine (100 mL) dried (Na2804), filtered concentrated in vacuo and pu}iﬁed by

chromatography (SiO2, EtOAc/Hexanes 2:3) 1o yield 14g as colorless foam (1.8g
15 54%); TH NMR (CD30D, §, mixture of rotomers} 7.32-7.23 (m, 5 H), 6.64 (d, 1 H
J=9.0Hz), 4.47-4.39 (m, 3 H), 4.19-4.04 (m, 3 ), 3.74 (s, 3 H), 3.66-3.56 (m, 4

H), 2.55-2.10 (m, 2 H), 1.89-1.00 (m, 12H), 1.42 (s, 9 H), 1.40 (s, 9 H). 13¢ NMR
(CD30D, 5, mixture of rotamers), 175.6, 174.6, 172.4,172.0, 156.4, 138.5, 128.1



process once again, the filtrate was concentrated and applied on f?%fﬁ?dﬂ}"m
as a dichioronethane solution. The colum was eluted with 75/25 '

hexanel a R&,@ 2119 Vyield 29%of 12e. HRVE (FAB) Cal cd for gegtks3Ng&s:
433. 2339 I—G? Found: 433.2339. 5 Step F: 12e 12f The advanced

I nternmedi ate 12f was synt hesi zed as described for Exanple 10 1, Steel, in
quantitative yield; 1H NVR (DVSO d6) 8&2 96 (s, 9H), 1.66-1.70 (m 1 H,
1.75-1.82 (m 2H), 2.43 (dd, 1 H), %36(m 2H), 3.48-3.52 (m 1 H),
3.55 (dd, 1 H), 3.84 (app. d, 1H), 3.99 (app. d, 1H),406410(m 3H),
4.16 (dd, 1 H), 4.69 (d, 1H),670672(rn3|—|),715(a t, 1 H, 8.42
(d, 1 H,122548274; 123,3, 798, 79.7 370 VR 7(SNRD o6 78684, 581%5,45233 31,

34.97, 41.22, 53.96, 56.11, 56, 6 6 4. 84, 1 94, . 115. 25,
121 73, ‘16631439 494,30 45888 34 5 2058, 284757 8o 2723 2o0h 2 24 BEMS ~cal oo
for_C22t6iF AK063a (P 14571 ¥s)ss), 4700, 428 (511884 (106, 852 R8P 1580,
128 (39); CHN Calcd. for C34H52NOg9 C 64.53% H 8.28% N 4.43%; Found C
5 64.41% H8.00% N 4.19%.

Step H:

O\/O\/\/Q, @\/D\/\/O

(lCOOCHa -+ QCOOCHa
Bocl-in\_,,LO CHN__A
- ———— >

>l\ o 14g >\\0 14h

A solution of Boc-trans-4-tertbutylcarboxycyclohexyl glycine 14g (1.8 g) in
10  HCI {(4M soln in dioxane, 60 mL) was stirred at t. for 4-5 h. The reaction was
followed by TLC (EtOAc/Hex 3:7) for the disappearance of starting material and
the appearance of base line product. The reaction mixture was concentrated in

#
FITEN

- vacuo and the residue was dried in the pump overnight. The solid 14h was used

for couplings without further purification.

15 Stepl:
H Q‘COOCHa DCOOCHs
ClH - kl\/\§O

141 ﬂ\o J< 1)

14h

LLLTEY
win



G 12f 12g A PCTIUSO01/ 10869 5 The expect ed product 12g was synt hesi zed
gtsegescrl bed egrl ier for the Exanple 1,. Step J. The material ®hbtSEP 200
wor k- up WO 7741 f icient purity to be. carried forward PETVURRINEBGY St ep.
HRVS (FAB) Cal cd for C40H57N609: 765.4187 (M+H)+. Found: 765.4175. V\D
01177113 137 Step HH H N 12B 15 SEP 1004 P_CTI U_ SO 1118869 5 The dQSI red
products 12A and 12B were obtai ned by tfnlt60?<| dation protocol described
previously for Exanple 1, Step K Purification by flash colum

A solution of 3-hydroxyphenylacetic acid 141 (501 mg, 3.29 mmol, 1.8
equiv.} and amine hydrochloride 14h (1 -79g, 2.99 mmol) in dry CH2Cl2 (30 mt)
was treated with Hunigs base (850 mg, 6.59 mmol, 2.20 equiv., 1.2 mL) and BOP

5 reagent (1.59, 3.29 mmol, 1.1equiv.) at 0° C and stirred at rt. for 24 h. The
reaction mixture was concentrated in vacuo and diluted with aq. HCI (1M, 250
mL). The ag. layer was extracted with EtOAc (3x100 mL}). The combined organic
layers were extracted with ag. NaOH (1x100 mL), brine (1x100 mL) dried
(Na2804) filtered, concentrated in vacuo and purified by chromatography

10 (E1OAc/Hexanes 1:1) to yield 14j as a colorless solid (710 mg, 36%).
Step J:

/_/—OBI'I /_/_OH
Q

0 Preoo :
N COOCH3 &COOCHa
H —_—
\*O o

9 5?4\

15 A solution of the coupled compound 14j (710 mg, 1.1 mmol) in CH30H
(50 mL) was treated with Pearimans catalyst (10% Pd{OH)2/C) and hydrogenated
(H2, 40 psi) for 12h. The Pd/C was filtered off through a plug of celiteand filtrate

mn

was concentrate and used for the next cyclization without further purification Ry

0.12 (acetone/Hexanes 3:7); TH NMR (CD30D, 8, mixture of rotomers) 8.25 (bs,

20 1H), 7.01 (bt, 1 H, J=7.2 Hz), 6.72 (bs, 1 H), 6.65 (d, 2 H, J=7.8 Hz), 4.79-4.70
(bs, 3 H), 4.55-4.41 (bs, 2 H), 4.20-4.12 (bs, 2 H), 3.77 (s, 3 H), 3.66-3.44 (bm, 6

H) 2.43-1.04 (bm, 14 H) 1.40 (s, 9 H); 13C NMR (CD30D, 8, mixture of rotomers):
1755, 174.6, 172.6, 172.4, 171.3, 161.1, 157.3, 136.8, 136.7, 129.3, 120.0,




chromat ogr aphy using 98/2 to 9614 of dichl oronet hane/ net hanol aff orm
separate isoners 12A and 12B, and sone m xture. Conbined yield = gg%q}?# or

st eps). I—{? §., ) Cal cd for CA0H55N609: 763.4031 ( M+H) +. nd.
265 4040 TEIX ,l’:ﬁgaa 4047 (12B). 1 5 SEP 2004 WD 01177113 PHuat0560
138 Exanpl e 13:-Preparation of Conpounds of Formulas 13A and 13B: H N5

Step A 12f e J 1 5 SEP zolL WO 01/77113 139 PCT/USO /10869 The expected
product 13a was synthesized as descri &l earlier for the

115.7, 113.6, 100.0, 94.8, 79.9, 79.8, 77.5, 65.1, 58.5, 68.2, 55.6, 55.5, 54.3,
52.2,51.5, 43.9, 42.1, 39.4, 35.0, 32.4, 28.6, 28.4, 27.5, 27.2, 27 .1, 26.1, 25.2,
25.0; MS (FAB): 577 ((M+1]’, 70), 521 (10), 443 (10), 387 (10), 374 (10), 318
(15), 290 (100), 248 (30); HRMS calcd. for C3pH45N20g (M+H)*: 577.3125;

5 Found §77.3133.

Step K:
/—_/—OH
Q O"-
HO. 4
H \L H\lb
NS0 E——
o ; 0
14k 0)‘\ m ° )‘\
10 A solution of alcohol 18k (600 mg, 1.05 mmol) and ADDP (787 mg, 3.12

mmol, 3.0 equiv.) in CH2Ci2 (30 mL) was treated with Ph3P (818 mg, 3.12 mmol,
3.0 equiv.) under a positive pressure of dry N2 at 0 °C. The reaction mixture was
stirred at .rt. for 24 h, concentrated in vacuo and the residue was purified by
chromatography (SiO2, acetone/Hexanes 2:3) to yield a colorless solid 14t (120
15  mg, 22%) of cyclic product; Rf 0.73 (acetone/Hexanes 1:1); TH NMR (CD30D, 8)
7.13 @, 1 H J=7.8 Hz), 6.76 (s, 1 H), 6.71 (1, 2 H, J=8.1Hz), 458 (d, 1 H, J=9.9
Hz), 4.37 (dd, 1 H, J=7.8, 2.7 Hz), 4.23-4.11 (m, 4 H), 3.74-3.61 (m, 2 H), 3.66 (s,
3 H), 3.59-3.40 (m, 2 H), 2.54-2.41 (m, 1 H), 2.19-2.10 (m, 1H), 1.98-1.42 (m,’.10
H), 1.43 (s, 9 H); 13C NMR (CD30D, 8) 175.6, 172.4, 172.1, 170.8, 159.0, 137.0,
20 129.1,121.7, 115.7, 112.2, 94.8, 79.8, 77.4, 65.2, 64.0, 57.6, 55.2, 53.8, 51.3,
44.0, 41.5, 39.1, 33.3, 28.7, 28.1, 26.9; MS (electron spray) 559 ({M+1]+, 100)
327 (10), 189 {20); HRMS calcd. for C3pH43N20g (M+1)*: 559.3019; Found:



Exanple 1, Step J. The material after work-up was of sufficient PEEP?% to
be . <carried forward to the next step. HRMS (FAB) Cal cd for Cézl 509:
779. 4344 WowH 113 Found: 779.4350. 5 Step B H N 13A The de€rnsdi/pisesiuct s
13A and 13B were obtained by the oxidation protocol 10 described
previously for Exanple 1, Step K Purification by flash colum

chromat ogr aphy using 100/0 to 96/ 4 di chlygr onet hane/ net hanol afforded
separate isonmers 13A and 13B, and sonme m xture. Conbined yield = 50% (for
2 steps). 1 5 S E P 2004 W 01/77113 140 PCT/U SO 1 /10869 HRVS (FAB) Cal cd
for C41 H57N609: 777 4187 MtH) +. Found: 777,4177 13A), 777.4185 (13B).

Exanpl e 13691302544 cst forGanblaaNa Qs GEER AC= 63.47%, H=7.63%,
N=4.93%; Found C=63.57%, H=7.46%, N=4.93%. -
Step L:

el

COOCH3 &COOH
: ——
o)

oot

5 14 14m

A solution of methyl ester 141 (120 mg, 0.22 mmol) in THF (5.0 mL) and
H20 (1.0 mL) was treated with LiOH (20 mg, 0.5 mmol, 2.0 equiv.). The reaction
mixture was stirred at . for 3 h and CH30H (1.0 mL) was added and stirred for
10  an additional 1h. The reaction mixture was stirred with HCI (4.0 M in Dioxane, 1

mL) and concentrated in vacuo and the water was lyophilized to yield a colorless
- solid 14m which was used for next coupling.



14a 10 14b A solution of vinyl benzoic acid 14a (1Qg, 68 mmol) 1i51 gpgu
benzene (150 nl) was treated with ditert-butylacetal of DWVF (69 3 ﬂ{)
mrol , 5. i and heated at reflux for 4h. The reacti ket was
concentrate {T\r?nz:/’acuo and diluted with ag. NaCH (1 M 3009(;{@@‘%%&
reaction m xture was extracted in diethyl 15 ether (3x100 niL). The conbi ned
organic | ayer was extracted with aq. N? (1 M 100 nm.), H20 (2x100 nL),
brine (1x100 nmL) dried (Na2SO4), Filte and concentrated in vacuo. The
residue was distilled under reduced pressure to yield 14b 9.2 g (66.2 %
of a colorless oil. 1 5 SEP 2004 WO 01/77113 PCT/U501110869 141 Step B:

BocHN~ H Gtép M: 14b l4c

>
Z
o
QI
I
Sy
z
o
j
\

o]
14n
G 0)\\
5 A solution of carboxylic acid 14m (110 mg, 0.21 mmol) in DMF (3.0 mL)

and CH2Cl2 (5.0 mL) was treated with Hiinigs base (109 mg, 0.84 mmol, 4.0
equiv. 155.0 pL) and HOOBt (52 mg, 0.315 mmol, 1.5 equiv.). The reaction.
mixture was cooled to 0 °C and treated with EDCI (61 mg, 0.31 mmol, 1.5 equiv.)
The reaction mixture was stirred at 0 °C and treated with amine hydrochioride A
10  after 30 min. The reaction mixiure was stirred at rt. for 24 h and concentrated in
vacuo to remove DMF and CH2Cl2. The residue was diluted with aq. HC1 (100
mL) and extracted with CH2Cl2 (3x75 mL) The combined organic layers were"

extracted with aq. NaOH (1M, 3x50 mL), brine (100 mL) and concentrated in
vacuo. The residue 14n (79 mg) was oxidized without further purification.



i A solution of tert-butyl carbamate (5.96 g, 50.9 mmol) in 1 -RrOsrdHfy ni)
was treated with ag. NaOH (128 nmL., 0.41 M and tert-butyl hypochiorite
(5.59, 5SWw®onmmk). The reaction mxture was cooled to 00 @GcandkofMbdd 2Phal
(780 ng, 21.00 mol) in 1-PrCH (64 m-) was added. A solution of
tert-butyl-4-vinyl benzoate 14b in 1-PrOH (119 m-) was added fol |l owed by
K20sO4H20 (248 ng, 0.7 10 nmol) and thggpeaction mxture was stirred at 00
C for 4-5 h. The reaction turns green and all the starting materi al

di sappears with a new product formed. The reaction m xture was
concentrated in vacuo and the residue was diluted with H2O (300 m-) and
ext r act ed SkeRM:Ft OAc (3x100 nL). The conbined organic | ayer was extracted
with ag. HCI (200 m.), brine(100 m-) dried (Na2SO4) filtered conc. in -15
vacuo and purified by chromatography (Si 02, EtOAc/Hexanes 1:2) to. yield
14c as a colorless solid (4.6 g, 82%. bR (CD3OD, 8) 7.90 (d, 2 H,
J=6.0 Hz),-7.40 (d, , . =6. 1 H J=5.7 Hz), 4.69 (bs, 1
H, 3.71-3.62 (m 2 4 Hz); 13C NWMR (CD30D, 75
MHz) 169.7, 160.5 .4,184.7, 82.9, 68.7, 60.7,
31. 25, 30.9MS( 353~ ([ M+l 1+, 15), 282 (65),
225 (50), 165 (106¥% (M+1): 338.1887; found
338.1967. 1 5 SEP 2

o} 0/\\ 14n

] H N O 0 H 5
N -
/\\ 14 .
5 A solution of alcohol 14n (79 mg, 88 ymol} in CH2Cl2 (4.0 mlL) was

treated with Dess-Martin reagent (110 mg, 0.25 mmol, 2.5 equiv.) The reaction
mixture was stirred at rt. for 3 h and the mixture was concentrated in vacuo. The
residue was purified by chromatography (SiO2, acetone/hexanes 1:1) to yield -

oxidized product 14 (29 mg, 38%) as a coloriess solid; MS (FAB) 889 [(M+1)*,

10 100), 844 (20), 833 (60), 788 (30), 760 (10), 655 (10), 527 (20); HRMS calcd. for
C47HB5Ng011: 889.4711; Found: 889.4732.



142 Step C.  BocHNNf"OH BocHN - OH 14c 14d 5 A solution of aromdth §EP 2004
conpound 14c (1.0 g, 2.96 mmol ) in CH3OH (20 nL) was treated with Rh/C
(10% wW w and hydrogenated (60 psi) for 2d. The r i gt ure
was fil te&@&lm%ugh a plug of celite and the residue vvaseﬁglt)dr]l%;eiﬁlmr%t ed in
vacuo to yield 14d. The crude product was purified by chromatography
(Si02, EtOQAc/Hex 2:3) to yield the cis conmpound 14d (830 ng, 10 83% which
was further purified by crystallizing ¥lom hexanes. 1 H NVR (CD3OD, 8)
6.31 (d, 1 H J=6.9 Hz), 3.58-3.49 (s, 2 H), 3.40 (bd, 1 H J=4.8 Hz),
2.48-2.46 (m 1 H, 2.1-1.98 (m 2 H, 1.61-1.2 (m 7 H), 1.45 (s, 9 H),
1.42 (s, Pxdathpld35: P o6 Cém nd386. 2, 158.5, 81.2, 79.8, 63.1,
57.2, 41.78, . 8, . 3, .3, A, .5, 25.9. M5 (FAB) 687.2-([2Mt1] +,
5), 344 ([M1]+, 20), 232 (40), 15 188(100), 107 (13); HRMB cal cd fer
C18H34N05 (M+l): 344.2437; Found: 344.2444. CHN cal cd for C18H33NGG
C=64.07% H= 8.07% N= 4. 15%-Eound

H
O

o~ TOH 15

5 StepA:

Q
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OH 15



C=64.32% H=8.21% N=4.32% St_ ep_ E : BocHN~OH BocHN N-'-"COH 2,0 §€,9 Uwe 1
5 SEP 2004 WD 01/77113 PCT/ U501/ 10869 143 A solution of am no al% o? 4d
(3.3 g, 1wooA/mwl ) in dry THE (200 m-) was cool ed to - 7BCDUSGI/10869

i ce/ acetone, internal tenperature -68C) was treated wth LDA (44 nL, 2M
soln in heptanes, 88 mol, 8.0 equiv.). The reaction m xture was stirred
at -78 C for 2 h and quenched wth CH3 (20 nm.). The reaction 5 m xture
was treated with ag. HC (150 nL, 1 M and extracted with ether (3x100

m.). The conbi ned ether |ayer was extracted with brine (50 n-) dried

(MyS™), concentrated in vacuo and purified %crystal l'ization from
boi | i ng hexaneé solulion ebiaribuypaster 144260 Mg, A neatbwae traatedwithwas

Gave tho REALCCRBE FACT O Rl sudi et B @t fo kg debriasaie PG estotor
MR (oo 1 EsAfR e Beb 1OBER B TS CRROIEHID o8] Sy Xt ore 3C

deprotection was complete the reaction mixture was concentrated in vacuo and
5 the residue was repeatedly treated with CH2Cla/Hexanes and concentrated to

yield a white solid 15 (19 mg, 100%}; MS (Eleciron spray) 833 ([M+11+, 60), 661
(10), 530 (40), 391 (75), 279 (100}.
Example 16: Preparation of Compound 16:

10 16

14d 16a
15
The desired compound 16a was prepared from 14d in 70% yield according
to the procedure of Example 14, Step F. It was used for the couplings without

further purification's; MS (FAB): 380.2 ([M+Na]*, 30) 358 ([M+1]*, 5), 302 (20},



57.0, 44.1, 38.3, 37.7, 28.9, 28.6, 28.4, 28.1, 26.6, 26.1. M5 (ﬁrt,ggpmp
spray) 344 (M+, 50), 288 (50) 232 (90), 188 (100). Step F: Bocll e
14f A solutiopn_of alcohol 14e (2.6 g, 7.6 mmol) in CH3CN ( d CC 4
(150 ni) %Q’@?%gt ed with H20 (22 nlL), cooled to 0C, treat%cgﬁlv]\ﬁrﬂtlho%gri odi c
acid (7.05 g, 30.92 mol, 4.0 equiv.) and RuCl13.3H20 (60 ng, 0.3 mmol, 4
nmol %¢. The reaction mxture was stirred at rt. for 3h, and concentrated in
vacuo. The 20 residue was diluted withl®hter (150 mL) and extracted wth

Et OAc (3x100 nL). The conbined organic |ayer was extracted with H2O (100
m-) and with ag. NaCH (1 M 3x1 00 nliL). The conbined aqg. |ayers were

cthyl e et B (ekh, A2 1), 206 O HIREE A 0 Ol ATl i T "

(Na2SO4) 44 &ﬂ'ﬂf g in vacuo to yield acid 25 14f (1.8 gm66%
used for @%ér'?ﬁégftoup ?’j’r%s'rs%zwgt hout further purification. MS (FAB) 1 5 SEP

1004 WO O8tepyBi3

The desired compound 16b was prepared from 16a in 41% yield according
to the procedure of Example 14, Step G; [a}p -52.7 (¢ 0.3 CHCIg, 25); TH NMR
(CDCig, 8) 7.35-7.21 (m, 5 H), 6.63 (d, 1 H, J=9.3 Hz), 4.46 (d, 2 H, J=4.3 Hz),

10 4.41 (1, 1 H, J=9.3 Hz), 4.38-4.07 (m, 3 H), 3.68 (s, 3 H), 3.66-3.43 (m, 5 H), 2.45
(0, 1 H, J=4.2 Hz), 2.32 (dd, 1 H, J=7.8, 5.7 Hz), 2.02-1.90 (m, 3 H), 1.90-1.56 (m,

3 H), 1.56-1.24 (m, 24 H); 13C NMR (CD,OD, §)174.7, 172.4, 172.0,.156 .4,
138.4, 128.0, 127.5, 127.4, 79.8, 79.0, 77.5, 72.5, 66.6, 65.3, 58.0, 55.3, 52.1,

51.3, 40.4, 38.6, 34.7, 29.7, 27 .4, 27.03, 26.1, 24.5. MS (FAB) 633.2 [(M+1)*,
15  100]; HRMS caled for C34H53N209 (M+1)+: 633.3751; Found 633.3759.



144 PCTI USOL/ 10869 380.2 ([ M+Na]+, 30) 358 ([ M+1l+, 5), 302 (20)7 SBE8CH0),
246 (100), 202 (70), 200 (20) Step G COOCH3 5 14g X10 A solution of

Boc-t ranswb sgrtailut yl car boxyl - cycl ohexyl gyl ci ne 14f, (1.9 gpcTAISS/#a8Rd) 1N
CH202 (30 m.) was treated with proline conmpound 1d (1.92g, 5.85 mml, 1.1
equiv.) and cooled to OC. The reaction mxture was treated with Hunigs
base (1.51g, 11.7 nml, 2.2 equiv., 2.%g4m-) followed by the addition of
10 BOP reagent (2.6 g, 5.85 mmmol, 1.1 equiv.) The reaction m xture was
stirred at rt. for 12 h diluted with ag. HO (1 M 100 nm-) and extracted
with Et OAc (3x100 nL). The conbined ethyl acetate |ayers were extracted
with ag. NaOH (1 M 100 m-) brine (100 m-) dried (Na2SO4), filtered
concentra E‘lq vacuo and purified by chromatography (Si 2, EtQAc/ Hexanes
2:3) toy “4g as colorless foam (1.8g, 15 54%; 1 H NWR (CD30D, "5,

m xture of rotonmers) 7.32-7.23 (m 5 H), 6.64 (d, 1 H J=9.0H), 4.47-4.39
(m 3 H, 4.19-4.04 (m 3 H, 3.74 (s, 3 H, 3.66-3.56 (m 4 H), 2.55-2.10

(m 2 H, 1.981.00 (m 12H), 1.42 (s, 9 H), 0 (s, 9 H. 13C NW\R

&coocm Q\coocm

o X0
16b 16c
5
The desired compound 16¢ was prepared from 16b according to the

procedure of Example 14, Step H. The product was used without further
purification.
Step D

10

@\/O\/\/o-, Q . :
O " {
COOCHs COOCH3

N

HCl'HzN\/% \/IL o
: I

O
%OAO 16d . ’

o

16¢c

The desired compound 16d was prepared from 16¢ in 41% yield according
to the procedure of Example 14, Step I. 1TH NMR (CHCI3, §) 7.34-7.26 (m, 5 H),

15 7.12 (t, 1 H, J=7.5 Hz), 6.72-6.67 (m, 3 H), 4.76-4.64 (m, 1 H), 4.47 (s, 2 H), 4.51-
4.42 (m, 1 H), 4.11-4.02 (m, 2 H), 3.68 (s, 3 H), 3.70-3.65 (m, 1 H), 3.55-3.43 (m,



(CD30D, 8, mixture of rotaners), 175.6, 174.6, 172.4, 172.0, 156.%4, SEBG(B,
128.1, 1 5 SEP 2001, WD 01/77113 PCT/US01110869 145 127.5, 127.4, 127. 3
79.8, 79. 77.5, 72.5, 66.7, 65.4, 58.1, 56.6, 52. 3.

40. 4. 39.‘5’,‘)"5@7@? 34.6, 29.8. 28.4. 27.9. 27.3. 26.1, 25. ?CTéﬁg‘gﬁoﬂ?é (FAB)
633 ([ M+1]+, 11), 533 (55), 477 (24), 428 (5), 294 (100), 234 (12) 156
(40), 128 (39); CHN Calcd. for C34H52§§ C 64.53% H 8.28% N 4.43% Found C
5 64.41 %H 8.00% N 4.19% Std BocHN L _+ (N-"."COOCH3 CIH 31~~p
149 (1.8 g) in 10 HCO (4Msoin in dioxane, 60 nm) was stirred at rt. for
4-5 h. The H)ead4-2A2vas T bl 2282.89 (T, G KE20R/$Hem, 3:H)) 1{88-1164e(4 H),

di sappearance of starting mterial and the appearance of base |ine
product. TH®-1.88dm,dd I; %@ﬁ BIMR {CRrIged) 125.6d172.4, \13&:150 1&id L1158 . tesrdue

was dried in the punp overnight. The solid 14h was us
138.5, 136.0, 130.1, 128. , 127.9,127.7, 121.0, 116.0, 1148 80.5,77.6, 73.0,

66.9, 66.2, 58.2, 54.3, 52.5, 52.3, 43.4, 39.4, 39.9, 34.9, 30.0, 28.2, 26.8, 26.6,

5 26.0, 24.0; MS (FAB) 689 [(M+Na)*, 35), 667 [(M+H)*, 23), 633 (5), 294 (100),
204 (39), 156 (63).

Step E:
0 o
Q, 3
H ¥ H
COOCH; COOCH4

\lo - Uk
O

02\0)‘\ o?‘o)[\

16d 16e

phinn

10
The desired compound 16e was prepared from 16d according to the
procedure of Example 14, Step J. The product was used without further

purification.

14g ~- -~] 14h A solution of Boc-trans-4-tertbutyl carboxycycl ohexyl glycine



for couplings wthout further purification. 15 Step-1: c¢.COOCH3% 5+SEMNIVO
01/ 77113 146 1 5 SEP 2004 PCT/USOL/ 10869 A sol ution of

3- hydr oxypleswyiraret i c acid 14i (501 ng, 3.29 mol, 1.8 .. pequise1/iosand

am ne hydrochloride 14h (1.79g, 2.99 muvol) in dry CH2CI2 (30 nL) was
treated with Huni gs base (850 ng, 6.59 mmol, 2.20 equiv., 1.2 m-) and BOP
5 reagent (1.5g, 3.29 mol, 1.1 equiv.ysgt 0 C and stirred at rt. for 24 h.
The reaction mxture was concentrated in vacuo and diluted with agq. HC (1
M 250 nL). The aq. layer was extracted with EtOAc (3x1 00 nmL). The

conbi ned organic layers were extracted with ag. NaOH (1x100 ni), brine
(1x100 mM-) dried (Na2SO4) filtered, concentrated in vacuo and purified by
chr omat og ¥ 10 (Et OAc/ Hexanes 1:1) to yield 14] as a colorless solid

(710 nyg,
o
HO >
&COOCHS &COOCHS

P
BN oot

16e 16f

$o

O
g

mt

The desired compound 16f was prepared from 16e in 20% yield according
to the procedure of Example 14, Step K. TH NMR (CDCIg3, §) 8.56 (d, 1 H, J=7.2
Hz), 7.14 (t, 1 H, J=6 Hz), 6.86 (s, 1 H), 6.66 (d, 1 H, /~6 Hz), 6.73 (dd, 1 H,
J=6.3, 15 Hz), 4.86-4.77 (m, 1 H), 4.40 (dd, 1 H, J=3.0, 2.7 Hz), 4.24-4.13 (m, 4
10 H), 3.70 (s, 3 H}), 3.70-3.66 (m, 2 H), 3.66-3.32 (m, 3 H), 2.53 (dd, 1 H, J=5.7, 3.9
Hz), 2.45-2.42 (m, 1 H), 1.99-1.80 (m, 6 H), 1.60-1.57 (m, 4 H), 1.45-1.43 (m, 11

H): 13C NMR (CDCIg, 8) 175.8, 173.3, 173.0, 171.7, 160.0, 138.0, 130.1, 122.7,
116.8, 113.3, 81.0, 78.6, 66.3, 65.2, 58.8, 55.1, 52.5, 42.6, 42.4, 38.9, 34.6, 30.0,
28.2, 28.0, 27.0, 26.9, 26.8, 26.2; MS (FAB) 559 (M+, 33), 327 (33), 225 (100)



Step J: r-"--0Bn a C....COOCH3 143 15 A solution of the couplﬁa iegpﬁmnd
14 (710 ng, 1.1 mmtl) in CH3CH (50 nmL) was treated with Pearl ndns:

cat al yst 0 OH) 2/ C) and hydrogenated (H2, 40 psi) f Pd/ C
was fil te\rgiegjﬁgfﬂgt hrough a plug of celiteand filtrate vva?%%ﬁ%helﬁﬁbgte and
used for the next cyclization without further purification Rf 0.12
(acetone/ Hexanes 3:7); 1 H NVR (CD30D, m xture of rotoners) 8.25 (bs, 20
1H, 7.00 (bt, 1 H .=7.2 Hz), 6.72 (b%¥, 1 H, 6.65 (d, 2 H J--7.8 Hz),
4.79-4.70 (bs, 3 H, 4.55-4.41 (bs, 2 H, 4.20-4.12 (bs, 2 H, 3.77 (s, 3
H, 3.66-3.44 (bm 6 H 2.43-1.04 (bm 14 H 1.40 (s, 9 H; 13C NWR
(CD30OD, 8, mxture of rotoners): 175.5, 174.6, 172.6, 172.4, 171.3, 161.1,
157.3, 136.8, 136.7, 129.3, 120.0, 1 5 SEP 2004 WD 01/77113 PCTI USO / 10869
147 115. 78tepGii6, 100.0, 94.8, 79.9, 79.8, 77.5, 65.1, 58.5, 58.2, 55.6,
55.5, 54.3, 52.2, 51.5, 43.9, 42.1, 39.4, 35.0, 32.4, 28.6, 28.4, 27.5,
27.2, 27.1, 26.1, 25.2,...

COOCHz3 COOH
N H
I!;||\/!§O N\L}
3 z

2%

169

16f
5 The desired compound 16g was prepared from 16f according to the
procedure of Example 14, Step H. The product was used without further

purification.



25.0; Ms (FAB): 577 ([M+1 ]+, 70), 521 (10), 443 (10), 387 (10), ?74 éPlOB
318 (15), 290 (100), 248 (30): HRVS calcd. for C30H4A5N209 (MeH) +1 3 SEP T
577.3125;wo dmond 577. 3133. Step K 14k r-1-OH Q 0. COOCCHBCTABOL8$9
solution of alcohol 14k (600 ng, 1.05 mol) and ADDP (787 ng, 3.12 mmol,
3.0 equiv.) in CH2C 2 (30 m-) was treajggl with Ph3P (818 ng, 3.12 mol,
3.0 equiv.) under a positive pressure of dry N2 at 0 C. The reaction

m xture was stirred at rt. for 24 h, concentrated in vacuo and the residue
was purifi . chromat ography (Si 02, acetone/Hexanes 2:3) to yield a

col orl ess a4 141 (120 15 ng, 22% of cyclic product; Rf 0.73

(acetone/ Hexanes 1:1); 1 HNWR (CD30D, 8) 7.13 (t, I HJ=7.8 Hz), 6.76 (s,
1H, 6.7 (t, 2 H J=8.1 Hz), 4.58 (d, 1 H J=9.9 Hz), 4.37 (dd, 1 H,
J=7.8, 2.7 Hz), 4.23:4.11 (m 4 H), 3.74-3.61 (m 2 H), 3.66 (s, 3™,
3.59-3.40 (m 2 HHg2p4-2.41 (m 1 H, 2.19-2.10 (m 1 H, 1.98-1.42 (m
10 H), 1.43 (s, } 13C NVR (CD30OD, 5) 175.6, 172.4, 172.1, 170.8,
159.0, 137.0, y

;?‘
-0

H Ry I
g + HCIHN N N
. NS
0 H o
] A
070
169 Q
ﬂ_,' H H
(HN “ '!!
— i N ~
O H o

Oé\o/i\ 16h

The desired compound 16h was prepared from 16g and A according to the

procedure of Example 14, Step L. The product was used without further
- purification. ’



20 129.1, 121.7, 115.7, 112.2, 94.8, 79.8, 77.4, 65.2, 64.0, 57.q, §€Pﬁi
53.8, 51.3, 44.0, 41.5, 39.1, 33.3, 28.7, 28.1, 26.9; M (el ectrofh p g@/)
559 ([ Mt + ) 327 (10), 189 (20); HRWMS calcd. for M+1) +:
559. 3019;]“'}9&3‘?@891 5 SEP 2004 WO 01/77113 148 PCTI USQLI 10 %Hg%%S CHN
cal cd for C30H42N2080.5H20 C= 63.47% H=7.63% N=4.93% Found C=63.57%
H=7.46% N=4.93% Step L: 5 14m 141 A solution of nethyl ester 141 (120 ny,
0.22 mol) in THE (5.0 m-) and H0O (Y nL) was treated with Li OH (20 nyg,
0.5 mol, 2.0 equiv.). The reaction mxture was stirred at rt. for 3 h and
CH3OH (1.0 m.) was added and stirred for 10 an additional 1 h. The reaction
mxture vgfegsfirred with HCl (4.0 Min Dioxane, 1 m-) and concentrated in
vacuo and the water was |yophilized to yield a colorless solid 14m which
was used for next coupling. -

oj\o’*\ 16

The desired compound 16 was prepared as a colorless solid from 16h in
5 40% yield according to the procedure of Example 14, Step N. MS (electron spray)
il 889 [(M+1)*: 85), 837 (20), 530 (75), 265 (100); HRMS calcd. for C47He5Ns011:
889.4711; Found 889.4699.
Example 17: Preparation of Compound 17:

10 17



1 5 SEP 2004 WD 01/77113 149 Step M PCTI USO01/ 10869 w 14m A 5 A sqlzyggﬁ)gmpf
carboxylic acid 14m (110 ng, 0.21 mol) in DVF (3.0 nL) and CH2C .

m.) was tne@bpehivg th Huni gs base (109 ng, 0.84 mmol, 4.0 equivse1Addss0 pL)
and HOOBt (52 ng, 0.315 mol, 1.5 equiv.). The reaction, mxture was
cooled to O C and treated wth EDCI (61 ng, 0.31 mmol, 1.5 equiv.) The
reaction mxture was stirred at 0 C andgphreated with am ne hydrochloride A
10 after 30 min. The reaction mxture was stirred at rt. for 24 h and
concentrated in vacuo to renmove DVMF and CH2Cl 2. The residue was dil uted
with ag: HC (100 m-) and extracted with CH2ClI 2 (3x75 m -) The conbi ned
organic | §tePAwere extracted with ag. NaOH (1 M 3x50 nL), brine (100
m-) and concentrated in vacuo. The residue 14n (79 ngy) was oxidi zed
without further purification. 1 5 SEP 2004 e

02‘\0’*\ 16

P OH 17

5 The desired compound 17 was prepared from 16 quantitatively according
to the procedure of Example 15, Step A. MS (FAB) 833 [(M+1)+, 100], 788 (10),
723 (5), 308 (100).

Example 18: Preparation of Compound of Formuia 18:

NHSOoNH, -

™) '
) H H
s Ui
\ii\ér FW Y
B

10 18



WO 01/ 77113 PCTI USO1110869 150 Step N 5 A solution of al cohol 14A X 3B iy,
88pnol) in CH2CI2 (4.0 mM-) was treated with Dess-Martin reagent (110 ny,
0. 25 nmol uiv.) The reaction mxture was stirred j h and
the m xt u‘yg%e@%lqgoncentrat ed in vacuo. The residue was pﬁ%qf('lsse(@q%%}sg
chromat ography (Si 02, acetone/hexanes 1:1) to yield oxidized product 14
(29 ng, 38% as a colorless solid; Ms (FAB) 889 [(Mt1l)+, 10 100), 844 (20),
833 (60), 788 (30), 760 (10), 655 (10)161527 (20): HRVS calcd. for
CA7TH65N6011: 889.4711; Found: 889.4732. 1 5 SEP 2004 WD 01/77113

PCTI USO1/ 10869 151 Exanple 15: Preparation of Conpound 15: 5 Step A°* H N
90H 15 15 SEP 2004

Step A: o
H H
——
n e iciNéﬂ
0 Hoo
18a 18b

To a cold (0°C) slurry of 18a (15.0 g, 90 mmol) in dioxane (100 mL), water

(100 mL), and saturated sodium bicarbonate (100 ml.) was added a solution of
tert-butoxycarbonyl anhydride (7.2 g, 33 mmol) in dioxane (100 mL). The reaction
mixture was slowly warmed to ambient temperature over 6 hr. The reaction

10  mixture was concentrated in vacuo. The residue was diluted with water and
extracted with diethylether (2 x 150 mL). The ether layer was discarded. The
aqueous layer was acidified slowly with soiid citric acid (pH ~ 4) and extracted
with ethyl acetate (3 x 150 mL). The organic layer was dried (Na2SO4) and

concentrated in vacuo to afford 18b (14.6 g, 61% yield) as a white foam.

-5  Step B:
H H
S - S I
0 O ”
18b 18c

To a 80°C solution of 18b (14.6 g, 54.68 mmol) in toluene (230 mL) was
20 added DMF-di-tert-butyl acetal (53 mL, 218.72 mmol) dropwise over 2 hrs. The
reaction mixture was maintained at the same temperature for 1 br after the
addition was compiete. it was then cooled to ambient temperature and



WD 01177113 PCT/ US01/ 10869 152 A solution of tert-butyl ester 14 (2 SFmmg
22.0 pnol) was treated with TFA/CH2CI2 (1,1, 4 mQ and stirred at rt. for 4
h. The diwappeaiwsnce of the ester to the base |ine was folkCOwso/ngedLC
(CH30H CH2C) 2 1:24). After the deprotection was conplete the reaction

m xture was concentrated in vacuo and 5 the residue was repeatedly treated
w th CH2Cl 2/ Hexanes and concentrated taoggield a white solid 15 (19 nuy,
100% ; Ms. (Electron spray) 833 ([M+ ]+, 60), 661 (10), 530 (40), 391
(75), 279 (100). Exan& 16: Preparation of Conpound 16 H N O 10 16 Step A

H O N _"gofdddlrafed. The residue was purified by flash column chromatography using
96/4 to 90/10 dichloromethane/ethyl acetate to provide the required compound..
18¢ (7.53 g, 43% yield). HRMS (FAB) Calcd for C17H26NOs5: 324.1811 (M+H)t.
Found: 324.1807.

5 StepC:

H SO,CF3

sasallacse

To a cold (0°C) solution of 18¢ (7.5 g, 23.22 mmol) in dichloromethane
10 (100 mi) was added triethylamine (7.12 mL, 51.08 mmol) followed by triflic
anhydride (4.30 mL, 25.54 mmol) dropwise. The reaction mixture was slowly
warmed to ambient temperature over 4 hrs. It was quenched with saturated

bicarbonate solution and extracted into dichloromethane. The combined organic
layer was washed with saturated bicarbonate and brine, dried (Na,S0,) and

.15 concentrated. The brown residue was purified by flash column chromatography
using dichloromethane to provide 7.74 g of 18d (73% yield).

Step D:

SO,CF3




14d 15 >r,y MA,-H " X The desired conmpound 16a was prepared fromﬁlgﬁpmﬁn
70% vyi el d according to the procedure of Exanple 14, Step F. It was d ¢

for t he without further purification's; M (FA
([ M+Na] +C‘9§8’)‘ 7%'3 [MFL ]+, 5), 302 (20), 1 5 SEP 2006 Qo e agse

PCT/ US01/ 10869 153 258(20) 246 (100), 202 (70), 200 (20); HRWVS calcd. for
C18H32NO6 ( M#1) +: 358.2230; Found: 358, 2237. Step B: 5 16a The desired
conpound 16b was prepared from 16a in 163 % vyield according to the
procedure of Exanple 14, Step G [a]D -52.7 (c 0.3 CHCI 3, 25); 1 H NWR
(CDCI3, 6) 7.35-7.21 (m 5 H), 6.63 (d, 1 H J =9.3 Hz), 4.46 (d, 2 H,
J=4.3 Hz), 10 4.41 (t, 1H J-9.3 Hz), 4.38-4.07 (m 3 H), 3.68 (s, 3 H),
3.66-3.43 (m 5 H), 2.
To an oven dned flask was added THF (75 mL, previously deoxygenated.
by bubbling argon), palladium acetate (74 mg, 0.33 mmol), R-(+)-BINAP (311 mg,
0.495 mmol), and cesium carbonate (5.38 g, 16.5 mmoi) under argon
5 atmosphere. To this mixture was added 18d (5.0 g, 11 mmol) followed by

diphenylketimine (2.77 mL, 16.5 mmo!). The flask was flushed with argon and

heated to reflux for 12 hrs {overnight). Cooled the reaction mixture to ambient

temperature and diluted with ether (500 mL). The organic layer is washed with

saturated ammonium chloride solution (2 x 300 mL), dried (Na2S04) and

10 concentrated Purification by flash chromatography using 100/0 to 20/10
dlchloromethane!ethyl acetate provided the required product 18e (3.58 g} in 67%
yield,

Step E:

®
oo .
- Ay < Ay I

18e 18f
15
To a solution of 18e (3.0 g, 6.17 mmol) in methanol (62 mL) was added
sodium acetate (1.218 g, 14.8 mmol), and hydroxylamine hydrochloride (0.774 -g,
11.11 mmol). The reaction mixture was stirred at ambient temperatt;re for3trs.
The reaction mixture was concentrated, diluted with dichloromethane and washed
20  with 0.1 N NaOH solution. The organic layer was dried (Na2S04) and

concentrated. Purification by flash column chromatography using 95/5 to 92/8
dichloromethane/ethyl acetate afforded 18f (1.31 g) in 66% Yyield.



(p, 1 H J-4.2 Hz), 2.32 (dd, 1 H, J=7.8, 5.7 Hz), 2.02-1.90 (m 3 H)j
1.90-1.56 (m 3 H), 1.56-1.24 (m 24 H); 13C NWR (CD30OD, 8)174. 714 EPZﬂ,U"
172.0, . 15%0l91/77188. 4, 128.0, 127.5, 127.4, 79.8, 79.0, 77. PCTAK0L1086%. 6,
65.3, 58.0, 55.3, 52.1, 51.3, 40.4, 38.6, 34.7, 29.7, 27.4, 27.03, 26.1,
24.5. M5 (FAB) 633.2 [(M+l)+, 15 100]; HRMS cal cd for C34H53N209 ( M1) +:

~ 633.3751; Found 633.3759. 1 5 SEP 70044 01/77113 154 Step C
PCTI USO01/ 10869 COOCH3 16b 5 16c¢c The desired conpound 16c was prepared from

16b according to the procedure of Exanple 14, Step H. The product was used
wi thout further purification. StepD 10
Step F:

‘-

0§S?ﬁ’io’I<
H

18¢ 189

5 To a cold (-20°C) solution of dichloromethane (2 mL) was added

chlorosulfonyl isocyanate (0.16 mL, 1.87 mmol). To this was added tert-butanol
(0.18 mL, 1.87 mmol} in dichloromethane (2 mL) and slowly warmed to 0°C over
2.5 hrs. At this time a solution of 18f (0.6 g, 1.87 mmol) in dichloromethane (6
mL}) containing triethylamine (0.52 mL, 3.73 mmol) was added dropwise. The

10 reaction mixture was warmed to ambient temperature over 12 hrs (overnight).
Added saturated bicarbonate and dichloromethane and the organic layer was
separated, dried (Na2SO4) and concentrated. Purification by flash
chromatography using 95/5 to 20/10 dichloromethane/ethyl acetate provided 18g

2 (0.59 g) in 63% yield.
15 StepG:

0]
O\. .'O 0"* -”O
ﬁ\oi |
N HCL H
Y K MK
18g 18h

The expected product 18h was synthesized as described earlier for the
20 Example 1, Step C. The material was carried to the next step as it was.



15 SEP 200!
COOCH3 16¢ The desired conpound 16d was prepared from 16¢c in 41 %yield

according to the procedure of Exanple 14, Step |I. 1 H NWVR (CHCl 3, 6)
7.34-7.26 15 7.12 (t, 1 H J=7.5 Hz), 6.72-6. 67

4.76- 4. 64“’%”7?“?—1) 4.47 (s, 2 H), 4.51- 4.42 (m | H), /Hs%dljh

3.68 (s, 3 , 3.70-3.65 (m 1 H, 355343(m 158EP 2004 V\001/77113
PCT/USOl/10869 155 6 H), 2.54-2.42 (m 2.28-2.39 (m 1 H, 2.1-1.9
(m 3 H, 1.86-1.64 (4 H), 1501381(6?1:‘. 14H) 13C NWR (CDC13, S) 175.0,
172.4, 171.5, 171.1, 157.1, 138.5, 136.0, 130.1, 128.5, 127.9, 127.7,
121.0, 116.0, 114.8, 80.5,77.6, 73.0, 66.9, 66. 2, 58.2, 54.3, 52.5, 52.3,
43. 4, 39.&3%;9, 34.9, 30.0, 28.2, 26.8, 26.6, 5 26.0, 24.0; M5 (FAB) 689

[ (M:Na) +,” 35), 667 [(M+H)+, 23), 633 (5), 294 (100), 204 (39), 156 (63).
Step E: LI)COOCH3 ().-COOCH3 10 16d o
Oy P
' HN"" "NHy
> H
0] )
HCI. HoN
. 0
v 18h
Qs P
,S “NH,
>y er A 2# j
O
5 The expected product 18i was synthesized as described earlier for the

Example 1, Step D. The crude material was purified by flash chromatography
using 98/2 to 90/10 dichioromethane/methanol to afford 181 in 34% yield.



10 The desired conpound 16e was prepared from 16d according to theI EP 2004
procedure of Exanple 14, Step J. The product was used w t hout furthliarS

puri fi catwane/Ants SEP 2004 WO 01/ 77113 156 Step F 16e 5 PChcionshi/idse69 The
desired conpound 16f was prepared from 16e in 20%vyield according to the
procedure of Exanple 14, Step K 1 HNWR (CDCI3, 8) 8.56 (d, 1 H ,=7.2
Hz), 7.14 (t, 1 H J=6 Hz), 6.86 (s, 14Kk, 6,66 (d, | H ,=6 Hz), 6.73 (dd,
1H J--6.3,15 Hz), 4.86-4.77 (m 1 H, 4.40 (dd, 1 H J=3.0, 2.7 Hz),
4.24-4.13 (m 4 10 H, 3.70 (s, 3 H, 3.70-3.66 (m 2 H), 3.66-3.32 (m 3
H), 2.53 g d,,1 H J=5.7, 3.9 Hz), 2.45-2.42 (m 1 H), 1.99-1.80 (m 6 H),
1.60-1.57 k: Hy, 1.45-1.43 (m 11 H); 13C NWR (CDC13, 8) 175.8, 173.3,
173.0, 171.7, 160.0, 138.0, 130.1, 122.7, 116.8, 113.3, 81.0, 78.6, 66.3,
65.2, 58.8, 55.1, 52.5, 42.6, 42.4, 38.9, 34.6, 30.0, h

O
HN’S“NH2
H a9 —_—
>rO\IrN N
N \F(
0 H 8
18i

Oy 20
HN"~NH;

HH\)OL

HCIHN N

YK
18]

5 The expected product 18j was synthesized as described earlier for the
Example 1, Step C. The material was carried to the next step as it was.



28.2, 28.0, 27.0, 26.9, 26.8, 26.2; Ms (FAB) 559 (M, 33), 327 (3?),&%@?
(100) 1 5 SEP 2004 WO 01/77113 157 Step G 16f 16g PCT/ US01/ 10869 ‘35 04
desired c&m@HQHﬁGg was prepared from 16f accordi ng to thecT/psaaeskr e of
Exanmpl e 14, Step H The product was used without further purification. WO
01/ 77113 158 Step HH A 5 15 SEP 20N PCTI USO 110869 The desired conpound
16h was prepared from 16g and A accordi{gyto the

Step \J):
OO
™ HN~NH,
Q |
QC%H H
N 5 +  HCHN n\/ﬂ‘r\?ﬂ’(
H
0 /]\ 0 0
12f 18j
Ox O
HN’S‘NHz
Qi
SUBES
N N
. Ny % u
o] 0
N\:)\O 0
O =
/l\ 18k
5 The expected product 18k was synthesized as described earlier for the

Example 1, Step J. The material after work-up was of sufficient purity to be
carried forward 1o the next step. '



procedure of Exanple 14, Step L. The product was used w thout furt1h\5:|5EP 2004
purification. 1 5 SEP 2904 WO 01/77113 PCTIUSO /10869 159 Step | H NO
O 1--, lewinel/thesd red conmpound 16 was prepared as a col or|l @€3/sol/meB6d r om
16h in 5 40%yield according to the procedure of Exanple 14, Step N. M
(el ectron spray) 889 [(M+1l)+, 85), 637 (20), 530 (75), 265 (100); HRVB
calcd. for C471-160601 1: 889.4711; Fagqggd 889.4699. Exanple 17:
Preparation of Conmpound 17: H N O 10 QOH 17
Step K:
OO0
H ’S‘NH2
0
[A H
PP
Ho ) N
0 O O
N o
0 z
/I\ 18k
ey
HN" "NH,
0
H H
. G
' 1
O o O
O /.—I\
18
5 The desired product 18 was obtained by the oxidation protocol described

previously for Example 1, Step K. Purification by flash column chromatography
using 98/2 to 92/8 dichloromethane/MeOH afforded 11 as a mixture of
diastereomers in 13% yield (for 2 steps).

Example 19: Preparation of Compound of Formula 19:

10

Qp O
HN’S‘NHZ

19



1 5 SEP 2004 WO 01/77113 PCT/US01110869 160 Step A .W 4CH 17 5 The {dpSEF Bt
conpound 17 was prepared from 16 quantitatively according to the procedure

of Exanplgol@maser A M5 (FAB) 833 [(Mrl)+, 100], 788 (109(;Tm§caao£é§)
(100). Exanple 18: Preparation of Conpound of For rruI a 18: | 1HSO02NH 2

10 18 1 5 SEP 2004 WO 01/77113 PCT/ USCL1/ 10869 161 Step A
169

Step A: o
Oy 0
HN’S‘NH2

;f EP‘.O}
kS

O 0O
18
O
H - “NH;
e

N n\jtﬁ H

H

0] 0 0
O /=]\
19
5 The expected product 19 was synthesized as described earlier for the

Example 3, Step A, in quantitative yieid.



0 0 180 18b 6 To a cold (0C) slurry of 18a (15.0 g, 90 mmol ) in di oxane

(100 n), water (100 nmi), and saturated sodium bicarbonate (100 m) S’PBZB[M

added a swioumimsof tert-butoxycarbonyl anhydride (7.2 g, PEB/USHNGIOBRES N
di oxane (100 nlL). The reaction mxture was slowy warned to anbi ent
tenperature over 6 hr. The reaction 10 m xture was concentrated in vacuo.
The residue was diluted with water andq thracted wi th diethyl ether

~The ether layer was discarded.

150 ni).

(3 x 150 FEAM , paration ar .o DA ang
vacuo to afford 18b(146g, 1%y|eld) asavx/mtefoam SStepB

18c To a 80C solution of 18b (14.6 g, 54.68 nmol) in toluene (230 n) was
™) dropw se over 2 hrs.
perature for 1 hr after

20 added

The reaction m xtur S @tal ned at the sane g

t he

DVF-di -tert-but cetal (53 nmL, 218.72 p

N\

n \i

20A

208

The desired product 20a was obtained by the method described for -
Example 1, Step F. The material was purified by flash column
chromatography using 98/2 dichloromethane/methanol to provide 20a in $7%

yield. HRMS (FAB) Calcd for C32H43N207: 567.3070 (M+H)*. Found:
567.3073.
Step B:

aqueous |ayer was acidified



addi tion was conplete. It was then cooled to anbient tenperature ?'ﬁdSEPZUM
| 5SEP201 WO 01/ 77113 PCTI USO /10869 162 concentrated. The residue was
purifi ed. gh colum chromat ography using 96/4 to 9

di chl or onet aneflet hyl acetate to provjqe the required Corrglé(é'ﬂgsom%sg (7.53
g, 43%yield). HRVS (FAB) Calcd for Cl7H26NO5: 324.1811 (MtH)+. Found:
324.1807. 5 Step C. 18c 18d To a cold (0C) solution of 18c (7.5 g, 23.22
mol ) in dichloromethane 10 (100 nL) was added triethylamne (7.12 ni,
51.08 nmml ) followed by triflic anhydride (4.30 nL, 25.54 mmol) dropw se.
The reaction mxture was slowy warnmed to anbient tenperature over 4 hrs.
It was quenched with saturated bicarbonate solution and extracted into

di chl oronet hane. The conbi ned organic |ayer was vvasheg wi th saturated

bi car bonat e and kppres-F.ied (NazSO4) and 15 coR ~ed. The browr

resi due was p I ed by f h col um chronmatjogr aphy usfi ny di chl or onet hane
to provide 7 g of 18d cbEd) . ’ CO2CH3
J e
N
NS0 . Yo
o) i 0 :‘
20a 20b

The desired product 20b was obtained by the method described for
Exampie 1, Step G. The material was purified by flash column
chromatography using 98/2 to 96/4 dichloromethane/methanol to provide 20b

in 81% vield. HRMS (FAB) Calcd for C25H37N207: 477.2601 (M+H)*.
Found: 477.2606.
Step C:

HO™
OH <: j; [?')
@\/\nr \/LO COch 3 002CH 3

20b 20c

The desired product 20¢ was obtained by the method described for
Example 1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 20¢ along with triphenylphosphine oxide.
This mixture was taken to the next step. HRMS (FAB) Caled for

CosH35N206: 459.2495 (M+H)*. Found: 459.2490.
Step D:



Step D 18d 18e | ~SEP2094 WD 01/ 77113 PCTI USOL1/ 10869 163 To an oven dried
fl ask was added THE (75 nL, previously deoxygenated, by bubbling hbddR)200
pal | adi unwWcet7a1s (74 ng, 0.33 mmol), R-(+)-BINAP (311 ny, pCarabiesswl ),
and cesium carbonate (5.38 g, 16.5 mMmd12 under argon 5 atnosphere. To this
m xture was added 18d (5.0 g, 11 nmol) followed by diphenyl ketimne (2.77
m., 16.5 nmol). The flask was flushed with argon and heated to reflux for
12 hrs (overnight). Cooled the reaction m xture to anbient tenperature and
diluted with ether (500 nL). The organic layer is washed with saturated
ammoni um chl orid solution (2 x 300 nL), dried (Na2ZSO4) and 10
concentrated. P T’T\ggion by flash chronmat ography/us\ng, 100/0 to 90/ 10

di chl oronet h t hyl Jacetate provided the req progi!ct 18e (3.58 g) in

67% vyield. ¥ E: 18{‘1;\C
O,CH —_—
0] N - 0]

OO OO

20c 20d

The desired product 20d was obtained by the method described for

Exampie 1, Step 1. Yield of 20d (for 2 steps) = 23%. 1H NMR {(DMSO-dg)
0.84 (m, 2H), 1.10 (m, 3H), 1.56-1.67 (m, 6H), 1.75-1.81 (m, 1H), 2.32-2.49
{m, 3H), 2.55-2.59 (m, 1H), 2.94 (di, 1H), 3.50 (dd, 1H), 3.56-3.65 (m, 2H),
3.99 (dd, 1H), 4.06-4.23 (m, 4H), 4.37 (t, 1H), 6.64-6.74 (m, 3H), 7.08 (app. i,
1H), 7.95 (d, 1H), 12.30 (br. s, 1H), BeNMR 5 (DMSO-dg) 25.25, 25.97,

28.30, 28.55, 30.61, 33.77, 36.04, 39.41, 52.52, 54.02, 57.22, 66.38, 68.03,
77.49, 114.75, 115.37, 121.14, 128.86, 142.66, 1568.92, 169.87, 170.83,

172.99; HRMS (FAB) Calcd for C24H33N206: 445.2339 (M+H)*. Found:
445.2343.
- Step E:



18f To a solution of 18e (3.0 g, 6.17 mml) in nmethanol (62 nl) waﬁ 852%3@]#
sodi um acetate (1.218 g, 14.8 mml ), and hydroxyl am ne hydrochl or é 4
g, 11. 1]“,51@)7}113The reaction mxture was stirred at anbi gigtr/iRiREat ur e
for 3 hrs he reaction m xture was lepncentrated diluted with

di chl oronet hane and washed 20 with 0.1 N NaOH sol ution. The organic |ayer
was dried (Na2SO4) and concentrated. Purification by flash col um

chromat ography using 95/5 to 92/8 dichl oronet hane/ et hyl acetate afforded
18f (1.31 g) in 66%yield. WO 01/77113 164 St F: 1 5 SEP 2004

PCT/ USO / 10869 "Pl J~- HNHO 18f 18g

N + HCLH.N

L, oW

20d
_\_Q
* OH 0
H H
q>\“/N N\/U\H
O

20e

! S OH H 0 | hal
CozH N AN

The expected product 20e was synthesized as described earier for the
Example 1, Step J. The material after work-up was of sufficient purity to be
carmried forward to the next step.



5 To a cold (-20C) solution of dichloronethane (2 nL) was added

chl orosul fonyl isocyanate (0.16 nL, 1.87 mmol). To this was added1 5 SEP 7004
tert-butaNe®o01/TAIA8 nl, 1.87 muol) in dichloronmethane (2 mMPROT/HES/18860W v
warmed to OC over 2.5 hrs. At this til a solution of 18f (0.6 g, 1.87
mmol ) in dichloromethane (6 nL) containing triethylamne (0.52 nL, 3.73
nmmol ) was added dropw se. The 10 reaction m xture was warned to anbi ent
tenperature over 12 hrs (overnight). Added saturated bicarbonate and

di chl oronet hane and the organic | ayer was separated, dried (Na2SO4) and
concentratgﬁd. EE_urification by flash chromatography using 95/5 to 90/ 10
dichloro /ethyl acetate provided 189 (0.59 g) in 63%yield. 15
Step_G 18h The expected product 18h was synthesized as described earlier
for the 20 Exanple 1, Step C. The material was carried to the next Step as
it was. 1 5 5EP20 —\V_\0001177113 PCT/ USO / 1 165 Std

P OH o}
H H |
L_NH,N N\)LN ~
H H —
o} o) 0
Ao

O
O 20e

xo-
) @ nw I
H N H N\/u\ﬁ ~

O O

N . o

0 -
O 20A

_\_q

N
20B

The desired products 20A and 20B were obtained by the oxidation
protocol described previously for Example 1, Step K. Purification by flash
column chromatography using 100/0 to 98/2 dichloromethane/methanol
afforded separate isomers 20A and 20B, and some mixiure. Combined yield
= 50% (for 2 steps). HRMS (FAB) Caicd for C42H57NgOg: 789.4187

(M+H)*. Found: 789.4179 (20A) and 789.4187 (20B).



Vi 18h 5 The expected product 181li was synthesized as descri bed eaﬁlgi @LFP?(RW
the Exanple 1, Step D. The crude material was purified by flash o o
chromato sing 98/ 2 to 90/ 10 di chl or onet hanel et ha rd 18i

in 34% y?‘é’@”l’% SEP 200b WO 01/ 77113166 Step |: 18i TP B Ogso 5
The expected product 18] was synthesized as described earlier for the

Exanple 1, Step C. The material was carried to the next step as it was. WD
01/ 77113 167 Step J: 12f O0O2H

Example 21: Preparation of Compound of Formula 21:

Py

21

Step A:
_\—Q
Q OH 0
H\/Lb COH ., HCLH.N N\)LH 0j<
N i o ¢
B
20d
_\0_
"
b OH , O
" N N N O\K
-
H 3 H

9]
O 21a

The expected product 21a was synthesized as described earlier for the
Example 2, Step A. The material after work-up was of sufficient purity to be
carried forward to the next step.



18] 15 SEP 2004 PCT/USO /10869 5 The expected product 18k was syniBesséPsz
as described earlier for the- Exanple 1, St epJJ. The material aft

wor k- up waMO ef/79F ficient purity to be carried forward to RdRUSIBANDSeOt ep. 1
5 SEP 2004 WD 01/77113 168 Step K 181RCT/ USOL/ 10869 5 The desired product

18 was obtai ned by the oxidation protocol described previously for Exanple
1, Step K. Purification by flash colum chromatography wusing 98/2 to 9218

di chl oronet hane/ MeOH afforded 11 as a mixture of diastereoners in 13%yield
(for 2 steps). Exanple 19: Preparation of Conpound of Forrmula 19: 10 H

Step B:

_\_Q A
" OH o]
H H
NN S AN —
'&'\/J% o 0 0

O
O 21a

g

) H 9 H

5@( ?)kp\iﬁ AN
O

21

The desired product 21 was obtained by the oxidation protocol
described previously for Example 2, Step B. Purification by flash column
chromatography using 100/0 to 98/2 dichloromethane/methanol afforded 21 in
38% yield. HRMS (FAB) Calcd for C44HgoN5010: 818.4340 (M+H)*.

Found: 818.4329.
Example 22: Preparation of Compound of Formula 22:




N 15 SEP 2001 WO 01/77113 169 Step A: PCT/US01/10869 5 The expected EP ZUUI.
product 19 was synthesized as described earlier for the Exanple 3, A,
I N quant iygtg #6118l el d. WO 01/77113 170 1 PCT/ US01110869 Sﬁl?r/ﬁg%oggganpl e
20: Preparation of Conpounds of Formu7as 20A and 20B: 20B CN) ~' - CO2CH3 7e
OH BnO 20a The desired product 20a was obtai ned by the nethod descri bed

for
X_Q
K 0 0
H H

Step A:

"0

21

\—o,
- 0 0

H H
Q\n,m N\)LN OH
H o 0 Ho 5
o)

The expected product 22 was synthesized as described earlier for the
Example 3, Step A, in quantitative yield. HRMS (FAB) Calcd for

Ca0H52N5010: 762.3714 (M+H)*. Found: 762.3722,

Example 23: Preparation of Compound of Formula 23:

q O\rﬁif@




Exanple 1, Step F. The material was purified by flash colum 159 ;
chromat ogr aphy using 9812 di-ehl or onet hanel net hanol to provide 20a IT'F 8‘}%
yi el d. HRYEPFABY3 Cal cd for C32H43N207: 567.3070 (MrH) +. FROTUS0186%93073.
Step B. r 1 5 SEP 2004 WD 01/ 77113 20d37©€2CH3 20b PCT/ US01/ 10869 CO2CH 3
The desired product 20b was obtained by the nethod described for Exanple
1, Stel2 G The material was purified by flash colum chromat ography using
98/ 2 to 9614 dichl oronet hane/ net hanol to provide 20b in 81 %yield. HRVS
(FAB) Cal cd for C25H37N207: 477.2601 (M+H)+. Found: 477.2606. Step C

Step A: -

OH O

H 0/ HCI'H N H
+ ,
o =~ C

1 D
/_\\o
o / OH o)
— O A L A
O
23a

The desired compound 23a was prepared in 58 % yield from 1l and D
according to the method of Example 1, Step J.



HO -
the nethod described for Exanple 1, Step-H Purification by col um

chr onat ogyPRY7sl Ng 99/ 1  di chl or onet hane/ met hanol af f or dpgy4R6:Ak&NY W th
tri phenyl phosphi ne oxide. This m xtuj® was taken to the next step. HRMVS
(FAB) Calcd for C25H35N206: 459.2495 (MtH)+. Found: 459.2490. Step D 171

s 1

5

OH 20b CO2CH 3 20c CRCH 3 The desired product 20c was obt ai hédSAPY);

SEP 2004 WO 01/77113 PCT/USOL/ 10869 172 20c 02CH3

Step B:

/_\\9
o/ OH o)
H H H -
L LR
0 & 0 o)
O CHs
23a
O/_\\O
o/ 0 Yo,
Ml@ﬁ‘*’@
O CHs
23
The desired compound 23 was prepared in 78 % yield from 23a

according to the method of Example 1, Step K.
Example 24: Preparation of Compound of Formuia 24:

av
O

CHz
24



20d The desired product 20d was obtained by the method described for5 SEP 20
Exanple 1, Step |I. Yield of 20d (for 2 steps) = 23% 1 H NVR ( DVMSO- d6)
0.84 (m ¥poimd (m 3H), 1.56-1.67 (m 6H), 1.75-1.81 (mecrushi10869
2.32-2.49 (m 3H), 2.55-2.59 (m 1 Hag02.94 (dt, 1 H, 3.50 (dd, 1 H,
3.56-3.65 (m 2H), 3.99 (dd, 1 H), 4.06-4.23 (m 4H), 4.37 (t, | H),
6.64-6.74 (m 3H), 7.08 (app. t, 1 H, 7.95 (d, 1 H, 12.30 (br. s, 1 H;
13C NMR 8 (DMSO-d6) 25.25, 25.97, 28.30, 28.55, 30.61, 33.77, 36.04,
39.41, 52.52, 54.02, 57.22, 66.38, 68.03, 77.49, 114.75, 115.37, 121.14,
128.86, 142.66, 158.92, 169.87, 170.83, 172.99; HRMS (FAB) Calcd for
C24H33N206: 445.2339 (MrH) +. Found: 445.2343. Step EE 1 5 SEP 2004 WO
01/77113 ERH A 73 PCTI USA 110869 A 20d

-

0 0
> H\)l\glrrﬁ l[:}\/lLOH

24

The solution of the benzyl ester 23 (80 mg, 0.11 mmol) in ethanol (30
mL) and methanol (15 mL) was stirred at rt. for 3 h under hydrogen in the
presence of palladium on carbon (50 mg). The reaction progress was
monitored by TLC. After careful filtration through a celite pad, solvents were
then removed in vacuo to give a white solid (67 mg, quant.).
Example 25: Preparation of Compound of Formula 25:

I
o/ o) o}
OSSN
O
25



The expected product 20e was synthesized as described earlier for the
Exanple 1, Step J. The material after work-up was of sufficient pufistSEPt2804
be carriwedigrnard to the next step. WO 01/ 77113 Step 15 wmERug&iPiosee
PCTI1JSO1/ 10869 N H N The desired prmducts 20A and 20B were obtai ned by
the oxidation protocol described previously for Exanple 1, Step K
Purification byflash colum chronmat ography using 100/0 to 9812

di chl or onet hane/ net hanol afforded separate i soners 20A and 20B, and sone
m xture. Conbined yield = 50%(for 2 steps). HRVS (FAB) Cal cd for
C42H57N609: 789. 4187 (M-H)+. Found: 789.4179 (20A) and 789.4187 (20B). 1 5
cPP 7P. nLSW&D A1/ 77113 PCT/ US01110869 175

e

Y

o / o) 0
H H H
:E\ fN\E)LQWN WA
o A 0 O
O CH3
24

o/ 0 0
H H H
0 0 O
O CHy
25

| LAR]

The desired compound 25 was prepared in 53 % vyield from 24
according to the method of Example 1, Step J, except substituting benzyl
- amine for amine A.



Exanpl e 21: Preparation of Conmpound of Formula 21: H N Step A- coeH BSEBal
The expected product 21 a was synthesized as described earlier for the
Exanpl e 2WOIKP1R The material after work-up was of suffi gCanisopuessdy to
be <carried forward to the next step. 18 5 SEP 2004 WD 01/ 77113 Step B: 176
H N PCTIUSO /10869 The desired product 21 was obtained by the oxidation
protocol described previously for Exanple 2, St B. Purification by flash

col um

Example 26: Preparation of Compounds of Formulas 26A and 26B:

26A

N\
H

Q
T
<

Step A:
. BnO. NH2 BrO N '
U — UL
NO2
26a 26b

To a cold (0°C) solution of 26a (4.0 g, 20 mmol) in THF/MeCN (35/5
mL) was added 4-nitrophenyl chloroformate (4.86 g, 24 mmol) and then . ’
pyridine (1.9 mL, 24 mmol). The reaction mixture was warmed to ambient
temperature over 4.5 hrs. Reaction was monitored till consumption of 26a
(needed to add some more of other two reagents). The reaction was
quenched by adding water, the organics were separated, washed with brine,
dried (Na2S04), and evaporated in vacuo to afford the product 26b. This

material was sufficiently pure for further studies.



chr omat ogr aphy using 10010 to 98/ 2 di chl or onet hane/ nmet hanol afforded1%lsgr:nzgm

38% vyield. HRMS (FAB) Cal cd for C44H50N5010: 818.4340 (M+H)+. Found

818. 4329.wbXaaPlie 22: Preparation of Conpound of Formul a aﬂ:T/UsImEo@EP 21704
WO 01/77113 177 PCTJUSO | /10869 Stge A- H N The expected product 22 was

synt hesi zed as described earlier for the Exanple 3, Step A in

quantitative yield. HRMS (FAB) Calcd for C401-152N5010: 762.3714 ( MtH) +.

gognd: 662.3722. Exam |l e 23: Preparation of Conpound of Fornula 23: 4P 23 1
EP 1094

Step B:

P

B no\/\/o'.

CN>\C02(3H3 H
BnO N
on K TTrC
¥ +
O © NO
26b

1f

To a solution of 1f (2.3 g, 5.1 mmol) in dichloromethane/DMF (25/5 mL)
at 0°C was added 26b (2.24 g, 6.1 mmol) foliowed by triethylamine (0.86 mL,
6.1 mmol). Few crystals of imidazole were added and the reaction mixture
- stored at -8°C for 16 hrs. The reaction mixture was diluted with
dichloromethane, washed with saturated sodium bicarbonate, 10% aqueous
citric acid solution, dried (Na2S04), and evaporated in vacuo. The crude

material was purified by flash column chromatography using 100/0 to 70/30
dichloromethane/ethyl acetate to provide 26¢ (1.2 g, 38% yieid). HRMS

(FAB) Calcd for C3gH48N307: 658.3492 (M+H)*. Found: 658.3483. .



WO 01/77113 Step A: 11 178 23a CH3 D PCT/USOL /10869 The desired conpound
23a was prepared in 58 %yield froml | and D according to the netlho8Ebik
Exanpl e 1W@&PEP133 1 5 SEP 1004 WO 01/ 77113 PCTI USO 110869 PCIgs0se8s9B: 30
23a 23 The desired conpound 23 was prédpaared in 79 %yield from 23a
according to the nethod of Exanple 1, Step K

Step C:

BI‘IO\/\/Q HO\/\/O,

[p—)\COzCH3 QC%CH;,
H o H H H
BnO. N\n,N\i/ko _ Ho N\rrN\f/ko
0O ] 3
26c 26d

The desired product 26d was obtained by the method described for
Example 1, Step G. The crude material was carried to the next step as it was.

HRMS (FAB) Calcd for Co4H36N307: 478.2553 (M+H)*. Found: 478.2547.
Step D:

Y
HO~2. e
" H\Eg\cozcm q:rn\gg\cozcm

0 —_—— O

O o

26d 26e
The desired product 26e was obtained by the method described for
Example 1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 26e along with triphenylphosphir{e oxide.’
This mixture was taken to the next step.



. Xanpl e 24: Preparation of Conpound of Formula 24: 24 1 5 SEP 2004 MEEP 20
01/ 77113 PCTIUSOL/ 10869 1SO Step A: 23 24 The solution of the benzyl ester

23 (80 nowglAdgmol) in ethanol (30 m-) and methanol (1gcfiisdy 1086
stirred at rt. for 3 h under hydrogemgsn the presence of pall aofl um on

carbon (50 ng). The reaction progress was nonitored by TLC. After careful
filtration through a celite pad, solvents were then renoved in vacuo to
give a white solid (67 ng, quant.). Exanple 25: Preparation of Conpound of
Formula 25: J. WD 01/77113 Step A: 24 181

Step E:;

2 9

Q )
Q Q\COZCHs q>\cozH
H H
HN\N’N\?/LNQ —_——

>~  HN

OO \(r)l’éo

26e 26f

The desired product 26f was obtained by the method described for
Example 1, Step . HRMS (FAB) Calcd for C23H32N30g: 446.2291 (M+H)*.
Found: 446.2290.

Step F:



25 15 SEP 2004 PCTIUSO /10869 The desired conpound 25 was prepar ed, B@E??ﬂg%
yield from24 according to the nethod of Exanple 1, Step J, except
substi t ut wyossnyl amine for amine AL 1 5 SEP 2004 WO O1PTTAK81/10869

PCT/ US01/ 10869 182 Exanple 26: Prepandtion of Conpounds of Formnul as 26A
and 26B: | N26A H N Step A- BnO ~NH2 BnO_ A O H

The desired product 26g was obtained by the method described for
Example 1, Step J. The crude material was purified by flash column >
chromatography using 98/2 dichloromethane/methanol to provide 26g in 31%
yield (3 steps). HRMS (FAB) Calcd for C41H58N70g9: 792.4296 (M+H)*.
Found: 792.4284.

Step G
Q
"- OH
H H |
————————
AT
H H
HN.__N O 0
o £
O 26g

M
Y UEWL\
o O
o '
O 26A

+ ' n:"n\i%h o
DA

0

o =
O 26B

The desired products 26A and 26B were obtained by the method
described for Example 1, Step K. Purification by column chromatography



NO2 26a 26b To a cold (0C) solution of 26a (4.0 g, 20 mmol) in THF/ MEGONSEP 2004
(35/5 m-) was added 4-nitrophenyl chloroformate (4.86 g, 24 mmol) and

then pyrweigi@r13.9 nL, 24 mmol ). The reaction m xture wasegwEwsedots

anbient tenperature over 4.5 hrs. Raattion was nonitored till consunption
of 26a (needed to add sone nore of other two reagents). The reaction was
quenched by addi ng water, the organics were separated, washed with brine,
dried (Na2SO4), and evaporated in vacuo to afford the product 26b. This
material was sufficiently pure for further studi es. 1 5 S E P 7004 WO

01/ 77113 PCTI US01/ 10869 183 Oif 26 b B nQ ' CO2CH3
using 99/1 to 95/5 dichioromethane/methanol prowded 26A (as a mixture) and

26B (pure lower Rfisomer). Combined yield = 25%. -
Example 27: Preparation of Compound 27:

278
Step A
. 0 o
MWMP' — >Loj\£lr°“"e
0
272 27b

To the mixture of Boc-3,4-didehydroproline-OMe (27a, 5.30 g, 23.4
mmol), N-methylmorpholine-N-oxide (4.75 g, 35.1 mmol) in acetone (10 mL) _ »
and water (15 mL) at rt. was added an Osmium tetroxide solution in tert-
butano! (2.5% wiw, 3.5 mL, 0.344 mmol). To this cloudy solution was added
THF until the mixture became almost homogeneous. After stirred at .
overnight, saturated aqueous sodium thiosulfate solution (30 mL) was added
and 10 min later, followed by addition of EtOAc (300 mL) and brine (80 mL.).
After layers were separated, aqueous solution was extracted with EtOAc



26c NO2 To a solution of If (2.3 g, 5.1 nmmol) in dichl ororrethane/DIVI-fs(%%(@
m.) at OC was added 26b (2.24 g, 6.1 mmol) followed by triethylam ne . %{
m., 6.1 Wee)771Bew crystals of im dazole were added and t RETASAL1486%N

m xture stored at -8C for 16 hrs. Th#8% eaction m xture was diluted with

di chl or onet hane, washed wi th saturated sodi um bi carbonate, 10% aqueous
citric acid solution, dried (Na2SO»4), and evaporated in vacuo. The crude
material was purified by flash col unm chromat ography using 100/0 to 70/ 30
di chl oronet hane/ et hyl acetate to provide 26¢c (1.2 g, 38%yield). HRVS (FAB)

| cd f : ) ) d: ) ,
L
obt ai ned n&@ﬁtri@ﬂhﬁ@a@ﬁé % ghera p&&g g&manpla%hlohrétrﬁaﬁo&apﬁp f4%6 80 material

was carried to the next step~as I
MeOH/CH2Cl2) afforded 27b (4.73 g, 18.1 mmol, 77 %) as an oil.

Step B
7o )
=L J\(lﬂ,owie — o /N
0" N Y >LOJ\N Me
27b 27c ©

To a suspension of the diol 27b (1.6 g, 6.12 mmol) magnesium sulfate
(4.0 g, 33.2 mmol) and 3-benzyloxypropionaldehyde (2.32 g, 13.0 mmol) in
anhydrous CH2CI2 (60 mlL.) at 0°C was added p-toluenesulfonic acid (150 mg,
1.01 mmol). The resulting mixture was stirred vigorously and allowed to warm
to rt. along with the ice-bath overnight (18 h). Saturated sodium bicarbonate
solution (60 mL), water (30 mL) and CH2CI2 (100 mL) were added and the
layers were separated. The aqueous solution was extracted with CH2CI2 (2 X
100 mL) and combined organic solution was dried (MgS04), filtered and
concentrated in vacuo to give a colorless oil. Flash chromatography (5 to 15
% EtOAc/CH2CI2) afforded 27¢ (2.35 g, 5.57 mmol, 91 %) as an oil.

Step C

i~ -

: O

- -
HCI-HN Me

o

s
g\o j\gerMe
0
27c

27d



HRVS (FAB) Cal cd for C24H36N307: 478. 2553 (MtH)+. Found: 478.2547. Step D
HO-Q b "CO2CH3 N O HN UNit O 26d 26e The desired product 26e wa fb§EPZUU&

obt ai ned thod described for Exanple 1, Steg H Pugdfiedbil
col um ch@g)rgalpglglgphy using 99/ 1 di ch{ggr onet hane/ net hanol adf‘i o?lgeg 6e
along with triphenyl phosphi ne oxide. 2" CO2CH3 This m xture was taken to the

next step. 1 5 SEP 2004 WD 01/77113 Step E: 26e

The desired compound 27d was prepared from 27¢ according to the
method of Example 1, Step C. It was used in the next reaction without further....

purification.

The desired compound was prepared from 27d according to the
method of Example 1, Step D. Flash chromatography (8 to 20 %
EtOAc/CH2Cl2) afforded 27e.

Step E

F»r’““Cfr“~’,;;>}) PH’ﬁH(j/ﬁﬁ&f/;;>l>.
o) o /Y
WH \ L ome  ——> HerkaN Me
0 fi 0 :i: 0

27e 271

The desired compound 27f was prepared from 27e according to the
method of Example 1, Step E. It was used in the next reaction without further

purification.



02CH3 26f PCT/USOL /10869 02H The desired product 26f was obtai ned hQy ggﬁmm
nmet hod descri bed for Exanple 1, Step |I. HRVS (FAB) Cal cd for C23H3 ﬁé X
446.2291 MR-PY3113 Found: 446.2290. Step F: 185 OH 02H + HEPAT/US@ANMSN A 26f
15 SEP 2004 WO 01/77113 PCTI US01/ 108890 186 The desired product 26g was
obt ai ned by the nmethod described for

Step F

P N0
H
AN o AL
HCI-HzN\:/“\ Me _— ﬂ\)Lglgowie

27y

Lol ot

The desired compound was prepared from 27f according to the method
of Example 1, Step F. Flash chromatography (8 to 20 % EtOAc/CH2CI?)

afforded 27g (36%, 4 steps). HRMS m/z 595.3014 [caled for
C33H42N208, 595.3019].

Step G

The desired compound was prepared quantitatively from 27g according
to the method of Example 1, Step G. Flash chromatography (3 to 5 % ]
MeOH/CH2CI2) afforded 27h as a white solid. HRMS m/z 595.2553 [calcd
for CoeH3gN203g, 595.2550].




Example 1, Step J. The crude material was purified by flash colum 15 SEP 200
chromat ogr aphy using 9812 di chl oronet hane/ net hanol to provide 26g in 31 %
yield (3 @Eq)%}r 3HRVS (FAB) Cal cd for CA1 HS8N709: 792. 429/ di)ses Found:
792.4284. Step é 0 The desired producfys 26A and 26B were obtained by the

met hod described for Exanple 1, Step K Purification by col um

chromat ography 1 5 SEP 2004 WD 01177113 PCTI US01110869 187 using 99/1 to
95/ 5 di chl or omet hanel et hanol provided 26A (as a m xture) and 26B (pure

| ower Rf isoner). Conbined yield = 25% Exanple 27: Preparation of Conpound

27: CH3 N-CH3 CH3 Step A 27a 0
[
i O
H Q i
> N\?JL\N Me
0 :’ 0

Step H
27h 270

ey

Ho/\/x
H 0
2 0
H Q ]
N‘?’u\‘N Me
0 : o]

The desired compound was prepared from 27h according to the
method of Example 1, Step H. Flash chromatography (3 to 5 %
MeOH/CH2Cl2) afforded 27i as a mixture with triphenylphosphine oxide which
was hydrolyzed.

Step |

The desired compound was prepared (72%, 2 steps) from 27i -
according to the method of Example 1, Step |.



N CH3 O 27b To the m xture of Boc-3, 4-di dehydroproline-Owe (27a, 5.13
23.4 mol), N nethyl norpholine-N-oxide (4.75 g, 35.1 mmol) in aceton
m.) and WAA®/77I1B5 nl) at rt. was added an Gsmi um tetroxi dECETAISAL/1086%
tert- butanol (2.5% wlw, 3.5 ni, 0.34%82mvol). To this cloudy solution was
added THE until the m xture becane al nost honpbgeneous. After stirred
rt. overnight, saturated aqueous sodiumthiosulfate solution (30 niL)
added and 10 min later, followed by addition of EtOAc (300 nL) and b

(80 ).
Et OAc WO
sol uti ons

After | ayers were separated, aqueous solution was extracted
[77113 188 1 5 SEP 2004 PCT/US01/10869 (2X100 nL). Organi
conbi ned, dried (MgS™), filtered and concentrated in

nggg,um

in

at
was

ri ne
wth
c
vacuo

to give a dark liquid. Flash chromatography (4 to 8 % MOH CH2C 2)
afforded 27b (4.73 g, 18.1 mml, 77 % as an oil.

ZT Q.
%O
Z Ty O
u,’o
o
=
I
O
I
[N
=
g
O
pdn o
;o
Iz
Om
Z—0

Ha
+ ~CH,
o Z 0
5
27j A
A
o /N OH 0 - CHa
—_ H H H i
I LK,
o A 0O s 0O
O CHs

27k

The desired compound was prepared from 27j according to the method
of Example 1, Step J. Flash chromatography (3 to 6 % MeOH/CH2Cl2)

afforded 27k (69%) as a mixture of diastereomers.



StepB pe-or--~ 0 0 27b 27c To a suspension of the diol 27b (1.6 g, %

nmol ) magnesium sul fate (4.0 g, 33.2 mmol ) and 3-benzyl oxypr opi onal1d<:é E&&ﬂﬂl
(2.32 g, w809m1@! ) in anhydrous CH2ClI 2 (60 m-) at OC wascTwshadosss

p-tol uenesul fonic acid (150 ny, 1.0X49gmol). The resulting m xture was
stirred vigorously and allowed to warm to rt. along with the ice-bath
overnight (18 h). Saturated sodi um bi carbonate solution (60 nL), water (30
m-) and CH2CI 2 (100 nL) were added and the |ayers were separated. The
aqueous solution was extracted with CH2CI2 (2 X 100 m-) and conbi ned
organic solution was dried (MgSO™4), filtered and concentrated in vacuo to
give a coftad ss oil . FI ash chromat ography (5 to 15 % Et QAc/ CH2Cl 2)

af forded 27c (2.35 g, 91 %9 as an oil. Step CO0 O
crs
\/u\ i\gn\/u\ N‘CHa —_—
27k
e
~N O CEH
O § O 3
H H H
LA A LI,

BRGNS Re
SRS

The desired compound was prepared from 27k according to the
method of Exampte 1, Step K. Flash chromatography (2to 5 %
MeOH/CH2Cl?) afforded pure 27A and 27B.



27¢ 27d 1 5 SEP 2006 WO 01/77113 PCTI US(c) 1114869 189 The desired coAd6ba
27d was pregared from27c according to the nethod of Exanple 1, Step C It
was used iYMOOK@1AExt reaction without further, purificati ACT/B%03008%0 27d
27e The desired conpound was prepared®tom 27d according to the nethod of
Exanple 1, Step D. Flash chromatography (8 to 20 % Et QAc/ CH2Cl 2) aff orded
27e. StepE 27e 27f The desired conmpound 27f was prepared from 27e accordi ng
to the nethod of Exanple 1, Step E. It was used in the next reaction

wi t hout further

Example 28: Preparation of Compound 28:

288
Step A

d

L H 0
H -o g o s+ HCHN H\/U\H j<

o g 0 o)

O CHy

27j B



purification. WO 01/77113 Step F 27f 190 27g 1 5 SEP 2001'" PCT/ USOl/}.LGE%QZum
The desired conpound was prepared from 27f according to the nethod of

Exanpl e lywoxi®R15: Fl ash chromatography (8 to 20 % Et OAc/ 4 or ded
27g (36% 4 Steps). HRVB iz 595.3014,gcal cd for c33H42N2§%i,;”§%1é1.°§§)19].

Ste r) 279 27h The desired conpound was prepared quantitatively from 27g
according to the nethod of Exanple 1, Step G Flash chromatography (3 to 5
% MeOH CH2Cl 2) afforded 27h as a white solid. HRMS mlz 595. 2553 [cal cd

for C26H36N208, 595. 25501.

The desired compound was prepared from 27j according to the method
of Example 2, Step A. Flash chromatography (3 to 6 % MeOH/CH2Cl2) s

afforded 28a (50%) as a mixture of inseparable diastereomers.

Step B
/‘\?}Q
H 3¢y u w § - .
N\E/U\N N N\/U\N \|<
o 2 o) o H o5
G
28a
/’\/?>§)
T WAS 0 o)
H H
A S Lo
o i o o H &
O
28A
/\/ao
2 0 o
' “\/&ﬁlrﬁ\)l\nﬁ\/u\w \ﬁ
H g H
o = 0 3. 0
0
CHs
288 ) -

The desired compound was prepared from 28a according to the
method of Example 2, Step B. Flash chromatography (2105 %
MeOH/CH2Cl2) afforded 28A and 28B.



1 5 SEP 2004 WO 01/77113 Step H 191 S 27h 27i PCT/USO1110869 The desi “@dSEPZU[M
conpound was prepared from 27h according to the nethod of Exanple 1, Step

H Flash Woe&MEdBgraphy (3 to 5 % MOH CH2CI 2) af f orded 2PCTASOHIGHEXt ur e
with triphenyi phosphine oxide which W hydrolyzed. Step | 271 27] The
desired conpound was prepared (72% 2 steps) from 271 according to the

net hod of Exanple 1, Step 1. WO 01/77113 Step J

Example 29: Preparation of Compound 29: -~
S
0
O 3 0 O
H H H
N\)L{ﬂlﬂ,N N\)Lﬁ OH
o 0

0 & 0 0
J\O\« 13 o



192 155EP201 PCT/US01/10869 OH O CH3 H OH + HC HER'™ 'N-N NCH r iffg p 0
27] 27k The desired conpound was prepared from 27] according to the rre E an

of Exanplwoli/5i@p J. Fl ash chromat ography (3 to 6 % MeOH ¥H2GkiE)108aaf f or ded
27k (69% as a mxture of diastereonepms. CH3 A WD 01/77113 Step K 193

Step A -

)
: O
o /N 0 o
H H H —_—
BOEBUBY o
o o o R0
O CHs

28A

Cgr Tig(N\)L i on
The desired compound 29A was prepared from 28A according to the

29A

method of Example 3, Step A.



CH3 N 15 SEP 2001 PCTIUSO1 /10869 'CH3 CH3 N "CH3 The desired conpggﬁgp\mﬁ’
prepared from 27k according to the nethod of Exanple 1, Step K Fl

chromat ogVe@RY7(123t0 5 % MOH CH2Cl 2) afforded pure 27A aR€TATI8Y/1086% SEP
2004 WO 01/77113 PCT/US01/ 10869 194 BEanple 28: Pre aration of Conpound
28: StepA 27) CH3 B

288
/\/.‘?L
o /N Q o)
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o = o i_0 H o
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The desired compound 29B was prepared from 28B according to the
method of Example 3, Step A.
Example 30: Preparation of Compound 30:

o)

o :

Q CH,
H H H | - ’
N N N N

. N N \r CH;
o) : o o} o)

O CHa

30



J 28a 1 5 SEP 1006 WO 01/77113 195 PCTI US01/ 10869 The desired compoyngsimmmn,
prepared from 27] according to the nethod of Exanple 2, Step A Flash

chr omat ogWw@iy7413 to 6 % MeOH CH2Cl 2) afforded 28a (50% per/m@seisobis e of

i nsepar abl e di astereoners. StepB 28a f4¢ N -w The desired conpound was
prepared from 28a according to the nethod of Exanple 2, Step B. Fl ash
chromat ography (2 to 5 % MOH CH2C12) afforded 28A and 28B. 1 5 SEP 2004
WO 01/ 77113 PCT/ USOI / 10869

Step A: .
HO
0/ Y S
O
30a a0b
Ph/\O/\>\Q
0
o ~o— =k one
30c

To a solution of the Cbz-HYP-OMe (30a) (3.0 g, 10.7 mmol) and 4-
benzyloxy-2-methyl-1-butene 30b (5.30 g, 30.0 mmol) in anhydrous CH2Cli2
(80 mL) at 0°C was added trifluoroboron diethyl etherate (0.25 mL, 1.97
mmol). The resulting mixture was stirred at rt. overnight (18 h). Saturated
sodium bicarbonate solution {30 mL), brine (50 mL) and EtOAc (300 mL) were
added and the layers were separated. The aqueous solution was extracted
with EtOAC '

(2 X 100 mL) and the combined organic solution was dried (MgSQ), filtered
and concentrated in vacuo to give a yellow oil. Flash chromatography (5 to 20
% EtOAC/CH2Cl2) afforded 30c (2.00 g, 4.39 mmol, 41 %) as an oil.

Step B:

M HO/\>‘\(__)

e ;
O 2 . »
OMe
P ~o-=N ONe HN
o
30c

O
30d



196 Exanple 29 Prepa_ration of Conpound 29: 29B 1 5 SEP 2004 WD 01/ 715[6\in "
Step A 197 H N O CH3 29A PCT/USO /14869 P4" The desired conpound i
prepared Wwom/2843according to the nethod of Exanple 3, Stmyr/vsoiMé3es

01/ 77113 Step B 198 200

The desired compound 30d was prepared from 30¢ quantitatively

according to the procedure of Example 1, Step G. -
Step C:

HO -

0
: 0
owe SN N
HN 0O 2 o
; Q
d

30e

30

The desired compound 30e was prepared from 30d and Boc-
cyclohexylglycine-OH according to the procedure of Example 1, Step D. Flash
chromatography (3 to 5§ % MeOH/CH2Cl2) afforded 30e (61%).

Step D:

/\)\' | 0’\X

HO 0 he o
T o A
(9]
H\)\ Q,om - HCI-HZNJ\@(OM»E
>|/°\gf Y : X

30e 30f

The solution of 30e and 2 N HClI in dioxane and EtOAc (1:1) was
stirred at ri. for 3 h, after which it was concentrated in vacuo. The product was
used in the next reaction without further purification.



1 5 SEP 20U PCT/US01/10869 i The desired conpound 29B was preparedify ome g
28B according to the nethod of Exanple 3, Step A Exanple 30: Preparation
of Corrpouwd)(ﬁ@?ll@HS "CCH3 30 1 5 SEP 1004 WO 01/ 77113 PA¢1/6681/108669 199

Step A

30a 0 30b 30c To a sol utlon wit t he Cbz-HYP-OW (30a) (3.0 g, 10.7

mol ) and 4-

Step E: -

N MO/\—){“
0 OH 5

o/ _ e
HC]-H2N\)LN OMe N\/U\N Me
:- o 0 _z

30f .30g
The desired compound 30g was prepared from 30f according to the

procedure of Example 1, Step F. Flash chromatography (210 5 %
MeOQH/CH2Cl2) afforded 30g (48%, 2 steps).

Step F:
2N
AcO e
OMQ OH
o ‘
N\)LN Me OMe
o} O 0

30h

30g

The mixture of 30g (700 mg, 1.28 mmol) and potassium carbonate -
(530 mg, 3.84 mmol) in anhydrous methanol (80 mL) was vigorously stirred at
rt. The reaction progress was monitored by TLC. After 3 h, it was
concentrated in vacuo before EtOAc (200 mL) and water (100 mL) were
added and layers were separated. The aqueous solution was extracted with
EtOAc (2 X 100 mL). The organic solutions were combined, dried (MgS0Qs),



o

benzyl oxy- 2- net hyl - 1- but ene 30b (5.30 g, 30.0 mmol ) in anhydrous C'*i%'gimum
(80 m-) at O0C was added trifluoroboron diethyl etherate (0.25 nL, 1.

mol ). ThWOQedMid ng m xture was stirred at rt. overni ght @PCI/USNI/18842 ur at ed
sodi um bi carbonate solution (30 nL), B®2 ne (50 m-) and Et OAc (300 nL) were
added and the | ayers were separated. The aqueous solution was extracted
with EtOAc (2 X 100 m -) and the conbi ned organic solution was dried
(MgS™M), filtered and concentrated in vacuo to give a yellow oil. Flash
chromat ography (5 to 20 % Et OAc/ CH2Cl 2) afforded 30c (2.00 g, 4.39 mol,
41 % as oil. Step B: .71 30c 0 3 1 5 SEP 2004 WO 01/77113 .

b/ Uso11 1688 308 orceaiseleo \asiBod 18 PEBRIGKISHHERAMBING R Sagtion

guanti t at iWiﬂ*dﬁtf@ﬁﬁ@fﬁﬂlﬁ!%attBnt he procedure of Exanple 1, Step G —

Step G:

H A Y .“|\\
H

-

o/ o /

H — H

N\/U\N OMe N M
O O

3C¢h 30i

The desired compound 30i was prepared from 30h according to the
procedure of Example 1, Step H.

Step H:

o .
: ’

The desired compound 30j was prepared from 30i according fo the
procedure of Example 1, Step | (23 %, 3 steps).



Step C HO 9 0 30d HO ' O 30e The desired conpound 30e was prepar egl Egmwd
and Boc- cycl ohexyl gl yci ne- OH according to the procedure of Exanp e *St ep
D. Flash wg¥ ography (3 to 5 % MOHI CH2Cl 2) afforded 3pgr 0 Step
D: 5 ACO"" A Se 30f The sol ution 0$4y4330e and 2 N HCl in di o@gﬁg&éﬁngd Et OAc
(1:1) was -stirred at it for 3 h, after which it was concentrated in vacuo.
The product was used in the next reaction wthout further purification. 1
5 SEP 2004 WO 01/77113

Step|: -

HAG

/\){‘CHS
0
— PO B PN
Yy N H “CH3
O }

30k

Z—0

- The desired compound was prepared from 30j according to the
procedure of Example 1, Step J . Flash chromatography (3 to 6 %
MeOH/CH2Cl2) afforded 30k (58%).



Step E: 30f 201 30g PCT/USO /10869 The desired conpound 30g was ﬁ)reg)ﬁr ﬁ[ﬂ,
from 30f according to the procedure of Exanple 1, Step F. Flash 5 !

chromat ogMe@My/77123t 0 5 % MeOH CH2Cl 2) afforded 30g (48% Z2pstiep@)yiosdst ep F.

30g 30h The m xture of 30g (700 ny,
(530 ny,

at

rte.

concentrated in vacuo before Et QAc (200 nL) and water (100 m-) were
and | ayers were separated. The aqueous solution was extracted with
(2 X 100 nL). The organic solutions were conbi ned, dried (MySH),
01/ 77113 202

Step J:
HiC

M\C H 3

o
I N N \CHs -
o : o] 0 Ho 5
O CHs;
. {1] 4
HaC
/\3){'0”3
0 0
o
; R g L
I N ﬁ “CHs
o A 0 0 o}
O CH3

The desired compound 30 was prepared from 30k according o the
procedure of Example 1, Step K. Flash chromatography (3 to 5 %
MeOH/CH2ClI2) afforded 30 as a mixture of inseparable diastereomers.

Example 31: Preparation of Compound 31:

W

1.228 nmol ) and pot assi um car bonat e
3.84 mmol ) in anhydrous nmethanol (80 m-) was vigorously stirred

The reaction progress was nonitored by TLC. After 3 h, it was

added
Et OAc



1 5 SEP 2004 PCT1[1S01110869 filtered and concentrated in vacuo. The
product was used in the next reaction wthout further purificatio 2ﬁgep
G 0 O 30Wwg3fivffae desired conpound 301 was prepared from g%(ggi@p to
the procedure of Exanple 1, Step H gkep H 301 30j The desi corrpound

30j was prepared from 30i according to the procedure of Exanple 1, Step 1
(23 % 3 steps). 4 1 5 SEP 7N4 WD 01/77113 Step 1:

— ISP

The desired compound was prepared from 30j and B according to the
- procedure of Example 1, Step J. Flash chromatography (2 to 5 %
MeOH/CH2Cl2) afforded 31a (73 %).



30J 203 CH3 A 30k PCT/ US0111 0869 The desired conpound was prepared from 30j
according to the procedure of Exanple 1, Step J . Flash chronat fﬁhﬂ]ﬂ’;(?’
to 6 % MXPEIBE 2) afforded 30k (58% . 1 5 SEP 2004 WO RPUTATHIG0869

PCTI USO /10869 204 Step J: b. 30 The @¥sired conpound 30 was prepared from
30k according to the procedure of Exanple 1, Step K. Flash chromat ography
(3to5 % MOHCH2A 2) afforded 30 as a m xture of inseparable

di astereonmers. Exanple 31: Preparation of Conpound 31:

Step B
H3C
0
o/ OH 0
H H H ———
NJ\QW AL o
o o) 0 Ho o
O CHs;
31a
H
R \CH3
0

31

The desired compound was prepared from 31a according to the
procedure of Example 1, Step K. Flash chromatography (2 10 5 %
MeOH/CH2Cl2) afforded 31 as a mixture of inseparable diastereomers.

Exampie 32: Preparation of Compound 32:

Ha
|“CH3

q\iq(%i |

32



1 5 SEP 2004 WO 01/77113 PCTI USO /10869 205 Step A 30] B The desg}rg%(
conpound was prepared from 30] and B according to the procedure Zﬂﬂ’pl e

1, Step Jwgrhasmschromat ography (2 to 5 % MOH CH2C 2) af fgf cﬂj /1%3' (73
%9 . WO 01/77113 206 Step )I The desirgg conpound was prepare rom
according to the procedure of Exanple 1, Step K Flash chromat ography (2
to 5 % MOH CH2CI 2) afforded 31 as a m'xture of inseparabl e diastereoners.
Exanpl e 32: Preparation of Conpound 32: 15SEP204

Step A -

HaG

/\X\CHa
© 0

o/ 0 0

R R R
o : o} 0
O CHs

31

HsG
*3 CH;

(Z\mﬁ .

32

IZ

The desired compound 32 can be prepared from 31 accordlng to the
procedure of Example 3, Step A.



WO 01/77113 207 PCTf Usol/ 10869 StepAA 31 H N The desired conmpound 32 can
be prepared from 31 according to the procedure of Exanple 3, Stel § AP 2000

01/ 77113 YBOEKAWpl e 33: Preparation of Conpound 33: H3C 3¥BTHZ01/5%PA )0
208

Example 33 : Preparation of Compound 33:

H3C ({—\Q
V4 0 H
H H H\/ﬁ\ GHa
o = 0 0O
O

33A

HiC (L
CH,

°© ™o

o/ o) 0

I I,
0 A 0 _0 o
O \C"'a

33B

H H Me OH
—_—_—
OzMe OoMe

The suspension of methyl 3,5-dihydroxyphenylacetate (33a) (5.0 g,
27.4 mmol) methyl iodide (4.6 g, 32.9 mmot), potassium carbonate (5.69 g,
41.2 mmol) in DMF (30 mL) was heated to 55°C and stirred overnigt;t. After
cooling to rt., saturated aqueous sodium bicarbonate solution (100 mL) and
EtOAc (200 mL) were added and layers were separated. The agueous
solution was extracted with EtOAc (2x100 mL). The combined organic
solution was dried (MgSQ.), filtered and concentrated in vacuo. Flash
chromatography (2 to 5 % MeOH/CH2ClI2) afforded 33b (1.11g, 29 %) as a

white liquid.



33a 33 b 15S EP 2004 PCTIUSO/10869 H3 -CH3 The suspension OL rTSitPha”
3, 5-di hydr oxyphenyl acetate (33a) (5.0 g, 27.4 mmol) nethyl iodid 2 éﬂé

32.9 molwpo @oavassi um carbonate (5.69 g, 41.2 nmol) in DI\FC—ffﬁg)mmosf)g was
heated to 55C and stirred overnight. ®#hter cooling to it, saturated
aqueous sodi um bi carbonate solution (100 nL.) and Et OAc (200 m-) were
added and | ayers were separated. The aqueous solution was extracted with
Et OAc (2x100 nlL). The conbined organic solution was dried (MSO4),
filtered and concentrated in vacuo. Flash chromatography (2 to 5 %

MeOH CH2Cl 2) afforded 33b (1.118, 29 %9 as a white liquid. 1 5 SEP 2004
WO 01/ 771 8tep8TI USOI / 10869 209 Ste R

P

MeO OH Me H

CO,Me O,H

33b 33c

An agueous lithium hydroxide solution (0.342 g in 10 mL H,0) was
added to a solution of the methyl ester 33b in THF (10 mL) and methanol (10
mL) at it. The progress of the reaction was monitored by TLC. After 4 hr., the
volatiles were removed in vacuo, EtOAc (150 mL) and water (30 mL) were
added and the aqueous solution was acidified to pH = 1 and saturated with
solid sodium chloride. After separation of the layers, the aqueous layer was
extracted with EtOAc (2 X 150 mL). Organic solutions were combined, dried
with sodium sulfate, filtered and concentrated in vacuo to afford 33c¢ (1.6 g).

Step C:

" + HCl HzN\/l-LO\n/D ﬂqh‘\)\q‘,ﬁ

COoH
33c 15 234

The desired compound 33d was prepared from 33¢ and 1f according
to the procedure of Example 1, Step F. Flash chromatography (2 to 5 %
MeQH/CH2CI2) afforded 33d in 90% vyield.



-r 33b 33c An aqueous lithium hydroxide solution (0.342 g in 10 nL H20O was
added to a solution of the nethyl ester 33b in THE (10 ml-) and ne§§apali
(10 nL) HOPY77IThe progress of the reaction was monitored py/lddnodbt er 4
hr., the volatiles were renoved in vaeto, EtOAc (150 ml-) and water
m-) were added and the aqueous solution was acidified to pH =1 and
saturated with solid sodiumchloride. After separation of the |layers, the
aqueous | ayer was extracted with EtOAc (2 X 150 nL). Organic solutions
were conbined, dried wth sodiumsulfate, filtered and concentrated in
vacuo to forlg_ 33c (1.6 g). Step C RlI~0-1'"~ M It. 33c if H VO 33d
tep D:

P o HO
M ;’\p—ﬂ\a M ;’\b'ﬂ\?
0 - —_— H R -
H\_)l\@rorwe iN\;)I\@(OMe
J O N 0 O 0

33d 33e

The desired compound 33e was prepared from 33d according to the
procedure of Exampie 1, Step G. Flash chromatography (2 to 5 %
MeQOH/CH2CI2) afforded 33e in 56% yield.

Step E:

oo P o Y
L o f\liz;\i@(m
O 0] O .

33e 33f

The desired compound 33f was prepared from 33e according to the
procedure of Example 1, Step H. Flash chromatography (210 5 %
MeQH/CH2CI2) afforded 33e as a mixture with triphenylphosphine oxide

which was used in the next reaction without further purification.



The desired conmpound 33d was prepared from 33c and If according t|05 gﬂ;a
procedure of Exanple 1, Step F. Flash chromatography (2 to 5 % 2004
MeOH CH2OWR)o1ahiar ded 33d in 90%yield. WO 01/77113 210 StgprikerAaske33e 1 5
SEP 2004 PCT/USOL/ 10869 The desired monmpound 33e was prepared from 33d
according to the procedure of Exanple 1, Step G Flash chromatography (2
to 5 % MOH CH2Cl 2) afforded 33e in 56%yield. Step E MeO Me 33e 33f The
desi red conpound 33f was prepared from 33e according to the

Step F:

-

The desired compound 33g was prepared from 33f in 45% yield (2
steps) according to the procedure of Example 1, Step |.
Step G:

OH 0 CHa

H
HCHH,N ;lp\c
2 N\)l\ﬁ H3
o) $)
CH,
A
H ' 0 Eii;
o) 0
CH,

33h

The desired compound 33h is prepared from 33g and A according to
the procedure of Example 1, Step J.



procedure of Exanple 1, Step H Flash chromatography (2 to 5 %'

MeOH/ C|—|2C’Iw2{; af forded 33e as a m xture with triphenyl phosphi ne ox{ deSgpPailich
was used MPMHElHext reaction without further purificationpcin®eSiReg004 WO
01/ 77113 Step F: 33f 211 PCTIUSO /10882 33g The desired conpound 33g was
prepared from33f in 45%vyield (2 steps) according to the procedure of
Exanple 1, Step 1. Step G H3 33g CH3 A H3 -. 33h

Me /\/\ -
‘[ i 0
H H
H H 3
N\/iq(’\l H\j\ z._
¥ N N CHs

MeO NN

Y

33A
M VANVAN
0 ,
H
- LA i oy
0 : o = N Chs
N ° °
O CHs
338

The desired compounds are prepared from 33h according to the
procedure of Example 1, Step K.



The desired compound 33h is prepared from 33g and A according to the
procedure of Exanple 1, Step J. WD 01/77113 Step H 33h M eO 212 13BRBRHE 1
5 SEP 200w0 H@T413SO / 10869 ?H3 N CH3 ?H3 N ~CH3 The desiﬁggugﬁr;@%bnds are
prepared from 33h according to the prieacedure of Exanple 1, St . WD

01/ 77113 213 '

Example 34: : Preparation of Compound 34:

FYwEs

H4CO. C{_\Q

Meo_~ o’ M

The desired compound 34a is prepared according to the method of

Example 1, Step J, except substituting amine B for amine A. The product is
obtained as a mixture of inseparable diastereomers.



Exanpl e 34:: Preparation of Conmpound 34: 34 Step A: 33g 34a CH3 B ? gFP
2004 PCTIUS01110869 The desired conpound 34a is prepared accordi né SRS
met hod of WRAKAPI® 1, Ste g J, except substituting am ne BHamu@iiigg@eA The
product is obtained as a m xture of RKseparabl e diastereoners. WO 01/77113

1 5 SEP 2004 PCT/USOL/ 10869 214 Step B: | b 34a

The desired compound is prepared from 34a according to the method
of Exampie 1, Step K.
Example 35: : Preparation of Compound 35:

HsC 0/19
RLYSIEN S
Op gL
O' CHs

35



34 The desired conpound is prepared from 34a according to the netho
Exanple 1, Step K Exanple 35:

. . Preparation of Conpound 35: H3C 351jj? %%E]&)
2001 WO Owbedtida2l5 Step A: PCTI USO1/ 10869 |

34 35 The d ound 35
is prepared from 34 according to the sygt hod of Exanple 3, i@@%’l&%%xarrpl e
36. Preparation of Conmpound 36: | 36
Step A:

W SN

34
MeO /\/E
@] / 0O 0
H H H
N
E A J\Q\KN L
o = 0 o R
O

35

The desired compound 35 is prepared from 34 according to the method
of Example 3, Step A.

Example 36 : Preparation of Compound 36:

wg

36



1 S SEP 2001 WD 01/77113 216 StepA 36a 36b PCTIU SO 1 /10869 OO Bu A
solution of ter- butyl phosphonoacetate (15.1 g, 50.0 mml) in dry st AW
cool ed toVRUHAH1dreated with NaH (60% 2.5 g, 62.5 mol, lp@Byshfvic ) and
stirred for 20 mn. The reaction m xtue was treated with 2- pentanone (4.3
g, 50 mmol) and stirred at rt. for 24 h. The reaction mxture was diluted

with ag. NaHCO3 and extracted into ether (3x100 nL). The conbi ned et her

| ayer were extracted with brine, dried (MgSO), concentrated in vacuo and

distilled to yield 8.2 g (88% of 36b (stereochemical ratio 2:1). St_ep B

COdBu 36 solution of 36b (5.0 g, 27.1 mmoi) was dissolved in

di chl or oet

o Q0Bu

° o
-
s

36a 36b

A solution of tert-butyl phosphonoacetate (15.1 g, 50.0 mmol) in dry
THF was cooled to 0°C and treated with NaH (60%, 2.5 g, 62.5 mmol, 1.25
equiv.) and stirred for 20 min. The reaction mixture was treated with 2-
pentanone (4.3 g, 50 mmol) and stirred at rt. for 24 h. The reaction mixture
was diluted with aq. NaHCO3 and extracted into ether (3x100 mL). The
combined ether layer were extracted with brine, dried (MgS0,), concentrated
in vacuo and distilled to yield 8.2 g (88%) of 36b (stereochemical ratio 2:1).
Step B

. COdBU COOtBI.I

> 0O

36b 36¢c

A solution of 36b (5.0 g, 27.1 mmol) was dissolved in dichloroethane
and treated with 4,4-thiobis-(2-tert-butyl-5-methyiphenol) (100 ' mg) and
MCPBA (60-80%, 7.76 g, 27.1 mmol) and heated at reflux for 4 h. Tf:le
reaction mixture was concentrated in vacuo and the residue was diluted with
ether (200 mL) The ether layer was washed twice with satd aq NayS:0;, aq.
NaOH and brine (100 ml). The reaction mixture was concentrated in vacuo to
yield 4.2 g (77%) of 36¢ which was used as it is in the next step.




and treated with 4,4'-thiobis-(2-ter- butyl-5-nethyl phenol) (100 * ﬁ“%)sﬁv’}ﬂm
MCPBA (60-80% 7.76 g, 27.1 mmol) and heated at reflux for 4 h. The .

reacti on Mour@1dnas concentrated in vacuo and the resi duepppsiseidogised with
ether (200 m-) The ether layer was washed twi ce with satd ag Na2S2CG3, ag.

NaOH and brine (100 m). The reaction m xture was concentrated in vacuo to
yield 4.2 g (779 of 36c which was used as it is in the next step. 1 5 SEP
2001; WD 01/77113 PCT/USO /10869 217 Step CV (dBu COOP BU +COO Bu N3 H

OH 36¢ 36d N3 36 d'
Step C

e

00'Bu

Y

cooBu  + COO'BuY
N3 H ©

OH N

36c 36d 36d

A solution of epoxide (4.0 g, 18.4 mmol) in dry ethanol (100 mL) was
treated with NaN3 (12 g, 184 mmol) and NH4ClI (9.6 g. 184 mmol) and heated
at reflux for 36 h. The reaction mixture was diluted with water and the reaction
mixture was extracted with ether {300 mL). The combined organic layers
were dried with Na2S04 and concentrated. The residue was purified by SiO2
chromatography (EtOAc/Hex 1:19) to yield 1.1 g (28%) of 36d and 731 mg
(18%) of 36d" as a colorless liquid.

Step D

. cootBy > o COO'Bu
3

OH OH

36d 36e

A solution of azide 36d (2.1 g, 8.7 mmol) was dissolved in CH30H
(100 mt.) and treated with Pd/C (50 mg) and hydrogenated (40 psi) for 24 h.
The reaction mixture was filtered through a plug of celite and the filtrate was -
concentrated in vacuo. The residue was used for next reaction without further
purification.

A solution of Cbz-Cl (1.48 g, 8.7 mmol, 1.23 mL) was added dropwise
to a mixture of amine and Et3N (878 mg, 1.25 mL) at -78 °C in CH2Cl2 (30

mL). The reaction mixture was warmed to rt. and concentrated in vacuo. The



A sol ution of epoxide (4.0 g, 18.4 mol) in dry ethanol (100 nL) was
treated with 2 g, 184 -mvol) and NH4Cl (9.6 g. 184 nmmol) and Head 6812004
at refl uxw(?)f’”?fd“h The reaction mxture was diluted wth watus@andsghe
reaction mixture was extracted with é%er (300 nlL). The conbined organic

| ayers were dried with Na2SO4 and concentrated. The residue was purified
by Si 02 chromatography (EtQAc/Hex 1:19) to yield 1.1 g (28% of 36d and
731 mg (18% of 36d" as a colorless liquid. Step DfCCdBu --3 OH 36d ChzH
OH 36e A solution of azide 36d (2.1 g, 8.7 mml) was dissolved in CH3COH

100 nl - r a dr ogenat ed (40. si) for 24
(. The )rergcgjl %n‘%%gx& W#Bg%%ﬁ e?%gb@r %@XQ%UQ QdftOC((-:-36Q é4§&d1)19he
filtrate V\fsgsyo) 6§9BCRIGMAdLEbId? vacua. The residue was used for next reaction
wi t hout further

Step E
C
ChzH ooy . CszA?éLN/\rrN\:)LP/
OH oH H o ;
36e 36f @

A solution of 36e (450 mg, 1.29 mmol) in CH2CI2/TFA (10 mL, 1:1)
was stirred at rt. for 4 h. The reaction mixture was concentrated in vacuo to
obtain the acid (250 mg) which was used in the next step without further
purification.

The acid obtained by hydrolysis of 36e was dissolved in CH2Cl2 (10
mL) at -20 °C and treated with H-Glycyl-Phenylglycycl-N(CH3)2 (281 mg, 0.93
mmol), HOOBt (208 mg, 1.27 mmol, 1.25 equiv.) EDCI (244 mg, 1.27 mmol)
and NMM (343 mg, 3.4 mmol, 490 pL). The reaction mixture was stored in the
freezer for 24 h and diluted with aq. HC! (1M, 50 mL). The reaction mixture

. was extracted with CH2CI2 (3x50 mL). The combined organic layers were
extracted with ag. HCI (1M, 100 mL), aq. NaHCO3 (1M, 100 mL), brine (100
mi), dried (MgS04), filtered and concentrated in vacuo and chromatographed
on SiO; (acetone/Hexanes 1:3) to yield 36f (330 mg, 75%) as a colorless
solid.
Step F | : -

ChzH . -
OH m > i( K OH HN/\E)/ £ IIQ/
36f @ 36g




purification. A solution of Cbz-d (1.48 g, 8.7 mmol, 1.23 nL) was_added
dropwise to a mxture of am ne and Et3N (878 ng, 1, 25 rrL) at -781 5:5153200"
CH2Cl 2 (3w0 ondr113The reaction m xture was warmed to it. gﬁrated in
vacuo. The .01 WO 01/77113 218 1 5 5 f1oP 2004 PCT/ US01/ 10 reS| ue was
chr omat ographed on Si02 (EtOCAc/Hex 8:2) to 36e (450 ngy, 15% as a
colorless solid. Step E CbzH OH 36e . CbzH A solution of 36e (450 ng, 1.29
mmol) in CH2CI 2/ TFA (10 nL, 1:1) was stirred at rt. for 4 h. The reaction
m xture was concentrated in vacuo to obtain the acid (250 ng) which was
used in the next step w thout further

A solution of 36f is dissolved in CH30H (20 mL) and treated with Pd/C...

(10 mol%, 20 mg). The reaction mixture will be hydrogenated at 40 psi for 12
h. The reaction mixture is filtered through a plug of Celite and the filtrate is
concentrated in vacuo and directly used in the next step.

Step G

54
o) L
H COCH . HoN e ”/\I'I/N\:_)LT/
Q
36g

xw?%

36h

The expected product 36h is synthesized as described earlier for the Exampie
1, Step J. The coupled material will be used directly for the next step to
synthesize 36A and 36 B.



purification. The acid obtained by hydrolysis of 36e was dissol ved i,n

CH2Cl 2 (10 _m-) at -20 C and treated with H dycyl - Phenyl gl ycycl - N(kﬁ-é%mm
(281 ny, OV98Y7Hd1), HOOBt (208 my, 1.27 mmol, 1.25 equi v.BCHDEI/108%4 ny,
1.27 mmol) and NWM (343 ng, 3.4 nmol 22890 pL). The reaction mxture was
stored in the freezer for 24 h and diluted with ag. HJd (IM 50 nmL). The
reaction mxture was extracted wth CH2Cl 2 (3x50 nL). The conbi ned organic
| ayers were extracted with ag. HCl (1 M 100 nL), ag. NaHC®3 (1 M 100
m.), brine (100 m), dried (MyS04), filtered and concentrated in vacuo and
chromat ographed on Si Q2 (acetone/ Hexanes 1:3) to yield 36f (330 ng, 75%
as a colorless solid. Stepp CbzH COdBu 1 5 SEP 7004 WO 01177113 219

PCT/ USOL/ 1884PHA sol ution of 36f is dissolved in CH3OH (20 ml _) and treated
with Pd/C. -.

-0
\“O
?
@)
patu o
Qo
&L
IZ
/
Y

0 H
ol

The desired products 36A and 36B are obtained by the oxidation protocol
described previously for Example 1, Step K. i



The reaction m xture will

(10 nol %

20 ny).
12

be hydrogenated at 40 [
h. The reaction mxture is filtered through a plug of Celite aﬁé %Elf@ﬁm'

filtrate WO01§@H8entrated in vacuo and directly used in theChuESt/198@p. Step
G 36g H N The expected product 36h i®1synt hesized as described earlier for

the Exanple 1, Step J. The coupled material will

next step to

be used directly for the

synt hesi ze 36A and 36 B. 1 5 SEP 2004 WO 01/77113

PCTI USO /10869 220 Step H N The desired products 36A and 36B are obtai ned

by the oxidation protocol

descri bed previously for

Example 1, Step K J

Example 37: Preparation of Compound 37:

QZONJ_!
g oo L0
] QYN N\)LE Oj<
N o o 0
0
37A
>
LI
R R B
N O 0] 0
0
378

Step A

HoN, B'\@/S‘NJI'
J\C)CN)\COZCH 3 ——— l QCOZCH 3

F 37a

To a cold (0°C) solution of F (2.3g g, 9.43 mmol) in dichlorc;methant_a
(20 mL) was added triethylamine (3.97 mL, 28.28 mmol), DMAP (few crystals)
and 3-bromobenzenesulfonyl chloride (3.61 g, 14.14 mmol). The reaction
mixture was left standing in the refrigerator (0°-5°C) overnight. The reaction
mixture was washed with saturated NaHCO3, and 10% citric acid solution.
The organic layer was dried (Na2S0Q4) and concentrated. The residue was

pur_iﬁed by flash chromatography using 95/5 to 90/10 dichloromethane/EtOAc



WO 01/ 77113 221 Exanple 37: Preparation of Conpound 37: H N Step AO%-&M
"N"CRCH3 |k-~OF 37a 1 5 SEP 2004 PCT/U SO /10869 02CH3 To a d P(%B@ﬁ)
sol uti on wiodi/%#339 g, 9.43 mmol ) in dichloronethane (20 mMpcrsesiaesed
triethylamne (3.97 nL, 28.28 nmol), BPVYAP (few crystals) and

3- bronobenzenesul fonyl chloride (3.61 g, 14.14 nmmol). The reaction mxture
was left standing in the refrigerator (0-5C) overnight. The reaction

m xture was washed with saturated NaHCO3, and 10%citric acid solution.

to afford 2.7 g (62% yield) of 37a. HRMS (FAB) Calcd for C17H24N20gSBr:

465.0518 (M+H)*. Found: 465.0497. -
Step B
QP

37b
37a

The desired product 37b was obtained by the method described for
Example 1, Step C. The crude material was used in the next step without
purification.

Step C

37b O a7e

The desired product 37¢ was obtained by the method described for

Example 1, Step D in 97% vield. The material after workup was pure enough
to be carried forward. ’



The organic |ayer was dried (Na2SO4) and concentrated. The residue gas
purified by flash chromat ography using 95/5 to 90/10 di chl oronet hahe/ EPM
15 SE 01/ 77113 222 PCT1USO /10869 to afford 2. i el d)

of 37a. W(’Eyg) Cal cd for C17H24N206SBr: 465. 0518 (I\/H%E-Egui‘é@ﬁ?r{%y
465.0497. StepBB 02CH3 37a 37b The desired product 37b was obtained by the
nmet hod described for Exanple 1, Step C. The crude naterial was used in the
next step without purification. Step C 09CH 37b

Step D
B N
L\[:::r)3~ﬂﬁ R\[:::I/S
H N 02CH3 &OzCl‘h
N —_— HCI H2N
Y Y ° :
O - o
37¢c 37d

The desired product 37d was obtained by the method described for
Example 1, Step E. The crude material was used in the next step without

purification.
Step E
()\cochg OzCHs

HCI. HgN - . L/\n,

37d 37e

The desired product 37e was obtained by the method desgribed for
Example 1, Step F using pentenoic acid as the coupling partner. Purification -
of the residue by column chromatography using 90/10 tc 80/20
dichloromethane/EtOAc provided 35% yield of 37e. HRMS (FAB) Caled for

C25H35N306SBr: 586.1408 (M+H)*. Found: 586.1423.



yN,, 0 37c The desired product 37c was obtained by the nethod described
for Exanple 1, Step Din 97%yvyield. The nmaterial after vvorkup was bﬁr&EPZUHl
enough twdeygaiyied forward. WO 01/ 77113 Step O ~~,4p 0 pé/sduiRes

HCl . H2N. 0 O 37c 37d 15 SEP 2004 PCTI k501/ 10869 OZCHB The desired product
37d was obtained by the nethod described for Exanple 1, Step E. The crude
material was used in the next step w thout

Step F

press

Q\c

*Ngpe
o 8:
020H3 COZCH3

37e

To a stirred solution of 37e (660 mg, 1.13 mmol) in DMF (10 mL) under
nitrogen atmosphere was added triethylamine (3.61 mlL, 32.77 mmol),
potassium carbonate (780 mg, 5.65 mmol), tetrabutylammonium bromide (730
mg, 2.26 mmol), and palladium (li) acetate (33 mg, 0.15 mmol). the mixture
was heated at 100°C for 2 hrs. The reaction mixture was cooled to room
temperature, diluted with EtOAc and washed with 5% phosphoric acid
solution. The organic layer was separated, dried (Na2S04) and concentrated
to provide 280 mg (49% vyield) of 37f as a mixture of diastereomers. This
material was pure enough to be carried to the next step. HRMS (FAB) Calcd

. for C25H34N306S: 504.2168 (M+H)*. Found: 504.2155.

Step G
ot QA ~
N ~NH
| H CNXCOZCH:'. y CN>\0020H3 g 7
N o —_— N o
\® 0

37g



purification. Step E 0 37d 02CH3 37e 02CH3 The desired product 37e \rzﬁs
obt ai ned by the nethod described for Exanple 1, Step F using pente éEPZﬂﬂﬂ

acid as t ing partner. Purification -of the residu

chr omat og‘p§|5’mlrﬁéi ng 90110 to 80/ 20 cEg%chl or onet hane/ Et OASP%@%E@BS%
yield of 37e. HRMS (FAB) Cal cd for H35N306SBr: 586. 1409 (M+H) +. Found:
586.1423. WD 01/77113 Step F 37e 02CH3 224 37f 1 5 SEP 2004

The desired product 37g was obtained by the hydrogenation procedure
described for Example 1, Step G in 73% yield. The material was sufficiently-
pure for further studies. HRMS (FAB) Caled for C25H36N306S: 506.2325

(M+H)*. Found: 506.2314.
Step H

QP QP
N Ny

(TT&\COjCH3 y [;;x‘00ﬂ4

N

ZT
Z

37g 37h

The desired product 37h was obtained by the procedure described for
Example 1, Step H in 84% yield. HRMS (FAB) Calcd for C24H34N306S:

4822168 (M+H)*. Found: 492.2175.



PCT/ USO1/ 10869 To a stirred solution of 37e (660 ng, 1.13 mml) in DVF (10
m.) under nitrogen atnosphere was added triethylamne (3.61 nmi, %ﬁéﬁ ok
nmol ), pwaaghum car bonate (780 ng, 5.65 nmol), tetrabutypemmseis Brqu de
(730 ng, 2.26 mmol ), and pal |l adium (42) acetate (33 ng, 0.15 mmtl). the

m xture was heated at 100C for 2 hrs. The reaction m xture was cooled to
room tenperature, diluted with Et OAc and washed wi th 5% phosphoric acid
solution. The organic |ayer was separated, dried (Na2SO4) and concentrated
to provide 280 ng (49%yield) of 37f as a m xture of diastereoners. This
material was pure enough to be carried to the next step. HRVS (FAB) Cal cd
for C25H3MEPES: 504. 2168 (M+H) +. Found: 504.2155. StepG 02CH3 02CH3 37f
379 1 5 S E P 2001} WO 01/77113 225 PCT/ USO1L110869

QP
OH . 0
OH  HolHN N\)LN \|<
0 H 5

The expected product 37i was obtained by the procedure described for
Example 2, Step A in 90% vield. The crude material was sufficiently pure for

further studies. HRMS (FAB) Calcd for C44He3Ng010S: 867.4326 (M+H)*.
Found: 867.4342. |



The desired product 37g was obtained by the hydrogenation procedure

described for Exanple 1, Step Gin 73%yield. The material was 1 SEP 2004
sufficie re for further studl es. HRVS (FAB) Cal cd 3EN306S:
506. ZBZS%thnwFound 506. 2314. E,p H 37g CO02CH 3 10 gﬁrm(%ﬁ Tﬁe
desired product 37h was obtained by the procedure described for Exanple 1,

Step Hin 84%vyield. HRM5 (FAB) Cal cd for C24H34N306S:. 492.2168 ( MtH) +.
Found: 492.2175. WD 01/77113 PCT/ US011148K9SEP 2004 226 Step | 10 The
expect ed product 37i was obtained by the procedure described for

Step J

H
N
O
37i

O?
-NJ'-t 0] 0]

H H
PP
Y ﬁ YR

8]
37A
OQ‘S
™ o9 H\/?L
N N
n%ﬂ ) S N
O
37B

The desired materials 37A and 37B were synthesized by the oxidation
protocol described for Example 2, Step B. Purification of the residue using
08/2 to 96/4 dichloromethane/MeOH afforded 37A (61%, less polar) and 37B
(15%, more polér) as a mixture of diastereomers. HRMS (FAB) Calcd for
C44He1N6O10S: 865.4170 (M+H)*. Found: 865.4190 (37A), 865.4181
(37B).



Exanple 2, Step Ain 90%vyield. The crude material was sufficiently p §P
for further studies. HRVS (FAB) Calcd for CA44H63N6010S: 867. 4326 (NA#& 2004
Found: 86w 2113l 5 SEP 2004 WO 01/ 77113 PCTI USO1/ 10869 2etnishemosés The
desired materials 37A and 37B were sypighesi zed by the oxidation protocol
described for Exanple 2, Step B. Purification of the residue using 98/2 to
9614 di chl oronet hane/ MeOH af f orded 37A (61% |ess polar) and 37B (15%
nore polar) as a mxture of diastereoners. HRMS (FAB) Cal cd for (C441-161
N6010S: 865.4170 (M+H)+. Found: 865.4190 (37A), 865.4181 (37B). J WO
01/77113 228 Exanpl e 38: Preparation of Conmpound 38: 1 5 SEP 2006

PCTI USQO / Exaaople 38: Prepara tIOI‘I of Compound 38:

o, é)NJ-i
y H 9 1 9
N N

H Q\r \)Lﬁ oH

N OO o 0
o)

38A

On



1 5 SEP 2004 WO 01/ 77113 PCT/USQO /10869 229 Step A The desired material

38A was synt hesi zed as described for Exanple 3, Step Ain 91 %yi el da SaD2004
01/ 77113 30 1 5 SEP 7004 PCT[ USOl/ 10869 The desir 38B
was synth é’%glég"is descri bed for r@% Step Ain 83 oylg&éﬁﬁt&?R

(FAB) Cal cd for C401-153N6010S: . 809 (NH—i) +. Found: 809.3547. ExanRl e
39: Preparation of Conpound 39: H N 15 SEP 2004 WO 01177113

Step A

--.NH

(‘)\g

<

IZ

38A

QP
N
g epaanhy
HN
N
OSE

The desired material 38A was synthesized as described for Example 3,
- Step A in 91% yield.



Step A F 231 39a PCTIUSO /10869 -r, The desired product 39a was obtai ned bz/
the nmet hod described for Exanple 37, Step A using pipsyl chloride R
of 3-bronmpgogenesul fonyl chloride. Purification of the regriigeihsssol um
chromat ography using 95/5 to 90/10 dishl or omet hane/ Et OAc provi ded 75%
yield of 39a. HRMS (FAB) Calcd for C17H24N206SI: 511. 0400 ( M+H) +. Found:
511.0386. StepB 39a 39b The desired product 39b was obtai ned by the nethod
described for Exanple 1, Step C. The crude material was used in the next
step without purification. J 1 5 S E P 1004

8‘”*%
8:“’%

Step B

OH

IZ

The desired material 38B was synthesized as described for Example 3,

Step A in 83% vyield. HRMS (-FAB) Calcd for C40H53Ng010S: 809.3544

(M+H)"‘. Found: 809.3547.
Example 39: Preparation of Compound 39:

)
OsdNH
- R e B o ) ,
YT YK
N oF O o
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39



WO 01/77113 Step C 232 PCTIUSO /10869 02CH 3 39b 39c The desired pr?%“ﬁpmm
39c was obtained by the nethod described for Exanple 1, Step D

Puri fi catygn@fishe residue by colum chromat ography usi ng19GéeQodce 80/ 20
di chi or onet hane/lEt OAc provided 68%yigjd of 39c. HRVS (FAB) Cal cd for
C25H37N307S| : 650. 1397 (MrH) +. Found: 650.1398. Step D o,1rp o 4p -NI N.H
HCl . HZNLO O 39d

0“‘343
thl' /©/ "N,_t:l
CN) ~COLH; —— > >L q)\cochs
>Lc> o) o’go _
F 39a

The desired product 39a was obtained by the method described for
Example 37, Step A using pipsyl chloride instead of 3-bromobenzenesulfonyl
chloride. Purification of the residue by column chromatography using 95/5 to
90/10 dichloromethane/EtOAc provided 75% vyield of 3%a. HRMS (FAB)

Calcd for C17H24N206SI: 511.0400 (M+H)*. Found: 511.0386.
Step B

Oy
O o
| >L /IL ’ N oy J2cHs
00 '

39b

The desired product 39b was obtained by the method described for
Example 1, Step C. The crude material was used in the next step withogt .

purification.



02CH3 | The desired product 39d was obtained by the nmethod described §4p 700
Exanple 1, Step E. The crude material was used in the next step w thout

puri fi catwémi1/71B3EP20 WO 01/ 77113 Step E 39d 02CH 3 233 398CPETBHIBBEY 10869
2CH 3 The desired product 39e was ob®3®i ned by the nethod described for
Exanple 1, Step F using pentenoic acid as the coupling partner.

Purification of the residue by columm chromatography using 98/2

di chl oronet hane/ MeOH provided 76% vyield of 39e. Step F

Step C
Q é)N.H

Qe g
s L D
’ Cﬁ)\cozcﬂs, - >r°\nfn\./ko

|
HC o

3% 19¢

The desired product 39c was obtained by the method described for
Example 1, Step D. Purification of the residue by column chromatography
using 90/10 to 80/20 dichloromethane/EtOAc provided 68% Yield of 39c.

HRMS (FAB) Caicd for C2s5H37N307SI:  650.1397 (M+H)*. Found:

650.1398.
Step D
P O P
' y (NLCOZCH3 ' QCO;CH?,
- —————-
TN : 0 HCIH2N . o
O O
39c 39d

The desired product 39d was obtained by the method described for
Example 1, Step E. The crude material was used in the next step without
purification.



39e 39f The desired product 39f was obtained by the method described; §&rp g
Exanple 37, Step F. Purification of the residue by colum chromat ography

usi ng 98/ i chl or onet hane/ MeOH provi ded 28% yi el d of 39f ) re of
di astereo‘ﬁr@g%’sp’#&ws (FAB) Cal cd for H34N3O6S: 504. 2168 Oi).l?ﬁ'sgound:

504.2160. 1 5 5EP ?004 WD 01/77113 /USO /10869 234 Step G 39f 39g The

desired product 39g was obtained by the hydrogenation procedure described
for Exanple 1, Step Gin 84%yield. The material was sufficiently pure for
further studies. HRVS (FAB) Cal cd for C25H36N306S: 506. 2325 (MtH) +. Found:

506. 2314. Step H 39g

Step E

QP

Q\S&O
'/Q;\N{l O \N{-’
I
C)\cozcm : quOzCHa
H
HCI.HZN\:/LD - N\/go

O O
38d 3%e

The desired product 39e was obtained by the method described for
Example 1, Step F using pentenoic acid as the coupling partner. Purification
of the residue by column chromatography using 98/2 dichloromethane/MeOH

provided 76% vield of 39e.
Step F
O P
CNLCOZCH;; | QCOgCH 3
H .
O °
3% 39f

The desired product 39f was obtained by the method described for -
Example 37, Step F. Purification of the residue by column chromatography
using 98/2 dichloromethane/MeOH provided 28% yield of 39f as a mixture of

diastereomers. HRMS (FAB) Calcd for C25H34N30gS: 504.2168 (M+H)™.
Found: 504.2160.



39h The desired product 39h was obtained by the procedure described for
Exanple 1, Step Hin quantitative yield. HRMS (FAB) Cal cd for C24H39NBPGB
492. 2168 waHy7113Found: 492.2175. WD 01/ 77113 Step | 02H 23oTRSe9hogkd 1 5 S
E P 1004 PCT/USO /10869 The expected2pr oduct 39i was obtained by the

met hod described for Exanple 2, Step Ain 36%yield. The crude materi al
was sufficiently pure for further studies. HRVS (FAB) Cal cd for
C44H63N601QS: 867.4326 (MrH)+. Found: 867.4342. 1 5 SEP 2004 WD 01/77113
PCT/ LTS01/ 10869

Step G
0
Q\ I/_N‘!.l _NH
N O
0]
39f

The desired product 39g was obtained by the hydrogenation procedure
described for Example 1, Step G in 84% yield. The material was sufficiently
pure for further studies. HRMS (FAB) Calcd for C25H36N306S: 506.2325

(M+H)*. Found: 506.2314.

Step H
]
I—N.!:' In i _ NH
{ X (N
H 2CH3 H OzH
(®)] - O
] O
399 38h

The desired product 39h was obtained by the procedure described for -
Example 1, Step H in quantitative yield. @ HRMS (FAB) Calcd for

C24H34N306S: 492.2168 (M+H)*. Found: 492.2175.



236 Step J H N The desired materi al

pr ot ocol

865.4181. Exanple 40: Preparation of Conpound 40:

39 was obtai ned by the oxidation

described for Exanple 2, Step B. Purification of the resilduEP 2004
usi ng 98h2q ofhHhs Or omet hane/ MeOH af forded 39 in 24%yi el d pagpgsoihiodedlr € of
di astereoners. HRVS (FAB) Calcd for (44H61 N6010S: 865.4170 (MrH)t.

PCT/ USO1110869 237 Step A H N The desired material 40 was obtai ned
procedure described for Exanple 3, Step Ain 93%yield as a m xture
di ast ereoners. HRMS ( FAB)

Step |

T

39i

The expected product 39i was obtained by the method described for
Example 2, Step A in 36% yield. The crude material was sufficiently pdre for
further studies. HRMS (FAB) Calcd for C44Hg3Ng010S: 867.4326 (M+H)*.
Found: 867.4342, | '

Found:

1 5 SEP 2001 WO 01/77113

by the
of



Cal cd for CA0H53N6010S: 809. 3544 (MrH) +. Found: 809.3544. Exanple 411 5 SEP 2004
Preparation of Conmpound 41: 1 5 SEP 70QZ WO 01/ 77113 238 PCTf USO / 10869
Step A 39woMlier7iz a 25 nlL addition funnel was added benzenecfasuioseVF
(0.32 nm, 4.1 moi), and thionyl chloii de (0.33 nL, 4.5 Mol ). After 5
mnutes two |ayers appeared. The lower |ayer was separated and added
slowy to a cooled (0-5C solution of acrylic acid (0.19 nL, 2.8 mml) in
di chl oronet hane. The m xture was mai ntained at that tenperature for 10

m nutes. Then triethylamne (0.77 nL, 5.5 nmol) was added foll owed by 39d
(1.13 g, 2.1 mmol). The reaction mxture was warned to anbient tenperature
over 5 hrtgad quenched with saturated NaHCO3. The organic | ayer was
separated, washed with 5% H3P04 sol ution and brine. The di chl or onet hane

| ayer was dried (Na2SO4) ,o_}a,f’?d concentrated. The ( material was purified

N OH o)
H H
N N
H QY A
o) o)
N o
0 39j

Ir=

Y
Os. 'ENJ-I
4 H O 0O
N N
0 0 0
N O

39

The desired material 39 was obtained by the oxidation protocol
described for Example 2, Step B. Purification of the residue using 98/2
dichloromethane/MeOH afforded 39 in 24% vyield as a mixture of

diastereomers. HRMS (FAB) Calcd for C44Hg1Ng010S: 865.4170 (M+H)*.

Found: 865.4181.
Example 40: Preparation of Compound 40:

’0 -
O'-'-‘S,_NJ'.| .
' H 9] H O N -,
Q\(N N A A, oH
H O H

N 0 0

O
40




by flash colum chromat ography using 9812 di chl or onmet hane/ MeOH to gvgﬁ%m
870 ng of 4la (67%yield). HRVMS (FAB) Calcd for C23H31N306SI: 604.09

; 4.0964. 1 5 SEP 2004 WD 01/77113 StepB O 1b
PCTI USOng @g@q‘?‘ﬁe desired product 4l.b was obtained by t%ec‘}#zso%&%ﬁé
descri bed for Exanple 37, Step F. The residue was purified using 97/3
di chl or onet hane/ MeCH to afford 41b in 26% yield. HRVS (FAB) Cal cd for
C23H30N306S: 476.1855 (M+H) +. Found: 476.1858. Steg C a 41b 41 c

Step A

e

Ckx’f_Nh .
H H
] %N N\)j\ﬁ cgl<
N Ay © o 0
© 39
\
> IENJ'-I 0 Q
H H
. Q\rn N\/U\N OH
N Ay © o o
o
40

The desired material 40 was obtained by the procedure described for
Example 3, Step A in 93% yield as a mixture of diastereomers. HRMS (FAB)

Calcd for C40H53Ng010S: 809.3544 (M+H)*. Found: 809.3544.

Example 41: Preparation of Compound 41:

Y
S‘-h.hu-_i
. H 0 H O
N O
HC\!}\T( \)LH j< ) .
O O O
N O
O

4



02CH 3 The desired product 41c was obtained by the hydrogenation rret@gg
described for Exanple 1, Step Din 75%yield. The material was suffi IEFIZ[W
pure for Ywrdgiefiastudies. 1 5 SEP 2004 WO 01/ 77113 Step D gédgShitfogssd 240
41d PCT/ U501/ 10869 The desired productig4ld was obtai ned by the nethod
described for Exanple 1, Step E.. The crude material was used in the next
step without purification. Step E 41d H N

Step A

Q\\\ Q\\
O o
qﬁ

O4CHs (_N)\:ocha
HCIH ZN\k \/go
Y _— Y

-
>
-

O O

39d 41a

To a 25 ml addition funnel was added benzene (5 mL), DMF (0.32

mL, 4.1 mmol}, and thionyl chloride (0.33 mL, 4.5 mmol). After 5 minutes two

layers appeared. The lower layer was separated and added slowly fo a

cooled (0-5°C) solution of acrylic acid (0.19 mL, 2.8 mmol) in
dichloromethane. The mixture was maintained at that temperature for 10
minutes. Then triethylamine (0.77 mL, 5.5 mmol) was added followed by 39d

(1.13 g, 2.1 mmol). The reaction mixture was warmed to ambient temperature

over 5 hrs and quenched with saturated NaHCOg3. The organic layer was
separated, washed with 5% H3PO4 solution and brine. The dichloromethane

- layer was dried (Na2S04), and concentrated. The crude material was purified

by flash column chromatography using 98/2 dichloromethane/MeCH to
provide 870 mg of 41a (67% vyield). HRMS (FAB) Calcd for C23H31N306SI:

604.0978 (M+H)*. Found: 604.0964.



1 5 SEP 2004 WO 01/ 77113 PCTI USO01/ 10869 241 The expected product 4leq lﬁesip 2004
obt ai ned by the nethod described for Exanple 2, Step Ain 63%yield.

crude mat Wgs sufficiently pure fo - further studies e
desired r?gpé)? 41 was obtained by t oxi dation prot ocol é@@é}rzf} 62d for

Exampl e 2, Step B. Purification of thze resi due using 9812 to 95/5

di chl or onet hane/ MeCH afforded 41 in 52%yield as a m xture of

di astereoners. 1 5 SEP 2004 WD 01/77113 PCT/ USO7/ 10869 242 Exanpl e 42:
Preparati on of Conmpound 42: StepA The desired nmaterial 42 was obtai ned by
the procedure described for Exanple 3, Step Ain quantitative yield as a
m xture ofg@iastereoners. HRVB

Oy A

-~

&COZCH3 Q\CO;»CH 3
H
—— -

A \/ko NN

o@ 0

41a 41b

The desired product 41b was obtained by the method described for
Example 37, Step F. The residue was purified using 97/3
dichloromethane/MeCH to afford 41b in 26% yield. HRMS (FAB) Calcd for

C23H30N306S: 476.1855 (M+H)*. Found: 476.1858.

Step C
0§-éj Ox AD
H Q\C‘:’z@"a y Q\COZC.H.»,
N —_— N
\ o) o)
o] o)
41b 4ic

~

The desired product 41c was obtained by the hydrogenation method
described for Example 1, Step D in 75% yield. The material was sufficiently

pure for further studies.



(FAB) Cal cd for C38H49N6010S: 781.3231 (M+H)+. Found: 781.3233. 15 SrE
WO 01/ 77113 PCT/ USO01/ 10869 243 Exanpl e 43: Preparation of Conpound 4
N Step A FdbymRis RCH3 F 43a To a cold (0C) solution of F

mol ) in dichloronethane (50 nlL) was,gfdded triethylam ne {gﬁgfsn%ws%
mmol ), DVAP (few crystals) and benzenesul fonyl chloride (3.29 g, 24.
nmmol ). The reaction mxture was left standing in the refrigerator (O-

overnight. The reaction mxture was washed with saturated NaHCO3, an
citric acid solution. The organic |ayer was dried (Na2SO4) and
concentrated. The residue was purified by flash chromatography using
di chl or onedtiepdd/ Et OAc to afford 5.0 g (59%

O\. // 0
COLCH, COgH

% =

The desired product 41d was obtained by the method described for
Example 1, Step E. The crude material was used in the next step without

purification.
Step E
Oy /,0
"'\
CozH ., HCLHN H\)J\
5§3 |
O, /,O
M H 0 )
H H
O\n’” NP o\|'<
—_— H H .
N 0 0 0

4le

5t

.6

1

50)

d 10%

95/ 5

>



yield) of 43a. Step B 43b WO01/ 77113 PCT/US01/ 10869 5 SEP 2004 244 Tigesgp 2004
desired product 43b was obtained by the nethod described fore Exanple

Step C. TR@oif7bide material was used in the next step withogy %Hh'o&dsucat'on
Step COH 11,14 N -CO2CH 3 43b RHOH4gc The desired product rﬂ C was

obt ai ned by the met hod described for Exanple 1, Step D. Purification of

t he resi due by col um chronmat ography using 99/ 1 di chl or onet hane/ MeCH
provi ded 60% yield of 43c. Step D

The expected product 41e was obtained by the method described for

Example 2, Step A in 63% yield. The crude material was sufficiently pure fos--
further studies.

Step F

N
8]
41e

O P v
HNJJ' O 8]
H H
3 | C o H o] j<
O

The desired material 41 was obtained by the oxidation protocol
described for Example 2, Step B. Purification of the residue using 98/2 to
05/5 dichloromethane/MeOH afforded 41 in 52% vyield as a mixture of
diastereomers.



S2Ph HNHHUS®Ph Bri0O.,~ . c?GXR2CH3 N 43d Argon gas was bubbled into
a cold (0C) solution of 43c (1.72 g, 3.28 mml) in dichl oronethane {4GERIINL
for 20-30woe7783DP (2.5 g, 9.84 mmol) was added fol | owedpbyY uso1/10869

tri phenyl phosphine (2.6 g, 9.84 mol)2#&nd 3- benzyl oxypropanol (0.57 ni,
3.61 mmol ). The reaction was warned to anbient tenperature and | eft
standing for 2 days. Concentrated the reaction WO 01/77113 PCT/ USO1/ 10869
245 1 5 SEP 2004 m xture and added Et20 (50 nlL). The precipitated solid
material was filtered off. Repeated this operation twi ce to renove nost of
the side products. The, filtrate was concentrated and purified by flash
chr omat ogEXatnpledd Preparation of Compound 42:

42
Step A
Oz
S"‘N,f-l 5 5
H H
N N
O
N (@]
8]
41
Ox. P
\S-..N_H 5 .
H
N § H
" b
N 0 O O
0
42 )

The desired material 42 was cobtained by the procedure described for
Example 3, Step A in quantitative yield as a mixture of diastereomers. HRMS

(FAB) Calcd for C38H49Ng010S: 781.3231 (M+H)*. Found: 781.3233.



85115 di chi oronet hane/ Et CAc to provide 330 ng of 43d. The recovered 15%
starting materials, along with sone triphenyl phosphi ne oxi de, was EP 2004
resubj ect he above described conditions to provide Il 420 ny
el < TNt yield = 34% HRVE (fAB) Calcd for C35HS A 2306
(MtH) +. Found: 672.3330. Step E 802I3h S2Ph snow*~l ~ C~' C02CH3 'o 43d
9C2CH3 HC I. HZN O O 43e The desired product 43e was obtained by the

nmet hod described for Exanple 1, Step E. The crude product was carried to
the next step. SteQ F So2Ph SO2Ph

Example 43: Preparation of Compound 43:

press

q,soz Ph
0 0
H H |
[;;)“\"fN N\v/u‘u N\\
H\/go o] o) 0
3 H
O .

" 2

y )
0 /[ 5
C;)\COzCHa EE—— N~ “CO2CH3
ﬂ\o’ko >I\0 0

F 43a

To a cold (0°C) solution of F (5.4 g, 22.1 mmol) in dichloromethane (50
mL) was added triethylamine (6.8 mL, 48.6 mmol), DMAP (few crystals) and
benzenesulfonyl chioride (3.29 g, 24.1 mmol). The reaction mixture was left
standing in the refrigerator (0-5°C) overnight. The reaction mixture was
washed with saturated NaHCO3, and 10% citric acid solution. The organic

layer was dried (Na2S04) and concentrated. The residue was purified by

flash chromatography using 95/5 dichloromethane/EtOAc to afford 5.0 g (58%

yield) of 43a. .
Step B . ,
O H
H
©\§/I"k OJN'.
© &C X L_X\C
—_—— o
L oo
H.HCI

0
43a 43b



Bno."~4 BnO.,~.1 C02CH3 H HCl. H2N~ o CO02CH 3 43e 43f 1 5 SEP 200 WO

01/ 77113 PCT/USO /10869 246--The desired conpound 43f was prepared by 1t ?%EPZDM
prot ocol wamewi7hsd for Exanple 1, step F. Purification bypCrashi/10869

chromat ography was carried out with--280/40 to 50/50 dichl oronet hane/ Et OAc
to provide 43f in quantitative yield. HRVS (FAB) Calcd for C38H48N308S:

706. 3162 (M+H) +. Found: 706.3157. Step G Sa2Ph B nO . HO' ~I

The desired product 43b was obtained by the method described fos-
Example 1, Step C. The crude material was used in the next step without

purification.
Step C

The desired product 43c was obtained by the method described for
Example 1, Step D. Purification of the residue by column chromatography
using 99/1 dichloromethane/MeOH provided 60% vield of 43c.

Step D

$02Ph SOzPh
HYy BRO._~_N

.C>\'32 3 2R3
Z/o\“/ﬁ\:/Lo 0.CH . *YH:/LO O,CH
OO OO

43c 43d

Argon gas was bubbled into a cold (0°C) solution of 43¢ (1.72 g, 3.28
mmol} in dichloromethane (40 mL) for 20-30 min. ADDP (2.5 g, 9.84 mmol)
was added followed by triphenylphosphine (2.6 g, 9.84 mmol) and 3-
benzyloxypropanol (0.57 mL, 3.61 mmol). The reaction was warmed to
ambient temperature and left standing for 2 days. Concentrated the reaction



f)CO2CH3 43g s02ph } H N The desired product 43g was obtained by the
procedure described for Exanple 1, Step G The material was suffici e'ng |S¥PZU[]4

pure for studies. Step H 43g 43h The desired prod
obt ai ned W‘?E’Z{%r ocedure described fge Exanple 1, Step ﬁ%ﬁ%?lﬂ%

conpl etion of reaction, the solvent was evaporated. Et20 (50 nL) was added
and the solids were filtered off. The filtrate was 1 5 SEP7&1 WO 01/ 77113
PCT/ USO / 10869 247 concentrated and Et 20/ Et OAc (50nL150 nlL) was added. The
precipitated

mixture and added Et2O (50 mL). The precipitated solid material was filtered

off. Repeated this operation twice to remove most of the side products. The—
filtrate was concentrated and purified by flash chromatography using 90/10 to
85/15 dichloromethane/EtOAc to provide 330 mg of 43d. The recovered
starting materials, along with some triphenylphosphine oxide, was resubjected
to the above described conditions to provide additional 420 mg of 43d.
Combined yield = 34%. HRMS (FAB) Caled for C35H50N308S: 672.3319

(M+H)*. Found: 672.3330.

Step E
SO,Ph SO,Ph
BnO_~N, BnO~N,

. C)\cozcm CB\COQCH s
WN\ELO —_— HCI. HzN\io
0 -

43d 43e

The desired product 43e was obtained by the method described for
Example 1, Step E. The crude product was carried to the next step.

Step F
SO, Ph O,Ph
BrO_~N, BrO A~

43e 43f



solids were filtered off and the filtrate was concentrated. The rfa%ls%ﬂ?
was- purified by flash chronat ography using 85/15 to 80/ 20 004

di chi or onmtdnearen B2 OAc to afford pure 43h in 20% yiel d. HRMpcrhB)/1643bCd
for C31 HAON307S: 598.2587 (M+H) +. Fowgwd: 598.2581. Step | 43h 02CH3 43i
The expected product 43i was obtained by the procedure described for
Exanple 1, Step | in 92%yield. 1 5 SEP 2004 WO 01/77113 PCT1lr7S01/ 10869

248 StepJ OH H 02H + HC L H7N, ,N A 43i

The desired compound 43f was prepared by the protocol described for
Example 1, step F. Purification by flash chromatography was carried out with-
60/40 to 50/50 dichloromethane/EtOAc to provide 43f in guantitative yield.

HRMS (FAB) Calcd for C38H48N308S: 706.3162 (M+H)*. Found:

706.3157.
Step G
o | sosPn
BrO A~ HO A~

[—)\CO;_CHa Q‘CO;_CH 3
H N :- 0 . HO N . 0
0 z 0 H

43f 43g

The desired product 43g was obtained by the procedure described for
Example 1, Step G. The material was sufficiently pure for further studies.

Step H

ose " Jsom

HO\/\/ A -

N COch3 CN>\0020H3
H
HO H\;/Lﬁa . N\r,qu
0 :’ o} : o
43g 43h

The desired product 43h was obtained by the procedure described for
Example 1, Step H. After completion of reaction, the solvent was evaporated.
Etz0 (50 mL) was added and the solids were filtered off. The filtrate was



The desired material 43) was synthesized as described for Exanple 1 @ﬁp
J. The crude product was of sufficient purity to be carried for\/var1d5S C
01/ 77113 WwhaR/71349 N H N 1 5 SEP 2004 PCT/US01/10S69 The1osRehhRd
product 43 was obtained by the oxidatyypn protocol described previously for
Exanple 1, Step K. Purification by flash colum chromatography using 97/3
di chl or onet hane/ MeOH afforded 43 as a m xture of diastereoners. Conbined
yield = 60% (for 2 steps). HRM5S (FAB) Calcd for C48H62N7010S: 928. 4279
(M+H) +. Found: 928.4290. 1 5 SEP 1001 WO 01/77113 PCT/ USO /10869 250
Exanmpl e 44: Preparation of Conpound 44:

concentrated and Et20/EtOAc (50mL/50 mL) was added. The precipitated

solids were filtered off and the filtrate was concentrated. The residue was.-
purified by flash  chromatography  using 8515 to  80/20
dichloromethane/EtOAc to afford pure 43h in 20% yield. HRMS (FAB) Calcd

for C31H40N307S: 598.2587 (M+H)*. Found: 598.2581.
Step |

(\'\Ii _S0,Ph q:sozph

CO.H

&co CH N 2

O
<0

O O
43h 43i

The expected product 43i was obtained by the procedure described for
Example 1, Step | in 92% yield.



0 44A StepABn . N -CO2CH3 H HC 4c 44 B H ON ' CO2CH3 44a The desired
product 44a was obtained by-the method described for Exanple 1, $t®pEMR0H
usi ng N-bwe-aertdbut yl gl yci ne as the coupling partner. Thepctiei/iogse af t er
wor k-up was sufficiently pure to be casried to the next step. J. 1 5 SEP

2004 WD 01/77113 PCTIUSO1/ 10869 251 Step B

Step J
q_SOZPh
ZT)LwC oy P |
4 ONCOH  + HCLHA N AL A N
\/K 0 H o

Yo
O -
O A
43i
N_sozph |
OH 0 |
. BN
) H 5
43]

The desired material 43j was synthesized as described for Example 1,
Step J. The crude product was of sufficient purity to be carried forward.



Bn0 44a QCO2CH3 44b The desired product 44b was obtai ned by the nethod
described for Exanple 1, Step E. The crude material was carried T SrSkR 180
Wi t hout delwﬁﬁtion' Step C HCL H2N 44b Q-CO >CH, a H N&G/fiéfi/ 1068
desired product was obtained by the mgyhod described for Exanple 1, Step
F, using 3-hydroxybenzoic acid. The material was purified by flash colum
chromat ography using 85/15 to 65/ 35 dichl oronet hanel ethyl . acetate to
provide 44c in 81 %yield. BnQ

Step K

O
.
Q

O
43

The expected product 43 was obtained by the oxidation protocol
described previously for Example 1, Step K. Purification by flash column
chromatography using 97/3 dichloromethane/MeOH afforded 43 as a mixture
of diastereomers. Combined yield = 60% (for 2 steps). HRMS (FAB) Calcd

for CagHg2N7010S: 928.4279 (M+H)*. Found: 928.4290.




BnO 1 5 SEP M4 WD 01/ 77113 PCT/US01110869 2:52 Step D B nO. HO Q -15505@-%”@
44c 44d The desired product 44d was obtai ned by the nethod descri be or

Exanpl e 1wébemifs The residue after workup was sufficientlpemiddb&o
further manipulation. Step HO Q CO2CHk@ H !

Example 44: Preparation of Compound 44: e

O O
H
N N
H
44 A
0 0
H
. N N 'L\
: H
448
Step A
BnO/\/\/o'-.
Bno” O N7 “CO,CH5

| H

—_— \II/N\'AO

oz S
4c 443

The desired product 44a was obtained by the method described for

Example 1, Step D using N-boc-tert-butylglycine as the coupling partner. The
material after work-up was sufficiently pure to be carried to the next step.




N O1l 44d I b 44e The desired product 44e was obtained by the net hﬁ)gt
described for Exanple 1, Step H. The crude residue after concent ! atitdillkas

taken in wo dignaRes/ EtOAc (1/1) and the solid materi al WaSPé'thﬁ?ﬁg 9off.
This. operation was perfornmed again to,enove’ sonme of the side products.

Purification by colum chromat ography using 80/ 20 dichl or omet hane/ Et OAc
afforded 44e along with triphenyi phosphi ne oxide. This m xture was taken
to the next step WD 01177113 StepF 253 )0 44e 44f 15 SEP 2004

PCT/ USQ| / 10869

Step B

P

The desired product 44b was obtained by the method described for
Example 1, Step E. The crude material was carried forward without

purification.
Step C
BnO/\/\/O'-. BnO/\/\/O"-
N COCHj QCOzCHa
H
AN O A~
44b 44c

The desired product was obtained by the method described for
Example 1, Step F, using 3-hydroxybenzoic acid. The material was purified
by flash column chromatography using 85/15 to 65/35 dichloromethane/ethyl .
acetate to provide 44¢ in 81% vyield.



The desired product 44f was obtained by the nethod described for g gﬁ)l e
1, Step 1. Yield of 44f (for 2 steps) =1 | % Step G A 44f a The! g.ciﬂ&!d
product 4W@ 0&318ynt hesi zed as described earlier for the pransbeickeo Step
J. The material after work-up was car?ized forward to the next step. 1 5 S
E P 2004 WD 01/77113 PCT/USO /10869 254 Step H The desired products 44A
and 44B were obtained by the oxidation protocol described previously for
Exanple 1, Step K Purification by flash colum chromat ography using 97/3
to 96/ 4 dichl oronet hane/ net hanol afforded equal anobunt of separate isoners

44A and 4%% Bonbi ned yield = 58% (for 2 steps). 1 5 SEP 2004

The desired product 44d was obtained by the method described for
Example 1, Step G. The residue after workup was sufficiently pure for further
manipulation.

Step E

. /@\’(H\i:go\co;cm § : \:‘(/_i};oma

The desired product 44e was obtained by the method described for
Example 1, Step H. The crude residue after concentration was taken in
hexanes/EtOAc (1/1) and the solid material was filtered off. This _operation
was performed again to remove some of the side products. Purification by ,
column chromatography using 80/20 dichloromethane/EtOAc afforded 44e
along with triphenylphosphine oxide. This mixture was taken to the next step



WO 01/77113 PCT/ USO01/ 10869 255 Exanpl e 45: Preparation of Conmpound 45: Nwe2
StegAA BnO-'---'OH 45a 45 OMOL-~Bn 45c 45b Al kyl ation of 45a with 54309 XS

carried | the procedure described for Exanple 1 . crude
pr oduct \X\g?"gﬁ?‘p?i ed using 85/0/15 t,85/5/10 FSHushnhs

hexanes/ Et OAc/ di chi or omet hane to provi %Ie 45c in 37% vyield. HRVS (FAB)
Cal cd for C18H2904: 309.2066 (M+H)+. Found: 309.2060. SteB OBn
HO'-"~-O"'~Bn 45c 45d
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The desired product 44f was obtained by the method described for
Example 1, Step |. Yield of 44f (for 2 steps) = 11%.
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The expected product 44g was synthesized as described earlier for the

Example 1, Step J. The material after work-up was carried forward to the next
step.



To a solution of 45c (4.8 g, 15.5 mol) in MeOH (30 nL) was added

pyri di ni um p-tol uenesul fonate (780 ny, 3.1 mml) and refluxed for 135 BERIH
when 1 5 S&Poi}PAfs WO 01/77113 PCT/ USC 110869 256 al | the si@mgdgigodspt erial
was consunmed. The reaction m xture wagss concentrated. The residue was

di ssolved in Et OAc, washed with saturate& NaHCO3, dried (Na2SO4) and the
organic | ayer was concentrated to afford 3.2 g of 45d (92% yield). This
material was sufficiently pure for further studies. HRIVB (FAB) Cal cd for
C13H2103: 225.1491 (MrH)+. Found: 225.1486. StepC HO-""-'O'-'OBn 45d
O-~0'---0 OBn s The desired product 45e was obtai ned by t he procedure
descri bed $t®@p HExanpl e 10 Step A using 45d as the starting material. The
crude product was purified using 90110 hexanes/ Et OAc to provide 45e in 70
% yield HRVS -~

(?-.
- O 0]
H M |
L_N-XHIN N\)J\N N
0 H 5

44A
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The desired products 44A and 44B were obtained by the oxidation
protocol described previously for Example 1, Step K. PUI’iﬁCEﬁOI:I by flash
column chromatography using 97/3 to 96/4 dichloromethane/methan;)I
afforded equal amount of separate isomers 44A and 44B. Combined yield =
58% (for 2 steps).



(FAB) Cal cd for Cl19H2405SBr: 443.0528 (MtH)+. Found: 443.0552. Step D HO 7a
02H 45f , Bn 45e The desired product 45f was obtained by the procddufEP 200t

descri be anple 1 Step A using 45e as the starting ' The
crude pro udc){il"-j\/ﬂ’\'/aﬁ)s'{,s carried further w jhout purification. 1@@%@%’8@ WO

01/ 77113 PCT/USO /10869 257 Step E B OyH O 45f

Example 45: Preparation of Compound 45: , v
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Alkylation of 45a with 45b was carried out using the procedure
described for Example 1 Step A. The crude product was purified using
85/0/15 to 85/5/10 hexanes/EtOAc/dichloromethane to provide 45¢ in 37%

yield. HRMS (FAB) Calcd for C18H2904: 309.2066 (M+H)*. Found:

309.2060. .
Step B
——
Q\o/\/\o/\/\osn HO™ "0 ™""0Bn
45¢c 45d

To a solution of 45¢ (4.8 g, 15.5 mmol) in MeOH (30 mL) was added
pyridinium p-toluenesulfonate (780 mg, 3.1 mmol) and refluxed for 3 hrs when




459 The desired product 45g was obtai ned by the procedure descri beﬁéf%r
Exanpl e 18 Step B using 45f.as the starting material. The residue SEP 2004
purified Mo éi/zaps chr omat ography using 90/ 10 di chi or onet hapgrRisonsodsd
provide 45g in 61 %yield (for 2 stepasﬁ HRVS (FAB) Cal cd for C27HA4NOT:
494. 3118 (M+H) +. Found: 494.3107. '~ Step F 45g 45h The desired conpound 45h
was prepared by the protocol described for Exanple | Step C. The nateri al
was carried forward. Step GH 451 1 5 5EP 2004 WD 01/77113 PCT/ US01/ 10869
258 The desired product 45i was obtained by the procedure described for
Example 1 SteR D. The residue was purified by flash chromat ography usi ng-
all the starting material was consumed.” The reaction mixture was

concentrated. The residue was dissolved in EtOAc, washed with saturated-
NaHCOg, dried (Na2S04) and the organic layer was concentrated to afford

3.2 g of 45d (92% yield). This material was sufficiently pure for further
studies. HRMS (FAB) Calcd for C13H2103: 225.1491 (M+H)*. Found:

225.1486.
Step C
Os P
HO "0 N"oRy ——> /O"\o/\/\o’\/\oan
45d Br 45e

The desired product 45e was obtained by the procedure described for
Example 10 Step A using 45d as the starting material. The crude product
was purified using 90/10 hexanes/EtOAc to provide 45e in 70 % yield. HRMS

(FAB) Calcd for C1gH2405S8Br: 443.0528 (M+H)*. Found: 443.0552.
Step D

A2 .
AT

/O’S‘O/\/\O/\/\OBn
B 45e

The desired product 45f was obtained by the procedure described for
Example 1 Step A using 45e as the starting material. The crude product was
carried further without purification.



90/ 10 to 85/15 dichl oronet hane/ Et OAc to provide 451 in 41 %yield. Stev H
451 H The desired product 45) is obtained by the hydrogenation protjogzgtpwm
descri bed lously for Exanple 1 Step G Ste g HOe HO H 45 HCl . H2N O
45k The d‘e‘g@\é‘}ﬁi&r oduct 45k is obtaingd by the procedure d%étlpggé]&sg
previously for Exanple 1 Step C. WO 01/77113 Step J HO |

Step E
o) Q
L Sy
ﬂ\o o >k> o
B Bn
A5f 459

The desired product 45g was obtained by the procedure described for
Example 18 Step B using 45f as the starting material. The residue was
purified by flash chromatography using 90/10 dichioromethane/EtOAc to
provide 45g in 61% yield (for 2 steps). HRMS (FAB) Calcd for C27H44NO7:

494.3118 (M+H)*. Found: 494.3107.

Step F
Ry ({J (o
B Bn
459 45h -

The desired compound 45h was prepared by the protocol described for
Example 1 Step C. The material was carried forward.

Step G
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HCl. H 45k 259 )0 1 5 SEP 2004 PCTIUSO1/10869 To a cold (0C) solutjon of
45k in dichloromethane is added triethylanmne followed by 15 SEP 2004

car bonyi diwpipgazgse. Sl ow warmng to ambi ent tenperature oyefpé@RbsdeS
expected to provide the required produygg 451. This product can be purified
usi ng conventional flash columm chromatography to afford pure 451. Step K
The desired product 45mis obtained by the producer described previously
for Exanple 3 Step A. 1 5 SEP ?004 WD 01/77113 260 PCTfUSO1/ 10869 SteplL

The desired product 45i was obtained by the procedure described for
Example 1 Step D. The residue was purified by flash chromatography using-
90/10 to 85/15 dichloromethane/EtOAc to provide 45i in 41% yield.

Step H

R e s S s o
T TV

The desired product 45j is obtained by the hydrogenation protocol
described previously for Example 1 Step G.

Step |

s as
WV en N si'e g
O 45 O ok

The desired product 45k is obtained by the procedure described
previously for Exampie 1 Step C.




OHHOO 45m+ HC. H ,N_JL ,N A The expected product 45n is synthesized
as described earlier for Exanple 1 Step J. 1 5 SEP 2004 WO 01/ 771135 SEP 7004

PCTI USOL11 61 StepM 45 The desired product 45 is obt gj e
oxi dat i onagf@?géé described previ ou§§f9y for Exanple 1 St egb%ggﬂiofs%grcat i on
arfo

by flash colum chromatography wil rd pure 45. Exanpl e 46:
Preparation of Conpound 46: NWe2

Step J

Eresy

: A
45k \g S
O O 451

To a cold (0°C) solution of 45k in dichloromethane is added
triethylamine followed by carbonyldiimidazole. Slow warming to ambient
temperature ovemight is expected to provide the required product 451. This
product can be purified using conventional flash column chromatography to
afford pure 451.

Step K

nw\ﬁ T 5@}

The desired product 45m is obtained by the producer described -
previously for Example 3 Step A.



46 1 5 SEP 7004 WA 01/ 77113 PCT/ US01/ 10869 262 Step A 46a 46b To 35

solution of 46a (10.0 g, 42.9 mmol) in dichloronethane (100 m-) wds F:*;tpd?(%f'd
BOP (22. Tw@o1/241p nmol ) and stirred at
N, O di met hyl hydr oxyl am ne hydrochl orides (4.18 g, 42.9 mmol) was then added
followed by triethylamne (18.1 nmL;, 128.7 mol). The reaction m xture was

stirred at anbient tenperature for 3 hours and then washed with 3N HC,
saturated NaHCO3, and brine. The organic |ayer was dried (Na2S®4) and
concentrated. The crude material, 46b, was used in the follow ng step
wi thout purification. Step B 46b 'Ove M

Step L

O 45n

The expected product 45n is synthesized as described earlier for

Example 1 Step J.

room t enper at ur e f @icThGso1dgut €s.



46¢ To a cold (0C) solution of 46b in THE (60 nL) was added a sol ution of
LAH (1 Min THE, 50 nlL, 50 nmmol) under nitrogen atnosphere. Reacti dn) 8B 70}
kept at that erature for 30 min. The reaction mxture nched

(sl ow add\h" Odhﬁ(%th aqueous 10% potﬁ i um hydr ogen phosph%&séllgngﬁﬁﬁaon (30
mL). The m xture was extracted w th c twice. The conbi ned organic

| ayer was washed with 3N HCl, saturated NaHCO3, and brine. Dried the EtQAc
| ayer over sodium sulfate and concentrated. The residue was purified 1 5
SEP 2004 WO 01/ 77113 263 PCT/ US01/ 10869 by flash col um chromat ogr aphy
using 10/90 to 30170 EtQAc/dichloronmethane to provide 4.2 g of 46c¢c (45%
yield - fafjegppteps).-- HRVMS (FAB) Cal cd for CLOH2ONGBS: 234. 1164 (M+H) +.
Found: 2374 . Step C Me 46¢ 46d
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The desired product 45 is obtained by the oxidation protocol described
previously for Example 1 Step K Purification by flash column
chromatography will afford pure 45.

Example 46: Preparation of Compound 46:

K\q
%ﬂ “\j\N NMe;
H H
N\./Lo
F

46



To a cold (-15C) solution of 46¢ (4.2 g, 19.4 mol) in dichl or omet hardeSEpyan
added acetic acid (2.14 nL, 38.8 mmpl) followed by nethyl isocyanoacetate
(1.76 nL, wdofrm®l ). The reaction mxture was warned to rEefi@ERRK0pAt ur e
and let stand for 16 hrs. Diluted the xgaction wwth Et CAc and washed wth
saturated NaHCO3, brine and water. The organic |ayer was dried (Na2SO4)
and concentrated. Purification by flash colum chronmat ography using 30/ 70
Et OAc/ di chl oronmet hane afforded pure 46d (6.5 g) as a white solid in 92%
yield. HRVMB (FAB) Cal cd for CL6H29N207S: 393.1695 (M+H)+. Found: 393. 1692.
Step D 46d 46e To a solution of 46d (6.5 g, 16.6 mmol) in MeOH (30 nlL) was
added a solution of lithiumhydroxide (1.19 g, 50 mml) in water (30 niL).
After 45 'nuAes the reaction m xture was concentrated. Aqueous citric
acid sol uts was added till acidic pH (3) and the product was extracted
into EtOAc. 1 5 S E P 2004 WO 01/77113 PCT/USO1/ 10869 264 Concentration of
the organic layer resulted in the acid 46e (5.6 g, 90%yield).

§ i _OMe
P fv Y gim

To a solution of 46a (10.0 g, 42.9 mmol) in dichloromethane (100 mL)
was added BOP (22.75 g, 51.5 mmol) and stirred at room temperature for 10
minutes. N,O-dimethylhydroxytamine hydrochloride (4.18 g, 42.9 mmol) was
then added followed by tristhylamine (18.1 miL, 128.7 mmol). The reaction
mixture was stirred at ambient temperature for 3 hours and then washed with
3N HCI, saturated NaHCOs3, and brine. The organic layer was dried (Na,SO,)
and concentrated. The crude material, 46b, was used in the following step
without purification.

Step B

H
N

oYY Yy

_b,

46b 46¢c

To a cold (0°C) solution of 46b in THF (60 mL) was added a solution of 4
LAH (1M in THF, 50 mL, 50 mmol) under nitrogen atmosphere. Reaction was
kept at that temperature for 30 min. The reaction mixture was quenched
(slow addition) with aqueous 10% potassium hydrogen phosphate solution (30
mL). The mixture was extracted with EtOAc twice. The combined organic
layer was washed with 3N HCI, saturated NaHCOg3, and brine. Dried the

EtOAc layer over sodium sulfate and concentrated. The residue was purified



HRVB (FAB) Cal cd for C13H25N206S: 337. 1433 (M+H)+. Found' 337.1430.1 $t5€p 7/
46e The desired product 46f was obtained by the nethod described for
Internmediate A _Step 3. Purification of the residue by col

chr omat gV ¥si ng 20/ 0/80 to 50/ 5/45 of Et QAc/NH3 in PCflusoroses

McOH/ di chl or onet hane afforded 3.0 g of 46f (51% . HRVS (FAB) Cal cd for
C23H37N406S: 497. 2434 (M+H) +. Found: 497.2439. 1 5 SEA 1004 WO 01/77113
PCTI USO /10869 265 Step F 46f 46g The desired conpound 46g was prepared by
the protocol described for Internediate A, Step 4. The material was

carried forward for further studies. 1 5 SEP 100& WO 01/ 77113
by flash column chromatography using 10/90 to  30/70

EtOAc/dichloromethane to provide 4.2 g of 46¢c (45% vyield - for 2 steps)~
HRMS (FAB) Calcd for C10H20NO3S: 234.1164 (M+H)*. Found: 234.1168.

X%{){VH N Xalrﬁgji:“)j\j\om
A S )

46¢

Step C

To a cold (-15°C) solution of 46¢ (4.2 g, 19.4 mmol) in dichloromethane
was added acetic acid (2.14 mL, 38.8 mmol) followed by methy!
isocyancacetate (1.76 mL, 19.4 mmol). The reaction mixture was warmed to
room temperature and let stand for 16 hrs. Diluted the reaction with EtOAc
and washed with saturated NaHCO3, brine and water. The organic layer was

dried (Na2S0;) and concentrated. Purification by fiash column
chromatography using 30/70 EtOAc/dichloromethane afforded pure 46d (6.5
g) as a white solid in 92% yield. HRMS (FAB) Calcd for C1gH2gN2073:

393.1685 (M+H)*. Found: 393.1692.
Step D

XO%H\LMG - XOEH)QITU\OH |

To a solution of 46d (6.5 g, 16.6 mmol) in MeOH (30 mL) was added a
solution of lithium hydroxide (1.19 g, 50 mmol) in water (30 mL). After 45
minutes the reaction mixture was concentrated. Aqueous citric acid solution
was added till acidic pH (3) and the product was extracted into EtOAc.



Step G 12f 02H 266 PCT/USQ /10569 The desired product 46h was obtai ned by
the procedure described for Exanple 1, Step J. The crude material WasEP 2004

suf ficiensgopung for further manipul ations. HRVB (FAB) Cap&fluéfiliosss
CA0H57N609S: 797.3908 (MrH) +. Found: 2¢97.3896. 1 5 SEP 1004 WO 01/77113

PCT/ USO01/ 10869 267 Step H -w~ The desired product 46 was obtai ned by the
oxi dati on protocol described previously for Exanple 10, Step J. The
reaction took 4 days to go to conpletion. Purification of the residue by
flash col um chronmat ography (twi ce) and preparative TLC using 98/2

di chl or onet hane/ MeOH afforded 46 as a m xture of diastereoners in 12%
yi el d (f orConegnipaion eiliie ¢ngaBjc iayet esulted in the acid 46e (5.6 g, 90% yield).

HRMS (FAB) Calcd for C43H25N20gS: 337.1433 (M+H)*.  Found*”
337.1430.

Step E
Z"’T iOH |
+ HCI. HsN N~
O

A

The desired product 46f was obtained by the method described for
Intermediate A, Step 3. Purification of the residue by column chromatography
using 20/0/80 to 50/5/45 of EtOAC/NH3 in MeOH/dichloromethane afforded

3.0 g of 46f (51%). HRMS (FAB) Calcd for C23H37N406S: 497.2434
(M+H)*. Found: 497.2439.




for C40H55N609S: 795.3751 (MtH)+. Found: 795.3761. 1 5 S E P 2004 MS)SEP 00
01/ 77113 PCTI USO1/ 10869 268 Exanple 47: Preparation of Conpound 47: Step 2\

H NVH wla‘ﬁpﬁpgesi red product 47 is obtained by the oxi d%lﬁ%]%%’tfocol

descri bed” previdusly for Exanple 11 jg3tep A 1 5 SEP 2004 3
PCTI USO /10869 269 Exanple 48: Preparation of Conpound 48: 48

Step F

B I
ﬁ}jjia

AL
HCI. HN N " -
H

46g

The desired compound 46g was prepared by the protocol described for
Intermediate A, Step 4. The material was carried forward for further studies.



StepA 12f 02H H N 48b The desired product 48b was obtai ned by the 15 SEP 2004
procedure described for Exanple | Step J. The crude material was

suf ficiensgyopynes for further manipulations. (Note: The preauusanogssa was
obt ai ned fromcomercially avail abl e2bbgoc-S-net hyl cysteine by simlar
procedures described for 46g) 15SEP7001 WO 01/77113 PCTIUS01110869 270
Step BV H N The desired product 48 was obtai ned by the oxidation protocol
descri bed previously for Exanple 10 Step J. Purification by flash colum

Step G .
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The desired product 46h was obtained by the procedure described for
Example 1, Step J. The crude material was sufficiently pure for further

manipulations. HRMS (FAB) Calcd for C40H57Ng09S: 797.3908 (M+H)*.
Found: 797.3896.



chr omat ogr aphy using 98/ 2 dichl oronet hane/ MeCH afforded 48 as a m';xs;src-pm?f
di astereoners in 21 %yield (for 2 steps). Exanple 49: Preparation 0
Conpound W17 ﬁi 1 5 SEP 1DOd WO 01/ 77113 PCT/ 1JS01/ 1086%cE¥do13o® A The
desired pr 0l 497i s obt ai ned by theygexi dati on protocol described
previously for Exanple 11 Step A -‘Exanple 50: Preparation of Conpound 50:

WO 01177113 PCT/USO /118 9SEP 2061 272 StepA Bn0" v v . BnOl""~ O
Step H e

Q
g OH 0
H H |
CN>\|(N N\/“\H N
H\,‘%D 0 0 o

° /-l\ -~ 46h

Y
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0/[\ /S .

The desired product 46 was obtained by the oxidation protocol
described previously for Example 10, Step J. The reaction took 4 days to go
to completion. Purification of the residue by flash column chromatography
(twice) and preparative TLC using 98/2 dichloromethane/MeOH afiorded 46
as a mixture of diastereomers in 12% vyield (for 2 steps). HRMS (FAB) Calcd-

for C40H55N00S: 795.3751 (M+H)*. Found: 795.3761.



4e The desired product 50a is obtained by the nethod described for Exanple
1 Step F, using inmidazol e-4-acetic acid as the coupling partner. St épSEBr{Eﬂﬁe
desired pmoouopt7130b i s obtai ned by. the nethod described faCT/UEagde 1
Step G 15SEP2001 WO 01/ 77113 273 PCT/26801/ 10869 Step C The desired product
50c is obtained by the nethod described for Exanple 10 Step A using

p-tol uenesul fonyl chloride as the starting nmaterial. Step D TsO'--~ 0 The
desired product 50d is obtained by the treating 50c with HQ@t in THE at
anbi ent tenperature over several hrs.

Example 47: Preparation of Compound 47:

7
HE{H(\I/LSHJF%L‘
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Step A

S '
Q
g 0 0
H H |
L_)\n,w N -
H \_/Loo o) H )
o _; O - i
T 5

The desired product 47 is obtained by the oxidation protocol described
previously for Example 11 Step A.




1 5 SEP 2004 WD 01/77113 PCTIUSOL/ 10869 274 Step E CH3 The expect ee|

product 50e is synthesized by heating of 50d with sodium carbonate,

sodi umiodide in _acetone at 50C over several hrs. The pro e
purified W?"&Qﬁ%nt ional flash chr onmBj Qgr aphy. Step F The %?@Zﬁ%@oducts

50f

Step I.

5 SEP 2004

I s obtained by the hydrolysi protoCol described previously for Exanple

WD 01/77113 Step G275 H N 1 5 SEP 200x" PCT/USOL/ 10869 The
expect ed product 50g is synthesized as described earlier for

48
Step A

H N N
N\;/KO o O H oo
O =
/]\ ! 48a
12f
&
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> i 0 0 H

C /[\ 48b

The desired product 48b was obtained by the procedure described for
Example 1 Step J. The crude material was sufficiently pure for further
manipulations. (Note: The precursor 48a was obtained from commercially

available Nboc-S-methylcysteine by similar procedures described for 46g)

Example 48: Preparation of Compound 48: -



Example 1 Step J. WO 01177113 Step M 276 1 5 SEP 1001 PCT/ U80111086$c; S 1t
The desired product 50 is obtained by the oxidation protocol describe

previ ousl woor/7xanple 1 Step K. Purification by flash col warwusoe1/10869
chromat ography will afford pure 50. Exanpl e 51: Preparation of Conpound 51:
WO 01/ 77113 PCT/ USOL/ 10$69 S E P ?094 277 Step A The expected product 51la
I s synthesized as described earlier for Exanple 2 Step A 1 5 S E P 2004

WO 01/77113 PCT/ USA 110869
K\q
L_X“, KL)L

\/k
’/r\ 48b

Step B

N

The desired product 48 was obtained by the oxidation protocol
described previously for Example 10 Step J. Purification by flash column
chromatography using 98/2 dichloromethane/MeOH afforded 48 as a mixture
of diastereomers in 21% yield (for 2 steps).

Example 49: Preparation of Compound 49:

@
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278 Step B The desired product 51 is obtained by the oxidation protﬁgsl
described previously for Exanple 2 Step B. Purification by flash c b 7004

chromato i, afford pure 51. Exanple 52: Preparatio nd 52:
rH N1 B MR wo 01/ 77113 PCT/ USQI /10869 279 Step qufﬁ;gs@(e?{saﬁ%d

product 52 is obtained by the procedurée described previously for Exanple
3, Step A, WD 01/77113 280 15 SEP ?fl PCTIUSOL/|I 0869

._N 4 0 H\/?LN ,\
H\,%E?J)H{ .
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The desired product 49 is obtained by the oxidation protocol described
previously for Example 11 Step A.

Example 50: Preparation of Compound 50;

0]
O



Exanpl e 53: Preparation of Conpounds of Fornulas 53A and 53B: H3 "CH3 53A

53B Ste 12 AA CH3 ~' CH3 53a The desired product 53a was obtained b ti{Eﬁ’ZUi
nmet hod dewribmdi3a n Exanple 1, Step F. The nmaterial was pM‘VﬁI&BﬁUliﬂjﬁt aslh
colum chromat ography using 80/20 to280140 di chl oronet hane/ et hyl acetate
to provide 53a. 02CH3 =z 1 5 SEP 7004 WO 01/77113 Step B: 53a

The desired product 50a is obtained by the method described for
Example 1 Step F, using imidazole-4-acetic acid as the coupling partner.

Step B

) Q
NH * NH %
P WCH:., P 3, ocHs
H —_— H
0 0
- o i o _:
O 50a O 50b

The desired product 50b is obtained by the method described for.
Example 1 Step G.



281 O2CH3 OH 53b PCTI USOLl/ 10869 The desired product 53b was obt ai n g%l @
met hod described in Exanple 1, Step G The crude naterial was carrl R

t he next Step C HO-~~Q OH .. cCO2CH3 53b % The
desired p\r%%) uct g3c was obtained by tfe method descri bed /%a%%’b%

Step H Purification by colum chromatography using 99/1
di chl or onet hane/ net hanol afforded 53c along with triphenyl phosphi ne oxi de.
This m xture was taken to the~next step. 1 5 SEP 2004 WO 01/77113

PCT/ VS01/ 10869

Step C o

Ho’"\/’\j , Tso’“\w/\j-
Q Q

)
i

NH / NTs %
N,r/ CNH/OCH.% Nr/ N OCH3
» H

o i o)
O 50b O 50c

The desired product 50c is obtained by the method described for

Example 10 Step A using p-toluenesulfonyl chloride as the starting material.

Step D

TSO/\/\l O/\/\l
NTs

NH
<r D —
——

The desired product 50d is obtained by the treating 50¢ with HOBt in _

THF at ambient temperature over several hrs.



282 Step D 02CH 3 02H 53c 53d The desired product was obtained by the
met hod described in Exanple -1, Step 1. Step E: CO2H 53d E H3 CCHB H55#¢ 2004
The expectweplopraaiict 53e was synt hesi zed as descri bed earl iFrT/fSm/108%e
Exanple 1, Step J. The material after 2nork-up was of sufficient purity to
be carried forward to the next step. 1 5 SEP 71)01 WO 01/77113

Step £ N

! ﬂ
NH 3 K
OCH, Nfl’ CHy
O — N X
0 §

0O
O 50d O 50e

The expected product 50e is synthesized by heating of 50d with

sodium carbonate, and sodium iodide in acetone at 50°C over several hrs.

The product can be purified by conventional flash chromatography.
Step F

\Q(\/ILO — PRE
° O 50e

The desired products 50f is obtained by the hydrolysis protocol
described previously for Example 1 Step | . -



283 PCT/ U SO 1110869 Step F: 53e 53A CH3 N, H3 53B The desired products
53A and 53B were obtained by the oxidation protocol described previp&xgtymm

f or

10010 to Y% 7IBh| or omet hane/ met hano].. af forded separate

53B, and sone m xture.

54: Preparation of Conpound 54: StepA 54a X

Step G

o)

V\)/\-" OH H 0 |
hr P OH +  HCLH,N N\)LN N
H o o Ho5
H O .

Sof

’\ﬂ
- H O
H H ]
I\p—'/ N N\)'I\N AN
E—— H H
N 0 O 0
I O
O =
5

Exanple 1, Step K. Purification by flash columm chronFé@ﬂré‘?lzﬂ% usi ng

%A and

1 5 SEP 7004 01/ 77113 PCTI USO | 10869 284 Exanpl e

ETORN

The expected product 50g is synthesized as described eartier for

Example 1 Step J.



54b Commrercially avail abl e 54a was converted to the desired produc; ?3@3 2004
using the procedure described for Internediate A Step 3 in quantitat

yield. SWOHIBTBIH 54c To a cold (0C) solution of 54b (8 g PARRIMDGL) in
DMF (100 m -) was added sodi um hydri @ (60% di spersion in oil, 1.3 g,
32.16 mmol ). After 10 mnutes iodonethane (2.8 nL, 42.8 mvol) was added
and the reaction was warned to anbient tenperature over 2 hrs. The
reaction m xture was quenched with aqueous NH4CI sol ution and extracted
with Et OAc. The organic |ayer was separated, dried (Na2SO4) and
concentrated to afford 54c which was sufficiently pure for further
studies. f 1 5 SE P 2004 WO 01/77113 PCT/U501110869 285 Ste 12 54c

Step M .
S

|
H H
N\;/KO o

0
O &

H f
l\’lr/ N\j\N N\
N\/J\ o " 0

The desired product 50 is obtained by the oxidation protocol described
previously for Example 1 Step K. Purification by flash column
chromatography will afford pure 50.

Example 51: Preparation of Compound 51:

f\ Y o 0 | ' )
vk
O 51

ZT
sz:
I=
O
; O’\



BnO _NH HC 54d The desired product 54d was obtained by the pr oéedure
described for Exanple 1 Step C. The crude product was used w thout further

purificatjan, ep D 02N 54e 54f The desired product 54f gﬁgéHPW‘
t he pr oce‘gﬁg'é”@jécri bed for Exanpl ezr% Step A using 54e aﬁﬂgﬁbﬁ ting
material. The crude product was purified by flash chromat ography using

80/20 to 100/0 dichl oronethane/ hexanes to afford 54f. 1 5 SEP 7004 WD
01/ 77113 PCTI USOL/ 10869 286 Step BnO_ -NH HC 54d + 02N

Step A

The expected product 51a is synthesized as described earlier for

Example 2 Step A.




54f The desired product 54g was obtained by the procedure describeq %gé
Exanpl e 26 Step B using 54d and 54f as the starting materials. The ki
was carri ¥ 6ut71ih chl oroformat 50C. The residue was pur i PiCadUsey/16868s h
chromat ogr aphy using 85/15 hexanes/Et @& to provide 54g in 56%vyield. HRVS
(FAB) Cal cd for C25H33N204: 425.2440 (M+H)+. Found: 425.2424. Ste g 549
54h The desired conpound 54h was obtai ned by the procedure described
earlier for Exanple | Step | using EtOH as the solvent. 1 5 S E P 2004 WO
01/ 77113 PCT/ USO1/ 10869 287 Stye G ~N CO2H Q 41010 1b

Step B

Fo=
\‘t
IZ

\/go o 00\|<'

The desired product 51 is obtained by the oxidation protocol described
previously for Example 2 Step B. Purification by flash column
chromatography will afford pure 51.

Example 52: Preparation of Compound 52:

ﬂ
: o 0
H H
DI
H H
N \/ko 0 o ol
5

O



_ The desired conpound 54i was prepared by the protocol described foﬂ' !
Exanple 18 Step B. Step H BnO-~R BnO-_Q 40 Qv 541 HCl1. H O 54j Thé d\i.':sﬁmed

product - 54j bt ai ned by the procedure described for %}B tep C
The cr udgﬁr)ré) e?lllgl was used wi thout pygification. Step B n ,,é,“i’d)&”“ N +

HCl.H BnO 54) CNI'Yo-'~ H
Step A
S
" 0] 0O
H H
l\!lr./ CNH/N N\/LLN
ﬁ\/& 8] O H O

C

Q
O

N
N, 0 0
O

Y
0]
; O O
J_ y/ A—)\rﬂ H\)LN H
H O

-

0
O

The desired product 52 is obtained by the procedure described

previously for Exampie 3, Step A.




O 54k WD 01/77113 288 1 5 SEP 20QL PCT/ USO /10869 The desired produgt 54k
was obt ai ned by the coupling protocoj. descri bed previously for

Step D. Swapon77iis The desired product 541 is obtai ned by tlpc'rh_}@[/@@ematlon
procedure described previously for Exsnple 1 Step G StepK 541 The desired
product 54mis obtained by the cyclization protocol, described for Exanple
1 Step H 1 5 SEP 2004 WD 01/77113 Step L

Example 53: Preparation of Compounds of Formulas 53A and 53B:

.y A Or.,

d 9
0 o] O CH3
H H H §
0 /T\ O :\l\O 0
53B
Step A:

@/\O/\/\/Q.,
@A L_XC OH (NXCOZCHa

och3 y
HCL H2N @Y \;/‘J%O
° A

44b : 53a

The desired product 53a was obtained by the method described in
Example 1, Step F. The material was purified by flash column '
chromatography using 80/20 to 60/40 dichioromethane/ethyl acetate to
provide 53a.




289 PCTI USO /10869 The desired product 54n is obtained by the prodUﬁSr
described previously for Exanple 3 Step A Step M The expected pro ot P 3lb

I s synt hegi described earlier for Exanple | Step J 04 WO
01/ 77113 Bﬁ"ﬁg’%ﬁil 10569 290 Step N The desired product 54"‘32’58‘858{} ed by
t he oxi dation protocol described préeviously for Exanple 1 Step K

Purification by flash. colum chromatography will afford pure 54. Exanple
55: Preparation of Conpound 55: H N 1 5 SEP 1001 WO 01/77113

Step B:
SAARS 0
C_)\cc)zc;ﬁ3 OH N~ "COCH3
@Y : Ao
H o
° AN T
53a 53b

The desired product 53b was obtained by the method described in
Example 1, Step G. The crude material was carried to the next step as is.

Step C:
HO/\/\/O'-.
OH &COzCH 3 QCO:CH 3
@,Yn\_,go Vi
o) z
0
53b 53c

The desired product 53¢ was obtained by the method described in
Example 1, Step H. Purification by column chromatography using 99/1
dichloromethane/methanol afforded 53¢ along with triphenylphosphine oxide.
This mixture was taken 1o the next step.



Step A 55a 291 55b PCTIUSQO /10869 NO2 Conmercial ly avail abl e 55a was
converted to the desired product 55b wusing the procedure described] §EP 20
Exanpl e 2809a8p11A in 41 %yield. Stee B 54 O 55c The desi PEWUBSGHIEEY 55C
was obtai ned by the coupling protocol282descri bed previously for Exanple 1
Step D using N-boc-t-butylglycine as the coupling partner. Purification
using 95/5 dichl oronet hane/ Et OAc afforded 55¢ in 57%yield. to BnO,,,QH

G o ¢
C)\COQCHB _— (—N>\002H
5 H
Yo o
T dh

53c | 53d
The desired product was obtained by the method described in Example

1, Step l.
OH E CHs
H
COH 4 HeLHN N\j\N N
3
0 A0

Step E:
53d

. nfﬁ*ﬁﬂ%m

The expected product 53e was synthes:zed as described earlier for the

3 ZQ..Q

Example 1, Step J. The material after work-up was of sufficient purity to be
carried forward to the next step.



BnO- Q B nO-,."XO N ~" U HCL H2N 11 - = 55c | 55d The desired produch SEBHM
was obtai ned by the procedure described previously for Exanple | Step C.

The crudw%;ggﬁgl r]vvas carried further. 1 5 SEP200 WD 01/17(21:}'&&1]?51?69 D 292

PCTI USO O,,--,.Q55b N2 J&d HO

Step F:

Hz

8]
s, OH 0 C
H H |
N N ——r—————
Q)*n’ \)Luz 3(“*%
H
N O O 0}
53e

, Hygoc;(o

53B
The desired products 53A and 53B were obtained by the oxidation -
protocol described previousty for Example 1, Step K. Purification by flash
column chromatography using 100/0 to 99/1 dichloromethane/methanol
afforded separate isomers 53A and 53B, and some mixture.



BnG,,.-,,,.,0. 55e The desired product 55e was obtai ned by the protocol
described for Exanple 26 Step B. Purification using 80/20 15 SEP 1004
di chl or on¥hesBAB OAc afforded 55e in 20%vyield. HRVGS ( FABCTQH0t/dos6or
C32H45N208: 585.3176 (M+H)+. Found: 8%6.3177. StepE BnO- Q H YN O 55e
HOB ' Q 55f The desired product 55f was obtained by the producer descri bed
previously for Exanple | Step G HRMS (FAB) Cal cd for C25H39N208: 495. 2706
(MtH) +. Found: 495.2704. 1 5 S E P 2004

Example 54: Preparation of Compound 54:

P

PN
N N
O : O

54

&'
/N\érn\ii\ér
QO

H
BnO. NH, BnO. N
U — U7X
54b

54a

Commercially available 54a was converted to the desired product 54b
using the procedure described for Intermediate A Step 3 in quantitative yield.

Step B

UN\KX , UATOK

To a cold (6°C) solution of 54b (8 g, 26.8 mmol) in DMF {100 mL) was
added sodium hydride (60% dispersion in oil, 1.3 g, 32.16 mmol). After 10
minutes iodomethane (2.8 mL, 42.8 mmol) was added and the reaction was
warmed to ambient temperature over 2 hrs. The reaction mixture was
quenched with aqueous NH4Cl solution and extracted with EtOAc. The
organic layer was separated, dried (Na,S0Q,) and concentrated to afford 54c

which was sufficiently pure for further studies.



WD 01/ 77113 Step F HO, Q 55f 293 PCT/ USO /10869 The expected produdts §EB200)
was synt hesized as described earlier for Exanple 1 Step H Purification by

flash chr. phy using 85/ 15 dichl oronet hane/ Et CAc pr,Quid in 10%
yi el d. St‘gg%gq%égg The desired produ 555h was obt ai ned bﬂﬁkgﬁﬂ@?ﬁ%d
described previously for Exanple 3 ep A The crude material was carried
further wthout purification. 1 S SEP 2004 WO 01/77113 294 PCT/ JSO /10869

Step C

e

BnO. i ve
-

54d

B lll Q.
ROA S

The desired product 54d was obtained by the procedure described for

Example 1 Step C. The crude product was used without further purification.

Step D

HCL. HzN\éio/\ ~ /@,o\érﬁ\éj\o,\
S O

54¢ 54f

The desired product 54f was obtained by the procedure described for
Example 26 Step A using 54e as the starting material. The crude product was
purified by flash  chromatography using 80/20 to  100/0
dichloromethane/hexanes to afford 54f. |



StepH 55h The expected product 55i was synthesized as described earlijes Sffﬂfﬂﬂt
Exanple | Step J. The crude material was carried further w thout

purifi catwanoy/7118 SEP 2U4 WO 01/ 77113 PCTI Cl S01110869 295 pBraphi/1idsd he
desired product 55 was obtai ned by thzséoxi dati on protocol described
previously for Exanple 1 Step K Purification by flash colum

chromat ogr aphy using 98/ 2 di chl oronet hane/ MeOH af f orded 55. WO 01/ 77113 296
Exanpl e 56: Preparation of Conpound 56: H N Step A N CQ2CH3

Step E

H

| O N A~

BnO. NH. HCI \g/ z
\@/ +  ON O

54d 54f

ao~ AN
Rrs

The desired product 54g was obtained by the procedure described for
Example 26 Step B using 54d and 54f as the starting materials. The reaction
was carried out in chioroform at 50°C. The residue was purified by flash
chromatography using 85/15 hexanes/EtOAc to provide 54g in 56% yield.

HRMS (FAB) Calcd for C25H33N204: 425.2440 (M+H)*. Found: 425.2424.
Step F

The desired compound 54h was obtained by the procedure described
earlier for Example 1 Step | using EtOH as the solvent.



>~0O~ 10a 56a 1 5 SEP 2094 PCTI US01/10869 CO2H To a sol ution of

commercial |y available methyl ester 10a (5.0 g, 20.4 mmol) in MeOH (12DSEP 2004
m-) was solution of LIOH (730 ng, 30.6 mmol) in m.) .

The react\?g(ri}?%ni?ure was stirred at i ent tenperature fo%ﬁ%orlé.a&ﬁc

I ndi cated consunption of starting nmaterial. The reaction m xture was
concentrated and acidified with 10%citric acid solution. Solid Nal was
added and the aqueous | ayer was extracted with Et OAc several tinmes. The
conbi ned Et CAc | ayer was dried (Na2SO4) and concentrated to provide 56a in
guantitative yield. HRM5S (FAB) Cal cd for CIOHL8N1OG: 232.1185 (M+H) +.

Found: 233%tggl@9.] 1 5 SEP 2004 WO 01/77113 PCT/USOL110869 297 Step B.

e

BnO ~C. BrO ~C.

AL LT

1b

The desired compound 54i was prepared by the protocol described for

Example 18 Step B.

Step H
BnO\/\/O._' BnO\/\,O._.
N —— L0
>|\ /t 5 HCLH ()
O o}
54i 54j

The desired product 54j was obtained by the procedure described for
Example 1 Step C. The crude material was used without purification.

- Step |

Ly BnO A~
'y %“ T By

54j . -



56a 56b The desired product 56b was obtai ned by the nethod descri bed fsr
Exanple 1, Step A The crude material was converted to the nethyl est1e SEP 2004
wi t hout pwodi/zation. Step CBnO ,~, CCa H COZ >~~ 56b QOAdH®14689 The
desired product 56c was obtained by tI28 nmet hod described for Exanple 1,

Step B. Purification of the residue by colum chromatography using 80/20

to 50/ 50 hexanes/Et OAc and then 70130 to 40/ 60 dichl oromet hane/ Et OAc

af forded 13% of 56c. HRMS (FAB) Calcd for C21 H31 NO6: 394.2230 (MtH){.
Found: 394.2224.

The desired product 54k was obtained by the coupling protocg) .
described previously for Example 1 Step D.

Step J

BrO\_~_0,

Bw\[j'!‘wr“\i:g/o T :\:iﬁr@ ™
O . oY O )

The desired product 541 is obtained by the hydrogenation procedure
described previously for Example 1 Step G.

Step K

The desired product §4m is obtained by the cyclization protocol
described for Example 1 Step H.



St~eDD B nr._nu_ BnO . ~N -C2CH3 ~OOH MI a 56¢c 56d 1 5 SEP4 Zpgﬁﬂﬂﬂl
WD 01/ 77113 PCTI USO/10869 298 The desired product 56d was obtai ned by t

net hod degglghhedsfor, Exanple 1, Step C. The crude materi d
Wi thout pPCiTEation’ ste g E 564 02G§§ BiO-~ N 02GH8 H- RS 1S

Step L
(Y
% :
{ j O\rO\K Q\rw
H H
_— /N\"/N\/ko O
: O

The desired product 54n is obtained by the producer described
previously for Example 3 Step A.

Step M
(\Q
5 oOH ., O
OH +  HCLH2N N\/ILH
H
0

O 540

The expected product 540 is synthesized as described earlier for

Example 1 Step J.



JrOYN - O O 56e The desired product 56e was obtained by the method 15 Sgp oy

described for Exanple 1, Step D, using N-boc-tert-butyl glycine as the
coupl i ng M@ OMBI3 Purification of the residue by col um ciCaviisoogessphy
usi ng 90110 dichl oronet hane/ Et CAc af R¥r ded 86% of 56e. HRVS (FAB) Cal cd

for C27H43N207: 507.3070 (M+H)+. Found: 507.3072. Step CO2CH 3 66e 56f The
desired conpound 56f was prepared by the protocol described for Exanple 1,

Step EE The material was carried forward as it was. 1 5 SEP 1QQ4 WO
01/ 77113 Step G 299

Step N

The desired product 54 is obtained by the oxidation protacol described
previously for Example 1 Step K. Purification by flash column
chromatography will afford pure 54.

Example 55: Preparation of Compound 55:

O
0

O/I\

s



PCTI US01/ 10869 B n Q2CH3 N 02CH3 HHC I. H2N,.~n HO , " N,,~0 0 56f 1*115 580700
The desired product 56g was obtai ned by the procedure described for

Exanpl e . The material was purified by flash col

chr omat oé‘?ggwjpldgi ng 98/ 2 dichl or oma}gagne/ MeOH to yield S?g?riﬂrjlsgg%ﬁgs a

white foam HRMS (FAB) Calcd for C30 N207: 541.2914 (M+H)+. Found:

541. 2916. Step H B n0O~~ JO 02CH3 56g 56h The desired product 56h was

obt ai ned by the procedure described for

HO\O,OH
55a

HO
- T
NO,
55b

Commercially available 55a was converted o the desired product 55b
using the procedure described for Example 26 Step A in 41% yield.

Step B
BRO__~_Q BnO_~_L.
(>\H/O\|< H (M
HoLN o - XDYN\)%O >

The desired product 55¢ was obtained by the coupling protocol
described previously for Example 1 Step D using N-boc-t-butylglycine as the
coupling partner. Purification using 95/5 dichloromethane/EtOAc afforded 55¢
in 57% vyield.

Step C

/]\ 55¢ /]\ 55d

The desired product 55d was obtained by the procedure described
previously for Example 1 Step C. The crude material was carried furiher.



Example 1, Step G The product obtained after filtering off the catalysk SEP 200
was pure enough for subsequent manipul ati ons. HRVS (FAB) Cal cd for
C23H35N20W0 Mz77118444 (M+H) +. Found: 451.2449. N 02CH3 HO 1PETSBEP/PB6% WO

01/ 77113 300 PCT/USO /10869 Stepl O2CH23 56h 561 The desired product 561

was obt ai ned by the procedure described for Exanple 1, Step H. Purification
of the crude residue using 75/25 hexanes/acetone provided a m xture of the
product 561 along with triphenyl phosphi ne oxide. HRVS (FAB) Cal cd for
C23H33N206: 433.2339 (MtH) +. Found: 433.2343. Step J 561

Step D
BrO_~.C.
HO O
0
oreL . LN
NO, HCI. HoN o o
55h
TS sed
BnO~2L.

The desired product 55e was obtained by the protocol described for
Example 26 Step B. Purification using 80/20 dichloromethane/EtOAc afforded

55e in 20% yield. HRMS (FAB) Calcd for C32H45N208: 585.3176 (M+H)*.
Found: 585.3177. |
Step E

BnO -~ A,

H H\i\f\ﬁ oo N\i}lﬂﬁ
O\©/O\c‘>r/i\ - \@/?1’/7\. -

The desired product 55f was obtained by the producer described
previously for Example 1 Step G. HRMS (FAB) Caled for C25H39N20g:

495.2706 (M+H)*. Found: 495.2704.



56] The expected product 56 was synthesized as described for Eﬁagghemml,
Step |I. Yield for two steps = 16% HRVMS (FAB) Cal cd for C22H31 N20G:

419. 2182 . Found: 419.2176. 1 5 SEP 2004 WO 01/ 7711 C?l(?lﬁ
PCT/ USO /vg%%ﬁgep K 56] IN The expegjed product 56k vvas%’syn OéfslPszﬁgd as

described earlier for the Exanple 1, Step J. The material after work-up
was of sufficient purity to be carried forward to the next step. HRMS
(FAB) Cal cd for C40H57N609: 765.4187 (M+H) +. Found: 765.4198. 1 5 SEP 2004
WO 01/ 77113 PCT/USO /10869 302 Step L

Step F

HO\/\/O-._ m

H § CNXJ(O\K N

/zl\ 55g

The expected product 55g was synthesized as described earlier for
Example 1 Step H. Purification by flash chromatography using 85/15
dichloromethane/EtOAC provided 554a in 10% yield.

Step G

) Q

- -
[

Owr“ﬁ T %r\?q

[J
-

0 O
- /I\ 559 /]\ 55h

The desired product 55h was obtained by the method described
previously for Example 3 Step A. The crude material was carried further

without purification.



H NH NNNThe desired products 56A and 56B were obtained by tfe SEP 2004
oxi dation protocol described previously for Exanple 1, Step K

Puri fi cat WO0HY713 ash col umm chr omat ogr aphy usi ng 98/ 2 t o PEGIUK01/10869

di chl or onet hane/ MeOH afforded separa® i soners 56A and 56B, and sone

m xture. Conbined yield = 35% (for 2 steps). HRMS (FAB) Cal cd for
C40H55N609: 763. 4031 (MtH)+. Found: 763.4025 (56A), 763.4040 (56B). 1 5
SEP 7004 WO 01/ 77113 PCTfUSOL/ 10869 303 Exanple 57: Preparation of
Compounds of Fornulas 57A and 57B: CH3 57A CH3

Step H
q
: OH . O |
[;)YOH +  HCLHN N A AN
H 0 Ho o
OYN\EAOO
0 A A
55h ~
Q
i A
H H
R NSNS
o N\/goo 0 o
X
55i

The expected product 55i was synthesized as described eartier for
Example 1 Step J. The crude material was carried further without purification.



IV H3 Step A

Ib O 57a 0 57b To the solution of the comerci al dflg%ﬁ’%[]?

of the amno acid ,(3S)-7-

hydr oxy- 1“’%‘1%1

mmol ) in met
m., 60 mmol).
oil bath for

- t.et rahydr oi soqui nol i ne-3-carboxylic acid 21.8
nhip S fof

(180 nlL) was added 2ggncentrat ed hydrochl (5.0
The resulting clear solution was then heated to reflux in an
18h. Solvents were renpved in vacuo to give nethyl ester 57b

as a white solid, which was used in the next reaction w thout further

purification.

Step |

115SEP 2004 W 01/77113 PCTI USO01/ 10869 304 Step B: M

™

Q

- OH 9]

CINAAAL b
Hoo

ﬁ\lo 0
A

yv e

55§
& Y
Q
- 0 O
d S S ESER
H R
o\n,N\:_/go o 0 o
0O &
AN .

The desired product 55 was obtained by the oxidation protocol

described previously for Example 1 Step K. Purification by flash column
chromatography using 98/2 dichloromethane/MeOH afforded 55.



0 57b 57c To a solution of am ne hydrochloride 57b, N Boc-cycl ohe;yé gkp{%ﬂl pe
(5.95 g, 21.8 mml), HOOBt (3.73 g, 22.9 mmol) and EDClI (5.00 g, X 0
mmol ) i n WehiadiTonds DMF (200 nl) and CH2C 2 (200 nl) at - 20Ecrasortded NVM
(7.20 nmL, 65.5 Mol ). After stirred a®¥this tenperature for 30 mn, the
reaction mxture was kept in a freezer overnight (18 h), after which Et OAc
( 600 nm.), brine (150 nm.) and 5% H3PO4 (150 m -) were added. The
separated organic solution was washed with 5% H3PO4 (200 nl), saturated
aqueous sodi um bi carbonate sol ution (2 X 200 m.), water (200 nL), and
brine (2Q9 ) . Lfate filtered and concentrated in
vacuo to & 7 S v Paa v ior- i T e ) as a white solid. 1 H NWR (400
M—Izd6Dl\/|SO)8932(s ,835 832(m1H) 6.99 (d, J =8.3 Hz, 1
H, 6.65-6.54 (m 1 H, (d, J =15.5 Hz, 1 4.50 (d, J = 155 Hz, |
H, 4.43- 4.36 (m 1 4.19 (m 1 H), 3.5 , 3 H, 3.02-2.81 (m 2
H, 1.98-1.62 {m 8 —Al (m 1% Hy 1§C (100 MHz, d6-DVSO) 8
171.6, 171.2, 162.3, N 112.6, 78.0, 54.8,

52.4, 51.9  45.0. 29.5% 2841 o8, 15. 9 25 6’H25 " HRVB 1 z 447. 2492
[cal cd for N\._/ko
© /l\ 56 A
PP e
H R ‘JHF N h
N\/kool; 0 H o5
o /-l\ 56 B
Step A

Re .
COCHy — ——*> CO,H

To a solution of commercially available methyl ester 10a (5.0 g, 20.4
mmol) in MeOH (20 mL) was added a solution of LiOH (730 mg, 30.6 mmol)
in water (20 mL). The reaction mixture was stirred at ambient temperature for
2 hrs. TLC indicated consumption of starting material. The reaction mixture -
was concentrated and acidified with 10% citric acid solution. Solid NaCl was
added and the aqueous layer was extracted with EtOAc several times. The
combined EtOAc layer was dried (Na;S0.) and concentrated to provide 56a in

quantitative yield. HRMS (FAB) Calcd for C1gH18N105: 232.1185 (M+H)*.
Found: 232.1189] '



C24H34N206, 447.2495]. 1 5 SEP 2004 WO 01/77113 305 PCTI USOL/ 10869, Step C
HO HQ 57c 57d The Boc-amino methyl ester 57c (7.20 g, 16.1 nmmol) whs SEP 2004

di ssol vedy,j HCl (100 ni, 400 mmol) and the resultin %ﬂh 1188goNaS
stirred a%"d;‘%’.”%ﬂ#e progress of the rgaction was m)nitoregP y $6L . After 4

h, the solution was concentrated in vacuo and the resi due was under vacuum
overnight to give 57d as a white solid which was used in the next coupling
reaction without further purification. Step Do 0 57d 57e

Step B v

Hhooziﬂ "——"*B nowhcozft
PPN Sk

b6a 56b

The desired product 56b was obtained by the method described for
Exampie 1, Step A. The crude material was converted fo the methyl ester

without purification.
Step C

o o
NT NCO,H —— > N~ “COoCH4
oA oA

56b 56¢

The desired product 56¢ was obtained by the method described for
Example 1, Step B. Purification of the residue by column chromatography
using 80/20 to 50/50 hexanes/EtOAc and then 70/30 to 40/60
dichloromethane/EtOAc afforded 13% of 56c. HRMS (FAB) Caled for_

C21H31NOg: 394.2230 (M+H)*. Found: 394.2224,
Step D -

B”O\/\/(%X Bﬂo\/\,%)\
CO2CH3
CO2CH3
>Lol - N KCl

0
56c 56d



To a solution of am ne hydrochl oride 57d (from Step D), 6-heptenoic acid
(2.90 g, 22.6 mml), HOOBt (3.70 g, 22.7 mmol) and EDCl (4.80 g, 25 $EP 2004
nmol ) in sohgdres DVF (250 ml-) and CH2Cl 2 (150 m -) at - 2QG/vsnsnewdded
NVWM (7.50 nL, 68.2 mmol ). After stirreeBat this tenperature for 30 mn, the
reaction mxture was kept in a freezer for 2 days. It was then stirred in
air and 1 5 S E P 2004 WO 01/ 77113 PCT/USO /10869 306 allowed to warmto
rt. in 1h. EtOAc ( 500 nL), brine (100 nL) and 5% H3PO4 (100 m -) were
added. The separated organic solution was washed with 5% H3PO4 (100 ni),
sat urated aqueous sodi um bi carbonate solution (2 X 150 nl), water (150
m.), and brine (150 nL), dried with nagnesiumsulfate, filtered and

concentrated i I r t 0_%.FEt OAc- 2CI 2

af for ded 57e (g‘%ﬁé&@?ﬁo@aﬁ#&?e%g/g(@qgﬁ‘ggwQ‘Qé meélfid geseme 16y e
(400 M1z, Hanmdeq, Sie.G2The criidélmat8ri@bwds UbelWitHoutlpurific@forf- 6- 96 (m 1
H, 6.63-6.54 (m 2 H), 5.78-5.70 (m 1 H), 5.04-4.89 (m & H), 4.73-4.69
(m | H),Qt_a.‘ée (d, J = 15.5 Hz, 1 H), 3.54 (s, 3 H), 3.01-2.91 (m 2 H),
2.15- 1.93 (m 4 H), 1.76-0.97 (m 15 H): 13C NVR (100 MHz, d6-DMSO) S
172. 0, 171.5, 171.1, 156.0, 138.6, 134.0, 128.7, 122.5, 114.6, 114.1,

112.5, 52.9, BrO_~_
B”O\/\/
- N O-CH,
0-,CH
Moo 23 \/ko

Y

56d © /|\ 56e

The desired product 56e was obtained by the method described for
Example 1, Step D, using N-boc-tert-butyl giycine as the coupling partner.
Purification of the residue by column chromatography using 90/10
dichloromethane/EtOAc afforded 86% of 56e. HRMS (FAB) Calcd for

C27H43N207: 507.3070 (M+H)*. Found: 507.3072.

Step F
B"O\/\/h B"O\/\/h
N COLCH; X CO,CH3
>ro\",N\/k0 HCL HoN_
56e 56f

The desired compound 56f was prepared by the protocol described for
Example 1, Step E. The material was carried forward as it was.



52.2, 51.9, 45.0, 34.5, 32.8, 32.7, 29.4, 28.7, 28.1, 27.7, 25.9, ?Béi
25.5, 24.8; HRVB mlz 457.1 [calcd for C26H36N205, 456.6]. Step E: B!

57f To t l.4tji.on of 57e (2.20 g, 4.82 mmol) in anhydro W L)
under ni P‘r%g;ée]'ﬁﬁg]t‘?' 0C was added boranegpdHF sol ution (20 rrLulsCfT ﬂ)gﬁ% :

mol ) cautiously. The resulting solution was stirred at O0C under hydrogen
for 1 h 40 mn. Then ethanol (10 nL) and pH 7 buffer (15 nL) were added,
foll owed by 30 % H202 solution (15 m.). After stirred at OC for 20 mn, it
was warnmed to rt. and stirred for 2 h. Et OAc (400 nL) and brine (200 ni)
were added and | ayers were separated. Aqueous solution was extracted with
Et CAc (2 X 150 nlL). Conbi ned organic solution was dried with magnesium1l S
SEP 2004 WD 01/77113 PCTIUSO /10869 307 sulfate, filtrated, concentrated
in vacuo. Sep&h chromatography (3 to 5 % MOH CH2Cl 2) afforded 57f 2. 18
g, 4.47 mol, 93 %9 as a white solid. 1 H--- NWR (400 Mz, d6-DVsO) 8 9.32
(s, 1 H, 8.04-8.00 (m 1 H, 6.99-6.96 (m

Bno\/\/%_x( BnO\/\/(%_)\t
N"COLHy — y N COLHs
HCL. HQN\_/KO HO\©/\(N\_)§ o
= o :
™ T

56f 56g

The desired product 56g was obtained by the procedure described for
Example 1, Step F. The material was purified by flash column
chromatography using 98/2 dichloromethane/MeOH to yield 56g in 78% as a

white foam. HRMS (FAB) Calcd for C3gH41N207: 541.2914 (M+H)™.
Found: 541.2916.
Step H

BHO\/\/O HO\/\/C}-X
";I fN)\COZCH3 ——e—i N 020H3

.

H e o L
ROR S T

569 56h

The desired product 56h was obtained by the procedure described for
Example 1, Step G. The product obtained after filtering off the catalyst was
pure enough for subsequent manipulations. HRMS (FAB) Calcd for

C23H35N207: 451.2444 (M+H)*. Found: 451.2449.



1 H, 6.63-6.51 (m 2 H), 5.05-5.00 (m 1 H), 4.73-4.21 (m 3 H, WISEP;
Hz, 1 H, 3.54 (s, 3 H, 3.03-2.90 (m 2 H), 2.15-2.00 (m 2 H),

J = 15.5

1.75-1. 56W@ew7613H), 1.49-0.97 (m 13 H); 13C NVR (100 Mz POtgssOMBE6s 8

172.2, 171.6, 171.2, 156.0, 134.1, 1 7, 122.6, 114.2, 112.5, 60.7, 52.9,

52.3, 51.9,

45.1, 34.8, 32.4, 29.5, 28.7, 28.53, 28.47, 28.10, 25.9, 25.6,
25.5, 25.4, 25.2; HRVMS mlz 475.2812 [calcd for C26H38N206, 475.2808].

Step

F. 57f 57g A solution of phenol al cohol 57f (2.08 g, 4.38 mmol) and ADDP
11.9 mmol ) in anhydrous CH2CI 2 was bubbled with Argon through a
flit glass bubbler for 20 mn. To this solution at 0C was added
tri phenyi phosphine (3.45 g, 13.2 mol). After stirring at 0C for 20 mn,

(3.00 g,

the sol uti
ni trogen.
mat eri al .

mat eri al .

s warned to rt. and stirred overnight (18 h) under

indicated the presence of substantial anpunt of starting

A second batch of ADDP (3.00 g, 11.9 nmol) and tri phenyl phospi ne
(3.45 g, 13.2 mmol) were added, and the m xture was stl rred under nitrogen
for 2 days and 16 h. TLC showed the conplete consu n of the starting

ZI

[ After rmval f solvent in vacuo, the regi d was partially
purified byflash raphy (1 to 2 %
N COQCH3 N OzCHa
T 0 O
0O

/I\ o)
56h 56i
The desired product 56i was obtained by the procedure described for
Example 1, Step H. Purification of the crude residue using 75/25
hexanes/acetone provided a midure of the product 56i along with
triphenylphosphine oxide. HRMS (FAB) Calcd for C23H33N206: 433.2339

(M+H)*. Found: 433.2343.

Step J

O/T\ O/T\

The expected product 56j was synthesized as described for Examplia
1, Step . Yield for two steps = 16%. HRMS (FAB) Calcd for C22H31N20s:

419.2182 (M+H)*. Found: 419.2176.



MeOH in CH2CI 2) to afford a m xture of the macrocycle 57g and 1

tri phenyi phosphi ne oxi de. The macrocyclic 57g was hydrol yzed to th\seSgLP@mSEP
2006 WO PCT/ USO / 10869 308 correspondi ng acid wi f her
ourifi Vo VYiAtd T (400 MHz, d6-DMGQ) S 8.00- (d, J = %%ﬂgg%’?lﬁ“ti’ H) |
7.17 (d, J = 8.2 Hz, 1 H), 6.82-6.76 (m 2 H, 51" (d, J = 14.5 Hz, 1 H),
4.79-4.74 (m | H, 4.39 (dd, J = 11.5, 6.4 Hz, 1 H), 4.25 (d, J = 14.7
Hz, 1 H, 4.22-4.18 (m | H), 4.08-4.02 (m 1 H, 3.68 (s, 3 H, 3.18 (dd,
J =15.1, 6.4 Hz, 1 H, 2.8 (dd, J =14.7, 11.5 Hz, | H), 2.07-2.04 (m 2
H, 1.81-1.40 (m 10 H), 1.32-0.85 (m 9 H); 13C NWR (100 MHz, d6- DVSO) 8
171.9, 171.5, 170.2, 157.1, 137.0, 131.5, 126.4, 115.9, 112.6, 66.5, 54.4,
52.2, 51.9, 46.8, 44.9, 44.4, 33.6, 29.4, 29.1, 28.0, 27.3, 27.0, 26.0,
25.3,25.2,31apK 24. 2, 23.9; HRMS nfz 457.2707 (calcd for C26H36N205, -
457.2702]. Step G M57g 57h An aqueous |ithium hydroxide solution (0.21
g, 30 nL H20,8.75 nmol)

0
H\/t 2% HCLHN N\/U\N No_
¥ ~0 0 Ho o

A

S

56j

@

H P a § |
I H
N \é/goo 0 0
© /]\ 56k

The expected product 56k was synthesized as described earlier for the

Example 1, Step J. The material after work-up was of sufficient purity to be
carried forward to the next step. HRMS (FAB) Calcd for C40H57NgOg:

765.4187 (M+H)*. Found: 765.4198.



was added to a OC solution of methyl ester 57g (fromstep 1 F) in THE S0
m -) and nethanol (30 nmL). The m xture was stirred in an ice bath and

war med t oWMQW/GIB8ng with it in 4 h. The progress of the reZBETIUHA1/IB69
nmonitored by TLC. After the volatile32were renoved in vacuo, EtOAc (100
m.) and water (30 nL) were added and the two | ayers separated. The aqueous
solution was extracted again with CH2CI 2 (100 nlL), after which it was
acidified to pH = 1. EtQAc was then added (150 nL) and the aqueous
solution was saturated with solid sodiumchloride. After separation of the
| ayers, the aqueous |ayer was extracted wth EtOAc (2 X 100 nmL). Organic
sol utions were conbined, dried wth magnesiumsulfate, filtered and
concentratgdpiin vacuo to afford 57h (1.23 g, 2.78 mol, 63 % (2 steps)) as
a white so‘l"l'gf'r 15 S EP 2004 W 01/77113 Step 57h CH3 A PCTI USO /10869

)
0
OH 0
H H |
ter N\)‘\N ~
F}\Aoo O Ho8
o /]\ 56Kk

0

O

!
HEL.}VH Oon\igﬂl\
/I\

56A

=T

o

! + %
PG PBEN
/I\

56B

The desired products 56A and 56B were obtained by the oxidation
protocol described previously for Example 1, Step K. Purification by flash
column chromatography using 98/2 to 96/4 dichloromethane/MeQOH afforded
separate isomers 56A and 56B, and some mixture. Combined yield = 35%
(for 2 steps). HRMS (FAB) Calcd for C4gHs5Ng00: 763.4031 (M+H)™*.
Found: 763.4025 (56A), 763.4040 (56B).



CH3 CH3 H3 CH3 CH3 579 To a solution of acid 57h (0.390 g, 0.881 nm?lgz
amine A (0.360 g, 0.898 mmol), HOOBt (160 my, 0.981 mmol) and EDQl | (24f 2004
ng, 1.10 ' anhydrous DMF (50 nL) and CH2Cl 2 (30 was
added NwWM O!J%f%hgm_, 3.64 mol ). Aftepsstirred at this tg?f)ceﬁggﬂf?@&?or 30
mn, the reaction mxture was kept in a freezer for 66 h. Then Et OAc (200
m.), brine (50 nL) and 5% H3PO4 (50 nlL) were added. The separated organic
sol ution was washed, successively, with 5% H3PO4 (80 nl), saturated
aqueous sodi um bicarbonate solution (2 X 80 nlL), water (80 nL), and brine
(80 nmL), dried with magnesiumsulfate, filtered and concentrated in vacuo.
Fl ash chr Exahmgiedi™ \Preparation dh@dnpourids! af Fefhalae87AAndS7B: m xt ure of
four diastereonmers (0.340 g, 0.431 mmol, 49% as a white solid. 1 H NWR
(400 MHz, d6-DMSO) 5 8.56-8.46 (m 1 H), 7.96-7.82 (m 2 H), 7.40-#25 (m
6 H, 7.15-6.99 (m 2 H), 81-6.74 (m 2 H), 6.05-5.71 (m 2 H),

5.11-5.02 (m 1 H), 4.85-4.6 1
)
. A

Step A:

To the solution of the commercial dihydrate of the amino acid {3S8)-7-
hydroxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid 57a (5.0g,21.8 - e
mmol) in methanol (180 mL) was added concentrated hydrochloric acid (5.0
mL, 60 mmol). The resulting clear solution was then heated to reflux in an oil
bath for 18h. Solvents were removed in vacuo to give methyl ester 57b as a

white solid, which was used in the next reaction without further purification.



H, 4.40-3.70 (m 8 H), 3.14-3.02 (m | H), 2.95-2.73 (m 7 H), 2.0?85.05
(m 2 15 SEPIMR WD 01177113 PCT/USOL110869 310 H), 1.81-1.39 (m $6P 2004
1.30- 1. OSWOHUT1IH), 0.89-0.75 (m 5 H); 13C NVR (100 MHz PCIGUSOMBE69S
172.24,172.21,171. 87, 171. 81, 171. 78, 1738047, 170.8, 170.77, 170.74, 170.5,
170.4, 170.0, 169.97, 169.24, 169.22, 169.1, 169.0, 168.0, 167.9, 167.82,
167.78, 157.2, 156.9, 137.61, 137.57, 137.54, 137.47, 137.43, 137.38,
133.2, 132,2, 128.9, 128.44, 128.41, 128.37, 128.0, 127.96, 127.6, 127.4,
127.3, 127.19, 127.16, 115.7, 115.6, 115.5, 112.8, 112.77, 11 2.7, 112.6,
73.6, 73.39, 73.37, 72.4, 71.7, 66.9, 66.7, 55.8, 55.6, 55.09, 55.07,
53.02, 52.95, 52.9, 52.6, 51.0, 50.96, 50.91, 50.86, 50.76, 45.6, 45.5,
45.44, 45.88,@l.7, 41.6, 41,5 41.4, 36.6, 36.55 36.49, 35.3, 33.7, 33.6,
33. 5, 33.07“?%&4, 30.7, 30.3, 30.1, 30.0, 29.8, 29.48, 29.45, 29.41,728.3,
28.2, 28.1, 27.3, 27.2, 27.13, 27.09, 27.0, 26.9, 26.85, 26.82, 26.1,

25.4, 25.2, 24.1, 24.08, 24.03, 24.0, 23.9, 23.8, é@.s, 18.7, 18.6, 18.4,
13.9, 13.8, 13.7; HRVB miz 789.4560 [caicd for C43HBQNGOS, 789. 4551, error
= | ppni. 1 5 SH® 1006 WO 01/ 77113 PCT/ US01/ 10869

0
HCHHN Ohfe o o)
5 @

57b 57c

To a solution of amine hydrochioride 57b, N-Boc-cyclohexylglycine
(56.95 g, 21.8 mmol), HOOBt (3.73 g, 22.9 mmol) and EDCI (5.00 g, 26.1
mmol) in anhydrous DMF (200 mL) and CH2Cl2 (200 mL) at -20°C was added
NMM (7.20 mL, 65.5 mmol). After stirred at this temperature for 30 min, the
reaction mixture was kept in a freezer overnight (18 h), after which EtOAc {
600 mL), brine (150 mL) and 5% H3PO4 (150 mL) were added. The
separated organic solution was washed with 5% H3PO4 (200 mL), saturated
aqueous sodium bicarbonate solution (2 X 200 mL), water (200 mL), and
brine (200 mL), dried with magnesium sulfate, filtered and concentrated in
vacuo to afford 57¢ (10.3 g, quant. 2 steps) as a white solid. TH NMR (400
MHz, dg-DMSO) 8 9.32 (s, 1 H), 8.35-8.32 (m, 1 H), 6.99 (d, J =8.3 Hz, 1 H),
6.65-6.54 (m, 1 H), 4.92 (d, J=15.5Hz, 1 H),4.50 (d, /= 15.5 Hz, 1 H), 4.43-
4.36 (m, 1 H), 4.29-4.19 (m, 1 H), 3.53 (s, 3 H), 3.02-2.81 (m, 2 H), 1.98-1.62

(m, 8 H), 1.42-1.11 (m, 14 H); 13C NMR (100 MHz, dg-DMSO) § 1716, . -

171.2, 162.3, 156.0, 133.7, 128.8, 125.3, 114.1, 112.6, 78.0, 54.8, 52.4, 51.9,
45.0,29.5, 28.1, 28.0, 25.9, 25.6, 25.5 ; HRMS m/z  447.2492 [calcd for
C24H34N20sg, 447.2495].



311 Step I: -r CH3 57i 57TA57B H NH NH3 H3 To the m xture of Jpéigwm
am de 57i (0.320 g, 0.406 mmol) and Des- Martin reagent (0.400 g, O.

nmol ) at QC was added anhydrous CH2CI2 (80 nlL). The resul}j '
suspensi oW U ¥M3g0r ousl y stirred at %ﬁ and warmed to rt.ﬁéf/g]ﬁ@wg?% t he
|

ice bath in 4 h. Saturated aqueous soUirum bicarbonate and sodi um bi sul fate
solutions (30 nL each) were added and the m xture was vigorously stirred
for 10 min before |layers were separated. The

Step C:

HO,

HQ
b9 o

ﬁ/OYN\-)L A ome ———> HcerN\:)!\N OMe

57c 57d

The Boc-amino methyl ester 57¢ (7.20 g, 16.1 mmol) was dissolved in
4 N HCI (100 mL, 400 mmol} and the resulting solution was stirred at rt. The
progress of the reaction was monitored by TLC. After 4 h, the solution was
concentrated in vacuo and the residue was under vacuum overnight to give
57d as a white solid which was used in the next coupling reaction without
further purification.

Step D:

H - HO
"0
' W\/COzH
0] H 9]
HCI'HZN\)I\N OMe - N\)I\ OMe
:5 o) o) o

O

57d ’ 57e

To a solution of amine hydrochloride 57d (from Step D), 6-heptenoic
acid (2.90 g, 22.6 mmol), HOOBt (3.70 g, 22.7 mmol) and EDCI (4.80 g, 25.0
mmol) in anhydrous DMF (250 mL) and CH2ClI2 (150 mL) at -20°C was added
NMM (7.50 mL, 68.2 mmol). After stirred at this temperature for 30 min, the

reaction mixture was kept in a freezer for 2 days. It was then stirred in air and



aqueous solution was extracted with CH2ClI 2 (2 X 80 nL). Conbi ned Orglaﬁ‘iSEPZUﬂﬂ
solution was dried with magnesium sulfate, filtered and concentrated In
vacuo. 1 WwaEi7?f0l WO 01/77113 PCT/ USO /10869 312 Fl ash ehmuseiegeaphy (2
to 5 % MeOH CH2Cl 2) afforded two sterewisoners 57A (109 ng, 0.139 mmol)
and 57B (102 ng, 0.130 nmol, 66% conbined vyield) as white solids. Exanple
58: Preparation of Conpound of Formula 58: H N CH3 58 Step A: CH3 57h a B
CH3 .

allowed to warm to rt. in 1h. EtOAc ( 500 mL), brine (100 mL) and 5% H3PO4

(100 mL) were added. The separated organic solution was washed with 5% -
H3PO4 (100 mL), saturated agueous sodium bicarbonate solution (2 X 150
mL), water (150 mL), and brine {150 mL), dried with magnesium sulfate,
filtered and concentrated in vacuo. Flash chromatography (5 to 30 % EtOAc-
CH2Cl2) afforded 57e (2.30 g, 5.04 mmol, 31 % (2 steps)) as a white solid.

TH NMR (400 MHz, dg-DMSO0) 5 9.32 (s, 1 H), 8.06-8.01 (m, 1 H), 7.00-6.6.96

(m, 1 H), 6.63-6.54 (m, 2 H), 5.78-5.70 (m, 1 H), 5.04-4.88 (m, 4 H), 4.73-4.69
(m, 1 H), 4.53 (d, J = 15.5 Hz, 1 H), 3.54 (s, 3 H), 3.01-2.91 (m, 2 H), 2.15-

1.93 (m, 4 H), 1.76-0.97 (m, 15 H); 13C NMR (100 MHz, dg-DMSO) 5 172.0,

171.5,171.1, 156.0, 138.6, 134.0, 128.7, 122.5, 114.6, 114.1, 112.5, 52.9,
52.2,51.9,45.0, 34.5, 32.8, 32.7, 29.4, 28.7, 28.1, 27.7, 25.9, 25.5, 25.5,

24 .8; HRMS m/z 457.1 [caled for CogH3gN205, 456.6).
Step E:
. H .
HQ
/ ,
H Ho
e ———————- .
N\.j\n Me N\:)!\N OMe
o = 'e) O :: O

57e 57¢

To the solution of 57e (2.20 g, 4.82 mmol) in anhydrous THF (100 mL)
under nitrogen at 0°C was added borane-THF solution (20 mL, 1.0 M, 20
mmol) cautiously. The resulting solution was stirred at 0°C under hydrogen for
1 h 40 min. Then ethanol (10 mL) and pH 7 buffer (15 mL) were added,
followed by 30 % H,0, solution {15 mL). After stirred at 0°C for 20 min, it was
warmed to rt. and stirred for 2 h. EtOAc (400 mL) and brine (200 mL) were
added and layers were separated. Aqueous solution was extracted with
EtOAc (2 X 150 mL). Combined organic solution was dried with magnesium



58a The desired conmpound 58a was prepared according to the nethod of
Exanple 1, Step J, except substituting ami ne hydrochloride B for A.15r&P 200

hydr oxy
the for

' was obt ai ned 1 xt fi bl '
ma‘gbcbgﬁaﬁg ed as a m xture of insepara e%&@?ﬁﬁr&ggrg

'te solid in 53 %yield WO 01/77113 Step

313 H N58 15 SEP 2004 PCTIUSO /10869 The desired conpound 58 was
prepared from hydroxy am de 58a according to the nethod of Exanple 2, Step
B. It was obtained as a m xture of

sulfate, filtrated, concentrated in vacuo. Flash chromatography (310 5 %

MeQOH-CH2Clo) afforded 57f (2.18 g, 4.47 mmol, 93 %) as a white solid. TH -

NMR (400 MHz, dg-DMSO) 5 9.32 (s, 1 H), 8.04-8.00 (m, 1 H), 6.99-6.96 (m,
1H), 6.63-6.51 (m, 2 H), 5.05-5.00 (m, 1 H), 4.73-4.21 (m, 3 H), 4.51 (d, J =
15.5 Hz, 1 H), 3.54 (s, 3 H), 3.03-2.90 (m, 2 H), 2.15-2.00 (m, 2 H), 1.75-1.56
(m, 6 H), 1.40-0.97 (m, 13 H); T3¢ NMR (100 MHz, dg-DMS0) 5 172.2,

171.6, 171.2, 156.0, 134.1, 128.7, 122.6, 114.2, $12.5, 60.7, 52.9, 52.3, 51.9,
451, 34.8, 32.4, 29.5, 28.7, 28.53, 28.47, 28.10, 25.9, 25.6, 25.5, 25.4, 25.2;
HRMS m/z 475.2812 [calcd for C26H38N20g, 475.2808].

Step F:

Me

H\)LN Me >
O

57f 57g
A solution of phenol alcohol 57f (2.08 g, 4.38 mmot) and ADDP (3.00 g,
11.9 mmol) in anhydrous CH2Cl2 was bubbled with Argon through a frit glass
bubbler for 20 min. To this solution at 0°C was added triphenylphosphine

(3.45 g, 13.2 mmol). After stirring at 0°C for 20 min, the solution was warmed ]

to rt. and stirred overnight {18 h) under nitrogen. TLC indicated the presence
of substantial amount of starting material. A second batch of ADDP (3.00 g, _
11.9 mmol) and triphenylphospine (3.45 g, 13.2 mmol) were added, and the
mixture was stirred under nitrogen for 2 days and 16 h. TLC showed the
complete consumption of the starting material. After removal of solvent in
vacuo, the residue was partially purified by flash chromatography (1to 2 %
MeOH in CH2Cl2) to afford a mixture of the macrocycle 57g and

triphenyiphosphine oxide. The macrocyclic 579 was hydrolyzed to the

rsin
8a



I nsepar abl e di astereoners in the formof a white solid in 88 %yield.

Exanpl e 59: Preparation of Conpounds of Fornulas 59A and 59B: 59A 1 BSESE0;
200h WO oo ¢i77ifs PCTI USOL/ 10869 314 H N 59B Step A: 58 4 peTRISh1sadeat i on
of the t-Butyl ester 58 (18 ng, 0.022308ml) in trifluoroacetic acid (2 n)
and CH2C12 (2 m-) was stirred at it. for 3 h. After the volatiles 1 5 SEP
2004 WO 01/77113 PCTIUSO /10869 315 were renoved in vacuo, the residue was
di ssolved in 50% MeOH CH2Cl1 2 (3

corresponding acid without further purification. TH NMR (400 MHz, de-DMSO)
5 8.00(d, J=10.0Hz,1H),7.17 (d, J=8.2 Hz, 1 H), 6.82-6.76 (m, 2 H), 5.1&8"
(d, J=14.5Hz, 1 H), 4.79-4.74 (m, 1 H), 4.39 (dd, J=11.5, 6.4 Hz, 1 H), 4.25
(d, J=14.7 Hz, 1 H), 4.22-4.18 (m, 1 H}), 4.08-4.02 (m, 1 H), 3.68 (s, 3 H),
3.18{dd, J=15.1,6.4 Hz, 1 H), 2.85 (dd, J = 14.7, 11.5 Hz, 1 H), 2.07-2.04

(m, 2 H), 1.81-1.40 (m, 10 H), 1.32-0.85 (m, 9 H); 3¢ NMR (100 MHz, dg-

DMSO0) & 171.9, 171.5, 170.2, 157.1, 137.0, 131.5, 126.4, 115.9, 112.6, 66.5,
54.4,52.2,51.9, 46.8, 44.9, 44.4, 33.6, 29.4, 29.1, 28.0, 27.3, 27.0, 26.0,
25.3, 25,2, 24.3, 24.2, 23.9; HRMS m/z 457.2707 [calcd for CogHagN20s,

457.2702}.
Step G:

Y

57h

An aqueous lithium hydroxide solution {0.21 g, 30 mL H20, 8.75 mmol)

was added to a 0°C solution of methyl ester 57g {from step 1F) in THF (30

- mL) and methano! (30 mL). The mixture was stirred in an ice bath and
warmed to rt. along with it in 4 h. The progress of the reaction was monitored
by TLC. After the volatiles were removed in vacuo, EtOAc (100 mL) and water
(30 mL) were added and the two layers separated. The aqueous solltion was
extracted again with CH2Cl2 (100 mL), after which it was acidified to pH = 1.
EtOAc was then added (150 mL) and the agueous solution was saturated with
solid sodium chloride. After separation of the layers, the aqueous layer was
extracted with EtOAc (2 X 100 mL). Organic solutions were combined, dried
with magnesium sulfate, filtered and concentrated in vacuo to afford 57h (1.23
g, 2.78 mmol, 63 % (2 steps)) as a white solid.



mL), and concentrated to dryness in vacuo to afford an off-white so g
FI ash tw chromatography (8-15 % McOH, 0. 3-0.5% ACcOH i n CH2Cl 2) af f (Eﬁ?ﬂﬂf'

ster rs 59A (6.5 ng, 0.0086 mml) and 59B (6.1
75% corrblﬁg’adlffggﬁ) as white solids. alytical data for 55&]%%9”%% (400
MHz, d6-DMSO 8 8.75-8.72 (m | H), 8760-8.57 (m 1 H, 8.10-8.08 (m | H,
7.91-7.88 (m 1 H, 7.38-7.27 (m 5H, 7.12 (d, J =8.14 Hz, 1 H),
6.81-6.73 (m 2 H, 5.24-5.22 (m | H), 5.06-5.01 (m 1 H), 4.77-4.73 (m
1H, 439 - 417 (m 3 H, 4.07-4.01 (m 1 H, 3.92-3.79 (m 3 H),
3.15-3.05 (m 1 H), 2.78-2.72 (m 1 H), 2.08-2.05 (m 1 H), 1.78-1.45 (m
13 H, 1.4k4422 (m 4 H, 1.18-1.03 (m 4 H), 0.93-0.81 (m 5 H); 13C NMR
(100 MHz, -DVBO) 8 196.6, 171.8, 171.5, 171.9, 170.3, 167.2, 161.0,
157.1, 137.4, 128.4, 128.1, 127.7, 127.5, 127.4, 126.9, 115.6, 112.-6,
66.8, 56.6, 55.1, 53,4, 52.7, 52.6, 45.4, 41.6, 33.5, 31.7, 30.0, 29.6,
28.2, 27.2, 27.1, 2Z6NL_~25. 42 25. 36, 24. 0 23.8,18.7,43.5; HRM6r /z
760. 3915 [cal cd @/ 3N509, 760.3922]. Analytic ata for 59B: 1 H

O 8

NI\/R(400 |sz, d . .
H), 793|_";C|§|8(m B7-0235 (m 1 H,

‘015309 5.01 (m
84, 24- N1 Y m H)

(m:1F
4074.02(m|0H©,92978(m2H) 3.1 308(mIH),278 .70 (m |
_ CHs

0 H 0 H
H H H GHa
@i{q 5 N N N,
o o) o H &
o

57i

To a solution of acid 57h (0.390 g, 0.881 mmol), amine A (0.360 g,
0.898 mmol), HOOBt (160 mg, 0.981 mmol) and EDCI (210 mg, 1.10 mmol) in
anhydrous DMF (50 mL) and CH2Cl2 (30 mL) at -20°C was added NMM (0.40
mL, 3.64 mmol). After stirred at this temperature for 30 min, the reaction
mixture was kept in a freezer for 66 h. Then EtOAc (200 mL), brine (50 mL})
and 5% H3PO4 (50 mL) were added. The separated organic solution was
washed, successively, with 5% H3PO4 (80 mL), saturated aqueous sodium
bicarbonate solution (2 X 80 mL), water (8C mL), and brine (80 mL)}, dried with
magnesium sulfate, filtered and concentrated in vacuo. Flash chromatography
(2 to 5 % MeOH-CH2Cl2) afforded 57i as a mixture of four diastereomers

(0.340 g, 0.431 mmol, 42%) as a white solid. TH NMR (400 MHz, dg-DMSO)
5 8.56-8.46 (m, 1 H), 7.96-7.82 (m, 2 H), 7.40-7.25 (m, 6 H), 7.15-6.99 (m, 2

H), 6.81-6.74 (m, 2 H), 6.05-5.71 (m, 2 H), 5.11-5.02 (m, 1 H), 4.85-4.68 (m, 1
H), 4.40-3.70 {m, 8 H), 3.14-3.02 (m, 1 H), 2.95-2.73 (m, 7 H), 2.06-2.05 (m, 2



H, 2.08-2.05 (m 2 H), 1.75-1.13 (m 21 H), 0.89-0.85 (m 5 H); 13C NM\R
(100 MHz, d6-DMSO) 8 196.7, 171.6, 171.2, 169.9, 167.1, 160.8, 157.0,5 SEP 200
137.5, 12%@oyiAss 2, 128.0, 127.97, 127.9, 127.4, 127.3, 1%&riusoibses.

115.6, 112.7, 112.6, 66.7, 56.8, 54.8;053.3, 45.5, 41.6, 33.6, 31.8, 29.5,
28.1, 27.3, 27.0,26.1,25.4,24.2,23.9, 18.6, 13.5; HRVS mz 760. 3915 [cal cd
for C41 H53N509, 760.3922]. 1 S SEP 2004 WD 01/77113 PCTI USOLI | G869 316
Exanpl e 60: Pre aration of Conpound 60: 60 Step A 0 57d 02CH 3 0 60a 02CH3
A solution of [CpRu(il1l6- 4-chlorophenyl propionic acid)]PF6 (4.14 g,

H), 1.81-1.39 (m, 10 H), 1.30-1.05 (m, 11 H), 0.89-0.75 (m, 5 H): 15C NMR

(100 MHz, dg-DMSQ) & 172.24, 172.21, 171.87, 171.81, 171.78, 171.7,

170.8, 170.77, 170.74, 170.5, 170.4, 170.0, 169.97, 169.24, 169.22, 169.1,
169.0, 168.0, 167.9, 167.82, 167.78, 157.2, 156.9, 137.61, 137.57, 137.54,
137.47, 137.43, 137.38, 133.2, 132.2, 128.9, 128.44, 128.41, 128.37, 128.0,
127.96, 127.6, 127.4, 127.3, 127.19, 127.16, 115.7, 115.6, 115.5, 112.8,
112.77, 112.7,112.6, 73.6, 73.39, 73.37,72.4, 71.7, 66.9, 66.7, 55.8, 55.6,
55.09, 65.07, 53.02, 52.95, 52.9, 52.6, 51.0, 50.96, 50.91, 50.86, 50.76, 45.6,
45.5,45.44, 45.36, 41.7, 41.6, 41.5, 41,4, 36.6, 36.55, 36.49, 35.3, 33.7, 33.6,
33.5, 33.0, 32.4, 30.7, 30.3, 30.1, 30.0, 29.8, 29.48, 29.45, 29.41, 28.3, 28.2,
28.1,27.3, 27.2, 27.13, 27.09, 27.0, 26.9, 26.85, 26.82, 26.1, 25.4, 25.2, 24.1,
24.08, 24.03, 24.0, 23.9, 23.8, 18.8, 18.7, 18.6, 18.4, 13.9, 13.8, 13.7; HRMS
m/z 789.4560 [calcd for C43HBONg08, 789.4551, error = 1 ppm].



8.36 mol) in dry DVF (20 nL) was treated with HOBt (1.69 g, 12.54 éw
1.5 equiv.) and Hunigs base (6.47 g, 9.20 nL, 50.16 mmol, 6.0 equi \}r‘grg) B0k
reaction [ e.was cooled to 0O C and treated with EDCI 2. 54
nmol , 1.5wéﬁ#{7.153 The reaction m'xturg was stirred at 0 C éT’%g?)‘gir‘??%? and
the Tic-amoniumsalt 57d (2.90 g, 778 ol mml, 1.0 equiv.) was added.
The reaction mxture was stirred at it. for 12h and the DMF was distilled
out in vacuo. The residue was diluted with ag. HC (1M 100 nmi) and
extracted into CH2CI2 (3x100 mL). The conbi ned organic |ayers were washed
with ag. NaHCO3 (1x100 ni) , brine (100 m), dried (Na2S™), filtered,
concentratgdy, i n vacuo to yield a brown solid 60a (5.2 g, 83% which was
used for ' E P 2004 WO 01/77113 317 PCT/U SO 110869 cyclization. MNS:
(Electron spray): 647 [(M CH3OHPF6)}, 100]. FIRMS calcd. for >
C32H34Cl N2O4Ru [(M%BO—I— PF6) ]+ 647.1256; Found: 647.1241. Step 60a CO2CH

3
o OH 0 CH
H H H 3
_ N\:./IJN 3 N N . ILCHS
o 0 o)
' O CHs
57i

Y

o

O 57A o
O O O '\ O 8]

CHg
57B

To the mixture of hydoxy amide 57i (0.320 g, 0.406 mmoi) and Des-
Martin reagent (0.400 g, 0.943 mmol) at 6°C was added anhydrous CH2CI2 | ,
(80 mL). The resulting white suspension was vigorously stirred at 0°C and
warmed to rt. along with the ice bath in 4 h. Saturated aqueous sodium
bicarbonate and sodium bisulfite solutions (30 mL each) were added and the
mixture was vigorously stirred for 10 min before layers were separated. The
aqueous solution was extracted with CH2Cl2 (2 X 80 mL). Combined organic

solution was dried with magnesium suifate, fikered and concentrated in vacuo.



60b 02CH3 A solution of Ruthenium conplex 60a (5.0 g 6.01 nmol) in rgl EI\/F
(300 mM-) was degassed with-dry N2 at rt, and Cs2CO3 (10.0 g, 30 | 9 SEP g0
equiv.) wOHJIABd and stirred at rt. for 24 h. The sol vent PDVRISOE$0869
distilled off and the residue was diBtted with water (100 niL) and
extracted with CH2Cl2 (3x100 m -) and propionitrile (3x100 m.). The

conbi ned organic | ayers were extracted, with brine(100 nL), dried (Na2SO4)
filtered, concentrated in vacuo and dried in vacuumovernight to yield a
brown solid (5.1 g). It was used for photolytic renoval of Ru without

L St 65 o b Al )
: T .

" a Raynor A (B B RS sk Bng 57 Ol o BHERF BB BR% redBindd et 7o
concentra Y &s Whiteasoligd. t he residue was purified by chromatography

(Si 02, Et /Hexanes 3 2) to yield a tan coI ored solid 60b (289 ng, 20%.
Rf - o S%Regnaral Campgurgc A= 6 7.18 (d, 2 H,

3=8.1 o), 7.20-7.09 (m 2 6.92 (d. 2 H_J=7.8 Hz), 6.86 (dd. 1 H
J=2.1, 7.2 Hz), 6.76 (s, 41 (d. 1 H J=17.4 Hz), 4.23-4.18 (m 2

H,
! i Nvu\%ﬁ
O .

58

praim ot

Step A:

Y

The desired compound 58a was prepared according to the method of
Example 1, Siep J, except substituting amine hydrochloride B for A. The
hydroxy amide 58a was obtained as a mixture of inseparable diastereomers in
the form of a white solid in 53 % vield.



al5 SEP 2004 WO 01177113 PCT/USO /10869 318 4.00 (bs, 1 H), 3.68 (s, 3
H, 3.41 (dd, 1 HJ=12, 3.9 Hz), 3.01-2.86 (m | H, 1.9-1.62 (m WISEP 200
1.52 (bd, &7 %-9. 3 Hz), 1.36-1.07 (m 5 H); 13C NVR  ( GR&/8s01}890MHz, 8)
173.2, 167.2, Z r33 8, 156.5, 155.1, 13/38, 132.7, 130.2, 129.6, 126.2,
119.1, 117.5, 115.8, 60.2, 55.5, 51.6, 44.2, 42.0, 35.7, 30.2, 29.3, 26.5,
26.2, 25.8, 25.7 M5: (Electron spray): 477 [(Mt1)+, 100], 315 (20); HRVS
cal cd. for C28H33N205 (M+1)+: 477.2389; Found 477.2375; CHN Calcd. for
C28H32N205 0.5H20: C 69.26% H 6.85% N 5. 77% Found: C 69.62%H 6.59% N
5.77% St epC Bab 02CH 3 60C O H A solution of nethyl ester 60b (235 ng, 0.5

mol ) of Wtepmacrocycle in dioxane(10.0 nm), H20 (10.0 nl), CH3OH (50.0
m.) was treated with

H
N\i N N\ﬁ
: N N
~ C

The desired compound 58 was prepared from hydroxy amide 58a
according to the method of Example 2, Step B. It was obtained as a mixture of
inseparable diastereomers in the form of a white solid in 88 % yield.

- Example 59: Preparation of Compounds of Formulas 59A and 59B:




Li OHH20 (41 ng, 1.0 mml, 2.0 equiv.) and stirred at it. for 3 h. Theg SEP 2004

reaction mxture was acidified and (4M HCI in Di oxane). The reaction

m xture Ws0 0¥TAentrated in vacuo and the remai ni ng wat er pgasusSonaaesam and

| yophilized to obtain a colorless sol Bt#4 60c used for coupling. WD 01/77113

Step D60c 319 B1 5 SEP 7f)i PC T/USO 1 / 10869 A solution of the

hydr ol yzed acid 60c (0.5 mmol) in dry DMF (5.0 nL) and CH2CI 2 (5.0 nL) was

treated with HOOBt (132 ng, 0.75 mmol, 1.5 equiv.), and cooled to 0 C and

Huni gs base (258 ng, 2.0 mvol, 4.0 equiv., 369 L) was added. To this

m xture was added EDClI (143 , 0.75 mol, 1.5 equiv.) and am ne

hydrochl oride B (214 ny, O. ' 1.0 equiv.) sequentially. The reaction
/A

m Xture was stored in fr er 48 h and - conc ated in vacuo to
renove DMF and CH2Cl 2. The res was dil uted ag. HC1 (2M 50" -)

and extracted with CH2 2|_{ ) The® 4 9
N N\_)-Hr \/U\N OH
L : H T

N
0 0O 0
G
CHs

§9B

=
ZT
g 1%
O
2L
Iz
T
*

A solution of the t-Butyl ester 58 (18 mg, 0.022 mmol) in trifluoroacetic
acid (2 mL) and CH2Cl2 (2 mL) was stirred at rt. for 3 h. After the volatiles



conbi ned organic |ayer was extracted with ag. HC (1 M 2x50 ni), aq.r w*
(2 M2x30 nL), brine, dried (MgSO4) and concentrated in vacuo. The rési

60d (172 oxi di zed without further purification; ' tron
spray): @%"‘W@ﬁlw, 50], 490 (100):.HRVB cal cd. for myf%%@%@?‘@ﬁﬂ%l)ﬁ
838.4391; Found: 838.4398. 1 5 SEP 10%)13 WD 01/ 77113 Step 320 PCT/ US01/ 10869
-1 H N A solution of alcohol 60d (171 ng, 0.20 mol) in CH2CI 2 (6.0 ml-)
was treated with Dess-Martin reagent (175 ng, 0.41 mmol, 2.0 equiv.). The
reaction m xture was stirred at it. for 4 h and diluted with ag. NaHCO3 and

aq. Na2S203. The reaction m xture was stirred at it. for 20 mn and the

reacti on werstrgnmovedsneasicuocthedesidue Wi Gisovad3n 508) MelE-CHaBINE or gani ¢
| ayers were extracted with aq. Na2CO3, dried (Na2SO™4), filtered
concent r atald), and concentrated to dryness in vacuo to afford an off-white solid. Flash -

chromatography (8-15 % MeOH, 0.3-0.5% AcOH in CH2Cl2) afforded two
stereo-isomers 59A (6.5 mg, 0.0086 mmol) and 59B (6.1 mg, 0.008 mmol,

75% combined yield) as white solids. Analytical data for 59A: TH NMR (400
MHz, dg-DMSQ) 6 8.75-8.72 (m, 1 H), 8.60-8.57 {m, 1 H), 8.10-8.08 (m, 1 H),
7.91-7.88 (m, 1 H), 7.38-7.27 (m, 5H), 7.12 (d, J = 8.14 Hz, 1 H), 6.81-6.73
(m, 2 H), 5.24-5.22 (m, 1 H), 5.06-5.01 (m, 1 H), 4.77-4.73 (m, 1 H), 4.39 -
4.17 (m, 3 H), 4.07-4.01 (m, 1 H), 3.92-3.79 (m, 3 H), 3.15-3.05 {m, 1 H),
2.78-2.72 {m, 1 H), 2.08-2.05 (m, 1 H), 1.78-1.45 (m, 13 H), 1.41-1.22 (m, 4

H), 1.18-1.03 (m, 4 H), 0.93-0.81 (m, 5 H); 13C NMR (100 MHz, dg-DMSO) &
196.6, 171.8, 171.5, 171.9, 170.3, 167.2, 161.0, 157.1, 137.4, 128.4, 128.1,
127.7,127.5, 127.4, 126.9, 115.6, 112.6, 66.8, 56.6, 55.1, 53.4, 52.7, 52.6,
45.4,41.6,33.5, 31.7, 30.0, 20.6, 28.2, 27.2, 27.1, 26.1, 25.42, 25.36, 24.0,
23.8, 18.7, 13.5; HRMS m/z 760.3915 [calcd for C41H53N50g, 760.3922).

Analytical data for 59B: TH NMR (400 MHz, dg-DMSOQ) 5 8.76-8.73 (m, 1 H),
8.55 (dd, J = 6.9, 3.2 Hz, 1 H), 8.24 (d, J = 7.11 Hz, 1 H), 7.93-7.88 (m, 1 H),
7.37-7.25 (m, 1 H), 7.15-7.11 (m, 1 H), 6.82-6.74 (m, 2 H), 5.23-5.20 {m, 1 H),
5.09-5.01 (m, 1 H), 4.75-4.71 (m, 1 H), 4.38 -4.29 (m, 1 H), 4.24-4.17 (m, 2
H), 4.07-4.02 (m, 1 H), 3.92-3.78 (m, 2 H), 3.13-3.08 (m, 1 H), 2.78-2.70 (m, 1

H), 2.08-2.05 (m, 2 H), 1.75-1.13 (m, 21 H), 0.89-0.85 (m, 5 H); 15C NMR
(100 MHz, dg-DMSO) § 196.7, 171.6, 171.2, 169.9, 167.1, 160.8, 157.0,

137.5, 128.3, 128.2, 128.0, 127.97, 127.9, 127.4, 127.3, 127.1, 115.7, 115.6,
112.7,112.6, 66.7, 56.8, 54.8, 53.3, 45.5, 41.6, 33.6, 31.8, 20.5, 28.1,27.3, =~
27.0, 26.1, 25.4, 24.2, 23.9, 18.6, 13.5; HRMS m/z 760.3915 [calcd for
C41H53N509, 760.3922].



vacuo and the residue was purified by chromatography (Si 02, CH3CH (2M
NH3) / CH2CI 2 1:20) to yield ketoam de 60 (56 ng, 32% as a colorl esq SOFp W
Rf : 0.35 MEMBOMI{R2M NH3)/ CH2CI 2 1:18) Ms: (El ectron spray, pgvesoiabssbi ve
intensity): 836 ([M1] 90), 490 (100) 314RMS cal cd. for C47H58N509 (M+l) +
836. 4235; Found: 836.4269. 1 5 SEP 2004 WO 01/77113 PCTI USOL/ 10869 321
Exanpl e 61: Preparation of Conpound 61: | H N 61 StepAH NH NO

Example 60: Preparation of Compound 60:

é% :

60

i) E?l
0,CH3

60a

Iﬂ“

A solution of [CpRu(nG- 4-chlorophenylipropionic acid)]PFe. (4.14 g,
8.36 mmol) in dry DMF (20 mL) was treated with HOBt (1.69 g, 12.54 mmol,
1.5 equiv.) and Hunigs base (6.47 g, 9.20 mL, 50.16 mmol, 6.0 equiv.) The
reaction mixture was cooled to 0 ° C and treated with EDCI (2.39 g, 12.54.
mmol, 1.5 equiv.) The reaction mixture was stirred at 0 °C for 30 min and the
Tic-ammonium salt 57d (2.90 g, 7.6 mmol mmol, 1.0 equiv.) was added. The g
reaction mixture was stirred at rt. for 12h and the DMF was distilled out in
vacuo. The residue was diluted with aq. HCI (1M, 100 mL) and extracted into
CH2ClI2 (3x100 mL). The combined organic layers were washed with aq.

NaHCO3 (1x100 mL), brine (100 mL), dried (Na2S04), fiitered, concentrated

in vacuo to yield a brown solid 60a (5.2 g, 83%) which was used for



61 A solution of tent-butyl ester 60 (50 ng, 0.059 nmmol) in dry CHi%l}g
(10.0 mM-) was treated with TFA (10.0 m-) and stirred at rt. for E Prigly
di sappear, f.the ester to the base tine was foll owed

(CH3OH Q—\Iggl%g-]ﬂis 19). The reaction mxiure was concentrat %Tﬁ%&\}g%‘g and
the resi due was repeatedly dissolved in heptanes/CH2Cl 2 and concentrated 1
5 SEP 2004 WO 01/77113 PCTIUSO /10869 322 in vacuo several tines to yield
a fine colorless solid 61 (51 ng) which was dried in vacua.; MS (FAB) 780
[ (M+1) +, 85], 516 (20), 417 (20), 403 (100)-,- 321 (20), 248 (40), 236
(40); HRWMS cal cd. for CA3H50N509 (MF1)+: 780.3609; found 780.3618. Examie

62" e 2 i alof! SO TRGUAN Gl o7 HERCHOHISESP ABof kIS Baicd, 61 (20

mg, 0.038

for C32H34CIN204Ru [(M-CH3OH-PF5)]+ 847.1256; Found: 647.1241.

Step B
HO
PF
C N +6
| —R
- H N™ ~COCHz ____ o H N O2CH3z
N o N
o) 5 o =
60a 60b

A solution of Ruthenium complex 60a (5.0 g 6.01 mmol) in dry DMF
(300 mL) was degassed with dry N2 at rt. and Cs2C03 (10.0 g, 30 mmol, 5.0

equiv.) was added and stirred at rt. for 24 h. The sclvent DMF was distilled off
and the residue was diluted with water (100 mL) and extracted with CH2Cl2

(3x100 mL) and propionitrile (3x100 mL). The combined organic layers were
extracted, with brine(100 mL), dried (Na2S04) filtered, concentrated in vacuo

and dried in vacuum overnight to yield a brown solid (5.1 g). it was used for
photolytic removal of Ru without further purification. MS: (Electron spray) :

643 [(M-PFg)*, 100].

The cyclized compound from the previous step was dissolved in-
CH3CN (50 mL) and filtered into a quartz tube. The solution was-degassed
and photolysed in a Raynot instrument (A=350 nm) for 48 h. The reactioh

mixture was concentrated in vacuo and the residue was purified by
chromatography (SiO2, EtOAc/Hexanes 3:2) to yield a tan colored solid 60b

(289 mg, 20%). Rf 0.73 (acetone/hexanes 3:7) TH NMR (CDCI3, 300 MHz) &
7.18 (d, 2 H, J=8.1 Hz), 7.20-7.09 (m, 2 H), 6.92 (d, 2 H, J=7.8 Hz), 6.86 (dd,
1 H, J=2.1, 7.2 Hz), 6.76 (s, 1 H), 5.41 (d, 1 H, J=17.4 Hz), 4.23-4.18 (m, 2 H),



hydrochl oride (6.2 ng, 0.076 mml, 2.0 equiv.) in CH2CI2 (1.0 nm.) was 1 5
SEP 2004 WO 01/77113 PCTI USO1110869 323 treated with Hunigs base {9.g¥pygy,
0.076 mmoWw0 ®@/01equiv., 15 pL), PyBrOP (35 ng, 0.076 nmol pCZAG0ps6y.) and
stirred at rt. for 24 h. The reaction31® nixture was concentrated in vacuo
and purified by chromatography (Si 02, acetone/Hexanes 1:1) to yield
dinethyl am de 62 (14 ng, 46% as a colorless solid; Rf (0.31

acet one/ Hexanes 1:1). Ms (FAB) 807 I (Mt1)+, 100], 805 (60), 794 (60), 747
(40), 629 (40), 589 (62). Exanple 63: Preparation of Conpound 63: Step A

0203 570 Qkbd, PERY'GR (&, 3 (53 40QUaVPIOILTZ14D AST/H50 48862 1

1.9-1.62 (m, 4 H), 1.52 (bd, 1 H, J=9.3 Hz), 1.36-1.07 (m, 5 H); 13C NMR..
(CDCI3, 100 MHz, 8) 173.2, 167.2, 163.8, 156.5, 155.1, 135.8, 132.7, 130.2,
129.6, 126.2, 119.1, 117.5, 115.8, 60.2, 55.5, 51.6, 44.2, 42.0, 35.7, 30.2,

29.3, 26.5, 26.2, 25.8, 25.7 MS: (Electron spray): 477 [(M+1)", 100], 315 (20);
HRMS calcd. for CogHa3N20s5 (M+1)*: 477.2389; Found 477.2375; CHN
Caled. for CogH32N205 0.5H20: C 69.26% H 6.85% N 5.77%; Found: C
69.62% H 6.59% N 5.77%

IR — 8-

GDb 60c

ZzI

A solution of methyl ester 60b (235 mg, 0.5 mmol) of Tic-macrocycle in
dioxane(10.0 mL), H20 (10.0 mlL), CH3CH (80.0 mL) was treated with

LiOHeH20 (41 mg, 1.0 mmol, 2.0 equiv.) and stirred at rt. for 3 h. The reaction
mixture was acidified and (4M HC! in Dioxane). The reaction mixture was
concentrated in vacuo and the remaining water was frozen and lyophilized to
obtain a colorless solid 60¢ used for coupling. '



324 A solution of [CpRu(116- 4-chl orophenyl pentanoic acid)]PF6 (2.2 g,
4.0"" mol) in dry DMF (10 nL) was treated with HOBt (810 ng 5. 99 1HGEP M0t
1.5 equi HOni gs base (2.58 g, 3.6 nL, 19.9 mol, ' The
reaction‘w 1§?ﬂﬁ% was cooled to O C ang treated with EDCIﬁ?%U§§Hé¥&%.O
mmol, 1.5 equiv.) The reaction m-xture was stirred at 0 C for 30 mn. and
the Tic- ammoniumsalt 57d (1.60 g, 4.0 mmol, 1.0 equiv.) was added. The
reaction mxture was stirred at rt. for 12 and the DVF was distilled out
in vacuo. The residue was diluted with ag. HCO (1M 100 m-) and extracted
into CH2Cl 2 (3x100 nL). The conbined organic |ayers were extracted with
ag. NaHCO3 (1x40 niL), brine (100 nmL), dried (Na2SO4), filtered,
concentrated {n vacuo to vyield a brown solid 63a (2.41 g, 75% which was
used for év}@l!—bzation. Step B 63a CORCH3 63b 02CH3 A sol ution of Ruthenium
conplex 63a (2.40 g, 2.8 nmmol) in dry DMF - (250 nL) was degassed with dry
N2 at rt. and Cs2C3 (4.6 g, 14.0 mol, 5.0

CO-H OH Q ’I\
O O O

60c
OH O
H H
. ) EN:L A A, o
N\/KO O O 0
O
60d

A solution of the hydrolyzed acid 60c¢c (0.5 mmol) in dry DMF (5.0 mL)
and CH2Cl2 (5.0 mL) was treated with HOOBt (132 mg, 0.75 mmol, 1.5

"

equiv.), and cooled to 0 °C and Hinigs base (258 mg, 2.0 mmol, 4.0 equiv.,
369 ulL) was added. To this mixture was added EDCI (143 mg, 0.75 mmol, 1.5
equiv.) and amine hydrochloride B (214 mg, 0.5 mmol, 1.0 equiv.)
sequentially. The reaction mixture was stored in freezer for 48 h and-
concentrated in vacuo to remove DMF and CH2ClI2. The residue was diluted

with aq. HCl (2M, 50 mL) and extracted with CH2Cl2 (3x30 mL) The

combined organic layer was extracted with aq. HCI (1M, 2x50 mL), ag. NaOH
(2 M 2x30 mL), brine, dried (MgS0O4) and concentrated in vacuo. The residue

60d (172 mg) was oxidized without further puriﬁcatibn: MS: (Electron spray):
838 [(M+1)", 50}, 490 (100); HRMS calcd. for C47HgON5Og (M+1)™:
838.4391: Found: 838.4398.



equiv.) was added and stirred at rt. for 14 h. The solvent DVF was 155
distilled of and the residue was diluted with water (100 ni-) and EP 2004
extract edwd o7 2Cl 2 (3x100 nmlL). The conbi ned organi c | apefrausehseo
extracted, wth agq. HC (1M 100 nl) 32NaHCO3 (100 nmiL), brine(100 nL) dried
(Na2SO™4) filtered, concentrated in vacuo and dried in vacuum overnight to
yield a brown solid 1 5 SEP 2[1 WD 01/77113 PCTI US01/ 10869 325 (1.9 g,
799 . It was used for photolytic renmoval of Ru without further
purification. Ms: (Electron spray): 671 [(MPF6)+, 40]. -wl The cyclized
conpound fg,omd he previous step was dissolved in CH3CN (60 m-) and
filtered i quartz tube. The solution was degassed and photolyzed in a
Raynot (X=350 nnm) for 48 h. The reaction mxture was concentrated in vacuo
and the residue was purified by chronmatography (S| 02, acetone/ Hexaneés 3:7)
to yield a tan col 'u lid 63b (140 ny, ., Rf:  0.73 (acetone/ hexanes
3:7); Ms: (FAB): 80], 232 (40) cal cd. for C30H37N205

(M+1)": 505. 27 ou 2698H StepO CH3

err u°j<
i

A solution of alcohol 60d (171 mg, 0.20 mmol) in CH2CI2 (6.0 mL) was

60

treated with Dess-Martin reagent (175 mg, 0.41 mmol, 2.0 equiv.). The
reaction mixture was stirred at rt. for 4 h and diluted with ag. NaHCO3 and aq.

Na2S5203. The reaction mixture was stirred at rt. for 20 min and the reaction
mixture was extracted with CH2Cl2 (3x30 mL). The combined organic layers
were extracted with ag. Na2CO3, dried (Na2S0g4), filtered concentrated in
vacuo and the residue was purified by chromatography (SiO2, CH30H (2M-
NH3)/CH2Cl2 1:20) to yield ketoamide 60 (56 mg, 32%) as a colorless solid.
R: 0.35 (CH30H (2M NH3)/CH2Cl2 1:18) MS: (Electron spray, m/z relative

intensity): 836 ([M+1]+, 90), 490 (100). HRMS calcd. for C47H58N509

(M+1)* 836.4235; Found: 836.4269.



63b 63c A solution of nethyl

I n dioxane(10.0 nL),

H20 (10.0 ni),

ester 63b (235 , 0.5 mmol) of Tic-
CHg}O—| (gg. Om-) vva)s trea!t ed”ﬁfﬁﬁﬁ‘%ﬂ?

LimHZO\S;?ﬂD&?IeBl'O mmol, 2.0 equiv.) and stirred at it
reaction d was acidified and ( HCl in D oxane).
m xture was concentrated in vacuo and the remnai ni ng wat

T

er was frozen and

| yophilized to obtain a colorless solid 63c used for coupling. 1 5 SEP 2004

WO 01/77113 Step D 63c s f 326 A PCTIUSOL /10869 ,1 | A

hydrol yzed acid 63c (100 ng, 0.21. nmol) in dry DW

Example 61: Preparation of Compound 61:

sol ution of the

RIS

%j 0 0 ;
H H
S N N\/LLﬁ OH
N\_:/J\OO 0 o
O
61
Step A
% ) Q o
(LT T TR
"
0 =
O 60
0 o
H H
SN N\/"\H OH
N A, O 0
o . -%

A solution of tert-butyl ester 60 (50 mg, 0.059 mmol) in dry CH2Cl2

{10.0 mL) was treated with TFA (10.0 mlL) and stirred at rt. for 4 h. The
disappearance of the ester to the base line was followed by TLC
(CH30H/CH2Cl2, 1:19). The reaction mixture was concentrated in vacuo and

the residue was repeatedly dissoived in heptanes/CH2Cl2 and concentrated



(4.0 M-) and CH2CI 2 (2.0 m-) was cooled to O C and treated with I—%P 00
(53 ng, 0.32 nmmol, 1.5 equiv.), Hunigs base (122 ng, 0.95 nmml, 4.5 iJ.,
175 L), EB®O¥E1IIN ny, 0.32 nmol, 1.5 equiv.) and stirred frar/ised1086and
treated with the am ne hydrochl oride A2X100 ng, 0.25 mmol, | equiv.). The_
reaction mxture was stirred at rt. for 16 h and concentrated in vacuo to
renmove DMF and CH2Cl 2. The residue was diluted wwth ag. HC (2M 50 nl-)
and extracted with CH2CI 2 (3x50 nlL) The conbi ned organic | ayer was
extracted with ag. HCl (IM 100 nL), agq. NaOH (2M 100) brine, dried
(Na2SO™4) and concentrated in was oxi di zed

W rrout t P VREHO severaldies o VY Bpe SoltRSS D618 T 141 NG NN WESE6G
iaors s dse i Vadud® s UAB) Foe fnl %! 851, %16 (26), Prr 2612 B3 o)™
321 (20), 248 (40), 236 (40), HRMS caled. for C43H50N509 (M+1)*:
780.3609; found 780.3618.
Example 62: Preparation of Compound 62:

62

A solution of the acid 61 (30 mg, 0.038 mmol), dimethyl amine
hydrochloride (6.2 mg, 0.076 mmol, 2.0 equiv.) in CH2Cl2 (1.0 mL) was



treated with Dess-Martin reagent (125 ng, 0.28 mmol, 3.2 equiv.). T e5 9
reaction mxture was stirred at rt. for 3 h and concentrated in vac é% 004

t he reS| purified by chromatography (Si02, CHBOH/ 9) to
yi el d ket OQ%I)S%%%B (11 mg, 159% of aﬁ\,c/)\oorl ess solid; M ( ﬁ@é%&

([ M+1]+, 90), 490 (100). 5 SEP 7@04 01/ 77113 PCT/ USOl/ 10869 328
Exanpl e 64: Preparation of Conpound 64: Step A CCH3 b 0 BhO-,~ O 9 f 64a
The desired product 64a was obtai ned by the procedure described for
Exanple 1, Step F. The material was purified by flash col um
chromat ography using Et OAc/Hex (7:3) to yield 64a in 80%; 1 H NWR

treated with Hinigs base (8.1 mg, 0.076 mmol, 2.0 equiv., 15 uL), PyBroP

(35 mg, 0.076 mmol, 2.0 equiv.) and stirred at t. for 24 h. The reaction...
mixture was concentrated in vacuo and purified by chromatography (SiO2,

acetone/Hexanes 1:1) to yield dimethyl amide 62 (14 mg, 46%) as a colorless
solid; Rf (0.31 acetone/Hexanes 1:1). MS (FAB) 807 [(M+1)¥, 100], 805 (60),

794 (60), 747 (40), 629 (40), 589 (62).
Example 63: Preparation of

63
Step A
H
c N P_fs
_ N” “COxCH3 | R
ClHsN Ao
= COOH
O 57d




(cbCl3, 8 : 7.35-7.29 (m 5 H, 7.02 (d, 2 H J=8.4 Hz), 6.72 (d, 25'5'5!’5;@&
6.9Hz) 6.01 (d, 1 H), 4.60 (t, 1 H, 4.52 (s, 1 H, 3.8-3.61(m 2 , 3.

(s, 3 Hw®B#maB51(m 4 H), 2.83 (t, 2 H J=7.5 Hz), 2.3%cftuso?1éseoJ= 8.1
Hz) 2.41- 2.20 (m 1 H), 2.05-1.83 (mg2d H), 1.85-1.58 (m 8 H), 1.26-1.24
(m 5 H; 13C NWR (CDCI 3, 5): 172.2, 171.9, 171.0, 154.4, 138.3, 132.2,
129.4, 128.4, 127.7, 127.6, 115.4, 73.0, 66.9, 66.2, 57.9, 54.9, 52.5,
52.3, 41.0, 38.5, 34.7, 30.8, 30.0, 29.4, 27.9, 26.1, 26.0, 25.9. f 15
SEP 2004 WD 01/77113 329 PCTIUSO 110869 Step B BnO,,,.-~ 4 OCH3 64a 64b The
desired product 64b was obtained by the procedure described for Exanple 1,
Step G The product obtained after filtering off the catal yst was

A solution of [CpRu(nS- 4-chlorophenylpentanoic acid)}PFg (2.2 g, 4.0*"
mmol) in dry DMF (10 mL) was treated with HOBt (810 mg 5.99 mmol, 1.5
equiv.) and Hinigs base (2.58 g, 3.6 nmL, 19.9 mmol, 5.0 equiv.) The reaction
mixture was cooled to 0 °C and treated with EDCI (1.14 g, 6.0 mmol, 1.5
equiv.) The reaction mixture was stirred at 0 °C for 30 min. and the Tic-
ammonium salt 57d (1.60 g, 4.0 mmol, 1.0 equiv.) was added. The reaction
mixture was stirred at rt. for 12 and the DMF was distilled out in vacuo. The
residue was diluted with aq. HCI (1M, 100 mL) and extracted into CH2Cl2
(3x100 mL). The combined organic layers were extracted with aq. NaHCO3
(1x40 mL), brine (100 mL), dried {(NapS04), filtered, concentrated in vacuo to
yield a brown solid 63a (2.41 g, 75%) which was used for cyclization.

Step B

A solution of Ruthenium complex 63a (2.40 g, 2.8 mmol) in dry DMF -
(250 mL) was degassed with dry N2 at rt. and Cs2CO3 (4.6 g, 14.0 mmol, 5.0

equiv.) was added and stirred at rt. for 14 h. The solvent DMF was distilled off
and the residue was diluted with water (100 mL) and extracted with CH2Cl2

(3x100 mL). The combined organic layers were extracted, with aq. HC! (1M,
100 mL), NaHCO3 (100 mL), brine(100 mL) dried (Na2S04) filtered,

concentrated in vacuo and dried in vacuum overnight to yield a brown solid



pure enough for
by the procedure
m xt ure

yi el d 64%?6‘33” i
171.1, 171.0, 15

52.2, 52.0, 42.1,
(FAB) 473 (M+1)},

next step. St~epC 64b The desired product 64c was obtai ned
descri bed for Exanple 1, Step H. The crude reactf drnEP 200
ied by. Si02 gel -chronmatography (aceton 7) to
? 16% as -a colorl 9525 solid.; 13C NWR (é@é@%%ﬁ;l
7.7, 131.0 129.9, 11473, 78.1, 64.7, 63.3, 58.7, 55.3,

37. 9, 36.1, 30.8, 30.7, 29.7, 28.7, 28.5, 26.2, 26.0;, M
(100), 327 (20). 1 5 SEP 2004 WO 01/77113 330

PCTI USO /10869 Step D 64c v 64d The acid was synthesized as described for

Example 1, Step

| in quantitative yield. The crude m xture after

evapor ati ¢h9wgs %kcltl wassedetiofor photolytic removal of Ru without further

purification. MS: (Electron spray): 671 [(M-PF6)+, 40]. -

The cyclized compound from the previous step was dissolved in

CH3CN (60 mL) and filtered into a quartz tube. The solution was degassed
and photolyzed in a Raynot (A=350 nm) for 48 h. The reaction mixture was

concentrated in vacuo and the residue was purified by chromatography (SiO2,

acetone/Hexanes 3:7) to vyield a tan colored solid 63b (140 mg, 13%).; Rf:

0.73 (acetone/hexanes 3:7), MS: (FAB): 505 [(M+1)+, 80], 232 (40); HRMS

calcd, for

Step C

CaoH37N205 (M+1)*: 505.2702; Found: 505.2698.

f?m

CO,CH3 —_— COzH

o3,

A solution of methyl ester 63b (235 mg, 0.5 mmol) of Tic-macrocycle in

dioxane(10.0 mL), H20 (10.0 mL), CH30H (50.0 mL) was treated with
LiOH H20 {41 mg, 1.0 mmol, 2.0 equiv.) and stirred at rt. for 3 h. The.

reaction mixture was acidified and (4M HCI in Dioxane). The reactien mixture
was concentrated in vacuo and the remaining water was frozen and
lyophilized to obtain a colorless solid 63¢ used for coupling.



the next step. Step E COOH 64d The expected product 64e was synt hesil\ée% as
described earlier for the Exanple 1, Step J. The coupl ed nateri al N
directly Mobot/fminext step to synthesize 64. 1 5 S E P 700418184466 7113
PCT/ US01/ 10869 331 Step F The desired3pg oduct is obtained by the oxidation
protocol described previously for Exanple 1, Step K Exanple 65:
Preparation of Conpound 65: CH3 N CH3 0 CH3 65

Step D .
OH 0
N“"CO,H |
H .
H \./ko HCTHN N\)LH N_
b o) 0
63c A
OH ., O |
»- NJ\N N
o H o

63d

A solution of the hydrolyzed acid 63¢ (100 mg, 0.21, mmol} in dry DMF
(4.0 mL) and CH2Cl2 (2.0 mL) was cooled to 0 °C and treated with HOOBt
(63 mg, 0.32 mmol, 1.5 equiv.), Hunigs base (122 mg, 0.95 mmol, 4.5 equiv.,
175 pL), EDCI (61.0 mg, 0.32 mmol, 1.5 equiv.) and stirred for 0.5 h and
treated with the amine hydrochloride A (100 mg, 0.25 mmol, 1 equiv.). The_
reaction mixture was stirred at rt. for 16 h and concentrated in_ vacuo to
remove DMF and CH2CI2. The residue was diluted with aq. HCI (2M, 50 mL) -
and extracted with CH2Cl2 (3x50 mL) The combined organic layer was
extracted with ag. HCl (1M, 100 mL), ag. NaOH (2M 100) brine, dried
(Na2504) and concentrated in vacuo. The residue 63d (72 mg) was oxidized

without further purification.



The synthesis of Exanple 65 was identical to the synthesis of Exanmple 14
except the synthesis was initiated with 3-vinyl benzoic acid. The r ebdcthPaA
of phenyl ' was simlar to Exanple 14, Step C. Howev ' re of
di aster eo}‘%@r)dg%g obt ai ned. Exanpl e 83? Preparation of Coﬁ%%ﬂﬂé@@%é

Formul as 66A and 66B: 15SEP70. 1 WD 0f/77113 PCT/US01110869 332 Me..u.. O
= 0 66B The synthetic sequences for Exanple 66 foll owed that described for
Exanpl e 54 using suitable starting naterials with appropriate

nodi fications. The isoners 66A and 66B were separated after oxidation

usi ng colum chromat ography. LCM5S data: 818.2 (MtH)} (for 66A and 66B).
Exanpl e 67: Preparation of Conpounds of Formulas 67A and 67B: 1 5 SEP ?V t

WO 01/ 77113 PCTI USO / 10869
Step E: ——

w Py ¢ |
DD U (F —
H H
0 o) o)
N\/ko

: o

63d

O
R IR T
N ﬁ ™~
N
OO 0
O

A solution of alcoho! 63d (72 mg, 0.86 pmol) in CH2CI2 (5.0 mL) was

63

treated with Dess-Martin reagent (125 mg, 0.28 mmol, 3.2 equiv.). The
reaction mixture was stirred at rt. for 3 h and concentrated in vacuo and the
residue was purified by chromatography (SiO2, CH30H/CH2Cl2 1:19) to yield

ketoamide 63 (11 mg, 15%) of a colorless solid; MS (FAB): 835 ([M+1]+, 90),
490 (100).



333 Mew Il fl 67A The synthetic sequences for Exanple 67 foll owed tp%t
described for Exanple 54 using suitable starting materials with SEP 2004
appropri aveonodilis cati ons. The isonmers 67A and 67B were separedgdogbt er

oxi dation using colum chromat ogr aphy2s HRMS (FAB) Cal cd for C45H64N709:

846. 4766 (M+H)+ Found: 846.4782 (for 67A) and 846.4774 (for 67B). Exanple
68: Preparation of Conmpound of Fornula 68: The synthetic sequences for
Exanpl e 68 foll owed that described for Exanple 30 using suitable starting
materials and appropriate nodifications. 1 5 SEP 1004 WO 01/77113

PCT/ US01110869 334 After oxidation the desired product 68 was obtained as a
m xt ure of |sorrers usi ng coI umm chr omat ogr aphy. HRMS (FAB) Cal cd for
C47H59N60 g,y NaTe b 49. Exanpl e 69: Preparat|on of
Oorrpounds% Oﬁd é&

1f 64a
The desired product 64a was obtained by the procedure described for
Example 1, Step F. The material was purified by flash column

chromatography using EtOAc/Hex (7:3) to yield 64a in 80%.; 1H NMR
(CDCl3, §): 7.35-7.29 (m, 5 H), 7.02 (d, 2 H, J=8.4 Hz), 6.72 (d, 2 H, J="
6.9Hz) 6.01 (d, 1 H), 4.60 (t, 1 H), 4.52 (s, 1 H), 3.8-3.61(m, 2 H), 3.72 (s, 3
H), 3.54-3.51(m, 4 H), 2.83 (t, 2 H, J=7.5 Hz), 2.39 (t, 2 H, J= 8.1 Hz) 2.41-
2.20 (m, 1 H), 2.05-1.83 (m, 1 H), 1.85-1.58 (m, 8 H), 1.26-1.24 (m, 5 H); 13C
NMR (CDCl3, 8): 172.2, 171.9, 171.0, 154.4, 138.3, 132.2, 129.4, 128 4,

127.7, 127.6, 115.4, 73.0, 66.9, 66.2, 57.9, 54.9, 52.5, 52.3, 41.0, 38.5, 34.7,
30.8, 30.0, 28.4, 27.9, 26.1, 26.0, 25.9,



The synthetic sequences for Exanple 69 foll owed that described for 1E§§€P}ﬁ
1 using suitable starting materials and appropriate nodifications. 'A r 2004
oxidatio LsQmers 69A and 69B were separated using col

chr omat o&?’yp}ﬁiﬁﬁﬁovs data: 829.2 (I\/H;%; (for 69A and 698).@2%%1[’1386?0:
Preparation of Conmpounds of Fornula 70A and 70B: r 1 5 SEP 200b WO 01/ 77113
PCT1US01110869 335 70B The synthetic sequences for Exanple 70 foll owed
that described for Exanple 4 using suitable starting naterials and
appropriate nodifications. After oxidation the isonmers 70A and 70B were
separated using colum chromatography. LCMS data: 843.2 (MtH) + (for 70A
and 70B). Examle 71: Preparation of Conpound of Fornmula 71: H N The

synt heti c _sequences for Exanple 71 followed that described for Exanple 5
usi ng suié%@ﬂiéstarting material s and appropriate nodifications. v

BriOs_~_-Q HOL~—1¢
H OCHz H
o)
0 @
0] O

64a

‘I‘

The desired product 64b was obtained by the procedure described for
Example 1, Step G. The product obtained after filtering off the catalyst was
pure enough for next step.

Step C

: T
X
o
o
Y

64c

64b

The desired product 64¢ was obtained by the procedure described for_
Example 1, Step H. The crude reaction mixture was purified by, SiO2 gel

chromatography (acetone/Hexanes 3:7) to yield 64c (64 mg, 16%) as -a ’

colorless solid; '3C NMR (CDCl3) 172.1, 171.1, 171.0, 157.7, 131.0

129.9, 114.3, 78.1, 64.7, 63.3, 58.7, 55.3, 52.2, 52.0, 42.1, 37.9, 36.1, 30.8,
30.7,29.7, 28.7, 28.5, 26.2, 26.0; MS (FAB) 473 (M+1)", (100), 327 (20).



WO 01/77113 PCT/ US01/ 1086 5 SEP 2006 336 After oxidation the desirefo!jsﬂjmgM
product 71 was obtained as a m xture of isoners using colum

chr omat ogWep#NT7113CVS dat a: 818.2 (M+-H) +. Exanpl e 72: Pr eparatriimn1/edsso
Compound of Formula 72: The synt heti c3¥equences for Exanple 72 foll owed
that described for Exanple 6 using suitable starting materials and
appropriate nodifications. After oxidation the desired product 72 was
obtained as a m xture of isomers using columm chronat ography. LCMS dat a:
762.2 (M+H) +. Exanple 73: Preparation of Conpound of Formula 73: r~X NH2
The synthetic sequences for Exanple 73 followed that described for Exanple
10 using suitable starting naterials and appropriate nodifications. After
oxi dat i on gthg lesi red product 73 was obtained as a m xture of isoners

usi ng col umm chr omat ogr aphy. LCMVS data: 659.2 (MrH)+. 1 5 SEP 2004 WO

01/ 77113 PCT/ USQOL/ 10869 337

-

qQ
; Q\“,ocria
N A, ©

64c 64d

The acid was synthesized as described for Example 1, Step 1 in
quantitative yield. The crude mixture after evaporation was directly used for
the next step.

Step E

xI
zQ"‘O
g
I
‘r

wg

The expected product 64e was synthesized as described earlier for the

Exampie 1, Step J. The coupled material was used directly for the next step to
synthesize 64.



Exampl e 74: Preparation of compound 74A and 74B H NH NH3 % H3 H3 -CH3
The desired conpounds 74A and 74B were prepared by the same met hod TasSEP 2004
descri bedj preparation of conpounds I A and 1B in EX cept
that 5-ne ﬁ{hl?‘g?ﬁydoxy phenyl acetic 'ld was used to subs?ﬁﬁgoé‘]s‘%dr oxy
phenyl acetic acid in Step F. LRMs (MH+ mz 803.1 [calcd for C43HnN609,

802.4]. Exanple 75: Preparation of conmpounds 75A and 75B: 756A 1 5 SE P
2004 WO 01177113 PCTI11SO /10869 338

Step F -

O 64e B |

0
ol

The desired product is obtained by the oxidation protocol described

previously for Example 1, Step K.
Example 65: Preparation of Compound 65:

o / 0 o) CHs
H H |
s \)Lir
o = s) %) H o
O\nﬂH CHs

0 65
The synthesis of Example 65 was identical to the synthesis of Example
14 except the synthesis was initiated with 3-vinylbenzoic acid. The reduction
of phenyl moiety was similar to Example 14, Step C. However, a mixture of
diastereomers was cbtained.
Example 66: Preparation of Compounds of Formulas 66A and 66B:




75B The desired conpounds 75A and 75B were prepared by the sane net hgg éals
described in the preparation of conpounds |A and IB in Exanple 1, ex E) 1004
t hat 4- reW@ MBI/ doxy phenyl acetic acid was used to substipQIgse3a0dsydr oxy
phenyl acetic acid in Step F. LRVMS (M+B§2+ mz 803.1 [calcd for C43HS8N6GO9,
802.4]. Exanple 76: Preparation of conmpound 76: CH3 -CH3 76 The desired
conpound 76 was prepared by the sane nethod as described in the
preparation of conpounds 27A and 27B in Exanple 27, except that amne E
was used to substitute amine Ain Step J. LRV (MtH)+ mz 831.1 [calcd for
C44H58N6010, 830.4]. Exanple 77: Preparation of conpound 77: 1 5 SEP 7094
WO 01/ 77113 PCT/ USO /108 390- r=

O

: e}
H H |
N N\/J\) H
Me” \n’ y
0O =

O
668

The synthetic sequences for Example 66 followed that described for
Example 54 using suitable starting materials with appropriate modifications.
The isomers 66A and 66B were separated after oxidation using column
chromatography. LCMS data: 818.2 (M+H)* (for 66A and 66B).

Example 67: Preparation of Compounds of Formulas 67A and 67B:




77 The desired conpound 77 was prepared by the sane nethod as deSCﬂ|Qﬁ$7{ﬂ
the preparation of conpounds 27A and 27B in Exanple 27, except tha

di fferent i.nternedi ate was used to substitute am ne Ste :
LRVS (wuﬁfiﬁh5§f961 1 [calcd forC41H5 010, 760.4]. Exan1$%hﬂggpg ratlon
of conpound 78: 78 78 The desired coripound 78 was prepared by the sane
nmethod as_  described in the preparation of conpounds 27A and 27B i n.
Exanpl e 27, except that a different am ne internmedi ate was used to
substitute amine Ain Step J. LRM5S (MtH) mz 653.1 [cal cd for C35H48N408,
652.41. Exanple 79: Preparation of compound 79: 1 5 SEP 2004 WO 01/77113
PCT/USOl/10869 340 H N ghe eS|red conpound 79 repared by the sane

nmet hod as
o I o
N\)J\N N"\.
H

°©

o o 2
RN n\,mﬁ b
Me/Njgfn\;L)@\g (‘)Kg’
O 67B

The synthetic sequences for Example 67 followed that described for
Example 54 using suitable starting materials with appropriate modifications.

The isomers 67A and 67B were separated after oxidation using column
chromatography. HRMS (FAB) Calcd for C45Hg4N70g: 846.4766 (M+H)™.

Found: 846.4782 (for 67A) and 846.4774 (for 67B).
Example 68: Preparation of Compound of Formula 68;

iy
- o) o .
H H |
Q)\WN N\)LN N )
H\,/ko o 0 10 ..
o -~ 68

The synthetic sequences for Example 68 followed that described for

Example 30 using suitable starting materials and appropriate modifications.




described in the preparation of conpound 30 in Exanple 30,
different amne internedi ate was used to substitute amne Ain Step |

(M-H) * mf wa'db7781f cal cd for CA1HS5N505, 745. 4] .

except t ha‘t a
.3 bERAS0L

Exanpl e 80:pd¥eqafaggoon of

conpound 80: H 3C CH3 80 The desiredsgpnpound 80 was prepared by the sane

net hod as

except that a amne D was used to substitute amine Ain Ste Rf.

(MH) miz 746.1 [calcd for CA?HS5N508, 745. 4].

described in the preparation of conpound 30 in Exanple 30,

LRVS
Exanpl e 81: Preparation of

conpound 81: 1 5 S E P 2004 WO 01/77113 PCT/USO /10859 341 81 The desired

conmpound 8 ared by the sane _pet hod as

preparati

Was .pre
&Jroxida

described in the

esires produst 88 wasvebteited) as aipixtwsofisemared f or

C34H18NACY, 5 Boitlmn chromatography. HRMS (FAB) Calcd for C47H59Ng0g:

851.4344 (M+H)*. Found: 851.4149,

Example 69: Preparation of Compounds of Formula 69A and 69B:

69A,

M
O

M

Q

%

\{J%Ooro

O

O M
H |
N Mo
H O

- 0
H H
ervau\n/N\j\N \Me
Ho H
N

5]

l\lfle
N

o

The synthetic sequences for Example 69 followed that described for

Example 1 using suitable starting materials and appropriate modifications.

After oxidation the isomers 69A and 69B were separated using column

chromatography. LCMS data: 829.2 (M+H)* (for 69A and 69B). . -
Example 70: Preparation of Compounds of Formula 70A and 70B:




Exanpl e 82: Preparation of conpound 82: 82 The desired conpound 82 W@E
prepared by the sanme nethod as described in the preparation of conp nd P38
in Exarrplvg %9/,7 ﬁ})écept that a- different am ne was used to substitute am ne
Ain step PUVTRNS (MH) + mz  639.1 [galcd for C35H50NA07 P8 U8y anp e
83: Preparation of compound 83: 1 5 S°E P 2004 WD 01/77113 PCT/ USO / 10869
342 H3 -CH3 83 The desired conpound 83 was prepared by the sane nethod as
described in the preparation of conpound 30 in Exanple 30, except that

am ne E was used to substitute amine Ain Step 1. LRVS (MtH+ nmlz 831.1
[cal cd for C45H52N609, 830.51. Exanple 84: Preparation of conpound 84: 84

: : BTN

The synthetic sequences for Example 70 followed that described for
Example 4 using suitable starting materiais and appropriate modifications.
After oxidation the isomers 70A and 70B were separated using column

chromatography. LCMS data: 843.2 (M+H)* (for 70A and 70B).
Example 71: Preparation of Compound of Formula 71:

Q
p O 0
H Me

N
H
N\:AO o) O Me . -
O

The synthetic sequences for Example 71 followed that described for

Example 5 using suitable starting materials and appropriate modifications.



The desired conmpound 84 was prepared by the sanme nmethod as- described in

the preparation of conpound 30 in Exanple 30, except that an approp ibagﬁ,mm
am ne wasween7to3 substitute amine Ain Step 1. LRVB (MtH) #CTig01608691

[cal cd for C36H52N407, 652.4]. Exanpl eé385: Preparation of conmpound 85: 1 5
SEP 2004 WO 01/ 77113 PCTIUSO /10869 343 NH2 85 The desired conpound 85 was
prepared by the sane nethod as described in the preparation of conmpound 30
in Exanpl e 30, except that an appropriate am ne was used to substitute

amine Ain Step I, and that the oxidation was performed according the

procedure%ﬁ Exanple 10, Step,J. ., L é&w%%a% 613. 1 [calgcd for

C33H48N40 7 I OXiggitio 2 PWP&SQS ADROIHINRG A SURAAE ofisoResy
using column chromatography. LCMS data: 818.2 (M+H)*. .

Example 72: Preparation of Compound of Formula 72:

Q
sUBED!
N N H
o) 0
LK,
Q7

The synthetic sequences for Example 72 followed that described for

Example 6 using suitable starting materials and appropriate modifications.
After oxidation the desired product 72 was obtained as a mixiure of isomers

using cofumn chromatography. LCMS data: 762.2 (M+H)*.
Example 73: Preparation of Compound of Formula 73:

73

The synthetic sequences for Example 73 followed that described for
Example 10 using suitable starting materials and appropriate modifications.

After oxidation the desired product 73 was obtained as a mixture of isomers

using column chromatography. LCMS data: 659.2 (M+H)™.



The desired conmpound 86 was prepared by the same nmethod as described in
t he preparation of compound 30 in Exanple 30, except that an approprli a§epr 7004

am ne wa substitute amine-Ain Step |I. LRVE (M-H)4 .1
[cal cd fzvﬂéggﬂégl\mm, 650.41. Exam I§787: Preparati on of ]::CoTr';g%(ﬁ/n@?%?: 15
4

SEP 2004 WD 01/77113 PCT/ USOL/ 10869 4 NH2 87 The desired conpound 87 was
prepared by the sane nethod as described in the preparation of conmpound 30
in Exanpl e 30. Except that an appropriate am ne was used to substitute
amine Ain Step 1, and that the oxidation was performed according the
procedure in Exanple 10, Step J. LRWS (MtH)+ mz 611.1 [calcd for
C33HA6NAOExapifleJl4: Frepapatiod Bf dormpeuatli A ahdGdBound 88: NH2 88 The

desi red conpound 88 was prepared by the same nethod as

e

Hj

O/_Lo

0 / 0 0 H
H H H fHs
G LG,
o = o) s) H 0
O

74A
H3 /_\\9
o / 0 0 H
BSOS ES NS
o O 0 -\ 0 H o

GCH;
74B

The desired compounds 74A and 74B were prepared by the same

method as described in the preparation of compounds 1A and 1B in Example
1, except that 5-methyl-3-hydoxy phenylacetic acid was used to substitute 3-
hydroxy phenylacetic acid in Step F. LRMS (M+H)" m/z 803.1 [calcd for
Ca3HssNeOs, 802.4]. '
Example 75: Preparation of compounds 75A and 75B:

CH
’ 0/_\\9 )
o / 0 0 CHy ]
H H H N -
N\:JI\QWN N\)LN N"CH3
0o = o) 0 H o
O

75A



described in the preparation of conpound 30 in Exanple 30. Except 5?@17&@@
appropriate amne was used to substitute amne Ain Step |, and that the
oxi dat i onwgam/per3f or ned accordi ng the procedure in Exanpl ePCOUSBY/ @369 .
LRVS (MtH)'" nmiz 611.1 [calcd for C33536N407, 610.3]. Exanple 89:
Preparation of conmpound 89: 1 5 SEP 2004 WD 01/ 77113 PCTI USO 110869 345 H
N 89 The desired conpound 88 was prepared by the sane nethod as described
in the preparation of conpound 30 in Exanple 30. Except that an
appropriate am ne was used to substitute amne Ain Step 1. LRVS (MtH) +
mz 637.1 [calcd for @_FH%I\MO?, 636. 4] . Exanple 90: Preparation of
conpound 90: N O-[ CH3 3@0—!3

o / 0 o) CH, |
H H H |
”\f)'\Oﬁr”Yer”\/lLﬁEr”‘cna
o A 0 -\ e! o)

O CHa

75B

The desired compounds 75A and 75B were prepared by the same
method as described in the preparation of compounds 1A and 1B in Example
1, except that 4-methyl-3-hydoxy phenylacetic acid was used to substitute 3-
hydroxy phenylacetic acid in Step F. LRMS (M+H)" m/z 803.1 [calcd for
Ci43HssNsOg, 802.4].

Example 76: Preparation of compound 76:

: D
o /N 0 0 CHs
H H H ]
N\é)l\ﬁlrrﬂ N\)-LH Nech,
O O O O O
76

The desired compound 76 was prepared by the same method as_
described in the preparation of compounds 27A and 27B in Example 27,
except that amine E was used to substitute amine A in Step J. LRMS (M+H)" -,
m/z 831.1 [calcd for C4qHssNgO10, 830.4].

Exampte 77: Preparation of compound 77:



90 The desired conpound 90 was prepared by the sane nmethod as dep§SER&MLi n
the preparation of conmpound 30 in Exanple 30. Except that an appropriate

am ne wa substitute amine Ain Step 1. LRVE (M-H)4 .1

[ cal cd fo%yﬁéggﬂégl\mo& 724. 4] . Exarrp:?é 91: Pre aration of %CoTﬁg%@Hé@l: | 1
5 S E P 2004 WO 01/ 77113 PCT/ US01/.10 % 346 OH3 1 CH3 0 CH3 91 The
desired conpound 91 was prepared by the sane nethod as described in the
preparation of conmpound 30 in Exanple 30. Except that an appropriate am ne

was used to substitute amine Ain Step|l.. LRV (MFH)+ mz 727.1 [cal cd
for C39H58N409, 726.4). Exanple 92: Preparation of conpound 92:

Gl
O O /\©

77

The desired compound 77 was prepared by the same method as
described in the preparation of compounds 27A and 27B in Example 27,
except that a different amine intermediate was used to substitute amine A in
Step J. LRMS (M+H)" m/z 761.1 [calcd for C44Hs2NsO4p, 760.4].

Example 78: Preparation of compound 78:

o/\/chg
U\Own SN
O

78
78

The desired compound 78 was prepared by the same method as,
described in the preparation of compounds 27A and 27B in Example 27,
except that a different amine intermediate was used to substitute amine A in -
Step J. LRMS (M+H)* m/z 653.1 [calcd for CasHagN4Og, 652.4].

Example 79: Preparation of compound 79:



The desired conmpound 92 was prepared by the sanme nethod as- descriQngﬁﬂm
the preparation of conmpound 30 Exanple 30, except' that Boc C. tet

but yl gl ycw@oéurisused to substitute Boc-cycl ohexyl gl yci ne ipr1htin1b4RY5
(MtH + mz 791.1 [cal cd for C42HS58N6O340 790.4]. Examle 93: Preparation of
compound 93: s 1 5 SEP 2004 WD 01/77113 PCT/USOL/10869 347 H N 93 The
desired conpound 93 was prepared by the sane nethod as described in the
preparation of conmpound 92 in Exanple 92. Except that an appropriate am ne
was used to substitute amine AL LRMS (MtH)+ rn/z 613.1 [calcd for
C33H48N407, 612.4]. Exanple %@é Preparati on of conmpound 94: NH2

/\)\“CHa
d '
o / o) o)
H H H
I,
o ; 0 0 H
O CH;

79

The desired compound 79 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that a
different amine intermediate was used to substitute amine A in Step |. LRMS

(M+H)" m/z 746.1 [calcd for Ca1HssNs0g, 745.4].

Example 80: Preparation of compound 80:
HaC

/\\/)<CH3
0
O O 0
H H H
SOSE Yt
0O = o o)
O CHg

80

The desired compound 80 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that a_
amine D was used to substitute amine A in Step . LRMS (M+H)" m/z 746.1
[calcd for C41Hs5N503g, 745.4). »

Example 81: Preparation of compound 81;



94 The desired conpound 94 was prepared by the sane nethod as- deﬁc F)lgﬂ] d n
the preparation of conpound 92 in Exanple 92. Except that an approi) g

am ne was substitute amne A and that the oxidati rfornmed
accordi ng h{’égf)]rjgcedure i n Exanpl e 104 Step J. LRVE (M+Hr %%\ﬁﬁ%&? [ cai cd
for C30H44N407 572.3]. Exanple 95: réparation of conpound 95: WD 01/77113
348 1 5 SEP 2004 PCT/US01/10869 4. CH3 95 The desired conmpound 95 was
prepared by the sane nmethod as described in the preparation of conpound 30
Exanpl e 30, except that Boc- valine was used to substitute

Boc- cycl ohexylglycine in Step C. LRV (MFH)+ mz 777.1 [calcd for
C41HS56N609, 776.4]. Exanple 96:HsRr e8ar ation of conpound 96:

gv@wﬁ

81

The desired compound 81 was prepared by the same method as
described in the preparation of intermedaite A, Step 5. LRMS (M+H)" m/z
657.1 [calcd for CasHagN4Og, 656.3].

Example 82: Preparation of compound 82;

HaG

M‘CHS
o

o/ o)
H H H
LI H
o A O O
O CHs

82

The desired compound 82 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that a-
different amine was used to substitute amine A in Step |. LRMS (M+H)" m/z
639.1 [caled for CasHsoN4O7, 638.4). -

Example 83: Preparation of compound 83:



H N 96 The desired conpound 96 was prepared by the sane nethod as
described in the preparation of conpound 95 in Exanple 95. Except? Ordf 28
appropri amwo emime was used to substitute amne A LRVE ( MriCF/URIE10599. 1
[cal cd for C32H46N407, 598. 3]. Exanpl 83207: Pre oration of conmpound 97: 1 5
S E P 7004 WO 01/ 77113 PCT/USO /10869 349 NH2 CH3 97 The desired conpound
97 was prepared by the sane nethod as described in the preparation of
conmpound 95 in Exanple 95. Except that an appropriate am ne was used to
substitute amne A and that the oxidation was perfornmed according the
procedure in Exanple 10, Stﬁ?c‘]' LRVS (MtH+ mz 559.1 [calcd for

WG

C29H42N407, 558. 3] . O/\)\ Ha

0O H 0O O Hsy
\-/“\NQ(B(N\ﬁ:er\)LH E‘c Hy
- & O

H
N
O

The desired compound 83 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that
amine E was used to substitute amine A in Step I. LRMS (M+H)" m/z 831.1
[calcd for C45Hs2NeOg, 830.5].

Example 84: Preparation of compound 84:

HaC

O

84

ZT
=
/

The desired compound 84 was prepared by the same method as-
described in the preparation of compound 30 in Example 30, except that an
appropriate amine was used to substitute amine A in Step 1. LRMS (M+H)*
m/z 653.1 [calcd for CzgHs2N4O7, 652.4].

Example 85: Preparation of compound 85:




Exanpl e 98: Preparation of conpound 98: CH3 CH3 98 The desired cor’??lﬁ@gz[ﬁg
was prepared by the sanme nethod as described in the preparation o

conmpound | e 30, except that Boc- phenyl gl yC| ne wa
substi tut%gé'g'??ﬁgcl ohexyl gl ycine in L,eP C. LRVs (MH) mspz&gﬁgm&gfﬁgal cd
for C44H54N6C9, 810.4]. Exanple 99: Preparation of corrpound 99: 1 5 SEP
2004 WD 01/77113 PCT/USO /10869 350 H N 99 The desired conpound 99 was
prepared by the sane nmethod as described in the preparation of conpound 98
in Exanpl e 98. Except that an appropriate am ne was used to substitute
amine A LRV (MFtH)+ mz 633.1 [calcd for C3$H44N407, 632.3].

HaG

\\CH3

N\)J\OY ﬁ(

The desired compound 85 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that an
appropriate amine was used to substitute amine A in Step I, and that the
oxidation was performed according the procedure in Example 10, Step J.
LRMS (M+H)* m/z 613.1 [calcd for CaaHseN4O7, 612.4].

Example 86: Preparation of compound 86:

86

The desired compound 86 was prepared by the same method as
described in the preparation of compound 30 in Example 30, except that an
approprate amine was used to substitute amine A in Step |. LRMS (M+H)"
m/z 651.1 [calcd for CagHsoN4O7, 650.4].

Example 87: Preparation of compound 87:



Exanpl e 100: Preparation of conpound 100: NH2 100 The desired con‘goyggp ?DBO
was prepared by the sane nethod as described in the preparation of b
conpound ¥8® auiy7B8%anpl e 98. Except that an appropriate am PeTWsd1I/UB6eS tO
substitute amne A and that the oxi dai on was perfornmed according the
procedure in Exanple 10, Step J. LRV (MtH)+ rn/z 593.1 jcalcd for
C35H40N407, 592.3]. Exanple 101: Preparation of conpound 101: 1 5 SEP 2004
WO 01/77113 PCTIUSO /10869 351 101 The desired conpound 101 was prepared
by the sane nethod as described in the preparation of conmpound 30 Exanple

30, except that Boc- isoleucine used to substitute
Boc-cycl ohexyl glycine in Step C CHMH) + Mz 791.1 [calcd for
CA2H55N6 9, 790.41. Exanple 102: ‘aration of compound 102: H

o
o / 0
H H
AT
o A 0O 0O
SRR
87

The desired compound 87 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step |, and that the
oxidation was performed according the procedure in Example 10, Step J.
LRMS (M+H)" m/z 611.1 [caled for CazHieN4O7, 610.3].

Exampie 88: Preparation of compound 88:

HaG

M‘CHB
©
o / o)
H H
AT
O :‘ O o)

88

The desired compound 88 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step [, and that the
oxidation was performed according the procedure in Example 10, Step J.
LRMS (M+H)* m/z 611.1 [calcd for CaaHagN4O7, 610.3). |
Example 89: Preparation of compound 89:




N 102 The desired conpound 102 was prepared by the sane nmethod as 5 2004
described in the preparation of conpound 101 in Exanple 101. Excep! t%’ft Qin

appropri ] was used to substitute amine A LRVMS (MtH).+ 3.1
[ cal cd fg\t”%cﬁgmgmm, 612. 4] . Exanplg,103: Preparation of]l_(l)cT B0 103 1
5 SEP 2004 WD 01/ 77113 PCT/ US01/ 1086 352 NH2 103 The desired conpound 103

was prepared by the sane nethod as described in the preparation of
conpound 101 in Exanple 101. Except that an appropriate am ne was used to
substitute amne A and that the oxidation was perfornmed according the
procedure in Exanple 10, Sten J. LRVMS (MtH)+ mlz 573.1 Icalcd for
C30H44N4Or7, 572.3]. Exanpl e 104H3 r%?‘aration of conpound 104: H

L3

o / 0
; H H H
N\:)J\NQ‘rN N\/\
o 0 o)
O |
89

The desired compound 88 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step I. LRMS (M+H)’
m/z 637.1 [calcd for CasHigN4O7, 636.4).

Example 90: Preparation of compound 90:

HqG

/\)\f &
O 7 O
H H H
O.. CH
g“z)’\@r“ﬁw”\/w <
o j 0 O O ChH
o
90

The desired compound 90 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Exce'pt that an
appropriate amine was used to substitute amine A in Step 1. LRMS (M+H)'+
mv/z 725.1 [calcd for CagHsgN4Og, 724.4).

Example 91: Preparation of compound 91:



N 104 The desired conpound 104 was prepared by the sanme nethod as. SBSEF’Z{]M
described in the preparation of conpound 30 Exanple 30, except.that Boc-
cycl opent wiogdiyoime was used to substitute Boc-cycl ohexyl gl yernsoeimossé ep C.
and that an appropriate am ne was useshét o substitute amne Ain Step I.
LRVS (MtH)+ mz 625.1 [cal cd for C34H48N407i 624.4]. Exanple 105:
Preparation of conmpound 105: 1 5 S E P 2004 WO 01/ 77113 PCT/ US01/ 10569 353
NH2 105 The desired conpound 105 was prepared by the sanme nethod as
described in the preparation of conpound 104 in Exanple 104. Except that an
appropriate am ne was used tIQ ubstitute amne A, and that the oxidation
was performed according the o) ure in Exanple 10, Step J. LRVS (M+H) +

mz 585.1 [calcd for C31 \ 584, 3]. Exanpl e 106: Preparation of
conpound 106:

o / o)
H H H
(4 3
R ﬂ?‘f N

CHy

91

The desired compound 91 was prepared by the same method as
described in the preparation of compound 30 in Example 30. Except that an
appropriate amine was used to substitute amine A in Step |. . LRMS (M+H)*
m/z 727 .1 [calcd for CagHseN4Og, 726.4].

Example 92: Preparation of compound 92:

: O o] o]
H 3C/]\ CHa
CHs CH;
92

The desired compound 92 was prepared by the same method as’
described in the preparation of compound 30 Example 30, except that Boc-
tert-butylglycine was used to substitute Boc-cyclohexylglycine in Step C.
LRMS (M+H)" m/z 791.1 [caled for CazHsgNgOg, 790.4].

Example 93: Preparation of compound 93:



M3 O ~<CCH3 *N\ CH3 106 The desired conmpound 106 was prepared by the
sane nethod as- described in the preparation of conpound 30 Exanﬁl SBOINE t h

the foll qw ceptions: (a). 5-benzyl oxy-2-nmnethyl-1-pe sed to
substi t ut Zgnﬁﬁﬁzyl oxy-2-met hyl -1-butene in Step A (b). "Ba;]&‘}g%o‘éﬁg%#i ate
amne was used to substitute am ne in Step I. LRMS (MtH)+ mz 653.1

[cal cd for C36H52N407, 652.4]. Exanple 107: Preparation of conmpound 107: a
1 5 SEP 2D11 WO 01/77113 PCTI US01/ 10869 354 NH2 CH3

93

The desired compound 93 was prepared by the same method as
described in the preparation of compound 92 in Example 92. Except that an
appropriate amine was used to substitute amine A. LRMS (M+H)" m/z 613.1
[caled for CazHagN4O7, 612.4].

Example 94: Preparation of compound 94:

0 2 ) 0
H.e TNCH,
CH; SHy

94

The desired compound 94 was prepared by the same method as.
described in the preparation of compound 92 in Example 92. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
573.1 [calcd for C3HasN4O7, 572.3].

Example 95: Preparation of compound 95:



107 The desired conpound 107 was prepared by the sane nethod as desgrkp?d
in the preparation of conpound 106 in Exanple 106. Except that an SEP 2004
appropri aw® @m7ns8 was used to substitute amine Ain Step 1pcangol/aset he
oxi dation was performed accordi ng the34rocedure in Exanple 10, Step J.

LRVS (MtHr mz 613.1 fcalcd for C33H48N407, 612.41. Exanple 108:
Preparation of conpound 108: H 108 The desired conpound 108 was prepared by
the sane nmethod as described in the preparation of conpound 106 Exanpl e
106, with the exception that an appropriate am ne was used to substitute
amine Ain Step 1. LRVS (MyH)+ nm'z 665.1 [cal cd for C37H52N407, 664.4].

Exanpl e 109: Preparation of T maesynd 109: S S EP 2006 WO 01/77113
PCT/ USO /10869 355 NH2 19’9\_& .

o
N

NJ\OY \d\rN\)L % :

% C/\CH3

95

The desired compound 95 was prepared by the same method as
described in the preparation of compound 30 Example 30, except that Boc-
valine was used to substitute Boc-cyclohexylglycine in Step C. LRMS (M+H)*
m/z 777.1 [calcd for CaqHseNgOg, 776.4).

Example 96: Preparation of compound 96:

The desired compound 96 was prepare-d by the same method as
described in the preparation of compound 95 in Example 95. Except that an
appropriate amine was used to substitute amine A. LRMS (M+H)" m/z 599.1
[calcd for CaaHagN4O7, 598.3].

Example 97: Preparation of compound 97:




The desired conmpound 109 was prepared by the same nethod as descri ?Ok i o0
the preparation of conpound 106 Exanple 106, with the exception th érE:
appropri g6 ofAhfis Was used to substitute amine Ain Step 'PC%H%]F]R% t he
oxi dation was performed accordi ng theyprocedure in Exanple Step J.
LRVS (MtH) + mz 625.1 [cal cd for C34H4aN407, 624.4]. Exanple 110:
Preparation of conmpound 110: CH3 -C H3 110 The desired conpound 110 was
prepared by the sane nethod as- described in the preparation of conpounds

| A and 113, Exanple-1, except that Boc-3-hydroxyproline was used to
substitute proline 1la in Step A. -arid that Boc-tert-butyl glycine was used
to substitute Boc-cycl ohexyl gl yci i,ﬁHéSt ep D LRV (MtH)+ mz 763.1

[cal cd for CA0H54N6(O, 762.4]. 11: Preparation of compound 111: WO
01/ 77113 356 791 CH3 -

97

The desired compound 97 was prepared by the same method as
described in the preparation of compound 95 in Example 95. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
559.1 [caled for CagHa2N4O7, 558.3].

Example 98: Preparation of compound 98:

“CHj

=T >b
%O
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prdn o
O
O
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The desired compound 98 was prepared by the same method ds
described in the preparation of compound 30 Example 30, except that Boc-
phenylglycine was used to substitute Boc-cyclohexylglycine in Step C. LRMS
(M+H)" m/z 811.1 [calcd for CssHsaNeOg, 810.4].

Example 99: Preparation of compound 99;



N.H3 1 5 SEP 2004 PCT/USO 1 /10859 The desired conmpound 111 was pregared
by the same nethod as described in the preparation of conpounds 4A arbdiP 4
i n Exanpl ¥Q0/Bltept that Boc-3-hydroxyproline was used t®CIRERSIA10860 €
profine 1a in Step A, _and that Boc-8¥t butyl glycine was used to
substitute Boc-cyclohexylglycine in Step D. LRMS (MtH)+ mz 777.1 [cal cd
for C41 H56N6C9, 776.4]. Assay for HCV Protease Inhibitory Activity:

SSnect rophot onetri ¢ Assay: Spectrophotonetric assays for the HCV serine
prot ease was performed on the inventive conpounds by foll ow ng the
procedure described by R Zhang et al, Analytical Biochemstry, 270 (1999)
268- 275, the disclosure of which is incorporated herein by reference. The
assay based on the proteolysis 68Gchrgnpgenic ester substrates is sui table
for the continuous nonitoring 3 protease activity. The substrates
were derived fromthe P sjdedof "t hg NS5A- NS5B j unction sequence (Ac-
DTEDVVX( Nva), where X = C-term nal carboxyl groups were
esterified with one of f hronD@horlc al cohol s (3- or

4-ni trophenol , - 7-hydroxy- co na in, or}$ phenylazophenol)
Presented bel ow are

99

The desired compound 99 was prepared by the same method as
described in the preparation of compound 98 in Example 98. Except that an
appropriate amine was used to substitute amine A. LRMS (M+H)" m/z 633.1
[caicd for C35H44N4O7, 632.3].

Example 100: Preparation of compound 100:

HaC
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100

The desired compound 100 was prepared by the same rhethod as
described in the preparation of compound 98 in Example 98. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
593.1 [caled for CasHypN4O5, 592.3].

Example 101: Preparation of compound 101:




the synthesis, characterization and application of these novel 15 SEP 2004
spectrophotonetric ester substrates to high throughput screening and

detail ed Wélﬂﬁtlil% eval uati on of HCV NS3 protease inhi bi toLl? _lé(b/g& | s and
X buf¢ W#@

Met hods: erials: Chem cal reagent Sis Eor assay rel ated

obtained from Sigma Chem cal Conpany (St. Louis, Mssouri). Reagents for
peptide | 1 55 E P 2006 WO 01/77113 PCT/ USQ 110869 357 synthesis were
from Al drich Chem cals, Novabi ochem (San Diego, California), Applied

Bi osystens (Foster City, California) and Perseptive Biosystenf,"

(Fram ngham Massachusetts). Peptides were synthesized manually or on an
aut omat ed ABlI nodel 431A S)Hﬁp eé zer (from Applied Biosystens). UVNI S
Spectronet er nodel LAMBDA 2 from Perkin El nmer (Norwal k, ~ Connecticut)
and 96-wel |l UV pl ates. we ' ned from Com ng ning, New York)- The
prewar m ng bl ock wa mUSA cientific (CQcal a, rida) and the 96-well

pl ate vortexer was f bIG)n ns run’ents (Ml roge Lk, Illinois). A
Spectranmax Plus mcrotit e regder W|t noc roget er was

N “CHj
0 L
Hac/\
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The desired compound 101 was prepared by the same method as
described in the preparation of compound 30 Example 30, except that Boc-
iscleucine was used to substitute Boc-cyclohexylglycine in Step C. LRMS
(M+H)" m/z 791.1 [caled for C4oHsgNgOg, 790.4].

Example 102: Preparation of compound 102:

O ; @] o
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The desired compound 102 was prepared by the same method as
described in the preparation of compound 1014 in Example 101. Except that an -
appropriate amine was used to substitute amine A. LRMS (M+H)" m/z 613.1
[calcd for CasHasN4C5, 612.4].

Example 103: Preparation of compound 103:




obt ai ned from Mol ecul ar Devices (Sunnyvale, California). Enzyne 5 ifpmm
Prepar ati on* Reconbi nant heterodi neri c HCV NS31NS4A pr ot ease (stral

was prepaWEdbiFilssi ng t he procedures published previously @DI/USO/1@Bad| et
al, Biochem stry, 37 (1998) 3392-3401}32 Protei n concentrations were

determ ned by the Biorad dye nmethod using reconbi nant HCV prot ease
standards previously quantified by am no acid analysis. Prior to assay
initiation, the enzyne storage buffer (50 nM sodi um phosphate pH 8.0, 300
mM NaCl, 10% gl ycerol, 0.05% | auryl maltoside and 10 nM DIT) was exchanged
for the assay buffer (25 nM MOPS gk 6.5, 300 nM Nadl, 10% glycerol, 0.05%
| auryl maltoside, 5 pMEDTA and 5 pN.8¥E) utilizing a Biorad Bio-Spin P-6
prepacked col um. Substrate Synt/hests, and Purification: The synthesi S of
the substrates was done a rted R Zhang et a!, (ibid.) and Was
initiated by anchori ng F t A 2- chi orotr| tyl chloride resin using
a standard protocol Ba OSHet al’, jpnty J. Pept Protein Res., 37
(1991), 513-520). The peptl WBM!L NHgsenbl ed, using Fnoc

chem stry, either manual ly' or cPn an autgmatic ABlI nodel 431 peptide
synthesi zer. The N-acetyl ated 1y prot ed peptide fragnents were
cleaved fromthe resin either by 1 cetic qgnd (HOAc) and 10%
trifluoroethanol (TFE) in dichloronethane (DCM *%or 30
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The desired compound 103 was prepared by the same method as
described in the preparation of compound 101 in Example 101. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
573.1 [calcd for C3oHasN4O7, 572.3].

Example 104: Preparation of compound 104:

HsC

CHs
o / o
H H H
NE/IL@(N AN
O T
CH,
104

The desired compound 104 was prepared by the same method as.
described in the preparation of compound 30 Example 30, except,that Boc-
cyciopentylglycine was used to substitute Boc-cyclohexyiglycine in Step €, -
and that an appropriate amine was used to substitute amine A in Step |.
LRMS (M+H)" m/z 625.1 [calcd for CasH4gN4O7, 624.4).

Example 105: Preparation of compound 105:




mn, or by 2%¢trifluoroacetic acid (TFA) in DCMfor 10 mn. The conPgn%g
filtrate and DCM wash was evaporated azeotropically (or repeatedly ot 2004
extracte EP 20 WD 01/77113 PCT/USO /10869 358 by @qug 2C38
sol utlon;ivéo}’gzlrlrgve the acid used in gleavage. The DCM phase %?0 ried
over Na2SO4 and evaporated. The ester substrates were assenbl ed using
standard aci d-al cohol coupling procedures (K Holnber et al, Acta Chem
Scand., B33 (1979) 410- 412). Peptide fragnents were dissol ved in anhydr ous
pyridine (30-60 ng/m) to which 10 nol ar equival ents of chronophore and a
catalytic amount (0.1 eq.) of para-toluenesuifonic acid (pTSA) were added.
Di cycl ohexyl carbodii m de (DCC, 3Hag ) was added to initiate the coupling
reactions. Product fornmation vva m) 1?o?ed by HPLC and found to be
conplete follow ng 12-72 hour [ roomtenperature. Pyridine-

solvent was evaporated u vacuum- nd further renoved by azeotropic
evaporation with tol uene. pept@ ster was deprotected with 95% TFA in
DCM for two hours and extra te ﬁr thhﬁ_phydrous ethyl ether to

CHs
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The desired compound 105 was prepared by the same method as
described in the preparation of compound 104 in Example 104. Except that an
appropriate amine was used to substitute amine A, and that the oxidation was
performed according the procedure in Example 10, Step J. LRMS (M+H)" m/z
585.1 Jcalcd for C31HuN4O7, 584.3].
Example 106: P'reparation of compound 106:
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The desired compound 106 was prepared by the same method as-
described in the preparation of compound 30 Example 30 with the following
exceptions: (a). 5-benzyloxy-2-methyl-1-pentene was used to substitute 3-
benzyloxy-2-methyl-1-butene in Step A; (b). an appropriate amine was used
fo substitute amine A in Step |. LRMS (M+H)" m/z 653.1 [calcd for
CasHs2N4O7, 652.4].

Example 107: Preparation of compound 107;




renmove excess chronophore. The deprotected substrate was purified by P 2001
reversed phase HPLC on a C3 or C8 colum with a 30%to 60% acetonitr?lsé
gradi ent WMYIE x col um vol unes). The overal |l yield fol IPEaURY1ARE
purification was approxi mately 20-30%3The nol ecul ar mass was confirnmed by
el ectrospray ionization nmass spectroscopy. The substrates were stored in
dry powder form under desiccation. Spectra of Substrates and Products:
Spectra of substrates . and the correspondi ng chronophore products were
obtained in the pH 6.5 assay buffer. Extinction coefficients were

determ ned at the optinmal off-pe wavel ength in 1-cm cuvettes (340 nmfor
3-Np and HMC, 370 nm for PAP an for 4-Np) using multiple
dilutions. The optiml off-peakjiwavel h was defined as that wavel ength
yi el ding the maxi num fracti ) [ rence in absorbance between substrate
and product (product OD - $ubgtrate ) / substrate OD). Protease Assay: HCV
prot ease assays were perforhg uping a 00 pi reaction mx in a
96-wel |l microtiter plate. As$g J QP NH25 mM MOPS pH 6.5, 300
mM NaC), 10% gl ycerol, 0.05% llauryl nalt@sid pM EDTA and 5 pM DTT)
were optim zed for the NS3/ i 1 5 SEP 2004

The desired compound 107 was prepared by the same method as
described in the preparation of compound 106 in Example 106. Except that an
appropriate amine was used to substitute amine A in Step |, and that the
oxidation was performed according the procedure in Exampie 10, Step J.
LRMS (M+H)" m/z 613.1 [calcd for CasHagN4O7, 612.4).

Example 108: Preparation of compound 108:
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The desired compound 108 was prepared by the same method as
described in the preparation of compound 106 Example 106, with the
exception that an appropriate amine was used to substitute amine A in Step !.
LRMS (M+H)" m/z 665.1 [calcd for C37Hs2N407, 664.41.

Example 109: Preparation of compound 109:




WO 01/77113 PCT/ USO01/ 10869 359 Sali of al, ibid.)). Typically, 150 1p5 SEPZU{M
m xtures of buffer, substrate and inhibitor were placed in well final
concentratiaon DVBO 4 % v/ v) and al |l owed to. prei ncu C for
appr oxi nma ’78 ¥ nutes. Fi fty pis of. prewar rred pr ot easebﬁtlguelﬁw%g% in
assay buffer was then used to initi ‘ie the reaction (final volune 200
pl).The plates were nonitored over the Iength of the assay (60 m nutes)
for change in absorbance at the appropriate wavel ength (340 nm for 3-Np
and HMC, 370 rimfor PAP, and 400 nmfor 4-Np) using a Spectromax Pl us
mcrotiter plate reader equipped with a nonochroneter (acceptable results
can be obtained with plate read at '_l'JtI lize cutoff filters).

Proteol ytic cl eavage of the est é between the Nva and the

enzynme bl ank as a control
substrate kinetic paranete
concentration range (-6-200 A
| i near regression and kineticYyfongtants r & obyai ned by fitting the data
to the M chaelis-Mnten equatd si ng Pon-4i ndar regression analysis (Mc

eymati ¢ hydrol ysis. The eval uati on of
nas per f/onmed over a 30-fold substrate

.Curve Fit 1.1, K Raner). Turngd nunber s It) were cal cul ated assum ng
t he
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The desired compound 109 was prepared by the same method as
described in the preparation of compound 106 Example 108, with the
exception that an appropriate amine was used to substitute amine A in Step ),
and that the oxidation was performed according the procedure in Example 10,
Step J. LRMS (M+H)" m/z 625.1 [calcd for CasHasNsO7, 624.4].

Example 110: Preparation of compound 110:

110

The desired compound 110 was prepared by the same method as-
described in the preparation of compounds 1A and 1B, Example*1, except
that Boc-3-hydroxyproline was used to substitute proline 1a in Step A, arid
that Boc-fert-butylglycine was used to substitute Boc-cyclohexylglycine in
Step D. LRMS (M+H)" m/z 763.1 [calcd for CaoHssNgOs, 762.4].

Example 111: Preparation of compound 111;




enzynme was fully active. Evaluation of Inhibitors and Inactivators: g%%
I nhibition constants (K;) for the conpetitive inhibitors 1 P 2004
Ac- D- (D GM) e17m113 Cha) - G- OH (27), Ac- DTEDWA(Nva) - OH and PCT/US01/10869

Ac- DTEDVVP( Nva) - OH were determ ned exp& inentally at fixed concentrations
of enzyme and substrate by plotting vdv, vs. inhibitor concentration
([11,) according to the rearranged M chaelis-Menten equation for
conpetitive inhibition kinetics: vdvj =1 + [1] o /(K (1 +[S] p /Km),
where vq is the uninhibited initial velocity, v, is the initial velocity
in the presence of inhibitor at any given inhibitor concentration ([I]o0)
and [S]o is the substrate centration used. The resulting data were

fitted using linear regre®sion the resul ting ope, 1/ (K (1 +[S] dKm,
was used to cal cul at e K valug. The obtai ned !
macrocycl es of the p eny Cnye iq_r|1 arle giyverQin

COUpQN

al ues for the various
Table | wherein the Q(_:I}L ve_Mee arhan d J tplpe order of ranges of
K: values. Fromthese tdst [ 1% SEP 2 44 014}{'771375@?/ US01110869 360
111

heCHyf or e- nent i oned
results, it would be ap&ar,eTr& to tHe skil Ped artisar@that the conpounds of
t he

The desired compound 111 was prepared by the same method as
described in the preparation of compounds 4A and 4B in Example 4, except
that Boc-3-hydroxyproline was used to substitute proline 1a in Step A, and
that Boc-terf-butylglycine was used to substitute Boc-cyclohexylglycine in
Step D. LRMS (M+H)" m/z 777.1 [calcd for Cy4HssNgQg, 776.4].

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-NS5B 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:

Materiais: Chemical reagents for assay related buffers were obtained
from Sigma Chemical Company (St. Louis, Missouri). Reagents for peptide



i nvention have excellent utility as NS3-serine protease inhibitors. &eélSEP 2004
Bi oassay Method: The cell bioassays for the HCV serine protease was

per f or e i nventive conpounds by follow ng the pro ri bed
by S. Aggg%lhzﬁsal , "Devel opment and;Gharacterization of mﬁ‘?lﬂﬁg&c Vi rus
Serine Protease Cell-based Trans-C eavage Assay", Hepatol ogy Supplenent to
Vol ume 30 (No. 4, Part 2, COctober 1999), Abstract No. 615 (Proceedi ngs of
AASLD 50t h Annual Meeting, Dallas, Texas, Novenber 5-9, 1999), the

di scl osure of which is incorporated herein by reference. The assay was
performed in HeLal Huh7 cells that were co-transfected with a plasm d that

expr esses synthesis were fioat AldsichuBremials, Navabiogheas (Han Risga.sBalifoeiahge

vectar andPrRe: BREYsHHs olhastol i ra R GBL AT o Eb R Se EHSRR G .
Prot ease arfdniingant Masanueettsy FEpidBAGr el synthadiza® aruahaiororf 8hl owed

by Western bl ot “detection using a nonoclonal antibody directed against the
reporter sutomatedeABQUandel 4314 systhesizert (fione Mﬁ@ﬁaé@&m@"@@r N by

oL SRR Bl ARSI BB S e RS

' Connecticut) and 96-well UV plates were obtained from Coming (Corning,
New York). The prewarming block was from USA Scientific (Ocala, Florida)
and the 96-well plate vortexer was from Labline Instruments (Melrose Park,
llinois). A Spectramax Plus microtiter plate reader with monochrometer was
obtained from Molecular Devices {(Sunnyvale, California).
Enzyme Preparation: Recombinant heterodimeric HCV NS3/NS4A protease
(strain 1a) was prepared by using the procedures published previously (D. L.
Sali et al, Biochemistry, 37 (1998) 3392-3401). Protein concentrations were
determined by the Biorad dye method using recombinant HCV protease
standards previously quantified by amino acid analysis. Prior to assay
initiation, the enzyme storage buffer (50 mM sodium phosphate pH 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 uM 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% trifluorcethanol (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



fusion protein conmprised of an N termnal blue fluorescent protein!(BHH 2004
domain and a C termnal green fluorescent protein (GFP) donain, separated
by a 25 awiOnm/7atidds derived fromthe NS5A/ 5B cl eavage recogaimiisomnosss
sequence. Both GFP and BFP are essent %8 | y honol ogous aut of | uor escent
proteins that emt green or blue light, respectively, when excited by DV
light of the appropriate wavel ength. Four am no acid substitutions in the
chromophore of GFP alter the em ssion wavel ength and convert the protein
to BFP. The substrate and the resulting GFP and BFP products can be

detected i t ' |.Qg Iy o tibod
hat r ecoliaieque RECO: 811BH 18 ot TG HiF p34 38 o STRNR R NGRES 561
The BFP- 54haBe W43 dhpdoiver NeeB8O,cant @vapoidied BFP and GFP  aut of | uor escent
protei n codi ng _sequences (Quantum Bi ot echngiﬂ%gi es, Inc., Montreal, “Canada)

separated by t HAENSSIeESUbsEaIRfgMverEcagReMPlRd UsingL ierdarg @ﬁiﬂjab‘@hﬂken t he
o ERPng B PR MR 175 LB ot RSRIETOkARLTY,
i's under t@)cPaplide freignidrits Wbtd dispologatisranhydrous pyridine (30-60 mg/mt)
to which 10 molar equivalents of chromophore and a catalytic amount (0.1
eq.) of para-toluenesuifonic acid (pTSA) were added.
Dicyclohexylcarbodiimide (DCC, 3 eq.) was added to initiate the coupling
reactions. Product formation was monitored by HPLC and found to be
complete following 12-72 hour reaction at room temperature. Pyridine solvent
was evaporated under vacuum and further removed by azeotropic
evaporation with toluene. The peptide ester was deprotected with 95% TFA in
DCM for two hours and extracted three times with anhydrous ethyl ether to
remove excess chromophore. The deprotected substrate was purified by
reversed phase HPLC on a C3 or C8 column with a 30% to 60% acetonitrile
gradient (using six column volumes). The overall yield following HPLC
purification was approximately 20-30%. The molecular mass was confirmed
by electrospray ionization mass spectroscopy. The substrates were stored in
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 multipte 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

Hl 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 uM
EDTA and 5 pM DTT) were optimized for the NS3/NS4A heterodimer (D. L.



enhancer. The bovine growh hornmone p (A) sequence of the vector prﬁgi ?ﬁ?
t he pol yadenyl ati on signal for the nRNA. The NS5A15B cl eavage seque N agt

SSGADTEDV% GALVTP. DNA sequencing was used to vali | one.
P1 BOOX2: 1 ﬁ -32GS-GS NS 3-81 117}, The subtype 1 b pr%laltefgss&eln\ﬁgﬁ(sé

cl oned as an Xbal/Notl fragment behind the CW pronoter in vector pd neo.
YFPnl: YFPnl was purchased from CLONTECH (Palo Alto, California). Addition
of third plasmd to the transfection supplies an internal standard protein
to control for cytotoxicity and does not affect percentage of protease

cl eavage. Plasm d DNAs were mai ntai ned and propagated in DH5a cells

(obt ai ned Saliogh &k fkide} hFypicglyeshSO ki midtaess ohbufieersulisérate andpinhiiter
A o, S A Byl AL 0 PR it L SR Al A
el ke ovi Lo R o e e e P il e smned 2
gl ut am ne pretedse 02 My 3Q'EH iviassay-wiflespvasmikiem used to initiate the reaction
(final volume 200 pl).The plates were monitored over the length of the assay
(60 minutes) for change in absorbance at the appropriate wavelength (340 nm
for 3-Np and HMC, 370 nm for PAP, and 400 nm for 4-Np) using a
Spectromax Plus microtiter plate reader equipped with a monochrometer
(acceptable results can be obtained with plate readers that utilize cutoff
filters). Proteolytic cleavage of the ester linkage between the Nva and the
chromophore was monitored at the appropriate wavelength against a no
enzyme blank as a control for non-enzymatic hydrolysis. The evaluation of
substrate kinetic parameters was performed over a 30-fold substrate
concentration range (~6-200 pM). Initial velocities were determined using
linear regression and kinetic constants were obtained by fitting the data to the
Michaelis-Menten equation using non-linear regression analysis (Mac Curve
Fit 1.1, K. Raner). Turnover numbers (k.a) were calculated assuming the
enzyme was fully active.
Evaluation of Inhibitors and Inactivators: The inhibition constants (K;) for the
- competitive inhibitors 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 vo/v; vs. inhibitor
concentration ([t} ,) according to the rearranged Michaelis-Menten equation for
competitive inhibition kinetics: vo/vi = 1 + [I] o /(Ki (1 + [S] o /Kin)), where v, is”
the uninhibited initial velocity, v is the initial velocity in the présence of
inhibitor at any given inhibitor concentration ([l],) and [S), is the substrate
concentration used. The resulting data were fitted using linear regression and
the resulting slope, 1/(Ki(1+[S] o/Ky), was used to calculate the K; value.
The obtained K; values for the various macrocycles of the present
invention are given in the afore-mentioned Table 1 wherein the compounds
have been arranged in the order of ranges of K; values. From these test



(Bi oWhi t aker), 2% NaHCO3. Huh7 cells were nmaintai ned and propagat edl Erg

Dul becco's Moudified Eagle's nedium (DVMEM Bi oWittaker) suppl enent’e \E\HW
10% f et al APFT¥8F um (FCS), 100u/m penicillin-streptonyciRCIB0MSaaker )
and 5 m NEAA(100x; Biovhittaker)/L. 380P Procedure WO 01/77113

PCTI US01110J6; SEP 201IL 362 Day preceding transfection: HelLa cells were
seeded in 24 well plates (Falcon 3047 plates) at a density of...... 6 X
104 cells/well and grown overnight at 37Cin a 5% C02 i ncubator. Day of
transfection: Plasmd DNAs were diluted to a final concentration of 0.05

6978 pg- e ESuaEwolddse HBbafertto E 4Rijed Bt SA Nl i CTRBUNER oLhe ™ 05
and 0. 02pgneéntiorFirae eiﬁ@ldﬂﬂéﬁ;h’&ymsﬂ@%&zg‘h‘ie poteade imkibitors. uma of 60 pl with

EMEM | acki ng FBS, glutam ne, and antibiotics. Aratio of 5 vol unmes of
Super Fect Gl BiaassavMethed: The celipoassaysier theHGY ﬁ@%n%PrWSWSadded

and the mgd BeritrnetPon BRE vRRRVE cfhRRASY RABWIHFtHRTBleddrd Wdscrfled 0OM

t enper at ur'e
by S. Agrawal et al, “Development and Characterization of Hepatitis C Virus

Serine Protease Cell-based Trans-Cleavage Assay”, Hepatology Supplement
to Volume 30 (No. 4, Part 2, October 1999), Abstract No. 615 (Proceedings of
AASLD 50™ Annual Meeting, Dallas, Texas, November 5-9, 1999), the
disclosure of which is incorporated herein by reference. The assay was
performed in HeLa/Huh7 cells that were co-transfected with a plasmid that
expresses a reporter protein substrate containing the NS5A/5B cleavage
recognition sequence and an 1BNS4A 1.3, GS-GSNS 351 117K expression
vector and YFPn1 as a internal standard protein to control cytotoxicity.
Protease activity was measured by SDS-PAGE of total cell lysates followed
by Western blot detection using a monocional antibody directed against the
reporter substrate. Quantitation of substrate cleavage was performed by
scanning the immunoblot on the phosphoimager.

Materials:

Plasmid DNAs

pBFP-5A/5B-GFP: The reporter gene that expresses the substrate encodes a

fusion protein comprised of an N’ terminal blue fluorescent protein (BFP)
domain and a C’ terminal green fluorescent protein (GFP) domain, separated
by a 25 amino acids derived from the NSS5A/8B cleavage recognition
sequence. Both GFP and BFP are essentially homologous autoflucrescent
proteins that emit green or blue light, respectively, when excited by UV light of
the appropriate wavelength. Four amino acid substitutions in the chromophore
of GFP alter the emission wavelength and convert the protein to BFP.

The substrate and the resuilting GFP and BFP products can be
detected in ceil lysates by immunologic methods using a monocional antibody
that recognizes both proteins.



al l ow conplex formation. Wile conplex formati on was taking pl ace, gr5oy[t|ﬂhz[}[u
mediumfromcell culture plates was aspirated and cells washed 1X with

m PBS without Cat+, M2+ (BioWwitaker). 350 pl EMEM (su W|th
appropr i aV® ¥{7pldnent s- conpl eat madln:r was added to the%@?@dﬁéjgl ni ng

the transfection conplexes and the ture pipetted up and down 2-3 tines.
Total volunme was transferred to one well of the 24 well culture plate. The
HeLa cells were incubated with the transfection conplexes for about 3 hr.
at 37C and 5% C02. The nedia containing the transfection conpl exes was
renoved fromthe cel I's by aspiration. The cells were washed once in about

| m PBS, the gﬁﬁgﬂp @F@re@@ﬂer 2ae Ronding P BFPeakdVegpras added
foll owed by 5 p| corrpoun he ?el l's Werle | ncubat ed 22-24 hr. at 37C

and 5% CO2utdthapescentgrotein Cedinglseseased (QuastlinuBidteohnaagleswiid., was
ARG Qﬁ%ééra%%?@&éaﬁé&?@%’%@%&Eﬁ%@?&ﬁﬂoh?hmﬁew o
ey agnte kg BB IR e RSERAEH ditprbse |1 s
SDS- PAGE  gftes of tee bwﬁﬁslommn@ veetoo(@eadntuyn Biotechnologies, Inc.).

' Expression of the fusion protein is under the control of the CMV IE promoter-
enhancer. The bovine growth hormone p (A} sequence of the vector provides
the polyadenyiation signal for the mRNA. The NS5A/58 cleavage sequence
is: SSGADTEDVVCCSMSYTWTGALVTP. DNA sequencing was used to
validate the clone.

P1B0OO02: 1bNS4A21-32GS-GS NS 3-81 I17K: The subtype 1b protease was
cloned as an Xba1/Not1 fragment behind the CMV promoter in vector
pC1neo.

YFPn1: YFPn1 was purchased from CLONTECH (Palo Alto, California).
Addition of third piasmid to the transfection supplies an internal standard
protein to control for cytotoxicity and does not affect percentage of protease
cleavage.

Ptasmid DNAs were maintained and propagated in DH5a cells
(obtained from LifeTechnologies) in LB medium under the appropriate
antibiotic selection, and purified using QlAfilter Plasmid Kits (Qiagen,
Valencia, California).

Cell Culture:

HelLa cells were maintained and propagated in Eagle’s Minimum Essential
Media (EMEM; BioWhittaker, Walkersville, Maryland) supplemented with 10% )
fetal calf serum (FCS), 2 mM glutamine, and 100 u/ml penicillin-streﬁtomycin’
(BioWhitaker), 2% NaHCOs. |
Huh?7 cells were maintained and propagated in Dulbecco’s Modified Eagle’s
medium (DMEM; BioWhittaker) supplemented with 10% fetal calf serum
(FCS), 100u/ml penicillin-streptomycin (BioWhitaker) and 5 ml NEAA{100x;
BioWhittaker)/L .

SOP Procedure



el ectrophoresis on 10 cmx 10 cm 12. 5% SDS- PACE (OM Scientific, cat #r 1
5 S E P 2004 WD 01/ 77113 PCT/ USOL/ J0869 363 OG 0125B) run at 30 maeig élﬂ’?ﬂﬂfx
Tris-dycweegDIibuffer (OM Scientific). Prior to use, PVINETRe$d

(I'mobi | on-P; . 45pm pore size; MIIlipor3é Bedford, w., Massachusetts) was
soaked in 100% net hanol for 10 seconds and then the blot was placed in
distilled water. The proteins were transferred to PVDF filter nenbranes
(0.45pm M lipore) at 108 nanp per gel for 90 m nutes using a sem -dry

el ectroblotter. Detection of Proteins by ECF Western Bl ot (Amersham

Phar maci a ﬁl ot ecgé i Li { t | eggal font, England), catalog #RPN 5780). The PVDF
filter mers 5% bl ocking reagent (fromkit) in -10 ni
S cors ™ Ao gl Gafe BUEABA 10 a2 St B o AT o
t he nmenbr adhes10kcels/welhaed droivef dwernight at 8720 i BES. @ORdnCIE0N. 05% Tween
20 washi ng_buffer, then washed three tines each time 5 mn. in PBS
cont ai ni nMﬂ%ﬁ&Et'—o%, pH 7.4. The menbranes were incubated in 12 ms
of a 1: 30084y 'DreRs Were diluted to a final concentration of 0.05 pg/ul in nuclease

free water (Promega, Madison, Wisconsin, cat # P119C). 0.75 ug BFP-5A/5B-

GFP was combined and mixed with 0.175 pg P1B002 (0.23X) and 0.02ug of

YFPn1. The DNAs were brought to a final volume of 60 ul with EMEM lacking

FBS, glutamihe, and antibiotics. A ratio of 5 pl volumes of SuperFect Reagent

(Qiagen, cat # 301305) per total ugs of DNA was added and the mixture

vortexed about 10 seconds and incubated 10 min. at room temperature to

allow complex formation.

While complex formation was taking place, growth medium from cell culture

plates was aspirated and cells washed 1X with 1 ml PBS without Ca®*, Mg?*

(BioWhitaker). 350 pl EMEM (supplemented with appropriate suplements-

compleat medium) was added to the tube containing the transfection

complexes and the mixture pipetted up and down 2-3 times. Total volume was

transferred to one well of the 24 well culture plate. The Hel a cells were

incubated with the transfection complexes for about 3 hr. at 37°C and 5%

CO2. The media containing the transfection complexes was removed from the

cells by aspiration.

The cells were washed once in about 1 mi PBS, the PBS was aspirated and

495 pl of complete EMEM was added followed by 5 pl compound/well. The

cells were incubated 22-24 hr. at 37°C and 5% CO2.

Preparation of Cell Lysates

The medium from each well was aspirated and washed once 1x with DPBS. ]
Cells were harvested in 100 pl of 1x Tris-SDS-BME sample buffer (OWL
separation system, Portsmouth, New Hampshire, cat # ER33) and transferred
to microcentrifuge tubes. It was then boiled 3-5 min. to lyse cells. Loading was
done at 10 pl/well on SDS-PAGE gel. The tysates were resolved by
electrophoresis on 10 cm x 10 cm 12.5% SDS-PAGE (Owl Scientific, cat #



anti - GFP nonocl onal antibody for 30 minutes (Contech, Palo Alto, 15SEPi
Californi a) I n PBS containing 0.05% Tween 20, pH7.4 Wmle at the sane tine
| % BSA ( bovine cat # A-2153 from Sigma) was add e
backgr oun di%ugﬁrrerrbr anes were washegd_briefly t\)/vi ce with g@sﬁlﬁqg{?
thrice, for 5 mn. each tine, in . TPBS washing buffer. The nenbranes were

i ncubated in 12 ms of a 1:600 dilution anti fluorescein-linked anti nouse
lg in TPBS for 30 mnutes. The nmenbranes were washed briefly with TPBS
twice, then for 5 nin. in TPBS washing buffer thrice. For signal
anplification with ECF substrate nenbranes were incubated in 10 m of

1: 2500 anDGq‘G1t2586)$me|ah30ahaMp| inel rmﬁGsmﬁm -85 butigui@wkStientific). Rriaut es. The

o e s vid oS, AP SBetabRE aoblor i s agng st B Bate b 12N 10
manuf act uwss%chu%ﬁsg%é@@ém(é& lrﬂﬂ%% rﬁ%afnbﬁﬁifelb sEBRINRISARStHMAItRe| NCubat ed

for 2-3 mnutes, excess reagent drained off, then were blotted with
filter pabiotsvasplacddimdistided !water mhwmlaaWerehmstt:dPV&Faﬁlmrng t he
menbr ane: The bl ot on t e gl ass of phosphoi mager Storm 860. The
bl ue chemmﬂﬁpﬁ"&sdgn‘fsiﬁﬁaﬁ@g?orﬁé 200 pixcels size, 700 1 5 SEP 20R WD

-01/77113 R%Wéﬂp@é’@el for 90 minutes using a semi-dry electroblotter.

Detecthm_t)f Proteins by ECF Western Blot (Amersham Pharmacia Biotech,
Little Chalfont, England), catalog #RPN 5780). The PVDF filter membranes
were blocked by 5% blocking reagent (from kit) in ~10 ml PBS containing
0.05% Tween 20, pH 7.4 (Sigma Chemicals, St. Louis, Missouri, cat # 3563)

for overight at 2-4°C in refrigerator. The next day, the membranes were

rinsed briefly twice with TPBS containing 0.05% Tween 20 washing buffer,
then washed three times each time 5 min. in PBS containing 0.05% Tween
20, pH 7.4. The membranes were incubated in 12 mis of a 1:3000 dilution of
anti-GFP monoclonal antibody for 30 minutes (Clontech, Palo Alto, California)
in PBS containing 0.05% Tween 20, pH7.4 while at the same time 1% BSA
(Albumin, bovine cat # A-2153 from Sigma) was added to reduce background.
The membranes were washed briefly twice with TPBS, then thrice, for 5 min.
each time, in TPBS washing buffer. The membranes were incubated in 12 mls
of a 1:600 dilution anti fluorescein-linked anti mouse Ig in TPBS for 30
minutes. The membranes were washed briefly with TPBS twice, then for 5
min. in TPBS washing buffer thrice. For signal amplification with ECF
substrate membranes were incubated in 10 mi of 1:2500 anti fluorescein
alkaline phosphatase conjugate for 30 minutes. The membranes were rinsed
briefly with TPBS twice, then 5 min. in TPBS washing buffer thrice. The ECF
substrate solution was prepared as per manufacturer's instructions (aliquot ’
and freeze), membranes were incubated for 2-3 minutes, excess reagent was
drained off, then were blotted with filter papers, air-dried for 9-10 minutes and
then scanned.

Scanning the membrane: The blot was placed on the glass of phosphoimager
Storm 860. The blue chemiluminiescent was set up, 200 pixcels size, 700



364 PMI voltage. The file was opened in |InmageQuant and quantitated by
creating squares around the bands representing the substrate (S), flHeSEP 2004
product (Woa@ami113. the internal control (1C. The % cl eava&ga/uso1/1i869
substrate was neasured as P/ (S+P)xl G4 The inhibition in cleavage due to
drug was neasured conpared duplicate to drug controls included on each
blot. A report was created in Excel. The results are shown in Table 2.
Fromthese test results, it would be apparent to the skilled artisan that
t he conpounds of the invention have excellent utility as NS3-serine

Cel | - Based TINSLREE, Th8 S was sFSlia o RBRERegR aRY g femittaidy by EaBlifg
squares around the bands representing the substrate (8), the product (P)and
the internal control (iC). The % cleavage of the substrate was measured as
P/(S+P)x100. The inhibition in cleavage due to drug was measured
compared duplicate to drug controls included on each blot. A report was
created in Excel. The results are shown in Table 2. 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.

Table 2: HCV Cell-based assay resulis:

Example Cell-Based
Number Assay (uM)
1B 2
2 2
4A 2.5
4B 1.8
5 0.6
7B 7
8 3.5
12B 5.2
21 2
23 3
30 -1
57B 1.5
58 2

it will be apparent to those skilied in the art that many modifications,
variations and alterations to the present disclosure, both to materials and
methods, may be practiced. Such modifications, variations and alterations are )
intended to be within the spirit and scope of the present invention. '



83.5 12B5.2 212 233 301 57B1.5 582 It wll be apparent to those skilleg

the art that many nodifications, variations and alterations to the 5* §5Eﬁ%3
di scl osure, both to materials and nethods, may be practiced. Such

nodi fications, variations and alterat@%gs are intended to be within the
spirit and scope of the present invention. 1 5 SEP 2006 365 CLAIMS 1. A

macr ocycli c conmpound, including enantioners, stereoisoners, rotoners and

tautoners of said conpound, and phar@pgai§i cal |y acceptable salts or
sol vates of said conpound, said co aving the general structure

shown in Fornula |: Rl
1. A macrocyclic compound, including enantiomers, stereoisomers,
rotomers and tautomers of said compound, and pharmaceutically acceptable
salts or solvates of said compound, said compound having the general

structure shown in Formula I:

wherein the moiety:

represents:



R3 VR2 Fornula | wherein the noiety: represents: 1 S SEP 2004 366 or X and
Y are independently selected fromthe noieties: alkyl, alkyl-aryl, 1 5SFp 2004
het er oal kyl , heteroaryl, aryl-heteroaryl, cycloal kyl, alkyl ether,

al kyl -aryl ether, aryl ether, alkyl lx,no, aryl amno, alkyl-aryl am no,

al kyl sulfide, alkyl-aryl sulfide, aryl sulfide, alkyl am de, alkyl-aryl
am de, aryl am de, al kyl sulfonam de, alkyl-aryl sulfonam de, aryl

sul fonam de, al kyl sul fonyl, aryl sulfonyl, hﬁégroalkyl sul f onyl ,
het er oaryl sul fonyl, al kyl carbonylhﬂaﬁyl car bOn het er oal kyl carbonyl,
het er oaryl carbonyl, al koxycarbonyl, aryl oxycar bgg
het er oar yl oxycar bonylwwor a conbi nati t her eof
and Y may optionally b additionalfy sopstituted
fromthe group consisti of '
cycloal kyl; RL = CORS/ wh@rein R5
CF2R6, R6, or COR7Y ereijn R7
R6, RS, j\N

the proviso that X
noi eti es sel ected
aryl, heteroal kyl, and
0, CF3, C2F5, C3F7,
NROR10 , wherein

%,

X and Y are independently selected from the moieties: alkyl, alkyl-aryl,
heteroalkyl, heteroaryl, aryl-heteroaryl, cycloalkyl, alkyl ether, alkyl-ary! ether,
aryl ether, alkyl amino, aryl amino, alkyl-aryl amino, alkyl sulfide, alkyl-aryl
sulfide, aryl sulfide, alkyl amide, alkyl-aryl amide, aryl amide, alkyl sulfonamide,
alkyl-ary! sulfonamide, aryl sulfonamide, alkyl sulfonyl, aryl sulfonyl, heteroalkyl
sulfony!, heteroaryl sulfonyl, alkyl carbonyl, aryl carbonyl, heteroalky! carbonyl,
heteroaryl carbonyl, alkoxycarbonyi, aryloxycarbonyl, heteroaryloxycarbonyl, or
a combination thereof, with the proviso that X and Y may optionally be
additionally substituted with moieties selected from the group consisting of
aromatic, alkyl, alkyl-aryl, heteroalkyl, and cycloalkyl;

R! = CORS, wherein R® = H, OH, OR®, NR°R?, CF,, C,F;, C;F;, CF2R®,
R® or COR’ wherein R” = H, OH, OR®, CHR®R'®, or NR°R"°, wherein R®, R®,
R® and R'® are independently selected from the group consisting of H, alkyl,
aryl, heteroalkyl, heteroaryl, cycloalkyl, cycloalkyl, arylalkyl, heteroarylalkyl,
CH(R"COOR'!, CH(R")CONR'?R", CH(R" JCONHCH(R* }COO R"",
CH(R")CONHCH(R¥)CONR'?R"®, CH(R")CONHCH(R? )R’,
CH(R"YCONHCH(R?)CONHCH(R*)COO R™,



RO and R10 are independently selected fromthe group consisting of H,

al kyl, aryl, heteroal kyl, heteroaryl, cycloal kyl, cycloal kyl, aryl qll ket p 2004
het eroaryl al kyl, CH(R1')000R11l, CH(R ) CONR12R13, CH(R") CONHCH( R2' éc%
R11, CH(R") CONHCH( R2') CONR12R13, CH( HCH(R2' )R,

CH(R' )CO\IHCH(RZ ) CONHCH( RT) 000 R11 1 EP 2004 367

CHR ' )CO\IHCH(RZ ) CONHCH( R3' ) CONR12R13,

%E R ) %@iﬁ‘%@'ﬂ'@’%"%‘w gg?%%éﬂl CH(R') CONHOH( R

3
) CONHCH( REH(@)EIOMNHG HY (RIO6 OMHCH( PARRHCH( R2

)MH%E%(W@%MM@%P\%FV mﬂlﬁeﬂ:v from a igroulp’ s

;OES' sti n@u@(fq e ON e H( R'ar)tszH@H@R%)ﬁi@NHcHuﬁ‘%@Nm:H(R%ﬂoa va
yl -aryl Ky I-hetero ryI ar hgteroaralk l; gl ect ed
f rom 0 NCHR OG}OWWRDe)QQEL‘E%ﬂ( é’M‘é@H( NHGH( )&Q@Bn 2R Wi s
o iy 80 AR o o o
from a group consisting of H, alkyl, aryl, heteroalkyl heteroaryl, cycloalkyl,
alkyl-aryl, alkyl-heteroaryl, aryl-alkyl and heteroaralkyl;
Z is selected from O, N, or CH;
W may be present or absent, and if W is present, W is C=0;
R* is H, C1-C10 alkyl, C1-C10 alkenyl or C3-C8 cycloalkyl; and
R? and R® are independently selected from the group consisting of H;
C1-C10 alkyl; C2-C10 alkenyl; C3-C8 cycloalkyl, C3-C8 heterocycloalkyl,
alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester, carboxylic acid,
carbamate, urea, ketone, aldehyde, cyano, nitro; oxygen, nitrogen, sulfur, or

phosphorus atoms with said oxygen, nitrogen, sulfur, or phosphorus atoms

numbering zero to six;

(cycloalkylalky! 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; aryl;
heteroaryl; alkyl-aryl; and alkyl-heteroaryl,

with said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl, cycloalkyl
and heterocycloalkyl moieties may be optionally substituted, with said term
“substituted” referring to optional and suitable substitution with one or more
moieties selected from the group consisting of alkyl, alkenyl, alkynyl, aryl,
aralkyl, cycloalkyl, heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy,
alkylthio, arylthio, amino, amido, ester, carboxylic acid, carbamate, urea,
ketone, aldehyde, cyano, nitro, sulfonamide, sulfoxide, sulfone, sulfonyl urea,

hydrazide, and hydroxamate.

2. The compound of claim 1, wherein R' = COR®, and R® is H, OH,
COOR®, or CONR°R'.



Cl-C10 al kyl; C2-Cl10 al kenyl; C3-C8 cycl oal kyl; C3-C8 heterocycl oal k1y5 SEP ZDUL
al koxy, aryloxy, alkylthio, arylthio, am no, am do, ester, carboxylic acid
carbanmat e, urea, ketone, al dehyde, cyano, nitro; oxygen, nltrogen sul fur,

or phosphorus atonms with said oxygenaklgl trogen, sulfur, or phosphorus

atons nunbering zero to six; (cycloalkyl)al kyl and
(heterocycloalkyl)alkyl wherein said cycloalkyl is nade of three to eight

car bon at sal 34?1(;' xrz(cﬁ'flﬁoﬁl?d §f Elaﬁﬁ&g%er&htﬁbQ@DCQNFiwo aﬂ{d R@@ﬁpkﬂﬁ us

at ons, t0 sl x carbon atons eroaryl ;
al kyl - aryhs HaGIIH(RF B@OORE er&RY) CCWRHI@%@H@R I@@IQNHQW&O}{D@QR al kenyl ,

het er oal ken 2 G¥Cl e ycl oal kyl noieties
may be optq D&Qﬁ'ﬁ%@ﬁ h&@ﬁé %W@Pﬁwgﬁﬁé %t ed" referring to
optional and suitable substitution with one or nore noieties selected from

the group ,consi§gid &ﬂ-nﬁl %ﬁﬂi EYI:Ialrﬁlf%@rem%mwﬁHgRag?NHCﬁfImz“)EbOW1

cycl oal kyl; heterocyc dr oxy, oxy, aryl oxy,
al kyl thio,C I)Cmm—lcw(rR?lpCCHﬂRHR, @ster, car boxyl ic acid, carbamate, urea,

ket one, aId e n | sul f na oxi@e quone sul f onyl
ur ea, ({ﬁy poﬁ%&"ﬁ(ﬁf Eé&ﬁﬁtﬂ%fe"ha nk' oﬂ%ﬂ 'EIE"('JQTCi I3 P E‘?F}Vll wherein RL =
CORS, and sﬁ%shtﬁté@ phhyl, FlerPatdth-sabb%EEPphenyl, thiophenyl, cyclohexyl,

cyclopentyl, cyclopropyl, piperidyl, pyridyl and 2-indanyl.

5.  The compound of claim 4, wherein R" is H.
6.  The compound of claim 5, wherein R = phenyl, thiophenyl, cyclohexyl,
2-indanyl, cyclopentyl, pyridyl, or phenyl(4-HNSO;NH;), R"" is H or tert-butyl,

R'2 and R'® are methyl, and R’ is hydroxymethyl or tert-butoxymethyl.

7. The compound of claim 1, wherein R? is selected from the group

consisting of the following moieties:



1 5 SEP 2004 368 3. The conpound of claim2, wherein RL = COCONRORLO! 58 2004
ROis H RO is H CHR')O00RL1, CH(RL') CONR12R13, CH(R1') CONHCH( R2'

) OO0OR11, CH(R')CONHCH(R2') CONR12R13, or CH(R')CONHCH R2')(R ). 4. The
conmpound of claim3, wherein Rl = CH( RghCONHCH( RT) O00R11,

CH(R') CONHCH(R2') CONR12R1 , or CH(R') HCH(R2' ) (R ), wherein R' is H or

al kyl, and R2, is phenyl, substituted phenyl, hetero atom substituted
phenyl, thiophenyl, cyclohexyl, cyclopenty cychkepropyl, piperidyl,

pyridyl and 2-indanyl. 5. Theugorrp Und of im4 whe?’""‘ n Ri is H 6 The
conmpound of claim V\,her ein 2' phenyl th| henyl.- ohexyl
2-indanyl, cycl operﬂ yl, r| M then I(4 HNSO2 NH2))| |s H or
tert-butyl R12 and R13 are net h&fr andCl i s hydroxyneth

tert-butoxynmethyl. 7. The conmpound of claim 1,Csherein R2 is sel ected from
the group consisting of the foll ow ng noi eties: 1 5 SEP 200& 369 H

CHs
T T ’ I
0 o $(0)o-2 S(O).2 \n) /H
CH, Ehy CHy CH, &
jCH;; ﬁ 5 %

CHa CH g

CH3 CH3 CH3 3

n=0-3

8. The compound of claim 7 wherein R' = COR?, and R®is H, OH, COOR?
or CONR®R'®,

9. The compound of claim 1, wherein R® is selected from the group

consisting of:



CH3 | CH3/
rl< F CH3 n = 0-3 F3C

s A

T X

370

AnSS

N A

>

k})n=0-2 Q
CORY COR¥

wherein R = H, CHa, or other alkyl groups;
R® = OH, O-alkyl, NH;, N-alkyl; and
R* and R* may be the same or different and are selected independently from

H, F, Cl, Br and CHs.

NI CH3 CH3 F FF As (0)o-z S(Oo0-z

CoRr™

CH3 CH3 CH3 x r

R32 R33

10. A compound of claim 9, wherein Z = N and R*= H.

11. A compound of claim 10, wherein:

CH3 3
15 SEP 2004

X and Y are independently alkyl, alkyl-aryl, heteroalkyl, heteroaryl, alkyl ether

or alkyl aryl ether.

12. A compound of claim 10, wherein the moiety X-Y is selected from the

group consisting of the following structures:



J 8. The compound of claim7 wherein RL = COR5, and R5 is H OH COORS, or
CONROR10 9. The conpound of claiml, wherein R3 is selected fromt Sqlggpfm)
consisting of: 1 5 SEP 2004 370 H COCH3 CCR31 ~~COR31 0 COR31 vvherel n

H, CH3 or other alkyl groups; R3 R33 OH, Oalkyl, NI-12, Nalkyl; and
R32 and R33 may be the sane or different and are sel ected independently
from H F, d, Br and CHS.

CHaz)z
_ O—(
©/0—$CH2)24 [20 e B
I / kel
o~ (CHz)o - 4 (CHa)2

©,0sz)3 ©,0—$CH2)3 0~ {Chals
HN}F Me” N,‘;ﬁ- oL
Me Oo- (CH2)3
?/ (%/ Me Me

et
?/O\/\/H%

o

bW (CH2)2.4

-
Me Me (\/\ g

N

Q oS J_/—f
v (CH2)s / g

he (CH2)o4  mnpe

13. A pharmaceutical composition comprising as an active ingredient a
compound of claim 1.

14.  The pharmaceutical composition of claim 13 additionally comprising a
pharmaceutically acceptable carrier.



10. A compound of claim9, wherein Z = N and R4= H 11. A conpound of cla

10, wherein: X and Y are independently al kyl, alkyl-aryl, heteroal k9I5 SEPZUN
het eroaryl, al kyl ether or alkyl aryl ether. 12. A corrpound of claim 10,
wherein the noiety X-Y is selected fr group consisting of the
follow ng structures: 1 5 SEP 2004 37%%—!2)3 O(CH} 0-(CH2)2-4 ~(CH2)o0-2
HNC O (CH2)3 O (CH2)3 i MM O(CH2)3

15.  Use of therapeutically effective amounts of a compound of claim 1 for
the preparation of a medicament for treating disorders associated with the
Hepatitis C Virus (*“HCV") protease.

16. A method of preparing a pharmaceutical composition for treating the
disorders associated with the Hepatitis C Virus (“HCV”) protease, said method
comprising bringing into intimate contact a compound of claim 1 and a

pharmaceutically acceptable carrier.

17. A compound exhibiting Hepatitis C Virus (“HCV") protease inhibitory
activity, including enantiomers, sterecisomers and tautomers of said
compound, and pharmaceutically acceptable salts or solvates of said
compound, said compound being selected from the compounds of structures

T tpas i Qe
o O o) -\ o) H o5

listed below:

CHj




b (CH2)2-4 Me (CH2)a \i (CH2)2-4 13. A pharnmaceutical conpositiont 5§fP2M4
conprising as an active ingredient a conpound of claiml1. \J (CH2)2 1

The pharnaceutical conposition of claim13 additionally conprising a
pharnmaceutically acceptable carrier. Igf SEP 2004 372 15. Use of
therapeutically effective anmounts of a conpound of claim1l for the
preparation of a nedicanment for treating disorders associated with the
Hepatitis C Virus ("HCV') py 16. A nethod of preparing a

phar maceuti cal conpositjon ating the disorgd®ss associated with the
Hepatitis C Virus ("H sai d met hod ising bringing into
intimate contact a co ally acceptabl e
carrier. 17. A conpound|ex ') protease

i nhibitory
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activity, including enantioners, stereoisonmers and tautoners of said
conmpound, and pharmaceutically acceptable salts or solvates of said 5 SEP200.
conmpound, said conpound being selected fromthe conpounds of structures
listed below 1 5 SEP 1004 373 H N Hga/ 15 S E P 2004 374 H3 ,CH3 1 5

SEP 2004 375 H NO
L RS
Y N Y N “CHs
- 3 0 H o




OCH 1 S SEP 2004 376 ~H3 N.H3 1 5 SEP 2004 377 NMe2 1 5 SEP 2004
H3 1 5 SEP 2004 379 N2 O 1 5 SEP 2004 380

375

T8 sEb ol



15SEP2004 n381H NH N15 SEP 2004 r"K 382 NH2 H3 ,CH3 1 5
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H3 1 5 SEP 2% 15 SEP 2004
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386 H3 3 NH2 H3 VoCH3 H N H3~ s4H3 1 5 SEP 2006 387 H N H N ?H31 NGEBH80L
1 5 SEP 2064 388 NH2

378
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18. A pharmaceutical composition for treating disorders associated with the
Hepatitis C Virus (“HCV") protease, said composition comprising therapeutically
effective amount of one or more compounds in claim 17 and a pharmaceutically

acceptable carrier.

19.  The pharmaceutical composition of claim 18, additionally containing an

antiviral agent.
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20. The pharmaceutical composition of claim 18 or claim 19, additionally

containing an interferon.

21. The pharmaceutical composition of claim 20, wherein said antiviral agent

is ribavirin and said interferon is a-interferon.





