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| nhi bitors of Hepatitis C Virus conprising Al kyl and Aryl Al ani de &% (0
Moi eti es M@PUBIAES i nventi on The present invention rel ates pOTMSYEl2s530
hepatitis C virus ("HCV') protease inhibitors, pharmaceutical conpositions
contai ning one or nore such inhibitors, nethods of preparing such

I nhi bitors and nethods of using such inhibitors to treat hepatitis C and
rel ated di sorders. This invention specifically discloses novel macrocyclic
conmpounds as inhibitors of the HCV NS3/NS4a serine protease. The

di scl osur eMaexocyclic N3 Bathd Profedisel Ihhﬁlﬁﬂﬁlsnaf Hébﬁﬂils@mr‘u‘éaédrﬁﬂnsﬁi%' al
No. , filed April 5, 2000. Bac groun the mvenﬂ'ﬁn Hepatitrs CVvirus
(HCV) is a (+)-sense singl eAkiyl ARG umv R2iMaietiess been inplicated as
the maj or causative agent in non-A non-B hepatltls (NANBH), particularly
in bl ood-associ ated NANBH ( BB- NANBH) (see, International Patent Application
Publication No. WO 89/04669 and Emjcpd@dinvaitesm Application Publication
No. EP 381 216). NANBH is to be distinguished trom other types of

viral -induced |iver disease, such as hepatitis A virus (HAV), hepatitis B
virus (HBV), dbetparebenpdanventionvielates téibdyel apatitie galivus (“HC ' Tidicasd

Epst ei n-Barrt, .vi ru EBV) ,. well .as fromother forns of |iver disease
sﬁch as aqnpbtmgr?s;ﬂ;l%{ﬁ@c\guhcaals compositions conta?nlng 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
i- macrocyclic compounds as inhibitors of the HCV NS3/NS4a serine protease. The
-disclosure herein is related to that in pending patent application, Serial No.
, filed April 5, 2000.

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),
particularly in blood-associated NANBH (BB-NANBH)(see, International Patent
Application Publication No. WO 89/04662 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
(EBV), as well as from other forms of liver disease such as alcoholism and
primary biliar cirrhosis.

Recently, an HCV protease necessary for polypeptide processing and viral
replication has been identified, cloned and expressed; (see, e.q., U.S. Patent No.
5,712,145). This approximately 3000 amino acid polyprotein contains, from the
amino terminus to the carboxy terminus, a nucleocapsid protein (C), envelope
proteins (E1 and E2) and several non-structural proteins (NS1, 2, 3, 4a, Sa and
5b). NS3 is an approximately 68 kda protein, encoded by approximatety 1893
nucleotides of the HCV genome, and has two distinct domains: (a) a serine
protease domain consisting of approximately 200 of the N-terminal amino acids;
and (b) an RNA-dependent ATPase domain at the C-terminus of the protein. The
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of the chymotrypsin famly because of simlarities in protein sequence,
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responsi NS3NS4a;MStatNSAp, NSAbNSLa and bltséaﬂélsébriun@tian& and iseibluiscat i on.
Thi's has responsible for generating four viral proteins during viral replication. This has
made the HCV NS3 serine protease an attractive target for antiviral
chemotherapy.

10 It has been determined that the NS4a protein, an approximately 6 kda
polypeptide, is a co-factor for the serine protease activity of NS3. Autocleavage 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

15 presence of cysteine at P1 and serine at P1" and that these residues are strictly
conservedl in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions. The
NS3/NS4a junction contains a threonine at P1 and a serine at P1". The Cys—>Thr

substitution at NS3/NS4a is postulated to account for the requirement of cis rather

than trans processing at this junction. See, e.q., Pizzi et al. (1994) Proc. Natl,

20 Acad. Sci (USA) 91:888-892, Failla et al. (1996) Folding & Design 1:35-42. The
NS3/NS4a cleavage site is also more tolerant of mutagenesis than the other sites.
See, a.4., 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.

25 Inhibitors of HCV protease that have been reported include antioxidants
(see, International Patent Application Publication No. WO 98/14181), certain
peptides and peptide analogs (see, International Patent Application Publication
No. WO 98/17679, Landro et al. (1997) Biochem. 36:9340-9348, Ingallinella et al.
(1998) Biochem. 37:8906-8914, Llinas-Brunet et al. (1998) Bioorg. Med. Chem,

30 Lett. 8:1713-1718), inhibitors based on the 70-amino acid polypeptide eglin ¢
(Martin et al. (1998) Biochem. 37:11459-11468, inhibitors affinity selected from
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36: 9340- 9ptblished)Mdy D& 1908&(F.doffmann-La Roche AG); and WO 99/07734,

10  published February 18, 1999 (Boehringer Ingelheim Canada Ltd.).

HCV has been implicated in cirrhosis of the liver and in induction of
hepatocellular carcinoma. The prognosis for patients suffering from HCV infection
is currently poor. HCV infection is more difficult to treat than other forms of
hepatitis due to the lack of immunity or remission associated with HCV infection.

15 Current data indicates a less than 50% survival rate at four years post cirrhosis
diagnosis. Patients diagnosed with localized resectable hepatocellular carcinoma
have a five-year survival rate of 10-30%, whereas those with localized
unresectable hepatocellular carcinoma have a five-year survival rate of less than
1%.

20 Reference is made to A. Marchetti ef al, Synlett, S1, 1000-1002 (1999)
describing the synthesis of bicylic analogs of an inhibitor of HCV NS3 protease. AI

compound disclosed therein has the formula:

25 Reference is also made to WO 00/09558 (Assignee: Boehringer Ingelheim
Limited; Published February 24, 2000) which discloses peptide derivatives of the

formula:
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01/ 81325 PCT/ USO /12530 6 Current therafies for hepatitis C include
interferon-a (I NF") and

Current therapies for hepatitis C include interferon-o. (INF,) and
combination therapy with ribavirin and interferon. See, e.g., Beremguer et al.
(1998) Proc. Assoc. Am. Physicians 110(2):98-112. These therapies suffer from a
low sustained response rate and frequent side effects. See, e.g., Hoofnagle et al.

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

Pending patent application, Serial Number, , filed April

5, 2000, discloses certain macrocyclic compounds as inhibitors of the HCV
protease as well as pharmaceutical compositions containing said compounds.

10 There is a need for new treatments and therapies for HCV infection. [tis,
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.

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

15 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.

Another object herein is to provide methods of modulating the processing
of the HCV polypeptide using the compounds provided herein.

20

Summary of the invention

In its many embodiments, the present invention provides a novel class of
macrocyclic inhibitors of the HCV protease, pharmaceutical compositions
containing one or more of the compounds, methods of preparing pharmaceutical

25 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 polypeptide with
HCV protease. Among the compounds provided herein, compounds that inhibit
HCV NS3/NS4a serine protease activity are preferred. The presently disclosed

30 compounds generally contain about four or more amino acid residues and less

than about twelve amino acid residues.
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wherein:;
| E, X and Y may be independently present or absent, and if present are
independently selected from the moieties: alkyl, aryl, alkyl-aryl, heteroalkyl,

10 heteroaryl, aryl-heteroaryl, alkyi-heteroaryl, cycloalkyl, alkyl ether, alkyl-aryl ether,
aryl ether, alkyl amino, aryl amino, alkyl-aryl amino, alkyl sulfide, alkyl-aryl sulfide,
aryl sulfide, alkyl sutfone, alkyl-aryl sulfone, aryl sulfone, alkyl-alkyl sulfoxide,
alkyl-aryl sulfoxide, atkyl amide, alkyl-aryl amide, aryl amide, alky! sulfonamide,
alkyl-aryl sulfonamide, aryl sulfonamide, alkyl urea, alkyl-aryl urea, aryl urea, alkyl

15 carbamate, alkyl-aryl carbamate, aryl carbamate, alkyl -hydrazide, alkyl-aryl
hydrazide, alkyl hydroxamide, alkyl-aryl hydroxamide, alkyl sulfonyl, aryl sulfonyl,
heteroalkyl sulfonyl, hetaroaryl sulfonyl, alkyl carbonyl, aryl carbony!, heteroaikyl
carbonyl, heteroaryl carbonyl, alkoxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, alkylaminocarbonyl!, arylaminocarbonyl,

20 heteroarylaminocarbonyl or a combination thereof, with the proviso that E, X and
Y 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-ary! amide, alky| sulfonamide, ,

25 alkyl amines, alkyl-aryl amines, alkyl-aryl sulfonamide, atkyl urea, alkyl-aryl urea,
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phar macewto @2d13825 fornmul ati ons conpri sing one or nore suclkcrargoourds, and
met hods of treatnent, prevention or anelioration or one or nore of the
synptons of hepatitis C. Also provided are nethods of nodul ating the
interaction of an HCV pol ypeptide with8 HCV protease. Anpong the conpounds
provi ded herein, conpounds that inhibit HCV NS3/NS4a serine protease
activity are preferred. The presently disclosed 30 conpounds generally

ami no. acha bt SR Ry A PR 308 S5 BR ARRD, slBbed e 1T

pri nci pad.ryEﬁ@tmrézmmt the present i nvent | on prOV| des a macrocyclic
conmpound of Formul a

i ndependent | yR pr&@ﬁjs'QJ'rB(ﬁb%anh%ﬁiﬂ Rf b"r é%'én@Rar B' Prlp @n@lgfzﬁsycsfeﬂ'ect ed
ary 1 hotGFaRER TR Whrdh i, 0P85 GRS R INIRS, St A5 1
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sul fide, al kyl-aryl ‘sul e, aryl sulfide, alkyl sulfone, “al kyl-aryl
sul f one, amyt, wetsnmlaikyh,djetemqrw ay&lyatkghlcyom&erj arylalkyl heteroarylalkyl
CH(R")COOR'", CH(R")CONR"R",
CH(R" )CONHCH(R? )COO R, CH(R")CONHCH(R*)CONR"R™,
CH(R")CONHCH(R? )R, CH(R")CONHCH(R? }CONHCH(R*)COO R",

10 CH({R")CONHCH(R?YCONHCH(R*)CONR"R",
CH(R")CONHCH(R*)CONHCH(R*)CONHCH(R*)COO R"",
CH(R")CONHCH(R*)CONHCH(R*)CONHCH(R*)CONR™R",
CH{R")CONHCH(R? JCONHCH(R*)CONHCH(R*)CONHCH(R*)COO R, CH(R"
YCONHCH(R? YCONHCH(R¥YCONHCH(R*)CONHCH(R®) CONR'?R"®, wherein

15 RY, R? R%¥ R* R% R" R R" and R’ are independently selected from a group
consisting of H, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyl-

heteroaryi, 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,
20 C=8, 8O, or C=NR;
Qis (NR),, O, S, CH,, CHR, CRR’ or a double bond towards V;
Ais O, CHy, (CHR), , (CHR-CHR'), , (CRR"},, NR, §,802,C=0ora
bond;
G is (CHaz)p, (CHR),, (CRR'),, NR, O, S, SO3, §(0):NH, C=0, or a double
25  bond towards E or V;
Vis CH, CRorN;
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 alky!; C2-C10 alkenyl; C3-C8 cycloalkyl; C3-C8 heterocycloalkyl,
30 aryl, alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester, carboxylic acid,
carbamate, urea, ketone, aldehyde, cyano, nitro; heteroaryl; alkyl-aryl; alkyl-



al kyl -aryl sul foxide, al kyl am de, alkyl-aryl am de, aryl am de, alfylAU,. 2004
sul fonam de, al kyl-aryl sulfonam de, aryl sulfonam de, al kyl urea, U1
al kyl - arylwOroe@&)1328ryl urea, alkyl is carbamate, al kyl-aryl marbsaisy aryl
carbamat e, al kyl -hydrazi de, alkyl-aryl hydrazide, alkyl hydroxam de,

al kyl -aryl hydroxam de, al kyl sulfonyl, aryl sulfonyl, heteroalkyl

sul fonyl, heteroaryl sulfonyl, alkyl car®onyl, aryl carbonyl, heteroalkyl
carbonyl, heteroaryl carbonyl, aryoxycarbonyl, aryl oxycarbonyl,

het er oaryl oxycar bonyl, al kyl am nocarbonyl, arylam nocarbonyl, 20
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from the #rasiepof thoes is eight) cafboar atoms, andatdrpito sid dwygenr, Viltrodeet, eulba, oy | |,
ther, al PP aldms R0 SaRfpkiliordfaes oSk jaboniatoms: ai kyl-aryi
i nos. ol iyl d SR hesOdi ke feer Pkt RO RRY exctoaRiliie,
urea, 2 7hglepoepiioaliy Mbiadies26aPhE/dpfidohall SaBsthutedk Withaszideevai e, al kyl - aryl
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cycloalkyl, heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy, alkylthio, aryithio,
amino, amido, ester, carboxylic acid, carbamate, urea, ketone, aldehyde, cyano,
10 nitro, sulfonamide, sulfoxide, sulfone, sulfonyl urea, hydrazide, and hydroxamate
and thiourea.
Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understeod by one of skill in the art to
which this invention belongs. Thus, for example, the term alkyl (including the alkyl
15 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;
aryl — represents a carbocyclic group having from 6 to 14 carbon atoms
and having at least one benzenoid ring, with all available substitutable aromatic
20  carbon atoms of the carbocyclic group being intended as possible points of
attachment. Preferred aryl groups include phenyl, 1-naphthyl, 2-naphthyl and
indanyl, and especially phenyl and substituted phenyl;
aralky! — represents a moiety containing an aryl group linked vial a lower
alkyl;
25 alkylaryl — represents a moiety containing a lower alky! linked via an aryl
group;
cycloalkyl — represents a saturated carbocyclic ring having from 3 to 8
carbon atoms, preferably 5 or 6, optionally substituted;
heterocyclic — represents, in addition to the heteroaryl groubs defined
30 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 or more
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CH( R1' ) CONHCH( R2' ) CONHCH( R3' ) 000 R11, 10 CH(R1' )CO\IHCH(RZ

) CONHCH( R") CONR12R13, CH(R') CONHCH(R2' ) CONHCH( R3') CONHCH( R') COO R11,
CH(R') CONH CH(R2' ) CONHCH( R3' ) CONHCH( R4“1PCONRL2R1s, CH(R') CONHCH(R2'

) CONHCH( R3' ) CONHCH( R4" ) CONHCH(RS' ) 000 R11, CH(R' ) CONHCH(R2'

)CO\IHCH(RB )CO\IHCH( R4') CONHCH(R') CONRL2R13, wherein 15 R R4"
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S(O 2i\H, C=0, halogerdovibresedts fianihd, ehivrie, Braming and leglifd), CR or N,

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
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,

10 e.g., 2-, 3- or 4-pyridyl, 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2- or
4-imidazolyt, 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 may
also be optionally substituted.

Also included in the invention are tautomers, rotamers, enantiomers and

15 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 containing
as active ingredient 2 compound of Formula | (or its salt, solvate or isomers)
together with a pharmaceutically acceptable carrier or excipient.

20 The invention also provides methods for preparing compounds of Formula
I, as well as methods for treating diseases such as, for example, HCV and related
disorders. The methods for treating comprise administering to a patient suffering
from said disease or diseases a therapeutically effective amount of a compound of
Formula |, or pharmaceutical compositions comprising a compound of Formula |.

25 Also disclosed is the use of a compound of Formuia | for the manufacture

of a medicament for treating HCV and related disorders.

Detailed description of preferred embodiments
In one embodiment, the present invention discloses compounds of Formula

30 | as inhibitors of HCV protease, especially the HCV NS3/NS4a serine protease:



pis a nunber fromO to 6; and RR, R, R2, R3 and R4 are independent!|¥7 AUG 240t
sel ected fromthe group consisting of H .C-Cl0 al kyl; C2-Cl10 al kenyl;

C3- C8 cychwambisibzs C3- C8 heterocycl oal kyl, 30 aryl, al koxypcaiyeereyso

al kylthio, arylthio, am no, am do, ester, carboxylic acid, carbamate, urea,
ket one, al dehyde, cyano, nitro; heteroaryl; alkyl-aryl; alkyl I 2 7 AUu
2D06 WD 01/81325 PCT/USO /12530 9 hetetparyl; (cycloal kyl)al kyl and
(heterocycl oal kyl )al kyl , wherein said cycloalkyl is nade of three to eight
carbon atons, and zero to six oxygen, nitrogen, sulfur, or phosphorus
atons, and said al kyl is of one o sixacarbon atons; with said alkyl,

het eroal kyl, al kenyl, hetero enyl , af?k$ heteroaryl, cycloal kyl and 5
het er ocycl oal kyl noi eti es y be optionallyy substituted, with said term
"substituted" referring to gptional and szitable substitution with one or
nore noieties selected fro he group cohsisting of al kyl, alkenyl,

oal kyl , hetegocyclic, halogen, hydroxy, thio,
aryl thi am\no, am do, ester, carboxylic

, cyano, ép nitre sul f onam de,

i . Xxamat e and
technijfcal and scientific terns used
2

where the various moieties are defined above. Some of the preferred

al kynyl, aryl, aralkyl, cy
al koxy, aryl oxy, alkylthio,
acid, carbamate, urea, ke
sul f oxi de, sul fone, suRfOnyl
t hi ourea. Unl ess defined ot her
her ei n

embodiments include, but are not limited to, the following definitions of the various
fuhctionalities in the above-noted general formula |; other desired definitions for

5 the same and additional functionalities may be found in the structures and claims
of this application which are also within the contemplation of the present invention.
Among the preferred embodiments, R? in formula | may be selected from the

following moieties:



have the sane neaning as is commonly understood by one of skill inzthquﬁ tD
to which this invention belongs. Thus, for exanple, the term al kyl-' #YY il
(i ncl udi ngothigiambkyl 15 portions of al koxy) refers to a nopovakenizssiy oup
derived froma straight or branched chain saturated hydrocarbon by the
renoval of a single atomhaving from1l to 8 carbon atons, preferably from
1 to 6; aryl - represents a carbocyclid2group having from®6 to 14 carbon
atons and having at | east one benzenoid ring, with all avail able
substitutable aromatic 20 carbon atons of the car bocyclic group being

i ntended as possi ble points of attachnent. ef erred aryl groups include
phenyl, 1-naphthyl, 2-na ht hylt,nan “I'ndanyl~ nd eppeci enyI and
substit ut ed phenyl 7 ar alj repr ents a]noi et y“cont ailni ng~an aryl group
li nked vial a | owerHal kﬁHs aI kyl aryl (- reprgsent sgrml ety containing
a lower alkyl linked via an ar dbup; ceycl ogl kyl epre ents a

saturated carbocyclic ring haV|ng from3 to 8 cegrbon atons, preferably 5
or 6, optionally substituted; heterocyclic - represents, in addition to the
het eroaryl groups defined,30 bel.ow, saturated and unsaturated cyclic

organi c groups ha ng at ast ne O, and/ r ,:N at ojnd nt er ting a
carbocyclic ri ng uctufe th nsiest s of 2 7 A6 200 WO
01/ 81325 PCT/ USQOL/ 1253 FaC

CH,

T “\

lo 1 3(0)0-2 S(O)o 0 \”) /H |

CHj Cl:Ha “
jCHa 4 %

CHs CH i
CHg CH, CHs 3
n=0-3

E may be a substituted or unsubstituted alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted heteroaryl or

substituted or unsubstituted cycloalkyl, with preferred representations for E being:

Q/\ NN 5"‘{;\\&“(

Preferred embodiments for R® include the moieties:



10 rings, wherein each ring is 5-, 6- or 7-nmenbered and may or may_ not have
doubl e bonds that |ack delocalized pi electrons, which ring st r uct ur &UivAk
from2 towpopreserably from3 to 6 carbon atoms, e.g., 2pc®usor/12s30
3-piperidinyl, 2- or 3-piperazinyl, 2- or 3-rnorpholinyl, or 2- or
3-thionorpholinyl; 5 halogen - represents fluorine, chlorine, brom ne and

i odi ne; heteroaryl - represents a cyclit3organic group having at |east one
0O, S and/or N atominterrupting a carbocyclic ring structure and having a
sufficient nunber of delocalized pi electrons to provide aromatic
character, with the aromatic heter clic gioup having from2 to 14,

preferably 4 or 5 catifon atdff§, 1o e.lg., 2-,|3- or 4-pyyidyl, 2- or
3-furyl, 2- or 3-thi |, 2%{\4- or hi az61yd , 43y dazol yl, 2-,
4- or 5-pyrimdinyl, 2-pyrazinyl, or 3- or.4-pyridg . Preferred
heteroaryl groups are 2-, 3- and 4-pyrid uch groups may

al so be optionally substituted. Al so inclhuded in the invention are

tautomers, rotaners, enantioners and 15 other optical isomers of conpounds
of Fornula I, as well as pharmaceutically acceptable galts and solvates
thereof. A further feature ¢f jthe invention is|pkédr maceptpoal conpositions
containing as active,ingr - %or its salt,

sol vate or isoners) togetﬁg} eptabl e carrier or
exci pient. 20 The invention epari ng conpounds

of Fornmul a

dl

L(])n = Q-2 @\
CoR™ CoRrR*!

wherein R¥ = H, CH; or other alkyl groups;
R* = OH, O-alkyl, NH,, N-alkyl; and

5 R%*and R® may be the same or different and are selected independently from H,
F, Cl, Brand CHs.

Preferred embodiments for the moiety X-Y are the following structures:

COR® R32 g3



1, as well as nethods for treating diseases such as, for exanple, qpvﬁ@@qmn
related disorders. The nethods for treating conprise adm nistering toa
patient WOIESEBEY from said di sease or di seases a therap@itn/csiti1gsso
effective anount of a conpound of Formula I, or pharnmaceuti cal
conpositions conprising a conpound of Fornmula 1. 25 Also disclosed is the
use of a conmpound of Fornula | for thel#anufacture of a nmedicament for
treating HCV and rel ated di sorders. Detail ed description of preferred
enbodi nents I n one enbodi nent, the present invention discloses conpounds of
Formula 30 1 as inhibitors of HCV protease, espec%glly t he_ HCY NS3I NS4a
serine protease: 27 AU 2014 WD 0118132 /[ Usa / 0 11 i “k2 where the
various noieties are defined above. /Sone of the preferred enpodinments

i ncl ude, but are not i tHe foll ow ng [definitions t he vari ous
general fordul a Igoceinhert desired
definitions for 5 itional fungtionalities]may be found in
the structures andxlains of t¥is applicai%@ﬁ$mhich are~&d so within the
contenpl ation of the present invention. Anong the preferred enbodi nents,
R2 in formula | may be selected fromthe follow ng noieties:

% A 8
s
BocHN™ ¢ AcHN

ok

H NH N
Ol/\r Ho/ﬁ\/\r H |/ H

e R s ol

Several additional and further refinements of the above-noted various
definitions for the compounds represented by Formula | are noted in the Claims
s section of this application. They are also represented by the varicus compounds
listed in"the specification and claims. Such refinements, definitions and limitations

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

Representative compounds of the invention which exhibit excellent HCV

10 protease inhibitory activity are listed below:



2 7 AUG 200L WD 01/81325 PCT/USO /12530 12 H CH3 /~ /\ CH3 CHB /N Ori3 s oM
CH3 4WF F F S p (0)4-2 ~(0)0-2 ~ O CH3 CH3 CH3 CH3 CH3
WO 01/81325 PCT/US01/12530

15




CH3 CH3 0-3 F3C-- J E may be a substituted or unsubstituted al kyl, 27 AUG 00
substituted or unsubstituted aryl, substituted or unsubstituted fRJD L
het er oal kyd p1/813d5t i t ut ed or unsubstituted heteroaryl or sufstsdinted or
unsubstituted cycloal kyl, with preferred representations for E being: 5

- Preferred enbodi ments for R3 include the noieties: 2 7 AUG 2004 WD 01/ 81325
H13 1~ 30 CN O COCH3 F F ~)n=0-2 COR81 COR31

=
@)
pd
Iz
o
; o\




31 COR R32 R33 PCT/USOL/ 1234 wherein R3 = H, CH3 or other alkyl gro(L)??;AUrmm
R31 = OH, O alkyl, NH2, Nalkyl; and s R32 and R33 nay be the sane v
di f f erent vaodi/gyses sel ected i ndependently fromH, F, O, BpcgidoEso
Preferred enbodi nents for the noiety X-Y are the follow ng structures: 2 7
&L 06 2CCb WD 01/81325 PCT/ USO01/ 12530 14 BocHN H NH AcHN Sever al
additional and further refinenments of thg above-noted various definitions
for the conpounds represented by Fornmula 1 are noted in the Clains 5
section of this application. They are also represented by the various
conpounds listed in'" the spgcification and clainms. Such refinenents,
definitions and limtati Are\to be considered as representing the
entire invention of thi i on.

)

ZI

o o]
N N\)LN \I/
0 o] 0 H 0
9




Represent ati ve conmpounds of the invention which exhibit excellent HC7\/1 ,ﬁpqw
protease inhibitory activity are listed below. 2 7 AUG7 0 0 4 W' !
01/ 81325 w@04RIBA4/ 12530 15 H NI H N 2 uo* 3 2 7 AUG 20LrET/VED 1012581325

PCT/ US01/ 12530 16 5 H N H N

18
o)
0 0 o
H H H
N\:)LH N N\)LN o\(\
o = o] 0 H oo
O CHs

13

16



7 H N8 27 AUG 2UuU4 WO 01/8132-5 PCT/US01/12530 17 H N 9 10 11 277 A
2004 WO 01/81325 PCTIUSO /12-530 18 H N 13 H N 15

WO 01/81325 PCT/US01/12530

19
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H N 16 2 7 AUG 2004 WD 01/81325 19 H NH NH N 19 H N CH3 20 77 Al5 200k
PCT/ US01/ 12530 2 ? AUG 2004 WD 01/81325 PCT/ USQ /12530 20

WO 01/81325 PCT/USOL/12530

20




H N21 1 H N2223H N24 27 Allru 2004 WO 01/81325 PCT/ USOL/ 1297 4,38,
21 BocHN 25 BocHN 26 BocHN N 0

WO 01/81325 PCT/US01/12530

21




OBn 27 BO‘E:HN H N 28 27AUG2001 WO 01/81325 PCT/ US01/12530 22 ACH N,29 ﬁci—lﬂ
30 AcHN 31 AcHNH NH NH 27 AL

WO 01/81325 PCT/US01/12530

22

32



N 32 ' 2004 WO 01181325 PCTI US0111253
01/ 81325 PCTI USQOL/ 1234) 24 37 38 CH3
PCTI US111/WP33B1325

0 23 33 H N34 3536272004,
39 NH2 2 7 AUG 20C4 WO 01181325

AL

PCT/USO1/12530
23
@ 0
H H
N N AL
1 |
33
Q 0
H H
N N OH
\/u\u
O 0 (0]
34
0 O
H H I
N N AL A N
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35
O 0
H H
N N rlq\
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25 NH2 41 NH2 42 NH2 43 NH2 44 L ? MJU 200b WO 01/ 81325 PCT/ USO1/ 125239 ,%5
HOO 45 HOO 46 47 HOOC NH2 NH2 NH2 DAL 2004
WO 01/81325 PCT/USO1/12530

24
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{un
X

37
‘.
0 ]
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N
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33
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NH2 48 2 1 hL'C 2' uuw WO 01/81325 PCT/ USO 1/ 12530 27 49 50 H N 51 ifqmznut,
NH2 NH2 2 1 Aul; 25C, 4 WD 01/81325 PCT/USO |11 2530 28 NH2 53 BocHN The'd {4
activity ovososszef the conpounds are presented in Tabl e 1pagnikangss of Ki
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v N N
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val ues in nanonolar (nM. The Exanple nunbers in Table 1 refer to ther a5
nunbers 5 for the -various structures in the EXAMPLES section found in the

| at er parw® ooB132hi s application. Table 1. HCV protease corti/osmuzsassay
results Exanple Ki* nM nunber 1B 2A 3B 4B 5B 6A 7B 8A f~Lt) (UU 2 7 WO
01/81325 PCT/ USO01/ 12530 29 9B 10B
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32B 33B 34B 35B 36B 37B 38B 2 7 AUG N04 WO 0118132-5 PCTI USO1/ 12530
40B 41A 42B 43A 44A 45B 46B 47B -48B 49B

WO 01/81325

N
H
PO PP
p N N
z H H
O H3
53

28

NH,

N
H
NI
BocHN 7N T~
0 O 0 's)
54

The activity of some of the compounds are presented in Table 1 as ranges of K;

PCT/USO1/12530

P9 139

values in nanomoilar (nM). The Example numbers in Table 1 refer to the numbers

5 for the various structures in the EXAMPLES section found in the later parts of this

application.

T

able 1: HCV protease continuous assay results

Example Ki* nM
number

1 B

2 A

3 B

4 B

5 B

6 A

7 B

8 A




50B 51B 52A 53A 54B HCV continous assay Ki* range: Category A= 0.00 F,-,.Jr,.p%m
4M Category B= 1. 1 -100 ti M Sone net hods of synthesizing the varioggv
types of WROUSMEhti ve 5 conpounds are described |ater in POrg/SsecHsson, and
al so schematically described, followed by the illustrative Exanpl es.
Dependi ng upon the structure, the conpounds of the invention may form

phar maceutical |y acceptable salts with 82ganic or inorganic acids, or
organic or inorganic bases. Exanples of suitable acids for such salt
formation are i o hydrochloric, sulfuric, phosphoric, acetic, citric,

oxalic, malonic, salicylic, fmalicg furnaric, gsuccinic, ascorbic, naleic,
et hanesul fonic and other mineral and _darboxylic_acids well known to those
skilled in the art. For formati omM®f salfts witBh bases, suitable bases are,
for exanple, NaOH, KOH, NHQMH—tet+raalkylanmppi-um-hydroxi de, and the |ike.
2 7 AU G 2004 W 01/81325 pcTI usth/ 12530 31 B

12 A
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
' 28
29
30
31
32
33
34
35
36
37
38
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| n anot her enbodi nent, this invention provides pharmaceutical conp
conpri sing the above-described i nventive nmacrocycles as an active

conpositions generally addigdmospihyszgonprise
a pharmaceutically acceptable carrier diluent,
(collectively 5 referred to herein as carrier
such pharnmac80tica
in treating hepatitis C and
the present invention discloses nethods for

i ngr edi ewo oifgw2phar maceut i

HCV inhibitory activity,

conposi tions conprising thg
ingredient. In the pharnmacs

cal

rel ated di

utical~ conpo

exc
mat er

sorders.
pr epar

sitio and

9 KON

i pient or carrier
ials). Because of their

conpositions possess utility
In yet anot her enbodi nent,

i ng pharnmaceuti cal
0 conpounds as an active
et hods of the present

i nvention, the active ingrg
adm xture with suitable car

dientgow [ | l{ypl cgly be

adm nistered in
sel ected with respect

to the intended formof adninistdhtion,|]i.e. Aral tpblets, capsules (either
solid-filled, sem-solid fiJ—d—ed—-g?-l—i—qui—d—f—i—H—ed),‘povxders for
constitution, oral gels, 1§ elixffs, di spersi%l e grinul es, syrups,
suspensions, and the like, @nd TRESTSTEMT W L conventional pharmaceuti cal
practices. For exanple, for] oral admnijstration in fhe formof tablets or
capsul es, the active drug dqonponggt may| be cgybi nedwth any oral
non-t oxi ¢ pharmaceutically ceptable ilnert carrierl such as |actose,
starch, sucrose, cellul osd, nagA®si umi|stear®&e, dial ci um phosphate,
calciumsul fate, 20 talc, mann tgl—, etiy—ateohot—H i quid forns) and the
| i ke. Moreover, when desirgd or eeded, suitable bj nders, |ubricants,
di sintegrating agents and golorigg agenFs B
l.

438 B

49 B

50 B

51 B

52 A

53 A

54 B

HCV continous assay Ki* range:

Category A= 0.001-1.0 uM, Category B= 1.1-100 uM

Some methods of synthesizing the various types of the inventive

followed by the illustrative Examples.

compounds are described later in this section, and also schemnatically described,

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 salt formation are

10

hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, salicylic, malic,

fumaric, succinic, ascorbic, maleic, methanesulfonic and other mineral and

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.



may, al so be incorporated in the mixture. Powders and tablets may bejy7 ays 700
conprised of fromabout 5 to about 95 percent inventive conposition.

Sui t abl e Wowhgg182s i ncl ude starch, gelatin,  natural sugars, pepikempsiEners,
natural and synthetic 25 guns such as acacia, sodium al gi nate,

car boxymet'hyl cel | ul ose, pol yethyl ene glycol and waxes. Anong the

| ubricants there may be nentioned for ysle in these dosage forns, boric

aci d, sodium benzoate, sodium acetate, sodiumchloride, and the I|ike.

Di sintegrants include starch, nethylcellul ose, guar gumand the |ike.

Sweet eni ng and.f | . I e | sq. i ncl uded 30
where appropr 12086t SALBARHR, BS iREERER YRRUNES pBaA BB ot cgr ants,

di | uent s,cdnubaditens sonmprisiief theadvehtedcrised inventite SREGHRICIED RUPadiRia |
bel ow. WD 01181325 PCT/US0I/ 12530 32 2? AU r20C4 Additionally, the

conposi t ilBg@dignt; heenhasameceutical sompesitigpsigenasahuadditanally earspasead

‘rel ease f . QVh t . Jaolled r e of. a one or nore of
[ he: compdaiieeRtigdl Seldhiabi B dint St e lin RUBRR) Ty o
i.e. sHCVeferadid leeseinabicarior matbrials). BeksussSof thel HCYasRBRofOAEHitlOr
sustained rel ease 5 include |ayered tablets containing |layers of varying
di si nt egriadchdiharmasceudical eunpesitionsipessassddilibointreating hepatitisds andpr egnat ed

with the Lye; ents and shaped in tablet formor capsul es
cont ai ni n%%%%ﬁlsﬁgg?%gnat ed or encapsul ated porous polymeric matrices.

In yet another embodiment, the present invention discloses methods for
preparing pharmaceutical compositions comprising the inventive macrocycie
{10 compounds as an active ingredient. In the pharmaceutical compositions and
methods of the present invention, the active ingredients will typically be
administered in admixture with suitable carrier materials suitably selected with
respect to the intended form of administration, i.e. oral tablets, capsules (either
solid-filled, semi-solid filled or liquid filled), powders for constitution, oral geis,

15 elixirs, dispersible granules, syrups, suspensions, and the like, and consistent with
conventional pharmaceutical practices. For example, for oral administration in the
form of tablets or capsules, the active drug component may be combined with any
oral non-toxic pharmaceutically acceptable inert carrier, such as lactose, starch,
sucrose, cellulose, magnesium stearate, dicalcium phosphate, caicium sulfate,

20 tale, mannitol, ethyl alcohol (liquid forms) and the like. Moreover, when desired or
needed, suitable binders, lubricants, disintegrating agents and coloring agents
may also be incorporated in the mixture. Powders and tablets may be comprised
of from about 5 to about 95 percent inventive composition.  Suitable binders
include starch, gelatih, natural sugars, comn sweeteners, natural and synthetic

25 gums such as acacia, sodium alginate, carboxymethylcellulose, polyethylene
glycol and waxes. Among the lubricants there may be 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 and preservatives may also be included

30 where appropriate. Some of the terms noted above, namely disintegrants,

diluents, [ubricants, binders and the like, are discussed in more detail below.




-

Li qui d form preparations include solutions, suspensions and enul si ong.7 & 700
_to an exanple nay be nentioned water or water-propylene glycol solutions

for parappeieiszsnjections or addition of sweeteners and paep{is@EFSsHor or al
solutions, suspensions and enulsions. Liquid formpreparations may al so

I nclude solutions for intranasal adm nistration. Aerosol preparations
suitable for inhalation may include soBgtions and 15 solids in powder

form which may be in conbination with a pharnmaceutically acceptable
carrier such as inert conpressed gas, e.g. nitrogen. For preparing

rsu ' o _ A o !
ol yoari des ubyBHoRENTotH RN Of 8 ReReltiNvEnfon pube iSthiaietai en
i's  di sprrssainedueRReUBIHY thippoAHE thY ratel ddritRfle8refdabe 6F ary dhd\8r nidie

mol ten 20 honobgeneous mnixture is then poured into convenient sized nolds,
al | oned obtheseampanentsiasrashye srgrediengs toppimiascihedbarapeutiootfects,dran

' whi.ch | d. h | vy, bef ,
1 a1 B Y Bty o5 U5F 18, S BSahS e R s laimPrf CoASRon, -
Such 4 i gisicthdeOraiferdd @ibists c%ﬁtalhhpnéyer%ttﬁ%mﬁhereﬁsiatyé;ra’éoﬁmegid?ns- The

conpounds of thé invention may al'so” be deliverable transdermally. The
t r ansder pentrelledhmieascopelymeyictmatricelsdmpoegnated evithathe, attbte comporentssol s

e L A TR R R e A
encapsulated porous polymeric matrices.

Liquid form preparations include solutions, suspensions and emulsions. As

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

Aerosol preparations suitable for inhalation may include solutions and

15 solids in powder form, which may be in combination with a pharmaceutically
acceptable carrier such as inert compressed gas, e.g. nitrogen.

For preparing suppositories, a low melting wax such as a mixture of fatty
acid glycerides such as cocoa butter is first melted, and the active ingredient is
dispersed homogeneously therein by stirring or similar mixing. The molten

20 homogeneous mixture is then poured into convenient sized molds, allowed to cool
and thereby solidify.

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

25  emulsions.

The compounds of the invention may also be deliverable transdermally.
The transdermal compositions may take the form of creams, lotions, aerosols
and/or emulsions and can be included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this purpose.

30 Preferably the compound is administered orally.



30 Preferably the conpound is administered orally. 2 7 AUG 20D4 WO 01//8AH280:
PCT/ USOL/ 12530 33 Preferably, the pharmaceutical preparation is in a unit
dosage ‘f owo olig13such form the preparation is subdivided porwssmiziabl y
sized unit doses containing appropriate quantities of the active
conmponents, e.g., an effective anount to achieve the desired purpose. s

The quantity of the inventive active cadposition in a unit dose of
preparation may be generally varied or adjusted fromabout 1.0 mlligramto
about 1,000 mlligrams, preferably fromabout 1.0 to about 950 m | li grans,

more prefer abIbVeféé@Jy ath?‘ﬁha}mgcéﬁ‘tlﬁ?gﬁ%p ?m% L]-I ghﬁﬁosggg o) Iﬁaéulc from

about 1 to about | grans, acc articarar appli<ati on.

The act uefor!doﬁmgpre:lﬁratlm m/adadmdedbmtm&imtaﬂly@mﬁdnmgw@@ﬁohl@ﬂhiﬁgtlent S
age, sex, t and severltg of the condition being treated. Such

‘techni queaj’pafpg”'\?\@ auantiins afdhe petive cemponents, g-g-nangifectiveagosntyo t he
h th tive ingredients can be
uman oraéé.gg\;@gfe ég@p&&@n%@r gl ng e ac g
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preferably from about 1.0 to about 500 milligrams, and typically from about 1 fo
about 250 milligrams, according to the particular application. The actual dosage

16 employed may be varied depending upon the patient's age, sex, weight and
severity of the condition being treated. Such techniques are well known to those
skilled in the art.

Generally, the human oral dosage form containing the active ingredients
can be administered 1 or 2 times per day. The amount and frequency of the

15 administration will be regulated according to the judgment of the attending
clinician. A generally recommended daily dosage regimen for oral administration
may range from about 1.0 milligram to about 1,000 milligrams per day, in single or
divided doses.

Some useful terms are described below:

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

25  plasticizers and preservatives.

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

30 Oral gel- refers to the active ingredients dispersed or solubilized in a
hydrophillic semi-solid matrix.
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composition can range from about 10 to about 90% by weight of the total
composition, preferably from about 25 to about 75%, more preferably from about
30 to about 60% by weight, even more preferably from about 12 to about 60%.

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

15 carboxymethylcellulose; microcrystalline celluloses and cross-linked
microcrystalline celluloses such as sodium croscarmellose; alginates such as
alginic acid and sodium alginate; clays such as bentonites; and effervescent
mixtures. The amount of disintegrant in the composition can range from about 2 to
about 15% by weight of the composition, mere preferably from about 4 to about

20 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
bulking agent. Suitable binders include sugars such as sucrose; starches derived

25 from wheat, corn rice and potato; natural gums such as acacia, gelatin and
tragacanth; derivatives of seaweed such as alginic acid, sodium alginate and
ammonium calcium alginate; cellulosic materials such as methylcellulose and
sodium carboxymethyicellulose and hydroxypropylmethylcellulose;
polyvinytpyrrolidone; and inorganics such as magnesium aluminum silicate. The

30  amount of binder in the composition can range from about 2 to about 20% by
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ricants are usually added at the very last step before compression,

' 10 since they must be present on the surfaces of the granules and in between them
and the parts of the tablet press. The amount of lubricant in the composition can
range from about 0.2 to about 5% by weight of the compasition, preferably from
about 0.5 to about 2%, more preferably from about 0.3 to about 1.5% by weight.

Glident - material that prevents caking and improve the flow characteristics

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

Coloring agents - excipients that provide coloration to the composition or

20 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 to about 1%.

Bioavailability - refers to the rate and extent to which the active drug

25  ingredient or therapeutic moiety is absorbed intb 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.

30 Conventional methods for making other forms for administration such as, for

example, capsules, suppositories and the like are also well known.
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10 Another embodiment of the invention discloses a method of making the
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
following illustrative schemes describe the preparation of macrocycles

15 predominately derived from meta-tyrosine or lysine at the P2 position. Suitable
substitution of any of both the natural and unnatural amino acids will result in the
formation of the desired macrocycles based on such substitution.

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

20  THF: Tetrahydrofuran
DMF: N,N-Dimethylformamide
EtOAc: Ethyl acetate
AcOH: Acetic acid
HOOBt: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one

25 EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
NMM: N-Methylmorpholine
ADDP: 1,1'-(Azodicarbobyl)dipiperidine
DEAD: Diethylazodicarboxylate
MeOH: Methanol

30  EtOH: Ethanol
Et20: Diethyl ether
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200 WO Oﬂm?é-mﬁﬁﬁﬁéﬁﬂ-ﬁ—y!)w,N.N’,N'-tetramethyluronium
hexafluorophosphate

Chg: Cyclohexylglycine
10 Tyr: Tyrosine

G: Glycerol

TG: Thioglycerol

alloc: allyloxycarbonyl

FMOC: 9-Fluorenyl methyloxycarbonyl
15 Dde: N-1-{4,4-dimethyl-2,6-dioxocyclohex-1-ylidene)ethyl

tBu: tert-butyl

equiv: equivalent

rel. int.: relative intensity

aq: aqueocus
20 rt: room temperature

satd. saturated

Hex: hexane(s)

NBA: Nitrobenzoic acid

PyBrOP: Tris(pyrrolidino)bromophosphonium hexafluorophosphate
25 DMSO: Dimethy! sulfoxide

TFA: Trifluoroacetic acid

HOBt: Hydroxybezotriazole

Hiinigs base: Diisoprpylethyl amine

BOP: Benzotrizaol-1-yloxytris{dimethylamino)phosphonium hexafluorophosphate
30 LDA: Lithium diisopropyl amide

Ph3aP: Triphenyl phosphine
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a therapeutically effective anmount of the inventive pharnmaceuti cal
conposition to a 5 patient having such a disease or diseases and in need of
such a treatment. As stated earlier, tB8 invention includes tautoners,
enantionmers and other stereoisoners of the conpounds al so. Thus, as one
skilled in the art knows, some of the inventive conpounds may exist in
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the preparation of nacro es 15 predom nately derived from neta-tyrosine
or |ysi nBiNAPt B2"-Bis(didianyiphosphinaid,é'-bisapbtdlt uti on of any of both the
nat ur al %g;lﬁ_nnatur.?l. amno acids wll result in the formation of the
desi red Jateritilgsed on such substitution. Abbreviations which are
used in phep griptions of the schenmes, preparations and the exanples
that follow are: 20 THF:. Tetrahydrof uran

Ac: Acetyl

Ph: Phenyl

10 General Schemes for Synthesis of Inventive Compounds: In the following

Schemes, n is a number from 1 10 6.



DMF: N, N-Di nethy[formam.de EtQAc: Ethyl acetate AcOH Acetic acid HUE'
“3- Hydroxy-1, 2, 3-benzotriazin-4(3H) -one 25 EDCl: 1-(3-d roRLL Lo
I met hyl amwooarsesegl ) - 3- et hyl car bodl i m de hydrochl ori de  NVMcT/US01/12530

N- Met hyl nmor phol i ne ADDP: 1, 1' - (Azodi car bobyl ) di pi peri di ne DEAD:

D et hyl azodi car boxyl ate MeOH Methanol 30 EtOH Ethanol Et20: Diethyl
ether 2 -Lr1J 2D0i WD 01/81325 PCT/ US@Y 12530 37 Bn: Benzyl Boc:
tert-Butyl oxycarbonyl Cbz: Benzyl oxycarbonyl Cp: Cylcopentyldienyl 5 Ts:
p-tol uenesul fonyl Me: Methyl HATU. O (7-Aza benzotriazol -1-y1)-N, N.
N, N-tetranmethyl uroni um

Scheme 1:

5 The synthesis of compounds of type 1e wherein R', R, R* R’ are defined

above, R4 being amide, carbamate,or hydrogen, R being alkyl, aryl or arylaikyl,
began with the coupling of 1a with the dipeptide 1b using NMM , HOBt, and EDC!
to obtain the intermediate 1¢. The intermediate 1¢ was treated with Cs;COs; in
DMF followed by photolysis to obtain compound 1d. The macrocyclic ester 1d
10 was hydrolyzed and coupled with a suitable amine intermediate to generate

compounds of type 1e .
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-ylidene)ethyl tBu: tert-butyl equiv: equivalent rel. int.: relative
intensity aqg: aqueous 20 rt: roomtenperature satd: saturated Hex:
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hexaf | uor ophosphate 25 DMSO. Dinet hyl sul foxi de TFA: Trifluoroacetic acid
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Scheme 2:

5 The preparation of the compound of formula 2e, wherein R1, R2, R3 and n
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, and n is from zero to five, is outlined in
Scheme 2. The meta-tyrosine-dipeptide 2a is coﬂpled to an alkenyl carboxylic

10’ acid in the presence of HOOBt, EDCI-HCI and NMM. Hydroboration of the
resulting product affords compound 2¢. 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. Paguette, ed.). After the ester is hydrolyzed to an acid with

15 lithium hydroxide, it is coupled to an amine intermediate to afford 2e.



BOP: Benzotri zaol - 1-yl oxytri s(di met hyl am no) phosphoni um hexaf | uor oph §pha{;@
30 LDA: Lithiumdiisopropyl am de Ph3P: Triphenyl phosphine 2 7 AUG b
01181325 REAbiA334 12530 38 LAH: Lithium Al um num Hydride Ppi¥fRispdrs¢ret hyl
am nopyr}dine DCC. Dicycl ohexyl carbodiimde MCPBA: neta-Chl oroperbenzoic
acid 5 Bl NAP: 2,2'-Bis(diphenyl phosphino)-1,1'-binaphtol MeCN:
acetonitrile Pr: Propyl Ac: Acetyl Phg1Phenyl 1o General Schenes for

Synt hesis of Inventive Conpounds: In the following Schenmes, n is a nunber
froml to 6. 27 | _L7JD4 WO 01/81325 39 Schene 1
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The preparation of compounds of formuia 3e wherein R’, R1, R2, R3, R

5 and n are defined in Scheme 1 and PG is Cbz, Boc, or alloc is outlined in-

Scheme 3. The compound 3a was coupled with substituted histidine derivative

using DCC. This compound 3b was deprotected and further treated with @-bromo

acids to obtain compound of the type 3c. Cyclization of 3¢ was accomplished with

Nal and Na2CO3 in boiling methylviny! ketone to afford 3d. The compound 3d

10 was converted to compounds of type 3e by hydrolysis of the ester followed by
coupling with the appropriate amine intermediate.




12 Ip R. OH PCT/USO1/12530 CpRPF \,. Q@ 00O HOOR le- 5 The syat"hﬁﬁriﬁﬂb
of conpounds of type le wherein Rl, R2, R3 R are defined above, R4‘belny
am de, cawbamixsor hydrogen, R being alkyl, aryl or aryl gdaybtsor/Regan with
the coupling of la with the di peptide 1b using NV\M, HOBt, and EDCI to
obtain the internediate 1c. The internmediate 1c was treated with Cs2C33 in
DMF fol | owed by photol ysis to obtain cd@pound 1d. The macrocyclic ester 1 d
i o was hydrolyzed and coupled with a suitable am ne internediate to
generate conpounds of type j.
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5 The preparation of the compounds of type 4f where in R’, R1, R2. R3, R, n

and PG are defined in Scheme 1 was initiated from compound of the type 4a. The
alcohot of 4a was converted to 4b by treatment with phosgene. 4b was converted
to 4c by coupling with alloc protected 1b and EtaN. The alloc group of 4¢_ was

deprotected using Pd(PPh3)4 to obtain 4d which underwent cyclization under the

10 Mitsunobu conditions to yield 4e. The ester of 4e was hydrolyzed and further
coupled with an amine using EDCI, HOOBt to obtain compounds of the type 4f.
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- PCT/USO /12530 s The preparation of the conmpound of fornula 2e, Wnerzéi’h “sz].l;
R2, R3 andyg o1/8138s def i ned above, R is al kyl, heteroal kyl eERuso?Bs30

NR'R'"" wherein R and R'* are al kyl groups), halo substituent at ortho,
nmeta, or para -position to oxygen atom R is alkyl, aryl, or alkylaryl
groups, and nis fromzero to five, is gytlined in Schenme 2. The

nmet a-tyrosi ne-di peptide 2a is coupled to an al kenyl carboxylic io acid in
the presence of HOOBt, EDCI HCI and NMM Hydroboration of the resulting
product affords conpound 2c. The macrocyclization is achi eved under

M tsunobu conditions by using triphenyi phosphine and ADDP. (The M tsunobu

Scheme 5:
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5 The preparation of compounds of type 5h wherein R1, R2, RS, R, PG and
n are defined in Schemes 1-3 and PG' being Cbz or Boc and PG? being alloc,
began with the known compound 5a. The acid 5a was converted to the ester by
refluxing it with ROH and TsOH. The phenolic oxygen of 5b was converted to the
alloc group by the treatment with alloc-chloride and triethyl amine to yield 5¢. The

10  secondary alcohol of 5¢ was converied to compounds of type 5d by coupling with
protected cyclohexyl glycine using DCC and HOBt. The alloc group of compound



reaction is reviewed by D. L. Hughes, Org. Reactions, 42 (1992) 335,?\?051 2004
Wley & Sons, New York, L. Paquette, ed.). After the ester is hydrolyze

to an aciwowsh32s15 |ithium hydroxide, it is coupled to anpemuB®/12330
internediate to afford 2e. 27AU20R WO 01/81325 PCT/USO /12530 41 Schene 3:
H PG NOOOH R3 3a a YOR3HO 3c 3d 3e | b The preparation of conpounds of
formula 3e wherein R, Rl, R2, R3, R ®4and n are defined in Schene | and
PGis Cbz, Boc, or alloc is outlined in Schene 3. The conpound 3a was
coupled with substituted histidine derivative

5d was deprotected using Pd(Ph3P)s, and dimedone. 5e was deprotected and
treated with EDCI, HOOBt and appropriately activated ruthenium complex to
obtain compounds of the formula of 5f. The compounds of the type 5f were
converted to cyclic compounds of the formula 5g by the use of Cs2C03, and
5 subsequent photolytic removal of ruthenium. The ester group of S5g was
hydrolyzed and coupled to an amine intermediate to obtain compounds of the type
5h.
Scheme 6:
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o
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10

The preparation of the compound of formula 6f, 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, R is alkyl, aryl, or

15 alkytaryl groups, PG is Cbz or Boc, and n is from zero to five, is outlined in

Scheme 6. The meta-lodophenylglycine 6a is converted to its ester under usual



usi ng DCC. This conpound 3b was deprotected and further treated with
o-bronp acids to obtain compound of the type 3c. Cyclization of 3c?wed!t 00
acconpl i sheo omstfzs Nal and Na2CO8 in boiling nethylvinyl keicgagseyQ:8fford
3d. The conpound 3d 1o was converted to conpounds of type 3e by hydrol ysis
of the ester followed by coupling with the appropriate am ne internedi ate.
2 7 AU6 2004 WD 01181325 PCT/US01112538542 Schenme 4: HO 4a OPG 4c HO NY R1 ¢
R2 4b 4e 5 The preparation of the conpounds of type 4f where in R, Rl ,
R2, R3, R, n and PG are defined in Schene | was initiated from conpound of

the type 4gterfidgtior! e&tmh%ﬁg (ROMAHEIHS BodiRt?R Wed "GRBIR o Yl My

phosgene. 4b was converte
protected amino acid in the presence of HOOBt, EDCI-HCI and NMM. After

deprotection, the resulting amine is coupled again to a terminal alkenyl carboxylic
acid to give product 6d. The intramolecular Heck reaction with a palladium
s catalyst provides the desired macrocyclic compound 6e. (The Heck reaction has
been reviewed in detail by R. F. Heck, Org. React., 27 (1989) 345-390.). After the
ester is hydrolyzed to an acid with lithium hydroxide, it is coupled to an amine
intermediate to afford 6f.
Scheme 7;
10

The preparation of the compound of formula 7b, wherein R1, R2, R3 are

‘defined above, R’ is alkyl, heteroalkyl (OR", SR™, NR"R™ wherein R" and R" are

15 alkyl groups), halo substituent at ortho, meta, or para -position, R is alkyl, aryl, or
alkylaryl groups, and n is from zero to five, is outlined in Scheme 7. The
hydrogenation of the double bond of 6e gave the macrocycle 7a. Hydrolysis of the

ester to acid and subsequent coupling with an amine intermediate afforded 7b.



to 4c by coupling with alloc protected 1b and Et3N. The allot groupg oh|gmg
was deprotected using Pd(PPh3)4 to obtain 4d whi ch underwent cyclization
under t hewbmisiizsunobu conditions to yield 4e. The ester opcHesV@Rs30
hydrol yzed and further coupled with an am ne using EDCI, HOOBt to obtain
conpounds of the type 4f. { 2 7 AUG 70N WD 01/ 81325 PCTI USO1/ 12530 43
Schene 5: OH 5a OP&R Sc H PGYN R3 5e46 OH R, COOH COH

Scheme 8:

5 The preparation of the compound of formula 8f, 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, PG is Boc, and n is from zero to five, is outlined
in Scheme 8. The meta-tyrosine-dipeptide 8a is coupled to a terminal N-protected
10 amino alcohol 8b under Mitsunobu conditions (triphenylphosphine and ADDP).
The protecting groups are removed to give diamine hydrochloride 8d. The
macrocyclization is achieved by forming the urea linkage using phosgene or
carbonyl! diimidazole. The resulting ester is then hydrolyzed to an acid with lithium
hydroxide and is subsequently coupled to an amine intermediate to afford the

15 desired product 8f.



Is- H PCB NO 50 R3 5d H N 5f 5h s 5 The preparation of conpounds of type
5h wherein R1, R2, R3, R, PGand n are defined in Schenes 1-3 and PGEI AyG 200
bei ng Cbz vot oBeR28nd PG being alloc, began with the knowpc¢RRROHSH S5a.

The acid 5a was converted to the ester by refluxing it wwth ROH and TsCH.
The phenolic oxygen of 5b was converted to the alloc group by the

treatnent with alloc-chloride and triet4yl amne to yield 5c. The 10
secondary al cohol of 5c was converted to conpounds of type 5d by coupling
with protected cycl ohexyl glycine using DCC and HOBt. The alloc group of
conmpound §cﬂeﬁﬁ§§2004 WO 01/ 81325 PCTI US01/ 12530 44
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The synthesis of compounds of the type_9d wherein the substituents R1,

Rz, R3, R', R and PG are defined in Scheme 1, was initiated by the deprotection
5 of 9a with HCI in dioxane and coupling with e-hydroxy acid using EDCI, HOOBt to
yield compounds of the type 9b. The compounds of the type 9b were further
cyclized using PhsP, ADDP to geherate compounds of the type 9¢. The cyclic
compound 9¢ was deprotected and coupled with an appropriate amine
intermediate to generate compound of type 9d.
10
Scheme 10;



5d was deprotected using Pd(Ph3P)4, and di medone. 5e was deprotected and
treated with EDCI, HOOBt and appropriately activated ruthenium co&rpl%&@?ﬂ&b
obtai n cenpoupdss of the fornula of 5f. The conpounds of thgw@kn9ss.nere
converted to cyclic conmpounds of the formula 5g by the use of Cs2CO3, and 5
subsequent photolytic renoval of ruthenium The ester group of 5g was
hydr ol yzed and coupled to an am ne internediate to obtain conpounds of the
type 5h. Schenme 6: 6a PG H N 6¢ 8 6e The preparation of the conpound of
formula fif, wherein Rl, R2, R3 are defined above, R is alkyl,

heteroal kyl (OR', SRI", NR'R'" wherein R' and R .. are aI kyl groups), halo
substituent at ortho met g? or para -position, Rusrasz aryl or 15

al kyl ar vyl up PG i § and nplgsHﬁro is outlined
in hér@g@ rretpé-ﬁé:g’éﬂﬁ —@Iym'e fia |s_ co 9%7( :tjo TS est er

under usual 2 u 2004 WD 01/81325 PCT/ US01/ 1253
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esterification conditions (ROH, HCl). The product is then coupl ed%t;q\ugr?ﬂnli\l-
protected amno acid in the presence of HOOBt, EDCIHCO and NWM After

depr ot ect iwp.o1/8i@sresul ting am ne is coupled again to a tempgmanaseny!
carboxylic acid to give product 6d. The intranol ecul ar Heck reaction with

a palladium5 catal yst provides the desired macrocyclic conpound fie. (The
Heck reaction has been reviewed in detgpl by R E. Heck, Og. React., 27
(1989) 345-390.). After the ester is hydrolyzed to an acid with lithium

hydroxide, it is coupled to an amne internediate to afford 6f. Schenme 7:
10 6e 7b The preparation of the conpound of forrmula 7h, wherein R, R2, R3
are defined above, R is alkyl, heteroal kyl (OR', SR'", NR'R'"" wherein R

and R .. are 15haldgnith@siovpthe chrapouRt®sf tHeligph 18§ whickdin, RTER B, RORarka
-position, Ris alk al kylaryl groups, and n is fromzero to

five, is 6eﬁnﬁ=¢1'§u8p%£é&ar@w8@%tﬂ@ Atridelinaskes protestinchgrogpatnaneyiimes 6e
oave e SPRISEHTF dama s AP Sl 0o BR0, PIBREIAS o
46 5 and nis a number from 1-6. The methodology used for the synthesis of molecules
of type 10i is a standard solid phase peptide synthesis with Fmoc protecting
group. Fmoc protected Sasarin resin 10a is first deprotected by the treatment of
piperidine followed by coupling with the Fmoc protected amino acid using HATU
to obtain compound of type 10b. The protecting group of 10b was removed and
10 coupled with amino acid to using HATU to obtain 10c. The polymer supported 10¢c
was deprotected by treatment with piperidine and coupled with hydroxy acid to
obfain hydroxy amide of type 10d.The protecting group of 10d was cleaved and
coupled with protected lysine derivative using HATU to obtain compounds of type
10e. The protecting group of 10e was once again deprotected and coupled with
15 Fmoc protected amino acid to obtain compound of the type 10f. The protecting
groups PG' and PG? were removed and cyclzed using a diacid and HATU to
obtain the macrocycie 10g. The compound of 10g was oxidized using Dess-
Martin reagent and finally cleaved from the resin using TFA to obtain compound
10i.



PCTI USO1 /12530 Schene 8 Ba Sb Sc | HC -H2N 8e 8f 5 The preparat ?anﬁlg ﬁhe
conpound of fornula 8f, wherein RI, R2, R3 are defined above, Li
het er oal kywb og®R2s SR'', NR'R" wherein R and R .. are a'lkdhnglh%%ﬁ halo
substituent at ortho, nmeta, or para -position to oxygen atom R is alkyl,
aryl, or alkylaryl groups, PGis Boc, and nis fromzero to five, is
outlined in Schene 8. The net a-tyrosi Bpe- di peptide 8a is coupled to a
termnal N-protected to am no al cohol 8b under M tsunobu conditions
(triphenyl phosphi ne and ADDP). The protecting groups are renoved to give
di am ne g}sﬂéﬂféﬂ'?rl de 8d. The nmacrocyclization is achieved by form ng the
urea lin phosgene or carbonyl diim dazole. The resulting ester
is then hydrolyzed to an acid with linFfN hydr oxi de and i s subsequently

coupled to an_amne internediate to affor Ae 15 desired product 8f.
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PGHN” “COOH - PGHN\/I-L R -
Ha R i
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The synthesis of the compounds of type 11e wherein R', R%, R®, R* and n

s are defined in Scheme 1 and PG? is Cbz, PG' is Bn and PG is Boc, was initiated

from protected acid 11a. 11a was converted to compounds of type 11b by

coupling with lysine derivative using EDCI, HOOBt methodology. The ester group

of 11b was hydrolyzed using LiOH.H20 followed by the coupling with an

appropriate amine intermediate to obtain the compound 11c. This was further

10 treated with HCI in dioxane and coupled with lysine intermediate using EDCI,

HOOBt to form compounds of the type 11d. The compounds 11d were
deprotected and cyclized using EDCI, HOOBt to form compounds of type 11e.



Ed

2 7 AUG 2C1 WO 01/81325 47 Schene 90 1 H PGNjOCOOR R3 9a 0 7 ALG 0T
PCT/ USOL/ 1230 ~~O~-COQR HRL R3 0 43 0 R2 9¢c 9d The synthesis of c r'rpoﬁr%tis
of the ty rein the substituents R, R2, R3, R,

defi ned imgﬂsel\ggﬁl, was initiated by the deprotection 5 oRFégfgISvE\ﬁz’ﬁS@CI in
di oxane and coupling with w hydroxy acid using EDCI, HOOBt to vyield
compounds of the type 9b. The conpoundssof the type 9b were further
cyclized using Ph3P, ADDP to generate conpounds of the type 9c. The cyclic

Preparation of Intermediates:

Intermediate A:

Step 1:
OH
0N H
OzN/\/\ ———- &
i o
. u
5 To a stirred solution of 1-nitrobutane (16.5 g, 0.16 mot) and glyoxylic acid in

H20 (28.1 g, 0.305 mol) and MeOH (122 mL} at 0°C-5°C, was added dropwise
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
was then dissolved in H20 and acidified to pH =1 with 10% HCI, followed by

10 extraction with EtOAc. The combined organic solution was washed with brine,
dried over Na2504, filtered and concentrated to dryness to give the product ii
(28.1 g, 99% vyield).

Step 2:
oH OH
OzN H H2N OH
B —_—
0 0]
i iil
15 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

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 azeotroped twice with toluene to give iii as an off
20 white solid (131 g, 0.891 mol, 66%).



conpound 9c was deprotected and coupled wi.th an appropriate am nij _ 'rﬁgﬂﬂ
I nternmedi ate to generate conpound of type 9d. 10 Schene 10: WO O /8'51@ 48
PG HN(r) wDeiB@RlN | Od PGLHN 129 10h I N 10h PGLHN 10c H Npe@Pes#i/1hsAVG 20Tt

52

OH OH
H N OH BocHN H

i iv

To a stirred solution of the amino acid iii (2.0 g, 013.6 mmol) in dioxane (10

5 mlL) and H20 (5mL) at 0°C, was added 1N NaOH solution (4.3 mL, 14.0 mmol).
The resulting solution was stirred for 10 minutes, followed by addition of di-t-
butyldicarbonate (0.110 g, 14.0 mmoi) and stirred at 0 °C for 15 minutes. The
solution was then warmed to room temperature, stirred for 45 minutes and kept in
refrigerator overnight and concentrated to dryness fo give a crude material. To the

10 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 Na2SQg4, filtered

and concentrated to dryness to give the product iv as a clear gum (3.0 g, 89%

15 vyield).
Step 4.
e BocHN I H i
BocHN OH oc \w/u\o’”\ph
——— -
o
CH, CHg
iv v

To a stirred solution of iv (3.00 g, 12.0 mmol) in DMF (15 mL) and CH2Cl2

20 (15 ml) at -20°C was added HOOBt (1.97 g, 12.0 mmol), N-methyl morpholine
(4.0 mt, 36.0 mmol) and EDCI (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 in refrigerator overnight and
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the conpounds of the type 10i wherein R", R', R, R3 are defi

Schene 1. vRboi/guses P2 are defined as protecting groups nanpt'y/(ﬁ{mg;;(and
Dde. P is defined as a polynmer support wherein the conpound is inmobilized,
5 and nis a nunber from 1-6. The net hodol ogy used for the synthesis of

nol ecul es of type 10i is a standard sob3d phase peptide synthesis with
Frmoc protecting group. Fnoc protected Sasarin resin 10a is first
deprotected by the treatnent of piperidine followed by coupling with the
Frnoc pr ot [ The
protecti nég‘&%c?ég‘&géié@%afyﬁ\%éﬁrfgﬁ%@gg%gngﬁu couml E%‘g Hﬁg%ﬁ]kg acl ?téo usi ng
HATU t o oselation Wxs. thEnewashedbvice mptbos&tachtéddﬂaHﬁ@Bdé@@zt@%tW@x. briegt ment
W th pi per| di ne and coupled with hydroxy acid to obtain hydroxy am de of
_type 10d.dried oyeoiNaaIGe. Bitered a1d concertsater davénmangl to giveithel pduct v
protected |ysine derivative using HATU to obtai n conpounds of type 10e.
The prote@tg ggéP/dubRMSMéMH§ =&@%%el.agai n deprotected and coupled with 15
Froc py ot {:te am no acid to obtain conpound of the type 10f. The

prote ng—pqgoups PG and P& were renoved and cycl zed using a diacid and
HATU to obtain the macrocycle 10. The conpound of 1 ag, was oxidi zed using
Dess-

OH . 9 oH . Q
BocHN N
BocHN N\/”\O/\Ph oc \)J\OH
O 8]
{
CH3 CH3
v vi

The solution of starting material v (7.00 g, 17.8 mmol) in absoclute ethanol
(300 mL) was stirred at room temperature under a hydrogen atmosphere in the
10 presence of Pd-C (300 mg, 10%). The reaction progress was monitored by tlc.
After 2h, the mixture 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

MH*=305.1.
Step 6:
,, c|:H3
OH ——
BocHN BocHN N‘CH3
0 0
15 vii viii

To a solution of dimethylamine hydrochloride (1.61 g, 18.7 mmol), N-Boc-
phenylglycine (4.50 g, 17.9 mmol), HOOBt (3.07 g, 18.8 mmol) and EDCI (4.12 g,
21.5 mmal) 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

20 min, the reaction mixture was kept in a freezer ovemight (18 h). It was then
allowed to warm fo 1, and EtOAc ( 450 mL), brine (100 mL) and 5% H3zPO4 (100

mL) were added. After layers were separated, the organic solution was washed

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



Martin'reagent and finally cleaved fromthe resin using TFA to ob} aimg 200
conpound 10i. 2 7 AU 2@. WD 01!81325 50 Schene 11: R3 PGHN'COOH 1la
PCT/ USO11WO33B182PGT NHPG2 N R R2Z RN R3 n O F22 1id ThePglusheas® of the
conpounds of type 1lle wherein R, R2, R3, R4 and n 5 are defined in Schene
1 and P& is Cbz, PG is Bn and PGis Boc, was initiated from protected
acid 11 a. 11 a was converted to conpotdds of type 11 b by coupling with

| ysine derivative using EDCI, HOOBt net'hodol ogy. The ester group of 11 b
was hydrol yzed using Li OH H20O fol |l owed by the coupling with an

150 mL), water (150 mt), and brine (150 mL), dried (MgSOQ4), filtered and

concentrated in vacuo to afford crude product viii (4.86 g) as a white solid, which

was used without further purification.

Step 7;

Hy ) EHS
BocHN “CH, HCIH N “CHy
O 8]

22—

The N-Boc-phenylgiycine dimethylamide viii (4.70 g, crude) was dissolved
in 4 N HCl (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 ix_as a white solid which was used in

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

OH H O
BocHN N\)J\OH . ?Ha
O HCIH,N PG
CHs O
OH o i CHj
H
——>  BocHN N\)LN 'll"'CH
3
o) H o

CHy
X

The desired compound x was prepared according to the coupling

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



appropriate amne intermediate to obtain the conpound 11c. This was flGrther
lo treated with HClI in dioxane and coupled with |lysine internediate using
EDCl, HOGP, rm conpounds of the type 11d. The conpou re
depr ot ect edba‘l)trll l%gcl i zed using EDClI, HOOBt to form corrpoungjg%ggsjot'e%s\eaﬁll e.
2 7 A 201 WD 01/81325 PCT/ USQOL/ 12530 51 Preparation of Internediates:
Internediate A: Step 1: OHO02N"' " i O2KFsii 5 To a stirred solution of
l-nitrobutane (16.5 g, 0.16 nol) and glyoxylic acid in H20 (28.1 g, 0.305
nol) and MeOH (122 nL) at 0C-5C, was added dropwi se triethyl amne (93 ni,
0. 667 nol o & 2 hrs. The solution was warned to room tenperature |,
stirred o =ght and concentrated to dryness to give an oil. The oil was
t hen di ssolved in H2O and acidified to pH =1 with 10% HCl, foll owed by 1o
extraction with Et OAc. The conbi ned organi ¢ sol uti on was washed with brine,

OH O
BocHN H\)-L EHa
N “CH3s —_——
0 H 3

CH3
X
HCIH2N N
2 J\H N‘CHg
0] @]
CHz

The desired intermediate A was prepared from tripeptide x according to the

s procedures described in Step 7. LRMS m/z MH*= 365.1.

Intermediate B:

Step 1:
OH 0
H H
. SOy Y o
* o)
0 O HCI H,N j(
. e
Vi X
y OH , O
e
> Ay <
0 o) 0
xii
10 The desired product xii was obtained by the procedure described for

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

The crude material was sufficiently pure for further studies. A portion of the



dried over Na2SO4, filtered and concentrated to dryness to give tjheapsgguct
i (28.1 g, 99%yvyield). Step 22 02N OHH OH H2N, J OH1Il 15 To a stirred
sol uti on wD @1sasssi ng material ii (240 g, 1.35 nol) in acetperaghizséol. 25 L)
was added 10% Pd/C (37 g). The resulting solution was hydrogenated at 59
psi for 3 hrs and then at 60 psi overnight. The acetic acid was then
evaporated and azeotroped 3 tinmes wtba ol uene, then triturated with MeOH
and ether. The solution was then filtered and azeotroped twice with
toluene to give iii as an off 20 white solid (131 g, 0.891 nol, 66%. 2 7

AUG 2006 nfE4(dt \Bas parified byFshidndhatdgrabfy udind™7/4 dichloromethane/MeOH.
HRMS (FAB) Calcd for C25H40N307: 494.2866 (M+H)*. Found: 494.2863.

Step 2
g N
XO 0 0 H o \[<
xii
‘ .
Y
HC! HaN ) H\j\%
-T2
N
0 H o K
B
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:

Step 1:
OH g N
BocHN BocHN “CHs
0 O
vii xifi
10 The desired compound xiii was prepared according fo the coupling

procedures described in Step 6 for intermediate A.
Step 2:

T
Y
ZT

HCIHLN CH
BocHN N-ch, -4 3

xiii xiv



OHIv To a stirred solution of the amno acid iii (2.0 g, 013.6 W'A?Bﬁﬂgﬁ
dioxane (10 5 m-) and H20 (5nL) at 0C, was added 1N NaOH sol ution (4.

m., 14.0 wW@hsizFhe resulting solution was stirred for 10 pgpet@%2siol | oned
by addition of di-t- butyldicarbonate (0.110 g, 14.0 nmol) and stirred at O
C for 15 mnutes. The solution was then warned to room tenperature,
stirred for 45 mnutes and kept in refgdgerator overni ght and concentrated
to dryness to give a crude material. To the 10 solution of this crude
material in EtOAc (100 nmL) and ice, was added KHSO4 (3.36 g) and H20 (32

mL) and stirr 0%~ 4- ] I y t S and
‘the aqueous | Zgréér é/\?asiregixg? Qﬁog@dt \%ﬂgé“% vﬁg @ Eé%%gcgé%o\é\@ﬁ?e%ggﬁtﬁﬁgé&%% ani c
| ayer wasdegsibed inStep Wefoeintehhediate Ari ed over Na2SO4, filtered and

concentrated to dryness to give the product iv as a clear gum (3.0 g, 89%

15 yiel d)SteFp 4: " OH BocHN BocHNI- /OH "'t~.---"O-"Ph 0 CH3
OH H 0
BocHNﬁIN\)LOH
H +
N
HCIH-N “CH
? ’ CH3
Xiv vi
{
OH O
H H
. BocHN N\)LN N‘CHg
o H 3
CHs
xv
3 The desired compound xv was prepared according to the coupling

procedures described in Step 6 for intermediate A. LRMS m/z MH¥=451.1.



iv CH3 V To a stirred solution of iv (3.00 g, 12.0 nmml ) in DVF (25 Ams)yipand
CH2Cl2 20 (15 nL) at -20C was added HOOBt (1.97 g, 12.0 mmol), N-nethyl
mor phol i neo(@4/80328L., 36.0 mmol ) and EDCl (2.79 g, 14.5 mmolpcrusihgRssored for
10 m nutes, followed by addition of HCO H2ZN-dy-0Bn (2.56 g, 13.0 nmol).
The resulting solution was stirred at -20C for 2 hrs, then kept in
refrigerator overnight and 2 ? AUG 20058WD 01/81325 - PCT/US01112530 53
concentrated to dryness, followed by dilution with EtQAc (150 nL). The

Et OAc sol ution was then washed twice with saturated NaHCO3, H2O, 5% H3PO4,
brine, dgdpd. over Na2SO4, filtered and concentrated to dryness to give the

product Vv .59, 94%9. LRMsS mz MH{'= 395.1. 5 Step 5: f CH3 V Ph CH O
OH O
H H
BocHN N\)I\N N“‘CH3 —_
o H o
CHs
xvi
OH 0
H H
HCIHH N N\/lLﬁ N‘CHa |
O O ‘
CHs
C

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
5 without further purification.

Intermediate D:

§ \/ﬁ\ —_— : \j
H H
BocHN N OAPh HCIH2N N O/\Ph
8] O
CH3 CHs

v . D

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

purification.



L4

BocHN~I - ACH vi The sol ution of starting material v (7.00 g, 17.87mmpl)mn
absol ute ethanol (300 nL) was stirred at room tenperature under a hydrogen
at nospher gyg ¢y 1o presence of Pd-C (300 ng, 10% . The rgegis@an2pio0gr ess
was nonitored by tic. After 2h, the mxture was filtered through a celite
pad and the resulting solution was concentrated in vacuo to give the
product vi (5.40 g, quantitative). LRV&9Tz MH= 305.1. Step 6: H3 N
BocHN \CH3 O 15 Vii O To a solution of dinethylam ne hydrochloride (1.61 g,
19.7 mmol ), N Boc- phenylglycine (4.50 g, 17.9 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 tipmmenediate Ekor 30

Step 1:
OH
BocHN.. H
+ HCI-HZN’\H/O\}/ - .
o 0
CHj
iv Xvii

OH
H
f BocHN N\_j o>|\
0
CHs

5 Xviii
The desired product xviii was obtained by the procedure described for
Intermediate A, Step 8 using commercially available xvii as the coupling partner.

The crude material was sufficiently pure for further studies.

Step

2
OH . © oH . O
BocHN N\).LO HCIsH N N\)J\o
o 0
—_—
CH, CH,

10 xvill E
The desired product E was obtained by the procedure described for
Intermediate A, Step 7. The crude material was used without further purification.



-

20 mn, the reaction mxture was kept in a freezer overnight (18 ) H.Hzﬂgyvas
then allowed to warmto rt, and Et OAc (450 nlL), brine (100 niL) and

H3P04 (10890 6H8)32here added. After |layers were separated, ther/usgﬂrziam
solution was washed wth 5% H3P04 (100 nL), saturated aqueous sodi um

bi carbonate solution (2 X2 7 P 1."'u 2004 WO 01/81325 PCT/USQ /12530 54 150
m.), water (150 rnL), and brine (150 mif0 dried (MySH), filtered and
concentrated in vacuo to afford crude product viii (4.86 g) as a white
solid, which was used without further purification. Step 7: CH3 BocHN I
"CH3 0 05 Viii ix The N Boc-phenylglycine dinethylamde viii (4.70 g,
crude) was dissolved in 4 NHC (60 ni, 240 nmol) and the resulting

sol ut i onlntesmadiate-H: at room tenperature. The progress of the reaction was
m)nitore%!ga TLC After 4 h, the solution was concentrated in vacuo to

yield ix white solid which was used in
OH O
H H
SEY Y Yo
0 o HCleH,N O Ph
. -0
vi XIX
{
OH O
H H
- a/o\"/l\l N\)LN -t
o o H o
5 XX

The desired product xx was obtained by the procedure described for
Intermediate A, Step 4 using commercially available xix as the coupling partner.

The crude material was sufficiently pure for further studies.

Step 2
o N T R X o
Y N S~
>r 0 0 H 5 —_—
XX

OH H\i
HCIeH,N N N O._Ph

0 H 0]

10 F

The desired product F was obtained by the procedure described for

Intermediate D.



o the next reaction without further purification. LRVS mz M+= 2790 10

Step 8 CH3 CH3 vi BocHN CH3 CH3 HCt H2N--A-f N CH3 HCl - H2N Y ™ CH3

X

The degig @ggisxmpound x was prepared according to the cop@fmga“]z%o
VO

procedures described in Step 4. LRVE mlz M= 465 1. 227 AU G 2007
01/8132-5 PCT/ USO 1 h 2530 55 Ste R CH3
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Intermediate G:
Step 1
5
" an N
BocHN H 2 N
————»  HCI o
0]
CH, CH;
iv G

The desired product G was obtained by the procedure described for
Intermediate A, Step 4 using allylglycine as the coupling partner. The crude

10 material was sufficiently pure. The crude product was treated with 4N HCI/
Dioxane and stirred at rt. for 50 min. The reaction mixture was concentrated to

dryness to yield intermediate G which was used without further purification.

EXAMPLES

15 Example 1: Preparation of Compound of Formulia 1:

ZT
o
=T
=z
@)

Step A:
cl _ -
PFs PFg
+ + SN
¥ @——Ru(CH ONYy @—Ru:—
-
1a 1b 1c COCH

20 COOH

0 ix



XOHOCH N N-J Il am. I HAO H2H,N-CH3 0 CH3 A The desired
intermediate A was prepared fromtripeptide x according to the 5 prodédiiies
descri bedwoniStep 7. LRVS mz MH+= 365.1. Internedi ate B:p&eiliasiei A A
to The desired product xii was obtained by the procedure described for
Internediate A, Step 8 using comrercially avail able xi as the coupling
partner. The crude material was suffi@&Rently pure for further studies. A
portion of the 2 11 11 111, MN WO 01/81325 PCT/ US01112530

A solution of 4-chloropropionic acid (2.0 g, 10.8 mmol) of 1a in
dichloroethane (200 mL) was treated with CpRu{(CH3CN)3 PFg (4.7 g, 10.8 mmol,

1.0 equiv) and heated at reflux for 2 h. The reaction mixture was cooled to rt when
5  colorless crystals of the product 1¢ precipitated out. The crystals were filtered and
washed with 1:1 mixture of Et2O/CH2Cl2 and dried in vacuo. The colorless

crystals (3.3 g) were analytically pure. TH NMR (CD3C{0)CD3, 400 MHz, ppm, &,

J) 677(d,2H,J=7.0Hz), 653 (d, 2 H, J=7 Hz), 564 (s, 5 H), 2.87 {t, 2 H, J

=7.0 Hz), 2.74 (t, 2 H, J =7.0Hz); MS: (Electron spray, m/z relative intensity): |
10 350.9 (C14H14CIRu*, M*, 100); CHN calcd for C14H14CIFgO2PRu C=33.92%

H=2.85% CI=7.15% P=6.25% found: C=34.04% H=3.04% Cl=7.09% P=5.71%.

Step B:

OH
OH

)<0\",H\)OLOH
o

=+

R
A
Ch=€ZI
7
g

- +
CIH;N

° @
1d 1e 1f

15 A solution of Boc-cyclohexylgylcine monohydrate 1d (6.17 g, 24.00 mmol)
in dry CH2Cl2 (50.0 mL) was treated with 4-methylmorpholine (2.64 g, 26.0 mmol,

1.1 equiv.) and cooled to -10° C. To this mixture was added isobuty! chioroformate
(3.62 g, 3.5 mL, 1.1 equiv.) and the white suspension was stirred until the bath
temperature was -5 °C. meta-Tyrosine methyl ester hydrochloride salt ( 6.5 g,
20 26.5 mmol, 1.1 equiv.) was dissolved in DMF (30 mL) in a separate beaker and
treated with 4-methyl morpholine (2.64 g, 26.0 mmol, 1.1 equiv.) and stirred at rt.
for 16 min. This mixture was added to the reaction which was accompanied by
evolution of CO2. The reaction mixture was stirred at rt for 1 h and diluted with 1M

ag. HCI (100 mL). The aqueous layer was extracted with ethy! acetate (3x200 mL)
25 and the combined organic layer was extracted with 1M HCI (1x100 mL), ag NaOH



56 product was purlfled by f1ash chronat ography using 97/ 3 ZIVH LuZUBL
di chl or omet hane/ MeOH. 'HRMS (FAB) Cal cd for C25H4A0N307: 494. 2866 (

Found: 494y@8fd32s Step2 B 5 The desired product B was obt @Cﬁﬁg"pﬁ,gdﬁe
procedure described for Internediate A, Step 7. The crude material was used
Wi thout further purification. Internediate C Step 1: s H N 'CH3 BocHN
Y OA |l 10 The desired conpound xiii wag3prepared according to the coupling
procedures described in Step 6 for internediate A. Step 2: H BocHN N CH3

(1x100 mL), brine (1x100 mlL}, dried {Na2S04), concentrated in vacuo and
purified by chromatography (SiO2, EtOAc/Hexanes 3/7) to yield 5.3 g (53%) of
coupled compound 1f as a colorless foam.

Step C:

BocHN C_}IHa-l'\-l

die

1if 19

A solution of 1f (10g, 23.04 mmol) was dissolved in HCI (4M solution in
dioxane, 100 mlL) and stirred at rt for 2-4 h. The reaction mixture was
concentrated in vacuo and the solid was resuspended in ether. It was filtered and

10 the solid was washed with ether which was dried to give a colorless solid 1g

(8.2g, 96%) 'H NMR (d4-CD30D, 400 MHz, 5, ppm) 7.09 (¢, 1 H, J=8.0 Hz),

6.71-6.36 (m, 3 H), 4.69 (dd, 1H, J=6.0 Hz, 3.2 Hz), 3.69 (s, 3 H), 3.66 (d, 1 H,
J=5.2 Hz), 3.15 -3.10 (dd, 1 H, J=5.6 Hz, 4.0 Hz), 1.87-1.69 {m, 6 H), 1.32-1.10
(m, 5 H).




HHCOHN . NCH3 0 0 Xiii AV 2 ; AUG 2UN WO 01/81325 PCTI US01112530::57;
The desired conpound xiv was prepared according to the procedures .
descri bedWMOKRIEE 7 for internediate A. Step 3: BocHN H NPCTHBO1/HGBE6 H2N-
--ff xiv OH CH3 vi

64

Step D:
OH
C
= 0
Ru—— - o+
+ I
R OH CIH3N\=)-LN chs g
PFG o) H H o)
1c O 1g
OH
@-%u—‘-—-\ Ho §
|
N
e Y Y Y o
[ =
0 )
e
5 A solution of cyclopentadiene-n6—4—chlorophenylpropionic acid-ruthenium

hexanesafluorophosphate 1c¢ (2.0g, 4.0 mmol) in DMF (20 mL) was treated with
HOBt (810 mg, 6.0 mmol, 1.5 equiv)and Hiinigs base (2.6 g, 16.0 mmol, 4.0
equiv.) The reaction mixture was cooled to 0° C and treated with EDCl+HCI (888
mg, 5.0 mmol, 1.25 equiv.) The reaction mixture was stirred at 0 °C for 30 min and
10 amine salt 1g (1.48 g, 4.0 mmol) was added to the mixture and stirred at rt for 12
h. The reaction mixture was concentrated in vacuo and the residue was diluted
with H20 (200 mL) and extracted into CH2Cl2 (3x100 mL). The combined organic
layers were extracted with ag. HCl (1x100 mL), NaHCO3 (1x100 mL), brine
(1x100 mL) and dried (Nap504), filtered concentrated in vacuo and the brown

15 solid 1Th was used for cyclization without any further purification.



BocHN, ~N- .N O -CH3 xv 5 The desired conmpound xv was prepared acz:@r,\qw@}
" to the coupling procedures described in Step 6 for internediate A° LRVB'H z
M= 451. o 81/d138% ) 3 20c4 WD 01181325 PCT/ USO /12530 58 St pprArisodissoBocHN,

-k, L JL"~ N CH3 HCFH 2N xvi CH3 CH3 CH N CH3

65

Step E :
OH

c
O
= N NCHa

1h 1i
A solution of cyclopentadiene-n6-ruthenium-4-chlorophenylpropionic acid-
5 cyclohexyglycine-meta-tyrosine-OCHj 1h (1.47 g crude) in dry DMF (150 mL) was
treated with Cs2C0O3 (2.40 g, 7.37 mmol, 5.0 equiv) and degassed by bubbling
dry N2 into the reaction mixture. The reaction mixture was stirred at rt for 16 h and
the excess DMF was distilled off. The residue was dissolved in H20 (200 mL.) and
extracted with CH2Cl2 (3x100 mL). The combined organic layer was extracted
10 with brine {100 mL), dried (Na2S04), filtered concentrated in vacuo and the
residue was used for photolytic decomplexation of ruthenium without further
purification. |

The crude ruthenium complex was dissolved in acetonitrile (35 mL),
' degassed and photolysed in a Raynot (A=350 nM) for 48 h. The reaction mixture
15 was concentrated in vacuo and the residue was purified by chromatography

(SiO2, EtOAc/Hexanes 7:3) to yield 360 mg {52%) of a colorless solid 1i.



The desired internediate C was prepared according to the procedur@s A 200k
described in Step 7 for internediate AA LRV mz M+= 351 .1. It was used
S W t houtwbuMhe2s purification. Intermediate D BocHN_ }- pddy/usowi2siéd ' H-N O

Ph - TIT '™ O0Ph OCH3 v CH3 D The desired internediate D was prepared
from conpound v according to to the procedures described in Ste r, 7 for
intermediate A It was used without fubher purification. 2 ;' ALl |-

2004 WD 01/81325 PCT/ US01112530 59 f Internediate E: Step 1:

Step F:
i 1j '
5 A solution of biphenyl ether 1i (300 mg, 0.65 mmol) in CH30H (10 mL),

CH2Cl2 (20 mL) and H20 {5 mL) was treated with LiOHeH20 (90mg, 2.2 mmol,

3.4 equiv.) and stirred at rt for 2 h. The reaction mixture was acidified with aq. HCI

(6 -M) and extracted into CH2Cl2 (3x30 mL). The combined organic layers were

dried (Na2S04), filtered, and concentrated in vacuo to vield colotless acid 1j (200
10 mg, 66%).

Step G:

A solution of acid 1j (100 mg, 0.22 mmol) in dry DMF (2.5 mL) was treated
with HOOBt (45 mg, 0.33 mmol) and Hunigs base (141 mg, 1.1 mmol, 5.0 equiv.)



OH BocHN, J- ,OHCH3 iv + HCI1.H2N O O xvii BocHN',N J. CH3 3 XMk I,
The desired product xviii was obtained by the procedure described for

| nt er nedi woeo8138t ep 8 using conmercially avail able xvii aect/isoesep i ng
partner. The crude material was sufficiently pure for further studies.
Step2 OH O CH 0 BocHN ' N~ HCl H2N Nj~6170 CH3 xviii CH3

The reaction mixture was cooled to 0° C and treated with EDCI (63 mg, 0.33
mmol, 1.5 equiv) and stirred for 20 min. The reaction mixiure was treated with
amine B (118 mg, 0.27 mmol, 1.22 equiv.} and stirred at rt for 12 h. The reaction

mixture was concentrated in vacuo and diluted with H20 (30 mL). The aqueous
5 layer was extracted with CH2Cl2 (3x50 mL) and EtOAc (3x50 mL). The combined
organic layers were extracted with aq. HCI (2M), aq. NaOH (2M), dried (Na2S04)
filtered concentrated in vacuo to obtain a colorless solid 1k (79 mg) which was
used for oxidation. MS: (Electron spray, m/z rel int). 826 [(M+1)+, 100], 494 (20),
( 94 (30).
10 StepH:

X

A solution of hydroxy amide 1k (130 mg, 0.16 mmol) in DMF (2.0 mL) was
treated with Dess-Martin reagent (130 mg, 0.32 mmol, 2.0 equiv.). The reaction
mixture was stirred at rt for 2 h and the mixture was concentrated in vacuo. The

15 residue was purified by chromatography (SiO2, CH30H/CH2Cl2: 1:49) to yield

oxidized product 1 (65 mg, 42%) as a colorless solid. MS: (Electron spray, m/z rel
int). 858 [(M+CH30H+1)+. 100], 824 [(M+1)T, 63).



E The desired product E was obtained by the procedure described fgr; A 7
Intermediate A, Step 7. The crude material was used w thout furthef AVD 200
purificatwoen/s@2s~ r,~G2 0 0 4 WO 01/81325 PCT/ USO / 1253 1B0siinessenedi at e
F: Step 1 Ph vi xix O Ph 5 xx The desired product xx was obtai ned by the
procedure described for Internediate A, Ste g 4 using commercially

avail abl e xi x as the coupling partner.88The crude material was sufficiently
pure for further studies. Ste g xx Ph

Example 2: Preparation of Compound of Formula 2:

AN

4
W9 )
N\)LH OH

A solution of fert-butyl ester 1 (50.0 mg, 60.0 pmol) was treated with
TFAJCH2CI2 (1:1, 4 mL) and stirred at it for 2 h. The disappearance of the ester to

10 the base line was followed by TLC (CH30H/CH2Cl2 1:24). After the deprotection

was complete the reaction mixture was concentrated in vacuo and the residue
was repeatedly treated with heptanes (4.0 mL) and concentrated to yield a white

solid 2 (49 mg, 100%). MS: (Electron spray, m/z rel int): 768 [(M+1)*, 100).



10 0 0 F The desired product F was obtained by the procedure deszr;ﬂl\Pﬁzdd@Fpr
Internmediate D. WO 01/81325 61 Internediate G Step 1 5 BocHN OH H2 I—?
PCT/ USO1/ 326 389siBbe desired product G was obtai ned by the ppegaddr/esso
described for Internediate A Step 4 using allylglycine as the coupling
partner. The crude 1o material was sufficiently pure. The crude product was
treated with 4N HCI/ Dioxane and stirr@a at it for 50 mn. The reaction

m xture was concentrated to dryness to yield internediate G which was used
wi t hout further purification. EXAVPLES

Example 3: Preparation of Compound of Formula 3:

5;
)L

A solution of acid 1j (100 mg, 0.22 mmol) in dry DMF (2.5 mL) was treated

with HOOBt (45 mg, 0.33 mmol) and Hinigs base (141 mg, 1.1 mmol, 5.0 equiv.)

10 The reaction mixture was cooled to 0° C and treated with EDCI (63 mg, 0.33
mmol, 1.5 equiv) and stired for 20 min. The reaction mixture was treated with
amine E (79 mg, 0.27 mmol, 1.22 equiv.) and stirred at rt for 12 h. The reaction
mixture was concentrated in vacuo and diluted with H20 (30 mL}. The aqueous

layer was extracted with CH2CIi2 (3x50 mL). The combined organic layers were

15 extracted with aq. HCI (1M, 30 mL) ag. NaOH (1M, 30 mL), dried (Na2SO4)



L4
-

“15 Exanpl e 1: Preparation of Conpound of Forrmula 1: H N1 Step "AZ\:.] é?r ﬁ@s
COON + Ru(CH3CN)3 la Ib PF6 - C . 2 7 ALIG 2006 WO 01/81325 PCT/USCTHY 30
62 A sol wan/8o¥254- chi oropropionic acid (2.0 g, 10.8 mml)p@fukésizgze

di chl oroet hane (200 nmL) was treated with CpRu(CH3CN)3 PF6 (4.7 g, 10.8
mml, 1.0 equiv) and heated at reflux for 2 h. The reaction m xture was
cooled to rt when 5 colorless crystal s76f the product 1c precipitated out.
The crystals were filtered and washed with 1:1 m xture of Et20 CH2Cl 2 and
dried in vacuo. The col orless

fitered concentrated in vacuo to obtain a colorless solid 3a (58 mg) which was
used for oxidation. MS: (Electron spray, m/z rel inf): 693 [(M+1)+, 100], 637 (41),
494 (55), 394 (51), 338 (13).

Step B:

A solution of alcohol 3a (95 mg, 0.14 mmol) in CH2Cl2 (2.0 mL) was

treated with Dess-Martin reagent (116 mg, 0.28 mmol, 2.0 equiv.) The reaction
10  mixture was stirred at rt for 2 h and the mixture was concentrated in vacuo. The
residue was purified by chromatography (SiO2, CH30H/CH2CIl2 1:32) to vield

oxidized product 3 (47 mg, 42%) as a colorless solid. MS: (Electron spray, m/z rel

+
int). 691 (M+1) .



crystals (3.3 g) were analytically pure. 1 H-NWR (CDSC(O)CDS 402 104
“ppm S, J) 6.77 (d, 2 H J = 7.0 H), 6.53 (d, 2 H J =7 H), 562 5
H, 2.87 Weogsidsd =7.0 Hz), 2.74 (t, 2 H J :7.0Hz) MSp, fg S%F”g:«-ﬁﬁ
spray, mz relative intensity): 10 350.9 (Cl4H14C Ru+, , 0); cal cd
for Cl4H14Cl F602PRu C=33. 92% H=2.85% Cl =7. 15% P=6. 25% f ouhd: C=34. 04%
- H=3.04% CI =7.09% P=5.71 % Step B: OH ¢ CH 3N 15 A solution of
Boc- cycl ohexyl gyl ci ne nonohydrate Id (6.17 g, 24.00 mmol) in dry CH2Cl 2
(50.0 mM-) was treated with 4-nethyl norpholine (2.64 g, 26.0 mmol, 1.1
equiv.) and cooled to -10 C. To this m xture was added i sobutyl
chloroformate (3.62 g, 3.5 nL, 1.1 equiv.) and the white suspensi on was
stirred ugikamplbel: PrdharhBonFC o otieed ofF&rmiRf 2 Tyr osi ne net hyl ester
hydrochloride salt ( 6.5 g, 20 26. .1 equrv.) was dissolved in DV
(30 m-) in a separate beake L reated with 4-methyl norphotine (2.64
g, 26.0 mol, 1.1 equiv.) affd § eyl at it for 15 mn. This m xture was
added to the reaction whi ch)=a rrpanl ed by evolution of C02. The

reaction m xture was stirr pr | nd ilgted with 1 M aq. HC
(100 nL). The aqueous | aye \jktr cteﬂj ‘},me‘(acet ate (3x200 nmL) 25

and the conbined organic |la ﬁextact ed HCl (1x9 00 nl), aq
NaOH 2 7 ALi 12004 O O Q
4
Step A

A solution of tert-butyl ester 3 (47.0 mg, 68.0 ymol) was treated with HCI

(4M Dioxane, 5 mL) and stirred at rt for 25 h. The disappearance of the ester to

the base line was followed by TLC (CH30H/CH2Cl2 1:24). After the deprotection

10 was complete the reaction mixture was concentrated in vacuo and the residue

was repeatedly treated with heptanes (5.0 mL) and concentrated to yield a white

solid 4 (43 mg, 100%). MS: (Electron spray, m/z rel int): 635 [(M+1)*, 100)), 465
(62), 336 (62).



>

WO 01181325 PCT/US01/12530 63 (1x100 mi), brine (1x100 ni), dried?(/Na2SQ4) .
concentrated in vacuo and purified by chromatography (Si 02, EtQAc/Hexanes
3/7) to welesks23 g (53% of coupled conpound If as a col pctessi/fzemm St ep
C. 5 HO HO A solution of If (10g, 23.04 mmol) was dissolved in HC (4M
solution in dioxane, 100 m-) and stirred at rt for 2-4 h. The reaction

m xture was concentrated in vacuo and7Zhe solid was resuspended in ether.
It was filtered and 1o the solid was washed with ether which was dried to
give a colorless solid 1g (8.2g, 96% 1 H NWR (d4-CD30D, 400 MHz, 3, ppm
7.09 (t, I H J=8.0 Hz), 6.71-6.36 (m 3 H), 4.69 (dd, 1H J=6.0 Hz, 3.2
Hz), 3.69 (s, 3 H, 3.66 (d, I H J=5.2 Hz), 3.15 -3.10 (dd, | H, J=5.6

Hz, 4.0 HExamplety:-Rrésarationcof Lonipditnd of Fortmala®b:H). 2 ' | 2-)N WO
0118132-S 64 Step O:

‘l’

= PF,
c PFf C | SRME
N G-—RU(CHscN)g R

COOH
5a COOH  1pb 5b

A solution of 4-chlorobutyric acid 5a (3.0g, 15.10 mmol) in dichloroethane

{200 ml.) was treated with CpRu{CH3CN)3 5.10 mimol, 1.0 equiv)
and heated at reflux for 2.5 h. The reaction mixture was cooled to 0°C and
10 filtered. The filtrate was concentrated in vacuo and dissolved in CH3CN (10 mL}
and treated with a large excess of E{20. The gum separating out was separated
by decanting the ether and the residue was dissoived in CH2CI12/CH30H (1:1, 100

mL) and concentrated in vacuo to obtain 5b as a brown gum which solidifies (3.5
g, 46%).




r

OH OCRu.l + 0 OH CH3N PF6 Ic 1h 10 OH 5 A sol ution of cycl opentadiene--q
6-4-ch loro phe nyl pro pion ic acid-ruthenium hexanesafl uor ophosptdtéllic
(2.0g, 4. | ),-in DMF (20 nL) was treated with HOBt (8 nmol ,
1.5 equivggﬁg%ﬁéﬁigs base (2.6 g, 16.0 nmol, 4.0 equiv.) 'Qggggé?Pon

m xture was cooled to 00 C and treated with EDCIHCI (888 ng, 5.0 nmol,
1.25 equiv.) The reaction mxture was ghirred at 0 C for 30 min and to
amne salt 1g (1.48 g, 4.0 nmmol) was added to the m xture and stirred at it
for 12 h. The reaction m xture was concentrated in vacuo and the residue
was diluted wth H20 (200 nmL) and extracted into CH2CI 2 (3x100 nmL). The
conbi ned organic |ayers were extracted with ag. HC (1x100 niL), NaHCC3
“(9x100 tepd N (1x100 nl) and dried (Na2SO4), filtered concentrated in
vacuo and the brown 15 solid | h was used for cyclization wthout any

further purification. PCT/USOL/ 12530 WO OJF‘{F§1325
’ OH Xy +
| —Ru—@
-
0Q0OH
- 4+ 9 5b
CIHaN\_/"\N O

- OH
H §
( 1g /@r\/\rN\)LH ~
. O H O
e
+ N

5c
A solution of carboxylic acid 5b (3.12 g, 5.95 mmol} in dry DMF (20 mL)
s was treated with Hinigs base (3.07 g, 24.0 mmol, 4.0 equiv, 4.4 mL) and HOB{
(1.2 g, 8.93 mmol, 1.5 equiv). The reaction mixture was cooled to 0°C and the
treated with EDCI (1.35 g, 7.43 mmol, 1.25 equiv) and stired for 1h. To this

reaction mixture was added amine hydrochloride 1g (2.65g, 7.14 mmol, 1.2
equiv), and the reaction mixture was stirred at t for 12 h. DMF was distilled out
10 and the residue was diluted with water and the aqueous layer was extracted with

CH2Cl2. The combined organic layers were extracted with aq NaHCO3, ag. HCI,

brine, dried (N52804), filtered, concentrated in vacuo and the crude product 5¢

(4.3 g) was used for cyclization without further purification. 1H NMR (d4-CD30D,

400 MHz, &, ppm) 7.35 (¢, 1H), 6.72-6.60 (m, 5 H), 6.33-6.20 (dd, 2 H), 5.51 (s, 5
15 H), 4.19 (d, 1 H), 3.68 (s, 3 H), 3.19-2.83 (m, 2 H), 2.51-2.40 (m, 2 H), 2.40-2.25
(m, 2 H), 1.99-1.59 (m, 8 H), 1.35-0.98 (m, 5 H); MS (FAB, NBA-G/TG-DMSO,

m/z relative intensity) 695.3 (IM-PFg]*+ 100), 232 (20), 171(30); HRMS calcd for

+
C34H42N205CIRu (M-PFg)" 695.1832; found 695.1845,



65 Step E: OH 1h 11 'CH3 A solution of cycl opentadi ene- Tl 6-rut hen

I um 4- chl or ophenyl propi oni c aci d- 5 cycl ohexygl yci ne-net a-tyr osi Ae- m&sm h
(1.47 g owgdﬂ)glgzn dry DVF (150 m-) was treated with Cs2CEct@séPri2830 7- 37
mmol, 5.0 equiv) and degassed by bubbling dry N2 into the reaction
mxture The reaction m xture was stirred at rt for 16 h and the excess
DVF was distilled off. The residue was 7di ssolved in H20O (200 nL) and
extracted with CH2CI 2 (3x100 nmL). The conbi ned organic | ayer was extracted
to with brine (100 nL), dried (Na2SOX4), filtered concentrated in vacuo and
the residue was used for photol ytic deconplexation of rutheniumw thout
further purification. The crude ruthenium conplex was dissolved in
acetoni tigthg ¢:35 nl), degassed and photolysed in a Raynot (1=350 nM for
48 h. The reaction m xture 15 was_concentrated in vacuo and the residue
was purified by chromatography ( B2, Et OAc/ Hexanes 7:3) to yield 360 ny
(529 of a colorless solid 1 i. USOL/ 12530 2 7 A" G2 Q 4

‘I’

5¢ 5d {

A solution of chioro-compound 5¢ (3.0 g 3.6 mmol) in dry DMF (300 mL)
5 was degassed with dry N2 and Cs2CO3 ( 5.2 g, 16 mmol, 4.0 equiv) and stirred at
rt. for 16h. The solvent DMF was distilled off and the residue was diluted with
water and extracted with CH2Cl2 (3x100 mL) . The combined organic layers were
dried (Na2S04), filtered, concentrated in vacuo and dried under vacuum
overnight. it was used for photolytic removal of Ru without further purification. MS

10 FAB (NBA-G/TG-DMSO 695 (IM-PFg]*, 100].
The cyclized compound from the previous step was dissolved in CH3CN
(35mL.) and photolysed in a Raynot (A=350 nm) for 48h. The reaction mixture was
concentrated in vacuo and the residue was purified by chromatography (SiO2,

EtOAc/Hexanes 1:1) to yield a tan colored solid 5d (600 mg, 34%). TH NMR
15 (CDCI3z, 400 MHz, 3, ppm) 7.58 (d, 1H, J=7.6 Hz), 7.14 (t, 1 H, J=8.0 Hz), 6.94 (d,
2 H, J=8.4 Hz), 6.87 (dd, 1 H, J=2.4, 56 Hz), 6.73 (d, 1 H,.J=7.2 Hz), 6.53 (s, 1
H), 6.57 (s, 2 H), 6.39 (d, 1 H, J=8.0 Hz), 4.51 (dt, 1 H, J=2.8, 8.0 Hz), 3.80-3.62
(m, 1 H), 3.62 (s, 3 H), 3.05-3.00 (dd, 1H, J=2.8, 11.6 Hz), 2.85 (dd, 1 H, J=8.4,
6.0 Hz), 2.76-2.72 (m, 1 H), 2.36-2.19 (m, 3 H), 2.02 (dd, 1 H, J=6.4, 9.2 Hz}, 1.8-
20 1.73 (m, 1 H), 1.61-1.34(m, 7H), ,1.41-0.71 (m, 7 H). MS (FAB, NBA-G/TG-
DMSO, m/z relative intensity), 493 [(M+1)", 100], 465 (20), 232 (30), 171 (40);

+
HRMS calcd. for C2gH37N20s (M+1) : 493.2702; found 493.2699.




WO 01/81325 66 Step F: PCT/US01/12530 Ii 1j 5 A solution of biphenyl ether
11 (300 ng, 0.65 mml) in CH3OH (10 nlL), CH2CI2 (20 nL) and H2O ( 'mi!)”
treated w | OHH20 (90nmg, 2.2 mmol, 3.4 equiv.) and sti .t, for 2
e CThe o ll"(l')ér%grt?'i xture was acidified with ag. HJ (6 -Mf'gﬁ sfesh | og
into CH2CI 2 (3x30 nlL). The conbined organic |ayers were dried (Na2SO4),
filtered, and concentrated in vacuo to 34eld colorless acid |l j (200 io0
ng, 66%. Step G 1) 1k A solution of acid 1j (100 ng, 0.22 mml) in dry
DMF (2.5 nL) was treated wth HOOBt (45 ng, 0.33 mmol) and HUni gs base
(141 mg, 1.1 mol, 5.0 equiv.) 27 A ul004 WO 01/81325 PCTI USOL/ 12530 67 The
reaction mxture was cooled to O C and treated wiwth EDCl (63 ng, 0.33

" mol 1.53wa) and stirred for 20 mn. The reaction mxture was treated
with )

5d 5e
( A solution of ether 5d (200 mg, 0.42 mmol) in CH30H (5 mL), CH2Ci2 (10
s mL)and H20 (0.5 mL) was treated with LiOHeH20 (18 mg, 0.44 mmoi, 1.1 equiv.}
and stirred at rt for 12 h. The reaction mixture was acidified with aqueous HCI (12
N, 1mL) and concentrated in vacuo to yield acid 5e which was used directly for

the coupling without further purification.
Step E:

10

A solution of acid 5e in dry DMF (5.0 mL) was treated with HOOBt (103
mg, 0.63 mmol, 1.5 equiv.), Hinigs base (216 mg, 1.68 mmol, 4.0 equiv.) and
amine B (270 mg, 0.63 mmol, 1.47 equiv.) The reaction mixture was cooled to 0°



F.d

amine B (118 ng, 0.27 mmol, 1.22 equiv.) and stirred at it for 12 hy sTheyy
reaction mxture was concentrated in vacuo and diluted with H2O ( .
The aqueows di/shdsser was extracted with CH2ClI 2 (3x50 m -) apgrhisePesePx50
m.). The conbined organic |layers were extracted with ag. HCl (2M, aq.
NaOH (2M, dried (Na2SO4) filtered concentrated in vacuo to obtain a
colorless solid Ilk (79 ng) which was W&ed for oxidation. Ms: (Electron
spray, mz rel int): 826 [(M+:1l)+, 100]. 494 (20), 94 (30). 10 Step H A
sol ution of hydroxy amde 1k (130 ng, 0.16 mml) in DM (2.0 m-) was

t t d

et € T N ORI 5 Pl B e
concent r &.qthe reaction enixithe wids costahimteasn pacid aad diltitesh Wil 901 @omL(.Si 02,
CH3OH CH2Cl 2: 1:49) to yield oxidized product 1 (55 ng, 42% as a

col orl es sh: !mqtmou@ayeemsteo@mw with GiH2CHe(3x50mh).) 288 EDARGCKSOHALL). +,
100], 4|_ (M g 63). AUG 20r.,4 WO 01/81325 PCT/ USOl/ 12530 68 Exarrpl e
2. Prepar&18 epMBiNedRreanicdayers-werg pxiracted withspaH@&! (2M) ag. NaOH (2M),

5 dried {Na2504) fittered concentrated in vacuo to obtain a colorless solid 5f (177

mg) which was used for oxidation. MS: {Electron spray, m/z rel int): 840 [(M+1 )+,
100], 394 (100).
Step F:

10 A solution of alcohol 5f (177 mg, 0.21 mmol) in CH2Cl2 (10.0 mL) was

treated with Dess-Martin reagent (178 mg, 0.42 mmol, 2.0 equiv.) The reaction
mixture was stired at rt for 3 h and the mixture was concentrated in vacuo. The

residue was purified by chromatography (Si02, CH30OH/CH2Cl2 1:49) to vield

oxidized product 5 (23 mg, 13%) as a colorless solid. MS: (Electron spray /2 rel

15 int): 870 [(M+CH30H+1)¥, 50], 838 [(M+1)*, 100).



. - S
-

A solution of tert-butyl ester 1 (50.0 ng, 60.0 pnpl) was treated w{h ...
TFAICH2CI 2 (1:1, 4 nmL) and stirred at it for 2 h. The di sappearanc\g2 LflzrkgL
ester to- '»901'0% 3tiase line was fol |l owed by TLC (CH34H CH2C %C]mfs‘t]i)nz ter

t he depr ot LPHERE was conplete the reaction m xture was concen ated

vacuo and the residue was repeatedly treated with heptanes (4.0 nl) and
concentrated to yield a white solid 2 fﬁQ , 100%. Ms: (Electron spray,
mz rel int): 768 [(M+l)+, 100). 2 7 Al', 20G WD 01/81325 PCT/ US01/ 12530 69
Exanpl e 3: Preparation of Conpound of Formula 3: 5 Step A: Ibf 3a A
solution of acid |l j (100 ng, 0.22 mol) in dry DMF (2.5 nL) was treated
with HOOBt (45 ng, 0.33 mml) and Hunigs base (141 ng, 1.1 nmol, 5.0
equiv.)  EQa I PPeC and treated with EDC
(63 ng, 3T ) 0 fhin. The reaction mixture
was treated with am ne E (79 ng, 0. 27 rrrml 1.22 equiv.) and stirred at rt
"for 12 h. The reaction mxty e was concentrated in vacuo and diluted with
H20 (30 nL). The aqueous RS extracted with CH2Cl 2 (3x50 nmL). The
conbi ned organic |ayers

53

A solution of tert-butyl ester 5§ (50.0 mg, 60.0 ymol) was treated with
TFA/CH2Cl2 (1:1, 4 mL) and stirred at rt for 7 h. The disappearance of the ester to

the base line was followed by TLC (CH30H/CH2Cl2 1:24). After the deprotection

10 was complete the reaction mixture was concentrated in vacuo and the residue

was repeatedly treated with heptanes (4.0 mL) and concentrated to yield a white

sofid 6 (14 mg, 100%). MS: (Electron spray, m/z ref int): 782 [(M+1)*, 100).



15 extracted with aq " HCl (1M 30 nL) aqg. NaOH (IM 30 n), dried ¢Na2S)
WO 01/51325 70 2 7 Au6 20R PC 1YUS01/ 12530 filtered concentrated in vacuo
t o obtai nway @191sl ess solid 3a (58 ng) which was used for ES}A{BB B
(Electron spray, mz rel int): 693 [(M+1l) 100], 637 (41), ?gl 394
(51), 338 (13). Step B: 5 3 s A solution of alcohol 3a (95 ng, 0.14 mol)
in CH2Cl 2 (2.0 nm.) was treated with Degs-Martin reagent (116 ng, 0.28
nmol, 2.0 equiv.) The reaction 1o mxture was stirred at rt for 2 h and the
m xture was concentrated in vacuo. The residue was purified by

chromat ography (Si 02, CH3OH/ CH2CI 2 1:32) to yield oxidized product 3 (47
ng, 42% as a colorless solid. Ms: (Electron spray, mz rel int): 691

(Mrl) 2 BEfimple?Prfhfitidi 32 T diapound dfiRdeRuialy:

0 H © u ©
Y Sy K
o : 0 5! H o
7
Step A: ‘
H
/Q/V\UH . (ONkO
C c
5 7a 7b

A solution of alcohol 7a (8.2g, 54.1 mmol) in dry CH2Cl2 (200 mL) was
treated with DMSO (35 mL) and Et3N (16.4g. 16.3 mmol, 23.4 mL). The reaction
mixture was cooled to 0 °C and treated with PyeS03 (12.9 g, 81.2 mmol, 1.50
equiv.) dissolved in DMSO (30 mL). The reaction mixture was stirred at 0°C for

10 0.5 h and rt for 6 h. The reaction mixture was concentrated in vacuo and diluted
with Et20 (100 mL) and H20 (200 mL}. The layers were separated and the

aqueous layer was extracted with Et20 (3x100 mL). The combined organic layers
were extracted with HCI (2M, 3x100 mL), brine (1x100 mL) concentrated in vacuo
and purified by chromatography (SiO2, EtOAc/Hexanes 1:7) to yield aldehyde 7b

15 which solidified to a waxy solid on standing (7.1g, 77%). CHN calcd for CgHgCIO:
C=64.11% H=5.38%; found: C=64.08% H=5.30%.



Exanpl e 4. Preparation of Conpound of Formula 4: Step A© 5 H NH N4 Ay
solution of tert-butyl ester 3 (47.0 ng, 68.0 pnol) was treated with HCl
(4M Di oxa ) and stirred at it for 25 h. The di sappe t he
ester to %Oeéﬁg?e line was foll owed by TLC (CH3OH CH2CI 2 %g@?&%%ﬂer t he
deprotection io was conplete the reaction m xture was concentrated in vacuo
and the residue was repeatedly treatedygM th heptanes (5.0 nmL) and
concentrated to yield a white solid 4 (43 ng, 100%9. Ms: (Electron spray,
mz rel int): 635 [(Mtl)+, 10D)], 465 (62), 336 (62). W2 7 F..HLirL'4 WO
01/81325 PCT/ USQO /12530 72 Exanple 5: Preparation of Conpound of Formula 5:
5

Step B:

‘I‘

C Cc

7b 7c

A solution of thiethylphosponoacetate (6.72g, 30 mmol, 1.2 equiv) in dry

5 THF (100 mL) was treated with NaH (60% dispersion, 1.5g, 35 mmol, 1.4 equiv) at
0°C. The reaction mixture was stirred at 25°C for 1 h until the H2 evolution
ceased. A solution of aldehyde 7b (4.2g, 25.0 mmol) in dry THF (5.0 mL) was
added and the reaction mixture was stirred for 36 h. The reaction mixture was
diluted with H20 (100 mL) and extracted with Et2O (3x70 mL). The combined

10 organic layer was dried (MgSO04), filtered, concentrated in vacuo and
chromatographed to yield o,p-unsaturated ester 7¢ (4.2g, 71%) which was used

for reduction.

StepC:
i 0 O
/g\/\)\oa —_—— /@/\/\)LDE
c Cc
76 7d
15 A solution of o, B-unsaturated ester 7¢ (4.2g, 8.0 mmol) in EtOAc (50 mL)

was treated with Pd/C (10% wiw, 500 mg) and hydrogenated at 50 psi for 12 h.
The reaction mixture was filtered through a plug of celite and the filtrate was

concentrated in vacuo to yield the reduced compound 7d {3.9 g, 93%).




Step A PF5 O-Ru(CH3CN)3 5 COOHH N5 a 5b COOH A solution of 77 alif20n,
4-chl orobutyric acid 5a (3.0g, 15.10 mmol) in dichloroethane k2-00 AlL)
was treatwdonsidzs%, Mi(CHCN3 rb ib (o.v 9, 15. iv (Iflpddiuserizbiecaul y)
and heated at reflux for 2.5 h. The reaction m xture was cooled to 0C and
o filtered. The filtrate was concentrated in vacuo and di ssolved in CH3CN
(10 nL) and treated with a | arge exce88 of Et20. The gum separating out
was separated by decanting the ether and the residue was dissolved in
CH2Cl 21CH30H (1:1, 100 nlL) and concentrated in vacuo to obtain 5b as a
brown gum which solidifies (3.5 g, 46%. 7b 2 7 AUG 2GJU WD 01/81325 73
Step B:

Step D:

QO O

S

7d 7e

A solution of the ester 7d (3.9 g, 16.2 mmol) in CH30H/THF/H20 (1:1:0.1,
5 110 mL) was treated with LiOHeH20 (1.2 g, 30 mmol, 2.0 equiv) and stirred at rt

for 5 h. The reaction mixture was concentrated in vacuo and the residue was
diluted with H20 (100 mL) and extracted into Et0 (3x50 mL). The aqueous layer
was acidified to pH ~1 (13 M HCI) and the turbid aqueous layer was extracted with
Et20 (3x100 mL). The combined organic layers were dried (MgSOjy) filtered

10 concentrated in vacuo to yield a coloriess solid 7e (3.1g, 96%). CHN caled for
C11H13ClO2 C=62.12% H=6.16%; found: C=62.27% H=6.23%.

Step E:
c PFs c PFe
+ | \_F'{U_@
+ Ru(CH;CN)3 - L=
1b
QOH OCH
7e 7¢
15 A solution of 4-chlorophenyl pentanoic acid 7e (3.0g, 14.15 mmol) in

dichloroethane (150 mL) was treated with CpRu(CH3CN)3PFg 1b (6.75 g, 15.10
mmol, 1.0 equiv) and heated at reflux for 2.5 h. The reaction mixture was cooled
to 0° C and filtered. The filfrate was concentrated in vacuo and dissolved in
CH3CN (20 mL) and treated with a large excess of Et20. The gum separating out
20 was separated by decanting the ether and the residue was dissolved in
CH2CI2/CH30H (1:1, 100 mL) and concentrated in vacuo to obtain 7f a brown



P

OH PCT/US01112530 OH 19 5¢c A solution of carboxylic acid 5b (3.12 g7 7549300
mmol) in dry DM (20 nL) 5 was treated with Huni gs base (3.07 g, 24.0 mml,
4.0 equiVy dloﬁslpi ) and HOBt (1.2 g, 8.93 mmol, 1.5 equi v}.CT,'[[Ig@”fzeﬁ,ctlon

m xture was cooled to OC and the treated with EDCI (1.35 g, 43 rnnol ,

1.25 equiv) and stirred for 1h. To this reaction mxture was added am ne
hydrochl oride 1g (2.65g, 7.14 mmol, 1.1 equiv), and the reaction m xture
was stirred at rt for 12 h. DVMF was distilled out 10 and the residue was
diluted with vvat er and the aqueous | ayer was extracted with CH2Cl 2. The

conbi ned or an ext W NaHCO3, aq, ,HGL, rene,
ired | o dicftes T 0 & R0 H1S! (ERen SR 2RI Pl
(4.3 g) was used for cyclization without further purification. 1 H NWR
(d4- cD3o’FeuedOz, s, ppm) 7.35 (t, 1 H), 6.72-6.60 (m 5 H), 6.33-6.20
(dd, 2 H), 5 51 (s, 5is H, 4.19 (d, 1 H, 3.68 (s, 3 H, 3.19-2.83 (m 2
"H), 2.51- (m 2 H, 2.40-2.25 (m 2 H), 1.99-1.59 (m 8 H), 1.35-0.98
(m 5 H; R?@%FAB NBA-G TG DMSO, mz relative intensity) 695.3 ({M PF6] +,
100), 232 (20), 171(30)9HHRMVS cal cd_for C34H42N205ClRu (M PF6) + 695.1832;

found 695.1845. WO 01/81325 ¢ PFs
j@—{/\
P
C*HaN\)L COOH

1g %
H O
- N\_/U\N
: H

79

5 A solution of carboxylic acid 7f (3.12 g, 5.95 mmol) in dry DMF (20 mL} was
treated with Hunigs base { 3.07 g, 24.0 mmol, 4.0 equiv, 4.4 mL) and HOBt ( 1.2
g, 8.93 mmol, 1.5 equiv). The reaction mixture was cooled to 0°C and the treated
with EDCI (1.35 g, 7.43 mmol, 1.25 equiv) and stirred for 1h. To this reaction
mixture was added amine hydrochloride 1g (2.65g, 7.14 mmol, 1.2 equiv) was

10 added and the reaction mixture was stirred at rt for 12 h. The DMF was distilled
out and the residue was diluted with water and the aqueous layer was extracted
with CH2Cl2. The combined organic layers were extracted with ag NaHCO3, aq.

MCI, brine, dried (Na2S04) filttered concentrated in vacuo and the crude product

79 (4.3 g) was used for further cyclization without purification. 1 H NMR (dg-
1s CD30D, 400 MHz, &, ppm) 7.35 (t, 1H), 6.72-6.60 (m, 5 H), 6.33-6.20 (dd, 2 H),

5.51 (s, 5 H), 4.19 (d, 1 H), 3.68 (s, 3 H), 3.19-2.83 (m, 2 H), 2.51-2.40 (m, 2 H),
2.40-2.25 (m, 2 H), 1.99-1.59 (m, 8 H), 1.35-0.98 (m, 5 H); MS (FAB, NBA-G/TG-



74 Step C 5¢c |b 2 "U' 2JOd PCT/USO 1/12530 5d A sol ution of 27 AU 700
chl oro-conmpound 5¢c (3.0 g 3.6 nmml) in dry DVF (300 m-) 5 was degassed
wWth dry Wo @nrdses2CB ( 5.2 g, 16 mmol, 4.0 equiv) and stpéf,@gﬂﬁh,g({ for
16h. The solvent DVF was distilled off and the residue was diluted wth

wat er and extracted with CH2Cl 2 (3x100 m-) . The conbi ned organic | ayers
were dried (Na2s™4), filtered, concentgated in vacua and dried under
vacuum overnight. It was used for photolytic renoval of Ru w thout further
purification. M5 10 FAB ( 11 NBA-G TG DMSO 695 ((M PF6] +, 10n]. The
cyclized compound fromthe previous step wag dissolved in CH3CN (35nm) and
phot ol ys @MBW, anariativel ifteriif)) 695.F qM-FGly] .THeoy 292529{; 17 95 HRBS

concentrated in vacuo and the resi due was purlfled b rona ography (Si 02,

Et OAcl Hexanes_ 1: |eI d a +an colored solid 5d (600 34% . 1 H NWR
15 (CDC1§3'%E§”’ 3959%52"”(8"’61696 15332, Ll%’)égfi-jﬁgg(t 1 H J=8.0
Hz), 6.9 dGZHJS 6.87 (dd, | J=2.4, 5.6 Hz), 6.73 (d, 1
H,.J=7. 2 3P C5. 59 (s, |

N\)L,[ -

79 7h

A solution of chloro-compound 7g (3.0 g 3.6 mmol) in dry DMF (300 mL)
was degassed with dry N2 and Cs2C03 ( 5.2 g, 16 mmol, 4.0 equiv) and stirred at
rt. for 16h. The solvent DMF was distilled off and the residue was diluted with
water and extracted with CH2ClI2 (3x100 mL). The combined organic layers were

10  dried (Na230G4) liitered, concentrated in vacuo and dried in vacuum overnight. It
was used for photolytic removal of Ru without further purification. MS FAB (NBA-
G/TG-DMSO 695 ([M-PF6]*, 100].

The cyclized compound from the pr§vious step was dissolved in CH3CN
(35mL) and photolysed in a Raynot (A=350 nm) for 48 h. The reaction mixture was

15 concentrated in vacuo and the residue was purified by chromatography (SiO2,

EtOAc/Hexanes 1:1) to vyield a tan colored 'solid 7h (600 mg, 34%). 1H NMR
(CDCI3, 400 MHz, §, ppm) 7.58 (d, 1H, J=7.6 Hz), 7.14 (t, 1 H, J=8.0 Hz), 6.94 (d,
2 H, J=8.4 Hz), 6.87 (dd, 1 H, J=2.4, 5.6 Hz), 6.73 (d, 1 H,.J=7.2 Hz), 6.59 (s, 1
H), 6.57 (s, 2 H), 6.39 (d, 1 H, J=8.0 Hz), 4.51 (dt, 1 H, J=2.8, 8.0 Hz), 3.80-3.62
20 (m, 1 H), 3.62 (s, 3 H), 3.05-3.00 (dd, 1H, J=2.8, 11.6 Hz), 2.85 (dd, 1 H, J=8.4,
6.0 Hz), 2.76-2.72 (m, 1 H), 2.36-2.19 (m, 3 H), 2.02 (dd, 1 H, J=6.4, 9.2 Hz), 1.8-
1.73 {m, 1 H), 1.61-1.34(m, 7H), ,1.41-0.71 (m, 7 H). MS (FAB, NBA-G/TG-



H, 6.57 (s, H), 6.39 (d, I H J=8.0 Hp), 4.51 (dt, 1 H J=2.8, 8,0 o),
3.80-3.62 (m 1 62 (s, 3'W, 305300 (dd, 1H J=2.8, 116 Y aipdlt
2.85 (dd, ,=4, 0 Hz), 2.76-2.72 (m 1 H), 2.36-2

2.02 (dd. “%)'ﬂ”"jz:es 4, " Hz), 1.8 20 1.73 (m 1 H), 1.61- Tégf%mm%ﬂ@
,1.41-0.71 (m 7 H. M5 (FAB, NBA-G@ TG DMSO mz relative intensity), 493
[(Mr1)+ 100], 465 (20), 232 (30), 171 g0); + HRVB calcd. for C29H37N205

(M+1) : 493.2702; found 493.2699. f 2 AUG 2004 WO 01/81325 Step D. 75
PCT/ USO 1112530 5d 5e A solution of ether 5d (200 ng, 0.42 mmol) in CH3COH

044 oD, ¥girplatve Alprsiyh4tp JHF)r 3P0k Taie 22, Eiion s ebf

"was acidified with agueous HCl (12 N4 1 nlL) and concentrated in vacuo to
yi el d acidRMS vhicdhforeG2oldgpNdDsdb4+1) 493 2702, dound;i488.269Nout furt her
purification. Step E 10

: Step H:

A solution of ether 7h (220 mg, 0.46 mmol) in CH30H (3.0 mL), CH2Cl2
(10 mL) and H20 (0.5 mL) was treated with LiOHeH20 (18 mg, 0.44 mmol, 1.1
equiv.) and stirred at rt for 12 h. The reaction mixture was acidified with aq.HCI
{13 M, 1mL) and concentrated in vacuo to yield acid 7i which was used directly
10 for the coupling without further purification.
Step I

V




5f A solution of acid 5e in dry DMF (5.0 nL) was treated with HOOBt 7 (710% 1
ng, 0.63 mml, 1.5 equiv.), Hunigs base (216 ng, 1.68 nmmol, 4.0 equiv.) and

am ne B (%@ oiid3250. 63 mmol , 1.47 equiv.) The reaction m xt g \éﬁ@B%?@l ed to
0 2 AUG 7 2104 WO 01/81325 PCT/ US01/12530 76 C and treated Wt (101

mg, 0.52 mmol, 1.25 equiv) and stirred at rt for 12 h. The reaction

m xture was concentrated in vacuo and ¢4 uted with H20 (30 nL). The
aqueous | ayer was extracted with CH2Cl 2 (3x50 nL) and Et OAc (3x50 nmL). The
conbi ned organic |ayers were extracted with aq. HCl (ZM ag. NaOH (2M, s

dried (Na2soH t ' t b | e lid
5t (177 gy vbreRnS 7B glTHE, @t AlRad peled Wi sia (& inéé’l |
t 84@®.T% Mirh
!sgl ajt i on o?sal c%rr:gIG é@@i(v )173%@5199% (gpﬁ]gF%gj‘O@ZﬁlCdlﬂf%%wmaﬁ was tr eat ed
with Desd (248 Mg, Oe2hyanmol; 175 equiv). e reastion migturgwvas fodlbd to 64 and
treated with EDCI (110 mg, 0.58 mmol, 1.25 equiv) and stirred at 0 °C for 25 min

5  for 12 h. The reaction mixture was concentrated in vacuo and diluted with H2O
(30 mL). The combined agueous layers were extracted with CH2Cl, (3x30 mL).

The organic layers were extracted with aq. HCI (1 M, 60 mL) aq. NaCH (60 mL),
dried (Na2S0,) filtered concentrated in vacuo to obtain a colorless solid 7j (230

mg) which was used for oxidation. MS: (Electron spray, m/z rel int): 854 [(M+1 )+,
10 100}, 479 (70), 327 (50), 271.1 (100).
Step J:

Q
o T
ZT
;O
T2
o { :
\><3
‘r

R*W <

A solution of alcohol 7j (220 mg, 0.26 mmol) in CH2Cl2 (3.0 mL) was

15 treated with Dess-Martin reagent (218 mg, 0.51 mmol, 2.0 equiv.) The reaction
mixture was stirred at rt and the mixture was concentrated in vacuo. The residue

was purified by chromatography (SiO2, CH30H/CH2Cl2 1:24) to vield oxidized

product 7 (23 mg, 13%}) as a colorless solid. MS: (FAB, m/z, rel. int.) 852 [(M+1)*,
43), 796 (100), 768 (20), 461 (20), 433 (50), 405 (50), 336 (30), 294, (50).
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mxture was stirred at rt for 3 h and the nixture was concentrated i,
vacuo. The residue was purified by chromatography (Si 02, CH3OH CH2CI 2"
1:49) to yj xi di zed product 5 (23 ng, 13% as a color id. Ms:
(El ectronwé’gdr‘g‘%ﬁr/z re/ 15 int): 870 [(M-CH30H+L1)+, 50],*‘2‘3@5‘%@’?%,
100). 27 r ' 7 WD 01/81325 PCT/USO1112530 77 Exanple 6: Preparation of
Compound of Formula 6: 5 Step A° )N 5 solution of tert-butyl ester 5
(50.0 ng, 60.0 pnol) was treated with FAICH2CI 2 (1:1, 4 nmL) and stirred
at rt for 7 h. The di sappearance of the ester to the base |line was
foll owed by TLC (CH3OH CH2Cl 2 1:24). After the deprotection to was conplete
the reaction m xture was concentrated in vacuo and the residue was
" repeat edlg, £ Loft 80pi ) ] gigrcentrated to yield a white
solid 6 ( ' 00773 . Fon spray, mn rel int): 782 [ (M) +,

100). 2 7 4-1,.'0 2L0 ~ WO_01881-325 PCTI USOL/ 12530 78

P R
N N
. I o
0 : o) 0 H o 5
3
( Step A:
N |-
7
1/ \ \‘-‘- =
— Y \l
Q o)
H H H
N\)LH N N N OH
O O 0 H 5
]
5 8

A solution of terf-butyl ester 7 (32.0 mg, 37.0 pymol) was treated with
TFA/CH2CI2 (1:1, 5.0 mL) and stirred at rt for 4 h. The disappearance of the ester

to the base line was followed by TLC (CH3OH/CH2Cl2 1:24). After the

deprotection was complete the reaction mixture was concentrated in vacuo and
10 the residue was repeatedly treated with heptanes/fCH30H (4.0 mL) and

concentrated to yield a tan solid 8 {29.0 mg, 100%). MS: (Electron spray, m/z rel
inf): 796 [(M+1)*, 100).



Exanpl e 7: Preparati on of-Conpound of Fornula 7: H N 7 Step A 5 7a) ThA04
solution of alcohol 7a (9.2g, 54.1 mol) in dry CH2CI 2 (200 nL) was

treated wndoiBYVE® (35 m-) and Et3N (16.4g, 16.3 mmol, 23.§C {%b 12508
reaction mxture was cooled to O C and treated with Py*S0 ?) Idg 81.2
mml, 1.50 equiv.) dissolved in DMSO (30 nlL). The reaction m xture was
stirred at OCfor 10 0.5 h and rt for &dé. The reaction m xture was
concentrated in vacuo and diluted wth Et20 (100 nm.) and H2O (200 ni). The
| ayers were separated and the aqueous |ayer was extracted with Et20 (3x100
m.). The conbined organic |ayers were extracted with HC (2M 3x100 ni),
brine (9x100 m -) concentrated in vacuo and purified by chromatography

(Si 02, Ef¥shplex@nPseparatidroof Compeladfdorhula®:which solidified to a
waxy solid on standing (7.1 779% . CHN calc or COHOCIO C=64.11 %
H=5.38% found: C=64.08% WO 01/51325 79

o) o) o)
H H H
N\)LH N N\/lLN
o 0 0 H 5
9
Step A:
[
_ + O HoQ
CHN N
) ogd BocHN’\r
BocHN’ﬁ(O . .0
o)
HO HO
5 9a 1e ' Sh

A solution of Boc-Glycine 9a (1.75g,10.0 mmol) in dry DMF (50 mL) was
treated with HOOBL ( 2.65 g, 15 mmoi, 1.5 equiv) and EDCi (2.86g, 15.0 mmoi,
1.5 equiv). The reaction mixture was treated with Hunigs base (5.16 g, 40 mmol,
4.0 equiv. 7.3 mL). The reaction mixture was stirred for 1h and mefa-tyrosine-
10 OCH3eHCI 1e (2.5 g, 11.5 mmol, 1.1 equiv.) was added and stirred at 25 °C for
12 h. The reaction mixture was concentrated in vacuo and the residue was diluted
with aq. NaHCO3 and extracied into CH2Cl2. The combined organic layer were
concentrated and the residue purified by chromatography (SiO2, EtOAc/Hexanes
1:1) to yield a colorless solid 9b (3.4g, 90%). |



Step B. 7b 7c¢c PCT/USOL/ 12530 A sol ution of thiethyl phosponoacetate (B7 729
30 mol, 1.2 equiv) indry 5 THE (100 m-) was treated with NaH (60%

. di spersi ogyodrfag2s 35 mol, 1.4 equiv) at 0C. The reaction pi§igdsG 98
stirred at 25C for | h until the H2 evolution ceased. A solution of

al dehyde 7b (4.2g, 25.0 mmol) in dry THE (5.0 m-) was added and the
reaction mxture was stirred for 36 h. gfhe reaction mxture was dil uted
with H20 (100 m-) and extracted with Et20 (3x70 mL.). The conbined to
organic |l ayer was dried (MyS04), filtered, concentrated in vacuo and
chromat ographed to yield cc, (3-unsaturated ester 7c (4.2g9, 71% which was
used for reduction. Step Ct 0 7c 7d 15 A solution of a, p-unsaturated
“ester 7c $tepZB; 8.0 mmol) in EtOAc (50 nL) was treated with PdIC (10% W w,
500 ng) and hydrogenated at 50 psi for 12 h. The reaction m xture was
filtered through a plug oin(ﬁ\te and the filtrate wagy

BocHN’\"/N ol CIH 3§’\rrN\§/ﬁ‘o/
S 2

mn

HO HO

9b 9c

5 A solution of 8b (4.6g, 13.06 mmol) in HCI (4M solution in Dioxane, 50 mL)
was stirred at rt. for 3h. The reaction mixture was concentrated in vacuo and the

residue was dried in high vacuum to yield 9¢ as a fine powder which was used for

the next step. 'H NMR (CD30D, 400 MHz, 5, ppm) 8.67 (d, 1 H, J=7.9 Hz),7.10-

7.07 (m, 1 H), 6.68-6.64 (m, 2 H), 4.75-4.70 (m, 1 H), 3.75-3.61 (m, 2 H), 3.66 (s,
10 3H),3.10 (dd, 1 H, J= 5.2, 8.5 Hz), 2.90 (dd, 1 H, J=8.8 Hz, 5.0 Hz) .

Step C:
H e -
- PF
] = ;.——H’ R
+
OH
! D 1c
HO 0
OH
9c
O
N ~

9d

A solution of [CpRu(n6—4-ch!orophenylpropionic acid)]PFg 1c¢ (3.0 g, 46.01

mmot) in dry DMF {60 mL) was treated with HOBt (1.3 g, 9.16 mmol, 1.5 equiv.)
15 and Hinigs base (3.22 g, 4.60 mL, 25.0 mmol, 4.0 equiv.) The reaction mixture




B
»

concentrated in vacuo to yield the reduced conpound 7d (3.9 g, 93%, .2, 7 oy
AL1LJ 2nru WO 01/81325 80"Step D: 0 7d _a. 7e PCT/US01 / 12530 A sofkution™:

of the esweno1/8e3263.9 g, 16.2 rnnol) in CH3OH THF/ H20 (1: 1: Pedryseradd® M -)
was treated with LiOHH20 (1.2 g, 30 mmol, 2.0 equiv) and stirred at it for

5 h. The reaction m xture was concentrated in vacuo and the residue was
diluted with H2O (100 nL) and extracte@sg8 nto Et20 (3x50 nlL). The agueous
| ayer was acidified to pH -1 (13 MHCI) and the turbid aqueous |ayer was
extracted with Et20 (3x100 m.). The conbi ned organic | ayers were dried

SH | e} b O, t | el olorless solid, 7e
(310, odhfs EGRA 18, 6 3"EoRMd Reflhd, WtEHEL? 245, 8. fnél £ RelLaTer,
H=6. 23% ré&actiprEmixterdPwia stirred at 0° C for 30 min and the glycine ammonium salt 9¢

(1.75 g, 6.06 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.
5 HCI (1M, 100 mL) and extracted into CH2CI2 (3x100 mL). The combined organic

layers were extracted with aq. NaHCO3 (1x100 mL), brine (50 mL), dried
(Na2504), filtered, concentrated in vacuo to yield a brown solid 9d (1.5 g, 34%)

which was used for cyclization. MS: (Electron spray, m/z refative intensity). 585

[(M-PFg)", 100], 459 (30), 373 (30), 198 (20). | ;,

10 StepD:

_ OH
PF
Cl X +6
| R

H § >
N\/lLN 0\
e H O
ad 9e

A solution of the ruthenium complex 9d (1.5 g 2.05 mmol) in dry DMF (100
mL) was degassed with dry N2 at rt. and Cs2C0O3 (5.0 g, 15 mmol, 7.5 equiv) was

15 added and stirred at rt. for 12h. 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 brine (100 mL), dried (Na2SQ04),

filtered, concentrated in vacuo and dried in vacuum overnight. It was used for
photolytic removal of Ru without further purification.

20 The cyclized compound from the previous step was dissolved in CH3CN
(30 mL) and filtered into a quartz tube. The solution was degassed and
photolyzed in a Raynot (=350 nm) for 48h. The reaction mixture was

concentrated in vacuo and the residue was purified by chromatography (SiO2,

EtOAc) to yield a tan colored solid 9e (230 mg, 30%). Ty NMR (CDCl3, 400 MHz,
25§, ppm) 7.23-7.18 (m, 2 H), 7.08-7.01 (m, 3 H}, 6.76 (dd, 1 H, J=2.4, 8.8 Hz), 6.66




+ fro..... RU(GH3CN)3 4b OOH 7f OOH 15 A solution of 4-chlorophenyl 77 AU 0
pentanoic acid 7e (3.0g, 14.15 nmmol) in dichioroethane (150 nm-) was

treated wiwb o6 CH3CN) 3PF6 1b (6.75 g, 15.10 mml, 1.0 ‘i’ﬁ‘l’id@)l/f‘ﬁfb heat ed
at reflux for 2.5 h. The reaction m xture was cooled to O C and filtered.

The filtrate was concentrated in vacuo and dissolved in CH3CN (20 m-) and
treated with a | arge excess of Et20 Thgggum separating out 20 was
separated by decanting the ether and the resi due was dissolved in
CH2Cl 21CH30H (1:1, 100 m -) and concentrated in vacuo to obtain 7f a brown

2?2 rU & 61 84325, PGT/ USDA / ' i, di f .36

o savy . b Pl B AU RS b R SRR s B i o

OH 79 H, J=4.4 Hz), 3.77 (s, 3 H), 3.68-3.51 (m, 2 H), 3.35 (dd, 1 H, J=4.0, 10.8 Hz),
3.05 (dd, 1 H, J=5.2, 9.2 Hz), 2.96-2.92 (m, 2 H), 2.61-2.56 (m, 1 H), 2.30-2.29

(m, 1 H); '3C NMR : (CDCl3, 100 MHz, § ppm) 172.3, 171.4, 168.1, 159.9, 155.4.
5 137.6, 136.4, 131.0, 130.0, 129.5, 123.3, 122.4, 121.0, 117.7, 117.1, 53.6, 53.0,

43.6, 39.9, 36.1, 32.3. MS: (Electron spray, m/z relative intensity): 383 [(M+1)+,
100}, 279 (20)
Step E:

{
EEQ\E(O\ (a9
T N Y N\)Lﬁ OH
o O
of

Y9e

10
A solution of cyclic compound 9e (150 mg, 0.4 mmo!) in THF (4.0 mL), H20
(4.0 mL) was stirred at rt with LiOHeH20 (41.0 mg, 1.0 mmol, 2.5 equiv) for 3 h.
The reaction mixture was acidified with conc. HCI (2.0 mL) and concentrated in
vacuo. The solid 9f was dried in vacuo and used for further coupling without
.15 further purification.



5 A solution of carboxylic acid 7f (3.12 g, 5.95 mol) in dry DV (20 %j'
was treated with Hunigs base ( 3.07 g, 24.0 mmol, 4.0 equiv, 4.4 n1 *Hn i
HOBt (1. 2wo@ists293 mmol , 1.5 equiv). The reaction m xture waﬁug{gglzgeﬂ to OC
and the treated with EDCl (1.35 g, 7.43 mml, 1.25 equiv) and stirred for
1 h. To this reaction mxture was added am ne hydrochloride Ig (2.65qg,
7.14 mol, 1.2 equiv) was 1lo added and9Dhe reaction m xture was stirred at
rt for 12 h. The DW was distilled out and the residue was diluted with
wat er and the aqueous | ayer was extracted wth CH2Cl 2. The conbi ned
organic |layers were extracted with ag NaHCO3, aq. 'HCl, brine, dried
(Na2SO4) filtered concentrated in vacuo and the crude product 79 (4.3 Q)
was usedStep Fiurther cyclization without purification. 1 H NWR (d4 15
CD30D, 400 MHz, 8, ppm 7.35 (t, 1 H), 6.72-6.60 (m 5 H), 6.33-6.20 (dd, 2
H, 551 (s, 5H, 4.19 (d, I H, 3.68 (s, 3 H, 3.19-2.83 (m 2 H),
2.51-2.40 (m 3 2.40-2.25 (m 2H) 1.99-1.59 (m 8 H), 1.35-0.98 (m
S H; M (bAB TG ~Il ri/ir ! .. Li1UJ WO 01181325

PCT/ €l SO / {2538 @) 50, mz ra at ve |nt nsi®y) 1695.3 ([ M PF6] 100), 232

(20), 171 £39); HRMS cal cd=for F6) 695.1832; found

695. 1845. sHe\p/% ClH3N
N N

H
+
rn @
of B
Q OH Q
H H H
N\)-LH N N L o\|<
0 ol 0 "0
99

A solution of the hydrolyzed acid 9f in dry DMF (4.0 mL) and CH2Cl2 (4.0

mL) was treated with HOOBt (103mg, 0.58 mmol, 1.5 equiv) and cooled to 0 °C
and Hunigs base (206 mg, 1.60 mmol, 4.0 equiv, 295 plL) was added. To this

P

mixture was added EDCI (112 mg, 0.58 mmol, 1.5 equiv) and the reaction mixture
10  was stirred at 0° C for 0.5 h and treated with the amine hydrochloride B (206 mg,

0.48 mmol, 1.2 equiv.). The reaction mixture was stored in freezer for 48 h and

concentrated in vacuo to remove DMF and CH2Cl2. The residue was diluted with
aq. HCi (2M) and extracted with CH2Cl2 (3x50 mL} The combined organic layer

was extracted with aq. HCI (1M, 3x50 mL), aq. NaOH (2M) brine (100 mL), dried
15 (Na2S04) and concentrated in vacuo. The residue 9g (200 mg) was oxidized

without further punfication.




79 5 LU 7h A solution of chloro-conpound 7g (3.0 g 3.6 mmol) in dry DIYEP_,W
(300 m.) was degassed with dry N2 and Cs2C38 ( 5.2 g, .16 mmol , 4.02 aqur ¥
and stirreggoaiigizsd for 16h. The sol vent DVF was distilled %‘fn gg%@e
residue was diluted with water and extracted with CH2( 2 ? x1 . The
conbi ned organic layers were dried (iia2SO4) filtered, concentrated in
vacuo and dried in vacuum overnight. ltgiwas used for photol ytic renoval of
Ru wi thout further purification. M5 FAB (NBA- G TG DMSO 695 ([ M PF6] +,

100]. The cyclized conmpound fromthe previous step was dissolved in CH3CN a
(35nL) and photol ysed in a Raynot (X=350 nn) for 48 h. The reaction m xture
was 15 concentrated in vacuo and the residue was purified by

‘chromat oggeawG:( Si 02, Et OAc/ Hexanes 1:1) to yield a tan colored solid 7h
(600 nmg, 34%9. 1 HNWR _(CDCI3, 400 MHz, 8, ppm 7.58 (d, 1 H, J4.6 Hz),
7.14 (t, 1 H J=8.0 2 H J=8.4 Hz), 6.87 (dd, 1 H, J=2.4,

'5.6 Hz), 6.73 (d, . . 6.59 (s, 6.39 (d, 1
dy, J=2.8, 8.0 Hz),

H J=8.0 Hz), 4. 'H), 3.62
(s, 3 H, 3.05-3.¢0 Jg2. BH 1L 6 @iz 8.4, 6.0
Hz), 2.76-2.72 ( S0 N1 m N3 H, 4, 9.2 Hz),
1. 8-
0
9g
{
0 0 0
H H H
iN\)LN% TN N\/U\N Oj<
o H 5 H ;{
9
5 A solution of alcohol 9g (200 mg, 0.27 mmol) in CH2Cl2 (3.0 mL) was

treated with Dess-Martin reagent (342 mg, 0.81 mmol, 3.0 equiv.). The reaction
mixture was stirred at rt for 3 h and diluted with aq. NaHCO3 and aq. Na2S203.

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

10 with brine (50 mL), dried (Na2S04), filtered concentrated in vacuo and the residue
was purified by chromatography {SiO2, CH30H (2M NH3)CH2Cl2 1:19) to yield

ketoamide 9 (100 mg, 50%) of a colorless solid. MS: (Electron spray, m/z relative

intensity): 742 (IM+1]", 100), 686 (80).




1.73(m 1 H), 1.61-1.34(m 7H), ,1.41-0.71 (m 7 H. M (FAB, NBA-G TG; 2y
J' At"J 2064 WO 01/81325 83 PCT/ US01/ 12530 DMBO, niz relative intensity),
493 [ (Mrlwo 0183635 465 (20), 232 (30), 171 (40); + HRVE calcatusoi®fsso '
C29H37N205 (M+1) : 493.2702; found; 493.2699. Step H IN5 7h Ti A
solution of ether 7h (220 ng, 0.46 mml) in CH3CH (3.0 nL), CH2CI2 (10 nl)
and H20 (0.5 m -) was treated with Li O%20 (18 ng, 0.44 mmol, 1.1 equiv.)
and stirred at it for 12 h. The reaction m xture was acidified with aq. HC
(13 M 1 m-) and concentrated in vacuo to yield acid 7i which was used
directly io for the coupling without further purification. Step I: 7] 2 7
Al'15 29. i'J WD 01/81325 PCTI USOL/ 12530

Example 10: Preparation of Compound of Formula 10:

10
Step A |
\®
Q Q O .
H H H
N\)LH N N L o\]<
o] O Q H O
9
O
ya e
I Wy | =
0 o) 0 NF
H H H
H o H
5 10

A solution of ferf-butyl ester 9 (100 mg, 0.13 mmol) in dry CH2Cl2 (4.0 mL)
was freated with TFA (4.0 mL) and stirred at rt. for 5 h. The reaction mixture was

concentrated in vacuo and the residue was repeatedly dissolved in

toluene/CH2Cl2 and concentrated in vacuo several times to yield a fine colorless

10  solid 10. MS (FAB, NBA/DMSQ, m/z relative intensity), 686 [(M+1)”, 40], 460 (20},
307 (100), 289 (60); HRMS calcd. for C36H40N509 (M+1)*: 686.2825; found:
686.2840.




- -

84 A solution of acid 7i indry DMF (3.0 nL) was treated with HOOBt A D4imyLi
0.75 mmol, 1.6 equiv.), Hi anigs base (237 ng, 1.84 mmol, 4.0 equiv.) and
amine B 50.58 mmol, 1.47 equiv.) The reaction mx -gool ed
to 0 C ang%@r@eig%ed with EDC (110 nmg, 0.58 mml, 1.25 equ?‘# awc?iﬁg irred
at 0 Cfor 25 min 5 for 12 h. The reaction mixture was concentrated in
vacuo and diluted with H20 (30 nlL). Thgzconbi ned aqueous | ayers were
extracted with CH2Cl 2 (3x30 nmL). The organic |layers were extracted with
ag. HCl (1 M 60 m-) aq. NaOH (60 nL), dried (Na2SO4) filtered
concentrated in vacuo to obtain a colorless solid 7) (230 ng) which was
used for oxidation. Ms: (Electron spray, mz rel inf): 854 [(M:1l)+, 10
100] . 47%kdfible 347 PréBiratfdr of oBbund G dimdia £1: N H N 7 A solution
of aI cohol” 7] (220 nmg, O. was 15 treated with
Dess-Martin reagent (218 nyg, 0 51 rrrml 2.0 equ ) The reaction mxture
‘was stirred at rt and th xture was concentrated I n vacuo. The residue

ik

( 1

C
I
o

19 11a
‘ To a solution of amine hydrochloride 1g (1.20g, 3.23 mmol), 6-heptenoic

10 acid (0.610 g, 4.68 mmol), HOOBLt (0.765 g, 4.69 mmol) and EDCI (1.07 g, 5.58
mmol) in anhydrous DMF (50 mL) and CH2Cl2 (50 mL) at -20°C was added NMM
(1.55 mL, 14.1 mmol). After stirring at this temperature for 30 min, the reaction
mixture was kept in a freezer for 18 h. It was then allowed to warm to rt. EtOAc (
150 mL), brine (60 mL) and 5% H3PO4 (50 mL) were added. After separation, the

15 organic solution was washed with 5% H3PO4 (80 mL), saturated agueous sodium
bicarbonate solution (2 X 80 mL), water (80 mL), and brine (80 mL)}, dried with
magnesium sulfate, filtered and concentrated in vacuo. Flash chromatography (2
to 5 % MeOH-CH2Cl2) afforded 11a (1.46 g, 3.28 mmol, quant.) as a white solid.

TH NMR (400 MHz, dg-DMSO0) 5 9.25 (s, 1 H), 8.31 (d, J =7.2 Hz, 1 H), 7.70 (d, J



was purified by chromatography (Si02, CH30H CH2CI2 1:24) to yield oxidizel
product 7 (23 ng, 13% as a colorless solid. Ms: (FAB, mz, rel. inf.) 852
[ (ML) +, w4B)1/81¥86 (100), 768 (20), 461 (20), 433 (50), 40pcthQd123%p (30),
294, (50). 27 WD 01/81325 85 Exanple 8: Preparation of Conmpound of Formula
8: 8 Step A°*° H N PCT/USO 1/ 12530 5 8 A solution of Pert-butyl ester 7
(32.0 ng, 37.0 pnol) was treated with ™A/ CH2ClI 2 (1:1, 5.0 nL) and stirred
at rt for 4 h. The di sappearance of the ester to the base |line was

foll owed by TLC (CH3OH CH2Cl 2 1:24). After the deprotection was conplete

th t< ) Mt S t y 0 Si S
Fopeat odl T O R oo BB P $ 22 TR TP 022 o1 o
a tan sol4.918m; 294N 443-480%n, 11, 4(I3-4ctS @n, $pHAS.551673 H)| 2.9302 B0 (A9E
[(Mrl)+, 100). 2 7 AGG2 0 0 6

H), 2.51-1.97 (m, 2 H), 1.66-0.86 (m, 15H); 13C NMR (dg-DMSO, 125 MHz), &
171.9,171.8, 171.1, 157.2, 138.6, 138.4, 129.1, 119.5, 115.8, 114.6, 113.5, 56.5,

s 53.5,51.6,36.5, 34.8, 32.8, 29.0, 28.0, 27.8, 25.8, 25.5, 24.8: HRMS, m/z
445.2683 (caled for C25H36N205: 445.2702, error: 4 ppm).

Step B:
H
l H HO
e ) o T (LI owe
Y N Y N
O O H 0 0 O H 9
11a 11b
10
To the solution of 11a (1.46 g, 3.28 mmol) in anhydrous THF (60 mL) under
nitrogen at 0°C was added borane-THF solution (12 mL, 1.0 M, 12 mmol)
cautiously. The resulting solution was stirred at 0°C under nitrogen for 1 h 40 min.
Then ethanol (4 mL) and pH 7 buffer (8 mL) were added, followed by aqueous 30
15 % H202 solution (7.5 mL). Aiter stirred at 0°C for 20 min, it was warmed to rt and
stirred for 2 h. EtOAc (200 mL) and brine (100 mL) were added and layers were
separated. Aqueous solution was extracted with EtOAc (2 X 150 mL). Combined

organic solution was dried with magnesium sulfate, filtrated, concentrated in
vacuo. Flash chromatography (2 to 5 % MeOH-CH2ClI2) afforded 11b (1.05 g,

20 2.18 mmol, 68 %) as a white solid. TH NMR (400 MHz, dg-DMSO) 8 9.25 (s, 1
H), 8.30 (d, J =7.2 Hz, 1 H), 7.68 (d, J =9.2 Hz, 1 H), 7.05-7.01 (m, 1 H), 6.62-6.58
(m, 3 H), 4.43-4.18 (m, 3 H), 3.55 (s, 3 H), 3.37-3.33 (m,2 H), 2.93-2.80 (m, 2 H),
2.20-2.03 (m, 2 H), 1.66-0.87 (m, 19H); °C NMR (dg-DMSO, 125 MHz), d 172.1,
171.8,171.2, 157.2, 138.4, 129.1, 119.5, 115.8, 113.5, 60.7, 56.5, 53.5, 51.7,



WO 01181325 PCT/ US01/ 12530 86 Exanple 9: Preparation of Conpound of ? Forumha
9: H N9 Step A BocHN 5 9a HO le 9b A solution of Boc-Qd ycine 9a

(1.759, 10.\Qo¥iRishsin dry DVF (50 m-) was Created with | ;H]S(?“f@og, i 5
rrin~ol, 1.5 equiv) and EDC (2.86g, 15.0 mmol, 1.5 equiv). reaction
m xture was treated wi th Huni gs base (5.16 g, 40 mmol, 4.0 equiv. 7.3 nl).
The reaction mxture was stirred for 1lhggnd rreta-tyrosine lo OCH3HCI Ile
(2.5 g, 11.5 mol, 1.1 equiv.) was added and stirred at 25 C for 12 h. The
reaction m xture was concentrated in vacuo and the residue was dil uted

Concentr abBi AR e T Aate o 200 oy Brtintagh 4 Hekga vz 0o "1 e

" Et OAc/ Hex3p82813 (calcd for CosHagN20s5: 463.2808, error: 1 ppm).

Step C:
H
@]
HO
H O
o 9 — N A, Ome
z H
1) O
| O O
5 11b 11¢c

To a solution of phenol alcohol 11b {1.00 g, 2.16 mmol) and tri-n-

butylphosphine (1.10 mL, 4.28 mmol) in anhydrous CH2Cl2 (100 mL) and THF
(40 mL} at 0°C was added ADDP (1.08 g, 4.28 mmol). After stirring at 0°C for 1
h, the solution was warmed to rt and stirred for 3 h under nitrogen. TLC indicated

10 complete consumption of the starting material. After removal of solvent in vacuo,
the residue was partially purified by flash chromatography (0 to 3 % MeOH in
CH2Cl2) to afford the macrocycle 11¢ (650 mg, 1.46 mmol, 68 %). TH NMR (400
MHz, dg-DMSO) 6 8.58 (d, J =8.3 Hz, 1 H), 7.76 (d, J =9.2 Hz, 1 H), 7.18-7.14 (m,
1 H), 6.76-6.65 (m, 3 H), 4.77-4.71 (m, 1 H), 4.32 (t, J = 8.5 Hz, 1 H), 3.87-3.93

15 {m,1H), 3.82-3.78 {(m, 1 H), 3.67 (s, 3 H), 3.18-3.14 (m, 1 H), 2.98-2.92 (m, 2 H),

2.32-2.25 (m, 1 H), 2.02-2.01 (m, 1 H), 1.99-0.87 (m, 19H); 13C NMR (dg-DMSO,
125 MHz), 8 172.1, 171.6, 171.4, 160.1, 158.8, 139.0, 129.1, 121.1, 113.0, 111.9,

66.4, 56.1, 52.0, 50.1, 40.6, 34.9, 34.2, 28.7, 28.3, 26.8, 26.3, 25.9, 25.5, 25.2,
24.2; HRMS, m/z 445.2685 (calcd for Co25H36N20s5: 445.2702, error: 4 ppm).



1:1) to yield a colorless solid 9b (3.4g, 90%. E 2 7 - U2J 4 WO @7 3132h
PCT/ US01/ 12530 87 Step B: BocHN HO 9b - + CIH3N HO 9¢ 5 A solution of 9b

“ (4.69, 13w@Po@iwds) in HCl (4M solution in Dioxane, 50 mi-) PC Oﬁ’HS%ed at
rt. for 3h. The reaction m xture was concentrated in vacuo and the residue
was dried in high vacuumto yield 9c as a fine powder which was used for
the next step. 1 H NVR (CD30D, 400 MHz,g@, ppm) 8.67 (d, 1 H J=7.9
Hz),7.10- 7.07 (m 1 H), 6.68-6.64 (m 2 H, 4.75-4.70 (m | H), 3.75-3.61
(rn, 2 H, 3.66 (s, 10 3 H, 3.10 (dd, 1 H J= 5.2, 8.5 Hz), 2.90 (dd, 1
H J=8.8 Hz, 5.0 Hz). Step C. 9c

Step D:
H o - H 0]
N\_-)I\N Me N\;)I\N H
o z H 0 o z H 0
11c 11d ‘
5 Agueous lithium hydroxide solution (70 mg, 15 mL H20, 2.92 mmol) was

added to a solution of methyl ester 11¢ (330 mg, 0.742 mmol) in THF {20 mL) and
ethanot (10 mL) at rt. The mixture was stirred at rt for 3 h. The progress of the
reaction was monitored by TLC. After the solution was concentrated in vacuo,
EtOAc (100 mL}), 6 N HCI solution (10 mL) and water (50 mL) were added and the
10 layers were separated. The aqueous solution was extracted with EtOAc (2 X 80
mL). Organic solutions were combined, dried with magnesium sulfate, filtered and
concentrated in vacuo to afford 11d (260 mg, 0.604 mmol, 81 %) as a white solid.
TH NMR (400 MHz, dg-DMS0O) 5 8.43 (d, J =8.3 Hz, 1 H}, 7.73 (d, J=9.3 Hz, 1

H), 7.17-7.13 (m, 1 H), 6.77-6.66 (m, 3 H), 4.67-4.62 (m, 1 H), 4.32-4.28 (m, 1 H),
15 3.98-3.93 (m, 1 H), 3.81-3.75 (m, 1 H), 3.17-3.13 (m, 1 H), 2.97-2.90 (m, 1 H),

2.32-2.26 (m, 1 H), 2.01-1.97 (m, 1 H), 1.67-0.85 (m, 19H); 13C NMR (dg-DMSO,
125 MHz), & 173.2, 171.6, 171.3, 158.8, 139.3, 129.0, 121.1, 113.1, 111.9, 66.4,

56.1, 50.8, 35.1, 34.3, 28.8, 28.3, 26.9, 26.3, 25.9, 25.6, 25.5, 25.2, 24.2; HRMS,
m/z 431.2564 (calcd for CosH3gN205: 431.2546, error: 4 ppm).




OH 9d A sol utiion of [CpRu(16-4-chlorophenyl propionic acid)]PF6 Ic (3,0 fo P

46.01 mmol ) in dry DMF (60 mM-) was treated with HOBt (1.3 g, 9.16 |5 e
1.5 equi Vo edp3afd Huni gs base (3.22 g, 4.60 nL, 25.0 mol, &ﬂ,ﬁ E%d V.)
The reaction mxture 2.1 - ~ ..~ .. 1 WO 01/81325 PCT/ USH 114530 88 was

cooled .to O Cand treated with EDCl (1.75 g, 9.16 mmol, 1.5 equiv.) The
reaction mxture was stirred at 0 C forg30 mn and the glyci ne ammoni um
salt 9¢c (1.75 g, 6.06 nmol, 1.0 equiv.) was added. The reaction m xture
was stirred at it for 12 and the DVF was distilled out in vacuo. The
residue was diluted with ag. 5 HO (IM 100 nL) and extracted into CH2Cl 2
(3x100 nmL). The conbined organic |ayers were extracted with agq. NaHCG3
(1x100 mMigtedp:-ne (50 nli), dried (Na2SO4), filtered, concentrated in vacuo
to yield a brown solid 9d (1.5 g, 34% which was used for cyclization. M5
(El ectron spray, mz relative intensity): 585 [(MPF6)+, 100], 459 (30),

’ o Step D OH 9d

373 (30), 198 (20)—
o
.. 0 OH ., © %
L, g HCIHZNKKWN\)Lﬁ \|<
r : a0 o o
CH

@

{ 11d B
- . 0 OH o)
o ~ O o G
O CH;
11e
5 To a solution of acid 11d (0.140 g, 0.325 mmol), amine B (0.140 g, 0.325

mmol), HOOBt (56 mg, 0.343 mmol} and EDC! (75 mg, 0.321 mmol) in anhydrous
DMF (40 mL) and CH2Cl2 (20 mL) at -20°C was added NMM (0.107 mL, 0.973
mmol). After stirred at this temperature for 30 min, the reaction mixture was kept
in a freezer for 18 h. Then EtOAc, brine and 5% H3PO4 were added. The
10 separated organic soiution was washed, successively, with 5% H3PO4, saturated
aqueous sodium bicarbonate solution, water, and brine,l dried with magnesium
sulfate, filtered and concentrated in vacuo. Flash chromatography (2 to 5 %
MeOH-CH2Cl2) afforded 11e as a mixture of diastereomers (0.170 g, 0.211 mmol,

65%) as a white solid, which is used in the next reaction without further
15 purification.



4

4

9e A solution of the rutheniumconplex 9d (1.5 g 2.05 nmol) in dry DNF (10D,
m.) was degassed with dry N2 at it. and Cs2CO3 (5.0 g, 15 mmol, 7.5 equiv)
was 15 adgedi@ndsstirred at rt. for 12h. The sol vent DW vmngg(ﬁhlzkjoed of f
and the residue was diluted with water (100 m-) and extracted wth CH2Cl 2
(3x100 nL) . The conbined organic |layers were extracted with brine (100
m.), dried (Na2SO4), filtered, concenggated in vacuo and dried in vacuum
overnight. It was used for photolytic renoval of Ru w thout further
purification. 20 The cyclized conpound fromthe previous step was di ssol ved
in CH3CN (30 ml-) and filtered into a quartz tube. The sol ution was
degassed and photolyzed in a Raynot (X=350 nm for 48h. The reaction

m xture m_@p_%oncentrat ed in vacuo and the residue was purified by

chromat ography (Si02, EtOAc) to yield a tan colored solid 9e (230 ny,

30%9. 1 H NWR (CDCI 3, 400 MHz, 25 8, ppn) 7.23-7.18 (m 2 H), 7.09-7.01 (m
3 H, 6.76 (dd, | J=2.4, 8.8 Hz), 6.66 r z ? hLG 7or~ WD 01181325

PCT/ USOI 112530 8 =7.6 Hz), 6.47 1 H J=5.6 Hz), 6.17 (s, 1
H), 5.64 (s, 1 H\, 4. 89 1 H, J44Hz 77(s, 3 H), 3.68-3.51 (m 2
H, 3.35 (dd, | J=450, 10.8 Hz)y | H J=5.2, 9.2 Hz),

2.96-2.92 (m 2|H), Hz\)qiz e}z}m 1*ﬂ\/l3028%<

o
O 0 0
H ! H
% N N
N \/u\ﬁ 07<
0 O O

11

5 To the mixiure of hydoxy amide iie (0.29 g, 0.36 mmol) and Dess-Martin
reagent {0.45 g, 1.06 mmol) at rt was added anhydrous CH2Cl2 (60 mL), DMF (3
mL) and DMSO (3 mL). The resulting solution was vigorously stirred at rt for 2.5 h.
More Dess-Martin reagent (300 mg, 0.71 mmol) was added and the reaction
mixture was stirred for ancther hour. Saturated aqueous sodium bicarbonate and

10 sodium bisulfite solutions (40 mL each) were added and the mixture was

v vigorously stirred for 10 min before EtOAc (200 mL) and water (30 mL) were

added and the layers were separated. The organic solution was washed with 5%
H3PO4 solution (2 X 100 mL) and saturated NaHCO3 solution (100 mL), drie?

with magnesium sulfate, filtered and concentrated in vacuo. Flash
15  chromatography (1 to 5 % MeOH-CH2Cl2} afforded 11 (100 mg, 0.124 mmol,

35%) as a white solid. TH NMR (400 MHz, dg-DMS0) 8 8.79-8.69 (m, 2 H), 8.36-

8.16 (m, 2 H), 7.72-7.68 (m, 1 H), 7.42-7.33 (m, 5 H), 7.17-7.13 (m, 1 H), 6.77-
6.63 (m, 3 H), 5.30-5.27 (m, 1 H), 5.09-5.04 (m, 1 H), 4.85-4.76 (m, 1 H), 4.29-



(m 1 H; 13C NWR (CDCI3, 100 Mz, S ppm) 172.3, 171.4, 168.1, 159.9,, ..,
155.4, s 137.6, 136.4, 131.0, 130.0, 129.5, 123.3, 122.4, 121.0, 1177, AUGE

117.1, S3svpebsis® 43.6, 39.9, 36.1, 32.3. Ms: (El ectron pgfage: fﬁl,go
relative intensity): 383 [(M1)+  100], 279 (20) Step E: 9e 10 0 of A
solution of cyclic conpound 9e (150 ng, 0.4 mmol) in THE (4.0 nm.), H20
(4.0 m.) was stirred at rt with Li OHH2®941.0 ng, 1.0 mmol, 2.5 equiv) for
3 h. The reaction m xture was acidified with conc. HCO (2.0 m-) and
concentrated in vacuo. The solid 9f was dried in vacuo and used for

L7 15T RIS Uh' el 24Tl YRR (28 12 53 2 i ¥ b 20

' 1.96 (m, 1 H), 1.72-0.81 (m, 35 H); 1°C NMR (dg-DMSO, 125 MHz), 5 196.5,
196.2, 171.65, 171.61, 171.5, 171.14, 171.07, 169.4, 167.6, 160.7, 158.84,
158.79, 139.5, 139.3, 136.6, 136.5, 128.92, 128.90, 128.7, 128.6, 128.1, 127.7,

5 127.4,124.9,121.34, 121.28, 1131, 112.9, 112.0, 111.9, 81.3, 66.34, 66.30,
56.92, 56.87, 56.3, 56.2, 53.4, 53.3, 51.5, 50.9, 41.5, 41.4, 40.8, 40.7, 36.6, 36.1,
34.4, 34.3, 31.8, 31.6, 30 4, 29.1, 28.9, 28.4, 28.3, 27.5, 26.8, 26.21, 26.17, 25.9,
25.59, 2555, 25.0, 24.2, 18.74, 18.66, 13.5, 13.4 ; HRMS, m/z 804.4542 (calcd
for Co5H3aN205: 804.4548, error: 1 ppm).

10 Example 12: Preparation of Compound of Formula 12:

o

0 0 o

H H H

N\/U\N N N\)LN OH
o ~ M o 6) R0
O

12




| 5 99 A solution of the hydrolyzed acid 9f in dry DVF (4.0 m-) andy GHoEha,
(4.0 nmL) was treated with HOOBt (103ng, 0.58 nmmol, 1.5 equiv) and cool ed
to 0 C awd Hisnsgs base (206 ng, 1.60 mmol, 4.0 equiv, 295pkrdesiA4Hed. To
this mxture was added EDCl (112 ng, 0.58 mmol, 1.5 equiv) and the
reaction mxture io was stirred at 00 Cfor 0.5 h and treated wth the

am ne hydrochloride B (206 ng, 0.48 mi@D, 1.2 equiv.). The reaction

m xture was stored in freezer for 48 h and concentrated in vacuo to renove
DMF and CH2Cl12. The residue was diluted with ag. HOJ (2M and extracted

W th CH2@4n(8X50 nL) The conbined organic layer was extracted with ag.

HO (IM ?Ygo_rrL), ag. NaCH (2M brine (100 nL), dried 15 (Na2SO4) and
concentrated in vacuo. The residue 99 (200 ng) was oxidized without
further purification. Lf 2 ? rr,l"a L,C, ~ WD 01/81325 91 Step G

|'a
PCTI USO / 12530 5
O O O
H H Y
N i 0 -
\_Z/H\H N\J\N \ﬁ
> o) o) H o
CHs

O

11

o A_ M o 0 H o
CH3
12

A solution of the {-Butyl ester 11 (56.8 mg, 0.0706 mmol) in trifluoroacetic
5 acid (15 mL) and CH2Cl2 (15 mL) was stirred at rt for 4 h. After the volatiles were
removed in vacuo, the residue was dissolved in 50% MeOH-CH2CI2 (3 mL), and
concentrated to dryness in vacuo to afford an off-white solid 12 (50 mg, 0.0669
mmol, 95%). TH NMR (400 MHz, ds-DMSO) & 8.75-8.71 (m, 2 H), 8.36-8.16 (m,
2 H), 7.72-7.69 (m, 1 H), 7.39-7.31 (m, 5 H), 7.17-7.13 (m, 1 H), 6.76-6.63 (m, 3
10 H), 5.37-5.35 (m, 1 H), 5.07-5.04 (m, 1 H), 4.854.76 (m, 1 H), 4.29-4.25 (m, 1 H),
3.97-3.74 (m, 4 H), 3.02-2.86 (m, 2 H), 2.32-2.26 (m, 1 H), 2.01-1.97 (m, 1 H),

1.70-0.82 (m, 26 H); 13C NMR (dg-DMSO, 125 MHz), 5 196.5, 196.2, 171.63,

171.59, 171.52, 171.48, 171.1, 171.06, 167.4, 160.6, 158.82, 158.78, 153.4,
139.4,137.1, 137.0128.91, 128.88, 128.7, 128.65, 128.61, 128.5, 128.43, 128.39,
15 12833, 128.32, 128.14, 128.12, 128.0, 127.7, 128.7, 127.63, 127.59, 127.5,
127.4, 126.8, 121.3, 115.9, 113.1, 112.9, 112.8, 112.0, 111.9,, 111.88, 66.33,
66.29, 56.3, 96.2, 56.17, 53.34, 53.31, 53.27, 51.1, 50.9, 41.5, 40.84, 40.77, 40.7,
40.6, 40.56, 40.53, 40.5, 38.7, 38.6, 38.56, 38.53, 36.6, 36.1, 344, 34.3, 31.8,



99 5 A solution of alcohol 99 (200 ng, 0.27 mol) in CH2CI2 (3.0 m - v""?}ﬁ
treated with Dess-Martin reagent (342 ng, 0.81 nmmol, 3.0 equiv.). Th £y
reacti on wo sfigises was stirred at it for 3 h and dil ut ed WIHEI ,%gm,l\%_;-dCCB and
aq. Na2S203. The reaction mixture was stirred at it for mn and the
reaction m xture was extracted with CH2Cl 2 (3x30 niL). The conbi ned organic
| ayers were extracted to with brine (5Q0mL), dried (Na2SO™4), filtered
concentrated in vacuo and the residue was purified by chromatography

(Si02, CH3OH (2M NH3)/CH2Cl 2 1:19) to yield ketoamde 9 (100 ng, 50% of a

(O] 5358y e 0,29 E08. 0. ofteg 28, 328 Ynm didi T 90 88020 st
"10: Pr epaZ@.BBQIZSCHG CDHVQWZ@ 15 E@rmulﬁ 86): 236750854\ 2541(25 @ sakutign of
terf-butyl ester in dr¥OCHZCI2 4.0 m-) was treated

with TFA ‘(&601%1_5) 1§er lé'RIr\Tf% éﬂ/zat 74& 394'61(0316% MGesHasbom 748)X3922% evas:
"concentr |n vacuo and the residue was repeatedly dissolved in
t ol uene/ and concentrated in vacuo several tines to yield a fine

col or I5‘355Exr=|m le 13: Preparation of Compound of Formula 13:

.
Fata ot

13
Step A:
OH
HO HO
' O
HCIH 2N Me — m H
Y N
H N I N\-)l\N OMe
z H
O ol
O
1 ,
10 g 13a

The desired compound 13a was prepared according to the method of
Example 11, Step A, except substituting 6-hydroxyhexanoic acid for 6-heptenoic
acid (39%).



10 solid 10. M5 (FAB, NBA/DVMSO, mz relative intensity), 686 [(M+1)+,2 :4@@,‘; 20
460 (20), 307 (100), 289 (60); HRWMS cal cd. for C36HAON509 ( M+l) +:
686. 2825, wbauBtz2s 686. 2840. WO 01/81325 PCTI US01/12 30 93 RyEpqRbG1243%
Preparati on of Conmpound of Formula 11: 11 5 Step A°- 1g H N 1la To a
solution of am ne hydrochloride 1g (1.20g, 3.23 nml), 6-heptenoic io0 acid
(0.610 g, 4.68 mmol ), HOOBt (0.765 g, #0%9 mml) and EDCl (1.07 g, 5.58
nmol ) in anhydrous DMF (50 m-) and CH2CI 2 (50 m-) at -20C was added NWM
(1.55 ., 14.1 mmol ). After stirring at this tenperature for 30 mn, the
reaction mxture was kept in a freezer for 18 h. It was then allowed to
warmto rt. EtQAc ( 150 nmL), brine (50 nm.) and 5% H3P04 (50 nL) were

added. AStep Bzeparation, the t5 organic solution was washed with 5% H3PO4
(80 nmL), saturated aqueous sodium bicarbonate solution (2 X 80 nL), water
(80 nmL), and brine (80 nm.), dried with

OH
O
O H
H -
N OM NJ\ OMe
\;-)'\N ° N
o) z H o) O ::

13a 13b
5 The desired compound 13b was prepared from 13a according to the
method of Example 11, Step C in 74% vield.

Step C:
Q
H ]
N OMe > H
O O 0 o = H O

13b 13c

10 The desired macrocyclic acid 13¢ was prepared from its corresponding
methyl ester 13b according to the method of Example 11, Step D in 88 % vyield as
a white solid.



magnesi um sul fate, filtered and concentrated in vacuo. Flash chromat (?gyra]p{nzy%
(2 to 5 % MeO+CH2CI 2) afforded 11 a (1.46 g, 3.28 mmol, quant.) as v
white sol udoolﬂglﬁ:,vaR (400 MHz, d6-DMBO 8 9.25 (s, 1 H) &&1%@“ 0=

Hz, 1 H, 7.70 (d, J WO 01181325 PCT/ US01/ 12530 94 =9.2 Hz zf 85 7. 01
(m 1 H, 6.62-6.58 (m 3 H, 5.82-5.72 (m 1 H), 5.02 4.9 (m 1 H,
4.43-4.38 (m 1 H, 4.23-4.19 (m 1 H,1855 (s, 3 H, 2.93-2.80 (m2 H),
2.51-1.97 (m 2 H), 1.66-0.86 (m 15H); 13C NWR (d6-DWVSO, 125 MHz), S
171.9, 171.8, 171.1, 157.2, 138.6, 138.4, 129.1, 119.5, 115.8, 114.6,

113.5, 56.5, s 53.5, 51.6, 36.5, 34.8, 32.8, 29.0, 28.0, 27.8, 25.8, 25.5,
24.8; HRVS, nmlz 445.2683 (calcd for C25H36N205: 445.2702, error: 4 ppn).
‘Step B: | gtapXy- | 1b To the solution of 1la (1.46 g, 3.28 mmol) in anhydrous
THE (60 nl) under nitrogen at 0C was added borane-THF solution (12 nm., 1.0
M 12 mmol) cautiously. The resulting solution was stirred at 0C under
‘nitrogen for 1 h 40 en ethanol (4 m-) and pH 7 buffer (8 nL) were
added, followed by gaqu 1s % H202 sol ution (7. 5 After stirred at
OC for 20 mn, it tort and stlrredfor t OAc (200 niL) and
brine (100 nL) wefe e“:lde:d anyl | ayers were

OH HCIH 2N<Krr
O OH Q
H g H H l
N
N\:J\N N\/u\ N \ﬁ
z H 0 o) H o
O CH;

13d

5 The desired compound 13d was prepared from 13c and B according to the

method of Example 11, Step E in 48% yield.



separ ated. Agqueous solution.was extracted wwth EtQAc (2 X 150 nl). ﬁo,n‘pipg
organi c solution was drié€d with nagnesiumsulfate, filtrated, conce '
in vacuowdrdteg@bschr omat ography (2 to 5 % MeOH CH2C12) aff(ptq\ﬁ%\%g@“(l 05
g, 20 2.18 mol, 68 % as a white solid. 1 H NVR (400 MHz, d6
(s, 1 H, 830 (d, J=7.2H, 1 H, 7.68 (d, J =9.2 Hz, 1 H, 7.05-7.01
(m 1 H, 6.62-6.58 (m 3 H), 4.43-4.%84(m 3 H), 3.55 (s, 3 H, 3.37-3.33
(m2 H, 2.93-2.80 (m 2 H, 2.20-2.03 (m 2 H), 1.66-0.87 (m 19H); 13C
NVR (d6-DVMBO, 125 MHz), d 172.1, 171.8, 171.2, 157.2, 138.4, 129.1, 119.5,
115.8, 113.5, 60.7, 56.5, 53.5, 51.7, WD 01/81325 PCT1USOL/ 12530 95 36. 5,
35.1, 32.6, 32.4, 29.0, 28.5, 28.0, 25.8, 25.6, 25.4, 25.2; HRVM5, mz
463. 2813 S$tep kEd for C25H36N205: 463.2808, error: 1 ppm). Step C O -~uJ~Owe
u5 11b 11c To a solution of phenol alcohol 11 b (1.00 g, 2.16 nmol) and
tri-n butyl phosphi m., 4.28 mmol) i
THE (40 nL) at (C was &ddg¢d ADDP (1.08 g,
for 1 h, the sg utdorbvvas vvaera(bmo rt @no

38 mmol ). After stirring at 0C
irred for 3 h under nitrogen.

5 The desired compound 13 was prepared from 13d according to the method
of Exampie 11, Step F in 70% vield.

Example 14: Preparation of Compound of Formula 14:

aﬁg ikrvl o
QO _~ O H O
G N

14




io conplete consunption of the starting material. After renoval of sg@lvém
in vacuo, the residue was partially purified by flash chromat ography (0 to
3 % MeOH iwO o@mis2362) to afford the macrocycle 11c (650 ng, ﬂjﬂ@sm
%1HNI\/R(4OOM—Izd6DI\/SO)8858(d J =8.3 Hz, 1 H, 7.76 (d, J—92

1H, 7.18-7.14 (m 1 H. 6.76-6.65 (m 3 H, 4.77-4.71 (m 1 H, 4.32
(t J =85Hz, 1 H, 3.97-3.93 15 (m 10%), 3.82-3.78 (m 1 H, 3.67 (s, 3
H, 3.18-3.14 (m 1 H, 2.98-2.92 (m 2 H), 2.32-2.25 (m 1 H), 2.02-2.01
(m 1 H, 1.99-0.87 (m 19H); 13C NWR (d6-DVBO, 125 MHz), 8 172.1, 171.6,
171. 4, 16Gtdp A:58.8, 139.0, 129.1, 121.1, 113.0, 111.9, 66.4, 56.1, 52.0,
50.1, 40.6, .9, 34.2, 28.7, 28.3, 26.8, 26.3, 25.9, 25.5, 25.2, 24.2
"HRVS, m z 445. 2685 ) C25H36N205: 445, 2702, error: 4 ppm. WO
01/ 81325 PCT/ US01/[12530 Q6 Btep D I\/b lic 5 Aqueous |ithium hydroxi de
solution (70 ny, . rao d to a solution of nethyl

n HEH(

"ester 11c (330 ethanol (10 nL) at rt.
nonitored by TLC 3. IuioMs ccbhc ted in vacuo, EtOAc (100

The m xture was of—the—reacti on was

m), 6 N HC solutlo 0Om- wat er (50 ) were added and the to
| ayers were separate he aqueougiigol ution was extracted with EtQAc (2 X
80
13
{
0 O O

H H H

N

\)]\ﬁ N o

o i O 0 H 0
O CHz

14
The desired compound 14 was prepared from 13 according to the method
of Example 12, Step A in quantitative yield.

5 Example 15: Preparation of Compound of Formula 15:

OH OM
HzN HCIHaN ©

15a 15b



m.) . Organlc sol utions were conbined, dried with nmagnesi um sul fate, ‘
-filtered and concentrated in vacuo to afford 11 d (260 ng, 0.604 rr?mlMuéam
"% as a wwae/meiid. 1 H NWR (400 MHz, d6-DVMSO) 6 8.43 (dpcdyrsSuydshis: 1
H, 7.73 (d, J =9.3 Hz, 1 H, 7.17-7.13 (m 1 H), 6.77-6.66 (m 3 H),
4.67-4.62 (m 1 H, 4.32-4.28 (m 1 H), 15 3.98-3.93 (m 1 H), 3.81-3.75
(m 1H, 3.17-3.13 (m | H, 2.97-2.9Q06m 1 H), 2.32-2.26 (m 1 H),
2.01-1.97 (m 1 H), 1.67-0.85 (m 19H); 13C NWR (d6-DMSO, 125 M Hz), S
173.2, 171.6, 171.3, 158.8, 139.3, 129.0, 121.1, 113.1, 1 17.9, 66 4

93 e isqlltoh B Siedloienifbingtud s &5 o0 o0,

\é\o( 611/1 2 émwﬁgamy??ﬂmr&?aag e((aorﬁtﬁgm&nrlagl )i |§5m§th§ﬂoaw§§| h&dté(ws é@?emﬁdodB 411 é
. 0. nmo am ne , mol HOOBt ny,
mol ) andOE E)% @%“%ﬁ'@‘ spiMentsdl Yagyp aﬁﬁgd@tdowhlt@mh@mmmhlamwasﬂmdz (20

m-) at - (&ww IM&L& 0.973 mol). After stirred at this
terrperature or gﬂ e Eﬁgg tl"‘f')ﬁr_l m xture was kept in a freezer for 18
h. Then EHtepd: brine and 5% H3PO4 were added. The 1o separated organic

sol uti on was washed, successively, wth 5% H3PO4, saturated

0]
H
Me ' AI/O\“/N\.JKN Ohle
HCIH ;N : H
o = o}
’ @
15b
15¢
The desired compound 15¢ was prepared in 84% yield from 15b according
to the method of Example 11, Step A. it was used in the next reaction without

further purification.
10 StepC:

|
H\j\ M i
;ro\r : ﬁ e — , HCrHxN SN Me
O O
15¢ 15d
The desired compound 15d was prepared from 15¢ according to the

method of Example 11, Step A (quantitative). It was used in the next reaction
without further purification.



aqueous sodi um bi carbonate solution, water, and brine, dried with esi
sulfate, filtered and concentrated in vacuo. Flash chromat ography ( *t'd
“MeOH CH2Ch2), o {9 ded 11 a as a nixture of diastereomers (@ lb? 211
moi, 65% as a white solid, which is used in the next reactlon Wi '11
further 15 purification. W 01/81325 98 Step F: 1l1le 5 PCT/ USQOL/ 12530 To
the m xture of hydoxy am de 1le (0.29 gp70.36 mmpi) and Dess-Martin reagent
(0.45 g, 1.06 mmol) at rt was added anhydrous CH2CI2 (60 nL), DWF (3 L)
and DVSO (3 nlL). The resulting solution was vigorously stirred at rt for
2.5 h. Mre Dess-Martin reagent (300 ng, 0.71 mmol) was added and the
reaction mxture was stirred for another hour. Saturated aqueous sodi um
'bi carbonaggeppd 0 sodiumbisulfite solutions (40 nL each) were added and
the m xture was vigorously stirred for 10 min before Et CAc (200 rnL) and
water (30 nmL) were added and the |layers were separated. The organic

“sol ution was washed with 5% H3PO4 sol ution (2 X 100 nm) and saturated
NaHCO3 sol ution (100 nL), & I with nagnesiums
concentrated in vacuo. !

( 15d 15e
5 The desired compound 15e was prepared in 68% yield from 15d according

to the method of Example 11, Step A. If was used in the next reaction without

further purification.
Step E:
!
J
y
WL L o ———
O - H O
‘, ( j
10 15e 15¢

A solution of 15e (1.16 g, 2.04 mmol), triethylamine (2.90 mL, 20.6 mmol)
in anhydrous acetonitrile (25 mL) and DMF (20 mL) in a thick walled tube was
bubbled with Argon for 5 min. To this solution at it was quickly added
tetrakistriphenylphosphine palladium {0) (235 mg, 0.203 mmol). The tube was

15 sealed with Teflon screw cap and heated {o 85-90°C in an oil bath. After stirring
for 3 h, it was cooled to rt, opened cautiously and poured onto EtOAc (100 mL).
The solution was washed with 5% H3PO4 (4 X 50 mL) and water (50 mL).

Organic layer was dried with magnesium sulfate, filtrated, concentrated in vacuo.



i s chromatography (1 to 5 % MeOH CH2Cl 2) afforded 11 (100 ng, 0.124 pmpl,
359 as a white solid. 1 H NVMR (400 M4z, d6-DVBO) S'8.79-8.69 (m 2 i)Als 2k
8.36- 8. Moowe13asH), 7.72-7.68 (m 1 H), 7.42-7.33 (m 5 Hemdsii/ndold (M
1H), 6.77- 6.63 (m 3 H), 5.30-5.27 (m 1 H), 5.09-5.04 (m | H),
4.85-4.76 (m 1 H), 4.29 2 7 AUG o WD 01/81325 PCT/US01/ 12530 99 4.25 (m 1
H, 3.98-3.74 (m 1 H), 3.02-2.85 (m M8, 2.32-2.27 (m 1 H), 2.04- 1.96
(m 1 H), 1.72-0.81 (m 35 H); 13C NWVR (d6-DVBO, 125 MHz), 5 196.5, 196. 2,
171.65, 171.61, 171.5, 171.14, 171.07, 169.4, 167.6, 160.7, 158.84,

158. 79, 5 36.8, < . 8, 7 1,
127. 7, 5'}%%9. ﬁ?@%@gféﬁligl.%zf; %2?? %%@@1@&@%1@%7@9%’%@3,
66. 34, 6@3RPmg, BFZLLmAE!, 87.%56. 3, 56.2, 53.4, 53.3, 51.5, 50.9, 41.5,
41. 4, 40.8, 48.7, 36.6, 36.1, 34.4, 34.3, 31.8, 31.6, 30.4, 29.1, 28.9,
28.4, 28StepP7 5, 26.8, 26.21, 26.17, 25.9, 25.59, 25.55, 25.0,
24.2,18.74,18.66, 13.5,13. 4; HRVB, m z 804. 4542 (cal f or C25H36N205:
804. 4548, error: . anpl e 12: Preparati oy of ound of Formul a
12: 12 WD 01/8132

15f 159
5 The desired compound 15g was prepared quantitatively from 15f according
to the method of Example 11, Step D. It was used in the next reaction without
further purification.

Step G:

10 15h



Step A H N 11 PCT/USQJ/ 12530 O .. O CH3 12 A solution-of the t- 53 2000
ester 11 (56.8 ng, 0.0706 nmml) in trifluoroacetic 5 acid (15 nl) fbl
CH2Cl 2 (15 m_) was stirred at rt for 4 h. After the volatiles were rem)ved
in vacuo, MBS due was dissol ved in 50% MeOH CH2CI 2 (3 BEHUSHAEs30
concentrated to dryness in vacuo to afford an off-white solid 12 (50 nyg,
0.0669 mmol, 95%. 1 H NVR (400 MHz, ~-DVMBO) 8 8.75-8.71 (m 2 H),
8.36-8.16 (m 2 H, 7.72-7.69 (m 1 ;7 07.39-7.31 (m 5 H, 7.17-7.13 (m
1 H, 6.76-6.63 (m 3 1o H), 537535(m 1 H, 5.07-5.04 (m 1 H,
485476(m1|—|),429425§ , 3.97-3.74 (m 4 H, 3.02-2.86 (m
2 H), 2.32-2.égdgsiredgyompogn ﬂﬁbﬂwwr&paﬂw in ¥776-ybelg Frqrm15g6addordingC NVR

171 06, 185 merk of Epaals 11 Siiug e ysed fawRted sradtonitiono. o1,

128. 88, ¥d@hdrpuidttalibn. 128. 61, 128. 5, 128. 43, 128.39, 15 128.33, 128. 32,
128. 14, 128. 12 128.0, 127.7, 128.7, 127.63, 127.59, 127.5, 127.4, 126.8,
121. 3, 1@.9,._113 1, 112.9, 112.8, 112.0, 111.9,, 111.88, 66. 33,

5

Y

15
The desired compound 15 was prepared in 55 % yield from 15h according
to the method of Example 1, Step H.

Example 16: Preparation of Compound of Formula 16:

10




-

66. 29, 56.3, 56.2, 56.17, 53.34, 53.31, 53.27, 51.1, 50.9, 41.5, ﬂ%gggw
40.77, 40.7, 40.6, 40.56, 40.53, 40.5, 38.7, 38.6, 38.56, 38.53, . 6,
36.1, 34.Woasds 31.8, 2 7 WO 01/81323 PCTI US01/ 12530 101P§"}m§ 1&% &
29.1, 29.0, e28.9, 28.4, 28.3, 28.2, 26.9, 26.8, 26.79, 26.20, %é %
25.88, 25.86, 25.79, 25.75, 25.71, 25.66, 25.57, 25.54, 25.4, 25.0, 24.2,
18.7, 18.6, 13.5, 13.4; HRMS, mz 74818947 (cafcd for C25H36N205:

748. 3922, error: 3 ppnm). 5 Exanple 13: Preparation of Conmpound of Formula
13: H N 13 Step A HOOHO L HC'H 2N JL M 'NH

Step A:

e

o ., ©
N\)LN OH
o H o
CH,
16

The desired compound 16 was prepared quantitatively from 15 according
to the method of Example 12, Step A.

5 Example 17: Preparation of Compound of Formula 17:




H O 11- 10'10 g OH 13a The desired corrpound 13a was prepared according to
the nmethod of Exanple 11, Step A, except substituting 6- hydroxyhej<j§u;m|3%r
acid for %ﬁ@@éq ic acid (39%. 2 7 ,',U: L ,I.. WO 01/813255 '

PCT/ USOl / Step BE UN HO/ 0 _NOWw NW Ws 0 PCTUSONI2S30
111
Step A:
[ 15¢ 17a
5 To the solution of 15f (150 mg, 0.340 mmol) in EtOH (10 mL) and EtOAc (5

mL} was added 10 % palladium on carbon (20 mg). The suspension was stirred
under hydrogen for 8 h during which the reaction progress was monitored by TLC.
After filtration through a celite pad, solvents were removed in vacuo to afford the
product as a white solid 17a (150 mg, 0.339 mmol, quantitative). It was used in

10 the next reaction without further purification.
Step B:

17a 17b

The desired compound 17b was prepared from 17a according to the
15 method of Example 11, Step D. It was used in the next reaction without further

purification.



N, "NOw 'u 13a 13b 5 The desired conmpound 13b was prepared from 13a
according to the nethod of Exanple 11, Step Cin 74%yield. StepjGuUaik O
~JLN) yOvewld oud123b 13c 10 The desired nmacrocyclic acid 13ecvwasoeprspar ed
fromits correspondi ng nethyl ester 13b according to the nethod of Exanple
11, Step Din 88 %yield as a white solid. WD 01/81325 PCT/ USOL/ 12530 103
Step D0 13c H N 112

Step C:

OH H 9]
EE—— N\)LN T<
0 H o
CHs
17¢

The desired compound 17¢ was prepared in 73 % yield {Steps B and C)
5 from 17b according to the method of Example 11, Step E. It was used in the next

reaction without further purification.



13d 5 The desired conpound 13d was prepared from 13c and B accor.di Q\%GEU(BE
t he met hod of Exanple 11, Step Ein 48%yield. CH3 B 2 7 AU /004 AnpAto I
01/ 81325 %4@82% PCT/ US01112530 2 13d 13 5 The desired conpound 13 was
prepared Tro according to the nethod of Exanple 11, ®EHSH/2#H070%
yield. Examle 14: Preparation of Conpound of Fornula 14: 27 AulJ2,J!,c WO
01/81325 105 Step A 13 113

QO
I= :
Y

ZT
=T
;O
=
o .
<

17
The desired compound 17 was prepared in 46 % yield from 17¢ according
to the method of Example 11, Step F.

5 Example 18: Preparation of Compound of Formula 18:




PCT/ US01/ 12530 14 The desired conmpound 14 was prepared from 13 a,cgﬁ),r?c%1
to the method of Exanple 12, Step Ain quantitative yield. 5 Exant |

. Prepar at iwp oatsZ3enpound of Formula 15: 1s St A1 0 I N Ove Opdpasd2Bszh 7 ALO
© 700 WD 01181325 106 PCT/ USOL/ 12530 A solution of 3-iodo-phenylanaline 15a,
"(2.50 g, 8.59 mmol) and concentrated hydrochloric acid (2 nL, 24 nmmol) in
met hanol was heated to reflux for 18 14 Renoval of solvents in vacuo
afforded a white solid 15b, which was used in Step B without further
purification.

Step A:

)
Tz :
7<O
Y

18
The desired compound 18 was prepared quantitatively from 47 according
to the method of Exampie 12, Step A.

5 Example 19: Preparation of Compound of Formula 19:

O
O o} O
v NI AR IR
TN i
o o o
O CHs

19




5 Step B: 15b Me 15¢c The desired conpound 15c was prepared in 84W3¥iﬁﬂgq o
from 15b according to the nethod of Exanple 11, Step A It was used in t%e
next reac‘%i 03 i.thout further purification. io Step C. 15c 15d The
desired ¢ #hd° 15d was prepared from 15¢c according to t HRCTHEIREEE3BT
Exanmple 11, Step A (quantitative). It was used in the next reaction
w thout further purification. 2 7 Alr5 WO 01181325 PCT/ US01/ 12530 107
Step -D. f 15d 15e s The desired conpo 15e was prepared in 68%yield
from 15d according to the nethod of Exanple 11, Step A It was used in the
next reaction w thout

Step A:

H\j\ OH
N Vie +
YN

0 O q\/
O BocHN

19a
I\ f\j
BocHN 0
H
= >]/OYN\:/LkN OMe
e := H

19b
The desired compound 19b was prepared in 64 % yield from 1g and 19a
according to the method of Example 11, Step C.

s StepB:

J(—\O j_\
0
BocN—" o HCleHN o .
o _N OMe
D -
>r YO N HCl HZN\:)‘\N OMe
0 O z H 0

19b 19¢
The desired compound 19¢ was prepared from 19b according to the

method of Example 1, Step C. It was used in the next reaction without further'
purification.




-

further purification. Step E- A sol ution of 15e (1 16 g, 2.04 mml)
tfiethylamne (2.90 nL, 20.6 mml) in anhydrous acetonitrile (25 7 mips pogand
DME (20 Ryplkisisg thick walled tube was bubbled wth Argogfp&es zggon To
this solution at rt was quickly added tetrakistriphenyl phosphine palladi um
(0) (235 ng, 0.203 mMmi ). The tube was 15 sealed with Teflon screw cap and
heated to 85-90C in an oil bath. Afteriqgtirring for 3 h, it was cooled to
it, opened cautiously and poured onto Et OAc (100 nmiL). The solution was
washed with 5% H3PO4 (4 X 50 nmL) and water (50 nL). Organic |ayer was

dried w nesiumsul fate, filtrated, concentrated in vacuo. 10 15e M
15f WO O¢ 5108 2 7 Al 1.16 2ii PCT/USQO /12530 Fl ash chromat ography (1
to 4 % MeCH CH2CI 2) rde he macrocycle 15f (3 , 749 mol , 37
% . Step F: 0 0
HCIH,N o o
_— H
: HN
HCI HZN\:/U\N OMe YN\'/H\N OMe
= H o : H
O O
19¢ 19d

To a suspension of di-amine salt 19¢ (75 mg, 1.52 mmol) and carbonyl
diimidazole (260 mg, 1.60 mmol) in acetonitrile (400 mL.} at it was added
s  triethylamine (0.26 mL, 1.85 mmol). The mixture was stirred for 3 days. Solvent
was removed in vacuo. The residue dissolved in EtOAc/THF (100/50 mL) and the
solution was washed with 5% H3PQO4, dried with magnesium sulfate, filtered,
concentrated in vacuo. Flash chromatography (2 to 10 % MeOH-CH2Cl2) afforded
19d (290 mg, 0.651 mmol, 43 %) as a white solid.

10 StepD:
o)
e
N\)I\ DM > HN N\)I\ H
YO N
19d 19¢

The desired compound 19e was prepared in 97 % yield from 19d according
to the method of Example 11, Step D. It was used in the next reaction without
further purification. ”



M 15f 15g 5 Thé desired conpound 15g was prepared quantitati vel yzﬂb Uan
according to the method of Exanple 11, Step D. It was used in the nex
reaction without further purification. St. ep G 159 CH3 B CH3 10 15h 2 7
AU E 206 V(B?iﬁ?/%ﬁ?s% 109 PCT/ US01/ 12530 The desired conpouP@l/Ush/ma
prepared in 77 %yield from 15g according to the nmethod of Exanple 11,
Step F. It was used in the next reactiﬂ}w’thout further purification.
Step H 5 15

Step E:
o
o OH
H H 0
HNYN\)LN OH * HOHHN N A 0
o =
0 0 o) Ho5
CH3
B

19¢

o =~ O
SRS
19f
The desired compound 19f was prepared in 66 % yield from 19e and B

5 according to the method of Example 11, Step E.
Step F:

0
o OH 0
HNYH \)I\N N H\)LNE 0 g
o i H § o) H oo j<
O

19f

R a

19

IZ
O
7<°



The desired conmpound 15 was prepared in 55 %yield from 15h accorgi»;nng Zhﬁ
the method of Exanple 1, Step H Exanple 16: Preparation of Conpotind” _djf

Fornmul a W0 018132sCH3 16 2 7 AUG 200 WD 01/81325 Step A: HpcNuShiBizsso
PCT/USO /1230 110 H N CH3 16 The desired conpound 16 was prepared

gquantitatively from 15 according to the nethod of Exanple 12, Step A
118

The desired compound 19 was prepared in 66 % yield from 19f according

to the method of Example 11, Step F. Two products were partially separated, by
flash chromatography (0 to 5 % MeOH-CH2CI2).

Example 20: Preparation of Compound of Formula 20:

Step A:

. .
o 0 0
H H H
HN\ﬂ/N\s)l\ﬁ N N\)LN OH

O 0 ) H 5
O N
20 '

-~

The desired compound 20 was prepared from 19 according to the method
of Example 12, Step A.



5 Exanple 17: Preparation of Cprrpound of Formula 17: H N 15 17 704;1._%@25
111 Step A 1sf 17a 2 7 AUG 2fli' PCT/USOL/ 12530 5 To the sol uti f
(150 ny, mml) in EEOH (10 nL) and EtOQAc (5 nl) was added 10 %
pal | adi urﬁv&f"@é-?zﬁon (20 ng). The suspension was stirred UREEYSHYAF®gen for
8 h during which the reaction progress was nonitored by TLC. After
filtration through a celite pad, sol vegl were renoved in vacuo to afford
the product as a white solid 17a (150 ﬁ\% 0.339 mml, quantitative). It
was used in io the next reaction without further purification. Step B: 17a
17b The desired conpound 17b was prepared from 17a according to the

Example 21: Preparation_of Compound of Formula 21:

{ Step A:

/\/\/\O -
= H WOJ\

5 21a 21b
A solution of 5-hexene-1-of 21a (10g, 50 mmol) in diethyiether (100 mL)
was treated with triethylamine (10.1g, 100 mmol, 2.0 equiv) and cooled to 0° C.
A solution of phosgene in benzene (20%, 100 mL, 20g, 200 mmol, 4.0 equiv.)
was added dropwise and the reaction mixture was stirred at rt for 12h. The
10 triethytamine hydrochloride separating out was filtered and the filtrate was
concentrated in vacuo. The residue 21b was used directly for further studies

without purification.

i Step B:
H 0]
BocHN N\;)Lo’
O =
OH
11t 2i¢
15 A solution of 1f (8.0g, 18.43 mmol} in CH2Cl2 (100 mL) was treated with

triethylamine (2.43 g, 24.0 mmol, 1.3 equiv). The reaction mixture was cooled to -
78° C and allychloroformate (2.9g, 24 mmol, 1.3 equiv.) was added dropwise. The



I s met hod of Exarrplie 11, Step D. It was used in the next reactionuzf;,thqgg%
further purification. WD 01/81325 112 Step C. 2 7 AUG 2004 PCTI US017/t2530

CH3 17b BwxGH381325C The desired conmpound 17c was prepared ipcddstiyissl d

- (Steps B and C) 5 from 17b according to the nethod of Exanple 11, Step E.
It was used in the next reaction without further purification. 2 f AL'6
200 WD 01/81325 113 Step D CH3 17c 120

reaction mixture was stirred at rt for 12 h and the reaction mixture was diluted with
H20 (100 mt.) and agq. HCI (2M, 200 mL). The aq. layer was extracted with EtQAc
(3x200 mL). The combined EtOAc layer were extracted with brine, dried

(Na2804), filtered concentrate in vacuo and the residue 21c¢ was directly used for

5 Boc deprotection. 'H NMR (CHCI3, 300 MHz, 5, ppm) 7.29 (t, 1 H, J= 6.0 Hz),

7.06-6.98 (m, 3 H), 6.41 (d, 1 H, J=5.4 Hz), 6.05-5.95 (m, 1H), 5.42 (dd, 1H,
J=1.2, 13.2), 5.31 (dd, 1 H, J=1.2, 13.2), 5.10 (d, 1 H, J=6.6 Hz), 4.91-4.87 (g, 1
H}, 4.74 (d, 1H, J=4.5 Hz}, 3.95-3.92 (m, 1 H), 3.70 (s, 3 H), 3.12(d, 1 H J=4.2
Hz),1.81-1.51 { m, 6H), 1.43 (s, 9 H), 1.21-0.91 (m, 6 H).

10 Step C:

-~ - +
BocHN ClH3N "o

ANA
Z ‘(r)(o AP
21c 21d

A solution of 21¢ (1.5 g) in HCI (4M in dioxane, 100 mL) was stirred at rt for

3 h. The disappearance of the starting material was followed by TLC and once the

15  starting material disappeared the reaction mixture was concentrated in vacuo and

the residue 21d was dried in pump. It was used for coupling without further
purification. -



PCTI USOL/ 12530 17 The desired conpound 17 was prepared in 46 %yi de,“fqrﬁﬂp
17c according to the nethod of Exanple 11, Step F. 5 Exanple 18: Ponke
Preparatia@og l%erpound of Forrmula 18: 27 4, 1 WO 01/81325 PCT/ USO I 1|
2-530 114"t “ H N 30 CH3 17 18 The desired conpound PG4/ 1B138par ed
gquantitatively from 17 according .to the nethod of Exanple 12, Step A 5
Exanpl e 19: Preparation of Conpound of1f,PrmJI a 19: 19 2 7 AUG 2Dr, WO

01/ 81325

Step D:

0
-+ 0
CIH 3N . -, A
o ° AN N g ————
21b
//’\/O
b
( © 0 e
21d OJ\II:J' N0~
O -
21e

A solution of the aminehydrochloride 21d (4.0g, 8.9 mmol) in CH2Cl2 (50

5 mL) was treated with triethylamine (2.73 g, 27 mmol, 3.0 equiv, 3.8 mL) and
cooled to -78° C. A solution of chloroformate 21b (2.3g, 13.3 mmol, 1.5 equiv) in
CH2Cl2 (30 mL) was added dropwise. The reaction mixture was stirred overnight

at rt and diluted with aq. HCI (1M, 150 mL). The agueous layer was extracted with
EtOAc (3x100 mL). The combined ethyl acetate layers were extracted with H20

10 (100 mL}), brine (100 mL), dried (Na2S04) filtered concentrated in vacuo and the
residue was purified by chromatography (SiO2, EtOAc/Hexanes 3:7) to yié]d 21e
as colorless solid (5g, 80%).



Step A PCT/ USQOL1/ 12530 115 Me + 19a 19 19b The desired conmpound 1 b7 il
prepared in 64 %yield from1lg and 19a accordi ng to the nethod of g@&
11, Step woomnkep B: HCIH2N H C leH 2N,, ~, O M 19b 19ﬁCT/-ﬂl§§l/sz§§d red
conmpound 19c was prepared from 19b accordi ng to t he net hod of Exanple 1,
Step C. It was used in the next reaction without further purification. WO
01/81325 116 Step C HOHO9N 2 'i hr..yw2004

StepE :

N 0

e 9] H
» o/LN N
H O
/\/ -
21f

A solution of alloc-protected compound 21e (4.0 g, 7.2 mmol) in dry THF
(60.0 mL) was treated with dimedione (2.01g, 14.4 mmol, 2.0 equiv.), Pd(PPh3)4

5 (830 mg, 0.71 mmol, 10 mol%) at 0.°C and stirred at rt for 1h. The reaction

mixture was concentrated in vacuo and the residue was purified by

[T

21e

chromatography (SiO2, EtOAc/Hexanes, 3:7) to yield a deprotected alcohol 21f as

a colorless solid (2.7g, 79%) 1TH NMR (CDCI3, 300 MHz, & ppm) 7.44 (bs, 1 H),
7.09 (s, 1 H, J=6.0 Hz), 6.75-6.72 (m, 2 H), 6.58-6.48 (m, 2 H), 5.81-5.71 (m, 1 H),

10 5.55(d, 1 H, J=7.2 Hz, 498 (ddd, 1 H, J=1.5, 1.2, @ Hz), 4.92 (dd, 1H, J=4.5, 0.9
Hz), 4.88-4.83 (m, 1 H), 4.12-3.97 (m, 1 H}, 3.71 (s, 3 H), 3.09-2.98 (m, 2 H),
2.08-2.03 (m, 2 H), 1.722-1.40 (m, 10 H), 1.24-0.94(m, 5 H); 13C NMR (100 MHz,
8) 171.6, 157.3, 156.6, 138.3, 136.6, 129.8, 123.5, 120.6, 117.0,114.9, 114.6,
65.7, 60.1, 53.2, 52.5, 40.4, 37.1, 33.3, 29.6, 28.6, 28.3, 26.0, 25.9, 25.1;.CHN:

15 caled for C25H36N20g: C=65.20% H=7.88% N=6.08%: Found: C=64.80%
H=7.98% N= 6.01%.



PCTIt1SO /12530 19c 19d To a suspension of di-amne salt 19c (75 np7? 155
.mmol ) and carbonyl diim dazole (260 ng, 1.60 mmol) in acetonitrile (400
m-) at rt was added 5 triethylamne (0.26 nL, 1.85 mmol). The m xture was
stirred f O8I, Solvent was renoved in vacuo. The resPElESHIREW ved in
Et OAc/ THF (100/50 m -) and the solution was washed with 5% H3PO4, dried
with magnesium sulfate, filtered, conqggt rated in vacuo. Flash

chromat ography (2 to 10 % McOH CH2Cl 2) forded 19d (290 ny, 0.651 mol,
43 %9 as a white solid. 1o Step DD D HNH'" ,Ove HN O 19d 19e The desired
conpound 19e was prepared in 97 %yield from19d according to the method of
Exanpl e 18tepFep D. It was used in the next reaction wthout further
purification. 2i AU G 2004 WO 01/81325 117

0
Ay
0

oo

Q 0

0
~ N
O - N ~
Ho5

2T

(1011}
]

o

- OH OH

21f OH 21g

( A solution of alkene 21f (650 mg, 1.4 mmol) in anhydrous THF (5.2 mL)
was cooled to 0°C and treated with BH3eTHF (1M soln in THF, 4.2 mL, 4.2 mmol,

5 3.0 equiv.) The reaction mixture was stirred at rt for 2 h and EtOH (2.0 mL) was
added carefully with the evolution of hydrogen gas. After the H2 evolution was
complete the reaction mixture was treated with pH 7 buffer and treated with aq.

H202 (30%, 5.0 mL) at 0 °C. The ice bath was removed and the mixture was

stirred at rt for 3-4 h. The reaction mixture was extracted with EtOAc (3x100 mL).

10 The combined organic layers were extracted with H20, brine, dried (MgSO4),
filttered, concentrated in vacuo and the residue was purified by chromatography

(SiO2, EtOAc/Hexanes 3:7) to yield hydroborated product as a colorless solid 21g

(400 mg, 60%) [x]p 86.4 (¢ 0.3 CHCI3, 25 °C); TH NMR (CDCly, 400 MHz, 5)

7.26 (s, 1 H), 7.08 (t, 1 H, J=5.7Hz), 6.83 (d, 1 H, J=6.0 Hz), 6.71 (dd, 1 H, J=1.2,
15 4.5Hz), 6.57 (bs, 1 H), 6.54 (d, 1 H, J=5.7 Hz), 5.68 (d, 1 H, J=6.9 Hz), 4.85 (dq,
 1H,J=4.2,1.8 Hz), 4.05-3.97 (m, 3 H), 3.69 (s, 3 H), 3.60 (t, 2 H, J=4.8 Hz), 3.08-

2.97 (m, 2 H), 1.77-1.53 (m, 10H), 1.42 1.25 (m, 4 H), 1.24-0.92 (m, 5 H); 1°C

NMR {(CDCl3, 100 MHz, 8) 171.8, 171.8, 157.6, 156.9, 136.9, 130.0, 120.8, 117.0,
114.8, 65.7, 62.7, 60.3, 53.3, 52.7, 40.5, 37.4, 32.5, 29.7, 29.0, 28.8, 26.2, 26.0,

20 25.6, 254 MS (FAB, NBA/DMSO, m/z, relative intensity) 479 {([M+1]*,100), 296
(40), 196 (25), 156 (25), 136 (25), 112 (20). HRMS calcd. for CogH3gN207

(M+1)*: 479.2760; found 479.2757.



Step EE CH3 19e B 0 CH3 19f PCT/ U501/ 12530 The desired conpound ﬁ)f e
prepared in 66 %yield from19e and B s according to the nethod ' Ek‘amﬁ e
11, Step woobsepsF: 19f H N 2 ! A-J 2004 WO 01/81325 PCT/ piSERkd12235 118
The desired conmpound 19 was prepared in 66 %yield from 19f according to
the nethod of Exanple 11, Step F. Two products were partially separated, by
flash chromat ography (0 to 5 % McOH CHPZ4 2) . Exanpl e 20: Preparation of
Conmpound of Formul a 20:

Step G:

21g 21h
A solution of PPh3 (385 mg, 1,47 mmol, 1.75 equiv)) in CH2Cl2 (10 mL)

was treated with the compound 21g (400 mg, 0.84 mmo!) and cooled to 0° C. A
5  solution of DEAD (220 mg, 1.26 mmol, 1.5 equiv.) in CH2Cl2 (10 mL) was added

dropwise and stirred at rt for 3 h. The reaction mixture was concentrated in vacuo
and the residue was purified by chromatography (SiO2, EtOAc/Hexanes 1:9) to

yield cyclic product 21h as a coloriess solid. (110 mg, 25%)

Step H:
Q 0
0 o)
H - H
O-_-N N OCHs O N\)LN H
ISE RS
10 21h 21i

A solution of cyclic carbamate 21h {200mg, 0.44 mmol) in dioxane (30 mL),
CH30H (20 mL) and CH2Cl2 (20 mL) was treated with LiOHsH2Q (80 mg, 2.0
mmol, 4.5 equiv) and stirred at rt for 4 h. The reaction was concentrated in vacuo

and diluted with HCI (4M soln in dioxane,10 mL) The water was removed by
15 lyophilizer to vield the crystalline acid 21i directly used for coupling.



5 Step A: The desired conpound 20 was prepared from 19 accordi ng tckxhg,: 2064
met hod of Exanple 12, Step A td!r, 20A 17, WD 01/81325 PCT/ USO1/1253%H
119 Exanple 21: Preparation of Conmpound of Formula 21:-21 Step A* HO 5 21la
21b A soV@UEMBf 5-hexene-1 -ol 21 a (1 Oy, 50 mol) in W@GWN&WH (100
m.) was treated with triethylamne (10.1g, 100 mmvol, 2.0 equiv) and cool ed
to 0 C A solution of phosgene in benﬁ%]e (20% 100 nm., 20g, 200 mmol, 4.0
equiv.) was added dropwi se and the re ion mxture was stirred at it for
12h. The 10 triethyl am ne hydrochl ori de separating out was filtered and the
filtrate was concentrated in vacuo. The residue 21b was used directly for
further Stepilés wi thout purification.

@ .

Zx

iy

@

A solution of the hydrolyzed acid 21i (210 mg, 0.47 mmol) in dry DMF (5.0
mb} and CH2Cl2 (5.0 mL) was treated with HOOBt (125 mg, 0.70 mmol, 1.5

{ ,
(@] H O
H H
O N N QO
YO N \*?rx
o] 0 e
2

1j

5 equiv) and cooled fo 0 °C and Hiinigs base (258 mg, 2.0 mmol, 4.0 equiv, 369 pL)
was added. To this mixture was added EDCI (134 mg, 0.70 mmol, 1.5 equiv) and
the reaction mixture was stirred at 0° C for 0.5 h and treated with the amine
hydrochloride B (253 mg, 0.58 mmol, 1.25 equiv.). The reaction mixture was
stored in freezer for 24 h and concentrated in vacuo to remove DMF and CH2Cl2.

10 The residue was diluted with aq. HCI (2M, 30 mL) and extracted with CH2Cl2

(3x50 mL) The combined organic layer was extracted with aq. HCI (2M, 30 mL),
aq. NaOH (1M) brine (2x50 mL), dried (MgS0O4) and concentrated in vacuo. The

residue 21j (220 mg) was oxidized without further purification. . -



Step B: r OH 1f 15 A solution of If (8.0g, 18.43 rrrml) in CHZCI2 (iQ]O 1
was treated with triethylamne (2.43 g, 24.0 mml, 1.3 equiv). Al 23
reacti on wipggiswas cooled to - 78 C and al |l ychl or of or mat BctAisdfssdt ol ,
1.3 equiv.) was added dropwise. The ' | " 20N WD 01/51325 PCTI USOI[1230 120
reaction mxture was stirred at rt for 12 h and the reaction m xture was
diluted wth H20 (100 nL) and aq. HCI1Z&M 200 nlL). The aq. |ayer was
extracted with E' QAc (3x200 nlL). The conbi ned Et OAc | ayer were extracted
with brine, dried (Na2SO4), filtered concentrate in vacuo and the residue
21c was §t ﬁgjt.ly used for 5 Boc deprotection. 1 H NWVR (CHCl 33300 MHz, 5,
ppm 7.2 % J=6.0 Hz), 7.06-6.98 (m 3 H), 6.41 (d, | H J=5.4

Hz), 6.05-5.95 (m 5.42 (dd, 1 H, J=1.2, 13.2), 5.31 (dd, | H,
J=1.2, 13.2) ~5/107( H J=6.6 Hz), 4.94.4.87 (q, 1 H), 4.74 (d7 1 H
J=4.5 Hz), 3/95-3.92 3.70 (s, , 3.12 (d, 1 HJ=4.2

.91 (m 6 H. io Step C 21 c

O>< -

1H,
43 (s, 0f H). &
N N

: o o O
O 21j

I
Iz

.
X

21
A solution of alcohol 21j (220 mg, 0.26 mmol) in CH2Cl2 (5.0 mL) was

treated with Dess-Martin reagent (200 mg, 0.47 mmol, 1.8 equiv.). The reaction
5  mixture was stirred at rt for 1 h and diluted with ag. NaHCO3 (15 mL) and aq.

Na2S203 (15 mL). 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 aq. Na2CO3, dried (Naz2S04), filtered, concentrated in

vacuo and the residue was purified by chromatography (SiO2, CH30H (2M
10 NH3)/CH2Cl2 1:20) fo yield ketoamide 21 (60 mg, 27%) of a colorless solid.

Example 22: Preparation of Compound of Formuia 22:




-

21d A solution of 21c (1.5 g) in HC (4Min dioxane, 100 nL) was \?\iejj rﬁrlre(? at
rt for 3 h. The disappearance of the starting material was foll owed* by Pic
and once %e 1isasf7't arting material disappeared the reaction mxture was
concentra f acuo and the residue 21d was dried in puRgl/Up41/12a% used
for coupling without further purification. I 2 ~t'1200k WO 01/ 81325

PCTI uS01/ 12530 121 Step D0 21 b 21 d 2 5 A solution of the

am nehydrochl oride 21d (4.Cg, 8.9 rrm)l)Jr Tn CH2Cl2 (50 5 mM-) was treated
with triethylamne (2.73 g, 27 mol, 3.0 equiv, 3.8 nl-) and cooled to -78
C. A solution of chioroformate 21b (2.3g, 13.3 mmol, 1.5 equiv) in CH2C 2
(30 nb) wiePAded dropwi se. The reaction m xture was stirred overni ght at
rt and diluted with g§. HO (1 M 150 ni). The aqueous | ayer was extracted
with EtOAc (3x100~wt) \e conbi ned ethyl acetate |ayers were extr.acted
with H20 zo (100 niL), (100 mL), dri 2S5M4) filtered concentrated
I n vacuo and

22
A solution of tert-butyl ester 21 (50 mg, 0.059 mmol) in dry CH2Cl2 (2.0
mL) was treated with TFA (2.0 mL) and stirred at rt. for 4 h. The reaction mixture
5 was concentrated in vacuo and the residue was repeatedly dissolved in
heptanes/CH2Cl2 and concentrated in vacuo several times to yield a fine tan solid
22 (47 mg), which was dried in vacuo.
. Example 23: Preparation of Compound of Formula 23:

10 23




resi due was purified by chromatography (Si02, EtOAc/Hexanes 3:7) to%y,n sl
2le as colorless solid (5g;, 80%. 27 2,G 200 WD 01/81325 122 St
PCT/ USO Wa258025. 2le 21f A solution of al | oc-protected cmgmdlzaip (4.0
g, 7.2 mol) indry THE (60.0 m-) was treated with dinedione (2.01g, 14.4
mmol, 2.0 equiv.), Pd(PPh3)4 5 (830 ng, 0.71 nmol, 10 nol% at O C and
stirred at rt for I h. The reaction mM28ure was concentrated in vacuo and
the residue was purified by chromatography (Si 02, EtQAc/Hexanes, 3:7) to
yield a deprotected al cohol 21f as a colorless solid (2.7g, 7999 1 H NWR
(CDCI3 %pgéiz 8 ppm 7.44 (bs, 1 H), 7.09 (s, 1 H J=6.0 Hz), 6.75-6.72
6.

(m 2 48 (m 2 H), 5.81-5.71 (m 1 H), to 5.55 (d, | H J=7.2
Hz, 498 (ddd, 1H J=1.5, 1.2, 9 Hz), 4.92 (dd, 1 H-~3<4.5, 0.9 Hz),
488483(m1 , -397(+mGLH),371(33 109-2.98 (i 2 H),
208203(m2 , 2- 1.0, 10H),124099( H: d3C NVR (100
., 8) 171 3 1566 13 03,0136 6,212 )Qz 5, Nl\zﬂj\%
11701149 1;{40 N N :
* T» ° N
ks
1 HxCl 23 N

23a

A solution of acid 1d (255mg, 1.0 mmol) in DMF (2.0 mL) was treated with

HOBt (202 mg, 1.5 equiv) and Hiinigs base (517 mg, 4.0 mmol, 4.0 equiv, 738

5 pL). The reaction mixture was cooled to 0° C and treated with DCC (258 mg, 1.25
mmol, 1.25 equiv.) After stirring the mixture for 1h Histidine-OCH3e2HCI 23a
(242.0 mg, 1.0 mmol) was added and stirred at rt overnighf. The reaction mixture
was concentrated in vacuo and extracted in EtOAc (3x50 mL) and aq. NaHCO;
{60 mL). The combined organic layer was concentrated in vacuo and the residue

10 was purified by chromatography (SiO2, CH30H/CH2Cl2 1:19) to vield dipeptide
23b as a coloriess solid (380 mg, 93%) TH NMR (dg-DMSO, 400 MHz, §, ppm)
8.17 (d, 1 H, J=7.2 Hz), 748 (s, 1 H), 6.77 (s, 1 H) 6.57 (bs, 1 H), 5.54 {(d, 1H,
J=7.6 Hz}, 4.47 (q, 1 H, J=7.2 Hz), 3.79 ({t, 1 H, J=8.4 Hz), 3.55 (s, 3 H), 3.36-3.20
(m,2 H), 2.94-2.82 (m, 2 H), 1.70-1.47 (bm, 6H), 1.35 (s, 9 H), 1.46-0.85 (m, 5

15 H):130 NMR (dg-DMSO, 100 MHz, & ppm) 172.5, 171.9, 157.3, 155.9, 1354,
78.6, 59.5, 52.9, 52.3, 34.1, 29.6, 28.9, 28.6, 26.5, 26.3, 26.0, 25.2 FAB MS:
+ (NBA-G/TG-DMSO, m/z refative intensity) 409. [((M+1)*, 100], 353. (10), 170 (20);
HRMS calcd for CooH33N406: 409.2451: found 409.2466;}01—!N Calcd —for
CopoH32N405: C=58.81% H=7.90%, N=13.72%; Found: C=58.70% H.=7-78% .
20 N=13.43%.



65.7, 60.1, 53.2, 52.5, 40.4, 37.1, 33.3, 29.6, 28.6, 28.3, 26.0, 25.9,
25.1;.CHN: 15 cal cd for C25H36N206: C=65.20% H=7.88% N=6. 08% Founfy Al 1ils
C=64. 90% 7.98% N=6.01% 71 | 1'~ 2",Pl WD 01/81325 123 Step F: 21f OH
21g PCT/ U88%145530 A sol ution of al kene 21f (650 ny, 1.4PGRAESOL/RFH0
anhydrous THE (5.2 m-) was cooled to OC and treated with BH3THF (1 M soln
in THF, 4.2 m., 4.2 mmol, 5 3.0 equiv.i he reaction m xture was stirred at
it for 2 h and EtOH (2.0 mM-) was add 4 carefully with the evol ution of
hydrogen gas. After the H2 evolution was conplete the reaction m xture was
treated with pH 7 buffer and treated wth aq. H202 (30% 5.0 m-) at 0 C
The ice B#eR Bias rempved and the nmixture was stirred at it for 3-4 h. The
reaction mxture was extracted with Et OAc (3x100 nnL). 1o The conbi ned
organi c | ayers y

erg extracted with H2O, brine, dried ( ), filtered,
concentrated in guo and the residue was purified b mat ogr aphy
(Si 02, EtOAc/ Hexgnhesy3: to yield hydroborated prodgct Jas g c%l orl ess

solid 21g %IQ(R; BQWA[atD 86.4 (cB 5 £DCl 3, 400
Mz, S) 7.26°ts, il HI 7-08 Tt, I H I¥=5.7Hz), 6.83 1 Hi J=6.0 H),

.6.71 (dd, | H J=192, N N
hs s

+N -
236 HyCl 23¢ HCl

( A solution of w-bromoheptenoic acid (223 mg, 1.0 mmol) in DMF (3.0 mL)
5 was treated with deprotected amine hydrochioride 23b (380 mg, 1.0 mmol, 1.0
equiv) and Hunigs base (387 mg, 3.0 mmol, 3.0 equiv) was added. The reaction
mixture was treated with PyBroP (465 mg, 1.0 mmol) and stirred at rt for 3 h. The
reaction mixture was concentrated in vacuo and the residue was purified by
chromatography (SiO2 CH30H/CH2Cl2 1:19) to yield a colorless solid (220 mg,

10 50 %} MS (FAB) 515.2 [(M+1)*, 100], 513.2 [(M+1)*, 95)], 469 (60), 433 (20),
170 {40). HRMS calcd. for C23H38BrN404: 513.2076 found: 513.2073.
Step C:

Bﬁ\,/*xvzﬁ\vzﬁxv/ix;Eizizﬁxgzﬁlcy/
0 \YZ;5§

"HoCl
23¢ 23d

A solution of bromo-compound 23c (100 mg, 0.23 mmol), irf 2-butanone
15 (4.0 mL) was treated with NapCO3 (31.0 mg, 0.29 mmol, 1.25 equiv) and with Lil

(50 mg, 0.37 mmol 1.3 equiv.) and heated at reflux for 24 h. The reaction mixture
was concentrated in vacuo and the residue was diluted with water. The residue

was extracted with CH2Cl2 (3x30 mL). The combined organic layer was dried(

Na2504) and purified by chromatography (SiO2, CH30H:CH2Clg 1:19) to vyield
20 the cyclized compound 23d (25 mg, 31%); Rf: 0.68 (2M NH3 in CH:OH:CHxCl>:




15 4.5 Hz), 6.57 (bs, | H, 6.54 (d, 1 =5.7 Hz), 5.68 (d, 1 H J=629 200
. Hz), 4.85 (dgq, 1 H J=4.2,-1.8 Hz), 4. 97 (m 3 H), 3.69 (s, 3 H,
3.60 (t, woldysihz¢.8 Hz), 3.08- 2.97 (m 2 H), 1.77-1.53 (mpciPsdiyizdsd2 1.25
(m 4 H, 1.24-0.92 (m 5 H); 13C NWR (CDCI3, 100 MHz, 6) 171.8, 171.8,
157.6, 156.9, 136.9, 130.0, 120.8, 1117.0, 114.8, 65.7, 62.7, 60.3, 53.3,
52.7, 40.5, 37.4, 32.5, 29.7, 29.0, 283 26.2, 26.0, 20 25.6, 25.4 M5
(FAB, NBAIDMSO, niz, relative intensity) 479 ([ M +11},100), 296 (40), 196
(25), 156 (25), 136 (25), 112 (20). HRMS cal cd. for C25H39N207 (M¥1) +:
479.2760; foupd 479.2757. 2 ? } r 200b WO 01/81325 PCT/USO /12530 124 Step
G HO 21@1 12} hHANMdR (@D@ﬁ30400>FMBiZQ 38ppm),8.174d, bl J= &.87|52b'q13|3v()s) 1i ),
CH2Cl 2 (10 m -) reated with_ the corrpound 21'%65400 84 mol ) and
ool ed {8601 H J38doriah. o0 g Som L0 At 1 o 38 QAT n

02012 (344513 holles 5J98ch 4l 20 46 21 305 g Al11505 b Boq Th beas! on

m Xt ure was’’'conc In vacu he resi

chvomet ography(107 1 Pt exancs ) 15 iR (KR foB e By @

col orl es
5 172.8, 172.4, 171.9, 138.2, 136.8, 57.6, 52.5, 51.7, 46.6, 41.6, 36.0, 30.9, 29.5,

28.8, 27.3, 26.7, 26.4, 26.3, 26.2, 26.2, 24.8 MS: (Electron spray, m/z relative

H,
0

intensity). 433.1 [(NI+1)+,100]; HRMS: Calcd. for C23H37N404 433.2815 found

433.2822.
Step D:

10 23d 23e
A solution of methyl ester 23d (200 mg, 0.46 mmol) in CH30H (5.0 mL)

H20 (0.5 mL) was treated with LiOHeH20 (30 mg, 0.75 mmol, 1.6 equiv.) The

reaction mixture was stirred at rt for 15 h and concentrated in vacuo- and dried in

pump to yield hydrolyzed compound 23e which was used for coupling directly.



10 21h 21 i A -solution of cyclic carbamate 21h (200ng, 0.44 mol) i)Mr) , ,pm‘L
di oxane (30 rnL), CH3OH (20 m-) and CH2C12 (20 m -) was treated i £

Li OHH2Q (80 , 2.0 mmol, 4.5 equiv) and stirred at it for 4 h. The
reaction Wé’s”qgéﬁzeentrat ed in vacuo and diluted with HO (ROW/ESI1A2330

di oxane, 10 nL) The water was renoved by 15 lyophilizer to yield the
crystalline acid 21 i directly used for_¢coupling. 2" "r 2 0 G4 W
01/81325 125 Step | 21 i { PCT/USO 1 /131§SSO 21j A solution of the

hydrol yzed acid 21i (210 ng, 0.47 mmol) in dry DMF (5.0 nL) and CH2CI 2 (5.0
m-) was treated with HOOBt (125 ng, 0.70 mmol, 1.5 5 equiv) and cooled to
0 C and Rtepds base (258 ngy, 2.0 mml, 4.0 equiv, 369 L) was added. To
this mxture was agded EDCI (134 ng, 0.70 mml, 1.5 equiv) and the

reacti on m xtu Ns‘&wred at 0,Cfor 0.5 h and treated with the .am ne
0 O
o H
H - o+
N\)tﬁ\",c”" CIHl\ll\/L’/JkN N\)"\k
3 " 0O
OH H/Er :

N
) H oo +
@ . O

23e

23f
A solution of the acid 23e in CH2Cl2 (3.0 mL), DMF (5.0 mL) was treated

with HOOBt (115 mg, 0.70 mmol, 1.50 equiv) and EDCI (113 mg, 0.60 mmol, 1.25
5 equiv). The reaction mixture was then treated with EtgN (190 mg, 1.88 mmol,

271uL, 4.0 equiv) and amine hydrochloride B (201 mg, 0.5 mmol, 1.1 equiv.) The
reaction mixture was stirred at rt for 13 h and diluted with H20. The aqueous layer

was extracted with CH2CI2 (3x60 mL) and the combined organic layers were
extracted with ag. NaOH (1M, 50 mL) and dried (Na2SO4). The dried organic
10 layer was filtered and concentrated in vacuo to yield a colorless residue 23f (442

mg) which was dried in vacuo and direcily used for further oxidation. MS:

(Electron spray, m/z relative intensity): 794 [(M+1)+, 100].



hydrochl oride B (253 ng, 0.58 mmol, 1.25 equiv.). The reaction gﬁtpr@,mﬂs
stored in freezer for 24 h and concentrated in vacua to renove ‘
CH2Cl 2. iwoldigisesi due was diluted with ag. HC (2M 30 m PbTﬁ%ﬁl/% 6act ed
with CH2Cl 2 (3x50 nlL) The conbi ned organic | ayer was extracte

HCl (2M 30 nL), aq. NaOH (IM brine (2x50 nmL), dried (MgySH) and
concentrated in vacuo. The residue 21j 18220 ng) was oxi di zed w t hout
further purification. 2 7 ~"-.U C 20C6 WD 01181325 126 Step J:

PCT/ USOL/ 12530 21 A solution of alcohol 21 (220 ng, 0.26 mmol) in CH2Cl 2
(5.0 m-) E@sl:.treated Wi th Dess-Martin reagent (200 ng, 0.47 nmmol, 1.8

equi v.). sIt reaction 5 mixture was stirred at it for 1 h and diluted with
aq. NaHCO3 (15

24 Na2S203 (15 nL). The reaction mxture was
stirred at it f R

n dnd the reactio ture was extracted with

CH2Cl 2 (3x30 nmL). The ined organic |a p were extracted with aqg.
Na2CC3, dried 250417 fllte,qed0|'b0p|cerﬂ?raed in vacuo and the residue
was purified b N 02N OHL( 2

0 NFG) 1 CH2C1 2 1:20) to
yi el d ket oani de 7%3 of Ja col ofy es} | d—Exanpte—:

Preparation of of Boprul a2
0 H 0
N A A0
Ny K

23

23f

A solution of hydroxy-amide 23f (50 mg, 0.064 mmol) in CH2Cl2 (3.0 mL)

5 was treated with Dess Martin reagent (53 mg, 0.13 mmol, 2.0 equiv) and stirred at

rt for 3 h. The reaction mixture was diluted with ag. satd. Na2S203 (20 mL) and
stirred at rt for 15 min. The aqueous layer was extracted with CH2Cl2 (3x30 mL.).
The organic layer was dried (Na2S04) filtered concentrated in vacuo and purified

by chromatography (SiO2, CH30H/CH2CI2, 1:15) to yield ketoamide 23 (20mg,
10 40%), MS (FAB, NBA-G/TG-DMSO, m/z relative intensity) 824 {(M+CH30H)*,

100}, 792 [(M+1)*, 60], 447 (20); HRMS calcd for C42Hg2N70g (M+1)™:
792.4660: found 792.4659,



o~

r 222 7" ? 1r~ W 01/81325 127 Step A: 21 PCT/USQ /12530 22 A spb LHL’S?D@L
of tert-butyl ester 21 (50 ng, 0.059 mmol) in dry CH2A 2 (2.0 m -) Wwas
treated with TFA (2.0 mM-) and stirred at it. for 4 h. The reaction m xture
5 was con¥&Ht183#%3d i n vacuo and the residue was repeat edl yraivesmbiges i n
hept anes/ CH2Cl 2 and concentrated in vacuo several times to yield a fine tan
solid 22 (47 ng), which was dried in vacuo. Exanple 23: Preparation of
Compound of Formula 23: 10 23 2 7 f:1.13 2304 WD 01/81325 128 Step A Id

-y

Example 24: Preparation of Compound of Formula 24:

Y

A solution of tert-butyl ester 23 (17 mg, 21.5 pmol) in dry CH2Cl2 (2.0 mL)

was treated with TFA (2.0 mL) and stirred at rt. for 8 h. The disappearance of the
ester to the base line was followed by TLC (CH30H/CH2CIi2, 1:19). The reaction

10 mixture was concentrated in vacuo and the residue was repeatedly dissolved in

CH30H/heptanes/CH2Cl2 and concentrated in vacuo several times to yield 24 as
fine colorless solid (7 mg). MS: (Electron spray, m/z relative intensity). 768

[(M+CH30H)*, 100], 736 [(M+1)*, 60], 46 (10).



0 PCT/USQOL/ 12530 23a A solution of acid Id (255mg, 1.0 nmmol) in DMF (2.0
m-) was treated with HOBt (202 nmg, 1.5 equiv) and Huni gs base (517 an 'U4 it
ol , 4. Gyg@4ksys2s 738 5 pL). The reaction m xture was -cool géyp golglzﬁ],and
treated with DCC (258 nmg, 1.25 mol, 1.25 equiv.) After stirring
m xture for 1h Hi stidine-OCH3.2HCI 23a (242.0 ng, 1.0 nmol) was added and
stirred at rt overnight. The reaction dxture was concentrated in vacuo
and extracted in Et OAc (3x50 m-) and aq. NaHCO3 (50 nli). The conbi ned
organi c | ayer was concentrated in vacuo and the residue io was purified by
chromat ogr aphy (Si 02, CH30H CH2CI 2 1:19) to yield dipeptide 23b as a
colorless solid (380 ng, 93%9 1H NWMR (d6-DMVMSO, 400 MHz, 8, ppm) 8.17 (d, |
H J=7. 2Ek@inpié 28 - udd 5 FBrifI48; 1 H, 5.54 (d, 1 H

. q , : : =8.4 Hz), 3.55 (s, 3 H),
3. 36- 3. 20 (m2 H, 2.94-2.82 (m 2 H), 1.70-1. 47 (bm 6H), 1.35 (s, 9 H),
1.46-0.85 (m 5 15 H):13C NMR (d6-DVMSO, 100 MHz, 8 ppm 172.5, 171.9,
157.3, 155.9, 135.4, 78 52.9, 52.3, 34.1, 29.6, 28.9, 28.6, 26.5,

26.3, 26.0, 25.2 FAB M5 - PTG DMSO, iz rel e intensity) 409.
[ (M+1l) +, 100], 353. (10p=170 (X0); HRVS calcd f OH33N406: 409. 2451:
found 409. 2466 CHN Caf cdf o rOCZHSZ,M : Cg58.1819 7. 909 13. 72%
Found: C=58.70% He i 8% '»' N
S H H
0 :‘ 0 O O
25
5 StepA:
Cl _ -
PFg PFg
+ b
* Ru(CHaCN)3 — > LrRU— P
OOH COOH
NHBoc NHBoc
25a 1b 25b

A solution of Boc-4-Chlorophenylalanine 25a (523 mg, 1.75 mmol) in
dichloroethane (37 mL) was treated with CpRu(CH3CN)3 PFg 1b (760 mg, 1.75

10 mmol, 1.0 equiv) and heated at reflux for 2 h. The reaction mixture was cooled to
0 °C and filtered. The filtrate was concentrated in vacuo and dissolved in
minimum CH3CN and treated with a large excesg of Et20. The solid separating
out was separated and dissolved in CH2CI2/CH30H (1:1, 50 mL) and

concentrated in vacuo to obtain 25b as a brown foam (640 mg, 69%).



27 ?1'"1U2CC~ WD 01181325 129 Step B: PCT/USO /12530 A sol ution of 77 405 200
co- bromohept enoic acid (223 ng, 1.0 mol) in DVF (3.0 nL) 5 was treafédd’ ™
wi th deprotected am ne hydrochloride 23b (380 ng, 1.0 mmol, 1.0 equiv) and
Huni gs ba%@ Y$8¥%y, 3.0 nmmol, 3.0 equiv) was added. The rRGRVUSMH25} xture
was treated with PyBroP (465 ng, 1.0 mmol) and stirred at rt for 3 h. The
reaction m xture was concentrated in vacgs and the residue was purified by
chromat ography (Si 02, CH3OH CH2CI 211:19) to yield a colorless solid (220

ng, io 50 . MS (FAB) 515.2 [(M+1l)+, 1001, 513.2 [(M+1)+, 95)1, 469 (60)%
433 (20), i? 40). HRVB cal cd. for C23H38Br NMAO4: 513. 2076 found:

513. 2073. §%’8 - Br N +H2C 23c 23d A solution of brono-conpound 23c
(100 ng, 0.23 tunor), irf 2-butanone 15 (4.Q nm.) was treated with Na2CQO3
(31.0 ng, 0.29 mol, 1.25 equiv) d Wit '

_ o, \/ﬁ\ OOH
CHN._A, N .
: Ho L .
L] PF. DN
6 + )
1 ' /q NHB
{ g 1 / weo Olﬁ

25¢
A solution of carboxylic acid 25b (2.4 g, 3.80 mmol) in dry DMF (15 mL)
was treated with Hinigs base (1.64 g, 12.64 mmoli, 4.0 equiv, 2.9 mL) and HOBt
5 (661 mg, 4.38 mmol, 1.5 equiv). The reaction mixture was cooled to 0° C and the
treated with EDCI {699 mg, 3.95 mmol, 1.25 equiv) and stirred for 15 min. To this
reaction mixture was added amine hydrochloride 1g (1.50 g, 4.00 mmol, 1.2
equiv) and the reaction mixture was stirred at st for 12 h. The DMF was distilled
out and the residue was diluted with water (30 mL) and the aqueous layer was
10 extracted with CH2Cl2 (3x50 mL). The combined organic {ayers were extracted
with aq NaHCO3 (30 mL). ag. HCI (30 mL), brine, dried {Na2SOy4) filtered
concentrated in vacuo and the crude product 25¢c (2.5 g, 69%) was used for
further cyclization without purification.
Step C:



(50 ng, 0.37 mml 1.3 equiv.) and heated at reflux for 24 h. The reaggi AR 901
m xture was ctoncentrated in vacuo and the residue was dilut'ed with t'er.™™
-The resi oo ppapsextracted with CH2Cl 2 (3x30 nL). The conb'geggjsgfjggg‘;c

| ayer was dried( Na2SO4) and purified by chromatography (S 02,

CH3OH CH2Cl 2 1:19) to yield 20 the cyclized conpound 23d (25 ng, 31%: Rf:
0.68 (2M NH3 in CH3OH CH2Cl 2: WO 011813?? CTf USO /12530 130 1:19) 1 H NWR
(cbcr3, 400 MHz, 8, ppm 8.17 (d, 1 H J=8.8 Hz) 7.33 (s,. | H), 6.48 (d__I
H J=8.4 Hz), 4.90-4.85 (m 1 H), 4.26 (t, 1 H J=8.0 Hz), 3.82-3.74"('m
2 H, 3.69 (s, 3H, 3.16- 3.11 (m 2 & 2.91-2.84 (m | ’

H) , 1.65-1.595m 11@, 1.18-0.96 ( 11 H): 13C NWg
ppm: 5 172.8, "192. 4, 1.9, 138.2, AN

5

36.0, 30.9, 28 18, 27.3, 26.7 4, 26.3, 26. .20 24 8 NS
(El ectron spray, Beght i ve Qi nt y): 433.1 [( , JHR\E: Cal cd.
for C23H37N404 15li o \2)1\43 2902. Step [BocHY” 23 SOt Mon of

met hyl ester 23d (200 ng,[{ 0. 46 rﬂml in CH3OH (5.0 m .om-) was
treated with Li OHH20 (300rg©75 mMol, 1.6 equiv.) The

25¢ 25d

A solution of compound 25¢ (100 mg 0.11 mmol) in dry DMF (10 mL) was
degassed with dry N2 and treated with Cs2CO3 (170 mg, 0.5 mmol, 5.0 equiv)
and stirred at rt. for 12 h. The solvent DMF was distilled off and the residue was‘

s diluted with water (35 mL} and extracted with CH2Cl2 (3x100 mL). The combined
organic layers were dried {Nap2S04) filtered, concentrated in vacuo and dried in
vacuum overnight. It was used for photolytic removal of Ru without further
purification.

The cyclized compound from the previous step was dissolved in CH3CN

10 and photolysed in a Raynot (A=350 nm) for 48h. The reaction mixture was
concentraied in vacuo and the residue was purified by chromatography (SiO2,
EtOAc/Hexanes 2:1) to yield 25d as a tan colored solid (29 mg, 46 %). MS (FAB,
NBA-G/TG-DMSOQ, nv/z relative intensity), 580 [(M+1)*, 80], 524 (100), 418.(40),
462 (30), 452 (20), 313 {60), 253 (20). '

15 Step D:

25d 25e
A solution of ester 25d (150 mg, 0.26 mmol) in THF (3 mL), CH30H (3.0

mL) and H20 (3.0 mL) was treated with LiOHeH20 (18 mg, 0.43 mmol, 1.65



reaction mxture was stirred at rt for 15 h and concentrated in vacua- and
dried in punp to yield hydrolyzed conpound 23e which was used for Toupliiig
directly. 7 :r k :6 200 WD 01/8/325 131 Step E: 23e PCTJUSOL/ 12 30 23f A

sol ution WO&IBd3%cid 23e in CH2A 2 (3.0 nL), DVF (5.0 m -)pemEwstiviestoed Wit h
HOOBt (115 ng, 0.70 mmol, 1.50 equiv) and EDCl (113 ng, 0.60 mml, 1.25 5
equi v). The reaction m xture was then tggfted with Et3N (190 ng, 1.88 mmol,
271pL, 4.0 equiv) and am ne hydrochl ori B (201 ng, 0.5 mmol,-1.1 equiv.)

The reaction mxture was stirred at rt for 13 h and diluted with H2O The
aqueous | ayer . was extracted with CH2Cl2 (3x50 nlL) and the conbi ned organic
| ayers wer@dUnskapdsteedat f fag 35NamiH Thevreadion mixtarsl weisi acldifide 26504 conehe

Col or | 6o TESIAMY BES afetiapledl G ARG PRSIl FiRe combiand cmandtayeraced

{00 )1 Sberdrdl (18250 iéEeAd BBnedfifted ThAvdctioTh i 26§ Be Ydich >*

was used directly for the coupling without further purification.



Step F: 23 2?Ali 2B PCT/USO /12530 A solution of hydroxy-am de 23f (50 ny,
+0.064 mol) in CH2C 2 (3.0 nL) 5 was treated with Dess Martin reagent; £o30r
‘nmy, 0. 13 wuBls1Bs0 equiv) and stirred at rt for 3 h. The rp@ﬁ{] ‘?.nngguxture
was diluted with ag. satd. Na2S2G3 (20 nl-) and stirred at 15 mn
The aqueous | ayer was extracted with CH2Cl 2 (3x30 nL). The orgam c layer
was dried (Na2SO4) filtered concentrate#38n vacuo and purified by
chromat ography (Si 02, CH30H CH2CI 2, 1:15) to yield ketoam de 23 (20ngy, 10
40% ; MS (FAB, NBA-G@ TG DMSO, m z relative intensity) 824 [(M-CH30H)+,
100], 792gt@gl+é,_)*, 601, 447 (20); HRMS cal cd for CA42H62N708 ( Mtl) +:

792. 4660: found 792.4659. WO 01/81325 133 Exanpl e 24: Preparation of
Compound of Formula 24: 5 Step AA° H N PCT/USO1 /12530 0

-

BocHN

r

A solution of acid 25e (150 mg, 0.27 mmol) in dry CH2Clo (2.0 mL), was

s treated with HOBt (62 mg, 0.40 mmol) and Hanigs base (139 mg, 1.1 mmol, 4.0
equiv.) The reaction mixture was cooled to 0° C and treated with EDCI (53 mg,
0.34 mmol, 1.25 equiv) and stirred for 30 min. The reaction mixture was treated

with amine F (88 mg, 0.29 mmol, 1.22 equiv.) and stored in the freezer for 12 h.

The reaction mixture was concentrated in vacuo and diluted with H2O (50 mL).

10 The aqueous [ayer were extracted with CH2Cl2 (3x50 mL). The combined organic
layers were extracted with aq. HCI (1M, 3x20 mL) ag. NaOH (1M, 3x20 L), dried
(Na2504) filtered concentrated in vacuo to obtain a colorless solid 25f (138 mg)

which was used for oxidation.



[N

24 A solution of tert-butyl ester 23 (17 ng, 21.5 pnol) in dry CH2Cl 2 (
m) was treated with TFA (2.0 nL) and stirred at rt. for 8 h. The 277
di sappearance of the ester to the base line was followed by TLC
(CH3OH CHY@W/8132519) . The reaction to m xture was concent r BEBHS¢IN238cu0 and
the residue was repeatedly dissolved in CH3COH heptanes/ CH2Cl 2 and ‘
concentrated in vacuo several tines to yigggd 24 as fine colorless solid (7
ng). -Ms: (Electron spray, mz relative intensity): 768 [(MCH3CH)+, 100],
736 [ (M1)+, 60], 46 (10). 2~~.U,57,Yi. W A/81325 PCT/USO /12 30 134
Exanpl e 254, Preparati on of Conpound of Fornula 25: BocHN 25 5 Step A: Cl
fr...-Ru( 3 NHBoc 25a |b OOH H

2.0 ;
PTG

BocHN

25
A solution of alcohol 25f (140 mg, 0.143 mmol) in CH2Ci2. THF (1:1, 5.0

mL) was treated with Dess-Martin reagent (121 mg, 0.42 mmol, 3.0 equiv.) The
5 reaction mixture was stirred at rt for 2 h and the mixture was concentrated in

vacuo. The residue was purified by chromatography (SiO2, CH30H/CH2Cl2 1:32)
io yield oxidized product 25 (57mg, 41%) as a colorless solid.



N 25b A sol ution of Boa-4-Chl orophenyl al ani ne 25a (523 ng, 1.75 mol )2 i 9o,
di chl oroethane (37 nL) was treated with CoRu(CH3CN)3 PF6 1 b (760 ng,- 1. 75 A
io mol , wobisgesv) and heated at reflux for 2 h. The reacptpisiigksy € was
cooled to O Cand filtered. The filtnape was concentrated in vacuo and

di ssolved in mninum CH3CN and treated wth a | arge excess of Et20. The
solid separating out was separated and dissolved in.CH2Cl 21CH3CH (1:1, 50
m.) and PF6 concentrated in vacuo to obtain 25b as a brown foam (640 ng,
69%. ? t u ZOA WO 01/81325 135 Step B: 1g C PCT/U S01/ 12530 A sol ution
of carbo , b (2.4 A 0 F (15 mM-) was treated
with Huni/gsbase— G RO, o< i =29 m-) and HOBt 5 (661
ny, 4.38 mol, 1.5 eqU| v). The reactlon m xture was cooled to 00 C and the
treated with EDCl (699 ny, 3. 9 mol, 1.25 equiv) and stirred for 15 nin.
To this

Step A:

Y

26

A solution of the benzyl ester 25 (30 mg, 38.0 umol) in CH30OH/THF (1:1,
4.0 mL) was treated with Pd/C (20 mg, 10% ) and H2 was bubbled through it. A

drop of acetic acid was added to accelerate the reduction. The reaction mixtufe
was filtered through a plug of celite and the filtrate was concentrated in vacuo.

The residue 26 was analyzed without further purification.



regction m xture was added am ne hydrochloride 1g (1.50 g, 4.00 mol ; qlNzg 7004
equiv) and the reaction mxture was stirred at rt for 12 h. The DMF Wwas =~
distilled out and the residue was diluted with water (30 m-) and the
aqueous | WPHM/EIAE o0 extracted with CH2C 2 (3x50 ni). The RkBIMEAOr gani c
| ayers were extracted with agq NaHCO8 1¢30 M), ag. HCO (30 ni), brine,
dried (Na2SO4) filtered concentrated in vacuo and the crude product 25c
(2.5 g, 69% was used for further cyclization without purification. Step
C 21 111" '"U" 20GL W 01/81325 CPF, B/u ~~ /" BocNHHO 25c 136 CH
0 BocHN 25d

Example 27: Preparation of Compound of Formula 27:

ZT
ZT
Q
o
5

Step A:

ZT
I
Zr
o
1

A solution of acid 25e(100 mg, 0.17 mmol) in dry CH2Cl2 was treated with
HOOBt (41 mg, 0.26 mmol) and Hiinigs base (91 mg, 0.70 mmol, 4.0 equiv.) 'I:he
reaction mixture was cooled to 0° C and treated with EDCI (35 mg, 0.22 mmol, -
1.25 equiv) and stirred for 30 min. The reaction mixture was treated with amine D
(71 mg, 0.22 mmol, 1.22 equiv.} and stored in the freezer for 12 h. The reaction
mixture was concentrated in vacuo and diluted with H20O (30 mL). The agueous

layers was extracted with CH2Cl2 (3x30 mL). The organic layers were extracted

with aq. HCI (1M, 30 mL) ag. NapCO3 (1M, 30 mL), dried (NapSQ4) filtered



PCT/ USOL1/ 12530 A sol ution of conmpound 25c (100 ng 0.11 mmol) in dry DNF7(ALQ 700
m-) was degassed with dry-N2 and treated with Cs2CO3 (170 ng, 0.5 mmol,

5.0 equi woomtb2stirred at rt. for 12 h. The sol vent DVF wpstalisei/izsied of f

and the residue was 5 diluted with watlge (35 m-) and extracted with CH2Cl 2
(3x100 nmL). The conbined organic layers were dried (Na2SO4) filtered,
concentrated in vacuo and dried in vacuumovernight. It was used for

photol ytic renmoval of Ru without further purification. The cyclized

conmpound fromthe previous step was dissolved in CH3CN io and photol ysed

vacuo angorReMEEadn '%Ajoof&u‘?‘?‘?rﬂeﬁfﬁft ool (e, algpic S S e
2:1 5 0
) | R 1 1540, o 0047 BS99 1)

40 630205814 36D). BEM led 2 8o 25d
25<(a ?A softlﬂ?tzlf)n (X)f )gsteeg 2205)21 (150$6w?co g% E%D%I)-;Sql%?qu((m1 Qﬂgﬁ%@% 0

m.) and HKROd &842488H. was treated with Li OHH20 (18 ngy, O0.43 rrm)l 1.65 2 7
~ 1 _f 2@ga
tep B:

ZT
ZT
=

g

27
A solution of alcohol 27a (120 mg, 0.143 mmol) in CH2Cl2:-THF (1:1, 3.0

mL) was treated with Dess-Martin reagent (180 mg, 0.42 mmol, 3.0 equiv.) The
reaction mixture was stirred at rt. for 2 h and the mixture was concentrated in

vacuo. The residue was purified by chromatography (SiO2, CH30H/CH2Cl2 1:32)
to yield oxidized product 27 as a colorless solid. MS (FAB, NBA-G/TG-DMSQO,
m/z rel int), 840 [(M+1)", 50]. HRMS calcd. for C4gH58N5010 (M+1)*: 840.41 34;
found 840.4199. T



WO 01/81325 PCT/ US01/ 12530 137 equiv.) and stirred at rt for 35 mn. g i 2004
reaction mxture was acidified with conc HC (13 M 1 nL) and extraczte Lﬂiﬁ'
CH2C 2 (3&% {% _The conbi ned organic layers were dried (Na2SO4) filtered
and concentrat&t i n vacuo to yield aC|1q1 5e which was usdfHVHaRI for

the coupling without further purification. r-f ... W 01/81325 ’

PCT/ USOL/ 12530 138 Step E: BocHN 25e BocHN F 25f A solution of acid 25e
(150 ng, 0.27 mmol) in dry CH2CI 2 (2.0 nL), was 5 treated with HOBt (62

ng, 0.40 mol) and Hunigs base (139 ng, 1.1 nmmol, 4.0 equiv.) The reaction
m xture was cool ed to 00 C and treated with EDCl (53 ng, 0,34 mml, 1.25
equi v) aneXa :-H AL peiand ob frovinttla2B:was treated w th anine
F (88 ng, 0.29 nnDI and stored in the freezer for 12 h.

.

ZL
pdu
I

Step A:

H @]
N\)‘\O ]
Bl ———

A solution of benzyl ester 27 (40 mg, 47.0 umol) in CH30H/THF (1:1, 6.0
mL} was treated with Pd/C (30 mg, 10% ) and H2 was bubbled through it. A drop

of acetic acid was added to accelerate the reduction. The reaction mixture was

filtered through a plug of celite and the filtrate was concentrated in vacuo to yield
28. -



-

"The reactlon m xt ure” was concentrat ed in vacuo and diluted with HO 50,
" nmL). io The aqueous |ayer were extracted with CH2CI2 (3x50 nL). The ¢’ Al 200
conbi ned wogasins | ayers were extracted with ag. HC (1 M pd¥eQuiirsde aq.
NaOH (1 M 3x20 nL), dried (Na2SO4) figh4tered concentrated in vacuo to
obtain a colorless solid 25f (138 ng) which was used for oxidation. 2 '7
WO 01/81325 PCT/ US01/ 12530 139 Step F: BOCHN 25f 25 A solution of al cohol
25f (140 ng, 0.143 mmol) in CH2C 2: THF (11, 5.0 nL) was treated with
Dess-Martin reagent (121 rrg, 0.42 mml, 3.0 equiv.) The s reaction mxture
was stlrii«gcgI 4 2 d Zele]e entrated in vacuo. The
resi due wa j Xt-OgtT aph FCH2Cl 2 1:32) to yield
oxi di zed product 25 (57rrg, 41 % as a colorless solid. : IN WD 01/ 81325 140
Exanpl e 26: Preparation of Oorrpound of Formul a 26:

(SR £ deni

P

Step A:

Cl

- » O

HN P§ OH

N
CH3 N

29a 29b
A solution of 4-chlorophenylalanine 29a (1.5g, 7.5 mmol) in THF {20 mL)
and H20 (20 mL) was treated with NaOH (900 mg, 22.5 mmol, 3.0 equiv.) and

cooled to 0°C, A solution of acety! chloride (707 mg, 9.00 mmol, 1.25 mmol) in
THF (10 mL) was added dropwise and the reaction mixture was stirred overnight
at . The reaction mixture was acidified with ag. HCI (1M, 10 mL) and extracted
with CH2Cl2 (3x30 mb). The combined organic layers were dried (Na2S04)
filtered concentrated in vacuo to yield 29b which was used in the next step

without purification.



BocHN Step A: BocHN BocHN 26 26 2 1, r r 2irk PCT/1JS01/12530 A solzu; N 0
of the benzyl ester 25 (30 ng, 38.0 pnol) in CH3OH/ THF (1:1. 4.0 ni*-’) F'\7\';&%"

treated w Pd/C (20 ng, 10%) and H2 was bubbled through it. A drop of
acetic a%&?mgéza’dded to accel erate thﬁ%eduction. The read®THaM1M230ur e
was filtered through a plug of celite the filtrate was concentrated in
vacuo. The residue 26 was anal yzed wi thout further purification. 2 7 1" |

2064 WO 01/81325 PCT/USQ /12530 141 Exanple 27: Preparation of Compound of
Formula 27: BocHN 27 s Step A

Step B:

PFg PFg
+ G——r—\‘?u(cHscxxs)3 . G"{“—l—\
» o
COOH 1p OOH
NHAC NHAc
29hb 29c

A solution of N-acetyl-4-chlorophenylalanine 29b (1.39 g, 5.75 mmol) in
dichloroethane (118 mL) was treated with CpRu(CH3CN)3 PFg 1b (2.5 g, 5.8

mmol, 1.0 equiv.) and heated at reflux for 2 h. The reaction mixture was cooled to

0 °C and filtered. The filtrate was concentrated in vacuo and dissolved in CH3CN
(15 mL) and treated with Et2O (150 mL). The gum separating out was separated
by decanting the ether and the residue was dissolved in CH2Cl2/CH30H (1:1, 50

mL} and concentrated in vacuo to obtain 29c¢ as a brown foam (2.2 g, 69%). MS:

(Electron spray, m/z rel int): 408 [(M-PFg)*, 100].



BocHN 25e BocHN 27a A solution of aci d 25e(100 ng, 0.17 mmol) in drys; "
CH2CI 2 was treated with HOOBt (41 ng, 0.26 nmol) and Huni gs base (91 mf
0. 70 rnnovo o48(328qui v.) The reaction m xture was cool ed tecP@séi/assh
treated with EDCl (35 ng, 0.22 mmol, 14625 equiv) and stirred for 30 mn.
The reaction mxture was treated with amne D (71 ng, 0.22 mol, 1.22
equiv.) and stored in the freezer for 12 h. The reaction m xture was
concentrated in vacua and diluted with H20 (30 nlL). The aqueous | ayers was
extracted with CH2Cl 2 (3x30 nmL). The organic | ayers were extracted wth
aq. HCG %1%5!&30 m.) aqg. Na2C3B (1 M 30 nmL), dried (Na2SO4) filtered | 2 7

5 7004

AU, WO 017/ 5 PCT/ USO/12530 142 concentrated in vacuo to obtain 27a
colorless solid (119 ng) which used for— OXI dation. M5 (FAB), 842

[ (M+1), 100], 765 (20) 735 (10 , + 57 (10),.492 (10), 464 (20),
446 (30). HRMS cal cd. for 010 2. 4339 found 842. 4336.
Step B: 29¢

CIHaN\/(L)L AcHN” “COOH

H
1'él PF A
6 .
C f”
I ] NHAcH
7 N N “~
O °

29d
A solution of carboxylic acid 29¢ (2.0 g, 4.00 mmol) in dry DMF (20 mL)
was treated with Hinigs base (2.06 g, 16.0 mmol, 4.0 equiv., 2.9 mL) and HOBt
(810 mg, 6.0 mmol, 1.5 equiv.). The reaction mixture was cooled to 0°C and then
treated with EDCI (888 mg, 5.0 mmol, 1.25 equiv.) and stirred for 0.5 h. To this

reaction mixture was added amine hydrochloride 1g (1.48 g, 7.14 mmol, 1.2
equiv.) and the reaction mixture was stirred at rt. for 12 h. The DMF was distilled
out and the residue was diluted with water and the aqueous layer was extracted
with CH2Cl2 (3x100 mL). The combined organic layers were extracted with aq.
NaHCO3 (200 mL). ag. HCI (100 mL), brine, dried (NapSO4y) filtered concentrated

in vacuo and the crude product 28d (1.2 g, 38%) was used for cyclization without

further purification.




»

N.BocHN'" " -"Y" -N -K" "y' -11" "OBn H N 27 A solution of alcohol 27a
(120 ng, 0.143 nmmol) in CH2CI2: THF (1:1, 3.0 nL) was'treated with 27 AUG NGk
Dess-Martjin reagent (180 ng, 0.42 mmol, 3.0 equiv.) The reaction m xture
was sti rr‘é’(ﬁ’“&fﬂ%ﬁ for 2 h and the m'xtu7e was concent r at edPEHUSKIAZEW. The
resi due was purified by chromat ography“{Si 02, CH3OH/ CH2CI 2 1:32) to yield
oxi di zed product 27 as a colorless solid. M5 (FAB, NBA-G TG DVMSO, niz rel
int), 840 [(M+1)+, 50]. HRMS cal cd. for C46H58N5010 (M+l)+: 840. 4184;
found 840.4199. 2 7 AU 20G- WO 01/81325 PCT/USO /1230 143 Exanpl e 28:

Preparati on of Conpound of Fornmula 28: BocHN 28 { Step A

Step D:
- H L]
PFe %
+
C /RU
s
I g NHACH\)OL
NN ~ 5
o = H ~
l | O
29d

{ A solution of chloro-compound 29d (1.2 g 1.5 mmol) in dry DMF (120 mL)
was degassed with dry N2, treated with CspCO3 (2.4 g, 7.4 mmol, 5.0 equiv.) and
stirred at rt. for 23 h. The solvent DMF was distilled off and the residue was
diluted with water (300 mL) and extracted with propionitfi!e (3x100 mL) . The
combined organic layers were dried (Na2SQ4) filtered, concentrated in vacuo
and dried in vacuum overnight. It was used for photolytic removal of Ru without
further purification.

The cyclized compound from the previous step was dissoived in CH3CN

(40 mL) and photolyzed in a Raynot (A=350 nm) for 48h. The reaction mixture
was concentrated in vacuo and the residue was purified by chromatography
(SiO2, EtOAc/Hexanes 4:1) to yield a tan colored solid 29e (240mg, 38 %). MS

(FAB, NBA-G/TG-DMSO, m/z refative intensity), 522[(M+1)*, 100].




BocHN 28 A solution of benzyl ester 27 (40 mg, 47.0 pnol)-in CH3OH THF, ,, . -
(1:1, 6.0 mM.) was treated with Pd/C (30 ng, 10% and H2 was bubbled ¢ RiC

t hrough iyo ofysflfagp of acetic acid was added to accel erat epd-pg 6ﬁﬁ§ﬁfi°n-
The reaction mxture was filtered thrigggh a plug of celite ang t he

filtrate was concentrated ,in vpcuo to yield 28. r 2 7 W 01/81325
PCT/ USQ / 12530 144 Exanpl e 29: Preparation of Conpound of Fornula 29: AcH N
29 Step A*- HBN 29a H N O CH AN

e e

29e 29f
A solution of ester 29e (200 mg, 0.42 mmol) in CH30H (5 mL), CH2Clo (13

Step E:

AcHN

mb) and H2O (2.0 mL) was treated with LiIOH.H20 (41 mg, 1.0 mmol, 2.4 equiv.)

and stirred at rt. for 3 h. The reaction mixture was acidified with aq. HCI (13 M,
1mL) and extracted in CH2Cl2 (3x50 mL) and EtOAc (3x50 mL) The combined

organic layers were dried (Na2S04) filtered and concentrated in vacuo to yield

acid 29f (178 mg) which was used directly for the coupling without further

purification.



0 29b A sol ution of 4-chiorophenylal anine 29a (1.5g, 7.5 nmol) in THE (20
m-) and H2O (20 m-) was treated with NaCH (900 ng, 22.5 mmol, 3. (0 R
eqU|v ) led to OC, A solution of acetyl chloride (707 nmg, 9.00

S\S’grﬂ}@?? in THE (10 ni-) was %ded dropwi se and tHel’FeHagign
mxture was stirred overnight at- e reaction mxture was acidified
wthag. HGO (1 M 10 m-) and extracted with CH2CI 2 (3x30 nL). The
conbi ned organic layers were dried (Na2SO4) filtered concentrated in vacuo
to yield 29b which was used in the next step wthout purification. 2 7
A" 20 StV\D'91/81325 Step B: 145 PF6 PF 6 + + Ru(CH3CN)3 Ru NHAc

ep

H o+ CHgN N/\n’ \/io><

29g
A solution of acid 29f (90 mg, 0.18 mmol} in dry DMF (1.0 mL) was treated
with HOBt (45 mg, 0.33 mmol, 1.6 equiv.), Hiinigs base (142 mg, 1.1 mmol, 5.0
equiv.) and amine B (118 mg, 0.28 mmol, 1.47 equiv.) The reaction mixture was
cooled to 0° C and treated with EDCI (63 mg, 0.33 mmol, 1.6 equiv.) and stirred
at 0 °C for 20 min. for 12 h. The reaction mixture was concentrated in vacuo and

1 diluted with H2O (30 mL). The combined aqueous layers were extracted with
CH2Cl2 (3x30 mL) and EtOAc (3x30 mL). The organic layers were extracted with
ag. NaOH (2M, 30 mL), dried (Na2SQa) filtered concentrated in vacuo to obtain a

colorless solid 29¢g (50 mg, 32%) which was used for oxidation. MS: (Electron

spray, m/z rel int): 883 [(M+1)+, 100], 522 (30), 394 (60).



29b COOH 29c¢ PCTIUSO I / 12530 NHAc A sol ution of 7 an
N-acet yl - 4-chl or ophenyl al anine 29b (1.39 g, 5.75 mmol) in dichl oroet hafie”
(118 nl) wasonsieated with CoRU(CH3CN)3 PF6 1 b (2.5 g, 5. 8pciiRbyizksd
equiv.) and heated at reflux for 2 h. {Bge reaction -m xture was cooled to

O Cand filtered. The filtrate was concentrated in vacuo and dissolved in
CH3CN (15 nL) and treated with Et20 (150 nL). The gum separating out was
separated by decanting the ether and the residue was dissolved in

CH2Cl 21CH3CH (1 1 50 nlL) and concentrated in vacuo to obtain 29c as a

br own foa‘;rt?;) g, 69%. Ms: (Electron spray, miz rel int): 408 [(MPF6){,
1001. WODEPg1325 PCT/ USOL/ 12530 146 Step C 1g 29c AcHN "COON -r . 29d

29

A suspension of alcohol 29g (50 mg, 60.0 gmol) in CH2Cl2 (2.0 mL) was
treated with Dess-Martin reagent (40 mg, 0.94 mmol, 2.0 equiv.) The reaction
mixture was stirred at nt. for 3h and the mixture was concentrated in vacuo. The
residue was purified by chromatography (SiO2, CH30H/CH2Clo: 1:32) to yield
oxidized product 29 (41 mg, 80%) as a colorless solid. MS: (FAB, m/z, rel. int)
881 [(M+1)*, 100), 825 (170), 248 (100).
Example 30: Preparation of Compound of Formula 30:




A sol ution of carboxylic acid 29¢ (2.0 g, 4.00 nmmol) in dry DVF (20 7= }U5 206k
was treated with Hunigs base (2.06 g, 16.0 mml, 4.0 equiv., 2.9 nL) and

- HOBt éﬁ)ygv 6.0 mmol, 1.5 equiv.). The reaction m xture was cooled to
0C and th ¥lted with EDC (888 Mg, 5.0 ol , 1.25 equiGT/YSUAASBLirred
for 0.5 h. To this reaction mxture was added amine hydrochl oride 1g (1.48
g, 7.14 mol, 1.2 equiv.) and the reaction mxture was stirred at rt. for
12 h. The DMF was distilled out and the residue was diluted with water and
t he aqueous | ayer was extracted wth CH2Cl 2 (3x100 ni). The conbi ned
organic |l ayers were_extracted with ag. NaHCO3 (200 nlL), aq. HCl (100 ni),
brine, dried ( M il tered concentrated in vacuo and the crude product
29d (1.2 g, 389 Wi t hout further purification. 2 7
~ U’ LIt W 2 Step D AcHN 29d 29e {+A
sol ution of ¢ |or|_9 cOrrp ndH290t)(1H2 ©Q1F mmol) in dry DVF (120 m -) was
degassed mnth dr t teat ¢d thiy .4 09, 7.4 mol, 5.0 equiv.) and
stirred tilled off and the residue

WAS e 0 o}
- O 29

A solution of fert-butyl ester 29 (23.0 mg, 26.0 ymol) was treated with
TFA/CH2Cl2 (1:1, 2.0 mL) and stirred at rt. for 4 h. The disappearance of the

ester to the base line was followed by TLC (CH30H/CH2Cl2 1:24). After the

deprotection was complete the reaction mixture was concentrated in vacuo and

the residue was repeatedly treated with heptanes/CHoClo (4.0 mL) and
concentrated to yield a tan solid 30 (13.0 mg, 100%). MS: (Electron spray, m/z rel
int): 825 [(M+1)*, 100).




diluted with water (300 nL) and extracted with propionitrile (3x100 rﬂz-')rtl'.n_‘.m{a
The  conbi ned organi'c | ayers were dried (Na2SO4) filtered, concentrat ecj (i
vacuo arwodnisestsi n vacuum overnight. It was used for photpcytuser/igsspval of
Ru without further purification. The 1&Zlized conpound fromthe previous
step was dissolved in CH3CN (40 nlL) and photolyzed in a Raynot (A50 nm

for 48h. The reaction mxture was concentrated in vacuo and the residue

was purified by chromatography (Si02, EtQOAc/Hexanes 4:1) to yield a tan
colored solid 29e (240ng,. 38 9. M5 (FAB, NBA-G TG DVSO, mz relative

i ntensit - 5K ; HN 148 PCT/ USO /12530
29e 291 ~ t€o ?’f. fihdta JET 100 (5 i),

CH2Cl 2 (13 nL) and reated with Li OH H20 (41 ng, 1,0 mmol,
2.4 equiv.) and stirred at # h. The reaction m xture was acidified
with ag. HCl (13 M 1 nl) gfted in CH2CI 2 (3x50 nL) and Et OAc

(3x50 m -) The conbi ned < wereydried {Na2SO4) filtered and
concentrated in vacuo to yiel H H
AcHN : N
0 := O 0
31

Step A:

O,

A solution of acid 29f (150 mg, 0.29 mmol) in dry DMF (4.0 mL), CH2Cl2
(3.0 mL) was treated with HOBt (58 mg, 0.44 mmol) and Hinigs base (149 mg,

1.1 mmol, 4.0 equiv.) The reaction mixture was cooled to 0° C and treated with
EDCI (82 mg, 0.44 mmol, 1.5 equiv.) and stirred for 30 min. The reaction mixture
was treated with amine E (88 mg, 0.29 mmot, 1.22 equiv.) and stirred at rt. for 12
h. The reaction mixture was concentrated in vacuo and diluted with H20 (30 mL).

The aqueous layer was extracted with CH2Cl2 (3x30 mL). The combined organic

layers were extracted with ag. HCI (1M, 3x20 mL), ag. NaOH (1M, 3x20 mL},

dried (Na2S0a4) filtered concentrated in vacuo to obtain a colorless solid 31a (56



acid 29f (178 hg) which was used directly for the coupling w thout fu,r;h@(
purification. WO 01/81325 PCI/ USOL/ 12530 149 Step F: AcHN 29f AcHNZH B': éla
A solutio ,d 29f (90 ngy, 0.18 mmol) in dry DMV (1.0 m-) was treated
Wi t h HOBt 0‘2‘?1@”’%*’ 0.33 mml, 1.6 equivygg Huni gs base (142"%315‘11!125~Wml ,
5.0 equiv.) and amine B (118 ngy, -0.28 Tmol, 1.47 equiv.) The reaction

m xture was cooled to 00 C and treated with EDCI (63 ng, 0.33 nmol, 1.6
equiv.) and stirred at 0 Cfor 20 mn. for 12 h. The reaction m xture was
concentrated in vacuo and diluted with H2O (30 nL). The conbi ned aqueous

| ayers were extracted with CH2Cl2 (3x30 m-) and EtQAc (3x30 nlL). The

or gani ¢ I mgpuhioteiasscRfor eflioutioh. ML ENAR ey 3y 21 infl! ;gtg [g@‘%%ﬁ‘g’f)

filtered concentrated in vacuo to obtain a o) ess sol

3299 whi ctPInaB3 (t&a 5R8r{10)idIa (26),. 23U El ect r on
Step B:

AcHN N N N O
o) H 5 0 >

( @

31a

AcHN N N N N (8]
o Ho 5 0

31
A solution of alcohol 31a (56 mg, 75 ymol) in CH2Clo (5.0 mL) was treated

with Dess-Martin reagent (93 mg, 0.22 mmol, 3.0 equiv.) The reaction mixture
was stirred at rt. for 4 h and the mixture was concentrated in vacuo. The residue
was purified by chromatography (SiO2, CH30H/CH2Clo: 1:19) to yield oxidized
: product 31 (34 mg, 60 %) as a colorless solid. MS: (Electron spray; m/z rel inf):

748 [(M+1)F, 35, 692 (5), 279 (100).



spray, mz rel int): 883 [(M1)+, 100], 522 (30), 394 (60). 2 _ FlI bl Zn- 4y,
LJL4 WD 01181325 Step G AcHN AcHN 150 H N PCT/ USO 1112530 29 A '
suspensi o082 ohol 29g (50 ng, 60.0, unol) in CH2CI 2 (2. BCHIUSYL/¥ga80
treated with Dess-Martin reagent (40 n@,“‘ 0.94 mmol, 2.0 equiv.) The
reaction mxture was stirred at rt. for 3h and the m xture was
concentrated in vacuo. The residue was purified by chromatography (Si02,
CH30H CH2Cl1 2: 1:32) to yield oxidized product 29 (41 ng, 80% as a
colorless solid. Ms: (FAB, mlz, rel. int.) 881 [(M1)+, 100), 825 (170),

248 ( 100)Exdmphpl2: Rhepdiation 6f Compdund o Fordhgdh F29r nul a 30: AcHN 30

P
ZT
Q
=

Step A:

A solution of tert-butyl ester 31 was treated with TFA/CH2Cl2 (1:1, 4.0 mL)

and stirred at rt. for 4 h. The disappearance of the ester to the base line was
foltowed by TLC (CH30H/CH2Cl2 1:24). After the deprotection was complete the
reaction mixture was concentrated in vacuo and the residue was repeate;ily
treated with heptanes/CH2Clo (4.0 mL) and concentrated to yield 32 as a tan -

solid.




2 10 L I WD 01/81325 AcHN AcHN 151 30 H N PCT/ LJS01/ 12530 A solution of
tent-butyl ester 29 (23.0 ng, 26.0 pnol) was treated with TFAI TH2GHZ00( 1: 1,
2.0 m-) ,cred at it. for 4 h. The di sappearance of er to the
Cnve | hRORuREE o @ by TLC (CH3OH GkRCI 2 1:24). After tpﬁﬂ?U%§’§§°§{3ection
was conplete the reaction m xture was concentrated in vacuo and the

resi due was repeatedly treated with heptanes/CH2CI 2 (4.0 nl-) and
concentrated to yield a tan solid 30 (13.0 ng, 100%. Ms: (El ectron spray,
mzrel int): 825 [(M+1)+, 100). 2 r AI"U :7.11 C4 WO 01181325

PCT/ USO [l 2530 152 Exanple 31: Preparati on of Conpound of Fornula 31:
Example 33: Preparation of Compound of Formula 33:

H O
N A
) Ho 5
_ 33
{
Step A:
H H
——
HO H \/©
HO
O o
33a 13b

A soiution of acid 33a (4.5g, 25.0 mmol) in dioxane (30 mL) and benzene
(80 mL) was treated with BnOH (8.0 g, 74 mmol, 3.0 equiv.) and TsOH.H20 (713

mg, 3.75 mmol, 10 mol%) The reaction mixture was heated at reflux for 5 h, when
the water was separated using a Dean-Stark apparatus. The reaction mixture was

concentrated in vacuo and the residue was purified by chromatography (SiO2,

EtOAc/Hexanes 3:7) to yield benzy! ester 33b as a coloriess oil (4.2 g, 62%); Rf :

0.22 (EtOCAc/Hexanes 3:7); 13¢ NMR (CH30D, 75 MHz, §): 175.1, 158.2, 139.7,
130.3, 129.5, 129.3, 121.7, 117.4, 1146, 73.1, 67.6, 41.6; MS (FAB, G/TG-
DMSO, myz, relative intensity): 351 ((IM+DMSQJ", 70), 273 ((M+1]t, 100), 255 -

(20), 227 (30), 181 (40); HRMS: Calcd. for C16H1704 (M+1)* 272.1049; found
2721054, -



r

AcHN 31 Step A*- AcHN H + E 29f AcHN H N 31a A solution of acid 294 @ﬁ%@bg
ng, 0.29 mml) in dry DM (4.0 nL), CH2CI2 (3.0 m-) was treate W’At t

(58 ng, OWODLSKIA) and Huni gs base (149 ng, 1.1 nmol, 4. Oreguisvi/2sdihe

reaction mixture was cooled to 00 C afdé6treated with EDC (82 ng, O0.44

mml, 1.5 equiv.) and stirred for 30 mn. The reaction mxture was treated
wth amne E (88 ng, 0.29 mmol, 1.22 equiv.) and stirred at it. for 12 h.

The reaction m xture was concentrated in vacuo and diluted with H2O (30

rnL). The aqueous |ayer was extracted with CH2Cl 2 (3x30 nL). The conbi ned
organic gtgﬁg:s were extracted with ag. HO (1 M 3x20 nL), ag. NaOH (1 M

3x20 nL), dried (Na2SO4) filtered concentrated in vacuo to obtain a

colorless solid 31 a (56 r
H SN
L ]
0 ge
O

HO
0
asb 33c
A solution of benzyl ester 33b (3.8 g, 12.9 mmol) in CH2Cl2 (100 mL) was

treated with EtaN (1.55 g, 15.4 mmol, 2.2 mL, 1.1 equiv.}, cooled to -78°C (2-

PrOH, dry ice) and a solution of allyl chloroformate (1.84 g, 15.36 mmol, 1.1
equiv.) in CH2oClo {10 mL) was added dropwise. The reaction mixture was

allowed to warm up to the rt. and diluted with aq. HCI (1M, 100 mL). The reaction
mixture was extracted with EtOAc (3x100 mL). The combined organic layer was
washed with aq. HCI (100 ml, 1M), brine (100 mL), dried (MgS04) concentrated in

vacuo to yield 33c which was used in the next step without further purification. Rf

: 0.43 (EtOAc/Hex 7:13); 15C NMR (CH30D, 75 MHz, §) 174.8, 162.5, 155.0,

152.5, 140.3, 137.1, 132.8, 130.3, 129.6, 129.5, 129.4, 123.2, 120.3, 119.4, 72.7,
701, 67.7, 41.2, 29.9. '

Step C:
i A
oio’\/ ' 17
R G cv©
\/@ BocHN . -
Y 0
HO := 0

O

33c , 33d
A solution of Boc-cyclohexylglycine monohydrate 1d (6.02 g, 23.4 mmol,
2.0 equiv.) was dissolved in CH2Clo and dried (MgSO4). The mixture was filtered



WO 01/81325 153 r .i,u 01/12 30 ng) which was used for oxidation. -
(Electron spray, niz ref int): 750 [(Ml)+ 20], 663 (10), 522 (21%ﬁul@%
(20), 247_(30)....Step B. AcHN 31 A solution of al cohol 3la (56 _75 pnol)
in CH2Cl ZW%@Q%I%E) was treated with Degs-Martin reagent ( ﬁ@%ﬂ%@ﬁ mol |
3.0 equiv.) The reaction m xture - was §?irred at rt. for 4 h and the

m xture was concentrated in vacuo. The residue was purified by

chromat ography (Si 02, CH3OH/ CH2CI 2: 1:19) to yield oxidized product 31 (34
ng, 60 %9 as a colorless solid. Ms: (Electron spray, mz ref int): 748
[(Mr1)+, 351, 692 (5), 279 (100). 2 ' WD 01/81325 PCT/ US01/ 12530 154
Exanpl e 3nd theeraidue avasofurtmparamirapicatiyr diied vath toluemne.3PhStrepidae was

dissolved in CH2Cl2, and treated with HOBt (4.73 g, 35.1 mmol, 2.9 equiv.) EDCI
(6.7 g, 35.1 mmol, 2.9 equiv.) and Hiinigs base (8.31 g, 64.3 mmol, 11 mL) lt was
stirred at rt. for 30 min. and the alloc protected alcohol 33¢ (4.3 g, 12.04 mmol)
was added. The reaction mixture was stirred at rt. for 36 h and diluted with aq.
HCI (1M, 100 mL) and extracted with EtOAc (3x100 mL). The combined organic
layers were extracted with aq. NaOH (1M, 100 mLb), brine (100 mL), dried,
concentrated in vacuo and purified by chromatography (SiO2, EtOAc/Hex 1:4) to

‘o yield depsipeptide 33d (7.1g 100%). Rf: 0.18 (EtOAc/Hex 1:4); HRMS: Calcd. for

CogH3407 (M-Boc)™ 496.2335 : found 496.2333.

io/\/ H

Step D:

33d 33e

A solution of alloc-protected depéipeptide 33d (7.8 g, 13.0 mmol} in dry
THF (200 mL) was treated under N2 with dimedione (3.27 g, 23.4 mmol, 2.0

equiv.) and Pd(Ph3P)4 (780 mg, 0.67 mmol, 5 mol%). The reaction mixture was

stired at 1. for 1h and the disappearance of reactant was followed by TLC
(EtOAc/Hex 1:4). The reaction mixture was concentrated in vacuo and the residue

was purified by chromatography (SiO2, EtOAc/Hexanes 1:4) to yield phenol 33e

(5.29, 78%) as a colorless foam. Rf: 0.52 ( EtOAc/Hexanes 3:7); 'H NMR (d4-

CD30D, 300 MHz, §) 7.4-7.19 ( m, 5 H), 7.15-6.99 (m, 1 H), 6.68-6.55 (m,4 H)
5.43-5.01 (m,3 H), 4.6 (bs, 2H), 4.11-4.00 (m, 1 H), 3.18-2.91 (m, 2 H), 1.80-1.55




AcHN H N 32 A solution of tert-butyl ester 31 was treated with TFZA/A(QH%@@
(1:1, 4.0 n) and stirred at rt. for 4 h. The di sappearance of the éstér to
the base Wnhe/sies followed. by TLC (CH3OH CH2CI 2 1:24). Afplcaiudeg2sso
deprotection was conplete the reactiofd#i xture was concentrated in vacuo .
and the residue was repeatedly treated with heptanes/CH2CI2 (4.0 m-) and
concentrated to yield 32 as a tan solid. 2 ? AUG 2004 W) 01181325

PCT/ US01/ 12530 155 Exanple 33: Preparation of Conpound of Formula 33: 33
Step A* 0 33a H N 33b

(bs, 6H) 1.39 (s, 9 H) 1.21-0.89 (m, 6 H); 130 NMR (CH30D, 75 MHz, §, mixture

of diastereomers) 171.6, 169.4, 169.3, 161.1, 157.1, 157.0, 137.2, 136.9, 135 .4,
135.3, 129.2, 129.1, 128.2, 128.2, 128.0, 120.3, 120.1, 116.0, 115.9, 113.6, 94.8,
79.3, 73.6, 73.5, 66.7, 66.6, 58.6, 58.5, 40.0, 39.9, 36.8, 29.1, 27.7, 27.3, 25.5.

MS (Electron spray, m/z, reiative intensity) 1023 ([2M+1]*, 20), 512 (M+1]*, 20),

412 ([M-Boc]’, 100), 202 (40} HRMS Calcd. for Co4H30NOs5 (M—Boc)+ 412.2123 :
found 412.2119.
Step E:

\iﬁ?\/@ vw:?v@
O | O

33e 33f

A soiution of Boc protected amine 33e (5.2 g, 10.7 mmol) was stirred with
HCI (4M, dioxane, 200 mL, 800 mmol, 80 equiv.) until the starting material
disappeared to the base line as indicated by TLC (EtOAc/Hex 3:7). The reaction

mixture was congcentrated in vacuo and dried in high vacuum and the residue 33f

was directly used in the next step.1H NMR (d4-CD30D, 300 MHz, §) 7.40-3.23
(m, 5 H), 7.07 (g, 1 H, J=13 Hz) 6.77-6.6 (m, 3 H), 5.33-5.41 (m, 1 H), 5.3-5.05 (2
AB, 2 H) 3.99-3.85 (m, 1 H) 3.35-22 (m, 2 H) 2.00-1.5 (m, 5 H), 1.50-0.80 (m, 6
H); M& (FAB, G/TG-DMSO, my/z, relative intensity): 412 ([M+1]", 100); HRMS:

-

Calcd. for C24H30NOs: M+ 412.2123 : found 412.2139.



»

A solution of acid 33a (4.5g, 25.0 mmol) in dioxane (30 L) and_@en%”@
(80 nL) was treated with BnOH (8.0 g, 74 mmol, 3.0 equiv.) and OH H20( 713
ng, 3.75 ‘il,s nol %9 The reaction m xture was heated at_reflux for 5 h,
when the B %as separated using a fean- Stark appar at usPCHhEM @2t i on

m xture was concentrated in vacuo andthe residue was purified by

chromat ography (Si @2, EtOAcl Hexanes 3:7) to yield benzyl ester 33b as a
colorless oil (4.2 g, 62%; Rf : 0.22 (EtOAc/Hexanes 3:7); 13C NWR
(CH3OD, 75 MHz, S): 175.1, 158.2, 139.7, 130.3, 129.5, 129.3, 121.7,
117.4, 114.6, 73. 1, 67.6, 41.6; VB (FAB G TG DMSO, mfz, relative
|nten5|ty$teli85'1 ([IVHDIVBO]+ 70), 273 ([ M+1l1+, 100), 255 (20), 227 (30),
181 (40); HRWVS: Calcd. for C16H1704 (M+1l)+ 272.1049; found 272.1054. 2 7
AUG 2UA WD 01/81325 Step B: 33b 156 c PPCT/ USA / 12530 A sol uti on of
benzyl ester 33b (3.8 g, 129! rnnol) (100 nL) was treated with
Et3N (1.55 g, 15.4 mol, ooled to -78C (2-

o
Y

o

o

33g

6

A solution of [CpRu(n"- 4-chlorophenylpropionic acid)lPFg 1¢c (2.0 g, 4.03
mmol) in dry DMF (20 mL) was treated with HOBt (835 mg 6.0 mmol, 1.5 equiv.)
and Hunigs base (2.06 g, 2.95 mL, 16 mmol, 4.0 equiv.) The reaction mixture was
cooled to 0° C and treated with EDCI (1.15 g, 6.0 mmol, 1.5 equiv.) The reaction
mixture was stirred at 0°C for 30 min. and the amine hydrochloride was added 33f
(1.8 g, 4.03 mmol, 1.0 equiv.) in dry DMF (10 mL). The reaction mixture was

_ stirred at rt. for 12 h and the DMF was distilled out vacuo. The residue was diluted

‘ with ag. HCI (1M, 100 mL) and extracted into CH2Cl2 (3x100 mL). The combined
organic layers were extracted with ag. NaHCO3 (3x50 mL) , brine (100 mL), dried
(NapS0a), filtered, concentrated in vacuo to yield a brown solid 33g (3.5 g)

which was used for cyclization; MS: Electron spray, m/z, relative intensity) 743

[(M-PFg)*, 100}, 304 (60); HRMS: Calcd. for CagHa1NOgCI 028y (M-PFg)*
744.1666 : found 744.1694.




o

,PrOH, dry ice) “and a solution of allyl chloroformate (1.84 g, 15.36 ,
1.1 equiv.) in CH2C 2 (10 nl) was added dropwise. The reaction i %l vvas
al l oned twowasmesep to the rt. and diluted with ag. HC (1 peraQfyi3kle The
reaction mxture was extracted with H60Ac (3x100 nL). The conbi ned organic
| ayer was washed with ag. HCI (100 i, 1 M, brine (100 nL), dried (MySO4)
concentrated in vacuo to yield 33c which was used in the next step w thout
further purification. Rf : 0.43 (EtOAc/Hex 7:13); 13C NWR (CH3COD, 75 MHz,
5) 174.8, 162.5, 155.0, 152.5, 140.3, 137.1, 132.8, 130.3, 129.6, 129.5,
129.4, 123.2, 120.3, 119.4, 72.7, 70.1, 67.7, 41.2, 29.9. Step C. | 33c
33d A solution of Boc-cyclohexyl glycine nonohydrate 1 d (6.02 g, 23.4
mol , 2. GtegGy.) was dissolved in CH2CI 2 and dried (MySO4). The mi xture
was filtered 2 7 AUG 2004 WD 01/81325 PCT/US01/12530 157 and the residue
was further azeotropically drpgd with toluene. %epp.ﬁem due was dissol ved

in CH2Cl and preated with HIBt (4.73 g, 35.1 |, 9_equiv.) EflC
(6.7 g, @: 3 mmol, 11 nm-)
Yo A

nd Huni gs base "(
n.~and the alloc
J—

It was al cohol 33c (4.3
g, 12.04 mmol)

33g 33h

A solution of n6

—ruthenium complex 33g (3.5 g, 3.93 mmol) in dry DMF
(300 mL) was degassed with dry N2 and treated with Cs2CO3 (6.5 g, 19.95

mmol, 5.0 equiv.) and stired at . for 16 h. The reaction mixture was

concentrated in vacuo to remove the DMF and the residue was diluted with H20
(100 mL). The reaction mixture was extracted with CH2Cl2 (3x100 mi). The
combined CH2Cl2 layers were extracted with brine, dried (Na2S04), filtered,
concentrated in vacuo to yield 33h which was directly used for photolysis; MS:

(Electron spray, m/z, relative intensity) 708 [(M-PFg)*, 100]; HRMS: Calcd. for
CzgH40NOg102Ru (M-PFg)* :708.1892 ; found: 708.1918.



was added. The reaction mxture was stirred at it. for 36 h and dlL ﬁﬂ
with-ag. HC (11M 100 ml-) and extracted with EtQAc (3x100 rrL)2

conbi ned‘g gba |c | ayers were extracted with ag. NaOH (1 100 m_) bri ne
(100 ni),WOBIEE2 concentrated in vacya,and purified by chrOHERHGERShy

(Si02, EtOAcfHex 1:4) to vyield depsi ldgﬁtide 33d (7.1g 100%9. R f : 0 18
(EtCAc/Hex 1:4); HRMS: Calcd. for C281-113407 (M Boc)} 496.2335: found
496.2333. Step Di 33d 33e A solution of alloc-protected depsipeptide 33d
(7.8 g, 13.0 mol) in dry THE (200 nL) was treated under N2 with di medi one
(3.27 g, 23.4 mmol, 2.0 equiv.) and Pd(Ph3P)4 (780 ng, 0.67 mml, 5 nol%.
The reactStep Hi xture was stirred at it. for 1 h and the di sappearance of
reactant was followed by TLC (EtOAc/Hex 1:4). The reaction m xture was
concentrate |ﬁFyacuo and the residue was purified by chromatography

(Si 02, Et 3 as a colorless
foam R f : 0 300 MHz, 9)
7.4-7.19 (m & 5.43-5.01 (m3
H, 4.6 (bs, 1.80-1 4 ?
~hLl 'y (iJud

A solution of cyclized ruthenium complex 33h (3.5g, 3.9 mmol) in CH3CN

(60 mL) was degassed and photolyzed in a quartz tube at A=350 nm in two
batches for 48 h each. The reaction mixture were pooled together and purified by
chromatography (SiO2, CH2Clo/Et20 9/1) to yield cyclic depsipeptide as a
mixture of diastereomers. (700 mg, 34%). The diastereomers were éeparated by
additional chromatography (Hexanes/CH2Clo/ Et2oO 6:3:1) to yield the two
diastereomers 33i {370 mg, 18%) and 33j (216 mg 11%) as colorless solid. Rf

0.28 (Hexanes: EtOAc: 3:2) ; [olD= 25 {(c 0.15, CHCI3, 20 °C): IR (neat, cm’1)

3329 (w), 2960 (m) 2926 (s), 2854 (s), 1745 (s), 1680 (m), 1589 (m), 1506 (m),
1446 (m), 1365 (w), 1259 (s) 1099 (m), 1030 (s), 80O (s), 752 (m), 698 (w) 619
(w): 'H NMR (CDCI3, 300 MHz, 8) 7.36-7.23 (m, 5 H), 7.18- 6.99 (m, 4 H), 6.81
(d, 1 H, J=7.5 Hz), .74 (dd, 1 H, J=2.7, 5.7 Hz), 6.30 (s, 1 H), 5.75 (d, 1 H, J=7.2
Hz), 5.61 (dd, 1 H, J=2.4 Hz, 5.4 Hz), 5.18, 5.14 (AB, 2 H, J=12.3 Hz), 4.23 (dd, 1
H, J=4.2 Hz, 3.3 Hz), 3.26-3.01 (m, 2 H), 2.98-2.85 (m, 2 H), 2.68-2.64 (m, 1H)



+ (bs, 6H) 1.39 (s, 9 H 1.21-0.89 (m 6 H); 13C NWR (CH3OD, 75 7 B

. mxture of diastereoners) 171.6, 169.4, 169.3, 161.1, 157.1, 157 0“19‘% 2,
136.9, 13woM/81135. 3, 129.2, 129.1, 128.2, 128.2, 128.0, 12@T&150ﬂ;2ﬁ3,1
116.0, 115.9, 113.6, 94.8, 79.3, 73. 61,6273.5, 66.7, 66.6, 58.6, 58.5, 40.0,
39.9, 36.8, 29.1, 27.7, 27.3, 25.5. M5 (Electron spray, mz, relative
intensity) 1023 ([2Mm+1]+, 20), 512 ([M1l]+, 20), 412 ([MBoc]+, 100), 202
(40) HRMS Cal cd. for C24H30NOG (M Boc)+ 412.2123: found 412.2119. Step E
OH OH 33e 33f A solution of Boc protected am ne 33e (5.2 g, 10. 7 mmol ) was

stirred with HCl (4M dioxane,. 200 nL, 800 nmmol, 80 e g until the
starting %8&3%"“ ditdabg8at.ad ﬂbﬁhﬁ &&Teolaﬁwﬁ\ﬂaél‘i)na SaNUtH bCOCH, 75

(Et OAC/H&\E 3: h)te reaction m was concentrated in vacuo and dried
in high E'Eu eH’v}H“ He 7rdsil lid - 3‘938 7md§9cﬁ r &893y 13%8, i185the1de R K168, 1 H

NVR ( d4- 4 2 7

N = o %) 2 Y%y, 8')2&%6'( %éiriEB(%‘ 12,8 %2@0 11&2‘*5,2?14*-23?3&,5498@ (m
1H 3 35629 4106, 23800, 350D 32.5, BM3, 20t0), 2716596@) 85.4 "FAB ISN@A’/DW@FA%,

G TG DMVSO, rrlz relative |nten3|ty): 412 ([I\/H] 100); MS: Calcd. f

C24H30NCERlMvedinferasIyB S4BV 111 2 (35142 1i5) AGBO?E)); 307 (8), 232 (5), 154.1

or

(17), 136 (14) HRMS: Calcd for C33H36NOg (M+1)+ 542.2543: found: 542.2541
CHN Calcd for C33H35N0Og.0.5H20; C 71.98% H 6.59% N 2.54%: :Found C

72.56% H 7.05% N 2.63%.
Step I:

QGH

e =

III i'l

)
O
Q

33i 33k
A solution of benzyl ester 33i (360 mg, 0.66 mmol) in CH3OH/EtOAc (1:1,
50 mL), was treated with Pd(OH)2 and hydrogenated (50 psi) for 12 h. The

reaction mixture was filtered through a plug of celite and the cake was rinsed with
CH30H/CH2Cl2 (1:1, 50 mL). The filtrate was concentrated in vacuo and the

residue 33k (330 mg) was used for coupling without purification. Rf : 0.58
(CH30H/CH2ClI2 1:19): MS: (Electron spray, m/z, relative intensity) 827.2 [(M+1),
100], 694 (20), 539 (40), 466 (10), 174 (70). HRMS: Calcd for C46H58N4010

(M+1)* 827.4231: found: 827.4215.




WO 01/81325 159 PCT/USO | / 12530 Step F: A solution of [E€pRu(rt6- ALIS 7004
4-chl orophenyl propionic acid)]PF6 1c (2.0 g, 4.03 nmmol) in dry kLZ%)
m-) was treated with HOBt (835 ng 6.0 nmml, 1.5 equiv.) and Huni gs base
(2.06 g, WOIKBH2S 16 mol, 4.0 equiv.) e reaction m xturBCHESOIZH8I ed t o
0O Cand treated with EDCl (1.15 g, 6.0 1.5 equiv.) The reaction

m xture was stirred at OC for 30 m n. and the am ne hydrochl ori de was added
33f (1.8 g, 4.03 mol, 1.0 equiv.) in dry DM (10 nL). The reaction

m xture was stirred at rt. for 12 h and the DVF was distilled out vacuo.
The residue was diluted with ag. HC (1 M 100 nlL) and extracted into
CH2Cl 2 ($tepd:nl). The conbined organic layers were extracted with aq.
NaHCO3 (3x50 ni-) brine (100 nmL), dried (Na2SO»4), filtered, concentrated
in vacua to yie solid 33g (3.5 g) which was used for
cyclization; spray, m , relative intensity) 743 [(M PF6) +,
100], 304 (60); : | cd. for HA1 NO6CL1102Au (M PF6){ 744.1666:

f ound 744.169 \@p\im 25 Step G g 60 o)

Is O+CIH3NON/\"’\/U\O/I<. i
O O

[IR1Y}

331
A solution of acid 33k (165 mg, 0.31 mmol) in dry DMF (5.0 mL) and
CH2Cl2 (5.0 mL) was treated with HOBt (83 mg, 0.46 mmol, 1.5 equiv.) and

cooled to 0 °C and Hiinigs base (159 mg, 1.23 mmol, 4.0 equiv., 229 ut) was
added. To this mixture was added EDCI (89 mg, 0.47 mmoi, 1.5 equiv.) and the
reaction mixture was stired at 0° C for 1 h and treated with the amine
hydrochloride B (159 mg, 0.372 mmol, 1.2 equiv.). The reaction .mixture was
stirred at rt. for 48 h and concentrated in vacuo to remove DMF and CH2Cl2. The
residue was diluted with water and extracted with CHoClo (3x50 mL). The

combined organic layer were extracted with aq. HCI (1M, 3x50 mL), aq. NaOH
(1M, 3x50 mL) brine (100 mL) and concentrated in vacuo. The-residue 33l was
oxidized without further purification.



33h 2 7 AUG 200" PCT/USO 1/ 12530 A solution of i16-ruthenium conpbqgjﬁqm
(3.5 g, 3.93 mol) in dry DVF (300 nL) was degassed with dry N2

“treated WMOhOI®ZBO3 (6.5 g, 19.95 mmol, 5.0 equiv.) and secrnadyadssat. for
16 h. The reaction mxture, was concet@4ated in vacuo to renove the DW
and the residue was diluted with H2O (100 nlL). The reaction m xture was
extracted with CH2Cl 2 (3x100 nlL). The conbined CH2CI 2 | ayers were
extracted with brine, dried (Na2SO4), filtered, concentrated in vacuo to
yield 33h which was directly used for photolysis; Ms: (Electron spray,
mz, rel ajggptntensity) 708 [ (M PF6)+, 100]; HRMS: Calcd. for
C38H40NOBL02RU (MPF6)+ 708. 1892 ; found: 708.1918. WD 01/81325 Step H:
33h 161 33i PCTLUSQ/ 530 331 A sol ution of cyclized rutheni um conpl ex
33h (3.5g, 3.9

A solution of alcohol 331 (330 mg, 0.4 mmol) in CH2Cl2 (5.0 mL) was

treated with Dess-Martin reagent (424 mg, 1.00 mmol, 2.5 equiv.). The reaction
mixture was stirred at rt. for 1 h and diluted with aq. NaHCO3 (50 mL} and aq.

NapS203 (50 mL). The reaction mixture was stirred at rt for 20 min and the
reaction mixture was extracted with CHaClo (3x50 mL}. The combined organic
layers were extracted with brine (50 mL), dried (Na2S04), filtered, concentrated in
vacuo and the residue was purified by chromatography (SiO2, EtOAc/Hexanes
1:1) to yield ketoamide 33 (180 mg, 55%) of a colorless solid. Rf : 0.63
(CH30H/CH2Cl2 1:19); MS (Electron spray, m/z relative intensity): 857.2

(IM+CH30H]™, 40), 825.2 (M+1T+ 100). -



(60 nmL) was degassed and photolyzed in a quartz tube at X=350 nmg tLW?OCh
bat ches for 48 h each. The reaction mxture were pool ed t oget her nd
purified omat ogr aphy (Si 02, CH2Cl 21Et20 911) to yield cyclic

depsi pept‘lgéem%lgza m xture of di aster?gge (700 ny, 349%FCHEYPVIZSN

di astereonmers were separated by additional chromatography (Hexanes/ CH2Cl 2/
Et20 6:3:1) to yield the two diastereoners 33i (370 ng, 18% and 33; (216
ng 11% as colorless solid. Rf 0.28 (Hexanes: EtOQAc: 3:2) ; [a]D= 25 (c
0.15, cHCI3, 20 O: IR (neat, cm1) 3329 (w), 2960 (n) 2926 (s), 2854 (s),
1745 (s), 1680 ( 1589 (rh), 1506 (m, 1446 (m, 1365 (w), 1259 (s) 1099
(m, 103@Xxas { reparggon (of pUNg : 2341 H NVR (CDhCl' 3, 300 MHz,
5) 736723(m 5 H, 7.18- 699(m 4 H, 6.81 (d, I H J=7.5 Hz), 6.74
(dd, 1 H J=2.7, 5.7 Hz) 730 1 H, 5. 75 (d, 1H,

=7.2 Hz), & 61
Hz), 4.23 (dd, 1

(dd, 1 H J=2.4 Hz, 5.4 ), 5.14 (AB, 2 H,

H J=4.2 Hz, 3.3 Hz), 3 m 2 H), 2.98-2. m 2 H, 2.68-2.64 (m
1 H WD 01/81325 PCT/ U 16212. $B-2,,34 QmYiH), 1. 96-1.51' (m 6 H),
1.51-0.96 (M 5H) 13C ! N8, OH3, 171.1, 168.7,
159.8, 155.3, 138.6, 1394, "9, Miof 129. 7N 120. 2, 128.7, 126.86,

_ 2,
126. 1, 123.3, 120.8, 128 g 7 5 0114, 2, 071.8, 57.59 56.9, 41, 5, 39.0,
35.7, 32.6, 31.3, 29.0, 2 26. 0, 5. 9. FAB (NBA/DVMSO, me, relative

Cintensity) 542 [(M1)+ 100514 (15), 450 (5), 307 (8), 232 (5), 154.1
(17), 136 (14) HRVS: Calcd for C33H36Rf% (M+1)+ 542.2543: found: 542. 2541

Step A:

T
7<O
1 J

A solution of oxidized depsipeptide 33 (160 mg, 0.2 mmol) in dry CH2Cl2
(5.0 mL) was treated with TFA (5.0 mL) and stirred at rt. for 7 h. The reaction

mixture was concentrated in vacuo and the residue was repeatedly dissolved in

CH30H/CH2Clo/Hexanes (1:1:1) and concentrated in vacuo severat times to yield

a tan colored solid 34 (133 mg, 86%) which was dried in vaca;o MS: (Electron

spray, m/z relative intensity): 769.2 [(M+1)+,100], 481 (5), 269 (25) 191 (90).



CHN Cal cd for C33H35N06. 0. 5H20; C 71.98% H 6.59% N 2.54% :Found C 72.56%
H7.05% N 2.63% Step |: 33i- 33k A solution of benzyl ester 33i7{360 i,

0. 66 nmmoiwoinsCH3OH EtCAc (1:1, 50 nL), was treated w th Pdt/Oshii128nd

hydr ogenated (50 psi) for 12 h. The ri&éction m xture was filtered through
a plug of celite and the cake was rinsed with CH30H CH2ClI2 (1:1, 50 nl).
The filtrate was concentrated in vacuo and the residue 33k (330 ng) was
used for coupling without purification. Rf : 0.58 (CH3OH CH2Cl2 1:19):

MS: (Electron spray, mz, relative intensity) 827.2 [(Mt1)+, 100], 694
(20), 53% ' Wymt AB..Gal o 5.CA6HS8N4010 (MH1) +
827.4231: i T W 63 PCT/ US01112530 Step
J: 33k B 331

Step A:

Y

A solution of acid 33k (165 mg, 0.31 mmol} in dry DMF (5.0 ml.) and
CHoCl2 (5.0 mL) was treated with HOBt (83 mg, 0.46 mmol; 1.5 equiv) and

s

cooled to 0 °C and Hiinigs base (159 mg, 1.23 mmol, 4.0 equiv., 229 pul) was
added. To this mixture was added EDCI (89 mg, 0.47 mmol, 1.5 equiv.) and the
reaction mixture was stired at 0° C for 1 h and treated with the amine
hydrochloride A (159 mg, 0.372 mmol, 1.2 equiv.). The reaction mixture was

stirred at rt. for 48 h and concentrated in vacuo to remove DMF and CH2Clo. The

residue was diluted with water and extracted with CH2Cl2 {3x50 mL) The




A solution of acid 33k (165 ng, 0.31 mmol) in dry DMV (5.0 m -) zrydm@-ﬁ@lz
(5.0 nL) was treated with HOBt (83 ng, 0.46 mmol, 1.5 equiv.) an cool ed
to 0 C and Huni g_s base (159 ng, 1.23 mmol, 4.0 equiv., 229 L) was added.
To this WPERas added EDCI (89 ng,.Q.47 mmol, 1.5 equiRCTUWHA2pe
reaction nixture was stirred at 00 C f8f 1 h and treated with the am ne
hydrochl oride B (159 ng, 0.372 mmol, 1.2 equiv.). The reaction m xture was
stirred at rt. for 48 h and concentrated in vacuo to renove DMF and CH2C 2.
The residue was diluted with water and extracted with CH2Cl 2 (3x50 niL).
The conbined organic |ayer were extracted wwth ag. HCQ (1 M 3x50 nL), ag.
NaCH ( 1ctvnbinesD organibriaper (WbB0extragtednwitit e T @t 3x80wat)oaq. TRaOH

resi due ?ﬁ\% was o>3i(rjqued wi thout further purification. 2 7 AUG 200& WO
01/ 81325 (e xR0 mi). gripgs(16€TMLLENd) conpeniyatag Anyagyo. The residue 35a was

oxidized without further purification. MS: (Electron spray, m/z relative intensity):.

798.2 [(M+1)", 30}, 479 (1 0), 391 (20) 180 (100).
Step B:

A solution of aicohot 35a (190 mg, 0.24 mmol) in CH2Cl2 (10 mL) was

treated with Dess-Martin reagent (423 mg 1.0 mmol, 4.0 equiv.) and stirred at rt.
for 1h. The reaction mixture was diluted with agq. NaHCO3 (50 mL) and exiracted

in CH2Cl2 (3x50 mL). The combined organic layers were extracted with ag. satd.
Na2S203, brine (3x50 mL), dried (Na2S0a4), filtered concentrated in vacuo and
purified by chromatography (SiQO2, acetone/Hexanes 3:7->1:1 to yield oxidized

product 35 (163 mg, 86%) as a colorless solid. MS (Electron spray, m/z relative

intensity): 796 {(M+1), 100], 508 (20), 269 (20).




N 33 A solution of alcohol 331 (330 ng, 0.4 mmol) in CH2C1 2 (5.0 m-) was
treated with Dess-Martin reagent (424 ng, 1.00 nmmol, 2.5 equiv. y.7 Tihe)ls
reacti on woioisw2e was stirred at it. for 1 h and dil uted w¢truasiyi2RHCO3
(50 mM-) and aq. Na2S2Q3 (50 nL). Thd@Beaction m xture was stirred at rt
for 20 min and the reaction mxture was extracted with CH2Cl 2 (3x50 nlL).
The conbi ned organic |ayers were extracted with brine (50 nL), dried
(Na2SsO™4), filtered, concentrated in vacuo and the residue was purified by
chr omat ogr aphy (Si 02, Et OAc/ Hexanes 1:1) to yield ketoam de 33 (180 ny,
55% of S ol ' 1 19); Ms (El ectron
2on " EEAhBId S65PAflddndR Lt ¢ 4965 Y. b (L s ]
100). 2 ? A~"" 2004 W 01/ 81325 PCT/USO 1/ 12530 165 Exanpl e 34
Preparati on of Conmpound of For mula 34: 34 Step A: 34 A solution of
oxi di zed dep5|pept|de 33 (168 Ag, 0.2 mol) in dry CH2CI 2 (5.0 nli-) was

‘ rred at it. for The reaction

O
H H
N
N\)Lﬂ N\

36
Step A:

36a : 36b

A solution of BH3 THF (1M in THF, 100 mmol, 100 mL, 3.0 equiv.) was
added dropwise to a solution of alkene (5.0 g, 35 mmol) in THF (100 mL) at 0° C
and stirred for 1h. The reaction mixture was treated with ethanol (20 mL)
dropwise. After the evolution of hydrogen gas was complete the reaction mixture
was treated with pH 7 buffer (100 mL) and H202 (30 volumes, 100 mL). The
reaction mixture was stirred at rt. for 4 h and quenched with aq. Hbl (100 mL).
The aqueous layer was extracted with Etp_O (3x100 mL). The combined ether
layers were extracted with ag. NaOH (1M, 100 m L), brine (100 mL), dried
(MgS0y), filtered, concentrated in vacuo and purified by chromatography (SiOp2,
EtOAc/Hexanes 2/3) to yield alcohol as a colorless liquid (2.9 g, 52%).

A solution of the hydroxylated ester in THF/H2O/CH30H (100 mL, 1:1:1)
was treated with LiIOH.H20 (2.1g, 51.2 mmol, 3.0 equiv.) and stirred at rt. for 3 d.
The reaction mixture was concentrated in vacuo and the aqueous layer was
extracted with ether (2x40 mL). The aqueous layer was acidified to pH ~1 and

extracted into EtOAc (3x50 mL). The combined organic layers were extracted with
brine (100 mL), dried (MgS04) filtered concentrated in vacuo and the residue



m xture was concentrated in vacuo and the residue was repeatedly -di s,r,s/z(g@aved
I n - CH3OH CH2Cl 2/ Hexanes (1:1:1) and concentrated in vacuo severzal '"‘[t“’l nes to
yield a t@%‘ﬁ%llﬁr_.‘ed solid 34 (133 ng, 86% which was dried in vacuo NS:
(Electron” spray, mz relative intensifag: 769.2 [(Mr1)+, 1YoRUSUE25305) | 269
(25) 191 (90). 2 7 }; _ u 106G WO 01/81325 PCT/USO /12530 166 Exanple 35:
Preparation of Conmpound of Formula 35: H N Step A- 33k 35 AH NNA
solution of acid 33k (165 ng, 0.31 mMwol) in dry DV (5.0 m-) and CH2C 2
(5.0 M-) was treated with HOBt (83 ng, 0.46 mml; 1.5 equiv) and cool ed
to 0 C and Huni gs base (159 ng, 1.23 mml, 4.0 equiv., 229 |.LL) was

added. Td@thivasnisedua®isas cadpiing EDSter( B9 THUNMR B00WMMz, CD DB M) 353 (&nd

the 2H,J=6.6 Hz), 2.72 (t, 2 H, J=7.2 Hz), 1.59 {t, 2 H, J=7.5 Hz), 1.5 (t, 2 H, J=75
Hz), 1.38-1.33 (m, 6 H).
Step B:
H

H _ &
Ho*ﬁ/i CiHaN

0-683 0
i o T

36b 33f 36c

A solution of w-hydroxyl heptanoic acid 36b (1.01g, 6.93 mmol) in CH2Clo
(40 mL) was treated with Hinigs base (1.97 g, 15.24 mmol, 2.2 equiv. 2.81 mL)
and amine hydrochloride 33f (3.1g, 6.93 mmol, 1.0 equiv.). The reaction mixture
was cooled 1o 0 °C and treated with PyBrOP (3.22g, 6.93 mmol, 1.0 equiv.) The
reaction mixture was stired overnight at rt. and the reaction mixture was
concentrated in vacuo. The residue was purified by chromatography

(EtOAc/Hexanes 1:1) to yield depsipeptide 36c (2.5 g, 66%) as a colorless

viscous oil. 'H NMR (CD30D, 400 MHz, §, ppm) 8.07 (t, 1 H), 7.33-7.21 (m, 4 H),

7.09-7.02 (m, 1 H), 6.67-6.63 (m, 3 H), 5.25-5.06 (m, 1 H), 5.08 (q, 2 H, J=7.5
Hz), 4.36-4.33 (m, 1 H), 351 (dd, 2 H, J=5.4 Hz, 0.9 Hz), 3.11-2.96 (m, 2 H),

2.22-2.17 (m, 1 H}, 1.99-0.90 (m, 14 H). 13¢ NMR - (CD30D, 75 MHz, 3, ppm,
mixture of diastereomers): 172.1, 172.0, 171.8, 171.1, 170.9, 169.5, 169.3, 1571,
157.0, 137.3, 137.0, 135.3, 135.2, 129.2, 129.1, 128.2, 128.0, 127.9, 1é0.3,
120.0, 116.0, 115.9, 113.6, 94.8, 73.6, 73.4, 66.8, 66.7, 60.2, 57.3, 39.8, 36.7,
28.9, 28.0, 25.6, 20.9, 19,5, 13;. MS (FAB, NBA DMSO, m/z rel. inf): 562.

[(M+Na)*, 20], 540. [(M+1)*+, 100), 412 (15}, 240 (50), 112 (80).
Step C:



reaction mixture was stirred at 0 Cfor 1 h and treated with t hey anmine),
hydrochloride A (159 ng, 0.372 mmol, 1.2 equiv.). The reaction mxture was
stirred awoausissr 48 h and concentrat ed in vacuo to renovecPseandsCH2Cl 2.
The residue was diluted with water andQextracted with CH2Cl 2 (3x50 nL) The
OO0 p 27AUG05 | WD 01/81325 167 PCTI US01/ 12530 conbi ned organic |ayer was
extracted with ag. HGO (1 M 3x50 nL), ag. NaCH (1 M 3x50 nL), brine (100
m -) and concentrated in vacuo. The residue 35a was oxidized w thout
further purification. Ms: (Electron spray, miz relative intensity): 798.2
[ (ML) +, 30], 479 ( pl) I (20) 180 (100). Step & 35 A solution of

al cohol 35a(19 A ol ) in CH2C 2 (10 W&g treated with
Dess-Martin reggent ng 1.0 mmol, 4.0 eqiiv.) tirred at rt, for 1
h. The reactiop mxtur€ was diluted with aq. R0 nl) ang extract ed
in CH2Cl 2 (3x§0 rp,_) AThe) combi n rganic | 'th aq.
satd. Na2S20 500 i ed (NAZ2 eT~eL perated in
vacuo and

36¢ 36d
A solution of alcohol 36¢ (2.5g, 4.63 mmol) in dry CH2Cl2 (50 mL) was

treated with triphenylphosphine (2.67 g, 10.2 mmol, 2.2 equiv.) under N2 and

cooled to 0°C. The reaction mixiure was treated with DEAD (1.61g, 9.26 mmol,
2.0 equiv.) in CH2Cl2 (30 mL). The reaction mixture was warmed to rt. and stirred

for 2h. It was concentrated in vacuo and purified by chromatography (Et2oO/Hex
1:3) to yield cyclic product 36d (530 mg, 21%) as a colorless solid.

MS (FAB, NBA, DMSO, m/z rel. inf), 522 [(M+1)*, 100], 494. (60), 268 (20),
222(20); HRMS calcd. for C31H40NOg :{ M+1)+: 522.2856:; Found: 522. 2864.



purified by chromatography (Si 02, acetone/Hexanes 3:7->1:1 to yieéd A1 2004
oxi di zed product 35 (163 ng, 86% as a colorless solid. M5 (Elec rd#“
spray, miz relative intensity): 796 [(M+1)+, 100], 508 (20), 269 (20). | r
J' Kea wWoOVOUE1Ss pCT/ Us011 f 2530 11675% Exanpl e 36: PrepBFEVSYH25H
Compound of Formula 360 H N 36 Step A“'0 0 HO 11-1 o- H 36a 36b A
solution of BH3 THE (1Min THF, 100 mml, 100 nL, 3.0 equiv.) was added
dropwi se to a solution of alkene (5.0 g, 35 mol) in THF (100 m-) at 0 C
and stirred for 1 h. The reaction m xture was treated with ethanol (20 nlL)

Step D:

36d
A solution of the benzyl ester (242 mg, 0.47 mmol) in methanot (30 mL)
was treated with Pd/C (10 wt %) and hydrogenated on a Parr at 40 psi for 14h.
The reaction mixture was filtered through a plug of celite and the filtrate was
concentrated in vacuo to yield a colorless solid 36e (181 mg, 93%) which was
used for coupling.
Step E:

36f
A solution of the hydrolyzed acid 36e (167 mg, 0.39 mmol) in CH2Cl2 (4.0
mL) was treated with HOOBt (95 mg, 0.58 mmol, 1.5 equiv.) and cooled to 0 °C
and Hunigs base (202 mg, 1.56 mmol, 4.0 equiv. 288 ul) was added. To this

mixture was added EDCI (111 mg, 0.58 mmol, 1.5 equiv.) and the reaction




dropwi se. After the evolution of hydrogen gas was conplete the rﬁgpglit,og
m xture was treated wwth pH 7 buffer (100 nL) and H202 (30 volu p E)‘ )
- nL). The wbeagiizon mixture was stirred at rt. for 4 h and geppshpfhsw th adg.
HCI (100 nlL). The aqueous |ayer was eptgacted with Et20 (3x100 ni). The
conbi ned ether |ayers were extracted with ag. NaOH (1 M 100 mL), brine
(100 m.), dried (MyS04), filtered, concentrated in vacuo and purified by
chromat ography (Si 02, EtOAc/Hexanes 2/3) to yield al cohol as a col orl ess
liquid (2.9 g, 529 . A solution of the hydroxylated ester in THF/ H20/ CH30H

thd st iéﬁg%)w%iaée%‘ighﬁg ik o el e e, g dhe ol pydliantititel oL o
and the a b.ayemm@s 1. 8xbadeh)eThy idacabh ehixiuti4Padsioredhs fit‘li-t@.ﬁ%r

| ayer was aC| ified to pH -1 and “extracted into Et OAc (3x50 .
conbi ned%b&?ﬂ%coamtsa’tﬁdrfe eatcatn eemave DM amd QH@@lmﬂ}he c&su@!de (WAFSO4)

filtered concentrated in vacuo and the residue L 2006 f WD 01/81325 169

PCTI USOL dilutesh withh afe $10s &M a 30; L) oﬁmfé&mai%f’ withstéleGe  1(SkoRnmL) Jde M—Iz
CD30D,

J=7.5 Hz)conlblgea%to,rgénlﬁ,la)jgﬁwgs qlgga,ct ] _1_ 321?’?1(2%’ é5)2 Bz,)éq.]NSBH(ﬁM)

brine (2x50 mL), dried (MgSQ4) and concentrated in vacuo. The residue 36f (100
mg) was oxidized without further purification. HRMS calcd. for C42HgoNs50Og

(M+1)+: 778.4391; Found: 778.4399.

Fa; B
5 3 -y Tedl

36

A solution of alcohol 36f (100 mg, 0.13 mmol) in CHoCl2 (5.0 mL) was

treated with Dess-Martin reagent (100 mg, 0.0.23 mmol, 1.8 eqliiv.): The reaction
mixture was stirred at rt. for 2 h and diluted with aq. NaHCO3 (15 mL) and ag.

Na2S203 (15 mbL). The reaction mixture was concentrated in vacuo and the
residue was purified by chromatography (SiO2, acetone/Hexanes: 3:7) to yield
ketoamide 36 (61 mg, 61%) as a colorless solid; MS (FAB, NBA/DMSO, m/z rel.
int)y: 776 [(M+1)+, 100}, 731 (10), 598 (25), 570 (15}, 485 (20}, 358 (20), 247 (50).

Example 37: Preparation of Compound of Formula 37:




”

36b (1.01 g, 6.93 mol) in CH2Cl2 (40 m-) was, treated W th Humnghba
(1.97 g, 2.2 equiv. 2.81 mL) and anine hydrochl ori de 33f

g, 6.93 rr‘%’gaozl%i‘mmequ . The reactl%f)(n xture was cool WS/ 1E38nd
treated with PyBrOP (3. 229, 6. 93 mmol 0 equiv.) The reaction mxture
was stirred overnight at it. and the reaction m xture was concentrated in
vacuo. The residue was purified by chromatography (EtOAc/Hexanes 1:1) to
yi el d depsi peptide 36¢c (2.5 g, 66% as a colorless viscous oil. 1 H NWR
(CD30D, 400 MHz, 8, ppm) 8.07 (t, 1 H, 7.33-7.21 (m 4 H, 7.09-7.02 (m
1H, 6.67-6.63 (m 3 H, 525-5.06 (m 1 H), 508 (q, 2 H J7.5 Hz),
4.36-4.33 (m 1 H), 351(d 2 H J=5.4 Hz, 0.9 Hz), 3.11-2.96 (m 2 H),
2.22-2.17 (m 1 H), 1. Ot 14 H). 13C NVR (CD3CD, 75 MHz, 5;- ppm
m xture of diastereone 172.0, 171.8, 1, 170.9, 169. 5, 169. 3,
157.1, 157.0, 137.3, 3%5.3, 135.2, 129.2 9.1, 128.2, 128.0,

127.9. 120. 3, ' r \jL
e

Step B: 36b n CIH3N N u 33f 36¢c A solution of o-,-hydroxyl heptanoic a@
3.

1

37

37a
A solution of benzyl ester 33j (230 mg, 0.42 mmol) in CH3OH/EtOAC (1:1,

50 mL), was treated with Pd(OH)2 and hydrogenated (50 psi). for 12 h. The

reaction mixture was filtered through a plug of celite and the cake was rinsed with

CH30H/CH2CI2 (1:1, 50 mL). The reaction mixture was concentrated in vacuo

and the residue 37a (177 mg, 93%) was used for coupling without purification.



120.0, 116.0, 115.9, 113.6, 94.8, 73.6, 73 4, 66.8, 66.7, 60.2, 57%.73; 396,
36.7, 28.9, 28.0, 25.6, 20.9, 19.5, 13; I\/B(FAB NBADIVISO mz rel. int):
562. [(MM(H)HSB@O] 540. [(M+l)+, 100), 412 (15), 240 (S0pcTAkBu{B8). Step
C 211, '1 10 20U VO 01/ 81325 170 PCTIT40 1 / 12530 36¢ 36d A sol ution of
al cohol 36¢ (2.5g, 4.63 mmol) in dry CH2CI2 (50 mM-) was treated with

tri phenyi phosphine (2.67 g, 10.2 mmol, 2.2 equiv.) under N2 and cooled to
OC. The reaction mxture was treated with DEAD (1.61g, 9.26 mmol, 2.0
equiv.) in CH2ClI2 (30 nL). The reaction m xture was warned to rt. and
stirred dpp Bh. It was concentrated in vacuo and purified by

chromat ography (Et 20/ Hex 1:3) to yield cyclic product 36d (530 ng, 21% as
a colorless soligd, AB, NBA, DMBO, nmiz re!. int), 522 [(M1)+, .100],
494. (60), 268 P(20); HRMS calcd. for C31 HAONO6 :( MH1) +:
522.2856; Foun ~2864. 2 7 & J|201'4 1 WO 01/81325 PCT/USO /12530 171

A solution of acid 37a (177 mg, 0.33 mmol} in dry DMF (5.0 mL) and
CH2Cl2 (5.0 mL) was treated with HOBt (88 mg, 0.49 mmol, 1.5 equiv) and

cooled to 0 °C and Hinigs base (175 mg, 1.35 mmol, 4.0 equiv, 251 L) was
added. To this mixture was added EDCI (95 mg, 0.49 mmol, 1.5 equiv) and the
reaction mixture was stired at 0° C for 1 h and treated with the amine
hydrochloride B (170 mg, 0.39 mmol, 1.2 equiv.). The reaction mixturé was stirred
at 1t for 48 h and concentrated in vacue to remove DMF and CH2Cl2 The residue

was diluted with water and extracted with CH2Clo (3x50 mL) The combined

organic layer was extracted with aq. NaOH (1M, 2x50 mL), brine (100 mL) and
concentrated in vacuo. The residue 37b (315 mg) was oxidized without further

purification.



Step D: 36d 36e A solution of the benzyl ester (242 ng, 0.47 mol) ,in 00k
met hanol (30 m-) was treated with Pd/C (10 w % and hydr ogenat eéj"dﬂ'”g
Parr at 4&5’0@ ]Ilggr 14h. The reaction mxture was filtered throu/gh_a pl ug
of celite and’X#e filtrate was concenlérft ed in vacuo to WEESM12BPor| ess
solid 36e (181 ng, 93% which was used“for coupling. Step E: 36e 36f A
solution of the hydrolyzed acid 36e (167 ng, 0.39 mol) in CH2CI 2 (4.0 nl)
was treated with HOOBt (95 ng, 0.58 mmol, 1.5 equiv.) and cooled to 0 C
and Huni gs base (202 ng, 1.56 mml, 4.0 equiv. 288 L) was added. To this

m xture was added EDCI (111 ng, 0.58 mml, 1.5 equiv.) and the reaction 2 7
Fl-' G $tep @ 4 WD 01/81325 PCT/USO /12530 172 mixture was stirred at 0 C
for 0.5 h and treaged with the am ne hydrochloride (186 ng, 0.47 mmol,

1.20 equiv.). rgaet on m xture was stored in freezer for 24 h and
concentrated i c @o renove DMF and Cl 2. The residue was diluted
with aq. HC 30 M) and ex}_lract e% CH2Cl 2 (3x50 nmL) The

Y

NI e

‘ A i o
: N .
0! : 0 0 5 \K
37
A solution of alcohol 37b (315 mg, 0.4 mmol) in CHaCl2 (5.0 mL) was

treated with Dess-Martin reagent (424 mg, 1.00 mmol, 2.5 equiv.). The reaction
mixture was stirred at rt. for 1 h and diluted with ag. NaHCO3 (50 mL) and aq.

NagS203 (50 mbL). The reaction mixture was stirred at . for 20 min and the
reaction mixture was extracted with CH2Cl2 (3x50 mL). The combined organic
layers were extracted with brine, dried (Na2SQy), filtered concentrated in vacuo
| and the residue was purified by chromatography (SiO2, EtOAc/Hexanes 1:1) to
yield ketoamide 37 (210 mg, 66%) of a colorless solid. Rf: 0.63 (CH3zOH/CH2Clo

1:19); MS: (Electron spray, m/z relative intensity): 857 ([M+CH30H]+, 33), 825 (

(M+1T 40), 191 (100).



combi ned
M brin
36f (100
C42H60N5
al cohol

Dess- Mar

organi c | ayer was extracted with ag. HC (2M 30 m_) aqg.

e (2x50 nL), dried (MgSH) and concentrated in vacuo. Th%mes#%e
wiopl/snes oxi di zed wi thout further purification. HRYMBua 30 f Or

09 (Mr1)+: 778.4391; Found: 77¥e&4399. Step F: 36f 36 A solution of
36f (100 ny, 0.13 nmol) in CH2CI2 (5.0 nL) was treated with

tin reagent (100 ng, 0.0.23 mmol, 1.8 equiv.). The reaction

m xture was stirred at it. for 2 h and diluted with ag. NaHCO3 (15 m-) and

aq. Na2
the res
yield k
mz rel.
358 (20)
2+ rll 2

S2A8 (15 nlL). The reaction m xture was concentrated in vacuo and

I%ﬁﬁ g.g,%pﬂ@h §C§3@58'953‘37*W ' cetone/ Hexanes: 3:7) to

*d; M5 (FAB, NBAI DVSO,
int): 776 [(M+1)+ Q100], 731 (10), 598 (25) 570 (15), 485 (20),

, 247 (50). Ex " Prepar ati on of ound of Formula 37: r
1J 4 WO 01/81325_PCU/ Ms@# 12530 173 H
: H
\/ﬁ;j’\m’N \vjt

Step A:

e
Y

A solution of oxidized depsipeptide 37 (200 mg, 0.24 mmo!) in dry CH2Cl2
(5.0 mL) was treated with TFA (5.0 mL) and stirred at rt. for 7 h. The reaction

mixture was concentrated in vacuo and the residue was repeatedly dissolved in

CH30H/CH2Cl2/Hexanes (1:1:1) and concentrated in vacuo several times to yiéld

a tan colored solid 38 (130 mg, 87%) which was dried in vacdo; MS: (Electron ,

spray, m/z relative intensity): 769 ((M+1]", 45), 294 (45), 191 {(100).



N 37 Step A 33] 37a A solution of benzyl ester 33] (230 ng, 0.42 mPI?) AU
"CH3OH/ EtQAc (1:1, 50 nm), was treated with Pd(COH) 2 and hydrogenated (50
psi) . forg%)Z .. The reaction mxture was filtered through a plug of celite
and the cHONME i nsed with CHBO—I/CI—%C?Z (1:1, 50 nl). TREYEHARTON

m xture was concentrated in vacuo- and ‘t'‘he residue 37a (177 ng, 93% was
used for coupling w thout purification. WO 01/81325 Step B: 37a 174 B

PCT/ USO1 /12530 37b A solution of acid 37a (177 ng, 0.33 mml) in dry DV
(5.0 nL) and CH2C12 (5.0 mM-) was treated with HOBt (88 ng, 0.49 mml, 1.5
equiv) and cooled to O C and Huni gs base (175 ng, 1.35 nmmol, 4.0 equiv,
251 L) wdiExampir:39: Prepaiation ef Gompesndddd&oriTh 3995 ng, 0.49 mmol, 1.5
equiv) and the

oo

A solution of acid 22 (40 mg, 0.06 mmol) in CH2Cl2 (0.5 mL) and DMF {0.5
mL} was cooled to 0° C and treated with MeaNH.HC! (15 mg, 0.18 mmol, 3.0
equiv) and Hinigs base (31 mg, 0.24 mmol, 44 ul, 4.0 equiv). The reaction
mixture was then treated with PyBrOP (55 mg, 0.12 mmol, 2.0 equiv) and sfored
for 12 h in the freezer. The yellow reaction mixture was concentrated in vacuo
and the residue was purified by chromatography (SiO2, EtOAc/Hexanes gradient
3:2 -->1:0) to obtain impure product which was purified once again using

(acetone/Hexanes 1:6) to yield dimethyl amide 39 as a colorless solid (14 mg,



reaction mxture was stirred at 0 Cfor 1 h and treated with the am ne
hydr ochl oride B (170 ng, 0.39 mmol, 1.2 equiv.). The reaction m xture< \7\}%
stirred wDos1er 48 h and concentrat ed in vacuo to renovecPMsogindiCH2Cl 2.
The residue was diluted with water and@8extracted with CH2ClI 2 (3x50 nl -)
The conbined organic layer was extracted with ag. NaCH (1 M 2x50 ni),
brine (100 nm.) and concentrated in vacuo. The residue 37b (315 ng) was

oxi dized without further purification. r 7 7 r!"11" 200& WD 01/ 81325 Step
C H N 175 PCTIU SO 1 / 12530 s 37b H N 37 A solution of al cohol 37b

(315 ng, 0.4 mmol) in CH2ClI 2 (5.0 mM-) was
35%). MS: (Electron spray, m/z relative intensity): 791 [(M+1)", 50], 391 (40),

276 (50), 176 (100). -

Example 40: Preparation of Compound of Formula 40:

?Eﬁwﬂi

40

General procedure for solid-phase coupling reactions:

The synthesis was done in a reaction vessel which was constructed from a
polypropylene syringe cartridge fitted with a polypropylene frit at the bottom. The
Fmoc-protected aminoc acids were coupled under standard solid-phase
techniques. Each reaction vessel was loaded with 100 mg of the starting Fmoc-
Sieber resin (approximately 0.035 mmof). The resin was washed with 2 mL
portions of DMF (2 times). The Fmoc protecting group was removed by treatment
with 2 mL of a 20 % v/v solution of piperidine in DMF for 20 min. The resin was
washed with 2 mL portions of DMF (4 times). The coupling was done in DMF (2
mL), using 0.12 mmol of Fmoc-amino acid, 0.12 mmol of HATU and 0.24 mmol of
DIPEA. After shaking for 2 h, the reaction vessel was drained and the resin was
washed with 2 ml portions of DMF (4 times). The coupling cycle was repeated
with the next Fmoc-amino acid or capping group.



treated with Dess-Martin reagent (424 ng, 1.00 mmol, 2.5 equiv.). ilZe,._.,g 0l
reaction mxture was stirred at rt. for 1 h and diluted with ag. A H ’
(50 m-) 1325 Na2S2C8 (50 ...L). The reaction i-nixture vi as stirred
at | -L. for ffm and the reaction njxjure was extract edPQI'UROIG25 2
(3x50 nmL). The conbined organic layers were extracted with brine, dried
(Na2SO™4), filtered concentrated in vacuo and the residue was purified by
chromat ography (Si @2, EtOAc/Hexanes 1:1) to yield ketoam de 37 (210 ngy,
66% of a colorless solid. Rf : 0.63 (CH3OH CH2C12 1:19); Ms: (Electron
spray, mz relative intensity): 857 ([ MCH3OH +, 33), 825 ( [M+l]+ 40),
191 (100)5.0’19“?9}10_? ~ 200 WO 01/81325 PCT/ US01/ 12530 176 Exanpl e 38:
Preparati on of Conmpound of Formula 38: 38 Step A: 38 A solution of

oxi di zed depsi peptide 37 (20 , 0.24 mol) in d 2C1 2 (5.0 nl) »was
treated with TFA (5.0 nL) a stirred at rt. forgy The reaction mxture

was conce ¢ in_vacuo and'the residue écw)‘, dissolved in
CH30H CHZCr\jr@/%I'H%xanes ( 1edocha 2pd Poncent r at e several tines to

i

yield a tan colored solid 38 (430 ny, 87% which wasddried in vacuo; M5

40c¢
DdeH
H 0
FmocH § UEH—P _— Fn:b\n/H u%“"’
! W1 ) o) Hoo —>
L CHa
40d

40e

40f



spray, mz relative intensity): 769 ([Mt1]+, 45), 294 (45), 191 (A0Q) ;734!
L U2, 3L W 01181325 PCT/ USO1112530 177 Exanple 39: Preparation of
Conpound WO 0F8ra6l a 39: .y . 39 Step A: 22 i N O 39 A sol upcowsei123si d 22
(40 ng, 0.06 mmol) in CH2CI 2 (0.5 nl-)gand DMF (0.5 nl-) was cooled to 00
C and treated with Me2NH HC (15 ng, 0.18 nml, 3.0 equiv) and Hunigs base
(31 ng, 0.24 mmol, 44 NL, 4.0 equiv. The reaction mxture was then treated
with PyBrOP (55 ng, 0.12 mmol, 2.0 equiv) and sfored for 12 h in the
freezer. The yell ow reaction m xture was concentrated in vacuo and the
resi due was purifjed by chromatography (Si02, EtQAc/Hexanes gradient 3:2

--->1:0) to i N nmpure product whig as purified once again using
(acet one/ Hexanes & to yl%hg dln%§ am de 39 as a colorless soljd (14
ny, H
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r WO 01/81325 PCT/USQO1/12530 178 35% . MS: (Electron.spray, m z rel atilvelli
intensity): 791 [(M+1)+, 501, 391 (40), 276 (50)y, 176 (100). Exarrp: e 40:
Preparati mpound of Fornmula 40: H N NH2 0 O CH3 40 Ceneral

pr ogedur e&?&owsé%i d- phase coupl i ng realgﬁi ons: The- synt hesi BCTHSMHEN in a
reaction vessel which was constructed Troma - pol ypropyl ene syringe
cartridge fitted with a polypropylene frit at the bottom The

Frnoc- prot ected am no aci ds were coupl ed under standard solid-phase

t echni ques. Each reaction vessel was | oaded with 100 ng of the starting
Frnoc- Sieber resin (approximtely 0.035 mml). The resin was washed with 2
mL portions JdfmpMSigbet rasis B0a RO IEnoune) stascreatpdowitin? misofr & @0vEdv/y

et e oo gBingi B o P k) Bobh i ek P phlons®

coupling gfepnong HiMeBVF DRIF (2 mL) was added to the resin followed by Fmoc-
phenylglycine (0.12 mmol), HATU (0.12 mmol) and DIPEA (0.24 mmol). After
shaking at room temperature for 2 h, the resin was washed with 2 mL portions of
DMF (4 times) to afford resin-bound compound 40b. Resin-bound compound 40b
was treated with 2 mL of a 20 % v/v solution of piperidine in DMF for 20 min.
followed by washing with 2 mL portions of DMF (4 times). DMF (2 mL) was
| added to the resin followed by Fmoc-glycine (0.12 mmot), HATU (0.12 mmol) and
DIPEA (0.24 mmol). After shaking at room temperature for 2 h, the resin was
washed with 2 mL portions of DMF (4 times) to afford resin-bound compound 40c.
Resin-bound compound 40c was treated with 2 mL of a 20 % v/v solution of
piperidine in DMF for 20 min. followed by washing with 2 mb portions of DMF (4
times). DMF (2 mL) was added to the resin followed by N-Fmoc-propylisoserine
(0.12 mmol), HATU (0.12 mmol) and DIPEA (0.24 mmol). After shaking at room
temperature for 2 h, the resin was washed with 2 mL portions of DMF (4 times) to
afford resin-bound compound 40d. Resin-bound compound 40d was treated with
2 mL of a 20 % v/v solution of piperidine in DMF for 20 min. followed by washing
with 2 mL portions of DMF (4 times). DMF (2 mL) was added to the resin followed
| by Fmoc-lysine(Dde) (0.12 mmol), HATU (0.12 mmol) and DIPEA (0.24 mmol).
After shaking at room temperature for 2 h, the resin was washed with 2 mL
portions of DMF (4 times) to afford resin-bound compound 40e. Resin-bound
compound 40e was treated with 2 mL of a 20 % v/v solution of piperidine in DMF
for 20 min. followed by washing with 2 mL portions of DMF (4 times). DMF (2 mL)

was added to the resin followed by Fmoc-cyclohexylglycine (0.12 mmol), HATU .~
(0.12 mmol) and DIPEA (0.24 mmol). After shaking at room temperature for 2 h,
the resin was washed with 2 mL portions of DMF (4 times) to afford resin-bound
compound 40f. Resin-bound compound 40f was treated with 2 mL of a 20 % v/v
solution of piperidine in DMF for 20 min. The resin was washed with 2 mL
portions of DMF (4 times) to provide resin-bound compound 40g. Resin-bound

compound 40g was treated with 2 mL portions of a 2 % v/v solution of hydrazine



),

using 0.12 mmol of Fnoc-anino acid, 0.12 nmmol of HATU and 0.24

DI PEA. After shaking for 2 h, the reaction vessel was drai ned and the r

was

was hew ewsibes2 nl portions of DMF (4 tinmes). The coupl pagasyniB3nas

repeated w th the next Fnoc-am no aciqgmor capping group. 27 2G4 WO
01/ 81325 Scheme 10: 179 0 PCT/ USO /12530 FmocHN-P J Hip FrnocHVJ.LN-P

40a FrnocH CH3 40d FnocH O 40b H N-P 40f

in DMF for 5 min. (3 times). The resin was washed with 2 mL portions of DMF (4
times} to provide resin-bound compound 40h. Resin-bound compound 40h-was
treated with 0.035 mmotl of glutaric acid, 0.07 mmol of HATU and 0.14 mmol of
DIPEA in 2 mL of DMF at room temperature for 16 h. The resin was washed with
2 mk portions of DMF (4 times), THF (4 times)} and DCM (4 times) to provide
resin-bound compound 40i. Resin-bound compound 40i was treated with a
solution of .14 mmol of Dess-Martin periodinane and 0.14 mmol of +-BuOH in 2
mL of DCM at room temperature for 4 h. The resin was washed with 2 mL
portions of @ 20 % v/v solution of iPrOH in DCM, THF, a 50 % v/v solution of THF
in water (4 times), THF (4 times) and DCM (4 times) to provide resin-bound
compound 40j. The resin-bound compound 40j was treated with 4 mL of a 2 %
v/v solution of TFA in DCM for 5 min. The filtrate was added to 1 mL of AcOH

and the solution was concentrated by vacuum centrifugation to provide compound

40 (0.0117 g, 48 % yield). MS (LCMS-Electrospray) 698.2 MH".

Example 41 — 53: Preparation of Compounds of Formula 41 to 53:

el ek

eSI n



40c CH3 40e 0 H NP 20 04 WO 01/81325 180 PCT/US01/12530 INDb. -b 2 7
T[11' 2QCb WO 0118132 PCT/ US01112530 181 Fnoc-Si eber resin 40a (0103»’5'”?{]“.
nmol ) msﬁﬂoei%t] d with 2 mL of a 20 % vlv. solution of plperldlne i n DMF
for 20 minNOY 0vved by washing with 2 nL portions DVPQUUSGIRRSY . DIVF

(2 m.) was added to the resin foll owed8y Fnoc- phenyl glycine (0.12 nmmol ),
HATU (0.12 mmol ) and DI PEA (0.24 nmmol ). After
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shaking at roomtenperature for 2 h, the resin was washed with 2 nL 77 Alig 20
portions of DM (4 tines) to afford resin-bound conpound 40b. Resi n-bound
conpound WOWIB¥KRS treated with 2 nL of a 20 % v/v sol uti onpof/upepessdi ne in
DVF for 20 mn. followed -by washing wgh 2 nL portions of DVF (4 tines).
DMF (2 nL) was added to the resin followed by Fnoc-glycine (0.12 mmol),

—h

ZT
ZT
;O
I
Lt

Iz

HATU (0.12 mmol ) and DI PEA (0.24 mmol ). After shaking at roomtenperature
for 2 h, the resin was washed with 2 nL portions of DVF (4 tines) to
af ford resin-bound conpound 40c. Resin-bound conpound 40c was treated with
2 mL of a-20 % v/v solution pi peridine in DMV for 20 mn. foll owed by
washing with 2 nL portions off DMF (4 tinmes). DMF (2 nL) was added to the
resin followed by N Fnoc- y rine (0.12 nmol) ATU (0. 12 mwl ) and
Dl PEA (0.24 mmol ). After.shaking at{room tenperatur 2 h, the resin
was washed with 2 nL poOrti i d resin-bound
conpound 40d. Resi ngbognd AH3L of a 20 % v/v
solution of piperidine in for Z}b owed bm afhing with 2 nL
portions of DVF (4 tines). 2. ) ded to the résin foll owed by
Frnoc- | ysi ne(Dde) (0.12 mol ), @ (0.12 I_? and Dl PEA (0.24 mmol ).
After shaking at roomtenperatire for 2,.h, thé resin was washed with 2 nL
portions of DMF (4 tinmes) to afford resi'n-bound conmpound 40e. Resin-bound
conmpound 40e was treated with 2 nL of a 20 % v/v solution of piperidine in
DMF for 20 min. followed by washing with 2 nL portions of DVF (4 tines).
DVF (2 nmL) was added to the 6esi n foll owed by Fnoc-cycl ohexyl gl ycine (0.12
mol ), |-ATU
~N
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- h, the resin was washed with 2 nmL portions -of DM (4 tinmes) to aff

+(-:0.12 nmol ) and DI PEA (0.24 nmol ). After shaking at room terrperaturﬁh,];ig[ 23204
ro:. {0
resi n- boun compound 40f. Resin-bound conpound 40f was treated with 2 niL
of a 20 WUBIYS ution of piperidine,in DVF for 20 nmin. THE/VE41ASRas
washed with 2 nL portions of DVF (4 t1i8ges) to provide resin-bound conpound
40g. Resi n-bound conpound 40g was treated wth 2 nL portions of a 2 %v/v
solution of hydrazine 2 ? h~1Lr;' 2004 WO 01/81325 PCT/ USOL/ 12530 182 in
DMF for 5 mn. (3 tinmes). The resin was washed with 2 nL portions of DVF (4
times) to provide resin-bound conmpound 40h. Resin-bound conpound 40h- was

treated with 0.035 mml of Qglutaric acid, 0.07 mml of HATU and 0. 14 nmol
of DIPEA in 2 nmL of DW _at tenperature for 16 The resin was washed
with 2 nL portions d&@ s), THF (4 tines d DCM (4 tinmes) to
provi de resin-bound co und 1 Resi n-pound c oand 401 was treated
with a solution of 0.14 n’m',i]\ﬁ ',11/a [ ﬁ)er odi pang,,and 0. 14 mmol of
t-BuOH in 2 nlL of DCM at yoom t at or ¥6é resin was washed
with 2 nL portions of a [
~solution of THF in water ( s), THF (4 times) and DCM (4 tinmes) to
provi de resin-bound conpou j. The reSHa-bound conpound 40j was treated
with 4 mL of a 2 % v/v solution of TFAgin DCMfor 5 mn. The filtrate was
~added to 1 nL of AcOH
N
H
07 H\j\ H H
\\g,N N N N NHz
- N
: H H
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and the solution was concentrated by vacuum centrifugation to provm?;_;gzggﬂ
conpound 40 (0.0117 g, 48 %yield). M5 (LCMS-El ectrospray) 698.2 :

Exanpl e 4WO.0183325Pr epar ati on of Conpounds of Fornul a 41 topr&Bwsdi/f2550 7004
WO 01/81325 183 41 42 43 44 NH2 NH2 NHB6NH2 PCT/USO /12530 i A(lr rr1l1 Z

WO 01181325 PCT/ US01/12530 184 NH
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Compounds 41-53 were synthesized using solid phase methodology
similar to the procedure outlined for the synthesis of Example 40.

. Example 54: Preparation of Compound of Formula 54:

0
N
H
BocHN 7N o~
N 54 '

Step A:

Y
m
]
o)
I
;
=
@]
I
w

BocHN OOH . "5
54a : ‘

54b .
To a stirred solution of Boc-Cyciohexylglycine-OH (2.33 g, 9.07 mmol) in
DMF (20 mL) and CH2Cl2 (20 mL) was added HOBT (1.48 g, 9.07 mmol), EDCI
(1.91 g, 9.97 mmol) and NMM (2.99 mL., 27.2 mmol). The solution was stirred at -
20°C for 10 minutes, followed by addition of H-Lys(Z)-OMe.HCI and stirred for half
an hour at -20°C and kept in freezer overnight. The solution was then
concentrated to dryness, followed by extraction with EtOAc, saturated NaHCOs3.
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The combined organic layer was washed with H20, brine, dried over NapSQOy

.

and concentrated to dryness fo give a white solid (4.83 g, MH"=534.1).
Step B:

ChzHN

BocHN\:/i\N CH3 -;BOCHN\/W\N H
:: Ho 4 : H
54b O

To a stirred solution of 54b (4.86 g, 8.76 mmol) in MeOH (10 mL) and HoO

(7 mL) was added LiOH (70 mg, 11.4 mmol). The white precipitate was formed
and the solution was allowed to stir at room temperaturé overnight and then
concentrated to dryness. This crude material was then partitioned between CH,CI,

and water. The organic layer was separated and washed with brine, dried over

Na2S04, filtered and concentrated to dryness to give 54c¢ (4.55 g, MH+=520.1).

Step C:

Ho, O
CHN N A~
CbzHN N
G
| X
BocHN ! N OH ‘
T OH

54d

To a stirred cooling solution of 54¢ (4.3 g, 8.27 mmol) in DMF {40 mL) and
CH2Cl2 {40 mL) at —20 °C was added HOBT (1.35 g, 8.27 mmol), EDCI (1.74 g,
9.1 mmol) and NMM (2.73 mL, 8.27 mmol). The resulting solution was stirred at —
20 °C for 10 minutes, followed by addition of amine G (2.32 g, 8.27 mmol} and
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01/81325 PCT/ USOL/ 12530 18653 Conpounds 41-53 were synthesi zed using solid
phase netWOdeiBdiP§ simlar to the procedure outlined for therwsgoyhes s of

Exanpl e 40. Exanple 54: Preparation oftdbnpound of Formul a 54: BocHN Step
A: BocHN OCH CHs

stirred at —20 °C for half an hour and kept in freezer overnight. The work up

procedure from step A was followed to give a 54d (6.21 g, MH+:746.2).
Step D:

CbzHN

BocHN\J\ N ) }N{\/ﬁ\
; E! O/\/
-~ o O
54d

3

y 2

CbzHN

A
H H
O
54e

The solution of 54d (6.16 g, 8.26 mmol) in 4N HCI/Dioxane (40 mL) was
stirred at room temperature for 1 hr and concentrated to dryness to give a crude

nroduct 54e (5.70 g, 100% yiold, MH =845 3},
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To a stirred cooling solution of Boc-Glu(OBR)-OH in DMF (25 mb) and
CHzCl2 (25 mL) at =20 °C, was added HOBT (1.29 g, 7.92 mmol), EDCI (1.66 g,
8.71 mmol) and NMM(2.81 mL, 23.7 mmol). The resulting solution was stirred for
10 minutes at —20°C, followed by addition 54e (5.4 g, 7.916 mmol) and stirred for
half an hour at -20°C and kept in freezer overnight. Followed the work up

procedure from step A to give a crude product (7.14 g, 93.5% vield). |



Na2SO4, filtered and concentrated to dryness to give 54c (4.55 g, .27 :'Ci00k
MH =520.1). Ste;. L. 54d To a stirred cooling solution of 54c (4.3 g, 8.27
mrol ) 1 nvodB18mAs M -) and CH2CI 2 (40 nmL) at -20 C was addecr/k68Nh263b. 35 g,
8.27 mol ), EDCl (1.74 g, 9.1 mmol) a8d NWM (2.73 nL, 8.27 mol ). The
resulting solution was stirred at -- 20 C for 10 m nutes, followed by
addition of amne G (2.32 g, 8.27 mol) and 2 7 Auk 2U WD 01181325 188

PCT/ US01/ 12530 stirred at -20 C for half an hour and kept in freezer
overnight. The work up procedure fromstep A was followed to give a 54d
(6.21 g, Fl46. 2). Step D CbzHN BocH W The solution of 54d (6.16 g,
8.26 Mo n "4N HC|/D|oxane (40 m) was stirred at roomterrperature for 1

hr and concentrat ed to Cgmess to gl ve a crude product 54e 15., .,,,.100%
yield, vgrdgd46-3). ct 5 ,7vOy iMiH
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To a stirred solution of 54f { 6.9 g, 7.15 mmol} in absolute EtOH (350 mL),
was added 10% Pd/C (2.8 g} in 50% H20 (w/w). The resulting solution was

purged with H2 and stirred under Hz2 balloon overnight. The solution was then
filtered through cetite and the filiraie was washed with £10H/CiH2Ci2 and ihen
concentrated to dryness to give a white solid (1.44 g). The solid was washed with
25% H>0O/ MeOH and fittered through sintered funnel, then freezed and

lyophilized to give 54g (4.12 g, 77.5% yield, MH+=743.2).
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NVM 2 61 WP 018825 mmpl) The resul ting 39l ution was sti r r edPGTWSOIARI nut es
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an hour at -20C and kept in freezer overnight. Followed the work up
procedure fromstep Ato give a crude product (7.14 g, 93.5%yield). . WO
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To a stirred cooling solution of 54g (0.5 g, 6.7 mmol} in DMF (50 mL}) and
CH2Cl2 {50 mL) at —20 °C, was added HOBT (0.219 g, 1.34 mmol), EDCI (0.271

‘F

g, 1.41 mmol} and NMM (0.296 mL, 2.69 mmol). The resulting solution was stirred
at —20 °C for 25 minutes and then kept in freezer overnight. The solution was

concentrated to dryness, followed by extraction with EtOAc saturated NaHCO3.

The combined organic layer was then concentrated to dryness to give 54h (254

mg, MH*=725.2).
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of 54g (OW® @s1&57 Mol ) in DMF (50 nL) and CH2C 2 (50 m prrAlsor#@3d, was
added HOBT (0.219 g, 1.34 nmol), EDCI {92271 g, 1.41 nmol) and NWM (0.296
m., 2.69 mml). The resulting solution was stirred at -20 C for 25 m nutes
and then kept in freezer overnight. The solution was concentrated to
dryness, followed by extraction with Et OArc saturated NaHCO3. The conbi ned
organi c |l ayer was then concentrated to dryness to give 54h (254 ny,

MH=725. ZQtesz:? r' 17 Uul WO 01/81325 Step H: BocHN BocHN
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To a stirred solution of 54h (0.2 g, 0.27 mmol) in anhydrous CH2Cl2 (20

ZT
|u<
4
I

mL), was added Dess-Martin periodinane (0.234 g, 0.55 mmol). The resulting
solution was stirred at room temperature for 1 hr. To this solution was added

dropwise over half an hour the sotution of H20O (0.010 mL) in CH2Cl2 (20 mL) and

stirred vigorously for additional 2 hrs. The solution was then stirred for half an
hour with 50% Na2S203/50% sat. NaHCO3. The organic layer was separated

and washed with HoO, brine, dried over NapSOy, filtered, concentrated to
dryness and purified by column chromatography on silica gel, eluting with 10%
MeOH/CH2Cl2 to yield 54 (17 mg, 62% MH*=723.2),

Assay for HCV Protease Inhibitory Activity:

Spectrophotometric Assay: Spectrophotometric assays for the _HCV serine

protease was performed on the inventive compounds by foliowing 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
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anhydrous CH2CI2 (20 nlL), was added Dess-Martin periodinane (0.234 g, 0.55
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"(0.010 mL) in CH2A 2 (20 nmL) and sti |9 ed vigorously for additional 2 hrs.
The solution was then stirred for half an hour with 50% Na2S203/ 50% sat .
NaHCO3. The organic | ayer was separated and washed with H2O brine, dried
over Na2SO4, filtered, concentrated to dryness and purified by colum
chromat ography on silica gel, eluting with 10% MO/ CHC 2 to yield 54 (17
ng, 62% PRsemaghonc algehgls f(8r arcynitraphenok T-hipdtoxyetynetbyi-coumyarin, or 4-
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for the ¢ tirinluous niéq_ri ng of HCV NS3 protease activity. The substrates
. were deri@ﬁ—?—ﬁ&%@&—ﬁsl de of the NS5A-NS5B junction sequence
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Sigma Chemical Company (St. Louis, Missouri). Reagents for peptide synthesis
were from Aldrich Chemicals, Novabiochem (San Diego, California), Applied

{ Biosystems (Foster City, California) and Perseptive Biosystems (Framingham,
Massachusetts). Peptides were synthesized manually or on an automated ABI
model 431A synthesizer (from Applied Biosystems). UV/VIS Spectrometer model
LAMBDA 12 was from Perkin Elmer (Norwalk, Connecticut) and 96-well UV. plates
were obtained from Corning (Coming, New York). The prewarming block was
from USA Scientific (Ocala, Florida) and the 96-well plate vortexer was from
Labline Instruments (Melrose Park, lllinois). A Spectramax Plus microtiter plate
reader with monochrometer was obtained from Molecular Devices (Sunnyvale,
Califomia).

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%
gl'ycerol, 0.05% lauryt maltoside and 10 mM DTT) was exchanged for the ass"ay
bufier (25 mM MOPS pH 6.5, 300 mM NaCl, 10% glycerbl, 0.05% lauryl
maltoside, 5 uM EDTA and 5 uM DTT)} utilizing a Biorad Bio-Spin P-6 prepadked
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. Proten Res., 37 (1991), 513-520). The peptides were subsequently
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4-ni trophenol, 7-hydroxy-4-nethyl-coumarin, or 4- phenyl azophenol). PR
Pr esent edwlpalisws2dar e t he synthesi s, characterization and appyiusai/i gy of
these novel spectrophotometric ester sy@strates to high throughput

screening and detail ed kinetic eval uat on of HCV NS3 protease inhibitors.
Materials and Methods: Materials: Chem cal reagents for assay related
buffers were obtained from Signma Chemi cal Conpany (St. Louis, Mssouri).
Reagents for peptide synthesis were from Al drich Chem cals, Novabi ochem
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prot easesolutron) to remove the acid used in cleavage. The DCM phase was dried over
Na,S0,4 and evaporated.

The ester substrates were assembled using standard acid-alcohol coupling
procedures (K. Holmber et af, Acta Chem. Scand., B33 (1979) 410-412). Peptide
fragments were dissolved in anhydrous pyridine (30-60 mg/ml) to which 10 molar
equivalents of chromophore and a catalytic amount (0.1 eq.) of para-
toluenesulfonic acid (pTSA) were added. Dicyclohexylcarbodiimide {DCC, 3 eq.)
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: Specira of substrates and the corresponding -

chromophore products were obtained in the pH 6.5 assay buffer. Extinction
coefficients were determined at the optimal off-peak wavelength in 1-cm cuvettes
(340 nm for 3-Np and HMC, 370 nm for PAP and 400 nm for 4-Np}) using multiple
dilutions. The optimal off-peak wavelength was defined as that wavelength
yielding the maximum fractional difference in absorbance between substrate and
product (product OD - substrate OD)/substrate OD).
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approximately 3 minutes. Fifty uls of prewarmed protease (12 nM, 30°C) in assay
buffer, was then used to initiate the reaction (final volume 200 wl).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 piate 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

n numbers (k;5) 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 expetimentally ai fixed

concentrations of enzyme and substrate by plotting v /v; vs. inhibitor concentration
(ll] o) according to the rearranged Michaelis-Menten equation for competitive -
inhibition kinetics: vo/v; = 1 + [1] , /(Ki (1 + [S] o /Kw)), where v, is the uninhibited
initial vefocity, v; is the initial velocity in the presence of inhibitor at any given
inhibitor concentration ([Il,) and [S], is the substrate concentration used. The

resulting data were fitted using linear regression and the resulting slope,
H(Ki(1+[S] /Kr), was used to calculate the K; value.
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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/58 cleavage recognition sequence and an
1BNS4A 5130 GS-GSNS 54, 117K expression vector and YFPn1 as a internal
standard protein to control cytotoxicity. Protease activity was measured by SDS-
PAGE of total celi lysates followed by Western blot detection using a monocional
antibody directed against the reporter substrate. Quantitation of substrate
cleavage was performed by scanning the immunaoblot on the phosphqimager.
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, separatedby a 25
amino acids derived from the NS5A/5B cleavage recognition sequence. Both GFP
and BFP are essentially homologous autofluorescent 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.

Spectra of Substrates and Products:

i
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. ;Jthial :\lxz/g o et?i‘;]tféetWeleh%a)Nhg i %S%l%t] il’ﬁ r%!%t?l% o een%];nhgleeaggtsﬁgs Ic»lf tnhkeage bet ween
pQBI25 cloning vector (Quantum 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 polyadenylation signal for the

MRNA. The NS5A/5B cleavage sequence is:
SSGADTEDVVCCSMSYTWTGALVTP. DNA sequencing was used to validate the
clone.
P1BO02: 1bNS4A21-32GS-GS NS 3-81 117K: 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 plasmid to the transfection supplies an internal standard protein to controf
for cytotoxicity and does not affect percentage of protease cleavage.

Plasmid DNAs were maintained and propagated in DH5a cells (obtained
from LifeTechnologies) in LB medium under the appropriate antibiotic‘selection,
and purified using QiAfilter Plasmid Kits (Qiagen, Valencia, California).

Cell Culture:

Hela cells were maintained and propagated in Eagle's Minimum Essentiai Media
(EMEM; BioWhittaker, Walkersville, Maryland) supplemented with 10% fetal calf
serum (FCS), 2 mM glutamine, and 100 u/ml penicillin-streptomycin - g
(BioWhitaker), 2% NaHCO;.

Huh? cells were maintained and propagated in Dulbecco’s Modified Eagle’s

medium (DMEM; BioWhittaker) supplemented with 10% fetal calf serum (FCS),
100u/mt penicillin-streptomycin (BioWhitaker) and 5 ml NEAA (100x;

BioWhittaker)/L. .

SOP Procedure




Pl

chronmophore was nonitored at the appropriate wavel ength against a no &M}{J’fﬁ
bl ank as a control for non-enzymatic hydrol ysis. The eval uati on of 27
substr at ' kc paraneters was perforned over a 30-fol (d

concent rg‘rp?lrll)%?%%ge (--6-200 NM. Ini bi al velocities wer gpgt}pgé]?nﬁﬁgod usi ng

| i near regression and kinetic const alt® were obt aj ned by fitting the data
to the M chaelis-Menten equation wusing non-linear regression analysis (Mc
Curve Fit 1.1, K Raner). Turnover nunbers (kit) were cal cul ated assum ng
the enzyne was fully active: Evaluation of Inhibitors and Inactivators: The

I nhi bition constants (Kg) for the conpetitive inhibitors

Ac- D- ( D- Gay) ptededich dparsfeetibn7) , Ac- DTEDVWA(Nva) - OH and

Ac- DTED Nva)-OH were determ ned experinentally at fixed concentrations

of enzyxgrei:%%kﬁwﬁfﬁaﬁ%e 2t we @l@f@S/(Ealc\@g.SQ%ph@mairatm@ﬂyr@ftﬁ ¥n

(rr1 ) gording,to the rearranged ghael i s- ten ation for

conpet | tﬁ@e%eﬁﬁ{wguiaﬂ %’h@‘(‘?fé‘@ﬁ\%%«?i 8\99?&4@ zwq’?’%ror(l +19],,

1K\ .)), DEE6EHAstectidip uninhibited initial velocity, v, is the initial
velocity 1n the préesence of inhibitor at any given inhibitor concentration

([1]1,) aRiagraiddDNAstvherestihded & a finah concentratoon ob@05 (el inrmﬁﬂéé;émt]?éat a]
were fitted using |linear .regression, and resulting slope, 1/(K; (1+[S

alkn, w&??%rs@do ogaMasisen Pﬁ@%?'%&ﬁhé?\/@@ﬁﬁ%&g ﬁféﬁ)‘ﬁﬁf%éﬁf’l%so
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I nvention ardgﬁgp\i&ér?@nmtﬁﬁeg‘gp%r e- rrséﬁgl oneﬁ%?gxibﬁg%@rﬁ?hg%ﬁmounds
have beeithe-DNAs were brought to a final volume of 60 i with EMEM lacking FBS,

glutamine, and antibiotics. A ratio of 5 yl volumes of SuperFect Reagent (Qiagen, l

cat # 301305) per total ygs 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 f‘rom cell culture plates
was aspirated and cells washed 1X with 1 ml PBS without Ca®*, Mg
(BioWhitaker). 350 4l 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 Hela 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
ul of complete EMEM was added followed by 5 ut 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 4l of 1x Tris-SDS-BME sample buffer (OWL separatiorf '
system, Portsrmouth, 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 lysates were resolved by electrophoresis on

10 cm x 10 cm 12.5% SDS-PAGE (Owl Scientific, cat # OG-0125B) run at 30

mamp in Tris-Glycine-SDS buffer (Owl Scientific). Prior to use, PVDF membrane



arranged in the order of ranges of K; values. Fromthese test result?,? Ak 20
woul d be apparent to the skilled artisan that the conpounds of the

i nvention have excellent utility as NS3-serine protease inhibitors. Cell

Bi oassay MEIMHI325The cel | bioassays for the HCV serine propepssom@sso
performed on the inventive conpounds bl8% ol | owi ng the procedure descri bed
by S. Agrawal et al, "Devel opnent and Characterization of Hepatitis C
Virus Serine Protease Cell-based Trans-C eavage Assay", Hepatol ogy

Suppl enent to Volune 30 (No. 4, Part 2, Cctober 1999), Abstract No. 615
(Proceedings of AASLD 50th Annual Meeting, Dallas, Texas, Novenber 5-9,
1999), t hmiisionsfar. asafn pbiccSizb swiligier BEHRAIMASEELHLRS) G EkEn iThe
assay was perforned in HelLa/Huh7 cells that were co-transfected w a

pl asmi d t HeR%dnethassbiord O sgrandsranst thesi the blobsas plazecdntddtiledgvatbe.. NS5A/ 5B

L1 . -32 GS-GSNS 3-81117K
oxproosr ohfi6 BRI RORIENERR10 FALE PP rerdhianca Groum. Milposat o

cyt ot oxi cl0gmaMPpengel P BohINGtIeasTBas S6afdRY olSBFoLRAGE of total cell
Ig;sat es foll owec!p %‘ést_ ern bl ot e@gtion usma a rmnogFonal ant i body

di r ect ed Betechio eins by EGE] . Mmarﬁl?]amrﬁ]hﬁrnﬂmmcﬂéwtg}c' ea?/age
' ' ' er. erials:

Prashid DG G EauRAsh S E HRBNE )  haS evASF Blior medubsanes warbs: r ai e
encodes  ebloékisti Y 5P5 BlcRkihg re@Rieh® GforRkitfth Mo HAPBE YonBlitfig'd. H85eE %8Rk

~protein (BFP) domain ) _ _ _
20, pH 7.4 (Sigma Chemicals, St. Louis, Missouri, cat # 3563) for overnight at 2-

=
hi) A

( 4 Cin 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 mis 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 ml 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
(aliguot and freeze), membranes were incubated for 2-3 minutes,_excess reage;lt
was drained off, then were blotted with filter papers, air-dried for 9-1 O'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 PMT
voltage. The file was opened in ImageQuant and quantitated by creating squares
around the bands representing the substrate (S), the product (P) and the internal
control (IC). The % cleavage of the substrate was measured as P/(S+P)x100.



and a C termnal green fluorescent protein (G-P) domain, separated By @JJ:TZ%N
anm no acids derived fromthe NS5A/ 5B cl eavage recognition sequence. Both™
GFP and R <essentially honol ogous aut of | uorescent pr j hat emt
green or @Elutﬁf’eé[ﬁbght, respectively, \/\%9 excited by UV i gﬁ{:ﬂggélt’ﬁéﬁ)
appropriate wavel ength. Four amno acid substitutions in the chronophore

of GFP alter the em ssion wavel ength and convert the protein to BFP. J 2
WO 01/81325 PCT/ USOL/ 12530 197 The substrate and the resulting GFP and BFP
products can be detected in cell |ysates by i munol ogi c nmethods using a
nmonocl onal, anti body, that recognizes both proteins. The BFP-5A/5B- G-P
reporter %@n‘@ Kb deayRgsaie 4o dregvasnessyigs cumpatedpierlisate tpdug

' [ I ted b
the NSoArSARORIDUBELREEIAPbRA, Prenditwas oEREHIR Excbl I AR “and”
Barn H mseste oftheaxormpdomds agagigenibetswof the pQBI 25 cl oni ng vector

(Quantum Bi ot echnol ogies, _Inc.). Expression of the fusion protein is under
the control of the CW | ECpmpepngrofdnicamrler3s: Elg, b®ume growth hornone p

(A) sequence of the vect rovi des_t he polyadenyl ation signal for the

nRNA. The NS5A/ 5B cl eavag{é’ ‘E‘ZE?‘%'.“PPQ 1*g-a'g&so = %bl“’“ '
From these test resulis, it wouid be apparent to the skilled artisan that the
compounds of the invention have excellent utility as NS3-serine protease

inhibitors.



SSGADTEDVVCCSMSYTWIGALVTP. DNA sequenci ng was used to validate the Lone....
P1 B002. 1bNS4A21-32GS-GS NS 3-81 117K: The subtype 1b protease was clondet
as an Xbal /Notl fragment behind the CW pronoter in vector pCl neo. YFPnl:
YFPn1 was purchased from CLONTECH ( Pal g Alto, California). Addition of
third plasmd to the transfection supp Pds an internal standard protein to
control for cytotoxicity and does not affect percentage of protease

cl eavage. (RLA#MSE d DNAs were mai ntai ned and propagated in DH5a cells
(obtained fromLifeTechnol ogies) in LB nediumunder the appropriate
antibiotic selection, and purified using QAfilter Plasmd Kits (Q agen,

Val enci a, {Cal i fOrRicRdeyciE conpdund! 8r eF8hflormBld, S1e1BbRORIrS! RitRIdraBe
propagated 'in Eagle's ‘M ni num Esséntial Media (EVEM Bi oWi ttaker,

Wl ker svi Ithetomrs yif sait) carappurdeon phiarmiadeulically acaeptablalsalts ossoivatesosf) , 2

mM gl utam ne, and 100 u/. enicillin-strepto LN Bi oWi L aker %
NaHoos. - rse 8PPotlE, sAieRm Re vl M BeeRel et Pk ¥ Eolpuart o
Eagle's nedium (DVEM BioWitt pl enmented with 10% fetal calf serum
(FCS), 100u/m penicillin-sieptonycin i oWhi taker) and 5 ml NEAA (100x;

Bi ovwhittaker)/L. SOP Procedure 2 7 ~,;!"

Formula |
wherein:

E, X and Y may be independently present or absent, and if present are
independently selected from the moieties: alkyl, aryl, alkyi-aryl, heteroalkyl,
heteroaryl, aryi-heteroaryl, alkyl-heteroaryl, cycloalkyl, alkyl ether, alkyl-aryl
ether, aryl ether, alkyl amino, aryl amino, alkyl-aryl amino, alkyl sulfide, alkyl-aryl
sulfide, aryl sulfide, alkyl sulfone, alkyl-aryl sulfone, aryl suifone, alkyl-alky!
sulfoxide, alkyl-aryl sulfoxide, alkyl amide, alkyl-aryl amide, aryl amide, alkyl
sulfonamide, alkyl-aryl sulfonamide, aryl sulfonamide, alkyl urea, alkyl-aryl urea,
aryl urea, alkyl carbamate, alkyl-aryl carbamate, aryl carbamate, alkyl -
hydrazide, alkyl-aryl hydrazide, alkyl hydroxamide, alkyl-aryl hydroxamide, alkyl
sulfonyl, aryl sulfonyl, heteroaikyl sulfonyl, heteroaryl sulfonyl, alkyl carbonyl, aryl
carbonyl, heteroalkyl carbonyl, heteroaryl carbonyl, alkoxycarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, alkylaminocarbonyi, arylaminocarbonyl,
heteroarylaminocarbonyl or a combination thereof, with the proviso that E, X and
Y 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-aryt urea,



WO 01/81325 PCT/[1501112530 198 Day preceding transfection: HelLa cel& "
were seeded in 24 well plates (Falcon 3047 plates) at a density of 6' x Fyglt 200k
cells/well and grown overnight at 37Cin a 5% CO incubator. Day of
transfection: Plasm d DNAs were diluteg o a final concentration of 0.05
pug/ 0 in nucl ease free water (Pronega$ O%mdi son, Wsconsin, cat # Pl 190).
0.75 jig BFP-5A/5B-GFP was conbined and m xed with 0.175pg P1 B002 (0. 23X)
and 0. 02paliyl cafeamate, Fikyl-anyhsarthansater balpgent bydrokylaming calkyecasbazBepl with
EMEM | ackin FBlgSﬁ lutam ne, and antibiotics. Aratio of 5,pl volunes of
Super Fect a(t% agen, cat # 301305) per total dugs of DNA was added

and the m xt ur¢21V=9t:@R%6r Bt@R?z, meréuﬂwﬁwﬂ m mpyb@yeydcmRﬁw R¢ @OR7oom

tenperature to al ow conp 40eco er’r@tlon gvas taklng

| e
pl ace, gr Mmeme'al a, f@Uerfél. Cl‘b“& R u,r@' MRaRes, Wbﬁ§"h8p4 RAtRUandR care s

o e e dapdhabnt sElaidd BAtheabn &%53'588%%& kel bed 1o

t he tube mr@awur@d@kwm&wu arylgiRyipheteesaryrilikhlt he m xture pipetted up
and down 2-3 tijnes. JTotal volune $;transferred to one well of the 24

wel | cult Q%(%I)@@Rlﬁhgm&éc%ﬁ Riere incubated with the transfection

(P st ARG O SR A Ry o 1
CH(R' )CONHCH(R"’)R’ CH(R")CONHCH(R? )CONHCH(R3)COO R
CH(R")CONHCH(R*)CONHCH(R*)CONR'?R",
CH(R")CONHCH(R*)CONHCH(R*)CONHCH(R*)COO R,
CH(R"YCONHCH(R?)CONHCH(R*)CONHCH(R*)CONR'?R",
CH(R")YCONHCH(R?)CONHCH(R*)CONHCH(R*)CONHCH(R*)CCO R"",
CH(R")YCONHCH(R?)CONHCH(R*)CONHCH(R*)CONHCH(R®) CONR"R",
wherein R", R?, R*, R*, R%, R"", R'2, R"® and R' are independently selected
from a group consisting of H, alkyl, aryl, heteroalky!, 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 selected from C=0,
C=8§, SO, or C=NR,;

Q is (NR)p, O, S, CH, CHR, CRR' or a double bond towards V;

Ais O, CHz, (CHR),, (CHR-CHR"), , {CRR'),, NR, S, SOz, C=0 or a bond;

G is (CHz)p, (CHR)p, (CRRY),, NR, O, S, SOz, S(0):NH, C=0, or a double
bond towards E or V;

Vis CH, CRorN;

R? is selected from the group consisting of H; C1-C10 alkyl; C2-C10
alkenvi; C3-C8 cycloalkyl; C3-C8 heterocvcloalkyl, aryl, alkoxy, aryloxy, alkylthio,
arylthio, amino, carbamate, urea, ketone, aldehyde, cyano, nitro; heteroaryl,
alkyl-ary!; alkylheteroaryl; (cycloalkyl)alkyl and (heterocycloalkyl)alkyl, wherein
said cycioalkyl 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,

p is a number from 0 to 6; and



The cells were washed once in about 1 m PBS, the PBS was aspirated and 495
pl of ‘conpl ete EMEM was added followed by 5 W conpound/ wel | . The cel I£85 7004
were incubated 22-24 hr. at 37C and 5% C02. Preparation of Cell Lysates
The nmedi um from each well was aspirat eg Snd washed once 1 x uirith DPBS.
Cells were harvested in 100 pl of 1x PPs- sDs- BMVE sanpl e buffer (OAL
separation system Portsnputh, New Hanpshire, cat # ER33) and transferred
to microcentr iR, RjeRC andR* ate mdepehdentboselecteﬁ fomitne graup gemrsisting of

506! oot 137 (PRS0 Ak Lol el e S Skinie s BferalydiaRyl 8RN
O3 01258) lidseyabryiShy, BRTRNIG) aitio GripionamaBe. Suef, earkehic Seient 1 1 ¢).

Prior to use, mbrane 2 C4 WO 01/'81325 PCT/ US01/ 12530 199
(1 mobi | om:apbamatamrmr@t@m@.ealdemwda syaeo, BYaf beleroant sdothacd: akyl-was

et 11 ea "elrenT CHRESy Bl Rnd BB REA Bl e 38 Ryl hnes

(0.45pm Nhadé BPtede 8 eigHi@armomatopis, 3id 1616 19 RiNbXYdeRsS niteiges, duFeniordr y
el ectroblotter. Detection of Proteins by ECF Western Bl ot Amer sham

Phar nmaci a PBospRems atems; radaaid Atk is afRfiedad caos IFMERPN 5780) . The PVDF
filter mm{mg agg{%%lemtg}eo;bﬁmda|Q¥n;ﬁ?/ﬁé’ﬂe?&éﬁk&%|f 3P HlterobhAydidd kg0 ™

PBS cont ai ni ng
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, alkenyi, 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, hydroxamate and

thiourea, with the proviso that the macrocycle ring represented by:

Y/X—A\E
\W /
VAR SN

in Formula | represents at least a 11-membered macrocycle.

2. The compound of claim 1, wherein R' = COR?®, and R®is H, COOR®, or
CONR®R®

3. The compound of claim 2, wherein R' = COCONR®R®, and is
R%is H, R is H, CH(R")COOR'"!, CH(R") CONR'?R",
CH(R")CONHCH(R?)COOR"", CH(R")CONHCH(R?) CONR"R"*, or
CH(R")CONHCH(R?)(R".

4.  The compound of ctaim 3, wherein R'® =
CH(R")CONHCH(R?)COOR!!, CH(R")CONHCH(R?) CONR'R*, or



20, pH 7.4 (Sigma Chemcals, St. Louis, Mssouri, cat # 3563) for ov rnlg

at 2-'4 Cin refrigerator. The next day, the nenbranes were rinsed b ief Yoyl 004
twice with TPBS containing 0.05% Tween 20 washi ng buffer, then washed

three tines each tinme 5 mn. in PBS caﬁaai ning 0.05% Tween 20, pH 7.4. The
menbranes were incubated in 12 ms of 1: 3000 dilution of anti-GFP

nonocl onal ant1 body for ’230 m nut es (CI ontech, Palo to, California) in

PBS cont aiGHi(R] YCQNICHIBA RIowhepein R isHi ios alityl,tansl BAneselestedifromBbe

The. monor 0w GpESlad ERRGHpo5RT el Pranyh WredE Bk RubsiiEs SRS

each timethjophdhAScyBsheng, dyidpintyl, bﬁﬁtloyﬁf@:ﬁiw PIRFIAVE [pyribpcaip aadanyl 12 ni s
|

of a 1:600 dilution anti fluorescein-1inked anti nouse Ig in TPBS for 30
mnutes The nenbranes were washed briefly with TPBS twi ce, then for 5
|nTPSwaﬁm f CEe. . Sih O anplification with ECF
subst rate SEenbrane(g&\r;\gérﬁéﬁﬂ?ncu%watﬁeq%w lirzﬂ r@‘{_' 1: 2500 anti fluorescein
al kal i ne phosphat ase conj ugate for 30 mnutes. The nenbranes were ri nsed
briefly with TPBS tw ce, then 5 i n TPBS washin tﬂpgwfer thrl ce.
t

ECF subst ate sd1QUE9BROYRE oﬁpl@;ﬂ’ﬁr%d"'ﬁeﬁ\e'? TeRRATYS enyh f¥¢ PUEI‘YIO%S
(aliquot gpehd |9@%ﬁ) er@”ﬁ*ﬁdyspl‘(@{ 4L ﬁﬂ%@%‘\ﬁlﬁ TRm %Tﬁomé?PB F?X%?lgi“ od

reagent was drai'ne tte h filter pape air

for 9-10 mNaresnethyl, anddi |sb§d|mglmeﬂmydmmtembluhoxymﬂhalne The bl ot was

pl aced on the gl ass of phosphoi mager Storm 860. The bl ue chem | um ni escent
was set up, 200 pixcels size, 700 PMI

7. The compound of claim 1, wherein R? is selected from the group

consisting of the following moieties:

* CH,
7 e ko7
FF FRe
CH, 3
e o “E -"ri . Ao
Lo IO $Ob2  “s(0)0, \[H f
CH3 ) C 3 (I:H -
CH 3
H\CHa Y %
CHs CHy CH;3 3
n=0-3

8.  The compound of claim 7 wherein R' = COR®, and R® is H, COOR®, or
CONR®R™.



voltage. The file was opened in | mageQuant and quantitated by creating
squareés around the bands representing the substrate (S), the product? ¢P) 100t
and the internal control (1C. The %cl eavage of the substrate was
nmeasured as P/ (S+P)xl 00. 2'' Al; ~10G-..~ f. WD 01/81325 PCTI USOL/ 12530

200 The inhibition in cleavage due to apﬁg was neasured conpared duplicate
to drug controls included on each blot. A report was created in Excel. The
results fé& .. Theseorapoiind béclimowhereimMasdien bel ow. Conpound of Exanpl e
36: EC50 = 9m Conpound of Exanple 35: EC50 = 20m From these test results,
it would be apparent to the skilled artisan that the conpounds of the

i nvent i on qipave THeC@drheBlind bf tiai Pwhdiain €eisi R di'@t ease inhibitors. 2/
-,21JU4 201 CLAIMS 1. A macrocyclic conpound, or enantioners,

stereoi sonmers, rotoners or tautomers of said conpound, or pharmaceutically

accept abl e|1§al ltﬁjgo(gq@%gﬁg%@ﬁml1ﬂﬁe%?rq'&ow&42_sai d conpound having the

general struct

12. The compound of claim 11 wherein A is O, NR, CH=CH or CH,.

13.  The compound of claim 12 wherein E is alkyl, aryl, heteroalkyl, heteroaryl,
alkyl, aryl, or cycloalkyt.

14.  The compound of claim 13 wherein E is selected from the group

NN g"‘:@(

15.  The compound of claim 14 wherein R® is selected from the group

consisting of the moieties:

consisting of the moieties:



Formula | wherein: E, X and Y may be independently present or absen%
if présent are independently selected fromthe noieties: alkyl, aryl; '““v i
al kyl -aryl, heteroal kyl, heteroaryl, aryl-heteroaryl, aIkyI-heteroaryI
cycl oal kyl, al kyl ether, alkyl-aryl 585 aryl ether, alkyl am no, aryl
am no, al kyl-aryl am no, alkyl sulfide | kyl -aryl sulfide, aryl sulfide,
al kyl sul fone, alkyl-aryl sulfone, aryl sulfone, alkyl-alkyl sulfoxide,
al kyl -aryl sul f oxi de,...al kyl .am de, dfkyl aryt" am de, aryl amde, alkyl
sul f onam de, al kyl ﬁi¥l sulf nani de ryI fona de ’ ur ea,
ary

al kyl -aryl urea, ure IkyI car bamat e, aIk bamate, aryl
carbamat e, al kyl - hydra2|de al kyl - aryl Zld

I

|,

pydr oxam de,
al kyl -aryl hydroxam de, al kyl sul fonyl,

sulfonyl het er oal kyl
sul fonyl, heteroaryl sulfonyl, alkyl carb aryl carbonyl het er oal kyl

carbonyl, heteroaryl carbonyl alkoxycarbonyl aryloxycarbonyl
heteroaryloxycarbonyl al k @ nocarb-nyl ary|l ay3 nocafbany! ,
heteroarylanlnocarbo or ROmbi na t he W t e proviso that E,
X and Y may optlonally b ditiona subs ted w noi eties sel ected
fromthe group consisting =0-6mat al ky al kyl - , heteroal kyl

aryl -heteroaryl, alkyl- heteroaryl, cycloalk per, al kyl -aryl
et her, al kyl sulfide, al kyl -aryl sulfide, alkyl sulfone, alkyl-aryl
sul fone, al kyl amide, alkyl- aryl am de, al kyl sul fonam de, al kyl am nes,

al kyl -aryl am nes, algty%l-aryl Ifonazide al kil urea,jal kyl -aryl urea,
N Q

COCHs,

Lﬁ)n=oq [f:l\
Cor® COrR¥'

wherein R* = H, CHs or other alkyl groups;

R* = OH, O-alkyl, NHz, N-alkyl; and

R* and R*® may be the same or different and are selected independently from
H, F, Ci, Br and CHas.

CoRr™! R32 g33

16.  The compound of claim 15 wherein Z = N and R* = H.

17.  The compound of claim 16 wherein W is C=0.

18.  The compound of claim 17 wherein the moiety X-Y is selected from the
group consisting of: C1-C10 alkyl, alkyl, cycloalkyl, heteroalkyl, arylalkyl, aryl,

heteroaryl and alkylaryl.

19.  The compound of claim 18, wherein:



2 ') r ~61,U 71104 202 al kyl carbamate, al kyl-aryl carbamate, hal oge?,7 R
hydr oxyl am no, al kyl carbazate, aryl carbazate; RL = CORS5 or B(OR) 2+ ALE 06
wherein RS = H, CF3, C2F5, C3F7, CF2R6, R6, COR7 wherein R7 = H, OH OR8,
CHROR10, or NROR10, wherein R6, RS, R92§.?d R1 are independently sel ected
fromthe group consisting of H, alkyl, yl, heteroal kyl, heteroaryl,

cycl oal kyl, cycloal kyl, arylal kyl, heteroaryl al kyl, CH(R')OOOR11,

CH(R1' ) CONR12R13, CH(R1') CONHCH( R ) 000R11, CH(R®') CONHCH( R2 ) CONR12R13,

CH( R1) CONHCH( R2' ) Ry, CH( R') CONHCH( R HCH(};)COO R11,

CH( R1' ) CONHCH( HCH( R3' ) CONRi , 2

CH( R1" ) CONHCH( R2" ) CONHCH( R3) CONHCH(IR4" ) 1,

CH( R1" ) CONHCH( R2' ) CONHCH( R3' ) CONH 4' R12R13,

CH( R1" ) CONHCH( RA,~) CONHCH( R3' ) CON R ) CONHCH( R5' ) 000 R11, CH(R1')CON

HCH( R2' ) CONHCH( R3' ) CONHCH( R4" ) CH(R') CON R12R13, wherein R1', R2',

R3, R4, R', Rl1, R12, R13, and are independently selected froma
group consisting of H, alkyl, aryl, heteroal kyl, heteroaryl, cycloal kyl,

al kyl - ar wherainki? ishedravected Hirectiyylo-Alakyll R %is dcoheectedatieddtly Ito VI, asd $he ect ed

fromO, N, or X
mouety%|1

. U?, U3, U, U® and U® form either a six membered carbon ring, or a
five or six membered ring with one or more heteroatoms;

R® = H, alkyl, alkoxy, hydroxy, alkyithio, halogen, nitro, cyano, carboxylic acid,
ester, amide, amino, nitrile, or CF3;

R® is a bond, C1-Cg alkyl, C2-Cg alkenyl, C2-Cs alkynyl, O, S, SO, NH, O(alkyl),
S(alkyl), SOz(alkyl) or N(alkyl); and

R®is a bond, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, O, S, SO, NH,
QO(alky!), S(alkyl), SOx(aikyl), N(aikyl) or CHp-N(alkyl) with the CH> being linked

to the aromatic ring.

20. The compound of claim 18 wherein the moiety X-Y is selected from the

group consisting of the following structures:



Wnay be present or absent, and if Wis present, Wis selected fromC=Q
C=S, S02 or C=NR Qis (NRp, 0, S, CH2, CHR CRR or a double bond #owariddi
V, Ais 0, CH, (CHR)p, (CHR-CHR )p, (CRR)p, NR, S, 502, C=Oor a bond; G
is (CH2)p, (CHR)p, (CRR)p, NR O, S, 286, S(0)2NH, C=0O or a double bond
towards Eor V; Vis CH CRor N R2 i el ected fromthe group consisting
of H, Cl-Cl10 al kyl; C2-Cl10 alkenvi; C3-C8 cycloal kyl; C3-C8

het erocvcl oal kyl , aryl, &akkoxy, arylo | kyl t hi g aryl t hyo, sam no,
carbamat e, urea, ketone, Jal dehyde, . peteroaryl; Yal'kyl -aryl;

al kyl heteroaryl; (cycl d (heteroc oal kyl )al kyl, wherein

said cycloal kyl is ma )
oxygen, nitrogen, suffur, or phodphorus ato
si x carbon atons; s a nunber, om0 to 6; Jand 2 7 AU_12JD4 203 R R,
R3 and R4 are independently seletted fromt gRoup consisting of H

Cl- C10 al kyl; C2-C10 al kenyl; C3-C8 cycl oal kyl; C3-C8 heterocycl oal kyl,

yl is of one to

aryl, al koxy, aryloxy, alkylthio, arylthio, am no, am do, ester,
carboxylic acid, carbamate, % ketone, al , cyano L¥%.0;
het eroaryl; al kyl-aryl; alk
2-4
BocHN™ ' AcHN

J)/\l I d
rd

)92 h,
Ty

21. A composition comprising as an active ingredient a compound of claim 1
and a pharmaceutically acceptable carrier.

22. The composition of claim 21 wherein said compound of claim 1 is present
in amounts effective to inhibit hepatitis C nonstructural protein-3 protease (HCV
NS3 protease).

23. A method of preparing a composition for inhibiting hepatitis C
nonstructural protein-3 protease (HCV NS3 protease), said method comprising
bringing into intimate contact a compound of claim 1 in an amount effective to

cause said inhibition and a pharmaceutically acceptable carrier.



het eroaryl; (cycloal kyl)al kyl and (heterocycl oal kyl ) al kyl, wherein said
cycloalkyl is nade of three to eight carbon atons, and zero to six bXygen:
nitrogen, sulfur, or phosphorus atonms, and said alkyl is of one to six
carbon atons; with said al kyl, heteroaéégl, al kenyl , heteroal kenyl, aryl,
het eroaryl, cycloal kyl and heterocycl kyl noieties nmay be optionally
substituted, with said term "substituted" referring to optional and
suitabl e substitution with one or nore npieties selected fromthe group

consi sti ng ,of I kyl ,

het er ocyc%f" %?%BBH”" ?ﬁw WNSQ §k&?3%a{ﬁb%§?9’ aéﬂ@l hi o, arylthio,
am no, ame%nn@mte% stErRoONGIsC ratabrs eRtARRIers of 6&id, cdfepeed, orl dehyde,
cyano, nitro, sulfonam de, sulfoxide, sulfone, sulfonyl urea, hydrazi de,

hydr oxanatphagnhaceutidadlasaeptablesalisopsovates aftsaid compRNBRosdidi e i ng

r epr esent I t

mor ocycl Sompourd Seind sERCTRA ol fEMABER oRed R wily ucRF g | |
COOR8, or pefegNROR10 3. The conpound of claim 2, wherein RL = COCONRORL, and
is ROis H RIO is H CH R O00RL1, CH(R) CONR12R13,

CH(R') CONHCH( R2' ) OO0OR11, CH(B~).£ -~(R2) CONRL2R13, or

CH(R')CONHCH(R2' ) (R ). 4. THe cy o7 R
CH( R") CONHCH( R2' ) COOR11, CH

ZT
ZT
I

OH




204 CH(R") CONHCH(R2") (R ), wherein R1, is Hor alkyl, and R2, is selegcted .
fromthe group consisting of phenyl, substituted phenyl, hetero Al 0
atom substituted phenyl, thiophenyl, cyclohexyl, cyclopentyl, cyclopropyl,
pi peridyl, pyridyl and 2-indanyl. 5. T2$ conpound of claim4, wherein R1,
is H 6. The conpound of claim5, wher % R2, = phenyl, thiophenyl,

cycl ohexyl, 2- indanyl, cyclopentyl, pyridyl, phenyl (4-HNSO2NH2), R' is H
or tert-butyl, R12 and thyl, and R is _hydroxynethyl or
tert-butoxynmethyl. 7. The c of claiml1, Qin R2 is selected from

the group consisting the f OW ng noi eties: 3 CH3 CH3 CH3 Il CH3
CH ~s(o) Il o, az S(¢)o- 01133043,4\51
N N

N
H

o) 0 O O
[::] CH3




FFH3 CH3 CH CH /An =0-3 F3C /A 8. The conpound of claim7 wheyejn,. .
RL = COR5, and R5 is H, COORS, or CONRORL. 2 1 A r3 200 205 9. The * ARASE
conmpound of claim8 wherein Vis CH 10. The conpound of claim9 wherein Q
is NRor 0. 11. The conpound of claim10 wherein Gis CH2. 12. The

compound of claim 11 wherein Ais O, NR'TCHeCH or CH2. 13. The conmpound of
claim12 wherein E is alkyl, aryl, heteroal kyl, heteroaryl, alkyl, aryl,

or cycloal kyl. 14. The coppound ~G|l aim 13 wherein Eis selected fromthe

group consisting of the fwietie§:
N
= H - H




15. The conpound of claim 14 wherein R3 is selected fromthe group
consisting of the noieties: 2 r ~7n~+l ? AlJ 19 04 206 N 1.11 CCI)F-B ARSI
)n-0-2 COR31 LLCOR31 COR31 R32 R33 wherein R30 = H, CH3 or other alkyl
groups; R31 = OH, Oalkyl, NH2, Nalkyl, and R32 and R33 nay be the sane
or different and are sel ected independé?\?ly from H F, d, Br and CH3. 16.
The conmpound of claim 15 wherein Z = Nand R4 = H 17. The conpound of
claim16 wherein Wis C= g-Me conpound of claim 17 wherein the noiety
al kyl, al kyl,

and al kyl aryl . 19.




VrLi 2 V. LL 207 wherein Ro is connected directly to A and Rc is
connected directly to W and the noiety Ul, U2, U3, W, USs and U6 fdrid: 2t
either a six nmenbered carbon ring, or a five or six nmenbered ring with one
or nore heteroatons; Ra = H, alkyl, aléiﬁy, hydr oxy, al kylthi o, hal ogen,
nitro, cyano, carboxylic acid, ester, ide, amno, nitrile, or CF3; Rb is
a bond, C1-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl, 0, S, 502, NH, O(al kyl),
S(al kyl'), S02(al kyl) or N(al 2] R is a bond, Cl1-C6 al kyl, C2-C6

al kenyl, C2-C6 al kynyl, 0, $ O(al kyl), S(al kyl), S02(al kyl),

N(al kyl) or CH2-N(al kyl') w tia, being linked to the aromatic ring.
20. The conpound of claim ¥8

he noi@ty X-YHis selected fromthe
group consisting of the fa ! str ctﬁre 2“ 2ut ~ BocHN 208 AcHN
21. A conposition conptdHN nglfas :an HCtI e ¥ngredi €nt GH conpound of claim1
and a pharmaceutically accep@aﬁff]carrmer O




22. The conposition of claim2l wherein said conpound of claim1 is present
in ambunts effective to inhibit hepatitis C nonstructural protein-3 =~ 7
protease (HCV NS3 protease). 23. A nethod of preparing a conposition for

i nhi biting hepatitis C nonstructural 2r2tein-3 pr ot ease (HCV NS3

protease), said nethod conprising bri &lng into intimate contact a

conpound of claim1 in an anount effective to cause said inhibition and a
phar maceutical |y accept able_gdrm=er. 209 24. A conpound exhi biting HCV NS3
protease inhibitory actiyity, enantiorrers, st j soners, rotamers or

) or —~gharmaceutically table salts or
sol vates of said conpou d,}§ai ponpgun behng e ted fromthe group of
NS Qe qy. 10NQU§£H N 200, 211
- (9] H ~

ZT
2T
QO
2
T
]
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HOO HOO CH3 NH2 NH2 NH2 NH2 216 H N NH2 NH2 NH2 2'7 }L G 2i 1Cd 217 257 7A- nn:
conmposition for inhibiting hepatitis C nonstructural protein-3 protease "
(HCV NS3 protease), said conposition conprising one or nore conpounds in
claim27 in anpbuntsto cause said inhi b% fon and a pharnmaceutically

acceptable «carrier. 26. The conpositi of claim 25, additionally

containing an antiviral agent. 27. The conposition of claim?25 or claim 26,

still additionally cont ai’zi\nﬁfn
N
H
0]
N N N Hz
HOOC Ho L J H &
CHsj

O

\i \i
N N N NH>



interferon. 28. The conposition of claim 27, wherein said antiviral en%rn
Is ribavirin and said interferon is a-interferon. 29. Use of a conp h&JBf%ﬂ
claiml1 for the preparation of a medicanment for inhibiting HCV NS3
protease. 30. Use of a conposition of glaim?21l for the preparation of a

medi cament for inhibiting HCV NS3 pro?égse. 31. Use of a conpound of claim
24 for the preparation of a nedicanent for inhibiting HCV NS3 protease.

32. Use oR5a cénparsposition§or inhiviting bepatitist G aopstrpatusali psatein-3preteas€anent

for inhibji.l CV _NS3 protease. 33. Use of . 0 ' for the
prepar at i ZHEM‘] ﬁ§®ﬁ8¥°§§ﬁgrﬁa"ﬁ8?%qoﬁﬁ|% ‘%?“H@”ﬂﬁ%g’ﬁgfcﬁgﬂ grev“lf:orrﬁéger‘"geﬂ#fr{cat i on.
34. Use ofyamcPresibuntstecatbaisaiihhitiion Aed prstitahriceatically acosptaisienent
for inhibiting hepatitis Cvirus replication. 35. Use of a conpound of
cl aim 24 fcafarhe preparation of a nedicanent for inhibiting hepatitis C
virus replication. 218 36. Use of a conposition of claim25 for the
preparation of a nedicanment for inhibiting hepatitis C virus replication.
26. The composition of claim 25, additionally containing an antiviral agent.

27. The composition of claim 25 or claim 26, still additionally containing an

interferon.

28. The composition of claim 27, wherein said antiviral agent is ribavirin and

said interferon is o~-interferon.

29.  Use of a compound of claim 1 for the preparation of a medicament for
inhibiting HCV NS3 protease.

30. Use of a composition of claim 21 for the preparation of a medicament for
inhibiting HCV NS3 protease.

31.  Use of a compound of claim 24 for the preparation of a medicament for
inhibiting HCV NS3 protease.

32. Use of a composition of claim 25 for the preparation of a medicament for
inhibiting HCV NS3 protease.

33.  Use of a compound of claim 1 for the preparation of a medicament for

inhibiting hepatitis C virus replication.

34. Use of a composition of claim 21 for the preparation of a medicament for

inhibiting hepatitis C virus replication.

35.  Use of a compound of claim 24 for the preparation of a medicament for

inhibiting hepatitis C virus replication.
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36.  Use of a composition of claim 25 for the preparation of a medicament for

inhibiting hepatitis C virus replication.




